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About ,this report 
The 15th annual report covers reseirch during 1976.:The.various sections of 

the report deal with the interdisciplinaiy approach. to problem areas., The 

department or departments that performed the research are identified in 

italics below the topic heading, i.e. 

EVALUATING DISEASE RESISTANCR OF 
BREEDING MATERIALS 
Plant Pathology Department 

In collaborative work, .he department that did one phase o( the research is. 

itkntified in italics in parentheses following the subtopic. For example, the 

Chemistry, Plant Breeding, and Statistics Departments cooperated inthe 

project FACTORS THAT AFFECT GRAIN QUALITY. Because the Chemistry 
sDepartment bore responsibility for one phase of this effort, its name folilo 


the subtopic:
 

Internal check samples for amylose test (Chemistry).
 
Data in this report are given in metric units, e,g., t/ha" means metric tons
 

per hectare. The International System of Units (SI) is not, however, com

pletely adopted for abbreviations. Unless otherwise stated, "control" or
 
"check". means untreated control, grain yield is calculated as rough rice at
 

14% moisture, and protein content is calculated as apercentage of brown rice
 

at 14% moisture. A single asterisk (*) means significant at the 5%level and
 

two asterisks (*4) mean significantly different from the control at the 1% level.
 
The report makes liberal use of abbreviations of names and terms often
 

repeated within sections, e.g., brown planthopper (BPH), green leafhopper
 

(GLH), modern variety (MV), and traditional -variety (TV): Such abbrevia

tions are spelled out when first used.
 
Pedigrees are indicated by a slant bar () rather than by the multiplication
 

IR34 is now written IR32/IR34. The sesign (x). For example, IR32 x 
x IR34) X quence of crosses is indicated by the number of slant bars: (IR32 

SBg9O-2 is now written IR32/1R34//Bg90-2. The third and further crosses are 
designated /31, /4/, /5/, and so on. Backcrosses are indicated by a superscript
 

numeral.'
 
The report makes reference to three fundamental types of rice culture.
 

Upland culture means rice grown without irrigation in fields without bunds.
 

Rainfed paddy culture means rice grown without irrigation but in fields that
 

are bunded to impound rainfall. Irrigated or flooded culture means rice grown
 

with irrigation in bunded fields. 
A detailed table of contents is furnished at the beginning of the major sec

tions, in addition to the general table of contents at the beginning of the
 

report. The thumb index on the back cover provides quick access to each sec

tion. To use it, bend the book in half and follow the margin index to the page
 
with the black-edge marker. A subject index appears in the back of the
 

report.
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Research highlights 
The ledger barely balances 
TODAY'S'WORLD FOOD SITUATION has something in common with the plight of 
an old man who lamented, "The hurrier I go the behinder I get." 

A concrete expression of the Asian food situation is in the report of a task 
force set up last year by the Asian Development Bank (ADB) to review the 
s;tatus of agriculture in its region-"Overall, the most optimistic view which 
can be taken of the food situation is that the region is not much worse off now 
than at the time of the first Asian Agricultural Survey." That first survey took 
place 10 years ago. 

The ADB statement issobering. And it is a poignant reminder of the serious
ness of our task. But the ADB report is in harmony with other evaluations of 
the state of the world food situation (Fig. 1). 

The past decade gave us remarkable scientific progress. Modem cereal 
varieties were adopted on millions of hectares by farmers, both small and large. 
Billions of dollars were invested in irrigation and other agricultural develop. 
ment projects. Even so, in Asia at least, these apparent marks of progress on 
the food side of the ledger have barely balanced population increases. Every 
day more than 100,000 added pairs of hands reach out for their bowls of rice. 

In Africa and South America there are still possibiities for increased food 
production through expansion of areas under cultivation. In most Asian 
countries, however, the expansion option does not exist. Essentially all of 
Asia's arable land-including some steep hillsides that should never have been 
cultivated-is already farmed. 

Two approaches to increased production remain open to Asian countries. 
They can increase yields from existing crops, or they can increase the number of 
crops grown each year. IRRI scientists are cooperating with their counterparts 
in national programs to focus on each of these possibilities. 

Increased yields per hectare are sought through a massive international 
Genetic Evaluation and Utilization (GEU) Program. Tens of thousands of 
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I. Despite a steady increase in Asian cereal production since the advent of the green re'volution 
in the mid-.1960's, population increases leave us "not much wvorse off than 10 years ago." The 
projection of population increases (from an estimated 0.892 b llion in 1970 to 1.3 billion in 1985) 
points to the threat of increased hunger. (Adapted from IFPRI. 1976) 
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rice seed samples ar%;nterchanged each year to permit their comprehensive 
testing and evaluation in a wide variety of agroclimatic and plant pest condi
tions. Teams of scientists from most of Asia's rice-growing countries are 
collaborating to identify and disseminate genetic materials resistant to pests 
and environmental stresses, ranging from fungal and viral diseases and the 
devastating insect pests. to drought, toxic soils, and deep water. The main aim 
is to provide the farmer in ""disadvantaged" cropping environments with some 
of the benefits enjoyed by producers living in the "more attractive" environ
ments. 

Increased cropping intensitics involve crops other than rice in most instances. 
Short-growth-duration rices make it possible to put rice, in rotation with one 
or more upland crops. even inunirrigated areas. Such patterns have advantages 
because they break insect and disease cycles. And they provide farm families 
with a variety of nutritioaally different foods to supplement their omnipresent 
rice diets. 

IRRI's GEU and cropping systems scientists are not working alone or in 
isolation from scientists in other countries. i-ormal linkages exist within net
works ofscientists inthe tropics who focus on tuc solution ofcommon problems. 
Senior scientists from both the developing and more developed countries come 
to IRRI is short-termtconsultants to provide expertise we don't have. 

The activities of those senior scientists- 17 were at IRRI in 1976-integrate 
with those of IRRI's core staff and of about 20 postdoctoral fellows who con
centrate on research to learn the "whys" and "hows" as well as the "whats" 
of rice production. In this way we attract the attention-and the scientific 
ability-of some of the world's best scientists to rice problems and their solu
tion. We use the scier'.ific talents of all these visitors to gain additional basic 
information about the rice plant and its enemies, and about its environments 
and its response to those environments. 

Through the research and training results presented in this publication, we 
illustrate the readiness of IRRI scientists to accept the challenges of the next 
decade. With counterparts in national programs. we can provide the techno
logical basis for increased food prrduction in the years ahead. 

Progress in 1976 
The favorable weather conditions that characterized 1975 continued during 
1976. That gave farmers in most of Asia another "good" year and food pro. 
duction was comparable with that in the previous year. Even with good weather, 
however, most developing countries made little progress toward building re
serve stocks to meet future food deficits. 

Evokving GEU research slrc tegies. In 1976 IRRI scientists and cooperators 
in national programs continuel to evolve a research approach for the develop
ment of improved rice ',anietic~s. During the 1960's and the early 1970's we 
utilized a variety improvement program similar to that which characterizes 
an efifecti',e national research org. nization. The varieties that early programs 
produced. including 1R8, IRS, and 1R20, helped revolutionize the entire 
research approach to the support of the world's rice production complex. 

As national research organizations gained strength and staff capability 
improved. IRRI served more as a catalyst for international cooperation and 
less as a model for a national research organization (Fig. 2). We no longer 

'release varieties, even in the Philippines. 
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IRRI shifted emphasis in the mld-1970's from a pattetn of variety development (top) to a2. 
multldiscpltnary program of genetic evaluation and utilization (GEU) (bottom). The new. 
pattem promotes and accelerates international cooperation rather than wrving as amodel for 
organizalon of national research as the old pattern did. 

But we have greatly stepped up the supply of genetic materials for evaluation 
and testing in national programs. Early generation breeding materials (F,2 s) 

arc now sent directly to national coopcrators without first beiag screened at-

IRRI. That arrangement assures evaluation under a range of environments 
and permits local scientists to select cultivars based on best pcrformance in the 

local environment. We also have aprogram to produce F. seed ofrices sensitive 

to'day length, by a "rapid gcneration advance" procedure using both the 
to national cooperators forphytotron and the field. The F, seeds are sent 


evaluation in different rainfcd and deep-water areas. -


Through the International Rice Testing Program (IRTP), rices from national 

programs are evaluated along with IRRI genetic materials. National nomina

tions for the IRTP increased 14% over those of 1975, indicating the growing 
strength of national research programs.
 

IRRI scientists contribute to the emerging international network of cooper
ating rice researchers through four major research streams.
 
..• Basic operations aw Los Bados--"workingat home" we seek new know

ledge, new biological materials, and new technology for the basic task of
 

increasing rice production. .. 

activities* Collaboration wit/h national rice research p6rogranis on research 

we cannot do ourselves, or on activities that we feel can be done better" by
 

joint action... 
* C'atalyzing :/w development and implementation ofnetworks ofcooperating
 

scientists to effectively test new bidlogical materials, new technologies, or new
 

research met hodologies.
 
Assistance to nationalrice research programs through training, conferences,
* 

workshops, and cooperation to improve their capacity to deal with problems. 

* GEU expansion. The germ plasm bank accessions reached nearly 40,000 in. 

1976. We accommodated the requests of 148 overseas researchers for about
 

5,0(0) seed samples from the germ plasm bank, and IRRI scientists drew 40,000
 

seed samples from the bank for inclusion in the various evaluation programs. ,
 

The construction of a new Genetic Resources Laboratory to house 100,000 rice
 

accessions started in 1976. 
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IRRI rice breeders increased the number bf crosses to 5,000 in response to 
requests from scientists working in the different problem areas. All breding 
lines at various stages of development were screened for resistance to the 
major rice diseases-75,000 for blast, 15,000 for sheath blight, 50,000 for 
bacterial blight, 44,500 for tungro virus, and 7,057 for grassy stunt. Similarly, 
we expanded screening for resistance to insect pests. Special efforts were 
devoted to screening rice varieties for resistance to biotypes of the brown 
planthoppcr. We found about 30 gcrm plasm accessions to be resistant to 
three biotypes of this major pest. 

Screening of the germ plasm collections for drought resistance in a newly 
constructed greenhouse supplemented our extensive field screening of previous 
years. We studied adverse soil areas and pin-pointed about 100 million hectares 
of land suitable for rice production, lying idle largely because of soil toxicitics. 
'	We are dcveloping genetic lines that will produce weil when planted in toxic 
soil. The evaluation of rices tolerant of floods and deep Water was expanded 
in cooperation with .scientists in Thailand and other Asian' countries. 

During 1976, the GEU program prepared and distributed 614 sets of 14 
nurseries to scientists in 40 countries. Of these sets, 573 went to. organized 
IRTP trials; the remainder went to collaborative research projects. 

Computerized data processing. During 1976 we began the development of 
computerized systems for handling the volumes of data from our GEL) pro
gram and the associated IRTP tests. Each year, more than a million bitsof 
data from the overall GEU program must be tabulated; summarized, and 
disseminated. They include observations on 38 morphoagronomic character
istics of each .ofthe more than 35,000 germ plasm accessions, field observations 
on thousands of lines in IRRI's internal breeding program, cvaliations from 
screening of about 50,000 accessions and lines, and data submitted by cooper
ators in thc'IRTP program (Fig. 3). 

Monogenic versus polygenic rastance. We accelerated our efforts in 1976 to 
broaden the genetic base of resistance to major rice pests and diseases. The 
emergence of at least four biotypes of the brown planthopper reconfirms the 
soundness of this approach. The so-called'vertical" or major genc resistance, 
which has proved successful for pests such as the green leafhopper and grassy 
stunt virus, isnot effective for the brown planth.6pper or the rice blast disease 

*°5.0 at. ; 500 an/c 0 4n 

* j6eu-p,,P.w-wrc l-Fp11wi *-573mJzcnC0uow,*.•60,000OF5
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*3. A'computerized sysieri allows tabulation, summarization, and dissemination of rnore than o" 
million bits of data annually from the overall GEU program. Prompt analysis or'data and fast 
response to IRRI' and national rice program scientists are main benefits of the system.' 
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4 .Monogenic resistance (from only one major gene) is extremely effective and can be long lasting 

(for example, the U. nivara gene for grassy stunt resistance). But if such resistance is overcome by 

the plant Ixst, as was the case with the brown planthoppcr. the carrier variety with no other gcne 

for resistance (A) may become highly susceptible. IRRI scientists vorked in 1976 to broaden the 

genetic base for resistance and to develop varieties with polygcnic resistance (from many gencs). 

Plants with polygenic resistance may carry a single gene convcying a high level of resistance (B), 
majorbut they retain an acceptable level of resistance if that gene is overcome by un organism. M 

gene for resistance: m = minor gene.
 

(Fig. 4). Fortunately we have genetic materials and advanced breeding lines 

resistant to each of the newly identified biotypes of the brown planthopper, 
and we aie expanding our efforts to provide varieties with broad-based general 

*types of resistance. W 
efforts to increase the efficiency of
Production research. We continued 

nitrogen utilization and decrease costs for this important fertilizer element. 
Significant losses as ammonia gas were noted on alkaline paddy soils. Biological 

fixation of' nitrogen by the AzoIla-A,abaena complex was found to be depen

*dent upon the phosphorus status in the floodwaters. 
along with inadequate fertilizer application,Ineffective pest management, 


fields. The economic control of'
constrained rice yields in tests on farmers' 
pests continued to be a major problem for these farmers. 

We found fairly equitable distribution of the benefits of the new rkde techno-. 

logyamong farmers with either small and large holdings. Likewise, the landless 

laborer benefited from the new technology because, in general, it was niore. 

labor intensive than the technology that prevailed when traditional varieties 

were grown...
 
'Increased cropping intensities are already resulting from IRRI's reskarch on
 

cropping systems. Year-round continuous rice trials are under"way, on some
 

farmers' fields. A province-wide program ofdouble cropping has been'launched
 

in iloilo in the Philippines. It isbased largely on the results of IRRI-sponsored' 
"field research... 
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GENETIC RESOURCES PROGRAM 

IRRI now has about 34,200 accessions and 
3,800 new seed samples of 0. satlIa, 1,372 
strains of 0. glaberrima, 866 wild taxa, and 637 
genetic testers in the germ plasm bank. About 
17,690 accessions of 0. valiva are completely 
described and the basic morphoagronomic data 
entered on computer tape. Similarly, 664 strains 
of 0. glaberrima are completely characterized. 

In 1976, IRRI staff, in collaboration with 
national rice research programs, collected 1,520 
samples of indigenous rice varieties, many of 
which were being replaced by modern varieties 
in Bangladesh, Indonesia, and Sri Lanka. Local 
extension workers in six other countries added 
another 134 samples to the collection. 

Since 1972, such collaborative efforts have led 
to the acquisition of 18,007 samples, of which 
7,502 samples were collected with IRRI's direct 
participation. About 4,850 of the samples have 
one or more special features- resistance to 
pests, tolerance to adverse soils, adaptation to 
cool temperatures, or resistance to drought. 

The Institute has taken steps to develop a 
global network of genetic resources centers 
toward the overall preservation of rice germ 
plasm. Seed banks in Japan, the USA, and West 
Africa were enlisted to share the responsibilities 
in seed rejuvenation, storage, and distribution, 

In response to 137 requests in 1976, IRRI 
sent foreign researchers 5,226 seed samples. 
Within IRRI, 40,203 seed samples went to 
scientists in the Genetic Evaluation and Utiliza-
tion (GEU) program. The Institute began a
systematic exchange of rice germ plasm with the 
People's Republic of China and with the USSR. 
It also made progress in acquiring seed stocks 
from different rice collections in India. 

AGRONOMIC CHARACTERISTICS 

Several promising lines with high yield potential 
were identified. 1R2071-586-5-6 gave outstand-
ing yields at both low and high fertility levels 
for the second consecutive year. Other high 
yielding lines with medium growth duration are 
1R2071-588-6-2 and 1R2863-38-l. 1R2070-414-. 
3-9 is a promising line with short growth dura-
tion. 

Studies indicate that the grain-filling period 
in rice ranges from 12 to 21 days. Higher rates 
ofgrain growth are correlated with larger grains. 
Large-grain varieties are more efficient in starch 
accumulation (grain production) during the 
ripening period than small-grain varieties. A 
comparison of six wfietics with different grain 
sizes indicated that the larger the grain, the 
higher the yield potential. 

Alleke tests between different dwarfs indicated 
that the gene for dwarfism of Chin-nan-ai II 
from China is different from that of Dee-geo
woo.gen. 

GRAIN QUALITY 

The breeding program continues to emphasize 
intermediate-amylose rice with soft gel. Prom
ising lines with intermediate and low amylose 
were identified. 

Variability of amylose content of rice due to 
samples was found greater than variability due 
to replication of the same sample. Temperature 
during ripening was negatively correlated with 
amylose only in low-amylose rice. The correc
tion due to omitting the cold ethanol defatting 
step in the amylose test was low and constant. 
Automatic correction can be made using un
defatted check rice samples by predetermining 
their amylose content on defatted flour at a pH 
of 9. 

The alkali concentration of 1.7% KOH was 
confirmed as the most sensitive for general 
screening for starch gelatinization temperature. 
The classification of alkali digestibility (gelatin
ization temperature) of samples that give 
extreme values may be verified in 1.15% or in 
1.85% KOK for alkali spreading values of 7 
and 2 to 3, respectively. All high-amylose rices 
that gave type B reaction in the alkali test and 
showed low dissolved solids on cooking had 
hard gel and may be readily detected by the 
IRRI gel consistency test. 

The gel consistency test developed for high
amylose rice is readily applicable to inter
mediate-amylose rices. With Iow-amylose rices, 
adjusting the flour concentration from 100 to 
120 mg/2 ml 0.2 N KOH discriminated between 
nices differing in eating quality. But the spread 
of values for both low- and intermediate-
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amylose samples was narrower than for high. 
amylose samples. 

Dunng grain development of 1R28 and 
1R29, level of free sugars and their fractions
closely followed the rate of starch accumulation 
and showed maximum values at about 9 days
after flowering. The level of free sugars remained 
high in the caryopsis after starch accumulation 
had ceased, suggesting that the supply of sugar 
precursors does not limit starch accumulation 
in the rice grain. Properties'of the starch granule,
such as gel consistency and gelatinization 
temperature, wcre fixed early during' grain
development. 

DISEASE RESISTANCE 

Several of IRRI's elitc breeding lines have a 
good level of resistance to all major diseases. 
The xa 5 gene for resistance to type 2 of Xan-
thomonas oryzue from IR1545-339 was exten-

*sively used in crosses among promising
advanced lines, 

Distinct pathogenic patterns were demon-
strated between rice varieties and strains of X. 
oryzae.Three types (races) arc recognized in the 
Philippine isolates of the bacterium. Inheritance 
studies of bacterial blight identified two more 
new resistance genes. 

In the search for more and better donors of 
resistance to major diseases from the IRRI germ
plasm collection, many new sources were iden-
tified; they will be further evaluated using
different strains of pathogens. Thirty-eight
varieties show resistance to all three types ofK.orvrzae found in the Philippines.

The relationship between quantitative resis-
tance (number of lesions) and qualitative resis-
taznce (to races) to blast was also shown by
artificial inoculations, indicating many races in 
single-spore cultures, 

Studies on inheritance of resistance to bac-
terial blight showed that some varieties are
resistant at the maximum tillering stage and 
continue to be resistant at later growth stages
while others are resistant at the adult stage only.
Two additional resistance genes were found in 
the 68 varieties studied--a new dominant gene
that isindependent of Ka 4 and conveys resis-
tance at the adult stage, and anew recessive gene 
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that is independent of 'raS. 

INSECT RESISTANCE 

Insect resistance investigations concentrated on 
the striped borer Chilo suppressalis, the yellow
borer Tryporyza incertulas, the brown plant
hopper Nilapars'ata lugens, the whitebacked 
planthopper Sogatellafurcifera, the green leaf
hopper Nephotetiux irescens,and the rice whorl 
maggot Hydrellia philippina. Major emphasis 
was on new sources of plant resistance, genetics
and nature of resistance, occurrence of biotypes,
and breeding for resistance. 

PROTEIN CONTENT 

Evaluation trials verified that 1R2153-338-3 isa 
promising high-protein line and identified an
other high-protein line, IR2863-35-3-3. Solar 
radiation 45 days before harvest correlated 
negatively with protein content of brown rice 
and positively with grain yield of IR26 and IR28 
in monthly plantings in 1976. Compared with 
early application, late (5-7 days before panicle
initiation) single or split application of nitrogen
fertilizer increased rice protein in IR26 and 
IR28 without decreasing the yield. 

In a cross involving IR480-5-9, the IRRI 
high-protein check line, protein per seed (PIS)
appeared to be more effective than protein 
percentage as a selection criterion. Heritability
estimates for P/S were higher than those for
 
protein percentage. Low values of protein per
centage, P/S, and grain weight were found
dominant over high values, 

Cooking reduced the digestibility of milled
rice protein ingrowing rats, but acorresponding 
increase in biological value resulted in net 
protein utilization similar to that of raw rice. 
Fecal protein particles of children on a cooked 
rice diet showed protein bodies similar to those 
inmilled rice. 

Milled-rice globulin was composed of only 
one major protein, which tended to aggregate 
at pH 6-9. Itwas characterized as an at-globulin, 
poor in lysine but rich inmethionine. Prolamin 
was also characterized as having molecular 
weight (MW) 17000 tad can be prepared free 
of phenolie and carbohydrate contamination 
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from the crude ethanol extract. During grain 
development, appearance of a second slower 
protein band in the electrophoretic pattern of 
crude prolamin coincided with a decrease in its 
lysine and methionine content. 

Reduced and alkylated crude glutelin of 
milled rices of 11 varieties and lines showed a 
similar electrophoretic pattern and identical 
ratio I I: I of the three subunits with MW 
17000, 25000. and 38000. Their lysine contents 
were similar to those of milled-rice protein. The 
results indicate little probability of finding in 
cultivated rice variants that differ in the ratio 
of glutelin subunits. Among the grain parts; 
only the aleurone layer showed an electro-
phoretic pattern of glutelin subunits similar to 

of milled rice. A restudy of solubilitythat 
that itssubfractions of glutelin also showed 

major fraction extracted with sodium dodecyl 
sulfate-/-mercaptoethanol in borate buffer 
was the closest to crude glutelin in amino acid 
composition and in the electrophoregram of 
subunits. During grain devoclopmcnt, changes in 
amino acid composition and appearance in the 

electrophoretic pattern of MW .38000 and 25000 
subunit of crude glutelin coincided with the 
known appearance of protein bodies in the 
endosperm about 7 days after flowering. 

DROUGHT RESISTANCE 

During 1976 crosses made for the drought 

resistance program included 178 double crosses, 
352 topcrosses, and 200 single crosses. The 
production of a range of plant types suitablefor upland, rainfed-lowland, or relatively deep-
water (0.5-1.0 m)areas was emphasized. Among 
the parents chosen for rainfed-lowland culture, 
BPI-76 (nonsensitive), Sigadis, Nam Sagui 19, 
and Nahng Mon S4 were involved in many 

crosses. Crosses intended for upland culture 
included sources with resistance to cool tem
peratures or to problem soils. 

Field screening of traditional varieties from 
the germ plasm bank and of bxeeding lines con-
tinued. A total of 6,774 rices were screened, 
bringing the total to 14,123 entries since 1973. 
During the wet seaaon, a field experiment to 
develop field screening criteria for rainfed-low-
land culture was initiated. The new drought 

screening g house facility made screening in 
year-round dry-season field conditions possible. 

Adequate rainfall during 1976 at IRRI and at 
off-station sites gave upland field perfotmance 
trials a chance to show that many promising 
upland lines have considerably greater yield 
potential than traditional varieties. An increase 
in drought resistance in short-statured lines was 
also achieved through hybridization and selcc
tion. 

Evaluation of deep-root systems in the cul
tivated and IIwild species of the genus Oryza 
continued. Studies of root development in the 
field with both upland and submerged culture 
demonstrated two potential problems in the cx
ploitation of genetic differences in deep-rooting
 
ability-mechanical impedance in upland soils
 
and lack of oxygen in submerged soils.
 

Greenhouse studies on tolerance for severe
 
drought stress continued. The 1976 work con
firmed earlier observations on varietal differ

in recovery ability and identified severalcnces 
promising lines from the elite breeding material. 

Studies on the 'physiological basis of dry

season field screening proved that visual scoring
 
was highly correlated with varietal differences
 
in ability to maintain high leaf water potential.
 
In other studies, varietal differences in cuticular
 
resistance to water vapor were related to the
 

amount of epicuticular wax on the leaf surface.
 
Cuticular resistance increased when plants were 
stressed. 

Studies of the soil-plant-atmosphere water 
continuum under upland conditions in Batangas 
province continued for the second year. The 
significant contribution of atmospheric evapo
rative demand on determining leaf water 
potential showed the imp~ortance of considering 
that factor as well as decreased soil moisture in 
the assessment of probabilities and severity of 

drought. 

TOLERANCE FOR ADVERSE SOILS 

About 100 million hectares of land inSouth and 
Southeast Asia that are physiographically and 
climatically suited to rice culture lie unculti
vated largely because of salinity, alkalinity, 
strong acidity, and excess organic matter. There 
are also vast areas of land where toxicity of 
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iron, aluminum, or manganese, and deficiency 
of iron,-phosphorus. cr zinc cause reduced rice 
yields (see Soil characterization, this repoit). 
Although most adversc-soil conditions may be 
alleviated by chemical amendments or by treat-
ments requiring large amounts of capital 
investment, varietal tolerance may be a simpler 
solution-especially for the small Asian farmer. 

The o.jectivcs of IRRI research on tolerance 
for adverse soils arc to select and breed rice 
varieties suited to adverse soils, to evaluate 
promising lines from the general breeding 
program for tolerance for adverse soils, and to 
ascertain thc extent to which varietal tolerance 
for adverse-soil conditions can replace or 
supplement costly soil amendments. 

The main activity in 1976 was the screening 
of varieties, lines, and hybrids on adverse soils. 
Several IR varieties and many IRRI elite lines 
with good agronomic characteristics and resis-
tance to diseases and insect pests did well on 
adverse soils although no effort was spent to 
achieve that result. 

Four IR4630 and IR4763 lines showed high 
tolerance for salinity. 11R30, 1R32, 11R36, and 
13 advanced breeding lines had moderate 
salinity tolerance. IR4227-28-3 and IR4227-
104-3 revealed outstanding tolerance for alka-
linity, and 52 advanced breeding lines showed 
moderate tolerance. IR20, 1R29, IR32, and 
many elite lines from the crosses 1R2031, 
1R2070, 1R2071, and IR2153 showed tolerance 
for iron toxicity. IR20, 1R34, BG90-2, and 
several elite lines were tolerant ofzinc deficiency, 
IR28, 1R29, 1R30, R34, IR1514A-E666, and 
several IR2061 lines tolerated phosphorus defi-
ciency, 

DEEP WATER AND FLOOD TOLERANCE 

Crossing of improved semidwarfs with varieties 
having elongation ability and flood tolerance 
continued. Breeding lines of different growth 
durations and plant heights were tested in the 
first International Rice Deep Water Observa-
tional Nursery (IRDWON). 

Varieties and breeding lines at the seedling 
stage continued to be screened for elongation 
ability, flood tolerance, and drought tolerance, 

A method was developed to screen for kneeing 
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ability, a plant character needed for deep-water 
rice culture. Studies on nodal rooting ability 
and the effect of moisture stress at seedling 
stage on elongation ability were conducted. 

Forty rice scientists who work on deep-water 
rice participated in aworkshop jointly sponsored 
by IRRi and Thailand, which reviewed 2 years 
of deep-water rice work. 

TEMPERATURE TOLERANCE 

During the year, 3,572 germ plasm collection 
entries were screened for cold tolerance based 
on optimum growth duration, proper' 
height at maturity, low spikelet sterility at 
harvest, anthesis at flowering, and green leaves 
at the seedling stage. 

An expanded breeding program for cold 
tolerance continued to combine cold tolerance 
with other desirable agronomic traits. 

A method of predicting the growth duration 
of IR8 at a given place when temperature data 
are available was formulated. 

Results from phytotron experiments indicate 
that leaf angle isgreater at places where diurnal 
fluctuations in temperature are wide. 

The mechanism of sterility induced by high 
temperature at flowering time was investigated. 
Sterility was caused either by poor shedding of 
pollen grains on astigma or failure of gerrina
tion on a stigma. However, high temperature 
did not affect the ability of the pistil to be 
fertilized. Varietal differences in sterility induced 
by high temperature were largely related to the 
dehiscence characteristic of the anther. 

The mechanism of field heat tolerance by
heat avoidance and true heat tolerance was 
proposed. 

ITRAINLRC E~N RGA 
The International Rice Testing Program (IRTP) 
initiated early in 1975 aimed to develop a 
network of collaborating scientists to work with 
diverse rice germ plasm under a wide range of 
agroclimatic and local conditions. The program 
expanded in 1976. 

Tbe IRTP serves as an integral evaluation 
component of each nation's rice improvement 
program and of IRRI's Genetic Evaluation and 



Utilization (GEU) program. IRTP policies and 
programs are developed cooperatively with rice 
scientists from many countries. The testing and 
utilization of breeding materials and varieties 
from IRRI's germ plasm bank and from 
national programs are integrated into anational 
GEU-type program in each participating 
country. Leading local scientists coordinate the 
nurseries within each country, and IRRI pro
vides international coordination. 

The analysis and interpretation of the 1975 
IRTP data reflect solid progress, which includes 
the isolation of some germ plasm that showed 
excellent potential as a means of overcoming 
some serious constraints in rice improvement, 

In 1976, IRTP's second year ofoperation, 573 
sets of 14 different nurseries were distributed 
to 40 countries around the world. Seven 
regional monitoring programs were conducted. 
The second GEU Training Program was at-
tended by 27 trainees from 9countries. A special 
conference attended by representatives of 17 
Latin American countries was held at the 
International Center for Tropical Agriculture 
(CIAT), Cali, Colombia, to expand the inter-
national rice testing program in Latin America. 
Improved communication links were established 
with country coordinators, contact scientists, 
and collaborators in Asia and Africa. 

The joint coordinators-a plant pathologist, 
a plant breeder, and an agronomist headquarter-
ed in the Philippines, and an IRRI plant breeder 
stationed in Indonesia with the Central Research 
Institute for Agriculture, Bogor-were assisted 
by some 50 national coordinators and contact 
scientists in40 countries. 

GE PRORAMThailand.INTERATE
GE/PRORAMlaborationINTERATE 

The crossing program continued to expand to 
meet the demand of national programs for 
assistance. Other aspects of the integrated GEU 
program expanded as a delayed reaction to the 
rapid growth incrossing work inprevious years. 

About 90% of' IRRI's advanced breeding 
lines tested during 1976 were resistant to at 
least five of the major diseases and insect pests 
of rice in the Philippines. Several hundred 
promising advanced lines were developed and 
will be extensively tested by the International 

Rice Testing Program (IRTP) in 1977. 
IRRI sent 10,365 seed packets of breeding 

lines in response to special requests from 
scientists in national programs during 1976. An 
additional 42,867 packets were distributed 
through IRTP. 

COMPUTERIZED DATA MANAGEMENT 

The increased size of the IRRI germ plasm 

bank, and the expand'ed breeding program and 
International Rice Testing Program (IRTP) 
necessitated the development of a computer
based data managem.:nt system to integrate all 
available information. A computerized system 
was designed for IRli.I's germ plasm bank that 
can store available information on all accessions 
and can retrieve any accession that combines a 
specified set of characters. IRRI's hybridization 
block and replicated yield trials are supported 
by computer-generated field books, which are 
directly converted into computer-readable 
forms for inclusion in the data bank after data 
collection is completed. The history ofmore than 
17,000 crosses is now on computer tapes. 
Analysis, summarization, storage, and retrieval 
of data from the IRTP yield nurseries are 
completely computerized. 

GENETIC, PROFESSIONAL, AND 
SOCIOLOGICAL ASPECTS OF RICE 
BREEDING IN ASIA 

During 1975-76, IRRI surveyed 41 rice breeders 
at 28 research centers in 10 Asian nations: 
Bangladesh, India, Indonesia, Iran, Korea,
Nepal, Pakistan, Philippines, Sri Lanka, and 

The project was conducted in colwith the Agricultural Education 
, Department of Iowa State University and was 
partially funded by a research grant from the 
Rockefeller Foundation. 

Among environmental and biological condi
tions surveyed, diseases and insect pests were 
perceived by all breeders as main factors that 
limit farmers' rice production. They were 
followed in importance by drought, injurious 
soils, excessive monsoon cloudiness, floods, 
cold temperature, and deep water. Among 
specific pests, the rice stem borer was considered 
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serious in about 60%of the region, followed by 
bacterial blight, brown planthopper. blast, gall 
npidge, tungro, sheath blight, and grassy stunt. 

The farmers' rice-growing conditions, the 
surveyed scientists' research efforts, and the 
varieties released during the previous 5 years 
were compared. About 43' of the farmers' 
fields were presunled irrigated, 40% were pre-
sumed rainfed lowland; about 60% of the 
research efforts went to irrigated rice and 22% 
to rainfcd lowland rice. Fifty-seven percent of 
the newest viaricties were suited to irrigation 
and 32% to rainfcd lowland. 

Twenty-six research centers were growing 119 
IRTP nursery sets-about 4.6/station. 

During a 5-year period, 165 new varieties 
were released for 28 areas, or slightly more 
than I variety/year. Sixty-five percent of the 
new varieties were either progeny of IRRI rices 
or had been developed at IRRI. 

In 27 advanced yield trials, 4,021 lines were 
being grown. Fifty-nine perccnt of the lines 
originated from local crosses and 41% were 
introduced from other stations. Sixty percent 
of the introduced lines came from crosses made 
at other research centers in the same countries; 
39% came from IRRI; and about 1% from 
other Asian nations. The breeders selected 3,791 
advanced lines from 443 local crosses, an aver-
age of 8.6 lines/cross. Fifty-four percent of the 
breeders felt that I RRI should stop releasing 
varieties with the I R designation. 

The breeders surveyed had an average age of 
41 years. Fifty-three percent came from agri
cultural backgrounds and 85% worked exclu
sively with rice. Seventy-five percent of them 
had traveled outside their countries during the 
past 5years to attend professional conferences 
and for training. Ninety percent of their most 
recent trips were to IRRI. 

Half of the breeders hold the Ph.D. degree, 
65% of which were obtained from universities 
in highly developed countries. Sixty-two per
cent of the breeders had participated in the 
IRRI nondegree training program and about 
10% had received degrees from the University 
of the Philippines at Los Balios, through the 
IRRI degree-training program. 

Thirty-eight of the breeders had published 
scientific papers during the previous 2 years. 
Fifty-three percent of 183 articles appeared in 
national publications, 23% in institutional 
publications, 18% in journals from highly 
developed countries, and 6% in international 
publications. Ninety-two percent of the scien
tific literature read by the breeders was in 
English. In a rating of importance and percent
age of use of 76 publications and information 
sources, the IRRI Annual Report received the 
highest importance and source-of-information 
score. Local problem-area scientists-agrono
mists, entomologists, and pathologists-ranked 
second ai a source of information. 
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________________________________ 

FIELD COLLECTIONS 
Plan# fireeding Department 

IRRI staff membert, continued field collection 
of rice germ plasm in Bangladesh. Indonesia, 

and Sri Lanka, upon the invitation of the 
national research centers concerned. "Tolerance 

The IRRI field advisor travelled extensively in 
northeast and southwest Bangladesh in January 
to collect 232 samples of aman t varieties that 
could tolerate deep waters or salinity, or both. 

" 

From October to December, the northwestern 
region and the deltas in southeast Bangladesh 

were canvassed for aman varieties. Three 
hundred fifty-one samples were collected. 

Extensive travel in Java, Indonesia, during 
April and May covered 26 towns, most of which 
were at elevations from 800 to 1,500 m. A total 
of 550 varieties and 4 wild rices were collected. 

The field advisor spent August and September 

yama' varieties. Extinction of those varieties was 
iimminent asaTablemodern varieties spread rapidly 

following intensive extension efforts. Four 
hundred seed samples, including those of 10 
wild rices, were collected. 

Local extension workers in Bhutan, British 
Solomon Islands, Burma, Malaysia, the Philip-
pines, and Thailand also collaborated with 
IRRI in the collection of indigenous varieties. 
They collected 134 samples with technical 
assistance from IRRI. 

Table 1. Indigenous rice varieties collected with IRRI's 

direct or Indirect participation In 13 collaborating Asian 
countries. 1971 to 1976. 

in Sri Lanka to complete the canvassing of theIinlu,' xtciole thse vasingiosearch for cultivars with specialI characteristics.S arietanka 

Country 

Bangladesh 
Bhutan 
Burnt. 
CambodIa 
Indonesda
Laos 
Malaysi 
Napal
Pakaetan 
Phillppinsa 
SrI Lanka 
Thiland 
Vlatnam 

Total 

Irilgnou (n.)vrieie 
Ye. 

Dlrect indirect 
partklpat1on psnlclpation 

1973-75. 1976 1.381 ' 

1975-78 

1973-74, 1978 226 
1973 280 
1972-76 4.388
1972-73 

1973-78 

1971 

1972-73 

1972-78 82 
1972. 1975-78 1.080 
1973, 1975-76 -
1972-75 108 

7.502 
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2.47/3 
119n19693 
406 
-


2.861 
ego 
8 


907
750 
278
 
355 

225 

849 

10.505 

Table 2. Indigenous rice varletie 
collected and proered In national 
IRRI germ plasm bank. 1972-1976. 

Reported fetwes 

Upland types/dtought-esistant tyis 
Flosting/flood-tolerant types 

Hgh-elevation/cool-tolerant tygwt 
Toernce to salinltyto aild soils(lowland) 

Aomatic types 
Resistance to disenseResistance to insects 

Multipta tolerances 
Samidwafi 
Tolerance to alkaline soils 
Reaistance to nematodes 
To4rnce toion toxity 
Tolerance to iron dot crency 
Tolerance to phooph rus deficiency 

Total 

with specil traits 
progrnu anl inthe 

Samplas(no.) 

2739 
651 

545 
280

209 

101 
88
42 

38 
23
 
14 
6 
4 
3
 
3 

4845 

A cumulative summa of field collection 
activities from 1971 to 1976 isInTable 1, 

The field collection efforts emphasized the 

gtee2shows the92udr1breakdown of 4,845 samplesic 	 aeoiso
 

special traits.
 

SEED INCREASE, REJUVENATION, AND 
DISTRIBUTION 
Plant Breeding Department 

A substantial proportion of the seed samples 
received for the germ plasm collection was either 
small in quantity or low in viability, or both. 
In such cases, an initial cycle of seed increase 
under intensive protection in a sereened nursery 
area became necessary to obtain seed for 

to an seedseaticca racer 
systematic characterization and further seed
 
increase. Some new accessions were so suscep
tible to the diseases and insects prevalent at 
IRRI that an additional cycle of seed increase 
was needed to produce sufficient seed for 
planting. In 96 3 cesoswr rw 

acesoswrgon
for initial seed increase. 

In the 1976 dry and wet seasons, 3,770 and 
3,180 plots, respectively, provided material for 
both characterization and seed increase. Plants 
of photoperiod-sensitive accessions in the dry

i Local nm rot long-duration vancties planted March-June and 
harvested November- December. 

'	Local name ror tha second growing seaon. Planting is April-May
nd hurves isSeptember-October. 
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season planting did not flower at the end of 
June. About 360 accessions were removed from 
the field, replanted in pots, and subjected to 
artificial short-day treatment. Small amounts of 
seed were eventually harvested in October-
December. 

A group of 1,353 strongly photoperiod-sensi-
tive accessions were planted in November of 
1975 for seed increase. Hundreds of the acces-
sions were poor seed producers even under short 
day length. 

During the last 5 years, the seed viability of 
varieties from temperate regions dropped at a 
faster rate than that ofvarieties from the tropical 
regions. By the end of 1975, the viability of the 
temperate-zone control variety Chianan 8 had 
dropped to about 50 %,while that of the tropical 
varietie remained above 94%. To prevent the 
loss of the temperate-zone varieties, 2,467 acces-
sions from China, Japan, Korea, United States, 
South America, and several European countries 
were grown during the dry season to rejuvenate 

Durn ed wtck.s 7andDuring the wet season, 712 plots of the 
cultivated African rice (0. glaberrima) were 
grown for seed increase and characterization. 
Although a large proportion of the African rices 
is resistant to the green leafhopper, and in 

spite of intensive insect measures, a tungro 
epidemic in September rendered 682 plots com

pletely sterile, 
Foreign requests for seed of 0. saliva acces-
iorns seed samaes- Department and the IRTP. The storage facilitiesnumbreds137in1976;r,26sions numbered 137 in 1976 ; 5,226 seed sampleswil p o de r n s of t m ra u e nd e a iv 

were provided. Another 250 packages ofwerepro" . 

glaberrima strains and wild species were sent 
abroad in response to II requests. For tests 
under the GEU program, 40,203 seed packages
were provided to IRRI research departments.
That was nearly double the 22,155 samples 
supplied in 1975. 

INVENTORY, CHARACTERIZATION, AND 
DATA PROCESSING 
Plant Breeding Department 

diffrent
IRRi received 5,710 seed samples from dfent 
institutions in 1976. At the year's end, the IRRI 
germ plasm bank had 34,229 registered acces-
sions of 0, sativa, 1,372 accessions of 0. 
glaberrima, 866 strains of wild species or taxa, 

and 637 genetic testers and mutants. The 0. 
saliva accessions include IRRI breeding lines 
with special characteristics or those used in the 
hybridization program. Morcovcr, 3,848 newly 
received seed samples of 0..satira await planting 
and registration. In recent years, 4,465 duplicate 
accessions and 1,822 dead samples were identi
fled and deleted from IRRI inventories. 

Of the 0. sa'iv accessions, 17,689 are 
completely characterized for the 37 basic 
morphoagronomic characteristics. Of the 0. 
glaberrima accessions, 664 strains are completely 
characterized for 39 traits. All those data, plus 
information on the varietal origin, seed source, 
and variety-group designation were placed on 
computer tapes. 

PLANNING THE GENETIC RESOURCES 
LABORATORY
 
Plnt Breeding Departwnte AdTeistsrigon, andl 
International Rice Testing Program 
The volume of seeds being processed, stored, 

distributed under the Genetic ResourcesPrgrm Ih E rgaadteIT a
 
Program, the GEU program, and the 1RTP has 
rapi in recent years. In early 1976, 
consultations with engineers from Australia, 
Canada, and Japan identified essential engineer
ing features for a Genetic Resources Laboratorythat will meet the combined needs of the three 

programs. The new facility will house the 
laboratories and offices of the Plant Breeding 

will provide ranges of temperature and relativehumidity (RH)", short-term-20' + 2°C, 45 
60% RH m sdoum-term- 240±IC 45, 5% 

RH ; edim-term- 0 ± 2C. 45 ± 5% 
RH; and long-term--10 + 2C, 30 ± 5%
RH 

The design of the Laboratory and of its 
storage facilities was reviewed and endorsed by
the International Board f'or Plant Genetic 
Resources (IBPGR) Working Group on Long
term Seed Storage. Construction started in 
November. 

INSTITUTIONAL EXCHANGES
Plant Breeding Department and Administration 

Discussions between the Indian Council for 
Agricultural Research (ICAR), the Central Rice 
Research Institute (CRRI) at Cuttack, India, 
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* and IRRI paved the way for the systematic 
transfer of genetic stocks in India's national and 
state collections into the IRRI germ plasm bank 
for preservation and evaluation. The holdings 
in India total about 31.700 accessions, which 
include many duplicate accessions and foreign 
introductions. ICAR and CRRI have copies of 
the IRRI invcnt6r of accessions of Indian 
origin, and the Indian institutions will provide 
thos .accessions that are not yet in the IRRI 
germ plasm bank. 

In 1976. IRRI received 482 sed samples from 
two experimental stations in West Bengal. India. 
The held advisor visited West Bengal in Dccem-
her to assist in selecting and processing genetic 
stocks from different collections for shipment to 
IRRI. The Chinsurah Rice Research Station and 
its branch stations at Kalimpong. Darjeeling, 
Bankur-a. and Purulia hold about 5.000 varieies. 
Of thosc, 2,821 varieties that were identified as 
nonduplicated will be added to the IRRI germ 
plasm bank ;n 1977. 

Exchange of seed stocks was initiated with 
the Al-Union Vavilov Institute of Plant In-
dustry. the All-Union Research Instituc of Ricce. 
and the Kuban Agricultural Institute of the: 
USSR. The exchanges amounted to 123 samples 
received and 121 samples given. 

Seed exchanges were made when a delegation 
from the People's Republic of China visited 
IRRI in March and when a group of IRRI 
scientists visited China in October. IRRI 
received 77 samples and gave 553 samples to 
Chinese researchers. Since 1974. it has received146 seed samples from China; 119 were viable 
and distinct accessions. 

GWOBAL NETWORK FOR GENETIC 
CONSERV/ATION 
Plant Breeding De'parwwtn' and Adhnrini.ii'ration 

Although IRRI has global responsibility for the 
long-term preservation of rice germ plasm. the 
climatic and biotic environments at Los Baiios 
do not allow IRRI to carry out the seed increase, 
rejuvenation, and characterization operations 
for divecrse ecotypes. To do so, it risk, the loss of 
unadapted or suscptible accessions and changes 
in the genetic composition of the original 
tamples. The difficulties reported in the growing 
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of the African rices (O, glaberrima) at Los Baios 
indicate that genotypes with a narrow 'range of 
adaptiveness or susceptibility to pest damage 
should be grown and maintained in their in
digenous habitat, or at a site with similar 

'ecological conditions. 
During 1976. IRRI made good progress in 

developing anetwork to cope with the enormous 
genetic diversity in the genus Ory:a. At the first 
meeting of the IBPGR Advisory Committee on 
Rice held at IRRI, the members agreed:

1. IRRI will preserve and rejuvenate theindica and javanica varieties of Orya sativa and 
other species of Ory:a. except those/ram Africa. 
IRRI will also store all conser.':d stocks of rice. 

2. Japan will preserve and rejuvenate the 
jaronica (or keng) varieties. 

3. The United States will preserve and re
juvenate varieties from the US, the temperate 
zone of South America. and the Mediterranean 
area. The US will also continue to assist IRRI 
on the duplicate storage of conserved. stocks. 

4. A center. or centers, in West Africa (to be 
designated) will increase and rejuvenatevarieties 
of 0. glaherriin and wild species from Africa. 

At the West Africa Rice Development 
Association "WARDA) Variety Improvement 
Seminar held in Liberia in September, the 
representatives of.WARDA, the International 
Institute of Tropical Agricu!ture (IITA), the 
Institut de Rechcrches Agronomiques Tropi
cales (IRAT). and IRRI reached initial agree
ment on sharing and dividing responsibilities 
related to exploration and collection, seedrejuvenation and distribution, and long-term 
preservation of the African rice germ plasm. 

MANUAL ON GENETIC CONSERVATION 
Plant Breeding De'prnent 

A Manual on Genetic C2onseriwtiona of Rice 
Gem: Plasm for Evaluation andl Utilization was 
published in December. The manual will help 
rice researchers to conserve, evaluate, and use 
existing gene pool: of the genus Orr':a. Opera
tions on the scient~ic management of diverse 
genetic resources for varietal improvement are 
outlined, and interdr~ciplinary collaboration 
and interinstitutional cooperation on the opera
tional aspects are emphasized inthe discussions. 
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P4.4 
PERFORMANCE-AND NITROGEN RESPONSE 
OF IRRIGATED RICE 'In 
Agronomy Department 

The performance of 27 promising IRRI breeding 
lines was evaluated during the dry and wet 
seasons under protected condiions. IR8 and 
IR26 served as checks. 

IRRI. The yield of selected lines under dif-
ferent nitrogen levels isshown in Table 1.The 
lines 1Rl632-93-2-2, IR2823-399-5-6, IR2863-
38-1, and IR2061-522-9 had dry-season yields 
of more than 7.0 t/ha at 150 kg N/ha; IR26 
had 6.9 t/ha. IRl632-93-2-2 exhibited excellent 
seedling vigor, establishing quickly and pro-
ducing tillers rapidly. Those characteristics are 
highly desirable on the farm to minimize the 
hazard of too much or too little water in the 
paddy soon after transplanting. & 

Among' the lines that produced high yield 
without .-added nitrogen, IR2058-78-1 and 
IR1632-93-2 appeared promising. During the 
dry season, planthopper infestation was light 
and IR8 yielded higher with 150 kg N/ha than it 
did during the 1975 dry season (6.6 t/ha vs 4.9 
t/ha). 

Of the promising lines that produced 7.0 t/ha 
or higher in the dry season, only IR2823-399-
5-6 held up well in the wet season: it yielded 

t/ha at 120 kg N/ha; while IR26 yielded 3.2 

the wet season. IR2071-586-5-6-3 gave. 
high yields at all nitrogen levels, followed closely 

conby 1R2071-588-6-2-6-4. It was the secbnd 
secutive 'Wet seasqn (1975 Annual Report) that 
1R2071-586-5-6-3 produced the highest yield 
withdut added nitrogen. Its.yield stability at 0, 
at 30, or at 60 kg N/ha may make it valuable 

. for areas of low fertility. 
There was no serious brown planthopper 

infestation in the wet season but because of 
continuous rains, many varieties and lines 
suffered from bacterial leaf streak. 

Philipplpe experiment statos. The yields of 
18 rices were evaluated during the dry and wet 
seasons at the Philippine Bureau of Plant In
dustry experiment stations at Maligaya, Bicol, 
and Visayas. IR8 and IR26 were the check 
varieties. 

In the dry season IR1632-93-2-2, which gave 
the highest dry-season yield at IRRI, 6.2 t/ha 
at 120 kg N/ha (average of three stations), was 
among the highest yielders at the BPI stations. 
IR36 and IR2823-399-5-6 gave average yields 
similar to that of IR1632-93-2-2 (Table 2). 

In the wet season, IR2071-586-5-6-3, IR2863
38-1, and IR2823-399-5-6 gave similar high 
grain yields of 5.8 t/ha (Table 3). They also 

id promising lines at five levels of nitrogen.* aveage of three replications. IRRI.
'Table 1. Yields of rice varietis 

1976. 1 

Vislty w lhne 

IR8 ' 
IR20 
1R26 
1l13 

1R38 

11R163293-2-2 

iR2068.78-1-3-2 

iR2061.226-9 

IR2071.586.-6-3 

112071.588.6-2-6-4 
i112798.8.8-3-2 
11R2823399-5.6 
112883.38-1 
iR14432-52-S-4 
Pets 

# 

Dry season Wet season 

viesdb (t/ha) YbeSdC(i/hal) 
Maturity 
(days) 0 kg 

N/ha 

-Maturity 

60 kg 90kg 
N/ha N/ha 

120 kg 
N/ha 

150 kg 
N/ha 

(days)' 0 kg 
N/ha 

30 kg 
N/ha 

60 kg 
N/ha 

90 kg 
N/ha 

120 kg 
N/ha 

134 
131 
134 
110 
131 . 
118 

4.2 
4.3 
4.2 
4.1 
4.5 
4.1 

5.1 
58 
5.9 
5.4 
6.3 
6.3 

6.0 
6.0 
6.2 
5.7 
6.9 
63 

6.1 
6.5 
6.2 
6.3 

' 6.7 
6.7 

6.6 
6.5 
6.9 
6.8 
7.0 
7.8 

*. 

126 
126 
126 
103 
131 
100 

1.4 
2.1 
2.4 
2.6 
2.8 
1.9 

1.9 
3.0 
3.2 
2.8 
4.0 
2.2 

1.8 
3.3 
3.6 
3.6 
3.8 
3.1 

1.9 
3.5 
4.0 
3.4 
4.2 
3.4 

1.4 
3.5 
3.2 
3.4 
4.2 
3.2 

134 
110 
145 

4.8 
4.5 
4.3 

5.8 
5.2 
5.6 

6.3 
6.4 
5.6 

6.5 
6.8 
6.6 

6.1 
7.1 
6.5 

103 
134 
134 

2.6 
4.4 
4.0 

2.9 
4.4 
4.6 

2.5 
4.3 
4.9 

3.4 
5.2 
4.8 

3.4 
5.1 
4.7 

131 3.2 3.9 4.1 4.4 4.9 

131 
138 

4.0 
3.9 

6.1 
6.0 

6.5 
6.7 

7.2 
7.0 

7.5 
7.4 

131 
134 
131 

3.2 
3.4 
3.6 

3.6 
4.3 
4.6 

3.8 
4.1 
4.3 

3.9 
4.3 
4.8 

4.4 
4.9 
4.4 

145 3.4 "4.4 319 2.6 2.3 ' 144 3.2 2.8 3.3 218 2.3 

'lncludhes 30 kg N/ha topdresaed at panicie Initiation. "ISO (5%) - 1.0 1/ha. ¢LSD (5%) ',0.8 t/ha. 
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*Tae 2. Yields of -tievarietlee and elitollnee at ai levje of pitrogen' at three locatlons: Maiigaya Rice Resea rc 
and TrainIng Centor. Sicol.RIce and Corn Experitment Statlo'on, and farmers field near the Visayes Rice Enperiment 
Statlon, Philipplnes. 1976 dry seawn. 

Yiekld (t/ha) 
Vwiety or line Matudty 

(days) 0 kg .60 kg 90 kg 120 kg 150 kg 180 kg Av. 
N/ha N/ha N/ha N/ha . N/he Nha 

IR8 ,.. 137 3.8 5.1 5.2, 5.3 5.4 4.9. 5.0 
IR20 .127 3.3 .4.8. 5.1 5.2 5.3 . 4.1 4.7 
IR26 • 132 - . 3.8 5.1 5.4 5.5 5.9 5.4 5.2 
IR34 ' 134 . 4.1 4.7 4.' 4.4 4.2 3.5 42 
I1R36 " 115 4.0 5,1 5.8 6.2 6.0 , 5.5 5.4 
IR1632-93-2-2 126 3.8 5.6 . 6.0 6.2 5.9 .56 5.5 
R2058-78-1-3-2 140 • 4.2 . 5.2 5.1 . 4.7 . . 4.7 40 4.6 
1R2061-465-1-5.5- 114 3.7 5.1 5.5 5.9 6.7 56 5.3 
IR2061-522-6-9 120 3.7 4.7 , 4,9 5.1 5.0 4.1 4.6 
R2061-628-1.6-4-3 123 . 4.2 5.2 5.6 6.4 5.3 5.6 5.2 
R2070-414,3.9 , 122 3.7 4.7 53 5.4 5.3 4.8 4.8 
R2070-423-2-5 . 134. 3.7 4.8 5.2 5.0 4.9 43 .. 4.7 
R2071-105-9-1 ." 139 3.7 4.8 5.4 5.6 53 . 4.8 4.9 

1R2071-137-5-5.1 114 3.4 4.7 4.9 5.3 5.4 5.4 . 4.8 
R2071-586-5-6-3 145 3.8 4.7 5.3 6.7 5.1 6.0 4.9 

IR2681-163-5-2 ,140 3.2 -4.4. 4.8 5.0 5.1 .4,1 4.4 
IR2823-399-5-6 132 4.1 6.1 5.6 5.7 6.2 6.2 5.5 
Pets 152 30 2.8 2.3 1.7 1.8 1.5 2.2 

Sincludes 30 kg N/ha topdressed at panicle Initiation, except in the 0 kg N/he treatment bAv. 0S three loca'tions, each with 
three replications. LSD- (5%) - 0.6 t/ha. 

performed well without added nitrogen. 1R1632- With irrigation during the dry season, IR36
 
93-2-2, which looked promising during the dry produced the highest yield of 6.2 t/ha at 150 kg
 
season, gave good wet-season yields. N/ha (Table 4). Without applied nitrogen, all
 

Farmers' fields. IRRI varieties and lines were varieties and lines produced about 3.0 t/ha.
 
tested at different nitrogen levels in farmers' During the wet season, IR38 and IR2071
fields under management practicable for most 586-5-6-3 produced the highest yield of 6.0 t/ha
 
Asian farmers. at 120 kg N/ha. IR26, IR2823-399-5-6, and
 

Table 3. Yields of rice varieties end elite lines at six levels of nitrogen" at three locations:Mallgaya Rice Research 
and Training Center, Bicol Rice and Corn Experiment Station. and VIsayes Rice Experiment Station. Philippines. 
1976 wet season. 

Yieldb (/he) 
Vwety or Une Matuity 

(days) 0 kg 30 kg 60 kg 90 kg 120 kg 160 kg Mean 
N/ha N/he N/ha . N/ha N/he N/ha 

IR8 125 3.5 4.3 4.6 4.8 4.6 3.6 4.2 
1R20 121 3.5 4.2 4.8 4.4 4.2 3.8 4.1 
1826 124 4.1 4.5 5.1 4.9 5.0 4.4 4.7 
I834 126 4.4 4.6 4.2 3.7 3.2 2.7 3.8 
i1836 112 4.1 4.6 5.2 4.9 4.6 4.1 4.6 
I181632.93-2-2 118 4.6 5.4 5.3 5.1 4.6 4.6 5.0 
IR208.78-I -3-2 126 4.5 5.2 4.8 4.4 4.2 3.8 4.5 
18R2061.-465.1 -5-5 112 3.6 4.4 4.9 5.0 4.7 4.5 4.5 
18R2061 -522-6-9 108 3.7 *4.4 4.4 4.3 4.2 3.5 4.1 
1R2061.628-1 -8.4-3 112 3.5 4.6 4.5 4.4 3.9 3.1 4.0 
IR2070.414.3.9 115 * :4.2 4.4 4.1 4.1 3.8 3.0 3.9 
IR2070.423-2-5 124 4.5 5.2 5 3 5.1 . .4.6 4.2 48. 
1R2071-105-9.1 130 4.7 5.0 5.4 5.2 4.8 , 4 0 . 4.8 
IR2071-137-5-5-1 113 3.5 4.1 4.8 50 5.2 4.7 456 
IR2071.86.5-6-3 131 5.0 5.8 *5.8 . .8 5.2 4 6 5.4 
IR2863-38-1 120 4, .6 5. 8 * 5.2 5.0 . 4.5 5.1 
182823-399-5.6 124 4.8 5.4 5.8 5.4 5.2 4 3 5.1 
Peta 135 3.2 3.0 2.5 2.3 2.1 1.8 2.5 

'includes 20 kg N/ha to pdresled a; panlcle initiation, except in the 0 kg N/h treatnianl, bAy. of thres locations, each with 
lives replications. ISO (5%)-"0.6 I/h. 
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Table 4. Yields (enrage of three reoplcatIons) of rice varieties end proning line at four levies of nitrogen' In 
farnwrs' fields. Laguna, Philippines. Ifl. 

Dry.seaaon yielkt (t/hs) Wet-saason yield' (t/ha) 
Variety or line 

Metwity 0kg 50kg 100kg 150kg Maturity 0kg 40kg 80kg 120kg 
(days) N/he N/ha N/ha N/ha Mean (days) N/ha N/ha N/ha N/he 

IR8 139 3.0 3.8 4.6 4.8 4.0 123 4.1 4.3 5.0 4.8 
lR261R34 132 3.3 4.1 5.2 5.5 4.5 123 4.2 4.9 5.9 5.9123 3.6 4.7 5.0 5.2 4.6 127 4.0 4.7 4.1 3.8 

1.2d 1.7dIR36 111 2.9 6.0 5.9 6.2 5.0 108 3.0 3.8 
I838 132 3.2 4.8 5.2 5.3 4.6 123 4.4 4.6 5.5 6.0 
IR2071.686.5-6-3 139 3.2 4.5 4.6 5.2 4.4 127 4.4 4.9 5.6 6.0 
IR2823.399-5.6 127 3.9 4.8 5.7 5.9 
IR2863-38-1 127 3.9 5.0 56 5.8 

includes 20 kg N/ha topdressd at penicle Initlaton, except in the 0 kg N/ha tseatent. bLSD (5%) between two variety reans 
at sane nitrogen level - 05 i/ha. between two nitrogen meas of saris o different variety - 0.8 t/ha cLSD (5%) between two 
variety mans a the sane nitrogen level - 0.6 t/ha; between two nitrogen masmo sans or different variety - 0.7 t/ha ODarnaged 
by rats. 

1R2863-38-1 produced similar yields (Table 4). 
In farmers' fields, IR2071-586-5-6-3 showed 

good yield stability in both the dry and the wet 
season. 

PERFORMANCE AND NITROGEN RESPONSE 
OF RAINFED LOWLAND RICE 
Agronomy Department 

IRRI farm. Eight promising lines and four 
varieties were evaluated under rainfed-lowland 
conditions during the wet season (Table 5). 

Table 5. Effects of nitrogen' levels on the grain yield 
(average of three replications) of rice varieties and 
promising lines. IRRI ralnfed farm. 1976 wet "ason. 

Variety or line Maturity
(days) 	 0kg 

N/ha 

IRS 134 2.6 
1R26 119 1.8 
1836 105 1.3 
182071-sge-

5.6.3-4 137 2.2 
183464.217.1.3 137 2.4 
1R4215.4-3.1 134 2.6 
I84227.164.1.1 137 3.0 
1R4608.6.2 134 2.3 
8R4583.64.2 134 2.1 
8R4712.208.1 134 2.2 

1R4816.70.1 119 1.6 
Maheuri 137 2.3 

Yleldb (t/ha) 
30kg 60kg 90kg 120 kg 
N/ha N/ha N/ha N/ha 

36 4.0 4.2 4.1 
tO0 3.1 2.5 3.1 
2.0 2.3 2.6 2.5 

3.3 3.4 4.3 4. 
3.1 3 0 3.4 3.2
3.2 4.1 3.7 3.9 
3.3 3.8 3.7 3.8 
2.6 2.7/ 2.8 30 
3.1 2.9 3.3 4.2 
t8 3.0 40 3.3 
2.5 3.1 3.9 34 
3.3 4.0 3.9 3.6 

incuds0 g /h tpdnad t anleintaoneee 
except in the 0 kg N/ha treatment. "tSD (5%t) - 1.0 t/ha. 
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Dry weather during the early vegetative stage 
caused the soil to crack, but there was no sign 
of crop stress. All plants were infested by 
bacterial leaf streak during the vegetative stage. 
At 120 kg N/ha, the experimental line IR2071
586-5-6-3 produced the highest grain yield, 4.4 
t/ha. Two other lines (IR4215-4-3-1 and IR4227
164-i-I) and the varieties IR5 and Mahsuri gave 
yields statistically similar to the yield of IR207 I
586-5-6-3. Without added nitrogen, Mahsuri 
did not yield as high as the four other varieties 
or lines, but with 60 kg N/ha, its yield of 4.0 
t/ha made it comparable with the high yielders 
IR5 and IR4215-4-3-1 (Table 5). 

Farmers' field. An experiment was conducted 
in a rainfed farmer's field in Cabuyao, Laguna, 
during the 1976 wet season to evaluate the 
performance of promising lines (Table 6). The 
experimental line 1R2863-38-l, which matured 
in 135 days, produced the highest yield of 6.6 
t/ha without added nitrogen. IR2823-399-5-6, 
1R2071-586-5.6-3, and 1R26 also produced
yields above 6 tjha. 

Soil fertility in the experimental area was 
hihAsarslntoersp 	 sewsown 
hihAsarslntoersp 	 sewsownmost cases, and the highest yields from most 
varieties were obtained at the zero fertilizer 
nitrogen level. In most varieties (including the 
short-statured 1R36) applying high rates of 
nitrogen induced lodging, which markedly re
dueth riyel
dcdteganyed

1R2071-586-5-6-3, IR2863-38-l, and 1R2823
399-5-6 had also produced high yields in irri
gated farmers' fields (Table 4). 



Table 6. Effects of nltrogen" levels on the grain vled of 
rice varietie and Promising lines (averege of threerowlleations). Italnfod farmr's fi*d. Cabwfoo. LMI a, 

rpll we on. 

Yv.ke(t/he) 

vanem or lne Mturitt 


IRS 

I826 
IR24 

1R36 

IR38 

112071-586-5--3 
1R2823-399-5-6 
IR2863-38-1 


(days) 

130 

123 
135 
123 
123 
137 
137 
135 

0kg 40kg 80k9 120 kg 
N/ha N/ha N/ha N/ha 
5.2 5.7 5.0 4.0 

5.7 6.2 6.5 4.6 
4.7 4.6 2.2 2.6 
5.4 5.5 5.1 4.3 
5.3 5.4 4.9 4.2 
6.0 5.6 5.7 4.7 
6.1 5.9 5.3 4.8 
6.6 .4 5.2 5.9 

includes '20kg N/he topdessed at penicle initiation st a. 
bThe seedlings wore 1 month old at translnting. ClD 
(5%) - 1.1 t/ha. 

GROWTH DURATION, PCANT HEIGHT, 
AND YIELD 

Plant Physiology Department 

Intermediate plant height continues to receive 
attention because varieties with intermediate 
plant height. when planted in areas of less 
dependable water control, give more stable 
yields than short-statured varieties. However, 
increase in plant height normally results in 
decreased resistance to lodging. In addition, 
increase in plant height is related to decrease 
in harvest index (HI) (Fig. 1), which is defined 
in the equation 

Grain yield = HI x total dry matter 
Indications are that intermediate-height varie-
ties will produce moderately high, stable yields 
-about 4 t/ha-at only moderate levels of 
nitrogen. 

It appears that early maturing varieties are 

undependable. Mahsuri is characterized by
meimrotdutonadnerdaepln
medium growth duration and intermediate plant 
height. To determine its advantages and dis

advantages, it was grown with 10 other varieties 
at three nitrogen levels at IRRI. Attention was 
focused on growth duration and plant height. 

o
 

The growth duration of the varieties ranged 
from 93 to 134 days (Table 7). At 0 kg N/ha, 
no lodging occurred, and grain yields ranged 

from 2.7 i/ha to 3.9 i/ha. No clear relationship
between growth duration and yield was ob

served. Mahsuri, however, was the secondhighest yielder.
At50ead1at 
At 50 and 100 kg N/ha,tall and intermediate


varieties lodged, and their grain yields decreased 

at different degrees. Grain production per day, 
however, appears to be inversely related to 
growth duration: the shorter the growth dura
tion, the higher the daily grain production (Fig. 
2). 

Mahsuri gave reasonably high yields at 0 and 
50 kg N/ha. It is shorter and more resistant to 
lodging than Peta. IR34. which isslightlyshorter 
than Mahsuri, had more stable grain yields at 
all nitrogen levels. IR32 matures in the same 
number of days as Mahsuri, but ismuch shorter 
and more resistant to lodging. Consequently, 
IR32 responded to nitrogen up to 100 kg/ha. 

IR34 and Mahsuri, because of their greater 
plant height, should perform better than IR32 
in areas of less dependable water control. At 
moderate levels of nitrogen or soil fertility, 

Norvesl Wet 
0.6 

not clearly understood. It is not true that they 
are inevitably short because of a short growth o . -- o 

period. Dular, a 100-day variety, isas tall as"-.' 
Mahsuri, a 134-day variety. 

a given environment. If growth rate is suffi-. 
ciently high to compensate for limited time, the 

rice plant can produce alarge amount of growth 
-an intermediate or long culm--within a 
limited time. Thus, there is no physiological 
barrier to combining intermediate plant height 
and short growth duration. 'Cui 


Mahsuri has become popular in some areas 

of India and Bangladesh where water control is 


oV 
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i. Relation between cuim lengt rndhiveS indez o( ii 
varieties. IRRI. 1976 wet season. 
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Table 7. Growth duration, grain weight. plant height, and grain yields at three ewl of nitrogen of 11 variee 
iIRi. 1976 wet eason. 

Growth , 1000.gtaln Culm ht (cm) YieW (i/ha)

Vulety dwradon Wt
 

IR747B2.6 93 17.8 

'LSD (5%) - 0.4 i/ha. 

Mahsuri should perform as well as IR34 and 
much better than Peta. Mahsuri's good cooking 
quality may explain its popularity in some areas. 

GRAIN SIZE 
Plant Physiology Department 

The grain weight of 14,128 acce.sions from the 
IRRI world collection varies from 6 to 52 mg/ 
grain Grain size is one of the most stable 
varietal characteristics, but it is the characteristic 
that has been least studied. 

Proportion of hull weight to whole grain. A 
geometrical consideration suggests that the pro-

*oygmpcdx
60 

(kg/tc) 

V 

* 
o-

v v 
* 

40- o 

(day) (g) 0 lo 0 5o 100 
kg N/ha kg N/ha kg N/ha ko N/ha kg N/hi 

IRS 134 25.7 78 96 3.2 4.8 4.8
IR32 134 23.0 84 77 3.9 4.4 5.2
MahWal 134 18.2 92 110 3.7 3.9 2.4 
Pota 134 28.1 113 140 3.2 2.2 1.7
IR34 125 23.9 86 103 3.4 3.9 3.9
BPI 76-1 125 186 81' 104 2.7 3.1 3.6
IR20 120 19.1 69 77 3.4 4.4 4.7
1R29 105 22.1 66 73 3.1 3.6 4.9 
IR28 100 20.8 87 70 3.8 42 4.4
DuW 97 21.9 107 112 2.9 3.0 2.6 

vGFP. The GFP of Bomdia varied from 12 days 
o 

-0 o /(Fig. 
@SOkN/to 

v~o kN/.=Nitrogen 

oT- : : 
0 7 8 9 CO 

2. Relation between growth duration 
production of seven improved varieties 
lcvcls. IRRi. 1976 wet season, 

1.content 
itO 1 

and daily grain 
at three nitrogen 
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52 53 2.9 3.5 3.9 

portion of hull weight of rice grains increases 
with decrease in size, or as the grain shape 
varies from "short" to "long." Table 8 givn 
the weight percentage of the hull in the whole 
grain for II varieties. The percentage ranged 
from 18.6 to 25.4, but it was around 21 in most 
varieties, regardless of grain size and shape. 

Duration of grain-filling period. The grain
filling period (GFP) of rice varieties is largely 
determined by two factors--varietal character
istics and temperature. The GFP ranged from 
12 to 21 days. Small-giain varieties tended to 
have a short GFP, but among medium- and 
large-grain varieties, there was no clear rce
tionship between grain size and GFP (Table 9). 
Final grain weight is the product of GFP and 
mean daily grain growth rate. Higher grain
growth rates were correlated with larger grain 

size. That implies that large-grain varieties are 
more efficient in starch accumulation (grain
production) during the ripening period than are 
small-grain varieties.

Temperature has a paramount influence on 

at 32/24°C (day/night) to 27 days at 20/12 0C 
3). Similarly, the GFP of Khao Lo changed

from 18 days at 32/24 0C to 36 days at 20/12°C. 
content. The nitrogen content of 

grains vanies from one variety to another. The 
per grain (pg N/grain) appears to 

correlate with grain size (Fig. 4). The larger 

the grain, the higher the nitrogen content is 
per grain. Variation in grain size is much 
greater than variation in nitrogen percentage. 
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Table 6.Charaoteretlce of grain of 11 varieties differing in grain ile. 

Dry wt Length Width Thckness Hull 
Vadety Origin (rg/grain) (mM) (mM) (mM) (%) 

Kheo Lo Lm 44.4 11.30 3.20 2.53 18.6 
C8418jj IHungary 36.6 9.43 3.67 2.52 21.5 
Ku 70-1 Thailand 34.7 8.91 3.93 2.32 19.6 
Hldsrllhrazu Japan 26.4 7.98 3.66 2.21 20.9 
Rikuto Norin 21 Japan 23.1 6.94 3.48 2.19 20.6 
Bergroeis Austre 21.8 6.81 3.25 2.21 19.3 
Al Yeh Lu Chine 20.8 6.82 3.08 2.05 20.8 
IR74782-6 IRRI 16.4 7.61 2.46 1.81 20.4 
Bangersal India 14.7 7.73 2.03 1.72 20.1 
Bomdia Portuguese 11.6 5.89 2.45 1.65 25.4 

Guinea 
Kailira Bangladesh 11.9 5.81 2.43 1.89 21.8 
Mean 20.8 

Yeld potentaL The grain yield of rice can be varieties than for small-grain varieties (Table 
calculated with the formula 10). Sink-to-source ratio, defined as the ratio 

-s  
Yield (t/ha) = N x W x F x 10 of yield potential to leaf area index at flowering, 
where N is number of spikelets per square tended to be greater with large-grain varieties 
meter, W is weight in grams per 1,000 grains, than with small-grain varieties. Khao Lo, a 
and F is percentage of filled grain. N is deter- local traditional variety from Laos, has a higher 
mined before flowering, W is largely a varietal yield potential than IR747B2-6, an improved 
characteristic, and F is largely determined by line from IRRI. 
environmental factors at flowering and during 
the ripening period. Thus. N x W represents COMPETITION FOR ASSIMILATES 
maximum achievable yield potential. To deter- Plant Physiology Department 
mine any relationship between grain size and 
yield potential, six varieties were grown at The different plant organs compete for assimi
10- x 10-cm spacing with 120 kg N/ha. lates during the growth of the panicles before 

Number of spikelets per square meter heading. 
decreased with increased grain size. Yield 
potential, however, was greater for large-grain Groin (mg/groin)vi 

50
 

40 -

Table S. Grain-flling period, grain weight at maturity. 


end daily grain growth rate of 11 rice varietims differing t.t Lot 20/120
 

"
 
grain rwthVariety dmfiilling (mg/grain) -- .' 

Panicie Upper (mag/grain) 20- j knZZe
 
grain grain
 

Khao La 18 44.4 48.7 2.59 0
 
ceeqaj 18 36.6 40.2 2.23 10 --' g ,,----q
 

Ku 70-1 21 34.7 35.8 1.71 
Hiderlahirazu 18 26.4 27.5 1.53 
Aikuto Normn 21 18 23.1 24.2 1.35 

AI YehLu 15 20.8 21.6 1.44 0 10 2030 4
 
iR747B2-6 18 16.4 17.8 0.99
 

10WBaro al 12 14.7 14.3 1.19 DaysOt oMh4 
Bomdl 12 11.6 12.5 1.04
 

in riceKua Ire 12 11.9 13.2 1.10 3. Effect or temperature on duration or grain fillingl 
l
 

_________________________________ varieties differing in prain size.
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FAiro Casitd %) ctwidry ("V) Pani t(cW ) 

* yTbW,"C ,g "30 

1.0 600- a 

.. "
 _I20 

01 400 
0 10 20 30 40 50 

Orw wt (fmlpin) 

4. Relationship between grain weight and nitrogen content 200
of brown rice. 

AmcwruMdo N(p9/@") 0 
0 -25 -20 -I5 -)0 -5 0 5 

0 
600 -

* . 5. Length and dryweight ofpanicleof Khao Loat succeive 
40 -growth stages. 

200 four times greater than panicle weight in Khaowegh mr asii 
Lo and about two times greater than panicic00 b g w a0 10 20 30 40 50 weight in IR747B2-6. Apparently, more aii-

Gem 1(,q/vw) lates were used for culm growth relative to 
4b. Relationship between grain wight and the amount of panicle growth in Khao Lo than in IR747B2-6.
nitrogen or brown rice. To better understand the partition of assimi

lates between the growing panicle and other 
Panicle-length growth is easily measurable as organs at later stages of panicle growth, labeled 

early as 25 to 30 days before heading. Panicle- '4C feeding was done at three stages of panicle
weight growth, however, becomes measurable growth (Fig. 5). The results indicate that a 
only 8 to II days before heading (Fig. 5). higher proportion of new assimilates went to 

Figures 6 and 7 show that the last three the growing panicles in IR747B2-6 than to 
leaves and the culm grow at the same time until those in Khao Lo (Table I1).
spikelet differentiation is completed, which is The competition for assimilates during the 
about 2 weeks before flowering. During that later stages of panicle growth may affect the 
period, the demand of the panicle for assimilates degeneration of already differentiated spikelets 
is negligible compared with the demands f the and the final size of the hull. Such competition
other organs. After that period, the flag leaf may become critical in determining the finaland the cuim compete with the growing panicle spikelet number in the wet season when the 
for assimilates. The final culm weight was about level of solar radiation is relatively low and 

Table 10. Yleld potential of six varieties differing in grain size. IRRI. 1376 wet seaon. 

Sink-

Veriey pailn Spikalets . polmntial LAIb ratio hn 
w1* (o) (no./sq m) (t/ha) (t/LAI) (can) 

Khso Lo 51.6 17,06 8.62 5.26 1.68 111 
Ku 70-1 40.3 20.838 '8.40 5.31 1.58 92' 
NIderlshlrazu 30.7 29,182 8.96 5.62 1.53 84 
Rikuto Ncwln 21 26.9 25,657 6.90 4.40 1.57 74 
IR747B2.6 198.1-38.638 7.38 5.92 i.25 68 
Borndla 13.5 33.602 4.66 7.54 0.60 106 

•At14% moisture. I.eaf are index. 
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Dry wt (ng/Pnt)Dry W (mgq/pkf) 

EllOWilliliOM ca 15001u 

I000 
5,00h400 --

QI5th kM 

01-0 

0 -25 -20 -15 -10 -5 0 5
 

Days frmmNa ng 0
 -35 -30 -25 -20 -15 -10 -5 0 5 
6. Dry weight or leaves. cuim. and panicle of IR747 at )o frm heodhg 

7. Dry weight of leaves, culm. and panicle of Khao Lo atsuccessive growth stage%. 

successive growth stages. 

when a large amount of nitrogen is applied 
and, hence, a shortage of assimilates is likely 
to occur. rice breeding programs in tropical Asia has 

The results suggest that a short culm not only been Dee-geo-woo-gen. Several spontaneous 

is essential for lodging resistance but also may and induced semidwarf mutants obtained by 
contribute to increased panicle size. A com- Asian research centers have turned out to be 

allelic to the recessive gene for semidwarfismbination of short culm and large grain size may
significantly increase the yield potential of rice in Dee.geo-woo-gen. 

varieties. To test that possibility, a breeding In recent years IRRI acquired, or collected, 

program to develop varieties with short culm a total of 23 semidwarf varieties from diverse 
countries including Burma, China, India, andand large grain is now under way. 
Indonesia. Most of the new semidwarf parents 

'SOURCES OF SEMIDWARFlSM were crossed with Taichung Native I, 1R8, or 
SEIDarFISMt 1R20. Because the scmidwarf parents and theirSOUCE OFee 

Plant Breeding Department F, hybrids were highly susceptible to the virus 

The primary source of semidwarfism in the diseases and their insect vectors prevalent at 

IRRI breeding program and in many national IRRI, several seasons were required to corn-

Table 11. Distributon percentage of 'C ssimlated at warious growth stages during panilce development IRRI, 

Pinie AssIrniated "C (%) Stch fraction' 

growth stageo_____
(dasybefwe LefL dLeaf 

Root sheth Cuimheeding) blade sheath Cum Panicle 

Khao Lo 
16 30.9 33.5 19.2 0.3 16.2 6.5 3.9 
11 15.3 30.3 33.7 7.5 13.4 5.3 7.0 

7 4.9 40.2 27.1 19.5 8.5 0.7 7.1 
1874792.6 

16 15.5 45.7 19.8 0.9 16.3 13.6 7.7 

11 16.0 35.3 28.2 10.3 10.3 12.1 13.6 
7 12.4 25.7 , 26.0 25.3 10.7 6.7 11.0 

'The ratio of she amoutln of "C in the starh fraction to she amounlt of "C in the whole plant. 
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plete a series of crosses or to obtain F, plants 
that could set F2 seeds. 

The plant height of the small number of F, 
plants that survived the tungro epidemics of 
1975-76 indicated that Chi-nan-ai from China 
is genetically different from Taichung Native I 
or Chcng-nan-ai II (also from China) and that 

ARC 5929 and ARC 5981A from India, and 
Djamadi from Indonesia may be allelic to the 
Dce-geo-woo-gen gene. That preliminary ndi-
cation must be confirmed by F. results. 

Comparing the 1976 results with the data 
obtained in 1972-73 (1973 Annual Report) led 
to the conclusion that the "Cheng-chu-ai 11" 
and "Chi-nan-ai" in the earlier study were 
mislabeled in the process of being handled by 
different researchers in three countries. The 
short-stature Chi-nan-ai, which had variable 
culm length in different plantings at IRRI, was 
not allelic to Taichung Native 1or Cheng-chu-
ai 11. Because of its variable plant height and 
growth duration, its potential as a semidwarfing 
source appears limited, 

PLANT TYPE 
Plant Breeding Department 

The proportion of fixed-generation breeding 

lines with intermediate stature increased con-

Table 12. Promising breeding lines with Intermediate 
stature evaluated In 1376. I11. 

Sosectlon Cros 

IR3454.104-3.2 
IR3464-75-1-1 
IR3464-217.1-3 

IR1639-823-1/111416-131-//IR34
R11628.68-3/18841-7-71-1//134 

... .. 

1R4216-409-2-6 
F.4219-35-3-318421 9-39-2-2 

IR34/C4-63 
IR34/1R480-5-9.. 

184405-287.3-2 182031.238-5/182081-464-2 
R84608-6-2 1144.340-6/18442.2.58/1134/C4.63 
184613-54-5 IR1702-74-3/11144.340.8/13, hc atrsi 10dy.Soeo1h 

1 45-339-2/18R 721-.11.61R6whcmaueinl0dysSoefth 
184625-219.2-2 192049.1 70-3/182061 -464-4// most promising early maturing selections eval

IR205-253-3/1834 uated in 1976 are listed in Table 13. 

Table 13. PromIsAng early maturing selections evaluated 

in1376. 111. Growth durslw 

Seco (days) Cross 

IR2061-465-5 105 I983-.//18561.149.1/11 737 
IR2070-414.3.S 110 IR20'/O nlvaI//CR94-13 
In2071.486.9.2 100 IR1561-228-3/I11737//CR94-13 
1R2307.217-2-3 105 CR94.13/Ir561.228-3 
113941-26-1 100 C1128-42-5/I134 
IR3941-8-3 105 " 

1R5853-118-5 105 Nam Ssgul/2071-88// 
IR2061-214.3-6 

IR7149-17 105 BG34-8/IR28 

siderably in 1976. Many improved plant type 
lines in the 120- to 130-cm height range were 
evaluated in replicated yield trials in the dry 
and wet seasons. The lines showed sturdy stems, 
erect leaves, and high tillering ability; they 
yielded well under the medium fertility levels 
characteristic of rainfed, lowland areas. They 
inherited intermediate stature from well-known 
parents such as C4-64, Pelita 1/I, IR5, and 
IR34. IR34 has proven an excellent combiner 
for intermediate stature. Some intermediate
stature selections are listed in Table 12. 

EARLY MATURITY 
Plant Breeding Deparnnim 

Wide acceptance of early maturing varieties 
such as IR28, IR30, and IR36 in the irrigated 
areas indicated a future demand for germ 
plasm with early maturity. Consequently inputs 
for developing such germ plasm increased in 
1976. Numerous crosses between breeding lines 

and varieties with short growth duration were 
made. The plan was to select for early vegetative 

vigor and shorter growth duration in the segre
gating populations. It appears feasible to devel
op genotypes with a growth duration of 90 to 
95 days and a yield potential equal to that of 
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BREEDING PROGRAM 
Plant Breeding Department 

The breeding program continues to emphasize 
the development of lines with intermediate 
amylose and soft gel Several advanced-genera-
tion, promising lines with intermediate amylose 
are now available (Table 1). They a.- resistant 
to major diseases .nd insect pests. A few low-
amylose lines, such as IR3351-38-3-1 (IR841-
85//IR203/O. nivara/3/CR94-13) and 1R3880-10 
(IR841-67/C22-51//Pelita I-2/1R1541-76), were 
also evaluated during the year. Among the 
waxy lines, IR3464-75-1-1 (IR1628.68-3/IR841-
67//1R2061-213) ispromising. 

Intermediate-amylose lines in the replicated 
yield trials were also rechecked for amylose 
content and gel consistency, 

FACTORS THAT AFFECT GRAIN QUALITY 
Plant Breeding, Statistics, Chemistry Depart-
ments 

Variability in amylose cootest of rice (Plant 
Breeding, Statistics, and Chemistry). A detailed 
study of sources of variability of amylose 
content was made. Temperature during grain 
development was negatively correlated with 
amylose in low-amylose rice, but showed no 
distinct trend in either high- or intermediate-
amylose rices, in agreement with 1975 results. 
Nitrogen fertilizer application tended to reduce 
the amylose in rice-split application more 
than basal application-probably because the 
increase in protein from the nitrogen applied 
reduced starch content. 

The variation in amylose among panicles in 
the same hill was larger than the variations among hills and among bulk samples within a 

Table 1. Promising breeding tines with intnrmediate 
amyloes ontent 1881. 1eS6. 

seecUo csao 

hill. Twenty rice grains and 100 mg of rice flour 
were found to be optimum sample sizes for 
amylose assay. Rice milled by a test tube miller 
had lower amylose values than rice milled by a 
McGill No. 2 miller. In addition, storing rice 
before milling (but not storage of milled rice) 
resulted in an apparent drop in amylose content. 
Aging increased grain hardness and resulted in 
undermilled rice. Undermilled rice had low 
amylose because of the lower starch and higher 
fat contents that interfere with the amylose 
assay. The variance component due to samples 
was consistently much higher than that due to 
determinations of the same sample. On the 
other hand, the relative magnitudes of the 
variations due to runs and to determinations 
within samples were not consistent for all 
varieties. 

Internal check samples for amyiwe test 
(Chemistry). Because of the widespread adop
tion of the simplified amylose assay that IRRI 
developed in 1971 and the interference of 
amylopectin and residual lipid on amylose
iodine blue color at an acid pH, measures that 
would ensure reproducible results with the 
method were studied. 

Rice flours prepared with the Wig-L-Bug 
amalgamator and with the Udy/Tecator cyclone 
mill with 60-mesh sieve gave similar results 
(Table 2). Defatting at room tem!rasuare with 
4 ml alcohol improved the apparent amylose 
content by a mean of 0.9 anti 1.2% in the two 
flours. Mechanical loss may result when alcohol 
is decanted. Defatting by refluxing 85% meth
anol or 95% ethanol further improved the 
amylose reading of all samples by 1.4 to 2.0% 
(mean of 1.7 %) over cold defattId flour. 

The results indicate that cold ethanol defattingis not efficient for defatting milled rice, but 
because the original method used the cold 

etao tchiuhe myoe onntfstandard or check samples should be deter
mined on defatled samples at pH 9. Subsequent
amylose runs can use the same check samples

i82049.104.2 I1539-823.11/BPI 121-407(udfte)whchabenmldtohese 
182055-451-3-3-2 BPl 121-407//1RI1416-131-4/1R22 (udftd)whchabenmldtoheseiR2056-481 -2-6.2 SPM121 -407/1I1416.1 31-5/1822 degree as the experimental samples.
iR4427.27t:.4-1 IR2055.451-2/1R2061-484.4Inotrswihheeptdcntate
184427.31 G.2-3 1R2055-451-2/IR20.1.464.4Inctrswihheeptdcotate
8R4228-78-2-1-3 1834//IR1416.131.S5/1822//C4.83 centage of increase in amylose-content reading 
R1863- i832/i805.-O 3 due to defatting, the 1976 results demonstrated 

an almost constant increase inamylose readings 
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Table 2. Effect of defatting with U% methanol end grinding method on .pperent amytoee content of milled rice. 

IRRI. 13761. 

Amykese content (%) 

Defetted 

Vwty Undefeated 
or line Ref Wxing 4 ml cold MeON (Simplified method) 

85% MeOH (Willsima method) 
(10 h); Wig-L-Bug' Udy'b
 

Wig.1.Bug WIg-L-Bug" Udy

IR2071-137-5-5 11.8 9.8 9.8 9.3 6.8 
iR2071.588.4-4 18.2 18.7 16.8 15.6 15.6 
C4-63G 23.9 22.6 22.8 21.5 21.2 
IRS 30.1 28.3 28.2 27.7 273 

Mean 21.0 19.4 19.4 18.1 1.2 

"10grains ground for 40 . In a WIgL-Bug amalgamator. bUdy cyclone nill with 60.mesh sleve. 

with defatting, regardless of amylose content. high in amylose, low-amylose rices predomi-
The trend may be due to the almost constant nated in the 13 breeding lines. Basmati varieties 
low fat content (0.3-0.6%) of milled rice. Fatty are among the intermediate-amylose rices from 
acids derived from that fat content readily form Pakistan. Aromatic, intermediate- to low-amy
a complex with amylose, and interfere with the lose rices are preferred in Thailand. Soft gel 
amylose-iodine blue color, and low gelatinization temperature arc preferred 

Survey of worM rice varieties (Chemistry). in those four countries. 
Monitoring of the physicochemical data of 
principal rice varieties in rice-producing coun- Alkali test and KOH concentratlun (Chemis
tries was resumed (1973 Annual Report), and try). In the alkali test for estimation of gelati
data on rice from 40 countries were updated. nization temperature of starch granules, milled 
Table 3 indicates the diversity of quality factors rice is soaked in 1.7 % potassium hydroxide 
preferred in 10 countries. The protein content (KOH) for 23 hours at 30'C. The reading is 
ofmost samples was close to 7 % (normal value) inversely proportional to gelatinization tern
but many samples had 5% protein. Interme- perature: 6-7 is low, 4-5 is intermediate, and 
diate- to low-amylose rices were generally 2-3 is high. Recent Indian studies suggest that 
preferred in the countries studied. better results are obtained with 1.4% KO0. 

In Burma, the variety D25-4 (Nga Kywe) was The effect of KOH concentration on alkali 
one of the four intermediate-amylose varieties, spreading value was studied, including the 
Although all five Nepalese varieties tested were concentration that would further discriminate 

Table 3. Range of phyalcoohemical properties of milled rice from 10 countries. IRRI. 1976. 

Milled Gal Atal 
Country rces Protein Amylose consistency eweeding 

(no.) (%) type' ty' valu 

Argent~na 20 6-9 I>1L>1H S >M L >i 
Brazil 10 1-8 >1 5 L1> ,H 
Bwrma 10 5-8 14>1>1 S >1 > M L > 
Indoneola 5 5-8 i1>1H S > M > i 

.SKorea (Republic of) 3 7-8 L I 
8 waxy i 1>14 

Maiayola(Sarewak) 8 6-14 L >1I,1H S > M.14 1 >1.14 
Nepal 5 5-.9 14 H>8.M 1> I 

13' 7-8' L>14H> i' S>•M >14 L >i' 
Pakotanm 11 7-10 i,.1H S >M >H L>1 
Thailand 6 5-9 H >1i>1L H>S L >1 
USA 4 5-7 L • S >M L >1 

°- low, B-20t: i - Intermedlat, 2O-25 14- hIgh. > 25t and wavy, 1-2% dry bale. '5- ooftL 61-100 rrc hM- medium. 
41-60 mam; and 14- hard. 26-40 mam.eGelatinizatlon tempieture type bae on alkali degradction: L - low, 6-7; I - Inter. 
media, 4-5; and 14- high. 2-3.'Pvete in the breeding program. 
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Table 4. Effect of KOH comcenreton oi ak1li ere~dit valves of rice differing I geatlnlation tenerature. 

V r ,otvof 1 n" 

1.1S% KOH 


IRS 60 

Jheung 50 

Tongi 3.0 

IR20 20 

C4.63G 20 

CenurV Pains 231 2.0 

IR2071.137.-5.1 20 


among rices with values of 7 and of 2 to 3 in 
1.7% KOH. 

At 1.4 KOH discriminated among low 
gelatinization-tcmperature rices better than at 
the other concentrations (Table 4). In 1.7% 
KOH. the rices gave spreading values of 7.0. 
Rices with spreading values below 7 (2-6) in 
1.7',', KOH tendtd to crowd around high 
gelatinization-temperature readings (2-3) in 
1.4". Thus. 1.7"', KOH isstill best for classi-
fying rices into gelatinination-tcmpcrturc types 

An alkali level of 1.1.,,KOH was better 
than 1.4'.%, in further classifying the low gclati-
nization-tcmpcraturc rices. Extremely alkali-
digestible IRRI varieties, such as IR8, gave 
higher alkali digestion values than japonica 
rices, such as Jinhcung, which in turn were 
more digestible in 1.15", KOH than were 
indica x japonica hybrids, such is Tongil.Rices that aIre not so digestible in 1 .7", KOH 
are readily sepal~rated by 1.85%Y into high 
gelatinization-tempe.rature rices, suc'h ats Cen-
tury Patna 231 and 1R2071-137-5-5-I, and 
intermediate gelatini,,ation-temperature rices. 
such as 1R20 and C4-630. Note that 1R2071-
137-5-5-I was less digestible than Century Patna 
231 in 1.,$5";, KOH, the reverse of their relative 
values in 1.7% KOH. 

(G eashee,,y, alkali digestion, aSd apparet 
aouIhyt (C/uemirtry). The Indian studies noted 
in the preceding section classified the degrada, 
tion patterns of"rice with alkali into three types: 
type A with progressive cracking and corrosion 
characteristic of indica rices, type B with pro-
gressive grilling and cottony transformation, 
and type C with opening arnd splitting of grain 
and a gradual dense co'(ttony transformation 
characteristic of japonaca rices (Fig. I). IRRI 
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Alki spreadmg value In 

1.4% KOH 1 7%KOH 1.85% tOq 

7.0 70 7.0 
0.0 7.0 7.0 
5.6 7.0 7.0 
2.0 5.68 7.0 
2.6 5.0 6.1 
2.0 2.0 4.8 
2.0 3.0 3.0 

studies, however, showed many rices with atypi
cal degradation patterns. Only high-amylose 
rices with hard gel showed a type B pattern, 
intermediate between A and C patterns. They 
may have low or intermediate gelatinization 
temperature (alkali spreading values 5 to 7 in 
1.7% KOH). 

British food technologists correlated an ap
parent solubility in water of milled rice during 
cooking with the type of degradation pattern 
in KOH. Type A rices had 28-40% solubility: 
type B, <28" and type C, >40%. Because 
type A ischaracteristic of indica rice, type B is 
characteristic of hard-gel. high-amylose indica 
rice. and type C is characteristic of japonica 
rice, the r:ationship between those properties 
and gel consistency was verified. In 13 samples 
tested. the apparent solubility of milled rice 
was negatively correlated with amylose content(Fig. 2). Khao Dawk Mal. a low-amylose 
(15.8%/) rice with type A and C corrosion 
patterns in KOH, bad solubility properties 
similar to those of japonica rices of similar 
amylose content. C556-3, an indica waxy rice, 
gave type C reaction and had the highest 
apparent sulubility among the 13 samples. 

The results indicate that among rices with soft 
(6.-l0O mam) to medium (41-60 mam) gel. 
apparent solubility was negatively correlated 
with amylose content, regardless of alkali reac
tion type. Among high-amylose rices, those with 
hard gel (26-40 mm) had the least apparent 
solubility an;d low water-soluble amylose. and 
tended to have type B arkali reaction. A low 
proportion of the amylcse of hard-gel, high
amylose varieties dissolves in hot water at 
lIX°C (1974 Annual Report). Thus, amylose 
content ari$ gel c:onsistency are more reliable 



Reaction type A Reaction type B Reaction type C 

1.Three types of degradation patterns with KOH exhibited by milled rice. Differvnt KOH concentrutions were used to 
obtain intermediate spreading values ror the three samples. IRRI, 1976. 

indicators of apparent solubility of rice during 
cooking than is the type of alkali-degradation 
pattern. 

Gel cosssteacy tests (Chemlstry). Gel con-
sitency tests have been successfully applied to 
high-amylose nonwaxy (>25%) and to waxy 

con-(1-2% amylose) rices. In those rices, gel 
sistencv and viscosity were correlated with 
mole,_'tr size of amylopectin. the major
branahed fraction of starch. Because varietal 

differences ineating quality have been observed 
among intermediate-atmylose (20-25%) and 

low-amylose (10-20%) rices, the applicability 
of gel consistency tests to those rices was 
investigated. Rice samples solicited from coun
tries where intermediate- and Iow-itmylose rices 
are popular-South Korea, Malaysia (Sara
wak), Indonesia, Thailand, and the Philippines 
-and intermediate-amylose IRRI lines were 
included in the tests. 

Interrnc'diate-wnylose rices . A study of the 
effect of rice concentration, KOK normality, 

and use of the 0.15 N potassium acetate indi-
caed that the st ndard procedure of 00 mg 
rice flour/2 ml 0.2 N KOH, developed for high-
amylose rices, gave the best spread of gel 

consistency values in selected intermediate
amylose rices. 

Application of the test to five Indonesian 
rices that differed in eating quality revealed the 
importance of gel consistency, in addition to 
amylose content and gelatinization temperature 
(alkali test), in classifying those rices (Table 5). 
Intermediate-amylose content, low gelatiniza
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2. Relationship between amylose content and apparent 

wl1uhlliiy ormilled rice during cooking. iRRI, 1976. 
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Table 6. Phyfslcoifwmcal data on five Indonesaen rice varieties lited In decreeing order of sting quality.' 197-. 
76 cvc". 1376. II 

Anvyloraph
AIksH viscosly (S.U.) Gel

Vwity Amylose Protein spreding consistency
(%dry balh) (%) value Peak Setback Consiency (Mm) 

Rojolele 23.8 8.0 5.9 710' -110' 210 82
Ser us matma 24.0 6.6 6.0 825 -130 260 62
Sengawan 24.4 53 6.0 915 -165 27C 61
Pagta 11 23.4 6.7 3.6 960 -175 270 s0
Dewi Raflh 28.3 5.1 5.9 1060 +235 465 52 

'Sapes and eating quoty ratings from the Central Resmch Institute for Agriculture, Bogo. 

tion temperature, and soft gel were preferred 
qualities. The first two highly acceptable varie-
ties were either "bulu" or javanica types. 

Previously prepared samples of starch and 
corresponding amylose and amylopectin prepa-
rations were tested for gel consistency and 
viscosity at 135 mg starch/2 ml 0.2 N KOH. 
Gel consistency values for starch were 100 mm 
for all low- and intermcdiate-amylose rices, 
and 28-38.5 mm for the high-amylose rices. 
The gel values were 100 mm for amylose and 
54 to 100 mm for amylopectin. In samples with 
less than I% residual protein, the gel viscosity 
of starch was lower than that of amylopectin 
but higher than that of amylose. 

A study ofselected intermediate-amylose rices 
from different countries showed a wide range of 
gel consistency value in milled-rice (100 mg/2 
ml 0.2 N KOH) and starch (135 mg) samples 
(Table 6). Two varieties that showed extreme 
elongation on cooking, Dum Siah and Basmati 

Table S. Protein and gel consistency of milled rice andstarch of Intermediate-amylosa rices.' IRRI. 1976. 

Variety Sample 
in tine source 

Dum Sich iran 
Sarnati370 Pakistan
C4-630 Phlpplnes 
inen P~ill:nes 
Itojolele indonesia
Peltt 1.1 indones)a 
Nahng Mont 5-4 ThsiLand 
Labelie USA
lR2003-P5-l5 IRRI 
IR2071.636.5 IRRI 
1R269918-2 IARI 

'Amyloes content (dry bale) 

Gal consistency 
Milledric (m,.)

posain' 
(5) Milled rice Starch 

9.4 46 42 
7.5 54 
6.6 92 78 
5.7 62 60 
8.0 82 92
85 76 100 
8.6 38 02 
6.9 68 9885 so 4 
9.0 28 4 
6.7 50 52 

ranged fromr2018 to 25.7% in 
rilled rice an 26.0 to 28.7% i starch 'Protein content ofstarch range from 0.4-0.6% at 14%, mosue . 
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370, had medium gel values. Two samples of 
milled rice with hard gel (<40 mm) had soft 
or medium starch gel values, again indicating 
the interference of protein. The starches had a 
narrow range of residual protein content (0.4
0.6 %). 

Low-amylose rices. All rice samples from 
South Korea have low amylose content, but 
the high yielding, semidwarf varieties from 
indica x japonica crosses, particularly Tongil, 
have poorer cooking quality than the traditional 
japonica varieties, such as Jinheung. An amylo
graph of 10% paste and a standard gel consis
tency test of rice using 100 mg rice/2 ml 0.2 N 
KOH did not discriminate between Tongil and 
Jinheung (Table 7). Yushin is a newer variety 
that is intermediate in quality between Tongil 
and Jinheung. Increasing the rice concentration 
to 120 mg/2 ml 0.2 N KOH gave lower gel 
consistency readings for Tongil than for Jin
heung in both milled-rice and starch samples.

Even after the rice concentration was adjusted 
to 120 mag, both the milled-rice and starch 
samples oflow-amylose rices showed a narrower 
range of gel consistency values than did the 
samples of intermediate-amylose rices (Table
6. 8). Protein removal made the gel softer. 
The sensitivity of the test for low-amylose rice 
requires further improvement.

puifeThe puiidstarch of the three Korean rices
showed no differences in gel consistency at the 
usual level of 135 mag/2 ml 0.2 N KOH (T;,able
9). A higher starch concentration was needed to 
show that Tongil had harder gel than Jinheung, 
as was shown by milled rice. Thus, the regular
amylograph and gel consistency tests are in
sensitive for low-amylose rices and are useful 
mainly for intermediate- and high-amylose rices. 
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An interesting low-amylose variety is Adan

Buda from Sarawak. Although it has 9% 

amylose, it is opaque and is used like a waxy
rice (1-2% amylose). It is unlike IR2071-137-5 
(11% amylose), which is semiopaque. Adan 
Buda has contaminant translucent grains with 
25% amylose. The 14% amylose of its starch 
indicates that it isa true nonwaxy rice. 

STARCH ACCUMULATION IN DEVELOPING 
RICE GRAINS 
Chemistry Department 

Water-soluble sugars.Study continued on water
soluble sugars in the developing grains of 
the nonwaxy variety IR28, and its sister waxy
line IR29 as precursors of adenosine diphospho
glucose in starch accumulation. Changes in 
levels of reducing and nonreducing sugars and 
their fractions closely followed changes in rate 
of starch accumulation in both rices. The peak
value occurred 9 days after flowering (Fig. 3).
However, the level of soluble carbohydrates,
particularly sucrose, remained high in the car-
yopsis and also in milled rice after starch 
accumulation ceased, suggesting that the supply 

Tbe 7.Effect off g) iM onc ntratio (100. 110. and I10on 9Wd oona1tency valme of low-amylose Korenr7cvarieties. lf73ndl 5 crope. IRRI. 176. 

vAGel consistency (m 

(%drvbml,) (%) 100mg 110mg 120m 
f973 op 

Tongil 18.5 7.2 100 91 77
 
Juk g 157 8.6 100 98 88
 

1975 crop
Tongill 19.9 7.0 Sd 68 54Yushn 19.2 7.8 100 84 86
 
Jinheung 19.1 7.0 89 82 78
 

snplea from Seoul National Unveority Suwon. 

of sugar precursors does not limit starch accu
mulation in the rice grain (Fig. 3). Because of a 
higher level of reducing sugars, the level of free 
sugars in the grain of waxy IR29 was higher
than that in nonwaxy IR28 grain. 

In dehulled mature grain milled to 9-10% 
by weight (bran removal), the milled rice fraction 
(endosperm) retained 59.5 % of total reducing 
sugars in IR28 and 58.7% in IR29. The remain
der was in the bran-polish. In contrast, milled 
IR28 rice contained only 20.2% of nonreducing 
sugars, while milled IR29 rice contained 26.4%. 

Table S. Protein, amylose. and gel consistency of milled rice end starch of selected low-amylose rice.. IRRI. 1976. 

Milled-rice 
Vadety Sample roiein" or IUne sowce (%) 

Adan Buds Sarawak 9.7 
Khao Dewk Miil 105 Tl~lend 5.4 
1R2071.137,5 iRRI 10.5 
IR2071-588.4, IRRI 8.0 
Centwy Pine 231 IRRI 9.4
Jinheung Korea 7.0 
Tongil Korea 7.0
Yuahln , Korea . 7.8 

'Protein content of starch ringed from 0.2-0.7% at 14% molsture. 

TableSI. Effect of etarch concenltratIon (135. 150. and IS 
starch of three Korean iel differing 1neailng quality. iNRt. 1376. 

VreyAmylosa content 

(dybas)1
 

Jinhngm 22.6 
Vusin n.e 
Tongl 24.0 


Amylose Gel consistency
(%dry basis) (mm) 

Miled Milled 
ice Starch rice Starch 
9.' 14.0 48 100 

15.6 18.4 94 100 
11.4 16.0 74 100 
15.6 23.0 74 70 
12.9 17.4 80 60 
19.1 22.6 • 89 100 
19.9 24.0 86 98
19.2 22.6 100 100 

mag)on gel consistency and viscosity in 0.2 N KON of 

Gel consistency (mm) 
3
 
5mg 150 mg 

97 91 
100 92 
94 82 

Gel vfacosity (cl*) 
165mg 
 135 mg l50 mg l6mg 

70 874 1130 1600 
73 851 1150 1690

56 931 1320 1880
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3. Changes in a) reducing sugars and b) nonreducing sugars 

or dchulled rice grain at different stages of development.
 
IRRI. 1976. LSD (5%, reducing sugars) - 0.12 (IR28)

and 0.17 (1R29). LSD (5%, nonreducing sugars) - 0.19 
(IR28) and 0.20 (1R29). 

Column chromatographic fractionation of theof 1R29 milky-stage grain in a 90-sugars o1976. 
4.3-cm column of Dowex 50W x 4 (K form, 
200-400 mesh) showed one minor fraction and 
three major fractions (Fig. 4). Little polyglucan
or glucofructlosans was observed before the 
minor peak. The minor peak I was identified as 
raflinose by the nature of its products obtained 
in both invertase and acid hydrolysis. Peak Ii 
was mainly sucrose mixed with maltotriose and 
maltotctraosc as indicated by paper and thin-
layer Thromatography. A shoulder after peak 
li (Peak It') contained maltose and melibiose 
besides sucrose. Melibiose is derived by the 
action of invertase on raffinose. Peak III was 
glucose and peak IV was fructose. Sucrose was 
the major free sugar of developing grain of 
1R29, in agreement with the analytical data. 
Stachyose and glucodifructose were not detected 
by the procedure, reflecting their possible pres-
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4. Fractionation of free sugars of developing grain, bran, 
and milled rice ofdehulled IR29 grain inacolumn (90 x 4.3 
cm) or Dowex SOW x 4(K * form. 200-400 mesh). IRRI, 

ence in much smaller amounts than those ofthese major sugars. 
A similar Dowex 50W x 4 fractionation of 

free sugars was performed on bran (5% outer 
milling fraction) and milled rice of 1R29 and 
1R28. In milled 1R29 rice, four peaks were also 
obtained but the peaks for glucose (III) and 
fruczo. . (!V) were much lower than in the 
developing grain (Fig. 4). Peak I was also 
rallinose, whch was preceded by a minor front 
of higher malto-oligosaccharides, rather than 
glucofructosans. In contrast to that in the 
developing grain, peak II was mainly sucrose. 
Maltose, maltotriose, and maltotetraose could 
not be detected by thin-layer and papet chroma
tography. A small distinct peak II' of melibiose 



was noted between peak I1and peak III. Similar 
results were obtained with IR28. 

In the bran of both rices, peak I, Ill, and IV 
were more prominent, but sucrose (II)was still 
the principal sugar. The melibiose peak was 
more prominent in IR28 than in IR29. 

Grabs weight amd starch accmulation. To 
further study the relative importancc of factors 
affecting the rate of starch accumulation in the 
developing grain, three rice varieties (Kalajira, 
IR8, and Khao Lo) and two IR747B2-6-3 lines 
differing in grain weights were grown in pots 
in the screenhouse. The midmilky grain was 
analyzed for metabolites and adenosine diphos-

sucrosepho/uridine diphospho (ADP/UDP) 
synthetase and ADP/UDP glucose pyrophos-
phorylase. Thie weight of brown rice was 4 mg 
for Kalajira and IR747B2-6-3-1, 8 mg for 
IR747B2-6-3, 12 mg for IR8, and 20 mg for 
Khao Lo. Mature brown rice weights were 1I, 
15, 21, and 42 mg, respectively. The dehulled-
grain weight tended to correlate with the weight 
of total, and soluble protein, free sugars (both 
reducing and nonreducing), starch, inorganic 
phosphate, and K" in the midmilky grain. The 
levels of 3.phosphoglycerate and adenosine 
triphosphate were not correlated with the starch 
and protein content of the grain. The activities of 
UDP glucose pyrophosphorylase were better 

werecorrelated with starch content than the 

activities of UDP sucrose synthetase. The acti
vities were lower with the ADP glucose system 
than with the UDP glucose system, and were 
poorly correlated with starch content. Further 
verification with the use of detached panicles 
grown innutrient medium isneeded to eliminate 
genetic variation among samples differing in 
grain weight. 

Properties of start) granules. Acorresponding 
starch study was made on the changes in prop
erties of purified starch granules of IR28 and 
IR29 during grain development. Starch granules 
increased in mean size 5 days after flowering 
(DAF) from 3.7 pm for IR28 and 3.8 pim for 
IR29 to 4.8 pm at maturity for both rices. The 
gelatinization temperature of starch remained 
between 63 and 64°C during grain development 
for both varieties. In IR28, gel consistency was 
38 mm 5DAF but changed to 30mm at maturity. 
In IR29, itwas almost constant at 100 mm. The 
residual protein of the preparations ranged from 
0.2 to 0.5% for IR28 and from 0.1 to 0.3% for 
IR29. The amylose content of IR28 increased 
from 32.4% at 5 DAF to 34.8 %at 9 DAF, and 
was 35.2% at maturity. Incontrast, the amylose 

2.5% at 5 DAF, 1.5% atcontent of IR29 was 
9 DAF, 1.2% at 15 and 21 DAF, and 1.0% at 
maturity. The results indicate that many prop
erties of the starch granules are fixed or deter
mined early during grain development. 
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EVALUATING DISEASE RESISTANCE 
OF BREEDING MATERIALS 
POt PatholoG Department 

React of elite lines to major diseases. Eighty-
three promising elite lines or new varieties were 
evaluated for resistance to six major rice dis-
eases. Many lines have a good level of resistance 
to all diseases, but arc not sufficiently resistant 
to blast for planting in epidemic areas. Resis-
tance to sheath blight is not high, but many 
lines are as resistant as any of the donors. 
Bacterial blight resistance to the common 
bacterial type is satisfactory, but inadequate for 
protection against types of the bacterium found 
in some areas of the Philippines. Several lines 
arc resistant to tungro, and many lines are 
resistant to grassy stunt (Table 1). 

Screening breeding materials for disease rests-
lance. All breeding materials were screened for 
resistance to major diseases. 

Blast. More than 70,000 lines were screened 
for resistance to blast in 1976. The percentage 
of resistant lines has progressively increased 

through continuous screening (Table 2). 
None of more than 5,000Sheath blight. 

a high level ofadvanced breeding lines had 
resistance to sheath blight, but many were 
moderately resistant. Lines that were moderate
ly resistant in previous tests were subjected to 
a confirmation screening (Table 3). 

Bacterial blight. A high percentage of more 
than 58,000 lines at different stages of breeding 
were found resistant to the common strain of 
Xanthomonas ory:ae (Table 4). 

Tungro. Of more than 44,500 lines from 716 
crosses in the tungro-infested pedigree nurseries, 
about 66% were rated 3 or less on the inter
national scale for resistance to rice tungro. 

About 49,000 seedlings of 1,927 entries from 
152 crosses and IRRI varieties were artificially 
inoculated and tested for resistance to tungro 
in the greenhouse. Of those 43 % had less than 
30% infected seedlings. 

Grassy stunt. More than 7,000 entries of 198 
crosses and IRRI varieties were mass screened 
for resistance to grassy stunt. More than 80% 
had less than 30 % infected seedlings. 

Table 1. Reaction' of elite breeding lines to major diseases. IRRI, 1S76. 

Blast Sheath Bacterial Bacterial Tungro Suny 

IRRI and Leyte blight blight streak 

BG 90-2 
BPI 7B'/Dewn 
SR 1.91-8 
I1R8/Cfeon 
IR20 
1R26 
lR2B 
1R29 
R30 
R32 

1R34 
R1529.4303 
R1632.9322 

1R1750-F.B-3 
IR754.F,B22 

R203518.2 
i1R2035 242.1 
IR2042.178-1 
1R2058 78-1.32.3 
1R2081.485-1I-5-5 

lR2O81-522-6-9 
1R2081-628-1-6-4-3 
1R2070.4143.9 
1R2070.414.3-9E 

iR2o7o.423.2-6.e 


R 
M 
R 
R 
M 
S 
R/S 
R/S 
M 
M 

M/S 
M 
MR 
M/S 
M 
M 
M 
M 
M 
M 

MR 
MS 
R 
MS 
R 
MR 
B 
R 
MR 
R 

MR 
MR 
MR 
MR 
MS 
MR 
MS 
MS 
MS 
MS 

S 
S 
S 
S 
S 
M 
R 
B 
M 

*M 

S 
S 
5 
S 
S 
S 
R 
R 
R 
R 

RIS 
R 
S 
S 
S 

M 
M 
M 
M/S 
M 

R 
R 
S 
S 
MS 

.MR 

MS 
MS 

MR 
MR 

R 
S 
S 
S 
S 

R 
S 
S 
S 
S 

M 
R 
R 
R/MS 
R/M 

. 

M/MS 
M 
M 
M/3S 
M/VlS 

MR/S 
MS 
R 

,.MR 
MR 

MS 
MR 
MR 
MR 
MR 

S 
S 
S 
S 
M 

M 
*R 
R 
M 
R 

R M MR MS R R 

R 
R/MS 
M 
RIM. 

M/VS 
M 
M 
M 

R 
R 
R 
R 

MS 
MR 
MR 
MR 

R 
S 
S 
M 

R 
B 
R 
R 
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Table 1. (continued) 

Blast Sheath Bacterial Bacterial TGtay 
stunt

IRRI and L. e blight blight ittrk 

IR2071.105-9-1 R M/MR MR MR R R 
R2071-137-5-5-1 R/M M MR MR M R 
R2071.486-9-2-6 R M/MR R S M R 
1R2071-686.5.6.3-4 R/S M R MS M R 
1R2071-588.6-2.6-4 R/S M MR MS M R 

IR2071-625-1-252 M/S M R MS M R 
R2307-84-2-1-2 S M MR MS S S 

IR2307-86-1-2 S S/MR MR MS S S 
IR2307-217-2-3 S M MR MS S S 
R2688.39.4.2.3 R M/MR R MS S R 

R2797-105-2-2-3 R M/MR R MR M R 
1R2798-88-3-2 R M/MR R MR S 	 M 

SIR2823.103-5-1 M M MR MR S 
IR2823-399-5-6 R M R MS S R 

iR2832-141-2-1 R/M/S M MR MR S R 

M MS M M 
R2863.39-2-1 R M MR MS S S 

IR3351.38-3-1 M M 

IR2863-38-1 R 	 R 

R MS M R 
IR3393-56-2 R M R MR M M 
IR3449.172-2-1 R/S M/MR MR MR R R 

R3454-75-1- M M/MR MR MS M S 
IR3464-126-1-3 R/S M R MR M R 
IR3464-217-1-3 M/S M R MS M R 
IR3839-1 S M/MS MR MS S S 
IR3880-2 S M/MS MR MR M S 

M MR S M 
IR3880-17 M M MS MS S 
IR3880-13 M 	 R 

M 
IR3941-9-2 R M R MS M R 
IR3941-97-1 R M MR MR M R 

MIR4215-4-3-1 M M R MR R 
IR4227-28-3-2 R/S M MR MS R R 

IR4227-109-1-3 R/S M MR MS R M 
IR4227-164-1-1 R/S M MR MS R R 
R4422-6.2 R M MR MS R R 

R MS R 	 R 

R4422-143-2-1 R M MS MS M R 

R4422-164-3-6 R 

IR4422-51 -1 	 R M 

M R MS M R 
IR4427-51-6-3 R M R MS R R 

R M R MS R MR4427-58-5-2 

IR4427-279-4-1 R/S M R MR R R 
IR4427-315-2-3 R/S M R MR R S 

mR4432.28,5 M R MR M SRS 
M R MR M M 

1R4432.52-6-4 B/S M R MS 
P4432-38-S 	 R/S 

R R 

R4432-103.6-4 B/S M R MS 8 R 

1R4432.45.2-1 P M R MS M R 
1R4442-165.2.4 RIS M MR MS M 8 

R84608.8-2 R/S MR/MS MR MR M R 
184613-54.5 R/S M R MR R R 

°
 
.M 	 MR R R 

1R4707.123-3 R M/MS R - M R 
IR4712.208.1 M M/MR MR MR M M 

1R4722-36-1 8/S M MR MR M ,R 

IR4816.70.1 8 M R MR 

1R4683-54-2 R 	 R 

M R 

M R MR R RIR4819-77-2 	 R 
IR4829-89-2 	 B M 8 MR R R 
IR4859-38-3 	 B M 8 MB M B" 

Mahsud MIS M/MR MS MB S S 

aRe~utona are 8 - resistant; MR - moderately resistant; M - intermediate; MS -.modetely susceptibl; S .-auscaptibie. Two 
reacltions epara'ted bye slash (/)indicaes tests at different sites or timoe.-
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Table 2. Summery of blest screening. IRRI. 1376. were susceptible to natural infection. In some 
Entries (no.) experiments IR36 was severely damaged. More

Source than 70 % of the leaves, including the flag leaves,Resistant Interrod~ite Susceptible 
were infected. Many leaves in both the low- and 

Elite teeding lines 79 31 16 the high-nitrogen plots were half destroyed.
World collection 316 025 1.690 
Pedigree lines 24,412 15,172 8,507 
Observational yield

trial 999 1.625 2,131 IDENTIFYING NEW AND BETTER SOURCES 
Relicated yield trial 380 298 168 OF RESISTANCE 
Hytidization block 218 185 237 
International Rice Plant Pathology Department


Yield Nursery 18 3 31
 
International Rice Bls. From the world germ plasm collection,

Observational Nursery 44 103 198 
Internetional Upland 2,631 varieties were screened for blast and 316 

Rice Observational showed a resistant reaction at IRRI (Table 2).Nursery 44 37 104 
IRBN seed list (76) 262 91 125 IR1905, IR3259, 1R3273, 1R4547, IR5533, and 
International Rice Cold IR9559-progenies ofTetep, Pankhari203, and 

Tolerance Nurery 1,205 1.050 752
Upland materiel 198 139 1" Carreon-showed a broad spectrum of resis-
Korean material 1.116 1,242 1.746 tance. They have good agronomic traits and 
Plant pathology lines 2.286 2.49 1,162
Blast.resistant material 20 171 100 resistance to some other major diseases. They
High-protein material 177 420 198 may be used as donors for further crosses, or as 
Early maturing material 7 35 82 

Total (no.) 31.780 23,723 17,389 interim varieties in blast-epidemic areas.
Total (%) 42.6 32.0 23.3 Sheath blight. Among the 7,839 varieties 

screened from the world germ plasm collection, 
none were highly resistant to sheath blight, but 

Monitoring minor diseases In advanced lines, many were moderately resistant. The moderate 
There was an upsurge of leaf scald at IRRI in resistance of many varieties identified earlier 
1976. Almost half of the more advanced lines was confirmed (Table 3). 

Table 3. Summery of sheath blight screening. IRRI, 1976. 

Disease reaction"Entries 
(no.) R MR M MS S VS 

Source 

Elitebreeding lines 129 0 18 103 1 2 5

Replicated yield trial 812 0 49 644 67 33 19
 
Observatlonal yield trial 2.401 0 222 1,794 226 86 73

Pedigree nursery 153 0 18 118 16 1
0 

International Rice Observational Nursery 284 0 119 161 4 0 0
 
Germ plasm bank 7,839 0 951 6,621 221 42 4

Photopeuiod.lsnsitive materils 1.218 0 544 594 72 8 0
 
U planrdmateriats 32 0 5 21 5 1 0
 
4th international Rica Sheath Blight Nursery 190 0 40 149 0 
 1 0
 
Korean materils 20 0 1 8 11 0 0
 

Confirmat/on letra 
Elitebreedmng lines 31 0 6 20 4 0 1
 
Replicated yield trial 146 0 41 103 
 2 0 0 
Obsrvational yield trial 400 0 83 311 6 0 0 
W'72 entries from hybridization 10 0 1 8 0 0 1 
Plant pathology lines 75 0 9 65 1 0 0 
Uplnd breeding tines 12 0 0 12 0 0 0 
Asiam Rica Collection 89 0 2 85 1 0 1 
Germ plasm bank 650 0 30 613 6 1 0 
3rd International Rice Sheath Blight Nursery 137 0 3 112 8 7 7 
All India Coordinated Rice improvement Project 28 0 2 23 2 0 1 
Malysian varieties -3 0 0 3 0 0 0 
Irrediated entries 28 0 (1 28 0 0 0 

Total (no.) 14.687 0 2,144 11.568 653 181 113 
Total (%) -14.60 78.95 4.45 1.23 0.77 

"R- relsstnt; MR - modetely, resistant: M ,, Intermediate; MS - modertldy susceptible: S - suscetitble; VS - very 
susceptible. 
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Table 4. 8ummary of screening for resistance to bacterial blight. IRI, 1976. 

Source 

Observational yield trial 
Replicated yield trial 
Hybridzation block vaieties 
Pedigree nursers 
World collection 
Confirmation test 

Total 

EntdesEntries Entries (no.) rated aW 
not testedtested 

MS S R/S (no.)(no.) R MR 

1,151 46 62.551 830 468 52 
3 70 54 22876 574 156 


286 164 28 39 47 8
 
050 0 1.243 6.220 1,22747,737 39,538 

4,893 102 525,712 490 175 
158 471,365 183 677 290 

7.672 6,369 1.30758.257 41,777 1.602 384 

a moderately suaceptlble; 5 a susceptible; R/S - segreting.
" resistant: MR - moderately resistant; MS 

Bacterial blight. Of 5,712 varieties from the 
world collection, 490 entries (8.6%) were rated 

resistant and 175 (3.7%) as moderatelyas 
strain of bacterialresistant to the common 

blight. A group of 1,365 varieties selected in 
1975 were retested for confirmation. Among 
them 183 (13.4%) were resistant and 677 
(49.6 %)moderately resistant (Table 4). Virulent 
X.oryzae strains that infect formerly resistant 
rice genotypes have been found in many areas 
of the Philippines. Screening for broad-spectrum 
resistance becomes necessary. About 500 varie
ties selected from the general X.oryzae screening 

were tested against representative isolates of the 
three strains of the pathogen. Thirty-eight 

varieties were resistant to all three strains, 128 
to strains I and 2, five to strains 1 and 3. and 

three to strains 2and 3 (Table 5). 
Tungro. With the improved mass-screening 

method, 11,000 entries representing 4,849 varie-
ties were screened for resistance to tungro 

disease in the greenhouse. About 2,850 entries 
of 1,214 varieties showed less than 30 %infected 

seedlings.Grassy, stunt. None of 1114 entries of 513 
'DO 


varieties mass screened in the greenhouse for 
resistance to grassy stunt had better resistance 

than Oryza nivara. 

INCORPORATING NEW SOURCES OF 

RESISTANCE 
Plaot Breeding Deparimeni 

Resistance to bacterial blight. IRRI breeding
lines resistant to bacterial blight are conditioned 
by Ka 4,which isresistant to the common type 
I of the bacterium. The gene xa 5, which con-
trots the resistance to type 2, originally found 

in DZ 192 from Bangladesh, was also found in 
some lines, e.g. IR4563-52-1-3-6 and IR4613
54-5. They have been intensively used in crossing 
with lines that are resistant to other diseases. 

Resistance to sheath blight. A high level of 
resistance to sheath blight has not been found 
despite an extensive search. A modest breeding 

Table 5. Varieties with resistance to three pathogenlo 

strains of Xenthomonas oryne In the Philippines. 

Variet 


Ande 
ARC 5756 
ARC 7207 
ARC 7326 
ARC 10313 
ARC 10351 
ARC 10376ARC 10674 

ARC 10696 
ARC 10959 
ARC 10988 
ARC 12172 
BOJ
Bowalia (2) 

Bulu Putih 
Burl Kataricarnor 

Chinsurah Boro ii 
Dahrial

100 
DV 29 
Dv 85 
DV 88
DZ 78 
HanunnJata 
HashiklmiIndia ulr (Od. 7) 
Kaika 
Kaliboro 600 
Kasla Panic 
Katokhandi 
Ketan 1o0 
Kokuya
Kolongi Bac 
Lekhslni Dighta 
Matury
ucP 28 

IRRI ace. no Orgin
 

17153 indonesi 
20220 India
 
20545 india
 
12367 India
 
20845 India
 
12439 India
 
20887 India12567 India 

12580 India 
12686 India 
12690 India 
21960 India 

3711 india27537 Bangladesh 

17350 Indonesia 
27539 indonesia17156 Indommi 

11484 India
Korea8649 Bangladesh

8816 Bangladesh 
8839 Bangladlesh 
8840 Bangladesh
855 Bangades 

25860 Bangladesh 
3397 Bangladesh

26070 Brazil 
28361 Bangladesh

Bangladesh 
27558 Bangladesh 
26380 Bangladesh 
17975 Indonesia 
26364 Banglaesnh 
24135 Indonesia 
28390 Banglaes
16190 Nepal 
8728 Bangladesh 

98 niVlaPrvza0 81 
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=. ,program crossed many tall and improved varie
ties or lines with moderate sheath blight reis
tance and topcrossed the F,sto bring about a 

WWOKOWKWEOOO. 

higher level of resistance. 
Resistance to blast. To further broaden the 

,4 , ,,,K ,K0 ,,EWspectrum of blast resistance, particularly for 
upland and cooler regions where blast isusually 
severe, a modified scheme of hybridization war 

WEE=,,, ,, ,,,,adopted. Many advanced lines thatA,, showe. 
resistance at IRRI and in the International Rice 

EKE 00 KO'00 0 = Blast Nursery were intercrossed and further 
K,O= ,,,,EEK= ,,crossedWE with resistance-donor varieties such as 

Tetep, Carreon, and Pankhari 203. An addi
00K= W" OKELO ="tional00 0 site at San Isidro, Leyte, Philippines, was 
K K K K K.C K E K K K= used for testing and selection of progenies. 

Blast development at San Isidro was severe and 
O=flEOKK=flW many lines resistant at IRRI were susceptible 
EKKKKKW,,W,, = ,,and vice versa, indicating differences in the 

fungus races at the two locations. 

STUDIES ON DISEASE RESISTANCE

9! === = ' Plant Pathologyp Department

I Pathogenic races of Pyricularia ory:ae. Monic0OKW0WKOKWEW 

KWW 0 toring of the races of P. or':ae was continued00=00= 

inthe blast nurseries. Many different races were

W'0 W observed each month. Artificial inoculation
 

,, ,, ,OK 28 new races in1976. Philippine races
WKO ,Kidentified 
now total 290.Table 6shows the reaction of the 

s =K " WE "0K 12 Philippine differential varieties to these races.K = 
0000= and quantitative resistance to,,,Qualitative 

blast. Previous reports showed a close corre-
KK W K t WE lation between qualitative (resistant to races) 

and quantitative (number of lesions or disease 
WOK =K=intensity)EWE resistance among varieties under 

,WO,,,,, =,,,,,natural infection in the blast nursery. Since the 
W E 0spore originating from a0 population single

"" "=""""spore culture is believed to consist of various 
,,,,,00,,,,0,0K0,,0,W00,,,, kinds of races, it is assumed that the same 

'acorrelation will occur invarieties artificially 
EKEKEKEKEOK= = = inoculated with individual monoconidial iso

= = = = Forty monoconidial isolate: from different,,,,,,,=,,,, ]lates.! varieties, collected at one time in the blast nur

,,) ties with different degrees of quantitative 
0 i resistance. The susceptible-type lesions per 100 

. t- for each isolate.:licates 
" The close correlation between the quantita
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used withi We 4u isotates connrms ine neero-
geneity in race composition of spore popula-
tions. Twenty-seven isolates showed significant 
correlations. The others appeared to be less 
differentiated and to have specialized patho-
genicity to a certain variety or varieties (Fig. i). 

The result demonstrated that the quantitative 
resistance of a variety reflects the spectrum of 
qualitative resistance of each variety against the 
heterogeneous racial population of P. oryzac. A 
variety with a broad spectrum of resistance may 
appear to have horizontal resistance, although 
the relationship between the individual race and 
rice variety is basically differential or verticai. 

Kresek phase of bacterial blight. In 1976, 
kresek was frequently observed in IRRI fields. 
IR20 and IR22, which carry a dominant gene 
(Ka 4) for bacterial blight resistance, suffered 
from kresek infection. A 20-30% incidence was 

Less (rel. no/IO sq cm leaf crea)PDO0 
0' 

*m. 

80 *--yo~ 

0 *. 

0 
40p 
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o so nu,) S o" ' so iU 

oactenai isowiacs tucsignatcu rA'l OZ) 11U1 Itu 

IR20 and IR22 plants caused susceptible-typc 
leaf blight lesions on the varieties inoculated by 
the leaf-clipping method. The isolates were 
similar to type 2. previously known as the 
Isabela or Davao strain. When tcsted on pot
grown rices in the greenhouse. the isolates also 
caused krcsck on IR1545-339. which has the 
recessive gene xa 5 for resistance. 

Methods o inocuition. A preliminary study 
compared two methods of inoculation for 
kresek. Leaf clipping was used to test leaf blight 
resistance. Root dipping assumed that krcsek in 
natural conditions results from bacterial in
vasion through the root system. Root tips were 
cut before the seedlings were dipped in a bac
terial suspension for I to 5 minutes before 
transplanting. Root dipping usually yielded 
more kresek than leaf clipping did. 

= 90.96-.996 X
(r=.923) 
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50u .00 5.) (') 505 
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I. Correlation between qualitative and quantitative resistance from artifkicil inoculation or 4O single-spore cultures. IRRi. 
1976. 
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Seedlings of live su.ceptiblc varieties or lines 

ut different ages were incr.lhated by the two 

methods. Th-c data (Table 7) show no clear-

cut difference in the initiation of krck among 

the vavictics or lines. Iloweer. kresek infection 

appears higher inyoung seedlings than inold 

ones. and higher from root dipping than from 

leafrclipping. 

Kre,' dr'vrh-lam l u !,iNight
in/&ctiun. 


Kresek dcclopmcnz on seedlings of four rice 

variclics , %Astudied in the greenhouse. Nine-

day-old secdlings were in,.'ulated with isolate 

PXO 82 of type 2 b the root-dip method. IRK, 

IR20.and IR1545 had higher krcsk incidence 

--83.7. 72.(). and 82.9",, rcspectivcly than DV 

85. which had 49.2". The iliffereace in krcsek 

incidence among IRH. IR2i. and IR1545 was 

not significant but that bctwecn DV 85 and 
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the three varieties was significant. Although 
the final percentage value of kresek incidence 
in IR1545 did not differ from that in IR8 or 
IR20. the lag phase of kresek development was 
considerably lower in IR1545 than in IR8 or 
IR2 (Fig. 2). Isolate-variety interaction. ix
ulum density. and level of varietal resistance 
areunderstudy.iRK and 1R20 were suscptible to isolate

R n R0wr ucpiPXO 82. and vulnerable to kresek. DV 85 was 
X 2 n uncal okcc 

resistant to PXO 82. and had considerably lower 
krc.ck incidence. IRI545 appeared to be as 
vulnerable as IRK to kresek causd by isolate 
PXO 82. It appears that factors controlling leaf 
blight resistance differ from factors controlling 
rcsistancc to kresck. 

Pathenlc varimbilllv of.XanonasNryahe. 
I'riiitincohr.. Three typsofcolonies 
for X. oryaw are recognized: mucoid-large, 
mucoid-small. and a third type. which is non
mucoid-small but tran.lucent on modified 
Wakimoto's medium.The three types all causd 
typical blight-suscvptible lesions on IRK. but the 
translucent type produced fewer lesions (Table 
8). Although it has been reported that the 
mucoid-small type was less virulent than the 
mucoid-large tyl. the diffcrc,:c was not oh
servcd in this study. 

l'i-nhnc of X. oryzac inthc Philippine. 
Isolates of X.,rv:ae collected in tke Philippines 
from 1963 to date were evaluated on three host 
varieties:"IRK. with no gene for bacterial blight 
resistantc; 1R20. with the dominant gene Ku 4. 
and 1R1545-339 with the recessive gene x u S. 

The results show that there a.re strains or races 
in the population ofAV. "ry:cu'in the Philippines. 
Most of the 83 isolates, belong to one group. 
called the common strain or strain I. exem

plified by isolate PXO 61. 
The strain isdistinguished by the resistance 

to itof host genotype's carrying ,eitherof the two 
major genes..Ua 4 and xa,S.Strain 2 is exem
plified by the isolatc PXO 79 collectcd in Davao. 
The host genotype carrying the recessive gene 
xa S is resistant; while that carrying Ku 4 is 
susceptible. Strain 3. which makes up a small 
portion of the 	present isolate collection and is 

typified by PXO 71 from the Palawan area. 
overcomes the resistance: of host genotypes that 
citrry both the d.ominant and recessive gemts. 



rt Vo. e ce @f m In relain to colonM 
typesof the I e on IR IRRL 1 

Leon lenw (cm) 
SUSCIAUrO 10 DAI 14 DAI 

PXO 61-Mm r 	 1 14.4#2 20-89 
2 21.fW 31.35 
3 21 2 30854 22.60 31.255 22.39 25.19 

6 17.79 2804 
PXO 82-MucoldsmeB 	 1 16.28 30.3812.27 30.07 

3 21.11 30.63 
4 1G95 28.35 

PXO32-MucoWIWwp 1 15.24 24.07 
2 20.81 30.00 
3 21.38 31.10 
4 21.40 75.23 

PXO S1-TeuluCM.s 	 1 3.30 5.60 
2 5.21 9.68 
3 5.06 0.6 
4 7.27 14.25 
5 5.99 8.69 
6 7.01 9.09 

PXO 10 9.83 14.63 

ODA1 w day et tculaon. 

It appears that PXO 71 is more compatible with 

genotypes with xu5 than with those with Xa 4.PXO 71 always produces more lesions on 

IR1545.339 than on IR20 (Fig. 3). 
During the dry season 126 isolates were 

sampled from rice plants infected naturally with 
bacterial blight at IRRI. The isolates were 
tested against IRX. IR20. IR1545.and DV 85. 
IR8 was susceptible but 1R1545 and DV 85were resistant to all isolates. 1R22. 1R20. and 
1R36 were infected by bacterial blight in the 
wet season. 

Dffi'reniiul wari'xe./b'r X. oryzac. A pre
liminary 1975' screening tested 426 varieties 
against three relatively distinct isolates--PXO 
61, PXO 63, and HI100. Differential reactions 
between some of the varieties and the isolates" 
were observed (1975 Annual Report). Differ
ential patterns of the three isolates on selected 
varieties were monitored in 1976. Six of the 

eight possible patterns were observed. 
The results suggested that some varietiescould betome good candidates for the differ-

entials. Further evaluation showed that the 
interactions between some varieties and isolates 
were affected by the age of the plants and by 
the age of the leaves. Whether or not such 
variations inreactions are due to the nature of 

resistance in the varieties, to the instability of 
virulence, or to unobservuble change in the 

environment requires further study. As more 
varieties from the germ plasm bank arc tested 

and the genes for resistanec arc idcntificd, a 
better set of differentials will be formulated. 

Inot'umi dlcniy aid injc'tion. The extent of 
bacterial blight produced by X.orr:u' isrelated 
to the number of cells inthe inoculum, as well 

as to the virulence of the isolates and the resis
tance of the varieties. The relationship between 
inoculum density of PXO 61, PXO 79, and 
PXO 71, and bacterial blight infection on IR8 

and 1R2? was studied.
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4. Relationship or inoculum density or three pathogenic S. Relationship or'inoculum density or three pthogenic 
strains or'Xasonnrnas nryae to the reaction to bacterial strains or'X'aanhoona ory:ae to the reaction to bacterill 
blight on IR8. blight on 1R22. 

On 1R8, all three isolates caused 100% sus- and S lesions/total leaves inoculated x 100%) 
ceptible lesions at thc highest concentration of' significantly differed from that of"leaves with no 
the inoculum (dilution or culture at l0-t.5), As infection (Fable 9). It indicates that there is an 
dilution increased, the f'requency of"R, MR, or infection threshold at a given inoculum density. 
MS type of"lesions increased and the S-type 1R22, which is conditioned by the dominant 
lesions decreased proportionally (Fig. 4). At gene Xa 4 for bacterial blight resistance, is 
dilution 10'' and regardless of the isolates, resistant to PXO 61 but susceptible to PXO 79 
the rate ofrinfection (leaves with all R, MR, MS, and PXO 71. It has been observed that PXO 79 
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1376.
TableS. Infection rate of three pathogeniltiy distinct isolates of X. s1009 on IRS and lRU." IRN. 

Infection rate (M at dilution 
" 

1 -. oO'O10 
"a 

e 10-2 1 -. 0104 

OR8 

?XO61 
PXO 71 
PXO 79 
PX061 

100.08 
100.08 
100.08 
100.08 

100.08 
100.00 
100.0• 

66.6 U 

49.5a 
100.0 b 

43.9 

4.0a 
1R22 

3.0a 
1.98 
6.4a 

1.0• 

6.4a 
1.59 
9.68 

3.2a 

0.0. 
2.9a 
3.5& 

2.7mb 

PXO 71 100.0 100.0 C 100.0 c 7.8a 9.8mb 0.0i 
PXO 79 100.09 45.9a 44.7 b 22.2 b 162 b 8.3 b 

"ineach column and vmiety. mewil followed by the "fl" settvf we not slgnificitly different at the 5% level. 

stunt. The different reactions to tungro may be 
usually causes larger lesions on 1R22 than PXO 

due to the different levels of field infection to 
71 does. The data suggest a similar trend of 

infection as dilution of the inoculum increased, which the two varieties were exposed. Therefore,
 

However, at the highest inoculum concentra-	 it isessential to specify the level of field infection 
tion, the types of infection differed among the 	 to which a variety was exposed. For that pur

pose, the term "tungro pressure" is proposed.three isolates. PXO 61 caused more R-type
lesions, PXO 79 caused 100% S.type lesions, 	 It tentatively refers to the average tungro 

reaction (based on the international scale for 
and PXO 71 was intermediate (Fig. 5). As the 

.5 level the rate of resistance to tungro) of other rice varieties or 
dilution increased to the 10-

grown adjacent (I to 10 rows on 
infection by PXO 61 was significantly lower, 	 lines that are 

IR22 each side) to a test variety or line. 
PXO 79 seems more compatible with 

than is PXO 71 at the low level of inoculation The field reaction of a variety to tungro is 

only controlled by the intrinsic disease 
(Table 9). 	 not 

Field reactions to tungro. Field infection by 	 resistance of the variety but is also influenced 
by the disease pressure. In field infection by

rice tungro refers to infection of rice plants in 
tungro in 1975, the reactions of the tested 

the field without direct manipulation of insect 


vectors. Field infection varies from place to varieties (iR5, IR8, IR20, IR26, IR30, IR34,
 

and IR1561-228-3) increased as the tungro
place and from time to time. 

pressure increased. That was true 	whether theThe field reactions of arice variety constitute tungro pressure was applied by 1adjacent row 
not only the range of reactions to tungro but 

of rice plants on each side of the test variety,
also the frequency with which the variety shows 

or by 2 to 10 rows on each side. However, the 
each field reaction inreplicated tests. The field 

rate of change in field reaction of"varieties in 
reactions of replications of IRS, 1R8, 1R26, 

relation to the increase of tungro pressure was 
1R28, 1R34, and 1R1561-228-3 obtained at IRRI 

not constant. For instance, the susceptibility of 
in 1975 and 196idct htterne fec 

1R8 (Fig. 7) increased much more 	rapidly with 
tion and the frequency of each reaction differed. 

increasing disease pressure than did that of lR34 
For instance, 1R34 showed field reactions 

are being statistically
ranging between I and 6 on the 	international (Fig. 8). The 1976 data 

1R8 showed analyzed.scale for tungro resistance, and 
Screening for Cercospora leaf spot resistance. 

reactions ranging between 2and 9.1R34 showed 
of rice (CprcosporaNarrow brown leaf spot

field reactions of 4 or higher in only 2.7% of 
oryzae) has become an important disease in 

477 replicated tests. 1R8 showed field reactions 
ayears. Experiments in 1976 sought

of 4 or higher in98.3 % of 488 replicated tests. recent 
method for screening varieties for resistance to more resistant toApparently 1R34 is much 
C.oryzae.tungro in the field than is1R8 (Fig. 6). 

Isolation and spore production. A node tech-
The comparison may not be reliable, however, 

because field infection essentially is not con- nique was developed to isolate C. oryzac. In-
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6. Frequency distribution of replications or rice varieties by their field reactions to tungro. IRRI. 1975-76. 
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8.Fiel dreactions of IR34 (n - I9") to t[u t disease pressures (ave rage reac t ns or other rice hines to t ungro) 

fected leaf tissues were cut Into small pieces counted. The findings agreed with those 'in 
(2 x 5 mam) and surface sterilized. Each piece previous field observations (Table 10).

r2 eek0
more
was placed on a rice stem node in a test tube Screening for leaf seam resistance. The recent
with 0.5 ml prune Juice. (Prunejuice was made upsurge of leaf scald (Rhynchosporum oryzae)
 

Giereaoseiction. (n 9)t grnoasediffntdieas prsueaeaeratosoprompted a search for a method for screening 
minutes.)lat The1975e(Dml-Dslfungus grew on thedieaeoprsednode and was ricevraetnrvarieties resistant to the ddisease. Because 
by boiling I dry prune in I liter of water for 15 teielnstugo 

1!ion rheierset sal o nh recinofuIto acNtrronfo 
transferred to prunejuice agar media to become natural infection of R. ory~zae fluctuates frominculatsion eachreside the aiumnmbr IR434)...14. 8)4.
a pure culture. It produced spores only sparingly season to season, artificial inoculation is needed. 
in ordinary media, but produced abundant(2 xay5 m) asufateriulized. Eahecegu pious421-fildoberaton (Tabl 10). 

wasn placed dSrtel eigfo afna rice stm node in atest tube cleitnc.Tercnspores on stem-node and prune juice medium Table 10. Cercosoore lesion count (flag leaves) on sus
ithe0.5dmlprne juclae,(Prne juic wasy psugeR*a- podeate scald rei(Rhnc)opoiusta oyzewithade cepibld of0leaf5.-A . l ines iouAte 

bygboln r prunehin 1glerlof waerfr 5 prmpe searc for a eho.orsrennaR50---

miues.) Threfng grewn te noeadws rcvrites resistantedtoRthe9disease..2Because 

inrow 5as aned coinue tsprod Ceurcooraoyse er fllielcoti r~onuesorae und h 1976. 

on. gerelnhosweeincu-
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wet than in the dry season. About 70% of endo
sperms were infected. 

The predominant fungus was Trichoconis sp. 
About 50% of the samples yielded this fungus 
in both cropping seasons. Trichoconis occasion-

Me ally caused leaf lesions but was surprisingly 
A- common on and in grains. 

The damage caused by fungi varies from spots 
invisible to the naked eye to complete rot of the 
endosperm. Further damage may occur during 
storage. Whether or not the molds produce 
toxins is not known. 

INHERITANCE OF DISEASE RESISTANCE 
Plant Breeding and Plant Pathology Departments 

9. Cultures of R/utchoporunh orv:ae: (left) mycelial Ineitance of resistance to bacterial blgt. 
growth with small sporulating sector; (right) sporulating Studies of the inheritance of resistance to 
culturc.s. RRI. 1976. bacterial blight continued. To identify more loci 

for resistance, 68 resistant varieties from differ-
Isolation of the fungus from diseased tissues ent geographic areas were tested. The PXO 61 

usually gives rise to whitish, mycelial growth isolate, representative of the Philippine isolates 
that produces few spores. Transferring spores of the bacterium, was used in the study. It was 
from that pink sporulating sector by streaking noticed that some varieties are resistant at the 
on ag.tr produces copious spores (Fig. 9). maximum tillering stage and continue to be 

Two methods of inoculation-spraying rice resistant at later growth stages. Some varieties, 
seedlings with spore suspension, and leaf clip- however, are susceptible at the maximum tiller

ping-were tried in the greenhouse and in the ing and earlier stages of growth but become 
field. In the greenhouse both methods caused resistant at the booting and flowering stages.
 
infection, but leaf clipping was more effective. Most varieties from Sri Lanka belong to the
 
Lesions developed 3 to 4 days after inoculation, latter group.
 
In an initial field trial, lesions developed slowly, All resistant varieties were crossed with TN ,
 
probably because of the physical environment which is highly susceptible to bacterial blight.

at the time of inoculation. The F hybrids were inoculated at two growth 

Field molds of rice grains. Mature rice grains stages. The reactions of the F2 populations 
in the field are infected or contaminated with from varieties that were resistant at the maxi
many kinds of fungi. In 1976 nore than 100 mum tillering and adult stages were determined 
varieties and lines were sampled inthe replicated at the maximum tillering stage. The reactions of 
yield trial plots during both cropping seasons to F2 populations from varieties showing resis
determine the molds involved and the extent of tanee at the adult stage but susceptibility at 
damage they cause. earlier stages were determined at the adult 

The molds were detected by plating washed stage. 
seeds on agar medium. To detect the molds The data indicate that 33 varieties have a 
affecting the endosperms. the glumes were single dominant gene for resistance and 32 have 
removed and their surface was sterilized before a single recessive gene for resistance. The V= 
plating. Each ofthe 8,l00 sample seeds produced values for 3: 1 or I •3 ratios in all cases except 
one to four kinds of fungus colonies. The most three were not significant. The V= values for F2 

common molds were Trichoconissp., Curvularia data in the crosses TN I/DV 85, TN I/DY 86, 
sp., Fusarium sp., and Nigrospora sp. Curvularla and TN1/DZ 78 were highly significant and 
and Nigrospora were detected more often ;' at deviated from the 3: 1 ratio for monogenic 
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control of resistance. It appears that more than 
one gene confers resistance in DV 85, DV 86, 
and DZ 78. To elucidate the mode of inheritance 
of resistance in those varieties, the reactions of 
F3 lines from the crosses of those varieties with 
TN Iwere determined at the maximum tillering 
and adult stages. The classification of F lines 
into resistant, segregating, and susceptible 
groups at the maximum tillering stage showed 
good fit to a 1: 2: 1ratio. In general, segregating 
families had more susceptible plants than resis-
tant ones. The F,hybrids of those varieties with 
TNI were also susceptible at the maximum 
tiller ring 
stage, a single recessive gene seems to confer 
resistance in those varieties. 

However, because the F, hybrids of the 
varieties were resistant at the adult stage, at 
least one dominant gene must be involved at 
that stage. At the adult stage, classification of 
F3 families into resistant, segregating, and sus-
ceptible groups agreed with the 7 8: 1 ratio 
expected for two independently segregating 
genes. Thus, at the adult stage. resistance is 
conferred by one dominant and one recessive 
gene. 

Varieties found to have asingle icessive gene 
for resistance were crossed with IR1545-339, 
which ishomozygous for .va 5, a recessive gene 
for resistance. The F, hybrids of all the varieties, 
except P1 231129, were resistant, indicating that 
all of them, except PI 231129, have xa 5 for 
resistance. The F, hybrid of IR1545-339/PI
231129 was susceptible. Thus P1 231129 appears 
to have a different recessive gene than xa S. 

An F2 population of 528 plants and 120 F3 
families from the cross ofl1R1545-339/Pl 231129 
were examined to study the relationship of the 
recessive gene of P1 231129 with .v'a S. In the 
F2 population, the 249 resistant and 279 suseep-

ztible plants, approximated the 7': =9 ratio (K2

2.40) expected for two independently segregat-
ing recessive genes. Similarly, the F3 families 
had 48 resistant, 65 segregating, and 7 suscep-
tible families, fitting into the ratio of 7:"8: i 
(V~ = 0.79). It appears that P1 231129 has a 
single recessive gene that segregates indepen-

dently of .va 5. P1 231129 was alco 'rossed with 
IR22. and the F2 population o. .16 plants 
from that cross was examined. The proportion 
of resistant (437) and susceptible (79) plants 
agreed with the 13: 3ratio (X2= 4.00) expected 
for independent segregation of adominant and 
a recessive gene for resistance. The data show 
that the recessive gene of P1 231129 also scgrc
gates independently of Xu 4. 

The varieties that showed monogenic domi
nant control of resistance were crossed with 
IR22. The F, hybrids, us expected, were all 
resistant. The F2 populations were similarly 
resistant. Itappears that all of them have X 4 
for resistance. 

The inheritance of resistance at maximum 
tillering stage appears to be controlled by a 
single recessive gene in DV 85. DV 86. and DZ 
78. The reactions of the F, hybrids and F2 
populations from the crosses of those varieties 
with IR1545-339 were investigated. The F, 
hybrids were resistant at the maximum tillering 
and adult stages. The F2 populations of 405. 
392, and 506 plants, respectively, had no segrc
gation for susceptibility. The data confirm that 
DV 85. DV 86. and DZ 78 each has xi S gene 
for resistance. 

To study the relationship of the dominant 
resistance gene of DV 85, DV 86, and DZ 78 
with X 4. the reactions of F2 populations and 
F. families from the crosses of those varieties 
with IR22 were investigated at the adult stage. 
The F2 data agreed with the ratio 61 resistant:
3 susceptible plants expected for independent 
segregation of'two dominant and one recessive 
gene. Similarly. classification of F3 families into 
resistant, segregating. and susceptible groups 
showed close fit to the ratio 37 resistant':26 
segregating: 1susceptible expected for indepen
dent segregation of two dominant and one 
recessive gene. The observations suggest that 
resistance in DV 85, DV 86, and DZ 78 is 
underdigenic control.One of'those genes is xuS, 
which conveys resistance at maximum tillering 
stage; the other gene, which is expressed at 
adult stage of plant growth, isdominant and is 
independent of Ka 4. 
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SOURCES OF RESISTANCE
SoRCESyOFdREISanCrediI 

Seem borer. Work on the striped borer and the 
yellow borer concentrated primarily on further 
buildup of plant resistance by diallel crossing 
of moderately resistant lines, and evaluation of 
promising breeding lines for their reactions to 
borers (Table I). Several progenies from diallel 
crosses showed higher levels of resistance than 
those of any el the parents. Those lines were 
tested intensively at controlled levels of borer 
infestation. In a scrccnhouse experiment, the 
progenies of TKM 6,of CR 94, or of both, had 
lower deadhcart incidence than those of other 
crosses (Table 2). TKM 6 and CR 94 arc mod-
erately resistant to the striped borer, 

In a similar experiment on yellow borer, the 
progeny of IR1820-52-2. which is resistant to 
this insect, had significantly lower incidence of 
deadhearts than other tcst lines. The line 
IR4442-45-2-1 had the least incidence of dead-
hearts caused by the yellow borer, and is also 
promising for several other desirable attributes. 
Another cross, IR5793 (IR1820-52-2.4-1/ 
lR1721-1 l-6-8-3-2//IR2061-213-2-16), had nine 
F3 lines whose resistance is equal to or slightly 
better than that of the donor parent (Table 3). 

Green leafhopper. The 430 varieties selected 
from the mass screening test (Table 1) as 
resistant to the green leafhopper (GLH) will 
be retested for resistance. Most of IRRI's elite 
breeding lines have resistance levels equal to 
or better than those of released IRRi varieties. 
Lines with the highest level of resistance are 
1R2061-464-2-4-4-6, 1R2061-522-6-9, 1R2061-

628-1-64-3, IR4432-103-6-4, IR421543-I,
R4422-164-3-6, IR4613-54-5, IR4683-54-2, and 

IR4859-38-2. Of 330 entries scored in the Third 
International Rice Observational Nursery, 174 
were rated resistant to GLH. Many wild rice 
collections were resistant (Table 1). 

Brown planthopper. Earlier studies on the 
brown planthopper (BPH) consisted of screen
ing the rice germ plasm against biotype I only. 
Because rice susceptible to biotype 1might not 
be necessarily susceptible to biotypes 2 and 3, 
the germ plasm collections were mass screened 
and about 6,000 entries each were tested against 
the two biotypcs. 

About 40 rices that showed resistance to all 
three BPH biotypes were identified (Table 4). 
Many more accessions exhibited resistance to 
only one or two of the biotypes. No variety was 
susceptible to biotype I but resistant to biotypes 
2and 3.In the future, the germ plasm collections 
will be evaluated only against biotype I. and 
only lines resistant to it will be tested against 
biotypcs 2and 3. 

Breeding for resistance to differcnt BPH 
biotypes, a major objective of the GEU pro
gram. constitutes an important objective for 
almost all crosses made at IRRI. Several breed
ing lines from IRRI and India arc resistant or 
moderately resistant to all three BPH biotypcs 
(Table 5). Some were resistant at all the test 
sites of the International Rice Brown Plant
hopper Nursery. 

Whitebacked planthopper. A major study of 
the whitebacked planthopper (WPH) was com
pleted. Of"430 accessions selected from a mass 
screening, 30 were resistant and 50 were moder
ately resistant. 

Table 1. Volume of rice mnaterils1 selected for resistance to rice insect pests. IRRI0 1176. 

Gem plsm Bfin4ding lines Wild rice 
Insect pest 

Tested Selected Tested Selected Tested Selected 

Green leaf hopper 4,724 430 980 835 49 44 
Wtebacked ptonthoppe. 4.009 450 129 6 0 0 
Brown planthopper 

Biotype 1 7.492 146 21.800 14.308 58 13 
Biotype 2 6.640 43 17.737 7.791 58 11 
Biotype 3 6.107 95 2.061 1.020 58 12 

Stem borar 
Stfipedbtorer 0 0 1.080 19 0 0 
Vellow boer 0 0 1.034 68 0 0 

Whorl maggot 8,557 4 128 1 0 0 
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Reatlon of selected pedigree inn to yellowTable 3.
Table 2. Deadhert Incidence for elite breeding lines in 

stem borer. IRRI. 1176. 
a screenhouse test with high density of striped borer, 


IRR , 1176 dry season. Una Deadhs (%)
 
_ 

Cross DeadhR2s 3Designation" (M 185793.12-1 
33
IR5793-21.1 


70 I85793-26.1

IR4422-51 -1 	 iR2049-134/IR2061-125 
BG 90.2 	 Peta / TN1 / / Remdia 63 IR5793-28-2 

XIR8793-31-3
IR2035-117-1 IR1416.128-5/1R1364.37-3- 33
 

1///IR 1539- 269//1R243 
 I1R5793-34.1 2862 IR5793.43-10. nivara 	 2IR5793-65-i
IR2056-878-1-3-2-3 	 1R1416-131/IR1364-37// 33

57 IR5793.55-3IR1366.120/I11539.111 IR1820.52-2 (resistant chock)
1R2061 (4) 	 1R833.6///1R1561 -149// 74Rexoto (susceptible check)IR24'/0. nivara 56 

IR1737-19///BRJ-i -13-BIR4816-70 	 "At 63 days atter transplanting.10/IR1541.76/IR1I103.15/ 
53
IR1514A-E588 
53IR1561.228-3-3 	 IR8/Taduken//l R737B3-6-

3 

Table 4. Total number of accessions showing reactions
 
IR1529-80/CR 94-13//
IR2863 (4) 	 to the three brown planthopper blotypes. IRRI, 1378.

52IR480-6-9 
IR1632.93-2-2 	 IR24/Co 13 49 

Reactions toAccessions
IR2832-141-2-1 	 1R946.33/1R1529-680// 

46 (no.) Biotype1 Biotype2 Blotype3IR1364.37/I1721-116 37- 3 

IR1514A.E666/IR134IR2328.61-1-2-1 46
1.3 	 b R 8
43 48 R 

IR2070 (2) 	 IR202/0.nivo//CR 94-13 S110 R 8 
IR2823-399-5-6 	 CR 94.13/IR1529-680/// 8 S R95iR24'/0.nnftallR1416. S S41 12 R

131 	 S S6000 S 
IR2071 (6) IR1561 .228//IR24/O nive,. 


///CR 94-13 
 41 
39 ORu resistant; S - susceptible. 'Including 10 wild rice collec

IR4432-103-6 	 IR2061-125/CR 94-13 
tlons181529.680/1R1913.41// 


1R268 -39- 4-2.3 IR154A-E666 

IR2798 (2) 38IR?90.28///IR20,2/0 nivata// 

Breeding lines resistant or moderately resistant 
34 Table 6.

CR 94.13 
to the three blotypes of the brown planthopper. 1891. 

1R2307 (2) CR 94.13/IR1561 -228 32 
30 1976.IR24ITKM 6//1R203/0. nivaraIR2153 (2) 


IR2681-163-5-2-2 CR 94.13///IR20/0. nivara Source of Damage ritin
 
//IR24/TKM 6 21 

65 Rice selection test Biotype Biotype Biotype3I8 (Check)' 	 materials 1 2 
IR20 Pets2/TNI /TKM 6 40 

SNumtwes in parentheses are numbers of lines tested Deadheart 	 A 
4.3IET 5118 AICRIP b 3.0 

date are based on aversage number of lines tested. bThe dead-	
AICRIP 30 2.3 5.0IR36 IETS119heart incidence for IR28. IR28. IR30. IR32. IR34. and 	
AICRIP 1.7 4.3 3.7 

which were also used as checks, ranged from 41-44%. except IET 5120 
that of IR36. which was 48%. The checks were replicated 4 IET 5122 AICRIP 1.0 1.0 1.0 

times; the lines were replicated twice I1R2071,137-5-5-1 1881 1 . 4.3 1.7IR32 IRRI 1.7 1.7 3.7 
3.71881 1.0 1.0IR4432-28-S

MudgoThe WPH had significantly lower survival 
. .at 4 days after (ssAnt chc)on the resistant 	varieties- even 187. 

1881 1.0 	 1.0 9.0 
infestation--than on the susceptible variety (resstant check) 

Taichuno Native 1Taichung Native I (TN)). In subsequent obser-
9.0 9.0 9.0 

vaios nsctsrvvate pans of three replicationS using the seedling tes method. Theo eisan (susceptible check) 1881 

watos urtetreuced. oThe esitatsurvive "Av. 
under heavy insectmoderatel resstnt 	varietie were kiewasfuthe rdued.Thisecs ha suvied 

infesttons. 'aul India Coordinated ite Improvement roject 
on the resistant plants were smaller and weighed 


less than those reared on TN 1.
 
The results show that the resistant varieties
 

An experiment 	with 23 varieties further con
are not suitable hosts for the WPH and possess 

firmed the differences in number of eggs laid 
some antibiosis factors. In a follow-up study, 

by the WPH on resistant and susceptible vanie
adult insects had much shorter life span on the 

ties. On all those varieties most eggs were laid 
resistant varieties and laid significantly fewer 
eggs than they did on susceptible varieties in the leaf sheath, and only a few were laid i~i 

the midrib or the leaf blades.
(Table 6). 
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Tabloe . Ufe apn and ovipoetion of adult wtobecked plonthopper on sected varleeo IRRI 1976. 

Varety 

Muskhan 41 

WC 1240 

Cotombo (resistant check) 

TN1 (susceptibl, check) 


Lf span (days) PEg. i(oon 
E s id( .Female period (doy)Male 

Range Mean Rage 

2-7 3.4 3-5 
2-7 3.4 3-8 
2-9 4.0 3-8 

3-31 14.4 6-65 

The WPH exhibited a random selection 
pattern for different varieties within an hour 
after its ivtroduction in a cage containing potted 
plants of different varieties. But after I hour, 
both the aiymphs and adult insects moved off 

Nymnhs (n/pant) 

200 how,06. W1, Idid 

10o 

0l 

200 6 42n a/ie 

200100F.11

100. -0 

ni.Preference or Sogasella furdifera nymphs ror resistant 
ndsusceptible (TN I) rice varieties (as indicated by insect 

density). IRRI greenhouse. 1973. 

Mean Range Mean Range Mean 

4.0 3-5 3.2 0-21 8 
4.8 3-5 3.3 0-11 6 
4.4 3-5 3.4 2-35 11 

20.3 2-3 2.7 2-425 162 

the resistant plants (Fig. 3). Thus, the insects' 
taste reaction appears important in determining 
its preference or nonpreference for the different 
varieties. 

In another experiment, insects caged separate
ly on each variety started feeding on the suscep
tible plants within a few minutes and fed 
continuously; those on resistant plants often 

not start feeding during the first 20 to 39 
minutes and their feeding durations were short 
(Fig. 2). The insects on resistant varieties did 
much less feeding, excreted smaller amounts of 
honeydew, and usually lost weight; those on 
susceptible varieties gained weight. 

The use of higher levels of nitrogenous 
fertilizers is conducive to BPH population build

2. Whitebacked ptanthoppers on the susceptible variety
Taichung Native I Ne almost without interruption; those 
caged on resistant varieties did little feeding. lRRJ.1976. 
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up (1971 Annual Report). Similar results were 
obtained with the WPH but the relative ratings 
on resistant and susceptible varieties at different 
fertilizer levels did not change (Table 7). 
Generally, insect survival on resistant varieties 
did not differ significantly on plants grown with 
0, 40, and 80 kg N/ha, but was significantly 
higher on the plants treated with 120 kg N/ha. 

Three varieties resistant to WPH-N22, 
ARC 6003, and Dharia-are being used as 
sources of resistance. Because these donor 
varieties have poor plant type, they were back-
crosse using IR28, IR30, IR32, IR34, IR36, 
and IR38 as recurrent parents. r2 and F, 
populations from the second and third back-
crosses will be grown in 1977. 

Whred maggot. The world collection and 
breeding lines continued to be field screened 
for additional sources of whorl maggot resis-
tance. An additional 8,557 varieties from the 
germ plasm collection brought to about 28,000 
the total number of varieties screened since 

Variety 

Muskhan 41 
WC1240 
Colombo (resstent check) 
TNI (susceptible chock) 

Muskhn 41WC 1240 
colombo 
TN1 

Muskhan 41 
WC 1240 
colombo 
TNl 

Mukhan 41 
WC 1240 
Colombo 
TN1 

DMRT 

4 days 

54a 

88 cd 

54 ab 


100 d 

58 ab
74abe 
55 aib 

100 d 

80 be 
74aobe 
7O0be 

100 d 

24 abc 
68ab 

92 bc 


100 d 

8.25'" 
N levels (N) 2.36 

(V) 31.6" 

NW' 

Varieties 


2.4t" 
cv (%) 18.0 

9niyski baead on values transfermed to residn. Any two mens 

1975. No highly resistant varieties were identi
fled, but individual undamaged plants of 293 
varieties were selected in 1976. 

The most resistant were four varieties from 
Indonesia-Rodjolele, Tjempo Beton, Tjempo 
Buntut, and Tjere Betawen. Retesting will 
determine the consistency of the resistant re
actions of the 293 varieties. 

The sister lines of IR2070 were further 
screened to determine if any of them were 
superior to IR2070-414-3-9. 1P2070-414-3-and 
IR2070-85-1-1-2 had the least damage. IR2070
414-3-6 is used as a parent in the whorl maggot
resistance breeding program. 

The IRRI breeding line IR2070-414-3-9, 
found to possess amoderate degree of resistance 
to the whorl maggot (1975 Annual Report), 
was released by the Philippine Government as 
IR40. A field experiment was conducted to 
determine whether its resistance level was high 
enough to minimize the usc of insecticide. 
Chemical control of the whorl maggot increased 

Table 7. Effect of nitrogen (urn) application on the survival of whitebacked planthopper on 

4, 3, and 12 days after infestation.* IRRI. 1376. 

Survival (%) 
8 days 12 days 

22a 
60 
52 

100 

No leaftiler applied 

c 
bc 

e 

12a 
32 abc 
34 abc 
98 d 

40 kg N/lh 
30 ab 12mb 

58 c 48 bc

44 abc 28 abe 

100 c 98 d 
80kg NIh. 

66 cd 22ab 
68 cd 58 c 
68 cd 52 be: 

100 c 92 d 

120k*g N/ha 

42 be 

84 cd 52 bc 
84 d 56 c 

100 c 92 d 

52 be 

F values 

16.91 " 13.72'" 
6.25" 2.78' 

67.1 "" 0.72"
 
1.702W06 

19.3 28.0 

elected rice varietie 

Av. 1 

(mginet) 

0.4 
08 
0.8 
2.0 

0.4 
12
0.9 
2.6 

0.4 
0.6 
0.6 
2.2 

0.4 
016
 
019
 
1.7 

at thefollowed by the same letter we not signHicantly different 
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Te I. Respos of ,etd lnes with vergm vets of v-eluan to who msggot* tAR.1611 me sason. 

WanmR sp danc' Y (/h) 
Ievel 

iR4OaR2
IA2070.23 2.6.6 
IR34 
1A298-11s 
TRMG 

070414.391 

2-3 

met 
MR 
MS 
MS 

S 

'Mean. IoffoarJ by the sin%* tWr mot no, sh 

Chenw1 

00 
02 
06 
06 
06 

l.n,,ctldornt at ,he 
tnCep4,i& S *u~c¢b&wv Bn&d gr dmj;e scl- 9 0 

yields in 13 thet suceptibhle lines (Tahle 8). 
Agrthousc tudt o(n the naturv of resistance 

io the thorl mag ot .ndicted the inwcct's 
ovilsitio.al prck rccc- .taong %ar Wofties (ig.
3): ii field tests. hottecr."iNI (the sucepible 
variety)'and IR2070-414..1) did ntit significantly 
dilffr. Lar.l surti'ial and the ;,bilily ) the 
phlnt 1to r.coter I'rti %%1wrI mt'egot danagc 
may Nv n.'rre signilicant than ovipositional 
prefs;rence. 


(AUSIS OF KISISUA li 
Enn 't 'lpurinasrn 

Seripd born. Studic uiing -team distilltes or 
TKM (6 and Reoro le'.es denionstrated that 
the nonprderence reactitn of the stripWd borer 
for 1KM (6 ,1o,,1. hitwhem!cal nature. Striped 
bor' "wths o ipoitcd o ; muslin chth coaite.d 
w ith u " distillhtte ol1the s sc p i k v re yt 
Re.xor,. but ot , on at cisloth trea.te~d frith: thea 
.,ol :nt lone1 . NI), e.ggs, c:re Ilid on the: m1uslin 
c:loth tt~ien ilt%i,,s'coilted tthl the distillate of 
1KM 6. In ;t iailtacusI, , e\pe:rimentl. moths. 
in plstic.c-ag&:. co'i;ing II1 leodr o)f the TK NI,' 
(, distIillatec did not, ia an>1egs. hut; =moths, in 
t'ago; Mith the: odor orf Reoro distillate laid 
laIrge egg mas,,so the cage. a,,nd the glasss;,ls:' 
vials, that contm;tinecd ite distillate. 

to lukpe. Se;'eranl e:sp.rime:nts
examined aihc,auses of"lIl r,.i,tanre in rice 

Thc,1WII aIppe.ars to N aatr;,,.td to the odlors 
of rice: varielties. Odors, e:mitted by sItea di.. 

Saimba. Gangalha. Malhunanikai. Ptb 19, Pth 
21. lt 33'. Sinnanlapam 398)I. Sudu llathiyal. 
Sudu Ilondasrawuala. Suh,.i. aind Thirk:. t. and 
the .su.s',ptibk 1R20. IRK. and TNl. attracted 

No chefcM, Chemica No chemcM 

56 50. 4.3 
84 52. 4 9 
60 67& 41 b" 
US 61 34 bc 
90 37 b 26 c 

5% let 'M - sn. MS - aselmod*al, 
no demnre 9 mote than 0% damage&d mv 

the OPH. The odoor of AS!) 7 and IR26 were 
only moderately attr;tc:ito. but tho.e of the 
resistant Hah;tw e and Mudgo rice varieties and 

barnyard grass rel led the HPII. The odors 
of Mud.2o. test:d aa 'eam distillatestrongly 
attracted Ht.vW 2. a3nd the distillate or ASI) 7 
attractcd biotzpe 3. Nludgo is %uceptihte to 
hiotyjv 2.and AS!) 7is suwcptible I)iotyg1 .. 

None of the tested %arilticsgave evidence of 
a mechanical harrier to f .ding by IWH bio
types. On resistant varieties the insets made 
more fteding Iunctures but fed at those pune
tures for considerably shorter time than on 

(w' (no/P=bt 
4 

on I - 0 

2 4 J 
A+1s 

0 '. , •"
o ' ,: ;', • 
02•
 
03

: 
o 

Len tri/11 

oioIcrnbn~nttriwj 
,~I~S~fJ~pWn nnwtrcc.1Mgut 
haw, tf7&. 
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20 
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a ,,, f a,, .,,than 
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20 
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0 

Iugrns iotyTe 1)on resistant and suicvibkc rit tarielk'. 

and on barn-ard pra" jl:4hlnn idna ,nnzalll). IRRI. 1976.0 

ingested sufficiently large amounts of food from 
the biotype I-resistant Mudgo and ASD 7 rice 
varieties, respectively and used them as efficient

as they did the food from susccptible TN 1. 
Biotype 2 insects incrcased about 50",,in body 
weight on su.ccptiblc Mudgo and TNI. but only 
about 10",, on the biotype 2-rcsistant ASD 7 
(Fig. 5). Biotypc 3inwects incrcascd in weight by 
45. on ASD 7and 53",.on TN1. but only by 
20, on biotype 3-resiant Mudgo. 

Further studies on caus'es of rcsistancc to 
BPH show the resistance to x" primarily of 
biochemical nature. which cxcrts both non

cffect',. Significantlypreference and antibios. 
fewer eggs hutch on certain resistant varictics 

on su.s-ccptiblc ones (Table 9). This finding 

was confirmed by transplanting BPH eggs laid 

WeQN tmg) 

40 

Vwaun 
pw Pf *WA7*TNi ' 30 

10 

susceptible plants. Biotype 1ingested the maxi-w[w '"'; 

mum quantity of food from TN 1-aboutS5 toK8 

times more than the amount from resistant 

1R26. ASD 7. and Mudgo varieties., and about 
I5 times more than th~at from barnyard grass 

(Fig. 4p.
On the other hand. biotypes.' 2 and 3 ingested 

food from Mudgo and ASD "7almost cqual in 

a,mount to that ingested from TN I (Fig. 5). 

The body weight of the biotype I ins cts 

inerc.sed amaximum of 56',, on the suscptible 
TNl variety, and 46"%on IRK and 1R20. The 

weight gain on resistant Mudgo. ASD 7. and 

IR26 varieties was only slight. 4 to K ' Onl 

barnyard gras. the insects lost weight (Fig. 4). 
Biotype 2 and 3 insects, on the other hand, 

'a30 - "z2 

' 

, 

20 '' 	 w' 

oi 

0. 	 _ _
 
~ 6etype 2 Botype 3
 

o ¢a,,, 

5.Quantity of food ingested and change inbody weight of 

th botyp¢ of' Nllaurmrafts turn; that fed on Mudgo. 

ASD 7.anid TNt rice 'arieties. IRRI. 1976. 
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Tfbl 6. Ovipotnal rnp endWnI. complson of 
Nva^9, ,,k- (Lotyp. sp imt on remeta 
ow Kew. rive vrlofo end on bonyerd gore.
Iull. 107!9-M. 

Egp tMW"" EMo hEggs' 
(no /10 rm"s) () 


Mudgo 325gb U b 

AS 7 346 oh 76 b 

1fR26 292ab 74 b
I120 325 ab 9s,
Ir 309 o 90 
TNI 400 b 8
 

eump I8e. 205a C 
(banyard grow) 


4n a column,any two rmans followed by the am ,o 
a,,t
not , uen the 5%I.in 


on a susceptible variety to a resistant and to 
another susceptible variety, 

Preliminary investigations show the presence 
of greater amounts of phenolic in the resistant 
than in the susceptible rice varieties. The con-
centration of phenolic glycosides in the barnyard 
grass, which isvirtually immune to BPH attacks, 
isseveral times higher than that in the resistant 
varieties. 

INHERITANCE OF RESISTANCEPlan: Breeding and Entomology Departments 

The inheritance of resistance to the WPH was 
studied in the cross 1R30/N22. IR30 issuscep-
tible, N22 is highly resistant. The F, showed 
resistance and the F2 population had 774 
resistant and 279 susceptible seedlings. Theproportion fits the 3: 1 ratio indicating that 
the resistance to WPH in N22 iscontrolled by 
asingle dominant gene. Out of 352 F3 families,
92 were resistant, 16.5 segregating, and 95 
susceptible. The result agrees with the 2: 11:• 

ratio expected for monogenic control of re-
sistance, 

1R30 isresistant to BPH and bacterial bli~ht, 
and isa dwarf. N22 issusceptible to OPH and 
bacterial blight, and istall. The F3 families from 
1R30/N22 were classified according to resistance 
to BPH and bacterial blight, and by plant
height. The segregation for the three traits fitted 
the 1:• ratio expected. No2; 1monogenic as 
association was apparent be' veen resistance to 
WPH and plant height on the one hand, and 
resistance to OPH and bacterial blight on the 
other hand. 

BROWN PLANTHOPPER BIOTYPE STUDIES 
Entomology Department 

So far three BPH biotypes have been identified
in the Philippines. BPH continued to be reared 
on the varieties Rathu Heenati and Babawee,which possess genes for resistance different from 
those in Mudgo and ASD 7. No BPH colony
that developed on Rathu Heenati or Babawee 
survived. 

Differences in the basic bionomics, inter
biotype competitions, and genetics were studiedgreenhouse experiments. The blotypes are 
biologically similar except that biotype 3 
appears to be somewhat less fecund than blo
types I and 2. 

Large areas of the Philippines are being 
planted to BPH-resistant varieties. In most of 
them the OPH population appears to shift from 
biotype I to biotype 2. 

MULTILINES FOR BROWN PLANTHOPPER 
CONTROL
 

Entomology Department 
Multilk. aprWomeb for IPH coutrol. Plants with
multigenic resisr nce should minimize the de
velopment of BPH biotypes. The BPH resistance 
in most varieties studied is monogenic. So far 
four different pairs of genes responsible for 
resistance have been identified. The first two 
pairs (Sph I and bph 2) have a strong linkageand are difficult to incorporate inaplant. The 
other two (Spht 3 and bph 4), identified only
recently (1975 Annual Report), are inherited 
independently of others. Lines that carry more 
than one resistant gene are being developed. 

As an alternative to multigenie resistance, a 
multiline approach was investigated in green
house and field experiments. Although the 
multilines are somewhat difficult to develop, 
their resistance isexpected to be lasting.

Inagreenhouse experiment, three varieties
1R20 (susceptible), 1R30(with resistant Spht I 
gene), and 1R32 (with bph 2gene)--were grown 
inclay pots. Different proportions of each plant 
were grown in separate cages. When the plants 
were 20 days old, 50 newly hatched nymphs of 
different BPH biotypes were placed in each 
cage and the OPH population buildup was 
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Table 10. Brown planthoppe (IPH) population In field plots planted with different miatures of restamt end 

suscetible plants•0 IRRI, 1376. 

Averge no./plotPents (%)Ineach p-

70OTIR1917 IR34 IR30 

(suaceptble) (Uph I gait) (bph 2ge ne) 

100 126.0 0 

0 100 0 
 449 cd 


260 b17 17 66 
17 361 be17 66 
33 512 cd
33 33 
20 964 at
60 20 


684 de66 17 17 

1147 f
100 0 0 


were counted at70 and 85 day
In ach opllcaiion all8PH on 20 hillsIAv. of 4 roplicatlon. 

85 OT (kg/a) 

294a 2356a 
733a 2871 a 
604 ab 2395a 
736 bc 2179 ab
 
824 b: 2268 ab 

3032 do 1111 be 
8829 cd 1638 

19938 a 736 d
 

altetransplanting (OT).
 

observed until 34 days after caging. 
The cage with the smallest proportion of 

susceptible plants had the smallest BPH popula-
lion. The populations of biotypes 2 and 3 
increased considerably as the proportion of the 
susceptible plants increased. The population of 
biotype 2,however, was much larger than that of 
biotype 3,even when the proportion of suscep-
tible plants to the respective biotypes was the 
same. The indication that biotype 3 is less 
fecund than biotype 2was confirmed inanother 
experiment. 

A field experiment used IR1917 (resistant to 

tungro but susceptible to BPH), IR34 (with 
resistant Bph I gene), and IR36 (with resistant 
bph 2 gene). The number of insects declined 
with increase in resistant plants (Table 10). 
IRIQ17 had the highest BPH population. The 
much lower BPH populations in plots with IR34 
or IR36 may imply that the BPH population 
at IRRI has high proportions of biotype 1.In 
observations 85 days after transplanting, the 
BPH population in IR1917 was about 20,000 
insects/sq r the plots were hopperburned (Fig. 
6). The population in the other varieties was 
comparatively light. 

Pr F WR".. 

6. 1IRI917 were bopperbumed. The number of"brown planthoppers decreascd with the increase inpopulation of resistant 

plants. 

G;ENETIC EVALUATION AND UTILIZATION 61 





Genetic evaluation and utilization (GEU) program 

Protein content 
Plant Breeding, Agronomy, Statistics, and Chemistry Departments 

EVALUATION TRIALS 64 
Yield potential of high-protein rice 64 
Solar radiation, nitrogen fertilizer, and protein 65 

PROTEIN SELECTION CRITERIA 65 
BIOLOGICAL EVALUATION OF RICE PROTIN 66 

Effect of cooking on protein properties 66 
Fecal protein particles and protein bodies 67 

PHYSICOCHEMICAL PROPERTIESF OF TIlE RICE PROTEIN 68 
Globulin 68 
Proaemin 69 
Glutelin 7 

IRURI ANNUALILPOT-FOR 1976 .63 



___________ 

EVALUATION TRIALS 
Plant Breeding, Agronomy, Statistics, and 

Chemistry Departments 
ofconsistscontentfor proteinEvaluation 

selection in early generations for agronomic 
type, disease and insect resistance, and other 
essential traits. Protein per seed (P/S) values are

generationfor promising early
determined 

areselections. Selections with low P/S values 
discarded, and the better lines go to replicated 
yield trials. Lines that consistently have higher 
protein content without sacrifice in yield, as 
well as lines that are outstanding during asingle 
season, advance to agronomy evaluation trials. 
Those elite lines are tested at three levels of 
nitrogen fertilizer, and the best performers 

advance to the international nurseries. 
Plant breeders evaluated 370 varieties and 

lines for protein content in replicated yield 

Yield It/ho) 

9 


1IT, 1976 ( SAXN 

8-
•e e 

C 

e* 
*e ,:. 

6 C 

o• 

. | .0• 
C 

e : -O ee 
C C e* e, 

•was C 

3 


,.- a'
,.37) 

2 
6 7 8 9 105 

1.Grain yield or rough rice and wtotdn contenat of brown 
rice of 370 entries Inyield trals (4replkcations). IRRI, 1976 
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2. Grain yield or rough rice and protein content of brown 
rice of 416 entries in yield trials (4replications). IRRI. 1976 
wet season. 

trials during the dry season (Fig. I) and 416 
varieties and lines during the wet season (Fig. 2). 
Outstanding lines were promoted to agronomy 

evaluation trials (Table I).The negative correla
tion between brown-rice protein (BRP) contentand grain yield in these trials was lower than that in1975 trials, particularly in the wet season. 

my). Agronomists evaluated the yield and pro-. 

tein potentials of 17 promising high-protein 
lines using 1R8, 1R26, and the high-protein 
in 1R480-5-9 as standard controls under 

fertilized and unfertilized conditions. 1R480.S-9 
not higher inprotein content than the other 

check varieties inthe dry season, but was about 
season2 percentage points higher in the wet 

(Table 2). The most promising selection reported 
last year, 1R2153-338-3, continued to perform 

favorably, compared with 1R480-5-9 in terms 
of both protein content and grain yield. As 
expected, fertilizer application increased protein 

content and grain yield inboth crops.
A similar agronomy trial of promising high

prtilneinhe17dysaonbtr 
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Table 1. Brown-rIce protein and rouoh-rloe yield of 
two high-protein line In agronomy trlals dying six 
*eons (rmean of three nitrogen lels). IRi, 1974 
dry eaon-1B wet eeon. 

Protein (%) Yield (t/ha)
Vlety or line 

Range Mean Range Mean 

IRS 7.2-8.4 7.8 3.5-4.5 4.6 
IR26 7.7-86.5 7.9 4.1-7.3 5.4 
1R40-5-9 8.4-9.3 8.8 3.0-5.2 4.0 
IR2153-338-3 8.7-9.1 8.9 3.2.-4.8 4.6 
IR2863-35-3-3' 8.8-9.0' 8.9' 4.5-4.7' 4.6' 

'Date for 1975 season* only. 

discriminated protein content among the entries 
(Table 3). IR2153-338-3 performed well in the 
trial, but some entries (particularly Boon Nahk 
16-1-21) with as much protein as IR480-5-9 had 
low yields. 

Solar radiatinirogi fertilizer, and protela 
(Agronoriy). Inznonthly plantings of IR26 and 
IR28 in I 'i-76, solar raogation totals for 45 
days bef,.r& aarvest correlated negatively with 
protein G;o:ent and positively with grain yield 
(Fig. 3. 

A similar study was made to determine the
interction of time and rate of nitrogen applica-intectin oftim of itrgen pplca-andrat 

tion on protein content and grain yield. A 
single application of 120 kg N/ha at 5 to 7 days 
before panicle initiation consistently gave the 
highest protein content for both IR26 and IR8 
in most planting times (Table 4). Split applica
tions adding nitrogen at panicle initiation gavebetter results than single and split applications 
that excluded te panicle initiation period, 

Prfltc (%) 
'
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3. Relationship between solar radiation 45 days before 
harvest and protein content of brown rice and grain yield 
of rough rice in monthly plantinp or IR28 and IR26 (mean
of three N levels). IRRI. 1976. 

PROTEIN SELECTION CRITERIA 
Plant Breeding Department 

The effectiveness of P/S as a selection criterion
for high-protein rice was studied inthe F, and F6 
data of the cross IR480-5-9.3/IR1529-680-3. 

Table 2. Brown-rice protein and rough-rice yield of selected hlgh.proteln line compared with those of IRS and 

IRIS In agronomy yield trials. lRAI.1376. 

Variety 
or line 

IRS 
iRIS 
1R480.5-9 
IR200)6.P12-12.2-2 
1R2061-.P7.4.3.5 
0R2153.336-3 
IR2863.35-3-3 
1R2863.38.1.2 
i336.31-1 

1.,0 (5%) 

Dry season Wet season 

ON 160kgN/ha ON lS kg N/ha 

Protein Yield Protein Yield Protin Yield Protein Yiel 
(%) (itie) (%) (t/ha) (%t) (t/ha) (%) (/ha) 

7.3 tO 9.0 5.3 6.3 ti7 7.7 3.9 
7.5 2.1 8.9 5.6 6.8 3.0 7.9 4.7 
7.1 1.8 9.0 5.2 8.9 t3 9.4 3.3 
6.5 2.0 10.6 4.5 8.1 2.4 9.9 3.9 
8.0 1.3 11.6 3.2 7.6 2.8 9.5 3.4 
7.4 2.8 9.4 5.9 8.3 tO 9.2 3.9 
7.0 2.5 9.8 5.8 8.3 3.2 9.3 5.1 
6.8 . 26 8.5 5.2 .6.8 3.4 8.4 58.1 
7.5 2.2 9.9 5.2, 7.0 3.0 8.A 4.5 
0.7 0.6 0.5 0.4 1.0 0.5 0.7 0.3 
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Table 3. Brown-rice protein amd grain yield of eelected 
varieties and line at two fertiliser levels. IRI, IM 
dry season. 

0 	N 10SO N/ha 

Variety or line Protein Yield Protein Yield 
(%) (t/ho) (%) (t/he) 

IR8 7.3 3,5 8.8 6.0 
IR26 7.6 3.1 8.3 5.9 
IR480-5.9 8.5 3.7 10.5 5.8 
IR2153.338-3 86 3 8 9.2 7.0 
82927-20-2.2-5 9.1 2.1 11.4 4.2 
Boon Nahk 16-1.21 82 1.0 10.1 1.2 
IR2006.P12.12-2-2 7.8 3.5 11.4 4.2 
LSD (5%) 06 0.8 0.0 0.9 

The performance of the parents during the study 
indicated that environmental factors greatly 
influenced the protein content. Low values of 
BRP percentage. PiS, and 100-kernel weight 
wcre dominant over the high values. The trans- 
grcssive scgregants observed in all characters 
further suggcstcd the predominance of low 
values. The hcritability estimates for P/S were 
relatively higher than those for BRP percentage 
(Table 5). Selection for BRP percentage may be 
effective as early as in the F5 generation. and 
selection for P/S may be done in earlier genera-
tions. Both BRP and P/S were negatively 
correlated with grain yield and resistance to 
bacterial blight. The correlation coefficients 
were -0.68 ** and -0.67** with yield, and 
-0.4200 and -0.48** with blight resistance. 
IR480-5-9-3 issusceptible to blight, IRI 529-680-
3 ismoderately resistant-

BIOLGICL
EALUAIONOF ICEin 

BIOOGEICA EVLAINO IESDS 
C/wmisit Department 

Effect of'cookIng mn psrotekn propertis. Experi-
ments show that the protein of raw milled rice 
has 100% digestibility ingrowing rats, and the 
protein of cooked milled rice has about 85% 
digestibility inpreschool children. In contrast, 
wheat protein has almost the same digestibility/ °
 value f 90
 

vau/oo0 in both rats and children. A 
cooperative nitrogen-balance study on growing 
rats at the Agricultural Research Laboratory, 
Copenhagen, Denmark, used raw and cooked, 
freeze-dried milled rices prepared at IRRI. 
Cooking produced a consistent drop in true 
digestibilityfor all samples (Table 6). 
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Table 4. Mean effect of time of application of 120 kg 
N/ha fertilizer on brown-rice protein and grain yield of 
six plantings of IRi and 1128. IRM 1117-76. 

IR26 IR28
 

Time of application Protein Yield Protein Yield 
(%) (t/ha) (%) (I/ha) 

Basal 7.7 5.6 8.2 5.1 
10 days after transplanting 7.8 5.2 7.8 4.7 
Tillering 8.1 5.4 8.0 5.2 
5-7 days before panicle 

Initiation 8.9 5.5 8.5 5.2 
Basal + tillelngn 8.0 5.2 8.0 5.0 
Basal * panil initiation 8.5 6.4 8.4 4j9 
Tilleing + pankcle initiation 8.4 5.5 8.2 4.8 
Basil + tilleing + 

panicle Initiation 8.3 5.8 8.2 5.1 
LSO (5%t) 0.2 0.7 0.2 0.7 

Although cooking reduced the digestibility 
of milled-rice protein, acorresponding increase 
in biological value was observed in the growing 
rats. Cooked rice had significantly higher net 
protein utilization than raw rice in two of the 
three samples. The results confirm that cooking 
has no advcrsc effect on the nutritional value of 
rice proteins. They also suggest that the proteins 
that become denatured or rcsistant to digestion 
arc of the poorest nutritive value. This selective 
protcolysis of protein bodies was also evident 
in in vitro digested rice protein bodies discussed 
in the next section. 

Raw and corresponding cooked and freeze
dried millcd IR480-5-9 rice, and concentrated 
rice protein prepared by cz-amylase treatment 
of cooked 1R480-5-9 rice (Kyoto Prefectural
University) were tested for protein solubility 

0.1 	 N NaOH (sodium hydroxide) and 0.5% 
(sodium dodecyl sulfate)-0.6% fl-ME (II

mereaptoethanol). Cooking ht~d relatively less 
effect (7%Y drop) on protein solubility in NaOH, 
but it reduced solubilityinSDS-fi-ME drastical
ly (60%), probably because NaOH is a better 
starch solvent than SDS-fi-ME and the gelatin-

Table 5. Heritability eatlmute for peicentag. of brown
rIce protein and protein per ead (P/I) In the cross
18,43.4-1.3/1R1523-680.3. 188I. 13173-76. " 

see Pairs iHedltbllitW 

genertion (no.) Protein content P/S 

F,-F, 316 032" 0.44" 
F4-F* 787 0.39"" 0.60'" 

.F*-F* 88 0.57"" 0.81 



Table 6. Properties of protein and nitrogen balance In growing rate fed raw and cooked, freeve.dried milled samples 

of three rices. IRMI and Agricultural Research Laboratory. Copenhagen. 1376. 

IR29 IR32 IR480.5.9 

PropRawy Cooked. Raw Cooked. Raw Cooked. LSO (5%) 

lreeze.drled reez-dried freeze-dried 

Crude protein (%) 
Lyslne (g/18g N) 
Amino acld scoe' (%) 

8.09 
3.59 

65.3 

8.35 
3.54 

84.4 

7.48 
3.80 

69.1 

7.69 
3.70 

67.3 

11.2 
3.42 

62.2 

11.17 
3.34 

60.7 

NS 
NS 
NS 

N balance 
True digestibility (%) 
Biological value (%) 
Nat protein utilization (%) 
Utilizable protein (%) 

100.7 
68.3 
88.7 

5.40 

91.5 
76.4 
69.9 
584 

98.1 
70.0 
88.7 

5.14 

88.6 
81.6 
70.5 

5.35 

100.4 
66.8 
67.1 

7.53 

87.8 
76.6 
67.3 

7.52 

0.7 
1.3 
1.3 
0.12 

Based on 5.5 9 lysmne/.10 g V n 100% 

0"
ized starch adhered better to the protein than 
did raw starch. Concentrated rice protein 
showed 86% solubility in SDS-fi-ME (measured 
against solubility of raw-rice protein), support
ing the results obtained for cooked and freeze
dried rice. SDS-P-ME is a more sensitive 
indicator of glutclin denaturation on cooking 
than 0.1 N NaOH, as was shown last year (1975 .. ' 

Annual Report) by prolonged treatment of rice 
flour with 70% ethanol. 

Fecal protein particles and prottln bodies. 
Protein particles isolated from the feces of 
Filipino preschool children on a rice-cascin 

diet showed rice protein bodies on electron 4.Transmission electron microgr.ipli or crude protein 
microscopy (Fig. 4). Some showed cottony or particles isolated from the feces of a Filipino preschool 

fuzzy edges indicative of protcolysis. The solu- child on rice-milk dict. Department of Botany. University 

was poor (4%) or Durham. England. 1976.bility of this crude preparation 
in SDS-fi-ME. but it dissolved readily in 98
100% formic acid. 

Electron microscopic examination of con- 4 _ 
centrated rice protein revealed intact protein . S,4 
bodies even after boiling, x-amylase treatment, 
and drying (Fig. 5). Amino acid analysis of the, P a 
40% protein preparation was verified to beV 
similar to that of raw milled rice. r.. 

Endosperm protein bodies were preparedS 
from whole milled rice for characterization.a 
Japanese workers previously found that 14%of S 
the protein bodies extracted from the outera a,.
layer of milled rice by overmilling were poorly ." . 

digested by proteases in vitro. The finding 
suggests that protein of raw rice is partly I 

5.Transmission electron micrograph of concentrated riceindigestible before cooking. Electron micro-
scopic examination in 1975 at Durham, Eng- protein derived by treating boiled milled rice flour with 

lan, ad tn S Gai Maketng cry,,talline -amyluw,. Protein bodies ranged from l to44m.176 he Department of Botany. University of Durham. England.land976atan inhe U Grin Mrkeing 

Research Center demonstrated, however, that 1976. 
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the outer or subaleurone layer ofrice endosperm 
was not typical of the whole endosperm because 
the subaleurone layer contains crystalline-type 
protein bodies besides the normal protein 
bodies. Because of the more orderly arrange-
ment of their contents, crystalline protein bodies 
are probably less digestible than normal bodies. 

The wet-milling technique of disintegration 
for physical separation of starch granules and 
protein bodies was tried, but recovery of protein 
bodies by differential centrifugation was poor, 
probably reflecting fragility of the protein 
bodies. 

Amylolysis of raw starch granules was also 
tested as a means of concentrating rice protein, 
Rhizopus glucoamylase gave a more complete 
digestion of starch than did fungal Aspergillus 
a-amylase. No blue color was observed on 
iodine staining of the residue of glucoamylase 
treatment for 24 hours. Protein content (N x 
5.95) of the milled-rice residue was 74% for the 
glucoamylase treatment ad 56% for the a-
amylasc treatment. Protein recov. ry, however, 
was better (63 %) for the a-amylase treatment 
than for the glucoamylase treatment (45%), 
indicating a higher concentration of acid pro-
tease contamination in the glucoamylase pre-
paration. 

Amino acid analysis of these native protein 
preparations showed variable lysine content. 
Milled IR480-5-9 rice had 3.4% lysine, wet-
milled protein bodies had 5.0 g lysine/16 g N 
which, on purification by sucrose density gra-
dient centrifugation. dropped to 3.4%. Raw 
milled rice treated with crystalline pancreatic 
a-amylase had 3.3% lysine, that with RI:opus 
glucoamylase 2.2%, and that with Aspergillus 
amylase 2.9%. The results suggest selective pro-
teolysis of the protein bodies, particularly by 
the crude enzyme preparations from R/dzopus 
and Aspergillus. Similar selective digestion of 
the better quality proteins occurs for ingested 
rice in the mammalian digestive tract, 

PHYSICOCHEM4ICAL PROPERTIES OF RICE 
PROTEIN 
ClwrnisiryDcpartmnn

• 
Globutla. Among the salt-soluble proteins, 
globulin constitutes about 10% of milled-rice 
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protein, and albumin about 5%. Because little 
work has been done on these proteins of milled 
rice, the major globulins were studied in the 
rice endosperm of well-milled (12 %bran-polish 
removal) IR480-5-9 rice with II % protein. 
Freshly harvested grain was air dried at room 
temperature to minimize protein denaturation 
during hot-air drying. Such precautions had 
little effect on globulin and albumin properties. 

Salt-soluble proteins were extracted from 
defatted milled-rice flour with 5% NaCI, and 
the globulin was precipitated either by dialysis 
against water or by adding (NH 4)2 SO4 (ammo
nium sulfate) to 30% saturation. Although 
higher recoveries were obtained by dialysis than 
by (NIH,) 2SO, precipitation (4% of total protein 
vs. 2.4%), the globulin prepared by the latter 
method was relatively free of nucleic acid. 

Both crude globulin preparations showed 
essentially the same polyacrylamide disc gel 
electrophoretic patterns-two major slow bands 
and three minor faster migrating bands. The 
slowest migrating minor band had the same 
migration rate as the major band of crude 
globulin of IR480-5-9 rice bran. Milled 1R32 
rice (to 10% bran-polish removal) also had the 
three slowest bands as the major globulins. 
The results indicate that the two slowest mi
grating bands are the major globulins of rice 
endosperm and the third slowest band is a 
bran globulin. The slower of the two bands was 
the main globulin. On the other hand, albumins 
had faster migrating bands than globulins on 
polyacrylamidediscgelelectrophoresis(PAGE).

Purification and separation of the two major 
globulins were attempted. Gradient (0-1 M 
NaCl) elution chromatography of crude globa
lin on a diethyl aminocthyl (DEAE) cellulose 
column in 0.03 M Tris-HCI pH- 8.7 resulted in 
two discrete peaks. The first peak eluted at 0.22 
M NaCl and was shown by disc electrophoresis 
to be a mixture of the two major globulins. The 
second peak eluted at 0.34 M NaCI and did not 
give any distinct pattern on disc electrophoresis, 
but had high UV. absorbance. Gel filtration in 
Sephadex G-l00 showed amajor peak with MW 
20000 and a minor peak with MW 98000. Both 
fractions, however, had identical electrophoretic 
patterns, showing a mixture of the two major 
globulin proteins. 



Isoelectric precipitation of crude globulin at 
pH 4.5 also removed the three minor faster 
migrating protein bands in the electrophore-
gram. Fractional precipitation of the globulin 
could not be achieved below pH 4.5. Isolating 
the slowest band from unstained disc gels and 
rerunning through disc electrophoresis showed 
a redissociation into the two globulin bands. 
The results indicate that an equilibrium mixture 
exists between the two globulin bands. The 
purified globulin gave only one subunit with 
MW 18000 on SDS-PAGE, which issimilar to 
the gel filtration data of MW 20000. The major 
globulin of the developing rice grain also had 
aMW of 20000 (1975 Annual Report). 

Amino acid analysis of the purified milled-
rice globulin showed lower levels of lysine, 
histidine, threonine, aspartic acid,and isoleucine 
and higher levels of arginine and methionine 
than those in total milled-rice protein (Table 7). 
In contrast bran globulin is richer in lysine 
(5.0 %), but poorer in cystine (0.8%) and 
methionine (0.9%) than milled-rice globulin, 
The purified globulin had 8%carbohydrate and 
is probably aglycoprotein. 

on theSedimentation coefficient determined 
purified globulin in I % acetic acid showed only 
one protein peak. corresponding to an a-
globulin. Disc gel electrophoresis of the purified 
globulin at acid pH also revealed one protein 
band. The results suggest that the aggregation 
of rice globulin ispH dependent and occurs only 
at pH 6-9.

Prolamln. Prolamin isthe term used to signify
 

alcohol-soluble storage proteins that are high 

in proline. Prolamin has the poorest amino acid 

balance among the four Osborne solubility 
fractions of rice protein. Rice isunique among 

the cereals in having only about 3% prolamin. 

Earlier studies (1969 and 1975 annual reports) 

showed carbohydrate and phenolic contamina-
tion in IRRI prolamin preparations. As part 
of the study of proteins of milled rice, the 
properties of milled-rice prolamin and the 

inispoeteurn ri eeo-
changes uiggandvlp ~ 
ment were studied. 

Prolamin of milled rice. Phenolic contamina-
tion of the preparation from 1R480-.5-9 was 
reduced by preliminary extraction of milled-rice 

flour with 95 % ethanol. Further removal of 


phenolic contamination from the subsequent 
70% ethanol-extract of rice flour was achieved 
by treatment with polyvinyl pyrrolidone, which 
binds phenolics from solution. These prolamin 
preparations were still positive for carbohy
drates. Precipitation of prolarnin from ethanolic 
extract by the addition of three volumes of 
acetone verified earlier finding (1969 Annual 
Report): a preparation of higher purity (16.8% 
N) and the least carbohydrate contamination. 
Analytical and SDS disc gel electrophoresis 
gave only one major protein band for the pro
lamin preparations. The MW of the only sub
unit of prolamin was 17000, which issimilar to 
previous results of 20000 (1975 Annual Repot. 
Linear gradient elution chromatography in a 

DEAE cellulose column of prolamin (0.1 M 

TRIS-HCl buffer pH 8.9 from 0 to I M NaCl) 
resulted in only one protein peak, which eluted 
at 0.42 M NaCI and had the same electrophore
tic properties as the starting protein. 

Amino acid analysis of the purified prolamins 
showed lower lysine, threonine, histidine, argin
ine, cystine, and mthionine for all preparations 
than for milled-rice protein (Table 7). Their 
glutamic acid, tyrosine and leucine contents 
were higher than those of whole milled-rice 
protein, and of glutelin. This finding agreed 
with earlier results (1969 Annual Report). 

Prolamin changes hring grain dcvelopnent. 
Changes in the properties of crude prolamin 
were also studied in dehulled developing grains 
of IR26 and IR480-5-9 rices. Analytical PAGE 

Table 7.Amino acid content of giobuiin. proismin. and 

giuteiin of miiled 1R40-5-1 rice compared with that of 

whoic protein. iaR. 1976. 

Amino acid content" 
Am~o acid Totail Globulin Protlamin Giutelin LSD 

protein (purifie) (acetone pp:) (crde) (5t) 

flglnl 8.7l 15.2 
Awpenc actd 10.4 4.9 

Giutarnic acid 2112 27.8 
Hiealdlne 2.5 0.4 
isoleucine 4.3 1.8 
Lnispoeteene 9.1 6.6 

Lyuine 3.6 1.1 


Prolin 4.7 5.9 
Threonlne 3.9 2.2 
Twohine 5.0 6.7 

6.1 8.0 1.2 
8.2 10.1 1.3 

29.0 16:1 3.7/ 
1.1 2.1 0.3 
4.9 4.0 0.4 

13.7 7.9 1.2 
0.1 3.2 0.4 

6.6 4.0 1.0 
2.3 3.3 0.4 

10.2 4.9 0.7 

,in,16n.89g Nfor ,li excep globulin, whih lain 9/16 gN. 
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Table S. Changes Inthe content of selected amino acids 
of crude prolamin of brown rice in developing grain of 
IR26 and 1R404.1-11! IRRI. 1976. 

Amino acid content (g/16.8 g N) 
Amn____ ontent___/1_.N 

IR28 IR480.59 LSD 

Aninoacid 4 10 21 4 10 21 (5%) 

OAF OAF OAF OAF OAF OAF 

Aanne .13.4 137 110 13.4 122 6.4 09 
Arglnlne 29 21 40 1.7 2.2 5.0 03 
Asparicacid 11.0 84 71 11.2 97 7.6 1.0 
Hitidine 0.1 0.1 05 trace trace 10 0 1 
Leucine 8.2 6.4 86 4.7 60 10.8 1.2 
Lysne 2.8 1.9 13 1.6 1.3 0.3 0.1 
Methionine 2.6 1.7 0.7 1.6 1.4 0.4 04 
Valine 86 7.4 63 7.2 8.0 5.4 0.5 

'OAF wdays after flowering 

of both rices showed only one protein band in 
the sample about 4 DAF (days after flowering), 
Subsequent samples (7 DAF onward) showed 
a faint, slightly slower moving protein band in 
addition to the major prolamin band. SDS-
PAGE of prolamin extracts showed only one 
subunit band MW 17000 in the earlier samples. 
A second faint subunit band MW 20000-24000 
was observed in the older grain samples (10 
DAF in IR26 and 14 DAF in IR480-5-9). 

Amino acid analysis of prolamins from devel-
oping grains of both rices 4 7.10. 14, and 21 
DAF showed progressive decrease in lysine and 
aspartic acid. Appearance of the slower electro-
phoretic band coincided with a drastic drop 
in lysine. aspartic acid. alanine, valine. and 
methionine, and increases in histidinc, arginine, 
and leucine in both rices (Table 8). Varietal 
differences were noted in the aminogram of the 
two prolamins. 

Glutelin. Ghwc'Ii of milled rice. Study of 
varietal differences in the properties of crude 
gluielin in various types of rice and the differ
ences inproperties of solubility subfractions of 
crude glutelin was continued. Crude glutelin 
was prepared by sequential extraction of al-

bumin-globulin by 5%;;NaCI, and of prolamin 
by 70%",ethano[-0.6"',([tME. The rice samples 

included three indica, two japonica, two indica 
x japonica, two javanica. one 0. nivara (Ace. 
No. 101508). one 0. globc'rrima (Ace. No. 
101890), and two IR4432 sister lines differing 

inpoencnet•rd ltln cone 
for 77-94% of milled-rice protein in the 13 
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samples. Milled-rice lysine ranged from 2.8 to 
4.4 g/16.8 g N (mean or 3.8%). whereas crude
 

glutelin lysine ranged from 3.2 to 4.4 g/16.8 g 
N (mean of 3.9%).

Glutelin was extracted with 0.5% SDS-0.6%;, 
fl-ME in 0.1 M phosphate buffer pH 7.0 and 
alkylated with acrylonitrile as previously des
cribed. Crude glutelin extraction by SDS-fl-ME 
was at least 93. SDS-PAGE showed the same 
three subunits of glutelin with MW 38000, 
25000, and 16000. All the glutelin preparations 
essentially showed a I: 1: 1densitometric trac
ings of the subunits in Amido-Black stained 

SDS-PAGE electrophoregrams, in contrast with 
1975 results on IR480-5-9 and acommercial rice 
flour sample (Fig. 6). The results indicate the 
low probability of finding genetic variation in 
the subunit ratio of glutclin. the major protein 
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phomcis or reduced uand alkylnied crude gluiclins from 
milled rices. IRRi. 1976. 
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Table 9. Amino mld content of subfractions of crude 
glutetin of IN2 milled rice. iRRI, 1976. 

Amino acid content (g/16 8 g N) 

NaCI pH Total LSO2-PrOH. NaCI pH 
Amino acid #.ME 10.P.ME 10./fl-ME glutetin (5%) 

"'Prolamin""Globulin" SOS 

Olutsmlc acid 33.1 14 6 20.8 208 27 
Lyslna 0.1 3.6 43 44 0.4 
Tyroslne 6.7 4.2 56 40 07 

Only the 0. niwra glutclinfraction of rice. 

showed a different ratio (I : I : 2). 0. sivwar
has 
been the source of grassy-stunt resistance in the 
GEU program. 

Earlier results showed that crude rice glutclin 
can be fractionated into subfractions differing 
in amino acid composition and starch gel 
clectrophorctic pattern (1969 Annual Report). 
Alcohol (2-propanol)-/I-ME extracted a pro
lamin-likc subfraction with MW 17000 subunit 
on SDS-PAGE. 2-Propanol extract (prolamin) 
gave an identical electrophoregram. Their 
aminograms showed both a lysinc content below 
0.40b, and9 highBpolyofrylamide-aroetyrosine and glutamic acid value 
(Table 9). Borate buffer pH 10 with #/-ME 
extracted a fracton with 3.8",, lysinc (globulin-
like) and also with essentially the MW 17000 
subunit on SDS-PAGE. which is identical to 
the MW obtained for the major milled-rice 
globulin with 1.1 lysinc content. The 3.8"i 
lysine fraction contained more than 901%, car-
bohydrate. The major glutelin subfraction cx-
tractcd with SDS-fi-ME in borate buffer had 
4.2%. lysinc and aSDS-PAGE pattern identical 
with that of crude glutelin, having all three 
major subunits with MW 16000. 25000. and 
38000. 

The three major subunits of S-cyanot.thyl 
glutelin (acrylonitrile-alkylated glutelin) were 
separated in1R480-5-9. 1R28, and Kolambh 540 
by gel filtration in polyacrylamide-agarose gel 
(Ultrogel) columns using 0.05 M Tris-I-CI pH 
8.6. 0.5", SDS. Quid 0.2",, Na azide as solvent, 
An Ultrogel 4 column (2.6 x 90 cm) separated 
the M W 16000 subunit completely from the 
higherMW subunits, but thM separation of the 
latter was incomplete (Fig. 7). The two heavier 
subunits were separated by rchiromatognphy 
through an Ultrogel 34 column (1.6 x 100 cm). 
Purity was assessed by SDS-PAGE. Molecular 
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7. Molecutr weciht frmciioituion of the thrxv major 4u. 
units of S-cyanocthyl glutclin by gel filtration in io 

gel columns in 0.05 M trisI.CL p1l 
. , huffer--0.5". wklium dodccyl %ulfatc. 0.2". ,dium 
udc. Vo - void ,olunw IRRI. ,76. 

weights of the purified subunits were 17000
18000. 22000-25000. and 3500038000. The iC 
of smaller protein loads and Conma.%i Brilli
ant Blue G-250 in place of' Amido Black I01 
further resolved the MW 380() hand into three 
fine bands. and the MW 250(0 hand into two 
bands. 

Ghwcmi inh gri,whr/.v. "rhe differece.s, in 
SDS-PAGE pattern of crude glutelin f'romn 
previously prepared 1R8 pcricarp. a|leurone. 
embryo. and mille'd rice (1974 Annual Report) 
were investigated. Pericatrp glutelin %llOt~ed 
mainly the MW 160(X) subunlt o1" milled-rtce 
glutelin: the MW 380(8) and 25(88) %uhunt%, 
were absent. The embryo gliltelin ,,howed the 
most complex subunit pattern. with the MW 
16000 subunit as the major protein band. 
Aleurone glutelin was similar in electrophoretic 
pattern to milled-rice glutelin. 

Glaiclin changes da~ring grain drrh':n . A 
study was made of thechanges in e.ectrophoretic 
properties and amino acid compoition of cnde 
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glutclin ofbrown rice during grain development
3800 increased rrom 5.1 tos 8%for 1R26 and from 

9.8% to II ".'for IR480.5.9. 
Glutslin showed mainly the MW 16000 sub

unit band on SDS-PAGE for both rices at 4-7 
DAF (Fig. 8). The two other subunits of milled. 

25000 ike gItsein with MW 3800 and20()wrW WW00 faint. Older samplc 14 and 21 I)AF showedilt 

all three suhunits of glutelin. Amino acid 
analysis of the crude glusclins also s more 

16000 lysine in young samples (7 DAF) than in the 
7 14 21 older samplcs (Tablt 10). Notcd betwen 7and 

14 DAF were sIhht decrea.s in shronine and 
L Sdium ddk)l %vtatc-paI)-WAr)Wm&4k p0 ckctfo. glycinc. and ;ai incrcac in tyrosinc. 
phntcr tluinoddehulW Earlier studics on milled-rice lutelin andsrJandwlk-1.sAcdtmdk.u& 
dnctlokwn$ 1R41.5.. gain. 7. 14. and Y1da)s ft.n other proreiui fractions (1975 Reors)lmwr, Annual 
in*. IK I.197r, ing IRI. 9Threvealed that the MW 381000 subunit was unique 

so glutelin ,and was not a major subunit in 
gluselin of brosn rice during gvain development albumin.glohulin and prolartin. The present 
of 1R26 and the hipzh.protwin rice lht4840.5.9. data .support the previous Iind4~L. The change 

".  
Gluselin was, cxtracted with 0.5.", SDS..6 inamino acid pattern and the appearanc or the 
Jf.mcrepuocthanol rrom detlaurd brown-riee MW 38000 subunit of"glutelin coincided with 
flour after succe'ss.ive extractions of"albumin- the initial accumuhesiosi of protein bodies in the 
globulin with 5%.; NaCI. and oK' prolamin wish rice endosperm abo& 7 DAF (1973 Annual 
70%, eshanol-O6 0 ,, JI.mercaptoeshanol. 1.1w Report). 
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HYBRIDIZATION AND SELECTION 
Plant Breeding Department 
During the year 178 double crosses. 352 top-

crosses. and 200 single crosses were made for 
the drought resistance program. The F2 popu-
lations of 23 topcrosses were grown under 
simulated upland conditions at IRRI. and 241 
plants were .elected during the dr, season. Ex-
pandcd breeding nurscries during the wet season 
permitted the growing of F, bulk populations 
of 340 topcrosses. 

It wa% obsered that topcrosses involving 
either BPI-76 (nonscnitivc). Kn-lb-214-1-4-3, 
or Nam Sagui 19and adrought-resistant parent, 
iuch as lines from IR 1746 or IR 1754. Moro-
kcrckan. and 63 F.3. produced progenies with 
good panicle exscrtion. sturdy culms. moderate-
ly high tillcring. late senescence. long panicles, 
and heavy grains. On the other hand. crosses 
involving BPI-76 and Sigadis produced many 

progenies highly susceptible to sheath blight or 
bacterial leaf blight, or both. 

Most plants selected in the wet season forupland culture were early maturing and of in

termediatc stature. The cutoff date for making 
plant selections was 130 days after seeding. 

VARIETAL SCREENING 
Agronui' and Plant Breeding Deparument. 

Field isng (Agronomy). During the dry 
season, 1,016 rices were field screened for 
drought resistance. Plots were direct seeded in 
furrows, and fertilizer and sprinkler irrigation 
were applied to ensure good establishment of 
stand. Trhe plots were last irrigated 20 days after 
rice emergence. The plants were first scored at 
I-bar soil moisture tension (SMT). 47 days after 
emergence. when only the curly maturing rices 
were at the panicle initiation stage. Several rice 
looked promising at the I-bar stress. Rices from 

Table 1. Promising varieties (seeded 30 January 1376) screened in the field for drought resistance. IRRI. 1376. 

First
scong 

Designaton 0rgi IRRI 26 Mach (1bar) 
acc. no 

Growth Drought 
stage' rslsstance" 

ARC 7303 India '02359 2 2 

ARC 10372 India 20884 2 2 


ARC 10962 India :682 2 2 

ARC 1099 India 12686 2 2 

DNJ 60 Oangtdesh 8375 2 1 

DN 146 Bangladesh 8425 2 1 
DNJ 177 Bangladesh 8408 2 1 
Mrnidirn Alang Banglaldesh 25899 3 2 
GItb.Si.207 indonesia 2 2 
8881d.SI. 19 2 Indonesia 2 2 
8kN 6986-147-2 Thaidand 2 1 
Kinandang Palong Philippines 23384 ' 2 
Pinursigi Philipines 26889 2 2 
Lua Ngu Vietnam 168522 2 
20-A Liberia 14CF.38 2 1 
30-A Liberia 14848 2 1 
Spee70 2 2 
IR8 IRRI2 2 
IR36 IRRI 2 2. 

IR2035.117-3 IRRI2 2 
IR442.2.59.2-.33 APRI 2 2 
IR1754.F5B1I9 IARI 2 2 
iP4422-58 

(toleanicheck) IRRI 2 2 
IR20 (susceptible 

check) IRRI 2 4 

Second scoring Third scoring 

6 April (4 bars) 6 May (10 bars) 

Growth Urought Growth Drought Growth 
stage' rsistlance' stag.' resllanceb stags'e 

2 3 5 5 7 2 
2 3 5 4 7 2 
2 3 5 5 7 3 
2 3 6 6 8 3 
3 3 6 4 8 3 
2 3 4 5 A 2 
2 3 5 5 7 3 
4 2 8 4 9 2 
2 3 2 3 2 3 
2 4 2 4 2 2 
2 3 2 4 2 2 
2 3 2 6 2 2 
2 3 2 4 2 2 
2 3 2 4 2 2 
2 3 2 4 2 3 
2 3 2 4 2 3 
2 4 6 5 6 4 
2 3 2 7 2 3 
2 4 2 7 3 4 
2 3' 2 7 2 2 
2 2 2 2 2 2 
3 3 5 4 7 3 

2 4 2 6 2 2 

2 6 2 9 2 5 

'1976 Standard Evaluation System for Rice (SES) acl 0-9. 2 o tilerng: 3 - stem elongation: 4 - booting: 5 ,, heading:
6 "'llowring.7 - filling |nmlk stage); 8 - dough sta~ge; 9--ripelnieure ES scale 1-.9. 1 - none to slight effects of stress; 
3 - slhh leaf ip drying eatended up 10one.quanelr length in most leaves;* one.qualerl tO one.hlf of total number of leaves6 
fully dried;7 - two.thids of total - aNlplants appaaently dead 'SESnumbsr ol leaves toll leaves fully dried; 9 slcale 1-9: 1
90%. 3 - 701 6o 40 to 50%J; 20 io 30%: 9 - no plants fully recoverd.0%: 5 - 7 
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Table 2. Selected varletlee (from a total of 1016) that scored 3 or better for resistance to and recovery from drought 

stre. IRRI Agronomy Department. 1976 dry mason. 

First scoring Second scoring Third scoring 

V aety RB 
acc. no. 

(2 bars) 
Growth Drought 

stage' rsstlncab 

(4 bars) 
Growth Drought 

stage resstane' 
b 

Growth 
stags' 

(10 bas) 

Drought 
resistanceb Rec 

Bakka BaWdJa 
Salumpiklt 
G118.1-142 
IR442.2.59-2-3-3 
Oryze glebnma 
Orya glabtma 

13506 
5423 

01869 
G2595 

indonesia 
Philippines 

2 
2 
2 
2 
2 
2 

1 
1 
2 
2 
1 
1 

2 
3 
2 
2 
2 
2 

3 
2 
3 
2 
2 
3 

2 
5 
2 
2 
2 
6 

3 
3 
3 
2 
3 
3 

3 
2 
3 
2 
2 
3 

'1976 Standard Evaluation System for Rice (SES) scale 0-9: 2 - tillering; 3 - stem elongation; 5 - heading; 9 - ripe/mature.
loaf tip drying extended up to one-quartw length in most leave; 

9 all plants apparently dead. 'SES scale 1-9: 1 - 90%; 3 - 70 to 80%: 9 - no plants fully recovered 
'SES scale 1-9: 1 - none to slght effects of stress; 3 - slight 

India and Bungludesh obtained most of the drought resistance, using tcnsiometcrs and gyp
better scores. sum blocks to monitor the level of drought, 

At a high drought stress of 10 bars, only a few should give results reproducible by the IRRI 
lines looked promising (Table I). Table 2 lists GEU program. 
six rices that had scores of 3 or better for Mass screening (Plant Breeding). During the 
resistance and recovery, dry season 5.758 varieties and lines were mass 

Reproducibility of field screening. When the screened in nonreplicated rows in simulated 
1975 and 1976 field screening data for drought upland conditions. The 15 groups tested are 
resistance were tabulated, the scores were highly listed inTable 4. The traditional upland varieties 
consistent (Table 3). The consistency confirms had the largest, and the 0. saiia collection from 
that dry-season field screening and scoring West Africa and many upland breeding lines 
methods to determine varietal differences in the second largest proportion of entries that are 

varieties screened for 2 successive years. iRRITable 3. Comparative drought resistance ratings of promising 

1975 and 1376 dry masons. 

First scoring (1-2 bars) 	 Second scoring (3-4 bars) 

1976 	 1975 19"761975 
Variety Origin 

Growth Drought Growth Drought Growth Drought Growth Drought 
stae' resistance' stage' resistancoe' stage' roesstance' stage' resistan'o 

ARC 700I India 3 1 2 2 4 2 2 3 
ARC 7O46 india 2 2 2 2 4 3 2 3 
ARC 10372 india 2 2 2 	 2 5 3 2 3 

2 7 3 4 3DuLar India 3 3 3 
3 1 	 4 3 4 2Surjamukhl india 2 2 

2 2 	 4 4 4cTGaisle Bangladesh 2 2 3 
2 3 	 3 £ 2DJ 29 Bangladesh 2 3 2 

DM569 Bangladesh 2 2 2 2 2 4 2 3 

OVi110 Banglesh 2 2 3 2 4 3 4 3 
DZ 41 Bangladesh 3 2 3 2 6 4 5 3 
BakkalandJar Indonesia 2 2 2 1 2 4 2 3 

OlekaBndung Indone 2 3 2 2 2 3 2 3 

Lua Ngu Vietnam 2 2 2 2 2 4 2 3 

Birartos Phlippines 2 2 2 2 3 4 2 4 

Salumpiklt Philippines 2 1 2 1 4 2 3 2 

IR442-2.158 
(check) IRRI 2 1 2 2 2 3 2 4 

- stem elongation; 4 - booting: 5 -. headineg; S '1976 Standard Evaluation System for Rice (SES) scale 0-9: 2 - tlekring; 3 

flowering: 7 - filling (mik stae); 9 - ripe/mature. 'SES sc~le 1-9:1 - none to light affects of stre; 3; - slight leaf tip drin
 
to tip drying extenedud upto one- quarter length in most leaves; 5 - on.quertler to one-.half of tta number' of leaves fully dofed;
 
7 - two-thirds of total num~ber of leanes to all leaves fully dried; 9 - aUlplants apparently dad.
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resistant to drought at both the vegetative stage 
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Recovery from drought was also scored. 
Among the 15 groups tested. entriesfroth

lowland breeding nursery and the IRRI 
upland breeding nursery showed a high proportion of lines that quickly recovered. The 
traditional rainfed lowland varieties showed 
quick to moderately quick recovery, and most 
traditional upland varieties and the 0.sivcollection from Africa showed moderately quick 

recovery. The e,,lrly maturing (100-day)vre
ties showed a high proportion of entries that 
slowly recovered or did not recover. 

Pm11 lines for dep-water rcearea 
(Agronom)). Drought resistance in rices fordeep-water areas will help ensure good stand 
establishment and reduce the risk of floodwater 
destroying young seedlings.

Among the 1,016 rices screened, several 
showed drought resistance. Leb Mue Nahng
111 had a score of 2at 2bars, and a scoreof 

to 6at 10 bars SMT, indicating g drought 
resistance (Fig. la). The line IR442-2-59-2.3-3, 

astable score of 2 at 2,4,and 10 bars SMT 
&n R %performed better than IR442-2-58 and T442-57.

The stability of IR442-2-59-2-3-3 makes ituseful 

for the incorporation of drought resistance intodeep-water and other rainfed rices. NamSagui, 

appeared promising (Fig. Ib). Two BKN 
lines(BKN 6986-1O8 and BKN6989-147-2) that 
appeared promising in greenhouse screening 
were also promising in the field screening. 

Pbytotron seedling test (Agronomy). Tests in 
the lRRI phytotron, which subjected 10- to 12
day-old seedlings to periods of"severe soil and 
atmospheric drought, continued. 

total of 206 rices selected from the germ 
and hydrological origins were screened. Fifty

variety Sigadis were retested at 12- and 15-day 

more extensive 1976 tests confirmed 1973
findings (1975 Annual Report) that seedlings of 
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IRRI. 1976 dry season. 1. Effects or levels of soil moisture tension on the rwactlons to drought stress (0 to 9seale: I no stress symptoms; 9 

completely dead) during seedling and vegetative stages or field screened rke. 

many traditional upland varieties cannot tol-
crate sustained moisture deficits. The most 
tolerant rices were the traditional deep-water 
varieties from Bangladesh. The deep-water cul-
tural system ischaracterized by dry seeding and 
dependence on erratic monsoon rains for crop 
establishment before flooding occurs. The 
system partially justifies selection for seedling 
drought resistance in deep-water areas. 

Because phytotron space limitations pro-
hibited large-scale screening, agreenhouse pro-
cedure was tried with the check variety as an 
indicator af exposure period. Figure 2 shows 
the agreement between the results from testing 
selected varieties in the phytotron and those 
from testing in the greenhouse. The linear 
correlation coefficient (r = 0.5 9 fl) is highly 
significant; a paired I-test applied to the two 
data sets showed nonsig~nificance. The coefficient 

of variation between the methods varied by 
2.6%. The greenhouse screening procedure,
with careful attention to design and to use of 
a check variety, should be a useful empirical 
tool. 

Grneskme acrcuua (Agronomy). A special 
greenhouse for screening rices for drought 
tolerance was inaugurated inearly 1976. It has 
12 concrete tataks, each 6.8 x 3.5 x 1.35 m. 
Each tank contains I-in-deep upland soil placed 
on aO.35.m-deep sand and gravel drainage bed. 
Irrigation may be subsurface-by a perforated
pipe system laid in the gravel-or may take the 
form of simulated rainfall on the soil surface. 
Soil moisture ismonitored by tensiometers and 
electrical resistance blocks. 

Attention has also been given to greenhouse 
atmospheric conditions. An intake and cexhaust 
fan system changes the greenhouse air every 6 
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Table S. $elections from 2W varieties of varying geographical end hydrologicA origins tested for seedling drought 
tolerance at four levels of growthchaere exposure (7. 10. 12. and 15 days). IRRI phytotron, 1176. 

Survival (%) after exposure for' 
OugnsVarlety ofline 

7 do" 10 days 12 days 	 15 days 

Rikuto Noin 21 Japan (U) 0 0 -


Kinandang Patong Phillippines (U) 3 3 

30.E 	 Liberla (U) 6 0 

63-83 Ivory Coast (U) 65 5 -

Monure Bangladesh (DW) 85 37 -

Rangi Khema .-- Bangladesh (DW) 96 90 5 0 

BKN 6986-44 Thailand (DW) 95 95 . 5 0 
KLG 6985-133-4-P Thailand (DW) 100 90 10 0 
KLG 6987-2.1 -P Thsiland (DW) 93 75 10 0 
Gonak Key Bangladesh (DW) 100 100 10 0 

15 0KI G6987-5-P Thailand (DW) 95 60 
KLG 6987-108.P Thailand (OW) 95 91 20 0 
Gods Bangladesh (DW) 100 100 20 0 
Maijam Bangladesh (DW) 98 97 26 0 
Lako 192 Bangladesh (DW) 98 88 25 0 
Sigadis (check) Indonesia (RL) 8 83 26 0 
Khao Oawk Mali 

4.2.105 Thailand (RL) 100 75 30 0 
Chanda Anon Bangladesh (OW) 100 100 42 0 
Fulkeri 715 Bangladesh (OW) 100 95 45 0 
Badal 672/2 Bangladesh (DW) 100 100 50 0 
Goirol Bangladesh (DW) 100 100 60 6 

U a upland. DW 	 - deep waler; RL a rainfed lowland. bRices with low survival percente wete not tested at 12 and 15 days. 

minutes, and maintains temperature and relative Greenhouse screening is similar to dry-seasoti 
humidity close to those of the outside ambient field screening except that the soil moisture 
air. regime is more controllable. As a starting point 

for the screening, SMT is manipulated until it is 
about 10 cb at 60-cm depth and about 20 cb 
at 15-cm depth. 

Fertilizer is applied basally at 80 kg N/ha, 
00m ,, lcecmg(%) 40 kg P/ha, and 40 kg K/ha. After dry soil 

S 00 preparation, entries are seeded in 1-im rows. A 
00S 

0 	 0 single lank accommodates 66 entries and 2check/ varieties at 3places for a total of 72. The crop 
.5 receives a 50-mam sprinkler irrigation for estab

* 	e lishment. Second and third 50-mm irrigations 
* * are applied if SMIT at 15 cm exceeds 30 eb. 

Each irrigation wets to adepth of about 25 cm. 
5o- " S 0 After crop establishment (judged by check 

variety growthiirrigation isstopped. The tank 
soil isallowed to dry until the susceptible chbeck 

93+6Kvariety has adrought scowe of 6-7. ' 
-	 rs se, h On the day of scoring. the leaf water potential 

of all entries ismeasured at 0500 h (Fig. 3), and 
* 	 visual scoring isdone at 0900 h.The leaf water 

• 	 potential gives information on the degree of 
0 	* . plant water stress and indication of the irought

0, 50 c,,, resistance mechanism influencing each entry's 

1. 	elaionh~ urvvalor score. As in field screening (see page 90, Physiobewee pecetags o sedlng 
3varieties tosted in the phytotrorn and the gIreehouse, logical basis of drought screening criteria), 

IRRI, 1976. entries with desirable visual scores generally 
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I 	 *1 
rJ 

SL 

U*%JSL.:-. . 

3. The prcsurc chamber i%,used to monitor dawn leaf wutcr 

potential the same day visul scoring i%done. 

maintain a high leaf water potential. After 
tanks receive 50-mm sprinklerscoring, the 

irrigation. The entries arc scored 4 to 5 days 

later for recovery from drought. 
The results of the greenhouse screening arc 

similar to those of dry-season field screening
with close agreement between check varieties of 

both tests. The fact that greenhouse results are 
pressureless affected by disease and insect 


partially explains the differences between them 

and field results.
 

Figure 4 illustrates some varietal differences 
seen in the greenhouse screening. Salumpikit 
was outstanding in the 1975 field screening. 
1R5817-68-l (1R2061-213-2-1 6 / 1R442-2-58/ 
MTU 17) has two parents.--lR44 2-2-SB and 
MTU 17--previously reported to have a high 

degree of drought resistance. 
During the last half of the year. 494 entries 

n,re screened for drought resistance in the new 
greenhouse. Figure 5demonstrates the extremes 
of variability found in the initial months of the 

greenhouse operation. Most of the entries that 
of1scoe2 wre te trditinalreceved o

receveda scre th traitinalf Ior 2wer 
tall upland varieties, but many of IRRI's 

4. 	 Varietal dlTffcr.:nc% in drought.irecniiig grccnhoue. 
an dry-casonSalumpikil 	 a% outtanding variety in IRRI 

rccning. 11(20 is a sucpthblcc hcck. and IR5817-68-1fieldreprc,,cnts some cncouraging brce.ding matcrial in the GEU 
program. IRRI. 1976. 

advanced upland breeding materials also were 

in the group. Among the entries with scores of 
3 or 4 were many elite materials from the Inter
national Rice Observational Nursery. They may
 

have immediate use in drought-prone. rainfed
lowland cultural systems. 

The drought greenhouse. which has a capacity
 

of 2,000 entries a year. will primarily screen elitc
 

gcrm pl m evolving in the GEU program.
 
Root systems characterization (Agronony). 

Previous work (1971-75 annual reports) dem
onstrated that rice varieties significantly differ 

in rooting habit. Screening tcchniquesemployed 

ne,, ,,,,
 
3o
 

2o 

'-l 	 l .l 

2 3 4 6 7 8 9 

o0 ~ 

the5. Fnsiuencv distribution of 494 entries s.recneO ;n 
- non'. todrought-screefnin8l greenhouse. Drought score: 1 

slight effect or stress: 9 - all plants dead. IRK!. 1976 wet 

season. 
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7. Relationship between pulling force and 1976dysew
field drought score for the vegetative and repoutv 
growth stages. iRRI. 

Plan Bredn Dearne 

varieties, and a correlation with field-sceng 
6. The force required to extract a rice plant from the soil results. 
can he quickly iau-rd with siIabl ring balance. IRRR1. 
1976. 

EVALUATION FOR DROUGHT REMSTNC 
INRAINFED-LOWLAND CULTUREintegenoueadi.hefed n of the rpotiosndof teceetaragewthaf~crniall 

to date have not, however, been able to handle PlnBreigDptm t men fThe to extraricect aplant siloweslantforce required iertertasoulado.ep 
the large number of entries required by the Unti 1976 nearly all field experimeson 
GEUas brecding program.with fieldal drught-sacenin drought resistance were conducted irnulncre klad ultdsutRoinrine-owadfilsi 

Several screening techniques were evaluated fields. The obvious problem was that alre 

of pant shwedthavareta vaiane-t- td h ruhth ePealrimen waeiitatento 
totaevaine hwasermaximu at to lamierifdrtot 4eitacafniesdgr 
wheeklatrembergofenehs, sreeingd coul lowand conditns. The ad80experiments 
beU poraidl e tritonl uplandeisaccmpiedin on3-to4wek-ld tresitncluin tei 

siplst an ote uaigih esr- ser fmauringh100day)rowlnd vrinees 
eTohe oripreiminryd the rot-ligtraditionalpln varah lindespe lowland reties, breeing 

frcemth odl rxprmenttees low.Ulandares reedingeneeds6)rein frote and inesar 

theimenth deonstthed ofgte foe upelnd. nureigtes Beaseasthe fieldprpthe smpli 

reqie eqipmpsent arapiliy- to diffekodentiaeieedin cuinena raiinae opn riation, 
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often showed more severe drought stress than 
the other. 

A drought prevailed at the reproductive 
phase, but only a few entries showed sustained 
leaf rolling-the sign of extreme drought stress. 
Many accessions showed markedly reduced 
plant height or tillering and delayed beading. 
The reductions were more obvious among rep-
licates of the check variety BPI-76 (nonsen-
sitive), or between two replicates of the same 
accession that differed in soil moisture condi-
tions during the stress periods. Many early 
maturing accessions showed marked bending 
and spreading of the culms during the stress 
period. 

The agronomic characteristics of 485 acces-
sions from the germ plasm bank were statistical-
ly compared with those of the same accessions 
obtained earlier in fully irrigated plots. The 
comparison showed highly significant differ-
ences between the stressed and irrigated plants 
in plant height, tiller number. panicle exsertion, 
and maturity. The stressed varieties were, 
nevertheless, not significantly lighter in 100-
grain weights than the plants grown in irrigated 
plots. Tiller number varied markedly from one 

replicate to the other, but did not show a con
sistent trend in relation to soil moisture condi
tions, probably because the seedlings were 
transplanted 35 days after seeding. 

The statistical analysis confirmed that the 
visually observable marked reduction in plant 
height, poor panicle exsertion, and delayed 
heading indicated susceptibility of rainfed
lowland cultures to drought. The manifestations 
were similar to the principal signs of varietal 
differences found in the dry-season mass-screen
ing test in simulated upland culture. The entries 
that were more drought resistant showed rel
atively smaller differences in the above charac
teristics, however (Table 6). 

A number of upland and lowland breeding 
lines as well as traditional rainfcd-lowland 
varieties that could be used in the 1977 hybri
dization program were identified. The varieties 
are Kuan Tung Tsao Sheng. BK88/BR 6, BR 3. 
Carreon. DJ 29, Intatn. Pclita I-i. Pclita 1-2, 
JC 81. and Niaw San Pahtawng. Promising 
breeding lincs are thc IR3646 1ines selcctcd front 
the upland nurseries, and 1R2015-108-2, 
11R3941-25-1. and IR4707-123-3 selected from 
the lowland nurseries. 

Table S. Dlfferences in five agronomic traits between accesions grown in replicated rainfed-lowland plots' (1976 

wet season) and those grown in fully Irrigated plots (in other years). IRRI Plant Breeding Department. 

ce. no. Variety Soil rnoistureb Plant ht 

Susceptible 
3579 Fowel 
5866 Doc hung Lun 

ARtS 
7091 Nsng Chet Cut 
9128 JWIO03 
20471 A8C 7060 
RAlnan' 
172 Nahng MorB4 
857 NiawSan Pahtawng 
1173 KuanTungTsao 

Sheng
 
5993 Caneon 
6357 BR 3 
6654 8K88/BR6 
85056 DJ29 

9790 BPi-76 (nonenitive) 
9790 8P1-78 (nonsenitive) 
9790 BPI-76 (nonsensitlve) 

I il I Il 

15B 86 82 

2 3 82 84 
2 3 81 81 
2 2 82 83 
1 4 626e2 

3 3 96 82 
3 3 92 93 
3 5 94 94 

2 5 93 95 
2 2 99 102 
2 2 90 72 
356 92 106 

3 3 102 101 
1 4 89 97 
4 5 96 99 

Difflaence (%)in 

Panicle 
Tilias no exserlion 

I Ii I ii 

50 90 100 100 

48 48 150 100 
40 33 33 33 
45 40 33 33 
44566 07 100 

28 20 67 100 
27 23 67 100 
50 33 100 100 

7656 1001t0100 
50 80100 100 
75 45100100 
40 601001|00 

120 110 100 100 
90 90 100 100 

110 120 100 100 

I00.g w1 Days to matuity 

I II I Ii 

110 70 111 106 

105 81 128 128 
115 96 111 108 
87 90 91 90 

104 100 96 123 

-94 88 83
 
86 89 86 84
 

106 114 120 115
 

100 91 94
 
101 109 92 93
 
106110o 90 93
 
96 92 93 95 

110 105 90 92 
118 105 91 92 
105 100) 90 92 

'i and II - replicatli)na of the rainfed-lowland experiment. b~oll moisture condition of plot. Incoded numbers. varying from very 

dry (1) to v wet (5). 
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FIELD PERFORMANCE OF RICES 
IN UPLAND CULTURE 
Agronontr and Plant Breeding Departments 

Uplan variety trials (Agronon*). The 1976 
upland rice variety trials, aimed ut selecting 
promising lines with high yield potential corn-
bincd with pest resistance. and resistance to. 
and good recovery from drought. were con-
dueed on two sites at IRRI and on farmers" 
fields in two locations in Batangas. Philippines. 

The entries were line% found promising in 
previous tests, and upland varieties rccom-
rhended by the Philippine Seed Board. The first 
seeding was at the start of the region's rainy 
season, and the sccond was about a month later. 
At three sitcs. 81 rices w,,ere tested in the first 
seeding and 64 in the second. At ciee IRRI site 
both seedings had the entire set of 81. 
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.h"3 S2 seo F2, ct 2 H2 
.MY5 oo ,, 

S, - , ,ose" - Eahe',h' d NVSft, rq 
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Sod mogke 	 (cbI,,w 
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40o-
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,,o (,,rn/,h 
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o02 4--C2 2 
k.. u-- -.- -- -.- -.- 0 ---- o 

u,,,,, ,, 

S. ainaldouhtd~ibtio.okamc. aidgroth 
tapze of crop at Cucnca. Butnas. Ph~ilippines. IRRI 
upland rice yield irlul. 1976 wet! ,,euson. 
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Drought resistance. Sufficient raIn fell 
throughout the wet season at both test sites at 
IRRI and at Santo Tomas, Batangas. and 
drought scoring was not done. The seedlings of 
the 3 June seeding at Cuenca. Batangus. were 
exposed to u i-week dry period during the 
tillering stage. The exposure caused SMT to 
reach 70 cb. but the plants showed no signs of 
moisture stress. Another I I-day dry period 
occurred during the heading and flowering 
stages of the medium maturing rices in the 5 
July seeding (Fig. 8). No drought scoring was 
done. however, because all the early maturing 
rices had been harvested. 

Di.ea.es. The major diseases at all sites were 
sheath blight, bacterial leaf blight, bacterial leaf 
streak. false smut. leaf scald. and leaf smut. 
Some entries at IRRI were moderately affected 
by neck rot and Cercospra leaf spot: at Batan
gas a few were infected with brown spot. The 
incidence of leaf blast at Santo Tomas. Batan
gas. was moderate. At IRRI. IR442-2-58 was 
slightly infected with leaf blast. 

Yiehlt. I R36 not only yielded the highest (4.4
t/ha) in the early maturing group (I10 days or 
less after sedling emergence). but also had the 
highest mean yield among all entries (Table 7). 
lET 1444 averaged 4.1 tha. and IR3839-l.3.) 
t/ha. The upland variety Binaritos. which 
shown high drought resislance for 2 consecutive 
years (Table 3). averaged only 2.2 tha. Of the 
promising drought-resistant lines selected from 

o 	 had 

1.003 cntrcs in the 1975 dry-season screening 
nursery. only ARC 10372. Surjamukhi. and DJ 
29 averaged 3 t/ha.

The relatively lower yield at IRRI. particular
ly for the 10 July seeding. was attributed to 
delayed and insufficient hand weeding--a con
sequence of continuous rains. Moreover, sheath 
blight and bacterial leaf' blight caused moderate 
to severe effects. At Santo Tomas. heavy rains 
delayed hand weeding in the 2 July see¢ding and 

caused a red'iction in tiller nt~mber. 
On the basis of yield, the ines and varihties 

that show promise for upland c'.ilture are 1R36. 
1R3938-1I. I R2061 -522-6-9. and IFET 1444 for 
early maturity: and 1R26. 1R1529-.430-3. 

IRll154..243-1. 1R2042-178-l. and 1R1480-147
3-2 for medium maturity. 1R36, which is more 
resistant to insects and diseases, should replace 

http:Di.ea.es


IRl561.228-3 in rainfed rice culture. culture continued. The toposequence area was 
Toposequence evaluation of rice yieldstability, expanded on IRRI's new upland farm and in a 

The use of a "stability index" measure, in com- suitable farmer's field in Bulacan province,
 
bination with a hydrological toposequence, for Philippines.
 
evaluating rice performance in rainfed upland Late in 1975 the toposequence was planted
 

Table 7. Growth duration. Incidence of Imptsnt diseases. and yild of early and medium maturing rices under 

upland conditione in the Philippines. 1S76 wet eson. 

Grain yield (I/ha) 

IPRI Bangas 
Growth AffectedVariy or line duration" by

b Block H New farm Santo Tomes Cuenca Mean 

9June 10 July 5 June 11 July 2 June 2 July 3 July S July Firs Second 
seedifng seeding seeding seeding seeding seeding seeding s eding seeding seeding 

IR38 106 123457 3.4 3.1 48 4.4 46 30 47 20 4.4 32 
lET 1444 103 1234 10 3.5 2.9 3.7 40 51 1 1 40 29 41 2.7 
iR3639-1 106 123471' 3.3 2.8 4.1 4.1 4.1 2.8 4.0 3.2 2! 3.2 
IR2061-522.6-9 104 123579 2.7 2.8 3.6 3.7 43 28 4.4 27 38 3.0 
FN 109 106 12345 3.0 2.4 3.7 3.3 4.6 2.4 4.1 2.7 38 2.7 
B9C-Md-3-3 105 125 10 2.8 2.3 3.4 3.6 4.2 1.6 36 2.8 3.5 2.5 
Kn 361.1.8.8 107 12345 2.2 2.7 2.3 3.4 4.8 3.0 4.2 2.8 3.4 3.0 
Se 3020 96 145 2.3 1.3 3.1 2.8 3.6 1.6 3.4 2.6 3.1 2.0 
IR1545.339 110 12345 2.0 2.1 2.9 2.6 3.2 2.1 37 2.5 3.0 2.3 
IR1750-F58-5 104 12345789 2.6 2.0 2.2 3.8 3.7 2.0 3.5 2.5 3.0 2.6 
Surjamukhl 100 123 2.5 1.7 2.6 2.0 3.3 2.2 3.4 2.7 3.0 2.2 
ARC 10372 100 1235 2.5 - 2.0 - 3.4 - 4.3 - 3.0 
Aus 8 110 123456 1.6 2.2 2.2 2.4 4.1 2.8 3.8 2.1 2.9 2.3 
DJ 29 110 1235 2.4 - 2.2 - 2.9 - 4.0 - 2.9 -

DV 110 98 1235 1.6 - 1.8 - 3.2 - 37 - 2.6 -
IRAT 13 105 123458 10 2.3 1.2 1.6 2.5 3.1 2.1 3.0 1.2 2.5 1.8 
C1g. 1516 98 125 2.2 1.6 1.6 1.6 2.2 2.2 35 21 2.4 1.9 
OZ 41 96 145 1.8 2.0 1.8 1.7 1.8 2.7 3.4 28 2.2 23 
DM 59 98 1235 2.0 - 1.8 - 1.7 3.7 - 2.2 -

ARC 7060 97 1235 24 - 1.6 - 1.8 - 3.0 - 22 -
Oular 96 11345 2.4 - 1.5 - 1.6 - 2.6 - 20 -

ARC 7102 97 1.35 1.4 - 1.3 - 1.5 - 2.0 - 16 -
ARC 7001 101 1245 10 1.7 - 1.8 - 1.0 - 1.8 - 16 
ARC 0565 98 1345 1.3 1.5 1.0 1.7 1.5 1.1 2.4 22 18 1.6 
Biraritos (check) 110 12345 2.1 2.3 2.0 2.8 1.9 0.9 2.6 1.9 2.2 20 
IR26 122 123469 4.0 3.4 3.4 3.9 4.9 2.0 4.5 1.3 4.2 26 
IR1529.430.3 120 12346 2.7 2.4 3.6 3.6 4.8 3.0 4.9 1.5 40 , (I, 
IR1154.243.1 116 1234567 10 3.5 3.1 4.1 3.7 3.8 2.4 4.3 20 39 9 
IR2042-178.1 122 12345 4.0 3.4 3.6 3.8 4.0 1.7 4.0 0.9 3.9 24 
8541b/Kn/19/3/4 116 12348 3.3 3.2 3.0 3.2 4.3 2.3 4.9 2 4 3.9 2.8 
1R82/Carreon 122 12346 2.6 2.5 3.3 3.5 4.9 2.4 4.5 1 0 3.8 2.4 
P2035.242-1 121 12345 3.7 2.5 3.5 4.1 3.9 2.2 4.3 1.4 3.8 2.6 
1R1480.147.3-2 113 1234678 3.5 3.0 3.7 4.6 4.0 2.3 3.8 2 :J 3.6 3.2 
R2035-353-2 122 123457 3.1 2.5 3.1 3.6 4.1 2.3 4.2 1 9 3.6 2.6 
P2035-108.2 122 12345878 3.1 2.5 3.5 3.2 4.2 2.8 3.8 1.6 3 6 2.5 
P2035.227.1 119 12345 3.0 2.1 317 3.8 3.5 1.9 4.1 2.6 3.6 2.6 

1R3880.13 113 12349 2.9 2.7 3.5 4.1 4.2 2.5 3.7 2.0 3.6 2.8 
P2043.104.3 118 12457 3.1 3.4 3.0 3.9 4.1 2.6 4.4 2.8 3.6 3.2 
IR661.1.170.1.3 117 123478 2.6 2.4 3.6 4.2 4.1 2.5 318 2.1 3.6 2.8 
IR3259. P,.l6O.1 124 123467 2.2 1.9 217 2.6 417 1.4 4.4 1.0 3.5 1.1 
MRC 172-9 120 12347 2.7 3.4 2.8 3.1 4.0 2.1 4.4 1.6 3.5 2.6 
IRS 126 1234 2.2 2.2 2.0 2,6 4.5 1.6 4.0 0.5 3.4 1.7 
C46.1511R24' 114 123458 2.3 2.8 2.5 3.3 4.0 2.7 4.1 2.8 3.2 2.9 
1R2035-117-3 126 12346 2.5 2.7 3.0 3.3 3.0 1.3 4.0 0.4 3.1 1.9 
C22 119 128 2.4 2.8 2.6 2.7 3.6 2.9 3.6 2.0 3.0 2.6 
IR442,2.58 114 123478 10 2.3 2.0 2.7 3.0 2.3 2.6 4.2 2.6 2.9 26 
IR9575 118 1234 2.1 2.2 2.7 3.2 3.4 2.3 2.9 2.6 2.8 2.6 

Salurnplklit 115 12345 2.4 - 1,2 - 318 - 2.8 - 2.6 -

Kinandngatong 111 12345 1.9 2.0 1.6 1.7 217 1.6 3.2 2.1 2 4 1.8
 
M1.4U (check) 112 123458 2.3 2.4 2.3 1.7 316 1.9 3 8 2.0 3 0 2.0
 

*Average rowlh duration of 8 or 4 seedlngs In four ites In days after rice emergence (ORE). '1. sheath blight; 2 - bacterl leaf 
blight: 3 -leaf scald:4 - false srnut56 leaf smut6u-blac teal f trak; 7 - Cecoso relespot:S-neckrot; 9- brown 
spot: and 10 - leaf blast. 
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Table I. Mean yield of 17 Hoes grown (3 rloiatlont at10 slope positions) on a topieqeo. Now IRI firm".$wSsloe staono. 

or line Mean Yield Ct/he) 
Variety lalso 

1R38 3.48a 
IR2035-120-3 3.26 b
IR937-76-2 3.24 b 
IRS 321 bIRS 2.93 cIR480-5-9-3-3 2.77 c 

lR661.1.170.1.3 2.70 d1R20 2.70 deBPI.7/Dewn 2. do 


IR26 2.52 .f
1R2043.104.3 2.44 IgIR28 2.23 to 


IR30 2.12 h
IR174.228.1.2.2 2.06 iMI.48(check) 1.52 h 

MI.48 (check) 1.50 I 

Palawan 1.49 I 


"Means followed by the eame letter ae not significantly dif-

ferent at IhM5%level. 


with 35 varieties. December 1975 and January 
1976 ruins were unseasonably well distributed 
and vegetative growth wits good. When tile dry 
season started, however, the water table dropped 
below 1.25 mall along the oposcquence within 
a few days. Only IR1746.226-1-2-2. IR1750-
F58-3. 1R1750-F5B-5. and IR2035-227-1 gave 
some yield. All had about a 120-day maturity 
and low yields ranging from 0. 1 to 0.6 tiha. 

Sixty-three days after seeding, I R 1746-226- l
2-2 had the highest leaf water potential among 

rices sampled across the top slope position. It
had the lowest percentage of unfilled grains, 

an observation which suggests that the variety 
escaped or avoided internal stress longer than 
others in the test did. 

During the wet season, two replicated trials 
were conducted on the IRRI toposequewace. One 
trial used 16 varieties and the other. 42 varieties. 
The water table fluctuated less. and the average 
water level was higher than in 1975 (1975 Annual 
Report). The rainfall distribution produced a 
high frequency of surface soil wetting and 
constunt yield levels along the toposequcncc.
The average yield of all varieties at each slope 
position had a narrow range.Because the weather conditions were favor

ablc. a high mean yield or athigh yield potential
under upland conditions was the only practical 
selection criterion for 1976. Tables 8 and 9 
show the mean yields of varieties and lines 
grown on the IRRI toposequcnccs. Table 10 
shows the results from Bulacan. In Bulaican. 
the rices were transplanted onto a 100-rm slope. 
However, is at IRRI. the rainfall and the 
toposcqucncc effects were masked by even 
distribution of rainfall. 

Teble 9. Mean yieldO of 45 rices grown on a toposequence (2 replications at 10 slope positions). New IRRI farm 
1176 wet season. 

Variety or line Mean yield(t/ha) 

C 171-136 337a 
IRS 3 18 abIR2070.423.2.5.8 3l10aoc 
IR2070.414.3.9 3.l0abc 
MRC 117.9 3 09abc 
IR2071-625.l-252 

(IR38) 3 05 bcd 
C 166.135 302 bc~de 
IR2061.485.1.5.5 2.93 bcdel 
C 22 2.90 bcdag 
IR20 2 82 cdefght 
1R2071.105.9.1 2.77 defghti 
IR24 2 76 deigihi 
1R1832.0Y.4.2 2.72 efgh, 
1R2O081.oe8.1.6.4.3 2.67 fghtij 
1R2061.522-6.9 2.6O1 gik 
1R34 2615 hljh 
1R1529.680.3.2 2.53 hijk 
1R29 2 62 higkl 
1R26 2 48 ijklm 
1R2070.8S3.1 2 47 i~klm 
IR1750. F59.5 2.46 inklrn 
1R3179.27 2 39 gklrnnop 
1R26 2 37 jklrnnopq 

Varioty Mean yield ft/ha)or lne 

IR5 
M1.48 (check)
1R3154.4 
IR2163.338.3 
IR2071.638.5.5 
lR2735- F38.6.2 
IR2071.179.9.S.8 
M1.48 (check) 
IR2071.•176-1.1 
1R30 
8PI-76'/Dawn 
IR1746.226.1.1.2 
M1.48 (check) 
MI.48 (check) 
IR1746.88.1.2.1 
i R2035.290.2.1.2 
IR1746-226.1.I1.4 
IR2070.747.6.3.2 
1R2031.724.2.3.2 
IR2071-588.5.4.5 
1R1746.194.1.1 
1R1746. F5B.24 

236 lklmnopq 
2.32
231 

klnopq
klmnopq 

2 20 Imnop:qr 
2 19 mnops 
2.15 noqs 
2.12 pqre 
2 12 s 
2.05 qnet 
1.98 rstu 
1.96 15Wt 
1.94 rsu 
1.94 rstu 
1.98 stuv 
1.80 tuvw 
1.74 tuvw 
1.74 tuvw 

(IR 32) 1.69 uvw 
1.61 vW
1.50 we 
1.31 a 
1.28 a 

"Meane followed by the sae ieltte we not significantly differentatthe 5% level. 
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Table 10. Mean yieldO of N rices grown on a toposequqnce (2 rmlcations at 10 slope politios). Sulaan. 1976 
wet anon. 

Vaiety or line Man ykd (t/ha) Variety or kne Men Ved (I/hs) 

IR2071.105-9-1 5-8a IR29 4.16 
IR2070-423-2-5.6 5.19 b 18128 407 
IR2071 .588-5-4.5 5.12 b iR2070-747.6.3.2 406 if 
IR2071.625.1-252 (IR36) 505 be I13179.27 386 ' 
IR1632.93-2-2 4.97 bcd b IR2071.176.1.1 364 hl 
IR2035-290.2.1.2 4.93 bed C 171.136 340 lf 
IR26 4.93 bed IR24 334 Pm 
IR201-628.1.6.4.3 4.74 edel C 166-136 324 inn 
IR30 4.69 cdef IR20 324 mn 
IR2061-465-1-5-5 4.65 dWg C 22 322 rpn 
IR2071.179.9.5.6 4.63 dig BPI.76'/Dawn 322 mn 
IR2031.724.2.3.2 4.53 figh IR8 320 
IR2070.414-3-9 463 sigh lR1750.F59.5 2 %7 n 
IR2071.636.5.6 4.50 lgh IR1746.88.1.2.1 2.55 p 
IR34 4.50 efgh IR1529.580-3.2 244 p 
IR2153.338-3 4 36 fghe IR5 1 98 q 
IR2070.863.1 4.28 ghi M1.48 (check) A' 
IR2061.522.6.9 426 gha M1.48 (check) 138 

'Means followed by the same lettere not mgnitieantly dIfllenl at the 5%level 'Averaged over 10 slop posatorts and I tepaca. 
tion 'Averaged over 7 slope pottions and 1 replication 

Becausc of the rainfall distribution, thcse data 
WKOWA"arc of little use in stability analyses. They will. %"-"4 - ,-I :0.1 

f4! tb . ihowever, be needed for stability analysis o 
varieties through time at well as along the , , 
toposequcnc in succccding years.. , ,±'.,, ,:I V 

Yilld and drought reskisance (Plant Breeding). .,; , . -,, ?n 

During the wet season 69 varieties and line.s%_ :"'" 

were entered in replicated yield trials at two Fm ____, -t_:,_,,:. IM) 
IRRI sites and a I'irmcr's field in Baangas that 'i'I*' 

represent different soil moisture and fertility - It". ,"f %,,0%,-
"0" ", "Os^ f"

levels. 

At one IRRI sitc (dry .oilpoor fcrtilliy)lit51.105 0 {_ j .... . . - . L ...) 0(0W 
mm of rain fell during the crop-growing period. 0 M ,t
 

A short dry period occurred at the early
 
vegetative phase and during the reproductivc F,,m(,O,,,
 

phase. The line IR9669. a laic maturing selee- 207o0.......
 

tion. gave a top yield of 3.3 ttha. which was 2,.0 

significantly higher than thai of"the traditional 20 ~ 
aupland vaiiety Kinandang Patong (2.2 c~ha).The yields of the upland breeding lines ,ro i 

(IRl746-FSB-24. lRl7SO-F5B-5. 1RlI54-F50*B ,'20 
22. 1R2992-22. and IR3880-lO). which ralnged 
from 1.8 to 2.41 c/ha, did not differ significantly 80 /1 
from the yield t~l" Kinandang Patong at the 5"', ,,40 
level, 0 

Amon.g the upland breeding lines, the early .n . , .-, ., 
maturing lines were able to produce well-filled "I" V'd" 

grains even when drought stress occurred at the t. Yil pertfnrmnnce on .awe¢li.drannct l¢te ofhre upland 
booting stage (Fig. 9). The late maturing lines ari e. tour up1and breedinglrnc'. and 'etn lostand 

beneitedfrorais. heseline geeraly tecdns Iites in reLation £0 iekU rniu4inc to dboughl.latbeneitelae rans.Thesfro lies gncrlly Irosib durulion. .mnd r-,inflI~ dib4tliin. 1KRI Ptanl 
have a lower level of drought resistance but Brcnling L[eprlmcni. 1976 vet tc¢awn. 
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they possess good ability to recover quickly varieties Ml.48 and C22. Kinandang Patong 
when rains come after the stress period, gave a low yield (2.4 tfha) because it lodged 

Four entries from the lowland nurseries gave early on the fertile soil, but its yield did not 
low yields-IR30, 0.43 t/ha; IR36, 0.34 t/ha; differ significantly from that of M -48. 
IR2035-290-2-3, 0.60 t/ha; and IR2070-423-2- The Santo Tomas, Batangas, site, which was 
5-6, 0.51 t/ha. These varieties and lines have intermediate in soil fertility between the two 
low levels of drought resistance at both the IRRI sites, received abundant rainfall. The 
vegetative and reproductive stages. The dry total rainfall during the crop season was 2,224 
period at the vegettive stage stunted the plants, mm. The 69 varieties and lines suffered only 
while the drought during the reproductive phase moderate drought stress in late July and early 
led to stcrile panicles and small grains. August. The top yielders were IR1529.430-3 

At the second IRRI site (new farm, fertile (5.2 t/ha), IR5 (5.09 t/ha), IR9669 (4.41 tfha),soil), rainfall was generally adequate and evenly 1R2042.178-i (4.85 t/ha), and 1R2035-108-2 

distributed. An upland breeding line, IR3880-10 (4.57 t/ha). They had a high level of drought 
(from IR841-67/C22//Pelita 1-2/IR]541-76), resistance at the vegetative phase and good 
produced the highest mean yield of 4.58 t/ha recovery ability. Their yields oere not affected 
(Table Il). which was comparable with the by moderate drought stress. Abundant rains 
yields (between 4.0 and 4.5 t/ha) of several high during the reproductive phase favored the high 
yielding lowland lines, such as IR2070-423-2-5- yielding lines bred in lowland nurseries. 
6, IR36, and IR1529-430-3-1. The yields of the The upland line IR3880-10 gave a yield of 
better performing upland breeding lines- 4.18 t/ha, which was comparable with that of 
IR1750-F5B-5 and IR1754-F5B-22-and of the top yielders. Most upland breeding lines 
those slectcd from lowland nurseries-IR9669, were similar in yield to Kinandang Patong 
1R2035-290-2-3-1. and Ik9575-were not signi- (3.29 t/ha) and the improved Philippine upland 
ficantly different from those of the local upland variety C22 (3.62 t/ha). The'r yield potential, 

Table 11. Grain yieldo, maturity, end drought resltance of elected entries from three upland te sites.IRRI
 
Plant &reeding Department. 1176 wet sason. . I
 

1t1111 Santo Tomes'€ 21111new farm' Field reaction to drought' 
Variety or line Yield Matudity Yield Maturity Yield Maturity Vegetative tepoductlva 

(i/ha) (days) (i/ha) (days) (tlhe) (days) . . stag. stagme 

Check, venles 
Kinmndang Patong 2.21 bed 130 329 at 121 2.40' 1 127 4 3
 
M1.48 145 de 130 2.93 f 127 3.26 dl 126 3 3
 
C22 1.32 de 140 36e2 del 133 3.33 de 130 5 6
 

Bineding lhnes from upland nurseries
 
IR746.FSB-24 1 77 bed .. 130 2.06 gh 121 1.83' g 122 3 5•._
 

" 1R17E50,F59.5 1.85 bcd .119 324 ef 121 3.34. dl 118 "-4 ' 
i111764.FSB.22 1 99 bed 130 3.23 at 121 3.49 bcd 122 .3 5 
112992.22 2.41 be 150 3.59 dl 140 3.83 abc 138 4 7 

-1R13880-10 1.98 bed 140 4.18 cd 128" 4568 a 132 .3 7 
Breeding lines from lowlandnun,ieas 
IRS 2 19 bed 150 S.09 eb 151 3.54 ccd 140 4 .9
 

11130- 043 *1 125 226 g 113 3900 abc 115 6 8
 
11136 -,034 1 125 1.40 del 122 4.O1 abe. 122 6 "••7
 
1I19669 (IRS~iCaaeon) 3.33 a 145 4.41 abe 139 3.61 be 138 3 7
 
I11129.430-3-1 2.51 b 145 5.21 a 133 3.97 ab 138 4 7
 
182042.1!78.1 2.18 bed 146 4.85 ab 132 4.45 ab 131 5 7 
21R2035108-2 2 11 bed 140 4.S7aec 136, 3.97 ab 136 4 .,. 7 
112035.290.2.3.1 050 def 150 385 ede 138 2.86 dl 136 4 •, 7 • 
1112010.423.2.5.8 0 51 datf 145 4.28 ed 132 4.47 ab 132 89• 
111965(8P176'/Dawn) 190 bed 140 379 da 127 287 del 130 6 7 

=Any two means followed 1wN ae ltlne no significantly diffnm at the 5%level, 'Dry site. 'IntermedIate site 'Wet anid:.
 
feniklesite. 'Scale ci 1-9" 1" none to very slight affects of stes; 9 -

= all plnts apparentlyf dead. 'Yield affected by early lodging. 
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Table It Roots and other agronoc ohmacterlstsl of varietim identif led -e donors of. deeroot system. IRRI, 

Fid resistance"Plant ht Tillers Total DeepDay to (no.) root:hoot 	 rootsoot to dmoght
alations flower (cm) 

159 59 fRBantis 98 182 7 
Ku 78 92 130 a 183 69 R
 

Ku 66 84 160 18 152 67 R
 

Ma Wi 91 137 20 189 95 R
 
.	 76 RBCD 100 206 14 163 

6 168, 57 R10.A1 102 176 
176 	 194 106 R610 101 	 6 

92 	 52 7 MSIR20 (check) 82 22 

OS 4 (check) 90 1g0 17 78 28 8
 

'From mass screning by Plant Breeding Depaument. 8- resistant: MS - moderately susceptibl. 

however, is somewhat lower than that of the 	 as resistant to drought in the fields. They are 
medium maturing and intermediate to tall inlowland breeding lines, 

At Santo Tomas, IR36 yielded only 3.40 t/ha, plant height. Tillering capacity varies from 6 to 

which was comparable with the yield of Kinan- 20 tillers/plant. Among them, Ma Wai is inter

dang Patong and C22. 1R30 and IR1746-F5B-24 mediate in plant height. tillers well, and has a 

gave the lowest yields (slightly above I t/ha). high ratio of deep root to shoot. 

Eighteen entries with different levels of Species differences in root systems. The root 
of 2 cultivated species and IIwilddrought resistance are shown in Table IIto systems 

illustrate the effect of drought resistance on species of genus Orya (total of 392 varieties 

yield performance and stability as affected by or strai,,s) were examined. because the number 
of samples for each species differed widely, itsoil moisture conditions and fertility at the three 
was draw any definite conclusionsites. Kinandang Patong, which gave the lowest difficult to 

seems.mean yield, was high in yield stability. IR1754-	 from the study. It however, that the 
ratio of deep root to shoot of 0. sativa rangesF5B-22, 1R3880-10, and I R 203 5-108-2 produced 

higher yields than Kinandang Patong at the from low to high. covering most of the recorded 

IRRI new farm site and at Santo Tomas. but ratio values for other species (Table 13). 

the drier IRRI site their performance was Some strains of 0. australinsis have highlyat 
developed rhizomes, which. when separated.comparable with that of Kinandang Patong. 	 new shoots. The reserve carbohycan 
drate of the rhizomes is composed largely of

The lines have moderate~ly high levels of drought produce 
resistance and good ability to recover. The more 

drought-susceptible 1R9575 line (BPI-769/ starch. 

Dawn) and 1R36 yielded higher at the wet and 
Table 13. Species differences in root:shoot ratio offertile IRRI site, but yielded much lower at the 

unus,.
dry site. Obviously yield stability requires a e s88s. 1ln.
 

good level of drought resistance and the ability mtat.root: Deep.roo:
 
shoot ratio shot rtiotorcoe.Samples 

sp 	 Max Maxto reover 	 (no.) Mmn Mmn 

ROOT STUDIES 	 o.w/va 313 15 253 * 106 
.glabrnihsooyDprmn 	 Oln 42 36 19 14 2 
ausftallensla 4 181 , 319 41Pln.hyilg DeatenO. 	 78 

O. brachyanlha 3 55 184 8 19 

Dmors of deep-roo systems. Screening rice o bff 8 45 150 8 62. 
" 1varieties for deep-root systems by the root-box 0.9,andgu/,,*/tf#7e161 a 2 2 

7 7 S8 13 o2 74
technique continued. Table 12 lists donors of 	 Q'o. l . 
deep-root systems screened from 313 varieties 	 0. n/vas 6 :76 138 22. 62 

3 231 253 101' 114Opunctt 
for ratio of deep root to shoot. The table o.,, poo 2 59 84 16 

supplements the list in the 1975 Annual Report. spontann forms 
18,,ot/va.All the deep-rooted varieties have been rated of 0 2 52 67 13 



Table 14. Root-to-ehot ratio of weed species. IRRM. 
1976. 

Total Dpee 
Speern root:sh ot , root:shoo ' 

ratio' ratio 
, 


Ageeetum cony.oides 138 35 
Commelina benghalenss 87 38 
Digitatia
sanguinahs- 127 62 
Echinochloscolonum 103 41 
Eclipta alba 140 51 
Eleustne indice 114 45 

Ipomee Inloba 101 58 

Poiulace oletacee 68 16
 

Root systems or weed species. The root 

systems of cight weed species were examined by 

the root-box technique.The weed species, except 

Portu/aca oleracca. appear to have a relatively 

deep root system. In particular. Digitiria san

IriI(Jbi. ane
gainalli.x, i[wweurh,,and Ec/ipta ti/ha have
good deep root systems. Most of the tested 
weed species have much deeper root systems 
than the lowland imptoved varieties (Table -14) ..

Water absorption by deep- and shallow-rooted' 
varieties. Studies in 1975 demonstrated that 
.deep-rooted rice varieties have a high level of 
ability to absorb soil nitrogen and to take 
applied fertilizer nitrogen from deep soil hod-
zons. In the same manner, a deep-rooted 
variety can use soil water from the deeper soil 
horizons better than can the shallow-rooted 
variety (Fig. 10). 1R20, ashallow-rooted variety, 
can deplete soil water in the surface as efficiently 
as OS 4. In the deep horizons, however, IR20
failed to deplete water that OS 4 was able, to 

utilize. 


Environmental fatbors affecting root growth. 
The genetic potential of the deep-root growth 

hbua/t.) t,/bv) o. 
* 20 24 28 2 o 2 4 60 2 , 
0 -

I , .soil 

- % 

J40 R2 .
 

",.. •it 
 ~soil. 
0°,,.s4 as4
%,, 


NoI% 


to. DepkItion by two varieties of water at differeni soil 
depths. Samplinig was made 6days after the last watering, 
IRRI, 1976. ... . 

FR %I(%)% 
0 20 40 60 0. 20 40 60 8( 

0 
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4701' 
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Ii. Vertical root distribution (by weight) at soil depths of 
three varieties grown in root boxes and in the field. IRRI. 
1976. 

habit may not be realized under some environ
mental conditions. To supplement 1975 results. 
root development was examined in the root box, 
in the field, and with submergence. Vertical 
distribution of roots in the field differed greatly 
from that in the root box (Fig. 11). More than 
95'%of root fractions was found in the first 20 
cm from the surface in the field, apparently 
because of high mechanical impedance from 
the field soil. Soil bulk density was adjusted to 
about 1.0 in the root box, but it was much higher 
in the field, especially as soil depth increased. 

Rice roots in flooded paddy soils develop 
only in the surface soil. The reason may be that 
the root systems of lowland rice varieties are 
genetically shallow, or that submergence impairs* 
deep-root growth because it results in almost 
total lack of 0xygen in the soilexceptin the thin 
layer of surface soil, or that ahard pan near the 

surface restricts root growth. 
In most upland crops, submergence or excess

soil moisture impairs deep root growth because 
decreases partial pressure of oxygen in theRice possesses an efficient air passage

system from shoot to root. An oxygen diffusion 
model of rice roots predicts, however, decrease 

Of'the partial pressure of oxygen at the root tip 
as the root lengthens. To test that prediction, 
root boxes were placed in a water tank where 
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It Root devclopmcnt of threc varieties under uplind'and 
submerged conditions. IRRI, 1976. 

water was allowed to flow only at the soil 
surface so that no water moved downward. 

Submergence impaired the deep-root growth 
of both lowland and upland rice varieties (Fig. 
12). The finding agrees well with the prediction 
from the oxygen diffusion model. According 
to one model, relative partial pressure of oxygen
decreases from 1.0 at the base of the root to 
about 0.12 at 40 cm from the base. 

The lack of oxygen in submerged soils pre-
vents rice roots from growing deep. Thus, root 
systems of rice on submerged soil may become 
shallower because of lack of oxygen or because therefore, 	 visual scores may not be completely 

to water stress.'attributedof the presence of a hard pan. , 
• 	 Proline assay made at 37 and 52 days after 

showed that most entries ac-SOIL-PLANT WATER RELATIONSHIPS * rice emergence 
IN RICE "cumulated 

Agronomy Departmntn , 

Water stress effects at various evapotransplratlon 
levels. A lysimeter study at IRRi during the dry 
season evaluated rices for drought tolerance at 
various moisture regimes. which were deter-
mined by evapotranspiration (ET) values. Pre-

*germinated seeds were drilled into a dry 
vranulated soil in lysimneter tanks at a 20-cm 

row spacing. Soils in the tanks were irrigated 
to saturation with overhead sprinklers. Two 

rices with similar growth duration were seeded 
in each tank. 

continuousET in the control tanks (5-cm 
flooding) was measured daily. At the end of 

each week, ET values were added and the 
fraction of ET values-3/4, 1/2, or 1/4-was 
used in adding water to the respective tanks. 
That procedure gave quantitative basis to the 
control of the moisture regime based on ET 
value of a specific rice variety. One treatment 
consisted of daily water supply 25% of ET 
measured the previous day. Tensiometers and 
precalibrated gypsum blocks werc installed to 
monitor SMT. At the panicle initiation stage, 
SMT was relieved. 

The ET value was greatest (15.8 mm/day) in 
the tanks containing Moroberekan and IR1750-
F5B-3 rices with 5 cm of continuous flooding. 
ET values were highest at the maximum tillering 
stage. Because no border plants surrounded the 
tanks, ET values obtained in this experiment 
were higher than those reported in previous 
e'periments. 

Scoring drought iolerance. Initial scoring for 
drought tolerance 45 days after rice emergence 
showed that IR36 was the most tolerant regard
less of moisture regime (Table 15). lET 1444 
was least tolerant of drought stress. Scoring at 
59 days after seeding resulted in asimilar trend,
showing 1R36 and 1R2035-l117-3 as the most 
drought tolerant. The results confirmed field
screening results where both rices showed 
promise up to a 4-bar SMT. 1R442.2-58 was 
affctled by leaf blast in all moisture regimes and, 

higher amounts of proline at higher 
stress. 

on 
improved techniques for screening rices for 
tolerance for and ability to recover from drought 
stress. In 1975 a new greenhouse technique 
measured the reactions to drought stress of 
rices planted on dry soil. 

In the 1976 trial, SMT was allowed to rise 

above 30 bars instead of 19 bars as in 1975. 

Methodology studies. Work continued 
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Table 11. Drought tolerance ratins.m of 12 rlces grown at different evepotranspIraton (ET) levels. Lyslrm:er study 

in the field, IRRI. 1971 dry season..--

Drought tolwance rating 

Moisture Morb-, R170 IR1529- 1R2035. 1R442- 1R1746. 2R170 . 

regime taken F58-3 430-3 117-3 2-68 226.1. --

1/.ofE• 2 
1/2ofET
1/4 ofET 

I 
1 

1 
2 

2 
3 

1 
2' 

Continuous1/4 of ET 2 "2 4 2 

1/2 of ET 1 2 3 1 
1/4 of ET 
Contlnuous1/4 of ET 

3 
3 

3 
3 

3 
6 

2 
2 

,,1-3 5-6 


45 days Mtn rice emergence 
3 A..1. ' 

3 3 4 

2 . "3 4" 

59 dey? after rice enwence 
3 2 3'-
3 3 4 

3 3 4 

1R2071 

58..5-

6.3
 

i ; 
2 

2. 


1 
4 

3. 

;. 

8 R36 1R2153-R28 lET 

1444 26.3.5;2.
 

1 " 
3 1 
4 1 6 2 
4 1 5 1 

3 1 4 1 
4 1 6 3'
 
4 1 6 2 

1876 Stndd Evaluation forRice (SES) scal of 1-9: 1 - none to very slight of atst; 9- 'alleffects plants apparently dead. 

Figure 13 shows the desorption curve for the soil 
collected from the new IRRI farm. Leb Mue 
Nahng I I was the only variety that had 100% 
survival (Table 16). Most of the 1R442 lines died 
at high SMT, but IR4215-41-3-2 and IR4219-
64.1-3 looked promising. 

During the 1976 wet season, 84 elite breeding 
lines were compared with Leb Mue Nahng 
(tolerant check) and Morobcrekan (susceptible 
check) for drought tolerance. Figure 14 shows 
a positive linear relationship, indicating that 
the drought tolerance rating increased with 
increased SMT. Compared with Moroberekan 
and Leb Mue Nahng, IR3464-75-1-1, IR3941-
25-1, 1R4442-165-2-4, IR4422-6-2, IR4432-28-5, 
and IR3880-13 appeared promising. All had arelatively lower drought score, particularly at 

high SMT. When SMT of 30 bars was relieved 

after 65 days without added moisture (Fig. 15),
 
1R4422-6-2 and 1R4442-165-2-4 bore panicles 


Sodrrostiln~ni (% b .1 ) .Variety 

_______OO___________________/8 

.
 

40•8981-Si-35-1 


O' ! t • ! I 
0 2 4 6 8 K) 12 14 S6 1 20 

Sal nwstearaadou) 

13. Desorpulon curve (or soil from the new IRRI (arm use 
in the glreenhouse experiment. iRRI0 1976. 

. 
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while many other entries did not. 1R3464-75-l -1 
had the lowest drought score-indicating its 
high drought tolerance-but Moroberekan died 
at about 30 bars SMT. 

Plhyslologlal basis of drought-screening cr1
terla. Annually during the dry season, thousands 
of rice varieties and lines are screened at IRRI 
for response to drought stress in upland fields. 
Two visual scoring systems, one weighted by, 
leaf rolling and the other by leaf drying, evolved, 
To better understand the physiological adapta 
tion responsible for visual scores, the leaf water' 
potential (estimated from leaf Xylem pressure 
potential) of 17 diverse rices was monitored 
during the 1976 dry season. 

After cessation of irrigation, visual scoringwas done periodically by individuals familiar 
with the two scoring systems. Leaf water 

Table . Effects of highsoillmoisture tension (30 bars)
at vegetative stage (63 days without water starting 
0Idays after seeding) on survival percentage of rice 
tillers. IRRI greenhouse study. 1376 dry season. 

or line Origin Tillers (no.
plants), 

Survival 
(%) 

Lab Mue Nahng
18I4215-41.3-2 

111 ThaiLand 
Phillppines 

29 
20 . 

100
80 

8995-51-12-3 (20069) Indonesia 52 ' -9 7 
108I4219.64.3 Philippines 32 ' 50. 
8995-89-1 (20105) Indonesia 50 48 
G14-Si.66-3 (20692)

(20018) 
Indonesia 
indonesia 

39 
29 

41 
41 

1529.430.3 Phillppines 29 31 
00-.G1.S51.211(5023) Indonesia 60 - 25 
8KN 698( ;08 Thailand 59 15 
8KN 69B6-147.2 Thailand 48' 6 
Dular India .35 
IR442.2.58 Phllippilnes '59 . 0 
G11-S1.142 (5018)
18442.2.59-2-3-3 

" Indonesia ' 
Phillppines 

39. . 
59 

0 
0.. 

______________________ 
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14. Drought tolerance rating or rks under varying silmoisture tensions. IRR! grehouse, 1976 wet saon. 
'0, none to slight effects of stress; 9 - all plants apparently dead. 

potential was measured concurrently. Figure 16 high leaf water potential throughout the day 

illustrates the daily trend in leaf water potential and in the capability to increase the leaf water 

when stress was, severe and differentiation of potential overnight. Table 17 shows the response 

varietal response by visual scoring was con- of the 17 varieties. The higher leaf water poten

sidered optimal. Considerable variation is evi- tials (smaller negative number) indicate better 
dent in the leaf water potential of the varieties leaf water status or lower degree of plant water 

regardless of time of day. Extreme differences stress. 
were detected in the varieties' ability to maintain Figure 17 shows the close correlation between 

'1 
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16, Daily changes in leaf xylem pressure potential of rices 
during upland field screening for drought response. IRRI, . 0 d I 

1976 dry season. dip"00 

-35 

maintenance of leaf water potential and visual o 
drought score regardless of the criteria used. 0 
The slope relating leaf water potential and visual -25 -0 	 00 

0"
scoring becomes flatter during midday and late 0 .1600 

afternoon. Thus, the most effective time of day 
to selct for maintenance of leaf water potential -1 1 9 1 
appears to be early morning. 1 2 3 4 5 6 7. 8 9

Daily trends in leaf rolling were also observed. Visual dro=l ,resoce oe (1-9)
Leaf rolling changes during the day followed 17. Relationship between leaf xylem pressure potential
a trend similat to that of leaf water potential. and visual drought score (I good; 9 - poor). A)Visual-

scoring system weighted 	 by leaf rolling as a droughtsusceptibility symptom. B) Visual scoring system weighted
by lear drying as a drought susceptibility symptom. IRRI,Table 17. Ranking of 171divers. rice. by "leaf water 1976 dry season.
 

potential at dawn and their mtdday and latea fternoon
 
leaf water potentiale (ay, of two replications). iRftt.
 

Leaf water potential (bars) . Figure 18, however, shows that rice varieties
Variety or line 055h 13 75h 	 differ in degree of leaf rolling at a particular 

leaf water potential. Thus, caution should bealumpikhl -11.5 -29 0 -25.0 used in equating leaf tolling with the dereof 
11442-2.58 -14.8 -386 -304 .dge
Outer .- i5.2 -28.0 -28.5 • internal water stress.'IR8 "16.3 -39.2 " 34.0 Although the mechanisms involved may be
IRS -21.5. <-40.0 < -40.0
IR4071564..3 -22.5 -33.2 -30.0 many and 	 varied, avoidance of physiological1R2061-427.1.17 - 23.2 -31.5 -28.0 stress by the maintenance of high leaf water 
1142035.117-3 -23.5 -35.0 '-31.21IR2071-.105.9.1 -26.5 . -36.2 	 -27.5 potential is a primary characteristic currently
IR426 " -26.6 -37.8 -34:4 being studied in upland field sreigof rices 
11R20 . •-26.7 <-40.0 <-40.0 scennASD7 . -27.5 .35.5r -34. for drought response.

.1R436 	 -285 <-40.0 38e.6 Cutecular restsnce.. Varietal Jifferences in 
MI-48 u -29.8 <-40.0 -34.9IR1561-228"-3.3 . -38.3 <-40.0 <-40.0 cuticular resistance were reported 'in 1974 (1973
C22 <-400 <-400 <-40o0 Annual Report). To effectively evalpate this 

•13<-0. <4.0 .. trait for incorporation into the GEU breeding 
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I&LR.I:cla.... -,;ptL.,,, l..,xylem pressure potential and
 
visu,,I k.., i.il.1 j ,,,., diverse rice varielies. IRRI,
u.t..... 

1976 dry season. 

program and to develop asound screening tech
nique, more fundamental studies were initiated.
 
The studies examined the leaf characteristics
 
involved in cuticular resistance of varieties to
 
water vapor diffusion.


Figure 19 shows scanning electron micro-
graphs of two rice varieties grown in growth 
chambers at Rothamsted Experiment Station, 
England. Visual inspection of the leaf surfacesii 
and comparison with cuticular resistance values 
suggested an association between the extent 

of epicuticular wax formation and resistance 
*to water vapor movement from the leaf. 

An experiment with the West African upland 

low-light, or high-light conditions proved mote 

effective than closure in the dark alone. 
The relevance of the epicuticular wax as a 

barrier to water vapor flux was investigated. 
Cuticular resistance was measured before and 
after the removal of leaf surfac, wax by.a 2second dip in chloroform, a nonpolar solvent. 
Figure 20a demonstrates the role of epicuticular 
wax as a significant component of cuticular, 
resistance to water vapor. 

The effect of plant pretreatmcnt was studied 
by measurements on plants after two different 
water regimes-control (continuous saturation)
and stress (a prolonged period of soil drying 
followed by 	return to a sturatcd condition
 

before measurement). Figure 20b shows the 
increased cuticular resistance of 63-83 to water 
stress. This genotype x environment interaction 

has been documented in other species where it 
was related partially to increased wax deposition 
induced by drought stress. 

,
 

63-83Kx1200 R2o0,3c0 

..I
 
variety 63-83 indicated the role of epicuticularil 

* wax in the control of extrastomatal water loss. 
* The experiment also demonstrated an interest-

ing~genotype x environment interaction. Cuil-
cular 	resistance was measured during the day

afte stoatacloureby crbondioide.inafte stmata arbo In
clsureby dixide 

1973, ,the influence of stomatal resistance was 
negated when cuticular resistance was measured 

S afer adarkperod.n th 197 stdy, tomaat
afte a arkperod.In976stuy, tomta[
he 


closure induced by carbon dioxide under dark, 

]
 

63-83 x1.000 R2O x13c000 
rc:67_± 3 tc :51!"3 

.Scanning election micrographs or the leaf surfaces orfour rice varieties from varying hydrological cond,~ionr,. 
63-83 = West Afrlcan upland variety; and IRZO= Phllp
pine hybrid, irrigated lowland variety. re isthe cutlcular 
esistance (s/cm) measured for each variety (1973 Annual

Report arndcurrent report). Electron micrographa cour
tesy of Roiluamaed Experiment Station, England. 
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, Ve present when higher water potentials (> - 10.0 
1D are estimated with the pressure chambei.,m"bars) 

.a 'nWRE5 A better agreement between the methods is 
- apparent in the lower water potential range 

(< - 10.0 bars). The relative leaf resistance in 
o- these "wet" and "dry" ranges of leaf water 

potential may contribute to that observation. 
Figure 21 also illustrates the comparative 

benefit of protecting the leaf sample for pres
sure chamber measurement. The practice 
showed significant effects on correcting 4P, 
measures with respect to the 0, measured by

2U- [ the dew-point hygrometer as stan.ard The 
.0 varieties used also significantlt differed in the 

C,. *anatvi 	 unprotected control (high water potential),
&sampling observation. Dular showed an 

20. Cuticular resistancc to water vapor diffusion is reduced average of -6.5* bars difference between 
by removal of epicuticular wax by chloroform, and is average of, w6ile Rs differ b n 
increased by subjecting plants go prolonpcd wuter .tress. I', and e, while IR2035-lI7-3 showed only 
The cultivar 63-83 is of West .%Iii.dfn uplund ortgn (All - 1.0 bar. The differences disappeared with the 
measurements made after Co-induced stomatal closure.) protected sampling procedure or stressed 

(lower 	watet potential) plants. 
The conclusion is that the pressure chamber, 

Estimation of leaf water potential. The mea- when used with protected leaf samples, gives 
suremcnt of tissue water potential, especially accurate and rapid field estimates of the actual 
for field studies, is greatly facilitated by the use leaf water potential. 
of the pressure bomb or pressure chamber 
technique. However, accurate estimates of leaf 
water potential (0,1) by measurement of xylem 
pressure potential (f.) require calibration with x Ct) 
a thermodynamically based or psychrometric -40 
method. 

Measurements of 4,, were made on protected
and unprotected leaf samples of two rice 	 0 
varieties. Before excision, protected leaf samples .@0/ 
were enclosed in a damp. cheesecloth-lined, 	 o' .o 

aluminum-covered, plastic leaf holder. Un-.o
 
protected samples were exposed to ambient " 0/.". .
 

atmospheric conditions during excision and 2 
subsequent transport to the pressure chamber. . 

'The samples were unprotected inside the pres- 0 0• 

sure chamber, but a wet sponge spiral hydrated -0 : " .. ." 
the incoming nitrogen gas. During sampling, 	 ,/ 
leaf punches were made for psychrometric o .-	 " 

determination (dew-point hygrometer method) 
of t/', from a leaf that was immediately used for c 
k,,determination. 0 - -20 -30 -40 

Tghe analysis of variance indicated a highly .,,,, b,) 
significant difference between the two measure- 21. Comparison of two estimates of leaf water potential.

whenallreatentswerecom- Xylem pressure potential was mesaiured by the prerment techniques whnaltetet eecr- chamber, and l:,d w.dwr polt'ltdl by the dew-point hygpro
bined. Figure 22 shows that a greater error is meter method. 
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t23. Response surface showing leaf water potential response 
to the combined influence of soil moisture tension at 15 cm 
soil depth and vapor pressure deficit integrated through 

-25 the day. Multiple coeftiient R - 0.8l". Data from 1975 
id 1976 wet season. Cuenca. Batangas. 

-35, 
• W 1D 1400 IWO MWO extensive but similar water extracting patterns 

TOM(h at the 15-cm depth. 

22. Comparison of leaf water potential and soal moisture Soil moisture, evaporative demand, and plant
tension (30cm depth) of upland plots of two lowland and• water status of upland rice. The rice crop's 
two upland varieties or lines (no varietal difference in soil
moisture extraction was apparent at 1-m depth). Cuenca. response to water stress is often associated onlyBtangua.1976 wet season t with soil moisture. But under tropical drought 

conditions, high solar radiation, evaporative 
demand, and winds can cause significant in-

Varietal differences in water relations. During crease in the degree of plant stress (decreased 
the Wet season, monitoring of moisture in soil, leaf water potential). Figure 23 illustrates the 
plant, and atmosphere continued in an upland- leaf water potential response to water vapor 
rice farmer's field. Significant rainfall deficits pressure deficit (saturation vapor pressure
occurred only twice-July and September. actual vapor pressure) integrated through a day 
Observations during the July dry period com- in relation to SMT. Obviously through a period 
plemelnted 1975 data (1975 Annual Report) of several raivtless days. both degree and dura
which illustrated varietal differences in leaf ion of plant water stress would be affected by 
water potential and soil moisture extraction the atmospheric component of drought. 
patterns during drought periods. . A prac:tical interpretation of the effect of 

By maintaining higher leaf water potential atmospheric conditions on plant water stress 
through the day. the upland varieties M 1-48 and could lead to investigations of genetic improve-
Kinandang Patong appear to extract more ments in the upland rice crop to alleviate the 
water at lower soil depth than the hybrid low- effect of high evapor~ative demand (see Cuticular 
land semidwarfslIRI 529-680-3-2 andlIR20 (Fig. resistance). Cultural practices that ameliorate 
22). On the day the data were recorded, both atmospheric drought stress should also be 
the uplamnd and the lowland varieties showed investigated. 
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Table 1. Scoring salt Injury. IRl greenhouse. 1376SALINITY . 

Soil Chemistry and Plant Breeding Departments observation sco 

Morc than 60 million hectares of current"id Newrly normal gowth i ,leing
 

potentiatrice land inaSouth and Southeast Asia or upper halves of the learves we
potet r*tips Newrly normal growth and tlletng, butwhiteleaf 

contain toxic amounts of salt. The. varieties and roll
 

presently grown in coastal saline soils have salt G,owth and tillauIng rstwded; soe rolld • 3e
 
tolerance but low yield potential because of lea 

poor plant type ani susceptibility to diseases Growth and tillring severely retade; mot' 
leaves we rolled; only a few elongting. 5 

andinsectcomplete cssao of growth; moeleaves 
IRRI has screened more than 5,500 varieties droy; , plsnm dying .7 

from the germ plasm bank, elite breeding lines. Almost all plants dyn 9 
and the salt tolerance hybridization program. 
Two hundred and thirty-seven rices had accept
able salt tolerance. Four lines with high salt 
tolerance were found in two Pokkali crosses, varieties had no injury score higher than 3, 
and IR30, IR32, IR36, and 13 advanced breed- while the susceptible variety did not score below 
ing lines showed an acceptable degree of salt 7. 
iolcrance. . To ascertain whether salt tolerance present 4 

Screening for salt tolerance'(Soil Chemistry). weeks after transplanting persisted until ma-
During the year 4,525 varieties and lines were turity, 17 rices and a susceptible control were 
screened for salt tolerance in the greenhouse or grown to maturity in 16-liter pots in a salinized 
in an artificial saline field at IRRI; 192 entries soil with a mean EC. of 8.7 mmho/cm. Ten 
were found tolerant. weeks after transplanting, 12 entries were scored 

The salt-tolerant varieties from the IRRI as tolerant, 2 as moderately tolerant, and 4 as 
germ plasm bank were Lal Buchi, Mala Kuta, susceptible. Table 2 shows that relative grain 
Mi Pajang, Moisha Bida, Tao Binho, C8435. yield was highest in those varieties with con-
Bendang Harum, Sri Malaysia H, KLG 6987- tinuing IoW scores, 
133-2, BGI 1-1I, Ketan Kunir, PN 4 Rambagan. In -a similar unreplicated experiment, the 
Sriurdjaja, 0M5, Dee Gee Woo Gen, Saradek score 12 weeks after transplanting was highlyKolang, Siranda Tjogok, Nona Bokra, Pokkali, correlated with the score 4 *weeks after trans
and ARC 10959. planting (r = 0.88**).Seven of eight rices rated 

Greenhouse screening techniques. Greenhsuse as, tolerant at 4 weeks after transplanting on 
screening using salinized Maahas clay ir small the salinized soil (EC,-9.5 mmho/cm) gave grain
trays was completed for 2,300 entries. T'he salt 
concentration was increased to 0,5% to give an 
EC, (electrical conductivity of the saturation[ 
extract) of 10 mmho/cm, and 6 seedlings were 
planted per tray. The soils were reused wet, 
and the concentration of ,odium chloride was 
adjusted after every third test. The method of 
scoring salt injury according to the percentage 
of dead or discolored leaves was replaced by 
visual scoring on a scale of 1 to 9 (Table 1, 
Fig. i) because the visual score (il') was highly 
correlated with the leaf-count score (X): ., 

?=0.8±+l.l X r= 0.86.* n=1590 i' ' 
Figure 2confirms the reliability ofvisual sco)ring ' " 

in 20 sets of observations. The two tolerant 1.Scoring wlinity in the field. IRRI, 1976. 
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2. Frequency distributionof visual scores ror salt injury of three rices. IRRI, 1976. 

yields that exceeded 70% of the corresponding 
yields on the nonsalinized soil.. 

These observations show that the visual score 
of seedlings 4 weeks after planting in a soil 

with an EC. of 10 mmho/cm is a good measure 
of salt tolerance. 

Field screening. Field screening in two salin-
ized blocks at IRRI used 1.920 pedigree lines 

from the salinity hybridization program and 

70 entries in the International Rice Salinity and 

-Alkalinity Tolerance Observational Nursery 
(IRSATON). The electrical conductivity (EC) 
of the plots was monitored monthly and salt 
was added to maintain the EC at about 8 

mmho/cm. Loss of salt by leaching and seepage 
as well as by dilution with rain water caused 
problems.ut of 14 crosses made to 

tolerance, 60 lines that performed well in the 
IRRI saline field were subsequently tested in 
the greenhouse. Four lines from 1R4630 and 
1R4763 	crosses were highly tolerant of salt and 

also showed insect and disease resistance (Table 

3).
Each season, some moderately salt-tolerant,

lines are identified among IRRI's 	elite GEU 

agronomic*lines. Most of them have good 
*characteristics and resistance to insectpests and 

diseases. The lines are being tested in saline . 

fields in the Philippines, India, Sri Lanka, and 

Thailand. One line (1R2153-26-3) has been 
multiplied and is ready for distribution to 
Philippine farms with saline soils. 

The IRSATON entries were tested on salin-

ized and normal soils in adjacent sub-biocks. 
Three weeks after transplanting, many of the 

plants in the normal soil showed adiscoloration 
that varied from orange to yellowish brovwn. 
The discoloration was much less prominent in 

the salinized sub-block. The disorder was diag
nosed as tungro, but chemical analysis revealed 
less zinc in both the soil and the plant in the 

normal soil than in the saline soil. Apparently 
both tungro and zinc deficiency were present, 
but the effect of both disorders was less severe 

in plants on the saline soil. 

scores for salt Injury and relative grainTable 2.Msan 
a replicated pot experiment. IRRIyield of IS rices in 

grenhouse,. 176. 
Mean scoreb. Relative 

_____________grain 

4 wk after 10 wk atet yield' 
saltOuo1coses oincorporate V y or lne transplanting transplanting (, 

3.0 8.3 .. 75 71.7 2.7/1A12 

182061 .465.1.5.5 1.0 4.3 38
I828 
182071 .98.8.10 1.0 3.0 29 

1.0 1.7 65
182153.26-3-5 
i82e81-153.5-2-2-2 1.. 4.3 35 

1.7 . 3.3 41 
11R4432103-6 
flenih Kunlng 1.0 2.3 76 

g. l e 1-24 1.0 1.0 "98 
Kuslk Putih 1,0 1.3 .8 

'3.0 811.0 
Ku~nkSw . 1.0 1.0 .70 

Mles uta 

Kuatik Seral Rendath 

1:37 	 7.0 10 

- 2.0 7Marak •1.0 
Mi PajM0g 2.3 7.7 *8. 

1.7 1.0 .92..pulot Deeng Margdka 
vi inauna soi100o.'sa1nj.ury 

-
scoreequivalenta are inTable 1. 
Rlalv.uain yeavi nnrmlsf 
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TA . Rentiow of fow elt.toleneM lineto dheom aW lseect poet. ItIW, 1I7.
 

Score'
 
SCOW. 

Une Sewca lacowlal Brown Green 
loafbght "6lut Turngro pbanhpe 'hoppu 

IR4630-22-2-6.1 • 43606 1 1 1 1/9 1

1 	 1/91A430-22-3.3-2 4)611 1 1 1 

IR4763-141-2-3-1 43613 .1 1 1 3 .. 
iR4763-145.1.2-3 43692 1 1 2 .1 1/9 

- ringfrom"Scoe Isby a rtog fronlI to 9with I no symplo and 9 - plants almotded.Score 1/9 results :o9. 

In an unreplicated test of 60 entries in a tungro-resistant advanced breedinglines, which, 
saline soil in outdoor concrete beds, the five in some cases, were moderately salt tolerant. 
top yielders were 1R2071-588-5-4-5, IR32, Bilat Four lines with high tolerance for salinity 
Kolom, IR36.and 1R2070-433-2-5-6. were found in two crosses involving Pokkali: 

Breeding for salinity tolerance (Plant IR4630 (Pelita /Pokkali//IR2061-464-2/IR-
Breeding). Of the varieties from the germ plasm 1820-52-2) and IR4763 (iR2935-290-2/Pokkali 
bank that had ben previously idcntified as salt //IR2035-290-2/lR2061-464-2). 
tolerant, Annapurna, BR4-10, Getu, Khao Fourteen advanced breeding lines from the 
Dawk Mali 105. Kao Tah-Haeng, Kalarata general breeding program and two varieties 
1-24. Nona Bokra, Orkayama, Patnai 23, Pok- showesd a level of salt tolerance only slightly 
kali, and SR 26B were used in hybridization, inferior to that of the salt-tolerant line 1R2153-
Because those varieties are either tall, photo- 26-5-2. Table 4 lists the lines and varieties and 
period-sensitive, or poor, short-season rices, their parentage. 
they were backcrossed with improved lines that Although breeding emphasis was on salt 
have moderate salinity tolerance, such as tolerance, attention was paid to breeding photo
IR2153-26-3, IR2035-290-2, and IR2071-88.. period-sensitive, intermediate-stature rices that
Subsequent crosses were made between ima- .could stand waterlogging. Rices with those 
proved tolerant varieties and newly identified, attributes are needed in coastal saline areas 

that have a monsoonal climate. 

Table 4. Salt-tolerant vavletles end edvenc d breeding 

ine. tnll. 1376. 	 ALKALINITY 
DnJlnntion 	 Pej Soil Chemistry and.Plant Breeding Departments 

1130 iR24ITKM 6//lRZo/.o ,,hw, 	 There are more than 370 million hectares of 
136 111561 94-813.~i2'O alkali soil in the tropics and subtropics. They 

1R2035-290-2-1-1 1R141 6-1 28.O/iR1364.37-3. canl be-reclaimed by application of gypsum and 
1,lill5-2,,i,4'O leaching. During reclamation-usually about 

i82056.78e.-2.3 i,1416.131.5/i11364.37.3. :'5years-alkali-tolerant rices can be grown in 
-- 1//111366.120/iR1539.111

1R2061.465-1.5.5 IR833.6-2.1.1///111561-149. the moderatcly alkaline areas. 
*1/1-R24'1O. nit Since the start of its GEU program, IRRI 

IR2061-522-8-9"

1R2070.,161-1-3-6 i120'/O n/veall/CR$4-13 , has screened 6,052 rices for alkali tolerance. Of 
I12070-423-2-5-6 . " that number 357 were found tolerant. Alkali-
IR071-8--10 1115581.225 1-2/1R1737//94-13

JIZ2071-106-4 '" tolerant varieties from the germ plasm bank 
132071.46e.6.4-. were used in the breeding program. The breed
I12163.26-3.5.2 "lR1541.102.43//R20"/O. ing lines' 1R4427-28-3-2 and 1R4227-104-3-3-I 

n/,,ee showed outstanding alkali tolerance and, with 
•16113422C 411/-120.e n/va• about 30 other breeding .lines, are ready for 

142036.4. IR6391 2537/CR 9-3/n0 	 field testing in Australia, Chad, India, Mexico, 
Pakistan, and Peru. Wthere the alkali problem 
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within 
nine inthe Se1ieted Yield Trial. 1676 wet esen. 
Table ". Dleulbution of adkalinity tolerance 

Caosse 


14422,.F6 
IR4427;FS 
iR106. F 
1Rl4707.FS .1R4442}
IR5"201 F5 

____Yild 

Score of(sknsty) toieNmce 

1 2 3 45 

6 7 6 
.2 1 3 3 8 

2 
3 4 1 1 


2 6 

6 7 Mean Tot 


1 3.5 20 
8 2 1 0.0 26 
4 6 2 6.7 13 

3.2 9 
4 21 58 14 

IR4427: IR2065.451.?1R4422: IR2049.134-2/IR2061-125-3. 
2/IR2061-44-4. IR5105: 3iR841.86.1.1/1R2061-464-4. IR.2 8.3 . . IR4442:4707: IR1888.16/lR2061.213.2//IR1661-22. IR5201. 111820.52.-2/R2061-IR2061.464.2/iR182052
464.2. 11 w no symptoms. 9 - plants almost dead. LSD 
1.8 and 2 3 at 5%and 1%. respectively, for 2 lines within 
sm cos 

is severe. Nine breeding lines had greater alkali 
tolerance than varieties from alkali-affected 
areas. 

Screening for tolerance. Of more than 4,400 
entries screened for alkali tolerance, 230 entries 
exhibited tolerance. The alkali-tolerant varietiesfrom the germ plasm bank include 60-283, Bali 

the germBlasmbank, iud 6-2, Bri-from 
1, Bali 2, Basmati C622, Burarata 4-10, Cheri-,rpp, Gia19 aeag.7,Nbtt 

viruppu, Giza 159, Karekagga 78, Nabatat 

(2), Urarkondam, Cadung Phen, Pulut Can-
teng, Joalbanga, Kumari, AC 440, Billekaga'Ratrio (I),Ratri (2 ),79hCadung Ket L, 

Luno6,Bri,Dao Phung Lunio(,h ;/ aung Kt 
Doc hunPhngLunLn A 16,Berin, 


aodarDA-9. Bezr amt 7,A-
A-2, Bezer Basati370.Ai-
Damoar, 


nan tsao-l, and MI 273 (all of which had earlier 
shown alkali tolerance), and several .advanced 

bretding lines with high tolerance for alkalinity 
were'-used for"hybridization. Many advanced 
breeding lines showed greater tolerance for 
alkalinity than Damodar, DA-29, and others. 
Those lines include 1R1628-632-l, 1R1632-93-
2-2, 1R1820-.210-2, 1R2035-290-2-l-l, 1R2053
436-1-2, 1!R2058-78-lI-3-2-3, 1R2073-86-li-2, 
1R2061-465-l-5-5, 1R3941-97-l, IR4227-164-l-

3, 1R4227-28-3-2, and 1R4227-104-3. 
' 

In addition, 43 lines' of 450 entries of the. 
'1976 wet-se-ason Replicated Yield Trial (RYT) 
were identified as highly tolerant of alkali, 
Alkali-tolerant varieties with highyield poten-, 
tial ar'e available to countries-where alkalinity . 

*is aserious soil problem. 

Table 0.Correlatlon between tolerane for alkalinity 
and egronomic characters In .416 entries in Replicated 

Trial. lII. 1976 wet Mseon. 

Panllces 
(no) 

Plant 
ht 

AtkalInty tokafce 
Panicle numb 

-0.13' -0.17" 
-035*" 

Plant height 
Matuitydate 
n*s not lsgnificnt at 6% rlveL 

Maturity YialdO 
dlte 

-0.11" -0,17" 
-032" -0.38" 
-0.51" -0 06' 

-0-0106 

Bcause of space limitations, emphasis was 
placed on screening thc advanced breeding lines
the 
included in the RYT, the Observatiorial Yield 

'.Trials (OYT), and the Hybridization Block. In 
the RYT the reactions of plants within a cross 
and among crosses significantly differed (Table 
5, Fig. 3). Alkali tolerance was positively cor
related with improved plant type (Table 6).. 

Screening technk.3.s. Both greenhouse and 
field screening used Maahas clay amended with 

at aet icap f8386sdusddium carbonate to give a pH of 8.3-8.6. 
Much less alkali than salt was lost by leaching,

surface r-unoff in the salinizedseepage, and ufc uofi h aiie 

fields. A zinc deficiency that affected earlier 
seae n 

Asmar, Sabieny UAR, Pokkali, Nagpili, Getuwascorrected by 
the application of zinc sulfate.
 

e catioof inc sulat.n = 1,066) between the visual scores and the 

scores based on the percentage of dead and 
discolored leaves, visual scoring was used in 

both the greenhouse and the field. Scoring of 
alkali injury isoutlined inTable 7and illustrated 
i i.4 
i i.4
 

Table 7. Scorng alkli) injury' in M~iNIl greenhouse and 

fOld. 1976.. 

' otieewvaton score 

Nearly normal growth an tillering
 
Nsrty normalgrowth andtllledlng.but laf
 
tips or 
uppel halves of the leanes discolored
 

Growth and tilleing retare,. soe leans
 
'
 diacOoo, . 

Growth and tilleingeaee,e tar,,ded; m~st 
leaves jiscolored. only aefew elongating 

"rc°olet cesationof,,owth. most leave~r ,, 
dm , plats dying .som 

".
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HISTOSOLS 
Soil Chemistry Department 

o 2 3 4 5 6 7 8 9 Histosols, or organic soils, cover more than 30 
Sof san ow'o'a million hectares in Southeast Asia that are suited 

of alkalinity tolerance among the entries .to rice production. Of that area more than 27 
" 3. Distribution 

to Replicated Yield Trial. IRRI. 1976 wet season. million hectares are in Indonesia. Preliminary 
tests at IRRI with 195 rices on three Histosols 

L.S.D. - .vel, ipnively,2.2 and 2.9 at 5 % level and I%l *.dicated marked varietal differences in toler

ance for the adverse effects of the three soils 
- (Fig. 5).

ACID SULPATh SOILS -" Fifteen rices were grown in pots on a peat 
*Soil Chemistry Department (pH: 6.0; O.M.: 36%; available zinc: 0.8'soil 

• - ppm)..None showed normal growth, but among 
*Acid sulfate soib> occupy morethan 15 million those with, the least injury were 1R20 and 
.hectares of the subtropicsand tropics that arc IRI5 14A-E666-two rices that have consis
climatically and physiographically suited to rice. tently shown tolerance for zinc deficiency. The 
Nearly 10 million hectares of that. land are in variety E425, used as thesusceptible, chec:k in 

,South and Southeast Asia. Submerged, acid screening for zinc deficiency, fared the worst.
 
sulfate soils remain nearly neutraland may b
 
suitable for ricc. But a rice crop on a submb~rged
 
acid sulfate soil may suffer from aluminum
 
toxicity in the early stages of submergence,
 
and may suffer as well from iron toxicity or
 

*phosphorns d:eficiency. Rice varieties, with re-"
 
sistance to or tolerance for those problems can ..
 
grow on 'moderately acid soils without costly, qL /i! : , 


/
recurrent expenditures. .. .

Because acid sulfate soils vary greatly in
 

q
chemical and hydrological properties, screening q 

for tolerance is best done where such soils . .i, l 4' 

occur. Arrangements were initiated in 1976 to ~ 
start such screening in the Philippines and in di'a 

* Malaysia. ' . Vadetal tolerance (or Hiatosol problems. 11R8, 1976. 
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Histosols vary so much in *composition and 
hydrology that screening is best done in situ. 
In a test of 180 rices at Kalayaan,. Laguna, 
Philippines, 15 were moderately tolerant. Five 
of them were IRRI advanced breeding lines--
IR2070-413-3, IR2307-112-3, IR4227-103-1, 
IR4432-103-6, and 1R4683-54-2. 

IRON-TOXIC SOILS 
5oil Chemistry and Plant Breeding Departments 

Iron toxicity of rice occurs on strongly acid 
Oxisols, Ultisols, and Histosols, and. on acid 
sulfate soils. It has been identified as a problem 
in the Philippinds, Malaysia, Indonesia, Thai-. 
land, India, Sri Lanka, Liberia, Sierra Leone, 
Senegal, and Colombia. • 

Nineteen of 279 rices screened in the IRRI 
greenhouse during the past 3 years were found 
tolerant of iron toxicity. The insufficient amount 
of a suitable soil hampers greenhouse screening 
for iron toxicity. 

Screening techniques (Soil Chemistry).,Several 
strongly acid soils were studied for use in iron 
toxicity screening and only a red-yellow-pod-
zolic soil from Taiwan maintained a high 
concentration of iron in the soil solution after 
submergence. The qbantity of that soil available
permits screening 60 entries at a time. Screening 
by solution culture is difficult because of oxi-
dation of ferrous iron. Screening with sarI 
culture or amended Luisiana clay holds promise. 

lET 1444, IR2031-238-5, and IR2151-190-3, 
have been made. 

A mass screening project for iron toxicity 
was initiated in cooperation with the Central 
Agricultural Research Institute of Sri Lanka. 
About 400 breeding lines from RYT, and 250 
breeding lines from the first group of OYT are 
being tested in Sri Lanka. Also included are 36 
varieties and breeding lines from IRRI and 24 
varieties tolerant of iron toxicity. 

ZINC DEFICIENCY 
Soil Chemistry and Plant Breeding Departments 

Zinc deficiency is the third most important 
problem tha't limits the yield of wetland rice. 
It occurs, on alkali, calcareous, and neutral 
soils, on H-istosols, and on continuously wet 
soils regardless of pH. In Asia the deficiency is 
found in the Philippines, India, Indonesia, and 
Sri Lanka. 

Of 6,768 rices that IRRI screened for zinc 
deficiency in concrete beds and in the field, 171 
were moderately tolerant. IR30, IR32, and 
IR34, and many IRRI breeding lines were 
tolerant. 

In IRRI, the symptoms were generally most 
severe on Lipa clay loam (pH: 8.2; O.M.:
10.0%; available Zn :.0.2 ppm) and on Langa 
silty clay loam (pH: 5.8; O.M.: 3.2%; available 
Zn: 0.6 ppm). The varieties differed in time or 
appearance'of symptoms, intensity of the symup-

Screening for tolerance for iron toxicity (Sodiltoins,and speed of plant recovery. By those 
Ghemliry and Plant Breeding). In 1976,.120 
entries (mainly 1976 elite breeding lines) were 
screened in the greenhouse, and 750 entries 
were field screened in Sri Lanka. 
•In" the greenhouse tests, tolerance for iron 

toxicity was shown by 1R20, 1R29, 1R32, Banih 
Kuning, Kuatik Putih, 1R2070-413-3, 1R2071-
137-5, 1R2071-586-5, 1R2307.217-2, 1R2798-
88-3, 1R2798- 115-2, 1IR2863-38- 1, 1R3864-2 17-
I, 1R4427-164-l, and IR4613-54-5. Several of 
these breeding lines, some of which were more 
tolerant than the tolerant controls Pokkali and 
Devarreddi, included one or more of the sources 
1R20, 1R1416-131-5, and CR. 94.13,. found 
earlier to be tolerant of iron toxicity. To in-~ 
crease the existing .level of tolerance, crosses 
using Cadung Go Gung 1601, Mahsuri, 1R34, 

criteria. E425 was the most susceptible and>" 
1R1514A-E666 the least susceptible. 

The varieties also differed in color of the 
affected leaves. All varieties showed a charac
teristic blanching of the base of the emerging 
leaf 2 to.4 weeks after sowing1 A week later, 
brow& spots were clearly visible on all leaves 
of E425 and 1R26 (susceptible varieties). The 
older leaves then turned brown and brittle. 

In "IR4-l1I (moderately tolerant), the older 
leaves turned yellow without displaying brown 
spots, and then became brown and dry. In 
1R1514A-E666 (tolerant), only a slight yel
lowing of the older leave-s was observed. 

E425 died on Lipa clay loam and hardly 
recove're on the .other soils. After 6 weeks, 
1IR26 and 1R4-11I recovered on all soils except 
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Lipa clay loam and Langa clay loam, on which 
the recovery was slight. 

Because of varietal differences in the mani-
festation of symptoms, zinc deficiency may be 
mistaken for nitrogen dcficicncy, or iron toxic-
ity, which ischaracterized by brown spots and 
orange-brown discoloration of older leaves. 

Screening for tolerance for zinc deficiency. 
IR30, IR34, and many of IRRI's breeding lines 
that arc tolerant or moderately tolerant of zinc 
deficiency, were grown on the slightly zinc-
deficient soils of IRRI. They emerged without
specific selection for zinc deficiency. 

Screening 1,768 rices on a moderately zinc-
deficient soil in concrete greenhouse beds 
showed 278 tolerant, 458 moderately tolerant, 
773 moderately susceptible, and 263 susceptible. 

Among 3,391 varieties from the germ plasm 
bank and 43 elitc breeding lines, 171 were found 
moderately tolerant of severe zinc deficiency in 
afarmer's field at Tiaong, Quezon, Philippines. 
The most tolerant varieties were BG90-2, IR20, 
and IR34. The best breeding lines were IR2070
423-2-5, 1R2071-137-5, IR2307-64-2, and 
IR2823-399-5. 

The Tiaong tests revealed two aspects of the 
plant's response to zinc deficiency. Brown 
lesions appeared at the four- to five-leaf stage 
and the plants died when the deficiency was 
severe; when the deficiency was not severe, the 
plants recovered, manifesting strong varietal 
differences, 

Screening techniques. Zinc deficiency has been 
observed on soils with pH of 5.4 to 8.7, from 
1.7 to 37% organic matter content, and from 
0.4 to 1.8 ppm available zinc. Screening isbest 
done in the environment inwhich the deficiency 
occurs. If the deficiency isacute, no variety may 
appear tolerant. 

PHOSPHORUS DEFICIENCY 
Soil Chemistry and Plant Breeding Departments 

Phosphorus deficiency occurs on millions of 
hectares including Vertisols, Ultisols, Oxisols, 
and acid sulfate soils. Some of those soils not 
only are low in phosphorus but also fix large 
amounts of applied phosphate fertilizers. 

Of 314 rices (chiefly 1976 elite lines and OYT 
and RYT entries) screened inaculture solution, 
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74 were found tolerant of phosphorus deficiency. 
Outstanding among them were IR28, 1R29, 
IR30, IRI5I4A-E666, IR2061-464-2, 1R2061
465-1, IR2061-628-1, and IR2061-522-6. Five 
hundred entries are being field tested in Sri 
Lanka and 40X in the Philippines, on phos
phorus-deficient soils. 

Of 30 varieties grown on a phosphorus
deficient soil in a replicated field experiment, 
1R8, IR34, IR2071-586-5, IR2153-26-3, 1R2832
141-2, and IR4432-103-6 gave grain yields ex
ceeding 4 t/ha in the no-phosphate treatment
and produced yield inccases of less than 25% 

where 25 kg P/ha was added. Th,-se varieties 
may be considered tolerant of phosphorus 
deficiency. Other rices that have consistently 
shown tolerance for phosphorus deficiency are 
IR1514A-E666, IR2061-464-2, IR2061-465-l, 
and 1R2061-628-1. 

IRON DEFICIENCY 
Soil Chemistry Department 

Iron deficiency is an important factor limiting 
the growth and yield of upland rice on most 
soils. It also limits yields of wetland rice on 
alkali soils and, regardless of pH, on soils that 
dry out when the rains fail. 

Work at IRRI has shown that varieties
markedly differ in tolerance for iron deficiency. 
The traditional upland varieties are less sus
ceptible to iron deficiency than are wetland 
varieties. Of the iR hybrids, 1R1561-228-3 is 
one of the most tolerant. 

MANGANESE AND ALUMINUM TOXICITIES 
Soil Chemistry Department 

Manganese and aluminum toxicities limit the 
growth of upland rice on acid Oxisols and 
Ulcisols. The typical upland varieties Palawan, 
Azucena, OS 6,and M 1-48 have high tolerance. 
IR1754-F58-23, ahybrid between 0S 6, a typical 
upland variety, and an improved line showed 
remarkable tolerance for manganese and alumi
num toxicities. Among the most susceptible 
were Peta and 1R20. 
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ETTHAILAND AND 
BREI 
That.IRRI Cooperative Deep-Water Project and 
IRRI Plant Breeding Department 

The current deep-water rice breeding program 
primarily concentrates on improved semidwarf 
and intermediate-height varieties that tolerate 
water depths ranging from 50 to 150 cm. About 
50% of Asia's rice isgrown in such water depth. 
By using floating varieties in the crossing 
program, it may be possible to retain, in 
addition to elongation ability, such characters 
as fast seedling growth, photoperiod sensitivity, 
and drought tolerance, 

300 cm) isalso under way with basic studies on 
such characteristics of the traditional floating 
varieties as "kneeing," nodal roots, and tillering 
at the upper nodes. 

The breeding lines that resulted from the 
numerous crosses made in 1976 were screened 
both at IRRI and in Thailand for the different
important characters needed in deep-water rice 

areas. The promising lines from IRR1 and from 
other countries were planted at IRRI for seed 
increase and subsequent distribution to other 
plant breeders.With the use of F, and F4 material (parent- 
progeny regression), the heritability of elonga-

tion was estimated in two crosses of an ordinary 
semidwarf line with two Thai floating varieties. 
The highest value for one cross was 44% , that 
for the other was 35%. The results suggest that 
screening tests for that character should be 
repeated during several seasons to ascertain the 
readings obtained. The information should be 
useful to breeders who have begun to make such 
crosses for their own programs. 

A recently concluded study viewed the elonga-
tion ability of segregating lines in relation to 
their respective seedling heights before the 
increase in water depth, and also in relation to 
their respective plant heights in a parallel 
shallow-water planting. A strongly positive 
correlation was obtained, which suggests that 
plant height in shallow water is an important 
variable contributing to elongation ability. 
Elongation tests should, whenever possible, 
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group those entries without too much difference 
in plant height. 

Semidwarf types are being bred for greater 
tolerance to complete submergence, an advan
tage for plants that do not elongate but are 

planted in places where floodwater recedes 
rapidly. 

SCREENING DEEP-WATER RICES FOR 
DROUGHT TOLERANCE 
Agronomy Department 
in rainfed, deep-water nce areas, an early 
seeding date assures seedlings of sufficient size 
when elongation is required by rising water 
levels. However, the uncertain onset of monsoon 

rases the resirisk f erypatin
creases the farmer's risk from early planting. 

Greenhouse, phytotron, and field screening 
techniques developed at IRRI identified varietal 
differences in response to seedling-stage 

drought.The results are inTable 5,p. 110, andillustrate the great difference among rice germplasm of different geographical and hydrological 

p o 
origins. The results show that drought tolerance 

and deep-water tolerance can be incorporated
into the same variety. Several traditional varie
ties of deep-water origin as well as some selected
hybrids attest to that concept's validity. 

RESPONSE TO WATER DEPTHS OF 
SEMIDWARF LIE WIT ELONGATION 
ABILITY 
Thzai-IRRI Cooperative Deep- Water Project 

Exposing four new photoperiod-insensitive, 
deep-water, experimental lines to increasing 
water depths of 5, 50, and 100 cm during the 
1976 dry season generally decreased their grain 
yields, but the decreases were not statistically 
significant (Fig. i). The near-zero yield of the 
nonelongating entry (RD7) at a 100-cm water 
depth suggests the advantage of the new semi
dwarfs with elongation ability in areas where 
flooding for long periods of time is a problem. 

Although the entries used were relatively 
photoperiod inrensitive, they exhibited delayed 
flowering at the 100-cm water depth. That 



YIWd(q/sq M)
 
600
 5m LS0 05 's 107 iern 

50cm1 D 

100 cm 

400 j 

300 t- = 

200 

100 E- t 

QKN BKN 6987- BKN 6987- T442 RDT6906- BKN £96-
106-13 128-2-3 141-11 160-1
 

Vnmly o Isv
 

1. Yields or six varieties and experimental lines of rice grown at 13 water depths at the Huntra Rice Experiment Statlon. 
Thailand. 1976 dry season. 

suggests competition between the elongation The results suggest that the elongation 
process, and the leaf- and panicle-formation character can be transferred to ordinary high 
processes. The delay in flowering may also be yielding varieties without sacrificing grain yields 
seen in the photoperiod-sensitive varieties so (Table 1), and that the new lines for deep-water 
that flowering dates, although controlled by day rice areas can be used in shallow-water areas. 
length and therefore relatively fixed, may vary 
depending on the water regime. SCREENING FOR ELONGATION ABILITY 

Except T442-57, entries with elongation Plmn: Breeding and Plant Physiology Depart
ability showedl no significant yield increases ments 
with added nitrogen. That result may be partly 
due to high soil fertility as evidenced by the An additional 311 entries from the IRRl germ 
high yields without added nitrogen. The results plasm collection were screened for ability to 
obtained with T442-57 suggest, however, that elongate when subjected to a 1(K)-cm water 
nitrogen fertilizer can increase grain yields even depth. The varieties with good elongation 
under medium water-depth conditions. ability, erect tillers, and relatively high tiller 

number are shown in Table 2. 
MULTILOCATION YIELD TRIAL More than 500 lines from the IRRI crosses 
Thal-IRRI Cooperative Deep-.Wager Project - were also screened; the few plants that showed 

good elongation ability will be further evaluated. 
A multilocation yield trial of 25 new photo- Backcrosses or better materials may be needed. 
period-insensitive, deep-water lines and 2 high The tested IRRI crosses and their parents were 
yielding varieties were conducted under shallow- * 1R5857 = Tarao Bao/1R2055-481-2// 
water conditions on Thailand's Central Plain. 1R2061-214.-3-6 
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Table 1. Grain yield of some deep water.tolrant line 
grown under aelow-water conditions. Data from the 
multllocatlonai yield triM of 25 lnee and 2 high Vieding 
varieties. Control Plain. Thailand. 1076. 

Selection number 	 Yield (t/ha) 

BKN 6986-68-7 4.3 

8KN 6986-136-2 4.2 

BKN 8986.108-3 4.1 

BKN 7022-6-4 4.2 

8KN 6986-68-2 4.1 

BKN 6986-128-2.1 4.1 

RD7 (control) 43 


* 	1R5890 = CR94-13/Saleth Yuon Vear// 
IR2055-462-3 

* 	1R2956 = Kekowa Bao/1R2061-213-3// 
1R34 

* IR9290 = Tarao Bao/IR2153-26-3// 

IR2153-26-3 


Several lines from the IR5857 cross had 

elongation ablity and good plant type. Some 
lines from crosses made in Bangladesh were 
also screened for rapid elongation. 

SCREENING FOR SUBMERGENCE 
TOLERANCE 
Plant Physiology Department 

About 1,500 varieties from the IRR! germ plasm 
collection were screened for submergence 
tolerance. Several varieties, which had good 
submergence tolerance (Table 3), will be furtherevaluated as possible entries into the hybridiza-
tion program. 

A total of 1,532 lines, whaich represent the 
progeny of 59 crosses, were also evaluated for 
submergence tolerance. Many IR lines were 
identified as highly tolerant even after 7 days of 
complete submergence in water at the seedling 

Table 2. Varieties with rapId rate of internode elonga-
tion. erect tillers. and god tillering catpacity screened 
from 311 entries IRRI. Selptember. 10)76. 

Tller Plait 
Variety Country angle ht Trillers 

(') (cu) (no.) 

81r-Co-Shoe.Yen-Tsan China 19 97 21 
Kendal Mordo Portugal 21 83 13
 
Lung.An-Shuang.Chlang Pal China 20 91 20 


Nen-Oh ChIna 21 104 18-
OesW~ed india 23 96 14 
Thou-46.16 ChIna 20 103 15 
Thou-Dau-gBr-Goo Chlns 22 105 13 

Thou.Hesu-Dau China 24 94 20 
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Table 3. VarIetles tolerant of oubmergence. screened 
from 160 varletles undw severe taoting condilona." 
IRRI. August 1976. 

Valety Acc. no. Origin Survival 
(%) 

Betichlkon 26303 Bangladesh 46 
HIda 26471 Bangladesh 45 
ARC 12038 21853 India 38 
Kakua 26482 Bangladesh 33 
Duda Mono 28335 Bangladesh 28 
Peal Torong 28411 Bangladesh 28 
Cal Don 26196 Vietnme 28 
ARC 12059 21874 India 25 
Laha dup 26387 Bangladesh 23 
Dudhsar 26458 Bangladesh 23 
ARC 12037 21852 India 20 
ARC 12172 21960 India 20 
ARC 12603 22108 India 20 
ARC 12800 22186 India 20 
Dop Sadl 26328 Bangladesh 20 
Kalka 28381 Bngladesh 20 
Kantal 26489 Bngladesh 20 
SML Temeln (check) 10870 Surinamn 15 

Nam Sagul 19 (check) 1142 Thailand 1 

'RIeged from previously screened varieties reported a equal 
to or better than Nam Sagul 19. Seedlings were submerged to' 
8 days Instead of 7. 

stage. Lines from IR5857, IR5853, and IR5825 
were selected for their high submergence 
tolerance. 

tTESTING FOR KNEEING ABILITY 
Thai-IRRI CooperativeDeep-Water Projectand 
IRRI Plant Physiology Department 

After the internodes have elongated and the
floodwaters have receded, deep-water plants 
usually lodge. The varieties for deep-water rice 
areas must have the ability to bend ("knee") 
toward the vertical axis so that the first three 
leaves are above the water level. The "kneeing" 
ability prevents the decay of the leaves, provides 
better leaf arrangement, puts the panicle above 
the reach of feeding fish, and prevents seed 

dmg ywtr
A simple test was developed to screen rice 

plants for kneeing ability. The kneeing test is 
best conducted on plants that are at least 2 
months old. The soil is carefully cut around the 
base of the plant and the plant is gently pulled 
OUt. The pulled plants are placed horizontally 
on the puddled field (Fig. 2). Eight days later 
they are scored for kneeing ability, according 
to the reactions shown in Figure 3. The test 
should have at least four replicates.

Of so entries tested, ARC 5955, BKN 6986-29, 

http:Thou-46.16


2. A kneing ability demonstration plot shows improved lines with good L;,aecing ability 4 days after horizontal placement 
in a puddled soil. The front center of the plot shows T442-57 a line with no knecang ability. Huntra Rice Experiment 
Station. Thailand, 1916. 

BKN 6986-59-12, BKN 6986-58-I, and BKN (day length at the panicle initiation stage) is not 
6987-225 showed good knecing ability, a good criterion to use in predicting the possible 

flowering date of a photoperiod-sensitive variety 
PHOTOPERIOD RESPONSE OF FLOATING (Table 4); the range obtained was too wide to 
VARIETIES be useful in predicting the month of flowering 
Thal-IRRI Cooperative Deep-Water Project for a particular variety at a given latitude. 

The best method to date for determining the 
Cooperative field and greenhouse studies were flowering behavior of a variety in a specific site 
conducted insix different latitudes to determine is to grow the variety at that site. However, 
the photoperiod response of 17 deep-water rices, plant breeders can 

1k 
narrow down the number of'A 

The studies will allow prediction of the reaction lines to be introduced into another country by 
of the new breeding lines when they are intro- planting a deep-water rice variety from that 
duced into other latitudes. country and selecting the lines that flowered 

The results indicated that critical day length more or less at the same time as that variety. 

Table 4. Estlmated day lengtha at panlcle Initiation of elected deep-water rice varieties from the 1375 DeepWater 
Rice Flowering De Survey planted In elm locations.' 

Estimated day length (h) 

Vwlety Kelimantan Colombia Thalland West Bengal Bangladesh U. Pradesh 
BanJlwmwln Palmka Bang khen Chl naurah Dacca 0 hograg hat 

3"20'S 4'00N 14"00' 2"52kN 24"00N 27"00'k 

Leb MuekNahngll 111 56 12 09 11 54 na. 11 36 11 19 
HI~agnjA1I 11 56 12 16 12 32 12 28 12 42 12 20 
Hab~ganJA2 11 56 12 14 12 25 12 14 12 34 12 18 
Kekoa Bao n.a. 12 11 12 26 12 12 12 57 12 16 
Kalw HIIwa na. 12 06 12 03 11 51 11 47 11 37 
Lakll92 11 56 12 14 12 31. 12 21 12 21 . 1207 
GowalB4 11 58 12 06 12 19 12 07 12 11 12 04 
ARC 5955 11 57 12 18 12 57 13 12 13 37 13 13 
Beabish 11 56 12 16 12 23 .11 53 12 15 11 17 
Sart Ikrahamn n.e. 12 07 12 00 nao. 11 44 . 11 34 

'na. a Oiva not avalle. 
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Table 5. Effect of oisture strn on the eWgation
ability of Lob Mun Nohng Ill and IR442-2-U subrged
for 8 days. 

Plant ht(cm) Internode length (cm) 

Sunes pwirA 
(dey) Before Aft Before After 

•sub- sub- sub. 
 sub
 
nurgence nwgonco mergonce mergence
 

Lo~bMoue Nehng I I 

Tillernglograter th4 for 50% 	 12 65 69 0 0
 
Of tiller 	 8 72 114 0 3.6 

4 87 143 0 240 
0 101 155 0.6 30.0 

IR4422-4
 
12 52 49 0 0 

58 64 o 1.0 
4 4 65 80 0 7.3 

0 66 93 0.2 11.9 

then W for 25%3 Tillerangle gresterof tillers plants' dying or suffering because of stress from 
drought. Varietal improvement, therefore, in
volves both the ability to elongate at an early 
stage and drought tolerance at the seedling stage. 

The ability of floating rices to elongate under 
deep-wiser conditions may be affected by 

Maximum tiller nle Isim than 45" drought stress. An experiment was conducted 
for 50% of tillers (TIller angle greater to study the effect of drought on the subsequent
than 45 for1 or 2 tillers) 	 ability of floating rice to elongate when sub

merged. 
Seeds of Leb Mue Nahng I I I(LMN II)-a 

typical floating variety from Thailand-and of 
IR442-2-58-a line with some ability to elongate 
-were sown in pots. The soil was kept at field7 Maximum tiller angle leu than 30 	 capacity until 26, 30,and 34 days after seeding, 
and then water was withheld for 4, 8, and 12 
days, respectively. The plants were submerged 
in water 2 days after rewatering, and the water 
level was increased at the rate of 30 cm/day. A 
100)-cm depth (third day) was maintained for

~5 	 days.9 No kneeing Drought stress 'definitely inhibited the 
capacity of LMN Ill and 1R442-2 -58 to 
elongate (Table 5). Plant height after submer

3. Score system ror knecing ability inrie gence was inversely proportional to the length 
of time that water was withheld before sub
mergence. The shorter plant height was reflected 

BASIC STUDIES in the shorter internodes. Plants subjected to 
Plant PhysiologyDepartment drought for 12 days did not produce any

elongated internodes and showed no significant 
Drought stress and elongatio, ability. Deep-water increase inplant height. 
rice isgenerally broadcast under upland con- LMN ill had a greater capacity for internode 
ditions early enough to get the plants well elongation than IR442-2-58, and the reduction 
,established before the rapid rise inwater level, in internode elongation as a result of drought 
Early planting, however, may result in young stress was less for LMN ill than for 1R442-2-58. 
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However, drought inhibited the plant height of 
LMN Ill more than it did the height of 
IR442-2-58 before submergence. 

Studies on the Rayadas. The Rayadas are 
unique floating rice varieties from Bangladesh. 
They are planted in November or December 
and harvested the following November or 
December. They are grown in areas where water 
depths vary from 370 to 600 cm. They tolerate 
submergence and possess good elongation 
ability. 

The Rayada lines may have plant characters 
that can be used in the breeding program for 
deep-water rice. 

* Early internode elongation. Deep-water rice 
varieties must be at least 4 to 6 weeks old by the 
time the fields become flooded. Three of the 13 
Rayada lines tested showed internode elonga-
tion at 3 weeks of age. Those lines-R16-08, 
R16-09, and Rl6-10-are possible parents in 
breeding for varieties with ability to elongate 
at an early stage of growth. R16-09 showed 
internode elongation at 2 weeks of age; it also 
showed the most internode elongation at 3 and 
4 weeks. 

All the Rayada lines showed rapid elongation 
after only 2 weeks of growth, but it was mainly 
elongation from the leaf blade and the leaf 
sheath. Such elongation is temporarily useful 
so that leaves can emerge above the water level. 
For better survival-leaves held straight above 
the water level-internode elongation is needed. 

* Photoperiod response. Rayada lines planted 
in November or December flower in October 
or November the following year. Studies show 
that they flower at a 12-hour photoperiod.
Although they have a long basic vegetative 
phase (36-64 days), the Rayadas should flower 
in February or March if planted in November 
or December. However, that is not the case 
under field conditions. It was noted that at 
different photoperiods the Rayada lines pro-
duced flowers on the primary tillers, and that 
the many thin tillers do not produce any flowers. 
Those irregularities observed under short-day 
conditions are unusual in rice varieties. 

* Flowering response to temperature regimes. 
Because November to March in Bangladesh is 
generally cool, it might affect the flowering 
response of the Rayada lines and explain their 

nonflowering during the short days of February 
or March. Three representative Rayada lines 
were grown in the IRRI phytotron at day 
temperatures of 20, 26, 29, and 32°C, and at a 
night temperature of 210C from 1700 to 0700 
hours. The different temperature regimes, 
specifically day temperatures, had little effect 
on the growth duration of the lines. The 
maximum delay obtained with low temperature 
(20°C) was 13 days. 

The photoperiod and temperature responses 
of the Rayadas in the greenhouse and in the 
phytotron did not explain their long growth 
duration in the field. The Rayadas could be 
perennials that become dormant during the dry 
season. 

Nodal rooting ability. Work is in progress to 
develop a rapid method for testing the rooting 
ability of deep-water rice. Several factors, i.e. 
temperature and light intensity, greatly affect 
the rooting ability. The control of those factors 
is being studied in detail in the rooting tests. 

INTERNATIONAL COOPERATION 
Thai-IRRI CooperativeDeep- Water Project and 
the IRRI 

In November 1976,,a deep-water rice workshol. 
sponsored by IRRI in cooperation with the 
Rice ,Division, Ministry of Agriculture and 
Cooperatives ofThailand, was held in Bangkok. 
Forty scientists and more than 40 observers 
attended the 3-day workshdp. The participants 
reviewed 2 years of deep-water research and 
toured deep-water rice areas and the deep-water 
rice experiment station.

The workshop covered basic studies on and 
screening methods for deep-water rice, anid 
progress on deep-water rice research indifferent 
countries. The participants approved a deep
water rice terminology and recommended a 
standard scoring system for measuring the 
elongation ability of deep-water rice. 

The first International Rice Deep Water 
Observational Nursery (IRDWON) started in 
1976. Ten countries, excluding those cooperat
ing with WARDA, participated in the project. 
The 50 entries of the nursery were screened for 
various desirable plant characters, and several 
were selected for further larger scale testing. 
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L6W,TEMPERATURE- duration (79.vs. 102 days). Similarly, growth 
Plant Physiology and StatisricsDepartments. duration varied greatly (from 59 days to 77 days) 

among oplants growing at the same average
 
Research to date shows great possibility for temperature (240C) but at different diurnal
 
yield improvement in areas where low temnpera- tetnperatures. Because heat summations varied
 
tures persist. The shorter growth duration of with temperature regimes, they had little use in
 
improved lines makes two crops a year possible. predicting growth duration.
 
for some areas instead of the traditional one The following relationship was obtained from
 
crop a year. It has further encouraged breeders the growth duration data (Table 2):
 
to make new crosses and to evaluate the progeny
 
lines in 1976. More countries participated in - - = A[aTi,,.+-(I-a)T,, T-].
 
the trials of the new lines. . D
 

Germ plasm evaluation (Plant Physiology). where A is a constant, D = days io flower, 
During the year. 3,572 entries were screened for Ts., = average temperature during .the day 
tolerance of low temperature by techniques.. T, = average temperature during the night, 
developed at IRRI (1975 Annual Report).. "T = base temperature, and a indicates the 
Twelve indica varieties were rated tolerant. The relative weight keween TS: and T,;o,. 
criteria used were optimum growth duration, The "effective daily temperature" is therefore 
•proper plant height at maturity, low spikelet defined as the weighted average of day and 
sterility at harvest, and green leaves at the night temperature with a as the weight, or 
seedling stage. The 12 varieties plus6 others [aTd + (I -a)TishJ. 
previously identified as cold tolerant were
 
f'irther evaluated for cold tolerance (21°C) at For IR8 the relationship was.
 
flowering. Table Ishows the six best varieties.
 

Temperature and growth duration (Plant Phy = 0.00069 [- 0.032T4,'. + 1.032TA, -8.1] 
siology and Statistics). Flowering is delayed at % 
temperatures ranging fromh 32° down to 15SC.
 
The delay at low temperatures is especially " and the multiple, correlation coefficient is
 

marked in the modern rice varieties when they . . . ..
 
are introduced into the temperate zones or into .
 

highclcatin . "Table 2. Effect of various temperature regimes on theaeas 

higheleatib of days to flowering of Fujlsaka 5 aind IRS.aras.number 

An experiment using naturally lighted growth ann phyrotron, 1376. 

cabinets and several temperature regimes inthe Da/ihDystflwrn(o) 

IRRI phytotron showed that minimum tem- te. regime Av. temp. 
perature alone does not account for the varia- (C) C) ,-. FuJisake 5 IRS 

lions in growth duration (Table 2). Fujisaka 5 . Same nigA: rernpe,w'e, ddfee'et day, tempeature 

growing at the same minimum temperature" 32118, 22.7 • 7 14 

(240/ 18°C, 200/18°C) greatly differed ingrowth 28/18. .21.3 . 78 163 
'24/18 20.0 79 145 

20/18 18.7 102 ' "
 

Table 1. Varieties tolerant of low temperature on the -Sam. average tempeture, dfaerent day and night temperature 
basis of growth duration, plant height. spikelet sterility. 24/24 •24.0 62 98 
leaf color. and antheele. selected from 12.200 entrles 26/23 24.0 . 59 . 84 
of the germ plasm bank. IRRI. 1376. 28/22 '~ 24.0 61 112 

30/21 "24.0 63 118 
.130
Coun:ry Spikelet *Anhesis 32/20 24.0 69 

Cuhlver of sterility at 21"C3/82407•
 
or igin (%) (%)3612407
 

Same day tempea~Ure, different night temperature 
Pratao Brazil 8 100 24/24 24.0 62 98 

C21 Phiiippines 25 100 . 24/22 ,22.7 83 106" 
Lang9 Kwang China 27 70 24/20 21.3 77 .. 129 
Slleweh "" Indonesia 13 100 24/18 20.0 79 145 
ThnoeLace 9 " 80 
Douradok Agulba Brazil 11 '. 8 QNo flowering at ekpedmet's termniton 155 days from. 
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Dp (no) W f temperature data are available, is
 

200 7 1
 
. . = 0.0o067 [aTy + (I -a)T,- 8.11 

- D 
O 0 Ptv*o026) with a - 0.454 when To,& is less than'l7C, and 

0.033 otherwise.OM hyPof(naO) a = 
•16 ,,For Fujisaka 5 the relationship was 

y = 0.00111 (0.168Tuy+ Ti, - 9.0].
-....WO YD 

0 The multiple correlation coefficient is 0.91"*, 
indicating that the combination of day and 

Q20 * night temperature accounted for 83% of the 
variation in the growth duration. 

1." -Figure 2 shows the regression curve and the 
S +( T -8 fit of data obtained from the present and 

previous experiments conducted in the phyto

tron, and the ficld data from Los Baios and 
La Trinidad for Fujisaka 5. Some data from 

.. -. 

o_______._ _____-_,___ '__-_ the low-temperature area of La Trinidad do not 
.0 14 l 18 20 22 '24 fit. The regression curve needs to be modified 

* l .. further. 

. In both varieties night temperature influencedI. Rcgieson line and act'ual values obtaid for IR. The a 
value was'changed from 013) to 0.454 for field data with growth duration more than did day temperature. 
T.1.$ IWss than 17C. relative effect was greater in IR8 than in.That 

Fujisaka 5. 

958S*. Data fromn 1975 phytotron studies were ' Cr)*pf,, C)
 

included in the 1976 data. Figure 1 shows the
 
slightly'nmodified regression curve and the fit of 12 v..v. ' - .
 

. • 

-. O0.

data. " •" 
Some data obtained from the low-tempera- n*o . : . ,oo,[cOe8ra,+ 

ture area of La Trinidad, Mountain Province, " NX.. OB:2T q 1.0] 

Philippines, do .not fit the regression curve.' C o" 
Some minimum temperatures were below the0-..o'o
 

basetemperature, as computed from the phyto- 90 • -. 0
 

tron experiments. The day and night phytotroni
 
eo ':'* ••e:Stemperatures were constant. Under field condi-

tions, an average of 12°C for the minimum F.*1 ~m ¥nd 0 

temperature during growth could mean several 7o a ne btn S Lo th."e 

days with temperatures lower than T0 (8.10C) * ", I,: -
Soh t' "
and certainly below the lowest Tnf,h, used inthe 

8 20 22 24phytotron. However, changing the relative o 4 18 


weight of Tsa, and T,h, from a = 0.033 to (oT +tl-o)Tnflt)
 
a = 0.454 for field data with Tnti of less than
 
17°C fitted the La Trinidad data into the
 

Rersin line computed from 1976 phytotron data andregressin curve.2.regresion urvethe actual ves obtained rrom the phytotron and field 
clntpo4 LosHence, the equation for determining the * variety Fujisaka 5, at hlAfm sad La 

growth duration of IR8 at a certain site, when Trinidad. Philippines. 
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LEAF ANGLE AND TEMPERATURE ." 

Plant Physiology Department 

While IR8 and Fujisaka 5 were growing in Wi()
 

the phytotron, the leaf angle vailed markedly o "-,a49 """ " ''
 
among some temperature regimes. The leaf--2U4. 

angle of the second and third fully mature 

leaves was measured, and data were analyzed. 
The difference in day and night temperature had. 
the best correlation with leaf angle. Day tem-
perature had positive correlation with leaf angle 
of both varieties, but minimum temperature 
showed a significant negative correlation with 
the leaf angle of only IR8. The average daily 
temperaturg showed no correlation with leaf 
angle. In areas with a Wide range of diurnal 
temperatures, or with high day temperatures, 
the leaves of IR8 and Fujisaka 5 are more open 
than erect. 

To find out how widespread that response is, 
50 varieties from different countries were grown 
at day/night temperatures of 20°/20°C and 
260/180C.Forty-two had droopier second leaves 
at the higher diurnal temperature difference 
(Table 3). The varieties in the two temperature 
treatments did .not significantly differ in the
length of the leaf blade and sheath. ,3. 

In Dacca, Bangladesh, and inLos Baho~s and 
La Trinidad, Philippines, difference's between 
the maximum and minimum temperatures in 
the field are about the same. The average 
maximum and average minimum temperatures 
are therefore the determining factors. The day 
temperatures during the seedling stage in Los 
Bafios were higher than those in Dacca and La 
Trinidad, and the seedlings were expected to 
have .droopier leaves. But the lower minimum 

VTble 3. Angie of the second t*.f of 50 cultlvars at 
20i/20)'C and agiilrc day/night temperatures. IRRI 
phytotron. 1376. 

regime., Vai.e vrg efC ~ Rr 
(day/night) (no) (degrees) (degrees) 

Inceaed enange ifereceithlagerdirna tmpeatre 
20/20C 42 40.3 20.4-60.9 
26/18C 42 50.5 25.1 -91 .0 
Difference 10.2 4.7-30.1 

Decreatsed leer angle with larger diurnal temperature ddfeence 
20/2O'C 8 47.2 39.6-696 
2S'/1e'c 8 43.6 38.7-51.7 
Diffeence 3.6 0.8- 7.8 
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Effect or nigh; temperature on lear angle or the second 
mature learor IRS at different day temperatures. 1976. 

.. " 
temperatures at Dacca and La Trinidad resulted 
in droopier leaves (Fig. 3). Plant breeders have 
considered the change in plant type (plant 
height, tillering, growth duration) caused by 
temperature. They should also consider the 
changes in leaf angle caused by temperature. 

PROGRESS IN BREEDING FOR COLD 

TOLERANCE 
Plant Breeding Department 

The breeding program for cold tolerance ex

panded considerably with the additional entries 
to the pedigree nursery, the increase in F2 

populations, and the introduction ofan observa
tional yield trial (OYT) at Banaue, Philippines. 
Among the test materials were 278 entries from 
the second International Rice Cold Tolerance 

Nursery (IRCTN). Cooperative work with the 
Philippines Bureau of Plant Industry on this 
project continued. 



Table 4. Chitstlcs of selected im ponid lines grown at.Sane. Philippine. IlM wet seoeon. 

Reaction to'" Grain qumlity

". , -t::)esionaon and cross MtW PoMatwfty Plant 

ego ad (days) ht BSt Bacterial Gel Ainytoe 

(cm) . bhht consistency () 

IR36 (reelection), IR1541-102.6-3/IR2147 123 - 68 R R Medium 23 
IR2061-214-3.3-17-2, iR833.6.2-1.1//IR1561-149-1/ 

143 . R. R Hard 24 
IR2637-39.2-2-I, JPS/IR1529.680. 133 66 R R Soft 13 
IR3249.19-1-t YR6-100.9/1R1514A-E666 151 " - R Medium 24 
1R3487-11-3-2-2, JP5/IR1 529-382.41/1R1561 .228. 

1R1737 


13.3 - 147 87 MR MS Soft 13 

1R3941-14-2-2-3. CR12S.42-5/1R2061 -213 129' 72 MR R. Soft 0 
1R5865-62-2-3. IR747B2-6/Kn-lb-213-14-3//IR747/
 

Kn.11t-361-1-8-.6-10 153 R
- - Hard 25 

115896-10-2. 1747B2-6/Bogson Daykai//IR2061-213
2.16 -149 101 R R Soft 22 

1115908-15-1. iR7472.6/Kn.lh.381.1.8-6.10// 
IR2053.522-2-3 . 149 90 R "R Soft 23 

IR5908-125.1, 1R747a2-6/Kn-1 h-361 -1-8-6-10// 
IR2053-522-2-3 133 88 " R R Soft, 24 

IR7167-3-1, China 1039/Kn-lb-361.1-8-8-10 155 - MR - Medium 23 
Kn.Ib-361-8.6-9.2-2.2 (reselection). IRe/Jerak 131 84 R R Soft 25 

11R- resistant; MR - moderately resistant; MS - moderately susceptible. 

A total of 3,000 pedigree rows, including HIGH TEMPERATURE 
check rows, were grown in two seasons. The Plant Physiology Department 
pedigree ranged from F3 lines to the more 
advanced lines (F6 to F8). Generally, three In previous IRRI studies several varieties were 
plants per row were selected; in some cases, identified as tolerant of high temperature. In 
bulk samples were harvested and used to supply 1976 the mechanism of sterility induced by 
seeds to cooperators in other countries parti- high temperature was investigated. N22 was 
cipating inthe IRCTN. used as tolerant variety, 1R747B2-6aus moderate

Sixty-four promising lines, which were breed- ly tolerant, and BKN 6624-46-2 as susceptible. 
ing true to type, were harvested during the dry. Varietal differences in resos to high tern
season and advanced to the wet-season QYT. jmature at flowering time. To examine varietal 
Despite serious rat damage to the crop, out- differences insterility induced by high tempera
standing experimental lines from the crosses of ture at flowering time, the three varietics were 
1R3941, 1R5856, 1R5896, 1R5908, and 1R7167 subjected to varying temperatures (26 to 41°C) 
were identified (Table 4). Some selections from for 8hours a day at flowering time. The critical 
these crosses will receive more comprehensive temperature for inducing more than 20%o un
evaluation inhigh-elevation areas of the Philip- fertilized spikelets was 365C for N22, 35C 
pints Juring 1977. for 1R747. and 32C for BKN 6624. At 41C 

In addition, 28 bulk hybrid populations of fertilization was zero for all varieties (Fig. 4). 
crosses between newly identified cold-tolerant In a subsequent experiment, the three varieties
parents and elite GElU breeding lines were were subjected to 35, 38, and 410Cfor durations 
planted. A population of 2,000 to 3,000 plants/ varying from 2to 8hours (Fig. 5). At 35°C, the 
cross combination were grown. Plant selections fertility percentage of BKN 6624 decreased 
for growing in the pedigree rows were made sharply with increasing duration, while that of 
from promising populations. The program N22 and of 1R747 remained high a~nd stable. 
continues to combine cold tolerance with other At 38C, only N22 maintained a high and stable 
desirable agronomic traits, such as earliness in fertility percentage. The data suggest that 350 
maturity, disease and insect resistance, fertility, and 38C may be used as screening temperatures 
intermediate plant height, and good panicte to discriminate varieties susceptible to and 
exsertaon, tolerant of high temperature. 
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4. Relation between day temperature at flowering t 
and rertility perventage. Night temperature was fixed *t 
210C. IRRI 1976. 

Mechanism of sterility Induced by high ten-
perature. Plants subjected to high temperatures 
were artificially pollinated to determine whether 
high temperature disturbs the pistil or the pollen. 
Anthers were taken from the plants growing at 
290/210C and their pollens were freed on the 
stigmata of the plants subjected to high tem-
peratures.

Artificial pollination increased the fertility 
percentage of BKN 6624 subjected to 350 C for 
8 hours from about 33 to about 85%. It in-
creased the fertility percvrntage of IR747 sub-
jected to 380 C for 4 hours from about 3 to 65 %. 
The data indicate that high t-.mperature affects 

Fmtry (%) 

60.

60 

0 2 4c 80 2 480 

the process of pollination or the viability of 
pollen, but does not affect the pistil's ability to 
be fertilized. At the 41 C-for-4-hours treatment,however, the fertility percentage of IR747, 
which was zero, was not improved by artificial 
pollination. 

Examination with a microscope showed that 
the pollen of IR747 failed to germinate at the 
41 0C-for-4-hours treatment. On the day after 
termination of the high-temperature treatment, 
the plants were allowed to flower at 29'C. 
Spikelet fertility was about 10 %,but it increased 
to more than 80% after artificial pollination. 
The observation confirms that the pistil's ability 
to be fertilized remains unaffected by high
temperature treatment. 

Pollen shedding. At 290C, varieties differed 
clearly in number of pollen grains on a stigma. 
The proportion of stigmas with more than 20 
pollen grains was 100% for N22, 96% for 
IR747, and 68 % for BKN 6624. As temperature 
was increased, the number of pollen grains on a 
stigma decreased. Varietal differences in shed
ding of pollen grains were greater at high 
temperature. 

Pollen germination. It has been reported that 
more than 10 germinated pollen grains are
required for successful fertilization of rice. 
Spikelets to be observed were classified into 3 
groups: no germinated pollen prain, 1 to 9 
germinated pollen prains, and more than 10 
germinated pollen prains. Again varieties clearly 
differed in number of germinated pollen prains 

41" 8 

'S. Relation between duration of high temperature and rertitity pereetagtc. IRRI, 1976. 
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is excellent. In IR747 and BKN 6624, the anthers 

dehisce when the filaments elongate, and so the 
anthers are positioned above or outside the 

0glumes (Fig. 7) and there is less chance of the 
o pollen grains faling onto the stigma. In addi
o tion. BKN 6624 tends to have incomplete 

40 

20 

29 ~3841 29 3530'J 29 35 tC
8) (8) (8) (4) (8) (4) (4) (4) (8) (8) (h) 

*f 1,1 mm tsflt ofpcfi QWS on a stqm 
* Fa d prwfOl an a alr 

*Swd -Wht 

0 F,rIf 

6. Causes of sterility induced by high temperature. IRRI, 
1976. 

N22 
at all the temperatures tested. N22 had consis
tently higher percentages of pollen germination 
at all temperatures than did IR747, which had 
higher germination than BKN 6624. At 4lVC for 
4 hours about 20% of N22 spikelets had satis
factory pollen germination; no IR747 pollen I 
prains germinated at the same temperature. i 

In Figure 6, sound spikeiets refer to those f 
with more than 10 germinated pollen grains on 
a stigma. The percentage of sound spikelets is J, 
closely correlated with fertility percentage. Un
sound spikelets are those with less than 9 
germinated pollen grains. Either poor shedding IR747 

of pollen prains on a stigma or failure of i 
germination on a stigma could cause unsound, 
spikelets. The major cause of unsound spikelets1 
in N22 at high temperatures was poor germina
tion. The spikelets of 1R747 and BKN 6624 were 
unsound because no pollen grains were shed i 
on the stigmas. 

Varietal differences in sterility induced by 
high temperatures. Previous observations in- x , 
dicated that varietal difference in sterility in
duced by high temperature is largely related to 
the dehiscence characteristic of the anther. In 
N22, the anther starts to dehisce when glumes BKN 6624
 
open, and six anthers completely dehisce while __________________
 

they are still within a glume. Thus, the shedding 7.Varietul differences inantber dchiscnc or N22, 1R747,
 
of pollen grains on a stigma at high temperature and DKN 6624. IRRI, 1976.
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anther dehiscence; thut,, it has few pollen grains 
on a stigma at high ttmperatures. Timing of 
the anther's dehisc ., and its position relative 
to the stigma are believed to be the major 
characteristics that ensure enough pollen grains 
on a stigma. Another important characteristic 
is the ability of pollen grains to germinate at 
high temperature. 

Field heat tolerance.IR747 has been observed 
to start flowering at least 30 minutes earlier 
than N22 and BKN 6624. 0. glaberrima also 
flowers early in the morning. Rice plants that 
flower early in the morning when the tempera
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ture is still low avoid high temperature. The 
following mechanism of field heat tolerance is 
proposed: 

* True heat tolerance-characteristic anther 
dehiscence, a ability germinate at highId to 
temperatures. 

* Heat avoidance-early morning anthesis. 
Plants can be tested for true heat tolerance by 
subjecting them to high temperature at flowering 
time. Heat avoidance may be estimated by 
examining the time of flowering at relatively 
low temperatures. 
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INTERNATIONAL NURSERIES 

The International Rice Testing Network became 
a decisive, viable program in 1976. The greatest 
concentration of nurseries remains in Asia 
where most of the world's rice grows. Breeding 
materials generated by national programs and 
by IRRI were the source of the network's 
entries. Forty-nine percent originated from 
national programs (an increase of 14% over 
the 1975 entries), 39% from IRRI's breeding 
program, and 12% from the IRRI germ plasm 
bank (Table 1). 

The program distributed 573 sets of 14 
nurseries to 40 countries. Most nurseries were 
sent to Asia, some to Africa and Latin America, 
and a few to Oceania, North America, and 
Europe (Table 2). The yield and observational 
nurseries were widely dispersed to assure testing 
in diverse agroclimatic regions. 

The increased volume of requests in 1976 and 
the difficulties encountered with quarantine 
regulations slowed the dispatch of seeds to 
some collaborators. Advisory Committee meet-
ings were held in February and in early April 
to develop policies and details relative to the 
1976 IRTP. Two new nurseries were added-

one for stem borer resistance and another fordeep-water rice. Nurseries were received by 

most of the participating programs in time for 
the monsoon planting. 

A special joint IRRI-CIAT conference was 
held at the CIAT in August to discuss inter
national testing with rice scientists from 17 
Latin American countries. The conference par
ticipants asked for 121 sets of 10 nurseries. 
In addition, three special nurseries were designed 
specifically for Latin America. 

Discussions to develop a collaborative, and 
more comprehensive, international rice testing 
program for Africa were held during the research 
review meetings of the West Africa Rice Devel
opment Association (WARDA). Subsequent 
meetings will explore how such a testing 
program can best meet the needs of the African 
rice research workers, particularly in the Sub-
Saharan Africa. 

REGIONAL MONITORING PROGRAM 

The success of the 1975 monitoring tours 
prompted the IRTP Advisory Committee to 
recommend a substantial increase in their 
number. In seven monitoring tours during 1976, 

Table 1. Number and eourcms of almost 96.000 seed packets of varieties and line distributed through the Inlter
national Rice Testing Program nurseriee in 1376. 

Sets. (no.) 

Nursery' Prepared Dispatched Entries 
(no./nurerwy) 

IRYN-E' 75 72 19 
IRYN-M' 75 60 31 
IURYN' 50 44 24 
IRON 150 96 330 
IURONd 63 63 185 
IRBN 51 51 476 
IRSI4BN 25 23 196 
IRTN 25 23 219 
IRBPHN 30 23 97 
IR0MN 30 24 106 
iRSBlN 21 21 88 
IRSATON 50 41 71 
1RCTN 56 53 135 
IRDWON 20 20 50 

Entries (no.) horn Packets (no.) from 

18RI iRlRi 
National 

programt" Improved ines 
or varieties 

11 8 
23 8 
12 12 

195 135 
78 87 

156 234 
49 86 

145 43 
65 4 
61 44 
36 30 
28 39 
72 60 
47 1 

Total 721 614 2.009 978 (49%) 781 (39%) 

'IRYN-E - lnternationai Rice Viekd Nursery-Early: IRYN-M - Intesnational 

National 
Germ plasm progrems Improvedl lines Germnpluml 

bank or varieties bank 

- 792 56 
- 1.380 480 -
- 528 528 
- 18.720 12.960 
20 4.914 5.418 1,260 
88 7.958 11.934 4,488 
61 1.127 1.978 1.403 
31 3,335 989 713 
28 	 1.495 92 644 

1 1,464 1.056 24 
2 758 830 42 
4 1.148 1.599 164 

13 3.816 2.650 689 
2 940 20 40 

250 (12%) 48,371 40.910 9.467 

Rice Viekd Nursery-Medium; IURYN - International 
Upland Rice ViekiNurey IRON - international Rice Otmervational Nursey IURON - international Upland Rice Otwarvational 
Nursery; IRBN - intarnational Rice Blst Nursery; IRSNBN - Intarnatlonal Rice Sheath Blight Nursery; 1RTN - Internationall 
Rice Tungro Nursery. IRBPH4N - International Rice Brown Planthopper Nursery. IRGMN - iternational Rice Gel Midge Nursery:
lRSBN -linternational Rice Stem Borer Nursery IRSATON - internationsi Rice Salinity arid Alkalinity Tolerance Otnervatlonat 
Nursery; IRCTN - Interntional Rice cots Tolerance Nursey IRDWON - interlnionl Rice Oeep Watelr Obslervational Nursery.
'Entre were mostly improved lines. 'In ine replications. cf48 sets with two replicaions. 
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- CE 50 national scientists traveled to 9 different 
V- n ,-0 Z countries in Asia. They recommended policies,

Z rend logistics, and details that will need attention in 
.91future years. The 1976 tours provided IRTP 

I' NI 1i C C with valuable guidance in organizing the 1977 
Z_ Cii program. 

* Two IRTP scientists 	 participated in the 
O Nr annual All-India Coordinated Rice Improve

5V ment Project workshop in April. Workshop 
Sparticipants cited the increasing threat of the 

Cbrown planthopper (BPH) as one of the most 
i CS serious problems facing rice production in 
, tropical Asia. As a result, IRTP organized a 

a monitoring tour which ended with a -day 
1 . 33conference at Hyderabad, India, attended by 
P& key Indian scientists. One result of the con
" ference was the plan for a symposium on

ImI 1I I I-strategies for BPH control to be held during 
,Z.A 	 IRRI's 1977 International Rice Research Con
"0 ference.C 	 . 

I 1 zz The monitoring tours on problem soils and 
a.U deep-water rice were followed by special con-

CI 	 ferences. Table 3 presents the particulars and 
significant results of the 1976 monitoring tours. 

[Zr! 

TRAINING PROGRAM 

NThe GEU training program offers selected teams 
Oof rice scientists from national programs an.3'-iiopportunity 	 to work closely with IR 

* 	 . scientists. It provides an invaluable link in the 
.- movement of knowledge and breeding materialn?1N.II 

~ 2 ~for the benefit of national programs.
.i ~ II;Twenty-seven rice scientists from nine coun

,,o gxsiII 	 tries participated in the 4-month 1976 GELU 

z ji training program at IRR1. The trainees studied 
o Inn il 	 nine problem areas that are an integral part of 
' - 2 "~ 8 the IRRI-GEU program. They acquired com-

I0 "tNNIn 
Io8 

'through 
petence inthe methodology of rice improvement 

a wide spectrum of screeningtehi 

B 

I 

--

Z NM ,,
j ). fl 

1. 
I 

s .cIS.! 

3 

* 

, [ 

uflZIment. 
-g11 

I ! 

!E1mr 

ques, and developed an appreciation of the 
need for and the benefits to it derived from an 
interdisciplinary approach to varietal improve-

They conducted individual special proj
ects, presented seminars on rice research and 
farming situations intheir respective countries,
and made crosses between lines to provide seed 
for studying progenies of key breeding donors 
at their home stations. 

iit,5 5s5The alumni of this program will it an 
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Table 3. The IRTP monltoing tows enl their 

Countes 
P"-l. roep- Countds 

Focus of tow cipents 
(no.) 

wnted 
(no.) 

Pest problems and 6 4 
plait ypes 

Cold-tolerant rices 10 5 

Problem solls 9 5 

Brown planthoppr 7 5 

Yield in South 7 4 
Asia 

Yield In Southeast 9 8 
Aias 

Deep-water rices '9 

visited 
(no.) 

3 

1 

3 

2 

3 

3 

3 

ooompllshmenta for 1S7. 

Reseach
niutes 
and 


statlos 
visited 
(no.) 

9 

6 

9 

7 

9 

12 

3 

excellent source of infonnation for IRRI scien-
tists as they seek ways in which to improve the 
training program., 

COMMUNICATION AND DnTA 
MANAGEMENT 

Collaborators on the 1975 nurseries included 
reierchers in the southern hemisphere who 
work under a different seasonal calendar. They 
represented sites that offered a diversity of 
growing situations. The response in returning 
the 1975 data was encouraging. The data were 
analyzed and presented in 12 reports cones-
ponding to the 12 nurseries. Four nurseries had 
a final report by early April. Preliminary reports 
were prepared for eight nurseries and as addi-
tional data came in during 1976, they were 
summarized for a final report prepared in 
December. The reports are essentially working 
documents and should provide collaborators a 
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Nuarles 
observed Significant accompl heents 

(no.) 

9 -Obseved the performance ofsamidwaf plat 
type (l"ca ,japonica croMs).

-Evaluated Insect and diseme probleow. 

1 -Discused the methodology for the futno
 
testing program of IRCTN.
 

1 -Identified some vaistles and lines retant to 
alkalinity and salinity. 

-Discussed methodologies in studying salinity 
tolerance. 

-Developed strategy for beeding rice valetkle 
suitable to problem sols. 

1 -Attended the first meeting of "PH Wodng

Group" to accelerate adequate control of the
 
BPH problem.


-Oberved greenhouse and field screening for 
8PH resistance. 

4 -Evaluated IRTP yield aid obevWonal
 
nurses and obsved breeding matedal in
 
national pogrs.
 

10 -Identfied promising entries from the IRYN.E.
 
IRYN-M, and IRON.
 

1 	 -identified some promising IRDWON entri.
 
-Observed national deep-water rice trials.
 
-Attended the deep-water rice confenca in
 

Bangkok.
 

scientific base for planning future research. The 
nursery reports constitute a historical record 
that will reflect trends in the performance of 
different sources of germ plasm in different 
countries and regions, and help in understanding 
the potentials and limitations of the various 
rice-growing situations. 

Provision has now been made to put all data 
on a computer program and to return informa
tion promptly to the national collaborators. In 
1976 all data from previous years' international 
trials were computerized. Among them were 
data fro.m the first International Rice Blast 
Nurscry (IRBN) distributed in 1963, the 
Bacterial Blight Nursery started in 1972, the 
International Rice Yield Nursery (IRYN) es
tablished in 1972, and the International Rice 
Observational Nursery (IRON) initiated in 
1974. 

A 64-page booklet "Standard Evaluation 
System for Rice" was developed by the 1975 



Table 4.Utlintion of entrim from 17M trtab I 1I7 
ntkweilpEoaY . 

Entres (no.) 

En ;WOOted to
 

Nuwawy Countries (no.) used
 
(no.) In aoee Station State National 

brisk rish tis 

IYN
IRYN-E 8 43 35 12 3 

IRYN-M 8 14 42 15 30 
IURYN 4 5 12 4 12 
Obsevatlonal 
IRON 8 34 528 288 285 
IURON 2 2 21 21 10Screening:
Scwn: 

IRN 4 23 6 10IRSHBN 4 1414 -- - --. 

IRTN 4 14 47 - -
IRSNtRePaN 3 19 25 - 10 

IRGMN 1 - s - 
otheir ,,, 
IRSATON 1 - 16 -

IRCTN 4 30 30 - 17 
IROWON 1 - 13 13 

-
*IRYN-E - International Rice Yield Nurery-Early; IRYN-M 
Intrnational Rice YieldNursery - Medium IURYN - Intern-

tional Upland Rice Yield Nursery; IRON - International Rice 
Obemvational Nutsery; IURON - Internationsl Upland Rice 
Obtervational Nursery; IRAN - Inlenational Rice Blast Nurewy; 
IRSHBN - International Rice Sheath Blght Nursery. IRTN-
International Rice Tungro Nursery. IRBPHN a International 
Rice Brown Pianthoppef Nrsery. IRGMN - Internatonai Rice 
Gll Midge Nursery. IRSATON - International Rice Salinity and 
Alkainity Tolerance Observetional Nursery, IRCTN- Interns-
tional Rice Cokd Tlaiernce Nursery. 1RDWON n inteational 
Rice Deep Water Observational Nursery. 

IRTP Planning Session to provide guidelines 
for evaluating the various traits in the nurseries 

on uifom o opes f hecal 09. 
ona nfom 09.Cpis
cleo fth 


brochure were distributed to all collaborators.
Several institutes and organizations outside the 

IRTP network requested copies.
in176 tbeaeevdn ta mr


Early in17,i1eaeevdn htamr 
complete inventory of "stock" seed of the 
entries hemn used for the various IRTP nursries 

gI12793-10-2
should be made. All national collaborators 
were asked to submit small quantities of seed 
of the entries in their national nurseries. The 
seed stocks were increased at IRRI to make 
available an adequate inventory of seed. for the 
entries nominated for 1977. Seed increase isan 
IRTP activity that promises to be a valuable 
feature. Eleven countries sent 769 varieties or 
lines for inclusion in various 1977 nurseries 

afterv,7,e incrase-
afte r-:edincrRice. 


A survey of national collaborators in 1976 
indicated that ahigh percentage of IRTP entries 

evaluated in 1975 were being used by the 
collaborating scientists in national programs for 

either crossing or further testing (Table 4). 

1975 IRTP NURSERIES 

The IRYN was'broadly divided into early and 
medium maturity groups. In the early group (9

countries, 27 trials), RP6-1899-25-4, IR2061

465-1-5-5, 1R2061-628-1-64, and IR2071-625
1-252 performed well at most sites. In the 
medium duration group (8countries, 21 trials),
 

Biplab, _BR52-87-1, BR51-91-6, and BG90-2 
performed well. 

Results from the IRON indicate the resistance 
of some entries to some major diseases at most
 
sites (able 5).

s
 

Table 5.Entrle that were found resistant to three major
diseaseo i thi 19)75 Internatlonal Sic. Testing Program
nurseries. 1851. 175. 
nurswies. IRRI__INS. 

Varieties resistant to 

Blat" Bacteial blight Tungro 

IRON' IRON IRON 
IR1S46-181.1-1 B51 .49-6 IR2071-642-3-1 
IR1820-210-2 BR51.67-1/C1 IR2863-31-3 
IR2588-60.1 IR2053-32.1-4-4 IR2863-38-1 
IR288-132-1.2 IR2053-375-1-1.5 IRTN' 

IR2793-80.1 IR2055.481.2-8-2 Ptb 8 
IR2798.88-3 IR2793-80-1 ARC 13820 
IR2811-24-3 152883-22-3 ARC 13901 
IR2851-41-3 IR2863-31-3 ARC 13959IRBN' 1R2B8-48-2 ARC 10342 
CICA 4//1R665-23- R52071-63-s-s Habigan DW8 

3.1/(Tetep IR2070-4232--6 ARC 7125 
1R86-23-3-1// 1832 ARC 13577 

15841 -65/c46.15 Katsrbhog (India) 
R66.233-1// OWA B 
IR645.33/Tetep ARC 7318 

IR29 ARC 10531 
IR1205224-1 ARC 7110 

R2035-255-2-3-2 Kearilog (2683) 

1Rl2058-435-3-2-2-2 SLO 12 
IR2S88-2-3-3 ARC 7140 

IRTN 
IR2793-3B-3 ARC 13580 

iRBN Ambernohar 169
 
1R2793-80-1
 

Washebo (SMI 56e7) 
Raminedi train3 

CA 435-b-S-i 
CA 92ob3-

P1184675.2 
Ta-pochz 

Varieties Mated a resitaont to blat under IRON (International
Obsrational Nurser) showed resistance to both leaf 

Z eck blat. 'ISBN - Interatmonal Sic Bleat Nursery 
(et onIy for lest blat). 'ISTN - internetondl Rice Tuagro

Nwsery. 
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In the International Upland Yield Nursery 
(5 countries, 19 locations), IRI529-430-3, 
IR2035-242-l, and BPI 769/Dawn (IR9575) 
produced the highest overall yields. Most test 
sites were in the Philippines (11 locations) and 
India (5 locations). The highest average yields 
for the Philippine sites were from IR1529-430-3 
and IR2035-242lI, and the highest yields for 
the Indian locations werc from lET 1444. 

Twenty entries in the IRBN sh -& resistance 
to blast at mos" thdn 15 of the 22 reporting sites 
(Table 5). Most derived their sesistance from 
Tetep. Twelve were semidwarfs. The analysis 
of the International Rice Sheath Blight Nursery 

sevenresults for the past 3 years showed that 
entries displayed consistent, moderately resis-
tant reactions. Five were scmidwarfs (Bahagia, 
IR1544-340-6, IR32-76-67P. K8 mutant selec-
tion, and Pankaj) and two were tall varieties 
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(Laka and Ta-poo-choo-z). Eighteen varieties 
in the International Rice Tungro Nursery 
exhibited resistance to tungro at most of the 
eight test sites in five countries (Table 5). 
Significantly, IIwere accessions from the Assam 
Rice Collection. 

Gangala, Ptb 19, Ptb 21, and ARC 6650 
displayed resistance to BPH under greenhouse 
conditions at 9 of IItest sites in 5 countries; 
however, such resistance does not fit into either 
the Bph 1 or bph 2 groups. Twenty-one other 
entries exhibited resistance of known gene 
sources: 9 to the Bph Itype (as in IR26, Mudgo, 
and RP9-6) and 12 to the bph 2 type (as in 
Chianung-sen-yu 11, CR 94-13, and H 105). 

In screening for salinity tolerance in the 
Philippines, Thailand, and India, three varieties 
were identified as promising: Pokkali, DA-29, 
and Nona Bokra. 
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EXCHANGE OF GERM PLASM 
Plant Breeding Deparweni 
In response to special requests, 10,365 seed 

packets of improved breeding lines and varieties 
were distributed. The International Rice Testing 

Program (IRTP) provided an additional 42,867 
packets of GEUs best lines and varieties to 
participating national programs. Distribution 
of F2 seed began onIarelatively large scale with 

more than 400 packets distributcd to national 
programs. Brc.dcrs in major upland rice
growing areas continued to be supplied with F2 
bulks and improved breeding lines from the 
upland nurseries. Twelve F. populations were 
produced and distributed on the request of 
breeders in four countries, 

Two hundred ninety-two IRRI upland breed-
ing lines went to 12 breeders or agronomists in 
7 countries. Twenty lines werc cntcred in the 
Intcrnational Upland Rice Yield Nursery and 
the Intcrnational Upland Rice Observational 
Nursery, and six in the Cooperative Upland 
Rice Performance Tests of the Philippines. 

IRRI LINES NAMED IN NATIONAL 
PROGRAMS 
Plan: Breeding Deparunen: 

Seven IRRI lines were named as varieties in 
national programs in 1976 (Table 1). That 
brought the number of IRRI lines named in 
national programs to 49 and together with 
varieties named directly by IRRI (11 in total) 
makes a grand total of 60. 
The seven lines are described below: 

* Bib' (1R1539-156) is a semidwarf, high 
yielding variety with resistance to brown plant-
hoppers (BPH). It is the first BPH-resistant 
variety released in Fiji, vwhere the insect pest is 
widespread. It israpidly replacing Ajral (1R480-
5-9-3). whlich had bren the predominant variety 
there, 

* BR 6 (1R2061-214-8-3-2) is synonymous 
with 1R28. which IRRI named in 1974. It has 
now been officially named and recommended 
in Bangladesh. 

* BR 7 (1R2053-87-3-l) is an early maturing 
variety with intermediate stature, long, slender 
grains, and excellent seedling vigor. It is e-
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Table 1.I lins named in national programs In17. 

Vwievy nnae Oignon en cro Coun 
SILO IR1539-15. IR24//Mudgo/IR8 AiP 

S11 1R2061-214-8.3.2. Pn833-6/I 
In1561-149/IR1737 Banglimh
 

BR17 iP2053-87-3-1. R1416 131-5/
 
1R22//C4-63 Bgianh 

FARO 22 IR627-1-31-4-3-7. IPS/Wagwag Ni~ge4 
p 3G IR2071-626-1-252. IR!1561.228/

IR1737//CR94-13 PtiSppdm 
1138 IA2070-423-2.6.6. 1R20'/ 
Pp OnIv0//C-7 P11111nes-2P9413 
PA 106 P665-79-2.4. IP8// PeV/ Belle

Pamna Idia 

ommended for boro and aus seasons in 
Bangladesh. 

. Faro 22 (IR627-31-4-3-7) is an improved
plant type variety with high yield potential. It is 
recommended for lowland conditions in Nigeria. 

* IR36 (IR2071-625-1-252) is an early mat
uring (I10-day), short-statured variety of high
yield potential named by the Philippine Seed 
Board in 1976. It has medium-long and slender 
grain that appears transluccnt. The grain has 
high (25%) amylose content. hard gel consis
tency, and intermediate gelatinization ter
perature.

In the Philippines, IR36 is moderately resis
tant to blast, and resistant to tungro and grassy 
stunt. It is resistant to the predominant strain 
ofbacterial leaf blight, but susceptible to strains 
that prevail in the Palawan, Davao, and Isabela 
regions; moderately susceptible to bacterial 
streak; resistant to BPH biotypes I and 2, and 
to green leaf hoppers (GLH); and moderately 
resistant to stem borers. In some countries, 
1R36 isresistant to gall midge (not a problem in 
the Philippines). 

1R36 is resistant to iron deficiency, and is 
moderdtely resistant to iron toxicity, zinc de
ficiency, phosphorus deficiency, and salinity, 
and is not resistant to alkalinity. 

1R36 has some degree of drought resistance 
and is rated "intermediate" with "fast" 
recovery. It iswell suited to irrigated conditions 
and may be utilized incertain rainfed areas. 

. IR38 (I R2070-423-2-5-6) is a high yielding, 
short statured variety named by the Philippine 
Seed Board in 1976. It matures in about 120 
days. It has long, slender, translucent grains of 
high amylosec ,ontent (28 %), soft gel con



sistency, and intermediate gelatinization tem-
perature. It is expected to have good cooking 
quality. 

In the Philippines, IR38 is moderately suscep
tible to blast and has an intermediate reaction to 
sheath blight. It is resistant to tungro and grassy 

stunt and, like IR36, is resistant to the pre
dominant strain of bacterial blight. It is resistant 
to bacterial streak, resistant to BPH biotypes I 
and 2, resistant to GLH, and moderately 
resistant to stem borers. It is also resistant to 
gall midge in certain countries. It is resistant to 
zinc deficiency, moderately resistant to iron 
toxicity and salinity, but not resistant to alka-

linity. It is relatively resistant to drought 
* PRl06 (IR665-79-2-4) is a high yielding, 

improved-plant type variety with excellent, long, 
slender grains. It is recommended for irrigated 
lowland conditions in Punjab (India) where it 
outyields the popular IR8 by 10%. 

BREEDING OPERATICNS 
Plant Breeding Department 

The volume of breeding operations was further 
expanded during 1976 (Fig. 1), and the crossingprogram continued to expand to meet the 
demand of national programs for assistance, 
For instance, more than 450 crosses were accom-
plished at IRRI for the deep-water breeding 
program in Bangladesh. Although no real 
growth in IRRI's crossing work occurred, other 
aspects of the program continued to expand as 
a delayed reaction to the rapid growth in 
crossing of previous years. 

Most segregating material was grown without 
chemical protection against insects, but the 
protected nurseries expanded considerably as 
more emphasis was placed on earliness, or on 
resistance to salinity-alkalinity for areas where 
pests and diseases are nut of major or primary 
importance. 

In the IRRI unprotected nurseries, the tungro 
virus was maintained at epidemic intensity. As a 
result, screening efficiency was excellent. Screen-
ing for other diseases and pests relied largely on 
artificial methods. The BPH, for example, was 
not present in numbers adequate for effective 
field screening. 

The coordination and efficiency of screening 
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I. Growth of the IRRI GEU program. 

work increased. A procedure was perfectedwhereby a limited number of elite lines are 
exhaustively evaluated each season. For the 
voluminous early-generation material (more 
than 60,0001lines), the establishment of screening 
requirements and timetables that take into 
account the capacity of each facility resulted in 
the timely availability of data for selection 
purposes. During the year, less than 5% of the 
lines grown lacked some data at the time of 
selection. For the more than 60,000 lines grown, 
more than 500,000 units of data were needed for 
selection purposes. 

Rapid Generation Advance. A new breeding 
procedure for photoperiod-sensitive material, 
called Rapid Generation Advance, was tried. 
It reduces generation time to about 100 days. 
The procedure involves growing the F2 and F3 
between May and October, under artificial short 
days, with reduced nutrition and dense spacing; 
growing the F4 in the field, under natural short 
days, between November and April; and then 
testing selected F5 lines against specific problems 
in the field, beginning with the monsoon in May 

or June. 
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Sa g facilities. The operation of the cold-
tolerance project at Banaue improved during 
1976. The Philippine Bureau of Plant Industry 
added two technicians to the staff and provided 
other support, which greatly improved the 
effectiveness of the project. An effective blast 
screening facility was established in Leyte, and 
a salinity screening project was initiated in 
Luzon. 

NEW LINES WITH MULTIPLE ATTRJBUTES 
All GEU Departments " 

During the past several years the proportion of 
IRRI breeding materials that carry resistance 
to most major diseases and insect pests in the 
Philippines dramatically increased. At present, 
more than 50 % of the advanced lines are 
resistant to six major pest problems and nearly 
90% are resistant to at least five. Accumulated 
information on the races, strains, and biotypes 
of the pests is discussed in detail in other 
sections of this report. Several genetic sources 
of resistance to BPH and bacterial blight have 
been differentiated and are now being incor-
porated into the breeding program. 

There is only one verified major gene (from
0. nivara) for resistance to the grassy stunt virus, 
A second source has been tentatively identified, 
but it is not yet known whether it isgenetically 
discrete. The 0. nivara gene has not been 
utilized in all IRRI material for fear of possible 
deleterious effects. Resistance to grassy stunt 
is of second ,.y importance compared with 
vector (BPH) resistance. Furthermore, anumber 
of IRRI lines that do not carry the 0. nivara 
gene appear to have a good level of field meis, 
tance to grassy stunt. 

Precise genetic information on two other 
diseases, tungro virus and blast, is lacking 
because of the nature of the diseases and the 
currently available evaluation techniques. Dif-
ferent rice varieties have been used as sources 
of resistance, with attention to the diversity of 
their origin and with the expectation that they 
will differ in the genetic factors conditioning 
resistance, 

In the past several years, there has been 
concern that a high proportion of IRRI's im-
proved breeding material is derived from the 
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cytoplasm of the variety Peta. The 6 varieties 
that have been released and named by IRRI or 
in national programs carry Peta cytoplasm. 
That situation resulted because it is more 
convenient to use dwarf plants in making 
crosses. 

Since 1972, IRRI has made a concerted effort 
to overcome that problem, and a steadily in
creasing proportion of the advanced breeding 
lines has cytoplasm other than that of Peta. The 
change was accomplished through almost ex
clusive use of tall varieties as female parents. 
In topcrosses, the F, hybrids have been used 
exclusively as females. The procedure presents 
some difficulties and makes it difficult to detect 
selfs. 

Table 2 shows a few representative lines of 
several hundred promising advanced GEU lines. 
Only IR2070-414-3-9 is resistant to whorl mag
got. IR2071-586-5-6-3 has shown outstanding 
yield potential at low levels of applied nitrogen 
in 2consecutive years. Both lines will be named 
as varieties in the Philippines. IR2823-399-5-6 
does well under saline conditions. IR2863-35
3-3 appears to have high protein content. The 
sister line IR2863-38-1-2 was the top yielding 
line in the Philippine cooperative trials in 1976,
and received the top average phenotypic rating 
in the International Rice Observational Nursery. 

According to Philippine consumers, 1R3351
38-3-I1has excellent grain quality. 1R3464-75-l-1 
represents IRRI's best rainfed prototype with 
waxy endosperm. 1R3880-l0, a selection from 
the upland nurseries, has moderate resistance 
to drought, and a soft gel consistency. 1R3941
25-I is extremely early and tolerant of low 
temperatures. IR42l5-4-3-l-l is one of the 
newer lines with intermediate-amylose content. 
IR4219-35-3-3 is 130 cm tall and is so sturdy 
that it did not lodge during the wet season even 
with 90 kg N/ha added. it is considered ideal 
for rainfed conditions. 

1R4417-179-l-5-2 derivr; its tungro resistance 
from PK 203, which may prove, different from 
the sources of tungro resistance used in the past. 
1R4432-52-6.4 combines two varietal sources of 
tungro resistance that are probably genetically 
discrete. 1R4442-207-2-3 is one of several lines 
with improved resistance to the yellow stem 
borer. 
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IR4683-54-2 is one of several lines that cany 
a new source of resistance to bacterial blight. 
IR5853-118-5 is an outstanding line with ex
cellent vegetative vigor; it represents an in
creasing proportion of IRRI improved germ 
plasm that is not derived from Peta cytoplasm. 

All the lines mentioned were evaluated for 
diseases and insect pests, except gall midge, in 
the Philippines. 
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Table 1. Bs nrphoagronomic heteiltice min-
BACKGROUND talmed on eccessione in the IRRI germ 0"mm bnk. 

The GEU program is characterized by the Number Cheraclitic Numbe Chace.ic 

efforts of several scientists who simultaneously 1 variety group 20 Partd tyl 
screen and evaluate a large number of genotypes 2 Seedling height 21 Peddle eation 

3 Blade length 22 Partile tOeNlhability 

which either come from the germ plasm bank 4 Grain width 23 Grain length 

newly generated breeding material. 5 Blade pubescence 24 Grain widthor areorare tewlantge raters oredIngter . 6 Bie flog angle 26 Sterile emmleth 
Because the plant characters of interest vary 7 Blade color 26 Sterile ;emma color 
from one screening process to another, the 8 Laft sheath color 27 Lemma colo 

o Ugule length 28 Apiculus color 
program generates a large, diverse volume of 10 Ugule color 29 Awn pemnce 
data. Such data must be stored for easy access 11 coller color 30 Awn cola 

12 Auricle color 31 Stlgma color 
by all scientists. 13 Culm length 32 Seed coat colo 

IRTP, which cooperatively tests a large 14 Culm number 33 Embryo size 
15 Culm angle 34 Endosmtype

number of genotypes invarious countries, also 16 Culm diameter 35 Spikelet fertility 
36 100alnegenerates data that need to be quickly sum- 17 culm st ewth 

18 intertnode color 37 Soriescence 
marized and returned to scientists, both at IRRI 19 Panicle length 38 Maturity 

and in the country programs. 
In 1976, a computer-based datt management 

system was developed to handle and integrate germ plasm data bank so that additional data 
data from three primary sources: germ plasm can be easily entered into the system. The bank 
bank, breeding program, and IRTP. The system is linked to the data files of both the breeding 
can print field books for systematic data program and IRTP. 
collection, accept data for inclusion in the GEU A generalized retrieval program can search 
data bank, analyze and summarize experimental for cultivars that combine specified traits. To 
results, and retrieve information from one or avail of the service, the interested scientist 
more data files. specifies the criterion characters, their accept

able ranges, and other desired information on 
the selected accessions. Figure I shows asampleGERM PLASM BANK 
response to a query on accessions of indica type

The IRRI germ plasm bank has 34,229 reg- with culm length greater than 95 cm, culm 
istered accessions of 0. saliva, 17,689 of which number greater than 10, grain length greater 
have been completely characterized for 38 basic than 7 mm, grain width less than 3.5 mm, 
morphoagronomic characteristics (Table 1). maturity from 95 to 120 days, and blast and 
Many of the accessions are subjected to system- bacterial blight reaction of less than 4. 
atic screening for various traits (Table 2). Data 
management for germ plasm involved the BREEDING OPERATIONS 
creation of a computer data bank containing 
all existing data on each accession, and the Since 1962, IRRI breeders have made more than 
ability to retrieve desired accessions that comn- 17,000 crosses. Current work adds about 5,000 
bine specified traits. The germ plasm data bank 
consists of: Table 2.Tralts screened by OEU ecientlets on cultivars 

ingemte pom Inkend on breeding material gen
*33,946 accessions with complete infor- Zmted bytheredlng program. 

mation on varietal origin, seed source, and Poe reTat n. 

variety name; 
* 17,869 accessions with complete infor- Ins1ct reistance _11 

Drought tolerance 10
mation on the 38 basic morphoagronomac Disease reistance, 5 
characteristics; Tolernc to Injurious soll 4 

Oeep-water and flood tolerance3
32,556 accessions with existing information Protein content 2 

on 37 GEU traits. Temperature tolerace 2 
Computer programs validate and update the Totl 37 
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Sample response to query on accessions or group indica. with cuim length greater than 95 cm. culni number greater thanL 

10. grain length greater than 7mm. grain width less than 3.5 mm. maturity rrom 951to 120 days. and blast and bacterial 
blight reaction less than 4. 

crosses a year. More than 60,000 F3-F6 lines the two other GEU components-the germl tuestsan of andaperfor9 m.ae echlneton ctheapbit gru nia iheding c statisticae tanyis ca thhi ina-ny IARTP n y ad sa . 
fos eachs 

compt gener tedn fil4 ok.oti h it ec etsie swl so obnn euto 
to, gera etfiedebooks fo the vriouwtess. Then3. and ata sumarzation anursaceryat 

ofnres, thyer plotelatsn al thes tes. cpitesavehee inrtheir performances oThe 
inreeviousals,nulfortiono thepreage reducimbn mcanicaherorsdnd dpeayiondat 

ofDach enramntpc for eorin crrnt preo esngatind, consqetly,ineoralye 
dat fa ptrta pe.eonproitoyo vited insmay Reponrserto al IRTparco

thedtacosse,bnkareordig theperopr ataie ore usry tessemi aa 
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ENVIRONMENTAL AND PEST PROBLEMS 

In a survey of 35 rice breeders at 28 research 
centers in 10 Asian countries, each breeder 
ranked, in order of severity, the four most 
serious environmental or biological problems 
that limit farmers' rice yields within the area 
he served. The breeders also ranked, in order 
of severity, specific insect and disease pests.

Environmental and biological stresses. Every 
breeder surveyed rated diseases and insects as 
one of the four major environmental or bio-
logical problems in his area (Table 1). In all 
regions, pests received the highest mean severity
rating-3.2 on a 1-4 scale where 4represented 
the category "most serious." 

Drought, rated second in importance, was 
considered a major problem in 82% of the 
areas. Injurious soils (salinity, alkalinity, zinc 
deficiency, and others) were rated as a major 
constraint in 57% of the areas. Excessive mon-
soon cloudiness was considered a serious con-
straint in 51% of the areas. 

Other major environmental problems listed 
were floods (38%), cold temperature (29%), and 
deep water-defined as water that reaches about 
50 cm during the monsoon season (15%). Ex-
cessively hot temperatures were considered a 
major problem in 9%of the areas. 

Table 1. Rice breedese' perceptions of the biogical 
and environmental stresses that moat seriously limitriml produotion on farmers' flelde within the arma .*rled 
by their reaarch centers. Thirty-five rice breeders at 211 
agricultural eaeriment atatlone and unlversltlee In 10 
Aalan ntons. 1375.Blsdiesgnrlyronzdasnef 

fag*(%)where Araa (%)wheraBiological. stress we rate stres was rate 
environmntal a, one of 4 maJor as one of 2 mefor 

factor constrainta constraints 

Disease mi Insect 100 74 
Drought 82 51raigInjurous sol, 57 7 
Eaceasve moso 

Flood 38g
cold tam mure 29 12 
Deep water 15Hot t* s, o 
Watelogged sol b 6 3 
(Ott's 6 0 
asawlw. atainity zinc deficiency. etc. bNoI includd amn 
factors which breeders rated, but litd under "Other by tworeapondents. 'Typhoons and weeds. 
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Interestingly, waterlogged soils, which were 
not in the list of environmental stresses, were 
mentioned by two breeders in India (6%) as a 
serious constraint under the category "other 
stresses." One breeder considered waterlogged 
soils as the most serious constraint in his region. 

Diseases and Insect pests. When the 35 rice 
breeders ranked 14 major insects and diseases, 
they cited six among the four most serious 
pests in about 30% of the areas. The six pests 
cited were three diseases (bacterial blight, blast, 
and tungro virus) and three insects (the rice 
stem borer, brown planthopper, and gall midge) 
(Table 2). 

The rice stem borer was most widely con
sidered a serious pest (60% of the areas). Its 
severity rating was 1.6, one of the highest 
calculated for all regions in 10 countries. But 
when calculated only for the stations where the 
stem borer was one of the four most serious 
problems, its severity rating was fifth highest. 
That may indicate that the stem borer limits 
yields across many regions, but that other local 
pests are usually more serious in individual 
areas. 

Bacterial blight disease was rated second in 
severity. It was considered a major problem in 
57% of the areas. 

The brown planthopper was not a serious 
problem a few years ago, but the survey found 
it generally considered one of the most rapidly
spreading pests in Asian rice fields. It is the 
vector of grassy stunt virus disease and was
considered a major pest in 46% of the areas.

Blsdieegnrlyecnzdasoef 

the most widespread problems in Asia, was 
rated fourth most common of the serious pests.
Blast received an overall severity rating of 1.4,
but in those stations where it was considered a 
major problem among all pests, it received the 
highest rtn,3.2.

The gall midge, a localized pest found mostly 
on the Indian subcontinent, was the fifth most
cited pest. Tungro was cited as a major problem 
in 29% of the areas, while its vector, the green
leafhopper, was cited as a serious problem in 
only 90/. Grassy stunt virus disease was con
sidered a major problem in 6% of the areas,
btisvcotebonpatopr a ie u t etr h rwnpatopr a ie 



Table 2. lic breeders" perceptions of the speeflo In-
set and disease psts that most eriously limit rice 
production on farmers' flelis within the *re s 
by thelr resworh cente. Thirty-five breeiders at " 
agricultural experiment stations and universities in 10 
Asian nations, 1975. 

Meanseertyratin hoeA(s%)
_____________whets stuss 

Pest Nature All s Statons waa ratedmjorstre whets pest 
stations ws pobsemconsint 

Setitel bliht InsMe 1.6 2.8 7 

Brown 
planthopper Insect 1.1 2.5 

Blat disease DIsem 1.4 3.2 43 
Gall ndt Insect 1.1 3.0 37 
Tungro virus DIem 0.7 2.3 2suited 
Sheath blight Diseae 0.3 2.0 17 
Green 

leafhopper IemOct 0.2 2.0 9 
Kelrinthospodum Dlsass 0.1 1.4 9 
Striped virusb Dls"ass 0.3 3.0 961.0DIseasGrassy stunt virus 0.1 

Sheath tot Dlem 0.1 2.0 6 
c

Other inects Insact 0.7 2.1 34 
Othe disessead Diease 0.4 2.1 20 

'On ascale of 1-4:4 - most sious insect or disese pest: 
woes for only

fouth most serious. Calculated for al 35 
I-
those stations In which each factor was considered one of four 
major pests. bOnly In Korea. Clnclud ona rating each for 
wNtebscked plenthopper, leaf roller, paddy bug, sedling fly. 

two unspecfied In-rmyworm. gandN bug, andstink bug, 
one rating each for bacterial leaf streak, black 

sects. lncludes 
smut, sheath virus, glun blotch. stem rot. and two unspecified 
disem,, 

in 46%. That may indicate that grassy stunt 
could become widespread and serious in the 
future. 

COMPARISON OF FIELD CONDITIONS, 
SCIENTISTS' BREWDING EFFORTS, AND 

LATEST VARIETIES 

To obtain a measure of the relevance of scien-
tists' research efforts in providing the types of 
varieties that farmers need, 23 breeders at 22 

exermetstations and universities in 8 coun-
experment

tries were asked 3 questions: 
* What percentage of the rice grown on 

farmers' fields within the area served by your 
experiment station isirrigated, rainfed lowland,

'fields
upland, and deep-water or floating? 

* What percentage of your professional time 
is spent in improvement of irrigated, rainfed 
lowland, upland, and deep-water or floating 

SDeep-water 

. What percentage of all varieties released 

by your station during the past 5 years was 
suited for each of the four rice-growing condi
tions? 

A mean of 43% of the rice grown on farmers' 
fields was perceived as irrigated; 6 0 of the 

breeders' time was spent on the improvement 
of irrigated rice; and 57% of all varieties re
leased at their stations during the previous 5 
years were suited to irrigation (Table 3). 

The breeders spent 22% of their time on the 
40 farmers"rice cited as rainfed lowland. They 

considered 32% of the recently released varieties 
to rainfed conditions. 

Internatomi Rice 'resting Program (IRTP).
Scientists in the ricc-producing nations can 

rc-rdcn
interlock their rice improvement efforts through 
participation in the IRTP. To determine the 
extent of such participation, rice breeders at 
27 research centers in 9 countries were surveyed. 

Ninety-three percent of the stations parti

cipated in IRTP. Breeders at these stations were 
asked whic h of IRTPs 12 nursery sets theya total ofwere growing. The 26 stations grew 

119 IRTP nursery sets, or an average of 4.6 
international nurseries per station (Table 4). 

NEW VARIETIES 

To determine the types of new rice varieties 
going to farmers in Asia, breeders at 29 research 
centers in 10 countries were asked about the 
varieties released by their stations during the 
past 5 years. 

Table 3. Nice breeders' perceptions of the rice grown 
in farme' fields. and of the percentages of research 
efforts devoted to the same caegorles of rices. end 
the varieties releed over she past years in the re
glens served by experiment stations. Twenty-three rice 
breeders for 23 regions served by 22 experiment statlons 
nd agricultural universities in eight Asian nations. 1376. 

Breeders erception of 

Rice-growing Rica (%) Tlime(%)spent New varities 
condition infarmars' on rie.. (%)releae 

improvement slnce 1970 
rma.,ch 

ll ~ 4 05
 

Rnfed lowland 40 22 32
 
uptei 12 14 . 10
 

5 4 2
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set grown at axprimn stationsTable 4. Nursey loe Tting Pro
hat pirticipated In the International 

gram (I11?). One hunred and nineteen trIals of 12 
nurse 9s grown at fl eplcultural eaxwiment as 
tone end unlvereitle In 9 Ashet countrne 1.76. 

Stations where grown 
ln~emnational n ,,No. % 

ntrngtonal 'ace YkM Nu19-early mturing 19 73 

internetonal Rice Observational 
Nursery 1 73 

International Rice B15t Nury 1ss 
Intwnlional Rica Cold Tolence 

International Upland Rice Yi246 
Nutsery 10 38 

lntlenlional Rico Brown Planthopper 
Nurery 9 3 

international Upland Rice 
Ob"vational Numery 7 27 

international Rice Sheath Plight
Nursry 7 27 

International Rice Tungro Nw'lry 7 27 
Intemnaltional Rice Gai Midge t--rary 7 27 
International Mce Salinity Tomleraw. 

ObervationIal Nursery 4 16 
International Rice Yield Nursery-y 

medium maturing 3 12 
Total r lsoAv. no. par station 4.6 

Nunber of varieties. A total of 165 new 
varieties were released by 27 of the experiment 
stations in 5 years. Two stations had not re
leased any varieties. For all stations surveyed, 
the average number of released varieties was5.7 or a little more than one per year. For the 

stations that released varieties during the 5-year 
period, the avrage number was 6.1i. 

Loatly bred and IRRI varieties. Each breeder 
was asked how many ofhis newest varieties had 
been bred an his country and how many had 
come from IRRI. The breeders were also asked 
to identify the parents of all locally bred 
varieties. 

Seventy-eight percent of the 165 varieties 
had been bred in the countries where they were 
released; 22% had been developed at IRRI'' 
(Fig. 1). Fifty-four percent of the 129 varieties 
that were developed locally were the progeny 
of crosses involving an IRRI variety or line. 

Sixty-four percent of the 165 newest varieties 
in 10 countries were either progeny of IRRI 
rices or had been developed at IRRI. 

Breedhng methods. The breeding methods that 
31 rice breeders used in their hybridization 
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(crossbreeding) programs were surveyed at 24 
research centers in 10 Asian countries. Sixty
eight percent of the breeders depended primarily 
on tht. pedigree method of breeding. Two of the 
31 breeders depended mostly on the backeross 
method, and one breeder depended mainly on 

the bulk method. Six breeders indice" that 
they depended on a combination of caeeding 
techniques.

None of the breeders depended primarily on 

mutation breeding (chemical, radiation, or 
natural), but 39% used mutation in combina
tion with other breeding methods. Of all the 
breede surveyed, 94o/r used the 
b 
pedigree system (in combination with other 
methods); 60%, the backcross method; and 

48%, the bulk system.
Sources of litroducel [ The origin of 

1,406 of the introduced breeding lines in 17 
advanced yield trials in 8 countries was traced. 

Sixty percent of the introduced genetic na
terial came from crosses made at other research 
centers in the country in which the surveyed
experiment station was located. Thirty-nine 
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durng 1970-75.64% were either progeny or IRRI rices, or 
IRRi varieties or experimental lines. Twenty-two percent 
of the ricaswere developed at IRRI and 42%. were progeny 

oflclcrosses involving an IRI parent. Twenty-nine
:arSItua experiment stations and universities in10 Asian 
nations. 1975. 
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percent came from IRRI,. and about I%came 
from breeding programs in other Asian nations. 'la fe 

Nmber of loaly eeked lhes per cro , 
To get a further measure of the diversity of the 
genetic background of improved local lines, 
the breeders wcre asked to indicate the number 
of crosltes from which they selected their locally 
developed advanced lines. Data on 3,791 locally 
developed lines in 22 advanced tnals at 20 
research centers .n 8 countries were collected. 
The 3,791 breeding lines had been selected from 
443 crosses-an .-verage of 8.6 advanced lines 

per cross. 
(47%) 

ADVANCED DREEDING LINES 

Plant breeders enter their best experimental 422.,
 

rices-fixed fines being evaluated for possible h~.. d 1,
 
(47%) (57%) (26%)release as new farmer varieties-in advanced 

yield trials. L How rice breeders allocate their proressional time among 

Because most of Asia's future rice varieties different types or work. Thiny.eight scientists at 27 experi
ment stations and universities in 10 Asian nations. 1975. 

will come from such advanced trials, informa-
tion was collected on the types of plant material 
that were included in them. Fifty-four percent felt that IRRI should stop 

Number and sources of Ibs. Rice breeders at its official release of varieties and only send 
28 research centers in 10 countries reported that out genetic materials or advanced breeding lines 
4,163 advanced lines were being tested in 29 for local scientists to test or use in crosses. (In 
advanced yield trials. A mean of 144 lines per late 1975, IRRI stopped naming its best 
trial was found, with a range of 12 to 630 lines experimental lines as official IRRI varieties.) 
per trial. 

For most trials, the responsible breeder in- SOCIOLOGICAL AND PROFESSIONAL 
dicated the number of advanced lines developed ASPECTS OF RICE BREEDERS IN ASIA 
at his station and the number from outside 
sources. Data on 4,021 of the breeding lines in In a wide-ranging survey during 1975-76, IRRI27 advanced yield trials in 9 countries were asked rice breeders at 28 research centers in 10 
collected. Fifty-nine percent of the genetic Asian countries to give data on the sociological 
material originated from local crosses made and professional aspects of rice breeding. 
at the breeder's station, and 41% originated SociologlcsI awl profesioa aspects. The 
outside the stations. mean age of 41 rice breeders at 28 research 

Opiau, of IRRI's varietal releae policy, centers in 10 Asian nations was 42 years. Fifty-
Since its beginning IRRI has sent advanced three percent of the scientists had agricultural 
breeding lines to scientists in the national pro- backgrounds and of those, 95% came from 
grams, who then test and use them as parents families that owned the land. Eighty-five percent 
in crosses, or name the best lines as local varieties of the breeders worked exclusively with rice. A 
with local names. IRRI has also named certain mean of 68% of professional work time was 
elite lines as varieties, spent in research-56% of the total in breeding 

Thirty-five rice breeders at 27 research cen- activities-and 15% in administative work 
° tens in 10 Asian nations were asked whether (Fig 2). An aspiration of 9! %of t.he scientists 

IRRI should continue or discontinue naming interviewed was to continue doing rice breeding 
and releasing varieties under the IR designation, work in the next 10 years. 

GIENETIC EVALUATION AND rUTLzATnON 141 



TaMe S. eemopeltism of AshM rie breeders - dewe-

misS y tb*,iteasten 1r1S. TIn.4PM rim 

10
unlshtiminA tUlm trtrf. IM. 

Trips *bood 
Inmnaonal tips 

No St 

S.1 So'. 23 75 
Trips (ev.no.Iscenttst) 
Destination on In: trp 

gem1 
ottrPuep4me oflni t lp ebroad* 

2.76' 

26 
3 

so 
10 

Proe onal conference 14 46 
Educaton or Van,,g
Coneutlrtaton with Prot ione es l 

8 
5 

28 
17 

A.qitio, ofnow erwtc 
sewsoelection"Solecton by administytmor 

mfl a5 2 
11 

7 
42 

Oect invitation from internatlonal 
,eeach center 

Direct invitation from pro estonl 
conference 

8 

6 

31 

23 

other 1 4 

'Ouring the past 6 yeas hAverte number d trips computed 
for the 27 breedws who had traveled abrond oveir the post 5 
yers 1 Twenty-six respondents 

Seventy-six percent of the breeders had 

traveled outside their countries during the 
previous 5 years (Table 5). Those who had 
traveled averaged about thre trips each. Ninety 
percent of :he most recent trips abroad wer'ce to 
IRRI. The purpose of 48%' of the latest trips 
was attendance at a professional conference. 
and that of 28?;, was further educa'ion or 

training.Communication 
Half of the breeders held the Ph.D. degree; 

32% the MS;.and 19% the engineer's or bache-
Ior's degree. Ninety-three percent of the total 
BS degrees were earned locally and 65% of the 
awarded Ph.D.'s were from highly developed 

naton. 
Sixty-two percent of the breeders had parti-

cipated in the iRRI nondegree training pro-
gram. About 10% had received academic degrees 
at the University ofthe Philippines inLos Baiios 

(PBtruhthe IRRI degree training 

program.
Scientific publications. When the breeders 

were asked to name the scientific publication 
in which they would most like to publish an
article on their research. about half indicated 

journals inthe highly developed nations. Thirty-
eight of the breeders had authored or co-

authored 181' published scientific papers during 
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the post 2 years, an average of about 5 papers/ 
scientist. Fifty-three percent of the published 
articles appeared in national publications. 23% 

in institutional publications. 18% in journals 
from highly developed nations, and 6% in 
international publications. 

Thirty-eight breeders had prepared or helped 
prepare 106 papers for presentation to peer 

scientists at professional conferences during the 
last 2 years; 68/,of these papers were presented 
at national or local meetings. 26% at IRRI. and 
60 in other Asian nations. The breeders had 

also prepared 344 newspaper or magazine 
articles, radio broadcasts. extension publics
tions, and teaching materials-an average of 
about 9 each. 

Lhferatsre use and ratings. Ninety-two per
cent of the total scientific literature read by 37 

Table 6. Mo." ratings of importance and percenteges of 
use of vwbss nonpervonal and personal sources of 
sientifio Information um by at leat one-third of 
setmple of Asin rice sclentism. The criterion wausful. 
nos to the scientist In his rice breeding program. 
bu of t ginformationl ouexperimente by 37 rice 

oniver stie in 10 Asl4sn natic -t. 1976. 
Scis nt~MS (%) Ruing 

Publtion or informinO sourca who usie source of se 

6.46IR~A,Anua Rpot 95 

Local probiemarsa scientlsts 46 6.06 
with IRRi outreach 

Piat Steeding Atratsl (UK) 83 4.65 
inan Jmournal of Genetic ad Prant 7 4.83 

Beddg 73 4.61 

comtin 5katon wlt, n 4.61 

cropScence (USA) SI 4.77 

lpaes Journel ofPlant 5dn 4.754 

iRRI Rsewch ,hlhghts 84 456 
94. 1
SROlA O Ne sltt erm Ga 4.3L~Ocallat bender 

intenato nal c~mto
 
N~t,, (FAO)$ 
 47
 

nijon 65A)e 4.17 
! 40Sclenufrc books 

iRkiRIc Pl~ogy Nsltte 70 3.36 
Japanee Agrcultura Researc 
ln Za ofArclualSine i 3.6 

Proceedng, of the cropSociety of
J""' 3.57 

Currnt Science (india) 612 3.43 
mmn Rice Entomology Newslette 54 335 

AUqt tiYJourna (USA) 76 3.28 

' - mat important wwce: 1 u Meint impete. 



Tae 7. KaUls of odeqsy en Importaneof re-

siee thet in enoe the wf of rMe broam Thlrt.
04ght o bIeeWOM at 24 agricutural expl nt otu

tkm and unlver ltim In 10 Astin nations, 1971. 

Meen (una of 
Resource adiuacr impornoeb 

Opporwnites l specialized 
training o dvanced educationfor peoplwho work undr me 
(tfoheb e rk) 3.0 

AvoMlaWity of genetic materials 
wth .iccgenetic 2.03for
chairlwistlcs 2.03 46 

Personl freedom to Incorporate 
technuine. atainto

techniques, end Idlen into the 

rice Improvement program 1.63 45 
Opptwunity to have breeding

fino thoroughly tested ur.der 

dv,,s past and nv.ir antI 
conditions 2.91 37 

Financial support 3.00 37 
Scientific information resources 

-- journals. booka. end contat 
with other scientists-to use 
In the bteeding program 2.83 32 

Availability and qualty of ttrined 
tachnical help 2.75 32 

Oorunities for specialized 
training or advanced education 3.27 17 

Opportunity to gain scientific 
recognition 3.13 15 

Equipment and tools to use in 
experiments and breeding 
work 3.06 12 

Opportunites for professional 
advancement 3.07 11 

Experimental Ind 2.11 7 
Trainptation 3.25 5 
Avalabihty an quahity of labor 2.26 2 
Other (specify) 3.43 10 

Av. 2.9 23.67 

IOn a scale o fromni to 5:1 - very adeqluate at this satMion: 
2 - adequate; 3 - intermediate: 4 - inadequate; 5 ,, very 
Inadequate 'Calculted by reigning a weight of 4 to each 
factor rated -m first in importance by each breede. 3 to each 
factor rad seconrd. 2 to each raed third, and 1 to each factor 
rated fourth. Totels for each factor were then summed to get 
an1Index. Maximum p:osabia weight per factor was 6 (if allI 
24 repnets had rted one factor a firat In importance). 

breeders was in English. The breeders rated 
the importance and percentage of use of 77 
publications or personal information sources 
(Table 6). The IRRI Annual Report receivedl the 
highest mean rating-6.46 on a scale where 7 
was "mon important source of information." 
It also rectived the highest percentage of use. 
The st ond ,. ost important source of infor
rv tion va "local problem-area scientists such 
as agronomist., er.iomologists, and patholo
gints." followed by "'correspondence or con
sultation with IRRI outreach scientists": Plant 

Breeding Abstracts; the IARI Reporter; and the 

Indian Journal of Genetics and Plant Breeding. 

Use of resources. When the scientists rated 
the adequacy or inadequacy of resource factors 
in their breeding programs, "personal freedom" 
was found to be most adequate. followed by 
"availability of experimental land" and "avail
ability and quality of field labor" (Table 7). 
Rated as least adequate were "opportunities

specialized training or advanced education" 

and "transportation." Noted as the most im
portant to the success of a breeding program 
was "opportunities for specialized training or 
ed.cation for the people who work under me," 

followed by "the availability of suited genetic
materials" and "personal freedom." 
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DISEASES 

Five systemic fungicides were used as seed 
treatment to control blast in upland rice. In 
preliminary trials seed treatment reduced blast 
infection but did not sufficiently control the 
disease. Soil moisture seemed to influence the 
fungicide's effectiveness. Frequency of spraying 
appears important in blast control. Experiments 
on blast control by spraying showed that more 
frequent spraying at a reduced dosage increased 
the level of control and rice yield. 

Dew is important to blast development. It 
greatly affects spore release and infection, two 
vital processes of the disease cycle. The longer 
the dew duration, the more spores were released 
and the more severe was blast infection, 

In studies to forecast the development of 
blast disease by dew period and number of 
airborne spores, the simple correlation obtained 
between number of lesions and dew period was 
high (r = 0.88), while that between number of 
lesions and spore number was low (r = 0.55). 
With the use of both dew period and spore 
number in two levels, the correlation was higher 
(r = 0.91), especially when a high level of spore 
concentration was used. 

In a continuing study of the epidemiology of 
tungro, farmers' fields were surveyed during thelast 4 years. The number of tungro vectors and 
percentage of infective insects during the period 
between April and June, and the average tungro 
incidence during the period between June and 
October seemed correlated. The information 
can be used in forecasting the disease in the study 
area. 

The dispersal of viruliferous insects affects the 
spread of tungro disease. The dispersal of 
N. virescens is affected by such factors as dura-
tion for dispersal, plant height, and rice variety, 
but not by number of insects at the point of 
release, time of release of insects, and tungro
diseased plants. 

INSECTS 

Several new insecticides effectively controlled 
the green leafhopper (GLH) ad brown plant-
hopper (BPH) in laboratory tests. As a foliar 
spray, NRDC 161, a synti, ctic pyrethrin or 
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"pyrethroid," controlled GLH in field experi
ments but caused BPH resurgences in both 
irrigated and upland field experiments. 

Foliar applications of carbofuran controlled 
BPH at low rates of 80 g a.i./ha and GLH at 
4 g a.i./ha in greenhouse experiments. Many 
insecticides were tested as paddy-water and 
root-zone applications, but none were more 
effective than carbofuran. 

A study of the rate and frequency of insecti
cide application indicated the necessity of 
protection, shortly after transplanting, for maxi
mum yields. During the wet season, rates of 
broadcast application were important, but rates 
of 0.5 and 2.0 kg a.i./ha in the root-zone 
treatments showed little difference. Root-zone 
treatments provided more profit than any other 
application method. 

Carbofuran provided effective control as a 
root-zone application when mixed and applied 
simultaneously with urea and 2,4-D. Coating 
the roots before transplanting, by dipping them 
into a mixture of gelatin, water, and carbofuran, 
provided excellent control of the whorl maggot 
and GLH and resulted in yields equal to those 
from four broadcast applications. 

In greenhouse tests, field-collected BPH were 
more resistant to insecticides than were the 
greenhouse-cultured BPH. Close plant spacingincreased BPH populations but had no apparent 
effect on GLH. Egg parasitism and predation 
of the GLH and BPH were important popula
tion-regulating mechanisms. 

The economic loss threshold for the rice bug 
was established at 2-4 rice bugs/sq m. 

The predaceous bug Cyru'orhirnss Iivldipennls 
was found to be much more sensitive to insecti
cide applications than the spider Lycosa pseu
doannulai'a. Varying the method of application 
did not appear to benefit the conservation of 
the bug. 

WEEDS 

Efforts were intensified to identify herbicides 
that perform well on rainfed rice. Of the 
chemicals tested for the first time the promising 
ones are NTN 5810/2,4-D, EXP 3316, and 
Prodotto D75 for transplanted rice; X-52/ 
2,4-D, MT 101, and NTN 5810/2,4-.D for 



direct-seeded, flooded rice, and SL-55, NTN 
6867, and EXP 3316 for upland rice. Terbuchlor 
appeared outstanding for all types of rice 
culture. The search continues for herbicides 
that will minimize hand weeding in dry-seeded,
rainfed, bunded rice without causing stand 
losses due to toxicity. 

Integrated weed management studies included 
cultural practices that evaluate the effects of 
varietal type, water depth, and degree and 

"CONTROL 

interval between tillage operations in trans
planted rice, as well as the effects of variety,
tillage, and water depth in direct-seeded, flooded 
rice. In both types of rice culture 1R36, with its 
spreading foliage, competed better with weeds 
than did IR34 with its erect leaves. 

Zero and minimum tillage studies indicated 
that minimum tillage isadependable alternative 
to conventional tillage where difficult-to-control 
weeds are absent or were previously controlled. 
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BLAST 

Chmical control InuplaM rke. Several chemi-

cals were tested for controlling blast in upland 
rice at both seedling and later stages. 

Seed treatment. Blast infection during the 

first 30 to 40 days ofgrowth iscritical for upland 
rice. Five systemic fungicides were used as a 
seed treatment to protect seedlings against blast. 
Ina preliminary experiment inthe blast nursery, 
the seed treatment greatly reduced leaf infection. 
In a field trial, infection was also reduced but 
grain yields did not differ significantly (Table I). 

between replications,in yieldFluctuations 
caused by soil heterogeneity and soil water con
tent. may have affected the results. 

Frequency ofspraying. Two experiments were 
conducted on the effect of frequency of spraying 
on blast control. In one experiment, fungicides 
at 1.0 kg/ha were sprayed every week, every 2 
weeks, and every 3 weeks starting at about 30 

days after seeding (DS). In the other, they were 
sprayed at 0.25 kg/ha once a week, at 0.50 

kg/ha every 2 weeks, and at 1.0 kg/ha every 4 
weeks starting at 30 DS. More frequent spraying 

increased the level of control (Table 2). Split
application and increased frequency improved 

efficiency (Table 3). However, chemical control 
appears tohv iteprcia vau o a 

blast-susceptible variety inupland culture. 

Ep~dmlologiesI studies. Because blast is in-
cited by airborne spores, spore release isa vital 
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Table 1.Chemica seed 
blust. IRRI. 1376. 

TeMnt Rt 

(g/kg seed) 


PP 389 40 
PIP 010 


Bnae 40 
40Benlate 10NF-44 


NF.44 
NF-48 40 
NF-48 10 
HOE 22843 40 
HOE 22843 10 

control 
'Means followed by the sen letter we nM slqnificsntIydifferent 

i h l bAveuge o 4 repocat ons Counted 4 week 
at t %le.d 

onTable 2. Effect of frequency of fungicide spraying 

Table 3. Effect of split application of fungicide spruys on control of rice blat." IRRI. 1376. 

treatment for control of rice 

nyield' 

(kg/ha) 

1145.8 a 
1082.5. 
1094.5.a 
1078.9@•1061.9: 

9861 a 
1148.9 a
1121.7. 
1079.5@ 
1052.5. 

879.2 a 

Lesions' 
(no /10 Neck blush 

s4edlings) Infection (%) 

1ia 44 a
 
18 b 52 a
 
20 bc 45
 
16 bc26 cd 

36b 

9 b 58mb
 
90 41,


23 bc 51
 
15 b 45u
 
25 bcd 4ab
 
38 d 75 b
 

blast control." IRRi. 1976. 

Frequency of Rate 

Treatment application (kg/ha) 

NF.44 

NF-44 

NF-44 
Beniare 
Benlate 

Benlate 

NF-48 

NF-48 

NF-48 


PP 389 

PPPP 389389 

Once aweek 1.0 
Every 2 weeks 1.0 
Every 3 weeks 1.0 
Once aweek 1.0 
Every 2 weeks 1.0 
Every 3 weeks 1.0 
Once a week 1.0 
Every 2weeks 1.0 
Every 3 weeks 1.0 

Once aweek 1.0 
Every 2 weeksEery 3weeks 1.01.0 

Control - -

Grain yieldb Neck last 
(kg/ha) Infeion (%) 

2179.1 a 250 ab 
1854.3 abc 213a 
1807.6 abc 56.8 
2189.1 a 180. 
1959.5 abc 27.5 ab 
1818.2 cd 553 
2153.8 ab 260ab 
2045.3 abc 30.0 ab

5251823.8 

2103.4 ab 28.3 ab
bcd 57.5 c2043.81892.9 abc 41.8 bc 

1325.2 d 60.3 

letter are not significantlydifferent'Mews followed by t same 
at the 5%level. 'Average of 4replhcations. 

Treatment 

HOE 17411 
HOE 17411 
HOE 17411 
NF-44 
N F.44 
NF.44 
Benlate 
Benlate 
Benlae 
PP 389 
PP 369 
PP 389 

Control 

'Means followed by 

Rate Grain yield'Frequency of 
(kg/ha)sappHeation (kg/ha) 

1.00 1845.4 abcEvery 4 weeks 
(1.50 2103.3 aEvery 2 weeks 

2089.2 aOnce a week 0.25 
1.00 1820.8 abcEvery 4 weeks 
0.50 1750.4 aedEvery 2 weeks 
0.25 2024.2 abOnce a week 
1.00 164.4 aedEvery 4 weeks 

Every 2 weeks 0.50 1822.5 abc: 
0.25 1842.5 abcOnce a week 
1.00 1593.3 bedEvery 4weeka 
0.50 1584.2 bedEvery 2 weeks 
0.25 168.7 abedOnce a week 
-- 1332.0 d 

t 5% leveL 'Avref of 4 repllcations.t same lettr we not significantly different at 

Neck bLest'
 
Infection (%)
 

59.5 bed 
49.5 ab 
48.0 a 
54.8 abc 
53.3 abc 
53.8 abc 
58.5 abc. 
52.0 abc€ 
51.3 abc 
61.8 ci 
55.8 abc 
47.8 a 
87.5 d 
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1. Effect of dew period on spore release from blast lesions 
on rice leaves in blast nursery. IRRI. 1976 dry season. 

process in the disease cycle. Earlier IRRI studies 
showed that spores of the blast fungus are 
released from lesions in the presence of dew or 
light rain. 

Dew period and spore release. The relation-
ship between duration of dew period and 
amount of spores released was studied in the 
IRRI blast nursery where infected leaves were 
always abundant. The dew period, temperature,
and relative humidity were recorded nightly 
(from 1700 to 0800 hours). Spore samples were 
collected by the Kremer-Colin spore sampler, 
and counted. The dew period had a dramatic 
effect on spore release; a longer dew period 
caused earlier release of spores and a larger 
number of released spores (Fig. 1).... 

In the blast nursery the dew period was ex-
tended by covering the plants with a plastic 
sheet. The period was reduced by hanging ar 
bamboo mat over the seedlings (Fig. 2). Temn-
perature, relative humidity, and dew period 

were recorded. The development of blast was 
estimated from the number of lesions on 100 
seedlings on each plot every other day.,,I 

Blast developed earlier and was most severe 
unde th plsti heshet. lans uderthe 

bamboo mat had little blast. Under natural (no 

treatment) conditions, blast development was 
(Fig. 3). Temperature and relative 

humidity at night did not differ significantly. 
Under the bamboo mat, guttation may have 
induced leaf infection by blast spores. 

wetness and infection. Another vital pro
cess of the blast disease cycle is infection after 

spores have lodged on leaves or other plant 
parts. A study examined the effect of duration 
of leaf wetness on rate of infection. After spray 
with spore suspension rice seedlings were placed 
in dew chambers in the IRRI phytotron for 
periods from 4 to 26 hours. Then they were 

to a room at about 25'C and 70% relative 
humidity to permit lesions to develop. The long
er the period of wetness (up to about 23 hours),
the greater the number of lesions (Fig. 4). The
lesions were fewer on moderately resistant varie

ties (Peta) than on the susceptible Khao-teh
haeng 17. In the field, dew is the major factor 
that causes leaf wetness. Rain also wets the 
leaves, but it usually washes the spores off them. 

Correlation between dew period and airborne 
spores. To forecast blast development by dew 
period and airborne spores, potted, blast-free 
seedlings from the greenhouse were exposed 
overnight in an upland field with a high inci
dence of blast. Temperature, relative humidity, 
and dew period were recorded, and airborne 

,
 

;.. 
' " .' 

. ., 

' .. 
_ ,

aJ  
r 

r~ 

r
 
2MniutiiodeprosinbaturryPltc 

covering cxiends dew period; bamboo mat hung over the 
plot reduces it. 
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3. Effect of bamboo mat and plastic shet covering on blUitdcac dcvclopmcnt in blast nursery. IRRI. 1976. 

spores were sampled. After the exposure, the lected, and the vectors' infectivity was deter
pots were returned to the greenhouse. A week mined every 2 weeks from November 1975 to 
later, the lesions were counted. Sixty-two sets of October 1976 (Table 4). 
such data were accumulated. Incidence. The incidence of tungro inthe study 

Dew period and number oflesions were highly fields was low. The overall average incidence 
corrclated (Fig. 5). The correlation was even was 0.68% in584 observations. About 44%o of 
highcr when spore concentration was considered the fields, however, had plants with tungro. The 
(Fig. 6). The correlation between spore number disease appeared in the fields throughout the 
and lesion number was relatively low (Fig. 7); study period. The high incidence (2.79%) oc
the correlation was closer with longer dew curred in November 1975 and low incidence 
periods (Fig. 8). Correlations between tempera- (0.03 %) inJuly 1976. 
ture and relative humidity were insignificant. No tungro infection was observed on rice 

varieties Bencer, 1R32, 1R34, Sanlta Maria, and 
TUNGRO Wagwag. The other 15 varieties and lines were 

infected to various degrees. 1R1561, which had 
The epidemiological study of rice tungro disease the highest disease incidence (Table 4), also had 
in farmers' fields in five provinces of Luzon, the highest disease incidence in 1975 (1975 
Philippines, was continued. The disease inci- Annual Report). 
denr was observed, insect vectors were col- Insect vectors. A total of 3,379 insect vectors 
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4. Rclation of duration of period of leaf wetness in dew 
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in greenhouse) on variety Petw and Khao-teh-haeng 17. 
IRRI phytotron. 1976. 
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S. Relation of dew period to number of blast lesions per 
seedling. IRRI greenhouse, 1976. 

were collected from the study fields. Of' the 
number, 24% were nymphs and 76% were 
adults; 56, 39, and 5 % were Nephoicuix tire-
scens, N. nigropicius, and Recilia dorsalis, 
respectively. 
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6. Relation of dew periodJ to number of lesions per secln 
o1at 

at two levelsofsporcconccntration. IRRI greenhouse. 1976. 
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7. Relation of number of airborne spores to number of 
blaht lesions pcr seedling. IRRI greenhouse. 1976. 

The number of' insect vectors was generally
low in the study period, particularly in Decem
ber and January; the average was :5.8 insects/10 
sweeps. The highest number of' insects was 
collected in October. Data classified by pro
vince, field, and variety are in Table 4. 

The highest number of'N. t'irescens, N. nigro
pic.'us, and R. dorsalis was collected in October 
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N*,cd WOO"(T) number of insect vectors between fields with 
5 1and without tungro was greater in the paddy 

1V V 0-4hw,,wl ' t'"7 00 -12.+0=3 fields than in the stubble fields. Furthermore,
9,.-r..,)9 L (to the ratio of the three species of insect vectors 

00 1.0. @Raj)4differed in the fields with tungro. For instance, 
a 

25 
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1 o 0the 
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8. Relution of number of spores to number or lesions in 
three dew periods. IRRI greenhouse. 1976. 

(1975), March, and October (1976), respectively. 
The ratio of N. virescens to N. nigropictus to 
R.dorsalis was 53 :41: 6 in seedbeds, 74: 23: 3 
in paddy fields, and 48 : 47 : 5 in stubble fields. 

The number of insect vectors was generally 
higher in fields that had tungro than in the fields 
that had none (Table 5). But the difference in 

more N. virescens were found in paddy fields 
with tungro, but there were more N. nigropiclus 
in stubble fields with tungro. The kinds of host 
plants present in a field may be amore important
determinant of the ratio of the insects than is 

presence of the disease. 
infective insects. During the study period, 

8,992 insect vectors were collected from the 
study fields and tested for their infectivity. Of 
the insects tested, 55, 39, and 6%were N. tire
scens, N. nigropictus, and R. dorsalis, respec
tively. The percentage of infective insects was 
low throughout the study period, particularlya 

in April, May, and June; the overall average 
was 0.75 %.The highest percentage occurred in 
October. N. virescens had 1.18% infective in
sects, N. nigropictus had 0.17%, and R. dorsalis 
had 0.51%. 

The percentage of infective insects varied 
among the provinces, the fields, and the rice 
varieties and lines (Table 4). Regardless ofpaddy 
or stubble fields, the percentages of infective 
insects were often higher in the infected fields 
(Table 5). 

Table 4. Tungro incidence and Insect vectors in Luzon, Phillppinee.,cimesifled by province, field. and variety. Novem
ber 1975-October 1976. 

Protn,.Tungro 
field type.

variety 
Obsetions 

(no.) 

Buiscan 250 
Leguna 208 
Nueva fiche 125 
Pampanga 155 
Tilc " 208 

Seedbed 70 
Paddy 519 
Stubble 211 
Idle 146 

C4-630 37 
iR2O 30 
iR26 210 
IR28 77 
IR29 44 
1R30 118 
IRl61 -228-3 93 
Jumbo 34 
Others 1567. 

insect wetlor 

ields 
(%) 

incidence 
(%) 

colieclior~s 
(no.) 

Av. no. pet 
10 sweeps 

Tested 
(no.) 

Infective 
(%) 

53 
31 
58 
43 
36 

0.76 
060 
0.32 
0.82 
O."6 

162 
121 
97 
88 

124 

9.7 
4.1 
4.0 
3.4 
5.4 

2998 
1534 
1372 
1212 
1947 

0.90 
0.59 
0.29 
1.07 
0.72 

0 
38 
73 

0 

0 
0.43 
1.52 
0 

70 
268 
210 
34 

7.0 
3.5 
9.3 
0.2 

1624 
2838 
4630 

71 

0.07 
0.6 
1.08 
0 

59 
70 
45 
47 
66 
36 
68 
59 
15 

0.36 
0.49 
0.76 
0.19 
0.34 
0.33 
2.33 
0.46 
0.29 

26 
22 

138 
51 
34 
74 
68 
24 

111 

5.8 
4.5 
3.0 
2.5 
2.0 
6.6. 

10.4 
0.4 
3.0 

433 
445 

2531 
1018 
638 

1131 
1041 

422 
1333 

0.69 
0.22 
1.03 
0.29 
0.31 
0.44 
2.11 
0.47 
0.23 
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diesow In Luton. Philippines. between November 
Table 5. Insect vectors In rice fkds with end without tunor 

1375 and October 1376. 

Province 

Bulecin 
Lagune 
Nueva Ecija 
Pamponga 
Twac 

Total 

Bulocan 
Laguna 
Nueva EcilJ 
Pampange 
Tarlac 

Total 

•Nephotettlx 

No tungro 

Colec- Vectoms Vectors 
tions (no./10 Vectors tested 
(no.) sweep) ratio' (no.) 

38 4.1 6 16:4 403 

60 1.6 41:56:3 392 

21 1.4 80.20:0 142 

29 2.4 63:29-8 309 

41 1.9 52:44:4 475 


189 2.3 63:33:4 1721 


13 19.8 78:21:1 134 

12 8.4 28:5. 13 230 


6 13.8 69-20.11 147 

6 1.2 57:29:14 69 


19 2.5 21:71:8 227 

56 8.9 61:33:6 797 


vtrsicens: N. nlgropcte:Recilla doealis in %. 

Insect vectors and tungro. Tungro virus is 
transmitted only by insect vectors, and disease 
incidence is undoubtedly determined by the 
population of insect vectors and the percentage 
of infective insects when other factors remain 
unchanged. 

In the study fields during the last 4 years, the 
average number of insect vectors and the per-
centage of infective insects between April and 
June, and the average tungro incidence between 
June and October seemed related (Table 6). 
Hence, reducing the insect vectors and the per-
centage of infective insects in April, May, and 
June may reduce the incidence of the disease on 
the rice crop in the study fields in the rainy 
season. The number of insect vectors and the 
percentagebetween of infective causeinsects in the periodApril and June that could a 

tungro outbreak inthe study fields remain under 
investigation, 

With tungro 

InfectiveInfective Collec. Vectors Vectors 
tions (no.110 Vectors tested insectsInsects 


(%) (no.) eweee) oio,' (no.) (%)
 

Ptddy fields 
0 24 9.3 90; 9:1 356 1.40
 
0 11 2.7 67:33:0 174 0.57
 

0.70 10 13 79:14:7 69 2.90
 
032 18 4.7 80. 15:5 268 0
 
0.53 16 93 80:191 250 1.20
 

0.29 79 63 84:15:1 1117 0.98
 

Stubble lkIds 
0 52 13.6 60:37:3 1345 1.64 

0.43 29 8.9 37:60:.3 704 0.99
 
0 36 4.8 35:51:14 831 0.12
 

0 14 4.9 E,7:38:5 285 4.21
 

0.44 24 10.7 11:86:3 668 0.90 

0.25 154 9.4 45:51:4 3833 1.25 

ex-Experimental epidemloogy. A factorial 
periment using the cage method was conducted 
to determine the effect ofnumber of adult insects 
of N. virescens, duration of caging, and amount 
of virus sources (number of pots containing 
tungro-diseased plants in a cage) on the inci
dencc of tungro, as expressed by percentage of 
infected seedlings of Taichung Native 1. The 
test involved 137,670 insects, 2,696 pots of
 
diseased plants, and 213,400 test seedlings in
 
8,536 pots.
 

The data are being statistically analyzed, but
 
the overall averages indicate that 26, 35, 43, 57,
 
62. 67, 70, 73, and 78 %seedlings were infected
 
in cages each containing 15, 30, 60, 120, 180,
 
240, 300, 450, and 600 insects, respectively. The
 
cages in which insects were confined for 1,2, 4,
7,11, 16, and 22 days had 15, 25, 49, 66, 77, 78,
 
and 88 % infected seedlings, respectively. In
 
cages that each contained 1,2, 4, and 8 pots of
 

insect vectors knstudy fildse In April. May. and June and incidence of rice tungro disease in paddy fields
Table 6. 


between june and October. buson. Philippines. 1976.
 

Tungro diseaseInsect vectors 

Obeaions Fe incidence
Yewr Collected No./10 Tested Infective 

(%) (%)
inn,'.) sweep (no.) (%) (no.) 

1' 0.601028 0 151
1973 68 5.8 

45' 2.38'2425 1.77 244
1974 166 11.0 


.0.69
1975 181 98 3319 234 72 3.32
 

1976 
 149 3.9 2244 0.18 267 25 033
 

ware excluded. 'The Philippine Oovmxnrment launched a green iealhoppst
'Rice fields with only a few tungro.diseesed plants 
control program in the re in July and August. 
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@6O hI1sE1U'sleW' *S@A's iSO! 

40 

30W 

20m 

10 

I0 
0 2 '1 0 2 4 0 2 4 0 2 4 0 2 4 0 2 4 

0rslnc ( no of pors from pomnW )of re* 

9. iir~i c4 .V.,h, ie ,.t ad utcon .16rot, fTN I rice plant, in wrccned cagm at dilTercnt days aner the introot ireu4-n 
dution of 100 mwtt cvc 

;ungro.discawed plints as vir s source,. 49. 54. 1976. The ratio of N. rirexccns to N. nigropknss 
57, and 65",, of the s dlings becamc nfectd. to R. d/nr.malis was 68 : 22: 10. Of 4.511 trapped 
Li, irl,'. T~rapping o1 i cit vcctors or rice insects testcd. only 0.67"'- were infective. The 

tunpro and gra% stunt ;t IRRI ws;i., infcctivc insects were trapped in November andcontinued. 
Wtekly ripping by light took pl c between Dcembcr 1975. a3nd in September and October 
1700 I:oar,, aotl 2 hiours, afer 'unset. Sonic trap- 1976. 
ped insects, were te'teld fo~r infc.tivity. The number ofgrntssystunt vector Nilapart'a 

The azeragLc numlber of"tungro vctlors (N. Is.en.,, averaged 127. 15. 34. 15. 55. 21. 14. 74. 
tirr.rr'r. ,N.ni.ernph'ut. anod R. dnr. ci. ) wa,, 257.325. 2.935. and 1.001 per tralp for eanch con
235. 3(. 143. 48., 19)4. 79. 135. 269. 1.883, 3.806. M.'cutive month from November 1975 to October 
3.l'9. a0nd 687 pe~r trap fo~r eac'h cons'ecutive 1976. Of 1.679 trapped brown planthoppers 
month f'rom Nove:mber 1975 through October tested for infectlivity from November 1975 to 

hwtos ( % olthla/pao) 

60 #tV 3c CW Mo /bi c, bM P 

30 

20 

00 2 4 0 2 4 0 2 4 0 2 4 

ii. Disprsal d.Yrptuil rl"nsre'n :dults on .6ptfs o( TN I rice plants o different heiphts In wrce cage's the morning 

atter the Intimiurhion oW"InG insectls cqe.F 
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haxts ( % of itooJ/p*) 

60 b b .i 	 q 

40 

30 

20 

100 

0 2 4 0 2 4 0 2 4 0 2 4 
Dustance (no o pots from potnt of relese ) 

i. Disp l ol Nephatrti. rlrrscn' adulII -in Ys pot %of rice plan %of different vurictik' Inscrened cags the morning 
ufler the introduction or 100 incct c.gc. 

October 1976. none were infective. No grassy Plan heigh a/ insee dispersal. The size of 
stunt was observed at IRRI during the period, rice plants. as expressed by plant heightaffeccd 

Dispersalof N. vircscens. Because the spread insect dispersal (Fig. 10). The smaller the rice 

of tungro results from the movement, dispersal. plants. the more even was the distribution of the 

or migration of the tungro-viruliferous insects, insects among rice hills in the experimental 

thedisprmsl of N. viresc,nsas affectcd by scveral area. The finding suggests that tungro would 
factors was studied. 	 spread much mlore evenly aind pe.rhaps falster 

N. 	 vit,.'efls reached rice plants even at a in a field with) young rice plants thlan in a field 
with older rice plants,. Furthermore. the youngerdistance of 750 cm. More insects reached thr. 

plants ina given period of time when the dis- the rice plant, the more susceptible it wouald be 

twice was 200) cm or less. 10 tungro. 
Insect dispersall was not significantly affected Rice variety~ andl dispetr. al. Insect dispersal 

by the number of inscts at the point of release. varied among rice varieties (Fig. 11I). The differ-

Neithcr was it affected by the time of release as ence in dispersal could be explained by the 

long as the duration for dispersal remained difference in plant height of the rice varieties as 

the same. The longer the time for dispersal. the well as by the differences in insect prefecrence of 

more even was the distribution of insects on the rice varieties. The inscts5 moved more on a 

rice plants in an area (Fig. 9). nonpreferred variety than on a prefecrred variety 

The actual time required for N. i'irescr(ns to (1975 Annual Report). 
spread tungro disease in a rice field isdetermined Insect dispersal was not affected by tungro

by the number of insctls, the size of the field, diseasedl rice plants. No statistical significance 

and the site where the insects start to disperse was ob.er,.ed in insect dispersal when the insects 

into the field. In the present study, insect dis- were placed in separate cages of diseased and 

perssal as a function of time and distance was healthy plants. or inone cage with both diseaseJ 

expressed by: 	 and healthy plants. 
In. eci lisper.'.al in am,' vered area. W\hen adult 

y = 69.8 - ° ' . ' 34(1( + A7.br ' -0.174' (R = 0 .9 9 fl) insects were released at thecenter ofan uncover
where f = percentage or total insects per rice ed area with 168 pots of rice phants. the pattern 

bill: e = 2.718; y. = distance, ranging between of insect dispersal did not differ much from that 

0 and 5 rice hills; and d = duration. ranging inacage. 
between 1and 11Idays. 
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INSECTICIDES 
Entomology Department 

Although rice varieties with resistance to some 
insects are available, there are several pests to 
which varieties have little or no resistance. Even 
with resistance. the possibility of the develop-
ment of a biotype that can destroy resistant 
varieties points out the continued need for 
testing pesticides to control certain rice pests. 

The objectives of IRRl's insecticide program 
are to identify insecticides that effectively con-
trol an insect but arc less harmful to beneficial 
insects, and to develop methods of insecticide 
application that decrease the amount of insecti-
cide applied to a crop. 

Contact toxicity. The contact toxicity of 26
insecticides ws Of the eh?:nicals,Wetermined. 

commerically available in the Philippines, none 
were highly active as contact poisons. The 
synthetic pyrethroids NRDC 149, NRDC 161. 
and WL 41706, and two analogues of carbo-
furan, FMC 31768 and FMC 27289, were most 
effective against both the brown planthopper 
(BH) and green leafhopper (GLH) (Table I).
Compounds found ineffective as acontact spray 
against both BPH and GUI were carbaryl + 
methyl parathion, Padan + MIPC, RH 218, 
RH 6337, SAN 1971, Padan, carbaryl, dime-
thoate, BPMC, UBI R677, vamidothion, Lethox 
+ BPMC, andSumithion. BPMC and acephate. 

which are effective as foliar spray against BPH 
and widely recommended for BPH control, are 
not effective contact insecticides. 

Follar sprays Compounds applied as foliar 
sprays in greenhouse tests were generally more 
effective than they were in the contact toxicity 
tests (Table 2, 3). Insecticides currently recoi
mended for BPH control in the Philippines, 
such as carbofuran. chlorpyrifos + BPMC,
Perthane, acephate. azinphos-ethyl, and carbo

phenothion, provided effective control. Of 
the new compounds, the synthetic pyrethroid 
NRDC 149 was most effective. NRDC 149 and 
another new compound, WL 41706, as well as 
carbofuran 36F (flowable formulation with 
molasses as carrier), all caused greater than 

90 %mortality at 14 days after treatment (DAT)
Insecticides that were ineffec:ive against both 

BPH and GLH were JF 2130. SAN 1971, EPN 
300, Padan, methomyl, RH 6337, Padan + 
carbaryl, UBI R677, fenitrothion, and SAN 
155. 

Four field experiments during 1976 evaluated 
insecticides as foliar spray. One dry-season 
evaluation tested 12 insecticides against whorl 
maggot and against GLH as a virus vector 
(Table 4). Foliar sprays at 20-day intervals 
provided poor control of the whorl maggot. 
However, eleven compounds brought about 
significantly less damage than the control at 
38 DT. Among them, NRDC 161 was the most 

Table 1. Contact toxicity of Insecticide applied against brown planthopper (SPHt) and green leafhopper (OLH) 

at 0.04% concentration Ins• Potterse spray tower. IRRI laboratory. 1SJ761 
' Mortlintyb (%)
 

insicticide Formulation' BPH GLH
 

1HT' 4 HT 24 HT 
 48 HT 1HT 4 HT 24 HT 4811T 

NROC 1t9 10 C 80 100 100 100 86 100 100 100 
63 78 80 87 80 100 100 100NRDC 161 (Decis) 2.5 IC 
53 86 86 88 87 100 100) 100WL 41706 30 ec 

IC 93 98 98 47 100 100 100FMC 31768 24 37 
EC 93 94 95 59 100 100 100FMC 27289 48 33 

22 40 46 46 -. . . .Methomyl 20 IC 
30 IC 18 53 64 72 68 92 100 100WL 43775 
20 IC 16 46 58 61 53 92 100 100S.5602 

9 50 82 84 49 100 100 100FMC 35001 48 IC 
63 85 91 25 .100. 100 . 100FMC35023 24 IC 6 

22 23 0 2 36 69
JF 2130 50OP 1 4 

75 SP 0 4 9 9 0 2 32 76Acephate 

NI.15 S0 WP 0 5 17 26 0 0 65 90 

'C- emulsiflable concentrate; WP - wettable powder: OP - dispersible powdec; SP - soluble powder. bAverag~e of 4 replica-
HIT- hour afer treatmenltians, each consisting of 26 insect treated and caged on plants; sdjusted wing Abbott's formula 

when insect mortality was determined. 
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Table t Knockdown and residual effects of Inseacticidese applied against brown planthopper (SPN) and green 

leafhopper (GtH) - 0.04% follar spray at 12.5 n solution/potted plant (variety TNI). IRRI greenhouse. 1976. 

Moalityb (%) 

Insecticide Formulation' BPH GLH 

IDAT 7 OAT 14 DAT IOAT 7 OAT 14 OAT 

NRDC 149 10 EC 100 89 94 100 100 100 
Chlorpyrifos * BPMC 21 + 10.5 EC 100 12 4 100 20 0 
WL 41706 30 EC 100 78 96 100 100 100 
Carbofuran 20 F 100 92 39 100 100 100 
Perthane 45 EC 100 8 12 100 7 0 
Carbofuran 36 F 100 100 100 100 100 100 
Vamidothlon 40 EC 100 68 43 100 100 100 
Acephate 75 SP 100 18 7 100 44 42 
BPMC 50 EC 93 19 9 100 46 17 
Isoxathion 50 EC 91 55 15 100 97 48 
Azlnphos methyl 40 EC 90 18 14 100 89 97 
NRDC 161 (DOcli) 2.5 EC 88 22 21 100 94 97 
AC 64475 25 EC 76 24 19 100 80 57 
Fenitrothion * 8PMC 75 EC 65 14 8 100 5 0 
Sumthion (encapsulated) 20 EC 57 26 10 94 72 5 
Dicrolophos 20 EC 42 24 10 100 68 26 
Methamldophos 50 EC 45 9 8 100 76 55 
WL 43775 30 EC 43 7 26 100 84 100 
Carbryl + methyl parathion 40+ 10 EC 30 15 8 70 17 0 
Phosphamidon 50 EC 27 23 7 100 0 6 
Crbayl 85 WP 24 20 18 67 29 12 

,EC - emulsifiable concentrate. WP - wettable powder; F a flowable SP - soluble powder. Cabofucai 36 F - flowable formu. 
latlon with molasses as cerrier. Casbofuren 20 F has water a curler. bAveragp of 4 replications each consisting of 15 Insects 
caged on a potted plant; adjusted using Abbott's formula. OAT a days after ireatment atwhich insects were caged on treated 

caging.plants. Mortality was determined at 48 h alter 

effective. Even though the incidence of virus yields.
 
during the dry season was tow-GLH popu. Nine insecticides were field tested during the

lations were low-significant differences were wet season (Table 5). NRDC 161, which pro
attributed to seven compounds. Despite excel- vided good protection in the dry season gave 
tent control of the whorl maggot and GLH by poor protection in the wet season. Virus infec-
NRDC 161, a resurgence of BPH towered the tion was extremely high. Only NRDC 161, 

Table 3. Knockdown and residual effects of insecticides applled against brown planthopper (5PM) and green 

leafhopper (OLtH) nO .04% falte spray at 12.5 rnl solution/potted plant (variety Till). ifKM greenhouse. 1376. 

Mortality* (%) 

Insecticide Formulation 8PM GIN 

1 OAT BOPAT I3DOAT I DAT BOPAT 13DOAT 

WL 43407 40 EC 100ae 100as 42ae 100as 100a 100a 
Carbophenothlon 
Pertherte 
Endosulfan 
Lawhox * 8PMC 
Chlorfenvlnphos 
Pyridaphenthion 
A47171 
Methyl pathion 
Olarlnon 
D0515647 
UC561762 
Cytolane 

(30. 

40 EC 
4SEC 
35 EC 
10) EC 
20 EC 
40 EC 
24 EC 
50OEC 
20 EC 
23 EC 
75WP 
2SEC 

100a 
95as 
93a•b 
92aeb 
83 be 
70 cd 
87 ode 
60 de 
45 ef 
35 fq 
3.3 Sq 
20 gh 

59 b 
43b-
18 t, 

33 ale 
34 cde 
S1i: 
37 ode 
26 de 
32 odle 
34 cde 
34 ode 
20 de 

16 bc: 
lx;0bed 
1 Ixe 
9 bcd 

15 be: 
17b 
i1b 
7 bcd 

24 abc 
14b 
l0 bed 
7 bcd 

100ae 
92a•b 
S5abc 
97aeb 

100a 
fl8ab 
fla96b 
81 bed 

100as 
1x00a 
100a 
625c 

97a• 
42 da 
13 ig 
55 d 
85ab 
77 bc 
25 5f 
14 fg 
16 efg 
S0 c 
96' 
17 sfg 

37 cde 
2 g 
4 Sq 

16 ef 
26 de 
S2bcx 
5 tg 
2 g 
5 g 

23 e 
49 bed 

6 ig 

"Ina column, all means followed by the sine letter are not significantly different at the 5% level. Insect mortality was determIned 
S 48 h after caging. Average of 4 repllcmlone, each consistlng of 15 insects caged on a posted plant; adjusted using Abbott"a 
formula. DAT - days after treatmnent at which insects were caged on treated plants. 
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Tabhle4. FPld screening of inectidesappllied as follar*pro"l to control rice pelt on IR2,2.1 lflIl 1978 dryspra o. 

!whcxl maggot Tungsoinsecticides, 
damagel Tungo Yil 

lnscdeb 24DY'38vDruY( 

Monoeotophos 6 be 6 ab 
S-3206 
WL 41706 

6e 
6 be 

Sab 
5.6 

NRDC 143 5 b 5 .6 
(Peeirmthlin)

Carboph*nothlon 8 cd 6 bc 
Vamdothion 8 cd 4a 
Acephate
Pethane 

8 
9 

cd 
d 

4a 
7 cd 

FMC 35001 7 be 5 ab 
OfunackChbo5b 4 0 be: 5ab 

tchlorfonriDchiofon 66 cbea 4a4. 
(Dac) 

Control 8 C 8 d 

(t/ha) 

2.71 ab 3.616a 
1.888 3.581 b
 
3.55 tb 3.422 abe 
3.33 ab 3.389 abc 

2.08a 3.360 ab 
533 be 3.320 abe 
3.33 ab 3.303 abed 
6.28 abc 3.125 abcd 
3.54 ab 3.079 bed 

10.83 be 3039 cd03ifo, 


2.9 c213 d12.29 c 2.913 d 

1229 c 2846 d 

'in a column. ,men- by the sen lettr we ns signl-fo4lowed 
fic3ntly different N the 5% level blnsectlcides were applied
thee times M 20-day intervals at0 76 kg al/ha c8asMd on 
scale of 0-9 0 - no damage; 9 - more than 50% leaves dam-
aw d'DT w days after transplanting *Resurgence of trown 

anthoP lowered yields. 

FMC 35001, and FMC 31768 provided protec-
tion against the GLH vector. The resurgence of 
BPH due to insecticide applications was a com-
mon phenomenon. Counts were taken before
and after th fourth application to determine 
whether any significant reduction in BPH 
number occurred. Only three insecticides, FMC 

Table 5. Field evaluation of Insecticidee applied as folar sprays algainst rice pests and thedr offset on brown plant
hopper (3PM) resurgence on iR622.' 1661. 1076 wet meason. 

Whragt Tungro 
lrhocleidb Idmagot vIrus (%) 

27 DY 

NRDC 161 (Dec13) 7a 
FMC 35OOI 7m• 
FMC 31768 8 b 
AC864475 9 b 
DS 15647 9 b 
Monoeotophos 8 b 
Vamidothlon 9 b 
A47171 9 b 
Aeephala 8 b 

control 9 b 

27 DY 68 DY 

4 a 28.a 
3m 15a 
6.6b 20.• 

22 bod. 81 be: 10.234 be: 

I2abe 73b 7,404 be 
23 C:d. 87 be: 4.479 be 
14 abed 77 be: 2.782 at 
32 de 96 C 2.170mab 
i5babed 78 b 2.168mlb 
42 a 92 be 8,'8 s 

35001s FMC 31768, and A 47171, significantly
reduced the BPH population. Recommended 

such as monocrotophos and ace
phate, were ineffective. In some treatments
BPH increased after insecticide application
because nymphs hatched after the treatment. 
Control was poor probably because the BPI 
fed low on the stems and were not reached by
the insecticide that was applied on the canopy. 

Poor BPH control was further investigated
in another experiment in which recommended 
insecticides for BPH control in the Philippines
were tested (Table 6). Before the test, NRDC
161 as foliar spray was applied over the area 
several times to induce a high, uniformly dis
tributed BPH population. At about 70 days 
after transplanting (DT), insecticides were 

applied directly to the base of the plants.
Monocrotophos. carbofuran and mctak
 

a
all gave more than 70% control 4 days after 
the first application.


Outbreaks of BPH are not common in local 
varieties of upland rice, but foliar sprays were 
tested on Kinanda (Table 7). After three appli
cations, BPH resurgences and hopperburn 
occurred. Resurgence was highest in the NRDC 
161 plots, followed by the methyl parathionand the diazinon plots. Of the other insecticides, 
only azinphos ethyl plots had a BPH population 
higher than that of the control. Only methomyl 

8PM' (no.) 

72 DY 
Before 4th Aft 4th 

apall)ClOn appllcatlon 

47.544 d 33.322 d 
23.877 Cd1 11.127 Cd 

16.133 Cd 9.922 be 

12.328 be 

5.623 be: 
3.655 be: 
3.521 abe: 

998a• 
1.590mab 

654m• 

Hoppetwn 
8PM (%) 

S1gnIfIcant raIo'~ 79 DY 91 DY 

reductIon'
 

nes. 56.1 100 C€ 
' 28.2 l3 ab 79 be: 
" 17.9 l8a•b 45mab 
n.e. 12.1 1lab 29mb 
ns. 8.7 29 b 85 be: 
n.e. 5.3 4•at 41 at 
n.e. 3.3 1 a 148• 

2.6 3aeb 16a 
n $. 2.6 0a m0 
n.e. - 10mb 23m• 

"ina column, nunm followed by the same ltter Ieanot significantly dliffetent Nf the 5% level. DT - days after transplantIng. bAll 
Iineticidee warn apoplied at 0.75 kg a I/ha. except NRDC 161. whIch was applied at 0 1 kg l /ha. They wets applled four 
times8 at 20.adey lntvmls on the canopy. 'Bal4K on a scale of 0-9: 0 - no damage; 9 - more than 50% damalged leaves. '9PM 
Collected with a D~v•€ suction machine Coveting 6 5-lnes meter row "ns ,-no significant reduction In 8PM due to spraying:

s reduction Nf5% level of confidence. " -significant reduction mtthe 1%level 'Resrurgenc. rato - number of-lgnificant 
8PM In Insectlelde.rreated plots divided by number In control before the 4th mppllcatlon. 
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Table 6. Evaluation of Philippine recommended Inse-
ticides to control brown planthopper (3PH) on IR41. 
IRRI, 1976 wet "ason. 

8PM' (no.) 

1st InsecicIde 2nd insecticide 
Insecticidet applicallotn appicatior 

4days Conuol 2 days Control 
Bfore after (%) .'t' (%) 

Metatkmate 2678 304 89 67 78 

Monocotophos 3502 659 81 
 192 70
 
Carbofuran 2914 B36 
 71 43 4 

Acephete 3091 1414 64 588 58 
52 571 49MIPC 2318 1124 
48 353 79BPMC 3182 1644 


Carbophenothion 2892 1786 38 375 79 

Endosulfan 2903 1935 33 1059 45
 
Methyl parathion 2991 2153 28 737 66 


No Insecticide 2481 6183 - 5129 

a i/he, except carboluran*AII insecticides were applied at0 7 
which was applied at 0 25 kg. A total volume of 1022 liters of 
solution was sprayed per hectae. A knapsack spfayerequipped 

with a twin cone nozzle at 180" was used with the spray nozzle 
held 2-3 inches above the water surface. bePH collected with 

'Fe daysa D-Vsc surf,..n, machine per 7.linear meter row. 

au11tr.. 1 '-rs.day's aftei thePorcentIt.., ,nsectictdocontrol wasappAicationbased
applicatow on population
coo. 

and endosulfan significantly reduced whitehead 
damage by stem borers. 

Low rates of highly active synthetic pyre-
throids and three other insecticides were tested 
as foliar sprays in the greenhouse (Table 8). 
Most insecticides caused high BPK mortality 

at I DAT, but only carbofuran remained toxic 
at 14 DAT. Even at a concentration of 0.004 

which is equivalent to 80 ga.i./ha, carbofuran 
caused 100% mortality at I DAT. GLH had 

higher mortality than BPH except in the 
Perthane-treated plots. Carbofuran at rates 

equivalent to 4 g a.i./ha (0.0002%) caused 100% 
GLH mortality at, I DAT. Additional field 

research is needed to determine minimum 
effective rates of various insecticides under 
field conditions. 

Paddy-water application. Only eight insecti
cides applied to paddy water caused more than 

80% BPH mortality at 1 DAT 1Table 9).
Mortality decreased at 7 DAT, and only carbo
furan provided adequate BPH control. No 
insecticide had sufficient residual activity at 14 

DAT. Of the new insecticides tested only the 

FMC carbofuran analogues and AC 64475 
provided sufficient control.r v 

was generally higherThe mortality of GLH 

than that of BPH. Two new compounds. DS 
15647 and AC 64475, were effective against 
GLH at 14 DAT. Insecticides ineffective against 
both BPH and GLH in paddy-water application 
were BPMC., Dyfonatc, Hoe Pf 1812, MTMC+ 
carbaryl. chlorfcnvinphos, triazophos. SAN 
155. chlordimeform, Perthane, NI 15, iF 5599, 
and RH 812. 

Table 7. Effect of foiaer spray on brown planthopper (8PM) population and stem borer damage in a local upland 

rice (variety Klnande). IRRi. 1,76 wet season. 

Insecticideb 

NRDC 181 (Dccl) 
Methyl parathion 
Dlazinon 
Azlnphos ethyl 
Monoaxotophoa 
Carbryl 
BPMC 
FMC 3SOO1 
Methomyl 
Endosulfan 
Acephate 
DS515847 
MIPC 
Vsrrtldolhlon 
Perthane 

Control 

8PH Hopper'burn Whiteheads 
(%) (%) 

Number Resurgence 109 OS 117 DS 

at 94 05' ratiod 

6733 ef 16.40 100 d 
-2468 ef 600 75 c 

1919 def 4.67 55 b -
4.84 ab718 cde 1.75 4 a 
4.58 ab374 bcd .91 "1 a 
5.0Oab366 bc: .82 3 a 

0 5.84bcxI;Rbc .43 Oa 
4181 ab175 abxc .43 Ia• 


164 abc .40 1 a 
 2.95 a 
Osa 2.68 a157 abc: .38 

156 abc .38 1 a 4.2.3 ab 
l a 5.84 bc:139 bc .34 

l33 abc .32 Os 6.30 bc: 

55 ab .13 3 a 5.68 ab~c 

29 a .07 . Oae 9.80 
d-4a 7.72 bc411 bcd 

1na column, m-eans followed by the same letter are nnt significantly diflerent at the 5% level, bAll Insecticides were sprayed at 186

20psI pressure at 0.75 kg a.i./ha. Plots received one application each at 49, 77. and 94 day after seeding (D) appliation 

11 linear meters. collected with aID~vsc suction mnvchlne. =Resurgence ratio ,, number of BP H after two insected pliain 

divided by number in untreated control, 
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Table S. Knockdown and resldual effocts on vriety TN of InsectIcile applied as fWler sprays at low rate against 

tim brown planthopper (5PH)and green leafhopper (0LH). IRRI greenhouse. 1176. 

Mortality' (%) 

Insecticide" Concn (%) BPH GILH 

I DAT 7 OAT 14 OAT I OAT 7DAT 140AT 

Carbofuran 20 F 0.02 
0.004 

110Da 
1008 

100a 
82 b 

100a 
21 b 

1008 
1000 

100a 
100a 

10a 
67 

0.0002 47 b 6 daf 18 bo 100a 3 f 15 tg 

NRDC14910EC 0.02 
0.004 

100 
30 bcd 

28 
11 

cd 
cdef 

18 bc 
13 bcd 

100a 
95ab 

100a 
50 cd 

87ab 
62 Cd 

0.0002 9 ef II cdef S cda 37 c 0 f 3 gh 

WL 41706 30 EC 0.02 
0.004 

97o 
20 ode 

30 
9 

c 
cdef 

13 
3 

bcd 
de 

100a 
100 

100 
92a 

83ab 
22 at 

0.0002 15 dat 9 def 7 bcd 100a 35 de 10 fgh 

NR)C 1S1 (Dacls) 2.5 EC 0.02 
0.004 

92o 
12 daf 

14 
11 

cde 
cdef 

16 
20 

be 
b 

100 
100s 

100a 
100a 

1008 
100s 

0.0002 5 fg 8 dsf 14 bcd f3ab 22 a 5 fgh 

WL4377530 EC 0.02 
0.004 

48 
10 

b 
af 

14 
8 

cde 
dat 

11 
7 

bed 
bed 

100 a 
100a 

1008 
58 c 

1000 
40 de 

0.0002 12 del 0 f 12 bcd 89 ab 7 f 9 fgh 

Poulhoe 45 EC 0.02 
0.004 

38 
12 

bc 
daf 

7 
5 

dat 
df 

5 cda 
S ode 

43 
5 

c 
do 

2 
2 

1 
f 

5 
2 

fgh 
gh 

00002 10 af 5 def 8 cda 8 d 2 1 2 gh 

Azlnphos ethyl 40 EC 0.02 
0.004 

48 
25 

b 
cda 

14 
4 

cde 
at 

11 
11 

bed 
bod 

100a 
100 a 

100a 
92o 

89eb 
45 da 

00002 14 dat 5 del 10 bod 82 b 77 b 17 tg 

'F - flowable; EC - emulsifieble concentrate. Insecticides were applied at the rate of 12.6 ml solution per 45.day.old plant. 
b0 02 a 0.4 kg a 1./ha; 0.004 a 0.08 kg a.l./ha: 0.002 a 0 004 kg s.i./ha. cAverage of 4 replicat!ons. each oonslsting of 15 insects 
caged on plants. Insect mortality was determined at 48 h aftw insects were caged on plants, and adjusted using Abbott"s formula. 
Means followed by the some letter we not signifi different treatment at which Insects weantly atthe 5%level OAT wdays ater 
placed on plants. 

Table 9. Control of the brown planthoppar (5PM) and green lefhopper (0tH) by ineecticidaa applied to paddy 

water at 1.0 kg ali/ha. IRRI greenhousa, 13176. 

Montshty 
e (%) 

Insacticide Formulation BPH GINH 

1lOAT 7DOAT 14DOAT i DAT 7DOAT 14DAT 

100a 92 b 26 b 100ae 100a b00ae
 

FMC 27289 50G10a 5 d 19 b l10a 51 bode 2 b 

AC604475 SOG100a 65 b 66a 100 a 10a b00ae 
Disulfolon 50G 100a 31 o - l00a 23 at 

Carbofuran 30G 

-

0 b 
FMC3SO2O 50G 100a 13 Cd 6 cd 100a 80abc 5 b 
FMC31788 50 lO~s 4 d 29 b 100a 92ab 0 b 
FMC 35001 50G 82aeb 0 d 18 b b0Oa 74aebcd 0 b 
Diazinon 100G 066b: 13 od 8 c 100ae 51 bode O b 
Aldioarb 100 B9 bd 0 d 17 b 48 bod 4 t O b 
MTMC 50 B9bcd 13 Cd 0 d 82ab 8 f O b 
Podan 100 58 o:de 0 d "- 76ab 80ab-

Chlordimeform + carbaryl 3t608 45 cdet 0 d 6 Cd 100 a 8 1 0 b 
DS15647 50 .42 odaf 42 c 37 b 100a 100a 90a 
JFOO 50(;8 35cdefg 0 d - flabox 16 at -

ldaen sabaryl 5.+40G 25 dafgh 0 d 6 Cd b00a 0 1 0 b 
N 2596 100G 18 detgh 0 d 11 o Sflabc 8 t O b 

Metalkamate 30G100a 48 c 26 b 100ae 92aeb 

'in acolumn, means followed by the same latter ditffrant Mean avrages ofthree replication.l
arenot ignificantly at the 6% keval 
each consisting ol10 Insacts using Abbot's formula. DAT treatmen.,S whichoagad on atraatedTN plant adjustead ,,days after 
insects p1 Mortakty wel determined at 48 h afttn oaging.----ware osgad on treatedants. Hoppatsburnad plants.
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on IRU by granular InseotIclda broadcast on paddy water at 1.0 kg a.l./hs." IRRI. 
Table 10. Control of rke pe 


1976 dry "ason.
 

GLH Tungro virusWhorl 
Yield (ha) 

maggot damage Incidence (%)(no.110 swans)
lnctcldeb 

6 45 DT 68 OT360 T 47 DT25 DT 35 OT 

2.2 a 3.238a 
8.0 C 83 b 12a 13a • 0.a 

Cabofuran 1.4 abc 9.7 b 3.295a
 
Mephosfolan 3.Oa 1.3a 17 abc 21 a 

3.1 bc 15.9 be 2.554 b
 
b Iaabe 25ab6.0 b 8.6 bTriazophos 1.6 abc. 2.5 be 2.541

16 ab 26 ab8.8 c 8.3 bChlordimefom" carbaryl 
bc 29ab 0.9ab 12.3 be 2.490 be 

6.8 b 8.5 b 19
Fonofos bc 2.3 bc 21.1 bc 2.237 bed 

c9.0a 23 58 
RU 19063 90 c 

4.6 cd 24.4 c 1.880 cd 
24 c 47 be9.0 c 90a dSAN 197 58 8.1 d 42.5 d 1.718 

9.0 c 9.08 22 be bc 
Control 

'Applied twice at 5 and at 55 dys 
aettn we not slgrifcantly different at the 6% level 

'in a column, mewans followed by the same 
more than 50% damaged leaves. '1LH a green lafhopper. 

Bad on a scale of 0-9: 0 a no damage: 9 
aftr transplanting (1a). 

pounds continued (Table 12). Except for the 
Two field experiments determined the effec-

no insecticideFMC carbofuran analogues,
tiveness of granular insecticides broadcast on 

equaled carbofuran in effectiveness as a root
paddy water at transplanting. Mephosfolan was ofThe liquid formulationzone application.
the most effective against the whorl maggot in 

F) provided more immediatecarbofuran (20
the dry-season experiment (Table 10). Carbo-

tungro virus, control at I DAT and had residual activity 
furan best controlled GLH and 

equal to that of the granular formulation. 
Treatments with mephosfolan and carbofuran 

1,500 kg/ha more Ten insecticides were field evaluated as emul
produced the highest yields-

sifiable concentrates to determine their potential
than the yield of the control. 

as root-zone insecticides. Carbofuran, FMC 
In the wet-season experiment, only three 

27289 were31768, FMC 35001, and FMC 
insecticides, AC 64475, carboruran, and chlor-

effective against the whorl maggot and GLH. 
pyrifos, reduced whorl maggot damage (Table 

BPMC, which was not effective as a granular12). Due to extremely high GLH populations. 
formulation ingreenhouse tests, effectively con

tungro virus was severe. Only AC 64475 and introlled GLH as an emulsifiable concentrateactivity tocarbofuran had sufficient residual 
the field (Table 13).

provide protection against GLI- at 28 DT. 
Liquid roof-zone applicator. Root-zone appli-

Yields in the other treatments were almost nil. 


Screening of root-zone insecticides. In the cation of insecticides was first reported in the
 

1972 Annual Report. Capsules provided effec
search for additional insecticides for root-zone 

tive and long-lasting insect control. To facilitate 
application, greenhouse screening of comn-

paddy water at 1.0 kg a.l./ha.* IRRI. 
etrs on lR22 by granular lnsectlcldes broadcst on 

Table 11. Control of rice 

0 Yed(/i 
Whorl maggot GIN (no./1 sweeps) Tungro virus (%) ik(/a

€
darmage'insecticide' 380 6T707 98 DT

28 DT 380DT 480D7280OT 

1 3ae 12a• 3.279ae31ae 
Csbofwaen 4ae 

35 b 42tb O b 26ab 47.a 1.6587 b27a 3ae 

4a 134 b c0.428AC84476 b 58 be: 80a 
OS 16647 c 7i a 0.411 c9 b 318 c 57 be: 1014 c 10 

b 267 c 119 c 1197 c 12 b 73 

Metalkamate 1768 c 11 b 77
9 c 81 ab 0.356 c 

9 b 354 c 150 c 
Pyrdephenthlon llndane c 13se 81 c 84a•b 0314 c 

239 c 98 c 15799 b cisoprothlolflme cd 82 c 83aeb 01285
175 c 2182 c 214ae 330 c cChlo, pyrfos 161 c 2327 c 23 cd 80 c 87 ab 0.248 

9 b 303 c
Isoprthlolans MTMC c d 92 c94 b 0.094c€ 

9 b 229 c17I c 1859 25 
Conttol 

5% level. GIN - green leafhoppec. 0T - darys
letter weanot significantly different at th 

'in a column, meansmfollowed by the sur ' Based on a scale of 0-t 0 - no damage: 
Is a fungicid. Treatments appliedl once at 3 0T. 

after transplanting. 'lsop,ohlolne 
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Control of the brown ptenthopper (1PH) and green leafhopper (GLH) by Insecticides applied to the root
Table I 


zone at 1.0 kg I. greenhouse. 1376.
M.O 

Motaity9 (%) 

GLHBPHinsecticide Formulation' 

I DAT 12 DAT 280AT 32 DAT I DAT 12 DAT 2S DAT 32 DAT 

b 10081008 85 100. 
Carbofuron 20 F 100a 73s la 24a 

60• 27a 24a 100• 1008 75 bc 43 c 
FMC 27289 48EC 100• 

18s 21 a 100e 100a 75 be 23 cd 
FMC 31768 24 EC 100a 53 

100. 9 ab 70 b
48 EC 90. 65a 24. 19. 100FMC 35001 

Motherdophos 50 EC 50 b 13 bcd 29a - 100 5 d 15 d 
75 bc 63 c 33 cd

be 60. 13. 15. 68 bAC 64475 , G 43 
5 d 0 a23 23 b 18a sL 70 b 8 d

AC 64475 24 EC cd 
13. - 100. 10 d 5

Methomyl 20 EC 23 cd 20 bc d 

32. 18 do 80 bc 100. 80 bd 29aCarbofuran 3 G 13 60a 
10 de 8 bed 22a - 48 be 83 c 5 d -

Acephato 75 SP 
0 d 5 d -

DS 16647 10G 10 do 18 bc e - 38 cd 

5 5 cd 15a 13 ab 35 cd 5 d 10 d 13 do 
Methomyl 50 DP do 

Metalkamate 3 0 0 a 12 b 11 a 8 ab 3 e 0 41 3 d 3 a 

ae at the 5% level. bF a flowabe; EC a emufiabie
followed by thnserve letter not signilicantly different'In a column, means 

a disi-urslbe powder. Flowsble and emulsIfIable concentrates were Injected into the roo zone with 
concentrates; G - granules: DP 
a syringe, while granules were placed in gelatin capsules. cAverage of four replications, each consisting of 10 Insects caged on 

a Itreated TNI plant. Obsevations wite made at 48 h after caging Figures were adjusted using Abbott's formula. DAT-day 

alter treatment -- plants died from, hopperbuin 

root-zone application. IRRI engineers dcvcl- insecticides were applied shortly after trans
20-day delayoped a liquid applicator (1975 Annual Report). planting (Table 15). However. a 

In 1976. application by a liquid applicator was in application exposed the plants to more whorl 
maggot damage, which contributed to the lowercompared with application in capsules (Table 

14). The two methods showed little diffecrnce yield. A late attack of stem borers or BPH 
could have produced significant differences inin insect control. At lower rates, however, the 
yields between the one- and two-applicationcapsule treatment was slightly better for whorl 

the capsule and liquid treatments.maggot control. Both Results of a similar experiment conductedroot-zone treatments at high rates gave excellent 
oneBPH control at 45 DT" both were tess effective during the wet season indicated that only 

at the low rate. application at a low rate (0.5 kg a.i.fha) effec-

Rates and freqewec'ofroot-zone opplcahion., tively controlled the leaf folder at 71 DT (Table 

A dry-season experiment conducted in Lagi'- 16). However, the two-application treatment at 

na province indicated little difference in yields 1 kg a.i.fha had significantly less BPH than the 

among rates and number of treatments when one-applicaltion treatment at 0.5 kg. 

liquid applicator to the root zono of 1R22." IRAI. 1676 wet
Table 13. Effectiveness of inseticides applied with a 

sasoon. 

Whorl maggot 0114 (no.110 sweeps) Tungro virus (%) Yil 
t/a

Insectlcideb Formu lation damagec 
37 DT 27 DY 37 DT 48 DY 07 DY 97 DT (/a 

8 . 5. 10ab 3.272a•S 2a•FMC 35001 48CEC 2.8a 6 
2.3 a 4a aI l 3a•b 1 • 4.• 3.157a1

Ca, bofurarn 20 F 
• 4a 3.029a•a a1 9a a8

FMC 27289 48CEC 2.8a• 
2Oa•b 2.994a•14a lie 2a•

FMC 31788 24CEC 2.3 a 14a• 
Ba•b 24 b 2.491 a

54) C 8.0 b 54a•b 54 b 35 aBPMC 
8.5 be 381 c 431 c 1175 c 37 be 87 c 1.293 b 

Acephate 75SP 
84 c 1.144 b8.8 c 44a•b 806 c 804 c 37 be

Monocrotophos 17CEC 
9.0 656 c 589 c 1080 c 32 be 64 c 1.174 b 

Dlrnethoate 38CEC c 
c 1304 c 4a• 73 c 0.719 b 

AC 64475 24CEC 8.8 c 596 c 867 
9.0 c 897 c 683 c 1658 c 63 c 78 c 0381 b 

Vamldothion 40CC 
90 c 355 c 548 c 1259 c 42 c 65 c 0.984 b 

Control 

wrenot significantly diffeent at the 5% level DY - days after transplanting.
'in a column. mans followed by the same letter 

DT. 'Based on a scale CA0-9. 0 - no damage; 9 -" more than 
'All insecticides were applied with a liquid band applicator S 3 


50% damaged leans.
 

166 fIRtIANNUAL REPORT FOR 1976 



Table 14. Insect control with carbofuran applied to the root zone of IR20 In a gelatin capsule and with a liquid bend 

Injector." IRRI. 1976 wet seaon. 

Insectsd (no./10 sweeps) 
Whorl Tungo Deed- Yield 

magg0 BPH GLH virus heats (t/hs)Treatment b 

(%) (%)Rate damage' 
45 UT 36 UT 45 OT 99 UT 67 DT(kg a.l/ha) 27 DT 36 DT 


0s 9 Ia Oa 00 4a 0.31 3.012a

Incapsules 2 

6 ia 0s 7a 0.7 ab 2.567 b
By liquid Injector 2 0 se 

b I a 1 a 5a 13 bc 2.494
Incapsules 05 Os 13ab 34 	 bc 

I s 15 b 1.1 bc 2.225 c
By lquldInjector 0.5 3 b 32 b 71 b 7 b 

9 c 59 c 302 c 80 c 43 b 38 c 2.1 c 1 269 dControl 

'ln a column. means followed by the ssme letter ae not significantly different atthe 5% level. b3% granules used In the capsule 
treatment and 20% flowable In the liquid injector. Insecticide was applied once at5 days after transplanting (UT) 'Based on a 

more than 50% damaged leaves. '8PH = brown planthopper: GLH - green lefhopper.wale of 0-9: 0 - no damage: 9 -

Table 15. Effect of rate and frequency of carbofuran application in the root zone of IR1561 rice plants on control 

of pests.' Farmer's field. Lagure province, 1976 dry season. 

GLH' (no 110 sweeps) Yield increaseWhorl maggot damage' Deadhearts (%) 
ih)


Treatment (a.l./ha)b 	
ncom 

61 DT 30 DT 61 DT (US)30 UT 41 OT 30 UT 

2.0 kg atl 10 DT 2a 2@ 0.31 a 0.64a 025a O0a 616 ab 70 92 

1.0 kIat 10 DT 2ab 3ab 0.56a 1.38a 025a 200a 5e28 ab 505 

0.5 kg at 10 and 
1.sea 075a 6270a 137.914 b 2a 1.14a 041aat30OT 

4 b 721 b 1.10a 11.00 b 025a 5.240ab -223 
1.0 kg at 30 OT 9 c 

868 650 4878 b 8.14 b b b 1500 bUntreated control 8 c 6 c 

'lna column. means followed by the sao letter are not significantly different at the 5% level 'Corbouran 20% applied with a 

liquid band Injector at Indicated days ali transplanting 'Based on a scale of 0-9 0 - no damage. 9 w more than 50%damaged 

leaves. GLH - green leafhoppers. 'Increased Income due to insect control. 

Weeding method and root-zone applications. terious effect on carbofuran to reduce insect 

was conducted to determine control. All treatments with carbofuran pro-An experimentwhether the rotary weeder altered the efficiency 	 vided equally good control of whorl maggot 
and GLH. Yields were equal inall treatmentsof root-zone applications by bringing the in-


secticide to the surface. Rotary weeding did not (Table 18).
 
with which Analysis of leaves from the various treatmentsadversely affect the effectiveness 

indicated that the carbofuran levels in plantsroot-zone application controlled the whorl 
maggot and stem borer (Table 17). Gas chroma- treated simultaneously with carbofuran and 

tographic analysis of the plants indicated no 
Tbe1.Efc frt n rqec fcrouastatistical differences incarbofuran residues in 

plants from plots weeded by hand or with the application in the root zone of lRfl on control of pests.' 
seaon.rotary weeder. Higher yields inthe hand-weeded 	 Farmer's field. Leguna province. 1976 wet 

who.plots were attributed to more effective weed 
conro thn hatprviddotay eedr.maggot 	 8PM' Leaf lo~er 
roidd 

y
y 
te
heroarwedr.Treatment' damage' (no.) damage' (%)conro tantht 


29 DT 53 UT 71 UTRoot-zone application of insecticides + ferti-
lizer + herbicide. The simultaneous root-zone 05k t1 T3a 7 

application of fertilizer, insecticide, and herbi- 0.5 kg 1110 and at 30 UT 4 b 580 ab 1 a 
740 ab 4abcide was studied. Because like most insecticides, 	 1.0 kg at 10 UmT30T 2a 

control 9 c 5291 c 65 ccarbofuran isunstable when mixed inan alkaline 
followed by the same letter e notmedium, an experiment was conducted to .ina column, means 

ina solution with significantly different 51 the 5%level. 'Carhofuran 203%determine how stable it was 
uraand 2,4-D, applied with the liquid applica- flowabl, applied with a liquid bandl injector' at indicated da~ys 

altartransplanting (UT). 'Based on scabo of 0-9. 0 -nourea 
9 - more than 50% damaged leaves 'BPH - trowntor.damage. 	 Based on 47 sweeps. ech .0 m wide, with a[or.lanthopp~e.

Neither urea nor 2,4-D had sufficient dele- D-vac suction machine 'Percentage of damaged leaves. 
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Table 17. El feet of hand and rotary weeding on the 
effectivenese of two rates of carbofuran applied in the 
root zone of rice plants. 

Treatments' 

(kg aI. carbofu2an/ha) 


1.0 kg +1 hand weeding 
1.0 kg + 1 rotary weeding 
1.0 kg * 2 rotary weedings 
No insecticide + 

I hand weeding 
No 	insecticide 

2 rotary weedings 

27 OT 

4a 
4. 

S a 

9 b 
9 b 

b 

'in a column, means followed by 
slgnificantly different M the 5% level. 

IRRI. April 1976. 

Whorl Grain 
maggot Deadhears (%) $ewJ 

damage' 46 DT (kg/ha) 

0.52 a 3773s 
0.67 a 3547 ab 
0.72 ab 3498 ab 
1.75 c 3363 abc 
1.63 c 2907 c 

tie sane letter am not 
'insctcde applied with 

'Bas e d 
atliquid band injector a 5 days alter transplanting (DT). 
onascaleol0-9:0 a nodamage;9 a morethen50%darnged 
leaves. 

fertilizers in the root zone were equal to the 
levels in plants with root-zone carbofuran and 
broadcast fertilizer, 

Root-:one application and fish culture. The 
Philippine Government has done extensive re-
search on fish raising in rice paddies. A major 
obstacle is the incompatibility of chemical pest 
control and fish culture. A cooperative project 
was conducted with the Freshwater Aqiaculture 
Center, Central Luzon State University, to 
determine the compatibility of root-zone appli-
cation of insecticides and fish culture. Carbo-
furan granules at I kg a.i./ha, broadcast after
fish were placed inthe ponds, caused 100% fish 
mortality. Neither broadcast nor root-zone 

application, however, had any adverse effect 
when fish were placed in the paddi 
after insecticide application (Table 19). The 
1.0-kg root-zone application provided $113.00 
more income than did the I.0-kg broadcast 
treatment, primarily because of more effective 

control of the whorl maggot. Analysis of the 
fish indicated no measurable residues (in excess 
of 0.05 ppm) of carbofuran or 3-hydroxycarbo
furan. 

Application methods. Nine experiments were 
conducted to determine the extent and econ
o
omits or insect control with different m 
of application. A dry-season trial at IRRI 

-
compared four foliar sprayings with one broad
cast application of diazinon and one root-zone 
application of carbofuran. Insect control was 
more effective and yields were highest in the 
root-zone treatments. Five methods of insecti
cide application were compared in the wet 
season in farmers' fields. Applying to the root 
zone, incorporating into the soil, and three 
foliar sprayings gave similar results and pro
duced highest yields in the disease- and insect
resistant variety IR30. Root-zone and soil
incorporation treatments produced the highest 
yields in a local variety. 

Frequency and rate of broadcast and root
zone applications of carbofuran were compared
with a combination of seedling soak and either 
broadcast or root-zone application (Table 20). 

Table IS. Insects controlled by carbofuran 20 F applied simultaneously with nitrogen fertilizer and herbicde through 

a liquid aipplicator." IRRi, 1976 dry scann. 

Treatmenteb 

C (RZ)4+urea (RZ).N W 
C (AZ) + AS (HZ) * NW 

C (AZ) + urea (5) + NW 
C (RZ) * AS (8) * NW 

Whorl 
maggot 

damauc'
€ 

20 DT 

Green 
leaf hoppers 

(no./10 sweepe) 
41 DT 

Tungro 
virus 
(%) 

113 DT 

Weeds< 

(no./eq m) 
30 DT 

Yield 
t/ha) 

Carbofuran residues in 
leaf 

10 DAT 20 DAT 40 DAT 

4.3csb 2 a 8 a 10 ale t.006a 0.506 0.200 0.064 
4.3 ab 2 a 8 a 7 bed 3.942 a 0.178 0.706 0.145 

4.5 ab) 
4.6 aib 

2 a 
2 a 

6 a 
6 a 

22 
40 

6. 
e 

3.86 a 
3.972 a 

0.622 
0.613 

0.289 
0.979 

0.241 
0.352 

C (AZ) 
C (RZ) 

* urea 
+ AS 

(HZ) 
(RZ) 

* 2. 4-D (RZ) 
+ 2. 4.D (RZ) 

3.8 ab 
4.8 b 

0 a 
I a 

7 a 
5Sc 

4 
8 

bcd 
ode 

4.112 a 
4.085 a 

0.494 
0.556 

0.583 
1.141 

01269 
0369 

c (AZ) + urea 
C (AZ) ' AS 

(RI) 
(HZ) 

* 2. 4-D (B) 
+ 2.4-D (B) 

3.6 a 
3 8ab 

I a 
0Oa 

6 a 
7a 

0 a 
la b 

4.058 a 
4.025 a 

0.862 
0.343 

0.417 
1.234 

0.107 
0.292 

Urea (,HZ)* NW 8 8 c 35 b 62 b 9 bcde 0.569 b 0.555 0.136 0.068 

Urea (S) * 2.4-0D(B) 90 c 85 b 6 b l ab 01792 b 0.096 0028 0.052 

' In a colurm. means followed by tie same letter era not significantly different at tie 5% level, bAll treatmenWs were apli~led 3 days 
-after transplanting (DT). C - caibofuran applied at 1 kg a llh. AZ - root.zone1 application. B - broadcalst alilcation; AS 

ammonium sulfate; NW " hand weeding twice at 31 das after insecticide was appiled (DAT) and 50 DAT. Urea and ammonlum 
sulfate were incorporated into the soil at 60 kg N/ha before transplanting in the broadcast treatment. and with the Iquid aplicator 
in the root-zone treatment Italicized items are variable within each group of two treatments. 'Bawld on a scle of 0-9: 0 - no 

0
damage; 9 - more than 50% damaged leaves Wees were counted at 30SDAT before the firs: hand weeding. 
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Table 19. Yide of rice (IM) 
cations.' Cemtrd Lton Stae 

Treatment 

I kg broadcast once 
1 kg broadcast 4 times 
1 kg to rootzone once 
2 kg toroot zone once 

No insecticide 

and fish (Tilepla mosembln) in plots with cmbofuren root-irone and broadcas iappl-
University. March 1376. 

b
Fish 

Rice Value of Income'
yield Yield VIlue fish + rice (USS)

(kg/ha) (kg/hi) (US$/ha) (USS) 

4319 bc 141 115 703 673
4935 abc 0 0 671 652 
5116 ab 166 136 832 786 
5613a 10 123 086 794 
4113 c 155 127 691 686 

*in a column, means followed by the same letler we not significantly different at the 5% leveL ' Fish seeded at 3000/ha 7 daysafter first application of Innsecticide.clncome - value of rice ai fish minus cost of insecticide and its application, baled on local
maket prices. 

Root-zone treatments were superior to the 
broadcast treatments. The root-zone treatments 
at I kg provided better insect control and 
yields equal to those of four broadcast appli-
cations. The efficiency of a seedling soak fol-
lowed by a root-zone application was not 
significantly different from that of a single 
root-zone application. One broadcast applica-
tion at I kg or two applications at 0.5 kg each 
were inadequate, as indicated by virus incidence 
and yields. One root-zone applicatieon at I kg 
was equal to two 0.5-kg applications. The 
treatment seedling soak plus 0.5-kg broadcast 
carbofuran yielded twice as much as the single 
broadcast application at I kg. However, the 
seedling soak had r. distinct advantage when 
followed by the root-zone treatment.

An experiment conducted during the dry 
season included root coating as an additional 
treatment. Coating seedling roots with a mix-

ture of gelatin and carbofuran before trans
planting was tested in 1975 (1975 Annual 
Report). The control of whorl maggots in the 
root-coat treatm.:at again was superior to that 
in all other treatm.'nts at 20 DT. All treatments 
effectively controlled virus vectors. 

The effects of four methods of application on 
the carbofuran residues in the leaves of IR22 
were compared (Table 21). The highest content 
was recorded at 10 DAT for the root-coat and 
the overnight seedling-soak + broadcast treat
ments. Of the two, the root-coat treatment had 
the longest residual activity, which matched 
field observations of longer whorl maggot con
trol. Apparently the gelatin root coating retains 
some insecticide even after transplanting.

The carbofuran contents of the leaves and 
stems of five rice varieties-TNl, 1R28, 1R30, 
1R32, and 1R34-were compared after the 
insecticide was applied in the root zone at 1kg 

Table 20. Comparative efficiency of Insectlclde application techniques.A IRRI, 1S76 wet season. 

Cerbofwaln 
treatment' 

1 kgbrxoadcast4times 
1kgkbodcast once 
05 kgttrodcasttwice 
lkg toroot zonesonce 
0O6kg torfoo zone twice 
0.25 kg torfoot zone twice 
1000 ppm seedling soak 

+ 0 5kg broadcast 
1000 ppm seedling soak 

+ .Skgt1oroot zone 
control 

Whrdl maggot 
damage6 

35'T)T 

4.0 cd 
4.5 di 
6.0 e 
0.3a 

1.6ab 

2.5 bc 

4.8 de 

08ab 
9.0 f 

Green ieafhoppers
(no./10 sweeps) 

29 DT 470OT 

12 bc: Bab 
26 c 25 c 
22 c 21 bc 

i5b 3a• 
2ae 4a 
4aeb 2 a 

20 c 11 bc 

4ab 3a 
123 d 212 d 

Tungro virus (%) 

6SSDT 970OT 

15 bc: 33 a 
21 cd 68 b 
29 d 68 b 
3ae 20a 
Si6b 21ao 

14 bc: 30ae 

16 bc 39ae 

Si I8a 
78 elO00c 

Yield 
(t/ha) 

lncseesed 
income' 

(US$3 

2.516 a 
1.302 b 
1.166 b 
3.092s• 
2.989ae 
25696a 

fli1 
147 
128 
369 
357 
326 

2.373 b 300 

3.114ae 
0Oc 

393 

'In a column, meats foilowed by the same letter ere not significantly different at the 5% leveL 'Cerbofum 3% gsauls were used in
the brxoadcast treatment. 20% fiowabie in aNlother treatments. Seedling soak m overnight soaking of seedlings (IR122) i waer
containing insecticide at 1000 ppm. Aul broedcast and rot-zone treatments were applied al 3 daysI after tranplsniing (OT). 'Based
on1a scab of 0-4.0 - nlo damage; 9 - mre thail 50% damaged leaves. 'lncsesad income due to insect control. 
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aoble 21. Cerbeluran v m In lava of iI!.from four applctlOei metkhods. 11 M dry eason. 

Cubohwun tes, (ppm)R"
Trsatrvns' (kg.1i/hw) 

10 OAT 20 0AT 40 OAT IODAT 
...........
 

1 001 003oadcastM 5 OT' 
060 33.71 016SndIng Ok- imoaIdta 20 OT 016 

7317 101Ro C"a 
099 023Ao aow&I S OTtout',Sd 018 trac 

002 tra.e' 
002 tae 
002 trae 
004 tre 
race$rac-

nd 20% h9onA. 'oralothet uements Seeding soak a soaking seedlings ovwnght
Caebrw' 3G a4d UP thw twoaccas 83 pots watm. end 5 pts@nwaler cntfaQ n,"icc4,de Root coat "dppoig the .,itsino a "ratt S 12 pats mnSecitde. 

Rel& Rool jo w tretment apptrd with a t"quwd bend necto 

ai. ha with a granule applicator, or broadcat 
on paddy water. The residue levels. or dissipa-
lion rat.s. among the live varieties did not 

statistically differ. 
Rroadcasting carxfuran on paddy water 

resulted in the highest plant content 10 DAT. 
but -c root-,onc treatment pcrsistd longer. 
throub,, at least 30 DAT (Fig. I). The results 
agree with field olnrvations thal the broadcast 
Irealmcn controls whorl maggots most clc-
tivelyroot-zoneat 10 providethat 30 thel)AT. but betterat1 control.treatment DAT 

The res.ults in Tabk 21 and Fig. 1 indicate 

that azn eltrclive m.d long-la ,ing control of" 

Cn r)application 
_________,_______-

' 
I, 

0 / ,, .A,.,wetl 

twat) 
~diazinon. 

t 

.. 

zo - .and 

.~ G ts) 

.m- .m 

L ,,
,--.,-ql" 


e,_,,___,___ ,-,__ 
0 !,_.._ 

~ V. 
" "'
"Yields


and atcm tsinfluenced1. CartvM'luran £c., tn t c 
I').rottww an b.,.., IlKhEA. or =r4okn B 
,m 0w mean mm"lime v-urctic,,. IRRI. 1973 actl '-ato. 
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'OAT * days afte treatmet 'DT - do aftl ttanplating 

Ilaf feeders would result from a two-treatment 
Sequcnce of a seedling root-coat for early whorl 
maggot control, followed by a root-zone treat
mcnt at about 30 DAT. 

In t'.: dry-season experiments the root-zone 
and broadcast treatments wcrc compared in 
varieties resistant !o some major pests and 
diseases. No significant dilffcrenccs wcre found 
among the five varieties in the first experiment. 
Root-zone application best controlled whorl 
maggot. GLH. whitehackcd planthopper. andleaf"folder. Grain yield was sinificantly higher 

with root-zone application chavi with broadcast 

application. 
In the second experiment, one broadcast 

ofecarb~ofuran. diazinon. and lindane 
was compare'd with root-zone application of 
carbofuran (Table 22'). Carbofuran applied at 

0.5 kg a.i./ha to the root zone of"1R26 p~rovided 
yields and control of whorl maggot. green 
leaf'hopper. and whitekc.ked planthopper equal 
or superior to those provided by carbofurn. 

or liudane broadcast at 1.5 kg. 1n. 

creased income due to insect control was also 

highest in the 0.5 kg earbofur'an root-zone 

treatment. 
During: the dry and wet seasons. frequency 

rates of"broadcast and root-zone treatments 

on a variety that is susceptible to insect and 

ungro virus were compared (Table 2:)). in
creased benefits due to insect control svere 
much more evident during the wet r,-"aon 

primarily because of higher virus incidence. 
Root-zoiie Ire; ,ments controlled insects signi

~ficiantly better than did broadcast treatments. 
in the dry season. however, did not show 

any significant difference betwee the two appli
cation methods. The various rates produced 



Table 22. Effectiveres end economie c ! pest control on IRN as influencod by typo of Insecticide end method of 

applicatlon.0 111. 1376 dry aeson. 

insects' (no) 

Treatmentb Whorl maggot Grion Whitebacked Yield Increased 
(kg a Ilha) damage' leafhopper plenthopper (t/he) income' 

21 OT 58 DT 40 OT (US$) 

0.76 cerbofuran broadcast 5 b 74 b 1146 be 6.01 cde 28 
1.0 cbofuan broadcast 4 ab 77 b 684 be 6 58 be 98 
16 cbofuwan broadcast 3a 9. 484 b 7.05 ab 147 
0.76 dialnon broadcast 5 b 133 b 1343 bc 6.37 bed O0 
1.0 diazinon broadcast 4 ab 158 b 822 bc 8.97 cde 32 
1.5 dizlnon broadcast 3s 122 b 1601 C 6.42 be 88 

0.75 lindane broadcast 8 cd 239 b 1126 bc 5.63 a -9 
I.0lindne broadcast 8 cd 176 b 983 bc 6.90 cdi 26 
1.6 lindane broadcast 7 c 132 b 1389 c 6.19 cd 60 

0.5 cabofuran to root zone 4 ab Ba 61 731 a 202 
0.76 carbofuran to root zone ? a 12 a 43 a 6.97 ab 144 

Untrated control 9 d 147 b 1345 c 584 di 

1ina column, means followed by the same letter we not significantly different at the 6%level bAnt treatments applied once at 3 drys 
after transplanting (DT) Cabofuran was applied to the root zone with a liquid bend appllcator. 'Based on a scale of 0-9: 0 a 
no damage. 9 - more than 50% damaged leaves 'lnsects were collected with a D.vac auction machlne (43 sweeps. each 1.0 m 
wide) "incveasedincome due to insect control. 

little difference in insect control. In the wet The results of the experiments lead to these 
season. llov-cr. the two methods produced conclusions: 
significant differences in insect control and in * When the major pest problems, such as 
yields. Yields front root-zone application wctc whorl maggots and tungro virus, arc severe 
superior to those from the broadcast appli- early in the crop season and it is impoitiant
cation. The various rates of root-zone applicaz- that adequatle control be provided shortly after 
tion resulted insimilar yields: but the broadcast transplanting. one application at a high rate is 
treatments gave significantly different yields, superior to split applications at low rtes. 

Tale 23. Frequency and ratio of broadcast and root-zone applications of carbofuran for ,,Jffective peat control in 

IRU2 8.RI 1376 dry and wet seasons. 

Whorl maggot Green leaf hoppers Tungro virus Increased 

Tramn6 damage' 35 OT (no./10 sweeps) 47 DT (%) 98 DT Yield (I/ha) income CUSS) 

Dry Wit Drfy Wet Dr'y Wet Dry' Wet D1ry Wet 

0.Skgbioadcat 9 d 8b l0 b 82 b 15 cd 89 c 2.067 cO.612e• 77 68 
once 

1lkgbload'at 7 d5 c 10b 34db 19 d 6S b 2.128 bo 1.301 b 70 147 
once 

fl:gtwoidcast 8 d 4 d Salb 7a da4b 6.• 2.277a•be 2.411I c 60 268 
once 

0.S k9gboadcat 8 dO a 2 a i9ab 6 be 64 b 2M49ab 1).621 b 82 160 
4 timesl 

OSkgtorool 5 c 3 cd tab lje 1. 173: 2.706a 2.583 c 156 323 

zone once 
l kotorfoot zono 4 b lab 2a 7a 1a 18a 2.229ebc 3.013 c 68 3612 

2Ik9to root zone 2a Oso a 9e 2ab lie• 2.431 abe 2.970 c 45 310 

once 
O1.Skgtorfoot zone 4 b 2 be Ila 7a 2ab 18. 2571 ab 2.832 c 60 354 

4 limit 
Control 9 d 9 g 19 c 156 c 43 e 99 d1.392 dOOO000e _. 

"in a colun, riern followed by the same ltter are not significantly dilffeent at the 5% letell 'Cwbomaan 3% granules for 
the broadc.ut ad 20% flowabie for the root-zone, treatmnits Iarbowan wa aplied tO the r•Ot zone with a liquid band injector. 
Firsfl1'lteticide appllication wa md N 3 dayslaflt tranaplanting (DT). subsequent apl:))ications were Nt20-day intervals 'Said 
on a scale of 0-9 0 - no damae:• 9- more than 50% damged leaves 'Dry-nson r! op hit by typhoon during flowering. 

TSCONTROL AND MANAGEMENT OF RICE PESL 171 

http:broadc.ut


M tobty 1%) ____________ tft 1%) 

90501 

so 

40-
 ..
 70.
 

4 14 60 

%505 

94r 

20 

to 

on0-

Dyso" atDoys ofw OOn 

2. Mortality of three brown planthopper Nilupwrata lugMs 3. Mortality of three brown planthopper Nilaparrta luges 
biotypes on plants treated with carbofuran (1.0 kg a.i./ha) blotypes placed on plants treated with carbofurn as 0.04%
applied to paddy water. Mean ol 19 insecticides. IRRI Collar spray. Mean of 20 insecticides. iRRI greehouse. 
grehouse. 1976. 1976. 

* Duritng the wet season. root-zone applica- (Table 24). In the paddy water experiment, the 
tion is distinctly more effective than broad- three biotypes had significantly different r

casting. The prir",ry advantages of'root-zone spoulses to the three insecticides commonly used 
application are longer period of activity because to control BPH. In all cases, biotype 3 had the 
of" a slower rate of"decomposition, and pro- lowest mortality. Results of" the foliar spray 
teclion from being diluted and washed out of" experiment were essentially similar. All results 
the paddies by rain, are preliminary and further experiments will be 

* Rates at which granules are broadcast arc conducted. 
important during the wet t.ason. but there is Browu planthotpper resistnce to Ineclclea 
no distinct differece between rates of 0.5 kg Field control of" BPH was of'ten poor during 
and 2 kg for the root-zone t,':atrnents. 1976. even with insecticides that were generally 

Brown plantiopper biotype.. Biotypes of the com'idered highly effective. Numerous factors, 
BPH, characterized by diffecrences in their ability including resistance to a,i insecticide, can in
to destroy BPH-resistant varieties, are a severe fluence the effecctiveness of'field-applied insecti
problem in the Philippines (1975 Annual Re- cides. Two preliminary expet iments were 
port). Greenhouse studies were conducted to conducted in the greenhouse to determine 
determine whether the three biotypes at IRRI whether BPH collected from IRRI fields wete 
differ in response to insecticides. The pooled actually more difficult to kill than BPH cultured 

results (Fig. 2. 3) show no distinct differences in the greenhouse. 
in mortality among the three biotypes in either In the first experiment. acephate at three 
the pasddy water or the f'oliar spray treatments. rates was used as a f'oliar spray. The mortality 
except that biotype 1 was most susceptible in of the field-collected BPH was generally one
the paddy-water test (Fig. 2). The biotypes half that of the greenhouse culture. 
exhibited different reactions to the insecticides In the second experiment, the two BPH 
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Tat. 24. Effet. of paddy-wetsr and follr-sWay appoetlwn of ldnotiloeo eaina then brown #mthonr 

blOitype.' IRM grehom I17. 

Morality' (d) 

I OAT 7 OAT 
Insecti ab Foruaflont 

Blotyp Blotype Bion Biotype Blotype B1oty 
1 2 3 1 2 3 

Pdt watr" 
CrboQuran 30 100 1000a 100. 92a 78 ab 54 b 
MetdkAmete 100 69 b 73 b 40 c 26a 22gb 3 b 

lDaunon 100 66 b 70 b 3 c 13 b 4 be 0 

Folr spiay 

Cwbofwan 20 F 100. 100a 100. 100. 100. 96. 
Prrwmthn 10 EC 100a 98. 70 b i0ab 22a 5 b 
Metafkemte 30 EC 5a De 8650 8. 10. 21 
MIPC 50WP 95. 72 b 06 b 2& 5a 21 
Dluznon 20EC 42. 35. 15 b 2a 8 5e 

'en r 	 mans letter are not significantly different at the 5% level.row and for each DAT (days after treatment), followed by the same 
Grmnulbe were apied to paddy weler atthe toteof 1 kg al/lha and feller apphcation made as 00 04% sway. except for 

Pemethin d crboefuran 20 F (002%). '0 - granules: F wflowable; EC a emulsifiable concentrate dMolIHw was detrmined 
a 48 h s1in insects wets caged on treated TN1 plants 'Avwg ofthree re:tlicaionm consisting of 10 insects each 'Averao 
of four eplications consisting of 10 Insects each 

populations were tested against carbofuran in treatment caused 100% mortality in the green
paddy water und in the root zone (Fig. 4). In house BPH and 8% in the field-collected BPH.
 
both application methods, the field-collected A culture of field-collected BPH will be used
 
BPH had lower mortality than the greenhouse to determine whether the rcsistancc is genetic
 
culture. The difference in mortality was especial- or field induced.
 
ly distinct at 14 DAT when the root-zone lend control 1n upland rice. An experiment


was conducted in IRRI's new upland area to 
determine the growth stage of upland rice at 

uo. 'A,)which insecticide control is necessary. Heavy 
....** rains caused lodging and yield data could not 

ssLP < e be taken. However, data on insect control by 
..., treating seeds with carbofuran and by foliar 

00 - ,,J'. . ,,owsprays of monocrotophos at 20-day intervals 

s*" ... mwere recorded. 
Stem borers, the leaf folder Crw/udewrosssv 

so - uedinalis,and GLH were particularly abundant. 
Seed treatment was not effective late in the 

*'., but it provided some early control 
a' -m, m of insects, especially GJLH. The foliar spray 
• ,s 	 crop season, 

,4 j.' effectively controlled the leaf folder. GLH, and 
,*'. . whitebacked planthopoer. Stem borer control 

• 	 ,,4 PLANT INJURY BY INSECTS AND ITS 
Tq ECONOMIC THRESHOLDS 

Entomology Departieni 

The economic imporian eof insects ismeasured 
0075 -,, 	 by the plant tnjury and yteld losses that theykwvrw 

4. Mortality or greenhouse cultures and fkl.collected cause. Knowing the exter t of damage and the 
brown planthopper Nllaparntu lug~en as affected by car
bof'urmn(1 kga.l.Jha) inpaddy water and inrotwon. IRRI growth stage when it occijrs permits maximum 
grfeenhorne. 1976. efficiezicy of pest contro!. 
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Table 26. Ef fect of fluctuating nymphal density of green leafhoppe Nephoretfx t*scene on grain weight of IR. 
tHAl greenhouse. 1976. 

Max nymphal densty (no./Nil)
Treatment Paniclesb Unfilled Grain wt Grain wi 

First Second Third (no./hll) Wains (t) (g/Nil) reduction (%)
gene.lion generation generation 

A (control) 0 0 0 ISa 25& 26.9 a' 
a 2 1 1 14 ab 27@ 23.2 ab 14 
C 3 2 1 14ab 26a 22.0ob 18 
0 8 3 2 11 bc 37 b 16.6Ib 38 
E 12 6 4 11 be 41 b 15.6 c 42 
F 20 10 7 10 c 41 b 14.8 c 45 
o so 25 17 6 d 48 c 6.5 d 76
H 200 100 67 2 a 62c 2.5 a 91 

'In acolum, means followed by the edi letter ae not significantly different at the 5% leveL bMeasrued a 90 days after sdng. 

Rke whorl maggot. As a preliminary step
toward correlating rice whorl maggot infestation 
with plant injury and yield loss, female flies were 
caged on potted seedlings in the greenhouse and 
a range of egg densities was obtained. It was not 
possible to accurately predict plant damage on 
the basis of number of flies or eggs per hill 
because damage and insect density were not 
related linearly. Development of an economic 
threshold for the whorl maggot does not appear 
to be promising. 

Nne(es/PU) 
~significantly 

iso [,that I 
I 

100 

" 'i 1 
la% 

5o, ,].plants 

• 
, 

5. ymhaidc~it rie,o grenleahoperNrhrnui 
ucrn caged on rice variety IR22 in treatments F.OG, and H. 
IRRI greenhouse, 1976. 
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Green leafhopper. Studies in 1973 showed that
2-week infestations of the green leafhopper 
Nephoteulx virescens at the usual field densities 
did not cause economic grain reduction (1973 
Annual Report). However, the effect of cumu
lative damage for the crop period was not 
evaluated. That effect was measured in 1976 by 
a new approach (Table 25, Fig. 5). As before, 
leafhopper nymphs were caged on potted plants; 
however, field population changes were simu
lated. For three generations insect density was 
artificially regulated according to a stylized 
pattern based on previous field observations. 
The tiller number of all treatment hills was not 

different from that of the control 
at the time of caging, about 40 days after 
seeding. 

Many of the plants with the highest pest 
density (treatment H) were killed, and those 

survived produced low yields. The leaves 
of plants having moderate infestation turned 
yellow and developed few panicles. The per
centage of unfilled grains increased as the pest 

density increased. On the basis of percentage of 
grain weight reduction, even plants with relative
ly low pest density appeared to suffer. However, 
reductions of 14 and 18% were not significant, 
probably because grain production in potted

is inherently variable, even with 22 
replications. Because a grain loss of 14% is 

economic damage, the experiment cannot be 
said to have clearly defined an economic 
threshold for field purposes. Nevertheless, it 
indicated that GLH inflicts much more damage 
to rice than was earlier thought possible. 

Rice leaf folder. Observations in 1975 showed 



that leaf folder larvae can cause significant 
yield loss, and that the economic threshold 
could be at less than 4 damaged leavcs/hill at
flowering (1975 Annual Report). The number 

would be higher if infestation occurs earlier. 
An extensive greenhouse experiment was con-
ducted in 1976 to quantify the economic injury
level.4 

Plants that did not differ significantly in 
panicle number were used. Some were infested 
with field-collected larvae (mostly first and 
second instar) at the beginning of the flowering 
period; others were infested I week later. 

The results indicated that plants could tolerate 
some leaf folder damage. but that an increasing 
insect density caused increasing leaf damage 
and grain weight rcduction (Table 26). The 
estimated economic injury level is between 5 
and 15 dar: 'pr'eaves/hill when damage occurs 
at about the flowering period. It would be 
caused by I larva/4-8 tillers. 

Rice bugs. To determine the approximate 
economic threshold for rice bugs. Leptocorisa 
spp., adult bugs were placed in a I-sq m nylon
cloth field cage on IR30 plants (20 replications) 
that were starting to flower. The cages were 
checked daily and various bug densities were 
maintained until harvest. Panicle number per 
cage at harvest did not . gnificantly differ, 

Table 26. Leaf damage and grain weight of IRl as 
affected by flnelw of various neters of larve of the 
ri effodrCahaorus ndnlz.IR re.hue 

Larval Damaged Unfilled Grain Grain wtnulA 
daneity leevee grains w' reduction 

(tilrs/larva) (%) (g/hili) (%) 
(no./Nf) (%) 

/n ,,ed at 77 OS 
No infestation 0 a 0 43 28.5 a 

10 6 b 7 48 29.4a -3 
8 7 b 8 48 29.6 a -4 
6 11 c 13 51 25.4ab 11 

4 15 d 15 54 24.0 16 
2 19 a 23 50 20.4 c 28 

i,,f,,tedat 84 0s 
N,,,infestation 0Oa 0 39 32.3 ab --

10 3 b 5 41 32.2 ab 0 
8 5 c 7 40 33.7,a -4 
4 8 12 3 2923 b 9a 48 297 

2 13 f 18 44 24.2 c 25 
•Witin the same infestation time. means followed by' t! mn 

tletter are nSt significantly different SNthe 5%leveL =teaured 
at91 days after seeding (05) in the fist infettion i at 99
DS in the second Infestation. 'Harvested a 130 05. 

TaMe 27. Iffect of demwity of astl rke bog Leptorse
SPA. on grain yield of 1111308 INKL 19176 dry season. 

Bug de.nsity Unfilled Yield Yld 
(no/,q m) grains (g/eq m) losC') ('Ir, 

0 28. 453. 
1 30a 438 eb 3 
2 36 b 440 ab 3 

37 b 411 b 3 
8 43 c 360 c 21 

Mam followed by the sametter ar n signIfIcantly dIfleen 

at, 5%l.evel 

As the rice bug density increased, the per
centage of unfilled grains also increased, con
firming the logical assumption that bug damage 
is reflected by unfilled grains. An infestation of 
2 bugs/sq m caused a yield loss of only 3%. but 
adensity of 4 bugs/sq mresulted in a significant 
grain loss of 9% (Table 27). The economic 
damage level was about 5%; that puts the econ
omic threshold between 2 and 4 bugs/sq m. 

PEST MANAGEMENT (INTEGRATION OF 
CONTROL MEASURES) 
Entoniology' Department 

Insecticides and predators. One component of 
pest management is conservation of natural 
enemies that may act as population-regulating 
mechanisms on rice pests. Recent greenhouse 
studies at IRRI (1975 Annual Report) showed 
that two predators, th~e spider Lycosa psc'udooan
nlat(a and the bug Cylrw~rhinus liv'idipennli.s, have 
potential for natural control of rice pests. 

Insecticides differ in toxicity to predatorsiesetrmcei
(1974 AnulReport). Awd~pcrmcci 
cal such as methyl parathion is toxic to C" 
lidipennis. 

In 1976, greenhouse and field experiments
we-c-dce ofn isciie n ehd 
wr oluldt idisciie n ehd 
Of insecticide application that were less toxic 
to natural enemies. 

Several experiments were conducted to de
termine the insecticides that were toxic to 
peaosudrfedcniini h is 
peaosudrfedcniin.I h is 
two experiments, 26 chemicals were applied 
twice at Philippine recommended rates. Adult 
L. pseudoannlata and C. Ilvidipennt.s predators 
were separately placed in cloth cages at I and at 
8 DAT. Two spiders and five bugs were caged in 
ah lt ec lt 
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Table 29. Mortality of adult predatory spiers Lpce peudwutlawnd bugs Cvnovhvius ivdtonl caged on plants 

of rice selection iRl1 73-17 treated with ineeatlildes. IRRI, 106 wet seaon. 

Mortality' (%) 

lnsecticlde Formulallon' C.Iv/dIpennis L. peudo nnut 

I DAT 8 DAT I DAT 8 DAT 

Tet 

Cebofuan 0 100 100a 83a 18 ab 
Cwboftnan F - 100 1008 33 ab 0 b 
Cwbophenothlon EC 100a 75 ab 0 eb 0 b 
Fenthlon EC 1008 73 b 60 ab 16 ab 
Phoaphemidon EC , 100 73ab 16 b 33 ab 
Cebaryl WP 1008 60 bc 16 b 16 ab 
.l'azinon G l000 S0bx 16b 0b 
AInpho ethyl EC 87 ab 47 bx 50 ab 0 b 
Methyl parathlon EC 87 ab 47 tix 16 b 10 ab 
Endosulfan EC 67 bc 63 bo 50 ab 16Iab 
Fenitrothlon EC 67 bc 53 bc 16 b 16ab 
BPMC EC 67 bc 63 bc 16 b 18ab 
Gemma.BHC 0 53 c 33 c 16 b 608 

Control 13 d 27 c 0 b 0 b 

Test 2 
Pyrethrum 100a 93 a 33a le 
Olauinon EC 100a 80 ab 33a 1e 
Propoxur WP 100e 80 ab 16 16ea 
Monocwtophos EC 100a 60 ab 16e 33a 
Mathomyl EC 1008 80 ab lea 168 
MIPC WP 93s 93a Os 33a 
Chlordimeform SP, 87 ab 73 ab 33 a 33a 
Metalkamate (Bux) EC 87 ab 67 ab 0 a 0 a 
Perthen EC 80 abc 80 ab lea le 
Gamma-BHC EC 80 abc 73 ab 33a 33a 
Malathion EC 80 abc 73 ab 0 c 33a 
Triezophos EC 53 bc 47 bc lea 508
Acephate S P 47 c S0 ab 0 • 33.• 

Control 33 d 33 c I16 e 16 

"Csrbaryl wan applied at 1.5 kg l/..a malathion at 1.0 kg eli/ha. and pyyethrum at 05 kg ai./ha. Other eprays wets applied at 
0.75 kg egi/t.a and granules at 1 kg a I./ha. insecticides were applied 9 wk after transplanting Intest 1.and 11 wk in test 2. Gb0. 
g ranuleas; F -flows ble; EC emulsifiable concentrate; WP *wettable powder; SP - soluble powder. 'Mortality was determined 
5days altar csg ing DAT "days after insecticide traatment. In a column, means followed by tha same ltercre not significantly 

dififeant at the 5% level. The predator received no food. 

The mortality of L. pseudoannuknta caused by sis, causing an adjusted mortality of"about 50% 
any one of the insecticides tested, including or less. 
carbofuran granules, was insignificant at the In another field experiment, population 
5%o level (Table 28). The experiments suggest counts of C.ilvidipenniswere taken before and 
that when applied as recommended, the insecti- after foliar sprays with three coded and three 
cides are not likely to be toxic to L. pseudooas. commercially available compounds (Table 29). 
nmlala. NRDC 161, which had caused BPH increases 

In contrast with the spiders, C. lividipennis in experiments at IRRI, reduced the C. lidi
bugs suffered mortality from all the insecticides. paintis population by 96% when applied at 0.1I 
Several compounds caused 100%o mortality at kg a.i./ha. 
I DAT. Carbofuran killed 100% of the bugs at When naturally occurring field populations 
1 and at 8 DAT, and the toxicity of a few are used to determine the effect of insecticides 
insecticides remained significant at 8 DAT on predators, as in the cited experiment, this 
(Table 28). question arises: Is the decrease in predator 

A few insecticides (granular gamma.BHC, population due to a lack of prey, a condition 
sprayable endosulfan, chlordimeform, metalka- that causes predators to move to other fields, 
mate (Bux), Perthane, gamma-BHC, and mala- or isit due to the insecticide? 
thion) were only moderately toxic to C.lividipen- To gain some information on prey abundance 
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Table 29. Reduction of the predaceous bg Cyrohnus studies, carbofuran, an insecticide that is lethal 
ltv/d/pnnb population by feller erays. IRRI. 1376 w to some predators in contact toxicity trials, was 

as 
Population reduction (M) relatively nontoxic to spiders when applied 

Insectide' @her sprayne granules to paddy water or to the root zone 

with a granvle applicator (1975 Annual Report).
97Monocroophs

NRDC 161 (DOais) n Further greenhouse and field studies were 
FMC 35001 85 conducted to confirm the results. In greenhouse
Vwnldothlon and root-zoneA47171 74 trials paddy-water (broadcast) 


Acephete 71 applications of carbofuran were compared for
 
Control 4 effectiveness against L. pseudoannulata and C, 

AN ih ichdwe at except NRDC 161 lividipennis (Table 31). C. lividipennis was moreapped 0.75 kgei./h 

day before and 5days sflet statistically significant susceptible. Carbofuran applied by either mecthspraying wa 
a the 1%level for ali tresments except the control. od caused 96% mortality of C. lividipennis at 

21 DAT. 
and predator populations before and after in- Field studies were conducted to compare the 

secticidal treitment, acephate was applied as a relative toxicity to C. lividipennis of carhofuran 

foliar spray to a field heavily infested with BPH, as a broadcast or as a root-zone treatment. At 

a prey for C. lividipennis. Acephate reduced the 26 DAT, C. lividipennis populations were low 
and about equal in cach treatment. They de-C. lividipennis population by 90% and reduced 

at 35 DAT in both treatments. At 48the BPH population by 54% (Table 30). The creased 
abundance of BPH after spraying indicates that DAT, the predator population in the root-zone 

the toxic effect of the insecticides, and not lack treatment was about 20% of that in the control. 

of prey, is primarily responsible for the decrease Another field experiment compared the toxi

in C. lividipennis. city to adult L pseudoannulata and C.lividipennis 

Several experiments were conducted to de- of carbofuran applied by five different methods 

termine the effects of various methods of -seedling root coat, broadcast, soil-incorporat
insecticide application on predators. In earlier ed, applied to root zone, and foliar spray (Table 

with a foilsr spray of ecephate and affect on the predsceoaa bugTable 30. Controlling brown pianthopper (BPH) 

Cviiothinus livldipenni$and spiders.' 1881. 1976 wet season.
 

insects' (no.) Reduction (%) 8PM: 
predatorTreatment 

8PM C. Ilvdipennls Spiders 8PM C livd/penn/s Spiders ratio 

Before 

acephatespray 3092a• 283a• 24a•- - 11:1 

54 90 0 51:1ahcephate spray 1415 b 28 b 39.• 

the lows portion 

of the plants at the rate of 0.50 kg si./ha In1000 Uitenwater/ha 'Based on samples takan with a D~vac suction machine covering 

a 7-l1neas meter row. Spider species not determined. Avetege of four replicates. 

Nina column, means followed by the urms letter are not significantly different at the 5% leveL Acephate alplied on 

Table 31. Effect of carbofuran 30 at 2 kg si./he In the root zone and In paddy water against beneficial arthropods. 

1881 greenhouse. 1176. 

Morlity' (%) 

Treatment Lycofr pseudoannulafe Cyrlovhlnuslivid/penn/s 

1DAT 7iDAT 21 DAT 1iDAT 7 DAT 210DA' 

60 22 99 100 96Paddy-water appl1cation 10 
Root~zone application 10 22 11 62 79 9 

0 .0 20 .0 12Control 

eS,4 h after caging.•Average of 10 repcatone, 10 C. Ittldtpannis adults. and 1 lateilnster spider caged per replication. Observed 


DAT - days after treatment
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TOMs 32. Mortality of the predatory bug Cyrtorhinus lNldpennis caged on plants of rie seleoton i1lH13.1 7 treated 
with Carbofuron Insecticide. 1.11 weeks after tramsplanting, Ili. 173 dry eason. 

Mortality' (%)of C. /ivid/pennis 
Method of applcation 1 wkb' 2wk 3wk 4ek' Swk 6wk0 7wk Swk kb1Owk 11wk 

88 ab 65 ab 50 be 26a
Root coat at transplanting 

36 33aGranules broadcst at transplanting 58 b 18 d 
93 a 35 bed 35 be 13a

Incorporation Into sodl before transplanting 
95• 78 90 2 20 a 

Root-zone (capsules) 
d 28 a 20 a

Root-zone (granule applicatoo) 70a 28 
95 80 abc 38a

Root.zone (liquid applicatOt) 
53 b 90a 70 ab 75 s6a 33e

Granules broadcast every 2 wk 
85a 100a 20 c 78a 40a 28a 

Folgisprayevery2wk 
38 c 30b 25 c 30 cd 27 b 20 c 20a 30 b 20a 13.

Control 

followed by the same letter are not signicantlynot fed. In a column, mensMonatity measured 3 days after caging. Bugs were 
applied within the week. 'Foliar spay applied at 0.6 kg a.i./ha: all other Insecticide treatments

different at the 5%level 'lnsecticide 
applied at I kg si/he. 

32). Predators were placed in cloth cages over 
individual hills at various intervals after insecti-
cide treatment. Applying carbofuran as a 
seedling rnot coat, or to the root zone by a 
granule applicator or a liquid applicator in the 
field near transplanting time resulted in negli-
gible toxicity to L. pseudoannulata. Toxicity to 
spiders was moderate to low when carbofuran 
was applied in capsule form to the root zone 
by hand, incorporated into the soil before trans-
planting, broadcast on paddy water, or sprayed 
on the plants. The effect of the two latter 

treatments was of short duration. 
Carbofuran toxicity to C. lividipenn~is in the 

same experiment was rather high for several 
methods of application, and residual effects of 
a few treat;ments were noted (Table 32). 

Some differences from application methods 

were seen on the predators, and thus certain 
application methods may benefit conservation 

of te pedatrs.Tableo1" he pedatrstrape 
Sex pheromone. In cooperation with the 

Tropical Products Institute, London, study 
continued on the sex pheromone and attraetant 
inhibitor of C. suppressalis (1975 Annual Re-
port). 

Apreliminary experiment included waterpan 
traps with a vial containing 100 pzg of the 
synthetic sex pheromone to simulate a female 
moth (attractant). That vial was surrounded 

• 

either by vials containing high (i mg) concen-
trations of the attractant to prevent or confuse 

male maths from locating the 100-pg attractant 
source in the center of' the trap, or by an 
attractant inhibitor to repel male moths from 
the attractant source. 

In the inhibition test, the waterpan traps 
having only the attractant source caught 205 
moths, while the trap surrounded byeight vials 
of the high concentration attractant inhibitor 
caught only two moths (Table 33). 

In the confusion test, male moths did not 
locate the attractant source in the tray. The 
results ofalarger scale field experiment indicated 
results similar to those obtained in the prelimi
nary trial. Further field testing will be conducted 
in 1977. 

ECOLOGY OF RICE INS:ECTS 
Entonology Deportment 

Stemn borers. It was difficult to evaluate egg 
mortality of Clido suppressalls in the field be
cause the sampling procedure used apparently 

33. C.supptezsaols mle moths caught in water pan
containlng its sex *ttraetant anid surrounded by 

either an inhibitor or a confusion agent.' IRRI. 19)76. 

Treatment Moths collected (no.) 

l~2/ztr7o At,m205 
Pheromone attractant * 4attractsnt 80 

our es 
Pheromon eatractant S

inhlbtor 
8astrfctent 

Intbitor source 
Contuslon experiment'
Pheromonetrc=.tant 

attractant 4cofuln0
 

source
 
Pheoemons• atractant +8 confusion1
 

~~~~Pheromone 

'Atatnsorewsajahls.vlcnany10 
o pheromone. Confusion onlnh bitor viaib contain 1dm 

the pheromone and synthetic Inhb~tor. repectively They were 

source '36 trap nights '24 trap nights. aiatn 
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6. Density of the stem borer Chilo sppreuallsper 500 hills 
(20 sq m) on the rice selection IR127-80-i. IRRI. 1976 dry 
season. 

underestimated egg density (1975 Annual Re-
port). Inasmuch as the duration of the egg 
stage is much shorter than that of the larval 
stage, the frequency of egg sampling in 1976 
was incrceased to three times aweek, but larval 
hnd pupal sampling frequencies were kept at 
once a week. In contrast with earlier findings, 
the maximum egg density exceeded maximum 
larval density (Fig. 6). Egg mortality, caused 
partly by sucking, predaceous insects, may be 
high, but because the mortality of small larvae 
may also be high, the efficiency of sampling
them requires study. 

Brown planthoppers and green lealbopers. To 
construct life tables for a BPH population, 
insect eggs, nymphs, and adults were sampled 
three times a week throughout a crop period. 
There were two major peaks of oviposition-
at about 6 and 11Iweeks after transplanting.
Each egg peak was followed by a peak of 
nymphs. Egg parasitism went up to 55% by the 
end of the first oviposition period, and then 
dropped to about 20% for the remainder of the 
crop period. A maximum 10% of the eggs were 

attacked by predators. The low survival per
centage of the second batch of eggs could not 
be explained. Nymphal survival was poor. 

Similar data for life table studies were 
for GLH from the same crop. Again 

there were two major oviposition peaks, but 
they came earlier in the crop period: about 4 
and 9 weeks after transplanting. The maximum 
egg densities were much the same as for BPH, 
but nymphal densities were low, possibly be
cause of egg parasitism, which ranged from 
25 to 70%. Nymphal survival appcared to be 

but higher than that for BPH. 
Earlier studies showed that close spacing of 

hills transplanted in a square pattern could 
increase the density of BPH on a tiller and area 
basis. The inference was that high tillering 
varieties may magnify a BPH problem (1972 
Annual Report). That inference was tested in
1976 in both field and greenhouse conditions. 

Table 34. Density of brown planthopper Noiaparvata /u. 
gent nymphs and adults at peaks of first two generations 
per crop on rice varieties and selections. IRRI field
study, 1976 wet season. 

Field populationv
VIty cc selection (no./hNll)
Vdt rslcin(oNl 

35DoT 830Tv 

tow ttwleng 
H4 31 ,i 108 be 
1R480 17 bade 48 b 
Hg unn 
Pate 23 ode 6 e 
iRS 22 ol 73 be 
Trie7nutbrtrifiaJiallyidfsed 7a3b 

1191 7317 modarate number 19 ode 43 b 
R191 7.3.17 high number 28 if N9 be 
R1917.3.17 low numberb 11 ab 116 be 

IR19 7-3-17 moderste numberb 28 def 1:39 c 

IRI191 7"3"17high nurnbeb 48 t12 in c 
Old vaieties: 
BPl.76 (NS) 	 isbede 7Obc
s5ig ., 24 de 111 be 

GEB 24 27 del 54 b 
N~ vaietis,85b 

IR2O 13 abed 28 b 
iR3S 11 abe 4La 
C4.83G3 23 de 76 be: 
Pe,,ts i.2 33 cf 76 be 
Mahsuri 19 ode 63bex 

,ina column, men boftowed by the sa, letter are not 
%o,, 5antt dIff !nt the 6%lee blTo incserhek 6 wn 

• 	 apie t I and 20 days aftertanIsntin (T). end methyl 

.t~6 pT . einnCper~edpotts ~we 
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A uniform spacing was used for all varieties or 
selections, but a hinge of tiller numbers per hill 
was created by selecting certain varieties and 
artificially adjusting the tiller number of some 
plants. The field infestation was fairly high, 
especially at the peak of the second generation. 
There was some evidence that for 1R1917, an 
increase in the tiller number per hill was asso
ciated with ;n increase in insect density, but it 
could not be shown that high tillering and new 
varieties had heavier infestations than low 
tillcring and old varieties (Table 34). Other 
factors inherent in a variety, such as insect 
resistance, may play a role, as probably was 
the case with IR26 and IR36. 
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WEED CONTROL IN RICE 
Agronomy Depariment 

IRRI weed research focuses on direct control 
of weeds by hand, and by mechanical and 
chemical methods. Experiments to identify suit-
able herbicides were continued at IRRI, at the 
Maligaya, Bicol, and Visayas Rice Research 
Stations of the Philippine Bureau of Plant 
Industry (BPI). and in a farmer's field, 

Transplanted rice. The differences in yield 
between herbicide-treated and untreated plots 
ranged from It/ha at Maligaya to 2.1 t/ha at 
IRRI and Visayas. At all sites, the yield dif-
ferenccs between the treated and untreated 
plots were highly significant. 

During the dry season Echinochloa crus-gal/i, 
E. crus-pa'onis, Monochoria vaginalis, and 
Cyperus difformis were common at all experi-
mental sites. ScirpLr maritinus was present at 
IRRI, and C. imbrcar and Sphenoclea 
zeylanica were present in Bicol. 

The only herbicide combination that con-
sistcntly gave yields statistically similar to those 
of the hand-weeded controls at all sites was 
piperophos/dimcthamctryn (Table I).The other 
herbicides gave yields comparable with those of 
the hand-weeded control at IRRI, Maligaya, 
and Bicol but not at Visayas. 

Table 1. Effects of granular herbicides applied before 

During the wet season, dinitramine + 2,4D 

appeared best for transplanted rice at all sites 
(Table 2). WL 29226 gave yields significantly 
lower than those of the hand-weeded controls 
at IRRI and Bicol, and the lowest mean yiel 
of 3.8 t/ha. 

A dry-season. field experiment at IRRi eva!
uated herbicides that had been screened during 
the 1975 wet season. The principal weeds in 
transplanted rice were E. crus-gail, E. cras
pavonis, M. vaginalis, C.difformis, and Paspalum 
sp. All tceatments gave a significantly higher 
grain yield than the untreated control (Table 
3). 

The experimental herbicide terbuchlor looked 
promising in many other experiments. Butachlor 
and benthiocarb, identified as good herbicides 
for tropical rice, are still being ,valuated in 
combinations that will increase their effective
ness. The two, however, cost three to four times 
more than 2,4-D, which also adequately con
trolled weeds. None of the herbicide treatments 
exhibited prolonged toxicity on transplanted 
IR26. 

All treatments effectively controlled the grassy 
weeds such as E. crus-galli and E. crasspavonis, 
sedges, and the broad-leaved weeds. M 3432
failed to control the broad-leaved weeds, among 
them M. vagina/is, but gave a grain yield of 

weed emergence (4 days after transplanting) on yield of 

three Sureau of Plant Induatry stations In tha Philippines. 1976 dry season.transplanted IR2S rice at IRR and 

Yield' (t/ha)
 
Treatmsnt* Rateb
 

(kg cA/ha) I RRI Mligaoya Bicol Vissyas 

5.8 6.1 4.7
Pipetophoe/dimethametryn 0.5 4.3 

5.4 5.9 4.5'0.3 5.1Terbuchlor 
5.4 6.04."Piperophos/2.4-D IPE 0.5 4.9 

5.8 4.4"Butachlot + 2.4.0 IPE 0.75 + 0.5 4.4 5.5 
5.7 4.1"

2.4.D IPE '0.8 4.8 5.6 
4.3"

WI 29226 1.0 4.3 5.2 5.8 
.3.7"
Dinitranine * 2.4-0 IPE 0.5 + 0.5 4.1 5.3 5.7 

31"

Perfluidone/24D IPE 1.0/0.25 4.2 5.2 5.4 

-4.8 - -

WI 29226 0.5 
MT.B.3015 1.0/0.7 

4.6 -- 
"-
M 3432 5% ' 2.4-0 IPE 4.0 + 0.5 4.4 - 

--
M 3432 7.5% 2.4-0 IPE 4.0 * 0.5 4.4 
-
--
Prefau/MCPA 0.6/0.2 4.4 

--Molinats' 2.4.0 iPE 2.0 4 0.5 4.1 
59 5.34.7 5.4Hand.weeded control' 

2.5 4,4 4.0 2.8
Untreated contoi* 

A slant bar () betwen two herbcides indicates that they were formulated on the anne carrier or mixed together and applied as 
A plus ign ( *) between two heriie nanms msans that thei chemicls were applied separatlely aitabout the a single treatment. 

- isopropyl ester¢. ative ingredient.' - - no tested. 'At 20 and at 40 days after transplanting. *A1lhsrbkide same time. IPE hal. 

treatlments gave ignificantly higher ytlds than the untreated control0. 

182 tRt ANNUAL REPORT FOR 1976 

http:1.0/0.25


- -

Table 2. Effects of granular herbicldee applied before weed emergence (4 days after transpWantIng) on yield of 
ad three Bureau of Plant Industry sations in the Philipplnee. 17 wet neon.transplanted lRN6 rke at IRI 


Yield' (t/ha)
 
Rateb
Treatment' 

(kg al./ha) IRRId Makglya BIcold Vilaym 

3.9 5.1 5.1 4.7'DInltramine + 2,4.0 IPE 0.5 + 0.5 
Butschlor ' 2,4-0 IPE 0.75 + 0.5 3.7 4.8 4.7 4.8 

Piperopho/2.4-D IPE 0.5 4.4'3.7 5.0 4.3 
4.5 4.4'Pefluldone/2.4-D IPE 1.0/0.25 3.7 4.8 

4.6 4.6"Piperophos/di methametryn 0.5 3.3 4.6 

3.7 5.0 4.4 4.6'Terbuchlot 0.3 

2.4-0 IPE 0.8 2.8" 5.2 4.5 4.6'
 

WL 29226 0.5 1.8" 4.7 4.0" 4.8'
 

M 3432 7.5% + 2.4-0 IPE 3.0 + 0.5 3.9 -  -

-"
NTN 6810/Clearcide 0.75/0.25 3.7 -

M 3432 5% + 2.4.D IPE 3.0 + 0.5 3.5 - 

-MT.B-3015 1.0/0.7 3.1 
2.9 ....Prefo/MCPA 0.6/0.2 

AC 92553 0.6 3.0" - - 

3.8 4.9 5.0 5.4 

Untreated control 
Hand.weeded control' 

0.6 4.2 2.3 4.3 

as a"A slant bar (1) between two herbicides indicates they were formulated on the usme canrer or mixed together and applied 
means that the chem4cls were applied separatl at about thesIngle treatment. A plus sign (+) between two herbic~de norms 

sarme time. IPE - isopropyl oster. ba I. - active ingredient. -"a note tested. All herbicide treatments gave signifcatily higher 
yields than did the untreated control 'Weeded at 20 and at 40 days after transplanting 

8 tfha, indicating that the yield response was Terbuchlor, molinate, and piperophos/dimc
primarily from control of grassy weeds. All thametryn controlled weeds adequately and 

plots were infested with Paspalwn sp. Even produced good yields. NTN 5810 at 0.75 kg/hu 

though the weed population was not heavy, and benthiocarb at 1.0 kg/ha performed well 

each hand weeding required 105 man-hours/ha, when combined with Clearcide. The additional 

The correlation coefficient between total dry tillers of IR26 compensated for the herbicide 
matter production of the weeds and the grain toxicity observed in plots treated with AC 92553 
yield was significant (r = -0.92e*).
 

Direct-seeded flooed rice. During the dry
 
season, most herbicide treatments on direct- Table 3. Effects of promising herbicide applied before 

seeded, flooded plots gave significantly higher weed emergence (4 days after transplanting) on the 

yields than the untreated controls at all sites. griyelof16.RR.97dysaon 
Grain $4ekogae hehi~etiedsTraten'Rate'ran a ./ha) (tlha)Perfluidone/2,4-D gaetehg~s ri ilsT emn"(kg 


at IRRI and in Bicol. Yields were comparatively
 
high with terbuchlor, piperophos/dimethame- NTN 581 0/Clearctde 075/0.25 9.3ea 

try adwith dinitramine +2,4-D at three of 25buho,0 6.3a 

four sites (Table 4). In Bicol, the yields from Benthrcarb'* Clearcide 1.0 * 0.5 8.1,
4.0Ba" M 34327.5% 


piperophosf2,4-D, butachlor + 2,4-D, and tri- Butachior. Clearcide 1.0 .0.5 7.9 a
 

fluralin/2,4-D were not significantly higher NTN581 0/clearclde 1.5/0.5 7.8ea
 

than those of the u,:treated controls. WL 29226 1.0 7.S a
 

An experiment at IRRI compared the effects Bansulbde/MCPA 1.20/0.45 7.6 a 

of several granular herbicides broadcast on AC492553 2.0 7.5 a 

'levelled plots (Table 5). The plots we.re kept Hand weeded (controel)' - 7.5 a 

saturated for 6 days after seeding (DS) and then Untreated control- 3 5b 

flooded to 2.5 cm"herbicides were applied at 7 'A slant bar (/) between two herbicides indicates that they 
'wle refomulated on the same curiall or mixed togetheran 

DS. The water depth was increased progressively applied -a stingle treatment A plus sign (.) between two 
hrbicde names mens that the chemcls were applied sp&

same time. ;PE - isopropyl ester 'ai to 5cm and maintained at that level until crop rate latbout the 
letter not 

significantly different at the 5% ievel 'Weeded S 20 and atmaturity. Weed samples were taken and their actin ingredient ' Means followed by the samew we 

dry weight was obtained. 40 daysafter transplanting 

CONTROL AND MANAGEMENT OP ataE EsnS 183 

http:1.20/0.45
http:075/0.25
http:0.75/0.25
http:1.0/0.25


--

d led 
of direct-seeded. flooded IRN rke at lAMand three Buiem of Plant industry stations in tue Philippines. Ifl dry 
Table 4. Effects of granular herbcde at early postemergesce of wee* (6 days after seeding) on yield 

seasonq. 

Yjelt (t/h)
R stbTreat ent 

(kg ai./ha) IRRi Maligays Bicol Vissyas 

Perfluidone/2.4-D IPE 1.0/0.25 6.0a 3 5 do 6.4 a 3.4 cd 
Piperophos/dimethametryn 0.5 36 c 4 9 ab 4.8 ab 4.9 a 
Terbuchlor 03 4.3 bc 4.9 sb 4 5 ab 4.9 a 
Benthocwb/2.4-D IPE 1.0/0.5 4.1 . c 4.5 abc 4 8 ab 4.6 a 
Dinitrarnire + 2.4-0 IPE 0.5 + 0.5 4.8 abc 5.2 a 4.9 ab 3.2 d 
WL 29226 1.0 4.3 b: 4.3 bcd 4.4mb 4.3 ab 
Butechlor + 2.4-D IPE 075 + 0.5 5.1 abe 3.8 cd 3.8 bc 40 be 
Piperophos/2.4-0 IPE 0.5 5.8 ab .40 cd 3.6 bcd 3.6 cd 
Triflualin/2.4-D IPE 0.4/0.54 4.3 bc 2.9 2.3 d 3.4 cd 
Molinte 2.4-D IPE 2.0 + 0.5 61 abc 
M 3432 6% + 2.4-D IPE 4.0 + 0.6 4.9 abc - - -
M 3432 7.6% + 2.4-D IPE 4.0+0.5 4.3 bc - - 
Prfar/MCPA 0.6/0.2 4.2 be - - -

WL 29226 05 4.2 bc - - -
Untreated control 1.1 d 2.0 f 2.4 cd 1.5 a 

6A slant bar (/)between two herbicides means they were foemplated bn the same carder or mixed together and Ipplied as a single 
treatment A plus sign (+) between two hWbiclde names indicate thu they wers applied separately at about the some time. 
IPE - isopropyl ester us i. - active Ingredient cAv of fot replications per site In each column, means followed by the same 
letter we not significantly different at the 5% Ilvel. 

at 1.0 kg/ha. Severe toxicity persisted in the grain yield. However, both the total weed weight 
plots treated with benthiocarb/2,4-D. and the weight of grassy weeds affected the 

Selectivity was best with NTN 5810/Clearcide, yields. Total weed weight and grain yield were 
terbuchlor, molinate, and piperophos/dimetha- significantly correlated (r = -0.93"); the total 
metryn, each of which controlled all weeds weight of Ec/inochloa sp. and grain yield also 
without causing damage to the crop. M 3432 5 % were significantly correlated (r = -0.970). The 
controlled all Echinoclloa sp. but failed to significant correlation isunderstandable because 
control broad-leaved weeds. None of the her- grassy weed seeds (2 kg/ha) had earlier been 
bicides controlled perennial Paspali sp. broadcast to ensure uniform weed stand. The 

No relationship was seen between the dry importance of controlling grassy weeds in 
weight of broad-leaved weeds and .sedges and flooded rice was confirmed. 

Table 5. Effects of granular herbicides applied at the 1- to iosaf stage of grasse 7 days after seeding (DS) on 

weed control, crop tolerance, and grain yield of direct-seeded. flooded IR26.IRRI.1976 dry season. 

Visual rating' 

Rateb Control Yield
Treatment (k al./ha) • .. Toxicity (t/ha) 

Grasq. Broad-leaved Sedges 5 IDS
weeds 

Teibuchlor " 0.3 .8.6 "8 6 9 1 Sic 
Molintate "3.0 9 9 8.9 j.3 7.9Gab 
Pperophos/dntetliarnetryn . 0.4/0.1 8.3 8.6 9 1 ab.7.4 

WL 29226 1.0 6.3 9 9 2 6.5Sab 
6ent~u~ocarb + Clearcide .- 1.0 + 0.5 9 9 8.6 1.3 6.3 abc 
NTN 6810/Clearcide ' '0.75/0.25 ' 8.6 . 9 .8.6 1 6 2 abc) 
M 343268% 4.& 8.3 2 •7.3 1.3 O.0ab 
AC 92563 1.0 *2.6 8.3 8.3 1.3 5.8 bc: 
Benthiocarb/2.D- IPE . 1.0/0.5 86 8.6 86 4.3 4.2 c 
Untreated control • - 1.0 1.0 1.0 1.0 2.1 d 

*A ..;ussign (+)between two t.rb~cide rariws items that thetchemicals were appled aepuaely at about the same time. A sant 
bar (/)between two herblr.idns .nj].caim thai ire, we e rnulated on1the saime carrier or mixed together and applied as a single 
treatment. IPE * isopropyl aster ra. * brrtb .ng'eosnt "Weed control rating wcale: 0 - no control 10 - complete control. 
Toxiciy rating scale" 0 - n,., tosc, 10 - comp'ta li, 'A , Ot thee replications. Means followed by the saime letter are not 
significantlydifferent at the 6% 'teJ 
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Table S. Effect of liquid herbicides applied before crop and weed emence (2 dys .fter seeding) on weed con. 
trol and yield of IR576 (SPI 7l/Dawn) rice under upland conditions. IRRI. 1376 wet season. 

AC 92653 
Antor 
Butachlor 
Butralin 
Piperophos/di methametyn 
Dinitramlne 
Ttrbuchlor 
Oxodlazon 
RH 2915 

Propanl' 

Hand-weeded control' 

Untreated control 


Weed wi' (g/sq m). 

(k alI/ha) Grams Sedges Broad-leaved (t/hm) 

2.0 
20 

8 
74 

64 
17 

4 
4 

2.7a 
1.3 e 

2.0 88 36 4 1.3 e 
2.0 22 46 2 2.3 ab 

1.6/0.4 120 7 21 1.7 de 
2.0 17 49 4 2.5 ab 
1.0 24 40 4 1.8 cd 
1.0 73 11 1 2.2 Ic 
1.0 37 16 1 2.4 sb 
3.0 195 29 0 00 
- 76 20 2 2.5 ab 
- 254 36 0.5 0.0 

"A slant be (/)between two herbicide names Indicates thm the chemicals were formulated on thl same crtler or mixed together
and applied a a slngle treartment. bJ. a ective Ingredient 'Taken s heading stne ofgrames. Av. of for replicatlon,. Means 
followed by the same letter are not significantly different atthe 5% level "Applied 15 days after rice eergence (ORE). 'Weeded 
at 15 and 30 ORE. 

Uplad rice. Weed inf..station is one of the 
most important factors limiting upland rice 
yields. At IRRI the untreated control of an 
experimental line of upland rice (IR9575) was 
completely taken over by grassy weeds such as 
E. colona, Eleusine indica, Digitaria sangulnalis, 
Panicumt repens, the annual sedge Cyperus iria, 
the perennial sedge Cyperus rotundus, and the 
broad-leaved weed Commelina diffusa. Plots 
treated with propanil produced no grain (Table 
6). AC 92553, butralin, dinitramine. and RH 
2915 gave yields statistically similar to the 2.5 
t/ha obtained with two hand weedings. Antor, 
butachlor, and piperophos/dimethametryn did 
not adequately control grasses. Yields were 
generally low because the rice suffered from 
bacterial leaf streak at about the maximum 
tillering stage. 

In a farmer's field experiment in Batangasprovince, the predominant weed species were 
E. colona, Ce/os/a argenuea, Conminna bengha-
lens/s, C. diffusa, Ageraiwn conyzo/des, B/dens 
pliosa, C. ir/a, C.rotundus, and E. indica. Most 
herbicides gave yields similar to that of the 
hand-weeded control; AC 92553 and RH 2915 
gave lower yields (Table 7). AC 92553 controlled 
grasses and broad-leaved weeds. RH 2915 
reduced the rice stand by 50% . 

Propanil had poor weed control and zero 
yield at IRRI, but controlled weeds and gave
high yields inBatangas. In unpredictable mon-

soon weather, it provides inconsistent weed 
control in upland rice. 

Dry-seeded rainfed bmdW.d rice. Multiple crop
ping of rice in rainfed areas where previously 
one transplanted crop was grown requires that 
the first crop be planted in a dry soil. Water 
accumulates in the bunded field as the crop 
grows. The crop is thus planted as an upland 
crop and is harvested as a lowland crop. With 
those conditions, weeds generally occur in large 
numbers and with greater diversity of species 
than with rice grown in puddled soil. 

Weed control trials in 1976 included her
bicides that may be useful for such dry-seeded, 
rainfed, bunded rice. 

At IRRI, all herbicides, except propanil. were 
applied before rice emergence. Propanil was 
applied 15 DS. Because of profuse weed growth, 
all plots were weeded 40 DS to prevent completeyield loss. Weeding time ranged from 58 man
hours/ha for the dinitramine-treated plots to 400 
man-hours/ha for the untreated control (Table
8). Yield reductions were primarily caused by 
the weeds that were present before the weeding. 
Few weeds grew after 40 DS because of the 
presence of water and the competition offered 
by rice. Most of the herbicides used reduced rice 
stand. The i~eduction was particularly noticeable 
in the dinitramine, USB 3153, and RH 2915 
treatments. Despite the stand reduction, plots
treated with dinitramine had the highest yield. 
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ergence (2 doe after seeding) on weed con-
Table 7. Effects of liquid herbkide applied before crop and wee 
trcl and yield of IR97l rice under upland conditions Ina farmere field. ISatange province. Philippines. 1175 wet 

&son, 

Treatment' 

AC 02653 
Antor 
Buiachior 
Butralin 
Pip4rophoo/dmethafnetryn 

(C-288) 
Dinitramine . 

Tertsuchlo 
Oxadiazon 
RH42916 
Propni. 

Hand.weeded control' 

Unreaied conirol 


"AVioni otrf I.beiaeen 

isoproluvr 
Propanhll 
Untreated 
Fluorodifen 


•A int ON ill 

(kg a.l./he) 

2.0 
20 
20 

2.0 


1.6/04 

2.0 

2.0' 
10 "54 
1.0 
30 


tlO ns'o.C-ae ninfe' mdan 

€

Weed wt (g/u m) 

Grasses Sedges Broad-leoved (i/ha) 
weeds 

11 '.66 * 2.2b62 
9 . 28 2.9629 

.33 3.2 a21 12 
3.Oab39 . . 10 . 43 ' 

35 124 .
 
3.0 ab . 22 16 42 

36 2.9 ab48 14 
27 3.1 a13 
10 1.2 c5 1 
38 2.8a
38 10 

14 3.212 2 

5 22 . 0.0.215 


On Ite &OMe cdel O'mioeits 
, that the cPimiCdlb * 1b icmuilsO tf


iae o "Av o0 A#6 pl.Clepcor. Any io 
da J Single ti;aainii ' J ac eni'e4.ini 'tatie1 rt"ead.g grada

and aPP1OeJ Ui..e 
-c g Dac iApO"0I i 15 dayl& atiet ofan*'gencefdoWmrii.to fIo ote or a cOmmoniiilt. .6not %.gn.i.ci1.ii1 fv atI.O 6% level 

'Weeded at15 and 30 DRE. 

A high seeding rate (80 kg/ha) and superior 
weed control in the plots compensated for the 
loss in stand caused by the herbicides. 

In another trial, weed weights 14 DS averaged 
842 kg/ha in plots treated with butachlor and 
1,768 kg/ha in the untreated plots. At that stage 
of crop growth, it took 356 man-hours/ha to 
weed the untreated plots, and only 79 man-
hours/ha to weed the butachlor-treated plots, 

In the herbicide-treated plots, the weeds were 
smaller and were easier to distinguish from the 
rice. 

Results at Iloilo supported the finding at IRRI 

that dinitramine-treated plots could yield as 
well as the manually weeded plots of dry-seeded 
rice (Table 9). AC 92553 did not perform as well 
in Iloilo as it did at IRRI. 

A situation similar to that in Iloilo occurred 
in Pangasinan with ashort, high yieldingvariety. 
The dry weight of weeds that grew in the 
untreated plots was only 1,946 kg/ha. Despite 
a 37% reduction in stand, benthiocarb-treated 

plots yielded as well as the manually weeded 
plots. 

Applying the herbicides after seed germina
tion rather than immediately after seeding 

Table 8. Effects of herbicides 

Troaimenti 

Dinitramine 
Weedfreel 
AC 92553 
Butachlor 
US583153 
Osadlazon 

lefbuchlow 

Butislln 

RH42915 

Pipe, ophos/dirneihametryn 


on weed weight, weeding time, and yield of dry-seeded rice. IRRI. 1976. 

A'tl we',lqhaapr)dI a a nl ~~isimeni•r

bi*Wbli hetb.CiS nameN indtiesr 

Weed w 
Rato' 

(kg a.1/ha) 

1.5 
. - ,.8 

2.0 
2.0 
1.5 

. 1.0 '3146 
. . 1.0 

2.0 

1.0 

1.6/0.4 "2174 
1.0 
3.0 
-


tO0 

. 

20 DS' 
(kg/ha) 

354 

1394 
1990 
1308 

684 

2118 

2114 


3190 
2238 
5548 

. 184 

Wlq 
ebtedl 40 05 'a' 

itat its 0hom-Cabie' 

not sign'tcaivl dltllnt i iha 5%ltentl
to it..Atd tbr the atle.I .lMe 
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Weeding Weed Wt 
d 

time at howst Yield
40 DS (kg/he) 

(msn-h/ha) 

. 8 178 

175 238 
184 235 
166 . 188 
224 180 

200 230 

192 . 222 
184 r. 342 
192 240 
317 360 
250 *. 342 
400 . .. 318 
392 224 

(1/ha) 

3.9 a 

3.5 e 
3.4 a 
3.3a• 

. 3,2Zeb 
2.9 abx:c
 
29abcx
 
2.Sabc• 

. 2.5 abc: 
256abc. 
2.5 abc: 
1.7ic 
1.5 c 

oeiacll oi the sansi enqi (Y rvsed together aid
,tig 'Mars
actlinira~dei! "05 " days iwl eilee 



PhilIppines. 1976.Table. Effect of herbiclde on we weight end yield of dry.aneded rice. Iloilo. 

Weed wt 
Treatment Rateb Time of 65 Dd Yfield 

(kg al/ha) pmllcetion' (kg/ha) (/ha) 

1772 2.8e 
0 2.8s 

Dintemine 	 2.0 PE 
Manual weeding 	 15 + 300RE 

20 	 PE 1688 25abButachlor 
1.0 	 PE 1448 2.4 abAntor 

PE 	 1468 2.4 htButrelin 	 2.0 
PE 1512 2.3 bAC 92553 	 20 

cPiperophos/d Imeth ametryn 1.6/0.4 PE 	 1536 2.0 
2960 1.5 dUntreated 

Propanil 3.0 15 ORE 1984 1.5 d 

*A slant ba (I) between two herbickie names indlcatei that the chemicab1 were formulated on the same caier or mixed together 
and applied us a single treatment. be.l.- aclv ingredient cPE - preemergence of crop and weeds, DRE - da" alter rice emer

gence. dOS a days after seeding. "Means followed by the same letter erenot slgnificantly different at the 5% level. 

slightly reduced the toxicity of herbicides to were obtained. The untreated plots had no yield. 

rice as reflected by stand loss (Table 10). No Of the herbicides tested for the first time, NTN 
EXP 3316, and Prodotto D75,reduction in effectiveness of weed control ac- 5810/2,4-D, 

companied the reduction in stand. However, applied before weed emergence, gave yields 

weed growth was so severe that manual weeding similar to those of the hand-weeded control 
(Table ii). Prodotto and X-150 also adequatelywas necessary in all plots. In all cases, weeding 

required more than 500 man-hours/ha. Such controlled weeds at the three- to four-leaf stage. 

labor input in addition to preemergence her- Because there was no standing water in the 

bicides appears excessive and may be un- plots for 20 days after transplanting, granular 
2,4-D did not control the grasses.acceptable to rice farmers. 

The important weed species in the test plots 
SCREENING NEW HERBICIDES were the annuals E. crus-ga/li, E. crus-paronis,

chinensis, Fimbristylis littoralis, C..LeptochloaSCRENING eW t 
Agronomy Deparimeni 	 difformis, C. iria and the perennials Paspalum 

distichum and S. maritimus. Infestations of theHerbicides are screened under rainfed condi-
tions to identify those that are safe and effective broad-leaved weeds M. vagina/is and S. zeylan

for transplanted, direct-seeded, and upland rice. ica were minor. 
Tranmsplanted rice. During- the wet season, Direct-seeded rice. Most new herbicides 

several new herbicides showed promise for adequately controlled predominant weeds in a 

transplanted rainfed rice. Yields from 2 to 4 t/ha direct-seeded rice experiment that had E. cras-

Table 10. Effecta of applying herbicides at different times on etand reduction, weed weight. weeding time, and 

yield of dry-eeded rice. Pangainan. Philipplnes, 1976. 

Weed Weing YleRateb Stand
Treatmenta 	 reduction wtC time 

kg al./ha) (%) (35 DS) (man.hiha) (t/ha) 

Herbicide applied after seeding 
13 242 793 61 aButachior 	 2 0 

0 0 - 6.0cMenuatwaeding - 
788 5.8 aOlitramine 1.5 28 364 

Terbucitor . .0 8 482 672 6.2 a 

:AC 92553 2.0 26 514 "792 	 5.1 a 

Herbicide applied after seed germination 
2 422 698 5.5aeButaChlor 	 2.0 

- 6.0OaManuael weeding "-- 0 -0 
5.7 aDinitramine 	 1.5 14 490 945 
5.7 aTerb~uchior 	 1.0,'" 10 234 748 

20' 460 571 8.7cAC 92553 	 2.0 

-ctive - °Meana followed by the caei letter era'AII plowl were handweeded 40 05 'al ,, ingredient '05 days chalr s1eeding 

not !lgnfkntly different at the 5%level
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Table 11. Effects of promising new herblcides on weed control md yield of transplanted NRfi rice under rainfed 
conditions. IRRI. 1976 wet season. 

Treatlment3 

NTN 5810/2. 4-0 IPE(G) 

EXP 3316 (C) 

Prodotto D75 (EC) 

NTN 8887(WP) 

X-150 (G) 

EXP 3391 (G) 

iwo #3051 (EC) 

Oxdlazon (G) 
X.150/2.4.D IPE (G) 

X-150 (G) 

NTN 6867/2.4.D IPE (G) 

Benthiocmtb/2, 4-0 IPE' (G) 

2, 4- DIPE' (G) 

Hand-weeded control 

Untreated control 


(kg al/ha) (DT) weeds 

1.4/03, 4 41 . 20 . 0 
05. 4 22 .. 42 0 
4.0 • 4 97 32 0 
2.0 4 71 ,48 ,0 
30 10 180 . -26 1 
0.25 4 44 28 .0 
2.0 4 117 9 0. 
1.0 4 77 30 0 

1.4/0.5 4 64 40 0 
3.0 4 128 18 1 

1.4/03 4 176 10 
1.0/0.5 4 126 32 0 
0.8 4 253 6 0. 

20 & 40 9 2 0 
- - 248 39 0 

OAslant bar (/)between two hefbicide names indicates that the chemicals were formulated on the same carrier or mixed together
=
and appliod as single treatment G - granule, C cream. EC memulsifiable concentrate. WP - wettable powder, IPE a isopropyaster ba n active ingredient CDT * days after trsnsplanting. dTaken at heading slage of grasses *Av. of two replicatIons. Means 

followed by the same letter are not significantly different at the 5% level. 'Standard chemical controls 

galli, E. crus-pa'onis, M. raginalis, and C. 
difformits. Herbicides X-52/2,4-D. MT 101. and 
NTN 5810/2,4-D gave yields comparable with 
those of the standard controls (Table 12). Pro-
dotto D75, which performed well in transplanted 
rice, showed promise 'or application at late 
post-emergence of weeds in direct-sccded rice. 

Because of much rainfall, the plots were 
almost continuously flooded. Most herbicides 

were toxic to 7-day-old rice seedlings. 
Upland rice. The weeds that heavily infeste 

upland rice included E. colona, C. trio, C'. 
rotundus, Portulaca oleracea, Ipomea irifoba,
 
and C.benghalensis. Oxadiazon, SL-55, NTN 
6867, and EXP 3316 were promising; they gave 
yields comparable with those of the hand
weeded control (Table 13). EXP 3316 was 
moderately toxic to rice. 

Table 12. Effects of promising new herbicides on weed control, crop tolerance. and yield of direct-seeded 1R26 rice 

under rainfed conditions. IRRL 1976 wet season. 

Application Weed wtd(g/sq m) Visual 

Treatment" Rateb Timet Grasses Sedges Broad-leaved toxii ield' 
(kg s.i./ha) (DS) 	 werds 

Benihiocarb/2. 4-0 IPE' (G) 1.0/0.5 7 27 0
WL 29226 Q 	

0.75 7 5 0(G) 
X-52/2, 4-DIPE (0) 
MT.101 (WP) 
NTN 5810/2. 4.0 iPE (0) 
NTN 6867/2, 4-0 IPE (0) 
NTN 810O(G) 
MCPAITBA (0) 
Prodotto 075 (EC) 
Oxdiazon (01 
Untreated control 

Weed wt (g/aq m)Applicatijon 
Yield. 

Rateb - r1 Grasses Sedges Broadtleaved ' . t/ha)Ti 


1.4/0.5 7 ,_ 64 0 
2.0 7 

1.4/0.3 7 
1.4/0.3 7 

2.0 7 
0 8/0.2 7 

2.0 11 
1.0 7 

.68 
 0 
28 4 
22 2 
16 1 
31 0 
44 0 
70 0 

648 26 

3
3 
0 

12 
22 

3 
65 
25 

1 
2 

124 

.. 	 40a 
3.5ab 
3.2 abc 
3.1 bcd 
.2.4 cd 
24 cd 
2.3 cd 

. 2.3 cd 
', 2.1 e 
• 2.0 e 

" 2.0 e 
1.9 e 
0.0 
3.7 b 
0,0 

atinr 

5 	 4.4 a
4 4.2a• 
4 4.1.ab 
4 3.9abcx 
5 	 3.9 abc 
7 	 3.8 bc 
8 	 3.5 c 
6 	 3.4 c 
8 	 3.4 c 
8 2.5 d 

.0 0.0 , 

SAslant ber(/) between two herbicide names Indicates that the chemicabs used were formulated on the sermecanimo r mixed 
together and aplied - a single treatment IPE - isopropyl ester. 0 - granule. WP ,-wettable powdor, EC . emulsifiable con:
centrae.• be~j - active ingredient. '05 - days after seeding. dTaken at heading stage of grasses 'Taken at 19 05. Scale: 1 - no 
toxicity. 10 - complete kill. 'Av. of two replications. Any two means followed by the sere letter"we not ignificantly different at 
Ith5% level. •Standard chemical controls. 
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Table 13. Effects of promising new herbicides applied 
before crop and weed emergence (2 days attn seding) 
on weed control and yield of Rl9676 rice under upland 
conditions. iRi, i, 1976 wet eson. 

Weed wil (g/aq m)
 
Rateb - -


Treatment* (kg ai./ Greties Sedges Broad
he) 
 leaved 


weeds 

Oxediazon (EC) 1.0 18 7 2 3.5 

SL 65 (WP) 1 0 25 26 17 31ab 
NIN 6867 (WP) 2.0 132 18 2 2.6 b 
EXP 3316 (C) 05 6 28 2 24 b 
X-150 (EC) 20 226 1 0 1.5 c 
Butachlor ° (EC) 20 93 22 6 3.38 
Hand-weeded - 16 3 0 3 2sb 

controlI.J5 
Untreated - 394 4 1 0.0 d 

control'. 

*EC a emulsifiable concentrate; WP - wettable powder: C-

cream boa. a active ingredient. cTaken at heeding stage of
 
grasses dAv. of two replicutions Any two means followed by
 
the same letter we not sig.uficantly different N the 5% level.
 
*Standard chenical contro 'Weeded at 15 an 30 dew after 

rice emergence. 

INTEGRATED WEED MANAGEMENT IN 

FLOODED RICE
 

Agronomyl Department 

The choice between a nonchemical cultural 

practice and the use of a chemical depends on 
many factors. A combination of cultu,al and 
chemical methods may be desirable from theagronomic, ecotaomic, and biological points of 

view. 
Dry-season field experiments at IRRI studied 

the 	effectiveness of variety, water depth, and 
degree and timing of tillage to control weeds. 

TranLspanted rice. The effects of varietal type 
and* water depth on transplanted rice were 
studied in a split-split plot design that had water 

depth in the main plots, weed control in the 

subplots, and variety in the sub-subplots.
Nineteen-day-old ed1ings of R34 (a tall, 120-
to 130-day variety) and 1R36 (a semidwarf, 
high-tillering, 105- to 11I0-day variety) were 
transplanted 20 cm apart. Granular 2,4-D was 
applied at 0.5 kg it.i./ha at 4 days after, trans-
planting (DT). Water-level markers werc in-
stalled in each plot to facilitate continuouis 

.flooding of the main plots to depths of 2.5 cm, 
5.0 cm, and 7.5 cm from 4 DT)1 until crop 
maturity.' . • 

At 	the low rate of 0.5 kg a.i./ha, 2,4-D did 

NTtJUWEW CONTRO. W WILD CONTROL 
weft 06 /6 M) 
1000 

750 

p 

500 " 

rA 
C. 	 Cb 

2:50 ;,u . 

A 
01 

750 

500 

250 

250 75 25 50 75 
25 5 fo P depth (an) 

I. Effcct', of water dcpth , and variciy on wccd growth in 
lowland iransplanted rice at 50 days ut'tcr transplanting. 

not affect the performance of the rice varieties. 
But 	grain yields significantly differed between 
varieties at the 5-cm water deplh with weed 
control; IR36 gave higher yields than all other 
treatments with herbicide. At all the water 
depths compared. the herbicide significantly 
minimized weed growth (Fig. i). Even without 
weed control. 1R36, with its spreading canopy, 
was able. to compete more effectively against 
weeds (particularly at the 2.5-cm and 5-cm watey 

depths) than IR3M with its erect leaves. With 
weed control, no varietal differences show9d at 
any water depth.

The effects of degree and timing of tallage 
were examined in another experiment. The 

•split-split-plot 	design usedihad the time between
 
tillage in the main plots, wded control in the
 
subplots, and degree of tillage. in the sub
subplots. Twenty-three-day-old seedlings of
 
1R26 were transplanted in levelled plots. Times
 
between the tillage operations; were set' at 3
 

• 	 days and the shortest time possible. The plots 
were saturated 4 DT and then flooded to 2.5 
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Dryin ( 19qm) Table 14. Men granyiMd of broadcasedmed 334 end 
IN3 rice seffeted by water depth (2.6 end 7.5 cm) 
and weed control (ev. of *ll tiltag. tretmnts). 1331. 
1976 dry season. 

4%00 " -S, -
W~ Wm Grain yield (tlho) 

-3_0. Variety Weed control -No wood control 

"0 Wo rs- 26cm 7.5cm 2.5cm 7.6cm 

200- -R34 3.48 3.02 2.78 2.85 3.9 
4.98 496 3 3.97 5. 

4 
10t) ' : 1.48 0.53 1.76F I,-.'-; Dlffeonce 1.96 1.32 

- -, . ' . A '. 

0
 
No New coa'o Wd cotd wh 2,4-D
 

,o05 S oi ) Harrowing decreased neither weed weight nor 

. Effects of time interval bcweet. land preparauon opera- number. 
lions on weed weights 52 days after transplanting (DT). with The combinations of variety and water depthdid not significantly differ in reducing the total 
and without weed control in rice. IRRI, 1976 dry season. 

dry matter production of the grassy weeds and 
number of weeds per square meter. The result 

cm; then 2,4-D at 0.5 kg a.i./ha was broadcast. indicated that grassy weeds were highly corn-
Figure 2 summarizes the results. petitive with rice. The dry weight of the broad

Direct-eded flooded rice. The effect of leaved weeds in the IR34 plots was significantly 
variety, tillage, and water depth was studied in higher at the 7.5-cm water depth than at the 
a strip-split-plot design with two varieties and 2.5-cm depth; no difference was observed in 
two water depths in the main plot, three tillage IR36 plots at such water depths. The result is 
treatments as strips across the main plots, and explained by the difference in number of tillers 
weed control treatments in the subplots. The between the two varieties at the 7.5-cm water 
varieties were intermediate-height IR34 and depth-545 for IR36, and 324 for IR34. 
short-statured IR36; water depths were 2.5 cm In this experiment, the main significant differ
and 7.5 cm: tillage treatments were three ences were obtained in the weed-control treat
degrees of harrowing done on the same day. ments (Table 16). Terbuchlor at 0.3 kg a.i./ha, 
Terbuchlor at 0.3 kg a.i./ha was applied at the applied at the one- to two-leaf stage of grassy 
one- to two-leaf stages of the grassy weeds. The weeds, significantly reduced weeds. 
weeds present were E.crus-galli,E.crus-pavonis, Contrary to expectation, the 7.5-cm water 
M. vaginalis, S. maritimus,and C. difformis. depth did not significantly reduce the grassy 

The grain yield of IR36 was significantly weeds as did the 2.5-cm depth. One plowing 
higher than that of IR34. The reduced yield of and.two harrowings gave better control of 
1R34 may be attributed to a typhoon that Echinochloa sp. even though those operations 
occurred 12 to 5 days before harvest, were not reflected in significantly higher yields. 

At the 2.5-cm water depth, the grain yields Further harrowing of the land is not necessary 
of the two varieties did not differ significantly. for higher grain yield.
At the 7.5-cm water depth, the grain yield of 
1R36 was significantly higher than that of 1R34 Tal15Gnyedofboceteeedloedre 
(Table 14).. Grain yields were not significantly -*affected by weed control treatments. 1331. 13176 dry 
affected by water depth and tillage treatments, muon. 
but showed highly significant effects with weed . Moan grin yiel 
control (Table 15). One plowing and two Treatnwnt . . (t/h.) 
harrowings significantly r(duced dry matter Tevbuchlm,. 0.3 kg a.1./ha 4.10 " 

production and number of grassy weeds, com- No wee control 0.928
pared with one plowing and three harrowings. Dltfferenc92" 
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Table 16. E fact of we-d control treatmentIon numbr 
of weede in brodcaet-seded flooded rice. IRRI17 
dry ne.aon. 

T t MonocboieEchnochI 
Treatment sp. vaginal/s Total 

Tesbuchlor. 0.3 ko aI./ha 64 132 244 
No weed control 116 298 462 
Difference 52%" 166" 218" 

The highly significant results from the weed-
control treatments indicate that even with good 
management practices, herbicides are often 
necessary for high yields in direct-seeded, 
flooded rice. 

STUDIES ON SCIRPUS MARITIMUS L. 
Agronomy Department 

Field experiments begun in 1974 (1974 Annual 
Report) were continued through 1976 at IRRI 
in an area of naturally heavy S. maritimus 
infestation, 

In a dry-season experiment with continuous 
lowland rice. the highest grain yield of 4 t/ha 
came from rotary-weeded plots. Bentazon-
treated plots yielded only 0.4 t/ha because of the 
high population of grasses, annual sedges, and 
some S. maritimus. Bentazon apparently did 
not control annual grasses and sedges. Un-
weeded plots yielded only 0.2 t/ha because of a 
high population of S.maritimus and a buildup 
of broad-leaved weeds (Table 17). 

In corn as a sole crop, the highest yield was 
from the plots that were hand weeded tw 

That yield was not significantly higher than that 
from the plots treated with butachlor followed 
by bentazon. Butachlor did not efficiently con
trol annual grasses. Yields from corn inter
cropped with mung beans did not significantly 
differ among the three treatments. 

In a wet-season experiment, where rice was 
continuously grown, the highest yield was 3.3 
t/ha from rotary-weeded plots. This yield was 
significantly higher than the 1.8 t/ha from the 
bentazon-treated plots (Table 18). .Bentazon 

failed to control grasses, annual sedges, and 
some S. maritimus. Unweeded plots yielded 
nothing because of the high population of S. 
maritimus, annual sedges, and broad-leaved 
weeds. 

In the lowland plots that had been previously 
planted to a corn-mung bean intercrop, rotary 
weeding significantly increased yields. The un
weeded plots yielded 1.3 t/ha higher than did the 
unweeded treatment in the continuous lowland 
rice plots because weed density in the previous 
corn-mung bean rotation (191 plants/sq m)was 
lower than that (300 plants/sq m) in the Con
tinuous lowland rice plots. 

In the dry-seeded, rainfed, bunded rice, the 
grain yields of hand-weeded plots were signi
ficantly higher than those of the oxadiazon
treated and the unweeded plots, which yielded 
zero. 

Table 17. Effects of weeding methods on rice yield and population density of Scitpusmaritimus L and other weede 
on three irrigationpatterns. IRRI. 1976 dry season. 

Cropping pattern, 
treatment 

Continuouslowland rice 
Bentzon 
Rotay weeding twice 
No weeding 

Corn 
*Butachlor lb bentazon€ 

Hand weding twlca 
*No weding ,2790 

Corn + mung beans 

Butaclorxfb bentazon 
Hand weeding twlce 
No weeding 

= 

Weeds" (no/&q m) 

G 8 AS S mar/tmus 

190 30 320 35 

10 0 26 30 

85 850 55 205 

800 0 0 5 
o 	 0 0 0 

"0 35 _ 15 . 

S(ears) 
1205 10 0 0 


0 0 0 '0 

1410 10 0 - 80 


C rotundus 

• 
0 
0 
0 

205 

0 


76 


bYmd 
(1ha) 

(fons) 
04 
40 
0 2 

(marketable ears) 
10.500 
37.000 

0 

Corn Mung beans 

16 0 
(kg) 
84 a 

0 17.000 260am 
30 0 I51s 

'0G grasses. B - broad-leaved weeds, AS - annual sedges. bAy. of two replications Means followed by the same letter are not 
s~gnif.,cantly different at the 5%level 'lfb - followed by.' 
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Table 18. Effects of weedIng methods and population dunaity of Sckpus mwtimus L on the yield of lowland and 

dry-sown rainfed bunded rice. IRS?. 1976 wet season. 

Weeds (no/s m)• 
Cropping pattern. Yek 

treatment G 8 AS Sckiipus Cyperus (i/ha) 
mrwulmus tolundus 

Continuous lowland lice 
0 1.8bBqntaon 288 41 470 171 

Rotary weeding twice 32 35 205 108 0 3.3 a 
No weeding 181 362 . 645 .300 0 0.0 c 
Lowlendrice' 
Bentazon 268 62 210 52" 0 2.4 b 
Rotary weeding twice 124 102 199 54 6 4.5 a 

2c0
No weeding d 88 192 359 191 '0 1.3 c 
Dry.sown relnted bunded 

17 79 29 O0b 

Hand weeding twica 194 16 36 22 
Oxadiazon 444 10 

17 2.29e 

No weedino 1341 39 42 78 115 0.0 b 

G1 grasses. 8 a broad leaved *eeda. AS a annual sedges bAv. of two replications. Within each cropping pattern, any two 
means followed'by the came latter see not significantly diffeent at the 5% level cPyevously planted to corn + mung beans 

Pteviouaty planted to corn. 

The data indicate that shifting from lowland 
to dryland preparation changes the density and 
composition of weeds. In the absence of 
adequate weed control, the risk of crop failure 
can be minimized by year-round cropping 
systems involving more than one kind of crop. 

ZERO AND MINIMUM TILLAGE 
Agro'uny Dcpartmwnt 

Field experiments were conducted at IRRI to 
develop minimum- and zero-tillage techniques 
for transplanted and direct-seeded flooded rice. 

Transplanted rice. Among the tillage methods 
used during the dry season, zero tillage had the 
highest pcrccn'tage of missing hills (2.2%) in 
transplanted IR26. There were no differences 
in the number nor in the percentage of missing 
hills between the conventional and minimum- 
tillage treatments. The plots were flooded 3 days 
before transplanting (DBT) but the hard soil 
made the transplanting particularly difficult in 
the zero-tillage plots. The results indicate that 
flooding the paddy 3 DBT does not soften the 
soil enough for transplanting on zero-tillage 
plots, 

Glyphosate alone at 2.0 kg a.i./ha applied 7 
DBT eliminated P. disrichurnbut did not control 
the annual sedge F. lilioralis.Paraquat alone at 
2.0 kg a.i/ha applied 7 DBT effectively con-
trolled annual grasses, sedges, broadleaved 
weeds, and P. distichum, but these weeds grew 
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faster than those in the glyphosate treatments, 
A mixture of glyphosate and paraquat applied 
7 DBT failed to control P. distichum. 

Glyphosate followed by paraquat showed a 
much broader spectrum of weed control and 
lower dry weight of weeds than a single mixed 
application. Treatments with high rates of 
glyphosate followed by a lower rate of paraquat 
effectively controlled P. c/istichumn, but were 
inferior in controlling F. liunralis. P. disticlun 
was controlled in plots sprayed with 2.0 kg 
a.i./ha glyphosatc 7 DBT followed- by one 
plowing 2 DBT. 

The combination glyphosatc (1.5 kg a.i./ha) 
7 DBT and paraquat (1.0 kg a.i./ha) 3 DBT, 
or glyphosate (1.0 kg a.i./ha) 7 DBT and 
paraquat (1.5 kg a.i./ha) 3 DBT may serve as 
an alternative to conventional land preparation 
(Fig. 3). 

In a second experiment, three components of 
reduced tillage were tested: prcplant herbicide 
application (H), tillage operations (T), and 
flooding period (F). Each component requires
different resources-the preplant herbicides 
require mainly capital, the flooding period 
requires irrigation water, and the tillage opera
tions require mainly power and labor. To 
identify combinations for satisfactory weed 
control, crop growth, and yield, all permutations 
of the three components were compared with 
conventional tillage in a transplanted rice crop. 

The treatments with preplant herbicides alone 
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3. Effect of chemicals and chemical combinations as alter-
natives to conventional land preparation on grain yicld of 
transplanted IR26 rice and dry weight of weeds (at heading 
stage). DBP - days before planting; fb = followed by. 
IRRI. 1976 dry season. 

(3.0 kg a.i. dalapon/ha followed by 0.6 kg a.i. 
paraquat/ha) failed to satisfactorily contr6l P. 
distichum, F. littoralis, and S. maritinus. But 
when the preplant herbicide treatment was 
followed by a tillage operation, control of those 
weeds improved and rice yields were the same 
as those in conventional tillage plots. Five treat-
ments (HT, HTF, HIFT, FlIT, and TF) gave 
weed control and yield results similar to those 
of conventional tillage. Because the TF treat-
ment did not have a preplant herbicide, the 
results suggest that the preplant herbicide gave 
no advantage in the other treatments. 

A third experiment indicated how weed 
populations develop with minimum and zero 

tillage in a continuously cropped rice system. 
With zero tillage the dry weight of weeds at 

harvest of the first crop was highest with the 
low-tillering, short-statured IR30, followed by 
that with the high-tillcring semidwarf RI632
93-2-2. The intcrmediate-statured IR34 was 
moderately competitive with weeds. After two 
crops with zero tillage. the perennial weeds P. 
diiichumn and S. mariwmus became dominant 
because of ineffective control by the preplant 
herbicides. 

The results confirmed earlier observations 
that continuous zero tillage may increase the 
incidence of perennial weeds. 

After two crops with minimum tillage, the 
dry weights of weeds were similar to those with 
conventional tillage. There was also a shift to 
S. maritimusbut weed growth was generally low. 
With the minimum tillage treatments it was 
possible to eliminate the preplant herbicide 
applications after the first crop and to resume 
the period of flooding before establishing the 
second crop. Therefore, the treatment was
reduced to a single-tillage operation. 

Control of P. distichum, by minimum and 
zero tillage confirms findings at IRRI and else
where that thorough tillage is the most effective 

and practical means ofcontrolling that perennial 

Even when using zero tillage and herbicides 
to control weeds and establish a good stand of
rice appears to be advantageous, the practice 
m ficantly reduce fertilizer effi i 
may sign t I cieny
rice. An experiment studied the use of nitrogen 
with conventional, minimum, and zero tillage. 
Nitrogen efficiency was lower under zero tillage 
than under conventional tillage (Table 19). Deep 
placement of nitrogen, as either supcrgranules 
or liquid, raised nitrogen efficiency with zero 
tillage. Until deep placement of fertilizer be
comes widely accepted, the question of nitrogen 
efficiency may limit acceptance of zero tillage.

Dry-seeded rice. A wet-season experiment was 
conducted under rainfed conditions to compare 
the effectiveness of dalapon and glyphosate 
against difficult weeds, under both zero and 
minimum tillage systems with a dry-seeded rice 
crop. The herbicide rates were 1, 2, and 3 kg 
a.i./ha for glyphosate, and 5,10, and 15 kg a.i./ha 
for dalapon, with and without a follow-up 
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Tebl. 1. Apparent officlncy of nItrenn foinilw with at 2 kg a.i./ha, without a paraquat 
* kgN/h. a- influenced by m ehod of land preparation appligai .S a , i eld follow-upfollow-up 1 

and feutilaer epplication. I Mr.w- meon. application. Similarly yields following thl 
cation of 2 and 3 kg a.i. glyphosate/ha underilerlilize " (kipkg N) 

Method of minimum tillage were significantly higher than 
aplicon Conventional Minlmum Zo Meanb yields in any other treatments (Fig. 4).

The results from the dry- and wet-season 
Splt epplicetlon 17 9 -6 7a experiments indicate that minimum tillage is a 
Superanule 8 5 31 47placementdependable alternative to conventional tillage 
Liquid band 44 47 18 34 b 

placement 
Mean 40 b 37 ab 13a 

6ased on comparison between mean yield of each treatment 
with 68 kg N/ha and mean yield of conventional tillege x split
applicetion treatment with 28 kg N/ha. bTwo means followed 
by the same letter are not significantly different at the 6% le 

application of 0.4 kg a.i. paraquat/ha. 

was the dominant weed


When P. distichum 
species, weed control in the rainfed crop was 
inadequate even at the highest herbicide rates. 
Control of P. distichum and other weeds was 
achieved under minimum tillage with glyphosate 
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4. Effects or prepiant herbicides. glyphosawe and dalapon. 
on grain yield of 1R36 under minimum and zero tillage with 
a dry-seeded. rainfed rice crop. IRRI, 1976 wet season, 
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that requires fe'1 modifications in present 

management practices, at least where difficult
to-.:ontrol weeds are absent or have been 
previously controlled. Zero tillage needs to be 
treated with more caution
thi 

WEED SAMPLING IN RICE STUDIES
StaistiA Department 

Experiments were conducted at IRRI from 1973 
to 1974 to develop a weed sampling technique 
that provides a reasonably accurate estimate 
of the weed population in rice with minimum 
sampling frequency and sample size. 

Two sampling devices, a quadrat and a wire 
frame (1972 Annual Report), were tested. The 
wire frame was placed in the plots 2 weeks after 
transplanting and left there for successive sam. 
plings. The quadrat was placed in the plot at 
each time of sampling. 

Both devices slightly overestimated the weed 
weights, but they did not differ from each other 
in magnitude of sampling variance (Table 20). 
The less costly quadrat is therefore recoi
mended. 

As expected, the sampling variance, expressed 
as the coefficient of variation (cv), decreased as 
the size of the sampling unit increased (Fig. 5). 

20. Comparison between estimate of weed 
weight and sampling variance with two sampling tools 
(wire frame end quedrat) by weed type. IRRI. 1973 wet 

frame Ouadrat 

Actul Estimated Estimated 
Weed weed wt weed wt cv weed wi cv 
type (g/uq m) (glaq m) (%) (g/sI m) (%) 

Broad.leve 40.0 43.2" 39 46.8'" 44 

30.4 35.6' 89 29.3 88 
ede 10.6 11.7' 74 11.3 62 

'Both 0 36 mjm knsize. Data we enrag elof2 plow alnd 9 
sampling sutag. 



rE wrICor *ZO ccr size increased. The 1973 wet-season data showed 

cv (%) soAo-L AVo Ews . . that the increase in sampling unit size from 0.04 
jW sq m to 0.36 sq mreduced the cv of grass weights 

1 /0 s. Moo" '.- ,...from I-....,, .. 
...1903 . .7 m.. -.01 _ws--| ............ 
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5. Relationships between sampling variance and sizC of 
sampling unit (quadral) ineslimaling weed weight and weed 
count. IRRI. 1973-74 

The decrease was exponential in nature, i.e. the 
decrease was rapid when the sampling unit was 
small and became gradual when the sampling 
unit was large. Of the three weed types, grasses 
showed the highest sampling variance, which 

from 190 to 92%, broad-leaved weed weights 
70 to 39%, and sedge weights from 120 

to 63 %. For all weed types, and especially for 
- grasses, sampling variance was smaller for weed 

count than for weed weight. A similar trend 
was observed in 1974. 

Considering the relationship between sam
variance (averaged over three seasons) and 

sampling unit size, a sampling unit size ,of 
between 0.16 and 0.20 sq in seems appropriate. 

a 0.16-sq m quadrat, a sample size Of 3 

units/plot gave plot valueswith standard errors 
(expressed as cv) of 41, 80, and 42/ for weight 
of broad-leaved weeds, grasses, and .sedges,
respectively; and of 30, 49$ and 36% for weed 

count. 
. 

RESIDUAL EFFECTS OF WEEDING 
Statistics Department 

Experiments from 1973 to 1974 attempted to 
determine whether weed control in the previous 
seasons affected weed population and grain 
yield in a subsequent crop. Results showed less
broad-leaved weeds and more grasses in the 

plots than in the previouslypreviously weeded 
u weeded le 21). the recese 

unweeded ones (Table 21). The differences wen 
significant only in plots planted the previous 
season to IR127-80-1. a low-tillering line. Weed
ing appeared to have no appreciable residual 
effects on the population of sedges. Plots that 
received proper weed control in the previous 
season gave higher grain yield than those that 

also decreased the fastest as the sampling unit were not weeded. 

Table 21. Residual effects of weed control practices in the immediately preceding rice crop reflected ingrain yields 
(unfertilized), weed weights, and weed counts. IRRi, 1974 dry season. 

practice in Weed wi (g/sq m) Weed count (no./sq m) Grain yield 
, S a G S ( )preceding rice crop B 

4R127.80-?I 
17 98 52 2.5No weeding 0.3 78.2 1.1 

Weeding 3.4 58.8 1.4 129 150 42 4.1 
Difference 3.V'" -17.4 0.3 112'" --48' -10 1.6"" 

1R1514A.E597 
39 33 87 . 3.2No weeding 1.1 30.8 2.5 

Weeding 1.5 18.2 2.0 72 14 8 3.7 
-0.5 33 -19 -19 0.5"Difference 0.4 -ito6 

S9 - broad-leave weeds, 03- Opuns, S - sedges. 
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SUMMARY 

Case studies on the rehabilitation of two small-
scale village irrigation systems in Indonesia and 
one in the Philippines showed that farmers 
contributed substantially to the projects. For 
both Indonesian cases, local contributions were 
more than three times the value of government 
support. The benefit: cost ratios for all three 
projects averaged 3.0 with locally contributed 
labor valued at the agricultural wage rate. or 
12.7 with labor assumed available for free. The 
return to village labor for all three prejects 
averaged about USSI.50,'man-day, which was 
about twice the nominal value of agricultural 
labor in the village studied. The benefits in the 
Philippine case were shared nearly equally 
among landowners, farm operators, and hired 
labor, but unlike the other two groups, land-
owners received their benefits at essentially no 
cost to themselves. 

A production function analysis to estimate 
the yield benefit attributable to irrigation at 
optimum rates of nitrogen resulted in a series 
of six nitrogen response equations reflecting 
different conditions of irrigation, seasons, and 
Vatiety groups (traditional and modem). 
Modern varieties grown in farmers' fields with 
irrigation in the wet season produced about 
2.8 t/ha, more than I t/ha higher than corn-
parable rainfed yields. lndicat-A dry-season 
yields were almost 3 tiha, bu, because the 
limited water available permitted dry-season 
planting on only one-third of the command 
area, the total yield benefit for both seasons 
was about 2 t/ha per year. For traditional 
varieties, the total yield benefit was about 1.5 
t/ha per year. .Jhese results were compared 
with those from a water balance model, which 
considered expected variability in rainfall, irri-
gation flows, rates of water seepage and per-
colation, and the resulting aqequacy of irriga
tion throughout the season. Itwas found that 
average jrrigation of modern varieties in the 
wet and dry seasons combinc would result in 
yields about 1.8 t/ha more than those expected 

*with no irrigation, assuming optimum use of 
nitrogen. An additional 0.75 t/ha could, how-
ever, be achieved if the level of irrigation 
performance were improved from average to 
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fully adequate. The yield benefit of irrigation 
in the wet season resu.,ed in only half of that 
indicated by the production function. analysis 
because rainfed land has seepage and percola
tion rates significantly greater than those of the 
lower-lying land already receiving irrigation. 

Farms that grew two crops ofrice in the 1916 
wet season without irrigation in Bulacan, 
Philippines, had lower yields than comparable 
one-crop farms, but the combined production 
from both their crops was greater than that 
from one-crop farms. Where the farms were 
located on the high terraces of a watershed, the 
combined production from two crops was about 
I t/ha (33",) greater that that from one crop, 
but the net farm income was the same. For 
farms on low terraces that received substantial 
water from the higher parts of the watershed, 
production from two crops was 2.6 t/ha (77%) 
greater than that from one crop, and net income 
was US$179/ha (W)',, greater. A long-term 
analysis based on 7 years of rainfall data 
.predicted similar mean results, but showed 
that the second crop is likely to fail completely 
in about I year in 3.because of insufficient 
rainfall late in the season. 

Studies of management practices to improve 
the productivity of subsoils exposed during 
land leveling showed that nitrogen and a cor
bination of six microelements are important in 
achieving high yields. Mulching with weeds 
pulled from small plots significantly increased 
the proportion of productive tillers and straw 
and grain yield relative to unmulched control 
plots on the exposed subsoils. Yields were
higher and water retention was greater when 
organic matter was applied to exposed subsoils 
than when soils received no additives, but 
differences among the sources of organie matter 
and an inorganic fertilizer treatment were not 
significant. 

CASE STUDIES OF ViLLAGE IRRIGATION 
iMPROVEMENT 
AgriculturalEconomics Department 

Large-scale, government-organized irrigation 
systems have increased rapidly in Asia in recent 
years. They have tended to obscure the ima
portance of village -or communai,, irrigation, 



which still accounts for about half of the total 
as the Philip-irrigated area of countries such 

about village systemspines. Little is known 
except that farmers usually participate more 
directly in their operation than they do in 
large-scale national systems. Village systems 
are comparatively inexpensive to build and 

usually command 50 to 200 ha, whereas national 
systems may command many thousand hectares. 

One of the most important aspects of village 
'irrigation is the extent to which it involves 
village labor in operations and maintenance 
(O&M) and even in the construction of the sys-

tem. Three case studies were therefore made of 

the economic and social conditions under which 
local resources, primarily labor, were effectively 0 

used for village irrigation dcvelopment during 
1971-74. The cases were analyzed in terms of 
the amounts of locally mobilized resources 
relative to government assistance, and the rates 
of return on total investment. " 

The projects studied were the Saebah Irri-
gation System in West Java and the Takkapala 
Irrigation System in South Sulawesi, Indonesia, 
and the Cavite Communal Irrigation System in 
Zambales province, Philippines. The Saebah 
System is in an area of high population density 
where off-farm jobs are relatively plentiful; the 
Takkapala System is located on an island with 
low population density, and the Cavite System 
is on the edge of Central Luzon, northwest of 
Manila, with a population density similar to 
that in the Takkapala System. 

The three cases were not intended to be 
representative of the bulk of village systems. 
They were relatively successful cases selected 
to provide insights into labor mobilization and 

favorable conditions:economic returns under 
Each involved the rehabilitation of portions of 
an older system, rather than the construction of 

an altogether new one. • 

The rehabilitation of the Saebah System 
involved renovating the rock and gravel diver-
sionstructure into a higher concrete dam in 
1971, and lining critical canal stretches with 

was done duringconcrete in 1972. The work 
the annual slack period of agricultural pro-
duction when the maximum number of villagers 

could participate..Thirty people contributed 45 
work days each the 'first year, and 30 days each 

Table 1.Coin' of reeblSiteltle three villa"e lrrlgatln 

sytem InIrdOflfl e#dthePhllippIne. 1971-74. 

S3bth iakkapaia Coe 

use % US$ % Us$ % 

Outside isance 
12 1 98' 3 

Materi 369 1S 89 7 483 17Adminiutratiol 82 4 

Hird lbor 31 1 140 10 907 32 
0 0 437 15miAnsous 0 0 

482 23 241 18 1926. 67Total 

LocalV rnobillt,eSOrC,.
.Matsrisls :0 0 91 .7 354 12 
Vilage labo, 1357 65 976. 75 O 21 

0 0Hired labc 255 12 a 0 

Total 
 1612 77 1067 82 964 33 
Grad total 2094"100. 1308 100 2879 100 

Invesirn.nt Inducenw nt 
.Dfcin 4.3 .54. 1.5 

idoa 
P7.4.
3 Indonesian Rip415 and Phi aippe.,n US dollait.USS feim wep In the respective villages- tlValund at exising rotes 


c Total costs - cos ofoutside usaisiance
 

"
 

the second year. Rehabilitation of the system
expanded the irrigated rice area from 70 to 100 
ha in the wet season, and from 50 to 90 ha in 
the -dry season; Government assistance to the 
project totalled US$482 from a national pro
gram designed to stimulate community and' 
economic development through the use of 
excess village labor. 

Rehabilitation of the Takkapala System in 
1971 involved renovating the diversion dam. 
and rebuilding some canal structures. Forty 
peopIe contributed 40 days of labor each. Wet
season irrigation.increased from 60 to 80 ha, 
and dry-season irrigation from 0 to 70 ha. The 
Takkapala project received a US$241 govern
ment subsidy; 

Rehabilitation of the Cavite System in 1974 
- involved the construction of a new concrete 

damnand improvements to the trunk canals and 

structures in the primnary canal network. Eighty
96 farmers within the system'seight of the 

command area contributed labor to the proj
ect. Their number was augmented by 12 out

siders who expected increased opportunities to 

rent farmland or to hire out their services as 
,agricultural laborers. Each participant contrib

uted an aver.agecie 10 days of work. The 

".village work force was divided into seven teams, 
with each team working a different dayof the 

week. Project suipport of about US$1,925 came 

rrom civic, government, and. church-related 
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sources. The rehabilitation increased the dry-
season irrigated area from 36 to 74 ha. The 
area irrigated in the wet season was not signi-
ficantly changed and was not included in the 
analysis. 
-,. Local resource mobilization. The first criterion 
for assessing the projects is the extent of locally 
mobilized resources. Government assistance for 

* ihe two Indonesian systems amounted to about 
20% oft total project costs, with local labor 
(valued at the prevailing farm wage rate of 
US$0.54 to 0.60/day) the largest item of local 
support (Table I). Local support for the Cavite 
System was about the same as that for the 
Indonesian systems; however, outside support 
was much greater. (about two-thirds of the 
total project cost) because the project involved 
the construction of anew dam, which required 
more materials and the hiring of supervisory 
labor. 

From the governments' points of view,. all 
three projects were attractive investments. If 
rural labor isplentiful and not fully employed, 
its contribution is a net addition to the devel-
opment effort that permits government assis-
tance to be spread much further. The induce-
ment coefficient (total cost divided by the 
outside suppor:) of' the projects. a measure of 
local relative to ,.aiside support, ranged from 
1.5 to 5.4 for the three cases, indicating strong 
inducement to government investment. espe-
cially for the two Indonesian cases (Table I)., 

Profitability, of the project. The economic 
profitability. of the rehabilitation projects was 
analyzed by estimated benefit: cost (B:C) ratios 
and internal rates o" return. Benefits from the 

projects consist of both yield increases per 
hectare and expansion in irrigated area. In this 
analysis, however, only benefits stemming from 
increased area were included, to provide con
servativc estimates. The annual flows of benefits 
were computed by multiplying, the increased 
irrigated area by the value of the rice yield and" 
subtracting current production.expenses for the 
newly irrigated area. The value of secondary 
crops grown before rehabilitation was deducted 
from the benefits, and possible increases from 
cropping intensity, were excluded.- Other 
assumptions in the calculations were a gesta
tion period of I year, periods of usable life of 
9 years for the two Indonesian-systems and 10 
years for the Cavite system, a 12% external rate 
of interest, and annual O&M requirements of 
120, 320, and 466 man-days for the Saebah, 
Takkapala, and Cavite systems, respectively. 
Two analyses were conducted, one assuming 
zero opportunity cost for. locally mobilized 
labor (Case A), and the other assuming the 
prevailing agricultural wage rate for that labor 
(Case B). k 

The benefits associated with rehabilitation 
far outweighed the costs for all three projects, 
resulting in B:C ratios higher than 2.5 even 
when the cost ofvillage labor was conservatively 
set equal to the agricultural Wage rate. Inasmuch 
as the real opportunity cost of village labor in 
the dry season isprobably lower than that rate, 
but not nil, the real profitability of the rehabili
tation projects issomewhere between-the esti
mates for Case A and Case B (Table 2). From. 
the .standpoint of government investment cr
teria, assistance to communal. work projects 

Table 2. Kenafits and cott"associated with the rehabilitetion of three, villae irrigation systens based on two 
alternative wage ratee.b Indonesia end Philippine. 1*71 -74. 

Benefit or cost 

Capltlzed. construction coste€ (USS) (A) 
Capilzeld valuQc (US$) of O0MW cost (8) 
Caphaizeld valuec (USC) of benefit (C)

Ba~ftcsrto- C "9.0 

Seebah System 

Case A Case8 

/646' 20 01d6 

0 320 • 
5841 6841 " 

2.5.• 

Internal fate of return (%) . - 209 58 . 

Tskkiepaia System.. Carvite System. 

Case.A CaseSB Case A caseSB 

332 .. 1306 2279 2879 
0 923 0 1581 

7704 7704 13289 13289 
23.2 .35 58 30., 

589 •89 102 .72" 

"1n UfS dollars US$1 - Indonesian Rp 415. Philippil~ne P7.4. bCe. A assunme zero opportunity cost of village labor, Cute B assurrus~t 
that village labor ewns the farm wage rate. C~fgJng 12% discount rate and S9.yewr lifetimes for Seebah-and Takkapla Systems. 
10 years for Csvlte System. 'Differs from entry in Table 1 beceusa of the effect of capitalization ova the 2-yew construction period.
Other wolects were completed in91 yen. 0hM - operatto sod ma~ntnamc. 
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Te. stmted returm -inU40 to viimlw lbov 
tynbootu for reIM Iebilltls three vIIe lrlet9on ,e-
toern. ladmo14e end P hiippn.L 1S71-74. 

-Cl~te 

Stem TStem System' 
Sesbah Takkaplsl 

us! 
Ceptlizet vlue of benefit. (A) 641 79 

Cepiteizet costs excluding 
648 332 2279velue of illege labor (8) 

Cemtevhe value of OhM. 
costs (C) 320 923 1507 

Total return to villege lebor 
For construction only (A)-B) 5"191 7372 11010 
For construction end OhM(A)-(B)-(C) 4873 


( )respondents 
Totl village lebor contributed () 3210- AMa 6 3 

Fm construction only (E) 2250 1800 .1010 
Foe operetons 6 mbnteteice 960 . 2880 4663 

Returns to villa(e labor)-(B) US *.n-d• 

F& construction only 2,3- 4.1 10.9(E)----9 

For construction end O&M 


(A)-()-(C) 14 1.7 
(0) 


S'Using Indoneien Rp 415eand Philippine P7.4 per US$1. 
bUfng 12% discount fete and 9-yeer lifetimes for Saebah end 
Takkapele Systemi; 10 years for Cevite System 

Slike these represent extremely lucrative invest-
ment opportunities, especially where rural labor. 
isnot fully employed. . 

From the standpoint of..the villagers who 
contributed labor, the relevant criterion istheir 
labor's benefit to the community. The average 
returns per man-day of labor was therefore 
estimated by subtracting all costs other than 
village labor from total benefits, and dividing 
the remainder by the total man-days of that 
labor. Village labor for the two Indonesian 
systems was thus worth between US$1.50 and 
4.00/man-day depending on whether or not 
O&M costs were included in the calculations 
(Table 3). These values are 2.6 to 7 times the 
agricultural wage rate, and indicate that locally 
contributed labor was highly rewarding for the 
communities. Similar benefits were recorded for 
the Cavite system. 
* Dlurlbutio of beneflts. The high productivity 

of local labor in the projects implies a strong 
incentive for the communities to carry out such 
projects. However, the high return to the camn-
munity as a whole does not guarantee that the 
returns to individuals and classes within the 

" village are sufficient to ensure their parsicipa-

tion in future work. Shares ofgross value added 
per farm were. therefore estimated before and 

after the rehabilitation of the Cavite System to 
show the changes in income associated with its 

rehabilitation. 
The distribution of these benefits among 

different groups was calculated by determining 
net agrcultural income per farm and appor
tioning that income among landowners. farm 
operators, and hired laborers according to the 
transfer payments found for a subsample of 30a9 p944e
 

from the Cavite study interviewed 
for this purpose. 

Analysis of the Cavite System revealed that 
landowners as a group increased their shares by 
133%, farm operators by 142-/,. and hired 
l4.e (Table 4). The benefits fromlaborers by 180 

the rehabilitation arc widely distributed, with 
al increases 

~~allthree groups receiving subsiantialicrae 
in income. Unlike the other two groups, how
ever, landowners received their benefits withouthaving contributed significantly to the project. 

It is quite likely that Philippine landowners, 
confronted recently by a land reform program, 
have little incentive to invest in further land 
improvement. But if this is the case. they should 
bhe obliged, to forego their gains in favor of 
those.who did contribute their resources to he 
projtct. 

COMPLEMENTARY EFFECTS OF IRRIGATION 
AND NITROGEN ON RICE YIELDS 
irrigationand Water Managetmni and 

,AgriculturalEconomics Departments 

The importance of assured water supply on 
yield response to nitrogen and on farmers' 
willingness to use high levels of nitrogen was 
reported in 1975 (1975 Annual Report). This 
analysis was extended to estimate yield response 

• to nitrogen under conditions of variable water 
supply in the Philippines, and to estimate the 
production gains attributable to increased nitro
gen use, and to the improvement and expansion 
of irrigation. Differences in yield response be

"tween the traditional and modern rice vanieties 
were also examined. 

The supply of irrigation water varies greatly 
among years, locations1 and even successive 

,days in the sanie area. Benefits associated with 
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Table 4. Output Per farm'. Input oste. and gros vaue 
added for different rural groups Ibefore and after re
habillation of tke Cavite System, Philippnes, 1972 and 
1974. 

1972 1974 Change from 
Factor (USeb) (USIb) 1972 to 1974 

N_) 

Output, Pr farmPayment tot current inputs
famtm 

100 
1 

257 
38 

167 
245 

Gross value added per form 
Distribution of added gross 

89 219 146 

Lando r,Farm operaetors 
ored lebors 

4328 
20 

1008t3 
63 

133142 
180 

"Mean of 30 samp4e fwas. US$1 - P7.4. 'Valued at a con. 
sant priceof USS.122/kg roughri,, 

irrigation are therefore small where irrigation 
contributes little assurance of water beyond 
that provided by rainfall. The benefits are much 
greater, however, in areas where irrigation 
supplies the full crop requirement throughout 
the season. Data were taken from a number of 
sources and corrections were made where neces-
sary to estimate nitrogen response equations for 
rainfed and for this range of irrigated conditions, 
and for traditional and modern varieties, 

Yield respone equations. Preliminary corn-
parisons of the production functions of modern 
varieties (MV) and traditional varieties (TV) 
showed considerable variability caused by 
sources of data, years the studies were made, 
and many other factors outside the scope of 
this analysis. Two assumptions were therefore 
adopted in estimating the response equations. 
The first is the conservative assumption that 
yields with no nitrogen arc essentially the same 
under field conditions for MV and TV. Experi-
mental data (1973 Annual Report) have idi-
cated somewhat higher yields for MV at zero 
nitrogen, but this result is less likely under field 
conditions, which are often less favorable to 
MV. 

The second assumption is that with typical 
irrigation, mean yields of either variety group 
are about the same in the wet and the dry 
season because the impact on yield of water 

yield advantage of the dry season is offset by 
the increased susceptibility of the crop to 
drought during that season (1973 Annual 
Report). 

Modern varieties with irrigation: dry season. 
MV with irrigation in the dry season were 
studied in two similar sets of experiments in 
farmers' fields during the 1972-73 and 1973-74 
crop years (1973, 1974 annual reports). Many
variables, including nitrogen, phosphorus, days 

of drougitt stress, solar radiation, weed growth, 
soil texture, and grain yield, wcre monitored orcontrolled. Their combined effects and inter
actions explained more than 70% of yel
 
variation in the two sets of data. 

For this analysis the values for some vail
ablcs, such as solar radiation, were substituted 
at their mean levels of occurrence in the dry 
season, and the equation issimplified to 

Y = 2485 + 20.6 N - 0.06 N2 

- 91.6 S- 0.39 NS
 

where S isdays of drought stress (days in excess 
of the first 3 for which the paddy is without 
standing water) during the critical 30-day 
growth period beginning with panicle initiation 
(1972 Annual Report), N is nitrogen (kg/ha), 
and Y is grain yield (kg/ha). 

To further simplify this equation to a repre
sentative nitrogen response function, the ex
pected value of S under average irrigated 
conditions is needed. That value is difficult to 
estimate because of the wide range in irrigation 
performance, but previous studies showed an 
average of 6 to 7 stress days during the 30-day 
period to be representative of Philippine sys
terns. Using this value of S in equation Igivesa
Y= 1900 + 18 N - 0.06 N (2). 

the formula used for the dry-season MV 
response. 

Modern varieties with irrigation: wet season.. 
MV with irrigation in the wet season were also 
studied in the research cited above, with the 
resulting equation 

Y= 2197 + 16.2 N - 0.tb(N2a

shortage differs between the two seasons. With-478S-.9N.() 
good water supply, dry-season yields tend to-478S-03NS() 
be higher than wet-season yields, but at current Few stress days, 5, for irrigated crops in the 
levels of irrigation performance, the potential wet season can be assumed, giving a simplified 
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equatiob with intercept, first-order N and 
second-order N coefficients of about 2200, 16.2, 
and 0.06, respectively. The second-order N term 
is the same as that for the dry season (equation 
2), which is not consistent with other findings. 
The reduced solar radiation in the wet season 
diminishes the responses of yield to N. The 
second-order N tenn was therefore increased 
to 0.10, and was compensated for by increasing 
the first-order N coefficient to 18 (the same as 
that for the dry season) to give 

This response is close to that computed by the 
Philippine Bureau of Agricultural Economics 
from interviews of 320 farmers throughout the 
country in 1973-74. A comparison of the dry-
season (equation 2) and the wet-season (equa-
tion 4) responses of MV showed a lower 
intercept but a higher nitrogen response for 
the dry season. Together the two produce about' 
equal yields for the two seasons at optimum N 
(Table 5). 

Modern varieties:rainfed. Rainfed MV in theby adaptingcan be representedwet season 
equation 4 to the less favorable rainfed en-
vironment. In the Central Luzon experiments, 
rainfed MV grown in farmers' fields had 36% 
lower intercept (zero N) yields and, because of 
less favorable moisture status, 17% lower nitro-

Table 5. Equations for yield respons. to nitrogen for 
rice under different combinations of varieties. seasons. 
end irrigation, with correeponding optimum nitrogen
use rates and yields of rough rice. Philippines. 1969-75. 

Condition Equationb on 
(kg/ha) (:1ha) 

Mode,, va, es 
lrrlge dr muaon V - 1900 + 18 N - 75 211 

lr~s~wtunV-200*1N - 4 28 
0.10 N'" 

R~nfed wetseuOn Ym-1400+l56N - 27 •1.73 
0.lIN' 

Tradilonal rn/alias 
Irrigated dry seso V, 1900.+11 N - 8 1.s 

0.13 N' 
irrigated wet emon V - 2200 + 11 N - 8 2.28 

0.13 N' 
Ralnfedwetuason V -1400 + 9N - 0 1.40 

0.16 N' 

~",, An0o~:, %, '.nWheret, ho, o V 
nitrogen pe' hectere. . 

genresponse than irrigated MV. Applying these 
adjustments to equation 4 gives 

Y = 1400 + 15 N - 0.11 N (5) 

Traditional varieties with irrigation: wet sea
son. TV irrigated in the wet season have not 
been carefully studied. Their nitrogen response 
is highly variable because of genetic hctero
geneity among varieties, their susceptibility to 
lodging, and the wide range of climatic con
ditions during the wet season. Analysis of 195 
experiments from the 1966-72 wet seasons at 
IRRI (1973 Annual Report) resulted in one 
equation for MV and one for TV. 

Discounting the intercept and slope coeffi
cicnts of the MV equation by 45% gave the 
response function reflecting farm-level condi
tions for MV (equation 4). To derive a farm
level TV function, the slope coefficients of the 
experimental TV response wcrc also discounted 
by 45%. but the intercept was set equal to the 
MV intercept, as explained earlier. This pro
cedure gave 

2
 

As expected, the nitrogen response Was lower 
than that for MV (equation 4). 

Traditional varieties with irrigation: dr)y sea
son. TV irrigated in the dry season are now 
rare in most of the Philippines, so the wet
season TV response (equation 6)was arbitrarily 
modified to reflect dry-season conditions. As 
in the case of MV, the intercept of the wet

season equation was reduced by 300 kg/ha to 
give equal intercepts for the two variety groups 
in the same season. The N terms for the dry 
season were assumed to be the same as those 
for the wet-season TV response (equation 6)
because the corresponding terms for MV were 
the same for, both seasons. The resulting 
function is 

Y =1900 + IIN -0.13 N2 . (7) 

Traditionalvarieties: rain/ed. Rainfed TV can
be treated the same way as rainfed MV (equa
to ) hs necp n irgnrsos
in5,woeitrep n irgnrsos 

terms were 36 and 17% lower, respectively,
than those of irrigated wet-season MV.. 

Applying the same downward adjustments to 
TV (equation 6) gives 
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Y = 1400 + 9 N - 0.16 N2 . (8) 

These functions are compared in Table 5. 
Production attributable to inrigation 

gem. Yield differences among the six response 
conditions summarized in Table 5 stem from 
differences in the shape of the functions and in 
the optimum level of N selected for each 
function. The theoretical optimum level of N 
is that amount of'nitrogen at which its marginal 
cost is equal to the value of the additional rice 
produced by the nitrogen. It can be calculated 
once the price ratio of nitrogen to rice-cur-
rently about 4.5: 1-is specified. But that ratio 
d6es not account for interest costs, costs of 
transporting and applying the nitrogen, the
possibility of its not being available when 

needed, and the uncertainty of response due 
to factors beyond the farmers' control. Thus, 
more realistic estimates of optimum N can be 
found at levels lower than the theoretical 
optima. Therefore an optimum rate of nitrogen 
use defined by the point at which the marginal 
value of rice is two times the marginal cost of 
nitrogen (computed as the theoretical optimum 
with a price ratio of nitrogen to rice of 9: 1) 
was calculatcd for each function. Optimum rates 
of N and corresponding yields were calculated 
for each function (Table 5). 

In estimating the benefits of irrigation at 
optimum N, the difference in yields between 
irrigated and rainfed crops in the wet season 
was added to the full yield in the dry season. 
Yield increments attributable to irrigation and 
optimum N were thus 0.88 and 1.98 t/ha for 
TV in the wet and dry seasons, respectively, 
and 1.08 and 2.91 t/ha for MV (Table 6). To 
compute the yearly gain in production, it was
assumed that those benefits can be achieved 
over the whole irrigated area in the wet season, 
but on only one-third of that area du~ring the 
dry season due to limited water availability 
then. 

The total yearly production increase attrib-
utable to irrigation and optimum N is thus 
1.54 tfha of irrigated land for TV, and 2.05 
tfha for MV (Table 6). The shift from the TV 
to MV group, when accompanied by optimum 
N, increases productivity by about 0.5 .tfha per 
year, or about 30%, which explains some of the 
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Tale 0. V ds attributabe to Irrigation end optimum
nitrogen rts by variety group end eneoon. Ptlippnin 

Trttionel vwtetie Modern vetetie 
Season. Optimum Grin Optimum Gn 

water status nittogen y0eld nihogen Yiel 
(kg/he) (/ ha) (kg/ho) (it/ha 

f 7,on 8 2.28 45 2.8 
Rainfed 0 1.40 27 1.73 

Dry sessonDfeence 8 0.88 18 1.08 
rsasod n 1.98 76 2.91 

Totel a yew' 1 1.54 43 205 

"Assuming benefits to 100% of the Irrigated wes in the wet 
season and 33% Inthe dry season 

renewed interest in irrigation development since
MV have become widely planted. 

Although this analysis has emphasized pro
duction increments attributable to irrigation, 
the key role of nitrogen should be noted. If 
farmers who shift from TV to MV do not apply 
nitrogen at rates greater than the optimum for 
TV, their yield increase in either season would 
be less than 0. 1 t/ha (5%). 

Water-balane model and variable Irrigation 
performance. The yield effects of irrigation 
discussed in the previous section are limited 
to comparisons of production with no irrigation 
and average irrigation. This section treats the 
adequacy of irrigation as an explicit variable, 
and estimates yields for conditions of poor 
irrigation, average irrigation, and good irri
gation. In addition, analysis of ideal irrigation 
reflecting full water adequacy throughout crop 
growth is included. This procedure considers 
the full range of variable irrigation instead of 
representing all irrigation by a mean value, and 
can be used with rainfall and irrigation data
from many years to derive long-term expected 
outcomes. 

The model isadapted from earlier work (1972 
Annual Report) inwhich the daily water status 
in the field was computed by the balance of the 
water sources (irrigation and rainfall) less water 
sinks (evapotranspiration, seepage and perco
lation, and surface drainage). During periods 
of low supply and high demand, a water deficit 
deviops and stress days-days when the rice 
fields are continuously without stand~ng water 
-accumulate. 



The model in this analysis was modified to 
work on a weekly rather than a daily basis after 
preliminary testing. Thus, stress days were com-
puted from weekly data on irrigation, rainfall, 
and soil and crop-water use. Then, the number 
of stress days was used together with the com-
puted optimum rates of nitrogen to calculate 
expected yields (Fig. I). Results representing a 
wide range of physical environments and many 
years can then be simulated by using different 
estimates of rainfall and irrigation, 

Specification of the model's parameters. To 
quantify conditions of poor, average, and good 
irrigation, we obtained the mean weekly irri-
gation flow rates and their variance for I1sites 
studied in 1969-70 and the four larger ones in 
the Pefiaranda River Irrigation System, for 
which flows were measured in 1973. Wet- and 
dry-season flow rates were not significantly 
different because limited water availability 
usually offsets the greater water requirements 
of the dry season. The mean flow rate for all 
sites and weeks was 79 mm, with a standard 
deviation of 70 mm. Those parameters were 
used to describe average irrigation flows, 

Good irrigation performance was determined 
by pooling observations from all sites that had 
mean weekly flows in excess of the 79-mm 
average. The new distribution had a weekly 

Evapouaewatbi rat. 

-V1 & Petofieate 

Daes of potmig 

mean of 119 mm and a standard deviation of 
85 mm. The distribution defining poor irriga
tion performance came from pooled observa
tions from all sites with weekly flows less than 
79 mm; it had a mean and a standard deviation 
of 53 and 42 mm/week, respectively. Random 
sampling from each distribution generated a 
series of variable flows corresponding to poor, 
average, or good irrigation service. 

Other parameters were also specified to 
enable the water-balance model to generate 
stress days and yields (Fig. 1). A probability 
distribution of weekly rainfall was computed 
based on 26 years of data from the Cabanatuan 
City weather station in Central Luzon. Four 
planting dates in each season were selected to 
assess variation caused by planting early or late 
in the season. To simulate the weekly water 
status, weekly expected irrigation flows were 
randomly generated for eich of the three levels 
of irrigation performance by sampling from 
the corresponding probability distribution. The 
first week of data generation began with one of 
the four specified planting dates. Simulated 
rainfall for the same week was generated by 
sampling from the rainfall distribution. The 
water-balance model was then op:rated for 16 
consecutive weeks of simulated data by adding 
expected weekly irrigation and rainfall, and 

I. Flow diagram ofwtrblaace model used ror simulating stms days snd yields or irrgted lowland rice. 
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subtracting estimates of evapotranspiration, 
seepage and percolation, and surtace drainage, 

Evapotranspiration (ET) rates over large field 
areas are about equal to open-pan evaporation, 
which for Central Luzon averages about 28 and 
40 mm/week for the wet and dry seasons, 
respectively. Because ET does not vary widely 
within seasons or among years, those constant 
estimates were used for each week of the season. 

Seepage and percolation rates (S&P) are 
strongly affectcd by soils and topographic 
conditions. Thus, the model incorporated min-
imum, moderate, and high S&P estimates. 
Representative S&P data are not available, but 
previous studies (1972, 1975 annual reports) 
have shown from 0 to more than 20 mm/day of 
water loss into the soil. For this analysis 0 
mm/week was used as the minimum S&P rate 
for both seasons, and 105 mm/week was used 
as the high rate, above which commercial rice 
production in the Philippines is marginal, even 
with irrigation. A moderate rate of 14 mm/week 
for the wet season and 32 mm/wk for the dry 
season was selected to represent conditions of 
substantial but not excessive losses. Most irri
gated rice land in South and Southeast Asia 
has S&P rates between these minimum and 
moderate values. 

Surface drainage flow rates are computed by 
the model as residuals for weeks when the 
computed depth of water on the field exceeds 
40 mm, which is assumed to te the effective 
height of the paddy bunds. 

One hundred simulated outcomes for the 
same set of input conditions proved sufficient 
for computing stable estimates of stress days. 
Mean stress days for each 'eason were com-
puted by avcraging those for each of the four 
planting dates. Only the number of stress days
computed for the 8th through the 12th week of 
the crop is used in the analysis, however, 
because that is the critical period of crop 
growth during which stress most markedly 
affects yield (1972 Annual Report). Moreover, 
including stress days from the earlier or later 
periods of crop growth in the model did not 
add significantly to its precision. 

When the number of stress days is known, 
the optimum nitrogen level and grain yield are 
calculated (Fig. I ) with the use of the procedures 
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and yield relationships for MV described in the 
first part of this section. 

Dry-season simulations. Dry-season simula
tion gave mean stress days ranging from 2.6 
for the most favored combinations of circum
stances to 18.8 for the least favorable combina
tions of poor irrigation and high S&P (Table 
7). The year-to-year variation in stress days 
computed by random sampling from the rain
fall and irrigation distributions also permitted 
estimation of stress days for relatively wet or 
dry years. Thus, the tabulation includes the 
number of stress days for each set of conditions 
that could be expected in 20% of years having 
the least rainfall and irrigation. Stress days 
expected with 0.2 probability ranged from 3.5 
for the most favorable water status to 21.4 for 
the least favorable, substantially greater than the 
values reflecting mean irrigation and rainfall 
(Table 7). 

The equation relating stress days and V to 
yield in the dry season is 

Y = 2485 + 20.6 N - 0.06 N2 

- 91.6 S - 0.39 NS (1) 

where N refers to optimum N use. In the 
previous analysis optimum N was defined by 
equating its marginal cost with the marginal 
value of rice production, but the resulting N 
level was discounted for risk by assuming that 
the ratio of the price of nitrogen to that of rice 
was double its current value (4.5 to 1). 

In this analysis, however, there is a direct 
measure of risk in stress days occurring with 
0.2 probability. It is assumeC that farmers 
would prefer to risk using too little nitrogen 
than too much, and that optimum nitrogen use 
should therefore be consistent with stress days 
expected in years of 0.2 probability water
adequacy. That accounts for risk caused by 
variable water status, but there still exist risks 
of insect and disease attack, marketing prob
lems, and other factors. Because of that, the 
shadow price ratio of nitrogen to rice was 
increased only to 6.5 to 1. Optimum nitrogen 
can then be computed for each combination of 
conditions (Table 7). 

In estimating yield effects, the optimum rate 
of N use and mean stress days, S, were substi
tuted inequation 1,and resulting yields ranged 



Table 7. Mean stresa days. at probability levels and corresponding optimum rates of N use and grain yield, sima-

IsterW for four levels of Irrigation performance and thre rates of esepage and percolottonb. with modern vwleties
 

and 24 years of rainfall data from Cabanatuan City. Philippines. 1976. 

Minimum seepage and Moderate mpge and High seepage and 
percolaon rate percolation ratepercolation rate 

Strew drysirigetion Ste days Stus days 
performance' (no.) (no.) (no.) 

Optimum Grain Optimum Grain Optimum Grain 

0.2 Mean N use yield 0.2 Mean N use yield 0.2 Mean N use yield 

prob- (kg/ha) (t/ha) r&09- (kg/ha) (tith) prob- (kg/ha) (t/ha) 
abihilyability abihty 

Dry season 
0.0 0.0 118 4.08 0.0 0) 118 4.08 0.0 0.0 118 4.08

Ideal' 
91 3.24 13.6 9.6 73 2.02Good 3.6 2.8 106 3.65 8.2 4.9 

Averqe 8.7 6.2 89 3.19 14.7 11.7 70 2.48 19.4 15.1 54 1.72 
15.8 9.0 66 2.53 21.1 15.) 49 1.69 21.4 188 48 1.26Poor 

Wet season 
81 3.12 0.0 0.0 81 3.12Ideald 0.0 0.0 81 3.12 0.0 0.0 
71 2.89 11.3 7.9 44 2.28Irigated 2.4 1.6 73 2.94 3.1 2.1 

8.1 5.1 54 255 11.6 7.1'. 43 2.30 20.4 168 14 1.62Ralnfed 

Mees of 100 trials each for 4 planting dates Strew days include means and expected values fat the second yea out of 10 
(0 2% probability level). end we computed only during the 8th through 12th week of crop growth Optimum N is computed using 

2485 # 20 6 N - 0 060.2% probabilty level stress days and shadow price ratio of 6 5"1 of nitrogen to rice with the equations Y 
- 0 39 NS (wet season). Yield calculations useN' - 91.6 S - 0.39 NS (dry season) and Y - 2197 + 16 2 N - 0 06 N3 - 47 8 S 

mean stress day and optimum N. bMinimum, moderate, and high rates of S&P are, respectively. 0. 32. and 105 mm/week in the 
'Sampled from thee distributions made up of above-avorage. average.dry season and 0. 14. and 105 mm/week in the wet season 

1969-1974 1ldeal irrigationend below-avefoge (good. average, and poor) discharges measured from several canal systems. 
eliminates all stress days. regwdless of the amount of water required Coriesponding yields are computed directly withou! simulation. 

from 3.65 t/ha for good irrigation and minimum 
S&P, to 1.26 t/ha for poor irrigation and high 
S&P. Ideal irrigation, or that amount required 
to reduce stress days to 0. regardless of the 
S&P rate, gave yields of 4.08 t/ha (Table 7). 
For conditions of minimum S&P, the poorest 
and ideal irrigation performance gave yields of 
2.53 and 4.08 t/ha, or a difference of about 0.5 
t/ha for each irrigation performance level. Im-
provements in irrigation performance can result 
in greater yield increments for land with mod-
erate and high S&P rates. If irrigation in the 
Philippines can be characterized by average 
irrigation performance and minimum to mod-
crate S&P rates, the expected yield in the dry 
season would be about 2.84 t/ha, which is 
similar to that estimated directly from the 
production functions (Table 5). 

Wet-season simulations. Wet-season simula-
tions were carried out in the same way as those 
for the dry seasdn except that the yield response 
used was 

Y162= 197+N 0.0 N 
Y =162197+N- 0.6 Nirrigation 

- 47.8 S - 0.39 NS. (2) 
The different levels of irrigation performance 

had little effect on stress days or yield; thus, 

only the outcomes for average irrigation per
formance and for rainfed conditions in com
bination with the three S&P rates were included. 
Rainfed simulations were computed with all 
irrigation inputs to the model deleted. As in 
the case of the dry season. yields derived from 
ideal irrigation arc also tabulated to show the 
potential yields with existing farm-level tech
nology where water is not limiting. 

For maximum S&P rates, yields are about 
2.55 tfha under rainfcd conditions, 2.94 t/ha 
with average irrigation. and 3.l2 t/ha with ideal 
irrigation (Table 7). For moderate S&P rates, 
rainfed and irrigated yields are 2.30 and 2.89 
t/ha, respectively, and for high S&P rates they 
are 1.52 and 2.28 t/ha, respectively. With a 
national estimate of S&P intermediate between 
the minimum and moderate rates, the yield 
benefit from irrigation and optimum N in the 
wet season averages about 0.5 t/ha, with another 
0.2 i/ha attainable if irrigation eliminates all 

stress days. 
The yield benefit attributable to wet-season 

by this r,-odel is only half that found 
through the production function approach 
(Table 6). The difference can be explained by 

the different soils and topography normally 
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found in irrigated and rainfed land. Irrigated vice. This increment totals about 1.8 t/ha per 
soils are low-lying and usually have S&P rates year (Table 8), assuming that only one-third of 
between the minimum and moderate levels as- the irrigated area is planted during the dry 
sumed in the model. Rainfed land ishigher and season, and has been achieved in many irriga
usually lighter in soil texture, with S&P rates tion projects in Asia. 
between the moderate and high figures used in Much less attention has been paid to achieving 
the analysis. This can be reflected in the results the second yield increment, which is the differ
from the model, however. Irrigated yields with ence between yields with basic irrigation and 
S&P between the minimum and moderate rates those associated with ideal irrigation. This 
are 2.9 t/ha, compared with 1.9 t/ha for rainfed increment isestimated at 0.2 and 1.6 t/ha in the 
yields with moderate to high S&P (Table 8). wet and dry seasons, respectively, or 0.74 t/ha 
The l-t/ha difference is the same as that found per year, after discounting the benefited area 
in the production function analysis. in the dry season. 

It is concluded that current wet-season pro- Much remains to be learned about how to 
duction using optimum amounts of nitrogen provide full water adequacy throughout irri
produces about I t/ha more yield on irrigated gated areas, but some general comments can 
than on rainfcd land, but that the construction be made. 
of new irrigation facilities on existing rainfed * In most cases high-performance irrigation 
land will result in yield increments of only 0.5 is not precluded by insufficient water at the 
to 0.6 t/ha in the wet season. source. Instead, the problem appears to be 

Implications ror irrigation management. Cal- overuse of water along upstream sections of 
culations in the previous sections show an MV canals, resulting in excessive wastage, and con
yield increase of 1.0 t!ha in the wet season sequently, in insufficient supply to the tail end of 
attributable to irrigation at optim'im nitrogen those canals (1973 Annual Report). There is 
use, and a further yield increase of 0.2 t/ha if usually enough total water if it were equitably 
enough irrigation water were provided consis- distributed along the canals. 
tently throughout the season. Irrigation systems * Achieving the second yield increment is 
functioning in the dry season at average per- largely a problem of management or control of 
formance levels can support yields of 2.5 t/ha, water, and not one of infrastructure. Some 
which isabout 1.6 t/ha less than yields associated rehabilitation of debilitated systems is often 
with a fully adequate water supply (Table 8). necessary, however, before effective water con-

Providing the basic irrigation infrastructure trol can be realized. 
is generally sufficient to achieve the first yield * Improved irrigation service requires greater 
increment associated with basic irrigation ser- emphasis on the manpower requirements of 

systems, especially their field staff. 
Table 8. Simulated mean yields and yield differences * The indirect benefits of more intensive 
due to different levels of irrigation performance with 
optimum rates of nitrogen used on modem varieties, irrigation management include greater rural 
Philippines. 1976. employment opportunities through increased 

Yield (t/ha) field staff, more reliance on local rather than 
risk in cropiitDforeignpe c 	 resources, and reduced 

,, o fl,,Won, 	 production. Thus, farmers can quickly adopt 
better cultural practices and attain still higher 

Rainled' 00O0 1.91 1.91
 
Basic irrigation' 2.47 2.92 3.74 crop yields.
 

Yield incement 1' 2.47 1.01 1.83 
ideal irigation' 4.08 3.12 4.48 

Yield increment ii' 1.61 0 20 0.74 EVALUATION OF TWO CROPS OF RAINFED 

'Assuming 100% of the commend wee benefited in the we: RICE 
serson w~d 33% in the dry season. bMean ykid f1r moderate Irrigation and Water Management Department 
aind high SlaP rtaeS. average irrigation. 'Mean yield computed 
9w conditions of minimum and moderate SlaP rates and poor
and average irigation, dylelds with alveseg. irrigation mints It has become possible to grow two rice crops 
rainfed yields. WYrelds with no strat deys. 'Yields with ideal 
irrfgatiw minus those with arage0 	 irr gtion a year without irrigation provided the rainfall 
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pattern is favorable. The key technological 
factors making this possible are the short growth 
duration (less than 100 days) of some modern 
varieties, and direct seeding of at least one of 
the crops to avoid the delay associated with 
land preparation and puddling for transplanting. 

Preliminary observations indicate that the 
two-crop technology issuccessful in some places 
but not in others because of variation in soil 
and rainfall. A pilot study of the feasibility of 
growing two rainfed rice crops was therefore 
made in Bulacan, Philippines, where a govern-
ment program encouraging farmers to adopt 
the practice was begun in 1974. The objectives 
of the study were to determine the effects of 
selected physical and biological factors on the 
production of two rainfed crops, to compare 
crop growth and yield of rainfed farms planted 
to a single crop with those growing two crops 
ayear, and to assess some socioeconomic factors 
affecting the performance and adoption of the 
two-crop technology, 

Methodology. Eight farmers who planned to 
grow two rainfed crops in 1976 were selected 
from two villages, with fields from each farm 
classified as relatively high or relatively low in 
elevation. High elevations are associated with 
steep terraces, little surface runoff from the 
watershed, and substantial depths to the water 
table, while low elevations are associated with 
flatter areas that receive considerable water 
draining from higher elevation. A total of 7 
paddies from high-clevation fields and 7 from 
low-elevation were observed. In most cases both 
the high- and low-elevation samples were found 
within the same farms. For comparison, a one-
crop sample paddy was selected adjacent to and 
at essentially the same elevation as each of the 
14 two-crop paddies. The total sample was thus 
composed of 14 pairs of observation paddies,each pair composed of a two-crop and a one-
crop paddy. 

The rate of water seepage and percolation 
(S&P) into the soil was measured by a technique 
based on water subsidence in the field (1975 
Annual Report), and the occurrence of stress 
days was recorded for each sample paddy 
throughout the season. Stress days were 
computed as days in excess of two for which 
there was no standing water in the paddy (1972 

Annual Report). Stress days occurring between 
the date of planting (emergence for direct-seeded 
rice) and 60 days before harvest (DBH) were 
considered early stress days (S,), while those 
between 60 and 26 DBH were considered late 
stress days (S2). Yields were estimated by two 
crop-cut samples of 4 sq m/paddy. 

Data on fertilizer use and management prac
tices were obtained by interview. Socioeconomic 
information and farmers' judgments of one- or 
two-crop rainfed rice were also collected during 
the interview. 

Rain gauges were installed in both villages, 
evaporation ddta were collected, and soil 
samples and piezometric readings were taken. 
Weekly rainfall records for the last 7years were 
collected from a nearby weather station at San 
Ildefonso, Bulacan, which is ir. a similar rainfall 
regime as the two test villages. 

The farmers' practices were not intentionally 
influenced by the study. IR 1561 was planted on 
all two-crop farms. Either IR1561 or a local 
variety, Tjeremas, was planted in the one-crop 
paddies. 

RemUts. Landpreparation.The two-crop farms 
were disc-plowed with large tractors shortly 
after the harvest of the last crop in 1975. The 
fields remained fallow until the first heavy rain
fall in May. The goil was then harrowed several 
times and prepared for direct seeding on dry 
soil. 

Shortly before harvesting the' direct-seeded 
first crop, the farmers 6.ained their fields; after 
harvest, they puddled the soil for transplanting 
with power tillers or animal power. The mean 
time period between harvesting the first crop 
and transplanting the second crop was 22 days 
for the low-elevation paddies and 16 days for 
those at high elevation, but this difference was 
not significant. Heavy rainfall during September
expedited land preparation for the second crop. 
The September 1976 rainfall was, however, 
considerably higher than expected from long
term averages (Fig. 2). Thus, land preparation 
in other years could take longer than it did in 
1976 iffarmers have to wait for adequate water 
to work their fields. 

Dates ofplanting. The two-crop farms at low 
elevation were direct seeded somewhat later 
than those at high elevation (Fig. 2)because of 
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and preparing for the second. Elevation did notL .u,) - .. MI,, affect planting dates or age of seedlings signif
0
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2. Average weekly rainfall for 1970-76 at Sun Ildefonso, 
Bulacan" weekly rainfall for 1976, cropping patem for two 
crops and one crop of ranfed rice;depth of water in the 
paddy and stress days on farms located at high and low
elevations. Average of two barrios, Bulucan. Philippines,
1976. 

sustained flooding of the lower fields after a 
strong typhoon in May. Some of the lowest 
farms were eventually puddled and direct seed-
ing was done on wet soils. 

The second crops were transplanted late inSeptember and harvested in December or early 
January. The mean date of transplanting the 
one-crop farms was 52 days after seeding of the 
first crop; their mean date of harvest was also 
52 DBH of the second crop on two-crop farms 
(Fig. 2). Seedlings for the one-crop farms were 
30 days old at transplanting, whereas those for 
the two-crop farms were 38 days old because of 
unexpected delays in harvesting the first crop 
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icantly. 
Cultural practices. Nitrogen was applied at 

mean rates close to 50 kg N/ha per crop for
all crops studied. Mean nitrogen use did not 
differ significantly between the two elevations, 
but the lower farms tended to use more nitrogen. 

two-crop farmers applied organic manure 
from neighboring pig and poultry farms while 
preparing land for the first crop.

Weed control was cited by all two-crop
f'irmers as their chief problem in the direct
sceded first crop. Weed competition was negli
gible on all transplanted paddies whether on 

fa m r ci e i n ec an p sone- or two-crop farms. Chemical control was 
not used and hand weeding was rarely necessary.Two-crop farmers cited insect and pes 
control as the most important problem of the 

second crop. Rats, brown planthoppers, and 
green leafhoppers concentrated on the second

plantings after the harvest of the surrounding one-crop farms. 

Seepage and percolation rates. Seepage and 
(S&P) was consistently less for thelow-elevation paddies than for those at high 

elevation, as expected (Table 9). It was slightly 
less for the unpuddled soils of the first crop than 
for the same paddies when puddled for the 
second crop. This is unexpected in view of 
experimental findings of excessive S&P in un
puddled rice soils (1972 Annual Report), but 
the low rate can be explained by subsurface 
water movement. The soil of both villages is 
underlain by semipermeable limestone at depths
of up to Im, which restricts vertical water 
movement. Piezometric observations confirmed 
positive hydrostatic pressure after heavy rains. 
Because the rainfall was much greater during 
the first crop than during the second (Table 9), 
S&P was less for the first crop even though thesoil was more porous then. 

Stress days. Stress days were numerous during 
the early growth stage (5,) of the first crop and 
during the later growth stage (Si ) of the second 
crop (Table 9). The effect of relative elevation 
on S2 was significant for both crops, with more 
than twice as many stress days for high-elevation 
farms as for low ones. Stress days were slightly 
more numerous for the first crop than for the 



Table 9. Man rates of ne4* e end percolaton, rainfall, and siren days for two-crop end one-crop rainfed.farme 

at different elevations. lSulacon, Philippines. 1976 wet seeion.* 

Seepage and percolation Mean Siren"days (no) 

Crop, elevation Ol).1,Natione . rainfall 

(no.) (mm/damy) (mm/wk) . Eklv' Law' 

TWO.CROP FARMS 
First crop (ditctseeded) 
High elevation 70 3.8 ob 127a 12.7 a 14.3 b 
Low elevation 50 3.0. b 121 a 16.18 6.9 C 

Second crop (transplanted) 
High elevation 56 . .6 0. 1a54 c 2.9 b 22.1
 
Low elevation 121 . 3.3 eb 44 c 0.4 b 9.6 bc"
 

ONE-CROP FARMS 
High elevation 1O 4.0ob 94 b 1.4 b 0.0 d 
Low elevation .22 30 b - 89 b 2.3 b 00 d 

"Meos in the seme column followed by the sare letter ore not signiflcantly different at the 6% level. Testing based on differences 
between crops at both elevations, bFrm date of aergenom or transplanting to 60 days before harvest (DBH). cFron 60 toi 26 
DBH. 

second, despite the greater rainfall for the first one-crop plantings. When data from the two 
---the rainfall distribution was uneven during elevations were averaged, the yield of the direct
the first crop. with 3 consecutive weeks of rain- seeded first crop was about 0.4 t/ha less than 
fall less than 45 mm/week in July (Fig. 2). In that of the second and I t/ha less than that of 
addition, the direct-seeded first crop was ex- the transplanted single crop. The yield advan
posed to early stress over a longer period. tage of the single crop is 0.5 t/ha greater. 

One-crop farms at either elevation experi- however, if data for the local varieties are not 
enced only a few days of early stress and no late included. Total pr,Juction per year was thus 
stress (Table 9). 4.44 t/ha for high-elevation two-crop farms, and 

Graid yield and net farm income. Yields and 3.34 t/ha for high-elevation one-crop farms 
net farm income for the direct-seeded first crop (3.82 t/ha for single crops of IR1561). At low 
were significantly greater on the low-elevation elevations, two crops produced 5.92 t/ha, and 
farms than on the high-elevation farms (Table the corresponding one-crop farms produced 
10). The effect of elevation was small for the 3.35 i/ha. 
second crop, however, and negligible, for the In the computation of net farm income, the 

Table 10. Grain yield, grom Income, total costs, and net Income' for two-crop end single-crop rainfed ferms at 
different elevations, Bulacen, Philippines. Wet seasson 1976. 

Grain Total Income (US/ha)Observations yield cost bCrop. euivation (no) (th) . (US$/ha) Gross Net farm Net family 

TWO-CROP FARMS 

Firstcrop (direct-seeded)
 
High elevation' 7 1.82 "" 161 271 1150 157 ""
 

Low elvation 7 301 195 447 252 296
 

Second crop (uansplarted)High elatiron 7 2.62 209 389 181 220 
Low elevation ""7 2.91 203 433 225 280 

* ONE-CROePFARMS 
(transplanted)All varieties 

High elavation 7 3.34 195 498 301 345 
Low elavatlon 7 3 35 199 498 298 340 
IRiS61 only' 4 3.82 211 588 294 327 

'Philippine P7.4/USC blncludirig family labor costs at US$1l.35/man-day. 'Asterisks danote significant difference at the 1% level 
between one-crop endI the indicated two-crop fuwmeat the same elevation. Only grldn yid and net income we tested. Differences 
between elevations we significant only for the direct-seeded first crop. Single crops planted to IR1561 only we not Included~ in 
significance testing. 'Two observations at Igh end two at low elevations 
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* farmer and landowner were assumed as partners 
to avoid problems in distributing income and 
cashexpenses: Gross income was estimated by 
valuing production at USS149/t. Fiimily labor 
was valued at US$I .35/man-day, which was 
higher* than the official minimum wage for 
agriculture, but the lowest rate for attracting 
agricultural labor for the study..'rhe higher rate 
seemed justified in the study area where cottage 
industries employed many people. The measures 
of net income included net farm income, for 
which the value of family labor has been 
subtractcd. But because imputed family labor 
costs are credited to the farmer's family, a net1 
family income criterion that does not reflect. 
expenses for family labor was.also included. 

Net farm income from the direct-seeded, 
high-clevation crop was about US$115/ha; that 
on low-elevation farms was US$252/ha (Table 
10). Net farm income for the second crop was-
US$181/ha and US$225/ha for high- and low-
elevation farms. -respectively. Total yearly in-
come from the two-crop farms was this 
US$296/ha for high-elevation, and US$477/ha 
for low-elevation farms. The net yearly income 
from high-elcyation one-crop farnis (US$301! 
ha) was about the same as that from high-
elevation two-crop farms. For farms at low 
elevation, the net yearly income was US$298/ha 
for one crop and US$477/ha for two crops 
(Table 10). 

Comparisons using net family income, which 
excludes the cost of family labor, present a 
somewhat more favorable picture of the two-
crop technology because of the greater labor 
requirements of two crops, but theconclusions 
are essentially the same as those for net :farm, 
income. 

The combined data for both elevations result 
in annual net farm income of US$300/ha for 
one-crop farms and US$386/ha, 29%o greater, 
for two-crop farms., 

Two-crop petformnce with different rainfall 
patterns. The distribution of rainfall is a major 

the effects on yield ofwater shortage in combina
tion with other favtbrS. The model used for the 
direct-seeded first crop was different from that 
used for the transplanted crops because of 
differences in the technology for the two crops. 
No equation was computed from the one-crop 
data because stress days for those farms were 
negligible. Instead, the two-crop equation was 
also used for one-crop farms because both crops 
were transplanted on puddled soils. 

The equation computed for the direct-seeded 
first crops is 
Y =.%4140 + 36.6 N - 0.4 N2 -. 63 S1 36 S2 

N + 2-3 NW 
(R6 0 n os = 15)

• (R 2 - 0.89;-no. obs, = 15) 

where Y is grain yield (kg/ha), N is nitrogen 
(kg/ha), $, and S are stress days in the vege
tative and reproductive growth stages, respec
tively, and W is a measure of Weed growth 
estimated by visual observation but spot checked 
to conform to the scale: W = 0 for negligible 
weed growth, W= Iforw.cedgrowthwhosedry 
weight (not including roots)-is less than 200 g/sq 
m, and V = 2 for weed growth in excess of 
200 g/sq m of dry weigbt.' 

The ierms of the model are highly significant 
and consistent with other equations. The coefli
cient of S, is greater than that of S2, but the 
difference isoffset by the strong positive interac
tion term S, N, which reduces the overall effect 
of S, in the model to about the same level as 
that of S2 at mean N rates. Strong yield reduc
tion due to S, can be expected for IR1561, 
however, because it is a'short-seasoned variety 
with fewer days of vegetative growth than most
other varieties. Early stress, by interfering with 
crop establishment and by stimulating weed 
growth, isalso likely to affect direct-seeded crops 
more seriously than it does transplanted crops. 

The equation estimated from the transplanted 
second-crop data is 

- -o
Y(R24 2N 14S02 6. A 
factor affecting the performance of two rainfed(R=08;n.os= ) 
crops. This section relates grain yield to rainfall where A is age (days) of seedlings at trans
patterns of different' years to determine the planting. S was not used in the model because 
long-term feasibility of two crops of rainfed rice. there were so few days of early stress for the 

Yield response model. A multiple-regression 
. 

second crop. The intercept is lower than 
model based on stress days was used to estimate 

. 

expected, which ispartly the result of insect and 
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pest damage that was not directly incorporated 
in the model. The effect ofS. is weaker than that 
for the direct-seeded first crop. 

Each input factor times its mean level of field 
occurrence gives the contribution of that factor 
to grain.yicid. For the direct-seeded first crop; 
•weed .growth accoured for more than 2 t/ha 
yield loss, and stress (S, and S. ) for about 
1.2 t/ha loss. Nitrogen accounted for 1.1 t/ha. 
gain; For the transplanted second crop. N 
accounted for almost 2.t/ha yield gain, and S 
and A each contributed 0.3 t/ha loss. 

Prediction of stress days. A water-deficit 
model was developed to predict stress days 

based on daily rainfall. Mean daily rainfall for 
the villages was tabulated and compared with 
the demand for water, which was taken as 4 
mm/day due to S&P (Table 9) and.4 mm/day
(the mean rate of open-pan evaporation) for 

evapotranspiration. For each week the number 
of days of water deficit when the rainfall supply 
was less than the 8-mm demand was counted. 
To avoid residual lag effects, deficit days were 
precluded for the first day after rainfall in excess 
-of 10 mm, and for 2 days after a day of 20 mm 
or more rainfall. This procedure provided a 
weekly series of deficit days, n,which were then 
related to the mean number of stress days, S, 
found during the corresponding week in the 
1976 itudy. The results are: 

For the first crop: S' 0.7 + 0.41 -n 
(R 2 = 0.76; no. obs. = 10) . 

For the second crop: S = 0.3 + 0.23 n 
?2 =0.81; no. obs. = 9) 

where S is the number of stress days per week, 
and n is the number ofdeficit days for the sameweek. Both equaticns are highly significant. 

Yied protection. Using the water-deficit 
model, expected stress days for 1976 and, for 
the past 7 years were computed from rainfall 
data. Calculations began with the 20th week of 
the year (mid-May). The analysis spanned 15 
weeks for the first crop and 12 for the second, 
with 3weeks of land preparation between crops. 
Days of stress were distributed as 5, or S2 and 
used to compute yields in the regression equa-
lions. Nitrogen use wa. set at 45 kg N/ha and 
weed growth, W, for the direct-seeded crop 
was assumed equal to the mean value recorded 
in 1976 (W = 1.21). Seedlings for the trans-

Tsr 1. Comwste atre de W- VWseIbend on 
we@klV rainfall in amn lkoom lSulecnm. for ta crope
of ,,infe rice on lO end low eetieso,. 1970-0 
wet eWSa. 

First crop second crop 

Sum days (no) Stress day-s (no) 
Year. Yield Ylad 

so S, (/ha) S, S, (t/ha) 

Measmed 
1976 14.4 10.6 2.4 1.4 16.9 2.8 

1976 13.6 9.0 Computed 
1975 4,0 4.0 3.1 7.5 36 ob 

1974 10.5 5.0 2e ' o
1973 7.5 156 2.6 10.5 17.5 2.5 
1972 7.0 0.0 3.1 C C 0' 
1971 4.0 4.0 3.1 3.5 8.5 2.7 
1970 13.0 13.0 2.3 2.0 18.5 2.4 
Mean 86 7.2 28 1.4 

as, tren at earlV stage of csop growth S, stress at late 

stage. becaun the entire second growth period would be
composed of stress days. zero yield was assumed. CTotal 
rainfall during the first 5 weeks after harvest of the first crop 
was less than 40 mm. thus the second crop would have been 
delayed and harvested woll beyond the period of ate.season 
rainfall zero yield was thereloe assumed. 

planted crops were assumed to be 38 days.old 
for the 'econd crop and 30 days old for the 
single crop. Stress days and yields predicted 
by this procedure approximate closely the 
measured values for 1976 (Table I). 

The long-term analysis shows less variability 
in yield than is normally expected. Yields of 
the first crop are relatively stable over the years 
despite important variations in S, and Sa. Part 
of the reason is the lack of interaction effects in 
the yield model. For example, if weed growth 

" in the first crop were greater in,years of' high 
' -"S which is -likely, the yield for those years 

would be lower than the levels computed by 
the model.The analysis brings out the vulnerability of 
the second crop to water shortage (Table rl1). 
In 3 of the 7years, essentially complete failure 
of the second crop was predicted due to in
adequate rainfall. For 2 of those years, in
adequate rains during the land preparation 
period would have delayed transplanting of the 
second crop and caused severe stress later in 
crop growth. Mean yields over the 7 years 
were 2.8 i/ha for the first crop and 1.4 t/ha for 
the second crop. The former is0.4 t/ha greater 
than that measured from the 1976 first crop, 
and the latter is 1.4' i/ha less than that found 
for the 1976 second crop. 
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To bring out the effects of different elevations, 
the equation predicting S from deficit days n 
was recomputed -independently for the two 
tepographic regimes. The results based on the 
1976 data combined for both crops arc: ' 

For high elevations: S = 0.00 + 0.37 n 

(R2 = 0.71; ne. obs. = 16) " 
For low elevations: S = -0.80 + 0.29 n 

(R2 = 0.66; no. obs. = .16),. .. . 

with the same assumptions, described earlier. 
*These relationships were then used with the 
7-year Set of daily rainfall records to compute 
S, and S2. which can be used to predict ex-
pected yields, as shown above. The same rate o1* 
nitrogen use (45 kg N/ha) was assumed for both 
crops, and the 1976 mean wecd index of 1.57 
for high-elevation farms and 0.86 for lowZ 
elevation farms were used in these rcsponses. 
The simulated yields for all 7 years were then 
averaged to find the mean effect of relative 
elevation for that period, 

For high-elevation farms, the mean expected 
yield is 2.1 t/ha from the first and 1.5 t/ha from 
the second crop, for a total of 3.6 t/ha for both 
crops (Table 12). This total production is only 
29% greater than the 2.8 t/ha mean for the 
single transplanted crop. and results in slightly 
less net farm income with the two-crop than 
with the one-crop technology. 

For low-elevation farms, two crops combined 
produced 5.1 t/ha, about 76% greater than the 
single crop yield of 2.9 t/ha. These mean yields 
are lower than those measured in the 1976 field 

Table 12. Mean stress days and yields computed for 
ferms at two relative elevations. Means for 7 seasons 
with two crops end single crops of rainfed rice. 170-

7e..76.0 

crpStress days (no) G:. 

Early Latle (f/ha) 

FisHcoidiets hddra 10 ~n 
Second crop (transplanted) 6 : 22.7 1.6 

3.6Combined first ft second crops 
Single Cfop (transplanted) so0 12.4 2.8 

tow elevaei/on, 
First crop (direct seeded) 6.0 3.0 3.6 

Second crop (transplanted) 2.2 15.3 1.6
 

Combaned first ft second crops 5.1 

Single crop (transplanted). 32 5.6 2.9 


Bm~ed on deifyrainfall reords from s,,, ideo,,to Bulaan. 
1970-76. bAssurnng optimum level oj! N insl Stems days 
computed from S - 0.0 * 0.37 n. Sirent dewls computdd
'from S - -0 8 + 0.29 n.. 
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study (Table 10), which indicated that 1976 was 
"a year of better-than-average rainfall. The rela
tive production advantage of two crops over 
one crop was, however, about the same for the 
1976 field study and the 7-year means.

It can be concluded that the costs of pro

ducing two crops of rainfed rice require a 
" substantial production advantage to justify the 

two-crop technology. For high-elevation farms, 
total production. from two crops was about 
29% greater than that from one crop. but this 
advantage did not result in additional net in
come to the farm because of the increased 
production costs for two crops. 

For low-elevation farms, total production for 
two crops was about 76/ greater than that for 
a single crop, and resulted in about 60%.nore 
net farm income. This analysis, .however, is 
based on means and does not reflect the sub
stantial year-to-year variation that should be 
expected for the second crop. For about I out 
of every 3 years. farmers should expect essen
tially total failure of the second crop, and thus 
serious problems in refinancing for the following 
year. 

The two-crop technology would be more 
attractive if weeds, insects, and rats could be 
controlled better, and if high yielding rice 
varieties with 75- to 90-day growth durations 
were availiable. Either would greatly improve 
the prospects for two-crop rice production in 
areas of marginal rainfall such as Bulacan 
province. 

IMPROVING THE PRODUCTIVITY OF 
SUBSOILS EXPOSED DURING IRRIGATION
CONSTRUCTION01 

Irrigalionand Water Management Department 

The construction of irrigation canals, drains, 
and access roads in irrigated areas of the 
Philippines is associated with extensive topsoil 
removal. Where land is also leveled, subsoils at 
30 cm or deeper are sometimes exposed. Some 
properties of exposed subsoils and their re
sponse to fertilizer treatments were previously 
reported for the Pilot Land Consolidation 
Project in Talavera, Nueva Ecija province (1974 
Annual Report). Those studies were continued 
to examine the effects of selected microelement 



'and organic matter treatments on restoring the 
deeply cut soils.to high levels of productivity 
The research also included studies on mulching 
and the water status of the soils. 

Effects of selected mkroemnts. In the Pilot 
Land Consolidated Project area, an experiment 
-was conducted on soils that had been cutto 
depths of 30 cm or deeper to confirm earlier 
'findings that microclemcnts are important con-
stituents of fertility treatments for these soils, 
and to find which of five microelements are-
most important. The study was conducted 
during the May-August 1975 cropping season, 
the second season since topsoil removal. Treat-
ments included different combinations of nitro-
gen, phosphorus, and potassium; compounds 
containing microelemcnts; and topsoil and 

organic matter in the form of fresh leaves from 
nearby acacia trees. 

One-third of the 120 kg N/ha and the full 
amounts of the other fertilizers (60 kg P2 05 /ha 

and 30 kg K2 0/ha) were basal applications. 
One-third of the nitrogen was applied 30 days 
after transplanting (DT), and the remaining 
one-third 60 DT. The microelement compounds 
of iron sulfate, copper sulfate, calcium silicate, 
sodium borate, and manganese sulfate were 
broadcast at 5 kg/ha each and mixed with the 
surface soil. One microelement treatment had 
nitrogen, phosphorus, and potassium plus all 
five compounds. The live other treatments were 
identical to it, except that each was without a 
different microelement compound. Acacia 
leaves and topsoil were incorporated to depths 
of 8 to 10 cm, without added fertilizer. 

Twmty-one-day-old seedlings of IR28 were
used in4- x 5-in plots. Standard experimental 
practices were observed except that the plots 
suffered from drought from 25 to 35 DT and 
from 75 to 80 DT because of a general water 
shortage in the area. 

The results (Table 13) indicated that nitrogen 
and selected microelements are important to 
the achievement of high yields on exposed 
subsoils. All microelements combined were re-
quired to achieve yields significantly greater 
than those achieved with nitrogen and phos-
phorus only. Microelement treatments that 
included silicon and boron compounds had 
the greatest yield response of the five micro-

Table 13. Moan" plant height, tiller count. dry matter 
production, anid grain yield of IRI with different micro
element treetmente on deeply cut (30 cm) oils. Land 
Consolidation ProJect. Talavere. Nueva Ecija province. 

May-August 1371. 
Treatment b Plant hi Tilers Dry matter ran yield' 

Plnt h Tilemrsptoduction'.GanyedTreamentb
(cm) (no /hill) (9/3 plants) (t/ha) 

Control 64 . e 7 c 7 f 08 

N 87 bcd 30a 126 abcd (303) of 
N.P 97 a 34 a 151 abc (337) bc 

N P+K+ME 

t-WM) S6 cd 30 107 cd (2.76) d
N+P+K ME 

(-Cu) 86 bed 33a 127 abed (3.76) ab 
N+P+K+ME(-S1) 83 d 29a• 158 ab 3.08 be~d 
N+PK+ME 

(-B) 92 ab 32. 113 be 3.04 cd 

(-Mn) 89 bed 32 a 91 d 3.26 bcd 
N+P+K-ME 91 abe 35 a 159a 4.06 a 
Acacia leaves 67 e 13 be 26 of 0.96 
Topsol 09 a 14 b 60 a 0.92 0 

cv j%) 3.7 142 11.2 

"Means of 3 replicates Means ineach column followed by the 
tp~ lette we not significantly dilleremnt I the 5% level. 

120 kg N/ha. P - 60 kg PO/ha, K - 30 kg KgO/ha: 
ME - 6k/he each of Fe. Cu. Si. B.and Mn compounds applied 
together. Treatments 6-9 have ME treatments inwhich succes
sive constituents of the mix are dropped Acacia leaves (fresh) 
I 5 t/ha; topsoil (wet) - 50 f/ha "At 72 days afte transplanting.
'Values Inparentheses Indicate sorn field loss due to lodging. 

elements, but the individual effects of the micro
elements may have been affected by the presence 
of unintended microelements in the commercial 
preparations of the compounds tested. 

Topsoil and acacia leaves did not increase 
yields significantly, possibly because the drought 
condition reduced the effectiveness of the or
ganic matter by slowing its rate of decomposi
tion. 

Effects of mulching. Weed control was a
problem in the microelement experiment be
cause of the difficulty of tillage, even when the 
soils were saturated with water, and the dUff
culty of keeping the soils flooded. Both problems 
were related to the physical characteristics of 
the subsoil. 

Some of the weeds were used in an experiment 
to find out if mulching with weed growth would 
improve the performance of the rice crop. In 
one replicate of each treatment of the micro
element study, two small areas, each encom
passing four rice hills, were delineated. One 
area in each treatment was mulched with weeds 
that were pulled from the same sample area. 
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Table 14. Meanof fecse" of mulching on tilllsrt, straw 
yield, end grain yieMl of IR2 grown on dmeply eW 
(0 men)soils. Land Consoldation Project. Tlavemr. 
Nuevs tecls. May.Augnst 1t76. 

Produive strew Grain 
Treatetler t yawvT,estrntn M% (9 dry monoi (/ Wlns 

(g m (g14 .ents) 

59 49seedlingsContol 
Mulched' 84 78 127 

°Meens of 12 pelted compaisons Mulched values we ignafi

cantV grete than vlue for the control corel uwee paremeters
at 5% level brodudve Il -r total till,. 'Mulched with 
weed picked from same plots,. 

Mulching was done about 4 weeks after trans-
planting, at the rate of about 100 g of dry 
matter/plot (0.16 sq in). Control plots were not 
mulched, but were otherwise treated the same 
as the mulched plots, 

Mulching had asignificant effect on the pro-
portion of productive tillers at harvest (Table 
14). The percentage production of tillers, rather 
than tiller number, was examined to avoid
possible biiis resulting from different initial 

tiller counts on the small plots, 
Straw and grain production were also signi-

ficantly greater on mulched than on unmulched 
plots, partly because more water was conserved 
in the mulched areas during the two periods of 
drought. The study indicates that mulching may 
be an important mcans of rehabilitating ex-
posed subsoils and achieving high yields, partic-
ularly in areas where water supply is unpre-
dictable. 

Effects of organic fertilizers on rice growth. 
Earlier studies on the exposed subsoils of the 
Land Consolidation Project showed that cara-
bao manure or acacia leaves applied together 
with 60 kg N/ha produced significantly greater 
yields than nitrogen applied alone (1974 Annual 
Report). In an experiment from October 1975 
to January 1976, five different sources oforganic 
fertilizers and topsoils were tested for their 
effects on rice growth and yield. Treatments 
were a control with no fertilizer, and seven 
treatments with 60 kg N/ha plus 60 kg P205/ha. 
Six of those treatments also received acacia 
leaves, green inungo, carabao manure, hog 
manure, or poultry manure at the rate of 5t/ha 
(fresh weight). Earlier studies showed no re-
sponse to potassium, so it was not included. 
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The nitrogen rate was set at 60 kg/ha, about 
the maximum used by farmers in that ar 
Nitrogen was applied in three equal applications 

I month apart. The first nitrogen application 
and all other fertilizers were incorporated just
before transplanting. Three-week-old IR28 

were transplanted on thrice-replicated 
plots in an area where topsoil had been removed 
to a 30-cm depth. The experiment was conducted 
during the third season after excavation. 

Grain yields of all treatments with organic
fertilizers were greater than those of the control, 

but not significantly greater than those of the 
N + P treatment (Table 15). Topsoil resulted 
in yields significantly greater than those of the 
inorganic fertilizer treatment and the organic 
treatments. There is thus little basis for recoi
mending the use of any of the organic fertilizers 
readily available near the area to restore the 
productivity of deeply cut soils. But if the 
deeply cut areas are backfilled with topsoil 
saved from the surface layer, farmers could
achieve normal yields with only moderate use 

of nitrogen and phosphorus. 
Effects of organic fertilizers on soil water 

status All experiments on the exposed subsoils 
of the Land Consolidation Project indicated 
that the land could be tilled only to shallow 
depths, and that puddling did not result in the 
fine slurry produced from undisturbed topsoils. 
Tilled land settled firmly at the soil surface, 
strongly resisted penetration, and made trans
planting and weeding difficult. Because water 
tended to percolate into the soil quickly, the 
water requirements for rice production were 
high. Standing water on the surface of the fields 
was clear and hotter than water in fields with 
undisturbed topsoil. Water temperatures in the 
deeply cut plots during November and Decem
ber frequently exceeded 400C for several hours 
aday. 

It was hypothesized that the organic fertiliz
ers used in the experiment might improve the 
water status of the soil. The daily rate of water 
seepage and percolation (S&P) into the soil 
and soil moisture content at two stages of 
growth for all plots of that experiment were 
therefore measured. S&P rate was measured 
with the in itu water subsidence method (1975 
Annual Rellort), and moisture content was de



effectst of organic matter addition on pleant height. tiller number, grain Vkid. seepage end per.Table I5.Mean 
on deeply cut (30cm) *ois.Land Conoldtleion Proect.colatlen rate, and sol! moisture content at harvet of I 

Telaveira, Nueva Ecije province. October 175-Jenuary Ifl. 

Seepage aid Soil moisturaPlant Graln 
hi (nhill) Vlb petcolatlon content" (%)Trelment 

(cM) (no/Nil) (t/he) rale (mm/day) at harvest 

(n.. 1) 25.5a12.9o 1.83 a 

60N + 60P 80 b 19.4 b 2.67 b 
0 N + 0 P 	 66a 

7.7s 27.9b 
16.9 b (2.89) bc 63a 36.2

60 N + 60 P + AL 81 b o 

60N + S0P+ GM" 78 b 17.1 b 2.63 b 6.7a 	 28. b 
27.4ab

6ON +SOP+ CM* 80 b 17.4 b 2.51 b 7.4& 

60N +60P+ HM* 82 b 18.8 bc (282) b 7.4a 25.S5 

60 N + SOP + PM* 82 b 18.8 bc 2.90 bc 7.4a 28.3 ab 
20.1 c (3.43) c .0a 36.2

60 N + 60 P + TS' 88 c 
4.1 7.7 11.8 13.1 	 6.8CV (%) 

we not significantly different a the 5% level. bValls'Means of 3 replicates. Value ineach column followed by the same letter 
.-ca depth. All samples were 

in parentheses indicate yieldloss due to rat damage. £Moliture content by welight, wet bal, at 


fully saturated by standing water at time of sampling. 'n.s. a data not available. '5 t/ha AL (acacia leaves). GM (green mungo).
 
or PM (poultry manure) applied. 50i/ha wet topsoil (TS)applied.CM (cerabo manure). H&M(hog manure), 

termined from soil sampled at 8-cm depths 15 
DT and just before harvest. Saturated condi-
tions were produced by keeping standing water 
on the surface of each plot at the time of 
sampling. 

Organic matter had no significant effects on 
S&P rates (Table 15). The mean S&P rate was 
7.0 mm/day, much higher than that for undis-
turbed soils in the same area. The topsoil treat-
ment had a mean S&P rate about I mm/day 
less than the others, and this difference probably 

would have been significant, had the test plots 
been full-sized paddies with reduced edge effects. 
Major changes in S&P as a result of surface 
applications are not likely, however, because 
S&P is strongly influenced by soil texture and 
the hydrostatic head in the area. 

The plots with acacia leaves and those with 
topsoil contained significantly more moisture 
at harvest than all other treatments tested (Table 
15). 
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SOIL CHARACTERIZATION 
more than 

In South and Southeast Asia 100 

million ha of land potentially suited to rice pro-
duction are not cultivated because of salinity, 
alkalinity, strong acidity, or histosol problems. 
Toxicities of iron, aluminum, and manganese, 
or deficiencies of iron, zinc, and phosphorus 
limit rice yields on another 50 million ha. 

Soil and plant analyses and plant observa-
tions in the Philippines revealed the presence of 
zinc deficiency in 26 areas, copper deficiency in 
6 organic soils, molybdenum deficiency in I 
organic soil, iron toxicity in 3strongly acid soils, 
and boron toxicity in a hydrothermal soil. 

Studies of the chemical kinetics of the solu-
tions of flooded soils showed that flooding 
depresses the concentration of copper and zinc, 
increases that of molybdenum in acid soils and 
depresses it in alkaline soils, and does not notice-
ably affect that of boron. Chemical kinetics of 
12 organic soils indicated that poor rice growth 
on such soils is associated with deficiencies of 
nitrogen, phosphorus, and zinc, as well as with 
toxicities of carbon dioxide and unknown 
organic substances. 

Long-term experiments revealed that flood 
fallow increased soil nitrogen; compost in-
creased organic matter, nitrogen, and available 
phosphorus; and straw left in the field markedly&measurement, 
increased soil nitrogen. 

Incorporation of straw did not depress the
nitrogen supply in submerged soils. Drying 
between crops of soils receiving no fertilizer didnot cause significant denitrification losses. Loss 

fnto ueignificatdernitrifitionglosses Lg
of nitrogen due to alternate wetting and drying 

was least in plots receiving no nitrogen but was 
considerable in fertilized plots of Maahas clay. 

Loss of fertilizer nitrogen, presumably by
volatilization as ammonia, was highest in a 
sodic soil and lowest inan acid Ultisol. 

The proportion of fertilizer nitrogen fixed by 
soil minerals ranged from 3.6 to 27.'7% in 10 
Philippine rice soils. 

Direct distillation of anaerobic soils with 
magnesium oxide gave higher exchangeable 
NH4 + values than did distillation of potassium 
chloride soil extracts. 
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SOIL FERTILITY MANAGEMENT: 
MICROBIOLOGICAL STUDIES 

Nitrogen fixing activity was higher in non
fertilized plots than in plots fertilized with 
nitrogen, phosphorus, and potassium. The 
highest nitrogen fixing activity appeared at a 
later stage of rice growth and coincided with 
the highest in vitro photo-dependent, nitrogen 
fixing activity and the highest algal mass. The 
contribution of nitrogen fixation in the rice 
root zone was relatively smaller than algal 
contribution. 

A study showed that phosphorus addition in 
the field was necessary for better growth of 
Aolla and that incorporation of Azolla was 
beneficial to rice growth. 

SOIL FERTILITY AND FERTILIZER 
MANAGEMENT
 
Soil fertility studies on the effects of 60 kg 

hours, floodwater temperature could rise to 
32C and pH to 8.5, and dissolved carbon 
dioxide could go down to 0 ppm. The rise in 

N/ha indicated that between 1200 and 1600 

pH of floodwater was less inan acid
 
I

(Luisiana clay) than in a neutral Vertisol (Maa
has clay). The magnitude of ammonia losses 
from the Vertisol varied with the meth 

time of measurement, andil 
type. However, losses were least if nitrogen 
fertilizer was applied by deep placement. 

ldb 
obtained from proper timing of nitrogen appli
yyield increaseieasofof moremore than tha1.0 t/hataccudb 

cation. However, the increase would vary with 
so eer, tenleeand vaiaitsolar energy, nitrogen level, and the rc 
used. 

SOIL AND CROP CULTURE 

Soil and crop culture studies for 1 year in
dicated that by preparing the land at the end of 
the previous wet season to develop a dry soil 
mulch, soil moisture was conserved and the 
crop was seeded 20 days earlier than the crop. 
for which land was prepared at the beginning 
of the wet season. 



Soil and crop management 

Soil characterization.
 
Soil Chemistry Department 
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SURVEY OF PROBLEM SOILS 

Two surveys of the problem rice soils of the 
tropics and subtropics were made during the 
year. One survey covered rice-growing soils 
from the standpoints of landform, hydrology, 
genesis, taxonomy, and suitability. Publication 
of the result of that survey is in progress. 

The other survey emphasized chemical prob-
lcms of current and potential rice-growing 
soils. It included correlation of soil properties 
with nutritional problems. Survey data were 
gathered by visits to rice-growing countries to 
check the correlations and inspect problem soils, 
by consultations with soil scientists, agrono-
mists, and extension workers in rice-growing 
countries, and by collection of soil survey 
reports, maps, and amelioration data. 

The chemical problem survey material is 
being analyzed. The survey revealed that in 
South and Southeast Asia about 100 million 
ha of land physiographically and climatically 
suited to rice production lie uncultivated largely 
because of soil problems such as salinity, 
alkalinity, strong acidity, or excess organic 
matter (Table 1). It also showed that iron 

I. Saline soils or South and Southeast Asia. 
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Table 1. Probkm rtoe soils (current and potential) of 
South and Southeat Asia. 

Kind of soil Extent (wllon ha) 

Saline si 62.5 
Aal soails 2.2
Acid suffate soils 9.8 

organic soils 29.0 

Tabet ODisribution of eline soils In South and South. 
-t Asia. 

Country Extent (millon ha) 

Banglnh 2.5 
Burma 0.6 
India 23.2 
Indonrsla 13.2 
Khmr Republic 2.4 

MalaysIa 4.6Pakistan 9.4 
Philippines 0.3 
siLanka 0.2Thailand 1.8 

Vietnam 4.6 
Total 62.8 

toxicity on strongly acid soils; phosphorus defi
ciency on Oxisols, Ultisols, and Vertisols; and 
zinc deficiency on alkaline soils, organic soils, 
and wet soils currently limit rice yields on 
another 50 million ha. 

fo
 



Table & Distributionof Slkall or sodlo soils In the tropics 
and subtropics. 

Region Extent (nilHon ha) 

26.9 
Asia 
Africa 

2.2 
Austral@i 340.0 
South America 3.0 

'to. largest area of alkali soils in Asia ison the Indo-
Gangetic plain (Table 3). 

Alkali soils can be reclaimed by applying 
gypsum and by leaching the soil. But during the 

z reclamation process, rice will grow because it is 
adapted to the waterlogging that isunavoidable 
in the reclamation process. Waterlogging brings 
down the pH of the alkali soils and increases the 
availability of nutrients. Where available, alkali

tolerant rices with high yield potential can be 
grown on moderately alkali areas throughout 

reclamation period (about 5 years). 
Acid sulfate soils. In the tropics and sub

tropics, acid sulfate soils cover more than 15 
million ha of land that is physiographically and 
climatically suited to rice production (Fig. 3). 
South and Southeast Asia have nearly 10 
million ha of such soils (Table 4). 

£ -the 

2. Coastal saline soils or the Philippines. 
When submerged. an acid sulfate soil isnearly 

neutral but when drained and dried, it becomes 

Saline soils. Saline soils cover 62.5 million ha acid and lethal to plants. Rice can be grown on 

in South and Southeast Asia (Table 2). The undrained acid sulfate soils, but it may suffer 

largest saline area is in India (23.2 million ha). from aluminum toxicity in the early stages of 

much of it in the densely populated states of soil submergence as well as from iron toxicity 
phosphorus deficiency. DevelopmentUttar Pradesh, West Bengal, and Gujarat (Fig. and of 

I). Other saline soil areas also lie close to rice varieties tolerant of those soil conditions 

thickly populated Asian urban areas-Bombay. can make the less strongly acid soils fit for rice 

Karachi, Bangkok, Surabaja, Ho Chi Minh City. production without recurrent liming, which is 
the common method of amendment.and Hanoi. About 27 million ha of saline soils 

are on coastal The acid sulfate soils vary widely in theirin South and Southeast Asia 
plains of the humid tropics. The Philippines has chemical and hydrological properties, a fact 
280.000 ha of coastal saline soils (Fig. 2). 

Many of the saline soil areas currently grow Table 4.Distribution of acid sulfate soils InSouth and 

rice, but the salt-tolerant varieties grown have Southeast Asia. 
,,, ,low yield because of poor plant type and sus- COuntrY~t 

ceptibility to diseases and insects. Many of eangld--h 0.88 
Asia's less saline soils could be planted to rice Bern 081 

0.83
 
without high capital inputs if modern salt- indonesia 2.00
 

tolerant rice varieties are developed. Khmer Republic 0:5 

India 

" ~Mlysle.0.8
Alkali soils. In the tropics and subtropics. mihandr 1.30
 

there are more than 370 million ha of alkali Vietnam. 2.05
 

soils; the bulk of that area isinAustralia. The 
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3. Acid sulfate soils of Asia. 

yield may be low despite good vegetative growth.which suggests that research is bett done in the 
areas where such soils exist. IRRI has arrange- Severe toxicity also kills the rice plant. 

ments for such research in the Philippines and Iron toxicity can be corrected by liming and 

in Malaysia. by water management, both of which involve 

Organic soils (Histosols). Organic soils (Histo- capital outlay and recurrent inputs. Varietal 
sols) cover more than 300 million ha of land in tolerance for iron toxicity could provide a less 
Southeast Asia. More thano27 million ha of expensive answer to the problem. 
those Histosols are in Indonesia. To grow dry
lar-d crops thc organic soils must be drained. CHEMICAL ANALYSIS OF SOILS 
Draining causes rapid oxidation and a sub-

Nearly 1,000 samples from experimental plots,sidcnce in soil level. The drop in soil level makes 
further drainage difficult. With the right combi- greenhouse experiments, and problem areas 
nation of management and adapted varieties, were analyzed. Methods were developed for 
rice will grow on the Histosols without drainage, measuring the partialpressure of carbon dioxide 

Iron toxicity. Iron toxicity is a widespread and the concentration of silica, molybdenum, 
nutritional disorder of rice. it occurs in strongly and boron in submerged soils. 
acid Oxisols, Ultisols, Histosols, and acid sulfate Partial pressure of carbon dIoxide. The partial 
soil's, and has been identified inseveral countries pressure of carbon dioxide (Pco,) is important 
in S.uth and Southeast Asia, in West Africa, chemically because it controls the pH values of 
and in South America. The damage it causes to submerged soils and the solubility of several 
a rice crop depends on soil, weather, and the divalent cations. Pc, is also important physio
variety, age, and general nutritional status of logically because in excess it retards water and 
the plant. Where iron toxicity is severe, the rice nutrient uptake and poisons plants. 
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Work resumed on amethod of Pco,measure-
nnt based on total CO2 and pH, which was 
proposed earlier but not tested adequately (1%7, 
1968 annual reports). Total CO2 was measured 
by gas chromatography and Pco, was derived 
from the equation 

I + K, x 10oP
TtlC =K o YHCO;
Total CO2 = VNCOJ 

where K = 10-1.471K = 10-6.38, and y,,-o 
is the activity coefficient of HCO;. 

The validity of the equation was confirmed 
with pure sodium carbonate solutions (Table 5) 
and with reduced soils (Table 6) equilibrated
with CO 2 at different partial pressures. Pre-

viously it was shown that the Pco, calculated 
from total C0 2, and pH should be less than that 
derived by alkalinity and pH because gas 
chromatography eliminates the organic acid 
error. Table 7 shows that except in two cases, 
Pco, values obtained by the new method were 
slightly less than those obtained by titration. 

The measurement of total CO2 by gas chro-
matography israpid and reliable. About 60 soil 
solutions (100-pi samples) can be analyzed daily. 
About 30 samples can be run without replacing 
the CO2 vaporizer, the desiccant, or the silica 
gel column. 

Assay of boron, molybdenum, and silicon. 
Nutritional disorders of rice associated with 

Table 5. Comparison of observed Pco, values with the 
actual values of 0.001 N Na3CO. IRRI. Phlilpplnes. 1978. 

PO, (aIm) 

FRom total CO, and pHActual 

0.9660.960 
0.2020.90 

0.o96 0.0095' 


Table 6. Observed Pco."s of the suspensions of three 
reducedmolts equilibrated with CO- at three partial
preoures. IRRI. Philipplnes. 1976. 

Actual co~,(tm) 
Soil 

0.987 0.255 0.0096 

Obtred eco (alt) 
Luislana cisy

(pH: 4.6; O.M.: 3.2%) 0.999 0.299 0.0094 
Mashes clay

(pH: 6.6; O.M.: 1.9%) 0.965 0.264 0.oio9 
Pitscly loam 

(pH: 7.5; O.M.: 3.6%) 0.936 0.289 notdetermined 

TaMe 7. Compweon of Fco, of solutlone of three sub
mege *olt by two mthodsof four Inte. 

Mothod Po. (aim) Insoils submeged for 

0wk 2wk 4wk 86wk Sk 

Lu/dsane d y 
Ttration 0.000 0.58 0.63 0.50 0.41 

0as chom. 0.018 0.42 0.82 0.45 0.38 

Tit¢ho. 0.010-00 0.12' achat day0.11 0.14 0.13 

Gm chrom. 0.004 0.12 0.10 0.17 0.16 
Pae dv loam 

Ttstlon 0.001 0.48 0.45 0.48 0.39 

deficiencies or excesses of micronutrients have 

assumed increasing importance. That has 
created interest in measuring iron, manganese, 
zinc, copper, and boron content, and their 
kinetics in submerged soils. Although neither 
amicronutrient nor an essential element, silicon 
influences the solubility of some micronutrients 
and rice yield. 

The assay of micronutrients (except iron, 
manganese, zinc, and copper) by atomic absorp
tion spectrophotometry encounters inter
ferences from the large quantities of iron, 
manganese, and organic reducing substances 
present in anaerobic soils. 

The curcumin method gave satisfactory re
covery of added boron from anaerobic soil 
solutions containing 0.5 to 1.9 ppm boron. 
Apparently the method can be used without 
modification for the assay of boron in anaerobic 
soil solutions. 

The phenylhydrazine method for determining 
molybdenum was unsatisfactory because of a 
strong negative error. The dithiol method, 
although superior, gave a positive error of 6 
to 26% with anaerobic soil solutions. 

The silico-molybdcnum blue method was 
subject to less interference from iron and phosphate than the silico.molybdate methods in the 
assay of silicon in solutions of submerged soils. 

MICRONUTRIENTh 

Nutritional problems. Soil and plant analyses, 
coupled with plant responses, revealed nutri
tional problems in Philippine rice soils-zinc
deficiency at 26 sites, copper deficiency in 6 
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Tabe 3. Bo. propiwte of soils fror, Pilippine re* where tinc deficiency we obnrnd. 17. 

Location " 

San lIndia. Soia Ana. Leyte 
Banvin. ilugmo 
Lan-aw. Pile Laguna 
Kaiyma. Laguna 
Butuan, Agusun del Note 
Barrio Lalakay. Los Bahns. Laguna 
Ampayon. Agusan del Norte 
Butuan. Agusan del Nonte 
Timwisan. Agusan del Notte 
IRRI. Los Balos. Laguna 
Calauan. Laguna 
Satlays. Ouezon 
Candelaru. Ouezon 
Opol. Cagayan de Oro 
Cabadbaan. Agusan del Nonte 
Ampagan. Agusan del Nore 
Timwisan, Agusan del Notte 
Butuan. Agusan del Nole 
Ablan. Agusan del Note 
San Po'io,. Laguna 
Tiniwisen. Agusan del Note 
Buenvwsta. Agusan del NotIs 
Capudlosan. Agusan del Norte 
Cawtingayen. Pangasmnan 
Llo. Pangasinan 
Tiaong. Ouezon 

"By tho method of Katyal and Ponnamperuma 

organic soils, molybdenum deficiency in 1 or-
panic soil, iron toxicity in 3 strongly acid soils, 
and boron toxicity in asoil from ahydrothermal 
area. All but one of the zinc-deficient soils 
contained <I ppm available zinc and had a 
pH > 7 or high organic matter content. The 
only acid soil with low organic matter that was 
deficient in zinc was the continuously wet 
Banauc soil (Table 8). 

Chemical kinetics. A study of the chemical 
kinetics of the solutions of 10 soils showed 
that flooding deprcsscd the concentrations of 
copper and zinc, increased the concentration 
of molybdenum in the acid soil and depressed 
it in the alkalinc soil, and did not noticeably 
affect the ccnccntration of boron. 

Chemical kinetics of 12 organic soils revealed 
that 

* On submergence pH did not change by 
more than 0.3; 

* The fairly stable redox potential (Eh) values 
reached after 6 weeks' submergence ranged 
from + 35 mV for a soil from Longos to + 204 
mV faonthe soil from Leyte; 

* Electrical conductivity (EC) values were 
<I mmho,'cm. P,0 , reached peak values of 
0.30 to 0.46 atm 6 weeks after submergence 
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pH 

5.2 
5.3 
5.6 
5.7 
8.2 
6.6 
6.7 
8.9 
6.9 
6.9 
7.1 
7,1 
7.1 
7.2 
7.2 
7.2 
7.3 
7.3 
7.4 
7.4 
7.7 
7.7 
7.7 
7.9 
8.0 
8.2 

orgoic 

(%)(p)mAlf 

38.9 
3.6 

30.7 
21.9 

5.0 
21.8 

5.5 
6.7 
5.5 
3.7 
6.2 

15.3 
7.0 

13.0 
2.6 
2.6 
7.0 
7.0 
7.6 
5.1 
3.1 
5.1 
3.1 
2.4 
1.9 

12.8 

Avoilabe n 

• .e 

0.48 
0.32 
0.44 
0.50 
0.60 
0.77 
0.68 
0.56 
0.8 
0.71 
0.67 
0.20 
1.20 
0.44 
0.44 
0.50 
0.14 
0.48 
0.72 
0.48 
0.12 

0.68 
0.12
0.18 

0.10 
0.04 

and declined slowly thereafter; 
* Peak Fe2+ concentrations ranged fram 10 

to 190 ppm; 
Mn 2* concentrations reached plateaus at 

levels between 0.1 and 5.4 ppm; 
* Concentrations of reducing substances de

creased from 3.0 meq/l at the start to 1.4-7.8 
meq/1 6 weeks later; 

* Zinc concentrations ranged from 0.02 to 
0.07 ppm 6 weeks after submergence; 

* NH: concentrations were less than 0.5 
ppm 6 weeks after submergence; 

* Phosphorus concentrations, with one ex
ception, were less than 0.1 ppm 4 weeks after 
submergence; 

* Potassium concentrations ranged from 1.8 
to 4.2 ppm 6 weeks after submergence. 

The poor rice yield (Table 9)on those organic 
soils was associated with deficiencies of nitro
gen, phosphorus, and zinc; excess C0 2 ; and 
the presence of unknown organic toxins. 

LONG-TERM EXPERIMENTS 

Water regime sd soll nitrogen. A study of the 
influence ci~four water regimes on the proper
ties of ,.hree soils and the growth of rice was 



T e . Rice yield* an 12 submered orgnoic 
iRl., Phiiilnes. 1575. 

Soil Yie__ t _/pot) 


O'ce Strw Grin 


Kalaya 
1 18.7 g 6.2 e 
2 41.8 bc 25.0 eb 
3 26.8 sfg 18.0 bcd 
4 28.5 dlf 13.1 cde 
5 45.1 ab 25.1 eb 
6 51.6 a 31.8 a 

Lamsu 
1 34.6 cde 20.3 bcd 
2 26.1 efg 11.4 de 
3 33.2 cda 19.9 bc 
4 37.8 bc 22.4 b 

Longos 37.4 bcd 21.7 b 
Aleng Along 21.8 fg 9.8 do 

1na column, mesas followed by the same letter we not signlfi
cntly different at the 5%leveLW 

started 10 years ago (1967 Annual Report). The 
water regimes were flood fallow between crops, 
flood fallow plus midseason soil drying, dry 

fallow between crops, and dry fallow plus mid-
season soil drying. Samples of Luisiana clay, 
Maahas clay, and Pila clay loam were placed 
in 200-liter drums. At the beginning of each 
season the first 20 cm of the soil was mixed 
with the stubble, and fertilizer nitrogen, phos-
phorus, and potassium at the rate of 100 ppm 
each were worked into the puddled soil. Anal-
ysis of the soils in 1970 revealed that the nitro-
gen content was more markedly increased by 
flood fallowing (continuous soil submergence) 
than by dry fallowing (1970 Annual Report). 
Soil analysis and plant responses showed that 
the accumulated nitrogen benefited the rice 
plants (1973 Annual Report). The experiment 
was continued without the addition of nitrogen, 
phosphorus, and potassium fertilizers. Despite 
the absence o. fertilizer nitrogen and the re-
moval of nitrogen by five crops, the soil nitrogen 
was higher in the flood fallow soils than in the 
dry fallow (Table 10). Rice benefited from the 
accumulation of nitrogen (Table lI). 

The findings indicate that flood (allowing
icessOrganicicessa sisnauasplyof nitrogen and 

that midseason soil drying releases some of the 

nitrogen for plant usc. 
Compost apIcatik and stricit stats. In a 

field experiment to ascertain the long-tenn 
effects of ammonium sulfate and urea, with 

Table 10. lnftuene of few water regimes on Change 
in total nitr n aera for the Philippine slf 
1974-76. 

Total N content of soil (%)
Water regime 1974 1974 1975 1975 

wet dry wet dry 

Flood feaow 
Flood fallow with MSD 

0.168 
0.161 

0.187 
0.177 

0.178 
0.173 

0.183 
0.182 

Dry fallow 
Dry fellow with MSO 

0.121 
0.110 

0.129 
0.124 

0.126 
0.12 

0.135 
0.130 

IMSO - ridsson soil drying. 

Table 11. Influence of four water regimes on the yield 
of IRS. and nitrogen uptake. averaged for three Phil
ippine soile and four eaons. 1974-76. in the absence 
of nitrogen fertilizer. 

r Staw Gr&in N uptake 
Water regime (/drum) (g/drum) (mg/drum) 

Flood follow wvth MSD 137 133 467 
Flood fellow 129 119 450 

Dry follow with MSD 98 104 274 
302100 103Dry fallow 

MSD a mdseesson soil drying. 

and without compost, on soil properties and 
rice yield, compost at 10 t/ha significantly in
creased copn,'nts of organic matter, nitrogen, 
and available phosphorus (Table 12). 

Straw application and nutrient status. Rice 
straw left in the fields will supply. per hectare. 
about 30 kg nitrogen, 5 kg phosphorus, and 
150 kg potassium. To ascertain the long-term 
effects of different straw managencnt practices 
on the nutrient status of soils, an experiment 
was started 4 years ago (1973 Annual Report). 

Leaving the major nutrients of straw in the 
field as long straw, compost, or ash' increased 
the nutrient status of Maahas clay on which 
wetland rice was grown with 150 kg fertilizer 

Table 12. Cumulative effect of compost on the nutrient 
statue of Maahss clay for nine eesons." lii. Phllip

"''17 
N (Oalsen)compost mater (O%)n 

(t/h,) (% p ) 

0 406s b 0.207 b 22 b 
10 543 a 0 262 a 35 a 

'qn acolumn. means followed by the ame, eter ,,e not sg. 

nificantly different aNthe 6%level 
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Table 13. Influence of four strew tratawnts on the 
nutrient status of Mashas clay at the beginning of the 
ninth season. IRMO. Philippines. 1S76. 

organic Available P 
Treatment matter N (Olsn) 

(%) (%) (ppm) 

Straw removed 368 b 0.187 c 23 -b 
Straw burned in situ 3.74 b 0.206 b 34 a 
Straw composted and 

appked 4.19a 0.217 b 408 
Straw plowed in 446 a 0.232 a 33 a 

Table 14. Influence of straw incorporation on the con-
tent of organic matter and nitrogen' averaged for three 
water regimes In 3 seasons. IRM. Philippines. 1976. 

Treatment organic N (%)matter ( 

No strew 3.34 b 0.191 b 
Straw (10 t/ha) 4.02 a 0.209 a 

"Ina column, means followed by the same letter we not signifi-

cant ydifferent at the 5%level. 

N/ha per season (Table 13). The relative effects 
of the straw treatments were apparent after the 
fourth season and were constant during the past 
five seasons. . 

In another long-term field experiment on the 
influence of three water regimes on the nutrient 
status of the soil, straw incorporated into the 
soil at 10 t/b't increased the content of nitrogen 
and orgaric matter (Table 14). 

The effect of straw at 5 t/ha on the nutrient 
status of three soils was studied in 200-liter 
drums. A 17-cm layer of soil in each drum was 
loosened and mixed with 0.125% (5 t/ha) of 
chopped straw and 25 ppm nitrogen (50 kg
N/ha as urea). Soil analyses revealed higher 
contents of nitrogen, phosphorus, potassium, 
and organic matter in the straw-treated soils 
than in the untreated soils (Table 15). The 
higher nutrient status was reflected in the rice 
yield, which was 177 gldrum with the 5 t/ha 
straw and 158 g/drum with no straw incor-
po~rated. 

NITROGEN TRANSFORMATIONS 

Less than half of the nitrogen applied to rice as 
fertilizer isused by the crop. Laboratory, green-
house, and field experiments investigated the 
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Table IS. Effects of strew incorporation on the nutrient 
status of three flooded soils after the third cropping 
season. 1131. Philippines. 1376. 

S Organic NAvalble P 
(tlha) metier 

Mt/ha)) 
M (Olsen) 

(ppm) 

Lululane clay 
0 2.88 0.145 0.15 1.7 
5 3.07 0.173 0.19 5.6 

U1mha$ clay 
0 2.84 0.10 c0l34a 
5 290 "0.160 0.52 29 

Pile day /oem 
0 2.33 0.118 0.18 14 
5 245 0.143 0.37 20 

causes of the low efficiency of nitrogen utiliza

tion. 
Nitrogen-supplying power. An incubation 

study revealed that during 6 weeks' anaerobic 
incubation, Luisiana clay (pH 4.8; O.M. 3.2%) 

released 64 ppm NH4,, while Maahas clay 
(pH :6.6; O.M.: 2.0%) released 25 ppm. Straw 
added at 0.15% by weight did not retard the 
rate of ammonification. 

In asecond experiment the nitrogen-supplying 
power of eight soils that were subjected to con
tinuous submergence and to soil drying between 
crops was measured by determining nitrogen 
uptake by IR32 on those soils during four 
cropping cycles in the greenhouse. The highest 
nitrogen uptake was from Paete clay loam, the 
lowest was from Maahas clay. Drying the soil 
between crops resulted in iron toxicity that 
killed the plants in Calalahan sandy soil. Drying 
between crops, however, did not significantly
depress the uptake of nitrogen by 1R32 in the 
seven other soils (Table 16). Apparently soil 
drying between crops on the soils without nitro
gen fertilizer did not cause nitrogen loss by 
denitrification. 

Water regime and nitrogen losses. A field 
experiment was conducted on Maahas clay in 
the dry season to study the effects of three 
water regimes at three nitrogen fertilizer levels 
on rice yield and nitrogen uptake. The experi
ment was spoiled by typhoon damage, but both 
yield and nitrogen uptake figures sutggest that 
alternate wetting and drying significantly re
duced yield and nitrogen uptake only in the 
fertilized treatments. Furthermore, nitrogen 



Table 16. Influence of soil propertis and water regime on nitrogen uptake of four crops of IM In the greenhouse.
 
IRRI, Philippine: 1976.
 

OrgWc N N uptake (mg/kg of soil)Soil pH4 Organi N
(oi 
 (%) Continuously Driedsubmerged botween ciops 

Paste clay loam 6.3 10.4 0.35 340 368 
Upa loam 7.0 4.3 0.19 185 154
 
Pile clay 7.5 3.9 0.19 219 230
 
Lulilana clay 4.8 2.6 0.18 163 167
 
Mashas clay 6.6 1.8 0.12 63 58
 
Oulnqua silty loam 0.6 2.2 0.12 139 150
 
Calelahan sandy loam 3.4 2.7 0.11 116 0
 
Buenavista clay loam 6.3 1.1 0.07 110 124
 

Table 17. ExcMngeable NH 4 *-N in flooded soils by two methods. IRRI, Philippines. 1976 dry season. 

(r9onic Exchangeable NH, '- N (ppm) 
Soil pH mater Ostilling KCL Distillng soil Diff. 

M extract with MgO with MgO 

Aggsie clay 7.4 26.71.0 35.3 8.6"
 
Busnavieta loam 6.3 1.1 68.5 
 71.5 5.0" 
Celaishan sandy loam 3.4 2.7 65 6 76.4 10.8"
 
Paste clay loam 
 5.3 10.4 428.9 485.0 568.1"
 
Lulsaina clay 4.8 2.6 68,0 74.0 6.0"
 
Meashas clay 6.5 1.6 26.2 29.1 2.9'

Pile clay 7.5 3.9 93.6 113.3 19.8"
 
Ouinqua silty loam .6.5 2.2 71.2 77.5 63"
 
UpS loam 7.0 4.3 56.7 67.3 10.6"
 
Beni clay 6.1 2.4 21.6 44.3 22.7
 
Ctethas clay 3.5 3.8 433.6 522.8 89.3"
 
C abato silt clay loam 8.7 1.7 28.9 30.4 
 1.5
 
Ktrlung sihloam 5.4 2.9 85.5 
 113.1 27.6" 
Lam-au A, peat 5.3 26.8 362.5 404.1 41.6"
 
Lam-au A,, peat 5.5 38.2 435.2 506.9 71.7"
 
Silo sill loam 
 7.7 2.0 17.1 21.5 4.4"
 
Lips clay loam 7.1 3.9 192.9 227.6 34.7"
 

CV (among samples with treatment) - 1.2% 

N lo (Ng/ho) 
losses due to midseason soil drying were 50 

apparently less than those on soils that were 
alternately flooded and dried. 40 - Ssc a" (pH ss) 

Determination of NH4+ t In reduced soils. Ex
changeable NHt in dry soils used to be 
measured by distilling a potassium chloride ]o 
extract of the soil with magnesium oxide. It. 
has been suggested that the procedure could 2 €s) 
be simplified by omitting the gxotassium chloride ... r 
extraction. Because the latter procedure had not 
been tested critically with flooded soils, the two 10 

1 7
methods were compared. Table 17 shows thatiP 
direct distillation gave inflated values for ex
changeable NHIt in each of 17 soils. The 0°5o
 

increases were highly correlated (r-=-0.96fonof00g /h
with the organic matter content of the soils. as wr w wtt=a 

Fixation of NI-)4 insoils. Chemical fixation 4.Inlec or soil propeties on cumuiaziv toss of Nas 
by soil materials ,:an temporarily immobilizc NH., gas. IRRI, 1976. 
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NH, in soils, in 10 Philippine soils the 
amounts fixed ranged from 3.6% to 27.7% of 
the added NH,, with 15.5% for Maahas clay. 

Losm of nltgm as aoc gas. Ammon-
ium or NH 4 *-producing fertilizers broadcast 
on the surface of flooded soils may lose some 
of their nitrogen as ammonia gas. Theoretically 
the loss should increase with increase in pH, 
temperature, and wind velocity. The pH of any 

soil containing HC0 3 - will increase sharply as 
the concentration of CO2 decreases. That hap
pens when conditions are favorable for algal 
growth. A study of ammonia losses from three 
flooded soils (a sodic soil, pH 8.6; Maahas 
clay, pH 6.6; and Luisiana clay, pH 5.7) con
firmed the hypothesis. Both magnitude and rate 
of loss were highest in the sodic soil and lowest 
in the acid soil (Fig. 4). 
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BIOLOGICAL NITROGEN FIXATION IN 


RICE FIELDS 

Soil Microbiology Department 

Nitrogen fixatlo inIRRI's ong-term fertilizer 
plots. Assay of the nitrogen fixing (NF) activity 

noin long-term fertilizer plots that received 
fertilizer and in plots that received complete 
(NPK) fertilizer continued during the dry sea-
son (24th crop.) Figure la shows the results of 
in situ assays during the 1975 wet season and 
1976 dry season. 

Figure Ibshows the weight of algae collected 
from floodwater. The sum of photo-dependent 
in vitro NF activity assayed for floodwater, for 
algal mass collected from water, and for weeds 
to which algae firmly ad[ered is shown in 
Figure Ic. NF activity by photo-dependent 
microorganisms was higher in the dry season 
than in the wet season. The photo-dependent 
NF activity (Fig. Ic)and algal biomass (Fig. lb) 

showed peaks at the later stage of rice growth 
in both seasons, and coincided with the stage 
when in situ NF activity was highest in each 
season.
 

Endogenous ethylene (C2H4) formation fromsoil and plants was negligible in the assayed 

plots. Close correlation (r = 0.86, n = 49) be- 
tween in situ NF activity and in vitro photo-
dependent NF activity was found in samples 
from unfertilized plots, indicating that photo
dependent NF activity in floodwater mainly 
controls in situ activity around rice plants. 

When algal mass was high late in the dry 
season, a water-replacement experiment was 
conducted to eliminate the bulk of algal NF 
activity. Without water replacement, NF acti-
vity gave 5,700/pmol C2 -14/sq m daily. Withthe elimination of the bulk of blue-green algae, 

NP activity gave 660 1umol C2 K4/sq m daily, 
an amount attributed to NP activity near the 
roots of the rice plants. 

Photo-dependent nitrogen fixation by deep-
water rice roots. Nodal roots emerging into 
water may be a major factor indeep-water rice 
nutrition. Nodal roots of a deep-water rice 
(RD6255) grown in a water tank were collected, 
and their NP activity was assayed under aerobic 
light and aerobic dark conditions for 3 hours. 
The roots were classified according to root 
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1.Nitrogen fixing (NF) activity and algal mass in long
term fenilizer experiments at IRRI. 1975-76. NW - no 
water; ND = no determination; TR = transplanting: 
HD = heading; HV = harvest. 

diameter (thick, medium, and thin) and their 
activities were assayed separately. NF activity, 
in nanomoles of C2H, per hour per gram fresh 
weight, was 260 (light) and 21 (dark) for thick 
roots; 220 (light) and 70 (dark) for medium 
roots; and 37 (light) and 7.3 (dark) for thin 
roots.Colonies of blue-green algae were found only 

around the axils of the emerging lateral roots. 
The colonies were composed of 10 to 20 fila
mentous cells, and the incidence of heterocyst 
cells was high. The observation suggests an 
association between blue-green algae and the 
nodal roots of deep-water rice. 

Nitrogen fixation by Azola-AMaban~a asso
elation. The nutritional requirements of Azoila 
(species not identified) associated with Anabaena 
azoilac were studied by removing iron, calcium, 
magnesium, phosphorus, or potassium from a 



water-culture solution. The deficiency of iron, 
phosphorus, and calcium affected Azolla most 
and caused low fresh weight, low number of 

algal cells in the frond cavities, and low rate of 

nitrogen fixation. Potassium deficiency had less"w 

effect, and magnesium deficiency had the least 

effect. 'p 

In a study of the effect of daily average tem-

peratures of 22, 25, 28, and 310C, with an 8' C 
an Azolladifference between day and night, 

strain from Bicol, Philippines, was found sen-
sitive to temperature. Daily average tempera-
tures above 22'C affected the color and frond 
size of Azolla, and 31'C caused increased dis-
coloration and lower fresh weight. 

The release of ammonia from dried Azolla 
(4.97/o N) was studied in a submerged soil (100 
mg dried Azolla/lO g dry soil) at 30'C. The 
ammonia formed from the total nitrogen of 
dried Azolla, measured weekly, was 13% up to 
I week incubation, 19% at 2 weeks, 22% at 3 
weeks, 46% at 4 weeks, and 75% at 6 weeks. It 
appears that nitrogen in Azolla is of the slow-
release type. 

The availability of Azolla nitrogen was tested 
in pot experiments, with nitrogen added either 
as ammonium sulfate or as dried Azolla at rates 
of 0.5 and 1.0 gN/pot. Nitrogen in A:olla was 
slightly less available to rice than was ammo-
nium nitrogen. Nitrogen in the straw and in the 
grain (relative to nitrogen applied) was 57 and 
69%, respectively, for 0.5 and 1.0 g Azolla 
nitrogen, and 88 and 78%, respectively, for 0.5 
and 1.0 gof ammonium nitrogen. 

Field inoculation experiments with Azolla 
began at IRRI in the dry season. The experi-
ments included Azolla inoculation, phosphorus 
addition, and midseason puddling to assist in-
corporation of surface-grown Azolla. About 
1.25 kg (fresh weight) of Azolla inoculum pre-
pared inthe field was added to a25-sq-in experi-
mental plot immediately after transplanting 
(1R30).Deatns 

Addition of 30 kg P/ha as superphosphate 
stimulated Azolla growth. In phosphorus-
treated plots, the surface coverage, of Azo/la 
22 and 40 days after incubation was 85 and 
96%o, respectively. In the plots without phos-
phorus, it was 62 and 76%o, respectively. The 
plots were drained and Azolla was incorporated 

Table 1. Straw and grain yllMd of IR30 following three 

treatments of AtoM. Inoculation. IRKI. 1576 dr n 
Te :Strw W Grain yieldb 

(iha) (i/he) 

1.01 d 1.48 dNone 1.36 be 2.36mab
1.36 b 1.85 cA 

bc 2.15 abeWA 131124 d 1.88 c 
P 1.30 bc 224 be 

PA 1.38 bc 2.02 bc 
2.35 &1.64 aPWA 

addition; W -ndl4son theP - phosphorusInoculation. 'bin each column, rmns folkowedpuddling:byAt
ArolIs 

same letter we not significantly different atthe 5%level. 

by a hand weeder 41 days after transplanting. 
Table I shows the yield data. Grain and 

straw yields were higher in plots with Aolla 
inoculation, added phosphorus, and midseason 
puddling to incorporate A:olla than in the 
treatment without the three factors. Aol/a inoc
ulation significantly affected straw yield. 

Azolla inocin production. Azolla inoculum 
was produced by incorporating 2-3 kg (fresh 
weight) of A:olla in half of a 25-sq-m plot. 
Superphosphate (7.5 kg P20/ha) and car
bofuran (5 kg a.i./ha) were mixed with the 
Azolla immediately before inoculation. In the 
second week, when the surface of half the plot 
was almost covered by A:olha, about half of the 
Azolla was collected, mixed with phosphorus 
and carbofuran,and inoculated into the adjacent 
half-plot. The fresh weight of Aolla was 15 
t/ha in about 25 days and its nitrogen content 
was estimated at 30-40 kg N/ha. From April 
to December (230 days), nine crops of A:olla 
produced about 270-360 kg N/ha. That sug
gests the potential of growing A.olla as an 
organic fertilizer in an open swamp or canal 
near a paddy. 

NITROGEN TRANSFORMATION IN RICE 
SOILS 
Sodl Microbiologyand Multipke Cropping 

Deatns 
Nitrogen transformation in ralofed and uland 
rice soils(SoilMicrobiology,MultipleCropping). 
Experiments begun inthe 1975 wet season were 
continued to examine nitrate formation and its 
vertical distribution and loss during the 1976 
dry season at two sites--IRRI, with poor soil 
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N(w) During the second month, with 71.6 mm of 
NT ,KAM.A,WA" rainfall, ammonium nitrogen decreased more 

rapidly. The remaining ammonia, however, was 
2- 4-n still higher than that fourd 2 months after 

o*.. o- fertilizer application during the wet season. 
0 ON 
VWN 	 During the third month, with 872 mm of rain

fall, the amount of ammonia decreased sharply. 
Measurement of vertical distribution of nitrate 
nitrogen showed that the nitrate formed accu
mulated at the soil surface until 2 months after 

00 	 application and then was lost from the whole 
layer (down to 75 cm). That sudden dis
appearance of nitrate may have been related to 

rainfall. 
Calefieldstudy. The Cale site was on a slight 

,.*-.. ee.. *""--, Xslope with soil of volcanic origin, which was 
0- *" permeable to water. Forty kg N/ha was uni
0 1 2 3 0 

e 

1 2 3 formly broadcast on both the unplanted and 

0increased 

mom	 

planted (second crop sorghum) plots.
amount or ammonium nitrogen (NH 4-N)2. Changes in The ammonium nitrogen content at

und nitrate nitrogen INO,-N) in the surface soil layer 
(0-15 cm). IRRI. 1976 dry season. 	 face (0-15 cm) layer is shown in Figure 4, and 

the vertical distribution of nitrate nitrogen down 
drainage, and a farmer's field (Cale, Batangas) to 75 cm is in Figure 5. 
with good soil drainage. Within I month after nitrogen fertilizer appli-

IRRI field study. Ammonium sulfate was cation, 45% of the applied ammonium dis
applied at 50 kg N/ha. Changes in the amounts appeared, but there was no nitrate formation 
of ammonium nitrogen and nitrate nitrogen in to account for the decrease of ammonium 
the surface soil (0-15 cm) in both planted (sor- nitrogen. From 2 months to 3 months after 
ghum) and unplanted plots are shown in Figures fertilizer application, ammonium content in
2 and 3. The nitrification rate was slower than creased while nitrate content decreased. The 
in the first month of the 1975 wet season (1975 vertical distribution of nitrate shows that nitrate 
Annual Report) because of low rainfall (28.7 moved upward during the second month after 
mm). fertilizer application. 

Because the nitrate contents of plots with 
No 3 N-(w) 

0 0 40 60 0o0 40 W W 00 2 40 W W nitrogen fertilizerandwithoutnitrogenfertilizer
0 did not differ greatly, it is likely that nitrification 
1 ,of the applied nitrogen was limited. That was 

supported by the population of ammonium 
20 oxidizers. At the start of the experiment, the 

-	 most probable number (MPN) of ammonium 
* 3 oxidizers at the surface of the fertilizer plots 
*4o VoN was 5.5 x l0P/g dry soil. Within I month after 

OWN 	 fertilizer application, the MPN decreased to 
o 	 1.1 x 10'. During the second month, it de

60 	 creased sharply to l.5x 10k. 
The rainfall in Batangas (near Cale) was 25.9 

,,, 2 , 3,o mm, 20.3 mm, and 11.4 mm during the first, 

3. Vertical distribution or nitrate nitrogen (NO.1-N) in th e cnadtidm thoteexrmn, 
soil profile of unplanted plots 1. 2, and 3 months alte respectively. Because the soil was almost dry 
application of fertilizer. 1RR1, 1976 dry season, throughout the experiment, nitrification was 
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4. Changes in the amount of ammonium nitrogen (NH,-N)
and nitrate nitrogen (N0,-N) in the surface soil layer 

(0-15 cm). Cale, Batangas, Philippines. 1976 dry season. 


only slight, and the nitrifiers were killed. The 
decrease in nitrate during the third month could 
not be explained, 

Soil condition during dry season and avallabi-
lity of soli nitrogen during wet season (Soil 
Microbiology). Most of tropical Asia's rice 
fields are rainfed and the soil water condition 
is unstable. To determine how soil conditions 
-particularly soil nitrogen availability-during 
the dry season may affect rice growth, soils in 
pots were treated to simulate conditions that 
may occur during the dry season. To label the 

N03 -N (prn) 

0 4 8 12 0 4 

10 
10

120 ON 
100 

Irruth 

decomposable fraction of soil nitrogen, 
half of the pots were treated with 15-N labeled 
ammonium sulfate (17.05 atm %excess) during 
the 1975 wet season. The other half of the pots 
were similarly treated with nonlabeled nitrogen. 

After harvest of the wet-season crop, these 
soil conditions were set: I) flooded planted, 
2) flooded unplanted, 3) upland planted, 4) 

unplanted, 5) kept air dried, and 6)kept 
outdoors. The pots kept outdoors received 
moisture from occasional rain during the dry

and all other pots were kept in th 
To simulate the gradual wetting 

process in rainfed rice fields after harvest of 
the dry-season crop, half of the pots kept out
doors were immediately water saturated, pud

died, and kept unwatered until cracks appeared
in the soil surface. The procedure was repeated 
once, and then the soil was kept entirely sub
merged until transplanting. The period between 
initial watering and transplanting was 20 days. 
Pots that did not receive N-15 labeled fertilizer 
in the previous wet-season crop had 100 ppm 
N, and received N-15 labeled ammonium sulfate 
and pots that received N-15 labeled fertilizer 
in the wet season received no ammonium sul
fate. The soil in all pots was puddled and 
remained flooded for 10 days before trans
planting. 

The changes in tiller number and dry weight 
at harvest are shown in Table 2. At the early 
growth stage, rice growth on the continuously 

N03-N (pwm) N03-N (PPm) 

8 t2 16 0 4 8 

2rnutah 3 mwt-tt 

S. Vertical distributionor nitrate nitrogen (N03 -N) In the soil profile of unpimnted plots 1,2. and 3 months after fertilizer 

application. Cale, Batangas, Philippines, 1976 dry season. 
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Tf) 2 Tiller (no.) and yl* of lowend 10 - eaaffected by different soil conditions in the previous dry season. 

INNI greenhouse, 1376 wet seon. 

Previous dry-season TIllers (no.) Panic. s 

soil beatmentb 20 DT 40 DT 60 DT 85 DT (no./pot) 

Flood*dplanted 68 28 27a 18 b 18 b 
Flooded unplanted am 28a 27a 27a 20a 
Upland planted 2 b 7 de 10 d 10 f 10 e 
Upland unplanted 2 b 10 c 15 c 14 c 12 d 
Kept ardried 2 b 15 b 21 b 20s 19mb 
Kept outdoors 2 b 6 s 11 d 12 0 12 d 
Kept outdoots (sol prepamon 

with alternate wet.dry) 2 b 9 cd 15 C 18 c 15 C 

In a column, means followed by the sume letter we not sIgnificantly different at the 5% level. DT 
"Average ul 2 sets of 4 replications per set. 

flooded soil was far better than that in other 
treatments. 

Soil in the pots kept outdoors (almost dry, 
with cracks during the dry season) had lower
soil-nitrogen release, which occurred at a later 
stage of rice growth during the wet season, 
than soil that was completely air dried. Scat-
tered wetting by rain probably caused loss of 
available soil nitrogen. The results gave clues 
to the management of soil fertility in rainfed 
rice fields. 

Ammonia volatilization following broadcast 
nitrogen (Soil Microbiology). Broadcast appli-
cations of ammonium nitrogen in flooded fields 
just before or soon after transplanting are rela-
tively ineffective in increasing yields. Two 
mechanisms, a nitrification-denitrification se-
quence on one hand and ammonia volatilization 
on the other hand, have been hypothesized. 
Because ofalgae consumption of photosynthetic 
carbon dioxide during daytime, the floodwater 
pH in IRRI fields is often above 8 and some-
times as high as 10. Such high pH values are 

Table 3. The influence of various treatments on pH and 
IRRl. 1376. 

Treatment" 
1day 

AS 8.2 
Urea 8.8 
AS + DAP 8.2 
AS.D IU 7.6 
None' 8.4 

• - ammonlwn sulfate; DAP 

pH of water aifter 

2 days 3 days 6 days 

8.6 9.0 9.0 
8.7 9.0 9.5 
8.7 9.7 9.3 
7.8 8.0 8.1 
8.0 8.3 8.5 

Straw wt Grain wt 

(g/pot) (g/pot) 

23.8 b 24.0 b 
27.1 a 26.6ab 
13.4 d 16.4c 
17.2 c 18.7 c 
22.5 b 28.8 a 
14.6 d 18.2 c 

18.2 c 23.8 b 

days after transplanting. 

conducive to rapid loss of ammonia through 
volatilization. Four treatments that are likely 
to influence algal growth were applied to the 
surface of a 400-sq-cm paddy field enclosed by
metal squares. The fertilizer was applied at 
1300 hours and water samples were taken at 
1300 hours for the first 3 days to determine 
changes in pH and ammonium nitrogen. After 
6days, the entire amount of soil in each square 
(to a depth of about 7 cm) was removed and 
analyzed for ammonium nitrogen. The results 
are summarized in Table 3.The smaller increase 
in pH in the area treated with Diuron (inhibit
ing algae) illustrates the key role of algae. 
Added ammonium sulfate increased floodwater 
pH, probably by stimulating algal bloom. The 
addition of phosphorus stimulated additional 
algal growth conducive to drastic increase of 
pH, and, hence, ammonia loss. In Diuron
treated plots, higher amounts of ammonia were 
found in the floodwater after 3 days. 

The results agreed with the expectation that 
algal activity may be a major factor in stimulat

ammonium nitrogen content of paddy water end soil. 

NH,.N (mag/I) in water after NH,4-N in sol'b (kg N/ha) 

1Iday 2 days 3 days After 8days 

34 
6 

45 
48 

0 

15 
8 

18 
28 
0 

8 
8 
2 

18 
0-

18 
18 
15 
41 

- dlimoniwn phosphate; DIU - Oluron. '~lculated to a depth of 7 cm. The ammonium nltrogen
(NH.-N) conltent of buk paddy wes 17 kg N/ha on April 20 and 5 kg N/ha on May 9. CBulk ,paddy that was not hreated with 
nitrogen; less then 0.5 ppm NH.-N In bulk paddy water at all times. 
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Table 4. Summery of results of open cans.closad bottle experimets? iKRI. 1976. 

Nitrogm (kg/he)Treatment Added Foundof 
Added Found 


0 	 22-N cosed 

+ N closed 40 55 

" N open 40 30 


-N closed 0 14
 
" N closed 42 50 

+ N open 	 40 27 

0 15
 
" N closed 42 43 

" N open 40 20 


-N closed 


- Nclosed 

0 	 14 

" N closed 61 67 

" N open 59 63 

-N losed 0 10
 
" N closed 61 46 

+ N open 	 59 27 

0 5- N closed 

+ N closed s0 48 

60 16-+ N open 

'Numbers in parenthetes we 1% confidence intervals of means. 

ing ammonia loss of the broadcast nitrogen 
fertilizer, 

To estimate the loss of broadcast ammonia, 
bottomless open cans and bottomless closed 
bottles were set in the paddy field. At the end 
of the experiments, water and soil samples were 
taken and analyzed for inorganic nitrogen. 

The resvits of the experiments (Table 4) indi-
cate the large and rapid loss of nitrogen-as 
high as 50% for 5days-that occurs in the open 
system relative to the closed system. Presum-
ably the loss results largely from volatilization 
of ammonia. Such rapid loss isunlikely to be a 
consequence of nitrification-denitrification. The 

incomplete recovery of added ammonium nitro
gen in closed bottles is likely the result of 
reaction of ammonium nitrogen with the clay 
into forms not extractable with potassiumchloride, 	 a common phenomenon in soils at 
IRRI. That reaction complicates interpretation 
of the experiments. 

To estimate rate of loss over periods of a few 
hours, dish experiments were conducted. After 
application of ammonium nitrogen, paddy 
water was removed periodically and transferred 
to flat glass dishes placed in the paddy field. 
The aliquots in the dishes were analyzed for 
total volume of water, p1H, and ammonium 

Nitrogen eslimated lost 
by voletlizatlonRecover () 


added N
 
kg/ha % 

"
82 
23 	 25 59 

86 5) - 
32 (11) 23 54 (± 12) 

70 (t9) 	 - 
12 9) 	 23 58(+22) 

-
84 18) 14 23 (21)
87(:16) 	 

59 (21) 1- -" 

28 t14) 19 311±20) 

"
80(, 5) 	 
31 57 (±15)23 :15) 

nitrogen. Losses as high as 1kg N/ha per hour 
were observed. Losses during the day were 
usually 1/2 that rate or less; at night they were 
1/10 that rate or less. The sum of losses during 
2 to 3 days following application was usually 
less than the losses given in Table 4. 

Ammonium loss was also estimated with an 
aerodynamic method. Ammonia and water 
vapor concentration in the atmosphere at four 
heights above the paddy water were measured 
and the flux of ammonia in the atmosphere was 
calculated with the equation: 

FH20  2 -FNH33N 

where FH20 = flux of water per unit surface 
area per unit time, 

AV = difference in water vapor con
centration in air at height Z 
and Z2 above water surface. 

FNHJ = 	flux of ammonium nitrogen, 
and AN = difference in am
monium nitrogen gas concen
tration inair at height Z, and 
Z2 above water surface. 

The results of the measurements generally 
agreed with the observations made through 
the two previous procedures. 
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NITROGEN FERTILITY OF SOILS P o oWoN 
Agronomy and Soil Chemistry Departments $00 

Seldom does the rice crop recover more than 9o ria 
30-40% of the nitrogen fertilizer applied to it. 
During 1976, studies included some of the basic o A aAY 

issues on nitrogen fertility of soils, and manage
ment practices that affect nitrogen fertilizer 70 ,,t% 
efficiency on lowland and upland rice. 

Did fluctuatIons of pH, temperature, and dis- 60 ,urrns . 

solved carbon dioxide in floodwater. In aquatic 
3 5 7500 2 4 6 8 

plant systems such as those that occur with 

rice, factors affecting photosynthesis and respi- D aft fmohsm, 

ration directly influence the carbonate equilib- 2. Effect on pH of paddy water of broadcast nitrogen at 

rium of the floodwater and indirectly alters 60 kg N/ha applied as ummonium sulfate and urea. Machas 

pH. During the daylight hours the high photo- and Luisiana soils, IRRI 1976 wet season. 

synthetic carbon requirement stimulates rapid 
removal of carbon dioxide from the aquatic decrease water pH, while urea may increase it. 
system. A net carbon dioxide release to the 	 After the initial effect of the dissociation and 
system is typical of conditions during the night hydrolysis of fertilizer salts, the aquatic biota 
when respiratory processes enrich the supply. then assumes a prominent role in regulating 
Typical dicl fluctuations of pH, temperature, the pH of paddy water. Figure 2 shows the 
and disbolved carbon dioxide in floodwater are effect on pH of ammonium sulfate and urea 
shown in Figure 1. broadcast on the paddy water on Maahas clay 

Effects of nitrogen sources on floodwater pH. and Luisiuna clny during the wet season. 
The effects of aquatic biota on water pH are Under the iafluence of aquatic biota, the 
great, but the application of nitrogen fertilizets measurement and proper quantification of 
may also temporarily alter the pH of the water ammonia volatilization losses in the field meet 
regime. Anmonium sulfate may temporarily cojasiderable technical problems. Several tech

niques for evaluating ammonia volatilization 
were tried with no consistent results. 

Placemenk effects on minimizing nitrogenTwom0l00 
32 	 losses. To determine the effect of fertilizer 

placement on ammonia volatilization losses in 
28 	 newly transplanted paddy, variable proportions

of ammonium sulfate al urea were either 
broadcast or applied in muciballs. The broad

cast treatments were made into about 5 to 8 
8 cm of standing water, and the mudballs were 

placed 10 to 12 cm deep in the soil between 
6 ' a ' ' ~'alternate hills. The losses of ammonia nitrc'gen 

20 measured by trapping in acid are shown in 
Figure 3. 

Slightly more nitrogen was lost from broad
cast ammonium sulfate than from urea during 

A the 11l-day period immediately after application. 

T~W~ 	 o niarrlssoesha frme amniu slfatger 
I. Diel fluctuations of temperature, water pH, and dis-	 ocurdsmwaerlran atahgr 
solved CO, inMachas clay. 3days after fertilization with rate than losses from urea, which showed a 
60 kg N,'ha. lRRI 1976. . definite time lag in volatilization. Because direct 
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3. Ammonia volatilization loss (%of total upplicalion) on Mauhas clay us uffccted by source and placemcnt. IRRI. 1976 
wet season. 

volatilization from water depends on the quan- proved the efficiency of plant nitrogen uptake. 
tity of ammonium present in the water, pre- Broadcasting ammonium nitrogen onto the 
sumably the hydrolysis of urea to ammonium surface of alkaline soils, or into water made 
was inhibited by low urease activity in the alkaline as a consequence of carbon dioxide 
floodwater, assimilation by photosynthesizing aquatic 

The ammonia volatilization losses from species can result in significant losses of fertilizer 
broadcast ammonium sulfate during the over- nitrogen. 

wet season amounted !o about 6.8% of Ammonia losses by direct volatilization werecast 
the total nitrogen applied. The losses were evaluated with ammonium sulfate applied by 
proportionally less with increasing levels of various methods on neutral Maahas clay (Tro
fertilizer applied by deep placement. Ammonia pudalf) and acid Luisiana clay (Tropaquept) 
volatilization losses from the 90 kg 	N/ha in soils. With the use ofa 0.1N sulfuric acid entrap. 

amount ment system, where a constant flow of airmudballs were about 0.25% of the 
applied, replaces the atmosphere hourly, direct ammonia 

Similar trends in ammonia volatilization volatilization losses during a 14-day period were 
losses were observed in urea, except that the measured. Treatments compared were 30 kg 
total percentage loss from the all-broadcast N broadcast 10 days after transplanting, 90 kg
treatment reached a maximum of 5.8% during N broadcast and incorporated in a basal appli

the first 11 days after treatment. Losses from cation, and 90 kg N in mudballs 10 to 12 cm 
placement of mudballs reduced the ammonia deep between the hills of transplanted rice. 

an somevolatilization losses to about 0.25% of the Nitrogen was broadcast alone and, 
amount applied, as in similar ammonium sul- treatments, with phosphorus as superphosphate. 
fate treatments. The results suggest that proper The cumulative nitrogen losses from the soil 
fertilizer placement techniques minimize (volatile ammonia), as the percentage of the 
ammonia volatilization losses and increase quantity applied, are shown in Figure 4. 
nitrogen-use efficiency. On the acid Luisiana soil, ammonia volatil-

Nitrogen losses as affected by pH, and time ization was favored by the broadcast phosphate, 
and method of application. Rice growers in which stimulated the growth of algae and pro-
Southeast Asia use a wide variety of practices duced a slightly higher watcr pH than that in 
to apply nitrogen to lowland rice. In many the nitrogen broadcast treatm'ents without phos
instances, the deep placement of nitrogen (mud- phorus. Ammonia volatilization losses from 
ball or similar techniques) significantly im- broadcast and incorporated ammonium sulfate 
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but to only a small extent. Where nitrogen was 
applied by mudball placement, no volatile 
ammonia was detected above the natural back-
ground level, 

On Maahas soil, phosphorus applied to the 
field stimulated algal growth and produced a 
higher floodwater p1- that enhanced volauil-
ization losses. Mudball placement at 90 kg N/ha 
showed about 0.25% loss, which was just 
measurable above the natural ammonia back-
ground level. Results suggest that deep place-
ment of nitrogen, or broadcasting and thorough 
incorporation-depending on soil type-great-
ly minimizes the volatile ammonia losses on 
flooded, nitrogen-fertilized rice fields, 

Effects of straw nitrogen composition and 
temperature on the mineralizatlon and Immoblli-
zatdon of nitrogen. Incorporating crop residues, 
especially rice straw, into the soil is receiving 
increased attention us a means of maintaining 
the fertility of flooded rice soils, 

Temperature is a major factor affecting the 
activity of microorganisms and the decomposi-
tion rate of rice straw. Within the favorable 
range, the growth and metabolism of specific 
organisms will increase twofold to threefold 
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incubating rice straw containing 100 ppm N 
(from rice straw of different nitrogen composi
tions) at temperatures of 12, 22, and 320C are 
shown in Figures 5 to 10. The figures give the 
changes in nitrogen immobilized or mineralized 
over a period of 120 days on Maahas clay and 
Luisiana clay incubated in the laboratory. 

On Maahas clay at 322C, rice straw with 
greater than 1.26% N released nitrogen soon 
after it was incorporated into the soil (Fig. 5). 
The magnitude of mineralized nitrogen was 
roughly proportional to the original nitrogen 
content of the rice straw. 

On Maahas clay at 22°C, nitrogen was re
leased almost immediately from rice straw with 
greater than 1.26% N, but the extent of min
eralization (Fig. 6) was much more reduced 
than at 32°C. 

At 12°C on Maahas clay, straw with more 
than 1.26% N released mineral nitrogen to the 
soil system, but at a considerably lower rate 
and intensity (Fig. 7) than at 22°C and 32°C. 

Luisiana soil, with added straw containing 
100 ppmn N (from rice straw of different nitrogen 
compositions), was incubated in flooded soil 
and sampled at various times up to 120 days. 
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. Effect or nitrogen content (0.48 "' o r r
5% 	 the changes in extractable mineral nitrogen (AN) in 

Luisiau clay at 32 C. IRRI. 1976. 

% or At 325C (Fig. 8) the straw with greater than 
-zo-%,,1.26% N released nitrogen, but in a pattern 

different from that in Maahas soil. After an 
-initial increase in mineralized nitrogen, a tem

-40- o,*,." porary lag occurred, followed at 60 days of 
incubation by a near-linear release pattern that 

00 persisted until the incubations terminated at 
7. Effect or nitrogen content (0 48-2 'r'0" 12dasor rice straw on 
txchnb¢ inntruciabk mineral nitrogen (AN) inMaahas Incubated at 220C (Fig. 9) Luisiana clay was

clay at 12:C. IRRI, 1976. marked by both retarded mineralization and* 
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~nitrogen release. Temperature levels affected 
-', o- nitrogen immobilization, but to a lesser degree 

. than they did nitrogen mineralization. 
_ -. .op,.o. Luisiana sail, with a pH of 5.1 (1:1I water

,....,oO ",to-soil ratio) and 3.14%o organic matter behaved 
44o_%%,, differently in some respects of mobilization

immobilization from Maahas clay with a pH 
_________________________ of 6.0 (1: 1) and 1.99%o organic matter. 

S601 30 45 60 90 tZO 

c~m PLACEMENT OF FERTILIZER NITROGEN 
9. Effect of nitrogen content (0.48-2.78%) of rice straw on Agronomy Department 
the changes in extractable mineral nitrogen (AN) in 
Lulsiana clay at 22°C. IRRI. 1976. Irrigated rice. A field experiment at JRRI during 

the dry season evaluated the effect of placement
of urea in mudballs and as supergranules on 

immobilization of straw nitrogen. Note that fertilizer nitrogen efficiency. Another treatment 

straw decomposition related to nitrogen mobili- consisted of sulfur-coated urea (SCU) broad
zation-immobilization in Luisiana clay at 12°C cast and incorporated during land preparation. 
showed virtually no net nitrogen immobiliza- The test varieties were early maturing 1R36 and 
tion, except for a 30day duration with straw the medium maturing 1R26. Average data for 

containing 0.48%o N (Fig. 10). the two varieties showed that urea in mudballs
The results of the experiments on Maahas and as supergranules, and SCU applied basally 

and Luisiana soils indicate that the amount at 56 kg N/ha gave yields comparable with 
and rate of release of nitrogen increased with those with urea at 150 kg N/ha applied in split 

increasing temperature b.vels and, generally, doses (Table I). At 56 kg N/ha the difference 
in proportion to the nitrogen composition of between supergranules and urea applied in split 
the straw. The highe' the temperature, the doses was not significant. 
greater the amount and t'he faster the rate of During the wet season, nitrogen efficiency 
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Table 1. Effects of meothod of nitr een km on on 
d ainy of Inriae IRI end IRI ,ric ,13fl
dry ernon. 

Grain yield (he)Method of niogn 
application, elnd sources iR26 I3O Mean' 

No nitoe fertilizer 3.2 3'3 3.3 c 

56kg N/ha 
Split applicetion, urea' 4.5 4.4 4.5 b 
Placement as supefgranule 5.1 4.9 5.0 eb 

Sunfu.coatd uwee. broedcast 
ad Incorporated 5.7 6.0 5.3a 

6.1 5.3 5.7 e 
Placement of mudballs 

150 * Whesplit 

Split applcution. wee 5OkuNh; . 55Ssod 
same letter we not 

mens followed by the 

significantly different at the 5% level. b2/3 bsul+1/3 5 to 7 
days before penicle initiation. 

'in a column. 

trials were formalized under the International 
Network on Fertilizer Efficiency in Rice 
(INFER) program. Eleven fertilizer treatments 
developed jointly by rice scientists of South 
and Southeast Asia during the 1976 Inter-
national Rice Research Conference were eval-
uated at IRRI and in three Philippine farmers' 
fields. IR26 and IR36 were the test varieties, 

The interaction between fertilizer and variety 
was not significant, and the data for the two 
varieties were averaged (Table 2). The mean 

Table 2. Effects of methods of nitrogen application on 
grain yield of Irrigated IR2 and IR36 rices. IRRI. 1976 

wet season. 

Method of nitrogen GrainGrain 
appilcetlon iR26 IR3S Tmeen 

3.5 3.8 3.7 d
No fertilizer nitrogen 

Split applicatAon of ureaA 4.5 4.9 4.7 c 
Band ptecement (urea solution) 4.7 4.9 4.8 c 
Mudbel1 	 4.2 6.1 4.6 c 
Supergrenule 4.4 c4.8 4.6 
Suifur-coeted 	urea, broadcast 4.7 5.4 5.0 bc 

end Incorporated 

5kN/acas
b

Split aplication of urea 5.0 4.9 4.9 bc 
Bend placement (urea eolutlon) 4.9 5.2 5.0 bc 

Mubl . . . bof 

5.0 5.1 5.0 bc 

Sulfur-coaied 	 urea, broadcast 5.6 5.4 5.5 a 

and incorporated 


Supergranule 

80kg N/ha 

Split aplication of urea' 5.3 5.2 5.2 eb 

'in a column. means followed by t1w saen erai not 
significantly different Ut the 5% level. '2/3 basal41/3 S to?7 
clays before perdcle Initiation, 

grain yield at 28 kg N/ha was significantly
higher than the grain yield without fertilizer 

nitrogen. The grain yield at 56 kg N/ha was 

except for the treatments with SCU and mud

balls. At 56 kg N/ha, the SCU treatment gave 
significantly higher yields than those with super
granules or urea as split application or as liquid 

band placement, but itgave yields comparable
 
with those at 80 kg N/ha as urea applied ins 

doses. 

Efficiency of fertilizer nitrogen on different 
types. During the dry season, experiments 

were conducted in two farmers' fields in Nueva 
Ecija (Mufioz and San Jose) on a Vertisol and 
in one farmer's field in Rizal on an Ultisol. 
Blanket application of 30 kg P2 0/ha and 10 
kg K20/ha was made on both sites. Inter
mediate maturing IR26 was the test variety. 

Fertilized plots gave significantly higher grain 
yields than the unfertilized ones except in San 
Jose, where the yields from the unfertilized 
plots were comparable with those from plots 
with 56 kg N/ha applied as SCU, urea super
granules, and urea placed in a band (Table 3). 
In the San Jose trial, water shortage during the 
reproductive and ripening stages of the crop 
caused poor crop and poor fertilizer response. 

Table 3. Effects of methods of nitrogen application on 

the grain yield of IR26 rice. Fermers" fields in Nueve 
Ecljo and Rizal provinces. Philippines. 1976 dry sason. 

yield(/h)
Gr2dnIR3eWT(i/he) 
Method of nitrogen Nueve Ecije Rizal 

(T1181)
application 
(Tem)MuhozSan Jose 

No 	 2 A 
.N irgn29 	 c . 

b 
56kg N/he 

Split application of urea' 3.0 b 3.7 b 4.4 b 
Placement as q~ms-,rfcrnuIet 2.9 ccl 3.9 b 4.6 b
 

Suffur-coetd urea, broad

t and incorported 3.0 bc 4.0 ab 4.1 b 
oltn)2.8 d 3.7 b 4.8 b 

slutio bn lmn 

urea 2.8 d 3.Sb L.6b 

11t2kgi N/he 
Split application of wree' 3.1 b 4.1 ab 4.8 b 

150 kg N/he
 
Slit application of urea 4.0 a 4.7 a 5.7 d 

'in a column. meena followed by the aeme ltter e not ulgnlfi. 
cantly different fromaeach other. '2/3 baail*1/3 5 to 7 days 
before panicle initiaton. 
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Table 4. Effects of dlffwent methoS of nitrogen appli-
cation on the grain yied of IN2, and IN3N rices. Tansy. 
Riue province. Philippines. 1976 wet season. 

Gran yield (t/ha) 
Method of nitrogen 

appication IR26 IR36 Mean" 

No fertilizer nitrogen 3.6 3.0 3.3 e 
28 kg N/ha 

Splt app4tcstion of ureab 4.6 3.9 4.2 d 

Band placement (urea solution) 4.8 4.1 4.4 d 

Mudball placement 4.9 4.1 4.5 cd 
Supsrgranulse placement 4.5 4.2 4.4 d 
Sutfur.costed urea. broadcast 4.4 4.0 4.2 d 

and Incorporaled 

56 kg N/ha 
Splt application of ureab 5.0 4.6 4.8 b 


Band placement (urea solution) 5.6 4.7 5.1 ab 

Mudball placement 5.4 4.5 . 4.9 ab 

Supeigranule placement 5.3 4.6 5.0 ab 

Sulfur-coated urea, broadcast 5.6 4.6 5.0 ab 


and incorporated 


80 kg N/ha 
Split applcation of ammonium 5.6 4.8 5.2s 


sulfate 

Mean 4.9 4.2 

*In a column, means followed by the same leter ae not signifi.
cantly dillerent at the 5% level. b2/ 3 basall/3 5 to 7 days
before panicle initiation. 

During the wet season, the trials became part 
of the INFER program. Two farmers' fields in 
Rizal (Tanay and Teresa) and one in Laguna 
(Luisiana) were chosen to represent an acid 
ultisol. In Tanay, varieties IR36 and IR26 were 
used, and in Teresa and Luisiana only IR36 
was the test variety. The blanket application of 
phosphorus and potassium was raised to 40 
kg/ha each of P20, and K2 0. 

In the Tanay trial, average data for IR36 and 
IR26 rices showed no significant grain yield 
differences among treatments at a given fertil-
izcr level (Table 4). However, 80 kg N/ha as 
ammonium sulfate in split application gave 
significantly higher grain yields than 56 kg 
N/ha as urea, also in split application,

1R36 without fertilizer nitrogen gave signif-
icantly lower grain yields than fertilized 1R36, 
except at Luisiana where it gave yields com-
parable with those from plots with 28 kg N/ha 
applied insplit doses, or placed inmudballs or 
as supcrgranules. At Luisiana, 28 kg N/ha as 
mudballs or as SCU gave yields similar to those 
from plots with 80 kg N/ha as ammonium 
sulfate insplit doses (Table 5). 

Nitrogen efficiency in rminted rice. During the 
wet season, a nitrogen efficiency trial :"ed 1R26 
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TableS. Effects of different methods of nitrogen appl
cation on the grain yield of IR36 rice. Fawmers' fields in 
Ter". Rial province, and Luielana, Laguna province 
Philipplne. 1376 wet season. 

Grin yield' (t/hs) 
Method of nitiogen 

applUcation Twese LuIlana 
(Rizal) (Laguns) 

N ioe . .
 
No nitrogen 2.8 a 

28kg N/ha
Splt applcation of ureab 3.8 d 3.8 bc 
Uquld band placement 3.9 d 3.7 bc 
Mudball placement 4.2 cd 3.9 abc 
Placement as supergranule 3 9 d 3.8 bc 
Sulfu-coated urea. broadcast
 

and Incorporated 4.0 d 4
 

56 kgN/ha
Split apphcation of urea 4.4 bc 4.3 ab 
Uquid band placement 4.6 sb 4.4 ab 
Mudbsll placement 4.6 ab 4.8 a 
Supergranule placement 4.5 be 4.5 ab 
Sulfur-coated urea. xoadcast
 

and incorporated 4 8 ab
 

80 kg N/ha 
Split applcatlon of ammonium
 

sulfate 4.8 a 4.8 a
 

'in saime column, mean followed by the same Wts se not 
aignificantly different from each other. b2/3 besal + 1/3 5 tO 
7 days before panicle initiation. 

and IR36 in rainfed plots. 
In general, grain yields under different 

methods of application were similar. However, 
at 28 kg N/ha, band placement of urea solution 
gave significantly higher grain yield (average of 
two varieties) than split application and super
granule placement at the same rate (Table 6). 

EFFECTS OF PLANTING DATE AND TIME 
OF NITROGEN APPLICATION ON RICE 
YIELD RESPONSE 
Agronoii' Department 

Field experiments at IRRI during the dry and 
wet seasons of 1975 (first planting was in 
January 1975, last harvest was in April 1976) 
examined the optimum time of planting and 
time of nitrogen application to get maximum 
rice yield. 

A split-split plot design with three replica. 
lions was used, with time of planting in the 
main plots, variety in the subplots, and the 
combination of nitrogen levels and times of 
application in the sub-subplots. The early ma
turing rice 1R28 and the intermediate maturing 
rice 1R26 were the test varieties. Ammonium 



TeWs S. Effcts of methods of nitrogen applieation on The results suggest that with favorable so&..: 
the grain yield of IR26 and IR3 rices. IRRI. 1976 wet energy levels of the dry -* son, the optimum 
seeson (rainfed). 

time of nitrogen applicatwiat 	 depended upon 

Method of nitiogen Grain yield (t/ha) nitrogen levels: with the low solar energy levels 
ppklation IR26 IR36 Mean of the wet season (each variety responded dif

2.4 * ferently to the environment and had lower 
No nitrogen 2.9 	 1.9 

28 kg N/ha responses to nitrogen levels), the effects of time 
Split 4.6 3.4 4.0 ef of nitrogen application were governed byapphcatlon of ureab 
Band pilcenment (urea solution) 4.8 4.5 4.7 bcd planting time and variety. 
Mudbail placement 4.9 4.1 4.5 c lnin ie n arey 

4.3 3.6 3.9 f The cffccts of time of nitrogen applicationSupetgrsnule placement 
Sulfur-coated urea, broadcast 4.9 3.6 4.3 def 

on grain yield and yield components for the 
and incorporated 

dry season are sumnarized in Table 7. During
56 kg N/ha 

Spht applcation of ureab 6.3 4.6 5.0 bc the dry season, nitrogen at low levels could be 
Mudbail placement 4.3 5.3 4.9 b applied once or in split doses. At a low nitrogen 

level increased grain yields were determined by
Supirntule p bleecant 5.0 	 4.9 5.0 b 

6.0 5.2 b four yield components: panicle number per hill,Sunur.coeted urea. broadcast 5.2 

number of spikelets per panicle, percentage of
80 kg N/ha 

Splitapplication of urea 5.9 	 5.3 5.8s unfilled grains, and weight of 100 grains. At 

letter we not signifl- high nitrogen level, however, increasing grain
,01n a column. means followed by the same 
cantly diffesent at the 6% leveL basal + 1/3 6 to 7 day yields were determined by three yield comb2 /3 	 eedtrie ytrcycdcmyed
before panicie initiation. ponents: panicle number per hill, spikelet num

ber per panicle, and percentage of unfilled 
It seems that in the wet season. splitsulfate was applied to both varieties at rates of grains. 


30, 60, and 120 kg N/ha in the dry-season application increased fertilizer efficiency in both
 

plantings (January to June), and 30, 60, and varieties (Table 8). Nitrogen applied at 5 to 7
 
days before panicle initiation frequently gave90 kg N/ha in the wet-season plantings (July to 

December). Superphosphstte 	 and muriate of the highest grain yields (Table 7, 8). 

were applied at The results suggest that environmental conpotash as basal applications 
30 kg P2 0, and 30 kg K 20/ha. The basal ditions severely limited the growth and yields 

of both IR28 and IR26. The plant stress theyapplication was broadcast and incorporated, 
caused could not be overcome by increasingand nitrogen was topdressed on paddy water. 
nitrogen levels, unless the varieties used wereNitrogen was applied at the following growth 

stages: Iday before transplanting, 10 days after adapted to such conditions. The experiments 
that yield can be increased by moretransplanting, 20 days after transplanting in suggest 

IR28 and 30 days after transplanting in IR26, than 1.0 t/ha when nitrogen is applied at the 

5 to 7 days before panicle initiation, and panicle appropriate time based on level of solar energy. 
in a givei harvest month and at a given solarinitiation. 

Table 7. The highest and the lowest 	grain yields obtained with a particular time of nitrogen application inthe 

dry-alin plantings. IRRI, 1075-76. 

Grain yielda (t/ha) 	 Determlntng component 

Spikeleta Unfilled- 100.
Nitrogen 


level Highest 
 Lowest Differ- Panicles per grain grai~n 

ence per hill panicle percentage wt 

30 kg/hal 4.0(4.8.1 ) 3.7(3) 0.3 + 	 + + + 
+ - 60 kg/he 4.7(4.6) 4.2(2) 0.5 

+ ++
120 kg/ha 5.5(8) 5.0(2) 0.5 

LSD (0.05) - 0.2 t/ha.
 
aNumbers in purenthesas refer to time of N aplication: (.1) basal. (2) 10 days after transplanting. (3) tilleting,
(4) 5-7 days before 

panicle Initiation. (6) basa l + panile initiation. (8) basal +filleting + panlcle Initiation. 
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Table S. The highearod the Iowes grain yils obtained w!t a prtiolw tine of nitroge application affected 

by planting times inthe wet seon. INK. 1171-76. 

Grain yield' (t/ha) Determining component 

Plenting Spikelets Unfilled- 100
time Highest Lowest Differ. Panlcles pet grin grain 

once per hill Panicle percentage wi 

IR28 
July 3.9(4) 2.5(2) 1.4 + - +
 
August 3.4(8) 3.1(2) 0.3 + - - _
 
Septembor 3.4(3) 3.0(6) 0.4 + + _ _
 
October 33(6) 2.7(2) 0.6 + - _
 
November 3.5(4) 2.8(1) 0.7 + + _
_ 

December 4.3(6) 3.6(3) 0.7 . + - + 

1R26 
July 3.0(5.8) 2.8(2) 0.8 + + -
August 3.6(8) 3.2(2) 0.4 + - - +
 
September 2.8(8) 2.4(4) 0.4 - + + _
 
October 3.8(4,7) 3.1(2) 0.7 + - + 
 _
 
November 3.9(8) 3.4(2) 0.6 + + _
 
December 4.8(8) 3.8(2) 1.0 + - - + 

LSD (0.05) - 0.4 t/ha.
'Numbers in patentheses refer to time of N application: (1) basal, (2) 10 days after transplanting, (3) tieving, (4) 5-7 days before
 
particle Initiation, (5) basal + till*lng. (6)basal + penicle initiation, (7) filleting
+ panicle Initiation, (8) basal + tiliering + panile
Initialion. 

energy total for 45 days before harvest, similar medium, and high nitrogen levels was effective 
grain yields can be obtained with several alter- for IR28 (Fig. 13). In IR28 nitrogen efficiency
native times of nitrogen application (Fig. I I to was high when nitrogen at low, medium, or 
14). Results indicate that with the high solar high levels was applied once at growth stages
radiation that prevailed in the dry season, basal close to the reproductive growth phase-at
application at low and high levels was as effec- tillering or at 5to 7 days before panicle initiation 
tive as split application in obtaining maximum (DBPI). With low solar radiation, split appli
nitrogen efficiency in both varieties (Fig. 11, cation had no advantage over single application
12). With the low solar radiation that prevailed in IR26, because it produced few tillers (Fig.
in the wet season, split application of low, 14). The single application of nitrogen increased 

Sokr raafoi (clastc/np45 DIH) 

To of N 20 hg N/h 60 kg N/h 9040kg Wta 

i n M A A M J J M A'A M J i M A A MJ1__of~ -I--- S?' T -- IMeS-.-- ' 

ow5-71m go 0.0 00 00
+ii * * * 

Tdlervq+ PI 0 0 00 0 0 @0 
Bcmld+Ti+M 0 S 00 @0• 000• 

J MAAMJ 
Mvflh of tues 

I11.At a given solar energy level, with increasing solar energy totals (or 45 days before harvest (DDH) with a particular
month of harvest, similarly high grain yields of 1R26 and 1R28 rice were obtained (a) with various times of N applications.
DT .- days after transplanting; DBPI - days before pinkile initiation; Till --uillering; P1 - panicle initiation. IRRE, 
..
175-76. 
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Sokx trkf (cal/squcnpwr45DBH) 

60 kgN/h 901201gN/ho
Trr of N 30 kgN/to 

F M AMJ J
j975.--.--19720 *LWO:1 FMAMJ85 ..0-. '97J FMAM J J 197-~--37 

B000 40* * 

1001 0 
5-7 DOS S 0 0 0 
Bm0+Tl 0 0 

1400 ~ + P 0 0 0
T"d +PI 0o 00 

Bo +Tdl+P 0 * 0000 0 0 

FMAMJJ
 
hbtoht howvt 

12. At a given solar energy level, with increasing solar energy totals for 45 days before harvest (DBH), with a particular 
month of harvest, snlarly high grain yields of IR26 and IR28 rice were obtained (e) with various times of N applications. 
DT - days after transplanting; DBPI = days before panicle initiation; Till = tillering; PI - panicle initiation. IRRI, 
1975-76. 

Sobr r:tow (ca/sq cm at45 DBH ) 

kg N/ho
60kgN/ho .. 90-
Trof N 30 kgN/ho 
ko1 J A S O N D J A S 0 NO J A S O N D 

______ 195r975 1975 

0@ 0 

10DT 0 

1000- TI"w 00 06 0 S 0 
9000 * 

Bmol + Td 0 0 0 
Bmd+PI 0 @ 0 9 0 

PI 0 0 000 

5-7 D8P1 e @0 e 

70Q-Ti"rw+ 
Bos+TdIl+F 0 0 0 

JASOND 
Moni ofItovst 

13. At a given solar energy level, with decreasing solar energy totals for 45 days before harvest (DBH). with a particular 
month or harvest, similarly high grain yields of IR28 rice were obtained (e) with various times of N upplications. DT -, 
days after transplanting; DBPI - days before panicle initiation; Till tillering; PI = panicle initiation. IRRI, 1975-76. 

Sokbrodto (cod/sqcmrr450l4) 
30003Okg N/ho 60 kgN/o 90-12kg N/ho 

T"re of N 
,oot ASONDJ AS ONOJ ASONDJ 

1975---4 5----4
197---- 137 


lOO€T 0 
tllwvq @0 0 0 

5-7OOM @0 0 0 0 

Tdbvq+PI 0 0 0 0 @000 0 0 
tmi0+dl+MR 0 @00 @0 0• 0 00 

ASONDJ 
Pbtidcwxhst 

14. At agiven solar energy level, with decreasing solar energy totals for 45 days before harvest (DBH), with aparticular 
month of harvest, similarly high grain yields of.IR26 were obtained (e) with various= times of'N application,= DT - dlays 
after trnsplanting; DBPI - days before panicle initiation; Till - tillering; P1 r' pi.ncle onuioahon IRRI. 197/5-76/ 
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the panicle number per hill of IR26 to compen-
sate for the high percentage of unfilled grains. 
Under farmers' conditions and with poor con-
trol of water and weeds, split application is 
advisable to minimize nitrogen losses. 

The final choice of any one time of nitrogen 
application, however, will largely depend on 
the rate of application, the farmers' resources, 
theirjudgment ofsoil type and water conditions, 
and the rice variety grown. 

The following trends were observed: IR28 
had a low number of spikelets per panicle. To 
increase panicle number per hill, the single 
application of nitrogen at tillering or at 5 to 7 
DBPI isdesirable when a low nitrogen level is 
used with either high or low solar radiation. 
With higher levels with low solar radiation, 
topdressing of nitrogen just before panicle ini
tiation is desirable for maximum benefit from 
fertilizer nitrogen. 

For 1R26, the number of spikelets did not 
appear limiting. Because the percentage of un-

filled grains appeared more critical, split appli
cation of nitrogen is desirable to reduce that 
percentage. The single application of low nitro-
gcn level isalso effective with high or low solar 
radiation, when nitrogen application is basal o. 
at 5 to 7 DBPI. 

The results are summarized in a suggested 
schedule of nitrogen fertilizer application for 
soils similar to Maahas clay. 

With bigh solar radiation 
Early maturing variety 

Low N-levcl -- single application basal. 
Medium N level-single application at til-

lering stage or at 5 to 7 DBPI. or split 
application basal + tillering stage. 

High N level -single application basal 
or at 5 to 7 DBPI, or split application
basal + tillering stage + panicle initia-
tion stage. 

Medium maturing variety 
Low N level -single application basal. 
Medium N level-single application basal 

or at 5 to 7 DBPI, or split application 
basal + panicle initiation stage, 

High N level -single application basal, 
or split twice, basal + panicle initiation 
stage, or thrice basal + tillering stage 
+ panicle initiation stage. 
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With lowstolar radiation 
Early maturing variety 

Low N level -single application at 5 
to 7 DBPI, or at tillering stage. 

Medium N level-single application at til
lering or at 5 to 7 DBPI, or split applic
tion between basal + panicle initiation, 
tillering stage + panicle initiation stage. 

Medium maturing variety 
Low N level -single application basal 

or at tillering stage. or split application 
between basal + panicle initiation stage. 

Medium N level-single application basal 
or at tillering stage or 5 to 7 DBPI, or 
split application between tillering stage 
+ panicle initiation stage. basal + il
lering stage + panicle initiation stage. 

METHODS, SOURCES, AND TIME OF
NITROGEN APPLICATION FOR UPI.AND
 
RICE
 
Agronony Department 

In the wet season, the early maturing, inter
mediate-statured IR9575 and the medium ma
turing semidwarf IR2035-117-3 were used to 
determine the effects of method, source, rate, 
and time of nitrogen application on grain yield 
under upland culture. The three methods of 
application were broadcast and incorporated, 
band placement. and split application. Sources 
of fertilizers were urea, sulfur-coated urea 
(SCU), and ammonium sulfate. Rates of nitro
gen application were 60 and 90 kg/ha. There 
was also a basal application of 30 kg P2 05 /ha 
and 30 kg K20/ha. 

There were no significant interactions be
tween variety and the treatment combinations of 
sources, time, and methods of nitrogen appli
cation. The data are averages for 1R9575 and 
1R2035-117-3. Mean grain yield was highest 
when ammonium sulfate at 60 or 90 kg N/ha 
was applied inthree equal plit doses at planting, 
30 days after rice emergence, and at panicle 
initiation (Table 9). That yield was significantly 
higher than that of the SCU treatment at 60 kg 
N/ha applied all at planting in a band, or 
broadcast and incorporated. The incorporation 
or band placement of 90 kg N/ha as SCU at 
planting did not prove superior to any treat



Tebl I. Ef fect of different methods, sources, and time of nitrogen application on yield of IRm76 and 1R2036-117-3. 
IRRI, 1976 wet snoon. 

Rate of application (kg/ho) of 

Method" Sounce" 
nitrogen applied ati Yield t/ha) Meanl 

Planting 10 ORE 30 ORE P1 IR9575 IR2035-117-3 

0 0 0 0 2.2 2.1 2.1 
1 SCU 60 0 0 0 3.5 2.9 3.2b 

BP SCU 60 0 0 0 3.5 28 3.1 b 
1 U 60 0 0 0 3.2 3.3 3.2ab 

BP U 60 0 0 0 3.3 3.2 3.3ab 
S U 20 0 20 20 3.7 3.1 3.4ab 
S U 0 20 20 20 3.5 3.3 3.41b 
81 AS 60 0 0 0 3.7 3.3 3.5ab 
BP AS 60 0 0 0 3.6 3.0 3.3ab 
S AS 20 0 20 20 3.9 3.6 3.71 
S AS 0 20 20 20 3.7 2.9 3.3ab 
BI 
BP 

SCU 
SCU 

90 
90 

0 
0 

0 
0 

0 
0 

3.8 
3.8 

3.3 
3.2 

3.6ab 
36b 

BI U 90 0 0 0 3.4 3.4 *..4b 
BP U 90 0 0 0 3.4 3.6 sb 
S 
S 
S 

U 
U 
AS 

30 
0 

30 

0 
30 
0 

30 
30 
30 

30 
30 
30 

3.J 
3.8 
4.0 

3.3 
3.2 
3.3 

3.51b 
3.6ab 
3.7 e 

"BI - broadcast end Incorporated: BP a band placement; S - spit: bSCU - sulfur.cocted urea; U ures; AS - ammonium cut. 
fate. "ORE - days cftta rice emergence; PI- panicle initiation. Means followed by the same letter ae not significantly diffeent 
at the 5%level 

ment combination of urea or ammonium sul- Bureau of Plant Industry (BPI) stations. In 
fate. However, the yield obtained with the added 1968 a series of long-term fcrtility experiments 
60 or 90 kg N/ha as SCU, urea, or ammonium was started at three BPI stations with the same 
sulfate was significantly higher than the 2.1 
t/ha of the control treatment (0 fertilizer 

Table 10. Effects of NPK fertllizaution on the graIn yields
nitrogen), of IRS. IR26. and IR36 Inthe 2416h(dry season) and 25th 

The results suggest that SCU is not a better (wet season) consecutive crors. IRRI. 1975. 

source of nitrogen for upland rice on Moahas Fertilizer treatment
 
clay soil. Urea and ammonium sulfate, which (kg/ha) Yield" (t/ha)
 

are relatively cheaper than SCU, are equally N PO, K20 IR8 IR26 IR36 Mean 

good sources of nitrogen fertilizer if applied at Dry sason 

the proper time. 0 0 0 3.5 3.2 3.7 3.5 c 
140'b 0 0 7.6 7.8 6.8 7.4b 
0 30 0 3.8 3.6 3.7 3.7 c 
0 0 30 3.5 3.9 3.4 36 cLONG-TERM FERTILITY EXPERIMENTS 

140b 30 0 7.7 7.1 7.0 7.3 b 
Agronomy Department 140 b 0 30 7.8 7.8 6.9 7.5 ab 

140 b 30 30 8.2 7.7 7.1 7.7 ab 

IRRI. In the 24th and 25th crops of a long-term 140k 30 30 8.8 7.6 7.3 7.9c 
fertility experiment at IRRI, the dry-season 0 0 0 season 3.9 38 b 

results showed a highly significant nitrogen 80' 0 0 3.3 4.7 4.8 43 a 
response (Table 10). That response, however, 0 30 0 32. 3.8 3.8 3.6 b 

varied with varieties. The yield increase from 60' 30 0 3.2 4.8 4.8 4.2 a 

fertilizer was 3.0 t/ha for lR36 and 4.0 t/ha for 60' ' 0 30 3.6 4.8 4.8 4.4 a 
60 30 30 3.7 4.5 5.1 4.4 a

the two other varieties. During the wet season, e0o' 30 30 3.5 5.1 50 45c 
a modest but significant response to nitrogen "Avesge of four replications. ina column means followed by 

was recorded (Table 10). In either season, the th.e same letter are not ignificantly different at the 5%level. 
applcating P2s/haorof30 0 kgK20/a 'Includes topdXressing of 40 kg N/ha at panicle initiation In 
appicaionof30g P0 5 /a r 3 kgK 2 0ha the dry season anld 20 kg N/ha in the wet season. cCompo

did not give significant response in the presence (10 t/ha) plus inorganic (24 kg N/ha) compost * 116 kg /h 
organic. for dry season; 24 kg N/ha + 36 kg N/ha Inorganic. 

or absence of fertilizer nitrogen. fr,wet season 
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Table. 11. Effects of NPK fertilIzation on the grain yied of IRS, IR2S. and IRIS rica. in the 17th (dry season) end 
18th (wet seecon) crop in the long-term fertilityexperiments, at three locations (ev. of three rplilcatlons).Mallgaya 
Rice Reearch and Training Center. Sicol Rice and Corn Experiment Station. and Visys Rice Experiment Station. 
Phillppines. IRRI.SPI cooperative experiments. 1976. 

Yieldb 
(t/he) 

Fertlizer (kg/he) 
Malioys Bicol 

Ns P208 K20 
Dry Wet Dry Wet 

0 0 0 3.7 d 3.2 d 2.6 b 2.7 d 
140/70 0 0 4.5 c 3.4 cd 2.8 b 3.8 c-
140/70 60 0 5.3 b 4.1 b 3.1 b 4.9 b 
140/70 0 60 4.8 c 3.9 b 3.1 b 4.3 
140/70 60 60 6.8 a 4.9 a 4.5a 5.9 a 
140/70 60 60+30d 6.9 a 5.0a 4.7 a 5.9. 

8140 kg N/ha in the dry season: 70 kg N/h in the wet season, including 40 kg N/ha in the dry season, 

VinynS 

Dry' Wet 

- 4.6c 
5.2b 

- 6.2a 
- 5.1b 
-- 8.6 
- 6.4 a 

and 30 kg N/ha in the we 
season topdreased at panicie initiation. 1Av. of three varieties. Means followed by the seine letter we not significantly different at 
the 5% leveL 'Experiment was discontinued because of severe water shortege. SAppUjd in spit doses, basal and panicle Initiation. 

objectives as the experiments at IRRI. The BPI 
stations are on Vertisols similar to the IRRI 
soil. The 1976 data averaged for the rice varieties 
1R8, IR26, and IR36 showed a marked response 
to complete fertilizer (NPK), compared with 
that to nitrogen alone or to nitrogen and 
phosphorus (NP) in both Maligaya and Bicol 
stations (Table 11). Because of a severe water 
shortage, the experiment at the Visayas station 
was discontinued. 

The 1976 wet-season results were consistent 
with those of the dry season for both Maligaya 
and Bicol stations. The yield response to NPK 
was greater than that to NP in both dry and 
wet seasons at Maligaya and Bicol (about 1.5 
t/ha). As in the previous 2 years (1974, 1975 
annual reports), nitrogen and phosphorus appli-
cations improved the grain yield by I t/ha over 
that of the nitrogen treatment at the Visayas 
station. Unlike in the previous year, complete 
fertilizer did not give a significantly higher grain 
yield than the nitrogen and phosphorus treat-
ments. It gave, however, a significantly higher 
grain yield response than did the nitrogen and 
potassium treatment (Table 11). 

long-term rertility experments on acid Ulti-
sob. During the 1976 wet season, athirdseries of 
long-term fertility experiments was initiated on 

th cdfTnalios Rzl)adLusaath ci (ialltslso~aa ndLisaa 
(Laguna) in the Philippines. This series is part
of the first International Network on Fertilizer 
Efficiency in Rice program to monitor fertility 
changes with intensive cropping and modem 
varieties. The test varieties were IR26 and IR36. 

In Tanay, variety and fertilizer treatments 
interacted significantly. The grain yield response 
to phosphorus of IR36 treated with 60 kg N/ha 
was significant; that of IR26 was not (Table 12). 
In both varieties, however, complete fertilizer 
(NPK) gave significantly higher grain yield than 
did nitrogen fertilizer alone. 

On Luisiana soils, variety and fertilizer treat
ments did not interact significantly. There was 
no significant difference in yield response to 
phosphorus or to potassium among treatments 
with nitrogen nor among those without nitrogen 
(Table 13). Because the trial was the first in a 
series, no grain yield responses to phosphorus 
or potassium (or both) were expected, although 
growth differences were apparent during the 
tillering stage of the crop. 

Phosphorus response on acid Ultisol. A field 
experiment conducted during the dry season 

Table 12. Grain yields of IR3S and iR2 Longt 

fertility tr*'1 (first crup) in farmer's field. Tay. Rzal. 
1976 wet season. 

,lke teament 
(kg/h) Graln ylekld(t/ha) 

N Peo. K8O HRUB 1R26 Mean 
0 0 0 2.4 c 317c .5 

so 0 0 4.17 b 4.70 b 4.44 
00 400 040 3.363.01 ccd 3.383.35 c 

c 
3.373.18 

60 40 0 4.70 a 4.80 b 4.75 
0 40 40 3.30 cdi 3.52 c 3.41 

60 
60 040 40

40 
4.08 b4.87 a 

SO08ab
5.31 a 

4.58
6.09 

inaclmmasfloebyteaelteraeotagf. 
caty differnt at the 5%leveL CV - 6.6%. 
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Table 13. Grain yield of IR3 and IR26. Long-term fer
tilitytrial (first crop) in farmers field. Luilana. Isguna. 
1*VJA wet sason. 

Fwtier tetmient 

(t/ha)(kg/ha) Grain yield" 

N PO* KO 1838 1828 Mean' 

o o 0 3.0 2.91 2.98 c 
60 0 0 43.54 3.99 3.78 b 

o o 40 279 3.6 2.93 c 

0 40 40 3.19 3.73 3.485b 
60 0 40 4.24 5.70 4.97a 
60 40 40 4.49 5.82 5.15a 

"Mean followed by the same letter we not signifcantly different 
at the 5%leveL CV w14.4%. 

Table 14. Response of IRR and 16 to phosphorus 
on an ultleol In Term, Rizal, Phlllppines. 1976 dry 
season. 

Fertlzer treatrent 
(kg/ha) Yield (t/ha) Tremrnent 

N P20 K20 IRS IR26 IR36 

0 2.4 2.4 2.6 2.4 c0 0 

100+40 0 0 3.5 3.2 2.9 3.2 b 

100+40 60 0 4.2 3.6 4.1 4.0a 
100+40 0 60 3.6 2.7 2.8 3.1 b 
100+40 60 60 4.3 3.7 4.1 4.0 a 
100+40 60 60+30 4.3 3.7 4.1 4.0a 

Varety mean' 3.7 a 3.2 b 3.4 b 

'In a row or column, meant followed by the same letter we 
not sIgnificantly different at the 6% level. 

on an Ultisol in a farmer's field at Teresa. 
Rizal, Philippines, had the same fertilizer treat-
ments as the long-term fertility experiments at 
the BPI stations (Table 11). The test varieties 
were IR8, IR26, and IR36. 

Variety and fertilizer treatments showed no 
significant interaction. IR8 gave the highest 
mean yield of 3.7 t/ha, which was significantly 
higher than the yield of 1R36 (3.4 t/ha) and 

that of IR26 (3.2 t/ha). The yields of 1R36 and 
1R26 did not significantly differ. No treatment 
showed significant response to potassium appli-
cation. There was, however, a highly significant 
response to nltrosen and phosphorus. The 
average response of the three varieties to 140 

kg N/ha was 0.77 t/ha. The average yteld 
response to 60 kg P20s(ha was also 0.77 t/ha 
(Table 14).The site should be useful to evaluate phos-

phorus sources for flooded rice. 

ZINC RESPONSE OF LOWLAND RICE ON 
CALCAREOUS SOIL 

Agronomy Department 

Zinc deficiency is the third most important
nutritional factor that limits the grain yield of 

lowland rice. It is common on calcareous soils 
with high pH and high organic matter. 

During the wet season, a field experiment in 
Tiaong, Quezon, Philippines, evaluated the 
effect of different zinc sources applied at dif
ferent rates to transplanted and to direct-seeded 

flooded rice.
Chemical analysis showed that the soil has a 

high pH and a relatively high organic matter 
content (Table 15). Table 16 shows the grain 
yield data from the transplanted-rice experi
ment. The seedling dip of 2% ZnO plus foliar 

spray of 0.5% ZnSO4 at 5 to 7 DBPI produced
the highest grain yield of 3.5 t/ha. It was fol

lowed by seedling dip in 2% ZnO alone, which 
produced 3.3 t/ha. A satisfactory yield of 3.2 
t/ha was obtained when 50 kg ZnSO,/ha was 
broadcast and incorporated in the soil during 

the final land preparation.
Drought during the late vegetative and early

reproductive stages of the crop apparently 

caused the generally lower yield in the direct
seeded experiment (Table 17). During that 

period, the experiment was generally non
flooded, a condition that somewhat alleviated 
the zinc deficiency problem. The highest grain 
yield (3.2 t/ha) was obtained with zinc oxide
coated pregerminated seeds plus foliar spray of 
0.5% ZnSO4 5 to 7 DBPI. However, that yield 
did not significantly differ from the yields of 

Table 15. Chemical properties of Ticong (Ouezon, Phil
ippines) soil. 197. 

Proe, Value 
pH 8.38 
Organic mtter (%) 9.62 
Nitrogen (%) 0.47 
Available P(ppm) 23.00 
Exchangeable K(meq/100g) 0.90 
Available zinc (ppm) 0.04 
aec (meq/lO0 g) 38.10 
zchangeabl bases: * 

Potaum(mqll0) 15 
St~eum (me q100 g) 5.0 
Calcium (meq/100O g) 08 
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Table 1. kiino response on calcarsous soil as offocted by valous zinc mnagement practices 
IRIS rice. Tisong. Ouezon, Phlippinee, 1676 wet season. 

Zinc treatment 

No zinc 
Seeding d'p--ZnO 
Seedling dip-ZZnO + ZnSO4 foisla spray 
Seedbed appilication -ZnSO, 
ZnSO,, broadcast and incorporated 
Folia sipray of ZnSO4 . thres times 
Zn.Ke-Min (14% Zn) broadcast and incorporated 
Zn-Ke- MIn (14% Zn) broadcast and incorporated 
Zn-coated rea (U) - ammonium sulfate (AS) 
Zn-coated urea 
Zn.costed ammonium sulfate 
Zn-coated ammonium sulfate 

Rate 

-

2% 
2%+ 0.5% 

60 kg/ha 

50 kg/ha 


0.5% 

2 kg Zn/ha 

4 kg Zn/ha 

2 kg Zn/ha 

2 kg Zn/ha 

2 kg Zn/ha 

4 kg Zn/ha 


O'BPl - days before panicle initiation. bMesn followed by the same 

as affected by various zinc management practices in direct-8eededTable 17. Zinc response on a calcareous soil 
ra!nfed IR211 rica. Tlaong, Ouezon. Philippines, 1974 wet 

Zinc treatment 

No zinc 
Seed coating with ZnO on 

pregerminated rice 
Folio apry-ZnSO. three times 
Zn-Ke-Min (14% Zn) 
Zn-Ke.Min 
Seed coating with ZnO + folir 

spray of ZnSO,, 
Zn-coated urea-ammonlum sulfate 
Zn-coated uirea 
Zn-coated ammonium sulfate 
Zn.coated ammonium sulfate 

Rate 

2 kg/ha 

0.5% 


2 kg Zn/ha 

4 kg Zn/h" 


2 kg Zn/ha + 0.5% 

2 kg Zn/ha 

2 kg Zn/ha 

2 kg Zn/ha 

4 kg Zn/ha 


seson. 

Application 
Grain yieldb (t/ha) 

Time' 

0.0 b 

2.2 a 
15 DRE + 45 DRE + 5-7 DBPI 1.9 a 
Applied on surface before rice seeding 2.6 a 

.' 2.5a 

Before seeding pregermnated rice 3.2 a 
Applied on surface before rice seeding 1.9 a 

2.0 a' 
,. 2.1 a 
,, 2.2 a 

dys before panicle Initiation. bMeOMa followed by the same lette are not significantly'ORE - days aftw rice enaroence. DBPI 
different at the 5% level. 

the other zinc treatments. When no zinc was 
applied, no grain was produced. 

The results tend to confirm reports of other 
studies that dipping seedlings in zinc oxide 
before planting is a practical and economical 
means or correcting zinc deficiency in trans-
planted rice. Indirect-seeded rice, coating the 
pregerminated seeds with zinc oxide is most 
promising. 

NITROGEN EFFICIENCY 
Soil C/wminrr Departmntn

" 
To ascertain whether rice varieties differ intheir 
innate capacity to extract and use soil fertilizer 

Application 

Times' 

-
Before trar'splanting 
Before transplanting + 5-7 DBPI 
5 days after sowing 
Basel 
Seedbed. tiltering and 5-7 DBPI 
Basal incorporated 
Basal incorporated 
Basal incorpoated 
Basal incorporated 
Basel incorporated 
Basal incorporated 

in transplanted 

Gtan yieldb (t/hs) 

0.1 g 
3.3a 
3.5 a 
0.2 g 
3.2 ab 
1.4 de 
1.2 dat 
2.4 bc 
0.6 aig 
0.4 fg 
0.7 etg 
2.0 cd 

lettm are not significantly different at the 5% level 

clay. Treatments consisted of 0, 50, 100, and 
150 ppm N as ammonium sulfate over a basal 
dressing of 25 ppm Pand 50 ppm K. 

Peta and 84, both tall indicas, apparently 
extracted and used soil and fertilizer nitrogen 
more efficiently than the other varieties (Table 
18). The tall indicas Pokkali, Peta, and 84 
produced more dry matter than Pelita 1/I, IRh, 
1R26, and 1R20 inall treatments. 

Mathematical treatment of the responses of 
grain yield, dry matter yield, and nitrogen up
take revealed varietal characteristics with im
portant practical implications. 

The regression of grain yield (y) on level of 
N (x) isusually described by the equation 

nitrogeni, cight varieties w.re grown in a repli-y=a+b +cx 

cated pot experiment on submerged Muahas)=a+bx+ 2 
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Table 18. Total grain yields of seven rice varieties on Mahes clay in the greenhouse (total of 5 crops). I. 1176. 

Grain yield' (g/pot) with
Variety 

Oppm N 50 ppm N 100 ppn N 

Pae 1891 326a 397 ab 
Pokkali 94 c 139 c 172 d 
H4 185a 323a 423a 
Polita I/1 156 ab 301 a 338 bc 
IRS 159 ab 283 ab 373 b 
IR20 138 b 242 b 332 c 
IR26 147 b 257 b 357 b 
Niuogen mean 139 247 319 

Meens followed by the same letter awenot significantlydiffernt at the 5% level. 

'50 ppm N mean 

440a 338s 
138 d 136 d 
429& 339a 
416 a 302 b 
431 a 312 b 
340ab 278 c 
424a 296 be 

357 

Theoretically, varieties with large a's are 
those that exploit soil nitrogen and other growth 
factors efficiently; varieties with large b's are 
those that respond markedly to added nitrogen; 
and varieties with large c's are those that rapidly 
decline in yield as level of nitrogen goes up. 
The regressions of grain yield on level of 
nitrogen were: 

Peta 

y = 187.8 + 3.0768*x - .0094"x 2 


R = .9991C0 


Pokkali 
y = 89.7 + 1.5308x - .0079x 2 

R = .97508"' 

H4 
y = 178.5 + 3.6704x - .0132.V2 

R = .99799' 

Pelita I/I 
= 160.8 + 2.65Z- .0067x 2 

R =.9842r' 

IR5 

y = 156.3 + 2.8 152*x - .00660x 2 

R =.99999** 

yR2 131.8 + 2.8512x .0096x= -

R = .99567" 

1R26 " 
y = 143.5 + 2.4984"*x - .0042x 

R = .99977w 

Of the varieties that gave significant quadratic 
responses, Peta had the highest a value and the 
second highest bvalue. 1R26 had the smallest c 

value. These values suggest that Peta responds 
to low rates of nitrogen and I R26 to high rates. 

The regressions for total dry matter produc
tion were: 
Peta 

*= 546.7 + 9.2436**x - .0223"x 2 

R = .9998 

Pokkali 
y = 598.4 + 11.588*x - 04000*.* 

R = .9999* 

H4. 
Y= 527.9 + 9.3256'*x - .0208*x 2 

R = .9997#4 

Pelita I/I 
Y = 409.3 + 7.0096x - .0168x2 

R ='.9966"' 

IR5 
Y= 404.3 + 6.8064,*x - .0122"x2 

R 0.99969& 

1R20 
y = 300.1 + 5.51l4*x - .0105*x 

R = .99972* 

1Ry26 323.8 + 7.1488x - .0204xg 

R = .9943" 

The regressions show that Pokkali, Pete, and 
H4 use soil nitrogen more efficiently than the 
improved varieties IR5, 1R20. and IR26. Also, 
as indicated by their high b values at low rates 
of nitrogen, they used nitrogen more efficiently 
than did the short-strawed varieties. 

Differentiation uf the equation 
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2 -by =+ bx '+ cx 
2cyields 

dy = b + 2cx. The levels of nitrogen at which yield began to 

dLX decline were 164 ppm for Peta, 213 ppm for 

IR5, and 298 ppm for IR26.When the yield ismaximum 
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EFFECT OF DRY SOIL MULCH ON 
MOISTURE CONSERVATION 

In IRRI field trials in Bulacan, Philippines, 
where land was prepared at the end of the 
previous wet season, the following rice crop 
survived a period of drought. That survival 
may have been due to the available soil mois-
ture conserved by the dry soil mulch. A crop 
seeded at the same time, but following land 
preparation at the beginning of the wet season, 
suffered considerable drought stress. It was 
hypothesized that land preparation at the end 
of the wet season generates a dry soil mulch 
that conserves significant amounts of soil mois-
ture. 

A field exp,-riment at IRRI during 1976 
tested that hypothesis. The experiment sought 
to determine whether conserved soil moisture 
was due to weed control or to the generation 
of a dry soil mulch and whether soil nitrogen 
was also conserved; and to ascertain the poten-
tial amount of time saved by the early planting 
of early seeded rice crop following the dry soil 
mulch. 

The design was a split plot with the dry-
season treatments followed by wet-season rice 
crop in the main plots and nitrogen level for 
the wet-season rice crop in the subplots. The 
1976 dry-season treatments were dry soil mulch 
followed by (fb) dry-sccdcd crop, weed-free 
with herbicide fb dry-seeded crop, wcedy fallow 
fb dry-seeded crop, and weedy fallow fb trans-
planted crop. The nitrogen levels were 20, 40,
60, and 80 kg N/ha as ammonium sulfate. 

The dry soil mulch was generated during 
February 1976 by three rotovations at I- to 2-
week intervals as the soil surface progressively 
dried. The resulting dry soil mulch was 5 to 10 
cm thick. The plots were harrowed 20 April, 
furrowed 20 cm apart and 5 to 10 cm deep 
with the native furrower (lit/urn), seeded, and 
covered by one pass with the spike-toothed 
harrow (kalmot). 

Weed-free plots were maintained by two 
applications of 15 kg dalapon/ha and sub-
sequent spot spraying with paraquat. This 
treatment was followed by minimum tillage of 
one rotovation 20 April, followed by a har-
rowing 30 April. The plots were dry seeded 
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30 April in the same manner as the dry-soil 
mulch plots. 

The remaining two plots of each replicate 
were left fallow-up to 20 April in the case of 
plots for dry seeding and 30 May for the plots 
to be transplanted. Starting on 20 April, the 
plots to be dry seeded were rotovated three 
times over a period of 3 weeks as weed and soil 
moisture conditions permitted. The plots re
ceived a final harrowing on 10 May when they 
were seeded. 

The plots for transplanting were plowed and 
harrowed twice, starting I June, and trans
planted I July with 30-day-old seedlings. 

Thirty kg P2 ,O/haand 30 kg K20/ha were 
basally incorporated at seeding. Sixty kg N/ha 
was topdressed in three equal applications at 
20 days, 35 days, and 67 days after rice emer
gence in the seeded plots. In the transplanted 
plots, two-thirds of the nitrogen fertilizer was 
basally incorporated with the last harrowing 
and one-third topdressed at 40 days after 
transplanting (DT). 

Soil moisture tension (SMT) was measured 
daily, or as weather conditions permitted, by 
means of a tensiometer and gypsum blocks. 
The water table was measured in a I-m deep 
hole. Rice stand count was recorded 10 days 
after rice emergence. Weed dry weight was 
assessed at preplant and at maximum tillering 
stage (48 days after rice emergence or 30 DT), 
and recorded according to species. Grain yield, 
corrected to 14% moisture, was based on 
sampling area of 10 sq m.

In plots where land preparation was corn
pleted at the end of the previous wet season, 
the SMT under the dry soil mulch did not 
exceed 33 centibars, even though the water table 
was below 1 m during the whole period (Fig. I). 

By comparison, the SMT in the weedy fal
low plots at the end of the dry season rose to 
5 bars at adepth of 15 cm (Fig. 2). 

The weed-free sites gave somewhat lower 
values for SMT, particularly at a depth of 30cm 
(Fig. 3). By the end of the dry season, the SMT 
at 15 cm rose to 3 bars, while that at 30 cm 
reached only 1bar. Comparing these soil oits
ture values with the values in the weedy fallow 
showed a negligible conservation of soil oits
ture at 15 cm. At 30 cm about 5 g water/l00 g 
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soil was conserved by the control of weeds. The 
findings suggest that keeping the site weed free 
during the dry season conserved some soil 
moisture, but not as much as that conserved by 
dry-soil mulching. Land preparation time and 
numuer of tillage operations were halved, and 
10 days of potential growing time was saved, 
This study was, however, conducted on adeeply 
cracking clay soil. The results on asoil type that 
does not crack could be different, 

Rotovating the soil at the beginning of the 

Table 1. Effects of 
crop establilehment 
136 wet eason, 

Land preparatio end 
crop establhment

° 
rmethot 

land preparation andmethods of 

on fertilizer response of IR3. IRl, 

G,,,n reldb 
Tiliage

20 kg 40 kg 60 kg 80 kg mean 
N/he N/he N/he N/ha 

3 roovatons Feb)important 
lb 1ohvrowng (Ap); 
dry seeded: 20 Apr 3.0 3.3 3.7 4.2 3.5 a 
3hrlotons +A1 

dry seeded: 9 May 3.3 3.6 3.7 4.1 3.7,a 
1 rotovatlon+1 
harrowng (Apr); 
divsede: 30Apr 3.4 3.9 4.2 4.5 4.0sa 

own 
transplanted: 1 July 1.1 1.2 1.5 1.4 1.3 b 
heprowlngs f(June);nirg 

Fertilizer rate mean 2.7 d 3.0 c 3.3 b 3.5 , 

'Av. of thre replicate. Any two mean in a row or cokim 
followed by the same letter are not significantly different at
the 5%level 
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wet season may either conserve some soil ois
ture or improve retention of the early rainfall 
of the wet season or both. That isdemonstrated 
by the observation that in the weed-free plots 
and in the fallow plots that were rotovated at 
the onset of the first rains, the SMT did not 
exceed I and 2bars, respectively. When tillage 
was delayed until June for the traditional low
land preparation of puddling the soil, moisture 
tension values at the end of the dry season rose 
to 4 bars at depths of both 15 and 30 cm (Fig. 
4). Furthermore, in the transplanted crop, at
least 3weeks of growing time was lost. Yields 

were similar under the three systems of land 
preparation that were followed by a dry-seeded 
crop (Table 1). The yield from the transplanted
rice crop was low because of poor establishment 
and subsequent weed competition. The only 

difference may be the significantly 
poor response at 20 and 40 kg N/ha of the dry
seeded crop following the dry soil mulch treat
ment, compared with the response of the crop 
seeded after a weedy fallow or weed-free treat
ment. This fertilizer response suggests no 
evidence that dry soil mulch conserves soil 

.
Apparently inareas withadistinct dryseason,

generation and maintenance of a dry soil mulch 
would be valuable for securing an early estab

.lishment of the dry-seeded riecrop. 
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SUMMARY 

Most locations in the major rice-growing areas 
of the world receive about 300 cal/sq cm or 
higher daily during the ripening period of rice. 
The maximum potential yields based on effec-
tive grain-filling period and efficiency of solar energy utilization can be estimated with asimple 

mathematical model. 
In the tropics, where high ambient tempera-

tures shorten the grain-filling period of rice, the 
potential productivity per crop appears to be 
lower than in the temperate regions. The poten-
tial production per year, howevp~r, is higher 
because favorable temperatures for rice growth 
exist throughout the year, making it possible 
to grow two or more crops annually. 

High temperature regimes were described for 
selected locations in Pakistan, India, and Iran, 
where high temperature is ;ely to constrain 
rice production. Heat-tolerant varieties of rice 
may be required for successful rice production 
in these areas. 

The most sensitive stage of the rice plant to 
high temperature appears to be the day of 
flowering, particularly at anthesis. One hour or 
less of high temperature at anthesis was found 
to be the critical period for fertilization of a 
rice spikelet. 

The maximum temperature, its duration, and 
the temperature-rise pattern have a paramount 
effect on the incidence of unfertilized rice grains. 

SOLAR RADIATION 

Solar radiatlo Inthe world's mjor rice-growing 
areas. The amount of solar radiation reported 
at 26 sites in 15 rice-growing countries (Fig. 1) 
ranged from 50 cal/sq cm daily inDecember in 
Milano, Italy, to 700 cal/sq cm daily or higher 
inJune or July at Lisboa, Portugal, and inDavis, 
California, USA, and in November through 
January at Griffith, Australia. Most places, how-
ever, appear to receive 300 cal/sq cm or more 
daily during the ripening of rice. 

Excessively cloudy weather conditions pre-
vailing during the rice-growing seasons are 
a concern in India. Among three locations 
recording climatological data in India, Cuttack 
receives the lowest amount of solar radiation, 
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but its minimum solar radiation is about 300 
cal/sq cm daily. High solar radiation isconsid
ered an important factor contributing to the 
high national average yields of rice achieved in 
Australia, Spain, and Portugal. 

Maximum potential yields. Maximum poten
tial yields for a specified physical environment can be estimated in several ways, but they are 

ultimately determined by temperature and solar 
radiation. Temperature determines the dura
tion of the grain-filling period (GFP). Solar 
radiation during the GFP determines the solar 
energy available for grain filling. 

The dry matter production (AW, g/sq m) of 
a crop during the ripening period can be esti
mated by the formula: 

Eu x T x 
AW E K x l0' 

K 
where Eu isefficiency of solar energy utilization 
(%), T iseffective GFP (days), , is mean solar 
radiation (cal/sq cm daily) during the GFP. and 
K is the heat of combustion for brown rice 
(4,000 cal/g). 

It is assumed that the dry matter produced 
during the ripening period is used for grain 
production. The maximum grain yield of rice 
can be estimated by using appropriate conver
sion factors for husk weight and moisture 
content. 

The maximum Eu recorded in Japan was 
3.5%; but if the formula is used, 2.5% may be 
a more realistic value. The effective GFP in 
the tropics was estimated to be 25 days and 
that in temperate regions 35 days. The contri
bution to the maximum grain yield of the 
carbohydrate stored before flowering was not 
taken into account. Hence, a realistic estimate 
of maximum yield may be made by using Eu 
values between 2.5 and 3.5% (Fig. 2). 

The estimated maximum yields shown in 
Figure 2may be compared with recorded maxi
mum yields: 13.2 t/ha in Japan (1960) with an 
estimated solar radiation of 350 cal/sq cm daily 
and 11i.0 t/ha at IRRI (1972) with an estimated 
solar radiation of 550 cal/sq cm daily. The above 
model for estimating maximum potential yields 
agrees with more complicated models. 

At the same Eu value, the temperate region, 
where the GFP is longer, is more productive 
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temperature throughout the year makes two or 
more crops a year possible. 

HIGH TEMPERATURE 

High temperature regimes. A knowledge of 
temperature regimes in areas where high trmper
ature could constrain rice production is required 
in the development of improved techniques for 
screening rice lines for heat tolerance in the 
IRRI Genetic Evaluation and Utilization(GEU) program and in the establishment of 
criteria by which to predict the incidence inrice 
of sterility caused by high temperatures in a 
given environment. 

In Pakistan, in experiments where two crops 
of rice were grown annually, 40 to 50%o sterility 
occurred in Lyallpur, where the first crop [a 
radiation mutant of Basmati 370 (EF-29-l)
rice] flowered in July and matured in August 
when the temperature was high. The monthly 
mean temperature was not excessive (30.36C)for 
July, but the daily maximum temperature fluc-
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tuated markedly and occasiona'ly exceeded 35 
to 400C in the first part of the month. 

In Pakistan, shifting the flowering time to 
June or May should increase the incidence of 
high temperature during this growth stage, thus 
causing a larger percentage of high temperature
induced sterility. In that country, the ambient 
temperature at Dokri is higher than that at 
Lyalipur. The first rice crop at Dokri flowers in 
June when the temperature is high. Semidwarf 
experimental lines, such as IR1561-223.3.3, 
exhibit high percentages of sterility. 

In the semiarid climate of Hyderabad, India, 
the daily maximum temperature is high (38
40°C) in April and May, when the rabi crop 
flowers and matures. When some rice varieties 
flowered in April, the percentages of sterility 
were high: 15% for Mahsuri, 20% for Sona, 30% 
for H4, and 60% for Kashmir selection 89. 
Apparently, the sterility was due in large part 

the high temperature during flowering. 
Because anthesis of rice occurs from morning 

to early afternoon, it is important to know when 
the temperature reaches the critical level for 
high temperature-induced sterility. At Hyder
abad the temperature reaches 35C (the critical 
temperature) at 0930 hours and 39°C at 3200 
hours (Fig. 3). This temperature-rise pattern, 
T, , ('C) 
40 

38 

" 
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ru',,mt (h) 
3. Diural changes inair temperatureat Hyderabad, India, 
May I2. 1976. 



or a similar one, may apply elsewhere in semiarid 
climatic regions. 

Although the southern part of Iran is reported 
to have a great potential for rice production, 
high temperature and salinity could limit pro-
duction. Because the maximum temperature 
during June through September reaches 45°C, 
temperature-induced sterility could constrain 
rice production in the area. 

Most weather records available provide 
monthly mean temperature readings but seldom 
include maximum temperatures. 

An empirical relation obtained from the data 
collected in India and Pakistan shows that the 
daily maximum temperature is higher than the 
daily mean temperature by 7 or 8°C. Thus, 
when the daily mean or monthly mean tem-
perature exceeds 30'C, the maximum tempera-
ture could exceed 37-38°C, well above the 
critical temperature for high temperature-in-
duced sterility. Such temperatures are common 
in Pakistan, Middle East countries, and tropical 
Africa. High temperature could be a physical 
constraint for rice production in these locations. 

Growth stage sensitive to high temperature. A 
previous study identified flowering time as the 
growth stage when the rice plant is most sen-
sitive to high temperature. Subsequent experi-
ments, in which rice spikelets were subjected to 
2 or 4 hours of high temperatures (35, 38, or 
41°C) on each of 5 successive days after 
flowering showed that high temperature-
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induced sterility occurred only in the spikelets 
exposed to high temperature at flowering. The 
spikelets that flowered I day before or I day 
after the high-temperature treatments had a 
normal fertility percentage. The critical period 
during which high temperature affects rice 
spikelets appears to be less than 24 hours after 
anthesis. 

The fertility percentage of the rice spikelets 
decreased with increasing temperature. It was 
about 75% for spikelets exposed to 35'C for 4 
hours, about 55% for those spikelets subjected 
to 380C for 4 hours, and about 15% for those 
exposed to 41'C for 2 hours. 

Spikelets that flowered several hours before, 
during, and after high temperature treatments 
were examined for fertility percentage (Fig. 4). 
The fertility percentage ofspikelets that flowered 
during the high-tcmperature treatments was 
low, but that of spikelcts that flowered I hour 
before the start of the high-temperature treat
ments was not affected. The fertility percentage 
of spikelets that flowered after the high-tern
perature treatments tended to rise again. 

Apparently the growth stage at which rice is 
most sensitive to high temperature is the date 
of flowering, particularly during anthesis. 

Effect of temperature-rise pattern on high 
temperature-induced sterility. Under the natural 
growing conditions of rice, the ambient tem
perature may rise sharply or gradually in a 
multiple-step fashion. To examine the effect of 
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4. Fertility or rice spikelets that flowered berore. during, or afler high-temperature treatments. 
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the pattern of temperature increase on the 
of sterility caused by high tempera

ture, a one-step control was compared with a 
multistep control. The basic temperature regime 
used was 29/26C (day/night) and the maximum 
temperature 41C (Fig. 5). 

The fertility percentage was lower when the 
spikelets were exposed to 41C for2hours 
early in the day (morning), when most spikelets
flowered. When the spikelets were exposed to 

the maximum temperature at the same time of 
the day, the fertility percentage was higher in the 
multsep control than in the one-step control. 
In the multistep control more spikelets flowered 
before the temperature became critical for fer
tilization, whereas in the one-step control moreIpikelets flowered during the critical high
temperature hours. 

pattern in which the temperature rises 
during the flowering of rice has a major effect 
on the incidence of unfertilized grains. Appar
ently, the maximum temperature, its duration, 
and the pattern of temperature rise affect the 
occurrence in rice of sterility induced by high 
ambient temperatures. 
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SUMMARY 


Survey work. equipment testing. and pilot-area 
trials during 1976 further assessed paddy loss 
and the charac'eristics of a range of field and 
mill-level postproduction systems. Data des-
cribing labor requirements, costs, and the over-
all profitability associated with each system 
were also analyzed.

completed study distinguished between the 
p 


potential mairketable rurplus of paddy rix~l
available for sale after a farmer has met house-

hold rcquircmcnts. and the amount actually 
sold. The analysis revealed that significant
quantities are sold to meet short-term financial 

obligations. 

POSTPRODUCTION SYSTEMS 

Evaluation of the nature and characteristics 
of farm- and processing-level systems for 
handling and managing paddy and milled rice 
continued. The research involved a combina-
tion of experiments, surveys, and pilot-area 
trials, 

Farm-level riab. During 1975, a series of 
pilot triuls in Central Luzon examined the effect 

1 HaLlnat 

$raf" Traditionl 

MEASIUREMINTI (for 

Taele . rsin Ioe Incurred Intarventing and threshng
operation, Central Luton and Sicl reglon.,1,75-f. 

Grain loss (%)in 

Harvesting*
 
Item Trehinob Total 

Imvtn Stking 
Centrol Luzon 

Tradional 3.16 0.12 6.82 io.i6 
Im ,v 2.14 0.14 2.07 4.35 
icot 
Trdion.l 3.75 . 0.93 4.68 
Improve 2.03 1.85 2.168 6.0 

Mean (sir. of
rr~al 3.35 0.12 5.74 9.21 

Imprde 2.26 0.74 2.12 5.12 

*Bad on paddy recovered in 32 fields during the interval 
from harvesting to stacking (immediately after harvet). Bed 
on the quantity recovered by gleaners in the traditional system. 
For mechanical threshing, losses Included blower and straw 
osses. cData taken from field trials in Bicol region. 'No 

stacking los was noted in the Bicol area because paddy was 
threshed Immediately after harvest with no intermediate stackng
operations 

of threshing and drying techniques on output 
and grain quality. The trials were completed in 
early 1976 and another series was initiated in 
four villages in the Bicol region. Figure 1 
summarizes the technieil alternatives under 
evaluation at the farm level. The Central Liton 
trials were replicated at 20 farm sites and 
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Table 2. Relationships between time lapse between harveting and drying. and grain yield for alternative post. 

production systems. Central Luton, 1375-76. 

Tlime lapse (days) Yield (t/he) Gran 

Postpoducilon system Hrv t to 

treshing 

I 
ii 

III 
IV 

Manuel thieshing and sun drying 
Menual threshin eInd necheilcsl drying 
Mechericel threshng ind sun drying 
Mechanical thieshing and drying 

1 
1 
0 
0 

covered 190 paddy fields growing 8 rice vane-
ties. The average rice yield was 3.3 t/ha. In 
Bicol, the trials retained the same pattern plus 
seven alternative milling technologies, 

Quantitative grain loss. Harvesting loss was 
estimated from the quantity of grain recovered 
during the interval between harvesting and 
stacking. Compared with the traditional sys-
tem, the improved system incurred lower losses 
in harvesting but higher in stacking (Table 1). 
The differences were partly a result of stack 
size. With the traditional system, paddy is 
placed in small bundles in the field. Paddy for 
mechanical threshing is hauled and placed in 
large stacks along the levees or roadside to 
make it accessible to the thresher. This practice 
is common especially during the wet season 
when soft, muddy fields make it impossible for 
the mechanical thresher to cross the field, 

Data fro!' the Central Luzon trials show 
that grain losses from manual threshing were 
three times greater than those from systems 
using the mechanical thresher. The results from 
Bicol were nearly the opposite because manual 
threshitg was done on a concrete floor and allgrain recovered after threshing was considered 
part of the threshing yield. Moreover, tradi-
tional threshing in Bicol is a combination of 
treading and flail, a more complete operation
compared with the liampasan method (beating
paddy against a threshing frame) in Central 
Luzon. 

Table 2 illustrates the relationship between 
the time lapse between harvest and drying and 
the resulting grain yield. In general, grain loss 
increased as the interval between the harvest 
and drying operations increas,:d. More signif-
icant, however, were the yield differences 
observed between traditional systems and those 

Thresshing Hervst Hrvest Threshing Drying 	 (o) 
(to drying to drying 

1 4 3.3 2.9 2.5 24 
0 1 4.1 3.6 . 3.6 12 
2 2 4.9 4.8 4.2 14 
2 2 3.9 3.8 3.5 10 

using improved methods. Use of a dryer in 
system 1i reduced grain loss to 12%, in contrast 
with 24% observed in system I. Use of the 
mechanical thresher gave similar reductions in 
grain loss in system II. System IV, which used 
both the thresher and dryer, produced the 
lowest grain loss. 

Each system had ahigh degree of variability, 
largely because factors that affected the perform
ance of the systems were variable. Rain after 
harvest but before threshing often damaged 
grain in the field. 

Qualitativegrain loss. The differences ingrain 
quality of milled rice from each postproduction 
system are shown in Table 3.Although overall 
milled-rice recovery increased only 4to 6%with 
the improved system, the percentages of broken, 
fermented, discolored, and immature grains 
were significantly reduced, particularly in sys
tems using the grain dryer. The time lapse 
between harvest and final drying, and percentage 
of head-rice recovery were inversely related 

Table 3. Ouellty cherecteristice of milled rice from 
elternetive posiproduotlon systenw. 51 peddy samples. 

16po.CetaLsin105 
nm s Ouety cheecteulstlc (%) 
beiween Milng recovery 

Swtem heretng Need Broken 
(dews)d € erice rirc,,e 

Manuel treshing 
end sun drying 4 77.4 20.2 63.0 59.3 

Manue th--eni 
uring 1 84.5 14.1 67.4 63.4 

MechenJcel ihresh. 
ing and sun
drying 2 90.6 8.6 70.5 65.6 

Mechlcelthresh 
ing end drying 2 89.9" .9.2 68.4 64.4 
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2. Production and disposal of paddy by a tenant-operator. Central Luzon. Philippines, 1974-75. 
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(Table 2, 3). A time lapse of 4 days between 
harvest and final drying resulted in 77% head-
rice recovery. In contrast, systems with a total 
time lapse of 2days or less gave 85 to 91% head-
rice recovery, 

Distributionsystem. An examination of the 
paddy marketing system following the field-
level, postproduction operations partially ex-
plains why mechanical dryers are not attractive 
to farmers. Figure 2 shows the distribution of 
paddy among recipients after harvest. Of the 
60% retained by a tenant-operator, 25% issold 
and 32% is kept for home consumption. Figure 
3 pinpoints the location within the postpro-
duction distributive system where drying takes 
place. The tenant-farmers dispose of 52% of the 
paddy without drying. The remainder is not 
sufficient inducement for an individual farmer 
to own and operate a dryer. 

Labor requirements. Detailed records were 
kept of the number of man-hours used in each 
operation for each level of technology. The net 
time devoted to each operation is expressed in 
man-hours. Snack and rest periods are excluded, 

Figure 4 shows the relative percentage lis
tribution of labor between traditional and 
improved systems by operation. Harvesting, 
which includes cutting, gathering, bundling, 
and stacking, required the greatest manpower 
input and was a major contraint in the post
production process. The study indicated that 
rapid harvest had little correlation with a 
farmer's desire to plant a subsequent crop. 
Generally, farmers who harvested their paddy 
early tended to wait and plant at the same time 
as their neighbors to protect their crop from 
rat infestation and other pest problems. Timing 
of harvest operations reflected the farmer's 
awareness of the relationship between delays 
and increased losses. 

In handling operations, the improved system 
required twice as much labor as the traditional 
system (Table 4). The paddy had to be moved 
to the dikes or roadside to make it accessible 
to the thresher, and had to be placed in large 
stacks for effective use of the equipment. 

In the traditional system, threshing included 
cleaning or winnowing. The mechanical thresher 

tf~oW SYSTEMTRADDOXAL SSTM 
5 n'e-h/lc, 73 fmn.hlt28? rrwih/h, 90 n'rr h/f 

'Am . h 

1:'.. "- . , 

;..eq,.. ...,, I- ,_ / ! J.,' 

Z.. S •FI,,*'", 

4. Comparative labor use (or traditional and improved postproduction systems. Central Luzon, Philippines, 1975.-76. 
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Tabl 4. Comparative labor requrements by operation 

of p ,tproductlonsems." Central Luon. 1971-76-

Labor requiremet 

Opation Traditional Improved Traditional Improved 
(men-h/ha) (man-h/he) (man-h/t) (man-h/t) 

Hraming
Hadhngbundling

hauling 
17 
13 

106 
37 245 

34 

97 
83 

4 

35 
11 9 

9 

31 
27 

atcking 7 25 2 9 
Threshing 

threshing 
cleaning 

72 
33 

122 
3'1 

36 
23 
11 

39 
10 

11 

baggIng 
hauling 

Dnngsead~cing
streing 

9 
8 
92
1 

20 
5 

10 

-3 
2 

1 
7 

1 
3 

colltingoectirv/ 
wbegng 

I 

9 

loadingunloadling41
welghing 

2 
4 

1 

1 

All operations 287 226 92 72 

lmpron system inchjdes mechanlral tinaher and dryer 

reduced overall threshing labor requirements by 
70% on a per-hectare basis. The reduction is 
slightly greater on a per-ton basis because the 
thresher also teads to imp. ove grain yields. 

Farmers preferred the mechanical thresher 
because it allowed recovery of more grain, had 
u high degree of availability (timeliness), and 
eased monitoring of threshing and distribution 
of the final product. In contrast with traditional 
threshing methods, which offer considerable 
opportunity for pilferage, mechanized threshing 
consolidates control of the threshing operation. 

S. Threshmng and drying field trials in 1975-76 identified 
high initial cost and lack or mobility during the wet season 
as limitations to use or the axial-flow thresher. 
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The mechanical thresher used in the trials 

had the technical capability to thresh high
moisture paddy, a feature found useful when 
combined with mechanical drying. The major 
limitations of the unit were its high initial cost 

and lack of mobility in the field during the 
wet-season harvest (Fig. 5). The machine did 
not eliminate the need for repeated intermediate 
handling of the unthreshed grain, a major cause 
of loss, because the 

grain Partly
thresher lacked mobility, a smaller model was 
introduced (Fig. 6). The smaller machine per
mitted in-field operation near the point of 
harvest, reduced paddy handling between bar
vesting and threshing from 5 steps to I step, 
and increased yield by 3%. 

The labor required for drying includes the 
handling of threshed paddy in preparation for 
drying, management of the drying system, and 
collection and bagging of dried materials. Use 
of mechanical dryers reduced by 50% the labor 
required for drying on both a per-hectare and 
a per-ton basis. Use of the mechanical thresher 
resulted in higher yields. In contrast, use of the 
mechanical dryer did not improve the output of 
traditional methods, particularly when the dryer 
was used in combination with traditional bar
vesting-threshing techniques. The dryer, how
ever, improved grain quality, as measured by 
head-rice recoveries. It performed best in com
bination with the mechanical thresher. 

Comparative costs. A series of cost estimates 
for traditional and improved postproduction 
systems were computed for each village in the 

6. A two-man portable axial-flow thresher was introduced 
in 1976 to permit in-field operator near the point or harvest
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7. Cost esir'tt (based on contractual harvesting and threshing fee) for alternate postproductlon systems. Nueva FEdja 
province, Philippines, 1975-76. 

Central Luzon trials. Items included in the 
analysis were observed labor, fuel and main-
tenance, and fixed-investment requirements. 
Although it would have accentuated the dif-
ferences, increased value was not ascribed to 
improvements in quality that resulted from use 
of the mechanical systems. 

Two methods of esiimating costs were con-
sidered: one based on acontractual harvesting-
threshing fee paid in kind and the other cal-
culated using an imputed wage rate of US$0. 14/ 
h for actual labor. 

In the Central Luzon trials, both harvesting 
and threshing activities used hired or exchange 
labor from the village or from neighboring
communities. Compensation for labor was 
usually in kind, and harvesting and threshing 
were considered a joint operation. In the cost 
estimate, the harvester-thresher's fee was one-
sixth of the gross production. For the traditional 
system, the harvesting-threshing fee amounted 
to US$23.80/t (Fig. 7). With the axial-flow 
thresher, costs that included the man-hour re-
quirement for harvesting and threshing were 
reduced by 60% to US$9.43/t. 

Farmers in the study' area were wilting to pay 
the high contractual fee for harvesting and 
threshing plus the added cost for the mechanical 
thresher. The harvester-thresher's fee covered 
the clearing of the field immediately after har-

vcst, a major problem under the traditional 
system in which threshing is carried out in the 
field and straw disposal is a problem. With 
mechanical threshcrs, the straw isspread along 
the dike, scattered on the road, or burned 
immediately after threshing. 

The improved drying system cost US$4.40/t, 
of which US$3.97 was for the operation of the 
batch dryer. In contrast, sun drying incurred 
expense only for labor. Most farmers sold their 
paddy immediately after threshing, without 
drying. Because of that, the total labor time 
involved in sun drying could not be accurately 
estimated. 

Although use of the dryer achieved limited
improvement in output, it clearly increased 
milled- and head-rice recoveries. 

A major factor affecting the acceptability of 
drying equipment isthe lack of price incentives. 
Surveys at the pilot-trial sites showed that 
farmers received little or no price differential 
for delivering dry paddy. A minimum price 
differential of US$4.40/t isrequired to offset the 
costs of using the mechanical dryer. 

In addition to pricing policies, other factors 
conditioned acceptance of the mechanical dryer. 
First, the drying equipment was too expensive 
for individual farm ownership. Second, the 
absence of paddy grades and standards and the 
methods for administering them limited the 
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Table 6. Alternative milling system evaluated in the heol region, 1976. 

System Prmcleang Hulling Husk aspiration Whitening Refining 

I One-ps system (local Engleberg) None Engiebeig Akr trap Engleberg Leather polisher
 

II Conventlonal cono-type rice mill Scalper-sleve Stone-disc Air trap Cone Leather polisher
 

III Japam mutipass rice mill Scalpemreleve Rubber roll Aspirato Abrasive Lather polisher
 
friction
 

IV Rubber-roll hullef-Engleberg whitener rice 
 None Rubbar roll Air trap Englebeo None 
mill
 

V Stone-disc huiler-Englebssg wNtene*r rice Sieve Stone.disc 
 Air trap Engleberg None 
miil
 

Vi One.pss Japanese rice mill None Rubber roil Aspirator Piction None
 
VII IRRI-improved Engleberg None Engleberg Air trap Engleberg None 

incentives for using the dryer. Third, the most sample was threshed and dried under controlled 
effective output effect of the dryer was only conditions and the sample was segregated into 
achieved in conjunction with better field-level lot sizes large enough for replicated test runs 
handling and threshing machinery, through each milling system. Before each test, 

Mi-level trials. Mill-level trials were confined rice mill operators were asked to calibrate their 
to the Bicol region. As in the field-level pilot systems to government specifications forsecond
trials, a number of alternative systems were class milled rice. The procedure partially elimi
evaluated (Table 5). Except the IRRI-improved nated bias attributable to differences in the 
steel huller (kiskisan), all mills included in the degree of milling. 
trials are commercially available units operating The mean performance of each mill type in 
in the Bicol region. While the study focused on the commercial milling tests showed that mills 
the village mill, selected commercial level disc- using rubber-roll hullers had the highest total 
cone and rubber roll-type mills were also milling recoveries followed by disc-cone and 
assessed for comparison, steel hullers. Close examination of total milling 

The first step involved a technical assessment recoveries for two cone-type units showed re
of the seven milling systems. To reduce experi- coveries of 71 and 70%, slightly higher than was 
mental error, a 35-ton homogeneous paddy obtained for the rubber-roll hullers (Table 6). 

Table 6. Results of commerolal and laboratory milling tests for six alternative milling technologies In the BIcol 

River Basin Area, 1376. 

Recovery (%) 

Actual CommecIal miling' Lboratory milng 
Milling system capacity 

(kgth) Mlling Head Broken Brwer's Milling Hed Broken Brawers 
recovery rice rice rice recovery rice rice rice 

Rubber roli 
single pass 225 69.75 60.55 38.50 0.95 72.65 82.94 14.97 2.09 

Rubber roll 
mutttpass 4200 89.43 77.71 21.94 0.35 71.33 80.00 17.25 2.75 

Rubber roii.steel huiler combinetion 300 68.47 59.05 40.50 0.45 71.31 86.07 11.50 2.43 
Disc cone (av.)b 630 68.36 74.55 24.61 0.84 70.90 80.22 17.37 t.41 

Ubniann RM 800 71.10 72.91 28.17 0.82 73.10 84.35 14.00 1.65 
Concinae RM 600 69.90 72.32 28.45 1.23 71.12 79.44 18.16 2.40 
Gonzale RM 900 67.88 78.45 21.03 0.42 70.06 80.46 16.69 2.85 
Nazarrea RM 225 64.58 74.52 24.78 0.70 89.33 76.62 20.63 2.75 

Stone disc~steei huiler combination 444 65.56 53.68 43.63 2.69 68.80 80.00 17.67 2.33 
Stei huller (av.)b 380 64.50 29.18 68.86 2.08 72.29 81.19 18.45 2.36
 

Torres RM 585 66.70 26.60 67.37 2.41 72.11 83.19 14.79 2.02
 

OLafto RM 270 65.09 38.23 77.00 1.87 70.87 82,32 15.42 
 2.26 
Dycoco RM 410 63.26 21.75 60.08 1.25 72.12 80.70 16.45 2.88
 
Ruta RM 240 62.93 30.12 70.99 2.47 74.06 78.58 19.13 2.31
 

t
'Tests for each millng system were repiicated lour times, Miils selected within the pio ares oi the farm.level demonstration 
and applied reearch trials. RM - rice mil. 
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One steel huller had atotal milling recovery of 
67%, comparable with the output obtained 
from the cone-type mills. 

Systems employing multipass milling ob-

tained higher head-rice recoveries than systems 
using single-pass milling (as exemplified by the 
steel huller and the stone disc-steel huller com-
bination). The differences in head-rice recovery 
in multipass milling are attributed to the lower 
pressures and temperatures during the whitening 
process and bran removal. In single-pass milling, 
the grain is under high pressure and, concur-
rently, under higher temperature that results in 
excessive breakage. Moreover, single-pass mills 
do not have paddy separators, and so unhulled 
paddy mixes with brown rice during the whit-
ening process. The mixture of un.hulled paddy 
and brown rice increases friction in the whit-
ening process, causing further breakage.Among the six milling technologies tested, 

the steel-huller mill gave the lowest total and 
head-rice recovery. However, when it was used 
as a whitener in combination with a rubber-
roll or stone-disc huller, the total and head-rice 
recoveries were significantly higher. 

To gauge the performance of the commercial 
mills included in the technical assessment stage 

of the trials, a series of laboratory milling tests 
same paddy sampleswere conducted on the 

used in the commer.cial milling tests. Preliminary 
results showed that the rubber-roll huller pro-

duced milling rates comparable with those 
obtained in the laboratory. 

MARKETABLE SURPLUS
Associated with the question of technological 

choice in postproduction systems is the pro-
portion of paddy retained in the rural sector 

for storage and use by rural households. This 
reserve will determine not only the quantity 

moving into marketing channels outside the 
farm sector but also the requirements of house-
hold storage, localized milling and logistical 

srieand the degree and conditions affecting 
servces,20% 

trade inpaddy and milled rice at the village level. 
Under normal conditions, small producers 

sell or trade that part of the crop in excess of 
the amount required for household consump-
tion, seed, and debt repayment. There are 

circumstances, however, when sales may not 
be determined solely by consumption require
ments. 

To assess the degree to which farmers sell 
paddy in excess of normal marketable supplies, 
100 farmers in Laguna province were inter
viewed during the 1975-76 crop year. They 
were classified by the size of their marketed 
surplus expressed as a percentage of total farm 
production. Those who marketed 35% or less 
of total production were rated low in marketed 
surplus; those with 36 to 60%, medium; and 
those above 60%, high. Thirteen farmers had 
high, 50 had medium, and 37 had low marketed 
surplus. 

Seven factors affected the size of the marketed 
surplus: farm size, household size, level of 
production, monthly income, monthly cash 
requirements, land rent, and the level of income 
from other sources (Table 7). 

Table 7.Factors affeetiIn the level of mrketod surplus. 

Lagune province., 176. 

Marketed surplus 
Item Ferns (no.) 

tfarm %of ptoduction' 

Fam size 
31 1.8 38 b1.0 he endbelow b1.1-3.0 he 51 80 42 

3.1 hend above 1s 19.9 SOs 
Household 	size
 
4 persons ortes 
 19 5.7 41a 
5-7 prson 48 6.3 41 a 

3 44amoore 33 

21 1.1 39aLess than 6 t 
50 4.7 40a5-19 t 

20 1 end above 29 15.9 478 
IncomeLess thtan $71/mo. 32 1.8 37 b 

36 5.0 41 lab$71 - $143/mo.

Mdore
thenS$143/mo. 33 14.7 48 a
 

csh requirements
 
33 2.2 37 b.

Less than 571/mo.
$71 --t143/mo. 41 -6.8 40 b 
Motethan $143/mo. 26 15.7 62 a 

15% of production 
9.0 49 eb 

41%t adebove 13 5.1 36 b, 

othe income 

an-dblo 70 

of total Income 
and below 4,1 10.6 47 at 

38 b21-50% 39 5.4 
20 3.7 4O ab

61%end above 

All farms 100 7.2 42
 

lette are no significetl.Mean followed by a common 


diffrentatte %level.
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SUMMARY 

Results in 1976 tended to confirm earlier findings 
that the dry-season yield gap between farmers' 
level and a high level of inputs is about 2 tfha. 
Fertilizer accounted for the major portion of 
the yield gap at four sites. Insect control 
accounted for one-third of the gap in Laguna 
and Nueva Ecija. For the first time, yield levels 
at Laguna and Nueva Ecija were comparable. 

The wet-season yield gap varied from 2.6 t/ha 
in Laguna to 0.6 t/ha in Camarincs Sur. In 
Laguna, the brown planthopper was the prin
cipal insect problem; in Nueva Ecija tungro 
and bacterial leaf blight reduced yields. The 
high level of insect control raised yields abov, 
the farmers' level of control by 1.6 t/ha in 
Laguna and by 0.9 t/ha in Nueva Ecija. Many 
farmers sustained yield losses due to insects and 
diseases even with varieties originally thought 
to be resistant. 

Similar research in Camarines Sur and Iloilo 
provinces gave somewhat different results; in 
both the dry and wet seasons, fertilizer effects 
were more dominant than they were in Nueva 
Ecija and Laguna. High insect control contrib-
uted less to yield in Camarines Sur and Iloilo 
provinces than in Nueva Ecija and Laguna. 

To facilitate economic evaluation of the cx-
perimental results, a set of fertilizer and insect 
control levels intermediate between the farmers' 
and the high level were tested. The added levels 
showed that in the dry season the high level of 
fertilizer generally increased profits, but the high 
level of insecticide reduced profits when com-
pared to the intermediate level. In the wet 
season, by contrast, the high level of fertilizer 
generally gave lower profit than did the inter-
mediate level, 

Although about half of the Laguna farmers 
studied spent more on fertilizer than the cost 
of the experimental high level, the high level 
generally gave profitably higher yields than did 

the farmers' level. Survey results showed that 
large numbers of farmers did not know the best 
time to apply fertilizer. 

Evaluation of the comparable paddy that 
replicated tirmers' practices inthe experimental 
plot showed no systematic yield bias among 
farm yields, comparable paddy yields, and 
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farmers' treatment plot yields. An experimental 
design with a minimum number of treatments 
was developed for areas where interaction is 
not appreciable. In constraints studies, variance 
was much higher among farms than among 
replications within farms, indicating that re
sources should be used to increase the number 
of experimental farms, rather than the number 
of replications. 

BIOLOGICAL CONSTRAINTS 
Agronomy and Statistics Departments 

Research continued in four Philippine provinces 
on the difference, or gap, between farmers' 
actual yields and the yields possible with high 
levels of inputs such as fertilizer, insect control, 
and weed control (1975 Annual Report). Farm
ers' inputs and experimental high inputs for 
both seasons at all test sites are in Table I. 

Lagima sites (Statistics). Dr) season. Dry
season experiments were on 12 farms-six canal 
irrigated, three pump irrigated, and three irri
gated by a combination of pump and canal. The 
average farmer-applied fertilizers-96 kg N/ha, 
15 kg P2 0,/ha, and 8 kg K20/ha-were split 
into two or three applications. Most farmers 
controlled weeds by one or two rotary weedings 
followed by hand weeding. To control insects, 
all farmers used foliar sprays, averaging three 
applications. Only one farmer supplemented 
spraying with granular insecticide. With those 
inputs, farmers' yields varied from 2.5 to 6.1 
t/ha (Fig. I), averaging 4.4 t/ha. The high levels 
of insect control, fertilizer, and weed control 
produced yields that ranged from 3.8 to 9.1 
t/ha, averaging 6.1 t/ha. Yield gaps ranged from 
1.3 to 4.2 t/ha, except for one farm where high
inputs did not increase yields. Of the average 
yield gap of 1.7 t/ha, 59% (1.0 t/ha) was con
tributed by improved fertilizer use and 35% 
(0.6 t/ha) by improved insect control (Table 2). 
Improved wc-d control contributed little to the 

gap. 
Wet season. Wet-season experiments were on 

14 farms; nine had canal irrigation, four had 
pump irrigation, and one had the combination 
canal and pump irrigation. Farmers' rates of 
fertilizer application were only slightly lower 
than in the dry season. Weed control practices 



Table 1. Nigh levels and ftrmers, leve4s of Inputs In yield.constrlnts explimnts on ftrnes fields at fout sitee 

in the PhilIppine. 1976 dry end wet seaone. 
Weed< nt 

Fertikszer (kg/ha) control control 
b 

N Pael KaO M C F G 
levl(no.) 


Dry season 
16 8 3.2 0.1 3.5 0.112 96Famers' Laguna 1.0 2.0 5.1 

High Laguna 12 120 0 0 2.6 

9 76 34 1 0.9 0.4 1.5 0.4 
Famers Nueva Ecije 	 0.0 2.09 50 20 10 - -
Intermediate 1 Nueve Ecje 	 .

9 100 30 20 . .. 
Intermediate 2 Nuevo Eli 	 4.0'9 150 40 30 1.0 1.0 1.0 
High Nueva Ecije 

25 10 0.5 0.5 4.0 0.25 43Farmers Camilnes Sur 
- 0.0 2.05 s0 20 10

Intermedlte I Camntlnes Sur 
2 	 20 .. .

intermediate Cemldns Sur 5 100 30 . 
1.0 4.030 1.0 1.0

High Camalnes Sur 5 150 40 

37 9 0 0.5 1.0 1.5 0.02Farmers I1olo 	 _ - 0.0 2.02 50 20 10
Intermediate 1 1101o0 

.
2 100 30 20 . ..Intermediate 2 Iloilo 1.0 1.0 4.0 
High 11011o 2 150 40 30 1.0 

We(season 

7 2 2.3 0.8 3.3 0.414 77Farme' Laguna 2.3 0.9 2.1 4.090 0 0
High Laguna 14 


9 57 13 0 0.1 0.3 1.7 0.4
 
Fwmers" Nueva EclJa 	 .2.09 40 20 10 .Nueve Ec~leIntermediate I .
. ..
9 70 30 20Intermediate 2 Nueva EcIja 	 3.09 100 40 30 1.0 1.0 1.0 
High Nueve Ecije 

8 6 1.4 0.5 3.0 0.26 36Farnw' Cemarlnes Sur 
- - 0.0 2.06 40 20 10

Intermedlate 1 Cmarmns Sur 	 . .5 70 30 20 .. 
Intermediate 2 Cemarlnes Sur 	 1.0 3.030 1.0 1.06 100 40High Camarnes Sur 


43 11 5 0.3 0.1 1.3 0.1
7IloiloFarmer" 	 - 0.0 2.07 40 20 10
Intermedite I Iloilo 

20 .. .70 30 .Intermediate 2 Ilo1lo 7 
40 30 1.0 1.0 1.0 3.07 100High Iloilo 

by rotary weder--r ofchemical weedlcde (C) 
@Dats show ev.nof01mechanical weedlng operations (M)-eithr by haW rn 

PinepeL etc.-n 01gonulaf (0) appllctiOnsaplctions.- Oata show av. no. 01follr (F) siwa4ys--Hytox. Azodrin, Brodari. 

- dy wer. The main field
crops were treated. In some cese. seedbeds were also Ueated. 

lindam. Carbofuram and dlainon-to 

to 

* 	 Polvmiil kWim
ctcuaform M 

t

6 

6 	 O 

1.Poeta imyedadactual farm yield from yield.constrsint5 experdments In farmers' fields. Laguna, Philppines, 
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Table 2. Contribution of separate Inputs toward improving rice yields over farmers levs in yield.corstraints
experiments in farmei. fields, project ras in four provinces. Philippines. 1976. 

Sites (no.) Yield (t/ha) Contributlorn (t/h) of 

ovinceIrrigated Rnfed Frmer High Diffrence Ferfiize Weed Insect Residual 
inputs inputs control control 

Dry season 
Laguna 12 0 4.4 6.1 1.7 1.0 0.2 0.6 -0.1 
Nueva Ecija 9 0 4.0 6.5 2.5 1.4 0.3 0.8 0.0 
Camarines Sur 5 0 3.3 4.8 1.5 1.3 0.1 0.2 -0.1 
1110 2 0 3.1 5.6 2.5 1.6 0.4 0.2 0.3 

Wet season 
Laguna 14 0 3.3 5.9 
Nueva Ecijs a 3 2.8 4.4 
Csmuines Sur 5 1 2.7 3.3 
iloilo 6 2 3.3 5.3 

Mesured as the average yield increase from the high level of each 
eraged over all levels of other inputs. 

were similar to those in the dry season. The 

frequency of hand weeding waF slightly lower, 

however, and herbicide use increased. Farmers' 

insecticide use was similar to that in the dry 

season. 

Farmers' yields ranged from 0.5 to 5.2 t/ha 

(Fig. I), averaging 3.3 t/ha (Table 2). With 

high inputs, yields ranged from 3.4 to 7.6 t/ha 

(av. of 5.9 t/ha). Yield gaps ranged from 0.9 to 

6.7 t/ha (av. of 2.6 t/ha). The major portion of 
the yield gap, 62% (1.6 t/ha), was from im-
proved insect control and 27% (0.7 t/ha) was 
from improved fertilizer use. As in the dry 
season, improved weed control did not appre-

Grwi yqWd(t/ho) 

an' seOW cO 

6 

2 _, 

l--A3R0--i 1R26 l--R30---4 iN26 I.-1-- R1561----

2.6 0.7 0.2 1.6 0.1 
1.0 0.6 0.0 0.9 0.1 
0.6 0.4 0.1 0.2 -0.1 
2.0 0.9 0.3 0.5 0.3 

Input compared, with yield at farrs level Iechof input. 

ciubly increase yield. 
The larger yield gap in the wet season was 

primarily caused by severe brown planthopper 
attack on some farms. Three farms had severe 
hopperburn in treatments with the farmers' level 
of insect control, and had yield gaps of 2.2, 5.5, 
and 6.7 t/ha. The results suggested a much 
larger relative averagc contribution from im
proved insect control in the wet season. 

Nueva EclJa sites (Agronomy). Dry season. 
Dry-season experiments were on nine pump
irrigated farms. The average level of fertilizer 
applied by the cooperating farmers was 76 kg 
N/ha, 34 kg P2 0,/ha, and about 1kg K20/ha. 

rr X4.tZv 

*0FwOmbyel 

IR30 LR?29-- IRo----4 R2:6 1R20 IRL561 1R30 JR26 

2. Variations In yield pap between farmers' fiolds in fsarm yield-constrslnts studies InNueva Ecija province, Philppines, 
1976 dry snd wet seasons. (Each set or bars represents one farm.) 
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Table 3. Grain yield under different levels of Inputs, project areas in three provinces. Philippines. 1976 dry season. 

Province Farms Fertilizer 
(no.) 

F I1 1-2 

Nueva Ecljs 9 4.5 4.6 5.5 
Cenwines Sur 5 3.4 3.7 4.2 
Iloilo 2 3.7 4.6 5.3 
Average 3.9 4.3 5.0 

'F a farmers levelj I w Intermediate; H- high. 

Nearly all farmers sprayed more than once, and 
about half of them used granular insecticides, 
Most farmers hand weeded once, and half of 
them used herbicides. 

Yields at the farmers' level of inputs ranged 
from 2.6 to 6.1 t/ha (Fig. 2), averaging 4.0 t/ha. 
One reason for low yields on some farms-in 
addition to low levels of inputs-was late 
application of fertilizer and herbicide. Appli-
cation of the high level of inputs resulted in an 
average yield gain of 2.5 t/ha (Table 2). 

Fertilizer, the most important of the three 
major input factors studied, contributed 56% 
(1.4 t/ha) of the yield gap; insect control 
accounted for 31% (0.8 t/ha): and weed control. 
for 13% (0.3 t/ha). 

This year's experiment included two levels of 
fertilizer intermediate between the farmers' and 
the high level, and one intermediate level of 
insecticide (Table 1). The value for a specific 

Grin yield' (i/ha) 

insect control Weed control 

H F I H F H 

5.8 4.8 4.9 5.6 5 0 5.3 
4.7 3.9 4.0 4.1 3.9 4.1 
5.4 4.7 4.8 4.8 4.5 5.0 
6.3 4.5 4.6 48 4.4 4.8 

input level (Table 3) isaveraged over all other 
inputs. In the dry season, increasing fertilizer 
levels continued to increase yields up to the 
high input level. Average yields at intermediate 
(1-2) and high levels of fertilizer input were 
appreciably higher than those at farmers' lcvcl. 
Yields at the intermediate level of insect control 
were no higher than thosc at the farmers' level 
but yields at the high level of insect control 
were higher than those av the farmers' level. 

Management package experiments were run 
on two farms in each of three provinces with 
two varieties. Input levels are in Table 4. and 
the results arc in Table 5.The farmers' variety 
was IR30 on one site and IR1561-228-3 on the 
other. The test variety was IR36. 

Wet season. Wct-scaon experiments were on 
three rainfcd and six irrigated farms. The 
average levels of fertilizer and weed control 
used were generally lower than those in the 

Table 4. Averalge levels of inputs used by farmers, and levels of four input management packages. project areas. 
three provinces. Philippines, 1976 dry season. 

and weed co~itro t i$ted Inthb'sabeP rF * toiet 0 -, granulas. 'M - mechernical weeding. either by hand worotery weeder; C , 
Chemica ve de,ed'u 
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Site$e(av. 

Province (no.) 

Nueva EclJa 2 
Canrines Sur 2 
Bothpovinces all 

Iollo 2 

*Ml * average of fermerClsbet of 

Insect controlb Weed 

no. of applications) ( ntrlt 

K20 Seedbed Field (av. no. of treatments)level' N P20g 

CF G F G M 

Ml 83 38 3.5 0.5 0 0.5 0 5 1 0.5 
MI 42 32 5 1.5 0 4 0 0.5 0.5 
M2 40 10 0 0 0 2 0 1 0 
M3 80 2020 1 0 2 1 0 1 
M4 120 30 30 2 0 2 2 0 1 
MS 160 40 40 2 1 1 4 1 1 
M1 52 21 21 0 0 2.5 1 0.5 1 
M2 25 10 0 0 0 2 0 1 0 
M3 50.20 10 1 0 2 1 0 1 
M4 75 30 20 2 0 3 2 0 . 1 
MS 100 40 30 2 1 5 3 1 1 

soetic:,tlonot the three inputs by site. M2 through MS have levels of fertilizer, insect control. 


