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About this report 
1977. Tile various sections of tile 

16th annual report covers research duringThe 
to problem arcas. The department

report deal with the interdisciplinary approach 

are identified in italics below the topic
 

or departments that performed the research 

heading, e.g. 

EVALUATING DISEASE RESISTANCE OF BREEDING MATERIALS 

PlantPathology Department 

phase of the research is identi-
In collaborative work. the department that did one 

For example, the Agronomy
fied in italics in parentheses following the subtopic. 


and Plant Breeding Departments cooperated in the project VARIETAL SCREENING.
 

Because the Agronomy Department bore responsibility for one phase of this effort,
 

its name follows the subtopic:
 

Upland field screening (Agronomy)
 

e.g., "t/ha" means metric tons per
Data in this report are given in metric units, 


hectare. The International System of Units (SI) is not, however, completely adopted
 
means untreatedUnless otherwise stated, "control" or "check" 

control, grain yield is calculated as rough rice at 14% moisture, and protein content 

rice at 14% moisture. A single asterisk (*) 

for abbreviations. 

is calculated as a percentage of brown 
at the 5% level of significance and two asterisks (**) means 

means significant 
significantly different at the 1%level. 

and terms often repeated
The report makes liberal use of abbreviations of names 

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

and traditional variety (TV). Such abbreviations are spelled out when 
variety (MV), 
first used. 

rather than by the multiplication sign
Pedigrees are indicated by a slant bar (/) 

(X). For example, IR32 X IR34 is now written 1R32/1R34. The sequence of crosses 

(1R32 X IR34) X Bg9O-2 is now written
is indicated by the number of slant bars: 

The third and further crosses are designated /3/, /4/, /5/, and 
IR32/IR34//Bg9O-2. 
so on. Backcrosses are indicated by a superscript numeral. 

The report makes reference to three fundamental typ.s of rice culture. Upland 

culture means rice grown without irrigation in unbunded fields. Rainfed paddy 

culture means rice grown without irrigation but in fields that are bunded to im

pound water. Irrigated culture means rice grown with irrigation in bunded fields. 

A detailed table of contents is furnished at the beginning of the majut sections, 

the general table of contents at the beginning of the report. The 
in addition to 
thumb index on the back cover provides quick access to each section. 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 potential= performance gap 
PLANT SCIENTISTS suggest that under ideal conditions modern rice vari
eties have the biological potential to produce 3 to 10 times the yields

commonly obtained by farmers. In temperate regions the potential

is 15 to 17 t/ha. In the tropics it is sG.ewhat lower - 13 to

15 t/ha - because of higher respiration rates. Such yield figures

dwarf average national rice yields and underscore the extent of a
 
large potential-peror,ancegap.


Farmers in tropical countries suffer 
most from this gap. There
 
would be no cereal food deficiencies in the tropics if rice yields there

and in the subtropics were as high 
as those in Japan, Australia,

Europe, and the United States. On the contrary, there would be food
 
surpluses. Adequate food would be 
 available for double even-

triple - the current populations in the tropics.


The average rice yields of Japanese farmers are 30 to 40% of the
potential yield that can be produced under ideal conditions. But in
India, the Philippines, and Indonesia, farmers produce only an aver
age 12 to 15% of the potential yield for the tropics. Reduction of 
this potential-performancegap is our greatest challenge.

Rice scientists have the responsibility of identifying reasons for
the wide yield gap and of ascertaining means of reducing it. Research
shows three primary factors to be responsible for this wide yield gap.

irst are the physical-environmental constraints, most of which 
v,..,,r are uncontrollable by man or require excessive cost for their
removal (Fig. I). Climatic extremes of cold and hot, or wet and dry 

-	 I. Environmental 
-I QDtDNCAEN.T constraints such as weather 

and sols prevent the 
12- FRI attainment of the fullbiological yield potential 

eMVA010of rice. But the practicalcumob Wnt i en potential yields are(0-wawvfmtbby nm attainable if man can(&9WWww ucontrol biological-physical
and socioeconomic 

dconstraints.f A majorPRATI.CAL PETLAL.6-	 objective of IR RI 
researchers is to provide acia~h e 

0 gmwn 	 basis for improveduto a10 technologies and public
4-N by mm policies that will remove 

constraints.-	 Athese 
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are examples. The low temperatures in Korea and the high ones in 
Pakistan are not subject to easy manipulation. In areas where floating 
rices are grown, annual floods will likely continue.. Likewise, strongly 
acid sulfate soil areas will probably remain acid because costs of 
reducing their acidity are prohibitive. 

Second are the physical and biological constraints, which are most 
severe in the tropics, but which are controllable if appropriate tech
nology is available. Population pressures have forced the cultivation 
of some land areas with poor soil. The monsoon type climates of 
the tropics bring alternate periods of deficit and excess of water. 
Diseases and insect pest pressures are much more severe in tropical 
environmenth than in temperate regions. Furthermore, favorable year
round temperatures encourage these pests. 

These physicai-biological constraints are subject to at least partial 
removal through in.proved technologies and management practices. 
Disease and insect pess can be controlled. Varieties tolerant of defi
ciencies and excesses of water and of toxic soils are on the horizon. 
And more efficient fertilizer and irrigation practices are being 
developed. 

The third gap-producing hactors are the socioeconomic constraints 
faced by the rice farmer in the tropics. His input supply and distri
bution systems are imperfect and his input costs are relatively high. 
The system for distribution of irrieation water is often inefficient 
and beyond his control. And his financial resources are costly and 
subject to control by others. In addition, his sources of information 
on improved practices may be undependable or even erroneous. All 
in all, he lacks motivation to increase production. 

Scientists at IRRI are working with counterparts in national 
programs to first identify yield constraints and then to remove them. 
Already we have learned that pest management and fertilizer prac
tices are primary constraints over wide areas. But we have also 
discovered that no technology has as yet been developed to remove 
yield constraints over even wider areas. In the flood-prone regions 
of eastern India, for example, where adapted improved varieties 
and associated cultural practices are not yet available, yields have 
remained essentially constant over the past 15 years (Fig. 2). 
This contrasts with the rapidly increasing yields and production in 
northwestern India where appropriate technology is available and 
is used by farmers. 

IRRI researchers are playing a vital role in identifying the socio
economic constraints to rice production and in testing the ability of 
farmers to respond once the constraints are removed. Ultimately 
social and political leaders must be motivated to take steps to remove 
such constraints. A farmer must be able to make more money if he 
accepts a new technology. His risks must be reduced and he must 
have a ready market for his produce. Furthermore, the adoption of 
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the technology, while benefiting him, should not adversely affect
those who work for and with him, or those who consume rice. 

To supplement the research and development activities aimed at
increasing rice yields, concomitant activities to improve the cropping
and farming systems are in progress. Most farmers work with more
than one crop and have more than one enterprise. The researchers 
at IRRI and in cooperating national institutions focus on the farmer
and his cropping system in their attempts to develop improved total 
farm systems. 

ProWess in 1977 
National rice production levels for 1977 in Asia were variable but
generally good. Drought struck some countries of Southeast Asia and 
parts of China, and lowered production levels. Brown planthopper
and other pests also took their toll. But production in India, Korea,
and the Philippines was at record levels. In general, rice production
appeared to have at least kept up with demand. 

Two basic research premises
The two basic premises on which IRRI's general research direction is
based continued to guide our research activities in 1977: 

0 Because most production-constraint problems tend to go beyond
political boundaries, they can best be solved through interna

2. Rice yield trends for 
eastern and northwestern 
India since 1961 clearly
exhibit the potential.
performance gap. In 
eastern India, where 

farmers are plagued by
floods and where adapted
modern rices and their 

technology 
are not yet available, 
yields have stayed in the1.2 to 1.6 t/ha range. But 
in northwestern India 
irrigation and an 
accompanying new rice 
technology have given
farmers a start on bridging 
the gap. 
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tional cooperation and collaboration. No single institution 
international or national - can solve such problems alone. 

0 Within a given international or national institute, interdisciplinary 
inputs are essential to solve production-constraint problems. No 
single discipline can, by itself, solve such problems. 

In keeping with these premises, IRRI continued its interdisciplinary 
teams approach at home 4nd worked with networks of cooperating 
scientists overseas. 

Long-range focus 
In 1977 we intensified efforts to plan well ahead so as to be more 
certain of the appropriateness of our research direction. We devel
oped estimates of the probable sources of increased food production 
in major rice-growing areas 'of Asia (Table 1). We concluded that 
about 55% of the future food i'roduction increase would come from 
increased yields and about 45% from increased cropping intensities. 
Irrigated areas in South and Southeast Asia will likely provide about 
46% of the increased production and rainfed areas about 34%. While 
the anticipated increased production from upland and deep-water 
areas is muc. iess, the fact that these production areas have largely 
been ignored in the past justifies their receiving increased research 
attention. 

We are reevaluating our research priorities and relative emphases in 
the light of the estimates in Table I. Consideration is given, not only 
to potential production increases but also to the welfare needs of 
the farmers, the landless laborers, and the rice consumers. 

Specificity of programs 
We continued our efforts to sharpen the focus of research on specific 
problem areas. To make us more sensitive to the needs of farmers in 
different agroclimatic environments, we have focused our genetic 
evaluation and utilization (GEU) programs on four types of rice 
culture: 

Tahle I. "w pem psatof fown baeft from m tO can be expected from ylMd
lecrems ad fyurocri, leeddstl. mud- dffematm co i..'_amplmexesultma-
Nd by -w E LoqRm p 1is Commktte due 1977. 

Envmiroomental complex Future march beafilts (%)expected from 
Yield icreases Crop intenvicatim Total 

Irrigated 22 24 46 
Rainfed (hallow) 15 I! 26 
tFRed (medium deep) 6 2 8 
Dempwater 2 1 3 
iplad 3 1 4 

Arid, ho temperature 6 5 11 
Log day, low temperature 1 <I I 

55 45 100 
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" Irrigated 
* Rainfed, medium deep-water 
• Deep-water 
* Upland
 
We believe the opportunities for technology payoffs from research
 

still remain high in irrigated areas. Furthermore, considerable research
 
is needed to maintain the high yield levels Already achieved under
 
irrigation. But rainfed, deep-water, 
 and upland areas must receive
 
higher priority than was given them in the past. These have
areas 

received inadequate attention from national and international centers
 
alike.
 

We also focused on specific problem areas through collaborative
 
research with scientists in national programs. Increased emphasis was
 
placed on topics such as temperature extremes (high and low),
 
problem soils, and deep water. By joining forces with scientists in
 
countries where the problems are most acute, we are helping to plan
 
and carry out experiments in the adversely affected areas: 

* Drought resistance studies in Indonesia and Thailand; 
* High temperature tolerance work in India, Iran, and Pakistan; 
* Cold tolerance work in Korea and the Philippines; 
* Deep-water tolerance research in Bangladesh, India, and Thailand;
 
" Acid sulfate soils study in Indonesia, Malaysia, and Thailand;
 
* Iron toxicity work miSri Lanka; and 
* Salinity (coastal) tolerance study in India, the Philippines, and
 

Thailand.
 

Broadened approach to disease and insect pest control 
The resurgence of the brown planthopper and the discovery of a new 
rice virus disease emphasized the need to broaden our research base 
on pest control and management. Two years ago the brown plant
hopper appeared to have been controlled by the release of resistant 
varieties. Since then, we have identified at least three biotypes of this 
insect and have confirmed that most modern varieties are susceptible 
to at least one of them. The development of other biotypes is likely.
We have screened about 65,000 breeding lines for resistance to one 
or more of the brown planthopper biotypes. Even though many
show some degree of resistance, it is obvious that a simplistic host
resistance approach alone will not suffice in the management of the 
pest. The seriousness of the problem is emphasized by the fact that 
the brown planthopper is a threat over a wide area from tropical
!ndonesia to as far north as Central Japan, China, and Korea (Fig. 3). 

In early 1977 Filipino scientists discovered ragged stunt, a new 
rice disease that we have since found to be caused by a virus. The 
disease is transmitted by the brown planthopper and has also been 
found in Indonesia, Thailand, Sri Lanka, Bangladesh, and Vietnam. 
We have already field-screened several thousand lines for resistance to 
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3. The brown planthopper the disease. Only varieties with resistance to prevalent brown plant
is a potential threat to rice hopper biotypes show field resistance to this new virus disease. 
production in most of the 
shaded area. The hopper The emergence of ragged stunt adds urgency to the need to control 
does not overwinter in or manage the brown planthopper. We are seeking added means of 
Korea and Japan, but 
annual migrations cause management. Some pesticides were effective initially, but over time 
serious damage. the pest has developed resistance to them. Predators have been found 

and are being tested in the greenhouse and in the field. Cultural meth
ods are also being employed. Collaborative research on the insect is 
under way in India, Indonesia, Sri Lanka, Thailand, Bangladesh, and 
Korea. We also. cooperate with the International Center on Insect 
Physiology and Ecology (ICIPE) and with British scientists supported 
by the Overseas Development Ministry (ODM) tb study the pest. 

Innovative GEU approaches 
Several approaches are being taken to accelerate the rate of dis
semination of rice genetic resources. The procedure - started in 
1976 - of disseminating F2 and F3 seeds to cooperators in other 
countries was expanded. The rapid generation advance technique of 
producing three generations of photoperiod-sensitive lines for distri
bution to cooperators working on rainfed and deep-water rice was 
further refined and expanded. 
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We invited plant breeders from niie major rice-growing countries 
to come to IRRI to evaluate breeding materials in our nurseries and 
gave them seeds of materials they selected. We also intensified our 
efforts to ascertain the gene source of resistance to diseases and other 
pests and of tolerance for adverse environmental conditions. Through
the international Rice Testing Program (IRTP) more than 100,000 
seed packets of various varieties and lines were distributed in 1977. 
Data from a survey, startLd in 1974, to trace the diffusion of modern 
varieties through national rice programs in Asia continued to be 
analyzed. Rice breeders at 27 research centers in 10 countries coop
erated in this survey. 

Nitrogen studies 
The superiority of root-zone placement of nitrogen fertilizers to 
surface applications was again demonstrated. Surface treatment 
resulted in significant losses of gaseous ammonia. Fertilizer efficiency 
of the root-zone treatments and of sulfur-coated urea was nearly 
double that of the split surface-application commonly used by 
farmers. Similar results were obtained by scientists from 19 countries 
who ran 84 trials during 1975-77 as part of the International 
Network on Fertilizer Efficiency for Rice (INFER) (Fig. 4). 

We have evidence that nitrogen fixation by blue-green algae or by 
Anabaena algae associated with Azolla can supply large quantities of 
nitrogen in flooded soils (Fig. 5). Such biological fixation probably 
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4, Root-zone placement 

surface applied urea 
(mudball and briquet) or 
sulfr-coated urea gave 
higher rice grain yields

split nitrogen 
on the 

surface (best split). Data 
are from 84 trials in10 countries of the 
International Network on 
Fertilizer Efficiency in 
Rice (INFER), 1975-77 
crop seasons. Note that 
the low rates of mudball, 
briquet, and sulfur-coated 
urea gave average yielh. 
equal to those of the high 
rate of the best split 
treatment. 
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$.IRRI researchers are 
studying the biological 
fixation of nitrogen from 
tluec surces: in the paddy 
woter by blue-green alae 
and by algae associated 
with a water fern 
(AzoMe-Arabeene 
complex), and in the 
reduced layer of the soil 
by heterotrophic bacteria 
associated with rice roots 
(rhizosphere). The 
Azoea.abeena complex 
fixed more than 300 kg 
N/ha in a 7-month period. 
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Mod VOW
 

accounts for the marked increase in soil nitrogen and organic matter 
contents in continuously flooded soils on which 10 successive crops 
of rice had been grown. 

Cropping systen reearch 
The availability of high yielding rices with short growth duration 
enhanced the potential for cropping intensification. In 1977 we grew 
4 crops of IR36, a variety that requires only 90 days in the field 
(transplant to harvest). Through the continuous rice system we pro
duced 23.3 t/ha in 1 year. The system also provided the farmer with 
a continuous supply of rice, and kept his labor requirement and 
input needs steady throughout ;the year. The system has good poten
tial to increase rice production where ample irrigation water is 
available. 

Farmers quickly adopt intensive cropping patterns that fit thei' 
needs. Figme 6 ilustrates the rapid adoption of early maturing rices 
and the rctice of double-cropping in Ilofo province, Philippines. 

We deveoped'environmental classification schemes for rainfall and 
for landscapes, and, tested different cropping patternsin relation to 
such schemes. We found farmers' willingness to try more intensive 
cropping patterns to be cosely related to the landscape classification 
scheme and, in turn, to soil moisture levels. 

-
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The availability and, in turn, the Wst of labor often dictate the 
farmers' willingness to adopt new cropping systems. We found labor 
rates at harvest time to be 3 to 4 times those common during the 
early growing season. Such high labor costs could discourage farmers 
from adopting cropping patterns that require short turnaround times 
at harvest when labor costs are high. 

Focus on low-income people 
1e continue to focus research on low-income people. We are studying 
the consequences of the new rice technology that we, and others, 
have produced. In one village study, farm size was found to be 
decreasing and the number of landless laborers to be increasing. 
Although the landless laborers have shared in the increased income of 
the past 10 years, they have benefited less than the farm tenants. 
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GENETIC RESOURCES PROGRAM 

IRRI now has about 36,960 registered acces
sions and 8,230 new seed samples of 0. sativa,
1,541 strains of 0. glaberrima, 866 wild taxa, 
and 637 genetic testers in the germplasm bank. 
About A0,380 accessions of 0. saliva are com-
pletely described and their morphoagronomic 
data are on computer tape. 

In 1977 IRRI coliaborated with rice workers 
in the national rice research programs of Bang-
ladesh and the Philippines to canvass and collect 
local germplasm. About 270 samples were 
directly collected in Bangladesh and local 
extension workers gathered 206 samples. A
total of 195 samples were collected in the 
Philippines. Collaborators in 9 oth(, countries 
provided IRRI with 933 samples.

Since the field collection project began in 
1972, wse collaborative efforts have led to the 
acquisition of 19,216 samples of Asian cul-
tivars, of which 8,063 samples were collected
with IRRI's direct participation. IRRI also col-
laborated with the Institut de Recherches 
Agronomique Tropicales et des Cultures Viv-
ribres, Office de la Recherche Scientifique et 
Technique d'Outre-Mer, International Institute 
of Tropical Agriculture, and West Africa Rice 
Development Association in the conservation 
of African rices. 

The Institute continues systematic exchange
of conserved stocks with major national centers. 
It has taken steps to develop a global network of 
genetic resources centers that will share respon-
sibilities for the overall conservation of rice 
germplasm. 

A workshop on the genetic conservation of 
rice was held at IRRI in December. IRRI staff
and 44 participants from 18 countries reviewed 
the existing genetic diversity and past conserva-
tion efforts. The participants developed a 5-year
plan for the field collection of germplasm in 
South Asia, Southeast Asia, West Asia, Africa, 
and Latin America. 

In response to 196 requests, IRRI sent 
foreign researchers 4,126 seed samples. Within 
IRRI, 50,354 samples were provided to differ-
ent research departments for various experi-
ments under the Genetic Evaluation and Utili-
zation program. 

Use of the new Rice Genetic Resources 
Laboratory began in November. 

AGRONOMIC CHARACTERISTICS 

Several promising lines were evaluated for yield
performance in nitrogen response trials at 
IRRI, at Philippine Bureau of Plant Industry
(BPI) stations, and in farmers' fields. At IRRI,
IR2071-586-5-6-3 gave the most stable yield at 
all levels of nitrogen in both crop seasonE,
and IR2071-588-6-2. IR2797-125-3-2-2.2, 
IR4432-52-6-4, and IR4432-103-6-4 yielded 
well during the dry season without added nit
rogen. During the wet season, IR4570-83-3-3
2, IR4570-117-2, and IR5853-162-1-2 were 
outstanding. At the three BPI stations IR2071
586-5-6-3 was the most stable yielder and was 
named IR42 in the Philippines. The early
maturing selection IR2070-414-3-9 was named 
IR40. 

A comparison of yield potential of the exist
ing varieties indicated that larger grain size was 
closely correlated with larger yield potential. In 
an attempt to increase the yield potential of rice,
selections with improved plant type and large
grains were obtained from the crosses of Khao 
Lo and IR8, and Khao Lo and 1R747B 2-6. 
Harvest index (HI) studies showed that stable 
and higher HI indicated higher yield potential.
Short stature, short growth duration, and mod
erate temperatures during grain filling contri
bute to high HI. 

GRAIN QUALITY 

Emphasis on intermediate amylose content 
continues in the breeding program. About 
12,000 entries of the world gennplasm collec
tion were analyzed for amylose content. The 
current amylose test at pH 4.5 for undefatted 
milled rice was found superior to testing at pH
10.2, because the pH 4.5 test is less sensitive to 
differences in residual fat of the rice. 

In a food texture tester, the stickiness of 
cooked rice between two metal surfaces corre
lated better than hardness (resistance to e-tru
sion) with amylose content for all rices. Sticki-
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ness also correlated with gelatinization temper-
ature among waxy rices. Hardness differences 
among varieties of similar anlylose content were 
related to known differences in eating quality of 
these rices. Stickiness and hardness of cooked 
rice can indicate cating quality of promising 
IRRI lines, 

The starch of indigenous tropical rices tends 
to have intermediate gelatinization tempera-
ture. The crystalline or corrosion-resistant por-
tion of starch granules (7 to 21 O-) in 2.2 N HCI 
for 15 days at 35'C %%ashigher in samples with 
higher gelatinization temperature and, to a les-
ser extent. higher amvlose content. Differences 
in mean molecular weight of the acid-corroded 
starches were related to differences in the ratio 
of its two major dextrin fractions. 

DISEASE RESISTANCE 

Routine screening of breeding lines for disease 
resistance and screening of the germplasm col-
lection for new resistance sources involved 
66.248 entries for blast, 7.5t4 for sheath blight, 
373 for Cercospora leaf spot, 4,459 for leaf 
scald, and 73.538 for bacterial blight. Field scor-
ing involved 65.447 entries for tungro and 
4.643 for ragged stunt. Disease resistance in 
breeding lines has been steadily increased, 
Genetic studies to identify new genes for resis-
tance to bacterial blight in 55 varieties found 
6 with Xa 4, 49 with xa 5 genes. but none with 
new genes. 

Breeding for stable resistance to blast is a 
difficult task. The International Rice Blast Nur-
sery had. however, identified in all cooperating 
countries several lines with broad-spectrum 
resistance comparable with that of such varieties 
as Tetep and Carreon. The finding suggests that 
stable resistance to blast can be developed if the 
breeding materials are tested during early gen-
erations at many locations. 

We tried alternative methods - other than 
the International Rice Blast Nursery - to 
determine blast resistance and to measure the 
so-called horizontal resistance. Of the eight 
varieties of various degrees of resistance in 
tests, Tt'tep, Dawn, and Sensho had small 
number of lesions; NP-125 and Dular had 

intermediate number of lesions: and Peta, 
Khao-tah-haeng 17 (KTH). and Fanny had 
many lesions, when each was inoculated with 
several isolates from their own lesions. 

Tetep. Dawn. and Scnsho, among the va
rieties tested. appeared to have a high level of 
horizontal resistance. However, varieties simi
larlv tested and considered to have field resis
tllnce in Japan become susceptible at IRRI. In 
the measurement of the rate of disease 
development (r-value) by inoculating three vir
ulent isolates to all %arieties,Tetep. Dawn. and 
Sensho showed vcry low r-value, NP-125 and 
Dular had low r-value. KTH and Peta had high. 
and Fanny had the highest. 

A preliminary trial compared the total and 
the rate of disease deve!opment in a plot with 
five single (various degrees of resistance) lines 
and one susceptible variety with those of a mul
tiline plot of the five resistant lines with and 
without the susceptible variety. The plants were 
inoculated with three virulent races. The dis
ease incidences were in accordance with levels 
of resistance in each line or variety. Some of the 
resistant lines had little disease. The test did not 
show any advantage of multiline planting over 
the single resistant lines. 

A method of screening resistance to leaf scald 
was developed. The perfect stage of the fungus 
was found to be common in the field. The name 
Metasphaeriaalbescens issuggested for the per
fect stage. 

Pathotypc 2, similar to the Isabela strain of 
the bacterial blight organism, has increased at 
IRRI, rendering varieties ciarrying the Xa 4 
resistance gene susceptible. 

The virulence of Xanthiomonas oryzae was of 
two types: continuous and discontinuous. It can 
be demonstrated by a number of rice varieties 
and the bacterial isolates. 

Inoculation experiments showed that bacte
rial isolates from krcek symptoms caused more 
kresek than those isolates from leaf blight 
symptoms. The kresk bacteria also seemed to 
survive in paddy water better than the leaf
blight bacteria. 

A new virus disease, ragged stunt, appeared 
in the Philippines in 1977. Methods were 
developed to evaluate the resistance to the new 
disease and varietal reaction was noted. 
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INSECT RESISTANCE 

The number of entries screened for insect resis-
tance continued to increase in 1977. As a result 
of diallel crossing, resistance to yellow stem 
borer surpassed for the first time that of the 
resistant check IR1820-52-2. Screening-for leaf 
folder resistance was initiated and a rating scale 
was devised. 

Twenty varieties resistant to the brown plant-
hopper were analyzed to find new genes for 
resistance. Ptb 19, Gangala (Acc. 7733), Gan-
gala (Acc. 15207), Horana Mawee, Kuruhon-
darawala, Mudu Kiriyal, and Muthumanikam 
have Bph 3 gene for resistance; Gambada Sam-
ba, Heenhoranamawee, Hotel Samba, Kahata 
Samba, Kalukuruwee, Lekam Samba, 
Senawee, Sulai, Thirissq, and Vellai Illankali 
have bph 4 for resistance; and the varieties Ptb 
33, Sudu Hondarawala, and Sinna Sivappu each 
have two genes for resistance: one dominant 
and the other recessive. The amount of hon-
eydew excreted on different varieties was estab-
lished as a criterion for identification of the
brown planthopper biotypes. 

Selected promising lines having the N22 gene
for resistance to the whitebacked planthopper 
are being evaluated in India and Indonesia. The
lines are resistant to other major diseases and 
insects, and have excellent grain quality and a 
growth duration of 100 to 130 days.

Improved plant type progenies that carry 
green leafhopper resistance from three different 
accessions (Acc. 101845, 102485, 102550) of 
0. glaberrima and are fully fertile were 
developed. 

Tests in the international collaborative study 

on gall midge biotypes showed that Eswarakora 

derivatives were susceptible to gall midge 
 in 
Indonesia but resistant in Thailand. Siam 29 
derivatives were resistant in Indonesia and Sri 
Lanka but susceptible in Thailand. 

When the plant extract from TKM 6, a variety 
resistai;: to striped borer, was sprayed on sus-
ceptible Rexoro plants, the striped borer moths
laid fewer eggs o'n Rexoro than on TKM 6 
plants. On the other hand, eight times more 
eggs were laid on resistant TKM 6 sprayed with 
susceptible Rexoro extract, 

Brown planthoppers caged on resistant plants 
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with intact leaf sheathsl ;rgested significantly 
less food than those cagk ,! c.n plants with leaf
sheaths removed and stems exposed. The factor 
causing antibiosis appears to be present in much 
greater concentration in the leaf sheath than in 
the sterm. 

PROTEIN CONTENT 

About 18,000 more entries in the world rice col
lection were screened for brown-rice protein, 
and high-protein nonjaponica entries from 
more than 29,000 screened to dat,. were 
selected for further evaluation as sources for 
high-protein content. In contrast with those in 
earlier trials, in replicated yield trials grain yield 
and brown-rice protein were not significantly 
negatively correlated. 

In high-protein rice, the subaleurone or out
ermost cells of the endosperm, rather than the 
bran, has the highest protein content. The bran,
polish, and outer endosperm of high-protein
rice are richer in ash than those of low-protein 
rice. 

Destarched milled rice with 70 to 80% pro
tein content may be prepared in quantity by
pregelatinizing the starch granules before treat
ing them with fungal or bacterial a-amylafe.
The preparations have protein quality identical 
to that of raw rice protein and protein recovery 
is more than 75%. 

Protein bodies from milled riceraw were 
confirmed to be more susceptible to pepsin
digestion than protein bodies from cooked rice;
that agreed with digestibility data for rats. 
Transmission electron microscopy showed hat
 
the undigested protein bodies from pepsin

digestion and fecal protein particles represent

the core of the rice protein bodies. The core pro
tein preparation was poorer in lysine, lower in
 
molecular weight, and richer in fat than the
 
whole protein body. Cooking made the
 
glycolipid and phospholipid fractions of fat less
 
digestible.
 

DROUGHT RESISTANCE 

The IRRI crossing program was expanded to 
include drought resistance in both upland and 
rainfed lowland cultures. In 1977. 167 addi
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tional single crosses and 205 multiple crosses 
were made in the upland program. Another 89 
single crosses and 2 1 topcrosses were made to 
incorporate drought resistance into improved 
lines for rainfed, lowland culture. Among the 
traditional varieties widely used as parents were 
Leb Mue Nahng. JC-8 1. Khao Dawk Mali 105. 
Nam Sagui 19, 20A. 63-83. IAC 25. IAC 1246. 
and advanced IRRI breeding lines that showed 
drought resistance in both greenhouse and field 
screening. 

About 1I8.000 genotypes vere evaluated for 
response to drought in %'etand din, season field 
trials. Reproducibility of the test results across 
seasons and vears increased IRRI scientists' 
confidence in identifl ing genotvpic differences 
and the screening methods that have been 
developed. Traditional varieties such as CTG 
1516, DZ 41 . Dular. Padi Tatakin. 20A. and 
Surjamukhi have consistently received desir-
able scores over the past 3years in upland field 
screenii, . 

In 1977. emphasis on identifying highly 
adapted traditional varieties for rainfed, lowland 
conditions was increased. In a comparison of 
270 gcenotypes grown in wvater-deficient and 
irrigated conditions during the dry season. 
Mahsuri. IR34. Knlb-368-1-8-6-7. Sigadis. 
and IR3646-8-1-1 showed high levels of 
drought resistance in lowlIand culture. 

The 1977 upland rice variety trials to select 
promising lines with drought resistance and the 
ability to recover from drought. as well as high 
yield potential and pest resistance, were con-
ducted at four Philippine sites, 

The favorable rainfall at all sites allowed 
agronomists to evaluate the yielding ability, 
agronomic characteristics, and pest resistance 
of the lines selected earlier for drought 
response. The results contributed data to the 
International Upland Rice Yield Nursery 
(IURYN) and identified new entries for the 
1978 IURYN. 

Yield trials of 346 rices for rainfed, lowland 
culture were conducted at IRRI. The results will 
be used to nominate entries to the first Interna-
tional Rainfed Lowland Rice Observational 
Nursery (IRLRON) in 1978. 

Twelve varieties and lines were compared 
under fully irrigated, pa tially irrigated, and 

rainfed lowland cultures in farmers' fields at two 
sites in Central Luzon. The plantings ran into a 
protracted dry spell during the reproductive 
phase. The results showed that early maturing 
varieties escaped the adverse effects of drought 
and produced good yields, but late-maturing 
varieties were markedly affected in yield. True 
difference in drought resistance was identified 
among late varieties of similar maturity. 

Intensive studies of root systems of rice 
grown in root boxes in the greenhouse and ill 
upland fields further illustrated genotypic diver
sity in such factors as rooting depth and density, 
and root diameter and branching pattern. Core 
sampling proved to be asatisfactory method of 
investigating vertical and lateral root distribu
tion in upland fields. 

Experiments were also conducted to examine 
rice root sensitivity to aluminum toxicity, a fac
tor often responsible for retarding rice root 
growth in acid upland soils. A screening proce
dure using the IRRI phytotron and nutrient so
lution culture at two levels of aluminum con
centration proved adequate for evaluating rice 
root growth in response to aluminumn toxicity. 
Upland varieties were generally tolerant of 
aluminum toxicity, but lowland varieties were 
susceptible. 

The importance of deep. extensive root sys
tems isobvious. However. this trait may not be 
expressed where the soil's physical or chemical 
properties inhibit root penetration. Green
house experiments and evaluation of varieties 
tolerant of severe soil moisture stress where 
rooting depth is limited were continued in 1977. 

Studies on the soil-plant-atmosphere water 
continuum in upland fields led to methods of 
expressing plant water deficits, based on soil 
and atmospheric data. The studies were useful 
in providing ameans of expressing the effects of 
intensity and duration of drought on crop yield. 
The expressions agreed well with observed 
growth and yield response of upland rice crops. 

Previous research illustrated the significant 
effect of atmospheric evaporative demand on 
crop and soil water status. Experiments were 
initiated to evaluate the effect of corn-rice inter
crop on the canopy-level atmospheric evapora
tive demand and plant-water status of the inter
cropped rice crop. Changes in the intercrop 
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microclimate significantly affected the rice crop
water status, indicating that intercropping rice
with a taller crop species may be an agronomic 
means of protecting upland rice from drought. 

TOLERANCE FOR ADVERSE SOILS 
The main activities in adverse soils tolerance in
1977 were: 1) investigating screening tech-
niques; 2) screening elite lines for tolerance for
salinity, alkalinity, iron toxicity, Histosol prob-
lcm,-, and deficiencies of phosphorus and zinc;
3) screening the progeny from the salt- and
alkali-tolerance hybridization programs; 4) 
mass field screening of the world germplasm col-lection for tolerance for phosphorus and zinc 
deficiencies and for -ron toxicity; 5) field testing
rices for salt- and phosphorus-deficiency toler-
ance; 6) investigating the chemical basis of soil 
stress tolerance; and 7) breeding for adverse 
soils tolerance. 

The greenhouse capacity for salinity and alka-
linity screening was tripled by increasing the
number ofplants per tray. Piezometric monitor-
ing of salinity improved the reliability of field 
screening for salt tolerance. 

Of a total of 13,459 rices screened in 1977,
259 gave nearly normal growth under adverse 
soil conditions: for salinity, 52 tolerant rices were identified; for alkalinity, 31; iron toxici-

ty, 27; Histosol problems, 1; phosphorus defi-

ciency, 76; and zinc deficiency, 72. 


IR4360-22-3 yielded 2.6 t/ha on a coastal

saline soil in Camarines Sur, Philippines, where

three IR varieties yielded less than 1.3 t/ha. On 

a zinc-deficient soil in Bohol, the local variety

Lumbang gave 2.8 t/ha, outirielding 9 IR vari-

eties. IR2307-247-2 yieled 3.9 t/ha without 

P fertilizer on a P-deficient soil on which IR36 gave only 2 t/ha. 

Salt tolerance in rice was associated with ahigh electrolyte content in the root and a low
content in the shoot. The alkali-tolerant rice
Pokkali had a higher shoot concentration of
total bases, potassium, phosphorus, and man-
ganese than the sensitive IR26. 

Although repeatability is not as high as
desired, heredity of salt tolerance is quantita.
tive. Pokkali's salt tolerance can be combined 
with other desirable traits, 
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More than 2,000 pedigree lines from 20 
crosses wbre tested in the greenhouse; 3,000 
were grown on a coastal saline soil in Camarines 
Sur. 

DEEP WAFER AND FLOOD TOLERANCE 
Screening methods for different plant charac
ters needed in deep-water rice varieties were 
developed and modified during the past 2 years.
Major emphasis in 1977 was on screening of
varieties in the germplasm collection and of new
breeding lines. Several new varieties were iden
tified as possible donors of plant characters 
needed in deep-water rice. 

In Thailand, work on fertilizer response of 
deep-water lines at varying water depths, begun
in 1976, was continued in 1977. Work on weed 
control, drilled seeding, drought resistance 
seedling stage, and flood tolerance was also

at 

initiated. 
Greenhouse testing involving four photo

periods has been useful in differentiating rices
that have flowering dates suitable for the areas
where photoperiod-sensitive'vareties are used. 

Basic studies on branching and its significance
in deep-water rice were started at IRRI. Three 
deep-water tanks were completed to expand
screening and agronomic research.

More crosses and intercrosses were made to 
generate diverse materials and to improve the
elongation ability of promising lines. Several 
advanced breeding lines have been identified
and planted in multilocational trials in Thai
land. In tests, the new lines performed better

than the traditional varieties 
 and compared

favorably with the improved varieties even 
in 
shallow water. 

TEMPERATURE TOLERANCE 

Since 1974, 17 ,68 9 rices have been screened for
cold tolerance at different growth stages. Ele
yen varieties with cold tolerance at seedling,
panicle initiation, and anthesis stages have been
identified. They have optimum plant height and
growth duration when grown in low
temperature areas. Many are being used in eros
ses and their progeny are being screened in 
greenhouses and fields. 
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The IRRI breeding prtgram has been greatly 
expanded and field evaluation of breeding mat-
erials at Banauc, Philippines, has been inten-
sified. New crosses between newly identified 
cold-tolerant varieties and elite GEU lines were 
made in 1977. Early generation seed and bulk 
seed of promising lines were distributed to col-
laborating rice improvement programs in low-
temperature areas around the world. 

A collaborative program with Korea on cold 
tolerance was initiated; experiments in Korea 
will begin in 1978. 

A sinple screening procedure has been de-
'eloped for high-temperature tolerance. From 
more than 390 selections, 14 donors of high-
temperature tolerance were identified for use in 
the 1978 breeding program. 

Clear differences in anthesis time were found 
among selections of 0. sati,'a and 0. glaberri-
ma. 0. glaberrina selections began to flower 
eariier in the morning than 0. saliva. Early 
anthesis may be an escape mechanism from 
sterility induced by high temperature. The 
high-temperature tolerant varieties that were 
identified did not have early morning anthesis; 
thus. they are truly tolerant. 

INTERNATIONAL RICE TESTING IPROGRAM 

The International Rice Testing Program 
(IRTP) dispatched 577 sets of 15 types of nur-
series in 1977. about the same number as in 
1976. The national programs increased their 
contribution of nursery entries from 34% in 
1975 to 65% in 1977. The IRTP continued to 
develop more nurseries for specific cultural 
conditions. A yield nurser), of long-duration 
rices (IRYN-L) was initiated with materials 
suitecd to large delta regions of monsoon Asia 
where rice cannot be harvested until the mon-
soons end. Six nurseries were prepared jointly 
with the Centro lnternacioal de Agricultura 
Tropical (CIAT) for Latin America. Wide-
spread use of the IRTP nursery entries in the 
national programs in hybridizations, and their 
promotion to local yield trials and production 
programs are becoming evident. 

The IRTP monitoring tours encourage col-
laborative reserc.1 among regional rice scien-
tists and rapid adoption of new genetic materi-

als and techniques. Monitoring tours were con
ducted in North Africa. West Asia. and Latin 
America for the first time in 1977. 

INTEGRATFD GEU PROGRANI 

In response to special requcsts, 9,2(00 seed 
packets of improved breeding lines and varn
eties were distributed in 1977. The International 
Rice Testing Program (IRTP) provided another 
36,583 packets of the best GEU lines and var
ieties to participating national programs. Seve 
hundred and twenty-four packets of F2 se 
from 159 crosses w'crc distributed to 28 loca
tions in I5 countries. Collaborative projects 
with several national programs were initiated in 
1977; early, generation materials, advanced 
breeding lines, and varieties were exchanged for 
evaluation and hybridization. 

The Philippine Seed Board named two IRRI 
lines as varicties in 1977. bringing the number 
of IRRI lines named in national programs to 51. 
IR2070-414-3-9, an early maturing ( 15 days), 
short-statured variety, was named IR40. 
IR2071-586-5-6-3. a high yielding, short sta
tured variety with particularly high yield poten
tial at low levels of applied nitrogen, was named 
IR4 2 . 

The volume of the IRRI crossing program 
decreased slightly in 1977. while the number of 
F,combinations and pedigree lines grown con
tinued to increase as a reflection of the 
expanded crossing effort in previous years. The 
number of seed packets disnatchcd decreased 
due toa reduction in the volumeof IRRI mater
ial included in the IRTP as national programs 
increased IRTP participation. 

The responsibilities ot the GEU plant breed
ers were reorganized to focus more directly on 
important target areas. More emphasis was 
placed on rainfed lowland areas, which make up 
about half of the rice area in South and South
east Asia. 

Several new breeding lines with adaptability 
to irrigated, rainfed, lowland, and upland areas 
were identified. 

Rapid generation advance was further eval
uat- d as a breeding technique for the devel
opment of improved photoperiod-sen
sitive germplasm. IR36 seed was treated with 
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ethyleneimine; the 10 plants recovered froi,
the M2 had extremely low pollen viability ananormal ovule function. Monogenic male sterile
lines may be identified from the 10 materials. 

COMPUlERIZED DATA MANAGEMENT 

The IRRI germplasm bank has 36,956 registered accessions of 0. sativa, 26,000 of which 
are completely characterized for 38 basic morphoagronomic characteristics. Completeinformatiop on 35 CEU traits for 33,946 accessions was i' t,; germplasn data bank as of 
1977. 

A computer-based system to monitor move
ment of, and provide instant information on,seed stocks was tested in 1977. Volume I of
Pareue ofIRR crosses was published. Fromthe hiaory-of-cros file a computer program
was developed to complete the family tree of 
each cros. 

Computerized data management systems
were developed for seven IRTP nurseries in1977 making a total of 10 nurseries now in the 
system. 

RICE BREEDING IN ASIA 

The diffusion of rice genetic materials used as
parents during 1965-67, 1970-71, and
1974-75 was traced at 14 agricultural research
 
centers in 7 Asian nations.


In 1965-67, at least one semidwarf parent
was involved in 61% of the crosses; by1974-75. semidwarfs were involved in 84%.

Crosses that involved a tall variety dropped

from 74% to 45% during that time. In
1965-67, 28% of the total gene pool wassemidwarf and 40% tall. Ten years later thepercentage of semidwarfs almost doubled and
that of tall and intermediate-statured material 
dropped sharply.

Taichung Native I (TNI) and IR8 were the
most popular gene sources in 1965-67; each was used in about 20% of the crosses. But theywere used in only 1-3% of 1974-75 crosses.
Use of other IRRI semidwarfs increased to
44%. The strongest upward trend was in the useof locally developed semidwarfs- from almost none in 1965-67 to about half of the 1974-, 
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75 crosses. Three.fou1 s01 ux,local semidwar 
parents had IR8 or other IRRI rices as parentsBecause ce-geo-woo.gen (DGWG) is acon mon ancestor of almost all semidwarfs, thc 
DGWG gene can be assumed to be in about80% of the 1974-75 crosses. 
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FIELD COLLECTION 
Plant Breeding Department 

Since IRRI's field collection of rice germplasm
began in 1972, collaborative efforts with
national agricultural research centers in South
and Southeast Asia have assembled 19,216 cul-
tivars. Of th. iumber, 8,063 samples were col-lected with the direct participation of IRRI
staff. In 1977 collaborators in Bhutan, France,
Indonesia, the Ivory Coast, Malaysia, Nigeria,
Pakistan, the Philippines, Sri Lanka, and Thai-
land sent in 1,139 collected samples.

The Institute continues to collaborate with
several Asian couitries in assembling indige-
nous varieties. During July and August, canvas-
sing in Bangladesh in cooperation with theBangladesh Rice Research Institute resulted in
the assemblage of 274 seed samples, most of
which are aus varieties. Extension workers 
gathered 206 more samples.

Work in northwestern Mindanao, Philip-
pines, with the staff of the Bureau of Agricul-
tural Extension netted 231 samples. The 
Bureau of Plant Industry and the University of
the Philippines at Los Bafios also participated inthe development of field collection plans for 
various parts of the Philippines.

IRRI contributed funds toward the col-
laborative collection of the African rices inWest Africa - a project involving the Interna-
tional Institute of Tropical Agriculture, Institut
de Recherches Agronomiques Tropicales et des
Cultures Vivri~res, Office de la Recherche Sci-
entifique et Technique d'Outre-Mer, West
Africa Rice Development Association, Interna-
tional Board for Plant Genetic Resources 
(IBPGR), and IRRI. 

INSTITUTIONAL EXCHANGES 
Plant Breeding Department 

A continuing dialogue with national and state

organizations 
 in India led to the systematic
transfer of Indian genetic stocks to the IRRI.

germplasm bank. During the year the bank

received 2,896 seed samples from the Central

Rice Research Institute, 2,800 seed samples

from the Chinsurah Rice Experiment Station of 
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W..St Bengal, and 88 boro varieties from the
G.B. Pant Agricultural University. 

The Rice Division of Thailand turned over190 Lccessions to IRRI; the Department ofLand Development provided 12 special types.
A visiting delegation from the People's

Republic of China and IRRI staff members vis
iting China added 107 Chinese varieties to 
IRRI's collection. 

A systematic exchange of accessions bctween 
the Plant Germplasm Laboratory of the United
States Department of Agriculture (USDA) andIRRI continued, following a comparison of
registered accessions. The Laboratory sent
IRRI 609 samples that included 52 collected in
Pakistan. A set of 21 Pakistani varieties was
received from the Foundation of Plant Breeding
in the Netherlands. 

Through correspondence and personal con
tact, IRRI acquired 32 Nepalese rices collected
by the staff of University College of North 
Wales in the United Kingdom.

Visiting scientists from the Union of Soviet
Socialist Republics brought 11 tovarieties 

IRRI.
 

SLED INCREASE, REJUVENATION. AND 
DISTRIBUTION 
Plant Breeding Department 

Land space available for seed increase and

rejuvenation was 
reduced during 1975-77 byconstruction of the Laboratory and Training-

Conference Center 
 and the Rice Genetic
Resources Laboratory on former Plaot Breed
ing Department fields. As a result, seed stocks
of thousands of accessions were reduced to the
insuticient-for-distribuion level, i.e., around 20 
g each, or less. During August 2,020 accessions were grown for seed rejuvenation on a newly
developed lowland Another grouparea. of2,648 photoperiod-sensitive accessions wassown in November. Seed of 180 strains of 0.
glaberrima was also increased. Before harvest
ing, the seed of each rejuvenated accession was
examined for morphoagronomic characteris
tics; the characteristics were then compared
with those recorded in the varietal catalog to 
maintain trueness of an accession. 
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During the systematic characterization had 36,956 registered accessions of 0. sativa, 

phase, seed of recently received samples was 1,541 accessions of 0. glaberrima, 866 popula
tions of the wild species or taxa, and 637 geneticmultiplied mainly in the field. Seed of small seed 
testers and mutants. It has 8,234 recentlylots was increased inscreened nursery beds or in 
received seed samples of 0. satva cultivars that

pots inside the phytotron. Because of ragged 
need to be planted and compared with thosestunt viru,,and brown planthopper epidemics at 

IRRI during the dry season. cultivars and wild with identical variety names before they can be 

taxa with few seeds left were grown in the registered as new accessions (Table I). Some of 

in nursery beds enclosed with the new acquisitions are promising breedingphytotron or 
fine-mesh wire screen to keep out planthoppers. lines developed by national programs and by 

During the wet season. a considerable number IRRI, lines with special traits and used as par

the ents in IRRI's hybridization program, and hunof seed-increase plots were damaged by 
dreds of entries in the International Rice Testhoppers and associated virus diseases. 
ing Program (IRTP) nurseries.Seed distribution operations continued to be 

a major service feature of the germplasm bank: Of the 0. sativa accessions 30,380 have been 

4,126 samples of(). sativa cultivars were sent to completely characterized for 37 basic mor
phoagronomic characteristics. About 3,565148 foreign researchers. and 50.354 samples on 
more accessions have been completely charac196 occasions wyere provided for various GEU 
terized in the field, but data from laboratorytests at IRRI. Foreign researchers and IRRI 

staff members received 517 seed samples of 0. measurements on 8 remaining items need to L 
recorded. The alphabetical and numerical list..glaberrima and 164 samples of wild taxa. The 

number of seed packages distributed during the ing of the accessions was manually arranged and 
the 43-item printout supplied by the Statistics year surpassed that of 1976 (Table 1). 
Department was proofread beture the cor

was entered on computerDATA rected informationINVENTORY. CHARACTERIZATION. 
tape.PROCESSING. AND STORAGE 

Of the accessions of 0. sativa that are fully 
Plant Breeding Department characterized, about 29,000 have been dried to 

In 1977 IRRI received 8,410 seed samples from 9% moisture content, put in glass jars, and 

institutions, scientists, missionaries, and inter- placed in medium-term storage. Thousands of 

national service voltnteers. Another 629 sam- accessions are stored in large drums because the 

pies were recovered from experiment stations "manufacturer of the glass jars has been unable 
to supply them.as replacements for nonviable samples received 

Seed of control varieties in medium-termearlier. 
At the year's end. the IRRI germplasm bank storage were periodically tested for their viabili

r w	 r = d dem, ae dhtlbuton of Oryxa utiva
Table 1. Prosm of the M r. Genetic Resources ro mnI fied c oseibn. pree
 
clltirs,1970-77.
 

Samples Distinct 
accessions In Samples distributed (no.)collected 

in Asia germplasm bankYear Inside IRRI National programs(no.) (no.) 

12,800 16,000 5,600

1970 

- 14,712 10,800 2,300

1971 2,500732 16,893 2,7401972 9,777
1973 	 1,405 24,162 8,275 


2,982 26,818 19,236 2,603

1974 

566 30,332 22,155 4,043
1975 4,819
1976 	 1,466 34,229 40,200 

36,96 50,354 4,1261977 	 806 

'About 8,234 recentmy received sed samrples we yet tobe regostered; 5,490 duplicate accessions and 1822 nonviable sdsaimples 

were removed from the registy during 1972-77. 
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ty.Near the end of the year, 13.5yem.old eeds 
of two tropical varieties had erination per
centages above.95, *kwhieed of theznondor-
mantponlui variety of Taiwmn (Chianan8) had " only 40. Du'rng twe 176 dry season, :2,467 . 
nondormant accession from the temperate 
zone were rejuvenated. 

RICE GENETIC RESOURCES LABORATORY 
Plant Breeding Department and Iniernadonal 
Rice Tezdng Program 

Construction of theRice, Genetic Resources 
Laboratory was completed during the year. The 
new building was formally dedicated on 12 
December. It houses the laboratories,, storage 
rooms, and OfEs of the gennplasm bank, the
Plant Breeding Department, and the iRTP. It 
provides 360 m floorspacefor seed processing;
54 m3 for fumigation, drying, and vacuum pack
ing of. eed; 165 Wnfor short-term storage of 
fumigated seed; 348 m2 for short-term storage
of nomfumigated seed; 178 m2for medium-term 
storage; and 5O m for long-term storage. The 
storage rooms will provide ranges of tempera
ture and relative humidity (RH): short-term
20OC :t2*C, 45% RH; medium-term - 2C ±. 
2C, 45% RH; and long-term- -I0 --2C, 
30% RH. 

WORKSHOP ON THE GENETIC CONSERVA-
TION OF RICE 
PlantBreeding Department 

A workshop on the genetic conservation of rice 
genetic resources was held 12-15 December at 
IRRI, under the joint sponsorship of IRRI and 
IBPGR. The United Nations Development
Programme, through the World Bank, provided
the funds. The conferees -44 from 18 coun
tries and IRRI staff - surveyed existing rice 
germplsm in each of the major rice-producing
countries, assessed past conservation efforts,
and developed a 5-year collaborative collection 
plan for thesystematic canvassing of indigenous
genetic reourcs m South Asia, Southeast 
Asia. West.Asia Africa, and Latin America. 
Theparticipants urged IRRIs collaboration in 
most of the countries where further field mllec
t66n 6s needed. 

http:above.95
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YIELD PERFORMANCE AND NITROGEN 
RESPONSE OF IRRIGATED RICE 
Agronomy Department 

The performance of promising breeding lines 
and varieties was evaluated during both seasons 
at IRRI, at Philippine Bureau of Plant Industry
(BPI) stations, and on farms. 1R8 and IR26 
were the check varieties. 

IRRI. Table 1 shows the yield of selected
lines at different nitrogen levels. Among the 
varieties, 1R42 had the most stable high yieldsat all nitrogen levels. For the first time during
the dry season, IR42 (IR2071-586.5-6-3 in 
previous reports) gave the highest yield without
fertilizer nitrogen. Breeding lines that yielded
4.5 t/ha or higher without fertilizer nitrogen 
were IR2071-588-6-2.6-4, IR4432-103-6-4,
IR2797-125-3-2-2-2, and IR4432-52-6-4. 

In the wet season, IR42 again produced high
and stableyieldsat all levelsof nitrogen. For the
third consecutive wet season, it produced the 

highest yield without added nitrogen. Breeding

lines that appeared promising in the dry season 

also appeared promising during the wet season,

New lines that yielded 5.0 t/ha or higher were 

IR4570-117-2-1-2, IR5853-162-1-2, and 
IR4570-83-3-3-2 (Table 1). 

Tabe 1.YW& of dee vavimlea and promng 

Virus (ragged stunt and tungro) and bacterial 
diseases (bacterial leaf blight and bacterial leaf 
streak) were particularly severe on 1R8, 1R20,
1R26, and Peta in the wet season. Some breeding lines were affected by virus and bacterial 
diseases in both seasons. IR40 appeared vigor
ous during the vegetative period but lodged at
the panicle initiation stage in both seasons. 

Philippine BPI stations. The grain yields of
18 rices were evaluated during both crop sea
sons at the BPI stations at Maligaya, Bicol, and 
Visayas. 

The dry-season trial at Visayas was discon
tinued because of water shortage. Because 
there were no serious insect and disease prob
lems at any station, IR8 had high yield. 1R26,
R38,andIR42hadhigh yieldsat60kgN/haor

higher (Table 2). IR42 had stable high yield
without fertilizer nitrogen. In the wet season
(av. for three stations) JR42 had similarly stable
high yields at all nitrogen levels. Most rices
appeared to respond favorably to 60 kg N/ha in 
the wet season (Table 3).

In all stations, stem borers and bacterial leaf
streak caused damage during the wet season. At
Maligaya and Bicol, a typhoon before harvest 
(November) caused severe lodging and gener
ally low yields. 

lnes at five nknoen levels in l,-
 -
 ' 

Variety or line 

IRS 

IR20 

IR26 

I34 
IR36 
1R111" 
IR40 

IR42 

IR2307-247-2-2

3

IR2797-125-3-2-2
IR2863-3-1 2 

WR4432-52-8-4 
IR4432-103-6.-4
lR2071-5a6-8-2-6-4 
IR4570-L-3-3-2 
IR4670-117-2-1-2 

IR4613-54-5 

i.5853-162-1.2 
Pets 


gat d p"oes .O, 

Dry o 
Maturity Yield (t/ha) Maturity 

(days) 0kg 60kg 90kg 120kg150kg 	 (days) 0kgN/ho N/ha N/ha N/ha N/ha N/ha 
133 2.3 4.83.9 4.7 4.8 136119 3.8 4.6 4.7 	 0.5

6.0 5.5 120 1.2133 4.0 6.0 6.0 6.0 6.0 130 1.3126 3.9 5.7 6.2 5.8 6.6 128 2.3102 3.5 4.5 5.3 5.8 6.1 113 2.8126 3.3 5.4 6.45.9 7.3 128 2.9112 3.9 5.5 6.1 6.0 6.1 124 2.7143 5.1 6.7 6.7 7.5 8.0 140 4.8116 4.2 5.2 6.7 6.8 7.2 120 3.4126 4.7 7.3 7.6 7.6 8.1 124 3.8129 3.7 5.6 6.0 6.7 7.5 128 3.5129 4.8 6.7 7.46.8 8.0 130 3.8
126 4.5 6.5 6.5 7.5 8.4 - .143 5.0 6.8 7.2 7.1 7.6 	 140 3.7 

140 4.1 
-- - . 

126 4.1 	 140 4.26.0 6.1 7.2 7.3 130 1.6 - - -- - - -124 4.0148 2.a 4.0 3.5 4.5 4.3 	 148 0.7 

1377 dry and wet seas.s. 

Wet season 

Yield* (i/ha) 

30kg 60kg 90kg 120kg
N/ha N/ha N/ha N/ha 

0.5' 0.61 0.6 0.6
1.0 1.0 1.5 1.0 
1.2 1.0' 0.7 0.8 
2.4 2.3 2.4 1.6 
3.4 4.2 4.9 5.2 
4.0 4.5 4.4 4.8 
3.3 3.2 3.0 2.8 
4.8 5.7 5.2 5.7
4.2 4.4 5.1 5.4 
4.4 4.0 5.0 5.0 
4.7 4.4 4.9 5.3 
5.2 5.1 5.5 4.5 
.
 

4.5 4.5 5.2 5.8 
4.5 4.7 5.0 5.0 
4.4 5.8 5.2 5 .22.8 2.1' 1.9 2.0' 
5.4 5.1 5.5 5.4 
1.0' 0.8 0.7 0.9d 

Each treatment Includes 30 kg N/ha tpdreaed at pani .tion In the wet asn. Av. of three replications. LSD 
Initiation In the dry season and 10 kg N/ha toldesW at panideInltia.) . t/ha. 'Av. of two replicatn, only. One replication only. 
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Table2. Yields of varieties and promising Ones at six ievelaof nitrogen Inrrigatedplot* of Maligays Rice Research andTrain-

Ing Center and Bicol Rice and Corn Experiment Station, Philippines, 1977 dry season. 

Yieldh (t/ha) 

Variety or line Maturity 0 kg 60 kg 90 kg 120 kg 150 kg 180 kg 
(days) N/ha N/ha N/ha N/ha N/ha N/ha 

3.6 5.9 7.0 6.7 6.7 6.8IR8 136 
IR20 120 3.0 5.2 6.1 4.9 5.6 4.9 

132 3.7 6.0 6.6 7.0 6.4 5.8IR26 

IR34 
 125 4.0 5.9 6.1 5.8 4.4 4.6 
IR36 110 3.3 5.6 6.0 6.0 6.1 5.3 

123 3.7 5.4 6.2 5.6 5.7 5.7IR38 

IR40 
 115 3.3 5.1 5.4 4.7 5.3 5.1 

5.0 6.3 6.2 6.6 6.7IR42 139 4.0 
112 2.7 4.8 6.0 5.8 5.4 5.7IR2071-137-5-5-1 
107 3.4 4.6 5.4 4.7 5.3 4.5IR2307-217-2-3 

4.0 6.3 7.2 6.6 6.9 6.2IR2307-247-2-2-3 119 

IR2797-125-3-2-2-2 114 4.0 6.2 6.4 
 6.1 5.4 4.7 

120 3.0 5.7 6.8 6.8 6.4 5.4IR2863-38-1 
120 3.5 4.7 5.2 5.4 5.3 4.9IR4417-179-1-5-2 


IR4432-52-6-4 111 3.5 5.4 
 6.0 5.7 5.1 5.3 
123 4.1 5.9 6.4 6.7 6.3 5.8IR4432-103-6-4 
126 3.8 5.6 5.7 5.4 4.4 3.3IR4413-54-5 

3.9 4.3 3.1 3.1 1.8 1.8Peta 141 

"Each treatment, except 0 kg N/ha, includes 30 kg N/ha topdressed at panicle initiation. 'Av. of two locations, each with three 
replications. LSD (5%) = 0.8 t/ha. 

Table 3. Yields of varieties aMd promising lines at six levels of nitrogen, in irigated plotsat Meligays Rice Research and Training 

Center, Bicol Rice and Corn Experiment Station, and Visayase Rice Experilmnt Station Philippines, 1977 wet mson. 

Yield (t/ha) 

Variety or line Maturity 0 kg 30 kg 60 kg 90 kg 120 kg 150 kg 
(days) N/ha ;J/ha N/ha N/ha N/ha N/ha 

126 3.2 3.9 4.0 4.3 4.3 3.8iR8 
125 3.1 4.4 4.9 4.9 4.2 3.8 

IR26 123 3.3 3.9 4.8 4.6 4.5 4.2 
IR36 109 3.6 4.6 5.0 4.8 4.6 4.5 
IR38 

IR20 

123 3.7 4.4 4.6 4.4 4.5 3.6 
IR42 131 4.0 4.8 5.2 5.3 5.1 4.8 
IR237-217-2-3 108 3.4 3.9 4.3 4.6 4.4 4.6 

127 3.5 4.2 4.8 4.4 4.5 4.6 
IR2863-38-1 126 
IR2797-125-3-2-2 

3.5 4.3 4.6 4.5 4.7 4.3 
IR4219-35-3-3 136 3.7 3.9 3.9 3.7 3.2 2.4 

127 3.1 3.8 4.1 3.9 3.7 3.7 
IR4432-52-6-4 125 4.2 4.8 4.9 4.6 4.1 3.5 
IR4563-52-1-3-6 125 3.7 4.4 4.8 4.5 

IR4417-179-1-5-2 

4.9 3.5 
IR4568-86-1-3-2 124 3.7 4.4 4.5 4.8 4.8 4.7 
IR4570-83-3-3-2 129 3.7 4.2 4.7 4.8 4.5 4.2 
IR4570-117-2-1-1 130 3.9 4.4 4.9 4.6 4.6 4.3 
IR5853-162-1-2 125 4.2 4.8 5.0 4.9 4.3 3.5 

3.1 2.7 2.1 2.2 2.1Peta 147 3.7 

Each treatment, except 0 kg N/ha, includes 20 kg N/ha topdressed at panicle initiation. 'Av. of three locations, each with three 
replications. LSD (5%) = 0.5 t/ha. 

Farmers' fields. IRRI varieties and lines high and stable yields at all levels of nitrogen. 
were tested at.different nitrogen levels in far- The low yields of IR2307-217-2-3 at all nit

mers' fields. rogen levels were due to bacterial diseases and 
During the dry season, IR42 and 1R4432- grain shattering. 

52-6-4 produced high yields of 7.7 t/ha (Table During the wet season, 1R42's yield of 5.8 
4). IR42 had the second highest yield without t/ha without fertilizer nitrogen was consistent 
fertilizer nitrogen and, like IR4432-52-6-4, had with results obtained at IRRI. A typhoon in 
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TAWl 4. Yel 01 vaietles and promrisI ..Unee at few levels d,nnirolge Av. Of trmrPlleons InIrhte fJmaLIFONa Pmvbnee 1977 dry aOd wet meaeenLOW 

Dry asason 
Variety or line Maturity 

(days) 0 
kg N/h 

IR8 
 131 4.7IR26 131 4.8IR36 102 4.0IR36 122 4.4IR42 135 5.1
IR2307-217-2-3 102 3.4M2963-36-1 122 3.9OR4432-52-.-4114563-2 136 131 5.6 
IR4570-53--3

2 -

Yield t/ha) 

50 100 


kg N/ha kg N/ho 


4.8 5.5 
5.5 5.9 
4.4 5.0 
5.4 6.2 
6.2 7.3 
4.5 4.9 
5.0 6.3 
5.2 7.5 

- --M0
-

Eachtreaomen,- except 0kg N/ha, InLudes 20kg Wh 6.6 6.2at panicle in t'"Rton for both seasons. bDry season at Calamba,at Cabuyao. "ISD (5%) wet season= 0.9 t/ha. 'LSD (5%) -0.6 t/ha. 

November caused severe lodging near maturity,
Performaute Of IR42 without fertilizer ni-troge . Many Asian rice farmers do not applyfertilizer and those who do, use a low rate. Fig-ures I and 2 show how IR42 performed relative 

to IR26 with and without fertilizer nitrogen forthree consecutive wet seasons at IRRI and for 
two consecutive wet seasons at three BPI sta-tions. The consistency of IR42's relatively high 

GvwnyW 0/ho) 
6 

P42 

RThe 

0 
o 6o03 90 i 

N"Mg n,(11/ho) 

1. Nitoen responas of IR26 mad IR42 (IR2071.586.54-3). IRRI, 1975, 1976, ad 1977 (av.) wet 9Mo 
(1 stasdad eror), 

fi 

Mturiy 
150 (days) 

kg N/ha 

5.6 124 
7.0 124 
6.1 110 
6.0 
7.7 126 
5.2 
6.8 126 
7.7 1262 

- 115 
- 126 

11Wels 

Wet season 

Yield ' (t/ha)
 
0 40 80 
 120 

kg N/ha kg N/ha kg N/ha kg N/ha 
4.8 5.3 6.1 6.0
5.8 5.9 6.8 6.7
5.3 5.6 6.4 5.5 

-
5.8 6.2 7.3 5.8 

5.7 5.8 6.2 5.2
5.5 6.1. . 4.9 5.0. . 

5.1 5.5 5.3 4.75.6 6.3 

yield without fertilizer nitrogen makes it a valu
able variety for low-fertility conditions. 

Date-of-planting experiment. A date-of
planting experiment, in which crops are plantedmonthly, was continued during 1976 and 1977.
Data for 4 harvest months of 1977 are not yetavailable. Figure 3 shows the nitrogen response
of IR8, IR38, IR42, and H4. 

In most harvest months, the later maturing 
IR42 yielded the highest at all nitrogen levels,including no nitrogen (Fig. 3). The solar energyat 45 days before harvest and the grain yieldwere highest for the May harvest. The outstand
ing performance of IR42 without fertilizer nitrogen at most harvest months indicates its goodpotential at various solar energy levels. 

YIELD PERFORMANCE AND NITROGEN
RESPONSE OF RAINFED LOWLAND RICE 
Agronomy Department 

performance of promising raknfed lowland

rice was evaluated 
at IRRI and in farmers' 
fields.

IRRI. Seven promising lines and five varieties were evaluated in rainfed-lowland plots at
IRRI during the wet season (Table 5). Total
rainfall during the crop season (1,000 mm fromAugust to December) was sufficient for a goodrice crop, but was only 129 mm in October and 
143 mm in November. Rainfall at 200mm/month is considered minimum for normal
growth of rice. 
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GrW yield (t/ho i yied (t /ha) 

8 " IOkcol/cian ll-- l/*qCm Ilkol/s4ce 
ot45OH o 45 09H at45 DOH 

o-=o IR84 000 06R38 -
R266 V- P 

,-,qH4 
4 

32 

PAVLICAYA 

15kal/qcm 26kco1/sq 201tcl/ iqm8 o 45 DOH ot 45 00H at 45 DBH 

66 

4 

2 
4at 4 OOHOt DBH N64 

A iBICOL 

4 
15kcolq ¢m /q"R68 19 kW1/%Q cm 15 MW: cm 

-- at 45 DeB of45 DSH1 at 45 DON 
2 

6 R 

4 4 
VISAYAS 

2 

-AL 
0 1 I 1 1 1 I 0 30 60 12o 0 30 60 12"_0 30 60 1200 30 60 90 120 150 

Nitrogenrate (kg/ho) Nitn9Um rote (kQ/ho) 

2. Nitrogen response oi IR26 and IR42 (IR2071-586- 3. Nitrogen response by month of harvest of four rice 

5-6-3). Bureau of Plant Industry stations (Maligaya, Bicol, varieties, plotted with total solar radiation (av. of four 

and Visayas). 1976-77 wet season (± standard error), varieties) for 45 days before harvest (DBH). Date-of
planting experiment, IRRI, 1976. 

The promising line IR2058-78-1-3-2-3 had IR26 was severely affected by ragged.tunt vi

the highest yield except at 120 kg N/ha (Table rus, and IR5 and Mahsuri were affected by oun

5). IR42 yielded above 4.0 t/ha with fertilizer; gro and grassy stunt viruses. IR4219-35-.3 was 

but without fertilizer, it yielded less than it did affected by blast (leaf blast and neck rot) during 

when irrigated (Table 3). Severe lodging was the vegetative and reproductive stages. 

caused by a typhoon in November. Fanner's field. A wet-season experiment in 

IRS, IR26, Mahsuri, and 1R4683-54-2-2-3 a farmer's rainfed field evaluated the perfor

were severely affected by bacterial diseases, mance of varieties and promising lines (Table 
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Tals 5.Yik Of WWI an 

Variety or line 

IRS26IR3IR42 

182NR206-71.1-3-.23 

IR2307-247-2-2-3-
IR2863-38-1 

IR4219-35-3-3IR421-35-3-3
IR483-64-2-2-3IR50511-5 

Mahouri 

ton. 'From two 

6). IR42 had high yields without nitrogen and
with 40 k N/ha (Table 6); its low yields at 80and 120 kg N/ha were caused by lodging.

1R8 had high yields in the trial because seri-ous disease and insect problems were absent.~NX×w 
GRAIN SIZE AND YIELD POTENTIAL 
Plant Physiology and Plant Breeding Depart-ments 

Twelve varietioswere grown at 10- x 10-cmspacing in the feld to confirm a 1976 findingthat yield potential is correlated positively withgrain size. Yield potential is defined as the pro-duct of spikelce (grain) number per squaremeter and average weight per grain. Spikeletnumber per square meter (N) decreased 
linearly with increasing grain size (W) (Fig. 4): 

'Each treatment, cept10kg Nha i u 20k h topdreaaedat/ha. •oor yields due to heavy virus IntI 

Table .Ylelds of vadles end promising lneseat four levels ofniroein 

Variety or line 

IR2 
IR26 

IR42 
IR4 2lR20563-8-113-2. 

2863-381126 
1R5853-118--S13
IR4219-35-3-3 


Each treatment, except 0 ko N/ha, 1ncut/ha. 

prameing lawsIat fr1*ls nlroMg In rainfed- IMwlmd plot I1, 377 l me. 

Maturity YIeld' (t/ha)0 30 60 90 120(days) kg N/ha kgN/ha kg N/ha kg N/ha kg N/ha
133 0.8123 0.50.9 2.2105 2.3 4.2 0.9 1.0 0.64.5
129 4.7123 3.1 4.54.8 4.25.3 4.95.64. 4.5 4,7


1101106-3 4.84.5 5.0 5.5123 5.35.4 5.53.7 4.6 4.75.2 4.8 4.5
133133 3.7 4.0123 1.9 3.81. 2.1 3.8 3.82.01.3 111.2 1.22.1 1.6110 1.33.2 0.9129 4.1 4.1 4.00.7 3.9

0.7 

replicationsD 5%)= 

N = N0 - aWN o- a n (ie
whereNoanda ar' constant. Bydefinition,yield 
potential is givun by: 

=(N,,aWW (2) 
This relationship is shown in Figure 5, where thesolid line indicates the relationship computedfrom equation' (2) and the broken line is anexpected relationship if large grain size is cornbined with short stature. The estimatedoptimum grain size to give the maximum yieldpotential is about 39 g/1,000 grains. Considering partition of photosynthates between growing panicles and vegetative parts before heading, the optimum grain size will become larger ifthe present large-grain varieties are reduced in 

stature. 

a fnmlerabedU.d.Lapana1377 wet seso 

Maturity Yield' t/ha)0 40 80 120(days) kg N/ha kg N/ha 
 kg N/ha125 5.2 kg N/ha5.1126 4.65.5 4.25.5 4.7114 3.85.2 4.7 4.3 4.4133125 5.25.0 4.54.2 2.33.25.1 2.2443.1
135 3.75.1.7 2.8 1.7 3114 1.35.0 5.2 
4.0kg N/ha topdr-,,e_ at pani5 Iti&I -Av.of aws rep4.ca0 LS1 1A 
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2 
Spikelets ( thousand / m ) Yield potential( t/ha) 

40 
0AIR747 B2-6Ll 

IR28 
RX7 B2-6(S) 0

F 
R29 

30-8-R2 

Riqor S 

70-1Dukv 

20 - KhooLo 

Ku79-1 0 0 Khoo
' ,VY=431-O557X 

10 r"0769 " Kh30 Vay 

0I I I I _60
0 20 30 40 50 

I00)-grOn wt g ) 

4. Relationship between grain size and spikelet number. 
IRRI, 1977. 

Among the varieties used. 1R747B2-6 (L) 

and 1R747B2-6 (S) are isogenic lines. They dif-

fer only in grain size. As shown in Table 7. the 
difference in grain size of 2.6 2] 1.000 grains 
makes about I-t/ha difference in yield potential. 

IR8. a selection from a cross between Peta 
and Dee-geo-woo-een. is believed to be high 
yielding because it has high lodging resistance 
and erect leaves. It has larger grain size and 
larger grain number per square meter than its 
parents and. conseqLuently. a much higher yield 
potential. The high yielding nature of IRS can 
be attributed not onlh to high lodging resistance 
and the improved canopy photosynthesis by its 
erect leaves, but to increased sink size (yied 
potential). At present, the grain size of many 
varieties ranges from 15 to 25 i 1.0)0 grains. 
This study suggests that selection for larger 
grain size is a possible way of increasing the 
yield potential of existing varieties. Further-
more, if large grain size is combined with short 
plant stature, the yield potential may become 

10 
Ku 0-1 j ,I. i K D 

Kho Lung 

1R747Z-6L) 0 Ku6 -1 0 0 '.
 

I7 1 RikuoNorin 21 Ko u
 

6 

44 

2 

0 I I1 1 
0 10 20 30 40 50 60 

I000-groin wil(g) 

5. Relationship between grain size and yield potential. 
Broken line indicates an expected relation if large grain 
size iscombrined with short plant stature. IRRI, 1977. 

higher than that of IR8 and similar dwarf indi

cas. 
Producing a prototype of dwarf, large-grain 

varieties. All currently available large-grain 
varieties are tall. An attempt to incorporate the 
large-grain character into dwarf varieties is 
under way. F., seeds of crosses between large
grain varieties and dwarf varieties have a high 
percentage of sterility. Despite that difficulty, 
four promising large-grain 13 selections with 
dwarf stature - from crosses between Khao Lo 
and IRS, and Khao Lo and 1R747B2-6 -were 
produced. Their grain weight ranges from 38 to 
47 g/l.00(0 grains. 

Crosses between large-grain varieties and 
IR36 or IR29 were also made. Seeds of sonic 
large-grain varieties were subjected to gamma 
irradiation. Selection for short plant stature is 
tinder way. 

Table 7. Grain size and spikelet number of Interrelated selections. IRRI, 1977 wet season. 

Selection 

IR747B2-6(L) 
IR747B2-6(S) 
Pets 
Dee-geo-woo-gen 
IR8 

Spikelets
(thousand/m

2 1 1,000-grain 
wt (g) 

Yield 
capacity 

0t/ha) 

35.9 19.1 6.86 
35.6 16.5 5.87 
33.8 26.1 8.82 
33.2 23.0 7.64 
37.6 29.0 10.90 
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Table I. Effetd of 50% d*Pln of spslusts on grain weight of low vaebs. Ml, IM7. 

FilledVariety Treatment Filled 1,000grains grains grain wt 
(%) (no./panicle) (g)

Bomdlo Control 89 179 12.4Clipped 91IR747(S) Control 106 12.693 79 15.5Clipped 93Khso Lo Control 43 15.294 66 45.0Clipped
Kap Nhay Control 98 37 45.868 41 45.2Clipped 74 24 45.7 

GRAIN-FILLING PERIOD OF SINGLE GRAINS source to sink. The final grain weight remai-ed
Plant Physiology Department almost unchanged even when strength of source

relative to sink size was doubled (Table 8). TheThe grain-filling period of single grains in a experiment confirms that maximum grain size32-to 24°C range was measured on 28 varieties, of rice varieties is rigidly determined by hullwhich included both indica and japonica rices, size, which is mainly a varietal characteristic.Varieties with 1,000-grain weight of more than With drought, the giain weight of the same40 g matured from 16 to 21 days after anthesis variety varies considerably (Table 9) because ofand those with 1,000-grain weight of less than either limited photosynthesis during ripening or18 g matured in 11 to 12 days. Middle-size-grain reduced size of hull. The !,COi-grain wcigiit ofvarieties (20-30 g/1,000 grains), however, had rice varieties is a stable varietal characteristicgrain-filling periods that widely varied in length under irrigation. With drought, however, variafrom 11 to 12 days. tion in the grain weight occurs below the max
imum grain weight that is characteristic of a 

EFFECTS OF PARTIAL CLIPPING OF variety. 
SPIKELETS AND DROUGHT ON 1.000-GRAIN 
WEIGHT HARVEST INDEX: CRITERION FOR SELECT-
Plant Physiology Department ING FOR HIGH YIELD ABILITY

Plant Physiology DepartmentFour varieties differing in grain weight were 
grown in pots with standard cultural practices to The ideal plant type of varieties with highexamine the effect of partial clipping of grain-yield potentials includes erect leaves, stiffspikelets on the final weight of remaining grains, straw, short stature, and high tillering capacity.At heading, plants were divided into a group Breeding lines selected for these criteria havewith intact spikelets and a group with 50% high grain-yield potentials, but grain yield varspikelets along the main axis in each panicle ies with season, spacing, nitrogen level, and site.removed to double the relative strength of In recent years, rice breeders have selected 

Table .Effect of drcughM on 1,0MI-Sre weight of varletes grown with dlfsrent depths to water table. IRRI, 1977. 

1,000-grain wt (g)at 
Variety 30 m 45 cm 60cm 100cm 

N22 
0S4 

17.2 
25.4 

16.5 
24.3 

16.2 
23.1 

16.0 
23.7 

S ow-rootedMR2036-120-3 19.1 13.9 13.6IR2035-117-2 13.616.2 12.0 12.2 11.8 
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for intermediate plant type (as opposed to 
semidwarfs) and very early or late maturity, 
Except for plant height, the criteria listed above 

are applied in the selection for high yielding 
lines. It isnot known. however, if the grain yield 
potential is changed by increased plant height 
even though no lodging occurs, or if the poten-
tial ischanged with changes ingrowth duration. 

For high grain yields, a balanced growth at 
different stages must he achieved. Balanced 
growth is reflected in the high ratio of the weight 
of the panicle to that of total dry matter pro-
duced - harvest index (HI). The factors affect-
ing HI and its possible consequences were 
studied with data from numerous IRRI experi-
ments for different purposes. 

Grain weight and harvest index. Monthly 
planting experiments show that grain weight per 

plant generally increases with HI (Fig. 6). The 

relationship, however, is more for the tradi
tional varieties than for the improved varieties. 
The improved varieties Taichung (N) 1 and 
Chianan 8 are distinct; they have high and sta
ble HI regardless of the time of planting, and 
show no significant correlation between HI and 
grain weight. The HI of the traditional varieties 
was unstable; it generally increased (except for 
Peta) with increase in grain weight. 

Table 10 shows the high and stable HI of the 
imnroved varieties Fujisaka 5, Hakkoda, and 
Sukhwel 20 grown at different spacings and 
nitrogen levels when compared with seven low 

8 
Table 10. Effect of spacing and nitrogen level on the harvest index (HI) of 10 varieties. IRRI, 163 dry season. 

High HI Low HI 

Treatment Fujisaka 
5 

Hakkoda Sukhwel 
20 

Nang 
Quot 

Cjon 
Tran 

Tiere 
Mas 

Peta 59-368 Acheh Serayap 

0 N 
50 N 
150 N 

0.56 a 
0.58 a
0.598 

0.57 a 
0.60 a
0.62 a 

0.58a 
0.57 a
0.54 a 

0.50 a 
0.50 a
0.41 b 

0.51 a 
0.46 ab
0.43 b 

0.49a 
0.43 ab
0.41 b 

0.49 a 
0.47 ab
0.40 b 

0.48 a 
0.48 a
0.39 b 

0.40a 
0.37 a
0.35 a 

0.42 a 
0.42 a
0.37 a 

10-cm spacing 
25-cm spacing 
50"cm spacing 
CVcb (%) 

0.55 a 
0.56 a 
0.55 a 
2.9 

0.56 a 
0.61 a 
0.56 a 
4.5 

0.57 a 
0.55 a 
0.58 a 
2.9 

0.49 a 
0.47 ab 
0.51 a 
7.7 

0.47 ab 
0.50 ab 
0.45 ab 
6.5 

0.45 ab 
0.47 ab 
0.50 a 
7.6 

0.42 ab 
0.46 ab 
0.46 ab 
7.4 

0.44 ab 
0.42 a 
0.47 a 
8.2 

0.36 a 
0.36 a 
0.38 a 
4.8 

0.38 a 
0.38 a 
0.40 a 
5.5 

"Ineach column, means followed by a common letter are notsignificantly different at 5% level.bCoefficient of variation of change. 
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Table II. Effect of spacing and nitrogen level on the haqvet index of Pete end Petelines, ER, 167. 
Treatment 

Spacing N-level Eai sy Harvest index"Early(cm) Late(kg/ha) short Late Petotall short tall 

Dry season 

2020 0 0.59a40 0 .55aS150 150 0.61 a 0.56 a 0.55 a 0.51 a0.60 a 9.52 a0.9 a 0.49 b 0.55 a
Av. 0.51 b 0.51 b 0.52 a 0.52 a0.52 0.41 bb 0.42 0.43 b0.60 bCVc (%) 0.53 0.44 b0.531.6 o.466.3 0.483.9 
 12.5 10.3 

20 Wet season0 0.59.40 0.53 a 0.50 a0 0.60 a 0.44a20 0.55 a 0.43a150 0.51 a0.58 a 0.43 abAv. 0.49 ab 0.43 a0.490.59 0.41 bAv. 0.55 a 0.40 b0.50 a0.59 0.41 b0.53 0.42 abC W)1.6 0.50 0.42 0.425.31.6 

3.6vi in"In each fchalmu ne ahsaoncolunr eneachseason, means folowedby acommon letter are not significannt at 5% level.. Coeffcent 

yielding indica varieties. The improved varietiesshowed no significant difference in HI due toplant spacing or nitrogen level. They also hadlow coefficient of variation of change (CVc)values or degrees ofchanges, indicating a stableHI. The traditional varieties showed a highdegree of change in HI. 

An experiment with 
 Peta and its isogeniclines (Table 11) showed that the high yieldingEarly short line has a high and a stable HI (CVcis 1.6 for Early short. 10.3 for Peta in the dryseason). 


The high and stable HI 
 of the improved vari-eties is a useful character because increasingthe dry matter production could mean a corres-ponding increase in grain yield. This relation-ship is shown in Figure 7. In the improved vari-eties grain yield and total dry matter were posi-ti.,ely related, and the increase in dry matterproduction came with a significant increase ingrain yield. In the traditional varieties, increasein dry matter production does not necessarilyincrease the grain yield; thus, extra dry matterproduced by application of fertilizer is not usu-
ally compensated for by higher grain yields,In the tropics, grain yield is not correlatedwith total dry matter production hut high dry
matter production 
 is needed

yields. Traditional varieties 
for high grain

have low grainyields, despite high dry matter production,because they have low HI. 

IRRI ANNUAL REPORT FOR 1977 

In an IRRI 1964-65 cooperative experiment(5 countries and 15 sites) to determine the yieldpotentials of the leading varieties with optimummanagement, HI showed a positive correlationwith grain yield (r= 0.5417**). All varietiesthat had high yields had high HI. Thismaximum-yield-potential experiment used onlythe best varieties of the areas. Low grain yieldswere from traditional varieties, which were thebest at that time. Despite the best possible management, the grain yields were still low - theyield potentials and the HI were low.
Factors affecting harvest index. 
 The datahave shown that for high grain-yield potential,lines or varieties with high HI should be selectedand management practices should be geared toproduce high dry-matter weight. A variety withhigh HI would be more responsive to culturalinputs, and any increase in dry matter wouldincrease grain yields. Because the criterionrecommended for selection is HI, a knowledgeof how it is affected by different environmentalfactors, cultural management, and varietywould be helpful not only in selection but in
improving the HI.

Plant height. Reduction in plant height hasoften been cited as the most important factor indetermining the nitrogen responsiveness andhigher yields of the modern rice varieties. Theshorter culms mean lower respiration loss by theculm and therefore improve the net gains in the 
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7. Total dry matter produced and grain weight of six varieties sown monthly at IRRI, 1962. 

40 50 60 

photosynthesis-respiration balance. 
Recently. intermediate plant height has 

gained favor in areas where deep water 
(30-i5) cm) or weeds are a problem. The cur-
rent shift to selection of intermediate plant 
height as opposed to semidwarf may have 
decreased the grain yield potentials, even 
though lodging resistance is maintained, 

Studies on isogenic Peta lines planted during 
the wet and dry seasons and at 0 and 100 kg 
nitrogen/ha showed that increase in plant height 
generally decreased the HI (r = 0.8625**). 
Individually, the increase in plant height as a 
result of wet-season planting or high nitrogen 
level resulted in a decrease in HI. The decrease 
in HI was greater in the tall than in the short 
lines. 

The HI also decreases with increase in plant 
height of varieties planted at different dates 
(Fig. 8). However, the variation in plant height 
as a result of different sowing dates showed that 
only the HI of the traditional varietie.s 
decreased with increase in plant height; the 
improved varieties had little variation in plant 
height, and thus in HI. 

Data from a maximum-yield-potential exper-

iment showed plant height to be negatively cor
related with HI (r = -0.5637**). 

In IRRI nitrogen-response experiments with 
Peta and II high yielding varieties, HI also 
decreased with increase in plant height during 
the wet (r = -0.8107**) and dry (r = 
-0.7598**) seasons. The results are the aver
age of three replicates and six nitrogen levels. 
The relationship shows the importance of 
selecting for short stature. 

Spacing andnitrogen. In the experiment with 
10 varieties and different spacings, the HI did 
not change significantly with spacing for both 
the high- and low-HI varieties (Table 10). In a 
study using Peta and its isogenic lines, spacing 
also had no effect on the HI except in Early tall 
Peta in the wet season (Table 11). Spacing is, 
therefore, immaterial in selecting for high H!. 
With increase in nitrogen the high-HI varieties 
showed no significant increase in HI (Table 10), 
but five of the seven low-Hf varieties showed a 
significant decrease in HI. 

Increase in nitrogen level for Peta and its 
isogenic lines (Table 11) resulted in a decrease 
in HI, except in Early short Peta during both 
seasons and Late short Peta during the wet sea-
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son. As in the previous experiment, Early short Numerous Japanese workers have reportedPeta - the line with high HI  had little varia- that high temperatures decrease HI. This factortion in HI despite changes in spacing and nit- should also be considered when measuring HIrogen level. of plants sown at diferent months or locations.The differences in response to nitrogen be. Growth duration. Increase in growth duratween the high- and low-HI varieties are appar- tion increases the amount of dry matter proent in the two experiments. High-HI varieties duced, but does not necessarily increase grainshowed little or no decrease in HI from higher yields. HI actually dccreases with increase innitrogen. Increase in grain yields as a result of growth duration, so that the resulting grain yieldnitrogen application would, therefore, be grea- is not any higher than that of the mediumter from varieties with high HI than from those growth duration varieties (Fig. 9). The resultswith low HI. Nitrogen responsiveness can be from the wet season show a clearer negativeselected by measuring the HI. relationship between HI and growth duration.Because the varieties with high yield poten- However, since no optimum duration is inditials showed little variation in HI, and the HI cated, growth duration of less than 100 daysremained high regardless of spacing or nitrogen might still give a higher HI. During the drylevel, reliable selection for high HI can be done season, the HI of varieties with growth durawith any spacing or nitrogen level. tions of less than 100 days slightly decreased.Season of planting. The experiment with The varieties with HI above 0.55 had growthPeta and its isogenic lines showed a marked durations between 100 and 130 days.decrease in HI during the wet season than dur- A 1964 experiment that used only one varietying the dry season, partly because of the taller (BPI-76) but varied the growth duration byplants and the increased vegetative dry matter manipulation of the photoperiod showed thatproduction during the wet season. As in the HI and grain yield increase with growth duraprevious study, increase in plant height tion of up to 128 days and then decrease up todecreased the HI. 194 days (Fig. 10). 
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In selecting for high HI. the lines should be 

grouped according to maturity because the 
late-maturing selections will have a greater ten-
dency for low HI. In many deep-water areas,
long-growth-duration varieties are necessary 
and high HI must be sacrificed. 

Improving the grain yield potential. Many
ideas on ways for increasing the yield potential 

of rice have been presented. Increasing the 
photosynthetic efficency and increasing the60 

sink size are the most popular approaches.Alti, '. varieties high photosyntheticrat with 
rate. !hivebeen identified, no respectable 
increae in grain yields has been obtained. Simi-
laly, many varieties with large panicle size or 

sink size have been identified, but they also have 
a proportionally large straw weight that limits 
the number of tillers possible per unit area. Sink 
size is determined mainly by the plant's capacity 
to fill up the sink. 

Another possible approach to increased grain 
yield potential may be selection of varieties with 
high HI and development of a management 
practice for high dry matter production. 
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10. Effec of diffeent growth durations on the grain 
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ety BRi.76. IRRI, 1964. 

,,,, I ) 

e 

4 

30 

20 

__i __ 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 25 



GROWTH DURATION 

Plant Breeding Department 
For a number ofyears IRRI has emphasized thedevelopment of rices with short growth dura-tion. Numerous breeding lines with a growth
duration of 105 to 110 days were developed.Some, particularly IR36, have been widely
accepted by farmers. Present work aims to 
develop breeding materials with growth dura
tion of 90 to 95 days. The earliest maturingIRRI line lR747B2-6 (100 days) has good vigorbut is susceptible to tungro. 

Several early maturing improved varietiesfrom China and tradition-l varieties from India 
mature in 90 days, but they have low yield
potential and are susceptible to diseases andinsects. They were crossed with IR747B2-6 andbackcrssed oncefromtosewbackcrosse with R1747132-6. Progenieswith eRaluBtedPriesfrom those backcrosses were evaluated during1977. Some lines selected from those materialsmature in 90 days, have the vigor and yieldpotential of 1R747B2-6, and are resistant to 

blast, bacterial blight, and brown planthopper.They are being used in the hybridization prog-
ram. The crosses from which those early matur-ing lines were selected are listed in Table 12. 

SOURCES OF SEMIDWARFISM 

Plant Breeding Department 
Semidwarfs continue to be receivedaccessions for the germnlasm bank. The

among 
newsemidwarfs are crossed with the semidwarf var-ieties carrying the Dee-geo-woo-gen (DGWG)recessive gene to determine whether thesemidwarfs concerned have an identical genefor semidwarfism. 

The parents, F, hybrids, and F2 populations of28 crosses were grown in the wet season to study
segregation patterns. Among the 
 new semi-dwarfs, five Chinese varieties developed on themainland  Chen-chu-ai 11, Chen-chu.ya,
Ai-ara-tsao 1, Ai-chio.nan-te, and Kwang.chang.ai - carry the same recessive gene as
DGWG. The study also revealed that the twomajor parental sources ofsemidwarfism used by 
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rice breeders on the China mainland - Aichio-nante and Ai-tze-chuan - carry an iden
tical semidwarfing gene.

Among five short-statured lines of hybrid
origin developed by the Central Rice ResearchInstitute of India, Culture 147 from GEB 
24/Baok, Culture 155 from MTU 15/Baok, andone line from T141/Baok 360 also appeared tohave the same recessive gene as DGWG. Several tall F2 plants (1.5 to 1.6 m) were found inthe crosses involving Culture 854 and Culture956, both of which camefrom Ptb 10/Baok. Thetwo lines could carry another gene or genes for 

semidwarfism r
One Indian semidwarf from Assam,

ARC 598A, also has the DGWG gene.
Two Indonesian 
 sources, Lembat and 

Djamadi, produced several tall F. plants. Butthe height of the Indonesian parents variedfrom 85 cm in short day length to more than 135Therefore, Djamadi and Lembatcm in long day length in different plantings.are not true 
semidwarfs.
 

Among three short-statured (100-115 
 cm)varieties of Burmese origin, several tall (140150 cm) F2 plants were found in the crossesinvolving Khunnaymayin (s) and Khunni Shay,
while Khunnaymayin 
 (p) produced short F2plants only. Because few F2 plants were tall andthe majority of the plants ranged from 60 to 100cm, the Burmese parents may not have a distinctly nonallelic gene for tallness but couldhave some of the common genetic background
of the DGWG genotype for short stature.Further studies are needed to clarify the quantitative inheritance of plant height in the above 
crosses. 
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BREEDING PROGRAM 
Plant Breeding Department 

Amylwe eonmten. Several promising lines withintermediate arnylose content were evaluated,
The most promising are IR4215-301.2,IR4570-74.2.2. 

3 , IR4570.124-3-2, and1R7963.30.2. The lines have, in addition tointermediate amylose content, toresistance
major diseases and insects. They were used asparents in a large number of single crosses andtopcrosses, and the progenies will be evaluatedin the early generations. 

Grain elonugato. Some varieties increase100% in length during cooking, a desired traitin high-quality rices of several countries. Bas-
mati 370 and similar varieties from Pakistanand north India, a group of Barah varieties from
Afghanistan, and several high-quality Sadririces from Iran have that characteristic. In manycrosses, Basmati and Barah varieties as well asvarieties from Iran, were poor combiners. Prog-enies of 1975 crosses with D25-4, a high-qualityvariety from Burma that doubles in length dur-ing cooking, were evaluated in 1977. D25-4

combines well and several lines with improvedplant type that have its grain elongation charac-teristic were selected. 

FACTORS THAT AFFECT GRAIN QUALITY
Chemistry Department 

Amyime test atpH 10.2 and ou brown rke.
simplified amylose 
The 


assay of undefatted milled
rice at pH 4.5 has the disadvantage of interfer. 


TaleI. 811e of p, deft. metho, 

from amylopectin.iodineence 
absorption at590 nm. The use of sodium bicarbonate.carbonate buffer at pH 10.2 and 590 to 630 nmeliminated such interference, but the color wasmore sensitive t9 fat than at pH 4.5 (Table 1).This was especially true for brown rice whoseundefatted samples gave amylose readings lessthan one-half those of defatted samples. Theamylose values of milled rice defatted with coldethanol were about I percentage point lower atpH 4.5, but more than 3 percentage pointslower at pH 10.2 than those of milled rice defatted with refluxing 95% ethanol. Defatting withcold water-saturated butanol at room temperature had the same effect on amylose content atboth pH values as defatting with refluxing 95% 

ethanol. 
The results indicate that the current simplified assay using undefatted milled rice at pH4.5 is preferred to the assay at pH 10.2 becauseof the extreme sensitivity at alkaline pH of theamylose-iodine color to the variable amounts ofextraneous fat, which in milled rice ranges from0.3 to 0.6%. The use of milled-rice samples
instead of pure amylose as a check effectively


reduces the complication of amylopectin-iodine
absorption at pH 4.5 (1976 Annual Report).The terms apparentand absolute amylose con
tent are 
proposed to distinguish between theamylose values of rice samples defatted with
cold ethanol and refluxing ethanol. Apparentamylose content refers to values obtained fromcold-ethanol defatted rice, and absoluteamylose content refers to values obtained fromrice defatted with refluxing ethanol or cold 

and lmlln en imoamohee by hdio.ble ae. trot 1377. 

Milled riceBrown rice PH 4.s pH 10.2
Sample pH 4.5 pH 10.2Refuxing Unde. unde. water

EOHW filed Cold Refluxing saturatedfatted EtOW Cold RefluxingEtOW butwanlM271-137- EtOW EtO12A 9.224 4.9 12.1 12.415.0 13.6l460.5 11.3 6.2 .a 11.723.5 14.6 17.219. 16.3IS 23 11.6 24.0 25.3 11.5 15.725.8Mean 236 12.6 29.2 22.6 26.330.020.0 11.9 8.9 20.0 21.2 
30.2 28.8 31.821.5 17.9 21.4

Ettenw, W5%. 
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RI, 1977.
Table 2. Range of physicocheotcel properties of milled rice from five countrile. 

Country 

Peoples Republic 
of China 

Colombia 
Japan 

Malaysia (West) 
Senegal 


AlkaliMilled Apparent Gel 
consistency spreadingrices Protein amylose 


type, type*
(no.) (%) type' 

6-11 H>L>I>Wx S>M>H L>1

34 
5 8-10 I>H S>H L
 

S L4 5- 7 L 
S>M H>L>lH>;>Wx10 6- 8 

H S>M I>L3 5- 8 

= soft61-100 mm: M medium,= 
"L= ow, 9-20%: I = intermediate, 20-25%; H = 

temperature type based on alkali degradation: L = low, 6-7;1 = intermediate,high, >25%; Wx = waxy, 1-2% dry basis. bS 

41-60 mm; H = hard, 26-40 mm. 'Gelatinization 
4-6; and H = high, 2-3. 

water-saturated butanol. Interestingly, appar-

ent amylose content of milled rice coincided 
with the absolute amylose content of brown rice 

(Table 1). 
Amylose screening of world rice collec-

tion. Amylose screening of the world rice col-

lection was initiated using brown rice defatted 

with refluxing 95% ethanol. The 12,000 sam-

pies used were those previously analyzed for 

brown-rice protein. Values obtained were con-

sidered identical to apparent amylose content of 
milled rice. The distribution of amylose content 
in the samples was 14.5% waxy (0-8% 
amylose), 15.6% low (9-19% amylose), 39.5% 
intermediate (20-24% amylose), and 30.4% 
high (--25% amylose). 

Survey of world rice varieties. Rices from 
were analyzed. High-amylosefive countries 

rices predominated in three countries, 
intermediate-amylose in one, and low-amylose 
in one (Table 2). However, soft gel predomi

nated even among high-amylose rices. Low 
gelatinization-temperatur-rices predominated 
in three countries. 

Hardness and stickiness of cooked 
rice. Taste-panel evaluation of high-amylose 

rices or waxy rices differing in gel consistency 
has not given significantly different scores for 
tenderness and cohesiveness of cooked rice. An 
Instron food tester was used to obtain objective 
measurement of hardness and stickiness of 

cooked rice. Milled rice (20 g) was placed in 

150-ml beakers, with predetermined optimum 
cooking water based on amylose content, and 

cooked in an automatic rice cooker for 20 
minutes with excess woter in the outer pot. 
Hardness was determined for duplicate 17-g 

cooled cooked-rice samples with the Instron 

tester's Ottawa Texture Measuring System 

(OTMS) cell modified to reduce the cross
15% of thesectional area of the cell to about 

original. Hardness was measured as the max

imum force required to extrude the cooked rice 

through the perforated base (Fig. 1). To deter

mine stickiness, rice from the hardness test was 

pressed by the OTMS celi's plunger to a0.4-mm 

clearance on the tester platform. Stickiness is 

E,8usioc(t) 
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1.Reporentatike imtron curves for hardness of cooked 
ries uatif a modiled Ottawa Texture Measuring System
ceL Distance refer to that traveled by the plunger dudn 
extrioo. IRRI, 1977. 
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the area of the curve obtained during the liftingOf the plunger and is expressed as the product ofo 
force (in grams) and distance traveled by theplunger (in centimeters) (Fig. 2).

The relationship between hardness and stick-
iness of cooked rice and amylose content of rawrice was studied using mainly IRRI varieties andlines. Stickiness of cooked rice was more closelyrelated to amylose content than was hardness(Fig. 3). Gel consistency differences had little

effect on stickiness ofcooked rice. Cooked waxyrices showed the widest range in stickiness among the various amylose types.
Among selected waxy rices from the Philip.pines, South Korea, and Thailand, the softestrices (low hardness values) had neutral gel val-ues higher than 60 mm and final gelatinization

temperature (BEPT) below 70*C (Table 3).
That agreed with previous results (1974 Annual
Report). These waxy rices also tend to be moresticky. Sampt.;i intermediate in gelatinizationtemperature and in alkali spreading values hadhardness values as high as and stickiness values 
as low as those of samples with high gelatiniza-
tion temperature. Malagkit Sungsong is desiredfor its texture and aroma by Philippine proces-
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sors of waxy rice products. Among the IRRIlines, JR3464-75-1 and IR4427-58-5 werecloser to Malagkit Sungsong in texture of
cooked rice than was IR29.Extreme softness and stickiness, as in the caseof freshly harvested samples of UPL-Ri.1, maybe objectionable in processed waxy rice products. A 1975 sample of UPL-Ri-i, with 7%protein, had hardness of 5.0 kg and stickiness of262 g.cmn. The effect of protein content and
aging on th texture of boiled waxy rice of a
variety needs to be verified.

The General Food texturometer is used inJapan and Korea to measure the hardness andstickiness of individual grains of cooked rice. Ina cooperative study, four samples of Japaneserice of known texturometer values were sent toIRRI for Instron texture measurement. Comparable ratings of the four rices in hardness and 
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Table 3. Physicochemical properties of raw and cooked waxy rices ,rrangedin the order of Increasing final gelatinzation 
temperature (BEPT). IRRI, 1977. 

Alkali 
spreading Neutral 

Variety Source values in gel Cooked rice values of 
or line consist- Final 

1.7% 1.3% 
KOH 'KOH 

Malagkit 
w^Sungsong Philippines 6.4 6.0 


IR3464-75-1 IR.91 7.0 5.8 

Tongil chal Korea 7.0 5.8 

IR29 IRRI 7.0 4.2 

RD6 Thailand 7.0 5.0 

IR4427-58-5 IRRI 6.5 5.0 

UPL-Ri-1 Philippines 6.5 4.6 

Wx219-3-5-5 Korea 4.0 3.0 

Wx219-3-5-3 Korea 4.2 3.0 

RD4 Thailand 2.0 2.0 

Wx202-13-9 Korea 3.2 2.2 

Panpet 63 Philippines 2.3 2.0 


"200 mg rice flour/2 ml 0.15 N potassium acetate. 

cohesi-eness or adhesiveness values were 
obtained with the two instruments (Table 4). 
Kinpa was the most flak%' because of its higher 
anylose content. Stickiness again closely fol-
lowed amylose content. but hardness was also 
affected by both gel and anylograph consisten-
cy. and probably by protein content, 

The Instron food tester can readily distin-
guish differences incohCsiXCncss, and hardness of 
cooked rice among high-amylose rices such as 
IR8 (hard gel) and IR5 (soft gel). The 1977 
studies indicate that this is also true for 
intermediate- and low-amlose rices. and that 
among rices of simila, :tmvlose content. hard-

ness is a more reliable indicator of quality than 
stickiness. Among four intermediate-amylose 
Indonesian rices, arranged in the order of 

inTabe 5. Rojoleledecreasing eating quality 
had the softest cooked rice grain. Bengawan 
had the hardest el and the highest hardness~Gel 
value for cooked rice. Pelita 1-1 is the least 
preferred despite its soft gel probably because 
its higher gelatinization temperature (based on 
alkali spreading, Table 5) affects its cooking 
properties. Similarly intermed iate-amylose
lines derived from BPI-12-407 and C4-63G 


maintained the contrasting gelatinization tem-


perature and hardness of cooked rice of their 
parents. 

Similar results were obtained for low-
amylose rices, as shown by South Korean rices 

ency" BEPT Protein Hardness Stickiness 
(mm) ('C) (%) (kg) (gcm) 

76 62,5 6.5 3.5 432
 
60 62.5 5.6 4.2 428
 
70 62.5 8.8 4.9 330
 
52 63 7.7 5.6 264
 
74 63.5 6.1 5.9 390
 
60 64 6.9 4.7 407
 
62 64 6.1 3.3 520
 
61 70 9.9 6.3 272
 
60 70.5 10.2 6.8 287
 
46 73.5 7.0 6.6 267
 
66 73.5 8.3 6.0 362
 
42 77 6.4 5.9 210
 

in Table 5. Tongil, a seinidwarf indica x 
japonica hybrid with poor eating quality, had 
the same stickiness score as Jinheung. the check 
japonica variety. but had higher hardncss value 
of cooked rice consistent with its harder gel. 

Gelatinization-temperature screening of 
world rice collection. Final gelatinization 
temperature is the temperature of hot water 
needed to gelatinize or irreversibly swell 90% 
of starch granules ofa rice sample. In the breed-

Table 4. Comparison of physicochmlcl, texturometer,and 

Instron data on four cooked milled rices from Fukul, Japan. 
National Food Research Institute (NFRI), Japan, and IRRI, 
1977. 
P-

Property' Kinpa 

Protein (%) 6.1 
Apparent amylose (%) 19.1 
Alkali spreading 

(1.15% KOH) 6.0
consistency (mm) 

(120 mg/2 ml) 
Amylographconsistency (12% 

paste, Brabender 
units) 

Texturometer data 
(individual grains)
Hardness(kg)

Cohesiveness 

Adhesiveness 


Instron data (bulk)

Hardness (kg) 
Stickiness (g-cm) 

55 


185 


nishlkiHonen-wase Koshi-hikari Koshl

7.5 5.7 6.8 
16.7 17.3 16.2 

5.0 4.9 5.0 

68 66 66 

185 65 85
 

2.03 2.11 1.97 1.98 
0.36 0.38 0.36 0.36 
0.03 0.05 0.09 0.04 

6.1 6.8 5.9 6.0 
72 89 81 92 

"Allobtained at IRRI except texturometer data from NFRI, 
Tokyo.
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Tib S.Phive m PrOp1es drw nd eke dmne modMW w.mn ee. len. . 
Variety

V~lySource 
Apparent
ar1nloe rt ei Alkali 

Gel 
cOnsW . 

Inatroncooked rice 

amyioee Protein spreading ency Hardness Stickiness 
Rojolele Indonesia 23.8 0valu (mm) () (-cm) 
Seretu2 

Megarn
esOhs'Polite I-1 
UPI-121407

3BP-121 . 
407 lines 

C4-630 
3 C443 lines 
Jinheung 
Yushin 
Tongil 

Indonesla 
IndonesiIndonesia 
Philippines 

IRRI 
Philippine 
IRRI 
S. Korea 
S. Korea 
S. Korea 

24.0 
24.423.4 
24.6 

24.1-25.1 
23.0 

21.4-24..7 
19.1 
19.2 
19.9 

8.0 
6.6 
5.36.7 

10.1 

7.7-9.4 
7.7 

7.3-9.7 
7.0 
7.8 
7.0 

5.9 
6.0 
6.03.6 
6.9.0 

6.9-7.0 
2.0 
2.5 
7.0 
7.0 
7.0 

62 
4(P80 
9& 

93-94, 
920 

80-1001 
76' 
M 
54' 

.1 

7.16.5 
7.6 . 

7.2-7.9 
5.9 

5.5-6.4 
5.7 
5.9 
7.4 

7 

76 
8672 

1171 

75-90 
78 

84-122 
102 
111 
102'100 mg ice fiour/2 ml 0.2 N KOH. 6120 mg rice flour/2 ml 0.2 N KOH. 

ing program it ismeasured by the alkali digesti-bility of whole milled rice. 
The starch of most indigenous tropical riceshas intermediate gelatinization temperatureexcept the bulu (javanica) and Thai varieties,

and most waxy rices have low starch gelatiniza-tion temperature. The dwarfing gene introduces
low gelatinization temperature into many of thesemidwarf varieties. The full importance ofgelatinization temperature is neither wellappreciated nor understood. However, studiesto date indicate that gelatinization temperatuteisrelated to texture of cooked rice among waxyrices, Indonesian intermediate-amylose rices,and high-amylose rices (see previous section)

A turbidometric assay by Japanese scientistsThrm y(%T)
00, 

so Y=50o-6x 

40 


20 

00 

4. Thaqipa of daffattad brown de flew4Oi ia 1.6%tsaa 24 hous at 30oC, rdrltempeatur of in .%rch, IRRI, 1977. 
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for alkali test was adapted to screen the worlcrice collection fDr gelatinization temperature. Amethod was developed using 50 mg defattedbrown-rice flour soaked in 10 ml 1.6% KOHincubated in a test tube at 30*C for 24 hours.Turbidity of the solution (% transmittance) wasmeasured at 620 nm with a probe colorimeter
with 8-mm path length. A plot of the transparency of the solution against final gelatinization
temperature of starch showed good correspon.dence. High final-gelatinization temperature ofstarch (>74oc) corresponds to a turbid suspension of less than 10% T; a low gelatinizationtemperature (<70oC) corresponds to a clearsolution of >60% T and an intermediate

gelatinization temperature corresponds to 21 to50% (Fig. 4). This photometric method ismoreobjective than the alkali spreading value, which 
isscored visually using a six-point score system(2 to 7). 

Lintnerlzed starch and gelatinization temperature diTerenees. Corrosion of starch granules2.2 N HC1 at 35°C is known to preferentially 
involve the amorphous or noncrystalline por
tion of the starch granule. Four-day HC1 treatment showed positive correlation between the
undigested fraction and gelatinization tempera.
ture of the starch granule. Lintnerized starch 
was prepared for eight rices to obtain moreinformation about the crystalline fraction of rice 

granules and how its properties are 
affected by amylose content and gelatinizationtemperature of the granule.A corrosion period of 15 days was chosen 
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S. Acid hydrolysis or lintneiztion curve in 2.2 N Ha 
at 350C of two rice starches differing in gelatinization 
temperature. IRRI, 1977. 

since preliminary data on two starches showed 

that the corrosion rates tended to level off 
within 14 days (Fig. 5). Re-expression of the 
extent of hydrolysis as log 100/(100-X) showed 
clearly the two-stage corrosion of rice starch 

granules, the first stage involving the amorph
ous fraction requiring 7 to 9 days (Fig. 5). The 
corrosion rates were faster for IR24 (gelatiniza-
tion temp. 66°C) than for IR2071-137-5 
(gelatinization temp. 75°C). Maximum differ-
erce in extent of corrosion was confirmed to be 
4 days, which is the period now used for dif-
ferentiating rice starches for susceptibility to 
lintnerization. 

Properties of native and lintnerized starches 
of four pairs of rice starches differing in gelatini-
zation temperature and representing the four 
amylose types were studied. Lintnerization 
causes little decrease in volume of the starch 
granules (1975 Annual Reprt) but results in 
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6. X-ray diffractogram of native and 93%lintnerlzed or 
acid-corroded 19 starcdhimules. Kagoshima University, 
Japan, 1977. 

corrosion of concentric amorphous layers of the 
granule (1969 Annual Report). Little differ
ence in thickness of resistant layers was noted in 
the transmission electron micrographs (at the 
University of Nottingham, England) of 4-day 
lintnerized starch granules of IR24 (62% lint
nerized) and IR2071-137-5 (32% lintnerized). 

Crystallinity of starch granules may be due to 
amylopectin rather than to amylose, since waxy 
starch is crystalline. X-ray diffractograms using 
Cu K a radiation showed that lintnerized starch 
was more crystalline than native starch (Fig. 6). 
The peaks at 20 = 180 and 23* increased in 
intensity in IR29 but in some rices one of those 
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Table11. Propertie, of native and Olntnerked starchm of se 
tent. w, 1377. 

Property 
Native starch 

IR29 Panpet
63 

Apparent amylose (%)
Final gelatinization temp. (C)

Uintnerized starch 

<1 
64 

<1 
74.5 

Wt los (%)
Mean DP (glucose)
Mean DP' (glucose units) 
13-amylolysis limit (%) 
Linear fraction" (mole%) 

93 
26 
27 
83 
52 

86 
23 
24 
83 
61 

"Excluding free glucose. 

peaks increased in intensity more than the
other. Among the nonwaxy starches, lintneriza,
tion made the minor peak at 20 = 200(nearly absent in waxy starch) more prominent
in the three low gelatinization temperature rices
IR8, 1R24, and IR480-5-9. 

In all four pairs, the low-gelatinization, 
temperature samples were more readily lint-
nerized or the recovery of the lintnerized starch 
was lower (Table 6). However, theintermediate- and high-amylose starches were 
more resistant to lintnerization than the low-amylose pair, and the waxy pair was the least
resistant. Thus, crystadlinity of rice starch
granules is directly affected by gelatinization
temperature and, to a lesser extent, by amylose
content. 

Mean degree of polymerization (DP) or chain
length of the lintnerized starch or dextrin
ranged from 23 to 29 glucose units for six sam-
pies and below 20 units for the low-amylose
samples (Table 6). The low mean DP for the
latter samples may be due in part to their high
content (1.5-1.8%) of free glucose; the others
had only 0.1 to 0.3% tree glucose. Correction 
for free glucose improved the mean DP values,
f3-amylolysis limit, a measure of the linear frac-
tions hydrolyzed to maltose with O-amylase, 
was higher in lintnerized starch since
fl-amylolysis limit was 58% for native 1R29,
61% for native Panpet 63 (>99% amylopec-
tin), and 73 to 76% for rice amylose. Corres-
ponding mole percent linear dextrins based on
the amount of glucose liberated during
fl-amylolysis were somewhat lower at 52 to 
70%. Among the nonwaxy samples, lintnerized 
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*c dilfering ingelatinization temperatuireWe amsem con. 

IR2071- IR480-IR24 137-5 5-9 C4-63G IR8 IRS 

19.6 16.0 29.2 27.2 31.6 33.066 75 61 73.5 63 72 

90 82 89 79 88 7917 15 29 29 24 25
24 19 30 
 30 26 27
75 74 76 85 so 92
53 64 67 61 66 70 

starch with low gelatinization temperature had
higher iodine-blue value at 680 nm than the 
higher-temperature sample.


In 
a study of the nature of the lintnerized 
dextrins, three samples representing the DP 
range were subjected to molecular weight frac
tionation at 500C in a Bio-Gel P-2 polyac
rylamide gel column calibrated with linear mal
tooligosaccharides. The exclusion or void vol
ume corresponded to DP 23.4 based on mal
tooligosaccharides. A bimodal distribution 
was observed for a three samples with peak l atthe void volume and peak II corresponding toDP 14 to 17 (Fig. 7). Calculated DP for peak I 
was 32 for Panpet 63 and 34 for IR480-5-9
lintnerized starches. DP for peak I of IR2071
137-5 must be >23, as the calculated value
would be too low considerng the presence of
maltooligosaccharides with DP <12 (Fig. 7)and glucose in its lintnerized starch as also ver
ified by thin-layer chromatography. The prop
ortion of peak I to peak II increased with the
increase in DP of lintnerized starch. 

Treatment of IR480-5-9 lintnerized starchwith pullulanase or debranching enzyme before
gel filtration increased peak 11 relative to peak I
(Fig. 7). French chemists have previously shown 
a similar molecular weight distribution for corn
and potato dextrins corresponding to DP 25
(one branching) and 12-13 (linear) glucose
units. The actual DP of peak II for Panpet 63
lintnerized tz~rch of 16 glucose units was identi
cal to the value from the calibration curve using
linear maltosaccharides. The results suggest
that peak il is linear and peak I has a single
branch as it has twice the DP as peak II and 
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7. Molecular weight OMW) fractionation of three lint-
nerized varches in Bio-Gel P-2 polyacrylamide gel (2.6 
X85 cm) at SOC.The samples showed differences in the 
ratir,of the two MW peaks. Peak 11 increased o 
lanas debranching of IR480-5-9 lintnerized starch. IRRI, 
1977. 

gives rise to peak II on pullulanase action. On 
this basis, DP for peak I of IR2071-137-5-5-1 
must be 28 glucose units. 

Amylose-fatty acid complex. Scientists in 
England suggested that the residual amylose 
V-pattern at 20 = 200 in the X-ray diffractogram 
of cooked and parboiled low-amylose rice cor
relates with apparent solubility of amylose and 
amylopectin and is determined both by amylose 
and oil contents of the rice. It is due to helical 

amylose-fatty acid complexes. Freshly har-
vested and 6-month stored milled rice of IR29 

(waxy, 1.1% oil), Khao Dawk Mali 105 (low 

amylose, 0.7% oil), and IR28 (high amylose, 

0.9% oil) were cooked and their X-ray diffrac
were determined on dried cooked-rice 

powder at Kagoshima University. Japan. Only 
the nonwaxy rices gave a small 20 = 20' peak, 
and it was more prominent in Khao Dawk Mali 

in 1R28. The intensity of the peak 
increased only by 10 cpm in both rices. The 
results indicate that the residual V-pattern of 

cooked rice is small and not simply related to 
amylose and oil contents among milled rices. 
Also, apparent starch solubility of 1R28, which 

has hard gel, was verified to be lower than that 
of Khao Dawk Mali and lR29. 

STARCH ACCUMULATION 

Chemistry Department 

Detached panicles in liquid culture. Australian 
have successfully grown detached 

wheat heads in liquid culture and found that 

starch accumulation in the grain followed 
closely the sucrose level in the medium. 
Detached rice panicles (I to 2 days after flower
ing) were successfully incubated in liquid 
medium containing 1% sucrose and 0.1% 
glutamine in addition to minerals and vitamins. 
The panicles were kept at 25 to 27°C in 8 klux 
and 16-hour day length, and the medium was 
kept at 2 to 3°C. Sucrose level (0 to 1.5%) in the 
medium determined the extent of dry matter 
and starch accumulation. but unfortunately it 
also influenced the physiological development 

of the ripening grains (Fig. 8). Maximum 

0 0.5 0.75 I 

8. Effect of mcrow concentration of liquld medium on 
the development of IR22 paint in detached paniles cu
tufed for 160 hour. Glutamine was 10%of sucros except
that the 0% smuos lution had 0.05% glutamlno. IRRI,
1977. 
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UDP-glucose pyrophosphorylase level occurred at the 0.75 to 1.0% sucrose level, ratherthan at the maxm'um sucrose level of 1.5%. 
Chemical and enzymic composition,of the
grains were similar to previously reported le*velsof grain analyzed at regular intervals afteranthesis (1974 and 1976 annualreports). Thus,the detached.panicle system has little advantage over field panicles in the study of starchaccumulation, except in facilitating simultane. ous sampling of all treatments. The systemwould, however, be a useful technique for thelabeling of compounds, such as proteins. 
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EVALUATING DISEASE RESISTANCE OF Xanthomonas oryzae in the Philippines (TableBREEDING MATERIALS
Plant Brecding and Plant Pathology Depart- 6). Lines carrying tha dominant gene Xa 4 arements generally resistant to that pathotype. Duringthe year, pathotype 2, which can overcome the 

Xa 4 gene, was widespread at IRRI. Most IRRIMltple dbme redsance of e line (Plant materials with Xa 4 did not show resistance toPathology). The most promising elite breeding pathotype 2.lines and some IRRI-named varieties were The field rea-tions to tungro disease ofevaluatedforresistance tomajordiseases(Table 65,447 entries - varieties, pedigree nursery1). Many lines have multiple disease resistance, lines, trials, and other testing nurseries - wereScrening .mllrsgm&= -si I mjor evaluated. About 95% of the entries evaluateddisemes (Plant Pathology). Large numbers of were rated 3 or less on the international scaleearly generation breeding lines continued to be for resistance to tungro (1 = resistant; 3 =screened for selection of disease-resistant prog- moderately resistant). The overall tungro incienies. Tested for resistance to the fungus dis- dence at IRRI in 1977 was low. 
eases were 66,248 entries for blast (Table 2);7,564 for sheath blight (Table 3); 373 for Cer- NEW SOURCES OF DISEASE RESISTANCEcospora leaf pot (Table 4) by artificial inocula- Plant Pathology and Plant Breeding Departtion in the field; and 4,459 for leaf scald by ments 
natural field infection (Table 5).

More than 73,000 breeding lines were Additional materials from the germplasm colevaluated for bacterial blight resistance. A high lection were tested to identify new and betterpercentage were resistant to pathotype 1 of sources of resistance to major diseases. Screen-

T 1. Oh... fetion of aft breed ht 197.WW. WK 

Disease' reaction toDeignation
 
LSO CLS ShB BST 
 BLB BLS RTV RTV, RGS RRSr 

IR8 MS M M S SR20 MS M M S SMR S M S MR R SR26 R S RS S M MS MR MR J R MIR29 MS S M MR MR MS R R RIR30 MMR F M S MR MR
R32 S R R M
MS E. M MR MR MR
IR36 M R R RMS TA MS R MR MR SIR36 M R MMS R M R MRIR40 R S R R RS, - M R -IR42 - R R R MMS' M MIR1529-430-3-1 Se M M 
R - - M R R RS - - MIR17IFSB-22 M M MMW - M S - IR2036-1082 S R R MMR, 
 M M R - - S R RIR2035-242 RMR" - M MS - - M MW2OS.78-1-3-2.3 A SMS, R MS R - - SIR2061.465-1-5-5 R R RMS S MS S MR R2061-522-.- R R R SMS R M MS MR R R R RIR2071-137-5-5-1 SMS S M MS MS MS MIR2071-1761-2-1 R R SMR" M M R - - M2071.41W.24 R R RMS S M S MS A R R RI-20714--.2.4-4 SMS R M MR S MR M RIR2307-217-2-3 A RMR R M MR S MS SIR2307-247-2-2-3 R M SMR M M MR S - S R MiR2797-106-2-2-3 SMR M M a MR MS M RIR2797-125-3-2-2-2 R RS S M R MR MR R1R2123-103-5-1 R R RS M M R MS RIR2145-3.3 M R R RMS S M S MR MR S R M R
1R2U3W1-2 
 MSt - M MR MS MR
IR3280-3.2 S R A R
- - M MS . .R3304-23 . . . .MSC - M MS - - S M R S 

(continued on oppoStepeg) 
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Tal 1 continued 

Dieses reaction to 
Designation LSc CLS ShB BST BLB BLS RTV RTV1 RGS RRS, 

IR3351-38-3-1 
IR3397-44-1-4-3 
IR3464-75-1-1 
IR3464-126-1-3 
IR32518-96-2-2-2 
IR3816-2-2-1 
IR3839-1 
IR3839-1 
IR3880-5 
IR3880-10 
IR3880-13 
IR3880-13 
IR3880-17 
IR3880-17 
IR3941-9-2 
IR3941-25-1 
IR3941-97-1 
IR4215-400-2-6 
IR4219-35-3-3 
IR4227-28-3-2 
IR4405-287-3-2-3 
IR4417-179-1-5-2 
IR4422-6-2-3-1 
IR4422-51-1-1-2 
IR4422-143-2-1 
IR4422-450-2-3-3 
IR4427-51-6-3 
IR4427-58-5-2 
IR4427-109-1-3-3 
IR4427-315-2-3 
IR4432-28-5 
IR4432-38-6 
IR4432-52-64 
IR4432-103-6-4 
IR4432-207-2-3-2 
IR4445-63-1-2-2 
IR4563-52-1-3-6 
IR4568-86-1-3-2 
IR4568-225-3-2 
IR4570-83-3-3-2 
IR4570-117-2-1-2 
IR4613-54-5 
IR4625-219-2-2 
IR4683-54-2 
IR4698-176-2-2 
IR4683-54-2 
IR4707-123-3 
IR4707-140-1-3 
IR4707-225-2-3 
IR4744-295-2-3 
IR4816-70-1 
IR4819-77-3-2 

MW 
MS, 
S, 
S, 
S, 
S, 
MR, 
MW 
MS, 
MW 
MS, 
S, 
S, 
S 
MS 
MS 
MS 
MS 
MS 
MR 
S 
MS, 
MS 
MR 
MR 
MS, 
MS 
MR 
MS, 
R 
MR 
MS 
S 
MS 
S 
S 
W 
MW 
MS 
S, 
MS, 
S 
S 
S 
MS 
S 
MS 
MS 
MS 
S 
S 
S 

R 
M 
M 
M 
R 
-
M 
-
W 
W 

-
vi 

-
R 
S 
M 
M 
S 
S 
S 
R 
M 
R 
M 
M 
M 
S 
S 

-
S 
R 
-
R 
M 
R 
M 
S 
R 
M 
R 
R 
M 
M 
R 
R 
H 
S 
M 
S 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
MS 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
MS 
M 
M 
M 
M 
M 

R 
R 
S 
MS 
MR 
R 
R 
R 
S 
S 
MS 
MR 
MS 
MS 
S 
S 
MS 
S 
S 
MS 
MS 
R 
MR 
S 
S 
7 
R 
R 
R 
R 
MR 
R 
R 
MR 
R 
MS 
R 
R 
S 
R 
MS 
MS 
R 
MS 
R 
R 
MR 
R 
S 
R 
S 
S 

-
-

MS 
MR 
-
-
-
-
-
-
-
-
-
-
MR 
MR 
MR 
MR 
S 
MS 
MR 
-

MS 
MR 
S 
-
S 
MR 
-
R 
S 
MS 
MS 
MR 
S 
-
-
-

MR 
-
-

MS 
MR 
MR 
MR 
MR 
MR 
R 
MR 
MR 
MR 
MR 

R 
-
S 
S 
-
-
-
-
-
-
-
-
-
-

MS 
MR 
MR 
MS 
S 
MS 
MS 
-
S 
MS 
MR 
-

MS 
MR 
-
MR 
S 
MS 
S 
S 
MS 
-
-
-
-
-
-
MS 
MS 
MS 
R 
MS 
R 
R 
MS 
-
-
-

M 
R 
M 
M 
M 
S 
M 
M 
M 
M 
S 
S 
M 
M 
M 
R 
M 
R 
R 
R 
R 
R 
M 
M 
S 
M 
M 
R 
R 
R 
M 
M 
M 
M 
R 
R 
M 
M 
M 
S 
M 
M 
M 
M 
R 
R 
R 
R 
R 
R 
R 
R 

R 
R 
R 
R 
R 
R 
M 
M 
R 
M 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

R 
R 
M 
R 
R 
R 
R 
R 
R 
M 
R 
R 
M 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
H 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
M 
R 
R 
M 
R 
R 
R 
R 
R 
R 

R 
R 
R 
R 
R 
M 
S 
S 
S 
S 
M 
M 
S 
S 
M 
S 
S 
R 
R 
R 
M 
R 
S 
R 
R 
R 
M 
S 
R 
S 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
M 
M 
M 
M 
M 
M 
M 
M 

IR4895-1-1-5 
IR5105-93-2-2 
IR5201-127-2 
IR5785-37-1 
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lR5853-165-1 

MS, 
MS 
MS 
S 
S 
S, 
S, 

W 
R 
R 
R 
M 
-
RW 

-
M 
M 
M 
M 
M 
M 

ns 
MR 
MR 
R 
R 
R 
R 

MR 
MR 
-

MR 
MS 
-
-

-
-
-

MS 
-
-
-

. 
R 
R 
R 
R 
R 
R 

. 
R 
R 
R 
R 
R 
R 

. 
R 
R 
R 
M 
R 
S 

M 
M 
M 
M 
R 
M 

IR7760-4-8-2 
IR9575, BPI-76"/Dawn 
IR9669, IRBI/Carreon 
BR 51-91-6 
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,R = resistant, MR = moderately resistant, M = intermediate, MS = moderately susceptible, S = susceptible. 'LSc = leaf scald, 
CLS = Cercospora leaf spot, ShB = sheath blight, BST - blast BIB = bacterial loaf blight,BLS - bacterial leaf streak, RIV = rice 
tungro virus, RGS = rice grassy stunt,RRS = rice ragged stunt. 'Field reaction to natural Infection, all others to artificial Inoculation 
in greenhouse or in field. 
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Tarn.:.UBkmmvefweem,,,bt .IM. wn. ing involved• 1,242 entries for blIst, 
Source Entries (no.) entries for sheath blight,itid2,7I55entriesfor&sJs- Inw. eaf scald ries resistant to blau,, m Jmrther will befu tested to selAgeIcn0 

trum of resistance. those witha1oVf As in prvious years,spec.29 20 no 
Rspiien d ti 

enties with a high level of resist.ne todseath(Ar) 311a lo 3l1 1 3 1r2120l e ntf le s Ws fere ,9 ea(ObT y702tralto 
blight were found. Many varieties were resistantBIG leaf scald. 

Upland NY!10u mus 
 105 52 sDanau Ol A total of6,256 varieties from the germplasmIWOM cold tolmme 05 206 were ,eldwit
Pwigree nur3aw 28 collection were field inoculated with pathotype7atooa1i ryzae to identify newBanav cold tolerance OyTPedxr m 26 21,r.ilO 29003 ofXn7moa15,27Pan Patholw lines 125 j0ew, sourcesof resistance. About 555 entries (8.9%)9 387 were rated resistant, and 124 entries (2.0%),Korsen linesDrow n r'ba a 3 212705 23938 92 159 moderately resistant. MoreGemplem bank 249 

than 2,000 rices105 from the germplasm collection that were ratedInternatloni ria or clt thawere retedresistant or moderately resistant were retested 
IRON
IS SN 297 6 8mVNe 48 73 258 to confirm their reaction to pathotype 1 in theMYNM 355 52 674 14 field. The plants weretwo stages of growth tested- by inoculation atmaximum tilrilRYN-M 
Tota-l7 

6 5 15 growth eringTotal aS33,115 1018,584 14,549 (MT) and flowering (FL). As indicated in Table7. 1,064 entries (45.4%) were resistant and 7'j
(3.2%) were susceptible at MT, whereas 1,044 

Tab . Sumay of9creni e t fer. -. 1n.
 

Source Total Entries (no.) 
R MR M MS S VSElite varieties 

Replicatd yield trial 6d 
Obesvwtlonad yield trial 167 0 0UplandM 159 2Uom paoogy lines 50 0 6 01,280 0 14 598 3553 0 1132 1,139 7 3 051 0 01 00 
Korean materialsJune rainfedl owland 31 1 30 0 0674 0Pedgree numry 28 

9
0 

630 5 0 
0 

D
 

Hy~tdiah ot
blok28 o 17 7
kftWabonanure591 0 3 558 24 4I4N 
mYN-E 153 0 22 130 0IRYN.L 28 0 1 02 26 028 0 0 0IL 6 22 027 0 :0ION 0 6 21 0376 0 ". 0SN 0 17 359432 0 0 0 09 421 

ytelleda 0 0d tl. 
12,vionaei
Ob yield trel 0 0 12 0 0Ob e~nya~.lr 38 0 1 0 

m 38 0• 143 0 17 0 0125 113 0 0 0 00 13 0 0 0
ANle Coor !fnfetd Rice 650 0 31 617 2Komen fowM.,lr 

6 0 1 5 0 0 0Toa Koee merljs37 0 27,564 35 0 0 0,0 23e 7 101 .13a. resistant M Intermea, OMm m rate ....... .
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Table4. Summary of reactions toCercospora leaf pot of alto T"ble 7. Summrwy of entries field tested for resistance to 
varieties and breeding lines and replicated yield triallines, arti- pthotype I of Xanthomonas oryzae at two gowth stae". 
tidally Inoculated in field. IRRI, 1977. RI-U,1977. 

Elite varieties Replicated Entries tested at
 
and yield trial
 

Reaction, breeding lines lines React'on" Maximum
 
tillerlngb Flowering" 

No. % No. % No. % No. % 

Resistant 40 52.6 112 37.7 
Moderately resistant 12 15.8 169 56.9 R 1064 45 1044 44 
Susceptible 24 31.6 16 5.4 MR 518 22 684 29 

MS 239 10 187 8 
"On a 0-9 scale, resistant = 0-1, moderately resistant 3-5, S 75 3 44 2 
susceptible ::7-9. R to S 92 4 29 1 

No tet 357 15 357 15 
Total 2345 2345 

Table 5. Reactions of varieties and lines to leaf scald In natur
ally infected fields. IRRI, 1977. "R = resistant, MR = moderately resistant, MS = moderately 

susceptible, S = susceptible. 50 days after seeding (OS). '80 
Entries" (no.) DS. 

Sou,'ce R M S Total identified through the International Rice Blast 
Elite lines 2 23 57 7 uEeln b127 1257 1211021 77 27bo2 Nursery (IRBN). Transferring blast resistanceGermplasm, bank 477 

Otser.itonal yield trial 128 454 518 1100 from those varieties to new varieties has, how-
Replicated yield trial 10 234 204 448 ever, been difficult because many genes are 
Upland replicated yield 

trial 13 45 16 74 involved and because the prevailing blast races 
Total 1410 1777 1272 4459 differ among places and seasons. 

IR = resistant 10-1), M intermediate (3), S = susceptible In a project to develop blast-resistant near
(5-9). See Thole 12 for description of 0-9 scale. isogenic lines, many resistant donor varieties 

were crossed with IR8 as recurrent parent and 
(44.5%) were resistant and 44 (1.9%) were the progenies were screened two or three times 
susceptible at FL. a year for many years. IRRI now has more than 

Blast-resistant lines. Rice varieties with a 100 blast-resistant lines, some of which have 
broad spectrum of resistance to blast have been been in the IRBN since 1975 and under high 

Table 6. Summary of breeding materials resistant to bacterial blight. Mil, 1977. 

Entries, (no.)
 
Source 
 Entries 

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

Replicated yield trial (RYT) 566 14 2 32 36 
Observational yield trial (OYTI) 347 157 92 1,032 62 36 
Germplasm bank 604 125 3 4,408 164 230 
Hybridization block 251 48 12 217 48 14 
Pedigrees
 

F, 40 5
 
F, 332 11
 
F. 1,632 69 22 
F, 4,360 229 239 .41 
F, 15,652 262 149 17 
F3 26,740 3,531 7,400 112 

Seed increase 223 4 3 5 11 
Upland lines - RYT 191 28 42 152 336 

OYT 681 129 329 985 16 25 
International Rice Cold 

Tolerance Nursery 156 48 22 177 12 20 
Total 52,375 553 505 11,115 8,495 495 

-R = rosistal it, MR = moderately resistant, MS = moderately susceptible, S susceptible, R/S = segregation. 
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IR190561-3,1 
S/Tetsp 


R19064P21.73.4 
5/TrtSp3255-PP 1.14 

INF/rN) 
W 1259-PP11-1824VR5'/Tet p 

MR3259-PPS.172.6 
V'/Tatp

'1841507.14-3-1.I
 
IR3273/IR4495 


R56M3-PP%8-1 
IBWdI//1RB/Carron/ IIR /I/r/Tetp 

I*5533-PP650.i 

/ r/Tet*p 
IR~D55&PI. 

WI/ ISI/etp/ IIRS/Carreon 

WI"carieon 

ForcOmpanscn
TOtp 
Carreon 
Khao-084" ng 17 

tTesting T eting 

countries -statione Test.nacioi. 
(no.) (no.) (no.) 1 2 3 4 5 a 7 S 9 

17 32 48 29 9 7 

14 19 23 16 4 3 

14 19 24 19 2 2 1 
14 20 25 20 2 1 1 1 

14 19 24 19 3 1 1 

14 19 24 16 6 2 

13 18 23 19 3 1 

14 19 24 16 6 1 1 

14 19 24 16 5 2 

14 19 24 18 6 

17 
17 
17 

30 
32 
31 

46 
48 
47 

27 12 
26 14 

532 

4 
5 

3 
2 
3 

s2616 31 46 13 5 3 5 
1976 SOtenard Evaluation Systemn for Rice sca.e 1-9:1 = most resistant, 9= most suaceptible. 

1 
1 461013 
3 3 1 7 6 

disease pressure at many testing sites. Table 8shows the reaction of 10 blast-resistant lines inthe IRBN. The data suggest that the 10 lines
have as high a level of blast resistance as the
donor varieties, 

The 1976 and 1977 IRBN identified severalother breeding lines with high level of resis-
tance. 

Genetic studs to Identiy new gems for bac.teriaJ bight redtamne. Fifty-five varieties from 
different g ographic areas were analyzed toidentify new genes for bacterial blight resis-
tance, but no new gene was discovered. A large
number of the varieties came from the Assam
rice collection of India. The PXO 61 isolate, arepresentative of pathotype 1, was used in the
study. The resistant varieties were crossed with 
Taichung Native . (TN), which i6highly sus-ceptible to bacterial blight. 

URSANUALRMORT M011t7 

The F, plants of 49 varieties were susceptible,
indicating that the resistance is recessive. The F2population of the crosses segregated in a ratio of one resistant to three susceptib!,, showing that
the resistance was governed by single recessive 
genes. The F, plants of six varieties were resistant, indicating the dominant niuture of resis
tance. The F, pc pulations of the crosses segre
gated in a ratio of three resistant to one susceptible, showing that resistance was conferred by dt 
single dominant gene.

The six varieties with dominant genes %%,-re
crosses with IR22, which carries the Xa 4 gene
for resistance. As expected, the F progenies
were -had no resistant and the F3 population.
segregation for susceptibility. It therefore 
appears that the six varietieshaveX 4 for resis. 
tance. 

The 49 varieties with recessive genes for 

4 
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1. Correlation of blast reaction in replicated yield trial in two loca
tions. IRRI and Leyte, Philippines, 1977 dry season. 1976 Standard 
Evaluation System for Rice scale 1-9: 1 =none to small brown specks 
of pinhead size; 9 = about 100% of leaf *.reainfected. 

resistance were crossed with 1R1545-284, 
which carries the xa 5 gene for resistance. The 
F, progenies were resistant, showing that the 
recessive genes for resistance in these varieties 
are allelic to xa 5. 

FURTHER INCORPORATION OF DISEASE 
RESISTANCE 

Plan BredigDcar~cntandeparmentCarreon,PtamBreeing 

Breeding for resistance to blast. In 1977 all 
ertries in the replicated yield trials were tested 
in dry- and wet-season blast nurseries at IRRI 
and t San lsidoro, Leyte province, Philippines. 
Most of the advanced lines seleciwd as resistant 
at IRRi were moderately suscepti'ale or suscep-
tible at Leyte (Fig. 1, 2). That illustrates the 
inadequacy of selecting progenies at asingle tst 
site. Although blast isnot a major threat in most 
irrigated rice fields in the tropics, the advanced 
breeding lines are not adequately resistant to it 
in areas where it seriously constrains rice pro-
duction, 

Initial trials toward muhtilocation testing. 
Large numbers of pedigree lines from general 
and upland ric projects were regularly 
screened at IRRI and at San Isidoro. In addi
tion, a project especially designed for blast 
resistance was initiated. The flow of materials is 
shown in Figure 3. From about 2,900 F:, lines 
from 22 crosses between elite breeding lines 

noted blast resistance sources - Tetep,
Sigadis, Dawn. Zenith, and other 

breeding lines--tested at IRRI and at San 
Isidoro, 823 lines were selected. They should 
possess a wider spectrum of resistance than the 
selections from one site. All will be grown for 
good agronomic characteristics. They will be 
distributed to national projects for further 
selection for blast resistance. 

Development of race-indicatorsor differen
rias and related methodology. Blast resistance 
sources such as Tetep and Carreon are resistant 
at diverse sites. But while they remain resistant, 
many breeding lines derived from them often 
become susceptible. Certain resistant genes are 
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2. Corelation of blast reaction in replicated yield trials and obsewationin two locations. IRI and Leyte, Pdblppne.Standard Evaluation System for Rice 
1977 wet season. 1976 scae 1-9: 1 - none to smallbrown speks of pinhead size; 9 a about 100%of leaf area infected. 

probably lost during selection; thus, such resis-tance as that found in Tetep and Carreon mustbe systematically incorporated into improvedvarieties or lines. Such incorporation willrequire simultaneous testing at different siteswhere there are different virulent genes of thefungus, and use of race-indicators to detectdiverse races at test sites. The two aspects areclosely related. The similar reactions of race-indicators at all sites do not guarantee thatdiverse resistant genes have been incorporated,even though selected lines may show resistsceat all sites. 
To test thatconcept, IRRI took intial steps todevelop race-indicators from Tetep's progeny.

A set of 100 lines each from Te~ep/IR30 andIR30/Tetep/ /1R30 were svriected at random inthe population, and tested at different locations.In an initial test, some lines showed sharply con-trasting reactions at IRRI and at San Isidoro.The tests will be repeated at different locations

and the progeny lines that show specific resis-
tance at many sites will compose a set of race-
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indicators. These lines will be tested at manysites in cooperation with national programs.
Incorporating new genes for bacterial blightresistance. As inJicated in Table 6, an overwhelming proportion of IRRI breeding materials are resistant to th,. common isolate(pathotype 1) of bacterial blight and carry theXa 4 gene for resistance. Tiose lines are susceptible to pathotype 2, however. During the lastfew years, 1R1545-284, which carriesxa 5 andconveyd rcsistance to pathotypes I and 2, hasbeen used ih, the crossing program. The mostpromising line with resistance to pathotypes 1and 2 conditioned by xa 5 is IR4563.52-1.3-6.

The percentage of materials carrying xa 5 is
increasing.

An isolate of bacterial blight, designatedPXO 71, and to which selections carrying xa 5are susceptible, was recently discovered. Thereare, however, varieties such DZ78as andDV85 that are resistant to pathotypes I and 2and to isolate PXO 71. These varieties possesstwo genes for resistance. Several single crosses 



to measure it in some Japanese varieties that are 
said to have "field" (horizontal) resistance. 

cn., n IMeasuring 	 resistance by inoculating varieties 
deswe vareties at lines 	 with isolates fron their own lesions. Resistant 

varieties were inoculated with isolates from 
their own blast lesions to test whether inoculat
ing a plant with a virulent race or races causes 
removal of vertical resistance and retention of 

F2 pt selecti 	 horizontal resistance. Such tests were made ear
lier (1969. 1970, 1971 annual reports) primar
ily to demonstrate the stability of resistance in 

F3 rnthlcotol screen" such varieties. 
for blst resistance The 1977 experiment used eight varieties 

_ - with different levels of resistance (by IRBN 
F4seed increase ad sondr evaluation), and from 2 to II fungus isolates 
Fseet=foadni trots from each variety. Inoculation chambers were 

constructed to allow uniform deposit of spores, 
and the test varieties were arranged at random. 

D~s'.butmn of brEach isolate was inoculated to the variety from 
lines to notiol whose lesion it had been made and to other vapro) rieties as well. Sixty-one isolates were used on 

Ithe eight varieties (3 replications) and the 
Resistant vrtes lesions were counted 7 days after inoculation. 

The results are summarized in Table 9. 
On Tetep, some lesions were caused by iso

3. Flow of matelials in a special IRRI breeding project lates from its own lesions, and a few were caused 
for blast restance. 1977. by all other isolates. Dawn had few lesions 

caused by its own isolates and by other isolates. 
Results on both confirmed that isolates from 

and topcrosses with DV85 and with ARC 5756. resistant (R) varieties produced few lesions on 
another variety that conveys resistance to PXO their original host. Sensho, on which its own iso
71. were made during 1977. Segregatirng popu- lates and other isolates caused few lesions, is 
lations from crosses are being evaluated, considered only moderately resistant in blast 

nursery tests. Tetep, Dawn, and Sensho may be 

DISEASE RESISTANCE STUDIES considered to have horizontal resistance to the 

Plant Pathology and Plant Breeding Depart- 61 tested isolates. Except in Sensho, the disease 
intensity (number of lesions) corresponded withments 
that in blast nursery tests. 

Blast (Plant Pathology). The great variability of Isolates from Sensho and from the suscepti
the fungus and the presence of different ble varieties infected only susceptible varieties. 
pathogenic race groups in different areas and Both Sensho and Dular are upland varieties. 
seasons make resistance to rice blast difficult to Determining level of resistance by measuring 
determine. The international rice blast nurse- the rate of disease development. The measure
ries of the past 14 years have identified several ment of rate of disease de'elopment to deter
varieties with a broad spectrum of resistance. mine level of resistance is based on the idea that 
Those varieties are believed to have many genes once the virulent race occurs, the disease 
for vertical resistance that can confer stable develops slowly in varieties with horizontal 
resistance, not horizontal resistance. Reliable resistance, but fast in varieties with major gene 
methods for screening for horizontal resistance resistance alone. The eight varieties used in the 
are not available. Attempts were made in 1977 previous experiments were planted in 4- x 1 -m 
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Av eav.Quntittive resisance of eight varieties to P. oOM isolates 

Isolate TiS 17 TI8 T21Lesion (no.) T22 123 124 T26 127 316.3 8.1 3.1 18.7 0.1 0.2 4.2 0 4.8 0Lesions (relative no.) 13.6 14.5 11.0 24.4 4.8 0.90.5 0.5 22.3 0 14.8 0 10.2 :.0 

Ilolate Dow. 
D 02 03 06 DLeson. (no.) 07 09 011 013 0140 1.7 2.8 2.5 0.1 0.5 10 4.3 1.2 1.9 2.5 1.6Lesion (relative no.) 0 3.1 11.9 11.4 0.5 2.3 25.9 13.48 4.0 6.4 7.9 4.5
 

Seneho
Isolate 
 S2 S4 96 S9
Lnlons [no.) 0 0 0 0 

610 S11 S12 S13 S16 S7 S19

0.2 0.8 0 0 2.5 2.6Lesions (relative no.) 0 0 0 0.1 0.6 0.30 0.6 2.5 0 0 7.6 8.3 0.3 1.8 1.1 

NP- 125
18olate NP4 NP5 NP6 NP7 NP8 NP9 NPIO NP11 NP12Lesion (no.) 13.1 9.7 13.4 7.6 4.5 2.3 2.9 11.5 2.7 7.5Lesions (relative no.) 29.7 26.4 36.0 3.523.5 18.8 7.9 15.9 27.3 12.4 22.0 11.8 

Dular 
Isolate DR1 DR2 DR3 DR4 DR5 DR6 DR7 DR8Lesion (no.) 13.3 DF9 DR1010.3 15 18.8 1.5 7.6 12.4 6.9 12.1 15 11.3 6.4Usions (relative no.) 57.6 41.0 30.6 68.1 5.6 27.9 20.4 18.1 45.8 36.1 35.1 18.6 

Pets
Isolate P2 P3 PS P7 P9 P13Lesions (no.) 31.4 13.4 28.9 39.1 25.9 10Lesions (relative no.) 95.4 59.4 81.4 25.5 21.9100 68.9 30.8 74.0 65.6 

Khao-tah-haeng 17
aolt K27 K28Lesions (no.) 44.4 41.3Lesions (relativeno.) 100 100 42.9 29.4100 86.8 

Fanny 
Isolate 
 F33 F34
Lesions (no.) 30.4 17,8Lesions (rolative no.) 100 80.9 24.1 23.090.5 70.2 
'Apeoentae calculated by using the largest number of lesions on any of the eight varitlies as 100. Each group of isolates wasobtained from a host veniety. 

(12-row) plots separated by 2.5 m to reduce 2. In this test, the inoculum is generated onlycross infection. The plants of the fourth row in by the variety itself. In a blast nursery, theeach plot were inoculated with an isolate viru. inoculum comes from all neighboring infectedlent to all varieties. However, because degree of plants, as well as from lesions of a particular
virulence varies among varieties, three isolates variety. 
were used, one for each series of eight plots. The results are shown in Figures 4 and 5.After inoculation, all plots were covered with a Severe blast developed on the susceptibleplastic sheet from 1700 to 0800 daily to ensure group, but almost none on other varietiesinfection and disease development. Lesions (Fig. 4). The rate of development by regressionfrom 5 plants selected at random from each row coefficient (r-value) is shown in Figure 5. The(8 rows) were counted every 4 days, starting 7 r-values were high-in susceptible varieties anddays after inoculation, low in resistant varieties. Further tests with iso-This test differs from the blast nursery test: lates (races) of the fungus, preferably in other1. It uses pathogenic (or virulent) races. In a rice-gre,,,i,-, countries where blast is severe,blast nursery there is a mixture of races from may determine whether the low r-values werenatural infection but pathogenic races may not due to horizontal resistance. The varietybe present for some varieties. Bluebonnet tested in the Ivory Coast, for exam. 
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%leaf area infect tural Sciences for tests in the IRRI blast nur

00 sery. Many were not resistant and were nearly or 
completely killed by the disease (Table 10).

A: Fanny 
A Within a group of varieties with specific R-gene 

8o-
-
C; 

Ka 
(Pi-a or Pi-i). the reactions in the IRRI blastceta 

D: IR4,-2-58 nursery were different (r, m, s, orss), indicating 
_ E: Do that other R-genes are involved and the 

60-
F eNP-125 genotypes differ among varieties within eachG; Tetep 1000 

H: Dwn group. The varieties will be tested for horizontal 
I-Sen resistance in the IRBN. 

Blast-resistant multiline trial. A preliminary 
40- trial for testing the benefit of multiline planting 

',f c included five blast-resistant, near-isogenic lines 
D ooo with a common 1R8 background. The five lines

> , and 1R8 were planted in 8- x 8-m plots (16
20 

rows) separately and in combinations, in equal 

. F proportions, to compare the rate of and total 
-.. .disease development. 

30 35 40 45 50 5 An isolate virulent to all lines was first inocu
tDayaftw swq lated to potted seedlings of IR442 and Peta, two 

4. Blast disease development on rice varieties inoculated susceptible varieties. Three small pots of 1R442 
with three virulent isolates of Pyricularia oryzae. IRRI, and two pots of Peta were set in the center of 
1977. each plot 3 weeks after sowing. The plants in a 

1-or 4-m area in each plot, including the potted 
pie, had a low r-value but was susceptible in source of inoculum, were covered with a plastic 
Latin America. 

One reason for the low rate of disease 
development in some varieties could be the Log 
lesion type. On some varieties such as Dular, 6 

the lesions were large but had a broad brown 
margin and a relatively small necrotic center. A(,:o1zN) 
Such lesions are suspected to produce a small A0

amount of spores. Another more important 
reason is low infection rate. For example, the 2 

artificial inoculation experiment showed fewer 
0 - (= 01,,1lesions on some varieties than on the susceptible 

varieties, even when the same number of spores 
was inoculated. 

The low infection rate in each cycle of the 2 Q-03)
IE. ... .

fungus also greatly reduced the number of 
=0 0 6 5 7 h%_- -  - 

lesions. It was believed due to the change of -4 - F( 

pathogenicity of the spore population (different 
-6 Hcr:ooo5) G(,00068)races produced) and to the small number of 


spores that were able to infect the resistant va- 77oo--'
 
I(r=00415)rieties. In both this and other experiments 

1-sTetep remained highly resistant to blast. 30 35 40 451 50 55 

Testing Japanese varieties with "field rests- Days aftsaq 
lance" to blast. Sixty-three varieties known to 5. Rate of dies development (r-value) on rre vue 
have field resistance and R-genes in Japan were ties inoculated with thm visulent isolates of Pyricuikra 
provided by the National Institute of Agdcul- oywe. IRRI, 1977. 
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Tabe 10. o"egJaPa field reiatant vertm In the IbN l msery. 177.Field Reaction 
GenotypeVariety 	 reels. in blastfor true tance nursery 	 FVariety 	 Field Reactionresistance (Japan) (IRRI) -eltan 	 Irntruenstbl

for tane nceChlyohilkrl + 	 lawe) .pnursery(IRRI)
rr-r rn*Ou 247 	 Kirishima+ 	 P1-arr 	 rrm 	 m
Tola'l 26 	 Kahei+ 	 P1.arr 	 rrSan'In 63 	 m HirayaMia m+ 	 P-rr a 	 rr mYarabIkHarime + rr m Fujrnior Pi-a rP i-a r s ssMurasald.ine 	 ra 
rrSuzuhara.mochl 

+ so 	 Reimnel+ Pi-aRikuto Norn 24 + 
rr 
rr 

Honare Niahiki Pi-a r 
r 

s
 
Ilhlok 3 + m Toyonlshi s
 

rr as 	 P1-aSensho 	 Toyonhahikl r+ rr 	 Pi-a rns 	 rHTrehonami 	 mPi-aFukuton
Rikuto Norin +~nhnri 	 r n 
+r 	 P- r mn
 

Mikh+ 	 s Mutau-KoganeNor 	 Pl-a r
Rikuto Noinrr 	 Sawanishiki m 

Pi-ar
 
Mochl26 + Nr 	 m Asgid+ 	 Pi-arrr m Joilu 232 	 s 

Rikuto Norin 12 + 
Yoneshiro Pi-I r
r mKuku P-i 


rrrrHonenWase + r Kukei
Kuku 9 PH
Kansal 6 
STalkagi 

+ r m 	 22 
o 	 Toyoma Was+ r 	 Pl-iTan l u 	 as Iao-mochi rr mPi-I
+ 	 Pi-ir rr 

Ulon Nislki 
s ssSorachi
+ r 	 Pi-iKogane Nshiki + r Todorokl Was. 	

rr 
Ginga 	 a Fujisaka 5 Pi-i rr

+ 	 P-ir a 	 r
Kogane-msseri 	 Aklshino-mochi rn+ r 	 Pi-a P1-i r mKoehiji Wae 	 a+ 	 Talcasago-mochi Pi-a Pi-ir m 	 rShnsetu 	 m

Pi-a Pi4Yamaj Was 	 r m+ r s Tatsumi-mochlSan'in 68 Pi-k65A-8 	 P1-kP1-• 	 r rr
Heiruko-mochi rr a Matsume 	 r rrPi-a rr 	 Pi-kRikuto Nori 	 M Ishikari r rrPi-a rr Pi-a Pi-k rm BR No. i rr
Shin Ha burI P -a 	 Pi-a Pi-k Pi-rnrrmrr

Hiderl-shlrazu P1- 0aH 	 rPi-a 	 ouslrrrr m 244 inOu rnKuroka 	 Hokushin 1 P-
Pi-8 rr 	 PI-a Pi-k Pi-m r r rm 54BC-68 	 rrPi-z 
 rr
 

MY susceptible. Flnu Or iPi-z
r (2) -resitant, m (=3 and 4) 	 rr rr= moderately resistant, a (=5 arr
I. 	 susceptIble, ss(=7, 8rarksIn rrto 9, adopted for International testing. 

sheet to ensure disease development. Diseaseincidence (percentage of leaf area infected) was 
of disease development (r-value) for each plot

determined by examining 10 seedlings selected 
was plotted (Fig. 8). The theoretical value ofat random from each row every 3 days. The 
total disease development in Table II was cal

results of the first, third, fifth, and seventh read-
culated by adding final disease scores of iridividual lines and dividing by the number of linesings of 12 rows are shown in 'Fable 11, Figure 6(in part), and Figure 7.The four rows near the 
involved. At IRRI, the benefits of multilines

inoculum source were excluded reduced r-value and, consequently, less totalto avoid the disease developmenteffect of heavy inoculum from the source. 	 - were not demon.strated. Further experiments will be based onAmong the single resistant lines,/PK203, IR8 3/Tetep, 	 IR86 the results of this trial.and JR83///IR8/Tetep//IRS/Carreon 	 Leafsaiddisease(PlantPathology).had little disease while Methods

IR8/Carreon ofscreening and varietalresistance.When first
and IR87/Dawn were affect,.dconsiderably. IR8 had severe disease develop. 	

isolated, thle leaf scald fungus preiuces abunment. 	 dant mycelial growth and small islands of pink
conidial 
masses. Streaking the conidiaTo evaluate the benefits of multilines, the rate 	 on anagar plate produces large quantities of conidia 
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6. Disease development in some bIast-ro't!t multiline trial plots. IRRI, 1977. 

s'ifficient for a conidial suspension for inocula- Ta. 11. Percentage of leat wea Inected by basit In mW
tion. Leaf clipping and spraying inoculation tWeandalugle-Ie,plls. IRRI,13R. 
methods were used. Clipping ensures inocula- Theoreticaltion, requires less inoculum than the spraying raIf~ed( ) tralvut value, 

tio, rquies essinoulu area Infected (%)at terminalthn te srayngLeafmethod, and prevents unnecessary dispersion of Line or disease 
the inoculum in nontarget areas. farlety 25 DS1 31 DS 37OS 43 DS reding 

A large-scale leaf scald inoculation trial IR8I/Dawn (A) 0.05 1.44 18.56 19.66 

involving 321 varietiesA' z made in a hybridiza- IRBVCarreon (B) 0.19 1.02 6.73 16.03 
t'on block in the 1977 wet season, when the IRa1/Tetep (C) 0.0 0.1 0.1 0.2 
rices were in the late tillering stage. Three hills IR8/I I IRO/Tatepl / 
of each variety were clip-inoculated with coni- IRU/Carreon (D) 0.0 0.0 0.13 1.9 

dial suspensiot) late in the aftemoon. The reac- IR84/PK 203 (E) 0.01 0.2 0.0 0.0 

tion of each variety was measured by the ext it IR8 (F) 0.37 3.09 39.39 44.13 
to which lesions developed from the cut end of ABCDEF 0.14 0.91 7.08 14.36 13.69 
the leaves 3 weeks after inoculation. ABCDE 0.0 1.43 4.78 9.82 7.6 

The lesions on susceptible varieties were 20 "DS = days after seeding. 
lo 30 cm while those on resistant varieties were 
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7. Blast development in plots of sit* mistant lines and 
multllaes.lRRl, 1977. 


I to 2cm. Table 12 gives a tentative I to 9 scale 
and the summary of the field inoculation exper-
iment. 


Most of the varieties were resistant or moder-

ately resistant. The reaction of the resistant va-
ricties will be confirmed by further tests. 


We also scored 4,459 varieties and lines for

their reaction to leaf scald in a naturally infected 

field at IRRI (Table 5). 


Perfectstage of Rhynchosporium oryzae. The 

perfect stage of Rhynchosporiumn oryzae, 
usu-
ally found on diseased leaves, might play an 

Itnecld W, w (/) 
50 

A;R87/o, 

0-IR83/To"W F,

4 !R8#3/1 j/Tet 

IRS/ 
30 E; IRaa/ 20onaK 


: RIts 

9OEF 
1oACE 

Table 12. Led adldieMaemls mid umnwmy of Practoof
 

mifraratlas In-mi ysdaeo la.17 e san 
Desciption Varieties (no.) 

0 No visible lesion1 Lesions 1-2 cm3 Lesions 3-5cm 
5 Lsions6-12 cm7 Lesions 13-20 cm 
9 Lesions more than 20.0 cm 

0
39130 

10545 
2 

important role in spreading the disease. Mois
ture conditions appeared to affect the formation 
of the perithecia. When the lesions dried rapid
ly, either no perithecia or immature ones wcre
formed. The morphology and cultural characteristics were identical with those of Metas
phaeria albescens Von Thuemen. The perfect 
stage with identical morphology and cultural
characteristics has been reported in China,
Japan, and Korea, but various names for it,
including Fusarium, have been suggested. The
IRRI study suggests that M. albescens, the name 
under which it was described much earlier,
should be used. 

The fungus also produced various symptoms
that led to the description in Japan of four dis
eases  brown leaf blight, leaf tip blight, leaf 
scald, and leaf sheath browning -caused by the 
same fungus. Leaf scald was reported erlier in
China as leaf tip drying. The description of leaf
scald is based on zonated lesions, but the lesions 
may not always be zonated (Fig. 9). Despite ear
lier names, the name leaf scald is suggested
because it has international acceptance.

A Helhninthosporium disease on Seldguchi
Asahi (PlantPathology). A rice disease of spectacular appearance exhibiting numerous rust

colored, rectangular-oblong, and zonated spots
leaves was observed in IRRI plots (Fig. 10).causal fungus was a Helninthosporiumsp.,

presumably H. oryzae, but the symptoms weredifferent from those of the ordinary brown spotdisease. The infected variety Sekiguchi Asahi is 
a mutant at Asahi, originally found in Japan by
Sekiguchi, and is extremely sensitive to infec

01 l 4 oE tion by Helminthosporhum and some strains of)Pyricularia25() (17 ol3(11) E ily oryzae. In the field it is always heav) infected by Helminthosporium. In the 

. The rate of diseae delopment in plots of dale United States, it has been usedrdestant lines and multilines. IRRI, 1977. as the diseasespreader in screenings for resistance to brown 
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'm p 
9. Sy, o:leal wcald disease of rice showing zonated and nonzonated 
le in, P,RI. 19 7. 

Sl dliNc); It ,,tdl1. uIt.d s-ch iI ,..c ,-
Bacterial blight l'Imt If111!' 't,,1(IndPr 

Breeding). Thc lhitipjiinc kdicshtC', X., '\),.-, 
can bc clasifi.d ml,, thrc,: diiitct path cllitC 
t.lpC,M th.. bi,,, the'id .ion \tindels 

kith mns ,. hir r,,itan'c ( 11)76 Annual 
Rcprtj. 'I-.pt: I.r.'recntcd 1\ J)X( ) (d iso-
lutes,, it]IcLtS ait ic"i\ iith Ili.tial cnc', 
fImr rsCistimce tI"tacteriaI hlighl ill1hC Philip-
pines,: t pe 2. rCpresettcd bh lX( ) 7) (hmtcrh 
kahel ,trait I,attack, , karicties i "rr.n ,\u-1 
1()r rcsilancc" la(] pc 3. rcprc,,cnlcd PX()t.\ tll 
71.attatck,,varitie,, arr\lu5 h5' Irrcsitatlce. 

I)i]fi'rentiationof virth'nce inXanthomonas 
/ac (P111 IMaAh/Coloy). To letect conlintlous 

antid discontlinuous variations in virulence of X. 
"IrV\Zae ()[I scheme based on ther'Csistant rice. a 
c u rretliC, of host-parasite interactionsCllt concept 
%av,,proposed. Figure I IA slows CtliflUtOtus 
\aritation in virulence almong the isolates and nio 
specificity f infection. Figure 1113 illustrates 
the specificity with which the isolates in fected 
the test varieties, and discontinuous variation in 
virulence. 

Results of tests with the Philippine isolates 
and selected varieties with spccific genes for 
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10. Helminthosporium leaf spot on the rice variety Sekiguchi AsahL 
IRRI, 1977. 

resistance indicate that PXO 61 can produce effect of the variety-isolate interaction was 

lesions on varieties ofvarious specific resistance, 	 Ihiighlv significant. The relativ, reaction amongyel it is more compatible withi IR8. i.e. it pro- the selected differential varietiesduces 	 varied 1'rom01llarger lesions on varieties carrying no

functional genes for resistance in the Philip-

one isolate to another. When the varieties were

inoculated with tile isolates at different ages. dilpines. Likewise. PX( 79 causes more lesions on terential interactions showed speci!icity in infecvarieties wilh cither no functional genes or the lion Iet\ecn the isolates and Conpat ible vadoiminatnt gcneXa4I for resistance. PX() 71 is ricties (Fig. 1.3).more specific to varieties with no functional Analysis based on individual i ng\'osand oiJgenes and to those with the recessive gene.va 5

for resistance (Fig. 12). I)V85. which has two 	
leaves from plants revealed signifivant effects 
with varieties. but not wilh isolates. However.genes f..,r resistance, is resistant to all these iso- the interactions between varieties and isolateslates. PX() 71. however, seems to always pro- \\ere significant (Table 13). In e' aluation of aduce longer lesions onl i)V85 than do tile two rictal resistance \\ith Specific isolates, tle reac
tion ma be 'affected b, leaf position. 

other isolates.lhal could indicate its aggressivc-
On this 

ncss. Analysis of' variance indicated that tile basis, the bacterial blight resistance or suscepti-
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Disease index 

7 

'7E 
(4) 

5 

d 

3 ...... ....~ii~ 

ii.
0 

S.

5et 

icityand vrticaresitancearRiet1977 

hilitv of' IR8. lR545. D\185. and RP291-2() 
placed themi in thle same group: that of IROand 
Cenpo Selak. in a group that varied in rcactions 
according to leaf position. Withinl Lach group 
there \asl no situnifcail interact ion OihI leaf 
positions. Larger differences in leaf position 
w\ere detcted in thle varieties of the IR20 and] 
Cemnpo Selak group than in the former group. 

Gernerall rice plants are more susceptible to 
bacterial blight infection at the seedling than at 
the adult stage. As shown in Figure 1 3. 
specificit\ betwecen test isolates and certain va-
rietics %%asobserved at different ages of the va-
rieties. In its reaction tto Specific isolates. thle 
resistance of a variety appears to he indepen-
dent of plant age but dependent on compatibil-
ity betwkeen host variety and the isolate. The 
.varieties 1R8. IR20, IRI 545, and DV85 were 

tested for their resistance to PXO 82 from 9 
days after sowing (DS) to 37 DS. Because PXO 
82 overcomes the resistance of IR2( (xa 4) and 
IRS. the two varieties w\ere infec~cd at thle seed
linge stage. The two had longer lesions than 
JR 1545 and DV85. which wete resistant to 
PXO 82 (Table 14). Although lesions on 
JR 1545 and DV85 were longer at 9 DS than at 
1 6 DS. the overall disease reaction at 9 DS wvas 
moderately resistant to resistant. 

De velopnu'ni ofiniprot'ed piaw i ' differen. 
iials utilh specific genes fu~r resistance (Plant 
Breeding). To date, five genes for resistance to 
the Philippine isolates of bacterial blight have 
been identified. The varieties with those genes 
differed in maturity and other plant characteris
tics. A backerossing program was started to 
transfer the genes for resistance to an isogenic 
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Lesion enth (cm) 
20 

DV85 RP4I9 mo $,1k 

105
 

20 
SR8 

/R20/R545 
15 

5 

0 A A ACAD P/ PCO 838 M-ROD AC A A PXOPA 83861 79 71 69 70 73 78 61 79 71 69 70 7J 78 61 79 71 69 70 73 78 
12. Interactionsbetween thelhilippine iolates of Xnnhomona,oyzw and rice varieties to show pathogenicspecificity and diferential eistance. IRRI phytotron (temperature 21-290Q, 1977. 

background. IR9101-46-3-1, a bacterial other major diseases and insects. Within a fewblight-suscel.i~ble line of improved plant type, seasons, isogenic lines with differ mnt genes forwas used as a recurrent parent. It is resistant to resistance to bacterial blight should be availa-
Table 13. Effect of led age on the derential interactions between selected varetiee and Xenthomones oiyzae isolatee. NMI,1377. 

Variety 
Leaf 

poeitiore 
-

PXO 61 PXO 69 PXO 70 
Lesion length (cm) 
PXO 71 PXO 73 PXO 78 PXO 79 838 

IR8 

IR20 

IR1545 

DV85 

RP291-20 

CampoSeI4k 

1 
2 
3 
1 
2 
31 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

18 
17 
17 
6 
4 
43 
3 
3 
2 
2 
2 
3 
3 
3 

19 
16 
16 

20 
18 
19 
9 
7 
514 

14 
13 
5 
4 
3 

11 
10 
11 
14 
12 
13 

19 
19 
17 
5 
3 
313 

11 
10 
4 
3 
3 

10 
9 
8 

18 
16 
15 

15 
15 
15 
5 
4 
310 
9 
8 
3 
3 
2 
7 
6 
6 

12 
11 
10 

20 
19 
20 
13 
12 
116 
6 
6 
2 
2 
2 
4 
3 
4 

14 
12 
12 

18 
17 
18 
13 
11 
104 
4 
4 
2 

1 
4 
3 
3 

12 
9 
7 

13 
14 
13 
9 
7 
83 
3 
3 
1 
1 
1 
2 
2 
2 
5 
3 
3 

17 
17 
15 
9 
8 
75 
5 
4 
1 
1 
1 
5 
5 
6 

15 
14 
14 

"1 !, youngest, 3" oldest. 
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13. Interactions between isolates of Xanthomonasoryzae 
and rice varieties, showing vertical pathogenicity and m 
sistance at different stages of plant growth. IRRI green
house, 1977. DS =days after seeding. 

ble. Such lines will provide differentials for 
worldwide detection of variation in X. oryzae. 

Occurrence ofpathotype 2 (Isabela strain) of 
Xanthomonas oryzae at IRRI (Plan, Patholo-
gy). Varieties or lines with the dominant gene 
Xa 4 for resistance to pathotype 2 of X. oryzae 
have been observed to be susceptible to bacte-
rial blight at IRRI. Pathogenicity tests showed 
the similarity between isolates from the infected 
leaves and isolates of the strain previously 
known as Isabela, or pathotype 2. Beginning in 
the 1976 dry season, naturally infected leaves 
from diff -rent varieties were sampled in various 
IRRI fields. 

Pathotype 2 of the bacterium has increased at 
IRRI (Table 15). That may reflect pressure for 

Table 14. Resistance of four rice varieties to Infection by Iso
late PXO 62 of Xanthomonas oryzae at different plant agee. 
ERRi, 1977. 

atVariety Lesion:leaf length ratio" 

9DS 16DS 23DS 30DS 37DS 

IR8 1.00 1.00 1.00 0.99 0.90 
IR20 1.00 0.97 0.99 0.74 0.67 
IR1545 0.39 0.34 0.21 0.11 0.13 
D 0.33 0.08 0.04 0.03DV85 	 0.10 

"Lesion length leaf length. DS 	 after seeding.=days 

the bacterium to shift because since 1974, more 
than 95% of the crosses made at IRRI for bac
terial blight resistance involved the Xa 4 gene. 

Effect of ,mixed inocultan on lesion develop
meat (Plant Pat~hlogy). The infectivity of a vir

isolate interferes with that of a less viru
lent isolate when both isolates are introduced on 

same host plant either simultaneously or 

one after another. This phenomenon was 
studied with the use of three isolates of specific 
virulence and live varieties with specific resis
tance or susceptibility. 

The inoculum was prepared by mixing two 
isolates in either the same or different propor
tions. The density of individual isolates was 
standardized by theirabsorbance reading at 600 
nm of a spectrometer. The effect of each isolate 

each variety represented its infectivity on 
that variety. PXO 71 caused more lesions than 

did PXO 61 or PXO 82 on all five varieties. 
When PXO 71 was mixed with either one of the 

other isolates, the lesions were much shorter
 
than those caused by PXO 71 alone. That 
became obvious when the propertion of the 
other isolate in the inoculum was increased 
(Table 16). The lesions, however, were always 
larger than those that either PXO 61 or PXO 82 

Table 15. The virulence pattern of pathotyp 2 of Xanth. 
omonas oryzae" at I. 1976 and 1977 dry aeaons. 

Reaction group I%) 

Host genotype Resistant Susceptible 
1976 1977 1976 1977 

IRB 0 5 100 95 
IR20 90 75 10 25 
IR1545 100 100 0 0 
DV85 100 100 0 0 

"Isolates from rice naturally infected with bacterial blight: 125 
Isolates for 1976 and 101 isolates for 1977. 
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14. The I natiopof the bact~t bllht s om, 

alone could induce when they are mixed indi-vidually with PXO 71. Mixing PXO 61 and
PXO 82 appeared to have no drastic effect on 
lesion development. The similarity of the effectsof the two isolates on the set of varieties sug-gests that PXO 82 may be closely related to
PXO 61. 


Isolates belonging to 
 the same group are
being tested further to determine if mixing two
isolates of similar virulence (vertical
pathogenicity) affects infectivity. Such informa-
tion could be used to distinguish heterogeneous
populations of the bacterium or isolates from
different geographical regions, and to classify
them into homogeneous groups. 

Ta It is of Wxe iocukim of Xanthomonas orYae 
inocmLesion length ^1M 

Inoculur Leasmixture lW I34 R1545 ,944 RM8 

PXO 1and PxO 71 


1:1 14.2 3.0 8.9 17.0 16.59: 1 10.7 3.3 2.7 12.1 9.8 
1:9 1.82 6.0 10.4 15.7 18.0

: 1 and .9O8 . 1. . 5 
9:1 19.1 6.3 1.7 10.3 11.81: 9 10.2 8.3 1.7 7.5 11.7

PXO71 and PXO82 
1:1 11.2 7.6 3.4 12.3 10.99: 1 10.7 4.5 10.4 14.0 19.61: 9 16.5 9.2 2.2 11.1 9.4

PXO 61 9.7 3.4 1.5 9.6 9.5

PXO 71 
 18.1 7.4 11.9 18.3 20.3
PXO 82 9.5 7.5 1.4 7.7 9.7 
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Kresek (Plant Pathology). The bacterial
blight syndrome has three types of symptoms in 

tropics - the leaf blight, the kresek, and 
the pale-yellow plant. The relationship among
them, based on the inoculation tests and obser
vations, is outlined in Figure 14. X. oryzae isinvolved in all symptoms, but kr'.sek and leafblight seem distinct and independent of each
other, i.e. individual plants may suffer from 
either kresek or leaf blight infection. Thekresek-infected plants may serve as a source ofinoculum for secondary infection leading to leafblight, or leaf blight infection may turn to kresek if the infection occurs in the early growth
tage or if the variety is susceptible to bacterial 

blight. That indicates that kresek and leaf blightare the primary effects of infection. Pale yellow
is a secondary effect of either leaf blight or kre
sek. 

Effect ofplantage on kresek development. Inthe field, kresek is normally observed from 1 to
4 weeks after transplanting. It may inoccur
adult plants if disease conditions are favorable
and the variety is susceptible. In experimental
conditions, young seedlings have more kresek 
infection than older seedlings.

1R8, which has no gene for-bacterial blight
resistance, and IRI 545, which has the recessive 
gene xa 5, were evaluated for response to kresek infection different wereat ages. Plants
inoculated with a 5-minute root-dip in a bacter
ial suspension. The results suggested that IR8was susceptible to kresek from 9 to 32 DS (Fig. 
15). IR1545 at 9 and 16 DS was as susceptible

1R8, but at 23 and 32 DS, it had 54% and 8%
infection. The information indicates that resis
tance to kresek is expected between varieties
 
and also within varieties at different ages.
Varietalreaction. It was previously observed
 
that when IR8, 
 1R20, IR1545, and DV85,which differ in resistance to bacterial blight,
 
were 
tested by the root-dip method of kresekinoculation, DV85 showed less kresek than thethree other varieties (1976 Annual Report).
The three varieties also differed in response tokresek at different inoculum concentrations of ree at difr i u
PXO 82 (Fig. 16). 

e o 
Fourteen varieties were evaluated in thegreenhouse and in the field for their kresek 

reaction to the isolates PXO 61 and PXO 82. 
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100 

Table 17. Kresek and loaf blightreaction of selected varieties
Kresek (0) 

[ 	 to Isolates of Xenthomonat- oryzae. RRI, 1977. 

%, IR8 	 Reaction 

S ,IR1545 

80 .'Variety 

60 
I 

40 

20 - ". 


IKasia 


0 

9 16 23 32 9 16 23 32 

Days ofte sown 

15. Development of kresek at different ages of IR8, with 

no resistance gene, and IR1545, with a recessive genie for 
leaf blight resistance. IRRI, 1977. 

All except IR8, India Dular Ketan Lumbu, and 

Lakshini Digha varied in reaction to the two fso-
lates. India Dular was resistant and IR8 suscep-
tible (Table 17). Their reaction to the three 
Philippine pathotypes of X. oryzae for leaf 

Krese (*/ IR 
100 	 _ 

6I50IR'8 RZO 

80 

60 

40 

20 

40 
oO1gZlO-1OW 106 

0 Il0 10062IO6I4 

Im denity 

16. Response of three varieties with different degrees of 

resistance to ieaf blight to kresek infection at diff'erent 

inoculum (PXO 82) densities. IRRI, 1977. 

Leaf blight"Kresek (%) 

PXO 61 	 PXO 82 PXO61 PXO 79 PXO 71 

S SIR8 82 79 S 
IR20 55 70 MR S MR 
IR1545-339 67 92 R R S 

DV85 34 24 R R R 

ARC 6076 52 79 S R S 
Bowalia 65 44 	 R R MR-MS 

R RBud Katari 38 26 R 
57 	 R R MR-MSDharial 

Djawa Tulen 47 35 S S MS-S 

India Dular 14 13 R R R 

Panja 84 62 R MR MR 
Ketan Lumbu 21 21 b 

Lakshini Digha 37 31 R R R 
Pelita 1-1 78 86 MR S MR 

"R = resistant, MR = moderately resistant, MS = moderately 

susceptible, S = susceptible. 'No test results. 

blight indicated that the reaction to kresek of 
these varieties was not correlated with their 

reaction to leaf blight. 
Ranking of the 14 varieties on the basis of 

their overall reaction to the isolates in the 

greenhouse showed India Dular was most resis
tant while the susceptible check IR8 ranked 13 
(Table 17). Testing of the varieties in the field 
by the same method of inoculation showed 
India Dular was most rititant and IR8 most 
susceptible (Table 18). Reactions in the 

Table 18. Ranking of selected rice varieties tested for resis

tance to kresek infection by root-dip method of Inoculation In 

the greenhouse." 6RI, 1977. 

Green
house Variety IRRI Greenhouse Field 

ranking acc. no. infectionh%) ranking 

1 India Dular 26070 14 	 1 
516461 212 Ketan Lumbu 

29 4 

4 Buri Katari 27539 32 5 

5 Lakghini Dighe 26390 34 5 

3 DV85 8839 

6 Djawa Tulen 17519 41 7 

7 Bowalia 27537 54 3 

8 Dharial 3396 57' 6 
a
62
11355 


10 ARC 6076 12205 65 4
 
9 IR20 


1 Kesia Panja 27588 73 	 2 

12 IR1545-339 32624 79 9 
13 IRS 10320 80 10 
14 Pelita I-1 14560 82 8 

'Varieties were scored 3 weeks after inoculation (WI) in 
greenhouse test and 6 WI in field test. bAy. of Infection by iso
lates PXO 61 and PXO 82. 'Based on PXO 82 only. 'No test 

results. 
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oaTW ls. 
ben 

Days after
Inoculation 20 

plants 
6 171 

11 2715 21 
18 26
22 26 
27 20 

mce fr O -Id 
eonluedIIRUJ byrmep e"ud 

Coeffcent of variion )40 0 
plants plants 

so 
plants 

100 
plants 

16e 143 133 89 
4829 4322 33is 317 
20 
14 

20 
16 

15 
13 

14 
12 

13 13 10 9 
Estimated standard errorof the en. 

greenhouse were scored 3 weeks after inocula-
tion, whereas those in ,he field were scored 6
weeks after inoculation. 

Scoring for varietal resistance to kresek infec-
tion. Because kresek is a systemic form of bac-
terial blight, scoring of the percentage of infec-
tion at a certain time after inoculation should be
standardized. In a preliminary test, the percen-
tage of kresek development peaked from 3 to 4
weeks after root-dip inoculation in the 
greenhouse. Experiments were thus designed to
determine the proper number of plants (1R8)
that should be the basis for varietal testing and 
screening, and the time of scoring expressed as
days after inoculation. Obviously, the higher the
number of plants, the lower the coefficient of
variation (Table 19). This held true for the pro-
longed duration of infection after inoculation,
For practical purposes, from 60 to 80 plants
scored at any time from 21 to 24 days after 
inoculation are adequate for greenhouse tests. 

Tale 20. Vaa d wannce 

Variety 

India Dular 
Somora Mangga 
Keil Panja 
Bowalla 
ARC 6076 
DV85 
Burl Katari 
KetanLumbu 
Lakhaini Digha
Dahrial 
Djawa Titian 
iR1545 
Pelital1 
IR8(check) 

In the field, on the basis of 100 hills per variety
scored, the fifth week from artificial inocultionat transplanting is the proper time for scoring 
(Table 20).Effect ofisolates on kresek development. Bacterial blight of rice is a vascular disease and kre
sek is the wilting phase of the synd~mme. It is 
highly probable that there could be more thanone infection court, including wounds of rootsand other plant parts. It is therefore likely thatthe isolates ofX. oryzae that are capable ofcaus
ing kresek may be ecologically distinct from 
those that are capable of causing leaf blight inthe aboveground parts. Isolates from plants
infecteJ with leaf blight (LB isolates) and iso
lates from plants infected with kresek (Kr iso
lates) were compared for their capacity to pro
duce kresek. Five isolates for each group were
collected from naturally infected plants. Each 
isolate was capable of causing kresek (and leaf
blight), but the percentage of kresek plants va
ried among the four varieties (1R8, 1R36,
IR1545, and IR1698) tested, and also among
isolates (Table 21). Some LB isolates caused as
much kresek as, or more kresek than, other Kr
isolates. On 1R8, for instance, the LB isolate 
PXO 61 caused 100% kresek, but the isolate
Kr 5 caused 84.6% kresek. But on the basis of
overall reaction, Kr isolates produced a consid
erably higher percentage of kresek on plants
than the LB isolates on each of the four varieties
(Table 22). iR8 was the most susceptible of the 
four varieties and IR1698 was the most resis
tant. It is known that IR1698 inherited from 

In kroek iection inthe field (PXO 32) 1 to wee"' aftar ino.aon. IN, 1977. 

Kresek (%) 
lwk 2wk 34 w 45 w 5wk 6wk 
1 
Oa 

a 
1 a 
is 
I a 
Is 
2 a 
0s 
2a 
2a 
0a 
2a 
1& 

I a 
is 
I a 
3 ab 
3 ab 
Sab 
3 ab 
3 ab 
1 a 
5 b 
6 abc 
2 ob 
6abc 

13 c 

4 a 
4a 
8 ab 
6 ab 
7 ab 

11 ab 
9mb 
8 ab 

11 ab 
13 ab 
12ab 
14 ab 
17 b 
29 c 

7 a 
Ba 

14 ab 
15 ab 
15 ab 
21 b 
17 ab 
14 ab 
17 ab 
17 ab 
22 b 
26 b 
24 b 
38 c 

10 
1oa 
17 ab 
18 ab 
20 ab 
25 bc 
21 abc 
19ab 
23 abc 
22 abc 
28 bc 
36 cd 
29 bc 
41 d 

10a 
11 ab 
17 abc 
19 ,bc 
22 abcd 
22 abcd 
23sbod 
23 abcd 
23 abcd 
25 bcd 
28 cd 
37 do 
29 cd 
42 a

,in each column, any two means followed by a common letter are not significantly different at 5% level. 
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Table 21. Kresek production by loaf blight (LB) and kresek (Kr) 
isolates of Xanthomonas oryzae in four rice varieties. RI, 
1977. -same 

MeanIsolate Infection-' Mea 

IR8 1R36 IR1545 1R1698 

la 3a 16 
LB 200 90 bc 
LB158 37a 25a 

77 cd 48 ab 51 bcd 67 
LB 227 94 bcd 72 cd 51 b 44 bcb 65543250 b97 bcd 37 bLB273 
PXO 61 100 d 68 cd 67 bc 75 d 78 

Kr 4 bc 50 bcd 8298 bcd 86 d 78 c 65 cd 685885 b 78 cd 


Kr 10 91 bcd 82 cd 70 bc 50 bcd 73 


Kr 55 85 b 60 bc 68 67 bccd 82
 

Kr 5 

bc 45 65d 77 c 
Kr 79 99 cd 86 

"In acolumn, means followed by acommon letter are not sig
nificantly different at the 5% level. 

Zenith bacterial blight resistance that is func-

lional at the adult stage. Whether it has some 
resistance to kresek needs to be confirmed. 

The results indicated that LB isolates and Kr 

isolates differ in capacity to produce kresek. 
The isolates are not likely to differ in virulence. 
but thev may differ in ecology through evolution 
at the sites of natural infection. The data give no 

evidence that the more virulent isolates cause 
kresek and the less virulent isolates cause leaf 
blight. The varieties' response to the two types 
of infection may be related to different factors 
that control resistance. 

Survival ofkresek and leafblight isolates. Two 
isolates, one Kr (PXO 82) and the other LB 
(PXO 61), were studied for their ability to sur
vive in paddy water of different treatments. The 

collected from IRRI plots and 
paddy water wa oln 
allowed to settle for 24 hours. One part of the 
paddy water was passed through filter paper, 
then autoclaved; one part was passed through
millipore filter; and one part was not filtered. 

Table 22. r)lfference in kreseik infection from leaf Might (LB) 
isolates on I reaek (Kr) isolates of Xanthomonas oryzae, andoverall varic.tol response. WRI, 1977. 

o 

Kresek infection (%) Over-Variety 

Kr Difference all" 
isolate isolate 

LB 
reaction 

IR8 84b 92 8" 88 
27-0 65IR36 51 79 


IR1545 48 70 22- 59 
IR1698 41 14-*56 48 

"Mean of LB isolates and Kr isolates. 'Mean of kresek percen-
tage based on five isolates in each group. 

Each treatment (five tubes each) received a sus
pension of either PXO 82 or PXO 61 of the 

inoculum density and of the same volume. 

The tubes were incubated at 24-27°C, and 
periodically examined for bacterial survival. 
The same isolates and suspension in sterile dis

tilled wvater were used as check (Table 23). 
Neither isolate could be recovered from dis

tilled water after 21 days of incubation. PXO 61 
could not be recovered in paddy water filtered 

through millipore filter after 29 days of in
cubation. PXO 82 with good growth was reco

vered from more tubes than was PXO 61 at i 03 

days after incubation. The information indi

cates that Kr isolates differ from LB isolates in 

ability to survive in paddy water. and therefore 
are more effective in producing kresek infec
tion. Selection of infection court through the 
process of adaptation may explain this ecologi
cal differentiation. 

Ragged stunt (Plant Pathology). After rice 
ragged stunt disease occurred at IRRI in 
February 1977. attempts were made to evaluate 
and identify varietal resistance to the disease, 
to develop a screening method, and to search 

for sources of resistance. 
Field reactions to ragged stunt. Because rag

ged stunt is a systemic disease, the standard 
evaluation system for rice virus disease by 
natural infection was adopted. The system 
includesa0to9scale to measure the percentage 

Table 23. Survival of Xanthomonas oryzae isolate PXO 61 
(from leaf blight) an4 PXO 82 (from kreseA) in paddy water 

t24-27'C). r, 1r7. 

PXO 61 PXO 82 

Treatment Incuba- Incuba
tion Recovery" tion Recovery" 

(days) (days) 

Paddy water 
Filtered and 

autoclaved 103 +(2)1,-(3) 103 +(4Y,-(1) 

Nonfiltered 103 +(1W,-(4) 103 +(3)',-(2) 

Millipore
29 +(0) ,-(5) 29 +(1)", -(4)filtered 


Sterile dis
tilled water 21 +(0) ,-(5) 21 +(0) ,-(5)
 

"Growth of isolates each incubated in 5 tubes of different 
treatments by streaking on potato sucrose ear plates. Figures 
in parenthes are number of tubes. + = positive growth ofthe 
bacterium,- = no growth. "Positive but few colonies. 'Positive 
and abundant colonies. 
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0 0 2 3 4 5 6 F 8 9 1 2 3 4 5 70 6 8 9 13. Opeatloz procedureoftscrxnhouse hdfors6 rmtwn to SW testing vafetl edstnce to rice raWd stunt IRRI, 1977. 
17. Fid reaction of rice varieties to nrad stunt diseam

In replcat tsts. IRRI, 1977. 
 sease could result from varietal resistance to theinsect vector or varietal resistance to the virus,of infected rice hills in the field. The higher the or both.number on the scale, the greater is the suscepti- Because disease pressure in the field is notbility of the rice to the disease, constant, the field reaction of a rice to raggedTFe field reactions of 4,643 rice varieties and stunt fluctuates from time to time and fromlines in various trials were scored. About 40% place to place, regardless of variety (Fig. 17).of the entries scored 3 or less. Rices that showed However, a rice that has a consistently low fieldlow average of susceptibility in the field ina reaction should be more resistant than a ricemore than 12 replicates were that does not show such a reaction. 

Screenhouse method. A 700-M2IR32 IR4219-35-3-3 screenhousewas built to develop a screenhouse method forIR4227-28-3-2IR36 testing varietal resistance to ragged stunt. TheIR2071-588-6-2-6.4 IR4417-179-1-5.2 method consisted of1R4432-28-5 *IR38 
rearing the brown planthopper - the diIR2307-247-2-2-3 IR4432-52-6-4 sease vector - on diseased plants in theIR3351-38-3-1 IR4432-103-6-4 screenhouse to generate viruliferous insects forIR3464-75.1-1 IR5853-118-5 inoculation, 

0 germinating test seeds in trays,Because disease pressure could be low, a !ow 0 moving the trays with test seedlings to thesusceptibility reaction in the field may not screenhouse for inoculation,necessarily imply a high plant resistance to the 0 transplanting the inoculated seedlings indisease. The virus that causes ragged stunt is the field to allow symptoms to develop, andtransmitted by the brown planthopper. There- * scoring the reaction of the test materials.fore, the apparent varietal resistance to the di- The procedure is charted in Figure 18. 
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SOURCES OF RESISTANCE 
Entomology and Plant Breeding Departments 

The volume of insect resistance screening for
1977 is summarized in Table 1. The number of 
breeding lines screened was nearly four times 
that of 1976. 

Stem borers. Among the entries tested for
resistance to the striped borer, the breeding
lines CR94-13, IET 2845, IR4791-80, and
IR4791-89 were a§ resistant as or more resis-
tant than the resistant check variety TKM 6.
The IR4791 lines are from diallel crosses of 
seven moderately resistant varieties. IR20,
IR32, and IR40, and the breeding lines 
IR5793-328-2-3, IR5619-48-3-3-2, and
IR4794-129-4-1 were also moderately resis-
tant.

A moderate level of resistance to yellow stem 
borer was noted in 144 breeding lines. No
highly resistant lines have yet been identified. 
Among 33 selected varieties, 28 had previously 
shown a resistant reaction to the yellow stemborer in Coimbatore, India. CO 4, CO 7, and 
IARI 5829 were as resistant as IR1820-52-2 in
IRRI tests. 

Eighteen of 176 GEU elite breeding lines had 
yellow stem borer resistance comparable with
that of IR1820-52-2. Some of the lines are listed 
in Table 2. 

Diallel crosses involving moderately resistant 
parents were made in an attempt to increase the
level of yellow stem borer resistance. As high as 
22% of the lines in the cross IR13635 had less 
than 10% deadhearts, although the percentages 

Ta I. Number of addes of rice tested and -a d-far ris 

Insect pest 

Green leafhopper
Whitebacked planthopper 
Brown planthopper 

Blotype 2 
Blotype 2
Biotype 3Stem borer3 

Striped borer 
Yellow borer 

Whorl maggot 
Leaf folder 

Germplasrn collection (no.) 

Tested Selected 

586 177 
0 0 

3,301 331 
765 4965 2 

0 0 
33 3 

956 5 
27 a 

for the resistant parents ranged from 17 to 29% 
(Table 3). Several lines had less than 5%
deadhearts, indicating a pc sible increase in thelevel of resistance through diallel crossing. For 
the first time, resistance levels surpassed those 
of the resistant check IR1820-52-2. 

In the screenhouse evaluation of resistance to
yellow stem borer, larvae reared from field
collected eggs were used to manually infest 
plants. To a todevelop method provide
sufficient first-instar larvae at a given time, the
effect of temperature on egg hatchability was
studied. Results indicated that egg hatch can be 
delayed for 14 days.at 15 C with no decrease in
viability when were toeggs later subjected
280C. Temperatures below 1SoCkilled the eggs.

Comprehensive screening of the world germ
plasm collection was toresumed identifysources with higher levels of yellow stem borer 
resistance. During the 1977-78 dry season,
5,000 varieties will be evaluated at the Maligaya
Rice Research Training Center in Central 
Luzon. 

Green leafhopper. A total of 16,510 varieties 
from the germplasm collection have been
evaluated for green leafhopper (GLH) resis
tance. In the 1977 screening of the GEU elite 
breeding lines, 85% of lines in the wet season
and 87% in the dry season were resistant or
moderately resistant. Lines IR2061-522-6-9,
IR3941-97-1, and IR4227-109-1-3-3 were 
most resistant. Screening of 52 promising
breeding lines from the upland nursery showed 
that about 50% were at least mode. "tely resis
tant. IR6327-8-2 and IR7760-4-8-2 were most 

nce to several Iict pests of rice. 

Breedinj lines (no.) Others' (no.) 

Tested Selected Tested Selected 
40,177 25,935 0 01,9R1 1,405 0 0 

64,743 53,870 909 163
 
45,871 28,560 1,098 
 15512,049 7,309 1,074 312

2 
652 5 0 0713 144 0 0221 16 22 191,159 114 0 0 

"Materlals from or0,er countrleo (India, Korea, Bangladesh, Indonesia, Solomon Islands, and Ivory Coast). VWild rices. 
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Table 2. List of 1977 (EU elite lines with resistance to the yel-

low stem borer. IRRI screenhouse, 1977. 

Line Deadhearts 

_%_ 


Dry season 

IR2061-465-1-5-5 19 
IR2307-247-2-2-3 19 

20
IR3941-25-1 
IR40 22 

IP.4816-70-1 22 

25
192153-26-3-5-6 
IR2863-35-3-3 26 

Rexoro (susceptible check) 75bl30
IR1820-52-2 (resistant check) 

Wet season 
22
IR2071-486-9-2-6 

IR3941-97-1 25 
Rexoro (susceptible check) 58 
IR1820-52-2 (resistant check) 24 

resistant. T%o of four lines from Oryza satia X 
Oryza ghiberrima crosses from the Ivory Coast 
were resistant. and li\e of I I strains of red rice 
from the British Solomon lshnds were resis-
tant. 

Brown planthopper. In 1977 many varieties. 
and lines were recorded as resistant to the dif-

ferent biotypes of the brown planthopper 

(BPH). Twelve elite breeding lines were iden

tified as resistant or moderately resistant to 
three biotypes (Table 4). Each line had CR94
13 as a parent. Of the 118 varieties that had 
been identified as resistant to the BPH at the All 
India Coordinated Rice Improvement Project 
(AICRIP), Hyderabad, only 52 were resistant 
to three biotypes at IRRI. Ten varieties were 
resistant to biotypes I and 2; 42 were suscepti

to the three iotypes. That indicates that the 

BPH at Hyderabad is different from the 
biotypes at IRRI. 

Whitebacked planthopper. More than half of 
nearly 2,000 lines evaluated for resistance to 
the whitebacked plantnopper (WBPH) were 

resistant. Most of the lines, except the LiEU 
elite breeding lines, have a resistant gene con
tributed by N22. Of the GEU elite lines, 
1R2035-108-2, 1R4227-109-1-3-3, lR4613
54-5. IR5785-37-1, IR5853-118-5. IR9575 
(BPI 76 /Dawn), and IR9669 (IR8/Carreon) 
gave resistant r.-ictions. 

In a separate siddy, the 118 varieties from 
AICRIP evaluated for resistance to the 

Table 3. Evaluation of diallel crosses for resistance to the yellow stem borer. IRRI screnhouze, 1977. 

Cross 


113635, !R1628-632-1/IR1917-3-19-2/ /IR1539-823-1-4/ 
IR2071-625-1-252 

1913639, IR1704-3-2-3/R1514A-E666/ /IR1628-632-1/ 
IR2071-625-1-252 

IR13640, IR1704-3-2-3/IR2307-64-2-2/ /IR1628-632-1/ 
IR2071-625-1-252 

IR13641-1R1721-11-6-8-3-2/IR2307-64-2-2/ /IR1628
632-1/IR1514A-E666 

IR13643, IR1820-52-2-4-1/IR2307-64-2-2/ /IRi628-632-1/ 
q2061-628-1-6-4-3 

IR13304, WC1253/lRlF 14A-E6f6/ /Patnai 23/112071-625-1-252 

11366C. WC125'VIH 317-3-19-2/ /Ratna;.R2071-625-1-252 

Rexoro (uscerl..iole check) 
IR1820-52-2 Irijsistant check) 

Resis:tnt parents 

riatna 

WC1253 


WC1263 


IR2061-628-1-6-4-3 


IR1917-3-19-2 


Lines 
tested 
(no.) 

50 

46 


72 

35 


10 


25 

27 

Line, (no.) 
with < 10% 
deadhearts 

11 

8 

1 

4 

0 

0 

2 

Lines %) Lowest 
with < 10% deadheart 
deadhuarts reading 

22 3 

'11 6 

1 3 

12 4 

0 13 

0 10 

7 9 

80
 
20 

17
 

19
 

22
 

26
 

29 
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Ta e4. Elte brdl Ina reesstantor moderatelyresisitisto the the 6.w. p-anthpair, blot""11.-m 1)7. 

Line Damage ratlngbLiotyp 1 Biotype 2 -io 

182797-105-2-2-31IR2307-247-2.2-3 
IR2797-125-3-2-2.2 
IR2863-38-1-21IR2863-35-3.3 

IR3518-96-2-2-2 

IR4432-28-5 
IR4432-38-6-5-2
IR4432-52-4 
IR4432-103-6-4IR4563-52-1-3-6 
IR5853-118-5 
Mudgo (check) 
ASD 7 (check) 
TN1 (check) 
 9
'Entrieswereelite breeding linesIn 1977 replicatedtI1976 Standard Evaluation system for Rice scale of 1-9:1 =tie to no damage (= 

lit-
to resistant check); 3leaves partially yellow; 5 = = first and secondpronounced yellowing and somestunting or wilting; 9 = plants dead (= to susceptible check). 

WBPH -and to the BPH in India - were also
evaluated for WBPH at IRRI. Forty-nine vari-
eties showed differential reactions at the two,sites. Nine were resistant at Hyderabad but sus-
ceptible at IRRI; 40 were resistant at IRRI but
-usceptible at Hyderabad, indicating that the 
WBPH in India and that in the Philippines may
be different biotypes. The following varieties 
were resistant to the WBPH and BPH, both at 
IRRI (three biotypes) and in India: Vellai Lan-
gayan, Ptb 33, Eswaramangalam, Chitteri, T
1471, Kodiyan, Cheriya Chittari, Pandi, Chem-
pan, GS 531, Ptb 21, Velutha Chara, ADR 52,
Chemparam Pandi, Chenni Nayakan, T 1421, T
1426, Ptb 19, Ptb 12, Parabulum, ARC 6564,
and ARC 14342. 

Table 6. Field screening of germplesm collection for rice var-

leties resistant to whorl maggot. 
 IRRI, 1977 dry season. 

Acc. no. Variety name Origin Damage 
rating25DTTh 

y5 


29451 Chao Lepnok Laos 

29452 Chao Phanthong 

5 

Laos 5

29453 Chaopi30312 Laos 5Mu chuan chung China 5 
-. 
105 1N1 (susceptible check) Taiwan 9IR40 (resistant check) IRRI 

"Total of959 entries in an unroplicated experiment Ratingofo0no damage; 9 = >50% of leaves damaged. rDT = days aftertransplanting. 
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1 11 5
1 3 5 

1 33 
1 1 

3 
, 
5 

1. 1 3 

1 1 11 1 1 
3 3 31 1 3
1 3 5
1 9 3 

1 3 9 
9 9 


Whorl maggot. Field screening of the germplasm collection for whorl maggot (WM) resis

tance showed five varieties with a moderatelevel of resistance in an unreplicated test; however, not one was as resistant as IR40 (Table 5). 
All had poor agronomic characteristics andwere susceptible to virus diseases. None of the 
elite breeding lines -screened hadresistance. Forty-seven adequate

ofdiallel crossesselected varieties with moderate levels of resis. 
tance were evaluated. Only the crosses IR8026 
(IR1514A-E583-/ARC 10299//IR1514A-E5 83/Gin-shan-tsan 189/I/ARC 6231) andIR8028 (IR1514A-E583-1/ARC 10299// 

IR1514A-E583-1/R sultugurmatia/ //ARC6231) had resistance equal to that of IR40.Most of the wild-rice accessions screened had 
high levels of resistance in field screening, butthey are useless as sources of resistance because 
they are difficult to cross with 0. sativa. 

Field resistance to WM previously appeared
related to the ability of a variety to tolerate 
damage and to continue tillering and growing.
The ability of lines with different levels of resis
tance to recover from leaf damage was studied
in the fiel and in the greenhouse. Recovery
from leaf damage was similar for all lines (Fig.
I). Field and greenhouse results were similar.

Ovipositi,-n preference and larval survival of 
WM on selected wild rice accessions were
 
studied in the greenhouse. Few wild rice acces
sions were 
 preferred for oviposition. Larval

survival was lowest on those with least damage.


Leaf folder. Screening for resistance to the

leaf folder Cnaphalocrosisinedinaliswas 
begun

in 1977; it involved 1,186 breeding lines and
 
varieties. In field evaluation of 840 lowland
 
breeding lines and varieties, each entry was
planted at a spacing of 25 x 25 cm in two adja
cent 5-r rows. 1R36 was planted every 20 rows
 
as a susceptible check.
 

The pdamaged
percentage of dmgdleaves was
recorded and damage w is rated numerically as
follows: I = < 1%leaves dlalnaged; 3 = 1-' 0%of leaves damaged; 5 = 10-25% ot leaves da;
aged; 7 = 25-50% of leaves damaged; 9 = >50% of leaves damaged.Of the 1,186 lines and varieties, 23 scored 3. 
So fthe lines and vaieties 23 sed inme of the lines and valieties are listed inTable 6. Several were known to be resistant. 



m (%) 	 Table 7. Ovipositional response of striped borer moths onCor 
I resistant and susceptible varieties sprayed with extracts of

60 
both groups., IRRI, 1977. 

50 Variety Egg masses Eggs laid Eggs 

50 -
laid (no.) (no./mass) 

(no.) 

Rexoro
P2070-423-IRB 74587079(susceptible)
TKM 6 sprayed with
 

Rexoro extract 87 4311 50
 

0TKM 6 (resistant) 28 1051 38
 
Rexoro, plant
 

sprayed with TKM
 
0 -IR2070 4 	 6 extract 33 530 16 

"Av. of 3 replications; 20 pairs of moths tested in each replica
tion.37 4 ,43 3 


IrspltnqDays otfef 

sprayed oh susceptible Rexoro 
1. Recovery rate of different lines and varieties from TKM 6 was 

whorl maggot infestation. IRRI greenhouse, 1977. plants. the insect laid fewer eggs on Rexoro than 
on TKM 6 plants. On the other hand, eight 

times more eggs were laid on resistant TKM 6 

an extract from susceptible Rex-The International Rice Brown Planthopper sprayed with 

Nursery was scored for leaf folder resistance. oro (Table 7). The ether extract ofTKM 6 con-

Ptb 21. Ptb 33. and Thirissa appeared resistant. tains substances that inhibit striped borer 

oviposition" that of Rexoro contains substances 

that stimulate oviposition.
CAUSES OF RESISTANCE 

In another experiment, larvae in the last 
Ent logj, Depwrtnit'llt 

instar and in tile prepupal stage were treated 

Striped borer. Stud\ of the ovipositional once with I microliter of the TKM 6 extract 

response of the striped borer to plant extracts applied on the thorax of each larva. The last

instar larvae died 3 days after treatment. but
continued (1976 Annual Report). Ground 

larvac at the prepupal stage 	 developed into
leaves and leaf sheaths of TKM 6 and Rexoro 

plants wvere steam distilled for 6 to 7 hours and larval-pupal intermediates. Contact of freshly 

laid eggs with cotton cheesecloth treated with
1(0 ml of distillates was double extracted with 

diethyl ether solvent. When evaporated, the TKM 6 extract adversely affected hatching 

sot cnt produced a yellowjilv stbstance. When while eggs kept on untreated cheesecloth 

the extract from the striped borer-resistant hatched normally. 
Green leafhopper. The buildup of GLH 

populations on IR varieties was studied. Three 

Table 6. List of the selected varieties and IRRI lines with low pairs of newly emerged adults were caged with 
level of leaf folder damage In a field test. All have a rating of 3. 

one pot containing five 30-day-old seedlings.
IRRI, 1977 wet season, 

The GLH progeny were counted at 25 days
Variety----line"_____--

Vrer iei-	 - i after caging - the time when susceptible TN I 
Beingladosh plants were hopperburned.DV 85 IndiaWC 1263 

IR22 was the most susceptible variety, fol-
Horn Thong Laos 
Muthumanikam (Acc. 15327) SriLanka lowed by IR20 and 1R24. The lowest popula-

SriLanka
Muthumanikam (Acc. 15545) 
tion increase was on 1R40, 1R29, and 1R34.ARC 10932 	 India 

IR4707-106-3-2 IRRI Low populations were also present on iR8, 
IR4744-295-2-3 IRRI 

IRRI 	 IR26, and IR28 (Fig. 2).IR5093-147-4-2-2 
A study of the survival of green lcafhopperIR5629-108-2-3 	 IRRI 

IR2070-423-5-5-2 IRRI	 
adults on two resistant and one susceptible vari-IRRIIR2071-88-8-10 wilh resistant1R4568-225-3-2 IRRI ety indicated that compared 

"All IR lines have both TKM 6 and 0. nivara as pcrents. IR29, 1R8 may have a moderate level of resis-
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IrA'si(no/mP0)21 1 doporCOV
36C The varietal resistance to biotypes 2 and 3 was" based mainly on nonpreference and antibiosis. 
340- When given free choice, the insects distributed 
300- themselves randomly on all test varieties within 

6 hours aftr infestation. After 24 hours, the 
260- resistant plants had fewer insects than the sus20I ceptible plants; differences be came more pro20 nounccd after 48 hours of infestation.
18o- Such response is presumed to be gustatory 

_ Erather140-by than olfactory or visual; it may be causedthe lack of c.;rtain stimuli or by tie presencegot -fof a strong repellent taste in resistant varieties 
(1976 Annual Report).As early as 3 days after infestation, the survi

20- val of BPH nymphs on some resistant varieties 

was significantly lower than that on other varieties. In other varieties the survival was mod

erately high even 18 days after infestation
2.Population buildup of the preen leafhopperNepotet.ix virescen on diffeuent IR varietieS. IRRI, 1977. (Table 8, 9), suggesting differences in the levelsof antibiosis in those varieties. Nymphal 

development was generally longer on resistanttance. Ovarian development in burviving varieties. The life span of the female adults offemales was slower on IR8 than on TN I.His- both biotypes 2 and 3 was longer, the preovipostological examination of the rice lines that the ition period shorter, and fecundity higher onGLH fed on indicated that the insects are xylem susceptible than on resistant varieties. Eggfeeders rather than phloem feeders. In TNI, a hatch on all the resistant varieties was sigsusceptible variety. 70% of the stylet sheaths nificantly lower than that on the susceptible vaterminated in the xylem. rieties. That conforms with 1976 results (1976Brown planthopper. Selected rice varieties Annual Report) and adds a factor affecting varand BPH biotypes 2 and 3 were used to investi- ietal resistance.gate basic insect-host plant interrelationships. Insects caged on susceptible varieties gained 

Table . Facto. determining reistnme of selected rice vaietis to brown panth e biotype 2., WAU, 1976-77. 

Wt of newly Life Preovi-Nymphal Nymphal Ouantity
Variety 

Clbange in emerged span position Eggs Egg Populationsurvival duration ingested body wt female of female period(% (days)6 (mg) (%) 
(no./ hatch buildup in(mg) (days) (days) female) .%) 90 days 

M302 56 bc 16.6 b 5.04 c 27 b 1.4 do 4 b 5 b 20 bc 57H 105 e 99 do46 c 16.7 b 3.42 cde 14 b 1.6 cd 4 b 5 b 34ASDI b 73 bcd 159 de44 c 15.2a 2.03 of I Ib 1.7 cd 4 b 5 bSLO 13 76mb 
28 bc 72 bcd 107 cd14.8 5.14 c 17 b 1.9bcCo9 46 

4 b 5 b 12 cd 61 cde 3 ac 15.48 3.90 od 15 b 2.0mb 4 b 5 b 16 bcd 76 b 206 cd

ASD 7 Iresistant


(check) 40 c 17.1 ab 3.32 Cd. 16 b 2.0ab 3 b 6ab 30 b 74 bc 287 bc
IR32 (resistentcheck) 32 9.4 bc 2.47 de 12 b 1.1 f 3 b 7 ab 9 d 43 f 0 e
Rethu Heneti

(resitnt chock) 14 d 20.2 b 0.96 f 14 b 1.2 ef 3'b 9a d7 60 do 0 a
TNI (susceptible

check) 76ab 13.3& 34.93a 50 2.2 . 12a 3 c 195a 93a 4,1798

Mudgo (susceptibla


check) 82o 13.8s 20.44 b 50a 2.1ab 12o 3 c 153a 97o 1.834mb 

,In a column any two means followed by Acommon letter are not significantly different at the 5% level. 
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Table 9. Factors determining resistance of selected rice varieties to brown plonthopper blotype 3." IRRI, 1976-77. 

Wt of newly Life Preovi-
Nymphal Nymphal Quantity Change in emerged span position Eggs Egg Population

Variety survival duration ingested body wi female of female period (no.d hatch buildup in 
1%) (days)' (mg) %) (mg) (days) (days) female) %) 60 days 

Rex/2 x BBT5O 40abc 16.0 b 2.03 bc 11.58ab 1.96 b 4a 5 bc 58sab 68.60a 112ab
Sudu; 306 34 ab 16.1 b 1.30 a 9.48 ab 1.73 a 4 a 5 bc 36 ab 69.60 a 51 ab 
Murunga 137 33 ab 17.2 b 1.27 a 5.67 ab 1.81 ab 5 a 5 bc 234 cd 66.80 a 296 bMurunga 307 33ab 154 h 212 h. 567ab 1.95 b 4a 4 bc 36ab 67.60a 91 ab 
Pf 20048 32 ab 16.8 b 2.32 c 4.02 a 1.70 a 4 a 5 be 37 ab 69.80 a 38 ab 
RDR 2 60 cd 15.6 b 1.35 ab 4.99ab 1.94 b 4a 6 c 185 bed 68,40a 39 ab
HR8 42,',c 16.0 b 2.00abc 14.07ab 1.94 b 3a 5 bc 43ab 78.00a 117 b
MTU20 57 bcd 16.4 b 2.36 c 16.79 b 1.84ab 5a 4 b 189 bed 67.40a 143a
HR98 72 d 16.4 b 1.25a 12.00ab 1.93 b 4a 4 o 106 abc 70.20a 192 b 
Mudgo (resistant

check) 33 ab 17.8 b 1.83 abc 6.52 ab 1.74 a 3 a G c 14 a 69.00 a 21 a 
TN1 (susceptihie 

check) 94 e 13.2a 34.49 f 70.82 d 2.87 c 23 b 2a 660 d 89.20 b 3780 
ASD 7 (susceptible

check) 93 e 13.4a 32.72 f 60.01 d 2.80 c 22 b 2a 432 d 86.00 b 2794 c 

1,;a a column an' two means followed by a cormmon letter are not significantly different at the 5% level. 

significantly more weight than thost' caged on 3ri Lanka. The macropterous female of biotype
resistant varieties. They also excreted hon- 3 in the Philippines generally had a smaller 
eydew copiously on susceptible varieties but number of spines on the basal segment of the 
scantily and intermittently on resistant va- hind tarsus than the macropterous females of 
rieties. The amount excreted generally biotypes I and 2. Similarly, the Philippine
depended on the amount of food ingested. 	 biotypes differed in the frequency of abnormal 

BPH resistance in leaf sheaths of rice plants. fore wing venation. A larger proportion of male 
In several experiments, the BPH survived on biotype 3 insects showed stronger esterase 
the stems of resistant plants after the lower leaf activity than did males of other biotypes. But 
sheath had been removed. Further experiments the differences, which became evident only 
showed that the insects caged on the leaf 
sheaths of resistant plants ingested significantly
smaller amounts of food and lost more weight Table 10. Ingestion of food and change in body weight of 
than those caged on stems without a leaf sheath newly emerged females of brown planthopper biotype 2 dur.ing 24 hours on the leaf sheath or stern of selected rice va(Table 10). That indicates a higher antibiosis rieties, 60 days after transplanting." IRRI, 1977. 
factor in the leaf sheaths than in the stalks of Quantity Changein
 
resistant plants. 
 ingested ' (mg) body wt 1%)Variety 

Leaf Leaf

BIOTYPE STUDIES sheath Stem sheath Stem 

Entomology Department 	 M 302 0.3 a 14.6 b 9 a 46 b 
H105 0.6a 19.3 b 18a 42 bBrown planthopper. The occurrence of BPH 	 ASD 1 0.7 a 15.8 b 12 a 41 b
SLO 13 3.2 a 5,Oa 20 a 30 a

biotype 2 during the 1975 wet season and the Co9 1.4a 3.8 b 20a 20a1976 dry season in the Philippines led to the 	 ASD 7 (resistantcheck) 0.3 a 2.0 b 9 a 26 b
increase in the area planted to varieties contain- IR32 (resistant

check) 0.3 a 4.0 b 5 a 39 bing the bph 2 gene for resistance. Little hopper- Rathu Heena, 1.5 a 20.8 b 4 a 47 b 

burn was recorded in the . 'hilippines during TN1 (susceptible
check) 21.3 a 29.Oa 61 a 67 a1977. Mudgo (susceptible 

Distinguishing characteristics of different check) 14.6 a 29.8 a 44 a 61 b 
biotypes. Morphological examination was made "Similar results were obtained on plants at 90 clays after trans
of insect specimens collected from several planting. "in the pair of columns spanned, any two means onthe same line are not significantly different at 5% level whenplaces in the Philippines, Thailand: India, and 	 they are followed by acommon letter. 
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when large numbers of insects were examined, 
could not be used as criteria for distinguishing 
different biotypes. 

It appears that the amount of honeydew 
excreted by the insect when caged on different 
varieties can be used as a criterion for distin-
guishing biotypes. In general, it showed a direct 
relationship to the survival of the insect on dif-
ferent varieties, and was a much faster test to 
identify biotypes. 

To verify the observation on honeydew 
excretion, three BPH adults of the same age 
were starved for 5 hours, caged on 10-day-old 
seedlings of selected rice varieties, and allowed 
to feed for 18-20 hours. The honeydew excreted 
was collected on filter paper at the base of the 
plant. The filter papers were collected and 
treated with 0.1% ninhydrin in acetone solu-
tion. The areas wetted by honeydew of different 
biotypes caged on different test varieties indi-
cated the general amount of feeding by the 
insects (Table 11). 

Biotype 1 excreted more honeydew on TNI 
than on resistant Mudgo or ASD 7; biotype 2 
excreted more on TN1 and Mudgo than on 
ASD7; and biotype 3 excreted more on ASD 7 
and TNI than on Mudgo. Biotype 3 also 
excreted somewhat more honeydew on 
Babawee and Rathu Heenati than biotypes 1 
and 2, but unless new biotypes develop, the test 
on TN 1, Mudgo, and ASD 7 provides a prelimi-
nary indication about the nature of these 
biotypes. Survival data are needed to confirm 
these results. 

Genetics of BPH biotypes. Fifth-instar 
nymphs from pure greenhouse cultures of 

TAl 11. Amnum of honeydew exete by gW-enhuu 

m#.ebr n ablk im"11h1,1mfd-
ing on selde reaew end ameptilwl ricverlithm MoI. 

1971. 
Are 4 mm') of nlnhydrin-poetive

excreted honeydew 
VarietyBotpe Botype 2 Biotype 3 

TNMudgo 13.6 b 23.6 7.0 b 
AS07 11.2 b 18.0 ab 2.2 a 
Babawee 8.5 b 9.8 c 13.8 b 
Rathu INeenstl 12.8 b 12.2 b 13.4 b 
Ptb 33 5.4 c 11.2 c 14.8 b 
-in loner are not sig"Incolumn,meansfollowed by acommcn 
nificantly different at the5%level. 
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biotypes 1,2, and 3 were selected for studies on 
biotype genetics. The insects were reared to 
adult stage on TNI plants and the following 
crosses, together with their corresponding 
reciprocal crosses were made: biotype 1 female 
Xbiotype 2 male, biotype 1 female x biotype 3 
male, and biotype 2 female x biotype 3 male. 

First-instar nymphs of the F, were tested for 
survival on TN1, Mudgo, and ASD 7. Biotype 1 
was dominant over biotypes 2 and 3, and 
biotype 3 was dominant over biotype 2, in abil
ity to survive on varieties possessing different 
genes for resistance. 

Gall midge blotypes. Results of the 1976 
International Rice Gall Midge Nursery indi
cated different reactions at the various test sites. 
Even within India, the.reactions of IR32 varied 
from one area to another. The reasons for the 
differential reactions have not been determined 
but the existence of biotypes is a possibility. In 
1977 a collaborative gall midge study was 
started to determine whether biotypes exist 
and, if they do, to identify genetic sources for 
resistance to all biotypes. Seed sets of 26 lines 
and varieties were sent to Indonesia, India, Sri 
Lanka,and Thailand.
 

Results indicated several differential reac
tions. Eswarakora derivatives are susceptible in 
Indonesia but resistant in Thailand and Sri 
Lanka. Siam 29 derivatives are 'resistant in 
Indonesia and Sri Lanka but susceptible in Thai
land.
 
INHERITANCE OF AND BREEDIN FOR 
REITANCE
 

RESISTANCE 
Plant Breeding and Entomology Departments 

Green leafhopper. The Gilt 1,Glh 2, and Glh 3 

genes for resistance to green leafhopper have 

been incorporated into IRRI breeding materi
als. In 1975, many accessions of 0. glaberrima 
were found resistant to GLH. Many crosses 
were made with those accessions and with 0. 
sativa lines and varieties with improved plant 
type, but all F,'s were sterile. The F1's of three 
accessions of 0. glaberrima and IR1561.228-3 
were backcrossed with IR1561-228-3 twice. 
Each backcoss F, population was screened for 
resistance to GLH, and resistant plants were 
used for making the second backcross.
 



Table 12. Brown-planthopper-resistant ricecultivars studied It is hoped that crosses with these backcross

to identify new genes for reistance.1R, 1977. derived lines will be interfertile with 0. sativa 

Cultivar IRRI 	sc. no. Country of origin lines. 

6107 India Brown planthopper. Twenty BPH-resistantPtb 19 
Ptb 33 19325 India varieties were analyzed to find new genes for 
Ganbala Sa7ba 15406 SriLanka resistance (Table 12). They were crossed withGangala 	 7733 SriLanka 

Gangala 15207 SriLanka the susceptible variety TN1. The F, F., and F. 
Heenhoranamawee 15286 SriLanka progenies from the crosses were analyzed to 
Horana Mawee 15332 SriLanka 
Hotel Samba 15206 SriLanka determine the mode cf inheritance. The data 
Kahata Samba 15297 SriLanka are presented in Table 13. 
Kalukuruwee 15279 SriLanka 
Kuruhondarawala 7731 SriLanka The F, progenies of TN I with Ptb 19. Ptb 33, 
Lekam Samba 15389 SriLanka Gangala (Ace. 7733), Gangala (Ace. 15207), 
Mudu Kiriyal 15489 SriLanka 
Muthumanikam 	 8960 SriLanka Horana Mawee, Kuruhondarawala, Mudu 
Senawee 15281 SriLanka Kiriyal, Muthumanikam, Sinna Sivappu, and 
Sinna Sivappu 15444 Sri Lanka 
Sudu Hondarawala 15541 SriLanka Sudu Hondarawala were resistant, indicating 
Sulai 	 15421 Sri Lanka 

7732 SriLanka that those varieties have dominant genes for
Thirissa 
Vellai Illankali 15233 SriLanka resistance. The F,populations from the crosses 

of these varieties, except those of TNI/Ptb 33 
and TN I/Sinna Sivappu, segregated in a ratio of 

Improved plant type progenies that carry the three resistant to one susceptible, indicating 
GLH resistance derived from three different that a single dominant gene confers resistance in 
accessions of 0. glaberrima and are fully fertile these varieties. 
now exist. These progenies were derived from The results from the F3 progenies confirmed 
the crosses 1R15612 (IR156i-228-3:'/O. these conclusions (except in the case of 
glaberrima Ace. 101845), IR15613 (IR156.I- TNl/Sudu Hondarawala) as the observed data 
228-33/O. glaberrimta Acc. 102485), and agreed with the expected 1:2:1 (resistant:seg-
IR15615 (IR1561-228-3:/O. glaberrirna Acc. regating:susceptible) ratio. However, the F3 
102550). data from the crosses of TNI/Ptb 33, 

Table 13. Reactions" to brown planthopper of F1 and F2 populations and F3 lines from crosses of TNI with resistant varieties. hRl, 
1977. 

F2 seedlings 	 F3 lines 
F1 

Cross reaction R (no.) S (no.) X1 3:1 R (no.) 	 Segr S (no.) X1 1:2:1 
(no.) 

TN1 x Ptb 19 R 373 112 0.93 48 73 30 4.46 
TN1 x Ptb 33 R 318 88 2.39b 131 130 15 1.68 d 

TN1 x Gambada Samba S 103 326 0.22' 42 71 39 0.78 
TN1 x Gangala (Acc. 7733) R 246 95 1.49 45 79 27 4.62 
TN1 x Gangala (Acc. 15207) R 417 109 5.13 37 72 41 0.44 
TN1 x Heenhoranamawee S ,03 264 1.83' 40 81 29 2.57 
TN1 x Horana Mawee R 271 97 0.36 41 75 33 0.87 
TN1 x Hotel Samba S 103 420 7.85' 30 80 40 2.00 
TN1 x Kahata Samba S 115 288 2.69' 40 74 36 0.24 
TN1 x Kalukuruwee S 86 295 1.20' 35 71 41 0.56 
TN1 x Kuruhondarawald R 300 116 1.84 41 73 30 2.04 
TNI x Lekam Samba S 82 308 3.28, 38 71 40 0.72 
TN1 x Mudu Kiriyal R 392 152 1.83 46 76 29 3.83 
TN1 x Muthumanikam R 235 96 2.83 37 83 32 1.60 
TN1 x Senawee S 95 260 0.69" 31 77 42 1.92 
TN1 x Sinna Sivappu R 281 58 0 6 b 60 77 15 3.83" 
TN1 x Sudu Hondarawala R 318 115 0.56 73 66 11 2.19" 
TN1 x Sulai S 115 310 0.96' 30 86 33 3.61 
TN1 x Th!rissa S 95 249 1.25r 41 81 29 2.71 
TN1 x Vellai Illankali S 80 273 1.03, 44 72 34 1.58 

OR = resistant, S = susceptible, Segr = segregating. b-X for 13:3 expected ratio. - X' for 1:3 expected ratio. ,dX1 for 7:8:1 
uxpected ratio. 
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TNI/Sinna Sivappu, and TN1/Sudu Hon-
darawala agreed with the 7:8:1 ratio e",,ected
for two-gene control of resistsnc:. 

In fact, the dataF2 from the crosses of
TN l/Ptb 33 and TNI/Sinna Sivappu agree bet-
ter with the 13:3 ratio expected for two-gene
(one dominant and one recessive) control of
resistance. F2 data from the cross TN1/Sudu
Hondarawala, when reanalyzed, also gave agood fit to the 13:3 ratio. It appears that Ptb 33,

.Sinna Sivappu, and Sudu Hondarawala each
have one dominant and one recessive gene for
resistance. 

The F, progenies from the crosses qf TNI
with Gambada Samba, Heenhoranamawee, 
Hotel Samba, Kahata Samba, Kalukuruwee,
Lekam Samba, Senawee, Sulai, Thirissa, and
Vellai Illankali were susceptible. The F2 popula-
tions from these crosses segregated in the ratio 
of one resistant to three susceptible, indicating
that resistance in the varieties is conferred by a
single recessive gene. The F3 populations from
these crosses gave a good fit to the 1:2:1 ratio,
thereby confirming the monogenic nature of
rsistance. 

Allele tests. The varieties with dominant genes
were crossed with IR1539-823, a dwarf selec-
tion having Bph I for resistance, as well as with 
Rathu Heenati, which has Bph 3 for resistance,
As expected, the F, progenies f-om the crosses 
were resistant. The data on the F2 populations
and F., families are in Table 14. The F2 popula-
tions from the crosses of IR1539-823 with Ptb
19, Gangala (Ace. 7733), Gangala (Acc.
15207), Horana Mawee, Kuruhondarawala, 

Mudu Kiriyal, and Muthumanikam segregated
in the ratio of 15 resistant to I susceptible
expected on the basis of independent segrega
tion of 2 dominant genes for resistance. The F3populations from these crosses gave a good fit to
the 7:8:1 ratio expected on the basis of 2 inde
pendently segregating genes. It is obvious that
the dominant genes for resistance in these var
ieties segregate independently of Bph 1.

In the F2 populations of the crosses of
IR1539-823 with Ptb 33, Sinna Sivappu, and
Sudu Hondarawala, only a few susceptible
seedlings were observed. The susceptible seed
lings were not more than those generally
observed in the resistant parents. Similarly, no 
genetic segregation for susceptibility was evi
dent in the F3 families of the crosses IR1539-
823/Ptb 33 and IRI 5 39-823/Sudu Hondarawa-
Ia. The F3 populations of IR15 39-823/Sinna
Sivappu had 134 resistant, 15 segregating, and 2
susceptible families (Table 14). From these data
it is difficult to conclude whether there is genetic
segregation for susceptibility in this cross. How
ever, it appears that one of the genes for resis
tance possessed by Ptb 33, Sudu Hondarawala,
and Sinna Sivappu is identical to eitherBphIor
bph 2. Because Bph I and bph 2 do not recom
bine genetically, it is difficult to infer which of 
the two genes is present in the three varieties. 

The 10 varieties with dominant genes forresistance were crossed with Rathu Heenati,
which has Bph 3 for resistance. As expected, the
F, progenies were resistant. The data on the
reaction of F.populations and F, families are
presented in Table 15. A 'ew susceptible plants 

Table 14. RactioWs to brown planthopper of F2 populations and F3 line from crosses of II5394123 with culttivar having adominant gene for reeltance. 

F2 seedlings
Cross F3 lines
 

R (no.) S (no.) 
 X1 15:1 R (no.) Segr X1 7:8:1 
IR1539-823 x Plb 19 
IR1539823 x Ptb 33 
1R1539-823 x Gangala (Acc. 7733)
111539-323 x Gangala (Acc. 15207)
IR1539-423 x Horana Mawee 
IR1539-823 x Kuruhondarawala 
IR1639423 x Mudu Kirlyal
IR1539.823 x Muthurnatikam 
IR1539-823 x Sinna Slvappu
IR1539-023 x Sudu Hondarawala 

"R = resistant, S - susceptible, Segr - segregating. 
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S (no.) 
(no.)

460 37 1.22 70 73 7 0.94480 6  149 2 0 -425 30 0.09 72 75 7 0.96430 40 4.10 80 60 9 6.29410 30 . 0.24 71 64 14
3.06 68 69 

4.34450 40 11 0.83461 25 1.58 65 70 15 3.70432 35 1.24 66 71 11 0.47430 18 - 134 15 2 -455 5 - 151 0 0 -



Table 15. Reactions" to brown planthopper of F2 populations 
andF3 liresfromthecrosses ofRathuHeenatiwithcultivars 
that have a dominant gene for resistance. IRRI, 1977. 

Cross 

F2 seedlings 
no. 

lns(o1 
F3 lnessive 

R S R Segr S 

Rathu Heenati , Ptb 19 433 1 150 0 0 
Rathu Heenati x Ptb 33 450 0 147 0 0 
Rathu Heenati Gangala 

(Acc. 7733) 480 2 150 0 0 
Rathu Heenati Gangala 4 

(' ac.hu20 4eena0 8 150 0 0 
ilathu Heenati x Horana 

Mawee 513 3 147 0 0 
Rathu Heenati ' Kuru-

hondarawala 661 1 150 0 0 
Rathu Heenati 
RalhuHeenati 

Mu15u 
Muthu-

3 

manikam 405 10 151 0 0 
Rathu Heenati x Sinna 

Sivappu 448 12 151 0 0 
Rathu Heenati , Sudu 

Hondarawala 520 0 150 0 0 

R = resistant, S =susceptible, Segr = segregating. 

were observed in some of the F, populations, 
but the Fj families were all homozygous reis-
tant. It appears that Ptb 19. Gangala (Ace. 
7733). Gangala (Ace. 15207). Horana Mawee. 
Kuruhondarawala. Mudu Kir ial,. and 
Muthumanikam have Bph 3 for resistance. One 
of the two '-ones of Ptb 33. Sudu Hondarawala. 
and Sinna Sivappu may be identical to Bph 3. 

The 1) \arieties with monogenic recessive 
resistance were crossed with IR 1154-243, 
which has bph 2 for resistance, and with 

Babawee, which has bph 4 for resistance. The 
F. genies from the crosses of IR! 154-243 pro 
were all susceptible, indicating that the reces

genes for resistance in these varieties are 
nonallelic to bph 2. Therefore, F, or F:1 prog
enies from the crosses were not studied. The F, 
progenies from the crosses of Babawee with the 
10 varieties were resistant and only a few F. 
seedlings were susceptible. However, no seg
regating or susceptible F family was observed 
in any of the crosses (Table 16). It appears thatthe recessive gene for resistance in each of the 

10 varieties is allelic to bph 4. 
The results of the study can be summarized as 

follows: 
e Of the 20 varieties analyzed, seven - Ptb

19. Gangala (Ace. 7733), Gangala (Ace. 
15207). Horana Mawee, Kuruhondarawala, 
Mudu Kiriyal, and Muthumanikam- have Bph
3 for resistance. 

Ten varieties - Gambada Samba, 
Heenhoranamawee, Hotel Samba, KahataSamba. Kalukuruwee, Lekam Samba, 

Senawee. Sulai, Thirissa, and Vellai Illankali 
have bph 4 for resistance. 

* Three varieties - Ptb 33, Sudu Hon
darawala, and Sinna Sivappu - each have two 
genes for resistance, one dominant and the 
other recessive; and the allelic relationships of 
these genes with other known genes are being 
ascertained. 

A great majority of IRRI breeding materials 
have either Bpht 1 orbph 2 for resistance. How
ever, after Bph 3 and bph 4 were identified in 
1975. a program was started to incorporate 

Table 16. Reacions" to brown planthopper of F1 and F2 populations and F3 lines from the crosses of Babawee with cultivars that 
have a recessive gene for resistance. IRRI, 1977. 

Cross 

Babawee x Gambada Samba 
Babawee x Heennoranamewee 
Babawee x Hotel Samba 
Babawee x Kahata Samba 
Babawee x Kalukuruwee 
Babawee x Lekam Samba 
Babawee x Senawee 
Babawee x Sulai 
Babawee x Thirissa 
Babawee x Vellai Illankali 

"R = resistant, S = susceptible. Segr = 

F2 seedlings (no.) F3 lines (no.) 
F1 

reaction" R S R Segr 

R 500 16 148 0 0 
R 480 20 150 0 0 
R 480 15 152 0 0 
R 720 15 149 0 0 
R 580 7 150 0 U 
R 633 25 150 0 0 
R 530 15 147 0 0 
R 468 12 149 0 0 
R 456 10 150 0 0 
R 495 5 150 0 0 

segregating. 
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Table17. somelpRoMieg crossfrom wch mwlhaph
3 and bph4 for reslstane tobrownplhoppsgswasreletded. 

Cros Parents 

IR13240 lR215-159-1/Babawes/ /IR36

IR13427 IR3403-267-1/Ptb 33/ /R30

IR13429 IR4432-53-3/Ptb 33/ /R36

IR13523 Ptb 3311R2153-159-1/ /IR2061-628-1

IR13524 Ptb 33/IR2153-159-1/ /R42

IR13525 Ptb 33/IR2153-159-1 //R36

IR13526 
 Ptb 33/IR2153-I591/ /1IR2863-1

IR13535 Rathu Heenatl/IR2153-159-1/ /R28

IR13539 Rathu Hoonati/IR2153-159.1//AR36 
IR13540 Rathu Hoonati/IR2153-159-1/ /IR2823.399-5IR13545 Rathu Heenati/IR3403-267.1/ /IR2863.38-1 

91R13548 Rathu Heenagtl1114432-53-3/ /1136
1IR13550 Rathu Heenatl/IR4432-53-3/ /IR5491.4-8IR15314 8abawoe1/IR4432-53.3/ /1R2061628 1
IR15315 Babawee/IR4432-53-3/ /R14432-84-3 

11548 6abawee/I132-3-7.1 32-41R17488 Babawee/I/3403-267-13 


IR17496 Ptb 33/11R3403-267.1 3 

IR17521 Rathu Heenstil/R4432-53-31

9R17525 Ptb 33/IR4432-53-31 


those genes into the breeding materials. Donors 
of Bph 3 (Rathu Heenati) and bph 4 (Babawee)
have poor plant type and grain quality. Similar-
ly, Ptb 33, another variety which has either Bph
3 or bph 4, has poor plant type. These three 
.'arieties were crossed with IR3403-26701, 
IR4432-53-3-3, and IR2153-159-1 selections, 
which have improved plant type but are suscep-
tible to BPH but resistant to most of the other 
major diseases and insects, 

The Fl's were either backcrossed to the 
improved plant type parent, or topcrossed with 
another improved variety or a breeding line. F3 
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Table 18. Cro from which as wh uesstance to
whit kd ptthopp were selected. M, 1Y. 

Cross Parents 

IR11933 IR2W/N22IR11934 1Ri30/N22

IR13294 IR1632-93-2/N22/ /R36

IR13364 IR36'/N22

1R13463 N22/BG90-2/ /136

IR13467 N22/IR2061-465-1/ /R36

IR13471 N22/IR2061-628-1/ /R36
 

progenies 1-3m the crosses were grown in 1977. 
Some promising breeding lines with the new 
genes for resistance were selected and will be 
evaluated in 1978 at IRRI and in national pro
grams. Some of the promising ,'rosses are listed 
in Table 17.

Whitebacked planthopper. N22 from India 
has been used as a source of resistance to 
WBPH. Because it is early maturing and is a 
poor combiner, it was crossed With several 
improved plant type varieties, and one or two 
backcrosses were made with the improved par
ent. Promising selections from the backcrosses 
were evaluated, and promising lines with resis
tance to WBPH and other major diseases and 
insects were selected. The selections have excel
lent grain quality and mature in 100 to 130 days.
Some of the lines are being cooperatively 
evaluated in India and Indonesia for resistance 
to WBPH. Some of the crosses from which the 
WBPH-resistant lines have been selected are 
listed in Table 18. 
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EVALUATION TRIALS 
Plant Breeding, Agronomy, Statistics, you Who)
and Chemistry Departments 


6 
Replicated yield triahls (Plant Breeding, Statis-
 * 
 *
 
tics, and Chemistry). Plant breeders evaluated ,
for protein content 322 varieties and lines dur-	

5 • 
se w•l.ing the dry season (Fig. 1)and 276 during the


wet season (Fig. 2). IR2071-625, named a
 
as - 0 i04 .0"s 

"..
1R36 and now widely grown in the Philippines, 
swas among the highest in both protein content 0 * 	 00and yield during both 	 3 • •seasons. IR2071-586, 	 0

o° "
 recently named IR42 in the Philippines and 	 •.grown as a check during the wet season, also 2performed well. That indicates that the newer
 
varieties available 
 to farmersperhaps superior, are equal, and 	 1in protein content to other ° "
 -oo4' (,.27)available varieties.
 

In past years, analyses of IRRI replicated 0
yield trials have always shown significant nega-
b o20 ,tive correlations between percent protein con-

06 7 

YI' (t /h) 

8 	 2. Grain yield of rough rice and protein content of brownrice of 276 entries in replicated yield trials (4 l ations). 
iii.l, 1977 wet mwsm 

0 - 0 • 
0 tent and yield. However, the trend was toward a0 a : 0i 0P207-625 (R36)

4 o016 	
lower negative correlation (Table 1) and in6o..o . " • 1977, for the first time, the correlation in boththe dry season and the wet season was not sig

o * 05 o 0 , o 0 nificant. That 	 indicates overall progress in* efforts to improve protein content without sac5 -o 
rificing yield potential.*•ose* Yield potential of high-protein riceS. 
 (Agronomy). Agronomists evaluated the yield4 a o IR potential and protein content of several promiso . o e ing lines using 1R8, 1R26, and the high-protein 

0.0o * .:::i ,ea line 1R480-5-9 as standard controls on fertilized° and unfertilized plots. A few lines performedwell but a severe incidence of ragged stunt dis
2 - ease complicated the results, especially in thewet season (Table 2). IR2153-338-3, which had

° 

performed• 

rO002 " ' (n-322) 
well in 	both protein content andyield during previous years, had a low yield. 

0 5 6 o I 
9 

IR2863-35-3-3 and IR2863-38-1-2, which 
P, 

exhibit some resistance to ragged stunt in the(%) b rie field, yielded well, but their protein content was1. Grain yield of mush rie and protein content of brownrim of322etr~inelatedy1Mals (4rpliaton). 
not outstanding. Some of the newer entries

IRiL 1977 dry tmn.	 (also resistant) such as IR5741-73-2-3 andIR6503-24-3. 1,were in the trials for the first time 
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Table 1. Correlation coefficientsbetween grain yield and pro-

tein content of brown rice In replicated yield trials. IRRI, 
1973-77. ________ 

Dry season Wet season 

Year Entries Correlation Entries 
(no.) coefficient (no.) 

1973 232 -0.36"* 184 
1974 416 -0.13 "" 370 

1975 301 -0.50" 278 
1976 370 -0.24"" 416 
1977 324 0.02" 278 

Correlation 
coefficient 

-0.24* 
-0.47 ". 

-0.36** 
-0.15-
-0.03" 

during the wet season and performed reasonably 
well in both protein content and yield, especially 
at high levels of nitrogen fertilizer. 

Screening world rice collection for protein 

(Chemistry, Analhtical Service Laboratory. 
Plan!Breeding, and Statistics). The screening of 

re world collection for brown-rice protein 
1967 and 1971 annual reports) was updated to 

IClude 18.000 later accessions to identify addi
tonal sources of high protein content. Analysis 
.-as either by infrarcd reflectance spectroscopy 

Ir by micro Kjeldalil analysis. The frequency 

listribution of 16.935 dry-season crop entries 
,'as skewed. with most entries having 8, pro

ein (Fig. 3). The mean protein content was 
.4%. The 1.930 japonica entries had higher 
,rotein content and mean protein of 11.1%. 
n the wet season. the mean protein content of 
3,493 entries %%its 9.81;; the 2.285 japonica 
ntries had a higher mean protein content 
ff10.7%'. Earlier ,:creening concentrated on 

ntries \\ith 14 protein. which were all ja-
)onicas; the lines obtained from crosses with 

Frequency (thouads) 

4 U40 

2 

Il 

40 

0 M1 
4 

-


I
 
,
 

[1 
3 .,I• 

4 6 8 

t---


All 
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HF1. 
i ll
 

- ,
 

w~r SA v
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2" 

i
 
" 9 

10 12 14 16 18 
o- ce poten (%K H2) 

3.Distibution of protein content of brown rice of the 
dry and wet season IRRI crops of alland japonica entries 

of the world collection. IRRI, 1977. 

Table 2. Brown-rice protein and rough-rica yield of selected high-protein Hine conpared with those of4iR and W6 In yield trials. 

IRR, 1977. 

Dry season Wet season 

70 kg N/haVariety or 0 N 150'g N/ha 0 N 
lira 

Protein Yield Protf ,n Yield Protein Yield Protein Yield 

(%) (t/ha (0%) (t/ha) %) (t/ha) (%) (t/ha) 

IR8 7.1 1.0 7.6 0.9 
0.91 9.6 1.4'

IR26 7.9 2.0 7.5 2.8 8.2 

IR480-5-9-3 8.4 1.7 8.8 1.9 9.6 0.8 
0.8 8.8 0.6

IR2153-338-3 7.6 1.7 8.7 3.0 9.1 
8.2 2.5 9,6 3.8IR2863-35-3-3 6.7 3.1 7.8 6.1 
7.7 2.2 9.0 4.1IR2863-38-1-2 ".0 2.9 7.5 6.3 
8.5 2.4 10.0 3.8IR4111-2-2-1-2 76 2.8 8.2 5.2 

- 9.1 2.8 1G.8 4.0-
- 9.5 1.8 10.6 4.1

IR5741-73-2-3 

IR6503-24-3-1 
1.0 0.8 1.C 0.8 0.6 0.8 0.6LSD (5%) 0.3 

'No yield data because of 100% infection with ragged stunt. Wtean of only 3 replicationsbecause 1 replication had 100% disease 

infection. 'From 1 replication only because 3 replications had 100% dIsease infection. 
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IR8 had poor yield potential. Nonjaponica rices 
with 12% or higher protein in the wet season or 
11% or higher protein in the dry season and 
with normal 100-grain weight, maturity, and 
spikelet fertility were selected for evaluation in 
1978. 

NUTRIENT DISTRIBUTION IN MILLING 
FRACTIONS 
Chemistry Department 

The effect of increased proteii content on nu-
trient distribution in five abrasive-milling frac-
tions of rice was studied for an average-proteii 
rice (IR32) and a high-protein rice (IR480-5-
9). Protein decreased progressively from 
periphery to core of IR32 grain. It was max-
imum in the subaleurone layer of IR480-5-9 
('fable 3), confirming previous results on other 
high-protein rices. IR480-5-9 brown rice had 
higher crude ash and total phosphorus in the 
outer layers than did IR32. Magnesium and 
potassium showed a trend similar to that of 
phosphorus but the trend for iron and zinc was 
less distinct. In contrast, crude fat content and 
distribution were identical in the two rices and 
unaffected by their difference in protein con-
tent. 

Starch content showed a trend opposite to 
that of the other nutrients; it increased progres-
sively from periphery to core in both rices. 
Amylose content of starch also increased pro-
gressively from periphery to core in both rices. 

i' mino acid analysis of subaleurone and inner 
endosperm (core) of IR480-5-9 showed a lower 
lysine content (3.2 vs 3.8/16.8 g N) for thf sub-
aleurone layer. However, the protein of the 

IR32 subaleurone layer had 3.6 g lysine/16.8 g
N, while that of the inner endosperm had 3.7 g 
lysine/16.8 g N. 

PROPERTIES OF RICE PROTEIN 
Chemistry Department 

Protein quality of high-proteinrice in rats. Ina 
cooperative study with nutritionists at Osaka 
City University, Japan, the protein quality of 
IR480-5-9 milled rice (11% protein) was corn
pared with that of a Japanese milled rite (6.7% 
protein) using a-amylase-treated (partially de
starched) cooked rice. With male Sprague-
Dawleyweanlingratsanda 10% dietaryprotein
level, the two rices had similar net protein utili
zation (NPU) values relative to commercial egg
(Table 4). Relative nutritive value (RNV) by
slope ratio technique (0, 4, 8, 12, and 15% pro
tein diets) (1972 Annual Report) based on 
increase in body weight, nitrogen, or water also 
gave almost identical results for the two rices
the RNV of Japanese rice were based on corn
mercial egg, which had a slightly lower NPU 
than laboratory-prepared egg. The results 
showed that the use of identical dietary protein 
levels in rat assays, which are made possible 
with destarched rice, reduces the differences in 
protein quality obtained for 7%- and 11%. 
protein milled rices with different dietary pro
tein levels: 7 percentage points range for NPU 
and 10 for RNV. 

Digestibility studies in rats. In cooperative 
studies with the Agricultural Research 
Laboratory, Copenhagen, Denmark (1976
Annual Report), the protein of cooked milled 
rice had lower true digestibility but correspond-

Table 3. Nutrient dietrlbutlon ki successive abrasive layers of W432 and W4480-5. brown rie.' WA, 1977. 

Nutrient Sample 
Crude protein IR32 
(% N x 5.95) IR480-5-9 
Crude ash (%) IR32 

IR480-5-9 
Total P (%) IR32 

IR480-5-9 
Crude fat (%) IR32 

IR480-5.9 

Brown Milled 
rice rice 

(0-i,) (90-100) 

7.7 6.8 
11.0 10.5 
0.8 0.3 
1.5 0.8 
0.2 0.1 
0.4 0.2 
3.0 0.5 
2.7 0.4 

"Figures in parentheses are weight fractions in %. 
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Bran Polish 
(0-6) (6-12) 
14.0 13.0 
13.8 18.0 
5.8 3.4 

11.9 6.7 
1.0 0.7 
2.6 1.6 

20.7 12.8 
20.9 13.7 

Endosperm 
Subaleurone Outer Core 

(12-20) (20-30) (30-100) 
12.2 9.7 5.5 
21.2 16.6 7.4 

1.0 0.3 0.2 
1.8 0.6 0.3 
0.2 0.1 0.i 
0.4 0.1 0.1 
3.0 0.3 0.2 
2.9 0.3 0.1 
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Table 4. Protein quality of IR480-5-9 and Japanese milled rices in rats on partially destarched cooked rice 
diets., Osaka City University and IRRI, 1977. 

Egg 

Property 18480-5-9 Japanese Commercial Laboratory 
rice rice prepared 

Protein 1% N x 6,25) 11.0 6.7 61.1 72.9 
Lysine (g' 16 g N) 3.08 3.24 - -
Amino acid score %) 55 59 - -
NPU -- N balance (%) 
NPU - Carcass N (0) 

53.5 (63) 
40.7 (56) 

-
-

85.4 (100) 
72.9 (100) 

88.3 (103) 
80.8 (110) 

34.3 (55) 35.5 (56) 62.8 (100) -
RNV - Body wt gain (1%) 48 
RNV -- Body N gain (%) 45 
mWV- Body water gain lo 44 

Figures in parentheses are values relative to 
RNV -relative nutritive value. Relative to 

inglv higher biological value than protein of ra 

rice. Thus. NIT it, not adversely affected by 

cooking . Amnino acid digestbilitV data tlis \'ear 

confirmed the protein digestibilit. of ram and 

cooked IR29 alld IR480-519 tniiled rice (Table 

51. File results conLirnled that the undiCested 

protein is of poor I'ltritional quality and is lo\\ 

inl lvsine. \Mhich is the first limiting essential 

am ino acid in rice protein. Starch and energy 

dioestibilitie:, retnained high after cooking. 


Actual isolation, at IRRI. of \\ater-insoluble 
protein particles from feces of Wistar rats fed 
IR480-5-9 cookcd rice at Copenhagen indi-
caled ol1\ limited similarit\ ol amino acid con
position to the calculated undigested protein
(Table 5). The fecal protein. hoe\ver, was loTil tie basic amino acids lvsine, htidine. and 

Illraw 

arginine. Sodium dodec\l sulfate (SDS)-pol\-

acrvla,,mide ,cl ect rophoresis of the rat 


a 
fecal particles indicated lo\,er molecular weight 

(MW) subunits for them than for native rice 

protein. \with t lie ,\"I 6()(() subunit being the
major fraction. Fecal protein particles recov-

ered at lo\%cr \icld from Sprague-Dawley rats 
fed raw IR480(-5-9 rice had a similar cloc-
trophoretic pattern but a higher lysine content 

of 3.9 g/1 6 , N. 
Preparation and properties of destarched 

rice. Japanese nutritionists have prepared par-
tialh' destarched cooked milled rice with 40; 

protein by treatment with bacterial a-amylase. 

The feasibilitN of obtaining high-protcin 
dcstarched rice. which can be used in human 

feeding trials, was studied. Analytical grade
Rhizopits glucoamylase gave poor protein 

(51) - 100 
(46) - 100 
(51) 100 

jrnmercal egg protein as 1009.. INPU - net protein utilization;
5 g lysinv/16 g N as 100%. 

recoveries, especially from cooked rice. The 
glUcoanVlase used \\as high in prt)tease. The 
preparations \\ere low in lvsine but not ill 
thrconinc. thesCcond limitingamino acid (Table 
6). In contrast..-A rgih.lus o-anvlase had poor 
destarching ctliciency on raw rice, particularly 
for IR32. 1-trther experilnents indicated that 
the higher susceptibility of IR48(0-5-9 starch to 
h\drolx sis \was due both to its low%gelatinization 
temlpenraturc and to its intermediate (lower) 
anllose content. IR32 had intermediate 
gelatiniz;tion temperature and high amylose 
content. 

Table5. Meandigetibilityinratsofesontialaminoacdsln
and cooked IR29 and IR480-5-9 milled rice, calculated 

amino acid content of undigested protein of cooked rice, and 
amino acid content of fecal protein particles from rats fed 
cooked rice. Agricultural Research I.abortory, Copenhagen,
and IRRI, 1977. 

True digestibility
(fao%) 

Amino rcid 
Raw
rice 

Cooked
rice 

Threonine 99.6 90.7 

Valine 99.3 88.0 
Isoleucine
Leucine 99.6

99.6 
88.4
85.6 

Tyrosine 100.0 86.0 
Phenylalanine
Lysine 

99.2 
99.9 

86.8 
99.4 

Histidine 99.4 96.8 
Methionine
Cystine 

99.2
99.5 

90.7
82.0 

Tryptophan 99.8 87.4 
Energy 96.8 95.4 
Starch 99.9 99.9 

Amino acid content 

(g/16 gN)
 
Undigested
 

protein Protein 
of cooked rice particles in

(calculated) rat feces 
2.8 3.6 

6.3 5.9 
4.6 4.611.8 11.1 

7.1 7.8 
6.1 6.4 
0.2 1.4 
0.6 1.5 
2.0 4.2
3.6 3.9 
1.6 0.9 
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Table 6. Effect of various amyloytic enzymes on raw andcooked IR32 and 480-5.9 miled rices in the preparation ofdestarched rice. IRRI, 1977. 

Properties of destarched milled rice 

Enzyme and Proteinsubstrata 
Threo-

Re- Lysine nine

%) %) N) N) 

Rhizopus glu~oamylase 
(analytical grade)


CookedIR480-5-9 55 
Aspergillus -amylase 

Raw IR480-5-9 49
Gelatinized IR480-5.9, 

65-70"C 80 
Cooked IR480-5-9 82 
Raw IR32 1F 

75-60iC 75 
Cooked lR32 
 71 

Hog pancreatic
a-amylase (crystalline)Raw IR480-5-9 74 

24 1.8 3.6 

75 3.3 4.0 
84 3.6 4.2 
92 3.6 4.4
91 4.0 4.4 
0 4.0 5.1 
84 4.1 4.5 

80 3.3 3.7 

The efficiency of destarching, indexed by
protein content of destarchcd rice, increased 
with gelatinization of starch or cooking before 
a-amylolysis (Table 6). That was probably due 
,o the increased susceptibility of gelatinizcd
starch to amylolysis, reduced loss of soluble pro-
teins by heat denaturation, and heat solubiliza-
tion of henicelluloses. Rat nitrogen-balance
studies at Copenhagen showed these prepara-
lions to have NPU values similar to those 
of whole rice protein. Crystalline bacterial 

a-amylase may also be used in place of Asper
gills a-amylase for destarching cooked rice
 
tease. Hog pancreatic a-amylaseprovided the amylase is relatively free from prois expensive 

and of variable activity.Nitrogen balance in Filipino children. Prc
vious cooperative human nitrogen-balancestudies used different dietary protein levels and 
the protein quality of the rices used could not be 
accurately comparcd. To confirm data on protein quality obtained in rats, a cooperative studywith the Food and Nutrition Research Insti
tutc, Manila, examined the relative proteinquality of high-protein rice (1R480.5-9, 11.0%
qualiy ofdhigh-protein rice (R4 5, . %protein) and low-protein rice (1R32, 7.2c protein) through nitrogen balance studies with 1.5
to 2 .0-year-old Filipino children at the sanmeprotein intake. Destarched IR32 rice (8.7% 
protein) was added to IR32 milled rice to ena
ble the children to consume the required 1.5 6-gprotein (2 5 0 mg N)/kg body weight daily in 16.0 
g rice. This amount (16 g/kg) corresponds to the

optimum bulk of rice a child can consume daily

in three full meals plus snacks.
 

Results 
 on the first set of four children 
showed slightiy lower apparent digestibility and
retention of the IR480-5-9 protein (Table 7).
Published obligatory fecal and urinary nitrogen
losses suggest the differem:e to be mainly the 
result of poorer digestihi;ity of IR480-5-9 pro
lein since biological values were similar. How
ever, these two rices had similar apparent diges-

Property 
Diet" 

First Milled rice 
Second 

Protein content of protein sources 

casein IR32 IR480-5-9 casein 
(% N x 6.25)

Lysine content of diet (g/16 g N)Property per day8. 
>80 

7.5 
7.2 
4.0 

11.0 
3.5 

>80 
8.6 

N intake (mg/kg body wt)
Fecal N (mg/kg body wt)
Urine N (mg/kg body wt)
N retained (mg/kg body wt)
Apparent N digdstibility (% of intake)
Apparent N retention % of intake)
True digestibility h(%)
Biological value %)
NPU 6 (%) 
Wt gain (g/kg) 

252.2 
53.8 a 

121.0 b 
77.5 ab 
78.7 a 
30.8 ab 
87.0 
69.2 
60.1 
2.1 

253.0 
84.2 b 
97.5 a 
71.2 b 
66.8 b 
28.3 bc 
75.1 
76.4 
57.5 

1.5 

253.2 
102.0 c 
90.2 c 
60.0 b 
59.3 c 
23.3 c 
67.6 
78.5 
53.0 

1.5 

255.2 
47.8 a 

112.0 b 
95.5 a 
81.2 a 
37.3 a 
89.4 
74.2 
66.3 
1.8 

Table 7. Summary of nitrogen (N) balance data in fourFilipino children, Food and Nutrient Research Institute and IRRI, 1977. 

"in a line, means followed by acommon letter are not significantly different at the 5% level. bBased on published obligatory fecal Nloss of 21 mg/kg body wt and obligatory urinary N loss of 53 mg/kg body wt. 
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Table 8. Chemical composition o whole and enzyme-indigestible IR480-5-9 milled-i Ice protein bodies (PB), IRRI, 1977." 

Property 

Potein recovery 1% of cooked rice PB) 

Fepsin digestibility %) 

Crude prote n (% N x 595) 

Carbohydrate 

(% anhydroglucose) 
Ash (2. 

P (1%) 
Mg (%( 

Fat i%) 
Neutral lipids (% of total fat) 
Glycolipids (. of total fat) 
Phospholipids (0. of total fat) 

Cooled-
rice PB 

1control) 

10U.J 
6.0 
J4.0 

0.4 
0.53 
0.04 
0.01 
7.28 (100) 

76 (100) 
12 (100) 
12 1100) 

Pepsin-treated Fecal protein 
particles of 

Cooked - Raw- adults on 
rice rice cooked rice 
PB PB diet 

32 13 15 
34,5 43.3 31.9 
73.7 55.5 66.1 

1.2 11.0 0.5
 
1 20 0.77 5.79
 
0. !1 0.04 1.1 i 
0 C1 0.01 0.15 

17./ (78) 21.0 (37) 21.3 (44) 
66 (671 57 (38) 46 (27) 
17 (100) 28 (45) 27 (99) 
17 (100) 15 1261 27 (99) 

Numbers in parenthese.; refer to re.overy of fat or fat fraction based er whole cooked rice protein bodies. 

ineclt \o tibilitige r Perm\ ian children con-
valescite frotn malnutrition. 

Protein hod ies and enznte-digested protein 
bodies. lapamnc rc'carchers ha'.c Cpr, iousl.v\ 
,hM1,, n that ( b\ \\ .ih of cooked protein 
bodie, trini the Oute.r la1rcr of milled rice isrea-
dihl dihe,tcd h\ pp i llnnd the rest i, more 
slii\l\, Nil'ted. are on pro-N1 data available 
tin bdi , friitl, \\ hnelmilled rice or from rx, 
rice. A-s aiciitlttinatiti ofii St',ud\ ol the effect otf 
cookint. 0t1 prop0v'rti.,, if rice protein bodies. 
pc p,,i ntrted ,1:t,1ked ric,: priotein bodies were 
prepa red .h treatig coo ked IR48( -5-9 rice 
x\itle tr\stall inc bactcrial r -arnlase and then 
\kith pupsitn. \ 'imlar pieparation from ra\,, 
rice \\.v, mtJc b trcatncnt x\ith Rhizolms 
gl uci an, lasc and then i pcpsin. Fecal prote;n 
particle,, \'cc preparcd b repealed sedimenta-
tiit I ri0l aj uci(Us su.,pnsitin oIf fresh feces oif 
Tai'.,anese aJults atnd Filipino children on 
IR40-5-9 cooked rice diets, 

Protein b.dies from cooked IR480-5-9 mill-
ed rLe, (I(l.5 4 protein) had a high protein and 
a lo\ fat content ( Fable S). A similar preparation 
from cooked IR32 milled rice (6.8%, protein) 
had 12 to 13", fat and less protein content. Pro-
tein bodies from raw IR480-5-9 rice also tended 
to have loxer protein content except those 
prepared \ith crxstalline hog pancreatic 
a-anlylase. The lo\'mcr fat content of protein 
bodies from high-protein rice must be due 
mainly to the similarity in fat content of milled 
rice of IR480-5-9 and IR32(Table 3). In addi-

1ion. cooked protein bodies from the sub
aleur-nc or otelr laiker of .Mapanesc milled rice 
rcportcdl. contain 711; protein, 3.71' ash. 
1..;( phosphorus, and 14.51( fat. PrCsuma
blh. the fat content of protein bodies is affected 
b the fat:prc,,in ratio of the nati\c rice eldnit
sperm fraction. Hovc\er. not all the fat in the 
preparation may be directl\ associated with 
protein bod ,'s becausc the samples were pre
pared b destarchig milled rice and may inchlde 
amvloplastic fat. 

The pepsin digestion data showed that at the 
same incubation period of 5 hours, protein 
bodies of ra\ rice (already partl[ hvdrol\7Cd 
during glucoam'lase treatment) were more 
readilv digestc,! than were those ofcioked rice. 
as reflected in the lower protein recoverx' (Table 
8). In addition, pepsin digestibility of the 
residual raw rice preparation was still higher. 
File pepsin-treated bodies were richer in fat 
than the whole prottin body; the richer fat con
tent is also reflected in the lower protein con
tent. Pepsin-treated cooked-rice protein bodies 
from the outerlayr of Japanese milled rice had 
72",,. protein. 3.9% ash, 0.671%': phosphorus, 
and 15.0%; fat. Whole raw-rice protein bodies 
are difficult to prepare because albumin-glo
bulin leaches out during destarching. Simul
taneous amyholysis-proteolysis. done with 
Rhizopits glucoamylase at pH 4 to minimize 
acid proteasc activity, was followed by pepsin 
treatment. The protein bodies from raw rice had 
lower protein content and had high carbohy-
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4. Transmittance electron nicroscopy of protein bodies 
of cooked IR480-5-9 rice. US Grain Marketing Research A ,'A 
Center, Manhattan, Kansas, 1977. 

dratc cont(amination. %lich ssas nailv sniali
 
starch granules.
 

Fecal protein particles 'r, l ad ilt hiumina ns on .
cooked IR4,"8-5-t) rice also had high tilt content
 
(Table 8). An earlier preparation in .apan had 
6614 protcin. 3.5"; ash. ().09'; phosphorus. 
and 16'; flit. The fat oft' cooked-ticc protcin 0bodies had a prlo riti of' neutral lipids. 
glvcolilids, and iphosp1hoHipids sinmilar to thail0, 05 
milled-rice fat of 76:12:12. The fat of 'ecal pro- 2 47c.0 
tcin particles inL tile pepsin-treated cooked
rice protein bodics slited preterential loss tf 5. Transmittance electron microscopy of pepsin-treated
nCUtrll Iipids: glveolipid, 1td also p'hosplho- cooked-rice protein bodies and fecal protein particles
lipids \\crc more .rcsistanl to i~lrolhsis thani from humans ted IR480-5-9 milled rice. US Grain Marketing Resear, Ii Center, Manhattan, Kansas, 1977.nCutra.il lipids; all fat [Fractions \ere hyddrol\ /od
in pepsii-treatCd ra\%liotlein l -Vidcnlltl\bodies. 
cooking. which reduces the digcstibilit\ of pro- the %\hole particles were 0.5 to 2.2 # tn. hi addi
lein. also rClLCC tle dig istibilit of elytVolilpids lion, crystalline protein bodies located in the
and lphospholipids. 1)ifte te nceS in fatt' acid sbaletirlone laxer (175 Aninual Report) were
composition \\ere also obscr\cd in tile lipid observed in tile protein -body preparation from
fractions as a resull of dtiecqtio . cooked rice., but \\ere absent in the pepsin 

HiSologic'al CxinlillliiIl of tie prtCin 1 d' treated sample and in tile fccal protein particles. 
preparations by transmission electron imicros- Thus crxstalline proteinih bodies are probabl • 
copy alt tle US Grain Markeliting Research moreV digestible i ,n the regular prote,in bodies 
Center. Mailhattan. Kansas., sho\\Cd I l tile of rice CILospCrtnl.
digested preparations represented tile core of The \arious enzynic-dige.sled, protcinl-bod\
the protein bodies based oin tile arran'e'lleclnt of preplara.itiolls showed lower lc\cls of basic
electroti lCnsC sptis in tile prlciniibolldiCs (Fig. anivo acids (I.siiic. histiditiC. and argininiiC).
4. 5). The digestcd pirticles \\ere onl\y 0.5 to 2 particularly l.siiie. thani the \\hole protein
1111 but predominantly less t1han I tll ill si/c: bodies (Tible 9). The whole protein bodies had 
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Table 9. Amino acid content (g/19.8 g N)of whole and enzyme-indigestible N480-5-9 rice protein bodies (PM). IRRI, 1977. 

Pepsin-treated PB Fecal protein particles 
Cooked-

Amino rice Cooked 
acid PB rice 

Lysine 3.6 1.6 

Histidine 2.5 2.0 

Arginine 8.8 5.6 

Aspartic acid 10.3 12.0 

Serine 5.0 7.4 

Glutamic acid 20.6 24.6 

Glycine 4.2 4.7 

Cystine 2.3 3.6 

Methionine 2.4 3.4 

Isoleucine 3.8 5.0 
Leucine 8.7 11.6 
Tyrosine 6.1 7.8 

the same amino acid composition as the milled- 
rice protein. The results indicate that the inner 
50% (by weight) of protein bodies obtained 
from the action of pepsin, or ingestion by rat or 
man. had a different amino acid composition 
and lower protein quality than whole protein 
bodies. 

SDS-polyacrylamide disc gel electrophoresis 
of the protein body preparations revealed that 
enzyme treatment by pepsin or ingestion by rat 
or man produced treated bodies with much 
lower MW subunits than the whole protein 
body (Fig. 6). The major subunit had MW 
16000 together with a minor band with MW of 
about 30000 to 33000. 

Prolamin and glutelin. Continuation of the 
study of the nature of the contaminants of the 
direct 7,"' ethanol extract of prolamin from 
milled IR480-5-9 rice (1976 Annual Report) 
revealed that the major contaminants of prola
min were 30.4% fat, 6.0% phenols. and only 
1.0% carbohydrate. The fat was mainly 88% 
neutral lipids with lesser amounts of glycolipids 
and phospholipids from silica gel column elu
tion. which is similar to the ratio of milled rice 
fat. The phenols that complexed with pro
lamin were identified to be mainly esters of 
p-coumaric, ferulic, and ',anillic acids, which are 
also the major phenolic acids of rice straw. 

A study of the amino acid composition of the 
protein subunits of reduced alkylated glutelins 
from three rices obtained by gel filtrati,-. (1976 
Annual Report) showed that the protein sub-
units with MW > 38000 had a higher lysine con-
tent than the lower MW subunits. The loss of 

Raw Taiwanese Japanese Filipino 
rice adults adults children 

0.5 2.1 1.8 1.9 
1.7 2.1 2.0 1.9 
5.5 5.2 6.0 5.8 
6.4 7.6 6.9 8.3 
5.9 7.2 5.5 5.6 

29.2 27.1 25.5 28.2 
3.2 3.7 3.5 3.6 
3.5 3.9 3.5 2.5 
3.9 4.7 3.9 3.3 
4.6 4.5 4.5 4.8 

12.1 10.5 10.4 11.7 
8.2 7.2 7.6 7.3 

these higher MW subunits on pepsin digestion 
of protein bodies (Fig. 6) may explain the lower 
lysine content of these preparations (Table 
9). 

Crystalline protein bodies in subaleurone 
layer. Transmittance electron micrographs of 
developing IR22 and IR480-5-9 grain (dough 
stage) at the US Grain Marketing Research 
Center confirmed the presence of crystalline 
protein bodies in the subaleurone layer or two 
outermost cell layers of the endosperm. The 
crystalline bodies stained heavier than the usual 
protein bodies and appeared segmented. 

... 
.. A 

38 

' ,.., 

FIB 

6. Sodium dodecyl sulfate-polyacrylamide gel electropho
regana of whole and enzyme-treated rice protein bodies. 
Numbers at left margin are mol wt X10"'. IRRI, 1977. 
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HYBRIDIZATION AND SELFCTION Plant selection under upland culture in thi 
Plant T...,edingDepartment wet season was broadened to includiphenotypes that may also be suited for rainfed 

The IRRI crossing program was expanded to lowland culture. The cutoff date for growtl 
include drnmht resistance in both upland and duration was extended to 130-145 days afte 
rainfed-lowland cultures. In 1977, 167 addi- seeding to fit some rainfed-lowland needs. Fron 
tional single cros'ies and 205 multiple crosses the 439 cross combinations, 4,163 F. plant: 
were made in the upland program. Another 89 were selected in a farmer's field in Batangas
single crosses and 21 topcrosscs were made to Philippinc , and a feil field at IRRI. 
incorporate drought resistance into improved 
lines for rainfed-lowland culture. Among the 
traditional varieties widely used as parents were VARIETAL SCREENING 
Leb Mue Nahng. JC-8 1. Khao Da%%k Mali 105. Agronomy and Plant Breeding Deparitnents 
Nam Sagui 19. 20A. 63-83. IAC25, IAC1246. 
and advanced IRRI breeding lines that showed Upland field screening (Agronomy). In the 197, 
drought resistance in both greenhouse and field dry season, 4,200 rices from the IRRI germ. 
screening. plasm bank and 1976 pedigree nurseries werc 

Table 1. Promising varieties (seeded 24 Jan. 1977) screened in the field for drought resistance. IRRI, 1977 dry season. 

First scoring Second scoring Third scoring 

1 May (1bar) 14 May (4 bars) 20 May (10 bars)

Designation Origin
 

Growth Drought Growth Drought Growth Drought Reco
stage' resistance' stage resistanceb stage resistanceb very
 

ARC 10952 India 7 1 7 2 8 3 3
ARC 11836 India 2 2 2 3 2 3 3
 
ARC 11940 India 2 2 2 3 2 3 
 3 
ARC 12851 India 2 2 2 3 2 3 3

Holamaldiga India 2 
 2 2 3 2 3 3 
Ctg 1516 Bangladesh 4 2 4 z 5 3 2 
Hashikalmi Bangladesh 

via Surinam 6 2 7 3 8 3 3
KU 86 Thailand 4 2 5 2 6 2 3
 
KU 276 Thailand 3 2 4 3 4 3 3

Lab Mue Nahng III Thailand 2 2 2 3 2 3 
 3
8KN 696-108-2 Thailand 2 2 2 3 2 3 3 
KLG 6986-133-4-P Thailand 2 2 2 3 2 3 3
KLG 6986-165-3 Thailand 2 2 2 3 2 3 3 
J520 USA 2 2 2 2 2 3 3 
Hill Sel. x 

Blue Bonnet USA 7 2 8 2 9 3 3
 
4-11.1-8 x
 

Rexoro 252 USA 3 2 4 2 
 5 3 3
 
Cl 9122 x
 
Rexoro USA 2 2 3 2 4 3 3 
Vista 
(C19628-2) USA 2 2 2 3 2 3 3
Bico Preto El Salvador 2 2 2 3 2 3 3 
Boa Vista El Salvador 2 2 2 3 2 3 3
Mateo Lizo El Salvador 2 2 3 2 4 2 3 
Chungta 312 
Hao x Binastian China 2 2 3 2 4 3 3

Ai Yeh Lu China 2 2 3 2 4 3 3 
Kho Luong (A) Laow 2 2 2 2 2 3 2
Mak Kheua Laos 2 2 2 3 2 3 3 
Congo Africa 2 2 2 2 2 3 3
IIFukempegai Taivan 3 2 4 2 5 2 2
Padi Tambayungan Malaysia 2 2 2 3 2 3 3 

(continued on opposite page) 
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Table 1 continued 

First scoring Second scoring Third scoring 

Designation Origin 1 Mai/ (1 bar) 14 May (4 bars) 29. May (10 bars) 
Growth 
stage" 

Drought
resistanceb 

Growth 
stage' 

Lrought
resistance 

Growth 
stage' 

Drought
resistance 

Reco
very, 

Moroberekan 
Binatangan 
Carreon 
IR3304-20-1-3-3 
IR4427-207-2-2.2 
IR8098.53-1 
IR8098.53-2 
IRS098-142-1 
IR8098-146-3 
IR8098-152-1 
IR8098-152-2 
IR8098-152-3 
IR8098-169-3 
IR809S-170-3 
IR8098-171-1 
IR8098-117-3 
IR8098-194-1 
IR8098-194-2 
'RO09-231-2 
IR8103-120-3 
IR8105-35-3 
IR8105-50-1 
IR5853-118-5 
IR20 (suscep
tible check) 

IR442-2-58 
(tolerant check) 

IRAT 9 (suscep
tible check) 

Salumpikit
(tolerant check) 

Guinea 
Philippines 
Philippines 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 

IRRI 

IRRI 

Ivory Coast 

Philippines 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

2 

2 

2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

6 

6 

3 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

2 

2 

2 

3 
3 
3 
3 
3 
2 
2 
2 
2 
3 
2 
2 
3 
2 
3 
3 
3 
2 
3 
3 
3 
3 
3 

7 

4 

7 

4 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

2 

2 

2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

8 

5 

8 

5 

3 
3 
3 
3 
3 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

7 

3 

8 

4 
"1975 Standard Evaluation System for Rice (SES) scale 1-9:1 = germination; 9 = maturity. &SES scale 1-9: 1 = no sign ofstress; 
plants apparently dead. ISES scale 1-9: 1 = full recovery; 9 = no plants fully recovered. 

screened in fields. Rice was direct seeded in fur- 1R442-2-58 and the susceptible check IRAT 9 rows, fertilized, and irrigated by sprinkler to at high soil moisture tension. The 51 best entries 
ensure good stand establishment. The plots with scores of 3 or better are in Table 1. Six are 
were then allowed to dry naturally until soil from Thailand; 5 each from India and USA; 3
moisture tension (SMT) at 20-cm depth (using from El Salvador; 2 each from China, Laos,gypsum blocks) reached an average of 1-2 bars. Philippines, and Guinea; and I each from
Each entry was then scored for drought resis- Taiwan and Malaysia. Promising IRRI breeding
tance using the 1975 Standard Evaluation Sys- lines were from the IR8098 cross. The outstand
tem for Rice (SES). Growth stages were noted ing rices with drought score of 2 at 9-10 SMT
during scoring. 1 he entries were scored 2 more were I! Fukerupagai from Taiwan, Mateo Lizo
times, at 3-4 and 9- i0 bars SMT. The rices were from El Salvador, and KU 86 from Thailand
Subsequently i-ripatod to saturation and scored (Table 1).
for recovery after I week. Reproducibility of fOld screening. Th.

Under severe stress or SMTof 9-10 bars, 109 drought scores from field screening in 1975,
entries were scored 4 or better (I = ne sign of 1976, and 1977 were highly consistent (Table 2).stress; 9 = plants apparently dead) and the They confirmed that dry-season field screentolerant checks Salumpikit and IR442-2-58 ing and scoring methods to determine varietal 
were scored 5 (Table 1). Figure I shows the differences in drought resistance, using ten
comparative performance of Salumpikit and siometers and gypsum blocks to monitor 
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1. While two check rice var*tics with high level of drought resistance (Salumpikit and IR442-28) showed mild effects 

of drought itress at 8- 10 bars soil moisture tension, the susceptible check IRAT 9 from Africa was completely killed. 
Field screening for drought resistance, IRRI, 1977 dry season. 

drought. give reproducible results. Btrt rices 
should be calhuatcd on two widel different 
soils that differ distinctly in texture and \katcr-
holding capacity. 

Upland ,nass screening (Plant Breeding). In 

the 1977 drx .-ason. IRRI screened 4.249 

germ phan bhnk accessio,,. advanced upland 

breeding line,. elite Io\\ land(breeding lines. and 

hybridizatiom hock entries. Another 5.500 1::, 

lines from tile upland nurseries \ erc also 

screened. 


'he identification of potential parents for 

drought res stance front the cfrilplasin hank 

Was Ctnttiued (1iall 31). ',ost of' the 1.413 


traditional v\;rictics tested had relatively high 

drou, hl. rcsitUIICC att the \ctclatieye sta,ce. Only 
a feV had god resistance at tile reproductive 
stage: nmst arc t f the upland ty pe. 
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Traditional rairl'Cd-lowland varietics also 
had high Id rought resistance at the Vegetali\'c 
stge. but wcrc ccncrall\ susceptible at the 
reprod uct ic stage. Signs of drouught stsceptibil
6t al the rcprt)ducti\e sta-ce are a markcdly pro
longced period frorm sCCdingto hCadingand high 
paiiclc ,stcrilit\. In the loanrd grotp. ARC 

1 8 and A R( I0f9 10 scored 5 at h Ili \ cgeta
tic and reproductive stages. 

,\raot.n tradilional upIand varieties. I, AT 
13. 20A. Padi atakin. RT 10)l6. and i)ular 
consistently had high drought resistanice at both 
gro%tli stages. as il pre\ iotus ar.IS 

Through0 repealed testing at bhlh stages, 

uplanrd breeding lines with higher drought resis
tanec at tile rcprttdLtctivC stagC than t hose 
screened itt 1976 have been identified (1976 
Annual Rcport). 



Table 2. Comparative drought resistance ratings, of promising varieties sceenedfor3 successe years. IRIU, 1975,1976, d 1377 
dry seasons. 

1st scoring 2nd scoring 3rd scoring
(1-2 bars) (3-4 bars) (9-10 bars) 

Variety Origin 1975 1976 1977 1975 1976 1977 1975 1976 1977 

GS DT GS DT GS DT GS DT GS DT GS DT GS DT GS DT GS DT
 

Ctg 1516 Bangladesh 	 2 2 3 2 4 2 2 4 4 4 4 2 3 5 4 7 5 3
DJ 29 Bangladesh 2 3 2 2 4 2 3 3 2 2 4 3 3 5 4 4 5DM 59 Bangladesh 2 2 2 2 3 2 2 4 2 3 4 3 3 5 6 
4 

5 5 4
DV 110 Bangladesh 	 2 2 3 2 2 2 4 3 4 3 2 4 5 5 8 4 2 5
DZ 41 Bengladesh 	 3 2 3 2 8 3 6 4 5 3 8 4 7 5 8 4 9 5
DNJ 60 Bangladesh 	 2 2 2 1 4 3 2 4 3 3 5 4 3 5 6 4 6 5
DNJ 146 Bangladesh 2 2 2 1 4 2 2 4 2 3 5 4 3 5 4 5 60NJ 177 Bangladesh 3 3 2 1 4 3 4 4 2 3 5 4 5 5 5 
5 

5 6 5
Dular 	 India 3 3 3 2 7 3 6 3 4 3 8 5 7 5 8 5 9 5Suramkuhl India 	 2 2 3 1 4 3 4 3 4 2 5 5 5 5 7 5 6 5
IR442-2-59-2-3-3 IRRI - 22- 2 2 - - 2 2 2 4 2 2 2 4
IR20 (drought
susceptible check) IRRI 	 -- 2 4 2 6 -- 2 8 2 7 2 9 28
IR442-2-58 (drought
resistant check) IRRI 	 2 2 2 2 2 3 2 4 2 4 2 4 2 5 2 5 2 5 
'Based on 1975 Standard Evaluation Systam for Rice (SES) scales. GS = growth sLtge. Scale: 0 = germination (prior toemergence), 1= seedling/seedling bed, 2 tillering, 3 = stem elongation, 4 = booting, 5 = heading, 6 = flowering, 7 = filling (milkstage), 8 = dough stage, 9 = rice/mature. DT = drought resistance rating. Scale: 1= none to slight effects of stress, 5= one-quarterto one-half of total number of leaves fully dried, 9 = all plants apparently dead. 

Table 3. Summary of fieldscores on drought resistance of 4,354 varieties and lines., IRRi, 1977 dry season. 
Varieties and lines (%)with field score-' 

Group Entries Growth 
tested (no.) stage 1 2 3 4 5 6 7 8 9 

Upland breeding lines 2009 	 Vegetative 8.0 14.0 26.9 34.5 15.2 1.4 
Reproductive 0.1 0.3 5.9; 7.0 39.7 30.1 17.3Traditional varieties 1413 	 Vegetative 1.4 3.8 12.7 30.8 39.9 10.8 0.6
Reproductive 0.3 0.1 2.4 4.2 3'.8 28.7 32.5Lowlard breeding lines bb2 	 Vegetative 0.1 2.8 16.0 40.0 38.0 3.1
 
Reproductive 0.1 
 3.7 4.6 27.6 41.4 22.5Hybridization block entries 280 	 Vegetative 6.4 21.3 46.8 25.5 
Reproductive 0.4 26.1 30.4 43.2 

'Another groupof 5,500 F3 lines was also screened."Standard Evaluation System scale: 1 = highly resistant; 5 = intermediate; 9
highly susceptible. 

Rainfed-lowland field screening (Plant Breed- that was saturated with moisture throughout the 
ing). In the 1977 dry season, the reactionsof270 season. The second planting was similar to a
entries and 2 check varieties to moisture stress partially irrigated culture because water seep
were tested in rainfed-lowland fields. To simu- age was marked. Table 4 compares the
late rainfcd-lowland planting, the 	fields were agronomic traits, yield, panicle sterility, and
drained at 30 days after transplanting and drought reactions o selected rices. 
allowed to dry for 15-20 days. The test varieties Prolonged stress periods rcsulted in delayed
were scored according to their responses to heading, reduced plant height. low panicle
moisture stress, expressed as leaf rolling, leaf number, high spikelet sterility, and low yields.
death, stunting, and delayed b-eading - traits Some rices that had higher drought resistance 
similar to thosc used in the upland mass- in the rainfed-lowlatnd field arcMalsuri, IR34,
screening test. Several agronomic traits were Knlb-368-1-8-6-7, Sigadis, and I1R3646-8-1-1. 
also measured. The data were compared with Sigadis had not only drought resistance at the
those taken from a smaller set ofvarieties grown vegetative stage but also good recovery ability
in an adjoining field that had standing water or and well-filled grain. 
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Table 4. Comparison of agronomic aits of selected varieties and lines grown under simulated ralnfed-lowland (RL and partially 

Irrigated (PI) cultures. IRRI, 1977 dry season. 

Designation 
Days (no.) to 

full heading 
RL P1 

Plant ht (cm) 
RL P1 

Panicles (no.) 
RL Pi 

Sterility (%) 
RL PI 

Drought reaction 

scores" 
Voge- Repro.
tative ductve 

Reovery 
score' 

Balio 
Heenbalawee 
Mahsuri 
Sicadis 
Knlb-368-i-8-6-7 
IR34 
IR36 
IR3646-8-1-1 
IR2071-105-9-1 
IR4227-28-3-2 
IR4432-28-5 
IR4707-123-3 
Intan (check) 
BPI-76(n.s.) (check) 

113 
102 
140 
137 
92 

119 
114 
102 
125 
114 
96 

126 
153 
120 

87 
84 
110 
103 
85 
96 
78 

100 
85 

103 
93 
84 
95 
98 

82 
85 
94 

114 
88 
84 
53 
90 
77 
79 
67 
73 

110 
80 

143 
132 
142 
139 
132 
119 
84 

138 
95 

114 
102 
96 

128 
126 

10 
10 
18 
10 
13 
24 
21 
10 
16 
16 
11 
17 

8 
10 

10 
19 
13 
9 
11 
10 
17 
10 
16 
11 
11 
18 
12 
10 

32 
49 
23 
45 
26 
52 
83 
49 
23 
52 
34 
26 
49 
58 

15 
22 
-
34 
25 
28 
21 
-
-
-
-
-
43 
30 

5 
5 
3 
4 
4 
4 
6 
4 
4 
5 
2 
5 
5,6 
4 

8 
7 
4 
6 
6 
6 
7 
4 
7 
7 
7 
7 
7,9 
6 

3 
1 
1 
1 
2 
1 
1 
1 
1 
1 
3 
3 
1 
1 

'Scale: 1=highly resistant; 5= intermediate; 9= highly susceptible. bScale: 1= 90% of plants produce new leavesand/or tillers 1-2after watering, 5= 75% of plants.produce new le::s and/or tillers 4-5 days after watering, 9 = Less than 50% of plants producenew leaves or tillers, or both, 1 week after watering. 

Entries that had lower levels of dcought resis-
tance at the vegetative stage but recovered well 
and produced well-filled grains after early rains 
in Miy are Pelita I-1. Pelita 1-2. Bulao. 
IR2061-628-I-6-4-3. IR4215-4-3-1. 1R3880-
13-11. IR3646-8-1-4. 1R3646-8-1-5. and 
IR3646-13-2-2. 

Most elite semidwarf lines were stunted, 
del-,yed in heading, and had high panicle steril-
ity under moisture stress. I1R2071-105-9-I, 
IR4432-28-5,R4703-123-3,andIR4722-36-1," 
however, performed relatively better. They
had panicle sterility of about 23-34%, plant
hcitht of 67-77 cm. and moderately delayed
heading. 

Frequecy distnbut %o) 

30 

20 1 

10 

kare0 
1 2 3 2v3,44 5 6 7 a 9,5t6ore 

2. Frequency distribution of 1,829 entries tested inthe 
drought saeening greenhouse. Drought score: I = none 
slight effect of stress; 9 = all plants dead. IRRI,1976 wet
and 1977 dry seasons. 
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Greenhouse screening (Agronomy). Screen
ing for response to water deficit, using previ
ously described operational practices, con
tinued in the special greenhouse designed to 
simulate upland field conditions (1976 Annual 
Report) Figure 2 shows the frequency distribu
tien of 1.829 entries screened. The 1977 screen
ing ionentrated on elite IRRI GEU entries, 
IRTP nurseries. and rices that national and 
international breeding programs specifically 
requested to be screened. About 12% of the 
entries were scored from I to 3. That group is a 
distinct resource for breeding and selecting to 
increase drought resistance. Many entries with a 
score of I are hill or upland rices from West 
Africa and Brazil (Table 5). Entries that were
scored 2 are Asian traditional upland and 

rainfed-lowland varieties, and a few hybrids or 
improved varieties. The group with a score of 3 
includes rices of proven yield pXtential and mul
tiple pest resistancL, mostly from Philippine andIndonesian breeding programs. 

Table 6 lists samples of multiple test results of 
rices in those three score groups. Other entries 

being ret-sted.In the greenhouse screening procedure, leaf 

xylem pressure potential is measured at dawn 
and then the plants are scored visually at 0900 
hours. Figure 3 shows the relationship between 
those variables and emphasizes the selection of 



Tsbe5.l. nofthu tsactatrne ddrought1tr.~ 

offrom 1to3 inthedrougt crmnggrenlmu '0". 

Entries (no.) with 
drought score df TotalOrigin - ,entrln 

1 2 3 (no.)
 

Philippines 11 33 83 127 

Indonesia 2 4 24 30 

India 0 1 13 14
 
West Africa 4 3 3 10 

Bangladesh 0 0 8 8
 
Brazil 4 2 1 7
 
Thailand 0 0 6 6 

Nigeria 0 0 3 3 

Colombia 0 1 2 3
 
Iran 0 2 0 2 

Sri Lanka 0 0 1 1 

Poirma 0 0 1 1
 
Chlns 0 0 1 1 

Japan 0 1 0 1 

Guinea 1 0 0 1
 

Total 22 47 146 215 


°1975 Standard Evaluation System for Rice: 1= none to slight
effects of stress; 9 = all plants apparently dead. 

plants that maintain high plant water potential 
in deep soil (1 m) in greenhouse tanks. This 
information should caution against extrapola. 
tion of results to rice cultural systems- primar-
ily the rainfed lowland - that differ markedly 
from upland systems. But the encouraging fact 

Visual drought resitonre score 

0 I 2 3 4 5 6 7 8 9 


0 I 1' 1 ' 1 1 


-5- 3 

1 


-10 0-2 


e 

-1 e
-15 


-


1-I e 

0-2 0 
30 


-38 
0 

-40 MR2070-414-3.9 

3. Relationship between visual drought-resistance score 
and leaf xylem pressure potential for entries screened in 
a single !ink. 1975 Standard Evaluation System for Rice 
sc.ale of 1-9: 1 a none to slight effects of stress; 9 = all 
plants apparently dead. 

that many entries with scores of 2 or 3 are not 

from regions of deep aerobic soil may mean that 

these results can be interpreted somewhat 
broadly across rainfed rice cultural systems. 

FIELD PERFORMANCE OF RICES IN 
RAINFED CULTURE 

Agronomy and Plant Breeding Departments 

Upland variety trials (Agronomy). The 1977

upland rice variety trials to select promising 

lines with drought resistance and the ability to 
recover from drought, combined with high yield 
potential and pest resistance, were con itncted at 
four Philippine site',. At IRRI and twc farmers' 

fields in Batangas (Santo Tomas and Cuenca),
rice was seeded at two dates, a month apart. At 
La Granja,there was only one seeing date.Of
 
Table 6. Mean drought resistance core of 30 rls with 
s=os from I to 34 (1 stondard error). I drought screening 
grmnsee, I t. 

Mean 
Designation Origin drought resistance SE1 

score 
Drought score of I
 

AC 47 Brazil 1.3 0.3 

IAC 1131 Brazil 1.5 0.5 
IRAT 13 Ivory Coast 1.5 0.5 
IAC 5032 Brazil 1 -
Salumpikit Philippines 1.3 0.3 
63-83 West Africa 1.2 0.2 
Kinandang Patong Philippines 1.3 0.3 
Moroberekan DGuinea s o 1.3 0.3 

Drought score of 2
 
Azucena Philippines 2 -IRAT 10 Ivory Coast 2 0.6 

IR5853-118-5 Philippines 2.3 0.3 
R1746-194-1-1-1 Philippines 2.5 0.5Holamaldiga - 2.5 0.5 

Sigadis Indonesia 2.5 1.5 

Drought score of 3
 
IR4227-207-2-2-2 Philippines 3 
IR4417-179-1-5-2 Philippines 3
 
R4432-28-5 Philippines 3-Polito I-1 Indonesia 3.3 0.3 

SI-20 Indonesia 3.5 0.5 
OR51-46-5 Bangladesh 3.5 0.5 
IR3501-54-3-2 Philippines 3.5 0.5 
IR3259-P5-160-1 Philippines 3.5 0.5 
Rikuto Norin 21 Japan 3.5 1.5 
IR1754-F5B-19 Philippines 3.5 0.5 
IR8 Philippines 3.7 0.3 
1R1746-88-1-2-1 Philippines 3.7 1.2 
I Philippines 3.6 0.9 
IR2071-105-9-1 Philippines 3.5 1.5 
IR2071-586-5-"3 Philippines 3.7 0.9 
R4422.&2-3.1 Philippines 3.7 0.9 

01975 Standard Evaluation System for Rice scale of 1-9: 
1=none to slight effects of stress; 9= all plants apparently 
dead.
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lPl, AGLbk SANTO TOMAS, BATANGAS 
Sodlmisture tensian(ct) 
at 20-cn depth 
1201oo0 F/h swcdng - J/1hiy )-'s I"mlr- 7fty 

80 -Secm'ed'wy- /4A*ue 

40 

LW 
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180 -
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CUENCA,BATANGAS 

Soil Imoisturetension(cb)at20-cm depth20 I 
00 - frip -JA,

40-- 11 

o May Jn uy AgSp 

LA GHANJUA,NEGROS OCCIDENTAL 

c Nov 

60 

RSo stl 

.40 

t amo/ (0) 

ulyA ~ 	 Juyun AO. Oct o June Au q Oct NOv Dec 
4. Weekly rainfall (mm) and soil mosture tension (cb) at four upland rice yield nursery locations. 
Philippines, 1977 wet season. 

81 entrics, 24 were entered in the 1977 Interna- SMT). There was no rain for 6 weeks inthe first
tional Upland Ricc Yield Nursery (IURYN) as seeding (3 May) and for 1 week in the second 
part of the hi;.ernational Rice Testing Program (8 June). As a result, seed from both seeding(IRTP). dates germinated simultaneously. Late

Rain	fal distribution. The first secding at emergence of the 3 May crop at Cuenca, how-
TomasSa 4eto (7 May) and IRRI (31 May) ever, did not :duce yield (Table 7).

encountered mild moisture stress during the Yielding ability. Among the early maturing
lat 	 vegetative and early rcproductive stages rices. AR3839-1 yielded significantly higher 

(Fig. 4). Nevertheless, the crops at all sites gen- than the early maturing check M 1-48 in six of
erally received favorable rainfall. At Cuenca seven tests, while four others (iR2061-522-6-9,
rice was seeded on extremely dry soil (15 bars BG 35-2, JET 1444','a'nd Kn 361-1-8-6) were 
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Table 7. Grain yield of promising rices with different maturity groups under upland conditionsat four sites. Philippines, 1977 wet 

season. 

Grain yield (t/ha) 

IRRI Santo Tomas Cuenca La Granja 

Designation 	 31 May 2 July 7 May 14 June 3 May 8 June 3 Junn Av. 
seeding seeding seeding seeding seeding seeding seeding 

Early maturing group 
IR3839-1 	 2.70 2.8* 4.20 5.0* 3.8* 3.7* 4.0 3.7 
BG 35-2 3.1* 2.7* 2.8 3.9 4.0* 4.1* 5.3* 3.7 
IR36 3.20 3.5' 4.0 4.60 3.3 3.5* 3.0 3.6 
lET 1444 2.50 5.1" 3.9 4.6" 3.5* 3.9' 4.0 3.5 
IR2061-522-6-9 2.4* 2.2* 4.7* 3.6 3.8* 4.0' 4.0 3.5 
Kn 361-1-8-6 1.8' 1.8' j,.10 3.5 4.0* 4.0* 4.2 3.3 
IR3880-29 2.5* 3.0* 33 3.7 3.2 3.4* 3.5 3.2 
IR3880-13 1.9' 2.7" 3.4 3.8 3.5* 3.8* 3.1 3.2 
IR5179-2 2.3' 2.3' 3.5 3.7 3.6 3.3* 3.3 3.1 
62-155 1.5 2.0* 3.6 2.5 3.8* 4.2* 4.0 3.1 
ARC 10372 1.9* 1.4 3.2 3.1 3.2 3.2* 4.2 2.9 
B57c-Md-10-2 0.8 1.2 3.2 4.1 4.2* *,.* 3.0 2.9 
DJ-29 2.0' 1.7' 2.8 3.2 3.3 3.4* 3.4 2.8 
DV 110 1.9' 1.2 3.3 3.0 2. ', 4.0' 2.7 2.7 
IR1750-F3B-5 2.4* 2.3* 2.9 2.6 3.0 2.8 2.6 2.7 
Se 302G 1.4 2.4* 2.3 2.1" 2.9 3.0 4.0 2.6 
Chandarhat 1.7 1.0 3.6 2.7 3.2 3.1 2.3 2.5 
Surjamukhi 1.3 1.0 2.7 2.9 3.5* 3,4* 3.0 2.5 
M 1-48 (check) 0.9 0.5 2.7 3.2 2.3 2.4 3.3 2.2 

Medium- and late-maturing group 

IR1529-430-3 2.18 2.9' 3.4 4.6 4.0 4.6 2.8 3.6
 
IR9575 2.5 2.6 4.4' 4.2 3.2 3.8 3.8 3.5
 
IR2035-242-1 2.3 1.4 4.0 4.3 5 .0b 4.0 3.7 3.5
 
IR9669 1.6 1.2 5.3* 4.5 4.0 4.6 3.3 3.5
 
Game 318 2.5 1.5 3.5 4.0 4.2 4.8 3.8 3.5
 
IR3880-10 2.0 2.6 3.6 4.0 3.8 4.3 4.4 3.5
 
C22 (Check) 2.2 1.8 3.1 4.5 3.8 4.5 3.9 3.4
 
MRC 172-9 2.3 1.3 3.6 4.0 4.1 4.5 4.1 3.4
 
Kn 96 2.2 1.7 2.8 4.0 4.0 4.2 4.0 3.3
 
IR2035-227-1 2.0 1.8 4.0 3.6 3.9 3.7 4.2 3.3
 
IR3880-17 2.0 2.1 3.6 4.2 3.5 3.6 3.6 3.2
 
C46-15/IR241 2.0 1.9 3.7 4.3 3.2 3.8 3.3 3.2
 
B541 b-kn-19-3-4 1.4 2.1 3.1 4.5 3.8 3.4 3.5 3.1
 
IR3273-P339-1 1.31 0.6 3.9 4.4 4.4 4.4 2.9 3.1
 
IR3858-6 2.3 0.9 2.9 3.5 4.1 4.2 3.0 3.0
 
IR3259-P5-160-1 2.4 0.8" 3.8 3.3' 3.6 4.5 2.2' 2.9
 
IR3179-40 1.8 1.4 3.2 4.4 3.2 3.4' 2.8 2.9
 
BPI 76 (nonseasonal) 1.6 1.9 2.2 3.2' 4.1 3.6 3.8 2.9
 
IR5 2.1 0.8" 3.8 2.7' 4.2 4.3 2.2" 2.9
 
IR2035-117-3 2.6 2.1 3.8 3.2' 3.6 3.4' 1.8' 2.9
 
8981d-Si-28-2 1.7 1.9 1.9 2,8" 3.5 4.4 3.8 2.9
 
IR3260-P91-100 2.0 1.1 2.7 3.4" 2.8 4.4 2.7 2.7
 
IR3304-23 1.4 1.7 3.3 2.4" 3.2 3.5" 3.4 2.7
 

'Grain yield lower than that of the check of the 5% level. 'Nonreplicated. 

better than MI -48 in five tests (Table 8). Those significantly higher than the medium-maturing 
fiv entries were among the six highest yielding, check C22 in one test. Their average yields, as 
early maturing rices in the 1977 tests. The other well as those of 1R2035-242-1, 1R3880-10, and 
entry, 1R36, ranked second in average yield in Gama 318 (3.5-3.6 t/ha), werc higher than that 
seven tests (3.6 t/ha vs 3.7 1/ha for 1R3839-1 oflC22 (3.4 t/ha, the same as that of MRC 172
and BG 35-2) and yielded significantly better 9). C22 averaged better yields than 36 medium
than M -48 in four tests. and late-maturing entries (Table 7). 

Of the medium- and late-maturing rices. Agronomiccharacteristics.Phenotypic accept
IR1I529-430-3, 11R9575, and IR9669 yielded ability of the selected entries ranged from 1to 5 
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Tabl. U. Summary ofyield and agronomic characteristics of promising rices with different maturity groups, under upland conditions at four sites, 1977 wet season. 

Phenotypic" Lodging'
acceptability Important pests"Designation Av. Growth Plant IRRI Santo Tomas Cuenca La Granja with ratings of 5 and abov.

yield Vege- Repro- duration' ht Panicles 
> (tha) tative ductive (DS) (cm) (no/m) Rating Stage Rating Stage Rating Stage Rating Stage IRRI Santo Tomas Cuenca 
z 
Z 	 Early maturing group 

IR3839-1 38 3.7 5 109 95 285 9 8 1 9 1 9 1 9 BB,ShB - B, HBt" 	 BG 35-2 3.7 3 3 112 90 273 9 8 1 9 1 1 9 BI,9 	 8B Bn ShB
:0 	 IR36 3.6 5 5 109 75 357 9 8 1 9 1 9 1 9 BB, ShB Bn ShBt1 	 IET 1444 3.5 3 5 106 94 280 9 8 1 9 1 9 1 9 al.Bn, ShB Bn ShB 
o 	 IR2061-522-6-9 3.5 3 3 110 102 273 9 8 1 9 1 9 1 9 ShB-	 ShBKn 361-1-8- 3.3 3 5 105 127 202 9 7 9 8 3 9 5 9 BB,ShB Bn, ShB BI, ShBIR388- 29 3.2 3 5 108 102 250 9 8 1 9 1 9 1 9 ShB,HB Bn. FS, ShB ShB 
o 	 IR3880-13 3.1 3 3 104 110 237 9 7 1 9 1 9 1 9 BB,ShB FS ShBIR5179-2 3.2 5 5 108 92 270 1 9 1 9 1 9 1 9 BB,HB an, FS, ShB BI,ShB, HB 
-	 62-155 3.1 3 7 104 130 245 9 5 9 5 9 8 9 9 BB,ShB an,ShB
 , 	 ARC 10372 2.9 3 7 103 133 227 9 5 9 7 9 8 7 9 ShB - at

857c-Md-10-2 2.9 5 5 102 82 273 1 9 1 9 1 9 1 9 81,En,Shi, HB En,FS,ShB ShBDJ-29 2.8 3 7 108 140 220 9 7 9 8 9 8 8 9 a1 BI,ShB -DV 110 2.7 3 7 101 134 244 9 5 9 8 9 8 1 9 81,ShB ShE alIR1750-FB-5 2.7 3 5 109 96 202 5 8 1 9 1 9 1 9 81, B8,ShB, HB FS,ShB ShB 
Se3020 2.6 5 5 94 76 290 5 8 1 C 1 9 1 9 Bn, 8B,ShB an ShBChanoarhat 2.5 3 7 111 134 213 9 5 9 5 9 7 1 9 En ShB BI
Surjamuki 2.6 3 7 98 119 234 9 7 9 8 C 8 9 9 ShB ShB BB.ShB
M1-48 (check) 2.2 3 5 119 128 176 9 7 1 9 1 9 1 9 ShB FS ShB 

Medium and late-maturinggroup 
IR1529-430-3 3.6 5 5 127 83 242 5 8 1 9 1 9 1 9 81,HB - ShBIR9575 3.5 1 3 125 105 231 9 7 1 9 1 9 1 9 BI,BB,H8 FSIR2035-242-1 3.5 5 5 132 89 294 9 8 1 9 1 9 1 9 Sh, HB
IR9669 3.5 5 5 130 83 235 9 8 1 9 	

- ShB 
1 9 1 9 ShB,HB ShB ShB,LadGame 318 3.5 3 3 132 100 255 9 8 1 9 1 9 1 9 Bl. B3,ShB I,Bn, ShB ShE

IR3880-10 3.5 3 3 120 111 255 9 7 1 9 1 9 1 9 BI,ShB C-22 (check) 3.4 3 3 128 114 200 9 
ShB

8 1 9 1 9 1 9 BI,B8,ShB,HB an,FS -MRC 172-9 3.4 3 3 130 114 229 9 8 1 9 1 9 1 9 	 ShB, HB FSKn 96 3.3 3 3 130 116 241 p 7 5 8 1 9 1 9 BI,ShB BI,an, FS BI,ShBIR2035-227-1 3.3 5 5 126 90 250 5 8 1 9 1 9 1 9 EI,ShB an,ShB ShB
IR3880-17 3.2 3 5 120 113 242 9 7 1 9 1 9 1 9 BB,ShB, HB ShB ShBC46-15/IR242 3.2 5 5 126 91 218 9 8 1 9 1 9 1 9 B8,ShB,HB - ShBB541b-kn-19-3-4 3.1 3 5 122 103 262 9 7 1 9 1 9 1 9 BI,BN,ShB,HB BI,En,FS BI,ShB, HB
IR3273-P399-1 3.1 5 3 139 89 242 7 7 1 9 1 9 1 9 ShB FS ShBIR3858-6 3.0 3 5 130 116 241 7 7 1 9 1 9 1 9 	 HB Bi, ShB BI,ShB
R3259-P5-160-1 2.9 5 5 139 88 215 1 9 1 9 1 9 1 9 HB - ShB,LstIR3179-40 2.9 3 5 130 107 235 9 8 1 9 1 9 1 9 ShB ShB ShB,HB
BPI 76 (n.s.) 2.9 3 3 127 116 206 9 7 1 9 1 9 1 9 	 BI.En, 88. En, FS,ShB -

ShB,HB,IRS 2.9 3 5 143 99 222 9 5 1 9 1 9 1 9 BI,H8 - Bi,ShBIR2035-117-3 2.9 5 5 143 94 236 7 5 1 9 1 9 1 9 	 HB - ShBB891d-Si-28-2 2.9 3 5 129 114 200 9 8 1 9 1 9 1 9 BI,En,HB BI, an,FS BIIR3260-P91-100 2.7 5 5 138 90 208 7 5 1 9 1 9 1 9 	 ShB,HB FS ShBIR3304-23 2.7 3 5 121 124 224 9 8 9 8 1 9 1 9 BI,B8.ShS Bn,ShB ShB 

11975 Standard Evaluation System for Rice: 1 = excellent; 9 = unacceptable. bDS = days after seeding. rSES: 1 = no lodging; 9 = all plants flat. 11 =leaf blast; Bn - neck rot;ShB 
= sheath blight; FS = false smut; Lst = leaf smut; Lad = leaf scald; HB = hopperbum. 



at the vegetative stage and from 3 to 7 at the 
reproductive stage (Table 8). IR9575 and 10 
other entries received better ratings. Those that 
were rated 7 were relatively tall (130-140 cm), 
except Surjamukhi (119 cm tall), which lodged 
in 6 of 7 tests. IR36 had the most panicles 
(357/n,2). 

Pest resistance. Leaf blast, neck rot, and 
sheath blight were the most serious diseases, 
except at La Granja (Table 8). Most rices at 
IRRI, and sonic at Cuenca, were hopper-
burned, 

Promising lines. On the basis of overall per-
formance, I1 IURYN entries appeared promis-
ing and should be further evaluated: IR36. 
1R1529-430-3,1R2035-242-1,1R2061-522_6-9, 
1R3839-1, 1R3880-13, 1R9575,C22, IETI444, 
Kn 361-1-8-6, and MRC 172-9. 

Seven other rices looked promising enough to 
be considered for the 1978 IURYN trials: 
1R3880-10, 1R3880-29, 1R5179-2, IR9669, 
BG 35-2, Gama 318, and Kn 96. 

Yield evaluation of upland breeding lines 
(Plant Breeding). The entries in the upland 
replicated yield trial for the 1977 wet season 
were increased to 75. Three planting sites, rep-
resenting different soil moisture and fertility 
levels, werc maintained. 

At IRRI. 1.069 mm of rain fell during the 
cropping period. The well-drained and drier site 
of the IRRI farm showed soil moisture stress in 
early July and early August, prolonging the 
growth period of the early maturing rices by 2 to 
3 \ ceks and drastically reducing yields (Fig. 5). 
Although thc mediuim- and late-maturing rices 
rcCovered alter mid-August showers. yields 
%\crccencrall.y low. 

Ihc high yielders at the drier site were lines 
thal matured late - 142 days after seeding 
(DS) - and thus benefited from the September 
rains. They were IR3260-91-100 (1.5 t/ha), lol-
low\cd by lR2035-108-2 and IR7805-22-3-1 
(1.3 t/ha each). But another late-maturing 
entry. IR4227-28-3-2. yielded lowest (0.1 
t/ha): at the vegetative stage it had intermediate 
drought resistance, but at the reproductive 
stage. it was susceptible. 

IR36 yielded 0.2 t/ha. It was stunted by the 
stress; its grains were small and light (1 g/100 
grains), and its panicles had 87% sterility. 

The check varieties Kinandang Patong and 
(:22 yielded 0.5-0.6 t/ha. Although Kinandang 
Patong had well-filled grain, the length of its 
panicle was reduced, and each panicle had 
fewer grains. The 100-grain weight was rela
tively high (2.3 g) and panicle sterility was as 
low as 15%. Kinandang Patong matured from 
124 to 130 DS at all three sites. C22 had 
lighter grains (1.9 g) and higher panicle steril
ity (44%). 

At the wet. fertile site on the new IRRI farm, 
the top yielders were 1R2061-522-6-9 (3.9 t/ha) 
and IR2035-242-1 (4 t/ha). Nine upland breed
ing lines, such as IR6115-1-1-1, lR3839-1, and 
the IR3880 lines, yielded from 3 to 3.8 t/ha. 
An improved line from the University of the 
Philippines at Los Bafios, C171-136, yielded 
3.3 t/ha. The crop suffered slightly from mois
ture stress early in August and so yields were 
lower than those in 1976. The check varieties 
Kinandang Patong and C22 yielded 1.5 and 2.6 
t/ha, respectively (Fig. 5).

Abundant rainfall fell at the Santo Tomas 
(Batangas) field (rented from a farmer) in 1977. 
The crop generally grew more vigorously and 
taller than prcvious crops. The highest yiclders 
(4.3 t/ha) were IR6115-1-1-1 (IR1529.680-3/ 
Moroberekan) and IR9669 (IR83/Carreon). 
They matured at 128 and 136 DS. respectively. 
Each of the lowland semidwarfs IR 1529-430
3-1. 1R2042-178-1. 1R2035-242-1, and lET 
1444 yiclded about 3.9 t/ha. probably because 
rainfall was abundant and evenly distributed. 

Among lines from the upland breeding nurse
ries, IR3839-1 (Pelita 1-1[1R1529-680-3// 
1R442-2-58/Rikuto Norin 21) yielded 3.7 t/ha, 
and IR3880-10 (IR841-67/C22-51/Pelita 
1-2/1541-76) 3.5 t/ha. The checks Kinan
dang Patong and C22 yielded 2.1 and 3.2 t/ha, 
respectively. 

Table 9 shows the yields, days to maturity. 
and drought ratings of selected ricesat the three 
sites. The upland breeding lines 1R3880-10, 
1R5716-18-1, IR6115-1-1-1, and lR7805
22-3-1 appeared stable in yield; they produced 
0.8 t/ha to 1.3 t/ha at the dry site, 2.7 to 4.3 t/ha 
at Santo Tomas, and 2.7 to 3.8 t/ha at the new 
IRRI farm. But drought extended their matur
ity dates by 12-17 days. 

With stress at the vegetative or reproductive 
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s1o, IR36. which had a low drought-resistance 
S H M Yed Vg.pmW st'ore in IRRI field screening, yielded only 0.2 

Early nMtur tn"g WI(os 
,, N F t/ha at the dry site, but 3.3 t/ha and 3.4 t/ha at 
,, ,39 02 6 the wetter, more fertile sites. Drought pro-IR761- 5:2-6-9 

RRI longed its maturity by 6 to 12 days. Water stress 
02 5 7 

greatly reduced the size of its panicles. __ _-, __,,__32 

RR 
6 5 The results confirmed previous years'

RS__, __..... _,,, , , 01 5 

_____ , , 5 7 3 findings that yield stability requires both 
____ , ., 2,5 drought resistance and recovery ability. 

_ _ _ I 104 5 4 

lInes
 
IR2N...-Nr 


Medium and lIe rC .Lrnq 

30 EVALUATION OF DROUGHT RESISTANCE 
;;qF, :., , ,'t 4 IN RAINFED-LOWLAND CULTURE 

,1 71 1 4 4 Plant Breeding and Irrigation and Water Man
_________o______ 0 ,_ ag'enLlt Departments 

W _ _ _. 1 3 9 4 Observational yield trial in rainfed-lowland cul
,tre (Plant Breeding) . A replicated trial of 346 

KJ 3 - , ,P .... , fieldsem,,) rices was planted in rainfed-lowhmd on 
Pr 06 7 2 the new IRRI farm in the 1977 wet season. 

__, __Z6 , Short. dry spells occurred in August and 
05 5 7 4 

Late- rntLng lines October.
 
;R3oZ60-91-I N F 22 ' 
 7 4 A number of rices had high yield potential
 

, F'327-2-- (4-6 t/ha) in rainfed culture and will be used as par
0 5 9 5 ents in the rainfed-lowland breeding program.
 

_ I They arc Nam Sagui 19, Niaw San Pali Tawng,

0 4Q 80 120 160 

Gro0.h dunatan(days( T 141, and BKN6809-74-40 from Thailand; 

250 , Utri, Paedi Kalibungga, and Pare Laarari 

200 from Indonesia; MRC 85 and MRC, 911-932 
the Philippines: 114 from Sri Lanka; JBSIfrom150 Si I688 from India; IR3646 lines, IR3648-1-1-1, 

100 IR3659-15-1-1, and IR3880 lines from the 
50 upland breeding nurseries; and IR2823-103

.,I.0,1 ,,,_I_,hl__ 5-1, IR4570-83-3-3-2, IR4568-86-1-3-2, and 
M Jne ky Aug. SeW. Oc. 1R4829-89-2 from the lowland breeding nurse

ries. The check varieties BPI-76(n.s.) and Intan 
5. Rainfall distribution, growth duration, drought re- yielded 4 and 2 t/ha, respectively. 
actions and yields of 12 breeding lines and two check Performance of rices in three water regimes 
varieties grown at two upland sites at IRRI. 1977 wtt 
season. aN.F. = IRRI ne'.: farm, RR = railroad site, (Plht Breeding and Irrigationand Water Man-
H= heading, M= maturity. ageneult). Field experiments were initiated in 

farmers' fields near Gapali and Talavera, Ccn
tral Luzon, Philippines. in the 1977 wet season 

stage, the yields of the lowland lines IR2035- to extend the scope of research on drought resis
108-2 and IR2035-242-1 were reduced at the tance in rainfed-lowland culture to areas where 
dry site to about a third of that at the new IRRI large proportions of the rice crop arc planted 
farm. The maturity dates of IR2035-108-2 and without irrigation. In each place. three sites 
IR2035-242-1 were prolonged to 138 days or were selected to represent fully irrigated, par
longer. Although the late-maturing IR3260- tially irrigated, and rainfed water regimes. At 
91-100 benefited from rainfall in late each site 12 rices known to react differently 
September and early October, its yield at the to moisture stress were planted. The three sites 
dty site was only half of that at Santo Tomas. in Gapan were in three different fields, while 
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Table 9. Comparison of selected rices grown at three upland test sites. IRRI and Batangas, Phlippines, 1977 wet season. 

IRRI Santo Tomas New IRRI farm Drought reaction 
(dry site) (intermediate) (wet, fertile site) score' at 

Designation Cross 

IR2035-108-2 	 IR1416-128-5/IR1364-37-3-1 
/IIR1539-269// 
IR661-1-140-3-23/O. nivara 

IR2035-242-1 " 

IR3260-91-100 	 R8/Dawn//R8/Kataktara 

IR3880-10 	 IR841-67/C22-51 
//Pelita I-2IR1541-76 

IR5716-18-1 	 IR1833-203-1-3 
//MRC 172-9/IR2146-68-1 

IR6115-1-1-1 IR1529-680-3/Moroberekan 
IR7805-22-3-1 IR833-6-2/IR1746-194-1-1-1 

//MRC 172-9 
IR36 	 IR1561-228//IR24, 

/0. nivarall/CR 94-13 

Kinandang Patong
(check) 

C22 (check) 	 Tjeremas/BPI-76
//Palawan/Azucena 

Matu- Matu-

Yield rity Yield rity Yield 

(t/ha) (days) (t/ha) (days) (t/ha) 


1.3 142 3.2 131 3.0 

1.2 138 3.9 134 4.0 

1.5 142 3.4 140 2.2 

0.9 136 3.5 125 3.1 

1.0 123 3.4 121 2.5 
0.8 106 4.3 98 3.8 

1.3 137 2.7 131 2.7 

0.2 122 3.4 116 3.3 

0.6 130 2.1 127 1.5 

0.5 136 3.2 128 2.6 

Reco
 
Matu- Vege- Repro- very 
rity tative ductive 

(days) stage stage 

128 4 7 1 

126 4 7 2 

142 5 7 1 

117 4 5 2 

112 4 5 1 
94 6 8 3 

120 4 9 5 

110 6 8 1 

120 4 7 3 

124 5 7 2 

'1975 Standard Evaluation System for Rice: 1 = highly resistant; 5= intermediate; 9 = highly susceptible. 

the partially 	irrigated and the rainfed sites in 
Talavera were adjoining fields. Most sites had 
light soils; sandy loam, loara, or sandy clay loam. 
But the fully and partially irrigated sites at 
Gapan had coarser soil than the rainfed site, 
where about 40% of the sample particles were 
bigger than sand. 

The fully irrigated fields were continuously 
flooded from transplanting to the hard-dough 
stage. The partially irrigated fields received 
irrigation irregularly because water was difficult 
to obtain from the canal. Irrigation water was 
periodically applied, however, to ensure that 
the number of consecutive stress days - days in 
excess of 3 without standing water - did not 
exceed 12. At the rainfed site, no supplemen-
tary irrigation was used. 

Figures 6 and 7 combine information on the 
drought resistance scores and vegetative and 
reproductive growth phases of test varieties, 
rainfall distribution at sites from August 
through November, stress occurrence in the 
partially irrigated and rainfed plots, and the 
yields of the 12 varieties in each treatment. 

At Talavera the four early maturing rices 
yielded high in all three treatments (3-4 t/ha) 

(Fig. 6). Severe rat infestations at the soft
dough stage reduced the yields of three early 
lines in the fully irrigated plots. The rainfall dis
tribution in Figure 6 shows that the relatively 
high yields of the four early entries in the 
rainfed field were due to adequate water supply 
from transplanting to the soft-dough stage.
Although short dry periods occurred in the 
early tillering stage, drought did not materially 
affect the yields of the early maturing lines in 
either partially irrigated or rainfed treatments. 
Those strains escaped the severe moisture 
stress, which began in early October. At har
vest, the soil mloisture content was 7.3% at the 
upper 30 cm. 

At Gapan the early maturing varieties inthe 
rainfed treatment also escaped the stress period 
and yielded from 2.2. to 2.6 t/'ha. Three of the 
four early entries yielded highest (Fig. 7). Stress 
at Gapan began about 15 days later than at 
Talavera. 

Yields of the three medium-maturing vari
eties continuously declined from the fully irri
gated to the partially irrigated and rainfed 
treatments at Talavera and, particularly, at 
Gapan. Because stress set in shortly after head-
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9344542 5- 4 7' 09 21 45 4 1 
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6. Rainfall distribution, stress days, growth duration, 	 7. Rainfall distri'ution, stress days, growth duration,drought reactions, and yields of 12 rices tested at Tala-	 drought reactions, and yields of 12 rices tested at Gapan,vera, Nueva Ecija province, Philippines, 1977 wet season. 	 Nueva Ecija province, Philippines, 1977 wet season. 
S = seeding, T.= transplanting, H =heading, M= maturity, 	 S = seeding, T = transplanting, H = heading; M maturity,

=RL = rainfed lowland, Fl = fully irrigated, P1 = partially RL rainfed lowland, Fl = fully irrigated, P1 = partially
irrigated, irrigated. 

ing, maturity was not delayed in the rainfed t/ha at Talavera and 3.5 to 4.3 t/ha at Gapan. In 
treatment. But the mean panicle sterility of the fully irrigated field at Gapan, the plants 
45% may explain the yield reduction. C1 68and showed visible symptoms of zinc deficiency,
BPI-76 performed better than G IIb-Si-213-2. associated with the high soil pH value of 7.8. 

Yields of the five late-maturing rices were These soils were coarse textured with a shallow 
reduced far more markedly in the rainfed than puddled layer (about 8 cm) and a hard, compact
in the two other treatments at both Talavera subsoil underneath. All varieties yielded low at 
and Gapan. At Talavera water stress set in that site. 
shortly after panicle initiation; at Gapan, Among the five late-maturing varieties, IR34 
shortly before heading. The rainfed-plot yields had high drought resistance (vegetative stage, 
ranged from 0 to 2.2 t/ha at Talavera and from 4; reproductive, 6) in previous mass-screenings, 
0.5 to 1.6 t/ha at Gapan - a sharp contrast !e and yielded highest in both the partially irri
yields in the fully irrigated treatment of 3.3-4.5 gated and rainfed plots. Its yields of 3.5 and 1.4 
t/ha at Talavera and 2.1-3.5 t/ha at Gapan. The t/ha contrast sharply with those of the drought
partially irrigated plots yielded from 2.2 to 4.2 susceptible IR4219-35-3-3 (vegetative stage, 6; 
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256 

reproductive, 8): 0 t/ha at Talavera and 0.5 t/ha 
at Gapan. The latter plants were completely
sterile in 	the Talavera rainfed site. 

a popular variety in rainfed-lowlandIntan, 
areas, yielded 2.2 to 3.9 t/ha in partially irri-
gated plots. It matured slightly later in the 
rainfed plots. The prolonged drought stress, 
which lasted almost throughout the reproduc-
tive phase, affected its spikelet fertility and 
grain filling. Intan's drought resistance is good 
at the vegetative stage (score, 5) but rather low 
at the reproductive stage (9). The rainfed yields 
were 0.4 t/ha at Talavera and 0.6 t/ha at Gapan. 

Mahsuri, a popular variety in Malaysia and 
India, yielded about the same as IR3464-126-
1-3 (1.2-1.6 vs 1.3-0.9 t/ha) in the Talavera 
rainfed site but higher at Gapan, even though 
the heading dates of the two entries were identi-
cal. Mahsuri's drought resistance ratings were 
higher than those of IR3464-126 in the mass-
screening test. 

Although testing in farmers' fields did not 
allow critical comparison of different water 
regimes in one field or in adjoining fields, the 
wet-season experiments verified the importance 
of adequate and sustained water supply in the 
reproductive phase. Early maturity may enable 
a variety to escape drought, especially during 
grain development. For varieties with medium-
long or long growth duration, sufficient varietal 
differences in drought resistance in the vegeta-
tive phase are available for rice breeders to use. 
Drought resistance appears more crucial during 
the reproductive than during the vegetative 
phase. Varietal differences in recovery ability 
after the termination of drought could not be 
studied in the Central Luzon fields, but should 
be further investigated with efficient water con
trol. 

ROOT STUDIES 
Plant Physiology Department 

Screening for deep root systems. Screening of 

rice varieties for deep root systems by the 
root-box technique continued in 1977. Table 10 
shows the distribution of 768 entries among root 
depths. The root depth of IR20 was scored as 
shallow (5) and that of OS4, as moderately deep 
(2). Many rices have root systems as deep as 

Table 10. The distrition of root depth -n -63 varige 
Ud lines to" by the root-box tednklul iml, 1977. 
Root depth Depth Entries score characteristic (no.) 

2 Dee 

3 Intermediate 143 
4 Moderately shallow 137 
5 Shallow 76 

those of OS4, or deeper. Most are upland vari
eties and hybrids with upland rices in their 
parentage. 

Total dry weight androot dry weight. Root dry 
weight can be related to total dry weight by the 
formula: 

H W/ hWn = (1) 
where WR is root dry weight, WT is total dry 
weight (i.e., shoot weight plus root weight), and 
H and h are constants. 

Equation (1) can be converted into a 
logarithmic form: 

log WR = log H + h log Wr. (2) 
Thus, log WR is a linear function of log WT. 

To determine if the above relationship holds 
for rice varieties grown under upland condi
tions, four varieties - 1R20, OS4, N22, and 
Jappeni Tungkungo - were grown in root 
boxes in the screenhouse. Data on dry weight of 
shoots and roots were collected 4 times, from 2 
weeks after sowing to heading. 

Figure 8 shows a simple allometric relation
ship between root dry weight and total dry 
weight: 

Root dry w Mg) 

wR, 0212 Wro9 3e
•=0.993" 

tO, 

s 
12 

2o	 103 104 105 

Total dry wt (mg) 

8. Relation between total dry weight and root dry weight 
of four rice Varietiel. IRRI, 1977. 
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= 0.212 W, 
When plants are sn:all, the value of WR:WT is 
about 0.2; as the plantts become larger, WR:WT 
approaches 0.1. In othei"words, the ratio of root 
dry weight to total dry weight ranges from 0.1 to 

0.2 from sowing to heading for the varieties 
tested and many others. In a separate measure-
ment on field-grown crops, WH:WT values at 
heading were 0.09 forOS4and 0.10 for 1R20. 
Some strains, however, have high WR:WT values 
at heading. For examplea WR:IWrvalue of 0.23 

was recorded for a strain of the wild rice 0. 

australiensis,and 0.16 for 610, a deep-rooted 
upland selection. 

The above relationship between root and 
total dry weight estimates the root mass left in 

the soil if shoot or straw weight is known. For 
example. a crop that produced 3 t rough rice/ha 
with a harvest index at 0.5 left about 330 kg dry 
root/ha in the soil. 

Root branching. Under lowland conditions, 
rice develops its sixth branched roots as it 
approaches maturity. The fifth branched roots 
were observed under a microscope under 
upland conditions and at flowering. Table 11 
shows diameters of nodal roots of different 
orders. A root's diameter becomes successively 
smaller as the order of branching increases, 
ranging from about 40 to 1,000 microns. A 
large number of root hairs about 10 microns in 
diameter and about 50 microns in length were 
observed. 

Maximum root depth andtotalroot length. In 
soft soil the maximum root depth of most rice 
varieties is 1 in or even deeper. The actual root 
depth in the field is controlled by both genetic 
ability and environmental conditions. The total 
root length increases as shoot growth advances, 
At flowering, it is about 2 to 3 km/plant under 

Table 11. Average diameters (microns) of rice nodal roots of 

dilentorders grown under uland conditions. WIA, 1177. 

Av. diameter (microns) of rice nodal roots 
Order 
of roots 0S4 IR20 IR2992-27-1-2 

ist 1073 574 812 
2nd 257 160 218 
3rd 109 69 97 
4th 88 67 55 
5th 81 67 44 

a 12Hairs 10 
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onTable 12. 	 Effects of variety, depth, and growth stage 

197gth'tO'wghtVmtl°(m/g)orootaffourrievetkmI7. 

Length-to-weight ratio (m/g) 
4wk Heading 

Vari4ty 
Total 	 Roots Total Roots 
roots 	 below roots below 

30 cm 30 cm 
JappeniTungkungo 334 651 40 705 
IR20 238 530 433 973 
N22 310 497 319 549 
os4 204 355 163 285 

Mean 272 508 339 628 

root-box conditions. Under field conditions, the 
total root length ranges from 15 to 34 km/m 2 of 

soil surface. 
Length-to-weight ratio. In pas, studies, root 

dry weight has been used to characterize degree 
of root development. But total root length is a 
more meaningful measure of water absorption 
and nutrient uptake. The total root length of 
four rice varieties grown in root boxes was 
measured by Newman's technique and was 
related to root weight. 

The length-to-weight ratio of rice roots 
varied with variety, depth, and growth stage 
(Table 	 12). Greater length-to-weight ratios 
imply smaller diameters. One gram of root dry 
weight is generally equal to about 300 m of 
length. 

Assuming that a root segment has uniform 
cylindrical shape, its diameter, length, and fresh 
weight can be related to each other by the fol
lowing formula: 

d2x x L x p = W (1) 

where 7r is 3.14, d = root diameter in centime
ters; L = root length in centimeters; p = density 
of root in grams per cubic centimeter; and W= 
weight of fresh root in grams. 

The percentage of dry matter in rice roots 

ranges from 5 to 15%, depending on the root's 
phy ,iological age. Assuming that the average 
dry-matter percentage of sample roots is 10, 

equation (1) can be rewritten as: 

40 W11d= - X 
7xp 	 L (2) 
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T.JI 13. Rooting pattern of 0 atfoweavngIen wee 
relfte". , 1977e. 
Tiller Roots Maximum Weighted av.ordvr (no.) length length(cm) (cm) 

0 63.6 3 8 7 . 
1 37.3 125 45.5

11 25.3111 125 24.87.0 75
112 5.0 

21.2 
15 7.0 

12 26.6 115 22.4 

121 8.0 55 13.8
122 7.5 5 5.0


13 17.5 85 19.0
131 18.0 65 21.7132 13.0 65 .o 
142 15.0 85 18.314 15.0 85 18.3 
2 35.0 125 29.8 

21 15.3 105 14.7 
22 15.3 105 15.0 
3 26.6 125 30.531 13.3 55 10.3 

32 6.0 25 8.64 17.0 105 16.4 
41 3.0 5 5.05 8.3 15 5.7
6.3 5 5.0 

where W is weight of dry root in grams. Equa
tion (2) can be used to estimate relationships
between root diameter and length-to-weight 
ra tio. Th us , if t he le n g th-to-w eight ra t io is 300 
m/g dry root, the diameter is estimated as 0.2m .order 

mm. 


Root characteristicsofmain shoot and tillers. 
The rice root system is largely composed of 
nodal roots; only one radicle develops to a max-
imum length of about 15 cm; it functions until 
the 7-leaf stage. Nodal roots of the main shoot 
and tillers as well as leaves develop from each 
node. Thus, a rice root system is a mixture of 
nodal roots emerging from nodes of both the 
main shoot and the tillers. 

Four varieties of different root depths and 
drought resistance were grown in root boxes, 
and their root characteristics were examined. 
Table 13 shows the general rooting pattern of 
OS4 (which also represents that of the three 
other varieties) at flowering. Roots of the main 
shoot (tiller 0) are the longest and most numer-
ous. The tillers from lower nodes of a given 
order, or those of lower orders, are more 
numerous and have a higher weighted average 
length of roots than the others. Thus, among the 
primary tillers, tiller I has more and longer 

roots than tillers 2 or 3. The weighted average 
root length of the primary tillers is longer thanthat of the secondary tillers, which is in turnlonger than that of the tertiary tillers (Table 14). 
All four varieties had some roots longer than 
100 cm on their main shoots. They clearly dif
fered in weighted average root length; the 
drought-resistant variety Lalnakanda 41 had
the longest root system, and the drought
susceptible IR20, the shortest.To examine transport linkages between the 
main shoot and tillers, Rb-2 6 was fed on the 
fullydeveloped topmost leaf of the main shoot 
of56-day-old OS4 plants grown in root boxes; theradioactivity was then measured on roots of themain shoot and tillers (Table 15). Radioactivity 
was found only in the roots of the main shoot 
and in the shoot portion of tillers 4 and 5, which 
were actively growing tillers at that time. Tillers 
1 and 2 (from the lower nodes) were observed, 
through a dissecting microscope, to be loosely
connected to the main shoot. That observation, 
along with the translocation of Rb-86, suggests 

are, 14. Numboe of roots found on the tler, of de tt 
T ill ller s of R ot s Ma x -1 t ed 

Tiller Tillers(no.) Roots(no.) Roots Max- Weighted(no., mum av. 
tiller) length length 

(cm) (cm) 
/R20 

Main shoot 1 64.0 ( 7.6) 64.0 105 22.9 
Primary 9 302.3 (35.9) 33.6 95 9.7Secondary 20 355.4 (42.3) 17.8 72 6.7Tertiary 9 119.0 (14.1) 13.2 25 5.5 
Total 39 840.7 128.6 

6 
PrimaryMain shoot 61 129.7 (32.4) 21.6 

Secondary 10 148.3 (37.1) 14.8 125 14.3 
Tertiary 6 58.5(14.6) 9.7 75 12.3 

63.6 15.9) 125 47.563.6 135 22.1 

Lanbkand.-41 
Main shoot 1 59.3(16.1) 59.3 135 71.7 
Primary 6 152.2 (41.5) 25.4 115 33.7 
Secondary 14 141.6(38.6) 10.1 115 14.0Tertiary 2 14.0 ( 3.8) 7.0 55 11.4Total 23 367.1 101.8 

CR143-2-2 
Main shoot 1 65.3 (Q2.8) 65.3 105 49.1 
Primary 5 120.2 (42.0) 24.0 105 31.1
Secondary 13 95.4(33.4) 7.3 95 11.4Tertiary 1 5.0 (1.7) 5.0 5 5.0 
Total 20 285.9 101.6 
'Figures In parentheses are percentages for the entire plant. 
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Table 1S. Distribution of radioactive Rb-as in the roots and shoots of the variety 064 (mean of two rplicates). 1411, 1977. 

Radioactive Rb-86 in 

Position 
of 

primary Dry wt 
tillers (g) 

0 2.2 
1 1.3 
2 0.8 
3 0.2 
4 0.1 
5 

0 2.6 
1 1.2 
2 0.7 
3 0.1 
4 0.03 
5 c 

Root 

Count/g 
per min 

150 ±-8 
Trace 
Trace 
Trace 
Trace 

277 ± 8 
Trace 
Trace 
Trace 
Trace 
1 

Total activity/ 
tissue per min 

24 h after feeding 

324 
Trace 
Trace 
Trace 
Trace 
1 

48 h after feeding 

712 
Trace 
Trace 
Trace 
Trace 
1 

Shoot 

Dry wt Count/g Total activity/ 
(gI) per min tissue per min 

15.1 Trace Trace 
10.6 Trace Trace 
5.1 Trace Trace 
3.1 Trace Trace 
0.8 26 ± 6 21 

b 6& 

13.7 Trace Trace 
9.4 Trace Trace 
4.7 Trace Trace 
2.7 48 t: 8 130 
0.9 121 -t8 112 

"Each comprises a primary tiller and associated secondary and tertiary tillers. 'Removed as highly active waste. q)id not have 
visible roots. 

that tillers become self-sustained units; with 
age they become independent of the main shoot 
and dependent on their own root systems for 
water and nutrients. The study also suggests a 
need to carefully evaluate rooting patterns of til-
lering cereal crops by injecting P-32 or Rb-86 
into the stems. Because the radioactivity con-
centrates mainly in the roots of the injected 
shoot, such a method might not, however, 
evaluate the entire root system. 

Root development in field. Core-sampling 
method to estimate rootdensity in field. A core-
sampling method has been tested to study rice 
root systems in the field. Soil cores are sampled 
in thie field. Roots are then separated from soil, 
spread in a petri Gish of known size, and photo-
graphed. Total root length is then measured by 
Newman's method as modified by Marsh in 
1971. The results are expressed as root density, 
defined as 

total root length (cm)Root density = 
volume of soil core (cm3). 

Thus, a root density value of 1 implies a root 
segment 1 cm long in 1 cm3 soil. The core-
sampling method is useful in the study of both 
lateral and vertical distribution of roots in the 
field, the effects of root density on water extrac-
tion (and hence on determination of effective 
root depth), and root development in different 

environments. But it is laborious and is used 
only for comparing selected varieties, not for 
routine comparison of many varieties in the 
field. 

Vertical and lateralroot distribution.Vertical 
and lateral root distribution ofvarietiesOS4 and 
IR20, planted at 30- x 5-cm spacing in the field, 
was examined by the core-sampling method 
(Fig. 9). Iso-root density curves were con
structed to show points of the same root density 
both vertical! and laterally. Roots of IR20 
were concentrated around the center of the 
plant; those of OS4 were well spread laterally. 
Below 30 cm from the soil surface, the vertical 
distribution of roots of the two varieties differed 
significantly. 

Varietal differences in verticaldistributionof 
rootdensity. The vertical distribution of the root 
density of 7 varieties planted in a field at 30 - x 
5-cm spacing was studied. Deep-rooted vari
eties, identified by the root-box technique, also 

penetrated deeply in the field (Table 16). Dif
ferences in the root density of deep- and 
shallow-rooted varieties were found in soil 
layers deeper than 30 cm below the soil surface. 
Thds, root depth growth in root boxes appears 
to correlate well with root penetration in the 
field. But a high degree of mechanical impe
dance often limited to shallow soil layers the 
root growth of deep-rooted varieties. There
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OS4 IR20 
Latera cstonce (cm) W/ La risonce (cm)5 0 5 I( 1515 10 5 0 5 10 15 15 0 

506 

9. iso-root density diagram of rice varieties 
1977. 

for, the uniformity of field soil to the required 
dpth must be predetermined if the root depths 
of different varieties are to be compared. 

Aluminum toxicity. Aluminum toxicity 
retards rice growth in acid upland soiks. It is 
sometimes a problem even inlowland soils, such 
as acid sulfate soils in Thailand, where rice is 
grown under upland conditions for a few 
months before the field is inundated. Aluminum 
toxicity retards root growth, thereby impairing 
nutrient uptake and decreasing drought resis-
tance. Experiments examined the mode of 

0S4 and 1R2O gown in--the f ied, RRI, 

aluminum toxicity and varietal differences in 
tolerance for it. 

Varietal difrbrences in tolerance for aluminum 
toxicity. Because aluminum toxicity is a prob.. 
lem in dire t-seeded rice and because early 
growth affects subsequent growth, varital dif
ferences in tolerance for aluminum toxicity 
were tested at 0 to 2weeks after pregermination. 
Pregerminated seed were placed on nylon mesh 
screens floating on a culture solution with 30 
ppm A. Two weeks later, the maximum root 
length was used to measure tolerance for 

Tabe16.Vertical distribution of root density of seven rice vaIdeties grownin an upland field. RRI,1977. 

Vertical distribution (cm) at depth of 
Designation 

-10 10-20 20-30 30-40 40-50 50-0 60-70 70-80 

cm cm cm cm cm cm cm cm 

IR20 14.4 2.8 0.9 0.4 0.1 - - 

IR2035-117-3 227 58 0.8 0.1 0.1 - - 
0. 50.1 0.1 5 0.10 .5 0.1168 7.1 1.2 03 0 8 0.11R442-2-58 0.912.6 1.4 0.80S4 
0.10.6 0.8 0.40 .3 0.211.8 2.3 09 0.9 0.8 0.6Moroberekan 1.416 .2 5.5 1. 9

Salumplkit 

2.6 0.9 0.8 0.9 0.9 0.6 0.420 A 19.8 
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Table 17.Root length and relative root length of 20 varietlee at 

0 and 30 ppm (aluminum) In culture solution. IRRI, 1977. 

Root length (cm) at Relative root 

30 ppm 0 ppm length'Designation 
Al Al (cm) 

9.1 19.5 0.47 

Monolaya 8.1 19.3 0.42 
E425 

7.8 16.6 0.47 
OS4 7.3 18.7 0.39 
M1-48 6.2 14.8 0.42 
Moroberekan 5.9 16.1 0.37 
Palawan 5.7 16.6 0.34 
Colombia 1 5.6 15.1 0.37 
Bluebonnet 5.3 15.5 

OS6 


0.34 

20 A 5.3 14.5 0.37 
IR5 4.0 14.8 0.27 
IR 8 3.0 13.9 0.22 

IR442-2-58 3.0 11.2 0.27 
Dark Mali 3.0 10.9 0.28 
HR 334 2.7 9.3 0.29
 
HR 335 2.7 11.0 0.25 

Neuy Nawng 2.5 11.3 0.22 

0.18CICA 4 2.4 13.0 
IR22 2.0 11.9 0.17 
IR20 1.5 7.2 0.21 

'Ratio of root length at 30 ppm Al to root length at 0 ppm Al. 

aluminum toxicity . Some researchcrs use rela-
tive root length (RRL) [the ratio of root length 
at 30ppm (Ro)to root length at 3ore0 ppmA 
(RL0)] as an aluminum-tolerance measure. The 
use of RRL may distinguish aluminum toler-
ance from inherent root growth in the absence 

of aluminum toxicity. The following relation-he hreequatites ivoled: 
ship holds among the three quantities involved:

shiphols amng 

RL 30 = RL, x 

=RLo xRRL. 

In 20 varieties the three quantities are closely 
associated (Table 17), i.e. in the absence of 
aluminum, varieties with deep roots also have 
high RRL values; consequently, their roots are 
long at 30 ppm. 

For acid upland soils, both aluminum-toxicity 
tolerance and deep root growth are desirable; 
hence, root length at 30 ppm Al was used to 
measure their tolerance for aluminum toxicity. 

Although measurement of root length issimpler 

at one concentration of aluminum than at two, it 
is subject to seasonal variation. The problem 
was solved by growing plants in a glasshouse 

room in the IRRI phytotron. Upland varieties 
are generally tolerant of aluminum toxicity 
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10. Effects of aluminum on growth of rice shoot and 

root length at two growth stages (av. of 9 varieties). IRRI, 
1977. 

while lowland varieties are susceptible. Among
lowland varieties, Bluebonnet is relatively 

tolerant. 
Mode of aluminum toxicity. Seedlings were 

grown in culture solution at pH 4.0; aluminum 
at concentrations from 0 to 60 ppm was added 
to the solution. Aluminum retarded the growth 
of roots more than it did the growth of shoots 
(Fig. 10). Rice was more susceptible to alu
minum toxicity at 0 to 2weeks old than at 2to 5 
weeks. Aluminum retarded the growth of nodal 
roots An b in g,ad, therore. ffed 
roots and branching, and, therefore. affected 
both maximum and total root length. Maximum 

root length and total root length correlated well 
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(Fig. 11).At 60 ppm Al, aluminum toxicity was 
so severe that varieties differed only slightly in 
maximum and total root length.At 30 ppm Al,
varietal differences were large. At 3 ppm Al, 
on.y susceptible varieties were affected. Low-
land varieties have shorter maximum root 
length than upland varieties, but their total root 
length is comparable to, or even greater than, 
that of upland rices. 

SOIL-PLANT-WATER RELATIONSHIPS 
IN RICE 
Agronomy Department 

Water stress effects under high evaporative
demand. A lysimeter study initiated at IRRI in 
the 1976 dry season was continued in 1977. 
Rices were evaluated for drought tolerance 
under high evaporative demand in the dry sea-
son at various moisture regimes that were 
determined by evapotranspiration (ET) values, 
Pregerminated seeds were dibbled into a dry
granulated soil in lysimeter tanks at a spacing of 
20 x 20 cm. Soils in the tanks were irrigated to 
saturation with overhead sprinklers. Two rices 
with similar gr '.th duration were seeded in 
each tank. Ten days after emergence, the seed-
lings were thinned to 3/hill. 

Evapotranspiration in the control tanks 
(5-cm continuous flooding) was measured daily.
At the end of each week, E'Ivalues were added 
and their fraction- 3/4, 1/2, or 1/4-was used 
in adding water to the respective tanks. The 
procedure gave quantitative basis to the control 
of the moisture regime based on ET value of a 
specific group of rice varieties. One treatment 
consisted of daily water supply of 25% of ET 
measured the previous day. Tensiometers and 
precalibrated gypsum blocks were installed to 
monitor SMT. At the panicle initiation stage,
SMT was relieved by rewatering. 

The ET value was greatest (11.1 mm/day) in 
the tanks of IR20 and IR4422-6-2 rices with 5 
cm of continuous flooding; the tanks planted to 
Moroberekan and 1R4432-28-5 had the lowest 
ET value, 9.7 mm/day. ET values were gener-
ally highest at about 64 to 70 days after seedling 
emergence (panicle initiation stage in most 
varieties). The presence of border plants sur-
rounding the tanks resulted in lower ET values 

than those previously reported (1976 Annual 
Report). 

Plant cha, ':,rs. The plant height at 65 days
after seedling emergence was reduced sig
nificantly and tiller number decreased as mois
ture supply decreased. Continuous flooding at 5. 
cm increased plant height and tiller number. 
Plant height and tiller number at 1/4 of ET and 
continuous 1/4 of ET treatments were statisti
cally similar. On the basis of mean height of 
each variety under all water regimes, the upland
variety Moroberekan was the tallest but had the 
lowest number of tillers at 65 days after seedling 
emergence; IR36 was the shortest but had the 
most tillers. IR2035-117-3, IR442-2-58, 
IR4442-165-2-4, and IR4422-6-2 were among
the relatively high tillering lines even at higher 
stress.
 

Table 18 shows the heading period, and the 
number of days that different stress treatments 
delayed heading. The rices that headed about a 
month later at 1/4 or continuous 1/4 of ET than 
at continuous flooding are IR1529-430-3, 
IR2035-117-3, IR3941-25-1, and IR20. Con
sequently, their maturity was also delayed. In 
the field, a 1-month delay in maturity may ren
der a rice variety vulnerable to inadequate rain
fall during grain filling. The advantage of a 
short-duration variety such as IR36 is over
riding under a short but unimodal rainy season. 
Heading was also delayed, but less so, at 3/4 or 
1/2 ET. The headiig periods of Moroberekan 
and IR3880-13 were least affected by moisture 
supply at 1/4 ET or continuous 1/4 of ETvalues 
(Table 18). 

Soil moisture tension (SAIT). Moisture stress 
in the soil, measured by tet.siometers, corres
ponded well with the moisture supply according 
to ET values (Fig. 12). At no time was SMT 
more than 45 cb; nevertheless, varietal differ
ences due to the cumulative effect of moisture 
stress were evident. 

Leaf xylein potential and drought tolerance. 
Varietal response of the 12 rices - in terms of 
leaf xylem potential (determined with a pres
sure chamber) - to the different water regimes 
was measured at 70 days after seedling 
emergence. Under 5 cm continuous flooding
and 3/4 of ET, the varieties reacted like 
IR4432-28-5 and Moroberekan, registering the 
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Table 10. Number of days to heading of 12 rL'es g'own at different evapotranspiration JET) levels." Lysimeter study in the field, 

IRRI, 1977 dry season. 
Days (no.) to heading 

Designation Continuous 
flooding at 5 cm 3/4 of ET 1/2 of ET 1/4 of ET 

Continuous 
1/4 of ET 

Moroberekan 
IR4432-28-5 
IR1529-430-3 
IR2035-117-3 
IR442-2-58 
IR4442-165-2-4 
IR36 
IR3941-25-1 
IR20 
IR4422-6-2 
IR3880-13 
lET 1444 

90 
87 
96 
96 
91 
87 
68 
69 
83 
89 
82 
74 

96 (6) 
95 8) 

107 (11) 
110(14) 
104 (131 
104 (17) 
79(11) 
83 (14) 
92 (9) 
99(10) 
91 (9) 
82 (8) 

100 (10) 
103 (16) 
113 (17) 
110(14) 
110 (19) 
110 (23) 
85(17) 
89 (20) 
94(11) 

103 (14) 
98(16) 
89 (15) 

111 (21) 
113 (26) 
126 (30) 
126(30) 
116 (25) 
111 (24) 

92 (24) 
99 (30) 

111 (28) 
111 (22) 
103 (21) 
97 (23) 

110 (20) 
110 (23) 
126 (30) 
126(30) 
116 (25) 
111 (24) 
90(22) 
95 (26) 

111 (28) 
111 (22) 
100 (18) 
95(21) 

"Figures in parentheses are the number of days that the stress treatments delayed the heading period beyond that of rice continu
ously flooded at 5 cm. 

lowest and highest respective leaf xylem poten-
tials (Table 19). When 1/2 of ET was imposed, 
IR1529-430-3 (-22.2 bars) and IR3941-25-1 
(-21.6 bars) had the lowest leaf xylem poten-
tials. Those values. however. were statistically 
similar to values of most of the lines. At 1/4 of 
ET and continuous 1/4 of ET. IR3941-25-1 and 
IR20 gave the lowe.st (about -29 bars) xylem 
potentials, while IR442-2-58 gave the highest 
(-18.8 bars). 

Recent results from greenhouse experiments 
showed that drought resistance rating and leaf 
xylem potential are highly correlated. Under 
high evaporative demand and high soil moisture 

SMT(cb) 
50 Iface 

40 - 1ete,
C /ET=/4 of 

ETN 

20 
4 
"1/4ET 

/ 
o." -J '-uoET 
,0, , 

0 6 7 55 65 70 75 8055 60 

Dys oter wereence 

12. Soil moisture tension (SMT) at 20-cm depth in lysi-

meter tanks in the field at different evapotranspiration 
(ET) levels. IRRI, 1977 dry season. 
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stress, the drought-tolerance ratings of IR20 
and IR3941-25-1 were poorest (Table 20). 
Under identical but earlier treatments, those 
two rices also had the lowest leaf xylem poten
tials. On the other hand, 7 of the 12 rices had 
relatively good drought tolerance ratings (Table 
20). On the basis of xylem potentials at 1/4 of 
ET and continuous 1/4 of ET and drought 
tolerance score, IR442-2-58 and IR4442-165-2 
appeared promising; IR4442-165-2 was highly 
promising for drought tolerance in a study of 
limited rooting depth in the greenhouse (1976 
Annual Report). 

Drought tolerance under limited rooting 
depth. The rooting depth of rice is limited by 
such factors as rainfed lowland or shallow sur

soil conditions in upland culture with an 
impervious layer or hardpan. When rooting 
depths are limited, rices must withstand drought 
by other means. Therefore, the evaluation of 

rices for drought tolerance and the ability to 
recover from moisture stress under limited ro.i
ing depths is imperative. A methodology study 
on improved drought tolerance under shallow 

rooting depth, initiated in 1975, continued 
through 1977. 

In the 1977 dry season, the parents of the 
promising lines selected in the 1976 wet season 
were screened. Among them, Khao Dawk Mali 
from Thailand and TKM6 from India had hig> 

levels of drought resistance (Fig. 13). But Nud

go, another Indian variety, was susceptible. 
Both TKM6 and Mudgo have been used exten



Table 19. Leaf xylem potentla of 12 rices grown at different evapotranspiration lET) levels at 70 days after rice emergence.
LyeMe study in the field, IRRI, 1977 dry season. 

Leaf xylem potentials (bars) at 
Designation Continuous Continuous 

flooding 
at 5 cm 

3/4 of ET 1/2 of ET 1/4 of ET 1/4 of ET 

Moroberekan 
IR4432-2R-5 
IR152;.;43(#-3 
IR2035-117-3 
IR442-2-58 
IR4442-165-2-4 
IR36 
IR3941-25-1 
IR20 
IR4422-6-2 
IR3880-13 
IET1444 

-10.4 b 
-17.9 a 
-15.9 ab 
-13.8 ab 
-13.7 ab 
-16.1 ab 
-12.0 ab 
-15.6 ab 
-16.0 eb 
-13.7 ab 
-16.6 ab 
-14.1 ab 

-12.4 b 
-12.4 a 
-15.5 ab 
-17.4 ab 
-15.2 ab 
-16.8 ab 
-17.4 ab 
-15.4 ab 
-18.1 ab 
-17.3 ab 
-17.4ab 
-14.8 ab 

-16.4 ab 
-20.6 ab 
-22.2 a 
-20.bab 
-15.0 b 
-18.6 ab 
-21.1 ab 
-21.6 a 
-20.3 ab 
-19.2 ab 
-17.4 ab 
-19.7 ab 

-20.2 ef 
-22.7 bcdef 
-23.3 bcdef 
*-22.5 bcdef 
-18.8 f 
-22.0 cdef 
-25.9 abcde 
-30.0 a 
-28.6 ab 
-26.6 abcd 
-21.9 def 
-27.3 abc 

-20.6 cd 
-21.0 cd 
-13.8 abcd 
-22.7 bcd 
-18.8 d 
-19.7 cd 
•25.3 abc 

-29.2 a 
-28.9 ab 
-25.9 abc 
-20.8 cd 
-27.9 ab 

"In a column, means followed by the same letter do not differ significantly at the 5% level. 

sively as parents for resistance to the green 
leafhopper or brown planthopper at IRRI and 
elsewhere, 

When several deep-water and floating rice 
varieties were tested in the 1977 dry season, 
Rayada R16-03 and HBJ DW8 also appeared 
promising for drought tolerance (Fig. 13). Two 
promising entries for submergence tolerance 
IR5825-4 1-3-P, and IR5825-44-3-P, (Fig. 14) 
- were also promising for drought tolerance. 
One such line, IR5825-41-2-PI, regrew when 
rewatered after severe moisture stress while 
most other rices were killed (Fig. 14). Among
the elite breeding lines, IR3941-25-1, 
IR4432-28-5, and IR4722-361-1 appeared to 
have good drought tolerance (Fig. 14). 

The results indicate that many breeding lines 
appear to have both good drought tolerance and 
most desirable traits such as high pest resistance 

and tolerance for problem soils. 
Promising drought-tolerant lines will beevaluated for suitability as rainfed lowland 

and upland rice under various environmental 
stresses, particularly uncontrolled water and 
unfavorable rooting depths.

Drought tolerance at constant soil moisture 

tension. A modified greenhouse technique 
(1974 Annual Report) for rewatering pots 
helped maintain a predetermined and relativelyconstant soil moisture tension in a study of 

varietal response to soil moisture stress at dif-
ferent growth stages in the 1977 dry season. 

Twelve rices were subjected to 85 cb SMT 

from 5 days after seedling emergence to panicle 
initiation; then the soil was continuously satu
rated. In another treatment, the varieties were 
grown under continuous saturation from seed
ling emergence to panicle initiation, and then 
subjected to 40 cb SMT until crop maturity. A 
third set of varieties was continuously saturated 
throughout crop growth as a check. Each treat
ment was replicated four times. The plants sub
jected to vegetative stress were scored for 
drought tolerance at 52, 59, and 66 days after 
seedling emergence. 

Moisture stress at the vegetative stage gener
ally reduced plant height as well as tiller number 
per pot (Table 21). Those plant characters were 
affected slightly at reproductive stress. At all 

Table 20. Drought tolerance ratings" of 12 rices grown at dif
ferent evapotranspiration (ET) levels at 70 days after rice 
emergence. Lysimeter study in the field, IRRI. 1977dryseason. 

Drought tolerance rating at
Designation 

1/2ofET 1/4ofET Continuous 

1 1/e ET 
Rr32-28-5 1 2 2 

IR1529-430-3 
R2035-117-3 

I~iarR442-2-58 

2 
1 
1 

3 
2 
2 

3 
2 
2 

IR4442-165-2-4 1 2 2 
:R3941-25-1I34-512 4 4 
IR20
IR4422-6-2R3880-13 

2
1
1 

4
3
2 

4
3 
2 

lET 1444 2 3 3 
'1976Standard Evaluation System for Rice scale: 1 =notovery 
slight effects of stress; 9 = all plants apparently dead. 
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Drought resistance rating 
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13. Drought tolerance ratings of rices under different levels of soil moisture tension. IRRI greenhouse, 1977 dry season. 
1976 Standard Evaluation for Rice: 1 = no to very slight effects of stress, 9 = all plants apparently dead, 

SMT levels, 1R36 produced the highest number IR4422-6-2, and IET 1444 appeared relatively
of tillers per pot; the upland variety drought susceptible.
Moroberekan had the lowest. Likewise, IR36 Results further indicate that the technique is
yielded highest when continuously saturated or suitable for e,:aluation of drought tolerance of
stressed at the vegetative stage. Under repro- rices at a specific growth stage under low butductive stress, only 1R36 (in all three replica- constant SMT. Because rooting depth is
tions) bore panicles with half-filled grains, indi- extremely limited, it may be used in evaluating
cating its relatively superior drought tolerance, rices for tolerance capabilities that are not aided 
The others either bore panicles with generally by deep rooting.
unfilled grains or were at the booting stage when Visual scoring and plant water status. Initial
the experiment terminated. Although field screening for drought in lowland fields
Moroberekan had the best drought score in the (wetland preparation, puddled soil) showed
third scoring under vegetative stress, it yielded that changes in growth and development from
lowest, mainly because its tillering ability is induced water deficit were the same as those in 
poor (Table.21). previous upland screening trials. In the 1976 

At final scoilng, IR20, IR3941-25-1, wet season, visual scoring in upland field screen
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http:Table.21


Time of ob~servation (hI) 
0600 0800 I000 1200 1400 1600 1800 

-5 

-10 

-0 M 

14. Wher. after 65 days withoit added moisture, a soil 
moisturk tension of more man 30 bars was relieved, . 
1R5825-41-2-P, (previously recorded as tolerant of sub- -25 
mergence) regrew white most other rices were completely 
killed. IRRI greenhouse, 1977 dry season. 

-30 - R2061-628-1-b-4-3 

ing was found to be associated with mainte
nance of high leaf water potential in the better -35 
varieties ( 1976 Annual Report). That relation- 15. Leaf water potential values of three rices through the 
ship was further tested in lowland drought day, 28 March 1977. Lowland drought screening, IRRI 

arm, 1977 dry season.screening in the 1977 dry season. 
Ten rices were visually scored and the leaf 

water potentials monitored at 74 days after tion and ranking of varieties by this index of 
transplanting and at 24 days after the field was plant water deficit. 
drained. Tynical curves for the diurnal change The ejationship of those values to values 
in leaf water potential of different varieties arc obtained by visual scoring (Fig. 16) is similar to 
shown in Figure 15. After 2 consecutive days of that reported for upland field screening (1976 
monitoring leaf water potential every 2 hours, Annual Report). A variety's capability to main
the daily mean leaf water potential of each vari- tain high leaf water potential or to avoid inter
ety was calculated. Table 22 shows the separa- nal water deficit is assessed by visual scoring of 

Table 21. Plant characters at harvest, yields, one drought resistance ratings of 12 rices at 3 levels of soil moisture tension.' IRRI 
greenhouse studies, 1977 dry season. 

Drought resistance 

Designation 
Plant ht 

(cm) 
Tillers 

(no./pot) 
Yield 

(g/pot) 
rating' at VS 

CS VS RS CS VS RS CS VS 
1st 

scoring 
2nd 

scoring 
3rd 

scoring 

IR20 100 79 92 25 20 27 35 19 1 2 4 
IR3880-13 107 91 98 27 20 23 36 21 1 2 3 
IR3941-25.1 101 86 102 29 24 26 34 21 2 3 6 
IR4422-6-2 105 81 101 24 21 24 32 18 2 2 4 
IR4432-28.5 105 98 102 28 19 25 36 21 1 2 3 
IR4442-165-2-4 101 80 102 21 21 19 33 21 1 2 3 
Moroberekan 137 124 137 11 7 10 14 12 1 2 2 
IR1529-430-3 89 80 89 20 19 19 33 19 2 2 3 
IR2035-117-3 102 101 103 19 17 19 30 21 1 2 3 
IR36 91 79 85 32 26 27 46 23 1 2 3 
IR442-2-58 106 82 102 20 19 19 31 21 1 2 3 
lET 1444 110 102 106 27 23 22 32 19 2 3 4 

"CS = continuous saturation; VS = vegetative stress at 85 cb soil moisture tension (from 5 days after se~dling emergence until 
anicle initiation); RS reproductive stress at 40 cb soil moisture tension (from panicle Initiation to crop maturity). '1976 Standard 
valuation for Rice: 1 = no to very slight effects of stress; 9 = all plants apparently dead. 
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Tabl 22. Separation, of rkevariets and lnes based onnman Annual Report. Regression equations were 
Iia wate potential (0) during I day of dry-season lowland developed for the three varieties used in this 
drought screening. IRRI, 1977 dry eon. study: 

Designation Mean 14.2 h/7 (bar) 
06oo Y = 3.8 + 0.51 X1- 0.00338,X 1

2- 0.497X2 + 
IR1754-FbB-23 13.0 -, 0.00253 X2 

2 (R = 0.81**) for IR20,
1R1746-226-1-1-2 14.8 -= 4.51 +0.064X -0.00257X,-0,458X.
IRAT 13 15.28-67 
IR34 17.4 -. + 0.00192X,2 (R = 0.81**) for IR1529-
Kaibid 17.6 680-3-2, and 
Gllb-SI-213-1 18.7 6
IR2070-320-6.5-3 20.1 - Y = 6.23 + 0.24X,- 0.00156X,'- 0.615X., +
IR4215-4-3-1 21.6 0.00484 X 2 (R = 0.76**) for M1-48 
Intan 22.4 
IR2061-628-1-6-4-3 23.8 

SMeans followed by a common line do not differ significantly at where is daily minimum leaf water potential 
the 5%level. (bars), X, is soil matric potential (cb), and X., is 

deficit of air water vapor pressure (mb) summed 

varieties in lowland drought screening in the dry fu s o 
season. Note that this correlation does not rule from 0600 to 1800 hours 1 VPD 2h 
out the existence or action of mechanisms by 0600 
which varieties tolerate low leaf water poten- The regression equation for each variety was 
tial; it simply points out the current inability to then used to estimate the daily minimum leaf 
measure and assess the role of such mech- water potential throughout growth and de
anisms. velopment from two planting dates, D, and D2,

Water deficit intensity, duration, and yield. in 1976. The two cropping periods allowed 
The soil matric potential at 15-cm depth and separate examination of the effects of water 
atmospheric evaporative demand 1.5 m above deficits on the vegetative (D,) and reproductive
ground were monitored daily in an upland ice stages (D,). 
farmer's field in Batangas, Philippines, during Figure 18 illustrates the daily estimates of 
the 1975 and 1976 wet seasons. The daily minimum leaf water potential for M1-48 and 
minimum leaf water potential of three rice vari- IR20 (1R1529-680-3-2 results were omitted 
eties was periodically measured. The influence because they were similar to those of 1R20).
of these soil and atmospheric variables on the The varietal differences in maintenance of leaf 
leaf water potential was shown in the 1976 water potential, noted in previous reports (1976 

Annual Report), are obvious. 
0 1 3 u2 4 5 6 7 9 0 Measures of plant water deficit from field

-10 i 'I 'I I grown crops have rarely been directly asso
ciated with growth, development, and yield. 

--9253-2208X The primary nontechnical factors that have ob
=0.95* scured this intuitive association are the dif

-ficult) of quantifying the interaction of inten
sity and duration of water deficits and the vary

•ing sensitivity of different growth stages. Table 

-- 20223 shows efforts to overcome these problems. 
The intensity of water deficit was computed as 
the difference between the daily minimum leaf 
water potential and the -17 bar arbitrary value. 

-2.5 The duration of water deficit was calculated as 

16. Relationship between visual drought resistant scores the sum of days when the estimated minimum 
of 10 rice varieties and the mean leaf water potential over leaf water potential was less than - 17 bars. Fig
the day. Lowland field screening, IRRI, 1977 dry season. ure 17 shows how those values and their multi
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Estimated leaf water potential (bars)
O_ -- 'W2 ) F(2 A#40 

P- ) '( 

-20F D 

0 

-10 -

I D2lA 

0 

D2 to 

I I 

PI (D2) 

. 

I 

/ -

(2 

-40 

June ~ July Aug. Sept. Oct. 
17. Estimated minimum daily leaf water potential (LWP) during growth of M1.48and IR20 (the minimum daily LWP of 1111529-680-3-2 is similar to that of 1120).
P1 = panticle initiation; F = flowering; D, = I. June 1976; and D, = 1July 1976. 
Broken line (-1I7 bars) is an arbitrary threshold level of leaf water potential.

Cuenca, Batangas province, 1976 wet season.
 

pies (intensity x duration) can be accounted lor 
 Note that the three varieties are not phe
during the specific growvth stages found in nologically matched. Thus, the water-deficit 
Table 23. parameters were quantified independently for 
Table 23. Intensity and duration of plant water stress on 1R20, IR1529-680-3-2, and MI-48.", Batangas province, Philippines, 1976 wet
seAson. 

Vegetative stage Reproductive stage 

10 DE - PI -21 DF 10 DBF- F F-21 DF
 
ing Intensity Intensity Intensity
date" Intensity x Intensity Intensityx ntensity x Intensity x

(bars/ Duration duration (bars/ Duration duration (bars/ Duration duration (bars/ Duration durationday) tdays) tbars) day) (days) (bars) day) (days) (bars) day) (days) (bars) 

IR20
Din -9.02 -30 -270.60 -2.44 13 -31.72 -6.34 3 -19.01 -1.48 7 -10.36 

D2 -1.00 -2 -2.00 -11.19 27 -302.16 -5.83 4 -23.33 -14.64 20 -292.88 
IR1529-680-3-2 

Di -8.46 -27 -228.48 -2.97 8 -23.76 -4.71 3 -14.13 -2.25 4 -9.01D2 -0.70 - 1 -0.70 -8.82 22 -194.15 -3.24 2 -6.47 -10.29 18 -185.18 
MI-48 

Di -3.34 -18 -60.12 0 0 0 0 0 0 0 0 0D2 0 0 0 -3.74 6 -22.47 0 0 0 -3.74 6 -22.47DE 1days =after emergence, PI panicle Initiation; OF days after 80% flowering of the crop; DBF = days before flowering, F 80% 
flowering; ID, seeding date 1( June 1976), 02 = seeding date 2 (1 July 1976). 
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Yield (thousand kg/ho) Panicles (no /n 2 ) 

6 400-

4 ,o' 


0 0 -

166TAT/vE PLA4vT iw4TR STRESS 
Intensity barS/day) D uration (days)
12 30 

8 20 

4 10 

0 0 

Sterile spikelels(%) 

35 

-IIi
 

5 

REPRO&XYXTvE 

Intensity (atrs /day) 
12 

820 

4 

00 
of20 Rp29M-48 A20t Po529eR20w2o 4h Meai-48-60-680 
 -680 

O-grainwt(g) 

D0 -I June 1976 
.Iuly 1976 

20o 

,r 

0 a 

PL4vT WATER STRESS 

atiorn (days)

30
 

10 

IR20 1r529mis8
-680 

18. Yield and yield components of DR20, and Mi48. Intensity and duration of plant1R529-680, 
Water stress at vegetative and reproductive stages. Batangas province, Philippines. 1976 wet season. 

each variety by combination of is growth stage 
and date of seeding. Table 23 illustrates how the 
two planting daes and the three varieties differ 
in duration, intensity, and duration x intensity 
of internal plant water deficit. For the two hR 
varieties. the crop seeded on IJune 1976 (D,) 
suffered much more in the vegetative stage
whie that seeded on I July 1976 (D..) was af-
fected mainly in the reproductive stae. The 
upland variety N hi-48.however, responded less 
to the same soil and climatic conditions at both 
growth stages. The higher root-to-shoot ratio 
(png:g) of MI-48 may partially explain that 
(1974 Annual Report). The plasticity of leaf 
rcs ng in M -48. which is also more than that in 
the lowland hybrids, may relate to maintenance 
of leaf water potential. 

Before relating this quantification of plant 
pwater deficit to growth and yield, note that the 
two JR varieties have inherently greater yield
potential than MI-48 (Fig. 18, DI). Figure 18 
shows the effects of those plant water deficit 
parameters on yield, panicle number per square 
meter. sterility percentage, and 100-grain
weight. The trends for intensity and duration of 
plant water deficit and varietal differences show 
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close caUsc-and-effect relationships with the 
measures of growth and yield components. 

Figure 18 shows the crop's capability to con 
pensate for water deficits during the early veg
etative stage. All D, crops yielded well despite 
the high intensity and duration of vegetative 
stae deficits. The D. crops in the reproductive 
stage showed characteristic sensitivity to water 
deficit in terms of affected yield components. 
With reference to the timing of reproductive 
stages in Figure 8 and Table 23. the effects on 
specific pield components can be correlated 
with the level of plant water deficit. 

The efforts to quantify intensity and duration 
of plant water deficits and to use their interac
tions to interpret crop response hane been use
fll inunderstanding the dynamic nature of the 
upland-rice soil-plant-atmospheric water con
tinuum. The technique shouldb e useful in any 
research project where the crop's water Status 
throti~i time is evaluated as a yield determi
nant. 

Modification of evaporative demand in a 
rice-corn intercrop. The sensitivity of rice leaf 
water potential to atmospheric evaporative 
demand has previously been illustrated (1976 
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19. Changes in the rice crop microclimate attributable to 
intercropping with coin at selected dates during the grow-
ing season. The rice and corn were seeded 2 and 9 Feb
ruary 1977, respectively. IRRI, 1977. 

Annual Report). Cultural practices that 
ameliorate that condition should be investi-
gated for use in drought-prone rice cultural sys
tems. 

During the 1977 dry season, the effects of a 
corn intercrop on the microclimate and plant 
water relationships of upland rice were studied. 
In the dry season at Los Bailos, solar radiation 
and air temperature are high, relative humidity 
is low, days are windy, and a seasonal advective 

energy flux exists. The conditions are excellent 
for evaluation of the potential to modify atmo-
spheric conditions of the rice canopy by inter

cropping with a taller species. In this study, corn 
was used as a wind barrier, and the plant and 
atmospheric water status of the rice crop were 
monitored through time. Double rows of corn 
were planted 6 m apart and rice was sown in the 
interrow space in rows 25 cm apart. 

A stress period was induced about 10 days 
before 50% flowering. Water was withheld
from the plots until the daily maximum and 

minimum leaf water potentials were equal. On
the basis of yield, that level of stress proved too 

severe.
 
Figure 19 shows the effect of the corn wind 

barrier on the microclimate of the rice canopy 
through the growing period. The wind speed 
and water vapor pressure deficit of the air (1.25

above ground) decreased above the rice 
canopy in the protected or inter-cropped plots. 

Figure 20 demonstrates the response of average
daily leaf water potential max 2+ i,min of 

to this modification of the canopy microcli
mate during the stress period. The effect is most 
evident in protected vs. unprotected stress 

the control plots appear to have 
mainly to daily fluctuations in 

evaporative demand. The average of dawn and 
midday leaf water potentials illustrates the 
effect of the stress treatment and the moderat

ing influence of the corn wind barrier. 
A------pr----------I 
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20. Average daily leaf water potential Fimax1 itin 1 
L 2 

response of two rice varieties (the lowland hybrid IR28 
and the Philippine upland variety Kinandang Patong) in 
an open upland field (unprotected) and on the leeward 
side of a corn wind barrier (protected). The control was 
irrigated, the stress treatment was not, from 19 April to 
8 May 1977. IRRI upland farm, 1977. 
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21. Yields of two rice varieties (the lowland hybrid IR28 
and the Philippine upland Y,riety Kinandang Patong) in an 
open upland field (unprotected) and on the leeward side 
of a corn wind barrier (protected). The control was ir
gated, while the stress treatment was not, from 19 April 
to 8 May 1977. IRRI upland farm, 1977. 

The rice yield also showed the effects of 
modified microclimate (Fig. 21), but the results 
are not as expected. The yields of the stressed 
plots did not significantly differ, but those of the 
well-watered control plots did. The stress levels 
imposed were obviously too severe and thus 
cancelled out the protection of the wind barrier. 
Recent research on the yield of other field crops 
has shown that severe stress levels override the 
changes induced by a wind barrier. The sig
nificant yield increase in the protected control 
plots over the unprotected, however, under
scores the important finding that intercropped 
rice benefits significantly from mediated micro
climatic changes in the soil-plant atmosphere 
continuum. More detailed monitoring of plant 
water status to document the effects that cause 
those yield differences is planned. 

Interestingly, intercropping of upland rice 
with corn, cassava, or other relatively tall 
species is quite comnc~n on many Asian up'land 
farms. But interroppirg of lowland rice with 
wind-barrier species is :rare, even in chronically 
drought-prone regions. Further research is 
needed to verily the findings and test their 
applicability in various cultural systems and sea
sons. 
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SALINITY 
Soil Chemistryand PlantBreeding Departments 

Screening techniques. The current 
greenhouse technique for salinity screening,
using one tray (1975 Annual Report) per entry, 
permits screening of only 4.000 entries/year per
100 m2 of bench space. To increase screening
capacity, 3 varieties/tray were planted in 3 rows 
of 15 plants each. Ratings by the two methods 
did not differ significantly (Table 1). The 
modified method will triple screening capacity.

The salt concentration of 0.5% in the soil 
used for screening at IRRI corresponds to a 10 
mmho/cm electrical conductivity in the satura-
tion extract (EC,). Because in saline rice fields 
the salt content often exceeds 0.5%, 20 salt-
tolerant varieties were grown at a salt concen-
tration of 0.6% (EC,. = 12 mmho/cm). Only two 
entries, IET 1444 and IR4630-22-2, gave a 
score of 3 (scale: I = almost normal plants; 9 = 
almost all plants dying), indicating tolerance for 
a salt concentration of 0.6%. Nine varieties that 
scored I at 0.5% barely survived at 0.6% 
(score. 9). 

A common objection to the screening tech-
nique is that salt injury at 4 weeks after trans-
planting may not correlate with grain yield. An 
earlier study (1976 Annual Report) indicated a 
good correlation between the salt injury scores 
and yields of 17 varieties with varying salt toler-
ance. A similar test with 9 tolerant varieties 
showed no correlation between tolerance score 
at 4 weeks (I to 4) and relative grain yield (15 to 
96%), although the relative salt tolerance 
scores were roughly constant from transplant-
ing to harvest. 

Mass screening. Of 5,462 entries screened 
for salt tolerance in 1977 in the greenhouse, 52 
scored 1, 71 scored 2, and 550 scored 3 (scale: 1 
= almost normal plants; 9 = almost all plants 

Ta"1. ln.flue*noftwopkaMng mhodson lkInjury.llJi 
greefnouse, n wet sson. 

Salt Injury mean score'
Entries Plants 

(no.) (no.) Pol:kalt IR2153-26 M1-48 

13 645 2.02.3 2.72.3 9.09.0 

'Scale: 1- asmost normal plants; 9 - amost al p di. 
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dying). Fifty of,the most tolerant entries came 
from the salt-tolerance hybridization program 
(Table 2). 

Screening in concrete beds. Of 16 entries 
screened on a concrete bed, Kalarata 1-24,
1R4-11, 1R2153-26-3, IR4111-2-2, 
IR4630-22-2, and IR4763-141-2 showed 
tolerance for salt at a concentration correspond
ing to an EQ. of 9 mmho/cm. 

Monitoringfieldsalinity. The progeny from 
the salinity hybridization program istested in an 
artificial saline soil at the IRRI farm. A problem
is that salinity varies spatially and with time. To 
monitor salinity, 16 piezometers (Fig. 1) were 
installed in the 0.1-ha testing field. The EC 
(electrical conductivity) of the solutions in the 
piezometers (EC,,), and that of the soil solutions 
extracted from the mud, were measured. The 
piezometer readings ranged from 7.0 to 10.0 
mmho/cm (X = 7.3) at ambient temperature
(-300). The soil-solution EC values were 
almost the same, 6.6 to 9.6 mmho/cm (X = 7.7) 
at 250C. 

In a separate experiment, the EC of the solu
tions inside eight piezometer tubes and that of 
the surface water outside were monitored over 
4 months in the wet season. Figure 2 shows that 
the salt concentration, as measured by EC, 
decreased both in and outside the tubes but 
decreased more in the solution outside. Salt was 
broadcast at intervals to restore the losses. 

When screening for salt tolerance in the field, 
salinity must be monitored and salt losses 
restored, especially in the wet season. 

Field screening at IRRI (Soil Chemistry). Of 
2,336 pedigree lines from the salinity hybridiza
tion program tested in an artificial saline soil at 
IRRI in 1977, 61 were salt tolerant (score: I to 
3), 806 were moderately tolerant (3.5 to 5.0),
and the others, susceptible (7-9). 

Field testing of promising selections (Soil 
Chemistry andPlantBreeding). Rices identified 
as salt tolerant in IRRI greenhouse and field 
screening were tested in saline fields at five loca
tions in the Philippines: Sinacaban, MisamisOccidental province; Calapan, Mindoro;Lubao, Pampanga; Sabang, Camarines Sur; and 
Taal, Batangas.The reactions of the entries varied with loca

tion, largely because of soil differences. The pH 



Table 2. Distribution among 

Source 

Germplasm bank 
Salt-tolerance hybrl-

IRSATON"dization program(1976 & 1977)
OYTr (1977) 
RYTd (1977) 
Elite lines (1977)
Hybridization block 

Reportedly	(1976 & 1977)salt-tolerant 
varietiesDeep-water rices 

Others 

Total 

alt-tolerance scores of rice from various sources. Wil greenhouse, 1977. 

Rices (no.) with salt-tolerance score, of 

1 2 3 5 7 9 Total 
0 9 36 132 162 514 85350 53 396 718 892 1112 3221 
0 1 7 24 30 23 851 1 27 34 57 177 2970 2 23 19 78 446 5680 0 16 10 51 98 1750 4 13 14 37 32 100 
0 0 0 1 0 20 21 

0 0 14 22 22 8 661 1 11 23 22 22 8052 71 550 997 1358 2534 5562 
'Scale: almost normal plants; 9 =1 -	 almost all plants dying. "International Rice Salinity & Alkalinity Tolerance ObsrvationalNursery. rObservational yield trial. dReplicated yield trial. 

ranged from 6.6 to 7.8, the organic matter con-
tent from 3.1 to 15.4%, and the EC,. from 5.3 to 
12 mmho/cm. The EC,. varied horizontally, ver-
tically, and with time. At Taal the soil was 
severely deficient in zinc. 

Visual observations revealed that the follow-
ing are moderately salt tolerant: 1R2071-88-8,
IR2071-586-5, IR2153-26-5, IR4422-6-2, 
IR4422-164-3, IR4432-52-6, IR4630-22-3, 
and IR5657-33-2. 

Scalem 
l 	 [ 

Surface water8IN 

•4 Suurf 

"'Rubber flap 

Rubber valve 

Nylon wrapping 

A Piezonetr, tube (sketch) B.Boiler (cross section) 

1. Piezometric tube and bailer. 

Floods, rat damage, or zinc deficiency pre.
vented completion of the experiments at all 
locations except Calapan and Sabang, where the 
soil had a mean EC, (sampling 5-20 cm of the 
soil from the surface) of 9-11 mmho/cm at 
transplanting and 12.7 cm 3 months later. Six of 
the 10 selections there yielded 4 t/ha or more in 
the 1977 wet season, suggesting high salt toler
ance (Table 3). A study of the vertical distribu
tion of salt in the soil (shown below), however, 
indicated that the roots (which were confined tothe first 7 cm of soil) were subjected to a salt 
concentration corresponding to an EC'in the 
soil solution of 1.2 to 8.3 mmho/cm.EC( mlho/cm ) 

12
 

e ae
 

I 

2
 

0 2 4 	 6 a I0 12 14 16 le 
Wula ailtr trs;wd 

2. Changes in electrical conductivity (EQ of water in 
plezometer tubes and In the surface water in a salinized 
IRRI field, 1977 wet season. 
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Table 3. Prformance of 10 Ones on a saline sail at Calapen, 
Mindoro, Phlippins, 1977 wet ammon. 

Line Yield (t/ha) 

IR2071-88-8 4.8 

1R2071-S85 4.4 

IR2153-26-3 3.8
 
IR2863-39-1 4.4 

IR4422--2 
 4.0IR4422-164-3 4.4 
IR4432-28-5 3.4
IR4432-S2-6 4.1
IR4432-103-6 4.1
 
IR5657-33-2 2.9 


EC of soil solution 
Depth (cm) (mmho/cm) 

0-1 1.2 
1-2 3.0 
2-4 5.0 
4-7 8.3 
7-10 10.8 

13-15 14.6 
15-17 16.7 
17-20 18.7 

The comparative performance of 14 rices was 
studied in a replicated field experiment on a 
coastal saline soil at Sabang, Camarines Sur, in 
the 1977 dry season. Two improved lines, 
IR4630-22-3-3-2 and IR2071-105-4-5, yielded 
almost as much as Pokkali, the tolerant check 
(Table 4). IR4630-22-3-3-2, because of its salt 
tolerance and its height, appears promising as a 
variety suited to coastal saline soils subject to 
tides. 

TAbl4. Prormanceofsame advs amdatnolera m anesinNO=Inaesnda coastal sallins are. Slabm Caaie Ohw ploncmm.Sa 

Designation Date of flower- Plant ht Yield' 
ing (cm) (t/ha) 

IR26 11-14 Oct. 62 1.0 e 

IR28 14 Sept. 65 1.0 e 
IR30 4- 6 Oct. 69 1.3 do 
IR2070-820-3 19-21 Oct. 69 1.6 ode 
IR2071-105-4-5 11-14 Oct 81 2.8 ab 
IR2071-586-5-6-3-4 23-25 Oct. 79 2.3 bc 
IR2153-96-1-5-3 4-10 Oct 74 1.9 bcde 
IR2823-399-5-6 11-17 Oct 78 2.5 abc 
IR2153-26-3-5-2 4- 6 Oct. 76 2.4 abe 
IR2071-88-8-10 6-11 Oct. 73 2.1 ab;d
IR4630-22-3-3-2 11-16 Oct. 92 2.6 ob 
BPI-76 (NS) 13-21 Oct. 95 2.4 abe 
C4-63G 11.14 Oct. 89 2.6 
Pokkali (tolerant check) 4-10 Oct. 146 2.9 a 

Meansfollowed bythesameletterdo not differ significantly at 
the 5%level, 
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IRSATON at IRRI (Soil Chemistry).
Seventy-four entries of the International Rice 
Salinity and Alkalinity Tolerance Observa
tional Nursery (IRSATON) were planted in a
salinized field at IRRI in the 1977 dry season. 

The pH was 6.6. The mean EC, was 7.8 
mmho/cm at transplanting and 3.4 10 weeks 
later. Four weeks after transplanting, only
IR3265-193-3, IR2070-719-3, and B58b 

MD-105-2 gave mean scores of 4 or less. Ten 
weeks later, when the mean EC, had dropped to 
3.4 mmho/cm, the following scored 3 or less: 
IR36, IR2832-141-2, Mahsuri, Patnai 23,
IR4-11, IR2031-729-2, IR2053-160-1, 

IR2070-719-3, IR2071-323-2, IR2145-20-4, 
B57c-Md-10, Kencana, Pelita I-1, and 1R4-11. 
The best overall performer was IR70-719-3; 
the poorest, IRAT 8. 

In the 1977 wet season, 80 entries were 
planted. The mean EC, ranged from 5.8 to 7.6 
mmho/cm. The plants were scored at 4,6,8, and 
10 weeks after transplanting. The following 
gave mean scores that were equal to or better 
than that of the resistant check Pokkali (3.4): 
Damodar, Nona Bokra, Getu, Patnai 23, IR32, 
Nonasail (sel), Cul. No. 25, Cul. No. 29, Cul. 

69, Cul. No. 93, Cul. No. 100, and Getu 
mutant No. 2735. 

Mineral content of roots as salt-tolerance 
index (Soil Chemistry). The main adverse 
effect of excess salt on nonwoody plants is 
believed to be osmotic. If so, varieties that 
adjust better to the external salt concentration 
should tolerate salt better than others. Both
shoots and roots adjust osmotically to increased
salt concentration in the root medium by 

increasing ioi, uptake and by generating harm
less water-soluble organic substances. To ascer
tain the role of ion accumulation in salt toler
ance, the mineral contents of the roots and
shoots of rice varieties of varying salt tolerance 

were determined in separate experiments.
Inone experiment 9 rice varieties were grown 

in a complete nutrient solution with sodium
chloride at 12 meq/liter rd calcium chloride at 
24 meq/liter in the first 2 weeks, and 34
meq/liter and 24 meq/liter, respectively in the 

next 2 weeks. 
,b 

Dry weights of the 4-week-old shoots grown
in saline solutions as a fraction of the weights 
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3. Relation of shoot water content to salt tolerance of
rice cultivars grown on saline and nonsaline culturesolutions. 

obtained in nonsaline solution were plotted 

against relative 	water contents of the fresh
shoots (Fig. 3). The water of the saline solution 
shoots never exceeded 0.9 of the water content 
of the nonsaline shoots, indicating that salt 
irury in rice may involve water stress. 

Root studies indicate that salt tolerance is 
associated with osmotic adjustment. When plot-
ted, the difference between the salt content of 
the roots and culture solution correlated well
with the salt tolerance of the rice varieties 
expressed as relative shoot growth (Fig. 4). 

Shoot mineral content as salt-tolerance index 
(Soil Chemistry). No significant correlation be-
tween sodium or cation content of the straw and 
salt tolerance was found in 50 varieties grown
in pots in a soil with an EC, of 10 mmho/cm, 
But the straw of the five most tolerant varieties 
had a significantly lower cation content than 
that of the five most susceptible (Table 5).

That finding was confirmed in a subsequent 
study of the relationship between the mineral 
content of the shoot and salt tolerance. The con-
tents of total cations, sodium, calcium, and 
magnesium, as well as the chloride content of 
the shoot, increased with decreasing salt toler-
ance (Fig. 5A). The potassium and phosphate 
contents, however, decreased with decreasing
salt tolerance (Fig. 5 ). The content of man-
ganese increased markedly, that of iron appre-
ciibly, and that of zinc slightly as salt tolerance 
decreased (Fig. 5B). 

Those results indicate that salt tolerance in 
rice is associated with a high electrolyte content 
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Salt tolerance 

tolerance /saline shoot growth 
. nonsaline shoot gro r 

vars as related to differences in salt concentration between 
root water and root media. 

in the roots and a low content in the shoot. The 
ability to accumulate potassium in the shoot 
correlated well with salt tolerance. Apparently 
salt-tolerant rices achieve osmotic balance be-

TbleS. C andsonftseontmmmtohestm 
iow oim d K(*m 1 one wietunw
 
xmactlof lOmmho/emnan uepled grh.aeOme.


bnet. IM7 wet l .
 

Relative (Na+K+Ca+Mg) 
Variety grain of StrawyielrP (meq/1O0 g) 

Most tolwant 
Pokkali 119 130
 
Doc PhungR.37 112 106
SML Awini 106 112 
IR712-23-2 99 129
 
Doc Phung Lun AR-16 98 119
 

Mean 107 120
 
Most susceptible

Bala 53 156512-2-s8 12551 

T26 
 45 145RP5-3 32 146M4a 4 164 

MGe 37 147 
"Yielon normal Xil 

Yield on uline -1l 
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600 

400 

Iron 

1 0S odium 0 1000 0 

200 
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0 I I0 
3 5 7 3 79 5 9 

Decreowsalt loliance 
5. Mineral content of rice shoot and salt tolerance. 

tween the roots and the medium by accumulat- Chloride toxicityand salt injury (Soil Chenis
ing ions and retaining them against transfer to try). To determine if chloride toxicity is a factor 
the shoot. The shoots probably attain osmotic in salt injury in rice, four rices of varying salt 
balance by generating harmless soluble organic tolerance were grown in a nutrient solution in 
substances such as proline. For example, the the greenhouse for 23 days after transplanting 
salt-tolerant variety Pokkali accumulated 13.3 and in an identical solution treated with sodium 
times more proline in the shoot when grown in a chloride and with sodium sulfate to give ar. 
saline soil than when grown in a normal soil, but osmotic potential of -2 bars. Table 6 shows that 
the sensitive variety MI-48 accumulated only relative growth, relative shoot water content,
6.3 times more. and difference in osmoti. potentials of root 

Tableo . Effect of chloridle and suffate sot on salt tolerance, relative shoot watrcontent, and root salt level of four rice cultivars 
grown at an osmotic potential 1OP) of -2 bars. Wll, 1977 wet season. 

Chlorides Sulfates 

Variety Salt tolerance, Relative shoot Root salt Salt toleranew Relative shoot Root salt 
Iratio) HO conte.*j%) leveir (bar) (ratio) HO content'(%) level(bar) 

Pokkali 0.81 0.94 -2.8 0.77 0.92 -2.3
IR8 0.75 0.95 -1.9 0.74 0.93 -2.0

IR26 0.60 0.94 
 -1.5 0.68 0.93 -1.8

MI-48 0.64 0.85 -1.4 
 0.65 0.88 -1.3
 

Mean 0.70 0.920 -1.90 0.71 0.915 
 -1.85 
*Saline groth + nonsaline growth. 'Saline H20 + nonsaline HO. cAOP (OP of root - OP of root media estimated by electrical 
conduct18 ityR 
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Table 7. Salt tolerance, relative shoot water content, and root salt level of 0. glaberrima and drought-resistent cultivars of 0.
sativ.. IRRI greenhouse, 1977 wet season. 

Species designation 
Salt tolerance" 

(ratio) 
Relative shoot H.0 

contentM(%) 
Root salt level,

(meq/ltter) 

0. glaberrima No. 102377 
O.'glaberrima No. 102674 
0. glaberrima No. 102572 
0. glaberrima No. 102659 
0. glaberrima No. 102655 
0. glaberrima No. 102693 
0. glaberrima No. 102669 
0. sativa 63-83 Ft-3-1964 
0. sativa IRAT 10 
0. sativa Pokkall (control) 

0.89 
0.76 
0.67 
0.65 
0.64 
0.60 
0.44 
0.86 
0.70 
0.73 

0.96 
0.92 
0.88 
0.89 
0.87 
0.89 
0.72 
0.98 
0.92 
0.93 

73 
65 
61 
62 
60 
56 
45 
62 
63 
80 

'Saline shoot growth nonsaline shoot growth. Saline shoot H20 + nonsaline shoot H20 'Salt concentrition in root H20 - salt
concentration in root media. 

water and the culture solution are essentially the 
same for chlorideand sulfate. That indicates the 
absence of chloride toxicity and of any benefit 
from sulfate, 

Salt tolerance of 0. glaberriina and drought-
tolerant rices (Soil ('lwmistry). Although Pok-
kali isone of the most salt-tolerant rices, it does 
not accumulate enough salts to give it the 
degree of salt tolerance that barley and wheat 
have. Therefore. the behavior of six varieties of 
0. glaberrima.the drought-tolerant rices 63-83 
and IRAT 10. and Pokkali was studied in solu-
tion culture at an osmotic potential of -2 bars 
(Table 7). Salt tolerance and relative shoot 
water content as well as salt tolerance and salt 
levels were strongly and positively correlated, 
0. glaberrima No. 102377 and 63-83 appear 
more salt tolerant than Pokkali. The ability of 
63-83 to maintain a high shoot water content 
without a high root salt concentration indicates 
that its salt tolerance is due to a water-
conserving mechanism. 

AL.KAL.INY'1 Y 
Soil ('l'mi.sr and P/antBreeding Department.s 

Screening techniques (Soil Chemistry). To save 
space in greenhouse screening, three entries, 
instead of one, were planted on each tray. As ini 
the salinity test. the scores by the new test did 
not difler significantly from those by the single-
entry test. e 

To ascertain if increasing the concentration of 
sodium carbonate in the soil used for screening 
from 1.4 to 1.5% would increase the reliability 
of the test. 17 tolerant varieties were planted, 

following the technique described in the 1975 
Annual Report in Maahas clay treated with 
1.5% sodium carbonate. All but two scored 
from 5 to 9, indicating that the higher concen
tration of sodium carbonate was unsuitable. 

Mass screening for alkali tolerance (Soil
C/hemistry). In 1976-77, 1.891 entries were 
s:reened in ;h: !greenhouse on an artificial soil 
ofp-I 8.6. The entrics. ,-., results are .nTable 8. 

Field screening (Soil C/tlsnistry and Plant 
Breeding). In 1977 more than 2,000 entries, 
including elite breeding lines and pedigree lines 
from the alkali tolerance hybridization prog
ram. were screened in an artificial alkali field 
(p1 1 8.6) at the IRRI farm. The seedlings were 
dipped in a2%suspension of zinc oxide in water 
to minimize zinc deficiency. Seventy-six entries 
gave scores of 2.5 to 3.0 (tolerant) (Table 9). 

In a test in concrete beds in whicti the pH was 
controlled at 8.5 to 8.6, IR4227-28-3 scored 2, 
and IR4227-164-1 and IR5853-60-2, 3. 

Table 8. Alkali tolerance of rices from various sources. IRRI
greenhouse, 1977. 

Rices (no.) with alkali 

Source tolerance score" of .Total 

1 2 3 5 7 9 

Germolasm bank
Alkali tolerance 

13 
4 

43 
3 

130 322 204 50
16 68 46 8 

762 
145 

breeding program
IRS TON" (1977)
OYT (1977)
RYT" (1977) 

8 
6 

7 
11 
2 

25 
33 
51 

28 13 
65 43 

159 75 

5 
88 
23 

78 
248 
316 

Elite lines (1977)
Hybridization block 

(1977) 

3 
2 

18 
19 

54 
34 

50 
35 

34 
78 

159 
168 

Total 31 71 292 730 466 286 1876 

"Scale: 1 =almost normal plants; 9 = almost all plants dying.international Rice Salinity and Alkalinity Tolerance Observa
tionalNursery.,Observationalyieldtrial.,Replicatedyieldtrial. 
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Varietal reactions to exchangeable sodium 
percentage (Soil Chemistry). Varietal reactions 
to yield and mineral content to increasing levels 
of exchangeable sodium percentage (ESP) were 
studied with three cultivars of different alkali 
tolerance in a replicated greenhouse experi-
ment. 

Pokkali, 1R26, and 1R2'58-78-1 were grown 
on Pila silt loam (pH:7.4; CEC:36 meq /100 g; 
exchangeable K, Ca, Mg:0.20, 23.8, and 9.9 
meq/100 g, respectively) adjusted to ESP levels 
of 14.1,25.4, and 38.1 with sodium carbonate. 

Four 2-week-old seedlings, dipped in a 2% 
suspension of zinc oxide in water, were trans-
planted per pot after incorporation of 100 ppm 
N, 25 ppm P, and 50 ppm K. Two plants were 
harvested at 6 weeks, the others at the regular 
harvest time. 

After a maximum of 14.1 ESP, both relative 
growth and yield declined as ESP increased 
(Fig. 6, 7). The decrease beyond 25.4 ESP was 
least in Pokkali and most in IR26, a sensitive 
variety. 

ilant analyses reflected the effects of ESP. 

Relotive growth M/) 
125 

I0 -- 2 5 -78 

75 to75 

50 -50 

25 -25 

0 III0 
0 10 20 30 40 

ESP 

6. Effect of exchangeable sodium percentap (ESP) on 
relative g~rowth of 6-week-old plants. 
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Regardless of variety, increased ESP increased 
the concentration of sodium and decreased that 
of calcium and potassium. Accompanying the 
increased sodium concentration was a yield 
depression that was lowest in Pokkali and high
est in IR26. The increase in sodium was 
associated with a decrease in growth. 

The potassium content of the plant was highly 
correlated negatively with the K:Na ratio of the 
soil solution and the sodium content of the 
plant, but not with the potassium absorption 
ratio, K/(Ca + Mg). 

ESP levels exceeding 1,1.1 depressed the zinc, 
copper, and manganese contents in the plant 
but not its iron concentration (Fig. 8). 

IRSATON 1977 (Soil Chemistry). Sixty-nine 
entries were planted in an artificial alkali soil 
(pH:8.4 to 3.5; sodium absorption ratio [SARI: 
35) in the dry season. Only IR2058-78-1 and 
IR2061-464-2 survived and produced grain. 

In the wet season, the pH was 8.3 at planting 
and was raised to 8.5 by adding sodium carbo
nate. The following entries performed bet
ter than the resistant check Pokkali: CSSR 3, 

Relotive grain yield t%) 

125 

IR2058-78 

100
 

S Pokkoli 

.4 \ 

- to0 

-


I0 10 20 30 40 
ESP 

7. Effect of exchangeable sodium percentage (ESP) on 
relative grain yield. 



IR2058-71.1, IR2058-78-1, IR4227-28-3, Cul. 
Nos. 93 and 100, Getu mutant Nos. 2735 and 
2603, and 1R5853-65-3. 

Plant mineral comnosition as alkali stress 
index (Soil Chemistry). Fifty-four varieties were 
grown in an artificial alkali soil in trays in the 
greenhouse. At 4 week.; after transplanting, the 
plants were scored for alkali injury and bar-
vested. Plants that were dead or dying (score: 9) 
were discarded. 

As alkali tolerance decreased, the contents of 
total bases, potassium, phosphorus, and man-
ganese decrcased, while those of'magnesium,
calcium, and iron increased (Fig. 9). The 
zinc content was slightly above the critical limit 
and did not vary appreciably with alkali toler
ance. 

As both salt and alkali tolerance decreased, 
the sodium content increased and the contents 
of potassium and phosphorus decreased. 

Content in onts: (ppr)
 
so Zinc 
 Copper 

Pokkoli 16 

40 -R26 

.. ~ 12 ~ 

30 

R2058 -788 

20 

OT 0T_ _o-r 1801000 
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8. Effect of exchanleable sodium percentage (ESP) on 
zinc, copper, manganese, and iron contents of 6-week-old 
plants. 

IRON TOXICITY 
Soil Chemisiry Department 

Screening techniques. The present screening 
method for tolerance for excess iron involves 
growing rice in an acid soil that builds up and 
maintains high concenj rations of ferrous iron in 
the soil solution. Because such soils are not 
readily available, solution and sand cultures, as 

coneiit (mq/IO0qi 

A 

50 

M 

n. 
1 - ,," 

Meool content (/i/g) 

- m 

400

200 

2 _-,=,,=__ .__-

Ziri 

0 - - - ----------- --

0 2 3 5 7 
Decreonqog h totence 

9. Mineral content of the rice shoot and alkali tolerance. 
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Table 9. Distribution among alkali ratings of entries In alkali field. IRRI, 1977. 

Entries (no.) transplanted on 

18 Jan. 13 Apr. 7 July 

<3.0 14 - 30 
3.1-5.0 79 30 176 
5.1-7.0 212 167 153 


,-7.1 174 250 120 

Total 479 447 479 


"Scale: 1= almost normal plants; 9 = dead or almost dead plants. 

26 Aug. 

2 

7 
87 


293 

389 


Entries 

4 Nov. (total no.) 

30 76
 
185 477 
198 817
 
91 928
 

504 2298
 

Table 10. Iron toxicity tolerance scores of rices from various sources. IRRI greenhouse, 1977. 

Rices (no.) with iron toxicity tolerance score Rices 
Source (total no.) 

1 2 3 4 5 6 7 

Germplasm bank 2 8 12 2 0 0 0 24 
Elite breeding lines 16 31 44 35 13 20 3 162 

(1976 and 1977) 
RYTI' 1977 dry season 4 7 5 1 3 0 1 21
 
OYT,1977 dry season 1 17 11 6 4 1 0 40
 
Hybridization block 2 13 9 1 0 0 0 25
 
1977 dry season 

Varieties from 2 2 8 4 0 0 0 16 
Thailand 

Total 27 78 99 49 20 21 4 288
 

,Scale: 1 = almost normal plants; 9 almost all plants dying. 'Replicated yield trial. 'Observational yield trial. 

well as an acidified reduced soil. were investi-
g..tttd. 

Solution cultures, even with sucrose as an 
antioxidant, were unsatisfactory because of the 
rapid precipitation of iron. Sand culture wiih 
500 ppm iron and 50 ppm sucrose in the solu-
tion made possible the cor-ect scoring of four 
varieties of known reactions to excess iron. Bt 
because the solution must be changed every 2 
days, the method is too expensive for mass 
screening. The third method was tested in an 
attempt to produce a high and stable iron con
centration in the soil solution by treating with 
acid an Ultisol reduced by incubation with suc-
rose. The scores of 6 varieties 13 days after 
transplanting agreed with their known iron 
tolerance. Acidified reduced soil isreliable but 
too slow for mass screening, 

Greenhouse screening for iron tolerance. In 
1977, 288 rices from several sources were 
screened; 16 of the 27 rices that scored I were 
elite breeding lines (Table 10.) 

Mass screening. Sri Lankan scientists 
screened more than 750 rices on an iron-toxic 
soil at Padukka, Sri Lanka, from November 
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1976 to February 1977 in cooperation with 
IRRI. The field was fertilized with 40 kg/ha of 
each of N. P.,O-,. and K.O. Then 3-week-old 
seedlings raised in a neighboring wet seedbed 
were planted in 5-m rows. 20 cm apart, at 1 
seedling/hill spaced 20 cm apart. The platis 
were scored at 70 days after planting and the 
mature ones were harvested in February 1977. 
The results are summarized in Table 11. 

Entries that scored <3.7 and yielded >90 
g/l10 hills are in Table 12. 

HISTOSOL PROBLEMS 
S5oil Chemistry Department 

Scrc.ning for tolerance. Sixty-one rices were 
screened in the greenhouse on Histosols from 
the Philippine provinces of Laguna, Leyte, 
Quezon, and Rizal, in the presc~ice of N, P,and 
K fertilizer. The following gave scores of 3: 
1R34, IR40. IR42, IR3518-96-2, 1R3880-10, 
IR4405-287-3, IR4432-103-6, IR4698-176-2, 
IR4816-70. IR5201-127-2, Kuatik Malaysia, 
and Cepat. Rices that died or barely survived 



Table 11. Iron toxicity tolerance scores and average grain
yields of entries In a mass-screening test. Padukka, Sri Lanka,
Oct. 1978-Apr. 1977. 

Entries Iron toxicity Av. grain wt
(no.) tolerance score, (g/10 hills) 

45 1.0-:).0 66.5
451 3.1-5.0 57.9
182 	 5.1-7.0 50.7
68 7.1-9.0 34.5 

"At 70 days after transplanting. Scale: 1 = almost normalplants; 9 = almost all plants dying. 

were E425. 1RI529-430-3, IR4417-179-1. 
1R9669, and Serendah Kuning. 

Ten varieties were tested in a Histosol from 

Kalayaan, Laguna, tWO concretein outdoor
beds. The soil in one bed received N, P, and K
fertilizers: that in the other received N, P, K plus
silicon, copper. molybdenum, and zinc. The 
scores for the two treatments were almost the 
same, with IR34 scoring 3 to 4 and E425, 9,
indicating the presence of retarding factors 
other than simnle nutrient deficiencies, 

Mass field screening. In 1977, 1,862 rices 
were screened in farmers* fields in Calauan. 
Famy, Kalayaan, and Pangil in Laguna; and in 
Santa Fe in Leyte. The fields are boggy and 
waterlogged, with seepage from adjoining hills. 

At each site, about 250 3-week-old seedlings
were transplanted in 5-m rows replicated three 
times during both the dry and wet seasons. No 
fertilizer was applied. Seven weeks after trans-
planting, the plants were scored on a scale of 
0-9. 

The plants' reactions to adverse conditions
varied with location and season (Table 13, 14).
Plants reacted more severely on the poorly 

drained soils at Calatan and Flalang than on the 
better drained soils at Famy and Kalayaan; 
reactions were also more severe in the wet than 
in the dry season. Phosphorus and zinc deficien
cies at tile Laguna sites and blast disease at 
Santa Fe, Leyte. complicated the evaluation of
plant reactions to soil toxins. But three varieties 
performed well (score I to 3) at three Laguna
sites, in the dry season. They are Kuatik Putih, 
CI-8636-5. and Bengawan. In the wet season 
Kuatik Putih. Boclaon, Polar, IR4422-6-2, and 
IR4432-38-6 performed consistently well at 
those locations. Kuatik Putih also did well in 
Leyte. E425 was oniformly the worst. All IRRI 

Table 12. Scores and grain yields of some promising rIc
masa-eresned for Iron toxicitytolerance. padulii, Sri Lanka,
Nov. 1976-MIrch 1977. 

Iron toxicity Grain yield
Designation tolerance score" (g/10 hills) 

Cadung Go Gung 3.7 96
IR32 3.0 113
Mahsuri 2.3 105
IR4124-72.5 3.7 97
IR4422-98.3 3.7 91IR4422-349-1 3.3 92IR4422-143-2 3.7 91 
IR4535-6-8 3.0 90
IR4712-208-1 3.3 91
IR4819-77-1 3.0 90IR4810-77.2 3.3 92 
IR4859.39-2 2.7 110 
R4870-15-1 3.3 99

"At 70 days after transplanting. Scale: 1= almost normalplants; 9 = almost all plants dying. 

varieties and most IRRI lines were more sensi
live to Histosol injury than the traditional vari
eties from Histosol areas of Indonesia and 
Malaysia. 

Varietal reactions. Histosols vary widely in 
chemical and physical characteristics. To ascer
tain if those differences affect their growth
retarding properties. 10 varieties were grown in 
pots on four soils fertilized with N, P, and K. 
Tile chemical characteristics are in Table 15. 

Table 13. Distribution of entries among Histosol tolerance 
scores at three sites. Philippines, 1977 dryseason. 

Entries (no.) -Histosol tolerance 
score' Calauan Halang Kalayaan 

1 1 1 15
2 10 9 42
3 74 219 178 
7 31 1 0 
9 30 0 0 

"Scale: 1= almost normal plants; 9=almost all plants dying. 

Table 14. Distribution of entries among Histosol tolerance 
scores at four sites. Philippines, 1977 wet season. 
Histosol tolerance Entries (no.) 

score' 
11 

Famy 
00 

Italang 

0 

Lamaw 

0 

Santa 
Fe0 

2 10 3 6 9 
3 
57 

75 
11717 

24 
17111 

44 
13826 

126 
1216 

9 7 12 0 2 
"Scale: 1 = almost normal plants; 9 = almost all plants dying. 
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Table 15. Performance and mineral composition of the straw of 10 varieties averaged for four Hlstosols. Philippines, 1977. 

Mineral composition of straw 

Variety Score" Straw Grain Zn Fe Mn Cu B K Mg P Si 
(g/pot) (g/pot) (ppm) (ppm) Ippm) (ppm) (ppm) (%) (% (%) (%) 

IR5 
IR8 
IR20 
IR22 
IR24 
IR26 
IR28 
IR29 
IR30 
IR32 

4.5 
5.0 
5.0 
6.5 
6.8 
5.0 
5.7 
7.3 
6.0 
3.5 

91 
46 
38 
39 
41 
41 
30 
36 
35 
76 

40 
34 
33 
28 
24 
34 
29 
25 
27 
43 

4:) 
43 
35 
32 
32 
40 
30 
31 
31 
53 

103 
1:3 
137 
13/ 
175 
153 
174 
159 
142 
119 

169 
252 
260 
309 
330 
210 
302 
447 
268 
169 

1.6 
1.5 
1.5 
1.6 
2.1 
1.4 
1.9 
1.9 
1.3 
1.5 

19 
19 
15 
16 
18 
19 
20 
18 
17 
22 

1.1 
1.3 
1.4 
1.6 
1.5 
1.3 
1.6 
1.4 
1.6 
1.2 

0.22 
0.40 
0.31 
0.34 
0.35 
0.34 
0.30 
0.36 
0.30 
0.27 

0.07 
0.09 
0.10 
0.14 
0.12 
0.10 
0.16 
0.16 
0.12 
0.08 

3.9 
6.3 
5.8 
5.6 
6.7 
5.3 
6.5 
6.2 
5.6 
4.9 

'Scale: 1 = almost normal plants; 9 dead or almost dead plants.= 

IR5 and IR32 yielded highest in both straw Varietal differences were far more pro
and grain on all four soils, IR28 and IR29 nounced than differential soil effects, andyielded lowest, -nd IRS intermediate (Table appeared to be associated with tolerance for 
15). The mean yields of straw and grain were zinc deficiency.
highest on the Pangil soil and lowest on 
Calauan. Histosol tolerance was associated with ZINC DEFICIENCY 
a higher zinc content in the straw and lower con- Soil Cihenistrv Departnent 
tents of iron, manganese, magnesium, potas
sium, phosphorus, and silicon (Table 15). The Screening in concrete beds. Almost 2,500 
copper content of all varieties on all soils was entries were screened in Lipa clay loam (pH:
below the critical limit. The zinc content of 8.2; O.M.: 9.0%; available Zn: 0.2 ppm) in
IR24, IR28, IR29, and IR30 on the Calauan concrete beds at IRRI. Seventy-two scored I 
soil was below the critical deficiency limit. Zinc (Table 16).
deficiency symptoms were observed on 'hat soil Mass field screening. Mass screening of the
and on the soil from Morong. world collection of germplasm was begun in 

Table IS. Distribution among zinc deficiency tolerance scores of rices from various sources. IRRI concrete beds, 1977. 

Rices (no.) with score" ofSource Rices 
1 2 3 5 7 9 (total no.) 

Germplasm bank 0 0 25 42 60 13 140Elite lines 4 7 73 64 1 0 149Salt-tolerant lines 2 5 15 11 0 0 33Alkali-tolerant lines 1 20 1 0 0 4 
Deep water-tolerant

lines 1 0 3 33 10 2 49IRSATONb (1976-77) 26 3 34 24 42 6 135Salt-tolerant lines 0 0 6 48 112 32
6 30 123 125 27 0 

198RYT, (1977) 
r 311OYTd (1977) 1 16580 194 165 41 661OY d cold tolerance 2 553 104 23 1 188 

(1977)
IRCTN 8 21 92 116 129 4 370Hybridization block 4 51 111 44 01 211Thailand varieties 2 0 9 6 1 0 18Others 0 0 1 5 1 0 7 

Total 72 714200 817 572 99 2474 

'Scale: 1 = amoet normal plantsi; 9 =almost all1plant dying. 61nternatlonal Rice Salinity and Alkalinity Tolerance Observational 
Nursery. cReplicated yield trial. -Observational yield tria. international Rice Cold Tolerance Nursery. 
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Table 17. Reactions of rice cultivers to zinc deficiency In the field. Tihong, Quezon, PhlIpplne, 1977. 

Entries 
Period (no.) Amendment 

March-April 500 None 
May-July 
July-Sept. 

640 
570 

1% ZnO dip 
2% ZnO dip 

"Scale: 1 - almost normal plants; 9 = almost all plants dying. 

1976 in a zinc-deficient soil (pH:8.2; O.M.: 
9.6%; a'.ailable Zn:0.04 ppm) at Tiaong,
Quezon Province, Philippines. More than 500 
3-week-old seedlings raised on a normal soil 
were transplanted in 5-m rows replicated three 
times. Zinc deficiency symptoms were scored 
visually 4 weeks later. Because few plants sur-
vived the first test, zinc oxide was applied in the 
second and third screenings. On this strongly 
zinc-deficient soil, only 32 of 1,700 entries gave 
tolerant readings (1 to 3) (Table 17). 

Varietal reactions. IRRI varieties are not 
grown on the calcareous soils of Bohol, Philip-
pines, because they are said to yield less than 
local ones. To test that observation, nine IRRI 
varieties were grown along with Lubang, the 
farmers' choice, in a replicated experiment in a 
Bohol farmer's field on Faraon clay (pH:7.5; 
O.M.:15.1%; available Zn:0.1 ppm), without 
added zinc, but with 50-20-50 kg N, P, K/ha. 

Eight weeks after transplanting IR34 (the
tolorant check) and Lubang scored 1, while 
IR26 (the susceptible check) scored 6. Lubang 
yielded highest, and IR34 lowest (Table 18)
because of Helminthosporium leaf spot. The 
zinc content of the straw indicated marginal 
deficiency in five varieties, 

Without zinc application, the local varietyLubang is best suited to the soil at Bilar. 

PHOSPHORUS DEFICIENCY 

Soil Chemistry Department 

Screening techniques. To test the validity of the 
greenhouse screening method (1976 Annual 
Report), 19 rices whose greenhouse scores 
ranged from 1 to 7 were grown in a phos-
phorus-deficient soil (pH:4.8; Olsen P:3
ppm) with and without phosphate in 3- x 5-m 
plots replicated three times. The plants were 

Rices (no.) with zinc deficiency score, of 

1 2 3 5 7 9 

0 0 00 9 491 
0 0 0 17 290 333 
0 3 29 26 209 193 

scored according to the relative tiller number. 
The field scores paralleled the greenhouse 

scores except in one variety. Seven varieties 
gave identical ratings by both methods; nine 
gave field scores only one step lower than the 
greenhouse scores; only two were out of line. 

Greenhouse screening. Fifty elite lines were 
screened by the method described in the 1976 
Annual Report. The phosphorus concentration 
in the deficient medium, however, was reduced 
to 0.5%. The following lines scored 1: 
IR3449-172-2,1R4219-35-3,andlR4227-28-3. 

Mass field screening. Mass screening of 
germplasm for tolerance for phosphorus defi
ciency was started in 1977. More than 250 elite 
lines were grown each season in 5-m rows, 
replicated three times, with and without 25 kg 
P/ha at Pangil, Laguna on flooded Luisiana clay
(pH:4.8; Olsen P:3 ppm). Tolerance was scored 
according to the relative tiller count (P,,/Px 100) 
at 4 weeks after transplanting (Table 19).

Of 161 rices screened in the wet season, 28 
scored 1 by the relative-tiller method. 

Varietal reactions to phosphorus deficiency. 
In the 1977 dry season, 60 elite lines were 
grown in a replicated field experiment on a 
phosphorus-deficient soil (Lumban clay) with 

Table 13. Yield aid zinc content of straw of 10 varieties on a 
zinc.deficlent soil.Bilar, Bohol, Philippines, 1377 wet season. 

Zinc content 
Variety Straw (t/ha) Grain (t/ha) (ppm) of straw 
Lubang 5.1 2.8 43
I,26 3.2 2.0 29 
IR28 n.a. n.a. 25 
IR29 n.a. n.e. 27IR30 2.8 2.3 26 
IR32 5.8 1.4 37 
IR34 3.9 0.2 24
IR36 2.5 2.0 31
,R38 5.2 1.8 36 
IR40 5.0 2.1 42 
_ 
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Table 19. Results of mass screening of rice for phosphoMrus 
deficiency. MRI,1977 dry season. 
Relative tiller Phosphorus deficiency Entries 

count' 1%) score (no.) 

>85 1 76 
3 82_.50-84 5725-49 5 

< 24 7 37 

P, × loo. 

and without 25 kg P/ha. The following scored I 
and were rated as tolerant of phosphorus defi-
ciency on Luisiana clay: IR34. IR2367-247-2. 
IR2823-299-5, 1R3941-9-2. IR4442-207-2. 
1R4698-1 76-1. and 1R4744-295-1. 

Some of the most tolerant rices are in Table 
20. 

BREEDING FOR ADVERSE SOILS TOLER-

ANCE 

Plant Breeding Departmnt 

Salinity. Three types of mass screening sys-
tematized in 1977 the selection of pedigree 
lines from massive hybridization with tolerant 
sources made earlier. The first renlicated yield 
trial was in coastal saline soils in the Philippines. 
Four replicatcd tests were grown six times a 
year. Selections from the test were included in 
the 6.190-line pedigree nursery. which was 
grown in an ordinary field. 

In the greenhouse, 2.367 pedigree lines from 
20 crosses were screened in 1977 (Table 21). 
This is the first salinity test of a large number of 
pedigree lines under controlled conditions at 

Table 20. Rices with tolerance (score - 1") for adverse soils 

Iron 
Salinity'

, Alkalinity toxicity, 

IR2863-35-3 C59 Banut 
IR4432-28-5 Lubang Cadung Go Gung 
IR5657-33-2 Aronlea Radin Goi 36 
IR7199-28 Kwei Yi Wei IR20 
IR8073 (19 lines) CP 231 IR36 
IR10168-1 Gottelu iR2070-189-4 
IR10206 (3 lines) CSR 2 iR2070-414-3 
IR13583 (3 lines) Damodar IR2071-176-1 
IR13644-27 IR4763-141 IR2071-486-9 
IR4630-22-2 IR2797-105 
Nona Bokra IR2863-38-1 

IRRI or, possibly, elsewhere. Pokkali and 
IR2153-26-3-5 were consistently rated as toler
ant (rating 2 or 3). Considerable environmental 
variation interfered with the genetic distribu
tion of tolerancez - patterns of tolerance in 

progeny of the same cross differed in repeated 
tests (Table 22). Therefore, although the gene
tic behavior of salt tolerance cannot be esti
mated decisively, the heredity of salt tolerance 
is obviously quantitative in nature. The reco
very of tolerant progeny was about 5 to 20% 
regardless of source of tolerance or number of 
topcrosses or double crosses involved in it. 

In a coasta! saline i::id at Sabang, Camarines 
Sur, Philippines, a pedigree nursery of 1,800 
lines was tested in the 1977 dry season and one 

of 1,200 lines was tested in the wet season. In 

the dry season, the salt level was unexpectedly 

low, so pedigree lines were selected for toler

ance for zinc deficiency. In the wet season, many 

salt-tolerant lines were retained at salinity levels 
of from 5 to II mmho/cm (Fig. 10). Yields of 
three replicates of 14 rices were tested at the 
same site. The tolerant variety Pokkali yielded 
2.9 t/ha, followed by the salt-tolerant lines 
IR2071-105-4-5 (2.8 t/ha) and 1R4630-22-3 
3-2 (2.6 t/ha). 1R26 yielded only I t/ha (Table 
4). Yilds of the early varieties IR28 and IR30 
were remarkably reduced because of the limited 
recovery period after initial depression. Low 
plant height seemed closely related with lower 
yield. Four entries that were less than 70 cm tall 
yielded equally low, less than 2 t/ha. 

Among the advanced breeding lines derived 
from Pokkali, the sister lines from 1R4630-22 

in1977 screening at IRRI. 

HistosolV 
problems 

Phosphorus'
deficiency 

Zinc 
deficiency, 

Kuatik Putih IR26 IR20 
Cl 8636-5 IR34 IR34 
Bengawanh IR2061-522-6 

IR2367-247-2 
Orkayama 
Pokkali 

IR2823-299-5 IR2070-414-3 
IR3445-172-2 IR2307-247.2 
IR3941-9-2 IR2681-163-5 
IR4227-28-3 IR3941-25-1 
IR4427-51-6 IR4432-103-6 
IR4432-28-5 IR4613-54-5 
IR4432-38-6 

'Based on the Standard Evaluation System for Rice: 1 = almost normal plants; 9 = dead or almost dead plants. "5,562 rices 
screened. 11,876 rices screened. 4288 rices screened. '1,923 rices screened at three locations in Laguna province, Philippines, 731 
rices screened at Pangil, Laguna. '4,200 rices screened. AScore =2. 
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mm gremnhom.Table 21. DistbAlon among malt toleance scom of 2,W7 F, lines from 20 crossmes 1677. 

Rices (no.) with tolerance rating* of 

Cross Lines tested Remarks 
(no.) 1 2 3 5 7 9 

IR80736 609 7 2 16 24 25 26 Topcross 
f18236 102 0 1 10 15 28 46 
IR9434 50 0 0 0 6 26 68 
IR9436 81 0 0 4 6 25 65 
IR9769 100 1 0 15 25 37 22 
IR9770 100 0 5 7 16 32 40 
IR9849 100 0 6 18 20 40 16 
IR9859 149 5 0 17 28 33 16 
IR9884 139 0 2 23 29 26 20 
IR10167 97 0 0 0 0 7 93 
IR10168 58 0 0 3 7 15 74 
IR10206 49 6 4 12 14 25 39 

IR13050 44 0 0 29 39 27 5 
IR13188 100 0 0 1 0 3 96 
IR13486 100 0 0 0 0 15 85 
IR13583 80 0 6 15 39 25 15 
IR13622 150 0 0 9 23 40 28 Double tross 
IR13644 59 2 0 6 20 34 37 " 

IR14568 100 0 0 5 15 40 40 Single cross 
IR14581 100 0 0 10 11 42 37 

"Scale: 1 aimost normal plants; 9 = almost allplants dying. bs lines. 

-1R4630-22-2-5-1 and lR4630-22-3-3-2-had lines were rated moderately tolerant, but their
 
consistently high survival rates comparable with ratings were not consistent, probably because of
 
that of Pokkali, in greenhouse tests as well as in their moderate tolerance. But ratings of toler
salinized concrete beds (Fig. 11). With their ant checks such as Pokkali and IR2153-3-5-6
 
intermediate height and resistance to tungro, were almost invariably tolerant.
 
bacterial blight, and brown planthopper biotype Alkalinity. The following advanced lines have
 
1, those lines may meet immediate needs in been identified as highly tolerant of alkalinity
 
salty areas. Other progeny of crosses with through routine screening in alkalized fields at
 
Pokkali - IR4763-73- 1-11. 1R4763-141-2-17. IRRI: IR4630-22-2-19, IR4630-22-2-12.
 
and IR4595-4-1-13 - had good survival rates, IR2058-78-1-3-2-3, 1R4763-141-3. IR4763
indicating that with systematic screening Pokk- 141-4, IR2061-181-46-3, IR4570-83-3-3-2,
 
ali's salt tolerance can be introduced into good IR9439-20, and 1R4227-28-3-2.
 
agronomic background.
 

The elite lines IR2863-35-3-3, IR4432-28-5, 
and IR5657-33-2 have been repeatedly iden
tified as salt tolerant in regular screenings of . 
advanced breeding lines from the general breed
ing program. In addition, about 10 breeding II 

Table 22. Distribution among mIt tolance ratIngs of slec
tion of the cross 1=73 tested 4 tkmes. 11111111977. 

Test no. Selections Selections (%)with tolerance rating" of 
tested
 

(no.) 1 2 3 5 7 9
 

1 67 2 3 4 24 31 36 

2 164 18 3 26 19 22 12 
3 116 8 1 23 39 23 5 
4 262 1 1 10 15 23 50 

Mean 7 2 16 24 25 26 .6 

"Scale: 1= almost normal plants; 9 = almost all plants dying. 10. Varietal test on a coastal saline soil,Philippines 
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ditions, and to conduct primary .. ts of large 
numbers of breeding lines at internatic nal and 
national centers with good facilities. 

Alkalinity-tolerant materials may be dissem. 
inated differently from the salt-tolerant ma
terials because they can be identified more 
easily. Rice programs in alkaline areas may
leave certain fields unamended for routine alka
linity screening. 

lbMspborusdldkteny screening in Sri Lamka 
!, *., 	 and Thailand. About 420 rices were dis

patched forscreenig phosphorus-deficient soils 
at Gampola, Sri Lanka. Collaborating scientists 
from the Central Agricultural Research Insti
tute and IRRI jointly observed that some IRRI
 
parental sources such as IR22, IR24, IR480,
 
and 1R1514A-E666 had outstanding tolerance,
 

As a result, the distribution of selected toler- confirming earlier assumptions that advanced
 
ant lines requested by national programs has IRRI breeding lines would include potentially 
been emphasized, and tolerance is checked in tolerant lines. 
situ. Sets of 43 lines have been sent to 3 loca- Seventeen breeding lines were tested along 
tions each in India, Pakistan, Mexico, and with local varieties in newly initiated screening 
Australia. 	 in acid-sulfate soils at the Ongkarak Station, 

Indian scientists at 1c, Kapurthala Station, northeast of Bangkok. The local variety Khao 
Punjab Agricultural Laiversity, reported that Dawk Mali 105 performed best. According to 
the early maturing lines IR2153-96-1-5-3 and Thai scientists some IRRI lines such as 
IR5785-162-1 are tolerant and some medium- IR2071-137-5-5-1 were relatively tolerant, but 
to late-maturing lines are as tolerant as the resis- their early growth was depressed more than 
tant check Damodar. than of the Thai native rices. 

IRSATON. Data on 71 entries from the sec- Breeding for add-sulfate soils. Varietal 
ond International Rice Salinity Alkalinity Tol- improvement programs for acid-sulfate soils 
erance Observational Nursery (IRSATON) were observed around Ongkarak, Thailand; 
tested at 10 locations in 1976 became available Muda, Malaysia; and Banjarmasin, southern 
in 1977. The 35 sets of the third IRSATON (77 Kalimantan, Indonesia. Phosphorus deficiency 
entries) were distributed to 18 countries, and is a major growth-limiting factor in Thailand. 
also evaluated at IRRI and through visits to test That tolerance for iron toxicity is a major
sites at Kapurthala, Punjab; Hyderabad, A.P.; requirement was clearly demonstrated in a 
Port Canning, W. Bengal in India; and at screening test by Malaysian scientists at Cuar 
Samutsakhon, Thailand. Initial data indicate Chembedak, Kedah. Bajar Kuning, Lemo, and 
that testing was so affected by varying environ- other varieties found tolerant there were also 
mental factors, particularly patchy salt stress, tolerant in acid-sulfate soils in Banjarmasin. 
that comparing the tolerance of entries even They were crossed with elite IRRI lines in the 
under replicated trials is difficult. Tall varieties 1977 wet season. The iron toxicity-tolerant vari
often seemed vigorous and were rated tolerant, eties Gissi 27, Devarredi, and some BW lines 
but the ratings did not always relate to actual were also crossed with IRRI lines for acid
yields. sulfate or iron-toxic soils. 

Because of methodological difficulties in salt Interndloall collaboradon. Several Fs and F3 
tolerance testing it seems better to provide each populations derived from crosses with varieties 
local station with the best 5 or 10 entries with that are tolerant of soil problems were sent to 
agronomic traits specifically suited to local con- rice breeders at the International Institute of 

128 J111 AYNUAL REPORT FOR 1977 



Tropical Agriculture (IITA), Nigeria, and in 
Indonesian programs. Working relationships 
between IRRI and some rice experiment sta-
tions with salt tolerance programs in India, 
Bangladesh, Thailand, and the Philippines are 
being established. 

In breeding for tolerance for nutrition defi-
ciencies such as phosphorus and zinc, as well 
as for iron toxicity, the screening of the existing 
pool of advanced breeding lines and varieties 
should be emphasized; initial screening of the 
present pool showed potentially tolerant mate-
rials. The first step in screening is rejecting sensi-
tive lines; the next is distributing tolerant lines 
to problem-soil areas. Problem-soil screening 
should be closely linked with th2, overall pro-
gram of varietal testing, particularly in the areas 
of rainfed or upland rice, which have more 
widespread and severe 'soil problems than irri-

gated areas. Therefore, sets ofpromising breed
ing lines from national and international pro
grams should be tested in nutrient-deficient soils. 

The relevance of varietal tolerance to yield 
levels should be investigated. Although toler
ance obviously determines yield under severe 
stress, its role under mild stress (which may be 
more common in farmers' fields) should be 
determined. IRRI is initiating a program in that 
area. Mass screening and selection are needed 
for adaptability to organic soils, acid-sulfate 
soils, and tidal swamp soils. A reservoir of rices 
previously identified as promising should be dis
tributed as initial materials for tests of adapta
bility to specific soil stress. Without selection 
some hybrid populations originating from tol
erant varieties can also be provided to local 
plant breeders. IRRI is taking initial steps to 
compose the reservoir for distribution. 
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_______________________________ 

SCREENING FOR FLOOD TOLERANCE
Plant Physiology and Plant Breeding
Departments 

In 1977, 1,398 varieties and 1,658 lines were 
tested for flood tolerance. Several good lines 
were identified and planted for further observa-
tion and evaluation, 

Two hundred and forty-seven, or 15%, of the 
breeding lines showed excellent flood tolerance. 
Most were F,'s and F1's, with Nam Sagui 19 or 
SML Temerin as possible donors of flood toler
ance. 

The flood-tolerant advanced lines IR5857-
3-2E-I-1, IR5857-3-2E-1-38, and IR5857-
64-1 E- 1-6 yielded well in the 1977 wet season. 

The 70 entries from the International Rice 
Deep-Water Observational Nursery (IRD-
WON) were screened for flood tolerance; five 
- Pelita 1-1, BKN7021-85-3, IR5857-3-2E-2, 
ARC 5955, and CNL 53 - performed excel-
lently when completely submerged for 8 days at 
the seedling stage. Under field conditions in 
Thailand and at an average water depth of 155 
cm for an extended time, all the fi-c entries 
died. Only those with elongation ability and 
flood tolerance survived; most were tall. 

FIE'LD SCREt-NING FOR FLOOD TOLER-
ANCE 

Thai-lRRI Cooperative Deep-Water Project 

A deep-water pond was constructc'l specifically 
for simultaneous testing at four water levels, 
Twenty-day-old seedlings of 10 varieties and 

Table 1. Recovery scores of rces after 7 days'submergence In 
90-cm and 104-cm water depths. Huntra, Thailand, 1977. 

Recovery scoreI at 
Entry 

90 cm 104 cm 

BKN6987-82 3 3 
BKN6987-161-, 4 3 
BKN6986-108-3 3 4 
BKN6986-167-2 5 5 
BKN6987-68-7 2 6 
Nam Sagul 19 2 7 
RD7 2 8 
BKN6986-66-2 3 8 
BKN6986-147-2 4 8 
Khoo Tah Hong 17 5 8 

fully recovered, 9 dead)."Based on a scale of 1-9 (1 
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experimental lines were transplanted. Twenty
one days later the rices were submerged for 7
days at depths of 90, 104, 134, and 154 cm. 

At the two deepest levels all plants were 
destroyed. At 90 cm few entries were badly 
damaged, but at 104 cm varieties clearly dif
fered: BKN6987-82 and BKN6987-161-3 
exhibited the best survival and recovery (Table 
1). Several entries recovered better than Nam 
Sagui 19, a standard check in flood-tolerance 
tests. 

REEVALUATION OF SUBMERGENCE-
TOLERANT VARIETIES 
Plant Physiology Department 

Of the 4,350 varieties screened for flood toler
ance, 62 performed as well as or better than the 
resistant checks Nam Sagui 19 and SML Teme
rin when submerged completely for 8 days. In a 
retest, seedlings of those tolerant varieties were 
submerged for 10 days. 

Several varieties survived better than the two 
tolerant checks (Table 2). All plants of the 
Indian variety F. R. 13A survived submergence 
for 10 days. F. R. 13A generally elongates little 
when submerged - it remains short, stiff, and 
erect even after water is removed. Thavalu, 
Goda Heenati. Kurkaruppan from Sri Lanka, 
and An long Phnom from Cambodia showed 
excellent submergence tolerance. 

Table 2. Survival of the 15 best of 62 flood-tolerant entries 
when retesled under alonger submergence period (10 days) 
at the seedling stage. IRRI, 1977. 

Variety 
____ _______(%) 

Survival 
1%) 

Increase in 
plant ht 

F.R. 13A 100 19 
Goda Heenati 85 30 
Kurkaruppan 85 24 
Thavalu 85 10 
Anlono Phnom 
ARC 10661 

80 
70 

33 
15 

Thavalu 65 7 
ARC 614-25 (b) 
ARC 12038 

60 
60 

41 
33 

Beti Chikon 60 58 
Kalu Gires 60 29 
ARC 12059 55 23 
ARC 12606 55 60 
Cal Don 50 40 
Tangul 
SML Temerin (check)
Nam Sagul 19 (check( 

50 
30
40 

47 
82
25 



In areas where floodwaters remain for long 	 water elongated and survived in 105 to 155 cm 
of water. The lines IR5857-10-1E-I andperiods. Beti Chikon and ARC 12606 would be 

good donor parents for both flood tolerance and BKN7022-6-4 were short in shallow water but 

elongation abilit\ at the seedliig stage. 	 survived at the 105-cm depth; BKN6986- 147-2 
and BKN6986- 161 - 1-3 survived at the 155-cim 

F.ON(i.VION TSTING AT ILUNTRA 	 depth. 

Thai-IRRI 'otlratic Deep-Waetr Project 
RF.SPONSE 1() t1 R! IZi-R AT i)IFFI-RENT 

.-\bouti 14.00(1 lines from 200 crosses were WATER D)EPI IS - -VITSEAS()N 
screeneId, using methodology recommended at Thtai-iRRI Coopt'rative Deep- Vater Project 
the 1970 Deep-Water Rice Workshop. 

\t IRRI. 2) varieties fron. the germplasm For the past 7 \,ears, breeders have attempted to 
collect iOn sho\cd good elongation ability when develop improved varieties that can tolerate 
\\ater w\as rapidly increased (30 cmr/day) to a water depths of up to 100 cm. but only recently 
I-nt depth at 42 days after sotming. The same 
\arletes were tested in Thailand. \Vater was Seedlin ht (cm) at age 30 days 

10 cm ever% other lay starting at 110increased b\ 
30 days after soiming. All but one variety sur
viVed at thle I 25-cmn \\ater depth. All elongated 00 
even during crly gt')\lth (30 days). • 

Several varieties \with not onl\ early elonga- L *• 
tion abilit\ but also good elongation ability LI 
(surviving in watcr as deep as 155 ciii) were L 
identified. The best varieties, determined by 
their hei,,ht abo\e \ater of 155 cm. were: 

Naliabhangar. Badal l100. Baguamon 436. Laki J-1 i J 

396. -labiganj Aman I. DW 6255. Aswina. 0 (5 85 05 125 6 >155 

Alad Kunlar. Boran. lal Anion. Molla Diem. 

Path Kola. and Raj Bhawalia. ' (cm at nturty a srallo- ter plantiN 

The elongation ability of 270 \arieties from * S 
Bangladesh and India wa)s also tested. Nineteen 200 r 
varieties survi\ ed at the 125-cm water depth. At 
the 155-cm depths. the follo\\ing varieties from I SO 
Bangladesh ymve excellent elongation: Arai 0 • 
Raj. Ganga Sagar. Loha Dang. and Pan Kaich. 

The elongation ability of 70 entries in the 160U 

1977 IRDWON was tested. Plant height .'as 5 S • 
measured at 30 days after sowing in the pond 40• 

in.a shallow water planting. 1 .0
and at maturity 
Generally. the taller seedlings• showed better N7BN66-177022-6-4• B~~~t' IBN68-4 

elongation and survival in deep water (Fig. 1). 120 - 0 0WN 6986-161 

A similar trend was observed in other tests, 
including the test of 270 varieties from Bang- R85s7-O-tE-1 

ladesh and India. That emphasizes the impor- o00 • 
Habiganjtance of vigorous seedling growth. 0 

Aman I and II had tall seedlings and excellent o-. I I I 
0 (85 85 105 25 155 >155 

elongation ability. Although plant height at Water deph (cm) the tan 

maturity in shallow water correlated positively 1. Relationship between elongation ability and plant 
with elongation ability, several entries with height of IRDWON entries at 30 days after sowing and at 
good plant type (short, nonlodging) in shallow maturity. Huntra, Thailand, 1977. 
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4KN6986.147-2&W'5906-167 AS MOAW S-4 TA~i/ SAEW161 
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2. Yields of two elongating semkiwarf lines, a traditional tall, and a semifloating vari
ety grown at different water depths and soil fertility levels. Huntra, Thailand, 1977 
wet eason. 

were lines stabilized and sufficient seed pro-
duccd to extensively test them. Good fertilizer 
response is a key factor in the breeding of 
improved varieties that tolerate deep water, 
because many areas now planted to traditional 
tall varieties arc relatively infertile and receive 
little or no added fertilizer (possibly because the 
present types are nonresponsive). 

The response of four photoperiod-sensitive 
rices to added fertilizer at water depths of 5, 50, 
and 100 cm, and the effect of deep-water stress 
on yields were studied. Fertilizer was incorpo-
rated in three ponds at the rate of 37-37-37 kg 
NPK/ha at 2 weeks before 25-day-old seedlings 
w,'re transplanted. Thirty days after transplant
ing, the water level in two ponds was inc,'eased 5 
cm/day until water depths reached 50 and 100 
cm. In the third pond, water depth was main-
tained at 5 cm throughout the growing season. 
Being photoperiod sensitive, all four entries 
flowered in November, after tthe monsoon rains 
ceased. 


Yields of the experimental lines BKN6986-

147-2 and BKN6986-167 increased markedly 

with fertilizer application, compared with those 

of the tall traditional variety Nahng Mon S-4 
and the recommended semifloating variety 
Tarow Gaew 161 (Fig. 2). That suggests that 
genetic factors, rather than water depth, limit 
fertilizer response. Yields were lower in deeper 
water, especially at 100 cm, but response to 
fertilizer in deep water was as high as, or higher 
than, that in shaliow water. Despite its inherent 
tallness, Nahng Mon S-4 did not tolerate the 
deepest water. 

Yield differences due to water depth, fer
tilizer, variety, and variety-water depth and 
variety-fertilizer interactions were highly sig
nificant (Table 3). Yields did not differ sig

to an5s=-a.
In now cfd varietie pow. In5-, WO,andTWtilizw 3.StoalIand trattiona 

waw depthe, Huntre. Thailnd, 1137.100.-u 

Yield difference 

Rice type 
100 cm 50 cm 5 cm 

Elongating hybrid semidwarfs 0.9906 0.85 ° ° 0.85*0 
0.26n ' 0.19 n' 0.31ns

Tal traditional varieties 
0.730 0.66* 0.54* erence 

134 IRRI ANNUAL REPORT FOR 1977 



. ... . 

5o CY3 5 50 100 5 50 100 5 50 100 
Water depth (cm) 

3. Number of panicles per square meter of two elongating hybrid lines, a traditional 
tall, and a semifloating variety grown at different water depths and at two soil fertlity 

BKN6996-/47-2 
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SKV6986-/67 ,VAHAVMOcS-4 TAPOW G4EW16/ 
(o/H) (senmf/ooaing) 

Nokvi,-ed 

50 

levels. Huntra, Thailand, 1977 wet season. 

nificantlk oetwecn the 5- and 51-cm \\ater 
depths. but those at 50 and at I(i) cmnsho\ed 
highly significant differenccs. The Ie\% deep-
water rices perforend better than traditional 
varieties at all three water depths. 

For all entries, the number of panicles per 
square meter w\as markcdly reduced al the 
100-cm w\ater depth and some\%hat reduced at 
50 cm (Fig. 3). The reduction might have been 
less had the plants been grown longer in shallomi 
water. BKN6986-147-2. the onhI semidwarf 
entry, had high tillering capacity, 

rapow Gaew 161 reyonded negatively to 
fertilizer in number of grains per panicle at all 
water levels; Nahng Mon S-4 responded like 
I ipnv Gaew 161 except at the I00-cm water 
depth (Fig. 4). But the new experimental lines 
responded best at the !00-cm depth, and their 
grains per panicle increased with added fer-
tilizer. The increase in number of both panicles 
and grains per panicle was responsible for the 
higher yields, 

The two traditional varieties flowered earliest 
at all water depths. The\, differed little in 
response to soil fertility and water depth. But 

the experimental lines, partictlarly BKN
6986- 167. responded erratically. In fertilized 
ponds their flowcring occurred 38 days later at 
the I((-cm \walerdepth than at the 5-cm depth. 

As expected. plant height increased as water 
depth and fertilization increased, but the 
increase was not proportional in all fourentries. 
The experimental lines elongated the most. 
Tapow Gaew 161 was inherently tall and thus 
elongated only about 2( cm to remain abve 
water. Although Nahng Mon S-4 was no taller 
than BKN6986-167 in shallow water, it posses
sed little elongation capacity or deep-water 
tolerance. 

The grain quality of Nahng Mon S-4 is among 
the best in Thailand; that of Tapow Gacw 161 is 
onl' fair. Because ther, is considerable interest 
in the release of an improved deep water
tolerant variety. cooking quality tests were 
conducted. The elongating lines compared 
favorably with NahnW' Mon S-4, but differed 
considera bly in amylosL content, gelatinization 
temperature, and gel consistency (Table 4). 
Their cooking characteristics seemed superior 
to those of Tapow Gaew 161. 
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4. Number of grains per panicle of two elongating semidwarf lines, a traditional tall,and a semifloating variety grown at different water depths and at two soil fertilitylevels. Huntra, Thailand, 1977 wet season. 

MULTILOCATIONAL YIELD TRIALS ceases after floweringThai-IRRI Cooperative Deep-Water Project and plants die if theyflower while the water level is still rising.
Deep-water rices are generally sensitive toMultilocational yield trials were continued todetermine if the incorporation of elongation Table 4. Cooking and chemical characteristics of promisingge'nes into semidwarf rices has a deleteious deep-water lines and check varieties. Huntra, Thailand, 1977rceshasgcne ino seidwrf deeterous wet season.effect on yield. That effect would be important iffarmers grew the elongating semidwarfs in shal- Characteristic BKN6986 BKN6986- Tapow Nahnglow water or if water levels were reduced mar- 147-2 167 Gaew Mon S-4kedly because of low rainfall. The yields of the


elongating semidwarfs were 161 (check)
comparable to
those of RD7 in both dry and 

Chemical characteristics 
wet seasons Amylose (%) 25.9 26.9 25.6 22.0(Table 5). But inwater 9(0 cm deep, the elongat- Alkali testSpreading value

ing semidwarf lines were 5.1 5.2 6.2 6.5clearly superior to Gelatinization
RD7 BK698jO8mwaeoatuarin.RD7; BKN6986-108-3 was outstanding- Gel consistency (mm) 

I I L LBKN6986-66-2, which was 73 74promising in a Cooking time (min) 37 2621.5 21.0 1' 17.5variety-fertilizer-water level experiment and in Paste charactersthe multi-locational yield trials, performed well temperature (°C)Peak viscosity (B.U.) 71870 71 74 71605 800under a wide range ofconditions. Setback (B.U.) -370 +390 +460 
490 

+345 

Cooking characteristicsiFLOWERING RESPONSE TO PHOTOPERIODPlant Physiology Department Aroma 5./ 5.6 5.6Tenderness 5.35.8 5.6 5.3 5.7 
Cohesiveness 5.i b.0 5.0 5.5Deep-water rices usually flower after the water Color 2.7Glossiness 1.? 2.9 2.75.8 6.0 5.0 5.5

level has reached its peak. Such adaptation is *L = low; I = Intermediate; H = high. bGraded on ascale ofnecessary for survival because elongation 1-9: 1 = best; 9 = poorest. 
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Table 5. Average yields of six photoperiod-nonsensltlve 

experimental lines and varieties grown in multilocational 

replicated yield trials during the dry and wet seasons. Thai-

IRRI Cooperative Deep-Water Project, 1977. 


Yield (tha) 

Entry In .;hallow waler (5 cml In deep 
water 

Dry season" Wet season (90 cm) 

BKN6987.82 4.6 3.8 1.7 
BKN6986-66-2 4.6 3.7 2.5 
BKN6987-68-7 4.5 3.6 1.7 
BK46986-108-3 34 3.3 3.8' 
T442-57 (check) 3.5 3.7 3.1 
RD7 (check) 4.2 3.7 0.3 

'Five stations. 'Six stations. ' One station. "Consistently high 

kOds in all replicates. 


phltoperiod. l'hotoperiodism controls their 
flo\ering and fits them to the LIdrohci0c condi-
lions. Plants can the'rcfore he so\\n so t the 
will foe\r ts the ttCr depth decreases. 

Atne pcxri men t \' a, ,'tid uctCd to dCte.rniinc if 
ar'tificial protpe,rhid coil.d he used to predict 
the ,'lo\crighehauor otf dLc p-a\\rI.l rices 

c4row1n at different latitudes. The \ ai1.ties \\Cr.c.......... 
the Samell' ast',tho used ill the 19T)75 survey o1 o d 

-l eltes of deerl-\Later rice ( I7rin5P 

AnInUal Report). All are photoperiod sensilive 

(Table 0) but the\ vary in dei'e of siis titv. 
basic vegetative phasc. and critical photo-
period. Varictics Irom Bangladesh and india. 
\which are at hiuhder latitudeS and1Lhave longer 

days.,t-ll+ hive loner,, critical photo-

periods than varielies frot11 Thailand and Canm-
bodia (Table 7). Th ,\' have so adapted that their

ice iitiated at lengNahng
thos for i anln.er thsll than 
those for Thai and (Camodt,+i lice~s. 

Because of their longer critical photoperiod, 
the Bangladesh v'arieties flower carl\' in both 

Thailand and Bangladesh. lhc actual critical 

plhooperiod N'alties agree closely witlh the lield
surCy estimallts. 

Greenh.use tests call diffcrentiate rices with 
suilable flo\\'ering dates for Thliailad, ('illll
h~udiia. Vie'that1, In1dia, 111d 13,111ijlLduSh. Tlhe' 

Ilionith of flower,lg (althioutgh not the accurate 
llo%\ erinli dlte) call be roughly predicted Il\ test 

: 
in, in limited darkroom facilities. For example. 
[.Leb ie Naling II I of Thailand \\ hose critical 

plIolopCriod is 12 hlonl'S Isnd 31) in uis. flowe'rs 
lot lite (ill NtoVClebe1r) ill 1aglaelcl.Ish. Bul I 

Bangladesh variety, such as 1labiganj Aman I 
\\hose critical pihottipe-liod is abotlt 13 hours. 
flowels too cai'I\' (ill Sc l,.tulber) in Thailand. 

In devisine\ a test ilig method.l 1'a geCneraor rl 
tiol dep-wter riccs. lie tlo\lring dale tieed 

Table7. Twelve deep-witer rice varieties grouped according 

to critical photoperlods and flowering dates In Thailand and 
Bangladesh. IRRI, 1975. 

............
 
Critical Flowering date in 

photoperiod Origin Variety 
(hI Thailand Bangladesh 

13-14 Bangladesh Habiganj A2 4 Oct. 7 Oct. 

Bangladesh Laki 192 23 Sept. 17 Oct. 
Bangladesh Baisbish 
Bangladesh Habigan i A, 

6 Oct. 
25 Sept. 

20 Oct. 
2 Oct. 

India Kekoa Bao 25 Sept. 16 Sept. 
12.5-13 India Gowai 84 6 Oct. 24 Oct. 

India Kalar Harsall 28 Oct. 10 Nov. 
Thailand Khao Med Lek 15 Nov. 25 Nov. 

12-12.5 Thailand 
Thailand 

Po Ngerr
Sai Bua 

3Dec. 
7 Nov. 

20 Nov. 
20 Nov. 

Thailand Leb Mue 
111 12 Nov. 19 Nov. 

Cambodia Saran Kraham 21 Oct. 14 Nov. 

Table 6. Number of days from soaking to flowering of 12 deep-water rice varieties under diff.rent photoperiods. IRRI, 1975. 

Variety Days (no.) to flowering under 3 photoperiod of 

10 h 11.5 h 12 h 12.5 h 13 h 14 h BVP 

Halt:anj A2 44 99 101 108 125 -- " 9 
Laki 192 40 57 62 103 123 - 5 
Baisbish 54 73 85 110 143 - 19 
Habiganj A, 41 46 57 101 142 - 6 
Kekoa Bao 59 76 97 121 187 - 24 
Gowui B4 60 82 90 142 - - 25 
Khao Med Lek 51 92 110 143 - - 16 
Kalar Harsall 75 95 108 165 - - 40 
Po Ngern 61 108 116 - - - 26 
Sai Bua 59 87 103 - - - 24 
Leb Mue Nahng 111 60 97 101 - - - 25 
Saran Kraham 52 80 97 - - - 17 

'Basic vegetative phase. No flowering after 190 days. 
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not be accurately measured or predicted. But 
for further field testing a simple method for 
differentiating the materials that are more likely 
to adapt to the different deep-water areas is 
needed. Because deep-water rice has specific 
photoperiod requirements, lines should be 
selected in fields in the specific area. Even rices 
in areas at similar latitudes have different 
flowering dates, &.pending on when the water 
recedes. 

DROUGHT TOLERANCE AT SEEDLING 
STAG ESTAGE 

Thai-IRRI Cooperative Deep-Water Project 

The drought tolerance of 128 rices, including 60 
deep-water hybrid lines and floating varieties, 
was tested in the 1977 dry season. Raised beds 
were used to accelerate drought stress. The 
floating variety Leb Mue Nahng 111 was the 
tolerant check. 

After seeding, the nursery was watered suffi-
ciently to ensure good stand establishment;
then water was withheld. Nineteen deep watertlernt ater sinees atr-waswithheld we 
tolerant hybrids tolerated stress well and reco-
vered satisfactorily from it at 66 and at 112 days 
after sowing. Both BKN6986-108-3 and 
BKN6986-66-2 were rated relatively high in 
tolerance. They gave stable yields tinder awide 
range of water conditions, 

SUBMERGENCE AND DROUGHT TOLER-

ANCE IN A SINGLE VARIETY 


Agronomy Department 

Traditional rice varieties vary widely in sub-
mergence and drought tolerance. If used as par-
ents, these rugged varieties should contribute to 
the genetic ability to withstand submergence 
and drought. 

During the dry season, 4,115 rices were 
screened for drought resistance in the field (for
details, see section on drought resistance). Sev-
eral traditional varieties from Bangladesh that 
normally grow under uncontrolled water condi
tions had good drought resistance but such 
resistance was lower than that of IR442-2-59-
2-3-3 (Fig. 5). 

Many modern rices that were selected for 
submergence tolerance were screened in the 
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5. Several rice varieties from Bangladesh had lower 
drought resistance than IR442-2-59-2-3-3 at 2, 4, and 10 
bars of soil moisture tension in field screenings. IRRI, 
1975, 1976, and 1977 dry seasons. Rating: 1-9 (1= none 
to slight effects of stress, 9 =all plants apparently dead). 

greenhouse at a high level of soil moisture ten
sion (-30 bars). Some modern rices such as 
IR5825-44-3-P1 and IR5825-44-3-P2 had both 
submergence and drought tolerance. IR5825-
44-3-P2 recovered well upon rewatering after 
about 60 days without water (Fig. 6).

Promising submergence-tolerant and 
drought-resistant rices will be evaluated for 
suitability as rainfed-lowland varieties under 
various environmental stresses, particularly 
under uncontrolled water in areas of sudden 
drought of flood. 

DIRECT SEEDING IN SHALLOW WATER 
Plant Physiology Department 

Direct seeding can be useful in controlling 
weeds, conserving impounded water, reducing 
the turnaround time between crops, and reduc
ingthecostoftransplanting.AtIRRI, IR38was 
identified as good for direct seeding in 10 cm of 
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Stransplanted 

,,I 

- XI.Grain,icy 

b 

-

~, 
-
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6. Some modern rices such as IR5825-44-3-P2 that had 
submergence tolerance also had high levels of drought
resistance under limited rooting depth in IRRI greenhousestudies. 

water because it establishes its roots firmly and 
emerges through the water. Many other test 
varieties failed either because the roots would 
not anchor or because the shoots would not 
elongate aboVe the water surface, 

Direct seeding in dry or puddled-but-drained 
fields shortens the turnaround time and facili-
tates the establishment of the first of two crops 
of rainfed rice. The potentials and problems of 
rice seeded in 10 cm of water wcre studied in 
1977. 

Pregerminated IR38 seeds were sown in 
water 10cm deep at 50 seeds/l-m row, spaced 
25 cm apart. Simultaneously. 20-day-old seed-
lings were transplanted at the same spacing. 

Transplanted rice yielded more than direct-
seeded rice (Table 8) mainly because it had big-
ger panicles. It actually produced fewer pani-
cles. 

Table . Yield and yield components of direct-seeded and 
IR38 rice. IRRI, 1977 wet season. 

Yield parameler Direct-seeded Transplanted 

yield (ihal 3.85Panicles (no ,rn-) 373 2704.66 
Wt (g/panicle) 1.52 2.14 

1000-grain wt (g) 24,1 24.2 

Direcc-seeded IiCc SllffCl'CdI Chlr1osiS alt tile 
'maximum-tillering stage. Its nitrogen content at 

tiflowering \\-as low (03V; vs 0.6"i for tfl
planted rice). Cultur-tl nodilication light 
further increase yields and economic returns 

-~from it. 

RBRI-TDING PROGRAM AT THAILAND AND 
IRRI 

Cooperative Project and IRRI lhant 

Breding )epartment 

Crosses were made in Thailand in 1976 and 
1977 to determine if additional genes for clong
ation could be incorporated into scmidwarf 
types. No sem idwarf progcnV with Ch,1ngation 
ability equal to that of floating varicties has
been identified. Sevecral scruidwarf lines with 

elongation ability \were intercrossed to deter
mine if their gcnes for elongation were the 
sanme: if they \%ere different. transgressive seg

regation for elongation mitght occur in the F.,. 
Elongating semidwarfs were also crossed with 
floating varieties, including two Rayada intro
ductions from Bangladesh. Because both par
ents of man\ of the crosses are sensitive to 
photoperiod. the crosscs did not flower until 
late in Novembcr. The hypothesis that genes for 
elongation can be recombined has neither been 
confirmed nor rejected. But when the clongat
ing ability of seedlings of some F, populations 
with photoperiod-nonscnsitive parents were 
tested, few lines were superior to either parent. 

More than 1,000 brecding lines were 
screened forelongation ability at IRRI. No line 
elongated well and only at few elongated fairly 
well. As in Thailand. elongation ability apeis 
to be a, recessive or incompletely dominant 
character controlled by several genes acting in a 
cumulative manner. Backcrossing of the better 
lines to parents with elongation ability might be 
needed.
 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 139 



The submergence tolerance of 1,658 lines 
from 28 crosses was evaluated; 247 lines 
showed excellent tolerance, 

Routine crossing with materials that 
physiologists recommended for elongation abil
ity and submergence tolerance was continued. 
In addition the F, hyL rids of 322 crosses involv
ing deep-water vareties from Bangladesh, 
made in the 1976 wet season, were used in 
backcrosses and three-way crosses in the 1977 
dry season. F seed of those crosses will be dis, 
tributed to interested national programs early in 
1978. Many of the crosses had to be discarded 
because of heavy and almost unpreventable 
infection of ragged stunt disease. 

Most improved lines in the 1977 IRDWON 
elongated poorly compared with the native var
ieties. Th,.ir performance indicated the impor
tance of studying the inheritance of elongation 
ability. 

The newly identified flood-tolerant donors 
were crossed at IRRI. Several progeny lines 
were nominated to the IRDWON for more 
extensive testing. 

INTERNATIONAL COOPERATION 
Thai-IRRI CooperativeDeep-Water Projectand 
IRRI 

An international seminar on photoperiod
sensitive transplanted rice, sponsored coopera
tively by the Bangladesh Rice Research Insti
tute (BRRI) and IRRI, was held at BRRI in 
October 1977. The seminar focised on the rice 
areas where the prolongeu duration of 
medium-deep water precludes the use of the 
present improved varieties and on the need for 
varieties of long growth duration. 

The second IRDWON was planted in at least 
26 locations. Additional advanced lines from 
Indonesia, West Africa Rice Development 
Association, Bangladesh, and India increased 
the number of entries. 

The IRRI deep-water team visited Burma, 
India, Thailand, and Bangladesh. 

Eleven scientists from 7 countries who had 
completed the GEU training at IRRI partici
pated in a 5-day program in Thailand on the 
breeding, testing, and selection of deep-water 
rice. The scientists set up rooting and kneeing 
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tests and later scored the plants. They also, 
scored plants in an elongation test, and 
evaluated a submergence test. Lectures were 
given and deep-water rice areas were toured. 



Genetic evaluation and utilization (GEU) program 

Temperature tolerance 
PlantPhysiologyandPlantBreedingDepartments 

LOW TEMPERATURE 142
 
Screening for cold tolerance 142
 

HIGH TEMPERATURE 142
 
Screening for high-temperature tolerance 142
 
Varietal difference in anthesis time 144
 

IRRI ANNUAL REPORT FOR 1977 141
 



LOW TEMPERATURE 
Plant Physiology and Plant Breeding Depart-
ments 

Screening for cold tolerance. Since 1974, 
17,689 varieties have been screened for cold 
tolerance, most it, 1977. Five more varieties 
with cold tolerance at seedling, panicle initia-
tion, and anthesis stages were identified in the 
screening of the germplasm collection (Table 
1). Those, plus the six varieties identified ear-
lier, have optimum plant height and growth 
duration when planted in low-temperature 
areas. 

Philippines. The 11 varieties and others 
were used in the cold-tolerance breeding prog-
ram to combine cold tolerance with other 
desired traits such as early maturity, pest resis-
tance, fertility, intermediate plant height, and 
good panicle exsertion. Another desired trait is 
tolerance for zinc deficiency, which is particu-
larly needed around Banaue, Philippines. The 
Banaue rice terraces are continuously flooded 
to prevent the soil from cracking and ultimately 
eroding, but flooding enhances zinc deficiency. 

Collaborative field evaluation of breeding 
materials with scientists of the Philippine 
Bureau of Plant Industry (BPI) was intensified 
at Banaue. Breeding nurseries were expanded 
so that additional entries in the pedigree nurse-
ries and observational yield trials could be 
grown. 

Several new crosses of newly identified cold-
tolerant varieties and elite GEU lines were 
made. F., seed of several 1976 crosses were dis-

Table 1. Indiec varetin with tolerance for low temperature 
based on growth duration, plant height, epikelet sterility,leaf 
color, and anthesis. Selected from 17,689 entries In the IRI 
germplaam bank, l1977. Spikelet Anthesis 

Variety Origin sterility
(%) 

at 
21"C (%) 

Padi Sasahal 
Lambayque 1(PI 207010-2) 

Malaysia 
Peru 

29 
14 

100 
90 

Miltak Indonesia 29 90 
Padi Labou Alumbis 
Jumali 
Pratao 

Malaysia 
Nepal
Brazil 

11 
21 
8 

70 
70 

100 
C 21 
Leng Kwang 
Sliewah 

Philippines
China 
Indonesia 

25 
27 
13 

100 
70 

100 
ThangoneDourado Agullla
__________________Brazil__11 

LaosBrazil 911 8080 
_80_ 
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tributed to collaborating rice improvement 
programs in low-temperature areas around the 
world. 

Progeny of 21 crosses were grown as F2 bulk 
populations at Banaue. Each cross combination 
had 2,000 to 3,000 plants. Each population was 
intensively selected for the desired traits. For 
example, plants were inoculated with the local 
strain of bacterial blight at the maximum
tillering stage; when lesions appeared, all sus
ceptible plants were rogued. Three populations 
with high sterility or poor vigor, or both, were 
discarded. From pedigree rows of the 18 
remaining populations, 1,796 plant selections 
were harvested. 

A total of 3,093 pedigree lines from 69 eros
ses were evaluated. The lines, which ranged 
from F:, to F,, were grown in single-row plots, 4 
m in length and spaced at 25 X 20 cm. Every 
20th row was planted to standard check var
ieties. About 1,800 individual plants were 
saved. Bulk seed of promising lines were har
vested and distributed to cooperators in other 
countries through the International Rice Cold 
Tolerance Nursery (IRCTN) of the Interna
tional Rice Testing Program. 

Similarly, 141 varieties and lines, selected 
mostly from the pedigree rows, were evaluated 
in nonreplicated observational yield trials. 
Promising lines were from the crosses IR5865, 
IR5867, IR5908, IR7167, IR8460, and 
IR9202 (Table 2). 

Korea. A collaborative cold-tolerance prog
ram with Korea was initiated in 1977. Korea has 
excellent facilities and field plots that facilitate 
screening for cold-tolerance. 

Cooperative work with Korea will help
IRRI's program to increase rice yields on the 
more than 7 million ha in South and Southeast 
Asia where low temperature limits yields. IRRI 
can serve as a liaison between Korea and the 

other rice-growing areas and can coordinate 
research and breeding for cold-tolerant var
ieties for Asia. 

HIGH TEMPERATURE 

Plant Physiology Departmet 

Screening for bigh-temoerature tolerance. AtSre~gfrhg-enlrtt oeac.A 
the flag-leaf stage, te',t plants were carefully 



Table 2. Characteristics of selected improved lines grown at Banaue, Philippines. 1977 dry (D)and wet (W) seasons. 

Maturity Plant ht 
(days) (cm) Reaction to" Grain quality 

D W Blast Bacterial Gel AmyloseD WCrossDesignation 	 blight consistency (%) 

R medium 22 
iR30 (reselection) 	 IR5141-102-6-3/IR2147 150 135 81 80 R 

85 R R 	 hard 232 	 162 138 88IR833-6-2-1-1//IR2061-214-3-3-17- IR1561-149-1/IR1737 

hard 23162 150 93 87 R R
IR833-6-2--1//IR2061-522-6-9-1 
IR1561-1 *9-1/IR17.'7 

MR hard 	 23162 151 113 107 R 
IR5865-62-2-3 	 IR747P2-6/Kn-lb-213-


1-4-3/ /IR747B2-6/
 
Kn-1 b-361-1-8-6-10 

- 97 R MR medium 24 
IR5867-45-2-3-2 	 IR747B2-6/6/Kn-1 b-361- - 151 


1-8-6/ /IR747B2-6/
 
Kb-lb-213-1-4-3 

92 R R 	 soft 22 
- 153 

IR5908-40-3-2-2 	 IR747B2-6/Kn-lb-361-

1-8-6-10/ /IR2053
522-2-3
 

R R soft 23 - 145 - 99IR747B2 /Kn-lb-361-IR5908-125-1-1-3 
1-8-6-10/ /IR2053
522-2-3 

R medium 25 
- 151 - 93 RChina 1039/Kn-lb-IR7167-4-3-2 

361-1-8-6-10 
R R medium 23 - 146 - 98China 1039/Kn-lb-IR7167-33-2-3 

361-1-8-6-10 
hard 21 - 152 - 78 R R 

IR8460-86-3 	 IR28/Shensi Variety 
75 R R 	 soft 24 

- 153 K78.13/IR2053-362-1-4 
4 R soft 23IR8866-30-3 

- 153 - 85 R 
IR8866-48-3 	 K78-13/IR2053-362-1-

R soft 23 - 145 - 94 R 
1I19202-56-1 	 IR2053-521-1-1/K116/ 

Kn-1 b-361-1-8-6-9-1 
R soft 24162 151 108 96 MR 

Kn-lb-361-Blk-13-6 	 IR8/Jerak 

"R = resistant; MR = moderately resistant. 

From 390 selections screened by the above
the fields of the observationaluprooted from 

technique, 14 donors of high temperature toler
yield trial and hybridization blocks, transferred 

ance were identified (Table 3). N22 consistentlyglasshouseto 4-liter pots. and placed in the 
shows a high degree of tolerance for high temp

room at 32°C daytime and 24°C night tempera-
Annual Report). Interestingly, 

ture in the IRRI phytotron. When panicles eratures (1976 

began to emerge, the plants were subjected to a 
Table 3. Rices found tolerant of high temperature. IRRI, 1977. 

treatment (38°/30'C) inhigh-temperature 
Origingrowth cabinets. The plants were taken back to Designation 

room 5 days after completethe glasshouse 	 IRRI2006-P12-122-2 IRRI emergence of the lost flowering panicle. Nonfer- IR2798-115-2-3 

tilized empty grains were counted at maturity. IR3941-97-1 	 IRRIIRRI 
IR4427-51-6-3 IRRi 

saves time, 1R4482-5-3-9-5 
Although this simplified procedure 

IndiaIET4658(UPR96-1-1-1)labor, and phytctron space, one cannot tell if 	 Ind'a 
are healthy or diseased. IET4897(AD-1140) 	 Indiathe sampled plans 	 IET5085 IndiaIndiaIET5236138-994-A29There is also some gindication that climatic con-dtos pgCR 


a Krishna 
 Indiaditions during the growth period might affect 
IndiaN22variety's tolerance for high temperature. There-	 ChinaChing Yu 1 

Guineafore, screening by this procedure is confined to 0. glaberrima lAcc. No. 100149) 

the dry season. 
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1. Anthesis time of 0. stava and 0. glaberrima selections. 
IRRI, 1977 dry season. 

1R3941-97-I, an early maturing line with waxy 
grain, has some cold tolerance and a high degree
of heat tolerance, but its sister line IR3941-25-1 
is susceptible to high temperature. 

Varilt'z difference in anthesis time. Results 
from 1976 indicated that sterility induced by 
high temperature could be avoided if anthesis 
occurs in the morning before the temperature 
rises above a critical level. The anthesis time of 
14 0. saiva and 10 0. glaberrima rices was 
examined. 0. saiva and 0. glaberrinta rices dif-
fei-ed markedly in anthesis time (Fig. 1). At 
0900 about 60% of the 0. glaberrima spikelets 
flowered but fewer than 5% of the spikelets of 
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Table 4. Anthesis time of some rices found tolerant of high 

1977 wet season. 
Anthesis (cumulative %) at 

0700 0800 0900 1000 1200 1400 

0. glaberrima 
(Acc. No. 100149) 20.0 46.0 69.5 81.8 88.1 94.6
N22 0 0.8 18.7 79.3 98.1 100.0Krishna 0 0 4.2 38.7 93.5 98.2 
Ching Yu-1 0 0 1.4 13.6 67.4 96.5 
IIET4897 0 0 2.3 24.7 86.1 98.3
BKN6624-46-2 0 1.0 4.9 42.8 86.4 98.1 

0. sativas (IR lines and Speed 70) had anthesis. 
In high-temperature areas, temperature nor
mally rises above 35°C after 10CO and remains 

high until 1600 to 1700. Hence. early morning
anthesis is a desirable character for varieties for 
high-temperature areas. 

Five tolerant rices and the susceptible check 
variety BKN6624-46-2 were grown in the wet 
season, and their anthesis time was examined 
(Table 4) to sc, if varieties known to have toler
ance for high temperature have early morning 
anthesis. The 0. glaberrima selection Acc. No. 
100i 49 had early morning anthesis in the wet as 
well as in the dry season. The anthesis time of 
other high temperature-tolerant rices varied 
considerably and sometimes did not differ from 
that of the susceptible check. Thus, those rices 
appear truly tolerant of high temperature. 
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INTERNATIONAL NURSERIES 

Results from 14 International Rice Testing 
Program (IRTP) nurseries planted in 1976 
(received from Jan. to Nov. 1977) are sum-
marized in Table 1. Results from 338 nursery 
sets were received from 116 rice research sta-
tions in 27 countries in 1977. The nurseries 
were grown by 296 cooperating scientists. 

In 1977, 15 types of nurseries were prepared 
and dispatched from IRRI. They included the l4 

types of 1976. Because late-maturing varieties 

are important in monsoon Asia, a new yield 
nursery of long-duration varieties (IRYN-Late) 
was initiated. The regular cold tolerance nur
sery was replaced with a preliminary screening 
set. Six additional nurseries specifically suited to 
Latin America were distributed by the Centro 
Internacional de Agricultura Tropical (CIAT) 
(Table 2). 

National contributions to the IRTP nurseries 
continued to expand; the test entries from 

TabS. 1. Som promising etries from various Internalonal Rice Testing Program (NlP) nurseries, 1976. 

Nursery 

Yield 
Intemation3l Rice Yield Nursery-Early (IRYN-E) 

International Rice Yield Nursery-Medium (IRYN-M) 

International Upland Rice Yield Nursery (IURYN) 

General observational 
International Rice Observational Nursery (IRON) 

Environmental stress 
International Upland Rice Observational Nursery (IURON) 

International Rice Deep-Water Observational Nursery (IRDWON) 

International Rice Salinity and Alkalinity Tolerance 
Observational Nursery (IRSATON) 

Interational Rice Cold Tolerance lNursery (IRCTN) 

Biological stress 
International Rice Blast Nursery (IRBN) 

Intnational Rice Sheath Blight Nursery (IRSHBN) 

International Rice Tungro Nursery (IRTN) 


International Rice Brown Planthopper Nursery (IRBPHN) 


International Rice Gall Midge Nursery (IRGMN) 


International Rice Stem Borer Nursery (IRSBN) 
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Promising entries 

IR36, IR1561-228-3-3, 
BR51-46-1-C1, 8541b-Pn-58-5-3-1
 
B542b-Pn88-9-2-2, 8R4,
 
BR51-46-5, BG374-1
 
lET 1444, IR36, IR1529-430-3,
 
B541b-Kn-19-3-4, IR2061-522-6-9,
 
IR3880-13
 

B2360-6-7-2, Si 3, BR51-282-8,

RD 9, IR4427-315-2.3 (based on wider
 
phenotypic acceptability) 

IR1746-FsB-24, IR1746-194-1.1-1, 
C22, MI 48, Salumpikit, ARC 10372,
 
IRAT 13, IR3880-29 (based on wider
 
phenotypic acceptability)
 
BKN 6986-147-2, BKN 6986-14,

BKN 6986-173-5, BKN 6986-81
 
BG 34-8, BG 94-2, Nona Bokra,
 
Damodar, Patnai 23, SR 268,
 
Pokkali, IR3265-193-3-3
 
China 1039, Eiko, IR1846-284-1.1,
IR1846-287-1, IR1846-296-3, 

IR3941-8-1, IR3941-45, K 84,
Kn-1 b-361-1-8-6-1-1-6 

IR5533-PP855-1, IR5533-PP856-1,
 

IR9669-PP836-1, IR1416-128-5-8,
 
Ta-poo-cho-z
 
BR 2-29-2-1-3, 1q2071-5884-4 ,
IR2071-588-5-1, Remadja, Suduwee 
ARC 10531, ARC 13677, ARC 13820, 
ARC 13901 
Ptb 33, RP825-24-7-1, RP825-71-4-11, 
Gangala, Ptb 19, Ptb 21, Suduru Samba 
RPW6-17, RP352-28-1, RP9-10-3-2-1,
 
IR4744 selections (11), 75-163
 
75-203, BKN-BR 1030-3-2, BKN-BR 1031-3.3-6
 
W 1263
 
lET 2815, lET 2830, lET 2845,
 
RP88748-1, Mahsuri Mut. 3028,
 
CRM 14-29-R75, R34-73-200,
IR1820-52-2, W 1263 (based on 
deadheait incidence) 



Table 2. International Rice Testing Program (IRTP) nurseries composed and distributed InLatin America by the Centro Inter
nacional de Agriculture Tropical (CIAT). 
Year Nursery 

1976 International Yield Nursery for Latin America 
IVivero Internacional de Rendimiento Para 
America Latina (VIRAL) 

1977 International Yield Nursery for Latin 
America - Early (VIRAL-Prococes) 

International Yield Nursery for Latin 
America - Medium (VIRAL-Tempranas) 

International Upland Rice Yield 
Nursery IVIRAL-Secano) 

International Rice Sheath Blight
Nursery (VIVERO) 

International Rice Salinity and Tolerance 
Observational Nursery (VIOSAL) 

International Rice Deep Water Observational
Nursery (VIRAL-F) 

national programs increased from 35r in 1975 
to 65% in 1977 (Fig. I). Requests for nursery 
sets increased in 1977. although sonic could not 
be met because of seed shortages (Table 3). 
More than 70c of the nurseries went to Asian 
countries (Table 4). The yield and the observa
tional nurseries wyere most widely distributed. 

The IRTP continued to develop regional 
programs to ensure that cooperators have ac-
cess to materials well adapted to their grow-
ing conditions (Fig. 2). Because the specific %'a-
rietal reqttiremcnts of Latin America and the 
arid regions of North Africa and West Asia dif-
fer in sonic traits from those of the humid Asian 
tropics, separate nurseries were established for 
those two regions. CIAT and IRRI jointly 
developed a network of test sites in 18 Latin 
American countries. The first yield nursery for 
Latin America comprised the best improved 
Latin American, CIAT. and Asian varieties and 
breeding lines. After preliminary evaluation at 
CIAT, other nurseries were composed of the 
best entries from the regular IRTP nurseries. 
Similar arrangements are being developed in 
Africa with the International Institute of Tropi-
cal Agriculture (IITA) and the West Africa Rice
Development Association (WARDA). 

Within countries the IRTP nurseries are dis
tributed through the national programs. The 
national coordinators and contact scientists are 
responsible foreffective integrationof the IRTP 
nurseries into the overall national programs.
Some large national programs that coordinate 
the testing of a large number of nurseries are the 

Composition Sets 
(no.) 

Recipient 
countries (no.) 

19 entries from 9 Latin 
Anerican countries; 
5 from IRYN 27 18 

10 IRYNE entries 28 16 

14 IRYN-M entries 28 16 

14 IURYN entries 22 14 

9 7 

4 4 

10 IRDWON entries 5 5 

All India Coordinated Rice Improvement Pro
gram (115 sets), tile Bangladesh Rice Research 
Institute (47 sets), the National Rice Program 
of Indonesia (37 sets), and the Thai Rice Pro
gram (41 sets). 

UTILIZATION O1 IRTP NURSERY ENTRIES 

The ultimate purpose of the IRTP is to assist in 
the development and evaluation of diverse rice 
varieties and their dissemination to rice farmers 
around the world. Although the IRTP has been 
operational for only 3 years, some measure of 
its effectiveness begins to be seen as many IRTP 
entries are promoted to local yield trils (Table 
5). Scientists in countries such as India, Bang
ladesh, and Burma are effectively using the 
entries that perform well locally. A significant 

Entre l* 

80 

60 _ 

40 '3 

20 

0 9T - 99T 
197 1976 191" i7 1976 197 95 17 t97 

1. Sources of nominations for the International Rice 
Testing Program (IRTP) trials, 1975-77. 
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Table 3. Number and sources of more than 100,000 seed packets of rice varieties and linesdistributed through the International 

Rice Testing Program (IRTP) nurseries, 1977. 

Entries from 

IRRI 
Sets National 

' Nursery" dispatched Entries programs Improved rices Germplasm bank Packets 
(no.) (no.) (no.) 

No. % No. % No. % 

Yield 

Lowland 
IRYN-E 56 28' 20 71 8 29 4704 
IRYN-M s0 28' 20 71 8 29 4200 
IRYN-L 18 28" 23 82 5 18 1512 

Upland 
IURYN 46 25' 13 52 12 48 3450 

General observational 

IRON 97 391 261 66 131 34 37927 

Environmental stress 

IURON 65 153' 94 61 52 34 7 5 19890 
IRSATON 35 77 38 49 32 42 7 9 2695 
IRDWON 26 70 56 80 11 16 3 4 1820 
IRCTN 
(prel. screen.) 11 380 260 68 78 21 42 11 4180 

Biological stress 

IRBN 48 476 232 49 244 51 22848 
IRSHBN 32 154 58 38 62 40 34 22 4928 
IRTN 15 187 132 71 38 20 17 9 2805 
IRBPHN 28 128 85 67 3 2 40 31 3584 
IRGMN 24 119 99 83 20 17 2856 
IRSBN 26 82 42 51 37 45 3 4 2132 

Total 577 2326 1432 64 741 30 153 e 119531 

"IRYN-E = International Rice Yield Nursery - Early; IRYN-M = International Rice Yield Nursery - M:dium; IRYN-L = International 
Rice Yield Nursery - Late; ': IRYN = International Upland Rice Yield Nursery; IRON = International Rice Observational Nursery' 
IURON = International Upla. id Rice Observational Nursery; IRSATON = International Rice Salinity and Alkalinity Tolerance Obser
vational Nursery; IRDWON = International Rice Deep Water Observational Nursery; IRTN = International Rice Cold Toleranc j 
Nursery (preliminary screening); IRBN = Intern3tional Rice Blast Nursery; IRSHBN = International Rice Sheath Blight Nurscy; 
IRTN = International Rice Tungrc Nursery; IRBPHN = International Rice Brown Planthopper Nursery; IRGMN = International Rice 
Gall Midge Nursery; IRSBN = International Rice Stem Borer Nursery. hincluding check varieties. rThree replications each. 
dTwo sets of seed sent for 2 seeding dates. 

number of the best-performing IRTP entries cratlonr among local scientists in areas of com
were from national programs. Many entries mon intere;t. 
have been used in national hybridization pro- For the first time IRTP monitoring tours were 
grams. made in North Africa and West Asia, and in 

Another gauge of use is the number of Latin America in 1977. Another tour was made 
national entries from IRTP nurseries that are in Nepal and East India. Twenty-four scientists 
used as breeding materials in the crossing pro- from 10 countries visited 9different countries in 
gram at IRRI. During the 1976 wet season about the three 1977 monitoring tours (Table 6). 
20% of die 2,199 crosses made involved at least The participants recommended increased 
one national entry from IRTP trials. During the regional cooperation to solve common rice 
1977 dry season 21% of 2,329 crosses were research and production problems. During the 
national IRTP entries, tours of the arid regions and of Latin America., 

the scientists observed that many current IRTP 
MONITORING PROGRAM entries from tropical Asia lacked specific traits 

needed in those regions. Both groups recom-
The IRTP monitoring tours bring national sci- mended more exchange of material among 
entists together and encourage bilateral coop- national programs in each region. As aresult, an 
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Table 4. Distribution of International Rice Testing Program (IRTP) nurseries" in 1977. 

Nurseries (no.) 

Region and General Environmental 
country Yield obsuiv itional stress Biological stress 

z z 
L Jz Z z 0 co X2 

> > 0 3RON X Z C.-X 0r 0 to I- CC (. U) 

East Asia 
Japan 1 
Korea 
Taiwan 

2 
2 

3 1 1 1 2 
1 

2 
1 

1 
2 

1 

Southeast Asia 

Burma 
Indonesia 
Malaysia 
Philippines 
Thailand 
Vietnam 

1 
3 
1 

4 
4 

3 
1 
4 
4 
2 

1 

1 
2 

2 

10 
5 
1 

1 
2 
1 
8 
3 
1 

1 
3 

9 
7 
1 

1 

2 
4 
1 

2 

2 

2 
1 

4 
2 
1 

4 
2 
4 
1 
1 

4 
1 
2 
2 
1 

2 
1 
3 
2 

4 
1 
5 
1 
1 

2 

3 

4 
1 
4 
1 
1 

South Asia 
Bangladesh 
India 
Nepal 
Pakistan 
Sri Lanka 

7 
15 
2 
2 

6 
10 
3 
2 
2 

5 

2 

3 
7 
2 
1 

11 
12 
3 
2 
4 

3 
6 
2 

2 

1 
10 

2 
1 

1 
4 
1 

4 
4 

2 

2 
8 
2 
1 
2 

2 
7 
1 

1 

2 
4 

2 
8 

1 

1 
9 

2 

2 
6 
1 
2 

West As) and Noth Afrcc 

Afghanistan 1 
Egypt 
Iran 

2 
1 

2 
1 

2 
3 1 

1 2 
1 

2 

Saudi Arabia 
Sucdan 1 

1 
1 1 1 

Sub-Sahara Africa 

Ivory Coast 
Liberia 
Malawi 1 

2 

1 
2 

1 
1 

1 

1 
1 1 

Senegal 1 1 1 
Somalia 1 
Tanzania 
IITA 
WARDA 

1 
2 
2 

2 
3 

1 
3 

2 
1 
7 

16 

1 
9 
1 

2 
1 

2 
1 

1 
2 
1 

3 1 1 
1 
4 

Latin America 

Argentina 1 
Brazil 
Bolivia 
Colombia 
Costa Rica 

1 1 

1 

1 
1 

1 

3 

1 
1 

1 

1 

1 

1 

1 
1 
2 1 

1 
Dominican Repubsic 1 
Ecuador 1 1 1 1 1 3 
Guatemala I 
Honduras 1 
Mexico 
Panama 

3 2 2 1 
2 

3 4 
2 

2 
1 1 1 

Peru 
Surinam 

1 
2 

1 
1 

1 

Venezuela 1 

Total 56 50 18 46 97 65 35 11 26 48 32 15 28 24 "6 
"IRYN-E = International Rice Yield Nursery- Early; IRYN-M = International Rice Yield Nursery- Medium; IRYN-L = InternationalRice Yield Nursery - Late; IURYN = International Upland Rice Yield Nursery; IRON = International Rice Observational Nursery;IURON - International Upland Rice Observational Nursery; IRSATON = International Rice Salinity and Alkalinity Tolerance Obser
vational Nursery; IRCT'I : International Rice Cold Tolerance Nursery; IRDWON = International Rice Deep Water Observational
Nursery; IRBN - Intern-tional Rice Blast Nursery; IRSHBN = Irternational Rice Sheath Blight Nursery; IRTN = International Ricerunpro Nursery; IRBPHN = International Rice Brown Flanl'opner Nursery; IRGMN = International Rice Gall Midge Nursery;IRSoN I-International Rice Stem Borer Nursery. 'lnternblonal Institute of Tropical Agriculture. 'West Africa Rice Development 
Association. 
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2. Distribvtion of IRTP nurseries both direct and through national and regional programs. 

Table 5. Entries Inthe International Rice Testing Program (IRTP) that have been promottd to advanced yield or production trials 
Inselected national programs, 1977. 
Country 	 Type of trials 

Burma National trials 
Egypt Regional long-grain 

trials 
India 	 National trials in 

All India Coordinated 
Rice Improvement 
Project (AICRIP) 
Karnataka state trials 

West Bengal state trials 

Kashmir state trials 
Kerala state trials 

Mexico Campeche state 
Nepal 

Peru 

Philippines 

Sudan 
Tamzanla (Zanzibar) 
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Entries 

BR 4, BG 90-2, Pelita I-1
 
IR28, Cica 4, IR2053-43-2-5-1, IR2307-217-2-3, IR36
 

BG 33-2, BG 34-8; (UVT-2) - IR36; (UVT-4) - Biplab,
 
BR 52-87-1; (PVT-3) - BR 51-46-1-Cl;
 
(PVT-4) - IR2058-78-1-3-2-3; (Gall midge trial);
 
IR2070-414-3-9
 
Uniform yield trials- IR3941-8-1; IR3941-27-1;
 
IR3941-29-1, IR3487-1-24-1
 
Cold-tolerant areas - Kn-l b-361 -B1 k-2-10; IR3941 -8-1;
 
IR1846-195-3; IR2637-15; IR2637.9; IR3249-19-1;
 
IR3941-2-1-3; IR3941-45
 
Others - IR2070-414-3-9, lET 3127, B541b-Pn-58-5-3,
 
BR 51-91-7, biplab, BG 90-2, BPI 76*9/Dawn, Kn 361-1-8-6,
 
C 22, MRC 172-9, IR2061-522-6-9, IR3880-17
 
BR 51-46-1-Cl, Ai-nan-tsao no.1, BG 34-8
 
B9c-Md-3-3 (Gati),B57c-Md-10-2, IR2035-242-1 
IR2071-887, MRC 63, MRC 172-9, B981d-Si-35-1, B981d-Si
46-2, IR3880-13, BPI 7619/Dawn, BPI 76 (Bicol), Kencana, 
KN 96, KN 144, T442-57, SPT 6837-355-11, PMI 72-22, 
PMI 72-40, C 22 
IR1846-287-1, IR1846-295-3, IR2516-1-2, IR2637-42-1 
IR36, IR2058-78-1-3-2-3, BR 4 
IR2055-462-3-2-3, IR2055-481-2-1-2, IR2058-328-1-1-1 
IR1529-677-2, IR2071-124-6-4, BR 51-46-5, BG 90-2 
lET 1444, IR577-24-1-1-1, IR2061-628-1-6-4-3, IR36, 
lET 2938, Chandina 
Sri Malaysia II, lET 2254, PMI 6624-257-1, C 168 
IR2070-423-2-5-6, IR32, IR2031-724-2-3-2, BR 2-29-2-8-1, 
BR 51-46-5, IR1721-1 1-6-8-3-6, IR1820-210-2, IR2451-183-6-2 
BR 34-8 used in double-cropping experiments at many 
locations. 
IR2153-26-3-5-2, IR2153-43-2-5-3 
51 entries from the 2nd IRON and 59 entries from the 
3rd IRON advanced to national trials. 
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Rice TeMsng Progrem (ElP) monitoring tours for 1977.Table 6. The k 1trnatonal 

Countries 
Fucus of tour Participants represented 

(no.) (no.) 

Rice in arid 
regions 

Nepal and Eact 
8 5 

India 10 4 
Upland rice in 

Central Anmorica 
and Mexico 6 6 

International Rice Arid Regions Observational 
Nursery (IRARON) was established and the 
yield, observational, and blast nurseries for 
Latin America were expanded. 

Korea, Indonesia, and IRRI are developing 
collaborative programs on common research 
problems (cold tolerance, blast resistance, and 
brown planthopper), partially as a result of par-
ticipation in monitoring tours. The IRRI Brown 
Planthopper Symposium in 1977 was partially a 
result of 1975 and 1976 monitoring tours that 
focused on hoppers. Screening methodologies 
for various stresses are being improved and 
widelyadoptedbecauseoftheexchangevisitsof 
sientists. 

COMMUNICATION AND DATA 
MANAGEMENT
 

Working documents of results from the 14 nur
series in 1976 were published in April. Final 

Countries 
visited 
(no.) 

Research stations 
and Institutes 
visited (no.) 

Nurseries 
observed 

(no.) 

4 7 30 

2 8 18 

4 7 

reports were published in late 1977. A report of 
the 1976 monitoring tours, published early in 
1977, summarized the observations and 
recommendations of each of the seven groups 
for future follow-up by IRTP and the national 
programs. The report also acquainted admin
istrators with the role of monitoring pro
gram. 

Program results and future plans were dis
cussed at thn 1977 International Rice Research 
Conference and the IRTP advisory committee 
meeting held in conjunction with it. At the 
"Rice in Africa" conference held at the IITA in 
March 1977, the IRTP program in Africa was 
discussed. A regional planning mc.-ting for 
Latin America was held in November at dAT. 
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EXCHANGE OF GERMPLASM 
Plant Breeding Department 

In response to special requests 9,220 seed pack-
ets of improved breeding lires and varieties 
were distributed in 1977. The International 
Rice Testing Program (IRTP) provided another 
36, 583 packets of the best GEU lines and var-
ieties to participating national programs. Seven 
hundred and twenty-four packets of F. seed 
from 159 crosses were distributed to 28 loca-
tions in 15 countries, 

Collaborative projects with several national 
programs were initiated in 1977; early genera-
tion materials, advanced breeding lines, and 
varietie.s were exchanged for evaluation and 
hybridization. 

IRRI LINES NAMED IN NATIONAL PRO-
GRAMS 
Plant Breeding Department 

The Philippine Seed Board named two IRRI 
lines as varieties in 1977 (Table 1).Atotalof51 
IRRI lines have been named in national prog-
rams in addition to 11 varieties named directly 
by IRRI. 

IR40 (IR2070-414-3-9) is early maturing 
(115 days) and short-statured. Its grain is 
medium in length and translucent, with high 
amylose content (25%), intermediate gel con-
sistency, and intermediate gelatinization tem-
perature. IR40 is resistant to blast and grassy 
stunt, and moderately resistant to tungro, in the 
Philippines. It appears moderately resistant to a 
new virus disease, ragged stunt. It is resistant to 
the predominant Philippine strain of bacterial 
blight, but susceptible to prevailing local strains 
in the Palawan, Davao, and Isabela regions and, 
more recently, around IRRI. IR40 is moder
ately resistant to bacterial streak. It is resistant 

Table 1. uRRlne named Innatioal programs In 197. 

Variety Line designation/ cross Country 

IR40 	 IR2070-414-3-9 Philippines 

IR20°2/0.nivaral /CR94-13 


IR42 	 IR2071-586-5-6-3 Philippines
 
IR151-228/R1737/ /CR94-13 


154 IRRI ANNUAL REPORT FOR 1977 

to biotypes 1 and 2 of the brown planthopper 
and to green leafhopper, and moderately resis
tant to stem borer. IR40 is the first known 
improved variety with resistance to the rice 
whorl maggot in the Philippines. 

IR40 is moderately resistant to iron toxicity, 
zinc deficiency, and phosphorus defciency. It 
has slight resistance to salinity but not to alkalin
ity. 

IR40 has a relatively weak straw and is not 
suitable for highly fertile conditions. It is other
wise well suited to irrigated conditions and may 
be used in certain rainfed lowland areas. 

IR42 (IR2071-586-5-6-3) is a short-statured 
variety with outstanding yield potential at low 
nitrogen levels in the wet season in the Philip
pines. It matures in about 130 days. It has 
medium-length, translucent grain with high 
amylose content (29%). hard gel consistency, 
and low gelatinization temperature. 

In the Philippines, 1R42 is resistant to blast 
and has intermediate resistance to sheath blight. 
It is resistant to tungro and grassy stunt and 
appears resistant to ragged stunt in the field. 
Like IR40, it is resistant to the predominant 
Philippine strain of bacterial blight. IR42 is 
moderately susceptible to bacterial streak. It is 
resistant to biotypes Iand 2 of brown planthop
per, resistant to green leafhopper, and moder
ately resistant to stem borer. 

IR42 is moderately resistant to zinc defi
ciency and phosphorus deficiency but is suscep
tible to salinity, alkalinity, and iron toxicity. It 
was somewhat resistant to drought in IRRI field 
tests. It should be well suited to irrigated farms 
and may grow well in many rainfed lowland 
areas. 

BREEDING OPELR. TIONS 
Plan: Breeding Department 

The volume of the IRRI crossing program 
decreased slightly in 1977 while the number of 
F2 combinations and pedigree lines grown con
tinued to increase, reflecting the expanded
crossing effort in previous years (Fig. 1). 

The number of crosses is expected to stabilize 
at about the 1977 level or to increasc slightly 

as new collaborative projects increase. The
 
number of seed packets dispatched continued to 
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1. Growth of the IRRI GEU peotam, 

decrease because of further reduction in the 
volume of IRRI material included in the IRTP 
as national programs increased participation in 
IRTP. 

The responsibilities of the GEU plant breed-
ers were reorganized in 1977 to focus more 
directly on important target areas. One or two 
breeders now focus on each of the following 
areas: irrigated, with good water control; rain-
fed lowland; upland; deep-water; adver.e soils;
adverse temperature. 

Steps have been taken to assure that the 
selectio, and subsequent evaluation of early
generation materials are relevant to each target 
area. Efforts in areas of adverse soils, adverse 
temperatures, anci deep water are detailed in 
other GEU sections. 

Irrigated areas. About half of the world's 
rice area is irrigated with relatively good water 
control (although in South and Southeast Asia 
the proportion is considerably less). Yields are 
relatively high; the largest portion of the world's 
total rice production is from the irrigated areas, 

Farmers in those areas have long accepted 

centage of rainfed lowland ric is second only to 
that of irrigated ricc. In India and other South 
and Southeast Asian nations, rainfed-lowland 

greatly exceed those under irrigation and 
usually account for at least half of the total ricearea. 

There is, however, no distinct division bet
ween rainfed kowland and other rice-growing 
areas. Many so-called irrigated areas are only 
partially irrigated and may be subject to 

or floods. Upland areas are distinguished from rainfed-lowland areas mostly by 

the fact that they are nonbunded and the soil is 
prepared dry, but growing conditions are often 
similar. The absence of bunds may also distin
guish deep-water from rainfed lowland areas.

Th. development of improved germplasm
specifically for rainfed-lowland conditions has 
not been emphasized; improved varieties that 
are reasonably suited to iuch conditions were a 
spillover from irrigated-rice improvement prog
rams. Vast areas stillrainfed lowland are 
planted to traditional varieties. Yield stability is 
of crucial concern there and consideration of 
water excesses and deficits is imperative. Soil 
nutrient deficiencies are also a widespread con
straint. 

Conditions from location to location are far 
too variable to allow precise elaboration of 
desirable combinations of traits for rainfed 
lowland varieties. Intermediate to tall stature 
combined with sturdy stems is desirable for 
most areas. Most of the current rainfed lowland 
varieties havt. some drought resistance. Flood 
tolerance (either submergence tolerance or 
elongation ability) is desirable for most areas. 
The importance of photoperiod sensitivity is not 
clear, but the trait is essential in some situations. 

Yield stability on adverse soils also deter
mines the adaptability of rice varieties. Many 
varieties grown in rainfed lowland areas are 
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specifically noted for their tolerance for one or 
more adverse soils conditions. 

Improved germplasm is being developed 
through collaborative hybridization and screen-
ing with national programs in areas representa-
tive of the major types of rainfed lowland con-
ditions. Collaborating scientists provide IR1I 
with the most widely grown varieties and 
improved lines from their regions. IRRI makes 
a large number of crosses and provides national 
scientists with segregating materials. New 
breeding lines and other desirable germplasm
will be provided to IRRI on a regular basis in 
the future, and bulk hybrid populations from 
IRRI and elsewhere will be provided to each 
collaborator before the main growying season. 
The rapid generation advance technique will be 
used to provide advanced generation bulk hy-
brid populations of photoperiod-sensitive mat-
erials. 

An International Rainfed Lowland Rice 
Observational Nursery (IRLRON) is planned 
as part of the IRTP. 

Upland areas. The major concern of upland 
rice farmers is the adequacy of rainfall distribu-
tion durirg the crop season. Upland rice usually
suffers irom drought during either the vegeta-
tive or reproductive phase, rr both. 

The semidivarfs may yield well in a few areas 
where the soil is fertile and rainfall isabundant 
and evenly distributed. But when 2 to 3 weeks 
of drought occurs at the late vegetative or early 
reproductive stages, the growth of most semi. 
dwarfs is greatly stunted and their panicle 
development is lowered. High panicle sterility 
and poor grain development cause low yields 
and poor grain qualii:y. But drought-resistant
upland varieties give low stable yields, even 
when moisture stress persists throughout a sub-
stantial portion of their life cycles, 

IRRI is attempting to incorporate drought 
resistance into semidwarfs, selecting and 
screening under simulated drought conditions. 
To minimize incompatibility between upland 
and lowland crosses, advanced-generation 
semidwarf lines with high drought resistance are 
often used as parents. 

To meet the needs of different agroclima-
tic zones, early maturing (110-120 days) to 
medium-maturing (120-130 days) lines are 
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selected. Most farmers prefer early maturing 
varieties so they can use the remaining rain to 
grow crops. The eating qualities that upland rice 
farmers prefer are also given priority in selec
tion. The upland breeding program emphasizes 
incorporation of resistance to blast, bacterial 
blight, sheath blight, leaf scald, whitebacked 
planthopper, and yellow stem borer. 

NEW LINES WITH MULTIPLE ATTRIBUTES 

Multiple pest resistance is of primary impor
tance for improved varieties, especially for most 
irrigated areas. Most improved IRRI lines are 
resistant to the major Philippine pests (Table 
2). 

Short growth duration is a highly desirable 
trait for irrigated areas because it allows water 
to be used more economically and permit- high 
cropping intensity. Early maturity increases 
cropping intensity on rainfed lowland farms 
where the first of two crops is direct seeded. 
Several improved IRRI lines and varieties 
mature in less than 115 days (Table 2) with no 
sacrifice in yield. 

Several improved lines with relatively long 
growth duration and intermediate to tall stature 
have been developed for certain rainfed 
lowland areas where only one crop is feasible 
(Table 2). For example, IR3464-75-1-1 (waxy), 
IR3351-38-3-1 (low amylose), and IR4570
83-3-3 and IR4219-35-3-3 (high amylose) have 
suitable eating quality as well as plant types, 
growth durations, and other characters that may
make them acceptable to farmers in major 
rainfed lowland areas. 

A few promising upland lines such as 
IR3880- 10 and JR5178-1-11-4 have high levels 
dispatched to the deep water rice project, in 
major pests, relatively high yield potential, and 
yield stability (Table 2). 

BREEDING METHODS 
PlantBreeding Departmcnt 

Rapid generation advance. To facilitate the 
breeding of photoperiod-sensitive rice, a feasi
bility test has been conducted since 1976 start
ing with initial F2 and F. generations grown 
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Table 2. Important characterstics of selected eke GEU lines. Wk 1977. 

Reaction- to 

Brown
Growth Amylose planthopper Special traits andDesignation Cross Ht dura- content Bacte- Green potntiesh6

(cm) tion (%) Blast rial Tungro Grassy leaf- Bio- Bio- Stem 
(days) blight stunt hopper type 1 type 2 borer 

IR2058-78-1-3 IR1416-131/IR364-37//
IR1366-120/IR1539-823 115 120 27 MR R MR - - R S MR I; RL

IR2070-41,-3-'j IR20"2/0. nivaral /CR94-13 100 115 25 R R MR R R R R MR R to whorl maggot; I
IR2071-586-5-6 IR1561-228;IR1737/ / High yield potential at iowCR94-13 100 130 29 R R R R R R R MR nitrogean levels; 1;RL
IR2307-247-.-2 CR94-13/IR1561-228 95 110 27 MS R R - R R R MR I. i"tL
IR2863-38-1-2 IR1529-680/CR94-13/ / 

IR480 100 130 27 MR R R - R R R MR 1;RLO IR3351-38-3-. IR841-85/IR1917-3-17// 
z CR94-13 110 130 15 MR R R R R R R MR RLM IR3464-75-1-1 IR1628-68/IR841-67/ /

IR2061-213 120 140 Waxy MR R R R R R R MR 1; R O IR3518-106-2-2 BKN6806-18/IR1529-680// 
IR94-13/IR1416-131 130 130 25 R R R - R R S MR RL

IR3880-10 IR841-67/C22-51/ /Pelita
1-2/IR1541-76 130 130 16 R S - - R R S MR R to drought; U

IR4219-35-3-3 IR2061-213/IR480-5-9-3 130 135 27 MR R R R R R S MR RL
IR4417-179-1-5 IR2042-101-2/IR825-11-2-3 115 125 25 R R R - R R S MR I; RL
IR4432-28-5 IR2061-125-37/CR94-13 100 120 25 R R R R R R R MR R to drought; I; RLZ IR4568-86-1-3-2 IR1702-74/IR2061-464/ / 

>R2055-475 110 120 25 R R R - R R R MR I 
IR4570-83-3-3 IR1702-74/IR1721 -11// 

IR2055-481 115 130 23 R R R - R R R MR I. RL IR4630-22-3-3-1-1 Pelita/Pokkali/ /IR2061
464/IR1820-52 125 125 25 MR R 
 R - R R S - R to salinity; RL

IR5178-1-1-4 IR1746-194-1-1-1/
 
IR1487-372-4 130 110 22 MR MR - - MS MS -
 MR R to drought; U 

IR5657-33-2-2-3 IR2006-103/IR2146-68/ / 
IR2061-465/IR2055 110 120 20 MS R R - R R S - R to salinity; I; RL 

IR5853-118-5 Nam Sagui/IR2071-88/ /
IR2061-214 100 110 27 R R R - R R R MR R to drought; I. RL 

IR5853-162-1-2 Nam Sagui/IR2071-88/ /
IR2061-214 110 120 27 R R R - R R R MR I

IR9264-321-3 Mahsuri/2"lR2061-213 125 140 27 R R R - R R S MR RL 

4R = resistant; MR = moderately resistant; MS = moderately susceptible; S = susceptible. "Potentially suited to certain growing conditions, I = irrigated; R = resistant; RL 
= rainfed lowland; U = upland. 

-J 
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under short day length. From F4 populationsthat were grown from December 1976 to March 

1977, some photoperiod-sensitive F5 lines with 
resistance to major pests were developed (Fig.
2) in the 1977 wet season. 

A number of photoperiod-sensitive plants 
were affected by reduced nitrogen level and 
dense spacing it, the grei.nhouse. Even under 
short day length, flowering was sometimes 
delayed, and relatively few photoperiod-
sensitive types were recovered from the popula-
tions. But increased nitrogen application 
seemed to prevent retarded flowering, 

Five hundred lines each of two F5 populations 
(Tarao Bao/1R34 and Tarao Bao/2* 1R34) were 
dispatched to the deep water rice project in 
Thailand. The recovery of lines with elongation 
ability was 10% and those with bacterial blightresistance was 14%, in the single cross. The 

recovery of elongation ability was extremely 
low in the backcrossed population. In both cros-
ses, the selection for short stature in the F4 may 
have adversely affected the recovery of elonga-tion ability in deep water. 

The use of plastic cylindrical fii capsules 3 
cm in diameter and 5 cma in depth i~s found 
effective in growing plants separate'y andremoving discarded plants during rapid g mera-

ion advance in the Thailand project,Induction of matemi male stidty. In 
several areas of breeding, repeated hybridiza
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. IRRI, 1976-77. 

tion of segregating lines enhances recombination. To breed lineswith a wide spectrum of blast 

resistance. seconday crossing of resistant prog
eny is desirable . to incorporate diverse resis
tance genes. Frequent hybridization is neces
sary to combine various traits in a composite 
population with wide potential variation. 
Monogenic male sterility would facilitate such 
hybridization. 

Dried IR36 seeds were treated with a chemi
cal mutagen, ethyleneimine, in varying concen
trations for 1to 3 hours. Treatment with 0.2% 
solution for 3 hours and 0.4% solution for 1 
hour strongly depressed germinaiion. Almost 
no seed germinated in the more intensive 
treatment. About 2,000 M1 plants from the 
treatments were planted; most were carried 
forward to the M2 generation. Of the 1,954 M,lines of 12 plants each, 93 lines segregated par
tially sterile plants that may have been polli
nated by neighboring plants. From the segrega
ting lines, 93 partially sterile plants were trans
ferred to the greenhouse for further inspectionoftheirpollen andof cross-fertilityof the female 

organ. Tht viability of pollen of 10 plants was 
extremely b~w but the ovule function was nor
mal. The genetic behavior of the male-sterileplants has not yet been tested. But some plants 

with monogenic male sterility will probably berecovered from those mutants. 
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GERMPLASM BANK 

Data bank. There are 36,956 registered acces
sions of 0. sadva in the IRRI germplasm bank, 
and for those a computer-based data manage
ment system provides complete information on 
varietal origin, seed source, and name. In addi-
tion, the system provides 

9 complete information on 38 basic mor-
phoagronomic characteristics (1976 Annual 
Report) for 26,000 accessions, 

* existing information on 35 GEU traits for 
33.946 accessions. Table 1gives the number of 
accessions screened for each trait and placed in 
the germplasm data bank as of 1977. 

* information retrieval service for all the 
data in the system. 

Seed bank. A computer-based information 
management system was developed to monitor 
the movement of seed stocks and to provide 
instant information on the current status and 
location of the seed stocks for each accession. 
The system was tested in 1977 and will be 
implemented when seed stocks are transferred 

Table 1. Accessions In the IRRI germplasm bank with Infor
mation for various tralts sceened by GEU scientists and 
Included Inthecomputer-basoddate managementsystem as 
of December 31, 1977. 

Acces- Acces-

GEU sions GEU sions 
trait (no.) trait (no.) 

Bacterial leaf blight 21,T05 Protein: 

Blast 17,833 Dry season crop 16,935 
Wet season crop 13.493 

Sheath blight 8.728 

Rice tungro virus 1.671 
Amylose
Drought: 13,222 

Field resistance" 2,582 
Brown planthopper: Field tolerance 1,611 

Biotype 1 20,913 Problem soil: 
Biotype 2 
Biotype 3 

3,460 
3,213 Alkalinity 

Salinity 
879 
883 

Green leafhopper 16,046 Zinc 553 

Striped stem borer: Rooting ability 40 

Deadhearts 6,870 Elongation 133 

Whiteheads 1,677 
Flood tolerance 4,183 

Rice whorl maggot 19,115 Cold tolerance 60 

Whitebacked 
planthopper 11,034 

'Each consisting of six different traits. 
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to the new Rice Genetic Resources Laboratory
early in 1978. 

BREEDING OPERATIONS 

Each cross made at IRRI is recorded in a 
history-of-cross data filc, which contains infor
mation on the names and sources of the two 
parents. The file contained 19,812 crosses at the 
end of 1977. Volume I of Parentageof IRRI 
crosses, which included IRRI crosses 1through 
10,000, was published. Volume 2, which will 
include IRRI crosses 10,001 through 20,000, 
was started and will be released in 1978. 

From the history-of-cross file, a computer 
program was developed to complete the family 
tree of each cross. 

The system for computer-generated field 
books was completed for the hybridization 
blocks, observational yield trials, replicated 
yield trials, and early-generation testings (Fl 
and F., nurseries). The books facilitate the col
lection of data on entries in those trials by GEU 
scientists and allow timely distribution of avail
able data among all scientists. 

INTERNATIONAL RICE TESl ING PROGRAM 

Efforts to develop an Internationl Rice Testing 
Program (IRTP) data management system con
tinued. The systems for the International Rice 
Yield Nursery, the International Upland Rice 
Yield Nursery, and the International Rice Blast 
Nursery were completed in 1976. The com
puterized systems for the following nurseries 
were developed in 1977: 

e The International Rice Observational 
Nursery, 

' The International Upland Rice Observa
tional Nursery,

* The International Rice Tungro Nursery, 

* The International Rice Sheath Blight Nur
sery, 

0 The International Rice Brown Planthopper Nursery, 

0 The International Rice Stem Borer Nurse
ry, and 

* The International Rice Gall Midge Nurse
ry. 
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DIFFUSION OF GENETIC MATERIALS 

Through analysis of breeding records and inter-
views with rice breeders, IRRI traced the diffu. 

sion of genetic materials used as parents during 
a 10-year period from the mid-1960's to the 
mid-1970's. The study covered 14 agricultural 
experiment stations and universities in 7 Asian 
nations: Bangladesh, I research center; India, 7 
centers; Indonesia, 1 center; Korea, 2 centers; 
Philippines, I center; Sri Lanka, 1 center; and 
Thailand, 1 center. The work was partially 
funded by the Rockfeller Foundation. Analysis 
of breeding records covered 119 crosses, involv
ing 277 parents, for 1965-67; 147 crosses, 
involving 351 parents, for 1970-71; and 89 
crosses, involving 191 parents, for 1974-75. 

Adoption of semidwarfs as parent materi
al. The percentages of semidwarf inter
mediate-statur--d, tall, and deep-water or float-
ing rices were calculated on a cross and 4n 
individual-parent basis. The data (Table 1) 
show increasing use of semidwarfs on both 
bases. The sharp decrease in :he percentage of 
tall and intermediate-statured rices in the total 
gene pool, however, indicates that breeders 
were increasingly crossing semidwarf parents 
with other semidwarfs. 

The most popular single gene source in the 
1965-67 sample of crosses was TN1, a semi-
dwarf variety developed in Taiwan in 1956. 
TNI was used in 22% of the crosses, IR8 in 
20%, and other IRRI lines in 14%. By 

TWe 1. Pwe ftgagof rmeof lffmnt ststur udasp . 
o n 001661 or w Individua p retKs, 1M-75 8191paur.mlte ud i 30 usWd0 sdoaftd crossn at 14 url

m' momaan wlvwsimow i 7Asian nat"s. 

Rim (%)used
Plant stature 

196-7 1970-71 974-5 

Incrosses 
Tall 74 57 45 

Intermediate 1 3 35 

Semidwarf 61 86 84
Floating or deep-vater 2 1 2 

As individual parents 
Tall 40 30 24 
Intermediate 31 22 17 
Semidwarf 28 48 58 
Floating or deep-water I - 1 
a277 rice varieties and lines used in 119croneee b351 rices used 
In 147 crosses. c191 rices used in 89 crones. 
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1. Use of semidwarf parents in rice breeding programs
of 7 Asian nations, 1965-75 (819 parents used in 355 
randomly selected crouses at 14 agricultural experimentstations and unlersties in 7 Asian nations). 

1974-75, only 1%of the crosses involved TN1 
as a parent. The use of IR8 increased slightly by 
1970-71, but dropped to only 3% in 1974-75. 
The use of IRRI rices other than 1R8 as parents 
increased to about 44% of the crosses in 
1974-t75; the use of semidwarf varieties from 
other countries also increase, slightly. But the 
upward trend was strongest in the use of locally
developed semidwarfs -- from almost nothing 
to ; bout half the crosses over 10 years (Fig. 1).

Lecause more than a third of the crosses
analyzed were made in India, the data were 
analyzed to determine if Indian rice breeders 
differed from breeders in the six other nations in 
the adoption of genetic materials.
 

By 1974-75, 75% of the crosses made in the 
Indian sample involved a locally developed
semidwarf; 21% involved an IRRI parent other
than 1R8, and 7%, a semidwarf introduced from 

another country (Fig. 2). In the other six coun
tries, the major source of semidwarf parents was 
IRRI (Fig. 3), but the same strong trend toward 
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2. Use of semidwarf parents in Indian rice breeding pro

grams, 1965-75 (300 parents used in 140 randomly sel
ected crosses at 7 agricultural experiment stations and 
universities, India). 

the use of locally developed semidwarfs was 
found. 

The I I I times that a scmidwarf vrictv was 
used as aparent in 1974-75 involved 83 scpa-
rate varieties or breeding lines. 

Geneticcompositionoflocalsemidwarfs. The 
ancestry of the parents was traced back two 
generations to determine the source of the 
dwarf genes in the locally developed semidwarf 
parents. Seventy-six percent had IR8 or other 
IRRI materials as parents (Fig. 4A). For exam-
pie, the variety K35, used as aparent in India, is 
a progeny of the cross IR8/HR19; and RD I in 
Thailand isfrom Leuang Tawng/1R8. Twelty-
four pe,.ent of the local senidwarfs, such as 
Sona (TNI/GEB24) and Jaya (TNI;1*41), 
were progeny of TN 1. Twenty-five percent of 
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3. Use of semidwart parents in rice breeding programs of 

6 Asian nations (excluding India), 1965-75 (519 parents 
used in 215 randomly selectd crosses at 7 agricultural
experiment stations and universities in 6 Asian natio~ns). 

the rices had at least two different semidwarf 
parents; for example. Tongil, often used in 
Korean crosses, is from the cross IR8//Yuk
ara/TN . 

About 25% of the loc:'I semidwarf parents 
were themselves progeny of local semidwarfs 
that had been developed earlier. Of those 
second-generation ancestor semidwarfs, 80% 
were found to be progeny of TN I (Fig. 4B); 
33% had both TN I and 1R8 in their ancestry. 
For example. Pusa 33. used in three zro z-s, was 
aprogeny of across of Ratna (TKM6/1R8) with 
Improved Sabarmati (TN l/Basmati 370). 

Because TNI, IR8, and most other semi
dwarfs have the Chinese rice Dee-geo-woo-gen 
(DGWG) as acommon ancestor, at least 80% 
of the 1974-75 crosses had the DGWG gene. 
Thus, although the original stiff-strawed vari
eties such as TNI and IR8 were virtually 
phased out of breeding programs as direct par-
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4. A. Source of dwarf gene in 59 locally developed semldwarf rices used as parents in 1974-75 
crosses. B. Source of dwarf gene in the ancestors of local semidwai "sthat were used as parents in 
1974-75 crosses (14 agricultural experiment stations and universitks in 7 Asian nations, 1974-75). 

ents by the mid-1970's, almost all of the semi- OBJECTIVES OF RICE BREEDERS 
dwarf parents that replaced them wcre their 

progeny. The genetic traits for which the bleeders indi-

Origin, races, ani development of parent cated they used each parent in each of the ran
material. During 1965-67, 42% of the total doniy selected sample crosses made in 

parent material used in randomly selected eros- 1974-75 were listed to determine the overall 

ses was either local or locally developed. That breeding objectives. The types of rices used as 
figure increased to 64%/ in 1974-75. Concur- sources for various characteristics were also 
rently, the use of IRRI material increased from listed.
 
127 to 27% and the use of parents introduced The data were analyzed for 161 crosses,
 

from other countries decreased from 41 to 9%. involving 343 parents, at 27 research centers in
 
Analysis of the races of the parent material 10 nations: Bangladesh, 1 center; India, 11 cen

indicated that the semidwarf indica varieties ters; Indonesia, 1center; Iran, 2 centers; Korea, 

such as IR8 and TN1 largely pushed japonica, 3 centers; Nepal, 1.center; Pakistan, 2 centers; 

ponlai, and other races out of the breeding the Philippines, 1 center; Sri Lanka, 3 centers; 
programs. Indicas mad~e up 79% of the total and Thailand, 2 ct. 'rs. 
gene pool in 1965-67, and 91% of that in Increased yield potential was the objective 

1974-75; use of japonicas dec!ined from 11 to most frequently cited (86% of the crosses), fol
4%. Although ponlais made up 6% of the lowed by high fertilizer response (85%) and 

1965-67 material, they were almost absent in resistance to lodging (Fig. 5). Improved grain 

the 197,1L75 material, quality was cited for 73% of the crosses, but 
Sixty-!our percent of the total parents used in specific grainquality objectives varied consid

196r-( 7 were hybrids; 5 years later And erabty, indicating that consumer preferences 

tlrouut;he mid-1970's, 75% of the 2arentswere varied widely. 
hybrids. Interestingly, the percentage of unim- Most crosses were aimed at achieving early 

proved varieties used as parents dropped growth duration but a few were for long dura
slightly by 1970-71, but increased to 8% by tion. The latter were for lingle-cropped regions 

1974-75 as programs became increasingly with a long monsoon season, whire farmers 
problemi oriented and usez orginal sources of want varieties that mature after the rain3 have 

specific genetic traits,. ended. 
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Genetic trat _ 

Ylotdpeciied 6 
Fert,*gr reoi 

Grai quty 3
Longusnder grai 
Caooltin/ealingquo4ty 

Short,boidgai 
Translucn 
%ed liarnel 
GWtmou 
Nospecified -

Growth duration 61% 
Eoriy 

Lot 
Notapecited 

Disease iesistonce 53% 
most 
BodceIbight
 

Grassstunt. 
heoathbogt : 
BacterW streal;
 
Not specified
 

Insct resistonce 41%

Brown pkloppwe mom""...
 
SternIborer 
Gallmidge 
rei leafhopper 

Notsecfied 
TiOlermg 18%
 
Cold tWfparatiO 1l/%
 
Seedling 9%vigor 
Deep water 9/. 
Adoptbilty e/%
 
Adrse sols to ance 0%
 

pbolpenod senisiivity 7%
 

Non- pholopnod wnsrtm.1 7%
 
Non-shatting 6%
 
Drought h.istonce 6% 
Floods 4'%
 
Hvy gram or ponicle 4%
wt 
Millingrecovery % 
Altenalegene sorce 2% 
Seed doriancy 2% 
Yield stability 1% 
Threshkiality 1% 

Others 10% 
I I t I I I I I I I 

0 20 40 60 80 100 
Crosses )rae for specific breeding objective 

S. Objectives for which rice beeders ade randomly selected crosses in 
1974-75. Twenty-seven agicultural experiment stations and univsities In 
10 Asian nations, 1975. 

To determine what types of rices were used as times that tall varieties were used, the breeders 
parents to convey specific traits, each rice used hoped to transfer a preferred type ofgrain from 
for each objective in the 1974-75 crosses was the tall donor into the progeny. 'r.in quality
classified by plant type. was a breeding objective 40% of the time that a 

Semidwarf rices were almost invariably used semidwarf parent was used. 
as parents for the yield-fertilizer response- The tall ad semidwarf varieties were used 
nonlodging complex (Table 2). In 65% of the about equally as donors of preferred growth 
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Table 2. The frequency with which rice breeders sought
desired genetic traits from 201 semidwarf,47Intermediate,85 
tall and 10 floating parents in crosses (343 parents in 161 ran
domly selected crosses made in 1974-75 at 27 agricultural 
experiment statins,.10 Asian nations). 

Use 1%) as parentsBreeding objecti,'e 
Semi- Inter- Tall Floating or 

d-iarf mediate deep-water 

Lodging 85 40 4 10 

Fertilizer resr"nse 84 40 5 10
 
Yield potential 80 51 5 10 

Diseas.- resistance 36 64 25 20
 
Insect rt -istance 30 15 19 -

Grain qu. lity 40 60 65 20 

Growth d iiation 34 36 31 80
 
Tillering 10 17 4 -

Seedling vigor 4 17 4 -

Photoperiod sensiti-

vity or insensitivity 4 2 5 90 


;Adverse soils 

tolerance 3 19 9 -


Wide adaptability 2 13 2 -

Heavy grains and 

panicle weight 2 4 - -a
 

Drought resistance 2 4 5 -

Cold temperature 


-Itolerance 1 17 11 

Nonshattering - - 5 -

Threshability - -

Alternate gene 
source - 2 1 -


Protein levels - - -


Milling recovery - 2 1 -

Yield stability - .
 

Deep water 
tolerance - 4 5 100
 

Seed dormancy - - 1 -

Others 3 11 8 

iPerLentage of total times each type of rice was used as agene-
tic souce for each desired trait. 

duration. Lmln gri\Ili duration \\its an objec-
live 8()'1 (t the titne, aIdCCp-\atcr or floating 
donor \\as utsed. iltd pholopcriod scnsitivity. 
909k . That is because in deep-water areas, farm-
ers need varieties that mature after the water 
recedes at the end oI' the niltisoon season. 

To determine it Asian breeders differed in 
their reasons tor- se tf scmidwarfs that \%ere 
locally dc\lopi:d. tlhose ftrom IRRI. and those 
from other countries, tile use of semidwarfs for 
some major traits \%as analyzed. About half of 
tile 201 semid\arfs used as parents in tile total 
1974-75 gene p]'ol \%-ere from I RRI and 45%1' 
were locally developed (Fig. 6A); about 60%. of 
all semidwarfs used for prifcrred grain quality 
and for a specific growth duration (usually car-
ly) w%,ere developed locally (Fig. 6B and C). 

On the other hand. 60% of the semidwarfs 
used as sources (.f disease resistance and almost 
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70(/(, of tile illsect-resistance donors were intro
duced from IRRI (Fig. 6D and E). Thus, IRRI 

material often does not meet local farner and 
consumer needs for grain quality and growth 

duration. but pest resistance is a strong reasonfor its use. 

F,.\C'T(RS RL'IATI) TO ADOTI ON 

For 78 of the rices used in ie 1974-75 crosses, 

tile breeders could recall both the year in which 
tie \'ariet or line was developed (to the fixed

line stage) and tle Vear ill Which they first used it 
IS a parent. For another 50 rices hey recalled 
I 	 . I . 
tile 	\,ear that the\, first heard of a particular rice 

vear -heof*Its adoption 

adhe \ear oits aoi d plitu
'rhie a\ crae time lag from dcZe.lpnlent untiI 

adoption il a breeding prtgran was 3.2 years. 

The tinie lag fron first awarcness until adoption 
.veraled I.3 vears. 

The breeders could rec'll how they acquired
157 of the I -.74-75 parents. Half of tile germ

plasnil was available locall'. Test nurse ries or 
trials \\ere tile most conimon sources ol outside 

material (Tale 3). 

(;I.NiIl( ( '()Nl'(S'ION 0F1 VARIKIll S 

Neiest varieties. The flow of rice ge'es into 
liew \arietics that are subsequenttly lid into 

seed-product ion channels and made available 

to farmers \\as traced at 27 experimental sla
tions in 10 Asian nations. Wreeders were asked 
to name the newest varieties released at each 
station. For each rice naniCd a stlandardized 
genetic data sheet was completed and each hy
brid's ancestry was traced. Ifa parent of a hybrid 
was itself a hybrid, its ancestors \were ide,'itied 
and the incorporation tfgcics in 4t lie varieties 
was traced back several generations. The 
hreeders \were also asked to give their perccp
tions of each variety's genetic strengths and 
weaknesses. 

ylv.' a n eticconpositiun.Thirty-six tiew 
varieties were cited (Table 4). ()f those. 691;e, 
\were semidwarfs. 25% intermediate statured, 
and 6, tall. Ninety-one percent \'ere indicas; 
86% were developed locally, and 14% were 
from IRRI. Ninety-one percent were hybrids; 
thrLe varieties were mutants: CNM25, de



60% 

Locallydmvloe 

fro 4 rOdu.edfrom 

66dvlpdA 
O ont rr~ei 

ID 

o5%Inndrouc mr 
Lorl re of t lot esha l 

ope i .s . Orgn0eidwarf pare ntst.(abe)aBa rigi Tobf .Sourcewaf1parents used bygraice breersiny 

waslelpedn Bnal cros. s nItR nroms diosarcutulxprimentfTnyI); onhe tains and ufNIversiti NIren 3O/T IaI anaei 
tr 

apoortan whichasele from thirossitbprg breeswr akd/ ae h eei 

opdofdaro K-410n 4)PaaiTbe.ron aetahiwsamtatoisbl ore f5 aensunyrc reedrn so
IntSourcenOther 8aparInth eciacs Parefte2 

which is the varietal name in Tamil Nadu state, No. %India. for Pusa 2-2%1 RS/TKM6); Glutinous
Tongil from Local, traditional, locally developed,Korea is from a cross or in localof Tongil germplasm collection 78 50
(IR8//Ytikara/'N I) and 1rI317. RD9. from Sent intrials or test nurseries (nationalRequested or lRRl) 48 31Thailand, is from LY34/TN I//WI 263///RD2 Requested from other sources 

from(RD2 is froTN I/GPI 5). 
6 4 

tal5s IRRI 100Thirteen of 25 new semidwarfloctlly arevarieties 157ve0 
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consider desirable and undesirable-of each of 
the newest varieties. For almost all 36 new var-
ieties, yieid potential, fertilizer response, and 
resistance to lodging were cited as genetic 

TWI 4. enetic~ cmps of 3Xnwat vaiel 
developelt27 cwaum .atoom inlOA*lan nations,m 

Variety Station where Genetic composition 
named' 

Semidwaf 

CNM 25 West Bengal (India) IRS mutant 
Jyothi Kerala (India) Ptbl0/IR8

Bharathi Kerala (India) Ptbl0/I8 

Sabari Kerala (India) IR8/Annspoorna
 
OR 34-16 Orissa (India) TN1/TKM6

Vani ,RRI (India) IR8/CR1014 

lET 1039 Bihar (India) T90/IR8

Kalinga 1 CRRI (India) Dunghanshali/IR8 

Kalinga 2 CRRI (India) Dunghanshali/IR8

Palman 579' Punjab (India) IR579 (IR8/Taduken) 
HM 95 Punjab (India) Jhona 349/TNi (hybrid 

mutant)

RP4-14 AICRIP (India) T90/IR8 

Pusa 2-21 IARI (India) IRB/TKM6 

C039 Tantil Nadu (India) ^,m1ture 340/Kannagid 

IR24e Uttar Pradesh IR8/ I /CP231/SLO-17/


(India) Sigadis 

R24' Nepal 1Re/ I /CP2311SLO-1711

Sigadis 
BPI-Ri-2 Maligaya (Philip- BE3-37-5/IR20 


pines)

lRS41 Sind (Pakistan) IR26243-8-1 1/Khao 

Dawk Male 

Mehren 69 Kale Shah Kaku 
 IR6 (Siam 29/DGWG)

'(Pakistan)

BG 90-2 Batalagoda IR262/Remadja 


(Sri Lanka)
 
PD 106-1 Peradeniya Warangal 1263/IRB
 

(Sri Lanka)
 
Glutinous Seoul Nat:onal TongiMIR1317-31 


Tongil University (Korea) 

Milyang 21 ORD (Korea) IR1317-316-3-2/IR24 

Milyang 23 ORD (Korea) IR1317-316-5-2/IR24 

Gail (B-9) CRIA (Indonesia) Short Sigadia' 


/Basmati 


Intermediate-statured 

K-78-13 Kashmir (Inoia) Sihi-ei/China 971 

K-84 Kashmir (India) Mutant of T65
 
Kariat 14-7 Maharashtra (India) IR/Ziniya 149 

BG-11-11 Batalagoda (Sri Lanka) H-7/H8 

LC 125 Bombuwela (Sri Lanka)lR262/H7 
BR4 BRRI (Bangladesh) IR20/iR5 
RD7 Bangkan (Thailand) C4-63G 
RD9 Bangken (Thailand) LY34/TN1//W1256///RD2, 
Pelita-1 CRIA (Indonesia) IRS/Syntha 

Tall 

RD5 Bangken (Thailand; Puang Nahk/Sigadis 

Mehre Amol (Iran) Purline selection 


OCRRI = Central Riae Re, jarch Institute; AICRIP - All India 

Coordinated Rice Improv. ".entProject; IARI = Indian Agricul-

tural Research Institute; ORD = Office of Rural Development; 

CRIA = Central Research Institute for Agriculture; BRRI = Bang-

ladesh Rice Research Istitute. OAnnapooma is a semidwirf
 
variety developed in Kerala from the cross Ptb 10/TN1. IRRi
 
viiety or line named locally a a vaj;ety. *Kannagi, from the 

cross IR8/TKM6, Is the varietal name in Tamil Nadu state for 

Puss 2-21. IRS//Yukars/TNI. 'Sigadis/TNI. TN1,'GP15. 
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strengths or favored characteristics (Fig. 7). 
A desired growth duration was a favored trait 

of 64% of the varieties; earliness was cited for 
50%. Grain quality was cited as a genetic 
strength of 53% of the new varieties, arid as a 
weakness of 14%. Individual grain-quality 
traits varied widely, indicating the diversity of 
consumer preferences. Red kernels were a 
favored trait for 8% of the varieties, from 
southen, India, Kashmir, and Sri Lanka. 

The breeders cited resistance to at least one 
disease as a favored trait of 50% of the new
rices, and disease susceptibility as a weakness ofi 

47%.
Most widely grown varieties. The infusion of 

rice genes onto farmers' fields was traced by 
analyzing the genetic composition of the most 
popular varieties in each region. Thirty-one 
breeders at 27 research centers in 10 Asian 
nations named the three main varieties grown
b 
by farmers within the areas served by their 
experiment stations. At stations where more 
than one breeder was interviewed, each breeder 

named the three most popular varieties within a 
major subregion served by the station. For each 
rice named, genctic data were compiled. 

Types andgeneticcomposition. Thebreeders 
cited 95 rices, comprising 73 different varieties, 

Tie@ S. Chractastics of 5 rim cie d= anong the 3 most 
wila grown varieties In fwmers' f In 28 itultutl 
expents s and unlvrsltleuin lOAslan nations, 1975. 

Varieties (%) widely grown 
Characteristic 

Tall Inter- Semi- Float- All 

mediate dwarf ing 

lant type 

Indica 97 69 95 100 92 
Japollic" - 19 - - 3 
Indwa-japonica - 12 5 - 4 
Indica-javanica 3 - - - 1 

Origin 
Locally developed 97 13 44 100 59 
Introduced from IRRI - 37 54 - 31 
Introduced from other 

country 3 50 2 - 10 
Method of developmenta 

Unimproved 36 - - 67 15 
Pure line selection 49 - 2 33 19 
Mutant - - 2 - 1 
Hybrid is 81 96 - 62 

'The method of deve:opment of three introduced varieties of 
'ntermediate stature (China 972, China 988, and China 1039) 
,ould notbe determined, so thepercentages do not add to 100. 



Genetic trait Genetic sengt %) Gmc m" ew (%) 

Groin~v wAornpouR~d < 
F aiiitto 

leu0 0 

E" so 0 
Blatd~ 30 

h,1111u11 3t 
.01mr < 0Awln .'om ahf 2'8lllnl
 

No d .o..
 

NMt otSlim rotrwu 0' 

Grei Wn e W 1 


Goe mdge5
 

Adv.un wits 
TiWlbrig 33 
Cold tonotuerte 

mu /,oe 3 
WskV rewwry 3
Pro* 111"k 5 

T~weshrtity 3 

OterI Il Il I 

3 

1 

04 
5
 

59 

0 

l iI 

0 20 40 60 80 I(0 

7. The genetic strengths and weaknesses of 36 newest rice varieties released 
at 27 agricultural experiment stations and universities in 10 Asian nations, 
197S. 

as the most widely grown in 31 regions. Forty-
five percent of the rices were semidwarf, 35% 
were tall, 17% were intermediate-statured, 
and 3% were floating. 

Only 10 of the rices were cited in two or more 
regions; of the 10, 8 were semidwarfs. Jaya 
(TNI/T141) was cited as widely grown in 8 of 
the 15 regions surveyed in India. The second 
most cited variety was 1R8, but IR8 was a par-
ent or ancestor of four of the remaining seven 
semidwarfs. TN 1was in the ancestry of three of 
the rices. 

Ninety-two percent of all varieties cited as 

most widely grown in the regiops were indicas 
(Table 5). About 60% were locally developed, 
about 30% were introduced from IRRI, and 
10% were introduced from other countries. 
More than 60% were of hybrid origin. Tall vari
eties showed a high degree of location 
specificity - none were widely grown in more 
than ono region. 

Genetic strengths and weaknesses. The 
reasons given by the breeders for the popularity 
among farmers of each of the 95 widely grown 
varieties were compiled and analyzed as their 
genetic strengths. The unfavorable traits were 
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G4lic trait Gwatic strength {) Genetic wearkess (/) 

Yewi potenta 
Fiertilizer response 

I 
I 49 

60 
16 

Lod^ 46 34M 
Grain quality 53 24 _ 

Long iendirgrain 06 
Cong/erating quality 6 3 
Scented 4 0 
Short bod grain I 2 
Red kerrial2 0 
Coarse 03 
Not specified 34 16 

Growth duratin 52 9 
Eorly 0320 
Medit 0 
Late 165si0' 

Diseaseresistanrce 23 53 
Bk st 9m200 
Bat eral blight 7 5 
Tungro 4 V 
Sheath bighlt 
Stern rot 0 4 
Boclenal leaf streak 0a 
Heaminhosporium 0 
Not specified 

trsW resistance 
: 5 
NII 1723 

17 

Brown planttsopper
Sterrerous 

2 
7 

1 
2 

Gr, leafhoper 12 0 
Army worm '0 0 
Gall Mridge ::I2 
No: specfied 14 

Adverse sc'ls 63 
Ti"ii 
Cold temp4erature 7 
Hat lerpeurre 

Seeding vigor 2 
Deep waer 41 
Wide adotability 13 2 
Phtvbkeriad settydvty 4 
Ptictspenod non sertrty 2 0 
Non shattering 5 
0mgh 50 

Heavy grains 32 
Miling recowey 2 
Seed dormancy 3o 
Yield slobility 71 
Threshobtity 
Othters 43 

8. The genetic strengths and weaknesses of the 9S rices cited by 31 rice 
breeders as the most widely grown varieties in the regions served. by 28
agricultural experiment stations and universities, 10 Asian nations, 1975. 

compiled as their genetic weaknesses. cited as a weakness of 34% of the rices. Grain 
Yield potential was cited as a genetic quality was considered a major reason for the 

strengtl ,or as a major reason for the popularity popularity of 53% of the widely grown var
of 60% of the rices most widely grown across all ieties; inferior grain quality was a genetic weak
of the areas (Fig. 8). Yield potential was cited as ness of 24%.
 
a genetic weakness of I I% - low yields were a Fifty-two percent of the popular rices had
 
major fault, but farmers grew the varieties for desirable growth duration. For 32% of those
 
other reasons. Susceptibility to lodging was varieties, earliness was the preferred trait.
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Resistance to at h.ast one disease was listed as a 
favorable trait of only 23% of the farmers' pre-
ferred varieties; susceptibility to disease was 
cited as a weakness of tniy 7% were03%. 
insect resistant. 

Genetic:raitsatdplantheight. To determine 
if specific genetic traits were more likely to be 
found among tall, intermediate, or semidwarf 
rices, the genetic strengths - characters favor-
able to the farmer - were analyzed on the basis 
of plant height. 

Only 24% of the tall varieties were cited for 

Table 6. Genetic strengths of the tall, Intermediste-statured,
semldwarf, and floating rices cited as the most widely grownon farmers' fields In31 regions (95 rice varieties cited by 31 
rice breeders at 28 agricultural experiment stations in 10Asiannations). 

Varieties %)cited for 
Genetic strength 


Tall Inter- Semi Float-
a dthat 

Yield potential 24 75 74 0 

Fertilizer response 12 
 44 72 0Lodging 0 56 72 0 
Grain quality 79 56 28 33
 

Long, slender 15 12 4 0

Cooking/Eating quality 6 12 
 2 0Scented 12 0 0 0

Red kernel 3 0 0 0

Short, bold 3 0 0 0
Glutinous 3 0 0 0
Not specified 37 32 22 33


Growth duration 60 44 
 38 100 
Early 33 19 30 0
Intermediate 0 6 6 0Late 27 19 0 100 
Not specified 0 0 2 0

;ricase resistance 18 36 36 0 
Blast disease 6 6 15 0Bacterial blight 3 12 6 0
Grassy stunt virus 0 0 2 0
Tungro disease 0 0 6 0
Sheath b!lIght 0 6 0 0 
Not specified 9 12 8 0
Insect resistance 
 9 6 24 0 
Brown planthopper 0 0 4 0
Green leafhopper 0 0 4 0
Stem borer 0 0 8 0
Not specified 9 0 8 0

Adverse soils tolerance 3 12 4 0 
Wide adaptability 12 37 6 0
Cold tolerance 12 19 0 0
Nonshattering 9 12 4 0
Insensitivity to photoperiod 15 6 2 100
Deep water tolerance 0 6 2 100
Yield stability 3 0 12 0
Seedling vigor 6 0 0 0 
Drought resistance 0 12 6 0
Tillering 0 0 2 0
Milling recovery 3 0 0 0
Heavy grains 0 0 0 66 
Others 
 3 6 6 0 

high yield potential, 12% for fertilizer response,
and none for lodging resistance (Table 6).
About 75% of the semidwarfs were cited as 
having good yield potential and 72% for fer
tilizer response and lodging. 

The tall varieties generally had good (locally
preferred) grain quality. Of the 60% of the tall 
varieties with favorable growth characteristics,
33% were cited for earliness and 27% for late
ness. But most semidwarfs cited for favored 
growth duration were early maturing. 

Pest resistance, seldom cited as a strength of 
the tall varieties, was often cited as a strength of 
the semidwarfs. 

COMPARISON OF BREEDERS' PERCEP-

TIONS OF ENVIRONMENI AND PEST PROB-
LEMS, AND BREEDING OBJECTIVES
The breeders' perceptions of the extent and 
severity of environmental and pest problems 

farmers face in their fields were measured
(1976 Annual Report) and compared with their 
19breeding objectives. 

Table 7. A comparlsn of rice breeders' pewreptions of the
biological or environmental factors that most Emit rice pro
duction Infarmers' fields Inthe areas served by their expertmentstations ndthepercetags ofcremesfor ilatnitsto
each problem are (breeding objectives). Thirty-flive breeders 
at 27 experment stations anduniversities in10Asan ntions,
 

'Percent of 35 rice breeders that rated each stress as one of the 

1975. 

Biological or environ- 
mental factor 

Areas %)where 
factor was a 

major constraint' 

Crosses (%) 
made for 

rhlstinch 

Disease and insects 
Drought 
Injurious soils 
Excessive monsoon 

100 
8F 
60 
48 

62c 
6 
8 
0 

cloudinef;
Floods 
Cold temperature 
Deep water 
Hot temperature 
Waterlogged soils' 
Others 

36 
30 
12 
9 
3 
6 

4 
11 
9 
0 
2 
0 
O 

four most serious problems limiting production In farmers'
fields In the region served by each experiment station. &Deter
mined by analyzing genetic traits that breeders at 27 experi
ment stations sought to incorporate into future varieties
through 46 randomly selected crosses made in 1974-75 (see
Fig. 5). 'Refers to the 30% of crosses in which at least one par
ent was used to transfer resistance to at least one disease or
insect into progeny, plus the 32% that involved both disease
and insect resistance. dAlso called ill-drained soils orstagnant
soils where stagnant v,,,terup to 1 m in depth stands through
out the monsoon season. 
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Tae& A amtme fm"Iaou*.a ING 
mAlrdaewwauaeMdkmesb kU@Midism,-
e Ird ad tf e ItMaegm o oesm made fW ress

toft e , thty1ve IeI at 27 "a a 
eapwlmefltaionwiidunlVoedre nlOAaiaatiom.11M. 

Areas M where Crosses M 
Pest factor was a made for 

major constraint resistance 

Stem borer 57 12 

Bacterial blight 54 25 

Brown planthopper
Blast disease 

45 
42 

17 
26 

Gall midge 
Tungro 
Sheath blight 

39 
24 
18 

7 
15 
6 

Helminthoaporium
Striped virusc 
Grassy stunt virus 
Sheath rot 

0 
9 
6 
6 

0 
o 
7 
0 

Green leaf hopper 
Other insects 

0 
36 

6 
0 

Other diseases 21 0 

'Percent of 14 rice breeders that rated esuh pest as 1of 4 most 
seriouspestproblemslimitingproducion infarmers'f'eldsinthe 
regions served by each experiment station. 6Determined by 
analyzinggenetictraits thatbreederssoughttoincorporateinto 
futurevarietiesthrougk46crosseset27experimentstationsin10 
Asian nations. 'In Korea only. 

Every breeder rated diseases and insects as 
one of four major environmental problems 
(Table 7). In making 62% of the crosses, the 
same breeders hoped to incorporate genetic 
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resistance to at least one disease or insect into 
future varieties. Drought was considered a 

major biological or environmental problem, but 
only 6% of the randomly selected crosses 

attempted to incorporate drought resistance. 
Eight percent of the crosses were made for 
tolerance for injurious soils, a problem in 60%of the areas. 

The breeders' perceptions of the major dis
eases and insects within the areas served by the 

experiment stations were compared with their 
breeding objectives (Table 8). The most wide
spread field pest was the stem borer - one of 
the four major pests in farmers' fields in 57% of 

the areas. But only 12% of the crosses were 
made for stem borer resistance; that emphasizes
the fact that no truly resistant germplasm is 
available to breeders for stem borer resistance. 

The brown planthopper was cited as a prob
lem in 45% of the regions; 17% of the crosses 
i
involved hopper resistance. The brown plant
hopper is the vector of giassy stunt virus dis
ease, which was a major problem in only 6% of 
the rcgions. Resistance to grassy stunt was an 
objective of 7% of the crosses. That might indi
cate that grassy stunt could become a more seri
ous problem in the future. 
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DISEASES 

A compound called iprodione seems more 
effective than other compounds previously 
tested for the chemical control ot sheath blight. 
Dipping rice seedling roots in zinc sulfate, gen-
erally recommended for zinc-deficient soils, 
also effectively controlled the kresek phase of 
bacterial blight. T - compound labeled F370 
was found ineffective as spray or drench. 

Because high levels of sheath blight resis-
tance have not been found among thousands 
of rices tested, reduction by other means of 
damage from the disease was studied. Sclerotia 
left in the field from previous crops are the 
major sourcc of inoculuni. Field survival of 
sclerotia, particularly their reduction by 
natural-enemy microorganisms, was studied. 
Many of the bacteria found in field waterand on 
sclerotia have antagonistic act.,'ity against 
sclerotia. Sclerotia immersed in bacterial sus-
pensions in an enriched medium grew slowly for 
10 days and died in 17 days. Adding rice straw 
to field water almost doubied the bacterial 
populations. 

A new virus disease of rice. subsequently 
named ragged stunt, was found in the Philip-
pines early in 1977. Its predominant symptoms 
are stunting at all growth stages; serrated, 
twisted, or ragged leaves: %ein-swellings or 
galls on leaf sheaths and stem branches at the 
upper node at late stages; and incomplete pani-
cle emergence. The disease was transmitted by 
all the three biotypesof the brown planthopper, 
but not by mechanical means, nor through soil 
or seed. The virus is persistent in the vector, 
Electron micrographs indicated the presence of 
50- to 70-m virus particles in phloem cells. Rice 
plants can be dually infected with ragged stunt 
and grassy stunt or with ragged stunt and tun-
gro. The absence of cross protection indicates 
that the causal agent of ragged stunt is not 
closely related to the causal agent of grassy stunt 
or tungro. 

The similarity in percentage of active trans-
mitters, latent period, number of infected seed-
lings per insect, retention period, and percen-
tage of disease-transmitting days among the 
three brown planthopper biotypes indicated the 
identical ability of three biotypes to transmit 
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grassy stunt. All biotypes showed transstadial 
passage. 

INSECTS
 

In 1977 IRRI began to identify arthropods to 
the family level and to send specimens 
worldwide to specialists for proper determina
tion. Of the 2,174 specimens sent, 24% com
prising 44 species have thus far been iden
tifled. 

Greenhouse and field evnluation of insec
ticides identified several new compounds 
effective against the green leafhopper, 
whitebacked planthopper, brown planthopper 
(BPH), and striped stem borer. When applied 
to the paddy water, bendiocarb, FMC 27289, 
HOE PFL 812, and oftanol were effective 
against the three hopper species, and Miral 
was effective against the striped stem borer. 

Either as foliar spray or as paddy-water 
application, triazophos and carbofuran had 
ovicidal activity against the BPH. Such activity 
was dependent on insecticide concentration 
and egg age at time of application. 

Studies on the placement of spray solution 
for BPH control indicated that sprays directed 
toward the plant's base were generally more 
effective. Different volumes of spray solution 
from 190 to 950 liters/ha were equally effec
tive. 

Various insecticide application methods 
were tested to determine their effectiveness 
against the rice pests. Incerporating carbofu
ran granules into the soil at the last harrowing 
controlled whorl maggot effectively and pro
vided more income than liquid band injection 
into the root zone, paddy-water application, 
or foliar spray. 

A sevenfold resistance to carbofuran has 
devclopcd in BPH at IRRI. There was no 
cross resistance to new insecticides that had 
not been used there. 

Laboratory studies identified some basic 
causes of BPH resurgence. BPH reproduction 
was stimulated when the insects were either 
directly sprayed with a sublethal dose or 
placed on plants that had previously been 
sprayed with insecticides. 

In experiments conducted at the Central 



Luzon State University, insecticide application 
methods compatible with rice and fish culture 
were identified. 

The application of nitrogen fertilizer, espe-
cially in high doses, increased the abundance 
of BPH. A trap crp was found useful in control-
ling BPH. 

Parasitism of planthopper and leafhopper 
eggs averaged about 20%; that of nymphs 
and adults, almost 30%. A damselfly that can 
kill one or more BPH per day was found, 
Another predator, Microvelia, which attacks 
hoppers that fall into the paddy water, was 
identified. Cyrtorhinus lividipennis proved to 
be a moderately important predator of the 
BPH - it suppressed but did not contain sin-
glehandedly the BPH population growth. When 
fed on BPH, this predator reproduces at a 
lower rate than does its prey. But'predator 
and BPH population growth patterns were 
synchronized. Spider abundance increased as 
the crop matured. 

Field samples and light-trap catches of the 
BPH showed major peaks once in each crop 
season. Trap catches showed monthly minor 
peaks at about the time of the full moon. BPH 
egg and nymph mortality was often high in the 
field, because of parasites and predators. 

Pheromone-trap catches of male Chilo sup-
pressalis moths may indicate when it is best to 
apply insecticides for stem borer control. 
Encapsulated pheromone-mimic compounds 
sprayed onto filter paper around pheromone 
traps prevented se.,ual communication. 

Yellow pan oil-water traps are suitable for 
monitoring field colonization by macropterous 
BPH, and trap catches. may indicate timely 
control measures. A motorized aspirator was 
developed, and complete samples of all 
arthropods on and around a hill, and on the 
water surface were obtained. After adult 
immigration, BPH distribution among hill, 
was aggregated but became more random as a 
generation developed. A single-hill sampling 
unit is suggested. It was found that the higher 
the insect density, the smaller the sample 
required for a given degree of precision. A 
sample size of 30 hills was adequate for most 
practical purposes. Because egg numbers per 
tiller were similar in all parts of a hill, only 

eggs from one part of a hill need to be sam
pled. 

Studies were conducted to determine 
whether lack of BPH control could be attri
buted to extremely rapid degradation of car
bofuran. The results provide evidence that 
carbofuran applied to paddy water is rapidly 
degraded by chemical hydroloysis to carbofu
ran phenol, and that the rate of degradation is 
related to pH of paddy water. Both laboratory 
and field experiments confirmed that repeated 
surface application of carbofuran did not 
result in a buildup effect. 

The degradation of carbofuran in different 
rice soils studitud was mainly microbiological. 

Placement of carbofuran about 3 cm deep 
in flooded soil resulted in a significant increase 
in the insecticide's persistence and in its 
uptake by rice plants. 

Adsorption of carbofuran, as inlluenced by 
the applica~tion of nitrogen fertilizers to three 
different rice soils, was studied. Both 
ammonium sulfate and urea exhibited dis
placed carbofuran. 

Isotope studies revealed that carbofuran 
absorbed by the rice roots travels rapidly to 
the leaf tips. The insecticide and its break
down products concentrate in those areas, 
from which they probably escape into the 
atmosphere. 

WEEDS
 

The weed research progr~m at IRRI focuses on 
integration of all availabi and relevant tech
nologies to reduce-yield lasses to annual and 
perennial weeds. Evaluation of direct weed
control methods such as hand weeding, push
type rotarv weeders, and herbicides continued. 
Among thc herbicides. pendimethiim ap
peared promising for transplanted. direct
seeded flooded, upland, and direct-seeded 
bunded rainfed rice. Research on suitahle weed 
management by crop rotation, soil and water 
management, tillage practices, use of competi
tive varieties, and herbicides was intensified. 
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BLAST Table 3. Bacterial Isolates from field water and thehi 

antagonistic activity, relative to the growth of R. solani, IRRI, 
Chemical control. C22 was planted in 5- X 5-m 1977. 

upland plots, naturally infected with neck blast iso- Inhi- Iso- Inhi- Iso- Inhi- Iso- Inhi
and Cercospora leaf spot, then sprayed with late bition late bition late bition late bition 

chemicals I week after flowering and I week BW-16 +++ HW-iC + DW-2 - GW-10 

later. The treatment was replicated four times. IW-6 +++ AW-1 - DW-3 - GW-11 
lW-il +++ AW-2 - DW-4 - GW-12 -


All chemicals reduced both diseases significant- DW-5 + + AW-3 - DW-S - GW-13 

ly, but yield differences were insignificant DW-6 ++ AW-4 - DW-9 - HW-1 
DW-7 + + AW-5 - DW-10 - HW-2 

because of large variations among replicates FW-2 ++ AW-6 - DW-11 - HW-3 
(Table 1). FW-I ++ AW-7 - DW-12 - HW-4 

HW-7 + + BW-1 - EW-1 - HW-5 

HW-i5 + + BW-2 - EW-2 - HW-6 
IW-9 ++ BW-, - EW-3 - HW-9 
W-14 + + BW-5 - EW-4 - HW-11 -


SHEATFI BLIGHr AW-B + BW-6 - EW-5 - HW-12 
BW-4 + BW-10 - EW-6 - HW-13 
BW-7 + BW-12 - EW-8 - HW-14 -


Chemical control. Two experiments in the 1977 BW-8 + BW-13 - FW-3 - HW-16 
- iW-1 wet season used the line IR1317-392-1-2, BW-9 + BW-14 - FW-5 

BW-11 + BW-17 - FW-6 - IW-2 
which issusceptible to sheathblight. The line was BW-15 + BW-21 - FW-8 - IW-3 

planted in 2- X 3.6-m plots, artificially inocu- BW-8 + BW-22 - FW-9 
 - IW-5 
BW-19 + CW-1 - FW-10 - IW-7 

lated at the booting stage, and sprayed with BW-20 + CW-2 - FW-11 - IW-8 
IW-10 chemicals once before inoculation and three CW-9 - CW-3 - GW-1 -

CW-IO + CW-4 - GW-2 - IW-12 
times afterward at weekly intervals at rates EW-7 + CW-5 - GW-3 - IW-13 

FW-i + CW-6 - GW-4 - IW-16 
FW-4 + CW-7 - ,V-5 - IW-17 
GW-9 + CW-8 - GW-6 - IW-4
 

Table 1.Chemical control of neck blast and Cercospora leaf GW-14 + CW-11 - GW-7 - IW-15
 
spot in upland plots." IRRI, 1977. HW-8 + DW-1 . - GW-8 -


Cercospora "+ inhibits the growth of R.solani; - no inhibition; = 
Chemical' Rate' Neck blast leaf spot Yield stimulates scle'otial formation when mycelia are near bacteria, 

(kg a.i/ha) %) lesions (no.) (t/ha) AW = isolate from water (W) in Calo,Bay, Philippines; BW = 
Hanggan, Bay, field 1; CW = Hanggan, Bay, field 2; DW = Pob. 
lacion, Bay; EW = Masiit, Calauan, field 1; FW = Masiit,EDP Fthallde 1.0 16.8 a 4.5 c 2.7 a Calauan, field 2; GW = RR blockA; HW= IRR16 1; IW = IRRIB 2. 

Benor,)yl 1.0 23.4 a 0.8 a 2.8 a 
Chlorothalonil 2.0 22.5 a 2.0 ab 2.8 2 
Mancozeb 2.0 20.8 a 2.6 b 2.7 a 
Control Water 69.0 b 16.5 d 2.2 e based on manufacturers' rccomrendations. 

'Means of 4 replicates. Means followed by a common letter The treatment was relpicated four times. All 
are not significantly different at the 5% level. OTriton AE at chemicals increased \'ields signi,icantlv but 
the rate of 3.2 liters/ha was used iss sticker for all chemicals. s e
 
'a.i.= active Ingredient. iprodione seemed the most effective 'Table2).
 

Table 2. Chemicals used for control of sheath blight." IRRI, 1977 wet season. 

Trial A Trial B 

Treammenth Rate/ha Av. sheath Yield Av. sheath Yield 
blight rating" Ct/ha) blight rating' t/ha) 

lproo:,ne 50 WP 3.0 kg 2.6 a 6.2 ab 2.9 a 6.1 a 
Iprodio , 50 FLO 3.01 kg 3.2 b 6.4 a 3.2 a 6.1a 
BASF 3050 1.0kg 4.6 c 5.6 bc 5.0 h 5.2 b 
Validacin Sol. 1.5 liters 5.1 cd 5.4 cd 5.4 b 5.2 b 
Chlorothalonil 1.7kg 5.3 de 5.7 bc 5.5 b 5.6 b 
EDP Fthallde 1.0kg 5.8 ef 5.1 cd 6.3 c 5.1 bc 
Kitazin 1.25 liters 5.9 f 5.1 cd A.O c 5.3 b 
Polyoxin AL 1.0 kg 6.1 fg 5.3 cc: .i c 5.3 b 
Zinc omadine 1.04 liters 6.5 g 5.2 cd .- 3 c 5.1 bc 
Control Water 7.7 h 4.8 d 7.5 d 4.6 c 

"Avof four replications. Means followed by a common letter are not significantly different at the 5% level. 'WP= wettable powder; 
FLO = flowable. 'Standard Evaluation System forRice scale: 1 = lesions limited to i/4 leaf sheath; 9 lpqionssevere on all leaves. 
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i'.pidlt'liolo - sii"i' al of' sheath hlight
 
schIt tinl. Ihipui ma r nt CC of shcatl Ihlicilt
 
hiii.'ltUIII is oiiOti;l ct ill tile field fIriont ie
 

op. Iol 

ik IiIuli2CiC ctititr. ice. ctd:iItI' ',clCroti~l str

i l inl 1it.1C.tiotl iln tile ri,.C ti lh b\ tLsill their
 
n;ilttiial L'licllic,,. tilt lliICiOOr ;ili s ill the rice
 
tiClds. l'Adht ficid,, ii:u' bc tiC fr sch c11 


IC'. iI', ll 1Au Icrilti\ " 1allt resis"tllIa e 

on1trol
 
bc.'i':Il i1ur'tl onl tt ,t' I'lctlcria II ,CSC.llt
 

111A\ c litIC di,,pI cId in tile irriation \ ;ltcm.
,' amt~ Ilvcl".'i~l (it differentl ctolM 'yVpeS. I,,()

I'lted 1 iill fie.ld %altcr and Ioti llcath bighiit 
SCiCI lot h. \\ CIt.' tCtd 11nI-Ct I di,,ic,, to tic r
millic iIeir lltl lai st " ,tti\ t .l .ltlll tilC 1. Various degrees of antagonistic activities of bacterial
 

,,hCilth b1ight fi[ NLI.IV, Itilarl.\ nlI,, those isolates against the sclerotia of Rhi:octonia solani. IRRI,
 
isoltcd fromti thit. ,cieroti .t. had Ntr)nle 1977.
 
nltltvotliktic tcti\ It\ (':Table ". 4: lFig. I).Their
 
inl:ibitirv actio n> werec strol'n e c' \\chcn initial potato dext rosC acar plates. and tcsted 'fr stlr
hacterial population \%a', Iow\. i\al. Sclcrotial survi\'al in til bacterial suspen-

To tct tihe ctffcct of specific bactcrial isolates sion in sterile water \ as erratic, bt t ihe sclcl'otia 
oil sCicrotial snr\ i'Al, tile Il0ratorV-culured ill tihe bacterial Suspension ill peptole-stcl'os 
sclerotia \\crc kCt.,t in SLnsr)er ,;ions. in pcptone- broth grCw s\ltn \ .ll'tcr 10(day's andItl died a ftCr 
scroc bNotl aid ill stcrilc \ ter. otf three iso- 1 7 Lixs (Table 5). 
latcs \it a,.ntacolnitiC activit\ The Iti a preliminar. laborattory' test to find ways 
scicriitia \ Cr rcrlllo\cd frorn the bacterial sus- of incrcasint, tile bactcrial population in field 
per,,ion atict- 3. it. and '7 days ctilittirCd on \\ater and acceiCrating tile bactcria's antagonis-

Table 4. Bacterial isolates from sheath blight sclerotia and their antagonistic activity relative to the growth of Rhizoctonia solani. 

IRRIl, 1977. 

Isolate inhibiiton" Isolate Inhibition' Isolate Inhibition Isolate Inhibit;on" 

FS21 FS 16 - FS28 - FS71 
33-I - 18 - 29 - 72 
33-2 . 20-1 - 30 - 75 
41 .... 22 t 31 - 77 
66 .. . -- 23-1 + + 32 - 78 
67 + 4+ 24 +-, 35 - 79 
76 -+++ 26 +- 36 - 80 
85 - - 43-2 ++ 38 - 81 
94 - + 53 ++ 39 - 82 
19 + + 61 + + 45 - 84 
27 --. r-+ 70 + + 46 - 86 

42 + + 74 + + 48 - 87 
47 -+ + 83 +4 49 - 88 
9 .. 34-1 + 50 - 89 
17 . + 37 + 54 - 90 
23-2 -.- + 51 + 55 - 92 
40 "-+ + 52 + 56 - 93 
43-1 - + 91-1 " 57 - 95 

" 9 1-2 ++- + 1 - 58 - 9 6 
3 - - 2 - 59 - 97 
4 -+ 6-1 - 60 - 98 
5 + 7 - 62 - 99 
6-2 - '- 11 - 63 - 34-2 
8 + - 12 - 64 - 44 
10 + 14 - 65 - 73 
13 20-2 - 68 
15 + + 25 - 69 

inhi solani growth; - no inhibition, "Mycelia of R. solan-i grow over bacteria. 
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tic activity, 10 g rice straw was added to 1 liter 
field water. A few days after, the bacterial popu-
lation almost doubled (Table 6). Although pre-
liminary results are encouraging, more work is 
required before the method can be used. 

FIELD AND STORAGE MOLDS OF RICE 

GRAINS 

A study was made to 1) determine the extent to 
which molds damage rice grains before harvest, 
and their causal fungi, 2) determine if varieties 
differ in susceptibility to field molds, and 3)
study the change in population of the various 
fungi from harvest to storage. 

About 700 samples were analyzed for pres-
ence of various molds both outside the grain and 
in the endosperm. For each sample, 100 seeds 
were plated (50 each for outside and in the 

Table 5. Survivol of aclerotla Immersed Inbacterial suspen. 
sion inpeptonesucrose broth of three olates with strong 

. 1377. 
Live/dead sclerotia (no.)after immersion for

Isolate" 

3days 10 days 17 days 23 days 
FS 33-1 10/0 10/h 0/10 0/10
FS 33-2 10/0 10/0, 0/10 0/10
FS 21 10/0 10/0, 0/10 0/10 
No bacteria 10/0 10/0 10/0 10/0
'Population of FS 33-1, FS 33-2, and FS 21 was approximately 

10 x 105. OMycelial growth from sclerotia was slow. 

endosperm). Among the samples were 100 lines 
each from the 1977 dry- and wet-season repli
cated yield trial; 60 from dry- and wet-season 
hybridization blocks; 440 from stored samples 
from previous seasons; and 50 each of lines with 
high and low gelatinization temperature. 

Table 6. Effect of rice straw on bacterial population in field water. IRRI, 1977. 

Bacterial population 
Treatment 11 Apr. 13 Apr. 15 Apr. 18 Apr. 20 Apr.

(initial) 

Field water 5.3 x 10' 7 x 10' 23 x 10' 13 x 101 11 x 10 
Field water plus

rice straw 5.3 x 10' 4.7 x 104 18 x 10" 15.5 x 109 12.9 + 10' 

Table 7. Field molds of rice grain. fIRI, 1976-77. 

Moldy grains (%) 

1976 dry and wet seasons 1977 dry season 

Fungus With glumes" Without With glumes stored' 
glumes' 

Without glumes storedd 

Omo 3 mo 6 mo 0 mo 3 mo 6 mo 

Trichoconis sp. 79.3 42.6 28.6 "31.9 36.9 26.0 17.5 7.9Curvularip spp. 60.0 5.0 83.7 13.1 1.9 4.2 4.0 0.8Fusarium spp. 84.0 10.8 66.0 2.9 0.5. 1.3 0.1 0.01Nigrospora sp. 33.1 2.0 16.8 0.2 0.7 31.9 0.6 0.2Neurospora sp. 5.4 0.4 0.7 0.6 0 0 0 0Aspergillus spp. 3.4 0. 11.4 39.9 43.3 0 0.8 1.2Penicillium spp. 2.7 0 17.2 39.5 57.7 0 0.5- 1.0Helminthosporiumspp. - - 3.7 0.1 0 0 0 0Phoma sp. - - 11.0 0.6 0 0.4 .0 0
Rhizopus sp. - - 2.5 2.5 0.7 0 0 0Miscellaneous 7.5 2.9 0.9 3.4 2.6 0.7 0.4 0.2 
Unidentified, non

sporulating 18.7 2.4 1.9 3.7 0.8 1.4 0.2 0.2 
With fungus growth 100 71.0 100 100 100 62.1 21.9 10.3 
No fungus growth 0 29.0 0 0 0 37.9 78.1 89.7 
Lt0
1amples, 100 grains each. b100 samples, 50 grains each. 120 samples, 50 grains each. d200 samples, 50 grains each. 
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All rough rice (With glhullCS) carried from two 

to tour tIvpcs of ti( Id 1t111. Iu1 Sonie f'nli did 
not pelletrate ca intoilt CldOsperlm (Tablc 

7). Fun,- in lecied iboult )(It7()"' ofIllc irowin 
rice (%it h tti eurface hlar-u me. Stcrilicd) at 

Vest. redui cin,1 Ilic rice uaILit. S-and Iossitll\ ca 
ilg brea k ge in n ]-il]inI,.predonlimin t full-1,L 


gL., 1oth outsidc 1ro1\i rice and insidc tihe 
,
cndospe ril. \\ ;i: rit h,(')li. sp.: 1*.1safl n 

spp. and .Vi, r-.'pora sp. \\ere also found. The 
ol. crall hun,-i pOptItLilit ii decrCascd fromi 02('' at 
harvest to 22'' after 3 nmonthsofstorage. and to 
lil0(,montl , later. lhu. field lolds seem 
more iinportant than storage m1nold;. But,..\per-
gililus spp. and l'c#illihim spp. increased during 
storage, particularlv when plitcd \\ith elulned 
grains. Thev Ia\ be called sr-'1, molds, 
l-I\
bridiitiOin-block lines seemed to differ in 

amounts, of iill\ lines. For instance IR32. 
IR2(70-423-.2-5- . and LIT RI Rajapani had low 
tnold incidence.\ hilt IR24. IR4S5')-3S-3. and 
IR20.7-l13 -.7.-.2 haid high. lu\hether the 
difference,, are cenetic or en\ ironnental has et 
to be confirncd. The correlation coefficient (r = 
1.39-)) betm\ cen the r,,ul,,,of the dr\ and the wel 
season is ,mall but sienilicant. D)uncan Multiple 
Rance Test detetrlinat ions shoed that tile two 
groups arc distinct. 

No differences %cre noted anong varieties 
with high. intermediate, lmo\\or gelatinization 
temperature: only a fc\ high-gelatinizing rices 
were tested, howevcr. 

BACTERIAL IBLIGHT 

Control of bacterial blight. Effect of zinc corn-
pounds on kresek development. I IRS plants used 
to test the effects of nitrogen fertilizer on kresek 
development in the field were affected by zinc 
deficiency. In a suhsqunt greenhouse experi
ment, kresek developed oin plants grown il 
zinc-deficient so~il (Table 8). 

Because dipping seedlings in zinc oxide solu-
tion or applying zinc sulfate to zinc-deficient 
fields before transplanting is recommended to 
amcnd the soil condition, the effects of zinc dip
ping on kresek development were tested. 
Two-week-old seedlings of IRS were inoculated 
for krcsck with PXO 82 by the root-dipping 
method and then dipped again in a zinc solution 

Table 8. Effect of soil type on development of kresek on IR8 

seedlings inoculated by the root-dipping method. IRRI, 1977. 

Soil type Kiesek (%) 

Upland 30.6 

Tiaong loam 69.5 

Maahas clay' 53.1 

'Zinc deficient, 'A zinc-deficient soil at IRRI. 

(2% ZnSO.) betore transplanting. Zinc dipping 
apparently controlled kresek development. 
Almost 31% of tile seedlings without the zinc 
treatment and only about 7% of the treated 
seedlings were infected. 

In the laboratory. the effect of zinc sulfate on 
the growth of Vatithoionas oryza illpotato 
sucrose agar nediun was studied. Zinc sulfate 
applied at 2.5. 1.25. and 0.625'7 solution by the 
paper disc method not only inhibited but also 
reduced the growth of the bacterium on agar 
plates (Table 9). The inhibition Zone decrcased 
as the concentration of zinc sulfate was 
decreased from 2.5 to 0.625',i but the growth 
reduction zone did not decrease significantly. 
Zinc sulfate appears to function bacteriocidally 
at high concentrations and bacteriostatically at 
low concentrations. 

When different concentrations of zinc sulfate 
were incorporated into the potato sucrose broth 
medium and incubated from (1 to 96 hours at 

" 28'C . no ,. oryzae growth was detected. But 
the bacterium grew well in the same medium 
without zinc sulfate (Fig. 2). 

Chemical control. F-370, a chemical report
edly effective in controlling bacterial blight in 
the field, was tested in 1977. It was applied to 
pot-grown ricc (IRS) by the spray and the 
drench methods Iat different recommended 
rates and at different times before blight inocu-

Table 9. Effect of zinc sulfate applied by the paplr-disc 
method on the inhibition of Xanthomonas oryzae on agar 
plates. IRRI, 1977. 

Growth 

Treatment Inhibition 
zone (cm) 

reduction 
zone (cm) 

Zinc sulfate(%)
2.5 1.46 1.77 
1.25 1.19 1.47 
0.625 0.67 1.48 

Water (check) 0.00 0.00 
. . . . . -
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2. Effect of zinc sulfate oi the growth of Xanthornonas oryzae by shake 
culture. IRRI, 1977. 
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3. Growth of three distinct pathogenic isolates in shake and static cultures at 25 0 C in modifiedWakimoto's medium (broth). IRRI, 1977. 
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Table 13. Date~ on t~ansmission of rice ragged stunt disease by 
Nfilaparvala lugens. IRFII, 1977. 
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mitting period between the last successful 
transmission and the insect's death rviged from 
0 to 30 days (av. 7 days). 

The transovarial passage was determined by
examining the infectivity of the progeny of vir-
uliferous insects obtained on Mnochoria vag-
inali., a plant species assumed not to be a host of 
ragged stunt. None of the 2,733 seedlings inocu-
lated by 165 newly hatched progeny insects 
were infected, indicating the absence ofcongcn-
itally infective insects, 

Therefore, the interaction between the rag-
ged stulnt virus and tile BI I is categorizcd in 
the persistent group without transovarial pass-
age. 

Transnissionh1 BI'll in .lapn.The ability of 
50 brown planthloppers to transmit ragged stunt 
was studied in a tenperatture-controllcd 
greenhouse (25-28'C) at the U niversitv of 
Hokkaido, Japan. The insects had been reared 
for 4 years in Sapporo. 

Twenty-eight percent of the tested BPH, 
ilceluding both and adultsfcmale nale " nd 
brachypterous and niacropterous forms. were 
active transmitters. Their latent periods ranged 
from 5 to I I days (av. 8.6 days) after acquisition 
feeding. The infective inscct, transmitted the 
disease to from I to 31 or more seedlings during
their life spans. The retention periods ranged 
from 9 to 41 or more days after tcquisition feed-
ing (some insects did not die on the last day of 
the transmission test. 41 days). From 33 to 
1001% (av. 81 .3.'? ) of the period from the time 
that the insect becamc infective uitil the last 
day of the transmission test were disease-
transmitting days. 

The BPH in Japan is capable of transmitting 
the ragged stunt discase. It did not differ strik-
ingly from the 13PH in the Philippines in either 

the percentage of active transmitters or the 
latent period. But in Japan the insects infected 
more rice seedlings during their life spans, had 
longer retention periods, and had higher per
centages of disease-transmitting days. Further 
studies will be conducted to determine if the dif
ferences are due to insect ecotype or to transalis
sion test conditions. 

Transmissionby BPH biotypc. The ability of 
different BPH biotypes to transmit ragged stunt 
was studied by daily serial transmission to rice 
seedlings after acquisition feedings of 2 or 4 
days until the death of the insects. Three 
hiotypes from the IRRI Entomology Depart
ment. differing in ability to attack rice varieties 
that carry different genes of resistance to BPH. 
were tested. Also included was a colony of 13PH 
that had been reared on TN I in the grenhouse 
for several .years but whose abilitv to attack dif
ferent rice varieties had not been determined. 
The test involved 985 insects and 18,477 iiocu
lated seedlings. 

The BPH biotypes did not differ significantly 
in percentage of active transmitters, latent 
period, number of infcctcd seedlings per insect. 
retention period, or percentage of disease
transmitting days (Table 14). All the tested 
biotypes showed transstadial passage and were 
similar in daily serial transmissioi (Fig. 12). It 
was concluded that they have similar ability to 
transmit ragged stunt. 

Host range. Plants of several species wec 
inoculated with BPH that were viruliferous for 
rice ragged stunt. Most plants were not infected. 
But O. sativa, 0. latiflia, and 0. niaraplants 
were. The infected plants of 0. laiifiiia and 0. 
nirarz showed svmptoms of stunting, ragged 
leaves (Fig. 13), vein-swellings, and nodal 
branches  similar to those on infected O. sati-

Table 14. Characteristics of Nilaparvata lugens biotypes that transmit rice ragged stunt disease." IRRI, 1977. 

InfectedActive Latent seedlings Retention Disease-Biotype transmitters period (no.d period transmitting
%) (days) insect) (days) days (%) 

1 41.82 8.7 5.1 15.8 36.833.6 11.03 4.3 16.0 36.240.6 7.6 4.1 14.1Undetermined 38.936.6 8.0 4.6 13.9 44.7 

"Differences among entries in any column were not statistically significant. 
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Table 15. Transmission of ,ict graissy stunt 
biotypes of Nilaparvata lugens." IRRI, 1977. 
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Table 16. Tungro Incidence and Insect vectors in study tields In Luzon, Philippines, classified by month, province, field, and cul. 
tivar. IRRI, 19717. 

TungroDesignation Observa. 
tions 
(no.) 

Fields 
Inci-

dence 
(%) 

Collec. 
tions 
(no.) 

Insect vectors 
Av. no. 
per 10 Tested 
sweeps (no.) 

Infec
tire 

(%) 
November 1976 

December 
Fe25uaryFebruary 
March 
April 
May 
June 
July 
August 
September 
October 

89 

78 
• 74 

93 
74 
88 
79 
75 
93 
74 
74 

38 

27 
15 
7 
4 
7 
4 
13 
14 

21 
15 

Month 
0.34 

0.16 
0.140.02 
0.01 
0.01 
0.01 
0.01 
0.02 
0.02 
0.04 
0.03 

59 

48
3754 
68 
54 
62 
56 
60 
59 
37 
38 

4.0 

1.2
1.32.9 

3.9 
3.6 
3.2 
2.3 
2.7 
1.4 
1.3 
3.0 

684 

267270
842 

1102 
513 
467 
598 
111 
47E 
289 
463 

2.05 

00
0 
0 
0 
0 
0 
0.09 
0 
0 
0.65 

BulacanLaguna 
Nueva Ecia208 
Pampanga 
Tarlac 

2Province2 

130157 
208 

9
151 
927 

0.13 
0.01 
0.02 
0.02
0.15 

184 
139 
95 
99 
115 

2.8 
3.9 
0.9 
2.5 
2.6 

2326 
1576 
487 

1427 
1272 

0.60 
00.29
0 
0.21 
0.08 

SeedbedPded 
Paddy 
Stubble 
Idle 

69 
477 
238 
181 

0 
17 
21 
0 

Type of field
0 
0.05 
0.15 
0 

67 
238 
238 
89 

4.1 
1.2 
4.6 
0.5 

1196 
1821 
3874 

197 

0 
0.0, 
0.44 
0 

Early Wagwag
IR28 
IR29 
IR30 
IR32 
1R32 
Others 

24 
115 
47 
23 
57 
32 

41274 

38 
25 
19 
0 

14 
0 

12
34 

Rice cultivar 
0.08 
0.20 
0.16 
0 
0.03 
0 
0.02
0.19 

18
90 
31 
16 
40 
25 

273 
50 

3.7
2.7 
4.3 
2.1 
2.8 
2.1 
3.2 
2.8 

3051318 
365 
236 
608 
261 

3261 
537 

1.06 
0 
0 
0 
0 
0.12 
0 

Table 17. Insect vectors in study fields from April to June end Incidence of rice tungro disease in paddy fields from June toOctober, 1372-1377, Luzon, PllWnse. 

Insect vectors 
Tungro disease 

Collec-Year tions No./10 Tested Infec- Observa-tive Inci
(no.) tions Fields dencesweeps (no.) (%) (no.)1973 ( %)68 5.81974 1028 0166 1511975 11.0 2425 1. 0.601.77181 2449.8 3319 45b 2.38b1976 0.69149 234 721977 3.9 2244 3.230.18172 267 253.0 1578 0.330 253 15tRIcu 0.03fields with only a few tungro.infecteo plants were excluded. -Ihe Philippine Government launchtrol program in the area In July and August. aWed green lafhoppercon-
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The average number of tungro vectors (N. 
virescens, N. nigropictus, and R. dorsalis) was 
545, 13, 109, 16, 105, 158, 104, 154, 516, 278, 
685, arnd 314 per trap for each consecutive 
month fom November 1976 through October 
1977. The N. virescens : N. nigropictus:R. dor-
salis ratio was45:33:22. Of4,277 insects tested, 
only 0.44% were infective. The overall tungro 
incidence at IRRI was low. 

The average number of BPH N. lugens, a 
vector of both grassy stunt and ragged stunt, 

was 2,552, 49, 23, 56, 53, 83, 155, 186, 1,017, 
480, 1,608, and 4,687 per trap for each con
secutive month from November 1976 through 
October 1977. Of 2,145 insects tested, 0.05% 
were infective for grassy stunt. The overall 
grassy stunt incidence at IRRI was low. 

Of 858 insects tested, 3.26% were infective 
for ragged stunt. The overall incidence of rag
ged stunt disease at IRRI was moderate. 

CONTROL AND MANAGEMENT OF RICE PESTS 193 



Control and management of rice pests 

Insects 
Entomology and SoilMicrobiologyDepartments 

TAXONOMY OF PESTS IN RICE ECOSYSTEMS 196
 
INFORMATION RETRIEVAL SYSTEM 
 196
 
INSECTICIDE EVALUATION 196
 

Contact toxicity 197
 
Foliar sprays 197
 
Paddy water application 200
 
Root-zone application 201
 
Carbofuran residues in rice grain 202
 
Insecticide resistance 203
 
Brown planthopper resurgence 204
 
Rice and fish culture 207
 
Carbofuran metabolism 208
 
Degradation and fate of carbofuran 208
 

CULTURAL CONTROL OF BROWN PLANTHOPPER 210
 
Monitoring field colonization 213
 
Trap crop 214
 

BIOLOGICAL CONTROL OF INSECTS 215
 
Parasitic insects 215
 
Predators 216
 

ECOLOGY AND BEHAVIOR OF INSECTS 219
 
Stem borer pheromones 219
 
Stem borers 219
 
Leafhoppers 220
 
Brown planthoppers 220
 

BROWN PLANTHOPPER DISTRIBUTION AND SAMPLING TECHNIQUES 
 223
 
SAMPLING BROWN PLANTHOPPERS 224
 

Nymphs and adults 224
 
Egg distribution and sampling 226
 

IRRI ANNUAL REPORT FOR 1977 195
 



-- 

TAXONOMY OF PESTS IN RICE ECOSYS. 
TEMS 
Entomology Department 

The proper identification of rice insect pests isbie troperpl nteitn, chericl conectr iands 
basic to plant resistance, chenmical control, and 
biological studies. 

IRRI began to identify arthropods to the 
family level and to send specimeas worldwide 
to specialists for proper determination. In 
1977, 2,174 arthropod specimens were sent 
to specialists. Of those specimens. 24% com-
prising 44 species have thus far been iden-
tified. Although IRRI maintains a small refer-
ence collection of arthropods (currently 18 
orders and 265 families) from rice ecosystems. 
the bulk of tile specimens will be deposited in 
the Entomolcgy Museum of the College of 
Agriculture. University of the Philippines ," 

Los Bafos. 

INFORMATION RETRIEVAL SYSTEM 
Entomology Department 

The magnitude of worldwide scientific publi-
cations has increased exponentially in recent 
decades. Scientists must keep abreast of 
recent developments and recall past scicntific 
literature to avoid unnecessary duplication of 

research. IRRI's expanded role into rice-
based cropping systems has increased the vol-
ume of literature to be covered. IRRI 
developed a flexible information retrieval sys-
tem to cope with the volume of entomology 
literature. Articles are activelh solicited, scan-
ned. indexed by subject, and filed for easy
retrieval. The outstanding feature of the svs-


t 

tem is its extensive subject classification by
arthropod species, plant species. country, and 

pesticide, and by more than 900 descriptor

words. More than 10,000 articles are already 


I
in the system for use by IRRI and collaborat-

ing researchers. 


INSECTICIDE EVALUATION 
Entomology and Soil Microbiology Depart-
inents 

Insecticides are first evaluated in the labora-
tory and greenhouse, then promising ones are 
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further tested in the field. In tile greenhouse, 
insecticides are applied by methods depend
ing on the formulation: 1) contact toxicity 

Table 1. Activity of Insecticides against brown planthopper 
(BPH), green leafhopper (GLH), and whitebacked planthopper 
(WBPH). IRRI, 1977. 

Activity' 
Contact Foliar 

Formu- toxicity spray, 
-Insecticide, lation' 
BPH GLH WBPH BPH GLH WBPH-- ---- GLH ___________ 

A 47171 24 EC + + 
ABG 6070 113 EC -+ +
ABG 6071 24 EC - , + +-

AC 64475 25 EC + + +
 
Acephate 75 SP + 4- +
Azinphos ethyl 40 EC - + + + 

Bendiocarb 80 WP + + + +
 
BPMC 50 EC -

BPMC 

+ 

chlorpyrifos 31.5 EC - + + -

Carbofuran 36 F * + + + +
Carbophenothion 30 EC - + + + 

Carbaryl 85 WP - + + + 
Chlorfenvinphos 20 EC + -
Chlorfenvinphos 15 • 

C MTMC 15 EC n.t. n.t n.t - + -
Chlorpyrifos 20 • 

* trichlorfon 10 EC n.t. n.t. n.t. - + +
 
Cypermethrin 40 EC + + + + + +
 
Dacamox 2 EC - + n.t. n.t. n.t.

Diazinon 20 EC - + 
Disulfoton 65 EC -+ -

Dicrotophos 20 EC -- +
 
Endosulfan 35 EC - + - +
 
EPN 45 EC + - -


EXP 5469 50 WP + - n.t. n.t. n.t.
 
FMC 35001 48 EC + + + + +
 
Fenvalerate 3 EC - + + + +
 
Fensulfothion 63 EC - + + + +

Fenthion 50 EC - + - + +
 

Fenitrothion 20 EC + + n.t. n.t. n.t. 
Isoxathion 50 EC - + n.t. n.t. n.t.Lindane 20 Ec + -
Metalkamate 30 EC + + + - + -
Methamidophos 60 EC 
Methomyl 19.3 EC - + - - + -
Methyl pa-'thion 50 EC - - - - + + 
MIPC 50 WP- - - + -
Monocrotophos 16.8 EC - + + + + 
Perthane 45 EC - - + + +
Permethrin 10 - + + + +Phenthoate 50 ECEC . . . +. + 
Phosphamidon 50 EC - - - + -
Propoxur 20 EC + +- + -
Sumibassa 75 EC .- - - + .1 
S-3206 20 EC - 4 n.t. n.t. n.t. 
Triazophos 40 EC - n.t. n.t. n.t. 

'Applied as 0.04% spray in contact toxicity test in Potter's spray
tower, and foliar spray. 'EC = emulsifiable concentrate, SP = 
soluble powder, WP = wettable power, F = flowable. " 
effective (.>80% mortality), --- not effective, n.t. = not tested
in 1977. 'Mortality readings were taken at 48 hours after treatment and adjusted using Abbott's formula. 'Three sets of 
insects placed on sprayed plants at 1, 7, and 14 days after 
treatment. Mortality readings were taken 48 hours after theinsects were place on treated plants and adjusted using
Abbott's formula. 



(direct spray onto the insect), 2) foliar spray, 
3) paddy-water broadcast, and 4) root-zone 
application, in 1977 greenhouse studies, 
insecticides were evaluated against four ricepests: brown planthopper (BPH) Nilaparvata 
lugens, green leafhopper (GLH) Nephotettix
irescens, whitebacked planthopper (WBPH) 

Sogatella fircifera, and striped stem borer 
Chio suppressalis.

The effectiveness of various insecticides was 
further determined in the field by three appli-
cation methods: 1) foliar spray, 2) paddy-
water application of granules, and 3) various 
types of root-zone applications. The primarypests in field studies were the whorl maggot
Flydrelliaphilippina, GLH, BPH, stem borer, 
and leaf folder Cnaphalocrosis nedinalis.(Entomology).

Contact toxicity (Ent.Numerousnew insecticides and commercially available 
insecticides were evaluated in a contact toxic-
ity test using Potter's spray tower (Table 1).
Only carbofuran, cypermethrin. dacamox,FMC 35001, metalkamate, permethrin, and 
propoxur killed at least 80% of each of the 
three hopper species. The ineffective insec-
ticides, not listed in Table 1,were ABG 6011,
Aspon, dimethoate, Flostaquick, NITMC,
meobal, padan, and vamidothion. 

Foliar sprays (Entomology). Greenhouse 
evaluation of insecticides applied as foliar 
sprays indicated that carbofuran at a rate as
low as 0.16 kg a.i./ha effectively controlled 
the three species. Carbophenothion at 0.32 
kg/ha effectively controlled GLHthe and 

WBPHI; at 0.75 kg/ha it effectively controlled 

the BPH. 


Insecticides were evaluated in the field as 
foliar sprays against the whorl maggot. In the 
two dry season experiments, acephate,
azinphos-ethyl. cypermethrin, isoxathion, and 
monocrotophos provided some degree of con-
trol, whereas bcndiocarb, BPMC Hostaquick,
methyl parathion. MIPC, Monitor, endosul-
fan, and perthane were ineffective. In a wet 
season experiment, only azinphos-ethyl sprays
controlled whorl maggots as well as diazinon 
granules did (Table 2). Foliar sprays are less 
effective than granules in the wet season. 

Timing. Because BPFI control with foliar 
sprays is often ineffective, the importance of 

Tae2. Esmliudoo of inslcid for wher maggot control 
on varaty Ill. Ill 157 t wt 

Damage rating4 

Insecticide 12 DT 20 OT 30 DT 
DiazinonCarbofuran(broadcast)(broadcast) 21aab 3 a 6 ab4 ab 5 aAzinphoseth 2 ab 6 bcd 7 bc 
ACephate 3 bc 6 bcd 8 cCarboturan 3 bc 6Carbophenottio bcd 7 bc3 be 6 bed 8 cMethl perathion 3 be 7 cd 8 c 
Monocrotoplhot 3 br- 5 bc bcEndosuAan 74 cd 8 d 8 c 
MIPCBPMC 4 cd 7 cd 8 c 
Perthane 5 de 8 d 8 c5 de 

Control 6 e 8 d 8 c"A.l ins.c were appied as foxir sprays except where 
andcaft. Allsprays were apied at 0.75 kg a.i./ha, except carboturm (025 kg a.L/ha). Caboflran and diazinon broadcasttreatments; vwe apihd 1 kg a.i./ha. All treatments wereapplied once at 5 days after transplanting (DT). 'Based on ascale of0-9:0 = nodrage; 9 = >50 of leaves damaged. Ina column, means foltowed by a common letter are not significantly different at the 5% level. 

time of application, placement of insecticide, 
and volume of spray solution was investigated.
Perthane spray applications were timed 
according to the insect's life cycle and a pre
determined calendar (Table 3). The most 
effective was owe-spray application at 61 days
after transplanting (D),which coincided with 
the time that most pfanthoppers were third
and fourth-instar nymphs of the second gener
ation. Of the calendar-based sprays, only that
which induded an application at 61 DT was 
effective. The proper time of application is 
important in an effective foliar spray program 
for BPH.
 

Application site. Because the BPH feeds at
 
the base of the stem near the water level, it is
recommended that sprays be directed toward 
the base for effective control. Spraying above 
or below the canopy did not result in different 
levels of hopper damage or yield in the timing
study (Table 3). Further studies with perthane
confirmed results indicated in the timing study
(Table 4). When three insecticides were 
applied below the canopy, BPH control was
about 20% higher with the nonsystemic insec
ticides metalkamate and perthane but only
about 10% higher with monocrotophos than
when they were applied above the canopy 
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Table 3. Timing and application site of perthane foliarsprays 

for brown planthopper (BPH) control." IRRI, 1977 wet season. 


Hopperburn (1%) 

Site, time Yield' 

of application' 77 DT 102 DT (t/ha) 


Timing based on BPH life cycle 

A bov e cano py 
1st generation 19 ab 38 b 0.6 c 

0 a 1 a 1.9 ab2d generation 
3d generation 34 c 50 b 0.3 c 

Below canopy 
1st generation 13 abc 29 b 0.6 c 

2d generation 0 a 0Oa 2.1 a 

3d generation I0 abc 28 b 0.4 c 

Calendr-based sprays 


Above canopy 
19 and 33 DT 19 abc 31 b 0.6 c 
19, 33, and 47 DT 5 ab 14 ab 1.1 bc 
19, 33, 47, aid 61 DT 1 a 1 a 2.0 a 

Control Contol 333 bcb 4444 b 0.50. cc 
ucecd by-sp-raying-all plo-ts 

-;dui-dup of BPH population was in 

with 25 g a.i. cypermethrin (synthetic pyrethroid)/ha at 10-day 
intervals starting 12 days after transplanting (DT).Six applica
tions were made. Carbofu ran (1kg a.i./ha) was broadcast in the 
life cycle-timed treatments, and monocrotophos (0.75 kg 
a.i./ha) sprayed in calendar-based treatments for whorl mag-
got and virus-vector control at 3 DT. In a column, means fol
lowed by a common letter are not significantly different at the 
5% level. 'Insecticide treatments, timed with BPH life cycle, 
were applied when most BPH were third and fourth instars 
(whenegg population on plant was lowest), i.e. at 33,61,and 90 
DT for the first, second, and third generations, respectively. 
'Two typhoons damaged the crop. 

(Table 5). Carbofuran and monocrotophos 

translocate to some extent to the lower plant 

parts (Table 6. Fig. I).


Volue ap Ifie.I thePhiippnesa srayApplied
Volme applied. In tie Philippines a spray 


volume of 1,000 liters/ha is recommended for 

a crop that has completed tillering. Field 

studies with perthane indicated that a spray

solution of 190 to 950 liters controlled the 

BPH equally in tw<o wet-season tests (Table 7). 

Spreader-sticker. There are numeroIus 
spreader-sticker comp(unds that prevent 
insecticides from being washed off by rains. 
They increase the effectiveness of foliar sprays 
by increasing the amount initially deposited 
and prolonging residual activity. 

Spreader-stickers were mixed with accphate 
and applied as foliar spray. Residue analysis 
with gas chromatography indicated that a few 
spreader-stickers increased the spray's initial 
deposit and residual life (Table 8), but bioas-
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Table 4. Perthane spray treatments at 0.75 kg a.i./ha to control 
the brown planthopper (BPH)." IRRI, 1977 wet season. 

BPH (no./10 hills) 
Spray 

Treatment' volume Before 4 days Con
(liters spray- after trol 
/ha) ing, spray- (%)

ing9 " 
. ...
 

LVS below canopy
 
every row 225 18,748 a 1,248 b 98 

LVS above canopy 225 28,096 a 6,102 c 78 

HVS below canopy 
every row 1,446 18,471 a 365 a 98 

HVS above canopy 1,446 19,381 a 1.568 b 92 

MB below canopy 375 27,870 a 3,241 bc 88 
MB above canopy 375 18,224 a 2,875 bc 84 

Control 375 23,504 a 20,876 d 11 

"Buildup of BPH was induced by spraying the entire field 4 
times with cypermethrin 25 g a.i./ha at 10-day intervals. The 
experiment was conducted 61 days after transplanting.'LVS 
low-volume spray, HVS high-volume spray, MB mist 
blower. Hoppers in the field were third- and fourth-instar 
nymphs of second generation. In a column, means followed by 
a common letter are not significantly different at the 5% level.Hoppers in the field were 90"% adults. 

Table5. Foliar application of insecticides above and below the 

rice canopy for brown planthopper (BPH) control. IRRI, 1977. 

BPH' 
(no./4-linear-m row) 

Treatment' Before 2 days Con
insec- after trol' 
ticide appli- %) 

appli- cation 
cation 

Applied above rice canopy 

Metalkamate 4,766 a 1,183 a 74
 

Monocrotophos 4,213 a 3,168 b 60
 
Perthane 7,342 a 2,589 b 63
 

Control 6,190 a 5,893 b 5
 

below rce canopy 
Metalkamate 11,241 a 947 a 92 

Monocrotophos 6,723 a 2,074 b 69 

Perthane 7,521 a 335 a 96 
Control 7,805 a 8,811 c 0 

"Hopper development was induced by foliar application of 
decamethrin at 30 g a.i./ha starting at 15 days after transplant
ing. Three applications were made at 750 g. a.i./ha.Volume of 
spray material for both methods of treatment was 1,444 lit
ers/ha. 'Sampled with D-Vac suction machine, Ineach column, 
means followed by a common letter are not significantly 
different at the 5% level. 'Values shown were adjusted using 

Abbott's formula. 

says with insects indicated no increase in 
residual acti/ity. 

Ovicides. Because planthoppcr eggs are 
inserted into leaf tissues, they are somewhat 
protected from direct contact with foliar 



Mortality (%) Table 6. Translocation of carbofuran in Taichung Native I rice 
teated by root systemic and topical applications. IRI 
greenhouse, 1977. 

Residue of parent insecticide' (ppm) 

"_- 3 DAT 23 DAT 
80-
 Treatmenr' Leaf Leaf 

0- 0mmm Leaf sheath Stem Leaf sheath StemLeaves 

Root-zone 
injection 11.5 3.8 1.8 5.2 5.0 0.36 

Spray on 
60 leaves 608.0 52.4 11.5 210.0 6.0 1.20 

Spray on 
stems 26.0 33.0 4.7 11.2 63.3 3.10 

"All treatments were applied at 2 kg a.i./ha on 35-day-old
plants. Foliar sprays were directed at indicated parts of plantwith nontarget parts covered by plastic film. Leaf sheaths were

40 on the stem during spraying, but were removed beforeanalysis. 'Residues in roots were < 1.0 ppm for all three treatments at both sampling intervals. DAT days after treatment. 

protected eggs. Thus, applications must berepeated. The insecticides that kill eggs at the 
same time that they kill the nymphs and adults 
feeding on the plants must be identified. Eight
insecticides were initially tested as 0.04% fol

00 1 77 14 21 14 2 itr sprays on plants containing 1-day-old BPH 
y after tream nt cggs (Table 9). Methyl parathion, triazophos,

and carbofuran had an ovicidal effect.1. Mortality of the brown planthopper on plants sprayed Further studies were conducted to deterwith 0.2 kg a.i. carbofuran/ha or monocrotophos directed 
at the leaves and on the stem. IRRI greenhouse, 1977. mine the effect of insecticide concentration and 

egg age on ovicidal activity. Carbofuran at 
0.04% was highly ovicidal; at the lowest consprays. When insecticide applications are centration, 0.005%, it had no such effect on

poorly timed, the planthopper population may newly laid eggs (Fig. 2).
be higher a few days after spraying than Ovicidal activity was highly dependent on
before because of nymphs hatching from the the egg's stage of development at the time; of 

Table 7. Effect of spray volumes on control of brown planthopper (BPH)" on variety IR22. IRRI, 1977 wet season 

BPH (no./lO hills)b 
Control (%Treatment Concn 

(0.75 kg a.i. perthane/hal Before 
at spray volume of (%) spraying, 3 DAS 13 DAS" 3 DAS 13 DAS 
190 liters 0.394 37,399 ab 3,845 b 2,208 a 90 Wl4380 liters 0.197 36,522 ab 3,434 ab 1,369 a 91 96570 liters 0.131 37,550 ab 3,702 ab 1,924 a 90 95760 liters 0.098 29,269 ab 3,290 ab 1,456 a 89 95950 liters 0.078 29,859 ab 1,999 a 2,681 a 93 91 

Control
(475 liters H.0) 0.000 39,222 ab 31,353 c HB, 20 -

To induce tho BPH buildup, the field was sprayed 4 times with 25 g a.i. cypermethrin/ha at 10-day intervals. The field was thensprayed above the canopy at 58 days after transplanting. DAS - days after spraying. "In a column, means followed by a commonletter are not significantly different at the 5% level. 'Hoppers in the field were third- to fourth-instar nymphs of the second generation. "Hopper population was 90-95% adults. 'Hopperburn. 
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Table 8. Acephate residues on leaves of IR22 rice treated with 
foliar sprays (0.75 kg a.i.rha) containing spreader-sticker. IRRI. 
1977 wet season. 

Residues (ppm) 

Treatnent 
1 DAT 5 DAT 10 DAT 

Acephato 19.5 h 4.3 cd 0.09 cd 
Acephato Adhesol 26.7 b 21.3 a 0.11 bed 
Acephate Triton 37.2 ab 7.5 bc 0.08 cd 

B-1956 
Acephate Tenac 38.2 ab 12.6 b 0.14 bed 
Acephate Citowett 51.2 a 7.8 bC 0.34 a 

Control n.d. c n.d. c 0.00 d 

ISpreader-stcker applied at concentration of 0.5%. 'Figures are 
averages of four replications. A 27-mm rain occurred at 8 days 
after treatment iDAT). n.d. none detected 0.005 ppm). In a 
column, means followed by a common letter are not signific
antly different at toe 5% level. 

,s'rau . (Oldrc-s,\were most susceptible to 
the insecticide. 

At tile (.1()5' concentration, eg, hatch 
dcrcaisc d ftomt 006i I LI'afty MiI~tol 

2). The same trend occur
51; at 5 dt\ ,(h. 


red. but le, C\creh. in the triazophos
ircatcd pllnt'.+. 

Rc',uli t \icid l Studics of the W1BPIl 
and ot tht BItl \.'rc similcar. .\in carOful-
I'lII.s'oicida! 1cxi~it\ ix ts highe_,s. but the 
NV .. '1",x11c(i-CsttSCptibe to ietlIlI=..Ie r 

partll itih n h II ti tril/ophos. 

(arhilturaitl "r;lntlc' applid 1)paddy water 
aklt had ) I.CIdlall acti\ it i 131l-1aL'inst 

111 ,-/,,m.-rI Iholt /+') appllication. Far-1

er' tvtItc. \ lliich lss ther 1 IC thall 

recititi.inIctdcd i\ ol spray insec-t)ltncil.foliir 

Tableg. Ovicidal activity of insecticides applied as 0.04% foliar 

sprays on plants with brown planthopper eggs. IRRI 

greenhouse, 1977.g o. . 

lnsecticiie Egg riajt I, 

Metaliarnate 99 a 
Propoxur 98 a 
BPMC 90 at)
MIPC 88 ab 
Dimethoater 83 h 
Methyl parathion 61 r 
Triazophos 37 c 
Carbofuran 0 (l 

Control 96a 

'"Applied 1 day after oviposition. "All means followed by a 
common letter are not significantly different at the 5% level, 
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HdchobAty (%) 

100 0 

O-o 

80 

60 

40 0
0 

..
 

0. .0
1 3 5 Cher 

Dayso fter oviposiion 
2. Comparative hatchability of brown planthopper eggs 

as affected by concentration of carbofuran and age of 

eggs at application time. 

ticidc IcCaLusC it is lab1orious Itu ctarrv the 
reconin etide'd alnt.l1t. The hanuid -lield. 
batterv-operatcd UIAN applicator applies frotm 
I to 2 liters ot conccntratcd insecticide dis
pered in siall droplets (abotll 8(0it) to I hia. 
The U LV applicator was tested to determ ine 
vertical and hori/)ontal distrilitlltn of spr;y
drt)phtS. In ititial ,tudics. tlie ilnicles 

reccived tile mi )st insecticide a11dtJlie stellis 

(lilly a sniall ;llitittlt (lale 1t)). Further 
studies are being conducted to determine the 

effect of droplet size aid rice grt)wth stage oil 
droplet distributiotn It) identify droplet sizes 

thati reach ie base if the plant. where tile 
HPII lecds. 

Paddy water Ip)plicaltion (Enl Ionlohgv) 
Granular forltions of inscticides were 
tested in tile gl'rellhouse aaiinst three hoplper 



Table 10. Distribution of carbaryl residues on the plant whenInsecticide was applied with a battery-operated ultra-low,
volume (ULV) applicator., IRRI, 1977. 

Residue (ppm) of
carbaryl sprayedPlant parts from distance of 

3 m 5 m 

Panicles 690 750
Leaves 
 90 
 20
Stems 2 1 

"About 2 liters of Sevin carbaryl 80% oil formulation/ha wasapplied with a Union Carbide ULV applicator. 

Table 11. Activity of granular insecticides applied In paddywater at 0.5 kg a.l./ha for brown planthopper (BPH), greenleafhopper (GLH), and whitebacked planthopper (WBPH) control. IRRI greenhouse, 1977. 

Insecticide Activity',Insecticide BPH GLH WBPH 

Aldicarb 
+ + "fBPMC + + + 

Carbofuran
Diazinon 4 + ++ + +
FMC 27289 + 4 4 
HOE PFL 812 -Metalkamate + +4 + + 
Oftanol + + 
Triazophos 

+ 
Cytrolane -

+ + 
+ +p+FMC 35001 -

Padan 
 -

"Effective 1-, 80% mortality) ±; not effective 

species and(the striped stem borer. The new 
compounds bendiocarb, FMC 27289, FOE
PF1. 812. and Oftanol were effective against
the three hopper species (Table II). 

In greenhouse studies only the application
tt) paddy water of Miral granules effectively
controlled the striped stem borer (Table 12).

In a lield evaluation, AC 64475, Miral, car-
bofuran, diazinon, and et hoprop provided
varying degrees of whorl maggot control 
(Table 13). All, except diazinon. controlled 
the stem borer. Although carbofuran treat-
ment resulted in low nortality of the striped 
stem borer inthe greenhouse (Table 12). it was
effective in the field study where the yellow
stem borer predominated ('Fable 13). 

Table 12. Paddy water application of granular Insecticides atthe rate of 0.5 kg a.l./ha for striped stem borer control. IRRI 
greenhouse, 1977. 

Mortality, M 
Insecticide 

1 DAT 5 DAT 

Miral 3G 100 a 100 a 
Carbofuran 
 53 b 30 bCytrolane 3G 45 b 40 b 
Metalkamate 3G 31 bc 35 b 
FMC 27289 2.5G 29 bc 18 b 
Acephate 3G 9 cd 24 bFMC 35001 2.5G 6 cd 35 b
Oftanol 5G 1 d 41 b 

10 DAT 20 DAT 

100 a 26 a 
8 d 10 bc 
17 cd 30 a 
18 bcd 18 ab 
35 b 24 a 
17 cd 25 a
19 bcd 23 a 
25 bc 36 a 

"Av. of 4 replications, each consisting of 20 freshly hatched larvae placed on treated cut stems of rice. Mortality was determined 48 hours after larval infestation. In a column, means followed by a common letter are not significantly different at 5%level. D'IT = days after treatment. 

Conbinations of acephate with variousgranular insecticides were tested in the 
+greenhouse
Bendiocarb to determine any synergisticeffect, as would be indicated by increasedBPH and GLU control. None had Such effect 

indicated by prolonged residual activity.Instead, the acephate-diazinon ct..bination 

had less residual acti\'it. against (;L-I than
acephate alone. 

h
Root-zone application (Entomology). Applit
 
Cgrt( as anules. rnlong 
 tlest insecticides
applied to tle root zone as Crinule,, at 0.5 k,,


-a.i./ha, only carbofurati. 9FNIC 2 a.(ES2728'). ['MC 
35(1(1. and bendiocarb effectivelv controlled 
all three hoppers (Table 14). Carhofuran. 
FMC 27289, and bendiocarh had tile longest
residual activity, providing at least 80% control
 
at 14 days after treatment (DAT). Cartap.

diazinon, hosthathion, gamma-BHC. metalka
mate. and Oftanol were ineffective against tile
 
three hoppers.
 

Liquid band injection. The effectiveness of
 
several itnsecticides applied 1\' the liquid band

injector was tested in the field. All insecticides
 
provided 
 some whorl maggot control (Tablc

15). Carbofuran, FMC 35001, and cartap con
trolled the stem borer. Carbofuran and FMC 
35001 were most effective against BPH. Car
bofuran. FMC 35001, and cartap controlled 
leaf folders at 82 DT. 

Root coat. Perlite (a compound high in silica
content) is a dapog (method of raising seed-
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Table 13. Evaluation of granular insecticides for control of 
whorl maggot and stem borer." IRRI, 1977 wet season. 

Whorl maggot Deadhearts' 
In sectic id e" d am age' %) 

22 DT 35 DT 40 DT 60 DT 

AC 64475 0 a 0 a 0.1 a 2.0 ab 

Miral 2 b 2 b 0.0 a 1.2 a 

Carbofuran 3 b 2 b 0.0 a 0.8 a 

Diazinon 3 b 2 b 0.5 bc 10.9 c 

Ethoprop 3 b 2 b 0.2 ab 2.8 b 

Acephate 5 c 3 c 1.0 cd 10.9 c 

Bendiocarb 6 d 4 d 1.7 de 10.0 c 

BPMC 6 d 5 e 2.8 e 12.0 c 

Metalkamate 
 8 e 5 e 1.8 de 9.7 c 

Control 8 c 7 f 5.5 1 11.2 c 

"The yellow stem borer Tryporyza incertulas was a predomin
ant species. In a column, means followed by a common letter
 
are not significantly different at the 5% level. 'Applied at 5, 25,

52, and 85 days after transplanting IDT) at 1.0 kg a.i./ha. 'Based
 
on a scale of 0-9: 0 - no damage: 9 :" - 50% of leaves dam- 

aged. "Primarily due to the yellow stem borer. 


lings) medium made from volcanic ash. It 
sticks to seedling roots dipped in a suspension 
of it in water. Flowable carhofuran was added 
to the perlite suspension and the treatment was 
compared wNith that of carboluran granules in 
gelatin capIsules. In greenhouse tests. ().1 5 kg 
a.i./ha in pcrlite pro'ided immediate BPH 
control at I DT. hut residual activi tv was less 
than that of granules in capsules applied at 2 
kg a.i./ha near the roots (Fig. 3). When addi-
tional insecticides were further tested. only 
carbofuran controlled BP!-l for 14 days but 
several others controlled the GLI-. 

Seedlings growing in the perlite and ordi-
nary dapog were soaked in a carbofuran solu-
tion both overnight and for only a short time 

Table 15. Root-zone application with the liquid band injector of 
IRRI, 1976-77 dry season. 

Table 14. Activity of granular Insecticides applied at 0.5 kg
a.i./ha to the root zone of rice to control the brown planthop
per (BPH), green leafhopper (GLH), and whitebacked plant
hopper (WUPH). IRRI greenhouse, 1977. 
...... . . . ... .. . . .... . . . . . . . ..-.
 

Activity"
 
Insecticide
 

BPH GLH WBPH 
. . . . . . . . . . . . .
 
Carbofuran 4 4 

FMC 27289 . 4 f 
FMC 35001 + i + 
Bendiocarb + + + 
Aldicarb - + + 
BPMC -1 - + 
Cytrolane - + 

"Effective (-- 80% mortality) +; not effective 

just before transplalting. At the low rate of 
.15 kg a.i.!ha carbofuran gave poor control 

of whorl maggot, stem borer. BPH, and GLH. 
Soil incorporation. Incorporation of 

granules at the last harrowing is a practical 
root-zone application method. Soil incorpora
tion was compared with liquid band injection 
into the root ztne and with several paddy
watcr broadcast and foliar spray treatments 
(Table 16). Soil incorporation of carbofuran 
was better than the other treatmcnts in con
trifling horl maggot. hut was as effective in 
controlling stem borers and virus vectors. It 
did not control BPH, partly because the BPH 
is resistant to the insecticide. But unlike foliar 
sprays, it did not cause a BPII resurgence. 
Profit was highest when carbofuran at 1.0 kg 
a.i./ha was incorporated into the soil. 

Carbofuran residues in rice grain 
(Entoinology). Four application methods 

some promising compounds for the control of rice pests." 

Leaves
 
BPH (no./4-linear-m damaged (%) 

Whorl maggot Deadhearts row) by leaf Yield 
Treatment' damage' %) - folder (t/ha) 

31 DT 41 DT 40 DT 68 DT 82 DT 

Carbofuran 2 F 3.6 ab 1.2 ab 15 abcd 924 ab 13 a 2.2 ab 
FMC 35001 4.0 bc 1.1 ab 10 ab 1163 abc 23 a 2.0 ab 
Chlorpyrifos 5.7 cde 3.6 c 27 abcd 3142 bc 57 bc 1.7 ab 
BPMC 5.7 cde 4.6 c 20 abcd 2105 abc 63 c 2.2 ab 
Cartap 5.3 bcde 1.5 b 22 abcd 4435 c 30 ab 1.8 ab 

Control 9.0 f 5.2 c 53 d 1233 abc 83 c 1.7 ab 

"In a column, means followed bya common letter are not significantly different at the 5% level."All insecticides were applied 3 days
after transplanting (DT) at 0.5 kg a.i./ha. 'Based on a scale of 0-9: 0 = no damage; 9 50% of leaves damaged. 
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soil incorporation, liquid band injection,
broadcast, and foliar spray - were tested to 
determine their effect on residues in whole 
rice grain. Residues in all treatments, except
the extremely high rate of six broadcast appli-
cations at 14-day intervals, were below the 
accepted levels (Table 17). For the high rate,
the combined uncorrected concentration of 
residues of carbofuran and 3-hydroxycarbofu ran
(on which the US Environmental Protection
Agency tolerance of0.20 ppm isbased) was 0.46 
ppm. However, there appears to be little danger
of residues at the rates and with the methods that 
most farmers use to apply carbofuran to rice. 

Insecticide resistance (Enfontology). In 
1977 carbofuran failed to control the BPI- at 
IRRI. In lab, atory studies, a susceptible 
greenhouse strain and a field strain were coin
pared to determine if resistance to carbofuran 
had developed. Additional studies on carbofu-
ran and several other ins'cticides wcrc con-
ducted to determine the LD:,,, (lethal dosage 
required to kill 50% of tct insects) values for 
the two strains;, 

The responses of the two strains in the con-

3. Mortality (%)of brown planthopper (BPH) caged on 
Taichung Native 1rice plants treated with gelatin capsules 
in the root zone (2kga.i. carbofuran/ha) and those soaked 
for 16 hours in a perlite root-coat mixture (0.15 kg a.i.carbofuran/ha) prior to transplanting. IRRI greenhouse,1977. 

dry season. 

Rate Whorl 
(kg maggot

Times a.i/ damage
Treatment' (no.) ha) 29 DT 

Carbofuran (SI) 1 1.0 1 ab 
Carbofuran (SI) 1 2.0 0 a 


Carbofuran (RZ) 1 1.0 3 c 
Carbofuran (RZ) 1 2.0 2 b 

Carbofuran (B,) 6 1.0 4 cd 
Carbofuran (B,.) 4 1.0 5 d 
Carbofuran (B:.,) 4 2.0 4 cd 

Decamethrin (F,,) 6 0.05 4 cd 

Methyl parathion
(F...) 4 0.75 8 e 

Carbofuran (F.,.) 4 0.50 7 e 

Control 9.0 9 f 

BpHmortlity(%)
100 ...........
 

80 

60 

40 

20 

0 
I 

CoIbofuron ingeiatn copsuies 

carbofuran inperlite 

root coal 

I I5 12 20 30 50
Days ofter treatment ondtronsplanting 

Table 16. Effects of frequency, rate, and method of insecticide application on the control on rice pests in variety IR22." IRRI, 1977 

Dead- BPH (no./10-linear-m Hopper
hearts Virus row) burn

(1%) (%) 
60 DT 60 DT 61 DT 

1.54 bc 0.2 a 135 a 
0.51 a 0.0 a 144 a 

2.01 c 0.2 a 189 a 
0.73 ab 0.6 ab 245 a 

0.97 ab 0.9 ab 293 a 
0.81 ab 1.1 ab 261 a 
0.46 a 0.8 ab 181 a 

0.73 ab 0.5 ab 2447 b 

0.93 ab 2.2 b 350 a 

1.16 abc 1.4 ab 1216 b 

4.93 d 12.5 c 264 a 

(%)
78 DT 92 DT 

1,584 a 14 ab 
2,329 a 16 ab 

3,461 a 0 a 
2,802 a 21 ab 

5,098 ab 13 ab 
1,744 a 4 a 
3,500 a 25 ab 

78,908 c00 c 

22,276 bc 51 b 

29,965 c 97 c 

4,812 ab 8 ab 

damage; 9days after transplanting dNet income = > 50% leaves damaged. DT =value of rice at US$0.14/kg granule = US$14.9210.5 kg al.; methyl parathion 
cost of insecticide + labor. Cost of insecticide: carbouran 3%= US$5.82/liter; decamethrin = US$2.58/liter carbofuran 2F = US$9.19/liter.ncome change = net income in treatments  income in control. 

"In column, means followed by a common letter are not significantly different at the 5% level. 'SI = 
zone with liquid band applicator, B,, = broadcast every 14 days, Ba,,= broadcast every 20 days, F,, =
14 days, F. = foliar spray application every 20 days. "Based on a scale of 0-9: 0 =no = 

Net
 
Yield income" Income
 
(t/ha) (US$) change'
 

3.669 a 476 238 
3.646 a 432 194 

3.150 a 404 166 
3.520 a 415 177 

3.493 a 294 56 
3.302 a 329 91 
3.453 a 236 -2 

1.471 c 169 -69 

2.271 b 276 38 

1.934 bc 166 -72 

1.643 c 238 

soil incorporation, RZ = root 
foliar spray application every 

CONTROL AND MANAGEMENT OF RICE PESTS 203 



tact toxicity study and of those feeding on 	 Tabill. ResisanceofafeldsUaithebrowmnplInthoppr 
to cabowaL, WA greenhouse. 1977.

plants in paddy water that had been treated --	 1%. -

Mortality I%)that the Ratewith carbofuran granules indicated 

field strain was resistant to carbofuran (Table (kg a.i./ha) Greenhouse 
strain' Field strain' Difference 

1 ). Rates as high as 6 kg a.i./ha were required 
Contact toxicity'to control 98%C of the field strain while only 

lkg/jha killed 100% of the susceptible 0.025 25 a 5a 20
68 b 9 a 59"*greenhouse strain. LD,, values of carbofuran 0.050 

0.100 83 c 29 b5 
indicated an estimated resistance ratio of 7 0-250 100 d 56 c 44

d 59 c 41* 
(Table 11)). There was no resistance to new 0.500 100 

Paddy-water applicationinsecticides such as N 3727, A 47171, and A 
21 a 4647170. which had not been used at IRRI. 0.5 67a 

100 b 327, 68-
Females and males differed little in resistance. 1.0 

4.0 100 b 77 b 23" 

The susceptibility of the three BPH 6.0 100 b 98 b 2ns 

biotypcs to six insecticides applied by direct "Meanswithin acolumn, foreach application method, followed 
contact spra" with Potter's spray tower was by a common letter are not sgificandy differert at the 5% 

level. 'Cultured in the greenhouse for about 30 generations. 
determined. Four insecticides gave lower mor- 'Collected from field plots that had received repeated applica
taliv readings for biotype I than for biotype 2 	 lions of 2 kg a.i. carbofuran/ha over a 3-year period and reared 

iin grn anhouse culture cages for 4 generations. dApplied with 
Potees spray tower.or 3 (Table 20). 

Brown planthopper resurgence (l.Entoinolo
,,). BPI I populations in plots sprayed with Table 19. The LD., value of insecticides applied topically to 
,. • female and male brown planthoppers. 1RRI laboratory, 1977. 

.certain insecticides have resurged at IRRI for . . .. 
Femalesexcral vears. Previous IRRI annual reports Male 

suggested that resurgecncc was caused by the LD, (g/g) LD g/ig) 

destruction of natural enemics or by the pro- Green- Green

duction of lush growth that was attractive to Insecticide 	 house Field house Field 
strain" strain, ERR' strain strain ERR 

h,: insects. Ini 1976. resurgence occurred in 

plots that regularly received carbofuran 	 Carbofuran 0.14 1.05 7.50 0.25 1.78 7.12 

granules in paddy-water application. Plots that 	 Monocrotophos 0.65 3.50 5.38 0.49 2.00 4.08
 
Metalkamate 1.46 5.37 3.67 2.00 8.68 4.34
 
Methyl parathion 7.67 23.19 3.02 10.52 13.90 1.32
 
BPMC 1.95 5.29 2.71 2.89 11.80 4.08
 
MIPC 1.42 3.29 2.30 5.23 5.59 1.06
 

Table 17. Residues of carbofuran and 3-hydroxycarbofuran in Endosulfan 3.09 5.94 1.92 5.12 12.46 2.43 
whole grain (rough rice) of IR22 rice plantR treated by different Acephate 2.93 4.96 1.69 3.56 7.79 2.18 

application techniques. IRRI, 1976-77. N 3727 28.90 32.43 1.12 41.46 43.41 1.04 
.............. 	 Perlhane 5.13 5.70 1.11 4.45 
 10.46 2.35 

Residues' (ppm) A 47171 4.07 4.07 1.00 6.66 5.81 0.87 

Treatment' A 47170 3.17 2.60 0.82 2.66 2.68 1.01 
3-hydroxy-

Carbofuran carbofuran "The greenhouse strain was reared in the greenhouse for about 
. . .. -... -. . .. . . . .. 30 generations and the field strain for about four generations. 

LD.,offield strain
Soil incorporation 0.08 0.06 "Estimated resistance ratio 

LD,,of greenhouse strainRoot zonf. with liquid band 
applicator 0.08 0.02 

Broadcast at 14-day intervals 
16times) 0.34 0.12 received no insecticides were undamaged. t 

Broadcast at 20-day intervals 
(4 timesl 0.11 ,P.05 treated plots were completcly hlopperhurned. 

Foliar spray at 20-day 
0.04 0.02 In 1977 field and greenhouse experints

intervals (4 times) 
were conducted to detcrminc the causes of 

Control 0.06 0.02 resurgence. 
"fhe-broadcastand foliar spray applicationswere begun 5 days Field studies wcre cond ucted to determine 
after transplanting (DT). Flowering occurred at 70- 80 DT, thus 1 
of the broadcast treatments at 14-day intervals and 1 of the the effect on resurgence of various methods of 
broadcast and foliar spray treatments at 20-day intervals were carbofuran application. in one experiment 
applied during the flowering period. All applications except the
 

foliar spray which was applied at 0.5 kg were made at 1.0 kg BPH numbers were higher with three foliar
 
a.i./ha. "Values were not corrected for percent recoveries (91%
 
for carbofuran and 97% for 3-hydroxycarbofuran). sprays than with three broadcast applications
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Table2 . Conact toxicitofi l appiedw Potter' or soil incorporation at planting (Table 21).spray towe at 0.04% c tpi.tratIon tla" bro.w However, the foliar-spray and soilplanthoppa IBM) biotype.. MMlFrehue 57Mrl. incorporation treatments produced no sig-M%)of BPH biotype nificant differences in number of the predatorInsecticide Formulation 1 2 Cyriorhinus lividipennis. Inresurgence occurred another trial,in the second BPH gen-
Decamethrin 2.5 EC 93 a 97 a 90 a eration at about 63 DT. Foliar sprays of 
Carbofuran 
 2. F 
 66 b 98 a 97 a methyl parathion causedAcephate 75 SP the highest33 a 44 a 35 a resurgence ratio and also the highest ratio of
Diazinon 
 20 EC 20 b 46 a BPH to C. lividipennis (Table 22).41 a Additional studies were conducted to deter"EC emulsifiable concentrate, F = flowable, SP = solublepowder. 'Mortality readings were taken 48 hours after treat- mine the resurgence caused by various insecment; adjusted av. of 4 replications each consisting of 25 adult ticides applied as foliar spray. In one experi-Insects, using Abbott's formula. All means for each insecticidefollowed by a common letter are not significantly different at ment, 25 insecticides were applied to a low
the 5% level. 

Table 21. The influence of method of carbofuran application on resurgence of the brown planthopper (BPH) on variety O2.' IRRI,
197? wet season. 

Insect counts' (no./hill at 47 DT) 
Rate Prey: HopperburnTreatment" (kg a.i./ha per BPH C. lividipennis predator (%Mapplication) (prey) (predator) ratio (x:1) 61 DT 

Soil incorporation once 1.0 1043 ab 49 b 21 4 a
Broadcast 3 times 1.0 1449 b) 19 a 
 76 23 abFoliar spray 3 times 0.25 2498 c 42 b 59 71 cControl 800 a 115 c 7 13 ab
 
"In a column, means followed by a common 
letter are not significantly different at the 5% level. 'Broadcast and foliar spray treatments applied at 20-day intervals beginning at 5 days after transplanting (DT). 'Collected with a D-Vac suction machine (10hills/replicate sampled 2 days after third treatment). 

Table 22. Effects of method of carbofuran application on brown planthopper (BPH) resurgence and the predator Cyrtorhinus 

lividipennis population." IRRI, 1977 dry smason. 

41 days after transplanting' 63 days after transplanting ,' 

BPH BPH: BPH BPH:Rate Appli- C. livi-Treatment' C. livi(kg a.i./ cations Resur- C. livi- dipennis Resur- C. livi- dipennisha) (no.) gence dipennis ratio gence dipennis ratioNo. ratio, (no.) (x:l) No. ratio' (no.) (x:l) 

Root zone 1.0 1 250 a 1.1 4 ab 62.5 693 b 2.6 188 ' be 3.7Root zone 1.0 2 179 a 0.8 1 a 179.0 1368 b 5.1 66 a 20.7 
8 b 25.9 623 ab 2.3 

Broadcast 1.0 2 207 a 0.9 268 c 2.3Broadcast 1.0 3 157 a 3 ab0.7 52.3 721 b 106 .AcFoliar spray 0.25 2.7 6.83 111 a 0.8 27 c 6.7 1494 b 5.5 81 ab 18.4
Foliar spray
 
(Methyl parathion)


Control 0.75 3 258 a 1.2 c23 11.2 2800 b 105 abc10.4 26.4 
223 a 38 5.9c 270 a -- bc188 1.4
 

"In a column, means 
followed by a common letter are not significantly different at the 5% level. "Carbofuran was applied in alltreatments except where indicated. Root-zone applications were made at 5 and 25 days after transplanting (DT); broadcasts at 5,
25,and 45 DT; foliar sprays at 5,14, and 33 DT."Insects were collected with a D-Vac suction machine 16 days after the second
broadcast and foliar application. Number of BPH and C. fividipennis indicates population on a 4 linear-m row (16 hills at 25-cm
spacing. 'Insects were collected with D-Vac 18 days after third broadcast and foliar application. Sampling time coincided with the

second BPH generation BPH ininsecticide treatment.
 

BPH in untreated control plots
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land crop at 0.75 kg a.i./ha at 2-week intervals lividipennis numbers least, producing a low 
in the drv, Seatson. Only alinlphos ethyl and prey:predator ratio. 
tria/ophos caused ,ignificiltly Itiore hopper- After extensive fiekl tests, it became evident 
uilln, the%' did that some insecticides have an1 adverse effectthan the tlillte;lted control. 13ut 

not reduce fparatsitisni or predation of 131I1- on the C. lividilwnnis population, which mly be 
e1!1! 
Iln ll uplad Crop. methyl parathion spra\ s 

and oraiuLir carbotlurai applIications caused 
M increase of I3PI 'andW131I. but predator 

molt alit\ did not appear to be l factor. 
li Iom land cperintent NC\ierl inscticide, 

a1pplicd as foliar xpra\ caused rllreels. bt 
p'redatior 'Lllls at 14 dd S aflr the third 
aptplicaitim diffct d little 111101nu rCa",ltll . 
ev.n though nll 'utaintiall\. Iitl linCriC'd 
a.nother triall in the ralit 111 to (.1'tich (It B1 

liti'ii'penA %ctc determined betore and after 

the fiftl :ipplication. an incrcased ratio was 

not dircctl rclatcd I( p1crccnltace of holper-

burn (lilc 231. 


.-\tier _jtpliCa ionl of ,'eranular iiccticides. 
the unber tif ( . lit'idipcnvi d lecreaed dis-


etl\ but thlt Of 131h deCrc;sCed little (lhlC 

24) lhe ticaenaii tIsh Miir ind ca rhofu-

ran. which ,\c the highest B3I1 : C. 

fitidipltilj.s iatit ;it5 I-l) (four da\s after 

insecticide alicationi. also had the hiuhcst 

percentace of lt rpcrburncd arca. Acephite. 

I3PNI('. ind niLtalkamtlc hich hasc ilc\cr 


cised BPtt sitlre.cn ., rCLucd C. 


Table 23. Effect oi various insecticides applied as foliar spray
 
at 0.75 kg ai.,ha on the population of the brown planthopper
 
(BPH)and the predator Cyrtorhmus h, Up:;enns. IRRI, 1977 dry
 
season. 


BPH;C. /vidqnns 
(xl1 

Hopper-
Inserticide Before fifth After fifth burn 

spraying spraying (' 
61 DT 65 DT 70 DT 

Methyl parathion 2.2 3.8 91 b 
Azinphos ethyl 2.3 6.7 63 b 
Monocrotophos 2.9 11.5 53 b 
BPMC 0.7 3.2 20 a 
MIPC 0.9 2.0 18 a 
Endosulfan 0.6 0.6 15 a 
Metalkarnale 3.2 1.7 15 a 
Perthane 1.1 1.7 15 a 
Acephate 0.7 5.9 '1a 

Control 0 9 1.0 15 a 

'Each insecticide was applied five times at 14-day intervals with 
the first spray at 5 days after transplanting 1DT) ina the fifth 
spray at 61 DT. -Means followed by a common letter are not 
significantly different at the 5% level, 
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associated with resurgence. But there isno ade
qLIte evidence that file decrea.sed C. liiidipcn
'Us populatioi causes the resurgen ces directly. 
Ulndetermined factors appealr 1tbe involved. 

To gain more information onl thle cseliSS of 
resurgences. i LrleeCIIh0oISC studv wis coln
dulCted to eliminate tile predator variable. It 
assUmieICd thait sublethal rIeS of insecticides 
directly oti BPII stihulate repIrodtictionl, and 
Ictllar sprays of iniseclicides aft'cot p1lantli 
characteristics. The result is increased repro-
IIuction when insects are placed oil tlie plants. 
The stiinIlator effect of rcsurgelice-inducing 
insecticides was StlidiCd 11V splraing iflh-instiar 
nih)lls with insecticides at sublethal rates il 
IPotter's spray tower. 

Insecticide spray concentration distinctly 
affected reproductivity when tile sprayed BPH 
becale adtillts. The fecundity of those sprayed 
with ntlv I parathion and cyperlethrin 
increased as the insecticide concentration was 
reduced from 0l.t0i4 to 0).00)1% (Fig. 4). 
\With NI:(" 351111 fectnditv was highest at 
l.0004,) . The sex ratio and longevity of'the 
plrgecly. hi \mc\er. were not affected. 
In I loliar-spray cxperiitent. TNI plants 

rcCCivCd 1tc ().14"; fifliar sprays at wckly 

Table 24. The ratio of brown planthopper (BPH)to the pre
dator Cyrtorhinms /(ient s as affected by granbiar insec
ticide applications at 1 kg a.i.;ha. IRRI, 1977 wet season. 

13PH C 1v'dipetis Hopp',pr 
ix 11 burn 

Inse!cticide . ......... ... . .. I().. 

51 DT 56 DT 84 DT 91 DT 

Miral 124 65.0 12.4 67 b 
Carbofuran 25.0 96 7 43.2 56 1) 
AC 64475 25,5 85.0 11.3 9 a 
Diazinon 2.4 12.0 7.3 17 a 
Ethoprop 2.5 9.0 5.6 1 a 
Bendiocart, 2.8 9.0 2.0 0 a 
Acephate 5.0 2.8 1.7 0 a 
BPMC 1.8 1.8 1,8 0 a 
Metalkamate 0.8 0.8 1.5 0 a 

Control 2.8 1.1 1.6 0 a 

"Insecticides were applied at 5,25 52, and 85 days after trans
planting (DT).'Insects sampled with D-Vac suction machine on 
10 hills/replicate. 'In 9 column, means followed by a common 
letter are not significantly different at the 5% level. 

http:sitlre.cn


intervals. Female hoppers were allowed to 
feed and oviposit on plants 15 days after the 
last spraying. The hoppers oil plants sprayed 
with decamethrin, diazinon, and methyl 
parathion were 181, 176, and 155% more 
fecund than those on the untreated control 
(Fig. 5). !twevcr, when the hoppers were 
exposed to treated plants for 7 days and then 
transferred to untreated plants, the population 
did not increase over that of' the control. 

Hoppers that fed on piants sprayed with 
decamethrin had shorter nymphal duration 
than hoppers on plants sprayed with methyl 
parathion or on control plants (Table 25). The 
ratio of female to male hoppers was higher on 
the decamethrin- and methyl parathion-
treated plants than on the control. 

A study on the effect of' nubnihr of foliar 
sprays on recproductiv'ity indicated that the one-spray taclttiit had the greatstl 

- t t5th-instar 
stimulatory effect (Table 26). Because the 
one-spray treatment had the highest nynphal 
population, it had the highest hopperburn rat
ing. Decanieirin induced the highest repro
duction and caused the most severe hopper
burn. 

The effect of insecticide sprays on plant 
growth and tillering was studied to dctcrnine 

the influence of those factors on increased 
reproduction on treated plants. Most insec-
ticides increased lillering and several 
increased plant height (Table 27). 1In another 
experiment, aldicarb. carbofurfin, !:nd FMC 
31768 applied twice as granulcs increased til
lering and height. In trcatmen s in Which the 
tiller number was highest. the plant height was 
generally increased least anid vice versa. 
Analysis of major aid mi nor elements in 
sprayed plants shI\VCd that the quantities of 
copper and iron were higher in plants sprayed 
with certain insecticides but there appearcd to 
lie no relationship between tilecontents of, 
copper and iron aid resurgence. InvCstiga-

tions will continue. 

Rice and fish culture (hLntnzold ). ItI col-
lahorative experiments Conducted at the Cel-
tral Luzon State University to determine the 
coltpalibilily of" various methods of carbofu-

ran application with fish culture in rice pad-
dies, granules broadcast after fish seeding killed 

Nymphs (no) 
300 

Cypmethi WC350 

250

200- Methyl palhon 

160 

17
 

oc,)t 00002 00004 

ConcLtot,O/ol 

4. Effect of sublethal doses of insecticides, applied on 
nymphs with Potter's spray tower, on the repro

ductive rate of brown planthopper. Reproduction meas
ured by number of nymphs produced by one female.IRRI, 1977. 

Nymphs (no) 

1000 

800 

600 

400 

200 

Decome- Diazi- Methyl Control A47171 Perth'm Vami
thrin non pomthin dotlhiontNR::DC161) 

5. The influence of insecticide sprays on the reproductive 

rate of brown planthopper. Insecticides applied on plants 

three times at 20, 30, and 40 days after transplanting at 
0.76 kg a.i./ha (except decamethrin applied at 0.10 kg for
the second 2 sprayings). Five female adults were placed 
on plants at 15 days aftu, last spraying and allowed to 
oviposit for 7days. IRRI, 1977. 
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Tale 25. Influence of certain insecticides applied as foliar 
spray on the nymphal duration and sex ratio of filaparvata 

lugens on variety Tfl1. IRRI insectary, 1917. 

Total 
Rate nymphal 

Insecticide" (kq a.i./ duration' Sex ratio 
ha) (days) (6:9) 

...... -.. ....------... . 
Decamethrin 


(NRDC 161) 0.1 13.6 a 1:1.7 

Methyl parathion 0.75 14.1 ab 1 :1.7 


Control 14.7 b 1:0.8 

C.D (P =0.05) 0.73 

'Applied as foliar spray at 20, 30, and 40 days after planting at 
5.0,7.5. and 7.5 ml spray fluid/pot of 2 plants. 'Assessed using 
newly hatched first-instar nymphs 15 days after last spraying. 
Mean of 16 nymphs/insecticide. Means followed by a common 
letter are not significantly different at the 5% level. 

Table 26. Repi ductive rate of and damage caused by brown 
planthoppers pI-ed o!.-plants receiving different numbers of 
foliar spray applications., IRRI insectary, 1977. 

Nymphs 
Spray application" hatched, Hopper damage 

(no., rating 

0 321 c 3.7 c 
1 498 a 7.0 a 
2 377 b 4.3 b 
3 381 b 4.3 b 

Inacolumn, means followed by the same letter are not signific-
antly different at the 1% level. Data are means of three insec-
ticides. "Insecticides decamethrin, FMC 35001, and FMC 31768 
were applied as foliar spray at 20 (1 application), 30 (2 applica-
tions), and 40 (3 applications)days after planting at 0.04% con-
centration at 5.0,7.5. and 7.5-ml spray solutions/plant 'Result of 
7-day oviposition by 5 females placedon plants 15 daysafterthe 
last spraying, 'Based on a scale of 0-9: 0 = plants dead. Rating 
taken at 20 days after the adult females were placed on treated 
plants. 

the fish (1976 Annual Report). In the 1976-77 
dry season, a foliar spray treatment at 192 g 
a.i.!ha was applied 4 times, along with the single 
broadcast treatment before fish seeding; single 
root-zone treatments were applied before and 
after fish seeding. No treatment caused fish 
mortality. Residue analysis using gas liquid-
chromatography indicated no measurable car-
bofuran residues in fish from any treatment. in 
studies of fish reared in paddies that received I 
kg a.i. carbofuran/ha incorporated into the soil, 
no detectable residues were found. The Philip-
pine Government is widely testing the incorpo-
ration of carbofuran into the soil before fish 
seeding. 

Carbofuran metabolism (Entomology). 
Studies have indicated that the parent car-
bofuran metabolized to 3-hydroxycarbofuran 
and 3-ketocarbofuran in the rice plant. Only the 
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Table27. IBf ,-of linsectitesappliedasO.4%folarspray on 

tilaing aind pbat height of variety TNV M greenihmue. 
1977. .......
 

Ti'ls , Plant ht 

Insecticide (no.) (cm) 

FMC 35001 45 a 107 c 
Methyl parathion 38 b 107 c 
Perthane 37 b 112 b 
FMC 31768 36 b 116 a 
Diazinon 36 b 115 ab 
Decamethrin 35 c 118 a 

Control "t3 c 108 c 

1n a column. all means followed by a common letter are not 
significantly different atthe 5% levul. 'Applied asioliarsprayat 
30,40, and 50 days after planting at 7.5, 10.0, and 12.5 ml spray 
fluid/replicate. 'Moan at 31 days after first spraying. 

Table 28. Insecticidal actvity of carboura andadaca Ir 
metabolite, 3-hfydoxycarboluran, agakt the green has~ p
per (GLH) and brown planthopper (BPH). lAI greenbouse, 
1977. 

MMortality' (%) 

1 DAT 20 DAT 30 DAT 50 DAT 

-
GLH BPH GLH BPH GLH BPH GLH BPH 

Insecticide - - -

Carbofuran 
technical 60 30 100 100 100 100 100 100 

3-hydroxy
carbofuran 40 30 100 83 100 30 48 2 

'Applied in the root zone at 2.0 kg a.i./ha in gelatin capsules. 
IDAT = days after treatment. 

parent compound was analyzed in past IRRI 
residue studies. Greenhouse studies indicated 
that 3-hydroxycarbofuran has insectickilactiv
ity against the GLH and BPH, but it was less 
than that of the parent compound (Table 28). 

Degradation and fate of carbofuran (Soil 
Microbiology). The effectiveness against BPH 
of carbofuran granules broadcast on paddy 
water has recently decreased in IRRI trials. 
BPH damage in susceptible rice varieties has 
occasionally been more severe in plots that 
received regular broadcast applications for the 
past 4 years than in untreated plots. 

Laboratory and field experiments were con
ducted to determine if decreased planthopper 
control could be attributed to rapid degrada
tion of carbofura, ,hrough chemical or biolog
ical action after repeated applications. 

Degradation in paddy water. In a study of 
carbofuran degradation in paddy water of 
untreated and often-treated rice fields, suit



Table29. Effetdautodavingondegradrtonofcarbofuranin 

pdy WNW,9Ml.1977. 


Values (t/tg/ml) 


Incubation Untreated" Treated' 
(days) Carbo- Carbo-

furanCarbo- furanphenol Carbo- phenol
furan recovered fur'n recoveredNonautoclard 

0 6.48 0.22 6.48 0.115 0.23 5.23 0.19 4.1510 0.05 1.25 0.06 1.4220 
 Tr" 1.01 Tr 1.11 

Autoclaved 
0 6.48 0.22 6.48 0.11 
5 0.06 4.9110 0.09 0.23 4.495.16 0.09 5.0920 
 Tr 4.77 Tr 4.58 

.Paddywater from plots with no history of carbofuran treat-ment. 'Paddy water from plots on which arbofuran had been 

able aliquots of paddy water with aqueous
carbofuran solution were incubated in the
laboratory. The concentration of carbofuran 
decreased rapidly in about 5 days. Previous 
carbofuran applications did not influence the
degradation rate. Carbofuran loss in paddywater was associated with the formation of 
hydrolyzed carbofuran phenol (Table 29).
Autoclaving of paddy water did not affect 
carbofuran degradation but caused theaccumulation of carbofuran phenol. Carbofu-
ran degradation occurred in millipore-filtered 
paddy water and in paddy water treated with
streptomycin sulfate. That suggests that car
bofuran degradation in paddy water was
mainly through nonbiological processes, but 
that degradation of carbofuran phenol wasassociated with microbiological properties. 

Furthermore, when the pH of the paddywater was adjusted to levels ranging from 6.5 

to 9.5, the carbofuran degradation rate related
 
directly to initial paddy water pH: the higher

the pH,the greater the insecticide loss. There
fore under realistic field conditions, common
diurnal fluctuations of paddy water pH 7.5-9.5 
can render the insecticide less persistent.in a field study to determine any buildupeffecton the degrading microbes, rate, carbofu-

ran was applied to paddy water of both treated 

and untreated plots. Periodic analyses of car
bofuran residues in paddy water and in soilrevealed that repeated surface application ofcarbofuran did not influence degradation rate. 
But in soil, prolonged incubation in the 
laboratory showed that after only 3 weeks,degradation was more rapid in soil from the 
often-treated than in soil from untreated plots.Carbofuran was degraded much more
slowly when applied to flooded soil than whenapplied to paddy water.Degradationin Philippine rice soils. Degradation of incubated carbofuran in flooded soils 
of Maahas clay (pH 5.9, O.M. 2.24%), Pilaclay loam (pH 7.2, O.M. 2.13%), and 
Luisiana clay (pH 5.0, G.M. 2.96%) wasstudied. The soils were autoclaved to assess 
the role of microorganisms in degradation.Carbofuran was degraded in all three soils inthe order of Maahas clay > Pila clay loam >Luisiana clay. Carbofuran phe-ol was themajor metabolite detected, bu, its recovery
varied widely among the soils. Autoclaving
the soils retarded degradation, which suggests 
the role of microorganisms. 
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Poddy water appliatlion 

I 

I 

0
 
0 2 
 4 6 a 

Weeks
 

6.persistence of carbofuran in flooded Maahas soil. IRRI, 

The effect of different methods of application on the 
1977. 
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7. Distribution of radioactivity (shaded area) in rice plant. Seedlings were grown 
for 10 days and then exposed to X-ray film. IRRI, 1977. 

Application methods and carbofiiiranpersis-
tence in flooded soils. Roo~t-zonc application 
may increase uptake of agriculltUral chemicals 
from the root vicinity and protect them from 
evaporation, surfaIce runo1ft, and other losses. 

Two methods. introduction into paddy 
water and placement about 3 cm below the 
surface of flooded soil. were tested in the 
laboratory to assess the relative persistence of 
aqueous carbofuran.Carbofuran applied by the 

latter method was significantly more persistent 


(Fig. 6).
Adsorption-desorption studies. a 

carbofuran was used to study the adsorption 
of carbofuran in soil and the influence of 

rice root zone was studied in tile greenhouse. 
Root-zone application resulted in increased 
carbofuiranl uptake and persistence in the soil. 
Ca rbofuLirain in the plant wa~s partly 
metabolized to carbofuran phenol, 3
ketocarbofuran 3-hydroxycarbofuran, and their 
phenols. An autoradiograph of tile rice plant 
showed that carbofuran and its breakdown pro
ducts tend to move and accumulate in tile tips of 
older leaves (Fig. 7). 

Isotope studies were conducted to deter

mine tile carbofuiran losses from the rice plant.
iC- plants Sere in culture solutionRice grown 
(pH 5.5) containing C-carbofuran. The cul
lure Solution and tie plants wcreassayed 

ammonium Sulfate msorptionperiodically. A significant oint of radioacand urea on the d 

process. Carbofuran adsorption in different 
soils followed tfe orderNaahas cla > Pila 
clay loam > Luisiana clay. The addition of 

ammonium sulfate to soil released more car-
lbofran into the soil solution than urea did. 

But both fertilizers displaced insecticides. 
Such adisplacement into the soil solution may 
provide more insecticide for removal by the 
plant or for decomposition. 
Absorption, metabolism, loss of car

bofuran in rice. The adtsorption of 

carbofuran applied to paddy water or to the 
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tivity absorbed by the ric plant was not 
accounted for, an indirect indication that car
bofuran may escape into tne atmosphere from 

the leaves.
 

CULTURAL CONTROL OF BROWN PLANT-


HOPPER
 

Entomology Department 
(nad 
Many environmental factors, including those
 
that man manipulates for agricultural pur

a4C_ 




Farmers with fields hopperburned the last 15 years in the use of improved vari
for the first time (no /100 trmers) eties, the use of fertilizers and insecticides, 

and double-cropping. Practices changed simi
40 - larly in wet and dry seasons. Hopperburn 

cu,,siotive . -incidence was a serious problem between
/ 1972 and 1975, especially in the 1972 wet 

20 - stason when 55 out of 260 ha were hopper-
IN burned (Fig. 8). Light-trap catches of BPH at 

IRRI increased between 1966 and 1973 
0 .(1974 annual report). There may be causal 

Nfertilizer applied (kg/ho) relationships between some cultural practices
40 and BPH abundance and crop damage. Insec-

Hopperburn occurred between ticide use, however, may not have been a 
1967 ond 1976 (58 formers inomple cause of BPH outbreaks, bu Irather a tempor

30 ary solution to them. 
Fertilization practices appeared to correlate 

with the extent of the BPH problem. More 
20 farmers who applied fertilizer suffered losses 

from hopperburn. Moreover, farmers whose 
/ fields had hopperburn tended to apnly higher 

10 * . -- NOhooerburn doses of N fertilizer (Fig. 8). 
(42formersinsomple) Several experiments on 16-, r. itiorships 

between cultural practices and pe.st popula-

U , _j tions were conducted. Many workers have 
FormersopplyigNfertlizer (/) assumed, and a few have demonstrated, that 

adding nitrogen fertilizers to a rice crop 
90 H occurred an experimentoerburn increases the BPH density. In

Swhere a range of fertilizer rates (0 to 150 kg 

70 -- oee* Nymphs (no/hill) 

. 60 

J50 

50 - ,. 50 

* No hopperburn 10 kgN/ho 

°
° e ° 30Q 40 

1961 63 65 67 69 71 73 75 30 50 Iq N/ho 

8. Hopperburn from the brown planthopper Nilaparta 
lugens, and nitrogen (N) fertilizers applied in lowland rice 0 
fields during the wet sason, according to farmer inter
views in 1977. Laguna province, Philippines. 10 kg , 

poses, affect insect populations. Several new 0 
40 50 60 7 80 90 100 110cultural practices in rice growing may cause Ds otter trnsplnting 

insect outbreaks,or, at least, increase pest 
problems. One hundred farmers were inter- 9. Density of brown planthopper Nilaparvata lugens
viewed in 22 towns in Laguna province, nymphs on rice variety IR22 treated with different levels 

of ammonium sulfate fertilizer in two doses: 60% at 7Philippines, to determine trends in such prac- days after transplanting and 40% at 42 days. IRRI, 1971tices. Farmers recall definite increases over wet season. 
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Table30. Density of nymphsandadults of brown planthopper 
Nilaparvatalugens at peaks of the firsttwo generations on rice 
selection IR1917-3-17, in which the tiller number per hill was 

artificiallyregulated. IRRI greenhouse, 1977. 

Planthoppers' (no./cage) 
Tillers,,
 
(no./hill) 35 DI 


...... -1
4 321 a 

8 786 b 
12 1057 b 

42 DI 63 DI 70 DI 

2079a 445 a 1121 a 

4087 b 928 b 1942 b 

5245 b 1029 b 2104 b 

a
'Plants were 60 days old and were changed every 3 ¢veeks. 'In 

column any two means followed by the same letter are not sig-
nificantly differentat the 51. level. Initial population was 3 pairs 

days after ifestation.of adults/cage. Dl 

applied, t100 
needed to increase the pest density sig-
nificantlv abo\c that of the control, but the 
effect lasted for only a short period in the tirst 

N/ha) was about kg N/ha was 

pest generation (Fig. 9). flo\\eer, the density 

per tiller and per hill at population peaks on 
plants treated w\ith 150 kg N/ha was more 
than twice that on untreated plants. Fertiliza-
tion affected the tiller densitv per hill only 
slightl\. and so lertilit\ affected tile BPH 
population primarily thro ugh factors other 
than higher tiller production. But in a similar 
1977 dry season experiment. application of up 
to 120 kg N/ha did not sinificantly increase 
pest density. Therefore. moderate increases )r 
decreases in fertilitv do not seem to si,-

nificantly affect BPI-1 abundance in the field. 
Field and greenhouse experiments in 1977 

confirmed the earlier finding (1976 Annual 
Report) that new. high-tillering varieties did 
not have higher BPH infestations than older. 
low-tillering varieties. But when the insect 

densities on hills of one variety in which the 
tiller num|er was artiticially regulated in dif

ferent treatnents were compared, insects were 

more abundant on hills with higher tiller 

number. especially in the greenhouse. Statisti-
Call%, significant differences in pest density,
hwvr eef}ll n\ ~l\entle
 
however, were tound onl] between tiller 
densities of 4 and 8 or more tillers/hill (Table 
30).
 

In spacing experiments inl the field, insect 
density and tiller density we hill were posi

ti\'ely correlated (Table 31). Since hicer hills 
of rice use more space. a constant tiller 
number per square tieter might be expected. 
Nex erthelcss. number of tillers per square 
meter decreased somewhat h II hill density 
decreaSed. Insect and tiller densities per 
square tue ter call sometimes be positively cor

related. The number of insects per tiller may 
e\en increase disproportionatelV at high plant 
denlsitie, (1972 Annual Report). But for most 
practical spacings and hill densities, the 
nuimber of insects per tiller was affected little 
(Taile 3 1). Therefore it is doubtful that 13lt-1 
can he controlled by changing the tiller 
dcnsit\ per hill or tile plant spacing in trans
planted rice. 

To determine if weedy' fields have higher 
BP1I densities than weeded ones. two experi
ments compared planthopper densities in plots 
differing in weeding practices. In one ex
periment. no relationship between weeds oi 
weeding and insect abundance was found. Bilt 
in the other. planthopper density was lowet 
where weeding intensity was high. 

Density of nymphs of brown planthopper Nilaparvata lugens on rice selection IR1917-3-17 transplanted at variousTable 31. 

spacings and treated with insecticides." IRRI, 1976 and 1977. 

1976 wet season at 56 DT 

Spacing Hills 
(cm) (no./m ) Tillers 

(no./m ) 

40 x 40 6 188 a 
40x 20 12 309 bc 
20 x 20 25 385 c 
40x 5 50 256ab 
20 x 5 100 374 c 
5 x 5 400 690 d 

Planthoppers 


No./ml No./tiller 


204 a 1.1a 
675 b 2.1a 
658 b 1.6 a 
680 b 2.8a 

1,438 b 3.8 a 
25,4651 c 36.4 b 

'To increase ptanthopper density, diazinon granules at 1 kg a.i./ha were 

1977 dry season at 63 DT 

Tillers 
(no./hill) 

34 a 
22 b 
17 c 
7 d 
5 de 
2 e 

Planthoppers 

No./hill No./tiller 

408 a 12 ab 
357a 16ab 
237 ab 14 ab 
117 b 18ab 
48 c 11 a 
43 c 25 b 

applied at 7 and 28 days after transplanting (DT), end 
methyl parathionwas sprayed (0.75 kg a.i./ha) biweekly beginning at 42 DT. In a column any two means followed by the same letter 
are not significantly different at the 5% level, bHopperburned within 1 week. 
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10. Trends in immigration of macropterous brown plant-hoppers in a 10- v 21-m rice field with yellow pan traps,
a trap crop and a main crop of the selection 1R1917-3-17,
Hopper numbers were based on daily catches in traps and
visual counts on plants. IRRI, 1977-78. 

Monitoring field cohnization. As a basis for 
selecting efficient prophylactic and control 
measures for the 1f1111. information was 
obtained on its lode of cohtmi/atioti in ri-ce 
fields. A simple ycllow pan oil-water trap 
(YPT) was developed to monitor the intnig-
rant, colonizing nacropterous hoppers. The 
traps were made frotn lightwcight, \ycllow 
plastic cans of I -galloti capacity. Twenlity day's 
after transplanting (DT). each trap w-as filled 
with I liter of water and 2 ftil of paraffin oil. 
The traps w%ere staked equidistant at 2 il 
around the border of tile test plots on the 
IRRI farm. As colonizing hoppers flew into 
the rice fields, they were attracted to the yel-
low traps and cattght in the oily wvater surface, 
Every mornting trapped hoppers were 
rctnomed, counted, and compared with the 

lmmnrant BPH (no/day per 32 Imps or hills) 

120 

I 1 ' 2 Trop r (ol00 '77) 

- MainCrop (20 Oc'77) 

1ei traps"- Trapcrop 

90 Moorcrop 

80 

77
 

50, 

40 Iv1 l 
30~ 1 

1 II 

10 Typhroon
UnrictJa 

Oct71721 31 I0Nov 20 30 31 010 ec 20 Jan78 9 

11. 
Trends in inmigration of macropterous brown plant
hoppers in a 10- x 21-m rice field with yellow pan traps.
a trap crop and a main crop of selection IR1917-3-17.
Hopper numbers were based on daily catches in the traps
and visual counts on plants. IRRI, 1977-78. 

numbcr visually observed on fie rice plants.
The biggest YPT catclcs were those at 20 to 
3) DT,followed by those at 55 to 60 DT (Fig. 
I0- 13). At 80 to I00 DT, the YPT catches 
were low. probably because of the increased 
shading of the traps and the fully grown rice 
crop's grcater tendency to attract the BPH. 

In about 3 months. 35,788 macropterous 
1314-l were caught iti 512 YPT in a 0.352-ha 
rice field. Other hoppers were trapped:
W1BPH. 5.687; GLH. 4.336 white leaflop
pers, 2.100; and zigzag leafhoppers. 1.809. A 
few mirid predators (2.146) of hopppers were 
caught. 

In a I0-day catch of 4,296 BPH. both males 
and fenales were almost equally attracted to 
the YPT (o:o = 1:1.22). The ratio of gravid 
females to virgin hoppers was 1:1 .44. 
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12. Trends in immigration of macropterous brown plant-
hoppers ina 10- x 21-m rice field with yellow pan traps 
a trap crop, and a main crop of the selection IR1917-3-17. 
Hopper numbers are based on catches in the traps and 
visual counts on plants. IRRI. 1977-78. 

The colonizing BPFI were not numerous 
enough to warrant chemical control until 
about 90 DT, when more hoppers began to 
arrive on the plants than in the traps. A single 
perthane spray (5 ml/liter) gave good control. 

The m.ximum number of macropterous 
hoppers was caught whcn the wind was blow-
ing from the northeast and east at 1 to 2 
m/second. A survey of the area surrounding 
the test plots showed that five 0.25-ha rice 
fields were hopperburned. Three fields about 
0.5 km northeast were hopperburned from 
October 1977 to early January 1978. and two 
fields on the east side were hopperburned 
between November and December 1977 (Fig.
14). BPH trap catches were negligible during 
strong typhoon gales (5 m/second) from the 
southeast on 13 November, but GLH catches 

Invnqrant x till)D1i (no /day per 32 traps 

1501 Control 

Aia cn-Va*r 
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100.IIII IIII
 
IN 

Ill ill 
180

Dill II 
I i 

90 

20 

rnds i
0 LI .....
 
21 31 t0 20 30 10 20 1 0 19

:t0.78 ' Dec Jor''78 

13. Trends inimmigration of macropterous brown plant
hoppers ina 10-x 21-m rice field with yellow pan traps
and IR1917-3-17 crop planted on one date. The hopper
numbers were based on catches in traps and visual countson plants. IRRI, 1977-78. 

were remarkably high. That indicates that 
BPH and GLH infestations occurred in differ
ent locations and that probably the BPH dis
perse and colonize the fields in relatively calm 
air conditions. 

The YPT require little maintenance. After 
cleaning they can be reused. 

Trap crop. The cultural concept of a trap 
crop for BPH control was tested. lR1917-3
17, a selection that is highly susceptible to 
BPH, was used as trap crop to save a main 
crop of the same selection from BPH. The 
trap crop was transplanted on 1 October 
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14. Outbreak and movement of brown planthopper in alowland area. IRRI, October 1977 to January 1978. 

1977, 20 days before the main crop. About a
fourth of the crop area in three different trap-
ped fields was planltcd to a trap crop (Fig. 10. 11. 
12). The entire control crop was transplanted
 
on 1 October (Fig. 
 13). The Blll-1 nymphs andadults \ere surveyed daily in the trap crop. 
main crop. and control plots.

In all the three fields, the tiimber of col-onizing hl pers was much smaller on the
main than io the trap crop. but at about 75
DT, hoppers arrived equally on both crops. In 
the control plots, \\here border and middle 

rows were planted simultaneously, more hop
pers arrived on the middle than on the border 
rows. 

Because immigrant hopper population was 
not high, insecticidal control on the trap and 

crops was delayed until about 95 DT.But the count of immigrant hoppers at all 
stages remained so low on the main crop thatinsecticidal control was needed. Because 
the main crop was not treated with insec

the natural enemies of the BPH were
also conserved; spiders and other predators 

nd p a rasites were fo u nd in a lm ost a ll th e h ills 
examined. Natural enemies consumed theBPH nymphs that hatched there. No succes
sive generations of BPH developed in the 
trapped fields. 

The trap crop was economical in insecticide 
and labor use since only 25% of the total area
in the trapped fields treated insecwas with 

In the control plot, blanket insecticidal 
treatmentwas necessary to prevent pest dam
age.

Although no insecticide was applied on the
main crop, infestation levels of other insects 
were no higher than those on the trap crop or
control plots. Ragged stunt disease was less 

in the main crop in the trapped fields
than in the control plots (Table 32). Rice 
yields in all the three treatments with the trap 
crop were significantly greater than the yield
in the control plot without the trap crop.


The findings indicate that it is possible 
 to
divert the colonizing BPH population to a trap 
crop, where they can be easily destroyed withinsecticides. The results are high yields, a sav
ing on insecticides, and maintenance of a sanc
tuary for the natural enemies of the BPH. The

trap crop concept. 
 however, is meaningful

only when rice fields are likely to be infested
 
with high hopper populations.
 

1l1t)cI. CONTR)L. OF INSI-'CI'S 
/2,,! 

n ,', l'i,, ',n
Parasitic insects. For time.the first observa
tions \\ere made on natural parasites of plant
hopper and leafhopper eggs. Most parasites
found belong to the families Mymaridae 
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Table 32. Comparison of pest infestation and yield in rice fields with and without trap crops. IRRI, October 1977 to 1978. 

Pest incidence 1%) 

Propor- Total 
Treatment" Grassy Ragged Tungro Dead- White- Rice bug Yield tionate yield 

stunt stunt virus hearts heads (no./m) (t/ha) area/ha t/ha) 

1. Trap crop 1.7 18.8 2.1 7.0 0.0 0.2 2.4 0.25 
Main crop 2.8 12.2 0.3 6.8 0.3 0.5 3.0 0.75 2.9 a 

2. Trap crop 2.2 10.0 0.7 7.5 0.0 0.2 2.3 0.25 

Main crop 0.3 14.4 0.3 8.7 0.2 0.5 3.1 0.75 2.9 a 

3. 	 Trap crop 1.9 12.9 1.0 9.7 0.3 0.5 1.8 0.25 
Main crop 0.9 14.7 0.9 8.5 0.4 0.7 2.9 0.75 2.6 a 

Control 
(1 planting) 2.5 22.1 1.7 7.9 0.0 0.4 1.9 1.0 1.9 b 

"The trap and control crops were planted on 1October, 1977; the main crop in trapped fields in treatments 1-3 was planted on 20 
Oct. 1977. In treatment 1, the trap crop was 2 border rows and a central patch; in treatment 2. the trap crop was 2 border rows and 4 
longitudinal double rows in the middle of the trapped field; in treatment 3, the trap crop was in 6 lingitudinal double rows in the 
trapped fields; the control plot had no trap crop. Each trap crop and the control plots received 3 insecticide treatments; 2 kg a.i. 
cabofuran 3 g/ha at 5 days after transplanting (DT), 2 kg a.i. d:azinon/ha at 45 DT,and 5 milliliters perthane/liter at 95 OT. No 
insecticide was applied on the main crop. All plots received 60 kg Nha. Means followed by a common letter are not significantly 
different at 5% level. 

(Ana'ru. and Gonatoccr.s) and Trichgran-
matidae. Parasitism of WB PH eggs usually 
ranged from 10 to 40'( (mean of 24%/-), that 
of BPH%.s. ) to 51% 19)'- ): ande (mean. 
that of GLI- eggs. 0 to 70; (mean. 22 ). 

Sometimes t ercater percentage of BPI1 eggs 
wvas parasitized at a low than at a high density 

of host eggs. 
Parasitism of hopper nymphs and adults was 

observe d at weekly intervals for 2 months in 
the wet season. The parasites were of the fai-
il [)rvinidac (P.seudogonaloputs and 
Echthrodelphax) and order Strepsiptera 
(Elenchus). GLH was also attacked by Pipun
culids (l'TWosvaryclha). The percentage of 
parasitism was determined by rearing hoppers 
and by dissecting freshly catlty211 specimens.

-


The insects that parasitized BPH were 

dryinids and strepsiptera. but most GLFI para-

sites were pipunculids (Table 33). Parasitism 
less than 30t . It sometimesaveraged 

declined as the rice crop matured. but fluctua-
tions during a crop period were always large. 

Predators. Two predator species were inves-
tigated for the first time in 1977. The dam-
selfly Agriocnemis pygnaea was caged in the 
greenhouse for 12 consecutive days with a 
constant number of 5 BPH nymphs (4th and 

5th instars) or adults. Each adult damselfly kill-

ed an average of 1.7 nymphs or adults/day. In 

another experiment, initial prey density 
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(mixed nymphs and adults) ranged from 7 to 
30/predator. Each adult predator killed from 
I to 1.7 prey/day for 6 to I1)days. Thus the 

damsclflv is a moderately important 131'II pre
dator. 

Another predator. ,icrot'ella (family Vel
iidac). preyed on both BPH and (i1l] nylphs 

and adults. This small brown-to-black pre
dator is often found walking rapidly over the 
water surface of lowland rice fields. Adult 
females are fecund. laying as many as 60 
eggs/day. Both nymphs and adults, often sev
cral predators together, attack insects that fall 

Table33. Insect parasitism of nymphs and adults of planthop
pers Nilaparvatalugens and Sogatella furcifera and leafhop
pers Nephotettix spp. in upland and lowland rice fields. IRRI, 

1977 wet season. 

Parasitism 1%) by 
Rice Av. 

culture parasitism Strep- Pipun
(%) Dryinidae siptera culidae 

//Iaparvata lugens 
Upland 21 8.6 12.4 0.0 

Lowland 11 7.5 3.5 0.0 

Sogatella furcifera 

Upland 6 3.0 3.0 0.0 
Lowland 7 4.9 2.1 0.0 

Nephotettix spp. 

Upland 29 1.2 3.2 24.6 
Lowland 21 0.2 0.8 20.0 



into the water. They paralyze the prey and 
then feed on it. The predators usually do not 
climb plants in search of prey and the prey 
may escape if it can quickly return to the 
plant. Microvelia seems to be primarily a pre-
dator of small, weak, or inactive insects that 

Insects (no/cage) 
80oo 

NllMiomofo/ipns Preyalone 

6000 Prey with predatos C--

5000 

4000 Prey with preators B----.... 
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y wthreatoPr- Afavor 
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IniL denty 0 
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200- cr-t ,1VdIb,&M, 
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0
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Days after infestation 

15. Densities of brown planthopper Nilaparvata Iugens
populations when caged with predator cyrtorhinuslividi, 
pennis populations on 70- to 90-day-old plants of IR20 
in a cage. Infestation started with pairs of fifth-instar 
nymphs. IRRI greenhouse, 1977. 

fall on the water. It may be an important pre
dator of small planthopper nymphs. It can 
survive starvation for as long as 4 weeks, a 
valuable character for a biological control 
agent. 

Cyrtorhinus lividipennis. C. lividipennis is 
an important predator of GLH and, possibly, 
of BPH (1972, 1973, 1974 annual reports). 
Because it is abundant in rice fields, its 
cumulative suppressive effect on a caged BPH 
population was measured. In the first genera
tion (up to 30 days), the predators suppressedthe pest population only at the highest pre
dator density (Fig. 15A). But in the second 
generation (after 30 days), two out of three 
predator populations significantly reduced 
prey density (Fig. 15, A and P). The predator 
species suppressed BPH populations up to 
50% in this experiment, but the pest popula
tion grew rapidly despite predator action. 
Even favorable predator: prey ratios (1:0.5, 
1:1) at the beginning of the experiment did 
not by itself control the pest. In two genera
tions the predator:prey ratios deteriorated in 

of the pest (changed from 1:0.5 to 1: 17, 
1:1 to 1:64, and 1:5 to 1:166). The predator
would probably suppress the pest even less in 
the field than in the greenhouse cages. Thus 
C. lividipennis is only moderately important as 
a natural control agent of BPH.That C. lividipennis is not a very good 

biological control agent for BPH was sug
gested by laboratory studies in which the pre
dator was reared on the prey. During an adult 
life span of about 10 days a female predator 
lays no more than 13 eggs/day, while the BPH 
lays about 50 eggs/day. When reared on a 
BPH population in the greenhouse, C. 
lividilennis completed a generation in 4 or 5
weeks. Although predator density increased 
three to five times from one generation to the 
next, the maximum increase in BPH popula
tion (Fig. 15) was so much greater that the 
predator could not effectively control the pest. 

For tile first time in 1977 the population 
growth of C. lividipennis was intensively 
observed in rice fields. Records from sticky
traps around several experimental fields indi

cated that adults flew primarily during the first
half of the crop period, peaking at about 25 
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DT in one experiment (Fig. 16). Biological 
control may be appropriate at that peak time 
when BPH adutlts usually fly. As anticipated, the 
density of adult predators in the field increased 
during their peak flight period. The adults 
oviposited and nymphs hatched (Fig. 17). 
Emerging adults of :lie second generation 
produced at about 75 DT the largest number 
of nymtphs present at one til during the 
entire crop period (Fig. 16. 17). Few adults of 
the third generation were found, suggesting 
that they dispersed from the field at crop niat-
uration. Thus. C. lividipennis had a distinct 
generation pattern in tie field, similar to that 
of the 3PH. Adult density was maxinial dur
ing the first half of thc crop period in two 
other crops. The predator's density on levees 
surroundin-, a field was also greatest in this 

period. Peaks in nvmphal density wcre clear. 
but the number and time of peaks from crop 
to crop were not uniform. 
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16. Abundance of predatory bugs C),rtorhinuslividipennis 
on rice selection IR 1917-3-17, accordingt to field samples 
and catches on both sides of 8 sticky naps (total surface 
area 1.5 m') around the field. IRRI, i977 wet season. 
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Fewer eggs than expected were laid in the 
field: even though some parasitism was 
observed, egg mortality (or possibly, mortality 
of Voting first-instar nymphs) appeared rather 
high in the first generation. But more nymphs 
and, in the second generation, more eggs stir

ived than expected (Fig. 16. 17). The pro
dator seems to have few natural enemies. The 
nymplhal density peaked at from 70 to 90 DT, 
when BPI1 control was critical (Fig. 17). 

In upland rice fields at IRRI, the peak C. 
lividipennis density, sometimes reaching 40 
bugs/m'-j. is at about 45 or 50 days after rice 
emergence. 
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17. Density of nymphal instars of predatory bugs Cyrtor. 
hinus lividipennis on rice selection IR1917-3-17. IRRI, 
1977 wet season. 



Spiders. The spider Lycosa pseudoannulata 
is a good BPH predator (1974, 1975 annual 
reports). Other spiders - Theridion and 
Argiope - are also found in lowland and 
upland rice fields. Although spider abundance 
generally fluctuates little in a short time, 
spider density in several 1977 crops increased 
with crop age, peaking near crop maturity, 
Spiders, often scarce, are usually the most 
abundant predator after C. lividipennis. They 
may reach a density of I l /hill, but usually only a 
few are found on a hill. The maximum density 
recorded in an upland field was 7/M2 . 

Spiders are found on levees around lowland 
rice fields; after the crap is established, they 
may leave the levees to inhabit the fields. In 
the study, spider density on the levees did not 
decline as the crop grew older. For biological 
control, an attempt to increase spider density 
on levees was made by fertilizing them and 
releasing prey on them. l)riN ing spiders off the 
levees by cutting the levee plants alsowas 
tried. No technique had a consistently sig-
nificant effect on predator abundance in the 
rice field. 

Spider density within a lowland rice field 
was sometimes increased b) additional spiders
placed in the field or by a sugar solution 
sprayed on plants. But the increased spider
abundance did not appear to affect 1i11ll 
density. Thus spider managemenat is not vet 
successful as a pest control measure. 

FCOL()(iY AND 1I-IA:VIOR ()1: INS-"I'S 
Entonology'Department 

Stem Imrer pheromones. In earlier collabora-

tive work with the Tropical Products Institute. 

London, U.K. (1975, I1976 annual reports), 

high doses of sV t lie tic fe 11,1 C sex 

pheronies of (hilh, .vupr'essalissurrounding 
an attractant source confused male Ioths. 
preventing attraction. The confusion was
confirmed by further studies in 1977 using 8 
confusion vials. each at a dose of I ing/Vial, 
situated at 0.5 il from and around an attrac-
ant source in a water pall trap. Similar pron-

ising results were obtained when vials were 
suspended at 2.i intervals over a rice crop. 

The effects of pheromone-mimic compounds 
- (Z)-9-,ctradecenyl formate and (Z)-ll
hexadecenyl formate  on mating behavior 
are also being studied. In sunlight such corn
pounds degrade much more slowly than the 
pheromones. In 1976 the mimics were shown 
to be attractant inhibitors, effective in 8 vials 
at doses of I mg/vial around water pan traps
and at a distance of 0.5 m from the 
pheromone attractant in the trap. Such inhibi
tion was confirmed in 1977, suggesting that 
mating disruption has potential for practical 
pest control. Trials using suspended vials in 
rice fields warrant further experimentation. 

A new method for applying the inhibitor 
formates to the crop - formulating the com
pounds in microcapsules and spraying them 
onto filter paper - was as effective as vials. 
With formates applied in this way, trap 
catches were reduced to almost zero for a 
period of 5 days. Work on lengthening the 
field life of the formulation is in progress. 

Water pan traps have always been used in 
pheromone studies. Because higher catches 
Would accelerate research, sticky traps were 
initiallV tested at 45- to 135-cm heights. The 
maximum catch was at 75 cm. but it was com
parable with the catch in w\ater pan traps at 
I10 cm. 

Stem Iorers. One use of pheronmone traps is 
monitoring the densities of certain insect 
species. For the first time, the ofdensity 
C. suppressalismale moth was monitored with 
pheromone traps during a crop period. Even 
though catches were sporadic over a large part 
of the period, most were frominoths % caught 
501 to 70 lDT: peak catches occurred at about 
60) )T (Fig. I8). A peak in egg density would 
be expected after a period of high moth flight
and maiting activitv. Butl in this experiment. 
egg density was ow and difficult to relate to 
trap catches. lEarlici \,t udies showed thai C.
supressalis oviposition at IRRI usually peaks 
at about 60 DT (1975. 1 7() annual reports).
Therefore trap catches can probably indicate 
the appropriate time for applying sprayable 
insecticides for stem borer control - when 
e-gs are hatching. 

In a preliminary trial to measure the height 
of moth flights, cages without roofs but with 
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18. Catch of male moths Chilo suppressalis in pheromone 
water pan traps in a field of IR29. IRRI, 1977 wet season, 

valls 2 or 5 m high \were constructed. In the 
first 2 months after transplanting. the 2-ni 
cages did not prevent either (.suppressalis or 
Trvporrza incertudam moths from flying into 
the cages and laying eggs. No egg masses were 
found in the cage with 5-m \walls. Thus mated 
female moths, at least, do not appear to fly as 
high as 5 m. 

Leafhoppers. Green lcafhoppcrs Nephotettix 
spp. are not abundant in upland rice fields at 
IRRI. In 1977 the maximum density of adults 
and nymphs was 7/m 2 at 70 days after rice 
emergence. Even though oviposition subse-
quently increased, the population declined, no 
doubt partly because egg parasitism increased 
(reaching 79% at 98 days). The 1976 popula-
tion was largest at the beginning of the crop 
period, reaching a density of 20/m 2 at 54 days. 
The zigzag leafhopper Recilia dorsalis was 
roughly equal in abundance in the upland rice 
crop. In 1977 22 insects/m 2 were collected at 
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56 days after emergence, but the maximum 
1976 density was only I I/m at 5 1 days. 

The density of GL-i at all stages was regu
larly and frequently observed in a lowland rice 
field. In an early dry season crop the densities 
of egs. nymphs, and adults were highest near 
harvest. Egg parasitism was high (0 to 71%,
averaging 36Q ). In a wet season crop, how
ever, egg density peaked only once. at about 
35 DT. The time of adult immigration is 
probably a major determinant of the time of 
peak field density. In the wet season, the catch 
on sticky traps placcd around the experimental 

field was largest before the large peak in egg 
density. C. lividilwnnis catches on the sticky 
traps w\ere also highest at thle begin ning of thle 
crop period, suggesting that the predatorcould hchp reduce tie leafhopper population. 
Snrival to the nymphal stage was poor after 

the big peak in eggs. 
Brown l)anlthoppers. No major B'H out

breaks occurred in 1t977. Possibly because of 
biotypc shifts, however, light trap catches 
indicated mloderateIihigl leveIs of BPl-I after 
the 1976 wet season. For the first time 
monthly peaks of 13111-1 were noticed, in addi
tion to tie iwo major peaks associated with 
the two crops per year (also seen in GI-I and 
stem borcrs) (Fig. 19). The nonthly peaks 
ma\ have been products of the one

crie ration-per-month phenomenon. The 
lunar cycle may also have influenced the flight 
behavior of 131P11; niost peak catches in light 
traps for the past 1.5 years have occurred at 
about the time of the full moon. 

The densities of the eggs, nytmphs. and 
adults of tile 131] were intensively monitored 
every other day in it dry season crop. Three 
distinct gcncratiors developed, each larger 
than the one preceding it. Such a consistent 
increase has not often been observed in IRRI 
rice fields. Both egg parasitism and egg preda
tion appeared to increase in the third genera
tion. but mean egg parasitism was only 19% 
and predation, 2%. 

In the wet season, an improved sampling 
device Was used three times a week. '[he suc
tion sampler collected virtually all arthropods 
on or near a hill, giving much more com
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20. Abundance of adult brown planthopper Nilaparvata
lugens by field samples on rice selection R1917-3-17,prehensivc data on pest po)pulation densities catches made on both sides of 8 sticky traps (total surfacethan before. Sticky traps werc also placed area 1.5 .i 2 ) around the field, and a nearby light trap.

around the field to detect peak periods of' RI, 1977 wet season. 
insect flight.
 

By both the sticky traps and a nearby light

trap, flights peaked significantly three or four 
 have masked the expected ratio of long- totimes in the crop period (Fig. 20). Evidently a short-winged adults. There were three timeslarge flight at transplanting did riot result in a as many fenale as male macroptcrous adults.major adult infestation, but tie next flight did. Because of the masking effect of many immi-The first major adult peak in the field, alt1ost grants, adult mortality canused by parasitesall macroptcrous forms, produced a hlarge could not easily be detected, even though
Natch of eggs (Fig. 21). Many eggs laid near adult parasitism was highest at that time.
the end of the oviposition period were The second major ovipositic n period againparasitized (Fig. 22). Although cgg predation produced many cggs. But this time, despite a was highest about the time of peak egg densi- level of egg parasitism similar to that of thety, nymphs were fewer than expected. sutggcst- previous generation. a substantial nunber of 
ing a high nyn p mortality immediately after nymphs survived (Fig. 21. 22). The more suit
hatching. 
 able plant age at that time was possibly a fac-Another wave of immigrant adults, pltts a tor. Nymph mortality was apparently high
few brachypterous adults, forned a second between the second and third, and third andlarge adult peak (Fig. 20). The relatively fewv fourth instars when Cyrtorltinus was mostbrachypterous adults are noteworthy, since abundant, about 75 DT (Fig. 17, 21), andthese short-winged forms were expected to when spider density in the field was maximal.
dominate the second generation. But imin- The final adult peak consisted mostly ofgrant adttlts, by necessity macropterous. may brachypterous forms (Fig. 20). That is surpris-
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22. Maximum estimate of egg parasitism of brown plant
,S7-,nsr n hopFr Nilapar'atalugens on rice selection 1R11917-3-17. 

801r IRRi, 1977 wet season. 
8030 Second -instorinrron;s -

of the two wing forms should be further 
400 r jsstudied. 

A Preliminary observations in upland rice, an 
field also showed a generation pattern. The 

-_. maximum nymph density in the last 2 years 
was reached at about 50 days after rice 

I emerence. Egg parasitism, especially in the 

200 Trrd-riv,, iynp second generation. was moderately high, and 
ps 

nymph mortality appeared e'ry high (Fig. 23). 
Spider density increased greatly after 70 days.
In 1976 there were few planthoppers beyond 

oy, ; /60 days. but in 1977 the adults increased, par-
S,. icuhrlv near crop maturity, possibly becauser- Fitr- nstarnymphos ---cul 

0~o f immigration (Fig. 23). But compared with 
0 20 4 -0 that in lowland rice fields, the overall BPI-

D ijs,goy;r- density was still low. 
BPH densities fluctuate from generation to 

21. Density of various developmental stages of brown 
planthopper Nilaparwta lugens on rice selection IR1917- generation within a crop period, but major 
3-17. IRRI, 1977 wet season, changes in abundance also occur within a year. 

In the study of these major changes, a new rice 
crop was planted every month for more than 6 

ing because in northeast Asia the last adults years. The population in each crop was sampled 
before harvest are macropterous. Again three weekly and peak densities for each generation 
times as many females as males were found, were identified. When the peak densities of a 
but only a few eggs were laid. The formation given generation in all crops were graphed (one 
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23. Insect dehsty at various developmental stagesbrown planthopper Nilapar'ata lugens on 
of 

variety C22 ijnan upland rice field. IRRI, 1977 wet season. 

point per crop) over the time period, the pest 
was most abundant in two periods per year: onein thedry season and the other in the wet season
(Fig. 24). The two peaks were probably 
associated with the two yearly rice crops com-monly grown around IRRI. Because the highest8 
insect density per year was not always in the 
same season, climate could not be the majordeterminant of population size. In regions 
where the population density is predictable, it
should be possible to time planting so as to 
avoid the most serious pests. 

Some preliminary tests were made todevelop a marking system for BPH. Fluores-
cent dyes were dusted onto fifth-instar 
nymphs, and subsequent survival, movement,
and dye retention were observed. Of the dyes
tested, "Rocket Red" was the least harmful, 
causing only 13% mortality after 10 days. Themarked insects appeared to have moved 
somewhat more slowly than unmarked ones 
over a distance of 2 m in 8 days. The dye was
still visible under ultraviolet light onthe insects after 2 weeks, 70% of even though they
had molted to adults. 
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Month24. Brown planthopper Nilapartata !ugens density oncrops of the medium-maturing rice variety IR20 planted 
monthly or bimonthly at IRRI.age, at Each curve is the insect
generation maximum density on crops of nearly the same

30, 60, or 90 days after transplanting. Data are 
for both nymphs ard adults of 1971-72, but only for 
nymphs in 1973-76. HB =hopperburn. 

BROWN PLANTHOPPER DISTRIBUTION 
AND SAMPLING TECHNIQUES 
Statistics Department 

Previous data (1974 Annual Report) on visual 
counts of BPH adults and nymphs made on 
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Table 34. Estimated sampling variance; (among hills within 
plots) in the number of brown planthopper adults and nymphs 
in a rice field. IRRI, 1973-74. -.. .
 
Growth Nymphs 


stage Of Mvan Samplng cv Mean Sampling cv 
,iceplanIt Io variance IJ (no ., variance 1%)I 

(DT I h ill ) h ill) 
9higher
.J * .t se.,so 

28 0 6 0.55 124 9. 10.70 33 
44 7 , 28 8 76 2.1 182 64
71 041 0.46 170 3.2 4 64 67 
80 03 0 ? .367 0 3 045 224 

SISO.. 

22 6 42 305 63 S6 26 
27 .1.1 5n8 59 -52. 281 97 32
35 57 11 75 60 161 4 2s8096 33 
51 28 3 00 68 22 1 85 0 Jl2l5.42 

- 202 2. 27,
6502 262 

Estriated from 40 p 1ts'0 'is plot in t., 1973 weI season.
 
ano fromr 5 plots,!0 ndis polt in te 1974 do' season Days

alter
traslarti,' 

itndividutal hill, at \ it . 2,1-\ok of riceI ,tage-

plant" ill t\ ri ',\Ct ,rId
te fild, it1 dr, seasot, 
\ erc 'tudied. lhCl'Ahlt Ipuliiotisl ill both 
,Ca.l',01 dctliIt peakS"crc ,,ittihar: tik .1al 

x ec+ abOut 2 Ill 0,Adlil' 11ill. ()n tL thor
 
hatId, thte ttth pllpuIhition %s MILtuch
llicl 

ill one .Cji, thim lll i. ll th.llettLt illtet thc it
11cArI. ."o 4(n> mph, hill ill thc IIC-1 dr', c,,..t 
and 21 t l11h'1il t'il"-, t' i,,t. 
The dirtctoti t 1t1Ml li,_tr~ition \5as it 

major Cauls. ,,tthe. \ ofniht)tt)1Thi ilsect 

distribution itt t rce: filid. ll,ct, alo di,-

pereed bI troti tipht in the fieldin ph'i

during kte gr,romh 

Vititit ll sl,.ct idividualotiIntIs att 


hills in a plot ,%as larse: cocficiet oi aria-

tior rangcd fr 'ni 42 to 171); for ;dulls and 

from 26 to 22-; ti r n.i\mph,, C'lahle 34). 

Sonic ,,ouircc, (ittif plintg \ariatio1 idCiiified 

were border effect. mi,,sim hills. diseased 

hills. and variation in tiller number. Inlisects 

were fC\wcr t plants borderintg aI tiUplaciled 

alle, oi platnts surrotunding a ntiSsine hill. arid 

on diseased hills thart onm norrmal hills. The 

effects \w-ere greater for nymilhs than for adults 

and werc detected mily at relatively high 

population densities. More insects were found 

on hills with high tiller number than on those 

Wihi low. 

The spatial distribution of 131P in a plot 

was not truly random. Neither the poisson nor 
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the negative binomial distributions fitted the 
BPH conts of adts or nyrnplis, Deviation
 
from randomness was caused primarily by thetendency of insects to aggregate (lladjacent 
hills. Nympls aggregated more than adults. The
deree of aggregatio n was also higher with 

fig I e w sth 
population density. Figure 25 shows a

sample spatial distribution pattern of BPH 
adults and nVmlphlS. 

Sampling variance decreased as the size of 
saipling unit increased. BILt colsidering the 
LdcgreC of precision ald Cse of p'aCtical oper
aion a SinlIC-hill Sampling IIUnit is considered 

OptitI inl estin;aling isulally tile populaim

of ll I adults and nymplis in the rice 


:,amlple si/C was depCinIC1 on Ile insect 

popltlion de.nsit\: tie ltilhCr the dCnsily. the 
maller the sample si/e relquirled for a givel 

deg''ree of precision. 
The ratio estimation techniique \%ilh plant
 

tiller tulmnbers as the auxiliary variable could
 
not ovrCCOIIe tile high variability inl the
 
detertilination of PI I density ill rice fields.
 

S.\ tI'I.INt; BROWN I'I..ANTIIOIPI RS 

lntontiuluv Deparitnt~ 

Nymiphs and adults. Sampling nethodology
 
1111 equilMt'nI. Pc;t population density was
 
previously ineasu red by visual count or with a
 
mouth aspirator. But the methods may be
 
neither efficient nor accurate. Sampling was 
time cominStiiirg. slml)les did not represent all 
the ilsect stages aid species present, and 
ptplhation estimates were suspected to be 
approxinmate( only. To find a better method. 
the estinlated pest densities obtained by sev
eral sampling methods were compared. 

A D-vac suction catcher collected the niost 
in,,ects. but a cylinder around the hill was 
necessary to prevent the catcher from sucking 
insects from neighboring hills. Adult catches 
with a minu1lu aspirator or by visual count were 
equ.ally go ind. but both methods, especially 
the mouth aspirator, were inadequate for 
young nymphs. The l)-vac catcher could not 
sample the water surface, and the insects col
lected by the machine had to be processed 
before storage. 

A new collecting device was constructed to 
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2S. Distribution pat terns of brown planthopper adults and nymuphs, ineastured at 50 days after transplanting. one 
square represents one hill. IRRI, 1974 dtry season. 

eliminate those problems. TVhe device %%ais a 
Portable, N-' ci-operated auitomobile vac-
tnum cleanler attached to a m1odlified insect 
asp~irator. A glass vial %%-as screwed into the 
aspirator collection chamber. 

Befoe sinpil,, cyin-Ilare oen-nde
der was car.'y. placed over t hill. Throtli 
flexible hose, all arthrop)ods w'ere then sucked 
from the cylinder walls and from plant andi 

water surfaces into the collection chamber. 
After the collection, the chamber Was drained 
of water and alcohol was injected inlto it. The 
preserved i.sects were removed with the via. 
A sample wvas taken in about I10 minutes. The 
device proved LIuite satisfactory for collecting 
planthoppers and their natural enemies. 

Insect distributioni and samnpling,. The nlewly)
developedL suIction samp~ler was used to collect 
virtually all arthropods on and around di-
vidual rice hills. From 92 to 240 hills were 

sampled on 15 occasions fromn 256 plots (each 
abouit 4.5 i 2) in 0. I125 hia. 

The distribution of immigrant adults amiong
hills w'as aggregated. Consequently as the 

vpstdeghacd.tenipswrelo 

aggregated. Later instars and brachypterousadults, however, w%.ere distributed more ran
dol.Immigrant adults evidently set the 
degree of aggregation, 'hich declined isthe 

generationl deC'eloped. The second g~eneration 
w~as less aggregated than the first . The number 
of hills needed for a sample at a gtive n preci
.on level \-. red 'th the generation, the 

developmental stage of the insect, and insect 
density. Considering the relationship of' mean 
crowing to mean0 density oIf the poulatio, a 
sample size of 20) to 30) hills xvas tounId ade
qutate for most practical purposes (Table 35).
Sandympe size should be larger only for intense 
ecological studies on low population densities. 
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Table 35. Recommended sample size (sample unit 1 hill) for 'he mean insect density per hill was greater 
20% precision when sampling brown planthopperNiaparvata
lugens in a rice field (maximum size, 0.2 he) according toasys- dt one end of the field than at the other, 
tematic procedure and with a motorized suction machine. confirming the need for blocking in cx-
RRI1977.- . . . . . .. perilental designs. 

Sample size Egg distribution and sampling. For the first 
(no. of hills) time, egg distribution was measured within a hill 

Developmental Insect 

stage of insect mean density First Second and within a field. Preliminary and subsequent 
no./hill). generation generation detailed observations showed that egg number 

Eggs 	 10 30 30 per tiller was similar in all parts of a hill. Egg 
50 28 28 

500 27 27 density was significantly higher (P = 0.1) in 
1000 27 27 inner than in outer tillers on only one sample 

First-instar nymphs 5 35 23 date. No evidence indicated that egg parasitism
10 28 16 differed among parts of a hill. 
25 23 11 

Second-instar nymphs 	 2 34 33 In studies of egg distribution among hills in 
5 26 22 a field, eggs of the first two oviposition periods 

10 23 18 
were rather aggregated: the distribution pat25 22 15 

Third-instar nymphs 	 1 48 45 tern was close It ilnegative binomial. Eggs 
2 42 31 from the final oviposition period, however, 
5 31 22 

10 27 20 appeared to be randomly distributed. Unlike 
25 24 18 those in the first two periods. the latter were 

Nymphs 0.3 206 235 probably laid mostly by adults that developed 
0.5 131 144 
1 75 75 within the field. The mean egg density per hill 
3 38 30 on one part of the field was significantly 
5 30 21 

10 25 14 higher than that of another part in only one 
25 21 10 instance. 
50 20 8 The results suggest tile follow\ing tentative 

Adults 0.2 274 180 
0.5 120 76 egg-sampling procedure: an entire hill. or half, 
1 70 41 or a fourth of I hill may be sampled. The 
2 44 24 number of hills to be systematically sampled 
5 28 13 

10 23 10 on each sampling occasion at a given precision
level is related to the egg density and degree 
of aggregation. Considering both factors a 
maximum of 30 hills/sample is suggested 
(Fable 35). 
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WEED CONTROL IN RICE 

Agronomy Deparmn't 

The primary purpose of IRRI weed research is 
to develop weed-control technology that is 
compatible with the cultural practices and 
socioecononlic constraints of Asian rice far-
tiers. Research to identify herbicides that 
would complenent other direct methods of 
weed control, such as hand pulling or mechani-
cal control. \\as continued at IRRI; at the 
Nlaliga a. Bicol. and Visavas research stations 
of the Philippine Bureau of Plant Industry: and 
in farmers" fields. 

Transplanted rice. During the dry season, 
yield differencces btmccn herbicide-treated and 
tint rea ted plots ranged from 3 t/ha at Maligaya 
to 4 t/ha at IRRI a1nd at Bicol. The crop at 
Visavas did not \fild beca use of drought. 

Infestations of I-chiucwhlua crtts-galli ssp. 
!hivpidtda. Ectinochlolu glabrc. ccns. (.yperus 
diflormis, and ,onochoria 1'aginali \\crc 
cLilmmon at all sites. Scirptls 1nttrilints \%as pre-
sent at IRRI: C*yperits imnbricatis and 
Splenoch'a zeyhinica \%ere present at Bicol. 

Table 1. Effects of granular herbicides applied before weed 
emergence (4 days after transplanting) on yield of IR26 rice at 
IRRI, the Maligaya Rice Research and Training Center, and 
the Bicol Rice and Corn Experiment Station of the Philippine 
Bureau of Plant Industry, 1977 dry season.. . . 

Yield' It/ha) 
Treatment Rate 

(kga "/ha) lRRl' Maigayal Bicr... 
...------

NTN 5810/2.4-D IPE 1.4/0.3 5.6 69 7 6 
Butachior - 2,4-D IPE 0.75 - 0.5 56 6.4 70 
Pendimethalin 0.75 5.3 6.3 6,1 
MT-101/thiobencarb 1.0/07 5.7 5.9 C.. 
Oxadiazon 0.5 53 5.7 5.2 
X-52/2, 4-D IPE 1.4,0.5 4.6 5.3 4.7 
2. 4-D IPE 08 4.3 4.8 4 2 
BenzglycerethWL 29226) 075 4.8 5.2 1 2 
NTN 6867/2, 4-D IPE 1.4/0.3 5.8 
M 3432 - 2.4-D IPE 3.0 0.5 5.7 
M 3432 - 2,4-D IPE 2.0 0.5 5.4 
EXP 3391 0.5 5.0 
X-150/2, 4-D IPE 1.0/0.5 5.0 
MCPA/TBA 0.57/0.18 4,8 
Hand-weeded control' - 5.4 5.3 7.0 
Untreated control - 1.0 2.8 0.9 

"A slant bar (/ means that two herbicides were formulated on 
the same carrier or mixed together and applied as a single 
treatment; means that the chemicals were applied separately 
at about the same time. IPE = isopropyl ester. bActive ingre-
dient.,Av. of four replications per site."Allherbicide treatments 
gave significantly higher yields than the untreated control. Not 
tested. 'Weeded at 20 and 40 days after transplanting. 
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At IRRI and at Maligava all chemical treat

ments gave yields comFarable to those of the 
hand-weeded plots and significantly higher than 
those of the untreated plots (Table I). At Bicol, 
plots treated with Benzglycereth, X-52/2,4-D 
IPE, and 2.4-D IPE yielded significantly less 
than the co,,, ,.. Benzhand-weeded .... 
glyccreth-treated plots g:.ive yields conipar
able to those of the untreated plots. Pcndi
methalin. butachor + 2.4-D. NTN 581(/2.4-I) 
IPE. and MT-i()I/thiobencarb performed con
sistently well at all sites (Table 1). At IRRI and 
the Visavasstationall herbicide treatnlets gave 
signilicantlh higher yields than the untreated 
control during the wet season (Table 2). 
Benzglycereth performicd best at the Visayas 
station. Oxadiazon and 2,4-D IPE at IRRI. and 
NIT-101/thiobencarb at Visavas had sig
nilicantl\' lower yields than the hand-weeded 
check. 

A mroder'ate bacterial leaf streak infection 
caused generally low yields at IRRI. 

Direct-seeded flomded rice. In the dry season. 
all herbicide treatments gave signilicantly 
higher vields than the untreated plots at IRRI 

Table 2. Effects of granular herbicides applied before weed 
emergence (4 days aher transplanting) on yield of IR26 rice at 
IRRI and at the Visayas Rice Experiment Station of the Philip
pine Bureau of Plant Industry, 1977 wet season. 
...................... ...... ...
 

Yield t/ha)

Treatmenr Rate 

(kg a.i.'/ha) IRRI Visayas 
............. ..... . . . ..
 
Benzglycereth (WL 29226) 0.75 3.8 7.6 
Pendimethalin 0.75 3.9 6.4 
Oxadiazon 0.5 2.8 7.4 
Butachlor - 2,4-D IPE 0.75 - 0.5 32 7.0 
X-52/2, 4-D IPE 1.4/0.5 3,1 7.0 
MT-101/thiobencarb 1.0/0.7 3.9 6.0 
Piperophus!2,4-D IPE 0.33/0.17 3.4 6.5 
2,4-D IPE 0.8 2.8 6.6 
M 3432 - 2,4-D IPE 3.0 - 0.5 4.0 , 
Bifenox/2,4-D EE 2.0/0.66 3.9 d 
Piperophos/dimethametryn 0.4/0.1 3.7 d 

Bifenox 3.0 3.3 
EXP 3391 0.3 3.2 
MCPA/TBA 0.76/0.24 3.2 d 

Hand-weeded control- - 4.0 7.1 
Untreated control - 1.6 4.9 

"A slant bar () means that two herbicides were formulated on 
the same carrier or mixed together and applied as a single 
treatment; + means that the chemicalswere applied separately 
at about the same time. IPE = isopropyl ester. EE = ethyl ester. 
'Active ingredient. 'Av. of four replications per site. All her. 
bicide treatments gave significantly higher ields than the 
untreated controls at both sides. "Not tested. 1Weeded at20 and 
40 days after transplanting. 

http:0.76/0.24
http:2.0/0.66
http:0.33/0.17
http:0.57/0.18


and Bicol (Table 3). At Maligaya, weed infesta-
tion was so low that the untreated control 
yielded 5.9 t/ha. At Bicol, Benzglycereth gave
the lowest mean yield, 1.9 t/ha. 

Thiobencarb/2,4-D IPE. MT-101/thio-
bencarb, and NTN 5810/2,4-D IPE performed
best at all sites. 

In the wet season at Visayas, all chemical 
treatments gave significantly higher yields than
the untreated control (Table 4). At IRRI, only
plots treated with MT-lll/thiobencarb, M 
3432 + 2,4-D IPE, and piperophos/2.4-D IPE 
performed better than the untreated plots. The 
other herbicides either failed to control 
Echinochloa sp. or were extremely phytotoxic 
to the crop. 

Upland rice. Heavy weed infestation isone of 
the most serious causes of low yields of upland
rice. 

Ten herbicide treatments were compared with 
hand-wceded and untreated checksat IRRI and
in a farmer's field in Batangas province, Philip-
pines. Both sites were heavily infested with 
lchinoch/oa colons, Eh'usine indica, Digitaria 
sangtintalis, (Conentinadiffitsa, AeschlInoMene 

Table 3. Effects of granular herbicides applied at early post-
emergence (6 days after seeding) on yield of direct-seeded,
flooded IR26 rice at IRRI and the Maligaya Rice Research andTraining Cent.r and at the Bicol Rice and Corn Experiment

Station of the Philippine Bureau 
 of Plant Industry, 1977 dry 
season. 

Yield" tt/ha)Treatmenr, Rate 

(kg a.i/ha) IRRI Maligaya Bicol 

NTN 5810/.,4-D IWE 1.4/0.3 5.8 a 7.1 a 6.1 a 

MT-101/tlhiober'carb 
 1.0/0.7 5.7 a 6.5 a 5.8 a

Thiobenca /'!2,4-DIPE 
 1.0/0.5 6.0 a 6.8 a 5.0 abPendimethalin 0.75 5.4 a 7.4 a 3.3 cdM 3432 4 2,4-D IPE 3.0 + 0.5 5.0 a 6.4 a 4.4 bc

Butachlor # 2,4-D IPE 
 0.75 1 0.5 5.1 a 6.1 a 4.2 bc

Oxadiazon 
 0.5 4.9 a 6.3 a 3.7 cd
X-52/2,4-D IPE 
 1.4/0.5 5.1 a 6.5 a 3.0 de

Benzglycereth (WL 29226) 
 0.75 4.5 a 6.6 a 1.9 0
M 3432 4 2,4-D IPE 2.0 + 0.5 5.1 a d
Nitrofen , 

2.0 5.1 a d

X-150/2,4-0 IPE 
 1.0/0.5 5.0 a ,

NTN 6867/2,4-D IPE 1.4/0.3 4.9 a J
,
MCPA/TBA 0.57/0.18 4.6 a d
EXP 3391 
 0.5 0 C d
Untreated control - 2.9 b 5.9 a 0.6 f 
'A slant bar (/ means two herbicides were formulated on thesame carrier or mixed together and applied as a single treat-ment; 4 means that the chemicals were applied separately atabout the same time. IPE = isopropyl ester. 'Active ingredient.
1Av. of four replications per site. In each column, means fol-lowed by the same letter are not significantly different at 5% 
level. 'Not tested. 

indica, and Cyperus iria. At IRRI and at Batan
gas, a drought, which occurred soon after her
bicide application and lasted from 3 to 4 weeks,
delayed crop and weed emergence and reduced 
crop stand, particularly at IRRI. 

At the IRRI farm, most plots yielded nothing.
Because of poor stand and bacterial leaf streak 
infection, weeds overcame the entire crop. The 
only herbicides that gave sustained weed con
trol and produced some yields were dinitramine 
(1.6 t/ha) and pendimethalin (1.8 t/ha). The 
hand-weeded check yielded 1.8 t/ha.

At Batangas, the untreated plots failed to 
yield because weed ;nfestation was extremely
heavy, but the crop stand was good and 
disease-free (Table 5). The herbicides 
oxadiazon. oxyfluorfen, butralin. pendimetha
lin. dinitramine. and X- 150 provided adequate
initial weed control and gave yields ranging
from 1.4 to 2.4 t/ha. But plots treated with 
Antor, butachlor. piperophos/dimethametryn, 
and propanil yielded nothing. Antor controlled 
broad-leaved weeds well but was toxic to rice. 
Butachlor and piperophos/dimethametryn 
injured the crop only slightly but controlled 

Table 4. Effects of granular herbicides applied at early post
emergence (6 days after seeding) on yield of direct-seeded
flooded IR26 rice at IRR; and at the Visayas Rice Experiment
Stet'on of the Philippine Bureau of Plant Industry. 1977 wet 
season. 

Yield, (tha)Treatment' Rate 
(kga.i./ha)tAt Visayas 
( 

M 3432 - 2,4-D IPE 3.0 + 0.5 2.6 a 6.9 abPiperophos/2.4-D IPE 0.33/0.17 2.5 a 6.8 ab
 
MT-101/thiobencarb 
 1.0/0.7 2.2 ab 6.3 ab
Butachlor + 2.4-D IPE 0.75 4 0.5 1.4abcd 6.9 abPendimethalin 0.75 2.0 abc 6.2 abThiobencarb/2.4-D IPE 1.0/0.5 2.0 abc 6.1 b
Oxadiazon 0.5 0.9 bcd 7.1 a

X-52/2.4-0 IPE 
 1.4/0.5 1.1 bcd 6.3 abBenzglycereth (WL 29226) 0.75 0.3 d 6.8 ab

Piperophos/dimethametryn 
 0.4/0.1 2.1 abc 

Bifenox 

a
 
3.0 1.9 abc dBifenox/2,4-D EE 2.0/0.66 1.9 abc d


Nitrofen 
 1.75 1.1 bcd aMCPA/TBA 0.76/0.24 0.9 bcd d 
EXP 3391 0.3 0.3 d tUntreated control - 0.7 cd 4.4 

"A slant bar (/) means that two herbicides were formulatedthe same carrier or mixed together and applied as 
on 

a singletreatment; + meansthatthe chemicalswereapplied separatelyat about the same time. IPE = isopropyl ester. EE = ethyl ester.'Active ingredient. 1Av. of four replications pec site. In each col.umn, means followed by the same letter are not significantly
different at 5% level. dNot tested. 
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Table 5. Effects of liquid herbicides applied before crop and weed emergence (3 days after seeding) on weed control, crop
tolerance, and yield of IR9575 rice under upland conditions in a farmer's field. Batangas province, Philippines, 1977 wet season. 

Treatment, 

Oxadiazon 
Oxyfluorfen 
Butralin 
Pendimethalin 
Dinitramine 
X-150 
Propanilt 

Butachlor 
Piperophos/dimethametryn 
Antor 
Hand-weeded control' 
Untreated control 

Weeds, (g/m 2) 
Rate 

(kg a.i.6/ha) Grasses Sedges Broad-leaved 
Toxicity 
ratingd 

Yield, 
(t/ha) 

weeds 

1.0 21 2 14 2 2.4 ab 
0.5 45 0 5 4 1.7 b 
2.0 24 23 20 4 1.5 b 
2.0 11 15 24 5 1.4 b 
1.5 36 16 39 5 1.4 b 
4.0 96 4 1 2 1.4 b 
3.0 84 1 1 2 0.0 c 
2.0 92 1 20 2 0.0 c 

1.6/0.4 
1.0 

120 
119 

0 
2 

6 
26 

2 
8 

0.0 
0.0 

c 
c 

- 0 0 0 - 2.8 a 
- 171 9 5 - 0.0 c 

"A slant bar /) means two herbicides were formulated on the same carrier and applied as a single treatment. bActive ingredient.
'Sampled at 39 days after rice emergence (DE). dTaken at 16 DE. Scale: 0-10:0 = no toxicity, 10 = complete kill. "Av. of four replications. Means followed by the same letter are not significantly different at 5% level. fApplied at 13 DE. 'Weeded at 16 and 32 DE. 

weeds poorly. Propanil not only severely 
scorched the rice plants and reduced the stand 
b' 50%. but also controlled weeds poorly, 

In an upland rice herbicide trial at Iloilo, a 
plot that was hand weeded at 15 and 30 days 
after emergence yielded highest (Table 6). No 
herbicide satisfactorily controlled weeds. All 
herbicide-treated plots yielded significantly less 
than the hand-weeded plots (Table 6). Yields of 
plots treated with butachlor and terbuchlor 
were significantly higher than that of the 
unweeded check plot. but yields of plots treated 
with thiobencarb and butralin did not differ sig-
nificantly from it. 

Dry-seeded rainfed bunded rice. In trials in 
Pangasinan and Iloilo. eight pre-emergence 
herbicide treatments were compared with the 
hand-weeded and untreated checks in dry-
seeded, rainfed bunded rice. 

In Pangasinan. the weights of broad-leaved 
weeds and sedges harvested from the plots did 
not differ significantly at 28 days after seeding, 
nor at harvest. But grass infestation was sig-
nificantly lower in the plots treated with Antor 
and oxadiazon than in those treated with dinit-
ramine and in the unweeded check. No other 
treatments differed significantly. The hand-
weeded check plot had significanly fewer 
weeds than the others. 

All herbicide-treated plots, excep.' those 
treated with dinitramine, yielded significantly 
more than the untreated plot (Table 7). Many 
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treated plots yielded as well as or better than the 
plot that was weeded three times. The latter 
yielded low because of crop damage during 
weeding. 

Weed growth in dry-seeded rice at Iloilo was 
again much less than that at IRRI or in Pangasi
nan in 1977 (1976 Annual Report). A different 
weed flora also grows there. For example. 
species such as Ischaemunm rugosum and 
Panicum repens replace Echinochloa sp. as the 
common grass weeds. 

Because heavy rain soon after herbicide 
application ponded water in the field for several 
days, herbicides reduced stands. Antor was par
ticularly toxic to rice and reduced its stand by 
85%. Even though some herbicides reduced 
stands appreciably, rice compensated for the 
reduction. Final yields were not reduced except 
in plots treated with Antor (Table 8). 

Table 6. Yield of upland rice under different weed control 

practices. Farmer's field, Iloilo province. Philippines, 1976. 

Treatment 

Hand-weeded(15and30DEI) 

Butachlor 
Terbuchlor
Thiobencerb 

Butralin 
No weeding 

Herbicide W3ed Yield' 
rate wt It/ha) 

(kg a.i.I/ha) (g/r') 

- 44 d 3.2 a 
2.0 112 c 2.2 b 
1.0 169 b 2.1 b1.0 159 b 1.9 bc 
2.0 122 b 1.6 bc 
- 324a 1.5 c 

*Active ingredient. In acolumn, means followed by the same 
letter are not significantlydifferent at 5% level. 'Days after rice emergence. 



Table 7. Effects of different weed-control treatments on wow
weight and yield of dry-seeddd,rfonfed bunded rice.
Farmer's
field, Pangasinan province, Philippines, 1977. 

Treatment Herbicide at Yield6 

rate heading' (t/ha)
(kg a.i."/ha) (g/0.25 m) 

Oxadiazon 0.75 61 b 3.3 a 
Thiobencarb 3.0 126 b 3.0 abButralin 2.0 103 b 2.7 abcButachlor 2.0 80 b 2.6 abcAntor (Hercules 22234) 1.0 126 b 2.5 abc 
Prodiamine
Weeded three times 1.5 106 b 2.4 abc- 27 a 1.9 abcPendimethalin 2.0 258 b 1.8 bcDinitramine 1.5 130Untreated b 1.6 cd- 238 b 0.5 d 
aActive ingredient. bina column, means followed by the same 
letter are not significantly different at 5% level. 

Weed growth in that trial was so light that 
yields of the weed-free and unweeded checksdid not differ significantly. Yields from all 
treated plots, except those treated with Antor,
did not differ significantly from the yields of the 
checks. Butralin and pendimethalin were less 
effective than the other herbicides; but because 
weed growth was light, yields were not sig-
nificantly lower (Table 8). 

In Pangasinan. reducing the space between 

rows 
of dry-seeded. rainfed-bunded rice from

25 to 20 cm.or increasing the seeding rate from

80 to 120 kg/ha, or even to 160 kg/ha, did not
significantly affect the weeds growing with rice 
nor the rice yield. At 14 days after seeding and

before any hand weeding, broad-leaved weeds

and grasses in the plots treated with pen-

dimethalin decreased significantly but sedges
increased significantly. At the heading stage of 
the grasses, significantly more grasses and fewer 
sedges grew in the untreated plots than in theother plots. lots treated with pcidimethalin
had significantly more sedges. 

At heading. plots that were weeded twice and 
those that received pre-emergence treatments 
of pendimethalin followed by (fb) one hand 
veeding had significantly fewer weeds than 
either unweeded plots or those that had
received a single pendimethalin treatment 
(Table 9). 

Tile herbicides used did not reduce stands;
yields reflected the degree of weed control. The 
highest average yield was from the plots that 

received a pre-emergence treatment of pen
dimethalin fb one hand weeding 35 days later
 
(Table 9). Those plots did not yield significantly 
more than the plot that was hand weeded twice,but they significantly outyielded the plot thatwas weeded once. The plots treated with pen
dimethalin alone yielded significantly less than
those in which pendimethalin was followed by 
one hand weeding.In a trial to compare the effects of seeding 
methods - broadcasting, row seeding, anddibbling - on stand estabhshment, few differ
ences in weed control or crop yields were found. 
The weed control treatments were similar tothose used inthe previous trial. Weed control in
 
the plots where pendimethalin was fb one hand 
weeding was superior to that in plots treated 

Table8. Effects of various weed-control treatments on weed 
weight and yield of dry-seeded,rainfed banded rice,
Farmers 
field, Iloilo province, Philippines, 1977. 

Herbicide Weed wt6 Plant count' Yield 
Treatment rate (g/0.25m') (no/m 2) (t/ha)

(kg a.i.*/ha) at 45 DEr at 30 DE" 

Thiobencarb 3.0 2.7 b 101 de 4.9 a
 
Pendimethalin
Weed-free 2.0 4.8 182- cd cd 4.7 a0 a 306 a 4.6 aProdiamine 1.5 3.4 bc 151 cd 4.5 a 
Butralin 2.0 8.3 cdButachlor 2.0 216 b2.2 b 101 4.5 ade 4.48Dinitramine 1.5 3.3 bc 94 de 4.3 aUntreated - 9.7 d 289a 4.2a 
Oxadiazon 0.75 2.8 bc 185 bc 4.1 aAntor (Hercules
 

22234) 1.0 
 2.1 b 45 e 3.2 b 
'Active ingredient. bAy. of three replications. In a column, 
means followed by the same letter are not significantly differ
ent at 5%level. 'Days after rice emergence.
 

Table 9. Effect of various wed-control troabment on weed 
weight and yield of dry-seded, rainfed bunded rice.Farmer's 
field, Pngesinan province, Philippines, 1977. 

Treatment' Weedwt Yield6 
(9/O.5 m) (t/ha) 

Pendimethalin (2kg a.i./ha) fb one
hand weeding 
 35 ab 6.1 aHand weeded twice (14 and 35 DS) 15a 6.0 ab 
Hand weeded once (21 DS) 42 bc 4.2Pendimethalin (2 kg a.i./ha) 131 cd 3.9 

bc 
No weeding cd222 d 0.3 d 

a.i. = active ingredient. fb = followed by; DS = days after 
seeding.-Av, oftreeseeding ratesandtwo rowspacings Inacolumn, means followed by the same letter are not significantlydifferent at 5%level. 
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with pendimethalin alone and that in the 
unweeded check plots, but it was inferior to that 
in plots that were hand weeded twice. The weed 
weight at harvest in tile plots treated with pen-
dimethalin alone did not differ significantly 
from that in the unweeded check plots. Unlike 
in the previous trial. sedges did not increase 
when pendimethalin was used. Again, yields 
reflected the degree of wreed control at harvest. 
The plot that was treated with pendimclhalin fl 
one hand weeding yielded significantly less (3.2 
t/ha) than the plot that was hand weeded twice 
(4.6 t/ha). But the yield was superior to that 
from the plot that \was treated with pendinictha-
lin alone and that from the unweeded check. 
The last two treatments did not differ sig-
nificantlv in yield. 

SCREENING NEW HERBICIDES 
Agrononty Department 

Each year herbicides are screened under 
rainfed conditions to identify those that are safe 
and effective for transplanted, direct-seeded, 
and upland rice. 

Transplanted rice. The field site was moder
ately infested with E. crus-galli ssp. hispidula, 
E. glabrescens, C. difformis, S. maritimus, ahd 
Al. vaginalis. 

Several new herbicides looked promising for 
transplanted rainfed rice; they gave yields from 
I to 2 t/ha higher than that of the untreated 
control plot (Table 10). Two ncw herbicides, 
HOE 23408 and HOE 29152. killed the rice 
seedlings. All other new herbicides gave yields 
similar to those of the hand-weeded control. 
The coded compound CGA 26423 from Ciba 
Geigy. when used it 1.0 kg/ha as either pre
emergence or postemergence treatment, con
trolled grasses and broad-leaved weeds excel
lently Without injuring the crop. R-40244 and 
RH 62()1 were also promising when applied at 
the 2- to 3-leaf stage (Table 10). 

Direct-seeded rice. No herbicide controlled 
weeds adequately because a long period of rainless days shortly after seeding caused unusually 

heavy infestation at the test site. 
Upland rice. The new hierbicides were gener

ally toxic to upland rice or failed to control 
weeds. 

Table 10. Effects of promising new herbicides on weed control, crop tolerance, and yield of transplanted IR26 rice under rainfed 
conditions. IRRI, 1977 wet season. 

Treatment, 

R-40244 (G) 
Fluridone (G) 
RH 6201 (EC) 
CGA 26423 (G) 
R-40244 (G) 
Fluridone (G) 
CGA 26423 (G) 
RH 6201 (EC) 
R-40244 (G) 
R-40244 (G) 
Oxyfluorfen (G) 
Fluridone (G) 
R-40244 (G) 
CGA 26423 (G) 
CGA 26423 (G) 
Thiobencarb/2,4.D IPE (G) 
HOE 23408 
HOE 23408 
HOE 29152 
HOE 29152 
Hand-weeded once 
Untreated control 

Application Weedsd (g/ml) 

Rate Time Grasses Sedges Broad-leaved Toxicity 
Yield/ 

/ha) 
(kg a.i./ha) (DT) weeds 

1.0 4 10 4 6 6 2.4 a 
0.08 4 2 9 2 4 2.2 a 
0.96 10 20 13 12 4 2.2 a 
1.0 4 0 9 0 0 2.1 a 
0.25 10 24 0 6 0 2.1 a 
0.04 4 6 23 1 2 2.1 a 
1.0 
0.96 

10 
4 

23 
22 

12 
28 

12 
0 

0 
3 

2.1 a 
2.1 a 

0.5 10 14 4 2 2 2.0 a 
1.0 10 8 8 0 3 1.9 a 
0.25 4 16 5 2 3 1.9 a 
0.02 
0.5 

4 
4 

11 
48 

7 
43 

15 
0 

0 
2 

1.8 a 
1.8 a 

0.5 10 6 16 7 0 1.7 a 
0.5 

1.0/0.5 
1.0 

4 
4 
4 

35 
26 

2 

3 
0 

113 

2 
4 

69 

0 
0 

10 

1.7 a 
1.4 ab 
0.0 c 

1.0 10 0 22 240 10 0.0 c 
0.5 4 0 65 128 10 0.0 c 
0.5 10 3 175 199 10 0.0 c 
- 25 3 1 8 - 2.2 a 
- 85 17 37 - 0.5 bc 

"G = granule, EC = emulsifiable concentrate, IPE = isopropyl ester. A slant bar (/) means two herbicides were formulated on the 
same carrier and applied as a single treatment. 'Active ingredient. 'Days after transplanting. "Sampled at heading of grasses.
Taken at 16 DT. Rating scale: 0-10:0 = no toxicity, 10 = complete kill. Av. of two replications. Means followed by the same latter 

are not significantly different at 5% level. 
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CONTROL OF CYPERUS ROTUNDUS 
Agronomy Department 

Perfluidone, K-223, K-1441, and 2,4-D amine 
were compared for control of C. rotundus and 
for selectivity to IR9575 rice in a 1977 wet-
season trial at IRRI. The weeds present at the 
experimental site were C. rotundus, Amaran-
tihus spinosus, Commelina benglialensis, 
1pomona triloba, Portudaca oleracea, and
Eleusine indict. 

Weed infestation was so heavy that the 
untreated plots yielded nothing (Table 11). All 
plots treated with the nut sedge herbicides 
yielded significantly more than the untreated 
control plots or the plots treated with dinit-
ramine alone. 2,4-D amine looked most promis-
ing for control of C. rotundts and did not dam-
age the crop. Plots treated with it performed as 
well as the hand-weeded control (Table I1).
K-144 1 co 'rolled nut sedge adequately but 
was moderately toxic to the crop. Likewise. 
perfluidone was toxic to rice and gave onlylfair 
control of C. rotundts. On the other hand. 
K-223 at 6.0 kg/ha was selective to the crop but 
gave the poorest weed control. For adequate
weed control. 8 kg/ha or higher has been 
reported to be the optinlum rate of application
for K-223. 

Nut sedge infestation directly and indirectly 
contributed to the zero yields in plots treatedwith dinitlraminc alone. Besides reducing crop
tiller product ion. C.rottndus,upon senescence. 
permitted later growth of .henghuh'/tSiS a1d I. 
iriloba, which took over the entire plots. 

INTEGRATED WEED MANAGEMENT 
Agroaomy Department 

Transplanted rice. The effects of variety, degree 
of tillage, and water depth on weed control in 
transplanted rice were studied in the 1977 dry 
season in a split-split-plot experiment with three 
replications. IR34 - a tall, medium-maturing 
(120-130 days) variety - and IR36 - a 
semidwarf, high-tillering, early maturing
( 105-110 days) rice- were planted in the main 
plots; the tillage methods used in the subplots 
were one plowing plus one, two, or three har
rowings (Table 12). For the sub-subplots, water 
depths of 2.5 and 7.5 cm were used. The treat
ment with granular 2.4-D IPE at 0.5 kg a.i./ha
and the untreated control were compared for 
weed control in the sub-sub-subplots. Twenty
one-day-old seedlings were transplanted "at20
x 20-cm spacing. Nitrogen as ammonium sul
fate was applied at 120 kg/ha in three equal split
doses: basally and incorporated during harrow
i g. at maximum tilluring. and at panicle initia
tion. 

Because of its higher panicle number. IR36 
yielded significantly more IR34than (Table
12). The yields of the varieties at the two water 
depths did not differ although total dry matter 
production of weeds was significantly less at the
7.5-cm level. Tillage treatment and water depth 
did not significantly affect the yield of eithervariety (Table 12). but weed control had a 
highly significant effect. Tillage did not affect 
the number Of weccds present in plots of either 
variety. but one plowing fb two or three harrow-

Table 11. Effects of herbicid.s on the control of Cyperus rotundus and on yield of upland IR9575 rice. IRRI, 1977 wet season. 

Treatment' 

Hand-weeded twice 
Dinitramine fb 2,4-D amino
Dinitramine fb 2,4-D amine 
K-1441 fb dinitramine 
Perfluidone + dinitramine 
K-223 fb dinitramine 
Dinitramine 
Untrepted control 

Application Weeds" (g/ml ) 

Yield"Rate Time' Cyperus Annual weeds It/ha)
(kg a.i/ha) rotundus 

- 15 fb 30 DE 1 a 1a 2.4 a1.5 fb 1.0 2 DS fb 15 DE 15 bc 7 bc 2.2 a1.5 fb 1.0 2 DS fb 20 DE 3, cd 16 bc 1.8 a3.0 fb 1.5 PPI fb 2 DS 5!i cd 2i c 1.0 b2.0 * 1.5 2 LS 112 de 10 bc 0.6 b6.0 fb 1.5 PPI fb 2 0S 132 de 23 c 0.4 b1.5 2 DS 141 e 11 Ic 0.0 c - 6ab 487 d 0.0 c 
"fb = followed by; + means that the chemicals were applied separately at about tha same time. 6Active ingrecient. "DE=days afterrice emergence. DS = days after seeding. PPI = pro-planting incorporated. 'Sampled at flowering of C.roturidus.Ineach column,means followed by the same letter are not significantly different at 5% level. 'Av. of four replications. 
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Table 12. Yields of transplanted IR34 and IR36 rice cultivars as affected by degree of puddling, water depth (2.5, 7.5 cm), and 
herbicide application.' IRRI, 1977 dry season. 

Yield, (t/ha) 

IR34 IR36 
Tillageb 

2.5 cm 7.5 cm 2.5 cm 7.5 cm 

No weed 2.4-D Differ- No weed 2.4-D Differ- No weed 2,4-D Differ- No weed 2,4-D Differ
control IPE ence control IPE once control IPE once control IPE once 

Plowing fb 1 
0.0

n s  ns 
harrowing 3.4 3.4 3.7 4.5 0.811S 2.6 4.0 1.4"' 4.2 4.6 0 .4r

Plowing fb 2 
harrowings 1.2 2.6 1.31s 1.8 4.0 2.3" 2.3 4.3 2.0' 3.8 4.2 0.4 n s 

Plowing fb 3 
harrowings 1 8 3.7 1.9" 3.7 3.1 -0.6 4.4 5.2 0.8 1n 2.4 4.7 2.3

12,4-D IPE (isopropyl ester ) at 0.5 kg. a.i./ha, applied 4 days after transplanting. 1fb = followed by. "Av. of three replications. 

ings gucat . reduced dry matter production of 
grasses in IR36 plots. Total dr matter produc-
tion0)\%Ceds per square leter \w as ilniticantly 
less in IR36 at 7.5-em wate drepth. That further 
indicated that high-t ille ring rice \aridties co1-
pete \ it h \eeds better than do the I0 -tIillCritng 
ones. 

The ma jor significant diffcrcnccs in tihe e\pui-
ient \\ere in \\eed-control treatments. plots 
treated \ith granular 2.4-1) IPE at (.5 kg a.i.;ha 
4 days after transplant ing gavc signilicaintly 
lower dry matter production and \ced nuimber 
than the no-\ecd control plots. That indicates 
that herbicide rates can be reduced %kithout sac-
rilicing \ecd control if other cultural practices 
are included in the integrated managtement s\ s-
tem. 

The ,anic experiment \was continued in the 
wet season to further study the effects of tillage 
and varict on weed control. The varictics and 
tillage methods were the same as those used in 

the di season- hilt \Vatr depth as a treatment 
\\as exclIded. \Veed control trCatlenls Were 
2.4-D IPF_ at 0.4 kg a.i./ha, 2.4-D IPE at 0.8 kg 
a.i./ha. one hand \VeCding. t\\o hand \wecdings, 
and a check with no wecd control (Table 13). 

Both Varieties Nielded low becaCutse a typhoon 
damaged the crop a week before harvest (Table 
I3). Furthcrmorc. most plots, espccialkl the 
2.4-1)-trcated and unweeded plots. ,,ere hieav
ilh infested \ith Paslpalte,, sp. Tillage methods 
and varieties did not significantly affect yild. 
but yields in all treated plots differed highly 
significantly from those in the untreated con
trol. Plots Ihat \\ere hand-\ccdcd twice yielded 
significantly higher than those hand wccdcd 
once. BccausC Otl stIrviving broad-leaved \VCCds 
and sedgcs. herbicide-treated plots yielded 
Slightlv less than hand-weedcd plots (''able 13). 

Those results should be evaluated on the 
farm, where conditions are less favorable than 
those in experiment stations. 

Table 13. Effect ofdegree of puddling and weed-control treatments on yields of transplanted lR34 and IR36 rice. IRRI, 1977 wet 
season.
 

Yield' (t/ha) 

IR34 

Weed control treatment One plowing plus 

One 
harrowing 

Two Three 
harrowings harrowings 

2,4-D IPE6 (0.4 kg a.i./ha) 
2,4-D IPE (0.8 kg a.i./ha) 
One hand weeding 
Two hand weedings 
No weed control 

1.8 b 
1.5 b 
3.1 a 
3.2 a 
1.0 b 

3.2 a 
3.5 b 
2.5 a 
3.0 a 
0.5 b 

1.7 b 
2.9 a 
2.8 a 
3.3 a 
1.8 b 

IR36
 

One plowing olus
 

One Two Three 
harrowing harrowings harrowings 

2.9 ab 3.1 a 2.1 bc 
2.3 b 3.5 a 3.1 ab 
3.3 ab 3.9 a 2.9 ab 
3.6 a 3.7 a 3.7 a 
0.8 c 1.0 b 1.5 c 

*As. of three replications. In each column, means followed by a common letter are not significantly different at 5% level. 6lPE = 
lsopropyl ester. Applied 4 days after transplanting. 
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con-
trol indirect-seeded rice were furtherexamined 
at IRRI inthe 1977 dry season. The medium-
statured IR34 and the semidwarf IR36 were 
grown in paddies that were harrowed once,
twice, and three times in a single day. Two wrater 
depths (2.5 and 7.5 cm) were superimposed on
the tillage and herbicide treatments (with and 
without thiobencarb/2,4-D at 0.67/01.33 kg/ha),
The weeds at the experimental site were E. 
crus-gallissp. iispidtla, E.glabresccns.M. rug-
inalis. C. diffinrmis, Pas)alu di.tichm, and S. 
narifnlus. 

Crop height did not significantly affect weed
control inpaddies with 2.5 cm water and no 
herbicide applied when harrowed only once. 
Both IR34 and IR36 yielded low (Tale 14).
Two harrowings werc required to improve the 
yields of both IR34 and IR36 regardless of 
water depth and hcrbici.lc treatment. The 

apparent furt her yield increases of 1R34 ind 

IR36 harrowed three times were caused by the 

thorough puddling made 
 necessary by the 

occurrence of 1. distichum. Without herbicides 

but at 
higher levels of land preparation, weed 
control was better and yields increased in IR34 
plots with 7.5 cm water. Herbicide applicationin plots with 2.5 cm vater significantlh increased 
the yield of IR34 at all tillage levels, but not its 
yield in plots with 7.5 cm water with higher til-
lagc. On the other hand, the addition of her-
bicides significantly increased the yield of IR36 
in both water depths and under all degrees of 
land preparation. Without herbicides, deep 

Tale 14. 
 Effects of degree of puddling, water depth, and herbiide applications on yields of direct-aeeded 
104 and 1RS rice. IlRl,1977 dry season. 

Yield b t/ha) 

IR34 
IR36


Tillage 2.5 cm 7.5 cm 2.5 cm 7.5 cm 

No Thio- No Thio- No Thio-weed bencarb/ Differ- weed bencarb/ Differ- weed bencarb/ 
No Thio

control 2,4-D IPE Differ- weed bencarb/ Difference control 2,4-D IPE ence control 2,4-D IPE ,nce control 2,4-D IPE enceOne harrowing 1.4 3.5 2.1- 1.8 4.3 2.5" 0.0 5.1 5.1 ° Two harrowings 1.2 1.8 4.3 2.5"4.2 3.0- 3.6 5.0 1.4"'Three harrowings 3.1 0.7 5.2 4.5** 1.8 5.9 4.1i*5.3 2.2"* 4.7 4.6 -0.1"' 0.9 5.8 °*  4.9 3.5 6.1 2.6""Aslant line means two herbicides were formulated on the same carrier or mixed together and applied as asingle treatment. IPEisopropyl ester. 1Av. of three replications. 

liirv:t-seeded rice. The effects of "ariety, Ill- water alonc slightly improved IR36 vield (Tablelage. water depth, and herbicide on weed 14).
 
The results suggest that for a 
medium

statured variety such as I1R34, good land prep
aration and standing water adequately control 
weeds without herbicide application.

Upland rice. The effects of viriety. tillage.
and herbicide on weed control in upland rice 
were studied in a split-split-plot in a 1976 wet
season experiment at IRRI. The semidwarf rice 
line IR1529-430-3, the intermediate-statured 
1R9575. and the tall M 1-48 varicty were row
seeded on plots that had been plowed onc- and 
rotovated once, twice, and three times during
the same day. Superimposed on the tillage
treatments were the weed-control treatments
 
K-223 (6.0 kg/ha) fb terbuchlor (1.0 kg/ha).

two hand wecdings. and an untreated control.
 

The weeds in the experimental site were
 
annual grasses such as E. colona, D.sangtinalis,

E. indica: perennial grasses such as Paspahtm 
sp.. C'vnoion dact,'lon; broad-leaved weeds 
such as !.triloba, Eclipta alba, Cleotne sp.: and 
sedges such as C. rotundus and C. iria. 

IR9575 and IR1529-430-3 yielded compar
ably; both yielded significantly more than 
M 1-48 regardless of tilt degree or wecd..... 

control treatment (Table 15).


But weed-control treatments affected yields.

The highest yields were in plots that were 
hand wceded twice, but they did not differ sig
nificantly from those of the herbicide treatment 
K-223 lb terbuchlor. The untreated control 
yielded significantly less than the treated plots 
(Table 16). 
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Table 15. Effect of tillage on weed control and grain yield of three upland rices. IRRI. 1976 wet season. 

IR1529-430-3 1R9575 M1-48 Tillage mean 

Tillage Weed Weed Weed Weed Yieldc 
treatment' wt Y wt Yiel w Yield wth 

gg/rn,: Iti hal (g'im l) Ithal 

Plowing fb 1 rotovation 131 1.5 144 2.1 191 1.1 155 b 1.6 a
Plowing fb 2 rotcvations 114 1.7 123 2.3 132 1.1 123 a 1.7 a
 
Plowing fb 3 rotovations 124 1.8 110 
 2.1 105 1.0 113a 1.6 a 

Mean 
123 a 1,6a 125 a 2.2 a 143 a 1.1 b 

"fb - followed by. ;Weeds sampled at 50 days after rice emergence.'Av. of four replications, threeweed control treatments. Means 
in a column or row followed by a common letter are not significantly different at 5% level. 

Table 16. Effects of tillage and weed-control treatments on grain yield of upland rice. IRRI, 1976 wet season. 

Plowing fbI Plowing fb2 Plowing fb3 Weed control 
roto, at,on rotovaltions rotovations mean 

Weed control
 
treatment Weed wt Yield Weed wt Yield Weed wt 5
Yield Weed wt Yield, 

(g/rnl jt;hal (g. m t'ha) (g/m
2)  

It/ha) 

Two hand weedings 35 2 3 
K-223 fbterbuchlor 
(6.0fb 1.0 kg ai./ha) 181 1.9 

Untreated control 251 0.5 

155 b 1.6a 

flb=-followed by. 'Sampled at 50 days after rice emergence. 

22 24 25 2.3 28 a 2.3 a 

119 
232 

2.1 
0.7 

109 
203 

2.0 
0.5 

136 
289 

b 
c 

2.0 a 
0.5 b 

124a 
Mean 

1.7a 112a 1.6a 

Av. of four replications, three rice cultivars. Means in a col
umn or row followed by a common letter are not significantly different at 5% level. 

DIjr-latter \,,. its, of \,,cd, \\crC collpal-
hlc anotig ,,trlttC,. , . that hight of 
the rice plant did not fact x cd g'omtl. One 
plowving fl mo t,:tin and lfptt1 ving fh 
till-ec roti atlo, L \,.ca,i,,nilican t., ]o\\cr x.ced 
dry inatter tha n ,mc ph,,. ing lh one ri tovalion 
(Table 16). Weed xei-c'ts itnthe plots that \wcre 
hand %%cCdCd tvc, ;,cr\c ,,iunificanltv lo\cr 
than in thosc xhcre K-223 was followed by 
terbuchlor. Weed ,.eight in the untreated con-
trol \%asiunificantly higlter than that in citlcrof 
the two other treatments. 

WONG-TI+IR,M Fh;:F.CTS OF REDUCED 
TILLAGI-
,AgronomyDepartuent 

The study of the effect of reduced tillage on 
weed shift and on population density in trans-
planted rice was continued on the fifth crop 
(1976 Annual Report). The same rices (IR30, 
1R34, and l I632-93-2-2) and tillage treat-
mcnts (conventional, minimum, and zero) were 
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Used. Miniliunl tillage was one larrowing with 
te passes rather than thorough soil puddling: 

zero tillae had a 0.5 kglha spray of paraquat. 
botth done at I day before transplanting. Other 
%\x'ee-con'trol casures were blanket appl ica
tions of thiobencarb/2.4-) (I .0 ai;d 0.5 kg/ha) 
to control annual weeds, and bentazon (I .0 
kg/ha'i to control S. marilius. 

As tillage \kas reduced from convenlional to 
zero. weeds shifted toward the perennial P. lis
tichnu (Fig. I ). Dry weights of P. distichtm 
under minimun- and zero-tillage treatments 
were highest in plots of tile low-tillering. short
statured IR30. followed by those in the plots of 
the high-tillering semidwarf IR1632-93-2-2. 
The dry weight of 1'.disfichwm was lowest in 
IR34 plots, suggesting that this intermediate
statured variety competed better than semi
dwarf rices in a difficult weed situation. But tihe 
increased incidence of the annuals E.crus-galli 
ssp. hispifIta, /-.g/abrscens, and M. vaginalis 
partially negated this gain. IR1632 plots with 
zco tillage had the lowest total weed weight 



mainly because of the low infestation of annual 
weeds, which indicates that this cultivar can 
suppress late-growing weeds by shading them 
out. 

Under minimum cultivation, yields of the 
three rices were influenced by total rather than 
by specific weed infestation. For example, IR34 
and IR1632, which had the same total dry weed 
weights, gave similar yields although the weight
of P. disticlun was higher in 1R1632 plots
(Table 17). But under zero tillage, the density of 
P. distichum affected yields. 1R30, which did 
not adequately suppress the spread of this weed, 
yielded nothing. 1R34 and IR1632, on the other 
hand, shaded out about 50% of P. distichumn 
and produced some grain (Table 17). 

\\ELD SAMPLING STUDIES 
Statistics DeptartinCIt 

Two series of experiments on natural weed 
populations in transplanted rice were con-
ductcd at IRRI. In the first (1975 wet and 1976 
dry seasons). 12 levels of weed competition, 
each corresponding to the specific agc of the rice 
plants when awced-free condition was initiated 
(I to 12 weeks after transplanting at I-week 
intervals), were tested with IR28 as the indi-
cator variet\,. Two other levels, weed free 
throughout growth and no weeding, were used 
as checks. The experiments were laid out in a 
randomized complete block design, with 4 
replications in the 1975 wet scasoO and 6 in the 
1976 dry season. 

In the second set of experiments (1976 wet 
season and 1977 dry), the rice lines IR2823-
101-6-3 aad IR2307-247-2-2-3 wcrc uscd. 
IR2823-101-6-3 is slightly taller and has fewer 

Weed dryw (g/m2 

M 
ssp hn,.l, , ,Mod ofl.-.gno.-


PSOa wlU 
800 

600 

400_ 

200 

,'
 

CT MT ZT CT MT ZT CT MT ZT 
i IR30- - IR34--- IR632-93-2----i 

1. Weed dry weights at harvest of the fifth crop, as indices 
of weed control by conventional tillage (CT), minimum 
tillage (MT), and zero ti~lage (ZT). IRRI, 1977 dry season. 

tillers than IR2307-247-2-2-3. Levels of weed 
population were varied by removing weeds at 
four growth stages of the rice plants: at 3weeks 
after transplanting. at maximum tillering. at 
panicle initiation, and at flowering. Eight 
degrees of weed remo\al were used: 0. 10. 20. 
41. 50. 70, 90, and I()(). The experimental 
design was split plot with variet\ in the main 
plot and degree of weed renloval in the subplot. 
The treatments werc tested in four replications. 
In the 1977 dry season, the yield of lR2823
101-6-3 \as not analyzed because its plants were 
heavily infected with virus. 

Time of weed sampling. III the first series of 
experiments, the presence of weeds up to 3 

Table 17. Effects of tillage treatments on weed control and yield" of the fifth rice crop. IRRI. 1977 dry season. 

IR30 IR34 IR1632-93-2-2 

2)Tillage Weed wtb (g/m Weed will (g/m 2 ) 
Weed wtb (g/mt


treatment Yield Yield 
 Yield 
Annual Perennial Total (i/ha) Annual Perennial Total (t/ha) Annual Perennial Total (t/ha) 

Conventional tillage 127 45 172 1.3 a 70 38 108 2.1 a 60 18 78 1.4 a 
Minimum tillage 45 348 393 0.7 b 142 97 239 1.4 b 87 147 234 1.7 a
Zero tillage 137 555 692 0.0 c 385 309 694 0.7 c 24 356 380 0.6 b 

"Av. of four replications. Means followed by the same letter are not significantly differjnt at 5% 5level. Taken at rice harvest.
Annuals were Echinochloa glabrescens, E. crus-gallissp. hispidu/a, and Monochoria viginalis;the perennial was Paspa/um
distichum. 
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Yeld (t/ha) coefficients between yield and various weed 
8 data (i.e., different combinations of weed 

weight and count, classified by weed type) were 
computed separately for each of three growth 

6 stages: naximum tillerirg. panicle initiation. 
and flowering. The correlations were almost 

1976 
/dry season 	 aways highest. especially with Weed weight. 

when weed data were collected at flowering 
(Table 18, 19). The differences between the 

9. , flowering and maximum-tillering stages were 

,.t more pronounced.sesn 
0 .... The results indicate that weeds should beI 

2 	 . sampled during the maximum tillering and 

o _ 	 __ 1 flowering stages of the rice plants. Ifweeds are 
0 	 2 4 6 8 t0 12 to be sampled only once. they should be saim-

Duratorweeksaftertranslanting pled at tiowering. 

2. Effects of weed competition on yield of IR28. IRRI, Measures of ,eeds. The density and popula
1975-76. tion of \%ceds in rice experimental plots are 

ctmillonl\ measured bv cither their weight or 
weeks after transplanting did not significantly count, or both. Counting \weeds takes more time 

reduce vields (Fig. 2). But when the duration of than weighing them. Also. separating \we.ed 

weed competition reached 4 \%ceks after tran:, samples into the three broad types (ht- aid
planting (about the maximum tillering stage), leaved \%ccds. grasses. and sedges) into which 
\vields were reduced ,iignlticantI\. Weeds pres. trio\ are usually classified istedious and time con
ent at 9 \\ceks after transplanting and later (or su ring.
 
after tie flo\%cring stage) did not contribute In the second series of experiments, total
 
appreciably to icld loss. The critical period of w'ced weight. weed wcighi by type. weed count
 
weedcompetition seems to be front 4 i,9 \%ccks by type, and weed \weight and weed count b\
 
after transplanting, or at maximtu ttillerinzg it type were correlated with rice yield.
 
flowering. In the 1976 \\et season, classification of weed
 

In the second 	 series, multiple correlation data. either ,eight or count. by weed type did 

Ta~le 18. Simple correlation coefficients between grain yield of rice and weed weight or weed count, by type of weed, at varying
 
g'owth stages. IRRI, 1976-77.
 

Correlation' of grain yield with
 
Growth
 
stage' Weed wt Weed count
 

G S B G S 

1976 wet season: IR2823-I01.6.3 

MT -0.47-- -0.36' -0.34' -0.36' -0.48'1 -0.41'
 
P -0.631" -0.47"- -0.47- -0.49"" -0.50" * -0.48-"


° F 	 -0.58'" -0.49"' -0.59-' -0.39 -0.43" -0.58' 

1976 wet season. IR2307-247-2.2-3 

MT -0.39' -0.57"* -0.56"' -0.36* -0.59"" -0.52"1
 
Pi -0.51 " -0.34-' -0.52" 1.54" -0.57"" -0.48"


" F 	 -0.66" -0.65' -0.67'* -0.61 -0.70" -0.64'

1977 dry season: IR2307.247-2-2.3 

MT 	 -0.30 -0.35' -0.53" -0.44" -0.54-" -0.53" 
° 	 ° Pi -0.31 -0.17 -0.66" -0.21 -0.32" -0.59 "
 

F -0.38' -0.42.' -0.61 " -0.34' -0.51'' -0.57''
 

'MT = maximum tiller; PI = panicle initiation; F = flowering. 'Each coefficient was computed from 40 observations. B =
 
broadleaved weeds, G = grasses, S = sedges.
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Table 19. Multiplecorrelation coefficients between grain yield of rice and various combinations of weed data compared with asimple correlation with total weed weight at varying growth stages. IRRI, 1976-77. 

Growth Simple corr. Multiple correlation coefficient of grain yield with
stage" coeff. with Weed

total weed wt count' 

MT -0.52" 
Pl -0.66" 
F -0.71* 

MT -0.62"*
Pt -0.64" 
F -0.82'1 

MT -0.55" 
PI -0.58" * 
F -0.57'* 

-

1976 wet season: /R2823-101-6.3 
0.571* 
0.66' * 
0.66"* 


1976 wet season: IR2307-247-2.2.3 
0.68" 
0.71 
0.81 

1977 dryseason: IR2307-247.2.2.3 
0.65' * 
0.63"" 
0.63*" 

Weed Weed couvt 
wt and wr 

0.55*" 
 065'.0.66* 0.71 
0.72* 0.72

0.67"* 0.70
0.70'' 0.73"" 
0.82" 0.84"* 

0.61" 0.67"* 
0.71" 073" 
0.71 0.74"* 

MT maximum tiller; PI panicle initiation; F flowering. 'With three independent variables each represen pbroad-leaved weeds, grasses, and sedges. 'With six independent variables, involving both weed weight and weed count, byweedtype. 

not appreciably improve the correlation bet-
ween weed density and yield over that obtained 
by use of a much simpler measure of total weed 
weight (Table 19). But in the 1977 dry season, 
the classifieation of weed %%eightby type was 
belter than the use of total weed weight. 

Weed weight by weed type correlated with 
rice yields as well as. or even better than. weed 
count by weed type. Combining both weedweight and weed count, each by weed type, did 
not appreciably improe the correlation over 
that obtained with only weed weight classified 
by type. 

The results are summarized as follows:
 
weed weight by weed type. and weed count by

type correlated similarly well with rice yields,

and 2) the combination of weed weight and 
weed count did not appreciably improve corre
lations with yield over those based on either 
meaMt r,. Because mcasurcment of weed weight
is simpler. it seeni. more appropriate to use for 
weed studies in transplanted rice. Classification
of weeds by type may be necessary for more 
precise measurements, or when treatments are 
expected to drastically change the proportion of 
weed types. Otherwise, total weed weight is 
probably adequate. 
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SUMMARY 

Over 40% of the total water supplied to irri-
gated lowland rice is often supplied before the 
crop is actually transplanted. A study of 85 
farms in a 145- ha irrigated un it revealed that it 
took 63 days from the first day of irrigation 
water supply for all the farmers to complete 
their transplanting operation. A total of abotII 
94(0mm Of water was supplied from irrigation 
source and rainfall during that period. Ai 
accouint of the component uses of the water 
showed that abouL 225. 445, and 1")0mm were 
lost as surface drainage from the area, seepage 
and percolation, and evaporation, respectively; 
about 1 l) mml was used for land soaking. 
Further analysis showed that if irrigation water 
was supplied throughout land preparation at the 
maximum designed rate of 22 im/day, instcad 
of the actual mean discharge of 9 ni/day. the 
total supply requiremcnt for land soaking could 
have been achieved in 28 days, 12 days earlier 
than recorded. This means a saving of 189 mm 
of water - about 32% of the total irrigation 
water supplied for land preparation - due to 
reduced evaporation, and seepage and percola-
tion. 

Two instruments, a vaneneter for measuring 
discharge in open channels and an automatic 
water sampler. were designed, fabricated. and 
tested in field conditions. The vane meter, 
which measures the torque produced by flowing 
water in a channel of known cross-sectional 
area, was found to be sufliciently accurate. unaf-
fected by backllow, sensitive to almost all water 
levels and vclocities, comparatively inexpen-
sive, and easy to make and install. One disad-
vantage is that it tends to catch weeds arid 
debris, and is affectetI by strong winds, Cspc-
cially Mhen the watt r clevation is low. The 
autonlatic water sampler is designed to divert 
water from a fluie into a distribution tube from 
which water sanple lows by gravity to the saiii-
pie collectors. The readiness of a collector to 
receive the sample was controlled by either a 
clock device or a float mechanism. The sampler 
was found useful in a 1977 study of nutrient 
movemiieiit ill surface water flows. 

A study of a rainfed area in Ntueva ELcija 
showed that about 47% of tile total rainfall was 
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effective, i.e., used by the soil-crop sys
tem. Rainfall intensity was also found to 
influence rainfall effectivity. A simulation 
model applied to rainfed conditions indicated 
that the mean effective rainfall for II years 
(1966-76) at the IRRI experimental farm for 
an effective bond height of 5 cm was 10(It;. 
90%, 85%, and 5 1/( when the daily rainfall 
intensity was less than 10 am. 1I-20 m. 
20-40 m, and more than 40 am. respectively'. 
Comparable values of effective rainfall [or 
Cabanatuan City rainfall data were IV()% 
89%, 65%, and 40%. It was also found that in 
yearsof normal rainfall. higherbunds resulted in 
significantly higher effective rainfall and conse
quently lesser number of stress days in the pad
dy. 

To obtain more information on the costs and 
benefits associated with ground\\ ater irrigation. 
a Philippine pilot tube well project with six deep 
tube wells litted \ ith electric pumps and irrigat
ing about 286 ha \\as studied. One hundred and 
seven farmers were intcrviewcd for production 
cosl, and ret urns for two seasons before and two 
seasons after tile start of the project. Data on 
costs of system installation, and operation and 
maintenance were obtained from office records. 
Yield increase during the first \ear of the 
pumps' operation was only about t).4 t/ha per 
season. With irrigation water. farmers obtained 
increased returns of USS67/ha in the wet sea
son and US$34/ha in the dry season. Assuming 
tle computed bcnetits to continue for the 15
year life of the project. and a discount rate of 
12 (*. tle benelit: cost ratio for the project was 
found to be much less than one. A break-even 
situation \\ould result if a \earl\ mean yild 
increase of 0.2 t/ha could be achieved to reach 
the target yield of 3.86 t/Ia in 1983 without 
additional costs. 

Field-level water managenient practices 
affected the loss of iiitrogen ill waterIl draining 
from lowland rice fields. The infiltration flo\\ 
prcice. in which the field \rater was left undis
turbed and allowed to soak into the soil for 5 
days after application of fertilizer. lost the least 
alount of nitrogen in the drainage water for 
both the topdressed and incorporated nitrogen 
application methods. Most nitrogen was lost ill 
tle continuous flow practice. Alnost all drain



a'C tutlui', 5w.re inl tle fom t' 1 ii lln'. 
Siiti'Mitll liki.'r , .ls ',,,ere itaiti.d \hen Ill 
nitonIC. \\.as in or or'ated into the soil than 

\hen it \\:Itopdtc,,d, posibl\ because of' 

lilluel Ilillrcn nie in the forl'r li.iMthod. 


Studies tindel ax \\ ide ic ell¢t~" cotnitio1s ~ 
r'\eCld thtth i a1es, it'seepge anid pelcola-

lion (S&P)Male'nleieelu I' soll,.t\tiure. 

tablC d.'pth. h'n,,il\ Of .ifill.lCe tstor1k. alnd 


tloro1,r ,h ;d i,,c'ethe ea. llwlllt 

lll..cti. C, suh cltlitloi or 

inntfc'ient ~,.t ,nj lsoi,,allct S& 'Nit. 
iitienti . lwcuht m ariistawc tit gromtli. 
\,liCh i,Often nec un1terCd illporlyk irrieated 
nid 1;ilill. te.' ret:ts illS& P rates ihlost I() 

fttti 
(SC&Iai'-. P till-ar hi linlh the dN 

timsc, ratter the stles than before. 

.iIi I ll tilt.\'i. ilLctC.tilg the.'efci ts of' 
dee.',.ri' \ ate. ta diles (eterofd dcre 
ioiight stres", tn h .tie ea 

Tlh efe'tcft, olldifirlent laidtornillon irigl-
t1n anid tie .ittus ;t.ti ue ,ind \iclds of 
l'hi ccIi. s be an. aldiricu sLcrc ,tdied in tile dr 
,,i.'c .r .,l
i l Sri lkNa. I ach wp. t.iIi the e-

tiol ofl lm!nd lice. %\a,uta l adcd and
til 

bench terra,.e. ,nstrn.ted ill\u\lI-drained. 

imiperct\ drainct. alld p1irs drliCd soilS. 

Yield dittenuidc.s, ai1Ont dlr_:ina_,c cslss',nd 

lbet.I.cciiCr:c tk.'lcsuLs: t ralll\ not sig-

n ificait ii n, cop aithi,,itih the. us.eI-drainCd 

soils usd si'lihi.,itlls' lnire u\at.r tor cach crop 

than either of the t\o other land classes. 

S&P losss,, raticed from 0.ito 2.2 mi/day 

for the ticaient combinations for chili. 0t to 

I.I mll da o s,forian.artid -. 3 It7.3 mmnl/dyi 

for rice. Yield, pt.i inilhnnte.'r11. ',tit ueCI' 

the ,Nl.l-crc p ,slst iur 3.I k1 ha flir clhili.
4.5 
kg;,l lirice, ani. hailt si1ilsil. But ill,h 5 kg' 
fir i s" Iit , 111C itself is Coll-UMe , the\ iill 
cerncd.. rice plaill, ecn 1si Ote-irdCitil hnlh 
the i 011other cro),. Ric lU't kihlailuccd 9.S 
lr mii tot r \apiitranspia\ atr used ti -i.on: 
ss bean. 7.7 kh.ia: aid chili. 4.) k/ha. 

IN(PINI I RN"(i ANI) NlANAil . I 

l''ltu1iull aid 1'1'#"Manllagl -c1nu'n1Deirlll 


Ingine cring, nd ma nagement projects ct1n-
pleted in N)77 include¢ sludics on vater Supply% 
artd time rCtlUil-inllnt foir land prepration. 

cliectleiess llrainfall. and design of in.sirtr
ents filr sanllplim and m,,'surill the fhow of 

warll. illthe field. 
Water stilppli and lime requirenwtns for hmi

hlnd linld preparatiln. The a'ailability if' 
\t.l"o\ l"tilic aclfcts the anlotoillf ter and 

titme requii'Cd fillkind preparation. Over 40; 
t\itcro 11 to lowlanld riee isthe ttal "a'ter Spli.Cld 
Often sulpplied b1forex tilecr-opl is tralnS)lllltl. 

b it farmers most areasbut takes in irrigaited 
almost 2 molnths frot the first itriation to 
eomplete land preparation and transplaltin 

,
f972- I1973. and 1974 annual reports). 
The inlterrelations olf\\aler supply and tile it 

,ecotlliplish land prepatation are important htll 
poorb umderstood. partly because the \\;i,, 
I r' ts for l,1.IIpreparation 1101 1aCCen.luilel IIt.
no 
rath kiitl l. 

Lowx'land-rice la nd preparation iltthe 
Philippines usutally coinsists of plowin,, after the 
Soil has been thoroughly soaked for ,itleast 3 
days. follIowe'd by several liarrowings to smooth 
;arid puddle tile soil. Partnersl usually' wait it 
least a week betweeti subsequent operations oil 
tle saIe field. 

A joint stud \\ith tile National Irriitiom 
Adnii inistIation Of I 145-ha irriuated *siteill 

I Tillauc'a. Nueva Iii priince. examincd ihl, 
uS 1upplied t ,"ita 1111alt.r and it, comIponeI 

durin l1ind preparation. and traced thie fartt
ersI progress in completing operations. The 
,tlndl\ 0 rllh.C&ltat\%ith the first supplof\ ldrlltim 
the 1977 i.\ selson. B1efre irrigation tlhe sni 
ls Cllcked aind had a moisture content rarinti 

fromt 8 toI ' . Thi, soil Ioisture reini. rep
-d .,
resents typical conditions during Iland prepaiii
tion after ian extended dry falloi iperiod, nd 
norally occurs at the begintling of the wet ,. 
son. 

The site received 'aill. frot four offai;., it 
tihe irrigation system. and all stit'face dsuitiiace 
froll the site aissed through a single chlincl I 
(1"i, 1). The soills itdepths tp to 30t en \lc 

relatively hloilglencolls \ilh clay loal.s il 
Iltlst of tihe site. but soiii loanis oilhigh areas. 
All were highly elastic alluvial soils. which 
cracked to incan withsslf7 cii atind dept is ofh25 
cm wheii dried. Inside tile area. 85 feirlsu, 
opet'ated hioldiigs each averaging 1.7 hia. 

Parshall measuring tlumes with ornitituou, 
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1. Field site and location of paddies sampled for daily percentage of sol moisture content. 
Talavera, Nueva Ecija province, Philippines, 1977 wet season. 

water level recorders measured the irrigation diflficulty' onl\ after the soil moisture reached 38 
water from the four offtakes andlllthe water to 42"(' . soil sanlplino for moisture content was 
draining from the site. )rainage that excecded stopped at that ragiC in Cach samlple, padd)',
ihe height of the flumries was measured by cali- ()iher soil and water paraliters ncasired \\ere 

brating the submerged culvert for flow at differ- bulk densit\ oIf Soils floml four parts of the area. 
ent hlead losses. Fifly-three paddies, selected On \%idlth and depth of' soil cracks, and depIhs to 
, grid basis of 20((- x 21)0-ni spacing. \\ere %aiertable. 
observed daily and sampled for Iprcentage of After the saiple paddies had been 
soil moisture (Fig. I ). Soil moisture data for the sufficiently soaked for plowing, they were mon
0- o I 5-cutn and 15- to 30-cmni profiles w%-ere itored daily fordatesof plowing, harrowing, and 
plotted oi enlarged poirtltllnalpS to show Ihe tliansllanling. \\"hCn land preparation was 
progress of land soaking within the area. complete. 92 i oftihe farmers \\ere interviewed 
Because the land could he pl)lwCd without much1 on what the\' pcreci'cd as factors that affcted 
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.0 

tie duration and anotint of wate. used during 
hulidplUiitationi anid the ctIlrtillts thall eould 
l't2 tCetIio d to pIlit n1ir11t1ljl 1Fre-lt-t

l~t~ll. 

1sW / ClWl1flffi lf.1il Ir /iM, 	 The water. 
tetuired fitr the top 310cr tOf 'oil \i aS eStimated 
hi. nl itiil. il,' li cll n._lI, ill "Oi IllOiStillC Coll

' tlent bi thcC il'ih tlhlll and hi, the appalncnt 
waSl e i ic rasit\ if th e So il. T : an lal is \\as 

eiillite~ld ,,ixir',tel.s t . hIt 1>1-2ll altO1ii 11121-

I - to l-tl dctlthIIi'bcaisc soil 1al-llnc. 

\ Ci'C . 'p tf CL i i\ I ttle ,rt itl 

to1ild 11iN\0 12, N. i12 1il.e I.-CNII'It. ll]\ c.'ti reC ults 
;11,c ~Uonh' 

-\ ppal [12r petcitic ,r2iit, i\ 2'.sllItc for d\i 

and oAked Noil1. lI:id ,ii l \ ,ltiU t 1.2. Both 
tiet.'ert.n'aell'l . 

tillilleii 

S\iStCil I-i'. 
\iekl, iltICltltS 

iii K,. 'lie 'iixiket andl. the liletil 

oftie,,Ul- ditncethe rr litniiltl 

l 11C.hc p cd ilre d In.i0inCr[I 0lt 
.'ll %\Xt hili soaikiln that 

raned frotl 7 to 37 111111. dil. a total ulse of 

1I011111 (labhle I . 
Thkc .akine d ti iL~lecti tIlt aniount titt' 5%ate!i 

al-b d into the for ',() cill ofl Sotil. "Total i. iilte'r 

requItirinlelnt,, for land ,,akit1: slhould inclide 
:IiIQL'l 'iC Itille rc co a i'l "~I S II o)etht 	 ,'c.pace d [12utilahltiil ')t. p.ii ( It 155125 

he\ ond the i I-cm horizon. and ev,tporation 
l,sses. Ilul. as the pitpot'titn of the site beintz 

soakcd .lliaes. the piportitol tit total S& 
.iid 12110aptaotiill attlilbutale]. to0 land ,takinu,
vaill cll;tin,'2 iureptldlnchn.l\, 

'1lul .S& P1 ,," tit ,ll tields undl ,toing land 
s.tilkitle 55l,< I , -2 till 55ith corlct,pittllilu 

Area	r (%) 

IF 
1l00 

75 	 

5o 

. -	 , 

i t 1 ... 

C2tei Ai (imm)CujC~uive ,ntloIv 
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.02 

o -	 ..... .. .l.......
..- ---..-----.. 


'0 i0 2C0,, 300 400) 5,0(D ,CX)O 700 
0 , Ct.oo ,W0wter km 7I 

2. Percentage of area soaked and percentage of moisture 

content plotted against cumulative water supplied during 
land preparation. "laiavera, Nuieva E.cija province, Philip
pines, 1977 wet seson. 

evraporation I1,).,2 oif 2( flint. Combined \with 
tie rcluirelent for soaking, tihe pr1'tOducCd I 

total waler requireclnt oif 31 S 111111for all Corill
potlllt.'ll(o land stiaking (Tale I). 

Table 1. Water used at weekly intervals for land soaking, seepage and percolation, and evaporation of unplowed areas. Talavera, 
Nueva Eciia. Phi!ippines, 1977 dry season. 

Week Area fully 
ending soaked-

1%) 

22 April 0 
29 April 10 
6 May 27 
13 May 42 
20 May 62 
26 May 98 
Total 98 

Prorated water used for 
Water used - Total water 

for land 
soaking' 

Seepage and 
percolation" 

Evapo-
ration' 

required for 
land soaking' 

(mm) (mm) (mm) (mmn) 

8.9 22.9 0 31.8 
21.0 34.9 6.3 61.5 

6.6 58.8 3.7 69.3 
23.4 46.6 4.8 74 8 
35.6 18.2 104 64.2 
14.3 1.8 06 16.7 

110.0 182.5 25.8 318.3 

SSample paddies were assumed fully soaked when th, reached soil moisture content of 38 to 42% and were soft enough to plow.
'Computed from change in soil moisture content of san-pie paddies times 30 cm rooting depth times apparent specific gravity of
soil. 'Total water for each use times the percentage of the area undergoing land soaking., Calculated as aresidual from total supply
less drainage, land soaking. ,rod evaporation.' From aclass A evaporation pan. 'Totai 0f land soaking and prorated seepage, perco
lation, and evaporation. 
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Touil ws'air use fir land preparation. Tie Area Mo
 
total water supply during land preparation is 100
 
used for soaking the top 30-cm hiayer of soil.
 
S&P beyond thai layer. evaporation, and sur- 80 - Wet
 

face drainage. The water required for soaking 
was computed as I 1() nn.and all other Compo- 60 soO 
nents. except S&MP. were measured. I.vapora
lion from the field w\as pi orated according to tie 40 

percentage of the site reached by water. By 4
.lunle. when 501r of tile site was transplanted. 20 Trannted 

656O tur of water had been supplied for land 

preparation, of which nmore than 40O nii %%as 0 
lost as S&P and as water absorbed into the soil 15 30 31 30 

-Apr -I May I June 
profile after it was soaked to 38-42"/; moistUie 
content (Fig. 3). Because total analysis was 4. Percentage of area wet, soaked, plowed, harrowed, and 
slopped on I I June when heavy rains fell. the transplanted by date. Talavera, Nueva Ecija province, 
drainage data were inconiiplet Fighty percent 	 Philippines, 1977 wet season. 

of tile area had been transplanted by tlen and 
relatively little additionaf water was required refuired for each component divided by total 
for land preparation, water supplied - until 80 of the area was 

The water-tise efliciency - total water transplanted was 54"i . It is higher than 
reported mean efficiencies (1972 Annual 

Cumulatiewater (m),m Report) and is attributed to the absence of 
ooo excessive rainfall during most of the period, to 

the limited irrigation resulting from only four 
900- offtakes for the 145-lha area. and to tile well-

Totl I t.p'ed .00bounded nature o lthe area., which kept most of 
for= Date~ Weaar~% of ame

800'M.transplat- the applied water within the site. 

. Duration. The land soaking froni moved 
700 	 slowly across tle site, especially duing the first 

weeks of irrigation. Once water reached a field,/tpoa.ted
600-	 its soaking requirement was usually met w'itin 
0 Total waler a week. but even after 3 weeks of irrigation fess 

used than 50% of the site had been soaked (Fig. 4). 
....." Half the area was soaked after 25 days. and all0."" 


0 sp of it, by 40 days after the first irrigation. Land 
preparation followed the sarme trend. with a lag 

300/ -I of about 26 days between soaking and trans
/Date 50% of area 

200 stransplted EV planting of a given field. The mean age of seed

lings for the site was 27 days. because farmers 
planted the seedbeds slightly ahead of the date 
the fields were ready for plowving, or less than a 

0 J ~ weel, after the fields were first wetted. 
22 30 31 24 Two factors that prolong the tot:! period of 
-Ap May u are, therefore. the length of 

.... 


Ju--- land preparation 

3. Cumulative water supplied and water used for land 	 time it takes for %,,tierto reach the more renlotc 
soaking (LS), seepage and percolation (S&P), evaporation farms, and the age of seedlings. Both constraints
 
(EV), and their total during land preparation (curves for cali be renioved by careftul water nanallement.
 
S&P and total water used were extrapolated after It Jure). "i"
 
Talavera, Nueva Ecija province, Philippines, 1977 wet The initial delay was catsed b' unfredictable
 
season. 	 and modest flow rates, especially during tile first 
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2 weeks. The mean discharge rate tar the area 
during that period wvas 1) rn m/da.. Mhich 
resulted in land soaking ol onlI 2 4 " ; olf the area 
(Fig. 2). If water at "2 tmidaL\ (the maxin'nml 
dcsign rNc and near the bserCd nllIiimntn) 
haid been supplied IhbUdOuht land lprCl'irjitiOnI, i 
the total water required tor soaking, %oldhae 
been deli,'CrCd in 2, d.,\,, IINd. , eaCMlier than 
recortdcd. F(Irth,'riloe. hotil \\;Itl.r sai\ ilg's lot 
the entire ,lrod trepLatntinIperiod couldI h\C 
IeII eNtiAl lt, sed on redneed aipo\ratillkl 
(0 1111n da ) aid S& ) ( 4 1Linid\l) Ios'Cs dLic 
to tile shollcr pliiod I Io C 'a' in, am1oUnt to 
I ki 1m. 32', ti thc rccordcd total irri.anon 

\\ atlr snUppl I h1e total aind preparatoirl tin1c 
\\ lId hla\ beCII reduced lri m a ainliOf' 48 

da,, t) 30!d\,. 
It1rkI\1'd \;atier manageiclt can creaic 


Ceod'ti s clldUeik tohe i/fo,tIllrer\ s,,,s-

Icnmin Mi iI 14-da\ ,ccdling ailrtraiplanted.
n. 

ThC dai)I.i' stiWnL odl permit f'armcs hse 

land 1, ,O;ked last to partiallh Catch ip \\ itlh thl 

itli'rs. It is unlikel\. lioe\Cer. that all fIaillers 


"OlId di hp1t tihe practice. \\hellh st stlrll \%as 

[tied It r the fi rt tiel oll a C\\ lairlms oUlsidC tlie 

site. Iarers exprels,,cd interest inlladopting it 

It idcd tie \\a tcr rcliable. Adhap-
%ppl\as 
tion \\ as rctirdCd. hOC\cr. %the bclicfl that 
Mhen 14-da\ scdliIgs are rcad flr plhinting. 
the land may not be Inll prepared bccatwu,ef 
inLsufficient \alcr. 

#",twrur' wiiwv.s. More thai 70; of thlie farm
ers in tle area cited undependable delivery of 
wa ter is the chief constraint to rapid land prep-
aration: 23% cited uLnit.rvil.ibilit\ of cish ind 
6 ('. lack of anlchinclr. Fartners expressed 
skepticism lbot.1 schedules tr \'ater rclease 
arid instead preferred to plan their operations 
after a1iladlulequtC supply at \'atcr had reached 

their farms. Almost 90%( at' thle t'arnners per-
ceived benetits fr lm sin l tiCOlIS t raispla inting 
b all larmers: the majority cited reduced risk ill 
disease ard insect inlestatihrs as the rllill 
benefit. Three-l'orths o' the fiaricrs felt that 
planting a cimnion seedbed \ dlld not ie i 
f'casible wa\ to speed Up lInd preparatio n. but 
many (61 % ) wcrc willing to try the dapog 
nursery system. 

Field studies of etfective rainfall for lowland 
rice. For I rainfcd rice crop. more effective 

use olrainfial cal result in earlier dates tfplant
ing. shorter and less severe periods of drought. 
and higher yields. In irrigated arCas. cffecCti'C 
use of rainfall sa'cs irrigation water, which can 
he applied tt a larger area. A 1976 study deter
mined the clfectiveness ill rainfiall. i.e.. the 
proportion ol tolal rainfall used by the soil-crop 
s\ stem, tOr railfed lowlalld rice Ipaddics tf dil
f,'rcnlt Sp'illha"! heights. and for irrigated Iow
land rice paddies \ith different slilh%\a, heights 
11n1d il'rigaltiill Ionmanal.Cm)Clnt. 

,lll'dologLyv iid copiutatioaflI ilod
,t'I. The stlud' "as cotnductCd oil rainf'ed fiarm 
strips in Nucva E'cija, LIndil irrigated farm 
strips in Nut\a Icija and laguna irai'nces dur
inclhc I970%\ seasoCn. hc rainiil'cd slrilswerc 
I series of 5 to It iaddics drliling fro1nOlle 

paddit the net and finally into I creek. "\o 
adjiacent series \\crc studied \\ith spillways set 
tilt imabove the soil surlace in toe se ries and at 

12 cm allboc the stlirface in thie ther (Fig. 5). 
[-ech pair a treatments was replicated oin three 
nearb' f rms, Rainfall. stirl'te drainage trom 
cach series, and \,,ater depth above the soil stir
face were measuIred. Evaporation data were col
lected frot i niarby hydrometrlogy, station. 

Irrigteid sites \\crc selected in the same man
nr as the rainfed strips, except that theyi had six 
aj.acent trcatmerits. The six combitititis tf 
stpillway iia nagemiient 
inelnt practices follhm: 

r'atm'nt Spilliiai-v 

1 5 4t.S coo 

t:djusi~h~i 
2 5 Io 8 cilo(a d justa;b le ) 

3 5 io 12 im 

(idjistale) 
4 5 com 
5 5 cm 

6 5 cin 

and irrigation in anigce

i/igat',l iiiiiflii' ltit 

R iiiijnt t5-da) ccl) 

Rotatioinial 5-dacyc'lc) 

Ruliirunil (5-dy ccl) 

Iniermilicni irrigimon
 
Rilliunal (5.til ccle
 

%,ih ch.'dult %upel iti) 

Cuniinutu%(%iii%upcnsiii) 

If the avcrage depth of 'water in the paddy wIs 
less than 5 cm. irrigation t'r the first ihrce 
treatmeints was supplied olnce cvcry fifth day; it 
it was grcater than 5 cm, irrigation was withheld 
taOr another 5 days. Treatnents I and 2 received 
irrigat ion \wa;ter on difterent days. Treatme nt 4 
was supplied with ahout cm waler whenever 
the field had r standing \wter. Ii treatment 5, 
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High paddy spillway 

(2 cm) 

Drainaige creek 
/ . .1": : , i ' t 5: ' " " : , "'' -~ ,"' 

>-- "44, d. /./. , 

LOWPaddy spill" (6 cmnt 

5. Field layout Of fafrm Strip treatmentsfbr study of effective rainfall for rainfed field. Nueva Ecija province,Philippines, 1976 wet season. 

irrigation (Lliv-rvwas postponed I day for rain-
fall of 5-I 0 tm 2 days for rainfall of 1 18 '0-mm. 

n 3 wasrinally greater than 18 mm. 
Tretmet 6wa intialysupplied with 5 cmn of'rrigad on water and continulysuppllied WithI 

I cmi per day after t hat. B~ut when it rained. or 
rainfall was eXpeCCIed. irrigation was post ponied 
unltil there was no Standing water in the paddy'.
The 5-em appl)iCaltionl was then resume11d and 

followedb" daily application of I ct o " %ae r. 
Splwaet.hs'vr ajsedh odn 

frames withIi moable: gates ill the httnd. T[he 
gates were opened to make low spilha%as duringS
perOids o1' irrigaltion, andI closed afterwards itomake hiigh spill ways to traip rainfall. 

Three mode0lCs for calcullating effectivye rainfall 
were used: 

1Diainage mnodel. The drainag~e model 
computes the noneffecti easian f ive rainfallsu 
ing surface drainage (S) in millimeters from 
the paddy system (Fig. 6). For rainfed sites all 
SaD is assme to ri re rainfall, soleoneffective 

E~l= 00(R[-- SD))TEt7en= 100 Ri 

rai0falfall d 
SD 

where EFR = effective rainfall 
rainfall (mhm). 

, and R 
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In irrigated conditions both rainfall and irri
gation water contribute to surface drainage. 

Therefore, the ffectiNe rainfall equation for 
this condition is 

o ,Mi 
0(1 .~Riih-

%%,here SD,. is the amount of s;urface drainage 
attributable to rainfall. ,Assumingthat SD,
the same proportion of SD as the rainfall 
11111t1,iit in the total water supplied (RF + I!?), 

(F
 
SE1 = SD(R)


1F+J
 
where JR is the depth of irrigation waterapplied. Substituting this in the equation for 
effective rainfall vields 

E ig I Icodit +) ot 
eqat+nfo 

which is the drainage model uised for irrigated
conditions. 

2. ireeboard model. This model assumesthat the paddy syste can store additioal rain
upeto the leel of the paddy spillway and no 

higher (Fig. 0). It uses wmean depths of water
recorded in the field for the water balance, aind 
the available freeboard (er) is expressed as 



RF Er 

\,\\\ 

-o---1,c,>.,I SO 

S8P 

6. Components of the models used for computing effective rainfall. IRRI, 
1976. IR = irrigation water, RF = rainfall, FT = evapotranspiration, S&P = 
water lost to seepage and percolation. I) = water depth above soil surface, 
)sp = height of %pillwav above paddy surface. 1I1 = available freeboard. SD 
surface drainagie. 

FB, 1),, - 1), hIT, S&P, fall patterns. Mean effectie rainfall for the two 
treatments, three farms. and three ImOde k in 

' here .), is the heihit offthe spilhwav ahbwe the Gapan. Nueva Ecija, was about 47%I, meaning
paddy Lurlace. ID = the atcr depth above tie -that less than 50%c. of the 1976 wet season rain
soil surface. FT = c\ apotranspiration. S&P = fall was utilized in growing the crop. 
the w\atCr 1l,,t to sCCliaC anld percolation, all in The simulation moldel shto\Cd little differ
mllitimetcrs, and i-- I and i are t\to consecutive ence in effective rainfall et\ ecn 12- antid 6-cn 
time interval, illt da\. spilhay heights. bill the frectoard nodel 

[or RI", : F/B,./-/R - I 110' t' because all the sho\ ed effcct i\ e rainfall frI the I 2-cm 
rainfall is ,torcd .ithin the paddy system; for spillwavs to be almost dtmille that or the 6-ctn

F, _- FB,. -tR = J100 (FB,IRF-)%; and Ones (Table 2). The difference \%aV, t to S&P 
for RI, = . I"I"R W ' . 

3. Simidation nodel. Thi,, niodel is similar to 
the freeboard n(idel (Fie. 6) ecept that instead Table 2. Effective rainfall based on three computational mod. 
of lsingllliean recorded depth if water on1the els for treatments of 6- and 12-cm-high paddy spillways.Means of three rainfed field sites, Nueva Ecija, Philippines,
paddy, the 'altes (1/ ), are computed itcratik ely 1976 Wet season.-, 
by Effective rainfall (% of total rainfall) 

Spillway 
ht Freeboard Drainage SimulationD =1), + IR, RI', 1, -,S&/11 - s), (cm) model model model 

Rain.ih'dfiitm ri tuh. I wtal effective raintall 6 28 a 45 a 42a12 54 b 64 b 47 aovecr the v\\htole seasi,,)n \\a,, abot~u the same'I fo~r . ......
"Inthe same column means followed by the same letter are nottilte Ilre,e rainfd kl'lt hCC;iLsbe()o similar rain- significantly different at the 5% level. 
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Table 3. Meaneffective ranfallat dffent Intensities of daily
rainfallonthreerainfedfrmswith -cmand12.cm.hlghpaddy 
spillways. Nueva Eci, Philippinee, 1976 wet season. 

DailyMean effective rainfall 
rainfall observations 6-cm 12-cm(mm) (no.) spillways spillways 

10-20•10 98 94 a 96 a27 59 ab 61 ab 
10-20 27 
 596ab 61:b

20-40 23--40 56 ab 64 ab24 36 b 43 b 

"lnthesamecolumnmeansfollowedbvthesameletterarenot 
significantly different at the 5%level. alues for different spilt-
way heights are not significantly different at any rainfall intensity level (5%). 

rates, which were estimated by subtracting SD 
and IET from IR + RF. S&P was more than 
twice as great for the 12-cm as for 6-cm spill-
ways because tile greater depth of water stored 
in the former resulted in greater lateral seepage. 
Effective rainfall for the higher spillway was 
therefore biased upward: that for tile 6-cm was 
biased downward because it received some of 
the seepage. Thus, effective rainfall calculations 
for both the freeboard and drainage models 
overestimate tile effect of spillway height. and 
the insignificant difference reflected by tile 
simulation model is probably more accurate. 

The most important factor influencing effec-
tive rainfall is the intensity of daily rainfall. 
Rainfall effectiveness was reduced as rainfall 
intensity increased (Table 3). 

Irrigated flirn results. None of the three 
models showed significant difference inmean 
effective rainfall between the two irrigated 

Table 4. Effective rainfall for sixwater treatments, based on 
three computation models. Means of three Irrigated field sites,Nueva EclJa and Laguna, Philippines, 1976 wet season. 

Effective rainfall 1%of total rainfallh 

Simulation model 

Treatment' Freeboard 
model 

Drainage 
model 

With 
irrigation 

Without 
irrigation 

1 
2 
3
4 
5 
6 

70 ab 
73 ab 
92 a
61 b 
57 b 
61 b 

75 ab 
72 ab 
ida 
60 b 
60 b 
65 b 

57 a 
63 a 
63 a 
57 a 
59 a 
58 a 

78 b 
79 b 
86 a 
72 c 
71 c 
70 c 

'See page 247 for description of treatments bIn the samecol 
umn means followed by the same letter are not significantly different at 5% level, 
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Laguna sites, but all three showed rainfall at theNueva Ecija site to have low effectiveness 
bccause of high rainfall during 2 wee1ks. 

Among the six treatments of each site, only 
treatment 3 (12-cm spillways) had effectiverainfall greater than that of other reatsome 
ments, and the differences were significant 
only for the freeboard and drainage models 
(Table 4). The simulation model produced 
almost equal mean effectiveness for all sixtreatments. Factors other than spillway height, 
e.g. rotational versus continuous irrigation, or 
suspension practices, did not significantly affect 
the extent of effective rainfall computed by any
model for any site. 

Direct comparisons of effective rainfall for 
the rainfed and irrigated sites were meaningful 
becaise tie rainfall pattern was not the same for 
both. But the simulation moodl1 can find hoW 
irrigation affects effective rainfall by comparing
computed effectiveness based on measured 
irrigation flows and that based on similar data 
but with 110 irrigation input (rainfed). By this 
procedure. the mean rainfall effectiveness in tile 
irrigated trials was about 16' less than tllat in 
the rainfall trials (Table 4).

The mlean volule of irrigation supply to all 
three sites was about 200 minl for le season. 
With soil and crop requirements assumed as 
7 mm/day, the 200 mm was about 25% of the 
total water required for wet-season rice produc
tion, which was possible only through1 effective 
use of rainfall. 
Effective rainfall simulated over II
 

Vearv. The Simulation model was used to comn
pute effectivc rainfall over II years (1966-76)itLos Bafios. La ula. and at Cablanatluan City. 
Nueva Ecija. Because irrigation data for those 
years were nlot available, tile nlodt I applied oly

to rainfcd conditions. The analysis used daily
rainfall for 122-day cropping period beginning
 
I June of eachl \-ear, and itlCllIdcdL compu11t1tations
based on1 paddy spillwvays of 2. 5, 8. and 12 cm 
high. Lvapotranspiration \\as assumed as5,3 nim/day and S&P as 2 rmn/day.

I 
The results for Los Bafios rainfall. based on1966-76 records, show close to 100% effectiveness for higher spillways during years of k ;s 

than the mean rainfall and about 50% effec
tiveness during 1 year of excessive rainfall 



Table 5. Mean effective rainfall, total rainfall, and total stress days for different spillway heights computed by simulation modelfor ralnfed conditions. Rainfall at IRRI (Los Banos, Laguna) and Cabanatuan City (Nueva Ecijal, Philippines, 1June to 30 September
1964--76. 

IRRI Cabanatuan City 

Year Rainfall 
( in) 2 

Paddy pilway hi (cm) 
----
5 8 12 

Rainfall 
(rm) 2 

Paddy spillway ht (cm) 

5 8 12 

fean effective rainfall (%) 4 traneffective rainfall t%) 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

831 
976 
835 
475 
921 
866 

1676 
822 
1029 

70 
65 
75 
88 
59 
65 
49 
77 
51 

85 
77 
92 
100 
-5 
73 
47 
92 
62 

91 
83 
98 
100 
85 
76 
49 
100 
67 

96 
89 
98 
100 
89 
78 
52 
100 
75 

1343 
1471 
1028 
1666 
1279 
1220 
920 
1047 
1947 
1253 
1355 

54 
52 
61 
46 
53 
50 
64 
60 
36 
54 
43 

65 
58 
69 
52 
59 
57 
75 
74 
41 
65 
53 

70 
59 
72 
57 
62 
62 
78 
79 
43 
67 
58 

73 
59 
76 
59 
65 
68 
82 
83 
45 
b8 
61 

1975 853 66 82 89 96 
1976 1011 54 67 74 82 

Mean' 936 65a 77 b 83 bc 87 c 1321 52a 61 b 64 c 67 d 

Stress days' Stress days' 
22a 14 ab 11 b 9 b 12a 7 ab 4 bc 2 c 

"Total days in excess of 3 when the soil was not flooded for the period between transplanting and 25 days before harvest. 'In thesame row, means followed oy the same letter are not significantly different at 5% level. Tests were applied separately for each 
location. 

(Table 5). Effective rainfall was rclatikelv unaf-
fected by spillway height during years of low 
rainfa! i '169) and of high rainfall (1972). High 
spillwav apparently ire not sufficient to mood-
crate water use sig,,nificantlv during y!'e ars of high 
rainfall, and are not used wvhen rainfall is low. 
But for years of intermediate rainfall, higher 
spillways allm more effective use of rainfall. 
File means for I I years show that rainfall was 
significantl. less effective with 2-cm ,pillwams 
than with higher spill\%ays: rainfall was sig-
nificantlv more effective with 12-cm spillways
than with 5-cmr spillwav, but there was no sig-
nificant difference between 8- and 12-cm spill-
ways. The II -year analysis inch:led computa-
tionl of the number of stress days as a measure of 
water shortage for the crop for each year. The 
nean restflts show insignificant differences in 
stre,,s days for paddy spillways 5 to 12 cm high. 
hut larger differences between 2-cm and 8- or 
12-cm spillways (Table 5). 

(abanatuan ('it recorded (1964-74) a 
mean of 1.321 im of rainfall for the 122-day 
period t-.rting 1June. The yearly data showed 
that spillway ieight played an important role in 

saving rainwater. For years with moderate or 
high rainfall (1964, 1965. 1967, 1N'72, and 
1973) effective rainfall did not vary much be
tween 8-cmr and 12-cm spillways (Table 5). In 
die high-rainfall year of 1972, more than 5(, 
rainwat,:r was ineffective. The Cabanatuan City 
record showed more response to spillway height 
than the Los Babios record bc.atuse rainfall in 
Cabanatuan City tended to be greater and less 
uniform. The I l-year analysis reveals further 
that stress days vary with paddy spillway height. 
The number of stress days decreases sig
niticantly when spillway heighls are increased 
by at least 6 cm. For years with moderate and 
high rainfall, the number of stress days was 
about the same for the 8-cm arnd 12-era-high 
spillways. 

Farncr'.S"Views oit e'if-cls of water depti on 
producitivityV and prohlens orice ctfultre. TIIe 
height of paddy spillways controls the depth 
standing water in lowland rice, and isone of the 
few waler-related factors for which the farmers 
are responsible. Farmers' views on the pre
ferred depth of standing water for rice were 
collected through interviews of 40 rainfed-rice 
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Table 6. Farmers' vlewir of the effects of water depth' on tillering yidd, ratdamage, Insect damage, and diseases of rice. Nueva 
Ecija, Bulacan, and Laguna, Philippines, 1976 wet season. 

Deep water Shallow water 

Farmers' view 

Increases tilleringh 
Decreases tillering 

Increases yield 
Decreases yield 

Greater damage from rats 
Less damage from rats 
Greater damage from insect pests
Less damage from insect pests 

Greater damage from diseases 
Less damage from diseases 

Irrigated Rainfed Irrigated Rainfed 
farms farms1%) farms farms(%) %) %)

0 a 3 b 92 a 85 a92 a 72 b 0 a 0 a 
0a 10 b 92 a 78 b92 a 65 b 0 a 7 b 
2 a 5 b 0 a 5 b52 a 18 b 54 a 18 b 
5 a 30 b 0 a 3 b52 a 23 b 55 a 45 b 

52 a 38 a 0 a 3 b5 a 15 a 55 a 45 b"Farmers from 40 rainfed farms and 65 irrigated farms wure interviewed. bP rcentages were based on total responses in rainfed or
irrigated sample. Sums within a category may not equal 100% because of "don't know" or "no answer" responses. Deep watergreater than 7 cm, shallowwater = = 
significantly different at the 5% 

less than 5 cm. Values in the same row for each waterdepth followed by the same letter are notlevel based on chi-square test applied to number of responses. 

farmers in Bulacan and Nueva Ecija provinces,
and 65 irrigated-rice farmers in Nueva Ecija
and Laguna provinces, 

The effctl of shallow waler (less than 5 cin) 
on rice prodIction was evaluated similarly by
farmers growing rain'cd and irrigated rice. 

ethan5c of both samples said that shal-
low water increased rice yields b%promotingtillering (Table 0). 

The effect of deep water (greater tihan 7 cii) 
was perceived solewhat differently by the two 
groups of farmers. Sixty-five percent of those 
growing rainfcd rice indicated that deep waleor
decreased their yield. whilc 92"; of irrigated-
rice farmers had the same opinion. Farilners 
with irrigationihave stronger reservations about
deep Water Oil tlir paddies bccalse their fields 
have a nmore scure water reginie. 'Thev are thus 
less inclined to save water and maximize cffcc-
tive use of rainf all through higher spillways than 
are farmers Who depend only on rainfall a their 
source of water, 

More than half of the farners growiho- irri-
gated rice said that neiither shallow nor deep
water causes additional crop damage dle to rats
and insects. Farnlrs growing rainied rice feel
lie same regarding rat damage. but tihe\ said


that deep water encourages insects and results 

in greater crop damage. 
 Both groups claimed 
that deep water leads to more crop damage
because of liet crop's susceptibility to diseases. 
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There issomeevidence that rainfed-rice farm
ers are more willing to tolerate deep or shal
low water than irrigiated-rice farmers, but tile
difference is relatively small. Neither group was 
inclined to drain waler from their fields more
than they now do. or to increase the stored 
water on the paddy to depths greater than 4 
to 6 cm. 

Instrumentation in water management. Dilf
ficultv in measuring the principal variables. 
especially water flow rates, is a constraint to
inprovcd water management. Two instrtt
ments, ati automatic water sampler and a 'aric
for 'cairingwere desigted. fabridischarge. 
caled, and tested for irrigati nl water iianage
riicli. 

Valle ints/i'tt111eatt aIrI' M'tsttri/tg dis
chlarge. Nlatiy devices arc 
 used to nlcasure 
water flovs in the field. Most, such as weirs. 
Parshall flumes, and constant head orifices pro
ducc a head (incrcas,'d elevation) of water that 
can be related to discharge. Current meters are 
laborious to use and cannot be placed perrna
nently at a measuring point.

Each existing device is satisfactory for 
leasuring, flows under certain conditions, but

eaci has disadVa ntages. '[le head-producing
devices partially block canals. thereby incrcas
ing the upstream head and rctardill tile flow.
They need sulicient channel slope or head
(0.1 0-r ninimun) to operate efficiently. Cnr
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140
in0liters/second 

the Philippine National Irrigation Administra
tlion.120 

A disadvantage of the vane instrument is thatit tends to catch weeds and debris flowing in tile0 -water. water when not inTo avoid that, it can be swung Out of tileIse. For this reason, it is not80 well adapted for Conltin U,'us recordingcharge. The vane of disis also affected IN strone 
winds, especiallh when the water elevation60 is2 =09O23/ low. 

AQ9ultomatic
40 - ihr ,umpler. Collecting "%ater0 Freetiwccondtio samples in the field requnirCs periodic attention0 HOckflowcondtion 

20collecting On a 24-hour basis. A simple instrument forwvatcr samples in a water-leasuring 

0 L.... L device such as a Parshall lhtmle would be useful 
4 6,2 8 10 2 4 

in pollution and siltation studies. Constraints indesigning
SM 1;qmra suclh aIn instrument 1fo field useincluded lack of electric powe r, lack (I securih.8. Field test of tihe vane instrument prototype installed and extremesmaximum water depthin a trapezoidal channel whose base 

of' tenlperaturc arid humlllliditv. = 60 cm, and= 30 in, side slope3:1.length =annel
120 er. IRRI, 1977. 

The design for the IRRI automatic salllpl" isbased on a small feeder tube divcrting water 
from a flume into a distribution tube. The tube 

-0.1 + 10.2 \'M swings slowly through an are distributing waterinto a series of collectors, each of which dis(No. obs. = 18; r2 = 0.98). charges directly into a sampling bottle (Fig. 9).
The vane instrunlen t has a nunber of' sig-

Two nlechanisns were developed to s',ing
nificant advantages. It does not constrict 

the tube. The first connects tile tube to a lightwater cableflow through atn open channel and can operate 
attached to a capstan rui by an s',-day

clock. The clock pulls the distribution tube pastwith small or no head loss. It is essentially unlaf.-fected by backflow and is sensitive to almost all 
the set of collectors at speeds predeterimined 

"'ater levels and velocities. That pernmits its use 
according to the desired sallpling frequency. by
using pulleys of different sizos.in eha nnels with low grade and nininl !lead Another meansloss, such as drains. of' moving tile distributionThe vane inst ruleil trequires tube past the collectors is by float and counteriinimum calibration, is inexpensi'e,

and casy to make. install, and maintain. It is 
weight (Fig. 9). W'hen a bottle is filled. the addi
tional water spills fromread like a beam balance scale,' with tile collector into thetorque

values converted directlv to flov with lthe use of 
stmnp. As tile sump fill s. the float rises. pulling
the distribution tube th rough its arc by the cable
rating tables based onl the calibration constant. 
 linkage. WhenThe total cost of' tile vane, a bottle is filling, no %%alerspillsillount, and torque and the tube remains stationary. The advantagemeter is about US$ I0 exclusive of the channel, of tile float design is that 'rcqucnc\ of samplingAlthough the prototype iest section was of is determined by "'ater llo\field channel dimensions, tie vane can be used 

instead of b triie
unit as is theefficiently in large caials or drains where 

case \ iti tile clock systcni.stat- An exhaust linedard measuring systems would for the bottles allows air tobe difficult to escape as the bottle tills. aid acts as aseal to stopcolIStrIuc. InI practice, lined channels could the enti'v and mix ing of additional \\ater \henserve as control sections. After development oftile prototype, eight 'ere 
tihe dist ribution tube is still over a full bottle.vatne instruments 

installed for joint operations and research with 
The 'ater sampler is inexpensive to build.

install, and Maintain. It does not requir. a pump 
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-.Capillary pen assembly 

Cork stopper (both ends) 

lygon tube 

"'-~rj PtT ,o.
 parsthal flume 

T bqobottles 

Cie 1- Counter weght 

* r *.Uler 

- - -- Shhng ' l 

9. Automatic water samlipling 1977.device fur collection of samnple in the field. IRRI, 

or external pot\cr source. hut it does require Eclonomic etIvaluation of tiuh well irrigation in 
that the %%atcrstre c he ii,,hcr Oan tihe dis- the Philippines. Increasing at Writnion is being
tribttorarl sothal %%atcr1hnosh\ gra\ it to the focLsLed ti grotind%,atcr as a plcntifti soot c: otf 
cillectors. lhc sanipler ' as used in ai 1977 irrigation wate'r intmany rice-protducing ,arcas 

nutrienl instudy ()I* lmltncnIt surface wtater not suited to canal irrigaolnj. To obtail mowre 
flo\\ s. information on the costs and henclits associated 

with groundwaiter irrigation in tli Phil ippincs. I 
ILO()NMl DIMNNI( )NSN(F IRRIGA'IION stud)h of'a syvslem that included six 60-hp electric 
AgricUltural Ecoiomics and h'riafl+ion and pumps in deep tube wells ranging Iron 20(1 to 
WatCr ang'm nt DefpmeuIHearwlin 303 rn deep was undertaken. i'hc command 

artea included about 300 ha. The wells
Previous research on economic issues in irriea-

were 
constructed in 1975 for distrihutitn canals 

lion included studies of how irrigation affects already in place and formerly supplied by a river 
rice prod uction and how prolitability of irriga- diversion system.
lion investmcnt is influenced by improved rice The project rv 'ilted in higher yields and 
prodctCion technologv. Studies in 1977 expansion of the rice area cropped in the dry
included an economic e\altation of a special season (Table 7). There was almost no change
form of irrigation. in the wet season crop area within the project. 
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Table 7. Rice production and costs in a pilot groundwater pro-
ject replacing diversion gravity water, 107 sample farmers,Philippines, 1975-76. 

Philippinesry975as6. 

Wet season Dry season 
Area Yield 
(hal It/hal 

Before 287 2.37 

After 282 2.91 

Costs Area Yield Costs
teSS/ha) (ha) t/ha) US$/ha) 

Within project area 

187 211 1.82 192 

187 272 2.12 196 

Ou t s i deproj ect areaBefore 86 1.95 157 0 0
After 86 2.33 187 57 1.48 159 

F-o 'ver. bct luse part of' the command area 
was previously served by the diversion syslen,
the be nefits of the pump project included hoth 
increased production within the prdject area 
and production made possible by \\'ate r not used 
within the project area, and now avarfablec to 
other parts o)fthe canal system. 

The antual flow of benefits was computed by 
Multiplying the increased quantity of' produc-
lion by tlie price of' rice ar1d subtract irng tileincreased costs of production. All costs were 
conpu ted It1975-76 prices. About 86 ha out-
side the conlirianrd at ,.;of the punps benefited 
fronl tie project. 

One in ndred and seven farmers were interviewed in\i2v di 1977 to determine their production9 7 tId t r i etl2rp o u to
 
practices, costs, yields, and water-rclatcd problerns. Data were obtained for the wet and dry 
seasons preceding the installation of tlc pumips,and the two seasons following activation of the 
s.\sten. Costs of systeMnI installa t ion and opera
tion were obtained from the records Illnititained 
by the irrigation agency (Table 8). Because the 
[)y I ir r e W ,',ri c 'ouc i o n 
sample covered 64a of the rice productionarea, the farm survey dta \\ere inflitcd to rep
resent the entire command area.
 

P)erf'ormancc 
was poor during lie first e rat
operation. Yields increased by 0.5 I/ha during 
the wet season and ).7, I/ha duririI liet dry sea
son of the first year. and the area o f i\ SrvSealSill 
rice increased by 61 ha. Assuniing thiat 0hose 
benefits corntinuc for the I 5-year lilof tle pro
ject. that all costs and value of heieliIs arc dis
ct)urited to a cornnionl point inlime. ard a dis
count rate of 121 . Ilie benefit: cost ratio is less 
than one (Table 9). 

[lo\\'\ er.a brcak-even situatI- would resi,.:.9 years after, if the project's target yield of 3.86 
I/ha is aclieved in 1983 wit hout Iditional Costs 
(Table 9). That y'ield has been achieved inother 
Philippine irrigation systems. and an even 

Table 8. Costs and benefits computations for pilot groundwater project under three yield levels. Data from 107 sample farmers 
were adjusted t,,effect total irrigated area. Philippines, 1977. 

Capital
Year cost 

1975 516,7371976-00
 

1990 
 0Total 251,730W46251,730 25 1.730 

Within project area, inflated yields' 
1976
1990 
 0 19,181 11,574 30,755 186,990 53,835 327,316 

Within project area, target yields" 
1976
1990 
 0 19,181 11,574 30.755 186,990 130,502 633,002 

Outside project area' 
1976
1990 
 0 0 11,692 11,692 71,087 14,689 89,309"Operation and maintenance (O&M)costs were reduced by 11 % assumed to cover the cost of testing the capacity of the aquifer.aPresent value.oInflated by 30% to account for possible under-reporting by farmers during interview (1973 Annual Report). "Yieldsare projected to increase from 2.35 to 3.861/ha in 1983, remaining constant thereafter. 'Assumed yieldsof 2.3 t/ha in the wet seasonand 1.4 i/ha in the dry season. 
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30,755 186,990Ttl648,436 

Costs and benefits (US$) 

Production Gross PV'O&M" cost cost at 12% 
change 


Within project area, 1976-77 actual yields
0 0 516,737 461,446 

19,181 11.F14 

,
Production pv

value at 12% 

(change)
 

0 0 

41,403 



Table 9. Benefit-to-cost ratio (B:C) for pilot groundwater pro- 5iLll11eC that land alLl family la bor arc paid file 
ject under three alternative yield levels., Philippines, 1977. opptlrttlllity cost, the returlS to capital aiid 

Yield 
level 

1976-77, actual 
1976-77. inflated' 
1983 targets' 

Discounted value 
lUNS,of 

Costs Benefit 
B:C 

719,523 
719,523
719,523 

341,039 
416,625
722,311 

0.47 

0.58 
1.00 

Pooled change in yield and cost within and outside the project 
area was used in .:omputing the B:C. 'Actual yields averaged 2.5 
t/ha (wet and dry seasons) in the first year after the project 
started. 'Yields were inflated by 301. to account for possible
under-reporting by farmers during interview (1973 Annual
Report). 'Yield level of 3.861 ha was the project target for 1983. 

highe.r ratic oftid'd itnt'c.a,,'o\~e.rlimeros.uld be. 

proj'cted for the area it conplementa r aricul
tural ItcchlItloI.\ i ;l-,JdlCd. A 51ttdid\ sinlilar 
to thet oil rcl10IIld here i, lherefore planned 
101' )S,I 01 lhlCte,11.ll ,lt'I0 dlh tile lrCtlld of1 
chal''ce inlltlI'nli, aid .'O',. 

Pri ate ll,fit,it t'iri.rers \ithin the com-
mand area w\ere reflected ittheir returns. On 
the basis ot' ih,ir% Ids and -',,is, farmlers had 
an incre; ed rciurn i'SSf'i7ha in the \ et sea-
son and ...- in tile dr,'h: .eason(Yahle 10), 
These neta thle ' illtile,e\.eded increase.tllnLlMI \\lIL'I te'L' ziout 1 haot L'S"S Ifo i 

aSu.t.oaoh. If one 

water supplied are those shown 
Table 10.I l) rl\. tile projeel

l 
ca pacitv of the f'rnlie 's t pa. 

allough in tile dIN SesIon 

eXcLeded total relurns. 

li tie last line of 
imhlprov'ed tile 

for irrigalloll. 

lot;l Cost Still 

Despite tile benelits. tarirnlls stilll report coin
siderable prolilens of \ ;lter shIorIage. Nineteen 

percetl reported instiflicient waler bel'ore .IId 
'l'I" the ]'ojc'i in tile \Lt S121o(1, while tile
 

proportion1 rporlini. lwater shortage dtring thle 

dry season dropped fr'oni 65% to 50,. 

SOI I.s. \V:VII-R. ANIl YI ELI) IR,.I.,VIIONSII IPS 

'lt' Alll(I,'llI D,)Il 
Studies completed in 1977 covered S& P losses 
iiltloodd solls, nitrogen losses in drainaie from 
rice fields, and water use and Viekid stldies for 
chili. so~Vbean. and rice crops. 

Seel)a ge and percolation through looded 
soils. Previous research docIuntCied t.\picalI 
rates of S& P through puddled lowland soils of 
thle P'hilippin.,s ( 1972. 1975 annual reports). 
Research ill1977 'ocused On relaltilg tile S& ) 

rates to soils anld environmental paramieters, 

Table 10. Alternative measures of income per hectare (1975-76 constant prices) before and after the project, sample of 107 rice 
farmers, pilot groundwater project, Philippines. 

Item 

1 Value of production

(USS,'ha) 


2. Cost of production 
(USS/ha) 

3. Returns to land, capital, 
family 	labor and water 

1USS/ha; 1-2) 
4. Land cost" 1US$/ha) 
5. Returns to farm family 

labor, capital and water 
(USS/ha) 

6. Water fees (US$/ha) 
7. 	Returns to farm family

labor and capital (5-6) 
8. 	 Family labor" (mari-days) 
9. Returns per man-day family 

10. 
labor (US$/m-d; 7 8) 
Imputed value of family 
labor 

Returns to capital arid 
water supplied 

(USS/ha, 5-10) 

Wet season Dry season 

Before After Change Before After Change 

299.3 366.9 67.6 229.7 267.2 37.5 

187.1 187.9 .8 192.8 196.0 3.2 

112.2 179.0 66.8 36.9 71.2 34.3 
37.1 40.4 32.4 35.6 

75.1 138.6 63.5 4.5 35.6 31.1 
5.4 13.8 7.8 21.2 

69.7 124.8 55.1 -3.3 14.4 17.7 
33.0 34.0 34.0 35.0 

2.1 3.6 1.5 -. 10 0.41 0.51 

40.5 42.8 42.3 41.9 

34.6 95.8 61.2 -37.8 -6.3 44.1 

"Average rental paid by lessees; 35% of sampie were owners or part-owners, attierswere tenanis or lossees. 'Incliudes exc.hange
labor. 'Imputed at market wage rate paid per man-day for specified jobs. 
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Table 11. Mean and potential, rates of seepage and percolation for 19 fieldsites stratified by season, area, drainage density, andstress days, Central and southern Luzon, Philippines. Based on data for 191-70 wet and dry seasons. 

Factor Sites Seepage and percolation "(mm/day)
(no.) Mean Potential 

Seasons
Wet 8 2.2 (-1.0 to 6.0)Dry 1.9 (-2.0 to 6.9)8 3.9 (-0.3 to 10.1) 4.5 (-0.2 to 21.2) 

Area per site1.2 to 20.3 ha 
20.4 to 74.0 ha 

10 6.9*( 0.8 to 17.2) 11.1*( 0.0 to 26.3)9 2.0 (-1.0 to 6.3) 0.9 (-2.0 to 3.7) 
Drainage density0- 50 m/ha 10 3.3 (1.0 to 15.7)51-317 m/ha 3.5 (-2.0 to 26.3)9 6.0 ( 1.3 to 17.2) 9.4*( 0.9 to 25.8)
 
Stress days (no.)
0-10 12 2.2 (-1.0 to 60) 1.6 (-2.0 to 6.9)11-71 7 8.8*( 2.1 to 17.2) 14.3*( 0.2 to 26.3)

'Mean Is based on water balance over entire cropping season; potential is modeled, and excludes data for the days water was notavailable to the site. 'Within afactor, avalue marked with an asterisk is significantly greater than the other at 5%level. Tested bypaired t-test for seasons and F-test for others. Numbers within parentheses show range ofvalues.both seasons are included. rOnly the eight oites studied in 

and on determining representative rates for 
selected soils of Bangladesh. 

In astudy conducted by the University of the 
Philippines at Los Banos College of Agriculture
(UPLBCA) using the water balance method, 
mean S&P rates ravged from -1.0 to 17.2 
mm/day for 19 field sites (25 ha) in Central and 
southern Luzon (1972 Annual Report). Mean 
S&P rates for sites that suffered water shortages
were abnormally low, so a potential rate was 
computed based only on those periods when the
sites were fully flooded. Mean and potential
S&Prateswere then computed for sites stratified 
according to season, area, drainage density,
and the number of days water was limiting dur-
ing crop growth. 

The mean S&P rates for 8 sites were 2.2 
mm/day in the wet season and 3.9 mm/day in 
the dry (Table I1). The high S&P rate was 
associated with small sites because seepage
from their edges was greater. Ten sites with 
drains between0and50 m/ha had mean S&Pof
less than 3.3 rm/day, while 9 others had mean 
S&P of 6.0 mm/day because they had a higher
capacity to remove seepage. The mean S&P 
rate was 2.2 mm/day for sites with less than 10 
stress days/season, but 8.8 mm/day for those 
with water shortages resulting in more than 10 
stress days. The cracking of soils that have been 
drained for long periods higher S&Pcauses 
when irrigation isresume(]. That ispartially off-
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set, however, by negligible S&P during the 
stress periods. Potential S&P rates computed
only for those periods with standing water show 
average S&P of only 1.6 mm/day for sites with 
up to 10 stress days, and almost 9 times 
greaterS&P(14.3 mm/day) for sites with more 
than 10 stress days. The factors studied affected 
potential S&P rates more than they did mean 
S&P rates. 

Data from a 1972 dry season experiment at 
IRRI were also analyzed to determine S&P dif
ferences due to prolonged water shortages
midway through crop growth. The experiment
had 14 4-ni plots surrounded by metal levees to 
minimize lateral seepage and regular larger
plots to which the same water treatments were 
applied. Treatments included continuous flood
ing throughout crop growth, drainage with 
no irrigation for 38 days beginning 22 days after 
transplanting (early stress), and drainage with 
no irrigation for 39 days beginning 43 days after 
transplanting (late stress).

All water used in the plots was accounted tor 
a; ET,S&P. and water used to restore partially
dried soils to their saturated state. ET for fully
flooded plots was assumed equal to Class A 
open pan evaporation data taken from the same 
site, and water stored in the soil following the 
stress periods was calculated as 11 7 mm !ased 
on the increase in moisture content (30%, dry
basis), rooting depth (30 cm), and bulk density 



Table 12. Mean daily rates of water use for evapotranspiration (ET),soil saturation, and seepage and percolation (S&P) from a
continually flooded treatment, and from treatments subjected to stress in the 1972 dry season. IRRI, 1977. 

Total 
water Resaturation ET" S&P, TimeTreatment 
 use requirement (ram/day) 1mm/day) period 

(m/day) (mam/day) (days)
 

Continually flooded 8.1 0.0 5.3 2.8 95 

Early stress 
Before 5.8 0.0 5.1 0.7 22
After 18.0 3.3 6.0 8.7 35 

Late stres'
 
Before 6.5 0.0 4.6 1.9 43
After 
 37.6 9.0 5.9 22.7 13 

"Estimated as equal to evaporation data from nearby station. 'S&P z total water use-resaturation and evapotranspiration requirements. Ther) %isno surface drainage. Drained and not irrigated from 22 to 60 days after transplanting (DT). 'Drained and not
ir:iY.ted fom 43 to 82 DT. 

Table 13. Analysis of seepage and percolation for four soil texture classes and two water-table regimes at field sites in Central 

and souther, Luzon. Philippines. in the 1969 wet season. IRRI, 1977. 

Textural class 

Clay and silty clay 
Silty clay loam and clay loam 
Loam 
Sandy clay lo1m and sandy loam 

Mean 

Seepage and percolation' (mm/day) 

Shallow water table Deep water table 

WeightedObservations S&P rate Observations S&P rate av. S&P rate 
(no.) (mm/day) (no.) Imm/day) mm/day) 

8 0.6 a 6 1.8 a 1.0a 
21 1.3a 5 2.9 ab 1.6a 
10 1.0a 2 2.5 ab 1.2 ab 

7 2.7 b 3 3.6 b 2.9 b 
46 1.3 16 2.6 1.6 

"In any column means followed by the same letter are not significantly different at the 5% level. Differences in S&P rates between
the snallow and the deep water table are significant at the 5% level for all soil classes and their means, 

(1.3 t.'cm1:). Mean S&P rates for the flooded 
periods of all three treatments were computed 
by subtracting the estimates of ET and the 
resaturation requiretnent from the total water 
supplied. 

The results were a imean S&P rate of 2.8 
mm/day for the continu( uslv flooded treat-
ment. and rates of 0.7 and 1.9 am/day for the 
prestress periods of the two other treatments 
(Table 12). It both cases the rates increased 
miore than tenfold after the stress period. 

The study also showed that mean S&P rates 
for plots flooded for 22 daVs after transplanting 
(DT), 43 DT. and f(r full crop growth increased 
by about I mm/day each, supporting the 
hypothesis that S&P tends to increase slightly 
with crop growth. 

Soil texture is often considered an inportant 
determinant of S&P rates, so the 19 UPLIBCA 
field sites (discussed earlier) were stratified into 

groups with irnilar topsoil text tires. S&P varied 
little among the groups, however, because all 
sites had relatively heavy texture. 

Another UP1.BCA study of S&P from 73 dry 
season field sites inCentral and southern Luzon 
was analyzed for S&P differences due to soil 
texture and depth to water table. S&P for the 
sites was estimated as a residual inwater hal
ance accounting usinhg about I0-day measure
ments per :dite. The total sample was divided 
into a niatriy of four soil types and two water 
tabledepths'from(1.5 t(2 m. aid greater than 2 
, , aid ilaan S&P rates were Celmptuled 
for eac: :'li itflhe matrix. For each water table 
regime, S&P thrtough hlh sandy clay loam and 
sandy loam was significantly greater than that 
through the fiter textured soils, but there was 
no significant difference ationg the heavier tex
lured soils (Table 13). The influence of water 
table ott S&P was substantiated: S&P rates for 
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sites over deep water tables were about twice 
the corresponding rates for shallow water tables 
for all soils. 

For elastic alluvial soils, texture appears to 
affect S&P rates much less than do other factors 
such as depth to water table, drainage density, 
size of continuous area, and drought resulting in
cracked soils. Soils with more than 50% sand 
have significantly greater S&P than typical 
Philippine lowland soils, however. 

Rates of S&P through Bangladesh soils were 
studied jointly with the Bangladesh Rice 
Research Institute. The soils were alluvial clay
larns in all four sites about 30 km north of 
Dacca. They contained from 30 to 38% sand, 
from 26 to 33% silt, and from 30 to 42% clay; 
their water tables were between 0.5 and 2.5 m. 
During the 1977 dry season S&P was measured 
by the rate of subsidence of the water level in 
selected paddies, from which ET (estimated by 
Class A pan evaporation data) was subtracted. 
This technique, applicable only for periods with 
no surface flow in or out of the sample paddies, 
was used previously in the Philippines (1975 
Annual Report). Twenty-three paddies 
selected for measurement in the four sites 
yielded an average of 25 daily estimates of S&P. 

The mean S&P rates during the dry season 
ranged from 1.3 to 2 mm/day; they were more 
uniform and slightly lower than the mean dry 
season rates for the Philippines. Mean S&P 
rates for different depths of water up to 6 cm did 
not differ significantly, but losses were sig-
nificantly greater when waler was stored at 
depths greater than 6 cm (Table 14). The 
increase in S&P rates was attributed to tunnels 
made by insects and animals in the paddy bunds 
at the higher elevations. 

Although the physical properties of the 
Bangladesh soils appear to preclude the 
thorough soil puddling commonly done on 
Philippine rice soils, mean S&P rates were 
about the same for both. 

Nitrogen losses in water draining from low-
land rice fields. More than half the total rainfall 
frequently runs off as surface drainage from 
rainfed lowland fields. For irrigated land, about 
two-thirds of the total applied water runs off in 
the wet season, one-third in the dry season. 
Considerable quantities of agricultural nu-
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Table 14. Mean rates of seepage and percolation (S&P) by 
depth of water Inthe paddy at four field sites in Bangladesh.
1977 dry season. 

Water depth (cm) Observations Mean S&P rate(no.) (mm/day) 

0-2 230 1.1 a 

2-4 124 1.5 a 
4-6 132 1.7a
 
6 and above 90 2.6 b
 

"Reference Isthe minimum water elevation required to co
pletely submerge each sample paddy. Means followed by thesame letter are not significantly different at the 5% Izvel.Testsbased on variation among the four sites. 

trients and chemicals are lost with this water 
under certain conditions. 

A study of nitrogen losses in water draining 
from lowland rice fields was conducted jointly
with the Laguna Lake Development Authority. 
Four field sites were selected around Laguna 
Lake in Laguna province, Philippines. The high
er end of the sites received water from an irri
gation canal, while the lower end drained into 
a creek. Irrigation water entering the first paddy 
carried no drainage from upstream, and that 
leaving the last paddy collected in a natural 
creek discharging into Laguna Lake. 

Six treatments of fertilizer and water man
agement were applied at each stie. Two fertilizer 
management practices- topdressing and incor
poration - were combined with each of three 
water management practices - continuous 
flow, impounded water, and temporary drain
age (Table 15, Fig. 10). A total of 60 kg N/ha 
was applied through two applications, 20 kg 
basal and 40 kg at 45 DT. The second applica
tion was incorporated by rotary weeders. Con
tinuous water flow involved continuous (simul
tancous) irrigation and drainage throughout 
crop growth, and both periods of fertilizer 
application; the impounded water treatments 
involved application of fertilizer on standing 
water, which was then allowed to soak into the 
paddy for 5 days with neither irrigation nor 
drainage; and temporary drainage treatments 
involved draining the field I day before apply
ing nitrogen, and then withholding irrigation for 
2 days. Except for the periods of fertilizer appli
cation, the supply of water to all treatments was 
about the same, as were other input and man
agement levels. 



Table 15. Mean nitrogen Inthe inflow and outflow water, and net nitrogen for sixtreatments Infour field sites,Laguna province, 

Philippines, 1976-77 wet and dry seasons. 

Nitrogen (kg/ha) 

Bihan Calamba Calauan Pila Mean 

Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry 

Topdressed, continuous flow 
Inflow 2.1 2.8 2.9 2.0 2.3 1.2 1.3 1.4 2.1 1.9
 
Outflow 2.9 3.9 5.5 7.1 7.0 8.3 6.9 5.0 5.6 6.1
 

Net -0.8 -1.1 -2.6 -5.1 -4.7 -7.1 -5.6 -3.6 -3.4 -4.2
 
Incorporated, continuous Ilow 

Inflow 2.6 4.5 3.7 2.0 2.2 1.0 1.6 1.7 2.5 2.3 
Outflow 1.5 1.3 4.0 3.5 5.1 3.8 4.3 4.0 3.7 3.1 

Net 1.1 3.2 -0.3 -1.5 -2.9 -2.8 -2.7 -2.3 -1.2 -0.8 
Topdressed, impounded water 

Inflow 2.5 17.9 3.3 2.6 1.9 1.1 0.4 2.21.0 5.5 
Outflow 0.0 0.1 1.6 0.9 2.3 0.3 0.8 0.4 1.2 0.4 

Net 2.5 17.8 1.7 1.7 -0.4 0.7 0.3 0.0 1.0 5.1 
Incorporated, impounded water 

Inflow 1.6 14.9 2.9 32 2.6 1.0 0.9 0.7 2.0 4.9
Outflow 0.0 0.1 1.9 1.2 2.1 0.5 0.3 0.5 1.1 0.6 

Net 1.6 14.8 1.0 2.0 0.5 0.5 O. 0.2 0.9 4.3 
Topdressed, temporarv drainage 

Inflow 3.3 12.9 1.4 1.9 2.9 1.0 0.7 1.0 2.1 4.2
Outflow 0.7 0.3 0.7 1.5 4.6 8.3 3.7 3.6 2.4 3.4 

Net 2.6 12.6 0.7 0.4 -1.7 -7.3 -3.0 -2.7 -0.3 0.8 
Incorporated, temporary drainage 

Inflow 2.4 19.3 3.0 3.9 2.8 1.0 1.0 0.7 2.3 6.2 
Outflow 0.4 0.3 1.0 5.8 3.3 1.0 2.5 2.6 1.8 2.4

Net 2.0 19.0 2.0 -1.9 -0.5 0.0 -1.5 -1.9 0.5 3.8 

Mean 
Inflow 2.4 12.0 2.9 2.6 2.4 1.0 1.1 1.0 2.2 4.1 
Outflow 0.9 1.0 2.4 3.3 4.1 3.7 3.1 2.7 2.5 2.7 

Net 1.5 11.0 0.5 -0.7 -1.7 -2.7 -2.0 -1.7 -0.4 1.4 

"Negative values reflect net losses; positive values, net gains. 

Water flowing into and out (_fields for each from commercial livestock farms 6 km 
treatment was measured and water samples upstream. Calauan and Pila had relatively little 
were taken daily. Sampling at the drainage out- incoming nitrogen. Most incoming nitrogen was 
let was done separately for each treatment. in the form of ammonium, except that in 
Samples from the inflow were taken only at one Calamba, where nitrate was predominant 
point for each site because the nitrogen content because the ammoniacal wastes entering the 
of the water along the irrigation canal showed river wcre nitrified while being carried 6 km to 
little variation. The samples for analysis were the study site. 
collected with the automatic sampler. Nitrogen Nitrogen concentration in the drainage water 
gained or lost daily in each treatment was com- increased markedly after fertilization, but con
puted. centrations from the topdressed treatment were 

The total nitrogen added to the system by more than twice those of incorporated treat
irrigation water inflow, the nitrogen in drainage, ments (Fig. I1). Peak nitrogen concentrations 
and the net balance varied considerably among were about 12,400, 1,500 and 1,200 jAg/liter
sites (Table 15). For Bifian, the source of ni- for topdressed plots with continuous flow, tem
trogen inflow was the municipal sewage, which porary drainage, and impounded water, respec
drained into the irrigation canal about 200 m tively (Fig. 12). Continous-flow treatments had 
from the site. For Calamba, nitrogen flowed in less nitrogen outflows after basal application 
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Inflow measuring pont /Sampling point 
- ' - - --- lIRRIGATON CANAL 

2 3 4 5 6 

Conin :usflow Impounded water NTD TOPded N 
(5 days cf pondedwater) application 

Temporary droinage NIN Incorporaed N 

(3 days of exposed s61 I InoporateC oN 
no standing water) aplication 

NTD NINC NT- NIND ~C INC 

DRAINAGE CANAL
'Outflow measurng and water samplng points (6 ) 

L.LAUA LAKE 

10. Illustrated treatment layout of site showing the nitrogen and irrigation treatments, nutrient movement study. TD = 
topdresscd, INC = incorporated. 

than after post-transplanting application trogen from irrigation water, they showed netbecause water supply was delayed for 2 days, gains of nitrogen. Those of Calauan and Pila,and because the basal application was half that which received relatively less, showed net lossesof the second application, for both seasons (Table 15), but the losses wereAlmost all outflows of nitrogen were in the less than 2 kg N/ha.form of ammonium. Since the Bifian and Mean net gains or losses of nitrogen wereCalamba sites received larger amounts of ni- computed and tested for significance. In the wet 
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11. Concentration of outflow ammonium (NHi) in water 12. Concentration of outflow ammonium (Nil') in waterwith two fertilizer management treatments and continuous with three water management treatments and topdressedflow. Calauan, Philippines, 1976 wet season, nitrogen. Calauan, Philippines, 1976 wet season. 

IRRI ANNUAL REPORT FOR 1977 262 



Table 16. Mean grain yield and net nitrogen flow for sixnitrogen and water management treatments, Laguna province, Philip
pines, 1976-77 wet and dry seasons. 

Mean grain yield" (t/ha) Net nitrogen flow" (kg/ha)

Water management
 

' treatment Topdressed Incorporated Difference Topdressed Incorporated Difference' 
nitrogen nitrogen nitrogen nitrogen 

Wet season 
Continuous fljv., 3.74 a 3.97 a -0.23* -3.40 a -1.20 a -2.20 
Impounded water 4.04 a 4.66 a -0.62, 1.00 b 0.90 b 0.10 
Temporary drainage 3.79 a 4.03 a -0.24' -0.30 ab 0.50 ab -0.80
 
Mean 386 4,22 -0.36, -0.90 0.10 -1.00
 

Dry season' 

Continuous flow 3.93 a 4.16 a -0.23 -5.23 a -2.21 a -3.03 
Impounded water 4.30 a 4.59 b -0.29" 0.79 b 0.86 b -0.07
 
Temporary drainage 4.22 a 432 ab -0 10 -3.23 ab -1.22 ab -2.01
 
Mean 4.15 4.35 -0.21 -2.56 -086 -1.70 

bwe
Irnt-he samecolu m n,- ea-ns follo d-bthe sa-m e1etter are not-significan-tly different at t1he5% level . Difference topdressed less 
incorporated. Asterisk (* indicates significant difference between fertilizer treatments. Means of four field locations. "Means of 
three field locations; data exclude yield at one location affected by severe lodging. 

Table 17. Concentrations and total amounts of carbofuran from the outflow of 3 treatment combinations. Blfian,Laguna, Philip
pines, 1977 dry season. 

Amount of Mean rate of 
Observations Water Carbofuran Time carbofuran carbofuran 

Treatment (no.) flow concn Ih) drained drained(liter, s) (ppm) (g) (g/ha) 

Continuous flow,
 
topdressed' 1 0.4 0.36 
 2.0 1.037 

2 0.4 0.07 0.5 0.050 
3 0.3 0.19 1.0 0.205 
4 0.3 0.26 2.0 0.562 

5.5 1.854 0.34 
Continuous flow,
 

incorporated' 1 0.1 0.15 
 2.0 0.108 
2 0.2 0.17 0.5 0.061 
3 0.2 0.13 1.0 0.094 

3.5 0.263 0.08 
Impounded water,
 

incorporated 1 0.2 0.03 2.0 
 0.043 
2 0.2 0.008 2.0 0.012 

4.0 0.055 0.01 

App~lied at the rate of 0.480 Ik a.i./ha. -Sampling started 2hours after insecticide application.' Sampling started 4 days after insec
ticide application; no water fIow was allowed before that. 

season. inctrporated nitrogen showed a (1.1 ke water management practice in both seasons 
N/ha net gain. and topdrcsscd nitroucn. a mean were attributed to overall higher nitrogen use, 
net loss Of 1.9 k2 N,,ha ( Iable 16). In the dry and not to the small differences in nitrogen net 
season net losses fot both treatments followed a losses. Water nmanagement practices also 
similar trend. affected yields but differences among them were 

Among the water management practices. in- generally small. 
pounded water Vave a small net yield gain with Gas chromatograph analyses of carboluran in 
both nitrogen management practices and for drainage water from selected treatments at one 
both seasons. Continuous flow resulted in low- site showed trends similar to those for nitrogen 
est yields and temporary drainage was inter- (Table 17. With continuous water flow, incor
mediate (Table 16). poration of carbofuran resulted in losses only

The significantly higher yields with incorpo- 25% of those recorded for topdressing.
rated than with topdressed nitrogen under each The water management treatments of the 
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T&abe 1. Nkrogen mad waw ne nt and pra. 

toeof 100 fa er. Laguna province, PhlIpnes, IM. 

Practice Farmers (%) 
Applied nitrogen in standing water 99 
Maintained the water depth during fertilizer

application by closing the spillways

Applied water in their fieldfrom paddy to paddy 
 70 
Believed separate canal to irrigate each field 


would be beneficial 
 57of 
Believed Impounding ,rater during fertilizer

application would be useful 32 
Believed fertilizer loss occurs in paddy-to-paddymovement of water 18 
Reported fertilizer Inputs from irrigation water 

agfrom tsources, such as municipal anddifferent 63 

Reported higher yield in uppermost paddy in a 


strip of paddies 
 23
Reported higher yield in middle and lower

paddles in a strip of paddies 2 
Were willing to use sewage water 66 
Were willing to practice deep placement ofnitrogen fertilizer in mudballs and pellets 78 
Wmechanicalwllingtowincorporate fertilzer by8 

study were also used to compare the relative 
populations of nitrogen-fixing and non-
nitrogen-fixing algae by water regime. Continu-
ous flow flushed out the algae and prevented
their growth; in this treatment, only the 
nitrogen-consuming algae prospered. Im-
pounded water and incorporated nitrogen pro-
vided the best medium for nitrogen-fixing algae.

Farmers' nitrogen and water management 
practices. A total of 100 farmers near the 4 sites 
were interviewed about their nitrogen fertilizer 
and water management practices. Almost all 
closed their paddy spillways and applied ni-
trogen in standing water (Table 18). After a 
mean of 7 days when no irrigation was applied,
the spillways were reopL ned. Seventy pe!rcent of 
the farmers reported that their fields received 
irrigation water from another paddy, and not 
from a canal, and about 80% of those farmers 
perceived benefits from individual supply
canals. Most of the farmers expressed their 
willingness to use recycled sewage water, and 
nitrogen deep placement ind incorporation
techniques. 

Yields and water use for ,ehili, soybean, and 
rice in Sri Lanka. More than 60% of Sri Lanka's 
area is in a dry zone. Agricultural production is 
limited because of infertile soils and a mean 
annual rainfall of 1,870 mm distributed in 

IRRI ANNUAL REPORT FOR 1977 

pronounced wet and dry seasons. A massive 
program of irrigation expansion, now under 
way, will bring dry season irrigation to most of 
the zone, but information about on-farm use ofthe water in the area or the relative benefits ofirrigating different crops is limited. A 1977

oint iversitystudy was organized jointly with the University
Sri Lanka's of

Faculty Agriculture, theDepartment of Agriculture, and the Asian Insti
tute of Technology, to determine the effect ofdifferent forms of land shaping on irrigation and 
the relative yields and water use of chili, soybean, and rice grown on such landforms in the 
dry season. 

The study was carried out in Catchment C ofthe Maha Illuppallama Agriculture Research 
Station, an I1-ha watershed similar to the mi
crocatchmentsWithin the that abound in the dry zonecatchment, experiments were on
soils that were well, imperfectly, and poorly
drained, corresponding to positions near the
top, middle, and lower regimes, respectively, of 
a toposequence. For each drainage class, plots 
were on graded and bench terraces. Graded ter
races were furrowed landforms with lengthwise
slopes between 0.4 and 0.8% to facilitate water 
movement to the ends of the furrows. Bench 
terraces were level basins simi!z"r to lowland rice 
paddies except that the land was prepared in 
short furrows with slopes not exceeding 0.2%. 
For each combination of drainage class and ter
race type, chili, soybean, and upland rice were 
planted - chili in 30- x 12-m plots, and the 
other crops in 30- x 30-m plots. Data for each 
crop-and-treatment cimbination colwere 
lected separately from three replicates that 
were laid out adjacent to each other (Fig. 13).

Irrigation schedules that would permit high
yields from three crops essentially uncon
s:rained by water shiortage were adopted. Ear
lier research on the soils had determined field 
capacity and the permanent wilting point at 
about 20 a~id 'I% soil moisture, respectively;
irrigation fci chili and soybean was therefore 
scheduled at about 15 to 16% moisture content. 
Irrigation for rice was scheduled at 18% soil 
moisture. Starting 2 days after the irrigation of 
each replicate, soil moisture was sampled daily 
at depths of 30 cm for chili and soybean and 23 
cm for rice. Irrigation flow to each replicate was 
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measured separately by Parshall flurres. Waterwas distributed within replicates to three or four 

fur.ows at a time at rates designed to avoid any 
surface drainage losses. 

Areas for studying rice on a lowland puddled 
soil were not available within Catchment C. 
Two nearby field sites, each about 0.8 ha. were 
used. Their so.s were similar to those of tle 
poorly drained class -of Catchment C, except
that they had been puddled for two annual crops
of lowland rice for more than 40 years. The rice 
variety BG-.34-8 was dry-seeded in the upland 
plots and wet-seeded in the lowland sites. Irriga-
tion to the lowland sites was cuotinuous, with 
paddy-to-paddy on-farm distrib.tion. 

Yiehls. Yield differences am ng the drainage
classes and between the terrace types were gen-
erally not significant for any crop (Table 19).
Grain yield in the lowland field sites averaged
4.16 t/ha. about 0.5 t/ha less than that in upland 
ric: plots. 

WVater tse. Water use of the crop,; was 
defined as the total water usea for evapo-
transpiration (ET) plus S&P into the soil. 
Water use was essentially equal to the 

K Fekj MF~v"eIends 

water supplied to tile plots, because surfacedrainage after irrigation was negligible, and the 

change in water stored in the soil was insig
nificant during the whole season. Occasional 
light rains during crop growth were added to 
data as irrigation; for heavier rains only that 
portion considered as effective rainfall was 
included. Ineffective rainfall was calcuLtthd 
separately for each plot as rainfall in excess of 
total water use, which was estimated from ear
lier and later periods without rainfall. 

Mean watcr use, including effective rainfall, 
was the same for corresponding bench and 
graded terraces for edch crop (Table 19).
Well-drained soils used significantly more water 
than poorly drained soils, as expected. Water 
use was about the same between the imperfectly 
and poorly drained classes, despite the deeper 
water table for the former (Fig. 14). One reason 
isthat the surface horizons of the poorly drained 
';oils were somewhat lighter in texture than that 
if the better drained classes. Mean total water 
use for all treatment combinations wasalmost I 
m for rice and chili, and almost 0.5 I for soy
bean. 
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Table 19. Mean yields and water use of chill, soybean, and rice Inthree drainage classes and two terrace types. Catchment C, 

Mahe Illuppallama, Sri Lanka, 1977 dry season.-

Chili !'oybean Rice
 

Drainage class, Yield Water Yield Water 
 Yield Water 
terrace type 	 (t/ha) use (mm) t/ha) use (rri) (t/ha) use (mm) 

Well drained 
Bench 	 2.78 a 908 a 2.61 b 472 a 3.73 b 1045 a 
Graded 	 2.79 a 920 a 2.88 ab 451 a 4.59 ab 1070 a 

Imperfectly drained 
Bench 	 3.22 a 808 b 2.69 ab 410 a 5.71 a 939 b 
Graded 	 2.85 a 821 b 3.34 ab 447 a 4.38 ab 998 ab 

Poorly drained 
Bench b 	 2.44 b 467 a 4.73 ab 924 bGraded 
 b 	 3.58 a 449 a 4.61 ab 932 b
Mean 	 2.91 864 2.92 449 4.63 985 

"in any one column means followed by a common letter are nut significantly different at 5% level (LSD). 'Omitted in the layout. 

S&P was estimated by two methods to 
confirm the assumption that differences in water 
use among drainage classes should be attributed 
togreaterS&Pinthewcll-drainedclass,andnot 
to ET, which is about the same for all three clas-
ses. In the first method, irrigation applications 
in amounis greater than what tile root zone can 
store were assumed lost as S&P; in the second, 
S&P was estimated as a residual after Penman 
estimates of ET computed from weather data 
from the meteorological station within Catch-
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14. Depth to water table at weekly intervals for three 
drainage classes and two terace types. Catchment C, 
Maha Illuppallama, Sri Lanka, 1977 dry season. 
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ment C were subtracted from water use. The 
two methods produced results that closely 
agreed, and showed S&P losses of 0.6 to 2.2 
mm/day for tile treatment combinations for 
chili, 0 to 1.0 mam/day for soybean, and 4.3 to 
7.3 mm/day for rice. Losses were higher for rice 
because it received more irrigation. Tile soy
bean plots had minimal S&P losses for all drain
age classes; thus its water use did not vary by 
drainage class (Table 19). 

Although the water use (ET + S&P) of two 
lowland sites was about the same, the total 
water supplied to them after seeding was more 

twice that supplied to the upland rice plots.
The lowland sites had surface drainage losses 

greater than their water use, while the Catch. 
ment C plots had negligible surface drainage. 
Furthermore, during land preparation the low
land sites required additional water. Because 

the upland plots were dry-seeded, they did not 
need much moisture before the start of the 

Comparisons of water use between the two 

types of rice culture are difficult, becatuse water 
management for the upland plots air.ed to pre

surface drainage for experimental
aind because somec of thle wvater'drained 

from the field sites irrigated downstream areas, 
and therefore was not completely lost. 

Productivity ofwater.Yields per unit ofwater 
use ranged from a low of 3.4 kg/ha per ram for
chl tangh of 6 l ha per r o 
chili to a nigh of 6.5 lg/ha per mm for soybean.

Upland znd lowland rice productivities were 



Table 20. Productive efficlkncles" for chili, soybean, and rice. 
Catchment C,Maha Illuppallama, Sri Lanka, 1977 dry season. 

Gross Net 
Productive productive' productive, 
efficiency efficiency efficiency 

(kg/ha (US$/ha (US$/ha 
per mm) per mm) per mm) 

Chili 3.4 3.76 3.00 
Soybean 6.5 2.01 1.28 
Upland rice 4.7 0.34 (-0.01)
Lowland rice, 4.4 0.31 0.13 

'Means of all replicates, terrace types, and drainage classes for
each crop. 'Gross returns. rNet retuns after costs of production 
were subtracted. 'Based on mean o:f two field sites. 

intermediate (Table 20). In economic terms, 
however, the high prices received for chili gave 
it the highest gross value per unit of water sup-
plied, followed by soybean and then rice. The 
same trend is observed in net income per mil-
limeter of water use after production costs are 
subtracted from gross income. Upland rice 
showed negative returns because the labor costs 
associated with its water management were 
high. Because of its low price, lowland rice gen-
erally showed low returns. Expressed on a vol-
ume basis, dry season irrigation produced net 
farm income of about $0.30 for chili, $0.13 for 
soybean, and $0.00 for upland rice per cubic 
meter of water used. 

The low productivity of water used for rice 
was due in part to its large S&P losses. Calcula-
tions of grain yieid per unit of water used solely 
for ETshow that rice was the most efficient crop 
physiologically, producing 9.8 kg/ha for each 
millimeter of water, compared with 7.7 kg/ha 
,'or soybean and 4.9 kg/ha for chili, 

Irrigationlabor requirements. Records show 
that upland rice required more labor than the 
other crops primarily because of its high fre-
quency of irrigation (Table 21). About 105 
man-days of labor/ha was needed to irrigate the 
upland rice plots for the 105 days of crop 
growth, or 1 man-day/day of crop growth. 
Graded terraces required slightly less labor 

Table 21. Mean" Irrigation Intervals, number of irrigations,
labor per rigation, and labor per season used for chili, soy
ben, and upland rice, Catchment C,Maha lluppallem, Sd 
Lanka. 1377 dry seeson. 

Labor 

Irrigation 
interval 

Irrigations 
(no.) 

Per6 
irrigation Total, 

(days) (man-h/ha) (man-d/ha) 

Chili 5.8 28 20 68 
Soybean 4.4 20 19 49 
Rice (upland) 2.6 39 22 105 

,Means of 3 replicates, 3 drainage classes, and 2terrace types.
bMean time required to irrigate 3 replicate plots of approxi
mately 0.1 ha, expressed on per-hectare basis. rTotal labor = 
number of irrigations times man-hours/ha per irrigation,
assuming 8 man-hours/man-day. 

because they could be irrigated more quickly 
than benches. Labor used in irrigating soybean 
was half that used in irrigating upland rice, 
although soybean was in the ground almost as 
long as rice. Because of the long interval be
tween irrigations, chili also used much less labor 
than rice, despite a 50% longer season. 

Comparisons of labor used for the upland rice 
plots and that used for the lowland field sites are 
not exact because of the experimental nature of 
the former. Nevertheless, field observations for 
the two lowland sites showed only 14 farmer,is
its to control water after seeding in one site, and 
45 visits in the other. The site with a shared 
water source required the greater number ofvis
its. For both sites, two-thirds of the visits were 
for controlling irrigation and one-third for 
drainage. Assuming 2 nan-hours per field visit, 
the total attention to water control from seeding 
to harvesting was about 10 man-days/ha, or 
about 10% of that in the upland plots. Thus, 
lowland rice requires substantially less attention 
to managing water than does upland rice, but at 
tne cost of greater water wastage. Yields and 
productivities per unit of water use for the two 
systems are roughly comparable, which explains 
why farmers with good supplies of water do not 
readily adopt upland rice culture. 
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SOIL CHARACTERIZATION 

Salt injury in the 20,000 ha of coastal saline 
soils under rice in the Philippines depends on 
the complex interaction of titles, rainfall, and 
freshwater discharge from rivers. Farmers 
grow their main rice crop after the salt is 
washed away by rain. Their use of salt-tolerant 
varieties has increased yields. 

On a zinc-deticient calcareous soil. 0.2% salt 
benefited rice: 1.4% sait aff'-cted rice more 
adversely inacid soils than in neutral or alkaline 
soils, 

Hydrological and chemical studies, of an 
iron-toxic rice field in Sri Lanka suggest that 
interflow and severe nutrient deficiencies may 
cause iron toxicity at water-soluble iron con-
centrations of 20-50 ppm. 

Soil and plant analyses revealed that 
aluminum toxicity and phosphorus deficiency 
severely retard the growth of rice. especially 
dry-sown rice. on the acid sulfate soils of Thai-
land. 

Zinc deficiency in the Philippines is 
associated with high soil pH or with prolonged 
wetness due to artesian or phreatic activity,
Wet zinc-deficient soils may be classified as 
Tropaquents or Hydraquents. 

A study of 37 wetland rice soils revealed that 
the 0.05 N HCI method for available zinc is 
more precise, simpler, more convenient, and 
less expensive than the 0.1 N HCI, EDTA, and 
DTPA methods. 

Laboratory. greenhouse, and field ex-
periments revealed that most Philippine His-
tosols are deficient in available nitrogen, phos-
phorus, potassium, zinc, copper, and molyb-
denum. 

Studies of nitrogen tilnsformation in rice 

soils gave the following results: 


* Alternate flooding and drying did not 
depress yield or nitrogen uptake in unferti'ized 
fields carrying a rice crop. 

• The nitrogen-supplying capacity corre-
lated strongly with organic matter content, ni-
trogen content, and the ammonia released by 
four chemical methods. 

0 Putting rice fields in flood fallow between 
crops led to a marked accumulation of nitrogen
and organic matter. 
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0 Urease activity was lowest in acid sulfate 
soils and highest in a sodic soil. 

* Photosynthetic nitrogen fixation in the 
greenhouse was 9.2 mg N/kg soil per month in 
a neutral soil and 12.5 rng N/kg soil per month 
in an acid soil. 

SOIL FERTILITY MANAGEMENT:
 
MIC R IL I T UD I-


MICROII1OLOGICAI STUI)IIS 
Nitrogen balance sheet studies ,.nd acetylene 
reduction assays revealed greater autotrophic 
nitrogen fixation activity than heterotrophic
nitrogen fixation associated with wetland rice 
plants. Azolla pinnawa in the field produced 330 
kg N/ha in 220 days. Inoculation of Azolla 
before and after the transplanting of dry season 
ru e increased rice yield by 36%, or 1.8 t/ha, 
over the control. The collection of Azolla 
species and strains was started. 

Nitrogen transformation studies using 'N in 
rainfed rice soils revealed the possibility of 
denitrification in dryland conditions and the 
greater effect of soil moisture conditions during
the dry season on nitrogen supply of wet season 
rice. 

SOIL FERTIL!TY AND FERTILIZER
 
MANAGEMENT
 

The magnitude of direct volatilization losges 
was determined in field and greenhouse ex
periments. Maximum ammonia volatilization 
losses amounted to 18% of the urea nitrogen 
and to 15% of the ammonium sulfate nitrogen
when both fertilizers were entirely broadcast 
during the period of high sunlight and active 
algae growth. Even when surface applied,
slow-release fertilizers, particularly IBDU, 
substantially minimized ammonia volatilization 
losses. 

In situ release patterns of nitrogen from 
placement sites of prilled urea, supergranule 
urea, sulfur-coated urea (SCU), and urea in 
mudballs were compared in field studies. The 
rate of nitrogen release was considerably 
slower in the placement site of SCU than in 
that of prilled urea, supergranule urea, or 
mudball urea. 

Placement of nitrogen using the IRRI



designed plow-sole applicator and placement 
as urea briquets gave similar yields, but use of 
the former method gave a significantly higher
yield than split application of nitrogen. 

In another field study, the rice yield 
increased as the plant density was increased. 
Beyond a certain point, the yield increase with 
an increase in plant density was modest. 

For correcting zinc deficiency in direct-
seeded rice, coating the pregerminated rice 
seeds with zinc oxide at 2 kg/ha and spraying 
the plants with 0.51 ZnSO, at 5-7 days before 
panicle initiation appeared promising. 

SOIL AND CROP CULTURE 

In both rainfed wetland and dryland rice fields,
where the land preparation was completed at 
the end of the previous wet season, shallow 
tillage (10 cm), deep tillage (20 cm), and straw 
incorporation conserved moisture through the 
dry season and made land preparation and 
stand establishment for the first crop of rainfed 
dry-seeded rice possible during the beginning 
of the rainy season. 
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COASTAL SALINE SOILS IN THE 

PHILIPPINES 


Occurrence and use. More than half of the 
400,000 ha of tidal saline soils in the Philip-
pines is tinder natural mangrove. Rice is grown 
on only less than 2(1,000 ha of these soils. 

High tides cause flooding of rice fields by salt 
water, but the daniage dcpcnds on the corn-
plex inieraction of tides, rainfall. and fresh-
water discharge from rivers. Because of high
rainfall. most of the flooding, which occurs 
froni June to Septeniber. iscauised by fresh
water backed up by toccan tides. When high
tides precede the rainfall peak, however, soil 
salinity may increase to Wf)nnho/cn in tile dry 
season. This was obs-erv'd front March to N iv 
1977 at Lubao. Pampanga, where dcsalini/;l, 
lion startLd in August. lisimilar areas. farmers 
grow their nitain rice crop afh'r the salt has 
been washed awaV. The scc('d crop is liar-
vested before inundation by sit \watcr during 
spring tides. 

Where salinity anld t1ooding are niot sevcrc. 
improved salt-tolcrant varieties have increased 
yields. In other areas, reclamation conbinedwith varietal tolerance is necessar,, 
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ues in piezoincter tubes and in mud extracts from tube
sites. Philippines, 1977. 
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Monitoring salinity in experimental fields. 
Electrical conductivity (EC) values of the 
water in piezorneters were similar to those ofthe interstitial water at the same depth in an 
artificially salinized field at IRRI (Fig. I) and in 
four coastal saline soils. The EC vahles corre
lated well with the degrec of salt injury, except 
at two sites where the surface salt water was 
diluted by fresh water. 

Where the FC"values of' the surface water 
and tie piezonieter water are within a 
5-mmho/cm range. piezomctcr readings pro
vide a rapid and reliable estimate of the soilsalinity to which rice plants are exposed. 

F-ort pie/ometers wcre used to monitor 
salinity in a (.25-ha field in Saihang. Caniarincs 
s.ir. used for mass,-screenino of rices fr salt 
tolerancc. The salinitN varied from 4-5 
illiho/1n illthe t\o SouthCrn corners to 9- 11 

mmho,/cm in the iorth-ccntral parl of' the field. 
The iel salinilt rechcled a maxilum in 
A.'t, mid then declinCL. The reactions of 
lPoki, ii. the reCsi,,tant check, reflected salinity 
as, IsC;1rellrcd b\ the [llllcl. 

Che ical kineics of' saline soils and rice
 
groslth. 'IlC chemical kinetics of saline soilsdiffer. Ii a ,tudk of ho\\ soil properties 

inlluencC Salti it ry. IR20 rice \%ts frown in 
the greenhouse on tfour Subnicrgled soils at fourt1
salt colncclitralions. 

AS the salt ColCCltrllioll illcrClsed, tile 'C ' 
incrc d th pI dcrasd a nd the peak soil 
solution ConiCClitrations of sodimtllll potaS:sill.
 
calciui i;il.
litesiL ,aild mllllManiganiese inc-eased
(Table I) 

Salt (Nal)at ).2"i increased tile growth 
and yield of rice onl Lipa clay loim but not onl
Nlaahas clay and luisiana clay. At 1.4i% salt,

the VieId rcdluction was highest in Lu isiana clay
 

and least ill Naaa,,S clay. The plants on tie 
sulfate cla\ at all salt lc\cls died ([Fable 2).


Iron toxicity. s\hich killed tile plants ii 
 the acid 
stlfate soil, also killed those at 0.4c% in 

clay. 
a ap~par-Salt fuoiP to C).2q be.netited rice.entlv because it increased the concentration of 

plant nutrients in the soil solution. The adverse
effects of excess salt were more severe in the
strongly acid soil than in the nearly neutral soil. 



Table 1. Effect of 4 salt concentrations on the cation concentration in the soil solution of 4 soilsgrowing IR26 rice, 8 weeks after 
submergence. Philippines, 1977. 

Concn Ipprn) 
Added 
salt Sodium Potassium Magnesium Calcium 

Llpa clay loam (pH: 8. 1; O.M.: 11.0%) 

0 128 21 403 93 
0.1 353 24 501 143 
0.2 413 29 640 243 
0.4 827 36 841 297 

Maahas clay (pH: 6.8, O.M.: 2.5%) 

0 118 7 76 140 
0.1 387 10 187 277 
0.2 347 14 246 337 
0.4 777 22 302 393 

Luisiana clay (pH: 5.0; O.M.: 3.8%) 

0 34 2 60 73 
0.1 160 7 97 77 
0.2 500 17 104 162 
0.4 820 23 126 208 

Acid sulfate soil (pH: 3.8, O.M.: 3.1%) 

0 102 42 
0.1 347 50 
0.2 500 56 
0.4 1923 65 

IRON-TOXIC SOILS IN SRI L..\NK.\ 

Soil. ivdroloical. and plant observations were 
made on acid soils of the %\ct zone of Sri Lanka 

to ascertain wliether interflim from adiacent 
h d th] ron1 toxicity he

%\ascausin -iliandse on the 
acid soils in Sri lianka. ,\dditionally. soil and 
water from iron-toxic fields \ere analyzed and 

greenhouse studies \crc undertaken (Fig. 2).
The results (it the in%estigation suggest that:h rLipa 

* Upwelling of \water from adjacent high-
lands (due to intcrflow') aggravates iron toxici-
IV.** Interception of interflow does not elimi

nate the delet":rious effects. 
e The conc .ntratioins (20-50 ppn) of dis-

solved iron in the rtoot zone are not excessive. 

* The concentrations of iron arid other nut-

rients in the inlterflow are lower than those in 
the soil solution. 

* Nutrient deficiencies probably induce iron 
toxicity in sonic acid suhmcrged soils. 

ACIl) SULFATI- SOII.S IN l IAIILANI) 

In "Thailand, 250. ha ,facid sulfate soils are
20tt)ai faeois0.4O0 

sown dry in June-July. Rice grows as a dryland 

88 496 
121 638 
114 654 
147 704 

Iron Manganese 

0.4 1.2 
1.0 1.5 
1.4 1.9 
1.1 2.1 

18 22
 
18 35
 
20 28
 
11 44
 

129 12
 
180 28
 
e 2 50
 
484 60
 

2017 7 
2377 11 
2350 9 
2137 10 

crop for 2 months without the henefit of the p1 
increase brought about by flooding. The 
growth of rice sown in Juitlc as a drvland crop 

Table 2. Effect of 4 concentrations of salt on the yield of IR26 
rice on 4 flooded soils. Lhilippines, 1977. 

Yield (g/potl)
Added 
salt %) Straw Grain 

clay loam (pH: 8.1; O.M.: 11.0%) 

0 0 0 
0.1 41 5.2 
0.2 50 18.70.4 24 2.6 

Maahas clay (pH." 6.8; O.M.: 2.5%) 

0 62 23.8 
0.1 63 22.0 
0.2 64 24.2 

0.4 53 18.5 

Luisiana clay (pH: 5.0; O.M.:3.8%) 
0 84 59.3 
0.1 84 60.5 
0.2 42 23.0 
0.4 0 

Acid sulfate soil (pH: 3.8; O.M.: 3. 1%) 

0 0 0 
0.1 0 0 
0.2 0 0 
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~Soil 
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2. Hydrology of rice paddies in valleys in the low country wet zone of Sri Lanka, illustrated by piezometer levels 
(June-July 1977). a) upland, b) lateral seepage, c) upwelling zone, d) percolation zone. Figures indicate 
concentratns of dissolved Fe" (ppm) in interstitial water at various depths. 

on acid sulfate soils between Pathum Thani 
and Nakhon Nayok in Thailand was retarded, 
It was poorest on strongly acid soils (pH 4.0 to 
4.3). Chemical analysis of rice plants grown on 
such soils indicated that phosphorus deficiency 
and aluminum tbxicity may have caused the 
poor growth. The phosphorus content of 
retarded rice plants was 0.031%. that of heal-
thy plants was 0.069%, and that of normal 
plants, > 0.1%. The aluminum content of 
retarded rice plants was 911 ppm, while that of 
healthy plants was 177 ppm and that of normal 
plants was -, 3(0(0 ppm. 

At the Acid Sulfate Research Stlalion in 
Ongkharak, Thailand, the p1I of the surface 
water of acid soils was 0.5 to 1.0 unit lower 
than that of the reduced soil (4.5-5.0). Appar-
ently, aluminum toxicity and phosphorus defi-
ciency can retard rice growth, even in flooded 
acid sulfate soils. When caused by surface acid-
ity, these two conditions can be alleviated by 
split applications of lime as topdressing. 

ZINC I)EFICIFNCY INTil- I'lliLIPPINES 

Role of hydrology and pH. A survey of zinc-
deficient soils in the Philippines showed that 
zinc deficiency vas associated with high pH or 
prolonged wetness due to artesian activity or 
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shallow aquifers in gently sloping either allu
vial or colluvial areas adjoining mountains 
(phreatic rice lands). It was less common in flat 
areas or depressions kfluvial rice lands). The 
zinc-deficient soils studied were high in organic 
matter, unmottled, and greenish gray through
out the profile. The wet zinc-deficient soils may 
be classified as Tropaquents or Hydraquents 
(Table 3). 

In soils where zinc deficiency was observed, 
the pH ranged from 5.2 to 8.0 and the organic 
matter content, from 2.3 to 48% (Table 4). 

The influence of landform on the severity of 
zinc deficiency is shown for a loposequence at 
Tiaong, Ouezon (Fig. 3). 

Zinc deficiency at Tiaong, Quezon. The stan
dard remedy of dipping rice seedlings in a 2% 
aqueous suspension of zinc oxide before trans
planting was ineffective with susceptible va
ricties on a strongly /inc-dclicicnt Lipa clay 
loam at Tiaong (pH: 8.2; O.M.: 9.0%; availa
ble zinc: 0.04 ppm). Thus, alternative methods 
were tested in the 1977 wet season using 1R34 
a moderately resistant variety. Growth and 
yield were nearly normal whether the seed was 
coatLd With zinc oxide and broalcast (3.9 t/ha). 
the seedlings were dipped in zinc oxide before 
transplanting (3.5 t/ha), or zinc sulfate was 
applied to the soil (3.5-4.2 t/ha). 



Table 3. Landscape and hydrological characteristics of some zinc-deficient rice lands in the Philippines. 

Artesian
Location Area Landform Slope activity

(ha) 	 (%) Soil classification 
Shallow Deep 
upwelling wells 

Banaue, Ifugao ,500 Rice terraces 5-20 Yes No Hydraquents
Bugallon. Pangasinan -500 Alluvial-colluvial 1/2 Yes No Tropaquents and Hydraquents 

footslopes
Calapan, Mindoro '500 Marine plain 0 No Yes Tropaquents
 
Calauan. Laguna 50 
 Lacustrine plain and 0-2 Yes No Histic Fluvaquents, Hydra

hanging mires" quents and Tropohemists 
inold crater
 

Canaway. Agusan del 500 Alluvial-coiluvial 1/4 Yes No Tropaquents
 
Norte footslopes
 

Capudlosan. Agusan '500 Alluvial-colluvial 1/4 No Yes Tropaquents, Hydraquents
del Norte footslopes

Kalayaan, Laguna 50 Hanging mire' 0-2 Yes No tHistic) Hydraquents
Morong, Rizal 50 	 Spring mire' 0 Yes No Hydraquents
Palsabangon, Que-on • 50 	 Alluvial fan 3-6 Yes No Tropaquents
Pangil, Laguna 50 	 Spring mire' 0 Yes No Tropohemists

Sabang, Camarines Sur 
 500 Marine plain 0 No No Tropaquents

Taal. Batangas 50 Alluvial-colluvial 2 No No Andaquepts
 

footslope

Tayug, Pangasinan '500 Alluvial-colluvial 1/4 ? Yes Tropaquents
 

footslopes
Tiaong. Quezon 50 	 Alluvial-colluvial 1-2 Yes Yes Tropaquents and Hydraquents 

footslope 

"Spring mires are peaty spots developed over artesian spring heads; hanging mires are of similar origin but are formed on slopes. 

Available zinc in rice soils. Available zinc in NL:TRITIONAL PR()IHLIMS 1: RICI (;R()WN 
37 soils (pHl: 3.7 to 8.5: O.M.: 0.6 to 66C%-, ON I IISTOSOLS 
otal zinc: 33 to 161 pptn) was measured by 

four methods using air-dried soil samples. Deficiencies of macronutrients and micronti-
IR26 a, growln on the same soils, flooded. trients. Laboratory tests and greenhousC Cx-
Ille c Ir 1. of zinc deficitn\ was scored periments revealed that most Flistosols are 

on I Ito ) scale. The plants were harvested 6 deficient in aailahble nitrogen. phosphortus.

weeks after transplanting and their zinc con
tent %%as determined. 
 Table 4. Properties of soils at Philippine sites where zinc defi-

The aml11ounts of zinc extracted by the sol- ciency was observed in 1977. 
vents were in the order (.(5 N HCI < DTPA < Avail-
EI)TA - 0(.1 V 1-1( (Table 5). The 0.05 N Organic able 
HCI method give the best correlation (r = Location pH matter zinc 

0.,,'*) with tie zinc content of the plants, fol- I%),, (ppm) 
lowed b\ the extraction methods of (). I N FIG San Isidro, Santa Fe, Leyte 5.2 48.0 0.98 

Morong, Rizal 5.5 25.5 1.20 
(r = 0.55**) and EDTA--(NHl).,CO (r Kalayaan, Laguna 5.6 20.5 0.560.43). The correlation of r = (.31 for the Halang, Pangil, Laguna 5.8 33.0 0.47Famy, Laguna 5.8 35.0 0.45
DTPA method was not significant. IR26 rice Plaridel. Bulacan 6.0 2.3 0.47shtowId zinc delicic o n 11 of the Infanta. Ouezon 6.0 57.5 0.84 s s•mptoms Paete, Lanuna 6.2 19.3 0.20 
37 soils. Using the Katyal and Ponnampcruma Libon, Albay 6.5 10.7 0.26me~tho~d o~f analysis, all ecetpt twtl l'listt>l Calauan, Laguna 6.5 35.8 0.24" Calauan, Laguna 6.6 44.0 0.16had less than 1.0 ppm zinc. Sinacaban, Misamis 

Oriental 6.6 15.0 0.14The (0.05 N IK1 mnethod or zinc extraction Calapan, Mindoro 6.7 6.9 0.50appears to bet a good method of analysis for Bilar, Bohol 7.5 15.1 0.09 
available zinc in wetland rice soils because it is Pila, Laguna 7.5 3.3 0.18 
precise, simple, convenient, and inexpensive. 
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3. NE-SW cross section of the Tiaong, Quezon, Philippines, toposequence. Upper figures of available zinc represent
EDTA; lower figures, HCI 0.05 N. 

Table5. Soilproperties, available zinc determined by 4 methods of analysis, and zinc content of 6-week-old IR26 rice grown on 37
submerged soils. Philippines, 1977. 

Organic Total Available zinc, (ppm) PlantSoil pH matter zinc zinc 
%) (ppm) 1 2 3 4 (ppm) 

Aggale clay loam 7.9 1.4 38 1.0.4 0.5 2.5 19Taal sandy loam 6.9 0.56 71 13.0 14.0 8.4 22.0 28Antipolo clay 5.8 3.0 126 3.1 6.7 2.2 6.3 34

Bani clay 6.3 
 2.1 62 0.7 2.7 2.0 4.2 n.a.Calumpang clay loam 5.0 3.8 85 1.6 7.6 2.9 7.0 25 
Acid sulfate soil
 

(San Jose, Camarines Sur) 3.7 2.3 48 3.4 
 4.6 .3 4.1 n.a.Histosol (Calauan) 6.1 50.0 47 0.3 14.0 5.5 11.0 16 
Acid sulfate soil
 

(Castafhas, Sariaya) 
 3.8 4.0 132 40.0 42.0 18.0 62.0 102Histosol (Famy) 5.7 48.0 45 0.3 11.0 3.7 10.0 22
Histosol (Infanta) 6.0 57.0 80 
 0.8 11.0 7.9 13.0 27Histosol (Kalayaan) 5.6 25.0 98 2.8 15.0 6.7 16.0 27Sandy loam (Korea) 4.9 2.2 91 2.3 2.4 1.2 2.7 39
Lipa clay loam 6.9 5.6 79 
 0.2 6.6 5.6 13.0 19Pangasinan sandy loam 7.3 0.68 64 0.6 0.7 0.4 2.8 29Taal silt loam 7.1 0.56 40 3.31.9 1.1 4.3 27Libon sandy loam 6.8 1.7 49 0.6 3.2 1.6 6.5 17Luisiana clay 4.7 2.7 142 6.4 15.0 3.1 15.0 37Luna clay 7.5 1.7 161 0.4 5.010.0 32.0 30Maahas clay 6.2 1.9 128 0.5 5.4 2.3 7.5 32Alkalinized Maahas clay 8.5 2.4 0.128 8.7 7.8 16.0 20Luna clay 6.7 3.0 86 0.1 2.3 1.2 7.0 18Malinao sandy loam 4.1 2.2 33 5.63.6 1.4 5.0 n.,t.Bigaa clay loam 5.3 1.7 3.852 6.8 4.2 11.0 32Histosol (Morong) 5.5 25.0 52 1.2 5.6 1.9 18.0 17Buenavista clay 6.5 2.1 81 2.5 10.0 5.2 15.0 39 
Acid sulfate soil
 

(Thailand) 
 4.1 1.4 52 2.0 3.7 1.0 2.5 39Ilistosol (Luisiana) 5.9 66.0 69 17.00.3 4.7 12.0 19Pla clay 7.0 3.6 101 0.7 10.0 6.5 20.0 25Gitadalupe clay 5.9 3.0 98 0.8 2.2 2 2 9.0 35La Paz silt loam 6.2 1.7 71 1.8 3.8 1.9 7.0 29Lipti clay 6.8 4.3 0.779 4.9 2.9 11.0 27Sari Fernando clay 4.5 4.4 100 5.0 9.4 5.3 13.0 n.a. 
Lipti sandy loam

(Sariaya, Quezon) 5.4 4.0 122 3.5 12.0 4.0 12.0 26Silt. silt loam 7.8 1.8 0 5.5139 4.4 12.0 28Tungshan silt loam 6.6 2.8 132 4.8 7.6 3.2 12.0 33Angeles sandy loam 5.9 3.4 54 1.8 3.8 2.1 4.0 31Histosol (Camp Eldridge) 6.7 24.0 126 2.0 38.0 21.0 39.0 12 
1 = 0.05 N HCI (Katyal and Ponnamperuma), 2 = EDTA- (NH).CO, (Trierweiler and Lindsay),3 = DTPA (Lindsay and Norvell), 4 = 0.1 N HCI (Nelson et al.). 
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potaSsill, zinc, copper. and molltjbdcllllln 
(Table 6). Histosols are more deficient il filt-

rients than analyses of the dry soils indicate. 
becaISe when tile ield is wel. thle soils absorl 
several tines their weigll of water and dilulte 
the nutrients. Replicated Cxperiments in 1977 
at six locations in the Philippine provinces of 
Laguna. Rizal. and Levte confirmed those 
findings.

The response of IR26 to two levels of NPK 

fertilizers, and the trace clenents copper, 
molybdentUm, and zinc was investigated in a 
2 factorial C\perincnti\ ith NPK fertilizerle. as. i aInl 1 tirlhct ci111 hi t1;.phil,, rid triall 

. aAvailable 
tion. ol he (ricc llic IlI ;ls ttlbplota rcpli-

c .ed1,01r lilliC...A /ero I \ tl of ,all litch r, Was 
colipated \ iih 511 k' N. ha • 25 k' P' •5() k,' 
lK da. 201 k-u, ha (co cr suialel. 2 k,, of 
Mol,,ha (amlnlioriiirL 1141101dal10. arid 210 k,o 
Zniha (zinc ,ulftalc). 'lIircc. eek-oid IR2 6
,cedlii, scct ran planild alter hlie NPK Icr-
tili/cr, and ri:crolchmcnts %%crc in,:orpIratCd 
inlo 111V mill. 

The vicids at three locations diffe ed mar-
kedly in response to NPK fertilizers and to th' 
combined rnicronutrient treatments (Fig. 4).
The response to NPK \as significant only when 
mricronutrients were 'idded. The response to 
zinc was sigrnificant at three locations; the 

r l - - -------
NP CO,,zn 

SI-- I 
Yei 
es Y" 

3 

:F : 

0 
Koo PDifference 

4. Response of 1R26 to nitrogen, phosph.us, andpotassium and to copper, molybdenum, and zinc on 
hlistosols at 3 locations in Laguna, 1977 dry season. 

Table 6. Chemical characteristics of the 4 Histosols used Ina 
greenhouse study of varietal reactions, Philippines. 1977 dry
season. 

Fangil Lamau Morong Calauan 
pH 5.9 6.1 5.7 6.3 
Organic (044 41.9. 38.9 50 36.7matter 89 15.0 3 . 
CEC" (meq/100 g) 165.0 157.0 115.0 211.0 
Total 

nitrogen 1%) 1.39 1.19 0.55 1.48
Available 

phosphorus (ppm) 2.2 13.2 0 9.0 
Available

potassium (ppm) 32.0 18.5 11.0 34.0 
Available 

zinc (ppm) 0.52 0.56 1.66 0.42Available 
copper (ppm) 5.5 15.97.1 0.45 

boron (ppm) 31.0 24.0 18.0 52.0 
ActiveActive iron (01 0.512 0.412 0,662 0.731 

manganesL' %) 0014 0.010 0.031 0.078 
'Cation exchange capacity. 

responses to copper and to niolyhdcnUm w\'ere 
significant at Pangil. Laiuna (Table 7).

The responses of IR26 to inolybdenunl on 
tile listosols at NMorong. Rizal. and at Pangil 
are the first reports on the benefits of applied 
mtolybdenun to rice soils. 

Effects of drying Ilistosols. 'o ascertain 
whether drying Ilistosols beltre flooding will 
destroy toxins and improve the growth of rice, 
IR26 \\as grox\n on four Ilislosols %%ilh two 
water managcm.r schenes - continuously 
submerged anl well-drained - with a basal 
dressing of niirogen, phosphorus. potassium. 
copper, molyIIdeniu.m, and zinc in a replicated
greenhouse k:xperinlent. 

Table 7. Mean grain yields of IR26 rice at 2 rates of copper,

molybdenum, ind zinc application in the presence of nitrogen,

phosphorus, and potassium (50, 25,50 kg/ha 
 on Histosolsat 3
 
locations In the Philippine,. 1977 dry season.
 

Application Grain yield (I/ha) 
Element rate 

(kg/ha) Kalayaan Morong Pangil 

Copper 0 3.7 1.5 1.6 
20 3.6 1.8 2.7Difference -0.1" 0.3", 1.1" 

Molybdenum 0 3.6 1.4 1.5
ie 2 3.8 1.9 2.7 

0.2", 0.5" 1.2" 
Zinc 0 3.2 1.3 1.520 4.1 2.0 2.7Difference 0.9"" 0.7- 1.2"* 
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The soils were placed in 16-liter pots and 
treated with complete macronutrient and mic-
ronutrient fertilizer. In the drainage treatment 
the soils were allowed to drain freely and the 
drainage water was recycled. 

Drainage depressed straw production and 
decreased grain yield severely. The plants in all 
four well-drained soils were chlorotic and con-
tained more zinc (214 vs 41 ppm) and man
ganese (964 vs 161 ppm), but less iron (55 vs 
68 ppm) than plants grown in submerged soils. 

NITROGEN TRANSFORMATIONS IN RICE 
SOILS 

Ammonification. Ammonia released by 
anaerobic incubation at 30°C for 2 weeks 
ranged from < 50 to > 200 ppm for 39 Philip-
pine lowland rice soils. The amount ofanmowandarer million of dry soils was
ammonia in parts per mlease 
highly correlated positively with the percen.. 
tage ot organic carbon (r = +0.91) and with 
the percentage of nitrogen (r = +0.94), but 
negatively with the carbon-to-nitrogen (C:N) 
ratio(r = -0.46). 

The fraction of total nitrogen ammonified 
ranged from I.9 to 10.7%. A previous study of 
380 Philippine wetland rice soils revealed that 
20 to 640 ppm was released by anaerobic inc,-
bation at 35'C for 2 weeks. The amount of 
ammonia was highly correlated (r = +0.79) 
with the percentage of total nitrogen of the 
soils. The fraction of total nitrogen released 
ranged from 3.5 to 26.0%. 

When four Histosols containing 22 to 42% 
organic matter were incubated anaerobically 
without previous drying, they released only a 
small amount of ammonia. Drying the soil 
before submergence and anaerobic incubation 
caused a surge of ammonia release (Fig. 5). 
The moisture regime in Histosols is crucial in 
the release and conservation of nitrogen. 

Nitrification. No nitrate was found in two 
strongly acid soils (Luisiana clay, pH 4.4; and 
Calalahan sandy loam, pH 3.4) incubated 
anacrobicaiiy at 30"C for 4 weeks. Apparently, 
there is no denitrification normally in strongly 
acid soils. 

Denitrification. To study the influence of 
water regime on nitrogen losses, dry matter 
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5. Influence of previous moisture conditions on the reof ammonia during anaerobic incubation of 4 
Histosols at 30'C. Philippines, 1977. 

production and nitrogen uptake by IR32 rice 
were determined on seven soilssubjected to two 
moisture regimes - continuous flooding and 
flooding with soil drying between successive 
crops in the greenhouse. The water regimes 
appeared to have no effect on dry matter pro
duction and nitrogen uptake. 

A field experiment showed that the effect .f 
alternate wetting and drying on nitrogen uptake 
and the depressing effect on yield were insig
nificant in unfertilized fields with a rice crop 
(Fig. 6), but when fertilizer nitrogen was 
applied at high levels, the adverse effect on 
grain yield was substantial. 

Urea hydrolysis. Urea is rapidly replacing 
ammonium sulfate as the most important ni
trogen fertilizer for rice. Most of the urea ni
trogen absorbed by rice is the hydrolysis pro
duct (NH 4)2 CO3 . 

The urease activity (Table 8) in eight differ
ent soils and their flood water was least in 
strongly acid soils (acid sulfate soils, pH 
3.4-3.8) and greatest in the alkali soil (Maahas 
clay, alkalized, pH 8.6). Sodium chloride at 
0.5% by weight of the soil (Maahas clay, 
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6. Effect of different moisture regimes and nitrogen levels on the grain
yield of lR32 rice. IRRI. 1977. 

salinized. p11 6.9) Fad no effect on the rate of soils of Agusan del Norte, Albay, Laguna, and 
urea hydrolysis. Sorsogon. It varied from 76 to 274 ppm in the 

Ammonia volatilization. Five days after 100 province of Laguna.
kg N/ha, as ammonium sulfate, was applied to Water regime and nitrogen status. The
the surface of four soils. 5 k,N/ha was lost in results of a long-term experiment on the
Luisiana clay (pH 5.7) and -17 kg N/ha in the influence of water management on nitrogen
alkalized Maahas clay (pH 8.6). Maahas clay content in the 23rd and 24th season confirmed
(pH 6.6) and Lipa clay loam (pH 7.5) lost 11 the earlier finding that flood fallow promotes
and 15 k2 N/ha. respectively. The loss of nitrogen accumulation. The percentage of ni
ammonia nitrogen increased as the pH of the trogen in soils subjected to flood fallow was
soil increased. 0.183-0.185; that in dry fallow soils was

Nitrogen-supplying capacity of submerged 0.118-0.126.
 
soils. Because the nitrogen-stupplying capacity About 
 100 kg N/ha more nitrogen isof submerged soils is important to the efficient accumulated annually in flG-d fallow soil than 
use of nitrogen fertilizers in rice production, in dry fallow soil. In the 23rd season (no fer
the dry matter production and nitrogen uptake tilizer had been added since the 13th season),
by rice were studied on 39 Philippine wetland rice grown on flood fallow soils yielded more 
rice soils. Organic carbon, total nitrogen, and 
ammonia released by anaerobic incubation and 
oxidation with alkaline potassium permanga- TableS. Uraseactivityofaomefloodedrce sols.
 
nate were found to be good indexes of the 
 Urease

nitrogen-supplying capacity of submerged soils activity
(Table 9). (g'g NH.'Organic formed/The level of available nitrogen in 13 provinces Kind of soil pH carbon g soil 

in the Philippines ranged between 54 and 477 1%M per hour) 
ppm - values obtained by anaerobic incuba- Acid sulfate soil 3.4 1.57 8.8Acid sulfate soil 3.7 1.22 8.0tion at 30'C for I week. Although the number Saline soil 6.1 1.20 8.4
of samples per province varied from 4 to 129. Histosol 6.1 22.70 20.1

Luisiana claythe level of available nitrogen in the soils of 4.3 1.94 20.0Maahas clay 6.3 1.50 12.0
Nueva Vizcaya, Bulacan, Pangasinan Rizal. Maahes clay, salinized 6.9 1.50 12.0 
and Tarlac appeared to be lower than th:it in the Meahas clay, alkalizad 8.6 1.50 32.0 
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Table 9. Correlation of values of available soil nitrogen by 
different methods with dry matter yield and uptake of nit- algal nitrogen fixation, two submerged soils 
rogen by rc (n = 3v). were treated with 600 kg calcium carbonate/ha 

Correlatior -oefficient Wr and 5 kg phosphorus/ha in pots in the 
Method greenhouse. Half of the pots were covered with

Drywmatter Nitrogent black cloth. Every 8 weeks, the soil in each pot 

Organic carbon % 0.45"" 0.82"* was thoroughly mixed and a sample was taken 

Total nitrogen 0.46"* 3.84:: from it for analysis.
 
Incubation, 30"C (2wk) 0.40" 0.84" Light caused significant increases in both the
 
Incubation, 40'C (1 wk) 0.46*" 0.82""

Alkaline KMnO, 	 0.40" 0.81*: nitrogen content and the carbon content of the 
H,0, oxidation 0.460 0.82" soils (Table 10). The monthly accretion of ni-
Acid KMnO, 0.39* 0.75"" 
Acid K,CrO, 	 0.39" 0.74"* trogen was lower in the nearly neutral Maahas

°
1NH2SO, 0.10*1 0.42 * clay (9.2 mg N/kg soil) than in the acid 
Luisiana clay (12.5 mg N/kg soil), apparently 
because of greater nitrification-denitrification. 
Although the application of lime did not affect 

(112-140 g/drum) than rice grown on dry- the nitrogen and carbon contents of the soils, 
fallow soils (77-93 g/drum). These data are applied phosphorus increased them. 
averages for three soils. The net nitrogen fixation in acid soils may be 

Effects of straw incorporation. Straw incor- greater than that occurring inneutral soils. 
poration significantly increased the organic probably because there is less denitrification in 
matter content, but not the nitrogen content of acid soils. 
the soil. 

Algal nitrogen fixation. To study the effect of 
surface application of lime and phosphate on 

Table 10. Nitrogen content and organic carbon content at the 5th sampling of2 soilssubjected to the factorial combinations of 2 

levels of lime (CaCOl, phosphate, and light in the greenhouse. IRRI, 1977. 

Soil CaCO, P No light' Lighr' Diff.' 

Nitrogen content (%) 
Luisiana clay 0 0 0.163 a 0.177 ab 0.014"* 

0 + 0.163 a 0.181 a 0.018"" 
+ 0 0.163 a 0.175 bc 0.012"* 
+ + 0.165 a 0.171 c 0.006" 

Maahas 	clay 0 0 0.099 b 0.110 d 0.011"* 
0 + 0.102 b 0.109 d 0.007*" 
+ 0 0.099 b 0.107 d 0.008"* 
+ + 0.100 b 0.111 d 0.011"* 

Organic carbon (%) 
Luislana clay 	 0 0 2.37 b 2.51 b 0.14"* 

0 + 2.47 a 2.62 a 0.15 °* 
"° + 0 2.51 a 2.66 a 0.15 

+ + 2.51 a 2.67 a 0.16 * * 
Manhas clay 0 0 1.52 d 1.88 c 0.36"* 

0 + 1.65 c 1.91 c 0.26"* 
+ 0 1.62 c 1.86 c 0.24* 
+ + 1.69 c 1.88 c 0.190* 

"Means followed by a common letter are not significantly different at the 5% level. 
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NITROGEN FIXATION ASSOCIATED 

WITH WETLAND RICE 

Agronomy and Soil MicrobiologyDepartments 

A collaborative research project to increase the
nitrogen-fixing activity of the rice rhizosphere
was initiated in March 1976 with the Boyce
Thompson Institute and Cornell University,
USA. The relative contribution of nitrogen-
fixing microorganisms associated with the roots 
of lowland rice was studied and compared with
that of other known nitrogen-fixing agents ii. 
lowland rice. 

Nitrogen balance studies (Agronomy andSoil
Microbiology). Field studies. The soil-nitrogen
values of plots (sampled to the plow-pan depth)
to which no nitrogen had been added for 24 
crops at IRRI and 17 crops at Maligaya, Nueva 
Ecija, Philippines, were similar to or only

slightly higher than the 'riginal analytical val-

ucs (original Kjeldahl assays). 

Using values of 0.6% for straw (about two-

thirds removed from field) and 1.
1% for grain,
the crop removed from the soil an estimated 
1,392 kg N/ha at atIRRI and 778 kg N/ha
Maligaya. The nitrogen input in rain and irriga-
tion water can also be estimated. Thus, assum-
ing no nitrogen input other than that from rain 
and irrigation water, the amount of nitrogen
that may be fixed annually is about 100 kg N/ha
for IRRI and about 75 kg N/ha for Maligaya. If
this amount of nitrogen had been removed from 
the soil, the expected nitrogen value of the
Maligaya soil would be 0.048% N and that of 
the IRRI soil 0.118% N. Both values are sub-stantially below the experimental values. 

The data suggest a sizable input of nitrogen 

(37 to 50 kg/ha per crop) into flooded rice pad
dies in the tropics.

Greenhouse studies. To obtain quantitative 
data on the net amount of nitrogen fixed inflooded rice, a preliminary greenhouse pot
experiment using a rice soil from Maligaya wasestablished for 4 successive crops of IR28 rice 
with 2-week intervals between crops.

In the standard treatment, rice was grown in
continuously flooded soil. In another treatment, 
some pots were covered to preclude light from
the soil surface. In two other treatments, the soil 
was inoculated with Azolla pinnata or with
blue-green algae (with phosphorus and iron fer
tilization). The fifth treatment was flood fallow 
pots. The algal inoculant was taken from the 
field and, depending on the crop, contained 
Nostoc, Gloeotrichia,or Anabaena. 

The amount of nitrogen removed by each 
crop decreased substantially after the first crop,
and stabilized by the fourth crop. The nitrogen 
uptake per crop was significantly greater than
that of the standard treatment only with Azolla 
inoculation. Nitrogen equal to 50% of that
remouved by the crop was fixed in the standard 
treatment. All the nitrogen removed by the crop
in the covered treatment can be accounted for 
by the decrease in soil nitiogen (Table I).

The flooded-fallow pots did not fix a sig
nificant amount of nitrogen. This suggests thatthe rice plant must he present to stimulate ni
trogen fixation. The Azolla and the algae inocu
lation stimulated nitrogen fixation. All the net
nitrogen fixation was due to the phototrophic
rIicroorganisms. 

The final soil nitrogen content higherwas 
when the net nitrogen fixation was significant, as 

Tabe 1. Nitrogen(N) balance sheet for 4crops of R2 rice. IRRI, 1977. 

Debit Credit Balance 
N NDecrease in Miscellaneous TotalTreatment soil N N input 

N in 4 Increase unaccounted unaccountedN crops in soil N for,(mg/pot) (mg/pot) (mg/pot) (mg/pot) (mg/pot) 
for 

(mg/pot) Crop N (%)
Standard 469 25 494 967Covered - 473"895 b 49 
+ algae (+ P,Fe) 252 

25 920 915 - -5 c322 1,093+ Azolla (+ P,Fe) 
70 

- 771" ab 


260 78 71338 1,316Fallow - 978 a- 7422 
 22 - 177 155 c 
*Significant at 1%level. *Values followed by acommon letter are not significantlydifferent at the 5%level. 
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Table2. Changes in soil nitrogen and amountof fixed nitrogen
after 4 consecutive crops of IR28 r:;e. IRRI greenhouse potexperiment, 1977. 

Treatme-,t Soil nitrogen" (mg/pot) 

Original Final 
Nitrogen

fixed 
(mg/pot) 

Covered 
Standard 
Algae). P 
4zollq )-P 

-Fe) 
Fe) 

7213 a 
7134 a 
7103 a 
7024 a 

6317a 
6665 b 
6851 c
6764 bc: 

0 a 
474 b 

771
978 c 

. -....... . ..---"Values followed by a common letter are not significantly dif
ferent at the 5% 'e%el. 

in the ,.//h and algae treatments (Table 2).
All the recentl. tixed nitrogen may not be 
immediately available to the plarit, 

Acetylene reduction assays (Soil Microbiolo-
gy). Acetylene reduction activity (ARA) assays 
were conductvd in an IRRl field. a iarmer's field 
in the Philippines. and experimental plots in 
Thailand to estimate the extent of nitrogen fixed 
in the flood %aterof a rice field and that of ni-
trocen htied in associlation with the rice plant. 
The water replacement technique (1975
Annual Report) was used to eliminate the algal 

C2 H4 (mmin/ 2 per2rn y) 

-Ia4 
P26 

9 . .. 

nitrogen-fixing activity (NFA) in flood water 
and the surface soil. 

The NFA was measured in IRRI's continu
ously flooded field flanted to 1R26 rice in the1976 wet season anu 1R26 and IR36 in the 1977 
dry season. The NFA ot fallow plots was alsomeasured. In both seasons, the removal of algal 
activity greatly reduced the NFA (F.(Fig. 1,2);
concomitantly, the ARA was higher in the 
phated soils than in the fallow soils. NFA 
appears to be associated with the presence ofthe rice plant. With IR26. the NFA was higher
in the dry season than in the wet. 

High temperature and solar radiation appear 
to favor nitrogen fixation; the period from 
March to May is the hottest period of the year in 
Los Bafios. Philippines. In both the 1976 wet 
and 1977 dry seasons, algal NFA had two 
peaks: one at the early stage of rice growth and 
the other at the ratoon stage.

By extrapolating ARA assays, algal ARA 
was estimated !obe 200 mmol C2 H4/m

2 in the 

CH, (,.),,m 2 ,() 
3 

-	 C4y 

2 

A26 

0 

4U 6 &C4l~EI54lR26. 

I Flw.fFl 

0 I0 
JuneJ July Aug Sp Oct. 

TR I: HV RT PL 

1. Acetylene reduction rate at IRRI, with and without
algae inthe wet season of 1976. TR = transplanting, HD = heading, HV = harvesting, RT = ratoon, PL = plowing, 

4 	 IR36) 

I. 	 II I II
 
D" . Apr May
 

Tf IR26 HVIiD 
t t 

2. Acetylene reduction rate at IRRI with and withoutPt
 
algae in the dry season of 1977. TR = transplanting, HD
heading, HV = harvesting, RT = ratoon, PL = plowing. 
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Table 3. Acetylene-reducing activity (ARA)of 26 an'J 1 rice plants.- N, 1377 wet eason. 

IR26 
 IR36
 
Days after ARA (/Lmol CH4/hII daily)transplanting ARA (,smol CH./hill daily) 

In situ 

21 12.3 ± 0.76 
43 30.6 _ 2.6
64 49.9 ± 4.9 
84 18.9 -t 1.8 

106 15.8 ± 1.1
Ratoon 7.8 ± 1.0 

Dry root Dry rootIn water culture (g) In situ In water culture (g) 

11.5 _t3.2 3.15 ± 0.5 14.8
48.4 7.9 5.0 ± 0.5 

± 0.7 15.8 ± 3.9 1.1 ± 0.1421.3 ± 1.6 35.5 ± 5.0 4.6 ± 0.550.8 ± 5.9 6.1 ± 0.9 38.7 ± 5.5 34.2 ± 2.8 3.1 ± 2.022.0 ± 3.7 3.2 ± 0.25 26.4 2 3.3 31.7 ± 9.3 2.3 ± 0.421.0 ± 3.3 2.8 ± 0.35 24.5 ± 4.8 2.1 ± 0.3 9.1± 1.0 17.8 ± 2.9 1.3 ± 0.2 

37 days after cutting. 

wet season (163 days) and 300 mmol C2H4/m 2 

in the dry season (168 days). ARA associated
with Lhe rice plant was calculated to be 90 mmol 
C2H4/m2 in the wet season (163 days, IR26) and 
50 mmol C2H4/m2 in the dry season (168 days,
IR36). 

To demonstrate the role of roots in nitrogen
fixation associated with the rice plant, the NFA
of the top part of the rice plant separated from
the roots was measured in the field. Some ARA
remains associated with the top part of the rice 
plant after its separation from the roots, indicat-' 
ing that the ARA associated with the plant isnot confined to the rhizosphere. The relative 
contribution of the rhizcsphere and stems to the
total NFA associated with the rice plant varied,
This factor complicates the monitoring of the 
NFA of the rice rhizosphere. 

In the 1977 wet season, the ARA associated
with IR26 rice and that associated with IR36 
rice were compared at IRRI by field ARA and 
water-culture assays. The population of the
heterotrophic bacteria and aerobic ni:rogen
fixers grown on either rualate or glucose
medium was determined. At the early stages of
growth, the ARA of IR26 was higher than that 
of IR36, but the reverse was true during the 
later stages (Table 3). For both rice varieties,
the ARA activity was highest at the heading
stage, and lower at the ratoon stage because the 
algal activity on the stem was eliminated. The 
extrapolation of the measured ARA up to har-
vest time showed 66 mmol C.H 4/m2 for IR26 
(105 days) and 51 mmol CH4/m2 for 1R36 (95 
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Roots of plants from the field were washed under running wter bubbled continuously with nitrogen gas, then transferred to aculture solution where the assay was made 24 hours later. bAverage standard error of the mean. 1R26, 24 days aftercutting; IR36, 

days). Therefore, the daily average ARA values 
for IR26 and IR36 were similar. 

The population of aerobic nitrogen fixers at 
the root surface (rhizoplane) and within the 
washed root tended to increase as the plants 
grew, and reached 101/g fresh root (Table.4).
The population count of the nltrogen fixers 
grown on a glucose-yeast extract medium was
consistently higher than that of the nitrogen
fixers grown on malate-yeast extract medium. 
Most of the bacteria grown on malate medium 
were of the Spirillum type, which was also found 
within the internode tissue. 

The plants were taken on the day when the 
field assays were conducted. The water-culture 
pots with the rice plants were enclosed in a plas
tic assay bag. Assays were conducted for 24
hours in the greenhouse. This assay eliminates 
problems of gas transfer. 

The field-assay ARA almost paralleled
water-culture ARA (r = 0.88) (Table 3), and 
ARA by the water-culture assay was higher by
20% than ARA by the field assay. Perhaps the 
acetylene was transported quickly to the root 
zone and became accessible to nitrogenase
located in the plant and to the root. The almost 
parallel values from both methods suggest the
validity of the field assays. The slightly lo,¢er
ARA measured by the field assay, however, 
suggests that the filtd assay values might still be 
low estimates, probably becausc of the limita
tion of gas transfer. 

The ARA was measured in a farmer's field 
(Puro clay loam) in Albay province, Philip



Table 4. Population of the heterotrophe and aswobk. nitrogen fixera par gram of tfrah root of 2 rice varlatles.a IRRI,1977. 

Aerobic nitrogen fixers (x 101/g fresh root) 

Heterotrophs' 
Days after (x 101/g fresh root) Rhizoplane Within plant' 
transplanting Rhizoplane Within plant' Glucose' Malatel Glucose" Malate, 

IR26 

4 125 343 134 874 160 
23 72
 

84 300 870 205 2 

64 234 875 200 740 


1000 21 
180 4 1400 34Ratoon' 
IR36
 

230 16 

64 467 1670 220 1S 920 31 

84 720 1650 600 13 1000 22 

240 4 1800 53 

43 189 682 140 14 


Ratoon 

"Based on av.of 3 replicates. 'Plate count on 3% tryptic soy agar (Difco). 'Washed rootwas macerated. dMost probable number in 

glucose mediurn. 'Most probabie number in malate medium. '10 days after cutting. 

pines. three times from August to October. The 
field was planted to IR26 and Malagkit. a local 
cultivar of glutinous rice. In all cases. the water 
replacement treatment reduced the ARA only 
slightly. because of limited algae growth. The 
NFA values associated with rice were similar to 
those usually found in IRRI fields and were 
slightly higher for MNalagkit rice than for 1R26. 

In cooperation with the Department of 
Agriculture in Thailand, field ARA was deter-
mined in the 197( wet season and the 1977 dry 
anti wet seasons at thtee experiment stations in 
Thailand -- Klong Luang (least fertile), Supan-
bud (medium). and Chainat (the most fertile). 
Both unfertilized rlots and plots that received 
potassium and phosphorus were used. The 
removal of algae alo greatly reduced the ARA 
values. The ARA values associa',ed with RD9 
rice were similar to or slightly !ess than those 
recorded at IRRI. The effect of adding phos-
phorus to the soil on the NI-A associated with 
the rice plant was ,vident in Supanburi and 
Klong Luang khc.c soils were deficient in 
phosphorus. The NFA of the flood water was 
lowest in Klong Luang (acid sulfate soils) but 
high in the dry season crop at Supanburi and 
Chainat. 

Varietal differences in nitrogen fixation abili

ty. Screening for rice varieties tl:at have a high 
NFA capacity was continued in the laboratory, 
greenhouse, and field. Among 15 varieties 
tested in the greenhouse, 5 ,arieties of Oryza 

sativa (JBS236, JR26, Pokkali, PeBiHun, and 
DV20). 0. austrahensis, and 0. punctata had 
higher ARA values. These rices were also 
grown in the field at IRRI, where their NFA was 
compared with that of IR26 by the field assay 
technique and by the water-culture technique. 

The ARA values and the population counts 
of aerobic nitrogen fixers of the root were much 
smaller than those of the rices grown in the field. 
The population counts of N.-fixers were not 

related to the ARA values. 
In field assays, the NFA of Latisail, JBS236, 

and one clone of 0. australiensis was slightly 
higher than that of IR26. The ARA values 
determined by water culture were slightly 
higher than those obtained through field assays. 
The highest value (water-culture) was 180 g 
N/ha per day for 0. australiensis. 

it is too premature to identify any rice whose 
consistently higher ARA value compares with 
that of lR26. The variabilitv ofNFA in different 
growth stages of rice complicates screening for a 
high capacity for NFA. 

NITROGEN 1:IXATION HY AZOI.LA -
A,VIILNA ASSOCIATION 
Soil Microbiology Department
 

Field experiments. Field trials to test the effect 
of Azolla inoculation on rice growth was con
tinued on the same treatment plots as those 
reported in 1976, but the method was modified. 
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Table 5.Met of Azo/G heculetlon on rbe growth. M, 177. 

Treatment" 1977 dry season 1977 wet season 
- Both 

P WA Straw Grain Panicles Straw Grain Panli seasons' 
(tlha) (no./hilll (tha) (no./hi) grain yield

t/ha Index tha Index (t/ha) 
- - - 3.8 4.5 100 12 3.0 3.1 100 12 7.6-- + 5.6 5.8 130 13 3.4 3.5 111 11 9.3+ - 4.2 4.7 100 12 3.4 3.4 100 13 8.1- + + 4.8 5.4 114 13 3.0 2.9 85 12 8.3+ - - 4.6 5.0 100 13 3.7 3.5 100 13 8.5+ - + 7.0 6.9 136 18 4.4 4.3 123 14 11.2+ + - 4.5 4.9 100 13 3.7 3.6 100 14 8.5+ + + 8.9 6.3 128 16 4.3 4.0 109 12 10.3 

*P = phosphorus, W = puddling to IncorporateAzol/a, A = Azolla inoculation. bFour inoculations ofAzollabufore the rice we:transplanted and two after transplanting. cTwo Inoculations of Azolla before transplanting and three after transplanting. 

Azolla was grown and inoculated both before 
and after transplanting. Because Azolla decom-
poses slowly in soil, the medium-maturing IR26 
was used in place of 1R30. The amount of phos-
phorus was decreased to 15 kg P2Odha. 

For the 1977 dry season rice, 4 crops of 
Azolla (from October to December) were 
grown for 80 days before the land was prepared
for transplanting. In plots that were puddled,
Azolla was incorporated into the soil before 
new inoculation. After the rice was trans-
planted, Azolla was inoculated twice. Without 
added phosphorus and puddling, a 1.3-t grain
increase was obtained with Azolla inoculation 
(Table 5). Puddling tended to reduce the grain
yield response to Azolla inoculation. 

In the wet season rice, two crops of Azolla 
were grown for I month (May-June) before the 
rice was transplanted. After the rice was trans-
planted, Azolla was inoculated three times. 
Because of high temperature, the growth of 
Azolla before transplanting was poor, particu-
larly in plots without phosphorus. After trans-
planting, its growth was more vigorous. Without 
added phosphorus, a 12% or 0.4-t increase in 
rice yield was obtaintd with Azolla inoculation. 

Azolla inoculum preparation. In the field 
plots (25 in2) where tht- Azolla inoculum was 
grown, Azolla production continued for more 
than 8 months. The first half of the total super-
phosphate (15 kg P.,O.,/ha) and carbofuran (3 kg
a.i./ha) added was applied when half of the pint 
was inoculated with Azolla. The other half was 
added when Azolla was transferred to the other 
half of the plot. Because mixing both com-
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pounds with Azolla was deleterious to its initial 
growth, both the superphosphate and carbofu
ran were broadcast over the inoculated Azolla. 
Half of the plots were shaded to 20% of the light
intensity in the open area, as measured at 1200 
hours. Azolla was harvested when it had 
covered the surface of the plot or when it started 
to decompose. 

In the open area in the plot, 330 kg N/ha was 
accumulated in 220 days. The growth rate was 
depressed from April through June probably
because of high temperature and strong solar 
radiation. 

Azolla species and clones collection. Azolla 
pinnata collected from the Philippines,
Malaysia, Indonesia, and Thailand, and A. 
filiculoidescollected from Hawaii were grown in 
the greenhouse and in the phytotron at 5 klux 
30°C. Their tolerance for high temperature and 
their phosphorus requirements were tested. At 
29°/210C (day/night), A. filiculoides had a 
higher population density than A. pinnala (Fig.
3); at 330/25' , this higher density lid not occur 
and the result was less biomass. Although 
temperature did not greatly affect the rate of 
growth, it markedly affected the maximum 
biomass. It appeared that the higher tempera
ture rcime accelerated the decomposition and 
death of Azolla. 

The variability in the pH of the water-culture 
solution from pH 4, 6, and 8 did not appear to 
significantly affect the growth of the 3 clones of 
A. pinnata and A. filiculoides. Among the 
Azolla species tested at 7 temperature regimes 

- 23 0/150C, 260/180C, 29 0/21 0C, 32 0/24 0C, 



Fresh wt (Ig/m 
2,) 

1.5 -A02 

A&km (Mobyw) 
MbmIs (Ha,, 29/21* c 

2921*C 

.0*1/23*C 

05 - .,t:0-doydrtW1(m) 40- dry,,thg/m
2
) 

31/Z3 2"2 

01O0 331 

Zg/21 

/0 

0 10 

3. 

20 30 40 0 10 20 30 

Days 
Temperature response ofA. pinnato and A. fliculoides. IRRI, 1977 

40 

0 

35°/27"C, 38°/30°C, and 41°/33°C - A. the soil from covered and uncovered cylinders 
filiculoides was most sensitive to high tempera- was sampled at depths of 15 to 75 cm. 
ture. Azolla clones from Banaue, located in the Ammonium nitrogen in the surface sil layer 
cool mountain area of Luzon, Philippines, (0-15 cm) of the poorly drained soil decreased 
showed no special tolerance for low tempera. 	 rapidly during the first month after application, 
tures. 	 and decreased further during the second month 

to the level before fertilizer was applied (Fig. 4). 
The decrease in ammonia was accompanied by 

NITROGEN TRANSFORMATION an increase in nitrate nitrogen. Nitrification was 
IN RICE SOILS faster in the covered cylinders than in the open 
Soil Microbiology Department ones. Nitrate movement occurred in both open 

cylinders - where the soil was exposed to rain-
Nitrogen transformation in rainfed and upland fall - and covered cylinders. Little nitrate 
rice soils. The loss of applied ammonium was accumulated at 50 cm in both types of cylinders 
studied at two sites: IRRI upland field with poor (Fig. 5), probably because the water table fre
drainage, and Cale, Batangas, Philippines, with quently rose and the soil surface was sometimes 
good drainage. In the study, ' 5N-labeled submerged after heavy rains. That could have 
ammonium (50 kg N/ha) was applied in metal created anaerobic conditions and, thus, the low 
cylinders (18.5 cm in diameter) inserted in the nitrate accumulation at this depth may have 
furrows. To prevent leaching, half of the cylin- been caused by denitrification loss. 
ders were covered with plastic film. At 0, 1, 2, 3, In open cylinders and 5 months after the 'SN
4, and 5 months after application of fertilizer, labeled ammonium was applied, nitrate and 
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4. Changes in the contents of ammonium nitrogen(NH N) and nitrate nitrogen (NO,:N) in the surface(0-15 cm) soil layer. IRRI, 1976 wet season. 

ammonium accumulated at the 30-45 cm depth,
but were negligible at the surface layer (Table 
6). In the covered cylinders, however, theyaccumulated at the 0-15 and 15-30 cm depths
and were negligible at depths below 45cm. The
nitrogen losses may have occurred at the lower
depths (45-75 cm). "therecovery of the applied15N was 19% in the open cylinders and 35% in
the closed cylinders, suggesting that leaching 
may have caused part of the nitrogen loss. The 

65% loss in the covered cylinders was considerable, and may have been caused by the frequentrise of the water table (cy!inder depth was 25 
cm). Denitrification may be the major came of
nitrogen loss in poorly drained soils.

In Cale, where drainage is good, ammonium 
nitrogen disappeared very rapidly from the surface soil layer (0-15 cm) I month after fertilizer was applicd in both the planted (IR5 rice) an'unplanted plots (Fig. 6). In the unplanted plotsthe level of nitrate increased during the firstmonth, then decreased. At harvest (5 months 
after), it was about the same as that in the nonitrogen ploi a! the start. The disappearance ofammonium nitrogen in the first soil layer (0-15
cm) of the unplanted plots was followed by theappearance of nitrate in all of the 5 soil layers 1month after the application. The total amount 

of nitrate occurring between 15 and 75 cm was
equal to the amount of ammonium that disappeared in the 0-15 cm surface layer (Fig. 7). No

similar findings were 
noted in the IRRI upland
 
field.
 

The nitrate that appeared in the different soil
layers during the first month decreased gradu
ally with time; at harvest it was almost equal to
that found at the start of the expcriments. Nopeak of nitrate accumulation within the soil
layers to a depth of 75 cm was observed. The
nitrate might have been leached below 75 cm. 

N03 --N(ng/kg) 

0 2040 20406080 20406080 2040 2040 

15 

A30
 
0Open
 

45
 

75r 

5. Vertical distributionof nitrate nitrogen in the soil p~ore (0-75 cm). IRRI, 1976 wet season. 
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Table 6. Recovery of fertilizer nitrogen ('"N-labeled N (in/kg)
 
ammonium) 5 months after its application in poorly drained
 
soil." IRRI, 1976 wet season. UNPLANTED PLOTS ROTS PLANTED TM R5
 . .... ....------ --....... 
 NH4*-N RICE 

Mineral NO' -N
 

Soil depth NH, •NO, -N(mgikg) 'N (mg/kg) SON
 
(cm) -5ON- _
 V 

Tota! 'N Immobilized Total N 1c
 
N
 

Open cylinders 

0-15 5.86 0.716 19.70 20.42 
15- 30 13.4 5.04 1.08 6.12 
30 -45 10.12 9.24 0.135 9.38 
45-60 NG - 50 
60-75 NG - ". 

Covered cylinders / 
0- 15 23.96 12.58 28.87 41.45 I 

15-30 28.22 15.87 4.10 19.97 _J 4. 
30-45 13.43 3.96 2.48 6.44 . 
45-60 NG - - 0 b 
6e,-75 NG - 0 I 2 3 4 0 I 2 3 4Months after fertlizer oppliclion 

.0.4% "N. NG = negligible 
6. Changes in the contents of ammonium and nitrate 
nitrogen in the surface soil layer (0-15 cm). Cale, 

In the open cylinders. 5 months after fertilizer Batangas, Philippines, 1976 wet season. 

application. the soil nitrate to a depth of 75 cm 
a%s11111t0I el.lul t0 theZamount before the ni

troten'% as applied. In contrast to that intile poorly drained field 
In covered cylinders, however, nitrate at IRRI, the applied nitrogen in Cale was found 

accumulated onl\ in the first layer (0-15 cm). in at depths beyond 45 cm (Table 7). Recovery of 
contrast \%ith itsnio\enlent in IRRI field plots. 'IN in the soil layer up to 75 cm was 25% in 
Nitrate difftuscs faster at higher soil moisture open cylinders and 65% in covered cylinders. 
coltents. Thus, its siOw do%\ nward movement in Assuming that the loss of nitrogen in cov.ered 
covcred cylinders inCale may have been due to cylinders was caused by denitrification, the loss 
a lo%\ er soil rnoiture content in the lower layers of nitrogen by leaching in open cylinders was 
(15-75 cm). 407%in Calc and 15%; in the IRRI field. l)cni

N0;-N (mq/lkg 

0 02030 0 1020304050 2030 0 20 30 0 0 20 30 

15/
 

. 30 
.II
 

-45 /00 N 

_ _ 

60 / 
757
 

75 ____
0 I 2 3 4 

Months after fertilizer applicohon 

7. Vertical distribution of nitrate nitrogen in the soil profile (0-75 cm). Cale, Batangas, Philippines, 
1976 wet season. 
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Table 7. Recovery of fertilizer nitrogen 5(- -labeledammonium) 5 months after its application In upland soil. Cale.
Batangas, Philippines, 1976 wet season. 

Soil depth NH, NO, e r- N (ng/kg) "N (mg/kg)(cm)I e 

Total I;N ImmobilizedN Total N 

Open cylinders 
0-15 3.66 0.648 18.09 18.74 

15- 30 5.59 0.589 7.2130- 45 7.8045 60 6.19 1.23 3.987.10 5.212.82 2.97 5.7960-75 7.68 2.00 2.67 4.676overed cylinders 
0. 15 77.43 56.03 30.69 86.72

15.30 9.79 3.96 4.61 8.57 
30 -45
45-60 S

8.46
9 2.39 2.38 4.772.58 2.28 4.8660- 75 6.02 1.32 0.69 2.02 

trification losses appear to be greater in poorly
drained upland soils. 

Effect ofsoil condition during tiw dry season 
on nitrogen availability duringthe wet season. In
rainfed rice fields the condition of the soil dur-ing the dry season may affect the availability of
soil nitrogen and the growth of rice during thewet season. The design of greenhouse experi-
mtnts and the yield of wet season lowlaid rice were discussed in the 1976 Annual Report. 


Submerging dried soil for 
 9 days beforetransplanting effected the release of available
nitrogen, especially in soils that were air-dried
during the entire dry season and in the dry soilprepared by alternate wetting and drying. The 

Table S. Balance sheet of 'N-labeled fertilizer in lowland riceas afecteil 

IRRI 

greenhouse, 1976 wet season. 

Soil condition" Recoveredin previous I%) Unaccountedfor I%)dry season Crop Soil Total 

Flooded, planted 55.i a 40.8 ab 
 95.9 a 4.1 c 

Flooded, fallow 
 58.5 a 35.9FMC, planted 38.2 d bc 94.4 a 5.645.5 a 83.7 bc 16.3 ab c 
FMC, fallow 46.0 bc 35.4 bc 81.4 bcd 18.6 ab 

Air-dried
Dry, with rain 43.0 cd 34.2 c 77.240.3 d 22.8 abc 18.C, ab 
Dry, with rain 

(AWD) 
 49.3 b 37.0 
bc 86.3 b 13.7 b 


"Based on the amount of "N applied (350 mg/pot). Inacolumn.
any 2 means followed by a common letter are not significant 
 ldiferent at the 5% level FMCI= field moisturecapacit,; AWDalternate wetting and drying for the wet season. 
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active ammonification process, however, wasaccompanied by nitrification when the flooded 
soil was subsequently dried. Fallowing the 
flooded or moist upland soil did not promote thestorage of largea amount of exchangeable
ammoniumam oim ntoe. TheTe ofnitrogen. releaserlae o 
immobilized I.N from the previous year's wet 
season was about proportional to the minerali
zation of soil nitrogen.In spite of the sufficient amount of available 
soil nitrogen and the application of 350 mgN/pot, the growth of plants in the previouslymoist upland and dried soils was inhibited. Itimproved with age, however, and was vigorous 
during the middle and late stages.Use of fertilizer nitrogen was best in continu
ously flooded soils and lower in previously moist
upland and dried treatments (Table 8). One
cycle of alternate wetting and drying of the soilfor 20 days, however, improved plant uptake of
applied nitrogen. 

The total amount of tagged nitrogen recovered in plant and soil revealed losses of 4.1%
in the continuously flooded soils. The nitrogen
loss was greatest (23%) from soils subjected to
air-drying. High nitrogen losses from soils :;ubjected to the wetting and drying treatment may
be associated with the inhibition of growth during carly plant deelopnicnt. when fertilizer ni
trogen can be lost. 

Although the air-drying treatment caus2d 
more losses of fertilizer nitrogen, the losses 
were compensated for by a greater availability
of soil nitrogen at the later stages of rice growth, 
even greater than that in continuously flooded
soils (Table 9). The grain yield was comparablewith that of rice grown on continuously floodedsoils. The practice ot alternate wetting and dry-

Ing appears to improve use of nitrogen from
both the soil and fertilizer sources.The percentage of soil nitrogen in the total
nitrogen uptake was proportional to the amount 
of ammonium nitrogen that was present beforetransplanting. Increased mineralized nitrogen 
and inhibited rice growth, cwhich occur after 
flooding of moist and dried soils, may explainthe arailabilit\ of fertilizer nitro1gon and soil iiit rogen. The a 

are partlv overcome ba IleiTI.
Welting and drying.The tate of applied nitrogen was followed in 



T&We 9. Effect on soil nitrogen (N) uptake of soil conditions 
during previous dry season." IRRI greenhouse, 1976 wet sea-
son. 

Soil Residual 

condition' Total Soil tagged N Soil N 
in dry N uptake N uptake in soil in total 
season (mg/pot) (mg/pot) N uptake N uptake

%) (%l 

Flooded, 

planted 320.8 c 128.1 d 6.3 ab 39.9 e 

Flooded, 


fallow 380.3 b 175.4 c 7.1 a 46.1FM 

planted 240.1 d 106.5 e 5.9 b 45.1 d 

fallow 254.7 d 93.6 f 6.0 b 36.8 e 
Air-dried 417.8 a 267.3 a 6.2 ab 64.0 a 
Dry, w;th 

rain 305.0 c 163.6 c 5.6 b 53.7 c 
Dry, with 
rain
 
(AWD) 406.1 ab 233.5 b 6.3 ab 57.5 b 

"Inacolumn, any 2means tollowed by a common letter are not 
significantly different at the 5% level. 'FMC = field moisture 
capacity, AWD = alternate wet and dry preparation for wet sea-
son.
 

three cropping seasons. Of the 180 mg N/pot
applied, 44% of the applied nitrogen was taken 

up by the first crop and 50% remained in the soil 
as immobilized nitrogen. Remineralization of 
immobilized nitrogen was slow; 7% was 
released in the second crop of lowland rice and 

5% was released in the secoiid crop of upland 
rice. Soil conditions during the dry season 
atffoctd !he availability of immobilized nitrogen
to the subsequent lowland rice crop. Minerali

zation activity appears to improve after soil dry

ing. Regardless of the difference in uptake of 
soil nitrogen among plants in different treat
ments, nitrogen from the residual fertilizer was 
almost constant at 6% of the total soil nitrogen 
uptake. At the end of the third crop, 35% of the 
applied nitrogen still remained immobilized in 
soil. 

Appropriate manipulation of the soil before 

and during land preparation can markedly 
improve the amount of available soil nitrogen 
that can be released after a prolonged dry 
period in rainfed fields. 
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NITROGFN -TRTI LITY01: SOILS 

Ammonia volatilization losses. The magnitude 
of direct aninmonia volatilization losses, deter-
mined by nitrogen source and 11V time and 
method of nitrogen application, was measured 
in outdoor drums and in the field using aneutral 
"nd an acid rice soils. 

In one e \11-iinclIt, druins \\ ere lilled \witlh 
neutral Nlaahas and acid Luisiana soils, and 
ilooded s ith \water. \'ariable proportions 
100. 60, 33. and 0('(' - of 9)0 kg N/ha fron; 
amnoniuin su!iate and ure- ,,,re pla":J 10- 12 
cm deep in the reduced soil la\'cras gelatin cap-

stiles; the remaining portions were broadcast on 
the flood WIter. Solar radiation and tempera-
lure were high during tile experiment. 

Ammonia \olatil~zation losses froni urea 
were generally greater than those from 
ammonium sulfate during a 12-day period, 
Maximui aninionia volatilization losses 
anoutled to 18' urea iltrogen and 15¢? 
ammoniiun sulfate nitrogen when both nitrogen 
sources \\ere entirely broadcast during periods 
of high light intensitN and active algae growth 
(Fig. I ). The rte of ammonia volatilization 
from ammonium sulfate was initially faster -han 

Nitrogen loss (M) 

20 P~xoe s Am J20 - rk ed(kg/ho) 
90 ...0~ 0~e uf~ 

60[-0 30 

15- 300-60 
03-90 

to

5 

that from urea. Ammonia volatilization losses 

were nearly eliminated when all urea and 
ammonium sulfate were placed 10-12 cm deep 
in the soil. 

In a second experinent, amnmoniun sulfate at 
15. 30, 60, and 9) kg N/ha was broadcast over 
the 5-8 cm of water contained in 2.5-liter glass 
hottlcs pressed into ihe ntd of each drum. For 
mechanical incorporation, the soil in each bottle 
was stirred for 30 seconds with an electric stir
rer. Stirring completely mixed the soil and water 
in each bottle to a depth of about 10- 12 cn. The 
degree of incorporation was superior to what
flarmers achie'cd by harrowing. 

In 9, days. volatilization losses with surface 
zipplication of nitrogen ranged fromi 4.5 to 6.5% 
(Fig. 2). In contrast, mechanical incorporation 
of broadcast nitrogen reduced the losses to less 
than I% for all rates of nitrogen. The levels of 
soil retention of nitrogen \\ere similar to those 
anChiCe\ e \1w as gelatin capsules (Fig.placemieit 
I ). Complete field incorporation of applliCd Ili
trogen fertilizer conserved considerahle quan
tities of the fertilizer nitrogen. 

A third experiment to determine the effects 
of rate and method of ammoniunm sulfate appli
cation on ammonia volatilization losses was car-

I LS (5I LSDt(5% 

0 i 
0 3 6 9 12 0 3 6 f, 12 

Days 

1. Effect of nitrogen source and placement on nitrogen loss through ammonia volatil 
ization (as percentage of total application). Large pot experiment (Maahas clay). 
IRRI, 1977 dry season. 
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2. Effect of method of application on loss of nitrogen
in Maahas clay. Large pot experiment. IRRI, 1977 dry 
season. 

ried out at two field sites (Luisiana clay and 
Maahas clay) during the 1977 dry season. Pre
plant (basal) nitrogen (at rates 20, 30, 40. and90 kg N/ha) was broadcast over 5-8 cm of water 
and incorporated; 30 kg N/ha was applied as 
topdressing 10 days after transplanting; and 
nmudalls (60. 90. and 120 kg/ha) were 
placed 10-12 cm deep between -':vsof rice 
planted on a 20- x 20-cm grid. 

The nitrogen loss from water on Luisiana soil 
was about 1% of the 20 kg N/ha of basal appli-
cation and significantly higher than that from 
the topdressed 30 kg N/ha. Losse., from mud-
ball placement application were negligible (Fig. 
3). 

Maahas clay had the largest volatilization los-
ses because the pH of the water ranged from 7.2 
to 10 in diurr.al fluctuations. Losses of nitrogen 
from topdressed fertilizer applied 10 days after 
transplanting totaled about 20%, with most of 
the ammonia lost during the first 3 days after 
application. Less than I%of the total nitrogen
placed as mudballs was lost through ammonia 
volatilizailon (Fig. 3).

In a fourth experiment in drums during the 
covninl01977 wet season, two conventional fertilizers ammonium sulfate and urea - were compared 

with two slow-release nitrogen sources 

sulfur-coated urea (SCU 21) and isobutylidene 

diurea (IBDU). Three methods of application 
were used  surface, incorporation into a 5-7 
cm soil layer, and placement at a depth of 10- 12 
cm. 

In Luisiana clay, the maximum loss of nitro
gen through ammonia volatilization was from
surface-applied urea (about 5%). With surface 
application in Maahas clay, nitrogen losses were 
15.4% for urea, and 11.9% for ammonium sil
fate. For the slow-release fertilizers SCU 21 aadIBDU. nitrogcen losses were 9.4 and 3.2%,. 
respectively (Fig. 4).

In a subsequent study, also during the wet 
incorporation of SCU 21 and IBDU 

minimized ammonia volatilization losses inMaahas clay to a negligible level similar to thatwhich resulted from deep placement of conven

tional fertilizer. In Luisiana clay, the maximum 
loss of volatilized ammonia was less than 1% 
regardless of the method of application (Fig. 5).

Ammonia volatilization losses appear to be
greatly minimized by placement of nitrogen fer

2 
L,,,',, dy 

I 	 Ls0(5*/) 

25 
)OF M= 00 

20 N" o -
15 TO 
10 	 Bo-0D 

C02
V 0 

4-09
 
--- l60
 

6 -...
 

4 

L(%2 

0 	 . . 
2 4 6 8 10 12 14 16o , o of N-6iijz3. Effect of time and method of application on nitrogen

loss (percentage of total application) through ammonia 
volatilization. IRRI, 1977 dry season. 
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4. Effect of source and method of application on nitrogen 
loss through ammonia volatilization. Large pot experi-
ment. IRRI, 1977 wet season. 

tilizer 10-12 cm deep in the soil. They are 
minimum with slow-r.lease fertilizers. particu-
larly IBDU. even when these are surface 
applied. Incorporation of slow-release fertilizer 
and deep placement of conventional f-rtilizer 
nitrogen resulted in the lowest losses of 
ammonia. 

The pH of the flood water affects the losses of 
fertilizer nitrogen applied in water or on the soil 
surface. 

In situ release patterns of nitrogen from 
deep-placed urea in flooded soils. During the 
1977 wet season, in situ release patterns of ni-
trogen from deep-placement sites (later referred 
to as placement sites) of prilled urea (PU), 
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5.Effect of source and method of application on nitrogen 
loss through ammonia volatilization. Large pot expei
n;nt. IRRI, 1977 wet season. 

supergranule urea (SGU), sulfur-coated urea 
(SCU), and urea in mudballs (MBU) were 
studied in flooded Maahas clay. In asmall nylon 
screen bag, nitrogen (450 mg) as PU, SGU, or 
SCU was sandwiched between two layers of wet 
soil freshly collected from the field. A mudball 
containing the same quantity of nitrogen as PU 
was also placed in a nylon screen bag. A 
sufficient number of nylon bags containing PU, 
SGU, SCU, and MBU were placed at a 10- to 
15-cm depth in the reduced soil layer in 30-M 2 

plots. Placements were made at random be
tween rows of transplanted IR36 rice spaced 
20 x 20 cm. 

Urea nitrogen decreased rapidly at the 
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6. Changes in potassium chloride-extractable ammonium 
nitrogen at deep-placement sites after the application of 
different forms of urea in flooded soil. IRRI, 1977. 

placement sites of PU, SGU, and MBU and
almost disappeared within 3 days after place-
ment. At the placement site of SCU, it 
decreased gradually over 45 days. Apparently, 
the urea in the flooded rice soils was rapidly 
hydrolyzed. 

Ammonium nitrogen resulting from urea 
hydrolysis reached peak values between 1and 3 
days after the placement of PU, SGU, and 
MBU, and then slowly decreased (Fig. 6). The 
ammonium nitrogen fixation by soils was negli-
gible (< 0.2% of nitrogen placed) at all place-
ment sites. 

The nitrogen released from the placement 
sites of PU, SGU, SCU, and MBU was assumed 
to be the difference between urea nitrogen 
placed and the total nitrogen (urea nitrogen + 
potassium chloride-extractable ammonium ni-
trogen + fixed ammonium nitrogen) recocred 
by analyzing soil in the nylon bags, which were 
sampled periodically (Fig. 7). Nitrogen release 
from placement sites of PU and SGU was rapid 
during the first day after placement and then 
declined gradually. The pattern of nitrogen 
release from the placement site of MBU was 
similar to but slower than that from placement 
sites of PU or SGU. Nitrogen release from the 
placement site of SCU was considerably slower, 
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7. Changes in the total nitrogen [urea-nitrogen + potas
sium cidoride - extractable ammonium nitrogen (NH*-N) 
- fixed NH-N! remaining at deep placement sites after 
urea was applied in different forms in flooded soiL IRRI, 
1977. 

but more constant, than that from the PU, SGU, 
and MBU sites. 
PLACEMENT OF FERTILIZER NITROGEN
 

Experiments with IR36 and IR26 riccs were 
conducted during the 1977 dry and wet seasons 
at IRRI (Alfisol) and in three farmers' fields 
(UIltisol and Vertisol) in the Philippines to 
evaluate placement techniques on different 
soils. The texture and zhemical characteristics 
of the soils in farmers' fields are given in Table 
I. Treatments evaluated the effect of placement 
of urea mudballs and supergranules on fertilizer 
nitrogen efficiency. Another treatment con
sisted of SCU broadcast and incorporated dur
ing land preparation. 
Dry season. At IRRI. th.e grain yields from 

56 kg N/ha placed as mudballs or as super
granules were comparable. At 56 kg N/ha. SCU 
gave significantly higher yields than commercial 
urea in split applications. At 84 kg N/ha. both 
mudball placement and SCU gave significantly 
higher yields of both IR26 and IR36 than did a 
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Table 1. Characteristics of soils In farmers' fields in Luislian
(Laguna) and Terean and Taney (Rizal). Philipplnes. Exper-
ments on Increasing nitrogen fertili;.er efficiency In rice. 1977. 

Criterion Luisiana Tanay Teresa 

pH (1:1) 4.8 6.s 6.7
CEC (meq/100 g) 28 31 37 
Total N %) 0.19 0.14 0.09Available P(ppm Bray) 8.0 10.0Exchangeable K (meq/100 g) 8.00.4 0.2 0.4Soil texture Silty clay Clay Clay 
Soil taxonomy Ultisol Vertisol Vertisol 

split application. SCLU was distinctly superior to 
all other treatments at the same nitrogen rate; at 
84 kg N/ha. it gave a yield comparable with that 
obtained with split doses of urea at 120 kg N/ha
(Table 2). 

SCI) gave the highest grain yield in all three 
trials in farmers" fields. At Luisiana, Laguna 
(silty clay. Lltisol. pH- 4.8). placement of MBLI 
and SG. and broadcast and incorporation of 
SCU gave comparable yield%at 56 kg N/ha. At 
84 kg N/h,. urca in niudballs and as super-
granules. and incorporated SCU gave sig-
nificantlh higher grain yield than split-applied 
turea. At Teresa. Rizal (clay, Vertisol, pH 6.7). 
the yield obtained with SCU at 84 kg N/ha was 

higher than the yields obtained with all other 
sources and methods of application. 

In Tanay, Rizal (clay, Vertisol, ptt 6.5),placement of MBU and SGU at 84 kg N/ha gave 

comparable yields that were significantly lower
than those obtained with SCU from IR36 rice 
but not from IR26.In all sites, SCU had consistently high fcr

tilizer nitrogen efficiency, calculated as kilograms of rice obtained per kilogram of applied 
nitrogen.

Wet seasmi. At IRRI, split application at 28 
kg N/ha and an unfertilized control gave similar 
yields (Table 3). Grain yields with three place
ment techniques - mudballs, supergranules.
and in aband - were also similar. At the same 
rate of nitrogen, tile placement techniques gave 
significantly higher grain yields than split appli
cation. At 56 kg N/ha, sources, and methods 
and time of nitrogen application did not sig
nificantly affect grain yields. 

At Luisiana. Laguna. the yield with mudball 
placement of 28 kg N/ha was significantly 
higher than that with split application and was 
comparable with the yield with split application 
of 56 kg N/ha (Table 3). 

Table 2. Effects of sources and methods of nitrogen application on the grain yield of rice at W411 and In 3 farmers' fields in thePhilippines. The Second Internationa Trial on Nitrogen Fertilizer Efficiency in Rice,1977 dry seson. 
Yield' It/ha) 

Acid 
Neutral Aifisol Ultisol Neutral Vertisol 

Treatment IRRI Luisiana. Teresa, Tanay, Mean
Laguna Rizal Rizal 

IR26 IR36 IR36 IR36 IR36 IR26 
No fertilizer nitrogen 2.8 f 3.2 g 3.5 e 3.0 h 4.0 e 4.2 d 3.4 

56 kg N/ha
Split application 4.8 e 5.6 f 5.3 ,d 5.3 cde 5.5 d 5.9 c 5.4Band placement 5.3 de 6.0 ef 4.9 d 4.4 g 5.7 cd 5.9 c 5.4Mudball placement 5.7 cd 6.2 def 5.3 bc 5.2 cdef 6.3 ab 6.3 abc 5.9Supergranule placement 6.9 ab 5.7 f 5.5 c 4.6 fg 5.6 cd 6.1 bc 5.7Sulfur-coated urea 5.9 cd 6.8 bcde 5.7 bc 5.0 clef 6.3 ab 6.4 ab 6.0 

84 kg N/ha
Split application 5.4 de 6.3 cdef 5.6 c 5.5 bcde 5.7 cd 6.1 bc 5.8Band placement 6.2 bc 7.0 abc 5.0 cd 4.9 efg 6.2 ab 6.3 abcMudball placement 6.9 ab 6.9 abcd 6.1 ab 5.6 bc 6.1 b 6.3 abc 

5.9 
Supergranule placement 6.36.2 abc 6.4 cdef 6.1 ab 5.5 bcd 6.0 bc 6.3 abc 6.1Sulfur-coated urea 7.0 a 7.6 a 6.4 a 6.3 a 6.6 a 6.6 a 6.7 

120 kg //lha
Split application 6.3 abc 7.3 ab 6.3 a 6.0 ab 6.3 ab 6.5 ab 6.4 
"In a column, any 2 means followed by a common letter are not significantly different from each other at the 5% level. 
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Table 3. Effects of sources and methods of nitrogen application on the grain yield of rice at iMI and in 2 farmers' fields in the 

Philippines. The Second International Trial on Nitrogen Fer ilie Ullency in Rice, 1377 wet seas n. 

Yield (t/ha) 

Neutral AJfisol Acid Ultisol Vertisol
 

Treatment 
 IRRI Luisiana, Laguna Teresa, Rizal Mean 

IR26 IR36 IR36 IR36 

No fertilizer N 2.8 c 3.7 d 3.3 e 3.5 f 3.3 

28 kg N/ha 
Split application 3.2 bc 3.8 d 3.8 de 4.2 e 3.7
Band placement 3.9 a 4.9 bc 3.8 de 4.2 e 4.2 
Mudball placement 3.9a 4.9 bc 4.6 bc 5.0 bcd 4.6
Supergranule placement 4.0 a 4.3 cd 4.3 cd 4.8 d 4.3
Sulfur-coated urea 4.0 a 5.0 ab 4.5 bcd 4.9 ;d 4.6 

56 kg Nlha 
Split application 3.8 ab 5.1 ab 4.7 bc 5.0 bcd 4.7
Band placement 3.8 ab 5.2 ab 4.6 bc 5.2 abcd 4.7
Mudball placement 4.1 a 5.4 ab 5.5 a 5.4 abc 5.1
Supergranule placement 4.0 a 5.1 ab 5.0 aoc 5.5 ab 4.9
Sulfur-coated urea 4.1 a 5.6 a 5.2 ab 5.4 abc 5.1 

80 kg N/ha 
Split application 4.3 a 5.4 ab 4.9 abc 5.6 a 5.1 

"In a column, any 2 means followed by a common letter are not significantly different from each other at the 5% level. 

At Teresa, Rizal, the highest yield among the 
28 kg N/ha treatments was obtained with mud-
ball placement; that among the 56 kg N/ha 
treatments, with placement of urea super-
granules (Table 3). At 28 kg N/ha, the nitrogen
fertilizer efficiency of mudball placement was 
highest; that of SCU was second highest. 

Machines for placement of fertilizer ni-
trogen. An IRRI-developed plow-sole 
applicator and an applicator developed by a 
Japanese company were evaluated at IRRI dur-
ing the 1977 wet season. The evaluation used 2 
nitrogen rates (28 and 56 kg N/ha), a standard 
control of 80 kg N/ha, and the early maturing 
rices IR36 and 1R40. 

At 28 kg N/ha, the yield of IR36 was sig-
nificantly higher with the use of the plow-sole 
applicator than with the best split applicationAt 56 kg N/ha, the grain yields of(Table 4). 
both IR36 and IR40 were significantly higher 
with the use of the plow-sole applicator than 
with the best split application. Results with the 
plow-sole applicator were comparable with 
those obtained with placement of urea briquets 
(Table 4). 

Conceptually, the plow-sole applicator 

Table4. Effectof placement methodsuslng2machinesonthe 
grainyiddoflR36and1140. FA, 1977 wet season, 

Grain yield" t/ha) 
applicationenapliaio R36 IR40 

No nitrogen fertilizer 3.1 f 3.4 e 

28kg Nha 
Urea briquets 4.4 bc 4.2 cd
 
Liquid band placement
(IRRI design) 3.9 de 3.9 cde 
Plow-sole applicator

(IRRI design) 4.8 ab 4.4 bcd 
Split application of urea 3.8 de 4.3 bcd 
Topdressing 10 and 40 D' 3.7 e 3.9 cde 
Japanese applicator 4.0 cde 3.9 cde 

56kg N/ha 
Urea briquets 5.1 a 4.7 abLiquid band placement 4.5 bc 4.2 cd
Plow-sole applicator 5.2 a 5.1 a 
Split application of urea 4.2 cd 4.2 cdTopdressing 10 and 40 DTI 4.1 cd 4.3 bcdJapanese applicator 4.4 bc 4.3 bcd 

kg/h 
Split application of urea 4.8 abue 4 a 4.6 ab 
Split application of 

ammonium sulfate 4.4 bc 4.4 bc 
Mean 4.3 4.2 

in acolumn, any 2 means followed by the same letter are notsignificantly different from each other at the 5% level. 'Days
after transplanting. 
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Table5. Effect of different methodsof fertilize apptionon 

grain yield of I40 rice.4 1377 wet sem 

Method of application Yield' (t/ha) 

Mudball 4.5 s 
Capsule 4.4a 
Fertiizer tape, 4.1 b 

'Av. of 4 depth, of placement 'Any 2 means followed by the 
same letter are not significantly different from each other at the5% level. rBand placement. 

appeared highly promising as an alternative to 
the placement of supergranules. 

Concentrated vs band placement. In the 
1977 wet season, IR40 was used in comparing 
the effect of concentrated placement (mudballs 
and capsules) with that of band placement on 
the efficiency of fertilizer nitrogen at IRRI. 

Urea, at 56 kg N/ha, was placed in mudballs 
or in capsules. In one treatment, urea nitrogen 
was put eve;ly in tape before it was inserted in 
the soil shortly after rice was transplanted. The 
fertilizer was applied at I of 4 depths in the soil 
-2.5, 5.0, 7.5, and 15 cm. Averaged over the 4 
depths of application, the grain yield of rice with 
urea applied in the concentrated form as mud-
balls (4.5 t/ha) or in capsules (4.4 t/ha) was sig-
nificantly higher than that obtained with band 
placement with tape (4.1 t/ha) (Table 5). Depth 

of placement of fertilizer nitrogen at 56 kg N/ha 
did not appear to affect grain yield; however, 
deep placement of urea as mudballs and in cap
sules consi3tently gave a higher grain yield (4.2 
to 4.8 t/ha) than F-plit application (3.8-3.9
t/ha). 

EFFECT OF PLANTING DATE, PLANT 
DENSITY, AND GEOMETRY ON NITROGEN
RESPONSE IN RICE 

The effects of planting date (crop environment), 
rate and time of nitrogen fertilizer applica
tion, plant density, and plant geometry (plant 
spacing and row orientation) on rice yield were 
studied in field experiments at IRRI during the 
1976 wet and 1977 dry seasons. 

A split-split-split-plot design with three repli
cations was used with planting date on tl..; main 
plots, variety on the subplots, nitrogen fertilizer 
on the sub-subplots, and plant density and plant 
geometry on the sub-sub-subplots. The early 
maturing IR36 rice and the intermediate matur
ing IR26 rice were planted on 18 August and 18 
October 1976 and on 20 January and 20 March 
1977. Six combinations of nitrogen fertilizer 
(ammonium sulfate) rates and times of applica
tion with five combinations of plant density and 

TableS. Effect of nitrogen fertilizer tre,*ents on grain yield and efficiency of nitrogen fertilizer use In 131 and MG dices planted
In the lS76 wet season and 1977 dry season, IRRI. 

N fertilizer 
rate Time of application,

(kg/ha) 

0 

60 B 
60 1/2 8 + 1/2 5-7 DBPI 
60 1/3 B + 1/3 T + 1/3 5-7 DBPI 
60 1/2 T + 1/2 5-7 DBPI 
60 1/3 10 DT + 1/3 T + 1/3 5-7 DBPI 
90 1/3 B + 1/3 T + 1/3 5-7 DBPI 

0 
120 B 
120 1/2 B + 1/2 5-7 DBPI 
120 1/38 + 1/3 T + 1/3 5-7 DBP 
120 1/2 T + 1/2 5-7 DBPI 
120 1/3 10 DT + 1/3 T + 1/3 5-7 DBPI 
150 1/3 8 + 1/3 T + 1/3 5-7 DBPI 

Grain yieldb N efficiency 
(t/ha) (kg rough rice/kg N) 

IR36 IR26 IR36 IR26 

1976 wet season' 
2.6 c 2.6 d - 
4.4 a 4.2 bc 30 27 
4.2 ab 4.3 ab 27 28 
4.2 ab 4.3 ab 26 28 
4.1 b 4.0 c 24 24 
4.2 b 4.2 bc 26 27 
4.4 a 4.5a 20 22 

1977 dry season' 

4.3 d 4.4 c - -
7.8 a 6.9 a 29 20 
7.0 bc 6.7 ab 22 19 
7.5 ab 7.0a 27 22 
6.4 c 6.0 b 17 13 
6.7 c 6.7 ab 20 19 
7.0 bc 6.5 ab 18 14 

9 -0 basal; T  tillering stage (about 20 and 30 days after transplanting (DT) for IR36 and IR26, respectively); DBPI - days
before panicle initiation. Any 2 means in1column of a season followed by the same letter are not significantlydifferent from eachother at the 5% level. Av. from 2 planting dates and 5 combinationsof plantdensity and plant geometry. 'Only from the 20 January1977 planting; av. from 5 combinations of plant density and plant geometry. 
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evaluated. Grain yield 

phate and muriate of potash at rates of 40 kg 

plant geometry were Superphos- (t/ho) 

6 
P20 5/ha and 40 kg K20/ha were applied 1 day 90kg Who
 
before planting. A basal dose of fertilizers was 5 - i0+o5 Log x
 
broadcast and incorporated before planting, R=O3a
 
and a topdressing was made in paddy water. 0
 

Rate and time of nitrogen fertilizer applica- 4 -60Nh
 
tion. During the 1976 wet season, 60 kg N/ha, / -2.33+I i+.Qg

one-third basally applied and incorporated, R081*
 

one-third as topdressing at 30 days after trans- 3 - ; 2 13 +0 0 11 ( 104 ) X.= okN/h ..e.

planting (tillering), and one-third as topdressing r=o74n' _p "
 
at 5 to 7 days before panicle initiation (DBPI), 2
 
gave the highest nitrogen fertilizer efficiency for
a
IR26 rice (Table 6). Similar nitrogen efficiency 

8 
8 

was obtained when the same amount of ni
trogen was applied in split does - one-half dose 
 aN/X 1q

at tillering, one-half at 5 to 7 DBPI.For IR36, 6 436+1288jtI43
 

the application of 60 kg N/ha basal and incorpo- R=0 96
 

rated gave the highest yield and nitrogen fer
tilizer efficiency. 4 -


During the 1977 dry season, IR26 rice had
 
similar high yields with several nitrogen treat- r
 
ments. For IR36, the basal application of 120 kg
N/ha gave the highest grain yield and highest 20 2 3 4 5 6 7 8 

nitrogen fertilizer efficiency (Table 6). Plant densty (xO hills/ ha)
Planting date. Topdressing of nitrogen fer- 8. Effect of rates of nitrogen fertilizer on yield response

tilizer at 6-7 DBPI produced late tillers, which to plant density of rices planted in 1976 wet season (av.
were unproductive at harvest. The production of IR36 and IR26 rices and two planting dates) and in 
of late tillers appeared to be affected by date of 1977 dry season (av. of IR36 and 1R26 rices). IRRI. 
planting, fertilizer rate, and rice variety. The 
soil analyses showed that with fertilizer applica- significantly greater than that of rice planted at
tion, the ammonium nitrogen content of the soil the same density but at 20- x 10-cm spacing 
was much greater (20-30 ppm) at 5-7 DBPI with the same row orientation (6.7 t/ha) (Table
with IR36 rice than at 5-7 DBPI with IR26 rice 7). No such significant difference in grain yield
(10-15 ppm). due to plant spacing was recorded in IR26 in the

Plant density and geometry. Rice yield was same period. But in both crops of IR26 and
increased by increasing plant density and selec- IR36 in the 1976 wet season, when the solar 
tion of appropriate plant geometry. The rire energy was low and sunshine duration was short
yield increased as the plant density increased to during the last 50 days of crop growth, the plant 
a certain point. Beyond this "ceiling," the yield spacing of 20 x 10 cm gave significantly higher
increase with an increase in plant density was rice yield (4.2 t/ha) than the 40- X5-cm spacing
modest when a low level of nitrogen fertilizer (3.8 t/ha) (Table 7).
was used and the yield decreased when a high In the 1977 wet season, the contribution of
level of nitrogen fertilizer was applicd (Fig. 8). plant density and plant geometry to rice yield 

In the first crop of the 1977 dry season, when was again examined. Nine combinations ofthe solar energy was high and sunshine duration plant density and plant geometry were 
was long during the last 50 days of crop growth, evaluated with seven nitrogen fertilizer treat
the yield of IR36 rice planted at 500,000 mentsandtheearly maturingvarietieslR36and
hills/ha and at a 40- x 5-cm spacing with a IR40. Plant density varied from 67,000 to 1
north-to-south row orientation (7.1 t/ha) was million hills/ha. Rice was planted at either 
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Gmn yield (t/ha) 

IR6 
 /R40 

0
 
0 

56kgN/ha 
S-457+15LojX ..- O* 	 0 

R 0976' -	 0 

0
 
a 0,0 


R'8 Who "e I
 
V!969+OI63I f-./ O94/ 	 ,-
 I
 

R=OL69"* r-92u_ 81Sh
 
* , 	 2815 g N/ho 

#• R= 0 935** 

?=-23+1O1 Lo X
-,;;:-,o5+o88tAmx
 

A=R0 871I 

2 .	 I I I I I I
0 2 4 6 	 8 0 0 2 4 6 8 10 

Plant density (x 05hills/ ha) 

9. Effect of rates of nitrogen fertilizer on yield response to plant density of IR36 and IR40 rices. IRRI, 
1977 wet season. 

square, or short or long rectangular spacings
with north-to-south row orientation. 

IR36 rice responded to nitrogen fertilizer 
treatments but IR'40 did not (Fig. 9). At 28 kg
N/ha, the grain yield of IR36 increased with 
increasing plant density even up to I million 
hills/ha (20- x 5-cm plant spacing). But the 
increase in grain yield of IR36 rice at 56 kg N/ha 
and of IR40 rice at all levels of nitrogen fertiliz-
ers with increasing plant density plateaued at a 
plant 	density of 500.000 hills/ha (average of 

Table 7. Effectoflantggeometry on grain yield of Mand 
12 rices planted at 500,000 hills/ha In August 1976, October
1976, and January 1977." 

Grainyield it/ha)
Piant geometry',
 

(cm) 1976 1976 1977 


IR36 
20 x 10 4.4 4.2 6.7 
40 x 5 4.1 3.8 7.1
 

Difference 0.3- 0.41 -0.4 


IR26 
20 x 10 	 4.2 4.2 6.7 
40 x 5 3.8 3.9 6.6


Difference 0.4- 0.3- 0.1' 


"Av. of 7 nitrogen-fertilizer treatments. 'With nonh-to-south row oricntation. 
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20- x 10-cm and 40- x 5-cm spacings) (Fig. 9).
Plant geometry had no significant effect on 

rice yield in this trial. The sunshine duration was 
short and solar energy was low during the 
reproductive stage (from panicle initiation to 
flowering) and vice versa during ripening (from 
flowering to maturity) (Tble 8). Solar radiation 
at the two stages cor.nteracted each other, 
removing any beneficial effects of plant geo
metry. 

Light distribution in rice communities varied 
with plant geometry, and time and place of 
measurement. When the sunshine duratio~n was 
relatively long, the light distribution in the 
canopy of rice grown at 40- x 10-cm (rectangu
lar) spacing with north-to-south row orientation 

was presumably more favorable than that in the 
canopy of rice spaced 20)cm apart (square spac
ing). 

I.ONG-IlR) FERTIII'i Y EXPERIMENT 

IRRI. The 26th and 27th crops in the long
term fertility experiment were grown at IRRI in 
1977. In the dry season, each of the 3 varieties 
used - 11R8, IR26, and IR36 - yielded sig
nificantly more in treatmcnts containing 140 kg
N/ha than in those without it (Table 9). While 



TabO&LClmatological datadudng the reproductive and ripeningstages, and grain yield ofand dffOrent plant Spacings In rows oriented north to south.- IRI, 1377 wet 
and 40rlcse &t2plantdepils 

em n. 

Grain yield' (t/ha) Solar Sunshine 
Plant spacing radiation duration 

(cm) IR36 
Date (g/cal per cm' (h:min/wk) GrowthIR40 Mean nor wk) stage, 

250,000 hills/ha 29 Aug. - 4 Sept.20 x 20 3.6 3.5 3.6 2,464 24:37 PI (IR36)b 5 Sept. - 11 Sept. 1,974 32:0540 x PI (IR40)10 3.7 3.6 3.6 b 12 Sept. - 18 Sept. 1,722 25:47
19 Sept. - 25 Sept. 1,323 16:30500,000 hills/ha 26 Sept. - F (IR36)2 Oct. 2,39420 x 10 4.1 4.1 4.1 51:41 F (IR40)a 3 Oct. - 9 Oct. 2,408 54:1540 x 5 4.3 4.1 4.2 a 10 Oct. - 16 Oct. 2,030 44:20 
17 Oct. - 23 Oct. 2,128 4":15 H (IR36)24 Oct. 30 Oct. 1,568 47:15 H (IR40)

"Av.of7N-fertilizer treatments.bAny 2 means followed by the sameletter are not significantly different from each other at 5% level.P, =panicle initiation, F = flowering, H = harvest. 

the yield response to complete fertilizer was Philippine Bureau of Plant Industry (BPI) sta.higher than that to nitrogen alone, the response tions. In 1976, the 19th (dry season) and 20thto the treatment in which part of the nitrogen (wet season) crops (1R8, IR26, and IR36) werewas applied as compost was significant. harvested from long-term fertility experimentsDuring the wet season, the response to 30 kg - begun in 1968 - at the BPI stations atP.O4/ha or to 30 kg K 20/ha was not significant. Maligaya, Bicol, and the Visayas. In the dry sea"1he yields of IR36 were higher than those of son the yield of IR36 was poor in Maligaya; inIR8 and 1R26, because of the heavy incidence Bicol, the yields of IR36 and 1R8 were similar.of brown planthopper. Zinc sulfate (20 kg/ha) The 1977 dry season data, averaged for thehad to be applied in both seasons to correct zinc three rice varieties at Bicol and Maligaya,deficiency, showed that the response to complete fertilizer 
Tale 9. Efcta of NPK fertiliation on the grain yields of IRS, IR26, and S36rice In the 26th (fry season) and 27th (wet season) 

coneecuthv crops. RRI,1977. 

Fertilizer treatment" (kg/ha) 
Yield (t/ha) 

N PIOX KO IR8 IR26 IR36 Mean' 

Dry season
0 0 0 3.7 4.1 5.0140" 0 0 4.3 c5.9 6.4 6.90 30 0 6.4 b3.8 4.10 0 5.4 4.5 c30 3.9 4.5140" 30 5.0 4.5 c0 6.5 6.2140" 0 6.9 6.5 b6.430 6.9 6.8 6.7 ab140" 30 30 6.4 6.4 7.4 6.7 ab140"r 30 30 6.8 6.9 7.3 7.0 a 

Wet season
0 0 0 

60" 0 
1.5 4.4 2.7 b2.3 

0 2.40 30 3.9 5.5 3.9 a1.5 

0 30
0 

0 2.5 4.2 2.7 b1.6 2.460" 4.1 2.730 0 b2.6 3.8 5.460" 3.9 a30 2.2 3.860 5.6 3.9 a30 2.560"' 30 2.6 
4.1 5.8 4.1 a30 4.2 5.6 4.2 a 

"Includes 40 kg N/ha topdressed at paniclu initiation in the dry season and 20 kg N/ha in the wet season. 6In the column, any 2means followed by a common letter are not significantly different from ecch other at the 5%(1 Ot/ha)plus ,norganic24 kgN/ha compost +116kg N/ha inorganic for the dry season 
level; av. of 4 replicates. 'Compost

24 kg N/ha compost + 36 kg N/ha inorganicfor the wet season. 
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Table 10. Effect of NPK fertilization on the mean grain yields of IRS, 1121, and 10 rices In the 19th (dry seaaon) and 20th (wet 
season) crops in the long-term fertility experiments at3 ites (av. of3 replications): Maligaya Rice Reseerch and Tralining Ceotr, 
Bicol Rice and Cam Experiment Station, and Visayas Rice Experiment Station, Philippines. IRRI4PI cooperative experiments,
1977. 

Yieldh (t/ha) 

Fertilizer (kg/ha) Maligaya Bicol Vivayas 

N" PO5 K2O Dry Wet Dry Wet Dry" Wet 

0 0 0 2.1 d 3.4 d 3.6 d 3.0 d - 2.5 b 
140/70 0 0 3.2 cd 3.7 cd 4.5 c 3.7 c - 2.7 b 
140/70 60 0 3.3 c 4.5 lb 4.5 c 4.3 bc - 5.2 a 
140/70 0 60 3.5 bc 3.9 c 5.9 b 3.9 c - 2.5 b 
140/70 60 60 5.4 a 5.0 a 6.3 a 5.2 a - 5.1 a 
140/70 60 60 + 30 5.2 a 5.1 8 6.8 a 4.8 ab - 4.8 a 

'For the dry season, 140 kq N/ha; for the wet season, 70 kg N/ha, including 40 kg N/ha in the dry season, and 30 kg N/ha In the wet 
season topdressed at panjclq initiation. bAv. of 3 varieties. Any 2 means followed by the same letter are not significantly different
 
from each other at 5%level. The experiment was discontinued because of severewater shortage. "Applied in 2doses: basal and at
 
panicle initiation.
 

(NPK) (5.4-6.3 t/ha) was more marked than (Laguna) on an Ultisol and a Vertisol (Table 
that to nitrogen alone (3.2-4.5 t/ha) or to NP 11). 
treatmrents (3.3-4.5 t/ha). Response to phos- In both che wet and dry seasons, 0 and 40 kg 
phorus and to potassium was significant at both P.2Ogha, and 0 and 40 kg K20/ha were used. 
stations (Table 10). In Tanay (Vertisol, clay, pH 7.4), the interac-

During the wet season. IR8 and IR26 gave a tion between variety and fertilizer was sig
significant yield response to applied potassium, nificant (Table 12). In the second crop (dry sea
while IR36 did not. The yield response to phos- son), the yields of both rice varieties, obtained 
phorus, averaged for three varieties, was sig- with both NP (6.8-7.1 t/ha) and NPK (7.1-7.4 
nificant in the three stations; the response to t/ha) treatments, were similar and significantly 
potassium was significant at the Maligaya and 
Bicol stations but not at the Visayas station. TabIl12. EffactsofNPKonthegrainyledsoflR3ndP2rcee 

In any station or season, the split application Inthe second (dry season) and third (wet seson) consecutive 

of potassium did not give a significant yield dif- crops. Tansy, Rkzl, Pilippines, 1977. 

ference (5.1-6.8 t/ha) from the application of Ferilizer treatment 
(kg/ha) Yield, tha)all potassium as a basal dose (5.0-6.3 t/ha). 

Long-term fertility experiments on N P2O. K,0 IR36 IR26 

different soils. The second and third crops in the Dry season 
long-term fertility experiment were grown in 0 0 0 3.9 g 4.1 efg
farmers' fields in Tanay (Rizal) and Luisiana 120 0 0 6.4 d 6.5 cd0 40 0 4.2 efg 4.4 e 

0 0 40 3.9 fg 4.2 efg 
120 40 0 6.8 bc 7.1 ab 

0 40 40 4.4 ef 4.4 ef 
Table 11. Charateristics of soils in farmers fields InLulslana 120 0 40 6.7 bcd 7.0 ab 
(Laguna) and Tanay (Rizal), Philippines. Long-term fertillty tri- 120 40 40 7.1 ab 7.4 a 
als,International Network on Fertilizer Efficiency InRice prog- Wet season 
ram, 1977. 0 0 0 2.9 ef 3.2 def 

Criterion Luisiana Tansy 60 0 0 4.2 bc 4.2 bc 
0 40 0 3.4 de 3.6 d 
0 0 40 2.7 f 2.9 ef

pH (1:1) 4.7 7.4 60 4C 0 4.7 ab 4.5 ab
CEC, (meq/100 g) 24.0 40.0 0 40 40 2.9 ef 3.6 d 
Total N (%) 0.18 0.17 60 0 40 4.3 ab 3.7 cd 
Available P (ppm Bray) 8.0 7.0 60 40 40 4.7 ab 4.8 a 
Exchangeable K (meq/100 g) 0.4 0.1 
Soil texture Silty clay Clay "ina column any 2 means followed by acommon letter are not 
Soil taxonomy Ultisol Vertisol significantly different from each other at the 5% level; av. of 4 

replications.CV - 9.7% forwetseasonand5.3% fordryseason.
"Cationexchange capacity. 

36 IRRI ANNUAL REPORT FOR 1977 

http:replications.CV


higher than the grain yields obtained when only
nitrogen was applied (6.4-6.5 t/ha). 

In Luisiana (acid Ultisol, pH 4.7), the interac-
tion between variety and fertilizer treatments 
was significant. In the dry and wet seasons, onlythe response to nitrogen was significant in both 
IR26 and 11R36. 

Table 14. Effects of differem souree of ferciser phosphorus 
(Laguna), Lueban (Quezon), arid Term and Tansy (Rizal), 
on the grain yield of IRe rice. Famera flekd inLuisiana 
Philippines, 1977 wet ses n, 

Rate Grain yield"'(t/ha) 
Source of (kg
fertilizer PO,/ Luis

phosphorus ha) lana Lucban Teresa Tansy 

PHOSPHORUS SOURCES ON DIFFERENT 
SOILS 

A series of experiments on four Philippine far-
mers' fields were started during the 1977 wetseason to evaluate the effect of phosphorus120 
sources on the yield of 1R36 rice growing onthree acid Ultisols (Table 13) (2 silty clays, 1 
clay) (Luisiana, Laguna; Lucban, Quezon; and 
Tanay, Rizal) and on one Vertisol (clay) (Tere
sa, Rizal). Four sources of phosphorus were 
used: guano (16.8% P20 5), Phosmak (30.0%
P2-O,), North Carolina rock phosphate (31.3%
P20), and Phospal (34.9% P20 5).

At Lucban (pH 5.0, 5 ppm avaik'hle P), the 
grain yield response to applied phosphorus was 
significant only at 40 and 60 kg P2Ogha as 
superphosphate and at 60 kg P2Ogha as Phos-
mak, and 120 kg P2O.&/. as local guano fer-
tilizer (Table 14). 

In Teresa (pH 6.5, 3.0 ppm available P) the 
grain yield with added phosphorus was 4.9 t/ha,
which was significantly higher than the 4.1 t/ha
achieved with the no-phosphorus fertilizer con-
trol (Table 14). At 20 kg P20/ha, superphos
phatcandPhospal(HRP)cachgaveyieldsof4.9 
t/ha. The grain yields obtained w ith 40 and 60kg P2.O5/ha as superphosphate (5.9 and 6.1 t/ha, 

Table 13. 
in Tiaong, Quezon. The transplantc * experi-Analysis o!flooded soils Inexperiment, an sourcesof fertilizer phosphonu. Farm'rs fields in Luilena (Laguna), methd1trament ensadtedic-eddLucian (Quezon, and Terema had 12 treatments, and the direct-seededand Tansy IRhzal), Philippines, 

1377 wet sawn.
Criterion Lulsiana 

pH (1:1) 4.8
CEC' (meq/100 g) 24.0Total nitrogen

1%) 0.17
Available

phosphorus 
(ppm) 6.0Exchangeable 

potassium 

eq/100 g) 0.20Soil texture Silty clay 

So n Usafis 

•Cation exchange capacity, 

No phosphorus - 2.6 a 4.5 b 4.1 e 4.8 a
20 2.7a 5.1 ab 4.9 cd 4.7a

Superphosphate 40 2.6 a 5.2 a 5.9 ab 4.7 a60 3.2 a 5.3 a 6.1a 4.98 
HRPb 20 2.6 a 4.8 ab 4.9 cd40 3.0 a 5.0 ab 5.2 c 

4.9 a
4.5 a 

60 3.2 a 5.2 a 4.9 cd 4.8a40 2.7 a 4.9 ab 5.4 bc 4.8 a 
Guano (LRP') 80 3.3 a 4.9 ab 4.6 d 4.8a

3.0a 5.2a 5.0 cd 4.8In thesame column, any 2 means followed by a common letterare not significantly different from each other at the 5% level.'Highly reactive phosphate (North Carolina rock phosphate in
Luislana, Phosmak in Lucban and Tanay, and Phospal in Tere
sa). 'Less reactive phosphate. 

respectively) were significantly better than 
those obtained with 40 and 60 kg asP20 5Phospal (5.2 and 4.9 t/ha, respectively). The 
grain yield obtained with less reactive guano at
80 kg P2O5/ha was similar to that obtained with 
20 kg P20/ha as superphosphate (Table 14).

At the Luisiana and Tanay sites, there was no 
significant yield response to the applied phos
phorus (Table 14). The crop at Luisiana badly
lodged because of typhoons, which might have
affected crop response to applied phosphorus. 

ZINC RESPONSE OF LOWLAND RICE ON A 
CALCAREOUS SOIL 

During the 1977 crop seasons, sixfertilizer 
tst ed son ta n in ted at ddiffe re t e-see dtested on transplanted and on direct-seededIR28 (early maturing) rice on a calcareous soil 

experiment, 10. Transplanted rice was spaced at 
Lucban Teresa Tansy 15 x'I 5 cm. For the direct-seeded experiment,

5.0 6.5 5.1 seeding rate was 80 kg/ha.16.0 25.0 21.0 During the dry season, both experiments
0.14 0.08 0.16 were continuously flooded. In the wet season,teeprmn athe transplanted experiment5.0 3.0 was continuously5.0 flooded and the direct-seeded trial was rainfed. 

Weed and insect control, and fertilizer were
0.40 0.04 0.04Silty clay Clay Clay optimum. 

In the dry season, no grain yield was obtained
when no zinc was applied, when 50 kg ZnSO4. 
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PhiNe.w 1377dry mdwet sT"1a15. Zincresponsooflowlaedtranspilotedrleon acallearmo wil.Ta lo .eon, 

Zinc source 

Zinc oxide + ZnSO,-7HO 

Zinc oxide 
ZnSO 4.7H:O 

Zinc-K-Men 
Zinc-coated ammonium sulfate 
.inc-Ke-Min 
Zinc-coated urea-ammonium 

sulfate 
Zinc-coated ammonium sulfate 
ZnSO4,7 H2O 
ZnSO,.7 H20 

Zinc-coated urea 

No zinc 

Grain yield' (t/ha) 
Rate of Method of 

application application Dry mason Wet season Av. 

4.92% + 0.5% Seedling dip + 5.4 a 4.3 a 
follar spray 

2% Seedling dip 5.5 a 4.1 a 4.8 
50 kg /ha Broadcast and 4.9 a 3.5 ab 4.2 

incorporated 
4 kg Zn/ha 3.1 b 3.4 ab 3.3 
4 kg Zn/hs " 2.3 bc 2.3 cd 2.3 
2 kg Zn/ho " 2.0 bc 2.6 bc 2.3 

2 kg Zn/ha 	 " 0.8 Cd 1.1 a 1.0 
2 kg Zn/ha 	 " 0.6 cd 1.1 a 0.9 
0.5% 3 follar sprays 0.2 d 1.4 de 0.8 

50 kg/ha Broadcast 
(seedbed) 0.0 d 0.6 e 0.3 

2 kg Zn/ha Broadcast and 
incorporated 0.0 d 0.6 e 0.3 

- - 0.0 d 0.5 a 03 

are not significantly different from each other at the 5% level.'Ina column, any 2 means followed by a common letter 

Table 14. Znc rspoae .1 lowltd dect-seided dreson a mcareaus selL Tlaongusn. JPtlglpptl41371 dry and wet se 
som. 

Zinc source 

Zinc oxide + ZnSO4.7HO 

Zinc-Ks-Mn 

Zinc oxide 
Zinc-Ke-Min 

Zinc-coated ammonium sulfate 
Zinc-coated urea-ammonium 

sulfate 
Zinc-coated ammonium sulfate 
Zinc-costed urea 

ZnSO,.7HO 
No zinc 

Grin yield (t/h)Method ofRate of 

application 	 application Dry season Wet season Av. 

2 kg Zn/ha + 0.5% 	 Seed coating + 
foliar spray 2.6 a 3.4 a 3.0 

2 kg Zn/ha 	 Surface-applied 3.0 a 2.2 abc 2.6 
before seeding 

2 kg Zn/ha Seed coating 1.8 abc 3.1 ab 2.5 
4 kg Zn/ha Surface-applied 

before seeding 2.2 sb 2.4 abc 2.3 
4 kg Zn/ha 2.4 ab 1.8 bc 2.1 

2 kg Zn/ha 2.1 ab 1.8 bc 2.0 
2 kg Zn/ha 1.5 abc 1.7 c 1.6 
2 kg Zn/ha 1.5 abc 1.3 cd 1.4 
0.5% 3 foliar sprays 0.0 c 0.4 d 0.2 

- 0.7 bc 0.3 d 0.5 

*In a column, any 2 means followed by a common letter are not significantly different from each other at the 5% level. 

7H 20/ha was applied in the seedbed, and when 
2 kg Zn/ha as zinc-coated urea was broatdcast 
and incorporated into the soil (Table 15). The 
highest grain yield of 5.5 t/ha in the trans-
planted experiment during the dry season was 
obtained when the seedlings were dipped in 2% 
ZnO suspension before tiansplanting. The 
grain yield obtained when a seedling dip with 
2% ZnO was later followed with foliar spray 
with 0.5% ZnSO4 -7H0 5 days before panicle 
initiation (5.4 t/ha) was similar to the yield (4.9 
t/ha) noted when 50 kg/ha ZnSO4. 7H20 was 
applied basally. The three yields did not differ 
significantly. 
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In the wet season, the yield without zinc was 
only 0.5 t/ha. It was highest (4.3 t/ha) when the 
seedlings were dipped in a 2% ZnO suspension 
and then given a foliar spray of 0.5% ZnSO4 . 
Seedling dip alone produced 4.1 t/ha, while 50 
kg ZnSO4 7H.O/ha, broadcast and incorpo
rated, produced 3.5 t/ha. These yields were not 
significantly different from each other (Table 
15). 

Table 16 shows the grain yield of the direct
seeded rice experiment. 

During the dry season, the no-zinc treatment 
yielded 0.7 t/ha of grain, but the yield obtained 
with 3 foliar sprays with 0.5% ZnSO.7H2O 



was nil. The difference was not statistically sig-
nificant, however. The highest grain yield was3.0 t/ha, produced when Zn-Ke-Min was sur-
face applicd just before the pregerminated
seeds were sown (Table 16). It was similar to theyield of 2.6 t/ha that was obtained when pre-germinated seeds were coated with 2% ZnOand later sprayed with 0.5% ZnSO4.7H 20.

The genera!ly !ow yield in the direct-seeded
experirrent was due to poor stand establish-
ment. The first seeding was severely damagedby rats despite rat control measures. Therefore,
reseeding was done 2 weeks after the first seed-ing. The delayed rice establishment gave a head
start to the weeds, particularly Scirpus
maritimus.The sedge population was very high, 

but it was controlled much later with two foliar 
sprays of bentazon. 

In the wet season, the grain yield was only 0.3
t/ha when no zinc was applied. The highest yield(3.4 t/ha) was obtained when pregerminated
seeds were coated with ZnO, and later sprayed
with 0.5% ZnSO4.7 20. A grain yield of 3.1t/ha was obtained when pregerminated seeds 
were coated with ZnO (Table 16).

Dipping seedlings in 2% suspension of ZnO appears to be an effective method of correcting
zinc deficiency in transplanted rice. For directseeded rice, coating the pregerminated riceseeds with ZnO at 2 kg/ha appitred to be thebest procedure for correcting zinc deficiency in 
a soil highly deficient in zinc. 
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EFFECT OF DRY SOIL MULCH AND STRAW 
MULCH ON MOISTURE CONSERVATION 

Field experiments at IRRI during the 1976 
crop season suggested that a dry soil mulch 
conserv'.d soil moisture and that planting an
early seeded crop after the dry soil mulch 
saved considerable time. 

During the 1977 crop seasons, the experiments were repeated in rainfed-lowland rice. 
A new study of the benefits of dry soil mulchin upland rice was begun. 

Rainfed-lowland rice. The !zx treatments in 
the dry season experiments included two till-
age treatments [shallow tillage (10 cm deep)
and deep tillage (20 cm deep)], 5 t rice 
straw/ha incorpciated to a 10-cm soil depth,
spreading of 5 t/ha rice straw/ha without 
incorporation, weed-free fallow using her-
bicides, and weedy fallow. All treatments 
were followed by a dry-seeded crop during the 
wet season. One additional control was the
practice of most rainfed rice farmers in Asia: 
weedy fallow followed by soil puddling and 
transplanting. The drought-tolerant rices 
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Feb. Mar Apr. May. June, July.1. Effect on soil moisture tension (SMT) of a dry soil 

mulch generated by shallow tillage (10 cm deep) and deep
tillage (20 cmdeep) and straw incorporation (10 cm deep)at 5 t/ha during the dry season followed by (fb) a dry.
seeded rice crop. Tillage consisted of 3 rotovations in 
January-February fb 1 rotovation In April. Rices were
dry-seeded on 30 April. IRRI, 1977 dry and wet seasons, 
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2. Effect on soil moisture tension (SMT) of a dry season 
weedy fallow followed by a transplanted rice crop. Tillageconsisted of 2 plowings and 2 harrowings. The seedbedwas sown 22 June and seedlings were transplanted 20 
July. IRRI, 1977 dry and wet seasons. 

1R1529-430-3, 1R2035-117..3, and IR9575, 
and the drought-susceptible variety IR20 were 
used. 

In all the ain plots, the four varieties or 
IRRI lines were either dry-seeded at 80 kg/ha 
or transplanted at 20- x 20-cm spacing, with 
2-3 seedlings/hill. The soil moisture tension 
(SMT) was measured with a tensiometer and 
gypsum block daily, or as weather conditions 
permitted. 

In plots where land preparation at the endof the previous wet season was completed 
with shallow tillage, deep tillage, and strawincorporation, the SMT did not exceed 40 
centibars (cb) (Fig. 1). The SMT in the 
weedy-fallow plots at the end of the dry sea
son reached 5 bars at a depth of 15 cm (Fig. 

). 
SMT values of the weed-free fallow 

and straw mulch treatments (Fig. 3), which 
no tillage operations during the dry sea

son, were lower than the SMT values of theweedy fallow (Fig. 2). By the end of the dry 
season, the SMT at 15 cm rose between 2 and 
3 bars, indicating that moisture was conservedth
through e elimination or reductica of weeds. 

Weed control also conserved soil moisture
at 30 cm. Maintaining weed-free sites and 
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3. Effect on soil moisture tension (SMT) of straw mulch at 5 t/ha (without incorporation) andweed-free fallow treatment during the dry season followed by a dry-seeded rice crop. Tillage
consisted of 3 rotovations in straw mulch and 2 rotovations in weed-free fallow plots. Riceswere dry-seeded in straw mulch (n 10 May and in weed-free fallow plots on 2 May. IRRI, 1977 
dry and wet seasons. 

covering the soil %%ith i straiw mulch during.i 
the dry season consCrvcd ,mc soil moisture. 
but to at lesser C \tCt than that achice d 
throut.1h shtl his tilhIae. decp tilla,-. and straw 
incorporation. Ihese three treatments saved 2 
di\,s more %% falhw.I I) daysIlifn ed-tree 
more than strast mulch, and 24 dhls more 
than \wced\-fallo.\ treatments, 

Land preparation lor the tramsplanted crop 
was dela\cd until the cginning of July when 
sufficient rainw;iter accumtltcd to make 
thoroUgh puddling possible. Transplnting 
therelore took place I month later than in the 
dry-seeded crop. Thus. only one crop of 
transplanted rice was grown on puddled soil. 

while I second crop of transplanted rice was 
established onl the dry-seeded plots. 

The averaige yields obtained with straw 
incorporation, deep tillage, shallow tillage, 
and stra,, itlch treatments were similar 
(Table 1). The weedy faillow that was dry 
seeded at the beginning of the wet season 
gave the lowest yield. 

Varietal differences were tlso apparent. 
IR9575 gave the best yield followed by
I R2035-1 17-3. The yields of' IR1529-430-3 
and IR20 were similar and lower than those of 
the two other lines (Table I). 

Upland rice. During the 1977 dr, season. 6 
treatments were used: shallow tillage (1() cm 

Table 1. Effect of different dry soil mulch and straw mulch treatments on the grain yield of rainfed bunded rice. IRRI, 1977 wet 

season.
 

Variety' Shallow Deep 
tillage tillage 

(10cmdeep)l20cmdeepl 

IR1529-430-3 2.5 b 2.5 c 
IR2035-117-3 4.4 a 4.2 b
IR9575 4.7 a 5.2 a 
IR20 2.6 b 2.5 c 

Mulching' (mean) 3.6 3.6 

Grain yield" It/ha) 

Straw
incor-

puration 
(5 t/ha) 

2.6 c 
4.3 a 
5.5 a 
2.4 c 
3.7 

Straw 
mulch 

(5 t/ha) 

2.5 c 
3.9 b 
4.5 a 
2.7 c 
3.4 

Weed-
free 

fallow 

2.3 b 
4.1 a 
4.0 a 
2.3 b 
3.2 

Weedy
fallow 

(dry-seeded 
rice) 

2.0 c 
3.3 a 
2.7 b 
1.9 C 
2.5 

Weedy
fallow
(trans-
planted 

rice) 

2.2 d 
4.0 a 
3.4 b 
2.9 c 
3.1 

Mean 

2.4 
4.0 
4.3 
2.5 

"Av. of 4 replicates. "In acolumn, any 2means followed by the same letter are not significantly different from each other at the 5%level. 'cv fo mulching: r 4%; cv for varieties: 9.5% 
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4. Effect on soil moisture tension (SMT) of a dry soilmulch generated by shallow tillage ( 1 0 cm deep) and deep
tillage (20 cm deep) and straw incorporation of 3 t/ha(10 cm deep) during the dry season followed by a dry.seeded upland rice crop. Tillage consisted of 3 rotovationsin January-February

Rices followedwere dry-seeded by I rotovation in April.on 30 April. IRRI, 1977 dry andwet seasons. 

deep), deep tillage (20 cm deep), incorpora.tion (10 cm deep) of 3 t rice straw/ha, spread-ing 3 t rice straw mulch/ha on the soil surface,a weed-free (with herbicide) 
andfallow,weedy fallow. aThe four rices grown in the 

rainfed-lowland trial were used. 

thatThe 

at 
soil at the upland site was drier than
the lowland site. But because its tex-

ture was lighter, the straw-mulch and weedyfallow, dry-seeded plots were seeded 5 and 15days earlier at the upland site than at the lowland-rainfed site. The shallow-tillage, deep-tillage, and straw-incorporation plots were dry
seeded 2 to 9 days earlier than the weed-free fal-
low, straw-mulch, and weedy-fallow dry-seeded
plots. The seed, fertilizer rates, methods and 

times of nitrogen application, and SMT measurement methods were the same as those in the 

lowlnd-aineddy-sede tretmets.treatmentsIn plots where land preparation - shallowtillage, deep tillage, and straw incorporation 
was completed at the end of the previous
wet season, the SMT did not exceed 85 cen-
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1377 wet semon.Table 2. Effect of different dry-ail-mulch and straw-mulch treatments on grain yield of upland rice. Il1i, 

Grain yieldP (t/ha) 

Shallow Deep Straw Straw Weed- Weedy
 
Variety" tillage tillage incorporation mulch free fallow Mean
 

(10 cm deep) (20 cm deep) (3 t/ha) (3 tha) fallow (dry-aeeded

rice)
 

IR1529-430-3 2.8 a 4.1 a 3.6 a 3.6 a 3.1 a 2.6 a 3.3 
IR2035-117-3 2.6 a 3.0 b 3.0 b 3.0 b 2.4 b 2.2 b 2.7 
IR9575 2.3 b 2.5 c 2.5 c 2.3 c 2.3 b 2.3 ab 2.4 
IR20 1.8 c 1.8 d 2.4 c 1.9 d 1.7 c 1.5 c 1.8 
Mulching, (mean) 2.4 2.8 2.9 2.7 2.4 2.2 

"Av. of 4 replicates. lina column, any 2 means followed by the same letter are not significantlydifferent from each other at the 5% 
level. 1cv for mulching: 4.5%; cv for varieties: 6.5% 

tibars (Fig. 4); in the weedy-fallow plots the 
SMT reached 25 bars at 15 cm at the end of 
the dry season (Fig. 5). 

During the early part of the dry season, the 
SMT values for both weed-free fallow and 
straw-mulch sites were lower than those for 
the weedy fallow (Fig. 6). By the end of the 
dry season, the weeds began to emerge 
through the straw mulch and the SMT reached 
12 bars at 15 cm. In weed-free fallow, the 
highest SMT recorded at 15 cm was 5 bars; 
that at 30 cm, 84 centibars. Maintaining sites 
weed free appears to conseive some soil mois-
ture. Straw mulch (unincorporated) at 3 t/ha 
does not seem to provide an adequately thick 
mulch layer to suppress weeds. 

Straw incorporation gave the highest aver
age yield, followed by deep tillage and straw 
mulch; the weedy fallow gave the lowest 
(Table 2). The yields of the shallow-tillage 
and weed-free plots were similar and lower 
than those of the straw-incorporation, deep
tillage, and straw-mulch treatments and higher 
than the yield of the weedy fallow plot. 
Among the four rices tested, IR1529-430-3 
gave the highest yield and IR20 the lowest 
(Table 2). Grain yield results (2.2 to 2.9 t/ha) 
were consistent with those in other trials in 
the Philippines and other countries growing 
upland rice. As in rainfed-lowland rice, dry
soil mulch in upland rice conserved soil mois
ture through the dry season for a rainfed crop. 
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SUMMARY 

Studies on he effect of such.climatic variables as 
temperature, solar radiation, and water on rice 
growth and yields continued in 1977. 

Relatively lower temperatures during the 
reproductive stage favored an increased 
number of spikelets (grains) and thereby
affected crop yield. The effectivc grain-filling 
period was 22 days at Los Bahios, Philippines,
and 32 days at Suweon. Korea. This 10-day dif-
ferential was attributed to the difference in tem-
perature between the two locations, 

The interaction between temperature and 
humidity as it affects the incidence of unfertil-
ized grains was found to be complex. At 29*C 
and 32'C, decreased humidity increased the 
number of unfertilized grains, but at 350C, the 
number declined. 

The paddy field model was described and 
applied to 10 years of agrometeorological 
records at Los Baf-os to estimate the total water 
consumption (evapotranspiration plus percola-
tion and seepage) in rice fields. The effective 
rooting depth of paddy fields at three locations 
in the Philippines, determined by measuring 
root penetration and penetration resistance of 
the rice soils, varied markedly. The rate of rice 
root elongation into the soil was closely corre-
lated with soil penetration resistance in water-
saturated soils. The soil's water regime had a 
marked effect on vertical root distribution. 

Investigation of the microclimate of two rice 
canopies with contrasting plant types indicated 
that a tall, droopy rice canopy does riot neces-
sarily have a higher humidity than ashort, erect 
canopy. Tall plant stature appears to improve
ventilation within the canopy, compensating for 
leaf droopiness. thereby preventing increased 
humidity inside the leaf canopy. 

TEMPERATURE 

Effect of temperature on spikelet number per 
square meter. In a study to determine whether 
relatively low temperatures during the repro
ductive stage of rice increase the number of 
spikelets, 1R747B2-6 rice plants were grown in 
pots, as a minicrop at 20- x 20-cm spacing in a 
glasshouse of the IRRI phytotron. Four tem
perature regimes were superimposed on three 
levels of applied nitrogen (Table 1). The 
number of spikelets increased with decreasing 
temperature at all nitrogen levels studied. The 
increase was most marked at the highest level of 
applied nitrogen (150 kg/ha). At each of the 
four temperature regimes, the number of 
spikelets increased as the level of applied ni
trogen increased. 

The number of spikelets was greater at 50 kg
N/ha and a day/njght temperature regime of 
26'/18C than at 150 kg N/ha and temperature
regimes of 350/27°C and 32°/240C. 

Absorbed nitrogen produced spikelets more 
efficiently at the lower temperatures and at the 
lower nitrogen levels. 

Effective grain-filling period at Los Bahos, 
Philippines, and Suweon, Korea. The effect of 
temperature on the duration of the grain-filling 
period (GFP) of rice in the field was investi
gated in acooperative experiment conducted at 
Suweon, Korea, and Los Bafios, Philippines.
The effective GFP was 22 days for IR20 rice in 
Los Bafios and 32 days for Tongil rice at 
Suweon (Fig. 1). The grain growth rates 
(increases in grain weight per square meter per
day) were similar at the two sites- about 26-27 
g/m2 daily, or 0.26-0.27 t/ha daily.

The grain growth rate is determined by both 
the growth rate per grain and the number of 
grains per square meter. At Suweon, the growth 

Table 1. Effect of temperature on the number of spikelets and the effidiency of nitrogen to produce epikelete. Minicrop 
empernmu M phytotron. 

Day/night Spikelets (no./m ) at 
temperature kg(*150 kg N/ha 100 kg N/ha 50 N/h 

35/27 27,800 28,000 24,400
32/24 29,900 30,800 27,500
29/21 37,600 31,300 28,80026/18 48,200 40,900 32,600 
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Spikelets (no./mg N absorbed) at 

150 kg N/h 100 kg N/ha 50kg N/ha 

1.4 2.0 2.9 
1.6 2.2 3.0 
2.1 2.3 3.3
2.2 2.5 3.2 
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1. Grain growth of rice at two locations. T is the effective 
grain-filling period. 

rate of a , ngle grain was slower because of 
lower temperatures, but the grain number per 
square meter vas greater than that at Los 
Bafios. Thus, the grain growth rates in Suweon 
and Los Bafios were similar, 

Effect of temperature and vapor pressure
deficit on the occurrence of unfertilized grains,
The effect of temperature and vapor pressure 
deficit (VPD) on the occurrence of unfertilized 
grains was studied by growing N22 rice plants in 
a phytotron glasshouse at day/night tempera-
tures of 290/21VC until near flowering time. The 
plants were then transferred to artificially 
lighted cabinets and subjected to one of three 
day temperatures (29, 32. 35°C) with a constant 
night temperature of 21'C and three vapor 
pressure deficits (12., 24, 36 millibars [mb]). At 
maturity, the filled and empty grains were scpa-
rated, and the number of unfertilized grains was 

determined. The percentage of unfertilized 
increased sharply as the temperature

increased from 32 to 35°C (14 to 78% at VPD 
mb and 25 to 47% at VPD 24 mb). 

The effect of VPD on the incidence of unfer
tilized grains was complex. At 29 and 321C,when the VPD increased from 12 to 24 mb, 
unfertilized grains increased by 5 and 10%,
respectively. At 35°C, however, the percentage 
of unfertilized grains declined when the VPD 
increased - 78, 47, and 41% at the respective
VPD levels of 12, 24, and 36 mb. This was 
probably because within the range of this 
experiment drier air prevented excessive elong
ation of filaments at 35°C. Hence, when the 
anthers dehisced, an adequate number of pollen
grains were shed on the stigma. At high VPDlevels, however,aconsiderable fraction of fer

tilized grains stopped growing at an early stage 
grain filling and became empty. Thus, at 

350C, the percentage of empty grains at the 
three VPD levels used was high, ranging from
62 to 86%. 

SOLAR RADIATION AND WATER BALANCE 
The amount of water available to the roots of 
rice plants depends on meteorological factors 
(the balance between rainfall and evaporation)
and on soil factors (the relation among soil
 
water content, water potential, effective rooting

depth, water conductivity, and water table).
 

The maximum rate of evaporation from a 
crop or from the soil during a certain period can 
be estimated from the net income of radiant 
energy throughout that period. Thus, water loss 
from a crop can be related to incident solar 
energy. The difference between precipitation
and evaporation gives a measure of the deficit or 
surplus of the water balance. 

The paddy field model. The following model 
is based on the results- published elsewhere
of agrometeorological studies on paddy fields. 

Continuous measurements of net radiation in 
a paddy field during the whole rice-growing 
period indicate that the ratio of net radiation to 
the total incoming shortwave radiation varies 
from 0.70 at the early stage of growth to 0.55 at 
the ripening period, with a mean value of 0.62. 
On the average, about 18% of incoming radia-
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tion is reflected at the surface of the paddy field 

and 20% islost as outgoing longwave radiation. 

Thus, the relationship between net radiation 
and incoming shortwave radiation is: 

R, = 0.62 (Q + q) = 0.62S (1) 

where R,, is net radiation, Q = direct solar radia-
tion, q = diffuse solar radiation, and S = total 
incoming solar radiation. 

Net radiation is used for evapotranspiration 
(E), sensible heat (H), soil heat flux (G), and 
photosynthesis (Ph): 

R,, = E + H + G + Ph (2) 

Generally, the net storage of heat by soil and the 
energy captured by photosynthesis are negligi
ble, and (2) can be simplified to: 

R, = E + H (3) 

For freely transpiring, well-covered surfaces 
with no shortage of water in the root zone, 
evapotranspiration may utilize most of the net 
radiation and sensible heat may approach zero. 
This evapotranspiration rate gives the max-
imum rate, which may be similar to Penman's 
potential transpiration or Thornthwaite's 
potential evapotranspiration. The potential 
evapotranspiration is given by: 

E R,
 
(4) 

where L is the latent heat of vaporization (590 
cal/g). Combining equation (4) with equation 
(1) gives the complete equation for average 
potential evapotranspiration (millimeters per 
unit time): 

E = R-= 0.62S = 0.017 (0.62.S)
L L 

= 0.0105.S (mm/T) (5) 

whereS is expressed in caloriesper square cen-
timeter per unit of time (T),which can be dayor 
week or month. 
Equation (5) estimates the average potential 
evapotranspiration of a paddy field if no sig-
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2.Relationship between maximum evapotranspiration 
and pan evaporation for 1972 and 1973. IRRI. 

nificant advection (oasis effect) affects evapo
transpiration in the paddy fields being consid
ered. Advection may occur where a moist area 
is surrounded by or is adjacent to drier land. 
The above assumption is likely to be valid dur
ing the wet season in monsoon Asia. The poten
tial evapotranspiration computed from equa
tion (5) agrees with the observed US class A pan 
evaporation rate in an IRRI field (Fig. 2). In this 
example, data for April and May, when advec
tion might exist, were also included. On the 
average, the potential evapotranspiration is 
related to the pan evaporation as: 

E = 0.93 x pan evaporation (6) 

Thus, the estimated average potential evapo
transpiration of a paddy field is slightly lower 
than the observed pan evaporation. In rice
growing areas in monsoon Asia, the monthly 
average solar radiation ranges from 300 to 650 
cal/cm2 daily. The corresponding range of aver

age potential evapotranspiration is approxi
mately 3 to 7 mm/day. 

Even under flooded conditions, however, 
sensible heat is not negligible. Continuous 
measurements of consumption of net radiation 
by a paddy field indicated that 82% is used for 
evapotranspiration, and 18% for sensible heat. 
This proportion is considered independent of 
the rice growth stage. Taking loss of energy by 



sensible heat into account, equation (5) can be 
modified to: 

E -0 .82 R w 
ER L 0 (7)0.0086S (mm/i) 

Equation (7) can estimate the evapotranspira.
tion from a paddy field after the crop is estab
lished. About 7 mm/day has been reported as 
necessary for maximum yields in IRRI fields 
during the dry season (IRRI, 1970). The same 
conclusion can be obtained from estimates of 
evapotranspiration and percolation and seep
age in the following way. 

Given a value of 14,964 cal/cm 2 for April
1970, the daily evapotranspiration according to 
equation (7) is 

mmdyE= 0.0086 X 14,964 =43(mm/day) = .
30 

About 3 mm is the best estimate of the daily
percolation and seepage in IRRI fields during
the dry season. Thus, the total water consump
tion in IRRI fields is 4.3 mm/day (evapotranspi
ration) plus 3 mm/day (percolation and seep 
age), or 7.3 mm/day.

Water balance at Los Bafios, Philippines. A
review of the waer balance (P-E) between pre-
cipitation (P) and potential evapotranspiration 
(E) at Los Bahios for 1967 to 1976 indicates that 
the annual precipitation normally exceeds the
annual potential evapotranspiration by 400 to 
1,000 mm, except in 1968 and 1969 when the 

annual potential evapotranspiration exceeded
the annual precipitation. At Los Bafios, dry
months (when E exceeds P) are normally
January to April and wet months (when P 
exceeds E) are June to December. May is transi-
tion period from the dry to the wet months. Dry
spells, however, occur sometime during the wet season. A marked water deficit occurred in 3 of 
the 10 years surveyed during the regular ricegrowing season. The average water deficit in dry
spells during the wet season of 1971, 1974, and 
1976 was about 50 to 60% of the potential
evapotranspiration (Fig. 3). When such water 
deficits occur during the reproductive stage to 
the flowering stage, the rice yield can be mark-
edly impaired (1969 Annual Report). 
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3. Weekly balance of precipitation minus evaporation
before, during, and after drought periods at Los Baflos,
Philippines. 

Effective depth in soil water balance. Under 
drought conditions, soil moisture is the major 
source of water for plants. Thus, evapotranspi
ration (E) is equal to a decrease in soil moisture 
(- AM). 

E = - AM (8) 

When moisture is adequate, evapotranspiration
is determined largely by the incident solar 
energy (equation 7). When the soil moisture 
drops below a level adequate for good plant
growth, stomates may be closed partially or 
totally to minimize water loss, photosynthesis 
is impaired, and growth may slow or stop. Under 
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Taba2. Buk dns nd p
four I.atims in the lpNes. 

Bulk 
Depth TextureO density
(cm) (g/cm) 

eton rean k ht 

Penetration Moisture 
resistance content 
(kg/cm) (%) 

Rainfedpaddy-Manaoag, Pangasinan
0-11 LiC 1.34 0.7 31.6 

11-25 LiC 1.57 22.3 	 23.525-50 LiC 1.53 23.0 25.7 
Rainfed paddy - Oton, Iloilo 

0-29 HC 1.20 3.5 43.3
29-40 HC 1.35 16.3 33.2
40-50 HC 1.23 12.1 41.7 

Rainfed paddy- Tigbauan, Iloilo
0-17 LiC 1.37 2.7 32.6 

17-27 LiC 1.47 8.0 28.5 
27-60 HC 1.23 10.7 41.1 

Upland- San Felipe, Cuenca, Batangas 
0-14 SC-LiC 1.22 3.3 34.2 

14-32 LiC 26.51.09 	 49.8 
32-63 LiC 1.06 29.1 54.0 
63- LiC-HC 0.93 18.5 66.6 

LiC = light clay; HV = heavy clay; SC = sandy clay. 

these conditions, excess heat will be lost as sensi-
ble heat. 

The soil moisture provides a buffer against 
periods of limited rainfall and can prolong the 
growing period beyond the time when rainfall 
ceases. 

Total moisture storage capacity of soil (M) is: 
Ml = effective rooting depth (cm) (9) 

x available soil moisture content (mm/cm) 

The effective rooting depth (ERD) is known to 
range from 10 cm to 100 cm, depending on the 
crop. The physical properties of a soil and the 
rooting characteristics of a crop affect the ERD. 
An ERD of 50 cm was reported for paddy soils 
in Bangkok, Thailand. 

As the first step towards determining the 
ERD, a survey of rice soils in four locations in 
the Philippines measured four soil physical 

properties 	 along the soil profile (Table 2).
Penetration resistance was used as a measure of 
mechanical impedance to root growth 

The ERD varied among the fields investi. 
gated. At Manaoag, Pangasinan (rainfed paddy), aud San Felipe, Batangas (upland), low 
values of soil penetration resistance (SPR) were
recorded only for surface soils (11-14 cm).SPR
 

values of subsoils at these locations were quite
high and no rice roots were detected in the sub
soil. On the other hand, at Tigbauan, Iloilo,
SPR values of both surface and subsoils were 
low. Roots were easily detected even at the 
50-cm depth.
 

Relationship between root penetration and 
penetration resistance of soil. Plant roots pene

trate into soil 1) through pore spaces and 2) be
tween soil aggregates by working against an 
external force. The ability of a root to penetrate 
into the soil can be related to the SPR of a given 
soil. Soil was compacted to predetermined bulk 
density values in a steel core sampler, 50 mm in 
diameter and 51 mm deep. Five pregerminated 
seeds were placed on the surface and the core 
was placed in a growth chamber maintained at 
29°/21 0C day/night temperatures. The roots 
that penetrated to the bottom of the core were 
counted. 

The root penetration rate was closely corre
lated with soil bulk density and penetration 
resistance under water saturation (Table 3). 
The lower the SPR value, the faster the roots 
penetrated the soil. Rice roots appear to have 
the ability to penetrate with relative ease soils 
having SPR values of up to about 10 kg/cm2. At 
a bulk density of 1.4 and vith the SPR of about 
26 kg/cm2, roots elongated only 1.2 cm over a 
period of 140 hours after seeding. 

Table 3. Relationship among soil bulk density, soil penetration resistanrce, and root penetration under water saturation from 44 
to 140 hours after seeding. 

Soil
 
Bulk penetrat;an Root penetration (%)
density resistance 
(g/crn) 	 (kg/cm) 44h 53 h 68 h 77 h 92 h 101 h 117 h 125 h 140 h 

1.0 Negligibly 22 100 100 100 100 100 100 100 100 
small 

1.1 	 Negligibly 4 100 100 100 100 100 100 100 00 
small 

1.2 2.8 0 48 87 100 100 100 100 100 100
1.3 9.9 0 0 5 9 64 82 86 95 95 
1.4 	 25.7 No roots reached the bottom 
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4. Effect of water regimes on vertical root distribution of three rice varieties. 

Effect of water regimes on root development.
An oxygen transport model for the rice plant 
suggests that the partial pressure of oxygen inthe root tip would decrease with increasing root
length. The partial pressure of oxygen at the tip
of a4 0 -cm-long root would be about 20% of the
partial pressure at the base. To determine
whether a limited supply of oxygen associated 
with different soil water regimes affects the
depth of root growth, three rice varieties 
planted in root boxes were subjected to three 
water regimes: 1)flooded with no vertical water 
movement, 2) flooded with apercolation rate of5cm/day, and 3) upland with an adequate sup-ply of water. Among the water regimes tested,
upland-grown plants had the deepest root sys-
tems; the root systems of rice grown under
flooded conditions with no percolation were the 
shallowest, and the root systems of those grownunder flooded conditions with percolation were
intermediate (Fig. 4). Apparently a limited
external supply of oxygen restricts the
development of rice roots in flooded soils. 

MICROCLIMATE OF TWO RICE CANOPIES 
WITH CONTRASTING PLANT TYPES 

Improved rice varieties with short stature and 
compact tiller arrangement may create a mic
.'oclimate different from that of tall varieties
with a loose tiller arrangement. To examine the
effect of different plant types on temperature
and humidity within canopies, IR747B2.6 
(short and compact tiller) and Dular (tall and 
loose tiller) were planted at 20- x 20-cm and
30- x 30-cm spacing at IRRI during the 1977 
dry season. 

The two varieties differed in crop height andin leaf area index (LAI) at different spacings.
Crop height is the distance from the ground
level to the highest point of the canopy. The 
crop height of Dular was greater by 20 to 30 cm 
than that of IR747B2-6. 

Relative humidity (RH) was always higher
inside the canopy than outside (Table 4), and
generally higher inside the canopy at a close
plant spacing than at a wide spacing. Spacing 
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TaMe 4. Temnperature and reldve humidity ofcrop canopies of two contrasting plant types at flowering. E1I. 19 and 22 March
11r7* seasmon. 

Inside the leaf canopy" of 

Av. of observations
 
on 19 and 22 March Dular IR74782-6
 

20x20 30x30 20x20 30 x30 Outsideb 

cm cm cm cm canopy 

Day
 
Temperature ('C) 28.1 28.5 28.7 28.7 28.3
 
Relative humidity (%) 80.4 74.6 82.6 79.0 66.3
 

Night'
 
Ternperatu'e (*) 24.3 24.4 24.6 24.9 24.5
 
Relative humidity %) 92.7 86.5 88.3 86.4 82.3
 

*20cm above water level. h190 cm above water level. rMean value of observations at 1000, 1200, and 1400 hours. dMean value of 
observations at 2200, 2400. and 0200 hours. 

had a more pronounced effect on RH than did The temperature inside the canopy of the 
plant type. The canopy of lR747B2-6 had a 1R747B2-6 rice was generally lower than that 
slightly higher RH than that of Dular rice during outside the canopy (Fig. 6). A temperature dif
the daytime. To examine the influence of plant ference as large as 1.4°C was observed betwecn 
type on the RH inside the crop canopy, the leaf a point 20 cm above water level and above the 
area density (LAD) was calculated accordingly: canopy. The water temperature varied from 

24C at 0610 hours to 30C at 1410 hours. This 
LAD - LAI

LAD he t 	 fluctuation was smaller than that of air tem-Cryo the lf aperature. The RH inside the canopy was always 
LAD implies the density of the leaf area per unit higher than outside and its diurnal changes fol
of volume, while the LAI is the density of leaf 	 lowed a pattern similar to that outside the 

canopy. The RH declined in a clear gradient
area per unit of ground surface. LAD values 

from near the surface of the water to the maxranged from 0.039 to 0.078. The RH of Dular 
imum height of the crop.was higher at high LAD values than was that of 

1R747B2-6 (Fig. 5). The high RH of the Dular 

canopy may be attributed to the variety's MC,) 
droopy leaf habit. However, the tall crop height AM AM 

counteracts the droopiness effect, because the 200 0617 017 07 12r7 217 W7 07 07 
tall plant stature improves ventilation within 
the canopy. Thus, the RH of a droopy canopy 
may not necessarily be higher than that of an K0cw _t 
erect-leaved canopy. - . 

0RH 1%) 
RH%)PM. 	 PM. 

too ~~ 	 200 - mee KM 11 W14?-,74-__
 

- a i O 
O'r" I i JI I !1 23 25 27 29 31 33 W0 70 WN 90 I0D 

04 006 0( a 004 006 T W ( 0 t e iv kr i k y M 

6. Vwtkad diklibutioa of temperature and hunddmy of 
S.altivb unay go ldo the canopies of 	 (IRt747112-6, 30)-cm spadq&; I Apriu(Itb) f 	 a riocum"l 30- x 

to doa vaded.e with dN Ied adbts. 	 1977). 
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SUMMIr|A AY 

Farm-l,vel evaluation trials and surveys in the 
Philippines reveal that a strong institutional and 
economic relationship conditions the adoption 
of improved postproduction equipmnt. Loss-
assessment levels indicate that adoption of 
improved threshing equipment would be profit-
able. Econonic analhsis shows mechanical 

dryers are unjustified at present high machine-
cost levels. 

Rice-milling evaluation studies show a sig-
niticant difference in milling returns between 
rubber roll-type technolog) and existing tech-
niques in villages. Improved technology can 
increase recovery and significantly improv'e 
quality. Profiles of small-scale milling units indi-
cate that the close proximity of these units to 
customers, the ability to handle small lot sizes. 
and the relatively low in~estment and operating 
costs characterized the technology at the village 
level, 

FARM-IEVEL SYSTENIS 

Farm-level arliod research and demonstration 
trials were conducted at three sites in the Bicol 
River Basin area during the 1976 wet and 1977 
dry seasons (Table I). The technical evaluation 
trials involved 17 farmer-cooperators with a 
total of 150 plots and 5varieties, 

Farm-level research had two components: 
1) a survey of farmers at each site to develop a 
profle of the postproduction practices used in 
the area; 2) a technical evaluation of alternative 
postproduction systems. 

Field survey sites. One hundred thirty-seven 
farmers at three survev sites were interviewed. 
All respondents planted two crops a year. 
Average farm size was 1.7 ha, and 82% of the 
farms were irrigated. 

Farmers used several guidelines to determine 
crop maturity and suitability for harvesting. 
Sixty percent usually harvested when 90 to
100% of the grains were ripe. 21 %at the dates 

recommended for the varieties planted, and 
II %when 70 to 90% of the grains were ripe. A 
large percentage of the farmers managed to 
halvest on or near the maturity dates deter
mined by the guidelines. Forty-eight percent 
experienced delays resulting from lack of avail
able labor or adverse weather conditions. 

All farmers used manual methods of harvest
ing, primarily the sickle. During the wet season, 
74% of the respondents cut stalks less than 80 
cm below the panicle base. Most preferred 
intermediate straw length to facilitate handling 
and manual threshing. Fifty-one percent of the 
respondents indicated their paddy was handled 
three times; 30% said the crop was handled four 
or more times before threshing. 

Thirty-eight percent of the farmers used 
mechanical threshers. No differences in use pat
terns were observed between the wet and dry 
season, primarily because the threshers used 
were small and poitable. Most farmers (89% 
for the wet season and 93% for the dry) at one 
site continued to use some type of traditional 
threshing method, such as flailing, treading, or 
beating. 

Sun drying was the most prevalent technique 
used to reduce moisture. Over 40% of the 

Table 1. Characteristics of three sites of postproduction pilot trials, Bicol River Basin area, Philippines, 1976-77. 

Av. plot
Location Season Cooperators Plots area Av. yield, Variety 

(n .) (no.) (mI) t/ha) planted 

Libon, Albay Wet 3 25 1209.20 1.84 	 C4 
C4 
IR26 

Dry 5 32 1739.39 3.38 Peta 
C4 
IR20 
IR26 

San Jose,
Camarines Sur Dry 5 54 1069.40 4.25 IR30 

Buhi, Camarines 
Sur Dry 4 39 1017.04 4.06 IR26 

All 3 locations 17 150 1222.00 3.58 

"Final weight of paddy after being dried to 14% moisture content; weight was adjusted according to purity. 

326 IRRI ANNUAL REPORT FOR 1977 



respondents used some type of mat, plastic
sheet, or canvas as underlay for drying. Others 
used cemented roads, highways, or local public
cemented areas, 

Most of the farmers intcrviewed jiidicated
that the modern varieties had increased prob-
lems in postproduction operations. Lack of 
labor, the additional handling required by
higher yields, and increased drying and storage
requirements were most frequently mentioned, 

Technical evaluation trials. Four systems
involving alternative combinations of technol-
ogy and management were used in the farm-
level trials. All four used the sickle in harvest-
ing. System I used a series of traditional techni-
ques tor harvesting, threshing, and drying. Sys-
tem i1 employed traditional harvesting and 
threshing but incorporated a mechanical batch-
type dryer for moisture control. In system III,
the mechanical thresher was used for threshing,
but the paddy was sun dried. System IV com-
bined mechanical threshing and drying with 
traditional harvesting, 

Crop-cut samples from each system were 
used to measure potential yield in the field. For 
actual area yields, plots were measured and the 
grain was weighed twice - after threshing and 
after drying. All yield and weight measurements 
were corrected for moisture content and
impurities. To determine the effects of paddy
quality on milled rice, 750-g paddy samples for 
each system were taken after each operation
and dried, milled, and analyzed in the labora-
tory. Labor records were kept for each opera-
tion within individual systems, the cost incurred 

for each operation, and the total time required 

to complete the entire sequence of operations. 

In addition, the quantitative and qualitative

measurements necessary to impute relative 
benefits and costs to each system were com-piled. 

pile.
Quantitative losses were measured at each 

stage in the system. Harvesting loss was deter-
mined with a 2-iM2 sample frame. At harvest, the 
paddy was bundled and stacked, and grain that 
had fallen on the ground or remained unhar-vested withinthesamplewasgatheredmanually 
and weighed. This process was replicated two or 
more 
times per plot, depending on the total area
involved in a system. To losses frommeasure 

stacking, harvested materials were placed on 
sheets. After stacking, grain remaining on the 
sheets was weighed. Losses in the traditional 
system of threshing were determined by weigh
ing paddy recovered in the cleaning operation
after threshing. In mechanical threshing, canvas 
and mats were used to recover paldy.

Detailed labor data for each operation in 
each system are shown in Table 2. The labor 
requirement was highest for the traditional sys
tern I and lowest for system IV. The two other 
systems embodying both traditional and 
improved technologies had lower labor 
requirements per hectare than the traditional 
system. Labor inputs for harvesting in systems
III and IV, which use the mechanical thresher 
and required additional handling of unthreshed 
paddy, are often greater than those in systems
that use traditional methods. 

Mechanical threshing requires that paddy be 
carried to the road or levee, particularly during
the wet season when the machines cannot oper
ate in the field. Cleaning is normally performed
with winnowirg baskets, manually operated
sieves, or manually operated semimechanized 
winnowing machines. Table 2 shows that 
improved technology in systems III and IV 
reduced the labor requirements for the thresh
ing operation. 

Mechanical drying reduces labor inputs for 
drying compared with sun drying (Table 2).
Many farmers indicated a preference for
 
the mechanical dryer but felt its high 
 initial 
cost was beyond the reach of the ordinary
farmer. Further drawbacks were high operation
and maintenance costs, particularly the escalat
ing price of fuel and difficulty in management of 

Tal 2. Cmpa elabo r.quma for aitamativu r 
poaproduction systems (14V)." lo Rlvw Btn ae,Phliipnes, 137-r/. 
P~p~es, 97677.Mean value tman-hours/ha)of labor requirements
 
Operation 1 1b 111ent
 

________V 

Harvesting 139 147 174 142
Threshing 151 158 45Drying 27 4914 47 14Total 317 318 266 205 
"System I - traditional threshing and sun drying; II= traditional threshing and mechanical drying; III
= mechanicalthreshing and sun drying; IV= mechanical threshing and drying. 
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Tale 3. Laboratory results of comparative recovery rates for 
alteratve postproduction systems (14V)." Bicol River Basin 
ame, Phil*ppines, 1976-77. 

Comparative recovery rate' (%) 
Item 

1 II Il IV 

Brown rice 74.78 74.88 74.92 74.66 
Milled rice 67.98 68.34 67.95 68.62 

Head rice 79.45 80.26 80.25 84.09 
Broken 19.07 18.08 18.73 14.50 

'System I = traditional threshing and sun drying; II= tradi-
tional threshing and mechanical drying; III = mechanical 
threshing and sun drying; IV = mechanical threshing and 
drying. "Results from laboratory analysis of 400 paddy sam-
pies collected during field trials (av. for all postproduction
operations). 

the drying system. The reasons cited for the use 
of a mechanical dryer included a growing lack of 

drying space, increased yields, and the potential 
for deterioration of paddy harvested duringgpa 
rainy periods. The mechanical ercr- alsoha rierc dryer 
improves potential head rice recovery. com-

pared with sun drying (Table 3). 
Grain losses from harvesting through subse-

quent handling steps were re'orded. Table 4 
shows the harvesting and threshing losses for 
improved and traditional systems. Improved 
systems incurred higher harvest losses than 
traditional systems, apparently because of the 
more numerous handling steps required in using 

the mechanical thresher. 
Paddy samples from each system were 

analyzed for total milling recovery and head 
rice. Systems with combinations of traditional 
and improved technologies showed significantly 
higher recovery rates. A similar trend for head 
rice recovery was also noted. Broken and 
cracked kernels decreased when improved 
technology was introduced. 

Tabe 4. ie grain leases from harvesting throgRithreshing using fldlona and tmproved mehd, S r RIver 
Basin aea. Ptdlpplnsim. 197--77., 

Grain loss (%) 

Handling step TraditionaP~Improved 

Harvesting 2.86 2.72 
Stacking 0.21 0.41 
Threshing 1.56 0.48 

Total 4.63 3.61 

*Composite data from 125plots. 6Tradi~ional systems (av. of 
systems I and II)involve use of traditional methods of thresh-
ing. improved systems (av. of systems III and IV)involve use of 
axial flow mechanical thresher. 
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Table 5. Combinations of techniques for farm-level post
production systems for rice harvested by sickle. 

Combinations of techniques for given tasks
 
System
 

no. Threshing Cleaning Drying
 
1 Threshing frame Win-Basket Solar
 

2 Treading -do
3 Flailing -do
4 Threshing frame WB+Man Fan
 
5 Treading -do
6 Flailing -do
7 Threshing frame WB+Mech Fan"
 
8 Treading -do
9 Flailing -do

10 Threshing frame S-ManB-Simd
 
11 Treading -do
12 Flailing -do
13 Threshing frame S-Mech3-Sim,
 
14 Treading -do
15 Flailing -do
16 Threshing frame S-ElecF-SinV

17 Treading -do
18 Flailing -do
19 Threshing frame S-ManW-Sep" 

2021 TreadingFlailing -do--do
2223 ThreshingTreading frame S-MechW-Sep"
-do
24 Flailing -do

25 Bicol type thresher Win-Basket
 
26 -do- WB-Man Fan
 
27 -do- WB-Mech Fan
 
28 -do- S-ManB-Sim
 
29 -do- S-MechB-Sim
 
30 -do- S-ElecF-Sim 
31 -do- S-ManW-Sep
 
32 -do- S-MechW-Sep
 
33 Mini axial flow'
 
34 IRRI axial flow 
35 Cotat%,to t;lresher 
36 McCormick thresher 

37
 
to 
72 	 Same as 'I through 36 with Mechanical 

mechanical drying 

"Using winnowing basket with natural aspiration. 'Using win
nowing basket with a manually operated fan. 'Using winnow
ing basket with a mechanical blower.dUsing sieve with a man
ually operated fan. Using sieve with amechanical blower. fJs
ing sieve with an electric fan. 'Using sieve followed by amanu
alyoperatedwinnower.'Using sievefollowedbyamechanical
winnower. 'These threshers all have complete or partial clean
ing systemnsthat minimize orelimirate the need for subsequent 
cleaning. 

Econondc analysis of farm-level systems. A 
detailed economic study was undertaken to 
determine the most efficient combination of 

techniques available for farm level postproduc
tion systems. With the use ofdata from the pilot
sites, a set of synthetic systems was developed. 

It had 72 combinations of harvesting, threshing.
cleaning, and drying techniques (Table 5). 

By combining the alternative capital and 
labor inputs associated with each system, a
series of points was established (Fig. I ). The fac
tor proportions indicated a wide degree of var
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1. Frontier isoquants bounding the 72 combinations of
harvesting, threshing, cleaning, and drying technique. 

iability. Points combining minimal levels of 
both labor and capital were joined to create a 
frontier isoquant curve. Points that fall inside 
this curve are relatively less efficient in the use 
of both resources, 

Introduction of the mechanical dryer elevates 

the capital component 	of all combinations of 
harvesting, threshing, and cleaning equipment. 

tFigure 1 (systems 37-70) 	shows that the highcost of drying equipment is a major constraint toits widespread use in the area. 

MILLING SYSTEMSS 

An attempt was made to quantify the comparative performance of village processing systems
and of potential alternatives. A field study was 
undertaken to develop seta of empirically
derived data describing the technical and 

characteristics of a range of opera
tional and potentially operational rice
processing systems. Technical information

in detail the composition and 
configuration of each alternative system was
assembled. Complementary data on the use of 

labor, capital, and mill-use patterns were also 
collected. 

The performance of each milling system was
assessed in the field and the laboratory. Empirical data were collected during the 1976 wet and 

1977 dry seasons in the Bicol River Basin region from: 1) a technical assessment of the exist
ing rice milling systems, 2) a series of milling 
tests using existing systems to mill paddy from
alternative farm-level systems with a range of 
threshing and drying techniques, 3) a continu
ous monitoring schedule for rice mills included 
in the technical assessment study, and 4) an 
engineering-economic survey involving 59 rice 
mills. 

T - Alternative mill ng systems Included Inthe technical asessment study. Blcol River Bs are, 
and dry eans. 

System 

Steel huller mill ("kiskisan"or local Engelberg) 
cone-type mill 
Rubber roll multipass mill 

Rubber roll-steel huller
combination mill 

Stone disc-steel hullercombination mill 
Rubber roll single-pass mill 
IRRI experimental single-passsteel huller mill 
Multiple steel huller mill 
Centrifugal huller mill(dry season only) 

Precleaning Hulling 

None Steel huller 
Sieve Stone disc
Scalper-sieve Rubber roll 

None Rubber roll 

Sieve Stone disc
None Rubber roll 

None Steel huller 
None Steel huller 

None Centrifugal 

Husk aspiration 

None 
Air trap/aspirator
Aspirator 

Air trap 

Air trap
Aspirator 

None 
None 

Air trap 

Phtl*lWWe, 1971-77 wet 

Whitening 

Steel huller 
Abraeive 
Abrasive
friction
 

Friction
 

Friction
 
Friction
 

Steel huller
 
Steel huller
 

Friction
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A - Sipocot "del GallegoIAD F I Porlido lADa Libmann - Cab. o lAD G - RinconadaIADC . Sn. Vicente lAD H - Ouinali IAD
D Nga - CalabangalAD I I Indusltria AD
E* Pili - Sula IAV J ' Crnamoian lAD 

\®n
 

Nrg City 0®O8h 

V Steel huller 

0 Cono 0ll Bo T 
O3Rubber roll single pass Libon * ut06Polo* Rubber roll multipass 
" Rubber roll-steel huller combination 
* Stone disc-steel huller combination 
o IRRI experimental single-pass mill () eglCAY 
y Multiple steel huller mill 
G Centrifugal huller type mill 

2. Location of nine alternative milling technologies included in the technical assessment and monitoringactivities. Bicol River Basin, Philippines, 1976-77. IAD = Integrated Area Development. 

Technical assessment. Nine milling systems performed best (Table 7). Two steel huller millswere identified for technical evaluation (Table showed milling recoveries comparable to those6). An evaluation trial involving 13 cooperators of the rubber hullers. A multiple-pass steel hulat several alternative locations in the Bicol area ler mill also gave significantly higher recoverywas included in the study (Fig. 2). than the single-pass steel huller units.A horiogenous 35-t sample of 1R36 was pro- Statistical analysis showed the rubber rollcured - 'shed, and dried under controlled single-pass mill, the centrifugal huller, and thecondit(; .-.The sample was segregated into lot rubber roll-iteel huller combination had sigsizes large enough for rceplicated !tst runs nificantly better performance than the other vilthrough each milling system. Four replicated lage mill:. The rubber roll-steel huller combinasamples were used for each milling trial. Sam- tion was notably better than the single-passpies were measured at different points in the steel huller unit.milling system and analyzed. A number of commercial-level mills wereAmong village-level mills, the rubber roll included in the trials for comparison. Qualitvsingle-pass mill, the rubber roll-steel huller lively, the commercial mills performed weli.combination, and the centrifugal huller type Tests on both commercial and village mills, in 
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Tale 7. Total miled and heed rkAe recoveries 
Basin we, PhIlppines, 1378-77. 

System%) 

Rubber roll single-pass 
Rubber roll multipasa 

Rubber roll-steel hullercombination 

Cone type rice mill (av.) 


Concina RM 

Gonzales RM 

Libmanan RM 

Nazarrea tM 


Steel huller rice mill (av.) 

Dycoco RM 

Olao RM 

Ruts RM

Torre RM 

Stone disc-steel huller 
combination 

Multiple-pass steel huller mill 
IRRI experimental single-pass


steel huller mill 

Centrifugal huller mill 

for nine milling systems, wet and dry moons. Wool River 

Milling recovery Head rice
(%) Broken rice

(%) 
70.31 
68.96 

ab 
be 

62.51 
77.09 

bc 
a 

36.34 
22.37 

69.24 
(69.00) 
71.53 
67.60 
70.63 
66.25 
(66.23) 
65.45 
67.62 
63.13 
68.74 

bc 

a 
cde 

ab 
efg 

fg 
cde 

h
bcd 

71.25 
(75.76) 
75.56 
75.19 
76.75 
75.55 
(41.70) 
42.14 
48.07 
31.96
44.66 

ab 

a 
a 
a 
a 

f 
def 

g
ef536 

28.02 
(23.26) 
23.41 
23.67 
22.32 
23.66 

(56.40) 
56.78 
49.83 
65.63 

53.36 
66.99 
68.15 

def 
cde 

55.40 
51.45 

cd 
def 

41.36 
46.48 

64.76 
70.33 ab 

gh 54.45 
73.76 a 

cde 41.53 
25.53 

"Treatment means with at least one common letter are aot significantlydifferent at the 5% level. 'Brewer's rice excluded. 

which disaggregated milling systems were used, 
show that multiple-pass milling produces higher
head rice recovery, particularly for units that 
use rubber roll multiple-pass systems and cone-
type technology (Table 7). 

In summary, mills with combination steel 
hullers and rubber roll hullers increase milling
yields quantitatively and qualitatively. With this 
combination, the system remains simple with-
out an accompanying paddy separator. Hulling
efficiency is high. The head rice obtained is 6% 
lower than, but not statistically different from,
the best produced by the rubber roll multiple-
pass mill. With a stone-disc huller, the results 
were less impressive. Because of lower hulling
efficiency, this system requires a paddy 
separator to remove unhulled paddy that is 
mixed with the brown rice as it leaves the husk-

ing unit. Thus, it requires additional cost, space, 
and power. 

Milling with farm-level systems. Effects of 
combining alternative techniques of harvesting, 
threshing, handling, and drying on milling
efficiency were examined. Paddy samples from 
both traditional and improved farm-level sys
tems were inused tests of commercial and 
village-level milling systems. The tests were 
restricted to disc cone and steel huller mills. 

Unmilled paddy samples were gathered from 
three sites in the Bicol River Basin. There were 
no significant differences in total milling reco
very between traditional and improved farm
level systems. The improved system of thresh
ing and drying had higher head-rice recovery 
rates, however (Table 8). 

Monitoring activities. Weekly visits over a 

Table . Head irk recoverl of cono and steel huirmills asaffected byolternate methods of handling, theshing, and drying.Three pilot areas, Wal 11iver Basin are, Phioppinee. I37-??. 

Head rice recovery (%) 
System Cono Steel huller 

San Jose Buhl Libon All areas San Jose Buhi Libon All areas 
p 85.19 71.69 71.92 76.27 37.75 34.49IV 86.49 26.99 33.0878.88 79.13 81.5 40.85 34.68 47.44 40.99Difference 1.30 7.19 7.21 5.23 3.1Av. .19 20.45 7.9185.84 75.29 75.53 78.89 39.3 34,59 37.22 37.04 
-Traditional method of handling, threshing, end drying. Improved method using mechanical thresher and dryer. 
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Ta"e 9. Potential miled and head ee recoveries of 32 sam-
pin clss7ed aordi to gWade. eol RIke Basin w 

Potential recovery (%) 

Grade Samples, Cracked 
- kernel Milled rice Head rice 

No. % (%) recovery recovery 
Premium 0 0 - - 

1 8 25 4 69.56 81.49 
2 9 28 5 68.92 77.25
3 4 13 2 68.91 77.81

Substandard 11 34 4 66.42 72.75 

"Collected during monitoring tour of rice mills, 

Table 10. Potential total and heed rice recoveries of 32 Sam-
Pies cbsA d according to variety. Ble RIve Basn. Philip-
PInes. 1976-77. 

Variety Samples'Cracked Milling potential (%)
(no.) kernels 

(M) Milled rice Head rice 

75-dvariety 9 3 9 
C-4 4 7 65.27 
IRS 1 4 67.37 
IR26 
IR28 

8 
1 

5 
8 

68.14 
68.05 

IR30
IR36 2

2 
3
1 

68.17
67.79 

BPI-76 
Peta 

1 
1 

5 
4 

68.61 
67.37 

Wagwag
Mixed 

1
,2 

0 
2 

66.91 
65.27 

78.85 
79.82 
81.35 
75.85
55.04 
87.76
88.13 
75.87 
81.35 
66.34 
81.35 

"Collected from ninemills included inthe monitoring schedule. 

1-year period were made to detemihie the qual-
ity and characteristics of paddy entering the 
milling systems of each site and the utilization 
pattern of each milling system, and to develop 
a profile of customer demand for milling ser-
vices. 

A laboratory analysis of paddy samples col
lected during the monitoring tour showed 34% 
were substandard, 41% of low quality, and only 
25% of high grade (Table 9). 

Table 9 also indicates a relationship between 
the grade of paddy entering the milling system
and potential total and head rice recovery rates 
to be expected. A difference of 3% in potenial
milling recovery was observed between grade 1and substandard paddy. A difference of 9% in 
head rice recovery was also found between the 
two grades. The findings strougly suggest that 
the efficiency of the processing system is a func
tion of both the milling technology and the qual
ity of the paddy entering the system. 

Table 10 indicates potential total milled rice
and head rice recovery expected from the rangeof varieties grown in the study area. A short
grain japonica variety had the highest total 
milling yield, while the long-grain indica typeC-4 gave the lowest recovery rates. 

Comparison of actual milling yields and 
potential recovery rates obtained in the
laboratory showed that huller mills gave thelowest efficiency. A difference of 6% total 
milled rice and 23% head rice recovery was 
observed from samples procured during
monitoring checks (Table 11). 

Economics of milling systems. A series of 
synthetic budgets were constructed to compare
the costs of alternative milling systems. The 
budgets were based on the results of interviews 
regarding utilization, initial investment costs, 
and input requirements. Table 12 shows that 
the rubber roll-steel huller combination 
rubber-roll single-pass, and centrifugal huller 

Table 11. Copmativemllnnp erfogm ofmglei nduein monltorngacedue. NcOWRiverlBain WasPhilpplm, 1171-77. 

Commercial milling 

Milling system Milled Head 
rice, (% rice (%) 

Cone-type mill 65.22 77.35
Steel huller 62.70 50.97 
Rubber roll single-pass 67.0 67.63 
Rubber roll-steel

huller combination 67.49 64.17 
Disc-huller combination 63.68 d 

Laboratory millingr 

Milled Head 
rice (% rice (%) 

67.12 79.77 
68.86 73.93 
71.53 81.82 

69.51 74.73 
,, d 

Difference between 
commercial and abo

ratory milling 

Milled 
rice(%) 

1.90 
6.16 
3.73 

Head 
rice (%) 

2.42 
22.96 
14.19 

2.02 10.56 

'Based on dailyrecords. hased on analysis of samples collected from mill output 'Milling potential from paddy sample. 'Nosam
ples collected. 
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TahI 12.,Cos,.
p~e,1376-77.--.revenue, and proft per ton for a"WmativliMOMn sYstem at 2% utiatlan r.t... . rng y am 2 %uizt ae.I

Wl River Iain aea,Phlipea l lp 
Operating Milled-Paddy Price of cst of Price of Total saMilling system input paddyh Total Milling rice miffedpadod coat recovery output of milled Revenuerice' rice paddy Profitit/mo) (USI/t)Cone-type mill Z~n125.66- 148.6 
(US$/t) (US$/t (%) tor o) (US/t) rim (U$t Profit7.46 156.11 1%) i/mO)Steel huller mill 69.00 87.60 270.27US$/mo) (US$/t)186.48 1US$/t)32.36 23432.00148.6 2.81 151.46 66.23 30.38Rubber roll single-pass 18.35 148.6 6.24 

21.43 270.27 5792.43 179.00 27.54Rubber roll-steel huller 154.89 70.31 12.90 270.27 3487.00combintion 56.25 4.99Sone disc-steel huller 148.6 153.64 69.24 
190.03 35.14

38.95 2.710635270.27 10526.35 18713 33.49combination 41.22 148.6Multiple steel huller 3.59 152.24 66.90 
 27 7482.97
27.58 270.27.7 76 .7 18081 28.57mill 40.02 148.6
Centrifugal huller mill 

4.14 152.79 68.15 27.2740.08 148.6 270.27 7371.22 184.19 31.394.36 153.01 70.39 28.21 270.27 7625.00 190.24 37.24"Actual input observed from monitoring activities. bPrice of paddy is set at Uoper.ting cost per ton is set at 25%utilization levol. dPrice of milled rice is set at US$0.2702/kg. 

Tale 13. General Information for n steel huler mi. Be replacement cost incurred and make this millRive Basin ara,,, Pllppm, IM1. 
Av. capacity more efficient than the steel huller unit. But thedegree to which higher profitability is realized 

180 280 4W0 Allkg/h kg/h kg/h will be heavily conditioned by the willingness ofrates consumers to pay an additional premium forSize classification 3-4 7-8 1-2Mills (total no.) 120 high-quality milled rice.270 54Sample mills (no.) 
444 Survey of village milling units. AnAv. operating days per year 10279 27215 247 3914 256 engineeringeconomicAv. operating hours per day survey was conducted on2.79 1.92 3.86 2.8 59 milling plants in the Bicol area. The focusQuantity of paddy milled per
 

Average size of power units 
142.3 149.85 383.7 230.9


year 
was on the village-level mill. 

(hp) Table 13 indicates the characteristics of threeAverage years in operation 7 10 16 1114 12Average distance of mill from 
11 12.33 steel-huller size groupings. Of particularinterest is the ability of these units to operate atmain road (km)Average distance of mill from 4 0.4 0.1 1.3
paddy source (Ion) relatively low utilization
0.25 3.13 4.17 2.75 rates on a daily andSmallest annual basis. The ability to handle lot sizes of 25
lot size accepted
milling (kg) for 25 25 25 25Average milling fee (US%/t) kg or less and easy accessibilityCustomer profile (%) 

12.32 13.01 to households10.95 12.05Farmer profile,91)95 within their demand area are features of thistechnology. The greatest demand for millingLandlord 6 1 4 3Retailer or wholesaler 0 1 
services comes from farmer households and the3 1 villages surrounding the mill. Mills operate a 
large number of days per year, but average daily

mill have the highest profit per ton. The higher 
operating time isbusinesses operated

low. Most are part-time
recovery rates for the rubber roll huller more 

by farmers or smallbusinessmen in conjunctionthan offset with otherthe higher maintenance and economic activities. 
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SUMMARY 


Results in 1977 continued to confirm findings 
that the dry season yield gap between farmers' 
level and high level ot inputs was about 2 t/ha, 
the range being from 1.4 t/ha in Iloilo to 2.4 t/ha
in Camarines Sur. Fertilizer accounted for 
approximately I t/ha of the yield gap at all four 
sites. Insect control also accounted for close to a 
ton in all sites except Iloilo, but weed control 
accounted for 0.3 t/ha or less in each site. 

The wet season yield gap was approximately 
1 t/ha in all sites except in Camarines Sur where 
it was zero. Factors contributing most to the 
yield gap were insecticide in Laguna and Nueva 
Ecija and fertilizer in Iloilo. High levc~s of fer-
tilizer caused severe lodging on many Laguna
farms and on some farms at other sites, particu-
larly whoie IR36 was grown. 

An experiment measuring yield in relation to 
age of seedlings under optimum management 
practices in Nueva Ecija showed that yields 
were not significantly affected by transplanting 
seedlings with ages ranging from 20 to 45 days. 

An experiment was conducted in Laguna to 
determine whether farmers can increase yields
by applying fertilizer at the correct time. The 
results showed that yields with farmers' timing 
and with recommended timing did not sig-
nificantly differ, 

Economic analysis of experiments showed 
that the high input level of fertilizer gave consis-
tently higher profit over farmers' level al all four 
sites in the dry season. For insecticide and weed 
control in the dry season and for all three inputs 
in the wet season, the pattern was mixed, with 
some sites showing lower profit at high than at 
farmers' level. Intermediate levels of fertilizer 
included in the experimental design in three 
locations gave higher profits in the wet season. 
But intermediate levels of insecticide did not 
raise profits above the farmers' level. Farmers 
interviewed perceived drought, insects, and rats 
to be the major dry season constraints to high 
yield, and typhoons and insects the major wet 
season constraints. 

Further analysis of experimental data using a 
production function approach suggests that the 
apparently large but economically recoverable 
dry season season gap due to fertilizer cannot be 
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easily reduced because oi' the inefficiencies in 
farmers' use of fertilizer. 

Analysis of farm survey records in Laguna, 
Nueva Ecija, and Camarines Sur indicates that 
farmers obtaining loans under the government 
Masagana 99 program tended to use higher 
levels of fertilizer. Yields of Masagana 99 
farmers were higher but, in general, not sig
nificantly higher than those of farmers borrow
ing from other sources or not borrowing. Thus, 
the implications in terms of the impact of credit 
on yield are unclear. 

An experimental design combining complete 
factorial, minifactorial, and supplemental trials 
was successfully tested in 1977. The main fea
ture is the ability to maintain a small number of 
treatments even with a large number of test fac
tors, andthus to allow the experiments to cover 
a wider geographic area with a fixed set of 
resources. 

Results of measureneats on 10 farmers' 
fields in Laguna duriag the 1977 wet season 
indicated that the farn, ers' level of fertilizer 
input, weed control practice, and yield were 
quite similar among paddies on the same farm. 
But the rate of fertilizer input and yield for the 
whole farm determined by interview differed 
from those determined by physical measure
ment of individual paddies, although no consis
tent bias existed from farm to farm. 

A much higher degree of rat damage occur
red in plots that were highly fertilized and pro
tected from insect pests but had no weed con
trol. The finding indicates the need to closely 
monitor and read rat damage in yield con
straints trials ar ., properly adjust yields. 

BIOLOGICAL CONSTRAINTS 
Agronomy and Statistics Departments 

Four types of experiments were conducted in 
1977 to identify with greater precision the mag
nitude of the yield gap and the contribution of 
test inputs in a given area without a large 
increase in the workloacd: 1) complete factori
al, 2) minifactorial, 3) supplemental trials, and 
4) management package. 

The complete factorial experiment has all 
possible combinations of test factors (fer
tilizer, insect control, and weed control), each 



at two levels - farmer and high (2" treat-
ments where n = 3, the number of test fal-
tors). In some cases, intermediate levels of 
test factors were also included, 
The ,ninifiictorial trial has the number of 
treatments equal to two more than the 
number of factors being tested. With three 
test factors, there are five treatments: one 
with all factors high; one with all factors at 
farmer level; and each of the three others hay-
ing all but one factor at the high level. 
Thesupplemental trial has a minimum of one 
plot with all test factors at the high level, 
Farmer's yield is measured by crop-cutting 
the farmer's field. 
In the mantagement package, treatments are 
designed to represent intermediate levels 
between the farmer's practices and the high
level of inputs. The incremental steps be-
tveen treatments usually involve asimultanc-
ous change in more than one input, 
All experiments are used in identifying the 

yield gap. Inaddition, complete and minifactori-
al trials examine the contribution of the test 
factors to the yield gap. The economic analysis
relies more heavily on the intermediate level of 
inputs from either the factorial or management
package experiments. 

The above experiments continued to be con-
ducted in farmers' fields in four Philippine prov-
inces (1975, 1976 annual reports). Farmers' 
and high levels of inputs, averaged over all test 
sites in each province, are shown in Table 1.The 
dominant interactions found in the complete
factorial were between fertilizer and insec-
ticides. 

However, interactions for all 4 locations were 

significant on only 4 out of 21 farms in the dry 

season and 
on 3 out of 30 in the wet season. 
Furthermore, the direction of the interaction 

was not consistent. Therefore, the contributions 

to the yield gap (Table 2) were measured by

combining data for the complete and minifac-
torial experiments: the contribution of the test
factor to the yield gap is measured as a yield
decrease from the high input due to the reduc-
tion from high to farmers' level of each input, 

Laguna sites (Statistics). Dry season. Dry 
season experiments were on 19 farms  4 used 
complete factorial trial; 3, minifactorial trial; 

and 12. supplemental trial. Ten farms were 
canal irrigated, six pump irrigated, two irrigated
by a pump-canal combination, and one through 
a spring. The farmer-applied fertilizers, averag
ing 72 kg N/ha, 4 kg P2O.,/ha, and 3 kg K,O/ha, 
were split into two or three applications, with 
one farm having a single application and 
another four. All farmers, except one, control
led weeds by one or two rotary weedings fol
lowed by one hand weeding. Only one hand 
%%cedingwas practiced on one farm. To control 
insects, all farmers but two used one to three fo
liar spri) s. Six farmers supplemented spraying
with granular insecticide. Two farmers used 
only granular insecticide. Eleven farmers 
planted IR36 and eight planted IR32. 

Farmers' yields varied from 2.5 to 6.1 t/ha
(Fig. I). averaging 4.8 t/ha. The high levels of 
insect control, fertilizer, and weed control 
(Table I) produced yields that ranged from 3.6 
to 8.8 t/ha. averaging 6.5 t/ha. Yield gaps ranged 
from 0.6 to 3.5 t/ha; one farm exhibited no yield
increase. Of the average yield gap of 1.8 t/ha,
about half was contributed by improved insect 
control and half by improved fertilizer use 
(Table 2). Improved weed control did not con
tribute to the yield gap. 

Wet season. Wet season experiments were on 
19 farms; 17 were the same farms on which dry 
season experiments were carried out. On the 
average, the farmers' rates of fertilizer applica
tion were the same as those for the dry season. 
However, 6 of the 17 farmers increased their 
fertilizer rates, 5 decreased theirs, and 7 used 
the same rates as those in the dry season. While 
the mechanical weed control practices were 
similar to those in the dry season, the number of 
farmers using chemical control increased from 
four to eight. Farmers' insecticide use was 
slightly higher than that in the dry season, with 
increase in the use of granular insecticides. Va
rieties grown were predominantly IR36 and 
IR42, with two farms each planting IR38 or 
1R40. 

Farmers' yields ranged from 2.8 to 6.5 t/ha,
averaging 4.5 t/ha (Fig. 1). With high inputs,
yields ranged from 4.2 to 7.5 t/ha, averaging 5.7 
t/ha. Yield gaps ranged from 0.5 to 3.1 t/ha, with 
one farm showing no gap and anothershowing a 
yield decrease of I t/ha with high inputs. Lodg-
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I. Yields at high and at farmers' level of inputs from farm yield-constraints studies. Laguna, Philippines, 1977 dry 
and wet seasons. 

Table 1. Farmers' IF)and high level (H)of test factors, yield-constraints experiment. Four provinces, Phvlpplnes, 1977. 

Fertilizer (kg/ha) Weed control" Insect controlb 

Province Sites N PO K:O Mechanical Chemical Foliar Granular
 
(no.)
 

F H F H F H F H F H F H F H
 

Dry season 
Laguna 19 73 12C 5 30 3 0 2.4 1.3 0.2 1.0 1.4 4.8 0.3 4.4
 
Nueva Eciia 28 93 15G 41 40 4 30 0.8 1.0 0.5 1.0 1.9 1.0 0.6 4.0
 
Camarines Sur 20 58 150 24 40 5 30 1.0 1.0 0.9 1.0 3.0 1.0 0.0 4.0
 
Iloilo 17 66 150 11 40 3 30 1.3 0.8 0.7 1.0 1.8 2.3 0.2 3.6
 

Wet season 

Laguna 19 J3 90 7 0 2 0 2.5 1.7 0.4 1.0 1.5 1.9 0.7 4.9 
Nueva Ecija 37 64 100 30 40 8 30 0.4 1.0 C.4 1.0 2.3 2.3 0.7 3.0 
Camarines Sur 27 55 100 13 40 11 30 0.8 1.0 0.5 1.0 2.8 1.0 0.1 3.0 
Iloilo 23 55 100 12 40 5 30 0.9 0.9 0.3 1.2 2.3 2.0 0.0 3.5 

"Av. no. of weeding operations. 'Av. no. of insecticide applications. 

Table 2. Relative contribution of three inputs (insect control,fertilizer, and weed control) toward the improvement of riP yields in 
farmers' field, International Rice Agro-Economic Network (IRAEN), Philippines, 1977 (complete factorial and minifectorial com
bined). 

Sites (no.) Grain yield (t/ha) Contribution" (t/ha) 

Irri- Rain- Farmers' High Fertil- Weed Insect 
Province gated fed input input Difference izer control control Residual 

Dry season 
Laguna 6 0 4.9 6.7 1.8 0.9 -0.2 0.8 0.3 
Nueva Eclja 16 0 5.2 7.3 2.1 0.9 0.2 1.0 0.0 
Camarines Sur 12 0 3.5 5.9 2.4 1.2 0.3 1.0 -0.1 
Iloilo 9 0 4.0 5.4 1.4 1.1 0.2 0.3 -0.2 

Wet season 
Laguna 6 0 4.5 5.6 1.1 0.2 0.2 0.9 -0.2 
Nueva EclIja 18 6 4.2 5.3 1.1 0.4 0.0 0.5 0.2 
Camarines Sur 11 5 3.6 3.8 0.2 0 -0.1 -0.3 0.6 
IlIoilo 13 3 3.6 4.6 1.0 0.6 0.3 0.4 -0.3 

"Mf.asured as yield decrease from high Input due to a reduction from high to farmers' level of each input. 
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2. Yields at high and at fariners' level ol inputs from tarm yield-constraints studies. Nueva L-cija 
province, Philippines, 1977 dry and wet seasons 

ing was a scrious problem oin mo,,t farnis. spe- (Table I). Farmers typicall y applied two loliar 
ciallv in plots recei%ingc high lcrt ilizer rates. The sprays of" insecticide. but one farmcr applied 
result was no yield gap and c\ en a loss in Nield at none. Twel'e of the 28 l'armers supplemented 
high fertilizer levels on some farms. foliar spray with granular insecticides. The 

Of the average yield gap o) I .It/ha. the major majority of the farmers used hand weeding. and 
portion of aboUt 7(01 was from improved insect abot half combined it with chemical or 

control and th rest was equallk divided be- mechanical weed control. Ilerbicides were used 

tween fertilizer and weed control ('able 2). The more commonly than rotary wecders. as most 
relavely small contribution of fertilizer was farmers did not practice straight-row plantirng. 
primarily caused by lodging. Yields at the farmers" level of' inputs ranged 

Nueva leija sites (Agrom110 ). Dry se.sMn. from 3.2 to 8.6 t/ha (Fig. 2). averaging 4.8 t/ha. 
Dry season experimntts were conducted on 28 At the high level of fertilizer, insect control, and 

pum.p-irrigated tarms - 7 with complete facto- weed control. yields ranged from 4.7 to 8.9 t/ha 

rial. 9 with minifactorial, and 12 with supple- averaging 7 t/lha. Yield gaps ranged from (.3 to 

mental trials. The average levels of fertilizer 3.8 t/ha. averaging 2.2 t/ha. C'onsidering only 
nutrients applied by cooperating farmers were the complete and mlinilactorial experiments, the 
93 kg N/ha. 41 kg P. ).-,ha. and 4 kg K,O/ha yield gap averaged 2.1 t/ha, with approxi-
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Tabl 3. Intertnediatv Wells of fertilizer and Insect c, ntrolused in three provinces, pIhmpping, 197.-

Fertilizer (kg/ha) Intermediate 
Season Intermediate 1 Intermediate 2 insect control' 

PO KO N P.Os K,O Follar Granular 

Dry 50 20 10 100 30 20 0.7 1.7Wet 40 10 3020 70 20 1.2 1.8 

'Between farmers' and 
 high levela 'Av. no. of insecticide 
applications. 

mately I t/ha contributed each by fertilizer andby insect control (Table 2). Improved weed con-
trol did not appreciably increase yields on mostfarms. 

The complete factorial experiments included 
two levels of fertilizer and one level of insec-
ticide intermediate between the farmers' anC
high level (Table 3). Grain yield at a~specific
input level was averaged over all other inputs
(Table 4). Farmers applied fertilizer at a level 
higher than intermediate 2 (1-2), but the yields
they obtained were not significantly higher than
those at intermediate 1 (1-1). The i-itermediate 
level of insect control contained more granularand less foliar insecticides than what farmers 
were currently using, but it did not increase 
yield.

One management package experiment was
conducted on a pump-irrigated farm. The M,
level used ahigher rate of nitrogen than the MI,level and about the same rate of phosphate. 

Table4.Gra n Wd fm . 
Pines, 1977 (complete factoulal). 

Province Farms 
(no.) 

Nueva Eclja 7
Camarines Sur 6
Iloilo 4 


Nueva Ecija 10

Camarines Sur 8
Io110 9 

Farmers' insect weed control measureswere at the M.. lev:
and 

(Table 5). The farmers' vari

ety was compared with the test variety 1R26. NovarietalWet differences wereseason. Wet seasonnoted (Table 6).experiments wereonducted on 28 irrigated and 9 rainfed farms 
during the wet season. There were 10 completetrials, 14 minifactoral, and 13 supplemental. 
The average level of fertilizer nutrients applied
by cooperating farmers was 64 kg N/ha, 30 kgP2Od/ha, and 8 kg K20/ha (Table 1). The level
of insect and weed control was similar to that inthe dry season, with most farmers applying foliar insecticide twice and hand weeding. Onefarmer applied no insecticide, while 6 of the 37 
farmers did no hand weeding.

Yields at the farmers' level of inputs ranged
from 2.4 to 6 t/ha (Fig. 2), averaging 4 t/ha. At
,ic! high level of inputs, yields ranged from 3.2
*U6.9 t/ha (5.3 t/ha). Yield gaps ranged from
0.1 to 2.9 t/ha (av. 1.3 t/ha). Considering only
the complete and minifactorial experiments, theyield gap averaged 1.1 t/ha, with feL tilizer and
insecticideeachcontributingapproximately

0 .5t(Table 2). A high level of weed control did not
contribute significantly to an increase in yields.

As in the dry season, yields at farmers' and 1-1levels of fertilizer were similar, despite thehigher level of N and P.,O. (approximating 1-2) 
applied by the farmers (Table 4).Management package experiments were
conducted on two irrigated farms. The average
level of fertilizer nutrients applied by the farmerswere 43 kg N/ha, 27 kg P205/ha, and 11 kg 

F), Infemtedlate 11),and high IH)levels of Inputs. Project area in three provinces inthe Phiip. 

Grain yield, (t/ha) 
Fertilizer Insect control Weed control 

F I-1 1-2 H F I H F H 
Pr season5.8 5.5" 6.4"' 6.7* 5.8 5.6", 6.9""4.1 6.1 6.2"4.5" 5.400 5.3**

3.8 3.6"* 4.4 48" 5.4** 4.7 4.9'"4.4" 4.6" 4.0 4.1"- 4.2" 4.1 4.1" 

Wet season4.8 4.9" 5.2" 5.2" 4.8 4.8" 5.40 5.03.2 3.6", 3.5" 3.4" 5.0" 
3.9 4.1" 4.2" 4.4 

3.4 3.5" 3.4", 3.4 3.4"4.0 4.1" 4.3" 4.0 4.2*"Value o,. wicflc input level is averaged over all other inputs..** Indicate significantly different from the Flevel at 5%and 1%level, resactively. " Indicates no significant difference from Fat the 5%level. 
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K.O,hm. apl'oxiniatel. eqtlCalnt to N at \I.., those for the NI., package. The ftarmers ilaited 
level. P._( ). at NI lccl. and K.( ) ai hallf that of IR36 and the test varietv was IR42. a recent 
NI; level ('Table 5). Aeragce levels of f.l-ancr,*" rellease of the I'hilipri-e Government. Yields 
insect nd we.d llcontrol ,%ere equivalent Io increased as inputs were raised from the M., to 

Table 5. Average levels of inputs used by farmers and levels of four input management packages. Project areas in three provinces. 
Philippines, 1977. 

Insect control" 
iav. no. of applications) 

Fertilizer Weed control, 
Province Sites Pack-'ge (kg, ha) Seedbed Field (av. no. of treatments) 

(no.) level' 
N P:O K.O F G P F G M C 

Dry season 

Nu.va Ecija 1M, 132 27 0 0 0 0 3 0 1 0 
Camarines Sur 1 N, 64 0 0 0 0 0 4 0 1 1 
Iloilo 1 mi 174 0 0 0 0 0 4 0 1 1 
All three All M. 40 10 0 0 0 0 2 0 1 0 
All three All Ni, 80 20 20 0 1 1 0 0 0 1 
All three All M, 130 30 30 1 1 1 0.3 0 0 1 
All three All N1 160 40 40 0 2 0 1 4 1 1 

Wet season 

Nueva Eciia 2 M, 43 27 11 0 0 0 3 0 1 0 
Camarines Sur 2 M, 30 7 7 0 0 0 2.5 0.5 0.5 0 
Iloilo 3 N1, 78 25 7 0.3 0 0 2.7 0 1 0 
All three All M: 40 10 0 0 0 0 2.3 0 1 0 
All three All M, 60 20 20 0 1 1 0.7 0 0 1 
All three All M, 80 30 30 0 2 1 0.9 1.0 0 1 
All three All M.. 100 40 40 0 2 0 1.6 4.0 1 1 

"M,= farmers'levels of application of the tht .inputs by site. M.- M have level4 if fertilizer, insect control, and weed control as 
listed n this table. 'F - foliar. G - granular, R - root zone placement of liquid carbofuran. M = mechanical weeding either by hand 
or by rotary weeder. C - chemical weedicide 

Table 6. Average yield of farmers' varieties and test varieties compared at farmers' and four Input manegemint packages and 
grown under high levels of cultural practices. Project areas in three provinces, Philippines, 1977. 

Grain ,ield It/ha) 

Province 	 Sites Variety, M., M, M, M, M, Av. 
(no.) 

Dry season 

Nueva Ecija 1 	 IR36 F 5.4 c 4.4 d 5.7 bc 6.1 b 7.8 a 5.9 
IR26 T 5.6 c 4.2 d 5.7 c 6.4 b 7.3 a 5.9 

Camarines Sur 1 	 IR36 F 2.3 a 3.1 a 4.6 a 4.2 a 5.0 a 3.8 
IR26T 4.4 a 5.0 a 5.1 a 3.7 a 5.1 a 4.7 

lloil 1 	 IR30 F 4.1 bc 3.4 c 4.7 ab 5.6 a 5.1 a 4.6 
IR36 T 4.5 bc 3.6 c 4.2 bc 5.7 a 5.0 ab 4.6 

Wet season 

Nueva Ecija 2 	 IR36 F 4.6 a 4.3 a 5.1 a 5.3 a 5.4 a 4.9 
IR42 T 4.8 b 4.8 b 5.2 ab 5.6 a r3 a 5.3 

Camarines Sur 2 	 IR36 F 2.9 a 2.8 a 3.0 a 3.3 a 3.7 a 3.1 
IR42 T 2.8 a 2.5 a 1.4 a 3.2 a 3.6 a 3.1 

Iloilo 3 	 4 3.9 ab 3.6 b 4.2 ab 4.3 ab 4.6 a 4.1 
IR42 T 4.1 b 4.2 b 4.6 ab 5.0 a 5.n1 a 4.6 

"F = farmers' variety, T test variety. 'Management packages (M , M,,, M,,and M ) contain varying levelsof fertilizer, insect con
trol, and weed control as shown in Table 5. In a row, means followed by a common letter are not significantly different at 5% level. 
An underline indicates significant difference from farmers' variety under the same management package. 'Farmers' level. "1R30, 
IR36,and IR42. 
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3. Yields at high and at farmers' level of inputs from farm yieldconstraints studies. Camarines Sur province, Philippines. 1977 dry and 
wet seasons. 

the M., level (Table 6). Except at M,. %%,here farmers. The level of loliar insecticide use wasIR36 lodged severel, the difference in perfor- somewhat higher than in Nueva Ecija with mance between 1I36 and IR42 was not sig- many farmers spraying up to four times. But nonificant. In fact. IR36 tended to perform better farmer used granular insecticide. Most one one farm, while I R42 performed better on cooperators used a combination of hand weedthe other. ing and herbicides to control weeds.
Carnarines Stir silles (Agronomn). DrY sea- Yields at the farmers' level of inputs ranged

son. The dry season complete factorial trials front I to 5.8 t/ha (Fig. 3). and averaged 4 t/ha.were conducted on 6 pump-irrigated and 14 At the high level of fertilizer and insect andcanal-irrigated farms. Six complete factorial, six weed control, yields ranged from 4.2 to 7.8 t/ha,minifactorial, and eight supplemental experi- averaging 6 t/ha. Yield gaps ra;-!eed from 0.2 toments were conducted. The average levels of 4.8 t/ha (av. 2 t/ha). Considering o,'lV the comfertilizer nutrients applied by cooperating farm- plete and minifactorial experiments, the yielders were 58 kg N/ha, 24 kg P..,a/ha, and 5 kg gap averaged 2.4 t/ha with fertilizer and insectK.,/ha (Table 1). The N and P.O=,levels were control each contributing about I t/ha to the gapalmost half of those applied by Nuev; Ecija (Table 2). The findings 'ere surprisingly consis
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tent with those for Laguna and Nue'a Ecija in 
the drn season. 

The value of a specific input level is averaged 
over all other inputs (Table 4). In the casc offer-
tilizcr, farmers applied nitrogen at a lccl 
approximately equil to 1-1 and obtalined a 
some\hat 
lower 'iell. Applying fertilizer 
beyond the 1-2 level did not increase yield. As 
prc%iously noted, farlcrs depended entirclv on 
foliar spray for in,;cct control. The icids at the 
intermediate level of insect control increased b\ 
0.4 	t/ha over the farmers, level. 

A manageennt packdge experiment \\as 
condLIcted Ol ole Canal- aind one pump-
irriga ted farn. but \icld data %%erc obtained 
only for tile canal-irriguatcd farmi. The fariners' 
level (NI,) of inputs \%as het\n .NLand NI. 
(Table 5). The farmers' atict\ %%its IR3 . the 
test varlet% \%as IR20. Yield increases \\ere 
progrcssivcl\ higher frot -l.to N1. except at
N, MIt loded alnd k\.ashcn the crol 	 dalatgCd b 
rats (Tablc 0). The a' crage of all manligellcnt 
lecls slioxucd that the test varict\ IR20 out-
yiCldI IR3 (h. 1).1) t ha. 

l'et .tcaln. \\etecea>,o experiments "sere 
conducted on 27 farms: 13 pufl-irrigated.

5 canal-irrigated. tnd t)rainfed. There were 8 
complete factorial trial,,. 7 ninifaclorial. andI 12 
supplemental. The a erage level of fertilizer 

used b\ [lhe ctooperi!ing farmer, %a\;s 55 k 

N/ha. 13 kg PA,) ha. and I I ke KGO/ha (Table

I ). Farmers t\picall applied t\%o to four foliar 

sprays for insect control. nome\ hat less than in 

tle dr\ scason. Most farniers did 111 Use her-

bicides. (_onisidering ()ll complete and 

minifactorial trials. tie %ield gap as (I.I t/lia. 
The yield gap was virtually zero because plots of 
IR36 with high inputs h0dgd severely after it 
I\ phool,

Yields "%crc approximately 3.5 i/ha at all 
Ic'els of fertilizer and insecticide (Table 4) wih 
farmers appl\ ing more nitrgt:i than that in I-I 
but sUbstantii lly less insecticide than that in the 
intermediate level. 

Management package experiments were 
conducted on Iw() farms. one irrigated and onr' 
rainfed. Farmers (N,) applied a level of input 
equivalent to M.,(Table 5).The farmers planted 
IR36; the test variety was IR42. Yields 
increased from M., to the M., level, but differ-

ences between varieties were not significant 
(Table 6). 

Iloilo sites (,.igroutv).Dry season. Experi
m nis wcrc conducted on 17 canal-irrigated 
fa rms: 4 complete factorial. 5miniifactorial. and 
8 supplemental trials. The average levels offer
tilizer nutrients applied by the cooperating 
farmers were 66 kg N/ha, II kg P9O:Jha. and 3 
k; K.,O/ha (Table I ). l'iftcen of the 17 farmers 
direct seeded on puddled soils. To control in
sects, farmers applied two foliar sprays on the 
average. Granular insecticide was not used. 
Weeding was done principally by hand with a 
numbher of farmers combining hand weeding 
with mechanical and chemical controls. 

Grain yields at the farniers" leel of inputs 
ranged from 2.3 to 5.5 t/ha (Fig. 4). avcraging 4 
t/ha. At the high level of fertilizer, insect con
trol. and 'ced control. yields ranged from 2.7 io 
8 t/ha (av. 5.3 tha). Yield gaps ranged from 0.2 
to 3.0 ti/h (a\. 1.3 t/ha). Considering onlV the 
complete and ininifactoria experiments. tile 
yield gap averaged 1.4 t/ha with more than 
I /ha contributed by fertilize; . 5 t/ha by insect 
control, and 0.3 t/ha by weed control (Table2). 

Farmers applied a level of fertilizer approx
in,,ing t1hat of 1-I an1d1obtained lbotl tile same
 
yicld (Table 4). Fliglhcr fertilizer input resulted
 
in higher yields. Intermediate and high levels 01f
 
insecticide application did not increase \iclds
 
significanti'.
 
A management package experilent 
 was
 

condtcted onf a canal-irrigated farn at1
tile saime
 
site \here one complete factorial was con
ducted. The farmers' input level (M,) of ni
troucn exceeded the M.,level but no P.,O..orK.,0
 
%vasapplied (TablC 5). ('arbofuran (EC) was
 
placed inthe root zone inthe Ni: and NI1 pack
ages. The farmers' variety I1l30 was compared
vith the test variety IR36. Yields increased 
from M. to the NI1 level, and vere higher at M, 
than at M:,. Which could have been related to 
root zone placementt of insecticides (Table (i). 
There was no discernible difference in yickl due 
to varieties. 

IWet season. Wet seaso n experiments \%,cre 
conducted on i9canal-irrigated and 4 rainf'ed 
farms. There were nine complete factorial. 
seven minifactorial. and seven supplemental 
trials. At 17of23sites, ricewasdirect seeded on 
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4. Yields at high and at farmers' level of inputs from farm yieldconstraints studies. Iloilo, Philippines, 1977 dry and wet seasons. 

puddled soils. The average levels of fertilizer der divided between insect and weed controlnutrients applied by the cooperating farmers (Table 2).were 55 kg N/ha, 12 kg P.,O,/lia, and 5 kg The complete factorial experiments includedK,O/ha (Table I). On the average, farmers two levels of fertilizer andapplied about two foliar sprays and used hand 
one level of insec

ticide, intermediate between the farmers' andweeding occasionally in combination with high levels (Table 3). The intermediate level ofmechanica! .;r chemical control measures, fertilizer and insecticide did not raise yields sig-Yields at farmers' level of inputs ranged from nificantly above the farmers' yield (Table 4).2.3 to 4.9 t/ha (Fig. 4). averaging 3.9 t/ha. At Management package experiments werethe high level of test inputs, yields ranged from conducted on two irrigated farms, and one2.7 to 6.7 t/ha (av. 4.9 t/ha). Yield gaps ranged rainfed farm. The farmers'from 0).3 input level (NI)to 2.4 t/ha (av. I t/ha). Considering approximated the M, level of fertilizer and theonly the complete and minifactorial experi- M., level of insect and weed control (Table 5).nients. about half of the I t/ha yield gap average The farmer in the rainfed area grew I R26, whilecan be attributed to fertilizer, and the remain- one in the irrigated area increased from M., to 
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M. level, with IR42 gi\i11 sonmewhat higher 
yields than the farmers' varieties (Table 0 ). 

ADDITIONAL IJXt'I-RINIl N'S 

Agronomv and Stati.sics l),partm'ms 

In addition to the experiments discussed, others 
were designed to 1)determine the relationship 

between yield and age of seedlings (Nueva 
Ecija. 2) examine the effect of time of fertilizer 
application on yields (Laguna). and 3) examine 
the variabilitN in yield among experiments con-
ducted at the experiment station and to corn-
pare it with that in farmers* fields (all tour sits). 

Age of seedlings, Nueva Ecija sites 
(Agronomy). Experiments were conducted on 
one irrigated and two rainfed farms during the 
1977 wet season to determine I,.ow age of seed
lings influences grain yield of transplanted rice 
in farmers' fields. Inputs and cultural practices 
other than seedling ace were at high letel. 

The va'ietics IR26 and IR36 were trans-
planted at different seedling ages - 20 days up 
to 60 days - with an interval of 5 days. Inter-
mediate levels of fertilizer were used - 70 kg 
N/ha. 3(1 kg P.,OIa. and 20 kg K.O/ha. For 
seedling ages of 20 to 50 days. nitrogen wais 
applied in t\%o equal split doses - basal and at 
5-7 days before panicle initiation. For 55- and 
60-day seedlings, the entire nitrogen fertilizer 
was applied as a basal dose. Phosphorus and 
potassium were applied basally and uniformly 
on all plots. Insect control, weed control, and 
other cultural practices were kept at optimum 
level. All farms received one or two additional 
foliar sprays with insecticide to control leaf 
rollers and other rice pests. 

On all farms and with seedlings ofall ages, the 
early maturing IR36 produced significantly 
higher yields than the medium- to late-maturing 
IR26 (Fig. 5). Typhoon damage contributed 
largely to serious grain losses of lR26; IR36 was 
also affected by a typhoon at one rainfed and 

one irrigated site. Moisture stress at the repro-
ductive stage aggravated the problem on the 

rainfed farms. 

Average data for two varieties under irriga-

tion show that grain yields were not significantly 
different when 20- to 45-day-old seedlings were 
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5. Grain yields of IR26 and IR36 rices as influenced by
seedling age at transplanting (av. of I irrigated and 2
rainfed farms). Farmers' fields, Nueva Ecija, Philippines, 
1977 wet season. 

transplanted (Table 7). On rainfed farm 1 yield 
differences were not significant among the 20
and 40-day-old seedlings. On rainfCd farm 2, 
age of seedlings produced greater variability in 
grain yields. The grain yield difference between 
20- and 60-day-old seedlings was significant. 

Fhe results suggest that in the wet season. 
farmers can use tip to 40-day-old seedlings pro
vided that management practices are optimum 
and water level will not drown the seedlings. 

Fertilizer timing, Laguna sites (Statistics). To 
evaluate experimentally whether farmers can 
increase rice yields by applying fertilizer at the 
optimum time, we conducted experiments on 

T" 7. mbi aveage grain yi~ of WM and FM as 
I flune by seedling as at tranwplanting. Supplementary 
stuies, Nueva Ec.ij, Phlippnes, 1977 wet season. 

Yield (t/ha) 
Seedling age (DS')
at transplanting Irrigated Rainfed Rainfed 

farm farm 1 farm 2 Av. 

20 5.4 ab 4.5 a 4.1 abc 4.7 
25 5.7 a 4.8 a 2.9 e 4.5 
30 5.5 a 4.9 a 2.7 e 4.4 
35 5.3 ab 4.7 a 4.5 ab 4.8 
40 5.7 a 4.7 a 4.7 a 5.0 
45 5.3 ab 3.7 b 3.8 bc 4.3 
50 4.9 bc 2.6 c 3.6 cd 3.7 
55 4.6 cd 2.3 c 3.0 de 3.3 
60 4.2 d 1.8 d 1.9 1 2.6 

"Inacolumn, means followed by acommon letter are not Sig
nificantly different at the 5%level, 'Days after seeding. 
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Ta U. Fwms' me of ntrog aMiation on "evn 
farms, Lagua, 177 wet season. 

Nitrogen applied (kg/ha) 

application Farm Form Fern Farm Farm Farm Farm 
(DT 1 2 3 4 5 6 7 

0 - . .- 64 - 7
1-10 - - 41 - 37 

11-20 22 29 - 
21-30 22 - 41 36 - - 20
31-40 - 29 - - - 37 
41-50 - 20 - - - 20 
61-60 - 20 41 36 38 61-70 22 -. - -- - -of 

Total 
66 96 123 108 102 74 47 

4As indicated by farmers before the start of the experiments. 
DT = days after transplanting. 

seven farms in Laguna in the 1977 wet season, 
We compared rice yields at the farmers' time of 
fertilizer application (Table 8) with those using 
the recommended practice of three equal splits 
applied as basal incorporated, at 30 days aftertranplatin,a 5-7day beorepancleadtra nspla nting , a nd a t 5- 7 d ay ,.;b e fo re pan icleinitiation. Comparisons were made under the 

farmers' and high level of insect and weed con
trol. Under the farmers' condition, both rate 
and timing of fertilizer application varied from 

Table 9. Effects of propm timing of fertilizer application
und two Input velrs tasted in farmers' ftelds. Laguna, 
1177 wet seson. 

Grain yield' It/ha)
Farm Variety 

no. planted Farmers' inputs Hgh inputs 


Recom- Recom-
Farmers" mendedd Farmers', mended4 
timing timing timing timing 

1 IR36 3.1 3.2 6.6 6.3 
2 IR36 4.6 5.0 5.2 5.0 
3 IR36 5.0 4.8 4.9 5.0 
4 CA-137/ 

IR3 4.3 3.8 5.8 5.4 
5 IR42 5.2 5.1 6.6 6.9 
6 IR36 5.4 5.2 6.3 54 

Av. 

4.4 4.4 5.8 5.6 
.Involving Insect control and weed control; nitrogen rates at 
famers' input levels varied from farm to farm; rate at high
Inputs i90 kg N/ha blD sts are ov of2 replications. 'See Table 8. 
'Three equal splits applied as basal, at 30 days after trans-
planting, and 5-7 days before panicle initiation. 
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farm to farm, while under the high level, the ni
trogen rate was fixed at 90 kg N/ha. 

While most farmers applied fertilizer in splits, 
only two used basal application (Table 8). Dif
ferences in yield between the recommended and 
the farmers' timing of fertilizer application were 
neither appreciable nor consistent (Table 9)
under bothlevelsofinputs.Onfarm6lodgingin 

the high-input plots at the recommended timing
was more severe, resulting in a yield difference 

almost I t/ha in favor of farmers' timing; but 
in no other case was the yield difference higherthan 0.5 t/ha, nor was the direction of the differ

ence consistent. 
The present results give no experimental evi

dence to indicate that the farmers' timing of fer
tilizer application is a constraint to high riceyield in the wet season crop in Laguna. The pre

sent ndsed on irm our preious 
report, based on survey data, that without 
increasing the cost of applied fertilizer, farmerscan increase rice yields by applying fertilizer att e o t m m t mthe optimum 1 7 Annualn u l R p r)time (1976 Report).
Further investigation including the dry season 

a wder ne o ro at 
however, needed.Variability in yield among experimental sites 
at four locations (Agronomy). Until now, little 
attention has been given to measuring the mag
nitude of the variance in yield among experi
mental sites at a given location and identifying 
the source of that variance. In the 1977 wet sea
son, experiments were conducted at several 
site:s within each of four experiment stations at 
two levels of inputs, high (Table 1) and "aver
age" farmers' level. The mean yield, standard 
deviation, and range were compared for expe

riment station and farmers' field experiments.
At the farmers' level of inputs, however, input 
levels varied from farm to farm.

The results show that the range in yield cov
ered 2 to 3 t/ha in most locations, both at the 
experiment station and in the farmers' fields
(Table 10). The range is significantly less only at 
the Bicol Rice and Corn Experiment Station 
farmers' level, where the experimental sites 
tended to be clustered rather than scattered 

throughout the experiment station. 
Because production practices are carried out 



Table 10. Mean, standard deviation, and range of yields among experimental sites in the experiment station compared with thosein farmers' fields at high and farmers' level of inputs. Four provinces, Philippines, 1977 wet season. 

Location Sites (no.) 
Grain yield t/ha) 

Mean s.d. Range 

High inputs 
IRRI experiment station 10 6.0 1.2Laguna farmers' fields 4.1 - 7.719 5.7 0.9 4.2 - 7.5Maligaya Rice Research & Training Center 7 5.6 0.6 4.3 - 6.2Nueva Ecija farmers' fields 28 5.2 0.9 3.4 -6.5Bicol Rice & Corn Experiment Station 8 3.1 0.6 2.5-4.3Camarines Sur farmers' fields 20 3.3 0.8 2.4 - 4.5Visayas Rice Experiment Station 4 5.4 0.8 3.5 - 5.0Iloilo
farmers' fields 17 4.6 1.1 2.7- 6.7 

Farmers' inputs"Maligaya Rice Research & Training Center 7 3.6 1.1 2.1 - 5.0Nueva Ecija farmers' fields 28 4.1 1.1 2.4-6.0Bicol Rice & Corn Experiment Station 8 2.f 0.4 2.2 - 3.2Camarines Sur farmers' fields 20 3.3 0.7 2.2 - 4.2Visayas Rice Experiment Station 4 4.2 0.6 3.5 - 5.0'loilo
farmers' fields 17 3.6 0.8 2.3- 4.8 
Fc.-experiment station, an "average" farmers' level at each location was used. 

fairly uniforml%and input levels are the same at 
the experiment station. variance in nanage-
ment is not likelv to be a factor. However,
despite the similarity in magnitude ofvariabilit% 
among experimental sites and in farmers fields. 
one cannot conclude that the sources of var-
ance are the same. These sources will have to
be identified separately. From a practical point 
of view, wec would like to identify those sources 
of variance that have a degree of comm:amlity 
among farms to find economically efficient prac-
tices that can raise the yield level of the lowest 
sites. 

SOCIOECONOMIC CONSTRAINTS 
Agricultural Economics Department 

Profitability of high inputs. The high-yield
input levels tested in the constraints experi-
ments were analyzed to determine the extent to
which they would have provided farmers with a 
profit higher than that from existing practices
(Table 11). The anticipated maximum yields
from the three inputs combined gave higher 
average profits in the dry season but lower 
profits in the wet season, except in Nueva Ecija.
In Laguna, Camarines Sur, and Iloilo, the 

increased output value did not offset the 
increased input cost. 
The separate effects of the three inputs pro

vide a useful basis for judging the relative 
bcnetits attainable by increasing each input
(Table 12). The high fertilizer level was highly
profitable in the dry season in each location.
raising profits by over US $100/ha on the ave
rage. In the wet season, it was much less 
profitable in Laguna. Nueva Ecija. and Iloilo. 
and resulted in lower profits in Camarines Stir. 

The farmers' level of insect control cost much 
less - on the average, less than LISS I 5/ha 
while the high level of insect control cost over 
US$125/ha. The high level therefore gave less 
profit than the farmers' level in many cases. 
Only in Nueva Ecija did the high level increaseprofits in both the wet and the dry seasons. In 
the three other provinces, the farmers' level was 
more profitable in either one or both seasons. 
Except in Laguna, the high level of insect con
trol gave a greater increased value of output in 
ti:e dry season than in the wet season. 

The high level of weed control cost, 'a the 
average, US$27/ha while the farmers'l, vel cost 
about US$18/ha. In the dry season, high weed 
control raised profitsin Nueva Ecija, Camarines 
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Table 11. Economic performance of the antiClpeted-maximum.yleAd level of scombination of three Inputs"and of farmers' levelsof those inputs Inconstr.ints experiments in farmers' fiWd, Philippin@.e, 1977. 

Input cot Increase (US$/ha) Sites (%) where(US$!ha) from high inputs profitsProvince 
 Sites Farmers' High Input Output Profit Increased Decreased 
(no.) level level cost value 

Dry seasonLaguna 
 7 
 94 292 198
Nueva Ecija 307 109 5716 43
117 269

Camarines Sur 12 56 

152 346 194 94 6263 
 207 324 117
Iloilo 679 3362 246 184 208 24 
 44 56 

Wet seasonLaguna 
 7 85 250
Nueva Ecija 23 92 197 

165 
105Camarines Sur 15 50 
 137 
 87
Iloilo 16 54 214 
 160 


"As specified in the section on biological constraints. 

Sur, and Iloilo.But in Laguna, the farmers' level 
gave higher profits than the researchers' treat-
ment. In the wet season, profitable increases 

were achieved in Laguna and Iloilo, but not in

the two other locations, 


Intermediate levels of fertilizer and insect
control, tested in three of the locations, gave
results similar to those obtained with high levels
(Table 13). In Nueva Ecija and Iloilo the inter-
mediate I fertilizer level cost less than the
farmers' current practice in both seasons. The
intermediate 2 level increased profits substan-
tially in the wet season, and nearly doubled 
them in the dry season. In Nueva Ecija, the 
farmers' level cost more than the intermediate 2 

162 
146 

-3 
41 

43 
61 

57 
39 

23 -64 13 87 
144 -16 25 75 

levels but again the intermediate level gave
higher return than the farmers', indicating the 
substantial inefficiency of fertilizer use there. 

The intermediate level of insect control was 
generally not effective in raising yields enough
to offset costs. Only in the dry season sites in
Camarines Sur was the intermediate level more 
profitable than farmers' practices.

Variability and risk in Nueva Ecija. Experi
ments similar to those described above have
been conducted since the 1974 wet season in
several locations in the Philippines. Yield
results and their economic analyses have been 
reported in the 1974, 1975, and 1976 annual 
reports. They show considerable year-to-year 

Table 12. Economic performance of anticipeted-mximuydield levels of three separate Inputs and of farmers' currentpractices 
inyield-constraInts experiments Infarmers' fields,PhIlippin., 1977. 

Fertilizer Insect control Weed control 

Cost (US$/he) Increase Cost fUS$/ha)Province Sites Increase Cost (US$/ha) Increase(US$/ha) (US$/ha) (US$/ha)(no.) Farmers' High over farmers' Farmers' High over farmers' Farmers' High over farmers' 
profit 
 profit 
 profit
 

Dry seasonLaguna 
 8 42 
 78 114 11 165 -26 35
Nueva Ecija 41 -4
16 77 107 139 
 21 129 87
Camarlnes Sur 12 19 32 ,'229 112 71 12 
 129 8
Iloilo 9 15 22 2442 103 118 9 123 -40 11 20 29 

Wet seasonLaguna 
 7 43 45 32 11 166 -18Nueva Ecljs 23 51 80 
32 38 2048 30 91 35Camarines Sur '2 2615 31 85 -69 10 31 

- I 
Iloilo -99 21 -3816 38 78 46 8 116 -20 8 19 -31 
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Table 13. Intermediate levels of fertilizer and Insect control compared with farmers' current practices Inv!*;d-constreints experi

ments in farmers' fields, Philippines, 1977. 

Increase (decrease) (US$iha) ov.r farmers' IFvel 

Province 	 Sites Fertilizer level 
(no.) Intermediate 

Intermediate I Intermediate 2 insect control 

Output Input Profit Output Input Profit Output Input Profit 
value cost value cost value cost 

Dry season 
Nueva Ecija 7 -54 -50 --4 92 -16 108 -43 20 -63 
Camarines Sur 6 56 3 Z3 166 38 128 51 21 30 
Iloilo 4 -24 -12 -12 87 20 67 7 29 -22 

Wet season 
Nueva Ecija 9 -34 -32 -2 49 -9 56 -58 1 -59 
Camarines Sur 8 53 12 41 47 36 11 11 22 -11 
Iloilo 9 18 -16 34 35 6 29 20 71 -51 

Table 14. Comparison of high level of inputs with farmers' input level in constraints experlments. Nueva, Ecija, Philippines, 1974-77. 

Cost of inputs Yield Net return', Sites 1%) where 
Year 	 Sites (USS/ha) (t/ha) (USS/ha) maximum inputs 

(no.) 
Increased


Farmers' High Farmers' High Farmers' High Increased returns by
level level level level level level returns "- US$25/ha 

Dry season 
1975 3 119 240 4.3 5.2 466 459 67 33 
1976 9 99 230 4.0 6.5 543 605 67 66 
1977 7 123 267 5.4 7.9 761 1027 86 57 
All 19 111 245 4.6 6.8 611 737 74 58 

Wet season 
1974 	 10 42 226 1.9 2.3 216 87 0 0 
1975 11 56 162 3.2 3.9 379 369 27 27
 
1976 9 67 178 2.8 4.4 350 475 88 88 
1977 9 101 197 4.6 5.7 531 579 67 44 
All 39 64 190 3.1 4.1 369 375 44 39 

"Experiments conducted by IRRI Agronomy Department (complete factorial). 'Value of output minus cost of inputs used for insect 
control, weed control, and fertilizer. 

and site-to-site variability. It is hypothesized 
that the variable performance of the techrnology 
may deter farmers from using technologies that 
appear profitable in a single year. The data 
reported below examine the variability in 
economic performance of input levels higher 
than farmers' in Nueva Ecija, the area for which 
the largest data base exists. 

Table 14 shows the performance of the high 
level of inputs for anticipated maximum yield 
and farmers' level for seven seasons. Farmers 
used roughly one-third of the high level of 
inputs in the wet season. Both farmers and 

researchers use lower input levels in the wet 
season than in the dry. In addition, farmers' 
inputs tended to reflect changes in the farms 
where experiments were placed. Differences in 
the anticipated-maximum-yield input cost 
across years reflect changes in researchers' ideas 
of the levels of inputs needed to give maximum 
yields. Input prices were relatively constant 
over the seasons shown, so prices do not 
account for much of the cost vati:lbility. 

The last two columns of the table indicate that 
the high level of inputs gives more variable 
returns and hence ismore risky in the wet sea-
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Table 15. Economic risk of mitioipeted-manum yield level of Inputs ompWred with fame currntprace as evluatec inconstraints expedmtnens in famer,' ieds, Nueva Eclie, Phllpplines. 
Fertilizer Insect control Weed control 

Sites (%)with Sites (%)withYear Sites (%)withprofit change B:C ratio profit change 8:C ratio profit change B:C ratio 
with withIncrease Decrease withIncreased Increase Decrease Increased Increase Decrease increased> US$10/ha fertilizer > US$10/ha inputs > US$10/ha inputs 

Dry season 
1975 67 33 
 1.0 0 100 0.3 67 33 12.11976 89 0 4.6 67 34 1.5 67 33 5.77 86 14 71 14 1.7 43All years 

4.5 57 1.684 10 4.3 58 37 1.4 58 42 4.8 

Wet season 
1974 0 90 neg 20 

1975 55 
 27 2.0 18 
1976 56 22 2.1 89 
1977 56 
 33 3.1 56 
All years 41 43 1.3 44 

"Experiments conducted by IRRI Agronomy Department. B = 

son than . the dry. The high inputs increased 
net returns at most sites in the favorable 1976 
wet season, but considering all wet season 
experiments, the maximum input level gave 
lower profits than the farmers' level in 56% of 
the cases. In only 39% of the experiments were 
net returns increased by at least US$25/ha. In 
contrast, in three-quarters of the dry season 
experiments, the high input level gave higher
yields than the farmers' level, and net returns 
were raised by more thua US$25/ha in more 
than half the cases, 

Examining the average costs and returns for 
the three separate inputs provides some insights 
into why the high input levels are more 
profitable in the dry th*an in the wet season. 

In the dry season, high weed control 
increased yields greatly and gave averagean 
benefit:cost (B:C) ratio of 4.8 (Table 15). 
Absolute increases in net returns averaged
US$33/ha, exceeding farmers' levels by US$ 10 
or more perha in 58% of the cases. Howe.ver, in 
42% of the cases net returns were reduced. Inthe wet season, the anticipated-naximum-yield 
level of weed control had only a modest impact 
on yields giving a low average B:C ratio (Table
15). In 46% of the cases, net returns were lower 
with high weed control level than with farmers' 
level. It appears that there is relatively little 
economic incentive for farmers to use the high 
level of weed control in the wet season, and that 
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80 0.5 60 40 1.9 
82 0.4 44 27 1.6 
11 2.4 22 67 0 
33 1.2 22 56 0 
54 1.1 44 46 0.9 

benefit, C cost. 

results are uncertain in the dry season. 
The anticipated-maximum-yield level of 

insect control was set too high in the first wet 
season of research (1974) to give a profitable 
return. It was subsequently reduced (Table 15).
Results in the 1975 wet season were similar to 
those in the dry season, even though input levels 
were lower. In over 80% of the cases in both 
seasons, net returns were lower with high insect 
control inputs than with low, even though aver
age yields increased. In 1976, the situation 
reversed: the B:C ratio was 2.4 and net returns 
increased by more than 10% in two-thirdsof the 
cases. In 197, the situation was intermediate. 
On the average the benefits barely exceeded the 
costs, and profits were decreased with slightly 
greater frequency than they were increased. 

In the dry season, although yield increases 
-'orthe high insect control levels averaged 0.8 

t/h', tle costs of achieving increases were such 
that B:,C ratios on the increased inputs were less 
than 1.8 each season. The average chance of 
increasing net returns by more than US$10/hawas about 60%, judging from the three seasons' 
results. 

Because the yield contribution of improved 
insect control was !arge but often uneconomic, a 
lower-cost intermediate level of insect control 
was tested in 1976 and 1977 (Table 16). The 
intermediate level gave yields nearly the same 
as those of the farmers' level in two of the four 
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Table 16. Economic risk of intermediate levels of inputs compared with farmers' current practices as evaluated In constraints 
experiments" in farmers' fields. Nueva Eclja,Philippines.
 

Fertilizer 	 Insect control 

Year 	 Sites Sites (%) with profit change Sites I%) with profit change 
(no.) B:C ratio B:C ratio 

Increase Decrease of increased Increase Decrease of increased 
USS10tha input US$10/ha input 

Dry season 

1976 9 89 0 12.4 56 44 n.a. 
1977 7 86 14 98.0 14 86 neg 
Both 16 88 6 19.0 38 62 0 

Wet season 

1976 9 44 34 34 89 11 8.5 
1977 9 67 33 n.a 22 44 neg 

Both 18 55 33 n.a. 56 28 1.6 

"Corresponds to intermediate 2 level in Table 3. B benefit, C cost, n.a. not available. 'lntermediate level costs les. than 
farmers' inputs, so increased input cost is negative and hence. B:C ratio concept does not apply. 

Seasons Consequentlv. little benefit from 
intermediate 	 insec:t control could be Cons,-
tenth' obtained in either season. One concludes, 
therefore. that in the %,ct season there is rcla-
tively little incentive for farmers to change fron 
their present methods and levels of pest control 
to the le\ els tested in the e\perinlents. Therc is 
slightly greater incentive to change to the high 
level in the dry season. although the probabilit. 
of income losses is nearly 4014 

The soe~n typhoons that hit the experimental 
area during the 1974 wet season caused lodging 
in the plots wkith high fertilizer; as a result, plots 
with farmers' inputs had higher yields than the 
high-input plots that season. The high f.rtilizer 
level was somewhat reduced the next year. but 
was raised even higher than the original in 1976 
and 1977. The high fertilizer level was margin-
ally profitable in the 1975 and 1976 wet sea-
sons (Table 15). Considering all seasons. the 
high level raised net returns by more than 
US$10/ha in 40% of the cases, but reduced net 
returns in about the same percentage of cases. 
Despite the unusually bad typhoons, the high 
fertilizer level increased profits in 50% of the 
cases in the wet season and decreased them in 
about 25%. 

In each of the three dry seasons, on the other 
hand, average yields and net returns were sub-
stantially increased by the application of the 
maximum level of fertilizer. There was an 84% 

chance of"net returns increasing by more than 
USS I0/ha. an average B:C ratio of 4.3 and only 
a 1(1%, chance of experiencing losses. 
Two internediate fertilizer le'els were tested 

in 1170 and 1977. The higher of these was onh 
,lightly higher than farn'ers' dniseason levels 
and 'A\as somew hat lower than the farmers' level 
in one wet season. Despite the relatively small 
difference in fertilizer level, the experimental 
treatment proved clearly superior to farmers' 
treatments, increasing profits b\ an average of 
US$60/ha in the wet season and US$133/ha in 
the dn-. The intermediate fertilizer level was 
just as risky as the high level in the wet season, 
and somewhat less risky in the dry season 
(Table 16). As expected, the B:C ratio of the 
intermediate level was higher than that of the 
high level. 

Thus, the high levels of insect and weed con
trol in the experiments either were not more 
profitable than the levels used by farmers on 
whose fields they were tested, or resulted in 
profit reductions in 40% or more of the tested 
cases. High fertilizer levels were risky in the wet 
season. Intermediate levels of insect control 
were somewhat less risky in the wet season, but 
still had highly variable performance with a low 
average profit increase. 

The evidence suggests that farmers could 
spend up to 50% more on fertilizer in the dry 
season and have a relatively small chance of loss 

CONSTRAINTS ON RICE YIELDS 351 



Table 17. Constraints Identified by fwmers in constraintssur-

vey, Philippines, 1977. 

Times (%)identified 

Dry season 
Constraint 

Cama-

Laguna Ecija 
Nueva rines 

Sur 

Lack of fertilizer 3 8 11 
Drought 
Flood 
Typhoon 
Insects 
Diseases 

22 
0 
3 

19 
3 

27 
0 
6 

27 
1 

20 
0 

13 
25 
0 

Weeds 0 12 2 
Rats and birds 17 7 22 
Others 2 4 0 

Wet season 

Came 
Nueva nines 

Laguna Ecija Sur 

0 3 0 
2 8 5 
2 8 3 

12 
10 
4 

37 
23 
0 

25 
27 
1 

0 0 1 
4 1 1 
6 2 0 

and a good chance of reasonable profit increase, 
This conclusion may, however, be subject to 
modification because of the apparent substan-
tially lower fertilizer efficiency level achieved by 
farmers (Table 13), discussed in a subsequent 
section. 

Perceived constraints. Farmers were inter-
viewed to determine the factors that they per-
ceived as yield limiting. The sample of 60 
respondents for each province consisted of all 
farmers with constraints experiments plus 
farmers chosen at random from the same and 
nearby barrios. In the dry season, drought and 
insect damage weree perceived as the most 
important constraints (Table 17). They were 
cited by about 25% of all farmers interviewed. 
Rats or birds were the next most frequently 
cited dry season constraint. 

The analysis in the preceding section suggests 

that applying higher rates of fertilizer during the 
dry season has a significant potential for 
profitably increasing yields in the areas rep
resented by the experiments in Nueva Ecija
(Table 12). Farmers were asked specifically why
they were not using higher fertilizer rates (Table 

18). Many farmers stated they believed they 
had "used enough" in the wet season when, as 
shown by analysis, there is little opportunity for
profit. Two reasons dominated the responses 

for the dry season: lack of capital and the be
lief that the level of fertilizer used was "high 

enough."
The expenditures for inputs reported by the 

farmers citing the last two reasons were com
pared (Table 19). Except in Laguna during the 
wet season, farmers who said they used enough 

spent slightly more on purchased inputs than 
those who lacked capital, but in most cases the 
difference was quite small. Total input costs 
were substantially lower than the cost of max
imum input package and slightly lower than the 
cost of the intermediate packages. The rela
tively smalB difference in cost of inputs between 
the two groups weakens the two cited reasons. 
Our questions may not have elicited the true 
reasons that underlie farmers' actions, perhaps 
because farmers themselves cannot formalize 
those reasons. A normative model to help ex
plain farmers' level of input use was formulated 
and fitted to experimental data from Nueva 
Ecija. 

Profitability and Input efliciency In Nueva 
Ecoa. Previous constraints research has indi
cated that farmers apply fertilizer inefficiently 
(p. 287, 1976 Annual Report). One illustration 

TaMe 11. Reasons given by farmers for not applying higher rat" of fertilizer. One hundred eighty semple farmers in 1077 Con

atraints survey, Phppinee. 

Farmers (%) giving reasons 

Reasons 
Dry seaon Wet 6eason 

given Nueva Camarines Nueva Camarines 
Laguna Eciju Sur Laguna Ecija Sur 

Lack of capital
Used enough
Plants may lodge 
Lack of water 
No response 
Others 
Total 

45 
43 

7 
3 
2 
0 

100 

43 
45 
0 
2 

10 
0 

100 

46 
44 
2 
0 
8 
0 

nO0 

17 
61 
17 

0 
2 
3 

100 

49 
39 

4 
3 
1 
4 

100 

16 
51 
3 

11 
14 
5 

100 
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Table 19. Expenditures on fertilizer, weed control, and Insect 
control of 180 farmers giving two responses to the question,
"Why didn't you apply more fertilizer to your rice?" Three pro
vinces. Philippines. 1977 wet season. 

Wet season expend'itlues on infputs 
(USS/ha) 

Response -------

Nueva Laguna Carnarins 
Ecila Su.... 

Lack of capital 64 82 59 

Used enough 70 76 79 

from the Nueva Ecija experiments (Fig. 6) shows 
the average return over costs of fertilizer, insect 
control, and weed control for four fertilizer test 
levels at farmers' and at maximum levels of 
insect and weed control. In both wet and dry 
seasons, the iarmers' fertilizer level cost consid-
erably more than the middle fertilizer level, but 
returns were substantiall' lower than thoser wfertilizer 
achieved with the experimental levels. This 
inefficiency was examined to determine 
whether it explains why farmers use less fer
tilizer than what the experiments indicate is 
optimal.

To determine the level of fertilizer and 
insect control inputs that would maximize net 
returns, aresponse function was estimated fiom 
the data from the 1976 and 1977 Nueva Ecija 
experiments. The gLneral form of the function 
is: 

Y = a + h, F + M + b3 F + b4 "4-b,1 F 
+ b,; DY + b7 DF F + b, DI .I + b, DF.F 
+ b, DI . 1 

whereFstandsforkilogramsoffertilizernutrient 
(N + P + K).1 stands for expenditures for insect 
and weed control, DY is a dummy variable 
equal to 0 for 1976 and to I for 1977, DF isa 
dummy variable equal to 0 for farmers' fertilizer 
practices and to I for the test fertilizer treat-
ments, DI is a dummy variable equal to 0 for 
farmers' insect control practices and to I for the 
two experimental insect control treatments. 
Selected dummy variables were included in var-
ious equations. The treatment yields were 
averaged across farms for 1976 and 1977 
and fit separately to the wet and dry season data 
(Table 20). 

Equations WI and DI (Table 20), which 
include only the input terms, provide relatively 

Retun ovef f oc.i (US /ho) 

Dry sesan 

* Fwefofesecl ond wveedcontrd
 
0 Maximum atse ond weed con5tu
 

Adtal knws 4

[Au o "t
-outpt 

70  . . 
,0 0 40 

00 ., 0 

600 Farmers' 

500± 
- I 

0 40 60 80 10 
Fertilzef cast (US$) 

6. Return over cost of variable inputs for four levels ofinputs and two levels of weed and insect control
inputs. Av. of nine experiments in farmers' fields. Nueva 
Ecija, Philippines, 1977. 

poor explanations for the observed yield vari
ability. but when the dummy variables reflecting 
year and farmers' input treatment are added, 
the explanatory power of the equations 
increases substantially. The signs of tile insect 
control coefficients are reversed from that 
which is expected in equation D 1.That is,when 
both linear and quadratic terms are included mI 
the equation for the dry season, higher insect 
control isassociated with lower yield. When the 
quadratic term is dropped, the sign of insect 
control changes from negative to positive (equa
tion D2). 

When the same equation was fitted to indi
vidual site data, there was a range of 
coefficients, with experiments at some sites 
showing that farmers have the same efficiency as 
the researchers. In four of seven dry season sites 
and in four out of nine wet season sites fertilizer 
was inefficiently used. 

Profit-maximizing levels of fertilizer and 
insect control can be calculated for equation W4 
by equating the marginal value products of the 
two inputs with their respective prices. One 
cannot perform the same analysis with any of the 
dry season equations, however, because the 
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Table20. Estimated relationships of teeted Inputsto yield Inconstraints experiments," Nueve Ecila, Philippines 1976 and 197. 

Estimated coefficients and standard errors" of
 
Equation 
 RI F
 

no. Constant F F- I- Fxl DY DF.F DI.1 DF.F1 D1.11
 

Wet season equations 
W1 1583 31.71 -0.1072 1.030 00009 0.0005 0.32 5.35 

(20.30) (0.0829) (03.638) (0.0035) (0.0125) 

W2 2212 9.794 -0.0514 2.537 -0.0037 0.0018 1350 0.0222 0.0022 0.94 100.70 
(6.290) (0.0281) (1.042) (0.0013) (0.0036) (62.13) (0.0054) (0.0007) 

Dry season equations 
D1 3576 11.14 -0.0068 -0.3132 0.0013 0.0015 0.76 30.67 

(6.628) (0.0270) (1.338) (1.0009) (0.0040) 

D2 2154 21.29 -0.0613 1.516 0.0029 591.3 4.561 -0.3471 0.94101.95 
(4.731) (0.0160) (0.4400) (0.0020) (71.99) (0.6135) (0.2297) 

'Experiments conducled by IRRI Agronomy Department. F = kilograms of fertilizer nutrient (N + P + K); I = expenditures for insect 
and weed control; DV = dummy variable for year (0 for 1976, 1 for 1977); DF = dummy variable for fertilizer (0 for farmers' fertilizer
 
practices, 1for the test fertilizer treatments; DI = dummy variable for insect control (0 for farmers' insectcontrol practices, 1 for the
 
two experimental insect control treatments. 'Figures in parentheses are the estimated standard errors of the coefficients.
 

second order conditions for maximum profit are fertilizer and insect control and the yield
violated either because of the "reversed" implied by those levels were calculated with the 
signs of I and 12 in equations that included both. use ofequation W2 for tb,: wet season, and :qua
or because of the absence of an 1' term in equa- tion D2 for the dry season. The results are 
tion D2. Comparison of the coefficient of/ and shown in Table 21. 
DI.H in equation D3 indicates that for every US The yields and input levels that were optimal 
$1 spent on insect control by farmers US$1.52 at farmers' level of efficiency were much lower 
".as returned, but for USSI spent by research- than those optimal at researchers' level. In the 
ers, the net return was only US$1.17. Since wet season, optimal fertilizer and insect control 
the high level of insect cor, Irol was three to four levels at farmers' Lfficiency were half the levels 
times higher than the farmers' level, the optimal at researchers' efficiency. In the dry
coefficient of DI1 indicates the presence of season the effect was in the same direction. The 
diminishing returns, even though it was not yield reduction due to farmers' lack of technical 
reflected in the coefficients of DI. D2. and D4. efficiency was about 1 t/ha in both seasons. 

To estimate a maximum profit level of fer- Table 22 summarizes the socioeconomic con
tilizer in the dry season, the average farmers' straints as analyzed earlier. The potential and 
insect control level is assumed to be economi- actual farm yields, us calculated from the 
cally optimal. The profit-maximizing levels of response function and as derived from the 

experiment directly (Table 2), are similar. The
effect of any lack of credit the cooperati.lg farm-

Table 21. Profit-maximizing levels of fertiHirand Insect con
trol Inputs at two effklencles, and resulting yields estimated ers may have suffered was calculated by sub
from quadratic response function fit to constraints stituting the actual level of inputs those farmers
experiments" data. Nueva Edla, Phlipines, 1976 and 1977. used into the response function and comparing 

Profit-maximizing the predicted yield with the yield predicted by
RiceInput level the equation assuming actual prices, farmers' 

Season price Efficiency Insect efficiency, and profit-maximizing behavior. 
assumption level Fertilizer control Yield 

(kg/ha) (US$/ha) (t/ha) In the dry season, economizing behavior was 
the most important socioeconomic factor that 

Wet Current Farmers' 60 30 4.4 accounted for 62% of the 1977 yield gap (1.3
Dry Current Researchers' 179 25 5.7 t/ha of the 2.1 t/ha), while lack of technical effi-
Dry Current Farmers' 142 25 4.9 ciency contributed 38%. In the wet season, the 

"Conducted by IRRI Agronomy Department. importance of the two factors was reversed 
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Table 22. Estimated yield gap and contribution of socioeconomic factors to the yield gap. Nueva Ecija, Philippines, 1977. 

Grain yield (t/ha) Av. contribution (t/ha) 
High' input 

Season Source Farmers'
behavior, and Yield gap Economizing Technical- Credit' Residualefficiency behavior inefficiency lack
 

Wet Experiments 4.2 
 5.3 1.1Wet Function 4.4 5.8 1.4 


0.3 1.1 0.1 -0.1Dry Experiments 5.2 7.3 21Dry Function 4.9 70 2.1 1-3 0.8 0.0 0.0 
,For the exr,riments, the farme-s' input plots; for the function, the profit maximum
disregarding tota costs, ,iaearct,'irs' with farmers' effikiency. 'Maximum yield,
efficiency. Averaged over high and low level of the other contributing factors. "Calculatedby comparing the yield from input le.-' of farmers with experiments ,with the yield predicted by the equation, assuming actualpricEs anc farmers' efficiency. 

collonllizi','l,!,hl\r b n .tccounited ltI' 2! 1- rtf
tile gaP. w\hile lack of efticiency accounted for 
78%. This group of fartuers had adequate
credit. The potential contribution of additional 
kno\\led|e b%ft'mers \%as substatial. aerig-in ticarlh I t/ha for bth \wct and dr seasons. 

This anahSts a lso idicates that because of
tile faMrnC'S inrtcfiCielt uSe of fertilizcr. tile 
apparclt lar"e. cetonm lalih rcco e rable ci rx 
Sa.ISiti) .LapdlC to tertiliter (lable 12) cannort 
easilh 1 reuceUd. hLieiprcic reasn tor such 
inlefficicni:\ is !Iot ktnor, n. hut the ntlethod. tintl-
ill(-', and t? p- Of fertiliter ,Cleemimpo1tant. 

Lack of'credit as a constraint to high input
use. It i, \i del'h belie. ed that small farners 
\\lo do lot h:\eCleCsS,, to itistitutii1,al credit 

I\iPjl\ rwehr IcCls of )Ul'cllased itllItS than 
it the,, hd accv,, to it. \w studics \wercdcsidticd tar test that h~potihesi,.ihe Phtliptpine tieIl t bh\ganl i h il 

tional credit prourarn to provide small rice 'arni-
ers nalcollateral credit in the 1973 w'et sca-
sotti. The ptro grant provides an ippa)rttlit toretmpiricallv stud\ the impact rr institutittll 


credit.
 
Illpn o'inslitutional(r.'eifi ill thr' I'/i/ippine

locations. Dat from farmers i three areas 

where constraints experimetnts \\cl'ce cltl(ueeled 
during the past 3 car,, wcic aIk/.d flir three
w\ct (1975. 197 6 . and 1977) anid t\\%(dr s a-
Sdti'. ( 1976 and 1977). The bjecive was ta 

elterimint htcliher , r\frmers i titi.stit.titalcredit used hiigheIic ' lsaI 'fertilite. '-.\.eed C Il 
tInd. or insect contror inputs thatn f.irlllers with-
olt ',uch credit. Tihe Saplll)C farms includcd 
those til \\ Jhich constiaiIs experintwlle e 

located dutring the t.'slci. Se Otll, Mtil a.ddi
tioalal flat'ns choseni t r'andiI rnl tile s;11111
and adjacent barriol to 2iVe a1to!nl aft about 6ff 
farnis per pro%inic ill tile %%ct season and 4(1 in 
tile dtv season. Tabl 23 stows the proporttioof farmers ill each p)rovince with the three types 
of, loalns each seasoll. 

Data on iiput eXietndiitu1reS and yieids were 
obtained hw interviewing the satiiple farme r: 
each season. Ilie aimount spetit onl ech iilPll b 
farmcrs \%itiiL)Nasaeaia loans \ is compared 
\ith the alliolttllts spent b1, farliers %ith other 
sources oflcrelit and tlio,:\without credit for the 
\\Ct and dr\ -easolls. 

Ill the dr scasoil. the farm sizes of' the three 
groMps did tiot ,gniiicantly differ (Table 24). 
Nrt-Masaant, 99 farniers in three coli part-

Table 23. Proportion of farmers in constraints project surveywith Masagana 99 credit, other loans, or no loans. ThreePhilippine research areas, 1975-77. 

Farmers (I.) with each type of ton-

Type of 
loan Dr-,1 Gt.' Wet1975 Dry1976 Wet1976 Dry1977 Wet1977 

Masagana 99 Nueva Ecija67 43 24 22 17 46Others 12 4n 6 52 47 31 
None 21 17 69 26 37 23 

Laguna 
Masagana 99 naOthers 68 62 74 60na 15 665 10 22 17None na 17 33 16 18 17 

CarnarInesSur 
Masagana 99 na 38 21 45 44 46 
Others na 36 30 27 12 22 
None na 26 48 27 44 31 
"Totals may riot add up to 100 because of rounding. 
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Table 24. Expendl:ures on inputs and yields of sample farmers with Masagana 99 (M99) loans, other sources of credit, and no
loans. Philippines, 1977 dry season." 

Nueva Ecija Laguna Camarines Sur
Variable 

M99 Other No M99 Other No M99 Other Noloan loans loan loan loans loan loan loans loan 

Farmers (no.) 10 28 22 36 13 11 26 7 26Farm size (ha) 1.6 1.3 1.5 2.3 2.3 2.4 1.8 1.3 1.6Fertilizer (USS/ha) 110 780- 71-- 54 38-- 46 44 21 42Insecticide (US$/ha) 32 18 
5 

18 
9 

15 
2 

8 
1 

a 
2 

10 
5 

12 
2 

14
4

Herbicide (US$/ha) 3 

Weed control labor (US$/ha) 9 11 9 
 25 44 17 6 7 13Yield (t/ha) 4.2 3.8 3.7 4.7 3.6 - 4.4 4.0 3.5 3.8 

- and 1* indicate significantly different from the corresponding M99 data at the 5% and at the 10% level, respectively, using at-test. All variables except farm numbers were tested, 

sons spent significantly less on fertilizer; In the wet season, there was no consistent or
Camarincs Stir farmers without loans spent significant difference in farm size among farm
almost as much, however, as the Masagana farm- ers with Masagana 99 loans, other loans, and 
eis. Masagana farmers in Nueva Ecija and no loans (Table 25). Masagana 99 farmers used
Laguna spent more on insecticides than non- more fertilizer than farmers in the two other
Masagana 99 farmers, but the difference was groups, but the difference was significant in only
not significant. two of the six comparisons. Insect control 

Weed control expenditures were not related expenditure was one-third to one-fourth that of 
to source of capital. Laguna farmers spent sub- fertilizer. The Masagana 99 farmers spent
stantially more on weed control than did the slightly more for insect control than the others;
others, bitt tnc source of their capital had no the differences were significant in half of the
significant effect on the level of expenditures. comparisons. Weed control inputs were sub-
That may have resulted from the use of the stantially higher in Laguna than in the two other 
gana system, in which weeders also contract to areas, and substantially higher in Camarines Sur
harvest - a service for which they receive a than in Nueva Ecija. However, in none of the
share of the crop as payment. areas did Masagana 99 farmers have the highest

In all three provinces. Masagana 99 farmers yields. In Camarines Sur the gro,, without 
had the highcsi yields, which ranged from 0.2 loans had the highest yield, and the group with 
t/ha to 1.1 I/ha more than those of non- other loans had the lowest. 
Masagana 99 farmers. But in Laguna they had A model of farmer decision making with
significantly higher yields than farmers with credit. A model was developed to generalize
other loans. about the effect of lower interest rates and liber-

Table 25. Expenditures on inputs and yields of sample farmers with Masagana 99 (M99) loans, other sources of credit, and no
loans. Philippines, 1977 wet season." 

Nueva Ecija Laguna Camarines SurVariable 
M99 Other No M99 Other No M99 Other No
loan loan loan lnan loan loan loan loan loan 

Farmers (no.) 32 22 16 40 10 10 31 15 21Farm size (ha) 2.9 3.1 2.6 2.3 1.8 2.4 2.4 2.2 1.9Fertilizer (USS/ha) 48 40 35' 48 4 42 50 14- 46°Insecticide (US$/ha) 22 14" 14 14 9 6 12 8 13Herbicide (USS/ha) 4 1 22 2 3 5 2 14Weed control labor (US$/ha) 2 3 6 27 19 21 12 9 14Yield t/ha) 3.3 °2.8 2.6 4.6 3.7 3.4 3.6 2.1 
"Data subject to revision when sample completes crop production. and indicate significantly different from the corre.M99 data at the 5% and at the 1% level, respectively, using a t-test. All variables except farm numbers were tested. 
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Table 26. Response function, estimated from experiments
conducted Infarmers'felds nNuevaEcija, Philippines, In1972.1973, and 1974, used in the farmer decision-making model. 

Variable- Definin Cfficient 

Intercept 1079 83"" 
N SR Nitrogen (kg/ha) times solar 

tion 45 days before harvest 
(kcal/cm2) 0.91" 

N Nitrogen (kgha) squared -0.06" 
SD Stress days  days in excess of 3 for 

which paddy is without standing 

P 
water 

Phosphorus (kg,'ha) 
110.68"" 
381 ' 

Wet Weed control using one application 

WC2 

ID 

of herbicide 
Weed control using one hand ,eed-

ing plus herbicide 
Insect damage measured as c of

plants infested 

160.11" 

297.94'" 

-787"" 
IC 
%.C 
N SD 

Expenditure on insccticide (OPha) 
'%clay content of !.oil 
Nitrogen tmcs strtss days 

147" 
28.40 
-0.39"" 

SR SD Solar 'adiation tim )s stress days -8.95'" 
R: 072 

al credit limits, such as those introdLuccd by the 
Masagana 9) progrimn. The niodel sitllultitcs 
farm productitt ald "irtncr rcpotsc to credit 
policies in itrik% en\ jirotint like that eXisting
in NtlC.%Ia Cii;t. ItLse, atn ctiniate of the rice 
prodIIct It ttlHiti m. \0lii1h incorporates 
\weathcr atnd itnect ril,,\th nilanatgnemetit 
inputs (Table 2).T1he m1odel ,limulates farmcr 
Choice till"oL' techolo)gies aispriduetioti W
affected h\ ,,,inhc-nsu tuapt IbehaTiotr and 
alternative lendintg condition. 

Frequenc\ ditriUtiOn, of solar radiation, 
insect infestation. and t\phoi)t damage \erc 
derived from availahlc ourcC,. Solar radiation 
data were obtained from 1966-75 records at 
the Nlaligaya Rice Research and Tra inin1t ('en
ter. Insect infeslation distributions \ crc based 
on 65(0 obscr\ atins illconstraints experiments 
in Nueva Ecija in 1974 and 1975. Typhoon 
damage data were based on subjective 
responses of farncrs intcrviceed in constraints 
surves. A water-.balance nodcl %wasused to 
generate freqluency distributions oflstress d'sgenrte with
f'C tl,disriu n tionfor sites wilhi uood, averaue, and por irrigation 
and fo r various so ils. l-r Cquencv d istribu tions 
yield \%ere computed by randonily selecting. 
from each distribution. levels (If Invironmental 
factors for ca ,atc'r reginlc for lc\cls o~f ni-
Irogen inputs ranging from /crI to 196 kg/ha. 
One thousand samples were used t(t generate 

each yield distribution. Illthis response func
ion. the complementary management inputs ofinsecticide, phosphorus, and wecd control do 

not interact with environmental variables 
except for typhoon damage in the wet season,

wtiadia. 
which enters the computation exogenously to
the equation. The yield distributions wereadjusted to reflect this interaction in the wet 
SCL'SOl.
 

Maximum yield, the level of nitrogen 
i 

required for maximum yield, and its standard 
deviation are shown in Table 27 for seven 
season-water regime combinations, as deter
mined bN the model. Nitrogen levels for max
imun yield ranged from 101 kg/ha for rainfed 

d dfo 
situtiollS to 15 1kg/ha for the dr season condi:,lions with high quality irrigation. Yields ranged
from 2.4 t/ha to 3.6 t/ha. Yield variability was 

ireatest for wet season cenditions - reflecting 
tphoons - and lowest for high-quality irriga
tion in the dr%season. 

The farmer dccision model distinguishes 
hct cc n farms operating with share tenancy 
and those with fixed land payments. accommo
dates farms of various sizes, permits choice 
among the management variables in the prU
ductlon function according to various decision 
rules, and c\ aluatcs a range of i..terest rates and 
loan limits. 

Given alternative technologies each with a 
distribution of yields, costs, and returns. the 
model evaluates the outcome of choices tinder 
both risk-neutral and risk-averse decision rules. 
Onhv results of the risk-neutral decision rules 
are presented here. 

Table 27. Maximum expected yield, standard deviation of 
maximum yield, and nitrogen required to obtain maximumyield derived from simulation of production from responsefunction with random weather and Insect attacks for seven 
water regimes. 

Nitrogen Maximum Standard 
Irrigation at yield expected deviationSeason quality maximum yield of yield(kg/ha) (kg/ha) (kg/ha)
 

Drt Dr Highih151 151 524
35723572 524 
Dry Medium 137 2977 684 

Dry Low 111 2417 675Wet High 123 2908 813
 
Wet Medium 119 2824 
 777

Wet Low 117 2764 769
 
Wet Rainfed 101 2414 723
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Table 23. Average simulated farmers' borrowings, Input use,
and production results from farmer decision-making model 
with two Interest roe and three loan limits. 

Financial 
market Comple-

Nitro- mentary 
Interest 

rate 
(%/sea-

Loan 
limit 
(US$/ 

gen
lkg/ 
ha) 

inputs
(US$/ 
ha) 

Loan 
(US$/ 

ha) 

Yield 
(kg/ 
ha) 

Income
IUS$/ 

ha) 
son) ha) 

8 164 80 28 66 2402 116 
8 82 78 24 61 2350 115 
8 41 49 10 40 1971 101 

24 
24 

164 
82 

75 
73 

28
24 

65
61 

2374 
2320 

104
103 

24 41 47 9 40 1951 94 

The maximum level of productive inputs used 
isimplicitly set by the choice of technologies 
available. That level may be reduced by capital 
constraint: total spending on fixed and variable 
costs in season t+ I cannot exceed total savings 
from production in season tplus new borrow-
ings in season t+ 1.The maximum amount and 
cost of credit to any farm are set within the 
model to reflect credit policy. Total savings in 
season tare the difference between net returns 
and consumption, which is a positive linear 
function of income, 

Yield ti/ha) Nitrogen (kg/ha) 
2.5 110 

2.4-t 


Yield 


The financial market has an institutional and
informal sector. All farms begin in season one 
with access to the institutional market at a 
specified interest rate and with credit available 
up to maximum loan limit per hectare. The farm 
borrows from the institutional market. When 
crop failure at some period prevents a farm 
from both meeting subsistence requirements
and repaying the loan, the farm defaults on the 
loan, and uses the funds to supplement con
sumption and increase savings. In subsequent 
seasons, it obtains production loans from the 
informal market, which differs from the institu
tional market in interest rates and loan limits. 

It was determined that it would be impossible 
to simulate enough sets of outcomes to generate 
stable distribution of inputs and yields for all 
possible combinations of farm types, environ
ments, and policies at reasonable cost. There
fore, a Markov chain process was used to rep
resent the decision process over several seasons. 
The key variable in the Markov chain process is 
the season-to-season level of savings deter
mined internally as a function of input choice, 
yields, incomes, and income allocation 
behavior. A choice of technology isdetermined 
when a savings level is specified, the decision 
rule ischosen, and all necessary parameters are 
set. The technology choice in turn determines a 
yield distribution, which determines distrDIu
tion of net returns. income, and savings for the 
subsequent period. The distribution of savings 
is then the basis for compuiation of the prob23 us$/O 90mitabilities of moving to any savings state in the 

2 so 
22. "" 

2.1- Nitrogen -m7o 

2.0 60 
US$41/halimi-ld24%/season

1.9 iThe 

Nitrogen 

I8 1 

Interest rate M/./sason) 

7. Simulated impact of various interest rates and two loan 
limits on fertilizer use and rice yield urder risk-neutral 
decision-making, 
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next period. 
The average results of the model with finn

cial parameters set to reflect typical institutional 
interest rates of 8%/season were compared with 
the results for informal financial markets of 

for three loan limits (Table 28).
high interest rate reduced expenditure

for nitrogen between US$2 and US$7/ha, and 
expenditure on complementary inputs by up to 
US$7/ha. The lending limit had amore restrict
ing impact, as expected. At the low credit limit
fertilizer and complementary inputs used were 
roughly half those at the high loan limit. Figure 

7 shows the effect of interest rates on nitrogen 
use and yield predicted by the model. The 
impact of the highest interest rate is greater with 



the USS164/ha limit because at the high Table29. Comparisonbetweengrainyieldsofleveedandnon
sharply 	 leveed plots receiving high levels of fertilizer, insect control, 

and weed control. Laguna, Philippines, 1977.
interest rate complementary inputs are 

reduced, while at low interest rates thev are not
 
used at the lower loan limit. Grain yield" It/ha)
 

The results Of tile m1odeL illustrate the potel- of plots (no.) Leveed Nonleveed Difference 
tial benetit, of all institutional credit prog~ram. plot plot
 

Releasing the credit constraint b% loering .. ... ... . . .... .. ...... ....
interest rates fron 32' o 8'% Dry season
, /SeaSonl and rais-


ing loan limits from US$41 to US$164/ha A 6 5.49 5.48 0.01"'
 
.B 6 6.85 6.28 0.57

increased ields by about 0.5 t/ha. or . 
Wet season 

tinder the cn',ironnntal and technological A 5 6.37 5.98 0.39'
conditions simulated. This yield difference used 8 7 5.32 5.16 0.16"'
 

an additional 34 kg,/ha of nitrogen and addi
,"A"refers to plots at the end of the field opposite the flow oftional complementary inputs costing USS2()/ha 
irrigation water and "B" to plots in the middle of the field, All 

to generate at, additional net income of US plotsare lOx lOm. 'Harvested from l0-ml areas in the center of 
the plot.$26/ha. 

Raising the loan limit. even at a hzih interest 
rate of 24%.iseas,'n. %\ouldhatvc increased 
yields by (1.5 t/ha \%i' Ii 28 kgiha additional fcr- number of farms than would be possible with 
tilizer and USS19'ha additional complemen- the factorial trials. 
tar, inputs. Additional net income Would ha e For assessing the relative contribution of 
been only USS I0/ha. howe\er. Thus. the incen- individual test inputs, either a complete or an 
tive to apply high level of inputs is less with high incomplete factorial experiment can be con
interest rate than with the rate that would pre- ducted. A complete factorial experiment usu
vail under institutional credit. allyV requires a large number of treatments and. 

hence, a large experiment. Its use is necessary' 
[VAtLU'AIN (F -XPI-RIMI-NIAL however, when interaction effects among test 

T1I('I NI QLt.S factors are to be assessed. For cases where 

Statistics Department interaction effects will not be appreciable. the 
mi.iifactorial treatment combination is sug-

In yield constraints studies where field cxperi- gested (1976 Annual Report). Its main feature 
ments are conducted in farmers' fields, it is is the ability to maintain a small number of 
necessary to kL Cp the size of thle experiments treatments even with a large number of test fac
small to simplify operations and to increase the tors. 
number of samples and the area covered. Since In 1977, the minifactorial trial and the sup
yield-constraints experiments in farmers' fields plemental trial were Used in all test sites. A few 
are set up primarily to estimate the yield gap questions concerning tt.,.r implication were 
and the relative contribution to the yield gap of examined. 
individual production inputs, this section elabo- Supplemental trial. A major question raised 
rates on how to get these estimates with the in the conduct of a supplemental trial concerns 
minimum size of experiment, the type and placement in a farm of the single 

Two yield levels - potential farm yield and plot receiving the high level of all test inputs. 
actual farm yield - are needed to estimate the Should the plot receiving the plot be leveed or 
yield gap. Since actual farm yield can be nonleveed? What size should it be? And where 
obtained through crop-cutting of farmers' in the test paddy should such a plot be located? 
fields, all that needs to be done is to grow a Our investigations show the following results: 
high-input level plot that will estimate potential 1. Leveed plots tend to give a slightly higher 
farm yield on each farm. Such a trial, which we yield than nonlevccd plots (Table 29), 
call supplemental trial, is simple to conduct and, perhaps because of the researcher's inabil
therefore, can be done with a much larger ity to maintain the same water level out-
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Table 30. Grain Vel of pla" along the perimeters ofP_ _ _i_ _,__. 


Grain yieldb (t/ho)
Harvest 
position" Dry season 

Outside Inside
plot plot 

1 5.13 a 5.82 a 
2 4.81 b 5.88 a 
3 4.77 b 5.88 a 
5 4.73 b 5.90 a 
6 4.82 b 5.93 a 

Wet season 

Outside Inside
Plot plot 

5.18 a 5.43 b 
4.88 b 5.58 ab 

4.82 b 5.56 ab 
5.94 b 5.59 ab 
4.87 b 5.53 ab 

"Each harvest position consists of 2rows 3.5 m long; position 1refers to the area nearest the perimeter of the plot. bAv, of 12erpltfarms each with 2-3 subcuts. In a column, means followed by acommon letter are not significantly different at the 5% level, 

side and inside the leveed plot. There is 
usually more water inside the leveed plot.

The difference between leveed and 
non-leveed plots was affected by their 
location. In the dry season, throughout
which irrigation water was used, no differ-
ence was observed between leveed and 
nonleveed plots at the end of the field 
opposite the flow of irrigation water, but 
there was a large difference between plots
placed in the middle of the field. Such dif-
ferential effects were in the opposite direc-
tion and much less in magnitude in the wet 
season, when crops depended more on 
rainfall. 

2. 	 While yields of plants along the perimeter
of a nonleveed plot differed slightly, the 
difference was confined primarily to the 
two rows, about 0.5 m wide of the perime-
ter (Table 30). Comparison between 
yields obtained from crop-cuts made at 

T"e .Granyieldund rhlohvsllofthroeinlU ,'dlter" 
mined from dferent posItons In plts 10 x 10 m, Laguna,PhNippn, 1977. 

Crop Farms Grain yield (t/ha)season (no.) 
Center cut Perimeter cur" 

Dry 12 5.9 5.812 5.6 5.4
n' rind wet 24 5.8 5.6 

"Fertilizer, insect contrmi, and wood control. 'From a 10-ml cut. 
i npractices 

'From 4 cornercuts,each 5mland.Smawayfromtheedgeof
the plot. 
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the corners (0.5 m away from the edge ofthe plot) and at the center of the non

leveed plot showed no appreciable differ
ence (Table 31). It seems that while some"diffusion of chemicals" does occur in 
nonleveed plots, the affected areas arerather restricted. Hence, a relatively large 

nonleveed plot (80-100 m2)can be safelyused in supplemental trials. Large plots 
not only require no costly levee-building
process, but also ensure that the waterlevel in them is the same as that in the farm
ers' plot.
 

Minifactorial trial. For a minifactorial trial,the number of treatments is two more than the 
test factors. These treatments consist of one 
treatment with all test factors at the high level, 
an jther at the farmers' level, and one treatment 
each corresponding to all but one test factor at 
the high level. 

Contributions in percentages of individual 
test factors to the yield gap obtained from the 
minifactorial trial were compared with those 
from the complete factorial trial using 4-year
data from Laguna farms. No marked difference 
between the two methods wasobserved (Fig. 8).
Results suggest the usefulness of minifactorial 
trials in yield-constraint3 studies. 

Variation among paddies on a farm. During
the 1977 wet season, the farmer's rate of ni
trogen fertilization was measured in from 2 to 3 
paddies and for the whole farm in each of 10 
farms. To measure the rate for the whole farm, 
data on the amount and type of fertilizcr used 
were obtained from farmer interviews and those 
on farm size, by actual measurement. For the 
paddy estimate, the farmer was requested to 
report on the amount used in that particular 
paddy each time he made the application. To 
improve the accuracy of the farmer's estimate,the method of the "marked container" was used 
- the farmer's container was marked and numbered along its height at 2-cm intervals. Theamount of fertilizer the farmer used was deter
mined based on the level at which he filled his 
container each time he applied fertilizer.We also monitored the farmers' weed control 

in 2 to 3 paddies for the whole growingsa 
season of the same 10 farms. For each selectedpaddy, records were kept on number of times 



DR9'? ,
SON Wr SEA.Sw 
Complete foctorial Mnifocatonl Complete factorial Minifacloral 

n=6 
 n=10
 

48% 1 00975 ~ 44 2/ F 

160 14/ 
n=9 
 n=20 

1976 

n12 n=3 

4o5"80".I 1977 1
 

W,"5 
 63% 

n=3 n=3
 

8. Comparison between relative contributions of test inputs to the yield gap,estimated from complete factorial and minifactoria trials, yield-constraints study.
Laguna farms, Philippines, 1974-77. I = 
.ontrol. 

that either mechanical weeding (hand weeding 
or rotary weeding) or herbicide was applied,

In addition, grain yields were determined by
crop-cutting from each of the 2 to 3 paddies on 

the same 10 farms. From each paddy, 3 crop-

cuts of 10 m2 each were harvested, 


The weed control practices showed close 
agreement across paddies on the same farm 
(Table 32). If herbicide was us,d. it was likely to 
be used in all paddies. On a few farms, the 
number of hand weedings or rotary weedings 
among paddies slightly differed. Weeding was 
less frequent in paddies with less weeds, 

Nitrogen rate differences among paddies 
were also relatively small. But rates determined 
on the whole-farm and on the paddy bases 
showed relatively larger differences. The differ-
,nces seem to indicate differences in the tech-
niques used in determining fertilizer usage 
rather than variations among paddies. 

=
insect control, F fertilizer, W = weed 

In no case did either fertilizer use or weed 
control practice vary appreciably between the 
comparable paddy (1976 Annual Report) and 
the other paddies. There was no evidence that,
because of the presence of the researchers, the 
farmer applied different input levels in the com
parable paddy relative to the rest of the farm. 
This result confirms the representativeness of 
the comparable paddy fo3r use in identifying
input use of the farm where a yield constraints 
trial is located. 

Grain yields were quite similar among pad
dies on the same farm (Table 33). Except on 
one farm where a yield difference of I t/ha was 
observed, paddies in the rest of the farms had 
differencesof 1/2 t/haorless. Amuchlargerdif. 
ference was observed when comparison was 
made with the yields obtained from interviews 
based on the whole farm, although no distinct 
bias could be seen. This result emphasizes the 
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Table 32. Variation In famers' nitrogen rate and wed control,among and withinfarms. 'Laguna, Philippines, 1377 wetseson. 

N rates (kg/ha) Weed control treatment (av.no.)Farm
 
no. Whole CP Paddy 1 Paddy 2' CP Paddy 1 
 Paddy 2A

farm 

M C M C M C 

1 74 92 99 96 3 1 3 1 3 12 31 23 16 20 3 - 1 - 3 3 93 73 72 66 2 1 3 1 3 14 118 98 116 110 13 3 1 3 15 54 96 119 40 3 - 3 - 4
6 70 87 "/d 3 1 3 
 1
7 55 64 61 2

8 62 109 89 2 

- 3 
3 



9 81 97 94 
 3 - 3 
10 90 89 82 1 1 1 1
 

Av. 73 83 82 
 - 2.5 0.5 2.6 0.5 - 

"CP = comparable paddy, M = mechanical weeding either by hand or rotary weeder, C = chemical weedicide. 'Data not collected 
on farms 6 thru 10. 

Table 33. Yield variation among farms and among paddles importance of using the proper technique forwithin farms based on Interview and crop-cutting. Laguna, yield determination in farmers' fields. 
1977 wec season.yildeemntoinfr rsfed.

The yield of the comparable paddy did not 
Farm Variety differ appreciably from yields of other paddies 
no. planted Interview Crop-cutting on the same farm. That confirms the findings

(whole-farm 
basis) CPI Paddy Paddy Av. based on input use regarding the representa

1 2' tiveness of the comparable paddy. 
1 IR42 4.7 4.9 5.0 5.0 5.0 Adjustment for rat damage. One hazard of2 IR40 1.8 2.8 1.8 2.4 2.3 conducting controlled experiments in farmers'
3 -' 5.4 4.4 4.7 4.2 4.44 IR36 3.9 5.0 5.3 5.3 5.2 fields is the damage caused by rats. Rat prob5 1R42 6.8 6.4 6.5 5.9 6.3 lems are generally well- controlled in trials con
6 IR36 4.8 4.24.6 4.47 IR38 2.6 3.5 3.3 3.4 ducted at experiment stations but not in trials in8 1R36 4.4 4.5 4.6 4.6 farmers' fields. Rat incidence is usually not
9 IR42 5.5 5.2 5.4 5.3


10 
 IR42 4.1 5.6 5.4 5.5 uniform over plots receiving different input 
Av. 4.4 4.7 4.6 - 4.6 levels. Our data indicated a much higher degree

of rat damage in plots receiving high input level"Comparable paddy. 'Data not collected on farms 6 thru 10.Unidentified, on all test factors than in plots receiving the
farmer input level (Table 34). Rat damage 

Table 34. Degrees of rat damage, measured at harvest, as affected by the level of Input use in trials conducted in farmers' fields. 

Laguna, Philippines, 1977 dry season. 

Input level" Rat damage (% of damaged tillers) 

Insect Fertilizer Weed Farm Farm Farm Farm Av.control control 1 2 3 4 

F F F 0.0 0.0 0.0 0.2 0.1F H H -h 7.0 0.0 0.9 2.6H F H 0.0 0.0 0.0 0.2 0.1H H F 11.9 34.6 14.0 14.4 18.7H H H 10.8 5.9 9.9 5.2 5.7 

"F = farmers' level, H = high level. "Data not available. 

362 IRRI ANNUAL REPORT FOR 1977 



became most serious when only the high level of 
fertilizer and high level of insect control were 
used but without the benefit of better weed con-
trol. 

In yield-constraints trials in farmers' fields, 
the levels of the test inputs vary simultaneously. 
The nonuniform rat incidences in the various 
treatment levels could, therefore, result in a 
negative bias in the assessment of the effects of 
applying input levels higher than the farmers'. 

It is essential that rat incidence in yield-
constraints trials be closely monitored and 
recorded and yields properly adjusted. The fol
lowing procedure for yield adjustments has 
been used in our trials: 

1. If rat damage affects less than 30% of the 
plants in the plot, only undamaged hills are 
harvestcd for yield determination. Other
wise, that plot is excluded. 

2. 	If too many plots lack yield determination 
because ofsevere damage, the degree of rat 
damage for each plot is measured and all 
hills (damaged and undamaged) are har
vested for yield determination. Degrees of 
rat damage are used as a covariate for data 
adjustment through the analysis of 
covariance. 
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SIUMMARY 

Intensivc investigation of the economic struc-
ture of a single village in Pila. Laguna province, 
Philippine,,. continued oCr the past ear. 
Ana \ sis of I I household accounts -- inllce. 
expenditure, and savings - \\as conpicted. A 
coinpletcenumeration of a \illage \\,, also 
undertaken to ascertain histo rical changes in 
population gro\%th. production. and institu-
lions. 

The \illagC studies brought to light important 
relationships and trentls. The income of illage 
dwellers came almost cxclu,,i\ el\ from rice. Say-
ines have not been used to improve land infra-
stoicture nor has surplus labor been used forcap-
itI 'emstment other than inthe construction of' 
private homes. Grox\th in prodtiction due io 
expansion of the irrigation ',\stein .1nd Modern 

rice technolo \aI accimpalniCd rapid\\,IS h\ 
Population gro\% th and i rapid increase in the 
proportion of landless \\orker,, As a result. 
economic and social presure haxe encouraged 
I ) gro\%th in stblcasing of tenanted plots, and 2) 
change in the har~cst labor contract b\ w\hich 
laborer,, agree to do the \\ceding in return for 
the right to har\est the plot a'rd obtain omie-sixth 
share of the crop. The implications of these 
changes for the long-term viability of the village 
econonl\ are uncertain, 

Sources of' rice output gro%%th in Asia were 
assessed and a model \%asdcveloped to estimate 
Output gro\th Ip to 1985. Over the past 10 
years. there has been an increasing reliance on 
irrigation and fertilizer (together \kith modern 
varicties and other modern inputs) as the prin-
cipal sources of output growth. Projections to 
1985 suggest that continued reliance on irriga-
tion and fertilizer islikely to be extremely costly 
unless steps can be taken to increase the produc-
tivity of these inputs, 

ANATOMY OF RICE VII.LAGE- -C)NOMY 

The 197' .'nnualReport provides basic infor-
matici ,,,"the charactcristicsof an irrigated rice 
village in Laguna based on an intensive study of 
11 households (4 large farmers, 3 small farmers, 
and 4 landless workers) for a I -year period end-
ing 31 May 1976. This year's report summarizes 
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the household income and expenditures for the 
I I households and outlines the overall structure 
of the village economy. 

Household income and expenditures. Tile 
sources of funds (income) were I) rice produc
ion. 2) duck and hog enterprise. 3) earnings 

from employment, and 4) other sources of 
incol2 including nonfarl enterprises. Funds 
\\ere used for 1) food consumption. 2) nonfood 
consumption. 3) capital investment. 4) savings 
(or deficits). and 5) other expenditures. 

Earnitgs f'omn enlploxuiem'n1 were largely 
Wages paid in cash or in kind for transplanting. 
\\Ceding. 01"harvesting the rice crop. Since such 
cmploynent was primarily for rice work within 
the \illage. as much as 70(4c of the income o an 
a\crage household in the V'illagc WvaS generated 
by rice production. 

Other sourccs O/inconte included remittance 
from famil\ members living in the city as well as 
grants from parents or relatives living in the bar
rio. Nonfarm enterprises, which were limited. 
included tricycle operation for commercial 
transportation on one of the large farms. 

('pital invesWment included the purchase of 
equipment for agricultural production, such as 
tractors or pumps. and the construction of 
homes. Other e.'pendituires included interests on 
consumption loans, grants, and payment of fees 
and taxes. 

The average value of rice production was 
USS2.21 3 per farm household. The value for 
the four large farmers (3.2 ha) was about twice 
as large as that for the three small farmers 
(1.3 ha) (Table I ). The output per hectare was 
lower for large than for small farmers, but the 
profit per hectare was larger. 

Disposal of rice was principally for cash or for 
payments in kind (Fig. I ). On the large farms, 
45% of the rice was sold for cash and 3717 was 
used as payment in kind.. Cash sales made up 
24% of rice output on small farms, while the 
payment in kind was 59('. Landless workers 
acquired rice largely as payment in kind and 
sold 42% of their rice for cash. Thus, the village 
is highly monetized, with all elements of the 
population engaged in cash transactions. 

For all households. 42% of farm income was 
from rice production, but this ranged from 59% 
on large farms to less than zero for landless work



Table 1.Costs and returns of rice production In seven farm households, in a barrio in Laguna, Philippines, 1974-75." 

Costs and returns of rice production (US$) 

Item Per farm household Per hectare 

All Large 
farmers farmers 

Payments to external inputs 1366 1571 

Wage 414 519 

Rent 569 f)23

Interest and rental 75 105 

Current inputs 309 422 


Seed use of rice 49 69 

Imputed income of family
 

factors 798 1124 

Family labor wage 276 385 

Owned land rent 0 0 

Farm profit 521 739 


Total output 2213 2764 


"Philippine P7 - US$1. 

ers, who temporarily leased a small parcel of 

land (Fig. 2). Duck and hog enterprises pro-

vided over a quarterof the total income on small 

farms. while labor earnings provided 61 % of 

the income for landless w%,orkers. Labor earnings 
represented principally the wages and payment 
in kind for emhplovnent in various tasks of rice 
prodtclion. All households raised incomes by 
2(0 to 301% with earnings outside of farming. 

Close to 5(c0; " of household income was used 
for food consumption (Fig. 3). A substantial 
portion of the food cotsumptiot in the house-
holds of small farmers and landless workers 
came from home produIce (including paymenIts 
in kind). Household surplus was available for 
investment. While 25¢( of total income 
remained as household surplus on large farms. 
the figure was only 12% for small farms and '7%, 
for households of landless workers. 

not only froml houseare madeInvestments 
hold surplus but also through the contribution 
of family factors, especially by landless workers/ 
(Table 2), but there isa sharp contrast between 
farmers and landless workers. FBoth large and 
small farmers depended 100r7% on tile hottse-
hold surlplus for investlnient. The household 
surplus of the landless workers was relatively 
small, and a significant source of their capital 
formation was their own labor used principally 
in household construction. The total input rep
resents less than 3 weeks of labor per landless 
family. 

Small All Large Small 
farmers farmers farmers farmers 

1095 569 491 842
 
273 172 162 210
 
629 237 164 484
 

34 31 33 26
 
159 129 132 122
 
22 20 22 17
 

362 332 351 279
 
132 115 120 101
 

0 0 0 0
 
231 217 231 178
 
1479 922 864 1138
 

Agricultural capital formation accounted for 
a small portion of total capital formation and 
consisted of the purchase of machinery, imple
ments, and working animals principally b) the 

37% 

i
 

3%/' 4%, 

Average o h or0 Larqe farnmersof hotr:eI01ds 

Us $615 USS 2835
 

l ,n cash : Hornensuptiun 

Seedandfeed 

594% 

31% 42% 

4Y. 

':: 

-ml • Smll frmer Semers a d 0/worLanlessworkers 

uS5154 US$41i 

1. Total disposition (%)of rice output in a barrio in 

Laguna, Philippines, 1974-75. 
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~J~fh~fso~N Hous oJd .u * 

Othe souces23%b~ 

Other exlerlures 
ORLobar earrmq 

* Ducks ad hogs W oo 

*" Purchased foodconsumption i0/.i i 

1r0% M Hore food fonshoshiaj 

i!: : 1 % !
 
iiii 0
 

WIZe2n9% 9 19p 

4M% 23% 

No': 23% 27%. 

in a barrio in Laguna, Philippines, 1974-7S. barrio in Laguna, Philippines, 1974-75. 

10%/ 

-4% 
Lorless 
Vdariers 

tLS$646) 

small 
fowrmers 

(1S879) 

Large 
formers 

(US$1897) 

All 
houeholds 

U3S$1164) 

Lantdless 
workers 

tU$S646) 

Small 
farmers 

(US$879) 

Large 
formers 

(US$1897) 

All 
households 
US5 1164) 

2. Structure of househiold income Of I1I farm households 3. Household expenditures by I1I farm households in a 

large farmers. There was essentially no invest- 3. Infrastructure subsidies for irrigation,
ment in land improvement, schools, agricultural extension, and roads

Social accounts of the village. The social were added to the aggregates of income and 
accounts of the village were constructed by investment in private accounts. 
aggregating the accounts of the individual The village economic system can b.-viewed inhouseholds after deducting the transactions terms of the production and distribution of 
among households within the village. The pro- income (Fig. 4). The returns to the various fac
cedures follow: tors of pri ,duction from farm activities, such as 

rice production and duck and pig raising, areI. The individual accounts (I I farms) adjusted generated in the proportions shown in the large
for the within-village transactions and claims pie.
were averaged into the average accounts of "Operators' surplus" of farm and nonfarm 
large farmers, small farmers, and landless production is measured as the residual of outputworkers. after deducting both paid-out and computed

2. The average accounts for large farmers, family labor costs. This surplus is supposed tosmall farmers, and landless workers were represent a return to capital including human 
multiplied by the number of households in capital owned by farmers. But it included a partthe respective categories in the village and of land rent, because the rents actually paid toaggregated into village totals. landlords were substantially lower than the 
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economic rent on the functional share of land Table2. S1111a me dioltu nlitMhouse,under the land reform regulations. Sixty-five
percent of the factor income of the large farmer 

,ina aon%InLaepm, pli "M 117445.
 
Investment (US$/household)
is a return to his capital, while 100% of theincome of the landless worker is a return to his 


labor. 

Item house- Large Small Landless 

holds .armers farmers farmersVillage income isdivided between consump- Sourcestion and savings (Fig. 5). The three upper pies Household surplus 217 474 105 45represent the average disposable incomes of the factors
Contribution of family 10three classes of households in the village. The 8 1 20Gross investible fund 227 482 106 65two lower pies represent the capital formation
in the village as a whole. Half or more of dispos- Agricultural fixed capitalable income in each class of households was formation 43 44 6 71spent for consumption purchases. Consumption Nonagricultural fixedcapital formationof ,"illage produce, mainly rice, was only about 

47 64 35 38Inventory change 49 119 4 14one-third of total consumption. Acquisition of financialassets

Household savings were the major source of 

88 255 61 -58Gross investment 227 482 106 65financing for capital formation in the village. 

OUTSiDE ECONOMY 

Total output of village 

o ndlord Rent 8 ena 

6ii input"V40T 

2% F laborhnrly wag 

Fctor incore o Factor mcorne ofof ke 

(US$1751/housetio,,1) nullformier 
(US$F9&tiousetdd) 

4. Generation and distribution of village Incone in a barrio in Laguna, Philippines,
197' -75. 
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JTSlDE ECONOMY 

Cons n on purchase 

564% 

jrsup?.an 20o2ooof 

V 

Large tomers 
US$97/ household) 

smoiNi~Landless i 

'8/househoid)(US $ 

Net IfMI~e 

93%/ 4/ 

Jl " In, $am ent | d.ww t$ 

CwtrtbA n ro wi, fovors 

(us$ 269,(.,0o 

5. Disposition of village income in a barrio in Laguna, Philippines, 1974-75. 

The proportion of total investment that became 
a new addition to capital stock in the village was 
54%; close to half of all savings flowed out of 
the village, primarily as repayments of past 
debts. 

DYNAMICS OF AGRARIAN CHANGE 

The study of the dynamics of agraian change 
analyzes the interaction between demographic, 
technological, and institutional changes. The 
research rep.:rted here deals specifically with 
changes in hbnd tenure arrangements and in 
labr cortra :ts. 

A surve. was conducted from November 
1976 to January 1977 in a village in the prov-
ince of Laguna, Philippines. Similar surveys 
had been conducted in 1966 and again in 1974. 
These previous studies plus additional census 
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material pr(.vide the benchmark information by 
which historical trends can be ascertained. The 
latest survey was a complete enumeration, 
based on interview with the heads of all house
holds in the barrio. Data collected are primarily 
foi 1976. 

Demographic problem and landholdings. The 
population growth rate in the barrio accelerated 
from 2.3% between 1963 and 1966 to 5.3% 
between 1966 and 1976 (Table 3). Part of this 
acceleration reflects the n~pid increase in 
agi icultural production after the national irriga
tion system was extended to the barrio in 1958 
and modern rice technology was introduced 
after 1966. 

The recct rapid population trowth ;eflects 
substantial migration into the village. Out of 36 
households formed in the bar'io from 1970 to 
1976. 17 were formed through migration 

http:jrsup?.an


T"ale 3. Chtioft in the Population of a barrio In Laguna, 
Phipin..s, 1903-76. 

Whole 
Yeari 

Year municipalityource Barrio municipality
Num- 1960 Num- 1960her =100* ber 100" 

1903 Census 94 27 6,04o 541960 Census 
1966 

349 100 11,156 100
Umehara survey(as of 1Dec.) 383 110 

(as of Nov.) 549 
1975 Census (as of


1May) 571 
 164 18,356 165 

(as of Dec.) W4 185

The column gives the index numbers when 1960 =100. 


(Table 4). Landless workers headed 27 o ihe 
new households. Most migrated to the village to 
marry or to find employment, 

Such trends reflect the growing scarcity ofland for cultivation. They also point out the
growing opportunities for agricultural employ-
ment in this barrio due to the intensification of
rice farming with the improved irrigation sys-
tem and diffusion of the seed-fertilizer technol-
ogy. 


The class demarcation between- farmers 

(generally tenants) and landless workers was
not fixed. Landless workers frequently became
farmers and vice versa. Twenty-three of the 55
farmers in the village in 1976 had moved up
from the landless class, while 26 out of 54 land-
less workers had been farmers. This movcnent 
back and f)rth seems to have accelerated ;nrecent years as growing population pressure has
intensified the competition for farmiand 

through various leasing arrangements. 
In 1966, 46 farmers cultivated 104 ha of 

paddy fields owned by 41 landlords. In 1976, 54 
farmers residing in the barrio cultivated 108 haowned by 66 landlords. The ownership distribution had become more dispersed during the 
decade. Only three barrio residents owned riceland and none of them owned more than 1 ha. 

The average paddy field area per farm 
operator was stable at 2.3 ha between 1956 and1966, but declined to 2 ha by 1976. The processby which population pressure reduced the aver
age operational holding can be inferred fromthe changes in farm size distribution (Fig. 6).From 1956 to 1966, the share of farms belong
ing to the class of 3-5 ha declined with a corres
ponding increase in the class of 2-3 ha. Froni 
1966 to 1976, the percentage in classes of 3-5
and 2-3 ha declined and the share in the class of 
1-2 ha increased. 

Land tenure system. In this village, all of the
farmers are tenants of some sort. Traditionally,
share-tenancy was the most common; about 
70% of the farmers belonged to this category in
both 1956 and 1966. From 1966 to 1976, land
tenancy distribution experienced a major
change. The conversion from share tc leasehold
 
tenancy since 1968 under the Agricultural Land

Reform Code (R.A. 3844) and the Code of

Agrarian Reform(R.A. 6389) markedlyreduced

the number of share-tenants. In 1976, 
 over
500c of the farmers were leasehold tenants
(paying a fixed rent) and only about 25% 
remained as share-tenants. 

Another significant change was an increase in
the land under "subtenancy" (Table 5). The 

Table 4. Causes of the formation of households duringselected periods Ina barrio in Laguna, Philippines, 1939-76. 
Migration Independence 

LandlessPeriod of Farmer Landlessworkerhousehold households households Farmer workerTotal households householdsformaton (no.) (no.) Total Tutal for(no.) (no.) both c-us s 

Before 1939 2  2 91940-49 4 2 11 131 5 51950-59 2 3 81 133 91960-69 6 155 2 187 101970-76 12 226 11 17 3 29
 
Total 19 16 19 36
15 34 36 39 75 109 
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6. Changes in farm-size distribution in a barrio in Laguna,
Phiiippines, 1956-76. 

contract is usually made without formal consent 
of the landowner. Subtenancy can be classified 
into three categories: 1) the sublessor and the 
sublessee share the output and cost 50:50 (9 out 
of 16 plots, Table 6), 2) the sublessor receives a 
fixed rent from the sublessee (2 out of 16 plots),
and 3) the subrenting takes a frm in which theand3thesub r ntin takesa in withe sse 
sublessor puts his land in pawn to the sublessee 
(5out of 16 plots). In other words, the sublessee 
advances credit to the sublessor to establish the 
right to cultivate the land until the loan is paid 
back. This-type can be subdivided into three 
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Table 5. Distribution of parcels by tenure status in a barrio Ir
Laguna Philln.,ne , 15.7., 

Owned Leased Shared-rented Subrented 

Parcels Area Parcels Area Parcels Area Parcels Area 
Year (no.) (ha) (no.) (ha) (no.) (ha) (no.) (ha) 
1956 2 1.3 11 26.9 25 42.1 1 1.2 
1966 2 1.3 12 29.9 44 66.1 5 6.9 
1976 3 1.7 44 67.7 30 29.7 16 9.1 
'Average number of parcels per farm = 1.3 in 1956,1.4 in 1966, 
and 1.7 in 1976. 

categories, where the sublessor receives 1) 
sharc.rent, 2) a fixed rent, or 3) no rent. 

Land under subtenancy has been increasing, 
indicating that the rent ,,ctually paid by tenants 
to landlords increased less than the economic 
rent or the functional share of the land, produc
ing a substantial surplus to be captured by the 
tenants. Partly because of social inertia and 
partly because of land reform regulations, it hasbeen difficult to raise the rates of rent under 
leasehold tenancy even if land productivity has 
increased. Thus, the opportunity has increasedfor the leasehold tenants to transform them
selves into intermediate landlords. 

The hypothesis that the gap between the func
tional share of the land and the actual rent pro
vided a condition for the emergence of subte
nancy was tested. Factor shares of rice output
for the 1976 wet season for different tenure 
types were estimated with market prices
 
imputud to unpaid factor inptts. The results
 
show that the share of land was lowest and the
operator's surplus highest for land under 

leasehold tenancy in both absolute and relative
 
terms (Table 7). In contrast, the share of land
 
was highest and no surplus was left for farm
 
operators under subtenancy. The substantial
 
surplus for leasehold tenant operators provided
 

Tsb'.6.
 
abarrioin Latuna, PhIrpn.,1956-76.
 

share-rent fixed rent By pledging Total 
Year Parcels Area Parcels Area Parcels Arba Parcels Area 

(no.) (ha/ (no.) (ha/ (no.) (ha/ (no.) (ha/ 
parcel) parcel) parcel) parcel) 

1956 1 1.2 - - - - 1 1.2 
1966 4 1.6 - - 1 0.5 5 1.41976 9 0.8 2 0.4 5 0.3 16 0.6 
1 



Tbks 7. Fator s"I. wOf rime otp per heates. in a barlro inLamna. Phippin., 1376 wet "eeon. 

Factor shares (cavan/he) 

Current Land 
Plots Area Rice inputs Landlords' Subless3es'(no.) (ha) yield" Labor Capitalb Operators'share share Total surplus

(cavan/ha) 

Leasehold land, 31 60.4 70.1 12.9Share-tenancy land 17 
12.6 0 12.6 22.6 9.8 12.226.7 58.1 15.2 14.4 0Subtenancy land 14.4 18.4 6.3 3.89 6.3 78.1 18.9 11.3 18.0' 29.3 22.4 6.6 

"Onecavan -44kg rough rice. "Sum of irrigationfee and 
0.9 

id or imputed rentalsof carabeo, tra or, and other machines. 'Excludesthe plots ofwhich the yield per hectare were below 60% of the average for 1974-76. 'Rents tosublessors in the case of pledgedplots are Imputed by applying the Interest rate of 40% per annum. 

them an opportunity to become intermediate the tenancy right was almost half the value oflandlords; the surplus represents a basic force land.underlying the emergence of multistage land- Labor contracts. The economic forces thatlordism. have induced changes in land tenure have had aChanges in tenure status often take place pervasive effect on the employmentthrough land transactions. Increasing numbers relations
between farmers and iandless workers. Theof transactions in tenancy rights corresponding

to the acceleration in population growth have 
forms of labor used for rice production in this 
area are 1) family labor, 2) exchange labor,occurred since 1959 (Table 8). The price of 3) daily hired wage labor(upahan),and 4) labortenancy rights also shows an increasing trend; in employed to harvest and thresh the crop incontrast, the price of the land ownership title return for one-sixth share of the harvest (oama).shows a decreasing trend. By 1976, the value of While the rice transplanting labor was supplied 

Table 
 . Transfer of land ownership and tenancy right In a barrio in Laguna, Phlillppinme 135W-76.
 

Transfer of land ownership Transfer of tenancy riglft 

ValueYear No. Area Current deflated by ValueNo. Area Current deflated by(ha) value rice price (ha) value rit price(US$/ha) index" (US$/ha) index"
(US$/ha) (US$/ha) 

1959  -1960 - 1 1.0 21 117- 1 2.4 18 941961  -1962 1 
-
3.0 905 4112 -1963 1 1.3 1099 4070 1 2.0 2141964 1 3.5 776 794

2425 1965  - 1 3.0 621966 1 2061.0 1571 52381967 - 
1968 1 1.5 

- 1 1.5 67 2222571 85711969 3 3.91 0.8 2095 5820 87 265 
1970 1 2.0 3 2.5 140 3891357 3878 4 6.4 3001971 8161 2.; 1429 3322 1972 2 1.4 1735 3098 4 5.01973 186 3321 1.0 2143 2551 21974 3.5 41- 525- 2 3.1 5881975 1 0.4 6122229 22291976 -

4 5.1 581 581- - 1 1.2 952 952 

'The rice price index used Isthat ofsouthern Tagalog area, 1975 1.00. No change in price is assumed from 1975-76, based on thesurvey data. Philippine P7 = US$1. 
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Table 9. Diffusion of game system in a barrio In Laguna, 

Phillippines, 19W-76. . 

Employers' side Employees' side 

Farmers Farr.,ers Gama Landless 

Year adopting (total workers workers 

no.)gam( (no1) (no.) (total no.)
(1) (2) (1)--(2) (3) (4) (31..(4)

1959 	 1 
196 1 	 1a1962 2 	 5
196 6 11 
1966 14 46 0.30 21 20 1.05
1968 15 	 23
1970 24 	 26 

1972 33 	 401974 43 54" 0.80 52 40 1.30 
1976 45 54 0.83 66 54 1.22 

by a team of daily wage workers (upatian) 
organized by a leadercalled akab,'ilya, harvest-
ing and threshing wcre done largely ;indergama 
or hlunusan . Other tasks for which the share of 
hired labor was high were land preparation 
based on upalian and weeding based on gania. 

Ganla is the dominant form of labor contract 
for harvesting and threshing, as shown in the 
data for the 1976 wet season (Table 9). From 
1966 to 1976. the number of farmers who ha~e 
adopted the guam system. and the area under 
gama contracts increased almost four times. 
The minimum unit of contract is a paddy field 
(pilapil).Average size of paddy fields was a little 
tinder 0. 1 ha. The contracts per farm averaged 
about eight or nine. and the area per contract 
was 0.2 ha. Employer-farmers made .13 con-
tracts in the barrio in 1976. Contracts with land-
less workers totaled 342 (83%); with other 
farmers, 71 (17%). Contracts with people who 
lived in the barrio totaled 323 (78c); with 

9()those outside the barrio, 90 (22%).
When rice yield per hectare was low arid labor 

was more scarce, the one-sixth share of output 
under the hiuusan system might have rep-
resented a wage rate equal to the marginal prod 

uct of the harvesters' labor. As productivity of 
farming and the labor s pply increased, one-
sixth of the output has become substantially 
larger than the marginal product of labor for 
harvesting and threshing. 

374 IRRI ANNUAL REPORT FOR 1977 

Thegaina system offers an alternative to sinl

ply lowering the harvesters' share as output 

rises. It appears the gama system has been 
adopted rapidly because it allows the adopters 
to equate the cost of the harvesters' share of the 
output to the marginal productivity of labor. 
Market %age rates were imputed to labor inputs
applied to rice production under the gama sys

tern, and the imputed wage costs (based on
actual hours worked) were compared with the 

actual wages of the gana harvester (Table 10).
The close proximity between the imputed wages 
and the actual harvesters' shares tends to sup
port the hypothesis, assuming that the marginal
value of labor is approximately equal to the 
market wage rate. 

Implications of village studies. 
1. 	Village dwelle "searnings came almost ex

elusively from production within the village:
 
80% came from rice. Employment oppor
tunities outside the village are limited. 

2. Expansion of the irrigation system and 
introduction of modern rice technology have 
provided gains ill income and production, but 

Table10. Comparison between the imputed value of harvest
er's share and the imputed cost of game labor, in abarrio inLaguna, Philippines, 1976 wet season. 
La1e 	 on 

Based on Based on 
employers' data employees' data 

No. of working days of 
gama labor' (days/ha): 
Weeding 21 8 
Harvesting andthreshing 34 34 

Imputed cost of gama
labor6 (US$/ha):Weeding 24 21 
Harvestinyj and threshing 53 53 
Total 77 74 

Actual share of 
hariesterse 
In kind' (cavan/ha) 11.2 12.2 

Imputed value7(US$/ha) 72 78 
Total imputed cost of 

gama labor minus -5imputed value of 

harvesters' share (US$) 
"Includes the labor of family members who worked as game 
laborers. "Imputation using market wage rates (daily wage = 
P8 for weeding, Pl1 for harvesting. US$1 = P7. 'One-sixthof outp'it/ha. One cavan - 44 kg rough rice. Imputation using
market ,rices (1 cavan = P45). 



the population has expanded rapidly and the 
proportion of landless laborers has been 
growing. 

3. Land reform has increased the total income 
in the village, but large tenants seem to have 
captured the major benefits. A patron-client
relationship has developed through both the 
subleasing arrangements and through the 
contracts between tenants and landless 
laborers. In the short run, this may have 
assisted the landless in receiving some share 
of rice productivity gains.

4. 	In the long run, if present trends continue, 
farm size will decline further and landless 
laborers will continue to increase in number 
relative to farmers. Real wages will decline 
and the value of tenancy rights will rise, widen-
ing the income gap between farmers and land-
less workers. 

5. There are few opportunities for employment
outside the village. Employment within the 
village must be encouraged through the 
intensification of both rice and nonrice pro-
duction. 

6. There seems to be ample opportunity for 
increasing both rice and nonrice production.
But it requires capital investment to improve
irrigation and drainage and to improve land 
and facilities for vegetables and livestock. A"
large potential for building such capital seems 
to exist: village labor, which remains idle dur-
ing the slack months of rict.farming, can be 
mobilized. Indeed, a critical question for the 
development of the village economy ishow to
organize village labor for capital formation. 

PROSPECTS FOR ASIAN RICE PRODUCTION 

There have been a number of attempts to 
determine whether future food grain availabil-
it), in Asia will meet demand. The projections
of the International Food Policy Research Insti-
tite, the Asian Development Bank, and the 
World Bank differ somewhat in absolute levels 
4)ecause of differences in countries and crops
included and different production and income 
projections. Yet, all the studies indicate that by
1985, production in the region will fall short of
demand by 25 to 40 million t of food grains.

Research on prospects for Asian rice produc-

tion focuses on steps needed to ensure a 
sufficiently rapid growth in food grain produc
tion 1) for the region as awhole, and 2) for indi
vidual countries within the region. This year's
results are based on the analysis of prospects for 
growth in rice production for the region as a 
whole. Past trends are assessed and a model is 
developed to estimate output growth up to 1985 
at specified levels of input availability.

Current food adequacy and recent trends. 
The average per capita consumption of food,
measured in calories per day, changed relatively
little between 1963-67 and 1971-75 for 15 
countries in Asia (Fig. 7). Cereals dominate the
consumption patterns in most of the countries,
but noncereals are particularly important in Sri 
Lanka, Malaysia, and Taiwan. Rice contributes 
an appreciable fraction of total calories in all 
countries, and makes up an especially large por
tion of total calories in Bangladesh, Burma,
Thailand, Laos, Cambodia, and Vietnam. Per
capita rice consumption over the past 10 years 
appears to have risen most sharply in Indonesia. 

Growth in per capita consumption of food is
related to the growth in per capita income 
(Fig. 8). Per capita food consumption increases 
at aslower rate as incomes rise. The availability
of food at approximately 2,000 calories per
capita in many Asian countries approaches the
FAO's estimated requirements of 2,200
calories. However, such a comparison grossly
understates the skewed distribution in food 
consumption within a country, which tends to 
follow the skewed distribution of income. 

Three groups of countries can be distin
guished based on present growth rates in food 
production relative population foodto and
demand: I) those where food production hasgrown more slowly than population (Nepal,
Bangladesh, Indonesia), 2) those where the
food production growth rate has exceeded the 
population growth rate but failed to equal the 
growth in domestic demand (Burma, India. 
Pakistan. Philippines). and 3) those whose pro
duction growth has ,xcceded the growth in 
domestic demand (Sri Lanka, Korea, Malaysia, 
Thailand). 

While food production has increased from 
1.6 to 5% per year in various countries, with 
substantial increases in rice, only in a few cour-
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7. Apparent per capita daily food consumption insome Asian couztries, 1963-67 and 1971-75. 

tries have the increases been rapid enough to 
keep pace with demand. It is. thus. important to 
examine the growth that has occurred, to 
determine its source, and to ask whether it can 
be enhanced in the future. 

Sources of output growth. Agricultur-al out-
put can be increased through the expansion of 
cultivated area or through an increase in the 
productivity of existing land. Crop area changes 
arise from changes in total land area or from 
changes in the double-cropped area. Yield 

o,,,
Pecoa f ,o (cotoutput 

3000 

. .
 
250-0" 

Poo' _/t 

_C_ 

1500 aw _ 
* 1963--67 

?97,-7 

100-

o' 4 o
I 

%>I e ws$) 

8.Growth in per capita consumption and in gross domes-
tic product (GDP) per capita at 1975 constant prices.
Selected Asian countries, 1963-67 to 1971-75. 
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increases are partitioned into increases due to 
irrigation of a bigger portion of the cropped 
area and to greater use of yield-increasing 
inputs, such as new seed and fertilizer. In cal
culating the contribution of fertilizer, it is 
assumed that I kg of fertilizer nutrient pro
duced 10 kg of paddy (rough rice). The con
tribution of new varieties is assumed to be 
embodied in the added fertilizer that madc their 
adoption profitable. 

Following the above method, the sources of 

growth in the Philippines for the past 20 
years were disaggregated (Table I I). In the car
lier period, the major contribution to increased 
production was from irrigation, as reflected in dou
ble-cropping and improved average land quality 
(type of land in Table II), which accounted for 
I.82/' of a total 2.41/(. annual growth. Land 
area expansion and fertilizer were not important. In the later period, the contribution of land 
area bccanie negative, principally because of a 
decline in upland rice area. The contribution of 
irrigation became even more imixrtant, with 
the area double-cropped more than offsetting
the decline in net area. Fertilizer accounted for 
an output increase of 1.5% per year.

Similar analytical procedures and assump
tions were used to estimate the contribution of 



Table 11. Growth rates of production,area and yield of rice and 
their components, Philippinee, 195.73., 

1955-73 1955-65 1965-73 

Annual growth rates (%) 
Production 
 2.86 :..;, i 
Area 1.07 1.24 0.86

Yield 
 1.74 1.10 2.52 

Percentage points attributed 
Area
Physical area -0.17 0.30 -0.83 

Double-cropping 1.24 0.94 1.69Yield 

Type of rice land' 0.84 
 0.88 0.52 
Fertilizer 0.91 1.510.29Residual -0.02 -0.07 0.49 

"Data are from the Philippines Bureau of Agricultural
Economics, Fertilizer Industry Authority. "Reflects changes inthe proportion of land in irrigated, rainfed, or upland paley.
Computed with the following formula: 

-y,(Y, A,,,+ YbAh + Y,1A, + YdA d) 
At + Alb +At,. Aid (Y, - V,,l x G,

where Y = yield, A = area. The first subscript refers to timeperiod (e.g.195-73 = 2), while the second subscript indicates 
type of rice, namely: t = total, a = upland, b = rainfed, c = irrigated first crop, d = irrigated second crop. and G, = annual 
growth rate of yield.' Calculated on the basis of 10 kg of yield for 
1kg of fertilizer. 

land, irrigation, and fertilizer inputs to growth
in production in six other Asian countries that 
had experienced a growth in rice production in 
excess of 2% per year since 1965 (Table 12).
The countries have been ranked by their annual 
rate of production growth. Area change is
divided into irrigated and unirrigated. Unfortu-
nately, available data were not robust enough to 
permit a breakdown of the double-cropped 

area. Yield 9.lowth is attributed to fertilizer and 
a residual . .. 

In five of the seven countries - Pakistan, Sri 
Lanka, Indonesia, the Philippines, and India
the major source of output growth is an increase 
in yield per cropped hectare. In four of thesefive countries (all but Sri Lanka), the level of 
fertilizer input tripled from about 7 to 8 kg NPK/
ha to 20 to 25 kg NPK/ha. In Sri Lanka, the 
fertilizer level also tripled from 25 to 72 kg/ha,but the absolute increase in the amount of fer
tilizer applied was almost 50 kg/ha, or morethan double that in the four other coantries, and 
caused the especially large contribution of fertilizer to output growth in Sri Lanka. 
The procedure shows a large residual for
 

Pakistan, perhaps because drainage and
desalinization are ignored except as reflected inincreased irrigated rice area. The contributionof such investments and other factors is 
included in the residual, indicating their importance for Pakistan. 

The sources of growth in Malaysia and Thai
land sharply contrast with those in the five other
countries. The most significant development in
Malaysia was the expansion of irrigated land,
which accounted for -lmost two-thirds of the 
added production. The expansion was a princi
pal result of the development of the Muda River 
irrigation system, whch increased 'the area of
double-cropped rice. In contrast, Thailand is 
the only country that followed the traditional 
pattern of increasing output by expanding the 

Table 12. Estimated proportion of growth In rice output attributed to components of area and yield for selected Asian countries,mid-1960's to early 1970's.' 

Percentage points attributed toCountry Period Annual ratn
 
of production Area 
 Yield 
growth (%) 

Irrigated Unirrigated Fertilizer' Residual
Pakistan 1965-73 7.9 1.4 0 1.7 4.8Malaysia 1965-73 5.7 3.7 0.1 1.4SriLanka 1965-72 5.6 0.5 

0.5 
0.1 3.5 1.5Indonesia 1965-72 4.8 2.2 -0.3Philippines 1965-73 1.1 1.83.4 1.2 -0.3 1.5India 1.01965-70 3.2 0.6 0.2 1.5Thailand 0.91965-72 2.1 0.2 1.7 0.3 -0.1 

"Production, total area, and yield data are from the US Dep. of Agriculture (USDA), except those for Indonesia and Thailand,which usenational sources. Irrigation data come from national sources. Fertilizer data are estimated from the FAOAnnualFerril. erReview, national sources, and special studies. For more detailed explanation on sources of irrigation and fertilizer data, see Palacpac, "World rice statistics" (IRRI Agricultural EconomicsIDjep., April 1977). "Calculated on the basis of 10 kg yield for I kg of fertilizer. Includes the contribution to yield of improved quality of land due to higher proportion of 4Idated area. 
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Table 13. Growth rates in rice yields InSouth and Southeast 
Asia, 1963-67 to 1973-77." 

Annual 
compound 

growth rates 
Country Rice yield (t/ha) 

1963-67 1968-72 1973-77 1965-70 1970-75 

Bangladesh 
Burma
India 

1.69 
1.54
1.46 

1.67 
1.60
1.65 

1.77 
1.77
1.73 

-0.24 
0.77
2.48 

1.17 
2.04
0.95 

Indonesia 1.77 2.33 2.65 5.65 2.61 
Malaysia

(West) 2.54 2.76 2.94 1.68 1.27 
Pakistan 
Philippines 

1.47 
1.30 

2.20 
1.54 

2.27 
1.69Y' 

8.40 
3.45 

0.63 
2.07 

Sri Lanka 
South Korea 

1.65 
4.26 

2.26 
4.47 

2.32 
5.47 

6.49 
0.97 

0.52 
4.10 

Taiwan 
Thailand 

4.03 
1.93 

4.31 
1.90 

4.36 
1.79 

1.35 
-0.31 

0.23 
-1.19 

"Source of basic data: US Department of Agriculture (USDA), 
except those for the Philippines, which use national sources. 
11973-76 average only. 

rainfed rice area. The low rate of change in unir-
rigated areas in the six other countries suggests 
that expansion of irrigated area - hence 
double-cropping - is the principal source of 
additional production. 

The annual growth in yield for a number of 
Asian countries was estimated to examine the 
possibility that the trend in production slack-
cned after an initial spurt caused by the intro-
duction of new technology in the late 1960s. 
Yields for the 5-year periods 1963-67 to 1968-
72 and 1968-72 to 1973-77 were averaged. 

Most countries sccm to have experienced 
more rapid growth in yield from 1965 to 1970 

than from 1970 to 1975 (Table 13). Sonic nota
ble exceptions are Bangladesh, Burma, and 
South Korea, where yields increased little until
after 1970. The introduction of a new genera
tion of high yielding varicties has boosted 
Korean yields substantially since 1973.

Yield growth seems to have leveled off sig
nificantly in Indonesia, Pakistan, and Sri Lanka, 
the countries that showed the most rapid gain in
the 1965-I970 period. In Thailand, there has 

been a rapid expansion of the rainfed rice area 
over the past 1 years. The increased propor
tion of rainfed to i;rigated lands results in adecrease in aggregate national yields. 

For yields, the pattern of growth in produc
tion and in specified inputs shows considerable 
variability from country to country (Table 14).
Data for the past 10 years are shown separately 
for the period I908-70 and i 970-74 to identify 
possible changes in the growth of outputs and 
inputs. Rice production and change in the irri
gated area arc reported in the table in terms of 
annual compound growth over tile designated 
periods; growth in fertilizer and in area in mod
ern varicties (MV) is reported in annual inere
ments since the level of both was close to zero in 
1965. 

The reasons for the increase or decrease in 
growth seem to vary considerably from country 
to country and suggest that the decline in pro
duction and yield growth that was observed in 
the early 1970's - compared with that in the 
lat: 960's- may be due to temporary flUctua-

Table 14. Annual growth in production, irrigated area, fertilizer per hectare, and area in modernvwrietles1965-70 and 1970-74." 

Annual compound growth rates I%) Average annual increment 

Country Production Irrigated land Other land 
Fertilizer 

(kg NPK/haJ 
Area in MV 

I% of rice area) 

1965-70 1970-74 1965-70 1970-74 1q65-70 1970-74 1965-70 1970-74 1965-70 1970-74 
Pakistan 
Sri Lanka 
India 
Thailand 
Indonesia 
Philippines 
Bangladesh 
Burma 

10.65 
7.39 
3.20 
2.61 
4,92 
3.59 
0.73 
0.49 

1.66 
0.94 
0.83 
0.93 
4.71 
3.99 
1.73 
2.28 

2.10' 
2.93' 
1.56 
0.85 
2.89, 
4.51 

12.72' 
2.02 

0.65" 
n.a.' 
n.a 
0.62 
2.53" 
1.30 
5.73 
3.87 

0 
2.72 
0.33 
3.02 
0.64 

-2.54 
0.05 

-0.61 

0 
n.a. 
n.a. 
0.04 

-4.36 
1.45 

-0.49 
0.40 

2.73 
5.50 
2.28 
0.78 
2.37 
2.31 
0.45 
0.61 

1.33 
20.40 

1.05 
-0.23 

4.41 
1.66 
0.20 
0.40 

7.32 
1.67 
2.42' 

0.20' 
3.70" 

10.06 
0.92 
1.0' 

0.92 
12.55 

3.75 
1.52 
7 35 

.80 
2.50 
0.65 

"Sources of production, irrigation and fertilizer data are the same as in Table 12. Modern varieties data are from D. Dalrymple,Development and spread of high yielding varieties ofwheat andrice in the less developednations (USDA, August 1976). 'AssumeIG0% of riLe area is irriated.. This refers to time period 1965-69. "Data not available.' 1964-70. '1968-70. ,This includes rainfed area.
"1967-70. 'This refers to boro crop area. '1966-70. 
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tions rather than to long-term trends. The MVR: Y.2 = 1400 + 15F2 - 0.1 IF.,: (2)
 
favorable supply-demand situation prevailing in
 
Asia during 1976 and 1977 lends further crc- TVI = 2000 + I IF. - 0.13F:," (3)
 
dencc to this view.
 

A model of rice output growth. Rice output TVR Y4 = 1400 + 9F4 - 0.16F," (4)
has grown at somewhat more than 2.5% yearly 
over the past 10 years, but as previously noted, Th. functions are based on national farm survey 
doubts have been raised as to whether this rate data in the Philippines and experiment station 
can continue. To shed light on this question, a data adjusted by observed differences between 
simple aggregate model of rice output growth survey and experimental data. Upland and 
for South and Southeast Asia has been deep-water rice are assumed to be unresponsive 
developed. The model incorporates the input- to fertilizer application under present tech
output relationships for land, labor, fertilizer, nology.
irrigation, and technological change. The Wien the levels of fertilizer, modern vari
investment cost associated with each source of eties, and irrigation for a particular year are 
growth isdeveloped. The model begins from the known, the resulting production is calculated 
base year 1974 and projects to 1985. using these functions. Assuming market 

The model isnot intended to realistically rep- equilibrium, the marginal productivity of fer
resent the situation in each country, rather the tilizer applied to each type of rice will be equal 
country data are used as components of regional to the ratio of the price of fertilizer to the price 
totals. Results of this analysis suggest the mag- of' rice. If available fertilizer is not enough to 
nitude of regional investment that would be permit this, then theavailable supply will be allo
required to obtain alternative rates of output cated in some way. The maximum possible pro
increase. duction from the available fertilizer would be 

The model works as follows: I) input-output obtained if the fertilizer is applied so that its 
relationships are specified, 2) inputs are pro- marginal product isequal on each type of rice. 
jected to 1985 and the implied growth in output The model uses this approach as follows. If one 
calculated, 3)an estimate ismade of the annual unexploited source of growth is from higher 
investment cost for inputs. By varying the rate rates of fertilizer application, this implies that 
of input growth and the assumed rate of tech- the present rates do not equate the marginal 
nological change, alternative solutions can be productivity to the price ratio. Thus, the margi
generated. 	 nal products will be equated to aconstant. saya, 

Inpui-outpiit relationships. In this model, which isthe shadow price of fertilizer interms of 
output is assumed to grow either through an rice - the real marginal value of fertilizer 
increase in yield or intensification of production applied to rice. 
per hectare. This is in keeping with our earlier The rice areas devoted to modern varieties 
observation that rice output growth over the (equations I and 2)and to irrigation letluations I 
past 10 years has been accomplished previously and 3) are increasing over time. Irrigation adds 
in this manncr (Tables II and 12). to increased production through both yield

Rice yields can be increased through the increase and increased cropping intensity. It is 
adoption of modern varieties (MV). application assumed that irrigation increases the area 
offcrtilizer (F). and expansion of irrigation. The devoteJ to rice through double-cropping equal 
coniplemenary relationship among these mod- to 30% of the net area irrigated. 
ern inputs iscaptured in four fertilizer response Technological change is also occurring 
functions for irrigated (I) and rainfed (R). mod- gradually. further increasing the yield response. 
ern (MV), and traditional (TV) varieties, which From data on expenditures for research and 
form the core of the model: extension in Asia over the past 10 years. it is 

estimated thai an investment of US$350 million 
'MVI :Y, = 2200 + 18I" - 0.09 1 , (I) 	 has been required to generate and spread the 

present modern varieties that produced a 
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response function with a two-thirds greater 
slope (equation I vs equation 3). The conserva-
tive estimate is that an additional US$100 mil-
lion investment in research and extension over 
the next 10 years would increase the slope 
(marginal productivity) by 15%. This is the 
assumption made for those solutions that incor-
porate technological changes. 

Labor will continue to grow through the pro- 
jection period. The impact of added labor input 
on output is not incorporated explicitly into the 
model. However, it is assumed to contribute 
0.3% growth in rice output per year, the differ-
ence between the rate of output growth 
observed in the 1963-74 period and the rate 
projected on the basis of other inputs, 

The assumptions of the model are sum-
marized as follows: 

* 	Land in rice * Geographic area for 
1975-85 is constant. 

* 	 Upland and deep-%.ater 
areas are constant. 

* 	 Irrigation Irrigated area depends 
on investment. 

e 	 30% of irrigated Intd is 
double-cropped. 

* 	Varieties * MV are planted on 90% 
of irrigated land by 1985. 

* 	 MV are planted ol 301 
of rainfed land by 1985. 

• 	 Fertilizer * 20 kg/ha nutrients were 
used in 1974. 

* 	 Demand grew by 12% in 
1975. will grow by 8 4 in 
1 185. 

* 	 Fertilizers may be 
imported or domestically 
produced. 

* 	 Yield response depends 
on irrigation and fer-
tilizer type. 

" Fertilizer rates* 	 Fertilizerratesdependon 
per hectare total amount available 

and economic behavior 
of users. 

" Research 	 Research changes the 
response to fertilizer, 
raising the response func-
tions by 15%. 
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* 	 Labor * Labor contributes 0.3% 
annual rice output 
growth. 

Input projections. Input projections for mod
ern varietics, fertilizer, and irrigation were 
based to a large degree on recent trends (Table 
14). Modern varieties were projected to cover 
90% of the irrigated area and 30% of the 
rainfed area by 1985. On the basis of projec
tions of fertilizer use by the international fer
tilizer division of the Tennessee Valley Author
ity,(TVA), fertilizer consumption was projected 
to be 12rl in 1975 and to decline to 8% by 
198i. An alternative projection usit a 12% 
rate that declines to 9.5% in 1985 was also 
tested. 

Gross irrigated rice area grew 2 to 3% over 
the past 10 years (Table 14). Alternative pro
jections of output are derived from the model 
using a projected growth in irrigation that 
ranges from 1.551 to 3;. 

Invesiltett costs. The investment cost of the 
agricultural growth actually achieved between 
1963-67 and 1968-72 is calculated in Table 15. 
All costs are shown in US dollars at constant 
1975 prices. Investments are for fertilizer pro
ductien, irrigation expansion, and research
extension. Because of the considerable range in 
investment costs that exists in the sources used, 
a low and a high estimate for fertilizer and irri
gation are shown. 

Fertilizer can be either produced domesti
cally or imported. Under a perfect market and 
equilibrium. the cost of domestically produced 
and imported fertilizer would be equal. But 
because of market imperfections, it is likely that 
fertilizer can be produced within the region at a 
cost lower than the import price. TVA projec
tion of fertilizer prices and costs leads to the 
assumption that urea can be produced domesti
call), for US$100 to US$109/t and imported for 
US$150 to US$250. Triple superphosphate can 
be produced domestically at US$138 to 
US$253/t or imported for US$250 to US$350. 

The cost of additional irrigated land is 
assumed to range from a low of US$1,000/ha to 
a high of US$1,300 according to information 
trom the Asian Development Bank and the 
World Bank. The cost is expected to be higher 
in the next 10 years than in the past 10 because 



Table 15. Eadmtlon of costs as oclated with Increased Input use for .reased rice production achieved, nine Adean countries. 
1963-7 to 1SU-7. 

Annual Annual additional 
Investment current costeh Five-year costs 

Input Cost Av. Unit cost (US$) (million US$) (million US$) (million US$) 
range annual 

increase Capital Current Domestic Foreign Domestic Foreign Total DomesticForeign 
invest- cost 
ment 

Irrigated land Low 
Irrigated land High 
Fertilizer, urea Low 
Fertilizer, TSP Low 
Fertilizer, urea High 
Fertilizer, TSP High 
Fertilizer, urea Low 
Fertilizer, TSP Low 
Fertilizer, urea High 
Fertilizer, TSP High 
Research-extension 

638,000 ha 
638,000 ha 
232,000 1" 

77,000 t 
232,000 t 

77,000 t 
0.47 units' 
0.23 units' 
0.47 units 
0.23 units 

1,000 
1,300 

0 
0 
0 
0 

187 M 
78 M 

190 M 
133 M 
43 M 

10 
20 

150" 
250" 
250" 
350"1 
60' 

132' 
70' 

2431 
O 
h 

319 
415 

0 
0 
0 
0 
0 
0 
0 
0 
331 

319 
415 

0 
0 
0 
0 

87 
18 
89 
30 
10 

6 
12 

0. 
0 
0 
0 
7 
5 
8 
9 
0 

0 
0 

35 
19 
58 
27 
7 
5 
8 
9 
0 

3,280 
4,330 
525 
285 
870 
405 
649 
190 

685 
435 
215 

1,685 
2,255 

0 
0 
0 
0 

105 
75 

120 
150 
165 

1,595 
2,075 
525 
285 
870 
405 
544 
165 
565 
285 
50 

"Source: Fertilizer data - Tennessee Valley Authority, National Fertilizer Development Center, An Appraisal of the Fertilizer Marketand Trends in Asia, Muscle Shoals, Alabama, June 1975. 'The additional amount must be cumulated so that the 5-year total of theadditional costs equals, in the first year, the first year addition; in the second year, the second yearaddition plus the first year addition,etc. 'Annual increase of 139,000 nutrient tons converted to urea and triple superphosphate (TSP) assuming I of fertilizer is urea, I IsTSP, "All fertilizer is imported in these cases, 'Oneammona-urea production unitwillproduce495,000 turea/year. About 1 unit every 2years would meet the needs. 'Cost per ton of producing the fertilizer, excluding capital depreciation and interest, assumed halfdomestic, half foreign. 'One TSP production complex with phosphate rock grinding and sulfuric acid plant will produce 340,000 tTSP/year with investment cost ranging from 78 to 133 million (TVA, p. 99). 'Assumed to be entirely an investment. Arbitrary brejk
down between domestic and foreign. 

most of the lower cost sites are already Under these assumptions and using the data 
developed, in Table 16, the model estimates an average

It has been noted that research-extension annual level ot output of 112.1 million t of rice 
investment will increase by about 30% over that (paddy) production compared to reported
in the previous decade. The annual investment average actual production - as estimated by
is assumed to be US$43 million. the US Department of Agriculture - of 11!. 1 

Model verification. To test the reasonable- for 1963-67. The model estimates the 1968-72 
ness of the model, the actual levels of i puts in output as 130.2 as against the reported output
the countries of the region for the 5-year aver- of 129.5; the 1973-74 estimate is 143.4 as 
age periods 1963-67 and 1968-72 were used for against the reported output of 142.9. 
estimating production in tOIL model (Table 16). The shadow price ratio of fertilizer (nutrient)
Data on land. irrigation, modern varieties, and and rice (paddy) implied by the model exceeds 
fertilizer on rice were derived for the 5-year 6.5 for both verification periods. Market priceaverage periods centered on 1965. 1970, and ratios in most countries were 4 or lower duringthe 2-year average of 1973-74. It was assumed the period. This suggests that, on the average.
that in 1963-67, the modern varieties were for theregion the rate of fertilizer applied to 
planted only on irrigated land; and that by rice below the equilibrium level and that-as 
1973-74, 90% of the area in modern varieties ritabl so e ei r fur th 
w~as wasThrriatedares o uplnd profitable existed furtherirrigated. Thle areas of upland andnd dep-deep- scope for outputincreases from highler rates of fertilizer. 

water rice were assumed to ienain constant. in 
the 7 countries tbr which irrigation data were Investment levels for the 4-year period
available, the irrigated rice area grew 75% as 1963-67 to 1968-72 are reported in Table 15. 
rapidly between 1968-72 and 1973-74 as it had Annual growth in inputs, annual growth in pro
in the previous 5-year period. Assuming the duction, the implied N to rice price ratio, and 
same proportional rate for all countries gave the annual investment requirements are shown for 
I.8%, rate of irrigation growth used for the see- the two verification runs in the first two rows of 
ond validation period. Table 17. 
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Tablell. Area, irrigation, modem varieties and fertilizer used in rice production in South and Southeast Asia, 1973 to 1974." 

Fertilizer applied to 
Total rice area Irrigated rice area Modern varieties area rice 

(thousand ha) (thousand ha) (thousand he) (thousand nutrient tons) 
Country 1963-67 1968-72 1973-74 1963-67 1968-72 1973-74 1963-67 1968-72 1973-74 1963-67 1968-72 1973-74 

Ind'a 
Bangladesh 
Indonesia 
Thailand 
Burma 
Philippines 
Pakistan 
Malaysia 
SriLanka 

35,886 
9.311 
7,249 
6,153 
5,019 
3,159 
1,373 
399 
597 

37,333 
9,745 
8,078 
6,941 
4,958 
3,183 
1,523 
515 
627 

38.,302 
9,900 
8,625 
7,398 
5,143 
3,544 
1,624 
587 
574 

13,413 
5001 

5,739 
1,706 
667 

1,102 
1.373' 
167 
359 

14,498 
910' 

6,616 
1,780 
737 

1,374 
1,523' 
375 
403 

1,106' 
7,220 
1,819 
858

d 

1,447 
1,624' 

442' 

894 
34 
0 
01 
3 

392 
2 

65 
0 

5,539 
513 

1,039 
108 
177 

1,556 
547 
161 
73 

10,249 
1,515 
3,270 
425 
292 

2,217 
634 
219 
360 

279 
20, 
64 
22 

6 
24 
11 
19 
15 

715 
43 
167 
52 
21 
61 
33 
32 
33 

869 
50" 

285 
49 
29 
83 
41 
49' 
65 

Total 
Growth rate 

69,146 
-

72,903 75.697 25,026 
1.1% 1.1% -

28,216 30,035' 1.390 
2.4% 1.8%, -

9,713 19,181 460 
38.9% 19.4% -

1,157 1,520 
18.5% 7.8% 

Seven-country 
total* 

Growth rate 
32,663 34,943 36,821 11,254 

1.3% 1.5% -
13,315 14,516 

3.4% 2.5% 
496 
-

4,101 8,572 
42.4% 21.1% 

166 
-

409 
18.0% 

586 
10.3% 

"Sources ofdata are the same as for Tables 12 and 14. 'Data are for th6 area planted to boo rice, which is irrigated. 'Assumed equal 
on an estito 32% of total fertilizer, the corresponding figure for India. 'Al rice area in Pakistan is assumed to be irrigated. 'Based 

mate of the growth in net irrigated ares. 'Projected at 20% of total fertilizer for the country, projected from two previous periods 
whtn it was 30% and 23%. sProjection based on growth rate of 9% in countries for which data are available, compared to 18% in 
previous 5-year period. ABangladJsh through Malaysia. 

Table 17. Projected rates of increase of irrigation, fertilizer and technology, and associated output growth and investment 

required, South and Southeast Asia, 1974-85. 

Outputs of the model 

Annual investment (million US$)Inputs to the model 

Run' Irrigated Fertil- Produc- Implied Low costs High costs 

no. area izer tion N: rice 
(%/yr) (%/yr) (%/yr) shadow Imported Domestic Imported Domestic 

price fertilizer fertilizer fertilizer fertilizer 

Verification 

1133 

V2 1.8 7.8 2.8 6.9 715 742 768 773 
Vl 2.4 18.5 3.0 6.6 861 866 1164 

Projections with inputs increased 

1237
1 1.5 12-8' 1.6 1.4 1072 960 1530 

2 2.0 12-8 1.8 1.8 1252 1140 1768 1475 

3 3.0 12-8 2.3 2.6 1641 1529 2256 1963 

4 3.0 12-9.5 2.4 0.8 1754 1619 2435 2080 

Projections with improved technology and inputs 

5 1.5 12-8 2.5 5.F 1272 1160 1730 1437 

6 3.0 12-8 3.0 6 3 1841 172, 2456 1963 

'MV covered 6% of irrigated rice land in 1963-6", 33% in 196J-72, and 57% in 1973-74. They are assumed to cover 90% of irrigated 

and 30% of rainfed land by 1985. IV = verifice:,on run. V1 covers the 5-year period 1963-67 to 1968-72; V2 covers the 3j-year period 

1968-72 to 1973-74., Fertilizer applied to rice was at 12%/yrar in 1974; that rate will have gradually declined to 8%/year by 1985. 
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Projections to 1985. In runs 1, 2, and 3, theirrigated area was assumed to increase at 1.5, 2,and 3% annually (Table 17). Fertilizer use grewat 12% in 1974, then would gradually decline toa rate of 8% annual growth in 1985, as pro-jected by TVA. In run 4, irrigated area grows at3% and fertilizer demand grows slightly morerapidly than projected by TVA. Runs 5 and 6 
assume that farmers' fertilizer productivity isincreased 30% through research and extension.

Runs I througlh 3 show the effect of 'fferentrates of irrigation expansion with the base rate
of fertilizer growth and constaa, technology.
With a 1.5% annual rate of increa;e in irriga-tion, output grows at 1.6%. A 2% annual
increase in irrigation pushes output growth toI.8%/year, while a 3% growth rate of irrigation
increases output growth to 2.3%. All three rates are below the observed rates of output growthduring the verification periods, and all entailsubstantially higher rates of annual investment
for irrigation and fertilizer, 

Because of the large investments and scarcereal resources (engineering talent and appro-
priate sites) needed for irrigation construction, itis unlikely that irrigated area could grow much 
more rapidly than 3 %/year. At these rates, the
increased irrigated area and the accompanyingdouble-cropping together with fertilizer will not
be adequate to meet the projected demand for

rice. 


Use of fertilizer in the first three runs makes a
substantial contribution 
 to output, but addi-

tional fertilizer pushes the per hectare 
rates tolevels where the marginal productivity of fer-tilizer is low. In fact, the implied fertilizer:rice
shadow price ratio is2.6 or below, a level lowerthan that which has prevai! d historically in 
most Asian countries. 

Run 4, which has higher growth rates of fertilizer use, shows the futility of trying to push
rice growth only through that route. The margi
nal productivity of fertilizer falls below thelevels of the first three runs and so the pricenecessary to induce farmers to use all the available fertilizer isabout half the level of the previous runs. Such a price would entail large fer
tilizer price subsidies. 

Techaological change is expected to increase
the productivity of conventional inputs likeirrigation and fertilizer, but the exact relation
!ihipand mechanism are uncertain. In runs 5 and6, it is assumed that an additional US$100 million investment in research and extension peryear will raise productivity as discussed above.This assumption, while based on the best avail
able data, is highly tentative. 

Implications. The implications of this set ofprojections are sobering. The model's projec
tions imply that in the absence of technology
change, it will be impossible for production to grow fast enough to meet demand even with thelevel of annual investment twice as high as thatof the past decade. Added investment
research and extension does accelerate the

in 

growth in output, but a high level of investment 
is still required. 

The results s'.,ggest that continued reliance onfertilizer and irrigation as major sources of ,ut
put growth is likely to bL extremely costly u ilesssteps can be taken to increase the productivity
of these inputs. This can be accomplished only
through further emphasis on reseirch ,,ndextension that will 1) clo;e the gap betwce".
potential and actual yields with present tech
nology, and 2) raise the potential by developing
and disseminating better technology. 
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ENVIRONMENTAL DESCRIiFION 

Landscape-related field hydrology. The time afield retains standing water determines its 
potential for growing two lowland rice crops.
Within a given rainfall class, landform and soil 
texture - and irrigation - modify water 
regimes. In an exploratory analysis, the flooded 
status day (FSD), any day on which there is 
standing water on the field, was used to indicate 
the duration when standing water could be kept 
on fields in several important land units within 
the Pangasinan and Iloilo land systems.

For Pangasinan and Iloilo, I ",and 15 separate 
models, respectively, were computed, using
classification data to explain variations in 
observed FSD. For Iloilo rainfcd land units, a
trend toward decreased frequency of FSD when 
progressing from waterway position to high sideslope positions was apparcnt. The major differ-
ences between rainfcd units occurred after the 
16th week. There was little difference between 
the medium and high side slope regimes, or 
between the plateat and low side slope regimes.
Irrigation, when used, greatlv increased the fre-
quency of FSD after the 16th week. FSD esti-
mates for fields with medium- or light-textured
soils were much lower than those for fields with 
heavy-textured soils, 

Land-related factors that modified the effect 
of rainfall distribution on FSD regimes in 

Pangasinan were water table depth class, irriga-

tion class, and surface drainage class. Water 

table depth was the major factor differentiating

land units. Land units with shallow water table 

had earlier increases in FSD frequencies and

broader intervals of peak FSD frcquencics than 

units with 
 deep water table. Fields located
within relative depressions (broad, natural sur-
face drainageways) did not have greatly pro-
longed FSD regimes, as previously assumed,
Irrigation differences were cxpresscd more 
clearly. Within the shallow-water-table sector,
tihe major irrigation difference arose between 
land units near free-flowing wells and the
rainfed or partially irrigated units. 

Plant protection. 3tudy of current pest man-
agement practices of farmers identified the 
main obstacles to adequate control of insects 
and diseases as a general lack of awareness of 
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pest problems, leading to inappropriate timing 
or pest control practices, and use of a sublethal 
dosage of pesticides.

The important insects and diseases recorded 
for nine crops were I) tungro, yellow and white 
stem borers, rice caseworm, rice bug, rice leaf 
folder, and green-horned caterpillar for rainftd 
lowland rice; 2) no serious pest problems for 
upland rice; 3) Asian corn borer for corn; 4) 
corn carworm forsorg/ttn; 5) powdery mildew, 
bean fly, flea beetle, corn earworm, black bean
aphid, leafhopper, and bean pod borer formang
bean; 6) bean fly, flea beetle, corn carworm,
black bean aphid, leafhopper, and bean pod
borer for cowpea; 7) bean fly, flea beetle, lima 
bean pod borer, and soil-borne diseases forsoy
bean; 8) black bean aphid and soil-borne ihs
eases forpeanut; and 9) sweet potato weevil for 
sweet potato.

Labor conditions and pattern performance.
Cropping intensity and. hence, higher incomes 
in South Sumatra wcre found to be constrained 
by insufficient family labor for conducting all 
the crop work (luring peak seasons. 7Ae gotong 
royong labor exchange system partly relieved 
the labor constraint but labor hiring was still 
necessary. L.abor hiring was so constrained by
cash availability that an improved production
credit system would allow substantial in
crease in income, especially in IoN%land rice sys
tems where labor requirements were concen
tratcd in short periods. New mu!tiple cropping
technology for lowland rice land in South
 
Sumatra appeared promising, but the upland

patterns needed improvement. Fxperinents

also showed that yields of present patterns can

be increased by more efficient application of 
present levels of input.

A method of computing seasonal labor 
opportunit) costs based upon cash and in-kind 
payments to crop laborers was developed for 
use in routine cost and returns analysis. A wage
schedule based on data from Cale, Batangas,
Philippines, was significantly correlated with 
total labor use. 

Baseline conditions for measuring research 
impact. To measure the impact of developing
and introducing new cropping patterns, a1 
baseline survey farmers Manaoag,of in 
Pangasinan, a cropping systems research site, 
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was analyzed to identifN tli levels of farm 
income, income distribution. cropping intensi-
ty, and other factors in target sites before 
research takes place. Net incomes foundwvere 
to be lower in cropping systems where land 
and water conditions imposed difficult\ for 
tilage between successive crops. Farmers till-
ed the poorly drained lowland sils only once 
a year and planted a single rice crop or a 
single rice crop followed by mung bean rice 
broadcast on top of the so'l. 

DESIGN OF CROPPING PAITERNS 

After 2 years of research, tIe proposed crop-
ping patterns were reduced to i I for Iloilo and S 
for Pangasinan. In Pangasinan the wet season 
sets in gradually, and many soils require heavy 
rainfall accum ulation before the\ retain stand
ing water. To determine the feasibility of early 
rice crop establishment in that ,ittiatioi and any 
resulting advantage for tlC Sccond rice crop. drV 
seeding was gi\en priority as the establishment 
method for the first crop in rice-rice-upland 
crop patterns. Wet-seeded rice was emphasized 
in Iloilo because onset of rainfall was less prc-
dictable but more abrupt. and the heavy-
textured soils easily retained water, 

Designing rice-based patterns for production 
complexes. The expected field durations of the 
rice portions of patterns with t'wo rice crops or a 
main rice crop plus a ratoon crop were com-
pared against crop year (CY) 1.76-77 flooded-
status-day regimes estimated for three Iloilo 
land units. The results suggested that for the 
rainfed plateau and plain units, patterns con-
taining tw(; 100-day rice crops would be more 
risky,and no more rewarding than patterns con-
taining a main crop plus ratoon. For partially 
irrigated plateau units, a pattern with two crops 
of I25-day rice crops clearly appeared more 
productive and profitable than patterns with 
either two 100-day varicties or a long-duration 
main crop plus ratoon. 

Determining insect and disease pest control 
recommendations. Insect and disease control 
recommendations for preproduction trials were 
determined by a process of selection, adaptation,
and evaluation of national recommendations at 
each Philippine cropping systems site. The final 

pest control reconuiendations were tailored to 
farmer resource availabilities and managerial 
capabilities as determined from data compiled. 

lurnaround in rice-rice cropping palterns. 
Case studiesof'farmers'poweraiid laborutilr a

0ion during turnaround period,, beteen rice 
crops indicated that adequately irrigated areas 
can practice triple rice cropping with present 
resources. Long turnaround times in one *ri
gated area \were related to the farmers' reluc
tance to gro\ three crops of rice per year 
because of high irrigation cost or undependable 
water supply. In a rainfed Iloilo site, long turn
around times reduced rice yields of the second 
crop on high elevation sites by as much as 700 
kg for everv 10 days of delay. 

TI-SIN( O01: R()IPPI N(I PA I, RNS 

Iloilo tests. In CY 76-77, 17 alternative 
cropping patterns were designed for Iloilo 
land units. The patterns fell into six general 
groups. Tw, groups w\ere designed for unflood
ed land unit. and four for land units \ith 
various durations of subriergence. Early heavy
rains caused shifts in many of the proposed 
cropping Iatterns. ltowvccr. the shifts that 
occurred were mainl in the method of estab
lishment of the first rice crop. although accunlu
lation of excessive water precluded'corn estab
lishment. Because rice seedlings %erenot avail
able. 17 of the 26 proposed patterns containing 
transplanted rice (TPR) were shifted to wct
seeded rice (WSR) to take advantage of the 
early rain. 

Yield comparisons between land units 
showed little difference in the first rice crop. 
regardless of landform, irrigation class, or pat
tern group. However, yields of tire second rice 
crop were influenced by water regimes. as gov
erned by either landform or irrigation class. 
Upland crops following two rice crops generally 
suffered from drought. 

The material costs of rice-ricc-upland crop
(R-R-UC) and rice-upland crop (R-UC) pat
terns were comparable across land units but 
those of R-UC averaged only I JS$I 7.S9/ha less 
than those of R-R-UC. Across land units, the 
total returns and returns above variable costs 
for the same pattern group generally increased 
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as tile moisture regime became more favorable, 
Within heavy-textured, rainfed, high and 

medium sid& slope land units, farmers could not 
satisfactorily grow two rice crops and an upland 
crop, but were generally able to meet R-UC pat-
tern requirements. Moreover, the R-UC pat-
tern was more profitable than the R-R-UC. 

Within heavy-tcxtured, rainfed, low side 
slopes and plateau units, farmers were unable to 
succesfully grow the R-R-UC patterns. The 
second rice crop in those units was very sensitive 
to moisture regimes. Of the 23 second rice crops
attempted, 5 were total failures, w-ile the top 5 
yielders averaged 4 t/ha. The outcomes from 
pattern trials on heavy-textured, rainfed, 
plateau and low side slope units showed that 
farmers were able to cope with R-R iequire-
rocnts in the more favorable fields and with the 
R-tJC requirements in the less favorable fields,
but not wit., those of full R-R-UC patterns.

Within the plain and waterway land units, 
only R-R-UC patterns were attempted. Pattern 
performance indicated that farmers in such 
units could cope with the requirements of two 
rice crops, but not with those of the upland 
crops that followed, 

In heavy-textured plateau and plain units 
receiving irrigation for less than 2 months 
beyond the normal end of the wet season (Irrig-
ation 1), farmers easily coped with the R-R por-
tion of the R-R-UC pattern. The abbreviated 
R-R pattern group was more profitable than the 
R-UC. 

For heavy-textured plateau positions receiv-
ing irrigation for more than 2 months beyond
the normal end of the wet season, farmers also 
easily produced two rice crops, but the upland 
crops were often affected by seepage water from 
nearby fields where rice was still growing. 

Of the upland patterns, the corn-upland
crop-upland crop (C-UC-UC) pattern obtained 
the highest return over variable costs followed 
by C-UC and C -4-R-UC. Material inputs for 
upland patterns were higher than those for low-
land patterns, reflecting slightly higher seed and 
fertilizer costs and preharvest labor require-
ments. All three upland pattern groups were 
satisfactorily grown in the trials. However, the 
C-UC-UC pattern, which had the highest return 
over variable cost, required the highest material 
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cost and the most labor, leading to lower returns 
per unit of cash and labor. 

Several management components that mod
ify basic pattern group performance were com
pared with the use of cropping pattern trial data. 
These rodifiers included methods of first and 
second ice crop establishment and upland crop
performance at different tillage levels. Results 
clearly indicate that the farmer-cooperators 
could cope with WSR cultural requirements for 
the first crop, and that WSR resulted in higher
yields and returns. For the second rice crop, the 
TPR method was better than the WSR method 
with respect to yields and returns over variable 
costs. There was little difference in upland ciop
yields regardless of tillage level, but !ower costs 
made less intensive tillage procedures more 
profitable. 

Pangasinan tests. In CY 76-77, 52 Pangasi
nan farmer-cooperators agreed to test cropping 
patterns on a total of 79 fields. The patterns
tested were more intensive than the farmers' 
normal patterns. Pattern intensification was 
derived from the introduction of one additional 
crop in production complexes where only one or 
two crops had been traditionally grown, or from 
increased production in complexes where two 
crops had been grown but at alow level of man
agement. The patterns tested belonged to four 
groups: 

0 green corn-rice-upland crops (GC-R-UC), 
0 rice-rice-upland crop (R-R-UC) or fallow, 
* rice-upland crop (R-UC), and 
* rice-rice-rice (R-R-R). 
The patterns introduced were selected on the 

basis of performance in identified production
complexes during CY 75-76. Thirty-seven pat
terns were located in the deep water-table sec
tor and 42 in th,2 shallow water-table sector of 
the research area. 

As the CY 76-77 season started and the fac
tors that control pattern adaptation in the deep
water-table sector became more obvious, there 
was a shift to more R-UC patterns and less 
GC-R-UC and R-R-UC. But in the shallow 
water-table sector, the shift was toward more 
R-R-UC patterns. In many strictly rainfed 
fields, R-R-UC patterns were shifted to R-UC. 

Average yields of single rice crop patterns in 
both deep water-table and shallow water-table 



units \w'er, about 3.4 t/ha. Between water table 
sectors. :o distinct differences in the ields of 
first rice crops in R-R-I.UC patterns were 
obsened. Howe., r. the second rice crop \\as 
affected by drought in the later gro\th stave. 
vielding an average of 3 t/ha across the rainfed 
and partial', irrigated units of tile deep \water-
table sector. and 3.0 tha in the palrti:ll. i,-ri-
gated shiallo'' \\,later-tablle units. No IR- 'C 
patte rn,, \crc atteipied ol rainfed shallow 
water-table land unit, . 

Crop failures \kere connion on ..ecn corn 
preccdine rice becCii,, of hivy eyarl' rai n. Onl\ 
on the partiall\ irrigated units Mhere internal 
and surface drainag \\ere aIde.qi!ate did the 
corn component appi- ach satisfactory perfor-
n ance ol more ihain half of til lieilds testCd. 

No land unit or pattern group gave a decided 
advalntaige to upland crop, - t'crage relative 
vields rallncdLfrot 3S' ' for crops grown after ai 
single rice crop in the ,ha1lo\x \ ater-t able sector 
to 48"( for crops n\%ni after 2 rice crops in the 
dCp \wl'Lr-ta1ble sector. 

On pirtiall% irrigated. shallow \water-table 
land units. i R-R pattern \%as found most 
profitable in CY 76-77. and \\as also manage-
able for farmers. In the dccp '.'.ater-table sect,)r. 
the green corn compolment of GC-R-UC pat-
terns was more profitable than R-LUC on the 
partially irrigated units. Thelpe rf, rmince of 
R-R-UC patterns in the dCCp \\ atcr-table sector 
was moderatel-uccessful. Farmers attempting 
to go\\ the pattern "\ere able to prodtce 

protitable rice crops and, in some cases, at 
profitab!c upland crop. hioever. a comparison 
of R-R-UC and R-R show-, that returns to the 
upland crop \were only 1.21 times that in the 
deep water-table sector. 

A comparison of planting dateLs showed that 
dry-seeded rice (DSR) patterns were planted I 1 
days earlier than WSR, and I month earlier 
than TPR. Average yields of the DSR crops 
were higlhce than those of either WSR or TPR. 
The second rice crops, all of which were trans-
planted, yielded lowest when preceded by TPP, 
reflecting the late drought stress of the second 
crop. Material costs were highest for DSR, but 
labor costs were higher for TPR. DSR patterns 
had higher returns over variable costs than 
either WSR or TPR. 

The performanct of upland crops in the pat
tern trials showed -anat in CY 76-77. tile tradi
tional fiung bean crop. and co\\'pa and Sor
ghum. which are not connrciall, grown in the 
area. were moderately well adapted to the 
postrice-,.rop en'ironnent in tile Pangasinan 
area, but showed potential for viet increases. 
ReLucedt tillage methods \\'ere adequate to pro
duce profitable upland crops in most cases. In 
farners" present Nstcnis., Iow t illage for n(ung 
bean resulted in as high viclds and profit as high 
tillage. Controlling the bean Ily with proper 
insecticidCs inclcascd nel bean yields and 
prot tlihreCftold. 

Batangas tests. Biai ngas cropping pat tern 
trials sll d Cthe C1 71-136that uplind rice 
reduced harvest labor requirements by two
thirds. CI 71- 136 'ielded 1.5 t/ha higher than 
IJagge as a Sode crop and 1.3 i/ha higher than 
Dagge oil .t corn-i:.:e intercrop. Opportunity 
hudgLting of labor Costs sibstantially changed 
the evalluation of the performance of C 171- 136 
compared with that of the long-used local Dag
g. 

Continuous rice cropping. A model for con
tinuous rice production completed I year of 
operation. Crop yields of 23.7 t/ha gave an 
annual net income per hcclarc of USS 1.8 11 (a 
minthl incone of LUS$151.(it)). Rice produc
tin \-'aried throughout the year but was closely 
related to solar radiation. 

(OMPONENT TECiNO.OGY DE-VELOP-
MENT AND IV'..\LUATION 

Soil and crop management. Flooding for 7 days 
at different growth stages reduced yields of 
mung bean, soybean, and peanut more than 
those of corn and sorghum. The effects of flood
ing on grain legumes differed among the three 
crops studied. The soybean stand and seed 
weight were reduced, the mung bean stand and 
number of pods were decreased, and the peanut 
crop was particularly sensitive to flooding at the 
pod-filling stage. 

A toposequcnce study showed that zero till
age reduced the turnaround times between rice 
and 6 upland crops by 2 weeks in lov-lying 
paddy fields. Peanut yielded less in lower pad
dies than in higher fields and less in zero-tillage 
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than in high-tillage fields. Weed numbers and 
weed weights at time of first wceding wee; sig-
nificantly influenced by topographic position 
and tillage. 

Clark 63 soybean showed a more stable yield 
than TK5 and LI 14 when planted at 14-day 
intervals in a period of shortening day length
and reduced soil moisture. The growth duration 
of those varieties was reduced by 17 days as a 
result of adverse growing conditions. Yield 
component analyses showed that average seed 
weight and number of pods per square meter 
accounted for 66% of the yield differences. 

Yield responses of transplanted IR30 to 
complete (NPK) fertilizer differed substantially 
between the shallow and deep water-table sec-
tors of Pangasinan. Available soil nitrogen was 
much greater in the soil with shallow water table 
and additions of phosphorus or potw.sium did 
not modify crop response to 6") kg N/ha. In the 
soil with deep water table, however, a basal 
application of 30 kg K/ha plus 60 kg N/ha sig-
nificantly increased rice yields o'er a nitrogen 
application alone. 

From experiments in which three levels of 
nitrogen and three zinc treatments were applied 
to a transplanted crop. no zinc response was 
obtained at the shallow water table site. How-
ever, the deep water table site showed a slight 
depression due to zinc. Nevertheless, the rice 
crop respo.'dcd extremely well to nitrogen 
applications with or without zinc at both sites. 
Those responses differed from previous 
responses in the same vicinity, 

The time of cassava planting in the cassava + 
[(corn + rice) cowpea-soybean] cropping pat-
tern was critical for the performance of most 
crops involved in the pattern. The study indi-
cated that it is best to plant the cassava 20 to 40 
days after the establishment of the corn + rice 
intercrop. Cowpea yields were reduced by 80% 
by competition from cassava mainly because of 
poor shade tolerance. 

Row pairing of corn in a corn-rice intercrop
increased the land equivalent ratios (LER) of 
plots in which corn was planted at a distance of 
40 cm or less between paired rows. High corn 
populations reduced rice yields and favored 
corn yields more than they did in previous trials 
with lower corn plant populations. 

Three-and-a-half years of continuous 
monoculturu cropping established varied pat
terns of growth that had inhibitory effeco on 
upland rice and mung bean. Grain yields were 
consistently low after the second crop of upland 
rice, while the growth of mung bean was partly 
affected by season of planting. The sick mung
bean soil tended to recover, however, after sev
eral poor croppings. Preceding crops of cowpea 
and sorghum had no detrimental effects on 
upland rice and mung bean, respectively. 

Weed science. Effect of dry-season land pre
paration on weed grotivh in the succeeding crop. 
When neither fertilizer nor herbicide was 
applied to corn, significantly more but smaller 
weeds grew inthe plot that was previously main
tained as weedy fallow than in all the other 
plots, except those that were 1."aintained weed 
free by cultivation. When basal nitrogen was 
applied, more weeds grew in the weedy fallow 
than in all other plots, except those that were 
maintained weed free with herbicides. 

When herbicides were applied, weeds were 
fewer in tie plot inwhich sweet potato had been 
planted. Plots that had previously been left as a 
weedy fallow had more weed species. 

One week after crop emergence in the second 
trial, weeds were significantly fewer in the plots 
that were left weedy duribg the dry seasons than 
in those that were plowed once at the start of the 
experiment. Significantly more Anaranthus 
spinosus and Portulaca oleracea and sig
nificantly fewer Dactyloctenium aegyptium 
plants grew in the plot that had been plowed
during the dry season than in the plots that had 
received no treatment. 

In Pangasinan, land preparation during the 
dry season had different effects. In three fields, 
weeds were significantly fewer in the plots that 
had bcen kept weed free by tillage during the 
dry season. In one field, previous treatments 
had no effect on total number of weeds; in 
another, significantly more weeds grew in the 
plots that had been kept weed free. 

Uplandrice. The method of land preparation 
(stable seedbed vs conventional tillage) resulted 
in different proportions of the various species in 
the weed flora, but weed growth in the 
unweeded plots was so great there was no crop 
yield. Plots that were weeded once yielded sig
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nificantlv less than tile other plots that had been 
weeded and which used the stale seedbed tech-
nique but no difference was observ'ed when the 
crop was planted immediately after initial land 
preparation, 

DrY-seed d rainfifd Inunded rice. In unweeded 
plots. delay in date of planting from 5 to 27 Nlay
increased the weed weight. In most instances, 
the effect of'initial \eed control \\ ith herbicides 
could not be detected at crop har\est because 
the weeds rapidly grew as soon as tile residual 
toxicitv of the herbicide had disappea red. 

We-sTeled rice. In a trial in \%hich \wet-seedcd 
rice was subjected to four different \\aer 
regimes. the s\eed weight in the tn\eeded plots 
was highest in the plots that \,cre not irrigated 
until 28 days after seedin and loweSt in 1he 
plots that were continuously flooded. Of the 
herbicides used. thiobencarb followed by 2. 
4-D. propanil. and propanil-fenoprop per-
formed well under all water reimes. The yields 
obtained from :ach of the plots generally 
reflected the degree of \weed control ;achieved 
with a particular treatnent. 

Soybean. In a herbicide trial conducted dur-
ing the \vet season when veed counts \\ere 
made I5 days after soybean emergence. w\eeds 
were significantly fewer in the metribuzin-
treated plots than in the butachlor-treatcd plots. 
Weeds were significantly fewer in the 
butachlor-treated plots than in the unweeded 
check. Neither herbicide had a detrimental 
effect on crop growth. 

Effect of inetod ofhnd preparation on weed 
growth in upland crops. In upland crops planted 
after rice in Pangasinan, tillage techniques, 
mulching methods, or weeding treatments had 
no significant effects on the yieldv (fcowpea and 

mung bean. For sorghum, however, the 

unweeded plot always yielded significantly less 

than the weeled plots, 


Competitiveness of upland crops against 
weeds. On the basis of weed weight at harvest, 
cowpea was the most competitive ofseven crops 
against weeds, and rice was the least competi-
tive. The percentage of yield reduction due to 
weeds did not necessarily reflect the competi-
tiveness of the crop against weeds, 

Advanced screening ofherbicidesfor upland 
crops. Pendimethalin was the most promising of 

the herbicides tested for weed control in 
Batangas and at IRRI. Initially the coipound 
was highly toxic to sorghun and soybean and 
moderatelV toxic to rice and corn. Sorghtim and 
corn recovered nd yielded almost its well as th1e 
hand-weeded check, but soybean and rice never 
recovered from the initial setback and vieldd 
less than the hand-weeded check. 

None of tile herbicides tested gave C0lsis
tently good results for all crops at the two sites. 
The best thit can be expected from11 those avail
able is a herbicide that i' selective to on lV t\o or 
three crops. 

Sorrglu1n. Yield losses due to weeds \were 
ireatest whenI;. nitrogen was applied and least 
\when 120 kg N/ha was applied. The \vei lit of 
'Ieeds growing in association with the crop was 
less at close row spacing and high seeding rate 
than at w-idc rowv spacing aid low seeding rate. 
However, neither plant spacing nor seeding rate 
affected crop yield. 

In a herbicide trial on sorghum, most of the 
herbicides caused stand reduction arid burning 
of the leaves. The herbicides gave good initial 
control of grasses and broadleaf weeds but 
failed to control sedges and volunteer rice seed
lings. The herbicidc-treatcd plots yielded le':s 
than the hand-weeded plots. 

Intercroping. The amount of weeding 
needed to ensure optirurnl yields is dependent 
on the crops that are grow\n in the intercrop anid 
the spatial relationship of one to the other. 

1§f'ct of crop rotation on crop and weed 
growth. Among plots that were planted to itng 
bean after sorghum, those that had previously 
been treated with atrazine had significantly 
fewer mung bean plants, indicating a residual 
carry-over of a lethal concentration of the her
bicide. There was no indication that good weed 
control in the first crop resulted ii fewer weeds 
in the unweeded second crop, But there were 
significantly more sedges in the plots that had 
been treated previously with atrazine and 
butachlor, reflecting the results obtained in the 
previous sorghum crop. 

The effect of different degrees of weeding in 
one transplanted rice crop on weedF growing in 
association with the subsequent crop was 
examined in two trials. In the first trial, plots in 
which weeds were adequately controlled in the 
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first crop had fewer weeds in the second crop 
than plots in which weeds were poorly con-
trolled. In the second trial, no significant differ-
ences in weed number or weight at harvest were 
observed as a result of previous weeding treat-
ments. In both trials, the highest yields were 
obtained from the plots that were previously 
well weeded and the lowest, from those that had 
not been weeded. 

In a trial in which the effect of soil and water 
management on weed growth and crop yield 
was studied, the population of Scirpus 
rnaritimus was considerably lower when low-
land rice was rotated with an upland crop than 
when lowland rice was planted continuously. In 
the crop rotation, the population of Cyperus 
rotundus was reduced to 33'4 of that which 
occurred where upland rice was rotated with 
dry-seeded rainfed bunded rice. 

In the wet season, the rice in an upland crop-
lowland rice rotation yielded I t/ha in the 
unweeded plots, but the rice crop in the other 
cropping systems yielded nothing. 

Plant protection. Double-cropped rainfed 
lowland rice developed insect pest problems 
only on the second crop in Iloilo. One 
prophylactic treatment using a systemic granu-
lar insecticide incorporated into the soil fol-
lowed by foliar sprays at 30 and 40 days after 
transplanting gave the highest return. 

There were indications that carbofuran insec-
ticide directly stimulated the plant growth of 
dry-seeded rice, which achieved significant yield 
gains in the apparent absence of pests in 
Pangasinan. 

Reducing the fertilizer input for corn is as 
effective as intercropping in controlling the 
Asian corn borer. 

A well-timed insecticide application using 
high dosages is necessary to counteract the high 
populations ofcornearworm attacking develop-
ing grains of sorghum planted after rice in 
rainfed-lowland environments. The same insect 
caused v -nifiant yield losses (as a pod borer) 
on mung bean in Pangasinan and likewise 
required high insecticide dosages for adequate 
control. 

The presence of rice stubble substantially 
reduced bean fly attack on cowpea following 
lowland rice. This cultural method of insect con-
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trol has been traditionally used by farmers who 
broadcast cowpeas into rice stubble. 

For mung bean, insect control should receive 
a higher priorit' than powdery mildew control. 

Fungicide seed treatment or foliar insecticide 
protection on peanut produces an equal but 
nonadditive yield response. 

In all landforms except river levees, flooding 
during lowland rice culture is an effective cul
tural method in the control of Meloidogyne and 
Rotylenchuhils nematodes attacking grain 
legumes. 

Increasing the number of insecticide applica
tions to a corn + mung bean intercrop under 
moisture stress resulted in higher mung bean 
yields at the expense of corn yields. Highest 
corn yields were in an untreated control. 

Surveys of upland rice cropping pattern trials 
showed light infections of leaf blast in Iloilo and 
of bacterial leaf streak in Pangasinan. In upland 
crops after rice, damping-off (Sclerotiwn rolfsii) 
was associated with poorly drained areas and 
was more common in plots with zero or 
minimum tillage. 

Varietal testing. Dry seeding of upland rice 
and Farmers' Evaluation of New Selections 
Applied Research Trials (FENSART) yield tri
als were conducted at IRRI, Batangas, Iloilo, 
and Pangasinan. Dry-seeding IR.'6 under 
rainfed-lowland conditions gave the highest 
yield (5.01 t/ha) at IRRI. In the upland rice trial 
in Batangas, IR3830-1 gave the highest yield 
(5.64 t/ha) with insect control. C171-136, a 
new variety for cropping pattern testing, gave 
the highest yield (5.48 t/ha) without insect con
trol. C166-133 and IR2058-78-1-3-2-3 were 
the highest yielders in the FENSART yield tri
als at Pangasinan and Iloilo. 

Several varieties of upland crops were eval
uated under upland conditions with high till
age, and under lowland conditions with high 
and zero tillage. The most outstanding entries 
were sorghum D67-4, D67-1, and UPLB-SG 
5; soybean Clark 63, UPLB-SY-2, and Kuro 
Daizu; peanut MI0, Moket, and BPI P9; 
cowpea EG #3 and V59-41; sweet potato 
Jewel; and corn TC #1 DMR (TC #1 Early x 
Phil. DMR 1) F3, Philippine DMR Comp. #1, 
TC #1 DMR x Penjalinan F3, and Early DMR 
Comp. #1. 



PREPRODUCTION EVALUATION 

Results of preproduction evaluation in 1977 
indicated that the rice-rice pattern grown under 
rainfed conditions in the Philippines is better 
adapted to the Visayas and Mindanao than to 
Central Luzon. A method for multilocation test-
ing of new cropping patterns was developed. It 
used nonreplicated 1,000-m production plots in 
selected land types. Results indicated that yields 
from research si!es were similar to those from 
production plots in farmers' fields of similar 
land types. 

Pilot production programs were completed in 
Batangas and Iloilo. In Batangas, 100 ha of sor-
ghum was planted in a pilot area. Yields were 
1.4 t/ha in open fields and 0.90 t/ha under 
coconut palms. Only a few farmers grew ratoon 
crops, which were deemed essential for a 
profitable pattern. As a result, only a few farm-
ers continued to plant sorghum in 1977, indi-
cating that the new technology, as introduced, 
was not acceptable. 

In Iloilo a pilot project named Kabsaka 
brought farmers from 9 barrios into a 2 rice 
crop system on 262 ha. First-crop yields (har
vested September-October 1977) ranged from 
3.5 to 7.75 t/ha. 

CROPPING SYSTEMS NETWORK 

The operational cropping systems network 
research sites numbered three in the Philip
pines, four in Thailand, two in Indonesia, two in 
Sri Lanka, two in Nepal, and one in Bangladesh. 
The two Nepal sites were added to the network 
in 1977. The network concentrated on design 
and testing of cropping patterns in different 
environments. Component technology research 
was conducted at each site. Different varieties 
of upland crops (sorghum, soybean, mung bean, 
peanut, and sweet potato) were evaluated (see 
reports in Cropping systems component tech
nology section). Other major activities of the 
network were training U(research and exten
sion workers, sharing of research information, 
and varietal testing. Training was expanded in 
1977 with 14 M.S. students, 4 Ph.D. students, 
38 trainees in the 6-month cropping systems 
course, and 22 on-the-job trainees. 

The cropping systems working group met 
twice in 1977. There were 28 participants in 
Bangladesh and 26 in Sri Lanka. 

CROPPING SYSTEMS PROGRAM 393 



Cropping systems program 

Environmental description 
Multiple Cropping Departmentand CroppingSystems Components ofEntomology, 
AgriculturalEconomics, and PlantPathologyDepartments 

LANDSCAPE-RELATED HYDROLOGY 396 
FARMERS' INSECT AND DISEASE CONTROL PRACTICES 401 

Rice 403 
Grain legumes 403 
Farmer concepts and practices 403 

PESTS IN UPLAND RICE-BASED CROPPING SYSTEMS 404 
Rice 404 
Corn 405 
Grain legumes 405 
Sorghum 405 

PESTS IN LOWLAND RICE-BASED CROPPING SYSTEMS 405 

Single-cropped rice 405 
Double-cropped rice 405 
Green corn before rice 405 
Sorghum 405 
Grain legumes 405 
Sweet potato 406 

LABOR CONDITIONS AND PATTERN PERFORMANCE 406 
Profitability of new cropping patterns and higher input levels 406 
Seasonal wages 409 

BASELINE CONDITIONS FOR MEASURING RESEARCH IMPACT 409 

IRRI ANNUAL REPORT FOR 1977 395 



LANDSCAPE-RELATED HYDROLOGY 
Multiple Cropping Department 


A land unit is a physical area that is homoge-
neous with respect to soil characteristics, land-
form type, and hydrologic regime. Land units 
generally found closely associated with each 
other comprise a la-id system. Within a given rain-
fall class, several land-related factors affect the 
duration of standing water on land units within 
land systems. The factors are landi'orm, relative 
elevation of the land unit, soil texture, extent 
and nature of the watershed above the land 
units, and the gravity irrigation regime. The 
gravity irrigation network is conditioned by 
!andform and relative elevation. 

The stress day (SD) concept has been used by 
IRRI scientists as an indicator of water avail-
ability for lowland rice (1972. 1976 annual 
reports). In an analysis of factors affecting the 
duration of standing water on a field, the 
flooded status day (FSD) concept - essentially
the reverse of SD - was used in 1976-77. The 
FSD is any day during which there is standing 
water on a field, whereas the SD is any day 
beyond 3 successive days during which there is 
no standing water on afield. Another difference 
isin the application of the two concepts. For the 
1976-77 analysis, the FSD were counted dur-
ing a period of about 7 months, whether or not a 
crop was in the field; SD were counted only dur-
ing a period of crop growth. 

Thus, the FSD concept indicated the period
that standig water could be kept on the field in 
several important land units within the ingasi-
nan and Iloilo, Philippines, land systems. The 
rapidity of FSD increase at the beginning of the 
season, the reliability of FSD over the season, 
and the rate of FSD decline at the end of the 

season should affect pattern performance 

and thereby influence the domain of pattern

adaptation. 


The ielationships between daily observations 
of FSD and several independent land factors 
were analyzed using the crop year (CY) 
1976-77 monitoring data taken from Pangasi-
nan and Iloilo cropping patterns. In the Pan-
gasinan analysis, the numbers of FSD observed 
in 13 3-week periods were used as 13 dependent
variables for a single model containing land-
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related classification factors appropriate for 
Pangasinan as independent variables. In theIloilo analysis, 15 3-week periods were used as 

15 dependent variables for a single model con
taining land-related classification factors 
appropriate for Iloilo as independent variables. 
For both the Pangasinan and the Iloilo models, 
the dependent variables were obtained from the 
number of observed FSD in weeks I to 3, in 
weeks 3 to 5,in weeks 5 to 7, and so forth, start
ing 26 May 1976 A I-week overlap in the pro
cedure was incorporated to reduce the effect of 
farmers' field operations, such as drainage
before harvesting, on the number of FSD 
observed. Therefore, of the 31 weeks of Iloilo 
FSD data, 14 weeks were used twice; of the 27 
weeks of Pangasinan FSD data, 12 weeks were 
used twice. 

The actual CY 76-77 weekly rainfall dis
tribution for Iloilo is superimposed over the 
diagram of the plateau position with estimated 
FSD in Figure 1. Although rainfall distribution 
has a major influence on the observed FSD 
regimes, the other diagrams indicate that 
regimes are modified by landform, soil texture, 
and irrigation class within landforms. In the 
analysis, soil texture was the texture of the hori
zon between 12 and 30 cm deep. It was used 
instead of the surface horizon because it was 
thought to have a greater effect on the estab
lishment of a perched water table. Texture clas
ses were heavy (c, sic, sc), medium (cl, sicl), and 
light (scl, 1,sil, Is, sl). 

Bund position or relative elevation within a 
landform class was found important only for 
side slopes. Estimated FSD frequencies per
week were plotted in Figure 1 for six heavy
textured rainfed landforms. For these rainfed 
land units, a trend toward decreased FSD fre
quency is apparent, when progressing from 
waterways positions to high side slopes. The 
major differences between units occurred after 
week 16, reflecting greater decline in frequency 
for the higher landforms. There was little differ
ence between the medium and high side slope 
regimes, and between the plateau and low side 
slope regimes. For the Iloilo rainfed units, all 
estimates of FSD began with high frequencies
because heavy rains preceded the start of data 
recording. In the lower landforms FSD beyond 
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1. Weekly total rainfall and estimated flooded status days (FSD) for eight heavy-textured 
rainfed and irrigated Iloilo land units, 1976. The rainfall is the same for all units. 

the end of the peak rainy period resulted FS0(a/ ,k) 
because of the surface and base flow from 6 
higher elevations. =,f ] 

For heavy-textured plateau units, irrigation 4 
greatly increased the frequency of FSD after s 
week 40. Irrigation means partial irrigation 2 
months or less beyondf ndaof thewet 2fh sea-
son, and Irrigation II means partial irrigation a, 
more than 2 months beyond the end of the wet 

season. 0 4gI I I I I I I 
Composite estimates of FSD frequency from 

4 raifed fields located on a plateau with
medium- or light-textured soils and from 4 fieldsA pi

with light-textured soils and coarse subsoil 
strata at least 10 cm thick are in Figure 2. The 4 
data indicated that 

* a medium- or light-textured soil hampers
the foriation of a perched water table, 2
 

which, for a land unit with a heavy-tsxtured
 
soil, causes a rapid and e.rly increase in
 

FSD; 0 25t 29 3 7 45 5 
m for a land unit with coarse substrata, rapid w 

and deep percolation isa major factor caus-Complower than average FSD frequencies, 2.Estimated flooded statusdays (FSD) for rigated, light
wingtextureduits side slope with coarl and plateau land 
even when rainfall sufficient to recharge substrata (upper diar)and rainfed, medium-and light
coarse substrata has accumulated and is textured plateau land units. ib, Philippinos. 
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frequent enough to maintain near-
maximum frequencies of FSD on land 
units with medium- and light-textured soils 
over heavy material; and 

S although irrigation water increases the fre-
quency of FSD on a land unit with coarse 
substrata, it is also subject to high percola-
tion losses. 

Statistics for the 15 Iloilo FSD periods are 
presented in Table 1. The data indicate the 
dynamic role of factors over the periods 
analyzed. A decreasing trend in total sum of 
squares (SS) occurred up to the sixth period; 
after the eighth period, the total SS increased 
rapidly, As indicated by the R

2,less variation is 
explained by the first 10 periods than by the 
remaining 4. The intercept started at moderate 
values, increased to high values toward the 
middle of the series, and then rapidly dropped 
to negative values. The changes in total SS, R2,  

and intercept values reflect the dominance of 
rainfal, at the peak of the wet season. 

The extra SS for model variables (the con-
tribution of the denoted variables to the model 
SS, after all other variables are present in the 
model) indicate3 that the role of landscape was 
moderate over all intervals. The relative eleva-
tion of side slope positions was moderately 
important during a few dry intervals toward the 
middle of the wet season and again at the end of 

the wet season. Irrigation played a moderate 
role up to the eighth period and from then 
onward played the dominant role in explaining 
the differences in FSD observed among the land 
units. The influence of a landscape-texture 
interaction was moderated in a few periods but 
was not considered important. 

The actual CY 76-77 weekly rainfall dis
tribution for Pangasinan is superimposed in 
Figure 3. The land-related factors that modify 
the effect of this distribution on FSD regimes 
are water-table depth class, irrigation class 
within the water table depth class, and depres
sions (or broad, natural drainageways) within 
the water table depth and irrigation classes. 
Figure 3 presents estimated FSD frequencies 
for 9 land units during a 27-week period. Water 
table depth was the major factor differentiating 
land units; it divided the area into two sectors
deep water table (Lipit-Pao) and shallow water 
table (Caaringayan). 

On the basis of FSD regimes, the major dif
ferences between shallow and deep water-table 
land units are 1)an early increase in FSD, and 
2) a broader interval of peak frequencies of 
FSD in the shallow than in the deep units. In the 
shallow units much less rainfall is required to 
recharge the subsoil, and the saturated sub
stratum retards deep percolation losses. In 
comparison, a substantial portion of early rain-

Table 1. Noilo fooded status day statistics for periods I to 15, crp yeer 76-77.
 
Extra SSI
 

IRRI 
3-wk Total Model LNDSCP BNDPOS/ BNDPOS/ TEXT2 LNDSCP Error R' Intercept 

period SS. SS LNDSCP LNDSCP & TEXT2 SS 

1 4012 1625 109 (7.01 12 (0.7) 280 (17.2) 485 (29.8) 25 (1.5) 2387 0.41 13.1 
2 2364 1097 125 (11.4) 36 (3.3) 297 (27.1) 294 (26.8) 47 (4.3) 1267 0.46 13.7 
3 1793 723 133 (18.4) 151 (20.8) 131 (18.1) 118 (16.3) 164 (22.7) 1070 0.40 11.3 
4 1628 569 83 (14.6) 93 (16.3) 65 (11.4) 181 (31.8) 140 124.6) 1059 0.35 10.2 
5 1235 458 104 (22.7) 38 (8.3) 77 (16.8) 54 (11.8) 46 (10.0) 777 0.37 15.1 
6 358 156 24 (15.3) 4 (2.5) 27 (17.3) 7 (4.5) 24 (15.3) 202 0.44 18.7 
7 919 640 61 (9.5) 11 (1.7) 114 (17.8) 23 (3.6) 20 (3.1) 279 0.70 19.7 
8 552 235 7 (3.0) 3 (1.3) 60 (25.5) 2 (0.8) 3 (1.3) 316 0.43 20.7 
9 2016 470 10 (2.1) 57 (12.1) 298 (63.4) 25 15.3) 67 (14.3) 1546 0.23 17.1 

10 5156 2867 228 (8.5) 205 (7.7) 1895 (71.1) 33 (1.2) 141 (5.3) 2490 0.52 4.2 
11 6588 3963 261 (6.6) 329 (8.3) 3114 (78.6) 86 (2.2) 6 (0.1) 2624 0.60 -1.5 
12 7558 5793 281 (4.8) 195 (3.4) 4944 (85.3) 92 (1.6) 4 (0.1) 1766 0.77 -3.9 
13 8805 6833 692 (10.) 88 (1.3) 5753 (84.2) 86 (1.3) 35 (0.5) 1937 0.78 -- 4.6 
14 7085 4983 298 (5.9) 108 (2.2) 4278 (85.8) 29 (0.6) 190 (3.8) 2102 0.70 -4.3 
15 4894 2914 40 (1.4) 3 (0.0) 2683 (92.1) 37 (1.3 25 (0.9) 1980 0.60 -3.2 

Degrees of freedom 

93 21 3 2 10 2 3 72 

'Sum of squares. 'Figures in parentheses represent the percentaqe of SS explained by the extra SS duo to inclusion of the vari
able In the model. NDSCP Is landscape, BNDPOS is bund position, TEXT Is texture. 
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to 47, 1976. 

fall is used to recharge the deep water-table more clearly. The major irrigation difference
units. The soils in the deep water-table sector arises between land units near free-flowing
are permeable, and rainfall rapidly infiltrates wells and rainfed or partially irrigated units.and percolates to deep soil layers. It is apparent The partially irrigated units had higher FSDthat the local irrigation system had no sig- frequencies than rainfed units toward the end ofn~ficant impact on FSD regimes, either early or the wet season. A comparison of the FSDlate in the wet season. The main irrigation canal regimes of nonwaterway land units indicates 
runs along a river levee. Therefore, fields close that the lower positions had higher FSD freto the irrigation canal, which are generally par- quencies, especially when they are rainfed, astially irrigated, tend to have deeper water tables was noted in deep water-table fields. In partially
and faster percolation than the lower lying irrigated fields, the FSD regimes were morefields further from the canal. Furthermore, the favorable as the dry season started, although the
lower fields also receive run-on from higher frequencies were far from ideal.
fields. These two factors help to explain the Soil texture has also been pu, tulated as a facslightly higher frequencies of FSD in nonirri- tor modifying FSD regimes. However, early
gated fields than in partially irrigated fields, models indicated that texture was less impor-Fields located within relative depressions or tant overall than landform differences (water
waterways did not have greatly modified FSD way vs nonwaterway). Therefore, soil textureregimes as had been postulated, although was abandoned as an explanatory variable sorainfed depression units appeared to have that the model's degrees of freedom would beslightly prolonged FSD regimes as rainfall reduced. Nevertheless, composited FSD esti
declined, mates from an early model, which included theIn contrast, within the shallow water-table textural class of the second soil horizon as ansector, irrigation differences were expressed independent variable, are presented in Figures 
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4. Estimated flooded status days (FSD) for heavy- and 

light-textured rainfed, nonwaterway, deep water-table land 
units. Pangasinan, Philippines. weeks 23 to 39, 1976. 

4 and 5 for the two land units having the greatest 
number of observations. The estimates in Fii.-
ure 4 are from nonirrigated. nonwaterway. deep 
water-table land units: those in Figure 5 
from partially irrigated. noiwaterway, shallow 
water-table land units. A comparison of the 
estimates indicates that soil texture altered the 
regimes as expected, e.g.. the heavier soils had 
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5. Estimated flooded status days (FSD) for heavy- and 
light-textured partially irrigated, nonwaterway, shallow 
water table land units. Pangasinan, Philippines, weeks 23 
to 45, 1976. 
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greater average FSD frequencies over the sea
son. However, the major difference among the 
deep water-table units occurred during the rise 
to maximum FSD frequency, while the effect on 

the shallow land units was more general over 
the period analyzed. 

Statistics for the 13 Pangasinan periods are 
presented in Table 2. R2 started at a high level 
and decreased with minor variation through 

periods 4 to 8.which correspond to the inter
val of maximum FSD frequencies. It again 
increased over the last six periods. Except in 
period 4, intercept values steadily increased to a 
maximum in period 8. Total SS decreased to 

8.then increased. Period 4. whose R2 

was lower than expected. corresponds to the 
of FSD frequencies at week 29, which 

was preceded by an interval of low rainfall. The 
general behavior of total SS, model SS. and 
intercept values reflects the influence of rainfall 
distribution on FSD, especially after land units 
have been recharged. The extra SS indicates 
that water table depth was the dominant factor 
explaining the differences betveen land units, 
and that it was most important during the first 
three quarters of the period examined. Irriga
tion played a moderate role in the early weeks. 
(see periods 1-4), minor in the middle weeks 
(see periods 5-8), and major in the last weeks 
(see periods 9-13). However, its impact was 
important only in the shallow water-table sec
tor. Landform played a moderate role as rainfall 
declined (see periods 7- I0). 

Undoubtedly, there are important land
related factors, other than those examined, that 

FSD regimes but have been ignored or 
incorrectly characterized for this analysis. The 
role of the watershed above the land units, with 

regard 	to its extent, landforms, soils, and vege
should be a major factor. The farmer's 

management of his water resources is undoubt

edly another important factor. 
A better understanding of FSD regime 

cynamics within a land system can provide an 
improved base for defining the domain of rice
based cropping patterns. Documentation of the 
regimes on different land units and of the roles 
played 	by factors at different stages of the sea

son forms an important basis for a convincing
communication of site-related res t.rch results. 



Table 2. Pangasinan flooded status day statistics for periods 1 to 13, crop year 76-77. 

Extra SS, 
3-wk Total Model WT IRRI/ LNDSCPperiod SS SS WT IRRI/ Error SS R2 Intercept 

WT 
1 2503 1917 1207 (63.0) 579 (30.2) 131 (6.8) 587 0.772 3624 2466 2121 (86.0) 337 (13.7) 8 (0.3) 158 0.68 

0.9 
3 0.91961 934 546 (58.5) 366 (39.2) 21 (2.2) 1027 0.48 3.64 1685 563 227 (40.3) 308 (54.7) 28 (5.0) 1122 0.33 2.35 2442 1371 1133 (82.6) 104 (7.6) 134 (9.8) 1071 0.56 4.66 2297 834 563 (67.5) 130 (15.6) 142 (17.0) 1462 0.36 9.87 1503 630 425 (67.5) 60 (9.5) 145 (23.0) 873 0.42 12.48 913 316 136 (43.0) 54 (17.1) 126 (40.0) 598 0.35 20.69 2609 1165 451 (38.7) 378 (32.4) 336 (28.8) 1444 0.45 17.810 4343 1781 470 (26.4) 838 (47.0) 474 (26.6) 2562 0.41 11.911 3455 1589 58 ( 3.7) 1339 (84.3) 192 (12.1) 1866 0.46 2.412 2995 1656 482 (29.1) 1084 (65.5) 89 ( 5.4) 1339 0.5513 2310 1256 357 (28.4) 763 (60.7) 135 (10.7) 1054 0.54 

0.0 
0.0 

°Figures in parentheses represent the percentage of model SS explained by the extra SS due to inclusion of the variable in themodel. LNDSCP is landscape, ONDPOS is bund position, WT is water table. 

The performance of introduced cropping pat-
terns on the Iloilo and Pangasinan land units is 
discussedlin the section Testing of cropping pat-
terns. 

FARMERS' INSECT AND DISEASE CONTROL 
PRACTICES 
Cropping Systems Components of Entomology 
and/AgriculturalEconomics Departments 

Traditional beliefs and other sociological fac-
tors may influence farmers' adoption of pest
control practices. A study was designed to 
determine current farmer awareness of pest
problems and the resources used to control 
them, farmers' awareness of various pest con-
trol methods in terms ot acceptance of recom-
mendations made, and possible new pest con-
trol techniques or pest problems from the farm-
ers themselves. A random sample of 36 farmers 
was interviewed at each of 3 Philippine
sites - Iloilo, Pangasinan, and Batangas. 

Most of the 108 farmers (73%) were aware of
the concept of plant resistance to pests. Their 
enumeration of resistant varieties mirrored the 
present status of plant pest resistance in the 
Philippines. Rice healed the resistance aware
ness list at each site - iloilo ( 14 varieties), Pan-
gasinan (25 varieties), and Batangas (4 vari-
eties). One variety of corn - but no mung bean 
or cowpea varieties - was mentioned. 

Farmers were also aware of cultural practices 

to control pests; 96% of them cited -t least I 
method they used. Most frequently cited were 
increasing seeding rate (58%), intercropping
(45%), crop rotation (34%), and time of plant
ing (22%). 

Farmers, however, were not aware of many
biological-control organisms that parasitize or 
prey on the insect pests. No farmer mentioned 
parasites, and few knew the role of insect predators such as lady beetles. In fact, lady beetles 

were considered defoliators. Most farmers 
(70%) recognized birds, spiders, frogs, or 
dragonflies as important predators. 

The farmers used awide range of mechanical 
and physical control methods. Hand picking of 
insects from plants was mentioned by 84%. 
Several methods of rodent and bird control 
were also cited - scarecrows (55%), flags
(57%), tin cans (29%). and crosses (28%).
Other more conventional methods of bird con
trol included suspending twine above the crop,
clapping split bamboo sticks together, and plac
ing bamboo propellers in the fields. 

A high percentage (60%) said they practiced 
at least one of the traditional pest control 
methods listed below. 

Pest control method Pest 
Plant parts as repella ',ts 
or attractants 
Gliricidia sepium 

(Leguminosae) (madre Rice army-
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de cacao) branches 
and leaves, repellant 

Cordiadichotoma(Borgani-
naceae) (anonang) 
branches and leaves, 
attractant, repellant 

Traditional pesticides 
Ash 
Sand 

Smoke from burning 
rubber tire 
Rock salt 
Kerosene 
Soap 

Unfavorable planting dates 
Full moon 

August 

Dates with the 

number seven 


Alarmn mechanisms 
Riding a horse or 
carabao around a rice 
field at twilight 
Circling the field with 
a burning bamboo pole 

Majralor religious 
Invoking spirits that 
control pests 
Offering food (rice, 
eggs, chicken) to 
appease spirits 

Avoiding becoming angry 
with pests (spirits may 
become vengeful) 

Making trial plantings to 
appease spirits 

Blessing seed for planting 
on Holy Saturday 

Reciting prayers while 
circling the field 

worm, rice 
caseworm 

Termite, corn 
downy mildew 

Aphids 
Rice Cercospora 
leaf spot 

General 
White grub 
General 
Aphids 

General 
General 

General 

Rice bug 

General 

General 

General 

General 

General 

General 

General 

Many farmers still invoke spirits that control 
or reside in pests. The most creditable methods, 
however, were the use of parts of plants as 
attractants or repellants, and the use of tradi-
tional pesticides. The most frequently men-
tioned plants were Gliricidia sepium and Cordia 
dichotoma. 

Farmers, however, commonly used commer-
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cial insecticides to control insects. All farmers 
interviewed had used insecticides at least once 
during the year. Less than 15%, however, used 
fungicides to control diseases and only 2% used 
rodenticides. Most farmers (98%) believed pes
ticides increase crop yield but 51% expected 
yield gains of less than 25% from usage. Pes
ticides were considered readily available (91% 
responded affirmatively) but expensive (only 
18% said pesticides were reasonably priced). 

According to 97% of the respondents, the 
farmer-operator rather than the landlord made 
decisions on pesticide usage. Cash to purchase 
pesticides came from personal savings (63%) 
and bank loans (62%) more than from neigh
bors (16%), relatives (12%), or private 
moneylenders (3%). Most farmers (73%) said 
they purchased pesticides at least I week before 
usage and 66% indicated that pesticides were 
specific against a range of pest species. 

All farmers interviewed said they had access 
to knapsack sprayers through either ownership 
(65%) or borrowing from neighbors or relatives 
(33%) or from village cooperatives (11%). 
The majority of farmers (59%) had used 
sprayers for more than 10 years. The availabil
ity ofwater for sprayers was aproblem for 31% 
of the respondents;iwithin sites, the rainfed-low
land farmers of Iloilo (44%) and Pangasinan 
(25%) expressed greater difficulty than upland 
farmers in Batangas (22%). Water for spraying 
was normally hauled to fields on animal-drawn 
sleds, and high bunds, as in Iloilo, hindered 
access to fields. 

Sprayer sizes ranged from I1 to 19 liters, but 
the 15-liter size was most common (54%). The 
farmer-operator provided his own labor for 
spraying (94% of respondents); however, 31% 
said they had hired help from time to time. Most 
farmers (87%) said that no special skills were 
required to spray pesticides properly. 

Safety considerations during pesticide usage 
appeared to be lacking. No farmer knew that 
pesticides could enter the body through the 
skin, but most (69%) took precautions not to 
inhale pesticide spray. The interval from time of 
spraying to safe consumption of the crop was 
more than 5 days, according to 61% of the 
respondents. Only 28% of the farmers stated 
that they feared using certain pesticides, par



ticularly the insecticides endrin (27% of 
respondents), carbofuran (10%), and methyl 
parathion (4%). 

For decisions on pesticide use, farmers 
depended mainly on their own initiative (51%). 
In addition, they relied on the advice of exten
sion workers (32%) rather than on that of
neighbors (4%), advertisements (4%), pes-
ticide dealers (1%), or radio (1%). To deter-
mine pesticide dosage, most farmers (77%)
relied on the written directions on the package
rather than on guesses (13%). They preferred
bottle caps (69%) to spoons (26%), graduated 
cups (10%), or guesses (5%) for measuring pes-
t i c ide into sprayer. 

Most farmers (81%) sprayed in the morning,
and 90% believed it was necessary to spray all 
the plants in a field. Eighty percent knew that
pesticides are washed off after heavy rains and 
most (81%) said they increased dosages in 
response to higher pest numbers. 

Farmers applied pesticides in the presence ofpests, pest damage, or at a certain plant growth
stage (prophylactic) (Table 3). In rice, applica-
tions were equally divided among the thiee 
conditions, but in legumes, most (77%)
prophylactic. 

were 

Daily farmer records for CY 75-76 were 
studied for a detailed account of insecticide 
usage on each crop in the three Philippine prov-
inces. The discussion centers on the rainfed 
lowland areas, Iloilo and Pangasinan, because 
no farmer in the Batangas upland sample
applied insecticides to corn or rice and the area 
planted to grain legumes was too small to allow
reliable conclusions. No farmer surveyed in 
either Iloilo or Pangasinan used insecticides on 
corn. 

Rice. Insecticide usage on rainfed rice was.
low in terms of the number of fields in Pangasi-
nan (27%) and Iloilo (54%). Most of the
treated fields received only one application -
Pangasinan (70%) and Iloilo (59%) - with a 
maximum of three and five applications for the 
two sites, respectively. The mean retail price of 
the insecticide used on treated fields was
US$4.35/ha for Pangasinan and US$2.86/ha for 
Iloilo. 

Timing of insecticide applications to rice dif-
fered between the two provinces. Insecticides 

TAbWes. Ain.IUifmw 'I-s-*wui-'omuu--oftalow to 
d Z N a S toVh amg%ahn 

Nu W 7opr.q7o, 
Sign Farmers (% 

Subtotal Total 

P n ae 
Leaf damagePlant damage or color change 24 37 
Floating leaves (caseworm) 9 

Prophact 2 
Panicle initiation 15
After transplanting7Flowering 7 

Presence of pests 29 
Mung bean and cowpea 

Pu nt 77 
Flowering stageProphylactic 60 77 
Alter rainfall 10
 
Green pod stage
Presence of pests 5 

16Plant damage 7 

were applied from 3 to 7 weeks after seeding in 
Iloilo, but from 6 to 10 weeks after seeding in
Pangasinan, where insecticides were more fre
quently applied. 

The most commonly used insecticides at each 
location were cheap, broad-spectrum sprays
such as methyl parathion, azinphos-ethyl,
MIPC, chlorpyrifos, malathion, monocro
tophos, and carbaryl. Less than 5% of farm
ers chose granular formulations. Mean dos
ages per application were low, averaging be
tween 0.07 and 0.16 kg active ingredient

(a.i.)/ha.
 

Grain legumes. Because less than 6% of
 
mung bean and cowpea fields in Iloilo received

insecticide, data are from Pangasinan where 
40% of mung bean and 44% of cowpea fields 
received insecticide. One application per field 
was most common for mung bean (45%) and 
cowpea (43%); the maximum number per field 
was four for mung bean and six for cowpea. The 
mean value of insecticide used on treated fields 
was US$5.17/ha for mung bean and 
US$11.02/ha for cowpea. Insecticide was 
applied after the flowering stage (5 weeks) for 
both cowpea and mung bean. 

Farmer concepts and practices. For all crops,
farmers generally used appropriate insecticides, 
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but they did not achieve good control because 
they used sublethal dosages, generally applied 
at the wrong time. In rice, applications of less 
than 0.5 kg a.i./ha are sublethal against any of 
the pests attacking the crop. The recommended 
dosage for sprayables is 0.75 kg a.i./ha. Farmers 
interviewed applied mean dosages far below 
that level, 

In legumes, the problem of dosage was not as 
critical as that of timing. Research has shown 
that dosages of 0.25 kg a.i./ha are effective at 
the preflowering stage. Most farmers inter-
viewed, however, did not begin to spray until 
after flowering, concentrating their efforts 
against the more difficult to control pod borers. 
Thus they could not get good control. 

Farmers were correct in not using insecticides 
against corn pests because research has shown 
that insecticides are generally ineffective on 
corn. 

The problem of inadequate dosages appar-
ently did not result from putting insufficient 
insecticide into sprayers. Farmers interviewed 
generally followed the directions on labels. Low 
dosages arose from low spray volume per hec-
tare. The farmers sprayed an average of 135 lit-
ers/ha although the dosages recommended on 
container labels, in tablespoons per sprayer
load, were based on spray volumes from 350 to 
1,000 liters/ha, depending on crop age. 

The problem of timing stemmed from a lack 
of pest recognition. Although farmers inter-
viewed in the three provinces have names in 
local dialects for most of the crop pests, many of 
the names translated into fly, worm, hopper, 
bug, or beetle. Few names identified plant dis-
eases. The lack of a vocabulary to distinguish 
pest species indicated a general lack of percep-
tion. In some cases, pest organisms had local 
names but either were not considered pests 
(bean fly, whorl maggot, powdery mildew), or 
the type of damage was not appreciatcd (hop-
pers were commonly said to be defoliators), 

The farmers were asked to rank, in order of 
importance, the three worst pests of rice, corn, 
and grain legumes. Their responses were com-
pared with those determined from 2 years of 
testing in each of the 3 provinces. Degree of cor-
relation was high in corn, low in rice, and lowest 
in legumes. 

Farmers were asked to describe the pest prob-
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lem in each of 17 color photographs depicting a 
wide range of pests and associated damage 
symptoms. They scored high in their perception 
of corn insect pests. For rice, the farmers recog
nized the large defoliators, the rice bug, and 
stem borer whiteheads, but not brown plant
hopper burn, stem borer deadhearts, or whorl 
maggot damage. Few farmers recognized the 
main preflowering legume insects - bean fly, 
flea beetle, or Empoasca leafhopper - or their 
symptoms. Farmers knew pod borers and the 
large defoliating larvae, but considered pow
dery mildew symptoms to be derived from fac
tors other than living organisms. 

The conclusions from this study follow: 
1. Farmers are not achieving adequate con

trol of pests, particularly through pesticide use.. 
2. A general lack of awareness of pest prob

lems is a roadblock to proper timing of control 
practices. 

3. Farmers generally apply sprayable pes
ticides at sublethal dosages because they use 
insufficient spray volumes for the amount of 
pesticides they put into sprayers. 

4. The traditional methods of pest control 
are not a hindrance to adoption of modern pest 
control practices. 

PESTS IN UPLAND RICE-BASED CROPPING 
SYSTEMS 
Cropping Systems Components of Entomology 
an la temt ol patents 

Monitoring of disease and insect problems in 
upland rice-based cropping systems continued 
at sites in Batangas, Philippines. 

Rice. Planting synchronized with the first 
rains in May or early June, after the 3-month 
dry fallow, prevents pest buildup in the single
rice crop systems. Farmers plant early to 
achieve older plants before the midmonsoon 
drought, which occurs usually in August. All 
farmers establish their rice crops quickly by 
direct seeding. 

Intensive monitoring of insects and diseases 
over a 3-year period has not revealed a major 
pest problem in upland rice although the white 
grub problem remains a threat. Farmers claim 
that termites cause significant yield losses, but 
that has not been substantiated. Other soil pests 
are insignificant. Potential reduction in stands 



due to ants is offset by high seeding rates (120
kg/ha). Armyworm outbreaks have been 
reported by farmers in the past. Rice blast or 
other diseases have not been observed in the 
Batangas area. 

Corn. The Asian corn borer Ostrinia fur-
nacalis(Guenee) is held in check by the earwigs
Proreus simulas Stal and Euborelia stali 
(Dohrn) Fabricius, which are prevalent as pre-
dators in the upland environment. Ants cause 
significant loss of corn stand, but are not recog-
nized as pests. 

The corn seedling maggot Atherigonaoryzae
(Malloch) causes severe stand reduction only in 
August and early September plantings. Farmers 
have learned tu avoid planting corn during
those months. The timing of the corn-after-rice 
pattern prevents the seedling maggot problem.
No disease problems have been observed, 

Grain legumes. Mung bean, cowpea, and 
bush sitao planted after rice are damaged at 
preflowering by bean fly Ophiomyia phaseoli
(Tryon), flea beetle Medythia prob. suturalis 
(Motschulsky) [formerly referred to as Lon-
gitarsus manilensis (Weise)], and leafhopper 
Empoasca bigutula (Shiraki), which can only
be controlled by insecticides. Pod borers -
Cathochyrysops cnejus Fabricius, Maruca tes 
tulalis (Geyer), and HeliothisarmigeraHubner 
- are less important than the preflowering 
pests. The aphids Aphis craccivora Koch is 
normally held in check by heavy rains. Powdery 
mildew Erysiphe polygoni DC of mung bean is 
the only serious disease. Nematodes of the gen-
era Rotylenchulus and Meloidogyne are impo-, 
ant grain legume pests in upland soils, 

Sorghum. The only serious pest problems of 
sorghum are the sporadic occurrences qf
Mythimna separata (Walker) and two insects 
that attack developing grains - H. armigera 
and the rice weevil Sitophilus spp. No serious 
sorghum disease has been observed. 

PESTS IN LOWLAND RICE-BASED 
CROPPING SYSTEMS 
Cropping Systems Components of Entomologyand Plant Pathology Departments 

Monitoring of diseases and insects in lowland 
rice-based cropping systems continued at sites 
in Iloilo and Pangasinan, Philippines. 

Single-cropped rice. The rice whorl maggot
Hydrelliaphilippina Ferino, yellow stem borer 
Tryporyza incertulas (Walker), rice caseworm 
Nymphula depunctalis Guenee, rice green
horned caterpillar Melanitis leda ismene 
Cramer, and rice bug Leptocorisaspp. were the 
important insect pests at Pangasinan. Tungro
disease was destructive or.susceptible varieties. 

Less serious problems occurred at Iloilo. Rice 
whorl maggot and tungro were not a problem,
but rice stem borers, rice caseworm, green
horned caterpillar, and rice bug consistently
reduced yields. The white stem borer Tryporyza 
innotata (Walker) replaced the yellow stem 
borer as the dominant borer species.

Double-cropped rice. The first rice crop,
planted with the early rains, generally escapes
major pest damage. Only in Pangasinan did the 
rice leaf folder Cnaphalocrosis medinalis 
(Guenee) increase to significant numbers on 
direct-seeded first-crop rice. 

The second crop of rice had the same pest
problems as the single-cropped rice at both 
sites. 

Green corn before rice. At both sites the 
Asian corn borer was a significant pest on green 
corn p!anted before rice. Downy mildew disease 
Scleiosporaphilippinensis Weston was impor
tp.nt on early plantings (March and April) only 
at Pangasinan. 

Sorghum. The corn earworm attacking the 
developing grains occurred in significant num
bers at both sites. The Asian corn borer infested 
sorghum, although less intensively than it did 
corn. An unidentified lepidopterous webworm 
present in the panicles also caused losses. No 
major disease problems were noticed. 

Grain legumes. Mung bean and cowpea were 
under intensive pressure from several 
preflowering insects. The most important was 
bean fly, followed by a flea beetle and leafhop
per. At Pangasinan, a pod borer (the corn ear
worm) became abundant during the postflower
ing period. 

Soybean in Iloilo was under severe attack by 
the lima bean pod borer Etiella zinckenella(Treitsche), which alone caused 79% yield loss.It caused damage mainly by boring into 

developing seeds, but it also defoliated plants
during the vegetative stages. This insect was 
also recorded but was not a serious pest in the 
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pods of mung bean, cowpea, and peanut. 
The principal disease problems were pow-

dery mildew of mung bean and Scierotiun fun-
gus infestation of the seeds and seedlings of all 
legumes, which slightly reduced stand. The 
parasitic nematodes Rotylenchulus spp. and 
Meloidogyre were checked by soil flooding dur-
ing the rice crop. 

Sweet potato. Damaging infestations of the 
sweet potato weevil Cylas fornicarius (Fab-
ricius) were recorded in Pangasinan. The attack 
started from infested planting material. No dis-
ease problems were found. 

LABOR CONDITIONS AND PATI'ERN 
PER FORMANCE 
CroppingSystets Component of Agricultural
Ecoptomics Department 

to examine the suitability of multiple cropping 
technology to economic conditions not found at 
Philippine sites, IRRI collaborates with 
researchers in the Cropping Systems Program 
of the Indonesian Central Research Institute for 
Agriculture (CRIA). After 2 years of research 
by CRIA on farmers' fields around Bandara-
jaya, Lampung, cropping systems research will 
expand to additional sites in Sumatra in 1978. 

The Bandarajaya work included trials of 
experimental cropping patterns as well as 
documentation of present systems through a 
baseline survey and daily recording of crop 

Area planted (0M total farm) 
100 

80 -(long 

60 

Former ivproved patterns 

40 -..
Exeinntol 

operations on 36 farms. With those data, the 
collaborative project studied suitability of the 
multiple cropping patterns being developed
and, particularly, the effect of scarcity of labor 
and cash in the area on crop intensification. 

Profitability of new cropping patterns and 
higher input levels. Linear progrhmming mod
els were constructed for three farm types - one 
for irrigated lowland (typical of farms in the vil
lage of Nambahdadi), one where long-settled 
transmigrants farm only upland (the village of 
Bandar Agung), and one where new transmi
grants farm upland (the village of Koinering 
Putih). Each model gave, for a given set of farm 
resources, the most profitable combination of 
crop activities, including experimental cropping 
patterns and those currently used. Farm 
resources were weekly levels of cash and laboravailability, and seasonal land availability. To 

determine why certain patterns are better suited 
than others, levels of farm resource and their 
prices can be repeatedly altered in the models 
and each new optimum combination of crop
ping patterns compared with other solutions. 

Figure 6 represents the most profitable com
binations of several types of cropping patterns 
as projected by the three farm models. The pat
tern types are: 

0 farmers' pattern where management and 
performance were reported by farmers and 
not observed by researchers; 

* the most common farmers' pattern at each 

Formerv improved pattern 

resti 

-

rimproved BandarJ gErper~menv~lpatterns 
pattern -i i p resent pattens (recetly

20,,-m>,. 
0 L-1 patten1!I!i I I I 1 

Present 25 50 75 1130 Preset 25 50 7! 0 
amount I----% of gross form income-- amount I-- % of grou fario oei -. 

Cosaailable for pictiose of orm input 

6. Projected changes in area of land planted to various cropping patterns as the amount of cash 
available for purchase of inputs increases. Lampung, Sumatra, Indonesia, 1975-76. 
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TalMe4. Relaton ofIncomeadramou.wetointua fcts on wkand upandfa. in Laipung,I ownd .7s_e 1176. 

Institutional factor Changea" (%) In reaponse to 1%change In levelof Institutional factors 
farm type Gros Income Net income' Land use Total labor use Hired labor use Family 

labor use
Lowland farms -014 -0.19 -0.11 -0.11 -0.57Upland farms -0.04-0.15 -0.17 -0.13 -0.04 -0.95 +0.04 

Labor repayment period
Lowland farms 0.15 0.28 0.16 0.20 -1.02 0.35Upland farms 0.08 0.18 0.13 0.14 -0.06 0.16 

Available cashLowland firma 0.72 0.29 1.33 0.73Upland farms 2.16 0.330.27 0.19 0.27 0.36 1.16 0.10 
Percentage of change was computed when each instloitonlfactor increased from present levels, when the wage rate increasedabout 15%, when the period allowed for returning labor serviceswas extended from 4 to6weeka, end when cash operating capitalwas doubled. 'Computed as gross Income les the coat of chemicals, end, and hired labor. 

site with improved management, and rowed labor through the labor exchange system* experimental patterns managed by re- calledgotong-royong.
searchers. Wage rates. When wage increased from pre-The most profitable combination of cropping sent levels, farm income, land use, labor use patterns grown under the present labor and cash especially hired labor asuse - all declined,conditions of Lampung farmers is shown by expected. These responses were generally lesspoints on Figure 6 above "present amount" on than 20% of the magnitude of wage changes.the horizontal scales. Presently it is profitable to That indicates that the returns to labor underuse 52% of all land in Nambahdadi, distributed present conditions were well above marketto all three pattern types. In Nambahdadi, the wages, that present wage levels were not aexperimental rice-iice pattern is a promising strong deterrent to additional labor use, andalternative for farmers. The projected use of that some other factors were likely 'to be moreimproved farmers' patterns under present con- influential in determining present and potentialditions indicates that higher levels of input use cropping systems. Furthermore, the mixare also profitable. Unusually dry weather in 

of 
cropping patterns (not shown) remained about1975-76 caused the late crops in experimental the same at all wage levels, indicating that thepattern trials to have low yields on rainfed productivity of labor used in experimental andupland in Bandar Agung and Korrering Putih. in farmers: patterns was not sufficiently differ-Data from 1976-77 trials are being incorpo- ent to favor the adoption of either type of patrated into new models to better as-iess these pat-
 tern.terns. Nevertheless, the projected use of Exchange labor. In Indonesia, gotongimproved farmers' patterns indicates higher royong means helping one another. It can takerates of input are profitable on uplands. the form of exchanging labor - borrowing orTo further identify factors relevant to lending labor that is later repaid within anresearch priorities that constrain cropping agreed time period, usually 4 weeks in Lamintensity and other measures of benefit, various pung. As exchange labor constituted a third ofresponse elasticities were computed, assuming crop labor in Lampung, it was necessary to conchanges in underlying economic conditions. sider it in the analysis of wage and cash effectsThe elasticities shown in Table 4 show the per- on crop activities. It was modeled as a bank; ancentages of change in income, labor use, and amount ofgotongroyonglabor could be used onland use for a 1%change in each of 3 economic a farm in a given week if an equal amount ofconditions: wage rate, available cash, and the labor was deducted from the farm family's workperiod of time allowed for repayment of bor- capacity within 4 weeks before or after the week 
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Talle S. Effect on Income of increasing the amount of cash mialle for mop production byU8175/farm In Lampung, Indonesia,
1371-76. 

Present Net income (US$/farm) Change InVillage name cash profit/USS1and type input At present With Change more Input(USS/farm) 

Nambehdadi,
pertly Irrigated 102 

Bandar Agung,
long-settled 26 

Komering Putih,
newly settled 17 

when gotong royong labor was to be used. 
The results were compared with those when 

no labor exchange was permitted. The system of 
gotong royong was worth US$102/irrigated 
farm (35% of net income), US$104/long-
settled upland farm (51% of its net income),
and US$52/upland farm of n,.w transmigrants 
(33% of net income). To earn these additional 
net incomes, the irrigated farm expended 533 
additional man-hours of family labor for a 
return of US$0.19/man-hour; the long-settled 
upland farms, 897 additional man-hours for 
US$0.12/man-hour; and the new transmigrant 
farms, 589 additional man-hours for 
US$0.09/man-hour. The additional family 
labor expended was wholly channeled through 
the exchange system; in fact, the use of family
labor directly on family-owned farms declined 
with the institution of gotong royong. Labor 
exchange increased employment and also 
improved its efficiency. 

The elasticities of income, land use, and labor 
use as the labor repayment period is extended 
beyond 4 weeks are shown in Table 5. Lowland 
farms tended to respond more sharply to the 
extension of the labor repayment period,
reflecting the greater concentration over time of 
their labor requirements compared with that of 
upland farms, and hence greater gains from 
spreading of labor demand over more weeks, 

Because research cannot change the opera-
tion of the labor exchange system, the implica-
tions of the model for labor-spreading through 
labor exchange are less pertinent than those for 
labor-spreading through pattern design. The 
development of substitutable cultural practices 
for lowland rice, which has diverse characteris-
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level additional 
Input 

(USs/USS1) 

292 343 50 0.66 

205 259 54 0.71 

160 236 76 0.99 

tics with respect to timing and level of labor 
requirements should increase the capacity of 
the farm family for growing it. Techniques, such 
'as direct seeding and minimum tillage, will 
complement, rather than replace, present tech
nology on farms. 

Cash availability. The relatively high elas
ticities of response to increases in available cash 
for farm operating expenses shown in Table 5 
indicated it as the most important factor directly 
affecting income, and land and labor use in 
Lampung. However, most of the additional cash 
was spent for hiring labor, indicating that family 
labor availability, or the concentration of crop 
labor requirements was the underlying prob
lem. The elasticities were computed for a range 
of cash use exceeding the levels currently used 
by farmers and, therefore, represented the pos
sible responsc to improved credit facilities in 
Lampung. 

Because labor constrains crop activities more 
on lowland farms than on upland farms, the 
response to greater operating cash reserves was 
higher there. Some of the gains from higher
cash use were transferred off the farm - to 
hired labor, and perhaps to consumers in the 
form of more produce for sale. In fact the 
farmer himself would have been about as 
well-off from a 1% increase in the labor 
repayment period discussed earlier, where net 
income and family labor use increased com
parably. 

As different amounts of cash were spent on 
crop production in the 3 farm types, a 1% 
increase represented a different absolute 
amount on each type. The models were also 
used to find the effect of spending an equal addi



tional amount (US$75) on each farm type, and
the results are shown in Table 5.The US$75 was

"75% of the irrigated farmers' present expense,
but was more than 4 times that of the new 
transmigrants. 

Additional expenditures increased income 
most, absolutely and proportionately, on the 
new transmigrants' upland farms and brought
their net incomes close to those of the older
transmigrants. Each additional US$1 spent on 
the newly settled - the poorest - farm
returned US$0.99 profit; it returned US$0.71 
on the older upland farm, and US$0.66 on the
lowland farm. 

The results imply that credit facilities should 
be increased in Lampung, farmers should be
permitted to use production loans for hiring
labor, and increased cash availability to the new 
transmigrants should be emphasized. Figure 6shows that the projected increase in upland crop
produbtion with greater cash availability came
from both expansion of area and use of more
inputs. On lowland, more cash permitted area 
expansion, higher rates of inputs, and more 
crops per year through double rice cropping.
With respect to area expansion, however, the
results can alternatively be interpreted to indi-
cate that more animal or mechanical power
should be introduced. In the present models, 
most land preparation is done by hand. The pro-
jected area expansion as cash increases is 
associated with hiring more workers for tillage.
The po sibility that the same can be accom-
plished through investment in animals or 
tractors is being investigated, 


Seasonal wages. The 1977 labor study 
 in
Indonesia and results of other labor analysis

reported in 1975 and 
 1976 suggest that new 

cropping patterns should be designed 
to use
farm labor resources more evenly through the 
year. Three techniques for assessing the gains
from redistribution of labor requirements have 
been reported: a labor redistribution index(1975), a computer simulation of the impact of 
new patterns on system labor variance (1976), 
and the 1977 linear programming analysis oflabor-spreading through gotong royong. Each 
approach was based on the principle of pricinglabor resources at the level they would earn in
the next best opportunity for employment, 

A simpler, less accurate technique for design
ing and testing new cropping patterns based 
upon opportunity cost pricing of resources, was
developed in 1977. For each week of the year
when hiring was observed, a wage was corn
puted by dividing the total value of worker 
cmpensation, in and bycash kind, the
observed hours worked. Wages were interpo
lated for weeks when no hiring was observed,
and the series was smoothed by taking a 5-week 
moving average. Figure 7 shows weekly
imputed wages in Cale, Batangas, charted with 
weekly labor use in the village for all crop
activities. The correlation at the 99% level of
probability (r = + 0.38) indicates th. the total 
labor requirements in a village influence the 
labor wage rate for all activities. A similar result 
was obtained using wage data from an 
Indramayu, Indonesia, site. 

The imputed wage schedule can be regarded 
as the opportunity cost of labor and used to
price the entire labor input into new cropping
patterns according to the week labor is used. In 
designing new patterns, the lower labor costs
resulting from following an early crop schedule 
- for example, using direct-seeding methods 
and early maturing varieties- can be estimated 
and compared with the expected yield effects. A 
more precise evaluation of pattern acceptability
is possible after field trials have been carried 
out, and timing and levels of labor require
ments, and yields have been observed. 

The imputed wage schedule in Figure 7 was 
used toevaluate the profitability of C171-136, a 
new upland rice variety in Cale, Batangas. The 
new variety was 19% more profitable with 
opportunity-cost pricing of labor than with con
stant wage rates. A simple procedure for com
puting schedules of labor opportunity costs was
included in a prototype handbook for economic 
analysis of cropping systems, for the use of
researchers testing new cropping patterns. 

BASELINE CONDITIONS FOR MEASURING 
RESEARCH IMPACT 

Cropping Systems Component of Agricultural
Economics Department
Description of a research site is required for
efficient cropping pattern design and testing. 
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7. Weekly labor use and imputed weekly wage rates on 36 farms in Cale, Batangas, Philippines, 1975-76. 

Eventually the impact of research at a site will 
be assessed by measuring changes that reflect
farmer welfare or societal benefits. Present land 
use, farm income, and farm income distribution 
are likely to measure the impact of IRRI 
research at Philippines sites; they are therefore 
characterized at the early stage of research, 
Studies at Manaoag, Pangasinan, were particu-
larly revealing of relationships between crop-
ping systems, the land types where they occur-
red, and relative income levels. 

A baseline survey of 103 Manaoag farmers
indicated that the average farm was 1.58 ha, of 
which 76% was lowland growing an average 1.8 
rice crops/year. The upland remainder was 
planted to 1.1 crops/year per farm. Seventy per-
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cent of land was sharecropped, 23% owned, 3% 
mortgaged, and 4% leased or rented. Twenty
eight different cropping patterns using 15 crops 
were grown in 1975-76. The cropping patterns
and the land area of each follow: rice
mung bean, 54.3%; rice-fallow, 9.7%; sugar
cane, 8.5%; rice-mung bean-corn, 7.5%; rice
rice, 5.7%; rice-squash, 3.2%; rice-tomato,
2.6%; rice-tobacco, 1.4%; rice-corn, 1.1%; 
mung bean, 1.0%; and 18 other patterns, 5.0%. 
Each farm grew an average of 2 patterns, and 
rice occupied 53% of the area planted.

Rice gave 47% of the gross farm income, but 
only 4% of that was cash sales. All crops
together contributed 71% of the gross farm 
household income (18% of it in cash sales); 



Table I. Profitabilityof four cropping systems observed on a random sample of farms at Mangoe. Pangauinan, Phliippines,1974-75. 

Profitability per far. 
Type I Type 11 Typ,Measures of Type IVRainfed Rainfedprofitability Rainfed Irrigatedlowland, lowland, lowland, lowland Allpoorly well-drained + upland + upland systemsdrained (40) (20) (27) (76) (103)Farm receipts

Cash (US$) 268Noncash (US$) 
223 392 419 306321 372Total (US$) 355 388 349543 640 746

Farm expenses 808 655 
Cash (US$) 112 138Noncash (US$) 144 139 130191 209Total (US$) 214 237 208Earnings373 304 347 358 376 338 
Net farm (US$) 293 

8 

On farm capital b (US$) 
239 381 432 317249 340Rate on farm capital (%), 
207 

8.3 8.3 368 275
 
Operators' farm labord (US$) 8.8 7.7 8.3
82 118 128 174Household farm labor (USS), 115101 132 153 202Household farm labor 136

and capitaV 161 182 250 278 207Household, from all sources, (US$) 335 206 548 284 358 
Figures in parentheses are number of farms. 'Net farm earnings less unpaid operator labor.Investment x Earings on capital less capitalo0.d Net farm earnings less interest on capital Investment. Operator farm labor earnings + unpaid household labor.'Household farm labor earnings + interest on capital investment. Household farm labor and capital earnings + off-farm and nonfarm Income. 

livestock, 12%; and nonfarm jobs, 17%. In half grew at least one pattern requiring two landof the farm households someone received out- preparations, one of which converted soil fromside income; h;:1f of the earners were the the lowland to upland condition, or vice versa.operators themselves. The third farm type (27 sample farms) hadThe cropping systems of the 103 randomly both rainfed-lowland and upland soils. On thesechosen farmers were differentiated into 4 types farms the patterns were rice-mung bean, cornby the degree to which the quality of their land fallow, root crop-fallow, and sugarcane. Everyfavored cropping intensity. Forty farms were farm grew the rice-mung bean pattern plus oneclassed as rainfed lowland with heavy, poorly
drained soils. All 40 farms grew only one crop-

or more of the single upland crops.
The fourth farm type (16 farms) had irrigatedping pattern - either rice-fallow (34 farmers) lowland where rice-rice was grown, plus uplandor rice-mung bean. The mung bean was usually where either a grain legume followed by corn,broadcast into tWe standing rice crop a week or a root crop followedbefore harvest and grown with a 

by mung bean waslow level of grown.Alllandonfarmsinthisclassgreweither
management. The low level of cropping inten- two lowland crops or two upland crops, with no
sity on the rainfed farms resulted primarily from conve~sion of lowland to upland or vice versa.
insufficiency of rainfall for two crops of lowland Incomes were lowest in those systems whererice and the difficulty of tilling the heavy, poorly land quality least favored multiple cropping,drained soils to a condition suitable for upland and highest where multiple cropping was possicrops after rice. Only one land preparation per ble without restructuring the soil betweenyear was conducted. crops. Some data are given in Table 6, and areTwenty farms were classed as rainfed lowland reflected in the ratios of total farm receipts towith well-drained soils. They used one to four total farm expenses: 1.8 for farm type 1,1.9 forpatterns - corn-rice-mung bean, rice-mung

bean, rice-vegetables, or rice-tobacco - each 
11, 2.1 for III, and 2.2 for IV. The data suggest
that with present technology, farm incomes arewith an upland and a lowland crop. Every farm positively related to the degree to which land 
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quality favors crcpping intensification, grown will benefit the poorestofManaoagfarm.
Development of double-rice patterns for ers in terms of farm income alone, and create
rainfed lowland where single rice crops are now more equal income distribution in the area. 
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RICE-BASED PATTERNS FOR CROP YEAR 
1977-78. 
Multiple Cropping Department and Cropping
Systems Program 

After 2 years of research, the number of crop-

ping patterns was reduced to 11 for Iloilo and 8 

for Pangasinan. The distribution of the pro-

posed patterns is given in Table 1. For Iloilo, 

research on improved patterns for knolls and 

other unflooded land units was discontinued 
because results showed little improvement over 
farmers' present patterns, and the area covered 
by t'lose units was relatively small. Iloilo land 
units receiving partial irrigation were also ex-
cluded, and the project resources were concen-trated on the more widely distributed rainfed 
land units. 

For Pangasinan, the onset of the wet season is 
relatively gradual and ,rany soils require
heavy rainfall accumulation before they retain 
standing water. In a test to determine if early
planting of the first rice crop would be feasible 
and result in an advantage for the second crop,
dry seeding was given priority as the establish-
ment method for the first crop in a rice-rice-
upland crop (R-R-UC) pattern. Because 
improved rice-upland crop (R-UC) patterns
previously tested were found adapted and corn-
petitive with existing ones, no new patternswere designed for crop year (CYN 1977-78. 
Fertilizer and tillage studies were outlined to 
investigate possible reduction in production 
costs of upland crops in R-UC patterns without 
substantial yield sacrifices. 

Proposed cropping patterns for Pangasinan 
were also allocated so that the flooding hazard 

to an early green corn crop on shallow water 

table units was eliminated. 


Designing rice-based patterns for productioncomplexes (Multiple Cropping). Rice varieties 
in several maturity classes are critical in the 
design of improved rice-based patterns for the 
major production complexes in Iloilo. During 
the 1976 wet season, a transplanted rice yield 
trial at Iloilo provided information on varietalperformance on which to base future pattern 
designs. The selections formed two groups: onewith 10 early-maturing cultivars, and another 
with 12 medium-maturing cultivars. Both 
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groups received high levels of pest protection 
and had adequate water management. The 
coefficient of variation was 9.8% for the early 
group and 7.7% for the medium group. A quad
ratic regression analysis was computed for yield
means (Y) against maturity (M) and maturity
squared (M2). The resultant equation and data 
points are plotted in Figure 1. Assuming other 
factors constant and equal, 79% of the yield dif
ference in this set of data was explained by dif
ferences in cultivar maturities. 

As a design activity, the rice portion of pat
terns containing two rice crops or a main rice 
crop and a ratoon crop were sun,- imposed on 
flooded status day (FSD) reg .measured in 
Tabi. Planned dlm of prp Id dc.-baad pattesto hw~ondohm inNI%. e wa t bUlsses inP n. 
gslabn fo crop yar 77-73. 

Patern Planned distribution (no.) 

Landform clam 
Side Bottom-

Plain Plateau slope land 

I ce-Rics-Uplandcror
 
DSR-WSR-M. CP 4 2 2 
 -
WSR-TPR-M, CP a 2 2 8
WSR-WSR-MCP  - - 4 

WSRTepaSOR 1 2 2 -

WSR, TPR-P 1 2 2 -

WSRTPR-M 1 2 2 -
WSR,TPR-M 1 2 2 WSR,TPR-SP 1 2 2 
WSR,TR-sa 1 2 2 -


Il Green corn-Rlce- Upland crop
 
GC-WSR,TPR-M 2 6 6 -
GC-WSRTPR-CP 2 6 6 
 -

Pangasinan 
Deep Shallow
 

I Hice-Rice-Upla idCrop
 
DSR.WSR- 7 7
 
DSR,**trR-TPR-SOR 5 
 9
DSA,WSR-TPR-CPiBS 5 9

DSRWSR-TPR-P 5 
 6
 

11	Green com-Rice-Upland Crop
 
Com-TPR-M.M
Corn TPR-R-SOR 6a -

Corn-TPH-R-CP 6

l 	 Rice-Rice-Rice 9
wall$) 
"DSR - dry-seeded rice, VISA - wet-seecded rice, TPRl - tras
planted rice. M- mungbeen, CP= cowpea, SOR - sorghum, P 
= penuta, SP sweet potato, Se- soybean, and GC - greencoM. 
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 - 4 ~ l:" TRNm_ (lod|)the 1976 wet season, Voile, Philippines. 9 2 j-, 

RCY 1976-77 for three Iloilo land units (Fig. 2). o -J --- = 
Assumed field durations, yields, costs and 6.
 
returns, and labor incomes are presented in - o 
 25dM) _TI5),
Table 2 for the rice portion of five selected com- 4 /4 W dap) TM Co) .
binations from Figure 2. The combinations used ,iP, ,I/Yi-,,
only selections of either 100- or 125-day maturi- 2 - /ta 
ty. Yield estimates are based on the relation- o ' I I I I
ship in Figure 1, and no depressions due to 23 27 31 35 39 43 47 51
establishment method or drought stress wereeaismente cm to odr Weektrs Ro 2. Possible rice components of patterns designed for three
assumed in the computation of returns. Ratoon Iloilo land units, versus flooded status day (FSD) regimes
crop yields of 900 kg/ha following transplanted based on crop year 76-77 results. Broken lines indicate
rice (TPR) and 800 kg/ha following wet-seeded projections of model input. TPR = transplanted rice,
rice (WSR) main crops were assumed. WSR =wet-seeded rice, DSR =dry-seeded rice. 

In designing the patterns, it was necessary to 
make many assumptions relative to crop per- were in crop performance and the variability of 
formance, weather, farmer's management, and weather.
production costs. Of these, major assumptions The results of this design activity suggest that 

Ta"le 2. Assunwdfleldduretion, yields, ad cost and returns of fve Fotential rice components d*sged for bib lan units, cropyesr 76-77. 

Total Returns ReturnsField Total Total variable above Labor abovePattern duration 7/eld costreturns variable income material
(wk) (tho) (US$) (US$) cost (US$) costsa 

(US$) (US$) 
TPAma-ratoon 24 6.4 964 521 444 370 814WSRtn-ratoon 26 6.2 934 445 489 253 742DSRi,,-TPRioo 28 6.8 1,118 BOB 310 466 775DSR, s-TP Ris 36 11.0 1,733 925 808 582 1,390TPRioo-TPRioo 26 6.8 1,071 890 181 630 811 
"TPR = transplanted rice, WSR =wet-seeded rice, DSR = dry-seeded rice. Subscript numbers indicate days to maturity. aRotumsabove variable cost plus labor income. 
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on the dominant rainfed plateau units, patterns 
containing two 100-day rice crops are more 
risky and no more rewarding than patterns con-
taining a main crop followed by ratoon. Fur-
thermore, once a second rice crop is established, 
the flexibility of forgoing a ratoon in favor of 
an upland crop, should the weather become dry, 
is lost. 

Although rainfed plain units are less drought 
prone than plateau units for the second crop, 
additional cost is necessary to produce the two- 
rice-crop pattern, and the returns above vari-
able cash costs (labor income plus returns above 
variable costs) are about the same as that 
expected from the pattern of a main crop fol-
lowed by ratoon. Moreover the extra water 
needed to produce the second rice crop, much 
of which must come from stored soil water as 
the crop matures, may leave the soil too dry for 
optimum growth of a subsequent upland crop. 
For partially irrigated plateau units, patterns 
with two crops of 125-day rice varieties are 
clearly more profitable than patterns with two 
100-day varieties. However, patterns with vari-
eties of about 415 days maturity and with a 
WSR first crop could be only slightly less pro-
ductive than the longer DSR-started pattern 
and would be much less risky in the partially 
irrigated environment, 

DETERMINATION OF INSECT AND DISEASE 
CONTROL RECOMMENDATIONS 
Cropping Systems Components ofEntomology
Cn g Sysnte Cthoomponepartents
and Plant Pathology Departments 

Pest control recommendations for preproduc-
tion testing of cropping patterns were deter-
mined by a process of selection, adaption, and 
evaluation of nat%,,aal recommendations dur-
ing a 3-year testing period of each at three 
Philippine sites. They will be further evaluated 
during the preproduction phase of the program. 

The recommendations were designed to 
minimize difficulty of choice on the part of the 
farmer. Prophylactic methods against sig. 
nificant pests that occur year after year were 
specified. 

The operational process is schematically pre-
sentcd in Figure 3. It begins with scrutiny of 
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national pest contiol recommendations and 
results from other cropping systems sites. 

* The number of cropping patterns that can 
be studied during the first year is limited to 
manpower availability, and preference is given 
to the most promising patterns. 

e Yield losses, calculated from the difference 
between completely protected and untreated 
plots, are transformed into monetary terms and, 
if significant, the pest species causing such losses 
become the target of the following year's trials. 

0 Pest control research priorities carried out 
at cropping systems site$ differ from those of 
experiment station-oriented research. 

Varietal resistance. Methods of pest control 
tested at the cropping systems sites should stress 
pest-resistant varieties that meet agronomic 
specifications. Entomologists and plant 
pathologists cooperate with the trial 
agronomists to monitor pests. 

Pesticides follow varietal resistance in impor
tance as a pest control method of cropping sys
tems sites. Screening should be limited to pes
ticides forcontrolling pests whose distribution is 
restricted to certain sites and for which little 
information is available. 

Testing at a site should stress timing, frequen
cy, and method of application - factors known 
to vary locally, depending upon pest complexes, 
rainfall patterns, soil characteristics, and crop 
establishment methods. 

0 Cultural control methods tend to be site 
specific and generally are less proven at thenational level. Planting time would be the mostimportant cultural factor to test; however, 

intercropping, tillage method, plant density, 
crop residue management, and fertility levels 
can also be important. Cultural methods need to 
be compatible with results being found by the 
other team members. 

e Biological control of insect pests would be 
last in importance as a method to test at crop
ping systems sites because of the limited infor
mation available. Conservation of natural 
enemies, however, would receive first priority. 
Extensive monitoring of arthropod populations 
is necessary. Predator populations can be sam
pled along with pests, and parasites can be 
reared from insects at the site. If a predator or a 
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3. Scheme of the 3-yeau process of adapting national pest control recommendations for croppLig patterns at cropping
systems sites. IRRI, 1977. 

parasite were found to be a limiting factor for a 
pest, then methods should be found to conserveits numbers. 

The pest control recommendations ,or the 
three Philippine sites are summarized in Table 
3. 

Feedback to national and international 
research centers. During the testing phase
(Fig. 3) at each of three Philippine cropping
systems sites, problems developed, which, if 
solved (new technology generation), canlower the cost of pest control and make more 

cropping patterns economically attractive to 
farmers. 

*There is a need for more insect-resistant 
varieties for several crops, including an early 
maturing lowland rice resistant to whorl maggot; 
a corn variety with good eating quality resistant 
to both downy mildew and Asian corn borer; a 
sorghum variety resistant to corn earworm; 
mung beans and cowpeas resistant to corn ear-
worm, bean fly, flea beetle, leafhopper, and 
aphids (in that order); and soybeans resistant to 

the lima bean pod borer, bean fly, and flea beetle 
(in that order).* There is a general need to find a more 

efficient pesticide delivery system to replace the 
knapsack sprayer. 

* In-depth studies are essential to identify 
effective biocontrol agents for all crops. 

TURNAROUND IN RICE-RICE CROPPING
PATERNS 
Multiple Cropping Department and CroppingSystems Component ofAgricultural Economics 

Department 

Delay between harvesting of one rice crop and 
planting of the next is a serious constraint to 
intensification of cropping patterns. The turn
around period was studied at two small irri
gated rice areas in Laguna Province as well as at 
a rainfed Iloilo research site. 

In one area in Laguna, which had a private 
pump scheme, farmers had year-round control 
over water supply. The dominant cropping pat-
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Tflb& Insect net!dise.e pet &- trol .- nemetidtions designed for pre-production testing of cropping paterns at Btangs, Ma deo, and Paeglis 	 . PIpplusM.* 177. 

Upland enviruliment Lowland rainfed environment 

Crop Cropping pattern 
> 

Rice Single crop 
Double crop 
(second crop) 
Third crop 

Double crop 
G 	 (first crop) 

Dry-eped 

Wet seeded 

Corn 	 Green corn 
before rice 

Cam after 
rice 

continued on oppositepage 

Batangas 

Recommendation 

None necessary 

-

1. Disalnon WP or car-
beryl WP seed treat
ment (Oct.-Nov. 
pl.ntings) 

2. 0.5 kg a.i. carbo-
furin/ha with seed 
(SepL planting) 

3. 	Use no foliar in-
secticide to con-
serve earwig 
predator 

Iloilo Pangasinan 

Target pest Recommendation 

". Resistant variety 
2. Soil incorporated 

1.5 kg a.i. carbo-
furanh- at 
planting 

Target pest 

Tungro 
Stem borer 
caseworm, 
greenhorned 
caterpillar 

Recommendation 

1. Resistant variety 
2. Soil incorporated 

1.5 kg &.1.carbo-
furan/ha 

Target pest 

Tungro 
Whorl maggot, 
stem borer, 
caaeworm 

1. Resistant variety
2. 0.5 kg a.i. carbo-

furan/ha in seed 
furrow 

Tungro 1. Resistant variety
2. 0.5 kg a.i. carbo-

furan/ha In seed 
furrow 

Tungro 
None 

60 kg N or 
intercrop 

Ants 

None necessary 

Asian com 
borer 

1. Resistant variety 
2. Soil incorporated 

1.0 kg a.l. carbo
furan/ha at 
planting 

1. 60 kg N or 
intercrop 

2. Avoid planting 
in late May or 
June 

Tungro 
Whorl maggot 

Asian com 
borer 
Downy mildew 

Seedling 
maggot 

Asian corn 
borer 



Sorghum 

Mung bean 

After rice 

After 1 or 2 

rice crops, zero 
or high 
tillage 

Apply 1.0 kg a.i. 
carbaryl/he when 
0.5 larva/grain 
head threshold 
is surpassed 

1. Resistant variety 

2. 0.5 kg a.i. carbo-
furan/ha in seed 
furrow 

Corn earworm 

Powdery mildew 

Bean fly, flea 
beetle, leaf-
hopper 

Apply 1.0 kg a.i. 
carbaryl/ha when 
0.5 larva/grain 
head threshold 
is surpassed, 

1. Resistant variety 

2. Spray 0.25 kg . 
a.i. monocroto-
phos/ha at 2 and 

12 DE 
3. Spray 0.75 kg 

a.i. carbaryl/ha 

Corn earworm 

Powdery mildew 

Bean fly, flea 
beetle, leaf-
hopper 

Pod borers 

Apply 1.0 kg a.i. 
carbaryl/ha when 
0.5 larva/grain 
head threshold 
is surpassed. 

1. Resistant variety 

2. Spray 0.25 kg 
a.i. monocroto-
phos/ha at 2 and 

12 DE 
3. Spray 0.75 kg 

a.i. carbaryl/ha 

Corn earworm 

Powdery mildew 

Bean fly, flea 
beetle, leaf
hopper 

Corn earworm 

at 25 DE at 25 DE 
Cowpea After 1 or 2 

rice crops, 

zero or high 

0.5 kg a.i. carbo-

furan/ha in seed 

furrow 

Bean fly, flea 

beetle, leaf-

hopper 

1. Spray 0.25 kg 

a.i. monocroto-

phos/heat 2 and 

Bean fly, flea 

beetle, leaf-
hopper 

1. Spray 0.25 kg 

monocroto-
phos/heat 2 nd 

Bean fly, flea 

beetle, leaf
hopper 

0 
V 
Za 
[a 

K' 

tillage 

Soybean After 1 rice 

crop, zero or 
high tillage~~~~~~~~~fu 

X 

1. Maneb treatment 
2.0.5kgiu2. 0.5 kg a.i. carbo-

furan/ha in seed 
rrow 

o 

Sclerotium 

Bean fly, flea 
beetle 

12 DE
2. Spray 0.75 kg 

a.i. carbaryl/ha 

at 35 DE 

Do not plant 

Pod borers 

Lima bean 

pod borer 

12 DE 
2. Spray 0.75 kg 

a.i. carbaryl/ha 

at 
at35 DE 

1. Maneb seed 

treatment 
2. Spray 0.25 kg
2 p a gB 

a.i.monocrotophos/ha
at 2 and 

Corn earworm 

Sclerotium 

Bean fly, flea 
a l ,fe 

beetle 

12 DE 

>" 

Peanut After I or 2 

rice crops 

Maneb seeo 

treatment 

Sclerotium Maneb seed 

treatment 

Scierotium Maneb seed 

treatment 
Sclerotium 

S*eOt 

potato 
After 1 or 2 
rice crops 

Clean planting 
material 

Sweet potato 
weevil 

Clean planting 
material 

Sweet potato 
weevil 

Clean planting 
material 

sweet potato 
weevil 

" "WP= wettable powder, DE = days after emergence. 



tern wis rice-rice. but some fields were planted 
to rice-rice-watermelon. The work activities 
and field operations of 10 farms were recorded 
throughout the turnaround periods after har-

vct of the second rice crop. 
The average turnaround period was 74 

days/ha (range of 52 to 116 days). The fields 
required only 5days/ha for harvest, 10 days for 
land preparation, ano I day for transplanting. 
Farmers and laborers worked an average of 35 
man-hours/week during the turnaround period; 
however, the amount rangdcl from 48 man
hours/week and 54 man-hours/week at harvest 
and land preparation and dropped to 20 man

hours/week between turr~round times. A 
three-rice-crop farmer in the same area aver-
aged 56 man-hours/week with no dip in work-
load during turnaround, suggesting that 

farmer-labor isnot aconstraint to shifting to tri-
pie cropping. Farmers confirmed the lack of a 
labor constraint. Labor for harvesting, land 
preparation, and planting came from almost 
completely separate pools. 

There was likewise no evidence of a draft-
power constraint. Land preparation used a 
combination of carabao plowing nd hand-
tractor harrowing, mostly hired. With current 
land preparation times, a three-rice-crop pat-
tern is possible. 

Although irrigation water was available, the 
cost of fuel and availability of pumps restricted 
its use. The cost of irrigation was estimated to be 
135% higher than that for government-
managed schemes. Benefit:cost (B:C) ratios 
averaged 1.7 for the share-tenant. Farmers 
were reluctant to grow athird rice crop, because 
it was almost completely dependent on irriga-
tion water. 

The second Laguna area received irrigation 
from a government-managed source that also 
provides year-round irrigation. Three crops 
were grown each year with turnaround periods 
of about 30 days. Harvesting and land prepara-
tion times were the same as those for the first 
study area. The irrigation was low cost and 
sufficient for high yields; therefore farmers used 
additional cash for fertilizer and pesticides. The 
result was aB:C ratio of 2.4 to the share-tenant 
- an incentive to intensify the cropping pat-
tern. An additional incentive was the favorable 
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4. Relationship between yield of second raintd rice crop 
and turnaround time. Iloilo, Philippines, 1976. WSR 
wet-seeded rice. 

contractual arrangement between sharf
tenants and the landlords. The share-tenaats 
received half the produce after deducting 1/8 
share for harvesters and only paid 1/5 of pro
duction costs. Seventy percent of the gain to 
the farmer in the second study was due to these 
favorable contractual arrangements. with only 
27% due to the lower costs and higher produc
tion. The conclusion was that the cropping pat
tern in the area intensified to three rice crops 
because of reliable and cheap irrigation water. 

At the rainfed Iloilo site the constraints on 
turnaround were more numerous. Research in 
1975 indicated aconstraint on both draft power 
and labor. The 1976 research was focused on 
water adequacy, the major physical constraint. 

Although the average turnaround time was 
21 days between the first and second rainfed 
rice crop, the range was from 4 to 37 days. The 
wet-seeded second crop was established in only 
16 days, but with more thorough land prepara
tion, the transplanted second crop took 26 days. 
However, with seedlings 20 daysold orolder, the 
transplanted crop was harvested earlier than the 
wet-seeded crop and therefore escaped drought 
stress. This late drought stress was the main 
reason for low yields of the second crop. 

Because of the compounding effects of land
scape position, supplemental irrigation, variety, 
and times and methods of rice establishment, 
there was no simple relationship between turn
around time and yield of the second rice crop. 



However, a significant relationship was found 
between turnaround time and yield for the
WSR-WSR pattern using IR28 for high-
elevation sites (Fig. 4). Because the first crop on
all sites was seeded in the same week, yield
reduction was effectit'.ily a function of second-
crop planting date. A aclay of 20 days would 

cause a 1.4 t yield reduction (Fig. 4). This alone 
would justify increased expenditures on turn
around operations to ensure early establish
ment of the second rice crop. In addition, where
the second rice crop was harvested early, a third 
upland crop could be grown on the residual 
moisture. 
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ILOILO TESTS 

Multiple Cropping Department and Cropping 
Systems Components of Agronomy, Agricul-
tural Economics, and Entomology Departments 

The IRRI-Bureau of Plant Industry (BPI) 
cropping systems research area in Iloilo falls in a 
2.3 climate pattern (1976 Annual Report) of 
5-6 consecutive wet months with 200 mm rain 
and 2-4 consecutive dry months with 100 mm 
rain. The soils and associated land systems are 
common and widespread in other rice-growing 
areas. Taxonomically, the predominant soils are 
Pelluderts, Eutropepts,.and Tropofluvents. Soil 
surface materials are generally moderate to 
slightly acid clay or silty clay material. The land 
system was derived by erosion of an old terrace; 
the result is a landscape sequence of beach 
ridges, to marine plains, to dissected low ter-
races, to colluvial intermediate terraces, to high 
relict terraces, and to foothills. Although the 
Iloilo research area is essentially rainfed, an 
increasing number of land units receive partial 
irrigation of varying duration. 

On the basis of crop year (CY) 1975-76 
field tests, landscape and soil texture were 
considered in the CY 76-77 cropping pattern 
design phase. Seventeen alternative cropping 
patterns were designed, based on landscape, 
soil texture, and average rainfall distribution 
(1976 Annual Report). These patterns fall 
in 6 general groups, as shown in Table 1. 
Groups E and F were designed for unflooded 
land units within the land system. Groups A, B, 
C, and D were designed for land units with vari-
ous durations of submergence. To visualize the 
cropping patterns in relation to the expected 
rainfall distribution, the proposed patterns areplotted against average monthly rainfall in Fig-

r aant3. 
ure 1. 

The actual rainfall pattern deviated greatly 
from the 20-year average (Fig. 2). In CY 76-77, 
early typhoon during May caused a monthly
rainfall total for that month three times the 
long-term average. At the end of the wet sea- 
son, October received less than half its long-
term average rainfall, and November and 
December were also below average.As a result of the heavy rains during May, 

most of the proposed cropping patterns were 
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not followed. The pattern shifts were mainly in 
the method of establishment of the first rice 
crop, although excessive water either precluded 
corn establishment if it had not been planted
before the typhoon or resulted in crop failure if 
corn had been planted (Table 2). Taking advan
tage of the heavy rain, farmer-cooperators 
established more rice by the wet-seeded rice 
(WSR) method. Of the 36 proposed patterns 
containing a dry-seeded rice (DSR) first crop, 
33 were shifted to WSR. Seventeen of the 26 
proposed patterns containing TPR were shifted 
to WSR because rice seedlings were not avail
able. All corn proposed to precede a lowland 
rice crop either was shifted to WSR or failed 
because of excessive moisture, thereby 
eliminating pattern group D (C-R-UC). 

Because of the similarities in flooded status 
day (FSD) regimes (see Environmental 
description section), the cropping pattern 
resulis were combined by pattern groups over 
the folluwing land units: 

* 	high and medium side slopes, rainfed, 
heavy textured, 

Tab1. Distribulonoffleldsforpoposedcroppongptterns. 
Ilolo,Phiippne.s crop Ver 76-77. 

Cropping pattern" 	 Fields 

A. Rice-rice-rice (R-R-R)1. DSR-TP-TPR 10 
2. 	 TPR-TPR-TPR 2 
3. WSR-TPR-TPR 	 1 

a. Rice-rice-upland crops (R-R-UC)
1. DSR-WSR-cowpea 	 242. DSR-TPR-WSR-mung bean 2 
3.WSR-TPR, WSR-mung bean 32 
4. WSR-TPR-melon 	 1C. Rice-upland crops (R-UC) 
1.TPR-sorghurn 	 11
2. TPR-soybean 	 2TPR-mng~l bean2 
4.TPR-corn 1 
5.TPR-peanut 	 1 

D. Corn-rice-upland crops (C-R-UC)
1. Green corn-TPR, WSR-peanut 1 
2. Green corn-TPR, WSR-sorghum 1 
3.Corn-rice-cowpea 	 8 

E. Corn + rice-upland crop-upland crop
(C +R-UC-UC) 	 4F. Corn-soybean-sweet potato (C-UC-UC) 6 

Total 	 116 

*DSR =dry-seeded rice, WSR = wet seeded rice; TPR transplanted rice, C+R = corn + upland rice Intercrop, R = rice, UC 
= upland crop. 



GROUP 


A . S8 /Z I _/, TP . 
.P 	 ,/ 


7_ _ - ws. TPR 7/ T------

CWUOu 

8 SI WSR CR,VG 


.. " ,:z. 	 i 

C _ 
-. 

' 


. . .PP /,7 sa,% 


a 72 

II S , 	 I'
.... 
A M d J A S 0 N D J F M 
47 157 2SO LSq C 4 257'q2-t 4 2 

Average monlhly rainfall (mm) 

1. Proposea croppmng patterns and 2U-year average month-
ly rainfall, crop year 76--77, Iloilo. Philippines. DSR = 

dry-seeded rice, TPR = transplanted rice, WSR = wet

=
seeded rice, CP cowpea. MG = mung bean, MN = melon, 
SM = sorghum. C = corn, P peanut, SB = soybean, 
GC = green corn, C+R = corn and rice intercrop, SP = 
sweet potato. 

" 	 low side slopes and plateaus, rainfed. 
heavy textured, 

* 	 plains and waterways. rainfed. heavy tex-
tured; 

" 	plateaus and plains, irrigation I, heavy tex-
tured: 

* 	 plateaus, irrigation II and Ill. heavy tex-
tured. and 

" summit (upland) positions. 
Data from a group of medium- and light-
textured soils, some with coarse-textured sub-
strata and partial irrigation. were interpreted 
separately. Salient agronomic and economic 
characteristics of patterns grown on heavy-
textured lowland units are presented in Table 3. 

Between land units there was little difference 
in the yield of the first rice crop. However, yields 
of the second rice crop were influenced by water 
availability as governed either by landform or 
irrigation class. Upland crops generally suffered 
from drought following two rice crops, althouh 
in areascovered by irrigation (II and Ill) lateral 
seepage caused poor performance of many 
upland crops planted while adjacent fields were 

Table 2. Summary of the cropping pattern compunents distri
buted among proposed, shifted, actual, cancelled, and failed 
during the first crop. Iloilo, Philippines, crop ymar 76-77. 

Fields (no.) 
Pattern 
components Proposed Shifted Actual Cancelled Failed 

DSR 36 33 WSR 3 - 2 
WSR
TPR 

34 
26 

1 TPR 
17 WSR 

89 
8 

-
1 

-
-

Corn 
Corn - rice 

16 
4 

6 WSR
0 

9
4 

1 
-

2 
1corn 

1 rice 

0loodCd fOr 1hc rice crop. Material costs of 
R-R-UC varied little over land units. Although 
based o1n fewer observations, the material costs 
ofR-'JC patte rils were also about the same o,% r 
land units. and only slightly less than those of 

R-R-UC. The minor cost difference was ex
plained partly by slightly highermaterialcosts for 
the earlier upland crop: moreover, the 
extrenlelv dr\ conditions prevented 30% of tile 

farmers from planting tile LJC portion of a 
proposed R-R-UiC pattern. thereb reducing
the averae material cost of tile pattern. When 

data for the farmers who skipped tile UC in an 
R-R-UC pattern were excluded, the difference 
in material costs came to US$50.27/ha. Labor 
cos's were generally lowest for the least produc
tive patterns because harvesting and threshing 
rests,which constitute a major share of the total 
labor cost, are closely proportional to pattern 
productivity. 

Across land units, tile total returns, returns 
above variable costs, returns to cash, and 

Rainfoll (mm) 

500 

400 / 21-year average 

a . 
300 . 

200 	 , 

100 

0 
Apr Moy. Jun July.Aug. Sept Oct Nov Dec ,on Feb. Mo, 

2. Crop year 16-77 monthly rainfall and the 21-year 
average rainfall. Iloilo, Philippines. 
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Table 3. Summary of cropping pattern performance on heavy-textured land units and pattern groups. Iloilo, crop year 76-77. 

Returns 

Cost (US$/ha) AboveObser- Yield" variable To ToLand units Pattern vations Mate- Van- cost cash laborgroup (no.) 1 2 3 rial Labor able Total (US$) (US$/$I) (US$/h) 
High and medium R-R-UC 5 5.2 1.3 21%(1)1 258 348 605 1108 503 4.3 .29side slopes, R-UC 6 5.4 64%- 213 280 493 1220 727 5.7 .42

rainfed 
Low side slopes R-R-UC 23 5.3 2.0 13%(9) 214 314 529 1177 648 5.5 .36and plateaus, R-UC 2 5.2 57%- 228 340 628 1416 788 6.2 .41

rainfed 
Plains and water- R-R-UC 6 6.1 4.7 1% (1) 258 403 661 1536 875 5.9 .37 ways, rainfed 
Plateau and plains R-R-UC 11 5.7 4.6 13%(4) 237 369 605 1566 961 6.6 .42Irrigation I R-UC 2 4.5 64%- 185 305 488 1189 701 6.4 .38 

Plateaus, irriga- R-R-R 7 5.4 4.7 3.3 244 462 707 1936 1229 8.0 .43gation IIand Ill1 R-R-UC 9 5.1 4.6 2% (1) 218 367 585 1472 887 7.1 .40 

"Numbers 1,2,and 3 refer to crop in pattern. Rice (R)yields are in t/ha, yield of upland crops (UC is on a relative yield basis, withcowpea = 1.72 t/ha = 100; sorghum = 8.33t/ha = 100; mung bean = 1.20t/ha = 100.Thesewerethe highest yieldsobtained inanyof the cropping pattern trials, and are believed to reflect the maximum performance obtainable by farmer-cooperators. Data frompatterns which Included soybean were not included in the relativeyield computation because it is not locally adapted due to uncontrollable levels of insects. 'Raturns to cash = total return - material cost. Returns to labor = Itotal returns- material cost) - manhours, 'Number in parentheses is number of patterns in which no UC was attempted. alrrigation Iplementl Irrigation at least 1month after the end of the rainy season. II 
partially irrigated. With sup- Partially irrigated. With supplemental irrigation 1to 2-months after the end of the rainy season. III Fully irrigated. Has available water 11 or more months of the year. 

returns to labor within each pattern group gen-
erally increased as the moisture regime became 
more favorable. The lack of major differences 
betwe.en pattern groups within each land unit 
reflected the farmers' ability to cope with 
pattern requirements. 

Within heavy-textured, rainfed units with 
high and medium side slopes, farmers could not 
satisfactorily grow two rice crops and an upland 
crop: the yield of the second rice crop was low 
and the following crop showed poor perfor-
mance. However, farmers were generally able 
to meet R-UC pattern requirements. Further-
more, the R-UC pattern group was more 
profitable than the R-R-UC. 

Within heavy-textured, rainfed low side 
slopes and plateau units, farmers were unable to 
successfully grow the R-R-UC pattern. Among
the 14 that did grow a UC, 6 experienced com-
plete crop failure. Thus, the relative crop yield 
average was only 13% for the pattern group.
Furthermore, the second rice crop in those units 
was sensitive to moisture regimes as affected by 
planting date and slight positional differences 
within land units. Of 23 second rice crops 
attempted, 5 were total failures, while the top 5 
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yields averaged 4 t/ha. Nine cooperators who 
grew only R-R patterns either were delayed in 
their plantings or were on less favorable fields 
within the land units; therefore the second rice 
crop yields were only 0.8 t/ha, compared with 
the 2.8 t/ha of the 14 farmers who attempted the 
UC. 

When the cost and returns of the UC portion
of the R-R-UC patterns were removed and 
combined with the R-R cost and returns data, 
total variable costs decreased to US$438/ha, 
returns over variable costs increased to 
US$672/ha, and returns to cash increased to 
6.5. On the basis of two R-UC observations, 
therefore, the R-UC patterns were more 
profitable than the abbreviated R-R patterns. 
Moreover, average material and labor costs of 
the R-UC patterns were higher than those for 
the R-R-UC, indicating exceptional cases. The 
outcome of trials of these pattern groups on 
heavy-textured rainfed, plateau and low side 
slope units indicates that farmers can cope with 
R-R requirements in the more favorable fields 
and R-UC requirements in the less favorable 
fields, but not with the full R-R-UC require
ments. 

http:betwe.en


In the plain and waterway land units. only 
R-R-LIC patterns were attempted. However. I 
flarmier did not attempt the 11C portion: of the 5 
Who did. 4 experienced total UC failures 
b),ecauSe of dro'ught anid I harvested only 75 ko 
mung beans/ha. Thus. farmers in those units 
could cope w%ith lreqluirelents of two rice crops. 
but not with those of the UC that fllowCd, 

In heavmv-tex tured plateau and plain units 
".'..eiVitl irrigatiot for less than 2 months 
beyond the norlal end of tlie wet season (Irrig-
ation I). farmers easily coped with the R-R pr-
tion ofl an R-R-LU(" pattern. H owever. 4 of the 
I I farmers did not plant I LIC, and for tile 7 
cooperators who did. pe rformance of the LIC 
was generally poor. The a\crae cost of tile 2
R-UC patterns \\as lover than those of the I I 

R-R-UC patterns bv US$1 I 7/ha. and returns 
were lower b\ USS273iha. Deducting the costs 
and returns of tle 3C conmponelnt from1 the 
R-R-UC mnade the abbreviated R-R pattern 
group even more profitable than the k-tiC 
group. 

In heaIvy-textured plateau posit ioils receiving 
irrication for more than 2 months beIond the 
normal end of the \\et season (Irrigation II and 
111). farmers also easily coped '. ith at least 2 rice 
crops. Yields \%ere reduced on the third rice 
crop of the k-R-R patterns, but they \were still 
substantial. The R-R-R patterns x\ere located 
primarily in Irrigation Ill units. Lipla tid crops 
performed poorly in Irrigati1n II units, partly 
because of seepage from adjacent fields. which 
farmers kept flOIIded for late rice crops. 

Land units having medium- and light-
textured soils, as expected. \were generally 
poorer than the hea\ y-textured unIits.especiaV 
for either the second rice crop or the upland 
crops. The average yield of the first rice crop 

oe,,r all mleditlm- and light-textured units was 
4,9 i/ha. which was 0.5 t/ha less than the weight
ed average over all heavy-textured rainfed 
units. Intrtlic IntLre. t vields after one or two' 
rice crops were much lower. \\here partial 
irrigation e isted. l:illners produced Second 
rice-crop \viehls sutticicnt to make ali R-R pat
tern iore profitaile than an R.Lti'. although 
the per-lhectar lettnll over variable costs was 
only ISN'$55() for the R-R ye'rstis LIS$358 for 
R-I.'. 

(I tIe uplInd pattertn groups, the corn-LIC-
UC .g\'c the highest returin over variable costs. 
folloced by corn-L. IC and corn + rice-UC 
(Table 4). In those pattern groups, the corli crop 
or the corn i-- rice intercrop wvas grown during
about the saic period when single rice crops 

are traditionally grown ill lo\Vlauid fiels, 
Although the upland patterns were not exten
sivel\ elsted. they litted well into the Illo 1ihland 

yslvsten on tle better drained knoll (or sunmit) 
positions. 

Conpared with hlowlnd patterns, upland pat
terns had higher material inputs, reflecting 
slightly Iigher secd ;aiILd fertiliier costs aiid pre
harvest labor req uirements. All three patterns 
%\eresatisfactorily cro\\n in tie trials. However. 
the corn-L'('-t(" pattern. Mvhich gave the high
e,,t return o\er variable cost. reuLluired the high
est material Cost and most labor.. leading to 
lower returns per unit cash and lier Unit labor. 
FUrthermnire. tile additi lal return for the 
corn-LV(-1 C pattern (1.SS722) was only 1.4 
times the additional expense (1 S1524). indicat
inc a i iuch lo\er return for tile additional 
expense of using the iore intensive cropping 
pattern. 

Within pattern groups, several nianagenient 
alternatives can lie tsed for Iighict total crop 

Table 4. Summary of costs and returns of three experimental upland cropping patterns. Ilollo, Philippines, crop year 76-77. 

Returns 

Costs (US$/ha) Above 
Fields variable To To 

Pattern reported Total Total cost labor cash 
(no.) Material Labor variable (US$) (US$) (US$/h) (US$/$) 

Corn-UC 12 225 288 513 1003 490 .29 4.6 
Corn - rice-UC 4 325 375 700 10/5 375 .18 3.2 
Corn-UC-UC 2 429 608 1037 1725 688 .22 4.0 
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Table5. C'omparative yields and costs and returns ofwet-seeded rice (WSR) and transplanted rice (TPR), first and second crops. 

Iloilo, Philippines, crop year 76-77. 

Costs (US$/ha) Returns (US$) 

Crop No. Yield Total Over varl
position reported (t/ha) Material Labor variable Total able cost 

WSR first 84 5.3 97 
TPR first 13 4.6 112 
WSR second 51 3.0 78 
TPR second 21 4.4 103 

output. reduced production costs, or reduced 
risks. The suitability of some is briefly discussed 
here. For further discussion ot other alterna-
tives, see the section Component technology, 

Method of rice establishment. The yields, 
and costs and returns associated with different 
methods of rice establishment for both first and 
second crops are in Table 5. For the first crop, 
both yields and returns over variable costs 
favored WSR. The averages over all land units 
and pattern groups were taken. Because R-UC 
patterns were often platted later than WSR pat-
terns, and therefore suffered higher levels of 
pest incidence, TPR yields were expected to be 
lower than WSR yields. The time difference was 
not sufficient, however, to explain the yield dif-
ference or the higher returns. Furthermore, the 
earlier harvested WSR commanded a higher 
market value. The results clearly indicate that 
farmers can cope with WSR cultural require-
mients in the first crop. 

For establishing tile second rice crop, the 
TPR method was favored, with respect to both 
yields and returns over variable costs. One main 
reason for the difference is the greater drought 
stress from tile longer duration WSR crop. 

178 274 782 508 
188 301 614 313 
117 195 454 259 
189 281 661 380 

Because of the early typh_,.'n, only five DSR 
were ,+tempted; two tailed. The average yield 
for the 3 successful crops, 5.4 t!ha, suggested 
the potential of DSR, but the failures and many 
switches to WSR indicate that the technique 
must undergo further refinements to make it 
acceptable. 

Upland crops and their manage
ment. Upland crops following either one or two 
ricc citps generat!y did not perform well. The 
puddled soil from the preceding rice crop 
created an unfavorable physical environment 
forthe uplandcrops. Furthermore, thorough till
age required high energy inputs and was costly 
and time consuming. Both are undesirable 
characteristics for acrop that must rely on later 
sporadic rains and residual soil moisture for 
growth. If a farmer chose to grow a crop follow
ing rice, his strategy was an extremely low-input 
one, mainly broadcasting mung bean or cowpea 
on the rice crop shortly before, or soon after, 
harvest. 

To examine the effect of higher tillage levels 
on the performance of UC in R-R-UC and 
R-UC patterns, two tillage levels were exam
ined. In Table 6, these levels are referred to as 

Table 6. Economic analysis" for some upland crops planted after lowland rice at high and zero tillage levels. Ilollo, Philippines, 
crop year 76-77. 

Yield' Labor cost Net returns 
(kg/ha) (US$/ha) (US$/ha) 

Crop
 
High Zero High Zero High Zero
 

Cowpea' 817 (5) 1033) 5) 74 13 45 233 
Cowpea" 136 (3) 290( 5) 43 8 -40 13 
Mung bean 255 (2) 260(13) 50 20 9 85 
Soybean" 565 (4) 342) 2) 90 16 8 9 
Sorghum" 4343 (2) 83261 1) 63 19 471 952 

"Costs and prices were based on the prevailing value during the production season. ONumbers in parentheses indicate number of 
fields. 'Grown after one rice crop. "Grown after two rice crops. 
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placing seed a.d f rtili/er in the fLurrow. and 

covering the flurr l'1w pulling a Spike-tooth 
harrow diagonally o' r the furrO.\. 

H once with aHigh tillaoe consists ofphov .ing 
carabao-drawn nat' e pltx to a dept h of I-0 5 
cm. thenII harroinlg once or tM+ice. OplI' a 
furro\\ aad placing seed, and fertiliCr illit. and 
covering til ,ecdI rig a spike-tooth 
harrow diagonily o~er the field. 

Data ili l ablc 0 indicate sc\cral points rClat-

ed ito tillageC lL CI enp sp~ecies. and sequnceILI1 
of planting in the pattert. Zero tillage \as 

zero and high t illagCe and are defined as fIllows: PANG.ASI NAN Tl SlS 
*0 Zero tillage consists of spraying rice stub- Illlileh' Copping epaltmet', and Cropping 

ble and weeds With paraqlUlat, opening a furrow .%'stems 'omil,'t a Agricultural?I 
at the desired rowm\idth with a nati\e plow. .-h~rononi v, and linholoi,)u\%'ix,-. ' a E to 

more profitable th,-I high 

were uecrilk lcvhge 
than at high tillae. Niorco 

Costs amoun11ted to olx 
labor costs. 

llage. Crp iCldS 
op ilde 

at /tero tillage 
er. icro-tillage labor 

of* hichl-t illage 

A comparison of Coxx pea y'ields and net re

turns following one and twko rice crops indicates 
that cowpea after a single rice crop should hes. 

higher .ichling rtid mlore prottalc at /cro till-

ace. Howevas ullng
r. bea cro illafter t'\\.o rie 
crops 	 lr taleh at zero tillage . ,hespite lty, 


Tils."he.ei of sorlltull ft1lo11in
prtFdOit 
 i Teo s 

one rice crop was promising. Frtml three obser-

vations. sobe [anperfortmed poirl\ in patterns 


because of'uncontrollale pod-borer daiage, 

Because of the generally lo, vicd lCCls of 

UC in tile patterns, investigation of the cur-
rently recommended levcls of' nitrogen. pios-
phorus. and potassium fertilizers, which range 
from 20 to 60 kg/ha per nutrient per crop \as 
started for CY 77-78. However. in two cases of 
R-UC pattern grown in CY 76-77. where mung 
bean and sorghum intercrops and monocrops 
were superimposed, a sorghum yield response 
of 0.6 t/ha was ob-tained by increasing basal ni-
trogen from 30 to 40 kg N/ha: a furt her increase 
of 0.8 t/ha was obtained froti an additional 40 
kg N/ha toipdressed. 13v increasing basal hi-
trogen from 20 to 40 kLha. a mung bean yield 
response of 230 kg/ha \%as ohtained. 

Additional crop management subjects 
related to cropping patterns are discussed in the 
section Component technology, 

i)O, l co . m 

The IRRI-Burcau of Plant Industry (BPI) 
Cropping systcnils rsearch a rca in Pallgasinllan 
has a 3.6t rainfall pattern of 3-4 consecutive wet 
months, with I or more monthly totals exceed
ing 500 1nn. and 5-0 cOllsecuti\C dr\'nonths. 
()ne sector of the l'ancasinait research area 
fCiaaringa an) ha,, a 

the other (lipit-lPak) 
laxonoiicalkl. most 
hutropepts. Their ptl 

slhallom \water table, and 

has a deep ' ater table. 
soils in both sectors are 
ranges from 0.7 to 7t9 

'la loaInl is tie modal surface soil texture in 
both sectors. A\erace soil organic matter is 

2 .4 '; in Caariticavan arid onlx I S(; in Lpty . Lifit
oao. tile difference aPlIarently resulting fron 

"oil Motistrc di flerelinces. The wvater table differece is the maijotr tactohr that divides the 

research arca into differett production coi-

In CY 76-77. 52 farner-cooperators tried I 
to 3 cropping patterns in 7) test fields: 37 iii 
.Lipit Pao and 42 in Caaringayan. The patterns 
int rodueed \ er more iitensive patmre farmers' 
terns with in,.ensilication derived fromt tile 
introduction of one additional crop or from 
increased production in COnlplCXCs \vhCre two 

crops were grown by farners but at a lowV level
 
of narnienLmerit. The patterns tested in CY
 
76-77 belong to four groups:
 

* green corn-rice-upland crop (GC-R-UC) 
* rice-rice- L1pland crop or fallow (R-R-LJC) 
e rice-upland crop (R-UC) 
0 continuous rice (IR-R-R) 
The patterns are graphically described in 

Figure 3. The mean nmonthly total rainfall is 
included to orient tile patterns to seasonality. 
The patterns w.yere selected on the basis of their 
performance during CY 75-76. Patterns I to 3, 
designed fr fields with deep soils with rapid 
surface a nd internal drainage. v,crc assigned to 
the Iipit-Pao sectoer. 

Patterns 4 and 10 \were designed fIr tile 

Caaringavan sector, the former 'Or fields with 
coarse-textured, deep soils, and the latter for 
fields near free-flowing wells. 
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3. Proposed cropping patterns and 2 5-year average month-ly rainfall. Pangasinan, Philippines, crop year 76--77. 
TPR = transplanted rice, WSR = wet-seeded rice, DSRdry-seeded rice, GC = reen corni, MG =mung bean, CPcowpea, SB =soybean, SM = sorghum, SP = sweet potato,P = peanut, BS = bush sitao. 

Patterns consisting of two rice crops and anupland crop or fallow (4 to 6) were designed forthe wetter fields in both sectors. Either the DSR 
or the WSR establishment technique was used
for the first crop depending on water availabili-
ty. Patterns 7 to 9 were designed for both sec-
tors on the basis of 1975 performance. They had 

been used to test intensification in fields likely to
have insufficient water for two rice crops, in
fields where only a single rice crop was grown,
and in fields where a low management level UC 
followed a single rice crop.

The distribution of the patterns in pattern
groups A, B, and C (Fig. 3) is shown in Table 7.As CY 76-77 started and the factors that controlled pattern adaptation in Lipit-Pao became 

obvious, there was a shift to more R-UCaad less GC-R-UC and R-R-UC patterns, but inCaaringayan, the shift was toward more inten
sv hsive patterns. The pattern shifts reflected thefarmers' and researchers' realization that water 
would be a less limiting factor in Caaringayan.In rainfed conditions across both water tableclasses, fields with R-R-UC were shifted to the 
R-UC patterns. Initially, 46% of the R-R-UCpatterns were designated for rainfed fields, butonly 24% were implemented. For the R-UC
 
ny2%wr mlmne.FrteRUgroup, the shift was reversed - 41% weredesigned for rainfed fields and 52% were 

implemented.
As Figure 4 indicates, the CY 76-77 rainfall

deviated in two characteristics from the longterri average. The onset of the wet season was
abrupt and early rains were heavy, and late
season rainfall declined more sharply than normal. Those deviations affected the performance
of cropping patterns. 

Table 7. Distribution of proposed and Implemented patterns by pattern roup", Inigation, aiad location. Pangasinan, crop year76-77. 

Cropping 
Proposed (no.)pattern group, Implemented (no.) 

-A fourth group, R-R-R, 

sector 
Total Rainfed 

Partially 
irrigated Total Rainfed 

Partially 
irrigated 

A. GC-R-UC 

Lipit-Pao (deep) 
Caaringayan (shellow)

Total 

B. R-UC 

15 
8 

23 

8 
5 

13 

7 
3 

10 

11 
9 

20 

6 
7 

13 

5 
2 
7 

Lipit-Pao (deep) 
Caarlngayan (shallow) 

Total 

C. R-R-UC 

7 
15 

22 

4 
5 

9 

3 
10 

13 

17 
12 

29 

10 
5 

15 

7 
7 

14 

Lipit-Pao (deep) 
Caaringayan (shallow) 

Total 

12 
12 

24 

9 
2 

11 

3 
10 

13 

6 
15 

21 

5 
0 

5 

1 
15 

16 
was also designed. Seven R-R-R plots were proposed for Caaringayan (near free-flowing wells), none forLipit Pao. Six of the seven were implemented in Caaringayan. 
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4. Monmy rainfall aiutnrbuton at Manaoag, Pangasinan, 
Philippines, 	during crop year 76-77 compared2 5 with data 
for the -year average at Dacuan Citv. Phil+omines. 

As indicated in the Section F-n\ ironiental 

description, FSD regimes differed little between 
waterway and ntonwaterwa, positions \within 
the same water table and irrigated rainfed class, 
Crop yields, and costs and returns data from the 
pattern groups \ere scparated according to 
water table and partially irrigated-rainfed clas-
sifications. ignoring the distinction bietween 
water,\av andILnotlaterw\v*. Yield. and cost 
and ret iii n means for the pattern groups are in
Table 8. 

Table 8. Mean 

Average Nyields of the patterns with single rice 
crops (R-LIC and GC-R-LIC) were not greatly 
different between rainfed and partially irrigated
land units. The rice component of both patternscoincided with maximunm FSD 	 intervals, as 
depicted in FSD frequency diagrams for 
Pangasinan. The single rice pattern yield aver
ages for the deep water table units were 3.6 t/ha 
0for rained and 3.2 t/ha for parl lv irrigated 

units. In the shallo%% water-table sector, the 

averages for the sanie crops were 3.1 t/ha for
rainfed and 3.4 i/ha fo-: partially irrigated Units. 

Yields of first rice crops in R-R-LIC patterns
showed noand shallowvdistinct differences between deepsectors. Within the deep 	water
table sector, however, partially irrigated units
had all advatllage over rainfeL., tinis, but obser
vations in both cases were limited. The first rice 

crop yield from R-R- UC patterns was 1.4 t/hahigher than rice \ields of the later planted single 

rice patterns, reflecting inl part greater huildup 
of pests and crop stress from late drought. The 
second rice crop was affected hy later drought, 
yielding an average of 3 t/hi in rainfed and par
tially irrigated units of the deep water-table see
tor and 3. t/ha in the partially irrigated. shal
lo \waler-table units. No R-R-UC was attemp
ted oti rainfed land units with shallow water 
table. 

In fields near free-flowing wells, the first two 

yields, and costs and returns for pattern groups,according to land units. Pangasinan, crop year 76-77. 

Returns
 
Pattern 

Land unit group Obser-
vations" 

(no.) 1 

Yield" 

2 3 

Costs (US$/ha) 

Mate- Vari-
rial Labor able 

Total 
(US$) 

Above 
variable 

cost 
(US$1 

To 
cash 

(US$/$1) 

To 
labor 

(US$/h) 

DeepRainfed GC-R-UC 
R-R-UC 
R-UC 

6 
5 (2) 
11 

2.1 
4.7 
3.7 

3.4 
2.8 

39(10) 

47(5) 
54(3) 

357 
447 
266 

243 
522 
338 

682 
924 
615 

897 
1614 
1016 

215 
690 
401 

2.5 
4.0 
4.1 

.19 

.19 

.26 
Partially 
irrigated 

GC-R-UC 
R.R-UC 
R-UC 

7 
2 (0) 
8 

11.2 
5.2 
2.8 

3.6 
3.5 
56(8) 

41(5) 
38(2) 

379 
496 
306 

359 
538 

322 

739 
1035 

628 

1178 
1636 

1008 

439 
601 
380 

3.1 
3.3 
3.3 

.27 

.29 

.26 
Shallow

Rainfed 

Partially 
irrigated 

GC-R-UC 
R-UC 
GC-R-UC 
R-R-UC 
R-UC 

9 
4 
2 

13 (7) 
7 

0.3 3.1 
3.0 26(1) 
0 4.6 
4.7 3.6 
3.0 46(7) 

34(9) 

-
-

40(4) 
-

315 

219 
414 
345 
195 

353 

231 
351 
459 
302 

668 

451 
765 
804 
497 

779 

599 
883 
1595 
796 

111 
148 
118 
791 
299 

2.5 
2.7 
2.1 
4.8 
4.1 

.15 

.21 

.16 

.32 

.26
'Numbers in parentheses represent cooperators not planting UC. 'Numbers 1. 23 refer to crops in the pattern. Yields are in -/haforrice; thousand green ears for corn; and relative yield for UC. where yields of 1.53, 1.29, and 4.50 i/ha were the bases for the relativeyield computation. These were the maximum yields obtained by farmer-cooperators. Numbers in parentheses are number ofobservations in computation of UC relative yield. 
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crops of R-R-R patterns were readily grown by
the seven farmers. The average yields for the 
first and second crops were 4.7 and 4 t/ha,
respectively. One cooperator failed to complete 
the first two crops in time to start the third crop,
and three farmers planted the third crop but had 
failures because their wells ran dry. The average
third-crop yield of the 3 farmers who grew the 
full R-R-R panern was 4.4 t/ha. The results 
suggest that mcst farmers could cope with cul-
tural requirements of three 100- to 1I0-day-
duration rice crops on at least part of their land 
if there are no water limitations, 

Failures with green corn (GC) were common 
because of thq early typhoon. All but one of the 
GC crops in the shallow water-table area were 
total failures. Only on the partially irrigated
units, where internal and surface drainage were 
adequate, did the GC component approach
satisfactory performance on more than half of 
the units tested. On that land unit, 4 of 7 
cooperators grew crops averaging 19,600 mar-
ketable ears; the others had total crop failures. 

There was no decided advantage to UC from 
any land unit or pattern groups as indicated by 
average relative yields, which ranged from 38% 
for UC grown after asingle rice crop in the shal-
low water-table sector to 48,( for that grown
after two rice crops in the deep water-table sec-
tor. UC yields were somewhat dependent on 
planting date in relation to the abrupt decline in 
rainfall. UC yield range and variability sug-
gested a good potential for UC yield increases 
on deep soils with substantial water-holding

capacity. 


In the shallow water-table sector, R-R-UC 
patterns were attempted only in the partially
irrigated land units. However, 7 of the 13 
farmer-cooperators did not grow UC, indicating
that its cultural requirements were too much for 
many. The 6 farmers who grew UC spent an ex-
tra US$428/ha to produce the R-R-UC pattern,
but the additional return of US$436/ha merely
covered costs. A comparison of R-UC costs and 
returns with those of the R-R-UC pattern shows 
that the additional cost to produce the extra
rice crop was US$307/ha and the added output 
was US$799/ha. When the UC component of 
R-R-UC is ignored (i.e. assuming an 
abbreviated R-R pattern by removing UC 
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costs), returns over variable costs were about 
the same (US$7/ha more) but costs were greatly
reduced (US$137/ha less). Thus, on the par
tially irrigated, shallow water-table land units, 
an R-R pattern was most profitable in CY 
76-77, and was also manageable for the 
farmers. 

As reported earlier, within the rainfed and 
partially irrigated shallow water-table units, 
farmers could not obtain field drainage neces
sary to grow green corn in GC-R-UC patterns.
The presence of a shallow water-table suggests
that early flooding would likely occur in many 
years, except on the highest and coarsest
textured land units. Therefore, the GC-R-UC 
was not adapted to most fields in the shallow 
water-table sL;Clor. 

The GC failure rate was also high in the 
deep water-table sector, amounting to three 
of seven on the partially irrigated units and five 
of six on the rainfed units. Where yields were 
obtained, they were much lower than usual. 
Consequently, GC-R-UC patterns gave returns 
lower than R-R-UC patterns. However, the GC 
component was more profitable on the partially
irrigated units than the R-UC crop, even when 
the computation included the cost of failures. 
The additional cost of the GC-R-UC pattern 
was US$1 l1/ha and the additional return 
US$170/ha. 

The R-R-UC patterns were moderately suc
cessful in the deep water-table sector. 1-armers 
attempting to grow the pattern produced
profitable rice crops and, in some cases, a UC. 
However, because of the few R-R-UC observa
tions in that sector, data for the rainfed and par
tially irrigated units were combined. Compared
with R-UC patterns, R-R-UC patterns cost an 
extra US$335/ha and gave an extra return of 
US$607/ha. Furthermore, the extra cost of 
growing the abbreviated R-R pattern was 
US$103/ha and the extra return was 
US$308/ha. A comparison of R-R-UC and 
R-R, in which the UC costs and returns were 
excluded from R-R-UC to derive R-R costs, 
showed that R-R returns were 1.21 times those
of UC. Although the comparison was based on 
only five cases in which UC was attempted, the 
results indicated that UC can be profitably 
grown after two rice crops in some fields in the 



Table 9. Average yields, costa, and returns of R-R-UC patterns started by three alternative first crop establishment methods. 
Pangasinan, crop yew 76-77. 

Costs (US$) Returns (US$) 

First crop YieldIt/ha) 1st crop Pattern Over 

establishment Planting 
methods" date 1 2 Material 

DSR (5) 8 June 5.9 3.4 203 
WSR (8) 19 June 4.1 3.5 180 
TPR (6) 8 July 4.6 3.1 136 

'Figures in parentheses are numberof observations. 

deep water-table area but at a high cost. 
Establishment of first crop in R-R-UC. In tile 

rainfall regime found in Pangasinan, improved 
methods of establishment are advantageous for 
early planting of R-R-LC patterns. Therefore, 
rice vields. and pattern costs and returns from 
19 cropping patterns test fields where farmer-
cooperators had gro\in R-R-UC were sepa-
rated on the basis of first rice crop establishment 
methods. Means of ,selected characteristics are 
in Table 9. DSR-cstablishcd patterns were 
planted I I days earlier than WSR-established 
patterns. and I month earlier than TPR-
established patterns. DSR crops had higher 
average yields than either WSR or TPR crops. 
The second rice crops. all transplanted, gave the 
lowest yields when preceded by a TPR crop. 
which reflected drought stress on the second 
crop, despite the high proportion of DSR 
patterns grown in the deep water-table sector. 

Material costs were highest for the DSR 
method, but labor costs were higher for the TPR 
method, partly because of transplanting 
requirements. Although DSR patterns had 
higher costs, they had higher returns over vari-
able costs than either WSR or TPR. An impor-
,:nt portion of the cost difference was due to 
',uaor and material for planting the UC. How-
ever, UC yields w,:re low and often did not 
cover production costs. Compared with TPR-
started patterns, the DSR-started patterns had a 
1.7 return for the additional variable input cost. 

Upland crops after rice. Of the upland crops 
originally considered, corn was susceptible to 
drought, sweet potato was seriously attacked by 
weevils, and soybean was heavily attacked by 
pod-borers and was susceptible to drought. In 
contrast, the farmer's traditional mung bean 

Total over variable To cash 
Labor Miterial Labor pattern cost (US$/$1) 

215 432 563 1891 896 2.1
 
195 385 462 1570 722 1.9
 
327 285 429 1401 687 2.4
 

crop. and cowpea and sorghum. which are not 
commercially grown in the area. are better 
adapted to the crop environment after rice. For 
the d ry soil conditions often prevailing after two 
rice crop,. additional research is necessary to 
reduce tillage and fertilizer costs without sac
rificing moderate yield levels. For wet soil con
ditionS prevailing after one rice crop. tillage sys
tenis that protect young plants from late but 
heavy rains require further development, and 
optimum fertilizer rates need to be defined. 

Rice-mrung bean pattern. The rice-mung bean 
pattern is grown on half the land in Pangasinan, 
and is the only crop activity of a third of the 
farmers. The mung bean hectarage has since 
1973 continually increased to a present level of 
2.7 times that of rice. But farmers' mung bean 
yields are extraordinarily low - 0.25 t/ha corn
,ared to a minimum achievable yield of 0.75 

t/ha with moderate management. Because of 
the crop's value. popularity, and ability to grow 
immediately after rice on heavy soils, research 
on improvernetnt of techniques for multiple 
cropping mung bean after rice received 
emphasis. 

Farmers' management practices were iden
tified as a basis for developing and evaluating 
new techniques. Seeding rates and insecticide 
applications on 67 farms averaged a value of 
US$19/ha and US$7/ha, respectively, but no 
fertilizer was applied. Tillage varied from none 
to two plowings and two harrowings. While 
yields and net returns were low, the level of 
returns to labor - average US$0.33/man-hour 
- was good for the period of year when mung 
bean was grown. 

In Table 10, 37 farmers' plots of rice-mung 
bean are compared with 9 experimental plots. 
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Table 10. Comparison of costs and returns for rice-mung bean pattern (experimentul vs farmers' plots). Manaoag, Pangasinan, 

crop yew 76-77. 

Returns 

Costs (US$/ha) Above ToCrop Plots Labor variable labor To cashreported Yield input Total Gross costs (US$/ (US$/(no.) (t/ha) (man-h/ha) Material variable (US$/ha) (US$/ha) man-h) US$1) 

Experimental plots
1st crop, rice 9 3.76 1723 133 364 701 338 2.3 5.32nd crop, mung

bean 9 0.73 400 163 241 444 203 4.9 2.7Total 2123 '96 605 1145 531Av. 9 3.6 4.0 

Farmers' plots
1st crop, rice 37 1.65 504 44 
2nd crop, mungbean 37 0.22 344 26 

Total 848 70
Av. 37 

The gains in mung bean production resulted 
mainly from better control of bean fly. Higher 
rates of insecticide application, reflected in 
higher material costs, were partly responsible 
for better bean fly control but applying insec-
ticides too late was the farmers' biggest mistake. 
Bean fly control was best accomplished 10 days
after plant emergence when the pest and its 
damage were hardly visible, 

BFATANGAS TESTS 
Multiph, Cropping Depmrtent tlnd Cropping
Systenis Components of Agricultural 
Economics, Agronomy, and Entomology 
Depariments 

For years, cropping systems researchers have 
sought abetter upland rice variety than Dagge, 
the one grown at an upland rice-based research 
site in Cale, Batangas province. Until 1976, all 
varieties tested in farmers' fields failed, often 
because they could not withstand the farmers' 
weeding practices, which involved passing a 
spike-toothed harrn)w diagonally across the 
rows from 10 to 20 days after emergence, fol-
lowed by I or 2 interrow cultivations with a 
wooden furrower and repeated hand weeding.
The spike-toothed harrow usually uprooted
improved upland varieties. Also, their shorter 
stature often intensified weed problems later in 
the growing season and increased labor 
requirements. 
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173 308 136 3.2 7.0 

73 138 60 2.2 5.1
 
246 446 196
 

2.7 6.05 

In 1976 variety trials. C171-136 and C166
135 outyielded Daggc. The more promising
C171-136 was compared with Dagge in 1977 
cropping pattern trials in split fields under 
farmers' management. 

When both Narieties were planted as sole 
crops, C171-136 averaged 1.5 t/ha more than 
Dagge; when both intercropped with corn that 
was harvested green, C171-136 produced 1.3 
t/ha more (Table I I). C 171-136 and Dagge did 
not differ significantly in their effect on corn 
yields, but both yielded slightly higher when 
intercopped, probably because of nitrogen 
applied to the corn. When both were inter
cropped, the labor required to weed C171-136 
was substantially lower than that for Dagge
(Table 12). BecauseC171-136 haseven maturi
ty, the labor required to harvest it was much less 
than that for Dagge. Dagge is harvested by
removing individual panicles or cutting the 
entire plant. Farmers must harvest it two or 
three times because it matures unevenly. Farm
crs harvested the entire C171-136 crop at 
once by sickle. Cl 71-136 also produced more 
tillers per square meter. Although its early
growth is slightly slower than that of Dagge, the 
higher tiller number reduced weed competition.
Combined with the increased gross returns, the 
lower labor requirement of C171-136 resulted 
in an average increase in net returns over Dagge
of 143% for the sole crop and 80% for the 
intercrop. That assumed acost of US$0.34/hour 



Table 11. Performance of C171-136 and Dagge as sole crops and intercropped with corn, at constant and variable labor prices for 
weeding and harvest. Cale, Batangas, Philippines, 1977. 

Rice 
Yield t/ha) 

Tillers (no./m:) 

Gross returns' USSha) 


Corn 
Yield imarketable ears) 

Gross return' (US$/ha) 


Total return (US$. ha) 

Input costs' (US$/ha) 

Labor costs (US$, ha) 

Total cost (US$/ha) 

Net return (US$/ha) 

Return to cash (USS/ha) 


Labor cost (USSha) 

Total cost 1US$/hal 

Net return (US$/ha) 

Return to cash US$./ha) 

Return to labor (US$iha) 


Dagge C171-136 Dagge C171-136
 
alone alone corn * corn 

2.76 4.30 2.26 4.57 
185 244 182 193 
525.03 818.50 620.54 869.66 

- - 12,466 13,400 
- - 144.22 154.97 

525.03 818.50 764.76 1024.63 

77.55 77.55 157.82 157.82 

Assuming constant wages for weeding and harvest (US$O. 171ia)' 

179.73 89.39 203.13 140.82 
257.28 166.94 361.90 298.78 
267.76 651.56 403.67 693.76 

0.60 1.28 0.48 0.75 

Weeding labor at US$O. 17/hour, harvest lab.-r at US$0.39/hour' 

271.70 109.93 337,41 171.70 
349.25 187.48 495.24 359.52 
175.78 631.02 269.52 694.97 

0.44 1.24 0.37 0.73 
0.48 1.86 0.57 1.25 

"Palay at US$0.19ikg. Green ears of corn at US$0.0 1/ear. Seeds and fertilizer: seeds at USSO.19/kg; fertilize."(ammonium sulfate) 
at USS8.23/50-kg bag. 'Cultivation and land preparation at US$0.34/h. '(Total return - input costs) labor (man-hours). 

for an activit\ requirin anials and a censtant 
LISSO. I7/hour for all other labor inputs. 

It is more appropriate to Value labor for hand 
weeding at USSI.0l7:hotjr and thit for har\est-
ing at U SSO.34/hour on tile basisofthe imputed 
labor wage in Cale. B;tangas (see section 
Environmental description, Fig. 7). At those 
wage rates. C171-136 incr.ascd averace net 

return over that for Daggec by 29(01 for the sole 
crop and 158 r' for the intercrop. It also gay,: 
higher average returns to labor and cash: how- 
ever. the introduction of corn reduced returns 
to cash for both C171-136 and C 166-135. and 
reduced returns to labor for C171-136. The 
application rate of 90 kg N/ha to the corn inter-

crop. inl addition to the 75 kg N/ha appliL( to 
the rice. may' havc been too high. 

The reduced labor, for harvest of C I7 1- 136 
also may reduce turnaround time between rice 
and corn. which would allow earlier planting 
and higher corn yields.-ic 

('(NTINUOL'S RICF PROI)LCTION MO)I-I. 
Cropping. Svsw ns Componenso ()fice ofRice 
Production Trainingand Research Jnd A fgricul
rural Economics Deparmet 

Preliminary data were given in 1976 for a con
tinuous rice production model (CRPM) for 
areas with year-round irrigation ( 1976 Annual 

Table 12. Labor requirements for production of C171-136 and Dagge as sole crops and Intercropped with corn. Cale, Batangas, 

Philippines, 1977. 

Land 
preparation 

Crop(s) and Weeding 
seeding, 

Dagge alone' 95 163 
C171-13611 95 95 
Dagge - corn 95 90 
C171-136 + corn' 95 234 

Labor required (man-h/ha) 

Cultural 
practices" 

35 
35 
54 
64 

Harvest Total 

636 929 
174 399 
825 1064 
299r' 692 

"Includes thinning, replanting, fertilizer application, and cultivation. 1Av. of 6 plots. 1Av. of 3 plots. "Only 1 plot for corn. 
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5. Average wookly yield of IR36 and solar radiation at 23 days after heading. 
Continuous rice production model. IRRI, 1977. 

Report). In the model, rice was planted and 
harvested 3 times a week from 40- x 250-m 
plots. The total production was 23.7 t/ha (a 
daily production of 64 kg) (Fig. 5). 

Rice production varied from plot to plot on a 
daily basis, which could not be completely 
accounted for. However, solar radiation during 
the entire year had a dramatic effect on yields as 
seen in Figure 5. During weeks 22-24, solar 
radiation and production dropped drastically 
but the drop was not entirely an effect of solar 
radiation - an attack of ragged stunt virus 
caused an additional reduction in yields. Lodg-
ing in Weeks 40-43 also accounted for reduced 

TAIe13. Coetolprodudo laboandmterdals)toproduce
rie fnom 250-M, plot. M, IV". 

Cost (USS/plot)
Activity Time 

(ha)L 

Land preparation 3.62 0.62 0.46 1.08 
Seeds and seed bedding 1.37 0.23 0.0l 0.29 
Fertilizer 1.18 0.20 4.10 4.30W 
Weed control 0.33 0.06 0.22 0.28 
Insect control 0.45 0.08 1.54 1.62 
Planting 3.35 0.57 - 0.57 
Irrigation 0.40 0.07 0.51 0.58 
Harvesting (hauling,

threshing, cleaning) 8.09 1.38 - 1.38 
Total 18.79 3.21 6.89 10.01 

"Field operation time excluding job preparation. "Cost of fer-
tilizer Includes that of chicken manure at 5 t/ha. 
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yields. Variability of production from the four 
crops appeared to be influenced more by solar 
radiation than by any other factor observed. 
Damage by a typhoon occurred in week 49. 

Costs of production per plot are shown in 
Table 13. About 19 hours was required to pro
duce rice from a 250-m2 plot. Tht total cost of 
production was US$10.01/plot, or a labor and 
material cost per hectare of US$400 and a 
yearly cost of US$1,600 for four crops. Price of 
palay used was US$0.135/kg. Based on that 
price, 23,400 kg would bring a total income of 
US$3,160/ha or a net yearly income of 
US$1,530. 

The benefits of the CRPM were that with 
1-day turnaround, more crops could be grown 
in 1 year than in other systems. All tasks were 
performed by 1 worker, each working 40 hours 
a week. That eliminated the high levels of hired 
labor required at transplanting and harvest 
time. Disadvantages of the system were that 
land preparation costs were about 25% higher 

on the small plots than on plots of about 1,000
In ' . Also, with 40 crops at different stages of 

growth, labor overhead costs of about 250 
hours/crop were required in preparation for 

each day's diverse activities; the usual overhead 
time is 35 hours/crop. 

On a per-crop basis, resources were less pro
ductive in continuous rice cropping than in a 



Table 14. Comparison of labor requirements of continuous rice cropping and other multiple rice cropping patterns. RI., 1377. 

Labor (man-hours/ha per crop) 

WeedingCropping Land Nursery and Harvestingpattern' preps- and andother Over- Total 
ration planting care threshing head 

Farmers' double rice crop 145 250 85 210 20 710Research-cooperators' double rice crop 250 340 21595 35 935CRPM, 40 plots 3.96 times/yr 145 190 95 325 250 1005CRPM, 10 plots 3.76 times/yr 115 290 95 325 35 760 

ICRPM = continuous rice production model. 

Table 15. Comparison of costs and returns of continuous rice cropping and other multiple rice cropping patterns (US/ha). WA,
1377. 

Net returns aboveVariable costs/crop Total returns variable costsCropping (USS/ha) (USS/he) (US$/ha)
pattern* 

Mate- One All One Ail 
Labor rials Total crop crops crop crops 

Farmers' double rice crop 141 61 202 325 650 127 246Research-cooperators' double rice crop 226 111 337 568 1136 231 262CRPM, 40 plots 3.96 times/yr 136 274 409 800 3913162 1544CRPM, 10 plots 376 times/yr 103 376274 798 3000 422 1587 

*CRPM = continuous rice t:roauction model. 

single-crop system because in the latter, a labor requirements of alternative systems and
farmer plants a single crop at a time to obtain Table 15 shows the comparative returns. Late inhigher yield. An average yield of 5.9 t/crop was 1977 the model was shifted to a 10 plot/ha sys
realized in the CRPM, and a maximum yield of M2tern of 1,000 , giving 3.76 crops/year.
about 7 t/ha was obtained for a February plant- Reduced labor overhead and land preparation
ing. costs were offset by lower total production, and

Nevertheless, the CRPM is profitable com- the systems were about equally profitable.
pared with alternatives. Table 14 compares 
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SOIL AND CROP MANAGEMENT 
Multiple Cropping Department and Soil Mi-
crobiology Department Cropping Systems 
Component 

Susceptibility of six upland crops to periodic 
flooding. A field experiment conducted in 
Maahas clay soil at IRRI from January to April 
1977 determined the response of corn (DMR-
2), sorghum (Cosor 3), peanut (CES 101), 
mung bean (CES 55), and soybean (Multivar 
80) to waterlogging of the soils at different 
growth stages. All crops were planted without 
furrowing in a level seedbed and received 5 
flooding treatments: flooding at 15 days after 
seeding (DS), at 15 DS and at the early grain-
filling stage, at 30 DS, at the early grain-filling 
stage, and a control (no flooding), 

The plots were completely submerged during 
the designated flooding periods from heavy sur-
face irrigation for 7 continuous days. Relative 
damage to crops caused by excessive soil mois-
ture differed, with the cereals being generally 
more tolerant than the legumes (Fig. 1). The 
grain yield, total dry matter, ear and panicle 

Grain yield t/ho) 

4 a 

a 


length, and seed weight of corn and sorghum 
were only slightly affected. The lack of effect on 
corn yields was partially explained by lateral 
seepage from adjacent treated plots, which 
depressed the yield of the control plot. Peanut 
yields were depressed because of severe Cer
cospora leaf spot attack in all treatments. 

For each crop, the effect of flooding varied 
with stage of crop growth. When flooded at 30 
DS, mung bean, peanut, and soybean suffered 
56, 49. and 37% reduction in yield, respective
ly. The cumulative effects of flooding at 15 DS 
ind again at the grain-filling stage were even 
more severe (57, 60, and 64%, respectively). 
Because its pods are submerged, peanut was 
more sensitive to flooding at the pod-filling 
stage than either mung bean and soybean. All 
the crops became stunted when flooded at the 
vegetative stage. 

Although flooding reduced the yields of all 
legumes, it affected different yield components 
in each legume studied. When soybean was 
flooded at 15 DS, yield reduction was caused by 
an average 22% reduction in stand. The weight 
of 100 seeds was reduced by 21% from the 

Growth period when flooding occurred 
0 .*Contrl (no flooding) 

0:'0 At 15days after seeding ( DS) 

" At 15DS and ot fillingstop 
3 o At30 DS 

At filling stage 

Gbab
 

bc 

ab
 

I'--Com- -- - -- Sojhwri--.-.,=.- Soybeai---- I -Mung bean-I t.--Peanut.--. 

1. Effect of flooding (1-week duration) at different growth periods on the grain yields 
of 5 upland crops. IRRI, 1977. For each crop, bars with a common letter are not signi
ficantly different at the 5% level. 
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check weight of 18.5 g in treatments flooded at 
the pod-filling stage, but the number of pods per 
plant and ot seeds per pod were only slightly 
reduced in the treatment flooded at 14 DS and 
at pod-filling. The stand of mung bean was sig-
nificantly reduced (by 33%) only in the 15 DS 
flooding treatments although a 13% reduction 
resulted from flooding at 30 DS. The weight of 
100 seeds did not change, but the number of 
pods per plant averaged 11 in the 3 treatments 
flooded at or after 30 DS, compared with the 
average 19.2 for the check. The number of 
seeds per pod was significantly lower by 18% 
only in the 30 DS treatment. In contrast with 
their effect on soybean and mung bean, flooding 
treatments did not affect peanut stand and dry 
matter production. Besides those on yield, 
the only other effects were on plant height 
and the 100-seed weight, which was reduced 
by an average 36% in treatments flooded at 
the pod-filling stage. 

Effect of toposequence position and estab-
lishment method on weeds and upland crops 
after rice. Six upland crops (corn, soybean, 
cowpea, mung bean, sorghum, and peanut) 
were planted after a high level of tillage (hand-
tractor rotovation plus butachlor spray) and 
zero tillage (row planting wit%no land prepara-
tion, plus a rice straw mulch) to determine the 
effects of field position in a toposequence and of 
establishment method on each crop's perfor-
mance after rainfed rice. The high field had dry-
seeded rice and the medium and low fields had 
transplanted rice as a first crop. 

Differences in the dates of upland crop estab-
lishment indicated that the turnaround period 
wasinfluenced more by field position than by till-
age level. The crops in the high field were estab-
lished a week earlier than those in the medium 

field, and 30-35 days earlier than those in the 
low field. The time difference was due mainly to 
excessive soil moisture in the lower fields, which 
hampered planting operations. 

The advantage of zero tillage in reducing turn
around increased in the lower fields. Crop estab
lishment was 5 days earlier after zero till
age than after high tillage in the high field, but 2 
weeks earlier in the low field. 

Field position generally had little effect on 
grain yields (Table 1), except in peanut, which 
had significantly lower yields in the lower fields. 
Tillage at a given field position had no appreci
able effect on yields. The significant yield wcduc
tion in peanut with zero tillage at all field posi
tions was probably caused by a poorer condition 
for pod development. Tillage method did not 
influence plant height, but corn, sorghum, soy
bean, and peanut were stunted in the low field. 

Weed density and the dry weight ofweedsdif
fered across tillage levels and previous rice 
planting methods. Weed numbers were higher 
but weed weight was lower with a previous 
transplanted crop than with a previously dry
seeded crop. Despite the mulch, low-tillage 
plots had more weeds than high-tillage plots in 
the dry-seeded fields. With low tillage, weed 
weight was lower in the puddled field, however, 
than in the dry-seeded field (Table 2). In gener
al, the grasses (including volunteer rice) were 
more dominant than the broadleaf weeds 
and the sedges: the weed ratio was 65:30:5 in 
the high field position, and 58:40:2 in the low 
field. Those ratios were 64:30:6 for the high
tillage plots and 59:40:1 for the low-tillage 
plots. 

Dry season planting of soybean. Soybean was 
evaluated for planting after rainfed rice at the 
end of the rainy season. In northern Philippines 

Table 1. Yields of 6 upland cropsafter 2 level. of tiNage and for 3 positions in . toposequence." IRt II97. 

Yield (t/ha) 

Crop High Zero High Medium Low
 
tillage tillage bund bund bund
 

Field corn 2.27 a 1.97 a 2.87 a 1.59 b 1.90 ab

Sorghum 2.53 a 3.14 a 3.40 a 1.62 bb 3.48 a
 
Cowpea 1.66 a 1.53 a 1.45 a 1.60 a 
 1.73a
Peanut 1.38 a 0.77 b 1.43 a 1.06 b 0.75 c 
Mung bean 0.83 a 0.79 a 0.87 ab 0.94 a 0.62 b
 
Soybean 0.61 a 0.66 a 0.61 a 0.69 a 0.59 a
 

in a row, any 2 means followed by acommon letter are not significantly different from each other at the 5% level. bHeed worm 
damage. 
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Table 2. Effect of tilage and previous rice cultuW on average weed count and weight at first weeding In stands of 6 upland 
croplse b 1M,December 176- April 1377. 

Weed count (no./m') Weed wt (g/ml) 

Previous High Low High Low 
rice culture tillage tillage Mean, tillage tillage Mean, 

Dry-seeded 36.7 75.8 56.3 a 12.7 72.7 42.7 b 
Transplanted 77.0 79.5 78.3 b 13.5 41.7 27.6 a 

,4ean, 56.8 a 77.7 b 13.1 a 57.2 b 

•lnteractlion was significantbetween weed count and weed weight. 'Av. of 3 replications and 6 crops. Any 2 means followed by the 
same letter ae not significantly different from each other at the 5% level. 

Table 3. Grain yield and growthi duration of 3 soybean varieties planted biweekly after rainted rice. IARI, 1977. 
Planting date 

Soybean Mean
variety 21 Oct. 4 Nov. 18 Nov. 2 Dec. 16 Dec. 30 Dec. 

Grain yield, ft/ha)
Clark 63 
TK5 
L114 

Mean 

1.57 a 
0.88 b 
0.85 b 
1.10 

1.47 a 
0.61 c 
0.82 : 
0.97 

1.07 a 
0.77 b 
0.61 b 
0.82 

0.79 a 
0.62 b 
0.44 c 
0.62 

0.19 a 
0.098 
0,06 a 
0.11 

0.30 a 
0.10 b 
0.04 b 
0.15 

90 
0.51 
0.47 

Clar 3 88 98 
Growth duration' (days) 

86 82 78 70 83 
TK5 83 92 75 77 72 70 78 
L114 100 102 91 89 82 79 90 
Mean 90 97 84 82 77 73 

In a column, any 2 means followed by a common letter are not significantly different from each cther at the 5% level. 'Growth
duration denotes days from seeding to harvest. 

that period coincides with reduced day length meter explained most of the yield variation in 
(to II hours 20 minutes), a mean daily tempera- Clark 63 and L 114. For L 114 the number of 
ture drop from 30 to 25°C, and monthly rainfall seeds per pod was more important in this 
that rapidly diminishes in December and respect. Inacombinedanalysisoftbethreevari-
January and nearly stops in February. All those eties, S and P were closely correlated (r = 
factors limit soybean yields. The soybean vari- 0.73). The average W (in g/seed) was not, how
eties TK 5 (early), Clark 63 (medium), and ever, correlated with S (r = 0.03). For the three 
L114 (late) were planted every 2 weeks from varieties combined, the model Y(kg/ha) = 0.79 
October until the end of December in a rainfed P X S explained 87% of the yield variation. 
well-drained area at IRRI. Inclusion of the seed weight into the model did 

Clark 63 was consistently the highest yielder not significantly increase the regression sums of 
(Table 3). Grain yield, total dry matter, plant squares.
height, and the other agronomic characteristics Fertilizer on transplanted rice, Pangasinan. 
of the three varieties decline from the early- Fertilizer experiments with transplanted IR30 
season planting to the late-season planting as a on land with shallow and deep water tables in 
result of shortened day and decreased soil mois- the Pangasinan research area examined general 
ture (particularly for th. last two seeding dates). responses to moderate fertilizer levels (Fig. 2).
The reduced yields were strongly related to Available soil nitrogen was much greater in the 
rainfall. Growth duration also decreased by an soil with the shallow water table: additions of 
average of 17 days from the early and the late phosphorus or potassium did not greatly modify
planting. crop response to 60 kg N/ha in the soil with shal-

Regression analyses of grain yield with the low water table. 
number of pods per square meter (P), the In areas with deep water table, however, the 
number of seeds per pod (S), and seed weight basal application of 30 kg l2O/ha significantly
(W) showed that the number of pods per square increased rice yields. The possibility that the 

442 IRRI ANNUAL REPORT FOR 1977 



Yield (t/ha) 

a 

7 	 Stilow woter tabe (Coornayan 


Deep water table (Po) 


6 -basal 

5 

4 -

ME -tions 

3 -'Tr 

2 

~ 
. __


0-0-0 60-o-0 60-30-o 60-0-30 60-30-30 
NPK (kg/ha) 

2. Effect of NPK and water table depths on the yield L 
transplanted 1R30. Manaoag, Pangasinan, Philippine-
1976. 

availability of soil potassium may be limited by a 
high level of calcium, and that the depression 
caused by phosphorus application may be a 
phosphate reaction with zinc and ammonium to 
further reduce zinc availability wL -n high cal
cium levels are present is being investigated. 

Figure 3 summarizes an experiment in which 
3 levels of nitrogen (20, 50,and 75 kg/ha) and 3 
zinc treatments (none, seedling dip, and seed
ling dip plus foliar spray) were applied to a 
transplanted 1R28 crop on land with shallow 
(Caaringayan) and deep (Pao) water tables. A 
mionr but significant response to nitrogen leve l 

beyond 25 kg N/ha was observed for the shallow 
water table. As in the previous experiment (Fig.
2), yield levels in this locality exceeded 3.5 t/ha 
with no nitrogen fertilizer added. No response 
to zinc applications was observed. The area with 
a deep water table, however, had a slight but 
statistically significant yield depression due to 
zinc. The crop in this area responded well to ni
trogen with or without zinc, a response opposite 
to that observed previously in the same vicinity
(1975 Annual Report). 

Sorghum and mung bean intercrop, Pangasi-
nan. To determine the suitabiity of sorghum as 
a monocrop, mung bean as a monocrop, and 
mung bean and sorghum as intercrops after rice, 

trials were held in seven farmers' fields. Equal 
areas were devoteu to sorghum and mung bean as intercrops. Nitrogen fertilizer treatments for 
sorghum were 0, 30 kg/ha basal, and 30 kg/ha 

plus 40 kg/ha topdressed. Mung bean hadinoculum plus 0 kg N/ha, inoculum plus 30 kg
N/ha, and 30 kg N/ha with no inoculum. The 
results are summarized in Table 4. 

Because of a wide range of moisture condi
following rice crops, yield levels greatly

varied among the seven fields. As both mono
crop and intercrop, sorghum responded to ni
trogen; however, a major portion of the nitro
gen response was !ost in the intercrop. Mung 
bean did not respond to combinations of inoc
ulum and fertilizer nitrogen, and its yields were 
strongly depressed by intercropping with sor
ghum. 

The results indicate that a sorghum and mung 
, an intercrop can be satisfactorily grown in 

Yield (t/ha) 
55NoZn 

s wow NtobZ 
zn seig +f o ,o... 

50 

. .slp
 

45
 

40 

35 -	

7 
30 

25 

20 

0 25 50 75 
Nitroqen (kg/ha) 

3.Effect of nitrogen, zinc, and water table depth on yield 
of transplanted IR28. Manacag, Pangasinan, Philippines, 
1976 wet season. 
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Table4. Grain yieldsof monocrops and lntercrops ofsorghum corn harvest was followed by rice harvest. Theand mung bean after affected byfertize¢ and inoculum area remaining between the rows was planted torice, a 
treatments. Av. of 7 farmers' fields, Pangasinen, Philippines, area by sBas of tfemaining tow 
crop year 1976-77. soybean follov by cowpea. Because of the 

Crop, yield range Yield (kg/ha) shading effects of cassava, its planting time is 
Sorghi -in fertilization critical. 

0-60-60 30-60-60 (30+40)-60-60 An experiment at IRRI was conducted under 
rainfed conditions from June 1976 to AprilSorghum alone 1179 1540 2234 1977. Data on the crops planted, variety, phint-Minimum 376 742 953Maximum 3006 3062 4159 lning and harvesting dates, spacing, and fertilizing

Sorghum intercrop 775 1006 1185 rates of the respective crops are in Table5. Cas-
Minimum 240 462 304

Maximum 2115 
 2169 2282 sava was planted at 20-day intervals, and 1

Mung bean fertilization cropping pastern without cassava was added to 
0kg N/ 30 kg N/ 30 kg N/ make 7 treatments. One-third of all fertilizer for

ha + ha + ha
inoculum inoculum corn was dibbled as basal and two-thirds of the 

Mung bean alone M 
565

bn 
580 539 nitrogen was side-dressed. One-third of the ni-

Minimum 54 100 74 trogen and all phosphorus and potassium for rice 
Maximum 1435 1060 1045 were placed in band at planting time; one-third 

Mung bean intercrop 430 376 342
Minimum 51 99 41 was side-dressed 30 days after planti'g, and the
Maximum 1035 712 756 remainder at 70 days after planting. For cassavaLand equivalent ratio 1.42 1.30 1.16 one-half of the nitrogen and all phosphorus and 

potassium were dibbled at planting time; the 
other half of the nitrogen was side-dressed 60

farmers' fields after arice crop. The reduction in days after planting. One-half of the fertilizer for
land equivalent ratio (LER) - from 1.42 to soybean and cowpea was placed in band at 
1.16 - as more nitrogen fertilizer was added planting time and one-half 35 days after 
suggests that at high fertilizer input levels there emergence. Azodrin was applied to soybean
is no substantial advantage in intercropping and cowpea at the rate of 2 liters/ha at 3-week 
sorghum and mung bean, especially at the pre- intervals until pod-filling. The plots were
vailing low price for sorghum. The response of weeded I month after the planting of upland
sorghum to fertilizers and of mung bean to rice and I month after the planting of cowpea.
improved inoculum isexamined in more detail The yield of corn was higher in rows without
in crop year 1977-78. cassava than in rows in which corn was com-

Effect of time of planting cassava on upland bined with cassava. Cassava planted within 60 
cropping pattern performance. In areas in days of the date of corn planting reduced the 
Indonesia with less than 2dry months, a 5-crop yields only of corn grown in the same row with 
pattern for upland rice-growing areas had cassava (Table 6). Because of a typhoon at the
shown promise. The pattern consisted of acas- seed-filling stage of the rice crop, rice planted 
sava crop relay-planted into every other corn without cassava lodged and the tall cassava from 
row of a corn-upland rice intercrop, in which the first planting date lodged and reduced the 

Table 5. Crop, variety, date of planting and harvesting, fertfizer rate, and spatial arrangement of arainfed cassava planting-date
 
expermentL IRK crop Year 1976-77.
 

" " 
 Feriili,'er (kg/ha)
Planting Harvest Spacing Plants or seeds
 

Crop Variety 
 date date (cm) (no/hill), N 1203 KO 
Corn DMR-2 15 June 3 Oct. 150 x 50 2 48.6 15.2 15.2Upland rice C-22 15 June 13 Oct. 25 x row - 54.8 74.6 24.6
Cassava Malagkit h 14 April 300 x 50 1 58.3 2'.1 28.1Soybean TK 5 16 Oct 14 Jan. 50 x 10 2 24.6 .4.6 24.6Cowpea EG #2 16 Jan 24 April 50 x 20 2 24.6 24.6 24.6 

'Plant populations are percentages of the normal: corn (54), upland rice (88), cassava (67) soybean (88), and cowpea (88). bCassava

planting at 20-day intervals starting 15 June.
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Table 6. Yield of corn from rows with and without cassava,
and the average of both as ffected bycassava planting date. 
IRRI, crop year 197-77. 


Cassava planting date 

Same date as rice and corn 
20 days after rice and corn 
40 days after rice and corn
60 days after rice and corn 
80 days after rice and corn 
No cassava 

Corn yield" (kg/ha) 

Without With 
cassava cassava Total 
2481 a 2015 
b 4496 b 
2398 a 2069 b 4467 b 
2425 a 2327 ab 4752 ab
2414 a 2418 a 4832 ab 
2420 a 2495 a 4915 ab 
2435 a 2546 a 4981 a 

"Inacolumn, any 2 yields followed by a common letter are not
significantly different from each other at the 5% level. 

yield of rice (Table 7). In the other treatments, 
cassava did not lodge and so acted as a
windbreak for rice. In those treatments early
planting of cassava did not reduce rice yields.
Yields of intercrop soybean were lower than 
those of soybean not intercropped with cassava. 
The early planting of cassava reduced soybean
yield significantly more than later plantings did. 
Cowpea yields were strongly reduced by inter-
crops. Late planting of cassava reduced yields
because of ashorter growing period and greater
competition from corn and rice. After rice har-

vest the late cassava plantings were weak anddid not completely recover. 
The general conclusions were that the bestplanting date for cassava is between 20 daysafter e corn and 40 days after the riceplanting a 40 saftert 

planting, and that a more shade-tolerantcowpea is required for intercropping. 
Effect of row pairing on corn competition withintercropped rice. Late-maturing corn stronglyreduces the yields of intercropped upland rice 

(1976 Annual Report). Row pairing ofcorn was
evaluated as a means of reducing its competitive 
effect on rice, but without reducing its yields.DMR 2, a tall, competitive corn variety, was 
seeded at the high population of 60,000
plants/ha. C-22 rice was sown at 200 kg/ha into 
20-cm spaced furrows. Row spacings started at 
an equidistant I m and increasingly narrowed 
until the paired row merged to give an equidis
tant 2-m row spacing (Table 8). High inputs of
fertilizer, and insect and disease control were 
provided and all plots were irrigated.

The high corn population within rows pro
duced a rapidly growing tall stand that reduced 
the sole-crop rice yields of 2.33 t/ha to intercrop 

Table 7. Yldk of upland rice, soybean, cowpea, and cassava as affected by casava planting date. IRRI,crop yeaw 197s-77. 

Cassava planting date 

Same date as rice and corn 
20 days after rce and corn 
40 days after rice and corn 
60 days after rice and corn 
80 days after rice and corn 
No cassava 

Upland rice 
1957 c 
2416 ab 
2407 ab 
2495 a 
2516 a 
2248 b 

Yield (kg/ha) 

Soybean 
 Cowpea Cassava 
636 c 825 bb 339 a,
963 b 146 c 294a 
941 b 140 c 260 b
969 b 141 c 211 c 
955 b 142 c 16 d 
1461 a 875 a 

"Inthe same column any 2 yieldsfollowed by a common letterare not significantly different from each otherat the 5% level. oUnreliablo data. The cassava from the treatment was stolen at the early stage of cowpea. 'Estimated from remaining plots. 

Table I. Grainyelds of corn and rice as al ected by row pairing of corn (cornpopulation 60,000 plants/ha)., P' . 1977. 
Spacing (cm) between Intercrop yield 

(t/ha) 
o 

Corn 
rows 

Rice and 
corn rows 

Corn Rice 

0 
20 
40 
60 
80 
100 

200 
180 
160 
140 
120 
100 

4.48 c 
4.74 bc 
4.97 abc 
5.26 ab 
5.10 abc 
5.39 a 

0.98 a 
0.71 a 
0.52 ab 
0.41 ab 
0.33 b 
0.22 b 

RSole-crop 
corn yields 

4.86 b 
5.91a 
5.97 a 
6.50 a 
6.46 a 
6.48 a 

LER LEW
 

1.'4 1.11 
!.I0 1.03 
1.05 0.99 
0.98 0.99 
0.93 1.00 
0.92 0.92 

In a column, yields followed by the same letter are not significant!y different from each other at the 5% level. "Land equivalentratio. Comparedwith solecrop corn atsame spacing, sole crop rice yieldwas 2.33 t/ha. 'Land equivalent ratio. Compared with solecrop corn at 100 cm sp~acing, sole crop rice yield was 2.33 t/ha. 
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Grin y (t/ha) 	 bean (MG50-10A) were confirmed (Fig. 4). For2.5 
 upland rice there was sharp decline in grain yield 
until the third crop; after that alow level of pro

2.0 	 Uand rice (R2M-464-2-4) duction was maintained. Growth appeared 
unaffected by season. 

1.5 	 Continuous cropping was repeatedly com

e . M.Vban MG5..,0A) £ pared with first crops in the mung bean rotation 
A or with the fallow plots. Grain yields 	were.0 ; o * 'reduced by at least 60% (Table 9). The second 

a " : rice crop was greatly inhibited. Keeping the 
0.5 ! field fallow for 5 months improved plant growth 

°\o, *e 'but was not enough to remove all harmful 
0 2 effects. Two cropping seasons without rice

1 	 3 4 5 6 7 8 9 10 1 12 'tparently removed the cause of growth inhibi-
Crop no tion. 

4. Grain yields in continuous cropping sequences. IRRI, In mung bean, grain yield reduction usually
1977. occurred in the second and third crops. After a 

poor crop of less than 0.2 t/ha, a next crop
rice yields of 0.98 t/ha for the 2-m row spacing tended to improve. Because the inhibitory
and 0.22 t/ha for the I -mrow spacing. Intercrop effects occurred during seed germination or 
rice yields decreased steadily as corn row spac- seedling growth, the reduction in plant popula
ing increased. Sole-crop corn yields were high- tion apparently allowed the soil to recover. In 
est (6.48 t/ha) in the 1-m spacing and increas- some cases the plants completely recovered at
ingly reduced as the distance between the late growth stages. Higher dry season yields
paired rows decreased. The minimum corn yield indicated that raung bean isaffected by seasonal 
was 4.8 t/ha for the 2-m row spacing. The reduc- changes. Wher continuous cropping was com
tion in corn yield due to rice intercropping was pared with first cropping or with crop rotation 
higher for the treatments with increased corn patterns, grain yield in the one-crop system was 
row spacings. That, combined with the higher always lower by at least 35% during any season
rice yields, led to LER values greater than one of the year (Table 9). As with upland rice, grain 
for the treatments in which corn rows were yield reduction occurred in the second crop and 
paired at 40 cm or less distance. LER isthe total the chances of failure in athird crop were great.
land required for monocultures to give a total One season of fallow invariably reduced growth
production similar to that of the same crops inhibition for mung bean. 
grown as intercrop. It iscalculated by determin- Short-duration (2-week) flooding or drying of 
ing the ratio of the yield of an individual crop in monoculture soil before planting did not 
amixture to its yield in monoculture and adding improve growth or yields of upland rice or mung
the fractions. The high plant population used to bean. Steam sterilization of the soil had varied 
increase competition in the experiment would effects. It favored the growth of upland rice; 
not normally be considered for corn and rice however, the effect may not have been entirely
intercropping. In previous trils the DMR biological because soil fumigation also affects 
2/C-22 intercrop at 30,000 plants/ha in 1.5-m the chemical properties of soil and the release of 
rows had yields of 3.63 t corn/ha and 1.54 t plant nutrients. Soil sterilization decreased 
rice/ha with LER of 1.14. Row pairing at such mung bean growth and yield because it control
populations is expected to lead to higher LER led the beneficial organisms like Rhizobium sp.

values. 
 The trials were conducted on Maahas clay.

Continuous cropping of upland rice and other Before the first crop, the pH was 6.2 and total 
upland crops. After 3.5 year.. -.- -ontinuous nitrogen content, 0.13%. With adequate fertili
cropping, the patterns of grain yield reduction zation, the values remained after 6 continuous 
in upland rice (IR2061-464-2-4) and mung 	 crops of upland rice; but the pH dropped to 5.7 
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Table . Occurrence and persistence of growth inhibitory effects with continuouscropping of upland rice and mung been. ,RI, 
1970-77. 
Cropping porlod Cropping Plant ht' Grain wPr
 

(variety) historyo 
 (cm) (kg/ha) Index 

Upland rice 
June-Sept. 1976 7 cowpea 838 3, 024 a 100
 
(IR2061-464-4) 4 rice/5-mo fallow 61 b 1,589 b 53
 

5 rice 54 c 669 c 22
 

June-Oct. 1976 4 rice/1 sorghum/1 season fallow 80 a 2,119 a 100
 
(IR5Y 6 rice 68 b 866 b 41
 

Jan.-June 1977 2 1/2 years continuous fallow 63 a 1,058 100
 
1IR5)F 4 rice/1 sorghum/1 season
 

fallow/1 rice 44 b 0 0
 
7 rice 47 b 0 0
 

Mung bean 
June-Sept. 1976 	 6 sorghum 81 a 1,208 a 100
 

7 mung/5-mo fallow 60 b 1,109 a 92
 
8 mung 39 c 530 b 44
 

Oct. 1976-Feb. 1977 	 7 sorghum 78 a 450 a 100
 
6 sorghum/1 mung 58 a 230 b 51
 
7 mung/5-mo fallow/1 mung 39 b 160 bc 36
 
9 mung 37 b 90 c 20
 

July-Oct. 1977 	 8 seasons fallow 73a 1,037 a 100
 
7 sorghum/1 mung/1 sorghum 73 a 901 ab 87
 
7 sorghum/2 mung 57 b 797 ab 77
 
10 mung/1 season fallow 50 bc 761 ab 73
 
11mung 42 c 661 b 53
 

"Since June 1974. 'In a column for each cropping period, any 2 means followed by a comm)n letter are not significantlydifferent 
from oach other at the 5% level, 'First 6 crops were IR747-B 2-6-3; 7th and 8th crops were IR5. 

and the nitrogen level rose to 0.14"% after 9 con- other half was left fallow. One part of the fallow 
tinuous crops of mung bean. After the eighth area was kept weed free by cultivation, another 
crop of IRS as upland rice, the nutrient stat,s of by application of herbicide (paraquat + butach
the soil did not distinctly differ among plots of lor); a third was left weedy. With the onset of 
continuous rice, 2.5 years continuous fallow, or rains (in May), the whole field was rotovated 
continuous rice with a short fallow period. The and corn was planted. Nitrogen at 40 kg/ha was 
observation indicated that plant nutrition is not applied basally to half the field, and butachlor at 
the primary factor in the reduction of growth. 1.2 kg active ingredient (a.i.)/ha was applied to 

half of the area that received nitrogen and half 
WEED SCIENCE of that with no nitrogen. Because of a severe 

Agronomy Department Cropping Systems attack of downy mildew, the corn was plowed
under about 3 weeks after emergence and riceComponent and Multiple Cropping Department (IR36) was planted in its place. Nitrogen at 40 

Efi' of dry season land preparation on weed kg/ha was applied basally to those plots which, 
growth in succeeding crops. (Agronomy and in the preceding corn crop, received a basal 
Multiple Cropping).Uplandcrops. Several trials application of nitrogen. 
were conducted to examine the effect of vari- In corn plots that received neither fertilizer 
ous dry season practices on weeds growing in nor herbicide, previous land use had no effect 
association with the succeeding wet season on total weed weight (Table 10). However, with 
upland crops. basal nitrogen but no herbicide, weed weight 

In the first trials at IRRI, half of an area was was significantly lower in plots previously 
planted to upland crops (sweet potato, sor- planted to sweet potato than in those kept weed 
ghum, and mung bean) in January 1977 and the free with herbicides. 
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Table 10. Effect of previous land use on weight of weeds growing in association with sweet corn. IRRI, 1977 wet season. 

Previous land use 

Weed-free fallow (herbic;0e) 
Sorghum planted 
Weedy fallow 
Weed-free fallow (tillage)
Mung bean planted 
Sweet potato planted 

Weed wr (0/0.5 ml) 

With 40 kg basal N/ha Without basal N 

No NoHerbicideb herbicide Herbicideb herbicide 
5.1 ab 14.1 b 7.6 bc 7.4 a
4.0 ab 6.7 ab 3.1 abc 5.1 a7.7 b 9.7 ab 7.6 c 7.4 a4.7 ab 6.2 ab 2.8 ab 9.5 a7.2 b 9.4 ab 4.7 abc 6.9 a2.0 a 5.3 a 1.7 a 5.2 a 

fIn acolumn, any2 means followed by the same letter are not significantlydifferent at the 5% level. 'Butachlor 1.2 kg active ingredient/ha. 

Results differed with weed counts. When no 
fertilizer or herbicide was applied to the corn,
significantly more but smallerweeds occurred in 
the weedy fallow than in any other plots except
the one kept weed free by tillage. Where basal 
nitrogen was applied to no-herbicide plots, 
more weeds occurred in the weedy fallow than 
in all plots except those kept weed free with 
herbicides. 

When herbicide was applied, the trend was 
the same whether weed weight or weed number 
was used as a basis for comparing treatments, 
Fewer broadleaf weeds and sedge s- the weeds 
poorly controlled by butachlor - tended to 
grow in plots that had previously been planted
to sweet potato than in the other plots. Plots 
that received basal nitrogen had neither more 
nor heavier weeds than the unfertilized plots,

In the rice crop that was planted after sweet 
corn, previous land preparation treatments 
caused no significant difference among the total 
weed weights (Table 11). But when no basal 
nitrogen was applied, weeds were significantly 
fewer in the plots previously planted to sor-
ghum, mung bean, or sweet potato than in the 

weedy fallow and the plot kept weed free with 
herbicides. Where basal nitrogen had previ
ously been applied, weeds were significantly 
fewer in the plot kept weed free by cultivation 
and in those where sorghum or sweet potato had 
been planted than in the plots kept weed free 
with herbicides and in the weedy fallow. 

Prevlouslandpreparationmethodscausedno 
significant differences in number and weight of 
grasses and sedges. However, they produced 
differences in weed weight and weed number in
broadleaf weeds. When no basal nitrogen was 
applied to rice, the weight of broadleaf weeds 
was significantly lower in the plot previously
planted to sorghum than in the fallow plots kept
weed free with herbicides and tillage (Table 
11). There were fewer broadleaf weeds in the 
plots in which sorghum, mung bean, and sweet 
potato had been planted than in the weedy fal
low and in the area kept weed free with her
bicides. Where basal nitrogen had been applied,
broadleaf weeds had significantly lower weight
and number in the plot previously planted to 
sv:eet potato than in the herbicide-treated fal
low or the weedy fallow. Weeds in plots that 

Table 11.Elct of previous land use on weight of wesid growig in aeeociation wkh die. m. 1377 wet season. 

Weed wr (g/0.5 mI') 
Previous land use With 40 kg basal N/ha Without basal N 

B T B T
Weed-free fallow (herbicide) 16.8 b 31.2 a 10.5 b 17.8 aSorghum planted 10.9 ab 14.9 a 0.9 a 8.5 aWeedy fallow 16.1 b 22.8 a 16.0 b 24.4 aWeed-free fallow (tillage) 6.6 ab 11.4 a 9.4 b 12.2 aMung bean planted 6.4 ab 13.9 a 7.9 ab 13.8 aSwee potato planted 3A a 7.7 a 3.6 ab 8.6 a 

In a column, any 2 means followed by the same letter are not significantlydifferent at the 5% level. B= broadleaf weeds; T = total
of all weeds. 
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Table 12. EffectnOf ethod Of controlling weeds during the crops (Table 12). Weedswith upland rice and corn 1 w 	
were significantl3aftero,,e 


dry seaon on weedsgrowing inthe wet season InasociationI, fewerf w riin theh plots that were1177. l t h t w r left weedy duringet w e y d rn 
.Preplentingtreatment WeedV* 

the dry season than in the plots that received a 
No./0.5 ml 

single plowing at the start of the experiment, butWt there was no significant difference(g/0.5 m') 	 betweenPlowing at start of experimont 	 weed weights. Fewer but larger weeds grew in90 a 18.4 a
Paraquat. (0.5 kg a../ha) ar needed 	

the plots that were left weedy during the dry72 ab 20.7 8Mowing weeds at start of experlmentPlowing followed by harrowing 67 ab 15.9 a season.
58 ab 10.8 a 
None 	

There were significantlyMowing weeds as needed 	 more Amaranthus52 abb 15.9 a ~31 11.7 a ns n . aeAv'°ofcrops.'nacolumn, any2means followed by the same 	

spinosus and A oleracea plants and significantly
fewer Dactyloctenium aegyptium plants in theletterare
not significantly different at the 5%level.ba. i.active plots that had been plowed during the dry sea
son than in those that had received no treatment 
(Table 13). Differences in the other species orreceived basal nitrogen were neither more 
between the other preplanting treatments werenumerous nor heavier than those in the unfer-
not as marked. 

Dry-seeded bunded rice. The effect of previtilized plots.The different land preparation methods had ous land use on weeds growink in associationwith dry-seeded, rainfed, bundedan effect on the number of weed species and the 	 rice wasexamined in five farmers' fields in three barriosmajor weeds growing in association with rice.Fourteen weed species were found in the plots 
in Pangasinan province, Philippines. In three

that had previously been left as aweedy fallow, 
fields, weeds were significantly fewer in the 

but only six were found in the plots that had 	
plots that had been kept weed free by tillageduring the dry seasonbeen kept weed free by herbicide. The major than in the other plots

weed species varied slightly. Cyperus rotundus 
(Table 14). In one field in Lipit, the previoustreatments had no effect on the total number ofwas common to all plots. Slightly fewer Por-tulaca oleracea and slightly more 	
weeds, while in Caaringayan the plots that hadEuphorbia beenhirta and Celosia argentea grew in the plots that 

kept weed free had significantly more 
had previously been weedy. 

weeds than those that had been weeded.
A similar relationship was observed for grass-In a second upland trial at IRRI, either the esweeds were controlled by different methods 
and sedges in all fields except in Caaring

during the dry season ayan, where plots previously planted to mungor the land was left inweedy fallow. No crop was plant -d. At the start 
bean had the greatest number of sedges while

of the rainy season, rice and corn were seeded 
the number of grasses that grew in association 

separately in each plot. 	
with rice was not affected by the previoustreatments. Broadleaf weeds tended to be moreOne week after crcp emergence, weedweights and numbers were averaged for the two 	
numerous in the plots previou~ly kept weed freeby tillage, especially in Caaringayan (Table 15). 

TAble 13. Effect of methods of controlng weding the dry season.d.idual..eeon 	 on the numbe.._In meoulation with 	 wegrowingthewetupland rieia orn Iweek ate crop amrgql 117".. ill,
Preplantlng treatment 

Cypwnus 
 Ameranthus Portuleca Oectylocteniumrotundus spinosus 	 EhgitarisoleraceaPlowing at start of experiment 	 aegyptium sanguinisParaquath (0.5 kg a. ./hs) as needed 
23a 28 	 Othersb 22 d 

Mowing weeds at start 
36. 20 ab 6 bc 

Is 6 c 10of experiment 	 2 ab36 a 	 2 abc16 ab 	 6Plowing followed by harrowing 	 4ab 4 b15a 	 3 bcMowing weeds 22 b 	 4as needed 	 11 cd 2 b37a 	 1aNone 	 4 a 2a 76 b16a 	 I a4a 	 24 bAv. of 2 crops. In. 
la 3 bc 3
column, any 2 means followed by the game letter are not significantly different at the 5% level. 'a.c.
ingredient.	 ative 
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Table 14. Effect of previous treatments on the total number of weeds growing in aesoclation with dry-seeded, rainld, banded 
rice 5 weeks after seeding in S fels in3 barrios in Pangehman, Philippines. 1977 wet season. 

Weeds, (no.) 
Previous treatment or cr6p Pao Lipit Caaringayan 

Field 1 Field 2 Field 1 Field 2 Field 1 
Unweeded mung bean 647 b 415 b 192 b 81 a 87 abMung bean - weeded once 469 b 480 b 221 b 66 a 122 bcWeedy fallow 720 b 347 b 200 b 68a 71 aWeed-free fallow 197 a 98 a 48a 90a 140 c 
'In a column, any 2 means followed by the same letter are not significantly different at the 5% level. 

Table 1S. ~ffectof Previous treatments on number of broodedf weeds growing inassociation with dry-seeded, rainfed, ,jndedrice 5 weeks after seeding in 5 farmers' fields in 3 barrus in Pangasinan, PhIMppines. 1977 wet season. 

Broadleaf weeds, (no.) 

Previous treatment or crop Pao Lipit Caaringayan 

Field 1 Field 2 Field 1 Field 2 Field 1
 
Unweeded mung bean 
 26 bc 4 ab 6 a 3 ab 5aMung bean - weeded once 18 ab a2 9 ab 2 a 8 aWeedy fallow 11 a 6 ab 17 b 4 ab 9 aWeed-free fallow 35 c 7 b 11 ab 8 b 49 b 
'In a column, any 2 means followed by the same letter are not significantly different at the 5% level. 

In such plots, there were significantly more cultivation 28 days after seeding was compared
Echinochloacolona and significantly fewer C. with interrow cultivation alone and with no
rotundus and Cynodon dactylon. weeding in corn planted at the start of the rainy

Postpianting weeding treatments consisted of season in 1angasinan. The predominant weed 
no weeding, 1hand weeding 35 days after seed- species was E. colona. The weight of grasses was 
ing, and application of herbicide (dinitramine, significantly lower in atrazine-treated plots than
butachlor, or pendimethalin) alone or followed in plots that received butachlor followed by an
by 1 hand weeding 35 days after seeding. interrow cuitivation, those that received an

In two fields in Pao and in one in Lipit, the interrow cultivation, and the unweeded check
growth of weeds, especially C. rotundus and C. (Table 16). All treated plots had significantly
dactylon, was so heavy that none of the post- lower grass weight and total weed weight thanplanting weed control treatments provided the untreated check. The plots treated with 
adequate weed control. No yield was obtained atrazine' had the lowest total weed weight.
except in the plots that had been kept weed free Corn yield (ears harvested green, husked,
by tillage. In all fields, the use of herbicides and weighed) did not reflect the degree of weed
alone did not provide adequate weed control, control. The yield from plots treated with 
and yields were generally not significantly atrazine followed by interrow cultivation washigher than those from the unweeded checks. significantly higher than that from plots treated
Less time was required to hand weed the with atrazine alone. Interrow cultivation, how
herbicide-treated plots than tkie untreated ever, did not significantly increase the yield of
plots. It is unlikely, however, that the reduction plots treated with butachlor or butralin.
in weeding time could compensate for the cost Stale-seedbed trhalque for weed control in
of the herbicide, upland rice (Agronomy). The stale-seedbed 

Interrow cultivation and preemergence her- technique was compared with conventional
bicides for weed control In corn (Agronomy). land preparation at IRRI asa meansof reducing
Weed control by three preemergence her- weeds in upland rice. One portion of a field was

bicides applied alone or followed by an interrow 
 planted immediately after conventional land 
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TablelS. Effectofdiewotwed controlractices on e dweightand dof 

Treatment' 

Atrzine fb interrow 

cultivation 
Butralin fb Interrowcultivation 
Butachlor 


Butachlor fb 
cultivation 

cultivationI.ntereo liation 
Untreated 

c-fb = followed by. 8.1.= active ingredient. in a column, any 2 means followed by the same letter are not significatly different atthe 5% level. 

Table 17. Weight of weeds growing Inassociation with unweeded upland rice 6 weeks after crop amege as affected by
method of land preparation. IRI, 1977 wet soesn.
 

Treatment Weed wt, (g/0.5 m')

Broadleaf Grasses Sedges 
 Total 

weedsImmediate seeding 48.7 a
Paraquat applicationb 70.0 b 42.3 c66.3 a 161.0 a33.0 aGlyphosate application 62.7 c 161.9 a152.7 b 131.7 cPlowing' 2.2 a 286.6 b141.9 b 79.2 b 13.5 b 234.6 bIn a column, any 2 means followed by the same letter are not significantlydifferent at the 5% level. 'Weeds were allowedfor 2 weeks before chemical app!ication or plowing. 

preparation. In the other portion, weeds were 
allowed to grow for 2 weeks and were killedeither by chemicals - paraquat at 0.75 kga.i./ha or glyphosate at 2 kg a.i./ha - or byplowing. After planting, weed control treat-
ments were superimposed on both portions.

Weed weights were taken 6 weeks after cropemergence. Weeds were significantly fewer in
the plots that were seeded immediately afterland preparation and in those that were sprayed
with paraquat (Table 17). The use of the stale-
seedbed technique was not advantageous inweed control. 

The broadleaf weeds growing in the plot that 
was seeded immediately after land prepara-
tion were exclusivelyA. spin osus, while those in
the other plots were a mixture of A. spinosus
and P. oleracea. Glyphosate almost completely
eliminated C. rotundus, and the second plowing. 
- compared with otherthe treatments reduced it substantially. The grasses Eleusine 
""-dica and Digitaria ciliaris were significantly 

.Pang sinan, PhIliplne,l7 wet seson. 

Herbicide Weed w((g/o.f, in) Ear yieldrate
(kg a.i./ha) Grasses WaTotal (t/ha) 

.549.7 ab 66.9 b1.5 7.7sa
2.0 47.1 ab 72.7 b2.0 5.9 ab54.2 ab 62.9 b 5.9 ab 

5nterrow 31.4 a 44.2 a 5.5 b2.0 68.1 b 73.1 b 5.2 b 
2.0- 46.6 ab83.7 b 80.5 b94.8 b 4.73.9 bcbc194.2 c 214.5 c 3.1 

to grow 

fewer in the paraquat-treated plots than in the 
other plots.

Even though method of land preparation
changed the proportion of the various weed
species in the weed flora considerably, weeds inthe unweeded plots grew so vigorously that noyield was obtained. Yields did not differ statistically among the plots that were kept weed free,
weeded two or three times, or treated withbutachlor and hand weeded. Of the plots where
the stale-seedbed technique was used, plots
weeded only once yielded significantly less; butwhen the crop was planted immediately after
initial land preparation, there was no significant
difference between weeding treatments. 

Date of planting and wee.-Is of dry-seeded,
rainfed, bunded rice (Agronomny). The effect ofplanting date on weeds growing with dryseeded, bunded rice was studied at IRRI. IR36 
was sown at 100 kg/ha on 5,1 7,and 27 May. Sixweeding treatments were super imposed across 
each weeding treatment. 
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Table 18. Effect of date of planting and weed control practices on weed weight and yield of dry-seeded, rainfed, bunded IR36. 
IRRI, 1977 wet season. 

Weed wt' (g/0.5 m) Yield' (t/ha) 
Treatment"
 

5 May 17 May 27 .'oay 5 May 17 May 27 May
 

Weed free 0 a 0 0 2.5 a 2.2a 1.5 a 
Hand weeding 21 and 35 DE 19 b 33 b 63 bc 2.0 a 1.1 bc 1.0 ab 
Butachlor (2 kg a.i./ha) W9 c 35 b 90 c 1.8 ab 1.6 ab 0.9 abc 
Dinitramine (1.5 kg a,i./ha) 90 c 42 b 44 b 0.5 c 1.0 bc 1.3 ab 
Thiobencarb (3 kg a.i./ha) 118 c 40 b 89 c 0.7 bc 0.8 cd 0.5 bc 
No weeding 119 c 145 c 205 d 0 c 0.1 d 0.1 d 

"DE = days after emergence; a.i. active i" rediut. 'In a column, any 2 means followed by the same letter are not significantly 
different at the 5% level. 

In the unweeded plots, weed weight 
increased as the date of planting was delayed 
from 5 to 27 May (Table 18). In the first plant-
ing, the weight of weeds at harvest in the her-
bicide-treated plots was not significantly differ-
ent from that in the unweeded check. Ii the 
second planting (17 May), there were no sig-
nificant differences among the weights of weeds 
harvested from the weed-control treatments, 
but the weeds in those treatments were sig-
nificantly fewer than those in the unweeded 
check. In the trial, the initial weed control 
achieved with herbicides, particularly butach-
lor, could not be detected at harvest because 
weeds grew rapidly after the herbicide lost its 
toxicity. In the third planting, weeds were sig-

nificantly fewer in the hand-weeded and thi 
dinitramine-treated plots than in the plot 
treated with butachlor and thiobencarb. Thi 
yields were low in all plots at all dates of plant 
ing (Table 18). 

Water regime and weeds of wet-seede 
rainfed rice (Agronomy). Weeds are mon 
difficult to control in wet-seeded rainfed ric4 
than in continuously irrigated rice becaus4 
flooding suppresses weed growth. A 1977 tria 
examined control of weeds in wet-seeded rict 
grown in different water regimes. 

Pregermirtated IR36 seeds were broadcast a 
150 kg/ha on a well-puddled soil. After plant 
ing, 4 water regimes were imposed: continuou! 
flooding from crop establishment until harvest 

Table 19. Weed weight at harvest of wet-seeded, rainfed rice as affected by water regimes and weed control practices." IRRI, 1977 
wet season. 

Weed wt' (tlha) as affected by 
Herbicide Date of 

Weed control application application' Soil saturation Soil flooding Soil drying Continuous 
practice rateb (DS) for first 2/3 of at 3-week for 28 DS and flooding 

(kg a.i./ha) crop life cycle intervals saturation 

Thiobencarb fb 
2, 4-D 1.0fb 0.5 6 fb 28 0.7 a 0.3 a 0.5 a 0.3 a 

Propanil 2.5 12 0.4 a 0.4 ab 0.8 ab 0.5 a 
Propanil 

fenoprop 0.7- 1.3 12 1.3 a 0.6 ab 1.9 ab 0.5 a 
Hand weeding - 28 1.2 a 0.7 b 2.7 ab 0.4 a 
Amiprofos-methyl 

2,4-D 1.4-0.3 6 1.6 a 0.8 b 2.7 ab 0.3 a 
Thiobencarb 

2, 4-D 0.7-0.3 6 1.6 a 05 ab 3.4 ab 0.4 a 
One-way rotary 

weeding - 28 1.8 a 1.0 b 4.3 b 0.8 a 
Two-way rotary 

weeding - 28 1.8 a 1.1 b 4.6 b 0.9 a 
No weeding - - 3.2 a 3.2 b 5.1 b 0.7 a 

"fb = followed by. A.spaced dash (-) between 2 herbicide names indicates that the chemicals were formulated as a proprietary 
mixture. ba.i. = active ingredient. IDS = days after seeding. 'In a column, any 2 means followed by the same letter are not signifi
cantly different at the 5% level. 
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Table 20. Yield of NR36 as affected by water regimes and weed control practiew. i, 1377 wet seon. 

Yieldd (t/ha) as affected byHerbicide Date ofWeed control application application' Soil saturation Soil flooding Soil drying Continuous
(DS) for first 2/3 of at 3-week for 28 DS and flooding 

practice rate' 
(kg a.i./ha) crop life cycle intervals saturation 

Thiobencarb fb
2, 4-D 1.0 fb 0.5 6 fb 28 3.0 a 4.5 abc 4.9a 5.6 abPropanil 2.5 12 2.2 ab 5,1 a 4.3 ab 4.9 abc

Propanil fenoprop 0.7-0.3 12 3.2 a 4.8 ab 4.0 abc 5.7 aHand weeding  28 2.6 ab 4.6 abc 2.1 de 4.8 abc
Amiprofoa-methyl
-2,4-D 1.4-0.3 6 2.8 ab 4.0 abcd 3.6 bc 5.3 abc

Thiobencarb 
2, 4-D 0.7-0.3 6 2.1 ab 3.4 cd 2.9 cd 5.2 abc 

One-way rotaryweedinU - 28 2.1 ab 3.7 bcd 1.9 de 4.3 bcTwo-way rotary.
weeding - 28 1.6 b 3.7 bcdNo weeding .3 e 4.2 c- 2.3 ab 2.8 d 2.1 de 4.4 bc 
fb= followed by. A spaced dash (-_

mixture. ba.. =active ingredient. -DS 

between 2 herbicide names indicates that the chemicals were formulated as a proprietary= days after seeding. "In a column, any 2 means followed by the same letter are not significantly different at the 5% level. 

.d iwrigation until 28 days after seeding and soil 
saturation thereafter until harvest, soil satura-
tion for the first two-thirds of the life cycle of the 
crop, and soil flooding at 3-week intervals after 
planting. Eight weed control treatments were 
superimposed on each water regime. 

Weed weights differed markedly among the 
four water regimes at harvest. Among the 
unweeded plots those not irrigated until 28 days
after seeding l;,d the highest weed weight and 
those continuously flooded had the lowest. 
When the soil was flooded continuously or kept
saturated during the first two-thirds of crop
growth, weed weights among the treatments did 
not significantly differ. But under the two other 
water reginles weed weights differed markedly 
(Table 19). 

Thiobencarb followed by 2,4-D, propanil,
and propanil - fenoprop gave good weed con-
trol under all water regimes, while thiobencarlb 
- 2,4-D and amiprofos-methyl - 2,4-D
tended to give better weed control when the soil 
was wet during the ini~ial growth of the crop.
Weed control by hanid weeding was slightly
inferior to that by the best herbicide treatments,
In the two rotary weeding treatments, weeds 
within the crop rows and adjacent to the hills 
were not controlled, at harvest. weed weights 
between the.se plots and the unweeded check 
were not significantly different, 

The grain yield from each of the plots gener
ally reflected the degree of weed control 
achieved with a particular treatment (Table 20).

Except when the soil was kept dry for 28 days
after seeding, the yields from rice plots hand 
weeded once were not significantly lower than 
those obtained from the highest yielding treat
ments. The yields from the plots that were ro
tary weeded reflected poor weed control 

Weed growth in upland crops. Competitive
hess of upland crops (Agronomy). Seven crops 
grown i.upland field plots varied considerably
in thc. ability to compete with weeds. On the 
basik of weed weight at harvest, cowpea was 
most competitive against weeds, and rice least 
competitive (Table 21). The percentage of yield
reduction dui to weeds was not necessarily
related to weed weight. The lowest yield reduc
tion caused by weeds was in cowpea, the most 
competitive crop, and the highest yield reduc
tion, in the rice cultivar IR661-170-1-3, which 
was slightly more competitive against weeds 
than IR1746-88-1-2-1. Also, yield losses 
caused by weeds in mung bean were less than 
those that occurred in sweet potato and soybean, 
even though more weeds competed against 
mung bean (Table 21). 

The reason for the differing competitive abil
ity of crops and cultivars is not known, but it 
cannot be plant height. The shortest rice cul-
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Table 21. Competitive ablity of 7 crops grown in upland field plots. RI, 1977 wet _sason. 

Weed wt 
Crop (cultivar) (t/ha) 

Cowpea (EC #1) 0.6 

Corn (DMR 2) 1.6 

Sorghum (Cosor 3) 1.9 

Mung bean (CES 55) 2.9 

Sweet potato (BNAS 51) 1.9 

Soybean (Multivar 80) 2.4 

Rice (BPI 76/9 x Dawn) 3.2 

Rice (IR1746-88- 1-2-1) 5.6 

Rice (IR661-170- 1-3) 5.3 


"Wt of green corn on the cob. 

tivar suffered the greatest yield losses; however, 
BPI 76/9 x Dawn - a medium-statured cul-
tivar - was more competitive and had less yield 
reduction due to weeds than IR1746-88-1-2-1, 
which is a taller cultivar. Cowpea was also more 
competitive against weeds than corn or sor-
ghum. Further trials are planned. 

Effect oflandpreparationandmulching. Dif-
ferent methods of land preparation (zero and 
minimum tillage), plus mulching (mulching and 
no mulching) and weeding treatments (no 
weeding, weeded once, and weed free) were 
compared for weed control in mung bean, 
cowpea, and sorghum planted after a lowland 
rice crop. 

For sorghum and cowpea, there were no sig-
nificant differences in weed weight at harvest 
between tillage treatments and mulching 
methods. For mung bean, weed weight at har-
vest of the unmulched zero-t~llage plot was sig-
nificantly higher than that in the mulched 
plot. But there was no sig-iificant difference 

Yield (t/ha) 
Yield 

Weea-free Unweeded reduction (%) 
plot plot due to weeds 

1.3 1.1 15 
7.31 4.24 42 
3.2 1.7 47 
0.47 0.23 55 

19.6 6.7 66 
0.36 0.10 72 
3.1 1.2 61 
2.6 0.7 73 
3.8 0.0 100 

between mulching and no mulching on the 
minimum tillage plot. 

For cowpea and mung bean, there were no 
significant differences in yield amiong tillage 
techniques. mulching methods, or weeding 
treatments. For sorghum, however, the 
unweeded plot always yielded significantly less 
than the weeded plots (Table 22). 

Advanced screeningofherbicides. During the 
1977 wet season, 10 herbicides were compared 
with hand-weeded and untreated checks for 
weed control in 6 upland crops at IRRI and in a 
farmer's field. The major weed species at IRRI 
were A. spinosts, C rotundus, Digitariasan
guinalis, E. indica, and Rottboellia exalata. C. 
rotundus had a much heavier stand than the 
other weeds during the e3rly growth stages of 
the crops. 

During the early stages of crop growth, the 
farmer's field was heavily infested with Bidens 
pilosa, Commelina benghalensis, Cyperus iria, 
E. colona, and E. indica.During the later stages 

Table 22. Effect of degree of land preparation and mulching or weeds and yield of sorghum." Pangasinan, Philippines, 1977 wet 
season. 

Land preparation method 

Zero tillage' Minimum tillage 
Weeding 

treatment Weed wt at Yield Weed wt at Yield 
harvest 

(g/0.5 m') 
(t/ha) harvest 

(g/0.5 m) 
(t/hal 

Weed free 0 a 2.3 a 0 a 2.2 a 
One weeding 

at 21 DE 20.9 b 2.3 a 16.9 b 2.2 a 
No weeding 95.0 c 1.7 b 83.9 c 1.6 b 

No mulch 

Weed wt at 
harvest 

(g/0.5 m') 

0a 

19.6 b 
77.9 c 

Mulching method'
 

With mulch
 

Yield 
It/ha) 

Weed wt at 
harvest 

(g/0.5 m') 

Yield 
(t/ha) 

2.1 a 0 a 2.3 a 

2.0 a 
1.6 b 

12.2 
100.9 

b 
c 

2.5 a 
1.8 b 

"Inacolumn, any 2 means followed by the same letter are not significantly different at the 5% level. bYields are averaged for land 
preparation methods. rField sprayed with paraquat at 0.75 kg/ha. Furrow opened for seed placement. done plowing followed by 2 
or 3 harrowings. 'Yields are averaged for mulching methods. fDE = days after crop emergence. 
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Table 2. Yields of upland crops as affected by presmurgence herbicides at II and Deaanges province, Philippines, 1977 wet 
Oaeem. 

Treatment 

Two hand weedingr 
Pendimethalin 
Butralln 
EXP 3316 
Dinitramine 
Oxadiazon 
Oxyfluorfen 
Hercules 22234 
Butachlor 
X-150 
Piperophos - dimetha

metryn 
Untreated 

Two hand weedings' 
Pendimethalin 
Butralin 
EXP 3316 
Dinitramine 
Oxadiazon 
Oxyfluorfen 
Hercules 22234 
Butachlor 
X-150 

Piperophos - dimetha

metryn 
Untreated 

Yield b 
Wtho) 

Ratea 
(kg s.l./ha) Rice Corn Sorghum Soybean Mung bean Peanut 

IRRI 

-v 1.4 a 3.4 a 3.5 a 0.8 a 0.40 abc 1.1 a 
2.0 1.58 3.3 a 2.5 abcd 0.5 b 0.40 abc 1.08 
2.0 0.9 a 2.3 a 3.5 a 0.6 ab 0.38 abcde 0.4 cd 
0.4 
1.5 

0.9 a 
1.4 a 

3.4 a 
2.7 a 

2.5 abcd 
3.4 ab 

0.6 ab 
0.7 ab 

0.28 
0.26 

de 
a 

0.4 cd 
0.6 bc 

1.0 1.1 a 2.1 a 3.2 abc 0.8 a 0.47 a 0.8 ab 
0.5 1.2 a 1.8 a 2.3 cd 0.8 a 0.36 abcde 0.8 ab 
1.0 0.6 aL 2.4 a 2.5 abcd 0.7 ab 0.43 ab 0.3 cd 
2.0 1.0 a 2.0 a 3.1 abc 0.8 a 0.29 cde 0.4 cd 
4.0 1.0a 3.0 a 1.6 d 0.6 ab 0.39 abcd 0.4 cd 

1.6- 0.4 0.8 a 2.6 a 2.5 abcd 0.6 ab 0.27 e 0.2 d 
- 0.6 a 1.7 a 2.0 d 0.6 ab 0.34 bcde 0.2 d 

Batangas 
- 3.3 a 4.4 ab 3.4 a 1.2 bc 0.54 a 1.08 
2.0 2.2 b 4.6 ab 2.6 abc 0.4 of 0.49 ab 0.6 bc 
2.0 2.0 bc 4.6 ab 2.8 ab 1.1 bcd 0.31 bcde 0.6 bc 
0.4 1.9 bcd 4.5 ab 2.2 abc 1.8 a 0.32 bcd 0.5 bc 
1.5 1.6 bcd 4.4 ab 2.4 abc 0.6 def 0.37 abc 0.7 b 
1.0 1.8 bcd 3.9 b 2.4 abc 1.1 bcd 0.27 cdef 0.5 bc 

.0.5 2.5 ab 5.4 a 1.4 c 1.1 bcd 0.17 def 0.5 bc 
1.0 1.1 cd 3.7 b 3.3 ab 1.5 ab 0.46 ab 0.5 bc 
2.0 0 a 3.4 b 2.9 ab 0.8 cde 0.14 def 0.5 bc 
4.0 1.0 d 3.4 b 2.1 abc 0.7 cdef 0.10 f r.4. bc 

1.6-0.4 0 e 3.6 b 1.3 c 0.5 of 0.12 ef 0.5 bc 
- 0 e 1.6 c 2.0 bc 0.3 f 0.11 f 0.3 c 

"a.i. = active ingredient. A spaced dash I-) between 2 herbicide names indicates that the chemicals were formulated as a proprie
tary mixture. 'Av. of 3 replications. For each crop,any 2 means followed by the same letter are not significantly different at the 5%
level. 'Weeded 15 and 30 days after crop emergence. 

of growth Aeschynomene indica, Celosia 
argcntea, Cyperus compressus, D. aegyptium, 
and D. sanguinalisbecame important. Absence 
of rain for more than 1month after planting and 
herbicide application delayed the emergence of 
both crops and weeds and reduced the effec-
tiveness of some of the herbicides. 

Pendimethalin was the most promising of the 
herbicides tested for weed control at both sites. 
Yields from pendimethalin-treated plots gener-
ally were almost as high as those from the 
hand-weeded check plots (Table 23). However, 
pendimethalin initially was highly toxic to sor-
ghum and soybean and moderately toxic to rice 
and corn at Batangas. Sorghum and corn reco-
vered and yielded almost as well as the hand-
weeded check, but soybean and rice never reco-
vered and yielded less in the herbicide-treated 
plots than in the hand-weeded check. Oxyfluor-
fen was initially toxic to all crops. The crops 
were ranked according to tolerance for the 

tested herbicides as follows: peanut > rice > 
corn > soybean > mung bean > sorghum. 

In dinitramine- and pendimethalin-treated 
plots at IRRI, control of R. exaltata and A. 
spinosus in rice was excellent and yields were 
equal to those from the hand-weeded check. 
The untreated rice plots at Batangas had no 
yield because of the heavy infestation of E. col
ona. 

The most promising herbicides for corn were 
pendimethalin and EXP 3316 in both locations, 
and oxyfluorfen, butralin, and dinitramine at 
Batangas. Butralin and butachlor gave ade
quate initial control of weeds and caused only 
slight injury to sorghum at both locations. 

For soybean, oxadiazon and oxyfluorfen 
appeared promising at IRRI, and EXP 3316 
and Hercules 22234 at Batangas. Oxadiazon 
was the most promising herbicide for weed con
trol in mung bean at IRRI and pendimethalin, 
Hercules 22234, and dinitramine were the best 
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in Batangas. Pendimethalin, oxadiazon, and 
oxyfluorfen performed well in peanut at IRRI. 
None of the herbicide-treated peanut plots 
yielded as well as the hand-weeded check in 
Batangas but dinitrarnine looked the most 
promising of thilcompounds testedon this crop. 

Effect of crop rotation. Sorghum was 
planted at three seeding rates - 150,000, 
250,000. and 350,000 plants/ha, Row spacing 
was constant at 50 cm, but in-row distance 
between plants was varied. Four postplanting 
weeding treatments were superimposed on 
each seeding rate - atrazine and butachlor 
applied at 2 kg a.i./ha preemergence, hand 
weeding, and interrow cultivation 17 and 30 
days after seeding. After harvest, each plot 
was divided and the sorghum in one half of the 
plot was allowed to ratoon. The other half-plot 
was plowed and planted to mung bean. The 
ratooned sorghum and the mung bean crops 
were not weeded. 

In the first crop of sorghum, the plots that 
were weeded by hand yielded significantly more 
than the other treatments. At the two low plant 
populations. interrow cultivation gave a sig-
nificantly lower yield than the other treatments, 
but at the highest plant population it gave a 
yield as high as that in the plots treated with 
atrazine and butachlor (Table 24). 

As the plant population increased. yield 
increased and the percentage of the difference 
in yield between the hand- ceded treatment 
and the other treatments decreased. The 
atrazine-treated plots and the plots with inter-
row cultivation had significantly more grasses 
than the other plots. The herbicides used 

Table24. Yieldofsorghumasaffectedbyplantpopulationand 
post planting weed control treatments. IRRI, 1976 dry season. 

from plant populations ofYield" It/hal 

Treatment" 150.000 250,000 350,000 
plants/ha plants/ha plants/ha 

Hand weeding 17 and 

30 DS 4.0 a 6.3 a 6.9 a 


Atrazine (2kg a~i./ha) 3.3 b 5.2 b 6.0 b
 
eButachlor(2 kg a.i./ha) 3.1 b 5.1 b 5.9 b 


Interrow cultivation 17 

and 30 DS 2.3 c 4.1 c 6.1 b 


"a.i. = active ingredient, DS = days after seeding. 'In a column, 
any 2 means followed by the same letter are not significantly 
different at the 5% level, 
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encouraged the growth of sedges. The total 
weed weight was significantly lower in the 
hand-weeded plots than in the plots with 
atrazine or interrow cultivation. 

Plant population also affected weed weight. 
Grasses dominated the weed flora. Grasses har
vested from plots with 350,000 plants/ha had 
significantly lower weight than those harvested 
from plots with 250,060 plants/ha. The latter, in 
turn, had significantly lower weight than grasses 
from 150,000 plants/ha. Most broadleaf 
weeds grew in association with the highest 
plant population. 

Plots treated previously with atrazine at 2 kg 
a.i./ha had significantly fewer mung bean plants 
and the yields were significantly lower, indicat
ing a lethal residual carry-over of herbicide. 

There was no indication that good weed con
trol in the first crop resulted in fewer weeds in 
the unweeded second crop since the total 
weights of weeds harvested from the mung bean 
plots were not significantiy different. How
ever, the significantly larger number of sedges 
in the plots treated previously with atrazine 
and butachlor reflected the results obtained 
in the sorghum crop. 

The level of postplanting weed control 
achieved in the first crop of sorghum had no 
effect on the weeds growing in association 
with the unweeded ratoon crop. There was 
no significant difference in the total weight of 
weeds harvested from any of the plots. 
Sedges. which are sensitive to shade, were 
much fewer in the sorghum ratoon crop than 
in the mung bean crop, especially in the plots 
previously treated with butachlor and 
atrazine. The significantly greater number of 
broadleaf weeds in the plots previously
treated with butachlor than in the hand
weeded plot is relatively unimportant because 

broadleaf weeds comprised an average of only 
1% of the weed population. The yield of 1he 
ratoon crop was unaffected by the previous 
postplanting weed control treatments. 

Plant population in the first sorghum crop 

affected both yield and degree of weed control 
in the ratoon crop. The differences were not as 
marked as in the first crop, but the yield was sig
nificantly lower and the total weight of weeds I 

and the weight of grasses - was significantly 



higher where the plant population had been 
150,000 plants/ha than where it had been 
350,000 plants/ha.


Weed control treatments and sorghum yield
(Agroiomi'). Weed control obtained with six
herbicide treatments was compared with weed 
control obtained with two hand-weeding treat-
ments and weed growth in an unweeded check 
in two experiments. Sorghum yields were also
compared. 

All the herbicides gave good initial control of grasses and broadleaf weeds but failed to con-
trol the sedges (primarily C. rotundus) and vol-
unteer rice from the previous crop. Again, the 
duration of the residual effect of the herbicides 
was short. Within montha after treatment, 
broadleaf weeds and grasses that emerged were
unaffected by the herbicide. At harvest the
weight of weeds from the herbicide-treated 
plots did not differ significantly from that of 
weeds harvested from the untreated plots 
(Table 25).

Nitrogen levels and number of weed-
ings. The effect of different levels of nitrogen
and weeding on sorghum yield and weed growth 
was studied at IRRI. Increasing the nitrogen
applied from 0 to 120 kg/ha resulted in no 
increase in weed w-Jght at all levels of weeding 
- no weeding, one weeding 28 days a'ter 
emergence (DE), and weeding at 21 and at 
35 DE. Increasing the level of weeding gen-
erally resulted in a significant decrease in 
weed weight at all nitrogen levels. 

The yield losses caused by weeds were 
greatest when no nitrogen was applied and least 
when 120 kg nitrogen/ha was applied. Withoutnitrogen, the yield from the unweeded plots wassigniticantly lower than that from the plots that 
had been weeded twice, but with 120 kg ni-
trogen/ha, no significant difference was
observed. Increasing the weedings from one to 
two did rnot significantly increase the yield at any 
nitrogen level. 

Spacing, seeding rate, and weeding
methods. Weed weight and sorghum yield as
affected by spacing, seeding rate, and weed con-
trol practices were studied at IRRI. The weight
of weeds that grew in association with the crop. 
was lower at the closer row spa-cing (25 cm) than 
at the wider row spacing (50 cm); it was also 

Table25. Effect of variousweedcontrol treatmenton weed 
control in sorghum." IRRI, 1977 dry season. 

Experiment 1 Experiment 2Treatment' Weed wt Yield Weed wt Yield 
t/hal Ct/ha) Ct/ha) Ct/ha) 

Three weedings 0.2 a 3.8 a 0.1 a 4.7 a 
Two weedings 0.3 b 3.6 a 0.2 b 4.3 ab 
Butralin (2kg

a.i./ha) 3.0 c 2.4 b 1.8 bc 3.8 abc
Butachlor (2kg

a.i./ha)Piperophos - 2.2 c 2.6 b 1.9 bc 3.5 bcd 

dimethametryn
 
(1.6- 0.4 kg

a.i./ha) 2.8 c 2.4 b 1.2 bc 3.3 cd 

Terbuchlor C0kg 
a.i./ha) - - 1.8 bc 3.0 cdPendimethalin (2kg a.i./ha) 3.4 c 2.2 b 1.9 bc 2.6 d 

Untreated 4.5 cOxadiazon (1kg 1.8 bc 4.7 c 1.5 e 
a.i./ha) 3.0 c 1.1 c 

"Inacolumn, any 2means followed by the same letter are not 
significantlydifferentatthe5% level.'a.i. = activeingredient.A
spaced dash C-)between 2 herbicide names indicates that thechemicals were formulated as aproprietary ;ixture. 

lower at a high seeding rate (70 kg/ha) than at a 
low seeding rate (30 kg/ha). Neither row spac
ing nor seeding rate affected crop yield.

At harvest there was no significant difference 
in weed. weight among weeding treatments 
(Table 26). Because of the closeness of the rows 
and wet soil, interrow cultivation was difficult 
and gave poor weed control. Butachlor gave
good initial control of broadleaf weeds and 
grasses, but its residual effect was of short dura
tion. Within a month after butachlor treatment 
wee-as grew rapidly in the plots; at 42 DE the 
weight of weeds harvested from those plots was 

Table 26. Weed weights 42 days after crop emergence (DE)and at harvest, and sorghum yield as affected by various weedcontrol treatments." IRRI, 1977 wetseason. 
Weed wt Cha) Sorghum
 

Treatment 
 yield 
42 DE At harvest Ct/ha) 

Butachlor6 
(2kg a.i./ha) 0.6 a 0.7 a 2.8 aInterrow culti. 

vation 20 and

35 DE 0.6 a 1.5 a
Interrow culti- 2.4 ab 

vation 28 DE 0.6 a 1.0 a 2.3 ab 
No weeding 0.9 a 1.3 a 2.0 b
 
"Av. of 3 seeding rates and 2 row spacings. In acolumn, any 2means followed by the same letter are not significantly different at the 5% level. ba.i. zactive ingredient. 
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not significantly different from that of weeds 

from the unweeded plot (Table 26). 
Most of the herbicides reduced sorghum 

stand and burned tile leaves of seedlings, 
Oxadiazon was the most toxic and drastically 

reduced the crop stand. Pendimethalin 
reduced stand by niore than 401; while tile 

other herbicide, reduced it b% 14% (butachlor) 
to 271( (pipcro[ hos - dimethametryn). 

In both expcri.ent:. increasing the number 

of hand tedinestom two to three did not sig-

nilicaritly illcr:;isc Vielid (Table 25). The 

herbicide-treated plots yielded less than the 

hand-\ecded plots. 
Weeding requtiret lents of infter(),s 

(Ai-r0,ton.). The amount of weeding ncied 

depe,,ds on tle crops that are grown in tile 

intercro and the spatial relationship of one to , 

the other. 
Pangasinan ciopping systems consisting of a 

legume alone, sorghum alone, one row legume 

and one ro\ sorghum. and two rowms legume and 
one row sorghum \%ere compared for competi-

tion against weeds and for crop yield. Legumes 
used w'ere cowpea and mung bean. Weed 
weights at 40 days after emergence and -.t har-
vest did not sienificantlv differ between tile dif-
ferent cropping patterns for the various weed 
control treatments. 

For the sole crop cowpea or mung bean, the 
weed-free plot yielded significantly more than 
the unweeded check plot. but the yield differ-
ence among the other treatments was not sig-
nificant. The yields of the sole crop sorghum did 
not differ among plots that had been weeded, 
but all \\ceded plots yielded significantly more 
than the unweeded check. 

The yields of sorghum in the intercrop com-
binations did not differ significantly among 
treatments. but the were significantly lower 
than those of the sole crop. Cowpea and mung 
bean yields from the plot with two rows of 
legumes and one row of sorghum were equal to 
yields from the sole crop plots and significantly 
higher than the yields from the combination of 
one row legume and one row sorghum. 

Yields of mung bean did not differ among 
weeding treatments in the two intercrop combi-
nations uswd. With one row of cowpea and one 
row of sorghum, the yield of cowpea (lid not sig-
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nificantlv differ among weeding treatments. 
With two rows of cowpea and one row of sor

ghum. tle cowpea yield from the weed-free plot 

was significantly higher than that from the 

unweeded plot or tile plot weeded twice, but not 

significantly different from the yield from the 
plot that was weeded once. 

In an Iloilo study, different intercrop combi

nations reacted differently to weeding. The 

corn and soybean combination needed two 

weedings to yield significantly more than the 

unwecded check, the corn and peanut combi
nation needed only one weeding. 

In the intercrop combination of corn and 

Mexican \am bean, both crops yielded as well 

when unweedcd as when weeded once or twice, 

indicating that the combination is competitive 
against weeds. Fewer \eeds grew in the 

unweeded plots of the corn and yam bean com

bination than illthe unweeded plots of the other 

comiiiatio'ns. Most weeds grew in the corn and 

soybean combination. 
InI the intercrop combination of corn and 

mung bean, tile corn showed no response to 
weeding. but the mung bean yielded sig

nificantly higher when it was weeded twice than 

when wceded once or unweeded. In the corn 
and cowpea combination, one weeding was 
sufficient to produce optimum yield of corn, but 
two weedings were needed for optimum yield of 
cowpea. 

Continuous cropping or transplanted rice 
(Agronomy). The effect of weed control 
treatment applied to a crop of transplanted rice 
on the weeds in and the yield of subsequent 
crops of transplanted rice was studied in two tri
als. In the first trial, rice was transplanted at 15
x 15-. 20- x 20-, and 25- x 25-cm spacings and 
subjected to 10 weed-control treatments. In the 
second ,,id third crops, which were not weeded, 
only a 20- x 20-cm spacing was used. 

Results f the first trial were reported in the 
1976 An- tal Report. Results from three crops 
are sumir ,ized in Tables 27 and 28. In the first 
crop, the grain yield reflected the degree of 
weed control that was achieved with a particular 
weeding treatment. The best yields were 
obtained from the plots that were hand weeded, 
while the poorest were harvested from the 
unweeded plot. 



Table 27. Effect of various weed control practices applied to the firt crop of transplanted rice on the weight of weeds at harvest inthefirst, secondnd dthirdcrops. IRRI, 1976-77 dry and wet seasons. 

No weeding 
2, 4-D2, 4-D fb one rotary weeding
Thiobencarb 2, 4-D 
Two rotary weedings 
Thiobencarb -2,4-D 
Thiobencarb -2, 4-D fb one 
One handweedingweedingrotary 
Weed free for 30 DT 
Two hand weedings 

"fb 

Herbicide Weed wt' (g/0.5 mn)
rate' First Second 
 Third
(kg a.i./ha) crop" crop crop
 
- 134 e 116 c 187 a
0.8 107 de0.8 105 c86 cd 74 ab 181 a227 a1.0- 0.5 81 cd 74 abc 179 a- 80 cd 97 bc 231 a0.5- 0.25 62 c 111 C 1928 

0.5- 417750.25 58 bc abcabc
77 189 a - 41 ab 172 a55 ab 189 a 
- 13 a 54 ab 190 afollowed by. A spaced dash (-

mixture. DT = 
between 2 herbicide names indicates that the chemicals were formo.lated as aProprietarydays after transplanting. 1a.i. - active ingredient. 'In a column, any 2 means followed by the same letter are notsignificantly different at the 5% level. "Av. of 3 plant densities and 2 cultivars. 

The weeds growing in association with the
second crop were affected neither by plant spac-
ing nor by variety grown in the first crop, but 
they were greatly affected by the weed-controlpractices used. Plots in which weeds were ade-
qultely controlled in the first crop had fewerweeds in the second crop than plots where
weeds were poorly controlled in the first crop.
In both cases, the lowest weed weight was
associated with the plot that was hand weeded 
in the first crop. The weight of weeds from plotsthat had good weed control in the first crop
tended to increase in the second crop while the
weight of others remained relatively stable
(Table 27). 

In the third crop, no significant difference inweed weight resulted from the weed control 
treatments that had been applied to the first 
crop.

Plots that yielded best in the first crop also 
yielded best in the second crop (Table 28). Theyields reflected the degree of weed competition
-generally the greater the weight of weeds, the
lower the yield. Yields from the second crop
were 30 to 50% lower than those from the first 
crop. 

Significant differences *n yields were also
observed in the third crop even though the 
treatments did not significantly differ in weed
weights at harvest. Yields in all third-crop plots 

Table 28. Effect of various weed control practices applied to the first crop of transplanted rice on the grain yield of the first, second, and third crops. IRRI, 1976-77 dry and wet seasons. 

Treatment" 


Two hand weedings
Weed-free for 30 DT 
One hand weeding
2, 4-D fb one rotary weeding 
Thiobencarb  2, 4-D fb one rotaryweeding 
Thiobencarb- 2 4-D 
Thlobencarb - 2. 4-DTwo rotary weedings 

2,4-D
No weeding 

Herbicide 


rate' 

(kg a.i./ha) 


-

0.8 

0.5- 0.25 
1.0- 0.5 
0.5-0.25 


-
0.8 

0-


First 
crop" 
3.5 
3.4 
3.4 
3.3 

3.3 
3.1 
3.0 

2.9 

2.9 
1.8 


Grain yield It/ha)
 
Second 

crop 
23 ab0.5 
2.4 a 
2.3 ab 
1.7 bcd 

2.1 abc 
1.6 cde
1.4 de 


1.8 bcd 

1.2 de 
1.1 e 

Third 
crop 

bcd 
0.9 a 
0.6 abcd 
0.5 bcd 

0.8 ab 
0.7 abc0.3 cd
 

0.5 bcd
 
0.3 cd 
0.2 d"fb = 


mixture. DT = days after transplanting. 'a.i. 
followed by.A spaced dash I-)between 2 herbicide names indicates that the chemicals were tormulated as aproprietary= active ingredient. 'Insignificantly different at the 5% level. "Av. of 3 plant densities and 2 cultivars. Because interaction with plant density was significant, no test of significance was given. 

a column, any 2 means followed by the same letter are not 
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Table 29. Weed count, weight, and crop yield as affected by
weed control practices applied to a previous crop of trans-
planted rice." IRRI, 1977 wet season. 
.-..............
-----.. 
 .
 

Previous weeding Weeds Weed wt Yield 
treatment" (no./0.5 m9 (g/0.5 ml (t/ha) 

-----------......... 
Weed free 153 a 46 a 2.8 a 
2, 4-D (0.8 kga.i./ha) 144 a 50 a 2.5 ab 
No weeding 153 a 56 a 2.4 b 
Weeding at 21 DT 1?5 a 49 a 2.3 b 

-------. . 

"In a column, any 2 means followed by the same letter are notsignificantly different at the 5% level.a.i. = active ingredient;
DT = days after trnisplanting. 

were less than I t/ha. The plots that yielded
highest in the first crop tended to yield highest in 
the third crop. but differences among treat-
ments were not as great as those in the previous 
crop. 


In the second trial. eight rice cultivars were 
transplanted z,-d subjected to four weed-
control practict:. As the second crop. which was 
not weeded, only IR36 was grown. Weed 
numbers and weights. and yield of IR36 were 
not affected by the previous cultivar. No sig-
nificant differences in weed number orwcight at 
harvesting resulted from previous weeding 
treatments (Table 2')). Howevcr, the yield 
obtained from the plots that were previously 
kept weed free was significantly higher than thatobtained from tie plots that were previously 
weeded once or left unweeded, but it was not 
significantly different from the yield obtained 
from the plots that had previously been treated 
with 2,4-D. 

Management and control of Scirpus 
marilimus (Agronomy). A trial, initiated in 
1974 to study the effect of soil and water 
management on weed growth and crop yield, 
was continued in 1977. The three cropping 
patterns were the same as those used in pre-
vious years except that corn was intercropped
with soybean instead of peanut or mung bean. 

In the continuous lowland rice cropping 
pattern, the population of Scirpus inaritimus 
in the unweeded check plot increased during
the 1977 wet season compared with the 1976 
crop seasons. The annual weed population
decreased substantially compared with that in 
previous years.

In the second cropping system (upland 
crops rotated with lowland rice), the total 
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number of annual weeds was greatly reducedin both the 1977 wct and dry seasons, cor

pared with the 1976 seasons. The population
of S. marilitns was similar to that in the prc

vious two seasons, but it was considerably
lower than when rice was planted continuous
ly. In the dry season, the population of C.
rotundts was reduced to one-third in the 
alternating wet and dry soil conditions, corn
pared with that in the third cropping systemwhere upland rice was rotated with dry
seeded, rainfed, bunded rice. 

In the third cropping system (upland crop
rotated with dry-seeded rice), some S. 
maritimnus survived because of the moist condi
tions that prevailed in the plots. The population 
of C. rotundus was lower than that in the two 
previous crop seasons. The annual weed popu
lation was considerably heavier in the wet sea
son than in the previous year.

In the continuous lowland rice cropping pat
tern, the 1977 dry season yields from the 
rotary-weeded plots were 2.7 t/ha higher than 
those from the bentazon-treated plots. Benta
zon did not adequately control the heavy infes
tation of S. maritimus and the yield from the 
plot tratd with it(1.1 t/ha) was no( sig
nificantly different from that obtained fromthe unwcedcd check (0t/ha) (Table 30).
 

The yield of corn intercropped with soybean 
was similar to that obtained when corn was 
planted alone. The yield of sole-cropped corn 
from the unweeded plot was not significantly
different from that in the weeded plots. In the 
untreated plots, the corn plants shaded out most 
of the weeds present. 

In the continuous rice cropping pattern in the 
1977 wet season. thehighestyieldwasobtained 
from the plots that were rotary weeded. The 
unweeded plots failed to yield because they 
were heavily infested by S. marii, mtis. 

Among the plots previously planted to acorn 
- soybean intercrop, the treated ones yielded
significantly more than the unweeded ones. The 
rotary-weeded plots yielded significantly more 
than the bentazon-treated plots (Table 31). The 
unweeded plots yielded I t/ha, but in the other 
cropping systems, they yielded nothing.

In the rainfed rice crop in the third cropping
system, the hand-weeded plots gave the highest 



Table30. Effects of weeding methods and crop rotation on crap yield and population ofScirpus maritimus and other wods.Soiand water management trial Initiated In 1974. IARI, 1977 dry season. 

Weeds (no./m) 

Crop rotation, 
weeding treatment" 

Yieldb Annuals 
Broadleaf 

Perennials 

Grasses weeds Sedges Scirpus Cyperus 
maritimus rotundus 

Continuous lowland rice 
Rotary weeding 15 and 30 DT 
Bentazon (2 kg a.l./ha) 
No weeding 

Upland crop + lowland rice 

Rice (t/ha)
3.8 a 
1.1 ab 

0 b 
Corn Soybeans 

18 
125 
121 

10 
41 
40 

17 
84 

116 

75 
33 

191 

0 
0 
0 

Hand weeding 20 and 30 DS 
Butachlor fb bentazon, 
No weeding 

Upland crop + dry-seeded rice
Hand weeding 20 and 30 DS 
Butachlor fb bentazon , 
No weeding 

(earslha) (kglha)43,000 a 657 a 
34,000 ab 273 b 
24,500 b 213 b 

Corn (ears/ha)
41,500 a 
37,500 a 
27,500 a 

93 
350 
589 

47 
221 
431 

0 
1 
8 

1 
24 
73 

1 
0 

23 

4 
4 

17 

4 
17 
59 

0 
25 
26 

8 
9 
8 

4 
47 
38 

"fb = followed by. DT = days after transplanting. a.i. = active ingredient. DS: da ,afterseeding. "Av. of2 replications. Within eachcrop rotation, any 2 means followed by the same letter are not significantly different at the 5% level. 1.7 fb 2 kg a.i./ha. 

rice yield, 4.3 t/ha. Dinitramine gave good con- water between the rice crop and different weedtrol of annual grasses and sedges but failed to species. During the rice crop's vegetative stage,
control S. maritimus and C. rotundus. beginning 20 days after emergence, water was 

Weed-crop-water relationships (Agronomy). withheld from half of the plots. Figures 6 and 7Less reduction of weed growth than of crop illustrate the difference observed in leaf water
growth during drought iscommonly observed in potential of IR28 and the weed species A.
rainfed rice. Severe weed infestation can often spinosus, E. incida, and D. sanguinalis grown
be traced to a preceding drought in which the along the center line of the plot. Each point is z.n
weeds gained a competitive advantage. A average of two observations in the designated
continuous-function experimental design (Fig. subunit (Fig. 5).
5) was used to create increasing competition for The leaf water potential of rice wps sig-

Table 31. Rice yieldand number of weeds n affected by crop rotationand waiding treatment. IRRI, 1977 wet season. 

Weeds (no./m)
Cujp rotation, Rice yieldh

weeding treatment" (t/ha) Annuals Perennials 

Broadleaf 
Grassvs weeds Sedges Scirpus Cyperus

maritimus rotundus 

Continuous lowland rice
Rotary weeding 15 and 30 DT 2.5 a 14 5 17 47 0Bentazon (2kg a.i./ha) 1.2 b 141 23 43 11 0No weeding c0 71 9 9 421 0Upland crop + lowland rice
Rotary weeding 15 and 30 DT 5.1 9a 12 32 33 0Bentazon (2 kg a.i./ha) 4.0 b 44 29 70 1 0No weeding 1.0 c 29 26 120 209 0Upland crop + dry-seeded rice
Hand weeding 20 and 3C DS 4.3 a 2 0 03 0
Dinitramine (2 kg a.i./ha) 2.6 b 5 4 0 84 45No weeding 0 3722c 17 2 35 9 

"DT = days after transplanting. al. = active ingredient. DS = days after seeding. 1Av. of 2replications. Within each crop rotation,
any 2 means followed by the same letter are not significantly different at the 5% level. 
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5. Continuous-function experimental design and resultant 
weed counts from 0.5-m' quadrats sampled along the 
center line. 
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6. Leaf water potentials in the well-watered plots at 0600 
and 1300 for rice and the three dominant weed species,
and soil matric potential along the center line, 
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nificantly lower than that of the weed species incases except in the dawn measurement of the 

well-watered (control) plots. At midday the leaf 
potential of rice in the control plots was 

much lower than that of the weed species
despite high soil matric potential. When a soil 
water deficit was imposed, the same trenids were 
apparent and the magnitude of the differences 

the species increased. Among the weed 
species, A. spinosus consistently showed a
capability to maintain high leaf water potential. 

Regardless of the soil (soil matric potential) 
or atmospheric (vapor pressure deficit) water 
status, the weed species demonstrates superior
adaptation in maintaining leaf water potential 

to the cultivar IR28. 

Ledaf Mroental(b&S) 

IR28
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7. Leaf water potentials in the waterstressd plots at 
0600 and 1300 for rice and the three dominant weedspecies, and soil matric potential along the center line. 



PLANT PROTECTION 
Cropping Systems Components of the Entomol-
ogy and Plant Pathology Departments 

Lowland rice-based croppink systems. 
(Entomology CroppingSystems Component). 
Chemical insect control on a double rice crop 
pattern. The first and second crops of a double 
rice crop pattern in Iloilo, Philippines, differed 
in insect control requirements. Each received 
broad-spectrum insecticides during the three 
major stages of plant growth: early vegetative 
(0-29 DT), late vegetative (30-49 DT), and 
reproductive (50-75 DT). Five treatments and 
an untreated control were compared. The max-
imum insecticide treatment protected the crop 
at all three growth stages, but each of three 
other treatments gave no protection during one 
growth stage. 

In the maximum protection plots, 2 kg a.i. 
carbofuran granules/ha were incorporated into 
the soil during the last tillage before transplant-
ing, and 0.75 kg a.i. monocrotophos/ha was 
sprayed 30, 40, 50, and 65 DT. An additional 
application, based on economic thresholds for 
insect damage, was made when one or more of 
the following pest situations arose: 1 ) more than 
4 brown planthoppers/tiller, 2) more than 10% 
deadhearts before maximum tillering, 3) more 
than 10% leaf damage from leaf folders be-
tween flowering and grain filling, 4) more than 
15% defoliation during tillering, and 5) more 
than 4 rice bugs/iM2 during the milky stage.

In the first crop, the maximum-protection plot 
and the control yielded 5.1 t/ha, indicating no 

insect pest problems. Early planting, timed with 
the onset of monsoon rains, is a form of cultural 
control because crop establishment occurs 
before a significant pest buildup.

Insect damage was significant in the second 
crop. Yield from the maximum-protection plot 
(4.9 t/ha) was 1 t/ha higher than that from the 
untreated control (Table 32). The rice pests 
were stem borers, predominantly the white 
stem borer Tryporyza innotatt, (Walker); rice 
caseworm Nymphula depunctalis Guenee; rice 
green-horned caterpillar Melanitis leda ismene 
Cramer; and rice bugs Leptocorisa spp. Thc. 
early season defoliators caused the greatest 
yield loss (600 kg/ha), followed by stem borer 
whiteheads (300 kg/ha), and rice bugs (300 
kg/ha). It was, uneconomical to control all three 
pests. Most beneficial was protection at both the 
early and late vegetative growth stages
(US$84/ha), followed by protection at the 
reproductive stage alone (US$46/ha). Least 
beneficial was protection at both the late veg
etative and reproductive stages (net loss, 
US$40/ha). 

Chemical insect control on dry-seeded 
rice. The 1977-78 rainfall patrern favored the 
establishment of dry-seeded rice at the Pangasi
nan sites and provided an opportunity to deter
mine tht chemical insect control requirements 
for that planting method. 

Five insecticide treatments for insects attack
ing lR36 rice dry seeded at the onset ofthe rainy 
season were compared: 1)carbofuran granules 
at 1.5 kg a.i./ha placed in seed furrows, followed 
by endosulfan sprays at 0.75 kg a.i./ha at 40,70, 

Table32. Effect ofchemical Insectcontrol on the second crop of double-cropped transplantedlP28,Iloilo, Philippines, 1976-77. 

Protection with insecticide 

Maximum' " 

None at early vegetative stage'

None at late vegetative stage 

None at reproductive stage' 

Economic threshold' 

None (control) 


Stem borers' (%) D Return 

Deadhearts Whiteheads
35 DT 64 DT 

Melanitis 
(no.

10 hills)
60 DT 

o e ug Yl 
ation ' Rice bugs, Yield 

M (no./m') Ct/ha)
20 DT 70 DT 

cInsecti- to 
cide insecti
cost, cide' 

(US$/ha) (US$/ha) 

0.8 a 
3.2 b 
1.0 a 
1.2 a 
3.3 b 
5.4 b 

4.1 a 
4.0 a 
4.8 a 
3.6 a 
6.9 b 
7.4 b 

0.5 
2.3 
0.7 
1.7 
1.3 
2.2 

7 a 
16 b 
10 a 
9 a 

17 bc 
21 c 

2.5 a 
3.3 ab 
3.7 bc 
3.8 bc 
3.7 bc 
4.7 c 

4.9 ab 
4.3 d 
4.6 bc 
5.0 a 
4.4 cd 
3.9 e 

144 
95 
96 
96 
23 

- 5 
-40 

1 
84 
46 

"Av. of 6 fields, unreplicated within fields. Any 2means followed by a common letter are not significantly different from each otheratthe 5% level. 'One 5-m sample area/plot. i0-hill sample/plot. "Visual estimate per plot. "Ten 1-m samples/plot. 'carbofuranUS$0.80/kg; monocrotophos US$5.04/946 cc. 'US$0.14/kg rice. Carbofuran granules (2kg active ingredient a.i./ha) incorporatedInto soil durinr,i:harrowing; monocrotophos (0.75 kg a.l/ha)sprayed at 30,40,50, and 65 days after transplanting (DT). 'Monocrotophos sprayed at 30, 40, 50, and 65 DT. 'Carbofuran granules incorporated into soil at 50 and 65 DT. 4Carbofuran granules
Incorporated into soil, monocrotophos sprayed at 30 and 40 DT. 'Monocrotophos sprayed at 65 DT. 
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Tab"e 33. Chemla lt-s.-t control* on UN dry seeded In June In Monacog Pangasinan, Philippines, 177-78. 
Leaf folder Rice Plant Plant standdarnaged leavese (%) bug ht 

insecti- Return
(no. tillers/ Yield cideInsecticide - to insecdamaged (cm) m) (t/ha) cowt'treatment ticide'F6 DE 90 DE grain 35 DE 25 DE (USS/ha) (USS/ha) 

1' 0 a 6a 3.5e 23 a 201 abc 6.4 a 1112' 402 al 16 b 8.8 c 24a 228ab 6.2 ab 4231 3 86b 16 b 7.3 bc 24a 240e 5.9abc 1544 1 ab 14 b 4.7ab 22 b 183 bc 5.7 
60 

bc 28 1551 2ab 14 b 6.7 bc 22 b 170 c 5.5 c 
"Av. of 8 fields, unreplicated within fields. DE = days after emergence. Any 2 means in a column followed by a common letter arenot significantlydifferent from each other at the 5%level. b200.leaf sample. 'Carbofuran, US$0.96/kg; endlosulfan US56. I6W946 cc. 
:,-. -0.17 kg. Carbafuren granules (1.5 kg a.i./ha) in seed furrow, endosulfan sprays (0.75 kg a.i./h)
'carbofuran granules in seed furrow. oCarbofuran (0.5 kg a.l./ha) seed treatment. 

at 40,70, and S0 (DE).
 
lEndosulfan sprays at 55 and 90 DE, wheneconomic thresholds were reached. 'No insecticide. 

and 80 days after rice emergence (DE); 2) car-
bofuran granules at 1.5 kg a.i./ha in seed fur-
rows; 3) seed treatment with 0.5 kg a.i. carbofu-
ran/ha; 4) sprays at 55 and 90 DE when 
economic thresholds were surpassed; and 5) no 
insecticide. 

Insect sampling throughout crop growth
identified the rice leaf folder and rice bug as the 
only abundant pests. The leaf folder attack was 
relatively late (ripening stage). Neither pest 
appeared important because there was no sig-
nificant difference in yield response between 
treatment I (6.36 t/ha), where pests were con-
trolled, and treatment 2 (6.22 t/ha), where they 
were not. 

Yield difcerences beiween plots treated with 
carbofuran granules (:reatments 1 and 2) and 
those without (treatment 5) were significant
(Table 33). The carbofuran treatments resulted 
in more tillers per square meter and sig-
nificantly taller plants. The differences in
plant growth were particularly noticeable in 
three of the eight fields. 

Pests associated with positive yield response 
to carbofuran were not detected but could have 
been overlooked. Mole crickets, ants, or other 
soil pests were not abundant. The early planting
escaped pest buildup during the later vegetative
and reproductive stages. 

Effect of intercroppingand nitrogenfertilizer 
on the Asian corn borer. Compared with sole 
cropping, intercropping reduced the Asian corn 
borer population (1972 Annual Report).
Studies at IRRI in 1975-76 showed that plots
that received nitrogen fertilizer had more bor-
ers than the no-nitrogen plots, 
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In separate fields, corn borer populations
in a local corn variety (Singapore Orange) and 
in the yellow flint corn (Early Thai Composite)
planted as sole crop and intercrop, with and 
without fertilizer, were compared. Iloilo farm
ers plant Singapore Orange either as a sole 
crop or with yam bean Pachyrhizus erosus (L.)
Urban as an intercrop after rice. Early Thai 
Composite was introduced as a sole crop and 
with a peanut intercrop after rice in a 1976-77 
study. 

Both varieties were equally susceptible to the 
Asian corn borer. Singapore Orange received 
no fertilizer and was intercropped with yam
bean. Early Thai Composite received 90 kg
N/ha and was intercropped with peanuts.

There were more corn borc-s in the fields 
with nitrogen fertilizer than in the fields without 
(Table 34). Intercropping on unfertilized fields 
with low borer populations had no insect
depressing effect. 

Chemical insect control of sorghutm planted
after rice. Sorghum is a promising crop for use 
after rice in Iloilo, but its insect control 
requirements are unknown. Broad-spectrum
insecticides were used to determine the impact
of insect pests attacking it at various growth
stages when planted after rice in Iloilo. Treat
ments providing full, partial, and no protection 
were compared: 0.5 kg a.i. carbofuran/ha in the 
seed furrows, and monocrotophos sprays (0.75
kg a.i./ha) during vegetative (50 DE) and 
reproductive (70 and 85 DE) stages.

Only the corn earworm Heliothis armigera
threatened sorghum. An average of three to 
four larvae were found feeding on the develop



Tabl. 34. Effect of interaoppini; and ntogmo fertlzer on 
Asian own borer Hoff., PNapplem, 1376-77.E 

-

Corn borers (no./15 plants) ji 

Cropping pattern 0 kg N/hr 90 kg N/huh 
____ __I£O' __ -__ 

Larval Larval 
Lmve holes Larvae holes 

Sole crop 3.3 4.1 218 32 

Intercrop with
 

yam bean 3.5 64 17 23

Difference due 

to lntercropplng +0.2 +2.3 -10.8 -9 

"Av.of5fieldslnttojnaporeOrange (2bole cropsand 3
with a beanlntecrope). 6v. of2fieldsplntedtoidyThi
Composite. Sola crop and Peanut intercrop were replicated
within each field.E 

ing grains. Corn earworms were fewest 

(2/plant) in the treatment at 50 DE, indicating
that the earworm eggs were laid on the foliage 
before heading. The trial had uneven stands and 
will be repeated after agronomic problems in 
sorghum establishment are overcome. It, how-
ever, revealed the absence of the seedling mag-
got Atherigona oryzae Malloch, silk beetle 
Monoepta bifasciata (Hornstedt), and rice 
weevil Sitophilus spp., sorghum pests found 
elsewhere inthe Philippines. 

Chemical insect control on mung bean after 
rice. Insecticide regimes tested in 1975-76 in 
Pangasinan were retested in 1976-77. The 
emphasis was on the same preflowering pests 
- bean fly Ophiomyia phaseoli (Tryon); flea 
beetle Medythia suturalis (Motschulsky), for-
merly referred to as Longitarsus manilensis 
Weise; and leafhopper Empoasca biguttula 
(Shiraki). Monocrotophos sprays at 0.25 kg 
a.i./ha were compared with carbofurangranules placed in the seed furrows at 0.5 kg 

a.i./ha.
High populations of the corn earworm, which 

appeared at flowering, prevented pod develop-
ment. The earworm incidence was attributed to
the introduction of an alternate host, cotton, in 
the study area. A spray treatment (0.75 kg a.i. 
monocrotophos/ha) was added to control the 
earworm. The application was too late, how-
ever, and the best treatment yielded only 903 
kg/ha, in contrast with the 1975-76 high of 
1,500 kg/ha in the absence of the corn earworm 
(Table 35). 
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The best treatment gave a net return to 
insecticide usage of US$309/ha. Carbofuran 
granules (396 kg/ha yield) were not as effective 
as sprays (639 kg/ha yield). The untreated con
trol yielded only 193 kg/ha. The low perfor-
mance of carbofuran is attributed to the coarse 
soil texture after tillage of the previously pud-
died soil. Carbofuran performs well in upland 
soils. 

The results show the need for testing control 
regimes for several years, because pest popula-
tions may fluctuate annually. A benefit from 
cotton introduced into the area was that it acted 
as a trap crop for the leafhopper. 

Effect of tillage method on insect pests of cowpea. The farmers' method of broadcasting
upland crop seeds into standing rice stubble 
results in uneven stands. High tillage requires
several plowing and harrowing operations to 
incorporate the rice stubble and break up the 
encrusted soil. Planting is delayed because of 
labor and power requirements plus the wait for 
the soil to dry. A more rapid low-tillage method 
opens furrows between alternate rows of stand-
ing rice stubble with the plow, broadcasts seeds,
and then covers the furrows with one pass of a 
harrow, 

Studies in three high-tillage and two low-
tillage fields were established after a double rice 
crop in Iloilo. Insecticide was not applied and 
insect pests were monitored throughout the 
crop. Several insect species were affected by the 
presence or absence of standing rice stubble 
(Table 36). The bean fly was almost totally
absent in low-tillage fields during the early
growth stages. The finding suggests an inexpen-
sive cultural method to control this serious 
legume pest. With high tillage, bean fly control 

required repeated applications of insecticide,

Most farmers did not recognize the bean fly as a 

pest, but unknowingly controlled it by broad-

casting seeds into the standing rice stubble,


Aphids known to be attracted to crops set 
against a bare soil background had low popula-
tions. Leaf miners and leafhoppers increase sig-
nificantly in low-tillage fields. Generady, how-
ever, they are not serious. On balance, low til-
lage is preferred for insect control. 

Effect of interaction of foliar fungicide and 
insecticideon mung bean yield afterrice. Pow-
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T"e 36. Efet of twg method on insect peets on E02 
C Ptd Utw sice ;,Mo.0 Phlegn,, 

Insects (no./15 plants) 

Tillage (larvae + Leaf Leafhoppers 
method' Aphid pupae) miner folder (no./lO 

infestation-' tunnels tunnels sweeps)
4ODE 1ODE2ODE 40DE 40DE 40DEHigh 

2.3a
Low 1.6 a 45a0 b 4 b 25a 4a 3a

30a'Untreated with insecticide, DE =days11 after emergence. Any?b 3a 
means followed by acommon letter are not significantlydifferent from each other at the 5% leVel. bHigh tillage = plowed andharrowea twice (3fields), low tillage = furrows opened between rows of standing rice stubble (2 fields). rOn a 0-9 scale:0= no aphids, 1 = adu lt apiids, 3 = several colonies per plant. 

dery mildew Erisiphe poloni DC limited mung
bean yield in 197-76 trials in Pangasinan. A 
1976-77 trial compared the effectiveness of 
three fungicides - thiophanate -methyl,
benomyl, and benomyl x maneb (Delsene MX) 
- each sprayed once (35 DE) or twice (35 and 
45 DE) at recommended rates. To isolate the 
effect of powdery mildew from insect damage, 
two treatments included fungicide plus insec
ticide, and insecticide alone. 

The results showed a greater yield benefit 
from insecticide alone (32%) than from the best 
fungicide protection added to insecticide pro
tection (44%-32% = 12%). One application
(35 DE) of any of the three fungicides was as 
good as two applications (35 and 45 DE) but the 
use of thiophanate-methyl was the least costly.
The conclusion was thai insect control should 
receive first priority among farmers' objectives

in using resources for pesticides.
 

Effect of interaction of fitngicide seed treat
mnent and insecticide sprays on yield of peanut
after rice. In 1975-76, peanut stands in Iloilo 
were severely reduced (81%) by Scierotitn 
fungus that attacked the seed in the soil. In addi
tion, an aphid-vectored virus mottle disease also 
occurred. In 1976-77 a trial compared the yield 
responses to 4 fungicide seed treatments 
(chloroneb, thiram, captan, and maneb) with 
either carbofuran granules (0.5 kg a.i./ha)
applied to the seed or 3 foliar monocrotophos 
sprays (0.5 kg a.i./ha) at 21, 42, and 63 DE. 

Yield was not benefited by the use of both 
insecticide and fungicide. The insecticide spray
alone or granules alone or fungicide seed treat



Tale7. Offeste- lsldeseedtre 
rice In U.11, Phlilpkm, 1376-77. 

lmedinetldegranules orprayson idedede onyleild ofCES 101 panutafter 

Funglcldeh 
Infested seede (%) 5 DE Yield (t/ha) Return to insecticide4 (US$/ha) 

seed 
treatment 

Carbofuran No 
Insecticide 

Carbofuran Follar 
monocrotophos 

No 
Insecticide 

Carbofuran Foller 
monccrotophos 

No 
insecticide 

Chloroneb 
Thlrem 
Captan 
Maneb 
Untreated 

27 a 
21 a 
19 
25 a 
30oab 

44 b 
28 a 
26a 
34 ab 
44 b 

1.01 ab 
1.15 e 
0.96 ab 
0.96 ab 
0.82 ab 

spray 

1.05 a 
1.02 a 
1.15a 
1.04e 
0.96 ab 

0.93 ab 
0.97 ab 
1.04 a 
1.08 a 
0.78 b 

54 
100 
61 
24 
25 

spray 

89 
55 
96 
59 
60 

37 
46 
76 

119 
-

"Av. of 4 replicates, 1 field. DE = days after emergence. 0.5 kg active ingredient (a.I.) carbofuran/ha at planting, 0.5 kg a.i. monocrotophos sprays/ha at 21,42, and63 DE. In a column, any 2 means followed by a common letter are notsignificantly differbnt fromeach other at the 5% level. 'Recommended' 8rates, 13 1-m row samples/plot. Carbofuran, US$0.80/ha; monocrotophos,U556.16/946 cc; chioroneb, US$0.95/O g; thiram, US$0.72/50 g; captan, US$2.73/500 g; maneb, US$9.33/1.353 g; shelledpeanuts US$0.40/kg. 

ment alone resulted in significant yield gains nematodes.
 
(Table 37). The maneb seed treatment (net Interaction of insecticide levels with yield of
 
return, US$119/ha) 
 resulted in the most field corn and mung bean intercrop after rice. An 
economical control. Compared with the tre4 t- insect control trial in a corn-mung bean inter
ment with fungicide alone, however, the fun- crop in Pangasinan provided information on the 
gicide and carbofuran granules, where both crop dynamics involved in intercropping. The 
were combined, apparently interacted and yields of plots with three levels of insecticide 
reduced the percentage of disease-infested mung bean (four applications) and corn (five
seeds. This effect was particularly significant in applications), and mung bean (two applica
the chloroneb treatment. tions) and corn (three applications) - and

Effect of flooding, cropping pattern, and those without insecticide were compared.
landformn on plant parasitic nematodes. Previous The net returns from mung bean tended to
studies in Pangasinan showed that flooding of decrease (US$254 to 63) and net returns from
the rice crop suppressed the parasitic corn tended to increase (US$39 to 78) as the 
nematodes (Rotylenchulus and Meloidogyne) of level of insecticide was reduced (Table 38). As
leguminous plants. To investigate the extent of the level of insecticide increased, mung bean 
that finding over the range of landforms and responded positively in plant height and vigor
cropping patterns at the Iloilo site, fields with and competed for plant nutrients with the corn
similar 3-year cropping pattern histories were companion crop. Corn yields from untreated 
chosen within each of the available landforms plots were highest (530 kg/ha). The experiment
(knoll, river levee, plateau, plain, side slope, also illustrated the benefit of intercropping 
and bottomland). They were divided into the prevention of crop failure in either crop
groups according to flooding (unflooded, one grown separately.
 
crop flooded, and two crops flooded per year). Plant pathology cropping systems (Plant


Flooding of lowland rice culture effectively Pathology Cropping Systems Component).
controlled plant parasitic nematodes in all land- Plant pathology research in the cropping sys
forms except river levees. tems program was started late in 1977 to

The river levees with their light, well-drained 0 identify the major disease problems at the 
soils harbored high nematode populations even different experimental sites and determine the
if one crop of flooded rice had been grown. effect of various cropping patterns on the 
Unflooded knolls, as expected, also sustained development of such diseases. 
nematode populations. All other landforms 0 develop scales of measuring intensity of
involving at least one flooded rice crop were diseases in crops other than rice to facilitate dis
suitable for Rotylenchduls and Meloidogyne ease assessment under various crop environ
populations, regardless of the cropping pattern. ments, and 
Bottomlands had the least number of * develop and evaluate feasible control 
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Table 38. Interaction of 3 Insecticide levels on ylcld and net 
returns of mung bean and corn Interaopped after rice, Pan
gasinan, PhHlpe,, 1976-77. 

Crop in Insecticide Yield Return to Percentage
applications insecticide' of total

intercrop (no.) (kg/ha) (US$/ha) return 
Mung

bean 4c 652 254 87 
Corn 5' 360 39 13 
Both 9 1012 293 -

Mung
bean 3 639 270 7Corn 4' 179 8 3
 

Both 7 818 278 -


Mung 
bean 2v 445 173 73 

Corn 3A 292 65 27

Both 5 737 238 -


Mung 

bean 0 135 63 45 


Corn 0 530 78 55 

Both 0 665 141 -


SAv.of 3 fields. Single corn rows were placed 1.5 m between 
rows of mung bean. 6Corn US$0.15/ha, mung beanUS$0.47/kg. 'Seedling and early vegetative protection 0.25 kg
active ingredient (a.i.) monocrotophos/hal, late vegetative pro-
tection A0,5 kg a.i. monocrotophos/ha), early reproductive pro
tection (0.5 kg a.i. methomyl/ha). 4Seedling protection (0.5 kg
a.i,. carbofuran granules/ha), early whorl and tasseling protec
tion (x2) (0.5 kg a.i. monocrotophos/ha), late whor protection
(0.5 kg a.i. carbofuran granules/ha in whorl). 'Seedling andearly reproductive protection. 'Seedling, late whorl, and tassel-
ing (x 2) protection. Early vegetative and early reproductive
protection. Late whorl and tasseling (x2)protection. 

measures for the major crop diseases. 
Survey ofdiseases at the experimental sites of 

croppingsystems. In the Batangas upland area, 
no disease was observed during the rice-
growing season. In the crop after rice, 4 out of 
18 cropping pattern fields showed corn mosaic; 
the incidence on Macapuno. a local variety of 
green corn. was less than 5%. In sorghum 
(Cosor 3 variety), 25% of the plants were 
infected with Rhizoctonia sheath blight and 
25% with zonate spot in localized areas. In 
some plants the sheath blight infection reached 
the flag leaves, causing empty panicles.

In Iloilo, except for one field of 1R36, which 

had light infection of leaf blast, the cropping 

pattern fields planted to rice were disease free. 

In another cropping pattern field, which had 

K_ previously planted to lowland rice, I% of 
cCA'pea plants (EG #2) at the cotyledon leaf 
stage suffered from postemergence damping-off 
caused by Sclerotittn rolfvii. In previously 
floodqd fields, less than I';' of the EG #2 cow
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pea plants also suffered from Sclerotiwn post
emergence damping-off,and more than 50% of
 
the soybean seeds (TK5) were infected with 
Scerotium preemergence damping-off despitethe use of thiram, a fungicide for seed treat

ment. The soybean field was previously planted
to sorghum. In all those fields, the disease wasobserved in plots with zero or minimum tillage. 
In a peanut variety trial, 20% of the plants at the
3- to 4-leaf stage appeared to be infected with 
mottle disease. 

In Pangasinan, bacterial leaf streak occurred 
in several rice fields. Its sudden appearance and 
spread could have been caused by a typhoon. In 
the crop after rice, 6 out of 9 cropping-pattern 
and research-managed fields planted to grain
legumes exhibited less than 1% Sclerotium
damping-off. All fields were previously planted 
to lowland rice. In a variety trial, Cercospora 
leaf spot of mung bean on early plantings ai,dScierotium damping-off of cowpea on late plant
ings occurred in poorly drained areas. 

Diseases also occurred on upland crops in 
experimental plots at IRRI. A 100% incidenceof Pythium damping offofcowpea was observed
 
on almost all the test varieties in a zero-tillage
 

trial plot previously planted to lowland rice. In 
the continuous cropping experiment, the inci
dence of Rhizoctonia damping-off on the 10th 
crop of cowpea (EG #2) was about 20% com
pared with less than 5% infection in a plot alter
nated with upland rice. In a monthly planting of 
upland crops, the following diseases were con
sidered severe: soybean rust, Cercospora leaf 
spot and mosaic of mung bean, leaf curl brown
ing of cowpea, leaf spot and mottle of peanut, 
and Rhizoctonia sheath blight of sorghum. 

In all disease surveys, specimens for labora
tory diagnosis were collected. Whenever possi
bie, the causal pathogens were isolated into 
pure cultures for future studies. 

Preliminarydiseasescales for assessingsome 
foliardiveases. Grain legumes used in the crop
ping patterns at the experimental sites were 
often infected with leaf spotting diseases. 
Because such foliar diseases are difficult to 
assess, sketches with scale units of I to 9 were 
made to standardize scoring. The sketches will 
be field tested in 1978. 



VARIETAL TESTING 

Multiple Cropping Department 

The main crops studied in IRRI cropping sys-
tems research are rice, corn, sorghum, soybean, 
mung bean, cowpea, peanut, sweet potato, and 
cassava. Elite cultivars of upland crops from the 
screening program of the University of the 
Philippines at Los Bahios (UPLB) and the 
Institute of Plant Breeding are evaluated after 
the rice crop. The crops are tested in repli-
cated trials at IRRI and at IRRI Cropping 
systems research sites in Cale, Batangas; Pao,
Caaringayan, and Manaoag, Pangasinan; Oton 
and Tigbauan, Iloilo. Rice trials and a corn trial 
in Batangas were conducted during the wet sea
son in May-June 1977. The variety trials of all 
upland crops were planted from October to 
December 1976 and harvested from January to 
March 1977. In a rice-based system, the upland 
crops are planted before and after rice- which 
is usually planted during the wet season - or 
intercropped with rice during the wet season or 
with each other in the dry season. 

Rice. Twenty-six IRRI rice varieties were 
evaluated in semilowland plots at IRRI for 
suitability for direct (dry) seeding. Water 
accumulated for a few days only after heavy
rains during the late vegetative stages and after 
heading in two replications; there was no stand-
ing water in the third replication. On the aver-
age, all the entries yielded more in replication 1 
(3.60 t/ha) and replication 2 (3.26 t/ha) than in 
replication 3 (2.60 t/ha). The yields ranged from 
0.87 to 5.01 t/ha. lR36 gave the highest yield
(5.01 t/ha), followcd by IR28 (4.38 t/ha), which 
could be considered comparable with yields of 
transplanted rice. Table 39 lists the 12 best 
yields. IR36 and IR28 matured earlier than 
most of the other entries. The 12 outstanding 
varieties are relatively short (90 to 115 cm), 
tend not to lodge or to lodge slightly, tiller heav-
ily (at least 400 tillers/r"), and produce a large 
number of panicles (at least 400 panicles/m 2) 
and grains (at least 83 grainslpanicle) with at 
least 73% filled. 

In another trial at IRRI five high yielding va-
rieties, as sole crops and with corn intercrop, 
were directly seeded in rows in upland plots. As 

Tal 3. Yield and aronon* characters of 12 top-yieng, 
dry-seeded rice varietie, gownn under ralonfed semllowland
c-dklos Wi gwet season.1 o 

Grain PlantEntry yield Maturity ht Lodging Tillers 
t/ha) (day,) (cm) ratinglino./m) 

I36 5.01 i11 90 2 610 
828 4.38 99 100 1 481IR2823-399-5-6 4.22 132 106 3 490
 

1R4432-52.6.4 3.88 121 106 
 4 462IR42 3.85 135 113 2 540IR2058-78-1-3-2-3 3.84 121 113 4 514
 
141127-119-6-1 3.77 115 102 4 483
1R38 3.60 120 100 4 582IR4722-36-1 3.¢0 117 108 4 547 
1R1561-228-33 3.5.1 115 93 1 611IR2071-586-5-6-3.4 3.52 132 118 4 521

P.42
 
IR4232-38 3.41 120 107 
 6 440 
"From seeding. hl = no lodging, 9 = severe lodging. 

sole crops, C171-136 and C166-135 sig
nificantlv outyielded the other varieties. With 
corn intercrop (32,000 plants/ha with 1.25-m 
row spacing) C22 joined C171. 136 and C166
135 in yielding significantly morn.;. However, the 
collective intercrop rice yield did not differ sig
nificantly from the sole crop yield. Rice as an 
intercrop matured 5 days earlier and was 10 cm 
shorter than rice as the sole crop. Corn inter
crop yields were significantly reduced by 
C171-136 and C22. 

Fourteen upland rice selections were 
evaluated by row-seeding in Batangas (Table 
40). Three replications had insect control and 

Table 40. Yield and agronomic characters of 14 upland ic
selections with Insect control evaluated at Cale, Batangas,197l-73wseseao 

Grain Matu- Plant Lodg-
Entry yield rity ht ing Tillers 

It/hal (days) (cm) rating' (no.Im'l) 
IR3839-1 5.64 115 99 1 304IR1529-430-3 5.12 105 95 1 261 
R3304-23 4.75 115 140 1 223 

IR38 4.65 100 79 1 289IR9575 4.49 120 124 1 231 
IR3880-13 4.31 119 120 1 270
C171-136 4.28 120 109 1 208IR2035-242-1 4.29 119 93 1 250 
C166-135 4.07 120 128 1 249 
C22 4.01 120 124 1 207IR3880-10 3.75 119 120 1 232 
C171-120 3.74 120 110 1 216MRC-348 3.39 120 86 1 288Ditgge 2.69 106 155 7 165 
"LSD (0.05): 0.85; CV: 17.10%. 'Lodging scale of 1-9 where 1 = 
no lodging and 9 = all plants flat. 
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one replication had none. IR3839-1 yielded 
highest (5.64 t/ha), followed by IR1529-430-3. 
Dagge, the local check, had the lowest yield, 
C171-136, a new variety now recommended for 
use in the cropping pattern trials, ranked 
seventh, but it was the highest yielder (5.48 
t/ha) in the test without insect control. 

Farmers' Evaluation of New Selections 
Applied Research Trials (FENSART) for 
transplanted rice were conducted in Pangasinan 
and Iloilo with eight entries each plus a local 
check. C166-135 and IR2058-78-1-3-2-3 had 
yields of 5.57 t/ha in Pangasinan and 6.29 t/ha 
in Iloilo. Among the top five yielders in each 
locality, IR2058-78-1-3-2-3, IR1529-430-3, 
and IR36 had consistently high yields. The 
yield advantage of the top yielders over the 
checks ranged from 0 to 83%. The entries in 
Pangasinan matured ealier and were shorter 
than those in Iloilo, but lodging incidence was 
about the same at both sites. 

Corn. Nine corn varieties from the Philip-
pine and Thailand breeding programs were 
used in trials. The IRRI trials had zero tillage 
(no land preparation) and seeds were dibbled at 
the base of the rice stubbles. Rainfall was about 
532 mm and well distributed during the grow. 
ing period. Philippine DMR Comp. # 1 gave the 
highest yield (4.63 t/ha), which was 60% more 
than that of Tinumbaga, a local variety com-
monly used in Batangas as a check in cropping 
pattern trials. All varieties tested were sig-
nificantly better than the check. Maturity 
ranged from 89-93 days. 

Under upland conditions with a high level of 
tillage at IRRI, five entries were significantly 
better than Tinumbaga. TC#1 DMR (TC #1 
Early x Phil. DMR 1)F3 was the highest yielder 
(5.1 t/ha) and matured only 2 days later than 
Tinumbaga. In a Batangas trial under upland 
conditions with high tillage, TC #1 DMR 
(TC #1 Early x Phil. DMR 1)F3 was also the 
highest yielder. In the 1977 wet season trial 
before rice and with high tilage at Batangas, 
yields ranged from about 3 t/ha to almost 5 t/ha, 
with Medium Early DMR Comp. #2 giving the 
highest. 

The two 1977 trials in Manaoag, Pangasinan, 
had zero tillage. Rainfall was only 3 mm during 
the growing period. Yield levels at Pao (deep 
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water table) were lower (range of 1.09-1.58 
t/ha) than those at Caaringayan (shallow water 
table, range of 2.33-2.94 t/ha). The highest 
yielder in both locations was TC #1 DMR x 
Penjalinan F3. The Philippine DMR Comp. 
#1, highest yielder in IRRI trials, also gave a 
good yield at Caaringayan but a pooi yield at 
Pao. It flowered and matured later in Pao than 
in Caaringayan. Although there was no rainfall 
after the main rice crop, the corn yield in areas 
with high water table was reasonably good. 

The Iloilo trial had high tillage. The 153-mm 
rainfall during the growing period was well dis
tributed. The corn yields ranged from 2.86 to 
3.45 t/ha. Early DMR Comp. #1 "had the 
highest yield. Both TC #1 DMR x Penjalinan 
F:i and Philippine DMR Comp. # I performed 
well and flowered earlier than in other corn tri
als. 

Sorghum. Sixteen elite lines and promising 
varieties of sorghum from the breeding program 
of UPLB were evaluated in replicated trials. 
The trials at IRRI had zero tillage. After rice 
harvest sorghum seeds were dibbled in straight 
rows. Rainfall during crop growth - 534 mm 
- was well distributed. Yields ranged from 3.54 
to 5.51 t/ha, with that of PBI Sor I highest, fol
lowed by those of D67-4, UPLB-SG5, CS 137, 
and CS 99. Days to maturity ranged from 86.to 
92. The earliest maturing was 498003, but it 
had 	the lowest yield. 

In IRRI upland trials, yields ranged from 
2.29 to 3.74 t/ha, with UPILB-SG 5 giving the 
highest. D67-4, one of the high yielders under 
zero tillage, had the lowest yield under upland 
conditions with high tillage. In a Batangas trial, 
however, it had the highest yield (3.33 t/ha). 
D67-4 was 36% better than Cosor 3, the variety 
recommended for a pilot production program in 
Batangas. 

Trials at Caaringayan and Pao in Pangasinan 
were conducted with zero tillage. ln both places, 
a rice-straw mulch was added to conserve the 
soil moisture, lower soil temperature, and sup
press weeds. Only 3 mm of rain fell during the 
growing period. The yields were higher in 
Caaringayan than in Pao. They ranged from 
2.56 to 4.40 t/ha in Caaringayan and Cl 37 was 
the highest yielder. In Pao yields ranged from 
2.12 to 3.69 t/ha and D67-4 was the highest 

http:2.33-2.94
http:1.09-1.58


yielder. Three of the top five entries in the 
Caaringayan trials performed poorly in the Pao 
trial. Plants were generally taller and flowered 
earlier in Caaringayan than in Pao. 

The sorghum yields with zero tillage in Oton, 
Iloilo, ranged from 2.97 to 6.76 t/ha, with that 
of CS 174 the highest. D67-1, D67-4, and BPI 
Sor 1, the best yielders in Pangasinan, were the 
lowest yielders in Iloilo. The Iloilo trial had 205 
mm of rainfall well distributed during the grow-
ing period. Rice straw was used as mulch. A 
high tillage trial in Tigbauan, Iloilo, was affected 
by too much water after planting (76 mm) and 
by uneven distribution of rainfall during the 
growing period, although the total rainfall was 
the same as that for Oton. Sorghum yields 
ranged from 1.71 to 2.87 t/ha. CS 174 and 
UPLB-SG 5 had consistently high yields in both 
trials, 

Several sorghum varieties better than Cosor 
3, the variety now used in the cropping pattern 
trials, were identified at the different sites. The 
most promising entries were D67- 1,D67-4, and 
UPLB-SG5. 

Mung bean. From 9 to 12 mung bean entries 
were evaluated at IRRI and the Philippine sites. 
Trials were with high tillage on an upland area 
at IRRI and Batangas. At the other sites, testing 
was after lowland rice at zero tillage and high-
tillage. For zero tillage seeds were dibbled at the 
base of the rice stubble after harvest, 

Under uplano conditions, CES 1D-21 gave 
the highest yield (1.66 t/ha) at IRRI, and CES 
14 (1.22 t/ha) the highest in Batangas followed 
by CES 1D-21 with 1.19 t/ha. A trial with zero 
tillage after lowland rice at IRRI gave yields 
comparable with those with high tillage, with 
CES 1D-21 being the highest yielder (1.43 
t/ha). 

The yield levels of zero-tillage trials in Iloilo 
and Pangasinan (at high water table), however, 
were low, ranging from 158 to 283 kg/ha in 
Iloilo and 13! to 134 kg/ha in Pangasinan. The 
yield levels of the high-tillage trial in Iloilo, 
which was planted almost at the same time as 
the zero-tillage trial, rangc! from 1.24 to 1.41 
t/ha. The highest yield was from CES 11E.21. 
Mung bean performs poorly with zero tillage if 
moisture is limiting. 

CES iD-21 was the most outstanding mung 

bean variety in all tests. Compared with CES 55 
and CES 87, which were used in the cropping 
pattern trials; CES 1D-21 is generally a higher 
yielder, shorter, and smaller seeded. Yt tolerates 
powdery mildew -ind Cercospora leaf spot and 
matures at about the same time. Renamed 
Pagasa, CES 1D-21 has been released for 
national distribution and is now used in the 
cropping pattern trials in all the outreach sites. 

Soybean. Fourteen soybean varieties were 
evaluated at IRRI on zero tillage with mulch 
after lowland rice. Plantings in November and 
December 1976 did not yield as well as the 
October plantings. Yields in the October plant
ing ranged from 1.42 to 2.07 t/ha; the yield of 
UPLB-SY 2 was highest, and that of TK 5 (vari
ety used in the cropping pattern trials), the low
est. UPLB-SY 2 has good seedling vigor, 
medium plant height, and large seeds. The yield 
levels for the December planting were lower. 
The yield of Kuro Daizu was highest (1.77 
t/ha); that of UPLB-SY 2 was lowest (1.22 
t/ha). 

Under upland conditions with high tillage, 
UPLB-SY 2 was again the highest yielder (0.94 
t/ha) at IRRI, and TK5 (0.67 t/ha) was a high 
yielder in Batangas, followed by UPLB-SY 2. In 
Pangasinan, yields from soybean planted in 
November after lowland rice ranged from 308 
to 534 kg/ha in Caaringayan (high water table) 
and from 473 to 917 kg/ha in Pao (low water 
table). The best yielder in Caaringa)an was 
TK5; in Pao it was Clark 63. In Iloilo TK5 at 
zero tillage and at high tillage also had the high
est yield (922 kg/ha); Williams and TK5 also 
showed good performarce. 

Soybean performance with zero tillage is 
comparable with its performance with high till
age. Yield levels in Pangasinan and Iloilo were 
low because of drought stress and photoperiod 
sensitivity of the varieties. 

Cowpea. Under upland conditions two 
cowpea introductions, PI 339587 and PI 
221731 (determinatetypes),werethe bestyield
ers (1.59 and 1.57 t/ha) among 14 entries, 
Both varieties had more pods per plant but 
shorter pods than EG #2 in the IRRI trial. EG 
#3 and EG #2, recommended varieties in 
IRRI cropping pattern trials, were the best 
indeterminate types. In Batangas, All Season, 
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another indeterminate type, gave the highest 
yield (1,89 t/ha); V59-41, the highest yie!der 
among the determinate types (1.42 t/ha), had 
tolerance for rust and insect pests. 

The best cowpea at IRRI and in Iloilo and 
Pangasinan was EG #3, an indeterminate type 
developed by the Philippine Bureau of Plant 
Industry. In Pangasinan it yielded 2.11 t/ha in 
an area with a high water table and 1.45 t/ha in 
an area with a low water table. EG #3 matures 
a' , the same time as EG #2. 

New introductions were evaluated in repli-
cated upland trials with high tillage at IRRI. 
PI 339587 and EG #2 (check) were the best 
yielders out of 30 entries. In iwo uniform cul-
tivar trials from the International Institute of 
Tropical Agriculture, no entry outyielded EG 
#3 and EG #2. 

Peanut. Nine to 11 peanut entries were 
evaluated at IRRI and at the other Philippine 
outreach sites. 'rials were with high tillage and 
upland conditions in Batangas and at IRRI, and 
in lowland rice paddies in Iloilo and Pangasinan. 
MIO and BPI P9 were promising at IRRI, in 
Iloilo, and in Batangas. Moket, a variety from 
Vietnam, also looke,- promising, particularly at 
the high and low water table sites in Pangasinan. 
The three varieties were significantly better 
than CES 101, the recommended variety for 
cropping pattern trials. The best peanut yields 
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were in Iloilo, with M1O givin, 3.38 t/ha. The 
plants matured in less than 95 days at all sites 
except Batangas. 

Sweet potato. Nine to twelve sweet potato 
entries were evaluated at IRRI and at all out
reach sites. BNAS 51, a variety now used in 
cropping pattern trials, gave the highest mar
ketable tuber yield under upland l'gh-tillage 
condition at IRRI (32.94 t/ha) and Batangas 
(17.61 t/ha). Highest tip yield was obtained 
from BNAS 51 (13.3 t/ha) in Batangas and 
from Karja (30.11 t/ha) at IRRI. A few entries 
were tested with zero tillage after lowland rice 
at IRRI. There was adequate (573 mm) rainfall 
during the growth period. BNAS 51 had the 
highest yield with 12.37 t/ha. That yield was low 
compared with the yi.ld with high tillage at 
IRRI. 

The trials ,iPangasinan had lower yields than 
those in the other sites because rainfall was low 
during the growth period. In Caaringayan (high 
water table), 15NAS 51 was the highest yielder 
(10.92 t/ha); in Pao (low water table), Karja 
had the highest yield (6.48 t/ha). 

Despite only 219 mm rainfall during the 
growing period at Iloilo, the yield levels were 
good. Jewel yielded 36.51 t/ha, followed by 
Karja with 24.20 t/ha. BNAS 51 had only 19.88 
t/ha. The percentage of marketable tubers was 
lower in Iloilo than in the other sites. 
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APPLIED RESEARCH nificant differences between varieties observed
Rice Production Trainingand Research Office in Cotabato Province were due to an attack ofragged stunt, which did not affect IR36. Ricelreproduction research is aimed at the yields were broken down by region for twodevelopment of a methodology for the rapid crops in 1975 and the first crop of 1976. Thetransfer to farmers of the results from cropping analysis showed generally lower yields in Luzonsystems site research, than in Visayas or Mindanao (Table 2).The concept of evaluating results from site Direct-seeded rice, Luzon. Observations onresearch under farmer conditions is illustrated direct-seeded rice in Luzon indicate that within Figure 1. The work in 1977 involved the out supplementary irrigation, a two-cropevaluation of zrowing two crops of rainfed rice rainfed rice pattern is not feasible. A pattern ofplus an upland crop where possible. a first-crop rice followed by an upland crop.Cropling systems trial plots. First-crop especially on light soils, is less risky than a patresultsfr, m 1977%were receivedfrom 18sites in tern with two crops of rice. Upland crops11 provin(es of the Philippines (Table 1). Trials planted by September-October (especially soyin 1976 had indicated that two crops of rice can bea-) have often been grown more successfully.b,grown with higher yields and reduced risk in The same observation holds for llocos Norteth, Visayas and Mindanao than in Central and Ilocos Sur provinces, particularly whereLuzon. That conclusion holds despite the high high-value dryland crops such as garlic and1977 yields obtained in Isabela. The uncer- tobacco are grown.


tainty of rain in Central Luzon, in general. Observations in La Union and Pangasian
makes the growing of two crops of rice too risky, 
 indicate that the risk of two rice crops isgreat.Low yields at Bukidnon, Mindanao, during the Rice followed by an upland crop is less risky andpast 3 years are attributed to high soil pH and a can even be considered for purely rainfed areasreduced, sporadic, rainfall pattern, with light soils (Fig. 2).At all sites, except Paoay, Ilocos Norte, IR36 Direct-seeded rice, Mindanao and Visayas.produced higher yields than IR2307. The sig- Generally, a rice-rice-uplard crop pattern was 
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Ta.Me 1. Ykld* of first-crop W48 and iR2307, direct seeded in dry soil In 11 vials in 11 provinces. Phine, 1377 wet *eason. 
Rainfall Yield (t/ha)Site type 

IR36 IR2307 DifferenceEchague, acabela (San Fabian) 2.3 7.1 a 7.0 aMatalam, North Cotabato 0.12.4 8.2 b °*4.2 cdeNorala, South Cotabato (Santo Niflo) 2.02.4 5.5 cKabacan, North Cotabato 4.6 bc 0.90*2.4 5.4 c 4.6 bcNorala, South Cotabato (San Isidro) 0.840
2.4 5.3 c 51 bEchague, Isabela (Isabela State College of 0.2 

Agriculture Campus) 2.3 4.6 4.6Narra, Palawan d bcd 0.12.5 4.3 de 3.8 defg 0.5Sula, Camarines Sur
Victoria, Oriental Mindoro (Macatoc) 1.3 4.1 do 4.0 cdef 0.12.3 3.9 do 3.4 fgh 0.5Barugo, Leyte (Kansagaya) 2.3 3.0 de 3.4 fghVictoria, Oriental Mindoro (Macatoc) 0.52.3 3.8 e 3.3 fghValencia, Bukldnon 0.51.3 3.7 e 3.3 fgh 0.4San Juan, La Union. 3.4 3.6 e 3.5 efg 0.1
Valencia, Bukidnon 1.3 2.8 f 2.3 i 0.5
Barugo, Leyte (Bulod) 2.3 2.8 f 3.1 ghNarra, Palawan (Malatgao) 0.52.5 2.4 f 2.7 hi -0.3
Catarman, North Samar 

Paoay, Ilocos Norte 1.2 2.2 fg 2.1 i 0.13.4 1.7 g 2.7 hi -1.000 
'Means followed by a common letter are not significantly different at 5% level. 

Table 2. Grain yld" of some IRRI varieties and selections used Inthe RRI-PCAI 6 cropping systems trials for 1975, 1976, and 
1977, Philippines. 

Grain yield (t/ha) 
1975 (2crops) 1976 (first crop) 1977 (first crop)
 

Region IR1561 .28 
 IR30 IR36 BG34-8 IR36 IR2307Luzon 7.4 (10)c 5.9 c (10) 4.1 bVisayas 7.9 b (3) 3.8 b (3) 3.9 (6) 3.9 (8)(5) 7.4 b (5) 5.0 a (2) 4.7 a (2) 2.9Mindanao (3) 2.9 (3)9.1 a (3) 8.8 a (3) 4.8 a (4) 2.9 c (4) 4.8 (6) 4.0 (6)
followednMeansby a common letter are not significantly different at 5% level. Figur parentheses indicate number of sites.hPhilippine Council for Agriculture and Resources Research. 

successful for Mindanao and the Visayas region. two rice crops. The pattern appears fairly stable.Because rain onset was late in 1977, data for the 1977 production plots. The package of techsecond rice crop ware not available. In 1975 and nology developed at the Manaoag site iti Pan1976, however, upland crops ere planted after gasinan for direct-seeded rice is shown in Tables 

Yield Yield Total yield ofFRST CROP (t/ho) SECON0 CROP (t/ho) 2crc.It/ha) 
IR1561 3.8 6.5 

R16 2 . IR30 3.9 ,5.8 

IR30 1.9 swpttot 5.5
 
DSR RIEsrhm 
 25
 

IR1561 2.q Con2b 

IR30 2.7 UPLAND Soybean 1.5CROPSPlow23 

cowpoo (dry) 1.i 
LRWas 0.0 

2. A comparison of production potential of two crops of rice or one of sevenupland crops on fight and heavy soils under rainfed conditions in areas with five
dry months (rainfall type 3.4). IRRI. DSR = direct-seeded rice. 
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Table 3. Agronomic practices for applied research. Manaoag, Pangesinan, Philippines. 1977-78. 

Fertilizer (kg/ha)
 
Seeding rate
 

Crop Variety or spa, 'ng Basal Topdressed
 

First r 
Dry-seeded rice IR36 1M k,, 30-0-0" 30 N/40 N 
Wet-seeded rice IR36 120 kg. 30-0-0" 30 N/40 NTransplanted rice IR36 20 x 2(, 30-0-0" 30 N/40 N 

Second crt 
Transplanted rice IR36 20 x 20 cr 100-50-50 Santa Barbara and 

Calasiao area with 
silt loam soil 

80-50-50 20 N for Bani area 
with heavy clay 
soil 

"Zinc oxide dust should be applied to the seed used for DSR (WSR?). Roots of TPR seedlings should be dipped in a ZnO slurry. 

Table 4. Weed control practices for crcppng pattern applied research trials in Mansoag, Pangasinan, Philippines, 1977-728. 
Seeding Weed Rate
 

rate control (kg a.i./ Time of

Crop 
 (kg/ha) Spacing method ha) application
 

Dry-seeded rice 100 
 25 cm Butachlor fb 1.0 After germirnating rain
(furrows) one hand weeding fb as neededWet-seeded rica 120 broaacast Butachlor fb 2.0 6-8 DS fb as needed(adequatz. water) spot weeding (after 28 DS)


Transplanted rice -- 20 x 20 
 One rotary - 21-28 DT
(adequate water) weeding


Transplanted rice - 20 x 20 Spot weeding - 21-28 DT
 
(water limiting)
 

lfb = followed by. DS = days after seeding. DT = days after transplanting. 

3 and 4. Areas in Santa Barbara, Calasiao, type from Manaoag; thus the package as tested 
Alaminos. and Bani were selected as 1977 showed some nutrien! deficiencies. 
evaluation sites. They differed somrewhat in soil In the Pangasinan sites, initial stand estab

lishment was slow, plants were stunted, and til-
Table5. Grain yields,IRR1-ARR.8AEX'coopestiveprojects lering was extremely low. When the plots were 
on cropping systems in rainfed rice areas. Iloilo. Philippines,
Series i0, 1977-78. Production plots (1,000 n') of " first topdressed with complete fertilizer, plantcrop. 1977. growth improved immediately. The initial stunt-

Location Date Date of Yield ing and slow growth may account for theof farm seeded harvest (tit,,) reduced yields at Alaminos and Bai. The input 
Oton 19 June 27 Sept. 7.6 package was effective in Iloilo where package
Oton 18 June 2 Oct. 6.2 (phosphorus

deficient) yields were 5.4 t/ha; average yields in Pangasi-
Oton 21 June 2 Oct. 6.4 nan were 39 t/ha. Results are shown in Tables 5 
Oton 18 June 1 Ott. 3.5 (phosphorus

deficient) and 6.Oton 7 July 20 Oct. 6.4 The first-crop yields in production plots
Cabatuan 11 June 14 Oct. 5.1Cabatuan 11 June 13 Oct. 6.6 established in the provinces of Aklan, Antique,
Cabatuan 15 June 16Oct. 4.0 and Capiz, Panay Island, averaged 5-6 t/ha in 24Cabatuan 28 June 30 Sept. 3.5Ajuy 12 June 1Oct. 4.8 locations (Table 7, 8, 9). 

Supplemental irrigation trials. Supplemental
Av. yield 5.4 irrigation, even in Mindanao and Iloilo, helped 

"PCARR = Philippine Council for Agriculture and Resources stabilize rice crops. It increased yields sig-
Research, BAEX = Bureau of Agricultural Extension. bRainfall nificantly in Bukidnon and Pangasinan (Table
type: 21.3(2-4 consecutive dry months with 100 mm rain and 1) u tddntifuneyed nIaea5-6 consecutive wet months with 200 mm rain) 10). But it did not influence yields in sabela, 
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TableI. Grainyieds,IRRI.TCUR4-AEX.cooperative projects 
on cropping systems Inruinfed rice was. Pangasinan, Phiippines, Aon I, 1977-73. Production plots (1,000 m') of iIn 
firstcrop, I .Location Date Date of Yieldof farmb seeded harvest tha) 
Santa Barbara 21 MaySanta Barbara 16 Sept.9 May 14 Sept. 5.65.1 

14 May 14 Sept
Calasleo 7 May 

4.2 
Calaslao 22 Sept. 3.018 May 23 Sept. 20'14 May 23 Sept. 2.4
Alamlnos 13 May 5 Sept. 3.2AlamlnosAlaminos--28 13 May _ 2.8 
Rani 4 June 21 Sept. 2.5
Bani 4 June 23 Sept. 2.9 
aani 4 June 27 Sept. 2.8


Av. yield 3.93 
"PCARR = Philippine Council for Agriculture and Resources 
Research, BAEX = Bureau of Agricultural Extension. 'Rainfalltype: 3.4 (5-6 consecutive dry months with 100 mm rain and
3-4 consecutive wet months with 200 mm rain). '70-75%damaged by birds and continuous rain at harvesting stage. Grainsgerminated at the panicle. 

Table 7. Grain yields,IRRI-PCAR.3AEX" cooperative pro ets 
on cropping systems In rainfed rice ra at Aklan province,Series W, 1977-711. Production plots (1,000 in') of first crop 
was, 197. 

Location 

of farm' 
 L te Date of Yield

seeded harvest Ct/ha) 
Jumasap, Benga 19 June 10 Oct. 4.7Calangcang, Makato 20 July 7 Nov. 4.0
Santa Cruz, Lezo 
 19 July 10 Nov. 5.7Bagto, Lezo 13 July 4 Nov. 7.4 

Av. yield 5.5 

"PCARR = Philippine Council 
for Agriculture and Resources 

Research, BAEX 
= Bureau of Agricultural Extension. 'Rainfalltype: 1.3 (< 2 consecutive dry months with 100 mm rain and5-6 consecutive wet months with 200 mm rain). 

Tbldel8. Grain yld, IPARR A EX" cooperative projectson cropping systems Inrated rieares 
stAntique province,

Series I, 1977-78. Production plots (1,000 inl) of first crop
11311,1377. 

Lo'cation Date Date of Yield 

of farm' 
 seeded harvest t/ha)

Moson, San Jose 28 May '10 Sept. 9.1 
Moson, San Jose 26 May 7 Sept. 8.8Villavert-Jimenez, Hamtlk 8 June 22 Sept. 8.0GuIntes, liamtik 16 June 3 Oct. 8.8Pantao, San Jose 2 June 19 Sept. 4.9Maybeto, San Jose 27 May 1 Sept. 7.4Guintas, Hamtik 31 May 18 Sept. 8.1Igbonglo, San Jose 28 May 15 Sept. 5.3La Granja, San Jose 3 July 18 Oct. 5.0Nlazareth, Sibalom 4 Aug. 15 Nov. 3.7 

Av. yield 6.9 

PCARR = Philippine Council for Agriculture and Resourceslesearch, BAEX = Bureau of Agricultural Extension. ORainfallype: 3.3 (5-6 consecutive dry months with 100mm rain and 5-6onsecutive wet months with 200 mm rain). 

Oriental Mindoro, and North Cotabato where 
rain was adequate. 

In rainfed lowland areas, where rain issufficient, rice yields are as high as they are inirrigated lowland areas. Thus, supplemental 

irrigation is necessary even in irrigated areas forgrowing rice during the wet season. If water inirrigation districts is stored during the wet sea
son and used only as supplemental irrigation, itwill be possible to store extra water for use during the dry season when solar radiation and 
yields are high. In some years no irrigation dur.ing the wet season will be necessary. More 
important, however, is the safety factor thestored water gives with regard to drought. 

Herbicide trials. Eight promising liquid her
bicides, applied 2 to 5 days after seeding, were 

Tables9. Grain yields, IRRI-PCARR-BAEX,cooperative projectson cropping systems In rainfed rice areas at Capiz province,
sies 1977-78.Production plots (1,OO0mll offirstcropi113,

1977. 
Location Date Date of Yield 
of farm' seeded harvest t/ha)

Bailan, Pontevedra 7 July 12 Oct.Poblacion Sur, Ivisan 6.7
30 June 8 Oct. 6.0 

San Jose, Dumalag 12 July 24 Oct. 5.0Natividad, Pilar 28 June 26 Sept.
Lanot, Roxas City 

4.7 
6 July 19 Oct. 6.3Guintas, Sigma 5 July 12 Oct. 4.3
 

Consiencia, Panitan 
 13 July 24 Oct. 4.3Guintas, Sigma 6 July 15 Oct. 5.1Cogon,Panay 
 14 July 26 Oct. 4.0Manibad, Mambusao 23 June 1 Oct. 3.8 

Av. yield 5.0 
Av._yield_
5.0
 

"PCARR = Philippine Council for Agriculture and ResourcesResearch, BAEX = Bureau of Agricultural Extension. 'Rainfalltype: 2.3 (2-4 DM [consecutive dry months with 100 mm 
rain)
and 5-6 WM [consecutive wet months with 200 mm rainl) and2.2 (2-4 DM and 7-9 WM). 

Table 10. Effects of supplemental irrigation on rice yieldsa.
Philippines, 1977. 

Yield t/hal 

Supple-
Rainfall r ental Rain- Differ-Location type irrigation fed ence

Pangasinan 3.4 5.3 b 4.6 b 0.7'Pangasinan 3.4 5.8 b 4.4 b 1.40*Isabela 2.2 7.4 a 7.0 a 0.4North Cotabato 2.4 4.2 c 4.4 b -0.2Bukidnon 1.3 4.0 c 2.8 c 1.2"* 

Mindoro Oriental 2.3 3.4 3.8 -0.4"Means followed by a common letter are not significantly different at 5% level. '3.4 = 5-6 DM (consecutive dry montho with100 mm rain and 3-4 WM (consecutive wet months with 200mm rain); 2.2 = 2-4 DM and 7-9 WM; 2.4 = DM and 3-4 WM; 1.3= <2 DM and 5-6 WM; 2.3 = 2-4 DM and 5-6 WlM, 
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Table 11. Grain yied of IR dlkect.-sed on dry seo at the performed as well as the highest yielder at threestartoftherainyseason,asaffectedbypm illuldhe sites. IR2307-217 performed as well as the
bkides applied 2-5 days after seeding at three sites. Philip- higest iR at rformites.
 
pines. 1377 wet season. highest yielder at four sites.
 

Grain yield (t/ha) Pilot programs. Sorghum pilot extension 
Treatment Bukidnon Isabela Oriental Mindoro program. The results of the 1975-76 IRRI-

Butachlor 3.1 a 4.9 bc 3.3 a - Bureau of Plant Industry research trials in five 
Ulnltramine 3.3 a 5.3 ab 3.6 a barrios of the municipality of Tanauan, Batan-
Butralin 2.4 a 4.9 bc 3.0 ab
Antor 2.9 a 4.4 d 3.7 a gas, led to the establishment of a 1976-77 SOr-
AC 92553 2.9 a 5.2 ab 3.3 a ghum production extension piogram. Before 
USBenthicarb3153
3.06 a 5.21abc 32.1ab the program was started. a market for sorghum
Oxadiazon 2.4 a 4.7 cd 2.9 ab was found and threshers were provided. The 
Two handweedings 3.1 a 5.5 a 3.5 a package of technology prepared is outlined in 
Control 2.1 a 2.4 e 0.7 c Table 13. 
,Means followed by a common letter are not significantly dif- Three Bureau of Plant Industry technicians 
ferent at 5% level. were assigned to work full time as tecfinical 

assistants to direct the pilot program. Thirteen 
BPI and two Bureau of Agricultural Extension 

tested at 3 sites in the Philippines. IR36 was technicians were assigned on a part-time basis. 
direct-seeded in dry soil at the start of the rainy The technicians underwent a 5-day training 
season. Yield results are shown in Table 11. course at IRRI. Two additional training days

Results varied because of differences in the were devoted to field work in Patangas. 
onset and amount of rainfall before and after An information drive including use of radio 
application of the herbicide. Soil type and soil informed farmers of the program. Farmers were 
moisture at the time of herbicide application contacted individually, and enrolled in the 
also affected the results. program; 100 ha of land was committed. 

Variety trials. Five IRRI varieties and seven The municipalities, areas planted to sorghum,
promising early maturing selections were and yields are shown in Table 14. Average
direct-seeded in dry soil at the start of the rainy yields of 1.34 t/ha, ranging from 0.4 to 6.6 t/ 
season at five sites. Yield results are shown in ha, were obtained in open fields. Under coconut 
Table 12. palms, average yields were 0.9 t/ha, ranging

Results varied because of differences in the from 0.02 to 1.9 t/ha. 
onset and amount of rainfall after seeding. Soil Before the pilot program started it was 
type, soil moisture, and bund location of the tri- known that ratoon crops were necessary to 
als were also major factors affecting yield. In make sorghum attractive economically. Only a 
general, IR30, IR38, IR40, and IR2061-465 few farmers grew ratoon crops and, therefore, 

Table 12 Grain yed of five IRli varieties and seven piromisingearly maturing selections direct-seeded in dry soil at the start of

the rainysea at five Philippine sites, 107 wet seaeon.
 

Grain yield (t/ha)
Variety or
selection Bukidnon Isabela PalawanNorth Cotabato Oriental Mi idoro 
I1R29 2.5 d 1.9 do 1.5 bc 0.4 c -
IR30 4.1 a 2.1 bcde 2.4 ab 0.2 d 2.9 abIR38 4.1 a 2.8 ab 1.6 bc 0.4 t: 3.0 ab
IR38 3.2 bcd 1.9 de 2.3 ab 1.1e 3.1abIR40 2.7 cd 1.6 a 1.9 ab 1.2a 2.9 ab
IR2058-78 2.7 cd 2.0 cde 1.3 bc 1.2 a 3.0mb
IR2061-465 3.5 at 2.3 bed 2.4 ab 0.3 cd 3.1 ab
1R2061-522 3.3 bc 3.Oa 1.6 he 0.3 cd 2.6 abcIR2307-217 3.7 ab 2.5 abc 2.9 a 0.6 b 3.3 a
IR3464-126 1.3 • 2.8 ab 0.6  2.2 L
IR3941-25 3.3. bc 2.0 ode 2.0 ab c0.4 3.4 a
IR5105-93 3.3. bc 1.7 e 2.1 ab 0.7 b 1.7 
'Means followed by a common letter are not significantly different at 5% level. 
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Table 13. Technology package for growing aeSlhUm (Cosor 3) In ,n WN 
Tana an, Bea ga PhilippInes, 1376-77. 

Firat crop 

Days beforeplanting Aativiv 

11-16 I-:,f 


AclyDoy" 


Preparation; 2-3 plowlngs 

6-9 Harrow'ng: 2-3 time 
0-2 Furrowing: 50- to 75-cm rows, 3-5 cm deep 
0 a. Basa application of fertilizer 

3bags 16-20-20 
1 bag 45- 0- 0 

b. Seeding at a rate of 12-15 kg/ha(15-20 seds/linear mater in50-cm rows)(20-25 seods/linear meter in75-cm rows) 
c. Cover seeda - pass "kalmot"or Peg-tooth barrow 

Days after planting 

15 a. Observing for insect pestsb. Thinning (10-12 plants/linear meterIn50-cm rows) (15-17 plants in60-70 cm rows) 
20 Off-barring 
25 a. Side-dresing: 3 bags 21-0-0 

1.5 bags - 45-0-0 
b. Hilling up immediately 

65-70 Insect control100-105 Harvesting: 30-35 days after flowering
103-108 Drying
104-109 Threshing 

yields and returnswere not high. Prices forgrainproduced from ratoon crops were higher than
those for the main crop (US$0.15-0.16 vs 
US$0.12). Two farmers reported that yieldsabove 1.2 t/ha from their ratoon crop brought
an additional income of US$180.00. 

An evaluation of the pilot program based on 
the plan of development (Fig. 1)would receive
a No answer 
as regards solving all problems.The farmers were interested in growing
sorghum, evident from the short time required

to enlist them to grow 100 ha of this crop. But
the average yields of 1.3 t/ha and a net profit of
US$70/ha were noteconomically acceptablfo 

US70hawrenocoomcala single crop after rice. A acetbl frratoon crop was 

necessary for a profitable return.


Most of the farmers did not continue to plant

sorghum, which indicated that the package oftechnology was not acceptable. Interviews with 
farmers in October 1977 indicate that threshingand markets remained as constraints in sor-
ghum production. 

D br 
beforeharvest 

1-3 

4-5 


o n Induste n 
Pl t trypio extesion Program.
 

on
 

Activity
 
Cutting stalks to ground level within 2-3
 
day after harvesting.
Fertilizer application: 3-4 bags 21-0-0 or1bag4e-0-0Hilling up immediately
 

(Other operations same as in first crop)
 

Iloilo Pilot Project in Cropping Rystens. Table 15 shows farmer adoption of atwo-crop system of rainfed rice in Barrio Tigtig,
Santa Barbara, Iloilo.

A pilot project to assist the early adoptors
and to test the methodology for the various 
aspects of production was proptsed to the Gov-

Table14. Grayleld,cost of production,and income of ftrm
er in five eastern Betangt. municipalities in a sorghum pro
duction otextenionprogram.Phlppine1976. 

Muipatyn.) Farm Yield, (t)(a Ttl Pr
Farmers 

Municipality 

area
 
(no.) (ha) Total Per
hectare
 

Tanauan
 
a. Open field 51 20 30.48 1.52treesb.Under coconut 26 13 
 12.02Santo Tomas-Malvar 0.927 3 5.06 1.68 

LipaSan Jose 118 146 15.58 1.116.32 1.05'Excludes sorghum from 46 na which was sold before grain
yields m,*,Idbe determined by IRRI staff. 
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Table It Adpilio of twole mop slstem in BillsTieri
Softa Ewbero.nole. ,Pppine. 1i73-77. 

Yield(t/ha)
Farmers Area 

Year (no.) (he) lst crop 2nd crop Total 

1973-74 2 0.266 3.0 4.0 7.0 
1974-75 30 25.0 4.0 5.0 9.0

1976-77 54 89.0 5.2 4.0 9.2 


ernor of Iloilo province through the regional 
director of the Bureau of Agricultural Exten-
sion. The project was accepted, and in 
November 1976, IRRI and the government 
agencies involved signed a memorandum of 
agreement.

The pilot project was named Kabsaka, short 
for Kabusugansa Kaumahan, meaning bounti-
ful harvest on the farms. 

Farmers from nine adjoining barrios in Santa 
Barbara joined the project. Of the total farm 
area (777 ha) covered by the barrios, 515 ha 
was rainfed lowland where the two-crop system 
was feasible. From that area, 179 farmers with a 
total of 262 ha joined the project (Table 16).
Of the 179 farmers in the program, 100 farmers 
with about 167 ha were self-financed, 

Land preparation started in March 1977 
instead of January because the rainy season 
continued till mid-February. The 1977 rainy 
season started in June instead of May. The first 
crops wer&-,ed in June and July and har-
vested in September and October. 

Bureau of Agricultural Extension and IRRI 
staff assigned to the project collected data on 
the first crop through individual or group inter-
view of 93 farmers. The yields from a total of 
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Ta1bl16. Aermoo wdiand mmlwwalfamm hsolvednItim
Pt in eepple system i Sant i, lol, 

Total Rainfed Area 
farm lowland coveredby

Barangay 
(village) 

Farmers 
(no.) 

area 
(ha) 

rice area 
(ha) 

project 
(ha) 

Tigtig 48 180 124 56 
Miraga 19 65 36 29 
Aguslpan 17 125 86 31 
Calaboa Este 17 76 49 27 
Cahlboa Eate 18 42 21 29 
Canipayan 18 79 42 37 
Cunaynay 27 80 48 32 
TublranMangaclna 105 8050 6543 108 

Total 179 777 515 262 

147 ha averaged 4.45 t/ha. Ninety-eight percent 
of the loans made to 93 farmers were repaid.
The cost of producing 1 ha of rice in the Kab
saka Pilot Extension Program in Santa Barbara 
was US$194, broken down as follows: US$48 
for land preparation; US$23, seeds (100 kg at 
US$0.23/kg); US$68, fertilizers; US$41, insec
ticides and herbicides; and US$14, miscellane
ous items. 

One hundred eleven hectares or 41% of the 
original area was planted to rice on lower 
bunds; 10% of that was transplanted and the 
rest was direct-seeded on puddled soil. The area 
direct-seeded was significant inasmuch as it 
indicated a complete acceptance of direct seed
ing as a new method of planting rice in Santa 
Barbara. 

The results were good and farmer response 
was high enough for the IRRI applied research 
team to withdraw from the project at the end of 
the 1977 season. 
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A Cropping Systems Network (CSN) of 
research sites in several countries in Asia helps 
national programs increase cropping intensities 
of rice areas through collaborative work on 
cropping systems research and development in 
the region. Priority is given to rice areas with 
potential for increased production per crop sea-
son and for more intensive cropping. 

Research at the test sites is conducted in far-
mers' fields, and the farmers participate in 
developing the technology. A research team 
headed by a coordinator is assigned in each site. 

TESTING OF CROPPING PATTERNS 

The network's major efforts in 1977 were on the 
design and testing of cropping patterns in the 
operational test sites: four in Thailand, three in 
the Philippines, two in Indonesia, two in Sri 
Lanka, two in Nepal, and one in Bangladesh. 
Except the three sites in the Philinpines, which 
are managed by IRRI in cooperation with the 
Bureau of Plant Industry, Department of 

1. Asia' Cropping Systems Network, 1977. 
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Agriculture, all the test sites are directly man
aged by the national programs. The test loca
tions are shown in Figure 1; the target area, kind 
of rice land, rainfall, soil texture, soil suborder, 
and collaborators for the test .ites are shown in 
Table 1. 

Philippine network sites. The Philippine sites 
are in Tanauan, Batangas (upland rice); Tig
bauan and Oton, Iloilo (rainfed-lowland and 
partially irrigated rice); and Manaoag, Pangasi
nan (rainfed-lowland and partially irrigated 
rice). The results and discussion of cropping 
pattern testing are in the Testing of cropping 
patterns section. 

Indonesian network sites. The Indonesian 
network collaborates with the Central Research 
Institute for Agriculture. The test sites are in 
Lampung and Indramayu. 

Bandarjaya and Gunung Sugih, Lampung, 
Indonesia (partiallyirrigatedand upland rice). 
In Lampung, the farmers' dominant pattern in 
the 5-month irrigation category is lowland rice
fallow. The improved patterns studied were 



Table 1. Deriaption of Cropplng Systems Network test ,fti, 1977. 

Immediate Rainfall (no.

Site Kind of rice land target consecutive months)
"area 	 Soil Soiltexture suborder Collaborators 

(ha) Wet Dry 
PhilippinesCale, Batang is Upland rice 40,000 

Tigbauan and 
Oton, Iloilo 

Rainfad-lowland, 
partially Irrigated 

300,000 

Manmoag, 
Pangasinan 

Rainfed-lowland, 
partially irrigated 

500,000 

Indonesia 
Lampung Partially irrigated 1,500,000 

Upland rice 
Indramayu Partially irrigated, 650,000 

irrigated 

Thailand 
Pi Mai 

Rainfed-lowland 850,000 

Ubon Rainfed-lowland 500,000 

In Buri Irrigated and 500,000 
partially irrigated 

Bangpae Rainfed-lowland 400,000 

Sri LankaWalagambahuwa Partially irrigated 101,000 

(small tank)AgricultureKatupota R.Onfed-lowland 25,000 

Bangladesh 
Joydepur Rainfed-lowland 6300,000 

and Irrigated 

Parsa Rainfed, partially 39,000 
irrigated, and 
irrigated 

Pundi Bhundi Rainfed-lowland 50,000 

5 5 Clay loam Udolls 

5-6 2-4 Clay loam to Uderts 
heavy clay 

3-4 5-6 
(low and high 

Clay loam Aquept 
Aquents 

water table) 

5 4 Sandy loam Aquuits 

4 5 	 Clay loam Aquents 

and 

Aquepts2 6 	 Sandy loam Aquepts
(bimodal) 

3 6 Sandy loam Aquults 

2 6 Clay loam to Aquepts 
heavy clay 

3 4 	 Silty clay Aqualfs 

loam Aquepts 

3 4 Sandy loam Aqualfs 

1 Sandy loam Aquults 
modal) 

5 Clay loam to Aquents 

heavy clay 	 and 

Udults 

5 6 Sandy and Aquepts 
silty clay 
loam 

7 2 Sandy and Udults 

silty clay 
loam 

Bureau of Plant 

Bureau of Plant 
Industry 

Bureau of Plant 
Industry 

Central Research 

Institute for 
Agriculture

Central Research 
Institute for 

Rice Division 
Department of 

Agriculture
 
Division of
 
Agricultural
 
Economics


Rice Division, 

Department of 
Agriculture 
Division of 
Agricultural 

EconomicsTechnical Division, 
Department of 

Agriculture,
 
Division of
 
Agricultural
 
Economics
 

Kasetsart University 

Department of 

Department of
 
Agriculture


Bangladesh Rice 

Research 

Institute 

Agronomy Division, 
Department of 
Agricultu'e 

International 
Agricultural 
Development 
Servico 

Agronomy Division, 

Departmont of 
Agriculture 

International 
Agricultural 
Development 
Service 
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rice-cassava, rice-corn, rice-corn + peanut 
intercrop, and rice-corn + soybean intercrop, 
The rice crop in the improved patten yielded 
2.4 more than that in the farmers' cropping pat-
tern and 1.8 t/ha more than that in the farmers' 
cropping pattern with no constraint. The best 
pattern was rice-corn + scybean intercrop; it 
gave a net income of US$693/ha, 206% more 
than the farmers*pattern (rice-fallow) and 70% 
more than the farmers' pattern without con-
straints (rice-fallow). The second best pattern 
was rice-cassava (US$563). 

In an old-settlement upland area, the yield of 
upland rice in the rice-corn intercrop was 19% 
lower in the introduced pattern because of blast, 
but the yield of corn was 160q higher than in 
the farmers' pattern The most promising pat-
terns were upland rice + corn intercrop + cas-
sava relayed + corn + cowpea (net income of 
US$528/ha) followed by upland rice + corn 
intercrop + cassava relayed + peanut (net 
income of US$497/ha compared with 
US$245/ha of farmers' pattern). 

Indranmay, West Java (irrigated and partially 
irrigated rice). The West Java network site is 
divided into 3 categories: areas with 10,7,and 5 
months of irrigation. Traditionally _ rice crops 
are grown in aicas with 10 months of irrigation, 
and only I rice crop in areas with 5 and 7 months 
of irrigation. 

Inthe I0-monthirrigation area,the 2ricecrops 
Pelita and C4 in the farmers' patterns yielded 
10.1 t/hz,, but the introduced pattern of IR28-
IR30-1R28 yielded 11.1 t/ha. The second crop 
(IR30) was seriously damaged by gall midge. 
The total net income of the other introduced 
pattern. rice-rice-cowpea, was only slightly bet-
ter (US$744/ha) than that of the tarmers' crop-
ping pattern (US$715/ha) of rice-rice. 

In the 7-month irrigation area the yields of 
rice in the two improved patterns (IR-.8-1R30-
soybean and IR28-lR3-1-cowpea) w,-re better 
than those in the farmers' croppiag pattern 
(Pelita-C4) and the farmr rs' cropping pattern 
without constraints (Pelita-lR26). IR28-1R30-
soybean gave the highest iiet income 
(US$989/ha), which was 43% better than the 
net incomes of the farmers' cropping pattern 
and farmers' cropping patterns without con-
straints. The patterns of two crops of early 
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maturing rice followed by either cowpea or soy
bean are promising in the 7-month irrigation 
area. 

In the 5-month irrigation area, rice yields of 
the introduced patterns 1R28-1R30-cowpea 
and IR26 (dry seeded) - lR30-cowpea gave 
much better yields (71% and 80% better, 
respectively) than the farmers' cropping pattern 
of rice-rice. IR28-1R30-cowpea gave the high
cst net income (US$1,146/ha) - 240% higher 
than the farmers' cropping pattern and 140% 
higher than the farmers' cropping patterns 
without constraints. 

The other introduced pattern IR26 (dry 
seeded)-IR30-cowpea gave high yields, but 
the net income was low (US$542/ha) because of 
high labor cost for direct seeding. 

Thailand network sites. Four test sites are in 
Thailand. Collaboration is with the Rice Divi
sion (for the Pi Mai and Ubon sites) and the 
Technical Division (for the In Buri site), 
Department of Agriculture; the Division of 
Agricultural Economics, Ministry of Agricul
ture and Cooperatives (for the Pi Mai, Ubon, 
and In Buri sites); and the Faculties of Agricul
ture and Economics, Kasetsart University (for 
the Bangpae site). 

Farmers traditionally plant one rice crop; 
sometimes they cannot plant even that. The 10 
patterns tested involved upland crops (mung
bean, peanut, green corn, cucumber, and pump
kin) before and after rice. Among the upland 
crops before rice, green corn (US$279/ha), 
cucumber (US$271/ha), and corn-mung bean 
intercrop (US$282/ha) gave the highest net 
incomes. Peanut before rice wasalso promising. 

Ubon, Ratehathani, Thailand (rainfed-low
land rice). In Ubon, which represents the wet
ter areas in northeast Thailand, farmers tradi
tionally produce one rice crop a year. The 
improved patterns being tested there are rice
rice, rice-peanut, rice-corn, and rice-cowpea. 
Data were not available in 1977. 

In Buri, Sing Buri, Thailand (irrigated and 
partially irrigated rice). In Buri is representa
tive of the lighter soil areas of the Central Plain 
region. The work was concentrated in the 
lighter soil areas where rice-peanut was the 
dominant farmers' pattern. Six patterns of two 
to three cropswere tested.The best pattern, rice 



(RD5)-peanut-sweet corn, gave a total net
income of US$901/ha. 

Bangpae,Rajburi, Thailand (rainfed-lowland
rice). The Bangpae site isrepresentative of the 
rainfed rice areas in the Greater Mae KlongDevelopment Project area covering six prov-inces west of the Central Plain. 

'file traditional pattern in the area is rice-
mung bean. Six improved three-crop patterns
with mung bean and green corn planted before
rice, and swcet potato, bush sitao, )lackgram,
soybean, green corn, and mung bean planted
after rice were tested. A method-of-planting
and fertilizer trials of mung be,,n were superim-
posed on the cropping pattern trials. Mung bean
yields were low (average 276-420 kg/ha)
because of drought. Fertilizer and herbicide tri-
als were superimposed on the cropping pattern
trial involving corn. The 80 kg N/ha treatment 
gave the highest green corn yield (7.3 t/la). In
the fertilizer and herbicide trial, fertlker 
treatment alone gave the highest yield (7.7t/ha), followed by fertilizer + herbicide (7.4
t/ha). Downy mildew and corn borer affected 
the corn crop. 


Sri Lanka network sites. 
 The network col-
laborators in Sri Lanka are the Maha Illuppal-
lama Experiment Station (for the Walagam-
bahuwa site) and the Batalagoda Rice Experi-
ment Station (for the Katupota site) of the
Department of Agriculture. 

Walaga huw (ric'partiall irrigatedfrom 

smalltanks). The site is representative of 3,000
small-tank irrigation systems in the dry zone.

Farmers traditionally wait for the tank to fill

before preparing the land. In the last 7years the

lowland area was 
not planted to rice because

water in the tank was not enough. In 1977 the 

average rice yield from Il1 parcels was 2.31 

t/ha. 

The ;)erformance of the improved varieties

varied with land cd'sses. All varieties gave the

highest yied on land class D, which has heavy-
textured soils and poor drainage. The yield was

54% more 
than that on land class A, which has
moderately to imperfectly well-drained soils,
The yield of variety 62-355 (drought tolerant) 
on Class D land was 150% more than that ofBG 34-8 on better drained land class A. In the
yala, the average yield of green gram was 652 

kg/ha; that of black gram, 930 kg; soybean, 681
kg; and soybean and cowpea, 924 kg. The farm
ers preferred soybean to other upland crops
because it has a stable price and less problems
with insects and diseases. 

Alankara and Moragane, Katupota (rainfedlowland rice). The Katupota site isrepresenta
tive of rice areas in moderately broad inland val
leys and on the low slopes of uplands in Sri
Lanka's intermediate zone. The traditional 
cropping patterns are rice-rice and rice-fallow.

The improved rice varieties in the trials were
5G I-1I, H4, BG 34-8, BG 90-2, BG 94-1,
and 62-355. Their performance depended on
the landforms and microrelief. The best yielder
in the Moragane tract, in both midslope and val
ley bottom, was B3 94-1, with an average yield
of 6.66 t/ha. Rice yields were higher in the val-
Icy bottoms than in the midslopes; they aver
aged 5.88 t/ha for the bottoms and 3.82 t/ha for
the slopes. Data on the second crop were not 
available.
 

Bangladesh network silt. 
 The network col
laborator at Joydebpur in Bangladesh is the
Division of Cropping Systems, Bangladesh Rice
Research Institute (BRRI). The project con
centrates on tie BRRI pilot area, which covers
208 ki- and the 131RRI research station. Work
is in the ra;nt'cd rice area of Bhogra village; an
irrigated, lighter-soil area in l-askarcl-ala 
lage; the niedium .1nd low irrigated rire land 

vil-
in

Salna village; and the l-larrunbii vilh'gc deep
water area. 

At Bhogra, the percentage of high yielding
rice-rice patterns was significanty >tgher in
1977 than in 1976. More than 10 t/ha grain 
were produced with high yielding varieties inrainfed fields. Proper management increased 
the productivity of the farmers' cropping pat
terns by as much as 23%. 

At the Salna irrigated medium land gte, pre
liminary results indicated that double-cropping
of two high yielding (l oo-transplanted aman)
rice crops was most profitablc. Triple-cropping,
including short-duration vaneties, also looked
promising. Crop management inci-eased yields
of farmers' aus and boro :rops by as much as 46 
and 20%, respectively.

In a partially irrigated lowland boro site
(Jarunbari), 1R8 was more profitable in the 
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farmers' single rice crop pattern than varieties 
such aF Pajam or Muktahar (local variety), 
Proper crop management increased grain yield 
(over farmers' level) by as much as 32%. Relay 
cropping increased the cropping intensity in the 
higher elevation by 100%. Data indicate that 
double-cropping (boro-deepwater rice) has 
tremendous potential where a single boro crop 
is grown. 

The traditional pattern in Laskarchala was 
direct-seeded rice followed by pulse or oilseed 
in the highland, and rice-rice on narrow valley 
land. The aus rice crop in the pattern planted tz 
high yielding varieties yielded 45% more than 
the local varieties, but the yields were low and 
variability was high. With the start of tube well 
irrigation, wheat was introduced after rice; 
yields ranged frcm 0.426 to 2.4 t/ha and aver-
aged 1.5 t/ha. 

On a relatively lighter soil, patterns invGlving 
one rice and two nonrice crops seemed more 
practical in highland areas, and two rice crops 
with or without one nonrice crop showed poten-
tial in depressed valleys. Crops like wheat, corn, 
potato, and other vegetables have potential in 
the highlands. 

Nepal network sites. The network col-
laborators in Nepal are the Division of 
Agronomy, Department of Agriculture, and the 
International Agricultural Development Ser-
vice. 

ParsaDistrict(rainfed, partiallyirrigated,and 
irrigated rice). Parsa is representative of the 
Tarai (flat land) in Nepal. 

The present patterns are rice in summer and 
wheat or legumes in winter. Eleven alternativecropping patterns were tested where rice is 
grown in summer; wheat, barley, and legumes
in winter; and rice, mung bean, and green man-
ure in spring. The yield of the first rice crop in 

the irrigated rice area was 4.55 t/ha (av. of 20 
plots, ranging from 0.99 to 6.35 t/ha). Second 
crops of sole crop and intercrop wheat and 
legumes were planted in November 1977. 

Pundi Bundi Panchayat (rainfed rice). The 
site in Pundi Bundi represents the hill growing 
areas. Its elevation ranges from 750 to 1,270 m. 
The dominant patterns in the rice areas are 
maize-rice or rice-wheat at from 750 to 1,060 
m. In the lower elevations, rice-fallow is the 
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common pattern. Thirteen rice-based and six 
upland crop-based cropping patterns were 
tested. The first crop was rice during summer, 
followed by monocrop and intercropped wheat, 
barley, and legumes during winter. The spring 
crop was corn intercropped with legumes. 

Work in the site involved 23 farmers. Rice 
yields in 6 plots harvested in 1977 ranged from 
374 to 2,934 kg/ha. CH45, an early maturing 
variety used in the trials, escaped the hail that 
destroyed the local variety. It was, however, 
affected by blast. 

WORKING GROUP MEETINGS 

The Cropping Systems Network working group 
- composed of program leaders from the col
laborating countries, the IRRI program leader, 
and the network coordinator - met twice in 
1977. One meeting (5th Working Group meet
ing), from 15-22 February 1977 in Bangladesh, 
was sponsored by BRRI and IRRI. Eleven 
members and 17 resource persons were present. 
The other meeting (6th Working Group meet
ing), held on 13-17 December 1977 in Sri 
Lanka, was cosponsored by the Department of 
Agriculture of Sri Lanka. Twelve members and 
14 resource persons attended. At these meet
ings, the working group agreed on 

* A system for cropping pattern monitoring 
that includes climatic, land, and socioeconomic 
factors in addition to cropping pattern perfor
mance; 

* Standardized reporting for varietal screen
ing; 

* Methods for securing coordination be
tween on-site research and extension programs;

* Pest control research methods for cropping 
systems research sites;

0 Requirements for collaborative weed con
trol research across the network; and 

• Improved methods for costs and returns 
analyses of cropping patterns. 

In addition, the participants monitored crop
ping systems research at the on-farm sites and 
experimental stations. 
TRAINING 

The training of scientists in cropping systems 
research and extension was intensified in 1977. 



Priority for training was given to young scien
tists directly involved in the collaborative proj
ect and in national research and production 
programs. On-the-job, nondegree trailling was 
conducted for 3-12 months for 22 scientists in 
the Philippine outreach sites and at IRRI. 
Another 39 trainees attended a 6-month short 
course on cropping systems at IRRI. A total of 
14 M.S. and 4 Ph.D. students are pursuing 
graduate studies through IRRI. 

SHARING OF kESEARCH INFORMATION 

One role of the CSN is to facilitate exchange of 
research information among scientists working 
on cropping systems researchin Asia. In 1977, 
copies of 24 papers and 2 reports of the crop
ping systems working group were distributed to 
257 scientists from Indonesia, Thailand, India, 
South Korea, Malaysia, Nepal, Philippines, 
Bangladesh, Burma, and Sri Lanka through the 
cropping systems program leaders or coor
dinators in each country. Another 43 scientists 
from 11 countries in Europe, North America, 
South America, and Africa also received the 
publications. 
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SUMMARY 


Machinery development efforts concentrated 
on the 6- to 8- hp tiller, portable thresher, and 
portable grain cleaner, which were all released 
in 1977. These machines possess the perfor-
mance and operating features sought by farm-
ers, and preliminary reports from cooperators 
indicate that they will be well received in the 
field, 

Four projects initiated this year were rotary 
tiller and harvester attachments to increase the 
versatility of the poker tiller, a plow-sole 
chemical applicator, anid an improved and cost-
reduced hatch willdryer that be released to 
manufacturers in early 1978. Werk continued 
on the multicrop seeder, windmill and pump, 
and equipment for energy generation from 
agricultural residues, 

The compacted soil studies are in their 10th 
season. Allowing the soil to dry for I month 
before land preparation for the 10th crop 
resulted in a marked reduction in the &pths at
which the coie indices were measured. This 
allowed use of the four-wheel tractor for he 
first time since the sixth crop. 

An operational and economic study that 
compared power transplanting, manual 
machine transplanting, and hand transplanting 
showed that power transplanting required 40% 
of the labor needed for hand transplanting. 
However, its high cost requires that the machine 
plant 32 ha annually to compete cconomically 
with hand transplanting at the current Philip
pine wage rates. 

Monitoring of the Philippine farm equipment 
industry continued. The sales of four-wheel 
tractors and power tillers fell in 1977; however. 
locally built tillers suffered least in tile down-
turn. Farmers show a growing preference for 
diesel tillers with increased power and sophisti
cation. 

A survey of Filipino upland farmers indicated 
their interest in improved machines for land 
preparation and weed control. Generally, the 
farmer's interest in mechanization was positively 
related to farm size, income, and educational 
level. 

The new Industrial Extension Subcontracts in 
Colombia and Nepal brought the total to nine. 
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The United States Agency for International 

Development sponsored a workshop in which 
participants from 17 countries discussed the use 
and extension of IRRI designs, engineering 
problems, and mechanization policy. 

The Pakistan and Thailand Industrial Exten
sion Project teams have modified the IRRI 
thresher to improve performance with local 
crop varieties. The 1977 production of the 
thresher increased two and one-half times over 
that of 1976. 

MACHINERY DESIGN 
6- to 8- hp tiller with steering clutches. The 
steering-clutch tiller was released to manufac
turers in the last half of 1977, after about Iyear 
of development. Information from 2,600 hours 
of dynamometer and field testing was used to 
refine the design and improve components. 

Several chain failures early in the field test 
program were attributed to insufficient clear
ance between the chain and transmission hous
ing. The housing was widened and sprocketcenter distance:. wcre adjusted to eliminate a 
half-link and permit the use of the same length 
of chain on all three drives. 

An alternate steering clutch design (Fig. 1) 
was compared with the initial design, which 
used Allen capscrews to engage the clutch bar. 
The new design was selected for release because 
dvnamometer and field tests showed it to be 
superior. 

Clutch ba subasseiry-

Clutch plate 

Spocket,56T, "pich 

/ 

1.Revised power tiller steering clutch. 
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Table 1. Results o threshing tests with the portable axial-flow thresher, IRRI. 1977. 
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unloading tile dried grain. The new' bin ismade 
of wood and has two vertical grain columns on 
each side ofla central plenum. I leated air enters 
the plenum. difluses through the louvered side 
panels of the grain compartments. and passes 
through the grain. The lats arc removable, 
faciliita ting loadiniig and unloading. Farmers 
usuallv do not like to hivC their grain mixed with 
that of other farme rs. so a fixed vertical parti-
tion was added at the center of each bin to 
produce four separate bins. 

This project resulted in a dryer of 2-t capaci-
ty. costing an estimated .-45' less (per ton of 
capacity) than the previons IRRI design and 
reducing fuCl C1sLInptiop n [IN' 311-40t"1 per 
toi-hour. 

Steam and producer gas generation. Two 

t.xpCs of IPC gas-firCd boilers xxerc evaluated 
for possible adaptation to a rice hull furnace. 
The first type is a single-drum, free-comvectionl 
boiler \%heic feed ,atcr is admitted at tle bot-
tom of the druni to a certain level and steam is 
produced by natural convection. Tests using a 
-1.30-mm-dianetcr steam nozzle gave a max-
imur generating capacity of 16 ki'hour at 0.7 
kg/cm. This lo\% capacity is attributed to a 
limited effective heating surface of (.76 m" and 
insufficient heated-surface wettability because 
the boiler is a free-convection type. 

The second boiler isan annular film cvapora-
tion. forced-coax ection t.pe. The feed wkater 
enters tangentially along a 6-n lonlg helical flat 
channel. The water flows around tile channel at 
relatively high velocity and the turbulence aids 
in flushing the film of water inti steam before it 
enters tilesteam chest. Steall nozzle tests gave a 
maximum generating capacity of 25 kg/hour at 
1.4 ke/ei: The i iilcr coild ContitOUsIv 
operate the exhausting uniflixx steam engine 
described in the 1976 Annual Rcpirt with 7.5 
kgjhotr steam at 3.5 kg/cn, x,.hich pro duced 
0.2 	hp at 900t1 rpm. 

"[hirtv imirs of opcrathin produced i hcai\ 
scale approxin;,telv 0 .4 mni thick along tile 
entir,2 helical clannel. Unlder p)rohi)iigcd opera
tion this dcpt sit may cause hoiler ocrheating 
and creep failure unis,,S chemical %xatertreat
ment or periodic mechanical cleaning is per-
formed. 

Evaluation of the results of tile steam engine 

project and consideration of the comparative 
adValntages of sy'stellS that could produce a fuel 
directly usable in existing internal combustion 
engines led to temporary suspension of the 
steam engine wyork. After a feasibility stidy in 
produce r-gas gener;liou,. aI small batch-type 
generator %%asdesigned and built. 
"Toovercome the problem of high tar content 

inl file gas. a dual-mode I - Ig,ws selected. 
After reaching an operating temperature of 50t0l 
to I .10(0(. the volatile matter in the rice straw 
(or other laSic fucl). consisting of tar. (Il, IIL.I

II:O. and ()+.is evaporated and bnrned in the 
combustion chamber. Tw\o-thirds of the result
ing flue gas (now tar free) flow, dowxm,'ard 
through the reduction chamber. reacting xit h
the charred rice straw to form producer gas 

( 
moxeS Upxx ard to distill the volatile matter of 
the. rice straw%to keep the cycle going. 

Gas quality w\ill be exalated by ignition 
response and flame-lcngth tests. If tileresults 
are favorable, a gas scrubber and gasoline 
engine wxill be added to test tile performance of 
the complete system. 

Engleberg rice mill project. The Inglebcrg 
rice mill isundergoing improvementt to increase 
milling recoveries xvithout major modifications 
in the machine. 

Preliminary tests that used blades of 
polyvinyl chloride (PVC) and rubber 'rom used 
tire carcasses in place of the steel blade showed 
improved milled-rice reeovery without addi
tional changes inl the mill. 1-ead-rice recovery 
\was 901 with the PVC blade and 8 1; with the 
steel blade when the machine was used as a 
polishing unit only. but milling capacity was 
inuch Ilover \xith tile PVC blade (75 kg/hour) 
than with tile steel blade (2110 kg/hour). 

A study of grain coindition inside the milling 
chaniher reveals that Ill inure grains break dur-
Ing hulling. Evaluation Of tile htllir-g section of 
tile Eigleberg mill %killconicenitrate on the rotor, 
screen clearance, and feeding system. 

(C). II12. . ;(and N2). The remaining lure gas 

Ni 	 .( I IAN IZAION RF+SI:AR(It 

Compacted soil studies. The study of corn
pacted soil is in the Wih cropping season. 
I)epths at which a cone index of' 2.4!6 kg/crn2 
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7. Compacted layer depth under different tillage systems. 

was meastired increased tip to 3 cm in some requires n average of I I days/ha, with consid
plots although depths at which 4.92 kg/cm 2 was erable variability depending on the season and 
encoun'ercd generally remained stable bet- crop. Over half the farmers surveyed expressed 
\\'eel tile eighth and ninth crops (Fig. 7). It is interest in an improved power scurce. 
possible that depth stability will not occur under Because of this interest. tillage and traction 
the continuous cropping plan in soil that tests were conducted wi'.h the new 6- to 8-lip 
remains saturated throughout tihe \car. even inl tiller to determine its suitability for upland soils. 
plots tilled by the 5- to 7-hp tiller and by w\ater Rotary tillage with two blade shapes. and niold
buffalo. The ftu r-whcel tractor plot was tilled board plowing with three different traction 
by the 5- to 7-lip tiller for the iiinti crop. wvheels were evaluated. Traction tests using four 

Plots were not irrigated during the l-iionth different wheels \\ere also conducted. The tiller 
fallow betweeii the harvest (ftlie ninth crop and wIs equipped wi th a 5-1ihp diesel engine and it 
the start of tillage for the Iltl crop. This Weighed 196 kg. 
allowed tile soil to dry sonicwhat. Previously tile Riarx tiller ltest. I o0c- anid slasie r-type ro
plots were kept saturated during fallow. tar\ blades \ erc tIsed in the tiller tests. The 

('one indices of' 2.46 and 4.92 kg/cn were blades \\ere attached to a blade flange ot 31 -cml 
nilcastIrd at sharply reduced depths conpiiipred diameter and nlonl ed directly on tile power 
with similar readings for the nintih crop. On tile tiller axle. Six flanges of six blades each were 
basis of these readings, a four-wheel tractor was used. three on cacti side. The blades \were 
Used to till the fotir-wtiecl tractor plot for tile unifnormly spaced to till a total width of approx
first time since tie sixth crop. Only miitor nobil- imatelv 90 crn xith aI20-cm strip of nUdist urbed 
ity problenis were encouiniered. An a tenpt will soil ill the center. which was partially tilled by;a 
be made to determine tie effects oti soil depttis cltivator sweep attacLIed it) the rest raining bar. 
of a I -moth dry period after each crop. Upland clay soil plots. 29x 10I m. \ere tilled 

Power tiller upland tillage tests. An upland- using the "go-around nmethod." Vhere tile 
crop survey showed that land preparation is operator starts plowing at th edge of tile field 
traditionally done by water buffalo. Plowing and goes around until he reaches the center. 
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When used \ithh axhI-mounted blades the ti-
icr \.as cxtirmcl, ditri+,ul to contrl and physi
calk. C\xhau,,tini, to operate. The tests indicatie 
that rotar' tilla c of upland soils \\ ith i tiller in 
tel 5- to 8-hp hClass \ ill. in most ases.,require t 
power-take-off ,riven rotar\ tiller attachment. 

Sltir hill /1 1c.st. The ,iall. t\wo-whcel 
,o~\ rltIe his .L;ti\'cl\ Iow traction. , hiM1 

frequentl\ lituit, it', us Ion hard. dl\l' soils. To 

decrin tihe c ,apalbiliticsof the IRRI tiller ill
 
upl ~iIs. I act hill tests CrC conducted using 

four dittritt.l v, heels -f I)- 13 "',sn "" tC"Sred 

tu,+. 5.l Il- " dee.'p I tirn. I, land c. . h...."l. 

:and ord [)NI Mhcel. The test tratl %\aslilid out 

on1 ,oil ol ti11e t pC I,,ed in the ro.ta0rx tiller ts.S,
 

o p1o\ idC Shlilit\ lld eliniinateux xil ti-
Cl ttif onl,C the drix C x. hCls. lesultine ro'lmn1 
toy. il' thlt.- loadillye dC... carte,1 atx-v.\,hCCled 

\\I,a itsAchLd to thelo'..r tiller hx ain irticl-

ltcd hitch...\ loa 'ldd \'.\as theii Conicted to 

tile car t thri lth lt adllx n om'e1e.r. "lh hoii/oll-

til tra,.etix.' ,-.'c as \ ated h\ load in
%%i the sled 
x\tih llereitll v, cigit,. A total \.rtiCAl foirce 
oI 2"s3 k,' on the ticr,,x heels, as otatned 1)\r 
alddin.L ,\heci x,ei,_,tadi front CLtrtel 
\e igiht. A .ubict ,l~noniial redictionr equation 

expr,.,sin: peretta,,il slip , ai f .lliotlOf 
d rI\\ bazr [Itll , ;Is selctCd cuse'u,,C Ie reid aLS 
x\crc eisnsli,;ititl.i C ther a straightless ttan 
Iine Ofr quldratic ,.equation. Results of tile drax\\-
bar ill %.cins slip t s, arc ,, lv.'. it in Figure S. 

A,4l/ aird p+iw/ ,,, tew. The prleduii of 

the : oldbi oird "Iox'.in test \xds similar to that 
of the rorai\ till;trials. PIlts incasurin -,, 
1 illtii adjaducnl to the rllt:t\r-tillh2c plotsand 
xee used. l I ,h p)h~l \. a, pIh\\ci \ii1 ;11aIRRI 

Tnoldb lard pI,\. u,,ihg the *Ilild aid 1n1tld. 
xicrc the Oltarttiir plox', 01c s1ilC. turn, 
irond it tile eld. Miid iox,,stdol the Other 
s.ide. Thc sino\ - tread tire. 1\ lainrd agexMchel. 
and Ford DNT xxhcel x\%ere o nparl. Rcsull,, 
ar lix'. ii ili tlable 2. 

Field tests of three transplaliling s s
tems. Rice s still transplanted it ari~ilLn 

\xa icr in il1st rice-enr Il rcgii isf tir\\eorldl 
Irasplanhiliil is one Ile isivc(of Illl 1)t labl-i til 
operalioisl in rice prolducltin arid ,cncrallx 

requires large ailtiti, If labor hfir short 
periods. Apprxinatcl\ 3(W, of th ttl,il lihr 
required flor rice productionl lt)e., iit(o it. 

Whel sip (M) 

4 _
 
Ln cg
 

30 

o.
 
20 -Lu,,e,, le
 

-so,,,r+..I,,,) 
10 
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T
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8. Results of traction test of IRRI 6- to 8-hp power 
tiller. 

Ihree transplanting systems are available to 
the farmer: transplanting with a po\e r 
llachilc, with a maillnual machine. and cotvent
tiotal hand transplanting. A field experimetnt 
studied the comnparative perlormtance adt 
cotomics(i of the three system1s. Seedllings stit
able for each svstein were prepared and all 
intertediate steps were performed and 
nalyzed. The seedlings were transplilntCd 
tider the same1110 IRRIfield conditions oil the 

experinental farm. with two replications for 
each ,vstetn. Standardized field nmanagement 
methods wer used for all plots. (rop CIts werc 
taken from each plot heflore harvest tt) estimate 
yield. 

The highest yield \%as obtained from the eon
entional hand traiisplanting system (4.15

t/la), the lwcst from pixxr-llahine trans
plating (3.27 t/ha). hlle mnual-lransplamer 
plot yielded 3.X t/la. Yield dilferences bem,,n 
h1dan dtnam chinc - traisplatittig mltlhods 
\ere Sienilicalit at the 5(',* level, as showni I\ a 
f-tcst. Differences between the iantual Imachille 
ll.d power illachile syst.ills wtre lot sig
nilicajit. Yield differences anloig tire three 

Table 2. Results of moldboard plowing tests using the IRRI 
power tiller. 

Wheel type; Av. time Av. fuel Av. field v'ficiency
 

(min./plotl) liter/plol) I,
 

Rubber tre 66.5 .95 44 
IRRI lowland cpge 69.1 .95 38
 
Ford/DNT 57.8 .86 49
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transplanting systems were not significant at the 
1% level, 

The total 7abor requircd to transplant I Ia 
from seedlirn' preparation to transplanting was 
56 man-hours with the power-machine system. 
95.7 man-hours with the manual-machine sys-
tem, and 143.2 man-hours with the conven-
tional hand sy.ca. 

Machine costs wcrc divided into fixed and 
variable components. Annual fixcd costs 
included depreciation, interest, ind repairs. 
Variable costs inc, ded] fuel. ubrication. and 
labor plus secdling-prepar.:ion costs. 

A present Philippine vage levels, the brcak-
cvcn point for the manual transplanter is 15.8 
ha transplanted annually: for the power traiis-
planter it is 32.2 ha. "lhe relationships betweeii 
total average costs and annual transplanting 
area for each transplanting s stem are shown in 
Figure 9. 

Shortages in labor during transplanting are 
generally reflected inincreased seasonal wage 
rates. Additional development is required to 
lowver the cost of transplantiiig equipment to 
make the machines more attractive incountries 
suffering seasonal labor problcniS during critical 
planting periods, 

Testing and evaluation. Testing for endur-
aice and performance was concentrated on the 
machines that were relcascd to manufacturers 
during 1977. :ndurance test activities for 1977 

Total cost (U/ha) 
2 

00ormhetrlnthan 

100 tower machine trar.hnq 

80 .Manual mocivnelrons:nhng 

60 

lfeak-evenr
pui 

40 15 hu) Bm,-e,,n 

(323 hat 

Ima -
Handransplnii of presentwage l 

0 4 L 12t 6 20 24 28 320 4 8 2 16 20 24 28 32 
;nplantinQ
Annualtr ar.,(ho) 


9. Relationship between total cost and annual use. 
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included 2,730 hours for threshers, 2,530 
for tillers, 1.370 for cleaners, and 370 for 
dryers. Performance tcsts involved 25 IRRI 
prototypes and 28 manufacturers' prototypes. 

Tests were conducted in the lahboratory under 
controlled conditions and in farmers' fields to 
evaluate the machines under actuml operating 
conditions. The results were used to reline the 
designs and indicate their readiness for rulcase 
to manufacturers. Operating an1d repair costs 
are collected during the endurance tcsts and 
used in determining total costs of' o rship.rne 

Infoinmation on machine operations, ad just
ment, maintenance, and servicing a1CLuircd dur
ing testing is included in the ope ratoihs mllnna!. 
Ma.nul.,Is on the portable thresher and the ,- to 
8-hp tiller Ncre published and made a.ailable to 
cooperating man lfacturcrs in I977. 

%If:(*[I ANIZATIO N SYSI I-IS 

Market for farm machinery. Work continued 
on nonitoring the size. composition. and 
growth of the Philippine farm equipment indus
try. Although a $37.5 million World Bank cre
dit line became available during the year. sales 
of both powcr tillers and four-whccl tractors 
fell. Rising prices, coupled with a poor repay
ment record during previous muechanization 
loan prograns. made the bankers reluctant to 
participate in the new loaii program. Sales of 
locally built power tillers suffered least front the 
clnging economic climate and IriCeS.although
highe: than those in the past. were more stable 

thiose of imported machines. 
Fr.mlL rs have indicated a growing preference 

f-,rdiesel-powercd tillers (Fig. It)) and an 
increase iii power and sophistication of these 
units. There is less demand for the simple units 
that were introduced in the carly 1970's. Avcr
age total costs for a rane of tillers are shown in 
Figure 11. Locally built units sho\v a decided 
Cost advanitage over both imported gasoline
and diesel-powered units and are economi icallv 
viable for farms as small as 6 to 8 ia. 

Over 60 firms. the largest iunber of which 
are located in the greater Manila area. manufac

lure and distribute powCr tillers aiid associatcd 
implements in the Philippines. Their production 
capacity greatly exceeds current lo(C:d demand. 



0 

'ZI 17% 
PI. 

65% 

~U". 
;~~~~4 95!?]; % 

10. Sa1 Of p 0 cr tiller by 1orsepoer and fuel. Philippines. 1974-77 (does not include Kubota sales of' 
5.00l0 unib it) I)M R. 1974 -75,. 

MCcllnizitio in iiuplafnd cropping sN s- iil'-' alld thrCshinl \ crc AnkCL ,,mcll t.'\\h less 
teit. ..\ lir\c 11 100) iuind flarflcat I".o jllilitiFtill ill both locations. Bccausc Upland 
Philippinc hl(IC1'il ws a high of IC ti illahlCi.C\cailcd ttnl'cL Cerl0ling is hiiiilll\ ntltRI-Cn lta ilin
cropping ilclsil \. but rc!ati\cl\ Ito\ o\crll fall. the llccd for tincl\ l0hd trcpa'aton iI 
farm ioducit\if\. tlurnmrs \\crc to cnurc stand cstablii,hnlcinl is critical.,,.c', stak 
the n'ccL lo1 imllpli\ ing icchrliiqticS sed in poC- \illlioll of lictOl's rctciCh. to tihc flarcr' , 
forninl ick! aCtI\ itic,\ ai,,,tichd \ ith thc crops lcCl of intcl-cst inll cchianiationllisi s a posi-
gO\I1 il their larm, land prlCirationindl ti'c rclalionshipp t\ ccn li inconlc and farm 
\c'ccl ontrol \\cr, rankcd high. \hil I iarxcst- sizc and tilc lc\el of inicrc t (Fig. 12). Age. 

Totar (UJS /,) interest %) 

75 % API 11,raCee15- c 

,, _20. -

OT .. T_.-- . 
1 2 3 4ortC0 3 4ond 

0 4 8 16 1b bi i4HO/yt 12. Relationship between grossfarm income farmn size, 
and interest in mechanization in 100 upland farmns, Philip-

I I1. Power tiller costs. pines, 1976- 77. 
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14. IRRI axial flow thresher production. 
800
 

Machinery Development and Industrial Exten
600 - sion Program. Participants from 17 countries in 

Asia. Africa. and the Americas discussed the 

400 	 effective use of IRRI designs. shared experi
ences of formulating and implementing agricul
tural mechanization programs in their coun

200 tries, and presented papers oun the status of 
0 I mechanization in the countries they rep

1974 1975 1976 1977 resented. The proceedings of the workshop will 
be published in early 1978. 

The project staffs in Pakistan and Thailnd.13. Relationship between age years infarming, and degree 
of interest in mechanization in 100 upland farms, Philip- wor oeatin wital an factar
pines, 1976-77. working in cooperation with local manufactur

ers, have developed modifications for the IRRI 
years in farming. and interest in mechanization axial-flow thresher that improve its perfor
appeared to be negatively related (Fig. 13). mance with local rice varieties and crops grown 
Farmers less than 40 years old preferred in rotation with rice. Farmer and manufacturer 
improved equipment more than did those over interest in the thresher is evidenced by an 
50. Years in farming and interest in mechaniza- increase of 2.5 times in the number of machines 
lion were inversely related. O ner-sharc les- produced in 1977 over that in 1976 (Fig. 14). 
sees and share lessees demonstrated signi- The portable thresher described in the 1976 
ficantly higher levels of interest than lessees or Annual Report was introduced in the Philip
owners. Farmers with more education were pines. Acceptance was good and 812 machines 
more positively inclined toward mechanization were produced by 12 manufacturers. The 
than those with little or no education. modification for sorghum threshing. described 

in the Machinery Design section. was incorpo-

INDUSTRIAl. IXINSION PROGRAM rated into about l00 of these machines. 
Prototypes of the 6- to 8-hp tiller with steer-

Industrial extension subcontracts in Colombia ing clutches have beer, built hy manufacturers in 
and Nepal were added in 1977 to the network of Pakistan. the Philippines. and Thailand. but 
seven other core-funded subcontracts and three Indian firms have shown the highest interest in 
Regional Industrial Extension Projects funded the new design. The IRRI 5- to 7-hp tiller %\ias 
by the US Agency for International Develop- not considered suitable for conditions in India. 
ment (USAID). The USAID sponsored the but interest generated by the new design 
International Machinery Workshop at IRRI in resulted !n four companies building prototylcs 
November to assemble the network co- for testing. One of the firms has completed the 
operators and otlh.rs associated with the IRRI evaluation phase and has begun marketing. 
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Associated formal training
 
EdIUcalional programs continued to proviuc oppor-
tunities Ior rice researchers to improve their cap-
abilities for research work through graduate studies 
and practical training in different departments and 
in various coures iti support of international re-
search networks. In 1977. 253 fellows, scholars, 
and trainees from 2 ) countries participated in these 
programs (Table I). The largest number of scholars 
and fellows was in the departments of agronomy, 
agricultural economics. plant breeding, entomology 
arid the cropping systems program. The highest 
number of nian-years of training also occurred in 

c&; five Institute units. 

RESEARCH PARTICIPANTS 

Of the 129 participants in the research-oriented 
programs, 45 research scholars were working to-
ward the M.S. degree arid 22 for the Ph.D. degree. 
The majority were enrolled as graduate students at 
the University of the Philippines at Los Baios arid 
some were students of other universities doing their 
thesis research at IRRI. 

There were 26 nondegree research scholars and 
8 nondegree research ftellows. They stayed at the 
Institute from I to 12 months. depending on the 
specialized training required. 

A total of 32 postdoctoral fellows were in 
residence for part of the year or during the entire 
year, undertaking special studies in IRRI research 
departments. 

TRAINING PROGRAMS IN SUPPORT Of 
INTERNATIONAL RESEARCH NETWORKS 

Genetic Evaluation and Utilization (GEU) course, 
The 4-month GIAEU training course (tFebruary 
June) was attended by 33 participants from II 
countries. The co urse emphasizes the need for a 
multidisciplinary approach to the development of 
rice varieties. It is designed for individuals involved 
in the devehopmcnt l improved rice vatieics. 

Cropping systems training program (CSTP). The 
6-month CSJ P)course began in September arid was 
attended by 38 trainees from 8 countries. It 
1) trains participants to conduct scientifically 
designed applied and adaptive research to solve 

problems in their respective areas. 2) identifies and 
endeavors to solve production constraints of crops 
when grown separately or in combination, 3) den
onstrates the applicatior: of important concepts of 
crop science to better utilize farner resources 
through improved cropping patterns, and 4) dis
seminates cultural practices for growing different 
field crops in tice-based cropping systems. 

Agricultural engineering course (AEC). [lie tw o 
AEC 2-week courses, held in January and October, 
were attended by 24 trainees from 13 countries. 
Most of the participants are currently, or expect 
to be. associated with the manufacture and eval. 
uat ion of IRR I-designed machinery. 

RICE PRODUCTION COURSES 

Six-month rice production training program 
(RPTP). A total of 37 trainees from 13 countiies 
attended the RPTIT. which began in March. The 
course is designed to prepare the trainees to con
duct similar training programs in their home 
countries. 

Two-week rice production courses. A total of 
75 trainees from 13 countrie, participated in the 
2-week rice production courses (August, I)ecem
ber). The courses teach. within a short time frame, 
the latest technology im rice culture. The trainees 
perform various production operations in the field 
and observe rice plants at critical stages of plant 
growth and development. 

OTHER I RAINING PROGRAMS 

In addition to the formal and production-oriented 
courses, the Institute offered special training pro
grains, such as those on the use of the IRRI library 
and documentation center, and familiarization 
with the operation of a research farm. 

Seven individuals from six countries Bangla
desh, Germany. Indonesia, Malaysia, Thailand. and 
the United States of America participated in 
these special programs during 1977. 

A list of individuals who completed their pro
grains in 1977. including their countries and re 
search project areas, follows. An asterisk (*) indi
cates completion of the M.S. degree; two asterisks 
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FA 	 Tabe 1. Paotcipaton in educational opportunities at IRRI, 1977. 

Training* (man-months) 

Degree scholars Nondegree Production courses' trainees 
Country Postdoctoral Total 

> M.S. Ph.D Scholars Fellows fellows GEU RPTP CSTP AEC 
Z 
C 	 Bangladesh 74.0 (9) 18.0 (2) 6.5 (2) 8.0 (2) 12.0 (2) 24.0 (4) 1.0 (2) 143.5 (23)
> 	 Burma 48.0 (4) 1.0 (10) 12.0 (3) 24.0 (4) 18.0 (3) 1.0 (2) 104.0 (16)
t" 	 Colombia 12.0(1) 12.0 (1)

Egypt 6.0(1) 0.5(1) 6.5(2)
', 	 England 2.0 (1) 10.0 (1) 2.5 (1) 14.5 (2)
0 	 Germany 5.0(1) 2.0(4) 1.0(1)

India 	 36.0 (3) 40.0 (7) 111.5 (16) 12.0 (3) 12.0 (2) 0.5 (1) 178.5 (29).11.06) 12.(2)302.02.00In 	 Indonesia (48)50.5 (8) 50.0 (6) 	 9.0(1) 32.0 (8) 42.0 (7) 78.0(13).()
0 	 Iran 15)8.() 7.(3)9.5 (2)

Iraq 2.0(1) 2.0 (1)
Japan 	 6.5 (1) 30.5 (4) 24.5 (6) 61.5(11)

-1 	 Korea 11.5 (2) 9.5(2) 6.0(1) 8500.501) 42.0(7)
Liberia 8.5) 401 6.001) A. (1)
Malaysia 6.0(1) 1.0(2) 7.0(3)
Mali 3.50) 18.0(3) 21.5 (3)
Nepal 8.0 (1) 3.0 (1 8.0 (2) 18.0(3) 	 1.0(2) 68.0(14)
Netherlands 	 12.0 (1) 24.0(4) 24.0(4) 1.0 (2)0()7.0 (2)Nigeria 

Paitn3.0 P a i t a02 (1) 8.0 (2) 
12.0 (2)13 	 . 5 (2 ) 
18.00() 18.0 (3) 	 79.5 (11)

Philippines 31.5 (4) 7.0 (1) 17.0 (2) 6.0(1) 	 18.0(4)
Sierra Leone 6.0 (2) 12.0 (3) 18.0 (3) 1.0 (2) (4)
Sri Lanka 23.5 (3) 9.5 (3) 12.0 (3) 12.0 (2)76.0(16)Sudan 12.0 (2) 
Taiwan 12.0(1) 	 12.0(2)Tanzania Tazna0.5 	 12.0(1)(l) 0.5 (l)42.0 (7) 1.0 (2) 208.5 (32) 
Thailand 77.0 (8) 29.0 (3) 19.5 (4) 16.0 (4) 24.0 (4) 	 0.5 (1) 29.0 (7)
USA 7.0 (1) 10.0 (2) 5.5 (2) 6.0(1) 8.5(1)
Venezuela 8.5 (1) 8.5 (2)
Vietnam 6.0(1) 6.0(1) 12.0(1) 	 24.0(2) 

371.5 (45) 181.5 (22) 11.5 (26) 43.5(8) 205.0 (32) 132.0 (33) 222.0 (37) 228.0 (38) 12.0 (24) 1,507.0(253), 

-Figures in parentheses denote number of participants. 'Production courses are the 4-month Genetic Evaluation and Utilization training program, the 6-month Rice Produc
tion Training Program, the 6-month Cropping Systems Training Program, andthe two 2-week Agricultural Enginiering training courses. 'A number of trainees and scholars 
were involved either in more than one department or in more than one kind of training. They were counted once in the total number of individuals trained during the year. 



(**) denote completion of the Ph.D. degree during 
the year. 

RESEARCH SCHOLARS 

Agricultural economics 
(;ermiielinO Bautista. Philippines. Factor shares and 

labor utilization in rice production. A study of 
tWO PAIIn[" .lg. bar,rios tot the crop period 19 70, 

wet. 19 o dry. and I ).7 wet seasons. 


Bruce Best. USA. Ihe 
 p; 1bletn of nonrepayment
of noncollaterali,ed l0.i1ls ',small farmers in 
the Philippines. 


Agncultural engineering 

Kyeong 
 Uk Kim. Korea I. Field iesrs on three 

transplanting systems. 2. Analytical method for
kinematic analysis of the planting mechan-
of a rice transplanter. 

Agronomy 

Francis Bolton. England. Minimum ard zero tillage
in lowland rice. 

larris Bernard. Sierra !-cone. Chemical weed con-
trol in upland and lowland rice. 

Achmad Fagi.* Indonesia. Environmental factors 
affecting fertilizer nitrogen efficiency in flooded 
tropical rice. 

Honorato Jereza.* Philippines. Biological con-
straints to high yields in selected farmers' fields 

in Iloilo. Philippines. 


Prasit Mongkolporn. Thailand. Studies on general 

soil fertility. 


Evangelista Peruel.* Philippines. Testing methods 

for the estimation of evapotranspiration under 

Philippine condition. 


Soemartono. Indonesia. 
 Part I. Pulling force and 
its relationship with root characteristics of the 
rice plant in seedling stage. Part If. Study on 
the rice root characteristics in seedling stage.

Sadeli Suriapermana. Indonesia. Part 1.Effect of 
different levels of nitrogen and AzoIlla sp. on 
growth of 	weeds in rice. Part II. Effect of dif-
ferent methods and rates of nitrogen application 
on weed competition in transplanted rice. 

Cropping systems 
Azis Azirin Asandhi.* Indonesia. The effect of top-

ping time of corn and nitrogen on the yield of 
corn and rice in corn-rice intercropping. 

Sittf Ningrum Machmud. Indonesia. I. Nutrient 
uptake pattern of peanut and corn in mono-
culture and intercropping. 2. Effect of inter-

action within peanut, within corn and peanut 
on yield. 

Iha Toe. Burma. Training on research procedures
in 	 the IRRI cropping systems outreach sites in 
tile
Philippines. 

Irrigation and water management 
Abdul (;hani. Bangladesh. Eva!uation of rates of 

water seepage and percolation in field sites of 
different soil types in Bangladesh. 

Kapila (oonasekere. Sri Lanka. Determination of 
field water use and crop use efficiency of sel. 
ected cr,:.ps grown in different drainage classes 
in the dry zone of Sri Lanka. 

Le Ngoc Sell.* Vietnam. Field studies of effective 
rainfall for lowland rice. 

Plant breeding 
Panganignou lJolo. Mali. Training in general plant 

breeding techniques and procedures.
Rufino Dumnlan. Philippines. On-site training in 

plant breeding. 
Kehinde Elemo. Nigeria. Training in general plant

breeding techniques and procedures. 
Monty Patri,'k Jones. Sierra Leone. Comparative 

perforniance of'some rice varieties to salinity.
Bambang Stipri1atnn).* Indonesia. Effectiveness of 

protein per seed as a selection criterion for high
protein rice. 

Rice production training and research 
II. 	 Senarath. Sri Lanka. Refresher on recent devel

opments and techniques in rice production, re
search and training. 

S. 	Subramaniam. Sri Lanka. Refresher on recent
 
developments and techniques in rice production,
 
research and training.
 

Soil miccobiology 
Masanori Saito. Japan. The nitrogen-fixing bacteria 

isolated from rice roots. 
Statistics 
Chantana Dumristolnark. Thailand. Analytical 

procedures for data from IRAEN. 
S. 	Sitthivangkakul. Thailand. Analysis of multi

location trials. 
Surapal Veerasak.* Thailand. Sampling for brown 

planthopper population in rice experimental 
fields. 

RESEARCH FELLOWS 
Agricultural economics 
Mark Rosegrant. USA. The impact of ins'itu

tionalized credit on 	 the choice of technology, 
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production, income, and level of factor use for 
small rice farmers in the Philippines. 

Cropping systems 
Hans Anwarhan.** Indonesia. Effects of popula-

tion density and fertilizer application on growth 
of corn and soybean planted as monoculture 
and intercrop. 

Entomology 
Mohammad Shanisul Alam.** Bangladesh. Varietal 

resistance to the brown planthopper N. lugens 
(Stal) biotype 3 insect in rice varieties. 

Plant breeding 
Nyat Quat Ng.** Malaysia. A biosystematic study 

of the Asian wild and cultivated taxa in the 
sativa species complex of genus Oryza. 

Seyyed Javad Shahmnoradi. Iran. Training in nurs-
ery management. 

Plant pathology 
Sang Won Ahn.** Korea. Evaluation of rice culti-

vars to blast. 
Muhamed Ibrahim EI-Rafaci. Egypt. Epidemiology 

of rice blast disease in the tropics. 
Rice production training and research 
Tjitropranoto Prabowo.** Indonesia. The educa

tional effects on farmers of the pilot extension 
program on direct seeding of rainfed rice in 
Bulacan province, Philippines. 

Soil microbiology 
Thomas Lumpkin. USA. The effect of temperature 

and phosphorus on the growth of Azolla. 
POSTDOCTORAL FELLOWS 

Agricultural engineering 
S. 	 ff. Mahmnud. Pakistan. Work on design of a 

12-14 hp power tiller. 
Jose Samuel. India. Work on a series of handbooks 

for agricultural engineering, 
C.emistry 
Rangil Singh. India. Genetics of disease and insect 

resistantce and studies on trisomics. 
Yonemi Tanaka. Japan. Properties of rice protein 

bodies in relation to indigestible protein of 
cooked milled rice. 

Cropping systems 
Shiva Lohani. Nepal. 1. Intercropping of sorghum 

and mung bean at different crop densities under 
varying nitrogen level (in field). 2. Effect of 
corn of different maturity on rice in corn inter-
cropping. 3. Effect of shading by corn on rice 
intercropping. 
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Martin Raymundo. Philippines. Field and labora
tory studies of soils in relation to rice-based 
cropping systems. I. Land units classificatior 
for cropping patterns. 2. Soil management 
studies for improved cropping patterns. 

Entomology 
R. C. Saxena. India. Factors affecting brown plant

hopper abundance.
 
Plant breeding
 
J. S. Nanda. India. General rice breeding. 
G. S. Sidhu. India. Genetics of resistance to bacte

rial blight and brown planthopper in rice.
 
Plant physiology
 
D. B. Battacharjee. India. Pattern of development 

of rice roots under soil moisture stress. 
Konosuke Fujita. Japan. Studies on physiological 

prospects for increasing yield of rice varieties. 
Enrique Pacardo. Philippines. Studies on drought 

resistance in rice.
 
Soil chemistry
 
K. L. Sahrawat. India. Nitrogen transformations, 

availability and N use efficiency in rice soils. 

Talukder Ijjat Ali. Bangladesh. One-month training 
in library management and operations. 

Manos Gumpukul. Thailand. Training on experi
ment station development and management.
 

Joost Gwinner. Germany. Review of literature on
 
rice growing particularly in marginal zones. 

Nandang Kuswendar. Indonesia. On-nonth train
ing in library operations. 

Lira Kim Lu. Malaysia. General training in plant 
breeding, IRTP, entomology, plant pathology, 
and 2-week rice production course. 

WilliamJeck Hian Wang. Malaysia. General training 
in agricultural engineering and 2-week rice pro
duction course. 

FOUR-MONTI]GEU TRAINING COURSE 

Somapala Amuwala Dewage, Research Officer, 
Agricultural Research Station, Maha-llluppalla. 
ma, Sri Lanka 

Mohammad Hossein Attar, Seed Controller, Agri
cultural Office, Ahwas, Iran 

Rasidin Azwar, Assistant Breeder, Breeding Depart
ment, Central Research Institute for Agriculture, 
Cabang Padang, Indonesia 

Gbey Sama Banya, Assistant Research Officer, 
Varietal Improvement, Rice Research Station, 



Rokupr, Sierra Leone 
Aan Daradjat. Researcher, Breeding Department, 

Central Research Institute for Agriculture, Suka-
mandi, West Java, Indonesia 

Badrul Alam Dewar, Scientific Officer. Breeding 
Division, Bangladesh Rice Research Institute, 
Joydebpur, Dacca. Bangladesh 

Durga Gh ora, Assistant Botanist. Central Rice 
Research Institute. Cuttack. Orissa, India 

Noorul Haq, Research Assistant. Agricultural Re-
search Institute. Peshawar. Pakistan 

larnmel, Research Assistant. Breeding Department, 
Central Research Institute for Agriculture, Ca-
bang Padane. Indonesia 

Gamani Ranjit Ja.aweera, Agricultural Experiment 
Officer. Weer-se ,:na. Tantinimulla, Panadur, 
Sri Lanka 

Moty Patrick Jones. Research Assistant, Breeding 
Department. Rice Research Station. Rokupr, 
Sierra Leone 

A. K. M Mazihor Raliman Khan. Scientific Officer. 
Physiology Division. Bargladesh Rice Research 
Institute. Joydebpur, Dacca, Bangladesh 

Shinl Kvaw. Deputy Assistant Manager, Agricul-
tural Re.,..arch Institute. Yezin, Pyinmana, 
Burlna 

Daw Kyu Kvu. Deputy Township Manager. Agri-
cultural Corporation., Itlegu Township, Ran-
goon. Burtta 

Nynt Maling. Deputy Township Manager, Agri-
cultural Corporation, Tat Kon. Burma 

Widhaya Pliandecha. Rice Breeder, Sanpatong Rice 
.xperiment Station. Sanpatong, Chiang Mai, 

Thailand 
Syaharuddin Raltama. Research Assistant, Pathol-

ogy Departmett. Central Research Institute for 
Agriculture. L.PIM, Ujung Pandang, Sulawesi 
Selatan, lndonti-.a 

Sampan Rattanasupa, Research Assistant, Kuan 
Gut Rice Experiment Station, Patthalung, 
Thailand 

Ramawatar Sah, Assistant Entomologist, Agricul-
ture Station, Tarhara, Spmsari, Nepal 

Koesnang Saleh, Research Assistant, Pathology 
Department, Central Research Institute for 
Agriculture, LPPM, Ujung Pandang, Sulawesi 
Selatan, Indonesia 

Chandradewa 	Sindanayake, Research Officer, Rice 
Breeding, Central Rice Breeding Station, Batala-
goda, lbbagamuwa, Sri Lanka 

Rafiq Ullah Shah, Research Assistant, Agricultural 
Research Institute, Peshawar, Pakistan 

Javad Shalutorali, Rice Breeder, Rice Research 
Stat ion, Amol, Iran 

K. K. Sharma, Rice Breeder, J. N. Agricultural 
University, Jahalpur, India 

Samlee Sophonsakulkaww, Research Assistant, Rice 
l)ivision, Department of*Agriculture, Bangkhen, 
Bangkok, Thailand 

1). 	 1P.Srivastava. Senior Research Assistant, Central 
Rice Research Institute. Cutta-ck, Orissa, India 

John Wood Stenhouse, Breeder, West Africa Rice 
Development Association. Rice Research Sta
tion, Rokupr. Sierra Leone 

St, haitni Sulaiman. Research Assistant, Breeding 
Department. Central Research Institute for 
Agriculture. Kalimantan Barjarmasin, Indonesia 

Francis Jallah Sumo. Research Assistant, Central 
Agricultural Fxperimental Station, Suakoko, 
clo Ministry of Agriculture, Monrovia, Liberia 

Susanto lirtowirono, Assistant Breeder, Central 
Research Institute for Agriculture, Bogor, 
Ildonesia 

Blharat 	 Prasad Upadlhyay. Assistant Plant Pathol
ogist. Division of Plant Pathology, Department 
of Agriculture, Lalitpur, Nepal 

Suparyono Wiryarija, Research Assistant, Pathol
opy Department, Central Research Institute for 
Agriculture. Sukamandi, West Java, Indonesia 

Jong Doo Yea, Junior Rice Breeder, Crop Experi
ment Station, Office of Rural Development, 
Suweon, Korea 

Samark Yingyong, lechnician, Bangkhen Rice 
Experiment Station, Bangklten, Bangkok, Thai
land 

SIX-MONTHl RICE PROI)UCTION TRAINING 
COURSE 

Nureldin A. Aamir, Seed Propagation Officer, 
Sudan Gezira Board, Department of Agriculturie, 
Barakat, Sudan 

Iludaja Achrnad, Subject Matter Specialist, Dinas 
Pertanian Propinsi Jawa Barat, Department of 
Agriculture, Bandung, Indonesia 

Adimulyono, Subject Matter Specialist, Dinas Per
tanian Rakyat, Department of Agriculture, 
Sulawesi Selatan, Indonesia 

Ghias Uddin A. Ahmed, Assistant Plant Pathologist, 
Rice Research Institute, I)okri, Pakistan 

Muhammad Ali, Assistant Research Officer, Rice 

ASSOCIATt'D FORMAL TRAINING SOS 



Research Institute, Kala Shah Kaku, Pakistan 
.Arumugam Ariakuddy, Agricultural Instructor, 

Agric~dtural Productivity Centre, Kodikamam, 
Sri Laaka 

H. M. Wijeratne Banda, Agricultural Instructor, 
Idamegama, Werallagama, Kandy, Sri Lanka 

Karna Man S. Basnyat, Acting Agricultural Exten-
sion Officer, Department of Agriculture, Nepal 

Birendra Nath Bose, Senior Agronomist, The Fer-
tilizer Corporation of India, Indo-German Fer-
tilizer Educational Project, Rabindranagar, Mid-
napore, West Bengal, India 

Amando R. Centeno, Jr., Assistant Training Direc-
tor, Bulacan Farmers' Training Center, Office 
of the Governor, Bulacan, Philippines 

Lek Chantrakasem, Rice Breeder, Pithsanuloke 
Rice Experiment Station, WangTong, Pithsa-
nuloke, Thailand 

Montian Chinda, Rice Researcher, Rice Division, 
Department of Agriculture, Ministry of Agricul-
ture and Cooperatives, Banglok, Thailand 

Mamadou A. Dembele, Institut d'Economie Rurale, 
Recherche Agronomique, Bamako, Mali 

Panganignou 	 Dolo, Rice Breeder, lnstitut d'Econ-
omie Rurale, Recherche Agronomique, Bamako, 
Mali 

A. 	K. Elemo, Plant Breeder, Plant Breeding Divi-
sion, National Cereals Research Institute, lba-
dan, Nigeria 

William N. Goldstein, 2851 Huntington Avenue, 
Minneapolis, Minnesota, USA 

Ashim Ranjan Guha, Senior Agronomist, The Fer-
tilizer Corporation of India, Indo-German Fer-
tilizer Educational Project, Calcutta, West Ben-
gal, India 

U Saw Hla, Township Manager, Agricultural Cor-
poration, Maubin, Burma 

U Aung Khaing, Township Manager, Agricultural 
Corporation, Rangoon, Burma 

Amadou Maiga, Rice Trainer, West Africa Rice 

Development Association, Monrovia, Liberia 


Agus S. Mandala, Subject Matter Specialist, Dinas 

Pertanian Wilayah 111, Department of Agricul-
ture, Cirebon, West Java, Indonesia 

Joseph A. Olofintoye, Research Officer, National 
Cereals Research Institute, Ibadan, Nigeria 

Sompong Samapuksakit, Rice Researcher, Surin 
Rice Experiment Station, Surin, Thailand 

Nelson Samosir, Subject Matter Specialist, Dinas 
Pertanian, Department of Agriculture, Sumatera 
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Selatan, Palembang, Indonesia 
Sheikh Md. Abdus Sattar, Scientific Officer, Bang

ladesh Rice Research Institute, Joydebpur, Dac
ca, Bangladesh 

Ismat Ali Shah, Assistant Agronomist (Training/ 
Farms), Rice Research Institute, Kala Shah 
Kaku, Pakistan 

Ganga Prasad Gautam Shastree, Junior Technician, 
Department of Agriculture, Nepal 

Sagar Prasad Shrestha, Acting Agriculture Develop
ment Officer, Department of Agriculture, Nepal 

Pitamber L. Shrivastav, Assistant Agriculture De
velopment Officer, Agriculture Development 
Office, Rupandehi, Bhairahawa, Nepal 

U Htun Shwe, Assistant Divisional Manager, Agri
cultural Corporation, Magwe, Burma 

Indrawati Soelaiman, Subject Matter Specialist, 
Dinas Pertanian/KBS Maros, Department of 
Agriculture, South Sulawesi, Indonesia 

Herman Sumantri, Subject Matter Specialist, Dinas 
PcrtanianWilayah I, Department of Agriculture, 
Serang, West Java, Indonesia 

Chand Tara, Farm Superintendent, Bangladesh 
Rice Research Institute, Joydebpur, Dacca, 
Bangladesh 

U Hla Toe, Township Manager (Extension Service), 
Agricultural Corporation, Rangoon, Burma 

Shobar Wiganda, Subject Matter Specialist, Depart
ment of Agriculture, c/o Diperta Prop. Dati 1, 
Kalsel, Banjarbaru, Indonesia 

Jamroon Wongvivat, Rice Breeder, Khon Kaen 
Rice Experiment Station, Khon Kaen, Thailand 

Mohd. Ahmed Younis, Seed Propagation Inspector, 
Sudan Gezira Board, Barakat, Sudan 

SIX-MONTH CROPPING SYSTEMS TRAINING 
COURSE 

Morakot Augsonsward; Agricultural Officer, Tech
nical Division, Department of Agriculture, 
Bangkhen, Bangkok, Thailand 

Bijuli Bahadur K. C., Junior Technician, Depart
ment of Agriculture, Harihar, Bhawan, Kath
mandu, Nepal 

Bahraini, Subject Matter Specialist, Department of 
Agriculture, Dinas Pertanian Rakyat, Sumbar, 
Padang, Indonesia 

Rodrigo B. Bretaila, Agronomist/Assistant Provin
cial-in-Charge, Bureau of Plant Industry, Region 
VI, Iloilo City, Philippines 



Kurniadhi Didi, Subject Matter Specialist, Depart-
ment of Agriculture, Dinas Perfanian Rakyat, 
Subang. Indonesia 

Mohamed I laniffa. Research Assistant, Regional 
Agricultural Research Station, Bandarawela. 
Sri Lanka 

Suwan lIanviriyapant. Agriculturist, Rice Division, 
Department of' Agricult ure, Bangkok. Thailand 

Md. Altaf Hossain, Scientific Officer, Bangladesh 
Agricultural Research Institute, Regional Agri-
cultural Research Station. Jamalpur. Mymen-
singh, Bangladesh 

Id. Afzal Ilo,,sain. Scie ntific Officer. Division of 
Rice Cropping Systems. Iangladesh Rice Re-
search Institute. Jovdebpur. Dacca, Bangladesh 

Amarasena Jayv-iath. Research Assistant. Agricul-
tural Research Station. Maha-Illuppallama. Sri 
Lanka 

Supachai Kaevmcechai. Agricultural Officer. Oil 
Crop Project. Field Crop Division. Department 
of Agriculture. Bangkhen, Bangkok. Thailand 

Yang-Soon Kam-,. Junior Researcher. Yeongnam 
Crop Experiment Station. Office of Rural De-
velopment. Milyang. Korea 

Raj Kumar LdI Karna, Junior Technician, Depart-
ment of Agriculture. ftarihar. Bhawan. Kath-
mandu. Nepal 

Shah \hmed Ali Khan. Extension Officer, Dacca-
Narayangaj-Denira Irrigation Project. Bangladesh 
Water les eloppment Board. Dacca 3. Bangladesh 

Jesus V.Kintana. Plant Pest Control ecthnologist. 
Bureau of Plant Inmdustry. Digos. Davao del Stir, 
Philippines 

U 	Win Kyi, Deputy Assistant General Manager, 
AgricultUral Research Institute. Yezin, Pyinma-
na, Burma 

Sabam Oloan Manurung. Research Assistant, Plant 
Physiology Division, Central Research Institute 
for Agriculture. Bogor, Indonesia 

Ishak Nuer, Seed Multiplying Division, Department 
of Agriculture, Dinas Pertanian Rakyat. Nusa 
Tenggara larat. Mataram. Indonesia 

U Aung Nyunt, Deputy Ivownship Manager, Agri-

cultural Corporation. Iassein (West). Burma 


Posma Pangaribuan. Subject Matter Specialist. 

Department of Agriculture. lDinas l'ertanian 
Rakyat, Sumatera I 'tara, Medani, Indonesia 

Edmund Rajapaksa IPathirage, Research Assistant, 
Agricultural Research St ation, Malia-Illuppalla-

ma, Sri Lanka 
Kasidis h'lianomsawarn, Plant Pathologist, Plant 

Pathology and NIicrobiology Division, Depart
ment of Agriculture, Bangkok, Thailand 

Md. Abdul Qudlus, Scientific Officer, Division of 
Rice Cropping Systems, Bangladtesli Rice Re
search Institute, Joydehpur, Dacca, Bangladesh 

Padma Kumar Rajlblandary. Junior Technician, 
Department of Agricul tire, llariliar, Bhawan, 
Kathmandu, Nepal 

Djoko Umar Said. Subject Matter Specialist, Do
partment of Agriculture, Dinas IPertanian Pro
pinsi, Lampung, Indonesia 

Agus Setiyono. Trainer, Post-Ilarvest Technology 
)epartment. Central Research Institute for 

Agriculture. Bogor, Indonesia 
Soekimo. Subject Matter Specialist, Department 

of Agriculture, Dinas IPertanian Rakyat, Jawa 
Tengah. Semarang, Indonesia 

Soetardi. Subject Matter Specialist. Iepairnent of 
Agricillure, Dinar,Pei anian IRakyat, Jawa Ten

gall. Indonesia 
Sil[ achai Sojaiya. Agricultural Officer. Department 

of Agricultural Extension, Bangkok, Thailand 
Briksha lal Shah, Junior Technician. Department 

of Agriculture, Ilarihar, Bhawan, Kathmandu, 

Nepal 
Ilardi Suhardi, Subject Matter Specialist, Depart

ment of Agriculture, I)inas IVertanian Rakyat, 
Sulawesi Selatan. Indonesia 

Sukamto, Research Staff. Central Research Insti
tute for Agriculture, Bogor, Indonesia 

Rachmadi Sarwo Samadijo. Subject Matter Spe
cialist, Department of Agriculture. Dinas Per
tanian Rakyat, Surahava. Indonesia 

Orlando B. Taleon. Farm Management lechnol
ogist, Bureau of Agricultural Extension, Region 
VI, Iloilo City, Philippines 

Surasuk 1ongpain. Agriculturist, Division of Agri
culture and Economics, Ministry of Agriculture 
and Cooperatives. Bangkhien, Bangkok. Thailand 

Daw Itay Iltay Win. Deputy Farm Manager, Agri
cultural Corporation. Rangoon, Burma 

Somn-at Wirattigowit. Research Assistant, KU-IDRC 
Project, Department of Agricultural Economics, 
Kasetsart University, Bangkok, 'lIhailand 

Yafizamin, Subject Matter Specialist, Department 
of Agriculture, Ijinas IPertanian Rakyat, Suma
tera Utara, Medan, Indonesia 
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TWO-WEEK AGRICULTURAL ENGINEERING 
COURSE 

COURSE
31 January-I I February 1977 
Harild Ayub, IRRI-Pakistan Agricultural Machin.ery Program, Rawalpindi, Pakistan 

Poong-Ki Baek, Agricultural Engineer, 
 Farm Ma-

chinery Division, Institute of Agricultural Engi-neering and Utilization, Office of Rural Devel-
opment, Suweon, Korea

Aung Chit, # I Base Workshop, Agricultural Mech-
anization Department, Rangoon, Burma 

Subrata Kisor Das, Assistant Engineer, Westing-house Saxby Farmer Ltd., Entally, Calcutta,
India 


Jagdish 
 Chander Dutt, Proprietor, Union Tractor 
Workshop, Mayapuri, New Delhi, IndiaGaber Ismail Abou Elkasim, Works Assistant 
Director, Behera Company, Alexandria, EgyptRonald Llewellyn Hatch, Works Manager, Agro 
Tecrica Limited, Colombo, Sri LankaThein Ngwe; Plant Manager.No. 3,1leavy Industries 
Corporation,Sinderprome, Burma
Mozammel Reaz, Operative Director, Ittefaq In-
dustrial Corporation, Tejgaon Industrial Area,Dacca, Bangladesh 


Kiran 
 Man Singh, Agricultural Engineer, Agricul-tural Development Bank, Kathmandu, Nepal
Ayob bin Sukra, Head, Agricultural Engineering,

Water Management and Central WorkshopBranch, Malaysian Agricultural Research and
Development Institute, Serdang, Selangor,Malaysia 

Chalermchai Suksri, Technical Staff, Agricultural 

Engineerb-Ig Division, Department of Agricul. 

ture, Mir.tiy of Agriculture and Cooperatives,Bangkhen, Bangkok, Thailand 
3-14 October 1977 
Om Prakash Agrawal, Chief Technical Advisor,

Central Auto Engineering Works, Koteswar, 
Kathmandu, Nepal

Mohammed Ayub, Bengal Agricultural Implements,
Bangshi Bazar, Dacca, Bangladesh


Ram Bansal, Agricultural Engineer, 
 International 
Crops Research Institute for the Semi-Arid 
Tropics, Hyderabad, India

Fazal Haque. Roomi Industries, Mian Channu, 
Pakistan

Shahid Hayat, Sarhad Engineering Company, Mar
dan, Pakistan 

Keriet Moli, Georgia Institute of Technology, 
Atlanta, Georgia, USA

Budi Pangarso, National Institute for Instrument. 
ation, Indonesian Institute of Science, Bandung,
 

Indonesia
 
George Pillainayagam,
Centre, Farm Machinery ResearchDepartment of Agriculture, Maha-

Illuppallana, Sri Lanka 
P. V. Raghava Rao, Krishi Engines Ltd., Sanat

nagar, Hyderabad, India
Abdul Majid Salleh, Standards and Industrial Re

search Institute of Malaysia, Shah Alam, Sel
angor, Malaysia 

Juma Omar Suleiman, Ministry of Agriculture,
Zanzibar, Tanzania 

Cliwat Takulchai, Chaiwat Panich, Chachengsoa, 
Thailand 
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International activities
 
SFRVICI SGFN .RAI. 

Coitiferences, wotkshops, and a symuposium were 
held at IRRI to facilitate the exchantge of infoml-
ation and to develop plans f'or coopeitive work. 

Rice blast workshop, 21--23 February. Twenty-
six sctevtists lrOlll met0cven countries to discuss 
the ciurrent ,Iatu,, 0, the rice blast di.sease and to 
formtttlate le -,t I'ot breedine resistant 

cultivars~ 
Workshop on iuterfaces between agriculture, 

nutrition, and food science, 28 February-3 March. 
In joint stwo;.hip \utl the United Nations 
ULnivrsit\ (Iuks%0). IRRI ogeauized the otksliop 
that sou'dit tto tdJ.!iil lllatl trItOnal plob!¢ills 

illLast st'; : totil ot itiutrittoa!ld S0, A-t.i. .) 
tsts. tood lclltil,. :ml,i trom ) coutll-fltcollri:st-

who attended tileworkshop. Projections of the 
rice supply and demand 1or the Philippines, 
Indonesia. and Thailand. aid tile forinethodology 
research were also discussed. 

Soils and rice sy'mpositim, 20-23 September. 
Soil scientists wotkiig Otllice soils in the tropics 
exchaned iloittlaliotll oilalld discussed wetland 
rice soils and thein efect on rice pIoductioll. Il 
91 scientists frottt 21 nations allellded tile Slll

posilin. 
International workshop on the manufacture and 

use of IRRI agricultural machinery, 2-5 November. 
Tthe workshop ss;isorganized to bring togethei the 
cOotltrt cootat O. and tttanul aclurers of IRRI
developed Iarti ttachitery to discuss cottstiaints 

to tile acceptance ot this adaptive lecltnology, to 
review ites,imiacltittet designs being developed at 

ier Icu t. nt.etlactollt iles 'id I. 'lldL; it) tllltll IRRI. and t) Cottlpate id evaluate respective 
ionai protletts ill 

Workshop-semittar on agricultural extension and 
rice delelopnien. 14 - 23 March. 11he 'WVorld Bank 
and IIZRI .ot s;,,t.,, ilt. ,a.orkshp-semiinar 

olllnpllt- to sv iltv Asia. 

tiv e 
desikned to , ,.S of itc teastn e,.,,u ii;W)vcJ 

agricutunral prdtitti thrO,,ugh e\cltate otill-
ft1titatiot4 o1 hl, to theOn patjillldltaC. exlposure 
lac.t rice ctil Urc practce attd ,utiplC crpntg 
tecltnoloev. ard dcv-Jhpnltt:rt ol removing,q1 \ ay 
productin contrramt tlt iut tese.arct CXtttstt. 

Tile wotl. ; o-setLttNi t ' at1a>Itndeid by 55 scien-
tists and oxlertsloti ;,,cr :rotll 14 coutilles. 

Workshop oinvillage-level studies. 17-18 March. 
The 2w , Ct tI'fomtl nat ionsntvtisecoutntc4 
who attetIded the work:,hip Atiscl ed local ponts 

for village-lcvel e ocarchlcen proceduresudiecn. j 
and fitditias at IRRI and tloer institutions, and 
the concop t t :jresearch tiet,,%oik for village or 
COmlmllutlry st'ri Cs ill Asi:t. 

International rice research conference, 18-22 
April. Raitiled lowland rice was the major topic 
of the Institute's largest aninual conference, which 
was attended by I139) scientists working in 33 
nations. 

Workshop on international cooperative project 
on national rice programs, 15-18 August. The 
need for ati international cooperative research proj-
ect on national rice programs was assessed and 
evaluated by Ole 25 economists frotn 6 nations 

country, experiences inttle itttplettmetntation of 

agticultural ttechanization poiicies. It was attended 
by 37 partlcipatnts front 17 coun-tries. 

Rice genetic conservation workshop, 12-15 
December. The %&ork.shop on1tice geteltic coti
ieivationl followed the dedication CClelitlies for 
the Rice Genetic Resources iboratory at IRRI. 
. total of, 5) scieliss Itot1l It)coutlties developed 
a platn Ir a global network for getmplasmn 
collection. 

rhe scientists discussed the status of gelrtnplastn 
collection in Asia attd West Africa, identilied 
geographic areas where the need to collect rice 
gertnplasn of threatened varieties was critical, and 
discussed a collaborative plan for field collection 
with the participation of international research 
centers. 

OUTREIACII SERVICE'S 

The efforts of IRRI scientists based in rice-growing 
nations and working with local scientists in na
tional programs are an essential and highly ini

portant part of the Institute's cooperative activi
ties. A summary report of the research programs 
in which IRRI scientists participated follows. 

Bangladesh. The cropping systems agronomist 
participated in and supported activities of the 
Cropping Systems Division of the Bangladesh Rice 
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Research Institute (BRRI). BRRI hosted a meeting 
of the working group for the Asian cropping sys-
tems network. The group noted the intensity of 
cropping in Bangladesh in the dry season despite 
tile lack of rain for 4 months. Work was begun to 
organize a national workshop on cropping systems 
in February 1978 to plan the establishment of a 
cropping systems network within Bangladesh with 
all of the agricultural institutes, universities, and 
private groups. 

Four sites were selected for cropping systems 
work in the BRRI project area: Bhogra, Salna, 
Jarumbari, and Laskarchala. Supportive component 
technology studies were done at the main station 
at Joydebpur, at other BRRI substations, and at a 
Banglad,.si Agricultural Development Corporation 
(BADC) development estate within the BRRI proj-
ect area. A suitable methodology was developed 
to describe the physical, biological, and socio-
economic factors that influenced tle existing
cropping systems at the four sites selected for 
study. Economic returns from most of the mixed 
cropping combinations, especially the wheat and 
pulse combinations, appeared to be higher than 
those from monocropping. Twelve cropping pat-
terns tested at the Joydebpur station revealed 
that all crops performed well, but the actual 
selection of crop combinations will depend upon 
the physical environment selected. 

In varietal selections done on upland rice, 
peanut, soybean, and chick-pea, the variety C-22 
was the only upland rice that gave better yields 
than the local Hashikani. Hashikalmi, however, 
matured 26 days earlier. Two peanut varieties 

found to be superior to the local variety are 

being extensively multiplied on BADC farms. 


From the several soybean yield trials conducted 
in the dry and postmonsoon seasons, 15 varieties 
were identified as suitable for further testing. 
Several hectares of these soybean varieties are 
being grown in farmeis' fields to produce seeds 
to plant about 21 ha in the Laskarchala area during 
the dry season. Additionally, 15 varieties of chick-
pea were selected for further testing. 

The rice production specialist worked in the 
BRRI extension and training division, which im-
plernents training programs, prepares publications, 
and plans and tests adaptive research methodology. 
Two sessions of a new 4-nin th rice production 
course were completed by 35 participants. The 

first class included only extension workers from 
the Bangladesh Department of Agriculture; the 
second included participants from other agencies. 
All those who took the training will serve as rice 
production specialists responsible for giving on-the
job technical training and assistance to village 
extension workers. 

Duplicated pest management trials in farmers' 
fields confirmed the newly recommended "as and 
when needed" use of insecticides in comparison 
with preventive applications. Simple varietal ob
servational plots in each nearby union were found 
to be an effective means of acquainting farmers 
with newly released varieties and with optimum 
management practices. Results from 50 seed pro
duction plots (0.15 ha) testing BRRI's newest 
photoperiod-sensitive variety BR-4 confirmed the 
practicality of farmner-to-farmer distribution of' 
seeds of new rice varieties. 

In a cooperative study with the BRRI Cropping 
Systems Division, the use of relay establishment 
of a deepwater rice crop in a winter rice stand in 
low areas made possible two rice crops where 
winter irrigation was available. 

The rice breeder continued work on the devel
opment of modern deepwater rices with elongation 
capability, high yield potential, and resistance to 
pests. Immediately after the construction of the 
deepwater rice tank facility was completed about 
mid-July, materials for screening for elongation 
ability were planted. The facility permits the eval
uation of a moderately large volume of breeding 
materials for submergence tolerance and for elon
gation ability at defined and controlled rates of 
flooding. 

Of the 7,500 entries screened for the ability 
to survive a 5-cm/day rise in the water le'el, 
starting at 33 days after planting, to a depth of 
110 cm, 1,670 entries survived. Most of the 
native deepwater rice varieties exhibited good 
elongation ability. From among the hybrid pro
genies, a large percentage of the lines from BR-222 
(a cross between Habiganj Aman I and TKM 6) 
elongated as well as or generally better than 
T 442-57, a commonly used check with moderate 
elongation ability in shallow-flood conditions. 

Several F3 lines were grown in tidal submergence 
conditions. Likewise small populations of early 
generation progenies were tested in direct-seeded, 
rainfed conditions in order to advance larger vol
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umes of early segregating generations, thereby 
minimizing time and resources. This procedure 
allows the handling ot large numbers of earl) 
generation progenies and the silmltaneous select-
ion for plant type. disease and insect resistance, 
drought tolerance, and pliotloperiod sensitivity. 
Thus, plaint selections Could then he screened for 
elongation ahilit tile l'ollowing season. 

Among the 12o entrie, planted in shallow-
flood and inditulll-1I.,od sittnat ios at the Ilabiganj 
deepwater paddy sub0ttion, 10 survived tile 2-in 
water ICCcil tie Ie dill tI.1od conditions. In the 
shallow,-flood situl.1ilon 10.1 :Ill ,.as the niaxitnuinl 
water depth). ,evetal BR tites with good disease 
resistance. s titactoly lilaIILiri t time. and reason-
able yield te'els appeaed potolisine. 

Lnd developnent At Joy debput was completed 
anti a permanent irrieation sys tent was being 
constructed. Tle prototype diaphragin pump dev-
eloped by BRRI etgiteers wajs further improT'ed, 
Initial tests ,ot the IRRI-designed power tiller indi-
cate it ttajy be too lio.1t (or the drv. heavy clay 
soils when tile first crop is planted at the Joydebpur 
Station. One portable axial flow thresher was 
found satisfactor-y .-\rranoements wvere completed 
for the local fabrication of a second portable 
thresher from plais and specifications supplied by 
IRRI to a local manufactuier 

An agronomist-soil scientist who joined tire 
program in late October will encourage collabora-
tive work among scientists of the Physiology, Soil 
Chemistry. and Agronomy Divisions at BRRI to 

identify the causes of low rice yields and to devel-

op practices to improve yields, 


BRRI and IRRI cosonsored a 5-day inter-
national seminar on notoperiod-sensitive trans-
planted rice during 24--28 October. The seminar 
focused on tile urgent need to plan. organize, and 
carry out resecrch to develop improved photo-
period-sensitive rice varieties. 

India. The considerable cooperation achieved in 
1977 was reflected in the interactiun of research 
scientists, exchange of seeds and provision of mate-
rials, and field and nursery trials for screening rices. 

Tile Indian Council on Agricultural Research 
(ICAR) invited IRRI's cooperation in a Govern-
ment of India-IRRI survey of rice production 
problems in the states of Bihar, Orissa, and West' 
Bengal in Eastern India. Over a long period, the 
average rice production in this area of India has 

not responded to the new technologies available. 
A leam of 5 IRRI scientists made site visits over 
a 3-week period. The survey report and recoin
mendations were vell received by ICAR and the 
states involved Three pilot projects, based on the 
reconiniendations il the report, are being planned. 

IRRI received from the ('entral Rice Research 
Institute the final installment of the valuable 
Assain rice collection of 2,896 varieties fron 
northeastern India. It also received 2,8 15 samples 
front the collection at Chinsurah. Similarly, IRRI 
sent seed materials fromh its germplasm bank to 
many research centers in India. 

In India there is a wide range of agroclimatic 
testing sites and problem areas for rice with serious 
problens of adaptation. In 1977, 120 International 
Rice Testing Ptogrant (IRTP) trials were conducted 
at 41 ;ites. Two IRTP monitoring tours of Indian 
stations took place in 1977: tile deepwater rice 
tour in August and the tour of eastern India in 
October. 

Collaborative arrangements between the Agricul
tural Engineering Dlpartment of the G. B. Pant 
Agricultural Unversity, Pan tnagar, and IRRI in
volve work at tihe Indian university to modify tile 
axial flow thresher, miultihopper paddy seeder, and 
paddy husk furnace for local conditions. Arrange
meints between the Suri Research Foundation, New 
Delhi, and IRRI provide for tile Foundation to 
supervise tie introduction of IRRI machines into 
India to encourage local manufacturers to make 
machines, and to test tile final products. Several 
small firms have produced prototypes front IRRI 
blueprints that have passed Suni's critical tests; one 
version of the power tiller passed a test by the 
Government Agricultural Tractor Testing Unit at 
Budhni, Madhya Pradesh. The locally produced 
power tiller and threslers on display at the Agri 
Expo 1977 in Delhi attiacted touch attention. 

Indonesia. Indonesia made significant progress 
toward strengthening the scientific capability in 
rice an6 rice-based croppingsystents research during 
the year. 

Excellent progress was made in the improve
mient of staff qualifications. The overall training 
program is on schedule. As of 1977, 12 individuals 
had completed their Ph.D. programs and another 
9 were working toward the degree; 16 had ob
tained the M.S. and another 12 were working 
toward it. In addition, 29 individuals completed 
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the 6-month rice production training course at
IRRI, 58 participated in various cropping systems
training programs, and 29 completed the IRRI 
4-month Genetic Evaluation and Utilization (GEU)
training program. Moreover, 21 others received 
specialized training in various fields at IRRI, e.g.,
operations and maintenance of a research farm.,
operation of a library and documentation center in 
support of researchers, and others. 

The development of rice varieties resistant to 
the brown planthopper (BPH) and the virus dis-
eases it transmits continued to be the major focusin the plant breeding efforts. In addition, programs
for the development of varieties suited for iainfed 
areas and tidal swamps were established. Inter-
mediate height, photoperiod-sensitive breeding lines
that can elongate when grown in deep water were 
evaluated. Observational nurseries were grown in
organic and acid sufate soils to identify rices 
tolerant of such substrate conditions. Breeding
efforts to develop rices with resist'rice to rice 
blast were intensified in view of the problems
encountered in establishing acceptable rice-based 
cropping patterns for upland transmigration areas. 

Three cold-tolerant varieties developed in In-donesia were released for growing at high eleva-
tion. Two early maturing varieties for direct-
seeding (gogo rancah) production were released. 
The gogo rancah method allows farmers to plant
rice much earlier than if they wait for adequate
water for puddling fields and transplanting in the
traditional manner. Early seeding also allows the
rice crop to escape flood damage. 

Field evaluations of promising lines with resis-
tance to BPH and gall midge revealed some lines

with resistance to BPH biotype 2 and to the grassy 

stunt virus. Several of these lines will be increased 

during the 1977-78 wet season. 


Regular monthly meetings helped to improve 

coordination and collaboration among the GEU
scientists at Bogor and Sukamandi. Distance, how-

ever, precluded the regular participation of scien-

tists at Maros 
 and other locations in the GEU 

meetings; these scientists are furnished 
 assistance 
as needed. 

The cropping systems research methodology
developed in tie initial sites at Limupung, Sumatra,
and at Indramayu, West Java, expanded into addi-
tional sites in South Sumatra, East Java, Central 
Java, and South Kalimantan. The study in Lain-
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pung is directed toward evaluating management
techniques for upland rice-based cropping systems
suitable for transmigration areas with red-yellow
podzolic (Orthoxic Tropudults) soils. Cropping
patteris were designed and evaluated to avoid 
flooding during the wet season and drought during
the dry season in the lndramayu area. The methods 
by which secondary crops use residual moisture 
during tie dry season, direct seeding of rice early
in the rainy season, and reduction of tillage and 
shortening of the turnaround time for a second 
rice crop were studied. 

The ragged stunt v'rus occurred in April in the 
Sukamandi research station, and subsequently in 
West, Central, and East Java, Bali, and in North
and West Aceh in Sumatra. Transmission experi
ments confirmed the BPH Nilaparvata hgens as 
the vector of this newly identified rice disease. 

A tungro virus distribution map for South 
Sulawesi, showing the endemic and epidemic areas, 
was prepared. The green leafhopper (GLH) pop
ulation increased abruptly about 2 to 3 months 
after planting in both the and seasonswet dry
and tungro increased concomitantly with the GLH 
population. 

In South Sulawesi an experiment on yield loss 
caused by bacterial leaf blight (BLB) showed that 
100 kg N/ha did not affect the incidence of BLB 
in the resistant rice varieties IR34 and Pelita i-1,
but aggravated it in the susceptible variety C4-63. 

A 2-year study on insect phenology in South 
Sulawesi was concluded. Rice insects, excluding
the rice seedbug, can reduce by 30% the yield of 
such varieties as Pelita 1,'1, C4-o3. IR5, I1R20,
1R26, SPR 726-76-2-3, and B 402c-Pn-3-1-3. In
lestation by early feeders (up to 4 weeks after 
transplanting) such I)V'drellia philippina, Cnaas 
phalocrosis medinalis,Nymphuiastagnalis,Spodop
tera species, and grasshoppers can reduce yields

by 5 to 10%.
 

Field surveys showed 
 that such BPlt-resistant 
rices as IR26, 1R28, IR30, and IR34 were coin
pletely destroyed in Aceh, North Sumatra, East 
Java, and Bali probably because of the appearance 
o1a new BPH biotype.

All soil types at 18 of 28 sitcs in South Sulawesi 
responded to the addition of sulfur (S). Apparently,
the agrochenicals applied in the region did not 
supply adequate S to the soil. Ammonium sulfate, 
gypsum, and elemental S were found to be equally 
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effective as sources of S for lowland rice. Yield 
increased with 80 kg S/ha: however. 10 to 20 kg 
S/ha appeared suffficien t to support a normal crop 
of IR.30 rice. Varietal reaction to different levels 
of S differed in a trial vith 51 entries. 

The 230-l, area at the Sukamandi research 
center was increased to 430 ha and a topographical 
map I'r the entire research farm was coMpleted. 
Four alternative designs tI'r the developrent of the 
area into an experiien talfarm were prepared. 
Other p1ogress 11.1d' on land development during 
the y'ear icluded the construc tion of 2 k of 
farm roads. leelrhn ot A) 11a. provision of" irriga-
tiori to 40 ha. and building ofr ilmprovelnent of 
drains or hoth 

A co:nsrltU1.rtt $agricultmnal Ctncgin-) Jid a 2-
month feasibiliv stud. ior An expanded industrial 
extension piogram to in trodue on a wider scale 
the use and I ,cal manulfacture of IRRI.designed 
agricultural tirachucty tor small.scale rice farmers. 

A new (iiCe ot lit totnIra on and Iraining was 
established by tle Central Re-,carch Institute for 
Agriculture (CRIA I it Bogom. Java. Tie office will 
be responible for p:rnlTn. distributing CRIA 
publications. develhin! visual aids for training, 
conducting trairi n proQraims for CRIA and exten. 
sion personnnel, miaintraintt liaison with extension 
services, and developing a library. It is headed by 
a recently ret urned lndorre"ianr scientist whocorn-
pleted an IRRI-LPLB (University of the Philippines 
at Los Bafros) Ph.D. degree progran. 

Pakistan. The IRRI-Pakistan cooperative pro-
grain has, tmo components: I ) an agricultural 
machinery project and 2 ) an applied rice research 

project. ie applied research project began in 

May 977 with the arrival inPakistan of an IRRI 
rice production specialht, 

Applied re.earchi trials (58) were conducted in 
the major rice-producing districts of Punjab prov-
ince to test the important variables that influence 
rice yields. Nine different types of trials were 
conducted: variety. herbicide. insecticide. fertil-
izer response, leve ls of managemer t. direct seeding, 
spacing. insecticde placement, and nitrogen place-
titent. The efficiency of both the insecticide 
Furadan and thie nitrogen s,urce urea, when itt-
corporated into dry soil immediately before flood-
ing, was markedly enhanced, 

IRRI-designed agricultural machinery is being 
introduced in Pakistan through the agricultural 

machinery project. Some design modifications 
were needed to adapt IRRI-designed machines 
developed for wetland rice production to the 
Iarming conditions in Iakistan. 

The testing and adaptation Of' tietwo multicrop 
(for rice and whea) thireshers were the major 
progran activities during the year. Manufacturers 
showed interest in producing these threshers. 
Some machines are expected to be ruarketed 
conrnercially during the first rice-harvesting season 
in 1978. 

The design of a low-cost portable axial flow 

paddy thresher developed at IRRI was iod
ified to improve threshing of Pakistan's tall tiad
itional paddy varieties. The modified machine can 
successfully thresh wheat and other small grain 
crops. "rite wheat-threshinrg rnodel call cut the 
straw into small pieces to make hhoosa for animal 
feed. The machine is relatively lightweight and is 
nounted on two wheels for easy transport. 

The project on testing and development ot 
low-cost manual and animal-drawn transplanters 
focuses on the introduction of a live-row man
ually operated and a seven-row butllock-drawn 
transplanter. 

Farm surveys and personal discussions were 
held with many farmers and manufactuers to 
gain a better understanding of the economics of 
use and production of threshers and transplanters 
and to develop design specifications f'r demand
oriented machines ot which the program should 
concentrate,. Field demonstratiors were feld at 
many locations in the cotuntry and publications 
were distributed. The publications p'ovided a 
general description of program activities and 

achievements in machinery design and develop
nient. industrial extension, manufacturing develop. 
ment. and mechanization. 

Philippines. For the 1ifth year. at) IRRI crop 
production specialist worked cooperatively with 
the Governent of the Philippines in its national 
rice program. 

During 1977 tire Philippines continued to main. 
tain its self-reliance in rice, first attained itt late 
1975 under tie Masagana 99 national rice pro
duction program. By the year's end, some 100,000 
metric tois of milled rice equivalent were available 
for export, still leaving a 90-day buller stock over 
expected cunsumptiun. About 39,000 tons ol lice 
were ex¢ported itt 1977. 
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In late 1976 (end of tihe wet season) more than 
50,000 ha of IR26 rice inMindanao were affected 
by brown plantlhopper, mainly biotype'2; tle new 
rice virus disease ragged stunt also appeared in 
that region. Hlowever, a rapid shift to IR36 and 
11R32 varieties during 1977 and an emergency 
insecticide schedule, combined with tavorable 
weather I'Grice growth, increased hectaragc wider 
irrigalion, and increased use of- recommended 
Masagana )9technology, resulted in an abundant 
rice crop in 1977. 

During rid-1977, it was recommended that in 
zinc-deicient areas, of which tie Plhilippine: has 
about 500,000 ha, rice seedlings be dipped in a 
211t aqueous solution of zinc oxide. In 436 tains 
surveyed in 20 provinces. tile treatmentdip re-
suited in an avt rage yield increase of 0.8 t/ha.

Soil incorpoi alion of granular carboluran before 
transplanting efflctively controlled all insects for 
tip to 50 days atter transplanting. Thus, the 
Philippine Bureau of AgriculIural xtensiort pre-
pared Lnd distributed 500 microkits (for 0.01 ha) 
to Masagana 99 rice ex:ension technologists to 
verify tie :aitabilily of the new crop protection 
method oilirrigated rice farms. 

Tile Philippines named two IRRI-developed rice 
lines as of ficial varieties during 1977. IR2070-4 14-
3-) was named IR40. 11R2071-586-5-6.3 was named 
IR42: this variety is a sister line of' IR36, the most 
widely grown rice intIre Philippines during 1977. 

Sri Lanka. The Department of Agricuture of 
Sri Lttka arid IRRI have cooperated in :ice pro-
duction research since 1970. A new cooperative 
project was initiated in 1977. 'File primary focus 
is on strengthening the research capability for rice 
research, with particular reference to tie develop-
merit of high yielding rices and rice-based cropping 
systems suited to tire range of environmental and 
socioeconomic conditions prevailing inSri LUnka. 
The three components of the cooperative project 
are I) a nultidi.ciplinary programi for rice varietal 
improvetment, 2) a rice-based cropping systems 
conrpooent, and 3)a program for adaptive research 
for the evaluation of technology at tire farm level, 


The cropping systems component is aimed at 

the organization and development of applied re-

search trials to intensify land use -through rice-
based cropping patterns. The emphasis is on the 
dry zone of Sri Lnka where village tank systems 
are most prevalent and critical to ensure successful 
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crop production. The rice breeding program is de
signed to develop and implement a multidisciplin
ary approach to the development of rice varieties. 
A rice working group was established; it holds 
regular meetings to evaluate and plan varietal 
improvement activities. 'Fieadaptive research coin
porent focuses on problem-solving field experi.
menlation oriented toward farmer adoption ol 
useful techn ology. A testing prograi to solve ce,
tain specific or local rice production problems and 
to meet national needs is being planned. 

Three IRRI scientists joined the project a 
cropping systems agronomist. a rice breeder, and a 
crop production specialist-leamr leader. 

Thailand. (ollaborative prograis inThailand in 
1977 involved deepwater rice research. small-farm 
machinery, water management. rice production
constraints. soil fertilizer nerwork. and nicrobio
logy research. A Rockefeller Foundation stAfT 
rmember continued to serve as the Institute's 
representative and leader the deepwaterof rice 
research program; an IRRI core staff member 
devoted full time to deepwater rice breeding, and 
an agricultural engineer worked with the Thai 
Government on sinall-farit machinery. 

A water nanagement research project was begun
in cooperation with the Royal Irrigation Depart
meirt to assess the effectiveness o. different iiriga
tion schemes and to train Thai government irriga
tion personnel innew research techniques. 

The Agro-Econonlic Network site was moved 
from Suphanburi to Singburi to assess yield con
straints in a different of tile Plain.area Central 
Inadequate fertilizer. high water levels in the field 
ill tile wet season, arid use of traditional tall, 
photoperiod-sensitive varieties appear to be the 
major factors limiting rice yields. 

The collaborative deepwater rice progiam iden
tilled new experimental lines showing greater
fertilizer response r':,ttraditional tall varieties 
when grown in I-i water depths. One or more of 
these lines may be released as recommended varie
ties early in1978. Better screening techniques are 
being developed for studying rice plant tolerance 
for submergence in deepwater tanks. Varieties 
transplanted when 21 days old and submerged 
for I week in 114 cm of water 20 days after 
transplanting differed markedly in tolerance for 
submergence. 

lie agricultural machinery program provided 
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numerous machinery fabrication shops, especially 
those in the major rice-producing regions, with 
consultative seIvice,, blueprints of newly (ie-
signed machinery, and denionstrations. Most of 
the requests were for assistance on the axial low 
thresher. Thai government agricultural engineers, 
IRRI personnel "tationCd in Thailand. and ;in agri-
cultural engineer from IRRI conducted a I-week 
training course in the 'Thai language. 

A collaborative rainf'ed rice experiment was 
conducted at the Chumpae Rice Experiment 

Station in northeast Thailand. In severe drought 
conditions, the three top yielders were Thai 
varieties and experimental lines. In irrigated con
ditions in an ajacent Ifield, two IRRI lines were 
amnong the top yielding rices. The 10 'op yielders 
in both experiments inclied 5 Thai entries but 
no IRRI entry. 

Collaborative work on microbial fixation of 
nitrogen in paddy fields continued for the second 
year. A Thai researcher serves as a member of the 
advisory board. 
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Information resources
 
and experimental farm
 
LIBRARY AND DOCUMENTATION CENTER 

Bibliographies. The 1976 Supplement io the Inter-
national Bibliography of Rice Research, prepared 
in 1977, contains 4,712 references to scientific 
rice literature. fie coverage is worldwide and 
includes references to scientific literature in 24 
languages, classitied according to subject matter. 
Author and keyword indexes are in .luded. This 
470-pag, publication includes 15 rice literature 
t. , slations, mostly from Japanese to English. 

The 1971-1975 cumulative index was also 
published in 1977. This 232-page comprehensive 
guide to world rice literature is divided into three 
sections - author, subject, and geographic indexes. 

The 1975 Supplement to the International 
Bibliography on CroppingSystems includes refer-
ences to worldwide published and unpublished 
technical works produced in 1975. It deals with 
all aspects of cropping systems involving food 
crops. The entries in this 300-page supplement are 
classified according to subject; author and key-
word indexes are also provided. 

The 1977 Supplement to Theses andDisserta-
(ions on Rice A vailable in the Library of the Inter-
national Rice Research Institute lists 72 additional 
titles. The total number in the collection is now 
686. 

The bibliographies were distributed to agricul
tural libraries and documentation centers of rice-
producing regions, for the use of rice research 
workers. 

The monthly Library List of Acquisitions con-
tinued to be widely circulated. 

Reference and circulation. Amoig the numerous 
requests for information and photocopying services 
received, requests for Japanese literature on gene-
tics and breeding exceeded those for all other 
aspects of rice culture. The requests for short 
subject-specific bibliographies increased. The Lib-
rary's assistance in library organization and man-
agement and in the selection and acquisition of 
agricultural literature was also sought. Requests 
for such assistance camie mostly frnm Bangladesh, 
Thailand, lndonesia,; nd Malaysia. 

The number of books and journals and other 
library materials borrowed within the Institute 
increased markedly during 1977. 

Library holdings. The addition of 3,101 mono
graphs (books, pamphlets, and reprints) increased 
the total number in the monographic collection to 
46,039. The 131 serial titles added during 1977 
were received through subscription, exchanges, and 
gifts and donations. Maps, translations, and micro
films were also added to the collection. 

Other library activities. The Library continued 
to circulate tables of contents of newly received 
journals to scientists within the Institute, and to 
the Bangladesh Rice Research Institute; the Lem
baga Penelitian Pertaniar Maros in Indonesia; the 
Central Research Institute for Agriculture, Suka
mandi Branch, Indonesia; IRRI, Sri Lanka; and the 
West Africa Rice Development Association in 
Liberia. 

The Library continued to purchase and distri
bute books to the Institute's research scholars and 
trminees. 

The librarian of the Central Research Institute 
for Agriculture, Sukamandi Branch, Indonesia, and 
the librarian of the Bangladesh Rice Research 
Institute received ]-month training in agricultural 
librarianship at IRRI. 

OFFICE OF INFORMATION SERVICES 

'rformation services to support IRRI research and 
training, and communications activities to put 
research results into the hands of potential users 
increased in 1977. 

IRRI publications include two regular news 
series, a research series, technical bulletins and 
books, and brochures and leaflets about the Insti
tute's program and progress. 

Series publications. The IRRI Reporter, a quar
terly newsletter, was distributed to more than 
11,000 rice scientists, extension workers and 
others interested in the activities and achievements 
of the Institute. The IniemationalRice Re.-.:'rch 
Newsletter (IRRN, a bimonthly report on rice
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related research throughout tileworld, went to 
more than 8,000 readers, 

Analysis of a random sample from 8,000 cards 
from IRRN subscribers revealed that 80% are in 
developing nations and more than 70% are in Asia. 
The research areas of highest interest to IRRN 
readers are pest management and control genetic
evaluation and utilization (GEU), and ; iland 
crop managenrent. This was reflected in the articles 
published in IRR;V during 1977 - 42% on pest 
management and control. 41%'( on GEU, and 15',: 
on soil and crop ranagement. 

Nine issues of the IRRI Research PaperSeries 
(IRPS) were published and distributed globally:
I) Biological nttrogen fixation in paddy ficld 
studies by in situ acetylene-reduction assays,
2) Transmission of rice turgro virus at various 
temperatures: a transitory virus-vector interaction,
3) Physicochemical properties of submerged soils 
in relation to fertility. 4) Screening rice for toler-
ance to mineral stresses, 5) Multi-site tests environ-

ments and breeding strategies for new rice tech-

nology, 6) Behavior of minor elements in paddy

soils, 7) Zinc deficiency in rice: a review of re-

search at the International Rice Research Institute, 

8) Genetic and sociologic aspects of rice breeding

in India, and 9) Utilization of the Azolla-Anabaena 

complex as a nitrogen fertilizer for rice. 


Major publications. Major publications during

the year were: 


* Annual Reportfor 1977 

" Research ttighlightsfor 1977 

* Proceedings of the Symposium on Climate 

and Rice 
* Proceedings of the Workshop on Deep-water 

Rice 

*Statistical Procedures for 
Agricultural Re-
search, with Emphasison Rice 

* Constraintr to High Yields on Asian Rice 
Farms: an Interim Report 

* Training Mfanual for Rice Production, a revi-
sion of the I 970 manual. 

Publications in preparation were: 
* C-opping Ssr,;tems Research ,?,d Development

for the Asian Rice Fariter 
* Economic Consequences of New Rice Tech-

nology 
oIrrigation Policy and Alunagement in South-
east Asia 


Rice Blast 


INFORMATION 

*Interfaces Between Agriculture, Nutrition, 
andFoodScience
 

s Brown Planthopper
 
* Soils andRice
 
0 InternationolFarmMachinery
 
0 Rice Genetic Consen,ation 
*Interpretive Anal;tsis of Selected Papersfrom 

Changes in Rice Farmingin Selected Areas of 
Asia 

0 Rice Improvement 
0 Rice: Soils. 'ater,Land 
* Anatorny' of a Peasant :'conoiyt: A Rice 

illage in the Philippines
 
0,A Fartner'sPrimeron GrowingRice
 
General information material. A brochure on 

the facilities and functions of the Rice Genetic 
Resources Lboramory was published to coincide 
with the [ecernber 1977 dedication of the build
ing. Three thousand copies were printed to serve 
researchers whose work relates to the world rice
 
gerniplasm collection.
 

Field Probhl'ms of Tropical Rice continued to 
be the most frequently requested IRRI publica.
tion. A set of 35-ntni slides of the 92 color plates
in the booklet remained popular and 65 sr.ts were 
distributed worldwide. 

Research and training support. A project to 
prepare a series of slides-cassette tape self-instruct
jonal units for the Office of Rice Production,
Training and Research continued. A Rice Mor 
phology unit was completed; it included 71 color 
slides, a cassette tape, and an accompanying book
let of script and visuals. Twenty other units,
including Stem borers of Rice, l'conotnicAnalbses 
of Eperimental Data, Principlesof Experimental 
Design, and BacterialBlightof Rice, were in differ
ent stages of scripting and visualization. 

A research project on rice breeding in Asia 
con tinued with analysis of a survey of' plant
breeders and their records on hybridization of rice.
The results are reported in the GLU section on 
RicoBreeding in Asia of this report.

Visitors. More than 11,500 people visited IRRI 
in 1977. The visitors included government cabinet 
members, members of the diplomatic corps, repre.
sentatives of donor agencies, scienwists, develop
ment workers and educators, news media repre
sentatives, farmers, students, and tourists from 
more than 40 nations around the world. Students 
and tourists constituted about 63% of the visitors, 
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and farmers about 12%. Rice scientists from 
throughout the world constituted about 10% of 
all the visitors; many spent several days for an 
in-depth look at IRRI research and training, 

EXPERIMENTAL FARM 

Land development in the lowland farm is almost 
complete. About 97%of the farm has been devel-
oped. Approximately 44 ha have been planted, 
and a first crop of rice was harvested on some 
plots. The underground irrigation system and two 
deep wells are in operation. Three water reservoirs 
were completed. 

In the upland farm, all roads have been built. 
Two deep wells and two water reservoirs were 

completed and are in full operation. About 110 ha 
were prepared for planting. 

The Experimental Farm continued supporting 
the research departments by supplying labor needs 
and attending to land preparation, planting, weed
ing, pest management (including application of 
herbicides and insecticides), and harvesting. About 
138 ha of the lowland rice area were prepared in 
1977. The fertilizers used were ammonium sulfate, 
urea, solophos, and muriate of potash. 

The largest expenditure was for land prepara
tion, using both hand tractors and carabaos, fol
lowed by that for bird boys. Over 144 tons of 
dried rice was handled by the Experimental Farm, 
and this included foundation, registered, and 
certified seed. 
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Publication and seminars
 
PUBLICATIONS 25(2):157-17).
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SEMINARS 

IRRI during 1977. Unless otherwise stated, the speakers wereThe following seminars were held at 

staff members. 

1948 to 1975. Dr. R. E. Evenson, ADC (Agricultural Devel-Productivity growth in 	Asian agriculture 
Institute of Agricultural Development and Administration, University of 

opment Center) associate, 

the Philippines at Los Barhos.
 

Dr. lliroshi Tsujii, Center for
The effect of climatic fluctuations onl rice production in Thailand. 

Southeast Asia, Kyoto, Japan. 
Secrets of the monarch butterfly. Dr. J. Seiber, visiting scientist, Pesticide Residue Analysis Laboratory, 

Chemistry Department, IRRI. 
Mikkelsen, visiting scientist, Agronomy Department, IRRI.

Mechanized rice in two Amcricas. Dr. D. S. 
of

Development communication and the IRRI scientist. Dr. Nora C. Quebral, professor, Department 

Development Communication, University of the Philippines at Los Bafios. 
l)r. Albert D. Rovira, chief research

The importance of soil microorganisms in crop production. 

scientist, Division of Soils, Commonwealth Scientific and Industrial Research Organization, Adelaide, 

Australia. 
associate professor of Soil

Soil organic matter and soil formation in paddy field. Dr. Hidenori Wada, 

Science, Tokyo University, Japan. 
Care and feeding of editors. Prof. R. L. Disney, visiting associate editor, Office of Information Services, 

IRRI. 
Dr. Clarence W. Backhop, head, Agricultural EngineeringThoughts of a visiting agricultural engineer. 

Department, Iowa State University, USA. 
director of

philosophy and strategy of agricultural engineering research. Mr. Charles James Moss,The 
Research Station, National Institute of Agricultural Engineering, Wrest Park, Silsoe, Bedford, 

England. 
Legume breeding in Indonesia. Dr. R. D. Freed, visiting scientist, Plant Breeding Department, IRRI. 

L. Esslinger, visiting associate editor, Office of InformationVisualizing agricultural research. Mr. Don 
Services, IRRI. 

and future prospects. 	Dr. R. S. Rejesus,Development of a pest management m rice -_present status 
visiting scientist, Entomology Department, IRRI. 

A review of factors in irrigated rice production system design. Dr. Jaw-Kai Wang, professor of agricul

tural engineering, University of Hawaii, Honolulu, USA. 

Wheat protein genetics and breeding for improved nutritional quality. Dr. Cal Qualset, University of 

California, Davis, USA. 
W. Gunkel, visiting agricultural engineer, Agricultural EngineeringEnergy and agriculture. Dr. Wesley 


Department, IRRI.
 
Rabor, College of Forestry, University of theWildlife conservation in the Philippines today. Dr. D. S. 

Philippines at Los Bafios. 

Communication constraints we face. Mr. W. G. Rockwood.
 
Rice improvement in Burma. Dr. Pedro Escuro, plant breeder, ARI/UNDP, Yezin, Burma.
 

Cassava research program at the International Center of Tropical Agriculture (CIAT), Colombia. 

Dr. James tt. Cock, physiologist and leader of the CIAT Cassava Production Systems Program, 

Colombia. 
Peanut harvesting mechanization in the US. Mr. John A. McMennamy. 

Plant pathology research at Sukamandi. Dr. Louis T. Palmer, IRRI team leader, Sukamandi, lndone-'. . 

Mars. Dr. Gerald A. Soffen, Viking Project scientist, National Yiero-Viking project and landing on 
nautics and Space Administration, Langley Research Center, Hampton, Virginia, USA. 

Women and cancer. Dr. Takahito Sonoda, participant and speaker, Third Asian Cancer Conference, 

Philippine International Convention Center, Manila. 

Computers and ARC (Agricultural Resource Center). Dr. N. I. lson, director, Agricultural Resource 

Center, Inc., University of the Philippines at Los Bafios. 

Residual nu*:rient effects and their e aluation. Dr. J. S. Russell, Commonwealth Scientific and Industrial 

Research Organization, the Cunningham Laboratory, Brisbane, Australia. 

Recent advances in chemical application techniques. Dr. Graham A. Matthews, Imperial College Field 
Station, Silwood Park, 	United Kingdom. 

for lychees and too late for apples. Mrs. I. Zandstra and Mrs. P. Broadbent,China in May, ' ,o early 

Staff Housiij. IRRI.
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Extraction of ancestral components of natural polyploids and its implication in modern plant breeding.Dr. Khushnood Siddique, principal scientific officer and head, Division of Plant Genetics, AtomicEnergy Research Center, Tandojam, Sind, Pakistan.CIMMYT's experience in China. Mr. Haldore Hanson, director general, International Maize and WheatImprovement Center, Mexico.
Salt tolerance of rice. Dr. C. A. Bower, visiting scientist, Soil Chemistry Department, IRRI.The US national agricultural pesticide impact assessment program, Dr. Arthur A. Muka, professor ofentomology, Cornell University, Ithaca, New York, USA.The production, processing, and marketing of natural rubber. Dr. C. Barlow, visiting scientist, Agricultural Economics Department, IRRI.
The Philippine forest resources: their importance tc the socioeconomic development of the country.Mr. M. J. Williamson, project manager, United Nations Development Programme Forest Project,

University of the Philippines at Los Bahios.Tomato production, diseases, and variety development. Dr. J. Pat Crill, plant pathologist, Peto-SeedCompany, Woodland, California. USA. 
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Finances
 
Thle Institute received cash grants amounting to 
S14.2 25.o 8 in I) 77. 

The Ford Foundation gave S496,8 10, of which 
5300.000 was for core operations and capital ex-
penditures. The balance supported rice research 
and Jevelopurent programs of 

" Sri L;nka - 515.000 for the project on mood-
erniza tion of rice processing ani distribution; 

" Pakistan - Sl 502 as part of a 2-year grant 
to assist the Agricultural Research Council, 
Pakistan, in research and training related to 
rice and agticultutal mechanization: and 

* Thailand S-0.24S as part of' a 2-year grant 
to the G(oemment of rThailand's Roval Irri-
galon iN.pa ittmen t for support of water 

mantigenerrt reearclh and training in north-
east [hailand. 

The Rockefeller Foundation contributed 
S310,000. which covered S300.,000 for core opera- 
tions and caplital needs and SI 0.000 toward the 
publication (,, tie proceedings of the %orkshop Oi 
Interjac's ,,t'i!ct, .- grculture. .VAtrition, anl 
I-o~oI succc. 

lie Urnited Stares .%gency for international De-
velopment ILSA ), released a total of S3,500,809 
to IRRI.-P'!" included 

* S3.000.)4 tor core opetations: 
* S330.214 to, industrial extension of small-

scale agricultural equipment developed at 
I R RI: 

* S2 5.36 )1for expanding. strengthening, and 
further irstitt tionalizing the National Applied 
Research and xtersion Program for Trans-

planted Rice: and 
" 512.500 for a rice postproduction project in 

tire Bicol River basin. 
Since )172 a contract between IRRI and 

USAID has upported a 5-year project for the 
accelerated development and utilization of ir-
proved rice technology in Indoresia. with a total 
budget of S')59.701 plus Rp479l 11,405 managed 
by USAID in Djakarta. In 1t77 USAID released 
S107.904 of those funds to IRRI. 

USAID contributed S15,822 to IRRi's training 
program by supporting scholars and trainees from 
countries where USAID has active programs. 

The Ministry of Overseas Development, United 

Kingdom, gave $780,000 toward tile support of 
IRRI's core program. 

The International Development Research Centre 
(IDRC), Canada, granted IRRI S1,012,003. Of 
that, S680,276 was part of a 2-year funding of 
cropping systems research in the Philippines. The 
IDRC contribution also included 

e S120,373 as part of a 3-year gran t to enable 
IRRI to develop procedures for identifying 
constraints to the adoption of a new rice 
technology and to determine the degree to 
which constraints are generally or locationally 
speci fic: 

0 	S2.73) Ior the operational support of two 
consultants to advise IRRI on the rice soils 
of Asia: 

9 	S73.18I a: part of a 2-year grant to conduct 
research in Indonesia, in cooperation with tire 
Central Research Institute lor Agriculture, to 
develop cropping systems I'm rainfed and 
partially irrigated rice areas and ito adapt them 
through1 cooperative trials in farmers' fields; 

* 	S53.433 as part of a 4-yea grant to enable 
the University of the Philippines at Los Bafios 
to conduct varietal screening for corn, sor
ghum. fulling bean, eggplant, tomato, and 
sweet potato; 

* 	S74.001 as part of a 4-year grant to support 
a multiple cropping research project at tire 
Bangladesh Rice Research Institute; and 

&S8.000 for a supplemental grant to publish 
the second voltme o'Changes in Rice Farming 
in Selected Areas oJ'Asia. 

The Japanese Government gave SI1,800,000 in 
1977 for the construction of a Rice Genetic 
Resources Laboratory and lor the direct and in
direct expenses of the Institute's Plant Physiology 
Department. 

"lre procurement of equipment for the Rice 
Genetic Resources Laboratory was facilitated by 
a S500,000 grant from tile Asian )evelopment 
Bank. 

Tie International Development Association gave 
Si 175.000 toward core operations and capital 
expenditures of the Institu,te. 

lle Federal Republic of Gerunrany gave 
Sf93,646, of which S427,121 was fr core opera. 
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tions, $60,000 to support the 1977 Soils and Rice 
Symposium, and $106,525 for the 1, 'itute's train-
ing program. 

The Australian Government gave $682,261 
in 1977. Of that, $572,371 was for core opera-
tions including travel of Australian scientists, and 
$10Q,890 for expansion of technical assistance 
and collaborative relationships with the Bangladesh 
Rice Research Institute. 

The Canadian International Development Agen-
cy gave $1,037,850 toward core operations and 
$192,825 toward a cooperative program for re-
search and development between the Bangladesh 
Rice Research Institute and IRRI. 

The Government of Iran gave S250,000 for the 
core program, 

The Ministry of Agriculture and Water, Saudi 
Arabia. gave $125,000 for the core program. 

The United Nations Environment Programme 
gave S70,000 for research for developing rice vari-
eties with low pesticide and fertilizer requirements. 

The Government of Belgium gave $148,677 for 
the core program. 

The Government of Sweden gave $56,830 for 
the core program. 

The Government of Denmark gave $50,748 for 
the core program. 

The Government of New Zealand gave $25,000 
for the core program. 

The Government of Indonesia, using a World 
Bank loan, released $441,985 to IRRI as part of 
a 7-year contract for development of research fa-
cilities and for scientific and- technical assistance 
to rice research at the Sukamandi Branch of the 
Central Research Institute.for Agriculture. 

The Netherlands Government gave $67,395 as 
part of a 5.5-year grant for a project for regional 
rice research station development in Indonesia. 

The United Nations Development Programme 
gave $536.210 as part of a 5-year grant for the 
International Rice Testing Program; $242,603 as 
part of a 5-year contract to investigate nitrogen 
fixation in association with lowland rice; $50,000 
for a regional rice training program; and $4,000 for 
travel of officials from Laos, Fiji, and Vietnam. 

The US National Institutes of Health reimbursed 
$762 on a 5-year .ontract to study ways of 
creasing protein and essential amino acids in the 
rice grain through plant breeding. 

The International Board for Plant Genetic 
Resources gave $8,100 to support a Rice Advisory 
Committee meeting 12-16 December 1977. 

Other donors, the areas they supported, and the 
amounts contributed are: 

* National Food and Agricultut. 
Council, training government 
'extension technicians ....... .. $13,514 

• Philippine Council for Agricul. 
ture and Resources Research, 
cooperative applied research on 
rainfed rice .... ............ 29,951 

0 Boots Company. weed control . . 1,000 
0 Chesterfolk Park Research Sta

tion, rice research ............ 2,000 
* Chevron Chemicals, support of 

entomology program ....... 993 
0 Stauffer Chemical Company, 

weed control ................ 3,000 
0 Potash Institute of North Am

erica and International Potash 
Institute, soil fertility ....... .... 4,957 

* FMC International S. A.. pest
icide research .... ........... 2,000 

* Montedison, rice research ..... 2,982 
* Shell Chemicals Company, re. 

search grant to IRRI ... ....... 6,757 
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Staff changes 
January 

Dr. Frank W.Sheppard, Jr., joined the Institute 
as research systems analyst/IRRI representative at 
the BRRI/IRRI Project in Bangladesh. 

Dr. Sadiquil I. Bhuiyan from the Engineering 
University in Dacca, Bangladesri, joined IRRI as 
associate agricultural engineer at the Department 
of Irrigation and Water Management. 

Febnary' 
Dr. Richard A. Morris, statistician/IRRI repre-

sentative in Indonesia, transferred to IRRI head-
quarters at Los Baflos, Philippines, as agronomist 
in the Multiple Cropping Department. 

Aity. Zosimo Q. Pizarro, senior administrative 
associate, returned from stud) leave at Case 
Western Reserve Uni.'ersity in Cleveland, Ohio, 
USA. 

March 
Dr. Soon Jai Park resigned as plant breeder 

in Sukamandi, West Java. Indonesia. 
Mr. Augusto P. Corpuz joined the Institute's 

staff as manager of the Buildings and Properties 
Department. 

ialy 
Mr. Vernon E. Ross rejoined the Institute as 

rice production specialist with the outreach project 
in Pakistan. 

June 
Dr. Manuel J. Rosero, formerly of the Inter-

national Center for Tropical Agriculture (CIAT) 
located in Cali, Colombia, South America, joined 
IRRI as liaison scientist for Latin America and is 
headquartered at CIAT. 

Mr. Fred E. Nichols resigned as associate agri-
cultural engineer in the Bangladesh project. 

Mr. Richard L. Disney completed his I-year 
sabbatic leave as visiting associate editor in the 
Office of Information Services (OIS) and returned 
to his professorship in the Department of Journal-
ism and Mass Communication at Iowa State Uni-
versity, Ames, USA. 

Mr. Angelito 0. del Mundo resigned as assistant 
to the director general. 

Dr. Thomas R. largrove, associate editor in the 
OIS, returned from studies for the Ph.D. degree in 
Agricultural Education at Iowa State University. 

Dr. Alan C. Early joined IRRI as associate agri
cultural engineer at the Department of Irrigation 
and Water Management. 

Dr. Duane S. Mikkelsen completed his I-year 
sabbatic leave in the De'artment of Agronomy as 
visiting scientist and returned to his post as profes
sor of agronomy in the Department of Agronomy 
and Range Science at the College of Agriculture 
and Environmental Sciences, University of Cali
fornia, Davis (CAES/UC, Davis). 

July 
Mr. Donald L. Esslinger completed his l-year 

sabbatic leave with the OIS as visiting associate 
editor and returned to his post of information 
specialist at the University of Missouri, Columbia, 
USA. 

Dr. V. Arnold Dyck, associate entomologist in 
the Department of Entomology, returned from a 
study leave at the UC, Berkeley. 

Dr. J. Ritchie Cowan, plant scientist seconded 
by Oregon State University to IRRI, transferred to 
the Institute's.lndonesian project as liaison scientist 
based in Bogor, Java, Indonesia. 

Dr. Harold E. Kauffman, plant pathologist in 
the International Rice Testing Program, returned 
from study leave at Pennsylvania State University. 

Dr. D. S. Athwal resigned as deputy director 
general. 

Dr. Russell D. Freed, associate plant breeder, 
transferred to the IRRI project in Sri Lanka. 

Dr. Richard L. Tinsley, visiting scientist in the 
Multiple Cropping Department, joined the IRRI 
project in Sri Lanka as associate agronomist. 

Dr. Yujiro Hayami of the Tokyo Metropolitan 
University began a 2-month assignment as visiting 
economist at the Department of Agricultural 
Economics. 

August 
Dr. Ramesh C. Saxena joined IRRI as visiting 

associate entomologist at the Department of Ento
mology on the IRRI/International Center on 
Insect Physiology and Ecoloyy (ICIPE) Collabora-
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tire Project.Dr. H. David Catling resigned as project leader 
cum entomologist from the IRRI/BRRI Collabora-
tive Project in Bangladesh.

Dr. A. A. App, project director of Cell Physiol-
ogy and Virology of the Boyce Thompson Institute 
for Plant Research (Ithaca, New York, USA),
began a I-year sabbatic leave as visiting scientist 
at the Department of Soil Microbiology. 

Dr. Floyd H. Nordland, assistant dean of the 
School of Science at Purdue University (Lafayette, 
Indiana, USA), began a 1-year sabbatic leave asvisiting communications specialist at the 01S. 

Mr. Everett L. Metcalf, publications editor at
the Editorial Department in Washington State 
University (Pullman, USA), began a 1-year sabbatic 
leave as visiting editor at the 01S. 

Dr. Wesley W. Gunkel, completed a 1-year sab-hatic leave as visiting scientist at the Department 
of Agricultural Engineering and returned to his
professorship at the Department of Agricultural 
Engineering at Cornell University (Ithaca, New 
York, USA). 

September 

Mr. Ildefonso L. Guinoo joined IRRI as assistant 
to the director general. 

Dr. H. W. Scharpenseel of the University ofHamburg (Germany) began 6-month sabbatica 
leave as visiting scientist at the Departmtnt of 
Soil Chemistry. 

Mr. Marvin D. Davis joined IRRI as crop
production specialist/team leader of the IRRI 
project in Sri Lanka. 

Dr. C. J. Moss, former director of the National 
Institute of Agricultural Engineering in the United 
Kingdom, joined IRRI as agricultural engineer and 
head of the Department of Agricultural Engi
neering. 

Dr. James N. Seiber, associate professor in the 
Department of Environmental Toxicology at
CAES/US, Davis, completed a I-year sabbatic 
loave at the Department of Entomology. 

December 
Dr. J. S. Nanda of the G. B. Pant University of 

Agriculture and Technology (India) began his
assignment as visiting plant breeder at the Depart
ment of Plant Breeding. 

Mr. James E. Wimberly resigned as rice pro
cessing engineer from the IRRI project in Sri 
Lanka. 
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Crop weather 
The climatic environment at IRRI in 1977 was February, May, September, and November than the 
less than ideal for the requirements of crops under I I-year average; it was higher during the other 7 
rainfed conditions, months. 

The solar radiation values for June, August, Evaporation values were similar to the Il-year 
October, November, and December 1977 were averages. Evaporation was lower than the average 
much higher than the 1966--7(1 values for those in January, February, June, July. and November, 
months (Table 1,Fig. I ). The solar radiation values but higher during the rest of the year. Overall, 
for 3 other months were similar to the Il -year evaporation was lower in 1977 than in 1976. 
averages. On the average, solar radiation was higher When rainfall was compared with evaporation, 
than in 1976. but it was lower in February, June, water stress was readily discernible during January 
July, and September. through May and maximum in April. Drought 

The total rainfall in 1977 was 485 mm lower stress occurred again in October, after the rainy 
than the Il-year average of 2,040 mim. The rainfall season, and in December. 
of May. Jnne, August. October. and December was In June, the water surplus was meager. The 
lower than the average. The extreme dryness in rainfall was inadequate to offset the depleted soil 
December caused considerable drought damage to moisture conditions and recharge the aquifers. The 
second rice crops in rfiinfed rice-growing areas. A water surplus for July and August was barely 
typhoon in Noveirber accounted for the high adequate to compensate for the water lost during 
rainfall average for that month. the previous period. A major water deficit occurred 

Bright sunshine duration was lower in January, in December. 
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Table 1. The climatic environment at IRRI: 1977 and 1976 totals and 11-year (1966-76) averages. 

Total Solar Sunshine Air temperaturea RelativeC
Month for I year radiation Rainfall duration Evaporation 10_) humidity 

(g.cal/cm') (mm) (h) (mm) Max. Min %) 

1977 10,112 81.8 161.2 105.8 31.1 25.0 87
 
January 196 6 76b 10.161 49.9 180.9 120.8 28.4 22.8 81 

1976 8,174 43.7 135.1 99.6 26.1 22.8 84 

1977 8,689 33.4 109.9 106.1 28.7 24.6 84

February 1966-76 11,589 13.9 203.8 121.4 
 23.9 22.8 80 

1976 9,992 9.2 211.1 199.9 26.7 22.2 80 

1977 	 14,580 16.2 264.5 175.6 31.2 25.2 80
March 	 19 66 - 7 6 b 14,426 32.7 229.9 166.6 29.4 22.8 78
 

1976 12,663 30.7 255.1 200.6 29.4 22.8 79
 

1977 	 16,561 16.7 291.6 219.7 32.6 24.5 73

April 1966-76 15,943 27.5 282.4 190.1 31.7 24.4 85
 

1976 	 15,477 54.9 262.5 233.9 31.7 23.3 76 

1977 15,267 93.0 255.1 178.1 29.8 22.8 71

May 
 196 6 - 76 b 14,832 141.8 272.2 173.8 32.8 25.0 80 

1976 13,297 849.6 172.3 169.1 30.6 23.9 82 

1977 14,268 145.5 224.6 140.2 31.6 23.3 77
June 	 1966-76 12,607 224.8 177.3 143.5 32.2 25.0 80 

1976 14,349 371.0 191.7 146.1 32.2 25.6 78 

1977 	 12,513 249.6 182.5 113.5 29.8 23.8 74

July 1966-76 11.974 278.2 155.5 129.9 30.6 25.6 
 80 

1976 15,055 86.1 190.3 149.8 32.8 26.1 82 

1977 	 13,170 175.7 209.8 168.0 29.4 22.7 81 
August 	 11,88119 66 - 7 6 b 247.2 146.0 129.4 31.1 25.0 83

1976 11,683 303.3 127.5 132.5 33.9 27.8 88 

1977 	 10,778 371.7 117.1 145.5 28.1 23.3 78 
September 	 10,88419 6 6 - 7 6 b 204.8 136.4 128.9 31.1 25.0 84 

1976 11,676 224.3 134.4 118.6 32.8 26.7 83 

1977 13,600 109.8 220.4 147.6 27.2 21.1 82 
October 19 66 - 7 6 b 10.484 248.3 160.5 112.5 30.0 24.4 83 

1976 12,302 128.8 149.2 121.5 33.3 26.7 84 

1977 	 10,195 239.9 150.6 117.1 26.8 21.8 78 
November 19 6 6 - 7 6 b 8,904 314.9 156.3 120.0 30.0 25.0 81 

1976 8,774 143.5 118.8 147.8 31.1 25.6 86 

1977 11,606 21.1 207.2 124.6 24-.6 17.8 79 
December 8,358 258.0 136.519 66 - 7 6 b 97.9 28.9 23.9 81 

1976 8,537 203.4 117.9 116.8 29.4 25.6 90 

aThe values in this column are means, not tot, .k. bTotal for 1 year, averaged over 11 years. 
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The average maximuni tetperatuLite between 
January and April was higher than tile Il-year 
average Iom that period. but was lower for the re-
Ittainder of [the y'ear. The maxinmull telmpelattles 

frolll May to the end of tile year. in general. wele 
lower than in 11)7o. bill those from JanrIy to 

A.', iwere higler. 
Generally. Jarnuary is the coolest mionth of tire 

year. and tire lininium terperattre increases from 
February through l.ceuber. Inl 10)77. however, 
the ininruir temperature in January was higher 
than normal (25" versus 22.8"C). A downward 

trend followed and the minimumi temperature 

during the second half of the year fell below the 

I I-year average. 
File 1977 relative humidity fiol January to 

Match was higher Ihan tie Il-year average, but 
that ill tile 1)othell lltws lower. 

(01 tile seven tropical cyclones Ihat leached the 
Philippines in 11)77, t'oul cloNsed major areas. 

"lyphoon Har (10 IN July) crossed tie Bicol 
region of sotLIerrI Luiot, and ('entral Lun/o; 
typhoon Lunning 131 -ugust 3 Septenber ), tie 

sotlhertn provinces of north1111rI LOWl:l typhoon 
Openg (14 23 Septeinber). northern l.tzon also: 
and typhoon Unding (10 17 Novelrber), ('entral 
LIuzon. 
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Index 
Acetylene-reduction assays to estimate nitrogen fixation 


in wetland rice, 285 

Acid-sulfate soils, breeding for, 128 

Adoption 


factors related to, 166 

of scmidwarfs as parent material, 162 


Adverse soils, tolerance for, 6, 113 

alkalinity, 119. See also Alkalinity, tolerance for 

breeding for, 126 


international collaboration in, 128 

Histosols, 122. See also Histosol problems 

iron toxicity, 121 

Phosphorus deficiency, 125. See also Phosphorus defi-


ciency 

salinity, 114. See also Salinity, tolerance for 

zinc deficiency, 124. See also Zinc deficiency 


Agrarian change, dynamics, 370 

demographic problem and landholdings, 370 

labor contracts, 373 

land tenure system, 371 

village studies, implications, 374 


Agricultural economics 

consrquences of new technology, 365 


anatomy of rice village economy, 366 

dynamics of agrarian change, 370 

prospects for Asian rice production, 375 


economic dimensions of irrigation, 255 

socioeconomic constraints, 347 


Agricultural economics cropping systems component 

baseline conditions for measuring research impact, 409 

Batangas tests (cropping patterns), 434 

continuous rice production model, 435 

farmers' insect and disease control practices, 401 

Iloilo tests (cropping patterns), 424 

labor conditions and pattern performance, 406 

Pangasinan tests (cropping patterns), 429 

turnaround in rice-rice cropping patterns, 417 


Agricultural engineering 

machinery development and testing, 489 


industrial extension program, 500 

machinery design, 490 

mechanization research, 495 

mechanization systems, 498 


postproduction technology and management, 325 

farm-level systems, 325 

milling systems, 329 


Agricultural engineering course, 501 

2-week course, names of trainees, 508 


Agronomic characteristics, 2, 13 

grain-filling period of single grains, 20 

grain size and yieid potential, 18. See also Grain size 


and yield potential 

growth duration, 26 

harvest index: criterion for selecting for high yield 


ability, 20. See also Harvest index 

partial clipping of spikelets and drought, effects on 


1,000-grain weight* 20 
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semidwarfism, sources, 26

yield performance and nitrogen response 

irrigated rice, 14. See also Irrigated rice, yield per. 
formance and nitrogen response 

rainfed-lowland rice, 16. See also Rainfed lowland 
rice 

Agronomy
 
additional experiments (constraints on rice yields), 345
 
biological constraints, 336
 
control of Cyperus rotundus, 233
 
evaluation trials (protein content), 74
 
field performance of rices in rainfed culture, 89
 
integrated weed management, 233
 
long-term effects of reduced tillage, 236
 
nitrogen-fixation associated ,vith wetland rice, 284
 
screening new herbicides, 232
 
soil and crop culture, 311
 

effect of dry soil mulch and straw mulch on
 
moisture conservation, 312
 

soil fertility and fertilizer management, 295
 
effect of planting date, plant density, and geometry
 

on nitrogen response in rice, 302
 
long-term fertility experiment, 304
 
nitrogen fertility of soils, 296
 
phosphorus sources on different soils, 307
 
placement of fertilizer nitrogen, 299
 
zinc response of lowland rice on a calcareous soil,
 

307
 
soil-plant-water relationships in rice, 103
 
submergence and drought tolerance in a single variety,
 

138
 
varietal screening, 84
 
weed control in rice. 228
 
yield performance and nitrogen response
 

irrigated rice, 14
 
rainfed lowland rice, 16
 

zinc response of lowland rice on a calcareous soil, 307
 
Agronomy cropping systems component
 

Batangas tests (cropping patterns), 434
 
loido tests (cropping patterns), 424
 

Pangasinan tests (cropping patterns), 429
 
weed science, 447
 

Algal nitrogen fixation, 282
 
Alkalinity, tolerance for, 119, 127
 

breeding for, 127
 
field screening, 119
 
IRSATON, 1977, 120
 
mass screening, 119
 
plant mineral composition as alkali stress index, 121
 
screening techniques, 119
 

Aluminum toxicity, 101
 
mode of, 102
 
varietal differences in tolerance for, 101
 

Ammonia volatilization, 281
 
losses, 296
 

Ammonification, 280
 
Amylose
 

content, breeding program, 28
 
fatty acid complex, 35
 



screening of world rice ctllection, 29 

test at p11 10.2 and on brown rice, 28 


Anthesis time, varietal differences in. 144 


Applied research, 474 

cropping systems trial plots. 474. See also Cropping 


systems applied research trial plots 

pilot programs. 478 


Asian Cropping Systems Network, 393,481 

sharing of research information, 487 

testing of cropping patterns, 482. See also Cropping 


patterns testing sites. Asian cropping systems 

network 


training, 486 

working group meetings. 486 


Asian rice production, prospects for, 375 

current food adequacy .rd recent trends, 375 

output growth sources. 376 


projections to 1985, 383 

irmplications, 383 


rice output gross th model, 379 

serification, 38 1 


Associated formal training, 501 

other training programs. 501 

research participants, 501 


tour-mnonth GEU training course, 504 


others, 51114 


postdoctoral fellows, 504 

research fellows, 503 

research scholarq. 503 

sis,-rtonth cropping systems training course, 506 

two-week agricultural engineering course, 508 


rice production cQurses, 501 

training progrants in support of international research 


networks, 501 

agricultural engineering course IA.C),501 

cropping systems training program tCSTP), 501 

Genetic Evaluation and Utilization (GEU) course, 


501 

Azolla 

inoculum preparation, 288 

species and clones collection. 288 


A:olla.Anabacna association, nitrogen fLxation field expe-


ritnents, 287 


Bacterial blight, 51, 181. See also Xanthomonas oryzae 

control, 181 


chemical, 181 

kresek development, effect of zinc compounds on, 


181 

growth of Xanthornonasor'yzac, 183 


Bacterial blight resistance genes, 


new 

incorporating, 44 

studies to identify, 42 


specific, developtnent of improved plant type differ
ential with, 53
 

Band vs concentrated placement of fertilizer, 302 


Bangladesh 

Asian Cropping Systems Network site, 485 


outreach services, 509 


Biological constraints on rice yields, 336. See also Con
straints on rice yields
 

Biological control of insects, 215
 

parasitic insects, 215
 
predators, 216
 

Cvrtorhinusliridiiripnis,217
 
spiders, 219
 

Blast, 178
 
chemical control, 178
 
workshop. 509
 

Blast resistance
 
breeding for, 43
 

multilocation testing, initial trials toward, 43
 
race indicators or differentials and related method

ology, 43
 
determining, by measuring rate of disease development,
 

45
 
Japanese varieties with "'field resistance," testing, 47
 
lines with. 41
 
measuring, by inoculating varieties with isolates from
 

their own lesions. 45
 
multilines with. trial, 47
 
studies, 45
 

BPII. See also Brown plarthopper
 
biotypes. 67. 188
 
transmission of ragged stunt by. 186
 

in Japan. 188
 
Breeding lines, upland, yield evaluation, 93
 
Breeding ntaterial. e ,aluatitg disease resistance of, 38
 
Breeding operations
 

computerized data ntanagement, 160
 
integrated GELU program, 154. See also Integrated
 

GIIU program
 
Breeding prorratt for grain quality, 28. See also Grain
 

quality
 
Brown planthopper See alo BPIl
 

cultural control, 210
 
distribution and sampling techniques, 223
 

ecology and belhavior, 219
 

resistance See Brown planthopper resistance
 
resurgence, 204
 
sampling, 224. See alo Brown planthopper sampling
 

Brown planthopper resistance
 
biotype studies, 67
 
causes. 66
 
inheritance Of and breeding for, 68
 

in leaf heC;lths Of rice plants, 67
 
sources. 63
 

Brown planthepper sampling, 224
 
nymphs and adults, 224
 

egg distribution and sampling, 226
 
insect ditribution and sampling, 225
 
sampling methodology and equipment, 224
 

Brown rice, amylose test at pil10.2 and on, 28
 

Canarines Sur fl'hilippinesl, biological constraints on rice
 
yields in, 342
 

Carbofuran
 
adsorption-desorption studies, 210
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application methods and persistence in flooded soils, 

210 


degradation and fate, 208 

in paddy water, 208 

in Philippine rice soils, 209 


metabolism, 208 

adsorption and loss in rice, 210 


residues in rice grain, 202 

resistance to, 203 


Cassava, time of "laming, effect on upland cropping 

pattern performance, 444 


Chemical control 

bacterial blight, 181 

blast, 178 

insects, 463. See also Insect control, chemical 

sheath blight, 178 


Chemistry 

evaluation trials (for protein content), 74 

factors that affect grain quality, 28 

nutrient distribution in milling fractions, 76 

properties of rice protein, 76 

starch accumulation, 35 


Cini .~environment and its influence, 317 

inicroclimate of two rice canopies with contrasting 


plant types, 323 

Communication and data management, International Rice 


Testing Program, 151 

Computerized data management, 8. 159 


breeding operations, 160 

germplasm bank, 160 


data bank, 160 

seed bank, 160 


International Rice Testing Program, 160 

Consequences of new technology, 365 


d,namnics of agrarian change, 370. Se also Agrarian 

change, dynamics 


prospects for Asian rice production, 375. See also 

Asian rice production, pruspects for 


Constraints on rice yields, 335 

additional experiments, 345 


age of seedlings, Nueva Ecija sites, 345 

frrtilizer timing, Laguna sites, 345 

variability in yield among experimental sites at four 


locations, 346 

biological, 336 


Camiarines Sur sites, 342 

Iloilo sites, 343 

Laguna sites, 337 

Nueva Lcija sites, 339 


evaluation of experimental techniques in studies of, 


359 

adjustment for rat damage, 362 

minifactorial trial, 360 

supplemnen:al trial, 359 

variation among paddies on a farm, 360 


Socioeconomic, 347 

lack of credit as constraint to high input use, 355 

perceived, 352 

profitability and input efficiency in Nueva Ecija, 

352 
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profitability of high inputs, 347
 
variability and risk in Nueva Ecija, 348
 

Continuous cropping of upland rice and other upland
 
crops, 446
 

Cooked rice, hardness and stickiness, 29
 
Corn
 

competition with intercropped rice, effect of row corn
 
pairing, 445
 

green, before rice, pests in lowland rice-based cropping
 
systems, 405
 

interrow cultivation and preemergence herbicides for
 
weed control in, 450
 

varietal testing, 470
 
Cowpea
 

insect pests, effect of tillage method on, 466
 
varietal testing, 471
 

Cropping patterns
 
design, 387, 413. See also Design of cropping patterns
 

performance and labor conditions, 406
 
upland, effect of cassava time of planting, 444
 

profitability of new, and higher input levels, 406
 
rice-based, design for production complexes, 387
 
rice-rice, turnaround in, 417
 
rice-rice-upland crop, establishment of first crop, 433
 
testing, 387, 424
 

Batangas, 434
 
Iloilo, 424
 
Pangasinan, 429
 

Cropping patterns testing sites, Asian cropping systems
 
network
 

Bangladesh, 485
 
Indonesia, 482
 
Nepal, 486
 
Philippines, 482
 
Sri Lanka, 485
 
Thalland, 484
 

Crop rotation, effect on weed growth in upland crops, 456
 
Cropping systems, rice patterns based for crop year 1977

78,414
 
Cropping systems applied research trial plots
 

direct-seeded rice. See Direct-seeded rice
 
herbicide trials, 477
 
1977 production plots, 475
 
supplemental irrigation trials, 476
 
variety trials, 478
 

Cropping systems component technology, development
 
and evaluation, 389, 439
 

plant protection, 392, 463
 
soil and crop management, 389, 440. See also Soil and
 

crop management, cropping systems component
 

technology and development

varietal testing, 392, 469. See also Varietal testing
 
weed science, 390, 447. See also Weed science
 

Cropping systems network, 393
 
Cropping systems program, 385
 

component technology development and evaluation,
 
389,439
 

cropping systems network, 393, 481
 
design of cropping patterns, 387, 413
 
environmental description, 386, 395
 



preproduction evaluation, 393, 473 

testing of cropping patterns, 387, 423 


Cropping systems training course, 50 1 


names of trainees. 506 

Cropping systens, upland, mechanization in,499 

Crop weather, 531 

Cultural control of brown planthopper. 210. Set, also 


Brown planthopper 

Cvperusrotundus,control. 233 

Cvrtorhinusliridipcnnis, biological control, 2 17 


Data bank, 160 

Date of planting and weeds of dry-seeded, rainfed, bunded 


rice, 451. See also Planting date 

Deep root systems, screening for, 97 


length-to-weight ratio, 98 

maximum root depth and totalroot length, 98 

root branching. 98 

root characteristics of main shoot and tillers, 99 

total dry weight .ind root dry weight, 97 


Deep water and flood tolerance. 6. 131 

breeding program at Thailand and IRRI, 139 

in a single ariety. 138 


international cooperation on. 140 

multilocation~l yield trials, 136 


Denitrification, 28,) 

Design of cropping patterns, 387, 413 


determining insect and disease control recommenda-

tions. 387, 416 


feedback to national and international research 

cer t,:rs. 417 


varietal resistance, 416 

Dizect-seeded rice 


cropping systems applied research trials 


Luzon, 474 

Mindanao and Visayas, 474 


integrated weed management in, 235 

new herbicides in, 232 

weed control in, 228 


Direct seeding in shallow water, 138 

Disease control practices, farmers', 401 


Disease resistance, 3, 37 

evaluating breeding materials for. 38 

further incorporation ut, 43 


breeding for resistance to blast. 43 

ne" genes for bacterial blight resistance, 44 


multiple, of elite lines, 38 

new sources, of, 38 


bacterial blight resistance, genetic studies to iden
tify, 42
 

blast-resistant lines, 41 

studies, 45 


bacterial blight, 51 

blast, 45 

Itelminthosporumn disease on Sekiguchi Asahi, 50 

kxesek, 56 


ragged stunt, 59 

Diseases, 174, 177 


bacterial blight, 181. Sec also Bacterial blight 

blast, 178 


field and storage molds of rice grains, 180
 
grassy stunt, 190
 
ragged stunt, 183. See also Ragged stunt
 
sheath blight, 178. See also Sheath blight
 
tungro, 191. See also Tungro epidemiology
 

Double-cropped rice, pests in lowland rice-based cropping
 
systems, 405
 

Double-rice crop pattern, chemical control of-insects on a,
 
463
 

Drought and partial clipping of spikelets, effects on 1,000
grain weight, 20
 

Drought resistance, 4, 83
 
evaluation in rainfed-lowland culture, 94
 

observational yield trial, 94
 
performance of rices in three water regimes, 94
 

field performance of rices in rainfed culture, 89
 
upland breeding lines, yield evaluation of, 93
 
upland variety trials, 89. See also Upland variety
 

trials for drought resistance
 
hybridization and selection, 84
 
root studies. 97.See also Root studies
 

aluminum toxicity, 101. See also Aluminum toxi
city 

root developpment in field. 100. See also Roots 
screening for deep root systems, 97. See also Deep 

r, 1 systems, screening for
 
soil-plant-water relationships in rice, 103
 

modification of evaporative demand in rice-corn
 
intercrop, 110
 

visual scoring and plant water status, 106
 
water deficit intensity, duration, and yield, 108
 
water stress effects under high evaporative demand,
 

103
 
varietal screening, 84
 

greenhouse, 88
 
rainfed-lowland, 87
 
upland field, 84. See also Upland field screening for
 

drought resistance 
Drought tolerance
 

and submergence tolerance in a single variety, 138
 
at seedling stage, 138
 

Dry-season land preparation, effect on weed
 
growth in succeeding crops, 447
 
dry-seeded bunded rice, 449
 

Dry-seeded rice
 
chemical control of insects in, 463
 

date of planting and weeds in, 451
 
Dual infection, ragged stunt, 189
 

Elite lines, multiple diseave resistance, 38
 
Entomology
 

biological control of insects, 215
 
biotype studies, 67
 
causes of resistance (to insects), 65
 
cultural control of brown planthopper, 210
 
ecology and behavior of insects, 219
 
information retrieval system, 196
 

inheritance of and breeding for resistance (to insects), 
68
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insecticide evaluation, 196
sampling brown planthoppers, 224 

sources of resistance (to insects), 62 

taxonomy of pests in rice ecosystems, 196
Entomology cropping systems component
Batangas tests (cropping pattern3), 434 

determination of insect and dis,.ase control recom. 

rmensctandsefarmers' insect and disease ccontrol practices, 401 

Iloilo tests (cropping patterns), 429
Pangasinan tests (cropping patterns), 434
pests in lowland rice-based cropping systems, 405
pests in upland rice-based 
 -ropping systems, 404
plant protection, 463 


Epidemiology
survisal of sheath blight sclerotia, 179 

tungro, 191. See also Tungro epidemiologyEnvironmental description, 386, 395
baseline conditions for measuring research impact, 386
farmers' insect and disease control practices, 401. Seealso Farmers' insect and disease control 

practiceslabor conditions and pattern performance, 386
landscape-related field hydrology, 386, 396 

pests in rice-based cropping. See Pests in rice-based 

plant 	protection, 386 

ro inscreening
Elongation testing at Iluntra, 133


Establishment, rice, method of 
first crop in R-R-UC pattern, 433
Iloilo tests, 428 


Exchangeable sodium percentage 
 varietal reactions to 
Experimental farm, 518 


Farmers' fields, yield performance and nitrogen response 
irrigated rice, 15

rainfed lowland rice, 17 

Far inectwand riseFarmers' cinsect and disease control practices 401
concepts and practices, 403 

grain legumes, 403 


Farm machinery, market for
Farm-level postproduction systciis, 326. See also Post-production technology and managenent
Fertility, long-termie\perintnis 
 See Long.term fertility 


ererigent 

Fertilizer manageihent and soil fertility, 296
Fertilizer nitrogenperfornance ot R42 Without, 16 


concentrated vs band, 3]02placement, 299 

concnr ataso b , 3adoptiondry season, 299 


machines for, 301 

wet season, 300


timing, Laguna sites, 34S 
Fertilizer response at different water depths - wet season, 

133
Field and storage molds of rice grains, 180 
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i u s 12
Field screening, mass, for tolerance for phosphorus, tech-
Finances, 527
 
Flooded soils


carbofuran application methods and persistence in, 210
in situ release patterns of nitrogen from deep-placed
 
urea in, 298
 

440
Flooding, periodic, susceptibility of six upland crops to,
Flood tolerance
 
reevaluation of varieties with, 132
screening for, 132
 

field, 132

Flowering response to photoperiod, 136
 
Foliar sprays, insecticide, 197
application side, 197
 

ovicides, 198
 
spreader-sticker, 
 198

ultra-low-volume (ULV) application, 200

volume applied, 198
Formal training, associated, 598. See also Associated
formal training
 

formal training 
Gall midge biotypes, 68

Gelatinization temperature 

lintnerized starch and, differences between, 32
of world rice collection, 31
Genetic composition
 
local semidwarfs, 163
 
varieties 

most widely grown, 168
 
newest, 166
 

Genetic Evaluation and Utilization (GEU)names of trainees, 504 course, 501
 
Genetic Evaluation and Utilization program, I
agronomic characteristics, 2, 13
 

computerized data management, 8, !59

deep water and flood tolerance, 6, 131

disease resistance, 3, 37
drought resistance, 4, 83

genetic resources program, 2,9

grain quality, 2, 27
 
integrated
insect resistance, 4, 61
GEU program, 7, 153
International Rice Testing Program, 7, 145

protein conteot 
 4, 73

rice breeding in Asia, 8, 161
 

temperature tolerance, 6, 141

tolerance for adverse soils, 6, 113
Genetic materials, diffusion, 162
parent material, origin, races, and development, 164
 
sentidwarfs
 

as parent material, 162
 
smdaf 

local, genetic composition, 163

Genetic resources program, 2, 9
 
Germplasm bank, 160


data bank, 160
 
exchange, 154
 

seed bank, 160
GEU departments 
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new lines with multiple attributes. 156 lerbicides 

GEU program. See Genetic Evaluation and Utilization pro- advanced screening in upland crops, 454 

gram preemergence, and interrow cultivation for weed con

trol in corn. 450integrated. Ste Integrated GEUL program 

screening new, 232
Glutelin and prolanin. 81 

direct-seeded rice.Grain elongation, breeding program. 28 232 

transplanted rice, 232Grain-filling period of single grains, 20 
upland rice, 232Grain legume pests 

farmers' insect and disease control practices, 401 1lerbicide trials. cropping systems applied research, 477 

Iligh-protein rice
in rice-based cropping patterns 

quality of. in rats, 76
lowland. 4i05 

yield potential and, 74
upland. 404 

ligh temperature, 142
Grain quality. 2,27 

screening for tolerance for, 142
breeding program, 28 

High yielding ability, harvest index as criterion for selec
amylose content. 28 

tion for, 20
grain elongation, 28 


listosol problems, 122

factors tlctt affect, 28 

screening for tolerance, 122
amylose-fatty acid complex. 35 


amylose screening of world rice collection, 29 mass field, 123
 

varietal reactions, 123

anylose test at p1t10.2 and on brown rice, 28 

Ilistosolscelatinization-temperature screening of world rice 
effects of drying, 279collection. 31 
nutritional problems of rice grown on, 277

hardness and stickiness of cooked rice, 29 


lintnerized starch and gelatinization temperature,
 

differences. 32 Iloilo [Philippines]
 

survey of world rice sarieties. 29 	 biological constraints on rice yields in, 343 

method of rice establishment, 428starch accumulation. 35 

upland crops aid their management, 428
detached panicles in liquid culture, 35 

Iloilo Pilot Project in Cropping Systems, 479Grains 
effective grain-filling period, effect of temperature on, India, outreach services. 511 

at Los Bafios. Philippines, and Suweon, Korea, Indonesia
 

318 
 Asian cropping systems netork sites, 482 

outreach services, 511unfertilized, effect of temperature and vapor pressure 

deficit on occurrence, 319 Industrial extension program, 500 

Grain size and yield potential, 18 Information resources, 516 

prototype of dskarf, large-grain varieties, 19 library and docuMentation center, 516. See also Lib

rary and documentation centerGrain weight 
office of information services, 5 16. See also Office ofand harvest index, 21 


effects of partial clipping of spikelets and drought on, Information Services
 
Inf:-'.tation services 

rice breeding in Asia, 161 
20 

Grassy stunt, 190 comparison of breeders' perceptions of environ

ment and pest problems, and breeding 
for drought resistance, objective% 171 
renoue screnisnc, 


fohiro toi cit 12diffusion of genetic materials, 162
 

15 factors related to adoption, 166
for phoho rs ficie 
for phosphorus deficiency, 125 genetic composition of Narieties, 166 

Green leaflhopper resistance objectives of rice breeders. 164 

causes, 65 Insect and disease control 
determining recoiint.ndations for. 416 

feedback to national and international research 
inheritance of and breeding for, 68 
sources, 62 


centers, 417
Growth duration, 26 
varietal resistance, 416 

farmers' practices, 401. Set' also Farmers' insect andLrvest index 

disease control practices
as criterion for selecting for high yield ability, 20 


faotors affecting, 22 
 Insect control, chemicaml, 463 
of sorghum planted after rice, 464 

grain weight and, 21 
on a double-rice crop pattern, 463 

plant height and, 22 

Sekiguchi Asahi, resistance on dry-seeded rice, 463


Ifelminthosporium disease on 
Insect control and management, 195

studies, 50 
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biological control, 215 
brown planthopper, distribution and sampling tech-

niques, 223. See also Brown planthopper
cultural control, 210 

ecology and behavior 


brown planthoppers, 220 

leafhioppers, 220 

stem borers, 219. See also Stein borers 


information retrieval system, 196 

parasitic, 215 

predators, 216. See also Predators 

taxonomy of pests in rice ecosystems, 196


Insect control practices, farmers', 401. 
 See also Farmers' 

insect and disease control practices 


Insecticides 

brown planthopper resurgence, 204
carbofurannainlreprgas50
 

doarbofuran
degradation and fate, 208. See also Carbofuranmetablism 208workshopseminar 
metabolism, 208 

residues in re grain, 202 


compatibility vwit rice and fish culture, 207 

contact toxicity, 197 

evaluation, 196 

foliar sprays, 197. See also Foliar sprays, insecticide 

le;'els, interaction with yield of field corn and mung 


bean intercrop after rice, 467 

paddy water application, 200 
 See also Root-zone 


insecticide application 

resistance to, 203 

root-zone application. 201. See also Root-zone insect-


icide application 

Insect resistance, 4. 61 


biotype studies, 67 

brown plantopper, 67 

gall midge. 68 


causes, 65 

brown planthopper, 66 

Blill resistance in leaf sheaths of rice plants, 67 

green leaflhopper, 65 

striped borer, 65 


inheritance of and breeding fur, 68 

brown planthopper, 69 

whitebacked planthopper, 72 


sources, 62 

brown planthopper, 63 

greetleafhopper, 62 

leaf folder, 64 

sten borers, 62 

whitebacked planthopper, 63 

whorl maggot, 64 


Insects, transmission of ragged stunt by, 186 

Integrated GEU program, 7, 153 


breeding methods, 156 

induction of monogenic male sterility, 158 

rapid generation advance, 156 


breeding operations, 154 

irrigated areas, 155 

rainfed-lowland areas. 
155 

upland areas, 156 


Intercropped rice, effect of row 
pairing on corn competi-

lion with, 445 
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Intcrcropping
 
and nitrogen fertilizer, effect on Asian corn borer, 464
 
sorghum and mung bean, 443
 

Intercrops, weeding requirements for, 458
 
International activities, 509
 

general services, 509
 
international rice research conference, 509
 
international workshop on the manufacture and use


of IRRI agricultural machinery, 509
 
rice blast workshop, 509
 
rice genetic conservation workshop, 509
 
soils and rice symposium, 509
 
workshop on interfaces between agriculture, nutri

tion, and food science, 509
 
workshop on international cooperative project onnational rice pr ooams,509
 

workshop on village-leve! studies, 509
wrso-eia agricultural xeso and
 
rice development, 509
 

outreach services, 509
 
Bangladesh, 509
 
India, 511
 
Indonesia, 511
 
Pakistan, 513
 
Philippines, 513
 
Sri Lanka, 514
 
Thailand, 514
 

International collaboration 


onnarclua e.\tension n 

in breeding for adverse soils
 
tolerance, 128
 

International cooperation on deep water and flood
 
tolerance, 140
 

International nurseries, 146
 
International rice research conference. 509
 
International Rice Testing Program
 

international rice testing program, 
 7, 145
 
communication and data management. 151
 
international nurseries, 146
 
monitoring program, 148
 
utilization of IRTP nursery entries. 
 147
 

rice genetic resources laboratory, 12
 
IR42 without fertilizer nitrogen, performance, 16
 
Iron toxicity tolerance, screening techniques
 

greenhouse, 122
 
mass . 122
 

IRRI field experiments
 
long-term fertility, 304
 
screening for tolerat,.-- ; r salinity, fechniques, 114
 
yield performance and nitrogen resp.ne
 

irrigated rice, 14
 
rig at d rice, 1 6
 

Irrigat e eading operations,
1
 
Irrigated re, bed perans, 155
14
Irrigated rice, yield performance and nitrogn response

date-of-planting experiment, 16
 
farmers' fields, 15
 
IR42 without fertilizer nitrogen, 16
 
IRRI. 14
 
Philippine BPI stations, 14
 

Irrigation and water management
 
evaluation of drought resistance in rainfed-lowland
 

culture, 94
 



irrigation and water management, 241 

engineering and managenent, 243 

economic dimensions of irrigation, 255 

soils, water, and yield relationships. 257 


IRRI lines named in national programs. i4 

IRSATON, 128 


at IRRI, 116 

1977. 120 


IRTP. See also International Rice Testing Program 

computerized data management, 160 


Japan, transmission of r;1gged stunt by BPII in, 188 


Korea, effect of temperature on effectice grain-filling 

period at Suweon, 318 


Kresek, i6 

development 


effect of isolates on, 58 

effect of plant :--' ,. 56 

effect of zinc compounds on. IS I 


survisal and leaf blight isolates. 59 

varietal reaction to, 56 


performance,
Libor conditions and cropping pattern 


406 

profitabihty of new patterns and higher input levels, 


406 

seasonal wages, 409 


Laguna IPhilippinesl 

biological constraints on rice yields, e\periments on, 


337

fertilizer timing, effect on yield. 345 


Land preparation 
and mulching, effect on weed growth in upland crops. 

454 

dry season, effect on weed growth in succeeding crops, 


447 


dry-seeded bunded rice, 449 

Landscape-related field hydrology. 386, 396 

Leaf folder resistance, sources, 64 

Leafhopper%, ecology and behavicir, 220 

Leaf scald disease, 48 


methods of screening and varietal resistance, 48 

perfect stage of Rhvnchaporii r orv:ae, 50 


Library and documentation center, 516 

bibliographi,. 516 

library holdings, 516 

other library activities. 516 

reference and circulation. 516 


Long-term fertility experiment, 3(4 

IRRI. 3044 

Philippine Bitircau ot Plant Industry IBill stations, 305 

on different v jls. 306 


Los. land rice-based cruppi wn., stcrns 

pests in, 405 See alA, l'ists in tice-based cropping 


sytemis 

plant protection in. 463. Sval'lv, Plant protection in 


lowland rice-based ropping systems 


Lowland rice, zinc response on a calcareous soil, 307 

Low temperature. 142 


screening for tolerance for, 142 


Machinery 
design, 490
 

Engleberg rice mill project, 495
 
harvester attachment for power tiller, 493
 

nulticrop upland seeder, 49 1
 
plowk-sole granular-chenical applicator, 492
 
portable axial-flow lh, 'slier. 492
 

rice transplanter, 492
 
rotary tiller attachient for the 6- to 8-hp tiller,
 

491
 
6- to 8-hp tiller with steering chches, 490
 

steam and producer gas generation, 495
 
vertical-bin batch dryer, 494
 

development and testing, 489
 
,lacionutrent, and inicronutrtients. deficiencies iii rice
 

gros n on Ilistosols. 277
 
Male terility. vionogenic. induction. 158
 

Mechanization research, 495
 
coilpacted soil stiiltlies. 495
 
field test, ot three transplanting systems, 497
 
power tiller upland tillage tests, 496
 

drawbar pull test. 497
 
moldboard plowiing test. 497
 
rotary tiller test, 496
 

testing and saluation. 498
 
Mechanization systems. 498
 

market for farm machinery. 498
 
mechanization in upland cropping systems, 499
 

Microbiological studies on ,oil fertility management, 283
 
Milling systems, 329. See alst, Postproduction technology
 

and management

Mineral content as salt-tolerance index
 

roots. 116
 
shoots. 117
 

Moisture conservation, effect of dry soil mulch and straw
 
mulch on, 312
 

in rainfed-lowland rice, 312
 
in upland rice, 313
 

Monitoring program, International Rice Testing Program,
 
148
 

Monogenic male sterility, induction, 158
 
Mulching and land preparation, effect on weed growth,
 

454
 
Multiple cropping 

Asian cropping systems network, 48 1
 
sharing of research information, 487
 
testing of cropping patterns, 482
 
training, 486
 
working group meetings, 486
 

Batangas gests
(cropping patterns), 434
 

Iloilo tests tcropping patterns), 424
 
landscape-related hydrology, 396
 
Pangasinan tests (cropping patterns), 429
 
rice-based patterns for crop year 1977-78, 414
 
soil and crop management, 440
 

turnaround in rice-rice cropping patterns, 417
 
varietal testing. 469
 

weed science, 447
 

Mung bean
 
after rice, chemical insect control, 465
 
rice-mung bean pattern, 433
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varietal testing, 471 

yields of intercrop after rice and interaction with 


insecticide levels, 467 

Nematodes, plant parasitic, effect of flooding pattern, 


and landform on, 467
 
Nepal, Asian cropping systems network sites, 486 

New rice lines with multiple attibutes, 156 

Nitrification, 280 

Nitrogen balance studies, 284 


field, 284 

Filipino children, 78 

greenhouse, 284 


Nitrogen fertility of soils, 296 


ammonia volatilization losses, 296 

in situ release patterns of nitrogen from deep-placed 


urea in flooded soils, 298 

Nitrogen fertilizer. Sec also Fertilizer nitrogen 


effect of intercropping and, on Asian corn borer, 464 

rate and time of application, 303 


Nitrogen fixit in 

ability, J,'L differences in,
t.11 287 

algal. 282 

asjciatcd wit, wet iJl lice, 284 


;icetylene reduction ,says 285 

norogcn balance, 'ud~c . 284 


by A:o!.-Anahavna a~sonatioiI, 287. 

Nitrogei: in %i' release patienui from deep-placed urea in 


flooded so,.,, 298 

Nitrogen response 


effect of planting date, plant density, and geometry 

on. 1t)2 


yield performance and, in farmers' fields 

irrigated rice. 15 

rainfed lowland rice, 17 


Nitiogen statuJ, and water regime, 281 

Nitroger.si:pplying capa -ity of submerged soils, 281 

Nitrogen transformation, in rice soils, 280 


algal nitrogen fixation. 282 

ammonia volatilization. 28 1 

amnonification. 280 

denitrification, 280 


effects of straw incorporation, 282 

nitrification, 280 

nitrogen-supplying capacity of submerged soils, 281 

urca hydrolysis, 280 

water regime and nitrogen status, 281 

rain fed and upland, 289 


effect of soil condition during dry season o.nnitro-

gen availability during wet season, 292 


Nueva lcija 

age of seedlings, effect on yield in, 345 


biological constraints on rice yields in,339 

socioeconomic constraints on yield 


profitability and input efficiency, 352 

variability and risk. 348 


Office of information se:vices, 516 

general information mateials, 517 

major publications, 517 

research and training support, 517 
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series publications, 516
 
visitors, 517
 

0. 	glaberrima and drought-tolerant rices, tolerance for
 
salinity of, 119
 

Paddy water
 
application of insecticides to, 200
 
degradation and fate of carbofuran in, 208
 

Pakistan, outreach services, 513
 
Pangasinan
 

fertilizer on transplanted rice, 442
 
sorghum and mung bean intercrop, 443
 

Pangasinan cropping patterns tests, establishment of first
 
crop in
 

rice-rice-upland crop pattern, 433
 
rice-mung bean pattern, 433
 
upland crops after rice, 433
 

Parasitic insects, 215
 
Peaiut
 

after rice, effect of interaction of fungicide seed treat.
 
ment and insecticide sprays on yield of, 466
 

varietal testing, 472
 
Pest control
 

insects and diseases
 
determining recommendations, 416. See also Insect
 

and disease control
 
farmers' practices, 401 See also Farmers' insect
 

and disease control practices
 
Pests in rice-based cropping systems
 

lowland, 405
 
double-cropped rice, 405
 
grain legumes, 405
 
green corn before rice, 405
 
single-cropped rice, 405
 
sorghum, 405
 
sweet potato, 406
 

upland, 404
 
corn, 405
 
grain legumes, 405
 
rice, 404
 
sorghum. 405
 

Pests, taxonomy in rice ecosystems, 196
 
Pheromones, stern borer, 219
 
lhilippine's
 

Asian Cropping Systems Network sites, 482
 
Bureau of Plant Indt stry (BPI) stations, 14
 

long-term fortility experiments, 305
 
yield performance of irrigated rice, 14
 

coastal saline soit'. 274. See also Saline soils, coastal. 
Philippines 

Los Baficlippfnt of temperature on effective grain

filling period at, o 18
 
outreach services, 5 13
 

screening for cold tolerance in, 142
 
test sites, biological constraints on rice yields. See
 

Constraints on rice yields
 
zinc deficiency in, 276
 

at Tiaong, Quezon, 276
 
Phosphorus sources an different soils, 307
 
Phosphorus deficiency, 125
 



screening for, in Sri lanka and Thailand, 128 


tolerance for, screening techniqu.e, 125 


greenhouse, 125 

mass field. 125 


varietal reactions. 125 

Photoperiod. flowcring response to, 136 

Pilot programs. cropping systems applied research, 478 


Iloilo Pilot Project. 479 

Plant breeding 


alkalinity (for adver-c soil,). 119 

b:eeding 'or adverse suoil, tolerance. 126 


breeding n thod,. 15o 

breeding opcrations. 154 

breeding prograin at Ihailand and IR RI. 139 

breeding program 1Ior gram quality), 28 

disease resistance studies. 45 

evailuatini: disease resistance ol breeding materials, 38 


evaluation of drough: resistance in rainfed-lowland 

culture, 94 


evaluation trials (for protein content), 74 

exchange of gerniplasm, 154 

field collection lgenetic resources), 10 

field performance of rices in rainfed culture, 89 

further incorporation of disease resistance, 43 


grain size and yield potential. 18 


growth duration, 26 

hybridization and selection (for drought resistance), 84 

inheritance of and breeding for resistance (to insects), 


68 

institutional exchanges igenetic resources), 10 


inventory, characterization, data processing, and 

storage (genetic resources). IF 


IRRI lines named in national programs, 154 

low temperature, 142 

new sources of disease resistance. 38 


rice genetic resources laboratory. 12 


salinity (for adverse soils), 114 


screening for flood tolerance, 132 


seed increase, rejuvenation, and distribution, 10 


sources of resistance (to insects), 62 


sources of -midwarfistt, 26 

varietal screening. 84 

workshop on the genetic conservation of rice, 12 


Planting date, 303 

and weeds of dry-seeded, rainfed, bunded rice, 451 


plant density. atid geometry, effect on nitrogen res-


ponse in rice, 302 

Plant density and geometry, 303 


and planting date, effect on nitrogen response in rice, 

302 


Plant height and harvest index, 22 

Plant mineral composition as alkali stress index, 121 

PNant pathotogy 


diseases, 177 

bacterial blight. 181 


blast, 178 

field and storage molds of rice grains, 180 

grassy stunt, 190 

ragged stunt, 183 

sheath blight, 178 


tungro, 191
 
disea.e resistance studies, 45
 

evaluating disease resistance of breeding materials, 38
 
new sources of disease resistance, 38
 

Plant pathology cropping systems, 467
 
diseases at experimental sites, 468
 

foliar. preliminary scales for assessing some, 468
 

Plant pathology cropping systems component
 

determination of insect and disease control recom

mendations, 416
 
pests in lossand rice-based cropping systems, 405
 

pests in upland rice-based cropping systems, 404
 

plant pathology. cropping systems, 467
 
plant protection, 463
 

Plant physiology
 
climatic environment and its influence
 

nicrocliate of t\, o rice canopies with contrasting
 
plant types, 323
 

solar radiation and water balance, 319
 

temperature. 318
 
direct seeding in shallow wa:.., 138
 

effects of partial clipping of spikelets and drought on
 

1,000-grain weight, 20
 
flowering response to photoperiod, 136
 
grain-filling period of 'itgle gra ins, 20
 

gram ize and yield potential. 18
 
harvest irdex: criterion for selecting for high yield
 

ability. 20
 
high temperature. 142
 

loss tetiperature, 142
 
reevaluation of submergence-tolerant varieties, 132
 
root studies, 97
 

screening for flood tolerance. 132
 
Plant protection, 392. 463
 

lowland rice-based cropping' systems. See also Plant
 

protection in lowland rice-based cropping
 

systems
 
plant pathology cropping systems, 467
 

varietal testing, 469. Sct alo Varietal testing
 

Plant protection in lowland rice-based cropping systems,
 
463
 

chemical insect control
 
dry-seeded rice, 463
 
mung bean after rice, 465
 
sorghum after rice, 464
 

flooding, cropping pattern, and landform, efloct on
 

plant parasitic nematodes, 467
 
interaction of foliar fungicide and insecticide, effect
 

on yield of mung bean after rice, 466
 
interaction of fungicide seed treatment and insecticide
 

sprays, effect on yield of peanut after rice, 466
 

interaction of insecticide levels with yield of field corn
 
and mung bean intercrop after rice, 467
 

intercropping and nitrogen fertilizer, effect on Asian
 
corn borer, 464
 

tillage method, effect on insect pests of cowpea, 466
 
Plant water status, visual scoring and, 106
 
Postproduction technology and management, 325
 

farm-level systems, 326
 
economic analysis, 328
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field survey sites, 326
 
technical evaluation trials, 326 


milling systems, 329 

economics of, 332 

milling with farm-level systems, 331 

monitoring activities, 331 

technical assessment, 330 


Power tiller upland tillage tests, 496 

Predators, 216 


Cyrtorhinuslividipennis, 217 

spiders, 219 


Preproduction evaluation, 393, 473 

applied research, 474. Se also Applied researchAsia
Poopcgs pplied research ,
Production plots, 1977, cropping systems applied research, 

475

Prolamin and glutelin, 81 

Protein content in rice, 4, 73 


evaluation trials, 74 

replicated yield, 74

scr-ening world rice collection, 75 

yield potential of high-protein rice, 74Rice-corn
nutrient distribution in milling fractions, 76 


prpeietdst7r.beeio i ep aconnt,
eing

properties, 76. See also Rice protein content,


properties
Publications, 519 


Ragged stunt, 18 3 


antibiotic treatment, 190 

causal agent, 185 

dual infection, 189 

field reactions to, 59

host range, 188 


symptomatology, 183 


by BPH,186. See also BPH 

by insects, 186 

mechanical, 185 

by seed, 186 


Rainfed and upland rice soils, nitrogen transformations in, 

289 


Rainfed culture, field performance of rices in, 89. See also 

Drought resistance 


Rainfed lowland areas, breeding operations, 155 

Rainfed-lowland culture, evaluation of drought resistance 


in, 94. See also Drought resistance 

Rainfed-lowland field screening for drought resistance, 87 

Rainfed-lowland rice 


effect of dry soil mulch and straw mulch on moisture 

conservation in, 312 


yield performance and nitrogen response, 16 

farmers' fields, 17 

IRRI, 16 


Rainfed rice 

dry-seeded, bunded, weeds and date of planting, 451 

wet-seeded, weeds, and water regime, 452 


Rainfed rice soils, nitrogen transformation in, 289 

Rapid generation advance, 156 

Research fellows, 503 


postdoctoral, 504 

Research impact, baseline conditions for measuring, 409 
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Research information, sharing of, 487
 
Rhynchosporium oryzae, perfect stage, 50
 
Rice and fish culture, 207
 
Rice-based cropping systems, pests. See Pests in rice-based
 

cropping systems
 
Rice breeding in Asia, 8, 161. See also Rice breeders in
 

Asia
 
diffusion of genetic materials, 162
 
genetic composition of varieties, 166
 

most widely grown varieties, 168
 
newest varieties, 166
 

adoption, factors related to, 166
most widely grown varieties, 168
 

genetic traits and plant height, 171
genetic strengths and weaknesses, 169
 

types and genetic composition, 168
 
objectives, compared with perceptions of environmeast
 

adps rbes 7
and pest problems, 171
 
intercrop, modification of evaporative demand,
101i, 110
 

Rice diseases, major, screening earlier generations against,
38
 

RiceRiegenetic resources
conservatk,n, workshop on, 12
 
field collection, 10
 

institutional exchanges, 10

inventory, characterization, data processing, and stor

ae 
laboratory, 12
 

program, 9
seed increase, rejuvenation, and distribution, 10
 

Rice grains, fv"id and storage molds, 180
 
Rice output growth
 

a model, 379
 
input-output relationships, 379
 
input projections, 380
 
investment costs, 380
 
verification, 381
 

sources, 376
 
Rice pests, control and management, 173
 

diseases, 174, 177
 
insects, 174
 
weeds, 175
 

Rice production
 
Asian, prospects for, 375. See also Asian rice p:oduc

tion, prospects for
 
continuous model, 435
 

Rice production courses, 501
 
six-month ric- production training program (RPTP),
 

505
 
two-week rice production courses, 501
 

Rice production training and research cropping systems
 
component
 

yield potential of high-protein rice, 74
 
Rice, varietal testing, 469
 

preproduction evaluation, 473
 
applied research, 474
 
continuous rice production model, 435
 



Rice protein content, properties. 76 

destarched rice. 77 

nitrogen balance in Filipino children. 78 

prolamin and glttelin. 81 

protein bodies and en.ynie-digested bodies, 79 


crystalline in sobalCurone layer. 81 

studies in rats 


digestibility. 76 

quality of high-protein rice. 76 


Rice village econom.v anatony. 366 

household income and e\penditurcs. 366 


capital investment. 366 

earnings from employment, 366 

other sources of income. 366 


social accounts of the villae. 368 

Roots


branchingo98 

branching.tro. 98
 

characteristics in main shoots and tillers, 99chemical 


core sampling ethod to estimate. 100 

arietsalingethodvetiaditributi,
in

varietal difference i in %ertiealdistribution, 100 

development 

in field. 100 

effect of water regimes on, 323 


length-to-weight ratio. 98 

maximum depth anti total length, 98 

mineral content as salt-tolerance index. 116 

penetration, relationship with penetration resistance of 


soil. 322 


screening for deep, 97

Root studies 

aluminum toxicity. Set' Aluminum toxicity 
screening for deep root systems, 97. See also Deep 

root systems, screening 

Root-zone insecticide application, 201 

granules, 201 


liquid-band injection, 201 

root coat, 201 

soil incorporation. 202 


Roy, pairing of corn. effect on corn competition with in-

tercropped rice, 445 


Saline soils, coastal, Philippines, 274 

chemical kinetics and rice growth. 274 

monitoring, in experimental fields, 274 

occurrence and use, 274 


Salinity, tolerance for 

breeding for, 126 

chloride toxicity and salt injury, 118 

field screening at IRRI, 114 

field testing of promising selections, 114 

IRSATON at IRRI. 116 

mineral content as index of, 116 


roots, 116 

shoots, 117 


of 0. glaberrima, and drought-tolerant rices, 119 

screening techniques, 114 


Scirpus maritimus, management and control, 460 


Screening for tolerance of adverse soils 
Itistosol problems, 122. See also |listosol problems 
techniques 

alkalinity, I1',. See also Alkalinity, tolerance for 
iron toxicity. 121. See also ron toxicity tolerance, 

screening techniques 
phosphorus deficiency. 125. See albo Phosphorus 

deficiency 
salinity. 114. Se, al'o Salinity, tolerance for 
zinc deficieny, 124. See also Zinc deficiency 

Screening new herbicides, 232. Se' also Ilerbicides 
Seed bank, 160
 
Seed increase, rejuvenation, and distribution, 10
 
Semidwarfism. source%, 26
 
Semidwarfk, adoption as parent material, 162
 
Seminars. 525
 
Sheath blight. 178
 

control. 178
 
epidemiology -- survival of sheath blilit sclerotia, 179
 
sclerotic, survival, 179
 

Single-cropped rice, pests, 405
 
Socioeconomic contraints on rice yields, 347. See also


Constraints on rice yields 

Soil and crop culture. 271, 311
 
Soil and crop management, 269
 

soil characterization, 270, 273
 
soil fertility management: microbiological studies,
 

270. 283
 
soil fetility ad fertilizer management. 270, 295
 
soil and crop culture, 271, 311
 

Soil and crop management. cropping systems component 

technology development and evaluation. 389, 440
 
continuous cropping of upland rice and other upland
 

crops, 446
dry-season planting of soybean, 441
 

tertilizer on transplanted rice. Pangasinan, 442
 
periodic flooding, susceptibility of si\ upland crops,
 

440
 
row pairing, effect on corn cotpetition with inter

cropped rice. 445
 
sorghum and mung bean intercrop, Pangasinan, 433
 
time of planting cassava, effect on upland cropping
 

pattern performance. 444
 
toposequence position and establishment method,
 

effect on weeds arid upland crops after rice, 44 1
 
Soil characterization, 270, 273
 
Soil chemistry
 

alkalinity. 119
 
1listosol problems, 122
 
iron toxicity, 121
 
phosphorus deficiency, 125
 
salinity, 114
 
soil characterization, 270, 273
 

acid-sulfate soils in Thailand, 275
 
coastal saline soils in the Philippines, 274
 
iron-toxic soils in Sri Lanka, 275
 
nitrogen transformations in rice soils, 280
 
nutritional problems of rice grown on Histosol
 

soils, 277
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zinc deficiency in the Philippines, 276 

Soil fertility and fertilizer management, 270, 295 

Soil fertility management: microbiological studies, 270,


283 

Soil microbiology 


insecticide evaluation, 196 

nitrogen fixation associated with wetland rice, 284 

nitrogen fixation by Azolla-Anabaena association, 287 

nitrogen transformations in rice soils, 289 


Soil microbiology cropping systems component, soil and 

crop management, 440 


Soil-plant-water relationships in rice, 103. See also 

Drought resistance 


Soils 


acid-sulfate 

breeding for, 128 

in Thailand, 275 


coastal saline in the Philippines, 274 

compacted, study of, 495 

Histosols, nutritional problem of rice grown on, 277. 


See also Ilistosol problems

iron-toxic, in Sri Lanka, 275 

nitrogen transformations in rice, 280. See also 


Nitrogen transformations in rice soils 

Philippine rice, degradation and fate of carbofuran in,


209 

resistance and root penetration, 322 

zinc deficient, in the Philippines, 276. See also Zinc 


deficiency 

zinc response of lowland rice on a calcareous soil, 307


Solar radiation and water balance, 319 

paddy field model, 319 

relationship between root penetration and penetration


resistance, 322 

water balance 


at Los Bafios, Philippines, 321 

effective depth in soil, 321 


water regimes, effect on root development, 323 

Sorghum 


and mung bean intercropping, 443 

varietal testing, 470 


Soybean 

dry-season planting, 44 

varietal testing, 471 


Spikelets, partial clipping and drought, effects on, 1,000-

grain weight, 20 


Sri Lanka 

iron-toxic soils in, 275 

outreach services, 514 

Phosphorus-deficiency screening in, 128 


Staff changes, 529 

Starch 


accumulation, detached panicles, in liquid-culture, 35

lintnerized, 32 


Statistics 

additional experiments (yield constraints on rice), 345 

biological constraints, 336 

brown planthopper distribution and sampling tech-


niques, 223 

computerized data management, 159 
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breeding operations, 160
 
germ plasm bank, 160
 
international rice testing program, 160
 

evaluation of experimental techniques, 359
 
evaluation trials (for protein content), 74
 
weed sampling studies, 237
 

Stem borers
 
ecology and behavior, 219
 
pheromones, 219
 
resistance, sources, 62
 

Straw incorporation, effects on nitrogen transformation,
 
282
 

Striped borer resistance, causes, 65
 
Submerged soils, nitrogen-supplying capacity, 281
 
Submergence tolerance
 

and drought tolerance in a single variety, 138

reevaluating varieties with, 132
 
nitrogen-supplying capacity, 281
 

Sweet potatoes, pests in lowland rice-based cropping sys
tens. 406
 

Temperature, 318
 
and vapor pressure deficit, effect on occurrence of un

fertilized grains, 319
 
effect
 

on effective grain-filling period at Los Bafios,
 
Philippines, and Suweon, Korea, 318
 

on spikelet number per square meter, 318
 
high, 142
 
low, 142
 

Temperature tolerance, 6, 141
 
Thai-IRRI cooperative deep-water project
 

breeding programs at Thailand and IRRI, 139
 
drought tolerance at seedling stage, 138
 
elongation testing at Huntra, 133
 
field screening for flood tolerance, 132
 
international cooperation (deep water and flood
 

tolerance), 140
 
multilocational yield trials, 136
 
response to fertilizer at different water depths - wet
 

season, 133
 
Thailand
 

and acid sulfate soils in, 275
 
Asian cropping systems network sites, 484
 
outreach services, 514
 
phosphorus deficiency screening in, 128
 

Tillage
 
method, effect on insect pests of cowpea, 466
 
reduced, long-term effects, 236
 
upland tests with power tiller, 496
 

Toposequence position and establishment method, effect
 
on weeds and upland crops after rice, 441
 

Training, Asian cropping systems network, 486

Training, associated formal, 
 501. See also Associated 

formal training 
Transplanted rice 

continuous cropping of, 458
 
fertilizer on, Pangasinan, 442
 
integrated weed management in, 233
 
new herbicides, 232
 



weed control in flooded, 228 

Transplanting systems, field tests, 497 

Tungro epiderniology..191 


incidence, 191 

infective insects, 191 

insect vectors. 191 


and incidence, 191 

light trap, I11 


Upland areas, breeding operations, 156 

Upland breeding lites, yield evaluation, 93
 
Upland cropping ;ystoms. mechanization, 4 

Upland crops 


after rice, 433 

and !ffcds, of toposewtence position and
,fect nle hodesta lis mon.en 441an 

esablishment me-thod on, 441 

and their ranaeient, lloilo tests. 428 

continuous cropping of upland rice and other, 446 

establishnent of first crop in rice-rice-upland crop pat-


;ern,. 433 


suscel'Ibility to periodic flooding, 440 

weed giowth in, 453 


,dvziced screening of herbicides for controllino, 
454 


competitiveness of upland crops, 453 

effect of crop rotation on, 456 

effect of land preparation and mulching, 454 


Upland cropping pattern, performance, effect of time of 

planting cassava, 444 


Upland field screening for drought resistance, 84. See also 

Drought resistance 


mass screening, 86 

reproducibility, 85 


Upland rice 

continuous cropping of, and other upland crops, 446 

effect of dry soil mulch and straw mulch on moisture
conservation in, 313 


integrated weed management in, 233 

new herbicides in, 232 

soils, nitrogen transformation in, 289 

stale-seedbed technique for %;eedcontrol in, 450 

weed control in, 229 


Upland rice-based cropping systems, pests in, 404. See 

also Pests in rice-based cropping systems 


Upland variety trials for drought resistance, 89 

agronomic characteristics, 9 1 

pest resistance, 93 

promising lines, 93 

rainfall distribution, 90 

yielding ability, 90 


Urea 
deep-placed, in situ release patterns of nitrogen from, 

in flooded soils, 298 

hydrolysis, 280 


Varietal reactions to exchangeable sodium percentage, 120 

Varietal screening for drought resistance, 84. See also 


Drought resistance 

Varietal testing, 469 


corn, 470 


cowpea, 471 * 
mung bean, 471
 
peanut, 472
 
rice, 469
 
sorghum, 470
 
soybean, 471
 
sweet potato, 472'
 

Variet:y trials, cropping systems applied research, 478
 

Water balance 

at Los Bafios, Philippines, 321
effective depth in soil and, 32!
 
water deficit, iritensity, duration, and yield, 108
 

Water regime 

atrged nitrogen status, 281
 
and weeds of wet-seeded rainfed rice, 452
 
effect on root development, 323
 

Water stress, effect., under high evaporative demand, 103
 
drought tolerance
 

at constant soil moisture, 105
 
leaf xylem potential and, 103
 
under limited rooting depth, 104
 

plant characters, 103
 

soil moisture tension, 103

Weather, crop, 531
 
Weed control
 

in corn, interrow cultivation and preemergence herbi
cides for, 450
 

in direct-seeded rice, 228
 
in dry-seeded rainfed bunded rice, 230
 
in transplanted flooded rice, 228
 
in upland rice, 229
 

stale-seedbed technique for, 450
 
Scirpts aritimus,460
 
treatments and sorghum yield, 457
 

nitrogen levels and number of wcudings, 457

spacing, seeding rate, and weeding methods, 457
 

weeding requirements of intererops, 458
 
Weeds
 

and date of planting dry-seeded rice, 451
 
control of, in rice, 228. See also Weed control
 

yeuronds233
 
gyperus rotundus, 233
growth in upland crops, 453. Ste also Upland crops

integrated management, 233
 

direct-seeded rice, 235
 
ransplaned rice, 23 3
 

upland rice, 235
 
sampling
 

sampling 
studies, 237
 

time of, 237
Weed science, 390 447
 

continuous cropping of transplanted rice, 458
date of planting and weeds of dry-seeded, rainfed, 

bunded rice, 451
 
dry-season land preparation, effect on weed growth in
 

succeeding crops, 447
 
management and control of Scirpus maritimus, 460
 
water regime and weeds of wet-seeded rainfed rice, 452
 
weed control treatments and sorghum yield, 457
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weed growth in upland crops, 453. See also Upland 

crops 


Wetland rice, nitrogen fixation associated with, 284 

'.Vet-seeded rainfed rice, weeds and water regime in, 452 

Whitebacked planthopper resistance 


inheritance of and breeding for, 72 

sources, 63 


Whorl maggot resistance, sources, 64 

Working group meetings, Asian cropping systems network, 

486 


Woformance 

interfaces between agriculture, nutrition, and food 


science, 509 

international cooperative project on national rice pro-


grams, 509 

international workshop on te. manufacture and use of 


IRRI agricultural ia:'hinery, 509
riR aualt, 509 

rice blast, 509
 

rice genetic conservation, 509 

village-level studies, 509 

workshop-seminar on agricultural extension and rice 


development, 509 

World rice collection 


amylose screening of, 29 

gelatinization-temperature screening, 31 

screening for protein, 75 

survey, 29 


Xanthomnonas oryzae. See also Bacterial blight 

differentiation of virulence in, 51
 
growth, 183
 

Kresek, 56. See also Kresek
 
mixed inoculum, effect on lesion development, 55
 
pathotype 2 (Isabela strain) at IRRI, 55
 

Yield
 
effect of water deficit, intensity, and duration, 108
 
of upland breeding lines, evaluation, 93
 
variability among experimental sites at four locations,
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Yield performance and nitrogen response 

irrigated rice, 14. See also Irrigated rice, yield per
and nitrogen response 

formance nd nre rsonerainfed-lowland rice, 16. See also Rainfed-lowland rice
 
Yield potential
 

and high-protein rice, 74
 
grain size and, 18
 
graintsieand 8
prototype of dwarf, large-grain varieties, 19
 

Yield trials, multilocational, 136
 

Zinc deficiency, 124
 
in the Philippines, 276
 

at Tiaong, Quezon, 276
 
available zinc in rice soils, 277
 
role of hydrology and pH, 276
 

screening for tolerince for
 
in concrete beds, 124
 
mass field, 124
 
varietal reactions, 125
 

Zinc response of lowland rice on a calcareous soil, 307
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