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About this report 

This 19th annual report includes research reported during 1980, The department or 
departments that performed the research are identified in italics below the topic 
heading. For example: 

YIELD PERFORMANCE AND NITROGEN RESPONSE OF RICE 
VARIETIES AND SELECTIONS 

Agronomy Department 

In collaborative work, the department that did one phase of the research is identified 
in italics in parentheses following the sUbtopic. For example, the Plant Pathology 
and Plant Breeding Departments cooperate in the project SOURCES OF RES
ISTANCE. Because the Plant Pathology Department bears responsibility for one 
phase of that work, its name follows the heading: 

Identification and evaluation (Plant Pathology). 

This report makes reference to three fundamental types of rice culture. Dryland 
(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 
impound water. Irrigated culture means rice grown with irrigation in bunded fields. 
The adjectives dryland (instead of upland) and wetland (instead oflowland) describe 
rice and rice-growing soils. 

Pedigrees are indicated by a slant bar (f) rather than by the multiplication sign (X). 
For example, IR32 X IR34 is written IR32/IR34. The sequence of crosses is 
indicated by the number of slant bars. (IR32 X IR34) X TKM6 is written 
IR321 IR341ITKM6. The fourth and further crosses are designated 14/,/51, and so 
on. Backcrosses are indicated by a superscript numeral. 

Scoring of morphological characters and of damage due to rice pests and physio
chemical stresses is based on scales in Standard Evaluation System for Rice (SES), 
2d ed., 1980. Copies are available from the International Rice Testing Program, 
IRRI. 

This report is on a metric basis. The International System of Units (SI) is not, 
however, completely adopted for abbreviations. All monetary units are as U.S. 
dollars ($). Uuless otherwise stated, control or check means an untreated control, 
grain yield is calculated as rough rice at 14% moisture, and protein content is 
calculated as a percentage of brown rice at 14% moisture. 

A single asterisk (*) means different at the 5% level of significance, and a double 
asterisk (**) means significantly different at the 1% level. 

Names and terms often repeated within sections are abbreviated, e.g. BPH (brown 
planthopper), GLH (green leafhopper), DT (days after transplanting), DAT (days 
after treatment), etc. Such abbreviations are spelled out when first used. 

The report uses generic names instead of brand names for chemicals. Use of a 
commercial or brand name when the generic name is unobtainable does not consti
tute an endorsement of the product. 

A thumb index on the back cover provides access to each section. To use it, bend 
the book slightly and follow the margin index to the page with the black-edge 
marker. 
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Research highlights 

"What about the otlier threeT' 
That was the question in our Research Highlightsfor 1975. We asked the question 
because a look at the 10 years ofintensive rice research that had followed the release 
ofIR8 pointed to those with irrigation - only one in four rice farmers - as the main 
beneficiaries of the new rice technology. 

Even though the "other three" with no irrigation had not been completely shut out 
(the fact is they benefited from a spillover of technology that was workable in rainfed 
fields), IRRI started to focus its research in 1975 more on problems of the rainfed 
rice farmer: his rain-dependent less-certain water supply, and poorer soils. Because 
the risk of crop failure is higher for the rainfed farmer, he has less easy access to credit 
and the inputs needed to increase rice production. 

What have we achieved for him in the last 5 years? 
It is clear, most of all to the scientist, that there can be no yearly "breakthroughs" 

in rice research. There have been and there will continue to be, however, outstanding 
new rices released to farmers, some of which allow the disadvantaged rainfed farmer 
to double, even triple, his rice production per hectare. 

Among the varieties developed since 1975, which help the rainfed farmer to cope 
better with his adverse environment, we can point to: 

• IR36, the rice now most widely grown by the Philippine rice farmers, most of 
whom do not enjoy assured irrigation. IR36 (IR2071-625-1) was named and 
released by the Philippine Seed Board in 1976. Its early maturity and mUltiple 
pest resistance made it an easy favorite of farmers in both irrigated and rainfed 
areas. To the rainfed farmers IR36 brought the chance to grow a crop in the 
short period when good rains were certain. If the rains failed for short periods, 
IR36 could stand moisture stress and then bounce back when rains returned. 
IR36 - with its good harvests from both irrigated and rainfed fields - was a 
mainstay in putting Philippine rice production at the point of exportable 
surplus in 1979, and enabling it to continue exporting subsequently. 

• IR42, named in the Philippines in 1977, has been outstanding on farms with 
adverse soils. IR42 (IR2071-586-5-6-3) gives high yields in fields with low 
nitrogen fertility, has moderate tolerance for zinc and phosphorus deficiencies, 
and resists most of the major rice pests (Table I). Many farmers among "the 
other three" of 1975 got in IR42 a rice that could double their yields. One IRRI 
soil scientist called IR42 "the answer to the poor rice farmer's prayers." 

• IR52, named in 1980 in the Philippines, has good drought resistance and all the 
other desirable characteristics of the modern IR varieties. IR52 (IR5853-118-5) 
was first reported in Research Highlights for 1976 for its "excellent vegetative 
vigor"; later (in 1977) as "drought resistant with potential for rainfed and 
irrigated" areas, and (in 1979) for "consistently high resistance to drought" over 
3 years of tests. 

• RD 17 and RD 19, released in 1979 by Thailand's Department of Agriculture for 
farmers in areas with medium-deep water (0.5-1 m depth). These first high 
yielding modern varieties developed specially for flood-prone areas were the 

-RESEARCH HIGHLIGHTS I 



Table 1. The resistance of IR42 to pests and other adverse conditions contrasts markedly with that of 
IRB. released 11 years earlier.B 

Adverse factor IRS IR42 

Diseases 
Blast MR 
Bacterial bhght S 
Grassy stunt S 
Tungro S 
Ragged stunt S 

Insects 
Green leafhopper R 
Brown planthopper S 
Stem borer MS 

Nutrient deficiencies 
Nitrogen MS 
Phosphorus MR 
Zmc S 
Iron S 

SOIl toxIcities 
Salmity MR 
Alkalmity S 
Iron toxicity ~ 
Boron toxicity MR 
Peat sOIl problems MS 

Drought S 
Submergence 

BR = resistant, MR - moderately resistant, MS = moderately susceptible, S -susceptIble. 

R 
MR 
R 
R 
R 

MR 
R 

MR 

R 
MR 
MR 
MR 

MR 
MR 
MR 
MR 
MR 
MR 
MR 

product of a Thailand-IRRI Collaborative Deepwater Rice Project. Their full 
impact is yet to be felt, but there are indications elsewhere in this report of tJIeir 
potential- they were the only rices to survive in a Philippine area subjected to 
deep flooding in 1980 and yields of RD 19 were exceptionally high in deepwater 
fertilizer trials at IRRI. 

• Varieties and lines with drought resistance and good yield in dryland fields. 
IR43 yielded 4.6 t/ha in a Filipino dryland farmer's field during the.l980 wet 
season; IR5931-110-1 had yields of 3.9 tl ha in the same field. Both rices held 
high ratings in 10 trials in 5 countries for the 1980 International UpJand Rice 
Yield Nursery of the International Rice Testing Program. A sister line to IR43 
was released as IRI529 in several Mrican and Latin American countries. 

• IR cold-tolerant lines with yields higher than 6 t/ha. IRI5889-32-1 yielded 7.9 
tlha in Korean cold tolerance tests. Several IR9202lines had yields in the 5-7 
tl ha range in cold areas of Korea and the Philippines. 

• Several with tolerance for adverse' soil conditions - salinity, alkalinity, iron 
toxicity, and boron, phosphorus, and zinc deficiency. A growing list of IR 
varieties and lines' shows these tolerances. 

We do 'not cite the rices we note here as ones that will always give spectacular 
yields in fields with adverse conditions. Farmers who plant these rices, however, 
have an assurance of some yield in bad years and of high yield in good years. 
Contrast that with their previous expectation of crop failure in bad years and only 
low yields in their better years. 

With the development of the new varieties, there has also been substantial 
progress in developing new cropping practices, and farmers in some rainfed areas 
now grow two rice crops where before they grew only one. Such farmers are found in 
areas of the Philippines, Sri Lanka, India, and Indonesia. A dry-seeded first crop 
gets off to a rapid start with the early rains. Using an early-maturing rice like IR36, a 
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crop is ready for harvest within 4 months and a-second crop can be transplanted 
while there is still plenty of water to complete its growth_ Use of new drought
resistant varieties helps reduce risks in areas where rainfall is uncertain. In many 
areas farmers are getting their second rice crop off the fields in time to grow 
mungbean or another drylaud crop on the residual moisture - three crops a year in 
a rainfed field! 

Progress beyond varieties. 
We believe that it may well be time to~start talking about the potential to hit "two out 
of three" rather than the ;three out of four" that ·are missed by the new rice 
technology. Table 2 supports that belief. 

Better life for more farmers 
The technology that allows farmers to produce two or three crops where one was 
grown before - and do it without irrigation - has had dramatic effects on the 
incomes of many Asian farmers. In collaboration with national scientists, such 
intensification of rice cropping is being widely studied throughout Asia through the 
Asian Cropping Systems Network. 

These developments ofimproved varieties fornonirrigated farms and of methods 
to intensify crop production in rainfed areas represent real achievements - ones that 
have already contributed significantly to a better life for many farmers among "the 
other three." 

There has also been progress in other research areas that will make an impact on 

Table 2. Human supporteapacityof rice area in South and Southeast Asia. bychal'8ctarofcultivation tp 
1980.8 Rices such as IR36,IR42. IR43. IR50, IR52. and RD17and RD19 provide higher and more 
stable yield for farmers in the rainfed and dryland 81'Q8S. 

Rice land type Area Mean Yield Support capacity 
(000 hal (t/ha) (no. of persons) 

Deepwater (> 1 m) 5,308 1.0 24,150,000 
Irrigated 28,984 38 497,72.0.000 
Shallow ramfed (0·30 em) 30,248 1.8 247,930,qaO 
Intermediate ramted (30 em-' m) 11,547 1.2 63,100,000 
Dryland 11,558 0.9 46,230,000 

Total 87,645 879,130,000. 

8Adapted from a table prepared by Dr. R. E. Huke, IRRI visiting SCientist. 1980 

Table 3. These promising improved varieties and Iinesfromthe Genetic Evaluation Utilization program 
were identified as tolerant of different stresses through worldwide testing in the International Rice 
Testing Program. 1980. 

Excess or defiCIt moisture 

Ramfed dryland 

Ramfed wetland 

Medium deepwaterB 

Problem soils 

Alkalimty 

Salinity 

Temperature 

Cold 

Hot 

IR43, IR45, IR9669 Sel., IR2061-522-6-9, IR3839.1, IR36 

IR46, IR52, IR4819-17·3-2, IR4829-89·2 

R017, R019 

'IR43, IR46, IR2053-436-1-2, IR4227-28-3-2, IR9846-256-3 

IR42.IR4595-4-1-1S: IR2307-247-2-2-3.IR2153-26-3, IR4630-22-3-
3-2. IR4563-S2-1 

IR8866-30-1-4, IR3941-25-1, IR13045-182-5, IR15924-265-3 

IR2oo6-P12-12-2-2,IR1561-228·3·3 

8From the Thalland-IRRI Collaborative Deepwater Project. 
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the lives of the less as well as the more advantaged farmers: 
• Tissue and cell culture techniques were greatly improved in our laboratories in 

1980. These techniques afford the possibility for further rapid advances in the 
development of varieties with salinity tolerance, disease and insect resistance, 
and other desirable characteristics. Through embryo culture we can revive 
irreplaceable stocks that have lost vitality. 

• Continued screening of the world germplasm collection has identified new 
sources of tolerance for drought, flooding, low aud high temperatures, and 
adverse soil conditions. Use of these materials iu breeding programs provide 
hope for better rice worldwide (Table 3). 

• More efficient ways of using nitrogen fertilizers have been identified. Work on 
biological fIXation, especially on the association of the water fern Azolla with 
nitrogen fIxing Anabaena, has shown that there is a great potential for increas
ing rice yields for the small farmer who may not use nitrogen fertilizer, and for 
saving money for the fertilizer user who buys less to get high yields. 

4 IRRI ANNUAL REPORT FOR 1980 



Genetic evaluation and utilization 
(GEU) program 

Genetic resources program 
Plant Breeding Department 

FIELD COLLECTION 6 
INSTITUTIONAL EXCHANGES 6 
SEED INCREASE, REJUVENATION, AND DISTRIBUTION 7 

INVENTORY, CHARACTERIZATION, AND DATA PROCESSING' 7 

LONG-TERM AND MEDIUM-TERM SEED PACKING AND STORAGE 7 

MONITORING VIABILITY OF STORED SEED 8 

TRAINING OF GENETIC STOCK OFFICERS 8 
INTERNATIONAL AND INTERINSTITUTIONAL COLLABORATION 8 

IRRI ANNUAL REPORT FOR 1980 5 



FIELD COLLECTION 

Implementation of a systematic field collection 
program in major rice-producing countries in 
South and Southeast Asia continued. A grant by 
the International Board for Plant Genetic Resour
ces (IBPGR) to assist collaborative efforts enabled 
the national collection centers in Bangladesh, 
Burma, India, Indonesia, Nepal, Sri Lanka, and 
Thailand to expand their collection efforts, to 
improve seed storage facilities, to hold training 
~ourses, and to ship samples to IRRI. . 

An IRRI staff member joined field collectors III 
Indonesia during the main rice cropping season 
and canvassed five major islands of Nusa Teng
gara: Timor, Sumba, FIores, Lombok, and Sum
bara. A total of 304 varieties was collected. This 
direct participation in collection activities ensured 
fresh rice seed from previously unexplored areas 
and facilitated: 

• the identification of ecoedaphic environments 
peculiar to the area visited, 

• the training of local extension and research 
staff on methods of collection, 

• the recording of characteristics of varieties in 
the field and their specific uses or special fea
tures, and 

• a recording of the types of crop culture prac
ticed in the remote areas and the development 
of a picture of the varietal diversity of local 
rices. 

Table I summarizes collection activities in Asian 
countries from 1971 through 1980. 

INSTITUTIONAL EXCHANGES 

Many institutions of the world continued to dep
osit duplicate samples of their collections at IRRI. 
During 1980, IRRI received a total of 5,152 sam
ples. The major donors were: 

• Indian institutions such as Gujarat Agricultu
ral University, M. P. Rice Research Institute, 
AIl-India Coordinated Rice Improvement Pro
ject, ICAR Research Complex at Shillong, 
Bihar State Agricultural Research Institute, 
Indian Agricultural Research Institute, Re
gional Rice Research Station at Kapurthala, 
and N. D. University of Agriculture and 
Technology: total of 665 samples. 

• Institut de Recherches Agronomiques Tropi
cales et des Cultures Vivrieres (IRA 1) France: 
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1,001 samples collected from Cameroon, Ivory 
Coast, Malagasy, Mali, Senegal, Tanzania, 
Chad. 

• International Institute of Tropical Agriculture 
(IITA), Nigeria: 581 samples from various 
parts of West Mrica. 

• Malaysian Agricultural Research and Dev
elopment Institute (MARDI), Malaysia: 382 
local rices. 

• Rice Division of Thailand: 210 local rices. 
• Bangladesh Rice Research Institute: 139 trans

planted aman and boro rices. 
• Agricultural Science Research Institute of 

Vietnam: 134 local rices. 
• Maros Branch of the Central Research Insti

tute for Agriculture, Indonesia: 83 local varie
ties. 

During 1980, IRRI requested and subsequently 
received 115 samples to replace the accessions that 
were no longer available because of either expired 
viability or destruction by pests in the fields. 

The International Rice Testing Program at 
IRRI turned over 926 entries from different nurser
ies for preservation. 

IRRI continued to provide computer-printed 
accession lists and characterization data to major 
national genetic resources centers and other inter
national agricultural research centers upon their 
request. 

Table 1. Indigenous rice varieties collected with IRRl's direct 
or indirect participation in 14 collaborating Asian countries, 
1971-80. 

Country Years 

Bangladesh 1973-80 
Bhutan 1975-76 
Burma 1973-74, 1976, 1980 
India 1976, 1978-80 
Indonesia 1972-76.1978-80 
Kampuchea 1973 
Laos 1972-73 
MalaYSIa 1973-79 
Nepal 1971-72,1979-80 
Pakistan 1972-73,1976,1979 
PhIlippines 1973-76, 1977-80 
Sri lanka 1972,1975-76,1978-80 
ThaIland 1973, 1975-76, 1978-80 
VIetnam 1972-75 

Total 

Indigenous varieties 
collected (no.) 

With IRRI's 

DIrect IndIrect 
partie/- partIcI-
pation patlon 

2.451 2,793 
121 

225 406 
4.828" 

5,103 4,633 
280 

899 
972 
968 
772 

510 1,971 
1,675 550 

2,524 
108 650 

10.352 22,086 

"PartIal estImate based on seed samples received by IRRI 



SEED Il-iCREASE.,REJUVENATION. AND 
DISTRIBUTION 

Field space used for seed increase, characteriza
tion, and rejuvenation during different plantings 
amounted to 12 ha. During the year 7,988 plots 
were planted for initial seed multiplication, 11,647 
for systematic characterization, and 6,000 for 
rejuvenation. The total number of plots exceeded 
that in 1979 by 5.000. 

In November, 2,248 plots were planted for initial 
seed increase of strongly photoperiod-sensitive 
accessions. About 1.000 short rows were also 
grown for seed increase of exotic varieties, mutants, 
genetic testers, 0. giaberrima strains, and wild spe
cies in different plantings. 

The supply of seeds to rice researchers continued 
to be a principal service of the germplasm bank: 
4,142 rice samples of Asian and African rices, wild 
taxa, and genetic testers were furnished to 198 
researchers in many countries. Within IRRI 29,734 
samples of Asian rices and 733 samples of other 
species and genetic testers were provided to GEU 
scientists (Table 2). Although the total number of 
seed samples distnbuted was about average for the 
last 2 years, the number of requests has shown a 
steady increase during the last decade. 

With information furnished by field collectors 
and workers in national programs, 8,025 samples 
reputedly tolerant of one or more specialized prob
lems had been assembled. An extra cycle of seed 
increase was often needed to provide snfficient seed 
for evaluation. The following special types were 
offered to various IRRI GEU scientists for evalua
tion: 86 for tolerancefor adverse soils, 15 forinsect 
and virus resistance, 352 for drought testing, 150 
for cold tolerance tests, and 7 progenies of interge
neric crosses for various tests. 

INVENTORY, CHARACTERIZATION, AND DATA 
PROCESSING 

At the end of 1980, the IRRI germplasm bank had 
53,431 registered accessions of 0. sativa, 2,278 
accessions of O. giaberrima, 961 populations of 
wild species or taxa, and 772 genetic testers and 
mutants (Table 2). Of the O. sativa accessions, 
40,768 have been characterized for all morpho
agronomic characters; another 7,347 have been 
completely characterized in the field, but labora-

Table 2. Progress of the IRRI Genetic Resources Program in 
the preservation and distribution of seed of Oryza satIVa cul
tivars, 1973..aO. 

Distmct 
accessions In Samples distributed" (no.l 

Year germ plasm bank 
(no) Inside IRRI National programs 

1973 24,162 8,275 (66) 9,777 (95) 
1974 26,818 20,498 (108) 2,603 (83) 
1975 30,332 22,155 (151) 4,043 (150) 
1976 34,229 40,200 (194) 4,819 (137) 
1977 36,956 50,354 (196) 4,126 (148) 
1978 40,768 31,941 (182) 7,316(142) 
1979 47,743 26,694 (268) 3,260 (157) 
1980 53,431 b 29,734 (337) 3,659 (156) 

"Numbers In parentheses mdicatethe number of seed requests 
processed. bAbout 3,167 recently received seed samples are yet 
to be registered; 6,986 duplicate accessions and 4.428 nonvi· 
able seed samples were removed from the registry during 
1973--80. 

tory measurements on 8 remaining items have not 
been recorded. Among the O. giaberrima popula
tions, 785 have been completely characterized. 
About364 strains of wild taxa have been character
ized. Computerized programs have been developed 
for the three rice categories. 

LONG-TERM AND MEDIUM-TERM SEED PACKING 
ANDSTORP;GE 

A new system of seed drying and packing was 
perfected for s~fe seed preservation in subfreezing 
long-term storage (_10°C, 25-35% relative humid
ity [RHJ). Another set of packed seeds was placed 
in medium-term storage (2_3° C, 35-45% RH), and 
a third set was deposited in the National Seed 
Storage Laboratory of the United States. 

By drying seed at a moderate temperature 
(38° C) and feeding dehumidified and chilled air 
(12° C, 8% RH) into drying ovens, the seeds were 
quickly dried to 6% moisture content with a min
imum effect of heating on seed longevity. The 
cooled seeds were packed in aluminum cans under 
partial vacuum. 

During the year 2,745 accessions were canned 
and stored under the new process. Eight cans were 
placed in the medium-term storeroom and two 
cans were put in the long-term room. 

The process and volume of packing seed for 
medium- and long-term storage were handicapped 
because: 

• many samples contained a mixture of different 
types; 

• many accessions were unadapted, or suscepti
ble to local pests, and seed yields were low; and 
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• thorough seed cleaning and roguing were 
needed to remove diseased or poorly deve
loped seeds and to reduce varietal mixtures in 
the harvested crop. This operation has further 
decreased the quantity of seed available for 
canning. 

MONITORING VIABILITY OF STORED SEED 

Monitoring of the viability of 3 control varieties 
kept at 8-9% moisture content inside glass jars and 
held in a medium-term storeroom (2" C ± 1° C) 
since March 1963 continued. The viability of 2 
tropical varieties (Siam 29 and Petal has remained 
at about 96% since the start of the experiment, but 
that of a temperate-zone variety (Chianan 8) has 
declined to 23% 

Among thousands of accessions kept in the 
short-term storeroom (20" ± 1° C, 50-60% RH), 
3-year-old seeds varied greatly in their viability. 
The indica andjavanica varieties kept their viabil
ity above 80%, but Chinese varieties of the Keng 
type have lost theirs. 

The results confirm the importance of including 
different varietal types as control varieties of stored 
seeds harvested from different seasons. In medium
and long-term storage, several control varieties are 
used for each crop of conserved seed. 

TRAINING OF GENETIC STOCK OFFICERS 

An IRRI staff member held a 2-week training 
course on rice germplasm collection and conserva-
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tion at the Agricultural Research Institute, Yezin, 
Burma, in May. He also trained field collectors in 
Indonesia. 

Eight GEU trainees received training on various 
aspects of genetic conservation. Two breeders in 
national programs spent 3 months each on genetic 
resources management. 

INTERNATIONAL AND INTERINSTITUTIONAL 
COLLABORATION 

IRRI continued to serve as the principal deposi
tory for the base collection of the world's rice. 
Institutes in Brazil, China, Colombia, Cuba, India, 
Malaysia, and Thailand, as well as the lITA, 
IRAT, and IBPGR, sent thousands of their sam
ples for preservation at IRRI. IRRI staff members 
advised national centers of Bangladesh, China, 
Fiji, India, Indonesia, Mexico, and Thailand plus 
the Centro Agronornico Tropical de Investigaci
ones y Ensefianza (Costa Rica) and the lIT A 
(Nigeria) on the construction or improvement i:>f 
seed storage facilities. 

A systematic exchange of accession lists and 
characterized data with major national genetic 
resources centers, the lIT A and IRAT, was con
tinued for the O. sativa and 0. glaberrima acces
sions. Such exchanges reduce redundancy in con
served stocks and minimize the possibility of 
overlooking accessions that carry identical names 
but have different ecogenetic origin. 
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YIELD PERFORMANCE AND NITROGEN RESPONSE 
OF RICE VARIETIES AND SELECTIONS 

Agronomy Department 

Irrigated rice. Promising breeding lines and named 
IR varieties were evaluated at IRRI, at Philippine 
Bureau of Plant Industry (BPI) stations, and on 
farms in Laguna province. 

IRRL Table I shows the performance of some of 
the IR varieties and some promising selections at· 
different nitrogen levels. During the dry season, a 
new breeding line - IR13423-17-1-2-1 - and 
IR44 yielded more than 7 t/ha at ISO kg N/ha, 
out yielding all other entries. IRI7491-S-4-3-3 
yielded 6.4 t/ha at 60 kg N/ha, almost 7 t/ha at 90 
kg N/ha and with 4.2 t/ha out yielded all other 
entries in plots without fertilizer nitrogen. 
IRIS3I8-2-2-2-2, IR36, IR42, IR46, and IR48 gave 
high nitrogen responses at 90 and 120 kg N/ha. 

During the wet season, IRS2 out yielded all other 
varieties and lines at 60 and 90 kg N/ha. IR42, 
IRI9743-2S-2-2, IRI9746-28-2-2-3, and IRISS38-
338-1-2-3 gave grain yields of almost 4.5 t/ha at 60 
and 90 kg N/ha. 

BPI stations. Eight IR varieties and 10 promis
ing breeding lines were evaluated at the BPI sta-

tions in Maligaya, Bicol, and Visayas (Tables 2-9). 
During the dry season, the highest yield of 8.5 

t/ ha was obtained at Maligaya from IRS2 at 180 kg 
N/ha. IR48, IRSO, IRI9661-131-1-2, IRI9743-25-
2-2, and IR13429-196-1-2-1 also yielded well. At 
ISO kg N/ha IR42 gave the highest yield of 8.1 
t/ha. Most new breeding lines respondM well to 
high rates of applied nitrogen in the dry season. 

In Bicol, IRIS3I8-2-2~2 and IR9129-209-2-2-2 
responded well to 60-90 kg applied nitrogen/ha. 
They also out yielded the other entries in plots 
without fertilizer nitrogen. 

In the Visayas, yield responses to applied nitro
gen were rather low because of inadequate irriga
tion. IRIS3I8-2-2-2, IR42, and IRS4 yielded al
most 6.0 t/ha at 120 kg N/ha. At zero fertilizer 
nitrogen, IR42 and IRIS3I8-2-2-2 had similar 
yields of more than 4.0 t/ha, whereas other varie
ties and lines had maximum yields of similar mag
nitude at 120 kg N/ha. 

At Maligaya and Bicol, wet season yield re
sponses to applied nitrogen were low because of 
heavy rainfall and typhoons during the later stage 
of the rice crop; hence, lodging was heavy in plots 
with high fertilizer nitrogen. IR42 and IRS4, how
ever, yielded about 4.0 t/ha at zero fertilizer nitro-

Table 1. Yield of IRAI varieties and promising lines at 5 levels of nitrogenll in irrigated plots at IRRJ, 1980. 

Dry season Wet season 

Yieldb (ttha) Yield" {t/hal 

Variety or line Maturity o kg 60 kg 90 kg 120 kg 150 kg Maturity o kg 30 kg 60 kg 90 kg 120 kg 
(days) N/ha N/ha- N/ha N/ha N/ha (daysl N/ha N/ha N/ha N/ha N/ha 

IR8 130 0.7 1.9 1.8 1.9 29 134 1.2 1.5 1.6 1.8 1.8 
IR20 121 2.2 3.9 39 50 4.4 124 2.4 2.8 37 36 3.7 
IA36 112 3.3 63 6.1 64 6.6 106 2.9 35 3.9 4.4 4.3 
IR42 133 3.4 4.8 5.0 6.5 6.7 134 3.1 3.7 4.5 4.4 38 
IR44 128 2.7 52 60 73 7.3 134 2.7 3.4 3.6 3.8 3.6 
IR46 121 3.8 58 6.0 6.3 6.3 
IR48 130 2.8 6.0 6.4 6.6 6.7 134 2.8 3.4 4.0 3.7 38 
1R50 111 3.5 5.6 62 6.2 6.5 104 2.8 3.4 39 4.1' 4.3 
IR52 116 2.8 5.3 62 63 67 87 3.3 40 4.6 4.6 4.6 
IR54 122 38 5.5 6.5 63 6.6 124 3.0 3.5 3.8 3.8 2.8 
IR9129-209-2-2-2-3 112 2.7 4.9 5.9 6.5 69 105 2.8 3.5 3.8 4.4 41 
1R13423·17·1·2·1 124 3.2 53 6.7 7.2 7.2 128 3.1 4.1 4.4 40 4.0 
1R13429-109·2·2-1 111 2.9 4.9 5.6 6.1 6.1 111 3.2 33 3.9 4.1 41 
IR13429-196·1·20 107 2.8 5.4 5.8 6.0 62 110 3.3 3.8 4.1 4.4 4.5 
IR13S2S43-2-3-1 107 3.0 52 5.6 6.0 6.1 118 33 4.1 41 4.8 4.6 
IR13540-56-3-2-1 115 2.8 5.5 63 6.4 7.1 124 30 4.1 3.5 4.4 46 
IR15318-2-2-2-2 125 34 59 6.8 6.9 6.6 124 2.9 47 36 4.1 4.0 
1R19661-13"'·2 126 26 4.9 6.5 6.4 6.6 132 2.9 3.7 3.6 3.9 4.0 
IR19729-5-,-, 101 2.5 50 5.3 5.4 5.6 132 31 36 3.1 3.7 35 
fR19743-25-2-2 109 2.9 5.7 6.0 6.2 6.6 100 2.9 3.8 4.0 4.5 4.2 
IR19746-28-2-2-3 103 2.7 5.5 5.8 ·5.9 6.1 98 29 3.7 4.5 4.7 4.2 
Peta (traditional check) 136 2.3 3.6 4.2 4.0 3.6 138 1.7 1.4 12 1.5 1.6 

aAv of 3 replications Each treatment includes 30 kg N/ha topdressed at panicle mitlatlon m the dry season and 10 kg N/ha 
topdressed at panicle initiation in thewetseason.l>Forcomparing variety means atthe same N~rate, LSD (5%) = a.6t/ha, LSD (1%) 
= 0.8 t/ha. 
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Table 2. Yield of IR varieties and promising lines at Sleveis of nitrogen.a IRAI-BPI Cooperative Experiment at Maligaya Rice 
Research and Training Center, Philippines. 1980 dry season. 

Yieldll (t/ha) 

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

IR8 136 31 5.1 6.5 6.2 6.8 6.3 
1R20 119 32 5.8 7.1 6.7 68 6.8 
IR36 111 3.5 59 6.7 6.0 74 6.5 
IR42 133 3.7 5.8 7.9 69 8.1 7.1 
1R48 136 3.7 6.0 6.6 6.9 7.7 7.6 
IR50 110 3.0 5.9 7.1 6.6 6.9 7.6 
IR52 119 33 5.6 7.0 7.7 7.5 8.5 
IR54 129 3.2 60 7.3 7.7 7.6 72 
1R9129-209-2-2-2 111 2.7 5.3 6.5 8.0 7.1 7.2 
IR13429-109-2-2-1 111 3.3 5.5 6.6 6.1 7.0 68 
IRl3429-196-1-2-1 111 3.5 58 6.4 6.3 7.4 7.4 
IR13525-43-3-2-1 111 3.3 5.3 5.7 7.2 7.6 6.8 
IR15314-30-3-1-3 129 28 4.0 5.5 5.8 62 6.4 
IR15318-2-2-2 108 3.2 4.4 5.8 5.8 6.3 7.2 
IR19661-131-1-2 129 3.6 6.2 6.2 7A 7.9 7.7 
IR19743-25-2-2 109 3.4 5.7 6.6 7.0 6.9 7.5 
1R19746-28-2-2 109 3.6 6.3 73 6.9 7.0 7.0 
Peta (traditional check) 136 3.3 4.8 5.5 5.4 46 3.6 

~:a~s3 :~f~~~~~:·~~r~~:~t~~(;~)'!..c~~1t ~/k~a~L~~ in~~)d!S l~ ~~h~:ha topdressed at panicle initiation. lIFor comparing variety 

Table3. Yield of IR varieties and promising Jines at Sleveis of nitrogen." IRRI-BPI Cooperative Experiment at Bicol Rice and C9m 
Experiment Station, Philippines, 1980 dry season. 

Yteld~ (tlha) 

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

IR8 125 2.6 3.6 3.1 2.3 3.6 1.6 
IR20 11~ 2.7 5.1 6.5 5.1 5.4 5.2 
1R36 109 30 5.5 60 5.6 4.5 54 
1R42 125 33 5.5 57 4.2 4.6 5.0 
IR48 125 3.8 4.9 53 4.8 4.8 5.5 
IR50 \09 3.6 5A 6.4 5.3 5.4 5.7 
IR52 112 3.6 6.1 6.1 5.5 5.7 4.7 
IR54 118 3.5 5.7 5.6. 5.3 5.7 5.1 
IRS129-20S-2-2-2 106 3.2 5.0 5.8 6.6 6.1 5.9 
IRl342S-109-2-2-1 108 3.3 4.6 5.5 5.3 4.7 5.5 
IRl3429-196-1-2-1 108 3.6 5.4 5.9 6.1 5.7 4.8 
IR1352543-3-2-1 109 3.7 63 5.6 5.6 5.1 4.9 
IRl5314-30-3-1-3 124 3.3 3.9 4.8 5.0 4.7 5.0 
1R15318-2-2-2 124 4.5 6.4 6.4 6.6 5.3 3.7 
IR19661-131-1-2 122 4.4 5.8 6.7 6.2 6.5 6.0 
1R19743-25-2-2 104 4.0 4.4 5.1 5.3 5.6 6.3 
IR19746-28-2-2 103 3.7 5.7 5.2 4.5 4.9 5.6 
Peta (traditional check) 132 3.5 2.8 3.8 2.8 2.8 1.5 

aAvof3 replications. Each treatment, except Okg N/ha, includes30 kg N/hatopdressed at panicle initiation. lIFor comparing variety 
means at the same N-rate, LSD (5%) "" 1.2 tlha, LSD (1 %) = 1.9 t/ha. 

gen. IRI9661-131-1-2 and IRI3423-10-2-3 pro
duced grain yields of 5 tj ha despite the adverse 
weather conditions at ripening stage of the crop. 

Farmer's field. Six varieties and two promising 
breeding lines were evaluated for yield' in the dry 
season, and four varieties and four breeding lines 
were teste.d during the wet season (Table 10). All 
except IRS showed a positive response to increas-

ing rates offertilizer nitrogen. IR54 produced the 
highest yield of 7.0 tjha at 100 kg N, followed·by 
IR42 and IR52. These two varieties yielded well 
without any added fertilizer nitrogen, and gave 
yields of over 4.0 tjha. 

During the wet season, IR36 yielded almost 6.0 
tj ha with 40 kg N j ha. IR42, IR13429-196-I -2, and 
IRl966 I -13 1-I -2 yielded well at the same nitrogen 
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Table 4. Yield of IR varieties and promising lines at 6 levels of nitrogen.a IRRI-BPI Cooperative Experiment at Visayas Rice 
Experiment Station, Philippines, 1980 dry season. 

Y181d~ (tlhal 

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

IRB 129 3.5 3B 4.5 4.B 4.7 4.2 
IR20 119 3.5 3.B 5.3 4.3 3.7 3.4 
1A36 109 2.6 39 4.4 4.8 4.4 4.2 
IR42 131 4.4 4.7 5.1 55 56 4.9 
IR48 132 3.7 4.8 5.2 5.1 5.0 4.8 
IROO 109 33 5.0 5.3 5.0 4.6 4.0 
IR52 116 3.2 41 44 50 45 4.0 
IR54 119 3.4 4.6 52 61 5.7 5.6 
IRS129-20S-2-2-2 109 3.3 3.9 4.3 4.B 4.3 4.2 
IR13429-10S-2-2-1 107 29 4.3 4.3 3.8 3.7 3.4 
IAl3429-196-1-2-' 109 2.7 35 4.2 4.5 4.2 36 
IA13525-43-3-2-1 116 2.6 40 5.2 43 4.3 4.1 
IRl5314-30-3-1-3 119 32 3.9 4.0 4.6 4.2 40 
IR15318-2-2-2 127 41 4.8 5.1 5.6 5.5 5.4 
IR19743-25-2-2 109 3.4 44 4.5 44 4.1 3.B 
IR19746·28·2·2 104 32 4.3 4.5 4.4 4.2 38 
Peta (traditional check) 134 3.3 42 43 4.1 3.B 3.4 

<lAv of3 replications. Each treatment, except 0 kg N/ha. includes30 kg N/hatopdressed at panicle initiation. bForcomparing variety 
means at the same N-rate. LSD (5%) = 0.9 tlha, LSD (1 %) = 1.2 t/ha. 

Table 5. Yield of fA varieties and promising lines at 6 levels of nitrogen." IRRI-BPI Cooperative Experiment at Maligaya Rice 
Research and Training Center, Bicol Rice and Com ExperimentStation, andVisayas Rice ExperimentStation, Philippines, 1980 dry 
season. 

YieW(t1ha) 

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

IR8 130 31 4.2 4.7 4.4 5.0 4.1 
IA20 117 3.2 5.0 6.3 54 5.3 5.1 
IA36 110 3.0 5.1 5.7 5.5 5.4 53 
IR42 130 38 5.3 6.3 55 6.1 5.7 
IA48 131 3.7 5.2 57 5.6 5.9 6.0 
1A50 lOS 3.3 5.4 6.3 5.6 56 58 
IA52 116 34 5.3 5.8 6.0 5.9 5.7 
IR54 122 3.4 5.4 60 6.3 6.4 6.0 
IRSl29·20S·2-2-2 lOS 3.1 4.7 5.6 6.5 5.B 58 
IRl342S-10S-2-2-1 lOS 3.2 4.B- 5.5 5.1 5.1 52 
IA1342S-196-1-2-1 lOS 33 4.S 55 5.7 5.8 5.3 
IA13525-43-3-2-1 112 3.2 5.2 5.5 5.7 5.6 53 
IRl5314-30-3-1-3 124 3.1 3.S 4.8 5.1 5.0 5.2 
IRl5318-2-2-2 120 3.S 52 5.8 60 5.7 5.4 
IRIS66I-I3I-I-2 125 3.8 5.7 6.2 6.4 67 6.3 
IRIS743-25-2-2 107 3.6 4.8 5.4 5.6 5.5 5.9 
IR19746-28-2-2 105 3.5 5.4 5.7 5.3 5.3 5.4 
Peta (traditional check) 134 3.4 4.1 4.5 3.7 3.8 3.0 

~~;;,g~~:;~!~f~~n~:~nds 3a;~~:'s;~~ rtr!:~~t~b eisc%)t=O ~~ ~h~~'L~gl(1~) ~ 1~% ~h~~ topdressed at pamcle initiation., bFor 

level. 
Rainfed wetland rice. Four varieties and eight 

breediug lines were tested at IRRI in rainfed 
wetland fields. Four varieties and four breeding 
lines were evaluated in a farmer's field for their 
suitability for rainfed rice culture. 

IRRL The breeding lines IR92l7-58-2-2 and 
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IRI4632-22-3 yielded 4.5 t/ha at 60 kg N/ha. IR42, 
IR46, and IR48 gave similar yields. Increasing ni
trogen from 60 to 120 kglha did not increase the 
yields of most varieties and lines (Table II). 

Farmer's field. IR48 gave the highest yield (5.0 
tl hal at 80 kg N Iha. At the same N level, IR42 and 
IRI4632-22-3 yielded 4.2 t/ha and 4.4 t/ha. At 40 



TabJe 6. Yield of IR varieties and promising lines at 6 levels of nitrogen.u IRRJ-BPI Cooperative Experiment at Maligaya Rice 
Research and Training Center, Philippines, 1980 wet season. 

Yleld& (t/ha) 

Variety or line Maturity 0 30 60 90 '20 '50 
(days) kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha 

IRB '22 2.9 39 3.7 4.' 3.9 3.2 
IR20 '22 3.5 3.7 3.4 36 3.2 22 
IR36 '09 3.B 4' 4.3 4.7 40 42 
IR42 '30 39 49 4.9 5.2 45 53 
1R50 ,OB 3.7 4.6 4.4 5.' 39 3' 
IR54 '22 3.9 50 4.6 5.0 4.0 3.9 
IR9129-209-2-2-2 '02 3.3 42 4.4 48 42 45 
IR9752-7'-3-2 97 3.' 3.7 4.' 43 4.3 42 
IRl3423-10-2-3 '22 3.8 50 5.0 4.7 43 32 
IRl3429-109-2-2-1 '08 38 44 4.2 4.' 34 3.3 
IRl3429-196-1-20 '08 36 4.5 4.3 4.7 5.3 4.2 
lRl3429-299-2-1-3 '09 37 4.0 4.2 4.7 4.2 34 
IR13525-43-2-3-1 "8 3.5 4.5 44 2.7 3.8 26 
IR17494-32-1-1-3 '26 38 4.8 46 47 4.5 3.4 
lR19661-131-1-2 '26 3.7 4.6 49 55 5' 3.4 
IR19735-5-2-3-2 97 3.2 37 36 40 3.8 4' 
IR19743-25-2-2 97 3.3 4.4 39 4' 4.3 39 
Peta (traditional check) '30 2.9 30 29 2' 2.' 2.2 

Mean 35 4.3 42 43 4' 3.7 

;::a~fs3 :ir~I~~~~:'~~r~~~,rLst~(5n~i~~J ~/'Wa~[~B iA~~ld!S 1~~ ~~h~:ha top dressed at panicle initiation bFor.comparing variety 

Table 7. Yield of IRvarieties and promising Jines at Sleveis of nitrogen." IRRI-BPI Cooperative Experiment at Bicol Rice and Corn 
Experiment Station, Philippines. 1980 wet season. 

Yieldb (t/he) 

Variety or line Maturity 0 30 60 90 '20 '50 
(days) kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg Nlha 

IR8 "7 2.0 2.5 2.6 2.5 2.2 2.' 
1R20 "8 2.6 4.6 3.2 3.2 3.' 2.4 
IR36 '05 3.7 45 50 4.4 3.5 2.7 
1R42 '2' 2.7 3.3 3.5 2.7 3.8 2.6 
1R50 '02 4.2 4.9 4.9 4.5 3.9 3.' 
IR54 "3 42 5.0 36 2.7 3.0 2.0 
IR9'29-209-2-2-2 98 3.' 4.8 5.3 3.4 3.4 4.' 
IR9752-7'-3-2 95 3.2 4.' 5.0 4.' 4.' 42 
IR'3423-'0-2-3 "7 4.2 4.4 4.' 3.8 3.3 2.3 
IRl3429-109-2-2-1 '03 3.4 4.' 48 3.4 3.5 3.' 
IR'3429-'96-'-20 '02 3.7 48 4.4 3.6 2.7 3.9 
IR'3429-299-2-'-3 '03 3.8 5.0 4.0 43 45 42 
IR'352543-2-3-' "2 42 4.7 48 38 2.8 23 
IR'7494-32-'-'-3 '23 4.2 4.2 3.9 2.7 2.6 2.4 
IR'966'-'3'-'-2 "7 4.0 5.2 4.7 3.' 33 2.8 
IR' 9735-5-2-3-2 95 3.7 4.' 4.8 4.8 4.' 3.9 
IR, 9743-25-2-2 96 3.2 4.2 42 3.9 34 2.9 
Peta (traditional check) '34 '.4 '.3 ,.3 ,., 0.9 '.3 

Mean 3.4 4.2 4.' 3.4 3.2 2.9 

;::a~fs3 :if~~~~~:'~~r~~:~L~D(;~)~~~i ~/k~e~[~B W~l)d!S l~ ~~h~:ha topdressed at panicle imtlation. bForcomparing variety 

kg Nfha, IR48 produced the highest yield of 4.6 
tfha. Increasing the level of applied nitrogen 
further did not lead to any increases in grain yield. 
Inadequate rainfall resulted in frequent drying of 
the field and low yields even at high nitrogen rates 
(Table 12). 

IR42 without fertilizer nitrogen. IR42 was com
pared with four other modern varieties without 
fertilizer nitrogen. The data (Fig. I) from 4 sites 
over 5 consecutive years (1976-80) raise the possi
bility of identifying rices that are efficient users of 
soil nitrogen. 
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Table 8. Yield of IR varieties and promising lines at 6 levels of nitrogen." IRRI-BPI Cooperative Experiment at Visayas Rice 
Experiment Station. Philtppines. 1980 wet season. 

Yleldb (t/ha) 

Variety or line Maturity 0 30 SO 90 120 150 
(days) kg Nlha kg N/ha kg Nlha kg N/ha kg N/ha kg Nih. 

IR8 124 3.9 4S 4.7 43 3.8 3.7 
IR20 124 43 5.0 5.0 44 4.2 38 
1R3S lOS 3.8 4.9 4.9 52 52 5~ 
IR42 137 3.2 5.1 52 4.8 4.4 4.4 
IR50 lOS 4.1 5.0 S.l 55 55 55 
IR54 121 4.2 4.S 4.8 4.9 4.S 45 
IR9129-209-2-2-2 lOS 4.3 5.0 5.1 4.S 4.4 4.4 
IR9752-71-3-2 102 3.0 4.0 4.5 4.S 4.5 4.3 
IRl3423-10-2-3 124 4.3 48 51 5.0 4.5 4.1 
IRl3429-109-2-2-1 lOS 38 4.8 5.0 4.3 4.0 3.8 
IRl3429-19S-1-20 lOS 3.3 4.0 4S 4.9 5.2 4.9 
IRl3429-299-2-1-3 108 3.8 5.2 5.5 5.7 6.5 54 
IR13525-43-2-3-1 121 4.3 5.2 5.2 5.1 4.8 48 
IR17494-32-1-1-3-2 124 3.5 4.1 48 4.2 4.2 43 
IR19661-131~1-2 124 3.7 42 4.4 50 4.8 4.7 
1R19735·5-2-3-2 102 3.S 4.1 5.0 50 5.0 43 
IR19743-25-2-2 102 3.5 4.2 4.7 51 5.2 48 
Peta (traditional check) 137 35 3.8 3.2 3.2 3.0 20 

Mean 3.8 4.6 4.9 48 ~.7 4.4 

;::a~fs3 :;r~I~~~: ~~r~~~:i.st~(5~)~cet~ ~k~a~[~B i(~~)d!S 19 '5'h~:ha topdressed at pamcle initiation. bFor comparing variety 

Table 9. Yield of tR varieties and promising lines at 6 levels of nitrogen.a IRAJ-BPI Cooperative Experiment'at Mallgaya Rice 
Research and Training Center. Bicol Rice and Com Experiment Station. and Visayas Rice Experiment Station, Philippines. 1990 
wet season. P.. 

Y,eldb (tlha) 

Vanety or line Maturity 0 30 60 90 120 150 
(days) kg N/ha kg N/ha kg N/ha kg N/ha kg Nlha kg N/ha 

IR8 121 2.9 3.7 3.7 3.6 33 3.0 
IR20 121 35 4.4 3.8 3.7 3.5 2.8 
IA36 107 3.8 4.5 4.8 4.7 4.2 4.1 
IA42 129 3.3 44 4.5 4.2 4.2 4.1 
1R50 105 4.0 4.8 51 5.0 4.4 3.9 
IR54 119 4.1 4.9 43 4.2 3.9 3.5 
IR9129-209-2-2-2 108 3.6 4.6 49 4.2 4.0 4.3 
IR9752-71-3-2 98 3.1 3.9 4.5 4.4 43 42 
1R13423-10-2-3 121 4.1 4.7 4.7 4.5 4.0 3.2 
IR13429-109-2-2-1 lOS 3.7 4.4 4.7 3.9 3.6 3.4 
IR13429-196~1-20 105 3.5 4.4 44 4.4 4.4 43 
IA13429-299-2-1-3 107 3.8 4.7 4.5 4.9 5.1 43 
IR1352543-2-3-1 117 4.0 4.8 4.8 3.9 3.8 32 
IR17494-32-1-1-3 124 3.8 4.4 44 3.9 3.7 3.4 
IR19661-131-1-2 122 38 47 4.6 4.5 44 3.7 
IR19735-5-2-3-2 98 3.5 40 44 4.S 4.3 41 
IR19743-25-2-2 98 33 4.2 4.3 4.4 43 3.9 
Peta (traditional check) 134 2.6 2.7 25 2.1 2.0 18 

Mean 113 3.6 43 44 4.2 4.0 37 

~~~g~~~~~~~f!~n~:~:s 3af~~:'s~~~ ;r:~i~eL'Mb e~;,~t=~~~ ~h~~'L~r5I(f%) ~ ~~ ~h~~ topdressed at panicle initiation. IIFor 

YIELD POTENTIAL OF HYBRID RICE 

Plant Breedingand Plant Physiology Departments_ 

Hydrid rice research at IRRI in 1980 explored, 
potentials and problems of this breeding approach. 
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Four replicated yield trials during the wet season 
used l43'hybrids, their pareuts, and the couuuer
cial varieties IR36 and IR42. The resuIts indicated 
that even in the tropics there·is substantial hetero
beltiosis for yield in some specific hybrid combina-
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Table 10. Yield of IR varieties and promising lines at41evels of nitrogen" on an irrigated farm, Laguna, Philippines. 1980 dry and 
wet seasons. 

Dry season Wet season 

Yleldb It/ha) Yleldb It/hal 
Vanety or line Maturity Maturity 

(days) 0 50 100 150 (days) 0 40 80 120 
kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha 

IR8 125 2.5 36 47 39 
1R36 106 39 4.4 53 6.1 111 37 5.6 5.4 5.3 
IR42 125 3.4 54 56 66 128 4.2 48 4.6 4.9 
IR50 105 4.3 55 6.0 6.2 111 36 43 52 4.7 
1R52 110 4.1 55 48 6.5 
IR54 110 3.7 4.7 7.0 6.9 123 37 3.9 3.7 2.7 
lR9752-71·3-2 133 2.2 39 47 32 
IR13429-196-1-2 106 3.4 4.4 4.6 5.7 145 3.6 5.1 5.4 4.8 
IR19661-131-2 125 34 3.9 3.6 5.6 145 3.9 51 37 37 
IR19735-52-3-2 142 31 3.0 39 40 

(lAv ot3 replications Each treatment, except 0 kg N/ha, includes 20 kg N/ha topdressed at panicle initiation in both seasons bFor 
comparing variety means at the same N-rate In the dry season, LSD (5%) = 0,8 t/ha. LSD (1 %J = 1 1 tlha; In the wet season, LSD 
(5%) = 1.0 t/ha, LSD (1%) = 14 t/ha 

Tl!lble 11. Yield of IR varieties and promising lines at Slevels of nitrogena on rainfed farms, IRR11'1980 wet season. 

Yieldb (t/ha) 

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

IR42 140 2.5 3.0 38 3.7 4.1 
1R46 124 26 4.1 3.7 4.1 4.3 
IR48 140 2.1 30 4.3 39 4.0 
IR52 118 1.5 2.4 2.9 2.9 3.8 
1R9217-58-2-2 133 27 3.9 4.5 42 4.5 
1R9852-22-3 140 2.6 3.3 3.7 42 4.1 
1R1314641-3 133 2.7 3.7 4.2 42 3.6 
IR13149-3-2-2 140 2.6 35 4.2 38 4.0 
IR13358-85-1-3 140 2.3 3.3 4.0 3.6 3.7 
IR13365-25-3-3 140 21 3.3 37 3.7 3.7 
IR1341S-113-' 133 2.4 3.3 3.6 4.3 4.1 
IR14632-22-3 140 2.7 3.7 4.5 4.0 43 

Table 12. Yield of IR varieties and promising lines at41evels of nitrogenQ in a rainfed farmer'sfleld, Laguna, Philippines, 1980 wet 
season. 

Yleldb (t/ha) 

Variety or Maturity 0 40 80 120 
line (days) kg N/ha kg N/ha kg N/ha kg N/ha 

1R42 145 2.9 42 4.2 4.0 
IR46 133 3.8 41 3.1 2.6 
1R48 142 39 4.6 5.0 3.4 
1R52 123 3.0 4.0 2.6 2.1 
IR9217-58-2-2 133 3.4 3.7 3.9 3.9 
1R13358-l15-1-3 145 39 4.2 2.5 3.0 
IR13365-253-3-2 145 3.0 3.8 3.8 38 
1R14632-22-3 142 33 4.1 4.4 3.4 

Mean 3.4 4.1 3.7 3.3 
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~rorm~Y~"='d=U~/~hO~) ________________________ , 

1. Yields of IR42 and other high yielding varieties Wlthout 
fertilizer nitrogen at JRRI, Maligaya, Bicol, and Vlsayas, Phi~ 
lippines, during the 1976-80 cropping seasons. 

tions (Table 13). The hybrids ontyielded IR42, the 
highest yielding commercial variety, by 7-60%. 
Two of the hybrids, V20A/IR50 and Zhen Shan 
97 A/IR54, were derived from crosses made with 
two cytoplasmic male sterile lines introdnced from 
China. The latter hybrid has also shown promise in 
the Fnkien Province of China. Bulk quantities of 
seed of these hybrids are being produced on Hai
nan Island during the current dry season. 

The hybrids also showed better lodging resist
ance despite their being slightly taller than the 
check varieties (Table 14). Yield, yield compo-

nents, total dry matter, and harvest index from 
I-m' plots were monitored in one of the 4 repli
cated trials including 5 hybrids, their parents, and 
IR36. The hybrids showed positive heterobeltiosis 
up to 30% for yield, up to 20% for spikelets per 
panicle, up to 8% for grain weight, up to 9% for 
total dry weight, and up to 9% for harvest index 
(Fig. 2). There was, however, negative heterobelti
osis up to 26% for panicle number. The results 
indicate that the hybrid breeding approach allows 
an increase in yield potential of rice varieties. 

GROWTH DURATION 

Plant Breeding Department 

During 1980, a large number of entries with a 
growth duration ofless than 100 days were evalu
ated in replicated yield trials. Of 368 entries, 97 
(26.3%) during the dry season and 78 (21.19%) 
during the wet season matured in less than 100 
days. Many yielded as well as, or slightly better 
than, IR36 although they matured 8-13 days earlier 
(Table 15). Their productivity per day, however, 
was considerably higher than that of IR36. 

RATOONING ABILITY AND STEM 
CARBOHYDRATES 

Plant Breeding Department 

The changes in carbohydrate concentration in the 
bases of the stem and their relevance to ratoon 
management were evaluated in four varieties (lR36, 

~:~~~~~. Yields of promising hybrids compared toyJelds o,f commerci~1 varieties IRJS Bnd 1R42, and better parents.IARI, 1980wet 

% increase over 
Days to 

Hybrid flowering Yield Better 
It/h.) IR36 1R42 parent<l 

IRl1248·242-3·2*IIRl53234·2·1·3 91 5.9 69 22 35 
IRl1248I1Rl5496·219·2-3 83 5.8 65 19 
IR11248*/IR19672-19-3 93 5.5 57 14 25 
IR11248* IIR15324-117-3-2-2 90 54 54 12 23 

IR10154-23-3-3/IR54* 79 5.6 21 20 50 
1R747B2-6-3I1R54* 81 5.5 18 17 46 
IR10154-23-3-3/1R2797-105* 81 5.0 8 7 31 

IR11248·242-3·2/IR9828-41·2·1 * 89 5.4 22 60 28 

V20AlIR50* 71 5.2 29 25 28 
Zhen Shan 97A/IR54* 91 52 28 24 60 

"The better parent is indicated by an asterisk ( * ) in the hybrid cross. 
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Tab" '4. Yield and egronomlc ch.,acteriltics of some F, hybrids compared to those of their parents and commercial vaMd_ 
IRA!. 1910 wet ..... on. 

lodging (%) at growth 
stages'" 

Hybrid or variety Yield Growth duration Height 
(t/hal (days) (em) 4 6 7 9 

Hybrids 
97A/IR54 5.2 '2' '26 0 0 Q 75 
V20A/IRSO 5.2 '0' 118 0 0 '5 95 
V20A/1R54 4.6 '20 '25 0 0 0 5 
V20A/1R40 4.9 119 117 0 0 0 5 
V20A/IR28 4.0 '02 117 0 0 0 85 

Mean 4.8 113 '2' 0 0 3 53 

PiJrflnts 
IR54 3.3 '27 '2' '5 25 40 '00 
IR50 4.' '05 117 0 0 95 '00 
1R28 3.5 '05 '2' 0 0 50 '00 
976 2.7 97 112 0 0 0 0 
V20B 2.5 99 110 0 0 0 0 

Mean 3.2 '07 116 3 5 37 60 

CommercilJ/ varieties 
1R36 4.' 113 '02 0 35 '00 '00 
1R42 4.2 '35 118 0 0 0 '00 

Mean 4.' '24 110 0 '8 50 '00 

-4 "" booting. 6 = 50% flowering, 7 ,.. dough, 9 = maturity. 

10tal dry mottedo/m2) 

~f 11111111 I III ~ ~ 
~ § 
~ ~ 
~" z = 

Harvest Index 
50 

40 n 
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2. Somc agronomic and physiological characteristics of hybrids compared with those of their parents and commercial variety IR36, 
IRRL l'lliO. 
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Tlble 15. Yield of .. rty-m.turlng entries in the replicated yield trials grown at IRRI during the 1980 dry and wet seasons. 

Dry season Wet season 
Growth 

Selection Cross duration Yield Yield per Yield Yield per 
(days) (tlha) field day" (tlhal field day 

Ikg) (kg) 

IR9752-71-3-2 1R28/Kwang Chang AilllR36 99 5.70 75.0 4.33 56.8 
IR9729-67 ·3 BG34-8/ IR2811IR36 101 5.54 70.8 3.64 46.6 
IRl5429-268-1-2-1 74-5461 / IR3611IR747B2-6 99 5.25 69.0 4.51 59.3 
IR19728-6-3-2-2-3 IR8608-298I1I1R747B2-6/Ai-nan Tsao 111 100 5.18 07.2 4.00 51.9 

IR74782-6 
IR19743-25-2·2-3-1 IR9129-192-2111IR747B2-6/29 Lu 111 98 4.74 63.2 4.09 54.4 

IR74782-6 
IR1974346-2-3-3-2 IR9129-192-2111IR74782-6/29 Lu 111 99 4.98 65.3 3.82 SO.1 

IR747B2-6 
IR19746-28-2-2-3 IR9129-192I1IIR74782-6/Kwang Chang Aill 99 5.14 67 .5 3.95 51.8 

IR747B2-6 
IR19774-23-2-2-1 -3 IR9698-26-3111IR747B2-6/ 29 Lu 111 

IR74782-6 
IRl9819-31 -2-3-1- ' IR9715-4II1 IR747B2-6 /29 Lu l 111R747B2-6 
IR36 IRl561 -228-1-21IR173711ICR93-14 

- 23 days in the field. 

IR42, IR46, and Mingolo) grown under two plant
ing schedules (simultaneous planting and staggered 
planting for simultaneous flowering). 

All varieties showed a rapid decrease in carbo
hydrate concentration after anthesis, but the rate of 
decrease varied among them. The differences were 
partly due to environment. Mingolo had the high
est carbohydrate concentration under both plant
ing schedules. Differences between stem seCl ions 
were apparent a t anthesis only, with the lower 
section (0.0-7.S em) showing higher carbohydrate 
concentration. Carbohydrate concentration at har
vest was significantly correlated with ratoon tiller
ing (r = 0.26) when the number of ratoon tillers was 
expressed as percent of main crop tillers. However, 
the correlation was nonsignificant (r = 0.0 ) when 
the actual number of ratoon tillers was used. 
Ratoon flowering time was also significantly corre
lated (r = 0.29) with carbohydrate concentration at 
harvest. 

GENETtCS OF RATOONtNG ABILITY 

Plant Breeding Deparrment 

The F, and F, plants of two crosses (IR36/ 2196 
and IR46/ 2196) and the F, of three crosses (Min
golofl R36, IR36f1 R46,and IR46/ 2123) were eval
uated to test the possibility of breeding to improve 
ratooning ability. Evaluation in the F, was done 
under a competitive environment (20 X 2ekm spac-
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95 4.55 63.1 4.23 56.4 

95 4.85 67.2 3.89 54.0 
lOB 5.76 63.8 3.83 47 .5 

ing and lekm main crop cutting height) to study 
the effectiveness of early generation selection. The 
ratooning ability of 40S F, lines (13S/ cross) was 
evaluated using a IS-cm cuning height to deter
mine the nature of the genetic variability and pos
sible phenotypic and genotypic associations of 
selected traits influencing ratooning ability, ex
pressed as ratoon tiller number and ratoon flower
ing time. 

Evaluation in the F, favored late flowering 
segregants. Single-plant selection for both ratoon 
tiller number and flowering time would be ineffec
tive because heritability estimates from Fr F2 re
gression were nearly zero (ranging from 0.0 to 0.8). 
But when calculations used FJ varia nce compo
nents. which removed genotype X environment 
interaction effects, heritability values ranged from 
0.26 to 0.43. This difference indicates the impor
tance of genotype X environment interaction in 
early generations. 

Heritability estimates in the F, plants for ratoon 
tiller number (h' = 0.28) and ratoon flowering time 
(h' = 0.S6) were found to be entirely due to additive 
genetic effects. None of the main crop traits meas
ured (tiller number, flowering time, plant height, 
and grain yield) was significantly associated with 
ratoon tiller number. However, grain yield was 
significantly associated with ratoon flowering time 
(rp = 0.24, r, = 0.33). Ratoon tiller number and 
ratoon nowering time were negatively correlated 
(rp = - 0.20. r, = - 0.37). 



Sel~ction for slow senescence and late ratoon 
flowering is recommended fQ)" ratoon improve
ment. 

SOURCES OF SEMIDWARFISM 

Plant Breeding Department 

The search for new sources of semidwarfism con
tinued to broaden the genetic base ofthe improved 
semidwarfs, which have primarily the same sd, 
gene derived from Dee-geo-woo-gen. During 1980 
seven short/ short crosses were evaluated and the 
F, plants were compared with their parents. Rei
mei of Japan and IRAM 2165 of Malagasy turned 
out to have nonallelic genes for short stature, while 
four other parents - Barmda 21, 23, and 828, and 
KH 863 from India - shared the same recessive 
gene. Jaganath, a short mutant from the tall T141 
variety, had the same compound locus of the sd, 
gene. 

To date about 70 semidwarf/ semidwarf crosses 
have been made and studied. More than 40 sources 
of semidwarfism are nonallelic to the sd, gene; 
others are either-identical or belonging to the same 
compound locus. 

RELATION BETWEEN JA VANICA RICES AND 
TRADITIONAL DRYLAND VARIETIES 

Plant Breeding Department 

The javanica race of Indonesia (the awned bulu 
and awnless gundil types) shares several morpho-

agronomic features common with the traditional 
dryland varieties of Southeast Asia - tall stature, 
low tillering, thick cuhns, long and well-exserted 
panicles, large and bold grains, insensitivity to 
photoperiod, and nonshattering habit. However, 
thejavanica rices are grown exclusively in irrigated 
fields, and the dryland varieties are planted on 
rainfed. well-drained soils. The dryland varieties 
have markedly higher levels of drought resistance 
than the bulu rices. 

A number of crosses between the two types were 
made to understand their genetic relationship. The 
dryland varieties were crossed with the aus varieties 
of Bangladesh; the latter group has been postulated 
to be closely related to the temperate zone varieties 
of East Asia. Three F, popUlations along with their 
F, plants and parents were grown in the wet season. 

The greater range in heading date of the segrega
tion of F, plants was greater in two bulu/ dryland 
crosses than in the aus/ dryland cross. For tiller 
number, the aus/ dryland cross showed a wider 
range. Culm length in the three crosses was similar. 
For panicle length, one bulu/ dryland cross showed 
a rather narrow range of segregation; the other 
cross was similar to the aus/ dryland cross. 

Other traits such as spikelet fertility, grain 
dimensions, and chromosomal behavior are being 
investigated. The root systems of the bulu and 
dryland varieties wil! be compared for a critical 
analysis of their genetic relationship. 
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BREEDING PROGRAM 

Plant Breeding and Chemistry Departments 

Selection of lines with intermediate amylose con
tent and intermediate gelatinization temperature 
continued. The proportion of lines with interme
diate amylose content in advanced-generation 
materials increased greatly. In most of the crosses 
during 1980 at least one parent had intermediate 
amylose content. The parents were mainly lines 
with improved plant type and mUltiple disease and 
insect resistance. Some, such as IR421 5-30 1-2-2-6 
and IR9129-209-2-2-2, inherit intermediate amy
lose content from C4-63, whereas IR48 and IR4570-
124-3-2-2 inherit this trait from BPI-121-407. 
IR9129-209-2-2-2 was evaluated in advanced yield 
trials as a possible intermediate-amylose variety. 

Numerous breeding lines from crosses involving 
aromatic-grain parent. such as Basmati 370 and 
Khao Dawk Mali were evaluated. Many lines from 
Basmati 370 crosses had highly aromatic grains 
but most had poor plant type. Khao Dawk Mali 
was a good combiner for aroma and plant type. 
Seyerallines from Basmati 370 crosses had as good 
grain elongation as the Basmati 370 parent. 

STORAGE AND MILLING 

Chemistry and Plant Breeding Departments 

Quality of rough rice (Chemistry and Plant Breed
ing). Preliminary experiments studied the physical 
properties of 1979 dry and wet season crops ofIR8 
and 10 more recent varieties - IR36-IR52 -
harvested 25-38 days after flowering (DF). The 
hull ranged from 19.4%for IR36to 24.0%for IR42 
(mean 21.9%). Green grains ranged from 5 to 44% 
of brown rice (mean 14.9%). The percentage of 
green grains was lowest for IR42 and highest for 
IR48. Kett whiteness readings of brown rice 
ranged from 19 to 25%. 

Moisture distribution within a panicle (Chemis
try). Studies were started on varietal differences in 
IRRI rices.in relation to storage quality of freshly 
harvested wet grain. Moisture distribution within a 
panicle was studied in IR8, IR36, IR42, and H4 
(dormant) rough rice 21 DF. 

For six panicles, grain moisture content ranged 
from 19 to 57% for IR8, 21 to 71 % for IR36, 16 to 
53% for IR42, and 16 to 64% for H4. The mean 
moisture content of grains in the same primary 
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branch of the panicle had these ranges: 28-42% 
for IR8, 27-47% for IR36, 20-37% for IR42, and 
25-33% for H4. The lower branches had higher 
grain moisture content. The actual weight percent
ages of immature or green grains at 21 DF were 
24.9 (IR8), 28.2 (IR36), 19.7 (IR42), and 9.8 (H4). 

The moisture distribution among primary 
branches in the panicle of3 photoperiod-insensitive 
and I photoperiod-sensitive BKN 6986 lines (6 pan
icles at21 DF)was 25-30% moisture for BKN6986-
20, 21-32%for BKN6986-27, 20-27% for BKN6986-
71, and 23-27%for BKN6986-147-2 (RD 19, photo
period sensitive). Ranges of moisture contents 
among individual·grains were 18-40%, 16-41%, 
15-33%, and 15-32%, respectively. Pefcentages of 
green grains were 10.4, 10.4, 0, and O~ 

YeDow grains (Chemistry). Yellowing of the 
endosperm has been observed in the wet-season 
crop of IR36 in Central Luzon, Philippines, par
ticularly with delay in drying of the threshed crop. 
One milled sample obtained through the National 
Grains Authority had 70% yellow grains. Compar
isons indicated thatmost of the yellow grains were 
whole, but the white grains had a high percentage 
ofbrokens. One-hour alkali spreading tests revealed 
that the yellow grains were not gelatinized (par
boiled). They had higherfmal gelatinization temper
ature(GT) -75.5° vs72.SOC-thanwhitegrains. 
They also had harder raw grain by the Wig-I.-Bug 
amalgamator (62 vs 52% retained by 80-mesh sieve 
after 40 seconds grinding) and higher Kiya break
ing hardness (6.2 vs 4.8 kg/mm'). The two grain 
types had identical amylose contents (28.4%) and 
cooked rice Instron hardness (8 kg). A rough rice 
sample with 100% yellow grains had only 6% via
bility, the embryos were dark, and the milled rice 
was almost all brokens, suggesting prior contact 
with water. The yellow color turned to tan on 
storage. 

Methods for degree of milling (Chemistry). 
IRRI chemists participated in the International 
Association for Cereal Chemistry study group 21 
on degree of milling of rice. The samples were two 
Spanish rices (Bahia and Sequial), two IRRI rices 
(IR36 and IR29), and one parboiled rice. The 
methods compared were weight reduction of brown 
rice, a colorimetric bran pigment test, and the 
May-Grunwald staining test based on grain sur
face area still covered by bran. 

http:rices.in


Bran removal was 9.2-14.0% by weight of brown 
rice in the well-milled samples based on 100-grain 
weight, bran pigment removal was 68.5-87.5% by 
colorimetric method, and residnal bran was 2.6-
7.6% by the staining method. 

No loss of precision results from direct reporting 
of absorbance at 400 nm, instead of expressing as a 
percentage of brown rice absorbance; absorbance 
ranged from 2.16 to 3.11 for brown rice and from 
0.27 (87.5%) to 0.98 (68.5%) for well-milled rice. 
The parboiled brown-rice sample had the highest 
pigment absorbance, followed closely by IR36. 
Bran removal of \0% by weight corresponded to 
absorbance of 0.4 to 1.0, pigment removal of 57-
84%, and May-Grunwald values of 0-16% bran 
surface. A major drawback of the May-Grunwald 
method using planimetry was the tediousness of 
measuring the bran area. 

VARIETY PREFERENCE TESTS AND SURVEYS 

Chemistry Department 

Filipino consumer preference tests. A consumer 
panel survey by the Institute of Human Ecology, 
University of the Philippines at Los Banos, in 
Batangas province, Philippines, revealed prefer
ence for raw nonwaxy rice based on white, hard, 
and aromatic grains, and for cooked nonwaxy rice 
with slightly strong aroma, slightly rich flavor, and 
moderately tough cooked grain in decreasing 
order of importance. 

Consumer ranking showed low preference for 

IR2071-137-5 as raw rice in two tests (Table I). 
Possible reasons are its short and semiopaque 
grains. White-belly-grained Early Tongil in one 
test was also least preferred. 

The tests confirmed the preference for low
amylose over intermediate-amylose cooked rice 
(Table I). IR24 was well-liked, but the Korean 
variety Milyang 23 got a slightly better rating. The 
resuIts suggest that japonica rices may find accep
tance in tropical Asia because of their acceptable 
cooked rice texture. Their grains elongate and 
approach indica rice in length of cooked grain. 

The consumer panel's reasons for choice of the 
best waxy rice for the preparation of rice cakes 
were, in order of decreasing importance, aromatic, 
whole-big grain and rich flavor for raw rice sam
ple; and cohesive, aromatic, and rich flavor for rice 
cake sample, prepared with coconut milk. 

Consumer tests again showed preference for the 
raw grain ofthe traditional variety Malagkit Sung
song over the slender IR29 grain (Table 2). For the 
corresponding rice cakes cooled overnight, Malag
kit Sungsong was also preferred, but the short
grain Korean rice Iri 344 was significantly 
better than IR833-6-1. Malagkit Sungsong gave 
the hardest rice cakes. Hardness was confirmed by 
the regular OTMS (Ottawa Texture Measuring 
System) cell with 9 times the cross sectional area of 
the modified cell. Although neutral gel consistency 
did not reflect that hardness, Malagkit Sungsong 
had a high Amylograph consistency. The UPL-Ri
I sample had extremely low Amylograph viscosity. 

Table 1. Mean preference scores (in order of decreasing preference for boiled rice) by consumer panels in a village at LamelY, 
Batangas, Philippines, and properties of 2 sets of 5 raw and boiled milled rices. Institute of Human Ecology, University of the 
Philippines at Los Banos, and IRRI, 1980. 

Gel Length- Boiled 
Mean preference Amylose consist- Alkali width 100- rice 

Sample name scorea (% dry Protein ency spreading ratio grain hardness 
basis) (%) (mm) value wt (kg) 

~aw Boiled (g) 

ThIrty panelists 
IR24 0.31 a 0.74 a 16.0 8.0 75 7.0 3.0 2.0 5.1 
IR43 0.61 a 0.26 b 16.6 9.8 58 7.0 3.3 1.8 54 
IR2071-137·5 -0.34 b -0.23 c 128 9.4 82 35 2.7 14 5.2 
C171-136 -0.24 b -0.28 c 22.6 8.8 48 4.8 2.8 1.8 6.6 
IR9129-209-2 -0.34 b -0.49 c 22.4 10.5 40 5.0 3.2 1.7 7.2 

Forty panelists 
Milyang 23 0.39 a 0.41 a 17.6 8.9 60 7.0 2.4 1.9 5.0 
IR24 0.57 a 0.22 a 17.0 92 fJl 68 3.0 1.8 57 
Early Tongil -0.71 c 0.13 a 18.8 94 56 7.0 2.2 17 52 
1R43 -0.26 b -034 b 176 8.0 61 6.9 30 2.0 5.1 
IR2071-137-5 0.02 b -0.42 b 16.7 10.0 40 35 2.7 13 6.7 

aBased on 1st = 1.16, 2d = 0.50, 3d = 0,4th = -0.50, and 5th = -1.16. Separation of mean scores within the same set by Duncan's 
multiple range test at the 5% level. 
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Table 2 Mean preference scores (in order of decreasing preference for rice cake) by 40 consumers In a village at Lemery, 
Batangas, Philippines, and properties of 5 raw, waxy' milled rices and rice cakes prepared with coconut milk Institute of Human 
Ecology, University of the Philippines at Los Banos, and IRRI, 1980. 

Boiled Amylo-
Mean preference Neutral gel Length- 1 DO-grain rice Cake graph 

Sample name scorei' Protein consistency width wt hardnesS" hardnesS" conslst-
(%) (mm) ratio (g) (kg) (kg) enCy'" 

Raw nee Cake (BU) 

Iri344 0.12 ab 0.29 a 8.7 69 2.2 18 3.7 16 85' 
UPL-Ri-l 003 ab 0.06 ab 8.2 46 25 22 3.2 1.4 30 
MalaglCJt 0.17 a -005 ab 7.1 77 1.7 1.8 4.4 2.9 165 

Sungsong 
IR29 -027 b -0.12 ab 80 55 3.0 1.5 3.8 2.2 170 
IR833-6·1 -0.05 ab -0.16 b 9.5 48 2.7 2.1 42 1.8 60 

aAmylose content 1 .4-1.8% dry basis_ Alkali spreading values 6_4-7.0. 1I8ased on 1 st = 1.16, 2d - 0.50,3d - 0,4th = -0.50, and 5th
-1.16. Separation of mean scores within the same set by Duncan's multiple range test atthe 5% level. cRice cooker method dFrom 
cake actually panel-tested t12% pastes. 

Rice cakes were softerthan boiled waxy milled rice 
prepared by the rice cooker method. 

A trial international preference test with 30 
GEU trainees and IRRI employees representing 
various nationalities was conducted for IR non
waxy rices representing the various amylose-GT 
types. IR42 was ranked poorer than IR43 in raw 
form probably because of its shorter grain (Table 
3). Ranking for the cooked rices showed a similar 
trend reflecting the diverse eating qUalities of the 
rice in the respondents' homeland. 

Properties of country samples. In 1980, rices 
from Chile, Egypt, El Salvador, India, Indonesia, 
Nigeria, Pakistan, and Philippines were analyzed 
for grain quality properties. The protein content of 
the samples ranged from 5.0 to 12.4%. 

The Bangladesh rices had mainly high amylose 
and soft gel (Table 4). The samples from Chile had 
intermediate amylose, low GT, and soft gel. The 
Egyptian rices represented all three amylose types 
but had low GT. The El Salvador rices were similar 

to those from Chile, but two had high amylose 
content. Samples from All India Coordinated 
Rice Improvement Project, Hyderabad, India, 
were mainly high-amylose but differed in GT and 
gel type. Nigerian samples were the raw rices cor
responding to parboiled samples analyzed in 1979. 
The gel values for raw rice was generally harder 
than for parboiled rice as previously noted for Sri 
Lankan rices (Annual report for 1979). 

Indonesian rices. Two crops of two bulu and 
two indica rices from Indonesia were characterized 
for physicochemical properties, together with 18 
other varieties grown in Indonesia and 3 B2791 b
MR lines grown at IRRI. Nineteen of them had 
been organoleptically assessed at Central Research 
Institute for Agriculture (CRIA), Sukamandi, for 
taste, texture, and aroma. 

Among 11 bulu Gavanica) varieties, 8 had the 
characteristic intermediate amylose, 2 had high 
amylose (Jedah and Kencana Muara), and I had 
low (Mandolin). Most of them had low GT and 

Table 3. Mean preference scores by 30 GEU trainees and IRRI employeesa and properties of 5 raw and cooked rices. Institute of 
Human Ecology, University of the Philippines at,Los Banos, and IRRI, 1980 

Cooked rice 
Gel 

Mean preference Amylose conslst- Alkali Whiteness Grain Hard- Stickl-
Variety or scoreb (% dry Protem ency spreading of raw length ness ness 
Irne name basfs) (%) (mm) value rice (mm) (kg) (g~m) 

Raw Cooked 

IR43 0.28 a 0.10 a 16.6 9.8 58 7.0 38 6.8 62 186 
IM8 -0.13 ab 021 a 23.3 84 38 7.0 41 73 82 135 
IR9129·209·2 0.07 ab -002 a 22A 10.5 40 5.0 38 6.6 6.3 122 
IR32 0.07 ab -0.23 a 28.2 8.1 100 4.7 40 64 10.8 108 
IR42 -028 b -0.10 a 28.7 8.4 32 7.0 38 5.7 10.3 94 
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Table 4. Range of milled-rice properties of country samples. IRRI. 1980 

Source Sample no. Protein (%) Amylose type" GT type~ Gel type" 

Bangladesh 9 7.3- 9.8 H>I I. L > H 5> M.H 
Chile 4 83-10.3 1 L S 
Egypt<' 10 5.7- 7.8 L, I, H L S>M 
EI Salvador 7 6.8-10.8 I> H L>I S> M,H 
India 10 67-11.2 H> 1 I> L 5,H > M 
Indonesia 

Bulu 11 5.0-10.7 I> L, H L> I> H M,S> H 
Tall indica 7 61-109 I> H 1 M.5.H 
Semidwarf indica 6 8.0- 96 I> H I> L S>M 

Nigeria 28 6.2-10.7 H>I L>I H > M.S 
Pakistan 

Dokri fine 7 65- 8.9 1 I> L H>M 
coarse 12 6.0- 96 H> 1 L>I H>S. M 

Punjab" fme 17. 73-108 I> H L>I H>M 
coarse 11 78-12.4 H> 1 L>I H>M 

Philippines 
Waxy 6.7- 87 waxy L>H S 
Nonwaxy 73- 89 I> H I> L,H M>S 

"H = high, >25%; I = mtermedlate. 20-25%; and L = low, <20%. °Gelatmlzation temperature (GT) type based on alkali spreadmg 
value L = low, 6-7; 1= mtermedlate,4-5; H = high, 2-3 ('Gel consistency 5 = soft. 61-100 mm; M = medlum.40-60 mm; H = hard, 
27-40 mm "Mamly selections. 

soft or medium gel (Table 4). The tall indica rices 
had either intermediate or high amylose and were 
of intermediate GT and variable gel type. The 
semidwarf indicas had also either intermediate or 
high amylose, intermediate or low GT, and soft or 
medium gel type. The survey reflected Indonesian 
preference for intermediate-amylose rice and for 
soft-gel type among high-amylose rices. 

Stickiness (SI-196 g'cm) and hardness (5.6-S.2 
kg) of cooked rice overlapped among the javanicas 
and indicas. Organoleptic tests at CRIA showed 
that samples with medium to good rating for taste, 
texture, and aroma of cooked rice had interme
diate amylose. Amylograph setback and consis
tency were higher for high-amylose milled rices 
than for intermediate and low types. 

Amongstarches prepared from Indonesian milled 
rices, alkali viscogram peak viscosity of 2% pastes 
was higher for high-amylose starches (13S-lS0 cps) 
than for low-amylose starches (94-11S cps). Gel 
consistency of starch was hard «40 mm) for all 
high-amylose samples. 

Pakistani rices. A set of Dokri- and Punjab
grown fine and often aromatic varieties, and 
coarse nonaromatic varieties were characterized 
for grain properties. 

Of the 11 Punjab coarse-grain samples, most 
were high amylose except for one intermediate
amylose line, and all had hard or medium gel 
consistency (Table 4). All except one had low GT. 
Of the 17 fine-grain samples, only 4 were high 

amylose and the rest were intermediate amylose. 
GT was mainly low except for a few in\ermediate 
GTsamples. Gel consistency was hard even for the 
Basmati 370 check sample. 

The Dokri fine rices all had intermediate amy
lose content and hard gel consistency, but Basmati 
370 had medium consistency (Table 4). Most had 
intermediate GT. The coarse rices had interme
diate to high amylose contents. The elongation of 
cooked fine and coarse rices presoaked for 30 min
utes and boiled for 10 minutes were compared. The 
elongation ratios of the two groups overlapped. 
Some Basmati rices had extremely soft cooked 
rices. Grain elongation may have contributed to 
lower bulk density of cooked rice dunng the extru
sion step of hardness assay. Among the coarse 
varieties, the IRS sample was softer than the IRRI 
6 sample. 

The Pakistani fine varieties showed extremely 
harder gels for their intermediate-amylose types. 
GT of the five varieties was higher in the Dokri 
samples than in the Punjab samples as earlier 
noted (Annual report for 1971). 

Phl1ippine rices. The study of starches III two 
crops of seven intermediate-amylose and seven 
waxy rices (Annual report for 1979) was com
pleted. Among the intermediate-amylose starches, 
those of softer cooked rice had GT;;;' 70" C, 
medium to soft gel (110 mg/2 ml) consistency, low 
alkali viscograph peak viscosity, and greater Amy
lograph breakdown and lower Amylograph set-
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back and consistency than low-GT starches. A 
12% paste of milled rice gave better differentiation 
in Amylograph viscosity than 10% paste. 

Among the waxy starches, gels ofIow-GT sam
ples were cOnIlfmed to have greater freeze-thaw 
stability than gels of high-GT samples. 

INTERNATIONAL COOPERATIVE TESTS 
ONMETIlODS 

Chemistry Department 

Follow-up cooperative tests recommended by the 
1978 IRRI workshop on chemical aspects of rice 
grain quality and performed in 1979 were analyzed 
and reported in 1980. 

The scoring methods for alkali digestibility of 
milled rice in 1.1, 1.4, and 1.7% KOH by Little and 
coworkers and by Bhattacharya were compared in 
a 1979 international cooperative test involving II 
laboratories and 5 samples differing in GT. The 
data indicated that results by both methods were 
comparable, and 1.7% KOH gave. the best varietal 
differentiation among the KOH levels used. Major 
sources of variation were variety, KOH concentra
tion, and scoring method. Use of different KOH 
concentrations affected the scores of the three 
samples of intermediate-alkali reaction. 

Analysis of the results from 9 cooperating 
laboratories that used the modified simplified 
assay for amylose showed that defatted starch (90 
mg) and defatted milled rice (100 mg) of 5 non
waxy rices differing in amylose content gave iden
tical values for samples with >20% amylose. But 
among samples with <20% amylose, defatted 
milled rice gave 2 percentage points lower amylose 
values. Undefatted milled rice generally gave 1.5 to 
4.0 percentage points lower mean amylose values 
than defatted milled rice. Phosphate buffer 0.007 
M (PH 8) gave a more stable bluish starch-iodine 
color than 0.004 M phosphate buffer and is pro
posed as a substitute for acetate buffer, which gives 
a greenish starch-iodine color. The use of amylose
amylopectin mixture for the standard curve at 
IRRI resulted in identical amylose data by the 
method of Williams et ai, the simplified method 
using acetate buffer, and the simplified method 
using phosphate buffer for the six defatted milled 
rice flours. 

The data on hardness or stick,iness, or both, of 
10 cooked milled rices were analyzed using various 
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instrument methods that had been developed spe
cifically for national samples. The rices represented 
the range of rice texture and were cooked in excess 
water in II laboratories. Instrument indexes for 
hardness and stickiness of cooked rice generally 
were more sensitive than the corresponding scores 
by a laboratory panel of5 in discriminating among 
the 10 samples. Variation among samples ac
counted for 60.5-99.5% (mean 92. I %) of the total 
variation for instrument hardness as against 48.9% 
for panel score for hardness. Corresponding values 
for stickiness were 91.8-98.6% (mean 95.3%) for 
instrument methods and 64.2% for panel score. 

Instrument indexes for hardness correlated pos
itively with each other, as did those for stickiness. 
Most hardness indexes showed significant nega
tive correlation with stickiness indexes. Among 
four eating quality indicators tested - protein, 
amylose, alkali spreading value, and gel consis
tency - amylose content had the most consistent 
correlation with hardness and stickiness values of 
cooked rice (positive with hardness and negative 
with stickiness). Thus, the continued use of amy
lose content as an index of eating quality in the rice 
breeding program is justified, and only promising 
selections need to be checked for actual texture of 
cooked rice. 

Although the various instrument methods gave 
significantly correlated values for hardness and 
stickiness of individual grains, data obtained from 
bulk samples were more reproducible because of 
the wide variation of properties among grains. 

FACTORS THAT AFFECT COOKED RICE QUALITY 

Chemistry Department 

Comparison of cooking methods. The laboratory 
cooking method using excess water and optimum 
cooking time per sample, and the modified rice 
cooker method were compared. The modified rice 
cooker method is similar to the original method in 
using fixed water-rice ratio for each amylose type 
(waxy 1.3, low amylose 1.7, intermediate amylose 
1.9, and high amylose 2.1), but uses 200 ml water in 
the outer pot and boiling for 20 minutes. The 
method gave more reproducible water contents for 
each amylose class than the original method. The 
correlation coefficient between hardness and stick
iness of cooked rice using a food tester was -0.79** 
in the excess water method and -0.90** in the rice 
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cooker method. 
The water contents of 10 cooked rices used in the 

international cooperative test on cooked rice tex
ture were compared. Rices cooked in excess water 
had 70.5-75.8% water content (mean 73.7%), and 
rices cooked in the electric cooker had 59.5-70.4% 
(mean 66.0%). Mean cooked rice hardness in the 
excess-water method was 3.95 k:gcompared to 5.62 
kg in the cooker method. Stickiness values were 
also lower. When water-rice ratio was adjusted to 
the calculated constant ratio of 2.46 to achieve 
73.7% water content, 4 rices representing the amy
lose types achieved 73.5-73.6% water content and a 
mean hardness of3.85 kg, compared to 73.2-75.8% 
water content and mean hardness of 3.65 kg for 
rices cooked in excess water. Hardness values cor
responded better to amylose types in the revised 
cooker method (range 2.2-5.8 kg) than in the 
excess water method (2.7-4.7 kg). 

Gel consistency test in water. Because of the 
observed tendency for a few milled rice samples to 
have hard gel consistency (in 0.2 N KOH) during 
prolonged storage (over 4 months) after harvest 
(Annual report for 1979), efforts were made to 
develop a water-solvent system for the gel test that 
will be identical to actual cooking conditions of 
rice in water. Studies showed that gel values were 
affected by the dye and the salt concentration and 
even the pH of the water. Moreover, the steam 
evolution that results in mixing, which enables the 
solution level to reach 3/4 of the test tube in 0.2 N 
KOH, was absent in the water medium. Addition 
of one 4-mesh alumina granule improved the mix
ing of 100 mg flour in 2 ml water at 100"C for 15 
minutes. 

Further evaluation of the water gel consistency 
test is in progress because more flour (110-120 mg) 
was needed to differentiate among high-amylose 
rices than among low- and intermediate-amylose 
rices (90-100 mg). The opposite is true with 0.2 N 
KOH. A high flour weight (150-200 mg) was also 
used for waxy rice flour. Relative rankings in the 
two solvents for both milled rice and starch were 
not sintilar. 

Starch properties and gel consistency. Earlier 
studies suggest that differences in gel consistency 
and viscosity were due mainly to amylopectin, par
ticularly to differences in amylopectin molecular 
size. Chemists at CarlsbergResearch Center,Copen
hagen, confirmed that the fine structure of two 

sister line pairs of waxy and nonwaxy rice amylo
pectins from IRRI was similar. The ratio ·of A 
chains to B chains (1.1-1.4) was similar to that of 
other cereal amylopectins. Hence, waxy rice amy
lopectin may be used as a model for nonwaxy 
amylopectin. 

Molecular weight (MW) estimation of rice amy
lopectins by sedimentation coefflcient (S20 .. ) using 
the analytical ultracentrifuge confirmed the higher 
MW of the two high GTwaxy starches (RD4187 S 
and C44I-1 188 S) compared to that of four other 
10w-GTwaxy starches (RD216 S, Malaglat Sung
song 105 S,IR29lI6S, and UPL-Ri-1126S). The 
results with nonwaxy rices were not as clear-cut. 
Amylopectins of two Korean rices had Similar S20 .. 

values (20-22 S) although Tongil had a harder 
starch and milled-rice gel than Jinheung (Annual 
report for 1979). For four high-amylose IR rices, 
S,o.w values were 42 S (IR5), 54 S (IR8), 67 S 
(IR32), and 90 S (IR42). IR5 and IR32 are soft-gel 
rices and IR8 and IR42 are hard-gel rices, so that 
the relationship was not strictly related to MW. 

Amylopectins derived from high-amylose rices 
by the alcohol-amylose crystallization method are 
relatively impure and have high iodine blue colora
tions that sometimes approach that of starch. Blue 
values tended to be higher in hard-gel amylopec
tins than in soft-gel. Use of Sepharose CL-2B for 
MW fractionation of the starch also resulted in 
amylopectins at the void volume (Vo) still with 
high iodine blue binding. The results suggest that 
the blue coloration of amylopectin preparation 
could not be due to low MW amylose whose com
plex with alcohol may contaminate the amylopec
tin fraction during amylose crystallization. Gel fJ.i
tration should have resulted in a purer amylopectin. 
Isoamylase treatment of the amylopectins and 
subsequent gel fJ.itration on Sephadex G-50 con
firmed the presence of at least 5-7% linear fraction 
that stained blue with iodine and with at least 48 
glucose units. These amylose-type chains may be 
part of the amylopectin molecule. 

The less efficient extraction of starch and its 
fractions from starch granules of high-amylose 
rices with hard gel consistency compared to that 
from rices with soft gel was confirmed (Table 5). 
Amylopectin (calculated by difference) was less 
water soluble than amylose and the ratio of solubil
ity was higher than that for amylose for the two gel 
types. Gel fJ.itration of whole starch and starch 
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Table 5. Extractability in boiling water of starch, amylopectin, and amylose from high-amylose rice starch granules differing in 
gel consistency and gelatinization temperature {Gn. IRRI, 1980. 

Gel 
Sample consistency 

name (mm) 

IR5 90 
IRB 32 
IR32 B5 
1R42 30 

Final 
GT 
('C) 

73 
65 
74 
65 

Starch 

31.0 
16.5 
374 
18.7 

Extractability (%) in 100QC water of 

Amylopectin 

7 
2 

10 
2 

Amylose 

B6 
51 

=100 
61 

---------------------------------------------

soluble in boiliug water confirmed the lower solu
bility of amylopectin ofIRS than ofIR5 (Fig. I). 
The amylopectin peak was also past the void 
volume (V I Va > 1) peak for IRS reflecting a MW 
lower than that for IRS. Actual amylopectin S",.w 
values were 42 S (IRS) and 54 S (IRS) for whole 
starch, and 24 S (IR32) and IS S (IR42) for soluble 
starch. Thus, the starch iodiue blue test at 100" C 
also measures the difference in extractable 10w
MW amylopectin of high-amylose starches, in 
addition to soluble amylose. 
. Further study on the phosphorus (P) fraction of 

Relallvecarbohydratecontenl 

V/IG Sephorose CL- 29 

1. Molecular weight fractionation on Sepharose CL-2B of 
whole and hot-water-soluble fractions of IRS and· IRS rice 
starch. IRRI, 1980. 
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eight rice starches differing in amylose content and 
GT was uudertaken with chemists at Kagoshima 
University, Japan. P was lowest for waxy starch, 
which was largely accounted for by 6-phospho
glucose residue in the starch. Such glucose ester 
accounted for 0.2-0.7 /Lmol Pig. Since P content 
was higher for nonwaxy rices at 4.5-IO.4/Lmol/ gin 
starches containing 3.9-9.2 /Lmol/ g choline, 75-
S9% of the starch P was probably phosphate or 
choline phospholipids. The choline content was 
similar in IRS and IRS high-amylose starches dif
fering in gel consistency and GT. Because butanol 
defatting, which removed SO% of thefat, reduced P 
content of starch to 50%, residual P must be more 

. tightly bound to starch. 
Nonstarch polysaccharide preparations. Al

though a minor fraction of milled rice, the non
starch polysaccharides (cell Wall) hold the cooked 
rice together and probably influence the direction 
of grain expansion during cooking. Its water
soluble fraction probably interacts with gelatinized 
starch. 

Cold water (40" C) soluble preparations from 
eight milled rices differing in grain elongation ratio 
during cooking (J.4-2.1) and in amylose content 
(1.5-2S.2%) were destarched by salivary a-amylase 
(Annual report for 1979) and were obtained in 
0.1-0.S% recovery. Their -major neutral sugars 
were either arabinose and galactose, glucose, or 
galactose plus xylose, mannose, fucose, and rham
nose. Hot water (SO" C) preparation from IR3'6 
milled rice was mainly gluean. 

Water-soluble starch-free extracts from defatted 
IR32 true bran and embryo had glucose, galactose, 
and arabinose as principal neutral sugars together 
with mannose. 

Water-insoluble destarched milled-rice prepara
tions from the S milled riCes were recovered in 
0.3-0.7% yield and with less variable sugar compo
sition. Major neutral sugars were xylose, arabi-



nose, mannose and glucose, and lesser amounts of 
galactose and rhamnose and trace of fucose. The 
protein contenLof preparations was variable and 
the protein was either high (5-8%) or low (1-2%) 
lysine. Hydroxyproline was not a major amino 
acid component of the protein, contrary to reports 
by other workers. 

Comparison of various fractionation schemes 
on IR36 preparation showed that a 10% fraction 
was soluble in hot 0.25% ammonium oxalate, 
probably representing pectin. The 0.5 N KOH sol
vent did not extract all the pentosans (arabinose 
and xylose); more were extracted with 4.27 N 
KOH. Mannans required the 6 N NaOH solvent. 
The residue of 6 N NaOH extraction was mainly 
glucan, representing cellulose. DEAE-Sephacel 
was ineffective for D EAE-cellulose borate fractio
nation of these preparations as it poorly adsorbed 
the polysaccharides. 

Polysaccharides were prepared from defatted 
IR32 true bran and embryo collected from 5% 
milling ofIR32 brown rice. True bran had higher 
fiber content than embryo. Protein was removed 
by 8 extractions with 0.5% SDS -0.6 f3-mercapto
ethanol, and starch was hydrolyzed with heat
stable a-amylase. Although the 0.5 N KOH extracts 
were rich in pentoses, additional carbohydrates 
were extracted with 4.27 N KOH and 6 N NaOH 
solvents. 

Microtest for complexing with starch gel. Amy
lograph studies on Waxy milled rice have shown 
that water-extractable lipids and carbohydrates 
alter Amylograph viscosity of the paste. Water 
extract of potato also suppresses Amylograph 
viscosity. Because of the large amount of flour 
(40 g) and complexing agent (0.5 g) needed for the 
study of starch-complex that alters gel viscosity, a 
microtest based on gel consistency that will detect 
such complex formation was sought. IR29 waxy 
rice starch (defatted with water-saturated butanol 
at 25° C) gel in water without dye was used to 
readily obtain stable gels. The defatted starch (100 
mg) was dispersed in 1.6 ru1 water with 0.2 m195% 
ethanol as wetting agent. More wetting agent was 
reqnired for bulky materials, and a 4-mesh alum
ina granule facilitated mixing. Palmitic acid in
creased gel viscosity of the IR29 starch (lower gel 
consistency value), whereas sucrose softened the 
IR29 gel. Use of water instead ofKOH minimized 

Table 6 Effect of B-amylase treatment on complexing ability 
of 1R29 starch (amylopectin). as indexed by a gel consistency 
test. JRR/, 1980. 

Treatment 

None 
Palmitic aCid (1 mg) 
Carboxymethyl cellulose (2 mg) 

Gel consistency" (mm) 

Starch B-hmlt dextrin 

91 
47 
85 

97 
98 
98 

"100 mg IR29 starch or limit dextrin/1.6 ml water and 0.7 ml 
95% ethanol 

degradation of organic substances. 
Because complexing with hydrophobic com

pounds such as palmitic acid has been principally 
reported with amylose, of which IR29 starch has 
only 1.5%, an attempt was made to determine the 
nature of the complexing involved with IR29 amy
lopectin. Treatment ofIR29 starch with f3-amylase 
to reduce its outer chains to 2 or 3 glucose units 
made the residual f3-limit dextrin incapable of 
complexing with palmitic acid and carboxymethyl 
cellulose (Table 6). The results suggest that the 
amylopectin portion involved in complexing are 
the outer chains, about 12 glucose units or about 2 
helices of 6 glucose units each. 

Seven waxy rices with gel consistency of 76-92 
mm (mean 81.4 mm) were washed with cold water. 
The washed gels hardened to 62-85 mm (mean 69.1 
mm). Interestingly, defatting the same flours with 
95% ethanol had a similar hardening effect on 
their gel values (60 to 76 mm, mean 69.3 mm). 

Complexing was suggested by the gel viscosity 
measurements because the increase in gel viscosity 
exceeded the sum of the viscosity of IR29 starch 
and that of the complexing agent alone. 

Starch complexing with minor rice constituents. 
American chemists reported that water-soluble 
cell-wall polysaccharides of Illilled rice and bran 
affect Amylograph peak viscosity and viscosity on 
cooling to 500C of milled rices pastes. Total 65°-
700 C or 800 C water-soluble extracts were prepared 
from 2 waxy and nonwaxy rices and fractionated 
by extraction of lipids with refluxing 95% ethanol. 
The lipid fractions increased IR29 starch gel viscos
ity. For the nonlipid fraction, the waxy extracts 
softened the IR29 starch gel but the nonwaxy 
extracts hardened it. Since total lipids extracted 
with water-saturated butanol from IR36 milled 
rice had a softening effect on IR29 starch gel, the 
water-extracted lipids probably differ in composi-
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tion from the total lipids of milled rice. 
Starch-free preparations were used for confIr

matory tests. Preliminary studies showed that 
undefatted cold-water-soluble, starch-free extracts 
from 8 milled rices either hardened or had no effect 
on the consistency of gel at 1-3 mg levels. UPL-Ri
I cold-water-soluble preparation (40% lipid) had a 
similar hardening effect on IR29 starch gel with 
(0.6 mg) or without (I mg) defatting with 95% 
ethanol. Hot-water-soluble nonstarch polysaccha
rides from UPL-Ri-I and Malagkit Sungsong 
waxy milled rices tended to soften IR29 starch 
consistency, whereas the hot-water-soluble frac
tion from IR36 and IR32 had a slightly hardening 
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effect. 
In contrast, both cald- and hot-water-solnble 

fractions from IR32 bran hardened IR29 starch 
gel. 

With water-insoluble nonstarch preparations, 
no general trend was noted for the eight rices. They 
either had no effect on, hardened, or softened IR29 
starch gel at 1-3 mg, and only a small fraction 
probably dissolved and complexed with the starch. 
An insoluble cell-wall fraction was noted for all 
samples. In contrast, water-insoluble IR32 bran 
cell wall had a softening effect even at 0.2 mg!1 00 
mg IR29 starch gel. 
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EVALUATING BREEDING MATERIALS FOR 1980. The reactions of the entries' to the different 
DISEASE RESISTANCE diseases studied varied from susceptible to resistant 
Plant Pathology Department (Table I). Some varieties were resistant to one 

disease, the majority to 2-4 diseases, and a few to 
Multiple disease resistance. Screening of the GEU 5-8 diseases. 
varieties and elite lines for resistance to fungal, Blast resistance. A total of 87,676 rices from 
bacterial, and viral diseases of rice continued in different sources were screened for blast resistance 

Table 1. Disease reactions of Genetic Evaluation and Utilization elite Jines and varieties. IRRI. 1980. 

Reactiona to given diseaseb 

Entry 
81 L5c 5R 5h8 CL5 5hR 85 8K 88 RlV G5V R5V 

IR8 S 5 R M·M5 M MS R 5 M5·5 5 R 5 
IA36 5 5 5 M·M5 M M MA A·5 M·5 5 I·A 5 
IR42 M·S M 5 M MA·5 M·MA A 5 M·5 S I·R 5 
IR43 5 M M M·5 M·5 5 R 5 
IA44 M·S 5 M M·M5 M·MR MR M5·5 M·A 5 A 1·5 
IA45 M·S M5 M5 5 5 A 5 
IR46 5 M M A MR A M·5 5 A 5 
IR48 5 M A M MA·R MA·A MR R·5 M5·MR 1·5 A 1·5 
IA50 5 5 5 M·M5 MA·M5 M·MA 5 MR·M5 M·5 I A 1·5 
IA52 5 5 5 M M5 M 5 5 M5·5 I A 1·5 
IA54 5 5 5 M A M 5 MR M·A I R S 
IR2071-685-3-54 S 5 M M5 MA A M·5 5 A 5 
IR29B7-13-1 S M S M M M5 A 5 M·5 5 A 5 
lR351B-96-2-2-2 5 5 5 M A M V5 5 M5·5 5 A 5 
IR3646-8-1-2 5 A S M R M MA 5 M5·5 5 A 5 
IR3839-1 M·5 5 5 M5 M5 M A 5 M·5 1·5 A 5 
1A38SS .. 5 M 5 M M MS MS 5 M·5 I·S A 5 
IR3BeO-1D 5 5 5 M M M5 MA M5·5 M·5 1·5 A 5 
IA388D-13-7 S 5 5 M5 MR M V5 5 M·A·5 5 A S 
IR3880-29 S S S M R M S S M·S S A S 
lR4432-28-5 S S R M A MA VS S M·S 5 A S 
IR4568..aS-1-3-2 S S S M·MA R M VS S MR·A S A I 
IR5179-2 S S M M MS A S MS·MR S A S 
IR5260-1 S S S M MS MS MR MA·S M·A S R S 
IR5440-1 -1-3 M·R S S M·MS MS·A M A MS·5 M·S I·S A S 
IR5716-18-, S M S M·MS MS·R MS R S MS-5 I·S R S 
IR5853-118-5 M·S A M·MS VS M S M·S S R I 
IR5853-162-,-2-3 M·S A M MS M A M·A I A S 
IR5853-213..fi-l S A M·MA M A S M·S A A S 
IA5929·12-3 M·A S S M·MS MS·R M MS S M·S I·S A S 
IR5931-110-1 M·R M S MS MR M MA S M·S S A S 
IA5982·7-6·1 S S S M·MS MS M A S MS·A S R S 
IR59983-13-'-2 S S M MS S S S R S 
IA6023-10-1-1 M·R M 5 M M M V5 R·5 M·5 5 A 5 
IR6llS-1-1-1 M·5 M·M5 MS M MA M·5 S R S 
IR7790-18-1-2 M M S M·M5 M·MA MS V5 S M·S 5 A S 
IRB073-65-6-1 S M 5 M·MS MA M R M5·S M·5 S A 5 
IRB192-31-2-1-2 5 M MR M I\1A M·5 I R 5 
IR8192-166-2-2-3 5 M A M S M·S 5 A S 
IR8192-200-3-3-l 5 A S M·M5 MS M·A VS M5·5 M-5 I A 1·5 
IA8608-189-2-2-l 5 R S M·M5 M M S 5 M·S I A 1·5 
IA8S08-298-3-l-1 S M 5 M·MS MA·A M·A MR 5 M·5 I A I 
IA9129-209-2-2-2 S 5 5 M MR M' S M·5 S A 5 
IA912S-20S-2-2-2 S M 5 M·M5 R A 5 S M·A 5 A I 
IA920S-181-3-5 S A 5 M A MA VS 5 M·R I I 5 
IA9217-58-2-2 5 M M M·MS MA·A M·MA VS 5 M·S 5 R 1·5 
IAS224-l40-3-2-2 S M MS M A M·5 I A I 
IA9264-321-3 S S M M R MA V5 5 M·S·R I A S 
IA9411-5-3-3 5 M S M M5·MA M·M5 VS M5 M·5·R S R 1·5 
IAS669 selection S M 5 M R M A S M·5 5 A S 
IA9708-51-1-Z S M 5 M M R A 5 M·S·R R A S 
IAS72S-67-3 S 5 5 M MR MA V5 MA M·S·A I A S 
IR9752-71-3-Z M·S S 5 M·MA MR M MR M5 M·5 I A 5 
IA976l-1S-1 S M S M M5 M MA MA M·5 I A I 
IAS763-11-2-2 S M S MS A M 5 MS M·A I R I 
IA9763-l1-2-2-3 S M A MR A M·5·A I R I 

CONTINUED ON OPPOSITE PAGE 
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Table 1 contmued 

Reaction" to given dlseaseb 

Entry 
BI LSc SA ShB CLS ShA BS BK BB A1V GSV ASV 

IA9764-45-2-2 S M S M A M-MA S A-S M-S-A S A I 
IR9808~9·2 S M M MS M A-S M-S I A I 
IR9809~9-2 S S M A MA MA S M-S I A I 
IR9828~91·2-3 S M S M M MA VS S M-S-A S A S 
IR9846·215-3 S A S M MS M S MA-S M-S S A I-S 
IA9852-22-3 S M S M M-MS M MA MA-A M-S S A I 
1R9861-25-1-1 S M MA M MS M-S I A I 
IR11248-83·3·2-1 S M A M S MA-S-A S A I 
IR13146-41-3 S M A M-MS VS A MA MS-S M-S S A I 
IR13149~3~2~2 S A A M M-VS MA-A MA MS-S M-S I A I-S 
IR13149-19·1 S A S M-MS M-VS MA MA A-S M-S A A S 
IR13149-43-2 S A S M A MA-A S S M-S'A A A S 
IR'3149-71-3~2 S S S M M-MS MA MA S M-S A A S 
IR13240-1 O~' ·3-2 M-S-A M M M A M-S S A S 
IR13240-83~1 S 

"" M M MA A M-S S A S 
IA13299-96-2-2 S M VS MS M-S S A S 
IR13358-85·1-3 S S S M MS M VS S M-S S A I 
IA13365-253-2-2 S S S M M M A S M-S S A I 
IR13419-113-1 S M S M-MA M-MS MA A A M-S-A S A I 
IR13423·10-2-3 S M S M-MS MS A MS S MS-A S A I 
JR13423-17-'-2·1 S M S M-MS MS-A MA A MA-MS M-S I-S A I-S 
IA13426-19-2 S S S M M-MA MR VS MS-A M-S-A S A I-S 
IR13427-40·2-3·3 A M S M M-MA MA A A M-S-A I-A A I-A 
1R13429-109-2-2-1 A S S M MS-R MA MA MA M-S I A I-A 
IR13429·196·1-2-1 M-S M !;l-S S M-S I A S 
IR13429-196-1 ~20 S S S M MS-A MA MA A M-S-A I A I 
IRl3429~299~2~ 1·3 S S S M A A S R M-S A A A 
IR13525-43~2~3~1 S S S ~ MS-A MA MA MS-A M-S I-S S-A I-A 
IR13540~56-3-2·1 S S S A M A S M-A I A A 
IR14632~2-3 S M A A M-S S A I 
IA14632-22-3 S A S M-MS A MA VS MA-S M-S-A S A I-I 
IR14753-120-3 S A S M-MS MA-A A MA MA-S MS-MA S A S 
IR15314..JO..J~1~3 M-S A S M MS-M M MA MS M-S-A I-S A I-S 
IRl531443-2..J..J M S S M-MS A MA MA MS M-S-A I A A 

\ IR1531a-2-2-2~2 M-S M A MS I A I 
IR1531a-2~2~2~2 S M S M MA MA S MA M-S S A A 
IA16496-219-2-3-2 S S S M A A VS A M-A I A I 
IA15529-256-1 M-S M S M-MS M-A M VS A-S M-S I-S I I 
IR1553e~338-1-2·3 S M S M MA MA VS S M-S S A S 
IR15675·98-1-2-5 A S S M MS MA VS S M-S S A I 
IR17491~5-4..J-3 S M A S M-S-A I A S 
IR17494-32-1-1-3 S S M-MS MA MA MA S M-A I A I 
IR17494..J2-3-1-1 S M M MA M-A I A I 
IR19657-90..J..J-2 S S M M-MS A A S S MS-MA I A I 
IA19660-131-3-3-3 S A S M MA A A A M-S-A I A I 
IA19661-131-1-2 M-S A R M-MS M-MA A A A-S MS-MA I-A A A 
IR19661-364-1-2-3 S A A M MA MA VS S M-S-A I A A 
IR19672-140-2..J S A S M A A VS A M-S I A I 
IR19728-9-3-2..J S A S M-MS MA M A S M-A I A I 
IR19729-5-1-1 A S MS MS S M-S-A I A S 
IR19729-5-1-1..J A A M MS MA VS MS M-S-A I A I 
IA19735-5-2-3-2 A M M VS M VS A M-S-A S A I 
IR19743-25-2-2 S M MS MS M-S I A S 
IR19743-25-2~2..J S S M MA M A A M-S 1 A I 
IR19743-40..J..J-2 S S M-MS MA M S MS M-S I A I 
IR19743-46~2~3-3 S MS VS MA M-S I-S A I-S 
1R19743-46-2-3-3 S M MS VS VS S M-S I A I 
IR19746-28-2-2 S-A MS VS S M-S I A I 
IA19746-28-2-2-3 S M M MA A MA M-S S A I 
IR19759·29-2-1-3 A M A MA MS S M-S-A S A I 
IR19762-2-3-3 A M MS A S A M-S-A S A I 
BR51-282-8 S M A M MA S MS-MA S A S 
IET1444 S M MA MS A S M-S S A I-S 

aM - moderately resistant to moderately susceptible, I - intermediate, S = susceptible, VS = very susceptible, and R = resistant. 
Reactions separated by a dash indicate a range of reactions in two or more tests. bBI = blast, LSc = leafscaJd,SR = stem rot, ShB = 
sheath blight, CLS = Cercospora leaf spot, ShR = sheath rot, as = brown spot, BK = bakanae, BB = bacterial blight, RTV = rice 
tungro virus, GSV = grassy stunt virus, and RSV = ragged stunt virus. 
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Table 2. Summar)t of screening for blast resistance. IRRI, 1980. 

Source of entries 

Elite breeding lines" 
Germplasm bank" 
Pedigree nursery hnes 
Hybridization block" 
Observational yield trial" 
Replicated yield trial" 
Nigerian lines 
Korean lines 
Dryland breeding hnes 
International nurseries 

International Rice Blast Nursery" 
International Rice And Regions Observational Nursery" 
International Rice Observational Nursery 
International Rainfed Lowland Rice Observational Nursery 
International Upland Rice Observational Nursery 
International Rice Cold Tolerance Nursery 

Total 

Percent 

"Tested 2-3 times: 

in IRRI blast nurseries. The entries' reactions var
ied from resistant to susceptible (Table 2). Some of 
the varieties and lines with a consistently high level 
of resistance were Carreon, Tetep, Dissi Hatif, 
5709,5712,5717,5720,5721, OS6, IRI416-128-5-
8, IRI905-PPII-29-4-61, IRI905-81-3-1, IR4547-
6-2-5, IR4547-6-2-61, IR4547-14-3-1, IR5533-15-
I-I, and IR9559-PP870-J. ' 

Leaf scald resistance. Screening for leaf scald 
resistance continued in the 1980 wet season. Entries 
in the field were inoculated at maximum tiIIering 
with a spore suspension of Rhynchosporium ory
zoe. The disease reactions, which were recorded 21 
days afterinoculation, varied from highly resistant 
to highly susceptible (Table 3). 

Varieties found highly resistant were Mingolo, 
Cempo Selak, Carreon, Khao Lo, Kinandang 
Patong, Kulawai, Moroberekan, and Damodar. 

Number with given blast reaction 

Resistant Moderate Susceptible 

16 26 191 
945 558 1.289 

9.724 10.056 51.236 
132 54 581 
212 1.036 2.094 

69 205 835 
15 4 a 

192 309 5.514 
3 23 609 

149 67 276 
22 73 294 
16 22 292 
8 13 204 
5 9 79 

23 13 183 

11.531 12,468 63.677 

132 142 72.6 

Highly susceptible varieties were IR19053-I 98-I -2-
1-2, IRI9735-41-3-21, IR2I048-53-2, IR2II78-26-
I, GH33, and IRI9728-2-2-2-2-2. 

Resistance to sheath blight, Cercospara leaf 
spot, sheath rot, and brown spot. Field screening 
far resistance to sheath blight, Cercospora leaf 
spot, and sheath rot indicated a variation in reac
tions of some varieties and, lines. In greenhouse 
screening for resistance to brown spot, some varie
ties and lines were highly resistant and others 
ranged from moderate to very susceptible (Table 
4). Some entries were resistant to one or two dis
eases, but none was found resistant to all four 
diseases. 

Sheath blight resistance. As in previous years, 
none of 4,781 cultivars obtained from different 
sources (elite breeding lines, replicated and obser
vational yield trials, hybridization block, ricel 

Table 3. Summary of screening for leaf scald resistance. IRRI, 1980 wet season. 

Number With given disease reaction" 
Source 

HR MR MS S HS 

Replicated yield trial 40 3 57 46 163 10 
Elite varietieS and breeding lines 15 4 16 11 35 3 

.Hybridlzation block 196 18 41 61 52 ,4 
Observational Yield trial a a a 4 30 6 

Total 251 25 114 122 280 23 
Percent 31 3.1 41.1 15,0 34,1 2.8 

aHR - highly resistant (lesion 0-10 em). R - resistant (lesion 1.01-2.0 cml. MR = moderately resistant (lesion 2.01-3.0 em). MS = 
moderately susceptible (lesion3.01-4.0cm). S = susceptible (/esion4.01-6.0 cml. HS = highly susceptible (lesion greater than 6 0 
em). 

34 IRRI ANNUAL REPORT FOR 1980 

r 

i 
(' 
) 



Table4. Olsease reactions of IRRI breeding lines and varieties screened for resistance to sheath bllght(ShB). Cercospora leafspot 
(CLS). sheath rot (ShR). and brown spot (85). IRRI. 1980. 

Disease reaction" 
Entry 

She CLS ShA as 

lAB MMMMMS M MS A 
IR36 MMMMSMS MM MM MR 
IR42 MMMMM MSMR MMR R 
IR43 M 
IR44 MMMM MSM MMR MR 

IR45 MS 
IA46 MM R MR 
IR4S MM R MA AMR MR 
IR50 MMS MSMA MMR S 
1R52 M MS M S 

IR54 M R M S 
IR2071-685-3-5-4-3 MMMM MS MR 
IR2987-13-1 M M MS R 
IR3518-96-2-2-2 M R M VS 
IR3646-S-1-2 MMM R M MA 

IR3B39-1 MS MSMS M A 
IR3B5B-6 M M MS MS 
1R35BO-10 M M MS MA 
1R3BBO-13-7 MS MR M VS 
IR3BBO-29 M R M S 

IA4432-2B-5 MMM A MA VS 
1R456B-86-1-3-2 MMMRM M A M VS 
1R5179-2 M MS MS R 
IR5260-1 MM MSMS MS MR 
IR5440-1-1-3 MMSM M MSA MM R 

IA5716-1B-1 MMS MSMR MS A 
1R5B53-11B-5 M MMSMM VS M 
IR5853-162-1-2-3 MMM MS M 
IR5853-213-6-' MMAMM M R 
IR5929-12-3 MMS MSR M MS 

IR5931-110-1 MS MA M MR 
IR59B2-7-6-1 MMS MS M R 
IR5SS3-13-1-2 MM MS 
IA6023-10-1-1 MMMM MM MM VS 
IR6115-1-1-1 MSMM MS M 

IRn90-1B-1-2 MMS MRM MS VS 
IRB073-65-6-1 MMSMMM MRMR MSM A 
IRB192-31-2-1-2 MM MR M 
IRB192-166-2-2-3 MM A M 
IRB192-200-3-3-H MMSMM MSMS MR VS 

IRB60B-1B9-2-2-1-3 MSMMM MM M S 
lR8608-298-3-1-'-2 MMMSM MAA MR MR 
lR9129-209-2-2-2 MMM MA M 
1R9129-209-2-2-2-3 MSMM R A S 
IR9209-1B1-3-5 MM R MR VS 

IA9217-5B-2-2 MMMMS MRA MMA VS 
IR9224-140-3-2-2-3 M MS M 
IA9264-321-3 MM R MR VS 
IR9411-5-9-3 MM MSMR MSM VS 
IR9669 Selection M R M R 

IR970B-61-1-2 MM M R R 
IR9729-67-3 MM MR MR VS 
1R9752-71-3-2 MMAM MR M MR 
IR9761-19-' MM MS M MR 
IR9763-11-2-2 MS RR M S 

IR9763-11-2-2-3 M A MR 
IA9764-45-2-2 MMMM A MRM S 
IRSSOB-9-2 MMM MS M 
IR9B09-9-2 M R MA MR 
IR9828-91-2-3 MMM M MR VS 

CONTINUED ON NEXT PAGE 
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Table,4 contrnued 

Disease reactiona 

Entry 
ShB CLS ShA BS 

IA9B46-215-3 MMMM MSMS MM S 
iR9852-22-3 MMMM MSM MM MA 
IR9861-25-1-1 MMM MA M 
IRl1248-83-3-2-1-3 M A M 
IR1314641-3 MMMMMS VSVS AA MA 

JR13149-3-2-2 MMMMM VSM A MA MA 
IR13149-19-1 MMSMM VSM MAMA MA 
IR1314943-2 MMMMM AA AMA S 
IR13149-71-3-2 MMM MSM MAMA MA 
IR13240-10-3-2 M M M 

IR13240-83-1 MM M MA 
IR13299-96-2-2 M VS 
IR13358-85-1-3 MMMMM MS M VS 
IR13365-253-2-2 MMM M M A 
IRl3419-113-1 MMMMa MSM MA A 

IR13423_-10-2-3 MSM MS A MS 
IR13423-17-1-2-1 MMSM MSA MA A 

.' IRl3426-19-2 MMMMM MAM MA VS 
IR1342740-2-3-3 MM MSA MA A 
IRl3429-109-2-2-1 MM MSA MA MA 

IRl3429-196-1-20 M MSA MA MR 
IR13429-196-1-2-1 M MS 
IR13429-299-2-1-3 M A A S 
IR1352543-2-3-1 MM MSA MA MR 
IR13540-56-3-2-1 MM A M A 
IR14632-2-3 MM A 
IR14632-22-3 MMSM AA MA VS 
IR14753-120-3 MMSMM MAA AA MR 
IR15314-30-3-1-3 MMM MSM M MA 
IRl531443-2-3-3 MSMM A MA MR 

IRl5318-2-2-2-2 MMM A 
IRl5318-2-2-2-2-2 M MA MA S 
IRl5496-219-2-3-2 MMM A A VS 
IR15529-256-1 MMSMM MA M VS 
IR15538-338-1-2-3 MMM MA MA VS 

IR15675-98-1-2-5 M MS MA VS 
IR17491-54-3-3 MM A 
IR17494-32-1-1--3-2 MMSMM MA MA MA 
IR17494-32-3-1-1-3 MM M 
IR19657-90-3--3-2 MSMM A A S 

IR19660-131-3-3-3 MM MA A A 
IR19661-131-1-2 MMS MMA A A 
IR19661-363-1-2-3 MMM MA MA VS 
IR19672-140-2-3 MM A A VS 
IR19728-9-3-2-3 MMS MA M A 

IR19729-5-1-1 MSMS MS 
1R19729-5-1-1-3 MM M MA VS 
IR19735-5-2-3-2 MM VS M VS 
IR19743-25-2-2 MM MS 
IR19743-25-2-2-3 MM MA M 

IR1974340-3-3-2 MMS MR M S 
IR1974346-2-3 MS VS 
IR1974346-2-3-3 MM MS VS VS 
IR19746-28-2-2 MS VS 
IRi 9746-28-2-2-3 MM M MA A 
IR19759-29-2-1-3 MM A MA MS 
IA19762-2-3-3 MMM MS A S 
BA51-282-8 M A M MA 
IETl444 MM MA MS A 

aR := resistant, MR = moderately resistant, M = moderate, MS = moderately susceptible, S = susceptible, VS = very susceptible 
More than one ratrng per disease indicates variation in reaction. 
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Table 5. Summary of sheath blight screening. IRAI, 1980. 

Entries (no.) with given disease reaction" 
Source Entries 

(no.) MR M MS S VS 

Elite breeding lines 158 130 28 

Wetland: 
Rephcated yield trial 1150 33 963 152 
Observational yield trial 923 22 813 75 

Dryland: 
Replicated yield trial 140 20 117 3 

Hybridization block 696 12 650 32 
Rice/sorghum crosses 4 0 4 0 
Germplasm bank 1368 10 1311 43 

Conflfmation test 
Elite breeding lines 0 0 

Wetland: 
Replicated yield trial 39 35 
ObselVational yield trial 35 30 

Dryland: 
Rephcated yield trial 3 3 0 0 
Observational yield trial 195 195 0 0 

Germplasm bank 49 45 0 0 
Crowley Disease nursery 3 2 0 0 
Hybridization block 11 10 0 0 

Total 4781 103 4313 344 17 

Percent 2.1 90.2 7.2 04 0.1 

~R = resistant, MR = moderately resistant, M = moderate, MS = moderately susceptible, S = susceptible, VS = very susceptible. 

sorghum crosses, and germplasm bank) and 
screened for sheath blight resistance showed a re
sistant reaction to the disease. Only 2.1 % were 
moderately resistant (Table 5). 

Reactions of varieties to stem rot. In the 1980 
wet season, 84 elite varieties and breeding lines and 
182 rices from the germplasm bank were screened 
at maturity in the field for stem rot reaction. 

Eighty-four elite varieties and breeding lines and 
60 germplasm bank entries were first evaluated. 
The entries, each represented by one hill, were 
taken to the greenhouse for recording of stem rot 
reaction on a per-tiller basis: 0 indicated the most 
resistant and 9 the most susceptible. The disease 
index (DI) was computed: 

DI = _0-,(n-,!)_+_2_~,-,n),-"_'_' _+_9-'C(n""v_ 

N 

where n = number of tillers in indicated class, and 
N = total number of tillers sampled. 

To evaluate more entries, 122 accessions from 
the germplasm bank were scored in the field using 

the 0-9 stem rot scale. Most succumbed to natural 
stem rot irlfection. The results of computing disease 
index and direct field scoring did not differ. Direct 
field scoring may allow faster screenlng for stem 
rot. 

The resistant entries were IR8, IR48, IR4432-28-
5, IR13l46-41-3, IRI966l-l31-1-2, and IR19661-
364-1-2-3 - all from elite varieties and breeding 
lines. Some of those found susceptible were IR50, 
IR5929-12-3, IR9808-9-2, IR9828-9l-2-3, ARC 
14719, and ARCl3811. 

Resistance to rice virus diseases. The reactions of 
22,177 entries - 8,100 to tungro, 4,961 to grassy 
stunt, and 9,116 to ragged stunt - were deter
mined by mass-screening in the greenhouse. The 
percentages of infected seedlings indicated degree 
of resistance. 

The field reactions - based on the Standard 
Evaluation System for Rice (SES) - of 30,627 
entries to tungro disease in pedigree nurseries were 
recorded. The incidence of the disease was en
hanced by transplanting 599,000 1NI seedlings 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 37 



inoculated with eggs laid by viruliferous insects 
produced by the propagation method described in ' 
1979 (Annual report for 1979), 

Tungro disease in the nurseries was confIrmed 
by sampling infected plants that served as virus 
sources for 1,905 virus-free green leafhoppers. The 
infectivity of the insects was tested by daily serial 
transmission on 1Nl seedlings. 

SOURCES OF RESISTANCE 

Plant Pathology and Plant Breeding Departments 

Identification and evaluation (Plant Pathology). A 
total of 2,102 entries from the germplasm collec-

Table 6. Field evaluation of rice germplasm Inoculated with 2 
strains of Xanthomonas oryzae by the clipping method. Philip· 
pines, 1980 wet season. 

Entry' (no.) 
Disease 
reactlona PXO 61 PX083 

MT FL MT FL 

373 485 315 532 
433 394 227 266 
166 134 162 91 

79 38 324 149 
0 0 23 13 

Table-B. Entries from the International Rice Observational 
Nursery and International Halnfed Lowland Rice Observational 
Nursery showing kresek development when transplanted In 
the field after seedlfng submergence In a bacterial suspension 
of about 108 callstml for 30 minutes. IRAJ, 1980 wet season. 

KreseJe (%1 Entries (no.) 

< 10 23 
11-25 53 
26-50 71 
51-75 41 
76-100 50 

Total 238 

aBased on total number of tillers showing kresek, divided by 
number of hills per entry. 

!ion previously identifIed with various degrees of 
resistance to bacterial blight werr further evaluated 
at IRRI with strain PXO 61 and at the Maligaya 
Rice Research and Training Center with strain 
PXO 83 (Table'6). Different disease reactions in 
the same accession were often observed. ConfIrma
tion tests based on single-plant hills suggested that 
there was segregation of those entries. Selection 
was made and thereactiontoPX06l atIRRI and 
PXO 83 at Maligaya Rice Research Training Cen
ter was further confIrmed (Table 7). 

Entries from IRON and IRLRON were evalu
ated for their reaction to the bacterial blight syn
drome. Twenty-three entries from the 2 nurseries 

Table 7. Result offurther evaluation and selection of rices from the IRAI germ plasm collection showing diverse bacterial blight 
reactionsa In the Philippines, 1980. 

Reaction at 
IRRI Country of Reaction 

Variety acc. no. origin at IRRI IRRI MRRTe 
(PXO 61) IPXO 83) 

lua Ro 24147-a Vietnam 
-b 

Chianung Sen Yu 6 26956-a China 
-b 

Aus 76 28938-a Bangladesh 
-b 

Boway AG 1-54 30664-a India 
-b 

Kada Chapa 34954-a India 
-b 

Khamar 34994-a India 
-b 

Shete Shado 35152-a India 
-b 

Thalanayar 1 35200-a India 
-b 

BW2494 36753-a India 
-b 

aScored by 1980 Standard EvalUation System for Rice. 
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Table 9. Entrlas from the International Rice Observational Nursery showIng less than 10% kresek development when trans
planted In the field after seedling submergence in a bacterial suspension of about 10g cells/ml for 30 mlnutes.iRRI, 1980 wet 
season. 

Entry Designation Origin Leaf blight 
no. (cross) PXOSl (%) 

8 BA40-39·1·3 (IR140·165-3·3/IR8) Bangladesh 5 
10 BA109·74·2·2·2 (IA20/IR44) Bangladesh 1 
16 BW 242·5·5·2 (BW 173/IR747·B2·6-3) Sri Lanka 7 
38 IA8608· 189·2·2·1 -3 (IA2061 465·1 ·5·5/IA2071 ·625·1) IAAI 1 

124 IA1974346·2·2-3 (lA91 29·1 92·2-3/IAl 0176·79) IAAI 1 
129 IA1977442·1 (IR9698·26-3/IR10176·79) IARI 1 
231 B2850B·51 ·2·2 (B541 B·KN·91 -3·1 IIR2071· 154·1-2) Indonesia 1 
262 IA9224·223·2·2·2· 1 (IR21 53·14·1 -6·211IR2811IR2070-625·1) IAAI 1 
264 IA9736· 16·1·2 ICO 37/IAl058·78·1-3I1IR2058·78· 1-3) IRAI 1 
267 IA11248-83-3·2·1-3 (lA2071 ·586·5-6-3/IA241549·6·12) IAAI 1 
292 Kau 1734·2 (1ET7104) IT,ivenI/IA1539) India 1 
303 OA 59-6 IT SO/IA8I1Hema) India 1 
305 OA 131-3·1 (IET6661) (590/IA8I1CA57-49) India 3 
308 Rajendra Dhan 201 India 5 
311 ANA 29692 India 5 
324 A9·1·6·1·3·,., (IA221Sigadis) India 3 

Table 10. Entries from InternatIonal Ralnfed Lowland Rice Observational Nursery showIng less than 10% kresek development 
when transplanted In the field after seedling submergence In a bacterIal suspensIon of about 109 calls/ml for 30 mInutes. nun. 
1980 wet season. 

Entry 
no. 

Designation 
(cross) Origin 

Leaf blight 
PXO 611%) 

26 
56 
53 
(J] 

134 
178 
183 
190 

IR13l68-l43-' (Cauvery/IR36/IIR2071'625-'-252) 
C1117·2 

IAAI 
Philippines 
Philippines 
India 

Clsa (lntan/BPI-76-1) 
CR 1023 (Pankaj/Jaganath) 
IA13146·179IBG90·2/IA3411IA2058·78·1-3·2·3) 
Kau 1925IJyothy/IA2153) 

IAAI 
India 

Kau 2011 (JayaIlR2058f1Mahsuri) 
Kau 2039 (Jaya/IR207111Mahsuri) 

showed less than 10% kresek in the field (Tables 8, 
9, and 10); however, their leaf blight reaction to 
strain PXO 61 was varied. 

Utilization ofresistance sources (Plant Pathol
ogy and Plant Breeding). Seven genes for resist
ance to bacterial blight from 60 different varieties 
are used in the breeding program. In addition, 84 
varieties with different resistance to the disease 
serve as sources of resistance (Table II). Thirty-six 
of the resistance donors carried Xa 4, which is in 
about 55% of33,898 Crosses (Table 12). Two allelic 
genes are at the Xa 4 locus: Xa 4' and Xa 4b

• The 
resistance expression conditioned by Xa 4' is func
tional to bacterial strain PXO 61 or to strains in 
pathotype I in the Philippines at both vegetative 
and reproductive stages, while resistance by Xa 4b 

is functional to that strain only at the reproductive 
stage. The second largest group (about 9%) of 19 
resistance donors involved in the crossing program 

India 
India 

have the recessive gene xa 5. Other genetic sources 
of bacterial blight resistance are Xa 6, Xa 7, xa 8, 
and xa 9, but few crosses have been made with 
them either in single or in compound crosses. 

Once the sources of resistance have been recom
mended for hybridization, the progenies of many 
different gene donors may be potentially recom
bined (Table 13). Among the 33,898 crosses made 
at IRRI until 1980, 24,307 or 67% involved genes 
known for bacterial blight resistance. Many crosses 
were known to have more than one of such genes. 
Some combinations could have involved three or 
four genes (Table 14). 

Specific and adult plant resistance (Plant Path
ology). The responses of rices with specific and 
adult plant resistance to different sources ofinocu
lum varied (Table 15). When the disease pressure 
was high, disease severity increased from early til
lering to flowering on rice with adult plant resist-
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Table 11. Parental donors having specific genes for resistance to bacterial blight of rice used in,the IRAI crossing program. 

Gene and variety Acc. no Ongin 

Xa3 
WaseAikoku 525 Japan 

Xa4 11 

CO 10 3691 India 
CO 22 6400 India 
Nam Sagui 19 11462 Thailand 
Pehta 111 14560 IndoneSia 
Pehta 112 14561 Indonesia 
Sigadis 6525 Indonesia 
Taothabl 13746 India 
TKM6 237 India 
Gui Do 19745 Korea 
Pakheng 30154 Laos 

Xa4b 

BaJang 17183 Indonesia 
Beak Ganggap 17253 Indonesia 
Bulu Putlh 17350 Indonesia 
Bulu Sampang 17352 Indonesia 
Carnor 17366 Indonesia 
Gropak Gede 17887 IndoneSia 
Kentajana 9224 Indonesia 
Ketan Bajang 17830 Indonesia 
Ketan Bas 17834 Indonesia 
Ketan Gondel 17857 Indonesia 
Ketan Gondopuro 17859 IndoneSia 
Ketan Pandan 17932 IndoneSia 
Ketan Ternan 17967 Indonesia 
Lenggang Genuk Bulu 18119 Indonesia 
Padi Tornat 18408 IndoneSia 
Palotan Melatl 18426 IndoneSia 
Pare DJerah 18458 IndoneSia 
Pulo Banrakaja 20073 IndoneSia 
Pulut Banda Kaya 27391 Indonesia 
Pulut Bongo 27397 Indonesia 
Pulut Kemandi 24621 Indom!sia 

ance, but remained stable on rice with specific 
resistance. 

Dose-response of Cas 209 to strains of Xan
thomonas oryzae differing in virulence (Plant 
Pathology). In 1979, Cas 209 was identified as a 

Table 12. Sources of genes for resistance to bacterial blight of 
rice used in the IRRI crossing program. 1980. 

Donor 
Gene for varieties Crosses Frequency" 
resistance (no.) (no.) (%) 

Xa3 1 49 0.14 
Xa4 36 18,576 54.80 
xa5 19 3,099 9.16 
Xa6 1 883 2.60 
Xa.7 1 95 028 
xa8 1 3 0.09 
xa9 1 1 0.03 
Unknown 84 1,688 4.97 

Total 114 24.394 72.ff7 

"Based on a total of 33,898 crosses 
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Gene and variety Ace. no. Origin 

Rante 18609 Indonesia 
Rathu Heenati 15609 Sri Lanka 
Rengesi 18628 Indonesia 
RemadJa 679 Indonesia 
Sintawati 18863 Indonesia 

xa5 
ARC 5756 20200 India 
Aus 32 28895 Bangladesh 
Aus 251 29043 Bangladesh 
Aus 449 29206 Bangladesh 
Bageri 16193 Bangladesh 
BJl 3711 Nepal 
Chinsurah Boro IJ 11484 India 
DD48 8620 Bangladesh 
Dhanal 3396 SUrinam 
DL 5 8593 Pakistan 
Dular 636 India 
DV29 8816 Bangladesh 
DV139 8870 Bangladesh 
DZ192 8518 Bangladesh 
Hashlkalmi 3397 Surinam 
Kahboro SOO 29367 Bangladesh 
Kele 25881 Bangladesh 

xa5,Xa7 
DV85 8839 Bangladesh 
DV86 8840 Bangladesh 

Xa 6 
ZeOlth 131 USA 
M. Sungsong 38794 Philippines 

xe8 
PI 231129 11113 USA 

xa9 
Sateng 30193 Laos 

good differential variety. It separates the group II 
bacterial strains into pathotypes II and III. It is 
resistant to pathotype II but susceptible to I, III, 
and IV. Further investigation of the response of 
Cas 209 to the representative strains in the four 
pathotypes was made during 1980. Infectivity of 
strain PXO 86 (of pathotype II) to Cas 209 was 
remarkably different from that of PXO 61 (I), 

Table 13. Some selected crosses made at IRRI involving 2 or 
more gene combinations. 

IRRI cross no. Cross Genes involved 

IR4475B TKM 6/BJl Xa 41xa 5 
IR4965B IR2211M S.lBJl Xa 4/IXa 6/X8 5 
IR9623 DZ192ITKM 6 xa 5/Xa 4 
IR10950 IR30lZemth Xa41Xa 6 
IR14093 DV85/1R28 xa 5, Xa 7/Xa 4 
IR26875 DV85/1R36111R36 xa 5, Xa 7/Xa 41/Xa 4 

-, 
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Table 14. Different known genes for bacterial blight resistance 
used invarious combinations in IRRl's crossing program. 1980. 

PXO 79 (III), and PX 0 71 (IV) at either seedling or 
maximum tillering stage (Fig. I). 

Crosses 
Combination 

of genes Number Frequency" ('Yo) 

Xa3,Xa4 2 0008 
Xa3,Xa6 3 0012 
Xa4,xa5 698 2.873 
Xa4,Xa6 261 1.073 
Xa 4, Cas 209 43 0.177 
xa5,Xa6 20 0.082 
xa5,Xa7 2 0.008 
Xa 4, xa 5, Cas 209 1 0.004 
Xa4,xa5,Xa7 35 0144 
Xa4,xa 5,Xa 6 12 0049 
Xa4,xa 5,Xa 6,Xa 7 1 0.004 

Total 1078 4.435 

"Of 24,307 crosses having genes for bacterial blight resistance. 

Comparison of the strain's ED,. (the effective 
dose to cause 50% positive infection) at 2 growth 
stages - early tillering and maximum tillering -
indicated that PXO 86, which was avirulent 10 Cas 
209, caused no visible infection at those stages 7 
days after inoculation. At 14 days after inocula
tion, the cell number required to cause 50% posi
tive infection differed from that of the three other 
strains by 103 -fold at early seedling stage to 10' -fold 
at maximum tillering (Table 16). The disease score 
initiated on Cas 209 by PX 0 86 at 1.5 X 10' cells 
was 1.3. PXO 61 at 1.92 X 10' cells gave a disease 
score of 8.7, PXO 71 at 1.82 X 10' cells gave 8.6, 

Table 15. Response of rices with specific and adult plant resistance to bacterial blight to inoculum sources of Xanthomonas 
oryzae strain PXO 61 generated within the plant population and from a foreign source. IRRI, 1980 wet season. 

Disease seventy<' (11~99) 

Variety Type of Inoculum wlthm Foreign moculum 
resistance 

ET MT FL ET MT FL 

IA20 Specifid' 22 ± 22 26 ± 16 11 ± 0 29 ± 16 39 ~ 3 36 ± 5 
IA50 SpeCific 22 ± 13 32 ± 3 16 ± 3 36 ± 18 25 ± 3 17 ± 3 

IA944 Adult piantc 55 ± 0 39 ± 9 28 ± 56 ± 2 63~ 5 72 ±4 
IA1695 Adult plant 28 :!:: 21 41 :!:: 10 24 ± 58:!:: 10 64:!: 12 67 :!:: 9 

CempoSelak Unknown 39 :!:: 6 48~ 4 32 ± 14 58:!:: 20 61 ~ 3 72:!: 1 

tlWhen inoculum source was generated within plots, 4 hills ofthe variety were inoculated attillering stage, disease at early ti11enng 
(ET) was scored 14 days after, then at maximum tillerm~ (MT) and flowering (FL) stages. Border rows of IR8 were Inoculated to 
provide inoculum from foreign source. blncomplete resistance to PXO 61. cSusceptible to PXQ 61 at vegetative stage. 

InfecllOO(problt) 
10 

PX061 

lMT:043!D + 07826X • 

o o 4 

PX086 PXO?9 PXO?I 

o 4 
Dose ([og!O )(cells/m[) 

e 

1. Response of Cas 209 to infectivity of 4 strains of Xanthomonas oryzae (PXO 61. PXO 86, PXO 79. and PXO 71 for pathotypes I, II. 
III, and IV) at dlfferent dosages. The Infection was scored at 14 days after moculation. IRRI, 1980. 
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Table 16. ED,w aof the different strains on variety Cas 209 at 2 
growth stages, 14 days after Inoculation. IRRI, 1980. 

Strain 

PX061 
PX071 
PX079 
PXOB6 

ED,w (cel/s/ml) 

Seedling stage 

2.7 X 105 

2.9 X 105 

2.9 X 105 

6.46 x loa 

Maximum tillering 
stage 

5.12 x 10~ 
1.6 X 105 

6.08 x lOs 
6.74 X 10ft 

aEffective dose to produce 50% infection. 

Table 17. Rating of Cas 209, a dffferential rice variety, for the 
virulence of Xanthomonas oryzae based on Infection Initiated 
at dffferent Inoculum densitIes. IRRI, 1980. 

Strain 
RatingG (1 to 9) at inoculum densitY' 

(celis/mT) of 

x 101 x lOt X 103 X 104 X 105 X 10e 

PX061 0.1 1.9 2.7 B.3 B.2 B.7 
PX071 0.1 1.2 3.3 6.7 B.5 B.6 
PX079 0.2 2.6 1.9 4.4 B.O 7.9 
PXOB6 0 0 0 0.5 0.7 1.3 

aMean of3 replications. Scored by 1980 Standard Evaluation 
S,[stem for Rica. bBy a f8ctorof1.92 for PXO 61,1.82 forPX071, 
1.93 for PXO 791 and 1.51 for PXO 86. 

and PXO 79 at 1.93 by 10' cells gave 7.9 (Table 17). 
Positive infection appears well correlated with the 
disease reaction to specific strains at different dos
age levels (Fig. 2). 

Infectivity of pathotypes I, II, and III (Plant 
Pathology). As previously reported (Annual reports 
for 1978,1979), resistance of the differential varie-

Poslhve Infection (%1 

100 

Maximum It/leting 

so 

60 
v 

40 

o 

* P.%V86 

• PXO 71 

V PX079 

o PX061 

ties was the major factor that differentiates the 
pathotypes. When strains of a pathotype group of 
Xanthomonas oryzae were virulent to a variety, 
different lesion sizes were also noted. Previous 
results indicated that the variation in lesion size 
caused by a pathotype on a variety was inconsist
ent in any given strain. Dose-responses of IR8 to 
pathotype I and of IR36 to pathotypes II and III 
were used to titrate the infectivity of the strains and 
thus compare their virulence. 

The ED,. based on cell numbers in the inoculum 
suggests that the range of bacterial cell numbers 
among the ·strains varied according to plant age 
(Tables 18, 19, and 20). On IR8, the ED,. values of 
pathotype I strains were different among strains at 
maximum tillering but similar at the flowering 
stage. In contrast the ED,. values for pathotype III 
differed at the flowering stage but were similar at 
maximum tillering. Variation in ED,. was noted 
among pathotype 11 strains at both maximum til
lering and flowering stages. The results further 
confirmed the variation in virulence of strains in 
each pathotype according to rice susceptible to 
them. Strain virulence appeared to be independent 
of plant age if a variety's resistance was matched. 

Sources of resistance to rice viruses (Plant 
Pathology). Several sources of resistance to rice 
virus diseases were identified. ARC1l554 CIRRI 
acc. no. 21473) consistently showed a low percent
age oftungro infection in 46·tests involving inocu
lations of 1,138 seedlings. In addition to Ptb 21, 

Tlllenng 

* v 

* 
* • o 

0~~ __ ~ ____ L-__ -L __ ~ ~~----~--~----~--~ 
o 9 0 

Bocleno[ blight score 

2. Correlation of positive infection mduced by strains PXO 61, PXO 86, PXO 79, and PXO 71 at 
different dosages at2 growth stages of Cas 209. IRRI, 1980. 
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Table 18. Relationship of Induction of positive Infectlonc and challenge doses of strains In virulence group I of Xanthomonas 
oryzae on IR8 at 2 growth stages. IRRI, 1980. 

ED5i' 
Strain Intersection (a) Slope (b) 

Cellsc (no.!ml) 95% fiducial limit 

Maximum til/ermg 
PXO 52 -1.768093 1.180829 5.4 x 105 a 4.0 x 105 - 7.2 X 105 

PX061 -1.485948 1.123830 5.9 x 10~ a 2.6 x 105 - 1 3 X 106 

PX080 -1.034755 1.143749 1.9 x 105 b 4.5 X 10' - 7.5 X 105 

PXO 84 -1.448995 1.175264 3.1 x lOS ab 1.0 x lOS - 9.4 X 105 

PX085 -0.883743 1.002507 7.1 x 105 a 5.2 x lOS - 9.6 x lOS 

Flowering stage 
PXO 52 -0.694496 1.030680 3.3 x lOS a 5.3 x 10' - 23 x 108 

PXO 61 -0.589283 1.011782 3.3 x lOS a 1.0 x lOS - 1.2 x 10~ 
PX080 0.490349 0.855707 1.9 x 105 a 3.6 x 10' - 9.1 x lOS 
PX084 -0.195718 1.013959 1.3 x lOS a 3.3 x la' - 4.7 x lOS 
PXO 85 -0.853099 1.029445 4.8 x 10$ a 1.7 x lOS - 1.5 X 106 

IIScored at 14 days after inoculation. !l8ased on bactenalcell number In the inoculum suspension. cSeparation of ED 60S atthe same 
stage by Duncan's multiple range test at 5% level. 

Table 19. Relationship of induction of positive Infectlonll and challenge doses of strains In vIrulence group II of Xanthomonas 
oryzae on 1R36 at 2 growth stages. IRRI, 1980. 

Strain Intersection (a) 
EDMb 

Slope (b) 
Cellsc (no.!ml) 95% fiducial limit 

PXO 63 
MaXimum til/ering 

-1.283629 1.193854 1.8 x 10$ e 1.4 x 105 - 2.4 x lOS 
PX078 0.778038 0.864323 7.7 x la' d 5.4 x 10' - 1.1 x lOS 
PX082 0.124390 0.913277 2.2 x lOS be 9.1 x la' - 4.9 x 105 
PX083 -0.844036 1.026089 4.9 x lOS a 2.4 x 10$ - 1.0 X 108 

PX086 -0.290847 0.948272 3.8 x 105 ab 2.7 x lOS - 5.2 x lOS 

PXO 63 -1.216944 
Flowering stage 

1.091421 4.9 x 105 ab 3.6 x 105 - 6.8 X 105 

PX078 -1.018771 1029397 7.0 x lOS ab 5.2 x lOS - 96 x lOS 
PXO 82 -1.534185 1.169987 3.8 x 105 b 1.3 x lOS - 1.1 X 108 
PXO 83 -0.154857 0922782 3.9 x lOS b 7.1 X 104 - 1 8 X 106 

PX086 0.216349 0.780476 1.3 x 106 a 2.5 x lOS - 5.7 X 106 

cScorad at 14 days after Inoculation. bBased on bacterial cell number In the Inoculum suspenSion. cSeparation ofEDMs attha same 
stage by Duncan's mUltiple range test at 5% level. 

Tabla 20. Relationship of Induction of positive Infectionll and challenge doses of strains In virulence group III of Xanthomonas 
oryzae on JR36 at 2 growth stages. IRRI, 1980. 

EDMb 
Strain Intersection (a) Slope (b) 

Cellse (no.!mi) 95% fiducial limit 

Maximum tlflermg 
PXO 22 -0.172836 0.852449 1.2 x 106 a 2.5 x lOS - 47 X 106 

PX079 1.113828 0.711859 2.9 x lOS a 6.5 x 10' - 1.0 X 108 
PX081 -0.288778 0.975468 2.6 x lOS a 55 x 10' - 1.1 X 106 

PX087 0.923749 0.690078 8.1 x 105 a 1.6 x lOS - 3.3 X 106 

'PXO 88 1.491207 0.648439 2.6 x 105 a 1.4 x 10' - 1.4 X 106 

Flowering stage 
PXO 22 -0.841707 0.981978 8.9 x lOS b 78 X 104 - 6.2 x 10~ 
PX079 -1379009 1.063169 9.9 x lOS b 4.6 x lOS - 2.0 X 106 

PX081 0.043882 0.867777 5.1 x lOS b 
PX087 -2.754767 1.110812 9.5xl08a 7.2 x 10e - 1.3 X 101 

PXO 88 -1363441 1.092269 6.7 x lOS b 32 X 105 -1.4 X 106 

cScored at 14 days after inoculation !lBased on bactenalcell number in the inoculum suspension. cSeparation of EDMs atthe same 
stage by Duncan's multiple range test at 5% level. 
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Table21. Rice varieties with low percentage of ragged stunt infection, and their reaction to brown planthopper (BPH) biotypes in 
mass screening in the greenhouse. IRRI, 1980. 

Seedlings Reaction" to BPH 
biotypes 

Variety JRRJ Tests Inoculated Infected 
acc. no. (no.) (no.) (%) 

Ba laratawee 15524 14 287 20 R R 5 
Hathili 15195 16 349 16 R 'R 5 
Hathili 15200 14 307 13 R R 5 
Hondarawala 502 12705 10 228 19 R R R 
Molagu Samba 15222 10 184 15 R R 5 
Murungakagan 101 12072 10 248 19 R R 5 
Ptb 18 11052 14 352 22 R R 5 
Ptb 21 6113 76 1476 16 R R R 
Sudurvi 3476 10 219 26 R 5 R 

"Reactions are from the Master List of Germplasm Collection, IRRt. 

seven varieties consistently showed low percent
ages of ragged stunt infection. These varieties were 
also resistant to at least two biotypes of the brown 
planthopper (Table 21). 

Varietal resistance to ragged stunt may not 
always be a result of resistance to the ragged stunt 
vector, the brown planthopper. Andaragahewewa, 
ARC5757, ARC5785, Bakia, Co 10, Lekam 
Samba, Malalwariyan, Sulai, Su Yai 20, and 
WCl259 showed more than 60% ragged stunt 
infection after inoculation, but were listed as re
sistant to at least two biotypes of the brown 
planthopper. 

Sitopas is tolerant of ragged stunt, but showed 
more than 90% ragged stunt infection after inocu
lation. At the later stages of growth, however, the 

infected plants produced normally long flag leaves 
and about 60% of panicles emerged completely 
although vein-swellings were present on leafblades 
and leaf sheaths. 

INTERNATIONAL COLLABORATION 

Plant Pathology Department 

IRRI-TARC collaborative research project on 
bacterial blight. Pathotypes of X. oryzae in Japan 
were distinctly different from those in the Philip
pines. Some rice varieties were more resistant to 
the Philippine strains than to the Japanese ones, 
and vice versa. DV85 was resistant to strains in 
both countries (Table 22). 

Table22. Reaction of Japanese and Philippine pathotypes ofXanthomonas oryzae to differential rice varieties of Japan and IRRI." 

Reactlonb 

Japanese pathotypec Philippine pathotyped 

Differential Gene for 
variety resistance 17174 17147 17133 H75373 H75304 PX061 PXO 86 PXO 79 PX071 

(I) (II) (III) (IV) (V) (J) (II) (III) (IV) 

Japanese 
Kinmaze None 7.0 7.0 6.8 7.0 6.6 6.7 6.4 6.7 6.9 
Kogyoku Xa 1 03 6.7 7.0 6.6 0.1 6.9 66 64 6.9 
Tetep Xa 1,Xa2 0.0 0.2 6.6 66 0.0 4.8 6.3 6.0 4.9 
Wase Aikoku 3 Xa3 1.0 0.7 0.2 6.7 5.1 0.9 0.5 0.8 03 
Java 14 Xa " Xa 3, Xa kg 0.0 2.0 1.3 6.1 0.1 0.7 0.4 2.0 1.2 

IRRI 
[R8 7 6.3 1.2 1.9 6.5 1.1 6.6 6.4 6.2 5.9 
JR20 Xa 4 0.0 2.3 3.9 4.5 0.0 1.9 63 7.0 3.0 
1R1545-339 xa5 1.5 2.0 2.0 1.4 1.8 1.9 2.0 1.7 5.6 
eV85 xaS,Xa7 0.0 2.0 1.8 1.9 0.0 1.5 1.5 1.8 1.8 
Cas 209 7 6.5 6.8 7.0 7.0 3.1 60 0.0 6.8 6.8 
Cempo Selak 7 1.7 12 0.1 6.0 6.1 1.6 1.2 2.6 3.1 

"Inoculation of flag leaf b8ased on a scale of 0 to 7. The pathotype group is indicated in parentheses after each isolate. COata 
recorded in Japan. d[)ata recorded in the Philippines. 
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DISEASE RESISTANCE STUDIES were separately inoculated onto 20 varieties and 
Plant Pathology and Plant Breeding elite breeding lines. Seeds were soaked in spore 
Departments suspension for 4 days. The germinating seeds were 

planted in trays and placed on benches outside the 
Determination of pathogenic races of Fusarium greenhouse. Disease reactions were recorded at 
moniliforme (Plant Pathology). To determine if weekly intervals beginning I week after planting. 
races of Fusarium moniliforme exist, 56 isolates The percentage of infected seedlings of each cul-

Table 23. Reaction of rice differentials to 56 isolates of Fusarium monillforme Sheldon that causes bakanae disease. IRRJ, 1980. 

Reaction" 

Fusarium Iso[ate 
~ 
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l·l,I-8,I·l0(B)Bb·l, 
C-l, P-16, P-16(A), 
M-9(A), M-14(B,), SFV-7, 
SFV-14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P-2 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 1 0 0 
SFV-3 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 
M-12 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
M-14(B,) 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
1-1' 0 0 0 0 0 0 3 0 0 0 0 0 0 0 1 0 0 0 0 0 
SFV-12 0 0 0 0 0 0 2 3 1 0 0 1 3 3 3 0 1 1 2 0 
1-1, ~3 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
M·9(A2) 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 2 0 0 
MV-7 0 0 0 0 0 2 0 2 0 0 1 0 1 2 1 1 1 1 1 0 
P-3 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
1-9 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
TM-3 0 0 0 0 1 0 3 0 0 0 0 2 0 0 0 0 0 0 0 0 
1-9(A) 0 0 0 1 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
TM-7(A) 0 0 4 0 0 3 0 4 4 0 3 0 2 1 0 3 2 6 6 3 
M-12(C) 0 0 3 1 0 0 0 3 2 0 3 2 4 0 0 0 3 3 0 0 
P-7 0 0 1 0 0 0 0 1 2 0 0 0 0 0 0 2 2 3 1 1 
1-2 0 0 1 0 0 1 0 3 1 0 2 0 1 0 1 2 1 3 6 1 
M-12(A) 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SFV-9 0 9 9 4 0 3 5 5 4 4 4 0 3 4 3 5 4 9 6 6 
TM-8 0 9 9 0 9 6 9 9 3 4 3 2 5 3 3 2 3 2 2 3 
MV-12 0 5 6 2 1 4 3 7 4 6 2 0 4 1 1 3 1 4 3 2 
MV-l 0 3 1 0 1 3 3 5 3 2 3 1 3 2 2 0 0 4 7 2 
MV-3 0 2 5 1 4 3 6 7 3 2 3 2 6 3 6 3 3 5 7 3 
TM4 0 2 2 0 0 4 3 3 5 3 0 1 1 4 2 2 3 6 4 4 
P-l 0 1 3 1 2 4 4 3 4 2 2 2 7 3 3 4 1 7 5 3 
TM-3(A) 0 1 3 0 0 2 2 4 4 4 1 1 5 3 1 2 2 5 5 0 
P-15 0 1 0 0 0 0 2 1 0 1 0 0 0 0 1 0 0 0 1 2 
P-3(A) 0 1 0 0 0 0 1 2 0 0 0 0 1 2 0 0 1 2 0 0 
TM-7 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 
14 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P-16(B) 1 6 9 9 9 9 9 9 9 9 9 2 9 9 9 9 9 9 9 9 
TM-3(B) 1 6 9 1 9 9 9 9 9 9 3 2 7 4 3 9 7 9 9 B 
SFV-8 1 5 6 1 3 6 5 6 7 4 3 2 5 4 4 4 4 7 5 4 
MV-2 1 4 B 0 1 5 3 5 5 3 3 2 9 7 3 B 0 5 7 B 
P-3(B) 1 4 3 1 2 4 3 4 6 3 4 1 5 4 3 4 2 6 6 4 
1-5 1 4 2 0 2 6 7 5 7 7 4 0 3 5 3 4 2 6 4 5 
P-9 1 1 6 0 0 3 6 6 7 6 0 2 4 1 0 1 2 6 6 4 
M-14(B) 1 1 1 0 1 0 2 2 2 1 2 7 4 2 1 3 4 5 3 0 
SFV-l 1 0 0 0 0 1 4 1 0 3 0 0 2 1 2 2 0 1 2 3 
MV-" 2 3 B 0 2 3 4 6 '3 4 6 1 6 6 0 2 4 B 7 9 
P-13(A) 2 2 7 0 7 B 9 9 9 9 3 1 6 6 5 9 4 9 9 9 
TM·5 9 B 9 4 1 9 9 9 9 9 B 3 9 9 9 9 B 9 9 9 

"Scored by 1980 Standard Evaluation System for Rice. 
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tivar was computed and used as criterion for eva
luating varietal reactions to each ofthe 56 isolates. 
Disease reaction was scored on a scale of 0 to 9. 

The reactions of 20 varieties and lines to the 
different isolates varied from resistant, moderately 
resistant, to susceptible (Table 23). 

From the 20 cultivars and lines tested, 8 differen
tial varieties were selected. The various isolates 
were classified into pathogenic races, with the reac
tions of the different cultivars as criterion. Reac
tions Rand MR were considered as resistant and 
all other reactions were considered susceptible. 
The race number was standardized by predesignat
ing the pathogenicity patterns of all the theoretical 
race numbers, following the international Stand
ard Evaluation System for Rice scale for Pyricula
ria oryzae. On the basis ofthe reactions of8 differ
entials, the 56 isolates were classified into 9 race 
groups (Table 24). The most virulent race FA-I has 
3 isolates and the least virulent race FI-I'includes 
31 isolates. The races of F. moniliforme identified 
in the Philippines can be compared with races 
occurring in other countries by using'the same set 
of differential varieties. The isolates had a mean 
virulence index (VI) of 6.9 based on the reaction of 
20 varieties and lines. Most of the isolates were 
nonpathogenic, with a VI of I. 

Races of Pyricularia oryzae (Plant Pathology J. 
One hundred and fifty-nine isolates of Pyricularia 
oryzae collected mostly from the IRRI blast 
nursery and field in 1978 and 1979 were inoculated 
into nine new Japanese differential varieties. Fifty
four races were identified and five were identical to 

Japanese races (Table 25). Based on pathogenicity, 
the prevailing races were R -102 (13 isolates), R -100 
(12), R-002 (II), R-103 (9), and R-003 (6). 

Nineteen isolates of race number R -000 did not 
induce disease reaction on any of the nine Japanese 
differentials, and were unable to cause infection in 
other supplementary varieties. This suggests that 
the nine Japanese differentials cannot identify 
some races of P. oryzae in the Philippines. The 
results also showed that the races varied in their 
virulence and pathogenicity on the differential var
ieties used. Most of the races identified can over
come two to three genes for resistance. Seven races 
were able to break one resistance gene, seven over
came five resistance genes, and five overcame six 
resistance genes. One race, R-747, overcame seven 
resistance genes, indicating that it is the most viru
lent race in the test. 

International Rice BIast Nursery test of breeding 
lines and varieties (Plant Pathology J. The reactions 
of some of the breeding lines and varieties in differ
ent scales of 0 to 9 in the International Rice Blast 
Nursery (IRBN) from the period 1975 to 1980 were 
compiled: 0 indicated most resistant and 9 most 
susceptible. The average disease reaction of each 
line and variety were computed to indicate suscept
ibilitY'indices (S1). 

NR +3NM +5Ns 

Total number of tests (NJ 
where R = 0-2, M = 34, and S = 5-9. 

Low average disease reaction values indicate re
sistance and high average disease reaction values 

Table 24. Races of Fusarium mom'norme in the Philippines. 1980. 
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Table 25. Races of Pyrlcularla oryzae Identified by new Japanese differentlals.IRRI, 1980. 

Reaction" of isolates to each differential variety 

Shin Aichi lshikare Kanto Tsuyu- Fukuni- Yashira Pi No. Taride 
Isolates (no.) 2 Asahi shirake 51 ake shlki mochi 4 1 

(PiN, 1) (PI'a, 2) (Pi-;, 4) {Pi-/(, 10) (P.m, 20) (Pi-Z, 40) (Pi-ta, 100) (Pi-ta:,200) (Pi-ZI,400) Race no. 

19 R R R R R R R R R 000 
1 S R R R R R R R R 001 

11 R S R R R R R R R 002 
6 S S R R R R R R R 003 
1 R R S R R R R R R 004 
2 R R R S R R R R R 010 
1 R R S S R R R R R 014 
1 R S S S R R R R R 016 
2 S R R R S R R R R 021 
1 R S R R S R R R R 022 
1 S S R R S R R R R 023 
1 R S R S S R R R R 032 

12 R R R R R R S R R 100 
13 R S R R R R S R R 102 
9 S S R R R R S R R 103 
4 R R S R R R S R R 104 
5 R S S R R R S R R 106 
2 S S S R R R S R R 107 
2 R R R S R R S R R 110 
1 R S R S R R S R R 112 
2 R S R R S R S R R 122 
1 S S S R S R S R R 127 
2 R S R S S R S R R 132 
2 R S S S S R S R R 136 
2 S S S S S R S R R 137 
1 R R R R R R R S R 200 
1 R S R R R R R S R 202 
1 R S R S R R R S R 212 
1 R S R S S R R S R 232 
1 R S S S S R R S R 236 
1 S R R R R R S S R 301 
1 R S R R R R S S R 302 
5 S S R R R R S S R 303 
3 R R R R R R R R S 400 
1 S R R R R R R R S 401 
5 S S R R R R R R S 403 
1 S S S R R R R R S 407 
1 S S R R S R R R S 423 
2 S S R S S R R R S 433 
1 R R R R R R S R S 500 
3 R S R R R R S R S 502 
5 S S R R R R S R S 503 
1 S S S R R R S R S 507 
1 S S S R R S S S S 547 
3 S S R R R R R S S 603 
1 S S R S S R R S S 633 
1 S R R R R R S S S 701 
2 R S R R R R S S S 702 
4 S S R R R R S S S 703 
2 S S S R R R S S S 707 
1 R S R R R S S S S 742 
4 S S S R R R S S S 743 
1 S S S R R S S S S 747 

Total 159 

"R = resistant, S = susceptible. The specific resistance gene and code number are given in parentheses after the 
variety's name. 

connote susceptibility. The number of tests for the tries (Table 26). However, none ofthe selected lines 
varieties in the IRBN ranged from 43 to 133. Many were resistant to blast in all the countries where 
of the lines consistently exhibited higher percent- they were tested. 
ages of resistant reactions to blast in many coun- The 1980 results showed low average disease 
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Table 26. Blast resistance of seled:ed breeding lines, resistant donors, and other varieties In IRBN tests, 1980. 

Number aftests in different 
disease scales 

No. Designation or variety Total no Average 
tested disease 

reaction 

IR5533-PP854-1, 106 9 58 21 1.632 
IRB'/Carreon/fTetep 

2 IR3259-PP5-160-1, 39 22 1.897 
IRB3fTetep 

3 IR5533-P855-1, 79 4 44 18 1.684 
IRB3/Carreon/lTetep 

4 IR1905-PP11-294-61, 123 5 67 26 12 1.781 
IRBlTetep 

5 IR9660-50-3-1-1, 78 5 46 14 1.641 
IRB6/1R3260 

Tetep 136 11 70 30 13 1.706 
IR1905-81-3-1, 103 7 59 22 9 1.524 

IRBfTetep 
8 IROO60-00951-1, 40 4 23 1.675 

IRB6/1R3260 
9 IR5533-PP856-1, 78 6 40 16 11 1.718 

IR83/Carreon/lTetep 
10 IR4547-14-3-1, 78 2 42 19 1.769 

IR86/PK203I11R4477//IIR3266 
11 IR9669-PP830-1, 40 4 19 1.700 

IR83/Carreon 
12 IR5533-15-1-1, 77 37 21 10 4 1.B70 

tRB3/Carreon/fTetep 
13 IR3259-PP18-821-2, 76 4 43 13 10 1.671 

IRB3/Tetep 
14 IR95594-1-1, 79 43 16 1.B61 

IRB'/IIR1904I1R1905 
15 IR4547-16-3-4, 59 0 37 12 1.644 

IR86/PK203I1J R447711 /lR3265 
16 lR9669-PP846-1, 112 7 50 23 19 1902 

IR8s/Carreon 
17 IR5533-56-1-12, 136 9 68 30 10 10 1831 

IR83/Carreon/lTetep 
18 IR3273-342-1-8. 80 5 41 15 1.800 

lR86/PK203 
19 IR3271-760-1482. 76 4 33 16 13 2.013 

IR84 /PK203I1Dawh 
20 IR9559-PP870-1, 112 57 23 17 1.973 

IR83//IR1904,IR1905 
21 IR1905-PP19-73-2, 78 5 43 15 1.667 

IRBlTetep 
22 IA4547-16-3-7. 63 0 33 15 1.873 

IRB6/PK203/ /lR44nll /lR3265 
23 Carreon 137 60 44 12 8 2 1912 
24 IA3259-PP11-1B2-4, 39 22 5 5 0 0 1.564 

IR83/Tetep 
25 IR5533-13-1-1, 77 3 41 17 1.740 

IR83/Carreon//Tetep 
26 IR4547-6-1-3 76 35 12 7 14 2.092 
27 JR4547-8-2-4 76 41 13 7 8 1855 
28 IR4547-8-3-2 111 54 26 16 5 1838 
29 IR4547-16-3-2 79 41 15 5 9 1.911 
30 IR4547-6-2-8 73 44 10 7 8 1.726 
31 IR5633-15-1-11, 79 43 14 11 3 1.658 

IRB3/Carreon/lTetep 
32 IR4547-6-2-5 132 63 26 15 1.992 
33 IR4472-53-10-B-'-2, 24 15 4 3 1708 

IRBs/Dawn 
34 IR3273-289-2-1473, 112 4 41 25 13 21 2.313 

IR86/PK203 
35 IR9669-PP836-' , 77 4 43 15 1.740 

!R83/Carreon 
36 IR1909-1-3-3, 62 0 32 16 1.903 

IR8t /Dawn 
37 IR4547-10180-20-7, 109 4 46 20 16 10 2.257 

IRB6/PK203I11R4417// /lR3265 
CONTINUED ON OPPOSITE PAGE 
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Table 26 continued 

No. Designation or variety Total no. 
tested 

3B IR9559-3-1-1, 79 
IR83 //IR1904/IR1905 

39 Dawn 106 
40 Kataktara DA-2 124 
41 KTH 17 130 
42 Kung-Shan-Wu-Shen-Ken 32 
43 Fanny 80 
44 B-40 127 
45 Taichung T.CW.C 84 

reaction for 1R5533-PP854-1, IR3259-PP5-160-1, 
1R5533-PP855-1, 1RI905-PPII-29-4-61, and 
1R9960-50-3-1-1, indicating that they have a broad 
spectrum of resistance. Those lines have outranked 
Tetep, Carreon, Dawn, and Kataktara (donor par
ents) in resistance to blast. 

Inheritance of resistance to blast (Plant Breedmg 

1 

Number of tests in different 
disease scales 

Average 
4 disease 

reaction 

32 15 13 10 2.342 

34 22 lB B 6 6 4 0 3 2689 
28 20 24 21 10 7 5 1 3 3.113 
11 12 15 8 22 6 14 12 27 5.348 

1 0 2 0 2 0 6 3 17 7.375 
2 0 3 2 4 3 5 9 52 7.ODO 
0 4 2 12 17 31 29 14 17 6 ODO 
1 1 10 5 8 16 9 19 15 6.ODO 

and Plant Pathology). Fifteen cross-combinations 
and their parents were used to determine the mode 
of inheritance of resistance to blast. Seedlings of 
the F., F" and parents were grown to early tillering 
before the tillers were inoculated separately with 
three isolates of Pyricuiaria oryzae. The isolates 
were 1-41 (IB-45), 1-43 (IR-I), and P06-6 (ID-16). 

Table 27. Reaction" of Fl and F2 plants to race 18-45 (1-41). IRRI, 1980. 

Observed ratio 

F, F, Expected 
.Cross ratio for F2 X' P 

R Total 5 Total 

IR1905-81·3·1 (R)I 
IR3259·PP5·160·1 (R) 50 50 223 223 1:0 

IR1905-81-3·1 (RlI 
IR3259·PP8·172·7 (R) 240 240 1:0 

IR1905-81·3·1 (RlI 
Pai-kan-tao (S) 42 42 274 120 394 45'19 0.1" 0.70·0.50 

IR1905-81·3·1 (RlI 
IR442·2·58 (5) 37 37 679 482 1161 9:7 2.35 0.25.fl.l0 

IR1905-8H·l (R)I 
IRB (5) 37 37 399 275 674 9:7 23B 0.25·0.10 

IR3259·PP8-172·7 IR)I 
IR3259·PP5·160·1 IR) 219 219 1:0 

IR3259·PPB·172-7 (R) 
IPai·kan-tao (S) 44 44 194 70 264 45:19 1272 0.50.fl.25 

IR3259·Ppg·172·7IR) 
1IR442-2·68 (5) 46 46 655 505 1160 9:7- 0.164 0.75·0.50 

IR3259-PP8-172-
7 IR)IIR8 (5) 100 73 173 9:7 0.169 0.75-050 

IR3259-PPB-172-
7 (RlIPeta IS) 35 27 62 9:7 0.001 0.95·0.90 

1R3259·PP5-160·1 IR) 
IPai-kan-tao (S) 21 21 216 83 299 45:19 0.532 0.50·0.25 

Pai-kan-tao (S)I 
1R442·2·58 IS) 13 13 774 774 0:1 

Pal-kan-tao (S)/Peta (S) 11 11 337 337 0:1 
1R442·2·58 (S)IPeta IS) 26 26 228 228 0:1 
Peta (S)/Nongbaek (S) 6 6 190 190 0:1 

"R = resistant, S = susceptible. 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 49 



Table 28. Reaction" of F, and F: plants to race IH-1 (1-43). IRRI, 1980. 

Observed ratio 

F, F, Expected 
Cross ratio for 

Total R Total F, X' P 

1R1905-81-3-1 (RI/IR3259-
PP5-160-1 (RI 50 50 166 166 1.0 

IR1905-81-3-1 (RI!lR3259-
PPa-172-7 (RI 230 230 1:0 

IR1905-81-3-1 (A)/Pai·kan-
tao (A) 51 51 207 24 231 57:7 0.071 090·0.75 

IR1905-81-3-1 (RI/IR442-
2-58 (SI 46 46 566 179 745 3:1 0376 0.75-050 

IR1905-81-3-1 (RI/IR8 (SI 44 44 330 111 441 3:1 0.006 0.95-0.90 
IR3259-PPa-172-7 (RII 

IR3259-PP5-160-1 (RI 245 245 1:0 
IR3259-PP8-172-7 (RII 

Pal·kan-tao (AI 53 53 130 13 143 57:7 0.500 0.50-025 
1R3259-PPa-172-7 (RII 

1R442-2-58 (SI 66 66 628 198 826 3:1 0.466 0.50-025 
IR3259-PPa-172-7 (RII 

IR8 (SI 140 35 175 3'1 233 025-0.10 
IR3259-PPa-172-7 (RII 

Peta (S) 50 15 65 3'1 0.128 0.50·025 
IR3259-PP5-160-1 (RII 

Pal-kan·tao (A) 38 .0 38 194 27 221 57:7 0.371 0.75-0.50 
Pai·kan-tao CRI/IR442-

2-58 (SI 13 0 13 458 333 791 9:7 0.876 050-0.25 
Pai-kan-tao (AI/Peta (S) 9 0 9 230 156 386 9:7 1.745 0.25-0.10 
1R442-2-58 (SI/Pet. (SI 0 27 27 0 185 185 0:1 
Peta (S)/Nongbaek (Sl 0 5 5 0 200 200 0.1 

"A = resistant, S = susceptible. 

Table 29. Reaction" of F, and F2 plants to race 10·16 (I-POS-B). IRR1, 1980. 

Observed ratio 

F, F, Expected 
Cross ratio for 

S Total Total F, X' P 

IR1905-81-3-1 (RI/IR3259-
PP5-160-1 (RI 50 50 94 94 1:0 

IR1905-81-3-1 (RI/IR3259-
PPa-172-7 (RI 176 19 195 57'7 0.285 075-0.50 

IA1905-81-31 (A)/Pal-
kan-tao (S) 27 27 64 23 87 3.1 0.095 0.90-0.75 

IR1905-81-3-1 (RII 
IR442-2-58 (SI 25 25 143 49 192 3:1 0.027 0:90-0.75 

IR1905-81-3-1 (RI!lR8 (SI 28 28 103 37 140 3:1 0152 075-050 
IR3259-PPa-172-7 (RII 

IR3259-PP5-160-1 (RI 275 33 308 57.7 0.015 0.95-0.90 
IR3259-PPa-172-7 (RII 

Pai-kan·tao (S) 31 31 43 31 74 9:7 0103 0.75-0.50 
IR3259-PPa-172-7 (RII 

1R442-2-58 (SI 36 36 128 96 224 9.7 0.072 0.90·0.75 
IR3259-PP8-172-7 (RII 

IR8 (SI 115 85 200 9:7 0.126 075·0.50 
IR3259-PP8-172-7 (RII 

Peta (S) 30 27 57 9:7 0303 075-050 
IR3259-PP5-160-1 (RII 

Pai-kan·tao (S) 30 30 43 17 60 3:1 0355 075·050 
Pai·kan-tao (S)I 

IR442-2-58 (SI 15 15 85 85 0:1 
Pal·kan-tao (SI/Peta (S) 15 15 87 87 0:1 
IR442-2-58 (SI/Pet. (SI 22 22 69 69 0.1 
Peta {S)/Nongbaek (S) 5 5 174 174 0:1 

"A - resistant, S - susceptible. 
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Pai-kan-tao, IR442-2-58, IR8, Peta, and Nong
baek were susceptible to isolate 1-41, which is 
designated as race IB-45. IRI905-81-3-1, IR3259-
PP5-160-1, and IR3259-PP8-172-7 were resistant. 
The FI plants from the eight cross-combinations 
between resistant and susceptible parents gave re
sistant reactions, while cross-combinations between 
susceptible parents yielded susceptible reactions 
(Table 27). The segregation for disease resistance in 
crosses between resistant parents and snsceptible 
parents were in close agreement with the simple 
monohybrid ratio of 3 resistant to I susceptible. 
However, in F, of the cross-combination of 
IR3259-PP8-172-7/IR442-2-58 the segregation ra
tio was 9:7. The reactions ofthe FI and segregation 
ratio of the F, showed that resistance was domi
nant over susceptibility. 

The reactions of the parents, F I , and F, ofthe 
different cross-<:ombinations to isolate 1-43 (Race 
IH-l) are summarized in Table 28. The FI plants of 
the resistant and susceptible crosses were resistant. 

The F2 populations of five cross combinations 
inoculated with race IH-I gave simple Mendelian 
segregation ratios of3 resistant to I susceptible. In 
cross-combinations of Pai-kan-tao/IR442-2-58 
and Pai-kan-tao/Peta, ratios of9:7 were obtained. 
In cross-combinations involving resistant parents, 
all the F, were resistant. The results suggested that 
resistance is dominant over susceptibility. 

The segregation of the F2 infonrcross-combina
tions in response to isolate P06-6 (race ID-I6) 
conformed closely with the Mendelian ratio of 3 
resistant to I susceptible (Table 29). However, in 
combinations IRI905-81-3-1/IR3259-PP8-172-7 
and IR3259-PP8-172-7/IR442-2-58, ratios of 57 
resistant to 7 snsceptible and 9 resistant to 7 snscep
tible were obtained, respectively. The F2 popula
tions from cross-combinations of susceptible par
ents were susceptible to the race, and F, of resistant 
parents were all resistant. The results again indicate 
that resistance to blast is dominant over sus
ceptibility. 
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SOURCES OF RESISTANCE 

Entomology and Plant Breeding Departments 

Since the beginning of the varietal resistance pro
gram, thousands of varieties have been screened 
and hundreds of sources of resistance identified 
(Table I). Most of the world collection have been 
screened against the green leafhopper and more 
than 1,100 sources of resistance have been identi
fied. In 1980 almost 400 additional varieties were 
identified in nonreplicated trials. For yellow stem 
borer resistance, the relatively few sources that 
have been identified have only a low level of resist
ance. In 1980 more than 200 accessions from the 
wild rice collection were screened and several with 
resistance to the stem borer and biotypes I, 2, and 3 
of the brown planthopper, whitebacked plant
hopper, and green leafhopper were found. 

In the regular stem borer screening program 30 
to 45-day-old plants are infested with larvae and 
deadhearts are counted 20 days later. To accelerate 
the stem borer resistance program, 2- and 4-week
old seedlings were tested at 3 roW spacings and 

Table 1 Number of germ plasm collection varieties screened 
and selected for resistance at IRAI through 1980. 

Accessions (no) 
Insect 

Tested Selected For retestmg 

Brown planthopper 
Biotype 1 32,298 280 329 

2 9,652 200 175 
3 9.399 215 117 

Whltebacked planthopper 26.833 267 414 
Green leafhopper 35.290 1.155 386 
Zigzag leafhopper 1.959 401 186 
Yellow stem borer 18,000 39 23 
Striped stem borer 15.000 21 
Whorl maggot 40,000 5 
Leaf folder 2.683 11 21 

Table 2. Reaction of a susceptible (S) and a resistant (R) var
iety to yellow stem borer. by the seedling bulk tast. IRRI 
greenhouse, 1980. 

Row spacing (em) 
Rexoro (5) IR1820 (R) 5/R 

Two-week-old 

45 97.3 522 19 
5.0 87.9 392 2.2 
60 767 460 17 

Four-week-old 

4.5 580 118 49 
50 568 157 36 
60 480 118 41 

80bserved 7 days after infestation 
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deadhearts were counted I week after infestation. 
Resistance was detected in the 2-week-old seed
lings but was higher in 4-week-old seedlings (Table 
2). 

NATURE AND CAUSES OF RESISTANCE 

Entomology and Chemistry Departments 

Moderate resistance to brown planthopper (Entom
ology). In 1979 the search began for moderately 
resistant (MR) varieties with minor genes that 
would exert less pressure for brown planthopper 
(BPH) biotype selection than highly resistant 
major-gene vaneties. Some of the varieties that 
were susceptible in the greenhouse were resistant in 
the field where BPH attack occurred on older 
plants. 

The modified standard greenhouse test in 1980 
allowed identification of the MR or field-resistant 
varieties in the greenhouse (Table 3). Varieties such 

Table 3. Damage ratings on selected varieties resistant to 
brown planthopper biotype 2 in greenhouse and field tests. 
IRRI.1980.8 

IRRI Greenhouse testh 
Field 

Variety testC 
Standard Modified damage 

rating 

Manchel 36322 MR 
Paragahakaleyan 

Kencana 36756 MR R MR 
Sudurvl305 3475 S R R 
Utn Rajapan 16684 S R R 
Alewee 36218 S R R 
Maharathkundawee 36480 S R MR 
Sudhubalawee 8900 5 R MR 
TIbmwewa 11969 S R R 
Heenukkuluma 11978 S R MR 
Bata Suduwee 31368 S R R 
IR46 32695 5 R R 
Heenmurunga 31409 S R R 
Kalubalawee 36264 5 MR R 
Kokkali 36463 S R R 
Japan wee 15605 S R MR 
Kmkunda 15S5? 5 MR MR 
Tnvem 14785 S MR R 
Bogar 8 4657 5 5 S 
Kachepota 31419 5 MR S 
Andaragahawewa 11974 S MR S 
Slnna Sivappu 

(R check) 1544 R R 
ASD7 (R check) 6303 R R 
IR26 (S check) 30413 5 S 
TN 1 (S check) 105 S 5 
8Damage was rated when 90% of the susceptible check (IR26) 
plants were killed or attained an average damage rating of 80 
R = reSistant, MR = moderately resistant,S = susceptible bStand-
ard seedhng bulk test was conducted by putting 12 msects on each 
seedhng of 6-day-old plants and scoring damage at 14 days after 
mfestatlon (01) The modified seedhng bulk test was done byputtmg 
3·5lOsects on each seedling of 10-day-old plants and scoring the 
damage at 34 DI ;Avof 6 rephcatlons. clnsect counts and damage 
ratmgs,were at about"'70 01 ,Av of 3 replications 

-I' 
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I. Field reSIstance to brown planthopper detected In the green-
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as Mudgo,IR46, Utri Rajapan, and Triveni, which 
are susceptible to biotype 2 in the standard green
house screening but have field resistance, were 
identified as M R by the modified technique (Fig. 
I). 

Nature of moderate resistance to the brown 
planthopper. Compared with resistant and sus
ceptible varieties, M R varieties allow an interme
diate amount of BPH feeding and population 
growth (Fig. 2). It was evident that resistance levels 
were similar on 30-, 45-, and 6O-day-old plants. 
Therefore, field resistance to the BPH cannot be 
considered mature plant resistance. 

Moderate resistance in IR46, Triveni, and Utri 
Rajapan as measured by population growth and 
feeding activity was active against all biotypes at 
IRRI (Fig. 3). 

1R26 and IR46 were equally susceptible to bio
type 2 in the standard greenhouse screening, but 
IR46 was resistant in the field. In greenhouse feed
ing studies the minor gene effect of IR46 was indi
cated by the lower feeding activity Oil it than on 
IR26 (Fig. 4). Although Utri Rajapan is suscepti-

ble in seedling screening, it showed lower insect 
feeding activity. The popUlation growth technique 
was a useful tool for detecting moderate levels of 
resistance in IR46 and Utri Rajapan (Fig. 5). 

Because population growth and feeding studies 
are difficult to conduct, a modification of the 
commonly used seedling bulk screening technique 
was tested. Decreasing the number of insects and 
infesting older plants allowed detection of Ihe 
moderate level of resistance in Triveni (Fig. 6, 7). 

Tolerance as a component in the.moderate res
istance of Triveni. In screenbouse studies Triveni 
had less damage and was able to survive and pro
duce grain despite a brown planthopper popula
tion equal to that on susceptible TN I (Table 4). 

In a field study yield reduction in Triveni was 
significantly less than in TN I when the variety was 
infested with an initial popUlation of 200 or 400 
brown planthoppersj hill (Table 5). The ability of 
Triveni to tolerate high insect density at 3 plant 
ages from 35 to 75 days after transplanting is indi-

___ Imm21 

1300 
Rw/Uanl 

1000 
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100 
o L-. ........ -.J 

&own~(ro) 
1300 

1000 

500 

100 

o c..30"'~4-5~-60-.J 30 45 60 

2. Brown planthopper feeding activity as indicated by area of 
honeydew excretion SpolS on filter paper. and popubtion 
gro"1h of the bro\\n planthopper on resistant. moderate!) re
sistant. and SUSttpubk: varieties at 3 plant ago. IRRI glttn
house. 1980 
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3. Fecdingactivity indicated by area of honeydew spots from the 
excretion of 5 3-da)'~ld brown planthopper females in 24 
hours, and population growth based on number of brown 
plant hoppers per cage at 26daysafterinfestation with S pairs of 
:HJay-oJd adults. Results are means for~. 45-. and 6O-day-old 
plants. JRRI greenhouse. 1980. 

cated in Table 6. Where TNI yield reduction was 
almost 100%, yield reduction in Triveni was only 
40-50%. Triveni was able to produce a high percent
age of productive tillers despite insect infestation, 
but productive tillers in TN I were reduced to 
about 80% (Table 1). 

Greenhouse studies using "c indicated a 74% 
reduction in carbon dioxide uptake in insect
damaged TNI seedlings and 56% in Triveni (Table 
8). This indicates that Triveni can maintain a 
higher photosynthetic rate when damaged by 
brown planthoppers. 

Bio<hemicaJ factors for resistance to brown 
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__ 1..,.2) 

400 

4. Feedingactivity as indicated by area of honeydews pots from 
the excrttion ofS 3-day-old biotype 2 brown planthopperadult 
females feeding on ~. 45-, and 6O-da)'"OId plants for 24 hours. 
SiRna Sivappu is highly resistant, IR26and TN I are susceptible. 
and JR46 and UlO Rajapan moderately resistant to biotype 2. 
IRRI gre<nhoU5<. 1980. 

1200 

1000 

BOO 

o '--..-""--"" 

''''''' IR26 "'" -5. Population growth, based on number of brown planthoppc:r 
NiiaporvalD /ugens per cage. at 26days after Spain ofJ-day-old 
adults were caged on JO.., 45-, and 6()...day-old piants. Sinna 
Sivappu is highly resistanL, 1R26 and TN I are susceptible, and 
IR46and Utri Rajapan moderately resistant to biotype2.IRRI 
greenhouse, 1980. 

planthopper (Entomology and Chemistry) Honey
dew collected from biotype 2 brown planthoppers 
feeding on susceptible 004 and resistant IR26 
plants had comparable levels of soluble protein 
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6. Damage ratings of 8-day-oJd seedlings of rice vaneties when 
infested with 15 brown planthopper nymphs/seedling. IRRI 
greenhouse, 1980. I = slight damage, 9 all plants dead 

(0.33 mgt mland 0.30 mgfml) and free amino acids 
(1.0 mgt ml and 1.2 mgt mI). Glutamic and aspartic 
acids were the major amino acids in both samples. 
The honeydew from insects feeding on IR24 had 
more aspartic acid and less serine, carnosine, and 
sarcosine. However, total sugar (principally su
crose) was twice as much in IR24 (1.3 mg glucose 
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7. Damage rntmgs of Il-day-oJdseedlingsofrice varieties when 
infested with 5 brown planthopper nymphs/seedlmg. IRRI 
greenhouse, 1980. I ::: slight damage, 9 = all plants dead 

Table 4. Rating of plant damage due toNllaparvata /ugenson rice 
varieties TN' and Triveni in the screenhousa. IRRI. 1980. 
Plant age N. lugensP Damage 

(Drs) (no Ihlll) ratlngC Plant condition 

TN1 

15 5 1.0 Healthy 
30 12 75 YellOWish and stunted 
45 92 90 Hopperburnedd 

60 90 

Tnvem 

15 3 10 Healthy 
30 35 24 Lower leaves yellOWish 
45 81 4.1 Yellowish 
60 11 7.5 YellOWish and stunted8 

8 Days after transplanting. bAvof 15hi11s COg, a '~9scale: 1 =no 
damage, 9 ==all plants dead. Av of 60 hills. Hopperburned =no 
recovery 81nsect population decreased on the damaged plants. 
The plants recovered and gram was produced 

/mI) than in IR26 (0.7 mg/ml) despite the similar
ity in sugar content of their leaf sheath diffusates. 

Crude steam distillates from IR24 and IR26 
plants were recovered in 0.008% yield from IR24 

Table 5. Damage rating and yield reduction in varieties TN1 
and Trivenl at different levels of brown planthopper Nilapar
'lata lugens infestation In the field a IRRI, 1979. 

N lugens 
(no/hili) 

400 
200 
100 

Damage ratmgb Yield reductlOnC(%) 

TNl Triveni TNl Trivem Difference 

88a 
72a 
7.0a 

70a 
54 b 
62 b 

99a 
55 b 
30 c 

44a 
26ab 
20 b 

54** 
29" 
10ns 

~~T~~I~ ~~~~~~~~t ;~fha:~~~I~~~r~~~ ~~ ~~~~~~ ~~~Ii~~~g;~ 
dead 
cYleid reduction = 

yield of noninfested hills -yield of mfested.hills 

yield of noninfested hills 

Table 6. Insect population, damage ratings, and yield reduc-
tion 9f rice varieties TN1 and Trivem as affected byfeedmg of 
the brown plant.hopper Nflaparvat8 lugens at 3 plant growth 
stages.8 IRRI, 1979. 

Plant age 
Damage 

N. lugens Yield 
(days after Varietyi' population reduction8 

transplanting) 
ratmgC 

{no /hillf (%) 

35 TN1 84a 529a 97a 
Tnvem 86a 516a 41 a 

55 TN1 8.6a 548 a 99a 
Triveni 72ab 496a 40 b 

75 TN1 84a 396a 94a 
Trivem 57 b 209 a 52 b 

Check (no TN1 1.0 c 0 
Insects) Tnvem 1.0 c 0 

8Means of 10 replications Separation of means In a column by 
Duncan's multiple range test at the 5% level Each replication 

~~~t~~IYI~~~eas~~~ ~J~~g~C;;; ~~~~ :onu~~eeJ~~~~t:;~f~~~.ft~!t~~ 
tion gTN1 is susceptible check, Tnveni isa moderately resistant 
variety CDamage rating taken 1 week before harvest: 1 = no 
damage, 9 == all plants dead dRecorded at 6 weeks after plant 
m'festatlon. eYield reduction when compared to the check. 
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Table 7. Dry matter production. tiller number. and percentage of productive tillers of rice varieties TN1 and Triveni as affected by 
feeding of the brown planthopper NJlaparvatalugens at 3'plant growth stages:" IRRI. 1979. 

Productive Plant age Dry matter (g/hlll' Tillers (no.) tillers(%) 
(On TNl Triveni TNl lrivem TNl Tnvem 

35 95 b 129a 14 b 9 b 14 b 51. 
55 60 b 133a 12 b 12ab 7 b 48. 
75 94 b 132a 15 b 10 b 15 b 76. 

Check (no 320a 187a 22. 16. 73. 58. 
Insects) 

8Means of 1 0 hIlls In a cage underfleld conciltlOns. Infested with 400third-and fourth·stage nymphs The Insects were removed after 6 
weeks 'Separauon of means In a column by Duncan's multiple range test at the 5% leve/. 

and 0.006% from IR26. Both resulted in more 
than 50% mortality of brown pJanthoppers within 
24 hours. 

Whitebacked planthopper resistance gene sour
ces (Entomology). The strength of varieties having 
genes for whitebacked pJanthopper resistance was 
evaluated. Based on rate of population growth and 
feeding of the whitebacked planthopper, IR2035-
117-3, with genes Wbph 1 + Wbph 2, had the 
highest level of resistance; N22, with the Wbph 1 
gene, had the lowest (Fig. 8). 

A1though'lR varieties have not been bred for 
whitebacked planthopper resistance, evaluation of 
IRS-IRS4 using the seedling screening method 
indicated distinct differences among the varieties. 

Green leafhopper resistance gene sources (Ent
omology). The nature of resistance to green leaf
hopper (GLH) of seven gene sources is indicated in 
Figure 9. On the highly resistant varieties, fewer 
eggs were laid and nymphal survival and popula
tion growth were low. Egg hatchability was the 
same for all gene sources. ASD7, IR8, and ASD8, 

Table 8. Amount of 14C in rice seedlings and in honeydew 
excreted by Nilaparvatalugensfeeding on rice seedlings IRAI. 
1979. 

Treatment 
Amount of 14(:8 (CPM) 

Honeydew Plantl' 

TNt 

Healthy 3.45 a 14.26 c 
Damaged 074 b 3.77 

Triveni 

Healthy 273a 60:3:3a 
Damaged 0.12 b 26.85 b 

d 

Reduction In 
net CO2 uptakeC 

(%) 

74 

56 

~~~~a~.~o~~~~ig:;: ~~ng~t~e~e~~~h~0;%~~~rngA~~~~~u::;~R6 
taken up by rice seedlings as total amount in plant. insect body. 
and honeydew 
cReduction in net CO2 uptake = 

CPM in healthyseedhng -CPM In damaged seedling X 100 
CPM In healthy seedling 
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with Glh 2, Glh 3, and Glh 5 were the most resist
ant as indicated by the population growth study. 

Virulence oj Philippine green leafhopper cul
tures. GLH coIlected at 15 sites throughout the 
Philippines were tested to detennine the presence 
of biotypes in field populations. Although the cul
tures differed in virulence there was no distinct 
evidence of Philippine GLH biotypes that are sig
nificantly more virulent than the IRRI greenhouse 
culture, which is maintained on susceptible TNI 
(Fig. 10). 

INHERITANCE OF RESISTANCE TO THE 
WHlJEBACKED PLANTHOPPER 

Plant Breeding and Entomology Departments 

Fourteen WBPH resistant varieties were analY2fd 
to find new genes for resistance (Table 9). They 

WBPH (00) Honeydew spot (mni!·) 

I-N22fln¥;ltl; 
715 !!!!! 

400 2-ARCI0239 (U1Jph2) 
3-IR203:HI7-3~/r 

W'¢2} 45 
4-WCI24O(W/JphITI 

320 -} 
5-COlornbo(1tZph2:fl 

""""'} 35 
6-lNl 

240 

25 

160 

15 

80 II 
I 2 3 4 5 6 

Vonety 

8. Population growth and feedmg activity of whltebacked 
planthopper (WBPH) Sogatella furcifera on varieties having 
genes for resistance. In the population growth study, 5 3-day
old adults were placed on plants and population was counted 30 
days after mfestation. In the feeding rate study. 5 3-day-old 
adults were caged overnIght on 3O-day-old plants over bromo-
cresol green-treated ftIterpapers IRRI,1980. 



Table 9. Whitebacked planthapper-resistant rice varieties ana
lyzed for new genes for resistance. IRRI, 1980. 

Variety 

ADR52 
T1471 
Cheriya Chittari 
Chempan 
Chemparampandl 
Chennlnayakan 
T1426 
Ptb 12 
T1421 
Padlwi-A8 
ARC6650 
Ptb 19 
ARC6564 
ARC14342A 

IRRI acc. na 

40638 
53427 
53424 
53421 
53422 
53423 
53426 
53430 
53425 
15201 
53429 
53431 
53428 
42898 

Country of Orlgm 

India 
India 
India 
IndIa 
India 
India 
India 
India 
India 

Sri Lanka 
India 
India 
India 
India 

were crossed with susceptible variety TN I and the 
F" F2, F, progenies were analyzed to determine the 
mode of inheritance. Twelve F, progenies were 
resistant, indicating resistance governed by domi
nant genes (Table 10). However, F, progenies of 
TNI/Podiwi-A8 and TNI/ARC6650 were sus
ceptible, indicating that recessive genes convey re
sistance in those two varieties. The F2 populations 
from the crosses of TNI with 12 varieties segre
gated in a ratio of 3 resistant to I susceptible, 
showing that a single dominant gene governs re
sistance in each variety. The F2 populations from 
the TNI crosses with Podiwi-A8 and ARC6650 
segregated in a ratio of I resistant to 3 susceptible, 
showing resistance conveyed by a single recessive 
gene. The F, populations from all crosses con
fIrmed the conclusions drawn from the F2 data. 
The F, data agreed with the ratio I :2: I (resistant: 
segregating:susceptible) expected for monogenic 
control ofresistance. 

Eggs (no/5 femClles) 

~~ •• 11111.11 
Egt;1holchobltlly(%) 

l: .. I.dJ I 
Populollon growth (no /5 femOles) 0130 DI 

450 

9. Relative levels of resistance of nee vanetles having genes for 
resistance to the green leafhopper Survival percentage IS of 
first-mstar nymphs at 15 days after plant IOfestatloo Popula
tion growth at 30 days after mfestatlOn (DI) resulted from 5 
pairs of 3-day-old adults placed on 30-day-old plants IRRI, 
1980 

Table 10 Reactian8 tawhitebacked planthopperof \1' F2• and F3 populationsfromcrossesofresistantcultivarswith TN1.IRRI. 
1980. 

Cross F, 
F2 seedlings FJ families 

Rlno) S (no) X2 3'l X21:3 R (na.) Seg (no) S (00) X2121 

TN1/ADR52 R 710 218 1.13 32 87 34 292 
TN1/f1471 R 734 269 1.77 42 82 30 252 
TN1/Cheriya Chlttari R 663 243 203 35 69 31 0.30 
TNl/Chempan R 717 268 258 22 62 26 207 
TN1/Chemparampandl R 660 247 241 32 86 35 248 
TNl/Chenmnayakan R 771 281 164 32 85 37 1.99 
TN11T1426 R 647 235 1.69 31 88 35 335 
TN1/Ptb 12 R 643 242 260 32 82 40 1048 
TN1/f1421 R 844 245 366 35 88 31 335 
TN1/Podlwi-A8 S 174 596 248 39 83 32 1.56 
TN 11 ARC6650 S 208 533 375 33 80 41 106 
TN1/Ptb 19 R 675 221 232 31 83 40 199 
TN1/ARC6564 R 787 242 268 40 83 31 1.99 
TN1/ARC14342A R 707 259 232 34 80 40 070 

sR =reslstant, S = susceptible, Seg =segregatmg. 
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Cultures 

'''''''''''''"' 2. Hocos Norte 
311ocosSlr 
4 laUnlcn 
5 NewCorella 
6 Ma!a!om 
7. Molave 
8 Polayon 
9 Talavera 

10 Scnla Mana 
II Tarlac 
12 Ccgayan 
13lsabe!a 
141fugao 
15 Nueva Vlzeaya 

10. Comparative virulence of 15 green leafhopper colonies onS rice varieties, based on seedbng bulk test, nymphal survival, honeydew 
excretion, and population growth DI = days after infestation. IRRI, 1980 

The 14 varieties were crossed with IRI3475-7-
3-2, which is homozygous for Wbph 1. As expected 
all the FI progenies were resistant (Table I I). The 
F, populations of IR13475-7-3-2fPodiwi-A8 and 
IRI3475-7-3-2f ARC6650 segregated in a ratio of 
13 resistant to 3 susceptible, showing that the 
recessive genes for resistance in Podiwi-A8 and 
ARC6650 segregate independently of Wbph 1. 

The F, populations from the remaining 12 crosses 
segregated in a ratio of 15 resistantto I susceptible, 
indicating that the dominant genes for resistance in 
the test varieties segregate independently of Wbph 
1. The F3 families of all crosses segregated in a ratio 
of 7 resistant to 8 segregating to I susceptible 
confirming the conclusions drawn from the F, 
data. 

Table 11. Reaction8 to whitebacked planthopper of F,. F2• and Fa populations from the crosses of resistant cuItivars with 
IR1347S-7-3-2. IRRI. 1980. 

Cross F, 
F2 seedhngs Fa famlhes 

R (no) S (no) X2 151 X2 13'3 R (no.} Seg (no.) S(no} X2 7.B1 
IR13475-7-3-2/ADR52 R 823 68 309 69 80 5 238 
IR13475-7-3-2IT1471 R 873 84 10.43 64 79 11 0.42 
IR13475-7-3-2/Chenya Chittari R 864 72 3.32 69 73 12 083 
IR13475-7-3-2/Chempan R 899 71 189 66 75 13 126 
IR13475-7-3-2/Chemparampandi R 955 75 187 72 74 8 0.71 
IR13475-7-3-2/Chenmnayakan R 931 49 261 74 71 9 1.16 
lR13475-7-3-21T1426 R 890 72 320 68 76 10 003 
IR13475-7-3-2/Ptb 12 R 851 70 287 63 81 10 051 
IR13475-7-3-2/T1421 R 962 80 362 68 74 12 071 
IR 13475-7-3-2/Podlwi-AB R 907 216 017 60 84 10 146 
IR13475-7 -3-2/ ARC6650 R 568 114 185 60 86 8 213 
IR13475-7-3-2/Ptb 19 R 886 69 1.55 70 73 7 103 
IR13475-7-3-2/ARC6564 R 979 79 270 59 82 13 255 
lR13475-7-3-2/ ARC14342A R 839 66 168 63 79 12 092 

8R "" reSistant, S - susceptible, Seg - segregatlOg 
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Table 12. Reaction8 to whitebacked planthopper of F,. F2. and F3 populations from the crosses of resistant cultivars with 
IR30659-1.IRRI,1980. 

Cross F, 
F, seedlings FJ famIlies 

R (no) S (no) 

IR30659-1 I ADR52 R 8'>9 69 
IR30659-11T1471 R 988 63 
IR30659-1/Cheriya Chlttan R 827 5 
IR30659-1/Chempan R 894 7 
IR3D659-1/Chemparampandl R 915 78 
IR3D659-1/Chenmnayakan R 822 66 
IR3D659-11T1426 R 852 63 
IR30659·lIPtb 12 R 688 36 
IR30659-11T1421 R 725 61 
IR30659-1/Podlwl-A8 R 816 179 
IR30659·1/ ARC6650 R 817 211 
IR30659-1/Ptb 19 R 775 47 
IR30659-1/ARC6564 R 953 60 
IR30659-1 I ARC14342A R 893 77 

8R =re$lstant, S = susceptIble, Seg =segregatmg. 

The varieties were also crossed with IR30659-1, 
which is homozygous for Wbph 2. The F, progen
ies were resistant. The F, populations from the 
crosses ofIR30659-1 withADR52, TI471, Chempa
rampandi, Chenninayakan, Tl426, Ptb 12, T1421, 

- Ptb 19, ARC6564, and ARCl4342Asegregated in 
a ratio of 15 resistant to I susceptible (Table 12). 
The data indicate an independent segregation of 
two dominant genes. The F, families of these 
crosses showed a good fit to the segregation ratio 
of 7 resistant to 8 segregating to I susceptible. The 
data confirm the conclusions from F, data that the 
test varieties have single dominant genes that are 
nonallelic to Wbph 2. 

In the F, populations from the crosses of 
IR30659-1 with Cheriya Chittari and Chempan, 
only a few susceptible seedlings were observed and 
all the F, families of these two crosses were resist
ant (Table 12). No segregation for susceptibility 
was observed. It appears that the two varieties 

Table 13. Summary of information on genes for resistance to 
whitebacked planthopper in test rice varieties. IRRI. 1980. 

Variety 

ADR52 
T1471 
Chenya Chlttari 
Chempan 
Chemparampandi 
Chenmnayakan 
T1426 
Ptb 12 
T1421 
Podlwi·A8 
ARC665D 
Ptb 19 
ARC6564 
ARC14342A 

Nature of resIstance 

Monogemc. dommant 
Monogemc. dommant 
Monogenic. domInant 
MonogenIc, dominant 
Monogenic, dominant 
Monogemc. dominant 
Monogemc, dominant 
Monogemc, dommant 
Monogemc. dommant 
Monogenic. recessive 
Monogemc, recessIve 
Monogenic, dominant 
MonogenIc. dominant 
Menogencl, dominant 

ResIstance 
gene 

Wbph3 
'1 

Wbph2 
Wbpl} 2 

1 
1 
1 , 
1 

wbph4 
1 

X2 151 

248 
1.07 

437 
213 
274 
202 
306 

2.46 
250 
472 

X2 133 

329 
221 

R (no) Seg (no) 

74 67 
67 75 

154 0 
148 0 
73 70 
72 75 
60 83 
59 82 
64 7.7 
54 74 
71 68 
74 70 
62 80 
60 82 

S (no) X2 7 81 

13 3.13 
12 0.64 
0 
0 0 

10 112 
7 108 

11 147 
13 255 
12 075 
10 125 
13 2.44 
10 130 
10 054 
12 1.72 

have Wbph 2 for resistance. The F2 progenies from 
the crosses of IR30659-1 with Podiwi-A8 and 
ARC6650 showed a segregation ratio of 13 resist
ant to 3 susceptible and F, families segregated in a 
ratio of7 resistant to 8 segregating to 1 susceptible. 
The data indicate that the recessive genes of 
Podiwi-A8 and ARC6650 segregate independently 
of Wbph 2. 

The results show that single dominant genes in 
each of 12 varieties are nonallelic to Wbph 1. 
However, Cheriya Chittari and Chempan have 
Wbph 2 (Table 13). Dominant genes in the remain
ing 10 are different from Wbph 1 and Wbph 2. By 
the international rules for gene nomenclature, the 
dominant gene of ADR52 is designated as Wbph 
3. Allele tests between Wbph 3 and dominant 
genes of nine other varieties should be made to 
determine whether they possess Wbph 3 or differ
ent genes. The recessive genes of Podiwi-A8 and 
ARC6650 segregate independently of Wbph 1 and 
Wbph 2. The recessive gene ofPodiwi-A8 is desig
nated wbph 4. Allele tests between wbph 4 and the 
recessive gene of ARC6650 should also be made. 

IlIOCHEMICAL EVIDENCE FOR FEEDING SITES OF 
GREEN LEAFHOPPER 

Entomology Department 

Semiquantitative biochemical analyses by paper 
chromatography-densitometry and pH determina
tions of honeydew excreted by Nephotettix vires
cens (Distant) feeding on rice plants revealed a 
much higher free amino compound and sugar con
centrations in excreted honeydew from the sus-
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Table 14. Estimated concentrations (pg/10 .ugl) of free amino compounds m sap exudates and in basic or acidic honeydew of 
Nephotetllx Vlrescens, from susceptible (TN1) and resistant (ASD7 and Pankhari 203) rice varieties, and honeydew-sap ratios.B 
IRRI,1980 b 

TNl AS07 Pankhan 203 

Free ammo Concn (pg/l 0 .ugl) m Concn (pg/l0 pgl) m Concn (/Jg/10 ,ugl) in 

compound HoneydeW BasIc honey· Honeydew Honeydew Honeydew 
Sap AcidIc BasIc dew: sap Sap (Acidic) sap Sap (Acidic) 

Alanine 02 " 04 20 03 01 03 03 
Arginine 05 10 20 05 " 04 10 " Asparagme 2.7 " 37 1.4 26 1.4 04 19 
Aspartic aCid 03 05 46 153 07 02 06 05 0.1 
Glutamine 23 0.5 2.3 1.0 22 0.4 0.3 22 06 
Glutamlcacld 03 14 120 400 14 0.9 0.6 10 08 
GlYCine 02 " 05 25 02 01 0.5 02 " ILE + PHEc 1.3 " 16 12 21 02 02 22 
Senne 08 02 16 20 20 03 02 1.2 01 
Threonine 03 " 04 13 0.5 01 02 04 " TyroSine 02 " 05 25 04 " 05 05 
Valine 07 0.2 11 1.6 11 03 03 11 03 

Total 98 28 297 140 40 125 19 
Honeydew sap 03 30 0.3 02 

BMean of 4-10 readings per value for sap and honeydew on TN1 and ASD7; mean of 1-9 readings for sap, and 1·6 readmgs for 
honeydew on Pankhan 203 The standard deviation of sap readings for the 3 varietres IS 0 56·0 70, that for baSIC honeydew is '.7. btr 
=detected m trace amount, - = not detected cA mixture of isoleucine and phenylalanine was used as a standard In the control 
chromatograms The samples probably contarned these and leUCine 

ceptible variety TNI than from resistant ASD7 or 
Pankhari 203 (Table 14). Furthermore, sap exu
dates from the three varieties, presumed to be 
mainly from the xylem, as well as honeydew 
excreted on the resistant varieties were acidic, but 
honeydew from TNI was predominantly basic 
(Table 15). Phloem sap in herbaceous plants usu
ally gives an alkaline reaction, but xylem sap is 
acidic. Because phloem sap contains much higher 
concentrations of sugars and free amino acids than 
xylem sap, the biochemical evidence strongly sug
gests that N. vireseens is primarily a xylem feeder 
on the resistant plants tested, but is a phloem 
feeder on susceptible TN I. 

Table 15. Estimate of pH of honeydew droplets excreted by 
Nephotettlx IiJrescens feedrng on leaves of susceptible (TN1) 
and resistant (ASD7 or Pankhari 203) rice varieties as indi
cated by pH indicator sticks IRRI.19BO 

Penod (hi Honeydew samples 

of insect TNl ASD7 P~ 
confinement ACidic BaSIC BaSIC ACidic ACidic 

in sachets (no.) (no.) 1%) (no) (no) 

05-1 13 0 0 5 5 
1-2 29 0 0 18 11 
2-3 46 2 4 20 12 
3-4 12 16 57 6 13 
4-5 31 46 60 33 14 
5-7 18 33 65 6 11 

22-24 19 6B 7B 39" 18' 

Total 168 165 127 84 
samples 

BOne sample was baSIC 
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MORPHOLOGICAL VARIATIONS AMONG BROWN 
PLANTHOPPER BIOTYPES 

Entomology Department 

Identification of brown planthopper biotypes is 
based principally on the differential reactions of 
the host rice varieties to the pest or on host
mediated, differential behavioral and physiologi
cal responses of the pest. An in-depth evaluation 
of morphological and morphometric differences 
among BPH bIOtypes I, 2, and 3, emphasizing 
body parts possessing receptors, was made in 1980. 

One hundred adults each ofbiotypes 1,2, and 3 
(maintained at IRRI for 6-10 years as stock cul
tures on TN I, Mudgo, and ASD7) were examined. 
About 109 morphological characters of the ros
trum (including mandibular stylets), legs, and 
antennae were measured and examined separately 
in both sexes and both morphs - macropterous 
male, macropterous female, brachypterous male, 
and brachypterous female (Table 16). 

Multiple discriminant analysis was used to dif
ferentiate the three biotypes based on the available 
morphological and morphometric data. Wilks' 
Stepwise method was followed in the selection of 
certain independent variables on each discrimina
tion. Discriminant analyses to classify the three 
biotypes were run on the combined characters of 
rostrum, legs (forelegs, midlegs, and hind legs), 
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Table 16 Codes used in morphometric evaluation of rostral. 
leg. and antennal characters of biotypes 1, 2. and 3 of adult 
Nrlaparvata lugens.IRRI. 1980 

Code Structures and their morphometric parameters 

RLl 
RL2 
RL3 
RL4 
RL5 
RL6 
RL7 
RLS 
RL9 & RRS 

RL1G 
RLl1 
RL12 & HR12 

RL13 
RL14 
RL15 & RR15 

LL16 & LR16 
LL17 & LR17 
lL18 & LRlS 
LL19 & LR19 
LL20 & LR20 
Ll21 & LR2l 
LL22 
LL23 
LL24 
LL25 & LL26 
LL27 
LL28 

LL29 & LR29 
LL3D & LR3D 
LL31 & LR31 
LL32 & LR32 
LL33 & LR33 
LL34 & LR34 
LL35 
LL36 
LL37 
LL38 & LL39 
LL40 
LL41 

LL42 & LR42 
LL43 & LR43 
LL44 & LR44 
LL45 & lR45 
LL46 & LR46 
LL47 & LR47 
LL48 
LL49 
LL50 
LL51 & LL52 
LL53 
LL54 

Rostrum 

Setae of ultimate rostral segment (no) 
1st anterocentral setae 
1st anterolateral setae 
1 sl posterolateral setae 
1st posterocentral setae 
2d posterocentral setae 
2d posterolateral setae 
2d anterolateral setae 
2d anterocentral setae 

Teeth of left and right sides of second rostral 
groove (no) 

Ultimate rostral segment (URI (length In pI 
Penultimate rostral segment (PR) (length In Il) 
Anterocentral setae of left and right sides of 

PR{no.) 
PR (length In Ill/UR (length In III 
UR (length In Ill/3d hind tarsus (length in III 
Teeth of left and right mandibular stylets (no I 

Leg - foretarsus 

Setae of 3d subsegment of tarsus (no I 
1st dorsocentral setae of left and right tarsI 
2d dorsocentral setae of left and right tarsI 
anterodorsal setae of left and right tarsi 
posterodorsal setae of left and Tight tarSI 
anteroventral setae of left and Tight tarsi 
posteroventral setae of left and right tarsi 

Dorsal plate (length In p) 
Tarsal membrane (length In pi 
Unguitractor plate (length In pl 
Claw (max length and max width In III 
Claw (length In p)/claw (Width In p) 
3d subsegment of foretarsus (length In pI 

Leg - mtdtarsus 

Setae of 3d subsegment of tarsus 
1st dorsocentral setae of left and right tarsi 
2d dorsocentral setae of left and right tarsI 
anterodorsal setae of left and Tight tarsI 
posterodorsal setae of left and Tight tarsi 
anteroventral setae of left and Tight tarsI 
posteroventral setae of left and Tight tarSI 

Dorsal plate (length 10 pI 
Tarsal membrane {length In pI 
UngUitractor plate (length 10 p) 
Claw {max length and max width 10 pI 
Claw (length in pI/claw (Width 10 pI 
3d subsegment of mldtarsus (length 10 p) 

Leg - hmd tarsus 

Setae of 3d subsegment of tarsus (no) 
1 st dorsocentral setae of left and right tarsI 
2d dorsocentral setae of left and right tarsI 
anterodorsal setae of left and Tight tarSI 
posterodorsal setae of left and right tarsI 
anteroventral setae of left and right tarsi 
posteroventral setae of left and right tarsi 

Dorsal plate (length in III 
Tarsal membrane (length in Il) 

- Unguitractor plate (length In p) 
Claw (max length and max width 10 p) 
Claw (length 10 pI/claw (Width 10 pI 
3d subsegment of hind tarsus (length 10 pI 

Code Structures and their morphometric parameters 

Antenna 

AL55 1st antennal segment (length 10 pI 
AL56 2d antennal segment (length 10 p) 

Pegs of sensoria of 2d antennal segment (no J 
Al57 &AR57 1st anterodorsal sensoTium of left and 

right antennae 
AL58 & AR58 2d anterodorsal sensorium of left and right 

antennae 
AL59 & AR59 3d anterodorsal sensonum of left and right 

antennae 
AL60 &AR60 1st dorsocentral sensorium of left and 

right antennae 
AL61 & AR6, 2d dorsocentral sensorium of left and Tight 

antennae 
AL62 & AR62 3d dorsocentral sensorium of left and nght 

antennae 
AL63 & AR63 4th dorsocentral sensorium of left and 

TIght antennae 
AL64&AR64 5th dorsocentral sensoTium of left and 

Tight antennae 
AL65 &AR65 1st posterodorsal sensorium of left and 

Tight antennae 
AL66 & AR66 2d posterodorsal sensorium of left and 

Tight antennae 
AL67 & AR67 3d posterodorsal sensorium of left and 

TIght antennae 
AL68 &AR68 4th posterodorsal sensorium of left and 

Tight antennae 
AL69 & AR69 1st posteroventral senSOrium of left and 

right antennae 
AL70 & AR70 2d posteroventral sensoTium of left and 

Tight antennae 
AL71 & AR71 anteroventral sensorium of left and TIght 

antennae 
AL72 &AR72 ventrocentraJ senSOrium of left and TIght 

antennae 
AL73 & AR73 Sensoria of 2d antennal segment of left and 

right antennae (total no.) 

and antennae representing a total of 109 variables 
for each of the four groups, 

The insect antennae, rostrum, and legs possess 
many sensory structures, which aid in host loca
tion and discrimination. The 1980 study was prim
arily on the chaetotaxy or arrangement of the setae 
on the rostrum and legs, and sensoria of antennae. 
The chaetotaxy of the rostrum provided important 
discriminating characters. The third subsegment of 
the tarsus showed remarkably few modifications, 
but its chaetotaxy provided useful characters. 

The antenna, which is composed of three main 
segments (scape, pedicel, flagellum), also offers 
valuable characters. The pedicel has a number of 
sensoria distributed throughout. Each sensorium 
is composed of a number of pegs and alternating or 
interspersed setae. 

Discriminant analyses were performed using 
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~ .. Table 17 Discriminating power of adult rostral. leg. and antennal characters in classlfymg biotypes 1, 2, and 3 of Nllaparvata lugens IRR!. 1980,1' 

Macropterous male Macropterous female Brachypterous male Van- Wllks'c 
Brachy~terous female 

;0 ablesb Mean value Mean value 
Wllks'c 

Mean value 
Wllks,e 

Mean value 
Wtlks'C 

C! selected lambda Lambda lambda Lambda 
Bl B2 B3 Bl B2 B3 Bl B2 B3 Bl B2 B3 

> lR32 40 31 35 0456 Z 
Z ll20 47 4.8 41 0.276 c: ll17 39 37 39 0167 > r AR57 85 92 103 0083 

'" AA71 99 100 107 0059 97 10 2 10 2 0000 m RLl 87 87 93 0035 ." 
0 LL32 37 3.2 35 0026 35 34 35 0000 

'" LR20 4.6 45 44 0000 48 43 46 0017 44 44 41 0000 -i LA47 48 4B 51 0012 
2l RL13 106 107 106 0009 120 107 106 0.000 lOB 105 104 0015 

'" LR44 41 41 41 0007 48 42 41 0400 

~ 
LL44 41 45 42 0005 
ALB7 B3 89 80 0003 
Rl4 70 7.7 63 0002 
lR31 35 33 36 0001 
Ll21 44 44 44 0001 
LR34 44 43 43 0000 
Ll45 4.2 3B 40 0000 42 42 42 0000 45 43 43 0000 
lLl6 4.7 51 4.8 0000 49 49 42 0.350 
LL52 270 29.0 27 a 0000 240 2BO 240 0000 
AL62 B5 8.5 B.4 0000 B5 92 88 0000 
Al71 10 3 10 1 110 0.000 
Rl6 56 79 67 0.000 72 75 75 0000 
ll5D 592 a 27BO 2780 0015 
ll54 4.6 40 42 0000 
LR18 34 3.1 3.4 0000 
Rl2 90 99 9.1 0000 
lR30 3.8 38 41 0.000 
AR62 80 8.4 BO 0000 
Rl5 56 68 6.2 0000 62 76 62 0,043 
ARB1 B5 89 87 0000 
LL18 31 34 33 0000 3.4 33 32 0001 
AR6S 91 88 8.8 0000 
AL5a B 1 B6 8.2 0000 
LL42 60 61 5.9 0000 
Rl7 99 104 9.9 0000 
Al73 16.5 167 17.7 0000 
ll28 191.2 1918 2013 0.000 
Rl8 83 9.3 77 0000 87 85 90 0000 
AR73 162 163 16,7 0000 162 163 167 0000 
AR5S 85 B6 8.5 0000 85 86 84 0000 
Ll46 41 3.9 41 0000 
Ll48 1920 1820 1580 0576 
ALBO 85 98 86 0285 
ll30 36 35 39 0166 
AL61 83 89 97 0124 
AR72 9_6 104 10 5 OO~4 

CONTINUED ON OPPOSITE PAGE 
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Table 17 contmued 

AR64 
LL22 
LL25 
AL63 
RL14 
LL33 
AL5S 
LR19 
LR46 
LL35 
LL53 
RL10 
LL34 
AL59 
AL51 
AL72 
LL41 
AR72 
AL56, 
ARB3 
AR73 
AL6S 
RL1·2 
LL25 

8.'6 

67 

2190 
4.2 
77 

50.0 
78 

1020 
98 

2890 
72 

162 
65 

202 
610 

85 

75 

241.0 
40 
66 

560 
91 

1100 
102 

303.0 
7.0 

163 
6.6 

21,3 
650 

7.7 

6.9 

2260 
43 
67 

530 
90 

1040 
9.6 

306.0 
6.4 

16.7 
7.0 

20.8 
640 

0068 

0000 

0585 
0199 
0120 
0023 
0013 
0.006 
0004 
0002 
0,001 
0.000 
0.000 
0.000 
0000 

'-'''' .. ' • '·"'1 

65 62 61 0.056 
78 88 8.9 0039 

73.6 702 73.3 0022 
7.2 81 75 0009 
094 092 089 0.005 
46 45 48 0002 

258 184 145 OOoq 
34 35 3.2 0000 
4.6 43 45 0.000 

180 189 206 0000 
1.98 223 226 0000 

Macropterous maled Macropterous femaled Brachypterous maled Brachypterous femaled 

Fl F2 Fl F2 Fl F2 Fl F2 

Eigenvalue 6412397 16076.35 1258.04 57507 342662 581.19 217157 34039 
Vanance{%) 800 200 690 31.0 860 14.0 860 140 
Cumulative % 800 tOO a 690 100 0 860 100.0 86 a 1000 
Canomcal correlation 0999 0999 0999 0999 0999 0.999 0.999 0998 
Fmal Wllks'Lambda 0000 0 000 0000 0002 0000 0.002 0000 0000 
Chr-square 32206 154.96 21591 10170 23210 10187 21627 9333 
Slgmficance 0 000 a 000 0 000 0000 0 DOO 0000 0.000 0000 
Degrees of freedom 46 22 46 22 46 22 46 22 

~~;:. ~1~~E~5~ :~e ~~;~t:,p~;;~~~~~~t~~~~he~~a~~;b~:~U!~~~~~~~I~~I~~; !?~~;~~~;~~~~J~~~~ L~!~, ~~~~" t;~b;;~:iuLeL:~;:~~~if~;;~t ;~~;IOC:~ ~~~e~~ In~i v!r~~~~:I~~~~~; 
function 1, F2 =dlscnmlOant function 2 
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11. Discnminant scores of three biotypes of Nliaparvata lugens 
based on rostral, leg. and antennal characters of brachypterous 
fehtales. The numbers indicate bIOtype designatIOn; the astensk 
(*) indicates a group centroid. IRRI, 1980. 

Wilks' stepwise selection method. When all the 
morphological characters of the rostrum, legs, and 
antennae of each of the fonns of both sexes were 
combined and run together, a significant degree of 
discrimmation among BPH biotypes was achieved 
(Table 17). The scatter diagrams based on the 
computed dIscriminant scores of the three biotypes 
strongly revealed a high degree of s~gregation, 
indicating distinct populations. For example, Fig
ure II illustrates the discnminant scores of BPH 
biotypes I, 2, and 3 based on rostral, leg, and 
antennal characters of brachyterous females. The 
group centroids of the three biotypes are evidently 
separated. 

The computed high degree of classification and 
the distinct segregation of the three biotypes sug
gest that morphological characters used In the 
study discriminated or segregated the expected 
biotype populations (Table 18). 

Table 1 8. Predicted group membership of biotypes 1. 2, and 30t Nllaparvata lugensbased on rostral,leg, and antennal characters 
of macropterous and brachypterous males and females. IRRI, 1980. 

Data Adult character 
Vanables Variables in Vanance (%) Group (%) 

Group8 entered the function accounted for by cases correctly set descriptlOnb 
(no) (no.) Function 1 FunctIOn 2 Identified 

1 Rostral. MAC male 16 9 94 6 97 
2 Rostral, MAC female 16 9 71 29 90 
3 Rostral. 8RAC male 16 3 79 21 73 
4 Rostral, BR";.C female 16 9 78 22 87 

leg. MAC male 57 25 93 7 100 
leg. MAe female 57 25 85 15 100 
leg, BRAe male ~ 52 25 94 6 100 
leg. BRAe female 57 24 99 1 100 

1 Antennal. MAe male 36 19 67 33 100 

III 
2 Antennal, MAC female 36 17 98 2 100 
3 Antennal. BRAe male 36 24 87 13 100 
4 Antennal. BRAC female 36 22 79 21 100 

Rostral + leg + 
antenna I, MAC 'male 

109 23 80 20 100 

IV Rostral + leg + 109 23 69 31 100 
antennal, MAC female 
Rostral +Ieg + 109 23 86 14 100 
antennal, BRAe male 

4 Rostral + leg + 109 23 86 14 100 
antenna I. BRAe female 

8Each group comprised 10 mdlvlduals for each of biotypes 1.2. and 3 bMAC - macropterous. BRAe _ brachypterous 
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EVALUATION TRIALS 

Plant Breeding, Statistics, and Chemistry 
Departments 

Yield trials (Plant Breeding, Statistics, and Chem
istry). Brown-rice protein continued to be highly 
correlated with rough rice yield in rainfed and 
irrigated replicated yield trials. Similar trends were 
observed in previous irrigated trials, except in 1977 
(Table I). 

In the 1980 rainfed trial, the correlation coeffi
cient was -0.27** (n = 185) in the dry season and 
-0.32** (n = 186) in the wet season. IR36 continued 
to have higher protein but lower yield than IR42 in 
all trials. Some lines had 2 percentage points higher 
protein than IR42 but similar yields particularly in 
the irrigated trials. 

In the dry-season irrigated replicated yield trials, 
only IRI3429-287-3 had higher protein content 
but similar yields compared to IR36 and IR42, but 
seven lines had higher protein content than IR36 in 
the wet season (Table 2). Only IRI3429-287-3 had 
yields comparable to those of the check varieties 
and higher protein content in both seasons. Rive 
lines had either comparable protein or lower yield 
than the check varieties in the dry-season crop; no 

yield data were available for one line. All lines 
matured in 99-108 days after seeding. 

In 1979, IR 13429-287-3 had protein (11.0%) and 
yield (4.30 t/ha) comparable to those of IR36 in 
the wet season (10.8% protein and 4.16 t/ha), and 
had as low protein (8.2 vs 8.5%for IR36) but lower 
yield (5.84 t/ha vs 6.89 t/ha for IR36) in the dry 
season. The performance of this line will be 
che~ked in 1981. 

High-protein parents (Plant Breeding and Chem
istry). From 938 viable high-protein entries selected 
from the gerrnplasm bank with these characteris
tics - maturity> 100 days, indica type,low spike
let sterility, dry-season brown rice protein ;;'11% 
and, wet season protein ;;'12%, and 1000-grain 
weight ;;'20 g - 41 were selected based on 1979 wet 
season protein data. They were planted in a repli
cated yield trial in the 1980 wet season. Tungro 
imestation caused low yields of all entries including 
the four checks. Rough rice yield ranged from 0.04 
to 1.42 t/ha (mean 0.41 t/ha) and brown rice 
protein from 9.5 to 13.7% (mean 11.8%). The 
correlation coefficient between the two grain prop
erties was -0.12 (~'= 41). The protein values for the 
1980 crop were significantly correlated with those 
for the 1979 crop (r = 0.52**, n = 41). 

Table 1. Brown-rice protein content and its correlation coefficients with rough rica yield In irrigated yield trials. JRRI. 1973·80. 

Dry season Wet season 

Year Entries Brown-nce protein (%) Entnes Brown-rica protem (%) 
(no.) Range Mean (no.) Range Mean 

1973 232 6.7- 9.6 7.9 -0.36" 184 86-13.9 106 --024** 
1974 416 68-11 a 82 -0.13·· 370 7.3-11.3 8.8 -047*· 
1975 301 6.9-108 86 -0.50·· 278 6.4cll.2 8.8 -036·· 
1976 370 5.7- 9.7 7.3 -0.24 .... 416 5.7-100 7.6 -0.15·· 
1977 324 5.8- 9.1 7.4 002 278 6.1-114 9.3 -0.03 
1978 361 64-10.4 82 -022 .... 
1979 370 6.7-11.1 83 -0.50·· 369 82-12.5 102 -0.33*· 
1980 369 72-123 9.6 -0.59·· 369 69-152 101 -0.44"* 

Table 2. Brown-rice protein (SAP) and rough rice yield of 7 selected lines with higher protein butsimilaryieldscompared tocheck 
varieties IR36 and IR42 in either dry or wet 88ason.IRRI. 1980. 

Dry season" Wet season 
Selection Parents SRP Yield SRP Yield 

1%) It/ha) 1%) (tlha) 

IR9752·1·2 IR28/Kwang-chang-aIIIIR36 [106 5.46] 115 4.26 
IR9752-71-3 IR28/Kwang-chang-aiIIIR36 [10.2 5.70] 12.1 4.33 
IR13429·287·3 IR4432-53·33/Ptb 33111R36 112 5.93 11.8 378 
IR15429-268·1 74-5461 IIR2071·625·1 IIIR747S2·6·3 [10.3 5.251 117 4.51 
1R19198·9·2 IR74782·6·3/IET 5446111R36 _b _b 11.8 4.28 
IR 19722·9·1 IR8608-167111IR747621Kwang-chang-ail IIR74762 [11.9 488] 12.3 4.35 
IR19735·5·2 IR9129·77·1111IR74782·6·3/29 Lu 11 IIR74782 [10.8 561] 11.6 4.39 
IR36c . IA1561-228-1 IIIR244/0. nivsrallCR94-13 10.8 6.71 11.4 377 
IA42c IR1561·228·1 IIR 17371 ICR94·13 9.0 6.32 10.3 4.30 

"The brackets {J indicate either no advantage over check varieties in vlald and protein content, or lower yield. bprotein and yield data 
not available cMean of 4 sets In dry season and 3 In wet season, In which the 7 lines were included. 
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Table 3. Brown-rice protein content and rough rice yield of 5 
high-protein varieties from the germplasm bank. of 4 check 
samples. and ofa1141 entries.a IRRI. 19BO wet season. 

Brown-rice Rough 

Variety or line 
protem(%) rice yield. 

1979 19BO 19BOwet 
wet wet season 

(t/ha) 

A$DB (Ace. No. 4894) 15.2 126 112 
A$D8 (Acc.'No. 6393) 15.8 11.5 118 
Coho 13.0 11.3 101 
Jappine tung kungo 13.3 120 132 
PI 193175·1 14.4 12.5 142 
IR36 119 106 231 
IR42 107 108 178 
IR480·5·9 11.2 046 
IR2135-38-3 104 0.35 

LSO (0 05) 13 0.39 
Coefficient of variation (%) 58 42.2 

SMean of 2 replications for 1980 wet season and unrepllcated 
data for 1979 wet season. 

Susceptibility of the high-protein varieties to 
diseases and insects continues to complicate the 
estimation of their yield potential at IRRI. Yield 
reductions due to pests have been shown to result 
in higher percentage of grain protein. The five 
varieties that yielded more than I tlha and with 
protein content as high as that of IR480-5-9 are 
listed in Table 3. Two samples with more than 13% 
protein - Gidej 113 and Fai-yao-zai - had yields 
of only 0.17 and 0.23 t/ha. 

Plant nitrogen metabolism (Chemistry). Preli
minary pot experiments were done to determine if 
the efficient mobilization of nitrogen from senesc
ing leaf blades observed in IR480-5-9 also charac
terized the plants of high-protein rices at theveget
ative stage. No trend in residual N (0.45-0.64%) in 
senesced leaves and subsequent grain protein con
tent was noted in 7 rices at 58 days after transplant
ing. But at 79 days after transplanting the 2 sam
ples with less than 9% brown-rice protein had 
0.66% and 0.64% residualleafN, and the 5 samples 
with more than 9% protein had 0.57-0.60% leafN, 
regardless of previous classification of grain pro
tein type. The high- and low-protein plants had 
similar zymogram patterns for peroxidase and 
esterase and had overlapping specific activities for 
peroxidase and esterase. 

Greenhouse experiments by botanists at the 
University of Durham, England, reflected the large 
environmental effect on rough-rice protein - the 
eight IR rices used differed in sensitivity of protein
content response to added nitrogen fertilizer. 
Detailed compositional analysis of rough rice of 

IR26 (8.9% crude protein) and IR480-5-9 (10.6% 
protein) was used to calculate the theoretical glu
cose substrate requirements of the grain; similar 
values of 1.3 g glucosel g rice were obtained. 

PROTEIN DIGESTIBILITY AND RETENTION 

Chemistry Department 

Degree of milling and nutrient availability. Nu
trient levels in IR32 brown, undermilled, and 
milled rices suggest that brown rice is more nutri
tious than milled rice (Table 4). Brown rice had 
slightly higher protein content, higher lysine con
tent of protein, and higher fat and higher total 
phosphorus levels. It also had higher levels of 
crude and dietary fiber and phytin. Because brown 
rice has higher levels of thiamine and riboflavin 
and fiber, its consumption in place of milled rice 
has been advocated. LimIted studies in rats and 
preschool children suggested, however, that nitro
gen retention was lower for brown rice than for 
milled rice. Phytin and fiber may be involved in 
lowering protein absorption. 

Table 4. Properties and nitrogen balance of IR32 brown. 
undermilled, end milled rice in growing rats and preschool 
children. National Institute of Animal SCience, Copenhagen, 
Denmark; Nutritional Evaluation Laboratory. Food and Nutri
tion Research Institute, Manila; and IRRI. 1980. 

Nutrient content 
Protein (% N x 6 25) 
Lysme(g/16g N) 
Crude fat (%) 
Crode ash (%) 
Crude fiber (%) 
Dletaryflber (%) 
Total phosphorus (%) 
Phytm phosphorus (%) 

Brown 
rice 

8.7 
38 
23 
0.8 
0.7 
2.6 
0.14 
006 

N-balance In 5 growing ratsS 

Under
milled 

rice 

8.5 
3.6 
15 
06 
05 
18 
0.14 
0.05 

Milled 
rice 

83 
36 
07 
0.4 
02 
08 
008 
0,02 

Truedlgestlblhty(%) 969±05 97.2±0.7 984±05 
BIOlogical value (%) 68.9±1.1 69.7±1.3 675±06 
Net protein utlli- 66.8 ± 10 67.7 ± 1.0 66.4 ±O 4 

zatlon (%) 

N-balance In 6 preschool chlfdrer!.b 
Apparent absorptIOn 67.4 ± 3.9 700 ± 3 2 704 ± 4 9 

(% of intake) 
Apparent retention 36.1 ± 3.7 37.3 ± 6 2 36 9 ± 5 1 

(% of Intake) 

8Mean ± standard deViation. b250 mg N/kg body weight dally, 
2/3 from nce and 1/3 from casein. For casein 1, dietary nitrogen 
was 80 9% absorbed and 33.4% retained; for casein 2, nitrogen 
was 79 9% absorbed and 34.1 % retained. Rice diets were given 
In randomized order to each child 
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In view of the importance of rice in the diets of 
tropical Asia (it contributes 58% calories and over 
43% protein in the Filipino diet according to the 
1978 nationwide survey), a cooperative study was 
undertaken to check the protein and energy avail
ability in IR32 brown, undermilled, and milled rice 
for growing rats and preschool children. Bran
polish removal from brown rice was 5% and 9% by 
weight for the two milled samples. 

The nitrogen-balance data in growing rats 
showed that digestibility was slightly higher for 
milled rice protein thanfor brown and undermilled 
rice protein (Table 4). The biological value (BV) of 
milled rice protein, however, was correspondingly 
lower. The net protein utilization (NPU) of brown 
and milled rice were similar; that of underrnilled 
rice was slightly higher than NPU of milled rjce. 

Nitrogen-balance data on 6 preschool Filipino 
children on a rice-casein diet containing 250 mg 
N/kg body weight (2/3 from rice and 113 from 
casein) did not show that brown rice had signifi
cantly lower apparent nitrogen absorption than 
the two milled rices (Table 4). As with the NPU of 
the rat study, apparent nitrogen retention by the 
children was similar on the three diets. Because 
earlier studies at Food and Nutrition Research 
Institute using rice-milk diets containing 200 mg 
N/kg body wt (1/2 each from rice and powdered 
milk) showed lower apparent absorption and ret
ention of nitrogen from brown rice than that from 
milled rices, additional studies with a reduced ni-

trogen intake of200 mgl kg body weight are under 
way. 

Pigments and protein quality. Seed coat pig
ments in cereals such as sorghum and barley are 
known to reduce the digestibility aud solubility of 
protein because the pigments complex with pro
tein. Because little study has been 'done on pig
mented rices, and because red rices are common in 
countries such as Sri Lanka and among Oryza 
giaberrima, the phenolic content and nitrogen bal
ance in growing rats for brown and milled samples 
of the purple rice Perurutong, the red rice H4, and 
nonpigmented rices IR8 and IR32 were deter
mined. 

The two pigmented brown rices had more phe
nolics than the two nonpigmented samples (Table 
5), but protein and lysine contents were similar. 
True digestibility was lowest for Perurutong and 
l]ighest for IR8 and IR32, but the pigmented rices 
had higher BV for absorbed proteins. The result
ant NPU was highest for IR8 followed' by IR32 
and H4, and lowest for Perurutong. Thus only 
dark-colored rices such as the purple Per'!rutong 
had lower NPU than nonpigmented and red rices. 

Milling reduced the phenolic content of the 
grains and improved the nitrogen digestibility of 
the two pigmented rices (Table 5). In addition, the 
pigmented rices attained a NPU similar to that of 
IR32; however, IR8 had highest protein quality 
among the four samples. 

The higher BV and NPU of IR8 milled-rice 

Table 5. Properties and nitrogen balance of brown and milled pigmented and nonpigmented rices in growing rats. National 
Institute of Animal Science. Copenhagen. Denmark. and IRRI. 1980. 

Perurutong H4 IR32 IRS 

Gram property 
Color 
Methanol-soluble phenolics 

(% as catechin) 
Protein (% N X 6 25) 
Lysme (g/16 9 N) 

Nitrogen balance in 5 ratsS 
True digestibility (%) 
Biological value (%) 
Net protein utilization (%) 

Gram property 

Purple 
0.62 

83 
3.8 

724±1.8 
81.6±12 
59.1 ±03 

Brown rice 

Red 
025 

80 
3.7 

830±08 
803±1.5 
66.S±09 

Milledrice 

Methanol-soluble phenolics 007 005 
(% as catechin) 

NItrogen balance In 5 ratstJ 
True dIgestibIlity (%) 975 ± 10 99.2 ±O.7b 
BIological value (%) 68 4 ± 1.2 65 7 ± 0 ab 

Net protein utilization (%) 66,7 + 1.3 65 2 + O.Sb 
8Mean ± standard deVIation bAnother sample of the same varIety. c1972 data 
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001 002 

8.7 80 
38 3.9 

96.9 ±O 5 97.1 ±O5 
68:9 ±1.1 72.7±OB 
667±1.0 70 S±O.9 

001 0.02 

S84±1.0 962±04b,c 

67.5±14 731 ±O.gb·c 
66.4+12 70.3 +07b•c 
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protein were probably not due to the lower final 
gelatinization temperature (GD of its starch 
(67°C vs 76°C for H4 and IR32, and 7f1!'C for 
Perurutong). Other low-GT milled rices in earlier 
studies did not necessarily have higher BV and 
NPU. 

Poorly digested cooked-rice protein. The major 
poorly digested protein of cooked milled rice with 
molecular weight (MW) 16000 subunit was further 
characterized (An~ual report for 1979). Pepsin
treated cooked IR480-5-9 milled-rice protein bod
ies and fecal protein had properties closer to the 
70% isopropanol-0.6% f3 mercaptoethanol soluble 
(prolamin-like) fraction of rice glutelin than to the 
whole MW 16000 subunit of glutelin. This prolamin
like fraction also has MW 16000 and constitutes at 
least 5% of glutelin. Its amino acid pattern is sim
ilar to that of poorly digested protems such as 1% 
lysine and 4% cysteine and methionine. Isoelectric 
focusing in disc gels showed that the undigested 
protein soluble in 8 M urea has 6 bands with 
isoelectric points (pI) at pH 4.9, 5.1, 6.1, 7.0, 7.3, 
and 7.4. The prolamin-like fraction of glutelin had 
polypeptides with pI at pH 4.9, 6.1, 7.0, 7.3, and 
7.4. In contrast, the unfractionated MW 16000 
subunit of glutelin had higher lysine content (2.6%) 
and two major polypeptides soluble in 8 M urea 
with pI of7.1 and 7.5, plus lllJlinorbands(2with 
pI >7.5, 3 with pI at 7.1-7.5, and 6 with pI at 
5.1-7.1) indicating its greater complexity. 

The minor MW < 5000 fraction of rice glutelin 
with VIVo of 3.1 on SDS-Sephadex G-100 gel 
filtration had high UV absorption but low N con
tent. It is probably a polypeptide - its ninhydrin 
color recovery increased threefold after HCI hydro
lysis. Equilibrium dialysis showed the peptide to be 
freely dialyzable through a membrane with cutoff 
MW 2000. The fraction was poor in phenolics, 
nucleotides, or unsaturated fatty acids. The corres
ponding MW < 5000 fraction of fecal protein par
ticles was about 7% of total N and increased 14-

fold in ninhydrin reaction after HClhydrolysis. All 
these low MW preparations did not bind protein
staining dyes. 

OTHER NUTRIENTS 

Chemisty. Agronomy. and Plant Physiology Depart
ments 

Distribution of elements in rough rice (Chemistry 
and Agronomy). Distribution of selected elements 
in rough rice in milling fractions was determined in 
IR8 and IR36 rices grownin the 1979 dry and wet 
seasons at IRRI. Rice is a major source of these 
elements in Asian diets. Brown rice (77.4% by wt of 
IR8 rough rice and 79.8% for IR36) accounted for 
90% of rough rice nitrogen in IR8 and 94% in 
IR36, 100% of rough rice phosphorus, 76-77% of 
rough rice potassium, 95-100% of magnesium, and 
70% of calcium in the two rices. Among the five 
microelements of rough rice, 100% of zinc, 46-64% 
of copper, sodium, and manganese, and 21-23% of 
iron were retained in brown rice. 

Corresponding retention of-rough rice nutrients 
in milled rice was 74-80% of nitrogen, 33-42% of 
phosphorus, 20-26% of potassium, 26-28% of 
magnesium, 40-55% of calcium, 60-74% of zinc, 
47-65% of sodium, 22% of copper, 17-22% of man
ganese, and 6-15% of iron. 

Brown rice oils (Plant Physiology and Chemis
try). Earlier work suggested the brown rice oil 
extracted with petroleum ether from indica rice 
had less polyunsaturated fatty acids (linoleic plus 
linolenic) than oiHfom japonica rice from grains 
produced at IRRI. Confirmatory analysis, how
ever, showed overlapping values of 36-41% poly
unsaturated acids in total fatty acids (mean 38%) 
for 4 indica oil samples, 37% for I javanica oil 
sample, and 40% for Ijaponica oil sample. Ranges 
of fatty acid composition for the 6 rices were 16-
21 % palmitic, 1-2% stearic, 38-44% oleic, 34-39% 
linoleic, and 1-2% linolenic acid of the total fatty 
acids. 
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HYBRIDIZATION AND SELECTION 

Plant Breeding Department 

During 1980, 104 single crosses ,and 86 multiple 
crosses were made, primarily to incorporate insect 
pest and disease resistance into breeding lines that 
have higher levels of drought resiStance and good 
yield potentials, 

In the wet season, 230 single crosses were grown 
in a farmer's field in Batangas and in the upland 
area ofIRRI, and 5,451 F, plants were selected, In 
addition, 425 lines were selected from more ad
vanced generations grown at IRRL Selection 
emphasized plants with early growth duration, 
heavy panicles, and long grains, 

Twenty-seven F, bulk popUlations were grown 
in rainfed-wetland plots in both seasons and 279 F, 
plants were selected, 

Breeding efforts were,directed to incorporate 
resistance to tungro, grassy stunt, sheath blight, 
and to several insect pests into a drought-resistant, 
background, 

VARIETAL SCREENING 

Agronomy and Plant Breeding Departments 

Field screening rices for drought resistance (Agro
nomy). Tests for drought resistance at IRRI dur
ing the dry season consisted of selections from 
previous years' tests (233 entries); 1979 wet and 
1980 dry season elite lines, irrigated and rainfed 
wetland replicated and observational yield trials, 
pedigree nurseries and hybridization blocks (3,481); 
1979 wet season dryland ,replicated and observa
tional yield trials (99); 1979 and 1980 International 
Rice Testing Program materials (657); germplasm 
bank (45); and miscellaneous selections (25), 

The rices were seeded on dry granular soil on 17 
January 1980 and sprinkler-irrigated every 3-6 
days until 3 March (30 days from full seedling 
emergence), at which time irrigation was stopped, 
An 18-mm rain on 9 March and a typhoon at the 
end of March brought 100 mm of rainfall over a 
period of 4 days, That relieved soil moisture stress, 
which was in the range of 0,8 to 1,5 bars soil 
moisture tension (SMT), Another drying period 
followed, At SMT of 1-2 bars (14 April), the 
entries were individually scored for drought resist
ance -using the Standard Evaluation System for 
Rice (SES) where I = no to slight effects of soil 
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moisture stress and 9 = all plants apparently dead, 
Two rices, Salumpikit and IR442-2-58, were used 
as drought-resistant checks, and IR20 and IRA T 9 
were used as drought-susceptible checks, Scorings 
were also done at 4-5 bars SMT (18 April) and 8-10 
bars SMT (22 April), After scoring at 8-10 bars 
SMT, the soil moisture stress was relieved by 2 
sprinkler irrigations and drought recovery was 
scored 20 May by SES (I = 90% of plants fully 
recovered and 9 = no plants fully recovered), 

Because rains relieved the early soil moisture 
stress, many entries were in the reproductive stage 
when scored, Some accessions, especially those 
from China (composed of 8 rice-sorghum hybrids), 
were already maturing at 1-2 bars SMT, Ouly 28 
entries'had SES scores of3 or better at 8-10 bars 
SMT (fable I), Of those, 6 were in the reproduc
tive stage, Salumpikit and IR442-2-58 had drought 
scores of 5 and 6 at 8-10 bars SMT and IR20 and 
IRA T 9 both scored 8, 

Among the entries 141 scored 4 and 28 scored 3 
to make a total of 169 better than Salumpikit, the 
drought-tolerant check, Table 2 gives the percent
ages of outstanding rices among those tested for 
drought resistance from 1975 to 1980, 

Table 3 shows 7 IR lines with drought scores 
comparable to or better than those of the resistant 
checks IR442-2-58 and Salumpikit for 3-4 years of 
field screening, 

Screening for drought resistance in rainfed dry
land fields (Plant Breeding). During the dry season, 
3,157 varieties and lines were screened for drought 
resistance in rainfed dryland fields (Table 4), Plot 
size was increased from one row to three rows per 
test entry, That eliminated shading of semidwarfs 
by taller plants and avoided biased scores, 

Of entries from the germplasm collection, the 
majority of which are the ARC (Assam Rice Col
lection) accessions from India, 9% had a score of 4 
or less during vegetative growth, ARC14101, 
ARCI4108 and ARCI4123 were found to have 
moderate resistance to drought at the reproductive 
stage, 

Most of the dryland breeding lines had a combi
nation of high levels of drought resistance and 
good recovery ability at vegetative stage, Only 10 
percent of the test materials from the wetland 
breeding nurseries scored less than 4 at the vegeta
tive stage of growth, Most ofthe entries were mod-



Table 1. Promising drought- resistant rices in field screening. IRRI. 1980 dry season.8 

1st scoring 2d scoring 3d sconng 

Designation Orlgm 
(14 Apr) (18Apr) (22 Apr) Recovery 
1-2 bars 4-5 bars 8-10 bars scoreb 

GS OT GS OT GS OT 

IR45 (lR2035-242-1) 2 1 2 1 2 3 3 
IR3259-P5-160-1 2 1 2 1 2 3 1 
lR5624-1 10-2-At 2 1 2 3 2 3 1 
IR5793-55-1-1-1 2 1 2 3 2 3 3 
IR7790-l8-1-2 4 1 4 3 5 3 3 
IR8098-l94-2 2 1 2 2 2 3 3 
IR8103-120-3-A1 2 2 2 3 2 3 -3 
IR8235-194 2 1 2 3 2 3 3 
IR9266-124 2 1 4 3 4 3 3 
IR9669 selection 2 1 2 3 2 3 1 
IR9782-11 1 -2-1-2 4 1 4 3 5 3 3 
IR9852-19-2 2 1 2 2 2 3 3 
lR9852-22-3 2 1 2 2 2 3 3 
IR9852-53-2 2 1 2 2 2 3 3 
IR10206-29-2 2 1 2 2 3 3 3 
IR11288-B-B-288-1 2 1 2 3 2 3 3 
IRl1297-170-3-2 2 1 2 3 2 3 3 
IR13149-23-2 2 1 2 3 2 3 3 
IR 13149-71-3-2-3 2 1 2 3 2 3 3 
IR13576-18-2-3-1 2 1 2 3 2 3 3 
IR15718-28-2-2 2 1 2 2 2 3 3 
IRI5821-73-2 2 1 2 2 2 3 1 
lR 15849-132-3-3 2 1 4 2 4 3 1 
IR17076-61-1 2 1 2 3 2 3 3 
BKN6986-141-2 (ROI9) Thailand 2 1 2 2 2 3 3 
BL169 Nigeria 4 1 5 1 5 3 5 
lAC 23 Liberia 2 1 2 2 2 3 5 
Mal Siraz Bangladesh 2 2 2 2 2 2 3 

8Growth stage (GS) numbers and drought tolerance (Onscoresare from the 1975 Standard Evaluation System for Rice (SES) bBased 
on 1975 SES 

Table 2. Entries and outstanding selections in field screenmg 
of rices for drought resistance at vegetative stage from 1975 
to 1980 dry season. IRRI 

Year Entries Outstanding selectlongll 
(no) No Percentage 

1975 1003 32 319 
1976 1016 6 0.59 
1977 4119 51 1.24 
1978 4757 43 090 
1979 3897 145 372 
1980 4540 169 372 

80roug ht tolerance score comparable to or better than that of 
IR442-2-58 and Salumplkit at 10 bars SOIl mOisture tenSIOn 
(SMn. except In 1979 test which was at 5 bars 

erately susceptible to drought at the reproductive 
stage. 

The four progenies of the rice-sorghum cross 
headed during the stress period and were com
pletely sterile. Their drought resistance at the 
vegetative stage was not outstanding. 

Screening for field resistance to drought in 
rainfed wetland fields (Plant Breeding). During the 
dry season 914 varieties and lines from the wetland 
breeding nurseries were tested for field resistance to 

drought in a simulated rainfed-wetland culture. 
The test varieties were transplanted in a puddled 
soil and allowed to grow for 20-30 days, after which 
the field was drained and allowed to dry. They were 
scored 20 days later when the susceptible check 
(lntan) showed distinct symptoms of stress. Table 5 
shows the distribution of drought resistance scores. 
Those that scored 4 or less at the reproductive stage 
probably escaped drought because they headed 
near the end of March when there were rains. Most 
of the entries that headed during the rainless days 
of April showed panicle sterility. 

Lines found to be moderately resistant to drought 
at the reproductive stage of growth were lR8235-
196-3-2, lR9 I 29-320-3-3-3, lR9224-223-2-2-2-1, 
lR9698-16-3-3-2, lR9830-27-2-3, and lR21335-29. 
They were also entered in the 1980 wet season 
hybridization block and are being used in crosses. 
Those lines are resistant to several insect pests and 
have good yield potentials. 

Drought screening in the greenhouse (Agron
omy). A special greenhouse screening facility for 
drought resistance was used from 1976 until the 
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Table 3. Outstanding"selections for drought resistance at vegetative stage In field screening. and their possible source of 
resistance. IRRI. 1977·1980 dry seasons. 

Drought scoreB 

Designation Possible source Ongln 1917 1978 1979 1980 of resistance 
4bars 10 bars 5 bars 10bars 5 bars 5ba(s 10bars 

IR5953-118-5 (IR52) Nam Sagw19 3 3 3 3 5 
IRB098·194·2 Aus 12 2 3 7 3 2 
IR8103-120-3 Aus 197 3 3 1 3 3 
IR9669 selection Carreon 4 4 3 1 3 
IR5624-11O-2 Khao Dawk Mah 105 3 3 3 
IR8234-174-3 Nam Sagui 19 3 3 4 
IR9995-96-2 Nam Sagul 19 3 3 4 
Nam Sagui 19 Thailand 7 7 7 3 5 
Carreon PhlhpPlnes 3 3 5 3 
Leb Mue Nahng 111 Thailand 3 3 4 3 4 
Khao Dawk Mali 105 Thailand 3 6 6 3 5 
IR442-2-58 Leb Mue Nahng 111 4 5 5 3 4 
Salumpiklt Philippines 4 5 4 3 4 
IRAT9 Ivory Coast 7 8 9 7 7 
IR20 7 8 8 5 6 

aBased on 1975 Standard Evaluation System for RIce A dash mdlcates ho test SOIl mOisture tension ranged from 4 to 10 bars. 

Table 4. Summary of drought resistance scores of 3.157 vanetles and lines grown In rainfed-dryland fields, IRRt 1980 dry 

Type of ,entry Stage Entries Entries (no) with deCimals scores of 

scored (no.) 4 

Germplasm collections VegetatIVe 1,783 156 683 830 101 6 
Reproductive 1,017 3 16 19 196 68 715 

Dryland breeding nurseries Vegetative 571 10 84 326 132 10 2 
ReproductIVe 118 1 1 1 17 6 92 

Wetland breedmg nurseries Vegetative 559 54 235 241 22 
Reproductive 80 1 1 10 15 53 

International nursery entries VegetatIve 198 10 53 104 27 3 
Reproductive 32 1 5 7 19 

Heat-tolerant hnes Vegetative 44 14 21 8 
ReproductIve 26 3 18 

Rice-sorghum hybnd Vegetative 2 1 
Reproductive 4 

aOeclmal score for vegetatIve stage based on 1 - plant has no or slight leaf roiling, remarns green wIth few leaf tIPS drymg and no 
stunting;to 9 =tube-hke leaf rolhng, all leaves dried, and severe stuntmg ReproductIve stage score based on 1 =no headrng delay, full 
pamcle exsertion, normal pamcle SIze, 91-100% spikelet fertility, mostly well-fIlled gram and shght leaf rolhng, to 9 =half-exserted 
pamcle, panicle SIze reduced by half, 0-10% spikelet fertility, mostly empty gram, and tIght leaf rolhng or no headmg untt! after 
moisture is replenIshed 

Table 5. SUmmary of drought resistance scdres of 914 varieties and hnes grown under rainfed-wetland culture and rated at 2 
growth stages, 1980 dry season, IRRI. Plant Breeding Department. 

Type of entry Stage 
scored 

Lines In collaboratIVe Vegetative 
rainfed-wetland trials Reproductive 

Lines in replicated ramfed- VegetatIve 
wetland Yield trial Reproductive 

Lmes for Irngated culture VegetatIve 
in replicated yield tnal ReproductIVe 

InternatIOnal Ramfed Low- Vegetative 
land Rice Observattonal Reproductive 
Nursery entries 

Entries 
(no) 

63 
50 

200 
166 

400 
394 

251 
221 

2 
6 23 

21 

95 
1 

11 

Entries {no,' with declmal8 score of 

3 
12 

1 

69 
5 

155 
1 

65 
3 

4 
6 7 
1 4 

55 20 
4 10 

113 23 
12 30 

6 7 
8 1 
8 11 

19 11 
23 43 

3 
58 

6 
155 28 

99 31 11 9 24 
46 3 8 8 22 

e-ntries (no) 
not headed 

at end of test 

25 13 

78 34 

109 

1 
131 30 

80eclmal score for vegetatIVe stage based on 1 - plant has no or slight leaf rOlling, remarns green wIth lew leaf tipS drymg and no 
stuntmg. to 9 =tube-Ilke leaf roiling, all leaves dried and severestuntmg Reproductlvestagescore based on 1 =no headIng delay, full 
panicle exsertlon. normal pamcle SIze, 91-100%splkelet fertIlIty, mostly well-fIlled gram, and slight leaf roilrng, to 9 =half-exserted 
panIcle, pamcle SIze reduced by half, 0-10% spikelet fertlhty, mostly empty grain. and tight leaf roiling or no headrng until after 
moisture IS replenished 
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1. Distribution of the 4, 187 entries screencd at the LRRJ drouaht 
screening greenhouse, 1976-80. 

2 :3 4 5 6 

o.a..;,t ..... 
7 8 9 

1. Distribution by drought sco~ of the 4,187 entries tested for 
the period 1976-80 at the IRRI drought screening greenhouse. 

end of 1980. Of 4,187 entries tested, 2,435 were 
germplasm bank accessions. Figures I and 2 illus
trate the number of entries successfully screened 
each year and the frequency of entries falling in 
each of the SES scores I to 9. The entries that 
scored I are generally from dryland ecological 

backgrounds. Some of those that scored 2 and 3 
are from wetland environments, and others are 
hybrids. Table 61ists selected entries that had 3 or 
more replications and scores of 2.0 to 3.0 as a 
representative sample. 

DROUGHT RESISTANCE IN RAINFED 
DRYLAND RICE 

Agronomy and Plant Breeding Departments 

Dryland rice yield test (Agronomy). The 1980 wet 
season dryland rice yield test consisted of the 27 
entries in the 1980 International Upland Rice Yield 
Nursery; 36 selections from the 1977, 1978, and 
1979 field drought screenings; 10 entries from the 
1979 yield test; and 8 other rices, including tradi
tional and other varieties used as c/lecks in field 
drought screenings. 

The test was conducted at IRRI, in two Batan
gas farmers' fields, and at two Philippine Bureau of 
Plant Industry (BPI) experiment stations. Two 
seedings (I-month interval) were made at IRRI 
and at the Batangas sites to determine the effect of 
delayed seeding on dryland rice. The first seeding 
above and the only seeding at the BPI stations 
coincided with the start of the planting season in 
each area. 

Tabl, e. Selected entrie. with lCore" of 2.0 to 3.0. IRRt. 
1980. 

Entry 

IAC1131 
Holamaldlga 
IRATI 0 
Rim Kajar. 
IRnn-7-' -' 
IRAT13 
IR5853-118-5 
Mal.be l 
Sikodok 
TRI 
Naung Tu 
BR166-28-8 
IRATS 
IR3260-P91 · 100 
Gogo Putlh 
CR141 -3138-2-234 
CR41 0-' -3-4 
Oacca 14 
00118 
Dove H 
AAC11430C 
IACS544 
Intln 
PN677·1 
Ham Sagul 19 
Paedl Klihbungga 
1021 (Guatemlla) 
IR8608·79· 3·2 

Sea,. 
2.0 
2.0 
2.0 
2.0 
2.0 
2.2 
2.3 
2.3 
2.3 
2.3 
2.5 
2.5 
2.5 
2.6 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
30 
3.0 
30 
30 

·Seores Ire the mean of 3 or more rephcatlons (± SE) 

±SE 

05 
06 
0.5 
0 .0 
0.' 
06 
0.3 
03 
03 
0.3 
1 5 
15 
05 
06 
0' 
00 
05 
0.5 
0.0 
00 
0.0 
05 
00 
00 
05 
00 
00 
00 
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Daily rainfall (rom) and solar radiation (g 
call cm' daily) were monitored at all sites. Soil 
moisture tension (SMl) in centibars (cb) was 
recorded at IRRI and the two Batangas sites. Fig
ure 3 shows SMT for 3 sites and rainfall for all 
sites. The rainfall in 4 of the 5 test sites (I1agan was 
the exocption) was relatively high for June-October 
1980. The distribution, bowever, was erratic. A 
2-week dry spell at lRRJ and Cuenca in late July 
and early August caused the SMT to rise above 50 

Sotl mc:ish.re lension (cb) 
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0 

J. Weekly rainfaU and number (on bars) of rainy days pcrweek 
at S Philippine: sites for dryland rice yield trials, with corre
sponding soil moisture tension at JRRI and 2 Batangas 5iles. 
1980 wet season. 
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cb fora period of from 7 to 9 days. SMTat IRRI 
was above 80 cb for 7 days. 

The limited rainfall at lIagan caused prolonged 
soil moisture stresses, various degrees of wilting 
and leaf desiccation, and delayed and nonuniform 
heading. 

Solar radiation data for lRRl and the Batangas 
sites are seen in Figure 4. 

For comparison with standard varieties of vary· 
ing growth durations, the entries were grouped into 
the early-maturing and the medium- and late
maturing, consisting of39 and 42 entries including 
check varieties . 

Fourteen of tbe early-maturing rices are pres
ented in Table 7. Twelve performed better than 
IR36and MI-48, the early-maturing checks. Yields 
of 17 medium-and late-maturing rices are in Table 
8. IR43, IR9560-2-6-3-1, and lR9669 Sel were ear
lier identified as tolerant of imposed soil moisture 
stresses of 5 and 10 bars SMT during dry season 
drought screenings. Another six from the list in 
Table 8 were drought-resistant selections, indicat
ing that high yield potential can be incorporated 
into drought-resistant varieties. 

WIIIIJw tmnfull (mm ) SakJr IOdiobarI (II Cal/cm'l 

4. Solar nadiation and weekly rainfall at IRRI and two Batangas 
(Philippines) sites used in drylaod rice yield trials. Numbers on 
bars are rainy days per week. 1980 ~ season. 



Table 7 . G,.in yield of eerty-maturing rice. in dryland yield trial •• t 4 Philippine ';18". 1980 wet &eaaon. 

Grain YIeld (tlha) 

DesIgnation IAAI Santo Tomas Cuenca La Granja 

3Jun 23 May 2SJun lSMay 20Jun 10Jun 
Mean 

IAS931 -110-1 2.9" 4.6" 3.S·· 45' 3.5" 3.9 38 
B733C-167-3·2 2.8· 4.9" 3.2' 4.6" 3.3' 3.8 3.8 
IA9782· 111 ·2-1 ·2 2.5 4.7" 4.0·· 5.0" 3.0 2.S 36 
IAS716· 18·1 2.2 3.8 2.9 41 3.1 3.4 3.3 
IAS92S· 12-3 '-9 3.7 3.0 3.9 2.8 3.S 32 
IA2061 ·S22·6·9 2.1 4.1· 3.5" 3.4 2.9 3.2 3.2 
lET4094ICR1SS·5021 · 207) 2.S 3.8 2.3 41 3.3' 3.3 3.2 
KMP34 1.9 4.0 2.6 3.5 3.2' 3.8 32 
IA7473· 118·2·2·3 2.1 4. ,. 2.3 3.S 3.0 3.2 3.1 
lA808S·48·2 1.7 3.9 2.7 3.3 3.5" 3.7 3.1 
lRBS08·3·2· 2·3 2.4 3.7 3.4· 3.2 3.1 2.9 3.1 
IA9828· 36·3 1.7 4.0 2.8 3.7 3.1 3.3 3.1 
IA36 (check) 22 3.3 2.3 3.5 2.S 3.2 2.9 
Ml-48 (check) 1.4 2.2 '-0 2.3 2.3 3.3 2.1 

- llagan data not included because of crop failure; Sanlo Tomas and Cuenca had 2 seedings each . • and .. indicate significantly 
different from IA36 (check,aIS% and 1% levels. 

Table 8 . Grain yield of medium· and late-maturing rices in dryland yield trials at 4 Philippine site". 1980 wet seaaon. 

Grain yield It/ ha, 

DeSignation IRRI Santo Tomas Cuenca La Granja 

3Jun 23 May 2SJun 15 May 20Jun 10Jun 
Mean 

IA43 2.8" 4.S·· 3.4" 5.0· 3.7" 3 .S 3.9 
IR9S60-2-6 ·3· ' 2.5" 4.5 0

• 3.9" 4.3 3.9" 2.S 3.S 
IROOS9 selection 2.3" 4.7·· 3.0·' 3.9 3.9" 2.9 35 
C171·136 2.6" 4.5-- 2.r 4.4 3.6' 3.8 3.5 
B2433B·KN -l 0- I -1·1 2.3" 3.5 2.2' S.S·· 3.7" 2.B 3.4 
Gama 318 2.5" 3.B 2.5" 4.4 3.S· 3.8 3.4 
IR8098·41 · 3 2.B·· 4 .5·· 2.9" 4.4 2.9 2.2 3.3 
lR9101 · 124· 1 2.1' 4.)- 3.0" 4.2 3.0 3.1 3.3 
IET178S 2.8" 4.6-- 2.8" 3.6 3.2 2.9 3.3 
KN96 3.2" 3.8 1.9 3.8 3.3 3.9 3.3 
IRS64J·178-1 '-9 .3.5 3.0" 4.4 2.8 3.7 3.2 
lAS677-22-S·2 2.4-- 4.3-- 2.5" 4.1 3.8' 2.7 3.2 
IR999S·96·2 2.3" 3.4 2.5" 4.9" 3.3 2.7 3.2 
lRS2 2.3" 3.8 19 4.3 3.2 3.2 3.1 
B44B-50-2-2-S-' , ' 2.2' 4 .2- 2.0' 4.S 3.0 2.6 3.1 
C166-13S 1.8 4.0· 1.9 4.3 3.0 3.5 3.1 
IR4S 2.0 3.7 2.3" 3.8 3.2 2.9 30 
C22 (check) 1.6 3.2 '-, 4.0 3.0 3.9 2.8 

-Uagan dala not Included because of crop failure; Santo Tomas and Cuenca had 2 seedings each . • and •• indicate Significantly 
different from C22 (chedtl at 5% and ,% levels_ 

Yield data for the two seeding; at Santo Tomas 
and Cuenca indicate a generally lower yield in later 
seedings (Table 7, 8) because of reduced tillering 
and shoner panicles. Soil moisture stress in early 
August coincided with tbe active vegetative stage of 
the second seeding at both sites. In addition, dis
ease pressure was heavier on the later seeded crops. 
Expected favorable effects of the solar radiation on 
the later seeded rices were masked by tbecombina
tion of soil moisture stress and disease pressures. 

A summary of agronomic characteristics for 
entries reported in Tables 7 and 8 is given in Table 
9. 

Drought at nagan delayed beading and, conse-

quently, maturity of all the entries. Rices that had 
better scores than the drought-resistant checks 
IR442-2-58 and Salumpikit were 1R9560-2.Q.-3-I, 
IR9995-9f>.2 (both identified earlier at IRRI as 
drought resistant), and M 148. 

A review of the yield trials since 1976 showed 
that 1R43,1R2061-522.Q.-9,1R9669 Sel, and Gama 
318 were consistently among the highest yielders 
(Table 10). 

Field evaluation of promising dryland lines 
(Plant Breeding). Eighty varieties and lines were 
evaluated in a farmer's field in Batangas Province, 
on a fenile, wet site at IRRI, and on a well-drained, 
low-soil-fertility site at IRRI. 
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rable 9. Summaryofg,..in yield and other agronomic cha,..ct.ri.tici of earty .• medium·, and IIIt.-maturing ric •• in dryland yield 
trial. at IRAI. Santo Toma •. Cuenca. and u Granja . Philippine • . 1980 wet .. awn. 

Ay 
Plant 

Designation 
gra in Growth duratIon (OS-I 

hI 
Panicles ,",ponant diseasesl' yield Mean Range (em) (no./m21 

(t/ hal 

Earl'l·maturing 

IR5931 · 110· 1 3.8 117 111 · 132 101 2~3 81. LSm, Sh8 
8733C· 167·3·2 3.8 120 114-134 109 257 LSm. NBLS. She 
IR9782·111·2,'·2 3.6 114 109· 126 76 314 BI. LSm. NeLS. She 
IR5716·18·1 3.3 122 112· 143 92 244 LSc, N8LS. ShB 
IR5929·12· 3 3.2 115 105·131 107 213 LSm, NBLS, ShB 
IR2061 ·522·6·9 3.2 116 109·130 95 268 BI , LSc. NBLS, She 
IET4084 (CRI56·5021-207j 3.2 120 112· 133 82 258 81. NBLS, She 
KMP34 3.2 116 107-132 82 267 LSm, NBLS, ShB 
IR7473·118·2· 2·3 3.1 118 110·136 90 226 LSm. NBLS, ShB 
IR8085-48-2 3.1 122 117· 138 88 242 LSc, NeLS. ShB 
IR8608-3·2-2-3 3.1 112 105·126 82 247 LSm, NeLS. She 
IR9828-36-3 3.1 116 109· 130 74 267 LSm, NBLS. ShB 
IR36 (check) 2.9 114 109· 131 69 273 BI. LSc. NBlS. ShB 
M 1·48 (check) 2_1 121 114· 132 118 161 Sh8 

Medium· and lar. ·maturing 

IR43 3.9 126 117· 142 82 254 NBLS. ShB 
IR9560-2·6·3·1 3.6 131 124-151 81 251 LSc. LSm, NLBS. Sh8 
IR9669 selection 3.5 132 124-149 82 233 BS. lSc. lSm. NBLS, Sh8 
C171·136 3.5 126 119· 141 109 222 NBLS, ShB 
B2433B·KN·10· 1· 1· 1 3.4 136 129· 154 104 257 81, lSc, ShB 
Gama 318 3.4 129 123·145 95 251 BI. NBlS, ShB 
IR8098·41·3 3.3 129 123· 142 93 241 lSc, lSm, NBLS. She 
IR9101·124· , 3.3 124 115·141 80 260 NBlS, ShB 
IET1785 3.3 127 122· 143 79 270 lSm, NeLS. She 
KN96 3.3 128 123· 147 105 241 81, lSc, NeLS. She 
IR5643· 178· 1 3.2 126 119·145 82 240 LSc. LSm. Sh8 
IR5677· 22-5·2 3.2 132 124-146 84 252 BI. lSc. N8lS, Sh8 
IR9995·96·2 3.2 132 122· 147 91 233 8S. N8lS, She 
IR52 3.1 124 120-134 90 261 81, LSm, N8LS. She 
844S· 50·2·2 · 5· 1· 1 3.1 133 125· 154 97 222 81. LSc. ShB 
C166-135 3.1 128 124· 143 111 209 lSc. ShB 
IR45 3.0 130 122· 147 80 272 lSc. NSLS, ShS 
C22 (check) 2.8 126 117·143 117 205 81, LSc, Sh8 

·OS-daysafter seeding. bSl=leafblast, lSc = Ieaf scald, LSm =Ieaf smut, NBlS =narrowbrown leaf spot. ShB -sheath blight. 8S -
brown spot. 

Tabl. 10. Grain yield of rice, that performed well foretl •• ,t 2 
ye .... in wet ... lOn dryland yield te.tlat 4·5 Philippine ,it ••. 

Grain yiel~ Itlha) 
Entry 

1977 1978 1979 1980 

E.rl'l·maturing rices 

IA2061 ·522·6·9 3.5 
lR5716·18·' 
IA7473· 118·2· 2·3 
IR9828·36·3 
8733C-167-3-2 
IET4094 (CA 156·5021·207) 
IR36 (check) 3.6 
Ml ·48 (cheek) 2.2 

Medium· and late·maturing rices 

IR43 3.6 
IA52 
IR9560-2-6-3-1 
IR9669 selection 3.5 
CI66· 135 
Gama 318 3.5 
IETl785 
C22 (check) 3.4 

· A dash I ) means not tested. 

3.2 

3.2 
3.3 
3.5 
2.8 

3.3 
3.5 

3.6 

3.4 
3.2 
2_8 

8lI IRRI ANNUAL REPORT FOR 1980 

2.3 
2.3 
2.0 
2.0 
2.5 
2.3 
1.9 
1.7 

2.8 
2.5 
3.2 
3.2 
2.6 
2.8 
2.6 
2_2 

3.2 
3.3 
3.1 
3.1 
3.8 
3.2 
2.9 
2.1 

3.9 
3.1 
3.6 
3.5 
3_1 
3.4 
3.3 
2.8 

There was no serious drought spell throughout 
the crop season in the farmer's field at Batangas. 
However, severe lodging caused by typhoons at 
ripening and a high incidence of sheath blight 
lowered the yield of the susceptible entries. Leaf 
folders also damaged some entries. 

The highest yields obtained at Batangas were 
from IR6115-1-1-1, CI064-5, and IR43 (Table II). 
The coefficient of variation was computed at 
18.8% and the average site yield was 2.8 tf ha. 

Of three agronomic traits, the number of days 
from seeding to maturity was positively correlated 
with grain yield (r = 0.28"), while plant height was 
negatively correlated (r = -{).41**). Late-maturing 
lines lodged heavily because of a series of beavy 
downpours at the flowering-te-ripening stage of 
12(}- to l3O-day-old varieties_ Panicle number did 
not appear to affect the yielding ability oftbe varie-



Teble 11 . Grain yield and other agronomic traits of selected 
lines grown at • fanne,', field , Santo Tomas. Bablr'lga. Pro· 
vince. Philippine • . 1980 wet ... son. 

Uno "'anl hi Parucles Maturity Gra in VJ81d 
(em) (no) ldays) (llha) 

IR3 119· 25· 3·4 111 36 120 36 • 
IR3839· ' 90 40 109 38.be 
IR3858·6 12. 34 121 35 • 
IR3880-10 120 38 120 3.' • 
IR3880-17 125 39 118 3 7 be 
IR5420· ' · ' · 2 117 40 116 36 • 
IA5873-9 -1 128 38 120 3' • 
IR5873- 13-2 123 35 118 3' • 
IR5929· 12·3 106 37 113 34 • 
IR5931 · 110· ' 107 36 114 39 abc 
IR5931 - 113· ' 122 34 118 38 abc 
IR5982· 7·6· ' 88 39 120 33 • 
IR6023-10- 1- 1 130 37 120 34 • 
IR6115· ' · ' · ' 95 38 120 4.0 abc 
IR9669 selection 92 40 126 3.8 abc 
C1Q64· 5 114 32 120 4S ab 
IR36 lcheck) 70 45 110 2.0 d 
IR43 (check) 88 38 123 4 6 _ 

ties (r = 0.31··) at tbis site. 
The crop grown on the fertile, wet site at IRRl 

received evenly distributed rainfall from seeding to 
harvest and had no serious drought spell. Adverse 
weather in October caused severe lodging in almost 
all the plots. High incidences of sheath blight and 
leaf folder were noted, especially in the middle of 
the field. The highest yield obtained was only 3.0 
tl ha from CI064-5, the lowest was 0.5 tl ha from 
IR I 2740-24-1. The average yield was 1.7t/ ha and 
the coefficient of variation was 23.9%, the highest 
among the three test sites. 

Correlation coefficients showed that plant height 
was negatively correlated (r = -44 •• ) with yield, 
and panicle number was positively correlated (r = 
0.48··). Growth duration was not significantly 
correlated with yield (r = - 0.05 ns). 

At the well-drained, low-fertility site at 1 R R I, 
the crop suffered from moisture stress at6(}-70 days 
after seeding, which coincided with the panicle 
initiation stage ofthe early- and medium-maturing 
entries. A 7-<lay dry spell during the last week of 
September affected the ripening and beading stage 
of the late and very-late entries. 

The yield ranged from 0.08 tl ha to 2.5t/ ha with 
an average yield of 1.3 t / ha. The coefficient of 
variation was 19.3%. Table l2sbows the grain yield 
and three other agronomic traits of selected lines 
and varieties. The highest yielders were IR6115-1-1 
and CI064-5. IR36, IR45, and 1R9669 selection, 
which were slightly affected by the early shon dry 
spells, recovered and produced a yield higher than 

r.bl. 12. Grain yield and other agronomic trait, of .. Iected 
linea grown at a well-drained and low-fertility ,;te at IRRI, 
1980 wet Mason . 

Plant Panl- Matu- Gra,n yteld 
Variety or line h. cles my 

tem, (no.' 105"') ft· hal 

IA36 (check, 61 45 120 20abe 
IA43 !check) 79 40 122 2.0.bc 
1A45 (check) 77 44 129 15 .de 
IR3839- 1 81 46 11 5 2 1 ab 
IR5931 - 11 0- 1 95 43 118 1 9 bed 
IA5931 - ' 13- 1 102 48 118 1 5 bed. 
IR6023-10- ' -1 96 42 122 1 3 de 
IR6115- 1-1- 1 90 40 123 25. 
IR9669 selection 84 44 126 l Oabe 
IR1274O-24· ' 128 33 145 0 5 
Cl064-5 94 35 118 25_ 
Klnandang Patong 144 3' 120 11 e 

(check, 

-Davs after seedIng 

that of the traditional upland variety Kinandang 
PalOng, but their heading was markedly delayed. 
Other high yielding lines, which also have high 
levels of drought resistance and recovery ability, 
generally gave higber yields without delay in head
ing or maturity, or both - IR3839-1 , IR5931-110-
I, and IR6115-1-1-1. 

Correlation coefficients showed that panicle 
number was positively correlated with yield (r = 
0.62··), but plant height and yield were negatively 
correlated (r = - 0.38··). No correlation (r = 
0.07 ns) was observed between growth du .... tion 
and grain yield. 

Analysis of variance for each test site showed 
highly significant variation among varieties and 
lines for the four characters studied (plant height, 
panicle number per unit area, number of days to 
maturity, and grain yield). Variances among sites 
were heterogeneous for three characters, but plant 
height showed independent response at each site. 
Figure 5 shows some selected lines representing the 
different yield responses of the entries at different 
test sites. The new IR lines sbowed a higber yield 
potential and more stable yields than the named 
varieties, mainly because of the high levels of 
drought resistance being incorporated. Rainfall 
varied from 1, 184 mm at the well-<lrained site lO 
1,221 mm at the wet, fertile site at IRRlfarm, and 
1,396 mm in tbe farmer's field in Batangas. 

DROUGHT RESISTANCE IN RAIN FED WETLAND 

Agronomy. Plant Breeding. and Irrigation Water 
Management Departments 

Rainfed wetland yield nursery for drought-prone 
areas (Agronomy). A rainfed wetland yield nursery 
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dryland culture. 1980 wet season. 

of selected entries from the Genetic Evaluation and 
Utilization (GEU) program and International Rice 
Testing Program (I RTP) was first grown at 
Guimba, Nueva Ecija, in 1979. In 1980 other sites 
at Liloan (Cebu) and Oton (Iloilo) were added. 
Crop management practices included ro-30-30 kg 

PK/ ha added basally. Insect and disease inci
dence were minimal, but at Guimba the leaf folder 
and whorl maggot occurred at the vegetative stage. 
Hand weeding was done as needed. Crop weather 
was favorable at all sites. 

In 1980 the free water level in the paddy above 
the hardpan was measured. In addition, the free 
water level below the paddy was recorded. Figures 
6-8 give an indication of the soil water conditions 
and show the three hydrologically related variables 
rainfall, soil mat ric potential, and free water level at 
the sites. At Guimba, both short-term water def
icits such as those that occurred I &-27 October and 
the soil drying and decline of free water levels after 
the final storm of the monsoon season about 5 
November are well illustrated (Fig. 6). Table 13 
shows the yield at these sites for the 32 entries and 
I R8, which was the farmer's variety at Liloan. At 
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6. Soil matric potential (IS-cm and JO.em soil depth), water 
level in paddy (piezometer at 20 an) and below the paddy 
(piezometer at 100 em). and rainfall at the 3 wnred wetland 
areas where the rainfed wetland yield nursery fordrought-prone 
areas was grown in the 1980 wet season. Guimba, ueva Ecija, 
Philippines. 

Liloan and Olon, water did not appear to be limit
ingand rainfed yields were relatively high. Guimba 
also experienced a rather well-<fistributed rainfall 
and high water level conditions except at the end of 
the season. As previously reported the higher yields 
for Guimba were associated with the very early 
maturity groups. 

Evaluation ofrice yield under two water regimes 
(Plant Breeding and Irrigation Water Manage
ment). Yield performance of 20 IRRJ lines, 4 
Indonesian varieties and lines, 14 breeding lines 
from Thailand, and 2 Philippine varieties was 
tested under two water regimes at 3 sites - IRRI, 
and Gapan and Guimba, Nueva Ecija province. 
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7. Soil matric potential (1S<m aod)(km soil depth), water 
level in paddy (piezometer at 20 em) and below the paddy 
(piezometer at 100 em), and rainfall at the 3 rainfed ~'et1and 
areas where therainfed \Io'Ctland yield nurscryfordrougbt-prone 
areas was grown in the 19 0 wet season. Oto~ Iloilo, Philip
pines. 

Gapan data are not included because, although the 
crop had no visible moisture stress, many suscepti
ble entries were damaged by tungro. 

IRRI. The IRRI trial was transplanted 29 July 
in a rainfed-wetland area and in an irrigated area. 
Total rainfall from transplanting to harvest was 
1, 161.6 mm. Short dry spells of 4-5 days occurred 
during the last week of September and the second 
week of October, which coincided with the heading 
time of the early-maturing entries but no pro
nounced symptoms of crop moisture stress were 
observed. 

The highest yields obtained from the rainfed 
plots were 4.3 and 4.8 tl ha from lR92 I 7-58-2 and 
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8. Soil mat ric potential ( 15-cm and )(k:m soil depth), "''aler 
)e\'tl in paddy (piezometer at 20 em) and below the paddy 
(piezometer al 100 em), and rainfall at the 3 rainfed areas where 
the rainfed wetland yield nu~ry for drought-prone areas was 
grown in the 1980 wet season, Liloan, Cebu, Philippines. 

IR 13149-19-1. The mean yield from the rainfed test 
was 2.8 t / ha. Light infection of about 10-15% of 
rice tungro virus slightly affected the yields of sus
ceptible plants, especially the breeding lines from 
Thailand. 

Analysis of variance of plant height, panicle 
number, number of days to head, and grain yield 
showed highly significant variation among varie
ties grown in rainfed plots. 

In the fully irrigated plots, the highest yield 
obtained was 5.4 tl ha from IR9852-22-3. The 
mean yield of the irrigated plots was 3.5 tl ha. 

A highly significant correlation coefficient 
between the yield of rainfed plots and the yield of 
irrigated plots was obtained (0.83**). The coeffi
cient of variation was 20.4% for rainfed plols and 
16.6% for the irrigated plots. 

Among the varieties that had no significant yield 
difference between the two water regimes were 
IR52 (3.7 vs 3.9 tl hal, I R4432-28-5 (3.6 vs 3.9 t / ha), 
IR9217-58-2-2 (4.3 vs 4.6 t/ ha), and IR 13149-19-1 
(4.8 vs 4.2 tl hal. 
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Table 13. Grain yield of 33 entries in the rainfed wetland yield nurAry for drought·prone areas: Guimba. Nueva Ecija; Oton. 
Iloilo; Uloan. Cebu. Philippines. 1980. 

Maturnyl' 
Grain yietcjb (If ha) Rank Entry 

GUlmba Oton uloan (across 3 Sites) 

IA5853· 198· 1·2 E 334a 2.38 hllidm 424 abcdefg 8 
IA4707- 14-3· 1 E 3.22 ab 2.74 efghlJkl 339 cdefg 11 
IA5629·64-3 E 2.98 abc: 323 cdefgh 4.00 abcdefg 5 
IR54 E 2.96 abc: 275 efghllkl 4.26 abcdef 7 
IR9129· 192·2 VE 2.79abcd 413ab 4.97 ab 1 
IA4707- 14O· ' ·3 E 2.74 abede 2.93 efghll 3.02 efg 19 
IA14753·72· 1 E 2.69 abede' 309 cdefghl 4.18 abedefg lQ 
IR2823· 103·5· 1 M 2.63 bcdef 315 cdefgh 4.19 abcdefg 9 
IR4570·83·3·3-2 E 2.60 bc:def 085 p 346 cdefg 30 
IR7149·35·2·3-2 VE 2.60 bc:def 413ab 3.28 defg 6 
IA43 E 2.39 <defg 254 9h1lklm 4.08 abcdefg 16 
IA2307·437- 1·2 E 2.38 cdefg 267 fghlJkl 3 .97 abc:defg 15 
IA52 E 2.33 cdefgh 335 bedefg 4.75 abc: 4 
IA9209-26·2 VE 2.30 cdefgh 383 abed 4.69 abed 3 
MR7 E 2. 18 defghl 255 9h1lklm 4.06 abcdefg 18 
IRI3426· 19· 2 E 2.10 defghlJ 190 Imn 3.74 bcdefg 25 
IR9129· 161 ·2 VE 2.09 defghlJk 351 abcdef 5.24a 2 
IETI444 E 2.06 efghlJk 390abc 399 abcdefg 12 
IR36 E 2.00 fghlJkl 321 cdefgh 4.43abcde 14 
IR3304-23 E 1.87 ghlJkl 226 IJklmn 2.82 fg 29 
IR3941 · 25- 1 E 1.81 ghlJklm 392ebe 4.12 abcdefg 13 
IR26 E 1.79 ghtlklm 305 defghiJ 3.47 cdefg 24 
IA9764-45-2·2 E 173 ghllklm 097 p 453 abed 28 
IA5931 -81 · ' , ' E 1.71 ghlJklm 221 jklmn 2.86 fg 31 
IA5931·11()..1 E 1.63 hlJklmn 259 ghlJklm 4.41 abcde 21 
Gama 318 M 154 IJklmn 204 klmn 3.87 abcdefg 26 
IA3858-6 E 145 Jklmnop 358ebcde 3.88 abcdefg 17 
82039C·Kn ·7-2·5 -3- 1 M 1.38 klmnop 259 ghtJklm 4.48abcde 22 
8G35·2 VE 1.29 Imnop 425e 2.79 9 23 
IR5716-45· ' E 1.16 mnp 298 efghtJk 3.35 cdefg 27 
IA544O, ' - 1-3 E 0 .99 np 157 np 2.93 fg 32 
IAngo· 18- 1-2 VE 0 .83 p 1.81 mn 2.82 fg 33 
IR8 M 2.88 fg 20 

·E -= early. VE - very early, M - medium. bSeparation of means in a column by Duncan', multiple range test al the 5% level. 

IRI3149-19-1 produced more panicles in rainfed 
plots than in the irrigated plots. Panicle number 
was positively and significantly correlated with 
yield under both water regimes (Table 14). A signif
icant negative correlation between yield and plant 
height and between yield and the number of days to 
bead was also observed in both water regimes. 

Guimba, NUl'IIa £Cija. Most rice fields at Guimba 
are rainfed. The experimental site was on high 
ground and the irrigated treatment was not flooded 
at all times because of pump failure. The irrigated 
field had dry periods in 28 September-5 October, 
and 15-27 October, but there was no visible sign of 
moisture stress among the entries because there 
were light rains at those periods. The highest yield 
was 5.6 tl ha from IR46; the lowest yield was 3.1 
t/ ha from Intan and 1R3351-38-3-1. 

Figure 9 shows the weekly rainfall distribution, 
evaporation, depth of water table, and stress days 
at the rainfed Guimba site. There was a series of dry 
spells from 21 September to 23 October. The water 
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Table 14. Correlation coefficients of 3 plant character, with 
yield of 40 varietiel at 2 water regime. at 2 site, . Philippines, 
1980. 

Correlation coefficient 
SII8, Yield and Yiekf and 

water regIme Y.eJd and panlcie no. of days 
plant ht no. to heachng 

IRRI '/I,m 
Ralnfed - 66" SO" -43-' 
Irngated -.SO" .49" -23 

GUInJbIl. NUll/II Eel}1I 

Ramfed -.55" .52-' - 39' 
Irrigated - .42" .25" - SO" 

table remained at the 35-50 cm depth. Light show
ers feU when the crop was 7(}-98 days old. Most 
entries showed visible symptoms of moisture stress. 
At maturity, IR30, IR34, 1R36, 1R5420-I-I-2, and 

am Sagui 19 lodged because tbe basal leaves and 
culms dried up. The yield oflR36, whicb recovered 
quickly after light sbowers, was not seriously 
reduced. 



Depth (mm )of stondlng water Depth of wate; fable( em) 

20 
~ '. JStress doyst .", < ,\.1 

[0 

~I 
Rainfall (mm) 
[00 

50 

9. Daily rainfall distnbution, daily evaporation, water table 
depth, and stress days at the farmers rainfed-wetland field, 
Guimba, Nueva BeiJa, Plubppines, 1980 wet season. 

The highest yields obtained from the rainfed 
field was 3.9 t/ha from B1l4IC-KN-43-1-8; the 
lowest was 0.9 t/ha from BKN7130-1132-1. The 
check varieties BPI-76 (n.s.) and Intan yielded 2.4 
and 1.4 t/ha. Intan was severely affected by 
drought but recovered when the rains came during 
the last week of October. Its heading was uneven 
and maturity was delayed, however. 

Table 15 shows the grain yield and three agro
nomic traits of selected varieties and lines at the 
drought-prone site of Guimba. 

Among the better performers, IR46 gave a more 
stable yield across 3 sites, producing 3.8, 4.0, and 

3.1 t/ha at IRRI,.Gapan, and Guimba. 
The correlation coefficient between yields of 

rainfed and of irrigated plots was highly significant. 
Panicle number was positively correlated with 
yield at the rainfed plot but no significant correla
tion was observed at the irrigated plot (Table 14). 
Shorter plant height and earlier heading were sig
nificantly correlated with higher yields. 

ROOT STUDIES 

Agronomy, Plant Breeding, and Plant Physiology 
Departments 

Inheritance ofroot characteristics in aeroponic cul
ture (Plant Breeding and Agronomy). In past field 
experiments, the length, thickness, and number of 
roots were shown to be associated with drought 
resistance and recovery ability. In 1980 a new aero
ponies system was used to investigate the inherit
ance of different components of the root systems 
and their relationships with the aboveground 
shoots in a number of crosses involving tall
dryland and semidwarf-wetland varieties. Rice 
seedlings were symmetrically spaced on the lid of 
an aeroponies tank and the roots were suspended 
in the air. Water and nutrients were continuously 
supplied in a uniform mist inside the tank. 

Diallel analysis of an eight-parent set of crosses 
showed that the FI plants frequently excelled the 
deep-rooted dryland parents in maximum root 
length. Three dryland varieties had an excess of 
dominant alleles for deep roots, and one dryland 
and one semidwarf carried an excess of recessive 
alleles for long roots (Fig. 10). On the other hand, 
crosses involving the shallow-rooted variety IR20 
showed the pred.ominance of shallow roots con
trolled by an excess of dominant alleles present in 
IR20. 

Root thickuess was measured at three positions 
on the thick roots, and the data from three sam
pling sites were generally positively correlated. 
Thickness of the root tips appeared to be the signif
icant element in varietal differe~ces. Again, many 
FI plants showed a predominance of roots that 
were thinner than those of the thin-rooted semi
dwarf parents. An excess of dominant alleles con
trolled thin roots ofIR20, IR841-67-1, and MGL-2. 
Only one African variety, OS4, contained domi
nant alleles for its thick root tips. In the two other 
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Table 15. Grain yield and other agronomic traits of selected lines and check varieties under 2 waterregimes (rainfed. irrigated) at 
drought-prone Guimba. Nueva Ecija. Philippines. 1980 wet season:'1 

Ramfed rice Viele¥' (t/ha) 
Variety or hne 

Plant ht (cm) Panicles (no.) Days to heading Rainfed Irngated , 

IR36 
IR46 
IR48 
IR52 
IR9852-22-3 
IR1314-6-41-3 
IR13426-1S-2 
B 1141 C-KN-43-1-8 
KKN740S-SRN-245-2 
SPR7421-3-1-2 
KKN7205-39-3-SKN-l-l 
BPI-76 (nonsensitive check) 
Intan (check) 

84 
92 

100 
94 
94 
92 
88 

103 
102 
92 

107 
116 
126 

14 
14 
10 
14 
12 
11 
13 
12 
13 
12 
11 
8 

10 

79 
88 

103 
82 
88 
90 
88 
87 
84 
86 
87 
86 

108 

302ns 
309ns 
283 ns 
3.13ns 
3.15ns 
309ns 
334ns 
395 ns 
316ns 
3.02ns 
302ns 
244 
144 

487,05 
5.62" 

!~~~~ 
4.41 ns 
4.18 ns 
407 ns 
414ns 
3.34c 

372ns 
4.28 ns 
3.97 
308 

a Avof 2 replications. b. -means were sigmfu:antlydlfferentfrom BPI-76 (nonsensitive check)atthe 5% level. cFrom one observation 
only. 

dryland parents, Moroberekan and 20A, recessive 
alleles controlled thick root tips (Fig. II). 

The semidwarfs generally have more roots than 
the dryland varieties. Most of the g plants sur
passed the semidwarfs in root number, indicating 
an overdominance of high root nuinber. High root 
number was controlled by dominant alleles in two 
parents: IR8 and the Indian dryland variety MGL-
2. Low root number may be due to recessive alleles 
in three dryland varieties and to dominant alleles in 
one semidwarf. 

In terms of dry weight of roots, the FI plants 

Wr+Vr 

2.0 
{-,+I ® MGL- 2 (+,+) 

1.5 
~ 

1.0 fll ® IR480-S-9-3 

~ 
05 

Shallow ® IR841-67-/ 'Deep 

---:-2:-:0:'::<;:>:-:--'1"5---:'IO'----0::'5'---+--=0"5-1:'::0-':I:,5'---2='0'----Y' 
IR20 IRS® -05 

® 20A 

-10 ® MaroberekOn 
®OS4 

-1.5 

I (-,-I {+,-I 
-20 .3 

10. Standardized deviation graph between Yr (parental mea
surement) and Wr = Vr (order of dominance) of maximum root 
length in an eight-parent dlallel cross. IRRI. 1980. 
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frequently surpassed the heavy-rooted parents. 
Among different parents, high root weight was 
controlled by recessive alleles in three parents (IR8, 
IR480-5-9-3, and MGL-2) and by dominant alleles 
in two Mrican dryland varieties (Moroberekan 
and 20A). 

Amongthe FI populations, root length was posi
tively correlated with plant height and root thick
ness. Root thickness was positively correlated with 
plant height, dry weight of the roots, and root-to
shoot-weight ratio. Root number was positively 
correjated with tiller number, and the dry weight of 

Wr+Vt 

20 

{-,+I 

10 

20A<;:> 
(+,+) 

.. 
r=09676 

® IR4S0-S-9-3 
® IRS ®Moroberekon 

ThlO Thick 
--~--+--+--~~~-r--r--+--+---~ 

-20 -15 -10 -05 05 10 15 2.0 

IRB4I-67-I-H® -05 ® OS4 

IR20® -10 
<;:> i MGL-2 

g 
-20 

{-,-I {+,-I 

11. Standardized deVIation graph between Yr (parental mea
surement) and Wr + Vr (order of dominance) of root thickness 
(tip) in an eight-parent diallel cross. IRRI. 1980. 



roots and shoots. However, there was no correla
tion between root number and root length, root 
number and plant height, and root number and 
thickness. 

Heritability estimates (in the narrow sense) were 
moderately high for root length (0.61) and for 
root-tip thickness (0.62) and moderately low for 
root number (0.44) and root weight (0.43). On the 
other hand, the estimates were high for plant height 
at 50 days after seeding (0.75), and moderately high 
for root-to-shoot-weight ratio (0.53) and tiller 
number (0.63). 

The distribution of Fz plants in three crosses 
indicated that the prospects for obtaining Fz plants 
with long and many roots (Fig. 12) are better than 
those for very thick roots (Fig. 13). 

These findings may partly explain the difficulty 
in recombining deep and thick roots with a moder
ate number of roots in semidwarf-dryland crosses 
when deep and thick roots were controlled by var
ious combinations of dominant and recessive 
alleles in different parents. Association of traits 
appeared to be mostly in the undesired directions. 
Moreover, F, partial sterility, restricted Fz segrega
tion, and aberrant recombination of other traits in 
such wide crosses was noted. 

Effect of pH on root growth (Plant Physiology). 
Effect of pH on root growth of 5 varieties was 
studied in solution culture. Root elongation was 
extremely impaired at pH 3.0; no varietal differ
ence was observed (Fig. 14). Within a pH range of 
from 3.5 to 6.0, root lengths were not much 
affected by pH. A slight reduction in root length at 
pH 6.0 was attributed to possible iron deficiency 
because chlorosis was observed in leaves. 

Comparison of three screening techniques for 
aluminum toxicity tolerance (Plant Physiology). 
Among available screening techniques for toler
ance for aluminum toxicity - relative root length, 
root regrowth, and hematoxylin staining - relative 
root length technique was the simplest and most 
reliable. Seedlings were grown in cuhure solution 
with and without aluminum (30 ppm) for 2 weeks. 
Relative root length (ratio of root length at 0 ppm 
AI to that at 30 ppm AI) was taken as a measure of 
aluminum toxicity tolerance. Ratios were greater 
than 0.85 for tolerant varieties, less than 0.60 for 
susceptible varieties, and between 0.60 and 0.85 for 
intermediate varieties. When tolerant varieties are 

Plants (no.) 
60 

50 

40 

30 

20 4. 
P2 

F, 

io 
F2 

! 
0

0 80 100 120 
Root I",glh (an) 

12. Distribution and means of parents and F. and F2 plants by 
maximum root length classes in the cross of OS4 (PI) by IR8 
(P2). Solid horizontal lines show the range of parents and FI 
plants about the means (dotted circles), IRRI. 1980. 
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13. Distribution and means of parents and FI and F2 plants by 
root-tip thickness classes in the cross of OS4 (PI) by IR8 (P2). 
SolId horizontal lines show the range of parents and F. plants 
about the means (dotted circles). IRRI, 1980 
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14. Effect of pH on root elongation of 5 varieties grown in 
culture solution IRRI. 1980 

to be screened, visual comparison of roots facili
tates screening; measurement of root length is not 
necessary. 

The root regrowth technique reqnired two mea
surements of root length and was tedious. 

The hematoxylin staining technique, used suc
cessfully in wheat, is simple and fast but when 
applied to rice it does not give a clear separation 
between tolerant and susceptible varieties. Exami
nation of stained root segments under a micro
scope gave a much better separation but was 
time-cousuming. 

Aluminum toxicity-tolerant and susceptible var
ieties (Plant Physiology). The tolerance 0[70 varie
ties for aluminum toxicity was tested by the relative 
root length technique (Table 16). Most dryland 
varieties are tolerant of alurpinum toxicity, and 
wetland varieties are susceptible. Thus, deep root
ing habit and aluminum tolerance appear to be 
interrelated. 

Histochemical technique for diagnosis of alumi
num toxicity (Plant Physiology). A typical and 
consistent symptom of aluminum toxicity in rice is 
impaired root growth indicated by shortened root 
axis, less branching, and brittle root material. 
Leaves do not normally show any specific symp-
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Table 16 Aluminum toxicity tolerance of 70 varieties based 
on relative root length. fRRJ. 19BO. 

Varieties with given reactIOn to aluminum tOXIcity 

Tolerant Intermediate Susceptible 

Agulha 
Amarelao 
Bengue 
Blco Branco 
Bluebonnet 50 
Cateto 
Catito Dourado 
Colombia I 
CI2011 
CI2012 
CI2013 
Dourado Agullia 
E425 
IAC-l 
IAC·3 
IAC-9 
ICA-162 
Iguape catito 
Monolaya 
Ml·48 
054 
056 
ProlifIC 
PFatao Prococe 
Tres Meses 

Ardito 
Batataes 
Bosque Sel 693 
Cana.ro Acc No 3307 
Canalfo Acc No. 10753 
Catlbao Dourado 
Dalila 
DawkMah 
Huk Do 
IR24 
IR36 
IR48 
IR52 
IR442-2-58 
Khao Lo 
Mantoya 
Moroberekan 
Palawan 
Perola 
Secano 
Starbonnet 
Succa 
20A 

Bombilia 
C4·63 
Cera 4 
C.ca 4 
IR5 
IRS 
IR20 
IR22 
IR26 
IA28 
IR29 
IR30 
IR32 
IR34 
IR3S 
IR4C 
IR42 
IR43 
IR44 
IR45 
IR46 
IR50 

toms. Impaired root growth, however, is not 
always caused by aluminum toxicity. Thus, some 
direct means by which aluminum toxicity can be 
diagnosed - soil pH, exchangeable aluminum, 
and percent aluminum saturation - are com
monly used. Species and varietal differences in 
aluminum tolerance, however, make it difficult to 
identify aluminum toxicity for a particular soil 
based on soil analysis alone. 

Histochemical examination of the root tip region 
of the rice plant gave a clear indication of alumi
num toxicity. A cross section of the near-tip region 
of a root was stained by hematoxylin and exam, 
ined under a microscope. Blue stains in cortical 
cells indicated aluminum deposition. Aluminum 
deposition coincided with significant reductions in 
root growth by high levels of aluminum. The 
results indicate that histochemical examination of 
root cross sections can be used to diagnose alumi
num toxicity in growing crops. 

Relation between soil analysis and plant tests for 
aluminum toxicity (Plant Physiology). Eight acid 
soils were collected from the Philippines, Thailand, 
and Brazil. Among them, three had high percen
tages of aluminum saturation. There was good 
agreement in aluminum saturation (%) between 



Table 17. Relation between soil analysis and plant tests8 for aluminum toxicity of rice·growing soils. IRRI. 1980. 

Soil pH Exchangeable AI AI saturation Root growth Histochemical 
(meq/100 g sOil) (%) test test 

Adtuyon. Philippines 50 1.4 
Bantug, Philippines 47 0.7 4 
Luisiana, Phihpplnes 45 04 3 
Mahnao, PhihpPlnes 35 7.7 64 + + 
Gamaca, Brazil 44 6.0 81 + + 
Klong Luang, Thailand 4.7 07 3 
Muang, Thailand 5.5 01 1 
Ongkarak, Thailand 34 92 49 + + 

BThe negative sign Implies normal root growth and negative response to hematoxyhn test; the plus sign indicates highly Impaired root 
growth and pOSitive response to hematoxylin test 

root growth tests in the glasshouse and the histo
chemical test using hematoxylin (Table 17). 

Luisiana soil of the Philippines is often sus
pected of being aluminum toxic but examination, 
indicated it is low in aluminum saturation (%), 
negative in root growth and histochemical tests, 
and not aluminum toxic. In Thailand, deepwater 
rice is sown and grown for about 2 months in 
dryland soils. Acid sulfate soils are considered 
aluminum toxic under those conditions. A preli
minary study indicated that only Ongkarak soil 
(PH 3.4) is aluminum toxic. 

SOIL-PLANT-WATER RELATIONSHIPS 

Agronomy Department 

Drought tolerance under limited rooting depth. 
Testing for drought tolerance at shallow rooting 
depth and the ability to recover from drought stress 
was continued in the greenhouse. 

A total of \05 entries (GEU elite lines and 
selected entries from the previous season's tes£) 
were evaluated for drought tolerance at the vegeta
tive stage. Three entries, including the indicator 
plant Leb Mue Nahng, were seeded into dry soil in 
steel drums with effective rooting depth of 45 cm. 
The soil in the drums was watered regularly until 30 
days after seeding, then the soil was allowed to dry 
naturally. As soon as Leb Mue Nahng was appar
ently dead from moisture stress the entries were 
scored for drought tolerance, the soil was sampled 
for moisture content, and the plants were rewa
teredo Recovery ability was scored 3 weeks later. 

The average soil moisture contents for both sea
sons were 8.2 and 12.7% at 20- and 30-cm soil 
depths. Table 18 shows the entries that performed 
better than Leb Mue Nahng (the tolerant check) 
and their corresponding drought tolerance and 

Table 18. Drought tolerance ratings at vegetative stage, and 
drought recovery scores of promising GEU elite Imes and 
selected entries. IRRI greenhouse, 1980 dry season. 

Variety or hne 

Khao Dawk Mah 
Ketan Cere 
PN 677·2 
IR15318·2-2-2-2 
IR8192·31·2·1·2 
Chungta 312 Hao + Bmastlan 
IR3839·1 
IR4568-86-1-3-2 
Nam Sagui 
Cauvery. 
IR14632-22-3 
IR9852-22-3 
IR5929-12-3 
lR8192-166-2-2-3 
Leb Mue Nahng (tolerant check) 

Drought 
tolerance 

rating8 

Drought 
recovery 
ratlng8 

1 
1 
1 
1 
2 
2 
2 
2 
3 
3 
4 
5 
6 
6 
9 

aScored with the 1976 Standard Evaluation System for Rice 

recovery scores during the dry season screening. 
Among the entries tested in the wet season, 

IRI4753-120-3, IRI3540-56-3-2-1, and IR9729-67-3 
showed relatively high levels of drought tolerance 
and good recovery (Table 19). Two IR9209 lines 
also appeared promising. IR9411-5-3-3, IR13426-
19-2, and IR6023-10-1-1, which were apparently 
dead, were able to recover; IAC5544 which had a 
better drought score of7 performed almost as well 
when rewatered. Results indicate that the degree of 
drought recovery is independent of the ability to 
resist drought. 

Measurement of leaf water potentials of rice. 
Comparisons of rice leaf water potentials by iso
piestic psychrometer, Merrill soil psychrometer 
(single junction, #75-1), dew-point method, and 
pressure chamber were made to identify the most 
reliable technique for future research. Pressure 
chamber measurements were highly correlated (r= 
0.98**) with those ofthe isopiestic psychrometer, a 
method considered accurate for measuring tissue 
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Table 19 Drought tolerance ratings at vegetative stage. and 
drought recovery scores of promising GEU elite lines and 
selected entries. IRRI greenhouse. 1980 wet season. 

Drought Drought 
Variety or line tolerance recovery 

IR14753-120-3 
IR13540-56-3-2-1 
IR9729·67·3 
IR2909-262-1-3-1 
IR17494-32-1-1-3-2 
IRS260-1 
IR9209-181-3-S 
IR19759-29-2-1-3 
IR9764-45-2-2 
IR13429-299-2-1-3 
IR9411-5-3-3 
Cauvery 
IET1444 
IR9852-22-3 
IR13426-19-2 
IAC5544 
,IR6023-10-1-1 
lab Mue Nahng (tolerant check) 

ratingS ratmgS 

7 
7 
7 
6 
6 
6 
7 
6 
8 
8 
9 
6 
7 
8 
9 
7 
9 
9 

3 
4 
4 
5 
5 
5 
6 
6 
6 
7 
7 
7 
7 
7 
7 
8 
8 
9 

sScored with the 1976 Standard Evaluation System for Rice. 

water potentials (Fig. I Sa). Agreement between the 
Merrill psychrometer and the pressure chamber 
was poor with correlation coefficient r = 0.80**, 
the lowest among 4 comparisons (Fig. ISb). Pres
sure chamber values were less positive than dew-

point determinations at leaf water potentials >-8 
bars and the opposite trend was true at potentials 
< -8 bars (Fig. ISc). Comparison ofthe Shardakov 
dye method and pressure chamber gave the best 
agreement with the second highest correlation 
coefficient rr = 0.94**) and the data falling on the 
1:1 line (Fig. ISd). 

The sampling variance of the pressure chamber 
readings was the lowest (s' = 0.12) and that of the 
Merrill psychrometer (s' = 8.2) was the highest 
among the five methods used to measure leaf water 
potentials of fully turgid leaves (Table 20). The 
Merrill psychrometer gave the lowest mean (x = 
-7.3) leaf water potential offully hydrated leaves. 

It was concluded that the pressure chamber pro
vides reliable estimates of leaf water potential of 
rice. 

Use of a line source sprinkler system to evaluate 
drought response of rices at various nitrogen fertil
ity levels. Drought response of rice at various nit
rogen fertility levels was studied with a line source 
sprinkler system. Treatments consisted of seven 
levels of water application, fourcultivars, and three 
nitrogen rates replicated four times. Each subplot 
(14 X 3 m) was subdivided into 7 consecutive indi-

l!af~~d(m).~~ lfIaf~~\I:or$).Wew:;rdew·p:1f1I~ 

15. Companson of the differ
en.t methods of measunng leaf 
water potential in rice. IRRI, 
1980. 
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Table 20. Table of means, sampling variances Is2), and coeffl
cientsofvariations (CVlfordlfferentleafwaterpotential meas
urements on fully hydrated leaves.a IRRI. 1980. 

Method n Mean (bars) s2 CV (%) 

Mernll psychrometer 14 
Pressure chamber 13 
Shardakov method 8 
Wescor psychrometer 6 
Isoplestlc psychrometer 4 

-73 c 
-1.0a 
-28 b 
-35 b 
-36 b 

B.20 c 392 
0.12a 34.5 
0.86 b 33.7 
0.87 b 265 
0.58 b 214 

aSeparation of values in a column by Duncan's multiple range 
test at the 5% level. 

vidual plots or positions of 8 rows each (positions 
1, 2, ... 7) where position 1 received the highest 
application rate and 7 the lowest. The center of 
each plot was 1 to 13 m from the line source sprin
kler at 2-m increments starting from the nearest 
plot. 

IR20, IR36, IR52, and Kinandang Patong were 
hand-drilled in 25-cm rows parallel to the sprinkler 
line at the rate of 100 kg/ ha for IR20, and at a rate 
adjusted to give about equal seed numbers for the 
other cultivars. Nitrogen at 0, 60, and 120 kg/ha 
was basally applied at seeding together with 30 kg 
each of P,O, and !(,O/ha. 

Four sets of sprinklers spaced 12.2 m apart were 
used to establish the seedlings to day 34. Starting 
on day 40, irrigation was with a single sprinkler line 
(6.1 m between sprinklers) to give variable water 
supply across the plQts. Water applied at each 
irrigation schedule was measured from several sets 
of catch cans installed at specific places in the field. 
Tensiometers and neutron access tubes were also 
installed to monitor soil water changes at different 
soil depths. 

Leaf water potential by pressnre chamber tech
nique, visual scoring for degree ofleaf rolling and 
drought tolerance, and measurements of' other 
parameters were done at desired growth stages. 
Grain yield and dry matter production were sam
pled from the four middle rows of each plot. 

Test results. A linear decrease in water snpply 
farther from the line (Fig. 16) permitted visual 
evaluation of some traits at a particular irrigation 
level. The amount of water applied to control plots 
(1 m from the sprinkler line) was adequate (Fig. 17) 
and was necessary to minimize horizontal seepage 
except in case of too much rain. Inadequate water 
could have resulted in water stress in the control 
plots. 

Visual scores on the degree of leaf rolling and 
drought tolerance showed that water stress was 

Totol water applied (mm) 
900 

700 

500 

Day 104 (before switching to 
fulllmgatlon) 

Distance 1m) from sprinkler line 

16. Total water applied (including rainfall) measured at differ
ent distances from a hne source sprinkler. IRRI, 1980 dry 
season. 

Waler(mm) 
120 

60 

40 

21 42 

~-
: '_Rainfall 

63 64 105 126 
Doysfromsow1llO 

17. Weekly rainfall, pan evaporation (upland fann), and maxi
mum irrigation applied to control plots by a line source 
sprinkler. IRRI, 1980 dry season. 

more evident in the three positions farthest from 
the sprinkler line. The effect of drought stress was 
least on Kinandang Patong and greatest on IR20 
(Table 21). Increasing the nitrogen level from zero 
to 60 and 120 kg N/ha increased the degree of 
water stress especially in plots farthest from the 
sprinkler line. 

Measurement of leaf water potential (LWP) on 
day 64 showed that the application of 120 kg N/ ha 
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Table 21. Effect of nitrogen level and water applied on leaf rolling and drought tolerance scores IRRI. 1980 dry season. 

NItrogen DIstance 1m) Leaf roiling scorea Drought tolera nce scoreb 

applIed from the IR20 IR36 IR52 Klnandang Mean IR20 IR36 IR52 Klnandang Mean 
(kg/ha) spnnkler line Patong Patong 

a 1 10 10 10 10 10 1.0 10 10 10 1.0 
5 1.0 10 1.0 1.0 10 1.3 13 1.3 10 1;2 
9 15 13 1.8 1.3 15 20 23 2.0 18 20 

13 30 25 28 2.3 27 30 28 30 20 2.7 

60 1 10 1.0 10 10 10 1.0 1.0 10 10 10 
5 10 1.0 10 10 10 1.3 10 10 10 1.1 
9 20 20 20 18 20 23 23 23 15 2.1 

13 38 33 30 23 31 38 3.5 '30 20 31 

120 1 10 1.0 10 10 10 1.0 10 10 10 10 
5 1.0 1.0 10 10 10 1.0 10 10 10 10 
9 25 2.3 25 18 23 2.8 25 2.8 1.8 2.5 

13 4.5 3.8 43 28 39 4.8 35 45 23 38 

Mean 1.9 1.8 1.9 15 2.1 1.9 20 15 

aBased on scale of 1-5' 1 -no roiling, 5 -tIghtly rolled bScored wIth the 1980 Standard EvaluatIOn System for RIce. 

Table 22. Effect of nitrogen level and distance from the 
sprinkler line,on leaf water potential. IRRI, 1980 dry season. 

Nitrogen appIJed 
(kg/ha) 

a 
60 

120 

Leaf water potentiala (bars) 
at indicated distance from sprinkler Ime 

3m 7m 11m 

-137a -153a -190 b 
-134a -152a -220ab 
-13.8 a -172a -23.1 a 

aAv of 4vanetles. Separatron of means rna column by Duncan's 
multiple range test at the 5% level 

Table 23. Leaf water potential of 4 varieties at different nitro
gen levels and at a distance of 11 m from the sprinkler line. 
IRRI. 1980 dry season. 

Variety 

IR20 
IR36 
IR52 
Kinandang Patong 

Leaf water potential8 (bars) 

o 60 kg 120kg 
N/ha N/ha 

-230a -303a -290a 
-215 ab -21 6 b -234'ab 
-170ab -19.4 b -236ab 
-146 b -16.9 b -163 b 

aSeparation of means by Duncan's multiple range test at the 5% 
level. 

decreased L WP when the distance from the sprink-
1er line was II m (Table 22). At all levels of N, 
Kinandang Patong significantly gave higher L WP 
than IR20 (Table 23). IR36, IR52, and Kinandang 
Patong were not significantly different although 
Kinandang Patong had the highest numerical 
value. 

There was a curvilinear increase in the number 
of days to heading and a linear decrease in plant 
height with increase in the distance from the 
sprinkler line (Fig. 18, 19). Total dry matter pro
duction at harvest was also affected (Fig. 20). The 
effect on Kinandang Patong was less pronounced 
perhaps because water stress had little effect on 
that variety. 
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Doystoheodrng 
100 

95 

90 

75 

~~~2.9+09OX+OO2X2 
R=093~n=7 

Kinondong Potong 
y=836+027X+003X2 
R=099**, n =7 

IR36/ 
y=798-017X+007x2 
R=099'1t*,n=7 

IR20 
y=817+QIOX+007X2 
R=099**,n=7 

DlSlonce(m)fromspnnkierDne 

18. Effect of distance from the sprinkler bne on days to heading 
of 4 vaneties (mean of3 nitrogen levels). IRRI, 1980 dry season 

The yield-water-fertilizer relationships of the 
four cultivars revealed different production surfa
ces (Fig. 21, 22). The following equation provided a 
good fit in predicting the yield for various combi
nations of water and fertilizer applied: 

y= a + b,N+ b,W+ b,N'+ b4W' + b5NW 

were Y = grain yield (gl m'), N = nitrogen level (kg 
N lha), and W= water applied (mm). The mUltiple 
correlation coefficients were highly significant for 
all cultivars tested. 

Predicted maximum yields of 562, 802, and 837 

{' 
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Planf ht (em) 
140 

04 
01 13 

Dlstance(m)fromspTlnklerline 

19. Plant height at harvest of 4 nee varieties at different dis
tances from a hne sourcespnnkler (mean of 3 nitrogen levels)~ 
IRRI. 1980 dry season 

Dry matter production (g/m2) 
1600 

800 

IR36 
y=I2822-416X 
r=-099**,n=7 

600 

0~~1----~--~--~~--~--~--~13 
Distance (m) from sptlnkler hne 

20. Total dry matter production at harvest of 4 nce varieties at 
different distances from a lme source sprinkler (mean of 3 
nitrogen levels). IRRI, 1980 dry season 

g/m' were obtained with IR20, IR36, and IR52 at 
120 kg N/ha and with 850 mm water. Kinandang 
Patong attained a maximum yield of 342 g/m' at 
60 kgN/ha with the same amount of water applied. 
However, with no N fertilizer application, Kinan
dang Patong gave the highest predicted yield of255 
g/m' with 550 mm water; its yields at 0 kg N/ha 
were almost constant irrespective of water applied. 

-- IR36 y=-2301f201N+679W-OOI99N2-00041W2+000346NW 
R:092!lM-,n:21 

- IR20 'p=-I779-462Nf556W-Q0214tv2-o0035W2+001004NW 
H:Q92""*,n=21 

1 
5 

~ 

.21. Response surfaces of IR29 and IR36 varieties at different 
water and nitrogen levels IRRI. 1980 dry season. 

-IR52 ;:-548-402N+I.5SW-Q0333N2-OOO03W2+0Dlt9INW 
R:Oagllll,n=21 

- Kioondongl'ator'9 ;:-IS-Q43N+onw-o.Q205N2-0OOO5w2+Q0032SNW 
Jj';0.921111, n=21 

BOO 

---IR52 
H=089** 

--~~* 

22. Response surfaces of IR52 and Kinandang Patong varieties 
at different water and nitrogen levels IRRI, 1980 dry season. 
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At a combination of 120 kg N/ha and 550 mm 
water, IR36 was superior to the other cultivars. 

The line source sprinkler system proved useful in 
assessing the effects of-different moisture levels on 
rices with various plant types. Although main 
moisture effect could not be tested statistically 
because of systematic arrangement of water treat
ments, interactions between several variables could 
be evaluated. . 

Line source sprinkler experiments at reproduc
tive stage. Water stressatjlowering stage. The 1979 
annual report indicated the great sensitivity of the 
flowering stage of rice to water stress. That report 
also gave an initial evaluation of the line source 
sprinkler (LSS) system as a drought-screening 
method. During the 1980 dry season the use of the 
LSS system at the flowering stage was investigated. 

The study was initiated with particular attentiou 
to quantifying the soil, plant, and atmospheric 
conditions during the stress period. The LSS was 
used to create a gradient of soil moisture just before 
flowering. The maximum water application (near 
the line) decreased progressively to a dry-farming 
condition (15 m from the line). Eight plot positions 
(8 = wettest, near the sprinkler; and I = driest, far 
from the sprinklers) were sampled across the gra
dient. Irrigation was sufficient in the wetter posi
tions-(B-a1!.d 7), and they are omitted in the follow
ing section. 

The 15-<1ay cumulative evapotranspiration (En 
values of 14 em at irrigation level 6 and 13 em at 
level 5 resulted in similar yield of 5 tlha (Fig. 23). 
Those ET values were 20% and 15% more than pan 
evaporation, respectively. However, yield reduc
tions of 8 to 81 % (levels 4 to 1) were obtained when 
ET values were 6 to 27% less thail pan evaporation, 
respectively, indicating sensitivity of the flowering 
phase to water stress. Figure 24 shows that grain 
yield is linearly related to evapotranspiration, and 
spikelet sterility strongly influenced grain yield 
when optimum ET reqnirement was not met. 

Flowering and other growth processes are di
rectly controlled by plant water status, which is a 
result of both atmospheric evaporative demand 
and soil water stress. The midday leaf water poten
tial under 6 irrigation levels decreased from -9 to 
-25 bars on 22 April (Fig. 25), a trend similar to that 
of ET and grain yield in Figure 23. Due to higher 
irradiance aud vapor pressure deficit on 22 April, 
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Applied water (em) ~;EdPOlra"""ranOn(cm) 

14 

II 

8 . 

o 

r:2JrQ 
654321654321 

Irrigahon level 

23. Evapotranspiration (applied water plus depletion assummg 
negligible drainage and upward flow) and grain yield of IR36 
under six. Imgation levels. Pan E refers to total evaporation 
dunng the treatment period 8-23 April. IRRI, 1980 dry season. 

leaf water potentials for levels 6 and 5 were slightly 
more negative than those of9 April. However, for 
levels 4 to 1 increased differences in leaf water 
potential between the two dates is an indication of 
the intensity of water stress due to reduced capacity 
to rehydrate during the dark period when evapora
tive demand was low. 

Root length density ofIR36 decreased exponen
tially with depth (Fig. 26). Of the total root length 
density in the 75-<:m soil profJie, 70 to 80% was 
found in the upper 30-<:m soil layer. Available soil 
water in the 90-<:m profJie is the water potential in 
the profJie plus water applied. For levels 4 to 1, it is 
worth noting that 60 to 70% of the total water 
extraction occurred in the upper 3O-<:m soil layer. 
Evidently, as the surface layers dried, additional 
water uptake in the subsoil depended on the por
tion of the root system in that layer. As illustrated 
in level I (Fig. 27), depth and density could playa 
major role in further uptake that could reduce 
stress at a very sensitive growth stage. Further 
increase in root length density occurred between 
flowering and crop maturity. The mcrease in root 
density was greatefinlevels 3 to 1 where the plants 
experienced a r~latively higher degree of stress. 
Since stress-induced sterility reduce<;l the produc
tivity of the spikelets, assimilates could have been 
rechanneled for further root growth. For levels 6 ( 
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and 5, (he green leaf area index dropped from 5to 3 
because of senescence; tbe reduction from 5 to 1.2 
(Fig. 28) was due to the confounding effect of water 
stress. The drop in green leaf area index paralleled 
the decline in leaf water potential in Figure 25. 

Elfect of water stress on panicle emergence. 
Water stress of varying intensity was created across 
six plots using a continuously variable water appli
cation method (line source sprinkler) at the head
ing and flowering stages of I R36 rice. The objective 
was to investigate the effect of water stress on 
panicle exsertion rate and final exsertion percen
tage of the panicles, and the relation of those 
parameters to spikelet sterility and yield. 

Water stress reduced the rate of panicle exser
lion; however. the reduction was not significant 
becau e the water stress experienced by the piants 
on 14 April or during the early flowering period 
was slight (- 5 to -7 bars)(Fig. 29). Reduction of 
panicle growth was significant when moderate 
water stress (-7 to -12 bars) occurred at the maxi
mum flowering period (17 Apr). Figure 29 shows 
that tbe effect of water stress on panicle exsertion 
rate was influenced by the growth stage of the 
piants. Late panicles were observed to have lower 
growth rates even at stress levels of -5 to -7 bars. 
Panicle exsertion was also inhibited, but not signif
icantly, at late flowering stage (22 Apr). 

24. Relationship be'\A.ttn grain yiekt and evapotranspiration. 
and grain Yield and sterility of 1 RJ6. IRRI, 1980. 

The rate of panicle exsertion affected the degree 
of final exsertion, which, in tum, contributed to 
spikelet sterility. Panicles with extremely low exser-
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25. Trends in diurnal leaf water potential of I R36 underthe highest SOI l moistu~ content at ~'eI 6 

10 the lowest at level L IRRI. 1980. 
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26. Volumetric moisture content and root length density of 1 R36 at various depths under 6 irrigation levels. lRRI . 
1980. 

tion rates were the least exsened at maturity (Fig. 
30). 

This study has shown that one potential cause of 
spikelet sterility in rice is poor panicle exsertion. 
Water stress of varying intensity affected the steril
ity of rice by causing poor panicle exsenion. Poorly 
exsened panicles were associated with as high as 

RooIIenqIh denSIty tc:m/cm)) 

or~ __ ,r!~~B~~4~~0r-__ =' __ ~ __ ~ __ ,-

~ 

90 

27. Root lenglh at harvest. cumulative waterextraetion beyond 
the range of available water in the upper 45 em soil. and 
extraction wi thin the range of available water in the subsoil. 
IRRI. 1980. 

21. Green leafarea index. perccntagcof ~uction in plant parts. 
and percentage of increase in root length density under 6 irriga
tion levels for IRJ6. IRRJ. 1980. 
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29. The effect of water stress on panicle exsertion rate in IR36. 
IRRI, 1980 dry season. 
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30. Thf: relationship between exscrtion rate and degree: of final 
exsc:rtion of the panicle in 1R36. IRRI. 1980 dry season. 
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31. Percentage of spikelet sterility attributed to poor panicle 
exsc:rtion in lR36. lRRl , 1980 dry season. 

20%. 300/0, and 60% sterility when stress occurred 
at early, maximum, and late flowering stages (Fig . 
31). 

Effect of water stress on nitrogen uptAke and 
yield. A field trial similar to that reported in the 
1979 annual report estimated the nitrogen uptake 
and yield of rice in simulated rainfed wetlands. 
Fertilizer rates (0, 45, 90, and 135 kg N/ha) as in 
1979 were applied, but water-<ieficit (stress days) 
treatments were reduced by 5 days in each water 
regime (scheduled at 0, 10, 20, and 40 stress days) 
because of rains in March 1980. Data points were 
therefore filled into a regression to estimate the 
effects on yield and nitrogen uptake based on 0, 5, 
15, and 35 actual stress days. As in the previous 
experiment at Santa Rosa, Laguna, seepage from 
flooded treatments to stress plots were minimized 
by plastic sheets buried 40 cm deep. 

Regression analysis on nitrogen uptake and 
yield is shown in Figure 32. In genera~ the yield 
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32. Grain yidd asa function ofnitrogen uprake. DT= days after 
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33. Multiple linear regression showing the combined effects of 
stress days and appLied nitrogen on nitrogen uptake ofnce. DT 
= days after transplanting. Philippines, 1980. 

was higher at IRRI (1980) than at the Santa Rosa 
site (1979). For both sites, however, use of data 
points in the regression showed that yield was 
greatly influenced by the nitrogen uptake of rice. 

Figure 33 shows the multiple linear regression on 
nitrogen uptake as a funetion of water stress and 
nitrogen applied in the two sites and years. 
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The response of nitrogen uptake to the com
bined effects of water stress and applied nitrogen 
was linear. itrogen uptake was affected by increas
ing water stress, but a more severe result was 
observed at Santa Rosa. The magnitude of the 
stress at IRRJ was very much less than that 
observed in Santa Rosa The water table depth for 
the duration of stress treatments in both places is 
shown in Figure 34. In the IRRI wetland field, the 
water table depth and upward movement of water 
from it are within the root zone. Thus, even after 
the crop experienced 35 stress days, nitrogen 
uptake and yield were still relatively high. 

Multiple regression on the effect of stress days 
and applied nitrogen on yield is shown in Figure 
35. Grain yield was affected by the number of stress 
days and applied nitrogen at both sites. But water 
table depth at a site can significantly influence the 
yield response to the combined effects of water 
stress and applied nitrogen. 

Transpiration rate and nutrient uptake of rice. 
A greenhouse experiment determined the effect of 
water stress on nutrient uptake of IR36. Pregermi
nated seeds were sown in plastic containers (32 cm 
X 24 cm X 10 cm). Nitrogen [(NlL)'(So.)], phos
phorus (solophos), and potassium (muriate of 
potash) were added at a rate of 200:30:30/ I-ha 
furrow slice. Twenty-eight days after sceding, all 
containers were covered with polyethylene sheets. 
Water was withheld from the stress treatment, but 
the control treatment received water daily. 

Figure 36 illustrates transpiration rate and total 
nitrogen, phosphorus, and potassium uptake dur
ing the 18-<1ay treatment period. The transpiration 

"""~ 

34. Water table depth throughout the stress period at 2 Philip
pine sites, 1980. 
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35. Multiple regression showing the combined effects of Stress 
days and applied nitrogen on grain yield at 2 Philippine sites, 
1980. 

rate of water-stressed plants was significantly lower 
(by as much as 60%) than that of the control plants 
on the 11th day. The stressed plants accumulated 
nitrogen. phosphorus, and potassium more slowly 
than the well-watered plants. Toward the end of 
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the stress period, uptake of Ihe nutrients was only 
about 60 to 70% of that by the control plants. 

As the soil dries, nutrient availability diminishes. 
Transpiration and nutrient availability are factors 
that could affect nutrient uptake at low soil mois
ture content and, consequently, the response to 
drought. 

IRRI-INDIA COLLABORATIVE OBSERVATIONAL 
TRIAL 

Plant Breeding and Agronomy Departments 

A collaborative drought resistance observational 
trial with India was planted during the 1980 wet 
season. Twenty-two entries were grown in a soil of 
low fertility and good drainage at IRRI. 

Table 24 shows the yield and agronomic traits of 
the 22 entries. Correlation coefficients showed a 
posilive significant correlation (r = 0_48) between 
plant height and yield, although the value was 
rather low. Panicle number was not significantly 
correlated with yield (r = -{).33 ns). The highest 
yielders did not necessarily have the highest panicle 
number per unit area. 

A significant negative correlation between num
ber of days to full head and yield (r = ~. 52) and 
bet ween percentage of spikelet sterility and yield (r 
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~. Transpiration rate and total nitrogen., phosphorus. and potassium uptake oflR36 rice during 
the IlkIaysu=pcriod. IRRJ, 1980dryscason. 
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Table 24. y .. kt and other agronomic traits of 22 varietie. end lina. grown at IRRI. 1980 wet season. 

ptanl hi PanICles Oavs to 
Spike'et 

l~rainwt 'foeld' 
Variety or line 'tenllty (em) (no.lm!) heading 

I'" 
(0) (tf ha) 

CRM· 13·3241 56.5 280 55 
CR·214·J5· S2· 102 5U 259 82 
06·2· 2 120.2 154 74 
801. 72.6 184 63 
CR222 MW 10 64.7 214 78 
Annapurna 64.7 270 71 
CR245·1 105.9 202 60 
ORI65· 28·14· 8 66.3 175 69 
IAC25 104.6 94 70 
KS109 67.4 182 70 
IR12787·3 84.3 161 94 
MR262 66.9 231 77 
N22 106.9 211 61 
Kalakad 104.2 141 63 
Brown Gora 116.0 158 68 
OR165· '8·1 70.2 187 61 
Black Gora 1195 146 66 
IR1000l · 1· 2 105.1 163 95 
CO 13 121 .0 170 83 
IR6115· ' · 1- 1 55.3 258 85 
CR143·2· 2 81.3 146 68 
OR165·85· 12 662 202 65 

·Separation of means by Duncan 's multiple ra~e test at the 5% level 

= ~.86··) was observed. 
The crop experienced a series of moisture stress 

from 18 September to 17 October, the longest of 
which was about 9 days. Occasional rains fen during 
this period. The crop was about 64 days from 
seeding at the start of stress. Some entries that 
headed during this period had high spikelet sterility. 

Among the entries that did not show any sign of 
stress and had high spikelet fertility were Kalakari, 
Black Gora, N22. IAC25. Brown Gora, and Bala. 
They headed during the dry period despite the 

100 IRRI ANNUAL REPORT FOR 1980 

37,5 1.6 1 16 be 
419 1.6 044 of 
294 2.8 0.98 cd 
214 1.7 1.16 be 
40.9 2.2 0.62 del 
58.4 2.0 0.49 of 
25.2 1.9 1,14 be 
41.5 1.9 0 .60 del 
26.6 2.7 0 .62 del 
46.5 2.4 0 .51 of 
45.9 2.0 O.Sl cde 
50.5 1.8 0,34 I 
10.5 1.8 1.66a 
12.4 2.9 1.87a 
10.7 2.7 1.49ab 
41.4 2.0 0.61 del 

6.6 2.9 1.70 a 
18.6 1.9 0.70 del 
47.6 2.0 0.52 of 
48.1 1.9 0.64 del 
16.6 2.1 1.57 a 
29.5 1.8 109 c 

stress. Indian breeders reported earlier thaI those 
varieties had higher levels of drought resistance at 
reproductive growth stage. Their deep root system 
enabled them to use available soil moisture at 
deeper soil hori20ns. 

No significanl correlation was obtained between 
lOO-grain weighl and yield. 

Kalakari, Black Gora, N22, and CR 143-2-2 were 
the highest yielders with 1.6-1.9 t / ha The lowest 
yield (0.3 t/ ha) was from MR262 of India. 
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The main activities in 1980 were screening for soil 
toxicities and nutrient efficiency, breeding for salt 
and alkali tolerance, testing of promising rices in 
farmers' fields, and identification of breeding lines 
and mUltiple stress tolerance. 

Table I summarizes the results of the 1980 
screening tests. Most of the 3,211 rices that gave 
tolerantscores camefrom the salt tolerance hybrid
ization program. 

SALINITY 

Soil Chemistry Department 

Mass screening. Of the 8,462 rices screened, 3,068 
were rated as tolerant. Outstanding among them 
were 17 from the world collection, IR46, IR52, 
IR54, IR4563-52-l (a drought-tolerant line), and 
18 hybrids, which had one of the salt-tolerant rices 
Pokkali, Nona Bokra, or IR2l53-26-3 as a parent. 

Yield trials. In a dry season field test of 28 rices 
on an artificial saline soil with an EC, (electrical 
conductivity of the saturation extract) of 8.4 
mS/cm, theyieldsrangedfromO.9t/haforIRI56l-
228-3 to 2.6 t/ha for IR13646-2, a progeny of Nona 
Bokra. Salt tolerance conferred a yield advantage 
of about 2 t/ha. IR46. IR5657-33-2, IR9860-56-l, 
and IR13426-l9 yielded more than 2 t/ha. In the 
wet season the EC, was 7.3 mS/cm and the yields 
ranged from 1.4 t/ha for IR48 to 3.1 t/hafor IR52. 

Promising salt-tolerant rices were tested in 
farmers' fields representative of a wide range of 
soil, Climatic, and hydrological conditions. The 
yields with salient environmental conditions are 
given in Table 2 and the mean yields in Table 3. 

Four salt-tolerant hybrids gave yields exceeding 
2.5 t/ha, averaged for the environmental condi
tions in 8 Philippine farmers' fields on coastal 

Table 1. Summary of screening tests for adverse soil toler~ 
ance. IRRI, 1980. 

Salinity 
AlkalinIty 
Peat soil 
Acid sulfate SOIl 
Aluminum and manganese 

tOXIcIties 
Phosphorus defiCiency 
ZinC deficiency 
Iron defiCiency 

Varretles (no) 

Screened Tolerant 

8462 
2035 

27 
583 
15 

670 
527 
86 

3068 
24 
4 

43 
5 

39 
16 
12 
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saline soils, in the wet and dry seasons. 
IRSATON at IRRI. Of 73 rices tested in the 

1980 wet season on an artificial saline soil with an 
EC of8 mS / em, 19 were rated as tolerant. Among 
them were IR42, IR52, and five rices from the salt 
tolerance hybridization program. 

Varietal reactions to increasing salt concentra
tion. Greenhouse and field experiments in 1980 
studied the effects of increasing salt concentration 
on the growth, yield, and mineral nutrition offour 
rices. 

Beyond a threshold salt concentration, growth 
and yield decreased according to the equation 

y= 100- B (EC, - A) 

where Y = relative yield, EC, = electrical conductiv
ity of the saturation extract, A = threshold salinity 
inmSj em, andB= percentage of yield decrease per 
unit of EC, beyond A. The values of A and B in the 
greenhouse experiment follow: 

Rice A (mS/em) B(%) 

IR28 2.5 13.2 
IR34 2.5 11.3 
IR42 5.0 8.1 
IR9884-54 2.5 7.7 

In the field experiment,A for all 4 varieties was 5.0 
mSj em and B values were 6.0, 6.1, 2.5, and 5.5 for 
IR28, IR34, IR42, and IR9884-54-3. 

Yield reduction caused by increasing salt con
centration was least in IR42 (Table 4). The yield 
decrease with increasing salinity was in the order 
IR28> IR34> IR9884-54-3> IR42. IR42 gave the 
highest yield at all salt concentrations. 

The four varieties differed markedly in their 
capacity to absorb nutrients under salt stress. In
creasing the salt concentration depressed the con
centrations of potassium and calcium in the straw 
and the K-Na and K-Ca ratios. IR42, the most 
tolerant variety, had a higher K-Na ratio than any 
other variety. Increasing salinity increased the con
centration of sodium and chloride in the plants, but 
the effect was least in IR42. Apparently IR42 has a 
salt-exclusion mechanism. 

ALKALINITY 

Soil Chemistry Department 

Mass screening. Sixteen out of I ,962 rices screened 
in the greenhouse were found to have alkali toler-



Table 2 Summary of tests of 12 varieties and lines on coastal saline soils in farmers' fields in the Philippines, 1980 dry and wet 

5011 Yield 
Salt EC:' 5011 orgamc Other range Best 

Site (mS/cm) pH content soil problems {t/hal yielders Remarks 
{%I 

Dry season 
Lubao, Creek 14 6.9 17 Intrusion of strongly 
Pampanga saline water killed the 

plants 

Mexico, River 11.7 7.0 0.7 ZinC deficiency 1.04.3 IR10168-3 Plants were harvested 
Pampanga before high salinity. 

Samal. Creek 43 6.5 15 0.94.4 IR50 Sahnity was low 
Bataan IR9884-54 

lRl0206-29 

Taal, River 4.6 71 1.4 ZinC deficiency Frequent deep flood-
Batangas Boron toxIcity ing. 

Sinacaban Seepage 76 4.1 4.0 I ron toxicity 1.6-39 IR4630-22 Rams depressed 
Misamls IR5657-33 salinity but tungro 
Occidental IR4432-28-5 reduced yields 

Wet season 

Cebu, Cebu Creek 7.4 39 ZinC deficiency 45-6.6 IR9884-54 Lowsahmty. 
Boron toxicity IR42 

Mmalin, Creek 9.2 58 16 ZinC deficiency 08-3.6 IR9884-54 Rains depressed 
Pampanga salinity 

Bani, Creek 80 61 0.8 1.1-2.6 IR5657-33 Drought depressed 
Pangasman IR52,IR42, growth. 

IR9884-54 

"Electrical conductivity of the saturation extract 

Table 3. Summary of 1980 yield trials on Philippine coastal 
saline soils. 

IRSATON at IRRI. IR46 and 4 IR lines were 
among the 8 rices that gave tolerant scores in a test 
of73 rices on an artificial sodic soil. 

Vanety or Ime 

IR36 
IR50 
IR4432-28 
IR4595-4 
IR4630-22 
IR5657-33 
IR9884-54 
IR10167-87 
IR10206-29 
IR2058-78 

Trials 
(no) 

5 
3 
5 
5 
4 
4 
3 
4 
5 
4 

Yield (t/ha) 

Range 

09-22 
184.4 
1.6-34 
0.5-1.6 
14-3.9 
2.0-37 
2.1-4.2 
10-3.2 
184.0 
16-24, 

x 
17 
2.9 
2.5 
11 
2.1 
25 
33 
2.6 
2.4 
19 

ance. IR36 and two hybrids with alkali-tolerant 
Pokkali as one parent were among them. 

Yield trials. Of21 alkali-tolerant rices tested on 
an artificial sadie soil (pH 8.6, SAR 20), IR36, 
IR38, IR52, and IR9715-7-2 had Standard Evalua
tion System for Rice (SES) scores of less than 3.5 
and yields higher than 3 tl ha. 

ACID SULFATE SOIL CONDITIONS 

Soil Chemistry Department 

The main nutritional disorder of wetland rice on 
acid sulfate soils is iron toxicity. Rices were scored 

Table 4. Effect of 5 salt concentrations on the yield of rices at 
IRRI, 1980 dry season. 

Grain Yleldb (t/ha) 
Salt EC." 
added (mS/cm) IR28 IR34 IR42 IR9884-

{%I 54-3 

0 08 47 ab 53a 64 ab 5.7 b 
0.1 4.9 49a 54 a 66a 6.1 a 
02 7.7 43 b 4.5 b 6.1 be 4.9 e 
0.3 97 37 e 39 e 5.7 e 47 cd 
0.4 11.0 3.1 d 34 d 5.7 e 4.3 d 

"Electrical conductiVity in the saturation extract, 1 wk after salt 
addition. 6Separation of means in a column by Duncan's multi
ple range test at the 5% level. 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 103 



in greenhouse and field mass-screening tests, and 
the performance of promising rices was observed 
in field yield trials on a Splfaquept with an aerobic 
pH of 3.5. 

Greenhouse screening. A total of 320 rices were 
screened in the greenhouse. They included elite 
lines and some hybrids from Mahsuri (an iron
toxicity tolerant variety) and IR5657-33-2 (a salt
tolerant line). Fifty were rated as tolerant. 

Field screening. Of 190 lines tested in the field, 25 
were tolerant. Iron toxicity in the wet season was 
severe, and of 73 rices tested only IR29385-1-1, 
IR29385-1-12, and IR29385-1-13 gave tolerant 
scores. 
, Yield trials. Yield trials confirmed that pIant 
growth was poorer in the wet season than in the dry 
(Table 5) and that tolerant rices gave higher yields 
than the sensitive ones at two sites with acid snlfate 

Table 5. Influence of season on the perfonnance of 6 rices on 
an acid sulfate soil, Mafinao, Albay. Philippines, 1980. 

Grain yield (t/ha) 

Designation Dry Wet 
season 

IR36 5.2 2.5 
1R42 5.9 3.6 
IR44 6.3 2.9 
IR46 6.4 33 
IR52 5.4 3.6 
IR4683·54·2 6.7 3.6 

Mean 6.0 3.2 

Table 6. Performance of 15 rices at 2 sites on an acid sulfate 
soli, Malinaa, Albay, Philippines, 1980 wet season. 

Grain yielda'(t/ha) 
Designation 

Site 1 Site 2 

IR54 3.9 a 2 B abc 
IR48 3.6 ab 2.7 ahed 
IR4683·54 3.6 ab 3.1 ab 
IR42 3.6 ab 3.2 a 
IR52 3.6 ab 24 abed 
IR1314943 3.6 ab 27 abed 
IR2797·105·2 34 ab 2.0 cde 
IR46 3.3 abc 2.2 abede 
1R44 2.9 abed 2.9 abc 
1R20 28 abed 1.8 de 
IR36 2.5 bede 2.1 bede 
IR50 2.4 bede 2.0 cde 
IR13168-143-1 2.0 cde 1.5 e 
1R8 1.8 de 0 f 
IR9129·136·2 1.4 1.5 

aSeparation of means in a column by Duncan's multiple range 
test at the 5% level. 
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soil (Table 6). The marked yield reduction in the 
wet season was due to severe iron toxicity induced 
by strong soil acidification during the dry spell 
preceding the wet season planting. 

Tolerant IR46, IR4683-54-2, and IR1349-43-2 
yielded more than 6 t/ha in the dry season and 
more than 3.3 t/ha in the wet season without lime, 
the usual amendment. Tolerance for iron toxicity 
conferred a yield advantage of about 2 t/ha over 
varieties that lacked the trait. 

Varietal reactions to soil amendments. To ascer
tain whether varietal tolerance could be a partial 
substitute for soil amendments, the effects of lime 
(5 t/ha) and manganese dioxide (100 kg/ha) on 
iron toxicity symptoms and yield ofIR26 and IR43 
were studied in a replicated factorial experiment on 
an acid sulfate soil at Malinao, AIbay, in the 1980 
dry season. 

On the basis of iron toxicity symptoms at 4 and 8 
weeks after transplanting, the best treatment was 
IR43 (a moderately tolerant variety) with lime and 
manganese dioxide; the poorest was IR26 (a sus
ceptible variety) without soil amendment (Table 7). 
On the basis of grain yield, the best treatment had 
IR43 and manganese dioxide with or without lime. 
The poorest had IR26 without soil amendment. 
IR43 showed a response of2.2 t/ha to manganese 
dioxide alone. IR26 gave a response of 1.2 t/ha to 
lime. IR43 produced 6.2 t/ha with only manganese 
dioxide, but IR26 with both soil ame.ndments pro
duced only 4.8 t/ha. 

Varietal tolerange may be a substitute for lime 
on acid snlfate soils. 

PEAT SOIL PROBLEMS 

Soil Chemistry Department 

Rice on peat soils shows zinc deficiency symptoms. 
On such a soil (pH 5.4, O.M. 46%, available Zn 0.3 
mgl kg soil) at Famy, Laguna, Philippines, 27 rices 
that were tested in a replicated experiment in the' 
1980 dry season differed in performance with and 
without zinc in the presence of N-P-K fertilizer. 
IR28, a moderately susceptible variety, yielded 0.9 
t/ha; IR34 and IR8192-31-2 (both zinc-deficiency 
tolerant) yielded 2.6 and 2.4 tl ha without zinc. 

If grain yield in the absence of zinc stress (i.e. in 
the presence of appliOfl zinc) is a criterion of toler
ance for the peat soil conditions ofthe experimen-



.. 
) 

Table 7. Effects of lime and manganese dioxide on the severity of iron toxicity symptoms 4 and 8 weeks after transplanting, and 
on grain yield' of 2 rice varieties on an acid sulfate soil. Malinao, Albay, Philippines, 1980 dry season." 

Treatment Iron tOXICity scoreb 

Yield 
Lime Manganese Variety 4wk 8wk It/ha) 

dioxide 

No No IR26 58 d 6.0 a 36 
No Ves IR2B 48 cd 52 ab 3.9 

No No IR43 4.8 cd 5.5 ab 4.0 cd 
No Ves IR43 3.5 ab 4.2 be 6.2 a 

Ves No 1R26 5.2 cd 5.8 a 4.3 cd 
Ves Ves 1R26 4.2 be 4.8 ab 48 be 

Ves No IR43 3.5 ab 42 be 5.3 b 
Ves Ves IR43 3.0 a 4.0 c 6.2 a 

"Sep~ration of means in a column by Duncan's multiple rangetestatthe5% level. bScored by the 1980 Standard Evaluation System 
for Rice. 

tal site, then IR42 and IRSI92-31-2, each with a 
yield of3 t/ha, may be considered the most tolerant 
of the 27 varieties tested. 

In a similar test of 10 varieties on an organic soil 
(PH 5.2, O.M. 20.6%, available Zn 0.2 mg/kg) at 
Morong, Rizal, S responded positively to added 
zinc, 4 of them significantly. The yields ofIRS192-
31-2 (2.9 t/ha) and IR34 (2.5 t/ha) without zinc, 
confirmed their tolerance for zinc deficiency on 
peat soils. In the presence of zinc, the highest 
yielders - IRS4 with 3.4 t/ha and IRSI92-31-2 
with 3.1 t/ha - showed theirtolerance for excess 
organic matter. 

The zinc-efficient rices IR34, IR42, IR54, 
IRS9S3-13-I, and IRSI92-31-2 performed best on 
peat soils. They had a yield advantage of 1.5 to 2.0 
t/ ha over zinc-sensitive modern varieties. 

BORON TOXICITY 

Soil Chemistry Department 

Of25 rices tested on a boron-toxic soil in the green
house, the following were found tolerant on ·the 
basis of symptoms and grain yield: IR5716-IS-I, 
IR9 I 29-209-2, IRS60S-IS9-2, IR9764-45-2, 
BR51-2S2-S. 

In solution culture IRS, IR20, IR26, IR42, and 
IR46 showed toxicity symptoms at 2.5 mg boron/ 
liter in the medium, but only IR36 and IR46 suf
fered a significant yield reduction. 

On a boron-toxic soil in the 19S0 dry season, 
IR50 scored 2.9 by the 19S0 Standard Evaluation 
System for Rice and yielded 6.1 t/ha. IRS4 scored 
4.5 and yielded 5.6 t/ha. 

ZINC EFFICIENCY 

Soil Chemistry Department 

Mass screening. Of 527 rices tested in 19S0 on a 
zinc-deficient soil (PH 7.0, organic C 4.9%, availa
ble Zn 0.1 mg/ kg. soil) in a farmer's field, 16 had 
tolerant scores. Among them were IR34 and IR54. 

Yield trials. Selected rices were grown to matur
ity with and without zinc in a replicated experiment 
in the field'used for the mass screening. Among the 
IR varieties, IRS4 gave the highest yield: 4.5.t/ha 
with zinc and 4.4 t/ha without zinc. IRS gave the 
lowest yield (2.3 t/ hal without zinc and the highest 
response to zinc (1.4t/ha). IRSI92-31-2, a tolerant 
line, yielded 4.4 t/ha without zinc, but.IR59S3-13-
I, a sensitive line, yielded 2.3 t/ha. The wet season 
yield trial was damaged by floods, insects, and 
virus diseases. Despite that, IR54 and IRSI92-31-2 
yielded 2.6 and 2.7 t/ha without zinc, compared 
with I.S t/ha for IR59S3-13-1. 

Varieties with tolerance for zinc deficiency 
yielded I to 1.5 t/hamore than varieties thatlack it. 
Tolerant IR34 maintained its superiority to sensi
tive IR26 in different soil and weather conditions 
(Table S). 

PHOSPHORUS EFFICIENCY 

Soil Chemistry Department 

Varietal differences in phosphorus efficiency were 
studied by mass screening in the greenhouse and 
yield trials with and without phosphate fertilizer on 
.a phosphorus-deficient Tropaquult. 

Mass screening. Of the 570 rices tested in culture 
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Table S. Performance of sensitive 1R26 and tolerant 1R34 on 
zinc-deficient soils at 4 Philippine sites" in 2 seasons, 1980. 

Desig
nation 

IR26 
1R34 

Grain yield (t/ha) 

Dry season Wet season 

Bay Gen. Morong Bay Gen. Famy 
Santos Santos 

3.1 0.8 2.0 24 0.0 20 
4.3 2.1 2.5 20 22 26 

"Soil properties: 

Mean 

1.72 
2.62 

Organic carbon Available ;zinc 
Site pH (%) (mg/kg) 

Bay 7.0 4.9 0.1 
Gen. Santos 7.9 38 0.1 
Morang 5.2 11.8 0.2 
Farny 5.4 26.4 0.3 

solution, 34 were rated phosphorus efficient. Nine 
were 1980 elite lines. 

Yield trials. Thirty-one rices were grown with 
and without 25 kg P Iha as single superphosphate 
in the 1980 dry and wet seasons. 

In the dry season, IR40, IR48, IR52, IR54, and 
IR9129-209 gave yields exceeding 4 tlha without 
phosphate fertimer and produced a mean response 
of only 7.5% when phosphate was added. In the 
wet season, despite insect damage, tungro, and 
typhoons, IR40, IR52, IR54, and IR9129-209 
maintained their superiority over the others with 
yields of2.7 to 3.5 t/ha. IR6115-1-1 was the poor
est perfonner in both seasons (Table 9). 

Phosphorus-efficient modem rices enjoyed a 

Table 9. Performance of selected rices on a phosphorus-
deficient Tropaquuft atlRRI,ln the 1980 dry and wet seasons. 

Dry season Wet season 
Designation 

Yield Rank Yield Rank 
(t/ha) (t/ha) 

IR54 4.7 1 2.7 6 
IR52 4.6 2 3.1 2 
IR48 4.2 3 2.1 22 
IR40 4.1 4 2.8 5 
IR9129-209-2 4.0 7 3.5 1 
IR5 29 25 1.6 27 
JR6115-1-1 2.2 31 1.5 31 

yield advantage of about 1.5 tlha over inefficient 
modem rices on the phosphorus-deficient Trap
aquult. 

AEROBIC SOIL CONDITIONS 

Soil Chemistry Department 

Dryland rice suffers from aluminum and manga
nese toxicities on acid soils and from iron defi
ciency on neutral and alkaline soils. To observe 
varietal reactions to those stresses, 15 selected rices 
were grown in a replicated yield trial on Luisiana 
clay (pH 4.9, organic C 2.5%, total N 0.22%), 
Maahas clay (pH 6.5, organic C 2.0%, total N 
0.12%), and Maahas clay limed to a pH of7.5. The 
soils were fertilized with 50 kg Nlha and 25 kg 
PI ha. The seeds were dry-sown at a seeding rate of 
3 glm in furrows 20 em apart in 3-m X 4-m plots 
replicated 3 times. The plots were irrigated when 

Table 10. Grain yield of 15 selected rices on 3 dryland soils. IRRI, 1980 dry season. 

Grain yield" (t/ha) 

Designation LUisiana Maahas Limed Maahas Mean 
clay clay clay 

IR36 5.4 ab 4.1 a 1.6 abc 3.70 
IR43 5.2 ab 34 abed 3.3 abc 3.97 
IR45 45 abed 2.7 def 30 abc 3.40 
IR52 55. 3.9 ab 2.9 abc 4.10 
IR1750-F5B-5 4.2 cde 3.0 cde 1.5 bc 2.90 
IR1754-F5B-22 53 ab 3.6 cde 3.6 ab 470 
IR2061-522-6 5.2 ab 3.0 cde 37. 3.97 
IR2061-628-6 4.7 abed 3.3 bcd 2.6 abc 3.53 
IR3B39-1 4.7 abed 33 bcd 15 bc 3.17 
IR38BO-29 4.8 abc 2.9 cde 22 abc 3.30 
IR5179-2 3.5 e 3.0 cde 2.2 abc 2.90 
IR8072-31 3.9 de 2.4 ef 13 c 253 
IR80B5-48 4.5 bcd 2.0 f 0.0 d 2.17 
lET 1444 3.5 c 29 cde 3.0 abc 3.13 
Ml-48 35 c 2.4 ef 1.4 c 2.43 

Mean 4.56 306 225 

"Separation of means in a column by Duncan's multiple range test at the 5% level. 
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necessary. The plants were scored visually on gen
eral appearance and foliar symptoms 8 and 12 
weeks after sowing. 

The main foliar symptoms were manganese tox
icity on the strongly acid soil and iron deficiency on 
the limed Maahas clay. On Maahas clay no clear 
symptoms of a nutritional disorder were discern
ible. 

Table 10 shows striking soil and varietal influ
ence on grain yield. The mean yield decreased as 
soil pH increased. Within a soil there were marked 
varietal differences, and there were variety X soil 
interactions. IR43, IRS2, IRI7S4-FSB-22, and 
IR2061-S22-6 did uniformly well on all three soils. 
IR36 and IR808S-48 fared well on the strongly acid 
soil but poorly on the alkaline soil. The poorest 
performer was M 1-48, apparently because of its 
poor plant type. 

Several IR rices can yield more than 3 t/ha on 
irrigated acid dryland soils. 

NITROGEN DEFICIENCY 

Soil Chemistry Department 

Three rice varieties were grown on Maahas clay 
(PH 6.6, total N 0.16%) in 16-liter pots in the 
presence of 0, SO, 100, ISO, 200, and 2S0 mg N/kg 
soil as urea, 2S mg P / kg soil as triple superphos
phate, and SO mg K/kg soil in the 1980 dry season. 

Figures I, 2, and 3 indicate that H4 (a tall tradi
tional variety) was the best producer of straw and 

GrolnYleld (glpot) 
120 

20 

°o~----~oo~---'IOO~----~,oo~---'200~---'2W~ 
Nitrogen (mglkgsolD 

1. Grain yield as a functIOn of nitrogen level IRRI, 1980 dry 
season. 

Sfrow YIeld (g/lXt) 
200 

°0~----~oo~--~IOO~----~'5~0----~W~0~--~2~50 
Nitrogen (lTX]Ikgsocl) 

2. Straw Yteld as a function ofmtr~gen leveLIRRI, 1980 dry 
season 

total dry matter at allleveis of nitrogen and the best 
grain producer from 0 to ISO mg N/kg soil. Butthe 
modern varieties IR42 and IR48, although not 

TDM yad (g/pot) 

300 

2W 

200 

150 

50 

oL-____ L-____ ~ ____ ~ ____ ~ ____ ~ 

o 50 100 150 200 250 
Nrfrogen (mg/kggxl) 

3. Total dry matter (TDM) yield as a function of mtrogen level. 
IRRI, 1980 dry season. 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 107 



Gram yield (g/pot) 
60 

50 

40 

30 

20 

10 

Added potassIUm (mg/kg SOl]) 

Straw Yield (g/pot) 
60 

50 

50 75 100 
Added potosslUm (rrg/kg SOIl) 

4. Effect of increasing potassium levels on a straw and grain yield of rice on a potassium
deficIent soIl. IRRI, 1980 wet season 

high dry matter producers, yielded more grain than 
H4 at the highest level of nitrogen. IR48 produced 
more total dry matter than IR42 at all nitrogen 
levels. 

Grain yield was a highly significant quadratic 
function of the nitrogen level for all three varieties, 
but the coefficients differed as seen below: 

Variety Regression 

H4 f= 35.3 + 0.4639X - .000918 x' 
IR42 y= 30.9 + 0.3407X- .000234 X' 
IR48 y= 30.7 + 0.3636X - .00025 X' 

POTASSIUM EFFICIENCY 

Soil Chemistry Department 

R 

1.00" 
0.99" 
1.00" 

Potassium deficiency is widespread in soils of the 
Philippine provinces of Zambales and Nueva 
Ecija, but on some soils rice does not respond to 
potassium fertilizer because of potassium fixation 
by vermiculite and beidellite. On such soils potassium
efficient rices may be useful. 

To observe varietal reactions to potassium defi
ciency, 23 rices were grown in the greenhouse on a 
potassium-deficient soil (PH 7.0, exchangeable K 
0.7 mmol/ kg) in the presence of adequate amounts 
of nitrogen and phosphorus ferti1izers. The plants 
were screened visually 2 weeks after transplanting. 
Of the 10 IRRI varieties tested, IR45, IR48, and 
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IR54 showed no deficiency symptoms. 
To study varietal differences in efficiency ofpot

assium use, four modem rices were grown on a 
potassium-deficient soil (PH 6.0, exchangeable K 
0.3 mmol/kg) in the presence of 0, 25,100, and 150 
mg K/kg of added potassium and with adequate 
nitrogen· and phosphorus in the greenhouse. 

Figure 4 shows that IR42 was a more efficient 
user of potassium for straw production at low 
potassium levels than IR36, but the opposite'was 
true for grain production. Efficiency of potassium 
use for grain production was in the order IR46 > 
IR36> IR42. 

PRACTICAL IMPLICATIONS OF ADVERSE SOILS 
TOLERANCE'IN RICE 

Soil Chemistry Department 

Mass screening and yield trials have revealed the 
existence of striking varietal differences in toler
ance for soil toxicities and nutrient deficiencies. 
Some tolerant rices are hybrids generated for spe
cific problems such as salinity and alkalinity. Most 
tolerant rices are IR varieties or IR lines that have 
good agronomic characteristics and pest resist
ance. Tolerance for an adverse soil condition 
confers on a cultivar a yield advantage of 1-2 t/ha. 
Some ofthe 1980 findings are summarized in Table 
II. Use of modem soil-stress-tolerant varieties with 
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Table 11. Performance of some tolerant and sensitive IR varieties on unamended problem soils. 1980 dry and wet seasons.a 

Tolerant 

Problem Designation 

Salinity IR42 
Alkalinity IR36 
Acid sulfate soil IR46.IR42 
Peat soil IR42 
Phosphorus deficiency IR54 
Zinc deficiency IR34 

aYield data are averages for soils and seasons. 

good cultural practices can lead to yields of 3-4 
t/ha on adverse soils without costly soil amend
ments. 

BREEDING FOR ADVERSE SOILS TOLERANCE 

Plant Breeding Department 

Breeding for adverse soils tolerance continued with 
the objective of transferring tolerance to breeding 
lines with high yield potential and other desirable 
characteristics. Tolerance for salinity and-alkalin
ity received priority. Early-generation and ad
vanced breeding lines were screened for tolerance 
for salinity (4,000) and alkalinity(l,200). Advanced
generation breeding lines were screened addition
ally for tolerance for iron toxicity, potassium defi
ciency, and zinc deficiency to identify those with 

Sensitive 

Yield Designation Yield Differ-
(t/hal (t/hal 

3.3 1R26 1.' 1.9 
33 IR45 1.3 2.0 
3.6 IR26 1.2 2' 
3.0 IR28 1.1 1.9 
3.7 IR36 26 1.1 
2.6 IR26 1.7 0.9 

mUltiple stress tolerance. 
More than 3,000 entries were screened for mul

tiple stress tolerance (Table 12). 
More than 3,700 advanced-generation breeding 

lines ranging from F, through Fs were grown; 54 
lines were promoted for yield testing and more 
than 650 lines were advanced for further selection. 

A number of crosses with diverse tolerance sour
ces for different adverse soil stresses were made. 
The tolerance sources were hybridized with IR36 
(male sterile) to permit the formation ofintermat
ing composite populations. Recurrent selection 
practiced on such composites grown underincreas
ing levels of adverse soil stresses could favor the 
accumulation of genes for tolerance, leading even
tually to enhanced levels of stress tolerance. 

Table 12. Sources of breeding materials screened for tolerance for adverse soil stresses. IRRI. 1980. 

Stresses 
HB 

Salinity 
Alkalinity 
Iron toxicity 
Phosphorus deficiency 
Zinc deficiency 
Salinity and zinc deficiency 
Salinity and alkalinity 
Salinity, alkalinity, and zinc deficiency 375 
Salinity, iron toxiCity, and phosphorus deficiency 
Salinity, iron tOXICity, phosphorus 

deficiency, and zinc deficiency 
Salinity, alkalinity, iron toxicity, 

phosphorus deficiency, and zinc 
deficiency 

Grand total 

No. from each sourcea 

PN RYT OYT 

3985 49 
86 

288 
83 
50 

789 
1200 

183 
610 

GEU 
elite 

163 

Total 
(no.) 

4034 
86 

288 
83 
50 

789 
1200 
375 
183 
610 

163 

7861 

aHa = hybridization block, PN = pedigree nurseries, RYT = replicated yield trial, OYT = obselvational yield trial, GEU = Genetic 
Evaluation and Utilization. 
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Genetic evaluation and utilization (GEU) program 

Deepwater and flood tolerance 
Plant Physiology, Agronomy, and Plant Breeding Departments and. Thailand-J RRI 
Cooperative Deepwater Project 
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BREEDING PROGRAM AT IRRI 

Plant Breeding and Plant Physiology Departments 

More than 11,700 rainfed-wetland breeding lines 
and varieties were screened for submergence toler
ance. Crosses numbering 740 were made with 
rainfed wetland rice and the F, planted during the 
wet season. 

Plants selected in 1980 screening were multiplied 
and retested. From 1978-79 screening, 132 lines 
were selected for seed increase, grain yield, and 
plant type evaluation. The best of those lines will 
be added to the International Rice Deep Water 
Observational Nursery. 

Among the varieties tested for submergence 
tolerance, 39 came from the tidal swamp rice col
lection of Ecuador. No variety had elongation abil
ity, but Brasilero, Cafuringa I, Chato Rayado, and 
Donato were highly tolerant of submergence. 

Elongation ability of 4,271 lines and varieties 
was also tested and 92 lines from 1978-79 screening 
were selected for seed increase. 

EFFECT OF WATER LEVELS ON TILLERING 

Plant Physiology Department 

Tillering of 4 rice varieties with different plant 
types and· elongation abilities was studied at 5 
water levels 20, 30, and 40 days after sowing (DS). 

TIller number increased with time to a certain 
point, and then decreased. The maximum tillering 
stage of the 4 rice varieties was about 50 DS (Fig. 
I). IR36 showed earliest tiller emergence and had 
the most tillers per pot. The faster rate of primary 
tiller production resulted in a faster rate of secon
dary and tertiary tiller production. 

Deep water reduces tiller number but the modi
fication of tiller production is not clearly under
stood. Deep water significantly reduced the tiller 
number of all varieties except l.eb Mue Nahng III 
(LMN III). 

At 20 DS, generally considered to be the active 
tillering stage, deep water delayed the production 
of primary tillers, which, in turn, resulted in the 
production of less secondary tillers. At 1040 cm 
depths, no tertiary tillers were produced and at 
30-40 cm depths no secondary tillers were pro
duced. Similar resuIts were obtained when water 
treatment was started at 30 and 40 DS. For crop 
production a IO-cm water depth can be used as a 
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1. Tdler number per pot at different growth stages of 4 rice 
varieties subjected to 5 water levels at 20 days after sowing. The 
arrow marks the start ofthe water treatment. IRRI greenhouse, 
1980. 

critical water level for IR36; l.euang Pratew 123 
(LPT 123), and RDI9. 

Seedling age and tiller reduction. Regardless of 
the variety, younger seedlings were more affected 
by deep water (40 c~) than older seedlings (Fig. 2). 

30 40 50 60 70 00 20 30 40 50 60 70 80 
OcrysaflerSOWlflg 

2. Tiller reduction of 4 rice varieties subjected to 4O-cm water 
depth at 20, 3D, and 40 days after sowing The arrows mark the 
start of the water treatment. IRRI greenhouse, 1980. 
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3. Plant height of LMN III. RDI9. and IR36at 80 days after sowing as affected by 5 water 
levels. IRRI greenhouse, 1980. 

However, at 2!km water depth, tiller number per 
pot 80 OS was similar in the plants that were 
treated at 20, 30, and 40 OS. 

The advantage of using older seedlings is clear at 
the 4O-<:m water depth. 1R36 had almost no surviv
ing tillers when the 4!km water treatment was 
started at 20 OS, but when treatment started at 40 
OS the reduction was only 50%. The advantage of 
older plants at the time of increa e in water depth 
was also apparent in ROI9. 

Occurrence of nodal tillers. odal tillering was 
observed in LMN I I I and RDI9; there was some 
in IR36 but none in LPT 123. Nodal tillering was 
noted as early as 30 days after water treatment at 
20, 30, and 40 cm water. However, deeper water 
seemed to produce more nodal tillers. The varieties 
with nodal tillering ability tended to have better 
nodal rooting ability. 

Importance of internode elongation. Internode 
elongation was poor in 1R36. IR36 plants were 
flowering at 80 OS and the elongated internodes 
were part of the flowering process. 

LMN III had good elongation ability. In RDI9 
elongation occurred only if necessary for survival; 
in LMN III, it occurred when the plants were 
above the water level. 

The semidwarf characteristic of I R36 remained 
the same in medium-deep water (30-40 cm) when 
only plant height above the water level was consi
dered (Fig. 3). Similarly, RO 19 remained interme-

diate in plant height. LMN III was tall regardless 
of the water depth. 

The treatments clearly showed that plants with 
intermediate height and elongation ability make a 
good plant type for medium-deep water. 

SUBMERGE CETOLERANCE 

Plant Physiology and Plant Breeding Departments 

In tests at different times, at different sites, and by 
different workers, FR 13A, Kurkaruppan, and a 
few other traditional rice varieties exhibited a high 
degree of submergence tolerance, thus suggesting 
that the trait is gene controlled . 

I n a study to find optimum seedling age and 
submergence duration for genotypic differentiation 
of varieties, 9 treatment combinations involving 
seedling ages of5, 7, and 9 days and also 5, 7, and 9 
days of submergence were used in greenhouse 
tanks. The treatment combination of 7-day-old 
seedlings submerged for 7 days was found to be the 
most effective for maximizing genotypic variance 
(Table I). However, the treatment combinations 7-
or 9-day-old seedlings submerged for 9 days 
appeared to be more effective in differentiating 
entries showing above average tolerance, thus sug
gesting the necessity orIonger submergence period 
in screening of pedigree lines in breeding pro
grams. The study also confirmed earlier results 
with Kurkaruppan, FRI3A, and Thavalu (Ace. 
15314). 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM III 



Table 1. MNn aurvival percentage In • rb nrletin undet t diff.,ent seedling .".aubmervence duration combin.tJons,- IARt 
1.0. 

Surviv. ' 1%' 
Overa ll 

Variety 5-5 5-7 5-9 7·5 7·7 7·9 !H; 9-7 9-9 m.an 

IRS 96.0.b 8).5.b 70.0 b 58.5 b 26.5 b 4.5 cd ff1 .5.b 4.5 b 0.0 b 47 .9 
IR38 52.5 c 40.0 c 18.0 cd 46.0 b 4.5 be 0.0 d 57.5 be 4.5 b 0.0 b 24.S 
1R42 79.5 be SO.5 be 4.5 d 8.5 c 0.0 c 3.0 cd SO.5 c 0.0 b 0.0 b 21.8 
1R3464-75-' -1 no be 46.5 c 34.0 be 46.0 b 12.5 be 0.0 d 71.5 abc 17.0 b 0 .0 b 33.9 
ROt9 64.0 c 54.5 be 37.5 be 54.5 b 17 .0 be 0 .0 d 92.0 ab 8.5 b 0.0 b 36.9 
Th.v.lu 100.0 a 100.0 a 100.08 96.0. 73 .0. 20.0 be 67.0 abc 58.5 a 0.0 b 68.3 
FR13A 96.0.b 75.S.bc 63 .0 b 100.0 II 79.5. SO.5 b 88.0.b 59.0 a 9.0 b 68.9 
Kurkaruppan 74.0 be 91 .0 II 63.0 b 100.0. 92.0. 87.5. 95.5 a 78.5 a 54.S. 81.8 
Over.1I me.n 79.9 67.7 48.8 63.7 38.0 21.0 76 .0 29.0 8.0 48.0 

-The first of 2 numbers Joined by a hyphen indicates seedling age; the second is number of days of submergence. tAv of 2 
repltcations. Seperatlon of means In a column by Duncan'a multiple range teat at the 5% level. 

High submergenoe toleranoe in FRI3A was 
further indicated from anotber study in which 10-
day-old seedlings of FRI3A and IR42 were sub
merged for durations from 5 to 10 days. Around 
50% of IR42 seedlings died after being submerged 
for 6 days. In FR 13A 50% dead seedlings occurred 
at 8 days. 

A total of 28 F, seedlings plus 8 parents consti
tuting an 8 X 8 half diallel set were studied. Ten
day-old seedlings were raised separately in clay 
pots and submerged for 8 days in 30 cm water in a 
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greenhouse tank. The F, seedlings involving 
FRI3A and Kurkaruppan showed submergence 
tolerance equal to or higher than that of their 
respective tolerant parents. That indicates toler
ance was dominant over susceptibility. 

The array of variance and covariance indicated 
the highest concentration of dominant alleles in 
FR 13A, followed by FR43B and Kurkaruppan. 
RDI9, IR34, and IR42 showed concentration of 
recessive alleles in that order (Fig. 4). The wide 
distance between dominant and recessive groups 
along the regression line suggests possible invol
vement of one or more major genes. 

Both general combining ability and specific 
combining ability effects were highly significant. 
However, general combining ability (indicating 
additive gene action) was more important than 
specific combining ability (indicating nonadditive 
effects). This observation suggests high possibility 
of recovering recombinants having adequate level 
of submergence tolerance in the homozygous state. 

Three components - b,. b" and b, - of the 
nonadditive effects were highly significant. The 
significance of b" which indicates unidirectional 
dominance, showed that population dominance 
was manifested as a simple difference between the 
average of F, progenies and average of their par
ents. The presence of gene asymmetry (b,) indi
cated that parents made different contributions to 
their progenies in respect of genes displaying dom
inance. The significance of b, showed that not all 
crosses had significant deviation from the mid par
ent and indicated possible epistatic action. 

Another study of the inheritance of submer
gence tolerance analyzed the segregation pattern 
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and estimated the genetic parameters of the crosses 
involving FRI3A, Kurkaruppan, Thavalu (Acc. 
15314). Goda Heenati, IR36. and B2433b-Kn-10-
1-1-1. Tests in the greenhouse submerged lO-day
old seedlings in a tank for 7 days at a depth of 30 
cm above the soil. Water temperature was kept 
constant at 30" C and the light intensity 400 lux at 
the tray level. 

Segregation analyses indicated that at least three 
dominant genes were involved in control of toler
ance for submergence. Two had duplicate gene 
action, and the third was complementary to any of 
the first two. Estimation of the genetic parameters 
showed that additive and nonadditive gene effects 
were important in the inheritance of submergence 
tolerance. Dominance and nonallelic interactions 
were present in all the crosses analyzed, and nonal
lelic interactions were mostly oftbeduplicate type. 
Estimates of broad sense heritability were low 10 
moderate, indicating that a large portion of the 
phenotypic variance was due to non genetic effects. 

Another study used the crosses Khao Oawk 
Mali IR42 and Thavalu 15314f1 R42. The mode 
of segregation for submergence tolerance at seed
ling stage of the F, popUlation, based on percent
age of survival of lO-day-old seedlings submerged 
for 7 days, indicated the dominant nature of sub
mergence tolerance. Tolerance seems to have 
resulted from the complementary gene action of 
two independent loci. 

EFFECT OF tTROGEN LEVEL AND SEEDLINGS 
PER HILL ON YIELD 

Plant Physiology Department 

To investigate the effect of basal rtitrogen and 
number of seedlings per hill on tiUering ability and 
yield performance of IR42 in medium-<leep water, 
2O-day-old seedlings were transplanted with 0, 40, 
80, and 120 kg ! ha at the rate of 2, 5, and 10 
seedlings! hill. Water level at 30 days after trans
planting (01) was increased at the rate of 5 
cm! day and was kept at 50 cm until full nowering. 

An earlier study had shown that rtitrogen fertil
izer increased the grain yield of rice in deep water. 
The increase was associated with an increase in 
tiller number before water depth rose. The result 
was greater plant height and more panicles at 
harvest. In 1980, both basal nitrogen application 
and increased number of seedlings per hill re ulted 

Table Z. G,..ln yI-'" of 1M2 grown In medium-dMp (SO eml 
wet., .. .tfected by. le'i'efs of nitrogen f.rtllLt..r and number 
of IMdllngt .,.r hi • . IARI. 1980 w.t s .. son. 

Grain yiekj It/ha) 
Nitrogen level 

(kg/hoi 2 seed· 5 seed· 10 seed· Mean" 
lings/hili lings/ hill lings/hi li 

0 2.45 2.74 3.13 2.17 b 
4D 3.11 3.33 3.65 3.36 ab 
80 3.67 3.82 3.96 3.81. 

120 3.83 3.96 3.91 3.90 II 

Meln- 3.27 b 3.46 ab 3.66 a 

· Separation of melns in a column or row bV Duncan 's multiple 
range test at the 5% level. 

in more tillers per unit area and in taller plants, 
which produced more crop canopy above the 
water, higher leaf area index, more dry matter, and 
ultimately higher grain yield. 

Generally, grain yields increased with increase in 
nitrogen level and increase in seedlings per hill 
(Table 2). The advantage of using more seedlings 
per hill was clear in plots without or with low levels 
of nitrogen fertilizer (40 kg I ha), but not so clear 
in plots with high levels of nitrogen fertilizer. The 
results imply that the effect of basal nitrogen fertil
izer application can be achieved, to a certain 
extent, by increasing the number of seedlings per 
hill. 

VARIETAL DIFFERENCE 1'1 NITROGEN UPTAKE 
AND UTILtZATlO'l 

Plant Physiology Department 

A study with 10 varieties of diverse plant types 
elucidated the phenomenon of nitrogen uptake 
and utilization in relation to water depths and 
nitrogen level. Nitrogen levels were 2 and 6 g 
ammonium sulfate in each pot with 4 kg soil. The 
water levels were 30 cm (medium-<leep) and 110 cm 
(deep). 

Three types of plant-height response were evi
dent in the varieties tested (Fig. 5). Type A, which 
includes the traditional tall no.ting rice varieties 
such as Kalar HarsaU, LMN III, and Chenab Sel. 
64-117, showed a marked difference in plant height 
with higher nitrogen level in both medium-<leep 
and deep water. At nowering the plant partS above 
the water ranged from 120 to 130cm in medium
deep water and 50 to 130 cm in deep water. 

Type B response is shown by improved deep
water rice lines such as ROl9, BKN6986-167, and 

GENETIC EVALUATIO,,/ A '1D UTILIZATION (GE U) PROGRAM liS 
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S. Variation in plant height due to low and high nilrogen levels 
at med ium-decp (30 em) and deep (110 em) water levels. The 
plant types are the traditional tall Kalar Harsall (A), improved 
BKN6986-J67 (8). and modem intermediate tall IR442-2-S8 
(C). 

BR223-B-38. Plant height increased with increase 
in nitrogen level but not as much as in Type A. 

Type C response was typified by IR442-2-58, 
BI050-Mr-18-2, and IR42. Those intennediate
height varieties have poor elongation ability. Addi
tion of nitrogen gave only a small increase in plant 
height. The plant parts above the medium-<leep 
water ranged from 70 to 110 cm, the optimum 
range under irrigated conditions. But in deep 
water, Type C was barely above water( 10 cm), and 
additional nitrogen increased plant height but not 
sufficiently. 

Varietal difference in nitrogen uptake and pro
duction of basal tillers before water treatment is 
seen in Figure 6. Varieties with high nitrogen 
uptake also had a high number of basal tillers. 
Improved varieties, such as IR42, IR442-2-58, 
Bl050-Mr- l8-2, BR223-B-38.and RDI9, had high 
nitrogen uptake and high numberofbasal tillers at 
both nitrogen levels. The traditional varieties not 
only had poor ability to absorb nitrogen, they also 
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had poor tillering ability. Habiganj Aman I, how
ever, showed a different and belter response in 
terms of tiller production and nitrogen uptake. 1 

The results show that the basal tiller number in 
deepwater rice culture may be increased by increas
ing basal nitrogen and selecting varieties with not 
only high tillering ability but also ability to absorb 
nitrogen. Examples are BI050-Mr-18-2, lR42, 
ROl9, BR223-B-38, and Habiganj Aman I. Such 
high tillering ability and nitrogen uptake were gen
erally still apparent at flowering in medium-<leep 
water, but the relationship changed in deep water 
- Kalar Harsall and Habiganj Aman I, which 
have greater elongation ability, gave the highest 
number of basal tillers. Although LM I 1 I had 
relatively good elongation ability, it had the poor
est tillering ability. 

In medium-<leep water, varieties planted with 
low nitrogen level did not produce any nodal 
tillers. But at high nitrogen, nodal tillers were pro
duced in some entries. In deep water, Kalar Har
sail, LM III , and I R442-2-58 had a good number 
(5 to 9) of nodal tillers, especially at high nitrogen 
(Table 3). Some entries either failed to produce any 
nodal tiller or produced few (1-3) even at high 
nitrogen. Generally high nitrogen increased nodal 
tillers and nodal rooting. 
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6. Relationship between nitrogen (N) uptake and basal tiller1i 
per plant of 10 entries al low and high N levels before water 
(raiment. IRRI. 1980. 



Table 3. Production of nodal tillers and nodal roots of 9 entries 
in deep water (110 em) at low (2iiJ) and high (6N) nitrogen 
levels at flowering. IRRI, 1979 wet season. 

Nodal tillers Nodal Nodal 
Entry (no.) roots (no.) root wt (g) 

2N 6N 2N 6N 2N 6N 

Kalar HarsaU 98 119 3.6 14.4 
Habiganj 68 68 5.6 5.7 

Aman I 
Leb Mue 157 210 52 20.4 

Nahng III 
Chenab Sel 25 53 0.9 22 

64-117 
Bl0S0·Mr-18·2 0 0 61 100 0.4 1.9 
BR223-B-J8 0 1 98 102 23 95 
RD19 0 3 87 118 1.1 63 
8KN6986·167 1 3 107 156 08 53 
IR442-2-58 0 5 10 17 0.1 0.5 

Av 0.4 3.2 79 105 22 7.4 

The traditional types tended to produce more 
nodal roots than the improved types. Amongtheim
proved types, BR223-B-38, RDl9, and BKN6986-
167 had good nodal rooting ability in terms of 
nodal root weight and number but high nitrogen 
failed to increase number or weight of nodal roots 
in either traditional (Habiganj Aman I), improved 
(B1050-Mr-18-2), or modem types (IR442-2-58). 
Hence, varietal difference in nodal rooting ability is 
vivid in all types of entries tested. 

Varietal difference in nodal tillering ability was 
also distinct. Except in Kalar Harsall and 
LMN Ill, higher nodal tillering did not lead to 
higher nodal rooting. Among the improved as well 
as modern entries, some had poor nodal tillering 
ability but high nodal rooting ability or vice versa. 
Wider screening for these two attributes may lead 

to the selection of varieties with higher nodal tiller
ing and nodal rooting ability, which may be 
recombined in breeding for wider adaptability for 
deep water. 

Higher nitrogen consistently increased grain 
yield in all entries because of increased panicle 
number and spikelet number per panicle (Table 4). 
Among the varieties, Kalar Harsall, RDI9, and 
BKN6986-167 had significantly higher grain yield 
than BR223-B-38 at high nitrogen, in medium-deep 
water. Kalar Harsall had the lowest yield at low 
nitrogen III medium-deep water. Variety X nitro
gen interactions were not, however, significantly 
different in deep water. The increased yields of. 
RDl9 and BKN6986-167 with high nitrogen at 
both medium-deep and deep water were due to their 
increased panicle number and'number of spikelets 
per panicle, which resulted in higher panicle 
weight, and consequently higher harvest index 
(HI). In a controlled experiment, higher HI may be 
used as a selection criterion for higher yield poten
tial. The higher HI is related to the type B plant 
height response. 

UPTAKE THROUGH NODAL ROOTS AND 
DISTRIBUTION OF "N-TAGGED AMMONIUM 

Plant Physiology Department 

A study with "N, determined absorption of nitro
gen through the upper nodal roots and its distribu
tion in a deepwater rice plant. Two 20-day-old 
seedlings of Kalar Harsall, a deepwater variety, 
were transplanted as I hill in a pot containing 3 kg 
Maahas soil basally supplied with 2 g ammonium 

Table 4. Grain weight. paniCle number, number of spikelets per panicle, and harvest index of some entries" in medium-deep (30 
em) and deep (110 em) water at low (2N) and high (6N) nitrogen levels/plant.b IRRI, 1979 wet season. 

Grain wt (9) Panicle no. No spikelets per panicle Harvest index 
Entry 

2N 6N 2N 6N 2N 6N 2N 6N 

MedIUm-deep water 
Kalar Harsali 9 d 24 a 8 cd 12 ab 57 95 cd 026 025 
BR223·B·38 10 cd 20 b 9 c 13 ab 75 98 0.22 0.23 
RD19 12 cd 26 a 7 cd 14 a 98 e 120 b 0.31 0.43 
BKN6986-167 13 c 27 a 6 d 11 be 90 d 130 a 0.35 0.26 

Deep water 
Kalar Harsall 19 a 29 a 14 bcd 18 a 74 f 120 b 0.39 021 
BR223-B-38 14 a 26 a 12 cd 17 ab 75 f 77 ef 029 0.21 
RD19 18 a 32 a 7 f 16 abc 104 d 110 cd 038 .0.37 
BKN6986-167 18 a 31 a 10 cdef 13 cde 116 be 138 a 0.35 023 

"Some entries damaged by disease or typhoons at maturity were discarded. bSeparation of means in a column and under each 
water condition by Duncan's multiple range testatthe 1 % level CV (%) for grain weight, panicle number, and numberofsp.kelets 
per panicle were 4, 12, and 4 In medium-deep water and 8, 1S, and 4 in deep water. 
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7. Setup of the I~N treatment using Kalar Harsall that has 
elongated and has been induced to "knee up." 

sulfate. The plants were subjected to increasing 
water depth for 6-7 weeks to induce internode 
elongation and nodal root development and then 
allowed' to "knee-up" on a galvanized iron tray 
containing 100 liters of water (Fig. 7). The soil in 
the pot remained flooded throughout the experi
ment but the pot was completely separate from the 
nodal root region submerged in the tray. Tagged 
"N ammonium sulfate was added to the tray. The 
nodal roots of some plants were excised as soon as 
they appeared, and another set of plants had their 
nodal roots mtact and undisturbed. 

Table 5 shows the amount of tagged N indiffer
ent plant parts 3 and 96 days after fertilizer applica
tion in the nodal root region. The percentage of"N 
uptake, "N activity, was considerably greater in 
the nodal roots than in the other plant parts, sug
gesting nodal roots as the active sites for absorp
tion of available niJrogen. Translocation of ab
sorbed nitrogen was rapid. At 3 days after treat
ment, a large amount of "N was in the culm and 
green leaves, which were not submerged in the "N 
solution. Even the basal roots in the soil contained 
some "N. 

Accumulation of 15N progressively increased 

with the growth of the rice plant, and with the 
increasing absorption of iotal nitrogen. I'N con
tributed 29 and 43% ofthe total nitrogen absorbed 
after 5 and 10 days of 15N addition. At flowering 
(96 days after treatment), the amount of 15N III 

total nitrogen uptake had increased to 53%. Most 
of the I'N remained in the culms. 

Among the plant parts, the nodal roots exhi
bited the highest percentage of I'N activity at the 
initial stages, but subsequently the new nodal 
tillers, green leaves, and panicles became the prim
ary sink of 15N. 

The amount of I'N absorbed from the nodal 
root region was reflected in the dry matter weight 
of the rice plant. At flowering, the dry matter 
weight of the different plant parts and their total 
were remarkably higher in the I'N plants than in 
the control plants. The presence of relatively 
greater amount of available nitrogen in the tray 
resulted in the greater number of late developed 
nodal and basal tillers. 

Application of I'N in the nodal root region 
increased basal root mass and absorption of soil 
nitrogen. The amount of nitrogen from the soil was 
377 mg/plant in the I'N treatment and 310 
mg/ plant in the control. 

The removal of most of the nodal roots caused 
considerable decline in the absorption of I'N. 
Absorption was only 33% of the total nitrogen 
uptake as against 60% in the intact treatment. With 
intact roots I'N contributed as much as 72% of the 
total nitrogen in the grains, but cutting the nodal 
roots reduced the amount to 32%. The removal of 
most of the nodal roots reduced total I'N absorp
tion by 396 mg/plantand the total nitrogen uptake 
by 456 mg/ plant, thus reducing dry matter weight 
by 19.9 g/plant. 

The results demonstrated the importance for 

Table 5. Uptake and distribution of tagged nitrogen (N) topdressed in the upper nodal root region of Kalar Harsall. lRAI. 1980. 

3 days after 15N treatment 96 days after treatment 

DIY WI Tagged N Tagged Nt DIY WI Tagged N Tagged Nt 
Plant parts (9) uptake total N (9) uptake total N 

(mg) (%) (mg) (%) 

Culm + leaves 40.6 73 21 60.9 264 53 
New nodal tillers 0.0 0 0 78 62 55 
Basal roots 4.7 3 8 58 6 16 
Nodal roots 04 4 66 8.9 43 59 
Panicle 6.4 50 61 

Total 45.7 80 21 89.8 425 53 
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Table 6. Segregation of ratooning ability. IRRI, 1980. 

Generation 

F, 

Cross 

Kalar Harsalll 
Mmgolo 

CNL231-B-BI 
Pankaj 

Ratoon 

55 

430 

deepwater rice of the upper nodal roots in the 
absorption of nutrients from the floodwater. The 
importance of nodal rooting ability in screening 
for such a plant trait is clearly indicated. 

DEEPWATER RICE WITH RATOONING ABILITY 

Plant Physiology and Plant Breeding Departments 

In some deepwater areas, there is a possibility of 
growing photoperiod-sensiltve varieties in the dry 
season for harvest in April and followed by a 
ratoon crop. With the onset of the monsoon, the 
ratoon crop should grow vigorously and tolerate 
varying degrees of submergence from July to Sep
tember. It could then be harvested in November. 

Breeding for rice with ratooning ability. A var
iety for such areas should be photoperiod sensitive, 
cold tolerant, and responsive to fertilizer. It should 
have good ratooning ability with some degree of 
drought and submergence tolerance or elongation 
ability. Furthermore, the ratoon crop should pos
sess resistance to virus diseases. 

That plant type was studied by a single cross of 
Kalar Harsall, a photoperiod-sensitive deepwater 
rice with elongation ability, and Mingolo, a good 
ratooningvariety. Another single cross of CNL231-
B-B, which is suitable for waterlogged areas, and 
Pankaj, with good ratooning ability, was made to 
combine good ratooning ability with submergence 
tolerance. The F" F" and F, populations were 
grown by rapid generation advance and allowed to 
ratoon. Ratooning ability was scored as good, 
moderate, low, and no ratoon 15 days after 
harvest. 

The ratooning ability of F, and F, populations 
varied with growth duration. The late-maturing 
segregants had greatest ratooning ability and a 
high correlation value (r = 0.962**) was obtained 
between F, and F, ratooning ability classified 
according to growth duration. The elongation abil
ity of Kalar Harsall, the F, bulk popUlation, and 

Non
ratoon 

121 

1365 

Ratio 

1 :3 

1:3 

x' P-value 

3.67 010-0.50 

1.04 0.50 - 0.30 

the ratoons show that the hybrid had distinctly 
better elongation ability than theelongating parent 
both at early seedling stage and as ratoon plants. 

Ratooning ability appeared recessive mono
genic to nonratooning ability (Table 6). Selection 
for ratooning ability early in a breeding program is 
suggested. 

EFFECTS OF GROWTH DURATION AND LIGHT 
INTENSITY ON RATOONING 

Plant Physiology Department 

Photoperiod-sensitive BPI-76 was grown in 16 
hours photoperiod after which the plants were 
transferred to 10 hours photoperiod. The ability to 
ratoon was negatively correlated with the growth 
duration of the main plant (r = - 0.99**). The 
percentage of plants that produced ratoon tillers 
decreasdd from 100 to 0 as the growth duration 
increased from 117 to 177 days (Table 7). The 
shorter-duration plants produced ratoons on every 
plant and more ratoons per hill (Table 8). They 
also initiated ratoons earlier. Ratoons from the 

Table 7. Number of BPI-76 plants that produced ratoons.IRRI, 
1980. 

Plants (no) 
Growth duration 

(days after sowing) Produced 
Total ratoons 

117 5 5 
137 5 4 
157 4 2 
177 5 0 

Table 8. Number of ratoon tillers produced per treatment dur
ing the first 3 weeks after main crop harvest. IRRI, 1980. 

Ratoon tillers (no) 
Growth duration 

(days after sowing) 1 wk 2 wk 3wk 

117 11 14 
137 8 10 
157 4 5 
177 0 0 
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younger plants grew taller than those from the 
older plants. 

Total carbohydrate content in ratoon plants was 
significantly correlated with growth duration (r = 
0.88**). The total carbohydrate contents of the 
177-day and the 157-day main plant stubble (37 
and 41 %) were significantly different from those of 
the 137- and 117-day plants (26 and 19%). How
ever, the nitrogen content ofthe main plant stubble 
was negatively correlated with growth duration (r 
= 0.98**). The 1l7-day plants gave the highest 
value of 0.76% nitrogen, and the 177-day plants 
gave the lowest - 0.26% nitrogen. 

Two types of ratoon tillers were observed. Basal 
ratoon tillers originated from the soil surface, and 
upper nodal ratoon tillers originated from 5 to 15 
em above the soil surface. BPI-76 had more basal 
ratoon tillers than upper nodal ratoon tillers 
regardless of growth duration. 

Because there was a 48.4% reduction in total 
carbohydrate of the 1l7-day plants compared with 
the 177-day ones, the observed 100% regeneration 
in the former could not be attributed to the accum
ulated carbohydrate in the stubble. Regeneration, 
then, in the short-duration plants (117 and 137 
days) may be largely due to the high nitrogen con
tent of the stubbles. 
. Light intensity. Mingolo, a variety known for 

good ratooning ability, was grown under 10 hours 
photoperiod until heading. At 5 days after panicle 
exsertion, one lot was shaded 49%, and another lot 
66%. A third lot was left unshaded. At 30 days after 
flowering, the plants were cut at 15 cm above the 
soil surface and left to ratoon. 

Low light intensity during ripening did not 
affect the ability of the main plants to produce 
ratoon tillers (Table 9). Earliest production of 
ratoon tillers was apparent in the unshaded plants. 

Ratoon tillers prodnced were 68.0, 62.0, and 
55.5% of the main crop tillers for 0, 49, and 66% 
shading. The height of the ratoon plants was not 
affected by shading of the main crop. 

Carbohydrate content of the main plant stubble 
was negatively correlated with degree of shading, 
and was highest at no shading and lowest at 66% 
shading. The nitrogen content of the main plant 
stubble was independent of shading. 

The ratoon yield of plants with 49% shading did 
not differ significantly from that of the unshaded 
plants (Table 10). But, ratoon yield with 66% shad-
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Table 9. Ratoon production in Mingola subjected to different 
degrees of shading at flowering to harvest IRRI, 1980. 

No. of tillers" 
YIeld 

(g/plant) 
Treatment 

(% shading) 1 2 3 Harvest Main Ratoon 
wk wk wk plant plant 

0 6a 6a 

9 _ 
7_ 328 a 11.9 a 

49 4 _b 4 _b 7 ab 6_ 35.6 a 12.0 a 
66 3 b 3 b 4 b 5_ 33.2 a 7.9 b 

"Separation of means in a column by Duncan's multiple range 
test, 5% level. 

Table 10. Grain yield of main and ratoon plants of Mingola 
subjected to different degrees of shading from flowering to 
harvest of the main crop. IRRI, 1980. 

Treatment 
(% shading) 

o 
49 
66 

Yield" (g/plant) 

Main plant 

3275 a 
35.58 a 
33.23 a 

Ratoon plant 

11.94 a 
12.02 a 
7.88 b 

aSeparatlon of means In a column by Duncan's multiple range 
test, 5% level. 

ing was significantly lower. 
Number of panicles per hill in the ratoon crop 

did not sigruficantly differ among the three treat
ments although panicle number tended to be 
higher with no or less shading. The 66% shading 
produced more unfilled spikelets in ·the ratoon 
crop than did the 0 and 49%. The I DO-grain weight 
was not affected by shading of the main plant. 

As in BPI-76, more ratoon tillers in Mingolo 
regenerated from the base than from the node, 
irrespective of shading treatment. The basal tillers 
out yielded the upper nodal tillers by 26.8%, show
ing the importance of selecting varieties for higber 
basal tillers. 

FERTILIZER TRIALS 

Agronomy Department 

Increasing fertilizer nitrogen efficiency in deep
water rice. The first international trial on nitrogen 
fertilizer efficiency for deepwater rice was planted 
at IRRI during the 1980 wet season. Soil analysis is 
reported in Table II; analysis of floodwater is in 
Table 12. 

RD 19 did not show anY'significant increase in 
grain yield with either 29 or 58 kg N/ha. However, 



Table 11. Analysis of soil in deepwater tank 1. IRRI, 1980 wet 
season 

Soil property 

pH 
Orgamc matter (%) 
Total mtrogen (%) 
Exchangeable potassium (mg1100 g) 
Available phosphorus (ppm) 
Cation exchange capacity 
Particle size 

Clay(%) 
Silt(%) 
Sand (%) 

Texture 
Taxonomic classification 

Analysis 

68 
1.94 
0.12 
1.29 

12.0 
40.0 

39 
32 
29 

Clay loam 
Alflsol 

foliar application of urea near the panicle initiation 
stage did not show any special advantage over all 
urea fertilizer applied as a basal dose (Table 13). 

The most significant result was that RDI9 elon
gated to 200 cm and produced 300 panicles/ m'. 
Both factors favor high grain yield under flooding 
regimes of 5 I to JOO cm deep water. 

Increasing fertillzer nitrogen efficiency in medium
deepwater rice. In the second International Net
work on Soil Fertility and Fertilizer Evaluation for 
Rice (INSFFER) trial, IR42 was planted in 
medium-cleep water with maximum water depth of 
50 cm during the dry season. 

Regardless of nitrogen source, application of 
fertilizer nitrogen increased grain yield by 1-3 t/ha 
(Table 14). 

At 54 kg N/ha, deep placement of urea super
granules gave significantly higher grain yield than 
bruadcast-incorporated priIIed urea or sulfur-

Table 12. Measurements" of pH, temperature, ammonium nitrogen (NHcN) and urea-nitrogen of floodwater in deepwater rice 
tank 1 after fertilizer application. IRRI, 1980 wet season. 

At basal fertilizer application At foliar spraying 5-7DBPII1 
Days after 
fertilizer pH Temperature NHc N Urea-N pH Temperature NHcN" Urea-N 

application ("C) (ppm) (ppm) ("C) (ppm) (ppm) 

6.3 26 045 1.31 8.6 22 nil 157 
. 8.3 32 060 0.06 8.8 21 nil 0.67 

8.6 33 0.43 0.06 8.9 21 nil nol 
64 31 0.20 0.06 88 22 nil nil 
6.4 35 027 0.06 8.9 20 nil nil 
6.6 27 0.28 0.18 9.0 20 nil nil 
7.7 36 0.43 0.31 8.9 20 nil 0.36 
7.2 27 0.70 032 8.7 19 nil 0.15 
7.2 28 0.56 0.40 8.5 19 nil 0.84 

"Av of 8 plots, 4 samples/plot I1DBPI - days before panicle initiation. CRangmg from 021 to 0.30 ppm N 

Table 13. Grain yield and some agronomic characteristics" of RD19 as affected by forms of nitrogen fertilizers and methods of 
application in deep water (100 em deep). IARI, 1980 wet season. . 

Grain Plant Plant ht Tiller count Tiller count Panicle count Panicle Unfilled 100-
Nitrogen fertilizer yield ht (cm) (cm) at (no/m2) (no.lm2) (no.lm2) length grams grain 

treatment (t/ha) 30DT harvest 30DT at halVest at harvest (cm) (%) wt (9) 

No fertilizer nitrogen 3.7 ab 76 b 200 a 189 b 300 ab 235 be 24 a 21 a 3.3 ab 

29 kg Nlha 
Urea supergranule placed 3.7 ab 82 a 186 a 198 ab 245 b 191 26 a 29 a 3.2 ab 

10-12 cm deep 

58 kg N/ha 
Prilled urealt 4.0 a 80 ab 197 a 210 ab 325 a 300 a 25 a 22 a 3.2 ab 
Sulfur-coated ureal> 3.8 ab 82 a' 181 a 216 ab 267 ab 221 be 25 a 23 a 3.1 b 
1/2 prilled urea + 1/2 3.6 ab 83 a 186 a 246 a 290 ab 220 be 26 a 21 a 3.3 a 

sulfur-coated urealt 

2/3 prilled ureal> + 1/3 urea 40a 81 a 196 a 213 ab 308 ab 261 ab 26 a 25 a 33 ab 
fohar spray at 5-7 OBPlc 

2/3 sulfur-coated ureal1 + 3.4 ab 84a 202 a 195 b 302 ab 267 ab 26 a 25 a 3.2 ab 
1/3 urea foliar spray at 5-7 OSPlc 

Urea supergranule placed 3.2 b 82 a 193 a 231 ab 260 ab 202 be 25 a 24 a 3.2 ab 
10-12 cm deep 

"Separation of means in a column by Duncan's multiple range test at the 5% level. Av of 4 replications bBroadcast and 
incorporated. cOBPI = days before panicle initiation. Urea solution was applied 73 days after transplanting. 
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Table 14. Mean grain yield of 1R42 grown in 50-em water. with various sourcesa and rates of nitrogen application.IRAI. 1980 dry 
season.b 

Treatment 
Grain yield NItrogen content 

Form Rate (kg/ha) (t/ha) (%) in straw 

No nitrogen 1.3 064 cd 
Prilled urea 54 kg Nlha 2.6 e 0.50 d 
Sulfur-coated urea 54 kg Nlha 3.2 de 0.45 e 
Urea supergranule 54 kg Nlha 4.0 bc 0.52 de 
Prmed urea 108 kg Nlha 43 abc 0.53 de 
SUlfur-coated urea 108 kg Nlha 4.5 ab 0.56 de 
Urea supergranule 108 kg Nlha 42 abc 0.82 b 
Prilled urea 162 kg N/ha 48. 0.57 de 
Sulfur-coated urea . 162 kg Nlha 42 abc 0.79 fic 
Urea supergranule 162 kg Nlha 3.6 cd 1.05 a 

aBroadcast and incorporated at planting, except urea supergranule, which was deep-placed at 10-12 cm soil depth. /;IAv of 3 
replicatlons!Separation of means at the same rate by Duncan's multIple range test at the 5% I eve/. -

coated urea. IR42 did not respond to a rate hIgher 
than 54 kg N I ha. In fact, deep placement of super
granules at 162 kg Nlha caused excessive lodging 
and significantly reduced the grain yield. 

Plant height, and tiller and panicle numbers 
increased with increased nitrogen rates, but differ
ences in these traits were not significant among 
nitrogen sources. 

Nitrogen uptake. With deep placement of urea 
supergranules, nitrogen content in straw was con
siderably higher at 108 and 162 kg N I ha than at 54 
kg N/ha. The increased content caused lodging, 
and no grain yield advantage was recorded in that 
treatment beyond 54 kg Nlha (Table 14). 

In the 1980 wet season, complete soil analysis 
was made in the mediuin-deepwater experimental 
area (Table 15). Grain yield response to added 
nitrogen was significant for IR42 for all sources 
and rates of nitrogen fertilizers except one (Table 
16). 

Considerable lodging occurred in plots with 
deep-placed urea supergranules at 58 kg N I ha and 

Table 15. Analysis of soli in medium-deepwater rice experi
mental area. IRRI. 1980 wet season. 

SOil property 

pH. 1:1 without water 
Organic matter (%) 
"(otal nitrogen (%) 
CEC (meq/100 gJ 
Exchangeable potassium (meq/100 g) 
Available phosphorus (ppm) 
Particle size 

Clay(%) 
Sift(%J 
Sand (%) 

Texture 
Taxonomic classification 
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Analysis 

6.2 
1.88 
0.11 

36.0 
090 

110 

34 
30 
36 

Clay loam 
Alfisol 

YIeld mcrease trom 29 to 58 kg Nlha in that treat
ment was not significant. 

Application of azolla as source of supplemental 
nitrogen in deepwater rice. A wet season experi
ment with azolla had water depth gradually raised 
to 100 em and maintained at that level until matur
ity. Fresh azolla was inoculated in designated plots 
at the rate of 500 gl m' immediately after trans
planting RDI9. Azolla was allowed to grow for I 
month before incorporation into the soil. Follow
ing that, the water level was increased 5 cm/oay. 

Inorganic nitrogen rates used were 0, 29, and 58 
kg N/ha. The azolla application did not improve 
grain yields more than inorganic fertilizer nitrogen 
did (Table 17). Without azolla, slow-release sulfur
coated urea (SCU) at 58 kg N Iha significantly 
increased yield over 0 or 29 kg Nlha with the 
highest yield of 5.2 tl ha. If increase in water level is 
gradual, grain yields of 5 tl ha can be obtained with 
modern varieties like RD19. 

BREEDING PROGRAM IN THAILAND 

Thailand-IRRI Cooperative Deepll!ater Project 

Performance of RD19 in various yield trials, RD 19 
showed its potential in yield trials, and in farmers' 
fields (Table 18). The 3.9 t/ha at K67 was attained 
in a flood that peaked at 120 em. 

Average panicles per square meter calculated for 
10 sites were 168 for RDl9 and 11Uor LMN 111. 
The lowest advantage of RD 19 over LMN III was 
at low yield levels, which occurred where both 
entries were subjected to excessive flooding, or 
where RDl9 had greater plant length. 
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Table 16. Mean grain yield and some agronomic characteristics of 1R42 as affected by sources of nitrogen fertilizer and methods 
of application under medium water depth (50 cm). IRRI, 1980 wet season." 

Grain Tiller Pamcle Unfilled 
Nitrogen fertilizer treatment1' yield count (no.lm1) count (no.lrn2) grains 

(t/ha) at harvest at harvest (%) 

No fertilizer nitrogen 1.6 163 e 151 13 a 

29 kg N/ha 
Urea supergranu!e placed 10-12 em deep 24 be 226 ab 203 ab 1~ a 

58 kg Nlha 
Prilled urea, broadcast and incorporated 2.9 ab 261 a 228 a 10 ab 
Sulfur-coated urea (SCUI, broadcast and 34a 234 ab 214 ab 10 ab 

incorporated 
112 prilled urea + 1/2 SCU, broadcast and 29 ab 254 a 222 ab 7 b 

incorporated 
213 prilled urea broadcast and incorporated 2.1 ed 226 ab 212 ab 12 ab 

+ 1/3 urea foliar spray at 5-7 DBPI 
2/3 SCU broadcast and Incorporated + 2.7 be 194 be 174 be 11 ab 

1/3 urea foliar spray at 5-7 DBP) 
Urea supergranule placed 10-12 cm deep 2.7 be 268 a 223 ab 8 b 

"Separation of means in each column by Duncan's multiple range test at the 5% level Av of4 replications. °DBPI = days before 
panicle imtiation; urea solution was applied 55 days after transplanting 20-day-old seedlings. 

Table 17. Mean grain yield of RD19 es affected by rates and 
forms of urea, with and without azolla In deep water (100 cm 
max water depth). IRRI, 1980 wet season. 

Treatment Grain yield (t/ha)" 

N rate With Without 
Nform (kg/ha) azalia azalia 

No nitrogen 0 3.3 e 3.4 b 
Prilled urea 29 4.2 b 3.3 b 
Sulfur-coated urea 29 36 e 4.0 b 
Supergranules <9 3.7 be 3.5 b 
Prilled urea 68 39 e 3.3 b 
Sulfur-coated urea 58 4.7 a 5.2 a 
Supergranules 58 44 b 4.0 b 

(lAv of 3 replications Separation of means in a column by 
Duncan's multiple range test at the 5% [eve I. 

Hybridization. Two hundred and sixty-nine 
crosses were made at the Bangkhen and Huntra 
Experiment Stations - 116 for elongation ability, 
76 for submergence tolerance, 35 for combined 
elongation ability and submergence tolerance, and 

12 for other purposes. Ofthe crosses, 190 had one 
or more photoperiod-sensitive parents and of 
those 69 had one or more glutinous parents. 

Promi5ing lines. A number of lines offer deep
water protection in improved planttypes, and thus 
are suitable for either testing, possible release, or 
use as breeding materials. They include: 

• IR8234-0T-9-2, a result of the cross Nam 
Sagui 19/IRI72I-1 1-6-3//1R2061-2i3-2-16.lt 
has semidwarf intermediate plant type, mod
erate resistance to subm(frgence, resistance to 
bacterial blight, brown planthopper biotype I, 
and ragged stunt. 

• BKNFR76045-35-1, from the cross BKN6987-
92-2/Rayada #7. It is only 100 cm tall, but 
elongates and survives floods as deep as 175 
cm. It has some submergence tolerance at 
peak flood levels, and secondary flush of 
nodal tillers as the water recedes. It is pho
toperiod sensitive and is recommended mostly 

Table 18. Performance ofR 019 and Leb Mue Nahng 111 in tests at 14 sites, including 4 in farmers' fields, Thailand. 1980." 

Site codes 

SPA K67 CNT KLG HTA PSL PJA KLG PJA KSA HTA Wmt> Ant' Nn'" 

Grain yield (tlha) 
RD19 4.3 3.9 38 36 3.4 34 28 28 2.7 2.7 2.3 23 2.2 2.1 
LMN111 4.0 2.5 32 33 24 20 22 20 20 1.5 2.5 2.4 2.3 1.6 

Plant./ength (em) 
AD19 115 147 123 142 143 131 163 112 148 173 168 
LMN 111 182 230 178 214 213 227 196 178 220 247 164 

"Dash indicates data not recorded bFarmer field tests 
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for crossing. 
• SPR7233-J-24-2-2-2-3, from Leb Mue Nahng 

III / C4-63, is a photoperiod-sensitive line 
with good elongation ability. I! is recom
mended for medium-deep floating rice areas. 

• IRJ Jl85-R-07, fromIR2070-414/LMN III is 
a medium-tall floating rice type that survives a 
18O-cm flood without damage. 

• DWCTJ56-J-2-0-J, a semidwarf type with 
elongation ability. I! is insensitive to photope
riod, resistant to bacterial blight, shows little 
ragged stunt damage, and is susceptible to 
brown planthopper biotype 1. 

• BKNFR76035-J06-0J, from IR4427-70-6/ 
RD19/ /BKN6987-52-1. It is a photoperiod
sensitive semidwarf line. It has resistance to 
brown planthopper biotype I and to ragged 
stunt, good elongation for 100-cm flood, and 
is glutinous. 

• SPR7282-2-0-7, from HTAI645/NSR6515-
27. It is a photoperiod-sensitive floating rice 
type, moderately susceptible to bacterial blight 
and resistant to ragged stunt. 

• SPR7265-0-0-J-J-2, fromSeuaLahk/Sigadis, 
is a late-maturing, medium-stature, deepwater 
rice for moderate water depths. I! has good 
resistance to ragged stunt. 

• HTA7406-Jl5-0-0-4, fromRD7/ /RDI/KP32 
is a medium-stature line with good elongation 
and good resistance to ragged stunt. 

Screening for elongation ability and submer
gence tolerance. In 1980 3,321 pedigree lines, 536 
yield trial and observation nursery entries, 85 F, 
populations, and 118 genetic stock entries, includ
ing the IRDWON, were screened for elongation 
ability. About 3,500 surviving F2 plants and 4,000 
surviving pedigree lines were selected for seed 
increase. 

In addition 1,134 pedigree lines, 239 yield trial 
and observation nursery entries, 151 F, popula
tions, and 128 genetic stock entries, including the 
IRDWON, were screened for submergence toler
ance. From F2 popUlations, about 5,000 surviving 
plants and 300 lines that showed good survival 
were transplanted. 

Combining elongation ability with flash flood 
tolerance. Elongation ability and flash flood sub
mergence tolerance may be needed in the same 
variety. To study the implications of such combi
nation, crosses were made between elongating 
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Table 19. Survival of six F~ populations subjected to different 
excess water situations. Thailand-IRRI Cooperative Deepwater 
Project. 1980 

F2 population 

BKN6986-1 QB/FR13A 
DWCT156/FR13A 
SPR7297-405/FR13A 
BKN6988-521FR13A 
DWCT134/FR13A 
BKN6986-161/FR13A 

Av 

Survival (%) 

Flash flood Elongation Elongation 
at 30 days' at 30 days (survivors of 

flash tload) 

90 12 26 
93 21 31 
87 12 16 
71 34 34 
86 12 21 
79 4 21 

B4 16 25 

improved lines (mostly semidwarf) and the 
submergence-tolerant variety FR13A. F2 popula
tions were assigned to 3 treatments at 30 days after 
sowing - 10 days of flash flood, slowly rising 
water (3-5 cm/ day), and flash flood followed by 
slowly rising water from day 54 to day 84. Survival 
percentages (Table 19) indicate that tolerance for 
temporary flash floods can combine with ability to 
elongate in gradually rising water. Verification 
started with Po progenies of plants surviving each 
treatment. 

Establishing the limits of submergence toler
ance. Khao Dawk Mali 105, a popular, tall, tradi
tional variety of Northeast Thailand with little 
tolerance for temporary submergence; FR13A, a 
variety from Orissa, India, with outstanding sub
mergence tolerance; and IR8234-0T-9-2, a semi
dwarf promising line with significant submergence 
tolerance, but not as good as FR13A, were used to 
predict the potential of submergence-tolerant mate
rials now being developed. 

Seedlings were transplanted in a tank for 3 con
secutive weeks. The tank was floOded and tempor
arily drained at 5, 14, and 21 days after flooding, 
just long enough to transplant sample plants into 
pots for recovery away from the tank. 

In general, submergence survival was positively 
correlated with age of seedlings at submergence, 
and was negatively correlated with duration of 
submergence. FRI3A did well in almost all com
binations of treatments, with 50% survival deemed 
acceptable. IR8234-0T-9-2 survived short
duration flooding of 120 em depth. Khao Dawk 
Mali 105 showed. lack of tolerance for every 
treatment. 

In another test, the ability to withstand a IO-day 
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Table 20. Submergence survival of 2 varieties at3 transplant
ing schedules: 10, 5, and 0 days before flood. Thailand-IRRI 
Cooperative Deepwater Project, 1980 

Submergence survival (%) 
Variety 

KDML 
FR13A 

10 

10 
91 

12 
93 

19 
91 

Table 21. Number of 15-day-old plants before water-level 
increase and survival percentage when water reached 100-cm 
depth for 3 parents and 2 F2 populations. Thailand-IRRI 
Cooperative Deepwater Project, 1980. 

Plants (no) at 
Entry 15 days of age 

T442-57 657 
Pm Gaew 56 404 
Hablganj Aman 8 879 
T442-S7/Habiganj 8a 4528 
Pin Gaew561 

HablganJ 8" 2124 

"And Its reciprocal. 

Survival ('Yo) at 
100~m depth 

0.0 
0.0 
88 
27 

10.5 

llO-cm-deep flash flood shortly after transplanting 
time was assessed for Khao Dawk Mali 105 and 
FR13A. The results are in Table 20. 

Selection for ability to elongate at early seedling 
age. To snccessfully elongate with rising water, 
floating rice usually must attain a minimum seed
ling age of about 6 weeks. Some floating rices from 
Bangladesh are able to elongate at the early age of 
15 days. To get elongation at this early seedling age 
in a rice acceptable for Thailand, F, populations of 
Habiganj Aman 8jPin Gaew 56 and Habiganj 

Aman 8jT442-57 were tested with 5 cmj day flood
ing increments starting at 15 days after seeding. 
The survival percentages are in Table 21. The low 
survival percentage for Habiganj Aman 8 is be
lieved partly a consequence of not allowing time 
for lagging plants to reach the surface by maintain
ing the 100-cm watedevel for several days. The 
recovery of early elongating types from both 
hybrids was adequate. 

Genetics of elongation ability of floating rice. 
The parents, F" F" and both backcrosses of a 
cross between Sigadis, a tall traditional Indonesian 
variety, and LMN Ill, a Thai floating rice, were 
observed. Ten-day-old seedlings were planted in a 
deepwater pond. The water level was increased at 5 
cmj day, starting 30 days after transplanting, until 
the water level reached 175 cm. 

Table 22 gives the distribution of the maXimum 
water depths at which plants were still partly above 
the water. From the F, and the backcross to Siga
dis, it is evident that an essential gene for elonga
tion ability is recessive. 

The F, also shows a genotype not expressed by 
either parent. In view of the low segregation of the 
nonelongating phenotype in the F" this gene must 
be additional to the recessive one. 

The implication of these findings for plant 
breeding is that one can expect an immediate rec
overy of around 25% of floating types in an F,. 
Recovery of floating types from backcrosses or 
topcrosses to a nonfloating variety would be low or 
none. 

Table 22. Water-level intervals at which various proportions (%) of the population were destroyed. Thailand-IRRI Cooperative 
Deepwater Project. 1980. 

Populations 

Leb Mue Nahng 111 
Sigadis 
Fl Lab Mue Nahng/Sigadls 
Backcross Fl 

FI/Leb Mue Nahng 
Backcross Fl 

F1/SIgadis 
F2 Leb Mue Nahng/Sigadis 

85cm 

0 
42 
11 

0 

Percent of population 

85-115 em 115-145 cm 145-175 em 175 em 

0 0 3 97 
54 0 4 0 
22 11 56 0 

3 0 19 78 

75 10 

22 32 37 
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LOW TEMPERATURE 

Plant Physiology and Plant Breeding Depart
ments and International Rice Testing Program 

Breeding. At Banaue, Philippines, 16 F, popula
tions were grown. Six popUlations gave 942 plant 
selections and 10 were bulked for rapid generation 
advance (RGA). Advanced lines (1,427) were also 
grown and 1,279 individual selections were made 
from them. All the lines planted at Banaue were 
tested for blast resistance at IRRI, and 223 lines 
that showed resistance were tested for cold toler
ance at Chuncheon, Korea. From that test, 77 lines 
that showed cold tolerance were nominated for the 
International Rice Cold Tolerance Nursery 
(IRCTN). 

Thirty-six of 102 selected breeding lines grown 

at Banaue had more than 5 t grain yield/ha; 12 
lines yielded 5.8 t/ha or higher (Table I). Most of 
the high yielding lines at Banaue had poor pheno
typic acceptability at Chuncheon. 

From an observational yield trial in Banaue, 76 
lines that showed blast resistance were tested in the 
cold tolerance nursery at Chuncheon and 35 were 
selected for nomination to the IRCTN. 

When planted in Banaue, the high grain yielders 
among the highly cold-tolerant lines were all 
intermediate in plant height (Table 2). All the 
crosses had Kn-I b-361 as the cold-tolerant parent. 
It is intermediate in plant height with relatively 
wide leaves. 

Rapid generation advance for cold-tolerant rice. 
The RGA program processed more than 500,000 
plants (involving 287 crosses) in 1980. Five RGA 

Table 1. Characteristics of selected breeding lines grown at Senaua, Huge a, Philippines, 1980 dry season. 

Phenotypic 
acceptability<' Grain Grain quality" 

Designation and cross Days to HeIght sterility Yield 
Sanaue Chuncheon flower (em) (%) Amylose Alkali Gel (t/ha) 

consistency 

IR8866-30-3·1-4 117 80 20 7.7 
K78-12/IR2053-362-1-4 

IR9202-5-2-2-2 109 83 19 7.3 
IR2053-521-1-1/K116/J 

Kn-1b-361 

IR15579-135-3 109 107 6.8 
K28-76-B-1/Kn-' b-214/ I 

Kn-1b-214 

1R886648-3 118 79 11 6.5 
K78-12/IR2053-362-1-4 

IR88BS-30-3-104-2 115 74 14 64 
K78-13/IR2053-362-1-4 

IR13045-175-1 115 118 63 
IR3941-25-1/IR1416-131-S/1 

Kn-1b-361 

IR7167-33-2-3-3-'-3-2 109 96 6.1 
China , 039/Kn-' b-361-Blk 

IR9202-25-3-1 110 108 60 
IR2053-521-1-1/Kl16/1 

Kn-lb-361 

IR7167-16-'-2-1-2 109 119 6.0 
China 1039/Kn-1b-361-1-8-6-10 

IR9202-21-3-2 115 103 22 5.9 
IR2053-521-1-1/K11611 

Kn-lb-361 

IR9202-334-2 113 109 59 
IR2053-521-'-1/K116/1 

Kn-lb-~61 

IR13045-104-1 108 109 18 58 
IR3941-25-1/IR1416-131-5/1 

Kn-lb-361 

"In cold water nursery with 17eC Imgationwater at Chuncheon, under natural conditions at Banaue. Scored by the 1980 Standard 
-Evaluation Syst.em for Rice JSE.§>. bScored by 1980 SES. 
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Table 2. Characteristics of selected cold-tolerant breeding lines grown at Banaue, Mugao, Philippines. 1980 dty season. 

Designation and cross Days to 
flower 

IR13155-4-1 '07 
8G90-2/Kn-1 b-3611IKn-l b-361 

IR9202-22-3-2 113 
IR2053-521-1-1/K1161IKn-l b-361 

IR'5889-'SO-3 '09 
IR3941-39-2/Kn-l b·361 

IRl5889-112-3 '08 
IR3941-37-2/Kn-lb-361 

IR9202-25-1-2-2 '08 
IR2053·521-1-1/Kl161IKn-l b·361 

IR13047-68-2 112 
IR4405-115-1I1R1846-300-11IKn-l b-361 

IR'3045-76-2 '08 
IR3941-25-1/IR1416-131-51IKn-lb-361 

IRl5889-113-3 '06 
IR3941-37-2/Kn-l b-36111IR3941-25-1 

bulk materials were included in the 1980 IRCTN. 
In Chuncheon, 23 RGA crosses were planted and 
individual plants were selected from 18 crosses. 

Research on improving RGA methods, espe
cially screening techniques, was started in 1980. 

Selection for cold tolerance at seedling stage. 
The possibility of RGA screening for cold toler
ance at the seedling stage of segregating FJ mate
rials was studied in IR20654 (K78-13J IR5908-125-
I) and IR22553 (Fujisaka 5JKn-lb-361-1-8-6-9). 
Ten days after seeds were sown, the plants were 
subjected to 12' C cold water for 10 days and then 
scored for leaf yellowing; a score of 1 was best and 
9 indicated almost dead or dead plants. 

A number of F, plants had a score of I to 3 (4% 
in IR22553 and 14% in IR20654). Removal of the 
susceptible lines (score of? to 9) eliminated 87% 
and 58% of the FJ plants in the two crosses studied. 
Cold water treatment at seedling stage generally 
delayed heading date but the delay was relatively 
short. 

Selectionfor earliness. Delayed heading, or long 
growth duration, is a major effect oflow tempera
ture. With long growth duration. the rice plant 
initiates its panicle late (when temperatures are 
low). Late panicle initiation causes degenerate spi-

Grain 
Height sterihty Yield 
(em) (%) (t/ha) 

113 '3 5.5 

'as 4.9 

'06 '6 4.9 

110 '3 48 

'03 '4 4.8 

'22 .'7 4.6 

'04 3' 4.4 

'08 28 4.0 

kelets and sterility. Sterility also results when 
temperatures are low at flowering time. 

Selection of F, plants that flower in 70 days or 
less reduced the population of IR22553 by 31% 
and that ofIR20654 by 12%. Selection for earliness 
« 70 days) in F, ofIR22553 resulted in 94% of the 
FJ popUlation with growth duration ofless than 70 
days. For the IR20654 FJ population it was 84%. 
These high values justify an early selection (at F,) 
for short growth duration. 

Selection for earliness, however, does not select 
for cold tolerance at seedling stage. If selection for 
earliness is made at F" a minimum population of 
about 2,000 plants should be maintained so that FJ 
selections for cold tolerance at the seedling stage 
can be made. 

Difference in leaf color and seedling height 
between cold-tolerant and susceptible varieties. 
SUbjecting the lO-day-old seedlings to 12' C cold 
water showed that the tolerant varieties (group A) 
had green leaves after 5 days of cold water treat
ment. Group B had green leaves until 4 days and 
groups C, D, and E had green leaves until 3 days 
(Fig. I). The change in color from green to yellow 
.to brown was rapid for the susceptible varieties 
(groups C, D, and E) and most plants died after 10 

GENETIC EVALUATION AND UTILIZATION (GEl!) PROGRAM 129 



CokI Leafcdor 

'~ ~c=:;:r----------"-_-A~(_-~)I 

l~ B(toIeront) 

!~, 
C(suscephl:ie) 

itS: E(suscep!!b:e) 

2 6 10 14 18 22 26 
Dlysfromsfartoflreatment 

1. Change in leaf color of varieties from dIfferent cold tolerance 
groups duIingtreatment at II' C water. Leaf color scores are by 
Standard Evaluation System for Rice, 1980. IRRI, 1980. 

days. Seedlings from groups A and B had green 
leaves after 10 days. 

Measurement of plant height - from the base 
of the plant to the highest portion of the plant that 
remamed green or alive - on a different set of 
plants treated 10 days in cold water ,at 12° C 
showed that the susceptible groups generally had 
taller seedlings (20 cm) than the tolerant groups (12 
to 15 cm) even before treatmeut (Fig. 2). The sus
ceptible groups were mostly indica types. 

After the plants were removed from the cold 
water, the increase in height was most rapid in 
group A. Group B, which had light-green leaves, 
recovered from treatment after only 3 days; groups 
C, D, and E showed no recovery after 3 days and 
most plants in group E eventualIy died. 

These patterns in plant growth or plant height 
substantiated the earlier suggested grouping based 
on color that separated those with a Score of 1 and 
3 from those with a score of 5,7, and 9. 

A detailed observation of some representative 
varieties showed further the complex response of 
varieties to low water temperature in terms of dis
coloration. Seedlings were subjected to low water 
temperature at the 2-leaf stage (second leaf fully 
expanded and the third leaf just coming out). Each 
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leaf was scored on the degree of yellowing as the 
low water temperature treatment progressed. 
Group A showed no yellowing of any leaves; group 
B showed yellowing on the second leafbut became 
green again when returned to normal temperature. 

The susceptible groups C, D, and E showed 
yelIowing first in the second leaf; the more suscept
ible the plant, the earlier the yellowing of the 
second leaf or the destruction of the chloroplast. 
Continuous low water temperature affected the 
rapidly growing third leafand, eventually, even the 
fulIy mature first \eaf in groups D and E was also 
affected. In group C the third leaf recovered from 
yellowing when the plant was transferred to nor
mal temperature; m group D the second and third 
leaves did not recover but remained alive; in group 
E the leaves died prematurely. 

Adaptability of rice cuItivars to different tem
perature patterns. The adaptability of the different 
varieties to low-temperature areas may depend 
upon the stage at which the low temperature 
occurs. This thesis was tested with 32 rice varieties 
of diverse origin (Table 3). 

Height (em) 
\ 

25 Before Treatment perIOd Ailer \ 

20 1 

15 

/' A (tolerant) 10 
5 
0 

U '----"'" / B (loleront) 

fi~ .-/ C("""P'bl~ 
,~~ ~ 
,CZ;::>;:: 

261014182226 
Days from soWlllg 

2. Height of representative varieties from different cold toler
ance groups before, during, and after treatment at lZOC water. 
IRRI.1980. 



Table 3. Varieties, origin, growth duration. and latitude of origin. and varietal reactions to tests for adaptability to temperature 
patterns. IRRI. 1980. -

Reactlona 
Designation Ongln Days to Latitude 

maturity of origin ES SS TS PD FS 

3558 Po River Valley. Italy 117 45°N 
Shm2 Fukuoka. Japan 118 35 
Norm 36 Fukuoka, Japan 111 35 
Gunek 1 Fukuoka, Japan 110 35 
Tachi-ki- Fukuoda, Japan 123 35 

kokoku-mochl 
HukJo 97 Fukuoka, Japan 111 35 7 4 9 9 8 
Fujlsaka 5 Konosu, Japan 101 35 5 4 5 3 4 
CI54S1 Yangtze River Valley. Chma 112 30 5 2 8 1 8 
Tlhoju Yangtze River Valley. China 10' 30 9 5 1 5 7 
Yan-shon 1 Yangtze River Valley, China lOB 30 9 5 7 9 8 
8575A1-26-4..s Yangtze River Valley, China 118 30 5 3 8 7 B 
8573A4-20-6 Yangtze River Valley, China 118 30 3 2 7 7 7 
Verceh PeJotas, Brazil 122 30 5 5 6 9 4 
ADT19 Bihar, India 100 25 9 5 5 9 6 
T36 Bihar. India 113 25 9 6 7 9 7 
Vary Lava 16 Madagascar 113 25 3 3 6 5 5 
DBl Dacca, Bangladesh 119 25 7 7 8 3 5 
Chenlun Talchung, China 110 25 1 3 6 9 8 

(Hen-Ii) 55 
Ming-Hoo-Tsao-Tao Taichung, Chma 101 25 3 3 6 
NO-Iku 1716 Taichung, Chma 117 25 • 3 9 
Taichung 65 Taichung, China 131 25 3 1 • Tainan Taman, China 114 23 3 7 3 6 
RDR 2 Cuttack, India 113 20 5 6 9 7 
PTB 26 Cuttack, India 12' 20 5 5 5 8 
IRB laguna. Philippines 12. 15 9 8 9 7 
A6-10-49 Sri Lanka 107 7 7 5 9 6 
BG707 Sri Lanka 110 7 6 B 9 
BG70B Sri Lanka 110 7 5 B 
BG695 Sri Lanka 110 7 5 9 9 
B01' Bogor, Indonesia 110 7"S 9 9 9 
BO 16 Bogor, Indonesia 110 7 8 8 9 
Leter Bogor. Indonesia 130 7 3 9 7 

aES = early seedling stage, S5 = seedling stage, T5 = transplantmg stage, PD = panicle development stage, FS = flowering stage_ 
Score of 1 = good tolerance, 9 = poor tolerance or dead A dash means no data recorded. 

Cold tolerance and latitude. Only cold tolerance 
at the seedling stage (SS) was significantly corre
lated with the latitude of origin of the variety. 
Varieties from high-latitude areas generally had 
high tolerauce for low temperature at SS. 

At early seedling stage (BS), which is essentially 
the fIrst 10 days of growth of the rice plant, there 
was no correlation between tolerance and latitude 
(Table 3). At that stage the nursery in some areas is 
usually protected from low temperature. 

The varieties were generally poor in cold toler
ance at the transplanting stage. Cold tolerance at 
panicle development stage and at anthesis showed 
no correlation With the latitudinal origin of the 
varieties. Generally, most varieties had poor cold 
tolerance at anthesis. 

Temperature patterns. Six types of temperature 
patterns exist in selected rice-growing areas (Fig. 
3). 

• Type I - continuously high temperature 
(CHT). In CHT areas in the tropics, the mean 
temperature fluctuates little throughout the 
year. The average temperature is relatively 
high and low temperature is not a problem. 

• Type II - continuously moderate tempera
ture (CMT). There is little variation in tem
perature in CMT areas, but the average is less 
than 25° C. In those areas, maximum tempera
tures below 21° Ccan occur and cause sterility 
at flowering. Minimum temperature below 
17"C can also occur during panicle initiation 
and cause sterility and reduce number of 
spikelets. 

• Type III - high-low-high temperature 
(HLHT). In HLHT areas where a winter rice 
crop is sown, the low-temperature problem 
occurs during the tillering stage. The maxi
mum temperature at sowing in November or 
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3. Different temperature patterns in selected nee-growing areas 
(World Weather Records 1974,and World Weather Handbook 
1963). 

December is relatively high (26° _28° C) but 
dips to 12"-14°C minimum temperature at 
active tillering stage (Jan-Feb). Subsequently. 
if the growth duration is relatively long, no 
low-temperature problem is encountered, but 
a very early-maturing variety may suffer from 
low temperature at panicle initiation. 

• Type IV - low-high temperature (LHT). In 
subtropical LHT areas two cropping seasons 
are possible. The first crop sown in January
early April and harvested May-July has a low
temperature problem at sowing, but not at 
other stages if it is very early-maturing. 

• Type V - high-low temperature (HLT). With 
the HLT pattern the problem is mainly low 
temperature at panicle development and an
thesis. 
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• Type VI - low-high-low temperature 
(LHL T). In LHL T areas, low temperature is a 
problem at early growth stages and at repro
ductive and ripening stages. The shorter the 
growing season, the greater is the problem at 
late growth stages. At the tillering stage, low 
temperature is generally not a problem. 

On the basis of the varieties' cold tolerance reac
tion at different growth stages, varietal cold toler
ance for the six temperature patterns (Fig. 3) can be 
identified. 

For an effective breeding program for cold tol
erance, the temperature pattern of the different 
problem areas must be known. Areas of similar 
temperature patterns must be grouped so that 
breeding, international collaboration, and ex
change of breeding materials can be more mean
ingful. The temperature patterns show that in 
many areas, it is necessary to breed for high cold 
tolerance only at certain specific stages. 

Cold-tolerant varieties from China. Eleven var
ieties with best cold tolerance at 4 growth stages 
were selected from 1,474 Chinese varieties in the 
IRRI germplasm bank. Early seedling stage toler
ance was tested at 5° C, seedling stage at 12" C, and 
panicle development and flowering stages at 15° C. 

All entries were sinica varieties except Hung 
Chao Lu Yu and Ai Yeh Lu. The agronomic char
acteristics among the sinica varieties selected were 
not greatly different. Fi-Lai-Feng had a long 
maturity period but was resistant to bacterial 
blight, Chu Cheng had the highest I,OOO-grain 
weight. Most of the varieties did not have disease 
and insect resistance. 

Korea-IRRI Collaborative Project. The Korea
IRRI Collaborative Project completed its third 
year. 

Observational yield trial. One hundred entries 
that performed best in the cold tolerance nursery 
were tested for the first time in Korea under natu
ral conditions. Many gave high yields. The best 
entries in terms of yield were: 

Chm.988 681 t/ha 
IR7167-33 6.45 
IR9202-5-2-2 6.60 
IR9202-6-1-1 6.51 
IR9202-1().2-I-II 685 
IR9202-1()'2-1-5-1 6.30 
IRI5636-8-3 7.30 
IRI5889-32-1 7.89 
Shoa-nan-tsan 645 
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4. Relationship between phenotypic acceptability and gram 
yield In the observational yield trial at Chuncheon, Korea. 
Acceptability scores are by Standard Evaluation System for 
Rice, 1980. 

SR3044-78-J 
SR4079-4-2 

7.30 
6.30 

IR crosses were predominant among the top 
yielders. Most of the IR crosses included Kn-Ib-
361 from Indonesia. The IR9202 cross, with four 
promising lines, included IR2053-521-1-I J 
KI16JJ Kn-Ib-361-1-8-6-9-1. 

one of the top yielders had a phenotypicaocep
tability score of I because plant height and non
lodging were important criteria in scoring. Many 
entries had poor phenotypicaoceptability but high 
yield (Fig. 4). Phenotypicaoceptability might have 
been low because more weight was given to short 
stature in Korea where high levels of nitrogen are 
used. 

Rice cold tolerance screening nursery. A total of 
1,397 entries were screened for cold water toler
ance from the vegetative stage to maturity. Each 
13.5-m row entry had 17" C water at the source, 
and 27" C water at the outlet. 

Based on excellent phenotypic aoceptability at 
maturity. growth duration ofless than 120 days, a 
score of I to 3 for leaf yellowing, a panicle exser
tion score of I to 5, and spikelet fertility of at least 

84% at the outlet, the following entries were 
selected: 

Cheoulwon 29 
SR30S4-5S-1-2-4 
SR3044-I-I6()-2 
S R 3044-78-J 

SR300I-43-S-J 
SR409S-53-1-2 
SR5204-J9-2-1 
SR5204-J9-S-J 

Date-of-planting experiment. The threo plant
ing dates of the IRef at Chuncheon provided 
excellent opportunities for the selection of entries 
with tolerance for low air temperature at the flow
ering stage. Most of the entries with cold tolerance 
at the flowering stage were from Korea. Of the 
entries that flowered late, the most tolerant were 
Anna, Silewah, and Suweon 258, which flowered 
between 12 and 14 September at II.9"C average 
minimum temperature. 0 entries that nowered 
after 14 September had more than 50% spikelet 
fertility. 

HIGH TEMPERATURE 

Plant Physiology and Plant Breeding Departments 

High-temperature tolerance of IR varielies. Spi
kelet fertility of I R varieties at 35" C ranged from 
17% for IR46 to 74% for IR36 (Table 4). ext to 
IR36 in heat tolerance are IR8, IR20, IR24, and 
IR50. 

High-temperature tolerance of some cold
tolerant varieties. The heat tolerance of eight cold
tolerant varieties was tested (Table 5). All were 
highly susceptible to high temperature at anthesis. 

T.bl . ... High t.mpera1ur.to ..... nceof lRv.rieti ... IRRI. 1980. 

Variety 

IRS 
IRS 
1R20 
1R22 
1R24 
1R26 
1R28 
1R29 
1R30 
1R32 
IRlA 
1R36 
IR38 
1R40 
1R42 
1R43 
1R44 
1R45 
1R46 
1R48 
IRsa 

N22 (toktrant check) 

Feniljty (%) 
at 35"C 

19 
66 
67 
39 
62 
58 
sa 
42 
27 
48 
39 
74 
37 
48 
62 
46 
36 
47 
17 
47 
67 

64 
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Table 5. High tetnpMature tolarenee of some coki·to",.nt 
verietln et anthesls. IARI. 1910. 

Variery 

C-21 
Oourado Agulila 
leng Kwang 
Prate~ 
Silewah 
Somewake 
Sortlch l 
Thangone 
BKN6624-46·2 'susceptible 

check) 
C4-63G (susceptible check) 
N22 holerant check) 

Fertility ,%, 
8t 3S-C 

o 
o 
o 
o 
o 

18 
27 

1 
9 

1 
76 

Phytotron vs field testing. Phytotron screening 
for heat tolerance is normally 35" C or 38" C for 8 
hours from 0900 to 1700 hours. The temperature 
regime in the phytotron differs from that in lhe 
field in the duration of high temperature and 
temperature-rise patlern. Correlation of phytotron 
results with those obtained in the field was checked 
in 1980. 

Data from Misbkab Rice Stalion. iraq. and 
Imperial Valley Station, California, USA. indicate 
that varieties screened at 35" C in lbe phytotron are 
also tolerant of high temperature-induced sterility 
in the field . At the Imperial Valley Station, most 
lines identified as heat tolerant in the phytotron 
had 70-90% spikelet fertility while the US varieties 
Lebonnet and Starbonnet recorded only 53 and 
19% spikelet fertility. 

Genetics of high-temperature tolerance. A dial
lei cross experiment in the phytotron determined 
the combining ability of six lines with tolerance for 
high temperature-induced sterility at anthesis. The 
treated plants were subjected to 38" / 2'?C for 10 
days during anthesis , and lhe control plants were 
kept under a 2'1" / 21° C temperature regime. A 
heat tolerance index was calculated by dividing the 
fertility percentage at 38" / 2'? C by the fertility 
percentage at 2'1" / 21° C for each genotype. Gen
eral and specific combining abilities for this index 
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were highly significant. The tolerant lines 22. 
IR2(J()6.PI2-12-2-2. and IET4658 (UPR96-1-1-1) 
had general combining abilities of 6.80, 4.08, and 
3.02. The susceplible lines IR28, IRI561-228-3-3, 
and IR52 had general combining abilities of -3.40, 
-4.92, and -5.58. 

The number of pollen grains shed on the stigma 
was measured for the six parents and two F, 
hybrids. Stigmas with more than 100 pollen grains 
were scored as 100. Tolerant lines shed more pollen 
grains on the stigma under both temperature 
regimes (Fig. 5). Observed pollen shedding for five 
of the parental genotypes growing in the field dur
ing the wet season at IRRI corresponded well with 
phytotron results. It appears that heat-tolerant 
genotypes are characterized by the ability to shed a 
large amount of pollen on the stigma under various 
environmental conditions. This trait allows them 
to compensate for reduced pollen growth under 
high temperature. 

-.... 
00 • Allen oram per stqna m2I"'C 

• F'tlIIin 9'tJI'II PIlI' SIqTIO 38'"I27""C 30 

eo _. % li!rfitity 01 380/2rot 

S. "The numbcrofpoUengrains sbed on the stigma for6parental 
genotypes and 2 F. hybrids iscloselyassociatcd with percen18ge 
offenility under high temperature. The data indicate that heat
tolerant lines shed a large amount of pollen on the stigma at 
both high temperature (3ao / 2JO C) and the: control (2CJD / 210 C). 
IRRI . 1980. 
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INTERNATIONAL NURSERIES 

During 1980, 1,060 sets of 22 types of trials 
(nursery screening sets and collaborative research 
sets) were dispatched to 60 countries in the Interna
tional Rice Testing netw.ork. 

The results of more than 500 trials conducted in 
1979-80 for the various nurseries were analyzed 
and reported. Further progress was made in ana
lyzing the yield trial results on a regional basis so 
that scientists can quickly see which varieties are 
broadly adapted to their region or country. 

Entries from the 1979-80 International Rice 
Testing Program (IRTP) trials with the highest 
yield perfonnance across many sites, high pheno
typic acceptability scores in various target envir
onments, and with the best resistance to various 
stresses are listed in Table 1. 

LINKAGES WITH NATIONAL PROGRAMS 

To develop and maintain effective linkages among 
national programs and between IRRI and the 
national programs, emphasis during the past year 

was placed on participation in national monitoring 
tours. In such tours, national and IRTP scientists 
observe the major rice-growing areas in a given 
country and the national and IR TP trials intended 
to identify varieties for those areas. The discussions 
and observations during such tours el')courage the 
selectIOn of appropriate trials and the proper eva
luation and use of the breeding and test materials. 

IRRI scientists participated in national varietal 
improvement tours in Sri Lanka and in the Indian 
State of Karnataka. They also participated in two 
national monitoring tours in Indonesia, one focus
ing on the GEU activities on the main island of 
Java and the other one focusing on tidal swamp 
areas of Kalimantan. Two tours were also held in 
China to become acquainted with the, early and 
late season crop. 

In addition to the several national monitoring 
tours, two regional and two prOblem-oriented 
monitoring tours were conducted. One regional 
tour focused on activities in Central America and 
Panama. Rice scientists from all countries in the 
region visited Guatemala, Honduras, Nicaragua, 
Costa Rica, and Panama. In West Africa, a small 

Table 1. The following promising entries from the 1979-80 lRTP trials, had good yield performance across many sites, high 
phenotypic scores in target environments. or resistance to specific stresses. 

Nursery PromiSing entries 

YIELD (yield performance across many environments) 
IRYN (Early) IR3S, IR50,IR52, B1014b·Pn-18+4, 82360-6-7-1-4, BR51-54-2 

IRYN (Medium) BR51-282-8. RP825-24-7-1. CR261-7039-236. IR4422-98-3-6-1. IR42. IR54, 
Clca 8 

IRYN (Late) 

IURYN 

CR1006. CR1009. RP1064-l4-2-2. IET5656 

UPL Ri-5, IR9669 Sel. IR45, BG35-2, IR2061-522-6-9 

OBSERVATIONAL (phenotypIc acceptability In target environments) 
IRON (irrigated) IR9859-45-2,IR7963..g7~3-3, IA4422-480-2,IR8073-231-3-3,IR13415-9-3 

IURON (upland) C894-21, C732-14. C424-2, KN96, MRCl72-9. Salumplklt, C22, Gama 318, 
IR3880-29. IR9575 Sel.. BPI76 (NS). BG35-2.1R5929-l2-3 

IRLRON Clainfed lowland) 

/RDWON (deep water) 

STRESS (resistance to speCific stresses) 
IRCTN (cold) 

IRSATON (salrnrty & alkalinity) 
• Salinity 
• Alkalinity 
• Both salinrty and alkalrnity 

IRBN (blast) 

IATN (tungro) 

IRBPHN (brown planthopper) 

IRGMN (gall midge) 
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IR4215-301-2-2-6, IR4819-77-3-2, IR14632-181-1, IR14753-49-2, IR14753-
66-3, IR14753-133-2, Nam Sagui 

BKN7022-6-4, BKN6986-147-2, BKN6986-173-5, BKN6986-108-3, BAll8-
3B-17, Chenab Sel. 64-11.7, CN539, Sitpwa. Saran Krahan 

JCSS, Jodo, Stejaree 45, China 1039, Ahgukdo, Dadajo, F~jl 102. Shrn-ei, 
IR579 ES38-PLP1B, IR2298 PLPB-3-19, K31-163-3, K332, Elko 

IR4595-4-1~15,IR43 
IR11418-19-2-3 
Getu, CSR" CSR2, CSR3. Pokkalr 

Carreon, Tetep. IR1416-128-S-8, 5458 (Colombia), 5470 (Colombia) 

ARC10342. DWAB,ARC13804, BKNBA1031-7-5-4. Utri Rajapan,Utri Merah 

IR13427-45-2. IA13427-60-1, IR17496-2-25-1 

BG12-1, BKNBR1008-21, CR199-1, W1263, BG275 
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group of scientists visited Sierra Leone, Ivory 
Coast, and Nigeria to look at the national, West 
African Rice Development Association, and IR TP 
trials. 

The two problem-area-related monitoring tours 
looked at rainfed rice in Thailand and Burma and 
the cold and blast problems of the hill areas of 
India and Nepal. After the scientists observed the 
vast rainfed areas of Northeast Thailand and 
Burma, they unanimously agreed that the breeding 
effort on rainfed rice must be intensified. The hill 
areas ofIndia and Nepal call for strong local breed
mg and testing programs to identify the varieties 
needed for the many sites with specific environ
mental conditions. 

PUBLICATIONS 

IRTP continued to publish the various nursery 
reports as well as recommendations coming from 
monitoring tours and workshops. During 1980, 
the following publications were printed and dis
patched to cooperators. 

GENERAL REPORT 

• 1979 Report ofIRTP Activities 

NURSERY REPORTS 

1979 Final Reports 
Yield 

Lowland 
• IRYN-E (Early) 
• IRYN-M (Medium) 
.IRYN-L(Late) 

Upland 

• IURYN 

General Observational 
-IRON 
• IRARON (And Regions) 

Physico-Chemical Stres!i 
• IURON (Upland) 
• IRLRON (Rainfed Lowland) 
• IRDWON (Deep Water) 
• IRSATON (Sahnity/ Alkaliruty) 
• IRClN (Cold Tolerance) 

Biological Stress 
Diseases 

• IRBN (Blast) 
• IRTN (Tungro) 

Insects 
• IRBPHN (Brown Planthopper) 
• IRGMN (Gall MIdge) 

FIELDBOOK 

• 1980 Master Fieldbook 
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EXCHANGE OF GERMPLASM 

Plant Breeding Department 

Special requests for 8,240 seed packets of improved 
breeding lines and-varreties were filled in 1980. The 
International Rice Testing Program (IR TP) pro
vided another 68,769 packets ofthe best GEU lines 
and varieties to national programs. Collaborative 
research with several national programs continued. 

The germplasm bank provided 4,142 seed sam
ples to 156 rice researchers in.foreign countries. An 
increasing proportion of the seed requests was 
related to adverse soils, deep water, or low temper
ature. A similar trend-was indicated in the number 
of requests made by GEU scientists ofIRRI. 

IRRI LINES NAMED IN NATIONAL PROGRAMS 

Plant Breeding Department 

Ten varieties from nine IRRI lines were named in 
national programs in 1980 (Table I). That brought 
the number of named national varieties from IRRI 
sources to 85. Eleven varieties named directly by 
IRRI before 1975 bring the grand total to 96. 

• IR52, released in the Philippines as a rainfed 
rice, matures in 115 days. It has a good level of 
drought tolerance. 

• IR54, released in the Philippines for irrigated 
rice culture, has mUltiple resistance to maj or 
diseases and insects and matures in 120 days. 

• Semeru, a short-growth-duration variety (110 
days) released in Indonesia, is resistant to bio
type 2 of brown planthopper present in Indo
nesia. 

• NN6A, which is identical to Semeru, was 
named in Vietnam. 

• NN3B, released in Vietnam, is a medium
growth-duration variety suitable for the 
Mekong delta. 

• NN2B, released in Vietnam, is tolerant of acid . 
sulfate soils and has mUltiple resistance to 
major diseases and insects. 

• NN7 A is a short-growth-duration variety (105 
days) recommended for the Mekong delta of 
Vietnam. 

• IR26, identi""l to its Philippine counterpart, is 
grown in the single-crop areas of northern 
Kiangsu, Hupeh, and Anhwei provinces, 
China. It is also the restorer parent of the F, 
hybrid varieties planted in China. 

140 IRRI ANNUAL REPORT FOR 1980 

Table 1. IRAllines named as varieties in different countries in 
1980. 

Variety name IRRlline Country where 
given named 

IA52 IA5953-11B-5 Philippines 
IA54 IA5953-162-1-2-3 Philippines 
Semeru IA2307-247-2-2-3 Indonesia 
NN6A 1R2307-247-2-2-3 Vietnam 
NN3B 1R2797-115-3 Vietnam 
NN2B IA2B23-399-5-6 Vietnam 
NN7A IA9129-192-2-3-5 Vietnam 
IA26 IAl541-102-7 China 
IA2B IR2061-214-3-8-2 China 
32 Xuan 5 IA1561-22B-3-3 China 

• IR28, identical to its Philippine counterpart, is 
recommended for the second crop in Hunan 
province, China . 

• 32 Xuan 5 is a multiple_disease- and insect
resistant line recommended for the second 
crop in Hunan province, China. 

BREEDING OPERATIONS 

Plant Breeding Department 

Crossing activity was at a level of 4,018 crosses 
(Fig. I). The number of F, combinations grown 
increased sharply to 1,422, which was an all-time 
high. The number of pedigree lines grown in
creased to a record high of 109,675. Number of 
seed packets dispatched dropped off slightly be
cause IRTP discontinued or reduced the size of 
some nurseries. 

Irrigated rice. Numerous breeding lines for irri
gated rice culture were tested and'jJromising mate
rials identified. Some of the outstanding lines are 
listed in Table 2_ IR9752-71-3-2, IRI9743-25-2-2-
3-1, and IRI9746-28-2-2-3 have a growth duration 
of less than 100 days and yield potential compara
ble to that of IR36. IR9129-209-2-2-2-3 has high 
yield potential, intermediate amylose coiltent, and 
intermediate gelatinization temperature_ 

IRI3429-109-2-2-1 and IRI3429-299-1-3-1 are 
early-maturing !,ines with multiple disease and 
insect resistance. These two lines are resistant to 
three biotypes of brown planthopper in the Philip
pines. IRI3525-43-2-3-1-3-2 and IRI7494-32-1-1-
3-2 are also resistant to those biotypes in the Phi
lipJ'i~e~. IRI5314-43-2-3-3 inherits resistance to 
three biotypes of brown planthopper from Baba
wee, 

IRI3423-1O-2-3 and IRI3423-17-1-2-1 are mul-
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tiple resistance lines that inherit tungro resistance 
from Pankhari 203. 

Rainfed wetland rice. For rainfed wetland rice in 
Asia emphasis was on an international collabora
tive network. 

During 1980 scientists in Thailand, Burma, 
Bangladesh, and India were active in this network. 
Exchange of early generation seed was limited 
because of difficulties in exporting seed from many 
network countries. Where seed was successfully 
exchanged, the performance of the materials was 
disappointing. 

In Northeast Thailand pedigree nurseries were 
grown at four sites. The nurseries were composed 
of materials selected in the previous generation 
from sites in the Philippines, Burma, India, and 
Thailand. Within a given cross the material selected 
in Thailand was superior in appearance. In most 
cases the material from other countries was unsuit
able for selection. It was decided to restrict ex
change of early generation seed to more specific 
areas, such as within Northeast Thailand, and to 
confine international exchange mostly to F, bulks 
distributed each year by IRRI. 

Dry-seeded rice. AIl IRRI promising, early
maturing advanced lines were evaluated for dry
seeding as a wetland rainfed crop. The materials 
were seeded 6 June in 25- X 5-m plots. The trial was 
affected by drought in the vegetative stage but 
moisture was adequate prior to flowering and 
through maturity. A severe infestation of sheath 
blight at the flowering stage seriously reduced 
yields of some entries. No entry was siguificantly 
superior to IR36 and among those of comparable 
performance, none matured earlier (Table 3). 

Table 2. Some promising breeding Jines with multiple attributes suitable for irrigated wetland culture. IRRI, 1980. 

Reaction" to 
Growth Amylose 

DeSignation Cross dura- con- Sae- Green BPHb 
tion tent Blast terial Tungra Grassy leaf- biotypes 

(days) (%) bhght stunt hopper ---
1 2 3 

IRB192-200-3-3-1-1 IR2070-747-6/IR2055-21911 120 26 3 3 7 
1R2061-213 

IR9752-71-3-2 IR28JKwang Chang Ail/IR36 99 25 2 3 3 7 
IR9129-209-2-2-2-3 IR28/IR2053-521-1/1IR36 108 22 7 3 3 7 
IR13429-1 09-2-2-1 IR4432-53/Ptb 33/11R36 108 25 2 3 3 3 
IRl3429-299-2-1-3-' IR4432-53/Ptb 33/11R36 107 26 4 3 3 3 
IRl3423-10-2-3 lR44/IR2588-132//1R4417-177-' 118 27 4 3 3 7 
IR13423-17-1-2-1 IR44/IR2588-13211IR4417-177-1 121 27 6 3 3 6 
IR13525-43-2-3-'- Ptb 33/1R30/llR36 118 27 4 1 1 3 

3-2 
IR15314-43-2-3-3 Babawee/IR4432-53I11R2061-628 122 26 
1R17494-32-1-1-3-2 Rathu Heenati/3*IR3403-267-1 125 25 
1R19743-25-2-2-3-1 IR9129-192-2111IR74782-6/29 99 25 

Lu l111R74782-6 
IR19746-28-2-2-3 IR9129-192111IR74782-6/Kwang 99 25 3 3 9 

Chang-AiIlIR74782-6 

"Scoring based on the 1980 Standard Evaluation System for Rice. lIBrown planthopper. 
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Table 3. Yield and maturity of selected IRRI breeding lines 
evaluated for dry seeding. JARI, 1980 wet season 

YIeld Maturity 
DesIgnation Cross (t/ha) (OS') 

IR2307-247-2-2 CR94-131 32 113 
IR1561-228 

JR9093-216-3 73-11961 35 110 
IR30/l1R36 

IR970341-3-3 ADT 4/2*IR36 3.2 107 
IR9752-1-2-1 IR28/Kwang 33 114 

Chang AilllR3S 
IR9752-222-3-2 IR28/Kwang 34 105 

Chang AilllR3S 
IR18599-68-1 IRAT 10/lR46 3.2 105 
IR21 018-97-1 BG 34-81 32 115 

lET 5085/11R36 
IR3S (check) 32 105 

LSD (.05) 0.6 

"Days after seeding. 

Rainfed dryland rice. A substantial number of 
breeding lines that have moderate to high levels of 
drought resistance, improved yielding ability, and 
moderate degrees of pest resistance were evaluated 
at three sites: a farmer's field in Batangas province, 
the upland farm ofIRRI, and a well-drained and 
low-soil-fertility site at IRRI. 

A promising line with multiple attributes, 
IR6115-I-l (from the cross IRI529-680-3/Moro
berekan) continned to yield more than 4 t/ha (4 
consecutive years) in a farmer's field in Batangas 
province. It has a high level of resistance to bacte
rial blight. 

IR593 I-I 10, from the cross MRC-I72/IRI544-
30-6//IR4520-76-90, is also early matnring, has 
good drought recovery ability, and consistently 
yielded nearly 4 t/ ha in Batangas. 

IR6023-1O-1, from the cross BPI-76*9/ Dawn/! 
LAC 23, has medium-early maturity (120 days) 
and good drought recovery ability. It has blast 
resistance and tolerance for phosphorus deficiency. 

A number of the breeding lines selected from 
dryland nurseries have been widely tested in sev
eral national programs and in IRTP nurseries. 
Sixteen are currently included in the Philippine 
Seed Board trials. IR3880-13-7, from the cross 
IR841-67/C22-51/!Pelita I-2/IRI541-76, has 
shown superior performance in past years and was 
in seed multiplication and final testing during the 
1980 wet season. 

Collaborative work with other workers was 
expanded in drought-prone areas such as India, 
Brazil, and Nigeria by exchanging and evaluating 
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advanced breeding lines. Nine single c,osses were 
made for EMBRAPA (Brazil), 4 single crosses for 
IITA (Nigeria), and 125 single crosses for Indian 
rice breeders in drought-prone areas. 

BREEDING METHODS 

.plant Breeding, Plant Pathology, and Plant Phy
siology Departments 

Although most IRRI breeding materials are han
dled through the conventional pedigree method of 
breeding, work with other breeding methods conti
nued. 

Rapid generation advance. In 1980 more than 
500,000 plants involving 287 crosses were sown in 
rapid generation advance (RGA). The list of coop
erating countries expanded to include Thailand, 
India, Sri Lanka, Japan, Bangladesh, Nigeria, 
Korea, Burma, Malaysia, and Indonesia. Research 
on improving RGA methods, especially the screen
ing techniques, continued. 

Crosses processed through RGA were sent to 
cooperators, and many crosses were planted in the 
field for evaluation and selection. Five RGA bulk 
materials were included in the 1980 International 
Rice Cold Tolerance Nursery and II in the 1980 
International Rice Deepwater Observational Nurs
ery. The Korea-IRRI Collaborative Project in
cluded 23 RGA entries. 

Selection for cold tolerance at seedling stage. 
The possibility of screening during RGA for cold 
tolerance at the seedling'stage of segregating F, 
materials was studied with IR20654 (K78-13/ 
IR5908-125--1) and IR22553 (Fujisaka 5/Kn-Ib--
361-1-8-6-9). 

Ten days after sowing, plants were subjected to 
12" C water for 10 days and scored for leaf yellow
ing (a score of I was best; 9 meant ahnost dead or 
dead). 

A number of F, plants - 4% in IR22553 and 
14% in IR20654 - scored 1-3. Removal of the 
susceptible lines (score 7-9) eliminated 87 and 58% 
of the F, plants in the two crosses, and increased 
the available greenhouse space for use within 30 
days after sowing. Cold water treatment at seedling 
stage generally delayed heading date but the delay 
was relatively short. 

Selectionfor earliness. An experiment with· the 
preceding two crosses evaluated selection for earli-



ness during RGA. Selection of F, plants that flo
wered in 70 days or Jess resulted in a 3 I % reduction 
of the population for IR22553 and 12% for 
IR20654. Selection for earliness « 70 days) in F, 
showed a growth duration of less than 70 days in 
94% of the F, population of IR22553 and 84% of 
IR20654 F, population. These high values justify 
early selection (at F,) for short growth duration. 

Selection for earliness, however, did not select 
for cold tolerance at seedling stage. With selection 
for earliness made at F" a population of about 
2,000 plants is the minimum for F, selection for 
cold tolerance at seedling stage. 

Selection for plant height. Plants grown at low 
temperature are shorterthan those grown at higher 
temperature. Selection for optimum plant height 
of cold-tolerant lines during RGA was studied 
using the given crosses. Heights of individual 
plants in different generations (F, -F.) were meas
ured. 

Although the correlations among the genera
tions were highly significant because of the large 
number involved, the values were low and showed 
that selection for plant height should not be done 
during RGA. 

Submergence tolerance screening. The possibil
ity of screening for submergence tolerance during 
RGA was tested with nine rice varieties, including 
both susceptible and resistant types. The study 
showed that screening for submergence tolerance 
at seedling stage during RGA is possible. Most of 
the susceptible lines were eliminated and the head
ing date of tbe tolerant varieties was not greatly 
affected. 

Mutation breeding. Ethyleneimine-derived 
mutants of Siyam Halus and Siyam Kuning were 
grown for the frrst time in the tidal swamps of 
South Kalimantan, lndonesia, the origin of their 
parent cuhivars. Preliminary observations were 
promising (Fig. 2), but most of the mutants unex
pectedly matured later than the Siyam Kuning 
check. This finding will be further investigated in 
198 I using several planting dates. 

Hybrid rice. Hybrid rice studies were on male 
sterility and fertility restoration systems, which are 
essential to develop hybrids, and on methods by 
which satisfactory seed set can be obtained on male 
sterile lines through natural outcrossing to pro
duce bulk quantities of hybrid seed. 

Male sterility and fertility restoration in rice. 

2. Contrasting heights and leaf habits of Siyam Kuning and ~\'eral or Its mutant derivatives. Kalimantan, Indonesia. 1980. 
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Table 4. CytotterUa lin .. collected and maintained at IMI. 1 ••. 

Cytoplasm 
Line Origin source 

Zhen Shan CJlA China O. utNa f. 
spontafHIll 
IWA) 

V20A China O. siltivil f . 
spontafHIll 
(WA) 

Er-Jiu-Ntln lA China O. slltivll f. 
spontllnell 
(WA) 

V41A China O. $lltiVIl f. 
spontanea 
(WA) 

YIIr-Ai-Zhao A China Gambiaca 

Gang-yi-ya- China Gambiaca 
Ai Zhao 

Birco USA Sirco 

MS 517A Korea O. nlvllTa 

MS 519A Korea O. nNllrtJ 

P 203A IRRI TNI 

BTMS Japan Chinsurah 
Bora II 

Wu lOA China Chinsurah 
Bora II 

Three additional cytosterile lines from China were 
introduced during 1980, thereby increasing the col
lection of cytosterile lines maintained at IRRI to 12 
(Table 4). These lines are derived from six cyto
plasmic sources. The cytogenetic relationship 
among them is not clear. 

Four of the cytosterile lines - V20A, V4lA, 
Zhen Shan 97A, and Er-Jiu-Nan lA, all derived 
from Oryza sativa f. spontanea WA cytoplasm
were stable for nearly complete pollen sterility. 
Those lines, however, do not possess the required 
resistance to major diseases and insects, which is 
essential for their adaptation to tropical condi
tions. Therefore, their cytosterility was transferred 
into improved lines possessing the required disease 
and insect resistance. 

By using tli" test cross method 14 improved 
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Maintainer Remarks 

Zhen Shan CJl Owarlindlcil. highly stable for pollen 
steritity 

V20 Owarfindica. highly stable for pollen 
sterility 

Er.Jiu-Nan 1 OwarlindiclI, highly stable for pollen 
sterility 

VOl Good stigma exsertion 

Yar-Ai-Zhao Semidwarf not stable 10. pollen 
sterility 

Gang-yi-ya- Semidwarl not stable 10' pollen 
Ai Zhao sterility 

Cat rose, Caloro. Not stable for pollen sterility, poorly 
Colusa. ESO 7-3 adaptable in the tropics 

Wx 126·12-21 Not stable for pollen sterility 

1R20 Appears to possess functional steril-
ltv 

Pankhari 200 Tall. photoperiod sensitive, some-
what unstabie for pollen sterility 

Taichung 65 Obtained from China in F. of a cross 
of BT MS with a restorer 

Wu 10 Introduced from Hunan Acad,my of 
Agricultural Sciences 

breeding lines from lRRl, India, Taiwan, and 
Korea (Table 5), which maintained the sterility of 
W A male slerile Jines, were idenlified. Some of 
them possess multiple disease and insect resistance. 
Backcrossing to the improved maintainer lines has 
starled and 1-3 backcrosses were made. But 3-5 
additional backcrosses may be required before 
stable male sterile lines that possess W A cytoplasm 
and nuclear genes ofthe improvoo maintainer lines 
are developed. 

By test crossing with W A male sterile lines, 24 
effective restorer 1ines originating from IRRI and 
India were identified (Table 6). Some of those 
restorer lines possess dominant genes for disease 
and insect resistance, which can be incorporated 
into the hybrid varielies. One such restorer line 
(lR54) was used in China for developing experi-

I 



T.bfe 5. "Inwlners for WA cytoplasmic m.le st&ril. system 
klentifled .t IRRI. 1980. 

Line or variety 

IR747B2~ 
IR9859-45·2-3 
IR10154·23·3..3 
IR10176-24-6-2 
IR10119--2-3·1 
IR19657-81-3-3 
IR19795-17·3·2 
IET472B 
1ET5324 
IET5425 
Suweon "'05 
Jikkoku Serene! 62-31 
Whecheon Yukdo 
C 652159/ Milyang F. 1295 

mental hybrids. 

Origin 

IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
India 
India 
India 
Korea 
Korea 
Korea 
Taiwan. 
China 

During a search for new sources of cytoplasm 
that induces male sterility, evidence that Oryza 
glaberrima cytoplasm may also include male steril
ity was obtained. 

Natural outcrossing on male sterile lines. Natu
ral outcrossing of two cytosterile lines - Zhen 
Shan 97Aand V20A - was studied duringthedry 
season. Average seed set (mean 8-10 plants) 
through natural outcrossing varied from I to 28%, 
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Table e. EHectfv. restONr lines forWA cytoaterUity sy.em .. 
Identified et IARI. 1980. 

line or variety Origin 

1R26 IRRI 
IR2B IRAI 
IR3B IRRI 
1R42 IRRI 
1R46 IRRI 
IRSO IRRI 
IRS< IRRI 
IR2307·247·2-2.J IRRI 
IR2191· 105-2·2·3 IRRI 
IR9093·211 .s IRRI 
IR9703-41 ·3-3·1 IRRI 
IR9108·51 · 1·2 IRRI 
IR9715-74.J IRRI 
IR9852·39·2 IRRI 
IR13188·9 IRRI 
IRl3420-6-3-3· 1 IRRI 
IR13525-118-3·2·2 IRRI 
IR13526-41 · 1·2 IRRI 
IR15723-45-3·2 IRRI 
IR17494-32·2 IRRI 
IET2080 India 
IET4141 India 
Iffil03 India 
Suweon ",61 Korea 

depending on the cytosterile line, direction of 
planting, and distance from tbe poUen source. 
Some individual plants gave as high as 35-45% 
seed set. Effect of distance from the pollinator was 
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3. Variability among sc~ed rice varieties and breeding tines in florallrailS influencing OUtcfossmg. 
lRRI, I980. 
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less pronounced in the plot oriented south-west, 
which was across the direction of wind. in that 
orientation the average seed set of male sterile 
plants 30-110 ern away from the pollen source was 
22%. TIlat seed set was attained without ctipping of 
flag leaves and supplemental pollination as prac
ticed in China. 

Variability in floral traits exists among rice var
ieties (Fig. 3). Further increase in seed set on male 
sterile lines should be possible by selection and 
breeding of male sterile lines possessing well
developed and exserted stigma, and longer dura
tion of opening of florets; and restorer lines pos
sessing large anthers and long ftlaments, which 
would encourage cross pollination. 

TISSUE CULTURE 

Plant Breeding Department 

A series of experiments that were started in 1979 to 
evaluate the application of anther culture forvarie
tal improvement were continued. Eighty-five rice 
varieties were cultured and classified as high, low, 
and medium producers of callus and green plants 
(fable 7). Based on identification of varieties that 
performed well in a modified Linsmaer & Skoog's 
medium (Annual report for 1979) under specific 
environmental conditions, studies to compare dif
ferent media and media components were initiated. 

In experiments, primariJywith Taipei 309, media 
commonly used in tissue culture were evaluated 
with different hormones and hormone combina
tions. The studies led to identification of two modi
fied Gamborg's media (J-19 and E-24) that pro
duced a high efficiency in callus and green plant 
regeneration. 

Fifty percent of the anthers plated on J-19 
medium developed into highly embryogenic cal
luses. When these were transferred to fresh J-19 
medium, plant regeneration efficiency was 40% of 

T.b~ 7. Rice varieti .. cl ... H1..t .. high. medium. and low 
producers of calli .. and iii"'" panta. IARI. 1980. 

High Medium low 

Taipel 309 1R30 1R20 
Minehikarl 1R40 1R38 
BG90-2 Moon Tarum IRS 
Taipei In Taiehung 65 1R36 
Nang Baek Pe i ts ~1 1R28 

M lngolo BRS1 -91 
Sathra 278 
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the anthers plated. Of the anthers plated in the 
E-24 medium, 22% developed multiple caUus 
masses. When these were transferred to J-19 
medium, 53% efficiency of green plant regenera
tion based on the number of anthers plated was 
observed. 

Studies of agronomic characteristics among tbe 
anther culture-derived plants started. All 46 anther 
culture-derived plants of Taipei 309 chosen at ran
dom were shorter than the mother plant whose 
height is 134 ern. Of the recovered plants, 67.3% 
were 91-100 cm in height. Sterility was ()"73%. 
Among the plants, 50% were haploids, 30% auto
diploids, and 20% triploids and tetraploids. 

tNTERNA TlONAL RICE GENETIC SURVEY 

Office of Information Services, Plant Breeding, 
International Rice Testing Program, and Statistics 
Departments 

The computerization of the complete genetic an
cestry of about 36,000 hybridizations made in 
national rice improvement programs, 500 post
IRS varieties, and 1,100 older varieties began in 
1980. The data are being incorporated into the 
present History of IRRI Crosses (1-30,000) com
puter program to make it an international rice 
genetic ancestry program. 

Source of semidwarfism. The sources of serni
dwarfISm were traced in a sample of370 imprOVed 
post-IRS varieties released in 36 countries. Seventy
four percent of the new varieties were sernidwarfs. 
A third of the sernidwarfs were IRRI lines or 
varieties that national programs released to 
farmers; the others were developed in national 
programs (Fig. 4). 

About 40% of the locally developed semidwarfs 
were direct progeny of IRS and 22% were direct 
progeny of Taichung Native I (TNI). But 21 % of 
the local sernidwarfs were progeny of semidwarfs 
that national programs had developed earlier. 

Of the second-generation semidwarf parents, 
47% were direct progeny of TNI and 16% were 
progeny of still eartier crosses with local serni
dwarfs. Half of the third-generation local serni
dwarfs were progeny of TN I and 17% were pro
geny of IRS (Fi&- 4). 

Cross analysis. The rice cuJtivars that Asian 
plant breeders crossed from 1965 to 1975 in India, 
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Korea, Bangladesh, Indonesia, Philippines, Sri 
Lanka, and Thailand were compared based on 
data on the genetic composition of 202 improved 
rice varieties developed locally and released to 
farmers 5 years later (1970-80) in the same coun
tries. 

TNI was used in 22% of the crosses analyzed for 
1965-07, and appeared as a parent of 40% of the 
new varieties released in the same countries by 
1970 (Fig. 5). The subsequent decline ofTNl's use 
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as a parent was matched by a corresponding 
decline in its appearance as progeny among new 
varieties released. IR8 was seldom used as a parent 
by 1975, but it was a parent of 24% of the varieties 
released from that time until 1980. 

Varieties were selected from crosses of TNI, 
IR8. and other semidwarfs at a greater frequency 
than they were used as parents. But progeny of 
locally developed semidwarfs appeared as varieties 
at a lower rate than they were used as parents. 

S. Comparison of use of varieties as parents in 
crosses and genetic composition of improved rice 
varieties released from 1965 to 1980. Three hundred 
fifty-five randomly selected crosses involving 819 
parents at 7 research centers, and 202 varieties in
volving 43 parents. IRRI, 1980. 

~'=--::ro-:='-::7,..t --=74,-J-'=7S=-79=--OO'" 65-67~;::~ro-~71~~7-~~-~7S;::::::::;79-00;1· 

GENETIC EVALUATION AND UTIUZATION (GEU) PROGRAM .47 



Genetic evaluation and utilization (GEU) program 

Computeriz~d data management 
Statistics and Plant Breeding Departments and International Rice Testing. 
Program 

GERMPLASM BANK 150 
BREEDING AND TESTING 151 
INTERl'{ATIONAL RICE TESTING PROGRAM 152 

PREVIOUS PAGE B IVI! 

IRRI ANNUALREPORT'FOR 1980 149 



GERMPLASM BANK 

Statistics and Plant Breeding Departments 

With the addition of 6,797 newly registered acces
sions of O. sativa, the IRRI germplasm computer 
data bank contained a total of 47,565 accessions by 
the end of 1980. Twenty-eigbt tbousand two 
hundred and eighty-six accessions have complete 
information on the 38 basic morphoagronomic 
characters (Annual report for 1976), 32,101 acces
sions have complete information on 30 field charac
ters, and all have varying numbers of information 
on the 35 GEU traits (Table 1). Seventy-five percent 
of tbe accessions in the IRRI germplasm bank are 
of indica type and more than 77%'are from coim-

tries in South and Southeast Asia (Table 2). 
A separate computer data file for the wild spe

cies of Oryza was created. The file contains 3,793 
accessions, each with data on 85 traits. 

The implementation ofthe computer-based seed 
inventory system, developed and tested in 1977, 
began in mid-1980 when seed stocks were trans
ferred to standard-size aluminum cans. Informa
tion stored in the seed inventory computer file, 
both for seed inflow and seed outflow, consists of 
storage type, crop season and year of seed harvest, 
date processed, and amount of seed. Information 
on seed outflow includes tbe destination of the 

·seeds. By the end of 1980, the seed inventory com
puter file contained 13,374 records of 4,458 acces-

Table 1. Numberofaccessions inthe IRRI germplasm computer data bank that have information on each ofthe GEUtraits as of31 
December 1980. 

Accessions AcceSSions 
GEU trait (no.) GEU trait (no.) 

Bacterial leaf blight 21,405 Amylose 17,669 
Blast 19,132 Gelatinization temp 14,854 
Sheath blight 17,787 Drought 
Rice tungro virus 9,047 Seedling vigor 13.631 
Grassy stunt virus 6,340 Rate of recovery 
Brown planthopper After 1st stress 6,846 

Biotype 1 21,685 After 2d stress 7,574 
Biotype 2 4,122 Field resistance 
Biotype 3 5,908 Early vegetative 9,513 

Green leafhopper 16,046 Late vegetative 12.413 
Striped stem borer Reproductive 6,230 

Deadhearts 6,870 Field tolerance (3-4 bars) 1,121 
Whiteheads 1,077 Field tolerance (9-10 bars) 758 

Yellow stem borer Rate of recovery from 9-10 bars 760 
Deadhearts 3,869 Greenhouse screening 396 
Whiteheads 2,603 ~roblem SOil 

Rice whorl maggot 19,115 Alkalinity 879 
Whitebacked planthopper 28,406 Salinity 883 
Brown nce protein Zinc 553 

Dry season crop 17,587 Elongation 849 
Wet season crop 13,631 Flood tolerance 4,229 

Cold tolerance 2,205 

Table 2. Frequency of rIce cultivar types in IRRl's germplasm bank, by region of origin and by variety group. 1980. 

Cultivars (no.) 
Region of ongin Percent of 

Hybrid IndIca Japonica Javanica Unknown Total total 

Africa 22 1,571 90 131 848 2,662 5.6 
East Asia 18 1,479 2,100 3 781 4,381 92 
Europe 3 40 228 )1 90 372 0.8 
North America 20 654 198' 0 131 1,003 2.1 
Oceania 1 71 15 4 8 99 0.2 
South & Central America 26 519 342 13 229 1,129 2.4 
South Asia 253 7,856, 237 437 9,666 18,449 38,8 
Southeast Asia 401 8,797 234 2,023 6,922 18,377 38.6 
Southwest Asia 0 42 17 1 100 160 0,3 
Others ,1 220 126 4 582 933 2.0 

Total 745 21,249 3,587 2,627 19,357 47,565 1000 
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sions. The system is used 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. Such information is 
necessary not only for seed distribution, which is 
the principal service of the germplasm bank, but 
also for seed rejuvenation. 

BREEDING AND TESTING 

Statistics and Plant Breeding Departments 

With the rapid increase in the number of crosses 
made at IRRI and the increasing number of 
requests for information on the parentage of the 
crosses, a computer fIle on the parentage of IR 
crosses was created in 1976. In 1980, the 4,621 IR 
crosses made during the year were added to the fIle, 
bringing the total to 33,898 crosses. 

The first volume of the compact version of the 
Parentage oj IRRI crosses, including IRI
IR30,000, was produced and distributed to rice 
researchers. This 'version replaces the bulky series 
of 10,000 crosses each, produced in 1978. 

The integration and close linkage between ·the 
history-of-IR-cross system and the testing and 
evaluation operations, initiated for the 1980 nur
series, made it possible for the names of the parents 
of each new cross to be automatically retrieved 
from the respective nursery fIles. This feature has 
greatly minimized the labor required, the trans
cribing errors, and subsequent delays in the input
ting of information into the history-of-IR-cross 
fIle. 

In 1980, the history-of-IR-cross fIle was put to 
another use: the retrieval of crosses whose ancestry 
satisfies a given set of requirements. An example of 
the output is a list of all IR crosses with at least four 
ancestors that are resistant to bacterial leaf blight 
(Table 3). 

Efforts to expand the history-of-IR -cross sys
tem to cover rice crosses made in the various 
national programs continued in 1980, with empha
sis given to the accumulation of information, the 
creation of the history-of-non-IR-cross data fIles, 
and the modification of the existing programs so as 
to support the non-IR crosses. Records of parent-

Table3. List of IR crosses with at least 4 anceStors coming from the prescribed set of 15 varieties" known to have different genes 
for bacterial leaf hlight.IRRI. 1980. 

Ancestor No. of 
combination crosses IR cross no 

2,12,13,14 1 27110 
4, 8,13.14 1 33644 
5, 7,13,14 1 33206 
5, 8,13,14 2 28231 33419 
5. 9,11,14 1 19253 
5,1',13,14 1 23898 
5,12,13,14 6 27306 33033 33060 33422 33423 33649 
6. 9.11.14 1 24617 
7, 8,13,14 3 23933 32824 33444 
7, 9,11,14 5 16958 20285 22960 24746 24758 
7.12.13.14 3 19588 32827 33624 
7,13,14,15 1 19311 
8. 9,11,14 21 20279 20281 21324 21351 22433 23904-23910 23912 

23913 24616 24618 24743 24748 26922 26923 26930 
8. 9.13.14 3 23825 23856 23934 
8. 9.14.15 1 23848 
8,12,13,14 29 25587 27315 27327 28114 28179 28204 32837 32839 32841 32847-32854 

33047 33049 33050 33051 33062 33251 33304 33385 33499 33505 33648 -33671 
9.11.13.14 18 16955 16956 18119 19417-19419 20266 20273 20282 21284 21415 21416 22959 

24621 24754 24759 26906 28971 
10,12,13,14 27078 
10,13,14,15 10777 27077 27085 27092 
11,12,13,14 26904 28970 
4. 8,12,13,14 33670 
5. 8.12.13.14 28202 33421 
6, 8,12,13,14 28119 
7. 8. 9.11.14 23911 
7, 9,11,13,14 24755 
8. 9.11.13.14 24324 24615 
9,11,12,13,14 26907 26915 

"1 = AUS32.2 =AUS81.3 = BASHFUL.4 = BEAKGANGGAS.5= 8G90·2.6= BJ1. 7= DZ192.8= NAM SA·GUI19.9 =PELlTAI·1. 
10 = PEL ITA 1·2. 11 = POKKALI. 12 = R. HEENATI.13 = SIGADIS. 14 = TKM6. 15 = ZENITH 
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age of more than 17,000 crosses made in 16 
nati~nal breeding programs are currently in the 
fIle. 

INTERNATIONAL RICE TESTING PROGRAM 

Statistics Department and International Rice Test
ing Program 

Data for the International Rice Cold Tolerance 
Nursery (IRCTN) were computerized in 1980. 
That brought to 14 the number of nurseries for 
which data for crop years from 1976 to 1979 are 
stored in computer fIles (Table 4). TheJiles allow 
for instant retrieval of desired information. 

In addition to the Generalized IRTP Informa
tion Retrieval System (Phase n completed in 1979, 
a specific computer program for retrieving data 
from any of the stress nurseries (IRBPHN, IRBN, 

etc.), based on a prescribed set of<sites and crop 
years, was developed. This facilitates the examina
tion of variability of reactions to a given stress 
across sites or years, or both. 

A master fIle of IR TP entries was created. The 
fIle includes not onJy entries tested in at least one of 
the IR TP nurseries but also entries nominated by 
the IRTP cooperators although not yet included in 
a nursery. The IR TP master file consists of a 5-
digit IR TP number, which upiquely identifies each 
rice variety or line ever nominated for inclusion in 
one or more ·IRTP nurseries, followed by the 
entry's name, cross and origin, and a specification 
of its nomination status. Rapid identification of 
entries nominated by the IRTP cooperators but 
not yet tested in any nursery is necessary for 
nursery composition. 

Table 4. International Rice Testing Program nUTSeries that have been computerizeda by the end of 1980. 

Nursery name 

International Rice Yield Nursery-Early 
International Rice Yield Nursery-Medium 
International Rice Yield Nursery-Late 
International Upland Rice Yield Nursery 
International Rice Observational Nursery 
International Rice Cold Tolerance Nursery 
International Upland Rice Observational Nursery 
International Rainfed Lowland Rice Observational 

Nursery 
International Rice Blast Nursery 
International Rice Tungro Nursery 
International Rice Sheath Bhght Nursery 
International Rice Brown Planthopper Nursery 
Int~rnational Rice Stem Borer Nursery 
InternatIonal Rice Gall Midge Nursery 

1.0. 

IRYN·E 
IRYN·M 
IRYN·L 
IURYN 
IRON 
IRCTN 
IURON 
IRLRON 

IRBN 
IRTN 
IRSHBN 
IRBPHN 
IRSBN 
IRGMN 

Years (no) for 
which data are in 

computer files 

4 
4 
3 
4 
4 
2 
4 
2 

4 
4 
2 
4 
2 
4 

aBoth for data processing (I e, statistical analysis and summary tables) and storage and retrieval purposes 
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Control and management of rice pests 
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Plant Pathology Department 
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BLAST 

Seed treatment. Seed treatment with systemic 
fungicides at various rates were tested (Table I). In 
one test, Tricyclazole at the rates of I, 2, and 4 g 
formnlation/ kg seeds produced slight to moderate 
leaf blast control. The lowest seed germination 
percentage obtained from 4 g Tricyclazole in the 

first test could not be attributed mainly to the toxic 
effect of the chemical as shown in the second test. 
All tested rates of thiophanate-methyl exhibited 
moderate blast control. 

Seed treatment with four systemic fungicides 
confirmed that eGA 491 04 and PP389 JF5816 are 
the best seed-treatment fungicides for leaf blast 
control (Table 2). eGA 49104 at 8 and 4 g and 

Table 1. leaf-blast control with systemic fungicides as seed treatmentfor IR442·2-58 and seed germination when seedlings were 
exposed to Pyricularia oryzae in the blast nursery. IRRI, 1980. 

Rate Blast lesions" (no Iseedlrng) Seed 
Chemical (g formulatlonl germmatlon 

kg seed) 3WS 4WS 5WS 6WS 7WS 8WS {%)lWS 

Test 1 
Tricyclazole (75% WP) 4 19.4 56.9 645 78.2 84.8 881 664 

2 252 66.1 703 900 926 973 828 
1 244 73.0 76.1 921 1030 1041 792 

Thlophanate-methyJ 32 283 67.9 703 811 889 909 8004 
(70%WP) 16 32.5 71.6 755 91.8 982 1017 748 

8 407 80.0 829 948 106.7 1091 800 
No chemical 0 40.7 89.0 1113 1252 1349 1380 804 
(untreated seeds) 

Test 2 
Thlophanate-methyl 32 16.3 526 652 678 69.7 88.8 
(70% WP) 16 142 558 768 800 818 88,8 

8 186 770 903 1027 1051 888 
Tncyclazole (75% WP) 4 5.4 63.0 904 1049 1117 856 

2 106 835 1110 1226 1270 84.8 
1 154 998 1368 1421 1444 860 

No chemical 0 20.1 930 1172 1229 1266 884 
(untreated seeds) 

"Mean of 25 seedlings used for disease readings WS - weeks after seeding 

Table 2. Leaf blast control in lR442-2-58 seedlings exposed to Pynculana oryzae in the blast nursery when seeds were treated 
with systemic fungicides IRAI, 1980 

Rate Blast leSions" (no Iseedllng) 
Chemical (g formulation! 

kg seed) 3WS 4WS 5WS 6WS 7WS 8WS 

Test 1 
PP389 JFS816 (50% WP) 40 00 00 00 00 00 00 

20 00 0.0 00 00 00 04 
eGA 49104 {50% WP) 8 00 00 0.0 00 00 0.0 

4 0.0 00 0.0 00 00 12 
Benomyl (SO% WP) 40 0.0 00 00 0.3 0.3 19 

20 00 02 07 1.4 28 84 
Thlophanate-methyl (70% WP) 40 00 12 12 13 22 47 

20 1.4 44 6.9 8.5 126 158 
No chemical (untreated seeds) 0 48 17.6 232 283 328 383 

Test 2 
eGA 49104 (50% WP) 8 00 00 00 0.0 0.0 00 

4 00 1.4 18 18 18 18 
PP389 JFS816 (SO% WP) 40 00 0.0 0.0 00 22 24 

20 00 03 20 20 55 7.6 
Thiophanate-methyl (70% WP) 40 07 4.8 7.6 11.1 16.7 18.3 

20 27 13.9 15.9 160 249 273 
Benomyl (50% WP) 40 9.8 154 168 197 256 299 

20 11.9 243 27.3 287 368 408 
No chemical (untreated seeds) 0 12.6 24.4 388 42.7 79.7 102.S 

"Mean of 25 seedlings used for disease readings WS = weeks after seeding 
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Table 3. Leaf blast control with fungicide sprays on seedlings exposed to Pyricularta oryzae in the blast nursery" IRR!. 1980 

Rate (kg or liters Blast lesions" (no Iseedlmg) 
Chemical formulation! 

ha per application) 3WS 4WS 5WS 6WS 7WS 8WS 

CGA 49104 (50% WP) 1.0 0.0 0.0 00 01 01 01 
Tncyclazole (75% WP) 07 1.1 15 15 18 20 25 
Benomyl (50% WP) 10 04 04 13 32 50 62 
PP389 JF5816 (50% WP) 1.0 6.6 132 146 178 189 200 
Th,ophanate·methyl (70% WP) 10 28 190 42.0 72.9 834 860 

Edifenphos TCP {35% WPI 1.0 9.5 288 44.5 795 843 892 
Edlfenphos (50% ECI 10 1.8 226 537 88.8 1064 1087 
No chemical (unsprayed seedlings) 0.0 10.8 394 71.9 1119 '19.3 1232 

"The first spray was apphed 2 weeks after seeding (WS) and 2 subsequent applications were made at '·week intervals Sprayed 
seedlings were Immediately exposed in the blast nursery bMean of25IR442·2·58 seedlings used for disease readings. Seedlings 
were grown In plastic trays 

Table 4. Leaf blast control with fungicide sprays on rice seedlings" IRRI, 1980. 

Rate (kg or liters Blast [eslons" (no /seed[lng) 
Chemical formulation/ 

ha per apphcation) 3WS 4WS 5WS 6WS 7WS 8WS 

eGA 491 04 (50% WP) 1.0 19.1 23.6 242 246 26.3 266 
PP389 JF5816 (50% WP) 1.0 22.2 361 441 464 472 48.0 
Tncyc1azole (75% WP) 07 189 371 47.8 485 493 50.2 
Edifenphos TCP (35% WP) 1.0 216 338 425 44.2 499 51.9 
Benomyl (50% WP) 1.0 31.0 476 54.2 606 631 659 
Thiophanate·methyJ (70% WP) 1.0 31.9 530 680 734 76.6 797 
Edifenphos (50% Eel 1.0 237 49.9 695 755 78.2 808 
Tnphenyltin acetate (60% WP) 10 332 605 748 827 961 1007 
No chemical (unsprayed seedlings) 0.0 34.7 65.2 857 955 1055 1102 

"The first spray was applied 2 weeks after seeding (WS) and 2 subsequent applications were made at l·week intervals Plots were 
located In the blast nursery. "Mean of 3 replications of IR442·2-58 From each replicatIOn. 25 seedlings were used for disease 
readings 

PP389 JF5816 at 40 and 20 g effectively controlled 
leaf blast. Benomyl and thiophanate-methyl were 
also effective. 

Foliar sprays. Foliar spray tests of systemic and 
nonsystemic fnngicides confirmed CGA 49104 at 
1.0 kg formulation/ha as most effective for leaf 
blast control (Table 3, 4). Other effective chemicals 
were Tricyc1azole at 0.7 kg, and PP389 JF5816 and 
benomyl, each at 1.0 kg. 

Soil treatment. In soil treatment tests of sys
temic granular fungicides CGA 49104 (5% G) at 
the rates of 3 and 6 g formulation/m' was out
standing (Table 5). Other systemic granular fungi
cides that gave effective leaf blast control were 
Ory2emate{8% G), IBP (17% G), and Fuji-One 
(12% G) at 2 and 4 g. 

A test of the effect of different nitrogen levels on 
the efficacy of. CGA 49104 (5% G) for leaf blast 
control showed excellent control at 600 and 300 kg 

formulation/ha and effective control at the low 
rate of 50 kg/ha at nitrogen levels ranging from 
120 to 480 kg N/ha (Table 6). 

A replicated trial of the granular systemics in the 
blast nursery confirmed the outstanding perform
ance of CGA 49 104 (5% G) (Table 7). Fuji-One at4 
and 2 g, and IBP and Oryzemate, each at 6 and 3 g, 
showed moderately effective leaf blast control. 

SHEATH BLIGHT 

Seed treatment. Tests of seed treatment with sys
temic fungicides indicated benomyl at 40 g formu
lation/kgseed to be most effective for sheath blight 
control in seedlings (Table 8). 

Foliar sprays. A foliar spray test in the green
house showed triphenyltin acetate (60% WP) at 1.0 
kg formulation/ha per application to be effective 
for sheath blight control in seedlings (Table 9). 
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Table 5 Leaf blast control with granular systemic fungicides as soil treatment.a IRRI. 1980. 

81ast lesionsb (no !seedllng) 
Chemical Rate (g 

formulation!m~) 3WS 4WS 5WS 6WS 7WS BWS 

Test 1 
eGA 49104 (5% G) 6 00 0.0 0.0 0.0 00 0.0 

3 00 0.0 00 00 0.0 00 
Oryzemate (8% G) 6 04 1.2 3.1 34 4.7 47 

3 2.1 3.6 40 4.5 5.7 85 
IBP (17% G) 6 0.0 2.0 3,4 52 6.3 139 

3 2.9 5.9 7.5 87 108 14.0 
FUJI·One (12% G) 4 114 237 286 292 308 31.5 

2 102 24.2 29.6 33.2 348 365 
No chemical (untreated soil) 0 141 51.0 761 886 933 961 

Te~t 2 
eGA 49104 (5% G) 00 0.0 00 00 08 2.7 

0.0 0.0 0.3 03 2.5 52 
Oryzemate (8% G) 09 44 77 7.7 184 19.5 

05 88 14.6 15.1 41.1 47.8 
Fuji-One (12% G) 0.6 11.3 168 168 28.1 30.3 

24 180 266 27.1 376 456 
No chemIcal (untreated SOlO 4.2 25.5 352 42.1 60.5 61.7 

aFlve rows ofIR442-2-S8 were seeded in treated SOIl in plastic trays and allowed to grow inside the greenhouse The seedlings were 
exposed to Pyrtcularia oryzae to the blast nursery 2 weeks after seedrng (WS). bMean of 25 seedlings u~ed for dIsease readrngs,. _ 

Tablf! 6. Effect of nitrogen fertilizer levels on the efficacy of granular systemic fungicide eGA 49104 (5% GJ for leaf blast control 
when seedlings were exposed toPyrtculana oryzae in the blast nursery.a IARI. 1980. 

Rate (kg NItrogen Blast leslonsb (no.lse~dlingl 
formulatIon! levels 

hal {kg N/hal 3WS 4WS 5WS 6WS 7WS 8WS 

600 120 0 0 0 0 0 0 
240 0 0 0 0 0 0 
360 0 0 0 0 0 0 
480 0 0 0 0 0 0 

300 120 0 0 0 0 0 0 
240 0 0 0 0 0 0 
360 0 0 0 0 0.5 0.5 
480 0 0 0 0 64 6.4 

50 120 0 0 0 0 02 02 
240 0 0 0 0 75 7.5 
360 0 0 0 0 89 9.5 
480 0 0 0 0 111 117 
120 0 3.5 188 326 37.1 398 
240 02 6.7 259 391 480 52.3 
360 04 9.5 33.1 539 75.3 81.4 
480 10 133 473 67.4 852 909 

"IR442-2-58 seedlrngs grown rn plastic cups contalnrng treated and untreated salls were exposed In the blast nursery2 weeks after 
seeding (WS). bMean of 3 replications "From each replication, 25 seedlings were used for disease readings ' 

Likewise chiorothalonil (75% WP) at 1. kg/ha and 
vaJidamycin A (3% solution) ·at 2 liters/ha. were 
also effective. 

In a field test of benomyl at the rate of 1.0 kg 
formulation/ha, all plots showed effective sheath 
blight control on naturally infected IR36 plants 
grown at different levels of nitrogen fertilizer 
(Table 10). Sheath blight infection was higher in 
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plots with higher nitrogen levels. 
In a field trial of 19 fungicides used as foliar 

sprays for sheath blight control, NTN 19701 (25% 
WP) applied at the rate of l.S kg formulation/ha 
per application was effective, as were vaJidamycin 
A at 2Iiters/-ha, iprodione at 2 kg/ha;and triphe
nyltin acetate at 0.6 kg/ha (Table 11). 
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Table 7. leaf blast control with granular systemic fungicides as soil treatment in the blast nursery." IRRI, 1980 

Blast lesionS> (no !seedllng) 
Chemical Rate (g 

formulatlon/m2) 3WS 4WS 5WS 6WS 7WS 8WS 

CGA 491 04 (5% G) 00 05 2.1 3.7 55 6.7 
00 63 182 226 257 286 

FUJI-One (12% G) 30.9 663 836 959 1016 1051 
345 719 96.1 109.0 116.0 118.9 

[SP (17% G) 227 68.0 88.7 985 1045 1135 
28.1 757 972 110.1 1174 129.4 

Oryzemate (8% G) 22.0 740 93.7 1044 1093 113.8 
299 82.4 115.1 126.1 132.6 135.4 

No chemical (untreated SOIl) 402 895 128.0 149.7 1685 177.4 

"[R442-2-58 wasseededin 10-rowplots (0 5 x 1.0m/plod at the rateof5g seeds/a 5-m row immediately after applYIng the granular 
fungicides to the soil. bMean of 3 replications From each replication, 25 seedlings were used for disease readings WS = weeks 
after seedmg. 

Table 8. Sheath blight control with systemic fungicides a1:; seed treatment for rice seedlings inoculated 3 weeks after seedmg. 
IRRI,1980. 

Rate (9 or ml Infection" ('Yo) 
Chemical formulation! 

kg seeds) 4WS 5WS 6WS 7WS 

Benomyl (50% WP) 40.0 0.0 1.6 79 7.1 
200 76 164 253 25.8 

Thiophanate-methyl (70% WP) 40.0 4.4 136 293 297 
20.0 232 214 33.7 334 

PP389 JF5816 (50% WP) 400 17.7 224 30.6 29.9 
200 45.1 41.0 37.0 34.6 

RH-2161 (2% EC) 06 33.1 353 315 329 
Mebenil (75% WP) 40 537 509 42.9 42.4 

2.0 42.3 581 505 488 
Tncycfazole (75% WP) 26 463 44.5 409 459 
No chemical (untreated seeds) 00 54.1 61.1 567 53.7 

"Mean of leafs heath and leaf blade Infections of3 replications. From each replication, 25seedhngswere used for disease readings 

Table 9. Sheath blight control with fungicide sprays for seedlings artificially inoculated 1 to 2 days after the first spray 
application." IRRI, 1980. 

Rate (kg or liter Infectionb (%) 
Chemical formulatlon/ha 

per application) 4WS 5WS ·6WS 7WS 8WS 9WS 

Triphenyltln acetate (60% WP) 1.0 79 17 24 22 17 56 
Chlorothalonil (75% WP) 1.0 3.5 11.8 115 130 11.5 118 
Vahdamycin A (3% solution) 2.0 186 84 10.1 13.2 137 13.8 
Zinc Omadme (48% dispersion) 2.0 427 67.1 654 649 656 62.7 

No chemical (unsprayed seedlings) 00 41.7 508 479 528 509 50.9 

"The first spray was apphed 3 weeks after seeding (WS), and 2 subsequent applications were made at l-week intervals ~Mean of 
leafsheaths and leaf blades of25IR1317-392-1-2 seedlings used for disease readings. The seedlings were grown In plastlctrays. 

BAKANAE 

Yield loss in rice due to bakanae. A 1979 survey of 
32 sites in Laguna province showed the percentage 
of rice tillers infected with bakanae disease ranged 
from 0.60 to 12.8%. There was a positive correla-

tion between percentage of infection and percent
age yield loss. 

A 1980 pot experiment in the greenhouse deter
mined death or recovery from bakanae. and yield 
loss caused by the disease at disease incidences 
ranging from 10 to 100%. Death of seedlings 
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Table 10. Sheath blight control with benomyl fungicidesprays 
on IR3S in the field. IRRI, 1980. 

Sheath blight dIsease 
Treatment ratIng" 

(av kg N/ha) 
Sprayed Unsprayed Mean 
plants plants 

18.3 3.0 5.1 41 
32.0 3.1 5.6 44 
32.3 2.1 59 4.0 
483 21 62 42 
50.0 35 6.2 49 
655 3.6 64 5.0 
67.0 3.2 61 4.7 
75.0 4.0 64 52 

"Mean of 4 replications, each rephcation wIth 8_ml plots Ten 
hIlls picked at random from each plot were used for dIsease 
readtng and rated by the 1980 Standard Evaluation System for 
RIce. 

tended to increase at 10 to 80% initial disease 
incidence, but decreased at 90 and 100% (Table 
12). Seedling recovery increased as initial disease 
incidence increased. 

The loss in I,OOO-grain weigbt ranged from 2.3 
to 11.8%. Actual yield loss ranged from 2.8 to 
43.7%, based on the yield from healthy plants 
(Table 13). There was a positive correlation be
tween percentage of disease incidence and percent
age of yield loss. The correlation coefficient (Y) 
was 0.9681 for yield from plants from seeds treated 

with benomyl, 0.9597 for plants from seeds treated 
with benomyl and weekly sprays of be no my I until 
maturity, and 0.9606 for plants from seeds treated 
with benomyl and weekly sprays of HomaL 

Degree ofbakanae seed infection. A study com
pared direct seeding and 18 hours water-soaking of 
seeds harvested from fields natnrally infected with 
bakanae. More seedlings exhibited abnormal elon
gation when seeds were soaked before seeding 
(Table 14). This indicates that evaluation offungi
cides as presprouting treatment (18- to 24-hour 
soaking of naturally infected seeds) is snitable. 

Artificial field inoculations with Fusarium mon
iliforme. Bakanae fungus spore suspensions were 
used to inoculate at flowering IR42 plants grown 
from naturally infected seeds. Infection of har
vested seed increased from 2.6% to 18.0% (Table 
15). 

Two weekly sprays of be no my I 50% WP at 1.0 
kgformulation/ha per application before inocula
tion resulted in fewer infected seeds than in the 
inoculated ullsprayed plots (Table 16). However, a 
higber seed infection was obtained from inocu
lated plots sprayed twice after plant inoculation. 

Prespronting treatment of naturally infected 
seeds. IR40 and IR42 seeds purchased from 
farmers with bakanae-infected fields were soaked 

Table 11. Sheath blight control with fungicide sprays in the field." IRRI, 1980. 

ChemIcal 

NTN 19701 (25% WP) 
Validamycin A (3% solution) 
Iprodlone (50% WP) 
Tnphenylttn acetate (60% WP) 
BTS 40542 (40% EC) 
Hoe 00662 (47.5% WP) 
Ditalimfos (50% WP) 
Chevron 26745 (50% WP) 
PH50-98 (20% wt/vol) 
CGA 64250 (25% EC) 
Chevron 20615 (50% WP) 
Pyrazophos (30% EC) 
Hoe 25986 175% WP) 
Chlorothaloml 500 (40.4% flowable) 
Top Cop (54 4% flowable) 
Benomyl (50% WP) 
Hoe 00663 (62.5% dIsperSIon) 
Dowco 444 (72.1 % EC) 
WL·28325 
No chemIcal (unsprayed plants) 
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Rate (kg or liter 
formulation/ 

ha per apphcatlon) 

1.5 
2.0 
2.0 
06 
20 
0.4 
10 
0.5 
30 
10 
05 
3.0 
08 
40 
4.0 
10 
03 
08 
1.0 
00 

Sheath blight 
dIsease rattngb 

1.9 
23 
2.3 
24 
29 
3.0 
3.0 
30 
3.2 
32 
33 
3.4 
34 
34 
3.5 
3.6 
3.7 
38 
38 
3.9 

Disease 
control (%) 

513 
41.0 
410 
38.5 
25.6 
231 
231 
231 
18.0 
18.0 
154 
128 
128 
12,8 
103 
77 
5.1 
2.6 
26 
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Table 12. Recovery.or death of bakanae-infected IR42 seed
lings with different initial disease incidences.Q IRRI, 1980. 

Imtlal disease 
incidence 

(%) 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
None (seeds treated 

with benomyl) 
None (seeds treated 

with benomyl and 
seedlings sprayed with 
benomyl) 

None (seeds treated 
with benomyl and 
seedlings sprayed with 
Homai) 

<lAv of 5 replications 

Av of dead 
seedlings 

(%) 

28 
53 
56 
6.0 
8.2 
8.7 
92 

10.9 
7.1 
5.9 

o 

Av of seedlings 
that recovered 

(%) 

55.0 
60.0 
63.4 
68,8 
690 
70.9 
765 
78.1 
80.6 
880 

for 24 hours in benomyl suspension and then incu
bated in moist jute sacks for 48 hours. The pre
sprouted seed was sown in dapog beds and infected 
seedlings were counted 10 and 14 days after 
seeding. 

The test showed that although the two varieties 
differed in degree of seed infection, benomyl at a 
concentration of 2.0 g formulation/liter suspen
sion .for seed soaking was effective in controlling 
bakanae in both (Table 17). 

Benomyl-treated and untreated seedlings of 

Table 13. Yield losses (l ,DOO-grain weight and actual yield) in 
relation to bakanae disease incidence" IRRI. 1980. 

Loss in Loss In 
Imtial 1,OOO-grain gram yield 

disease wt(%) pot(%J 
incidence (%1 

XK XL XM XK XL XM 

10 23 5.1 2.7 2.8 18.4 184 
20 41 6.3 45 91 23.7 236 
30 44 7.3 4.8 15.9 294 293 
40 47 75 5.1 16.1 29.5 29.5 
50 5.4 8.2 58 180 31.2 31.1 
60 54 7.4 58 21.9 34.5 344 
70 62 89 65 233 35.6 356 
80 61 89 65 29.4 408 40.7 
90 62 93 69 317 426 426 

100 9.1 118 95 32.9 437 436 

"Av of5 replications XK= av loss based on plants from seeds 
treated With benomyl; XL = av loss based on plants With 
benomyl seed treatment and sprayed weekly With benomyl 
until maturity, XM = av loss based on plants With benomyl 
seed treatment and sprayed weekly with Homai until maturity. 

both varieties were planted in a split-plot experi
mental design and 2 weekly benomyl sprays were 
applied. The plants grown from benomyl-treated 
seeds of both varieties exhibited less than 1% 
infected hills; those from the untreated seeds had 
12 to 18% infection in IR40 and 21 to 29% infec
tion in IR42 (Table 18). The 2 weekly benomyl 
sprays did not significantly reduce the number of 
infected hills. 

In similartests of be no my I used at threeconcen
trations for soaking naturally infected IR42 seeds 
obtained from two sources, the initial and repeated 
(second) use of each concentration and suspension 
showed effective bakanae control in the dapog 
beds (Table 19). At 10 days after seeding the 3 
concentrations exhibited slight differences in num
ber of infected seedlings. 

Three chemicals besides benomyl were tested at 
2.0 and 1.0 g formulation/liter suspension as pre
sprouting treatment: benomyl-thiram (40% WP), 
thiophanate-methyl-thiram (80% WP), and thio
phanate-methyl (70% WP) gave effective bakanae 

Table 14. Comparison of2 planting methods used in determin
ing the degree of seed infection with FusBnum momliforme in 
terms of abnormal elongation symptoms in seedlings from 
naturally infected 1R42 seeds. IRRI, 1980. 

Infected seedlings" (no) 
Plantmg method 

Rep. 1 Rep 2 Rep 3 Mean 

Direct seedmg of 120 83 101 1013 
seeds in plastiC 
trays contaming 
soil 

Soaking seeds in 174 155 219 182.7 
tap water for 18 
hours before seed-
ing m plastiC 
trays with soil 

"Counted 15 days after seedmg. from seedlings grown from 
150 9 seeds/rephcatlon Rep. = replication. 

Table 15. Incidence of bakanae-infected seeds after artificial 
field inoculations with Fusanum mom/iforme spore suspen
sion." IRRI, 1980. 

Treatment 

Uninoculated 
Inoculated 

Seeds with 
Fusarium moniliformeb ('Yo) 

26 
180 

"Plants grown from benomyl-treated (presproutln~ treatment) 
and untreated naturally mfected IR42 seeds were Inoculated 3 
times at 2- to 3-day mtervals at the time the flowers opened. 
bMean of 8 replications. From each replication, 100 seeds were 
used in determining the number of Infected seeds using Kama
da's selective medium for FUsarIUm sPP In the laboratory. 
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Table 16. Degree of infection of seed harvested from IR42 plants" inoculated.with Fusanum momilforme and sprayed with 
benomyl 50% WP in the field. IRRI. 1980 

Treatment 
Rate of benomyl 
(kg formulation! 

ha per application) 
'Seeds wIth 

Fusanum moniilforme" (%) 

Umnoculated + 2 sprays 
Uninoculated. unsprayed 
Inoculated + 2 sprays before inoculatIon 
Inoculated, unsprayed 
Inoculated + 2 sprays after moculatlon 

10 
00 
10 
0.0 
1.0 

2.0 
33 

11.8 
163 
198 

"Plants grown from benomyl-treated (presproutmg treatment) and untreat~d naturally mfected seeds were Inoculated 3 times at?
to 3-day intervals at the,tlme the flowers opened. bMean of 4 r~phcatlons. From each rephca~lon, 100 seeds were used 10 
deter'!ll':'ling the number of ~nfected seeds using Komada's ~electlVe medium for Fusarium spp In the laboratory 

Table 17. Bakanae control with benomyl 50% WP suspension 
as presprouting treatment." IRRI, 1980. 

Concn 
Ig formulatlon/ 

liter suspension) 

20 
00 

20 
00 

Infected seedlings (no) 

10 days after 
seedmg" 

14 days after 
seeding~ 

'Test variety. IR40 
2 a 441 

42.9 171 6 

Test vanetY'IR42 
16 1392 

1669 5868 

"120 kg seeds/variety were soaked for 24 hours, Incubated in 
mOist Jute sacks for 48 hours until they sprouted, and finally 
seeded In dapog beds "Abnormally elongated seedlings only 
Mean of 10 sample portions of dapog bed, each portion 
measunng 0 25 x 075 m (01875 m1 ) ~Abnormally elongated 
seedllngs'and those with foot rot Mean ofl 0 sample portions 
of dapog bed. each portion measuring 0 35 x 03 m (0.105 m~). 

control in naturally infected IR40 seeds (Table 20). 
A similar test with naturally infected IR42 

(Table 21) confirmed the results on bakanae con-

trol with benomyl, benomyl-thiram, thiophanate
methyl-thiram, and thiophanate-methyl. TCMTB 
(65% WP) and thiabendazole (45 wt/vol), each at I g 
concentration, also showed effective bakanae con
trollO and 14 days after seeding of treated seeds. 
Further tests using naturally infected IR42 seeds 
showed effective bakanae control at 8 and 14 days 
after seeding with benomyl at 2, I, and 0.5 g formu
lation/ liter suspension, and thiophanate-met.hyl
thiram and thiophanate-methyl, each at 2 and I 
g/liter (Table 22). The high concentrations of each 
fungicide showed better and effective bakanae 
control than the low ones. 

The same chemical suspensions were saved and 
used to soak.another batch of naturally infected 
IR42 seeds a week later. Similar results were 
obtained indicating that the chemical suspensions 
from benomyl, thiophanate-methYI-thiram, -and 

Table 18. Bakanae control with benomyl50% WP suspensions as presprouting and foliar spray treatments for naturally infected 
IR42 seeds and plants." IRRI, 1980 

Rate of 
Concn benomyl sprays Bakanae'lOfected hills' (%) 

(g formulatlOnl (kg formulation/ Grain YlelcY 
liter suspension) ha per application) 1 MT 2MT 3 MT (t/ha) 

Test variety . .JR40 
2.0 10 0.0 01 01 598 
20 0.0 02 05 0.5 5.66 
00 10 135 181 184 536 
00 00 12.5 171 179 481 

Test variety. fR42 
20 10 0.2 04 07 503 
20 00 01 03 03 4.78 
0.0 1.0 273 29.1 293 414 
0.0 00 210 25,7 264 396 

"12 0 kg seeds/varietywere soaked for 24 hours and incubated In moist Jute sacks for48 hours until they sprouted. The sprouted 
seeds,were seededln dapog beds and transplanted in the field 10 days after. "Mean of 8 replications, each replication With 625 
hllJs/25-m~ plot. MT = months aftertransplantmg ~Mean of8 replications at 12% mOisture content, each replication with 16·m! 
halVested area 
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Table 19 Bakanae control with benomyJ 50% WP suspensions 
as presprouting treatment for naturally infected 1R42 seeds." 
IRRI,1980. 

Concn 
(g/formulatlon per 
liter suspension) 

2.0 
1.0 
05 
00 

Infected seedlings' 
(no.ldapog bed) 

Imtlal use 
of benomyl 

suspensionS'" 

4 
6 
4 

1,197 

Second use 
ofthe same 

benomyl 
suspensions' 

7· 
3 
7 

2,950 

"Seeds at 4 kg/concentration were soaked In benomyl suspen
sIons and water for 24 hours The treated and untreated seeds 
were Incubated In mOIst Jute sacks for 48 hours When they 
sprouted, they were seeded in dapog beds wlthan area of1.76 
m! (0 8 x 22m) "Seedhngs with abnormal elongation symp
toms only, 10 days after seeding "Naturally Infected IR42 seeds 
bought from a farmer at Masapang, Victoria, Laguna "Natur
ally Infected IR42 seeds from Agncultural Engineering Depart
ment field planting at IRR1. The same benomyl'suspensions 
used for soaking IR42 seeds from Masapang were used to treat 
the IRRI seeds. 

Table 20. Bakanae control with systemic fungicide suspen
sions as presprouting treatment" for naturally infected 1R40 
seeds. IRRI, 1980 

Chemical 

Benomyl (50% WP) 

Benomyl·thiram 
(40% WP) 

Thlophanate-methyl
thlram (80% WPI 

Thiophanate-methyl 
(70% WP) 

No chemical 
(untreated seeds) 

Concn 
(g formulation/ 

liter 
suspension) 

20 
10 
2,0 
10 
20 
1.0 
20 
1.0 
0.0 

Infected 
seedlings' 
(no /150 g 

seeds) 

11 
8 

13 
18 
20 
13 
14 
15 
57 

"15~ 9 seeds/treatment were soaked for18 hours, Incubated In 
mOist Jute sacks for 48 hours until they sprouted, and then 
seeded in plastic trays containing sOIL "Seedllngs with abnor
mal elongation symptoms only, counted 16daysafterseeding 

thiophanate-methyl can be effectively used twice to 
treat seeds, 

CERCOSPORA LEAF SPOT 

Foliar sprays. Nine fungicig.e samples were tested 
as foliar sprays to control Cercospora leaf spot. 
Five rows of MI 273 plants were sprayed 3 times at 
w'eekly intervals starting 3 weeks after seeding, The 
test plants were inoculated I day after the first 
spray application, 

Table 21. Bakanae control with systemic fungicide suspen
sions as presprouting treatment for naturally infected 1R42 
seeds." IRAI, 1980. 

Chemical 

Concn 
(g orml 

formulation/ 
liter 

suspension) 

Per 0.44 m~ dapog bed" 
Benomyl (50% WP) 1.0 
Thiophanate-methyl- 1.0 

thlram (80% WP) 
Benomyl-thiram 10 

(40% WP) 
Thiophanate-methyl 10 

(70%WP) 
TCMTB (65% WPI 1.0 
Thiabendazole 10 

(45% wt/vol) 
PP389 JF5816 10 

(50% WP) 
No chemical 00 

(untreated seeds) 

Per 0 22 m~ dapog bed'" 
Benomyl (50% WP) 10 
Thiophanate-methyl- 1.0 

thlram (80% WP) 
TCMTB (65% WP) 1.0 
Benomyl-thl!am 1,0 

140% WP) 
Thlophanate-methyl 10 

(70% WP) 
Thiabendazole 1.0 

(45% wt/voll 
PP389 JF5816 10 

150% WP) 
No chemical 00 

(untreated seeds) 

Infected 
seedlings" 

(no) 

3.0 
30 

,7.8 

85 

380 
430 

2045 

295.8 

635 
773 

127.0 
131.8. 

148.8 

199.8 

3058 

406,3 

"1 0 k9 seeds/rep[!cation were soaked for 24 hours, incubated 
In mOist jute sacksfor48 hours until they sprouted, and finally 
seeded In dapog beds hSeedhngs With normal elongation 
symptoms only, 10 days after seeding. Mean of4 replications. 

~~~~~~d~~Yd:~~ni~!~dseSeej.~~~~e~~do;~O;~prc~r.o~os~te~~~ 
replicatIOn WIth 022 m'.! (0.55 x 0.4 m) dapog bed 

Benomyl, benomyl-thiram, thiophanate-methy~ 
thiabendazole, and PP296 JF7168, each applied at 
the rate of 1.0 k formulation/ha per application 
gave effective Cercospora leaf spot control 3 weeks 
after inoculation (Table 23), PP296 JF7168 was 
phytotoxic, 

EFFECT OF TEMPERATURE ON SPORULATION BY 
FUSARIUM MONILIFORME IN PLANTS 

The effect of 6 constant and I3 fluctuating temper
atures on sporulation by Fusarium moniliforme in 
plants was studied, Among the constant tempera
tures sporulation appeared to be maximum be
tween 30" _350 C, indicating a' range favorable or 
optimum for sporulation of the fungus (Fig. I), 
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Table 22. Bakanae control with systemic fungicide suspen· 
sions as presprouting treatment for naturally infected 1R42 
seeds." IRRI, 1980. 

Chemical 

Concn 
(g formulationl 

Ilter 
suspension) 

Per 0 44 m2 dapog bedb 

Benomyl (50% WP) 2.0 

Thiophanate·methyl· 
thi ram (80% WP) 

Thiophanate·methyl 
(70% WPI 

No chemical 
(untreated seeds) 

10 
05 
2.0 
10 
20 
10 
00 

Per 0 22 m~ dapog bed(" 
Benomyl (50% WP) 2.0 

Thlophanate·methyl 
(70% WP) 

Thiophanate·methyl~ 
thlram (80% WP) 

No chemical 
(untreated seeds) 

1.0 
0.5 
2.0 
1.0 
2.0 
1.0 
0.0 

Infected 
seedhngs 

(no) 

0.0 
0.3 
10 
03 
03 
03 
18 

472.8 

253 
355 
443 
288 
588 
340 
523 

5350 

"1.0 kg seeds/replicatlon were soaked for 24 hours, incubated 
in mOist Jute sacks for48 hours until seeds sprouted, and th,en 
seeded In dapog beds bSeedhngs with abnorma I elongatIOn 
symptoms only, 8 days after seeding Mean of 4 replications. 
each rephcation with 1.1 x 04 m dapog bed. ~Mean of4 replica· 
tions, each replication with 0.55 x 0.4 m dapog bed. Abnor· 
mally elongated seedlmgs and those with foot rot, counted 14 
days after seedmg 

The maximum number of spores was found at 
fluctuating day and night temperatures of 35° / 
25°C, followed by 35° /2(J'C, 4(J' /25°C, 4(J' / 
2(J'C, and 35° /3(J'C (Fig. 2). 

Spa-ulaflon capaclfy (X 20,000) 
[50 

[00 

50 

o 

1. Effect of constant temperatures on sporulation of Gzbberella 
IU)ikuroi Saw. in rice plants IRRI, 1980. 

DETACHED-LEAF METHOD OF FUNGICIDE BIOAS
SAY FOR SHEATH BLIGHT 

The spore germination test and the measurement 
of inhibition zones of mycelial growth are imprac
tical for testing fungicide efficacy against Rhizoc
IOnia solani. A laboratory technique which used 
detached leaves of a susceptible rice line was tested. 

In a preliminary test, flag leaves ofIRI487-372-
H were cut about 17 cm from the tip and soaked 
in tap water for a few minutes. The cut leaves were 
grouped into six: the first five groups were sprayed 
separately with a Chemical, and the sixth served as 
control. The leaves were sprayed until runoff, then 

Table23. Cercospora leaf spot control with fungicidesprays on artificially inqculated MI273 plants in the greenhouse." JRRI, 1980 

Chemical 

Benomyl (50% WP) 
Benomyl-thiram (40% WP) 
Thiophanate-methyl (70% WP) 
Thiabendazole (45% flowable) 
PP296 JF7168 (12.5% wt/vo]) 
M6953 (50% WPI 
PP389 JF5816 (50% WP) 
Galben (25% WP) 
NTN 19701 (25% WP) 
No chemical (unsprayed plants) 

Rate (kg or liter 
formulatlonl 

ha per application) 

10 
10 
1.0 
1.0 
10 
10 
1.0 
10 
1.0 
00 

Cercospora leaf spot 
disease rating" 

1.0 
1.0 
1.0 
10 
1.0 
60 
80 
90 
90 
90 

PhytotOXIc 
effect 

None 
None 
None 
None 

PhytotOXIc'" 
None 
None 
None 
None 
None 

"Five rows of plants per plastic tray were sprayed 3 times at weekly intervals. The fIrst spray was at 3 weeks after seeding "Mean of 
3 replications. each replication wIth 5 rows of plants per tray Scored by the 1980 Standard Evaluation System for Rice. rStunted 
plants with more tillers than the normal plants 3 wk after inoculation. 
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SporulatIon capaCity (X 20,000) 

2. Effect of fluctuating temperatures on sporulation of Gibberellafujikuroi Saw. in 
rice plants. IRRI, 1980. 

arranged at random in porcelain trays lined with 
moist paper towels. The test was rephcated four 
times with two leaves in each treatment. Each leaf 
was inoculated in the middle with a-sclerotial body 
of R. solani (R-57). After inoculation the trays 
were covered tightly with aluminum foil and incu-
bated at room temperature for 4 days. . 

Chemicals tested with the technique were ipro
dione, validamycin, NTN 19701, Hoe 00662, and 
triphenyltin acetate. Iprodione and validamycin, 
which had shown satisfactory control in field tests, 
afforded effective control by suppressing lesion 
development on inoculated leaves (Table 24). 

AMENDMENTS TO ACROCYUNDRIUM ORYZAE 
SPORE SUSPENSION FOR INDUCING SHEATH ROT 

Spraying a spore suspension is a rapid and practi
cal inoculation technique for most foliar fungus 
diseases. Experiments in 1980 sought to improve 
the technique for use with sheath rot. 

Seedlings ofIRI487-372-1-1 (susceptible breed
ing line) were grown (3 seedlings/ pot) in thephyto
tron and transferred to the greenhouse after 10 
weeks. The test plants were dividedjnto two lots. 
One lot was treated with silicon. carbide powder 
(600 grit carborundum) before inoculation, and 

Table 24. Effect of fungicidal sprays on development of sheath blight lesions on IR1487-372-1-1;4 days after inoculation." IRRI, 
1980. 

Av percentage of leaf area mfected (cm~) 
Chemical Rateb 

(ppm product) Rep. 1 Rep 2 Rep. 3 Rep 4 Mean 

Iprodlone (50% WP) 500 088 0 048 3.68 126 
Vahdamycin A (3% solution) 1000 0 1.12 1.0 377 147 
NTN 19701 (25% WP) 500 4.23 134 592 2.23 343 
Hoe 00662 (47.5% WP) 200 4.75 938 479 2.70 540 
Triphenyltln acetate (60~ WP) 300 5.87 559 4.44 9.34 631 
No chemical (unsprayed 11.47 1415 11.87 16.97 13.57 

"Inoculated with sclerotia Rep. = replication. ('Based on standard recommendation. 
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Table 25 Sheath rot infection as influenced by various amendments on carborundum-treated and untreated plants.IRRI, 1980 

Sheath rot infection (%J 

Carborundum-treated Untreated 

Treatment 

25% nutrient solution 
50% nutrient solution 
75% nutrient solution 
25% beef extract-peptone solution 
50% beef extract-peptone solution 
0.125% agar 
0.5% gelatin 
0.1% Tween 20 [polyoxyethylene (20) 

sorbitan monolaurate] 
Distilled water 
Uninoculated 

Infected 
plants 

0 
0 
0 

83.3 
33.3 
166 

0 
83 

83 
0 

the other was left untreated. The powder was 
mixed with water (I g!IOO ml) and sprayed on the 
plants from the boot to the flag leaf. Each lot was 
further subdivided into 10 groups of 4 pots each to 
accommodate subplot treatments - 25, 50, and 
75% nutrient solution, 25 and 50% beef extract
peptone solution, 0.125% agar, 0.5% gelatin, 0.1% 
Tween 20 [polyoxyethylene (20) sorbitan moncr 
laurate], distilled water, and uninoculated. 

Spores of Acrocylindrium oryzae from I-week
old cultures were dislodged and suspended in the 
various solutions as inoculant. Inoculated plants 
remained in the greenhouse imtiI sheath rot symp
toms developed. 

A spore suspension in 25% beef extract-peptone 
solution was the best effective subplot treatment: 
83.3% of the carborundum-treated plants and 28.5 
of the tillers! plant exhibited sheath rot symptoms 
(Table 25). Sheath rot appeared 2 weeks irl'ter 
inoculation, and became more severe with time. 
Wounding ofthe plants with carborundum before 
inoculation greatly increased disease development. 

ECOLOGY OF THANATEPHORUS CUCUMERIS AND 
CULTURAL CONTROL OF SHEATH BLIGHT 

Weed hosts. The basidial stage of the rice sheath 
blight pathogen Thanatephorus cucumeris was 
observed frequently on rice in rainfed wetland and 
dryland fields at IRRI. It was also noted on Paspa
fum distichum in a rainfed wetland field, but was 
not seen in irrigated wetland rice. 

Many weed species have been reported as hosts 
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Infected Infected Infected 
tillers plants tillers 

0 0 0 
0 0 0 
0 0 0 

28.5 0 0 
103 16.6 2.2 
1.4 0 0 
0 0 0 
08 0 0 

1.0 
0 

of T. cucumeris (Table 26). In addition, three spe
cies of Cyperus - C. compactus, C. Jerax, and C. 
kyllingia - in a fallow field after rainfed wetland 
rice were found irifected with T. cucumeris. This 
could be the flfst observation of these weeds natu
rally infected by the rice sheath blight pathogen 
(Table 27). 

Effect of land preparation and herhicides on 
sheath hlight. When a fallow and a pre emergence 
herbicide for grassy weeds were applied, the 
number of sclerotia of T. cucumeris was less than 
in plots not treated with herbicides (Table 28). 
Recovery of the fungus from rice debris 1 week 
after harvest was also less. The sheath blight inci
dence was lower in fields where land preparation 
was 4 weeks before transplanting than in fields 
prepared 2 weeks before transplanting (Table 29). 
The mean incidence and severity of sheath blight 
infection that was not closely related to application 
of herbicides for grassy weeds was perhaps due to 
infection of M onochoria vaginalis, which was also 
a'host ofthe pathogen. 

Saprophytic colonization and infectivity. Com
petitive sapJophytic colonization of rice straws in 
soil infected with the sheath blight pathogen was 
influenced by submergence, whether the soil was 
from a wetland or dryland rice field (Fig. 3). The 
rate of colonization in dryland soil was consider
ably higher than in wetland soil when the inoculum 
level was below 50%. Infectivity of the rice straw 
being colonized by the pathogen was lower in 

'wetland, suggesting that the inoculum potential of 
the pathogen was affected by submergence. 

~ 



Tab"26. Weed species identified and reported tobe hc.tI of ThllnBtsphorus cucumens, the rice shuth br~ht pathogen in Asia, 
1.0. 

Weed species Family 

Altemanther. sessi/is Amaranthaceae 
Andropogon asper Poaceae 
Chlons sp. Poaceae 
Cleome rutldospermll CapparidaceH 
Cynodon dllctylon Poaceae 
Cyperus compacrus Cyperaceae 
C. difforml$ Cyperaeeae 
C. lefllx Cyperacese 
C. kyllmglB Cyperaceae 
C. pi/osus Cyperaceae 
Cypefus sp. Cyperaceae 
DigirsfiB sp Poocese 
EchmochloB colona Poace.e 
F. cf1Js·glllIi var. Poace&e 

lIustro-/aponensls 
E. crus-galli var. candsl. POBeeae 
E. crus-gall; ssp. Poaceae 

hlspidul lJ 
E gl lJbrtlScens Poaceae 
E 5t.gnma Poaceae 
[c"pta prostrats Asteracllall 
Eichhorn;1I c",ss,p~s Pontederiaceae 
Efausin~ indies Poaceall 
[riochloll proc~rll Poacaae 
Fimbristylls littorlllls Cyperaceae 
Hydrocoty/~ formosana Apiacllae 
Hymenllch~ pSl!Udo- Poaceae 

interrupt~ 

/mp~",ts cyllndrics Poaceae 
LHrsi. hexsndr. Poaceae 
Leptoch/oa chinenSIS Poaceae 
Linderni. procumbens Scrophulariaceae 
LobeJiIl chinenSls Campanu'acea~ 
Ludwlgis pep/oides Onagracllae 

spp, sripuJaclNJ 
MlJrsi ltHJ minutlJ Marsileaceae 
Monochorill vsgmalis Pontedetiaceae 
Pllnicum repens Poaceae 
PlIspalidium f1l1v;dum Poacaae 
PlIspsJum conjuglltum Poaceall 
P. disflchum Poaceae 
ROlli/II indiClJ Lythraceae 
Rottboellill eXllitats Poaceae 
Scirpus /unccides Cyperaceall 
Setllrill sp. Poaceall 

Microbes and survival ofthe sheath blight path
ogen. Microbial decomposition of rice straw affects 
the survival of the sheath blight pathogen. A Tri-

Tabla 27. WHd .pecl .. found as host of Thllnlltephollls 
cucumeris In rainfed wetland rice field •. IRA!. 1980. 

Weed species 

Cyperus compsctus Retz. 
C. ferax Rich. 
C. /fyl/ingia 
EchmochlOll stagnma 
Imperats cyllndrlcll 
AIt",nsnthera sess,IIs 

-In the field ditche •. 

Natural infection 

+ 
• . -
+ .
+ 

IRRI Taiwan Bangia· India 
dash 

+ + + 
+ 

+ 
+ 

+ + + 
+ 

• 
+ 
+ 

+ 
• • 

+ 

• 
• 

+ 

• 
+ 

• • • • • • 
• 

+ + 

• 
+ • • 

+ 
• 
• 

+ • 
+ • • 
+ 

• 
+ 

• 
+ 

• 

choderma sp. isolated from a dryland rice field was 
found to decompose rice straw. 

Rice straw infested with Trichoderma alone 
became dark in color 2 weeks after incubation, an 
indication of decomposition (Fig. 4). With T. 
cucllmeris alone as inoculant, only 400/0 of the 
straw pieces becamedark-rolored after 16 weeks of 
incubation. A mixture of the two organisms 
caused 100% decomposition of straw 16 weeks 
after incubation . 

The microbial decomposition of rice straw 
greatly affected the survival of the sheath blight 
pathogen (Fig. 4). When Trichoderma and T. 
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Tab~ 28. Recovery of Thllnatephorus cucumeris from plant ,..Idu .. « 5mm in size) In w.ttand Irrigated field. wher.f.llow and 
prHmergence herbidd_ were applied before planting of 1R36. I,..'. 1980. 

Treatment 

No herbicide 
With herbicide 

Fa.ow (none) 
Preemergence (X-150) 
Fa now (glyphosate) 
Preemergenc:e (none) 
FaHow (gtyphosate) 
Preemergence (X·l50) 

· Per liter of surface soil 

Recovery (%oJ 

At harvest 

6.4 

5.4 

3.5 

4.4 

Sclerotia· (no.) 

1 wk after Total Viable 
harvest 

11 .7 24 11 

9.7 19 9 

7.4 5 0 

5.8 2 2 

Tabl.29. Effect of herbicide •• nd land preparation on inddenee and severity of rice shaath blight disease In wetllndlrrlglted rice 
(lR36) . IRRI, 1980 wet season. 

Sheath blight" Monochorill infection'" 
land preparation Sclerotia· Yield 

Treatment'" (wk before Incidence Severity index (no.) I1/ h. ) No. Sheath blight 
transplanting) 1%1 10·100) incidence (%) 

No herbicide 2 41 23 85 • 79 12 
3 40 18 152 3.1 44 9 
4 31 11 24 3.6 79 7 

Fallow (glyphosate) 2 39 24 61 2.9 127 25 
Preemergence (none) 3 35 18 56 2.8 77 16 

• 31 13 34 3.1 31 18 
Fallow (none) 2 48 18 58 3.7 52 6 
Preemergence (X-l50) 3 38 17 113 3.8 114 5 

• 27 14 16 3.9 53 6 
Fallow Iglyphosate) 2 48 21 82 3.6 105 6 
Preemergence (X·l50) 3 35 19 54 3.6 194 9 

4 24 15 31 4.0 136 6 

"Herbicides for graminaceous weeds. bMean of 25 hills/ plot. rlnfection after transplanting. "Darnaged by rats. 

cucumer;s were mixed together with the rice straw, 
recovery of the sheath blight pathogen was reduced 
to 20% at 2 weeks after incubation. Rice straw 
weight loss due to colonization by the two organ-

Cokrizotlon one! Il'lfecTivity (-to) 

isms, either singly or in combination, was not sig
nificantly different (Fig. 5). The Trichoderma sp. 
appeared to be highly competitive, and with a 
ceUulolysis adequacy index higher than that of T. 

lsvel 1"10 ) of Inoculum n the system 

3. Saprophytic colonization by Thona((>phomsC'IIClJmt>ris. the ricesheath blight pathogen, and infectivity of rice straw buried in soil of 
~tland and dryland origin. Wet-<!ry = wetland soil, dryland condition: wc-t-wt:t = wetland soil. submergence condition: dry-dry = 
dry land soil. dryland condition: dry-wet = dryland soil. submergence condition. lRRI, 1980. 
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4. Effect of rflchodt'rmo sp. isolated from dryland rice Hekt on 
rice straw decomposition and on saprophytic survival of the 
sheath blight pathogen Thanolt'phornscucumeris. lRRl. 1980. 

cucumeris and other rice fungal pathogens (Table 
30). 

Survival of T. cucumeris was better in a dryland 
than in a wetland soil where sclerotia were often 
colonized by saprophytic bacteria in paddy water. 
Bacteria isolated from sclerotia collected in a 
paddy wetland field inhibited the mycelium growth 
in vitro (Table 31). 

FIELD EPIDEMIOLOGY OF RICE TUNGRO 

Studies on the epidemiology of rice tungro disease 
in 37 farmers' fields in Luzon continued. From 

ovember 1979 to October 1980, the incidence of 
tungro disease on different varieties at various 

T.bl.30. C.llulolysis lIdequecy Ind.x ICAI) of Th.".t.phorus 
cucum.ns .nd oth.r ric. dis.... p.u,og.nl. .nd of 
Trichod.rm. sp., • loll uprophytlc fungus. on flhr peper. 
IRAI. '980. 

Rate of 
% 'ass linear 

Organism of filter growth CAl 
WI" (mm/day) 

Rhynchosporium OrylBtJ 10.33 19.6 0.53 
T. cucumtJrls from 

Dryland rice 25.81 47.8 0.54 
Wetland rice 27 .54 51.0 0.54 
Monochoria 34 .33 42.3 0.81 

Sclerotium rolfs" 23.33 20A 1.14 
from rice 

fusarIUm monillforme 16.00 11.0 1.45 
Trichoderm. sp. from 

dryland rice fiekt 31 .00 10.3 3 .01 

-Sued on control 7 weeks .her incubation. 

~ loss (OJ.) 
100 

eo 

60 

40 

20 

4 6 8 10 12 14 16 

-(") 

S. The weight (wet) loss of rice straw beingcolontztd by rrtl'ho
dermo sp. and the rice sheath blight pathogen 7hOnt1It'phorus 
curu""ris at diffe~nt durations of incubation as compared to 
rice straw that was not infested by any of the two organisms. 
IRRI. 198O. 

growth stages was observed. A total of 558 coUec
tions of tungro vectors (Nephoteuix virescens. N. 
nigropictus. and Recilia dorsalis) was made to 
determine the popUlation density of the vectors. 
The infectivity of 5,349 vectors coUected from the 
fields was determined by seedling infection. 

The results revealed that tungro incidence, 
number of tungro vectors per collection, and per
centage of infective insects varied among months, 
provinces, types of field, and rice cultivars (Table 
32). The highest tungro incidence was found in 
November 1979, the lowest in February 1980. The 
number oftungro vectors was highest in November 

T.bl. 31 . Inhibition of Thsnstephorus cucumttris mycettum 
growth by bact.rt. 'lol.ted from Its scl.rota. In Irrig.t.d rice 
fieldl. IRRI. 1980. 

Bacterial 
Isolate 

In-t)-4 
In-b-5 
In-1)-3 
In-b-9 
In-b-7 

-Mean of 3 replications. 

Inhibit ion area~ 
tmm in diam) 

32 .5 ~ 0 
25.8 ~ 1.4 
18.5 ~ 3.5 
14.2 ~ 0.8 
11.3 ~ 1.1 
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Table 32. Tungro inddenu and tungro vectors in 37 Itudy fields In luz.on. Philippine., 1979-80. 

Tungro Tungro vectOrs'" 

Observa· Inci· Collec· Infec· 
tions Faek:ls dence dons Av per 10 Tested ""e (no.) I"" I"" (no.) sweeps (no.) (no.' I"" 

Month 
November 74 25.4 5.75 44 7.7 704 2.41 
December 74 12.3 3.53 43 1.4 370 0.81 
January 93 5.4 0.36 60 0.5 163 0.00 
February 74 0.0 0.00 40 12 120 0.00 
March 74 5.2 0.09 45 3.7 247 1.21 
April 92 10.7 0.81 50 6.8 56J 0.00 
Mev 74 9.5 0.72 48 3.1 429 0.23 
June 74 8.7 0.87 58 7.0 812 0.25 
July 9J 3.6 0.01 55 6.8 904 0.00 
August 74 1.8 0.01 39 2.8 335 0 .00 
September 88 14 .1 0.03 51 5.0 484 0.00 
October 78 17.6 0,15 25 3 .7 218 0.00 
Provme" 
Bulaean 260 8.6 0.46 169 6.7 2169 0.09 
Laguna 208 13.S 0.72 114 2.6 B40 0.36 
Nueva Eclja 130 5.1 002 8J 7.3 1133 009 
Pampanga 156 14.5 S.76 103 1.1 420 452 
Tarlae: 208 7.0 001 89 2.5 787 0.13 
Typ" 01 field 
Seedbed 50 0.0 0.00 49 10.0 860 000 
Paddy 44J 7.4 0.18 202 2.8 1227 0.16 
Stubble 213 16.4 2.92 213 6.1 3221 075 
Idle 256 0.0 000 94 0.1 41 0.00 
Rice cullivar 
Cl 3 100.0 15.00 3 2.7 32 18.75 
01 9 100.0 52.22 9 8.2 180 7.22 
1RJ4 11 0.0 0.00 6 2.2 51 0.00 
IRJ6 487 5.7 0.13 315 3.5 3118 0.13 
IR42 57 17.5 0.02 39 7.2 589 0.51 
1R44 106 8.5 0.03 72 10.5 1092 0.00 
IR46 3 0.0 0.00 1 0.0 0 0.00 
IR247 8 0.0 0.00 5 2.6 52 0.00 
IA2J07 11 0.0 0.00 7 12.0 110 000 
Muslim var. 11 81.8 10.94 7 2.9 84 000 

~The vectors are Nephotenix Vfrescens, N. nigroplclUs, and Recflia dorsalis. 

and lowest in January. The infective insects were 
found in November. Deoember, March, May, and 
June, but the highest percentage was in November. 

The tungro incidence was bigher in study fields 
in Pampanga than in other provinces. Stubble 
fields had higher tungro incidence and higher per
centage of infective insects. However, (he number 
of tungro vectors in seedbeds was higher than that 
in fields at other growth stages of the plants. 

Rice varieties C21 and CI had higher tungro 
incidence than other rice cultivars in the study 
fields. 

The results again indicated that the incidenoe of 
tungro disease in the wet season crop was affected 
by the vectors' population and percentage of infec
tive insects (as indication of virus sources) in April 
to June (Table 33). The period from April to June 
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was before and after seedbed and field prepara
tion, seedbeds with rioe seedlings, and fields with 
newly transplanted rioe plants. Consequently, the 
data collected in early stages of the rioe crop could 
be used as criteria for forecasting the incidence of 
tungro disease. 

R1CE TU GRO VIRUS COLLABORA nON 

A R TV (rioe tungro virus) Collaboration Project, 
launched in 1978 with the main objective of deter
mining the possible causes of variation in varietal 
reaction to tungro disease, continued in 1980. The 
project had coUaborators at: 

• AICRIP (All India Coordinated Rice im
provement Project), Rajendranagar, India; 

• BRRI (Bangladesh Rioe Research Institute), 



Table 33 , Tungro vectors in studv fields from April to June and Incidence of rice tungro disease from June to October in Luzon, 
IRAJ. 1973·80. 

Tun9ro vectors" (Apr-JunJ Tun9ro (Jun-OclI 

Collec· Observa· loci-
Year tions AvllO Tested Infec- tions Fie~s dence 

Ino.l sweeps (no.l Ino.) live (%) (no.) 1%1 1%1 

1973 68 5.8 1028 0.00 151 1" 060 
1974 166 11.0 2425 l.n 244 45 2.38' 
1975 181 9.8 3319 0.69 234 72 3.32 
1976 145 3.9 2244 0.18 2fiJ 25 0.33 
1977 172 3.0 1578 0.00 235 17 oro 
1978 170 2.3 1844 0.00 241 0 0.00 
1979 162 3.3 1782 0.34 234 18 2.01 ~ 
1980 156 5.8 1804 0.11 203 11 0.06 

- The vectors are Nephotettix lIirescens, N. mgropiclus, andRecilia dorsalis. ·Rice fields w ith only a few tungro-infected plants were 
excluded. '"The Philippine Government launched a green 1eafhopperconlrol program in Iheares inJuly and August. 0/95% was due 
to the occurrence of the disease on varieties Cl and C21 in 3 study fields. 

Joydebpur, Bangladesh; 
• CRRI (Central Rice Research Institute), Cut

tack, India; 
• LPPM (Lembaga Penelitian Pertanian 

Maros), Sulawesi, Indonesia; and 
• RPB (Rice Pathology Branch, Division of 

Plant Pathology and Microbiology, Depart
ment of Agriculture), Bangkhen, Thailand. 

The data on tungro transmission and seedling 
infection for 10 varieties contributed by the colla
borators were used to evaluate the susceptibility of 
the varieties to tungro and also to differentiate 
strains of RTV. 

Varietal reaction to tungro vector. The life span 
oftungro-viruliferous N. virescens was not identi
cal in a sample. among rice varieties! among sites, 
between the tests made in 2 years, and between 
sexes. However, when the average life span of the 

tungro vector was used as a criterion, the reaction 
of rice varieties could be arbitrarily grouped into 
resistant, intermediate. and susceptible as shown in 
Table 34. The grouping revealed that a rice variety 
resistant at a site might not always be resistant at 
other sites. For instance, Ptb 18 was resistant at all 
sites except at AICRIP, where it was intermediate. 
Only TN I showed a similar reaction at all sites. 

Difference in biotypes of tungro vector. A col
ony of the tungro vector can build up its "adapta
bility" to Pankhari 203 when the insects are reared 
continuously on Pankhari 203 in the greenhouse 
(Annual repon 1969). Green leafhoppers coUected 
in fields at IRRI, Pila, and La Trinidad survived 
much longer on IR8 than insects reared in the 
greenhouse (Annual repon for 1970). Therefore, 
differentiating biotypes merely on the basis of the 
life span of the tungro vector on a rice variety may 

Table 34. Reaction. of 10 rice varieties to tungfO-viruliferou.Nephoten/Jir IIU"Bscens and to tungto virus at 6 sites". on the ba.l. of 
an arbitrary cl ••• lfiClltion ayttem, 1980. 

Reaction~ to vector (letter on left) and to virus (right) 
Variety 

AICR1P BAAl CARl IAAI LPPM APB 

Ambemohar 159 15 5- 55 55 51 II 
Gam Pal JO-12-15 AI 1- AI AI II II 
Habiganj D'WB 55 1- 5A 5A 5A 51 
IA26 55 5- 55 55 55 AI 
1R34 II 1- AI AI AI 55 
Kataribhog 15 1- 5A 51 51 55 
Lalisail 15 5- 55 55 55 AI 
Pankhari 203 II 51 IA IA AI 
Ptb 18 15 A- AA AI AA AI 
TNI 55 5- 55 55 55 55 

AICRIP - All India Coordinated Rice Improvement Pro)&Ct, Ra)8ndra08gar. India; BRRI = Bangladesh Rice Research Institute. 
Joydebpur. Bangladesh; CRRI '" Central Rice Research Institute, CuttaeX.lndia : LPPM = Lembaga Penelitian Pertanlan Maros. 
Sulawesl. Indonesia; RPB "" Rice Pathology Branch. Division of Plant Pathology and Microbiology. Department of Agnculture. 
Bangkhen. Thailand . ~. I. S, and a (-) indicate resistant. intermediate, susceptible, and data not available. 
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Tabl.35. Postlble comblnuions- of rice varieties to be u.~ for diff .... nti.ting biotypes of Nephotettix wrescens at 6 sit ••. ' 

Ambemohar Gamp"i Habiganj 1R26 1R34 Katanbhog 
Variety 

aBcCilmrR aScCilmrR aBcCilmrR aBcCilmrR aBcCilmrR aBcCilmrR 

Gam Pai IIUlll§.! 
1R26 SsSSSSSY: 
IR34 ILlLLLLsJi LLLLLLLSS 
Kataribhog SlSSSSSSS 
Latisail SsSSSSSLl sSSSSSSLl 
Pankhari $·IILll!· $ .SSSssb7 I·ULLLL· 1.slUl s-SSSssC-
Ptb18 'llLlllll 

'sllssssSS 
!LlLLLLLL :1l~lLl 

TN, sssSllsss S§ssllllL 

~L and 1- longer life span; 5 and 5 - shorter life span. Capitals mean significantly different at the 1 % levelwhen the life SPIn of the 
insect on the varieties listed on the top are compared with those on the varieties listed on the side. The equal sign { - I means the 
same life span; 8 dISh (-I means data not available. Underlines indicate differences between sites.·a = AICRIP, India ; B . BRRI. 
Bangladesh: c, C - CRRI,lndia: 1,1 - IRRI ; m = lPPM, Indonesia; r, R - RPB, Thailand. Smailleuers referto 1978 data, capital letters 
to 1979 data. 

not be reliable. However, the difference in lifespan 
of the tungro vector between two varieties tested 
under the same condition can serve as criterion for 
differentiating biotypes among colonies at one or 
more sites. For instance, the average life span of 
the tungro vector on IR34 was significantly longer 
at the 1% level than on IR26 at the Thailand site 
while the reverse was true at the five other sites 
(Table 35). The tungro vector apparently has dif
ferent biotypes. The biotype of the tungro vector at 
RPB differed from the biotypes at the other sites. 

In some cases, more than one set of two varieties 
are essential for the differentiation. For instance, 
IR34 and Ptb 18 as well as IR26 and Pankhari 203 
would be needed to differentiate the insect biotype 
at LPPM from the biotypes at IRRI and other 
sites. 

Varietal reaction to tungro virus. Based on per
centage of infective insects, average retention 
period, percentage of infected seedlings, number of 
infected seedlings per insect, and number of in
fected seedlings per infective insect, the 10 rioe 
varieties were arbitrarily grouped into resistant, 
intermediate, and susceptible as shown in Table 
34. The grouping revealed that Gam Poi 30- I 2-15 
was intermediate and TN I was susceptible at all 
five sites. The reactions of the eight other varieties 
differed among the five sites. Ambemohar 159, 
IR26, IR34, and Latisail were either susceptible or 
intermediate. Habiganj DW8, Kataribhog, and 
Ptb 18 were susceptible, intermediate, or resistant. 
Pankhari 203 was either intermediate or resistant 
in the five sites. 

Tungro transmission. The tungro virus-vector 
interaction has been categorized as transitory. The 
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average retention period of tungro virus by N. 
virescens is generally less than 2 days unless the 
temperature is low and only a low percentage of 
the insects retain infectivity for 5 days. This was 
confirmed by the fact that less than 1% of the 

~_""'''''(%) 
80 

60 

40 

20 

AJCIIrP /918 
(200, 152) 

o 

40~-----~ 

20 

o 

60 

40 

20 

LWM/918 
(7ge,2807) 

IIFtJ /918 
(372, !1T.J) 

CRRI 1978-79 
("'~~) 

1RR11918-l'9 
(/$99, 5JIO) 

IIFtJ /919 
(1712508) 

o 
2345 1234~ 

Oayo--"""" ...... 
6. Seedlings infected by tungro-viruliferous NtphOltttix Vlres
cyns at different sites showing the retention of insects' infectivity 
after acquisition feeding when tested by daily serial transmission 
(or 5 days. :-.lumbers in parentheses indicate number of insects 
, .. ,o<! (kf,) arxl number of seedlings inocula,o<! (righ,). 1980. 
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Table 36. Reactions of 6 varieties to Nephotettix virescens and 
to rice tungra yiNS at 5 sites, 1980. 

Variety 
AICAIP 

Habiganj OW8 S§ 
IA26 55 
IR34 " Kataribhog IS 
latisail IS 
Ptb 18 IS 

Reaction" to vector 
(lener on left) and to 

rice tungra virus (right) 

CRRI IRAI lPPM 

SR SR SR 
55 55 55 
RI RI RI 
SR 
55 55 SS 
RR RR 

RPB 

RI 
SS 
55 
RI 

"A, I, and S indicate resistant, intermediate, and susceptible . 
Underlines indicate remarkabty different from the others. A 
dash 1-) means no data available. 

insects tested retained their infectivity 5 days at 
AICRIP, CRRI, IRRI, and LPPM (Fig. 6). But at 
RPB, 4.3% and 27.6% of the insects remained 
infective for 5 days in 1978 and 1979. The retention 
periods of the virus by the tungro vector at RPB 
were unusually long, particularly in the test con
ducted in 1979. The reason remains obscure but it 
indicated a difference in tungro transmission be
tween RPB and the four other sites. 

Possible tungro strains. The reactions of IR26 
and Latisail were intermediate at RPB but suscept
ible at the otber sites. Similarly, IR34 was suscept
ible at RPB but intennediate at other sites (Table 
36). It suggests that the tungro strain at RPB dif
fered from the strains at other sites. The differences 
in varietal reaction to RTV appeared to be corre
lated with the degree of resistance to tungro vector 
of the varieties at those sites and those varieties 

may not properly differentiate the RTV strain at 
RPB from the strains at other sites. Ptb 18, which 
showed different reactions to RTV, might be a 
proper differential for differentiating the RTV 
strains at A1CRlP from those at CRRI and 
LPPM. 

Habiganj DW8 was susceptible to the tungro 
vector at AlCRIP, CRR!, IRRI, LPPM, and 
RPB and was resistant to the tungro virus at 
CRR!, lRRI, and LPPM, but not at AlCRIP. 
Consequently, Habiganj DW8 could be used for 
differentiating the RTV strain at A1CRIP from 
those at CRRl, IRRl, and LPPM, particularly 
from those at CRRl where it did not become 
infected in 1978 and 1979 tests. Kataribhog showed 
susceptible reaction to the tungro vector at CRRl 
and RPB, but was resistant to tungro virus at 
CRRI but not at RPB. Therefore, this variety 
could be used to differentiate RTV strains at CRR! 
and RPB. 

LIGHT-TRAPPING OF RICE VIRUS VECTORS 

The weekly collection of rice virus vectors atlRRI 
by light from 1700 until 2 hours after sunset con
tinued. The infectivity of a portion of tbe trapped 
vectors was determined by daily serial transmission 
tests. Although the number of virus vectors trapped 
varied from time to time, the vectors were trapped 
by light in each month throughout the year (Table 
37). Among the species of tungro vectors, the ratio 
was 31 :21 :45 for N. virescens:N. nigropic/us:R 

Table 37. Average number d rice virus vectors collected by light tr8p~ at IRAland percentage of infective insects of various 
viruses . 1979-80. 

Insects (no.ltrap) Infective insects (%) 

Month Tungro Brown plant- Grassy Ragged 
vectorsb hopper Tun9ro stunt stunt 

Nov 1979 14. 147 0.29 0 11.19 
Dec 37 81 0 0 1538 
Jan 1980 125 56 0.31 0 6.2. 
Feb 28 • 0 0 9.68 
Mar 341 341 0.84 0.65 13.64 
Apr 390 3686 1.05 0.33 9.75 
May 459 822 1.16 0 18.45 
Jun 233 122 0 .76 0.00 13.12 
Jul 399 223 1.18 0 7.34 
Aug 1982 2450 0.75 0 5.14 
Sep 4288 2615 0 .18 0 .31 2.19 
Ocl 1005 621 0.72 0 8.86 

~From 1700 u01il2 hours after sunset every Tuesday. ~Nephotettix virescens, N. nigropictus, and Recilia dorsalis. The ratio among 
the 3 spedes for the whole period was 34:21 :45. 
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dorsalis. However, the infective insects were 1.50% 
of N. Yirescens, 0.06% of N. nigropictus. and 0.17% 
of R. dorsalis. The overall incidence of tungro 
disease at IRRJ was low. 

In each month, 2-18% of the trapped brown 
planthoppers were ragged stunt infective. The 
overall incidence of ragged stunt disease was rated 
as moderate. Incidence of grassy stunt disease was 
rated at trace; the percentage of grassy stunt infec
tive insects was also low. 

IDENTtTY OF RICE RAGGED STUNT 

Rice ragged stunt disease is known to occur in 
China, India, Indonesia, Japan, Malaysia, PhiliJr 
pines, Sri Lanka, and Thailand. Specimens were 
collected in some countries and sent to the Labora
torio di Fitovirologia Applicata del Consiglio 
Nazionale delle Ricerche, Italy, for identity studies. 
The laboratory prepared antiserum against rice 
ragged stunt virus from the Philippines and devel
oped an immunoelectron microscopy decoration 
test for determining specificity of the reaction 
between antiserum and virus. The reacting subviral 
particles had dark haloes of antibody and negative 
stain, whereas nonreacting particles were paler, 
with sharp borders under an electron microscope 
(Fig. 7). The specimens collected in China, India, 
Indonesia, and Thailand had symptoms similar to 
those of ragged stunt disease in the Philippines and 
also similar morphology of virus particles. Fur
thermore, they showed positive serological reac
tion with the antiserum against rice ragged stunt 
virus in the Philippines. Consequently, the disease 
in those countries are sintilar, if not identical. 

CAUSAL AGENT OF RICE GRASSY STUNT 

The causal agent of rice grassy stunt disease was 
assumed to be a virus 70 nrn in diameter (Annual 
report 1965), but without support of bioassay stu
dies; and by a microplasma-like organism (Annual 
report 1968). 

Diseased plants were sent to Holc:lc:aido Univer
sity for study in 1980. Diseased rice leaves, and 
abdomens and salivary glands of viruliferous 
brown planthoppers were f!Xed and embedded in 

172 IRRI ANNUAL REPORT FOR 1980 

7. Immunoc}ectron nucroscopydecoration test applJed toandi
ciaJ mixtures of subviral panicles of rice ragged stunt virus 
(RRSV, arrow) and maize: rough dwarf virus (M ROy) dcco-
rated with RRSV antiserum (A) and MRDV antiserum (B). 
Reacting particles have dark haloes of antibody and negative 
stain: nonJQcting particlesaroe paler, with sharp borders. Bar= 
100 om. 

epoxy resin, cut by an ultramicrotome and double 
stained in 2% uranyl acetate and lead citrate. The 
electron micrographs of the cells of diseased rice 
leaves revealed small isometric particles about 20 
om in diameter, scattering or accumulating within 
cytoplasm of phloem cells. Particles of tbe same 
shape and size were also found in cells of fat body 
and trachea of the viruliferous insects. 

When the partially purified virus preparation 
was injected into abdomens of healthy nymphs of 
the brown planthopper, the insects became infec
tive. Thus, the bioassay studies confirmed the 
infectivity of the virus particles. 

On the other hand, symptoms of the diseased 
plants were not suppressed by treatments of chlo
ramphenicol sodium succinate, oxytetracycline 
hydrochloride, potassium penicillin G, sulflSomi
din, and tetracycline hydrochloride. Hence, the 
causal agent of the disease was not likely to be 
mycoplasma-like organism, Chlamydia, or Ricket
tsia. 
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TAXONOMY OF SPIDERS 

Work to clarify the role of spiders in rice insect pest 
regulation continued. A survey in 17 Philippine 
areas from 1977 to 1980 revealed 5 I species com
prising 34 genera under 16 families. Forty-two spe
cies, belonging to 33 genera under 16 families, were 
new in Philippine records, and 17 species, 15 gen
era, and I family were new.to the Asian checklist. 

The three main rice environments and the spider 
species dominant there were: 

• dryland - Tetragnatha mandibulata, 
T. javana. Oxyopes javanusJ and the araneids; 

• rainfed wetla~d - T. javana. Lycosa pseu
doannulata. Callitrichia formosana. Araneus 
inustus. and Argiope catenulata; and 

• irrigated wetland - C. formosana and L. 
pseudoannulata. 

INSECT REARING 

Greenhouse rearing of the zigzag leafhopper is 
extremely difficult during the rainy season because 
of the high incidence of the fungus Metarhlzium 

anisopliae. Fungicides were tested for control of 
the fungus without adverse effect on the leaf
hopper. Dithane M-45, benomyl, fungitox, and 
BAS 3050 F had no effect on the leafhoppers or the 
hatchability of the eggs and all except BAS 3050 F 
were highly effective in controlling the fungus. 

INSECTICIDE EVALUATION 

Insectary studies. Coded and commercial insecti
cides were evaluated in the insectary against the 
brown planthopper .(BPH), whitebacked plant
hopper (WBPH), and green leafhopper (GLH). 

Contact toxicity. Insecticides were used with a 
Potter's spray tower to determine their activity as a 
contact poison. Compounds with activity against 
BPH and GLH are given in Table 1; those active 
against the BPH, GLH, and WBPH are in Table 2. 
New compounds causing high mortality ~80%) 
were M 9918, dioxacarb, RH 0308, RH 0994 
(Table 1), and UC 54229 and RP 32861 (Table 2). 
UC 54229 was effective against the three hopper 
species. and the yellow stem borer in field trials. 

NNI 750, an insect growth regulator, killed 

Table 1. Contacttoxicity of insecticides applied at O.075%a with a Potter'sspraytoweragainstthe brown pJanthopper and green 
leafhopper IRRI insectary, 1980. 

Mortahtyi' (%) 

Treatment Brown planthopper Green leafuopper 

1 HT 4HT 24 HT 48 HT 1 HT 4HT 24HT 48 HT 

Test 1 
M 9918 20 DE 90. 94. 99. 100 a 80. 86 b 100 a 100 a 
Carbofuran 12 F 69 b 70 bo 84 cd 95. 79. 83 b 98. 98. 
Dioxacarb 58 b 79 b 89 be 94. 11 c 99. 100 a 100 a 
M 10604 20 OE 41 c 65 c 74 de 74 b 76 ab 79 b 100 a 100 a 
UC 27867 50 WP 25 d 45 d 59 76 b 9 cd .89 b . 100 a 100 a 
RH 03084 EC 6 e 16 94 .b 95. 5 cde 11 c 100 a 100 a 
RH 09944 EC 5 ef 20 97 ab 97. 4 def 6 c 88 b 100 a 
Methldathion 40% EC 4 ef 19 23 54 c 61 b 85 b 100 a 100 a 
Methlocarb 50 WP 1 ef 9 e 21 39 c 1 ef 14 c 53 c 55 b 
Control 0 f 0 f 1 5 d 0 f 0 d 5 d 8 c 

Test 2 
Carbofuran 12 F 85. 90. 96. 96. 99. 100 a 100 a 100 a 
A-4128648 EC 5 b 14 b 29 b 44 b 0 b o b 23 c 60 b 
U~56295 85 WP 1 b 4 c 8 cde 14 cdef o b o b 0 d ',5 def 
Agrotin 300 1 b 1 4 de 21 cd o b o b 3 d 25 cd 
Trichlorfon 95 SP 1 b 1 10 cd 29 be o b o b 3 d 21 cde 
Dloxathion 96 EC o b 1 15 c 38 b o b o b 63 b 70 b 
U-57770 85 WP o b 0 c 4 de 10 ef o b 1 b 5 d 26 cd 
UBI-WAB9-1265 50 WP o b 0 c 1 e 6 f 0 b o b 3 d 28 c 
SAN 285 AD 76 WP o b 1 4 de 21 cd o b o b 3 d 13 def 
SAr-.J 2401 74 WP o b 1 6 cde 19 cde 0 b o b '0 d 8 f 
Control o b 4 c 8 cde 11 del o b 3 b 4 d 11 ef 

"0.75 kg a.i. in 1,000 liters water/ha. Area is based on surface area ofthe petri dish in which the insects were sprayed. bSeparation of 
means in a column and for each test by Duncan's multiple range test at the 5% level. HT = hours after treatment 
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nymphs at the molting stage. It was effective 
against BPH, GLH (Table 3), and WBPH (Table 
4) at rates of 0.25 kg a.i.! ha. 

Foliar sprays. NNI 750 was evaluated as a foliar 
spray. As in the contact toxicity study, low rates of 
0.25 kg a.i.!ha provided 100% control of WBPH, 
BPH, and GLH (fable 4, 5). 

Commercial and coded compounds effective 
against BPH, GLH, and WBPH are given in 
Tables 6 and 7. RH 0994, M99l8, methiocarb, RH 
0308, UC 27867, and M 10604 were effective 
against both BPH and GLH (Table 6), and UC 
54229 and UCSF-J were effective against BPH, 
GLH, and WBPH (Table 7). 

Table 3. Contact toxicity of different rates afthe insect growth 
regulator NNI 750 25 WP when applied on nymphs of the 
brown planthopper and the green leafhopper with a Potter's 
spray tower. fRRI insectary, 1980. 

Treatment 
and rate 

(kg a.i.lha) 

Mortahty"(%) 

Brown 
planthopper 

Green 
leafhopper 

1 OAT 3 OAT 6 OAT 1 OAT 3 OAT 6 OAT 

Carhofuran 12 F 
075 96a 100a 100 a 94 a 99 a 99 a 

NNI750 
1.00 
0.75 
050 
0.38 
025 

Control 

14 b 63 c 95 a 11 
20b63.c96a8 
16 b 85 b 99 a 10 
9b71c98a8 

10 b 88 b 96 a 3 
3c5 d9b4 

b 75 
be 73 
be 83 
bea3 
e76 

be 8 

b 96 a 
b 90 be 
b 95 ab 
b 96 ab 
b 86 c 

010 d 

"Separation of means in a column by Duncan's multiple range 
test at the 5% level. OAT = days after treatment 

Table4. Effectof3 rates of NNI750 on whitebacked planthop
per nymphs when applied to insects with a Potter's spray 
toweror applied on plantsas foliar spray.a IRAI insectary. 1980. 

Treatment 
and rate 

(kg a,l.lha) 

Potter's 
spray tower Foliar spray 

1 DAT 3 DAT 6 DAT 2 DC 4 DC 6 DC 

Mortalityb(%) 
Carbofuran 12 F 

0.75 100 a 100 a 100a 66a 88a 100 a 
NNi 750 

0.25 
0.50 
100 

Control 

25b 76b 99a39b64b 96a 
18 bc 71 bc 100 a 38 b 48 c 99 a 
11 c 58 c 96 a 30 b 45 c 100 a 

d 1 d 10 b 1 c 4 d 5 b 

Exuviae in control f%) 
26 80 95 11 39 98 

aDAT - days after treatment, DC = days after caging. bSepara
tion of means in a column by Duncan's multiple range test at 
the 5% level 
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Table 5. Effect of different rates of NNI750 25% WP applied as 
foliar spray on mortality of brown plant hopper and green 
leafhopper nymphs. IRRI insectary, 1980. 

Mortalityll(%) 

Treatment 
Brown Green and rate 

(kg a.i Ihal planthopper leafhopper 

2DC 4 DC 6DC 2 DC 4DC 6 DC 

Carbofuran 12 F 
0.75 

40 _ 
41 b 100 a 68_ 68 _ lOa a 

NNI750 25 WP 
1.00 

56 _ 71 _ lOa a 11 0 53 _b 98 _ 

0.75 43_ 46 b 100 a 6 bc 49 b 100 a 
0.50 

41 _ 
50 b 100 a 11 b 54 _b 100 a 

038 
50 _ 

54 b 100 a 6 be 50 ab 
99 _ 

0.25 44 a 50 b 100 a 8 bc 39 b 100 a 
Control 3 b 3 e 11 b 1 e 4 e 8 b 

"Separation of means in a column by Duncan's multiple range 
test at the 5% level DC = days after caging on plants. 

A microencapsulated formulatiorf(slow-release) 
of methyl parathion (Penncap M) provided longer 
residual activity than the ECformulation (Table 8). 

Previous field studies indicated that Perthane is 
equally effective at spray volumes ranging from 
200 to 1,000 liters/ha. In a 1980 insectary study, 
Perthane gave equal control at volumes of 250, 
500, and 1,000 liters/ha, buttheresidual activity of 
carbofuran and U C 54229 was greater at the higher 
volumes (Table 9). 

Root-zone application. To identify insecticides 
that can be applied into the root Zone with a row 
marker-injector and mechanical transplanter, tests 
of insecticides continued. Although not as effective 
as carbofuran for BPH control, UC 54229 and 
UCSF-I were promising (Table 10). 

Three rates of carbofuran were applied in the 
root zone and insect mortality and feeding activity 

compared at 5-day intervals (Table II). Although 
there was substantial feeding at all rates, plants 
with the 0.75 and 0.50 kg a.i./ha showed less feed
ing than the control for as long as 40 days after 
treatment. 

Field studies. Insecticides were field tested 
against yellow stem borer, caseworm, and BPH. 

Yellow stem borer. Insecticides were tested as 
foliar spray and as granules applied to paddy water 
at the Maligaya Rice Research and Training Cen
ter, Philippines. As foliar spray (Table 12) many 
insecticides commonly recommended for stem 
borer control in Asia gave poor control. The com
bination chlorpyrifos + BPM C was most effective 
in preventing deadhearts. None of the insecticides 
was effective in preventing whiteheads. ' 

Of the granular formulations, carbofuran was 
most effective in preventing deadhearts (Table 13). 
Again, no insecticide prevented whiteheads. 

Caseworm. Few insecticide trials have been
conducted against the caseworm because of the 
pest's uneven distribution in the field. Insects were 
reared in the greenhouse and fiele! plots were hand 
infested with 4 second-instar larvae/hill. Each plot 
was enclosed with a plastic sheet to prevent inter
plot movement of larvae and sprayed I day after 
larval infestation. All insecticides decreased leaf 
damage by the caseworm (Table 14). 

When plants and paddy water were re!)loved 
from the field and insects separately exposed to 
them in the greenhouse, most of the insecticides 
provided >80% control (Table 15)._Tliese studies 
indicate that when caseworms move with irrigation 
water to low-lying fields, plants in those fields will 

Table 6. Knockdown and residual effects of compounds applied as 0075% (0.75 kg a.i.lha in 1,000 liters water) foliar spray 
against the brown planthopper and green leafhopper. IRAI insectary, 1980. 

Mortality" (%) 

Treatment Brown planthopper Green leafhopper 

1 DAT 5DAT 10 OAT 15 OAT 20 OAT 1 DAT 5DAT 10DAT 15DAT 20 DAT 

Carbofuran 12 F 100 a 
96 _ 

83_ 44 b 31 b 100 a 100 a 
96 _ 

45 b a4 be 
RH 09944 EC 99 _ 74 b 65 ab 39 b 31 b 100 a 100 a 70 e 44 b 15 
M 9918 20 OE 

99 _ lOa a 75 _ 78 _ 69_ 100 a 100 a 90 ab 100 a 93 ab 
Methlocarb 50 WP 

99 _ 78 b 64 ab 25 be 15 be 100 a 100 a 93 ab 63 b 30 d 
RH 03084 EC 98 _ 71 bL 51 b 40 b 14 be 100 a 99 ab 79 be 59 b 65 e 
UC 27867 50 WP 

96 _ 73 b 14 e 9 e 15 be 100 a 100 a 46 d 15 e 6 af 
M 10604 20 DE 91 ab 81 b 48 b 45 b 16 be 100 a 100 a Sg ab 56 b 96 a 
Methidathion 40% EC 93 ab 61 be 21 e 11 4 e 100 a 99 ab 44 d 19 e 6 ef 
Oioxacarb 50% WP a4 b 48 e 25 10 18 be 100 a 89 ab 35 d 19 e 4 ef 
Control 8 e 5 d 10 13 e 11 be 9 b 3 e 4 14 e 0 f 

"Separation of means in a column by Duncan's multiple range test at the 5% I eve I. OAT = days after treatment 
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be protected if an insecticide has been sprayed a 
few days before. 

Ovicidal activity. Insecticides were evaluated for 
their ability to kill BPH and casewonn eggs. 

Brown planthopper. Twelve insecticides were 
tested in the insectary for ovicidal activity against 
the BPH. Carbaryl, azinphos ethyl, and four coded 
compounds were highly active (Table 16). 

Caseworm. Insecticides were tested as foliar 
spray and granules in the field and insectary. In the 
field trial, l-day-old eggs on cut leaves were placed 
on the water surface and the plots sprayed with 
insecticides. Azinphos ethyl was the most effective 
ovicide, causing 90% mortality (Table 17). Nine 
insecticides were applied to 1- or 3-day-old eggs in 
petri dishes with water and kept in a headhouse 
room. Triazophos, malathion, and BPMC were 
effective against both egg ages (Table 17). 

Eggs on ages (1, 2, and 3 days) were exposed for 
24 hours to 3 granular insecticides in water in the 
headhouse. Carbofuran and diazinon provided the 
most effective control of eggs at all ages (Table 18). 

Slow-release formulations. The search continued 
for fonnulations that extend the residual activity of 
insecticides. Two lignin-based fonnulations were 
compared with carbofuran. The fonnulations did 
not significantly differ when tested against the 
BPH. For GLH, CLFC15 and CLFC45 were sim
ilarto carbofuran3 G at 0.5 and 0.25 kga.i./ha, but 
increased mortality at 0.12 kg a.i./ha. 

Insect growth regulator. NNI 750, which was 
effective at low rates in insectary tests, was tested 
for field control of BPH. Foliar sprays were 
applied 30 and 40 days after transplanting (D1). At 
30 DT, NNI 750 at 0.125 kg a.i./ha was more 
effective than BPMC at 0.75 kg a.i./ha at 5 days 
after treatment (DA 1). At 40 DT, the 0.5 kg a.i. 
NNI750/ha was more effective than 0.75 kga.i./ha 
rate ofBPMCat 5 DAT. The 0.75 kga.i./ha rate of 
NNI 750 still caused 45% mortality at 10 DT. but 
BPM C at the same rate caused only 10% mortality 
(Table 19). 

Resistance to insecticides. Insect cultures col
lected at four sites in the Philippines were com
pared WIth the IRRI greenhouse culture to deter
mine whether the Philippine cultures had developed 
resistance to acephate, methyl parathion, MIPC, 
or monocrotophos (Table 20). The Palayan culture 
had resistance to acephate and methyl parathion 
(1.32- and 2.02-fold), and the Santa Maria culture 
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Table 8. Comparative study of the residual activity offoliarsprays of2 formulations of methyl parathion (Penncap M and methyl 
parathion EC) against the brown planthopper an'd~reen leafhopper. JRRI insectary. 1980. 

Mortahtyb(%) 

Treatmenta Brown planthopper Green leafhopper 

1 OAT 5 OAT 10 OAT 15 OAT 20 OAT 25 OAT 1 OAT 5 OAT 10 OAT 15 OAT 20 OAT 25 OAT 

Carbofuran 12 F 100 a 86 a 95 a 90 a 26 a 33a 100 a 100 a 100 a 100 a 69 a 63a 
Penneap M 25 EC 100 a 76 a 60 b 31 b 13 a 21 ab 100 a 93 a 98 a 91 a 40 b 36 b 
Methyl parathion B4 b 31 b 11 e 16 be 11 a 15 ab 100 a 71 b 20 b 28 b 6 e 11 

50 EC 
Control 10 e 10 b 3 e 6 e 10 a 10 b 9 b 11 8 b 10 b 9 e 9 e 

alnsecticideswereapphed atthe rate of 0.75 kg a.Uha "Separation of means ina column by Duncan's multiple range test at the 5% 
level OAT = days after treatment, when insects were placed on treated plants. Mortahty readings were taken 48 hours after insects 
were placed on treated plants. . 

Table 9. Mortality of the brown planthopper as affected by volume of sprays applied at a 75 kg,a i /ha. IRRI insectary. 1980. 

Insecticide Mortality" (%) Insecticide Mortality"{%) 
and volume and volume 

{hters/ha 1 OAT 5 OAT 10 OAT 15 OAT 20 OAT {liters/hal 1 OAT 5 OAT 10 OAT 15 OAT 20 OAT 

Carbofuran 12 F UC 54229 100 Tech. 
1000 100 a 98 a 91 a 65 a 23'a 1000 99 a 100 a 92 a 59 a 28 a 
500 100 a 99 a 93 a 70 a 28 a 500 100 a 99 a B4a . 45 ab 10 a 
250 95 a 43 b 23 b 13 b 5 b 250 98 a B4 b 63 b 26 b 10 a 

Perthane 45 EC Control 
1000 100 a 98 a 46 a 24 ab 6a 1000 8a 11 a 9a 9a 4'a 
500 98 a 86 a 45 a 34a 9a 500 13 a 10 a 10 a 6a 1'a 
250 100 a 94 a 46 a 11 b 5a 250 14 a 11a 11a 4a 5a 

Monocrotophos 30 EC 
1000 94 ab 39 a 18 a 15 a 6a 
500 96 a 35 a 16 a 9a 3a 
250 85 b 34a 10 a 6a 3a 

Separation of means in a column under each insecticide by Duncan's multiple range test at the 5% level OAT = days after 
insecticide treatment, when insects were placed on plants Mortality readings were taken 48 hours after Insects were placed on 
plants. 

Table 10. Evaluation of insecticides applied at 1.0 kg a.i./ha in the root zone for brown planthopper and green leafhopper control. 
IRRI inse~ary, 1980 / 

Mortality" (%) 

Treatment Brown planthopper Green leafhopper 

1 OAT 5 OAT 10 OAT 15 OAT 20 OAT 1 OAT 5 OAT 10 OAT 16 OAT 20 OAT 

Carbofuran 12 F 100 a 100 a 86 a 83 a 13 a 100 a 100 a 94a B3a 86 a 
UC 54229 100% Tech 76 b 48 b 8 b 43 b 1 a 99 a BBa 71 b 68 a 71 a 
UC SF-I 40 F 60 b 66 b 10 b 21 be 3 a 99 a 95 a 53 b 75 a B4a 
Pirimiphos methyl + 10 e 10 e 1 b 26 bc 1 a 4 b 5 b 8 e 14 b a b 

carbophenothion 20 EC 
EXP 5494 25 EC 10 e 9 e d 1 a 3 b 6 b 1 e 3 b 
Control 10 e 6 e cd 5.a 1 b 4 b 10 be 1 .b 

aSeparation of means in a column by Duncan's multiple range test atthe 5% level OAT 0:;< days aftertreatment, when insects were 
placed on treated plants. Mortality readings were taken 48 hours after insects were placed on plants. 
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Table 11. Residual activity of 3 carbofuran rates applied in the root zone for control of the green leafhopper and their etfect on 
insect feeding as indicated by area of honeydew spot on filter paper." IRRI insectary, 1980. 

Days after 
Insect mortality (%) Honeydew spot (mm1) 

treatment 0.75 kg 050 kg 025 kg Control 0.75 kg 0.50 kg 025 kg Control 
a.i Iha a.l.lha a.l/ha a I.Iha a.l.lha a.i./ha 

1 90a 33 b 38 b 0 c 106 172 262 b 625 a 
5 100 a 98 a 63 b 0 c 60 91 205 b 540a 

10 100 a 100 a 100 a 0 b 44 46 52 b 623 a 
15 100 a 100 a 78 b 0 c 34 37 136 b 626 a 
20 95 a 98 a 70 b 0 c 46 60 117 b 637 a 
25 90 a 50 b 20 b 0 c 115 c 349 c 736 b 978 a 
30 80 a 48 b 13 c 0 173 b 256 b 593 a 669 a 
35 68a 40 b 10 c 3 177 b 338 b 652 a 641 a 
40 65 a 25 b 3 c 3 c 210 b 394 b 733 a 541 a 
45 30 a 5 ab 0 b 0 b 438 b 874 a 1079 a 904 a 

"SeparatIOn of means in a row by Duncan's multiple range test at the 5% level 

Table 12. Evaluation of commercial insecticides applied on IR29 as foliar spray for yellow stem borer control. Maligaya Rice 
Research and Irainin9 Center, Philippines, 1980 

Whiteheadsb Whlteheadsb 
Deadheartsb (%) 1%) Deadheartsb (%) 1%) 

Treatment" Treatment" 
20 DT 40DT 115DT 20DT 40 DT 115 DT 

Endosulfan 35 EC 9.1 abc 149 b,d 26 b Carbophenothion 40 EC 99 abc 170 abed 4.4 ab 
Phosphamidon 50 EC 10.7 abc 7.7 e 3.3 ab Dlmethoate 40 EC 12.2 abc 16.7 abed 52 ab 
Diazinon 20 EC 10.5 abc 15.8 abcd 2.6 b Metalkamate 23 EC 113 abc 15.3 abed 67 a 
Monocrotophos 16.S EC 7.3 b, 128 ,d 32 ab AZlnphos ethyl 40 EC 11.1 abc 111 de 25 b 
Chlorpynfos + BPMC 6.9 , 2.8 f 48 ab Fenthion 50 EC 9.S abc 126 cd 3.6 ab 

31.5 EC Phosmet 50 WP 10.9 abc 197 ab 4.9 ab 
Methomyl 19.8 EC 13.4 abc 170 abcd 30 ab B. thuringlensls 10.2 abc 181 abc 56 ab 
8PMC 50 EC 14.4 a 14.6 b,d 5.2 ab Control 13.1 ab 226 a 3.9 ab 
Fenitrothion 30 EC 11.1 abc 12.1 ,de 4.6 ab 

"All insecticides were apphea at 0 75 kg a i Iha exceptB. thuringiensis. which was applied at 0.4 kJ:J formulation (600 IU/mg) per ha. 
Insecticides were applied at 10, 25,45, 60, and 75 DT. bAv of4 replications Separation of means In a column by Duncan's multiple 
range test at the 5% level DT = days after transplanting 

Table 13. Evaluation of granular formulations of commercial insectiCides for yellow stem i?orer control on variety 1R29. Maligaya 
Rice Research and Training Center, Philippines, 1980. 

Deadheartsb (%) 
Treatment" Rate Whiteheadsb (%) 

(kg a.i.lha) 20 DT 40 DT 115DT 

Carbofuran 3 G (SI) 1.0 1.4 be 0.2 3.7 a 
Carbofuran 3 G 1.0 1.0 b, 07 30a 
Gamma BHC + carbaryl 6 + 6 G 1.0 3.5 ab 116 b 46a 
Dlazinon 5 G 1.0 06 , 5.4 ,d 42 a 
Gamma BHC + MIPC 6 + 4 G 1.0 1.9 be 72 b, 5.0 a 
Carbofuran 3 G 1.5 0.3 c 0.1 e 3.2 a 
Gamma BHC + carbarylS + S G 1.5 56a 5.9 cd 3.4 a 
Diazlnon 5 G 1.5 0.9 e 3.5 d 4.4 a 
Gamma BHC + MIPC 6 + 4 G 1.5 4.7 a 5.6 cd 3.0 a 
Control 6.1 a 18.0 a 3.8 a 

"All treatments were applied to paddy water, except one treatment of carbofuran, which was SOIl incorporated (SI) before 
transplanting InsectiCides were applied at 10, 25, 45, 60, and 75 days after transplanting (DTI. bAv of4 replications. Separation of 
means in a column by Duncan's multiple range test at the 5% level. 
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Table 14. Effect of foliar insecticides on plant damage from 
rice caseworm larvae IRAI, 1980. 

Tillers (%) with cut leaves" 
TreatmentU 

ODS 10 DS 

Azinphos ethyl 40 EC 7 a 2a 
Triazophos 40 EC 8 a 2a 
Malathion 57 EC 8a 2 a 
MIPC50WP 9a 3a 
Chlorpynfos 40 EC 9a 3a 
Carbaryl 85 WP Ba 3a 
Endosulfan 35 EC Ba 3a 
BPMC50 WP 9a 3a 
Phosphamidon 50 EC 8 a 2a 
Diazinon 20 EC 11 a 3 a 
MTMC50 WP 7a 7 b 
Control Ba 17 e 

alnsecticides were applied at 0.75 kg a I./ha 15 days after trans· 
planting "Av of4 replications. Separation of means in a column 
byDuncan'smultiple rangetestatthe5% level DS= days after 
spraying. 

Table 15. Effect on caseworm larval mortality of foliar insec
ticides applied to rice plants, paddy water, or both.IRRI, 1980. 

Insecticidea 

MIPC50WP 
Diazinon 20 EC 
Azinphos ethyl 

40 EC 
Chlorpynfos 40 EC 
BPMC50WP 
Malathion 57 EC 
Carbaryl 85 WP 
Endosulfan 35 EC 
Phosphamidon 50 EC 
MTMC50 WP 

Mean 

Larval mortality" (%) 
4B h after treatment 

Plants and Plants Paddy water 
paddy water sprayedc sprayedd 

sprayed 

100 a 100 a 100 a 
100 a 97 ab 100 a 
100 a 90 ab 100 a 

100 a 97 ab 95 ab 
100 a 92 ab 95 ab 
100 a 92 ab 85 ab 
100 a 95 ab 75 be 
100 a 68 e 85 ab 

95 a 82 be 80 be 
85 a 63 e 55 e 

98 8B 88 

aApphed at 075 kg a I/ha, 15 days after transplanting "Cor-
rected using Abbott's formula. Ten second-instar larvae/repli-
cation (one cage). 'Separation of means In a column by Dun-
can's multiple range test at the 5% level cAv of4 replications 
dAv of 2 rephcations. 

had a 1.36-fold resistance to acephate. It was evi
dent that resistance to insecticides tested was not a 
problem for farmers in the areas sampled. 

Insecticide-induced BPH resurgence. Insecti
cides were field-tested to identify those that induce 
BPH resurgence. Rates of resurgence-inducing 
insecticides were compared to dete!IDine their 
effect on level of resurgence. The effect of-the level 
of varietal resistance to the BPH on the level of 
resurgence was also determined. 
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Table 16. Ovicidal activity of insecticides applied as foliar 
spray at 0.75 kg a.i./ha on plants containing 1#day·old eggs of 
brown planthopper. IRRI insectary, 1980. 

Treatment Hatched eggsa (%) 

UC 54229 100 Tech. Oa 
FMC 35001 20 EC 1 a 
UC SF-1 40 F 3 a 
UC 27B67 50 WP 3 a 
Carbaryl 85 WP 3a 
Azinphos ethyl 40 EC 4a 
Propoxur 20 EC 78 b 
Decamethrin 2 5 EC 7B b 
NNI750 25 WP 80 b 
Diazlnon 20 EC 94 e 
BHC 26 WP 97 e 
Chlorpyrifos 40 EC 96 e 
Control 9B e 

aAv of4 replications. Separation of means by Duncan's multi
ple range test at the 5% level 

Table 17. Ovicidal activity of insecticides applied asAoliar 
spray against the rice caseworm.a IRRI, 1980. 

Insecticidei' 

AZlnphos ethyl 40 EC 
Diazinon 20 EC 
Triazophos 40 EC 
Ma lathion 57 EC 
BPMC50 WP 
Phosphamldon 50 EC 
Carbaryl 85 WP 
Endosulfan 35 EC 
MTMC50 WP 
MIPC50 WP 
Carbophenothion 40 EC 
Ethlcn 40 EC 

Mortahty!' (%) of eggs 
exposed for 24 h 
at indicated age 

1 day 
--____ 3 days, at 

Fieldd Headhousec head house" 

90 a 
78 ab 95 a 20 cd 
68 abc 94a 99 a 
44 abc 84 a 99 a 
33 be 96 a 91 ab 
31 be 19 b 12 d 
28 be 
29 be 
21 41 b 99 a 
12 e 91. 76 b 

9B a 41 e 
96. 71 b 

alOO eggs/replication "400 ppm "Separation 'of means rn a 
column by Duncan's multiple ranRe test at the 5% level. A dash 
mdicates no test Mortality readmgs adjusted With Abbott's 
formula. dApphed at 075 kg a,l.!ha on water surface, Av of 2 
replications. "Av of 3 replications 

Table 18. Ovicidal activity of insecticides applied as granules 
in paddy water against the rice caseworm. IRAI, 1980. 

Insecticidea 

Carbofuran 3 G 
Dlazinon 6 G 
r-SHC 6 G 

Mortality" (%) of eggs 
exposed for 24 h 

1 day 

100 a 
96. 
52 b 

at indicated age 

2 days 

100 a 
99. 
31 b 

3 days 

97. 
82 b 
85 b 

UApplled at 0,75 kg aj /ha (375 ppm). "Av of3 replications (1 00 
eggs/replication). Separation of means in a column by DUn
can's multiple range test at the 5% level. 
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Table 19. Mortality of 3d-instar nymphs of the brown plant
hopper on 1R22 plants treated with NNI 750 and BPMC.IRRI, 
1980 wet season. 

Treatment 
and rate 

(kg a.Uha) 

NNI750 
0.125 
0.250 
0500 
0750 

8PMC 
0750 

Control 

NNI750 
0.125 
0250 
0.500 
0.750 

8PMC 
0.750 

Control 

Mortality" (%1 

Spray at 30 DT Spray at 40 DT 

5 days after treatment 

93 a 
85 a 
93 a 
95 a 

1 b 
o b 

21 b 
34 b 
55 a 
68 a 

30 b 
8 c 

10 days after treatment 

20 a 9 c 
18 a 20 be 
18 a 28 b 
18 a 45 a 

o b 10 c 
o b 0 d 

"Separation of means in a column under the same days after 
treatment by Duncan's multiple range test atthe 5% level. DT "" 
days after transplanting. 

Idenlification oj resurgence-mducing insecti
cides. Insecticides nsed for rice insect control in 
Asia were tested for BPH resurgence activity. 
Important BPH predators were also monitored. 
Nine insecticides significantly reduced BPH 
numbers, but propoxur and ethylan (Pertbane) 
gave the most consistent and effective control. Six
teen insecticides caused resurgence (Table 21). Des
truction of predators by the insecticides did not 
appear to be a major cause for resurgence. 
Although decamethrin, a resurgence-inducing 

insecticide significantly decreased the spider and C. 
lividipennis popUlations, quinalphos, which is 
another resurgence-inducing insecticide, did not 
adversely affect the predator species (Table 22). 
Chlorpyrifos + BPMC, which did not cause resur
gence, Significantly reduced the spider and·C. liv
idipennis population to below that of the control. 

Insecticide rales and resurgence. Three field tests 
determined the effect of insecticide rates on BPH 
resurgence. Observations were also made on the 
number of predators in the various treatments. 

The first test had foliar sprays of 2 rates each of 
decamethrin, diazinon, and FMC 35001 at 34, 49, 
and 64 DT. The high rate of decamethrin and low 
rate of FMC 35001 caused the highest levels of 
resurgence, but there was no significant difference 
between the BPH popUlations in the two diazinon 
rates (Table 23). There was no distinct rate effect on 
popUlations of C. lividipennis. Populations were 
equally depressed by a11.treatments at 37 DT, but 
populations at the high rate of FMC 35001 were 
lower than that at the low rate at 52, 63, and 67 DT. 
The high rate of decamethrin had lower spider and 
M. alrolineala populations than the low rate. The 
high rate of FMC 35001 had thelowestM. alroli
neala population after applications at 37 and 52 DT. 

In the second test, three rates of carbofuran 
granules and FMC 35001 sprays caused similar 
levels of resurgence, and all rates of Perthane 
sprays provided equal BPH control (Table 24). C. 
lividipennis populations were equally depressed by 
all rates of the three insecticides. Spider and M. 
alrolineala numbers were low and equal in all 

Table 20. Level of resistance offield-collected green leafhopper cultures to insecticides, based on Lew values." IRRI insectary, 
1980. 

Level of resistanceb 

Source of Philippine 
culture Acephate Methyl MIPC Monocrotophos 

parathion~ 

Palayan,lsabala 1.32* 202' 0.86 084 
Santa Maria, Pangasinan 1.36* 1.11 0.28 0.62 
Rosales, Pangaslnan 0.95 1.12 028 053 
Pura, Tarlac 1.00 1.24 052 055 

"Lew = letha Iconcentratlon in kg a.l.lha applied in a Potter's spray towerto kill 50% ofthe Insect population. ~Leve I of resistance = 

Lew of field-collected culture 

Lew of greenhouse culture 

A resistance ratio >1.00 indicates that level of resistance in the field culture is greaterthan that In the greenhouse culture The 
asterisk Indicates field-collected cultures With a significantly higher Lew than the greenhouse culture at the 5% level ~Penncap M 
formulation. 
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~ Table 21. Effect of insecticides on the brown pJanthopper (BPH) in 5 tests at IRRI, 1979-80. 

~ Treatmentll 
Brown planthoppetb (av no.lhill) 

~ 
Hopper-

First treatment Second treatment Th1rd treatment Last burn 

~ sampling (%) 
Before After Before After Before After 

;;: 
Test 1 .... 

~ tAzinphos ethyl 40 EC 14 ab 2.6 a 2.9 ab 4.9 a 21.5 ab 77.2 a 209.2 a 0. 

~ tQuinalphos 25 EC 19 ab 1.7 ab 52 ab 3.7 be 21.0 ab 64.5 a 241.5 a 0. 

0 Chlorfenvinphos 20 EC 20 ab 1.7 ab 42 ab 5.5 abc 13.1 ab 39.1 a 99.9 ab 0. 

El ttCarbofuran 12 F ,8 ab 0.3 c 37 ab 1.6 d 6.9 b 5.1 b 29.4 e 0. 
Diazlnon 20 EC 1.1 ab 1.1 abc 4.2 ab 4.8 abc 28.4 ab 41.7 a 88.9 ab 0. 

::l +Phenthoate 50 EC 1.5 ab 1.2 ab 6.2 a 8,8 a 30.4 a 51.2 a 273.7 a 0. 
~ Fenthion 50 EC 2.3 • 1.1 abc 4.4 ab 4.4 abc 15.6 ab 38.1 a 138.8 ab 0. 

tFMC 35001 20 EC 1.0 ab 0.3 c 2.3 b 4.6 cd 14.9 ab 5.6 b 133.7 be 0. 

~ tMethomyl19.8 EC 11 ab 2.4 a 5.8 ab 9.9 ab 26.0 ab 87.8 a 418.9 a 0. 
ttEthylan 45 EC 0.4 b 0.4 be 2.9 ab 1.5 d 7.9 b 2.2 b 12.4 d 0. 
Control 0.8 ab 3.3 a 4.4 ab 5.5 abc 15.8 ab 95.1 a 45.3 be 0. 

Test 2 
Cartap 4 G 6.9 a 6.6 be 179.3 ab 65.7 b 18.5 b 19.6 c 113.2 b 0. 
tDlazlnon 5 G 9.1 a 15,3 a 309.4 a 256.1 a 54.0 ab 358.6 a 2544.8 a 100 b 
tlsazophos 3 G 6.2 a 4.6 c 308.5 a 255.8 a 58.0 ab 861.6 a 2814.0 a 100 b 
Cl:!rbaryl + SHC 4/4 G 8.5 a 13.1 ab 74.8 b 66.4 b 28~ ab 9.4 e 45.2 b 5. 
tCarbofuran 3 G 10.4 a 8.0 ab 262.2 a 141.9 a 54.2 a 77.2 b 2695.4 a BO b 
Control 9.0 a 11.4 ab 215.7 a 40.0 b 36.2 ab 14.8 be 76.6 b 0. 

Test 3 
tTetrachlorvinphos 75 WP 19.1 a 75.4 ab 43.6 ab 45.1 a 7225 a 1244.9 a 361.4 b 12 d 
ttBHC 20 EC 23.8 a 6.3 e B.4 e 14.0 b 13o.B be 30.4 01 40.7 e 0 1 
tMethyl parathion 50 EC 30.0 a 93.9 a 43.3 ab 33.3 a 4199 ab 1110.7 ab 814.8 ab 65 
tMonocrotophos 16.8 EC 27.8 a 43.6 ab 25.9 b 18.5 ab 3993 ab 442.6 bed 55.B c 2 01 
tPyndaphenthion 75 WP 32.2 a 514 ab 35.9 ab 31.5 ab 955.2 a 1012.3 ab 363.5 b 29 e 
tCyanofenphos 40 EC 21.3 a 79.5 ab 59.3 a 39.7 a 967 8 a 1244.3 ab 1787.5 a 91. 
Carbaryl 80 EC 16.6 a 31.3 b 21.2 b 12.3 ab 225.0 be 353.6 be 61.3 e 0 
ttEthylan 45 EC 20.4 a 0.9 d 4.0 d 1.6 e 30.6 d 11.0 1 25.1 c 0 
Control 20.3 a 82.0 ab B.O cd 12.3 ab 76.0 cd 69.7 do 25.0 e 0 

Test 4 
ttBPMC 50 EC 109.4 a 7.1 a 3828 a 466.2 be 500.0 cd 269.4 abc 267.2 cd 12 cdo 
MIPC 50WP 69.0 ab 16.3 a 355.4 a 1241.5 abc 748.6 abc 310.6 abc 529.1 abed 25 cd 
ttCarbophenothion 48 EC 55.9 ab 11.0 a 507.0 a 612.9 be 623.3 bed 235.7 abc 445.2 abc 30 e 
ttMTMC 30 EC 396 ab 74. 450.9 a 396.1 e 286.0 d 117.2 c 107.0 d 2 0 
Phosphamidon 50 EC 17.7 b 8.7 a 231.2 a 856.5 abc 701.1 abc 439.0 ab 536.9 abc 14 cdo 
ttEndosulfan 35 EC 29.4 ab 12.8 a 343.4 a 517.4 be 640.5 bed 267.3 be 283.2 bed 1 
tTnazophos 40 EC 64.7 ab 12.8 a 487.0 a 1752.7 ab 1578.6 a 844.9 a 1203.5 a 7B b 
tDecamethrin 31 EC 34.1 ab 8.1 a 342.4 a 1452.2 ab 1304.0 ab 868.8 a 11629 a 100 a 
Control 32.0 ab 17.1 a 326.6 a 2502.2 a 445.9 cd 428.9 abc 2174 bed 10 edo 

CONTINUED ON OPPOSITE PAGE 
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treatments. 
In the third test, three rates of isazophos gra

nules in paddy water and methomyl sprays were 
compared. Both compounds caused resurgence. 
The lower rates of isazophos caused the highest 
levels of resurgence, but there was no difference in 
resurgence among the rates of methomyl (Table 
25). Populations of C. Iividipennis, spiders, and M. 
atro/ineala were low and no difference in effect of 
rates on the population was observed . 

Leve/ of BPH resistance and resurgence. THree 
rice varieties (JR29, IR40, and IR42) respectively 
susceptible, moderately resistant, and resistant to 
BPH in the Philippines were treated in the field 
with decamethrin, which is mown to cause resur
gence. BPH populations increased to a signifi
cantly higher level in the treated plots than in 
untreated checks, but the degree of resurgence var
ied among varieties. The maximum population 

.......... _ (noIl>oIl 

'~l """ IR29 • 
• C<mol 1100 

T"""'" 
600 I 

T __ 

• 

400 f- I 1 

l-

II 
0 .~ -

200 

• • BO 

R40 

60 l-
I- .1 i-

20 l- I 1 

0 • 
4 • /R42 • 1 1'1 
2 i- I 1 
o I~ .~ 

t 
_~ _111 .~ I 

12 19 23 34 38 49 53 60 

Ilays afle< _'" 
1. Brown planthopper POPUlatiOns In decamethnn-trtated and 
untreated ftcld plotsof' a susctptible(IR29}.a moderatel) ~ist
ant(IR40), and a resistant(IR42) rice variety. Aslcri ks indicate 
populations slgruHcantly higher than those on l~ untreated 
control at the: 5% k'\~l I RRI. 1980. 
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i Tabl. 22. Com~rison of p.-dator .... mt».,. and the .., no. of prey/predator In InMCtidd.tre.ted .nd untreated plota..· Lot aano., Laguna, Philippi,... 19". 

'" 
Spiders Mlcrov.t'a .trolln •• ta Cyrtominu$ IIvk/iptlnnls 

~ Treatment Av no. of BPHI Av no. of BPHI Av no. of 8PHI > Av no./hil,t .plder Av no.lhillt Microvilli" Av no.lhi II' Cyrtorhinus Z 
~ After Alta, Alta, Alta, After Alta, > treat- Last treat- Last treat- La" lreat- last treat- last treat- Last .... 

'" 
ments sample mentl sample ments sample ments I8mple ments sample mentl sampe 

m 

C3 Test I 

'" AzlnphO. athyl40 EC 0.9 ab 2.0 c 33, 114 a 0.9 bed 6.2 , 33. 63, 0.1 ab 0.6 ab 431 • 963 , 
-! Ouinalphos25 fC 1.0 ab 2.2 be 23 .b 105 ab 3.1 ab 23.7 II 16 b 20 .b < 0.1 .b 1.2 ab 844 , 428.b 
2l Chlorfenvlnphos 20 EC 1.0 ab 2.9 abc 15.b 36 cd 3.68 8.6. 5 b 22 .b 0.1 ab 0.3 ab 256 • 150 b 

'" Carbofuran 12 F 0.1 b 2.1 c 4 b 14 d 1.8 abed 12.0 a 2 b 6 b <0.' .b 0.1 ab 53. 100 b 
D18Zlno" 20 EC 1.1 ab 2.3 be 16 ab 48 cd 3.3 ab 24 .7 a 8 b 14 b <0.1 b 2.5 ab 509 • 206 b 

!!l Phenthoate 50 EC 1.1 ab 4.80 21 ab 56 bed 2.0 abe 30,2 a 11 b 26 ab 0.1 lib 4.7 a 500 , 98 b 
Fenthlon 51.) EC 1.0 ab 2.6 abc 16 ab 58 bed 3.3 ab 24 .3 a 9 b 34 .b < 0.1 ab 1.4 ab 439 a 56 b 
FMC 35001 20 EC 0.1 b 3 .7 abc 5 b 21 cd 0.5 d 13.0 a 8 b 9 b < 0.1 ab 0.1 b 163 a 1572 a 
Melhomyl 19.8 EC 0.9 ab 4 .4 ab 36, 800be 4.2 ab 18.1 II 13 b 36 ab 0.1 ab 1.9 ab 399 , 113 b 
Ethylan 45 EC 0.8 ab 2.5 be 2 b 9 d 0.1 cd 17.6 a 2 b 1 b < 0.1 b 0.3 ab 19, 41 b 
Control 1.2 a 2.5 abc 21. 11 d 4.2 • 6.98 12 b 21 ab 0.1 II 1.5 ab 451 a 149 b 

Tesl2 
Cartap 4 G 1.9 ab 1.8 ab 15 c 28 b 0.1 c 03 c 232 ab 191 be 2.1 a 1.2 • 13 b 1 b 
Diazlnon 5 G 23. 3.1 ab 65 b 527 a 1.9 a 2.2 abc 98 b E112 ab 2.3 • 14 .0 a 80 b 96 b 
IS81ophos 3 G 1.6 b 2.4 ab 137 a 630 • 0.9 ab 2.5 ab 474 a 701. 0.1 b 9.9 a 1611 a 113 b 
Carbaryl + BHC 4/4 G 1.9.b 1.3 b 14 c 24 b 0.6 b 03 c 111 b 61 c 2.5 a 3.4 b 14 b 15 b 
Carbofuran 3 G 2.0 ab 3.4 a 31 be 472 a 1.8 a 4.0 a 40 b 358 abe 03 b 2.2 b 428 b 692 • 
Control 1.5 b 1.8 ab 13 c 21 b 0.3 be 0.4 be 68 b 82 c 3 .3 a 4 .8 b 11 b 8 b 

Test 3 
Tstrachlorvinphos 75 WP 1.5 a 2.8 a 293 ab 140 b 0.8 cd 1.2 • 592 • 318 be 1.0 be 0.5 ab 729 ab 162 b 
BHC 20 EC 0.3 d 0.8 b 81 ab 55 b 0.5 d 1.9a 44 b 16 c 1.5 b 1.3 • 12 b 41 b 
Methyl parathion 50 EC 1.3 ab 3.4 a 310 ab 300 b 2.6 ab 0.9 a 201 b 1113 a 03 cd 0.8 ab 2120 ab 1158 b 
Monocrotophos 1&.6 EC 0.5 cd 0 .6 b 535, 92 b 3.8 a 1.9 a 36 b 134 c 0.1 d 0.1 c 1982 ab 362 b 
Pyridaphention 15 WP 1.1 ab 23. 346 ab 156 b 3.B a 10.8 a 135 b 114 c 0.2 d 0.5 be 1646 ab 2121 b 
Cyanofenphos 40 EC 1.0 eb 2.2 • 452 eb 1040 a 3.9 a 2.1 a 141 b 914 ab 0.2 d 0.3 be 3660 , 5671. 
Carbary/BD WP 0.9 abc 1.& ab 195 ab 51 b 2.2 abc 3.0a 128 b 41 c 0.2 d 0.2 be 1010 ab 259 b 
Ethylan 45 EC 0.1 be 0.8 b 1 b 35 b 0.6 d 1.2 a 11 b 44 c 0.4 cd 03 be 32 b 90 b 
Control 1.4 ab 1.1 ab 45 ab 16 b 0.9 bed 2.1 a 11 b 24 c 5.2 a 1.2 ab 11 b 30 b 

Test 4' 
BPMC 50 EC 0.7 ab 0.6 ab 365 b 331 b 3.0ab 0.1 a 101 b 1695 c 0.5 be 1.5 a 710 be 1658 
MIPC 50WP 0.1 ab 0.6 ab 119 b 199 b 2.2 abc < 0.1 a 292 b 9825 II 0.5 be 1.& 8 1130 be 290 , 
Carbophenothion 48 EC 0.& ab 0.5 ab 511 b 1120 b 1.5abcd < 0.1 II 311 b 1650 b 0.3 be 2.0a 940 be 31& II 
MTMC 30 EC 0.6 ab 0.5 ab 451 b 194 b 0.9 cd < 0.1 a 358 b 0.2 be 0.4 a 904 be 251 a 
Phosphamldon 50 EC 0.1 ab 1.1 a 642 b 592 b 5.1 a < 0.1 a 128 b 0.2 be 1.6 a 8862 .b 353 , 
EndOlulfan 35 EC 0.4 abc 0.5 ab 633 b 440 b 0.8 bed < 0.1 a 324 b 1322 d 0.5 be 1.4 a 710 be 356 , 
Triazophos 40 EC 0.5 ab 0.4 ab 1904 b 3111 b 0.5 d < 0.1 a 3356 a 0.1 c 3 .1 ill 13052 a n1, 
Decamethrin 31 EC 03 c 0.2 b 5632, 10443 a 1.0 bed < 0.1 a 1134 ab 0.8 b 2.2 • 2094 be 571 a 
Conllol 0.8 , 0.8 • 1131 b 286 b 1.4 bed < 0.1 a 1010 ab 4.4 a 2.3 • 213 c 100 , 

CONTlNUEO ON OPPOSITE PAGE 
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increases in the treated plots compared to the 
checks were 74x for 1R29, 40x for IR40, and 5x for 
IR42 (Fig, I). Decamethrin was toxic to predators 
(Fig. 2-4) and this reduction of natural enemies 
may have contributed to BPH resurgence. How
ever, the differences between BPH populations in 
treated and untreated plots within varieties were 
larger than differences in predator numbers, sug
gesting that other factors were also involved . 

Resurgence-inducing insecticides and plant 
chemistry. Because resurgence may be a host
plant-mediated phenomenon, the effects of resurgence
inducing insecticides on the nutritional adequacy 
of the rice plant for BPH was studied. 

Potted seedlings of BPH-susceptible TNI and 
BPH-resistant lRJ6 rices were sprayed with 0.04% 
methyl parathion, 0.002% decamethrin, or 0.04% 
Perthane at 10, 20, and 30 DT. Plants in the control 
were sprayed with water only. Forty days after the 
last spraying, leaf and leaf sheath tissue were 
sampled and analyzed for changes in levels of car
bohydrates and nitrogen, chemicals that constitute 
the major dietary source for BPH. 

20 

10 

o. 

TN I plants treated with decamethrln, a resurgence-

• Chock 
T_ 

, TrtOtmenl date 

I 

fR29 

• 

j 

• • 
o~~~==~~==~~~~ 

10 

O. • • 
O~~~6-____ ~L-__ ~LL~ __ ~ 

15 19 23 34 38 49 53 60 
00'S ..... _ ... 

2. Spider populations In decamclhrin-t rcaloo and unln.~a lcd 
field plolsofa susceptlbleC I R29}. a modl.."fUIc:I) re\1~t3nt( I R40). 
Clnd 3 reslSt3n1 (I R42) ria: \ariet) . ,'bterul.!. mdlt:"dle pupula
tion signifICant!) lower than th~ on the unueated comrol al 
lhe SCi It,d IRRI. 1980. 
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T. ble23 . Effect of In. ectldd • • nd I'IIte of 'ppliCiltion on number of brown pl. nthopper . nd Its pntdatOIS on 1R29.- IRRI, 1980 dry 
.... o n. 

1st aps:::Hcation 2d application 3d application 

Tre.tment and nne 34 DT 49DT 64 DT Last 
(kg a.i.lha) sample 

Before After Before Aha, Before Ahar 83 DT 
33 DT 37DT 48 DT 52DT 63 DT 67 DT 

Oecamethrin 20 EC 
Brown plllnthoppers (no./hill) 

0.00 125.8 ab 314.5 a 1,634.5 a 1,071.0 ab 15,079.0 a 14,326.2 a 2,151.5 a 
0.002 85.2 ab 315.8 a 2.891.8 a 782,5 ab 4,034 .0 b 4.007.0 ab 731 .5 b 

Diazinon 20 EC 
1.0 74,5 ab 3722 a 2,026,5 a 761 ,0 ab 4.084.2 b 4,792.2 ab 230.0 b 
0.2 103.0 ab 912.8 a 1,1412 a 959,0 ab 3,010.5 b 1,014.8 be 11 4.2 be 

FMC 35001 20 EC 
1.0 164.8 a 40.0 b 339,2 a 40.2 e 2.147.5 b 510.5 e 194.2 be 
0.2 lOS.0 ab 82.2 b 1,449.5 a 1,654.0 a 3,727.5 b 618.8 be 285.0 b 

Control 52.8 b 368.5 a 913.8 a 170.2 be 329.8 e 69.8 d 27 .5 e 

Oecamethrin 20 EC 
Cyrtorhinu$ lividipennis (no./hill) 

0.00 32.2. 1.0 b 22.8 a 5.2 e 104.0 a 35.2 b 848.2 • 
0.002 30.5 a 1.5 b 53.2. 9.8 e 15028 84.2 a 333.5 b 

Diarinon 20 EC 
1.0 23.8 a 2.2 b 32.8 a 12.5 e 232.2 8 13.5 b 192.5 lib 
0.2 25.8 a 2.8 b 44.8 a 27.0 ab 351 .08 84.58 84.5 be 

FMC 35001 20 EC 
1.0 33.5. 1.0 b 29.2 a 1.2 d 41.2 b 10.5 b 213 .8 ab 
0.2 26.2. 2.5 b 55.08 14.0 be 198.5 a n .5a 91 .5 be 

Control 19.0 a 28.0 a 82.5 a 62.58 131 .8 a 16.2 b 9.0 e 

Spiders (no./hill) 
Decamethrin 20 EC 

0.04 10.5 a 0.5 e 2.2 e 1.5 b 5.0 b 9.0 a 8.0 b 
0.002 5.8 a 2.0 abc 4.8 e 4.8 lib 10.0 a 57.2 a 16.0 a 

Oiazinon 20 EC 
1.0 8.8 a 3.5 abc 9.2 ab 5.2 ab 5.8 ab 11 .8 a 19.5 a 
0.2 8.2 a 4.2 ab 6.2 ab 10.2 a 15.8 a 20.5 a 13.0 ab 

FMC 35001 20 EC 
1.0 9.5 a 1.0 be 6.8 ab 2.5 ab 6.2 ab 10.2 a 18.5 a 
0.2 8.8 a 32 abc 12.8 a 9.0. 16.8. 13.5 a 12.0 ab 

Control 9.0a 6.7 a 11.08 6.28 15.2 a 17.2. 18.5 a 

MicroWllt611trolmelltll (no./hUI) 
Decamethrin 20 EC 

0.04 92.5 a 4.7 be 14.2 b 10.2 e 21 .2 b 17.5 b 76.2 a 
0.002 39.0 a 12.8 be 78.2 b 562.5.b 74.2 a 58.2 ab 57.2 a 

Diarinon 20 EC 
1.0 30.2. 7.8 abc 183.2 a 344.5 a 88.2. 80.2 ab 72.5 a 
0.2 55.5 a 16.2 abc 231.5 a 260.2 lib 58.2 ab 57.5 ab 59.8 a 

FMC 35001 20 EC 
1.0 33.2 a 5.0 e 107.2 a 45.0 be 44 .2 ab 22 .5 ab 58.8 a 
0.2 37.0 a 129.0 ab 218.8 a 621 .5 a 80.8 a 55.0 ab 45.2 a 

Control 19.8 a 171.2 a 104.5 a 654.0 a 90.5 a 85.2 a 42.5 a 

· Separationofmeans in 8 column and under the pest and each pradatorby Duncan's multiple range test a t the 5% level OT - days 
a fler transplanting. 

IS/; IRRI ANN UAL REPORT FOR 1980 

http:planthopper.nd


T.b .. 24. Effect oflnlectidde and rate of applation on numberof brown pl.nthopper and Its predators on lR29.- 'RRI. 1980 wet 
"Hon. 

Treatment and rate 
(kg a.i.lha) 

Carbofuran 3 G 
' .0 
0 .5 
0 .25 

FMC 3500' 20 EC 
' .0 
0.5 
0.25 

Penhane 45 EC 
1.0 
0.5 
0.25 

Control 

Carbofuran 3 G 
' .0 
0.5 
0.25 

FMC 3500' 20 EC 
' .0 
0.5 
0.25 

Penhan8 45 EC 
1.0 
0.5 
0.25 

Control 

Carbofuran 3 G 
1.0 
0.5 
0.25 

FMC 3500' 20 EC 
' .0 
0.5 
0.25 

PeRhane 45 EC 
'0 
0.5 
0.25 

Control 

Carbofuran 3 G 
' .0 
0.5 
0.25 

FMC 3500' 20 EC 
' .0 
0.5 
0.25 

Perthene 45 EC 
' .0 
0.5 
0.25 

Control 

1st application 
35DT 

2d application 
50 DT 

Before 
34 DT 

lOa 
23a 
34a 

79 a 
1028 
'00 a 

46 a 
93a 

102 a 

37 a 

6 ab 
6 ab 
6 ab 

3 b 
8a 

"a 
6 ab 

" a 
" a 
5 ab 

, a 
, a 
, a 

, a 
, a 
, a 

, a 
I a 
, a 

I a 

6 ab 
6a 
4 ab 

2 b 
5 ab 
6 ab 

2 ab 
7 ab 
5 ab 

3 ab 

After 
37DT 

Before 
49DT 

After 
52DT 

Brown pllJnthoPPIH3 (no.lhill) 

9 be 
7 be 

28 a 

15 ab 
16 ab 
23a 

, a 
4 cd 
4 d 

21 ab 

201 a 
132 ab 
132 a 

'32 a 
125 a 
'56 a 

4 e 
5 e 
8 e 

2' be 

135 ab 
81 ab 

211 a 

6' b 
166 ab 
189 a 

, e 
, e 
2 e 

46 b 

Cyrrominus Iivldipllnnis (no.IMJI) 

o e 
'be 
,be 

o be 
o be 

b 

, b 
Sa 
4 e 

6a 

o b 
, ab 
, ab 

o b 
o b 
, eb 

lab 
, ab 
, a 

, a 

9 abe 
4 bed 

"a 
, d 
2 abed 
8 a. 
, cd 
4 abed 
2 abed 

4 abed 

3 ab 
2 b 
lob 

lob 
3 ab 
4 ab 

4 a 
3 ab 
3 ab 

4 ab 

o cd 
o bed 
,be 

o cd 
'be 
, b 

o d 
, bed 
, bed 

Sa 
Spiders fno.lhillJ 

, a 
, a 
, a 

, a 
, e 
, a 

, a 
, a 
, a 

, a 

, b 
, b 
, ab 

• • • 
, e. 
, b , a. 
2a 

Microvilli •• (TOlinHt. (no. lhil/) 

9 abe 
2 e 
2 be 

13 ab 
5 abe 

'4 a 

5 abe 
'4 a 
5 abe 

3 be 

2 abe 
,be 
4 a 

2 abe 
2 abe 
lob 

o d 
, cd 
2 be 
4 a. 

3d application 
65 DT 

Before 
64 DT 

37 abc 
'8 be 
57 a 

, 
3 
3 

33 e 
35 ab 
52a 

e 
de 
de 

6 cd 

Sa 
2 a. 
3a 

o e 
o e 
, e 

2 ab 
2 ab 
2 a , .e 
, a 
, a 
, a 

2a 
2e 
, a 

, a 
, a 
, a 

2a 

, a , a. , a. 
o • 
o ab 
o ab 

o a. 
, a 
, ab , a. 

Afte, 
67 DT 

55 be 
4Gbe 

146 ab 

122 c 
378 a 
379 a 

o 
2 , 
4 

o e 
o e 
Oa 

o be 
o abe 
Oa 

o e 
o be 

a 
de 
da 

d 

o be 

o ab 

, a. 
, ab 
2 e. 
, . 
2a 
2 a. 
, a. 
, ab , a. 
2a 

2 ab 
2a 
3a 

o • , a. , a. 
, a. , a. 
, ab , a. 

Last 
sample 
78DT 

453 a 
268 a 
'54 a 

n9a 
927 a 
839 a 

, e 
37 b 

" . 
,4 • 

de 
, d. 
7 ab 

4 cd 
6 be 

lOa 

o • 
, da 
, da 

2 cd 

2a 
3a 
5 a 

2a 
3a 
3a 

2a 
2. 
2. 

4. 

20 ab 
32 ab 
28 ab 

19 ab 
23 ab 
53. 

, d 
2 d 
4 e 

9 be 

-Sepal1ltion of means in a column and underthe pest and each predator by Duncan', multiple range test at the 5% Mtvelldentical 
numbers may be fonowed by di"erent letters because of rounding. DT - days after transplaming. 
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Tllble 25. EffKt of inHCtidde and rate of appliation on number of brown plenthopper and Its predators on 1R29.- tARI, 1910 wet 
... son. 

15t appiication 2d application 3d application 
Treatment and rate 250T 400T 60 OT t..st 

(kg a_i.lha) sample 
Before After Before After Before After 700T 
240T >SOT 39 OT 43 OT 590T 630T 

Brown pf.nthopp.n (no./hill) 
lsazophos 3 G 

1.5 5. 2. 63. 7 b 1098 a 519 b 332 be 
0.5 7. 1 • 70. 19. 1515 a 1024 a 701 ab 
0.25 5. 2. 83. 12 ab 697 a 1030 a 857 • 

Methomyl 20 EC 
1.5 5. 2. SO. 13,b 1143 a 890 • 1187 a 
0.5 5. 3. 69. 20. 957. 1056 a 532 ab 
0.25 6. 2. 71. 12 eb 1119a 1006 • 1195,b 

Control 4. 2. 25. 11 ab 165 b 399 ab 133 c 
(:yrtorhinus livfdfpennis' (no, /hill) 

IS8Z0phos 3 G 
1.5 3. 0 b 3. 0 b 7.b 1 bed 9 b 
05 3a o ab 4 a 0 b ". 13. 17 ab 
0.25 3a 1 .b 5a 1 b 8. 2 b 21 a 

Methomyl 20 EC 
1.5 4 a 0 b 4. 0 b 5 ab 0 d 12 ab 
0.5 2a 1 b 4a 0 b 5 ab 0 cd 14 ab 
0.25 3a 0 b 5a 0 b 6.b 2 be 23 a 

Control 2a 1 • 4a 3a 4 b 12 a 10 ab 

Spiders' (no./hill) 
luzopho, 3 G 

1.5 1 a O. 1 a 0 c 4 c 2 d 5 b 
0.5 ,. O. 1 a 1 b 6 abe 4 c 7 ab 
0.25 1 a ,. 2a 1 be 5 be 3 cd "a 

Methomyl 20 EC 
7.b 1.5 1 • O. 1 • 1 be 8.be 4 be 

0.5 1 • O. 2. 1 ab' 8. 9. 6.b 
0.25 1 • O. 1 • 2a 7.b 8.b 12 a 

Control 1 a 1 • 3a 1 .b 6.be 10. 14 a 

Mieroveli. atrolinHta (no./hill) 
lsazopho, 3 G 

1.5 2a O. 4 ab Oa ,. o a Oa 
0 .5 2a 1 • 10 a 1 a O. o. o a 
0.25 1 a o. 6.b 1 a O. 2a 2a 

Methomyl 20 EC 
1.5 1 a 1 • 4 ab 1 a O. o. Oa 
0.5 1 a 1 • 6 ab 1 a 1 a 1 • Oa 
0.25 1 a 1 a 4 ab 1 a O. O. 10 

Control ,. ,. 3 b 3a Oa 1 a Oa 

- Separation of means in a column and under the pest and each p'redatorby Duncan', multiple range test at the 5% levelOT - days 
after transplanting, 'Identical numbers may be followed by different leners because of rounding. 

inducing insecticide, had the highest level of free 
amino nitrogen in the leaf sheath tissue. Next high
est was the level in leaf sheath tissue of plants 
treated with methyl parathion or water. Leaf 
sheath tissue of plants sprayed with Perthane, an 
insecticide that does not cause resurgence, had sig
nificantly less free amino nitrogen than that in the 
corresponding tissue of decamethrin-treated plants. 
The carbohydrate-nitrogen ratio (C:N) of the solu-
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ble constituents was lowest in the decamethrin
treated TNI plants, followed by that in the methyl 
parathion-treated, water-treated, and Perthane
treated plants. Increased feeding rate of BPH on 
plant" treated with resurgence-eausing insecticides 
may be attributed to this optimization of C: . 

Changes in levels of starch, sugars, and total 
nitrogen in leaf and leaf sbeath tissues of insecticide
treated and control plants were indistinguishable. 



T.ble26. Effect of th.llddition of. sprtl.der-binder(Triton C5-7)- tofoli.rsp,.y.of MPCon InMCt controllnlR29.IRRI. 1980wet 
M.son. 

Insect contro l' 

NilapafVst8 fugens 
control (%) 

Treatment and rate Whorl Dead- Ragged Hopper 
{kg a.l.lhal maggot he.ns stunt 2d app!i· 3d appli· burned 

ratingS'" (% 1 virus (% ) cation cation plants 
35DT 60 DT 60 DT 50 DT 65 Of (%1 

0.75 M1PC 6 b 3.78 49 a 43 20 90a 
0.75 MIPC + Triton CS-7 6 b 4.0 a 46 a 45 51 49 b 
0.50 MIPC 6 b 4.2 a 45. 46 0 20 c 
0.50 MIPC + Triton CS-7 6 b 2.98 41 a 68 35 33 be 

Control 8a 3.18 47 a 38 be 

-Applied at 1 liter/ h. in a spray solution of 300 liters/ he. -Separation of means in a column by Duncan's multiple range tes181 the 
5% level. DT - days after transplanting . ~B8sed on the 1980 Standard Evaluation System for Rice. 

1R36 plants treated with decarnethrin had only a 
marginal increase in the level of free amino nitro
gen and a correspondingly low C: . Changes in 
IR36 plants, however, were not as dramatic as in 
TNI plants. 

Insecticide application methods. I nsecticide appli
cation methods were tested for increased residual 
activity of insecticides. A spreader-binder was 

M oltOliMolrl (~l 
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3. Miaol'tlio olfolint.'oto populations in decamethrin-treated 
and untreated field plots ora susceptible (IR29), a moderately 
resistant (lR40). and a resistant (IR42) rice variety. Asterisks 
indicate populations signifICantly lower than those on the 
untruted control at the 5% k:vtl. IRRI, 1980. 

added to the spray solution to increase deposit on 
the plants and two root-zone applicators devel
oped by IRRI engineers were tested. 

Spreader-binder in foliar sprays. Triton CS-7 
added to a spray solution ofMIPCat two rates did 
not distinctly increase the level of insect control in a 
wet season experiment (Table 26). Hopperbum 
was higher in the 0.75 kga.i. MIPC/ha rate than in 
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4. Cy rlorhimu JNidifNnnu populations in decamethrin~trealed 
and untreated field plots of a susceptible (IR29), a moderately 
resistant (I R40), and a resistant (IR42) rice variety. Asterisks 
indicate popUlations significantly different from those on the 
untreated control at the S% level lRRI . 1980. 
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100 
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Dots after treatment 

5. Monality of the green leafhopper 48 hours after caging on 
IR22 plants treated with 0.5 kg a.i. carbofuranl ha by different 
methodso( application. Victoria,l.aguna, Phi lippines. l980dry 
season. 

the control. 
Root-zoneopplicotion. A row marker-applicator 

and mechanical transplanter were compared with 
commonly practiced methods of insecticide appli
cation. Spot injection of 0.5 kga.i . carbofuran/ ha 
before transplanting provided exceUent control of 
whorl maggot. tungro virus, and stem borer (Table 
27). Good control of tungro virus with Ihe SPOl 
injector and the soil incorporation treatment was 
due to good GLH control as indicated by mortality 
of caged insects (Fig. 5). 

In another test, granules and a flowable formula
tion were applied to seedlings 1 day before trans
planting wilh the mechanical transplanter. The 
granular formulation provided slightly beuer con
trol of GLH than Ihe flowable formulation (Table 
28.29) . 

Because of the effectiveness of spot injection of 
carbofuran, minimum effective rates were deter
mined in comparison with soil incorporation. 
Allhough yields were low because of a typhoon. 0.2 
kg a.i./ ha significantly increased yield (Table 30). 
Mortality readings on caged GLH indicated effec
tivecontrol up It) 28 DT for rates of 0.5 to 0.3. The 
low rate of 0.2 kg a.i. / ha caused 70% mortality al 
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21 DT (Table 31). 
Seedbed application of insecticide to cOlllrol 

IUllgro virus. GLH transmits tungro virus in the 
seedbed. Carbofuran wasapptied to the seedbed by 
5 methods, and the seedbed was infested with viru
tiferous hoppers II days after seeding. All treat
ments significantly decreased tungro infection 
(Table 32). 

Preplallling and poslplallling field application 
of insecticide. Preplanting and postplanting treat
ments with 0.75 kg aj. carbofuran/ ha were com
pared for control of BPH, GLH, and tungro virus 
(Table 33). Most effective were spot injection as a 
preplanting treatment and capsule in the root zone 
apptied post planting. 

Timing of sprays for BPH control. Studies con
tinued to determine the best timing of insecticide 
application for BPH control (Table 34). Yield was 
highest in plots sprayed once when hoppers were in 
the second generation or when hopper populations 
reached 20-30/ hill. 

PLANT EX 'TRACTS FOR INSECT CONTROL 

eem cake blended with urea for BPH manage
ment. Urea mixed with 10% neem cake (wt/ wt). 
20% neem cake (wt/ wt), and 133 ml neem oi l/ kg 
urea (vol / wt) was apptied to BPH-susceplible 
IRI91 7-3- 17 at rates of 60 kg N/ ha at seedling 
stage, 30 kg / ha at maximum tiUering, and 30 kg 
N/ ha at panicle initiation. Control plots received 
urea only. 

BPH nymphs and adults amI their predators 
were counted weekly on 20 hills, plot in each 
treatment, and daily insect counts were made for 5 
successive days after each fertilizer application. 
The incidence of grassy stunt. ragged stunt, tungro. 
and other plant pests was also recorded. 

Trials in both crop seasons showed that 20% 
neem cake gave significantly higher yields than 
urea only (Table 35). The incidence of virus dis
eases was generally lower in the neem cake-treated 
plots. Other pests and predators were not affected 
by neem cake at the concentrations tested . 

Greenhouse trials indicated that the BPH popu
lation increase on potted TN I plants with neem 
cake-blended urea basally applied was not as high 
as that on plants treated with urea only. 

Effects of neem oil on leaf folder . Neem oil is an 
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Table 2t. Effect of method of Cllbofurln applation on mortality of lI .... n I .. fhopper (Gut) on 1R22. IRRI. 1980 wet .... on. 

GLH mortalt-t '''''at indicated days after transplanting 
Treatmem-

6 '4 2' 28 36 49 

Row marter-Injector 100 , 100 a 87,b 93, 29 ,b 13 ab 
Mechanical transplanter- P 100 • 93 ab 10 b 34 be 4 b 0 b 
Mechanic.! transplanter- G~ 96. 51 be 93 ab 66 be 29 .b 0 b 
Soil incorporation 91 a nobe 80 ab 68 ,b 33. 210 
Paddy water broadc..t 100 a nabe 100 a 42 be 13 ab 00 
Foliar spray 100 • 53 c B1 ob 21 c 4 b 0 b 

-Mortality reading, were taken 48 hours afterinsects were caged on pl.nts. All treatments received one appication of carbo fur an 
at 0.5 kg •. i.Ih. before transplanting, except paddywaterbro.dcast .nd foli.r,praytreatment, which receIVed 2 app~cationsofO.5 
kg ajJha 6 and 16 days after transplanting. ·Separation of means in a column by Duncan's mUltiple range test at the 5% level 
Observed mortality percentage, were adjusted with Abbott's formula. '"Flowable formulation applied to the seedbed 1 d.y before 
transplanting. ~Granul.r formulation applied to the seedbed 1 day before transplanting. / 

effective repellent, feeding deterrent, and oviposi
tion and embryo inhibitor (1979 annual report). 

eem oil effects on leaf folder (LF) development 
were studied in 1980. 

Ten 5th-instar larvae were placed in a fUter
paper-lined petri dish containing JO leaf cuts (each 
7.5 em long) from TN I plants that had been 
sprayed with 12,25, or 50% emulsified neem oil. In 
the control, larvae were confmed on leaf cuts from 
plants sprayed with 1.66% detergent solution. Lar
vae were examined daily and the leaf cuts were 
replaced when necessary. Developmental abnor
malities and mortality of insects were recorded 
daily. 

In another test, batches of 10 freshly collected, 
5th-instar larvae were topically treated with a neem 
oil-acetone solution at a dosage of 5,20, or 50 jJg 
neem oil/ larva. In the contro~ larvae were sim
ilarly treated with acetone only. The larvae were 
then confined on moist-fUter-paper-lined petri 
dishes containing 10 leaf cuts ofTNI plants. 

Larvae confined on leaf cuts treated with ;;;012% 
neem oil showed pronounced aberrations ofbehav
ior and form and increased mortality during 
metamorphosis (Table 36, Fig. 6). Some larvae 
ceased feeding, became shrunken and dark, and 
died. Oth~rs failed to fold the leaves before pupa
tion; a few developed into larval-pupal monstrosi
ties. Moths emerging from apparently normal
looking pupae often had poorly developed or 
twisted wings and occasionally failed to emerge 
from the pupal case. In tbe contro~ mortality dur
ing metamorphosis was low and a significantly 
high percentage of normal, healthy moths emerged. 

Topical application of low doses of neem oil 

t92 IRRJ ANNUAL REPORT FOR 1980 

6. Selected examples of developmental abnormalities of the leaf 
roller when 5th-inSlar larvae were confmed on leaf cuts from 
rice plants sprayed with 12.25, or 5O%neem oil in 3 passesOrt~ 
ultralow-\lolume applicator. The control plants were sprayed 
with 1.66%detergenHI."3tersolulion. a) Larval-pupal monstros
Ity with larval cuticle: patches, head capsu~. and thoracic legs; 
posterior half of bod)" has pupal cbaracterista. b) Moth \.\1th 
narrow and t",i ste<! fon::~;ngs. c) Moth unable: to emerge from 
pupal case. d) Control: normal moth with fully d("\'eloped and 
expanded 'Wings. IRRI , 1980. 
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Tabla30. Comparison of rates of cerbofunln spot·injected In the root zone of 1R22 rice plants for control of Mee p •• ts:' Vlctoria . Laguna, Philippines. 1980 wet ••• son. 

Control of pests at indicated DT 

Rlvulll nr Stem 
arimeta borer 

Whorl maggot larvae Green leafhoppers Brown planthoppers dead- Tungro Gram 
damage' (00.110 (no.l10 sweeps) (no./20 hills) hearts virus Yield 

Treatment hllisl ,%, ,%, It/ha) 
Ikg a.i.lhal 200T 30 OT 230T 200T 280T 360T 41 oT 4801 290T3501 410T 49 OT 56 OT 63 OT 700T 58 OT 86 OT 

Carbofuran 
0.5 0 c 0 c 18 abc 2. 7.b 13 b 31 • 16 c 3. 34. 228 a 91 • 27. 7 b 128 a O. 2 c 28 a 

0.' 0 c 0 c 17 be 3. 3 b 13 b 39. 20 be 3. 19. 778 a 118 a 28. 12 ab 100 • 1 • 1 c 29. 

0.3 0 c 1 b 
" 

be 2. 8.b 16 ab 36. 32 abc • • 30 • 365 a 7' • 33. 17 ab 142 a ,. 20 be 2.5 ab 

02 0 e 2 b 28 ab 1 • 10 ab 21 ab 61 • 42 abc 8. 39. 367 a 202 a 58. 25. 162 a 1 • 10 bc 25 ab 

0.1 2 b 5. 38. 1 • 13. 32. 63. 60. 4. 26. 412 8 106 a 34. 19 ab 266 • 1 • 47 ab 1.7 cd 

0.5 lSI) 1 e 1 b 20 abc 2. 8. 24 ab 47. ".be 5 • 32. 4578 123 a '0. 14 ab 138 a O. 40 ab 2.1 be 

Control 4. 5. 13 e 1 • 9. 31 ab 77. 54 .b 3. 33. 154 • 88. 38. 17 ab 223 a O. 74. 1.4 d 

"Separation of means ina column by Duncan's multiple range test at the 5% level. OT - days after transplanting. ~ 125 liters /ha of the Insecticide solution (nowable 
formulation In water) was spot Injected In the rootlooe with a row marker-injector before transplanting . Each hili received 0.5 ml of the solution. The standard treated 
check was soli incorporation (51), one day before transplanting, of a granular formulation (3 G). "Based on the 1980 Standard Evaluation System for Rice 
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Tablaa, . Effect of rate of carbofuran applied in the root zone with a row marke,-injectoron mortality of green leafhopper (GlH) 
on 1R22. Victoria, lAguna, Philippines. 1980 wet season. 

Carbofursn rate-
GlH mortalityb (%) at indicated days after transplanting 

(kg a.i.lha) 7 14 21 28 36 49 

0.5 
80 _ 

77 ab 100 • SO. 27 ab 7_ 
0.4 

100 _ 100 _ 
100 • 83_ 45. 3. 

0.3 
79 _ 

67 b 93_ 
87 _ 

21 ab 
10 _ 

0.2 
100 _ 

93 _b 90_ 53 _b 27 ab 
10 _ 

0.1 93. 83 _b 
70 _ 

37 b 3 b 0_ 
0.5 (SlY 100 • 90 _b 87 • 

87 _ 49 _ 23 _ 

~A row marker-injector was used to spot-inject different rates of carbofuran flowable formulation. A total volume of 125 liters/ha 
was injected in the root zone. Each hill received O.Sml ofthesolution. ·Separation afmeans ina column by Duncan's multiple ran~e 
test at the 5% leveL Values shown were adjusted with Abbott's formula to compensate for mortalities in the control. Mortahty 
readings were taken48 hours after insects were caged on plants. ~Carbofuran 3 G was soil-incorporated with a power ti lIer one day 
before transplanting . 

(Table 38). With increase in the concentration of 
the extract, a corresponding decrease in nymphal 
growth was recorded. The feeding deterrent activ
ity of the extract was reflected in the reduced 
amount of honeydew excreted by brachypterous 
females caged on TN I plants sprayed with the 
extract (Table 39). The ovipositional response of 
gravid females was also strongly deteroed on the 
extract-sprayed rice plants. However, the hatcha
bility of the eggs laid inside the plant tissues was not 
affected (Table 40). 

Rice blasl. The growth rate of Pyricularia oryzae 
(isolate T27) on nutrient agar plates containing the 
indigenous plant extract was determined (Fig. 8). 
Fungal growth at 10 ppm concentration of the 
extract was similar to that in the control, interme· 
diate at 100 ppm, and nil at 1,000 ppm. The spore 
count at 9 days after inoculation was highest in the 
control and in agar plates treated with 10 ppm of 
the extract but significantly less at 100 ppm; at 

rable 32. Bfeet of method of caroof"an application In the 
seedbed on percentage of rice tungro virus·infKted plants In 
the field. IRRI, 1980. 

Treatment" 

Soil incorporation before sowing 
Broadcast at sowing 
Seed soak before sowing 
Foliar spray at 10 and 17 OS 
Broadcast at 10 OS 
Control 

Infected hillsb (%) 
30 DT 

25.30 b 
32.79 b 
3820 b 
39.08 b 
42 .55 b 
84.28 a 

-All applications were made once at 0.75 kg a.Uha, except for 
foliar spray which was sprayed twice - 10 and 17 days after 
sowing (OS). ' Viruliferous green leafhopper adults were 
released on the seedbed at 11 OS. OT ""' days after transplant
ing. Separation of means by Duncan's multiple range test at the 
5% level 

t~ IRRIANNUALREPORTFORI~ 

1,000 ppm, there was total inhibition of sporula
tion and death of the fungus. 

Nonrice insecls. Topical application of extremely 
low doses of the extract on mango blossom leaf
hopper caused significantly high mortality and all 
insects died at the dose of ;;'10 I'g/ insect. 

Topical application of low doses of the extract 
caused significantly high mortality of cotton aphid. 
Mortality remained high even when the aphids 

Grow1h (nrn) 
40 

30 

20 

10 

00 2 :3 4 5 6 7 8 9 10 II 

Days (00.) ofter irocu1otion 

12 

8. Growth rate of the blast palhogen (isolate 1'27) on nUlrient 
agar plates containing the extract of an indigenous pla nt . lR RI . 
1980. 
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were caged on bouquets of cotton leaves sprayed 
with small quantities of the extract. 

In choice tests, extreme repellency of the extract 
to the red cotton bugs was manifested by almost 
total avoidance of the extract-treated cotton seeds 
and almost exclusive feeding on untreated seeds by 
fourth-instar nymphs. Developmental abnormali
ties such as adultoids retaining nymphal characters 
to varying degrees or supernumerary instars 
resulted when late-instar nymphs were topically 
treated with the extract. A few died on different 
days after application without completely emerg
ing from the old cuticle. Vapor ofthe extract from 
treated cottonwool pads, kept in the bottom com
partment of a test chamber, disrupted the normal 
growth and development of first-instar nymphs 
that were caged in the upper compartment. 

The cowpea weevil had a sigoificantly higher 
mortality than the control even at the lowest dose 
(J I'g/insect) tested. The weevil's ovipositional 
response and hatchability of eggs were greatly 
reduced on mungbean seed treated with the extract 
at ;;'20 mg/500 seed. Hatchability was reduced 
further if the extract was sprayed directly on weevil 
eggs. 

High doses of the extract were required to cause 
any appreciable mortality of adults of the laboratory
reared, local housefly. However, in tests of choice, 
oviposition by gravid flies was significantly lower 
on extract-treated substrates than on the untreated 
control. 

On local strains of Aedes aegypti and Culex 
quinquefasciatus mosquitoes the extract applied at 
;;'50 I'g/ 10 nil water in a 5-cm-diam dish reduced 
the hatchability of A. aegypti eggs laid singly. 
Hatchability of C. quinquefasciatus eggs, which 
stick together and form rafts, was not affected even 
at high doses. Mortality of C. quinquefasciatus 
larvae emerging from eggs in the extract-treated 
water, or transferred directly to it from the stock 
culture, was high. 

Gas chromatographic analysis of the extract has 
shown that it has Seven or eight major constituents. 
Theirisolation and identification are in progress, in 
collaboration with chemists at the International 
Centre ofInsect Physiology and Ecology, Nairobi, 
Kenya. The important fractions will be evaluated 
for their biological effects on various insect and 
disease pests and beneficial organisms. 
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Table34 TIming of BPMC spray for effective brown planthopper(BPH) control.'j Victoria, Laguna, Philippines, 1980 dry season. 

BPW (no.lhlll) at indicated days after transplanting 
Grain 

Treatmentb 

Spray first-generation 
BPH (43 OT) 

Spray second-generation 
BPH (72 on 

Spray when BPH av 20-30/ 
hill (55 OT) 

30 

1.2 a 

4.4 a 

19 a 

37 

3.17 a 

233 a 

577 a 

44 51 57 

013 b2697a 1643 a 

863 a 20.83 a 9.63 ab 

1083 a' 27.m a 080 

65 72 79 87 
yield 
(t/ha) 

537 be 8.08 cd 923 a 606 a 3.57 ab 

12.22 ab 350 d' 23 07 b 1703 b 461 a 

c 10.43 ab 7.83 bed 572 e 937 b 4.48 ab 

Spray when BPH av 30-40/ 
hHI (78 on 

1.5 a 4.00 a 7.97 a 21.5 a 1757 a 1337 ab 3413 ab 

20.33 a 44 47 a 

490 c 903 b 3.05 b 

Spray when BPH av >40/ 
hHI (78 OT) 

3.5 a 3.17 a 11.73 a 15.17 a 1470 a 865 bc 1023 b 369 ab 

Spray every 14 days 
(20,34,48, 62,76 OT) 

1.5a 047 b 833a 0.13 b 637 b 263 c 18.80 abcd 4.43 c 610 b 424 ab 

"Separation of means in a column by Duncan's multiple range test atthe 5% level. bAli treatments received one application of750 g 
a.l. BPMC/ha as foliar spray in 300 liters water, except ca lendar-based app hcatlon which was 5 sprays at 14-day interva Is starting 20 
days after transplanting (DT). cPopulations of hoppers were induced by 6 foliar sprays of 10 g a.i.. Decis/ha at 10-day intervals. 
Populations were estimated by tapping 20 randomly selected hills per treatment and visually estimating the hoppers that fell on the 
water surface. 

Table 35. Pest infestation and yield in rice fields treated with urea formulations containing neem cake and neem oil. fAR), 
1979-80." 

Whorl maggot Pest Incidence (%) 
Treatmenti' damage ratingc Rice bugs Yield 

(1-9 scale) Grassy Ragged Tungro Dead- White- (no.lm2 ) (t/ha) 
stunt stunt hearts heads 

Dry season 
10% NC + urea 7 1 a 20 b 10 a 3.2 a 03a 0.2 a 200 a 
20% NC + urea 7 Oa 18 b 3a 26a 0.4 a 0.2 a 2.80 b 
NO + urea 7 12 b 9a 29 b 28a 0.2 a O.Oa 2.10 a 

(133 mllkg urea) 
U,rea (120 kg N) 20 b 15 ab 27 b 3.2 a 0.6 a 01 a 1.80 a 

Wet season 
10% NC + urea 5a Oa 26 a 0.6 a 0.8 a 0.5 a 314 be 
20% NC + urea 4a 3a 29 a 0.6 a 0.7 a 02 a 353 e 
NO + urea 8a 1 a 24 a 0.3 a 0.8 a 03a 292 ab 

(1 33 ml/kg urea) 
Urea (120 kg N) 15 a 5a 26 a 0.4 a 05a O.S a 249 a 

"IR1917-3-17, a BPH-susceptible selection, was planted in 11- x 20-m plots; each treatment was r..epllcated 4 times Separation of 
means by Duncan's multiple range test at,the 5% level bNeem cake (NC) and neem all (NO) were blended with urea before 
appllcatiQns. Split application of different urea formulations at 60, 30,30 N was made atseedJing, maximum tiJiering, and panicle 
Initiation stages. c6ased on the 1980 Stanaard Evaluation System for Rice 

Table 36. Effect on development of the 5th-instar lalVae of 
Cnaphalocrocis medinalis offered leaf cuts from TN1 rice 
plants sprayed with neem oil. IRAI, 1980. 

Neem oil concn" 
(%) 

o (1.66% detergent) 
12 
25 
50 

Abnormal or dead insects" 
(%) 

350 a 
912 b 
962 b 
97.5 b 

"Sprayed in3 passes With an ultra low-volume applicator. bAy of 
8 replications, 10 larvae/rephcation Abnormal Insects mcluded 
larval-pupal, pupal·adult, and adult monstrosities; the remam
ing insects emerged as apparently normal moths Separation 
of means by Duncan's multiple range test at the 5% lever. 
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Table 37. Effects of topical application of neem oil on 
development of 5th-instar Cnapha/ocrocis medmalis lalVse. 
IRRI,1980." 

Dose 
(/Lgllarva) 

o {controW 
5 

20 
50 

Abnormal or dead insectsb 
. (%) 

30.0 a 
46.7 ab 
70.7 b 
767 b 

"Separation of means by Duncan's multiple range test at the 
5% level.Avof3 replications, 10 larvae/replication. bSprayed in 
3 passes With an ultra low-volume apphcator. 'Treated With 02 
,ttl acetone. 



, 
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Table 38. Growth of flrst-instar brown plant hopper nymphs caged on TN1 seedlings grown in soil or water treated with an 
indigenous plant extract." IRRI insectary, 1980. 

Growth on seedlings in soil treated Growth on seedlings in water 
with extract treated with extr.act1' 

Quantity of extract 
Incorporated Nymps Growth Growth Nymphs Growth Growth 
(mg/9-cm-dlam pot) becoming period Index' becoming penod Index" 

adults (%) (days) adults (%) (days) 

o {controlY' 100 a 17.8 a 564 a 82 a 153 a 538 a 
1 72 b 17.9 a 4.03 b 73 a 15.6 a 4.67 a 
5 20 e 178 a 1.13 c 65 ab 15.6 a 416 a 

10 14 d 148 a 077 c 70 a 152 a 465 a 
20 0 0 b 000 d 35 b 157 a 220 b 
50 10 e 161 a 129 b 

"Separation of means in a column by Duncan's multiple range test at the 5% level Av of 4 replications. 10 nymphs/replication. 
bSeedlings were kept dipped in 30 ml water containing the desired quantity of extract during the expenment "Growth mdex = 

nymphs becoming adults (%) 
"Treated with acetone 

growth period (days) 

SEX PHEROMONES 

Research on sex pheromones in collaboration with 
the Tropical Products Institute, London, UK, 
continued. 

Development of pheromone traps. A large water 
surface is important in. obtaining high catches in 
pheromone traps, but two small traps may be more 
economical and practical than one large trap. 
Water-oil traps, 60 cm in diameter, with 50 f.Lg of 
attractant in a rubber septum caught only twice as 
many male moths of the leaf folder Cnaphaiocrocis 
medinaiis as a smaller water-oil trap, 20 cm in 
diameter. 

Monitoring pest behavior with traps. The trend 
in sex-pheromone trap catches of male rice leaf 
folders was similar to that of leaf folder infestation 
and damage. Light trap catches did not show the 

Table 39. Quantitv of honeydew excreted by brachypterous 
brown planthopper (biotype 11 females caged on TN1 plants 
sprayed with an indigenous plant extract IRRI laboratory, 
1980. 

Quantity of extract 
sprayed (mg/plant) 

o (control)& 
1 
5 

10 
20 
50 

Honeydew" 
(mg/female in 

24 h) 

54.97 a 
4054 b 
3139 b 

870 c 
846 c 
245 c 

"Separation of means by Duncan's multiple range test at the 
5% level Av of8 replications. Honeydew on ,-month-old TNl 
plants was collected In parafilm membrane sachets and 
weighed on a microbalance bSprayed with acetone 

same trend (Fig. 9), which indicated that phero
mone traps may be helpful in timing insecticide 
treatments. 

In 1979 (1979 annual report), similar trap
infestation data were obtained for the striped rice 
borer Chilo suppressaiis, using pheromone traps 
suitable for that species. In a 1980 field trial, striped 
borer control with one spray I week after the peak 
in trap catches was as good as with two prophylac
tic granular-insecticide applications. 

BIOLOGICAL CONTROL 

Insects parasitic on spiders. The natural enemies of 
spiders that are natural enemies of rice insect pests 

Table 40. Ovipositional response of brown planthopper and 
egg hatchability on TN1 plants sprayed with an indigenous 
plant extract" IRAI insectary, 1980. 

QuantIty of extract Eggs laid" Eggs 
sprayed (mg/5 (no 110 females hatched~ 

tillers per pot) in 24 h) (%) 

o (controil" 313 a 95 a 
1 232 ab 91 a 
5 174 b 93 a 

10 155 be 92 a 
20 99 c 90 a 
50 12 d 98 a 

"Separation of means in a column by Duncan's multiple range 
test at the 5% level Av of 5 replications, 10 gravid 
females/replication bBased on number of nymphs that 
emerged up to 12 days after oVIposition on 1-month-old TNl 
plants; unhatched eggs were counted by dlssectmg the plant 
tissue. rEggs hatched (%) = 

eggs hatched (no.) 
-------- x 100. rlSprayed with acetone 

eggs laid (total no ) 
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Leaf folder larvae (no/10m2 ) 
32 

24 

16 

Damaged !eaves (%) 

Moths trapped ( no / night ) 
4,----,n--------------------, 

Lighttrap 

Male moths trapped ( no./nlghl) ,87 
6r-------------------;r--------. 

Days after transplanllng 

Pheromone 
lrop 

9. Comparison of rice leaf folder density and damage on rice variety IR29 and moth catches in sex-pheromone and fluorescent-light 
traps.IRRI, 1980 wet season. 

were found to be mainiy parasites of eggs and 
larvae. Egg sacs obtained from laboratory colonies 
of 18 spider species were exposed in rice fields. The 
resulting parasitization was low (Table 41). Two 
sphecid wasps (Sceliphron madraspatanum con
spicfllatum and Chalybion bengalense) were the 
main predatory species aside from the spiders 
themselves, which are probably their own worst 
enemies. 

Insects parasitic on hoppers. In farmers' fields 
near IRRI, hopper parasiti2ation was usually 
higher than 30% and often higher than 40%. Both 
dryinids and strepsipterans attacked BPH and' 
WBPH, but the most common parasites of GLH 
,were pipunculids with strepsipterans of lesser 
importance. 

Parasites of eggs. The most common parasite of 
WBPH eggs was Anagrusjlaveolus. Parasiti2ation 
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of field-<:ollected eggs averaged 8-9%, but on 
laboratory-reared eggs placed in rice fields at 
IRRI, parasitization averaged 26% in wetland 
fields and 19% in dryland. 

Parasites of nymphs and adults. The most com
mon parasites of WBPH nymphs and adults at 
IRRI were Pseudogonatopus nudus and P. jlavi
femur, family Dryinidae. Strong fluctuations in 
parasitization over time occurred, but the average 
was oniy 8%. 

Insects parasitic on ieaf folders. Parasites of 
eggs. Qniy one parasite of leaf folder eggs was 
found - Trichogramma sp. Egg parasitization 
appears to be a minor mortality factor. 

Parasites of larvae and pupae. Many parasite 
species, almost all in the order Hymenoptera, were 
found to attack leaf folder larvae. A few species 
emerged from the host pupae. But despite the 



Table 41. Percentage of parasitization and parasites on spider egg masses. IRRI, November 1979-March 1980. 

Egg Parasrtl-
Spider Parasites masses zation 

(no.) (%) 

ARGIOPIDAE 
Arglope catenulata Plerretia litsingeri 252 11 

(Ooleschall) Shinonaga and Barrion 

Ichneumonidae sp. 1 
Strepsimallus yasumatsui Momoi 

Araneus inustus (L Kochl 8aieus and Idris 186 
Neoscona theisl (Walck.) 8aieus sp. 200 

CLU BIONI DAE 
Clubidna japonicola 8aieus sp. 200 25 

Boes. et Str. 

LYCOSIDAE 
Arctosa janetscheki Buchnar None 106 
Lycosa pseudoannulata None 250 

Boes. et Str. 
Pardosa birmanica (Thorell) None 106 

MICRYPHANTIDAE 
Cal/itrichia formosana 01 Strepslmal/us yasumatsui Momoi 200 10 

OXYOPIDAE 
Oxyopes javanus (Thorell) Caenopimpla arealis (Cushman) 210 18 

1ldris' 

SALTICIDAE 
1 Sianor sp. Pompilidae (= Papsinae) 50 

TETRAGNATHIDAE 
Dyschiriognatha sp. None 25 0 
Leucauge decorata (Blackwall) None 10 0 
Tetragnatha japomca Undet. Ichneumonidae'(3 spp,l 200 13 

Boes. at Str. 
T. javana (Thorell) None 
T. mandibulata Walck. None 
T. sp.D None 
T. virescens Okuma Undet. Braconidae 

THOMISIDAE 
Thomisus cherapunjeus Undet. Braconidae 

numerous parasite species, parasitization averaged 
only 14%, with braconids accounting for 50% of 
that. 

Insect diseases. Fungal pathogens of hoppers. 
Control of BPH with fungi was investigated in 
collaboration with the Boyce Thompson Institute 
for Plant Research, Ithaca, New York, USA. Des
pite problems in formulation, the project aims to 
develop microbial insecticides from entomopath
ogenic fungi. 

Diseased hoppers were collected in the Philip
pines, Malaysia, and Thailand, and the diseases 
cultured and bioassayed for pathogenicity against 
the major hopper species. Exotic fungal strains and 
species were also imported and bioassayed. Infec
tion"of exposed hoppers usually reached 10-30%. 
In a preliminary trial two species, Entomophthora 

200 
70 
86 
59 

200 

virulenta and Metarhizium anisopliae, were app
lied with sprayers to a BPH-infested rice crop. 
Initially more than 50% of the BPH became 
infected with a pathogen. 

Microbial control with Bacillus thuringiensis. A 
commercial formulation of Bacillus thuringiensis 
(BT), called Bactospeine, was shown in 1979 to be 
very toxic to leaf folder and caseworm larvae (1979 
annual report). A local form of Bact os peine, called 
Baciae, was found to be very toxic in 1980; almost 
all leaf folders died in 2 days and nearly all case
worms in 3 days. Similar results were obtained with 
a sprayable brand called Dipe!. 

In a field trial, Bactospeine and Dipel were 
sprayed weekly in separate plots throughout the 
leaf folder infestation period. A low level of infesta
tion was obtained in the trial, but at 94 DT, the 
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level of leaf folder damage in the BT treatments 
(1.7%) was significantly lower than that in the con
trol (2.8%). Further tests at higher infestation levels 
are needed. 

Predators of hoppers. Bugs. Cyrtorhinus lividi
pennis is a predator primarily of hopper eggs (1979 
annual report). Its capability to survive without 
prey eggs was tested in an insectary where different 
foods were offered to newly emerged bugs. In all 
cases, the relative humidity was high. The presence 
of free water in a cage did not affect survival. 
Survival on potted plants was only slightly better 
than that with no food, demonstrating that C. 
lividipennis is not a rice feeder. BPH eggs exposed 
on cut pieces ofleaf sheath were not as good a food 
as eggs normally situated in a living plant. Good 
survival on honey suggested an easy method of 
feeding caged bugs in the laboratory (Fig. 10). 

Predation of WBPH eggs by C. lividipennis 
averaged 20% in wetland fields and 43% in dryland. 
Predation accounted for one-half the mortality of 
eggs in the field. 

A small predacious water strider, Microvelia 
atrolineata, is common in IRRI's wetland rice 
fields. It may reach a density of770 / m2

• Its capabil
ity to reduce a caged brown planthopper popula
tion significantly was demonstrated for the first 
time in 1980. Mter 5 female planthoppers had laid 
eggs in plants, 100 Microvelia adults were released 
in a 0.13-m2 greenhouse cage as the eggs were 
hatching. When the next generation of nymphs 
emerged, the predator substantially suppressed pest 

, Days 

10. Survival of newly emerged adults of the predatory bug 
Cyrtorhinus ltvldlpennis on different foods. IRRI insectary, 
1980. 
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BPH nymphs (thousand/cage) 
10 

.._. Resurgent BPH 
-- Resurgent BPH+ predator 
'-- BPH 
----- BPH + predator 

Weeks 

11. Densityofbrown planthopper(BPH) nymphs on unsprayed 
plants and on those sprayed with the insecticide methyl para
thion to cause BPH resurgence. Densities at 5 or I I wk with a 
common letter are not sigruficantly different at the 5% level. 
Populations were inittated with 5 pairs of adult BPHI cage. In 
some cases, 100 predatory adult Mlcrovelra atroJineala were 
introduced in each cage when BPH eggs were hatching. IRRI 
greenhouse, 1980. 

density. This suppression continued to the third 
generation (Fig. II). To create resurgent pest popu
lations, plants treated 10 days earlier with the insec
ticide methyl parathion were fed to the plant
hoppers. Again the predator reduced the pest den
sity, despite a large popUlation (Fig. II). 

Spiders. Lycosa pseudoannulata is an important 
predator of hoppers, but male and female spiders 
are not equally important. A comparison of preda
tory behavior showed that, when one spider was 
caged with 20 BPH adults each day for 8 days, 
males killed only 5 BPH/day but females killed 
significantly more (9/ day). The predation capacity 
in cages of Lycosa was compared with that of 
another, but smaller spider, Callitrichia formo
sana. Lycosa killed 8 BPH/ day (first- to third
instar BPH nymphs), but Callitrichia killed only I 
BPH in I or 2 days. 

A study in wetland fields showed a numerical 

" 
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relationship between spider and BPH densities. 
Fields with higher BPH densities also showed 
higher spider densities. Spearman's coefficient for 
spider numbers and BPH numbers was 0.929. The 
correlation of spider saturation density with BPH 
survival was -0.9, suggesting that spiders were 
involved in density-dependent BPH survival. The 
results suggest that spider populations grew until 
the available prey no longer supported them. As 
prey density increased relative to predator density, 
the predator operated-more efficiently (functional 
response). This was followed by increased predator 
reproduction (numerical response). 

Spiders appeared to be the most important pre
dators of WBPH nymphs and adults. In green
house trials, L. pseudoannulata killed 1.5 
WBPH/ day, and Oxyopes Javanus killed 2.3/ day. 
Argiope catenulata and Tetragnathajaponica were 
less important spider predators of WBPH, killing 
<I/day. 

Ducks. A comparison of the predation capacity 
of adult ducks and ducklings suggested, as 
expected, that adult ducks ate more BPH than 
ducklings. The number of ducks needed to control 
a BPH infestation was studied earlier (1979 annual 
report). Further research indicated that prolonga
tion of herding time could compensate for fewer 
ducks, assuming the pest problem was not urgent. 
The largest reduction in BPH density occurred on 
the fIrst day of herding. 

Other predators. The damselfly Agriocnemis 
pygmaea was one of the best predators of WBPH, 
killing about 2 nymphs/ day in greenhouse cages. A 
larva of the ladybird beetle Coccinella arcuata 
killed one BPH nymph or adult in 1-2 days. 

General hopper predation. The serological tech
nique (1979 annual report) used in 1980 demon
strated that the predators mentioned earlier actu
ally fed on hoppers in the field. 

The total impact of predation on WBPH nymphs 
was shown by a simple physical exclusion trial. 
Survival of nymphs placed in closed cages or in 
cages with bottom edges lifted (to permit entry of 
predators) in a wetland fIeld differed signillcantly 
- survival after 18 days was 82% in closed cages 
but only 12%in open cages (Fig. 12). About 4 times 
as many predators were found in the open cages as 
in the closed (19 vs 5). Predation was the major 
mortality factor - causing up to 80% mortality
for WBPH nymphs. The fIeld densities of WBPH 
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12. SUrvIval of whttebacked pianthopper nymphs m closed or 
open (bottom edges hfted) 4-hill cages initially mfested with 20 
second-instar nymphs in wetland fields. IRRI. 1980 dry season 

and the various predatory species, and the latter's 
predation capacities were analyzed. The predators 
appear to have the ability to kill all the WBPH in I 
or 2 days. 

Predators ofleaffolders. Predators of eggs. Ear
lier studies suggested that LF egg predation is high 
(1979 annual report). Research in 1980 demon
strated the importance of predation in egg mortal
ity. When LF eggs on potted plants were placed in 
rice fIelds, survival after 24 hours in a cage was 
95%, but outside a cage and exposed to predation 
egg survival dropped to 25 or 30%, a highly signifI
cant reduction. Because LF eggs do not normally 
hatch until at least 4 days have passed, such severe 
pest reduction in only I day revealed the impor
tance of egg predation. Estimates of egg predation 
in 24 hours varied considerably every 2 weeks, but 
the means were 69% in wetland fIelds and 73% in 
dryland. Total egg mortality was only slightly 
higher (Fig. 13). 

Cage experiments in a greenhouse confrrmed 
that at least three species were voracious predators 
of LF eggs: the spider Tetragnatha japonica, lady
bird beetle Coccinella arcuata, and ant Solenopsis 
germinata. Each adult predator could kill 12-15 
eggs/day. 

Predators of larvae. When fIrst-instar larvae 
were placed in cages, survival after 19 days was 
25% in open cages and 67% in cages with bottom 
edges lifted (Fig. 14). This difference was highly 
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13. Total mortality and predation of eggs of rice leaf folder 
accordmg to biweekly mOnitoring (I-day field exposure) in 
dryland nee fields IRRI, 1979. 

significant. At the time of comparison, only 70% of 
the larvae had pupated, so total larval survival was 
probably 20% or less, The 80% mortality suffered 
was evidently due to larval predation, 

Cage experiments in a greenhouse confirmed 
that larvae of at least two beetle species were preda-
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14. Survival of rice leaf folder larvae in closed or open (bottom 
edges lifted) 4-hill Cages InItially mfested with 20 first~jnstar 
larvae in wetland fields IRRI. 1980 dry season. 
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cious on LF larvae: Chlaenius sp, (Carabidae) and 
C arcuata, Each predator killed one LFlarva/ day, 
Adult spiders Lycosa pseudoannulata were even 
better predators, one spider killing 2.5 larvae/ day. 

ECOLOGY 

Alternative weed host of rice caseworm. The rice 
caseworm cannot survive without water, Eggs are 
laid on the undersides of leaves floating on water 
and the larvae possess tracheal gills, In rainfed 
environments, the rice caseworrn Occurs in rice 
fields during the rainy season, but nothing is 
known about how it survives the dry season, 

Twelve common wetland rice field weeds were 
tested as alternative rice caseworm hosts for one 
complete generation in an open,air headhouse at 
IRRL Weed species were collected in the vegetative 
stage. 

Upon hatching, larvae were transferred into 
caged potted plants immersed in individual basins 
of water. Larval surviVal to the pupal stage and 
developmental periods were recorded. Pupae were 
held for adult emergence and eggs per female were 
counted from a maximum of 5 females/ treatment 
on cut rice leaves. 

There wallow larval survival on rice because of 
the' small volume of water used for each potted 
plant in the experiment. Despite this deficiency, the 
rice caseworm survived and laid eggs on 9 of the 12 
weed species (Table 42), Paspalum conjugatum 
was equal to,rice as a host in terms of larval survi
val. Although larval survival was significantly less 
than on rice, the caseworm was' also successfully 
reared on Echinochloa colona, E, glabrescens, 
Cynodon dactylon Paspalum distichum, Lepto
chloa ,chinensis, and Dactyloctenium aegyptium, 

Population dynamics. BPH, WBPH, and GLH 
tend to have different field population characteris
tics at IRRL To determine if the differences are 
inherent to their population growth capabilities, or 
due to other factors, the three species were reared 
separately in the,greenhouse. After 3 generations, 
no noteworthy differences among the 3 popula
tions were found after 3 months. 

Brown planthopper. The population dynamics 
of BPH was studied in a series of crops from 1977 
to 1979. It was found that an increasing BPH 
density led to: 

• production of a greater number of macropter-
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Table 42. Suitability" of rice and 12 weed species as alternative hosts for the rice caseworm. IRRI headhouse, 1980. 

Host species 

Oryza sativa 
Paspalum conjugatum 
Echmochloa colona 
Echmochloa glabrescens 
Cynodon dactylon 
Paspa/um dlstIChum 
Leptochloa chmensis 
Dactyloctentum aegyptium 
Eleusme mdica 
Cyperus rotundus 
Cyperus dlfformls 
Cyperus ina 
Fimbristylis IIttoralis 

Egg incubation" 
period (days) 

30. 
30. 
30. 
30. 
42 cd 
46 d 
36 abc 
3.8 abcd 
4.6 d 
42 cd 
32 ab 
4.0 bcd 
4.0 bcd 

Survlvalr 

(%) 

52. 
38 ab 
28 b 
25 b 
25 b 

7 
5 

11 
8 c 
1 c' 
o 
o 
o c 

Egg-larval developmental 
period'/ (days) 

172 a 
200 a 
184 a 
194 a 
186 a 
195 a 
200 a 
29.7 ab 
238 ab 
350 b' 

"Separation of means In a column by Duncan's multiple range test at the 5% level "20 eggs In each of5 replications/plant species. 
rFlrst instarto pupation. Twenty larvae In each of5 replications/plant species. "From Oviposition to pupation. 'One larva survived 
but did not pupate within 35 days, after which the study was terminated. 

ous adults (more than 50% of the adults in a 
field were macropters, partly because immi
grants were all macropters), 

• reduction in fecundity (this density-dependent 
effect was probably due mainly to competition 
for oviposition sites), and 

• increase in nymph mortality rates, probably 
because natural predators, especially spiders, 
were highly density dependent. In the experi
mental fields observed, natural enemies kept 
the BPH population below hopperbum densi
ties and usually below economic damage lev
els. It was also found that egg parasitization 
increased with time in a crop period. 

BPH outbreaks have been .attributed, among 
other things, to area-wide resurgence caused by 
insecticides (1979 annual report). Further analysis 
ofBPH popUlations showed that nymph and adult 
survival was higher in sprayed than in unsprayed 
fields. Because predators (Microvelia and possibly 
spiders) were killed by the insecticide spray (deca
methrin), this strongly suggests that predator mOr
tality is one of the factors in resurgence. In two 
experiments in farmers' fields, it was also observed 
that fecundity increased in sprayed plots. 

Whitebacked planthopper. A series of crops was 
intensively observed' to monitor WBPH popula
tion changes. WBPH entering a field soon after 
planting initiated the popUlation. One or two gen
erations developed within a crop period. Average 
survival of eggs and nymphs was 52 and 23%, with 
a combined survival of 12% (Table 43). But studies 
on WBPH nymph survival in field cages suggested 

that survival was as low as 10%, making the com
bined survival a low 5%. This high mortality rate 
was due largely to predation. 

Leaf folder. LF population changes were ob
served in the same crops used for BPH. There was 
usually only one LF generation per crop. Average 
survival of eggs and larvae was only 4% (Table 43) . 
But studies on egg survival using laboratory-reared 
eggs suggested that survival was about 25%, mak
ing the combined survival a very low I %. This high 
mortality was evidently due mostly to predation. 
Natural biological control appeared to contain 
popUlation growth easily. 

Insect distribution and sampling methods. White
backed planthoppers. A wetland rice field was 
intensively sampled to measure the insect distribu
tion and determine the appropriate WBPH sample 
size. The hill-ta-hill distribution of nymphs and 

Table 43. SUlVival at each stage of whftebacked planthopper 
(WBPH) and leaf folder (LF) (more than 18 generations for 
WBPH and 5 generations for LF) on rice selection 1R2307·247-
2-2-3 in wetland fields. IRRI, 1979·80. 

Insect stage 

Egg 
Nymph or larva 

1st-instar nymph or larva 
2d-instar nymph or larva 
3d-mstar nymph or larva 
4th-lnstar nymph or larva 
5th-instar nymph or larva 
6th instar larva 

Egg + nymph or larva 

Survival rate (%) 
(mean±SE) 

WBPH LF 

0.52 ± 0.05 0.75 ± 0.01 
0.23 ± 002 0.06 ± 0.01 
086 ± 0.020.77 ± 002 
079 ± 002 0.77 ± 002 
081 ± 0.02 077 ± 0.03 
0.73 ± 002 0.68 ± 0.04 
057 ± 0.03 0.61 ± 002 

0.30 ± 0.06 
0.12 ± 0.02 0.04 ± 0.01 
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adults was usually not random but aggregated to 
varying degrees at different times. Aggregation was 
often greater for nymphs than for adults, and 
increased with higher insect density. The required 
sample size (using one hill as the sample unit) to 
achieve 20% precision depended on insect density 
and variance. Sampling 40 hills individually usu
ally resulted in an adequate precision.level if the 
density was about I or more WBPH per hill (Fig. 
15). In these cases the coefficient of variation was 
just over 100%. It was observed that the mean 
insect density was not the same in all parts of a 
0.25-ha rice field, confirming the need for blocking 
in the experimental design. 

Leaf folder. Hills in wetlands were visually 
inspected for the presence of LF larvae. The distri
bution of larvae was aggregated. The required 
sample size to achieve 20% precision varied, but 
sampling 40 hills usually resulted in an· adequate 
precision level if the density was about I or more 
larvae per hill. 

BROWN PLANTHOPPER MIGRATION 

Short-distance migration. Studies continued to 
monitor aerial activity of BPH and other major 
delphacid and cicadellid rice pests in relation to 
popUlation fluctuations on a 2-ha farm in Liliw, 
Lagnna province, Philippines. 

Fluctuations in aerial density of BPH measured 
at heights of 12 m and 1.5 m are shown in Figure 
16. Marked peaks of abundance were evident in 
March-April and September-October. IRRI light 
trap records for several years show that such peaks 
occur annually. Figure 16 also shows that the peaks 
of activity do not occur in any constant relation to 
cropping seasons at Liliw. They thus do not repres
ent a site-specific phenomenon but are characteris
tic of 1I considerably wider area. 

Insects caught in suction traps at both heights 
may be either immigrants or emigrants. Some of 
those caught at 12 m may also be migrants passing 
over the site, but the correspondence between the 
two trapping heights in catch periodicity suggests 
that tm;; is not a frequent OCCurrence. Insects 
caught at 1.5 m may be involved in trivial flights 
within the site, but data from other trapping 
methods indicate that such flights are rare. Most of 
the activity recorded in traps therefore represents 
insects moving mto or out of the site. 
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15. Relationship between sample size and mean denSity of 
whitebacked planthopperm a wetland field IRRI. '1979 dryand 
wet seasons. 

Distinguishing between immigration and emi
gration depends upon the assimilation of different 
data sets (Fig. 17). Water traps were used as indica
tors of arrival of insects at the site and D-Vac 
samples gave information on both current popula
tions of macropterous (long-winged) adults and 
their potential production on the crop. 

Direct estimates of emigration at Liliw were 
made using a trap designed for that purpose. The 
trap was set above the crop canopy to collect 
insects that had taken offfrom·the plants. Collec
tions made. hourly showed strongly marked perio
dicity, with 75% taking off between 1700 and 2100 
hours 'and 25% between 0400 and 0800 hours. 
Periodicity data from the 1.5-m snction traps 
showed that 40% of flight activity occurred outside 
these times. This may be attributable to immigra
tion because short flights within the habitat seem to 
be rare. 

Emigration activity was also monitored by con
tinuous hourly catches of macropterous hoppers 
for 7 consecutive days in a partially hopperburned 
rice field near IRRI. Upwind and downwind 
catches were made using'sweep nets 1 m above the 
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16. Aenal densities of brown planthopper recorded in suction 
traps at 12 m and 1.5 m, August 1979 to December 1980, In 

Lihw, Laguna, Phllippmes Hatched bars show croppmg sea
sons at the site. 

rice canopy at 5 sampling sites (20 sweeps/site). 
Cumulative catches at each hour indicated a dis
tinctly crepuscnlar bimodal takeoff activity (Fig. 
18). Males and females were caught in almost equal 
proportion. Light intensity of < 10 lUll, ambient 
temperature of 21-25° C, 80-100% relative humid
ity (RH), and weak winds of about 1.2 lan/ hour 
prevailed around dawn and dusk and seemed to 
favor BPH takeoff. Sporadic hopper catches dur
ing nighttime may be attributed to the waxing 
moon phase, which coincided with the observation 
period. 

BPH immigration was also monitored in IRRI 
fields planted to IR19l7-3l7, a BPH-susceptible 
selection, during two consecutive cropping sea
sons. Yellow pan and yellow board traps were 
used. Comparison of cumulative hourly catches 
during both cropping seasons showed that the 
maximum number of BPH macropters was 
recorded at about 0600 hours in both types of 
traps, indicating a unimodal invasion flight activity 
(Fig. 19). Light intensity at 0600 hours was about 
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17. Summarized observations on the movement of macropter
OllS brown planthopper (BPH) into and out of an IR20 rice 
crop. Liliw, Laguna, Philippines, 1980 wet season. Expected 
populations of macropters are calculated from wing morph 
ratios observed in the preceding ftfth-instar nymphs. Note that 
both peaks of aerial activity shown in the suction traps involve 
both immigration and emigration although the net effect is 
usually loss of insects from the crop. 

100 lux during the fIrst cropping season and about 
6,000 lux during the second. Weak winds, rela
tively lower temperature, and correspondingly 
higher relative humidity prevailed at the time of 
BPH invasion into rice fields than at any other time 
of the day. 

In 1980 the Liliw site was planted to a mosaic of 
IR20 (BPH susceptible) and IR36 (BPH resistant). 
The rate of immigration into both varieties was 
low. Despite that, large populations developed on 
IR20, giving a site mean of 30 BPH/hill at 80-90 
days after transplanting (DT). Some plots reached 
more than 50 adults/hill by 90 DT. In contrast the 
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18. Trends in hourly takeoff of macropterous brown planthopper(BPH) from a partially hopperburned rice field. Hopper 
numbers are based on total catches in 7 consecutive days in 100 sweeps/hour at 5 upwind and 5 upwmd and 5 downwmd 
sampbng sites. Masiit, Calauan, Laguna, PhLiJppines. 13-19 Oct 1980. 

mean number on IR36 for the same period was 
3/hill and a maximum adult population of 5/hill 
was recorded. Although both varieties are suscept
ible, WBPH populations in IR36 were only half 
those in IR20. 

Water trapping continued at a number of sites 
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19. Trends in hourly catches ofirnmigrantmacropterous brown 
pJanthopper (BPH) 10 IRI9I7-3-17 nce fields with yellow pan 
traps (YP1) and yellow board traps (YB1) Hopper numbers 
are based on cumulative hourly catches 10 128 YPT, and on 16 
1- and 2-m-hlgh YBT, each set for 61 sampling days (Dec 1979 
to March 1980, top) and 63 sampling days (May to Aug 1980, 
bOllom). IRRI, 1980. 

206 IRRI ANNUAL REPORT FOR 1980 

along a 15-km transect extending from irrigated 
rice on the shores of Lake Lagnna de Bay to rainfed 
rice around Liliw. Data from these traps show that 
periods ofimmigration were generally the same for 
all sites despite differences in cropping pattern, 
with peaks of activity occurring at the same time as 
recorded in suction traps at Liliw. 

Long-distance migration. Long-distance migra
tion studies initiated in 1979 continued. The 
migrating BPH and other insects were monitored 
using 6 wind-propelled, revolving-type nylon nets 
(0.5 m diam, 2 m long) and 4 cross-shaped, sticky 
traps (0.45 X 0.45 m) on 4 successive interisland 
voyages made along fIxed sea routes. 

During the dry season, the fIrst voyage was 26 
January-2 February (Manila-Maasin, Maasin
Cebu, Cebu-Cagayan de Oro, Cagayan de Oro
Maasin, and Maasin-Manila). The second :voyage. 
was 7-15 MaY'(Manila-Masbate, Masbate-Cebu, 
Cebu-Iligan, Iligan-Masbate, and Masbate
Manila). 

On the fIrst dry season voyage, 124 insects and a 
tetragnathid spider were collected. Among the 
insects caught, the most numerous were dipterans 
(52%), followed by hymenopterans (29%), hemip
terans (15%), and coleopterans and orthopterans 
(4%). 

Among the hemipterans caught, 37% belonged 
to four species of the family Delphacidae, 16% each 
belonged to families Aphididae and Miridae, and 
the remainder were representatives of other hopper 
and bug families. 1'he delphacids represented 
WBPH Sogatellafurcifera, S. panicico/a, an uni
dentifIed female delpha9id, and a solitary N. /ugens 
male which was caught on the Maasin-Cebu route 

. on 28 January 1980. 
On the second voyage, 234 insects, an argiopid 



l 

~ 

and a tetragnathid spider, and an ixodid tick were 
caught. Among them were 55% dipterans, 18% 
hymenopterans, 13% each of hemipterans and 
coleopterans, and 1% lepidopterans and embiopte
ran. The hemipterans included cicadellids (47%), 
mirids (20%), psyIlids (13%), aphids (7%), tingids 
(7%), and anthocorids and Iygaeids (6%). No del
phacid was caught. 
. The wet season voyages were 15-24 July (Manila
Masbate, Masbate-Cebu, Cebu-IIigan, Iligan
Masbate, and Masbate-Manila), and 17-25 October 
(Manila-Masbate, Masbate-Cebu, Cebu-Iligan, . 
IIigan-Cebu, Cebu-Masbate, and Masbate
Manila). 

They were characterized by relatively higher 
insect catches. On the first voyage, 335 insects and 5 
araneids, representing spider famiIies Argiopidae, 
Clubionidae, Dictynidae, and Tetragnathidae, were 
collected. Among them were 56% dipterans, 29% 
hemipterans, 8% hymenopterans; the remaining 
7% were coleopterans and lepidopterans. 

Among the hemipterans caught, 46% belonged 
to the family Aphididae, 21% belonged to Delpha
cidae, 7% each belonged to families CicadeIlidae, 
Lygaeidae, and Miridae, and the remainder repres
ented families Veliidae, PsyIlidae, AJydidae, Red
viidae, and Tingidae. 

The delphacid catches comprised Harmalia sp., 
Nilaparvata bakeri, N. lugens, S.furcifera, S. pani
cicola, S. terryi, Sogatella sp., Sogatodes pusanus, 
and an unidentified male delphacid. Among the 
delphacids caught, S. furcifera was the predomi
nant species. 

On the second wet season voyage, 3 II insects 
and 16 araneids, representing families Clubioni
dae, Erigonidae, Micryphantidae, Tetragnathidae, 
and Theridiidae, were collected. Hemiptera com
prised the biggest catches (50%), followed by dipte
rans (35%), hymenopterans (13%), and coleopte
rans and lepidopterans (2%). 

The bulk of hemipterans caught comprised 
aphids (28%) and delphacids (28%), followed by 
mirids (20%) and cicadeIlids (12%); the remainder 
included representatives offamilies Meenoplidae, 
Lygaeidae, Pleidae, Veliidae, Corixidae, Aleyrodi
dae, Largidae, Membracidae, and Reduviidae. 

The delphacids represented mostly BPH N. 
lugens, WBPH S. furcifera, Sogatella kolophon, 
and S. pusanus. The remaining delphacids included 
an unidentified male of Nilaparvata sp., a male of 

Sogatella sp., a female of Opiconsiva sp., a male of 
Perkinsiella sp., a female of Toya nr Propinqua, 
and a rew other unidentified male and female 
delphacids. 

The 26 January-2 February dry season voyage 
was characterized by the prevalence of the north
east monsoon, 20.5-32.7" C temperature, and 46-
96% RH. The 7-15 May dry season voyage had 
variable winds, 24.0-35.1° C temperature, and 43-
92% RH; no delphacids were caught on these 
voyages. However, catches of delphacids including 
BPH were high on the same routes during the 15-24 
July (23.4° C, 59-98% RH) and 17-25 October 
(23.7-32.8° C, 53-99% RH) voyages, during which 
the southwest monsoon prevailed. These observa
tions confirmed 1979 findings that hopper migra
tion in the Philippines occurs mostly during the wet 
season. 

INTEGRATED PEST MANAGEMENT 

Economics of insect control. Studies in both sea
sons in farmers' fields in Talavera (Nueva Ecija) 
and Victoria (Lagnna) determined the crop stage at 
which insects caused yield losses. Treatments are 
given in Table 44. The treatments were compared 
with 0.5 kg a.i. carbofuran/ha incorporated in the 
soil prior to transplanting, followed by applica
tions when the economic threshold was reached 
and applications based on the economic threshold. 
In the dry season test at Nueva Ecija, insect popula-. 
tions were low and only two treatments had signifi
cantly higher yields than the control (Table 44). 

In the wet season test, insects were monitored 
with a light trap (Table 45). The number of insects 
per week was low, which was reflected in the popu
lations on the plants (Table 46). Insect damage and 
populations were much below the economic thresh
old in all treatments including the control. Des
pite the low insect pressure, yields in all treatments 
were significantly greater than that of the control 
(Table 47). Gross profit and net gain were highest 
for maximum protection except in the treatment 
with no seedbed protection, but beneflt-cost for 
insecticide was highest with vegetative stage pro
tection and integrated pest management treatment 
{IPMJ. 

In a dry season test in Laguna province, insect
and virus-susceptible IR22 and resistant IR44 were 
compared. WhorImaggot damage and GLH counts 
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Table 44. Insect populations, damage, and yield of 1R36treated with insecticides during different growth stages. Integrated pest 
control pilot project, Talavera, Nueva Ecija, Philippines, 1980 dry season. 

Population or darnagea 

Treatment 
GLH in BPH LF· Stem borer:(%) Cost of 

10 sweeps! (no.! WM Defolia- ,damaged Yield (t/ha) pesticide 
plot hill) ~a_'!la.ge ,tion (%) leaves (%) Deadheart Whitehe~d I$/hal 

Maximum protectionb 2.0 a 1-1 a 1.2 e 19 b 0.4 0.9 e 2.5 a 4.6 ab 11562 
No seedbed protection 18 a 09a 1.5 be 2.6 b 06 1.1 e 2.5 a 4.6 ab 114.11 
No vegetative protection 18 a 1.8 a 27a 4.7 a 06 1.3 e 3.0 a 4.7 a 5082 
No reproductive protection 2.5 a 1-1 a 1.3 e 25 b 1.2 1.5 be 44 a 4.3 ab 83.29 
No ripening protection 1.7 a 0.9 a 1.3 e 20 b 06 10 e 2.6 a 4.5 ab 98.63 
Insect pest management~ 22 a 12 a 1.3 e 20 b 08 1.4 e 28a 4.5 ab 1849 
Vegetative protection only 2.2 a 1.2 a 15 be 26 b 08 b 15· be 3.9 a 4.7 a 1849 
Economic threshold leveld 23 a lOa 23 ab 52 a 26a 2.4 b 2.7 a 4.2 ab 0 
Control 2.5 a 1.5 a 2.7 a 55 a 24 a 2.9 a 34a 39 b 0 

"Data were from sampling when maximum pests or damage occurred Separation of means in a column by Duncan's multiple 
range test at the 5% level GLH = green leafhopper, BPH = brown planthopper, WM = whorl maggot (damage based on visual 
rating scale),'LF = leaf folder. Defoliation was due to green caterpillar Naranga aenescens and casewormNymphula depunctalis. 

::i~~~?;r~e~~~~ctJ08PMOc~~~~~~~~~ng~~~~~~~~!t~~;~~raYn;?n~t fDn~~~:~:ti ~~~r ~d~~~i~~~~~:tb~~;cfc~~ f5~f~~~~r~3u~~I~~ 
fsa~;Ja~t6~i?;oii ~~~r~go~~ii~z~ncft~~~be~~J~~~~ s8(g:~~g5~ r.?~a11~~~~Jb~nt~e~~~~~:~~~~~~;;n~~~~lh~~~~~I~:~~~:r~~~~edd 
dNa threshold was t.eached. 

Table 45. Insect flight activity as indicated by light trapU collections in a farmer's field. Integrated pest control project, Nueva 
Ecija, Philippines, 1980 wet season. 

Green Brown White backed Zigzag Green 
Week leaf- plant- plant- leaf- Case- cater- Stem Leaf 

hopper hopper hopper hopper worm pillar> borer folder 
(no) (no) (no.)· (no.) (no.) (no) (no.) (no.) 

First 75 81 205 5 8 319 7 0 
Second 66 147 417 8 6 365. 1 0 
Third 51 74 228 7 0 228 0 0 
Fourth 68 116 302 11 4 203 1 0 
Fifth 52 105 304 28 0 224 1 2 
Sixth 123 107 254 7 0 182 2 46 
Seventh 330 75 183 11 0 546 9 30 
Eighth 543 110 290 31 5 347 8 5 
Ninth 105 35 139 8 2 99 10 0 

"Kerosene light flame was on daily, 6 pm to 6 am from 24 July to 1 October 1980. IWaranga aenescens. 

were generally lower m lR44 (Table 48). The IPM 
treatment (with soil incorporation of carbofuran) 
provIded the best whorl maggot and GLH control. 
BPH and tungro virus were also lower in IR44; 
stem borer damage was slightly higher (Table 49). 
The IPM treatment provided the most effective 
tungro virus control, which was reflected in the 
IR22 yield (Table 50). 

Because of Its tungro resistance, all treatments of 
IR44 except for the IPM produced higher gross 
income than IR22 (Table 50). Control of tungro 
and other pests was effective; therefore, the IPM 
treatment in IR22 had a gross income about equal 
to that of the best treatment in IR44. Because ofthe 
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low values of the insectiCIde input but high yields, 
net gam was highest in the IPM treatments for both 
varieties, especially for IR22. Gain from insecti
cides and the benefit-cost ratio for insecticide were 
also highest in the IPM treatment. However, the 
benefit-cost ratio for IR44 was too low to be attrac
tive to fanners. 

In the wet season test, susceptible lR22 and 
resistant IR50 were compared. GLH and BPH 
numbers and tungro virus incidence were higher 
than in the dry season test. Tungro incidence in the 
control treatment of IR22 was 79%; no tungro 
occurred in IR50. 

Wet season yield losses were more severe than in 
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the dry season (Table 51). Yields in the control 
treatments were 1.42 tlhafor IR22and 3.2 tlhafor 

. IR50. Gross income was highest from IPM for 
IR22 and from maximum protection except in the 
reproductive stage for IR50. Failure to protect the 
vegetative stage resulted in lowest net gains for 
both varieties, butmoresignificantlyforIR22. The 
benefit-cost ratio for insecticide in the wet season 
IPM treatments was higher than in the dry season. 

IPM vs farmers' insect control practices. A dry 
season and a wet season study in a farmer'S field in 
Nueva Ecija compared the profitability of"IPM 
and of farmers' practices. Plots were adjacent and 
agronomic practices were identicaL Only pest con
trol methods varied. 

In the IPM plots, soil incorporation of carbofu
ran before transplanting was followed by applica
tions based on economic thresholds (no threshold 
was reached in either the dry or the wet seaSon). 
Thefarmerapplied insecticides as he would usually. 

In the dry season, yields and net returns were 
similar for IPM and farmers (Table 52). 

In the wet season, two treatments were added 
(Table 53). Yields and gross income again were 
similar for the various treatments; benefit-cost 
ratio was highest in the IPM treatment. 

Both seasons' tests indicated that with resistant 
varieties and low insect populations, a low level of 
insecticide input by the farmers is equally as profit
able as the IPM treatment. 

Selective toxicity of insecticides. Tests of com
mercially available selective insecticides were made 
to determine those that can be used in an IPM 
program. Toxicity of insecticides to BPH, GLH, 
and WBPH in relation to that to their predators C. 
lividipennis and L. pseudoannulala was deter
mined by topical application. Insecticides varied 
greatly in relative toxicity to the various pests 
(Table 54). 

Seventeen insecticides were tested for their toxic
ity to three predators of the BPH (Table 55). Per
thane and the growth regulator NNI 750 were 
relatively nontoxic. Some insecticides, such as 
FMC 35001, were toxic to all three predators; 
others, such as methyl parathion, were toxic to M. 
alrolineala and C.lividipennis but not to the spider 
L. pseudoannulala. In general, the spider had low 
mortality. 

Moderate resistance to BPH and chemical con
trol. To integrate chemical control and varietal 
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Table 47. Economics of various levels of rice insect control when different growth stages of IRSO are protected. Fanner's field, 
integrated pest control pilot project, Nueva Ecija, Philippines, 1980 wet season. 

Treatment Yield~ Gross Cost of Labort Net Benefit-
It/hal incomeb insectl- lSI gain" cost ratio for 

lSI cidEf insecticide' 

Maximum protection" 586 a 1113 152 25 936 0.82 
Maximum protection except 587 a 1115 149 24 942 0.88 

In seedbed 
Maximum protection except 496 be 942 72 13 857 0.79 

at vegetative stage 
Maximum ,protection except 5.49 ab 1043 98 17 928 120 

at reproductive stage 
Maximum protection except 5.22 be 992 138 21 833 027 

at ripening stage 
Vegetative protectionb 4.99 be 948 17 929 7.32 
Integrated pest management' 5.04 be 958 17 939 784 
Control 4.16 d 790 790 

flAv of4 replicati ons. Separation of means by Duncan's multiple range test at the 5% level One ton is equivalent to 1000 kg Weight 
adjusted to 14 % of mOisture content. Price of pa lay: $0.19/kg Yiel d area was 25 m2 ; plot si:z~, 10 x 10 m. bGross mcof'!le = yield x 
$0.19 per kilogram. c$eedbed = $3 21 (400 ml monocrotophos30 EC sprayed 5 and20 days after seeding [0$11, vegetative stage (1 0 
liters monocrotophos 30 EC costing $S0.33 sprayed 5, 15, and 25 days after transplanting [On), reproductive stage = $54.55 (6.4 
liters chlorpyrifos + BPMC 31.5 EC sprayed 40 and 50 OT); ripening stage = $14.12 (1.76 kg carnaryl85 WP sprayed 65 OT). Cost of 
insecticides = monocrotophos 30 EC at $8 03/hter; chlorpyrifos + BPMC 31.6 EC at $8 45l1iter; carbaryl 85 WP at $S.OO/kg. 
dSeedbed: $0.64; vegetative stage: $12; reproductive stage: $8; ripening stage: $4; cost of labor: $2/day. eNetgain = gross Income 
- (cost of insectiCides + laborl. flNet .Q~n for treatment - net gain for untreateCi control) .:.. lcost olihsecticides + labor). 
"Sprayed at 5 and 20 days after seeding and at 5, 15, 25, 40,50,65 DT. "Soil incorporation of carbofuran 3 G at 0.5 kg a.i.lha 
'Carbofuran soil incorporated at 0.5 kg a.i.lha followed by applications at economic thresholds. 

Teblo48. Whorl maggot lind gteOn leafhopper popuilltions" In plots ofl~ lind 1R44~recIIlvlng Insoctieido lIppllcations IItVllrfOUS growth Sttlgos!Vlctorla,Ltlguna, 
PhiUpplnos,19SOdrysollSon 

Whori maggot damage' G,een leafhopper (no 110 sweeps) 
Treatment 

160T 300T 200T 270T 34DT 410T 

'''2 1R44 1022 1R44 '''' 1R44 1R22 1044 '''2 I." '''2 1R44 

Maximum protection' 24 , " b 2.9 b 27 b, 33, '30 2>, 45' 205a ". 150a ." Maximum protection 21 , 15 b 31 b 21 , 230 20. 35. ", 83 b, ". ." 90. 
except In seedbed 

MaXlmumprotectlon 37 b . " 54 • SO. 38, 35. 30. 28' 20.0 a 110a 195e 12.0 a 
except et vegeta-
tlvestage 

Maximum protection except 22 , " b 31 b " b 30. -53a 28, 146 abc sa. '30 a •• 
atrllproductlvestage 

Maximum protection 22 , " b 2.9 b 27 b, 38. '" 28. 165ab ... 165a SO. 
except et rlpenmg stage 

Integrated pest 07 d 02 , 08 , .6 d ... 30. ,., .. , 58, ". ", management· 
Control 46. ", 52. ". 45. ,~, 28. ", 19.3 a 50. 11.5a 105a 

~~i~:~~~~;~!~~E~J~~~~~F~~}~!~1i~~:~~=~~~i~i~:~~£i~:~~r!~!~;~~~~?~g~~ 
~~~~h~~~~ I T":~~d~~~~~~;::r;~~f~:na~~ \~~~~ ~'::;b~~~~~~~~~~~:t~::~~~J~~~:~u.r;,~~~~~~~~~~~~~;ement = 
~gr:~~o~~~ on g~:rl~~~r:~~ll~ng. WrUowed by applications based on economic thresholds Leafhopperth,eshold was reached and 0 

210 IRRI ANNUAL REPORT FOR 1980 

.\ -

/. 

f 



Table 49. Brown planthopper population, stem borer damage, and tungro virusa in plots of IR22 and IR44 (insect and virus 
resistant) receiving insecticide applications at various growth stages. Victoria, Laguna, Philippines, 1980 dry season. 

Treatment 

Maximum protection~ 
Maximum protection 

except in seedbed 
Maximum protection 

except at vegetative 
stage 

Maximum protection 
except at reproductive 
stage 

Maximum protection 
ex(:ept at ripening 
stage 

Integrated pest 
managementc 

Control 

IR22 

1 ab 
1 ab 

1 ab 

1 a 

1 ab 

1 b 

2 ab 

Brown planthopper 
(no./hlll) 

30DT 

1R44 

Oa 
Oa 

Oa 

Oa 

Oa 

Oa 

1 a 

57 DT 

IR22 

o c 
o c 

o c 

1 a 

o c 

1 ab 

1 b 

Stem borer 

Oeadheart 
damage 

(%)450T 

Whitehead 
damage 

(%) 97 OT 

IR44 IR22 IR44 IR22 IR44 

Oa 
Oa 

Oa 

Oa 

Oa 

Oa 

Oa 

o bOb 
o bOb 

1 a 1 a 

1 ab 0 b 

O' bOb 

1 ab 0 b 

1 ab 2 a 

Oa 
o a 

Oa 

Oa 

Oa 

Oa 

o a 

2a 
4a 

3a 

3 a 

3a 

2 a 

3a 

Tungro virus 
(%) 97 OT 

1R22 IR44 

32 a 0 a 
17 ab 0 a 

40 a 0 a 

17 ab 0 a 

15 ab 0 a 

1 bOa 

19 ab 0 a 

aSeparation of means in a column by Duncan's multiple range test at the 5% lavel Identical number may be followed by different 
letters because of rounding. bSeedbed protection = 0.75 kg a.i. monocrotophos spray/ha 5 days beforetransplanting;vegetatlve 
stage protection = 0 75 kg a.i. monocrotophossprarc/ha5 daysaftertransplanting (OT) and 1 kg a.L diazinongranules/ha 20 and35 

g,j~ rkg~oi~:r~:~rs~~f;/~~~!~ge=s~~~~~:hl'~~g~~~r~!~~sr~e~~~ s~~~~;:~!~ :~~~Tn~~;~~~tit;~ir8.5stk~g~~b~tfu~~~?h~ 
g~M~/~~~~~I~~~~~~~o~lri~egnbb~ft~W;~i~~~ ~~~~ on economic thresholds. Leafhopperthreshold was reached and 0.75 kg a.i 

Table 50. Yields and economics of rice insect control in 2 rice varieties wi$: calendar· based insecticide application or integrated 
pest management. Victoria, Laguna, Philippines, 1980 dry season. 

Yield Cost of Gam 
Ylelda gain or Gross insecticide Net from Benefit-

Treatment (t/ha) lossb incomec applicatiood gain~ insec- 'cost 
(t/ha) ($) ($) tlcide' ratioO 

IR22! 
Maximum protectionh 3.83 b -1.02 728 171 557 -108 -06 
MaXimum protection 421 ab -064 800 169 631 -34 -02 

except in seedbed 
Maximum protection 383 b -102 .728 53 675 10 02 

except at vegetative 
stage 

Maximum protection 371 b -1.14 705 151 554 -111 0.7 
except at reproductive 
stage 

Maximum protection 414 b -071 787 163 624 -41 0.3 
except at ripening 
stage 

Integrated pest 4.85 a 922 28 894 229 8.2 
management 

Control 3.50 b -1.35 665 665 

IR44' 
Maximum protectionh 4.91 a** 0.24 933 171 762 -55 -0.3 
Maximum protection 477 a 0.10 906 169 737 -80 -0.5 

except in seedbed 
Maximum protection 4.66 a* -001 885 53 832 15 0.3 

except at veget~tlve 
stage 

Maximum protection 4.67 a** 0.00 887 151 736 -81 -0.5 
except at reproductive 
stage 

CONTINUED ON NEXT PAGE 
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Maximum protection 501 an 0.34 952 163 789 - 28 0.2 
except at ripemng 
stage 

Integrated pest 467a 887 28 859 42 1.5 
management 

Control 430 a* -037 817 817 

aSeparatlon of means for each vanety by Duncan's multiple range test at the 5% level bYleld in treatment indicated - yield in 

~~~~~~e~nrt~~~~?~~~~benJ g~;t~~~g~ ::~~4~~ 14% mC?isture x $0.19 Pr~~~o~~~o;~~~g~~~I~~t~;~;e+p~~~~~!~~ ~O~~.ro~ 
ripenmg stage protection = sa.60; m . ~Gross income - cost of msecticide.lNet gain from 
treatment - net gain from control. '. hSeedbed protection (0.75 kg aJ. 
monocrotophos spray/ha 5 days bef protection 0.75 kg. a.L monocrotophos spray/ha 5 days 
aftertranspantmg (DT).and 1 kg a I d reproductive stage protection (075 kg a I chlorpyrifos + 
BPMCspray/ha 55 and75 DT), ripening stage protection (0.75 kg a L carbaryl spray/ha at soft dough stage),ISusceptibleto Insects 
and virus diseases. JResistantto brown planthopper and tungro virus and moderately susceptible to green leafhopper Asterisks 
denote slgmficantly higher Yield than the same treatment in IR22 at the 5% (*) and 1% In) level. 

Table 51. Yields and economics of rice insect control in 2 rice varieties with calendar-based insecticide applications or integrated 
pest management. Victoria, laguna, Philippines, 1980 wet season 

Yield Gam 
Treatment Ylelda gain or Gross Cost of from Benefit-

(t/ha) lossl' incomec insecticide Net insec- cost 
(t/ha) appilcationd gam~ tlclde' ratio" 

IR22! 
Maximum protectlOnll 343 a -049 652 82 570 300 3.7 
Maximum protection 3.85 a -007 732 79 653 383 4.9 

except in seedbed 
Maximum protection 153 b -239 291 58 233 -37 -06 

except at vegetative 
stage 

Maximum protection 3.63 a -029 690 61 629 359 5.9 
except at reproductive 
stage 

701 Maximum protection 369 a -0.23 73 628' 358 49 
except at npening 
stage 

Integrated pest 392a 745 28 717 447 160 
managementl 

Control 1.42 b -2.50 270 270 

IR50' 
Maximum protectlonh 4.12 a 0.08 783 82 701 93 1.1 
Maximum protection 4.21 a 0.17 800 79 721 113 1.4 

except in seedbed 
Maximum protection 323 b -081 614 58 556 -52 -0.9 

except at vegetative 
stage 

Maximum protection 428 a 024 813 61 752 144 24 
except at reproductive 
stage 

Maximum protection 400a -0.04 760 73 687 79 1.1 
except at ripening 
stage 

Integrated pest 404fa 768 16 752 144 90 
managementk 

Control 3.20 b -084 60B 608 

aSeparatlon of means in a column for each vanety by Duncan's multiple range test atthe 5% level. bYleid in treatment Indlcated
yieldm integrated pest management treatment cYleldat 14% mOisture x $0 19perkllogram. dCost'oflnsecticlde+ laborl$2.20lQa 
per application); cost of seedbed protection = $2,40, vegetative stage protection = $118.33; reproductive stage protectlo'n = 
$3573, ripening-stage protection"" $15 00, integrated pest management = $28.23 for IR22 and $1603 for IA50 ~Gross income -
cost of msectlcide appllcation.iNet gain from treatment - net gain from control IIGain from insectiCide - cost of insecticide 
application hSeedbed protectIOn = 075 kg a i. monocrotophos spray/ha In the seedbed 5 days before transplanting; vegetative 
stage protection = 1 kg a i. monocrotophos spray/ha at 5,,15, and 25 days after transplanting lOT) and 1 kg a.i chlorpynfos + BPMC 
spray/ha35DT; reproductive stage protection = 1 kg a i. chlQrpynfos + BPMC spray/ha 45 DTfor tR50 and 50 DTfor IR22 and 0.75 
kg a I. 8PMCspray/ha for IA50at55 DTand at 65 DT for IA22;-ripenlng stage protection"" 1.5 kg a.i carba~ spray/ha at the soft 
.dough stage fSusceptlbieto hoppers andtungrovirus JResistantto hoppersandtungrovirus llPM = 0 5 kg a.i carbofuran/ha soil 
Incorporated before transplanting followed by applications based on economic thresholds The green leafhopper population 
surpassed the threshold of 5 hoppers/10 sweeps in IR22 at 35 DT and 8PMC at 0.75 kg a I/ha was sprayed 39 DT. fAv of 3 
replications only. 
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Table 52. Comparison of integrated pest management UPM) 
and farmer's practices to control insects on insect- and 
disease-resistant varieties.a Integrated pest control project, 
Nueva Ecija, Philippines, 1980 dry season 

Treatmenth 

Insecticide 
applications 

Gross Number Net 
Yieldc incomed -- Costt returns! 
It/ha) I$/hal Av Range IS/ha) IS/ha) 

IPMg 5.19 ± 0.18 986 1 1 21 965 
Farmer's 521 ±023 990 2.9 1-6 28 962 

practices 

alR36 and IR42. bBoth treatments were in adjacent paddies 
owned by the same farmer.All agronomic practices were iden
tica~ except for pest control. Treatments were replicated over 
15 farms. cWeight adjusted to 14% moisture content, value 
after "±" IS the standard error of the mean. dGross income = 
yield x $0.19 per kilogram. elnsecticide Costs and labor for 
application ($2.00Iday) were based on local prices In Nueva 
EClja, Aug-Nov 1980. 'Net returns = gross income - cost of 
insecticide application. tlSoil incorporation of carbofuran 3 G 
(056 kg a i.lha) before transplanting, followed by applications 
based on economic thresholds. No threshold was reached. 

resistance, laboratory and insectary studies com
pared the susceptibility to insecticides of BPH and 
WBPH reared on susceptible (S) and moderately 
resistant (MR) rice varieties. 

In the BPH studies, insecticides were applied 
topically, in the Potter's spray tower, and as foliar 
spray to biotype 2 BPH reared on ASD7 (MR) and 
on IR26 (S). Insects reared on ASD7 had a lower 
LD50 value and thus were more susceptible to car
bofuran, acephate, and Perthane than those reared 
on IR26 (Table 56). The LDso value in the acephate 
treatment was six times higher in the insects reared 
on IR26 than in those on ASD7. Similar results 

Table 54. Relativetoxicity of some insecticides to brown plant
hopper(BPH), green leafhopper (GLH), and whitebacked plant· 
hopper (WBPH) and their predators. IRRllaboratory, 1980. 

Insecticide 

Acephate 
Bendiocarb 
Gamma-SHC 
BPMC 
Carbaryl 
Carbofuran 
Decamethrin 
Dlazlnon 
Chlorpyrifos 
Endosulfan 
FMC 35001 
Methyl 

parathion 
MIPC 
Monocrotophos 
MTMC 
Perthane 
Phosphamldon 
Triazophos 
UC 54229 
Propoxur 

Relative toxicity" 

Cyrtorhinus 
lividipenms 

Lycosa 
pseudoannulata 

BPH GLH WBPH BPH GLH WBPH 

4.10 4.60 726 7.35 8.24 13.01 
1.05 1.44 0.82 2.78 3.81 2.19 
3.76 0.75 3.56 1.29 026 1.22 
1.70 0.78 1.39 11.01 506 9.04 
034 0.52 0.48 479 7.15 667 
1.09 140 1.84 175 226 2.97 
036 9.25 1.23 0.07 1.75 0.23 
144 110 3.44 2.32 1.78 5.56 
0.92 0.55 2.56 0.87 052 243 

1236 643 62.79 0.94 0.49 479 
2.03 4.07 165 141 2.82 114 
1.13 084 3.77 4.77 3.53 1590 

1.86 1.88 1.56 839 8.51 705 
095 1.28 2.24 29.24 39 33 69.12 
2.04 2.70 215 5.80 7.66 6.11 

21.14 3.16 750 6545 9.80 2322 
0.90 071 2.00 23.55 18.75 5267 
024 0.38 433 6.41 10.09 11433 
405 371 4.05 413 3.79 4.13 
132 0.75 0.49 35.43 20.24 13.05 

aBased on LD~o va lues (?tg/g). LD5/! of predator - LD5/! of hopper 
A selective tOXICity value >1 indicates greater tOXicity to the 
hopper. 

were obtained in the Potter's spray tower and the 
foliar spray tests where mortality of BPH reared on 
ASD7 was higher at the three insecticide rates. 

WBPH were treated topically and in the Potter's 
spray tower. Of the three insecticides applied topi
cally, carbofuran was more toxic to the insects 
reared on N22 (MR) than on TNI (S) and 95% 
limits overlapped for acephate and Perthane, indi-

Table 53. Comparison of integrated pest management (lPM) and farmers' practices to control insects on insect- and disease
resistant varieties." Integrated pest control project, Nueva Ecija, Philippines. 1980 wet season 

Insecticide applications 

Gross Number Ratel Cost Net Beneflt-
Treatment" Yield/ Income'" application (S/ha) returns' cost 

IUSS/ha) Av Range (kg a.l/hal (S/ha) ratid 

IPM 4.45 ::!:; 040 842 10 1 050 19 823 20 
Farmer's practice 4.32 ::!:; 032 821 21 1·3 055 21 800 07 
Control 421::!:; 035 785 0 785 
Other farmers' 379::025 722 2.0 14 040 23 699 

practice 

"The plots for IPM, farmer's practices, and control were adjacent and received the same agronomic pr~ctices, except for pest 
control Pest control in the IPM plot was conducted by an IRRI researcher Carbofuran was SOlI mcorporated before transplantmg, 
followed by applications based on economic thresholds However, no threshold was reached The farmer used hiS Insect pest 
control techniques without adVice from the IRRt researcher. Other farmers refer to farmers in the IPC project area but not adjacent 
to the other treatments "Weight adjusted to 14% mOisture content. For IPM, farmer's practices, and control, data are averageof11 
replications, each IS based on 25-m~ crop-cuts For other farmers' practice, data are from Intervlewof15 farmers. Values after "::!:;" 

are standard errors of the means 'Gross mcome = Yield x $0 19 perkltogram 'INet returns = gross mcome - cost of I nsecticide 
application 'Benefit-cost ratio = (net returns for treatment - net returns for control) - cost of insecticide. 
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i: Table 55. Co~tact toxicity of i~secticides t03 predators aftha brown planthopperwhen sprayed with Insecticide In a Potter's spray tower.IRRllnsectary, 1980. 

~ 
Mortalityb{%) 

~ Insecticide" Lycosa pseudoannulata Microvelia strolineata Cyrtorhinus liVidipenn;s 

~ 1 HT 4 HT 24HT 48 HT 1 HT 4 HT 24HT 48 HT 1 HT 4 HT 24 HT 48 HT 

~ FMC 35001 20 EC 63 a 90 a 97 a 97 a 23 be 35 cd 65 be 83 ab 58 be 65 be 73 be 100 a 
Carbofuran 12 F 53 ab 90 a 90 ab 90 ab 20 bed 23 def 48 cd 50 cde 78 ab 80 ab 85 ab 100 a 

:;0 UC 54229 100 Tech 40 ab 70 b 77 bc '77 be 3 cd 3 fg 3 f 20 af 75 abc 80 ab 85 ab 100 a 
'" ." BHC26WP 37 ab 53 bc 57 cd 57 cd 20 bed 20 defg 48 cd 68 bed 8 gh 20 9 25 9 43 
0 UC 27867 50 WP 30 b 50 bc 53 cd 53 cd 0 d 0 9 33 cde 43 cde 55 bcd 58 bcd 58 cde 100 a 
El Decamethnn 2.5 EC 30 b 33 c 33 de 37 de 83a BBa 90 a 95 a 33 de 35 defg 40 efg 65 cd 

~ 
UCSF-1 48 F 10 c 33 c 37 de 37 de 0 d 0 9 15 af 20 af 60 be 83 bc 70 bc 100 a 
MIPC50 WP 7 c 7 d 7 fg 7 fg 0 d 5 efg 35 cde 45 cde 58 bc 58 bcd 65 cd 98 a 
Carbaryl 85 WP 3 c 13 d 13 fg 13 fg 10 bed 13 defg 48 cd 65 bed 13 fg 25 fg 35 elg 43 e 

~ Perthane 45 EC 3 c 3 d 3 fg 3 fg 0 d 0 9 13 af 23 af 15 fg 23 efg 32 fg 50 de 
Methyl parathion 3 c 3 d 3 fg 3 fg 30 b 58 bc 85 ab 85 ab 53 cd 58 bcd 58 cde 95 ab 

50 EC 
Azinphos ethyl 40 EC c 47 bc 60 cd 63 cd 0 d 0 9 10 af 33 de 8 gh 50 cd 68 c 100 a 
Chlorpyrifos 40 EC c 3 d 17 ef 17 ef 20 bed 28 de 40 cd 68 bed 25 ef 40 cdef 43 defg 63 de 
Propoxur 20 EC 7 d 7 fg 7 f9 78 a 7a,ab 83 ab 83 ab BBa 90 a 95 a 100 a 
Diazlnon 20 EC 0 d 0 9 3 fg 0 d 8 efg 33 cde 76 be 13 fg 45 cde 50 cdef 85 be 
Acephate 30 EC c 0 d 0 9 3 fg 5 cd 5 efg 18 dol 23 ef 8 gh23 efg 65 cd 100 a 
NNI750 25 WP c 0 d 0 9 0 9 0 d 3 fg 8 af 23 ef 0 h 0 h 5 h 15 

Control c 0 d 0 9 0 9 0 d 0 9 5 f 5 f 0 h 0 h 0 h 3 

aAppliad at the rate of 0.75 kg a.i.lha, except fordecamethrin (0 0125 kg a.i.lhal, bSeparatlon of means in a column by Duncan's multiple range test at the 5% level. HT". 
hours after Insecticide treatment. 



Table 56. R.sponse to topicllllv applied insec:tieides of brown planthopper r ..... d on s ... ceptiblelR26 and mode ... t.ly ,...ismnt 
ASD7. IRRllabo ... tory, 1980. 

IR26 ASD7 
Insecticide 

LOw{p.g/g) 95% limits lOIO(p.g/gJ 95% limits 

Carbofuran 0.46 0.32-0.67 0.17 0 ,13- - 0.22 
Acephate 6.82 3.49-13.34 1.07 0.73-1 .58 
Perthane 4.63 3.33-6.46 1.12 0.86-1 .45 

Tabl. 57. LOse of insectiddea applied topicallV to the whltebacked planthopper r.ared on susceptlbl. TN1 and model1ltelv 
r"iatant N22 rice varietl". IRRllaboratory. t980. 

TN, 
Insecticide 

lOw{p.g/g) 

Carbofuran 0.46 
Acephate 1.15 
Perthane 9.42 

cating similar susceptibility of the two groups of 
insects (Table 57). The Potter's spray tower test 
(Table 58) indicated that tho susceptibility of 
insects reared on the Sand MR varieties did not 
significantly differ when sprayed with acephate. 

Biological control and insecticides. Insecticidal 
toxicity to beneficial parasites must be considered 
when planning an rPM program. Earlier field 
observations indicated that egg parasitization was 
not affected by some insecticides (1979 annual 
report). Observations in a farmer's field in 1980 did 
not reveal any adverse effects of methyl parathion 
on Anagrus parasitization. In a greenhouse study 
where decaroethrin was sprayed on plants either 
before or after the introduction of the egg parasite 
Anagrus flaveolus, neither parasitization of BPH 
eggs nor parasite emergence decreased, compared 
with the water-sprayed control. But mortality of 
Anagrus adults 24 hour after treatment increased a 
significant but small amount - from Hl% (in the 
control) to 25% - because of insecticide applica
tion.ln the experiment, the small decrease in paras
ite density did not affect egg parasitization. 

Preliminary observations in farmers' fields near 
IRRJ indicated that parasitization of nymph and 
adult hoppers by dryinids, strepsipterans, and 
pipunculids did not decrease as a result of the 
insecticide treatments. This is a positive contribu
tion to combining natural biological control and 
insecticides in IPM. 

Removing Microl'elia from a closed system sig-

N22 

95% limits lD",,{p.g/ g) 95% limits 

0.36-0.55 024 0.18-0.29 
0.26-3.62 0.44 025-0.68 
4.75-31.41 2.TI 1.684.98 

nificantly and dramatically increased the BPH 
population, doubling it in the second generation. 

In a dry season experiment where methyl para
thion was sprayed regularly, Cyrlorhinus and 
Microvelia were significantly fewer in sprayed 
plots, and spider densities were not affected. As a 
consequence, BPH eggs in sprayed plots were 
much less preyed upon by Cyrlorhinus than those 
in unsprayed ones. Methyl parathion also killed 
Microvelia in this trial. But because the reduced 
predation by these two species did not result in 

Tab" 58. Contact toxicity of Insectlcld" applied with a Pot-
t.r's SPI1lV tow.r against the whttebadc:ed plant hopper r.arad 
on susceptible TN1 and mod .... teIV resismnt N22 rice var-
ietl.,. IRAI Insectary, 1980. 

Monality' 1%) 
Insecticide Rate HT-

(kg a.i.tha) TN' N22 

Carbofuran 12 F 0.25 , 41.3 a 46.8 a 
4 62.5 a 53.2 a 

24 67.5 a 94.7 b 
48 83.6 a 96.0 b 

Acephate 75 SP 0.75 , 0.0 a '.3 • 
4 7.5 a 17.7 a 

24 96.1 a 98.7 a 
48 98.6 a 100.0 a 

Perthane 45 EC 0.75 , 0.0 a 0.0 a 
4 0.0. 10.1 b 

24 18.2 a 44.7 b 
48 39.7 a 85.3 b 

-Hours aher insecticide treatment. ·Av of 4 replications. 
Adjusted using Abbott's formula. Separation of means in a row 
bV Duncan's multiple range test at the 5% level. 
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Bf'H mortality (%) 

,AS07. TNt , ~ , 
Study I Study 2 

AS07 1R46 TNt 

improved BPH survival, the BPH resurgence that 
occurred could not be clearly related to predator 
kill. 

Varietal resistance to brown planthopper and 
biological control. Three studies determined 
whether efficiency of spiders feeding on BPH 
increased when the BPH feed on a MR variety. 
BPH mortality due to spider feeding was greater on 
a MR than on a S variety (Fig. 20). The study 
indicated that the use of M R varieties can be inte
grated with naturally occurring biological control. 

20. Brown planthopper (BPH) mortality due to predation by 
the spider L pseudoannuloto when (eeding on moderately res· 
istanl and susceptible rice varieties. IRRI greenhouse, 1980. 

Effect of whorl maggot and artificial defoliation 
on yield components. Six tests with whorl maggot 
were conducted. In the fll'st test, inseCl-caused 
defoliation was simulated by removing 16-100% of 

Tab" sa. l11fer number, plant height. and ylekt lou of 2 rk:e vari.t," I n fiekt t •• ts .. affected by the utant of I .. f removal.- lRRl. 
1910 dry .... on. 

leaf area 
Tiller no . .at 45 OT 

with various cutting dates 
Plant ht (em) 45 OT 

with VlriOUS cutting dates 
Vie Id It/ ha) with 

various cuning dates 
removed- ------------ ------------ ------------

1%) 10&200T 15&250T 2O&300T 10&200T 15&250T 20&300T 10&200T 15&250T 20&300T 

o 
16 
33 
50 
65 
75 

'00 

o 
'6 
33 
50 
65 
75 

100 

20. 
18. 
'8. 
19. 
17 ab 
16ab 
'4 b 

25. 
23. 
22 ab 
20 be 
'9 be 
18 c 
14 d 

21 • 
'9. 
19. 
'9. 
'80 '8. 
12 b 

23. 
23. 
23. 
21 ab 
22 ab 
19 b 
15 c 

23. 
19 b 
21 ab 
20 b 
19 b 
17 be 
15 c 

22. 
22. 
20 lib 
20 ab 
2' • 
17 .be 
'6 c 

IR40 
58a 57a 
54 be 55 ab 
55 ab 52 be 
52be 52 be 
50 cd 50c 
47 d 45 d 
41 e 41 d 

55. 
52. 
53. 
47 b 
45 b 
45 b 
39 c 

IR36 
56. 
52 ab 
53. 
49 b 
47 be 
43 cd 
39 d 

63. 
56 b 
54 be 
51 cd 
48 de 
45 e 
39 f 

59, 
52 b 
50 be 
48 be 
46 cd 
42 d 
36 e 

5.0 a 
5.3 a 
4.9 a 
5.1 a 
5.1 a 
5.0 a 
4.9 a 

4.2 b 
4.0 b 
5.1 a 
4.7 ab 
4.5 ab 
4.4 ab 
4.6 ab 

5.1 8 

5.5 a 
5.1 a 
5.0a 
5.38 
5.0a 
4.7 a 

4.0 b 
4.3 ab 
4.5 ab 
4.9 a 
4.6 ab 
4.2 ab 
3.9 b 

5.4 a 
5.0 a 
5.1 a 
5.3a 
5.5 a 
4.8 a 
4.7 a 

4.9a 
4.7 a 
4.7 a 
4.9 a 
4.7 a 
52. 
4.4 a 

-Av of4 replications. Separation of means in a cok.lmn under each variety by Duncan's multiple range test at the 5% level OT :: 
days after transplanting. lOamage was simulated by leaf removal from the tip of the leaves down to the leaf sheaths. 

Ta~. SO. YI.ld components of 2 rice varl.tie.- a. affected by leaf remova" end ertifkl.llnf .. tation wtth whorl mIIggot fU .... ln 
field tntl. fRRJ. 1980 dry .... on. 

Ti l er no. Plant ht (em) Panicle Unfilled 
Treatment Damage length grains Yield 

rating" 45DT AH' 450T AH' (em) 1%) (g/mt) 

IR40 
Without whorl maggot 0 20 ab 15, 55. '00 • 23. 9. 473 a 
With whorl maggot 9 21 ab 16. 46 b 97. 23. '0. 503 • 
50% leaf removal 9 22, 15. 52. 97, 23. 14, 510 a 
100% leaf removal 9 19 b 16. 47 b 96. 23. 9, 485. 

IR36 
Without whorl maggot 0 23. '3. 55. 94. 23. '3. 543 • 
With whorl maggot 9 23, 15. 44 c 91 ab 21 b '2. 563. 
50% leaf removal 9 22. '5. 49 b 91 ab 22. '4 a 553 • 
100% leaf removal 9 20. '5, 42 c 88 b 21 b '0. 508 • 

-Av of 4 replications. Separation of means in a column and under each variety by Duncan's multiple range test at the 5% level 
Identical numbers may be folloWed by different letters because of rounding. -leaf removal from the tip of the leaves dOllYn to the 
leafsheaths at 25 days after transplanting (On. "Infested withBOO adult flies /49 hills 6 OT. "Scored by the 1980 Standard Evaluation 
System for Rice (SES). "At harvest. 
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the leaf area of IR40 (M R) and IR36 (S) with 
scissors at 10 and 20, 15 and 25, and 20 and 30 DT 
(Table 59). Although tiller number and plant 
height at 45 DT were decreased by leaf removal, 
plants recovered and yields were nO! affected. 

In the second test, 50 and 100% leaf removal and 
artificial infestation of plants with whorl maggot 
flies were compared (Table 60). None of the treat
ments affected yield components. In a similar 
sereenhouse test in the dry season (Table 61), 100% 
leaf removal significantly reduced yields of both 
IR40and IR36. Whorl maggot did not affect yield. 
Similar results were obtained in a wet season field 
test in which IR40 and IR36 were infested with 
whorl maggotllies (Table 62). 

In a wet season field test, 100-800 whorl maggot 
f1ies / 40 hills were set on IR40 and IR36 at 5 DT 
(Table 63). Despite severe whorl maggot damage, 
IR36 had significantly more tillers than the control 
at harvest, indicating that the whorl maggot dam-

age stimulated tillering. Yields were equal in all 
treatments. 

Two tests using I R36 were made to determine if 
time of whorl maggot infestation would affect 
extent of yield loss (Table 64). In test I, tiller 
number at harvest was higher in the treatments 
infested with whorl maggot. Whorl maggot reduced 
plant beight in both tests, but damage did not cause 
yield losses. 

It is apparent that whorl maggot reduces plant 
height and delays maturity about 2 weeks. How
ever, the damage sometimes stimulates tillering 
and yield is not decreased. It is possible, however, 
that damage from a combination of whorl maggot 
and other early season insects, such as stem borers 
and caseworms, could cause yield losses. 

Plant injury by brown planthoppers, Blockage 
of carbohydrate transfer as a possible mechanism 
of plant damage was studied by feeding radioactive 
carbon dioxide to leaves of seedlings, Labeled pho-

Table 61. Ylek:l components of 2 rk:. "'art,tie.- as affected by le.f removal" and arttfk:lallnf .. tIItlon with whort maggotflld In the 
screenhoUH. IRRI, 1980 dry season. 

TI der no. Plam hI (em) Panicle Unfilled 
Treatment Damage length grains Yield 

ratingoil 450T AW 450T AW (em) 1% ) (g/ m'I 

IR4() 
Without whorl maggot 0 n. " ab 19. 103 a 23 a 6a 410 ab 
W ith whorl maggot 9 12. 13 a 74 ab 96 ab 23 ab 6. 450 • 
50% leaf remova l 9 9. 11 ab 71 b 93 Ix: 22 b 6. 293 Ix: 
100% leaf removal 9 6 b 10 b 55 c 91 c 22 ab 5. 260 c 

IR36 
Without whorl maggot 0 n. 12 a 85. 104 a 22 a 9. 5138 
With whorl maggot 9 n. 12. 77. 97. 22 a 8. 5108 
50% leaf removal 9 B. 10. 73. 89 ab 22 a 7. 390 ab 
100% leaf remova l 9 6. 10 a 53 b 78 b 22. 7. 305 b 

-Av of3 reprlCations. Separation of means in a column and under each variety by Duncan's multiple range test at the 5% level 
Identical numbers may be followed by different letters because of rounding. ~eaf remova l trom the tip ofthe leaves down to the 
leaf sheaths at 20 and 30 days after transplanting (On. ~Infested with BOO adult f1ies/49 hills SOT. "Based on 1980 Standard 
Evaluation System for Rice. ·At harvest. 

T.ble 62. 'field comperison of 2 rice v.rielies with .nd without whorl maggot inf.tadon.- fARI. 1980 wet Huon. 

Ti ler no. Plant hi (cm) Panicle Unfilled 
Treatment Damage length grains Yield 

ratingt' 2001 AH' 20 01 AH' (em) 1%) tg/ ml l 

IR40 
Without whorl maggot 0 12. 10 a 56. 121 a 26. 10. 415 a 
With whorl maggot 9 12. 11a 40 b 118 a 26 a 14 a 427 a 

IR36 
Without whorl maggot 0 12. 11. SO. 98a 21 • 9. 395 • 
With whorl maggot 9 10 b 11a 67 b 91 b 21. 13. 392. 

- Av of5 rep lications. Separation of means in a column and under each variety by Duncan's multiple range testal the 5% leve l 01 -
days after infestation. Plants were infested with BOO adult lIies/49 hills in the screenhouse 5 days after transplanting. · Scored with 
the 1980 Standard Evaluation System for Rice. "AH = at harvest . 
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T.ble63. Yield kns components of2 rice v.rieties-.s .ffected by levels of .rtffici.llnfest.don with whorf mlSKJotflles. IRRI, 19110 
wet sea.on. 

Damage 
rating" 
2001 

Leaves 
Ino.lhilll 

2001 

Damaged Tillers (no.lhill) Plant ht (em) Panicle Unfiled 
Treatmen~ leaves {%I -------------- length grains Yield 

20 01 20 01 AH' 20 01 AH' (eml (%1 (g/m') 

Control (no flies) 
100 fHes/49 hills 
200 f1ies/49 hills 
400 flies/49 hills 
600 f1ies/49 hills 
800 f1ies/49 hills 

Control (no flies) 
100 flies/49 hill. 
200 flies/49 hi lis 
400 f1ies/49 hi 115 
600 flies/49 hills 
800 flies/49 hill. 

1 a 
5 b 
6 b 
8 c 
9 c 
9 c 

1 a 
6 b 
7 be 
8 cd 
8 d 
9 • 

43. 
50 b 
46 ab 
46 ab 
47 ab 
44 ab 

68a 
69. 
71 a 
84a 
88a 
88a 

1 a 
44 b 
46 b 
60 c 
69 c 
72 c 

1 a 
31 b 
44 c 
54 cd 
58 d 
65 d 

IR40 
12 a 
13 a 
13 a 
13 a 
13 a 
12 a 

IR36 
15 a 
18 ab 
17 ab 
19 b 
18 ab 
18 ab 

12 a 
15 ab 
17 b 
'4 ab 
15 ab 
14 ab 

14 a 
15 b 
18 b 
18 b 
19 b 
18 b 

52 c 
43 ab 
44 b 
4, ab 
41 ab 
40 a 

50 b 
46 ab 
41 a 
40 a 
41 a 
39 e 

'18 II 
117 II 
117 a 
117 a 
117 a 
1168 

98 b 
96 ob 
920 
910 
920 
900 

25 ab 
24 a 
25 ab 
25 b 
25 ab 
25 ab 

21 ab 
21 b 
21 b 
i, b 
21 ab 
20 e 

25 a 
28 a 
27 a 
29 a 
29a 
35 a 

20. 
24 a 
22. 
21 a 
23. 
20. 

408 a 
430 a 
459 a 
450 a 
438 a 
428 a 

465. 
463 • 
518 b 
503 ab 
505 eb 
5080b 

-Av of 4 replications. Separation of means in a column end under each variety by Duncan's multiple range test at the 5% ktvel 
Identical numbers may be followed by different letters because of rounding. D1 '"" days after infestation. ·Plants were infested with 
flies 5 deys atter transplanting. (CBased on the 1980 Standard Evaluation for Rice (SES). 'AH - at harvest. Visua I rating based on 
1980 SES. 

tosynthate was transferred from the treated leaves 
to the newest leaf in control plants. Seedlings that 
had previously been infested with BPH did not 
show evidence of labeled photosynthate transfer. 
Apparently hopper feeding blocked carbohydrate 
translocation, starving the growing leaves. The 
experiment suggested that blockage was restricted 
to the leaves on which BPH had fed. 

Prediction of yield loss from BPH. Research was 
initiated to predict yield loss from a BPH infesta
tion. Field estimates of yield loss from various 
levels of BPH infestation were made at IRRI. A 
simulation crop growth model using historical 
weather data and BPH feeding rates (as plant dry 
matter removed) was used to predict yield loss. 

Heavy BPH feeding enhanced the rate of panicle 
production but slowed panicle filling (making 
smaller grains) and kept the crop at the vegetative 
stage longer. The highest BPH densities caused the 
greatest yield reduction, and early infestations at 
comparable rates reduced yield more than later 
infestations. The trend of lower accumulated dry 
matter with increased BPH feeding was clear and 
significant. Low solar radiation in the wet season 
tends to prevent crops from compensating for 
biomass reduction, resulting in lower yields. 

To link the plant growth model to BPH plant 
damage, estimates of feeding rates at each life stage 
were made. Taking into account the daily BPH age 
structure, the effective total BPH feeding rate per 
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day (in mg plant dry matter) was computed. Actual 
records of hopper feeding were taken from insects 
caged on plants in the field; both insects and 
excreted honeydew were weighed. 

Simulated and observed percentages of yield 
reduction were similar in most cases (Fig. 21). 

"'" IOOr-------------------------------, .5 ..... " 
~-

80 

60 

40 

20 

o 
I BPH/ 4 tllI8f1 I BPH lliler 4 EPHItillet 

2J. Comparison of simulated grain yield reducuons (as a per
centage of the uninfested control) resulting from brown plant
hopper(BPH) feeding at indicated densities at the reproductive 
stage (50-80 days after transplanting) with reductions observed 
ina flCki experiment using variety IR20. IRRI, 1978 weI season. 
Simulated yields were obtained from a computer model of plant 
growth. 
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Table 64. Reactions of IRaG" with (WM) and without (no WM). whorl maggot f1iesb at different days after seeding and transplanting. IRAI, 1980 wet season. 

Tlilers/hl1i (no.l Plant ht (cm 

Damage ratingd Damaged leaves 20 days after 20 days after 
Treatment<' (visual) (%) infestation At harvest infestation At harvest Yield (91m2) 

WM NoWM Dltt. WM NoWM Ditt WM NoWM Dltt. WM NoWM Diff. WM NoWM Diff. WM NoWM Ditt. WM 

Test 1 
35 DS 9a 1 a 8 " 68a 2a 66 ** ·20 a 22 b -2 ns 20 a 16 a 4' 37 a 55 a 18 ** 94a 101 a -7 ' 465 a 
21 DS 9a 1 a 8 ., 70 a 10 69 ** 24 a 23 b 1 ns 200 17 a 3 ' 40 a 58 a -18 ** 99 a 100 a -1 ns 483 a 
14 DS 9a 1 a 8 " 690 3a 66 ** 24 a 25 a -1 ns 20 a 160 4 ' 390 57 a -18 ** 100 a 101 a -1 ns 460 a 

Test 2 
30 DT 4 c 20 2 ns 15 c 3a 12 ns 17 b 14 a 3 ns 690 82 a -13 ** 
15 DT 7 b 2 a 5 " 43 b 3a 40 ** 21 a 15 a 6' 16 a 15 a 1 ns 61 a 69 a -8 ns 92 a 96 a -4 ns 355 a 
5 DT 9a 2a 7 " 72 a 40 68 " 16 b 170 -1 ns 17 a 14 a 3 ns 36 b 49 b -13 ** 98 a 97 a 1 ns 493 a 

GAv of4 replications. Separation of means in a column and under the same test by Duncan's multiple range test at the 5% level The dash (-I indicates no data were 
taken because of rat damage. bPlants were infested with 800 adult flies/49 hills 5 days after transplanting. cDS = days after seeding, DT = days after transplanting. , 
dScore~ with the 1980 Standard Evaluation System for Rice. 

" . 

NoWM Dltt. 

478 a -13 ns 
495 a -12 ns 
435 a 25 ns 

345 a 10 ns 
355 a 138 ns 
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WEED CONTROL IN RICE FIELDS 

Agronomy Department 

Research to identify herbicides that would com
plement other methods of weed control in wetland 
rice continued at IRRI and at the Maligaya, Bicol, 
and Visayas research stations of the Philippine 
Bureau of Plant Industry. 

Transplanted rice. Infestations of Echinochloa 
crus-galli ssp. hispidula, Echinochloa glabrescens, 
Cyperus «{/formls, and M onochoria vaginalis were 
common at all sites. Scirpus maritimus and Paspa
lum paspalodes were present at IRRI and Cyperus 
imbricatus and Sphenoclea zeylanica at Bicoi. 

All herbicide-treated plots, except those treated 
with naproanilide - thiobencarb and pendime
thaIin at IRRI and R-22523 at Bicol, yielded signi
ficantly more than the untreated check (Table I). 
There was no significant yield increase at Maligaya. 

In the wet season all herbicide treatments, except 
naproaniJide - thiobencarb, piperophos - 2,4-D, 
and R-22523 at IRRI and chlomethoxynil - 2,4-D 
at MaIigaya, gave significantly higher yields than 
the untreated control (Table 2). A few treated plots 
at IRRI, Bicol, and Visayas yielded significantly 
less than the hand-weeded check. 

Direct-seeded irrig~ted rice. In the dry season at 
all sites, plots treated with molinate - simetryn -

Table 1. Effects of granular herbicides applied before weed emergence-4 days aftert~nsplantin~ (DT) -on r!c.e y!eld oflR42 at 
IRAI, the Maligaya Rice Research and Training Center, and the Bical Rice and Corn Expenment Sta~on of the PhiliPPine Bureau of 
Plant Industry, 1980 dry season. 

Yrerd~ (t/ha) 
Treatment" Rate 

(kg a.rNha) IRRI Mahgaya Blcol 

Hand-weeded check 63. 45. 58. 
Bifenox - 2,4-0 EE 20 - 0.66 63. 45. 50 ab 
Pretalachlor 05 62. 4.3 a 53 ab 
Chlomethoxynil - 2,4-0 IPE 2.1 - 075 5.7 a 42, 5.6 ab 
Naproanihde - thlobencarb 1.0 - 0.7 52 ab 46. 5.3 ab 
Molinate - simetryn - MCPB 1.8-01-01 5.4 a 4.4 a 52 ab 
2.4-D IPE 0.8 5.7 ab 46. 4.6 ab 
R·22523 1.5 5.7 a 42. 44 be 
PendlmethaUn 0.75 51 ab 42. 4.6·ab 
KC023 10 6.1 a 
KCO%5 1.0 57. 
Untreated check 4.0 b 4.0 a 33 e 

"Hand-weeded check"" weeded 20 and 40 DT. A spaced dash H means that 2 or more .her~lclde~ wen; formulated on ~he sa~1} 
carrier and applied as a smgle treatment EE = ethyl ester. IPE "" isopropyl ester. °Actlve I~gredlent Av of 4 replicationS/SIte. 
Separation of means in a column by Duncan's multiple range test at the 5% level. A dash mdlcates no test. 

Table 2. Bfects of granular herbicides applied before weed emergence-4 days aftertran~planting (D.n - on rice yie!d oflR36. at 
IRRI, the Mallgaya Rice Research and Training Center, the Bicol Rice and Corn Expenment Station, and the Vlsayas Rice 
Experiment Station of the Philippine Bureau of Plant Industry, 1980 wet season. 

Yield'" (t/ha) 
Treatment" Rate 

(kg a.INha) IRRI Maligaya Visayas Bicol 

Hand-weeded check 45. 53-a 6.1 a 5.1 a 
Blfenox - 2,4-0 EE 2.0 - 066 4.1 ab 5.6 a 57 ab 4.6 ab 
Pendimethahn 075 3.7 ab 5.6 a 6.0 ab 43 ab 
2,4-0IPE 08 4.0 ab 55. 5.5 b 1 4.7 ab 
Chlomethoxynil - 2,4-0 IPE 2.1 - 0.75 43 ab 5.0 ab 5.7 ab 43 ab 
Mollnate - slmetryn - MePB 1.8-0.1-01 4.3 ab 5.2 a 5.5 ab 42 b 
R-22523 1.5 35 abc 53. 5.9 ab 4.5 ab 
Plperophos - 2,4-0 IPE 0.33 - 017 30 be 5.3 a 59 ab 4.6 ab 
Naproamhde - thiobencarb 1.0 - 0.7 3.2 be 5.6 a 57 ab 4.0 b 
KCO:s 10' 4.0 abo 
KCO:3 1~9 3.8 ab 
Untreated check 22 e 46 b 44 e 3.0 e 

"Hand-weeded check = weeded 20 and 40 DT A spaced dash (-) means that 2 or more .her~icide~ were formulated.on ~he sa~e 
carrier and applied as a single treatment EE = ethyl ester. IPE = Isopropyl ester. bActlve "'!gredlent '"Av of4 replicationS/Site 
Separation of means in a column by Duncan's multiple range test at the 5% level A dash mdlcates no test. 
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Table3. Effect of earlypostemergence IB days after seeding) application of granular herbicides on yield of direct-seeded, flooded 
1R42 rice at IRAJ, the Maligaya Rice Research and Training Center, and the Bico! Rice and Com ExperimentStation of the Philippine 
Bureau of Plant Industry, 1980 dry season. 

Treatment" Rate 
Yield'" (t/ha) 

(kg a.i."/ha) IRRI Maligaya Bicol 

Molinate - simetryn - MCPB 1.8 - 0.1 - 0.1 5.6 a B.O a 5.8 ab 
Naproanilide - thlobencarb 1.0 - 0.7 5.9 a 2.6 de 62a 
Butachlor + 2,4-0 IPE 075 + 0.5 4.9 ab 4.3 be 3.3 ed 
Throbencarb - 2,4-0 IPE 10- 0.5 54 ab 3.2 ed 3.7 be 
R-22523 1.5 48 ab 5.2 ab 1.6 
Piperophos - 2,4-0 IPE 033-017 57 a 16 ef 40 be 
Chlomethoxynil - 2,4-0 IPE 2.1 - 0.75 5.3 ab 30 d 18 de 
Preta lach lor 05 48 ab 0.1 9 5.0 ahc 
Blfenox - 2,4-0 EE 2.0 - 0.66 5.7 a 18 ef 2.1 de 
KC0 25 1.0 6.0a 
KCO:3 1.0 5.4 ab 
Untreated check 3.9 b 1.1 f9 2.1 de 

"A spaced dash (-) meansthat2 or more herbicides were formulated on the same carner and appliedas a smgletreatment A plus 
(+) means the chemicals were applied separatelyatabolltthe sametlme.IPE= isopropyl ester. EE = ethvl ester bActive ingredient. 
'"Avof4 replications/site. Separation of means in a column by Duncan's multiple range testatthe 5% revel. A dash indicates no test. 

Table 4. Effects of early postemergence(B days after seeding) application of granular herbicides on yield of direct-seeded, flooded 
IR3B rice at IRRI, the Maligaya Rice Research and Training Center, the Bicol Rice and Com ExperimentStation, and the Visayas Rice 
Experiment Station of the Philippine Bureau of Plant Industry, 1980 wet season 

Yield'" (t/ha) 
Treatment" Rate 

(kg a Ib/ha) IRRI Mahgaya Vlsayas Bicol 

Naproanihde - thiobencarb 10 - 0.7 26 abcd 49a 48 b 54 a 
Bifenox - 2,4-0 EE 20-0.66 3.4 ab 3.4 e 4.9 b 5.5 a 
Chlamethaxyml - 2,4-0 IPE 2.1 - 075 2.B abcd 3.9 be 4.9 b 5.5 a 
Plperophas - 2,4-0 IPE 0.33 - 0.17 3.0 abc 4.8 a 4.2 d 51 a 
ThlObencarb - 2,4-0 IPE 1.0 - 05 31 abc 3.8 be 4.6 be 5.5 a 
Butachlor + 2,4-0 IPE 0.75 + 05 3.2 abc 34 e 40 d 56a 
Pendlmethalm 075 25 abcd 4.5 ab 5.7 a 3.3 b 
Malinate - simetryn - MCPB 1.8 - 0.1 - 01 2.1 bed 35 e 54 a 4.9 a 
R·22523 15 1.9 ed 2.0 d 4.2 ed 51 a 
KCO~ 1.0 36a 
KC023 10 3.2 abc 
Untreated check 1.6 d 2.3 43 ed 3.9 b 

"A spaced dash (-) means that2 or more herbicides were formulated on the same earner and applied as a single treatment EE = 
ethyl ester IPE = Isopropyl ester. A plus (+) means the chemicals were apphed separately at about the same time bActlve 
mgredlent. cAv of 4 replications/site. Separation of means in a column by Ouncan's mUltiple range test at the 5% level. A dash 
indicates no test 

MCPB and naproanilide-thiobencarb gave signif
icantly higher yields than the untreated control 
(Table 3). Plots treated with butachlor+ 2,4-D and 
thiobencarb - 2,4-D at Maligaya and Bicol, and 
those treated with piperophos- 2,4-D at IRRI and 
Bicol yielded significantly more than the untreated 
plots. 

During the wet season, yields of plots treated 
with bifenox- 2,4-D were significantly higher than 
those of the untreated plots at all sites (Table 4). 
But several treated plots at IRRI and Bicol had 
yields not greatly different from the yield in the 
untreated plot. Except those treated with R-22523 

at Maligaya and pendimethalin at Visayas, all 
herbicide-treated plots at both sites yIelded signifi
cantly more than the untreated check. 

Dryland rice. Herbicides trials in dryland rice 
continued in a farmer's field in Batangas during the 
1980 wet season. Seven herbicides were applied at 
preemergence with and without a propanil follow
up treatment. The rates of the herbicides were 
reduced when these were applied as combinations. 
Propanil was applied at the 3- to 5-leaf stage of the 
weeds. The principal weed species were Digitaria 
sanguinalis, Dactyloctenium aegyptium, Echino
chloa colona, Commelina benghalensis, Celosia 
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Table 5. Effects of hquid herbicides on weed control. crop tolerance. and yield of JR52 rice grown in dryJand conditions in a 
farmer's field in Batangas Province. Philippines, 1980 wet season. 

Applieationb 

Treatment" Rate Time Weedwtc Toxicity Yield" 
(kg a Uha) (g/mt) ratmgd It/ha) 

Oxadiazon fb propanil 0.75 fb 2 0 PE fb 12 DE 171 bc 4 4.0 a 
Butrahn fb propaml 1.5 fb 20 PE fb 12 DE 323 cd 4 3.5 ab 
Dinitramme fb propaml 10 fb 2 0 PEfb 12 DE 205 bc 4 32 abc 
Dinitramine 1.5 PE 111 b 8 29 abed 
Butachlor fb propamJ 1.5 fb2.0 PE fb 12 DE 312 cd 4 2.8 abed 
Oxyfluorfen fb propanil 035 fb 2.0 PEfb 12 DE 315 cd 6 2.8 abed 
Thiobenearb fb propanil 20fb20 PEfb 12 DE 227 bcd 4 28 abed 
Butaehlor 2.0 PE 290 cd 4 2.5 bede 
Oxadlazon 1.0 PE 287 cd 4 2A bede 
Two hand weedmgs 12 fb 38 DE 10 a a 24 bede 
PendimethaUn fb propanil 10 fb 2.0 PEfb 12 DE 256 cd 4 23 bede 
One hand weedmg 28 DE 245 bcd a 22 cde 
Thiobenearb 3.0 PE 185 bc 4 1.9 de 
Pendimethalin 15 PE 295 cd 6 16 de 
Oxyfluorfen 0.5 PE 420 d 6 14 e 
Propaml 30 12 DE 454 d 3' 0.0 f 
Untreated check 493 d a 0.0 f 

afb == followed by. ba.l. == active ingredient. PE = preemergenee. DE == days after emergence. "Av of3 replicatIOns Separation of 
means In a column by Duncan's multiple range test at the 5% level. dRated 5 DE on a scale of 0-10 where 0 == no tOXICity and 10 = 
complete kill. ~Rated 1 week after propaml application 

argentea; Ipomoea tri/oba, and Cyperus iria. 
Weed infestation was so heavy that no yield was 

obtained from the nntreated plot (Table 5). All 
herbicide treatments, except propanil alone, gave 
significantly high yields. Propanil as a sole treat
ment failed to control the weeds. Propanil follow
up after preemergence herbicide treatments slightly· 
increased yields over those treated with preemer
gence herbicides alone. The oxadia2on - propanil 
combination gave the only yield that was signifi
cantly higher than that from the hand-weeded 
checks. The crop suffered injury from all preemer
gence herbicides but recovered completely. 

HERBICIDE SCREENING 

Agronomy Department 

Herbicide screening in transplanted and wet-seeded 
(direct-seeded) rice in irrigated and rainfed fields 
continued during the 1980 wet season. The impor
tant weeds common in all these cultures were E. 
giabrescens, E. crus-galli ssp.hlspiduia, M. vagina
lis, S. maritimus, C. difJormis, and C. iria. 

Irrigated transplanted rice. Among the herbicide 
formulations tested, 2,4-D, perfluidone - bifenox, 
HOE 30374, perfluidone - molinate, tiocarbazil-
2,4-D BE, and SN 80870 looked promising for 
irrigated transplanted rice (Table 6). They con
trolled weeds adequately and showed excellent 
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selectivity to rice when applied before emergence of 
weeds. Yields of these treatments were significantly 
higher·than the yield of the untreated control and 
comparable with those of the hand-weeded and the 
standard chemical (thiobencarb - 2,4-D) checks. 

Rainfed transplanted rice. Perfluidone- bifenox, 
oxyfluorfen, and bifenox as preemergence treat
ments and perfluidone - molinate as an early post
emergence (1- to 2-leaf stage of the weeds) treat
ment showed promise for rainfed transplanted rice 
(Table 6). Yields of plots treated with those herbi
cides were markedly higher than the yield of the 
untreated check. 

Irrigated wet-seeded rice. All herbicide treat
ments provided generally good weed control of the 
grasses and gave yields 2-4 times those of the 
untreated check (Table 7). Yields 9f plots treated 
with perflnidone - molinate, tiocarba2il - 2,4-D, 
and bifenox were significantly higher than the yield 
of the untreated plot. Bifenox applied at 10 days 
after seeding was moderately effective against S. 
maritimus, which was the dominant sedge. Tiocar
bazil - 2,4-D, oxyfluorfen, and Me 10108 were 
slightly toxic to rice. Yields were generally low 
because the crop lodged at grain-filling. 

Rainfed wet-seeded rice. All herbicide treat
ments were completely safe to the crop and gave 
yields significantly higher than the yield of the 
untreated control (Table 7). Tiocarba2il - 2,4-D 

, 
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Table 6 Effect of herbicides on weed control, crop tolerance, and yield of transplanted 1R42 rice in irrigated and rainfed fields 
IRRI, 1980 wet season. 

Application" Weed wtC (9/m!) 
Visual 

Treatmenf' Rate Time Broadleat Grasses Sedges toxicity Y,eldr 

(kg a l.tha) weeds rating" (t/ha) 

Imgated transplanted rice 
2,4·D SEW? 0.5 3 DT Oa Oa 65 b 0 56a 
Hand-weeded check TWice 15 &30 DT 8 ab 12 ab 7a 0 54a 
Perfluidone - bitenox G 03 - 2.7 3 DT 0. Oa 77 b 0 5.4 a 
HOE 30374 EC 0.6 3 DT 1 a Oa 171 b 0 51 a 
Perfluidone - mohnate G 11 - 2.75 3 DT 1 a o a 72 b 2 5.1 a 
Tlocarbazil- 2~4.D IBE G 15- 0.5 3 DT Oa 2 ab 114 b 0 50 a 
SN 80870 EC 0.5 ?? 34 b 92 b 83 b 0 4.9 ab 
Thlobencarb - 2, 4·D IPE G 10- 05 3 DT 10 b 20 ab 96 b 0 39 ab 
Untreated check 47 b 15 ab 76 b 0 2.8 b 

Rainfed transplanted rice 
PerflUldone - mohnate G 11 - 2.75 8 DT 4a Oa 57 be 5.8 a 
Perfluidone - bifenox G 0.3 - 27 3 DT Oa 7 a 12 ab 5.7 a 
Oxyfluorfen G 0.15 3 DT o a Oa 30 be 56 a 
Bifenox F 2.0 3 DT Oa 3 a 50 be 55a 
Hand-weeded check TWice 15&30DT 6a 2a 6a 5.6 a 
Thiobencarb - 2,4·D IPE G 10- 05 3 DT Oa Oa 107 e 43 ab 
Untreated check 8 a 33 a 70 be 35 b 

"Aspaced dash (-) means2 herbicideswere formulated onthesame carrier and app'liedasa single treatment. BE - butyl ester.IBE 
= Isobutyl ester.IPE = isopropyl ester. ba.i. = active ingredient DT = days after transplanting. PP = preplant application cAv of2 
rephcatlons Separation of means in a column under each planting condition by Duncan's multiple range test at the 5% level. 
"Rated 2 weeks after herbicide application on a scale ot 0-10 where 0 = no tOXICity and 10 = complete kill. 

Table 7. Effect of herbicides on weed control, crop tolerance, and yield of wet-seeded IR42 rice grown under irrigated and rainfed 
conditions. lRAI, 1980 wet season. 

Applicationb Weed wtC (g/ml) 
Visual 

Treatment" Rate Time Broadleaf Grasses Sedges toxicity Y,eldr 

(kg a i Ihal (DS) weeds rating" 

Imgated wet-seeded rice 
Perfluidone - molinate G 055-1.38 6 2a 6a 44 b 26a 
TlocarbaziJ - 2,4·D IBE G 15- 05 6 Oa 6a 32 b 23 a 
Blfenox F 2.0 10 2a 7 a 4a 2.3 a 
BlfEinox F 2.0 6 3 a 6a 37 b 2.2 a 
Perfluidone - blfenox G 015 -1.35 6 Sa 15 a 35 b 2.0 ab 
Oxyfluorfen G 0.1 6 2a 16 a 56 b 1.9 ab 
Thiobencarb - 2,4-D IPE G 1.0 - 05 6 Oa 3a 56 b 19 ab 
MC 10108 EC 0.25 10 6a 39 a 8 ab '8 ab 
Untreated check 8a 57 a 26 ab 0.6 b 

Rainfed wet-seeded nce 
Tlocarbazil - 2,4-0 IPE G 075 - 0.5 6 2a 20 be 5 abc 4.0 a 
Perfluldone - molinate G 055-1.38 10 16 ab 7 ab 7 abc 3.7 a 
Perfluidone - blfenox G 0.15 - 1.35 10 4 ab 21 be 5 abc 3.7 a 
Oxyfluorfen G 0.10 10 19 ab 14 be 12 abc 3.6 a 
SN 81259 EC 1.5 6 5 ab 1 a 10 be 3.6 a 
ThlObencarb - 2,4-0 IPE G 1.0 - 05 10 5 ab 2 ab 2 ab 34a 
Bifenox F 2.0 6 9 ab Oa 1 a 3.3 a 
SN 80870 EC 1.0 10 4 ab 28 c 15 c 32a 
Oxyfluorfen G 015 6 20 b 6 abc 7 abc 3.1 a 
R-56575 2.0 10 8 ab 34 c 21 c 3.1 a 
Untreated check 24 ab 18 be 8 abc 16 b 

"A spaced dash (-I means that 2 herbicides were formulated onthe same carrierand applied as a singletreatment.IBE - isobutyl 
ester. IPE "" Isopropyl ester. ba.i. = active ingredient DS = days after seeding. t:Av of 3 replications Separation of means in a 
column under each planting condition by Duncan's multiple range test at the 5% level dRated 2 weeks after herbicide application 
on a scale of 0-10 where 0 = no toxicity, and 10 "" complete kill. 
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Table 8. Effects of new preemergence herbicides on weed control, crop tolerance, and yield of 1R43 rice grown under dryland 
conditions. IRAI, 1980 wet season. 

Application" Weed ~ (91m2) 
Visual 

Treatment Rate Time Broadleaf Grasses Sedges tOXICity VieW 
(kg a.i.lha) weeds ratingr It/hal 

Hand-weeded check lS&30DE 2 a 16 ab 3 ab 34a 
RH 8254 2.0 PE 3 ab 15 a 27 e 2.9 a 
RH 8254 10 PE 1 a 10 a 17 be 16 be 
MC 10108 075 PE 21 abc 56 be 9 abc 14 be 
Butachlor check 20 PE 31 be 377 cd 1 a 0.5 cd 
Untreated check 68 e 452 d 1 a 0 d 

"a.l. = active ingredient. DE = days after emergence. PE = preemergence ~~v of3 replications Separation of means In acolumn by 
Duncan's multiple range test at the 5% level. CRated at 2 weeks after herblcrde applrcatlon on a scale of 0-10 where 0 = no tOXICity 
and 10 = complete kill. 

controlled the broadleafweeds almost completely. 
Dryland rice. During the 1980 wet season, field 

tests to identify new herbicides for dryland rice 
continued at IRRI. The major weeds were Rott
boellia exaltata, Eleusine indica, Cleome rutido
sperma, Cyperus rotundus, and Calopogonium 
mucunoides. 

Among new liquid herbicides tested, RH 8254 
and Me 10108 provided reasonable control of R. 
exaltata, which fast became the dominant weed 
(Table 8). The rice plants totally recovered from 
severe stunting caused by RH 8254 applied at 2.0 
kg/ ha. The standard herbicide check, butachlor, 
failed to control R. exaltata. 

EFFECT OF BUTACHLOR FORMULATIONS ON 
WEED CONTROL 

Agronomy Department 

During the 1980 wet season, different butachlor 
formulations were compared for weed control and 
selectivity in transplanted and wet-seeded IR36rice 
in irrigated plots. The major weeds common to 
both cultures were E. glabrescens, M. vaginalis, C. 
difJormis, and S. maritimus. 

Transplanted rice. Significant reduction in weed 
stand in transplanted rice was obtained with buta
chlor, regardless of the formulation used. How
ever, the treated plots did not yield significantly 
more than the untreated because the crop lodged 
(Table 9). 

Wet-seeded rice. Amongtheformulations tested, 
flowable butachlor-2,4-0 IBE provided best weed 
control and gave significantly higher yields than 
the untreated control (Table 10). All formulations, 
together with thiobencarb- 2,4-0, were slightly to 
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severely toxic to wet-seeded rice, but the crop reco
vered quickly. Yields were low because the crop 
lodged. 

MANAGEMENT AND CONTROL OF SCIRPUS 
MARtTIMUS 

Agronomy Department 

A field experiment that began in the 1974 dry 
season continued in 1980. During the dry season, 
the rotary-weeded and herbicide-treated trans
planted rice plots yielded significantly more than 
the untreated control (Table II). A yield of2.3 t/ha 
from plots that were rotary-weeded twice was not 
significantly different from the 1.9 t/ha yield from 
plots treated with benta20n. The untreated check 

Table 9. Effect of different formulations of butachlor applied 
before weed emergence - 3 days after transplanting (OT) -
on weed control and yield of irrigated transplanted IRaG rice 
IARI, 1980 wet season 

Rate Weedwt" Yreldc 
Treatment" (kg a.i.b/ha) (g/m2) It/hal 

Hand-weeded check 11 ab 32a 
Butachlor G 10 39 e 31 a 
Butachlor EC 10 29 abc 2.7 a 
Butachlor F 1.0 44 c 2.6 a 
Thiobencarb - 2,4-D 1.0 - 0.5 41 cd 26a 

IPE G 
Butachlor - 2,4·0 0.75 - 062 36 be 2.4 a 

IBE F 
Butachlor G + 2,4-D 075 + 05 11a 2.3 a 

IPE G 
Untreated check 116 d 2.0 a 

aHand-weeded check = weeded 15 and 30 DT. A spaced dash 
( - ) means 2 herbiCides were formulated on the same carrier 
and applred as a single treatment. IPE = isopropyl ester.IBE = 
isobutyl ester A plus ( + ) means the chemrca!s were applied 
separately at about the same time. bActlve ingredient <:Av of3 
replications. Separation of means In a column by Duncan's 
multiple range test at the 5% level. 



Table 10. Effect of early postemergence (8 days after seeding) application of butachlor formulations on weed control. crop 
tolerance, and yield of wet-seeded 1R36 rice grown under irrigated conditions. IRRI, 1980 wet season. < 

Visual 
Treatment" Rate Weed wt" toxicity Yield" 

(kg a.INha) (g/m'l rating" (t/hal 

Butachlor - 2,4·D IBE F I 0.75 - 062 29 a 1.6 a 
Butachlor EC 1.0 68 ab 1.4 ab 
Butachlor G + 2,4·D IPE G 0.75 + as 92 b 1.0 ab 
ThlObencarb - 2.4-D IPE G 10 - 05 112 b 10 ab 
Butachlor G 10 117 b 09 ab 
Butachlor F 1.0 106 b 0.8 b 
Untreated check 136 b 0.8 b 

"A spaced dash (-) meansthat2 herbicides were formulated 'on the same carrier and appJred as a single treatment. A plus (+) 
means that the chemicals were appJred separately at about the same time IBE = Isobutyl ester; IPE = Isopropyl ester bActlve 
ingredient. "Av of3 replications Separation of means in a column by Duncan's multiple range test at the 5.% level "Rated 2 weeks 
after herbiCide applrcation on a scale of 0·10 where 0 = no toxicity and 10 = complete kill 

Table 11. Effects of weeding methods and cropping patterns on crop yield and population density of Scirpus martttmus and other 
weeds. IRAI. 1980 dry season. 

Weeds (no Im1) 
Cropping pattern 

and Yield Broadleaf Scirpus Cyperus 
weeding treatment" per hab Grasses weeds Sedges maritimus rotundus 

Continuous transplanted rice: Rice (t) 
Rotary weeding 2.3 a 10 4 12 14 
Bentazon (2 kg a i Iha) 1·9 a 300 1 57 16 
No weeding 0.0 b 227 12 172 288 

Dryland crops - transplanted Maize + Soybean 
rice (ears) (kgl 

Hand weeding 49,500 a 474 a 19 
Butachlor (2 kg a I.lha) 

fb bentazon 
(1 kg a.i.lha) 27,000 a 238 156 3 0 

No weedmg 22.000 a 88 298 55 170 
Dryland crop - dry-seeded, Maize 
ralnfed·bunded rice (ears) 

Butachlor (2 kg a I/ha) 
fb bentazon 
(1 kg a.l.lha) 47,000 a 63 9 24 17 36 
Hand weeding 41.000 a 24 2 10 7 6 
No weeding 33,000 a 499 60 65 6 29· 

"a.l. = active ingredient fb = followed by. bAv of 2 replications. Separation of means within each cropping pattern by Duncan's 
multiple range test at the 5% level 

gave no yield because the population of annual 
weeds and S. maritimus was high. 

In the maize + soybean intercrop, the yield of 
maize did not vary significantly among weed con
trol treatments. Yields were best, however, in the 
hand-weeded plots. 

Where maize was planted alone during the dry 
season, the yield differences between treatments 
were not significant (Table I I). Heavy infestation 
of grasses in the untreated plots did not substan
tially affect maize yield. 

In the continuous transplanted rice pattern dur
ing the wet season, yields of the bentazon-treated 
and rotary-weeded plots were significantly higher 

than the Yield of the untreated plot (Table 12). 
High density of S. maritimus and annual sedges 
resulted in no yield from the untreated check. 

Shifting cropping patterns from continuous 
transplanted rice to dryIand crop - transplanted 
rice reduced the stand of S. maritimus in the un
treated plot by more than 50% (Table 12). But 
because of the high hi.ddence of grasses and annual 
sedges, the yield· in the untreated plot was sigoifi
cantly less than in the rotary-weeded plots. 

In the pattern dry-seeded, rainfed bunded rice 
following maize, all the treated plots yielded signif
icantly more than the untreated plots (TaDle 12). 
High infestation of annual weeds resulted in no 
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Table 12. Effects of weeding method and cropping pattern on rice yield and population density of Scirpus mantimus and other 
weeds. IARI, 1980 wet season. 

Weeds (no 1m:) 
Cropping,pattern Yleldb 

and (t/ha) Grasses Broadleaf Sedges SClrpus Cyperus 
weeding treatment" weeds maritimus rotundus 

Continuous transplanted rice 
Bentazon (2 kg a l.fha) 30a 225 18 16 
Rotary weedmg 2.9 a 67 19 28 
No weeding 0.0 b 166 387 360 

Dryland crops - transplanted nee 
Rotary weeding 32a 112 8 72 14 
Bentazon (2 kg a i.lha) 19 ab 352 0 150 5 
Noweedmg 09 b 375 18 261 154 

Dryland crop - dry-seeded, 
ramfed-bunded rice 

Hand weeding 28a 6 0 32 4 23 
Butachlor (2 kg a i.fha) 16 b 259 62 2 4 40 
No weeding 00 e 572 196 214 4 7 

"a i. = active mgredient °Av of2 replications Separation of means within each croppmg pattern by Duncan's multiple rangetestat 
the 5% level. 

yield in the untreated control. Some growth of C. 
rotundus occurred because of poor accumulation 
of water in the plot. 

Control of S. maritimus with tmage and herbi
cide. The effect of time of reharrowing and herbi
cide treatments on the control of S. maritimus was 
studied during the dry season. Plowing and first 
harrowing were followed by a final harrowing at 3 
differenttimes - 5 days, 10 days, and 15 days after 
the first harrowing. Plowing and first harrowing 
were.adjusted so that transplanting was done on 
the same day. 2,4-D at 0.5 and 1.0 kg/ha was 
applied on each tillage treatment before and after 
weed emergence. Besides S. maritimus, E. glabres-

cens, E. crus-galli ssp. hispidula, and M vaginalis 
were also present. 

Degree of S. maritimus control varied signifi
cantly with time of2,4-D application, regardless of 
when reharrowingwas done (Table 13). Control of 
the weed was not affected by varying reharrowing 
schedule. Plots treated with a follow-up of 2,4-D 
after weed emergence (26 DT) generally had signif
icantly less growth of S. maritimus and gave higher 
yields than those treated with 2,4-D before weed 
emergence (4 DT) and the untreated checks (Table 
13). As a sole postemergence treatment, 2,4-D con
trolled S. maritimus adequately, but it did not 
control the grassy weeds. On the other hand, as a 

Table 13. Effects of time of reharrowing and 2, 4-0 treatments on Scirpus maritlmus control and yield of transplanted IR50 rice. 
IARI, 1980 dry season. 

Application" Weed ~ (g/m2) at given Ylelde (tlha) at given 
Herbicide reharrowing timell' reharrowing timer! 
treatment" Rate Time 

(kg a i Iha) (DT) 5d 10 d 15 d Mean 5d 10 d 15 d Mean 

Hand-weeded check 20 fb 35 1 1 2 1 a 46 45 48 46a 
Butachror fb 2,4-0 1.0 fb 0.5 4 fb 26 40 63 91 65 de 44 4.2 42 4.3 ab 
Butachlor fb 2,4-0 1.0 fb 1.0 41b26 8 9 17 12 b 4.5 4.2 3.7 41 ab 
2,4-0 fb 2,4-0 1.0 fb 05 4 fb26 22 97 12 44 be 4.7 3.4 40 4.0 abc 
2,4-0 fb '2,4-0 0.5 fb 1 0 4 fb 26 18 29 26 24 be 3.3 3.8 4.4 3.8 bed 
2,4-0 fb 2,4-0 0.5 fb 0.5 4 Ib 26 f57 74 64 68 de 3.8 34 4.2 3.8 bed 
2,4-0 1.0 26 26 82 40 49 ed 31 3.7 3.9 36 bcde 
2,4-D 1.0 4 58 131 132 107 el 36 30 32 33 cdef 
Butachlor 1.0 4 140 198 222 187 I 37 2.9 3.1 32 cdef 
2,4-0 0.5 26 91 90 59 80 de 29 3.3 32 3.1 del 
2,4·D 05 4 173 170 129 157 el 3.2 30 2.6 2.9 el 
Untreated check 262 177 149 196 I 23 2.6 2.6 25 I 

Mean 75 93 79 3.7 35 37 

!lfb = followed by. °a.i. = active in-gredlent, DT = days aftertransplantlOg. CAvof3 replications. Separation of means In a column by 
Duncan's multiple range test at the 5% level dAfter the first harrowing. 
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Table '4. Effects of 2, 4-0 applied at various growth stag .. of 
Scirpus maritimus on its control and on yield of transplanted 
1R36 rice. IARI. 1980 dry .eason. 

Growth stage 
treatment" 

Hand-weeded check 
6-leaf stage 
8-leaf stage 
10-leaf stage 
4-leel stage 
2·leaf stage 
Shoot emergence 
Untreated check 

S. maritimus dry wr' 
(9 /m!) 

Maximum Crop 
tilering maturity 

2' • '0. 
B6 b '60 be 

'38 ed '27 b 
'66 d '57 be 
'04 be 202 bed 
90 b 206 bed 

' 00 b 237 ed 
173 d 3'2 d 

Yieldb 

(tlha) 

5.5 a 
3,9 b 
3.8 be 
3,6 be 
3,5 be 
3 ,' be 
3 ,' be 
2,7 e 

aButachlor was applied at preemergence to control annual 
weeds, tAv of 3 rep icat ions, 2 formu lations, and 2 rates of 
2,4-0, Separation of means in a column by Duncan's multiple 
range test at the 5% leve1. 

sole preemergence treatment, 2,4-D controlled the 
grasses effectively but did not control S. maritimus, 

Control of S. maritimus at different growth 
stages with 2,4-D. To identify the growth stages 
that are susceptible to 2,4-D, dimethylamine salt 
and isopropyl ester formulations were applied at 
0.5 and 1.0 kg/ ha to S. maritimus at 6 growth 
stages. Annual weeds were controlled with buta
chlor. 

2,4-D provided adequate initial control of S, 
maritimus at all stages, irrespective-ofthe formula
tion and the rate used. However, degree of control 
later varied slightly with time of application of the 
herbicide (Table 14). Application at the 6-leaf stage 
apparently provided longer weed control duration 

Weed dry wt ignri') 
500 12th crop 13th crop 

400 
o 4nnuaI ..... {Ec/IkIot:IIbt:I glob-
,.~ f E awgofK up 
IWpItJub +~ 1I(ff1/I1ob} 

~ ScJrpu.11ItJI'!t/Inf6 

300 .--
200 

~ 

and gave yields significantly higher than the yield 
of the untreated check. Applications earlier than at 
the 6-leaf stage led to a heavy regrowth of the weed, 
which went on unchecked by lack of rice crop 
canopy. Applications made later than at the 6-crop 
stage provided sustained control of S. maritimus 
until crop maturity. 

LONG-TERM EFFECTS OF REDUCED llLLAGE 

Agronomy Department 

The study of the effects of reduced tillage on weed 
shift and popUlation density in transplanted rice 
continued on the 12th to the 14th crops, IR34, 
IR40, and IR42 were planted in plots prepared by 
conventional tillage, mirtimum tillage, and zero 
tillage, Conventional tillage was one plowing and 
two harrowings, mirtimum tillage was one harrow
ing, and for zero tillage, weed srubbles of the pre
vious crop were cut and paraquat was applied. 

Annual weeds consisted of E glabrescens. E, 
crus-galli ssp, hispidula. and M. vaginalis; the per
enrtials were p, paspalodes and S. maritimus. Buta
chlor was applied to control annual weeds. 

In the 12th crop, incidence of the perenrtial 
weeds increased as tillage was reduced from con
ventional to zero (Fig, I), However, weed increases 
were slight because the minimum- and the zero
tillage plots had been cultivated during the pre
vious crop. Consequently, yields did not vary sig
nificantly between tillage treatments (Table 15), 

In the 13th crop, the zero-tillage plots had a 

14th crop 

~ ~ ~ 
~ 

Q 
~ ~ ~ 

100 ~ 
~ ~ 

~~ ~~~ 
0 

~~~ ,~ 

CT MT ZT CT MT ZT CT MT ZT 
1-1R34-+- R40-+-IR42-t 

I. Weed dry weights a l harvest of (he 12th. 13th. and 14lh crops as indices of weed con trol by 
conventional tillage (CD. minimum tiUage(MT).andzerotillage{ZT). IRRI. 19Wcropseason . 
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heavy buildup of perenrual weeds, which varied 
significantly with variety (Fig. I). No-tillage plots 

0 

planted to the medium-statured IR34 had the low-!<2 <> 
00 

<> {l '.0 00 

.~- 0 .... C'!~~ r-:"!~ ~ est weed population, mainly of S. maritimus. Plots • >: ";Mcoi MMO NNO 
~ • planted to semidwarflR40and IR42 had moderate 

• .. 
to severe infestation of P. paspalodes and S. mari--.... ~:g~ ~~;7i E 

~ O'I""~ .. N .< 
timus and gave zero yield (fable 15). Degree of ~ 

N ~ • cf ... total weed population and grain yield between the 
~ .!! o· conventional- and minimum-tillage plots did not 'E 

QI"'o 0;2;"' ~~3 ~i 
\ • ":: " :I J .. e N differ significantly, regardless of variety. 

~ .!!!'" ,; .., 
'~1 In the 14th crop, a marked increase in P. paspa-• I a ~ 
.~ 

lodes occurred in the zero-tillage plots of I R34, .. E~ • !l~ : , 
MM'" It'IN:! ........ ~ which was similar in magnitude to those of IR40 • '. ~ j • ~; " and IR42 (Fig. I). As a result, yields of the zero-"a .., •• tillage plots were significantly less than those of the • <> <> ~e • lI-

~ :!~ .0' o. 00 >J! cultivated plots, regardless of variety (Table 15). O!qq .... 0 '<I;r'j~ .. " .., >: .. "'''' "':"':0 NNO -.-o~ The results suggest that in areas heavily infested ! .,0 

~E with P. paspalodes, the use of intermediate-statured • :i!&lQ! ,,~'" •• ri 0 ~~~ MMO ~'c: varieties as a control measure may not be feasible !! .... N N ..,~ .. ! . , for more than two successive crops on zero tillage . 
" 0 '0 g ~ • • ~.~ .!! 0 
~ \ 

'E t.,o,.. ~m2~ iM~~ ~Q. • ~_NM 
~ e = . - !g DRY-SEEDED WETLAND RICE .., • = ~ .., • " 0 "". Agronomy and Agricultural Engineering • • t ~ ". • ~ .!! =:c Departments g ~ 

.. .. .!! ~ 'i ~oMlil ~""MO ~q)NN • - M 'i". Herbicides (Agronomy). In general, a single appli-" • "E " 0: ~ ~ e "- 5.= cation of a preemergence herbicide has not given " u e ·8 
f !<2 .. .. u <> ~IO sustained weed control in dry-seeded wetland rice . c\j1V1V1O ;';<1Iftla:I .. ' . 
"Ii .~- -r.qC'l!U1 -1.t!C'!o::I; ~r:cqC'f ~ .~ In 1980, combinations of herbicides at different >: "''''''' MMN _1"1 ....... .$; ~ :!l ji. times were tested . . f ",. >- • "E ~ ;~:§: N"N <ON" The major weeds in a 1979 trial and in the pre-S ~'" _MM jio • .... N 

emergence and postemergence trials in 1980 were u. 
"2 i ~.g 
'C g , • <>e Eriochloa procera, E. g/abrescens, E. colona, E. 
0 .!! .!!. 
" C -.. ~ .... M "''' indica, and C. ;ria. 
I \ • ~(!;:: •• - .. _N~ 

~'" e In 1979, residual herbicides (butachlor, thioben-J .., • ~. 
• .. o~ carb, and pendimethalin) were tank-mixed either • • .S: -;: 0 ~ 

II ji5 with propaniJ or oxadiazon and applied at pre-• "'~ • , 
"'''''' _OM 0"'" ." emergence (PE) or 7 days after emergence (DE). A • E • - N I~ • • " sequential application of 2,4-0 20 DE after the !! .!!O • application of the residual herbicides was also & 

,> 
~:t: tested (Table 16). • ". S 
~ .§ Among the herbicide combinations tested, sig-.. ~ " • a 

i " • ~ ''e nificant reductions in weed weight were observed = • = • ' .. a :Zo ' ';: C) ~. - 0 -a _0 B; only in plots with a sequential application of a 3:i E ~; I) •• 0= 
§~ 8, c '~ II,} 

. ~ ::. 

~ ~ .2 E gt ''::_ ft) .g E ~ ;g.§- residual herbicide and 2,4-0, and in the thioben-E,- Cft)= .,= ;; ClEO:; IDE": II) E '':: ~.:! carb + oxadiazon-treated plot. The weed weights oR e ~ .- 0 >- 0 i; c e -:-g .., .... o.E ~ § .= :p obtained from the rest of the herbicide combina-• 0'- fD .... U:l;N U:l;N U:l;N t. 
tions were reduced but were not significantly dif-
ferent from that of the untreated check. 

2JO IRRI ANNUAL REPORT FOR 1980 



Table 16. Effect of herbicide combinations on weed weight and yield of dry-seeded wetland rice." IRRI, 1979 wet season. 

Herbicide rateC Time of Weed wt40 DE Gram Yield 
Treatmenti' (kg a I.lha) applicationd (g/0.5 m2) (t/ha) 

Thlobencarb + propaml 25+ 125 7 DE 21.6 be 2.4 a 
Weeding 3 times 2.1 a 2.2 ab 
Butachlor. fb 2,4-0 2.0 fb 0.5 PEfb20DE 3.4 a 2.0 ab 
Butachlor + oxadiazon 1.5+025 PE 23.2 be 2.0 ab 
Pendimethahn fb 2,4-0 2.0fb05 PE fb 20 DE 141 ab 19 ab 
Pendimethahn + oxadlazon 1.5 + 0.25 PE 17.8 be 1.8 ab 
Thiobencarb fb 2,4-0 30fbO.5 PE fb 20 DE 7.6 ab 1.6 ab 
Thlobencarb + oxadlazon 2.0 + 0.25 PE 12.7 ab 1.6 ab 
Pendlmethalm + propanil 1.5 + 1.5 7 DE 17.2 be 16 ab 
Butachlor + propanil 15+ 1.5 7 DE 167 be 14 ab 
Propaml 3.0 15 DE 291 be 1.1 be 
Nowaadmg 85.1 0.0 e 

"Av of3 rephcations. Separation of means In a column by Duncan's multiple range test at the 5% level. bfb "" followed by; + means 
that the herbicides were tank-mixed and apphed at the same time. Ca i "" active ingredient. dOE"" days after emergence, PE = 
preemergence. 

The plot treated with thiobencarb + propanil 
yielded the highest. The yield was not significantly 
higher than that of the plots treated with the other 
herbicide combinations orthe weeded check, but it 
was significantly higher than that of the plot 
treated with propanil alone. The yields from all 
plots treated with herbicide combinations were 
superior to the yield of the unweeded check. 

In 1980, contrary to the results obtained in 1979, 
the combinations of either thiobencarb or buta
chIor with oxadiazon failed to control the weeds 

Table 17. Effect of herbicide combinations applied 
preemergence on weed weight and yield of dry-seeded wet
land rice." JARI. 1980 wet season. 

Herbicide Weed wt Grain 
Treatmenti' rateC (g/0.5 m2) yield 

(kg a Llha) 40 OEd (t/ha) 

Oxadlazon fb 1 0.75 59 ab 3.9 a 
hand weeding 

Pendlmethalin + 1.5 + 0.25 14.0 abc 3.9 a 
oxadlazon 

Butachlor fb 1 2.0 7.8 ab 34 a 
hand weeding 

Weeding 3 times 59 a 3.4 a 
Pendlmethahn fb 2.0 34a 3.2 a 

1 hand weeding 
Thiobencarb fb 1 3.0 35.8 be 3.1 a 

hand weeding 
Thiobencarb + 2.0 + 025 37.0 cd 1.5 b 

oxadiazon 
Butachlor 20 115.7 de 07 be 
Butachlor + 1.5 + 0.25 39.6 cd 03 c 

oxad.azon 
No weeding 171.6 0.0 c 

"Av of 3 replications. Separation of means In a column by 
Duncan's multiple range test at the 5% level. 6fb "" followed by; 
+ means that the herbiCides were tank-mixed and applied at 
the same time Ca i "" active mgredlent dOE = days after 
emergence 

adequately (Table 17). Although the weed weights 
obtained from these treatments were significantly 
lower than those in.the unweeded plot, the grain 
yield was significantly lower than that from the 
weeded plots. 

When propanil was applied alone or in combi
nation with thiobencarb, butachIor, pendimethalin, 
or oxadiazou applied 8 DE, excellent weed control 
was obtained (Table 18). Except for the oxadiazon 
+ propanil treatment which was toxic to the rice, 
yields from these plots were not different from the 
yield of the hand-weeded check. ButachIor applied 

Table 18. Effect of postemergence herbicide combinations on 
weed weight and yield of dry-seeded wetland rice." IRRI. 1980 
wet season 

Herbicide Weed wt Grain 
Treatment/· rate~ (g/0.5 m2) Yl6ld 

(kg aj.lha) 40 OEd (t/ha) 

Propanil 3.0 52 a 3.6 a 
Thiobencarb + 2.5+125 7.1 a 3.6 a 

propami 
Weeding 3 times 5.5 a 32a 
Butachlor + 1.5 + 1 5 13.9 a 3.2 a 

propanil 
Propaml 2.0 174 a 32a 
Pendlmethahn + 1.5 + 1.5 9.1 a 27 ab 

propanil 
Butachlor fb 1 20 7.5 a 26 ab 

hand weeding 
Oxadlazon + 0.5 + 1.5 103 a 20 be 

propanil 
Butachlo .... 20 893 b 11 cd 
No weeding 362.3 c 0.3 d 

"Av of 3 replications. Separation of means in a column by 
Duncan's multiple range test atthe 5% level. bfb "" followed by; 
+ means that the herbiCides were tank-mixed and applied at 
the same time. ra i = active mgredient. <fOE "" days after 
emergence. ~Applled at preemergence. 
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Table 19 Effect of various treatments on weeding time, weed weight, and yield of dryland IR50 rice." IRRI, 1980 wet season. 

Weed wt 
Treatmenti.' TIme of applicatIon" Weeding time (9/m') YIeld 

(DE) (h/ha) 56 DE (t/ha) 

Weed free as necessary 3692 25.7 a 2.4 a 
Manual weeding 14 Ib 35 1965 25.9 a 1.8 b 
Rolling weeder 14/b35 19 155.5 be 1.5 bcd 
Manual weeding 14 1100 2113 be 14 bed 
Herbicide" 7 4 208.1 be 1.4 bed 
Herbicide" fb rolling weeder 7/b35 14 1254 be 1.3 bed 
Roiling weeder + hand 14/b35 450 93.7 b 1.1 cdef 

weedmg in rows 
RoHmg weeder + hand 14 329 254.1 0.8 del 

weedmg m rows 
No weedmg 2501 0.6 el 
Rolling weeder 14 2943 e 0.6 I 

flAv of3 replicatIOns Separation of means in a column by Duncan's multiple range test at the 5% level. bfb:= followed by; + means 
treatments were applJed separately at about the same time. "DE = days after emergence. dButachlor + propaml at 1.5 + 1.5 kg 
a i fha, 7 DE 

alone performed poorly. But when it was followed 
by a hand weeding, the yield obtained was not 
significantly different from that of the weeded 
check. 

In another trial where the important weed spe
cies were C. rotundus, E. colona, C. mucunoides, 
and E. indica, sequential applications of residual 
herbicides applied at PE orpropanil applied 8 DE 
and 2,4-D applied 15 DE were compared with 
butachlor applied at PE and hand-weeded and 
unweeded checks. The best weed control was 
achieved with thiobencarb fb 2,4-D. Yields from 
plots that received sequential herbicide applica
tions were not significantly different from each 
other or from yield of the hand-weeded check. 

Butachlor applied alone failed to give adequate 
weed control, and yields from that treatment were 
not significantly better than those from the un
weeded check. 

Interrow cultivation (Agronomy and Agricultu
ral Engineering). A preliminary trial in conjunction 
with the Agricultural Engineering Department 
studied the efficiency of a prototype of a weeder, 
called the rolling weeder, for interrow cultivation 
in dryland rice. The major weeds were C. rotundus, 
E. colona, E. indica, Portulaca oleracea, and R. 
exaltata. 

The hours oflabor per hectare required when the 
rolling weeder was used were less than I % that 
required for manual weeding with a scythe (Table 
19). Removal of within-row weeds by hand to 
reduce intrarow competition following the use of 
the rolling weeder increased the time required for 
weeding appreciably, but the total time required 
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with that techuique was considerably less than that 
with hand weeding alone. 

The use of the rolling weeder, herbicide, or one 
manual weeding 14 DE did not siguificantly reduce 
weed weight 56 DE. Because the rolling weeder 
pushed the weeds down instead of uprooting them, 
two or more manual weedings were needed to 
achieve a siguificant reduction in weed weight. 

The yield obtained when the rolling weeder was 
used twice was not significantly different from that 
obtained when the rice was manually weeded twice 
(Table 19). Both treatments yielded significantly 
less than the weed-free check. 

Within-row weeding following use ofthe rolling 
weeder did not result in a siguificant increase in 
yield. Using the rolling weeder once was no better 
than doing no weeding at all. 

CULTIVAR TOLERANCE FOR HERBICIDES 

Agronomy Department 

Herbicide injury is influenced by the position of the 
first node (coleoptile node) in relation to the soil 
surface. A cultivar with a short mesocotyl has its 
first node relatively deep into the soil; a cultivar 
with a long mesocotyl has its first node at a corres
pondingly shallow depth. Thus nodal position 
helps determine herbicide tolerance for PE herbi
cides applied to the soil surface. 

In greenhouse screeuing of the International 
Upland Rice Observational Nursery (lURON) for 
herbicide tolerance, correlations among herbicides 
and seedling node depths were determined (Table 
20). There appears to be a difference in cultivar 



Table 20. Correlation between node depths of rice cultivars 
planted 4 cm deep and herbicide injury ratings in 1979 Interna
tional Upland Rice Observational Nursery." IRRI, 1980. 

Herbicide 

Butachlor' 
Pendimethalin 
Thiobencarb 

Correlation coefficIent 
(n = 1171 

-.60** 
-71** 
-72** 

"Greenhouse Injury rating at 24 days after seeding' 1-2 = very 
resistant,3-4 = resistant,5-6 = moderately susceptible, and 7-9 
= very susceptible. 

tolerance for herbicides that is more strongly 
related to node depths in some classes ofherbicides 
than in others. When the node depths of the 1979 
IURON were rated against three herbicides on an 
injury rating scale (Table 20), differences among 
herbicides in relation to node depth of the cultivars 
and herbicide tolerance were observed. The posi
tional effect of node depth in determining herbicide 
tolerance is more important with pendimethalin 
and thiobencarb than with butachlor. This implies 
a greater biochemical or physiological tolerance in 
seedlings that escape injury with butachIor. 

There also appears to be a relation between plant 
height at '1laturity and mesocotyllength of seed
lings as measured at the seedling stage (Table 21). 
This correlation also implies a relation between 
plant height and herbicide tolerance (Table 22). 
Thus, in the selection of semi4warfs for dryland 

Table 21. Correlation between node depth of rice cultivars 
planted 4 cm deep at IRRI and plant height at maturity for the 
same cultivars planted at drtferent sites for the 1979 lnterna
tional Upland Rice Observational Nursery. IRA!. 1980. 

ObservatIons Correlation 
SIte (no) coeffIcIent 

Cuttack, India 116 -.53** 
Parwanipur, Nepal 116 -.55** 
Cuenca, PhIlippines 117 -.52** 

Table 22, Correlation between herbicide injury rating and 
plant height at maturity-for the 1979 International Upland Rice 
Observational Nursery." IRRI, 1980. 

CorrelatIon coefficient (r) 
Herbicide (n = 117) 

Butachlor .14 
Thlobencarb .50** 
Pendlmethahn .40** 

"Greenhouse injury ratings at24 days afterseedmg: 1-2 = very 
resistant, 3-4 = moderate Iy resistant, 5·6 = mode rately suscep
tible, and 7-9 "" very susceptIble 

rice culture there has been a tendency to select for 
herbicide tolerance. 

Herbicide antidotes and the soil incorporation 
of herbicides. A factor that appears to cause erratic 
performance of surface-applied PE herbicides is 
photodecomposition or volatilization of the herbi
cide from the soil surface. In a dry season field 
experiment with sprinkler irrigation, the level of 
herbicide that could be incorporated without caus
ing significant stand reduction was studied. 

Incorporation of butachlor at 8 kg a.i./ha did 
not result in stand reduction if the seed was treated 
with naphthalic anhydride (NA) (Table 23). Thio
bencarb incorporated into the soil was more toxic 
to the NA-treated seed than was butachlor at the 
higher rates. Surface application of the herbicides 
was safe at all rates if the antIdote was used, but the 
difference in stand count in the controls indicated a 
slight loss in stand from the use of the antidote if 
herbicides are not present. 

High temperatures during the experiment re
sulted in low herbicide injury from surface applica
tion, even at the high rates. The untreated seed was 
not significantly damaged when 4 kg a.i. butach
lor/ ha was applied, and was only slightly damaged 
when 4 kg a.i. thiobencarb/ha was applied. 

The crop was damaged by sheath blight and 
rats, but the field results confirmed greenhouse 
trials on the effectiveness of treating seeds with 

Table 23. Effect of rate and method of herbicide application 
and treatmen.t with naphthalic anhydride (NA) on number of 
plants per meter 21 days after seeding of dry-seeded 1R36 rice. 
IRAI, 1980 dry season, 

Plants (no 1m) 

SOIl- Surface-
Herbicide incorporated appIJed 
and rateb herbIcIde herbiCIde 

(kg a.i.!ha) 
With WIthout WIth WIthout 
NA NA NA NA 

Butachlor 
0 74. 85. 93. 91. 
2 77. 54 b 92. 89. 
4 82. 47 b 84. 85. 
8 71. 33 c 85. 75 b 

Thlobencarb 
0 74. 85. 83. 91. 
2 72. 45 b 93. 93. 
4 71. 47 b 78. 72 b 
8 56 b 29 c 93. 79 ab 

"Separation of means in a column withm a herbicide treatment 
by Duncan's multIple range test at the 5% level ~a i. = actIve 
ingredient, 
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Table 24. Weed weight 45 days after seeding as affected by cultivar and weed control treatment. Cale, Batangas, Philippines, 
1980 wet season. 

Cultivar 

Kmandang Pateng 

Dagge 

Weed species 

Cyperus rotundus 
Others 

Total 
C. rotundus 
Others 

Total 

antidote to escape herbicide injury. 
Herbicide antidote trials with traditional dry

land rice cultivars. NA was used as a 1% (wt/wt) 
seed coating on the traditional cultivars Oagge and 
Kinandang Patong in 2 demonstration fields in 
Cale, Batangas. Treatments were not replicated 
but plot size was 0.2 ha for ease of farmer evalua
tion. One day after seeding (OS), twice the recom
mended rate of butachlor or thiobencarb was ap
plied at preemergence. Control plots received 
interrow cultivation and supplemental hand weed
ing; the herbicide-treated areas received no further 
weeding. 

No herbicide injury was observed in any of the 
treated plots. The weed populatIOn was heavier in 
the Kinandang Patong fields, but weed control 
with both the traditional cultivation practices and 
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Weed wt (g/m2) 

Butachlor Thiobencarb Farmers' 
weed control 

54 78 3' , 3 3 
55 8' 34 

4 '7 3 
0 , 3 
4 '8 6 

herbicides in both fields was good. Essentially the 
only weed in all plots 45 OS was C. rotundus. 
Other weeds were controlled by the weed control 
practices used. The tall traditional cultivars com
peted well against sedges and the yields were good 
(Table 24, 25). 

Table 25 Effect of herbicide treatment (4 kg a.i. herbicide/hal 
on yield of plants from rice seeds treated with naphthalic 
anhydride. Cale, Batangas, Philippines, 1980. 

Yield (t/ha) 

Farmers' 
Cuitlvar Butachlor Thiobencarb weed 

control 

Kmandang 2.2 2. '.6 
Patong 

Dagge 3. 28 2.' 
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EVALUATING EFFICIENCY OF TUBE WELL SYSTEM 
OPERATION 

Irrigation Water Management Department 

To be economically viable, tube well irrigation 
systems must operate at a high level of efficiency. 
That means highly effective tise of rainfall during 
the cropping season, operating pumps only to meet 
the field irrigation water requirement, and water 
use with minimum losses and equitable distribu
tion. During 1980, data for the 1979 dry and wet 
seasons from a study were analyzed. The study, 
done jointly with the National Irrigation Admi
nistration (NIA), Philippines, in two deep tube well 
systems, tested alternative methods of determining 
effective rainfall in the systems and established a 
methodology to evaluate their efficiency. 

Discharge from each tube well was measured at 
the discharge pipe. Time of pump operation was 
recorded to allow calculation of amount of irriga
tion water pumped. Each tube well service area was 
divided into sectors, with a boundary identified by 
the existing water delivery and distribution chan
nels. Irrigation inflow into a sector was measured 
by cutthroat flumes or vane devices. Seepage and 
percolation (S&P) were measured for each tube 
well system by the daily water budgeting technique. 
With U. S. Class A pan evaporation data for a site 
adjacent to each tube well site, the daily crop-water 
requirement for evapotranspiration (En was cal
culated by using an average pan factor of 1.2forthe 
period from transplanting to terminal drainage. 
Rainfall at each site was measured daily. 

Effective use of rainfall. The effective use of 
rainfall in the two tube well systems was deter
mined by three methods: 

• Thefreeboard model. In thefreeboard model 
the amount of effective rainfall (Re) for a time 
period was determined by the freeboard or 
additional water storage capacity available in 
the paddy for that time. Available freeboard 
for a period was computed as the difference 
between the height of the paddy spillway. and 
the depth of water in the paddy. The depth of 
water used by ET plus S&P during the period 
was added. Thus 
FB, = SH,o- DW,o + (ET+ S&P), 

where: 
FB = available freeboard in mm 
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SH= paddy spillway height in mm 
D W = water depth (mm) in the paddy 
ET= water loss (mm) by evapotranspira

tion' 
S&P = water loss (mm) by seepage and per

colation 
to = beginning of period t 

Re was then computed as a fraction of total 
rainfall (R) within the period according to the 
following guidelines: 

for Rt '" FBt, Re, = Rt; 
for Rt > FBt. Re, = FBtl Rt; 
for R t = 0, Re, = 0. 

The 16 sample paddies of each tube well 
system used for the measurement of S&P 
water loss were also used for data on water 
depth and spillway height for the computation 
of Re by the freeboard model. 

Because measurements of the paddy water 
depth and spillway height were made once 
every 24 hours and the occurrence of rainfall 
was at any time during that period, use of 
water by ET and S&P was generally overesti
mated in computing for FB. That resulted ina 
higher Re value, especially when high intensity 
rainfall occurred early.i,n the day. 

• Modifiedfreeboard model. To testthe magni
tude of the possible overestimation, a modi
fied freeboard model was introduced - water 
depth in the paddy and the spillway height 
were nieasured just before a rainfall. Thus the 
earlier equation was modified to: 

FBt = SHb - DWb + d (ET+ S&P)t 

where 
SHb is paddy spillway height just before 

rainfall; 
D Wb is depth of water in the paddy just 

before rainfall; and 
d is the duration of -rainfall. 
To determine Re from known Rand FB, 

the guidelines for the freeboard model were 
followed. If more than one rain occurred dur
ing a day, each occurrence was considered 
separately. The data for the modified free
board model were collected at five selected 
sample paddies for each tube well system . 

• Water use-rainfall ratio method. With the 



\ 
,~. 
I 
j 

~ 
1 

Table 1. Service area, mean seasonal effective rainfall computed by 3 methods, and mean paddy spillway height in T-2 and T-6 
tube well irrigation systems, Tarlac, Philippines, 1979 wet season" ' 

Effective rainfa!i1' (%) 
Tube well Service 

system area Freeboard Modified Water use- Paddy 
(ha) model freeboard rainfall spillway 

niodel ratio method ht(mm) 

T-2 61 89 83 86 79 
T-6 52 85 81 86 69 
Mean '56.5 87 (519) 82 (328) 86 (90) 74 (519) 

"The numbers in parentheses Indicate total number of samples used. bThe mean effective ramfall values bythe3 methods are not 
significantly different from each other at 5% level . . 

water use-rainfall ratio, R. for a particular 
period or a group of cousecutive days was 
computed as the ratio of the sum of ET and 
S&P to the amount of rainfall during that 
period. The period or group of consecutive 
days was selected on the basis of the soil tex
ture. For the loam soils of both the tube well 
systems, a period of 3 days was used_ The Re 
values computed for the series on-day periods 
were added and averaged to obtain weekly, 
monthly, or seasonal R~ Periods without any 
rainfall were excluded from the computation 
for the average. 

The 1979 mean values of Re by the three 
methods were high and were not significantly dif
ferent from each other (Table I). Effectivity was 
high because daily rainfall intensities were low dur
ing the season - only 8.5% of the total number of 
rainy days had a daily rainfall of more than 30 mm 
- but the average spillway height maintained by 
the farmers in their paddies was 74 mm (Table I) 
and daily water requirement for ET and S&P was 
about 8 mm. As expected, the freeboard model 
gave higher Re than the modified model. The dif
ference, however, was low because with the low-

intensity daily rainfall the effect of overestimation 
of ET and S&P in the computation of the Re by the 
freeboard method was very small. 

The water use-rainfall ratio method also gave 
high Re values_ But the values for the two systems 
were the same because this method does not con
sider the farmers' paddy spillwaY'management, a 
.major factor affecting' the amount of rainfall that 
can be stored in the paddy. 

The effect of modifying the freeboard model 
became clear when Re was calculated for higher 
inteusity rainfalls_ Table 2 indicates that as daily 
rainfall intensity increased, the mean Re calculated 
by the modified freeboard model for the 2 spillway 
height ranges (5-8 cm and> 8-13 cm) was increas
ingly smaller than the corresponding value by the 
freeboard model. Despite that difference, the dif
ferences in seasonal mean values of Re computed 
by the two methods were small because occur
rences of higher inteusity rainfall in the 1979 wet 
season were few. 

The influence of paddy spIllway height on the 
effectiveness of rainfall was determined by sepa
rately analyzing the data from paddies with three 
ranges of spillway heights and calculating the mean 

Table 2. Mean effective rainfall calculated by two methods for different rainfall intensities in paddies with 2 ranges of spillway 
heights. 1-2 and T-6 tube well systems, Tarlac, Philippines, 1979 wet season. 

Mean effective rainfall" (%) at spillway ht of 

5-8'cm >8-13 cm 
Rainfall 
intensity Freeboard Modified Difference Freeboard Modified Difference 
(mm/day) model freeboard model freeboard 

model model 

10 100 a (117) 84 a (137) 16 ns 100 a (194) 93 a (35) 7 ns 
10-20 90 ab ( 27) 76 b ( 25) 14' 100 ab ( 58) 83 b (11) 17' 
20-30 85 be ( 15) 55 e ( 12) 30** 95 be ( 11) 70 e ( 9) 25** 
30 71 e ( 37) 38 d ( 59) 33** 83 e ( 6) 46 d (4) 37** 

"Separation of means in a column by Duncan's multiple range test at the 5% level. "The numbers in parentheses indicate the 
number of samples. 
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Table 3. Mean effective rainfalla calculated by 2 methods in . 
paddies of different spillway heights. T-2 and T-S tube well 
irrigation systems, Tarlac, Philippines, 1979 wet season. 

Mean effective rainfallb (%) 
Spillway 

ht Freeboard Modified Difference 
(cm) model freeboard 

model 

<5 72. ( 90) No observation 
5~ 86 b (196) 80. (269) 6* 

>8-13 95 c (233) 84 b ( 59) 11** 

"Separation of means in a column by Duncan's multiple range 
test at the 5% level. bNumbers In parentheses mdlcate the 
number of observations 

Table4. Irrigation efficiency for two tube well systems. Tarlac, 
Philippines, 1979 dry and wet seasons. 

Irrigation efficiency' (%) 
Tube well 

system Wet season Dry season 

T-2 49 80 
T-6 42 69 

Mean 46 74 

"The irrigation efficienCies of the two tube wells are slgmflc
antly different at 1 % level in the dry season and 5% level in the 
wet. 

Re for each range by the two freeboard models 
(Table 3)_ As expected, the modified freeboard 
model gave significantly smaller Re values than the 
freeboard model, and the difference was greater for 
paddies with higher spillway height. The results 
confirmed earlier findings of the advantage of in
creasing spillway height for more effective use of 
rainfall on the farm_ 

Irrigation system efficiency_ Two indicators -
irrigation efficiency and distribution equity - are 
of prImary importance in the evaluatIOn of system 
efficiency or performance Irrigation efficiency (IE) 
was calculated by using the relationship 

(£T+S&P)-Re 
1£= 

IR 

whereETis evapotranspiration rate, S&P is seep
age and percolation rate, Re is effective rainfall, 
and IR is the irrigation water supplied_ IE is there
fore the ratio between the field irrigation demand 
and irrigation supply_ 

To measure water distribution equity in each 
system, 32 paddies selected to represent the head, 
middle, and tail of the supply canal network were 
observed daily and their water status recorded_ 
Half of the paddies were those used for the deter
nunation of daIly S&P rates_ 

IE for both tube well systems was higher in the 
dry season than in the wet (Table 4) because water 
supplied from the tube wells exceeded field irriga
tion demands more in the wet season than in the 
dry (Fig. 1,2). A mean excess of3.0 mm water/day 
was supplied from rainfall and tube well in the dry 
season; the corresponding wet season excess was 
4.8 mm/ day (Table 5). 

A comparison of the two systems shows that in 
both seasons T-2 had a significantly higher IE 
(Table 4) because T-2 farmers made more effective 
use of the rainfall in the wet season by maintaining 
higher spillways (Table 1). There was also relatively 
greater control in the use of the pump in T-2 in both 
seasons (Table 5). 

A sectoral analysis of IE for the wet season 
showed high variation from week to week in both 
systems (Table 6), 'which indicates a high degree of 
fluctuation in assessed field irrigation demand'and 
the supply of tube well water to meet that demand_ 
Because rainfall is unpredictable, high IE could be 
achieved only if pumping were timely. The effect 
on IE of nonsuspension of pumping is seen in week 
32. Despite the occurrence of 89 mm of rainfall-
38% greater than the field water requirement - 13 
mm of water was pumped (Fig. I, 2), and IE for 
that week was zero. 

Table 5. Mean daily water suppli.ed and field water requirement for evapotranspiration plus seepage and percolation in 2 tube 
well systems. Tarlac, Philippines, 1979 dry and wet seasons. 

Water supplied (mm/day) 
Field Excess 

Tube well Pumped Rain- water water 
system Season water fall Total requirement supplied 

(mm/day) (mm/day) 

T-2 Dp{ 10.1 0 101 8.1 20 
Wet 65 54 119 7B 41 

T-6 Dp{ 124 0 124 B.3 4.1 
Wet B.O 54 134 7.9 5.5 
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Table 6. Irrigation efficiency values by sector for 2 tube well systems TarJac, Philippines, 1979 wet season. 

Irrigation efficiency (%) dunng wk no. 
Sector, 
system 27 28 

1, T-2 414 
1, T-6 702 41.0 

2, T-2 43.1 
2, T-S 56.7 28.9 

3, T-2 51.6 
3, T-6 631 47.5 

4, T-2 52.8 
4, T-6 69.2 56.5 

5, T-2 54.0 

Mean forT-2 486 
Mean forT-6 648 43.5 

Pump operators generally based irrigation water 
supplies on their judgment of irrigation water 
demand in the field, with no systematic procedure 
for scheduling and distribution of water in either 
season. They also responded to specific farmer 
requests for water. 

29 

525 
63.4 

598 
593 

724 
64.6 

656 
736 

73.3 

647 
652 

Farmers made no conscious efforts to reduce 
pumping requirement by reducing runoff losses 
from their paddies or making most effective use of 
rainfall. Some sample farmers maintained no spill
way during certain rainy days of the wet season, 

. ~0ci~i'r:~~~/(~~) or 

150 r-- Dry season 
r--

Water requirement 
(EHS!,;P) 

100 - Pumped 
water 

50 r--

0 

Mean 
30 31 32 (%) 

303 915 431 
25.9 396 41.7 

328 1000 471 
243 44.7 35.6 

356 758 47.1 
29.3 52.5 42.8 

49.4 100,0 535 
27.0 596 47.6 

50.0 100.0 555 

396 935 493 
266 516 419 

and ramfall effectivIty on those farms was zero. 
Farmers closest to the source always had the 

option to irrigate their fields any tIme water flowed 
in the main farm ditch, even though the water may 
have been meant for other farmers. As a result, the 
sectorsnearest to the wells - sector 2 in T-6 and 
sector I in T-2 - generally received more water 
than the other sectors (Fig. 3, 4). 

The water status data from the 32 selected pad
dies of each tube well service area showed no signi
ficant water shortage in any part of the field in 

We/season 

Rainfall 

iP'dwater 

2 3 4 5 6 7 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

~ b ~ 

~ -'5 .:' 

Z ~ 
i 1 :'j ~§l 

'" 
~~ "' -'" ;.;: re'" T 0", 

'" '" 
OJ Week of the year 

1. Weekly total water requirement, rainfall, and tube well water supphes. T-2 tube well system. 
San Manuel Groundwater Pilot ProJect, TarJac, Phiilppmes, 1979 dry and wet seasons 
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2. Weekly total water requirement, rainfall and pumped water supplies. T -6 tube well system. San 
Manuel Groundwater Pilot Project, Tarlac, Philippines. 1979 dry and wet seasons. 

either season. Weekly values of relative water 
supply - the ratio of water supplied from rainfall 
and irrigation sources to the total water required 
for ET plus S&P - varied between 1.0 to 2.0 in 
system T-2and between 1.2 to 2.5 in T-6 in the wet 
season, but remained toward the higher side of the 
range for most weeks in the season (Fig. 3, 4) 
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3. Relative water supply by sector for T-2 tube well. Tarlac. 
Philippines, 1979 wet season 
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indIcating abundant water supply for' both sys
tems. Distribution equity was therefore not a prob
lem. Because of that situation there was nO occa
sion to test the degree of effectiveness of the water 
distribution procedure in the systems. 

The study of the two systems indicated that if the 
pumps were operated with a greater control and a 
systematic schedule to strictly supplement Re in the 
field, the IE in the wet season could be increased 
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4. Relative water supply by sector for T-6 tube well. Tarlac. 
Philippines, 1979 wet season. 
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substantially from the average value of 46%. 
Because the conveyance losses in the channels were 
negligible and no water stress developed in the 
service area durmg the dry season it was assumed 
that the dry season IE (74%) could be increased by 
further reduction of surface runoff. 

The study established a procedure that can be 
used to evaluate tube well or surface pump irriga
tion systems by determining R, and then calculat
ing the seasomil IE. The procedure used to calcu
late IE permitted measurement of the success 
achieved in delivering irrigation water to meet the 
irrigation demand. It also allowed estimation of 
irrigation system performance induced by planned 
changes in its operation as well as comparison of 
performances of different systems. 

COSTS OF TYPES OF IRRIGATION SYSTEMS 

Agricultural Ecollomlcs Department 

Of the irrigated areas in the Philippines in 1978, 

about 37% were Irrigated by natIOnal systems, 47% 
by communal systems, and 16% by pump systems. 
To compare the magnitude and nature of costs of 
the types of irrigation systems. 12 irrigation pro
jects representing a mix of the categories were 
selected in Central Luzon, Philippines. The choice 
of Central Luzon systems reduced the variability of 
environment. Because few systems had detailed 
cost records, the study was limited to a selected 
number. The systems and their major characteris
tics are presented in Tables 7-8. 

Data on investment and operation and mainte
n~nce (O&M) costs were from records of NIA or 
tne individual farmers. For the Prenza and Sala
pungan communal systems, the records lacked 
adequate details and a procedure to estimate cur
rent replacement costs. based on a complete physi
cal Inventory of·the structures was developed. The 
replacement cost of each structure was calculated 
by applying 1978 prices to material and labor. 
Price mdices were constructed to reflect the price 

Table 7. Gravity irrigation systems selected for study, Central Luzon, Philippines, 1980. 

Year Imgated 
System Site completed area Cropping 

(ha) intensity 

NatIOnal 
San Fabian River Im- San Fabian, Pangasinan 1969 2,698 16 

gatlon System 

Communal 
Prenza Marilao, Bulacan 1925 551 1.5 
Salapungan San Miguel, Bulacan 1970 378 na" 
Caingin Malolos, Bulacan 1976 30 1.0 
Sibul San Miguel, Bulacan 1976 16 20 

aData not available. 

Table 8. Pump irrigation systems selected for study, Central luzon, Philippines, 1980. 

Irrigated Size of Size of Mean pump 
System Site Year area Cropping pump motor discharge 

constructed (ha) intensity (em)" (hp) (liters/s) 

Surface pumps 
Buenavista Pump San Rafael, Bu lacan 1976 297 2.0 40.6 (2) 75 883 

IrrigatIOn Project 
(BP1P) 

Safari Pump System San Miguel, Bulacan 1976 121 20 25.4 (2) 75 218 
Halina Pump System San Jose del Monte, 1976 22 20 254 50 68 

Bulacan 
Small pumpS' . San Rafael, San IIde- 1974-78 27 1.6 10.2 5-10 na' 

fonso, and San Miguel, 
Bulacan 

Deep well pumps 
GP·3 Manaoag, Pangasinan 1978 55 18 203 75 104 
GP4 Manaoag, Pangasinan 1978 56 1.6 203 75 107 
GP·19 Binalonan, Pangasinan 1978 46 14 25.4 80 88 

"Number in parentheses indicates number of pumps. bAy of18 small pumps owned and operated by individual farmers "Data not 
available. 
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differences in major material and labor compo
nents of systems constructed at different points on 
time. Capital costs were deflated by the price index 
to convert costs of all systems to 1978 equivalent 
prices. 

Project costs. Investment costs for national and 
communal gravity systems generally included ex
penses for the construction of a dam and other 
diversion structures, irrigation canals, and drain
age facilities, and other related ·costs. Pump sys
tems incurred similar costs except that instead of a 
dam or any diversion structure, they require a 
pump and a motor; deep tube wells have added 
costs for the well component. Investment cost for 
gravity systems was from $118 to $683 per hectare. 
Table 9 presents the costs for all systems. 

Operation and maintenance costs include salar
ies and wages, equipment costs, supplies and mate
rials, vehicle costs associated with the project, and 
energy costs of running the pumps on the pump 
projects. 

O&M costs varied depending on type of system 
and the organization responsible for the manage
ment of the system. The NIA systems had higher 
per hectare labor cost for management than the 
communal systems. 

Except for the Caingincommunal system, O&M 
costs for gravity systems were lower ($3-21/ha) 

than those for pump systems ($42-135/ha). The 
difference was due in part to energy costs, which 
accounted for 60-80% of the O&M cost for pump 
systems. The Caingin system althollgh classified as 
a communal gravity system used pumps to lift 
water from behind a diversion on the creek to .the 
field. 

The annualized cost of irrigation is the sum of 
the annual equivalent of capital invesment cost and 
annual· O&M cost. The annual equivalent of the 
capital investment is the average amount to be paid 
annually, ataspecifiedinterestrate, to fully recover 
the capital invested during the life of the invest
ment. It was calculated by mUltiplying the iuitial 
total capital investment (at 1978 prices) by a capital 
recovery factor appropriate for a given rate of 
interest and a specified investment life. 

There'were substantial'differences in estimated 
annual costs among the projects (Table 9). The 
substantial variation in costs within each category 
was due to conditions unique to each system 
- among the communal systems, Sibul was favor
ably located relative to a good source of water. 
Caingin, on the other hand, required pumping, 
which greatly increased O&M costs. Among the 
pump systems, Halina had a relatively high cost 
because of a high lift of water and because it oper
ated below capacity. 

Table 9. Costs (at 1978 prices) for irrigation systems in Central LUzon, Philippines, 1980. 

Costs ($/ha) Annualized total 
cost" ($/hal at 

Service Capital Operation and interest rate of 
area investment maintenance 
(hal 6% 18% 

Gravity systems 
National system 

San Fabian River 2698 451 21 52 103 
Irrigation System 

Communal system 
Prenza 551 683 8 51 131 
Silapungan 378 387 5 29 74 
'Caingin 30 118 45 53 66 
Sibul 16 156 3 12 31 

Pump systems 
Surface pumps 

BPIP 297 543 85 133 188 
Safari 121 229 42 62 85 
Halma 22 393 135 174 211 
Small pump 2.7 562 43 127 180 

Deep well pumps 
GP·3 55 1836 96 236 431 
GP4 56 1255 94 192 324 
GP-19 46 1554 122 249 412 

aBased on 60 years hfe span for dams, 30 years for canals, and 15 years for pumps and engmes. $1 = 1"7.38 
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The cost data alone are of limited usefulness 
because benefits may vary substantially among 
projects. Benefit data for each system will be 
reported in 1981. 

EVALUATION OF IRRIGATION MANAGEMENT 
CHANGES 

Irrigation Water Management Department 

Irrigation management changes made in the Lower 
Talavera RIver Irrigation Systems (LTRIS) since 
1975 were evaluated in 1980. 

Target discharges were achieved in both seasons 
of 1980 (Fig. 5). Water supplied was adequate for 
farm requirements. Uniform rainIall provided a 
large part of the wet season requirement. A 4-week 
suspension of water supply was possible after the 
dry season because of a shortened duration of 
farming activities, and a corresponding shorter irri
gation period. As the 1980 wet season progressed, 
rainfall became uniformly distributed, but LTRIS 
management did not totally suspend water supply 
except for 2 weeks after a typhoon. RainIall, there
fore, was not used effectively to conserve irrigation 
water. 
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It took 14 weeks to transplant 95% of the pro
gram area during the dry season (Fig. 5). Time lag 
between land preparation and normal irrigation 
period was 4 weeks, which was almost double the 
gap between soaking and land preparation. Farm
ers at the lower section completed transplanting 2 
weeks ahead of those in the upper and mIddle 
sections (Fig. 6). 

On the other hand, 80% ofthe wet season pro
gram area was planted after 16 weeks. This shows 
farmers tended to slow' down in their activity 
because they expected water supply from rainIall. 
Land soaking was completed in 4'weeks with rain 
water, 3 weeks earlier than in the dry season, but 
land preparation took longer than in the dry 
season. 

A typhoon which hit the area in November (Fig. 
5) when only 10% of the crop had been harvested 
reduced yield and affected grain quality because of 
crop submergence. Overall yields, however, showed 
no significant differences due to location except for 
section I where yield was consistently lower (Table 
10) than in other sections. Farmers in section 1 
usually planted late and rats in the area converged 
on the section. 

30 35 40 45 

Jun I Jui I Aug Sep Oct I N:N I Dec 

·1 Wet season---------j 

5. Status offarming activities, actual water supply, and target discharges at Lower :ralavera River Irrigation System, Nueva Ecija, 
Philippines, 1980 dry and wet seasons. LS = land soakmg, LP = land preparation, NIP= normal irrigation period, AUI = area under 
irrigation, TD= tenrunal drainage, H = halVesting Numbers 1-50 are weeks from start of land soaking. 
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6. ~ar~lIng actiVIties at different parts of Lower Talavera River Irrigation System, Nueva Ecija, 
P~lippmes, ~980 dry and wet seasons. LS = land soaktng, LP = land preparation, NIP = normal 
IrrigatIOn penod, TD = terminal dramage, H = harvesting. Numbers 5-50 are weeks from start of land 
soaking. ' 

Bacterial blight affected most of the wet season 
crop. During the dry season no major pest attacked 
the area. 

Performance evaluation. An evaluation of the 
performance of the LTRIS over the duration of the 
project considered both the yield distribution cor
responding to the water supply over the length of 
the system and the water use efficiency of the sys
tem as a whole. Of particular interest was the ana-

Table 10. Yield at different sections of Lower Talavera River 
Irrigation System, Nueva Ecija, Philippines, 1980 dry and wet 
seasons. 

Yielda (t/.hal 

Section Dry season Wet season 

258 , 2.83 b 
4.29 b 292 ab 
4.77 ab 3.42 a 
5.15 a 328 ab 
5.28 a 301 ab 

aSeparatlon of means in a column by Duncan's multiple range 
test at the 5% level. &Not compared with other sections because 
there was only one obsBlvation. 
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lysis of the yields in the formerly disadvantaged tail 
section. 

The management of water to avoid maldistribu
tion resulted in tail-end farmers consistently ad
vancing their cropping schedules, having a crop
ping intensity exceeding 200%, and obtaining 
annual total yields exceeding 8 t/ha (Fig. 7). 
Typhoons in the 1978 wet season and the 1980 wet 
season had damaging effects on the general level of 
yields obtained in the system. Other adverse factors 
were the significant insect and disease problems 
and asynchrony in the 1978 dry season and the dry 
season after the heavy typhoon damage when lack 
of cash forced the farmers to apply low levels of 
purchased inputs. 

The low dry season yields led to the generaliza
tions that the farmers are at the mercy of the 
extraordinary events of typhoons and the accom
panying floods and drainage problems, and rice 
does not grow by water alone. This means water 
management programs must be integrated witli 
agricultural production programs. 

( 



~i -Mo" I!, I ~-~:~!:-"'-------f:~1 ~ \.p.,iIItbIIoI, _Ar---~m} 
SeoalnI'Mar 1976 WS I9n v.'S 1978 OS S78 INS 1979 OS 979 INS 1980 OS I9EIO VIS 
Mean yield 3.0 4'" 29 18 2.8 38 44 3 1 

YIeld 

5 

4 

3 

2 

o 

7. Mean seasonal yield performance by position In Lower Talavera River lrrigation System, 
Nueva Ecija, Philippines, 197~80. Positions ... head (H), middle (M). and IaiI (l) or the s)'lem. 
Other factors in 1979. 79 dry season included insect and disease problems in 1978 and lack of 
cash to buy inputs after the typhoon in 1979. WS = wet season, OS = dry season. 

Water use efficiency for the system sta bilized at 
near 70% in Ihe dry season (Table II). In the wet 
season it fluctuated from 50 to 70% largely because 
of typhoons and because water use efficiency 
included all of the rainfall in the denominator of 
the equation, providing the major cause of the 
variability. The period of post implementation eval
uation (two wet sea ons and one dry season) was 
characterized by good system performance. Yields 
averaged 3.8 t/ ha, cropping intensity averaged 
960/0, and the water use efficiency averaged 630/0, 
All those values were above the Upper Pampanga 
River Irrigation System (UPRIS) means. 

Farmers' attitudes toward tbe improved system 
management implementation are generally posi
tive (Table 12). More than 86% ~f all responses 
from 169 farmers reinterviewed throughout the 

Table 1' . S ... onal wat.r u •• .rticianc;;y for the duration of the 
proJect. lower Tal.verll River Irrigation System, Nueva Edl_, 
Phlllppln •• , '975-80. 

Water use efficiency (%) 

Year Dry sesson Wet season 

1975 43 
1976 51 
1977 60 
1978 60 50 
1979 73 70 
1980 69 50 

study were positive. The only exception was the 
response to the question dealing with the possibil
ity of the farmers sharing responsibility with the 
National Irrigation Administration (NIA) in the 
maintenance of the LTRIS. 

IRRIGATION SYSTEM PERFORMANCE 

Irrigation Water Management Department 

Performance of the Pampanga River Irrigation 
System (PRIS) was observed for three seasons 
during 1979-80. 

During the 1979 wei season, it took about 21 
weeks before 92% of the area was transplanted, 
which reflected a problem in implementation of the 
farming schedule (Fig. 8). For the first 5 weeks no 
more than 50% of the area was prepared for plant
ing although the entire area had been soaked since 
the first week by precipitation. Because of planting 
delays, farming activities overlapped 6 weeks wilh 
the 1980 dry season. 

Throughout the three seasons PRIS was moni
tored, the only time the whole system had no stand
ing crop for irrigation was one week at the end of 
the 1980 dry season. In the succeeding dry seasons 
and the 1980 wet season farming activities were 
relatively fasler. The transplanting period was 
reduced to 15weeksforthe 1980dryseasonand 17 
weeks for the 1980 wet season, but the total area 
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T.ble 12. Atthude of 169 f.rmen .urveyed on .spect. of .y.temwide Irrig.don man.g.ment in the Lower T.I.ver' Rint' 
Irrig.tlon System ILTRIS). Nuev. Ecij •. Philippln ... 1979 dry ... son. 

Strongly Strongly 
Uncertain disagree Disagree 09'" Total 

Management aspect 
No. % No. % No. % No. % No. % 

Day-ta-day management of LTRIS brings 1 • • 2 5 3 153 91 169 100 
adequate supply of water 

Close communication between water 3 2 3 2 2 161 95 169 100 
tender and farmer reSUlts In efficient 
water aliocation 

Measurement devices are useful 9 5 5 3 154 91 169 100 
in water allocation 

Efficient use and allocation 11 1 6 • • 2 148 81 169 100 
reSUlt In adeQuale supply of water 
for tail-end farmers 

Water is the most important 9 5 5 13 8 146 86 169 100 
factor to Increase farmer 
production 

Farmers should not check canals and 10 6 5 3 0 0 154 91 169 100 
open or close control gates 

Economize water use by doing 5 3 5 3 0 0 159 94 169 100 
farming activities at the same 
time 

Farmers would prefer to do maintenance 9 5 100 59 34 20 26 16 169 100 
and operation at l TRIS 

Implementatiol) of rules and 10 6 • 2 2 153 91 169 100 
regulations of the National Irrigation 
Administration will result in efficient 
use of water 

planted was much less than that in the 1979 wet between-season crops were heavily damaged by 
season. rats. 

During the 1979 wet season there was a water The major problem encountered during the 1980 
shortage in lhe system and PRIS field staff worked dry season was minor maldistribution of water 
at night to get water to the lower sections during especially at the tail section of some laterals. Some 
October. Irriga tion was not cut off between the farmers used lO-cm plastic pipes to siphon water 
1979 wet season and the 1980dry season because of into their farms and avoided use of turnouts con-
standing crops that needed irrigation. Most of the structed for their respective areas. That reflected 

I Mot I Jun J'" ..m fib, Mar , Apr , May I Jun .All Au; 1 Sep , 

>-----/979 ""...., ------+----1980 dry &eOSQ'I----+----19BO .... , uoaon-----i 

8. Farmingactivitiesand water supply and consumplion al Pampanga R,\-cr IrrigatIOn System. NUt=\3 EciJa. PhihpplOcs. I 979-W. AUI 
= area under irrigation. LP = land preparation. T = lrdm.planting.. 1 0 = terminal dr.tinage. H = Ilar\'~ltng. I ,S = land !loOOking. 
Number5 1-25 are weeks from stan or land preparation. 

246 IRRI A NUAL REPORT FOR 1980 



Table 13. Ylekl fOf various components and MCtion. of the 
Pampanga Aiv ... Irrigation System. Nueva Eel". Phlllppin ... 
for 1979 wat •• ason (WS) and 1980 dry (OS) and WS. 

Yield (t/he ' 

Head Middle Tail 

Component Ws os ws WS os ws WS os WS 
197919801980197919801980197919801980 

EnUre system 3.2 3 .4 2.4 3.3 3.5 2.8 3.7 3.4 2.5 
Lataral C 3.7 2.9 2.9 3.5 3.5 2.6 3.2 3.3 2.4 
Lateral C1 3.0 2.3 2.5 3.8 4.2 2.0 2.8 4.1 2.8 
Latera l G4 2.0 2.7 3.1 2.3 3.1 2.7 2.0 2.5 22 
Lataral F 3.3 3.8 3.1 3.3 3.9 2.8 3.9 3.4 2.3 

the farmers' desire to control water and resulted in 
an inadequate water supply for the tail section. 
This inadequacy was traceable also to some struc
tural defects - structures that needed repair to 
increase capacities, and embankments that needed 
to be raised - that caused water spillage even 
during the dry season's peak demand. 

Crop cuts from more than 100 farms/ season 
showed a wet season yield of 3 tl ha and a dry 
season yield of3.4 t l ha (Table 13). The system had 
uneven yields with the tail-end farmers showing the 
lowest yields in two of the three seasons. The 
farmers in the middle of the system consistently 
had the highest yields throughout the three seasons 
of observation. 

IMPROVING THE MANAGEMENT OF A COMMUNAL 
IRRIGATION SYSTEM 

Irrigation Water Management Department 

The water allocation-distribution cha nges applied 
in the Peilara nda River Irrigation System (1974-
76) were tried in the 1980 dry season in the Anayan 
River Irrigation System, which serves 355 ha of rice 
land and 374 farmers in Carnarines Sur, Philip
pines. The Anayan System had maldistribution of 
water supply in different parts of the service area 
(Table 14). 

Water allocation in the system was modified to 
provide a water rotation method (treatment) in the 
lateral B service area (Zone 111), which allowed the 
tail end of the lateral to be supplied with the irriga
tion water first. That was foUowed by water supply 
to the middle section and then the head section. 
The service areas of laterals A and C (Zone I) and 
lateral A-I (Zone II) served as controls. 

T.t)le1 • . Wat., distribution pattern In the 3 zon .. of Anay .. 
Communal Irrigation System, Cam_rin" Sur, Phllippin .. , 
1980 dry .. ason (pr.traatmant period). 

Zone-

I (laterals A and C) 
II (lateral A-1) 
III (lateral BJ 

'" of totel % of total 
area served wat.r supplied 

25 
24 
51 

46 
22 
32 

- laterals A and C are the shortest and closest to tha watar 
source, lateral B is the longest and selVes tha most distant 
areas. 

Tabl.15. Relative W~., suppf.,.ln the control and treatment 
ar.a. befOfe and after Implamentatlon of tan·flm rotation 
method of water distribution. Anayan Communal Irrigation 
System, Cama"n" Sur, Phlllppln ... 1910 dry ... .an. 

Area 

Treatment (Zone Ill) 
Control (Zones I and It) 

Relative water 
supply 

Before After 

1.36 
1.76 

1.43 
1.65 

-The ratio of water supplied from irrigation plus rainfal l sources 
to field water requirements for evapotranspiration and seep
age &. percolation. 

Table 15 shows the reduction in the water supply 
disparity in Zone III that could be attributed to the 
treatment. 

Farmers' satisfaction with the tail-first water 
rotation schedule in tbe dry season was surveyed. 
Their attitude and water management behavior 
were also documented . A high percentage of sam
pie farmers in the treatment area favored the tail
first rotation metbod because of the ease in water 
distribution foUowing that method (Table 16). A 
greater percentage also showed positive water 
management behavior (Table 17). The response 
could be attributed to the gains in water supply to 
the formerly disadvantaged tail-section farmers 
who were allowed ftrst use of the irrigation water 
during the season. 

INSTRUMENT DESIGN FOR WATER MEASUREMENT 

Irrigation Water Management Department 

A vane flow device was developed and adapted to 
the commonly occurring culvert sections, which 
are made in standard sizes (Fig. 9). The device is 
not subject to backwater effects because the vane 
plate integrates the effects of water depth and flow 
force. The device can be clamped inside existing 
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Tabla 1&. F.rm .... • .ttituda toward the tail·fint rot.tion.1 
w.t ... distribution. An.y.n Commun.1 irrig.tion SYltem. 
Cem.rin .. Sur. PhHippln ... 1980 dry Hason. 

Farmers ('%) 

Control Treatment 
zone zone 

Are you in favor of 
the rotational method 
of irrigation? 

YH 86 90 
No ,. 10 

If yel. why? 
Equity between upstream 28 18 
and downstream farmer. 

Water flow is In one 32 36 
direction without 
interruption 

Ease in water distribution 12 22 
Othar reasons " 10 

Tabl. 11. F.rm .... • .ttitud •• tow.rd the op .... tion of the 
An.yan Commun.llrrig.tkm System, Cemarln .. Sur. Phllfp. 
pme., 1980 dry INIOn. 

Item 

Satisfied with the 
.ervices of water 
tander and water master 

Payment of inig.tion 
fee for the .88.on 

Paid in full 
P.ld panlal 
Did not pay 
Did not pl.nt 

Reason for full payment 
m.de in the season 

Benefited by water 
Assured of suppfy next 

19ason 
Other reason, 
No answer 

Farmers (%) 

ContrOl 
(laterals 

A and C) 

32 

32 
2. 
10 2. 

" 20 

,. 
48 

Treatment 
Ilataral B) 

44 

52 

" 16 
18 

32 
10 

10 
48 

culvert sections for flow readings when water depth 
is less than 7/ 8 of the culvert diameter. Calibra
tions were made for common culvert sizes with 
diameter of 30.5 to 91.4 cm (Fig. 10). 

COLLABORATIVE RESEARCH AND TRAINING 
IN THAILAND 

Irrigation Water Management Department 

Studies of irrigation water management conducted 
jointly with the Royal Lrrigation Department 
(RlD) in Thailand were concluded in 1980. The 
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t. The vane in a pipe developed for flow measurermnt in 
commonly used culven sections. IRRI. 1980. 

research results were presented at a workshop in 
Khon Kaen. 

Prediction of seepage and percolation require
ments of rice lands. A study correlated the seepage 
and percolation (S&P) rate with the subsurface 
water recession rate (R,), the in situ hydraulic con
ductivity (K), the depth below the ground surface 
of the water table (W1), and the percentages of 
sand (Sa), silt (Si), and clay (el) of the soil proftJe in 
three irrigated tank systems and at three sites in one 
large reservoir system (fable 18). 

The S&P rate was determined as the daily water 
surface recession rate minus the rate of potential 
evapotranspiration from the paddy. The R, rate 
was determined as the 4 to 6 hour rate of water 
recession in meters per day, one day after a )(km 
diameter hole was bored to 60 em and presoaked. 
K was determined with the Tempe double tube 
permeameter installed to a depth of 60 cm and 
standard procedures. WT was the linear depth 
below the surface reached by the water surface 24 
hours after a hole was bored to l-m depth. The soil 
texture was determined by the standard hydrome
ter method on composite soil samples from the 
proftJes. 

Results from 42 sites tested were in the form of 
regression equations using the profile data for the 
wetland irrigated topographic landscape position 
to predict R, as a function of the WT and percent 
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Sa as: 

R, = 2.00 (WTf126 (Sa/" with? = 0.70. 
Inclusion of the percentages of silt and clay in the 

regression equation improved the percentage of 
variability explained by the model from 70% to 
75%. The R, was also related to K and wr in: 

R, = 0.83 (Kfn (WTf l2 with r' = 0.81. 

The model relating the S&P rate to percentages 
of Sa, Si, and CI in the soil prome, as well as K, was 
generally not able to explain a high proponion of 
the variability of the S&P rate. The S&P rate was 
related to R, as: 

S&P = 4.38 (R,!~' with'; = 0.42. 

The S&P rate was then related to K and wr in 
the relationship: 

S&P = 4.7I!(Kf'''' (WTr' with'; = 0.79. 

This laner mUltiple-regression result, which ex
plained 79% of the S&P variability, was then used 
to predict the S&P rates of the study sites based on 
mean K and mean wr as compared to the mean 
measured S&P from four of the sites in Table 18. 

In general, the model predicted the S&P rate 
within tolerable limits. This type of prediction 
equation would have to be applied to specific pro
ject areas to develop confidence in the prediction 
ability. With wide application landscape and soil 
prome variability would invalidate the model's 
applicability. 

Cooperation and conflict among water users in 
tank irrigation systems. Three tank irrigation pro
jects - small-scale water impoundment projects 
that developed small watersheds above a rice
growing or potentially rice-growing wetland area 
- in northeastern Thailand were surveyed to iden
tify factors associated with panicipation, coopera
tion, and conflict relating to water use. It was 

Tabl.1'. Mun predicted SHPIIQ. and percolation (S. PI rate In rice fletd, at different study sft., In Thailand, 1980. 

Mean hydraulic Mean Predicted Actual Discrepancy 
Site conductivity water table S&P S&P from Soil texture 

(m/day) 1m) (mm/day) (mm/dav) actual (%1 

Huei Sathot 0.47 1.37 5.1 Loamy sand 
Huei Keeng 0.68 0.68 4.0 3.4 18 loamy sand 
Huai Aeng 0.42 0.71 3.9 3.8 3 Loamy sand 
Lam Pao-1Ll 0.27 o.n 3.8 3.3 5 Sandy loam 
LIm Pao-RMC 022 1.11 4.4 2.6 69 Sandy loam 
Lam Pao-LMC 0.37 0.71 3.9 0 Sandy loam 
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Tab .. ' • . Summary of r~atlon.hip results between coopention and canfUct among weterusen and selected vaMblnln 3 tank 
Irrigation proj«;ts In North .. st Thailand, 1980.-

Independent 
.... ariable 

Educational attainment 
Household membership number 
Training atteinment or experience 
Perceived benefit from ditch cleaning 
Knowledge of Irrigation practices 

Rlee production Income 
Familv gro .. Income 
Total farm area 
Production of crop after con.tructlng the irrigation 

,vltem 
Adoption of recommended farm practices 

Agreement with the proposed rules and regulations 
ofWUA 

Sati,factlon with the wortt of WUA officer 
Satl,factory work by Irrigation agent 

Rating of Irrigation service 
Water Usef' approached Irrigation agent for help 
Irrigatton agent approached water users to help 
Dlseu.aion with irrigation agent 
Exposufe through communtcation channels 

-wtJA - water user' association. 

hypothesized that four categories of characteristics 
explain the relationships in the operation of the 
tank irrigation systems: 

I. the farmers' demographic, experience, and 
personal knowledge characteristics; 

2. fann production, practices, and returns; 
3. degree of farmers' satisfaction with the water 

users association (WUA) activities, officers, 
and yield outcomes from irrigation; and 

4. the rating of the irrigation service, the irriga
tion agent, and the sources of information on 
improved rice production practices and 
methods of irrigation. 

The simple correlation results between the inde
pendent variables and the key elements are shown 
in Table 19. The relationship between II of the 18 
variables was highly significant for participation in 
WUA activities. For participation in maintenance 
of the irrigation system, eight variables were highly 
significantly correlated. For cooperation among 
members in the water users association, only four 
varia bles were highly significantly correlated, and 
for conflict among members six independent vari
ables were highly significant. 

Except for three relationships - satisfaction 
with the WUA officers' performance as related to 
cooperation and to conflict occurrence and the 
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ParticiP8tion 

WUA 
activtti .. 

. 2045·· 

.1913·· 

.2587" 

.4000·· 

.2165" 

.1112· 
,2321-· 
,1612· 
.1936" 

. lS03-

.2754" 

.2884-

.3560+ + 

.1660+ 

Main-
tenanee 

.1990· • 

.2005·· 

.3331·· 
,1514-

.1415· 
.1853--

.1415-

.2940-

.301S-

.2096" 

.2099·+ 

Cooperation 
among 

members 

- .3206" 
.1506· 

.2269-· 

.1811·· 

.1630-

.1698-

Conflict 
""e, 

water 

.1358· 

.2143" 

.1982--

-. 1369-

-.1540-

.1909- · 

.1156++ 

rating of the irrigation service as related to the 
occurrence of conflict - all the other significantly 
related variables were positively correlated with the 
level of participation in operation and mainte
nance, in cooperation, and in conflict over water. 

The variables with common highJy correlated 
relationship to panicipation were education, train
ing experience, perceived benefit from ditch clean
ing, family gross income, occurrence of irrigation 
agent approaching farmers and farmers asking the 
irrigation agent for assistance, and discussions with 
the irrigation personnel. The relationships involv
ing communication with the irrigation agents have 
strong implications for use in influencing farmer 
participation in operations and maintenance of the 
tank irrigation systems. 

Etonomics of tank irrigation investments, A 
study was conducted to estimate the costs and 
benefits of the three tanks in the RID-IRRI sam
ple. A general description of the three tanks is in 
Table 20. 

Direct benefits to irrigated farming were meas
ured using the with versus without basis. Farm 
production data in the three tanks were collected 
by field survey of95 farmers with irrigation and 38 
farmers without irrigation. The costs of construc
tion, maintenance, and repairs for the tank projects 



Category Huai Sathot Huai Aeng Huai Kaeng 

Construction period 
Storage capacity (million ml ) 
Planned wet season irrigable area (ha) 
Actual wet season irrigable area (ha) 
Actual wet season Irrigated area (ha) 
Percentage actual irrigated to 

planned irrigable area 

were taken from government records. The alterna
tive crop used for the rainfed fanners who could 
not grow rice was cassava. The price used was the 
5-year average. The internal rate of return for 
actual irrigated area was 7.4 for Huai Sathot, 10.7 
for Huai Aeng, and zero for Huai Kaeng. Internal 
rate of return for planned irrigable area was 13.5 
for Huai Sathot, 18.9 for Huai Aeng, and 6.7 for 
Huai Kaeng. 

Economic analysis oCintensity oC irrigation Cacil
ity investments. An analysis was made of the Nam 
Phong-Nong Wai Irrigation Project in nonheastern 
Thailand, which serves 48,400 ha, to detennine the 
optimal investment mix for a fixed budget and the 
level of maximum net returns. Data from govern
ment sources, interviews with local officials, and 
surveys among fanners in the already operating 
pilot areas were used . Unear programming was 
used to determine the optimum investment con
ditions. 

The analysis indicated that the current govern-

1961-69 1963·64 1966-76 
12 

1280 
1500 
755 

59 

22 
2880 
3640 
2860 

99 

37 
2400 
1640 

910 
38 

ment investment limit of 517.3 million should be 
allocated for land consolidation and intensive 
improvements on 37% of the area, and extensive 
improvements on 12%. The remaining 51 % should 
remain unimproved. 

The analysis indicated that if the level of invest
ment were increased, tbe annual return to land and 
annual net benefits to the investment increase 
would reach a maximum at the $32 million invest
ment level. At that level, the benefiH:ost ratio 
would be 1.92 with an 18% internal rate oCreturn. 
At the $32 million level of investment 63% of the 
project area would have intensive improvement 
and 37% would have extensive improvement. 

Optimal enterprise combinations indicated 100% 
of the area in rice production for the wet season. 
For the dry season 82% of the consolidated area 
would produce rice and 18% would be fallow with 
5% of the extensively improved area in rice. 6% in 
vegetables, and 88% fallow because of water 
shonages. 
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The main areas of research were peat soil prob
lems, nitrogen needs of rice, boron toxicity, zinc 
deficiency, influence of water regime and straw 
incorporation on soil fertility, soil management 
effects on zinc, availability of iron and chromium, 
and land characterization. 

PEAT SOIL PROBLEMS 

The first known instance of a rice response to zinc 
ona peat soil was observed on a Histosol(pH: 5.4; 
organic C: 27%; available zinc: 0.3 mgl kg) in Lag
una province, Philippines. 

[n a test of27 rices in a farmer's field, dipping the 
roots of seedlings in a 4% suspension of zinc oxide 
in water before transplanting increased grain yield 
by an average of 0.4 tl ha. Thesigoificant responses 
are shown in Figure I. In a similar test with 10 rices 
on another Histosol in RizaI province, Sentries 
had yield increases of O.~.S t/ ha when zinc was 
applied. 

The results indicate that one growth-limiting 
factor on about 30 million ha of peat lands in 
South and Southeast Asia can be removed by 
applying zinc. 

NITROGEN FERTILIZER NEEDS OF RICE 

The nitrogen-supplying capacity of tropical wet
land rice soils may range from 50 to 1,000 kgl ha 
per season and crop yields may vary from 2 to S 
tl ha, but those factors are often ignored in fertil
izer recommendations for rice. 

A model to tailor nitrogen recommendations to 
soil and crop needs was proposed: 

FN=4O Y-lOOOSN, 
where FN = fertilizer N need in kgfha 

Y = yield target in t / ha 
SN = total soil nitrogen in percent 

The model is based on these assumptions: 
• 5% of total soil nitrogen is mineralized per 

season; 
• efficiency of soil and fertilizer nitrogen is 50%; 
• mass of soil in the top IS em ofa I-ha puddled 

field is 2 X 10' kg; and 
• most rice roots are in the top 15 ern of soil. 
The model was tested with data from 3 rice 

varieties grown at 2 levels of nitrogen on a soil 
containing 0.2% N at [RR] in the 1974-77 dry 
seasons. The results were: 
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Mean yield (tl hal Fertilizer 
(kg/ ha) Actual Calculated by model 

o 
140 

4.7 5.0 
7.9 S.5 

Experiments in 1980 showed that the model 
worked satisfactorily for IRRI soils with nitrogen 
contents ranging from 0.104 to 0.237% (Fig. 2). 

BORON TOXICITY 

Soil test for horon. [n 19S0 tests, 0.05 M HCI, 
which is used to determine available zinc and 
copper in rice soils (1979 annual report), was tested 
as an extractant for available boron. The 0.05 M 
HCI extraction is a simple, reliable, rapid, and 
inexpensive method requiring no reflux equipment 
and barium chloride addition. 

In 53 soils selected to give a range of available 
boron concentrations, pH ranged from 3.5 to .S.O, 
organic carbon content from 0.1 to 14%, and the 
availabl' boron content from 0.2 to 24 mgl kg. 
Available boron was extracted and measured by 
the current procedure (reflux extraction with boil
ing barium chloride solution) and by the 0.05 M 
HCI method. Plant uptake of boron was measured 
by analyzing the plants grown on 53 soils in the 
greenhouse. 

The 0.05 M HCI values for available boron 
correlated highly (r = 0.96··) with the reflux 
values, and plant boron concentration correlated 
better with the 0.05 M HCl meth.od (r = 0.91··) 
than with the reflux method (r = 0.84··). 

On IS of the 53 soils, rice showed boron toxicity 
symptoms. All IS soils contained >4.2 mg avail
able boron/ kg by the 0.05 M HCl method, and 13 
gave> 35 mg plant boronl kg. the toxic limit for 
rice. 

eritia! limits. Greenhouse and field experi
ments allowed the establishment of the follOwing 
critical toxicity limits: 

Culture solution 
Soil 

Soil solution 
Plant (10 weeks old) 

2.5 mgl liter 
5 mgl kg (reflux) 
4 mg/ kg (0.05 M HCl) 
2 mg/ liter 
35 mg/ kg 
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I. Grainyield 0(9 rices thatsho'A'Cd significant responses among 21 rices tested forzincapplicalion ona peat 
soil. Laguna province. Philippines. 1980. 

ZINC DEFICIENCY 

Role of silicon. Research in 1980 provided evi
dence that regardless of pH, organic matter con
tent, and water regime, zinc deficiency occurs on 
soils that are high in water-soluble silicon. 

A study of 68 wetland Philippine rice soils (PH: 
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2. Relationship between grain yield on 6 soils of varying nitro
gen content and the \'8.Jue of the expression (1000 S, + F\). 
whcrt: Y = yield larget in 1 ha. N = totaJ soil ~ in percentage. 
and F, = feniliur need in kg ha. lRRI. 1980. 

3.8 to 7.9; organic C: 0.8 to 220/0; available Zn; 0.2 
to 25 mg/ kg) revealed that 34 were zino-deficient 
« I mg available zinc/ kg soil). All but three of the 
soils contained > 100 mg water-soluble silicon/ kg 
soil (Fig. 3). The mean silicon content was 164 
mg/ kg for the deficient soils and 80 mg/ kg for the 
zinc-sufficient soils. Silicon apparently was tying 
up zinc as insoluble complexes or adsorption 
products. 

Heavy metal interactions. Some zinc-<leficient 
rice soils have a high chromium and nickel content. 
To ascenain the role of these metals and copper on 
zinc deficiency, the effects of zinc and nickel at 10 
mg/ kg and copper and chromium at 5 mg/ kg on 
rice growth were studied factorially on a zinc
deficient soil in a greenhouse experiment. 

Zinc increased yield except when combined with 
chromium and copper. Copper, chromium, and 
nickel in combination depressed yield severely 
when zinc was absent, suggesting that those heavy 
metals may depress zinc availability. 

WATER REGIME 

Drum studies. The results of the 13th cropping 
experiment without fertilize~ on 3 soils confirmed 
the benefits offlood fallowing on rice yield, nitro-
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3. Correla tion between watc:r-solublc silicon a nd 7j nc derlCiency. IRRI. 1980. 

gen uptake, and the organic matter and nitrogen 
content of the soil (Table I). 

Field experiment. A long-term experiment on 
the influence of water regime with and without 
straw incorporation on the yield of rice and soil 

fertility continued. The 16th experiment in the 
series confrrmed earlier findings that flood fallow
ing and straw incorporation increase grain yield 
and improve soil fertility (Table 2). 

Table 1. Effects of 3 w.ter reglm .. , wtthout fertilliers, .vel'llged for 3 soli. on rice yi.ld. nitrogen uptJIke •• nd soli nutrient Itltus 
aft.r the 13th crop In the 200.1it., drum •. IRRI. 1980.-

Yield (g/ drum) Nitrogen Organic Total 
Water regime uptake carbon nitrogen 

Straw Grain Ig) 1%) 1%) 

Flood fallow 104 a 1278 2.'1 8 1.75 a 0.1698 
Flood fallow with 94a 105 a 1.63 b 1.75 a 0.172 a 

MSD' 
Dry fallow 66 b 72 c 1.12 c 124 b 0.1 23 b 
Dry fallow with MSD 66 b 75 c 1.14 c 1.16 b 0.'17 b 

· Separation of means in each column by Duncan's multiple range test 81 the 5% level ' Midseason soil drying. 

Tel.2. Influence of weter regime end Incorporation of straw from pr-=edlng crop on rice yield end fertility stetus of M •• h •• el.y 
.tt.r the 16th crop. IARI, 1980. 

Trealmenr 
Grain Organic Total Olsen 

Water Straw yiekj cart>on nitrogen phosphorus 
incorporation It/ha) 1%) 1%) Img/kg) 

Dry fallow .No 2.9 1.68 0.172 8.0 
Yes 3.4 2.02 0.207 10.3 

Difference 0.5" 0.34-- 0.035-- 2.3" 

Dry fallow 
withMSD No 3.5 1.84 0.192 8.3 

Yes 4.1 1.98 0.208 8.5 
Difference 0 .6-- 0.14-- 0.016n5 0.2n5 

Flood fallow 
with MSD No 4.5 1.80 0.181 6.0 

Yes 5.0 2.00 0205 7.5 
Difference 0.5·· 0.20" 0.024- 1.5-

-MSD - midseason soil drying. 
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Table 3 Effects of straw incorporation evelY season. without fertilizer, on rice yield. nitrogen uptake, and soil nutrient status 
averaged for 3 solis after the 11th crop. IRRI, 1980. 

Yield (g/drum) 
Straw Nitrogen Orgamc Total Olsen Exchangeable 
incorporation Straw Grain uptake carbon nitrogen phosphorus potassium 

(g) (%) (%) (mg/kg) (mmollkg) 

No 68 77 1.19 1.38 0.130 8A 32 
Yes 89 112 1.53 1.62 0.157 9.8 63 
Difference 21** 45** 034** 0.24** 0.027** 1.4* 3.1** 

Table 4. Effects of 4 straw treatments on rice yield and the nutrient status of Maahas clay after the .16th crop. IRAI, 1980." 

Organic Total Olsen 
Grain yield carbon nitrogen phosphorus 

Straw treatment (t/ha) (%) (%) (ppm) 

Removed 3.2 b 1.56 b 0.167 e 9 b 
Burned 3.4 b 167 b 0.173 be 12 b 
Incorporated 4.1 a 1.82 a 0.182 b 12 b 
Composted and added 42a 1.89 a 0203 a 27 a 

"Separation of means in each column by Duncan's multiple range test at the 5% level. 

STRAW MANAGEMENT 

Drum studies. Adding straw at 5 tl ha each season, 
without fertilizer, significantly increased rice yield 
and nitrogen uptake, and improved the nutrient 
status of the soil. Data for the 11th crop are in 
Table 3. 

Field experiments. The results of a long-term 
experiment in IRRI fields confirmed earlier find
ings that straw incorporation each season, without 
ferti1izer, increases yield and improves the nutrient 
status of the soil (Table 4). 

SOIL MANAGEMENT EFFECTS ON UPTAKE OF ZINC, 
IRON, AND CHROMIUM 

Zinc. In dry season experiments in a field and in 
drums with a neutral, noncalcareous, very poorly 
drained zinc-deficient soil in the Philippines, low
cost methods were tested to minimize zinc defi
ciency in wetland rice. One treatment comprised 
land ridging and planting the seedlings along the 
base of the ridges to improve aeration and zinc 
availability in part of the root zone. The practice 
reduced deficiency symptoms and improved 
growth and total dry matter production. However, 
it proved less effective than application of zinc 
oxide, either broadcast and incorporated or as a 
root dip before transplanting. 

In a wet season experiment, the ridging method 

was compared with methOds of treating seedlings 
with zinc for different periods before transplant
ing. Seedling treatments were in a seedbed outside 
the deficient area without added zinc, and at the 
zinc-deficient site with low zinc oxide applications 
in the seedbed. 

The ridging treatments were less effective than 
other methods because of a greater weed problem 
and lack of control of water levels. The two highest 
yielding treatments were root dipping of 20-day
old seedlings in 4% ZnO suspension and trans
planting 4O-day-old seedlings grown in a seedbed 
outside the zinc-deficient soil area. Thus there 
appears to be an alternative to zinc application in 
zinc-deficient, perennially wet soils. 

Iron and chromium. The uptake and trausport 
of iron and chromium in plants grown in soils 
ranging from well-drained to very poorly drained 
were reviewed and studied. 

In wetland rice growing on poorly drained neu
tral soils, iron concentrations ranged from about 
\00 to several thousand mgl kg dry matter in 
shoots 8 weeks after transplanting as well as in 
straw at maturity, without causing iron toxicity 
symptoms. There was no clear relation with plant 
zinc contents, which were generally above 15 
mgl kg. In a treatment on a drained soil, iron 
concentrations were significantly lower, about 200 
mgl kg, at zinc contents no higher than in the other 
treatments. 
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Chromium normally has a low mobility in 
plants. Chromium concentrations generally range 
from 0.1 to 5 mg/kg in above ground parts, and 
from less than 0.01 to about 0.1 mg/kg in grain. In 
a drum experiment in which a neutral, zinc
deficient soil material was kept wet throughout the 
growing season, chromium contents of the rice 
plants were about 5 mgt kg 4 and· 8 weeks after 
transplanting and more than 10 mg/kg at matur
ity. Total chromium contents in rice grain were in 
the same range. Chromium seems to be more 
mobile and to accumulate to higher concentrations 
in rice plants on very poorly drained, reduced soils 
than in plants on well-drained soil. 

LANDCHARAcrnR~ATION 

A guide was developed to enable researchers with 
different backgrounds to do land characterization 
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and soil sampling for experiments on wetland rice. 
The guide was tested in part of the INSFFER 
network. 

Land characterization centers on the hydrology, 
landform, and soil of the site where an experiment 
is conducted, and uses terms understood bya wide 
range of persons. Combined with a limited set of 
analytical .data on the soil samples, the guide 
aJIows: 

• diagnosis of conditions limiting yield or res
ponse at the site; 

• comparison between sites, sorting of the re
sults from many sites into groups, and expla
nation of yield differences by observed fea
tures; 

• prediction of results and formulation of aCIvice 
in farmers' fields with similar conditions. 



Soil and crop management 
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Soil Microbiology Department 

HETEROTROPHICN, FIXATION 260 
Effect of nitrogen fertilizer on heterotrophic Nz fIxation in long-term fertility 

trials 260 
Differences in Nz-fIxing population and activities between dryland and wetland 

rice 260 
Incorporation of "Nz gas into rice plants 260 
Loss of nitrogen during nitrogen balance studies 261 
Inoculation of Nz-frxing bacteria on a sterile rice plant 261 

AUTOTROPHIC N, FIXATION 261 
Fate of algal nitrogen in soil 261 
Nitrogen enricinnent at the surface of flooded soil 262 
Algae-predator relation in the paddy 262 

Effect of straw on soil surface on algal growth 262 
AZOLLA-ANABAENA SYMBIOSIS 263 

Dual culture of rice and azolla by wide row spacing 263 
Temperature response of azolla collection 263 
Growth of azolla collec.tion in the fIeld 264 
Factors affecting sporulation of azolla 264 
Phosphorus nutrition of azolla 265 

NITROG~N TRANSFORMATION 265 
NitrifIcation in the paCidy 265 
NitrifIcation during dry season 265 
Nitrogen nutrition of deepwater rice - role of epiphytic blue-green algae 266 
Role of subsoil in wetland rice growth 266 
Ammonia and nitrous oxide loss from the fIeld 266 

MICROBIOLOGY OF DRYLAND RICE AFFECTED BY SOIL SICKNESS 267 

IRRI ANNUAL REPORT FOR 1980 259 



HEfEROTROPHICN, FIXATION 

Effect of nitrogen fertilizer on heterotrophic N, 
fixation in long-term fertility trials. Surveys ofhete
rotrophic nitrogen fixation activities associated 
with rice and in the soil in long-term fertility plots 
at Maligaya, Nueva Ecija province, and at Luisi
ana, Laguna province, showed that heterotrophic 
N, fixation was not significantly affected by nitro
gen fertilizers. Field acetylene redu~tion assays 
(ARA) were made to determine N, fixation in 
association with the rice plant (IR42) and in the soil 
among plant hills. At Maligaya, no-fertilizer (0-0-0) 
and NPK fertilizer (70-60-60 kg/hal plots were 
compared; at Luisiana PK fertilizer (0-40-40 kg/hal 
and NPK fertilizer (60-40-40 kg/hal were com
pared. ARA were made four times during one rice 
crop. 

Plant and soil ARA activities were much lower 
in acid (PH 5.2) Luisiana soil than in neutral (pH 
6.8) Maligaya soil. Soil and plant ARA activities in 
both soils did not statistically differ in response to 
fertilizer application. 

Differences in N,-fixing popnIation and activi
ties between dryland and wetland rice. IR5 and 
OS4 were grown as wetland and dryland crops. 
Acetylene reduction activities were measured in 
situ and in water culture, and aerobic N2-fixing 
bacteria in the histosphere and lower portion of 
shoots were counted. ARA values associated with 
dryland rice were less than 3 /Lmol C,R. /hill per 
day (in situ assay) or less than 0.4 /Lmol C,R. /hill 
per 5 hours (water culture assay), and were much 
lower than those of wetland rice. 

The population of Azospirillum in or on the root 
was much lower in dryland rice than in wetland 
rice, despite little difference in the number ofhete
rotrophic bacteria (Fig. I). The difference in Azos
pirillum was greatest in or on the basal shoots. The 
contribution of the lower portion of the shoot to N, 
fixation associated with rice is, therefore, likely to 
be characteristic of wetland rice plants. . 

Incidence of nitrogenase positive bacteria among 
the heterotrophic bacteria in the histosphere ranged 
from 9% to 61 % in wetland rice, and 1% to 34% in 
dryland rice. Among the heterotrophic bacteria 
isolated from the dryland rice histosphere and 
basal shoots, none was N,-fixing, Pseudomonas
like bacteria. The results clearly showed that 
wetland soil is favorable for the establishment of 
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aerobic N,-fixing bacteria in rice plants. 
Incorporation of "N, gas into rice plants. Rice 

plants growing in pots of flooded soil were exposed 
to "N,-enriched atmosphere for 3-13 days in a 
gastight chamber. The soil surface was covered 
with black cloth to reduce the activity of phototro
phic N,-fixing microorganisms. Direct evidence for 
heterotrophic nitrogen fIXation associated with rice 
roots was obtained in four experiments. Mter 3 or 
7 days exposure to "N, gas, no enrichment of "N 
in the shoot above the black cloth was detected 
despite enrichment in the root and soil. Higher or 
equal enrichment of the subsurface root as com
pared with the surface root could not be explained 
by phototrophic Nz fIXation at the surface of 
flooded soil. 

The apparent rate of nitrogen fIXation in rice 
roots was much higher at the heading stage than at 
tillering stage. To examine the translocatIOn of the 
newly fIXed nitrogen to the plant shoot, rice plants 
exposed to "N, gas during heading were kept in 
~mbient. air until maturitr; The incorporation of 

N d~nng"exposure to N, was confinned by 
analysIs of N content m one tiller just after expo
sure. The I'N enrichment in the shoot increased 
wi.th time, and at pl~~t maturity the shoots con
tamed more of total N than the roots (Table I). 
Panicles that matured later were more enriched 
than the early-maturing panicles. The pattern of 
increasing enrichment with time is compatible with 
the concept that the newly fIXed N, becomes avail-
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Table 1. 15N enrichment in singletillers harvested immediately 
after exposure (12.8 days) at the tlllering stage and at harvest 
(43 days after exposure to 15N~). IRRJ. 1980. 

"N 
Total Atom N ----

Plant part and 
soil 

nitrogen excess 
(mg) (%) 

Immediately after exposureu 

Panicle 
Dead flag leaf 
2d leaf 
3d leaf 
Dead lower leaves 
Outer leaf sheath 
Inner leaf sheath 

Early harvested 
pamcle ' 

Pamcle 
Shoot 
Lower shoot 
Basal node 
Surface root 
Subsurface root 
Surface soil 
Subsurface soil 

0.79 0.07 
3.18 0.05 
7.11 0.03 
211 0.01 
113 0.01 
0.47 004 
0.77 0.09 

At maturity 
54.7 0.28 

995 0.34 
651 014 

5.8 027 
4.2 0.50 
08 0.44 

10.9 0.90 
108.0 0.12 

3240.0 0.11 

Mg % of 
total 

016 35 

0.43 9.5 
0.092 2.0 
0.016 0.4 
0.021 05 
0004 0.1 
0.097 21 
0130 2.9 
3570 79.0 

UAnalysis to 2 decimal places because of small sample size 

able to the plant after it is incorporated in bacterial 
cells and subsequently mineralized. Most ofthe 15N 
fixed remained in the soil. 

Loss of nitrogen during nitrogen balance stu
dies. In nitrogen balance studies in flooded pots, 
labeled ammonia at 2 rates (10 kg N / ha and 160 kg 
N/ha) was applied to pots and mixed thoroughly 
with soil. After three crops of flooded rice, the 
balance of total nitrogen and the applied 15N was 
determined. The addition of the small amount of 
mineral nitrogen did not decrease the positive ni
trogen gain (100-120 mg N/pot per crop), but the 
larger amount depressed N, fixation almost com
pletely. The recovery of ISN, was 92% or more. It 
was concluded that loss of soil nitrogen was neglig
ible and that net positive gain of nitrogen in planted 
pots almost equaled biological N, fixation. 

Inoculation ofN,-fixing bacteria on a sterile rice 
plant. Three types of aerobic N,-fixing bacteria 
were isolated from the roots and basal shoots of 
wetland rice grown in an IRRI field - Azospiril
lum (A. lipoferum), Enterobacteriaceae (mostly 
Klebsiella pneumoniae and some Enterobaeter 
cloeeae), and Pseudomonas-type (formerly 
Achromobacter-type). N, fIXation of the bacteria 
in association with rice was tested. 

IR26 was grown in 500-ml bottles in a sterile 

Table 2. The population of N2-fixing bacteria inoculated into 
the rice plant and their activity. IRRI. 1980 

Treatment 

1. Noninoculated 
2. Pseudomonas-like 
3. Enterobacteriaceae 
4. Azospinllumo 

5 Mixture of;Z. 3. 4 

Most probable 
no/g 

fresh root 

o 
1 X 107 

19 x 10s 

4 X 105 

9 X 106 

Acetylene 
reduction 

activity In 20 hQ 
(nmol C2H~/plant) 

200 ± 40 
250 ± 70 
560 ± 250 

1500 ± 470 
1900 ± 370 

UAverage and standard error of 3 replications bOn malate 
medium. 

vermiculite mixture. One bottle contained 18 mg 
nitrogen as 15N-Iabeled ammonium sulfate. A bac
terial suspension was added just after the sterile rice 
seedling was transferred and the rice was grown for 
9 weeks under flooding. Acetylene reduction activ
ity was measured, roots were subjected to microb
ial analysis and shoots to "N analysis. Acetylene 
reduction activity was highest when AzospiriIIum 
was inoculated, despite the lower MPN (most 
probable number) count of Azospirillum (Table 2). 
The activity was more than 10% lower than the 
activity in the field grown to wetland rice. Interac
tion with other non-N,-fIXing microflora may be 
involved in N,-fixation associated with wetland 
rice in the field. 

AUTOTROPHIC N, FIXATION 

Fate of algal nitrogen in soil. To clarify the fate of 
nitrogen that is biologically fIXed by blue-green 
algae, experiments were initiated with a lsN_ 
labeled algal mass. Nostoc was grown in the labor
atory and labeled with ISN by nitrate. The cells 
were collected and used for experiments. In one 
pot, fresh Nostoc cells were buried at 5-cm depth; 
in two pots, N ostoc cells were spread on the surface 
and mollusks were added to one of the pots. Rice 
seedlings were transplanted into the pots. At 14 
days after transplanting and at harvest, soil cores 
were taken to analyze soil nitrogen and its ISN 
content. 

In the pot with mollusks, algal cells were quickly 
digested and mollusk excreta accumulated on the 
surface. Without mollusks, blue-green alga cells 
equally decomposed. 

At harvest, rice grain and straw had 12% of the 
surface-applied algal l'N, regardless of mollusk 
addition, and 38% of the incorporated algal nitro-
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gen. Digestion of algae by mollusks did not change 
the pattern of ISN distribution in soil and plants. 
Recovery of ISN from soil and rice was almost 
100% in all 3 treatments. At harvest, more ISN was 
found in the 1- to 6-cm layer than at the top or 
l-cm, even when alga was surface applied. 

Nitrogen enrichment at the surface of flooded 
soil. In preliminary greenhouse experiments, cov
ering pots with black cloth eliminated surface 
accumulation of nitrogen. In the field, I-m' frames 
were placed in plots and 3 treatments (without 
black cloth cover and insecticide, without black 
cloth but with insecticide, and with insecticide and 
black cloth) were compared. The plots that received 
insecticide and were exposed to light had a statisti
cally significant (7 kg N /ha) increase of total nitro
gen content of the surface 3 mm of soil. This 
accumulation represented the residue of newly 
fixed nitrogen, which had not moved down or had 
not been taken up by plants or undergone loss. 

Algae-predator relation in the paddy. The addi
tion of insecticides to a paddy induces algal devel
opment, a phenomenon explained by the elimina
tion of predator pressure by insecticides. Data 
collected from outside and within IRRI identified 
two important groups of predators - gastropods 
and ostracods - with the potential to prevent or 
limit algal growth and N, fIXation. The biomass of 
snails (mainly Lymnaea sp.) atIRRI ranged from a 
few kilograms to 1.5 t fresh weight/ha. A green
house experiment demonstrated an immense reduc-

AcefyleoereduchOCl (nmoIC2"413 8 err!- per h) 
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tion in acetylene reduction activity when estab
lished algal biomass was grazed by an average 
popnlation of snails. Mter 2 days, the activity 
decreased to 25% of that of the control. 

Field densities of ostracods (subclass Crusta
ceae) in IRRI plots where experiments on surface 
accumulation of nitrogen were conducted were 
consistently high, ranging from a few hundred to 
1O,000/m'. The densities of ostracods in 250-ml 
water samples were 115 in the treatment with insec
ticide, 4 with insecticide plus black cloth, 6 with no 
insecticide, and 253 with insecticide plus straw. 
Insecticide encouraged the popnIation of ostrac
ods. The popnIation of the snail (Lymnaea viridis 
and L. requettz) was slightly depressed by insecti
cide but not completely eliminated. The results 
suggest that repeated application of insecticide 
(mainly Furadan) established the tolerant micro
fauna. 

Effect of straw on soil surface ou algal growth. 
The experiments described immediately above 
suggested enhancement of blue-green algae growth 
in plots that received rice straw on the soil surface. 
To demonstrate the effect on phototrophicN, fIXa
tion, tests were made in 60- X 60-cm plots with 
transplanted rice. Treatments without straw, with 
surfaCe-applied straw, and with incorporated straw 
were compared. Figure 2 shows the change in light
dependent, aerobic, acetylene reduction activity 
and the number of cyanobacter propagules in sur
face cores. The stimulation of blue-green algae by 

O!sso!vedoxygen(mox-mtnppm) 
120 

4142434445464748494 

2. Ndixatlon rate. count~ of blue-green algae. and photosynthetic rate as affected by straw application. IRRI. 1980 
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surface-applied straw was remarkable. 
In control and straw-incorporated plots, photo

trophic acetylene reduction activity showed spo
radically high values, but in the smface-straw plot, 
higher phototrophic activity was maintained from 
34 days to 64 days after the application (Fig. 2). 

Respiratory activity of floodwater, estimated by 
dissolved oxygen content and pH at night, was 
highest in the plots with surface straw throughout 
the experiment. But the differences among plots 
became smaller 34 days after application. Photo
synthetic activity of floodwater. approximated by 
the difference between dissolved oxygen content at 
night and in the daytime in the surface-straw plots 
surpassed that in the other plots 34 days after 
application. During this period, algal N, flxation 
was also stimulated. 

AZOLLA-ANABAENA SYMBIOSIS 

Dual culture of rice and azolla by wide row spac
ing. By wide double-row spacing of the rice plants 
(53-cm-widerow was alternated with I3.3-cm-wide 
row), several crops of azolla were grown during 
one crop of rice. Nitrogen aocumulated by azolla 
amounted to about 70 kg N / ha. Three treatments 
- no nitrogen and no azolla, chemical nitrogen 
only, and azolla dual culture - were compared on 
the same plots in continuous cropping. From the 

fourth crop, the fleld was changed and one crop of 
azolla was grown before transplanting. The sum
mary for five crops of rice is in Table 3. The incor
porationofazolla increased rice yield by I t/haand 
was comparable to 70-100 kg N/ha as cheutical 
nitrogen fertilizer. 

Temperature response of azolla collection. More 
than 30 strains of azoIla, including A. pinna/a, A" 
mexicana, A. filiculoides, A. caroliniana, were 
maintained at IRRI in flasks containing utineral 
'nutrient solution. To screen azolla strains for toler
ance for high temperature, they were grown in 
culture solution at 3 day/night temperature levels: 
37° /29"C (av 33°C), 33° /2SOC (av 29"C), and 
26° / 18° C (av 22" C). Tests for 27 strains covered 
three collections of A. filiculoides, one collection 
eachfromA. caroliniana andA. mexicana, and the 
rest were A. pinna/a. The description ofthe azolla 
collection is in Table 4. 

For most strains (except A. filiculoides) maxi
mum relative growth rate, which in most collec
tions occurred during the flrst week, was higher at 
33° C than at 22° C. As the ferns grew, growth 
slowed down more severely at higher temperature. 

At 22" C, the period for attaining the maximum 
biomass was 30-50 days and the highest value was 
14 g N/m' or 320 gdry weight/m' produced by A. 
caroliniana. Afiliculoides, a German strain, had 12 
g N/m' or 290 g dry weight/m'. 

Table 3. Effects of soil incorporation of azalia on rice yield IRRI, 1978-80. 

Cropping duration 
and variety Chemical N Azalia crops Gram yielda (t/hal 

Crop (from transplanting applied incorporated (no.) 
to harvest) (kg/h.) and N content NoN Chemical N Azalia 

First Dec 1978-Apr 1979 107 6 crops 6.3 a 8.3 a 6.7 a 
121 days 105 kg Nih. 
IR26 

Second May-Aug 1979 60 4 crops 3.7 b 45 5.7 a 
124 days 70 kg Nih. 
IR42 

Third Nov 1979-Mar 1980 100 4 crops 2.7 b 2.2 b 36. 
1Q4 days 70 kg/ha 
1R43 

Fourthb Feb.Jun 1980 60 4 crops 5.2 b 62. 6.2 a 
121 days 70 kg N/ha 
IR42 

Fifth Jul-Nov 1980 60 4 cropsC 33 b 4.7 a 5.0 a 
106 days 60 kg 
IR42 

"'Separation of values in a row by Duncan's multiple range test atthe 5% level. bFleld used different from that from previous crop. 
One crop of azalia was grown before transplanting Plant density was half of the previous one COne crop of azalia was grown 
before transplanting 
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Table 4. Azalia collections. IRRI, 1980. 

Species Number Designation Collection site Country Year of 
collection 

A pinnata 1 Bicoll Santo Domingo, Albay Phihppines 1975 
A. Brown 2 Malaysia Bumbong Lima, Butterworth Malaysia 1977 

3 Bogor Bogor Indonesia 1977 
4 Banaue Banaue, Ifugao Philippines 1977 
5 Bangkok Bangkok Thailand 1977 
6 DAT15 Thailand 1978 
7 DAT1S Thailand 1978 
8 DAT17 Thailand 1978 
9 Cheng Mai Sampatong, Cheng Mai Thailand 1978 

10 Sri Nagor Sri Nagor, Dacca Bangladesh 1978 
11 Tangall Tangail Bangladesh 1978 
12 Bharatpur Bharatpur Nepal 1978 
13 Khumaltar Khumaltar, Lapitpur Nepal 1978 
14 Sicolll Santo Domingo, Albay Philippines 1978 
15 Apalit Apaht, Pampanga Philippines 1978 
16 Floridablanca Floridablanca, Pampanga Philippines 1978 
17 Vietnam Green 1 Hanoi Vietnam 1978 
18 Vietnam Green 2 Hanoi Vietnam 1979 
19 Vietnam Purple Hanoi Vietnam 1978 
20 Vietnam Wild LaVan, Thai Vinh Vietnam 1979 
21 Putian Zhu FUJieng China 1978 
22 Tanchang Tanchang, Shandong China 1979 
23 Cuttack Cuttack, Orissa India 1978 

A. fl/tculoides 101 East German German Democratic 1979 
Lamark Republic 

102 Hawaii Hawaii USA 1976 
103 California Tisdale, California USA 1978 

A. mexicana 201 California Graylodge, California USA 1978 
Pres!' 

A. caroliniana 301 Ohio Ohio 
Wild 

At 29" C, the maximum biomass was attained in 
20-35 days. The highest value was 6.3 g N/m' or 
150 g dry weight/ m' by A. caraliniana. At 33° C, 
most azolla yielded less than 4 g N/m'. 

Most strains gave the maximum biomass after 
13-23 days, while some strains could grow up to 30 
days, resulting in higher maximum biomass. The 
highest maximum biomass at 33° Cwas 5.5 gN/m' 
or 140 gdry weight/m' by A.pinnata from Cheng 
Mai, Thailand. 

The formation of ammonia in the medium was 
exammed. Ammonia formation occurred mostly 
under crowded growth. At 33° C some collections 
of A. pinnata and A. mexicana released or formed 
0.3-0.8 ppm ammonia during their initial exponen
tial growth stage. 

Growth of azolla collection in the field. Azolla 
collections - Azalia pinnata, Bangkok, Cuttack, 
Vietnam Green, Khumaltar, DAT 15, Pampanga, 
Tangail, and Azalia caraliniana Ohio - were 
grown in an IRRI field with phosphorus fertilizer 
at 3.75 and 7.5 kg P,O, as superphosphate/ha 
applied every 3 days for 2 weeks. Azolla was grown 
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USA 1978 

four times a year. The effect of phosphorus on the 
maximum biomass was statistically significant 
only in the hot dry season (April-May). 

Thesum of the maximum biomass (fresh weight) 
for four seasons did not differ significantly among 
collections. Azolla caroliniana grew well in Los 
Banos. Among the collections this fern showed 
maximum growth in controlled temperatures -
33° day/25°C night. Thus,A. caroliniana is consi
dered suitable for the tropics. 

Factors affecting sporulation of azolla. At IRRI, 
only a few azolla collections formed sporocarps -
A. pinnata Tancheng, A. filiculoides from eastern 
Germany, and A. mexicana. Those collections 
produced sporocarps to such an extent that the 
material would be useful for the sporulation exper
iments. The germination rate of zygotes in experi
ments was always low. 

The effects of several environmental factors on 
the sporulation of A. mexicana were observed. 
Low temperature stimulated sporulation or its 
development (Table 5). As sporulation was stimu
lated, the ratio of rnicrosporocarps to megasporo-



Table 5. Effect of temperature on the sporulation of A. mex
icana in a natural-light growth chamber at IRR1170% relative 
humidity), 18 Jan to 4 Feb 1980. 

Temp (Oe) at 12 h 
day'12 h night 

36'/27' 
29'/21' 
26'/18' 
20°/15° 

Mic: mega 
(%1 

6.5 ± 2.4 
312±3.2 
50.0 ± 2.0 
35.7 ± 29 

Mic (no./9 
fresh wt of azolla) 

9.7 ± 3.5 
65.0 ± 4.1 
82.1 ± 3.0 
67.6 ± 5.4 

aRatio of microsporocarps (mic) to megasporocarps (meg). 

carps increased. 
In the greenhouse where temperature was always 

higher than 2So day 120" C night, these combina
tions of photoperiod - 12 hours dayfl2 hours 
night, IS hours/9 hours, and 8 hours/16 hours
did not produce sporocarps, but in temperature 
controlled at 2SOC (I2-hour day)/20"C (12-hour 
night) sporocarps were formed. It is unlikely that 
photoperiod is a main factor in sporulation. Phos
phorus deficiency stimulated sporulation; whereas 
iron deficiency and the addition of ammonium 
sulfate (S ppm N) depressed sporulation. 

The addition of soil water where A. mexicana 
has long been grown or the presence of decompos
ing A. mexican a stimulated sporulation, suggest
ing the presence of antheridogens (antheridium
forming factors) in the plant itself. The supernatant 
of azolla water extract (low molecular compound) 
stimulated sporulation at 0.2% in culture solution. 
The active substance or substances were not identi
fied. 

Phosphorus nutrition of azolla. Phosphorus is 
one of the governing factors in the growth of azolla 
in the field. By using continuous flow eulture, a 

N03-N(g/ha per day) 
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3. Nitrification activity of ')urface soil and ammonium nitrogen 
content of water after surface application of urea IRRI, 1980. 

minimum level of phosphorus in the nutrient solu
tion was determined. A. pinnala Bangkok showed 
phosphorus deficiency symptoms at 0.03 ppm P, 
but not at 0.06 ppm. 

Various strains of azolla were grown in continu
ous flow 0.03 ppm P culture in the greenhouse. 

The ability to grow at the 0.03 ppm P level was 
highly varied. Growth of species other than A. 
pinnala during 11 days was 30-10% of the check 
strainA. pirmala Bangkok. AmongA. pinnala, the 
strain from Cuttack grew poorly in 0.03 ppm P and 
was characterized by fragmented fronds and 
deformed roots. 

NITROGEN TRANSFORMATION 

Nitrification in the paddy. An in situ assay method 
of nitrification in the paddy was developed. "N
labeled nitrate was added to undisturbed soil cores 
and from the dilution oe'N in nitrate, nitrification 
rate was determined. The rate of nitrate consump
tion was determined simultaneously. 

The changes of nitrification activity were moni
tored after the surface application of urea (60 kg 
N 1 hal. Ammonium content in floodwater reached 
the peak 3 days after the application, followed by a 
decrease (Fig. 3). Nitrification reached its peak 12 
days after the application, following which the rate 
in the fertilized plots dropped to the level of unfer
tilized plots. Because the paddy soil was puddled 
before transplanting, the oxidized and.)'educed lay
ers were mixed. The delay in the development of 
nitrification activity may be explained by the dif
ferentiation of the layers, which occurred after 
initial rapid oxygen uptake. 

Nitrification during dry season. Varlons ways of 
conserving moisture in dry season maize after wet 
season rice were examined. Included were mulch
ing and various tillage practices. The changes of in 
vitro nitrification activities were monitored. Four 
treatments - combination mulching (no mulch vs 
mulch) and tillage (no tillage vs one rototillage) -
were compared. Soil (O-IS cm) was sampled peri
odically and 3 cores from one plot were mixed. 
Without adding water, urea was added to the 
sampled soil at 100 }Lg NI dry soil before soil incu
bation at 30" C for 10 and 20 days. Nitrate content 
was determined. 

As moisture decreased, Iiitrification rate also 
decreased. The tate was minimum at 9S days after 
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Table 6. lsN_N ratio in deepwater rice in shallow and deepwa
ter at IRRI and 3 Thailand sites, 1980. 

lSN·N 
Site Water Light Total N 15N ratio 

depth exposurea (mg/pot) (mg/pot) (%) 

Bangkhen Shallow + 718 111 15.4 
Huntra Semideep + 979 86 88 
Ongkarak Deep + 952 98 10.2 
IRRI Shallow + 502 194 38.6 

Shallow 504 230 45.6 
Deep 737 201 27.2 
Deep 530 114 21.5 

"+ - with light exposure, - - no light. 

tillage when the moisture content was minimum. 
At that time, differences in nitrification rate among 
the treatments were statistically significant. The 
mulch treatment increased the moisture content of 
0-15 em layer and favorably affected the nitrifica
tion rate. The population of ammonium oxidizers 
was almost constant (3,000/ g) during the dry 
season. 

Nitrogen nutrition of deepwater rice - role of 
epiphytic blue-green algae. Little is known about 
sources of nitrogen for deepwater rice. To study 
nitrogen source a "N-dilution technique was used. 
Pots containing soil with ISN ammonium salt were 
placed in shallow water (5 em) and deepwater 
fields. 

In Thailand, pots in shallow water were studied 
at the Department of Agriculture, Bangkhen. At 
Huntra and Ongkarak, pots were placed in a 
deepwater rice field (at Huntra water was not 
deeper than 50 em). 

At IRRI, deepwater rice DW6255 was grown in 
pots with "N-ammonium salt and submerged in a 
deepwater field tank. For shallow water tests, some 
pots were placed on an elevated platform in the 
deepwater tank. 

The surface of some pots in shallow water was 
covered with black cloth to prevent algal growth on 
the soil surface. In deep water, the submerged por
tion of some plants was covered with black cloth to 

Table 7. Characteristics afthe soil profile IRRI,1980. 

Bulk lotal 
Depth Profile density pH nitrogen 
(em) (gig) (%) 

0·20 Ap 0.772 7.1 0153 
20-35 A 0.944 6.7 0.074 
35·55 A 0.957 7.0 0.055 
55·70 B 0.916 72 0.047 
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prevent epiphytic algal growth on the rice plant. 
Total Nand "N uptake in the aboveground por
tion is shown in Table 6. 

The total plant "N contents were lower in deep 
water than in shallow water (Table 6). This sug
gests that nitrogen in deepwater rice may come 
either from water or atmospheric nitrogen or from 
both. In exposed plants, the aquatic roots and the 
submerged leaf sheaths, where growth of epiphytic 
blue-green algae was abundant, had lower "N con
tent than they had in shaded plants. This suggests 
that nitrogen was fixed by blue-green algae in those 
tissues. 

Role of subsoil in wetland rice growth. About 4 t 
yield/ha, or more, is obtained at IRRI without 
nitrogen ferti1izer. The depth of the organic
matter-rich layer is greater than 20 em in most 
fields. To see if nitrogen and other elements come 
from the soil below the plow pan, rice was grown in 
plots with a plastic sheet at 17- to 20-cm depth. The 
soil profile is characteri2ed in Table 7. The growth 
of rice was poorer in plots with plastic bottom than 
in control plots. Grain yield and nitrogen uptake of 
rice were 4,300 kg/ ha and 80 kg N / ha in the con
trol plots and 2,700 kg/ ha and 40 kg N / ha in 
plastic-bottomed plots. 

Ammonia and nitrous oxide loss from the field. 
Ammonia volatilization from applications of am
monium sulfate to a wet season crop of flooded rice 
at IRRI was measured directly by a micrometeoro
logical technique. Before transplanting, ammo
nium sulfate (80 kg N/ha) was broadcast on the 
flooded soil and incorporated by harrowing. At 
panicle initiation, 40 kg N / ha was broadcast. The 
pH of the floodwater varied from 7.5 to 9.5 during 
the experiment. 

Loss of ammonia was detected inunediately 
after application of ammonium sulfate and con
tinued for about 7 days. Ammonia volatilization 
rates were highest in the middle of the day and 
declined each evening, following the diurnal varia-

Mineralized Bacteria counts (10G/g) 
nitrogen 
("gig) Viable cells Spores 

29.6 16 1.5 
17.6 3 0.8 
15.5 4 0.5 
15.8 0.4 0.04 



. i 

tions in water temperature and wind speed. 
More ammonia was lost from the fertilizer ap

plied at panicle initiation (10.6%) than from the 
preplanting application (5.1 %). The overall meas
ured loss of ammonia was small and amounted to 
about 7% (8.4 kg N /ha) of the total applied. 

Nitrous oxide losses, measured with a chamber 
system, amounted to only 0.1 % of the nitrogen 
applied as ammonium sulfate, and occurred a few 
days after broadcast of ammonium salt. 

MICROBIOLOGY OF DRYLAND RICE AFFECTED 
BY SOIL SICKNESS 

A higher incidence of Fusarium monilifonne occurs 
in the roots of continuously cropped dryland rice 
than in the roots of a dryland rice crop in a rota
tion. This was confirmed in 1980 wet season tests. 
The difference in Fusarium composition was also 
found in soil dilution plate counts. Root residues 
taken 4 weeks after the previous crop harvest were 
preferentially colonized by F. moniliforme, indi
cating the survival of the fusaria on root residues. 
The pathogenicity of F. moniliforme to dryland 
rice was examined. F. moniliforme culture was 
inoculated into a healtqy crop-rotated soil, but rice 
growth was not retarded . 
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J:llTROGEN FERTILIZER EFFICIENCY 

Agronomy Department 

Irrigated rice. Field experiments at IRRI evaluated 
sulfur-coated urea (SeU) broadcast and incorpo
rated, point placement of urea supergranule, prilled 
urea applied in split doses (two-thirds basal and 
incorporated and one-tbird topdressed 5-7 days 
before panicle initiation), and prilled urea, applied 
basally and incorporated. The test varieties were 
early-maturing IR36 and IR50, and medium
maturing IR46 and IR48. The experiments were 
part of the fourth trial of the International Net
work on Soil Fertility and Fertilizer Evaluation for 
Rice (INSFFER). 

In the dry season, the mean yield ofIR46 was 
higher than that ofIR36 and the response to nitro-

gen was significantly higher than that of IR36 at 
higher nitrogen rates (Table I). For each increment 
of applied nitrogen, the seu treatment gave the 
highest yield, followed by supergranule placement. 
Split application of prilled urea was not better tban 
broadcasting and incorporating all at planting at 
rates of 54 kg N / ha and 108 kg N / ha. The yields of 
both varieties with seu and urea supergranules at 
27 kg N / ha were similar to those with prilled urea 
at 54 kg N/ha, which confirmed the advantage of 
seu and urea supergranules in increasing nitro
gen fertilizer efficiency. 

In the wet season, the superiority of seu and 
urea SG to prilled urea application was pro
nounced at 27 kg N/ha for both IR50 and IR48 
(Table 2). At higher nitrogen rates, yields ofIR50 
did not improve further with seu and supergra-

Table 1. Yields of 1R36 and 1R46 as affected by sources of urea, rates, and methods of application. Fourth Trial of the Intemational 
Network on Soil Fertility and Fertilizer Evaluation for Rice (wetland). IRRI, 1980 dry season. 

Y,eld (t/ha) 
Rate Sources of urea (kg N/ha) Method of application IR3Ga 1R46" Av 

Unfertilized control 0 3.1 g 3.6 3.4 
Prilled 27 Split applrcatlOn 45 I 4.7 4.6 
Sulfur-coated 27 Broadcast and Incorporated 52 de 6.1 cd 5.6 
Supergranule 27 Placement 48 el 53 I 5.0 
Prilled 54 Broadcast and incorporated 46 I 58 de 5.2 
Prilled 54 Split application 4.8 el 5.4 el 5.1 
Sulfur·coated 54 Broadcast and incorporated 5.6 bcd 67 b 6.2 
Supergranule 54 Placement 5.4 cd 65 be 6.0 
Prilled 108 Broadcast and incorporated 5.6 bcd 67 b 6.1 
Prilled 108 SpliCa-pphcatlon 5.8 bc 6.7 b 6.2 
Sulfur-coated 108 Broadca..§t and incorporated 6.3 a 7.7 a 7.0 
Supergranule 108 Placement 6.0 ab 7.3 a 6.6 

aAv of4 replications. Separation of means in a column by Duncan's multiple range test at the 5% level 

Table 2. Yields of IRSO and 1R48 as affected by source~ of urea, rates, and methods of application. Fourth Trial of the International 
Network on Soil Fertility and Fertilizer Evaluation for Rice (wetland). IARI, 1980 wet season. 

Yield~ It/ha) 

Sources of urea 
Rate 

Method of application (kg N/ha) IR50 1R48 

Unfertilized control 0 3.6 42 g 
Prilled 27 Split application 4.9 9 4.7 I 
Sulfur-coated 27 Broadcast and incorporated 5.3 de 5.2 cde 
Supergranule 27 Placement 5.2 el 52 cde 
Prilled 54 Broadcast and incorporated 5.0 19 5.1 de 
Prilled 54 Split application 5.7 b 5.0 e 
Sulfur-coated 54 Broadcast and incorporated 5.5 bcd 5.3 cd 
Supergranule 54 Placement 54 cde 54 bc 
Prilled 87 Broadcast and incorporated 5.6 bc 5.1 de 
Prilled 87 Split application 5.9 a 5.3 cd 
Su Ifur-coated 87 Broadcast and Incorporated 53 de 56 ab 
Supergranule 87 Placement 54 cde 5.7 a 

aAv of4 replications. Separation. of me'~ns in a'column 6y Duncan's multiple range test at the 5% level 
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Table 3 .. Yields of IR36 and 1R42 as affected by sources of urea and rates a~d methods of application. Second Trial of the 
International Network on Soil Fertility and Fertilizer Evaluation for Rice (rainfed). IRRI, 1980 wet season. 

Yield (t/ha) 
Sources of urea Rate Method of application 

(kg N/ha) IR36" IR42" 

Unfertilized control 0 38 b 4.4 
Prilled 29 Broadcast and Incorporated 5.4 a 4.5 
Sulfur·coated 29 Broadcast and incorporated 5.5 a 4.9 
Supergranule 29 Placement 54 a 4.9 
Prilled 58 Broadcast and Incorporated 5.4 a 50 be 
Sulfur·coated 58 Broadcast and Incorporated 56a 5.4 a 
Supergranule 58 Placement 5.6 a 5.4 a 
Prilled 87 Broadcast and incorporated 55a 5.4 a 
Sulfur-coated 87 Broadcast and incorporated 5.7 a 5.3 ab 
Supergranule 87 Placement 5.7 a 55a 

aAv of 4 replications Separation of means in a column by Duncan's multiple range test at the 5% level. 

nule because of lodging. At all rates, split applica
tion ofprilled urea performed better than incorpo
rating all at planting. 

Rainfed rice. The second INSFFER trial for 
rainfed rice during the wet season at IRRI evalu
ated seu broadcast and incorporated, point 
placement of supergranule, and prilled urea basal 
and incorporated in wetland soils. Test cultivars 
were early-maturing IR36 and medium-maturing 
IR42. 

With IR36, all the treatments with nitrogen fer
tilizer performed similarly and yields were signifi
cantly higher than those of the unfertilized control 
(Table 3). Treatment differences were pronounced 
with IR42. At 29 and 58 kg N/ha, yields of IR42 
were significantly higher with seu and urea 
supergranule than with urea basal and incorpo
rated; but at 87 kg N/ha the 3 methods were 
similar. Drought damage at about tilleringaffected 
final yield. 

SOURCES AND METHODS OF NITROGEN 
APPLICATION 

Agronomy Department 

INSFFER trainees carried out the fourth INSF
FER trial at IRRI during the 1980 dry season. 
Results with IR50 indicated that,yields with seu 
and urea supergranules applied at 27 kg N/ha and 
yields with urea applied at 54 and 108 kg N/ha 
were comparable (Table 4). At 27 kg N/ha, seu 
and urea supergranules gave significantly higher 
yields than split-applied urea. Except for seu, 
which gave a significantly higher yield than urea 
broadcast and incorporated at 54 kg N / ha, yields 
among the various sources and methods of appli
cation of urea were not significantly different at the 
higher nitrogen rates. Compared with prilled urea, 
seu and urea supergranule placement, however, 
gave generally high yields. 

Table 4. Effect of sources and methods of application of urea on grain yield of IR50 rice Fourth trial of the International Network 
on Soli Fertility and Fertilizer Evaluation for Rice. IRRI, 1980 dry season. 

Sources of urea Rate Method of application Vlelda 

(kg N/ha) (t/ha) 

Unfertihzed control 0 2.8 
'PrllIed 27 Split application 3.8 e 
Sulfur-coated 27 Broadcast and Incorporated 52 bed 
Supergranule 27 Placement 5.1 ed 
PrllIed 54 Split application 52 bed 
Prilled 54 Broadcast and incorporated 5.0 d 
Sulfur-coated 54 Broadcast and incorporated 6.2 ab 
Supergranule 54 Placement 5.9 abcd 
Prilled 108 Split application 6.0 abcd 
Prilled 108 Broadcast and incorporated 6.1 abc 
Sulfur-coated 108 Broadcast and incorporated 63 a 
Supergranule 108 Placement 6.1 abc 

aAv of4 replications. Separation of means by Duncan's multiple range test at the 5% level. 
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INSFFER TRIAL ON NITROGEN FERTILIZER 
EFFICIENCY 

Agronomy Department 

The fourth series of INSFFER trials on nitrogen 
fertilizer efficiency in irrigated rice, and the second 
in rainfed rice were planted during 1980. 

Irrigated. The dry-season trial was in a clay soil 
(Vertisol) in Teresa, Rizal province, and the wet-

season trial was in two soil types: a silty clay (Ver
. tisol) in Santa Rosa, Laguna province, and a silty 

loam (Ultisol) in Lucban, Quezon province. Soil 
analysis before the trials is given in Table 5. 

In all soils the application of urea fertilizers at all 
rates of nitrogen siguificantly increased grain yield 
over that of the unfertilized control (Table 6). 

The dry season crop in Binangonan clay gave a 
highest nitrogen response of 2.9 t/ha from seu 

Table 5 Characteristics of soils in farmers' fields in the trial on nitrogen fertilizer efficiency in irrigated and rainfed rice, 
Philippines, 1980. 

Irngated 
Rainfed 

Characteristic Teresa Lucban Santa (Tanay. 
(Riza!) (Quezon) Rosa RizaJ) 

(Laguna) 

pH (1:1) 6.9 6.2 6.6 59 
Cation exchange capacity 35 42 42 27 

(meql100 g) 
Total OItrogen (%) 011 042 0.34 016 
Organic matter (%) 2.1 60 5.6 2.8 
Available phosphorus (ppm) 4 92 35 10 

(Bray No 2) 
Exchangeable potassium 0.59 1.03 151 0.16 

(meql100 g) 
Particle size (%l 

Sand 5 37 8 15 
S.lt 37 56 38 37 
Clay 58 7 55 48 

Texture Clay Silty loam Silty clay Silty clay 
$011 senes Binangonan LUisiana Guadalt.!pe Antlpolo 
Soil order Vertisol Ultisol Vertisol Ultisol 

Table6. Effects of sources and methods of nitrogen application on grain yield oflR36. Fourth trial of the International Network on 
5011 Fertility and Fertilizer Evaluation for Rice (irrigated) in farmers' fields, Philippines, 1980. 

Grain yieldU (tlha) 

Treatment Dry season Wet season 

Binangonan Luislana Guadalupe 
clay Silty loam Silty clay 

No fertilizer nitrogen 3.3 48 3.6 e 

27kgNlha 
Urea, split application" 4.1 5.5 e 46 b 
Sulfur-coated urea 4.3 e 5.9 abc 5.0 ab 
Supergranule placement 4.3 e 5.9 abc 5.1 a 

54kgNlha 
Urea, split application" 44 e 57 be 54 a 
Urea, basal 4.4 e 61 abc 5.2 a 
Sulfur-coated urea 5.3 b 5.9 abc 5.4 a 
Supergranule placement 53 b 6.4 a 52 a 

10BkgNlha B7kgNlha 
Urea, split applicatiOn" 52 b 58 abc 5.4 a 
Urea. basal 53 b 58 abc 50 ab 
Sulfur-coated urea 6.2 a 5.6 e 5.2 a 
Supergranule placement 62 a 62 ab 5.5 a 

aAv of4 replications Separation of means In a column and under each N rate by Duncan's multiple range test at the 5% level 
bTwo-thlrds basal plus one-third 5-7 days before panicle imtlation. 
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and supergranuleat 108 kg N/ha. At 27 kg N/ha, 
seu and urea supergranules were comparable to 
split application of prilled urea, but at 54 or 108 kg 
N/ha, they proved superior to split application or 
basal incorporation of urea. 

In the wet season, response to nitrogen varied 
with soils. Supergranule placement of urea at 54 kg 
N / ha and 87 kg N / ha produced the highest nitro
gen response in Luisiana silty loam (1.6 t/ha) and 
Guadalupe silty clay (l.9 t/ha). Deep placement of 
urea supergranule gave significantly higher yield 
than split application at 54 kg N/ha in Luisiana 
silty loam and at 27 kg N/ha in Guadalupe silty 
clay, whereas at higher rates, split application was 
comparable to seu and urea supergranule. 

Although Guadalupe silty clay and Luisiana 
silty loam soils both had high initial nitrogen sta
tus, significant yield differences among treatments 
were still observed. Textural differences in soils 
largely determined the differences in the results 
obtained. 

Rainfed. One trial was in a rainfed farmer's field 
.on Antipolo silty clay soil in Tanay, Rizal pro
vince. Soil analysis before the trial is given in Table 
5 and yields in Table 7. The highest nitrogen 
response (0.8 t/ha) was obtained with basal appli
cation of urea and seu at 54 kg N/ha. At the same 
nitrogen rate, urea applied as a basal dose was 
comparable with seu and urea supergranule. At 
87 kg N/ha, seu was inferior to urea as a basal 
dose. 

Table 7. Effects of sources and methods of nitrogen applica
tion on grain yield of tR3S. Second trial of the International 
Network on Soil Fertility and Fertilizer Evaluation for Rice 
(rainted wetland) IRRI. 1980 wet season. 

Treatment Gram Yleldu 

It/hal 

No fertilizer nitrogen 33 de 

27 kg N/ha 
Urea, basal 3.5 cd 
Sulfur-coated urea 38 abc 
Supergranule placement 4.0 ab 

54 kg N/ha 
Urea, basal 41 a 
Sulfur-coated urea 41a 
$upergranule placement 40 ab 

87 kg N/ha 
Urea, basal 3.9 abc 
Sulfur-coated urea 3.0 e 
Supergranule placement 3.6 bed 

aAv of 4 replications Separation of means by Duncan's multi
ple range test at the 5% level 

Table 8. Effect of sources of urea at the rate of 87 kg N/ha 
applied by various methods on the grain yield of IR50. IRRI, 
1980 dry season 

Treatment 

No fertihzer nitrogen 
Silica-polymer-coated urea 

(forestry grade), broadcast 
ijIld Incorporated 

Sulfur-coated urea 
(forestry grade). broadcast 
and Incorporated 

Sulfur-coated urea 
supergranules, placement 
at 10-12 cm deep 

Prilled urea, plowsole 
method 

Prilled urea, spht 
apphcationt' 

Grain yield" 
It/hal 

4.2 c 
69a 

6.4 ab 

62 ab 

62 ab 

5.8 b 

"Av of4 replications. Separation of means by Duncan's multi
ple range test at the 5% level bTwo-thlrds broadcast and incor
porated and one-third topdressed 5-7 days before pamcle initi
ation 

All treatments except the unfertilized control 
lodged during a typhoon. The effect oflodgingwas 
greatest at the highest rate of nitrogen. Low yields 
with deep-pm"ced urea supergranules and seu 
broadcast and incorporated were caused by lodg
ing due to higher nitrogen efficiency. 

MODIFIED SOURCES OF UREA AND APPLICATION 
METHODS FOR TRANSPLANTED WETLAND RICE 

Agronomy and Soil Chemistry Departments 

Use of modified sources of urea (SeU, Urea super
granule, seu supergranule, and silica-polymer
coated urea) for increasing fertilizer nitrogen effi
ciency in transplanted wetland rice was tested at 
IRRI during 1980. The tests were part of collabor
ative experiments between International Fertilizer 
Development Center and IRRI. 

Dry season. Application of silica-polymer
coated urea (forstry grade) at 87 kg N/ha to 
early-maturing IR50 increased yield by more than 
I t/ha over split application ofprilled urea (Table 
8). The controlled-release fertilizer (forestry grade 
SeU) as broadcast and incorporated, deep-placed 
seu supergranules, and prilled urea by the plow
sole method gave higher yields than the split appli
cation but the difference was not significant. 

In another trial at IRRI the highest grain yield 
(7.8 t/ha withIR44 rice) was obtained With the two 
controlled-release fertilizers (SeU and silica-polymer
coated urea) broadcast and incorporated at 87 kg 
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Table 9 Effect of sources of urea and their application methods on grain yield of 1R44 rice. IRRI, 1980 dry season. 

Yieldb (t/ha) 
Treatment" 

27 54 87 Meanc 

kg N/ha kg N/ha kg N/ha 

No fertilizer nitrogen 3.5 
Split application of uread 4.2 4.7 '5.7 4.9 c 
SCU (forestry grade), broadcast and incorporated 5.1 62 78 6.4 ab 
SPCU (forestry grade), broadcast and incorporated 5.8 6.7 78 6.S a 
Placement as urea supergranules 52 6.8 7.6 6.5 a 
Placement as conditioned SCU supergranules 52 6.3 6.6 6.0 b 

Meanc 51 c 6.1 b 7.1 a 

ascu = sulfur-coated urea, SPCU = silica-polymer-coated urea. t>Av of4 replications cSeparation of means in the column or row 
by Duncan's multiple range test at the 5% level d'fwo-thirds basal and incorporated and one-third topdressed 5-7 days before 
panicle initiation. 

N/ha. When the yields for 3 rates of nitrogen 
application (27, 54, and 87 kg N/ha) were aver
aged, the controlled-release and deep-placed nit
rogen fertilizers did not differ significantly (Table 
9). Both the controlled-release and the deep-placed 
nitrogen fertilizers gave significantly higher yield 
than split application. However, seu supergra
nules seem to reduce yields markedly at higher 
rates of application (54 and 87 kg N/ha) when 
compared with the uncoated urea supergranules. 
At the lower rate of application (27 kg N/ha), they 
gave similar yields. 

Nitrogen uptake (kg N/ha) 

t20 ~~~~~Irygrade), 
broadcastS Incorporated 

'ij-{J Slllco-polymercootedurea 
broodcaslSlncorporaled 

100 ~Ureasupergronule 

80 

60 

40 

20 

0-0 SCU supergranule 
_NoferllhzerOilrogen 

27kgN//Jo 

Figure I shows the nitrogen uptake of IJl.44 at 
various growth stages as ·iulIuenced by modified 
sources of urea applied at different rates. The total 
nitrogen uptake data at harvest showed higher 
nitrogen utilization from tbe controlled-release 
and deep-placed fertilizers than from split (re
searchers') application. 

Results of the dry season trials indicated that 
fertilizer nitrogen efficiency in wetland rice can be 
increased markedly by the use of controlled-release 
and deep-placed nitrogen fertilizer. 

Wet season. Tests at the IRRI irrigated and 

54kgN/lJa 87kgN/1Ja 

o "'30='=D=,--;:P':-1 --;:F1'-ow.Le-nog-:-Ho,-!,uvest 30DT PI F1owen"g Ho,vest 30DT PI Fklwen"g Hmvest 

Growth stoge 

1. Effect of sources of urea fertilizer at different rates on mtrogen uptake at growth stages of IR44 
nce IRRI, 1980 dry season. DT= days after transplantmg. PI = panicle initiation. 
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Table 10. Effect of sources of urea fertilizer at the rate of 54 kg 
N/ha applied by various methods on the grainyield of irrigated 
and rainfed 1R36 rice. IRRI, 1980 wet season. 

Grain yield" (ttha) 
Treatment 

Irrigated Rainfed 

No fertilizer nitrogen 4.4 b 2.5 b 
speu~, broadcast and 52 a 45 a 

Incorporated 
seuc, broadcast and 5.2 a 4.7 a 

Incorporated 
UreatDidind, broadcast 5.4 a 4.9 a 

and incorporated 
seue supergranules, 50a 4.7 a 

placement at 10-12 cm deep 
Urea by plowsole method 53a 4.8 a 
Urea spli~ 5.2 a 4.9 a 

Mean 51 4.4 

"Av of 4 replications. Separation of means in a column by 
Duncan's multiple range test at the 5% level. bForestry-grade 
silica-polymer-coated urea. cForestry-gradesulfur-coated urea 

dt;::ndf~t~i~:.r~~~~~i:~~i~~~o:1 ~~~i7~c~~~~c:a:~~~~~~e~~!~ 
third topdressed 5-7 days before panicle Initiation 

rainfed sites during the wet season failed to show 
significant differences in yield ofIR36 rice among 
fertilizer treatments (Table 10). Lodging reduced 
the grain yield differences at the irrigated site and 
soil moisture stress after transplanting affected the 
yield at the rainfed site. A new fertilizer material, 
ureajDidin (dicyandiamide), included in the trial 
for the first time, performed satisfactorily under 
both water regimes. 

METHODS OF APPLICATION OF DIFFERENT 
SOURCES OF UREA 

Agronomy Department 

In an IRRI experiment on increasing efficiency of 
nitrogen fertilizer, deep placement and slow release 
were compared with the researchers' split applica
tion of nitrogen, and also with the farmers' split 
application. 

Dry season. Early-maturing IR50 was used to 
test different sources of urea at 54 and 108 kg 
N j ha. Nitrogen at 150 kgj ha was further tested as 
researchers' split application. 

The first 54 kg N of slow-release urea (ordinary 
SCD), ureasupergranules deep-placed, and prilled 
urea applied by plowsole applicator increased 
'grain yield by 3.0 tjha; the researchers' split 
increased yield by 2.3 tjha (Table 11). Except for 
the farmers' split, increasing nitrogen fertilizer level 
to 108 kg N j ha did not significantly increase yield 
further. The slight lodging when Iiitrogen was 

Table 11. Effect of methods of application of different urea 
sources on grain yield of IRoo. IRAJ, 1980 dry season 

Treatment 

No fertilizer nitrogen 

54 kg Ntha 
P[owsol~ 
Researchers'splif' 
Farmers'spht<' 
Supergranule placement~ 
Sulfur-coated urea' 

108 kg N/ha 
Plowsolet' 
Researchers'sphf' 
Farmers' splitd 

Supergranule placemen~ 
Sulfur-coated urea' 

150 kg Ntha 
Researchers'spht" 

Yield" (tlha) 

3.0 

63 a 
53 c 
46 d 
5.9 abc 
6.2 ab 

60 abc 
6.0 abc 
54 bc 
5.9 abc 
63 a 

63 a 

"Av of 3 rephcations Separation of means by Duncan's multi
ple range test at the 5% level bApphed during primary tillage 
'Two-thirds basal and one-third 5-7 days before panicle initia
tion. dO ne-haJf10 days aftertransplantmg and one-ha~10 days 
after panicle initiation. epomt placed at 10-12 cm SOil depth 
iBroadcast and Incorporated durmg land preparation. 

deep-placed with a plowsole applicator explains 
the lower yield with that treatment. Results from 
the study indicate that plowsole application of ni
trogen and use of slow-release fertilizer such as 
SCU are two potential treatments for generating 
high yield .during the dry season, even at a low 
nitrogen rate (54 kg Njha). 

Wet season. The wet-season rates of nitrogen 
fertilizer were 29 and 58 kg N j ha. Prilled urea at 
the rate of 75 kg Njha was further evaluated as 
researchers' split application. IR36 replaced IR50. 

At the first 29 kg N j ha, the yields from slow
release fertilizer and deep placement of urea super
granules were a ton more than that of the unfertil
ized control; however, they were not different from 
that from researchers' split. Yields from plowsole 
application of urea nitrogen were as good as those 
from farmers' split. Increasing nitrogen rate to 75 
kg Njha as researchers' split did not give any 
significant yield increase (Table 12). 

The researchers' split at the low nitrogen rate 
was as efficient as slow-release urea or deep-placed 
urea supergranules. 

RESPONSE OF RICE SELECTIONS TO METHODS 
AND RATES OF NITROGEN APPLICATION 

Agronomy Department 

The response of 4 rice varieties and 10 early
maturing IRRI lines to rates and methods of nitro-
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Table 12. Effect of methods of application of different urea 
sources on grain yield of IR3G. IRAI, 1980 wet season. 

Treatment Yielda (ttha) 

average yields similar to those of IR36 (Table 14). 
Severe lodging at the early milk stage and.sheatlJ 
blight incidence after lodging significantly reduced 

No fertili,., nitrogen 4.0 the yield ofIR50. Interactions between variety and 
29 kg Nlha fertili2er suggest that different selections had dif-

Plowsole 48 c ferent responses to fertili2er application. Nitrogen 
~:~~~~~'~~;itSPIit ~:; ab~ application resulted in yield increase in some selec-
Supergranule placement 52 abc tions, but many others had yield decrease because 
Sulfur·coated urea 53 abc of severe lodging. Most affected by lodging were 

58p~~::~I: 59 a plots fertili2ed by deep-placed or by controlled-

~~5i:':Ei£:::tcement H :~~ ~~~~~:~;::t~e=;li~ti:n~~~:~/:~.~: 
-----'Sulfur-coated-urea--------5;-2-abc--coefficienror-variatron-on-grain-yielO was mucli---

75 kg Nlha greater in the wet season than in the dry season 
Researchers'split 53 abc probably because of a more severe lodging prob-

aAv of 3 replications. Separation of means by Duncan's multi
ple range test at the 5% level. 

gen application was evaluated at IRRI during both 
seasons. 

During the dry season, all rices showed signifi
cant grain yield response to nitrogen application 
(Table 13). IR8 had the lowest-average yield. SCU 
and deep-placed urea supergranules gave no yield 
increase over the urea split. Lodging reduced the 
grain yield differences between the inethods' of 
nitrogen aplication. 

In the wet season, 8 of the 10 lines tested gave 

lem during the wet season. 
Increasing protein content with basal nitrogen 

. fertilizers. Protein content in rice grains is primar-
ily determined by a genetic factor. Earlier results 
suggest that applying nitrogen, particularly in split 
doses, increases protein content by at least one 
percentage point over the no-fertili2er control. 
Tests at IRRI during the dry season confmned 
that. Current results suggest, however, that with 
slow-release nitrogen fertili2ers, such as SCU, one 
dose as a basal application during the final harrow
ing significantly increases protein content in the 
early-maturing IR9729-67-3 rice bY'an additional 
percentage point while maintaining high grain 
yield (Table 15). 

Table 13. Effect of fertilizer nitrog~n application on field duration and yield of 4 varieties and 10 early-maturing IR rices.IRRI, 1980 
dry season. 

Grain yield" (t/ha) 
Field Av Yield 

Entry duration 108 kg N/ha 150 kg N/ha 
(days) ON kg/ha 

Urea ~plit SCU Urea SG Urea split t/ha per day' 

IR8 101 27 b 3.5 a 35a 36a 3.4 a 33 33 
IR36 84 4.3 b 58a 5.8a 6.0 a 6.0 a 56 66 
IR42 108 5.3 b 6.7 a 5.8 b 65a 6.9 a 6.2 58 
IR50 83' 42 b '6.4 a 62 a 64a 6.6 a 60 72 
IR9708-51-1-2 76 3.8 b 58a 58a 60 a 6.1 a 5.5 72 
IR9729-67·3 83 46 b 6.9 a 70a 71 a 73a 66 79 
IR9752·71-3-2 81 '37 b 63 a 66a 66a 6.7 a 60 74 
IR10179-2-3-1 76 3.5 b 54a 55a 56a 5.6 a 51 58 
IR13204-3-3-3 76 35 b 58a 58a 61 a 61 a 55 72 
IR19728-9-3-2 77 3.4 b 57a 57a 5.8 a 59a 53 69 

'IR19743-25-2-2 77 4.8 b 60a 59a 5.9 a 62a 58 75 
IR19746-28-2-2 76 3.8 c 5.6 b 62 ab 6.1 ab 6:4 a 5.6 74 
IR19795-17-3-2 77 4.6 b 63 a 6.0 a 6.5 a 64a 60 77 
IR19819-31-2-3 77 36 b 55a 56a 6.0 a 58a 53 69 

'IAv of4 replications. Separation of means in a row by Duncan's multiple range test atthe 5% level SCU - sulfur-coated urea, SG -
supergranule "Does not include 20 days IR the seedbed . 
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Table 14. Effectoffertilizernitrogen application on field duration and yield of4varieties and 10 early maturing IRlines.IRRI. 1980 
wet season 

Grain Ylelda (t/ha) 
Field Av yield 

Entry duration 58 kg N/ha 85 kg N/ha 
ON (days) kg/ha 

Urea split seu Urea SG Urea spht tlha per day'> 

IRS '03 33 a 3.9 a 3.7 a 4.0 a 4.0 a 3.B 37 
!R36 94 4.7 a 42 ab 3.7 b 4.0 ab 4.0 ab 4.' 44 
IA42 110 5' a 5.5 a 52a 5.8 a 5.3 a 54 49 
IA50 B7 5.0 a 3.5 b 30 b 3.2 b 29 b 3.5 4' 
IA970B·5'-'-2 B4 4.2 a 3.8 a 3Ba 3.9 a 4.1 a 4.0 45 
IA9729-67-3 B7 5.1 a 4.8 ab 4.2 'bc 3B c 4.6 ab 4.5 52 
IR9752-71-3-2 B3 43 b 4.9 ab 54 a 5.2 a 5.0 ab 50 '60 
IR10179-2-3-1 77 3.1 a 3.9a 3.6 a 4.0 a 3.8 a 3.7 4B 
IR13204-3-3-3 B4 4.5 a 4.9a 43 a 4.6 a 50a 4.7 56 
IA'972B-9-3-2 B2 36a 4.1 a 3.8 a 3.9 a 4.0 a 3.9 47 
IR, 9743-25-2-2 f57 4.7 a 38 ab 4.0 ab 41 ab 3.[ b 4.' 47 
IR19-746-28-2-2 B2 4Ba 4.5 ab 3.9 ab 42 ab 3.B b 4.2 52 
1R19795-17-3-2 BO 4.5 a 52a 5.3 a 49a 5.0 a 50 62 
IR19819-31-2-3 BO 43 a 45a 4.4 a 46a 4.7 a 4.5 56 

aAv of4 replications. Separation of means in a row by Duncan's multiple range test atthe 5% level. SCU = sulfur-coated urea, SG 
= supergranule. "Does not include 16 da~s in the seedbed 

Table 15. Effectof sources of nitrogen fertilizer and method of 
application onthe brown rice protein of the early-maturing line 
1R9n9-67-3. IRRI, 1980 dry season.a 

Brown nee 
Treatment protein Grain Yield 

(%) (t/ha) 

No fertlhzer B.4 c 46 b 
nitrogen 

108 kg N/ha 
Urea splitb 9.5 b 6.9 a 
SCuc, broadcast and 10.6 a 7.0 a 

Incorporated 
Urea supergranule, 105 ab 7.1 a 

placement at 
10-12 cm deep 

'50 kg N/ha 
Urea splitb 9.8 ab 7.3 a 

aAv of4 replications. Separation of means by Duncan's multi
ple range test at the 5% level. 6'J'wo-thirds basal and incorpo
rated, and one-third topdressed 5-7 days before pamcle initia
tion. cOrdinary sulfur-coated urea. 

SEEDLING AGE AND FERTILIZER MANAGEMENT 
PRACTICES FOR INCREASING FERTILIZER NITRO
GEN EFFICIENCY IN TRANSPLANTED RICE 

Agronomy Department 

During both seasons, fertilizer nitrogen efficiency 
was furtherevaIuated atIRRIfortwo seedling ages 
(20 and 40 days) of two varieties (early-maturing 
IR36 and intermediate-maturing IR42). Sowing of 
seeds for the seedling age treatments was staggered 
so that transplanting was at the same time_ 

During the dry season, both varieties showed 
significant yield response to nitrogen regardless of 
the age of seedlings (Table. 16). 

The wet season results-are seel). in Table 17. 
During both seasons, a significant yield reduc-

Table 16. Effect of fertilizer management practices on the grain yield of IR3G and 1R42 transplanted as 20- and 40-day-old 
seedlings at 4-6 seedlings/hlll. lRRI. 1980 dry season 

Grain yielda tt/ha) 

Treatment IA36 IR42 

20 d 40 d Difference 20 d 40 d Difference 

No fertilizer nitrogen 3.9 b 36 c 03 4.4 c 4.0 b 0.4* 

fIl kg N/ha 
Split application of urea" 64a 4.9 1.5** 6.4 b 65a -0.1 
Topdressing 15 and 40 DT" 64 a 4.8 1.6** 6.6 b 6.6 a 00 
Ordinary SCU,d broadcast 6.7 a 5.0 1.7** 70a 6.6 a 0.4* 

and incorporated 

150 kg N/ha 
Split application of ureal.> 6.7 a 5.6 a 1.1** 7.0 a 6.B a 0.2 

aAv of 4 replications Separation of means in a column by Duncan's multlple range test at the 5% level. bTwo-thirds basal and 
incorporated, and one-third topdressed 5 to 7 days before panicle initiation. cpays after transplanting. dSulfur-coated urea. 
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Table 17. Effect of fertilizer management practices on the grain yield of IR36 and IR42 transplanted as 20·day·old seedlings at2to 
3 seedlings/hili and as 40-day-old seedlings at 8 to 9 seedlings/hili. IRRI, 1980 wet seeson. 

Grain yielda (t/ha) 

Treatment IR36 1R42 

20 d 40 d Difference 20 d 40d Difference 

No fertilizer mtrogen 38 b 2.6 b 1.2** 41 c 4.3 c -0.2 

54 kg N/ha 
Split application of ureal> 4.6 a 3.4 a 1.2** 4.9 ab 5.2 -0.3 
Topdressing 15 and 40 DTc 4.6 a 28 b 1.8** 4.8 b 5.3 -0.5* 
Ordinary SCUd, broadcast 48. 3.4 a 1.4** 48 b 5.1 -03 

and incorporated 

75 kg N/ha 
Split application of ureal> 49. 36a 1.3** 52 a 6.0a -08** 

aAv of 4 replications. Separation of means In a column by Duncan's multiple range test at the 5% level, bTwo-thirds basal and 
incorporated, and one-third top dressed 5 to 7 days before panicle initiation CDays after transplanting. <!Sulfur-coated urea. 

tion was pronounced in the older seedlings of 
IR36, but the difference in IR42 was not signi
ficant. 

MOVEMENT AND DISTRIBUTION OF NH:-N AS 
AFFECTED BY DEPTH OF PLACEMENT 

Agronomy Department 

Experiments at IRRI in both seasons traced the 
movement and distribution of ammonium nitro
gen (NH/ -N) following deep placement of super
granule at soil depths of 5.0, 7.5, 10, and 15 cm. 
The early-maturing IRSO and medium-maturing 
IR48 were used to evaluate the effect of deep 
placement of nitrogen fertilizer on rices with differ
ent growth durations. "N-depleted ammonium 
sulfate was used to monitor the patterns of nitro
gen absorption and translocation when fertilizer 
was placed at various soil depths. 

In both seasons, application of nitrogen gave 

both varieties significantly higher .yields than the 
yield of the unfertilized control (Table 18). With 
placement of urea supergranules at various soil 
depths, the grain yields of both varieties were sim
ilar, indicating that placement at 5.0 cm or deeper 
can increase the.grain yield of varieties with differ
ent growth durations. 

The movement ofNH/ -N in the soil was traced 
for various depths. Downward movement was 
prevalent in the dry season; fertilizer placed at 5-7.5 
cm produced a peak NIL. + -N concentration at 8- to 
12-em soil depths (Fig. 2). Fertilizer placed at 10-
cm soil depth tended to be stable and the peak of 
NIL. + -N concentration was at 8-12 em soil depth, 
regardless of whether urea or ammonium sulfate 
supergranules were deep placed. Placemel!t offer
tilizer at 15-em soil depth tended to move NIL. +-N 
downward to 12- to 20-em soil depth (Fig. 3). 

NIL. + -N concentration in soil 10 days after 
transplanting (D1) ranged' from 1.5 to 2.3 mg 

Table 18. Effect of depth of placement of supergranule on the yields of IR50 and IR48. lRAI, 1980 dry and wet seasons. 

Yielda (t/ha) 
Depth of 

Treatment placement Dry seasorf Wet seasoli' 
(cm) 

IR50 IR48 Mean IR50 IR4a Mean 

No fertilizer nitrogen 44 c 4.5 c 4.5 4.0 c 4.1 4.0 
Urea supergranule 10 7.7 ab 7.a a 7.8 5.6 a 52a 5.4 
Ammonium sulfate supergranule 5 8.0a 75 ab 7.8 5.6 a 5.1 a 5.4 
Ammonium sulfate supergranule 7.5 7.7 ab 76 ab 7.7 5.6 a 5.2 a 5.4 
Ammonium sulfate supergranule 10 8.1 a 7.8 a 7.9 5.6 a 52. 5.4 
Ammonium sulfate supergranule 15 80a 7.8 a 7.9 5.7 a 5.3 a 5.5 
Split application of ammonium 7.3 b 7.2 b 7.2 5.1 b 49 b 5.0 

sulfatee 

aAv of4 rephcations. Separation of means in a column by Duncan's multiple range test atthe 5% level bNitrogen levels were 1 00 
kg/ha in the dry season and 50 kg/ha in the wet. c"fwo-thirds basal, and one-third 5-7 days before panicle initiation. 
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2. Distribution curves of ammonium nitrogen (Nffi-N) after 
supergranule placement at various depths of soil planted to 
IRSO and IR48. IRRI, 1980 dry season. DT= days after trans
plan~g. PI = panicle initiation. 

3. Distribution curves of ammonium nitrogen (Nffi-N) after 
supergranule placement at various depths of soil planted to 
IRSO and IR48. IRRI, 1980 dry season. DT= days after tmIl>
planting, PI = panicle initiation. 

N / em' on wet soil basis regardless of rice variety. 
With time, NH/ -N decreased to Q.9-1.3 mg/ em' at 
20 DT, and to 0.3-0.8 mg/ em' at30 DT. At panicle 
initiation, all NH/ -N in the soil was consumed or 
taken up by the rice plants. The patterns of move
ment of NH:N were similar, regardless of rice 
variety. 

Split application of fertilizer produced a uni
form NH/ -N concentration of 0.02-0.03 mg/ em' 
from the topsoil to about 12-cm soil depth (Fig. 3). 

In the wet season, the deep-placed nitrogen fer
tilizer at various soil depths was fairly stable and 
the downward movement in the soil was minimal. 
Deep-placed fertilizer tended to move upward in 
some instances. The range of NH/ -N concentra
tion in soil at 10 DTwas 0.7-1.2 mg/cm' (wet soil 
basis). At 20 DT, the NH/ -N concentration (wet 
soil basis) decreased to 0.3-0.5 mg/ em'. At 30 DT, 
all NH/ -N was consumed or taken up by the rice 
plant and no NH/ -N remained in the floodwater 
(Fig. 4 and 5). 

Losses of nitrogen from split application were 
shown by the presence of 78-98 p.g N/ml in the 

NHj-N (mq/cm3 wetsod) 

"' " "~_J 
~ 

Ammonf1JflI sulfate 
(5-cmdeplh) 

,"-------' 

AmmollluflIsv/fafe 
(75-cmdepJh) 

~'~----~IR~4~8-----

~r~=='-
EJr=~7~~,,~ 
~. 

IR50 

4. Distribution curves of ammonium nitrogen (Nffi-N) after 
supergranuIe placement at various depths of soil planted to 
IRSO and IR48. IRRI. 1980 wet season. DT = days after 
transplanting, PI = panicle initiation. 
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5. Distribution curves of ammonium nitrogen (NH:-N) after 
supergranule placement at various depths of soil planted to 
IR50 and IR48. IRRI, 1980 wet season. DT == days after 
tmnspIanting. PI ==:- panicle initiation. 

floodwater after fertilizer application in the dry 
season. Although pH values of floodwater with 
and without anunonium sulfate treatments were 
similar, NH/ -N. concentration in floodwater was 
greater with ammonium sulfate treatment than in 
the unfertilized control (Fig. 6). 

The concentration of nitrogen in floodwater was 
low (8.5-13 JLgN/ml) in the wet season because of 
the low rate of nitrogen applied and the dilution 

r---------~-~---,~~ 

eo 

75 

DnysoflerolT'fTlOlllumsu!faleowl.aihon 

6. Cbanges in pH and total nitrogen concentratIOn of flood
water as affected by nitrogen ferttlizer application. IRRI, 1980 
dry season 
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7. Changes in pH and total nitrogen concentration of flood
water as affected by mtrogen fertilizerapplicatton. IRRI, 1980 
wet season 

caused by continuous rain after fertilizer applica
tion (Fig. 7). The trend of pH changes was similar 
to that in the dry season experiment but with lower 
values. 

Another field experiment was conducted simul
taneously to compare the movement and distribu
tion of NH/-N from ammonium sulfate (I5N 
depleted) with urea applied at different soil depths. 
Varieties and treatments were similar to those in 
the Ilfst experiment. 

In the dry season, both varieties with application 
of 100 kg N/ha produced 3-4 t/ha more than the 
control. 

In the wet season, yields ofIR50 and IR48 were 
comparable. Urea placement at various soil depths 
gave similar yields that were significantly higher 
than those for split application of urea fertilizer 
(Table 19). 

PHOSPHORUS SOURCE TRIALS ON TWO 
PHILIPPINE SOILS 

Agronomy Department 

During the 1980 crop year, the evaluation of the 
residual effects of three sources of phosphorus 
fertilizers on two soils continued. The residual 
effects were determined after application of the 
phosphorus fertilizers for five consecutive crop
pings. In the 1980 dry season, no application of 
phosphorus was made; in the wet season 60 kg 



(' 
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Table 19. Effect of depth of placement of urea supergranule on the grain yield of IRSO and 1R48. IRRJ, 1980 dry and wet seasons. 

Yield" (tlha) 
Depth of 

Treatment placement Dry season~ Wet seasonb 

(em) 
IR50 IR48 Mean' IR50 1R48 Mean 

No fertilizer nitrogen 32 d 3.4 d 33 4.0 e 3.8 e 39 
Urea supergranule .5 7.3 b 6.9 be 7.1 5.2 a 5.2 a 5.2 
Urea supergranule 7.5 7.7 ab 7.1 ab 7.4 53a 5.3 a. 53 
Urea supergranule 10 7.8 a 68 be 7.3 5.3 a 5.3 a 53 
Urea supergranule 15 7.9 a 7.5 a 7.7 53 a 53a 5.3 
Split applicationC 6.8 e 67 e 6.7 4.9 b 4.8 b 48 

"Av of4 repliciltions. Separation of means In a column by Duncan's multiple range test at the 5% level. ~Nitrogen levels were 100 
kglha in the dry season and 50 kglha in the wet. 'Two-thirds basal, and one-third 5-7 days before panicle mltiation. 

P,O,/ha as ordinary superphosphate (OSP) was 
applied to both soils. 

Dry Season. Rice yields varied with soil and 
among phosphorus treatments (Table 20). With
out any phosphorus, yields were lower in Luisiana 
silty clay than in Binangonan clay. The highest 
yield difference between treated plants and control 
was on Luisiana silty clay (3.6 t/ha). 

The response to residual phosphorus was gener
ally higher with an increased rate of phosphorus 
applications in both soils. Among the sources, 
OSP at 60 kg p,O,/ha produced the highest grain 
yield response. 

Wet season. Grain yields in all treatments with 
phosphorus were lower in the wet season.(Table 
20). In both soils, marked yield differences among 

the previously treated plants were observed, espe
cially with fresh application of OSP. 

LONG-TERM FERTILITY EXPERIMENTS 

Agronomy Department 

Long-term fertility trials continued at IRRI, at 
Philippine research stations, and in farmers' fields. 

IRRI. The 32d and 33d crops in long-term fertil
ity experiments were grown in 1980 with IR8, 
IR36, and IR42 as test varieties. In the dry season, 
all three varieties had significant increase in yield in 
treatments with 140 kg N/ha over those without it 
(Table 21). Except for IR8, there was a significant 
increase in grain yield with nitrogen and phospho
rus treatments over nitrogen treatment alone. That 

Table 20. Grain yield of IR3B as affected by residual phosphorus from various phosphorus treatments on Binangonan clay 
(Teresa, Rizal), and Luisiana silty clay (Lucban, Quezon), Phlllppines, 1980. 

PrevIOus treatment 
(source and kg P20 5/ha) 

No phosphorus (control) 

Ordinary superphosphate 
20 
40 
60' 

Rock phosphateC 
20 
40 
60 

Guano 
40 
80 

120 

Gram yield" (t/hal 

Bmangonan clay 

Dry season Wet season 

3.3 3.6 cd 

4.5 e 4.2 ab 
5.3 abc 4.4 a 
6.0 a 3.4 

4.5 e 4.2 ab 
50 be 4.5 a 
5.5 ab 4.2 ab 

5.4 ab 4.6 a 
5.3 abc 3.9 be 
5.6 ab 3.1' cd 

LuiSlana silty clay 

Dry season Wet season 

2.6 33 

3.8 3.4 de 
5.3 be 39 bed 
62a 4.4 a 

3.8 34 de 
4.7 e 4.3 ab 
5.4 abc 3.6 ede 

47 e 4.0 abc 
5.7 ab 4.4 a 
5.7 ab 4.5 a 

"Av of4 replications. Separation of means In a column by Duncan's multiple range test atthe 5% leveJ.I/Fresh application was made 
in the wet season planting in both soils. cPhcispal for Binangonan clay and phosmak for Luisiana silty clay 
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Table 21. Effects of nitrogen-phosphorus·potassium fertiliz-
ers on the grain yields of IRB, 1R36, and 1R42 in the 32d (dry 
season) and 33d (wet season) consecutive crops. IRAI, 1980 

Fertilizer (kg/ha) Yield" (t/ha) 

N P20S K,O IA8 IA36 IA42 

Dry season 
0 0 0 2.5 e 2.7 e 2.8 e 

140 0 0 5.8 b 4.9 b 6.6 b 
0 30 0 28 e 26 e 3.1 
0 0 30 2.5 e 2.4 e 2:7 e 

140 30 0 62 ab 5.7 a 74a 
140 0 30 6.5 a 5.8 a 6.8 b 
140 30 30 6.4 a 6.2 a 6.6 b 
140 30 30 aOab 60a 71 ab 

Wet season 
0 0 0 1.8 be 3.0 d 3.0 d 

60 0 0 21 abc 3.8 be 44 ab 
0 30 0 1.7 e 2.7 d 34 e 
0 ·0 30 2.2 abc 32 cd 37 be 

60 30 0 25 ab 42 ab 4.7 a 
60 0 30 2.7 a 4.2 ab 4.8 a 
60 30 30 2.1 abc 46a 4.8 a 
60 30 30 23 abc 40a 4.9 a 

aAv of4 replications. Separation of means in a column and 10 
each season by Duncan's multiple range test a! the 5% level. 

trend, however, was not seen with the complete 
fertilizer treatments. 

In the wet season, the response to application of 
fertilizer nitrogen in all three varieties was similar. 
IR42 out yielded IR8 and IR36 in all fertilizer 
treatments in the wet season. Phosphorus and pot
assium treatments did not result in significant 
increase in wet season grain yields, which con
firmed earlier results. 

BPI stations. The 25th and 26th crops in long
term fertility experiments were grown at three BPI 
stations with IR8, IR36, and IR42 rices as test 
vanetIes. Dunng the dry season, an increase in 
yield was obtained at all stations in all three varie
ties with complete fertilizer treatments (NPK) and 
with nitrogen and P,O,· combinations (Table 22). 
Treatments with nitrogen alone or nitrogen with 
1(,0 had yields higher than those of the control 
plots. Similar response patterns were observed 
during the wet season (Table 23). 

Table 22. Effect of nitrogen-phosphorus-potassium fertilizers on grain yield of IRS .. IR3S, and IR42 in the 25th crop 
(dry season) in the long·term fertility experiments at Maligaya Rice Research and Training Center, Bicol Rice and Com 
Experiment Station. and Visayas Rice Experiment Station, Philippines. 1980 dry season •. 

Grain yielda (t/ha) 
Fertilizer 
(kg/ha) Mahgaya Bicol Vlsayas 

N P2 0 S K,O IA8 IR36 IA42 IR8 1A36 IR42 IR8 IA36 IR42 

0 0 0 2.0 e 2.4 e 2.2 e 24 f 3.2 ef 27 f 1.3 d 1.2 1.4 
140 0 0 3.4 d 33 d 35 d 3.2 ef 4.2 de 3.2 ef 13 d 1.7 1.8 
140 60 0 6.6 ab 6.7 ab 50 e 40 de 5.7 abc 5.4 abcd 3.4 be 4.1 ab 3.7 be 
140 0 60 3.4' d 3.9 d 3.1 d 4.6 cd 4.4 de 4.5 ede 1.2 d 16 d 1.8 d 
140 60 60 61 b 6.9 ab 68 ab 51 bed 62 ab 6.5 a 4.0 abc 4.1 ab 4.1 ab 
140 60 60 + 30 68 ab 7.2 a 7.2 a 48 cd 6.3 ab 6.6 a 3.6 be 46a 4.1 ab 

aAv of 3 replications. Separation of means in a column by Duncan's multiple range test at the 5% level. 

Table 23. Effect of nitrogen·phosphorus-potassium fertilizers on grain yield of IR8, 1R36, and 1R42 rices In the 26th crop (wet 
season) in the long·term fertility experiments at Maligaya Rice Research and Training Center, Bicol Rice and Corn Experiment 
Station, and Visayas Rice Experiment Station, Philippines. 1980 wet season. 

Grain Ylelda (t/ha) 
Fertihzer 
(kg/ha) Mahgaya Blcol Vlsayas 

N P:Os K,O IR8 1A36 IR42 IR8 IR36 IR42 IA8 IR36 IR42 

0 0 0 2.0 e 28 b 2.6 e 2.2 b 2.8 b 3.2 d 1.0 b 13 b 13 b 
70 0 0 2.6 be 3.3 b 3.9 b 1.8 b 46a 36 cd 1.8 b 1.6 b 1.2 b 
70 60 0 2.4 be 48 a 5.1 a 3.6 a 3.2 b 3.9 bed 4.4 a 3.9 a 3.3 a 
70 0 60 3.1 ab 3.4 b 3.8 b 3.7 a 4.8 a 43 abc 1.5 b 1.5 b 1.4 b 
70 60 60 33 ab 4.7 a 5.0 a 3.8 a 48 a 50 ab 41a 4.3 a 41 a 
70 60 60 + 30 3.8 a 5.2 a 58 a 4.2 a 5.1 a 5.1 a 4.1 a 4.1 a 3.B a 

aAv of 3 replications. Separation of means in a column by Duncan's multiple range test at the 5% level. 
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Table 24. Eff~ts of nitrogen, phosphorus. and potassium fertilizers on grain yield of IR36 and 1R42 rices in the 8th (dry season) 
and 9th (wet season) consecutive crops. Luisiana clay, laguna province, Philippines, 1980. 

Yield~ (tlha) 

Fertilizer treatment" Dry season Wet season 

IR36 IR42 IR36 IR42 

Control 3.6 . 3.3 . 2.1 cd 2.9· cd 
Nitrogen 4.2 cd 4.0 d 3.6 a 3.7 a 
Phosphorus 3.5 e 2.9 1.9 d 2.6 d 
Potassium 4.0 de 2.9 2.4 be 3.2 be 
Nitrogen + phosphorus 53 b 60 b 34a 36 ab 
Phosphorus + potassium 3'7 3.1 20 cd 28 cd 
Nitrogen + potassium 4.7 be 5.0 c 2.7 b 3.6 ab 
Nitrogen + phosphorus + 6.2 a 69a 3.6 a 3.9 a 

potassium 

ONitrogen at 120 kg/ha for dry season, and 60 kg/ha for wet season; P205 and K20 each at40 kg/ha in both seasons. bAv of-4 
replications Separation of means by Duncan's multlpie range test at the 5% level. 

Table 25. Effects of nitrogen, phosphorus, and potassium fertilizers on grain yield of IRl6 and 1R42 in the 7th (dry season) and Sth 
(wet season) consecutive crops. Bay clay, Tanay, Rizal, Philippines, 1980. J 

Yieldb (t/ha) 

Fertilizer treatment" Dry season Wet season 

IR36 IR42 IR3S IR42 

Control 31 b 2.8 d 2.4 c 3.5 be 
Nitrogen 4.7 a 48 b 3.8 b 39 abc 
.~hosphorus 3.5 b 3.6 c 2.8 c 3.5 be 
Potassium 29 b 3.1 cd 37 b 3.3 c 
Nitrogen + phosphorus 5.3 a 4.7 b 3.7 b 40 ab 
Phosphorus + potassium 35 b 32 cd 3.4 b 3.6 be 
Nitrogen + potassium 4.7 a 4.9 ab 4.5 a 33 c 
Nitrogen + phosphorus + 5.2 a 55a 48a 42a 

potassium 

"Nitrogen at 120 kg/ha for dry season, and 60 kg/ha for wet season; P205 and K20 each at 40 kg/ha in both seasons. bAv of 4 
replications. Separation of means in a column by Duncan's multiple range test at the 5% level. 

Farmers' fields. The eighth and ninth crops in 
Luisiana silty clay and the seventh and eighth 
crops in Bay clay were grown in Laguna and Rizal 
.provinces. 

On Luisiana silty clay, nitrogen responses were 
significant 'in both seasons (Table 24). Although 
added phosphorus alone did not increase grain 
yield significantly, its presence enhanced nitrogen 
response. Phosphorus response (NPK vs NK) was 
observed on IR36 in both seasons and on IR42 in 
the dry season. A response to potassium (NPK vs 

NP) was observed in both varieties in the dry 
season. 

On Bay clay, the response to nitrogen alone was 
observed in both varieties in the dry season and 
only on IR36 during the wet (Table 25). However, 
in combination with other fertilizer elements, ni
trogen response was noted in both varieties and 
seasons. On IR42 response to phosphorus was 
observed, whereas that to potassium was incon
sistent. 
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EFFECT OF DRY SEASON LAND MANAGEMENT ON 
SOIL MOISTURE STORAGE DURING FALLOW 

Five land management practices were tested dur-

Wafercoofenf(mm)ln top r05m of soil 

rJ3mm r17mm fflOOmml'CUlfaU 

ing the dry seaSon on a clay soil at IRRI for their ___ _ 
contribution to soil moisture conservation: soil '.. / "'\ 
mulch by shallow rototillage, soil mulch by plow- ""'" ,// \, 
ing and rototillage, straw mulch, chemical weed 600 '---, , \ 

control, and weedy fallow. ' ..... ./ \"" 
Moisture storage in soil profile. Seasonal soil 

moisture contents in the soil to a depth of 1.05 m 500 0-0 -"'" , 

are shown in Figure t. Weedy fallow plots, which. ---+-~;:::::;::;;;;-~~'~~~::~I"'~'~~";;""]d;;;;;;)" __ --'-"~''''J---' 
represent the conventional farmer's_practice,.J.ost. weed-free fallow (chemICals) " 

---lllgIily sIgnificant amounts of soil moisture. The ---- ""'" "",' 
remaining four treatments did not differ signifi- 4007L....'-"--'2:-' ~28~.L6--:':'3-:'20~2L.7--:':3-::'O:-:I7~2:'=3-30":-~7,...-,"4· 
cantly; however, a combination of plowing and 
rototillage maintained the most soil moisture in the 
profile. The data indicate that keeping land free of 
weeds during the dry season (through tillage or 
chemicals) allows significant conservation of soil 
moisture. 

Depth of soil moisture depletion. A typical soil 
moisture depletion pattern is shown in Figure 2. 
Significant depletion of soil moisture was limited 
to the surface 15 cm in the soil mulch plots, but 
considerable depletion occurred to as deep as 30 
em, 45 em, and 105 em under the straw mulch, 
chemical weed control, and weedy fallow treat-

30 

90 

I--Feb--+--Mor~'--+---Apr-+-May-j 

1. Water storage in soil profile to the l.05-m depth under 
various dry season land management practices.IRRI, 1980 

ments. Moisture depletion was high in the weedy 
fallow as a result of evapotranspiration by the 
weedy vegetation; in the remaining weed-free 
treatments, surface evaporation acted as the prim
ary cause of moisture loss. The groundwater table 
during the measurement period remained below 
the l.5-m depth. 

Soil moisture depletion and recharge. The data 
on soil moisture depletion aud recharge from the 

75 

Rototllled Plowed ar.d rolOlilled strow mulched Weed-free follow Weedy follow 
(cherrucals) 

2. Sod moisture depletIOn dunng a 6-week dry period under various fallow season land manage
ment systems IRRI, 1980. 
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Table 1. Soil moisture depletion and recharge to 1.05-m depth undervarious dry season fallow land managementsystems.IRRI, 
1980. 

Water depletion (mm) in soil profile" 

Pan Weed-free 
Calendar Ramfall evaporation Rototilled Plowed and Straw fallow Weedy 

period (mm) (mm) (703 mm) rototilled mulched (chemical) fallow 
(718mm) (686 mm) (713 mm) (672 mm) 

7-14 Feb 12.5 25.5 -146 -7.1 -156 -32 -7.0 
14 Feb-6 Mar 0.0 113.3 47.7 21.4 473 62.9 90.2 
6-13 Mar 17.3 408 -10.6 -55 -213 -40 6.1 

13-20 Mar 0.0 39.6 3.0 1.1 69 -0.6 30.1 
20 Mar-3 Apr 1080 612 2.1 -2.7 -2.0 -213 -125.9 
3-17 Apr 7.4 80.8 16 5.6 -49 126 73.4 

17 Apr-8 May 00 125.9 24.4 157 30.1 324 1413 
8-15 May 6.9 38.1 4.9 13.5 147 7.0 39.8 
Season's total 152.1 525.2 585 42.0 55.2 858 248.0 
Seasonal average 153 530 0.59 042 0.56 086 25 
(mm/day) 

"Numbers in parentheses indicate imtial soil moisture. Negative values indicate moisture accretion from rainfall. 

rainfall during the dry season of February to May 
1980 are summarized in Table I. The initial soil 
moisture at the start of the dry season was the same 
for all treatments, but by the end of the season, 
large differences were apparent. Tillage and straw 
mulch plots maintained soil moisture in the profIle 
at their maximum retention capacity. That is 
exemplified by the data of 20 March through 3 
April, when these treatments showed essentially no 
recharge from a low pressure rainstorm with 108 
mm of rainfall. 

Seedbed zone soil moisture. Soil moisture lexel 
in the plow layer at the end of the dry season 
determines the amount of rainfall needed for land 
preparation and dry seeding of rice. Figure 3 
depicts the gravimetric soil moisture contents 
throughout the dry season. At shallow soil depths 
of 0-10 cm, straw mulch always maintained the 
highest moisture content, but tillage performed to 
create the soil mulch resulted imthe lowest moist
ure level. At 10-20 cm depth all treatments except 
weedy fallow showed minor differences. Weedy 
fallow plots lost distinctly greater amounts of soil 
moisture, with equivalent soil moisture tensions 
exceeding 15 bars. 

Soil moisture tension. Soil moisture tension 
(SMT) at 15- and 30-cm depth under various land 
management systems is shown in Figures 4 and 5. 
At IS-em depth, the SMT under soil mulch and 
straw mulch remained below I bar during most of 
the dry season except May· when severe drying 
raised it to 2-4 bars. On the other hand, SMT 
under the chemical weed control and weedy fallow 

treatments reached 6 bars or more during the 
season. 

At 30-cm depth, the SMT remained below 0.6 
bar under the soil mulch, straw mulch, and chemi
cal weed control treatments but under weedy fal
low SMT exceeded 6 bars during April-May. The 

MOISlurecontentbywt(%) 
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3. Gravlmetnc SOli mOIsture content In the 0-10 and 1(}'20 em 
depths under various dry season land management practices. 
IRRI,1980 
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4. Effect of dry season land management practices on soil mOIsture tension (SMT) 
at 15-cmdepth, IRRI,1980. A break in the curve for weedy fallow mdlcates SMT 
exceeded 6 bars. 
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residual soil moisture contents at the end of the dry 
season indicate that relatively small amount of 
rainfall moisture (20-50 mm rainfall) will be re
quired at the onset of monsoons to establish dry
seeded rice in iields where land is kept free of 
weeds. 

EFFECT OF DRY SEASON FALLOW LAND 
MANAGEMENT AND SEEDBED PREPARATORY 
TILLAGE ON DRY-SEEDED RAINFED BUNDED RICE 

In an experiment on a clay soil at IRRI, dry-seeded 
rice was established by minimum ti11age (one roto
tilling) and no tillage in plots that were previously 
tilled or left unti11ed the previous dry season. The 
dry season treatments were: 

• herbicide weed control; 
• herbicide weed control + rice straw mulch at 

3:75-t/ha;·- . 
• 3 rototillings in January + I rototilling in 

April to keep plots weed free; and 
• I plowing and 2 rototillings in January + I 

rototi11ing in April to keep plots weed free. 
In May, IR36 and IR50 were dry-seeded in 

25-cm rows. Following one rototilling, seeds were 
dropped in furrows made with an indigenous har
row (lithao). For no tillage, seed was dropped in 
4- to 6-cm-deep furrows made with an animal
drawn plow. Plots were fertilized with 80 kg N, 30 
kg P,O" and 30 kg K,O/ha. Yields of the two 
varieties did not differ significantly; therefore, the 
data in Table 2 are meaus for both varieties. No 

differences in grain yield, tiller number, panicle 
number, and weed weight were found among the 
four land management systems. Grain yield 
showed no response to use of tillage for seedbed 
preparation in May when the land was tilled at the 
end of the previous wet season. However, min
imum tillage improved yields over no tillage where 
the land was kept untilled befo~e planting. 

The results suggest that minimum and no tillage 
can be practiced for dry-seeded rice establishment 
if weed growth is controlled during the fallow 
season. 

EFFECT OF LAND PREPARATION METHOD AND 
NITROGEN FERTILIZER SOURCE ON WET SEASON 
TRANSPLANTED RAINFED RICE 

In an experiment on a clay soil at IRRI five tillage 
inteusities for land preparation before transplant
ing were used (Table 3) in a split-split-plot design. 
Tillage treatments were main plots, two rice varie
ties were subplots, and three mtrogen fertilizer 
sources were sub-subplots. Fertilizer was applied at 
58 kg N/ha. The experimental area had a crop of 
maize during the previous dry season. The field was 
disk plowed once after maize harvest and remained 
fallow until wetland prep&ration. Irrigation pro
vided water for land preparation, but the crop 
depended on rainfall after transplanting. 

Increase in tillage intensity did not significantly 
affect grain yield, weed weight, and the weeding 
labor requirements (Table 3). The soil physical 
properties also remained similar (Table 4). How-

Table 2. Effect of dry season fallow land management and seedbed preparatory tillage" on grain yield, tiller number, panicle 
number, and weed weight in dry-seeded rainfed rice. JRRI. 1980. 

Grain yield Tillers Panicles Weed wtb 
Dry season fa lIow land (t/ha) (no 1m2) (no.lmt) (,tha) 

management treatment 
Minimum No till Minimum No till Minimum No till Minimum No till 

Dry season untilled 
HerbiCide weed control 6.40 a 551 a 1002 a 690 a 426 a 274 a 1.64 a 1.51 a 
HerbiCide weed control + 6.07 a 5.52 a 1062 a 692 a 408 a 332 a 1.36 a 136 a 

rice straw mulch 

DIY s,!8son tilled 
3 rototillings in Jan + 5.98 a 5.88 a 1041 a 728 a 412 a 336 a 163 a 195 a 

1 rototllhng in Apr 
1 plowing + 2 rototillings 5.50 a 564a 1008 a 698 a 438 a 390 a 174 a 142 a 

in Jan + 1 rototlJling 
inApr 

LSD .05 (mimmum vs no till) 0.6S;;' ns 

aMinimum = one rototiliing before seeding; notill = no seedbed preparation. Meansof3 replications and 2 rice varieties (IR36 and 
IR50) Separation of means In a column by Duncan's multiple range test at the 5% level. bfirst weeding 3 wk after emergence 
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Table3. Effect ohillage intensityforwetland preparation on grain yield, weed weight, and weeding labor.R IRRI, 1980 wetseason. 

Grain yield!> Weedwt Weeding labor 
Land preparation II/hal (kg/hal (h/hal 

techmque 
IR36 IR52 1st weeding 2d weeding 3d weedmg 2d weeding 3d weeding 

1 plowing + 3.17 a 2.73 a 409 a 400. 310 a 195 a 293 a 
1 harrowing 

1 plowing + 2.57 a 257. 416 a 400 a 278 a 311 a 420 a 
3 harrowings 

1 plowing + 2.66 a 2.78 a 406 a 382 a 285a 234 a 360 a 
1 harrowing + 
1 rototilling 

1 plowing + 2.65 a 247 a 444 • 467 a 341 a 183 a 270 a 
2 harrowings + 
2 rototlfllngs 

2 plowings + 3.10 a 2.75 a 429 a 393 a 296 a 179 a 407 a 
2 harrowmgs 

RAv of 4 replications. Separation of means in a column by Duncan's multiple range test at the 5% level. bMeans of 3 nitrogen 
fertilizer sources. 

Table 4. Effect of tillage intensity for wetland preparation on soil physical parameters." IRRI, 198Q wet season. 

Apparent specific Bulk density Total porosity VOid 
Land preparation technique volume (g/cm') (%1 ratio 

(cm'/g) 

Before land preparation 
090::!:: 002b 1.03 ::!:: 0.03 60.4 ::!:: 1.2 1.52 ± .03 

After land preparation 
1 plowing + 1 harrowing 0.88 a 1.06 a 59.3 a 1.45 a 
, plowing + 3 harrowings 083 a 1.11 a 57.5 a 1.35 a 
1 plOWing + 1 harrowing +, 087 a 1.07,a 588 a 1.43 a 

1 ratotilling 
1 plowing + 2 harrowings + 0.92 a 1.02 a BO.7 a 1.54 a 

2 rototillings 
2 plowings + 2 harrowings 0.90 a 1.03 a 60.2 a 152 a 

"Separation of means in a column by Duncan's multiple range test at the 5% level I.>Standard deviation 

Table 5. Effect of tillage intensity for wetland preparation on labor and fuel requirements IRRJ, 1980 wet season. 

Land preparation technique 

1 plowing + 1 harrowing 
1 plowmg + 3 harrowings 
1 plowing + ,. harrowing + 1 rototillln9 
1 plowing + 2 harrowings + 2 rototillings 
2 pl~wmgs + 2 harrowings 

Man-h/ha 

114 
214 
127 
190 
228 

Labor.requirementsR 

Anima I-h/ha 

114 
214 
114 
164 
228 

Machine-h/hal.> 

0.0 
00 

13 
25 

Fuel used 
(liters/ha) 

0.0 
00 

18.2 
35.0 

RCarabao ~nd operator hours are based on an a-h work day. bRototillage was with a two-wheellandmaster tractor. 

ever, as the tillage intensity increased, manpower 
and animal power use increased substantially 
(Table 5). The data demonstrate the usefulness of 
minimum tillage for wetland preparatIOn of soils 
where no favorable changes in soil properties and 
grain yields are obtamed-from additional tillage. 

The data in Table 6 show that grain yield was 
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significantly affected by the source of nitrogen fer
tilizer. Supergranule urea (SGU) ,proved superior 
to sulfur-coated urea (SeU) and regular urea on 
the clay soil. Both SGU and seu, however, gave 
significantly higher grain yield than the commonly 
practiced split application of regular urea. 



Table 6. Effect of nitrogen fertilizer sourcea on grain yields of 
rainted rice ,varieties 1R36 and IR52. IARI, 1980 wet season. 

Grain Yleldb (t/ha) 
Nitrogen source 

IR36 IR52 Difference 

Regular urea 2.35 a 2.23 a 0.12 ns 
Sulfur-coated 3.02 b 2.71 b 0.31 ns 

urea (SCU) 
Supergranule 3.12 b 3.03 c 0.09 ns 

urea (SGU) 

aTwo-thirds regular urea and all SCU as basal application; 
one-third regular urea broadcast 3 days before panicle imtla
tion; SGU apphed 2 days after transplanting. bMeans of 5 I and 
preparation techniques and 4 replications. Separation of 
means in a column by Duncan's multiple range test at the 5% 
level. ns = not significant. 

EFFECT OF TILLAGE AND MULCHING 
PRACTICES ON SOIL PHYSICAL PROPERTIES 
AND RAINFED MAIZE FOLLOWING 
TRANSPLANTED IRRIGATED RICE 

To evaluate soil and crop management practices 
that can improve dryland crop performance on a 
previously puddled and flooded soil, maize was 
grown after different tillage and mulching practices 
(Table 7). The test field had grown puddled
flooded rice for several years. Phil. DMR#2 maize 
was seeded 15 December in 75-cm rows. Fertilizer 

Table 7. Summary of tillage and mulching treatments for 
maize following transplanted-irrigated rice. IRRI, 1980 

Treatment Primary tillage 

Tillage No tillage 
treatment 1 moldboard plowing 

(15-cm depth) 
1 shallow chisel plowing 

(15-cm depth) 
1 deep chisel plOWing 

(25-cm depth) 
1 rototliling 

(10-cm depth) 
Mulch No mulch 
treatment Rice straw mulch at 5 t/ha 

Secondary tillage 

None 
2 disk harrowings 

(7-cm depth) 
2 rototillings 

(7-cm depth) 
2 disk harrowings 

(7-cm depth) 
2 rototillings 

(7-cm depth) 

was applied as 66 kg N, 50 kg P,O" and 50 kg 
K,O/ha with half of the nitrogen and all phospho
rus and potassium applied basally and the remain
ing half of nitrogen topdressed 3 weeks after seed
ing. One hand weeding was done 4 weeks after 
seeding. Maize was harvested during the last week 
of March. The crop period had about 90 mm rain, 
of which nearly 50 mm occurred I week after 
emergence. 

Seedbed soil moisture. The soil moisture content 
during primary tillage and seeding are shown in 
Table 8. Secondary tillage for seedbed preparation 
reduced soil moisture contents. Although no
tillage maintained the highest moisture content, the 
moisture level was not enough to induce germina
tion of maize and a sprinkler irrigation of about 3 
em was given to encourage crop establishment. 

Soil aeration. Table 9 gives the data on air-filled 
porosity 3 weeks after seeding. The no-tillage 
treatment showed the least air-filled porosities in 
the shallow depths. Crop growth was adversely 
affected at air-filled porosity less than 1O%. Values 
considerably less than 10% of air-filled' porosity in 
the 15-25 em depths indicate that previous pud
dling of soil resulted in less-than-optimum soil aer
ation. A significant linear relationship was observed 
(Fig. 6) between the air-filled porosity and maize 
yields. 

Soil strength. The data on resistance to soil pene
tration, bulk density, and moisture content are 
given in Table 10. Resistance to soil penetration 
was highest in no-tillage at the shallow depth only; 
no differences were found at 20-25 em depths. Bulk 
density and moisture contents were nearly the same 
in all tillage treatments. 

Soil tilth. Soil tilth was characterized by the soil's 
aggregate size distribution. Distinct initial differ
ences in soil tilth following secondary tillage 

Table 8. Soil moisture content during primary tillage and at seeding as influenced by tillage operations IRRI, 1980 

Primary tillage 

No tillage 
1 moldboard plowing 
1 chisel plowing, shallow 
1 chisel plowing, deep 
1 rototilling 

Tillage treatment 

Secondary tillage 

None 
2 disk harrowings 
2 rototilhngs 
2 disk harrowlngs 
2 rototillings 

Soil moisturea (% by wt) 

At primary tillage 
(0-15 cm depth) 

43.1 a 
46.1 a 
412 a 
44.4 a 
43.8 a 

At seeding time 
(3-B cm depth) 

35.5 a 
28.7 b 
313 ab 
30.5 ab 
27.1 b 

aAv of 4 replications Separation of means In a column by Duncan's multiple range test at the 5% level. 
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Table 9. Air-filled porosity atfield moisture content as affected by various tillagetreatments3 weeks after seeding of maize.IRRI, 
1980. 

Tillage treatment Air-filled porositya (%) 

Primary tillage Secondary tillage 5·10 cm 15-20 em 20-25 em 
depth depth depth 

No tillage None 8.1 b 36. 77. 
1 moldboard plowmg 2 disk harrowmgs 12.7 ab 42. 6.7 a 
1 chisel plowing, shallow 2 rototilJings 176 a 71 • 7.9 a 
1 chisel plowing, deep 2 disk harrowmgs 114 ab 39. 5.0 a 
1 rototllhng 2 rototillings 150 ab 4.7 a 7.5 a 

"Means of4 replications. Separation of means in a column by Duncan's multiple range test at the 5% level. 

Table 10. Some indices of soil strengtha at various soil depths 3 weeks after seeding of maize, as influenced by tillage treatments. 
IRAI,1980. 

Penetration 5011 moisture Bulk density 
Tillage treatment resistance (kg/cm2 ) bywt (%) (g/cm:!) 

5-10 cm 20-25 em 5-10 cm 20-25 em 5-10 cm 15-20 em 25-30 em 

No tillage 528 a 9.48 a 47.6 a 48.0 a 1.07 a 1.18 a 1 (JJ. 

Moldboard plOWing 4.91 ab 962 a 458 a 48.7 a 104. 1.14 a 1.07 a 
Chisel plowing, shallow 3.69 b 844 • 457 a 455 a 0.99 a 1.13 a 1.11 a 
Chisel plOWing, deep 444 ab 796 a 458 a 467 a 1.06 a 115 a 1.12 a 
Rototilhng 4.38 ab 9.79 a 45.9 a 48.7 a 1.01 a 1.14 a 1.06 a 

aAv of 4 replications. Separation of means In a column by Duncan's multiple range test at the 5% level. 

showed rototilled plots with a finer tilth than the 
disk-harrowed plots. The differences disappeared, 
however, after the heavy rains in late December. 
The physical impact of ramfall destroyed the 
cloddy structure of disk-harrowed plots and re
sulted in nearly the same geometric mean diameter 
of aggregates as in the rototilled plots (Fig. 7). 

Soil water extraction by maize. Table II shows 
the soil water depletion and water use efficiency of 

Maize Yield {t/hal 
4 

°0~--------~--------~IO~------~15 
Air-filled porosity (%1 

6. Relationship between sOIl air-filled porosity and mal7e Yields 
IRRl. 1980. 
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maize grown with different tillage and mulch 
treatments. Water use efficiency did not differ 
among tillage treatments but mulching with straw 
increased it over the no-mnlch treatments, Mulch
ingfavored better root distribution and deeper root 
extension, which resulted in higher soil water 
extraction (Fig. 8). The leaf water status measured 
midday on 27 February showed leaf water poten
tials in the range of -16 to -19 bars, indicating maize 
suffered from water stress during later growth 
stages. 

Crop stand and yield, Maize stand and grain and 
stalk yields did not differ among tillage treatments 
(Table 12). Shallow chisel plowing (the treatment 
that provided the most favorable physical envir
onment) gave the highest grain yield of 2.82 t/ha 
with mulch and 2.20 t/ha without mulch. Mulch
ing produced significantly more yields than no
muIch, giving an average increase of 0.51 t grains/ 
ha and 0.47 t maize stalks/ha. 

Nutrient content and uptake in maize. Table I3 
shows nitrogen, phosphorus, and potassium con
centration in maize ear leaves at silking. The nutri
ent uptake in grains and stalks at maturity is given 
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in Table 14. Tillage treatments did not significantly 
affect nitrogen, phosphorus, and potassium nutri
tion of maize, but mulching usually resulted in 
higher nitrogen uptake. Mulching also increased 
phosphorus uptake in no-tillage plots; potassium 
uptake was not affected. 

7. Aggregate size dIstnbution in the seedbed 3 weeks following 
secondary ttllage. Dotted lines mdIcate the _geometnc mean 
diameter of aggregates IRRI, 1980 

Table 11. Effect of tillage and mulch treatments on soil moisture depletion to 45-cm depth and water use efficiency of rainfed 
maize for the period 4 weeks after germination to maturity. IRRI, 1980. 

SOIl mOisture depletion Crop water use~ Water use efficiency 
Tillage treatment (mm) (mm) (kg/ha per mm daily) 

Mulch No mulch Mulch No mulch Mulch No mulch 

No tillage 55 51 90 86 • 0.49 037 
Moldboard plowing 53 50 88 85 0.48 038 
Chisel plowing, shallow 63 67 98 102 0.49 037 
Chisel plowing, deep 50 52 85 87 046 0.41 
Rototlrhng 60 58 95 93 0.43 036 

"'Estimated from summation of soil water depletion and rainfall (35 mm) dUring the 58-day sampling period. 

Table 12. Maize gennination, plant population, grain yield, and stalk yields as influenced by tillage and mulch treatments."'IRRI, 
1980. 

Mulch treatment 

None 

Straw mulch (M1) 
No mulch (MO) 
Difference 

Straw mulch (M1) 
No mulch (MO) 
Difference 

Straw mulch (M1) 
No mulch (MO) 
Difference 

No 
tillage 

Moldboard 
plowing 

Chisel 
plowing, 
shallow 

Germinated seedlings (no.l20 m 2) before thinnmg 
146a 136a 152a 

91 a 
80 a 
11 ns 

86 a 
78 a 

8 ns 

Grain Yield (tlha) at 14% moisture 
2.54 a 2.49 a 
1.87 a 1.86 a 
067** 0.63** 

Stalk yield (t/ha) 
3.09 a 3.75 a 
241 b 3.06 ab 
0.68* 0.69* 

81 a 
85 a 
-4 ns 

2.82 a 
220 a 
062** 

3.91 a 
3.42 ab 
0.49 ns 

Chisel 
plowing, 

deep 

173 a 

Rototilling 

146 a 

Plants (no.l20 m2) at harvest 
82a 85a 
86a 86a 
-4 ns -1 ns 

228 a 242 a 
2.07 a 1.99 a 
0.21 ns 043" 

330 a 383 a 
298 ab 3.64 a 
0.32 ns 0.19 ns 

~Av of4 replications. Separation of means in a row by Duncan's multiple range test at the 5% level. 
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Table 13. Nitrogen, phosphorus, and potassium content of maize ear leaves at silking as influenced by tillage and mulch 
treatments.a IRAI, 1980. 

Chisel Chisel 
Mulch treatment No Moldboard plowing, plowing, Rototilling 

tillage plowing shallow deep 

Nitrogen content (%) 
Straw mulch (Ml) 2.57 a 2.53 a 2.71 a 229 a 247 a 
No mulch (MO) 2.27 a 2.16 a 2.15 a 2.16 a 2.17 a 
Difference 0.30 ns 0.37* 0.56** 0.13 ns 030 ns 

Phosphorus content (%) 
Straw mulch (M1) 0.31 a 0.28 a 0.30 a 0.28 a 027 a 
No mulch (MO) 0.24 b 0.27 ab 028 ab 0.30 a 0.26 ab 
Difference 0.07** 001 ns 0.02 ns -0.02 ns 0.01 ns 

Potassium content (%) 
Straw mulch (M1) 2.12.a .2.12 a 2.10 a 2.10 a 2.13 a 
No mulch (MO) 2.12 ab 2.06 b 2.27 a 2.03 b 2.15 ab 
Difference 0.00 ns 0.06 ns -0.17* 0.07 ns -0 02 ns 

aAv of4 replrcatlons. Separation of means in a row by Duncan's multiple range test at the 5% level. ns - not slgOlflcant. 

Table 14 Nitrogen, phosphorus, and potassium uptake of maize (grains + stalk) as Influenced by tillage and mulch treatments 
IARI,1980. 

Moldboard Chisel plowing, Chisel plowing, 
Mulch tr~atment No tillage plowing shallow deep Rototilling 

Straw mulch (M1) 5646 a 
Nitrogen uptake (kg/ha) 
59.10 a 65.52 a 52.79 a 55.03 a 

No mulch (MOl 41.20 a 42.98 a 50.77 a 43.65 a 49.72 a 
Difference 15.26* 16.12* 14.75* 9.14 ns 5.31 ns 

Phosehorus uptake (kg/ha) 
Straw mulch (M1) 10.14 a n.19 a 11.59 a 8.93 a 1060 a 
No mulch (MOl 7.65 a 8.39 a 9.84 a 8.37 a 9.86 a 
Difference 2.49* 280** 1.75 ns 0.56 ns 0.74 ns 

PotassIUm uptake (kg /ha) 
Straw mulch (Ml) 49.66 a 62.86 a 7675 a 58 91 a 75.95 a 
No mulch (MOl 41.52 a 5325 a 6373 a 4486 a 71.74 a 
Difference 8.14 ns 9.61 ns 13.02 ns 14 05 ns 421 ns 

aAv,of4 replications. Separation of means in a row by Duncan's multiple range test at the 5% level. ns = not Significant 
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CLIMATIC ADAPTABILITY OF INDICA-JAPONICA 
RICES 

Indica-japonica rices are highly adapted to a wide 
climatic region - 37"N to 14°N - primarily 
because of their growth duration (1979 annual 
report). In 1980 the low temperature tolerance of 
indica-japonica rices at two critical stages -
reduction division and ripening - was studied~in 
the IRRI phytotron. 

Low temperature injury at rednction division 
stage. Rice is sensitive to low temperature. Two 
kinds of low temperature injury occur to the rice 
plant at the reduction division stage: degeneration 
of spikelets and spikelet sterility. To test varietal 
differences in tolerance for low temperature at the 
reduction division stage, potted plants were sub
jected to 150 /15°C for 4 and 7 days. Distance 
between the auricle of the flag leaf and that of the 
penultimate leaf was used as a measure of pollen 
development stage. The auricle distance for the 
most critical stage (tetrad stage identified under a 
microscope) varied from + 1 em for Lenkwang to 
-12 em for Jinheung. 

When the plants were subjected to low tempera
ture for 4 days, percentages of spikelet degenera
tion ranged from 2% for l.enkwang to 13% for 
IR36. In the 7-day treatment, the percentages 
increased considerably, ranging from 3% for Len
kwang to 26% for Suweon 258 (Table 1). Three 
indica-japonica rices and IR36 had much higher 
percentages of spikelet degeneration than the cold
tolerant Lenkwang and Jinheung. 

A similar trend was observed for spikelet steril
ity.Lenkwang is the most tolerant oflowtempera
ture and Jinheung is the second most tolerant; 
IR36 is most susceptible (Fig. 1). The low tempera
ture tolerance of three indica-japonica rices was 
higher than that ofIR36 but much lower than that 

-15 -12 -9 -6 -3 0 3 6 -15 -12 -9 -6 -3 0 3 6 
Auncle distance (em) Auncle dlslance (em) 

1. Relationship between fertility of the upper spikelets and 
auricle distance when the plants were subjected to low tempera
ture (IS' liS' C) for 4 days. IRRI, 1980. 

of the traditional cold-tolerant japonica variety, 
Jinheung. 

Effect of temperature on grain filling. Effects of 
temperature on grain filling were studied for 6 
temperature regimes from 32" 1240 C to 170 I~ c. 
Varietal differences in percentage of filled spikelets 
as affected by low temperature were clear (Table 
2). At 170 I~ C, JinJieung and Lenkwang had 
more than 50% filled spikelets; IR36 and 3 indica
japonica rices died at the early stages of grain 
filling. At 200 1 12" C, only IR36 died, and the other 
varieties had more than 70% filled spikelets. The 
230 /150 C regime appeared to be the minimum 

Table 1. Effect of low temperature for 4 and 7 days at reduction division stage on degeneration of spikelets.IRRI. 1980. 

Splkelets (no./panlcle) 
Varrety 

Degeneration (%) 

Control 4 days 7 days 4 days 7 days 

Jinheung 54 51 50 6 8 
IR36 101 88 76 13 25 
Suweon 264 98 92 74 8- 25 
Suweon 258 154 145 114 6 26 
Milyang 29 146 136 115 10 21 
Lenkwang 134 133 131 2- 3 
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Table 2. Effects of temperature on the percentage of filled spikelets. IRRI. 1980. 

Day/night temp (OC) IR36 Jmheung 

17/9 526 
20/12 79.5 
23/15 768 849 
26/18 828 857 
29/21 78.9 898 
32/24 81.0 886 

°Dash indicates plants died. 

Table 3. Effects of temperature on grain weight IRAI.198O. 

DaY/night temp (OC) IR36 Jmheung 

17/9 233 
20112 253 
23/15 20.1 252 
26/18 22,2 25.7 
29/21 216 241 
32/24 21.4 238 

"Dash indicates plants died. 

temperature for normal grain growth in all varie
ties tested. 

Optimum temperature range for maximum 
grain wei~t varied with variety (Table 3). Below 
and above the optimum temperature range, grain 
weight was slightly lower in all varieties. These 
results indicated that low temperature tolerance of 
indica-japonica rices was clearly lower than that of 
a traditional japonica (Jinheung) and a tolerant 
indica (Lenkwang). 

WEATHER-NUTRIENT INTERACTIONS 

A variety's tolerance for environmental stresses 
may be greatly affected by levels of plant nutrition, 
which, in turn, are influenced by soil fertility and 
fertilizer practices. The effects of nitrogen and pot
assium nutrition on the variety's tolerance for low 
and high temperature stresses were studied in the 
IRRI phytotron. Plants were subjected to low 
temperature at the reduction division stage or to 
high temperature at anthesis. 

Nitrogen. The cold tolerance of Fujisaka 5 was 
higher than that of IR36 and mOre stable with 
respect to nitrogen nutrition. The percentages of 
spikelet sterility due to low temperature in IR36 
increased from 43% at 10 ppm N to 65% at 40 ppm, 

Filled splkelets" (%) 

Suweon Suweon Milyang 29 Lenkwang 
264 258 

583 
73.1 716 705 77.3 
804 78.5 78.7 86.7 
823 81.2 81.1 87.6 
818 79.6 80.4 88.1 
81.7 803 764 868 

Gram weight" (mg/grain) 

Suweon Suweon Mllyang 29 Lenkwang 
264 258 

20.5 
19.7 21.4 228 22.2 
206 22.1 241 23.3 
20.3 225 25.1 233 
205 22.6 238 23.1 
19.4 21.7 238 228 

and to 74% at 80 ppm N in solution culture (Fig. 2). 
In the cold-tolerant japonica variety Fujisaka 5, 
however, spikelet sterility was fairly low - 32-35% 
at 10 and 40 ppm N, and 56% at 80 ppm N. 

BKN 6624 tolerance for high temperature was 
not much affected by mtrogen nutrition (Fig. 3); 
spikelet sterility was already high (86%) even at the 
lowest level of nitrogen. On the other hand, the 

Splkeletstenhfy(%) 

80 

IR36 

...... 
...... ...... ...... 

~ ... 
------- FUjlsaka 5 

20 

°IOL-------40L--------~80 

N(ppm) 

2. Effect of nitrogen (N) on spikelet stenlity induced by low 
temperature (IP C) at reduction division of plants in solution 
culture. IRRI, 1980. 
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Spikelet slenijly (%) 
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~ 

80 BKN6624 

20 

°OLO----------~OL5----------~15 

N(g/poI) 

3. Effect of mtrogen (N)..Ion spikelet stenlity induced by high 
temperature (3SOq at heading of plants in soil culture. IRRI, 
1980. 

spikelet sterility ofN22 increased from 40% at 0.5 g 
N/pot to 64% at 1.5 g N/pot. 

Potassium. Potassium defi9iency induces high 
percentages of spikelet sterility even at normal 
temperature. In Fujisaka 5, spikelet sterility was 
15% at 2 ppm K, 4% at 10 ppm K, and 2% at 40 
ppm K. When the variety was subjected to low 
temperature, potassium deficiency increased spike
let sterility significantly (Fig. 4 and 5). Given 40 
ppm K, Fujisaka 5 was not affected at all by low 
temperature for 3 days. A similar trend was 

SpIkelet stenllly (%) 
100 

60 

40 ' .... , .... .... .... 
20 .. , 

-JR36 

---- FUJIsako 5 

" .-..----------
°2~------------~IO~-------------J. 

K(ppm ) 

4. Effect of potassIUm (K) on spikelet stenlity mduced by low 
temperature (ISO /15°q for 3 days.!t reduction diviSIOn stage 
IRRI,1980. 
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2 10 40 
K(ppm) 

5. Effect of potassium (K) on spikelet sterihty induced by low 
temperature (15° 115°q for 5 days at reduction division stage. 
IRRI,1980. 

observed in IR36. With low temperature for 5 
days, spikelet sterility at 40 ppm K increased to 
70% for IR36 but was only 24% for Fujisaka 5. 
Increased supply of potassium significantly de
creased spikelet sterility due to high temperature 
(Fig. 6). Thus, an adequate supply of potassium 
along with use of cold-tolerant varieties appears to 
be an efficient means of overcoming cold damage 
at the reduction division stage. Potassium also 
appears to counteract adverse nitrogen effects on 
spikelet sterility at both low and high tempera
tures. 

TOLERANCE FOR ANAEROBIC SOIL CONDITIONS 

Studies with anaerobic soils examined the inter-

20 _BKN6624 
---___ N22 

°2L-------------~~---------------"40· 

K(ppm) 

6. Effect of potassIUm (K) on spikelet stenlity mduced by high 
temperature (35° /2'FC) at headmg IRRI. 1980 
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relationship between oxygen release and oxidizing 
power, investigated the physiological mechanism 
of the tolerance of the whole plant for anaerobic 
soil conditions, and attempted to identify donors of 
physiologically well-defined tolerance. 

Release of molecular oxygen from rice roots. 
Release of molecular oxygen from rice roots into 
the rhizosphere is a possible means of counter
acting adverse anaerobic soil conditions. When 
rice roots were placed in water void of oxygen, the 
oxygen concentration of water increased with time 
and reached a maximum value of 20 to 40% of air 
saturation. When the atmosphere surrounding the 
shoots were changed from air to nitrogen gas, the 
oxygen concentration of the rooting water rapidly 
decreased within 10 minutes. When the nitrogen 
gas was again replaced by air, a rapid increase in 
oxygen concentration of the rooting water oc
curred (Fig. 7). The results indicated that move
ment of air from shoot to root was rapid and 
responded to changes in oxygen content of the 
atmosphere surrounding the plants. The results 
also support the idea that air moves in a pipe-like 
structure, with the shoot being the source and the 
root the sink. 

ElIect of respiratory inhibitors on oxygen re
lease rate and a-NA oxidizing power. To deter
mine if a biochemical pathway is responsible for 
oxygen release from rice roots, roots were treated 
with metabolic inhibitors. As shown in Figure 8, 
the oxygen release rate was increased when the 
roots were treated with sodium azide or potassium 

Atrsaturallon (%) 

20 

[0 

Time(hl 

7. Effect of atmospheric oxygen concentration 0'0 oxygt!n 
release from nce roots IRRI. 1980. 
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Oxygen release rate (fL1/planf per min) 
3.-------~--------------, 

/ ............ 
I ...... , 

I ...... 

II 
I --~~ 

f------------

8. Effects of metabohc inhibitor.. on the rates of oxygen relea~e 
of rice roots. lRRI. 1980. 

cyanide. The metabolic inhibitors, however, re
duced the roots' ability to oxidizea-naphthylamine 
(NA) (Fig. 9). This was expected because oxida
tion of a-NA by roots is enzymatic. 

ElIect oftemperature on oxygen release rate and 
a-NA oxidizing power. The rice roots' ability to 
oxidizea-naphthylamine is due to peroxidase. The 
a-NA oxidizing power is well correlated with the 
roots' respiration rate and ferrous iron oxidizing 
power at pH 4.0. 

Temperature affects oxygen release rate and a
N A oxidizing powerin opposite directions (Fig. 10 
and II). Oxygen release rate decreased with in
creasing temperature. At 35° C, oxygen release rate· 
became almost nil. On the other hand, the a-NA 
oxidizing power of roots increased with increasing 
temperature up to 30° C, stayed the same up to 
35° C, but declined sharply beyond it. Thus, at 
30-35° C in the rhizosphere, a temperature com
mon in the tropics, rice roots have low oxygen 
release rates but high a-NA oxidizing power. 

Fate of oxygen transported from shoot to root. 
When oxygen is transported from shoot to root, a 
large portion is used for root respiration. Because 
the enzymatic oxidation ofa-NAconsumes a very 
small portion of the oxygen, the amount of oxygen 
released from the roots is almost equal to the 



a -oophthylarrune oxidatiOO (mg/g dry roots) 

5 

Time (h) 

9. Effects of metabolic inhibitors on a-naphthylamine ohlda-
1Ion by nee roots. IRRI, 1980. 

difference between the amount transported and 
that consumed in respiration (Fig. 12). About 70% 
of the oxygen transported to the root is used for the 
respiration of root tissues at 25° C. At 35° C, 
almost all the transported oxygen is used for root 
respiration. Thus, the primary function of oxygen 
transport from shoot to root is to maintain respira-

AlrsalurallOn(%) 
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10. Effect of temperature on oxygen release by rice roots. SolId 
hnes mdlcate rates of oxygen release and dotted Imes, rates of 
oxygen consumption. IRRI, 1980 
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a -NA oxidalJon (mg/2h pet 9 dry roots) 

15 20 25 ..30 35 40 
Tem~ture(OC) 

11. Effect of temperature ona-naphthylanune OXIdation by rice 
plants. IRRI. 1980 

tion of roots growing in anaerobic environments. 
Oxygen release occurs only when there is surplus 
oxygen. 

Effect of external supply of oxygen on root 
growth. Rice can grow well in anaerobic soils and 
also in culture solution without aeration. How
ever, an external supply of air appears to favor 
elongation of rice roots in culture solution (Fig. 13). 
Dryweights of shoots and roots were also increased 
by aeration. 

Effect of mineral nutrition on root growth and 

O)l.ygenlrollsporled (100%) 

Respiroiloo (67-73%) 

Oxygen released 
(22-30%) 

12. Distnbution of oxygen in IR36 roots at 25°C. IRRI,1980. 
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13. Effect of aeration on root growth. Aerated: 97% of air saturatIOn, Nz: 38% of airsaturatton for 12 days; 
unaerated; 54% of air saturatIOn. IRRI. 1980. 

root oxidizing power. Two-week-old IR36 seed
lings grown in complete culture solution were 
transferred to culture solutions deficient in indi
vidual nutrients and grown for I week. Deficiency 
symptoms of nitrogen, calcium, and magnesium 
were clear; those of potassium and phosphorus 
were moderate. In the nitrogen-deficient plants, 
shoot growth was markedly decreased but root 
growth, both in length and weight, increased signif
icantly (Table 4). As a consequence, the root-shoot 
ratio of the nitrogen-deficient plants was more 
than two times that of control plants. Calcium 
deficiency, however, decreased shoot and root 
growth to a similar degree. The oxygen release 
rates were also lower in the nitrogen- and calcium
deficient plants. The roots' ability to oxidizea-NA 
was significantly reduced only in the nitrogen
deficient plants. 

CHEMICAL CONTROL OF SEEDLING EMERGENCE 
FROM FLOODED SOILS 

Effect of calcium peroxide, nicotine amide, and 
Tachigaren on seedling emergence. Coating rice 
seeds with calcium peroxide improves seedling 

emergence from flooded soils (1979 annual report). 
In 1980, a pot experiment was used to examine the 
effect of nicotine amide and Tachigaren on seed
ling emergence at high temperatures that prevail in 
the tropics. Seeds were soaked in 1,000 ppm nico
tine amide solution for 24 hours and then coated 
with calcium peroxide. Tachigaren was added to 
calcium peroxide at a rate of 3%. Seedling emer
gence was faster when the seeds were treated with 
either nicotine amide or Tachigaren along with 
calcium peroxide than with calcium peroxide coat
ing alone. There was, however, less than 10% dif
ference in seedling emergence among the treat
ments 13 weeks after seeding (Fig. 14). 

Comparison of methods of seedling establish
ment. Four methods of seedling establishment 
were compared to study the effectiveness of cal
cium peroxide coating in wetland direct seeding 
(Table 5). In machine seeding, coated or uncoated 
seeds were sown by a wet paddy seeder. In broad
cast flooded seeding, coated or uncoated seeds 
were broadcast on flooded puddled soil before soil 
particles were fully settled. In broadcast drained 
seeding, only uncoated seeds were broadcast on 

Table 4. Effects of mineral nutrition on growth and oxidizing power of lR36 plants. IRRI, 1980. 

CultUre 
solution 

Complete 
-N 
-p 
-K 
-Ca 
-Mg 

Dry wt (mg/plant) 

Shoot Root 

308 61 
184 93 
237 64 
245 45 
187 32 
286 65 

Root-
shoot 
ratio 

020 
0.50 
0.27 
0.19 
0.17 
0.23 

Oxygen 
release rate 

fJ.tI02/plant 
per min) 

0.87 
039 
066 
1.02 
027 
093 

a-NA oxidizmg 
power 

(mg/g dry root 
per h) 

1.11 
0.80 
139 
1.27 
1.35 
1.09 
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14. Effect of various chemicals on nce seedling emergence from 
flooded soIl. IRRI screenhouse, 1980. 

the soil surface after the field was drained. 'For the 
fourth treatment 20-day-old seedlings were trans
planted at 20- X 20-cm spacing. 

Coating with calcium peroxide ensured that suf
ficient seedlings emerged from flooded puddled 
soil. As a consequence, grain yields of wetland 
direct-seeded crops were comparable to those of 
the broadcast-drained and the transplanted plots. 
When uncoated seeds were placed in flooded 
puddled soil, however, percentages of seedling 
emergence were extremely low and uneven, result
ing in low yields. 

Effect of seedling density on grain yield of 
wetland direct-seeded crop. Because the calcium 
peroxide required is proportional to the amount of 
rice seeds, three seeding rates - 30, 50, and 70 
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Table 5. Effectiveness of calcium peroxide seed coating used 
in different planting methods IRRI, 1980a. 

Calcium Emerged Grain 
Method of peroxide seedlings yield 

plantmg coating (no.!m~) (t/hal 

Machine seeded/) With 174 5.5 
Without 8 06 

Broadcast, flooded With 216 5.4 
Without 30 2.7 

Broadcast, drained Without 259 5.6 
TransplantedC 5.4 

aVariety IR36, at seeding rate of 50 kg/ha bRow spacing of30 
cm . .::20- x 20-cm spacing 

Table 6. Effect of seeding density on grain yield of IR3G in 
wetland direct seeding. IRRI, 1980. 

Seeding Emerged Grain 
rate seedlmgs Yield 

(kg/hal (no.!m~) (t/hal 

30 157 420 
50 223 3.94 
70 273 424 

kg/ha - were used to examine whether seeding 
rate and calcium peroxide cost can be reduced 
(Table 6). 

The experiment indicated that by coating rice 
seeds with calcium peroxide, seeding rate can be 
reduced to one-third or one-fourth of the current 
practice. Seedling emergence ranged from 157 
plants/m' at 30 kg seeds/ha to 273 plantsl m' at 70 
kg seeds/ha. Because the seedlings that emerged 
were evenly distributed in the field and IR36 is a 
high tillering variety, the difference in initial plant 
density did not affect grain yields among three 
seeding rates. In traditional direct-seeding prac
tice, seeding rates of 100 to 120 kg/ha are common. 
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CONSTRAINTS TO HIGH RICE YIELDS IN 
FARMERS' FIELDS 

Agricultural Economics Department 

Constramts research in economics for 1981 focused 
on technical and economic relationships between 
rice yields and input use in the individual paddy, 
and analysis of economic and institutional factors 
influencing the farmer's use of tecqnology. Eco
nomic efficiency is partitioned into two com
ponents: 

• the individual's ability and desire to maximize 
profits - referred to as price or allucative 
efficiency - and 

• the farmer's capacity to obtain the greatest 
possible output f.or a given set of inputs -
referred to as technical efficiency. 

Price responsiveness of Laguna (Philippines) 
rice farmers. A sample of 81 rice farmers was 
drawn from the Economics Department's long
term loop survey of Laguna province. Most of the 
farmers were leaseholders, double-cropping about 
2.2 ha of irrigated rice. One-third of the sample 
owned a carabao and 41% owned hand tractors at 
the time of the survey (early 1979). The farmers 
grew modern rice varieties and used high levels of 
inputs. Wet season yields averaged 3.9 tfha, which 
was twice the national average (Table I). 

The output function of the rice production pro
cess was specified as: 

y ~ A p' }d"2 p' ("4 p' W'" zt' Zf 
exp (p,D, + p,D,) 

where 
Y is rice ontput, in kilograms; 
A is a constant; 

(I) 

F is the quantity of fertilizer applied, in kilo
grams; 

M is the number of mechanical (hand tractor) 
power days for land preparation; 

p is the quantity of pesticide applied (a compo
site of insecticide and herbicide); 

C is the number of carabao days for land 
preparation; 

E is the number of days of labor to transplant 
the rice crop; 

W is the number of days of labor used for crop 
maintenance, mainly weeding; 

ZI is the rice area, in hectares; 
Z2 is capital inputs, in pesos, 
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Table 1. Typical rice production systems in Laguna. Philip
pines. 1978 wet season." 

Output 
Rough rice 

Inputs 
Fertilizer 
Pesticides 
Carabao 
Power tiller 
Labor - preharvest 

- harvest-postharvest . 
-total 

Physical 
umt/ha 

391 

250 kg 
1 kg a i. 

28 h 
32 h 
58 d 
28 d 
86 d 

Value" 
($/ha) 

48980 

112.10 
3170 
12.10 

14259 
103.40 

5537 
172 38 

"Sample size = 81 bin the 1979 dry season US$1 = P735 

D, is an irrigation index (J ~ low, 5 ~ high 
quality); and 

D, is a soil quality index (I ~ clay, 5 = light
textured soil). 

F, M, P, C, E, and Ware the variable factors of 
production; ZI, Z2, D1, and D2 are fixed factors. 
Because profit function£ explicitly include prices in 
the analytical models, profit function is a useful 
way to study allocative efficiency. The normalized 
restricted profit function derived from (J) is given 
by: , 
In 71'* ~ In A* + ,~,f3~ In P, 

+ ± y, In Z, + ± D,D, + u 
')=1 4=1 

(2) 

where 

7T* is restricted profit (current revenue less cur
rent variable costs) per farm, normalized by 
the output price of rice; 

A * is a constant (technical efficiency parameters); 
p, is the money price of fertilizer, per kilogram, 

normalized by the price of output; 
P2 is the money price of mechanical input per 

day, normalized by the price of output; 
p, is the money price of pesticides per kilogram 

(insecticides and herbicides), normalized by 
the price of output; 

P. is the money price of animal output per day, 
normalized by the price of output; 

p, is the money wage per day for crop estab
lishment normalized by the price of output; 

p, is the money wage per day for crop mainte
nance (mainly. weeding), normalized by the 
price of output; and 

Z, to D2 are as defined in equation 1. 

l 
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The restricted profit function defined by equa
tion 2 is in terms of exogenous variables: normal
ized (or real prices) and fixed factors of production. 
As such the associated levels of variable inputs Xi, 
which will maximize expected profits, cannot be 
estimated directly from equation 2. 

The optimal levels of variable inputs are esti
mated from the input demand function as: 

-X/P, =f3~+v, 
rr* 

where i = F, M, P, C, E, W. 

(3) 

F, M, P, C, E, and W are the variable production 
inputs defined in equation 1; and 

V, are error terms representing divergence be
tween expected and realized price of each 
variable input. 

The logarithmic normalized profit function 
(equation 2) and variable factor demand functions 
(equation 3) are jointly estimated to obtain the 
un~npwn parameters A *, f3~. "Ill and 0". Restricted 
Aitken's estimation techniques provide asymptoti
cally efficient estimates of these parameters. 

Profit-maximizing assumption. An argument 
inherent in the profit function approach is that 
farmers are price efficient. The acceptability of the 
assumption that farmers attempt to maximize 
short-term profits can bejudged by testing whether 

Table 2. Tests of restrictions on B-parameters of restricted 
profit function and factor demand functions. IRRI, 1980. 

Lagrange multipliers 
X~-test 

Restrictions statistic 
A" t' 

lHr* = Bi"~ 1.51 0.76} 
(1.99) } 

Br* 
} 

= J3~JI 6.08 135} 
(4.50) } 

Bf* 
} 

= n:p 5.11 109} 
(469) } 

} 956 
Bf* = B:( 183 0.50 } 

(3.64) } 

B~* 
} 

= Bt'" 3 97 1 82} 
(2.18) } 

BY· 
} 

= B:n 3.84 1.50 } 
(2.56) } 

} 

"FIgures In parentheses are standard errors of estimates (n = 
81) I>Student t-values to assess whether A/ was sigmflcantly 
different from zero 

Table 3. Restricted normalized profit function and factor 
demand functions. 1979 wet season. Laguna, Philippines. 

Parameter estimateS' 

Variable" 
Restricted 

profit 
function 

Factor 
demand 
function 

A* constant ,. 807 (1.11) 
BI N fertilizer price -0.16 (O05) -016 (005) 
B~ N mechanical power price -026 (0.05) -026 (O05) 
Bl N price of pesticides -005 (O02) -005 (O.02) 
Bl N price of ammal power -009 (O04) -009 (O.04) 

Bl N labor. estabhshment -0.14 (026) -0.14 (O.26) 

Bt N labor. mamtenance -027 (O.08) -027 (O.08) 

1, area 0.74 (011) 
1, assets 008 (O04) ., irrigation index -0.09 (O.03) 
0, soil texture mdex -001 (O01) 

"N implies normalized input prices, I.e .• PI Ip". "Numbers in 
parentheses are estimates of asymptotic standard errors (n = 
81). 

the elasticities of the variable inputs are similar 
when derived from the normalized profit function 
and from the corresponding variable factor de
mand equations. 

The Lagrange mUltipliers (Ai) used to restrict the 
estimates of the !3,'s when derived from the profit 
function and variable factor demand equations 
were not significantly different from zero (Table 2). 
The x' test, which tested the validity of the restric
tions as a whole, also was not significant. Thus, the 
assumption that Laguna rice farmers seek to max
imize current profits did not appear to be unduly 
restrictive. Of the variable inputs, however, two 
categories of labor - in particular labor for crop 
establishment - came closest to violating the 
profit-maximizing assumption. One reason for 
that result may be that the hired labor wage was a 
poor proxy for the imputed opportunity cost of 
family labor; another reason was the difficulty of 
obtaining precise labor inputs based on single
recall interviews. 

Output supply and input demand elasticities. 
The restricted parameter estimates of the normal
ized profit function and the factor demand func
tions are listed in Table 3. The output (supply) 
elasticity for rice with respect to its own price (0.97) 
approaches unity; hence, a 1 % increase in rice price 
is expected to induce an almost similar increase in 
rice supplies. Laguna farmers, therefore, were re
sponsive to changes in rice prices: 

The demand for labor for crop maintenance 
(-0.27) which as mainly weeding, and mechnaical 
land preparation (-0.26) were sensitive to changes 
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in rice price. However, the demand for pesticides 
and animal power was not (both less than 0.1), and 
fertilizer (0.16) was between those. The output 
supply elasticity of rice exceeded 0.7 for land, but 
was low (less than 0.1) for capital. Thus, within the 
range offarm sizes studied, an increase in irrigated 
area (allowing for adjustments in the levels of vari
able inputs) would have a substantial impact on 
output. Improving the quality of irrigation al
though significant had a small effect on profits. The 
insensitivity of wet season profits in the Laguna 
sample to irrigation quality was probably due to 
less dependence of the monsoon rice crop than of 
the dry season crop on irrigation water. 

Indirect production elasticities. The indirect 
production elasticities derived from the restricted 
profit function are listed in Table 4. Diminishing 
returns to scale prevailed with respect to rice pro
duction (0.91). The elasticity coefficients showed 
that farm size was the most important factor 
influencing rice output on a per farm basis. The 
production elasticities for all inputs except crop 
maintenance and power tillage were low - less 
thanO.!. 

Technical efficiency of Laguna rice farmers. 
Laguna rice farmers appeared to be allocatively 
efficient. The above analysis, however, did not 
allow examination of the comparative technical 
efficiency of this sample of rice farms. 

Technical efficiency is a measure of a farm's 
success in producing maximum output from a 
given set a/inputs. A prodution frontier model was 
used to study the comparataive technical efficiency 
of the farmers. The function was estimated as the 
envelope curve of most efficient farmers, and the 
technical efficiency of individual farms then as
sessed in relation to the efficient set. 

The frontier production function, or maximum 
technologically possible output (MTPO) curve 
corresponding to equation I is: 

y=/(X" Z, D)+u+v (4) 

where 

Y, X" Z, and D are as defined in equations 1-3; 
u is the difference between the farm's practice 

and the best practice technique and relates to 
the firm's technical efficiency - it is either zero 
or negative; and 

v is the statistical error term. 
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Table 4. Indirect estimates of production function elasticities. 
1979 wet season, laguna, Philippines. 

Production elasticity 
Variable (indirect estimate) 

Fertilizer a, 0.08 
Mechamcal power a, 0.13 
PestiCides a, 0.03 
Ammal power a, 0.04 
Labor - establishment a, 0.07 

- mamtenance a, 013 
Area y, 0.38 
Assets y, 0.04 

It was assumed that v was normally distributed 
and u was a half normal distribution. Maximum 
likelihood techniques were used to estimate the 
parameters in the equation because ordinary least 
squares techniques were not suitable with two error 
terms as structured in the equation. 

The relative variability of u and v provided a 
means to statistically estimate the sources of the 
difference between the farmer's yield and that esti
mated by MTPO. This was achieved by calculating 
the variance ratio parameter (-y), which related the 
variability of u to total variability (a2

) in the follow
ingway: 

2 au 
Y=cr 

where a2 = a~ + a; and 0';; y';; 1. 

y has two important characteristics: 

(5) 

• when a~ tends to zero, then u is the predomi
nant error in equation 4, and y - 1. This 
implies that the output of the sample farmers 
differs from the MTPO mainly because of 
differences in technical efficiency. 

• when a~ tends to zero, then the symmetric 
error v isthe predominant errorin equation 4, 
soy- O. 

Thus, based on the value of y, it is possible to 
identify whether the difference between a farmer's 
output and the efficient output is principally due to 
statistical errors (y - 0), or to the sample's less than 
efficient use of technology (y - I). 

The ordinary least squares (OLS) and maximum 
likelihood estimates (MLE) of equation 4 are in 
Table 5. The estimates of the partial regression 
coefficients, in the OLS and MLE models were 
similar; the main difference was between the inter
cept terms. When compared to the OLS or average 
model, the MLE function tended to cause a vertical 



Table 5. Ordinary least squares IOlS) and maximum likeli· 
hood estimates (MlE) for a sample of laguna (Philippines) rice 
farmers, 1978 wet season." 

Variable OLS MLE 

Constant A 50447 541.01 
Fertilizer F 09** .08** 
Mechanical power M .12** 12** 
Pesticides P .03 ns .03** 
Carabao days C 0.13** .12** 
Labor, establishment £ .02 ns 02 ns 
Labor, mamtenance W .14** .14** 
Area Z, .37** 36** 
Assets Z, ¢ ns ¢ ns 
Irrigation mdex D, 02 ns .02 
Soil texture mdex D, ¢ ns ¢ ns 

ii' 52 
F ratio 9.65** 

Log likelihood function -10888 -31.27 
Vanance ratio y 04+ 
Total varlabihty a' 20** 
Farmer variability ~" .01 
Random variability a', 19 
n 81 81 

"** Imphes significant at 1 % level, + Implies significant at 10% 
level, ns = not slgnrflcant, cP Implies less than 0 01 

shift, as opposed to a change in the slope of the 
production function. 

An important result in Table 5 for the MLE 
model was that the variance ratio parameter, 'Y, 
while greater than zero (P";;' 10%) was compara
tively small (0.04), given the internal within which 
'Y lies. By inference, the variation in an individual 
farm's output arises mainly from random variabil
ity as opposed to marked differences in between
farmer levels oftechnical efficiency. Therefore, dif
ferences in technical efficiency. of the sample Lag
una farmers were not large - given the technology 
they now employ to grow their wet season rice crop. 

The production elasticities derived directlyfrom 
the production function (Table 5) and those derived 
indirectly from the profit function (Table 4) were 
similar. They demonstrate the robustness of the 
primal production and the dual profit function. 

BIOLOGICAL CONSTRAINTS 

Agronomy Department 

Fertilizer forms and timing of application. Forms 
of urea fertilizer, application methods, and timing 
of application were studied in farmers' fields in 
three Philippine provinces. Three forms of urea -
prilled urea (PU), sulfur-coated urea (SeU), and 
supergranule urea (SGU) - were used. Treat-

ments and resulting grain yields are summarized in 
Tables 6-7. Supplemental treatmentscoIfipared the 
farmers' and researchers' timing of applying nitro
gen. All treatments received a basal application of 
30 kg P,O, Iha and 30 kg K,0/ha in a randomized 
complete block design with 2 replications. Yields 
are summarized in Table 8. Highlights of the 1980 
results are in the following sections. 

Nuev(J Ecija sites. Although the highest dry 
season grain yield (6.9 tl ha) in Nueva Ecija was 
obtained with the application of 120 kg N/ha as 
prilled urea in 3 equal splits, such yield did not 
differ significantly from that obtained from any of 
the treatments with 80 kg N/ha except the re
searchers' 3-split application. The researchers' tim
ing of three equal applications gave an average 
yield increase of 0.3 t/ha from farmers' timing (8 
days and 38 days after transplanting [D1]), but the 
increase was not significant (Table 6). 

In the supplemental experiment, the lower ni-

Table 6. Effect of sources and methods of nitrogen application 
on the grain yield of rice in farmers' fields in 3 Philippine 
provinces, 1980 dry season. 

Gram Yield" (t/ha) 
Treatment 

Nueva 'Laguna Camarines 
EClja Sur 

No fertilizer nitrogen 49 43 c 3.5 c 

Farmers' N levelh 

Farmers' split'" 
Researchers' 3 equal 

split applications" 

Plowsole application 
Supergranule pomt 

placement'" 
Sulfur·coated urea 

broadcast and 
incorporated 

Researchers' 3 equal 
split applications 

Researchers' 2 unequal 
split applications' 
With incorporation" 

Researchers' 2 unequal 
spirt appircations 

Researchers' 3 equal 
split apphcations 

61 c 6.5ab 
6.4 abc 62 b 

80 kg Nlha 
65 ab 6.0 b 
65 ab 70a 

6.6 ab 63 ab 

6.3 be 63 ab 

6.5 ab 62 b 

66 ab 58 b 

120 kg Nlha 
67a 7.0 a 

49 b 
5.4 ab 

51 ab 
56a 

5.5 a 

5.3 ab 

55a 

53 ab 

5.5 a 

"Data are averages of7 farms 10 Nueva Ecija,4 in Laguna, and3 
in Camarines Sur. Separation of means in a column by Dun
can's multiple range test at the 5% level !>Average was 86 kg 
Nlha for Nueva EClja sites, 90 kg N/ha for Laguna, 855 kg Nlha 
for Camannes Sur. ("Applied 8 and 38 days after transplanting 
(DT) 10 Nueva EciJa; 18 and 53 DT 10 Laguna, and basal broad· 
cast and Incorporated (BI), 30 DT, and 5-7 days before panicle 
rnitlatlon (DBPI) In Camarines Sur dBI, 20·30 DT, and 5·7 DBPI. 
QO·12 em below soil surface 'Two·thlrds BI, and one·thlrd 5·7 
DBP!. "WIth rotary weeder or by hand 5·7 DBP!. 
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Table 7. Effect of sources and methods of nitrogen application 
on the grain yield of rice in farmers' fields in 3 Phllippin~ 
provinces, 1980 wet seasen. 

Grain Yield" (t/ha) 
Treatment 

Nueva Laguna Camannes 
EciJa Sur 

No fertilizer nitrogen 4.4 c 41 b 3.5 c 

Farmers' N /evelb 

Farmers' spht" 57 b 48a 45a 
Researchers' 2 equal 60a 4.9 a 4.5 a 

spht applicationsd 

29 kg Nlha 
Plowsole apphcation" 54 b 48a 39 b 
Supergranule point 54 b 52a 4.4 a 

placement 
Sulfur-coated urea 53 b 49a 45a 

broadcast and 
incorporated 

Researchers' 2 equal 5.3 b 48a 42 ab 
split applications 

Researchers' 2 unequal 53 b 50a 4.2 ab 
split' applications 
with Incorporation" 

Researchers' 2 unequal 5.4 b 4.7 a 4.3 ab 
split applications 

60 kg Nlha 
Researchers' 2 equal 55 b 49a 4.4 a 

spilt applications 

"Data are averages of8 farms In Nueva Ecija,5 in Laguna, andS 
in Camarines Sur. Separation of means in a column by Dun
can's multiple range test at the 5% leve!. bAverage was B9 kg 
N/ha for Nueva EClja sites, 70 kg N/ha for Laguna, B2 kg N/ha 
for Camarines Sur "Nueva EciJa: 10 days after transplanting 
lOT) and 5-7 days after panicle Initiation; Laguna lSand49DT; 
Camarines Sur: basal, 20 DT, and 5-7 days before panicle initia
tion (DBP!). d8asal broadcast and incorporated (81) and 5-7 
D8P!. "For Laguna and Camarines Sur, average rates of mt
rogen apphed were 25 and 21 kg/ha. JTwo-thlrds B[ and one
third 5-7 DBPI UWlth rotary weeder or by hand 5-7 DBP!. 

trogen rate (1-1 = 50 kg N/ha) gave researchers' 
timing an average 0.6 tlha yield increase from 
farmers' timing (Table 8). 

In wet season trials,yields from the 29 kg N/ha 
application techniques were comparable to those 
from prilled urea at 60 kg N/ha applied in 2 equal 
split doses. Plots receiving high rates of nitrogen 
had severe lodging caused by typhoons and sub
stantial yield reduction. 

The trial results indicated that the incorporation 
of topdressed nitrogen at 5-7 days before panicle 
initiation was not necessary for achieving high 
yield (Table 7). 

In the supplemental experiment researchers' tim
ing yielded significantly higher than farmers' tim
ing at all nitrogen levels (Table 8). These results 
agreed with an earlier finding in Nueva Ecija that 
many farmers apply fertilizer nitrogen inefficiently. 

Laguna sites. The highest dry season grain yield 
(7.0t/ha) in Laguna was obtained with 80 kgN/ha 
as urea snpergranules placed at 12-cm soil depth 4 
DT. With 120 kg N/ha as prilled urea applied at 3 
equal splits, grain yield was only 7.0 tl ha (Table 6). 
Farmers' split application (18 and 53 Dl) pro
duced yields similar to the researchers' split. 

In the supplemental experiment, yield differ
ences were not significant (Table 8). 

In the wet season, urea supergranules at 29 kg 
N/ha placed at 12-cm depth 4 DT produced 5.2 

Table 8. Effect on grain yield of farmers' and researchers' timing of application of farmers' level and test levels of fertilizer 
nitrogen in farmers' fields in 3 Philippine provinces, 1980 

Nitrogen apphed Grain Yield" It/ha) 
Time of 

Province Sites mtrogen Rate Tlmmg{' Farmers' 1-1 1-2 H 
(no.) applIcatIOn" (kg!ha) [evel 

Dry season 
Nueva EClla 112 8,38 DT 67a 62 a 69a 76a 
Nueva EClja 112 69a 68 b 70a 7.4 a 
Laguna 84 18,53DT 65a 59a 67a B,8 a 
Laguna 84 B.7 a 62a B.7 a 68 a 
Camarlnes Sur 82 4,45 DT 55a 50a 55a 5.5 a 
Camarines Sur 82 52a 52a 5.5 a 52 a 

Wet season 
Nueva EClla 4 62 10,5-7 61 a 57 a 61 a 64 a 
Nueva ECIJa 4 62 DAPI 67 b 64 b 64 b 67 b 
Laguna 6 70 18,49 DT 52a 50 a 51 a 50 a 
Laguna 6 70 51 a 49a 52 a 48a 
Camannes Sur 5 66 0,43 DT 54a 50a 5.5 a 59a 
Camannes Sur 5 66 57a 52a 58 a 61 a 

"F - farmers', R - researchers' {'DT - days after transplantmg DAPI - days after panicle imt18tlon Researchers' timmg of N 
applicatIon. dry season - 3 equal split applications (basal broadcast and mcorporated, 20-30 DT, and 5-7 days before panIcle 
imtiatlon); wet season -2 equal applications (basal broadcast and Incorporated, and 5-7 days before panicle initiatIon 'Test rates 
of mtrogen for dry season' intermediate levels were 1-1 = 50 kg N/ha, 1-2 = 100 kg N/ha, hIgh level (H) was 150 kg N/ha. For wet 
season, 1-1 = 29 kg N/ha, [-2 = 58 kg N/ha, H = 87 kg N/ha. For each province, separation of means In a column by Duncan's 
mulllp!e range test at the ,5% [evel. 
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Table 9. levels of inputs used in yield response trials in farmers' fields in 3 Philippine provinces, 1980. 

Fertilizer' (kg/hal Insect control' 
Province Input level" Sites 

(no.l N P,O, K,O G 

Dry season 
Nueva EClja F 85 36 36 1.5 0.5 
Nueva EciJa I 30 30 1.0 05 
Nueva EciJa H 120 30 30 30 40 
Laguna F 118 23 23 2.5 0 
Laguna I 30 30 10 20 
Laguna H 120 30 30 3.0 4.0 
Camarines Sur F 88 24 20 10 0 
Camarines Sur I 30 30 10 0 
Camarines Sur H 120 30 30 40 30 

Wet season 
Nueva EciJa F 82 46 18 2.5 20 
Nueva EClja I 30 30 25 10 
Nueva EClja H 87 30 30 5.5 4.0 
Laguna F 70 11 11 2.0 0 
Laguna I 30 30 10 2.0 
Laguna H 87 30 30 30 4.0 
Camarines Sur F 74 30 30 23 0 
Camarines Sur I 30 30 2.0 0 
.Camarines Sur H 87 30 30 37 40 

"F"'" farmers', I "" intermediate, H = high bOther test rates of nitrogen: dry season -0, 60, 90, and 150 kg/ha; wet season -0, 29, 
58, and 116 kg/ha. TimeofN application. 2 split doses (two-thirds basal broadcast dnd Incorporated, and one-thlrdS-7 days before 
pamcle initiation) Phosphorus and potassium were applied basally. rData show average number of fohar (F) sprays (monoc
rotophos, methyl-parathion, azinphos-ethyl) or of granular (Gl apphcatlons (lindane, carbofuran, diazinon) to paddy water. The 
maIO field crops were treated In,some cases, seedbeds were also treated. 

tlha, but treatments did not differ significantly 
(Table 7). The yield from farmers' split application 
of 70 kg Nlha was similar to ·that with the 
researchers' timing of fertilizer application. 

In the supplemental experiment, grain yields 
with farmers" timing were similar to yields with 
researchers' timing at all nitrogen levels (Table 8). 
Low yields were due to lodging. 

Camarines Sur sites. At Camarines Sur, the 
average dry season grain yields at 80 kg N I ha were 
similarfor point placement of urea snpergranules, 
basal application of ordinary sulfur-coated urea, 
and the researchers' split (2 and 3) applications of 
prilled urea (Table 6). Application of a higher rate 
(120 kg N I ha as prilled urea) using the researchers' 
3-split method gave no additional yield increase. 
The average yield with plowsole placement of 
prilled urea was only 5.1 tlha because of extremely 
low yield from I farm. 

In the supplemental expenment, yields with 
farmers' and researchers' timing at all levels of 
nitrogen did not differ significantly (Table 8). Bac
terial blight and sheath blight caused substantial 
yield reductions on plots that received high levels 
(1-2 and H) of nitrogen. 

In the wet season, yields with plowsole applica-

tion were significantly lower than those in other 
treatments, but the plowsole treatments had only 
21 kg N/ha. With plowsole application yields 
ranged from 2.4 to 5.7 tl ha. Yield variations could 
be attributed to the length of time nitrogen was 
applied before transplanting, and variations in ni
trogen rates from farm to farm. 

In the supplemental experiment, no significant 
yield differences were seen (Table 8). 

Yield response to major farm inputs. A 1980 dry 
season experiment on irrigated farms in three pro
vinces evaluated the response of transplanted rice 
to increasing levels of nitrogen. The levels of inputs 
are shown in Table 9. 

Nueva Ecija slles. Dry season grain yields at 
farmers' and all test levels of nitrogen (except zero 
level) at Nueva Ecija were not statistically different. 
Among the fertilizer combinations tested, com
plete fertilizer (NPK at 120-30-30 kg/Ka) produced 
a grain yield of7.0 tlha (Table 10). Without fertil
i2er nitrogen, the yield decreased substantially (3.6 
t/ha) and the omission of phosphorus and potas
sium in the fertilizer package decreased yield by as 
much as 1.0-1.4t/ha. The yield responses to phos
phorus and potassium were not significant. As in 
the results obtained from the main experiment, the 
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Table 10 Yield response of rice to nitrogen, phosphorus. and 
potassium in farmers' fields in 3 Philippine provinces, 1980. 

Gram Yleldb (t/ha) 
Fertilizer 
application" Nueva Laguna Camarines 

EC1Ja Sur 

Dry season 
PK 36 b 5.6 b 4.3 e 
NK 6.0 a 63 ab 54 b 
NP 5.6 ab 6.7 a 56 ab 
NPK 7.0 a 65a 65a 

Wet season 
PK 43 b 3.5 b 4.1 a 
NK 68a 45 ab 42a 
NP 65a 44 ab 42a 
NPK 71 a 48 ab 45a 

"Dry season' 120 kg N/ha,30 kg P~O~/ha, and30 kg K:O/ha; wet 
season' 87 kg N/ha, 30 kg P~Ol/ha, and30 kg KlO/ha. bNumber 
of test sites for both dry and wet seasons. Nueva Ecija - 2, 
Laguna - 2, Camarines Sur - 3. Separation of means in a 
column by Duncan's multiple range test at the 5% level 

incorporation of the remaining dose of nitrogen to 
the soil at 5-7 days before panicle initiation gave no 
further yield increase (Table II). 

In tlie wet season, grain yields increased with 
increasing levels of nitrogen up to 87 kg N/ha, but 
the yields obtained with 29 kg Nlha, 58 kg N/ha, 
and the farmers' nitrogen level of 82 kg N I ha were 
not significantly different. 

No additional yield response was obtained with 
the application of 116 kg N Iha. Complete fertilizer 
(87-30-30 kg NPK/ha) produced an average yield 
of7.1 tlha (Table 10). Incorporating nitrogen into 
the soil at 5-7 days before panicle initiation had no 
effect on grain yield (Table II). 

Laguna sites. In dry season experiments in La
gnna, average grain yields with increasing levels of 
nitrogen were similar. The grain yield with no ni-

Table 11. Effect on rice grain yield of incorporating fertilizer 
nitrogen into the SOIl before panicle initiation in experiments In 

farmers' fields in 3 Phihppine provinces, 1980. 

Gram Yield (tlha) 

Province Sites With Without 
(no.) incor- mcor- Difference" 

poratlon" poration 

Dry season 
Nueva EClja 8.5 84 0.1 ns 
Laguna 68 67 01 ns 
Camadnes Sur 6.7 73 -06 ns 

Wet season 
Nueva Ecija 71 71 0 ns 
Laguna 42 43 -0.1 ns 
Camannes Sur 4.5 47 -02 ns 

"By rotary weeder or by hand. bns = not significant. 
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trogen was not significantly different from yields at 
the farmers' level (60 kg Nlha and 150 kg N/ha) 
(Table 12). The application of NPK at 120-30-30 
kglha produced 6.5 tlha grain yield, which was 
similar to the yields of the no-phosphorus and 
no-potassium treatments (Table 10). No benefit 
was seen from incorporating the second applica
tion offertilizer at 5-7 days before panicle initiation 
(Table II). In the wet season, application ofNPK 
gave no significant yield difference from no
phosphorus and no-potassium treatments (·Table 
10). No benefit was gained from incorporating the 
second application of fertilizer 5-7 days before pan
icle initiation (Table II). 

Camarines Sur sites. Dry season results in Ca
marines Sur were similar to those at Nueva Ecija 
and Lagnna. Complete fertilizer at the rate of 120-
30-30 kg NPKI ha produced an average yield of 6.5 
tlha (Table 10). Response to potassium applica
tion was not significant. As in the main experi
ment, soil incorporation of topdressed nitrogen at 
5-7 days before panicle initiation did not increase 
the yield further (Table II). 

In the wet season, the highest yield (4.9 t/ha) was 
obtained from 29 kgNlha (Table 12). Theapplica
tion of 116 kg N I ha produced yields similar to 
those with zero nitrogen. At the farmers' level of 
nitrogen (74 kg N/ha), the average yield was 4.3 
t/ha. The erratic tre!1d of yields with increasing 

Table 12. Grain yields of farmers' and increasing nitrogen 
levels from experiments in farmers' fields in 3 Philippine pro
vinces, 1980. 

Grain,yield" (t/ha) 
Level of nitrogen" 

(kg/ha) Nueva Laguna Camarines 
EClja Sur 

Dry season 
Farmers' 5.5 ab 63 ab 5.7 a 

0 36 b 56 b 4.3 b 
60 58 a 6.1 ab 59 a 
gO 60a 65a 63a 

120 70a 65a 6.5 a 
150 68 a 63 ab 6.1 a 

Wet season 
Farmers' 61 be 5.6 a 4.3 b 

0 43 d 35 b 4.1 b 
29 56 e 48 ab 4.9 a 
58 61 be 45 ab 46 ab 
87 71 a 48 ab 45 ab 

116 70a 4.2 ab 4.1 b 

"Except farmers' level, all N treatments received 30 kg each of 
PlO:,> and K20 "Number oftrials for each province are indicated 
In Table 9. Separation of means in a column by Duncan's 
multiple: range test at the 5% level 

" 



levels of nitrogen was due to lodging and high grain 
sterility, particularly at high rates of nitrogen. A 
typhoon occurred during the flowering stage. 
Among the fertilizer combinations tested, similar 
yields of 4.2 t/ha were obtained with the combina-

tion of either phosphorus or potassium with nitro
gen(Table 10). Responses to N, P, and K were not 
significant. Soil incorporation of topdressed nitro
gen 5-7 days before panicle initiation did not in
crease the yield further (Table I I). 
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WORK ACTIVITIES OF CENTRAL LUZON FARM 
FAMILIES: AN AGE-SEX ANALYSIS 

Data previously obtained in a study in three 
municipalities of Central Luzon, Philippines, were 
analyzed to identify the economic activities of men 
and women of various ages, to determine the rela
tive contribution of men and women to family 
income, and to identify some of the sex differential 
factors influencing labor allocation. 

Data and background information. Primary 
data were gathered for I year through a daily 
record-keeping project on 87 farmer households in 
6 villages in Central Luzon, Philippines. The 
households were a stratified random sample con
stituting 20% of the farm popUlation in each of 6 
villages in 3 municipalities - Gapan and Gnimba 
in Nueva Ecija and Mayantoc, Tarlac. 

Farmer cooperators kept daily records on the 
economic activities of each family member. The 
data were supplemented with personal interviews. 
Activities were classified as: 

I. Own rice farm activities - work done on the 
respondent's own farm by family members 

2. Hired farm employment - work for others 
for cash, payment in kind or share of the crop 

3. Nonrice farming activities on home farm
work on crops other than rice and raising 
livestock or poultry 

4. Exchange labor - work for other farmers in 
exchange for their work on respondent's farm 

5. Nonfarm employment - income-generating 
activities outside the agricultural sector 

6. Maintenance and provision activities - fuel 
wood cutting, repairs to house or eqnipment, 
fishing, hunting, and food gathering. 

The household characteristics are summarized 
in Table I. 

Labor contribution by sex. Women accounted 
for 35% of the total employment in the study 
households (Table 2). Women contributed a neg
ligible amount of work reqniring handling of 
animals or tractors for land preparation, butabout 
63% of the total labor in pulling and transplanting 
tasks. Weeding, accounting for the largest propor
tion offamily labor in preharvest tasks, was carried 
out largely by men. Other preharvest tasks, which 
include fertilizing, spraying, irrigating and man
agement, were also done mostly by men. 

Harvesting and postharvest tasks are tradition
ally done by hired laborers; therefore, the total 
labor for those tasks is substantially greater than 
that indicated in Table 2. Where the number of 
landless laborers is limited, family labor - mostly 
women' - is used. For this sample, threshing was 
commonly mechanized using the large thresher 
known as Ii/yadora. Although threshing is a male 
activity, harvesting or cutting the crop is a sex
neutral operation. The net effect was male domina
tion of harvest and postharvest activities. 

More females than males worked in some pro
ductive tasks outside the rice enterprise. Most 
important were nonfarm employment activities 
where women contributed 69% of the labor-hours. 
Women contributed over half the exchange labor 
for transplanting and harvesting, land preparation 
during final harrowing, and activities like piling or 
stacking of harvested palay. 

Men did almost all the land preparation and a 
good deal of the pullmg, weeding and other pre
harvest rice farming activities as well as most of the 
other farm activities. They also dominated in main-

Table 1. Household characteristics of sample farmers in 3 municipalities of Central Luzon, Philippines, 1973·74. 

Gapan, Guimba, Mayantoc, Total or 
Nueva Nueva Tarrae average 
Ecija Ecija 

HouseholdS (no) 30 28 29 87 
Fami Iy size (no.) 7.6 7.3 6.9 73 

Male work force (no.) 2.2 22 2.3 2.2 
Fema Ie work force (no.) 1.9 2.0 1.3 1.7 

Farm owners (no.) D. 0 23 23 
Leaseholders (no.) 18 26 2 46 
Share-tenants (no.) 12 2 4 18 
Irrigated 2-crop farms (no.) 30 15 29 74 
Farm size (ha) 2.7 2.4 3.0 2.7 
Yield (kg/ha) in wet season 3050 2225 3375 2863 
Rice income IS/year) 597 41' 1223 745 
Other income ($/year) 236 246 53 178 
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Table'2. Allocation of work hours to male and female family members in 81 farm households in 6 sample villages of 3 
municipalities of Central luzon. Philippines. 1973-14. 

Work hours/person % of total work hours 
per year contributed" 

Male Female Male Female 

Own nce farm 641 207 79 21 
land preparation 230 4 99 1 
Pulhng 9 16 36 64 
Transplanting 18 30 38 62 
Weeding 136 65 68 32 
Other preharvest tasks 121 27 82 18 
Harvest, postharvest tasks 127 65 71 29 

Hired farm employment 48 80 43 57 
Nonrice, farm enterprises 35 27 62 38 
Exchange labor 38 60 44 56 
Nonfarm employment 178 490 31 69 
Maintenance and provision 270 27 93 7 

Total, average 1210 891 65 35 

"Because the totalwork force inthe sample households conslstsof191 male and 154 female, the percentages here are weighted by 
the number of males and females 

Table 3. Fann family Jabor force in 87 farm households in 6 
sample villages of 3 municipalities. Central luzon, Philippines, 
1973·74. 

Male 
Female 

Persons (no) In the laborforce 

Below 13 yr 13-16 17-21 22-65 Over 65 

41 
18 

47 
33 

98 
91 

tenance activities, hunting, and fishmg Main
tenance activities included provision for work 
animals, repairing of house and equipment, and 
woodcutting for fuel. 

Labor activities by age. Table 3 shows the distri
bution of the sample families' labor force by age 
and sex. Only 15 individuals below nyears were 
considered members of the labor force. The males 
in that age group contributed heavily in the main
tenance and proviSIOn activities and on the family 
farm (Table 4), but the females contnbuted rela-

tively few labor hours in any activity (Table 5). 
Males m the 13-16 and 17-21 age groups worked 
significantly fewer hours than males in the 22-65 
group. The latter reportedly worked 82% of a 50-
week, 40-hour week "full employment" regime. 

Females in the two younger age groups concen
trated on work on the family rice farm or work as 
hired laborers for other farmers, or helped with 
exchange labor obligations. Those in the 17-21 age 
group contnbuted 838 hours a year - 42% of a 
"full employment" regime - mostly on nonfarm 
employment Both men and women over 65 years 
were still economically active - the women allo
cated most of their time to low-paying or low
income-generating nonfarm activities, such as oper
ating a sari-sari store or catching fish and other 
animals for sale or for home consumption. 

Farm size effects. It was hypothesized that effec
tive crop area affected male and female work par
ticipation. It was expected that farmers with more 

Table 4. Work activities of males in various age groups in 81 fann households in 6 sample villages of 3 municipalities, Central 
Luzon, Philippines, 1973-74. 

Family rice farm 
Nonriee, farm 
Hired farm employment 
Exchange labor 
Nonfarm employment 
Maintenance and provision 

Total 

Below-13 yr 

80 
6 

37 
8 

69 
340 

540 

Work hours per person per year 

13-16 17-21 22·65 Over 65 

241 474 905 672 
30 32 40 47 

103 88 13 11 
19 40 45 63 
21 158 269 50 

163 133 365 162 

577 925 1637 1005 
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Table 5. Work activities of females in various age groups in 87 farm households in 6 sample villages of 3 municipalities. Central 
Luzon, Philippines, 1973-74. 

Work hours per person per year 

Below 13 yr 13-16 17-21 22·65 Over 65 

Family rice farm 29 125 152 215 21 
Nonrice, farm 0 0 0 45 0 
Hired farm employment 33 95 122 67 54 
Exchange labor 2 44 29 82 0 
Nonfarm employment 0 5 535 447 1058 
Maintenance and provision 0 0 0 45 0 

Total 64 269 838 901 1133 

Table 6. Hours of labor input by male and female household members on farms of 3 size groups for 87 farm households in 6 
sample villages of 3 municipalities, Central Luzon, Philippines, 1973-74. 

Work hours per yeaJ"l 

Male Female 

<4 ha 4-5 ha >5 ha <4 ha 4·5 ha >5 ha 
(2.71 (4.11 (641 (2.71 (4.11 (6.41 

~amily rice farm 525 705 720 174 161 262 
Nonrice, farm 79 8 8 53 6 8 
Hired farm employment 54 46 42 95 50 77 
Exchange labor 45 15 42 44 40 B7 
Nonfarm employment 222 106 173 466 563 280 
Maintenance and provision 288 297 237 43 5 19 

Total 1213 1177 1222 875 825 733 

"Values 10 parentheses represent effective crop area, in hectares. 

effective crop area would hire more labor and 
hence work less, and that females in households 
with more land would work less. The farms were 
rather homogeneous in size -around 3 ha - but 
they varied in effective crop area because of differ
ences in irrigation. 

There was no relationship between farm size 
reflected in effective crop area and hours of work 
(Table 6), although the effective crop area (2.7 hal 
of the smallest size group was less than half that 
(6.4 hal of the largest size group. Thefemales in the 
largest size group worked more hours on the family 
rice farm than those on smaller farms. The differ
ences in the nonfarm work hours among the three 
size groups were substantial but were not system
atically related to farm size. The data strongly 
support the hypothesis that in this sample, farm 
size had no effect on total work hours of males, and 
only a slight one on work hours offemales. 

Income contribution by age and sex. Table 7 
shows the average mcome of male and female 
household members of different ages. Earnings 
from the family farm were apportioned to family 
workers in proportion to hours they worked, and 
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wage earnings reflected market wages received. 
The average male worker earned 3 times more than 
the average female worker because he worked 50% 
more hours and was paid at a 150% higher average 
wage rate. The falTIlly rice farm was the main 
source of income for all age groups, except for 
females over 65, whose main earnings were from 
nonfarm employment. 

The average wage of males in all categories 
increased with age up to 65. The average wage of 
females of 17-21 years was only 60% of that of 
females under 65 (Table 8) because of the prepond
erance of low-wage domestic employment for the 
17-21 age group. Wage rates offemales werelower 
than those of males in all categories. 

HOUSEHOLD ECONOMY OF LANDLESS 
WORKERS AND RICE FARMERS IN ILOILO. 
PHILIPPINES 

The household economies of 8 landless workers 
and 8 farmers from a rice-growing village in 
Dingle, Iloilo Province, were compared. Labor 
activities, income transactions in cash and kind, 
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Table 7. Income contribution by age and sex of labor force participants in 87 farm households in 6 villages of 3 municipalities, 
Cent-:alluzon. Philippines, 1973-74. 

All Below 13 
ages 

FamIly flce farm 
Male 29568 1253 
Female 49 66 626 

Nonrice. farm 
Male 8.96 
Female 500 

Hired farm employment 
Male 6.43 360 
Female 872 2_00 

Nonfarm employment 
Male 32.08 5.06 
Female 27.00 0 

Total 
Male 343_15 21.19 
Female 91.28 

and credit transactions were recorded through 
daily records for a half-year period. 

Weekly summaries of the daily records provided 
a week-by-week profile of each household's econ
omy. At the end of the 6-month period, the family 
heads and spouses reviewed the summary records 
with the researchers. 

Sources and levels of income. Income flows-for 
both.1andle5s workers and tenant-farmers closely 
followed the cycle of rice production. Some distinct 
differences between the two groups were, however, 

Table 8. Average dally wage rate, by age and sex of laborforce 
participants in 87 farm households in 6 villages of 3 
municipalities. Central luzon. Philippines, 1973-74. 

Family nce 
farm 

Male 
Female 

Nonrice. 
farm 

Male 
Female 

HIred farm 
employment 

Male 
Female 

Nonfarm 
employment 

Male 
Female 

Av dally wage rate ($) 

Below 13 13-16 17-21 22-65 Over 65 

Y' 

120 2.32 2.08 440 200 
1.68 144 1.60 2.48 120 

024 1-44 2.72 4.00 
1.68 

0_72 056 112 2.16 0.48 
0.48 0.96 0.48 1.12 0.48 

056 048 0.88 1.60 120 
0.40 OAO 0.56 0-32 

8.26 

Income contribution ($/yr) 

13-16 17-21 22-65 Over 65 

7053 12720 502.80 169.73 
23.46 31.86 67.20 320 

0.40 586 3_73 23.60 
0 0 9.86 0.66 

746 12.80 3.60 066 
11-60 7.33 946 3.73 

1.33 18.93 55.20 7.86 
0.26 26.93 3346 44.13 

79.72 164 79 565.33 201.85 
35.32 66.12 119.98 51.72 

discernible. Generally, the landless workers had 
frequent but low income peaks dependmg upon the 
availabihty of a harvest Or occasional farm jobs 
that paid cash wages_ Rice farmers ordinarily expe
rienced one very high income peak per season at 
harvest time. From that they provided for their 
family's rice requirements and other needs in the 
next 4 to 5 months, and repaid any production loan 
incurred during the season. 

Three sources of income were farming, nonfarm~ 
ing, and machine rentals, which included income 
earned by renting out machmery_ 

Table 9 shows the average income of the sample 

Table 9. Sources of income of landless workers and rice far
mers in 16 households in Dingle, Iloilo. Philippines, 19n-78dry 
season.a 

Income source 

Farming 
Own rice farm 
Harvest share 
Cash wages 
Livestock sales 

Nonfarming 
Carpentry 
Buy and sell 
DonatIons 
Others 

Machme rentals 
Gross income 

Landless workers Rice farmers 
(n = 8) (n = 8) 

% 

164 59 
42 15 
39 14 

10 4 
10 4 
8 3 
3 1 

276 100 

447 
5 

14 
139 

% 

58 
1 
2 

18 

154 20 
767 100 

almputed value for palay is $0.13/kg. 
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Table 10. Sources of gross income of2subgroups of landless worker andfannerhouseholds in Dingle, 110110, Philippines, 1977-18 
dry season. 

Income source Younger 
landless 
workers 

Farming 
Own rice farm 
HalVest share 148 
Cash wages 31 
livestock sales 30 

Nonfarmmg 
Carpentry 3 
Buy and sell a 
Donations 6 
Others 1 

Machine rentals 0 
Gross income 219 

households during the 1977-78 dry season. The 
major source of income for landless workers was 
shares in palay harvest, comprising an average of 
rough rice worth $164 for the 6-month period. 
Fifteen percent of the household income came 
from cash wages for farm work such as fIxing 
bunds, transplanting, and hauling palay sacks. 
Altogether, 74% of the landless workers' income 

Table 11. Consumption and production expenses for 6 
months of landless workers and rice fanners in 16 households 
in Dingle, Iloilo, Philippines, 1977-18 dry season. 

landless RIce 
workers farmers 

Expenses In = 8) In - 8) 
--------

% % 

Consumption 
Food: a) Rice 92 39 112 34 

b) Others 62 26 71 21 
Clothes or personal 16 7 25 8 

wear 
Household items 10 4 15 4 
House repairs 1 1 25 8 
Schooirng 5 2 15 5 
TransportatIon 10 4 15 4 
RecreatIon, drinks or 22 9 15 5 

cigarettes 
Medical care 4 2 17 
DonatIons or others 11 5 19 

Subtotal 233 100 329 100 

ProductIon 
Own rice farm 0 298 66 
Other nee farms 17 2 
Lrvestock and other 83 3 

farm activitIes 
Machine investments 150 33 

Subtotal 100 453 100 

Total 239 782 
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Gross income (S/year per household) 

Older Smaller larger 
landless tenant- tenant-
workers farmers farmers 

308 587 
175 8 3 
49 1 1 
44 154 125 

14 
16 
8 
3 

0 164 143 
309 637 873 

came directly from farming operations on rice 
farms. 

In contrast, rice farmers received 58% of their 
gross income from their own farms and 20% from 
their'capital investments in hand tractors and other 
machines. Income from machine rentals ($154) 
almost equaled the landless workers' income from 
harvest shares ($164). Only 3% of the rice farmer's 
family income was from work on other rice farms. 

Livestock sales constituted another source of 
income for both groups. They included sale of a 
fattened pig at the end'of 5 or 8 months, or occa
sional sale of poultry eggs. 

Nonfarm sources accounted for 12% of the gross 
income of landless workers, but only a negligible 
1% for rice farmers. 

The sample households were further grouped 
according to age of landless household heads and 
size offarmholding offarmers. Younger and older 
landless ,"')rker households differed in the number 
of working children per family. Older landless 
worker households had more working children 
and earned more in harvest shares, but they were 
proportionately less dependent on this income 
source (Table 10). 

Size of farmholding was the best index of 
resource control for tenant-farmers. Farmers with 
larger holdings earned almost twice as much as 
small farmers from their own rice farms. 

Expenditures. Table II compares the expendi
tures of landless workers and rice farmers. The 
largest single item of consumption expenses was 
food, 65% for the landless workers and 55% for the 
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Table 12. Average monthly net income and consumption levels of landless workers and rice fanners in 16 households In Iloilo, 
Phlllppines, 19n~78 dry season. 

Young Older 
landless landless Small Larger 
workers workers farmers farmers 
In = 3) In = 5) In = 4) In = 4) 

Monthly income and consumption ($Ihousehold) 
Gross income 3640 

a. Rice farming 29.73 
b Other sources 6.67 

Production expenses 0 
Net income 36.26 
Machinery investments 0 
Consumption expenses 32.53 
Surplus 3.73 

5.70 

42 

rice farmers. Rice alone made up 39% of the land
less workers' family consumption and 34% of the 
farmers'. 

Secondary expenses among landless workers 
were for recreation, clothing, and donations. Rice 
farmers spent more, except for recreation. In par
ticular, they spent more for house repairs, medical 
care, and schooling expenses. 

Landless workers spent only about $6 or 3% of 
their total expenses for productive purposes -
replacing wornout harvesting instruments such'as 
sickles or mats for the drying of palay. At other 
times, a small cash outlay was used to procure a 
piglet or two for fattening. A few landless workers 
incur.·-d labor costs when they hired other workers 
to finish urgent farm tasks such as weeding or 
harvesting. 

The 8 farmers spent an average of$453 or 58% of 
their total expenditures for production purposes 
during the dry season; two-thirds was used for 
expenses on their own rice farms, and one-third 
was for installment payments for farm machinery 
or for maintenance costs (Table I I). 

Because production inputs for landless worker 
households were minor, subtracting production 
expenses from gross income gave them a net 
income almost equal to their gross income. Farmer 
households, on the other hand, had net incomes 
less than 50% oftheir gross. A breakdown into four 
subgroups provides a clear picture of differences 
within the landless worker and farmer groups 
(Table 12). In terms of monthly gross income, the 
young landless worker families had the lowest 

51.73 106.00 149.73 
37.33 52.66 102.66 
14.40 53.33 47.06 

1.73 36.00 65.20 
50.00 70.00 84.53 

0 25.06 25.06 
42.40 48.80 60.93 

7.60 -3.86 -146 

Per capita consumption ($) 
6.06 7.18 8.96 

% spent on rice/household 
39 33 27 

earning capacity ($361 month) because they had 
smaller households or more preschool children. 
The farmers earned the highest income ($1501 
month) because of their farm size. Net incomes 
followed the same pattern. 

Landless workers showed a small amount of 
savings. Rice farmers had deficits because five of 
them were making installment payments for farm 
machines. 

Per capita consumption levels closely followed 
the pattern of total consumption because the 
number offamily members for the four groups was 
similar. 

Landless worker households derived 76% of 
their income from rice farming, 12% from other 
agricultural activities, and another II % from non
agricultural activities. Because their expenses were 
minimal, their gross.and net incomes were almost 
the same, averaging about $451 household monthly 
dunng the study period (Table 13). 

In contrast, rice farmers grossed almost three 
times as much as landless workers, but about 40% 
of that went to production expenses (Table 12). 
Their net income was roughly half from rice farm
ing, 43% from other agricultural activities, and 3% 
from nonagricultural activities. Although machine 
investments were major items in the rice farmers' 
accounts, the costs of installment payments during 
the period covered practically cancelled out any net 
returns from this source. 

Thus, in terms of net income, the landless 
workers earned 1.25 times more from rice farming 
that did the rice farmers themselves! Furthermore, 
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Table 13. Labor time and net income by source for 16 study 
'households in Dingle, iloilo, P~illpplnes, 1977-78 dry season. 

Source 
8 landless 

worker 
households 

Labor time (hlma per household) 

8 rice 
farmer 

households 

Rice farming 270 108 
Other agricultural 44 99 

activities 
Nonagncultural 18 

activities 

Total 332 2'4 

Net income ($Ima per household) 
Rice farming 34.28 27.53 
Other agricultural 5.57 22.71 

activities 
Nonagricultural 5.02 1.33 

activitIes 
Machinery investments 0 0.64 

Total 44.87 5221 

Rice farming 
Other agriculwral 

activities 
Nonagricultura I 

activities" 
Avail activities 

(weighted) 

Labor earnings ($18 hi 
0.96 
0.96 

2,6 

'.04 

"Including machinery earnings. 

2.00 
1.76 

2.25 

'.92 

the landless workers earned almost 4.times more 
than rice farmers in nonagricultural activities such 
as carpentry and buy-and-sell enterprises. Rice 
farmers, however, earned 4 times more than land
less workers in other agricultural activities, princi
pally livestock sales. 

Labor productivity. Landless workers invested 4 
of 5 working hours in rice farming and earned $3 of 
$4 from this source. Rice farmers spent only half of 
their work hours in rice farming and derived half of 
their net income from it. The other half of the rice 

farmers' labor and a fifth of the landless workers' 
time were spent in other agricultural activities and 
in nonagricultural activities. 

The wage rate earned, obtained by dividing net 
income by total work hours, reflects labor produc
tivity in each economic activity. Landless workers 
earned, on the average, $0.96/ 8 hours spent in rice 
farming and in other agricultural activities (Table 
13). That was higher than the standard daily wage 
of$0.82for ordinary farm work such as transplant
ing or weeding. They also received the highest 
returns of $2.16/8 hours from nonagricultural 
activities. Rice farmers achieved higher labor pro
ductivity for all sources of net income. 

Table 13 shows that hourly labor earnings of 
landless workers were only half those of rice 
farmers although they spent more work hours in 
this activity than rice farmers. That reflects the 
lower overall asset position of landless workers. 
They own no land, less livestock, and no machin
ery; consequently they receive no income from 
those assets. 

Credit practices. Borrowing and lending among 
households may involve small or large amounts, 
cash or kind (usually palay), on short-term or long
term basis. A crucial difference between the two 
groups was the rice farmers' access to institutional 
credit sources. Landless workers relied mostly on 
relatives or close friends. The pattern of credit 
practices varied from household to household, 
depending on household size, earning capacity, 
access to credit sources, and occurrence of emer
gency situations. 

Table 14 summarizes the credit practices of the 
16 record-keeping households over the 6-month 

Table 14. Credit practiceS of 8 landless and 8 tenant-farmer families in Dingle, Iloilo, Philippines, 1971-78 dry season. 

Borrowing times (no) 
Creditors (no.) 
Total cash borrowed ($) 
Pa lay borrowed (kg) 
Total value of loans ($) 

Loans given (no.) 
Persons (no.) obtaining loan 
Total cash loaned ($) 
Palay loaned-(kg) 
Total value of loans ($) 
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3 younger 
landless 
worker 

households 

20 
11 
'2 

'44 
26 

4 
4 

28 
46 
33 

5 older 
landless 
worker 

households 

4 smaller 
farmer 

households 

Borrowing activities 
28 '4 
'4 '0 
70 110 

'73 '48 
88 '25 

Lending activities 
4 5 
4 3 
8 '2 

'5 '29 
9 26 

4 larger 
farmer 

households 

'2 
8 

85 
73 
93 

( 
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period. Landless workers tended to borrow smaller 
amounts more frequently for consumption pur
poses; rice farmers borrowed less frequently but in 
bigger amounts, principally for production pur
poses. 

Nearly all of the sample households acted as 
creditors to others on a small scale, but surpris
ingly, the larger rice farmers lent out the least and 
the younger landless workers lent out the most. 

Many households were involved in all four 
directions of credit practices: I) the household bor
rowed cash or palay, 2) it paid for that loan, 3) the 
household lent to others, and 4) it was paid back. 

The fact that a household acts as both creditor 
and borrower does not necessarily indicate its eco
nomic viability. Other social considerations may 
be involved, e.g., families may lend out the little 
they have as aform of security so as to have similar 
claims on others during future emergencies. Such 
loans, usually made for consumption purposes are 
often without interest charges. Savings may take 
the form of stored palay rather than cash earnings 
in the house: many households feel it safer to keep 
surplus income in kind, and palay is less likely to be 
spent right away. 

DYNAMICS OF AGRARIAN CHANGE 

A comparative study of two villages in West Java 
- one characterized by stagnated technology and 
the other by significant technological progress -
was made in collaboration with the Agro-Economic 
Survey of Indonesia. 

Study sites aud data collection. One village is on 
undulating topography at the foot of mouutains in 
the southern part of the Subang Regency, aud is 
called South Village for the study. Another village 
- North Village - is about 20 km north of South 
Village and is on a flat coastal plain. 

South Village was surveyed in 1979 and North 
Village in N ovember-December 1979. The two vil
lages were covered by a Rice Intensificatiou Survey 
(Intensffikasi Padi Sawah) of the Agro-Economic 
Survey of Indonesia for 1968-72. The data col
lected from that survey provided bench mark 
information. 

Population pressure and agrarian structure. 
Both villages are characterized by unfavorable 
land-man ratios (Table IS). In addition to rice 
fields, South Village had 3 ha of land for home 

Table 15. Land area, population, and number of households in 
South and North Villages, in Subang Regency, West Java, 
Indonesia. 

South North 
Village Village 
(1978) (1979) 

Total rice land (ha) 24.7 656 
Total population (no.) 419 774 
Total number of 110 191 

households 
Farm operators 83 (75)" 75 (39)" 
Landless laborers 27 (25) 116 (61) 

Rice land (ha) per capita 0.06 0.08 
Rice land {hal per 022 0.34 

household 
Rice land (ha) per farmer 0.30 0.87 

household 

apercentage of the total number of households is in paren· 
theses. 

gardens and fishponds, and North Village had 8 ha. 
Although the population denSity was higher for 

South Village, the rate of population growth seems 
to have been much faster for North Village. Data 
on the number of children per mother suggest that 
the natural rate of population growth in South 
Village decelerated from about 3% to I % per year 
during the past 40 years (Table 16).lt appears that 
the population pressure on limited land resources 
under a constant technology had reached a satura
tion point a few decades ago. The government birth 
control program was introduced ill 1975; however, 
the birth rate began to decline much earlier, with 
many wives practicing abortion. by indigenous 
methods. 

Although there were no reliable data for the 
old-age bracket, the comparison of average num
bers of children per mother in Table 16 suggests a 
much faster natural rate of populatlOn growth in 
North Village. Moreover, the village acquired a 
large number of migrants. Old villagers reported 
that there were about 40 households in North Vil
lage in 1940. There were 191 during the survey in 
1979. Assuming no change in average family size, 
the rate of popUlation growth for the past 4 decades 
had been as high as 4%jyear. 

Agrarian structures in the two villages also dif
fered. South Village was a typical peasant com
munity with 75% of households belonging to small
farm operators and only 25% to landless laborers. 
In North Village 39% of households belonged to 
farm operators and 61 % to landless laborers (Table 
IS). Tenancy was significantly higher ill North Vil
lage (Table 17), and almost all tenants were share-
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Table 16. Average number of surviving dlildren per mother by mothers' age and estimates of the natural rates of population 
gro~hQ In South 8nd North Villages, SubBng Regency, West Java, Indonesia, 1979. 

South Village North Village 

Annual Annual 
Mother's age Children population Children population 

(no.) per growth rate (no) per growth rate 
mother I%} mother I%} 

In} (r) In} Ir} 

80 years and above 4.80 3.0 n.a. 
60-79 3.93 2.3 
50-69 349 1.9 n .• 
4049 2.71 1.0 3.25 1.6 
30-39 1.95 2.57 
20-29 0.84 1.80 

"Calculated by the formula: n = -2(1 + r)30, assuming 30 years for the period of mothers' reproductive capacity. n.a, = not r 
available. 

Table 17. Distribution of farms by tenure status in South and 
North Vlllagas in Subang Regency, West Java, Indonesia, 
1978-79. 

Distribution of farms (%) 

South Village North Village 
Tenure status 11978} 11979} 

Farms Rice Farms Rice 
area 

Owner operator 81 77 48 44 
Owner-tenant 16 21 15 27 
Tenant operator 3 2 37 29 

croppers under the 50:50 output and cost-sharing 
contract. 

Such differences in the agrarian structure and 
demographic pattern can be explained by the his
tory of the settlements_ Noone knew when South 
Village was first settled_ In contrast, North Village 
was settled only after 1920. 

Initial settlers in North Village opened a no
man's land and practiced extensive farming under 

a rainfed condition. Because the rice yields were 
low, the operational holding of about 2 ha was 
required for a family's subsistence. Rice yields were 
raised significantly after the local irrigation system 
was built. 

The intensification of rice farming due to irriga
tion development increased labor demand, and a 
large number of migrants flowed into the village. 
The new migrants came as landless ·laborers or 
sharecroppers_ The same process was repeated 
after the extension of the Jatiluhur System, the 
largest irrigation system in Java, which permitted 
irrigation for both seasons. Through waves of 
migration, class differentiations between relatively 
large farmers and a large number of landless 
workers, and between landowners and tenants 
developed. 

The Jatiluhur Irrigation System had a dramatic 
impact on the economy of North Village. Major 
laterals had been'built by 1968. In 1972 secondary 
and tertiary laterals were completed and double-

/ 

Table 18. Changes in multiple cropping, adoption of modem varieties{MV), and rice yield in South and North Villages ioSubang 
Regency, Wast Java, Indonesia, 1968-71 to 1978-79. ~7 ' 

South Villag~ North Village 

1968-71· 1978b Change" 1968-71· 1978-79C Change'" 
I%} I%} 

Multiple cropping ratioe 1.9 19 1.5 2.0 33 
Ratio of MV adopters (%) 11 14 100 93 Rice yield (tlha): 

Per ha of crop area 2.6 2.9 12 2.4 34 42 
Per ha of rice field area 4.9 5.5 12 3.6 6.7 86 

"Avfor~ry and wet seasons, 111978 dry season. cAv of1978-79 wet season and 1979 dry season. d1978 or 197$ figure minus 1968-71 
figure I dIVided by ~ 9,68-71 figure, e.xcept for the ratio of MV adopters, which is Simply 1978 or 1979 figure minus 1968-71 figure. 
~ota crop area diVided by total rice field area. . 
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1. Subang Regency in West Java. Indonesia. 

cropping became possible in the rice area of the 
village. In 1979, the whole rice area was double
cropped (Table IS). 

The introduction of double<ropping was facili
tated by the diffusion of modern semidwarf vari~ 
ties (My), which are early maturing and photope
riod insensitive. The Rice Intensification Survey 
reported that 7% of farmers planted MY in 1968-
71. In 1975-79 the ratio was 100%. MV adoption 
rate did not differ among farm-size classes and 
tenure classes. The MV commonly used in 1979 
were fR26, IR36, IR3S, and Asahan developed by 
the Central Agricultural Experiment Station at 
Sukamandi, near North Village (Fig. I). 

The diffusion of MV, accompanied by the 
increased application of fertilizers, increased the 
average yield io the rice area from 2.4 tf ha in 
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1968-71 to 3.4 tf ha in 1978-79. Considering the 
increase in multiple cropping ratio - 1.5 to 2.0 -
the average rice output per hectare of rice land per 
year should have increased more than SO% during 
the past decade. 

In contrast to the dynamic changes in North 
Village, the economy of South Village was largely 
stagnant. The local irrigation system showed no 
significant improvement and the cultivated area 
had not expanded since World War II. Growing 
population pressure resulted in the increased frag
mentation of landholdings through inheritance. 
The number of near-landless peasants increased , 
but the ratio of pure landless laborers was not so 
large as that in orth Village (Table 15). 

MV were introduced in the South Village in the 
late 1960s under the Bimas Program. But because 
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Tabht 19. Changes in Inputs per hKtare of rice area and Input price for rice production in South Village, Subang Regency, West 
Java, Indonesia. 1968-71 to 1978. 

1968-71- 1975t' Change (%J from 
1968-71 10 1975 

Inputs 
Fertilizer (kg/ hal 191 229 20 
labor (h/ha) 

Land preparation 420 494 18 
Tota l (preharvest) 736 928 26 

Carabao and cadle for land 16.4 92 - 44 
preparation (days/ ha) 

Real input pricese' (in paddy) 
Fertiizer (kg paddy/ kg) 1.5 1.1 - 27 
labor wage'" (kg paddy/day) 9.5 8.5 - 11 
Carabao rental (kg paddy/day) 6.2 9.5 53 

-Av for wet and dry seasons. tOry season. ~Nominal price divided bv paddy price. Wage for land preparation. assuming anS-hour 
day. Includes meals. 

Table 20. Change. in inputs Pttf hc:taraof rice a,... and Input prices for rice production In North ViII8g., Subang Regency, West 
Java, Indonesia, 1961-71 to 1978-79. 

1968-71- 1975-7~ Change ,%) from 
1968-71 to 1978-79 

Inputs 
Fertilizer<' (kg /ha) 75 209 179 
Labor (h/ha) : 

Land preparation 219 233 6(42)" 
Total (preharvestl 638 701 10 (46)" 

Carabao and canJe for land 9.6 13.2 38 
preparation" (days/ha) 

Real input prices' (in paddy) 
Fertilizer (kg paddy/kg) 1.5 1.0 - 33 
Labor wag~ (kg paddy/day) 7.9 11.5 46 
Carabao rentar (kg paddy/day) 8.8 14.1 60 

-Av for wet and dry seasons. tAv for 1978-79 wet season and 1979 dry season. "Urea and triple superphosphate. "Outside of 
pa rentheses are the rates ofincrease in labor input perha of cropped area. Inside parentheses are the ratesofincrease perha ofrice 
field area. ~Oala for wet season only_ 'Nominal price divided bv paddy price. """'age for land preparation. assuming an 8-hour day. 
Includes meals. 

they were highly susceptible to brown planthopper 
and tungro virus disease, many farmers who had 
tried them went back to traditional varieties. As a 
result, the rate of increase in the average rice yield 
per hectare in this village was much slower than in 

orth Village (Table 18). 
Labor employment and wages. The different 

patterns of productivity growth due to both irriga
tion improvement and MV diffusion in North and 
South Villages were reflected in sharp differences 
in the changes in rice production inputs and input 
prices in the last decade (Table 19, 20). 

In South Village where technology was stag
nant, the input of fertilizers increased at a rate 
lower tban the rate of decline in the real price of 
fertilizers (Table 19). But in North Village, where 
the fertilizer-responsive MV were widely adopted , 
the input of fertilizers was six times faster than the 
rate of decline in the price of fertilizers. 
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It appears that the population pressure on land 
under a stagnant technology resulted in a decline in 
the value of human labor relative to the values of 
botb capital and food. In South Village, an 
increase in labor input was associated with a 
decline in real wage rate. The increase in real rental 
rate of draft animals (carabao and cattle) resulted 
in a sharp decline in the use of animal power. Hand 
hoeing was substituted for animal plowing and 
harrowing. 

In contrast, an increase in labor input in North 
Village was associated with a significant increase in 
the real wage rate. The average labor input per 
hectare of rice crop area did not increase much; 
however, the labor input per hectare of rice field 
area increased more than 4O%/ decade, owing to 
the increase in the multiple cropping ratio (figures 
in parentheses in Table 20). At the same time, the 
use of animal power increased even more rapidly 



Tabla21. Cheng" tnfactorPflyments and factor.hares In rice production per M of crop ..... lnSOUth VIII~ •• Subang Regency, 
W •• t Java, Indonnill. 19"',1 to '978. 

Factor payment'" (kg/ hal Factor share (%) 

1978'" 1978 
1968-71 t 1968·71 
Owner Owner4 Tenant" Owner Ow.,., Tenant 

Rice output 2600 2942 3080 100.0 100,0 100.0 
Factor payment 

Currant inputl 345 293 321 13 .3 10.0 10.4 
Capital" 136 125 76 5.2 42 2.5 
Labo, 1257 1301 1341 48.3 44.2 43.5 

Family 427- 438 476 16.4 14.9 15.4 
Hired 830' 863 865 31.9 29.3 28.1 

Land 0 0 1262 0 0 41.0 
Operator's surplus 862 1223 80 33.2 41.6 2.6 

- Factor payments converted to paddy equivalents by the factor-output price ratios. tAv for wet and dry seasons. q978 dry season. 
dAy for74 owner-farmers cultivating 20.4 ha. ~Avfor9tenant operetorscultivating 1.8 he. JSeeds. fertilizers. and chemicats. 'Animal 
rental and irrigation fee. "Assume the same composition of family and hired labor 85 for 1978. 

than the use of human labor, despite a rapid rise in 
the real cost of animal rental. It is clear that the 
increase in labor demand due to the technological 
progress outpaced the increase in labor supply due 
to population growth; the result was rising wages 
despite the effort to substitute capital (animal 
power) for human labor. 

Changes in income distribution. Changes in the 
average factor shares of rice output per hectare of 
crop area in South Village from 1968-71 to 1978 
were estimated (Table 21). Factor payments were 
expressed in paddy terms by mUltiplying factor 
inputs by factor-product price ratios. The average 
yield per hectare increased by a little more than 
10%. Both the payment to hired labor and the 
imputed costs of family labor increased less than 
5%. Operator's surplus (residual) recorded a major 
increase in the case of owner-farmers. For tenant
farmers, operator's surplus was almost zero, and 
the land rent they paid to landlords was equivalent 
to the owner-farmers' surplus. That shows the 
operator's surplus for owner-farmers consisted 
mainly of the return to their land. Altogether, the 
relative shares of labor declined and the relative 
share of land increased. 

Table 22 attempts to show how the income 
(value added) from rice production per hectare was 
distributed between farmers and hired laborers. 
Farmers' income consists of operator's surplus and 
the returns to family labor and capital. Laborers' 
income consists of wage earnings from hired farm 
work. From 1968-71 to 1978, farmers' total income 
in paddy terms increased by 250/0. and laborers' 

income increased by only 4%. Employment of 
hired labor increased because of more intensive 
cropping and substitution of buman labor for 
animal power, but the increase was offset, to a 
large extent, by the decline in tbe wage rate. On the 
other hand, fanner's income increased signifi~ 

cantly, primarily because of the increase in the 
return to land captured in the form of operator's 
surplus. Thedata suggest that the income distribu
tion became more skewed. 

Changes in the average factor shares of rice 
output per hectare in North Village from 1968-71 
to 1978-79 were estimated (Table 23). The average 
yield per hectare for wet and dry seasons increased 
by 40%. Despite such rapid increase, the relative 
share of labor stayed almost constant. The shares 
of both current inputs and capital increased. A a 

T.bl.22. OI.ng .. In shues of income from rice production 
per ha of crop .rea In South VlII.g •• Subang R-u.ncy, W.st 
Java, Indonesia, 1961-71 to 1971.-

Income In Income share 
paddy (kg / hal (% 1 

1968-71 1978 1968~71 1978 

Value added· 2255 2649 100.0 100.0 
Farmer 

Femi Iy labor 427 438 19.0 16.5 
Capita l 136 125 6.0 4.7 
Operator's 862 1223 38.2 46.2 

surplus 
Total 1425 1786 63.2 67 .4 

Hired laborer 830 863 36.8 32.6 

- Data rearranged from Table 2 1 for owner-operated farms. 
-Output value minus current input COSI. 

CONSEQUENCES OF NEW TECII~OLOGY 325 



Table n . Chlngel ln fKtor ptlYFNnts IndfKtot w ,...ln rice prod uction perha of crop . ,... in North Village, SUboing Regency, 
W.lt Ja",., Indon.III, 19 .... ,1 to 1978-79. 

Factor payment'" (kg/ ha) F8C1or shere ,%) 

1978·79' 1978·79"" 
1968-71' 1968-1" 
Owne, Owner Tenent4 Owner Owner Tenant'" 

Rice output 2342 3203 3272 100,0 100.0 100.0 
Factor payment 

Current Input"' 152 300 280 6.5 9.4 8.5 
Capita l' 47 154 154 2.0 4.8 4.7 
labor 947 1322 1295 40.4 41.3 39.6 

Famity 117 252 357 5.0 7.9 10.9 
Hired 830 1070 938 35.4 33.4 28 .7 

Lind 0 0 1495 0 0 45.7 
Operator's Surplus 1196 1421 4a 51.1 44.5 1.6 

°Factor payments converted to paddy equivalents by the factor-product price ratios. aAv for wet and dry seasonl. cAv of 1978-79 
wet teason and 1979 dry sealon. 1)8t8 for share-tenantl. ~Seed • • fertil ize ..... and chemicals. IAnimaland machine rental, and 
irrigation fee . 

result, the operator's surplus for the owner-farmers 
declined. 

The operator's surplus for tenant farmers was 
almost zero, and land rent paid to landlords was 
equivalent to the owner-farmers' surplus. Thus, the 
data are consistent with the bypothesis that techn<>
logical progress in North Village was biased 
toward a land-saving and capital-using direction, 
and was more or less neutral with respect to the use 
of labor. Such results are in sharp contrast to the 
case in South Village where the share of land 
increased sharply at the expense of the share of 
labor (Table 21). 

The data in Table 23 are rearranged in Table 24 
to show how the income (value added) from rice 
production per hectare was distributed between 
farmers and hired laborers. Both farmers and 
laborers recorded significant gains in absolute 
incomes, but their relative shares remained largely 
unchanged. Again. such results contrast with tbose 
in South Village wbere tbe income of laborers had 
no significant increase. but their relative income 
share declined (Table 22). 
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This comparative analysis has shown that grow
ing poverty and inequality will be the fa te of village 
economies if the efforts to generate technological 
progress remain insufficient to overcome the de
creasing return to labor due to the growing po pula
tion pressure on land. 

Tabl.24. Changes In .~,... of Income from rk:. production 
p.rha a' crop .,.. Inthe North Village, Sublng lWgency, W •• t 
Jan, Indonesl. , 1978-79". 

Income in Income share 
paddy Ikg/ hal 1%1 

1968·71 1978-79 1968·71 1978·79 

Value adde<tt 2191 2903 100.0 100.0 
Farmer 

Femltv labor 117 252 5.3 8.7 
Capital 47 154 2.1 5.2 
Operator's 1197 1427 54.6 49.2 

surplus 
Tota l 1361 1833 62.1 63.1 

Hired laborer 830 1010 37.9 36.9 

· Oata rearranged from Table 23 for owner-operated farms. 
·Output value minus currant input cost. 
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IDENTIFYING PHYSICAL VARIABLES FOR 
CROPPING SYSTEMS RESEARCH 

Multiple Cropping Department 

In April 1980, a cropping systems project was 
initiated in the contiguous villages of Bangag, 
Bauan. and lraga, of Solana, Cagayan province 
(Fig. I). in collaboration with tbe Cagayan Inte
grated Agricultural Development Project and the 
Phitippine Council for Agriculture and Resources 
Research. The project objective is to increase food 
production through identification of productive 
cropping systems that are a=ptable to small-scale 
farmers in the central area of the Cagayan Valley. 
Important physical variables were analyzed and 
described. 

Climate. Solana is 8 km northwest of Tuguega
rao. For designing alternative patterns, the major 
climatic parameter was rainfaU. The Tuguegarao 
rainfall regime has 4 months (Jan-Apr) with less 
than 100 mm/ month and 5 months (Jul-Nov) with 
more than 200 mm/ month. The rainy season nor
mally starts in late May, and rainfall starts to 
decline in December. 

Using rainfall data recorded for 32 years, return 
period diagrams for maximum :H\ay rainfaU totals 

( 

/ 
/ 

/ 

\ 
\ 

in the dry-wei ( I May-4 Jun and 15 Jun-12 JuI) 
and weHlry (1-31 Dec) transition periods were 
constructed (Fig. 2-5). The intervals covered by the 
diagrams were selected because they corresponded 
to critical crop growth stages or periods in which 
field operations must be performed in prospective 
patterns. In the dry-wet transition, a rainy period 
with 20 mm rain/ 3 days should, on the average, 
occur I in 2.0 years for the 1-14 May period, and I 
in 1.7 years for the 15-28 May period (Fig. 2). The 
return periods indicate that rainfall sufficient to 
permil planting are likely to occur in most years, 
assuming 20 mm as adequate for germination of a 
large-seeded grain legume and to sustain seedlings 
until their roots reach the water generally present at 
2(}-30 ern. 

[n most fields, however, rainfall exceeding 100 
mm in a 3-day period would be severely damaging 
to a grain legume crop during the early growth 
stages. Return periods for 100 mm/ 3 days were in 
the order of I in 12 years for 2-week periods in 
May. Sowing rice as early as mungbean on dry 
soils would be risky because dry-seeded rice(DSR) 
requires a higher amount of rainfall to sustain it for 
2 weeks. Three 2-week DSR establishment periods 
were considered between 15Juneand 12July, with 

PHUfl<ES 
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1. The Solana cropping systems research site in Cagayan province, Philippines. 
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2. Return periods for maximwn rainfall per J.day period. 1 May-4 June )980. Solana, Cagayan, Philippines. 

a I-week overlap between periods. Figure 3 sho~ 
that the return period for 50 mm rainfall in 3 
consecutive days for 15-28 June is I in 3.3 years. 
The analyses forthe 22June-5 July and 29 June-12 
July periods produced return periods of I in 2.4 
and I in 2.9. suggesting a moderate risk of en co un -
tering dry periods that will hamper tillage or crop 
emergence, or both. Figure 4 shows in the I 
November-15 December period dry spells of less 
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than I in 2 years (i.e .. will occur in more than half of 
the years) suggesting that the main rice crop is often 
likely to come under moisture stress. For the wet
dry transition period (December), a rainfall total of 
20 mm or more would be obtained in a 3-<Jay 
period in about I in 2.4 years, suggesting that 
re earchers must rely on residual soil moisture plus 
low intensity rainfall to obtain emergence (Fig. 5). 
On the other hand, the return period for 100 mm 

22 Jun - 5 Jul 24 ..kin - 12 Jul 

o 50 00 150 200 = 0 50 100 150 200 250 300 0 50 00 150 200 

MmrnI.m 3-day roofoll (rrm I 

l. !l~lu.m periods for maximum rainfall per J..d.ay period for 3 seeding times for direct-5eeded rice, Solana, Cagayan, 
Philipp ..... 1980. 
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approaches 20 years, indicaling Ihat periods of 
heavy rainfall that may cause excess moisture 
damage are not likely in December. 

Figure 6 is a pentad (5-day) diagram derived 
from Tuguegarao nUnfall records for the years 
1959~ to 1978-79. The four levels in the diagram 
correspond roughly to rainfall that, during a 
pentad, 

• is well below the evapotranspiration require
ment of a typical annual crop - dry, 

• meets about one-haJfthe requirement - wet I , 
• meets about three-fourths the requirement -

wet 2, and 
• exceeds the requirement - wet 3. 
The diagram illustrates rainfall pattern variabil

ity within a year and between years. Most notice
able is that substantial dry (dry and wet I) periods 
occur in many years during the months of Sep
tember and October, suggesting that rice yields wiU 
often be affected by stress if the crops are in the late 
reproductive stages at that time. On the other 
hand, heavy rains (wet 3) occur in many years 
between mid-June and mid-July. If they lead to 
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standing water, they will depress yields of late
planted dryland crops. When information in the 
pentad diagram is considered together with the 
return period analyses, a clearer picture ofvariabil
ity in the nUnfall pattern emerges. 

Because the research site is on terraces of the 
Cagayan River, seasonal floods are expected, espe
cially during October and November (Table I). 
Return period analysis showed that between I 
October and 30 November heavy rainfall (300 
mm/5 days or 350 mm/1 days) occurs with about 
5-year return periods (Fig. 7). Data recorded from 
1958 to 1970 showed that maximum river rise 
occurred between 14 October and 26 November in 
9 out of 13 years, suggesting that the main rice crop 
should be planted so as not to be in a stage vulnera
ble to flood damage before late November. 

Return period, pentad diagrams, and periods of 
peak flooding were considered when cropping pat
terns were designed for the Solana project. 

Land. A schematic diagram of the landscape at 
the research site is shown in Figure 8. improved 
cropping patterns were designed for the talon por
tion, which was arbitrarily divided into three strata 
in anticipation offield water regimes as determined 
by field elevation. 
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5. Return pc:nods for maximum rainfaU per J..day period, 1-31 
December. T uguegarao, Cagayan, Philippines, 1980. 



I 

,... 
1959-60 
1960-61 
1961 -62 
1962-63 
196>-64 
~ 
1965-66 
1966-67 
1967-68 
1968-69 
1969-70 
1970-71 
/971 -72 
1972-73 
l!J73-74 
t974-~ 

19~-76 
1976-77 
1977-78 
1978-79 

wet pe"Itod I ~ wet penJod 2 • "" penlod 3 9 mlSSI'lg data 

6. Pentad (period o( S da)'l) Wagram showina seasonal variability in rainfall (or 19S~79 in Tuguegal1lo, Cagayan, Philippines. 

First stratum. The soils of the first stratum are 
predominantly silty clay cloam with poor internal 
drainage. The traditional cropping pattern is mung
bean (local), generally sown in mid-April, followed 
by transplanted rice in July-September. 

Second stratum. The soils of the second stratum 
are predominantly silty clay but are less heavy than 
in the third stratum. Internal drainage is very poor. 
Water is expected to accumulate on tbe surface 
faster than in the ftrst stratum, but slower and less 
deep than in the third stratum. The traditional 
cropping pattern is the same as in the first stratum. 
Standing water is expected to remain longer in the 
second stratum than in tbe first, and mean water 
depth is expected to be greater. 

Third stratum. The third stratum occupies tbe 
lowest part of the talon. Water is expected to 
accumulate faster than in the second stratum and 

Tabl'l. Distribution of month a In which flooding occuralnth. 
Solana .r •• , e.g.yen, Phlllppln ... 

Month 

June 
July 
August 
September 
October 
November 
December 

Occurrence (%, of 

Damaging floodS" 

6 
19 
9 
3 

25 
34 

9 

Peak heights' 

o 
8 
o 
8 

38 
31 
15 

· From log kept by PAGASA official, 32 years, 1941 to 1978. 
Damage refers to crops on recent river flood plain tbangkag) or 
higher landforms. -From records kept by Public Works. 13 
years, 1958 to 1970. Mean depth was 19.3 m. maximum depth 
was 22.2 m, and minimum depth was 16.2 m. 

fields are expected to remain flooded for long pe
riods. Because of its great distance from the villages 
and the susceptibility to flooding, fields in the third 
stratum are often expected to remain idle during 
the early wet season, or late wet season, or both. 

lkmgkag ftelds are on the cultivable portions of 
the recent floodplains bordering the Cagayan 
River. The bangkag is wide in some areas but 
non-existent in others. In November or December, 
bangkag fields are planted to maile, peanut, and 
other dryland crops. Farmers generally use land in 
botb the talon and bangkag. 

The soils in the talon are tentatively classified at 
the subgroup level as Typic Tropaquepts, Aerie 
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7. Return periods for maximum rainfall per S- and 7-oday peri
Qds, J October '0 30 November, Tuguegarao, Cagayan, Philip
pines. 1980. 
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8. Schematic representation of landscape at the cropping systems site, Cagayan Valley, Philippines. The 
strata do not coincide with the soil series. sid = silty clay loam, sic = silty clay, C = clay. 

Tropaquepts, and Ruvaquentic Eustropepts. At 
the family level all would be characterized as fine, 
montmorillonitic, and isobyperthermic. Chemical 
and textural analyses of samples taken from the 
surface soils of different strata are in Table 2. 
Phosphorus and potassium levels are adequate for 
rice and other annual crops. 

Fields in the la/on portion of the site are on an 
alluvial plain landform unit within an alluvial sub
system. Similar landform units are found in the 
general target area. Other landform units (interhill 
rniniplains and rivereut plains), thought to have 
similar field water regimes, are also extensive in the 
target area. 

To locate land on other alluvial-plain, interhill
miniplain, and nvercut-plain landforms in the 
Cagayan Valley, a four-category land classification 
system was adopted and used to characterize land 

Tabl. 2 , Cheml~1 .n.ty .... of surface solis taken from dlff ... · 
ent strate IS) in the cropping systems res"n::h lite, SolIn., 
Cagay.n, Phllipplne • . -

51 52 53 8sngksg 

pH 6.3 6.2 6.2 6.6 
Organic carbon (%) 1.3 1.' 1.7 1.2 
Total N ,%, 0.11 0.12 0.14 0.13 
Cation exchange 34.6 41 ,8 44.5 32.9 

capacity (meq/ l00 g) 
K (ppml 260 335 261 268 
Olsen P (ppm) 29 2' 21 12 
Clay 1"'1 37.7 54.1 59.3 31.6 
Silt (%) 55.7 43.3 39.6 67.S 
Sand (%, 6.6 2.6 1.0 0.6 
Textural class siel sic sic sicl 

· siel - silty clay loam, sic - silty clay. 
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in the target area and then in the entire Cagayan 
Valley (Fig. 9). The four categories and the basis on 
which they are interpreted are shown in Table 3. In 
the classification, 4 land systems, 10 land subsys
tems, 30 landform units, and 75 land surface units 
were recognized . Land subsystem and landform 
unit classes under the four land systems are shown 
in Figure 10. A diagram shO\ving several landform 
units of the alluvial and alluvial-colluvialland sub
systems is presented in Figure II. 

Land surface units are regarded as the largest 
land units that can be managed uniformly with 
respect to the sequence of crops planted and tbe 
dates of planting. They are usually defined on the 
basis of relative elevation within a landform unit 

Table 3 . Four hl.,archal c.tegori .. In eland cla .. ification IY .. 
tern being tested In the Cagayan Rivar ba.in, Philippin ... '980. 

Hierarchal 
category 

Land system 

Land subsystem 

Interpreted on 

1 :250,000-1 :1,000 topographic map with 
contour interval of 100 to 400 m . 

1 :250,000 composite color LANDSAT 
imagery. 

1 :50,000-1 :250,000 topographic map 
with contour interval of 20 to 100 m . 

1 :20.000 to 1 :50.000 air photos. 

Landform unit 1 :10,000-1 :50,000 topographic map with 
contour interval of 5 to 20 m. 

1 :10.000 to 1 :20.000 air photos. 

Land surface unit 1 :5.000- ' :15.000 air photos. 

1 :10.000-1 :50.000 topographic map with 
contour interval of 5 to 20 m. 



9. Land systems in the Cagayan River basin: A = alluvial, P= plain, H = hill M = mountain. 

(e.g., upper and lower slopes of an aUuvial fan; 
inner and outer sectors of a river scar) and slope 
shape or position (concave and convex slopes of a 
recent river terrace; crest, inland-facing, and river
facing positions of a natural levee). Examples of 
landform units from major land subsystems on 
which rice is grown are shown in Figures 12and 13. 

In cropping systems research projects an attempt 
is made to take advantage of the correlation 
between landforms and soil bodies in a system of 

land classification. To obtain a limited but objec
tive evaluation of the establishment of such corre
lation, soil profile data (17 variables) from 26 soils 
on land surface units from 7 short transects were 
subjected to cluster analysis. Despite some devia
tion, the five clusters identified in the analysis gen
erally agreed with profile groupings according to 
three landform unit classes as shown in Table 4. As 
the clusters were reduced to four and three. the 
distinction between the alluvial plain and the inter-
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hill miniplains was not maintained. 
By enabling us to identify land with characteris

tics similar to those where research is being con
ducted, the classification system promises to pro
vide a basis for extrapolating research results 
obtained at a site of only about 1,000 ha to a much 
larger area of the Cagayan Valley. 

FARM ERS· WEED CO'ITROL PRACTICES 

Cropping Systems Component of tire Agronomy 
Departmenf 

Farmers in the Solana area were interviewed to 
determine their land preparation methods and 
weed control practices for transplanted rice and 
mungbean. 

The farmers recognized two landforms - parang 
and kalayakan - for which land preparation 
methods varied slightly. 

The fields were plowed once or twice, and most 
of the farmers harrowed two to four times before 

Table 4. A cro~m.,.rison of 5 ClUSTAN clunen ( .. cU· 
d .. n matrix on 11 soU variebles, Ward', fusion method) with 
I.ndform unit elli .... In - 26). 

Alluvial Interhill Recent river 
Cluster plain miniplain floodplain 

(no,) (no.) (no .) 

A 4 
B 3 
C 2 6 
0 7 
E 3 

Tab" 5. Land pr..,.,atlon methods for tranap"nted rice and 
mungbeen buecl on • fenner survey, Solana, Cag • .,..n Vane.,.. 
PhlHpplnes. 1980. 

Farmers (no.) using the practice 
land 

preparation Rice Mungbean 
method 

Pllf'lmg Kalayakan Pafang Kaley_kiln 

Plowings (no.1 

0 0 0 23 22 
1 16 29 17 17 
2 43 23 17 9 

Harrowings (no.' 

1 3 4 17 11 
2 20 7 9 8 
3 17 21 4 2 
4 16 14 4 5 
5 3 3 0 0 
6 1 3 0 0 



Point bar deposit 

River acar 

Recent river terrace Interftuve 

Interhill miniplain 
Alluvial plain 

An"v. fan 

t t. To aKl agricultural technicians in recognizing landfonn units in a large target area,diagrams can show the typical recurrent pattern 
of landfonn uniu Within land subsystems. This diagram shows several landfonn units within alluvial and aUuviaJ-coiluvial land 
subsystems in the Cagayan Vaney, Philippines. 

transplanting rice (Table 5). For mungbean, the 
fields either were not plowed or were plowed once 
or twice. Fields that were plowed generally received 

one or two harrowings. When the fields were not 
plowed, furrows were opened for planting. 

Most of the transplanted rice fields were either 

12. An e:xtensivealluviaJ plain of analiuviaJ land subsystem isin the foregroWld. A river-eut plain lsin 
d~tanl bacJcsround. Cagayan Valley. Phitippinos. 1980. 
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13. lnterhill rniniplain. interfluve. and swamp landform units in a river<ut plain land subsystem. Cagayan Valley, Philippines. 1980, 

Tabl.6, Farm.,..' weed control p"actices for transplanted ric. 
and mungb.an based on a farm.r lurvey, Solana. eaga.,an 
Vall • ." Phlllppln .. _ 1980. 

Farmers (no.) 
Weed control 

practtce Transplanted Mungbean 
rice 

No weeding '2 11 
One hand weeding 24 42 
Two hand weeding. , , 
Herbicide 3 0 
Herbicide + one '5 0 

hand weeding 
Herbicide + two 4 0 

hand weedlngs 
Maintaining water 0 

in the field 
Interrow cultivation 0 0 
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hand weeded once or received a herbicide treat
ment and one hand weeding (Table 6). Mungbean 
was generally weeded once. However, 20% of the 
rice fields and 2&% of the mungbean fields were not 
weeded. Most farmers did the first hand weeding 3 
or4 weeks after planting or transplanting (Wl). Of 
the farmers who weeded their fields, 58.7% weeded 
mungbean 4 weeks after planting. Of those that 
transplanted 35.0% did the flfSl weeding 4 WT. and 
22.5% did so 3 WT. 

One farmer applied butachlor at 0.6 kg a.i. / ha; 
the others applied 2,4-D. AU applied less than 0.25 
kg a.i ./ ha, except one who applied 0.6 kg a.i ./ ha. 
Rates of application of both herbicides were lower 

l 

J , 
I 



Table 7. Weed species growing in farmers' fields before land preparation for transplanted rice" Solana. Cagayan Valley. 
Philippines. 1980. 

Weed species 

Plowed before 
mungbean was planted 

Echmoehloa colona 
Cyperus rotundus 
Cynodon daelylon 

Ipomoea aquatica 

Stratum' 

Not plowed before 
mungbean was planted 

C. daetylon 
E. colona 
Erioch/oa proeera + 
Echinoch/oa stagninab 

Stratum 2 

C. daelylon 
E. colona 
C. rotundus 

E proeera + 
E. stagnma b 

I. aquatica 
Commelina dlffusa 

Stratum 3 

E pro cera + E. stagmnal, 

Paspalum sp .. 
E. colona 

C. daetylon 

Leersia hexandra 
I. aquatlea 

aOnly specIes that comprised 5% or more of the weed flora by dry weIght are listed Strata are seen in Figure 8 b"fogether thesetwo 
species comprised more than 5% of the weed flora by dry weight. 

than the recommended rate. 
Major weeds. The major weeds growing in 

farmers' fields before land preparation for trans
planted rice are listed in order of importance by 
stratum in Table 7. Echinochloa colona and 
Cynodon dactylon were important components of 
the weed flora in all strata. Cyperus rotundus was 
more important in strata I and 2 and in the fields 
that were not plowed before planting mungbean. A 
Paspalum sp. and Ipomoea aquatica were more 
important in strata 2 and 3, the lower strata. 

The major weeds growing in association with 
transplanted rice in the kalayakan are listed in 
Table 8. All exceptScirpus supinus var.lateriflorus 
and Ischaemum rugosum were observed before 
land preparation for·rice, indicating the carryover 
effect of weeds from.an unprepared field to one 
that was transplanted after land preparation. Dif
ferences in the relative importance of the weeds 
varied with time of sampling. 

The Paspalum sp., C. dactylon, and Eriochloa 
procera + Echinochloa stagnina decreased in 
importance, but the others increased in import
ance. E. colona and Leersia hexandra, which were 
relatively important before land preparation, were 
only minor weeds of transplanted rice. 

FARMERS' CURRENT INSECf CONTROL PRACTICES 

Cropping Systems Component of the Entomology 
Department 

A survey of current il)sect control practices was 
made among 45 farmers at the Solana site in 1980. 

Farmers' awareness of pests. Farmers were 

asked to name or describe insect pest problems 
they encountered at each growth stage and rank the 
pests on a scale of 10 to 0 in terms of importance (10 
= most important pest). Farmers ranked the rice 
bug Leptocorisa oratorius as the most important 
pest, followed by caseworm Nymphula depunctalis 
and armyworm Mythimna separata (Table 9). 
Only one farmer mentIOned deadheartas a damage 
symptom. 

Rats and birds were pest problems for half of the 
farmers. Few farmers mentioned specific diseases. 
Yellowing, wilting, and spotted leaf symptoms 
were described in phrases rather than named. 

Twenty-two percent of the farmers could recall 
no rice pest outbreak in their experience, but 56% 
cited rice bug outbreaks as recently as 1979. Rice 
caseworm outbreaks occurred in 51 % of farmers' 
fields, mostly more than 5 years ago. 

When shown color prints or actual specimens all 
farmers interviewed recognized rice bug and 96% 

Table 8. Major weeds growing in association with trans
planted rice in the kalayakan area. Solana, Cagayan Valley. 
Philippines. 1980. 

Weeds> 

Commelina dlffusa 
Paspalum sp. 
Ipomoea aquatlca 
Cynodon daClylon 
Eehinoehloa stagnma 
Scirpus supinus var. laterlflorus 
Erioch/oa proeera 
Monochoria vaginalis 
Isehaemum rugosum 

aLlsted In order of importance Only species that comprised5% 
or more of the weed flora by dry weight are listed. 
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Table 9. Ibanag (local dialect) names and relative importance of rice pests reported in a survey of45 rainfed wetland rice farmers. 
Solana, Cagayan, Philippines, 1980.a 

Pest name 

Ibanag English 

Rice bug (Leptocorisa oratorius) 

Farmers 
describing 
pest (%) 

Rankl' 

Dangaw 
Kutalo 
Arabas 
Sau 
Tuggi 

Rice caseworm (Nymphula depunctalis) 
Rice armyworm (Mythimna separata) 
Rats 

100 
84 

100 
51 
58 
49 
20 
13 
7 

9.3 
7.2 
6.8 
4.1 
4.0 
4.0 
1.1 
0.8 
0.6 

Billit, mammana 
Ararawan 

Stem borer (Sclrpophaga incerlulas) 
Birds 
Mole cricket (Gryl/otalpa afrlcana) 

Aplat 
Antatado 

Rice leaffolder (Cnaphalocrosis medinalis) 
Rice greenhorned caterpillar (Melanitis leda) 
Rice skipper (Pelopldas mathias) 

Tungro 
Dudun 
Kroiya 

Tungro disease 
Grasshoppers 
Field crickets 

Kin amanaw y don Whorl maggot (Hydrel/ia sasakit1 

0.2 
01 
01 
01 

aAIl names were volunteered by farmers without aid from interviewer. lIScale of 10-0: 10 = most Important. 0 = not mentioned. 

recognized armyworm. Caseworm was named by 
87% of the farmers interviewed. Only II % could 
name stem borer as the cause of deadhearts or 
whiteheads and only 1% knew that leaffolder
damaged leaves were caused by the larva of an 
insect. No farmer could name a rice leafhopper or 
planthopper, either by recall or .sight, and none 
associated whorl maggot damage symptoms with 
an insect. 

Chemical control. Insecticides were used by 47% 
of farmers interviewed. Farmers preferred emulsi
fiable concentrates (EC) over wettable powder 
(WP) and granular (G) formulations. Ofthose who 
responded to the question of formulation prefer
ence, all chose liquids - 81% said liquids were 
more effective because control was quicker. The 
most popular insecticides - Thiodan EC, Gusa
thion EC, and Folidol EC - are relatively in
expensive, broad-spectrum chemicals. The more 

Table 10 Insecticide usage on rice by 45 farmers surveyed at 
Solana, Cagayan, Philippines, 1980. 

Insecticidea FrequencY' 
----------'-- of use 
Brand name Common name 

Thlodan 35 EC endosulfan 
Gusathlon 40 EC azinphos-ethyl 
Fohdol 50 EC methyl-parathion 
Brodan 31 EC chlorpyrifos 
Furadan 3 G carbofuran 
Malathion 57 EC malathion 

(%) 

47 
19 
19 
7 
3 
2 

Dosage" 
application 
(kg a.l.lha) 

0.05 
0.10 
0.08 
007 , 
009 

aEC = emulSifiable concentrate, G == granular. lIBased on total 
applications mentioned by farmers. cBased on area of field, 
spray volume, number of tablespoons per sprayerload, and 
formulation of insecticide as recalled by farmers dNat deter
mined 
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expensive Brodan EC and Furadan G are asso
ciated with modem rice technology. Liquid formu
lations are recommended at 0.75 kg active ingre
dient/ha, but farmers greatly underdosed (Table 
10). Insecticides were applied in low spray volumes 
- a range of 16-204liters/ha - which explained 
the low dosages. 

Among the farmers interviewed, 23% owned 
knapsack' sprayers and the rest borrowed them. 
Farmers reported they sprayed a field I to 4 times 
in 1979. Most (45%) oftheappIications were at the 
reproductive growth stage, followed by tillering 
stage (27%), seedbed (21%), and ripening stage 
(6%). The mean value of insecticides applied on 
rice was $2.30 (range of $0.34 to 8.50/ha). Most 
farmers (87%) bought insecticides themselves 
rather than using credit (13%). 

Only 10% said extension workers guided them 
in insecticide use, and 90% decided on their own. 
Farmers applied insecticide in response to ob
served pests 50% of the time and to pest damage 40% 
of the time. Only 10% followed a schedule. Among 
insecticide users, 67% felt they were applying suffi
cient insecticide. Cited as constraints to using more 
insecticide were, in order of priority, lack of cash, 
knowledge, sprayer, water, and labor. 

Cultural control. Farmers practiced few cultnral 
control methods. Only 54% reported having used 
any cultnral methods (Table 11). Removing weeds 
that sheltered insect pests was practiced by 33% of 
farmers. 

Natural enemies. Most farmers could name at 
least one natural enemy of rice insect pests. Only 



Table 11. Cuttural control methods against rice insect pests, 
practiced by 45 Ibanag farmers in Solana, Cagayan, Philip
pines, 1980. 

Method 

Removing weedsa 

Removing infested plantst' 
Place foode in field 
Prayers 
Removal by handd 

Synchronous planting 
Planting date 
Crop rotation 
Cutting rice seedlings 
Placing plant parts In field 

Farmers 
reporting method 

used (%) 

33 
29 
16 
13 
9 
7 
4 
2 
2 
2 

aAlternate host of nee insect pests. bSeven farmers reported 
removing stem borer infested tillers. eRICe. dArmyworms from 
seedbeds. 

three classes of natural enemies were mentioned: 
spiders (87%), frogs (53%), and birds (18%). 

Insect-resistant varieties. About half of the 
farmers interviewed (49%) could name a rice var
iety that they felt had resistance to at least one 
insect pest. The traditional Wagwag varieties grown 
by all farmers were cited by 33% as having general 
Insect resistance. Sixteen percent named IR varie
ties even though few planted them. 

Rodent control. Only 51 % of the Solana farmers 
surveyed reported that they had undertaken meas
ures to control rats. Some (13%) had used rodenti
cides but 51 % knew that removing weeds from 
their fields would decrease rat infestation (Table 
12). The farmers cited dogs (53%) and man (27%) 
as natural enemies of rats but no one mentioned 
snakes. 

WORK ROLES OF FAMILY MEMBERS 

Cropping Systems Component of the 
Agricultural Economics Department 

In a study of the capacity of farm households to 
undertake more intensive cropping patterns the 
activities performed by households and the div
ision of tasks between women and men were exam
ined. The amountof time spent on different activi
ties and its relation to wealth status and family life 
cycle were considered. 

Households studied were selected from three 
wealth categories: 

• those that usually run short of rice for consump
tion, 

• those that produceJust enough rice each year, 

and 
• those that usually have a surplus of rice for 

disposal. 
Three stages in the family life cycle of house

holds were distinguished: 
• childbearing stage (one or two parents and all 

children younger than 10 years), 
• child-rearing stage (children older than 10 and 

also children younger than 5), and 
• child-leaving stage (all children older than 5 

years). 
Labor data were collected from 25 of 100 farm 

households in an Iloilo village, Philippines. 
Through daily records and recall the labor time 
spent by sample households on 7 groups of activi
ties was estimated for the crop year 1978-79. Table 
13 shows the division of labor between wife and 
husband. 

Women performed most of the home produc
tion activities, which included cooking, washing 
clothes, child care, and house repair. Their non
farm economic activities were marketing of farm 
produce, selling pastries, and petty merchandizing. 
Women grew vegetables and minor field crops, 
raised pigs, and helped in planting, weeding, and 
harvesting of field crops, on their own farms and 
on others', 

Men grew several field crops with rice as the 
main crop, and grazed the carabaos. When crops 
were not growing, men engaged in some home 
production activities, chiefly carrying water and 
house repair. A few men had casual employment as 
carpenters. 

Table 12. Cultural control methods against rodents in rice 
fields, reported by 45 farmers ir! Solana, Cagayan, Philippines, 
1980. 

Method 

Removing weedsa 

Prayers 
Place food In fieldb 

Cutting grass In nearby fields 
Lucky planting dates 
Digging rat burrows" 
Scarecrows 
Placing flags in field 
Synchronous planting 

Farmers 
reporting method 

used (%) 

51 
13 
11 
7 
7 
4 
4 
4 
2 

aWeeds act as alternate food source as well as shelter for rats 
bAtter harvest, as a reward to the rats for not causing excessi./8 
damage. eSome farmers fear that by digging out rats, the rat 
Will seek revenge by selectively destroying their fields. 

CROPPING SYSTEMS PROGRAM 339 



Table 13. Division of work time among 25 farm households in 
an Iloilo village, Philippines, 1980. 

Work time (%) 
Activities 

Husbands Wives 

Rice production 86 14 
Maize production 67 33 
Production of vegetables and 59 41 

minor field crops 
Labor on other farms 68 32 
Animal raising 61 39 
Nonfarm enterprises 46 54 
Home production activities 14 86 

The effect of the family life cycle on the labor 
patterns is shown in Tables 14-16. At the earliest 
stage of the family life cycle women spent most of 
their time in home production because of their 
child care responsibilities. At later stages children 

took over many of the home productIOn activities, 
and the mother spent more time on the farm and 
other activities. 

Children took over part of the grazing of the 
carabaos from the men. A man thus spent more 
time on farm activities during the critical child
rearing stage when household composition required 
relatively high food production. When the house
hold was on the child-leaving stage, both wives and 
husbands spent less time on farm activities. The 
wife increased her time for all the nonfarm activi
ties. The husband increased his time for home 
production. 

To increase family income directly, wives in the 
rice-deficient group spent less time on home pro
duction and more time working for other farmers, 
on other economic activities, and on their own rice 

Table 14. Allocation of work hours among wives in 25 farm households in an Iloilo village, Philippines, 1980. 

Wives' work hours/yr 

Farm production 
Household group Farm Other Home Daily 

Other Llve- wage enter- produc- average" 
Rice crops stock labor prises tlqn (h) 

By wealth category 
Rice defiCient 68 67 122 149 256 1179 5.0 
Rice suffiCient 46 96 580 20 119 1452 63 
Rice surplus 32 99 1213 322 1497 8.7 

By stage In life cycle 
Chlldbeanng 34 75 428 24 189 1885 7.2 
Child-rearing 95 82 436 112 146 1070 53 
Chlld·leaving 40 96 607 62 236 1201 6.1 

Average 52 86 516 63 202 1361 62 

"Excludes walking times to fields; computed as total per year divided by 365. 

Table 15. Allocation of work hours among husbands in 25 farm households in an Iloilo village, Philippines, 1980. 

Husbands' work hours/yr 

Farm production 
Household group Farm Other Home Dally 

Other Live- wage enter- produc- average" 
Rice crops stock labor pnses tlon (h) 

By wealth category 
Rice deficient 251 140 979 147 193 178 52 
Rice suffiCient 261 145 1230 50 125 275 5.7 
Rice surplus 219 125 794 120 262 42 

By stage In life cycle 
Childbearing 252 165 1613 90 148 312 7.1 
Child-rearing 301 172 992 140 244 119 5.4 
Child-leaVing 225 110 792 37 102 255 42 

Average 251 140 1070 77 149 238 53 

"Excludes walking times to fields, computed as total per year diVided by 365 
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Table 16. Allocation of work hours among children in 25 farm households in an Iloilo village, Philippines, 1980. 

Children's work hours/yr 

Farm production 
Household group Farm Other Home Dally 

Other Llve- wage enter- produc- average" 
Rice crops stock labor pnses tlon (hi 

By wealth category 
Rice deficient 164 82 365 226 11 605 40 
Rice sufficient 209 104 674 114 7 713 50 
Rice surplus 165 34 534 16 13 552 45 

By stage in life cycle 
Childbearing 0 0 0 0 0 5 0 
Child-rearing 374 173 664 302 28 1216 76 
Child-leaving 200 194 795 138 5 739 57 

Average 186 134 541 139 648 45 

"Excludes walking times to fields; computed as total per year divided by 365 

production (Table 14). Husbands in the same 
group worked more on other farms than ·their 
wealthier counterparts, and spent less time on 
home production (Table 15). Animal-raising time 
for low income households usually was reduced 
because owners did not keep livestock. 

Children played an important role in farm labor 
and earnings (Table 16). They worked on other 
farms for wages far more than their parents, and 
greatly assisted in farm and home production. 
Their livestock work was confined to caring for the 
carabao while.mothers raised pigs. Children were 
largely excluded from economic enterprises such as 
marketing and petty merchandizing. 

CONSUMPTION PATTERNS IN FARM HOUSEHOLDS 

Cropping Systems Component of the 
Agricultural Economics Department 

Daily records of the 1975-79 cash income and 
expenses of about 40 farmers in each of three 
Philippine areas were analyzed with a linear expend
iture system model. The analysis showed what 
proportions of income increments or marginal 
budget share farmers allocated to each of various 
expenditure items. 

Table 17 shows the average and margmal shares 
offour major expenditure categories in the budgets 
of farm owner-operators and tenant farmers. The 
patterns of average expenditures were quite sim
ilar. Food took more than 30% of the budget and 
farm inputs 20%. The marginal shares indicated 
how farmers spent any increases in income. It was 
apparent that farm operators were more inclined 

than tenants to spend for personal and household 
needs. The marginal share of household items was 
higher than the average and marginal food expen
ditures were less than the average, indicating· an 
overall decline in the food share of the budget as 
income increased. That was expected. 

Tenant farms were inclined to reduce the share 
of personal needs as well as food and household 
items as their incomes increased. In each case the 
marginal share was less than the average budget 
share. More striking for tenants, however, was the 
high marginal budget share (32%) of farm inputs. 
Tenant farmers spent a higher proportion'of their 
cash income increases on farm inputs. Their invest
ments in cash inputs were usually about 'matched 
by their landlords, and the product, after paying 
harvesters, was divided equally by tenants and 
landlord. 

The number offamily members in a household 
should affect the manner in which income is spent, 
particularly for items such as food and clothing. 
The linear expenditure system was estimated for 

Table 17_ Budget shares by tenure class for farm owner
operators and tenants based on analysis of daily records of 40 
farmers in each of 3 Philippine areas, 1975-79_ 

Expenditure Item 

Food and beverage 
Personal needs 
Household items 
Farm Inputs 

Budget shares (%) by 
tenurial class 

Owner-operator Tenant 

Av Margmal Av Margmal 

0.34 0.29 037 032 
025 0.26 020 017 
021 0.25 023 019 
020 020 020 032 
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Table 18. Budget shares by household size based on analysis 
of daily records of 40 farmers in each of 3 Phlhppine areas, 
1975-79. 

Budget shares {%l by 
size of household 

Large household Small household 
Expenditure Item 

Av Marginal Av Margmal 

Food and beverage 0.34 034 039 0.28 
Personal needs 0.26 0.22 0.16 024 
Household Items 0.21 022 023 0.23 
Farm Inputs 019 022 022 025 

small and large households by dividing the original 
sample at the medium household size - 5 members. 
The average budget share of food plus personal 
items was larger for large households, but expendi
tures were more highly weighted toward personal 
items than in small households (Table 18). Appar
ently, food can be more easily stretched over a large 
household than can personal items. On the other 
hand, as incomes increased the large household's 
budget share on food remained constant, with 
some decline in personal expenditures. Small 
households were inclined to sharply increase expen
ditures for personal items while cash food pur
chases declined. 

The analysis indicated that farmers were willing 
to invest cash resources in farm inputs and to 
expand farm investments as a share of all expendi
tures as incomes increased. Revision of the model 
was started to incorporate information on the con
sumption off arm produce and transactions in kind 
that are not reflected in a cash expenditure model. 
The revised model will permit comparison of 
expenditure patterns between areas where the 
degree of production for consumption may differ. 

LABOR REQUIREMENTS FOR CULTURAL 
OPERATIONS 

Cropping Systems Components of the 
Agricultural EconomICs and Statistics· 
Departments 

Labor data on selected crop operations from farm 
records at a cropping systems research site in Pan
gasinan, PhIlippines, were analyzed to identify fac
'tors responsible for the variation in the labor 
requirement data and to estimate the labor require
ments for selected crop operations and field crops. 

Frequency distributions, range, variance, and 
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coefficients of variation of the labor data were 
computed to study the variability and to check for 
extreme observations. Skewness and kurtosis of 
each frequency distribution were computed to test 
the normality ofthe distribution. In addition, Sha
piro Wilk -W statistics were used as a supplemental 
test of normality. Through this analysis, extreme 
values in the labor data were observed and the 
distribution of labor data was found to be non
normal and positively skewed. 

The factors hypothesized to affect labor usage 
were plot size, seed rate, fertilizer rates, insecticide 
rate, and crop yield. 

Effect of plot size on labor usage. Data on labor 
usageforeach selected crop operation were plotted 
against plot size to examine the effect of plot size on 
labor usage. Because of the large fluctuations 
observed, an acceptable range of labor data for 
each selected crop operation was determined. Data 
falling outside the acceptable range were excluded 
to improve data quality. Simple correlation coeffi
cients (r) between plot size and labor usage were 
computed. In 15 of 26 cases, the correlations 
between labor usage and plot size were negative 
and significant(Table 19). This indicates that labor 
use estimates tended to be higher with smaller plot 
size. 

Effect of other factors on labor usage. Other 
factors examined for effects on labor usage were 
seeding rate (kg/ha)Jor direct-seeded wetland rice 
and mungbean, fertilizer rate (kg/ha) for fertiliza
tion, insecticide rate (ml/ha) for insecticide appli
cation, and crop yield (kg/ha) for harvesting trans
planted rice (TPR), dry-seeded wetland rice 
(DSWR), and mungbean. 

Seeding rate. The effects of seeding rate (kg/ha) 
on labor usage for planting operation of DSWR 
and mungbean are shown in Figure 14. For 
DSWR, the correlation coefficient (r = 0.03 ns) 
mdicated no association between seeding rate and 
labor usage. For mungbean, a slIght positive and 
SIgnificant correlatIOn between seed rate and labor 
usage was indicated (r = 0.28 **)" 

Fertillzer rate. Fertilizer rate and first and 
second fertilization for TPR were associated, as 
indicated by the correlation coefficients (.32** and 
.33**). However, there was no significant associa
tion between fertilIzer rate and labor usage for the 
first and the second fertilization for DSWR (r= .06 
ns and .01 ns) (Fig. 15). 



Table 19 Simple correlation coefficients (4) between plot size and labor use per ha, and variability in labor data for selected crop 
operations after excluding outliers Pangasinan, Philippines, 1978-79. 

Order of Sample Mean Mm Max 
Operation Crop" operation" size m-h/ha m-h/ha h/ha CV 

Plowmg TPR 1st 86 550 165 1295 395 -034** 
2d 21 498 147 980 43.5 -0.48* 

DSWR 1st 30 509 162 880 39.7 -0.17 
2d 15 37.5 238 566 287 -0.31 

Mungbean 1st 60 561 7.0 2000 548 -014 
Harrowing TPR 1st 92 282 41 1079 704 -022* 

2d 57 245 90 111.7 689 -026* 
3d 19 169 80 335 45 I -045* 

DSWR 1st 31 195 35 65.0 739 -041* 
Planting TPR 110 134.2 310 3490 429 -028* 

DSWR 35 20.7 20 350 423 002 
Mungbean 95 63 1.0 290 1116 -032* 

Fertilization TPR 1st 97 103 1.5 743 1244 0.09 
2d 59 64 1.4 180 529 -052** 

DSWR 1st 33 166 24 528 712 0.19 
2d 24 107 1.4 220 547 -024 

Insecticide TPR 1st 60 90 3 I 260 486 -038** 
application 2d 17 83 27 125 365 -049* 

DSWR 1st 23 86 33 169 432 -0.10 
Mungbean 1st 82 100 24 435 720 -031** 

2d 55 9.5 2.4 435 67.6 -029** 
3d 40 83 22 240 503 -041** 
4th 24 13.7 23' 43.5 664 -0.67** 

Harvesting TPR' 112 2513 480 9190 593 006 
DSWR" 38 2108 660 6530 599 -030 
Mungbean 86 898 60 360.0 696 -0.20 

"TPR = transplanted rice, DSWR = dry-seeded wetland rice. I'A dash 1-) means not applicable rlncludes threshing. 

InsectICIde rate. Results mdicate an association 
between insecticide rate and second application of 
insecticide for TPR (r = .70*) and first insecticide 
application for mungbean (r = 040**) This implied 
a tendency for insecticide application to increase as 
higher rates of insecticides are applied on the same 
area ofland (Fig. 16;-t7). Development of .the crop 
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14. Effect of seeding rate on estimate oflabor usage for planting 
of dry-seeded wetland rice (DSWR) and mungbean crop 
Pangasman, Phdlppmes, 1978-79 

canopy may be a factor causing the increased asso
ciation of labor time and insecticide rate on rice 
between first and second applications. 

Crop yield. The effects of crop yield on harvest
ing time were examined in TPR, DSWR, and 
mungbean, No apparent relationship between labor 
(h/ha) for harvesting and the amount harvested 
(kg/ha) was observed either in TPR or in·DSWR 
(Fig. 18). However, harvest time of mungbean was 
related to its yield (r = .25*). 

Such factors as planting, first insecticide applica
tion, and harvesting of mungbean, and first and 
second fertilizatIOn and insecticide application for 
TPR showed no dependence on other crop opera
tions, implying that labor requirements for the 
former operations could be estimated indepen
dently of the level of the other factors. 

ESTIMATES OF LABOR REQUIREMENTS FOR 
SELECTED CROP OPERATIONS 

Cropping Systems Components of the 
Agricultural Economics and Statistics 
Departments 

Estimates of labor requirements - except for 
planting, first insecticide application and harvest-
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15. Effect of fertIlizer rate on estimate of labor usage for fertilIzation of trans
planted nee (fPR) and dry-seeded wetland rice (DSWR) crops. Pangasinan, 
PhIlippines, 1978-79. 

ing of mungbean, and fertilization and second 
insecticide application in TPR - were obtained as 
simple averages of labor usage within the accepta
ble range. For planting, fIrst insecticide applica
tion, and harvesting of mungbean and fertilization 
in TPR, estimates were obtained as simple aver
ages at three levels -low, medium, and high - of 
the factor being considered. Estimates of labor 
reqUIrement for higher order operations, with the 

Labor usoge (h/ho) 
15 

exception of insecticide application for TPR: and 
mungbean, were consistently smaller than those 
for the lower order operations. Results indicated 
that labor requirement for wetland plowing is 
higher than that for dryland plowing, and which 
was also the case for harrowing. 

DSWR and mungbean are usually broadcast. 
Labor requirements for planting were much higher 
in DSWR (20.6 hours/hal than those at different 

First oppllcahon, TPR 
r =016 

Secand apphcatlon, TPR 
r = 070 it" 

First opp!ICObon 1 DSWR 
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10 • . . • n =49 . . . . n=/I 
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16. Effect of Insecticide rate on estimate oflaborusageforinsecticideapphcation for transplanted nce (fPR) and dry-seeded 
wetland rice (DSWR) crops Pangasman, PhIlippines, 1978-79 
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17. Effect of insecticide rate on the estimate of labor usage for insectIcide apphcation 
for mungbean Pangasinan. Philippines, 1978-79 

levels of seeding rate (3,6, 3.3, and 4.5 hours/ha at 
low, medium, and high levels) for mungbean, 
Labor requirements for planting mungbean at the 

medium seeding rate were lower than at low level, 
possibly because of the small correlatIOn value 
between seeding rate and labor usage, 

Labor usage (h/ha) 
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18. Effect of yield level on the estimate oflabor usage for harvesting transplanted rice (TPR), dry-seeded wetland rice (DSWR), and 
mungbean crops. Pangasinan, Philippines, 1978-79. 

CROPPING SYSTEMS PROGRAM 345 



Table 20. Estimated labor requirements for selected crop operations. Pangasinan, Philippines, 1978~79.a 

Factor 
affectmg Labor requirement 

Operation Cropi' Order of labor Level of factor Sample size Ih/ha) 
operation requirement Mean:!: SE 

Plowing TPR 1st 59 51.7 ± 1.3 
2d 15 43.7 ± 2.3 

DSWR 1st 18 461 ± 2.3 
2d 9 34.1 ± 2.3 

Mungbean 1st 49 511 :!: 2.3 

Harrowing TPR 1st 75 23.3 ± 1.2 
2d 53 209 ± 1.1 
3d 14 153:!: 1.3 

DSWR 1st 27 16.1 ± 1.4 

Plantrng TPR 87 1269:!: 3.1 
DSWR 22 20.6 ± 0.9 
Mungbean Seed rate L (<26 kg/hal 27 3.6 ± 0.5 

M 127-38 kg/hal 27 33 ± 0.3 
·H (>38 kg/hal 28 4.5 ± 0.6 

Fertilization TPR 1st Fertilizer L 1<95 kg/hal 32 61 ± 05 
rate M 196-125 kg/hal 29 66 ± 08 

H 1>125 kg/hal 30 9.4 ± 0.6 
2d Fertilizer L 188 kg/hal 1!i 50 ± 04 

rate H 189-125 kg/hal 15 60 ± 03 
M (>125 kg/hal 10 6.3 ± 0.6 

DSWR 1st 19 16.4 ± 1.5 
16 10.8'" 0.9 

Insecticide TPR 1st 49 8.2 ± 03 
application 2d' InsectiCide 783 ml/ha 11 89 ± 03 

rate 
DSWR 1st 17 7.5 ± 03 
MUngbean 1st InsectiCide L {<600 ml/hal 24 70 ± a 6 

rate M (SOO-900 ml/ha) 24 9.1 ± 0.5 
H (>900 mllhal 22 100 ± 0.7 

2d 49 83 ± 04 
3d 35 7.3 ± 0.3 
4th 20 11.4 ± 1 a 

Harvestrng TPR' 87 239.5 ± 87 
DSWW 29 189.4 ± 14.1 
Mungbean ¥wlGl L «131'kg/ha) 25 68.4±60 

M 1132-305 kg/hal 23 749 ± 70 
H 1>305 kg/hal 23 85.5 ± 6.7 

"A dash (-) means not applicable. lIfPR = transplanted rice, DSWR ::= dry-seeded wetland rice cL = low level, M = medium, H = 
high. dFunctional relationship is determined and IS linear with 2 hl1 ,000 ml. Mean insecticide rate = 783 mllha clncludesthreshrng. 

Labor requirement for fertilization varied from 
5 hours/ha'(at the low rate offertilizer) in second 
fertilization ofTPRto 16.4hours/haforfrrstfertiI
ization of DSWR. In all cases, labor requirement 
for fertilization was higherin DSWR than in TPR. 
The situation was the reverse in the case of insecti
cide application. The highest labor usage forinsec
ticide application was 11.4 hours/ha (fourth appli
cation in mungbean). 

Harvesting time of TPR was much higher than 
that ofDSWR. The estimate oflaborrequirements 
for the second insecticide application was obtained 
at the average insecticide rate of783 ml/ ha with an 
additional labor requirement of 2 hours/ha for 
every 1,000 ml/ha increase in insecticide used 
(Table 20). 
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EFFECT OF MANAGEMENT ON RICE YIELD 

Cropping Systems Component oJthe Agricultural 
&onomics Department 

In an analysis of dryland rice production by 33 
farmers in Batangas, Philippines, the management 
factor included in a Cobb-Douglas production 
function explained a large proportion of variations 
in rice yield. 

Labor and fertiIizer were the two inputs believed 
to be importantly related to the management fac
tor. It was proposed that management effects on 
yield were reflected through the proper usage of 
fertilizer - the amount and the right time of appli
cation, and the quality ofIabor input and the cor
rect timing of farming operations. The Nielson 



management model and the pattern analysis tech
nique were used to quantify the management 
factor. 

Management grouping. The pattern analysis 
technique was used to sort 33 farmers into 3 groups 
without a priori knowledge of any kind of classifica
tion involving the group whatsoever. The farmers 
were grouped on the basis of their responses to 
questions relating to the Nielson management model. 
Table 21.shows the categories of information ob
tained from a survey used to class farmers into 
three management groups. Pattern analysis does 
not determine the principal factors that make the 
groups different. But simply put, farmers within a 
group were more similar to one another, according 
to characteristtcs and responses in Table 21, than to 
farmers in either of the two other groups. The 
hypothesis advanced was that the groups formed 
were of different managerial capabilities and any 
cluster was as homogenous a management group 
as possible. 

A comparison of the mean characteristics of 

Table 21. Category of informationa obtainQd for 33 Batangas 
farmers. Philippines, 1980. 

V1 = biography information 

Age 
Educational attainment (years) 
Experience in farming (years) 
Size of family 
Ownership of fixtures and buildings, e g., house, water 

tanks, etc. 
Material possessions, e.g. furniture, radiO. etc. 
Ownership of farm implements 

V2= technical knowledge information 

Knowledge of fertilizer and fertlhzer use 
Knowledge of chemicals and proper usage 
Knowledge of pests, diseases, and corresponding 

damages 
Knowledge of farming in general 

V3 = attitude and motivation information 

Attitude toward savings 
Attitude toward loans 
Pattern of expenditures 
Attitude toward community and its problems 
Attitude toward farming as an occupation 
Aspirations in life 
Reaction to changes in pnces of farm crops 

P = process Information 

Source of farm information 
Use of farm information 
Adoption of farm technology 
Implementation of farm technology adopted 

"Information for V1 was taken from the Asset and Valuation 
Survey Schedule; the Information forV2, V3, and P were taken 
from a Management Survey Schedule. 

groups identified through pattern analysis was 
done by I-test. The farmers in management group 3 
(M,) were younger and had less farming expe
rience. In terms of yield, the younger farmers per
formed better than the old ones. Their survey 
responses showed them to be more knowledgeable 
in technical agriCUlture than farmers in manage
ment groups I and 2 (MI and M2). They tended 
also to be more receptive to change and had greater 
aspirations in life. They regarded a progressive 
farmer as one who owns a farm and cultivates it, 
not one just getting higher yields. They had a gen
eral idea of which crops have better prices. They 
were also better decision makers in the sense that 
they related and studied information from all sour
ces and experimented before finally adopting a 
farm technology. 

On the whole, M, farmers possessed characteris
tics that were indicative of good managerial capa
bilities as compared to M I and M, farmers. There 
was not much apparent difference between MI and 
M2 farmers. 

A function assuming conventional inputs to rice 
production was fitted by regression of the form: 

y= bo + bjxj + bhXh + e (I) 
where y = estimated yieldjha (log), 

XI = fertilizer, kg Njha (log), 
X2 = labor, hoursjha (log), 
x, = rainfall, mm rain (log), 
X. = dummy for date of planting, 
X, = dummy for tenancy, 
X6 = dummy for previous crop planted, 
X, = dummy for intercropping, 

bo, bj> bh X, = the parameters estimated, and 
e = error term. 

The management factor was incorporated with 
the use of dummy variables representing the man
agement groups. Three regression models were 
formulated to determine the effect of management 
on yield through the general productivity level 
(intercept) (model I ), the factor elasticity (model 2), 
and both the general productivity level and factor 
elasticity (model 3). 

Model I is described by the equation; 

y= bo + r bf'j+ rbhXh+ r dgMg+ e, (2) 

where d = management coefficient and 
M= management dummy. 

Model 2 is described as 
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y=bo+:l: bjXj+:l: bhX,,+:l: cgjMgXj+ e, (3) 

where cKJ = coefficient for management-input 
interaction term. 

Model 3 is described as 

y=bo+Y.bf'J+Y.b17h+Y.dgMg (4) 
+Y.CgjAfgX,+e, 

The regression results are presented in Table 22, 
The model with only the conventional inputs is 
significant at the 1% level and the variables 
explained 35% of the variation in rice yield. The 
unexplained part of the variation may have been 
due to possible measurement errors, specification 
errors, and random factors. The measurement 
errors may have arisen due to the recall type of 
gathering information. Specification errors may 
have included the absence of the management fac
tor and soil type in the model. The soil variable was 
excluded because of the difficulty in soil sample 
collection and analysis. It is believed however, that 
soil is an important factor that affects the yield of 
Dagge. 

Fertilizer, rain, and a share-tenancy dummy 
were significant variables. The coefficients for fer
tilizer, labor, and rain were the production elastici-

ties in the context of the Cobb-Douglas functional 
form and indicated the expected percentage change 
in yield as a result of a I % change in an input, while 
others are held constant. For instance, a I % in
crease in the level of nitrogen will result in a 0.38% 
increase in yield when other inputs are fixed 'at a 
certain level. Similar interpretations can be made 
for labor and rain. 

The antilog of the coefficient for the share
tenancy dummy was 0.78. This indicated that at the 
same level of all inputs the general level of yield of 
share-tenants was 22% lower than that of owner
operators. Similar interpretations can be made for 
the coefficients·ofthe other dummy variables. 

Inclusion of the management group dummy var
iables in the production function significantly 
improved the fit of the new models as indicated by 
an increase inK from 0.35 to about 0.56. Analysis 
of variance test supported the significant inclusion 
of management in production analysis. 

Management is believed to have a greater effect 
on yield through the factor elasticity of fertilizer 
and labor than through the general level of produc
tivity. In model3A, the coefficient offertilizer was 
insignificant, contrary to that in the other models, 
implying that the differential effect of fertilizer had 
been absorbed by the management factor. The 

Table 22. Multiple regression coefficients for three models of Batangas (Philippines) farmers, with conventional inputs and the 
management factor Included. 1980.a 

Multiple regression coefficient for given model 
Vanables Conven-

(coefficients) tional 2A 28 3A 38 
inputs 

x, Ib,) 0378*** 0.114" 0.202*** 0.117* -0.051 0.088 
x, Ib,) 0.110 0.154** 0.148** 0.198*** 0.137** 0.031 
x, Ib,) 0.107** 0.126*** 0.125*** 0."9*** 0.139*** 0.134*** 
X, Ib,) -0.044 -0020 -0025 -0.20 -0.018 -0.025 
X, Ib,) -0.107*** -0 054* -0,058* -0.052* -0050· -0.076** 
X, Ib,) -0.01' 0.005 0.003 0.007 -0.006 0006 
X, Ib,) -0.004 -0006 0.009 -0.010 -0.005 -0.002 
M, Id,) n. -0.257*** n. -0.593** -0 234 
M, Id,) n. -0.115*** n' n. -0.619* -0.897*** 
Mlx1 (eu) n' -0 140*** 0.179 n. 
M2x2 (eu) n. -0.054*** n. 0.277 n. 
M,", (eu) n' n' -0.102*** n' -0.010 
M2x2 10,,) n' n' -0.043*** n' 0.309** 

Constant (log) 1594 1.336 1201 1301 1.534 1.613 
R' 035 056 0.55 0.56 057 059 
R' 031 0.52 051 0.52 0.53 0.54 
SE 0.1444 01199 01211 0.1201 0.1196 0.1172 
F-Value 8.61 15.56 15.00 15.47 13.03 13.97 
df 7,112 9,110 9,110 9,110 11,108 11,108 

a* = significant at 10% level, ** - SIgnifIcant at 5% level, *** - significant at 1 % level. na - not applicable. 
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Table 23. Estimated marginal products by management groups among 3 models of Batangas (Philippines) farmers. 1980. 

Model and Management Elasticity Mean value 
variable group (b,) of mputs 

Model2A 
Fertilizer 1 0.0622 49 
(kg N/ha) 2 0.1483 63 

3 0.2025 91 

Model 28 
Labor 0.0963 385 
(h/ha) 0.1548 532 

0.1982 386 

same was true oflabor in model3B. This could be 
interpreted to mean that membership to a particu
lar group has some effect on yield regardless of 
fertilizer or labor usage. But, logically, that is not 
so. Hence, model2A (2B) is the appropriate model 
to determine and analyze the effect of management 
on yield of Dagge. 

Considering fertilizer input first (2A), the results 
(Table 22) showed that for M" increasing fertili2er 
level by I % should give 0.06% increase in yield (i.e. 
b + c, or 0.202 - 0.140), when other factors are 
fixed. The increase is 0.15 % for M, and 0.20% for 
M,. M, farmers were better managers of fertilizer 
input than the M, farmers, who in tum were better 
managers than M, farmers. For laborinput(2B), it 
can be deduced that M, farmers were better man
agers of labor input than M, farmers who were 
better tban M, farmers. 

Marginal returns to factors of production. The 
relative efficiency or inefficiency of resourcealloca
tion was determined by comparing the marginal 

Average physical Marginal physical Marginal value 
product (kg/umt) product (kg/unit) product 

27.71 1.72 036 
2954 438 0.92 
2600 5.26 1.11 

3.52 0.34 007 
3.50 054 '0.11 
6.13 1.21 026 

value product (MVP) of inputs with their respec
tive prices or opportunity costs. In the absence of 
data for opportunity costs, the normal market pri
ces of inputs provided a basis of comparison. 
Optimal resource allocation occurs when the MVP 
of a reSOurce is equal to the unit cost of hiring or 
employing that resource. 

In determining optimum resource allocation, the 
daily wage rate of $1.07 for labor was used. The 
prices of ammonium sulfate (21-0-0; $0.19/ kg) and 
urea (45-0-0; $0.21/kg) were used as bases for 
computation of the price of nitrogen ($0.60/kg). 
The price of Dagge was $0.90/ kg. 

Table 23 presents estimated factor marginal 
products by management group. Comparing the 
MVP offertilizer with the cost of nitrogen, it can be 
said that M, and M, farmers were quite efficient in 
the allocation of this input. Considering the labor 
input, it appeared that M, and M, farmers were 
inefficient but M, farmers were efficient in labor 
input allocation. 
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Cropping systems program 

Design of cropping patterns 
Multiple Cropping Department and Cropping Systems Component of the 
Entomology Department 
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SOLANA 356 
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CROPPING PAlTERNS FOR SOLANA "0 
."0- m .. "'~o '" Multiple Cropping Department ~~~ OO'd"'<t .. 00""": 0 :':l J:i >..:::. 

Cropping patterns for Solana were designed for the 
0 ~ 

three strata described in the section Environmental "0 ...J-l..J...J...J...J:2...J 

~iS ii 
Description. Physical factors were assessed to ]~ 
determine the suitability of crops in each stratum. .~ U'I .. · z 

~~ ~ 
LLU.U.u..5:5:::iEu..gau. " 0 ;: ~ The potential crops for each stratum were listed on zz z 

a work table and "a two-part judgment was made 
~~~i!l · ... · ] 

regarding the adequacy or hazard of several factors ~~Iij! " """ " . 0000 0 000 0 " {Z'u > zzzz z zzz z 0 II 
that determine the agronomic potential of each z 

'" -g. 
crop. The work table for stratum I is included as ., "0"0 

III I~ 1llCl)(DQ) · ... · .0 

Table I. The first part of the judgment required a ~~ ~ c:c:cc " """ " . .0 
0000 0 000 0 g "'0' 

rating for the factor if typical conditions prevaiL ~. z· > zzzz z zzz z Z 5511 

'" <DU. 

The second part of the judgment required a rating '6. 
~ ~~~ ~ 

g-a 
~ nl~ ~ 'c.= 

that suggested the degree of annual variability in if o~ 
-~ ~:::.!~~ """ " ~ II the factor. Of the several factors likely to affect 

" 
~'iii ~ ZZZZ Z zzz z " z ~~ yields, water excesses, water shortages, and wind ~ 
6 I ~ :;-g 

and flood hazards were prominentformany crops. ~ -E.'to, Ii: E"ll 
The key factor in designing the patterns was the • ~ ~ 2' > a.. a.. 0... a... .. .. .... .. .. ". zzzz z zzz Z 0." 

"ti § il: '" z 
~E expected field water regime. '2 "0 I: ~ ~~~ ~ 

~ o·~ 
For all patterns the dryland crop component 

~ .g .,~ 

:11 was limited to mungbean. For rice crops, either E li g ~~ii l ~~f:: ~ z 
0 zzz 

transplanting (TPR) or dry-seeding (DSR) were 

t ~ 
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Table 2. Approximate costs and returns of cropping patterns to be tested in Solana, eagayan, Philippines, 1980-81. 

Cost ($/hal 
Expected Expected 

Stratum CroPQ yield value Total Total Returns 
(t/ha) I$/ha) material labor I$/ha) 

Mungbean 09 54000 6600 15000 324.00 
IR42 or IR36 4.0 61330 102.00 15865 35265 
Mungbean 0.8 48000 6600 118.00 29600 
Pattern: MG - TPR - MG 163330 23400 426.65 972 65 

IR36 40 613.30 13330 16290 317 05 
IR42 40 61330 102.00 15865 352.65 
Mungbean 08 480.00 6600 11800 296.00 
Pattern: DSR - TPR - MG 170665 301 30 439.60 96570 

lR36 40 613.30 102.00 158 65 352.65 
IR42 or RD19 4.0 61330 96.65 170.25 346.40 
Mungbean 0.8 480.00 66.00 11800 296.00 
Pattern: TPRl - TPR2 - MG 170665 264.65 44690 995.05 

IR36, IR42, IR52 40 61330 9665 17025 34640 
IR42 or RD19 4.0 613.30 96.65 17025 346.40 
Mungbean 08 480.00 76.00 11930 27130 
Pattern: TPRl - TPR2 - MG 1706.65 26930 45985 977.45 

"MG - mung bean, TPR - transplanted rice, DSR - dry-seeded rice. 

gence tolerance was indicated for this main rice 
crop. Also indicated was a photoperiod-sensitive 
variety that would flowerin late November or early 
December and be ready for harvest in early 
Jannary. 

Table 2 presents estimated costs and returns of 
the patterns. For stratum 1, costs and returns were 
computed on the basis of the inputs specified for 
each crop in Table 3 and the expected yields listed 
in Table 1. An initial farm management survey, 
conducted to provide information for the design 
phase, indicated that cash inputs were kept at a low 
but efficient level for the new patterns. 

The traditional cropping patterns in the three 
strata involve one crop of TPR between July and 
October and generally a mungbean crop planted in 
mid-April. 

Cropping patterns designed for the three strata 
are presented in Fignre 1. In stratum 1 two patterns 
that differed only in rice varieties were specified. 
The four patterns designed for stratum 2 differed 
only in the method of establishing the first rice crop 
and an attempted mungbean crop following the 
second rice crop. In stratum 3, only one new pat
tern appeared to be sensible. Following discussion 
of the designed patterns with farmer-cooperators, 
the distribution of designed patterns by stratum 
was as giveu in Table 4. 

Tests of rice varieties for rahrfed, flood-prone 
lands. Because the Solana research site is on the 
terraces of the Cagayan River, seasonal floods 

occur, especially during October and November. 
Between 1 October and 30 November, severe rainy 
periods with about 5-year return periods occur (see 
Fig. 7 Environmental Description section) and 
flood lower landscape positions. Strata 2 and 3 will 
have flood in most years; flooding in stratum 1 will 
occur only in extreme cases. The performance of 
modern rice varieties under different water regimes 
in actual field conditions was studied. 

Varieties nsed were RD19, RDI7, IR42, IR36, 
IR52, and UPL Ri-5. All except RD19 are pho
toperiod insensitive. Seedbeds were sown in early 
Augnst. Five of seven experiments originally 
planned were planted: two in stratum 2and three in 
stratum 3. Fields in the first stratum were not 
planted because soil moisture before severe flood
ing was insnfficient for pUddling. Three experi
ments (two in stratum 2 and one in stratum 3) were 
totally destroyed by flooding from 29 October to 10 
November. Those fields were transplanted 'between 
12 and 22 September with 40- to 51-day-old seed
lings, which were apparently not well established 
when flooding occurred. 

Postflood ratings show severe damage or total 
failure on all sites except two (Table 5). Thesurviv
ing varieties in sites 5 and 6 were RDI9, RDI7, 
CI71-136, and IR52. IR36 and IR42 were at post
heading stages during the flood period and all 
productive tillers were ruined. Figure 2 shows the 
heights of six varieties With respect to water depths 
over time in two experiments. When severe flood-
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Table 3. Component technology summaries and estimated costs of inputs for cropping patterns to be tested in stratum 1, Solana, Cagayan, Phlllppines, crop year 
1980·81. 

Crop Variety 

Pattern 1: UC - TPR - UC2 
C1 Mungbean CES 10·21 

C2 TPR IR36 

C3 Mungbean CES 10·21 

Pattern 2: UC1 - TPR - UC2 
Cl Mungbean CES 10-21 
and 
C3 
C2 TPR IR42 

Seeding 
Tillage 

operation Labor Rate 
level cost ($) 

Full 20.00 25 kg, 
(60 hi drilled in 

rows, 25 cm 

Conven- 23.30 50 kg 
tional (100 hi (25 x 25 cm) 

Zero None 25 kg, furrow or drill 

(other factors similar to C1 and C3 of pattern 1, 
respectively) 

Material 
cost ($1 

20.00 

10.00 

Conven- (other factors similar to C2 of pattern 1) 
tlonal 
(old 
seed-
lings) 

Weed control 

Insect control 

Labor Method Material Labor 
cost ($1 cost ($) cost ($1 

$10.00 Monocroto- 3600 $6.30 
phos 202 R (30 hi 
(0.251 at 
2 and 12 OEa 

$30.00 (Economic 33.30 3.30 
(150 hi threshold) (15 hi 

(Other factors Similar to C1 of 
'Cattern 1) 

Disease control Fertilizer 

Method Material Labor Method Matenal Labor Materral Labor Harvestmg 

Pattern 1: UC - TPR - UC2 
Cl Mungbean CES 10-21 

C2 TPR IA36 

C3 Mungbean CES 10-21 

Pattern 2: UCl - TPA - UC2 
Cl Mungbean CES 10-21 
and 
C3 
C2 TPR IA42 

cost ($) cost ($) 

Full 20.00 
(60 hi 

Interrow None 
cultlva· 
tlon or spot 
weeding 

Conven- 23.30 2,4·0 (0 51 
tlonal (100 h) or spot 

weeding 

Zero None 

(other factors similar to Cl and C3 of pattern 1, 
respectively) 

530 

Conven- (other factors sim liar to C2 of pattern 1) 
tlonal 
(old 
seed-
lings) 

3.30 
(10 hi 

200 
(8 hi 

13.30 
(80 hI 

"Days after emergence I'Days after transplanting 

cost ($) cost ($) cost ($) cost ($) 

625 g Maneb/ 1000 2.00 None None 1/5 share 
25 kg seeds (8 hi 
Benomyl 
(0125 kg a.I.) 

None None None 80 kg N 130 1/7 share 
1/2 basal 16 hi 
1/2400Tio 
($53.301 
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I. Proposed cropping pattern designs for 1980-81. Solana, Cagayan, Philippines. 
MB = mungbean. TPR = transplanted rice. DSR = dry-seeded rice. 

ing occurred, the early transplanted varieties (7 Sep) 
were obviously taller than the Iatt-transplanted 
varieties (22 Sep). The taller plants survived severe 
flooding. 

The average yields from plots 5 and 6 are given in 
Table 6. Varieties C171-136, RDI7, RDI9, and 

Table 4. Oflt,lbutlon of de.igned cropping plttams by 
stratum, Sollnl, ClgaYln, Phlllppln ••• crop y •• r 1980--81 . 

Cropping patterns (no .) 
Cropping 
pattern- Stratum Stratum Stratum Total 

1 2 3 

Ma -ll'R 6 6 B 20 
Ma-ll'R - Me 11 - - 11 
DSR - ll'R - Me - 5 - 5 
TPR - ll'R - Me - 5 9 " Total 17 16 17 50 

· MB - mungbean. TPR - transplanted rice, OSR ., dry-seeded 
rice. 

JR52 produeed signifi cantJy higher yields than 
JR42 and JR36. The high er yielding varieties were 

e productive tillers and taller and produeed mar 

T." 5. Flood damage rating. on trlnsp"ntlld ric. under dif· 
ferent Wit... reglm .. att" 2 typhoons, So"nl, e.gaYln, 
Phllippl""_ 1910.-

S November 17 November 

Variety Stratum 2 Stratu m3 Stratum 2 Stratum 3 

3 • 5 6 7 3 • 5 6 7 

RD19 5 5 1 1 1 • • 2 2 3 
RD17 5 5 1 1 1 • • 2 2 3 
C171·136 5 S 1 1 1 • • 2 2 • 
IR52 S S 2 2 1 • • 3 3 • JR42 5 5 2 3 5 • • 3 3 • JR36 5 5 3 3 5 • • • • • 
- Flood damage rating code used: S - still submerged or lodged 
at the time of rating. 1 .. slight damage to none. 2 .. moder.te.3 
- severe. 4 .. totel failure.1Figures under each stratum refer to 
site numbers within the stratum. 
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2. Height of 6 rice varieties after transplanting of seedlings of 2 ages, Solana, Cagayan, Philippines, crop year 1980-81 . 

total dry maller. In another experiment at two sites 
in stratum 3 during the same period, RDI7, C171-
136, RDI9, and an IRRlline(IR4432-52-6-4) also 
survived the flooding and out yielded 3 local varie
ties - Wagwag-aga, Wagwag tawataw, and Wag
wag Java. IR4432-52-6-4, RDI7, and RDI9 
yielded between 1.6 and J.7 t/ ha, Wagwag tawa
taw and Wagwag Ja\a yielded 1.4 t ha each. and 
Wagwag-aga yielded 0.5 t/ ha. lR42 yielded 1.2 
t/ ha. 

INSECT CONTROL RECOMMENDATION FOR 
DRY-SEEDED BUNDED RICE IN SOLANA 

Cropping Systems Component of the Entomology 
Department 

Dry seeding of rice is an introduced method of crop 
establishment in Solana. Insect control recom
mendations based on results from cropping sys
tems research in Boilo and Pangasinan province 
were tested by the growth stage partitioned yield 

Table 6. Yield performance of transplanted rice c:uttivars under different wat ... regimes. Solana, Cagayan. Philippines. 1980 wet 
season,· 

Yield Yield Total dry Plant Product ive 
rank Cultivar (t/ ha) matter hi tillers 

It / ha) (em) (no,' 

1 C171 -136 1.75 a 2.45 a 117 a 12 ab 
2 ROn 1.71 a 2.62 a 117 a 12 ab 
3 R019 1.69 a 2.80 a "' b 12 ab 

• IR52 1.34 a 1.71 b 101 be 13. 
5 1R42 1.12 b 1,42 b 98 c 11 b 
6 IR36 0.30 c 1.31 c 85 d 6 b 

Av 132 1.89 105 11 

CV '%1 ,. ,. 1.5 8 

·Separation of means in • column by Duncan's multiple range test a1 the 5% level. 
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Table 7. Development of a chemical insect control recommendation for rainfed dry-seeded bunded )R3G rice, using the growth 
stage partitioned yield loss method. Solana, eagayan, Philippines, Jun·Nov 1980." 

Treatment 

Complete protectlond 

Omit seed or seedling protection 
Omit vegetative protection 
Omit reproductive protection 
Omit ripening protection 
Untreated 
Recommended practice; economic threshold~ 
1.5 kg a.1 carbofuran/ha In seed furrow 

plus vegetative, reproductive, ripening 
protection 

Plant stand 
34 DEb 

(no. plants/m row) 

45 abc 
31 
63 a 
47 abc 
54 ab 
36 bc 
34 bc 
54 ab 

Tillers 
60 DEb 

(no/m rowl 

208 ab 
129 c 
190 abc 
225 a 
187 abc 
141 be 
137 c 
186 abc 

Yield'" 
It/ha) 

133 a 
0.75 bc 
104 ab 
137 a 
134 a 
034 c 
0.57 c 
129 a 

"Av of5 replications (fields). DE = days after crop emergence Separation of means In a column by Duncan'smultiple range test fP 
= 0.05) b5_m row sample area e20·m2 sample area dSeed or seedhng protection: 4 9 a I bendlocarb/kg seed (seed treatment), 

~~gd~~IEE r,rf~%tig~~1 ~ 20~ rg~I~~~~~~fgs~7;a (~5~6a5~~; D~;O r~~~n3g0;~~t~~f:n.31\~~ ?~.~~C(g~~I~~~2~t~g;7h~ ~p~iy ~~ 
DE. ~No insect surpassed the economic threshold in any field 

loss method. Granular carbofuran was tested at a 
high dosage (I kg a.i. I ha) to determine if it would 
stimulate rice yields in Solana. 

Two typhoons occurring before 'harvest greatly 
reduced yields but significant losses to insects 
occurred during the seed or seedling stage (Table 
7). Damage by an ant Solenopsis geminata, which 
removed rice seeds before seedling emergence, was 
suspected. Ants were prevalent along the bunds 
and during flooding ant colonies with eggs were 
seen floating on the water in large balls. 

Seed treatment with bendiocarb was more effec
tive than carbofuran in controlling ants. 

CHEMICAL INSECT CONTROL 
RECOMMENDATIONS FOR ILOILO 

Cropping Systems Component of the Entomology 
Department 

Chemical insect control practiCes were tested in 
cropping pattern trials conducted in farmers' fields 
in Iloilo province in 1976-79. Each year a speci
fic chemical insect control practice was designed 
for each crop in the cropping patterns being tested. 
A procedure for designing recommendations was 
developed from tests in Iloilo and Pangasinan 
(Annual report for 1978). 

Economic evaluation of the recommended prac
tices for the Iloilo cropping patterns - DSR and 
wet-seeded rice (WSR) as first crops, TPR as 
second crop and cowpea as last crop - was done in 
1980. 

The criteria {or judging the merit of an insect 

control practice were insecticide application cost, 
net returns above total variable costs, and benefit
cost ratio from insecticide use. The calculation of 
net returns was based on the prevailing SOCiO

economic conditions at the IlOllo site. Yield 
loss during harvesting and threshing was estimated 
to be 5%. It is a common practice for harvesters to 
receive 1/6 (17%) of the crop. Most Iloilo farmers 
are share-tenants and the common practice is for 
the tenant to pay the owner 33% of his harvest 
share. Therefore 47% (the product of sequentially 
deducting 5%, 17%, and 33%) was deducted from 
the yields to cover those costs. Total material costs 
including insecticides and preharvest labor were 
then subtracted. Interest on material costs was also 
deducted -12% on rice and 9% on cowpea·(esti
mated to be the true cost of borrowed capital' at 
3%/month). 

The benefit-cost ratio calculated for insecticide 
usage was based on chemical cost and labor for 
application. 

Dry-seeded rice. The early planting of DSR, 
timed with the start of the rainy season, produced 
an effective cultural control of insect pests. The 
only potential threat to the crop was white stem 
borer. Light trap collection, liowever, showed that 
with resumption of the rainy season, the stem borer 
flights were low, indicating a high mortality over 
the dry season. There were only isolated cases when 
populations of other potential insect pests -Ieaf
folder and rice bng - reached economic injury 
levels. 

The yield responses to insecticide recorded in 
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TableS. Economic evaluation of chemical insect control practices for dry-seeded bunded wetland rice" Oton, Iloilo, Philippines, 
1977·79. 

Insecticide Net returns Benefit: cost 
YIeld above lYe<" from 

Treatment Cost" Itlhal I$/hal insectIcides" 
I$/hal 

1 kg a.1 carbofuran G/ha basal (recommended practiceY 
1977g 

35 5.51 a 209 a 789 a 
Complete control 162" 535 ab 69 b 1.51 a 
0.5 kg a.i. carbofuran G/ha basal 18 434 be 133 ab 4.32 a 
Untreated 0 3.88 e 114 b 

1978h 

0.5 kg a.i. carbofuran G/ha basal (recommended practice) 18 4.75 a 166 a 7.09 a 
Complete control' 71 4.96 a 129 a 2.27 a 
1 kg a.i. carbofuran G/ha basal 35 5.02 a 170 a 4.98 a 
Untreated 0 399 b 124 a 

1979' 
0.5 kg a i carbofuran G/ha basal (recommended practice) 18 399 a 105 a -0.03 
Complete control~ 328 396 a -207 b -0.03 
Untreated 0 403 a 127 a 

"Within years, separation of means in a column by Duncan's multIple range test (p = 0.05). All costs based on 1978 prices: $0.151 
kg rice, $0.14/man-h. IIChemical cost, 12% interest, labor for application ~TVC = total variable cost, Including total material costs 
(12% interest), preharvest labor costs, 5% harvest loss, 1/6 harvesters' share, 33% landlords' share. dChemical cost and labor 
applicatIon. ~Av of4 replications (flelds).f1.5 kg a.i. carbofuran G/ha basal in seed furrow, 0.75 kg a i. monocrotophos EC at 30, 45, 
60,70 DE (days after emergence). UZ kg a.1 carbofuran G/ha soil incorporated (51) before last harrOWing; 0.75 kg a.l. monoc
rotophos EC/ha 35, 55, 65 DE (days after emergence). hAv of6 replications (fields). '0 5 kg a i carbofuran G/ha basal in seed furrow; 
0.75 kg a i endosulfan EC/ha at 45,55 DE; 0.75 kg a i carbaryl WP/ha at 70, 80 DE. JAv of 5 replications (fields). ~1 kg a.1 
monocrotophos EC/ha at 5, 15, 25, 35, 45, 55, 65 DE; 1 kg a i. y-BHC EC/ha at 75, 82, 89 DE. 

1977 and 1978 (Table 8) were less a result of insect 
control than of direct plant growth stimulation by 
carbofuran (Annual report for 1979). No signifi
cant yield increases were recorded from additional 
foliar applications of insecticide (complete con
trol). From the evidence over the 3-year testing 
period the recommendation for DSR is economic 
thresholds (Table 9). 

First crop, wet-seeded rice. WSR as a first crop 
in a two-rice cropping pattern is designed to be 
planted in June, one month after DSR. Because of 

. erratic rainfall in some years, WSR was planted 
later - July in 1978 and August in 1979. Insect pest 
populations were more abundant in the later plant
ings - caseworm Nymphula depunctalis, white 
stem borer, leaffolder, and rice bug. 

Insect pest popUlations were, however, generally 
low during 1976-79. In 1976 and 1979 there was no 
yield response from insecticide used (Table 10) .. 

No practice produced significant net'returns 
above the untreated control in any year. Carbofu
ran soil incorporation produced significant yield 
increases over the untreated control in 1977 and 
1978, but not in the other years. Use of economic 
thresholds is the recommendation for WSR. 

Second crop, transplanted rice, A high degree of 
risk from drought is associated with second crop 
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TPR. Yields were ganemlly lower than for DSR or 
WSR. In 1979 it was not possible to establish the 
crop and in 1977 drought seriously reduced yields, 
ruaking all net returns from insect control practices 
negative (Table I I). 

An analysis of the results of the 3 years of testing 
does not support anyone insect control practice. 
Second crop TPR was much more responsive to 
insecticides than other rice crops. Yield responses 
were due to insect control and to plant growth 
stimulation by carbofuran. In 1978 carbofuran soil 
incorporation at transplanting gave a yield of2.89 
tlha, which was a significant increase from the 
untreated (2.34 t/ha) but was far below the yield 
potential from insecticide use. The spectacular 
yield of the complete control (4.66 tl hal included 
the influence of insect control but in the light of 
greenhouse studies, it was suspected that the combi
nation of carbofuran treatments in the seedbed and 
at transplanting were responsible for much of the 
yield increase. Because of drought in 1979 the rela
tive importance of each of the applications at the 
site was not tested. 

Insect pests - caseworm, white stem borer, leaf
folder, and rice bug - occurred at much higher 
populations on second crop TPR than on first crop 
rice. However, insect species varied greatly from 

, 
i' 



"\ 

Table 9. Insect pest economic thresholds recommende~ for insecticide usage in rice. 110110, Philippines, 1980. 

Insect pest Thresholda 

Vegetative stage ' 
Caseworm Nymphula depunctalis Seedbed: >25% 

Other defoliators (armyworm 
Mythlmna separata, cutworm 

Spodoptera htura, green horned 
caterpillar Melanltls leda, skipper 
Pelopidas mathias) 

Whorl maggot Hydrel/ia sasakii 

White stem borer Scirpophaga 
innotata 

aDT = days after transplantmg. 

leaves cut 
Field' >15% leaves 

cut 

Seedbed. >50% 
defoliation 

Field: >25% defolia
tion 

Field' 10-14 DT 
>10% dam
aged leaves 

Field: >15% 
deadhearts 

Insect pest Thresholda 

Vegetative stage 
Leaffolder Cnaphalocrocis medinalis Field: >15-20% d~m

aged leaves 

Brown planthopper Ni/aparvata Field: >21tlller 
/ugens 

Reproductive stage 
Stem borer >5% deadhearts 
Leaffolder >10% damaged flag 

leaves 
Defoliators > 15% defoliation 
Brown planthopper >1/tlller 

Ripening stage 
Rice bug Leptocorlsa spp. >8/m: 

Table 10. Economic evaluation of chemical insect control practicesforfirstcrop wet-seeded rainfed rice" Oton.lloilo. Philippines, 
1976-79 

Insecticide Net returns 
Yield above lVC<" Benefit: cost 

Treatment Costl' (t/ha) (S/ha) from msecticideS'1 
($/ha) 

1976'" 
Complete control' 152 5.07 a 119 b -0.06 a 

(recommended practice) 
Economic thresholdu 28 4.75 a 218 a -224 a 
Untreated 512 a 275 a 

1977~ 

EconomiC threshold" 17 478 ab 205 a 263 a 
(recommended practice) 

Complete control! 162 515 ab 90 b 2.38 a 
1.5 kg a.i carbofuran G/ha 51 52 531 a 212 a 065 a 
Untreated 452 b 200 a 

1978J 

Economic thresholdk 26 419 be 146 a 3.88 a 
(recommended practice) 

Complete controll 76 5.01 a 161 a 3.17 a 
1 kg a i carbofuran G/ha 51 25 452 ab 162 a 4.58 a 
Untreated 3.57 e 123 a 

1979'" 
Economic threshold~ 268a 44 a 867 a 

(recommended practice) 
Complete controlO 328 285 a -262 b 0.35 a 
1 kg a.i. carbofuran G/ha SI 35 2.61 a 4a 222 a 
Untreated 2.16 a 10 a 

aWlthm years. separation of means m a column by Duncan's multiple range test at the 5% level. All costs based on 1978 prices: 

~~s~~W~~~~'t!~e!~{,~!'h~r:;s~~::bI;~~~~;:: J~;h~~~s~1~~~~1oJ6f~~~fs~~~:!~~a%;~3% ~~~~~~~P~~~~~~~~~~~~r ~g!~~~Jf~~i~~ 
for application. ~Av of 6 replications (fields). "2 kg a.l. carbofuran G/ha soil incorporated (51) before last harrowing, 0.75 kg a.l. 
monocrotophos EC/ha 35, 55, 65 DE (days after emergence). UO.75 kg a i. monocrotophos EC/ha 72 DE. "0.75 kg a.i. endosulfan 
EC/ha 40 DE '1 5 kg a.i carbofuran G/ha SI; 0 75 kg a i. monocrotophos EC/ha 35,45, 65 DE. JAv of 5 replications (fields) kO 75 kg a.i. 

:i~c~Sr~I!~, ~t'~a2i5~~~,~~~~: n~l~b~:Xlr';;';{c~~i~~~{7i~~d~r. ~g:7~k~~~~r~~r~:~~ ~~ ?h~53~gD~~:.ik~~~~~gn~~~~:0~~~;~g1~a k~ 
15, 25, 35, 45, 55, 65 DE; 1 kg a i - BHC EC/ha 75, 82, 89 DE. 
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Table 11. Economic evaluation of chemical insect control practices for second crop transplanted rainfed rice." Oton, Iloilo, 
Philippines, 1976-78. 

Insecticide Net returns 
Yield above lVCC Benefit: cost from 

Treatment Cost' (t/hal ($/hal insecticldesd 
($/hal 

1976' 
Complete control' 179 5.17 a 67 b 1.22 a 

(recommended practice) 
Economic thtesholdll 17 4.41 b 169 a 552 a 
Untreated 3.86 b 142 a 

1977h 

1.5 kg a.L carbofuran 52 1.76 ab -98 b 0.39 
G/ha 51 (recommended 
practice) 

Complete control' 103 1.79 a -127 c 072 
Untreated 1.40 b -56 a 

1978J 

1 kg a.i. carbofuran G/ha SI 35 289 b 39 b 2.661. 
Complete controll 96 466 a 120 a 405 
Untreated 2.34 c 32 b 

"Within years, separation of means in a column by Duncan's multiple rsngetest atthe 5% level AI; costs based on 1978 prices: 
$0 15/kg rice, SO 14/man-h bChemical cost, 12% mterest, labor for application "1VC = total vanable cost, mcluding total material 
costs (12% interest), preharvestlaborcosts, 5% harvest loss, 1/6 harvesters' share, 33% landlords' share dChemical cost and labor 
for applrcation. eAv of 6 replications (fields). 12 kg a.i. carbofuran G/ha soil incorporated (SI) before last harrowing; 0.75 kg a.i 
monocrotophos EC/ha 30,40, 50, 60 DT (days aftertransplanting). IIO.75 kg a i endosulfan EC/ha 65 DT. hAy of4 replications (fields) 
'1.5 kg a.i carbofuran G/ha SI; 0.75 k~ a.i endosulfan EC/ha40, 60, 70 DT.1Avof5 replications (fields). Alnsufficienterrordegreesof 
freedom for statistical test of sigmficance. 11 kg a i carbofuran G/ha SI In seedbed and before transplanting; 0.75 kg a.i. 
endosulfan EC/ha 35, 45 DT; 1 kg a.i. carbaryl WP/ha 60,70 DT. 

year to year and from field to field. Economic 
injury levels were surpassed each year, but not ou 
the same growth stages of the crop. 

The analysis of the trials indicates economic 
thresholds as the r~commendatiou for second crop 
TPR. 

Cowpea. Low yields and cousistent negative net 
returns from cowpea for 1976-79 illustrate the 
effects of the sudden onset of the dry season in 
Iloilo iu November-December. Yields increased 
overthe years as a result of use of reduced tillage to. 
establish cowpea after rice harvest. 

The 1976-79 trials showed that significaut cow
pea yield losses occurred at the preflowering and 
postflowering stages in roughly equal proportions. 
Beanfly (Ophiomyia phaseoil), thrips (Thrips 
palmi), leafhopper (Amrasca biguttula), and flea 
beetle (Medythia suturalis) were the key preflower
inginsect pests. Bean pod borer (Maruca testulalis) 
and aphid (Aphis craccivora) were the principal 
postflowering pests. 
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Two applications of monocrotophos 2 and 12 
days after crop emergence (DE) at low dosages 
(0.25 kg a.i./ha) gave optimal preflowering protec
tion. The suboptimal yields in the 1979trials (Table 
12) were believed due to failure of the postflower
mg chemical control practice with carbaryl, which 
was not highly effective against the'bean pod borer. 
Therefore the recommendation was 0.75 kg a.i. 
endosulfan/ha at 30 and 40 DE as postflowering 
protection. 

These 1976-79 trials illustrate that economically 
acceptable insect control recommendations cannot 
be developed from existing technology without 
undergoing field trials at a site. The fact that the 
insect control technology emanating from research 
stations was not ready to go was demonstrated by 
the difficulty encountered in determining economi
cally optimal recommendations for farmers. 

http:aftertransplanting).IIO.75


T~ble 12. Economic evaluation of chemical insect control practices for cowpea after rainfed wetland rice}' Oton, Iloilo, Philip
pines, 1976-79. 

Insecticide 

Treatment 

0.75 kg a.l. monocro
tophos EC/ha 5, 15, 
35 DE (recommended 
practice) 

Complete controlU 

Untreated 

0.25 kg a i endosulfan 
EC/ha 15 DE (recom
mended practice) 

Complete control' 
Untreated 

0.25 kg a.l. monocra
tophos EC/ha 2, 12 DE; 
0.75 kg a.l. carbaryl 
WP/ha 35 DE (recom
mended practice) 

Complete controlk 

Untreated 

o 25 kg a.l. monocra
tophos EC/ha 2, 12 DE, 
0.75 kg a i carbaryl 
WP/ha 25, 35 DE (recom
mended practice) 

Complete control'" 
Untreated 

CosfJ 
(S/ha) 

81 

134 

66 

30 

264 

40 

218 

Yield 
(t/ha) 

1976t 
0.02 b 

013 a 
0.02 b 

1977" 
0.38 b 

0.54 a 
029 c 

1978) 
030 a 

0.42 a 
0.07 b 

1979' 
049 b 

067 a 
0.14 c 

Net returns 
above TVCC Benefit· cost from 

(S/ha) insecticldesd 

-193 b o 11f 

-225 a 0.39 
-117 c 

-45 a 3.19 a 

-71 b 1.56 a 
-56 ab 

-84 a 3.05' 

-314 b 0.51 
-100 a 

-55 a 364a 

-197 c 1.01 b 
-87 b 

aWithin years, separation of means In a column by Duncan's multiple range test at the 5% level. All costs based on 1979 prices: 
$0 30/kg seed, $0.14/man-h. bChemlcal'cost, 9% interest, labor for apphcation '1VC = total variable costs, including total matenal 
costs (9% interest), preharvest labor costs, 5% harvest loss, 1/6 harvesters' share,33% landlords' share. dChemical cost and labor 
for application. ~Av of 5 replications (fields). 'InsuffiCient error degrees of freedom for statistical test of significance uO.75 kg a i 
monocrotophos EC/ha 5, 15, 25,35, 50 days after emergence (DE). hAy of 12 replications (fields). '0.5 kg a i endosulfan EC/ha 1, 5 
DE; 1 kg a I endosulfan EC/ha 30, 40 DE JAv of 4 rephcations (fields) k2% wt/wt carbofuran seed treatment; 0.05 kg a i. 
decamethrin EC/ha 25, 35, 45 DE 'Av of 16 replications (fields). "'0 5 kg a i monocrotophos EC/ha 2, 9, 16 DE; 003 kg a i 
decamethrin EC/ha 25, 35, 45 DE. 
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INTENSIVE CROPPING SYSTEMS 

Rice Production Training and Research Depart
ment 

Tests of the continuous rice production model and 
the sO/Jan cropping system continued in 1980. 

Continuous rice production model. The conti
nuous rice production model maintamed a yield of 
20.1 t/ha. Yields in the previous 3 years ranged 
from 20.3 to 23.6 tl ha per year. Figure I gives 
weekly yields for 1977-80. 

Tests of various plot sizes (Annual reports for 
1977, 1978, 1979) have indicated that the system is 
adapted to year-round irrigation. An 800-m' plot 
in a I-ha farm was found to be the minimum 
economical size. 

The variability of the 1980 production from the 
rice garden was influenced more by solar radiation 
than by other factors as in previous years (Fig. 2). 
Typhoon damage occurred but the loss was re
duced because rice in each plot was at a different 
growth stage. There was no obvious msect buildup 
or conspicuous rat damage at IRRI in 1980. Severe 
rat damage m October-December was reported in 
a farmer's test of the model when there was no 
other crop in the surrounding fields. Yields rep-

Table 1. Yields from continuous rice production models in 
fully irrigated Filipino farmers' fields, 1979·80. 

Area Yield Time in 
Site planted (t/ha operation 

(ha) peryearJ (mo) 

Batangas 1 33.1 24 
Blcol 95 181 24 
Bukidnon 365/1 18.0 48 
IRRI 1 20.1 48 

"Three crops per year only 

orted from farmers' tests in the Philippines were as 
good as or better than at IRRI (Table I). 

The weekly net income from t)1.e IRRI model 
was $65.30. A Batangas farmer obtained a weekly 
net income of $69.10. Both models had 800-m' 
.plots and a I-hafarm. Production costs are given in 
Table 2. 

Sorjan. The sorjan cropping system was tested 
in ra[nfed and irrigated (heavy clay soils) fields in 
1980. In rainfed plots at IRRI soybean gave the 
highest net return ($1,8451 hal, followed by mung
bean and maize (Table 3). Sorghum's negative 
returns were due to low yield. 

On sorjan beds the yield of soybean following 
maize was low, but yield of maize following soy
bean was high. This indicates soybean enrichment 

~r"l~d~(t~/h~O~) ____________________________________________________ , 

°O~~2~4~6~78~IO~12~147-~16~18~~~~~2L.4~2~6~ffi~3~0~3~2~3L.4~3~6~~~4~O-4~2~4f4~4~6~~~5~O~52 
Week no 

1. Weekly yield for 1977-80 in a continuous rice production model. lRRI. 
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2. Weekly yield ofIR36, IR50. and IR42and average weekly solar radiation in the continuous 
rice production model. IRRI. 1980. 

of the soil. Soybean following soybean did not 
show an allelopathic effect, but yields of mungbean 
following mungbean did (Table 4). 

In irrigated wetland plots, the sarjan system 
produced 3 crops in sequence in 1980. Raising the 
bed~ of sorjan elimmated flooding of the bed soil 
even during typhoons. Granulated sOlI conditions 
developed on the raised beds and production of 
moderately high yields of dryland crops resulted. 

Average single harvest yields are in Table 5. Yield 
of each single harvest of rice in the sinks ave,aged 
6.1 tfha. 

Testing of the sorjan system in farmers' fields 
continued. Irregular rains and typhoons resulted in 
combinations of lack and excess of water and low 
yields of dryland crops at several sites but moder
ately high yields of wetland rice (Table 6). 

Table 2. Cost of production (labor and materials) per 800.ml plot at IRRJ and on a Batangas farm, 1980. 

Cost ($) 
Activity 

Time (h) Labor Materials Total cost ($) 

IRRI Batangas IRRI Batangas IRRI Batangas IRRI Batangas 

Land preparatIon 679 9.00 9.12 240 912 240 
Seed and seedbed 6.98 0.70 1.40 1.0S 0.71 1.26 211 1.40 
Planting 12.55 800 2.51 1.60 2.51 1.60 
Fertiffzing 0.71 3.00 014 0.60 607 1522 6.21 1582 
Weed control 030 10.00 0.06 2.00 036 0.42 200 
Insect control 079 200 016 040 2.95 282 311 322 
Irrigation 449 448 089 0.89 3 S1 3.S1 4.40 4.40 
Harvestmg 27.S0 60.00 5.50 12.00 S.SO 12.00 

Total 6070 97.18 19.79 20.10 1361 22.81 3340 42.91 
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Table 3. Cost and returns for first·crop dryland crops on 
rainfed sorjan beds and sinks.IRRI. 1980. 

Crop Yield 
It/hal 

Maize 288 
Soybean 2.30 
Mungbean 0.98 
Sorghum 1.05 
Rice 195 
Rice 217 

(sinks) 

Variable cost 
I$/hal 

Material Labor" 

207 115 
225 54 
182 344 
148 104 
261 192 
286 212 

Total 

322 
289 
526 
252 
453 
498 

Returns 
I$/hal 

Gross Net 

576 254 
2146 1845 
1372 846 

168 -84 
388 -65 
434 -54 

alnclucles the cost of construction of sorjan beds. 

CROPPING SYSTEMS SIMULATION 

Cropping Systems Componentofthe Agricultural 
Economics Department 

Simulation was used to investigate and analyze the 
decision-making process and risk-taking of indi
vidual households. Through observation, intro
spection, and interview the following aspects of 
decision making were described and analyzed: 

• What are the types of decision situations the 
farmer encounters? 

• Under what kind of conditions do they dev
elop? 

• What are the choices open to a farmer in such 

a situation and what are the expected out
comes? 

• What is the decision rule he applies? 
Farmers were asked to elaborate their farm 

plans for the coming cropping season by indicating 
cropping patterns, expected input levels, and ex
pected timing of operations (including the initial 
plow sequence). Discussions with farmers with 
respect to the feasibility and "riskiness" of cropping 
patterns revealed that farmers' plans are condi
tioned by the onset of the growing season and 
usually consist of several alternative cropping 
strategies. To understand their cropping pattern 
choice in relation to expected growing season dura
tion, farmers were asked to evaluate the expected 
onset and termination of ponding water in their 
parcels (Fig. 3). To relate their crop choices and 
planned fertilizer levels to expected returns, farmers 
were asked to express their subjective probabilities 
of crop yield at given fertilizer levels (Fig. 4). 

During the growing season, farm operations 
monitored on a day-to-day basis through a daily 
recording system were evaluated weekly. Farm 
operations were plotted on a cropping system chart 
indicating crop areas, and date and type of opera
tionfor all parcels. Unexpected deviations from the 
farm plan were discussed with farmers, and bi-

Table 4. Comparative yields of the first 2 crops in 8 rainfed cropping patterns in a soqan system and a flatbed system at IRRI in 
1980. The third or fourth crops will be harvested in 1981. 

Total grain yield 
System Pattern and crop.yield (t/ha) (tlha) for 2 crops 

Rice - rice - cassava 
Sorjan bed 2.0 1.0 30 
Flat bed 2.3 1.2 

Maize - soybean - maize - soybean' 
3.5 

Sorjan bed 3.4 1.6 5.0 
Flat bed 18 1.2 3.0 

Mungbean - sorghum - mung bean - sorghum 
Sorjan bed 0.9 1.8 2.7 
Frat bed 09 1.6 2.5 

Mal.ze - soybean - cassava 
SorJan bed 2.5 1.7 4.2 
Flat bed 1.9 1.2 3.1 

Sorghum - mungbean - sorghum - mungbean 
Sorjan bed 1.6 0.6 2.2 
Flat bed 25 0.2. 2.7 

Soybean - maize - soybean - maize 
Sorjan bed 2.0 40 6.3 
Flat bed 2.6 1.9 4.5 

Soybean - soybean - soybean - soybean 
Sorjan bed 2.0 1.3 3.3 
Flat bed 2.6 1.2 3.8 

Mungbean - mungbean - mungbean - mungbean 
Sorjan bed 13 0.2 1.5 
Flat bed, 0.9 0.2 1.1 
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Table 5. Average single crop yields of dryland crops on sorjan 
beds and rice in sinks on irrigated heavvclay soils at IRRI, 1980. 

Av 
Crop Variety Maturity yield 

(days) It/ha) 

Soybean Clark 63 90 22 
Mungbean CES 1D-21 68 09 
Sorghum Cosor3 110 32 
Cowpea EG No 3 72 0.9 
Rice IR36 110 61 

weekly yield expectations were used to keep in 
touch with the farmers' feelings with regard to the 
status of their crop (Fig. 5). Whenever necessary, 
short interviews were conducted concerning spe
cific management tasks that occurred during the 
growing season - cut-off dates for planting crops, 
whether to consider a crop a failure, whetherfertil
izerwas available, and whetherit could be applied. 

The result of one year of monitoring was a 
sequence of decision situations within cropping 
patterns and across crops. Their occurrence was 
related as much as possible to context conditions 
such as rainfall, soil moisture content, pest or weed 
infestation, labor or cash shortages, and low-high 
crop prices. When for each decision situation 
options, choice determinants, and actual choices 
were adequately described, actual choices were 
grouped in option categories and related to a 
common choice determinant from which, finally, a 
decision rule could be abstracted. Farmers' consen
sus regarding the preciseness of a rule was arrived 
at after farmers' evaluation of that rule. 

An obvious limit to this approach is that the set 
of decision situations and rules are appropriate 
only in the context of the specific characteristics of 
the cropping year in which they were observed. 

Cumulative probability 
15 

11 III 
10 

IS~~=====~~~~ 
Phleall 

fo 

O,L-LL~ __ L--L-J __ L--L~~~~ 
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10 
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Week no 

3. Fanners' cropping piansare based upon theIr expectations of 
water availability. expressed here as the probability offloodmg 
by week of the year (1-7 January = week I).IRRI, 1980. 

Choice situations encountered in one year might 
not occur in other years and it would take a large 
number of years of observations to make a com
plete inventory. The same applies to the outcomes 
of choice - a good choice in one year might be 
disastrous in another. Simulation offers a solution 
here by incorporating the following major compo
nents: 

\ Table 6. Performance of dryland crops on raised beds and rice varieties in sinks when direct-seeded in dry soil on sorjan beds 
before the start of the rainy season, at 5 sites in the Philippines, 1980 wet season. 

Yield" (t/hal 

Site Dryland cropo Wetland'rice';' 

Rice Maize Soybean Mungbean IR36 IRSO IR38 IRS2 IR54 
IIR36) (UPCA Var.n (Clark 63) ICES 10·21) 

Basista, Pangasinan 29 c 4.2 a 1.4 b 0.3 b 44 a 3.4 ab 3.0 b 3.1 b 3.1 b 
Urdaneta. Pangasinan 46a 0.0 c 18 b 0.3 b 4.8 a 5.0 a 4.5 a 4.5 a 42a 
Apalit, Pampanga 2.0 0.4 c 0.0 b 47a 4.5 a 4.6 a 4.5 a 4.2 a 
Banga, South Cotabato 3.5 b 3.6 a 2.8 a 1.9 a 3.5 ab 3.3 ab 29 b 3.9 ab 4.1 a 
Kidapawan, North 0.0 c 2.1 b 1.5 b 1.5 a 54 a 29 c 5.7 a 42 b 5.5 a 

Cotabato 

(lAv of3 replications l>Separatlon of means in a column by Duncan's mUltiple range test at'the 5% level. <'SeparatlOn of means In a 
row by Duncan's mult,iple range test at the 5% level. 
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4. Fanners expressed their expectations of rice yield in relation 
to fertilizer application ina manner that permitted estimation of 
subjective probabilities of yield response. IRRI, 1980. 

• A sequential crop establishment simulation 
model to test the technical feasibility of crop
ping patterns; that is, whether and when crops 
c\in be planted and in what area they can be 
established, given certain technical task per
formance requirements. 

• A crop status simulation that relates sequen
tial crop yield development to context condi
tions as drought, floods, weed and pest infesta
tion; determines task performance reqnire
ments to control or respond to those condi
tions; and relates yield development to actual 
task performance (including fertilization). 

• A cropping system simulation that incorpo
rates the factor endowments of the individual 
households as well as other factors such as 
product prices, and includes decision rules 
regarding priorities in landscapes, crops, and 
management. 

Decision making in the model is conditioned as 
much as possible by the basic physical characteris
tics of agricultural production and input-output 
market forces, whereas heuristic decision rules 
related to individuaJJ.,'t.~t~r endowments and con
text conditions determine choice. The initial pur
pose ofthe simulation is not to find out what is the 
best way of making' decisions, but merely how 
farmers think they can best manage a complex 
agricultural system and how this varies across dif
ferent categories of farmers with different factor 
endowments and risk-taking capacities. Once the 
system is specified so as to simulate the decision 
situations the farmer faces, how often they occur, 
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ROinfoll (mm), 
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50 
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S. Fanners' expectations of yield from specific plots vary as the 
season progresses because of the effect of weather and pests on 
the crop. IRRI, 1980. 

how effective fanners' decision rules are in ~dapt
ing management to changing context conditions 

. measured by the distributio.n of outcomes they 
generate, and how this might differ across catego
ries of farmers, it will be possible to evaluate 
fanners' perception and assumption of risks and 
the actual extent of risk-taking. Then certain deci
sion rules, particularly those related to new crop 
production technology, may be improved through 
experimentation with the model. 

Table 7 shows the results of a sequential crop 
establishment simulation model for testing the' 
technical feasibility of a pattern. The simulated 
farmers' plan was to plant a dry-seeded rice crop 
(DSR), to be followed by a wet-seeded rice crop 



Table 7. Simulation. with 16 years of rainfall. of the perfor-
mance of a cropping systems strategy. Tigbauan. 1I0ilo.Philip
pines. 1980. 

DSR 
WSR - mungbean 

Total single rice 

DSR - WSR - mung bean 
WSR - WSR - mungbean 
DSR-WSR 
WSR-WSR 

Total double rice 

DSR early failures" 
2d crop failedb 

Plain 
(0.20 hal 

Plateau 
(0.20 hal 

Patterns realized (%) 
6 6 

25 31 
31 37 

19 
25 6 
31 25 
12 12 
68 62 

Pattern failure (%) 
40 20 
36 50 

Mean turnaround 
6.5 days 10 days 

(6·111 (6·181 

"Failures due to early drought stress or flooding. bCrops with 
simulated yields below 300 kg/ha. 

(WSR), and then by a mungbean crop. Certain 
decision rules permitted revision of the plan to 
delete any of the crops depending on soil moisture, 
or substitute wet seeding for dry seeding if the onset 

of rains was too abrupt. Planting of plots on both 
the plain and plateau landscapepositions was sim
ulated for 16 years of rainfall through 1970 in 
Tigbauan, Iloilo, with speed of planting con
strained by family labor and one carabao. 

The planned pattern was executed 19% of the 
years, and only on the slightly drier plateau. 
Because of more rapid water accumulation on the 
plain position, wet seeding often replaced dry seed
ing, such that a rice - rice - mungbean sequence was 
possible 25% of the time. Rice - rice using both 
planting methods was planted more than 60% of 
the time on both landscape positions. Failure of the. 
dry-seeded rice crops - 40% on the plain and 20% 
on the plateau - was due to either drought stress 
or flooding. 

Other crop sequences have been simulated and 
various new technologies can be examined by using 
the technique. One of the more useful aspects of the 
research is the degree to which farmers' subjective 
expectations of technology performance in relation 
to environment have been elicited, encouraging the 
view that farmer information can be used in the 
technology design and testing process. 
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Cropping systems program 

Component technology development 
and management 
Multiple Cropping Department and Cropping Systems Components oj the 
Agronomy, Entomology, and Plant Pathology Departments 

WEED SCIENCE 372 
Land preparation methods for weed control in dry-seeded rice 372 
Time, method, and rate of nitrogen application 373 
Rice cropping systems 373 
Weed control for dryland crops after rice 375 
Competitive ability of mungbean cultivars 376 
Reduced tillage for establishment of a second crop of transplanted 

rice 377 
Weed suppression with azolla 377 
Response of weed species to flooding 378 

SOIL AND CROP MANAGEMENT 378 
Maize responses to nitrogen fertilizer 378 
Limited irrigation applications on mungbean 381 
Soybean management studies 382 

PLANT PROTECTION 399 
Effect of planting time and tillage method on cowpea insects 399 
Effect of planting time and tillage method on mungbean insects 400 
Pathological relationship of diseases to crops 402 
Chemical control of powdery mildew of mungbean 403 
Microbial activity on sclerotia-producing pathogens oflegumes 403 
RatOOIl rice diseases 404 

CULTIVAR TESTING 404 
Rice 404 
Mungbean 404 
Cowpea 405 
Bush sitao 405 
Soybean 405 
Peanut 405 
Maize 406 
Sorghum 406 
Sweet potato 406 
Sesame 406 
Chickpea 406 
Black gram 406 
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WEED SCIENCE 

Cropping Systems Component of the Agronomy 
Department 

Land preparation methods for weed control in 
dry-seeded rice. TIme of land preparation. Three 
methods of land preparation for dry-seeded rice 
(DSR) were evaluated: 

• weedy fallow during the dry season followed 
by (fb) one plowing and two harrowings at the 
onset of the rains in May, 

• one plowing and one rototilling in April fb 
rototilling in May just before planting, and 

• one plowing and one rototilling in April fb 
weekly harrowings until May when the field 
was again rototilled. 

The methods of land preparation affected crop 
establishment and weed growth. The crop stand 2 
weeks after emergence (WE) in the plot that was 
harrowed weekly was double that in the other 
plots. But the fme tilth achieved in that plot favored 
weed emergence. Consequently, the time required 
for hand weeding the plot was 32% and 44% more 
than that for weedy fallow and the 'plot that 
received one plowing and one harrowing in April. 

Land preparation method also affected the 
composition of the weed flora (Table I) and the 
efficiency of weed control with herbicides (Table 
2). Failure to control Paspalum distichum in 
the weedy-fallow plot resulted in complete yield 
loss for the butachlor treatment. 

Yields in the weeded plots were unaffected by tlie 
stand reductions caused by poor tilth at the time of 
planting. Herbicide performance improved as the 
degree of land preparation in April increased. On 

plots that had been harrowed weekly; ouly one 
herbicide treatment yielded significantly less than 
the hand-weeded check. On the weedy-fallow 
plots, four herbicide treatments yielded less than 
the hand-weeded check (Table 2). The average 
yield in the herbicide-treated weedy-fallow plots 
was 39% less than that in the plots that were har
rowed weekly. 

In Iloilo and Pangasinan, herbicide performance 
was not improved by maintaining the field weed 
free by tillage during he dry season. 

Stale-seedbed and zero tillage. In a dry-seeded 
wetland rice trial at IRRI, five land preparation 
and five postplanting weed control methods were 
examined for their effect on weed growth and rice 
yield. • 

The land preparation methods were 
• One plowing fb one harrowing. The field was 

disk-plowed in April and rototilled once before 
planting. 

• Two plowings fb two harrowings, both opera
tions at 2-week intervals. 

• Zero tillage. Weeds were controlled with 1.5 kg 
ai. glyphosate/ha before planting. 

• Stale seedbed using a harrow. The field was 
plowed and rototilled in April, weeds were 
allowed to grow for 2 weeks after the germi
nating rain. The field was then harrowed and 
the crop was planted the next day. 

• Stale seedbed using paraquat. This is the same 
as the preceding method except that paraquat 
application replaced harrowing. 

At 40 days after emergence (DE), the total weed 
weight in the unweeded plots was significantly 
lower in plots that were prepared by the stale-

Table 1. Effeet of land preparation methods on relative dry weight of weed species in the no-weeding plots 40 days after 
emergence. IRRI, 1980 wet season. 

Weed species Weedy 
fallow 

One plowing + 
one rototilling 

Relative dry weight (%J of weeds 
Ipomoea tn/oba 
Paspalum distichum 
Ipomoea aquatica 
Echmochloa glabrescens 
Echinochlo8 colona 
Others 

dAy of3 replications. Land preparation was in"April. 
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27.7 254 
267 14.6 
203 0.0 
16.3 12.9 
2.1 31.3 
69 15.8 

Total weed wt (glm2) 
.112.6 181.6 

One plowing + 
one rototilling + 

weekly harrowing 

53.5 
5.6 
0.0 

17.9 
1.1 

21.9 

1398 



Table 2. Effect of 'and preparation methods and weed control treatments on grain yield of dry~seeded wetland IR50 rice.a IRRI, 
1980 wet season. 

Grain yield (t/ha) 

Weedy One plowing + One plowing + 
Weed control treatmentl> fallow one rototilling one rototilling + 

weekly harrowing 

Weeded 14 DE fb 35 DE 4.3 a 44a 3.7 a 
Propanil, 2 5 kg a i fha 3.2 ab 4.4 a 43 a 
Oxadiazon, 0.75 kg a.i.lha, PE 29 abc 38a 3.5 a 
Thiobencarb + propanil, 2.5 + 1.5 cd 4.1 a 3.4 ab 

1.25 kg aJ.!ha, 8 DE 
Butachlor + propanil, 1.5 + 2.6 be 2.3 3.4 ab 

1.25 kg a.i fha, 8 DE 
Thiobencarb, 3 0 kg a.Uha, PE 18 bed 2.1 b 2.0 b 
Butachlor. 2.0 kg a.i.lha, PE 0.0 • 2.2 b· 3.1 ab 
Untreated 0.6 d. 0.0 e 0.0 e 

aAv of3 replications. Land preparation was in Apnl Separation of means in a colurl)n byDuncan'smultiplerangetest, ~~ level. bfb 
= followed by, DE = days after emergence, PE = preemergence, a.i. = active Ingredient, + means that the herbicides were 
tank~mixed and apphed at the same time. 

seedbed technique ~Table 3). The composition of 
the weed flora also varied. Broadleaf weeds and 
sedges dominated in the stale-seedbed plots, and 
grasses dominated in the other plots. 

The weed pressure in the unweeded plots was 
such that no or little yield was obtained. Herbicides 
failed to control the weeds in the conventionally 
prepared and the zero-tillage plots, but achieved 
good weed control in the stale-seedbed plots (Table 
4.) The highest yield in the hand-weeded plots was 
obtained with zero tillage, but it required more 
than 1,700 hours ofweeding/ha, compared to the 
700 hours in the stale-seedbed plots that were 
treated with paraquat. 

Time, method, and rate of nitrogen application. 
In several dry-seeded wetland rice trials at IRRI, it 
was found that 

• Weed weights in the unweeded plots 60 DE 
were signiticantly lower when nitrogen was 
broadcast 14 DE than when it was broadcast 
and incorporated before planting. 

• Weed weights were signiticantly higher 35 DE 
with basal application of 60 kg N / ha than with 
o or 20 kg N/ha. 

• Yields from plots weeded once were signifi
cantly lower than those from plots weeded 
twice when nitrogen was broadcast and incor
porated or broadcast after the first weeding. 
No signiticant difference was observed, how
ever, when nitrogen was broadcast and plowed 
in, and broadcast without incorporation. 

• Failure to weed greatly reduced the nitrogen 
uptake of rice 60 DE (Table 5). 

Rice cropping systems. The effects of tillage, 

Table 3. Effect of land preparation method on relative drY weight and total weed weight in unweeded plots of dry·seeded IR50 
wetland rice.a IRR1, 1980 wet season. 

1 plowing + 2 plowings + Stale seedbed Stale seedbed Zero Weed species 1 harrowing 2 harrowings + harrow + paraquat tillage 

Relatfve dry weight (%) of weeds 
Paspalum sp. 61.1 52.6 52 1.0 36.5 
Ipomoea t"loba 71 53 1.8 00 20.5 
Melochia corchorifolia 5.7 17.5 14 2.7 00 
Commelrna dfffusa 169 9.0 17.8 355 3.3 
Cyperus rotundus 0.5 0.3 25.5 19.9 0.8 
Dfgitaria sp. 3.2 4.8 6.1 07 10.1 
Imperata eylmdriea 1.4 0.0 0.0 0.0 19.8 
Ludwigia oetova/vis 0.0 0.0 19.4 12.4 0.0 
Others'> 41(71 105(51 22.8 (101 27.8 (131 9.0 (101 

Totalweedwt (gfm2) 
341.8 460.8 86.8 82.2 2690 

aAv of 3 replications. °Number of species indicated in parentheses. 
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Table 4. Effect of land preparation methods and weed control treatments" on the yield of dry·seeded wetland IRSO rice b IRRI, 
1980 wet season. 

Yield (tlha) 

Land preparation No Butachlor (2.0) Thiobencarb (3 0) Pendimethalin (2.0) Hand weeding 
method weeding fb fb fb 14 DE fb 35 DEc 

2,4-0 (0.5) 2,4·0 (0.5) 2,4·0 (0 5) 

Zero tillage 0.0 a 0.0 00 DB 3.5 a 
One plowing + one 0.0 a 0.0 0.0 1.1 20 b 

harrowing 
Two plowings + two 0.0 a 0.5 b O.B b 0.9 3.2 ab 

harrowings 
Stale seedbed + harrow OOa 1.9 a 2.7 a 29a 2.9 ab 
Stale seedbed + 0.5 a 25. 3.5 a 2.6 a 27 ab 

paraquat 

"Herbicide rates In kg a i Iha are in parentheses. Residual herbicides were applied at preemergence. fb - followed by. bAv of 3 
replications Separation of means in a column by Duncan's multiple range test, 5% level. cDays after emergence 

fertilizer level, and weed control method on weed 
growth and rice yield were studied in three crOI>
ping patterns: continuous transplanted irrigated 
rice, one crop of rainfed transplanted rice per year, 
and dry-seeded wetland rice fb transplanted rice 
(TPR). 

Continuous transplanted irrigated rice. The fITst 
crop ofIR36 was transplanted in March 1979 and 
the two other crops were planted as soon as land 
preparation was completed. There were two levels 

Table S. Effect of weed control on nitrogen uptake of dry· 
seeded wetland IRSO rice and weeds 60 days after emergence 
(DEI." IRRI, 1980 wet season. 

Treatment 

Weededb 

Unweeded 

Nitrogen uptake (kg/ha) 

Experiment 1 

Rice 

51.0 
26.0 

Weeds 

B.B 
25.0 

Experiment 2 

Rice Weeds 

422 
22B 

5.1 
24.5 

"Av ofB N fertihzertreatments with 3 replications each b14 and 
35 DE. 

Table 6. Major weed species growing in the unweedecl plots 
of 3 crops of transplanted rice grown in sequence at 40 days 
after transplanting. IRRI, 1979 dry and wet seasons. 

First crop 

Echinochloa 
glabrescens 

Echinochloa crus· 
galli ssp. hispidula 

Cyperus dJfformis 
Paspalum distichum 

Echinochloa colona 

Major weed species 

Second crop 

Monochoria 
vaginalis 

E. glabrescens 
P. distichum 

Third crop 

Echinochloa sp. 

P. distichum 
Scirpus 

maritimus 
M. vaginalis 
Flmbristylis 

littoralis 
C. difformis 
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of land preparation: minimum tillage consisting of 
one plowing fb one harrowing a week later, and 
conventional tillage consisting of one plowing fb 
three weekly harrowings. Three levels of fertilizer 
nitrogen (0, 40, and 80 kg/ ha in the wet season and 
0, 60, and 120 kg/ha in the dry season) and 6 
weeding treatments were tested. 

For all t1rree crops the degree of land prepara
tion and the level of applied nitrogen had little 
effect on the composition of the weed flora 40 days 
after transplanting (Dl). However, the major weed 
species varied between crops (Table 6). 

Nitrogen levels produced no significant differ
ence In weed weight 40 DT in the first two crops, 
but In the third crop weeds were significantly less in 
the plots that received no fertilizer than in those 
that were fertilized. 

In the fITst crop, failure to weed significantly 
reduced rice yield at all nitrogen levels: 40%, 45%, 
and 66% at 120, 60, and ° kg N/ha. Weeds did not 
cause a significant yield reduction at any nitrogen 
level in the second crop, but in the third, yield 
reduction was significant only at the highest nitro
genlevel. 

Weeding treatments within each nitrogen level 
generally caused no significant difference In yield. 
Herbicides (2,4-D, thiobencarb and butachor fb 
hand weeding or 2,4-D) were as effective as one 
hand weedIng In controlling weeds. 

In the fITst and third crops there was no signifi
cant difference in yield between the plots that 
received 120 kg N / ha and those that received 60 kg 
N / ha. Both yielded significantly higher than those 
that received no fertilizer. In the second crop, there 
was a significant Increase In yield with each Incre-



ment in nitrogen. 
Weed growth was generally greater in the con

ventionally tilled plots than in the minimum-tiI1age 
plots. In the fIrst crop yield losses due to weeds 
were greater in the conventionally tilled plots than 
in the minimum-tillage plots (64% vs 34%). In the 
second crop, weeds caused no signifIcant yield 
reduction at either tillage level. In the third crop a 
significant yield reduction due to weeds was ob
served in the conventionally tilled plots. 

One crop oj rainJed transplanted rice. Land 
preparation for one crop of rainfed TPR consisted 
of 

• keeping the fIeld weed free by tillage during the 
dry season, and 

• preparing the land as soon as there was suffI
cient water for puddling. Nitrogen levels were 
0,40, and 80 kg N/ha. 

At 40 DT, the weight of weeds growing in asso
ciation with IR36 averaged 25.1 g/m' across fertil
izer levels and land preparation methods. M ono
choria vaginalis and Paspalum distichum were the 
major weed species. Land preparation method and 
fertilizer level had little effect on the composition of 
the weed flora. 

Grain yield was not affected by land preparation 
method. But fertilizer application gave signifI
cantly higher yield on land kept weed free by tiI1age 
during the dry season. No such difference was 
observed on land prepared when the fIeld had 
accumulated suffIcient water for pUddling. 

Dry-seeded wetland rice jb transplanted rice. 
Levels of land preparation for dry-seeded rice 
(DSR) were similar to those for raMed TPR. The 
major weeds with DSR were Echinochloa sp., 
Fimbristylis littoralis, Cyperus iria, Melochia cor
chorifolia, and Leptochloa chinensis. The compo
sition of the weed flora was affected little by land 
preparation and fertilization (0, 60, and 120 kg 
N /ha). Neither nitrogen level nor time of land 
preparation had an effect on weed weight 40 DE. 

The grain yield of DSR was low because of 
heavy weed growth, lack of sustained weed control, 
and drought. The average yield of the plot that was 
weeded twice was any 1.0t/haacross land prepara
tion methods and fertilizer levels. The no-weeding 
plots had no yield and the plots treated with herbi
cides gave an average yield of only 0.4 t/ha. 

Echinochloa glabrescens, E. crus-galli ssp. his
pidula, M. vaginalis, and Cyperus difJormis were 

the major weeds in TPR. Again the weed flora was 
not affected by the fertilizer level or the tillage 
method for DSR. 

The level of applied nitrogen had no effect on the 
total weed weight 40 DT (av 204.5 g/m' in the 
no-weeding plots). Herbicides alone failed to con
trol the weeds adequately. Weed weight was signif
icantly reduced only when hand weeding was used 
either alone or in combination with a herbicide. 

Weed control for dryland crops after rice. Para
quat application. To determine the importance of 
preplanting application of paraquat in zero tillage 
establishment of dryland.crops after wetland rice, 
mungbean and sorghum were planted in plots, half 
of which were treated with paraquat at 0.75 kg 
a.i./ha before planting. 

The major weed species growing in association 
with the crops were Echinochloa colona, Digitaria 
sp., F. littoralis, and L. chinensis. Paraquat before 
planting had no effect on the composition of the 
weed flora. But at 30 DE weed weights in the 
paraquat-treated mungbean and sorghum plots 
were 23% and 18% less than in the untreated plots. 

Weeding in both the paraquat-treated and un
treated plots did not signifIcantly increase the grain 
yield of mungbean. In the sorghum plots weeding 
produced a signifIcant yield increase. Increasing 
the weedings to two did not resnlt in a signifIcant 
yield increase over plots that were weeded once. 

The use of paraquat gave an average yield in
crease of 44% for mungbean and 46% for sorghum 
probably because of the lower weed weight and the 
lack of early weed competition in the paraquat
treated plots. 

Chemical weed control. The effect of preemer
gence herbicides on weed control in maize, mung
bean, and cowpea planted after a regnlar dryland 
rice was studied in the 1979 wet season. 

The principal weeds in the fIeld were C. rotun
dus, Digitaria sanguinalis, Eleusine indica, and 
Ageratum conyzoides. All chemicals adequately 
controlled one or some species, except C. rotun
dus. The weed population was low because of 
scanty raiufalliate in the season. Consequently, the 
untreated check did not signifIcantly differ in yield 
from the hand-weeded and the herbicide-treated 
plots (Table 7). 

All crops were tolerant of butachlor and pen
dimethalin. Maize was moderately susceptible to 
butralin and dinitramine; mungbean to dinitra-
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Table 7. Effect of liquid herbicides applied before crop and weed emergence on weed control and yield of dryland cropS planted 
after rice.a IRRI, 1979 late wet season. 

Maize Mungbean Cowpea 
Treatmentb Herbicide ratee 

(kg aj Iha) Weed \Nt Yield Weed \Nt Yield Weedwt Yield 
(g/ml) (t/ha) (g/m') (t/ha) (g/ml) (t/ha) 

Two hand weedings 3a 404a 11 a 0.58 a Oa 1.54 a 
(2 and 5 WE) 

Butachlor 2.0 41 e 4.60 a 43 abc 060a 55 e 0.73 e 
Oxadiazon 1.0 20 be 4.13 a 21 abc 0.52 ab 29 be 1.29 abc 
Oxyfluorfen 0.5 23 e 4.54 a 17 ab 035 b 30 e 0.78 be 
Pendlmethalin 2.0 20 be 3.83 a 51 be 042 ab 20 be 1.37 ab 
Untreated check 52 e 4.09 a 75 e 0.47 ab 78 e 1.02 abc 
One hand weeding 7 ab 4.00 a 45 abc 0.48 ab 6 b 1.09 abc 

(3 WE) 
Butralin 20 25 e 3.62 a 42 abc 0.47 ab 20 be 1.42 a 
X·150 4.0 22 e 4.12 a 21 abc 040 ab 16 be 0.99 abc 
Dlmtramine 1.5 49 e 3.57 a 16 a 0.34 b 18 be 1 02 abc 

aAy of3 replications. Separation of means by Duncan's multiple range test, 5% lavel.llINE - weeks after emergence. ea.i. = active 
ingredient. 

mine, oxyfluorfen, and X-ISO; and cowpea to oxy-' 
fluorfen and X-ISO. 

Time of planting. To determine the effect of time 
of planting on weed growth and crop yield, four 
dryland crops (mungbean, cowpea, maize, and 
sorghum) were planted at IRRI at three different 
times after dry-seeded wetland rice using zero till
age. The major weeds were E. colona, F. lilloralis, 
Cyperus kyllingia, and Lindemia anagallis. Weeds 
growing in association with the crops planted 24 
November were significantly less tban those in the 
16 October and 30 October plantings (Table 8). 
Weed weight was significantly higher for sorghum 
planted on 24 November than for the otber crops. 

The grain yield of most crops was affected by 
time of planting. Mungbean planted on 16 October 
had a significantly higher grain yield than that 
planted on 30 October. The 24 Novemberplanting 
gave no yield because of severe infestation of Cer
cospora leaf spot. The 24 November planting of 
cowpea gave significantly higher yields than the 
other plantings. Maize yield was not affected by 

Table 8. Effect of time of planting on total weed weight in the 
unweeded plot 30 days after emergence.a IRRI, 1979 dry and 
wet seasons. 

Total weed wt (g/ml) 
Crop 

16 Oct 30 Oct 24 Noy 

Munghean 233.6 a 200.4 a 51.0 be 
Cowpea 134.8 a 130.2 a 42.6 be 
Maize 200.6 a 2144 a 43.6 e 
Sorghum 173.4 a 264.2 a 105.2 ab 

aAv of3 replications Separation of means in a column or row 
by Duncan's multiple range test, 5% level. 
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time of planting except in the plots weeded twice. 
Sorghum planted 16 October and 30 October 
yielded significantly more than that planted 24 
November. 

Weeding requirements varied with the crop and 
tbe time of planting (Table 9). For all crops except 
sorghum, yield decrease due to weeds was greatest 
in the 30 October planting. In most cases, one 
weeding or no weeding produced optimum yields. 
Mungbean planted 16 October and sorghum 
planted 24 November had to be weeded twice. 

Competitive ability of mung bean cultivars. Eight 

Table 9. Effect of Weeding regime and date of planting on 
grain yield of dryland crops planted after dry-seeded wetland 
rice. IRRI, 1979 dry and wet seasons. 

Grain yield (t/ha) 
Crop and 

weeding regime 16 Oct 30 Oct 24 Noy 

Mungbean 
Weeded twlceb 1.7 a 09a 0.0 
Weeded oncee 1.3 b 1.0 a 0.0 
No weeding 1.3 b 0.4 b 0.0 

Cowpea 
Weeded twiceb 1.8 a 2.0 a 2.4 a 
Weeded oncee 1.7 a 1.7 ab 25a 
No weeding 16 a 1.5 b 2.3 a 

Maize 
Weeded twice" 1.9 a 2.2 a 1.7 a 
Weeded once~ 16 a 19 a 1.7 a . 
No weeding 1.4 a 15 b 12 b 

Sorghum 
Weeded twice" 32a 41a 25a 
Weeded once~ 3.0 a 4.2 a 1.4 b 
No weedmg 2.2 b 2.4 b 0.2 e 

flAy of 3 replications Separation of means in a column Within 
each crop by Duncan's multiple range test, 5% level 61 and 3 
weeks after emergence (WE). "2 WE. "1 a-nd 4 WE "3 WE. 



Table 10. Effect of weeding on grain yield and other characters 
of mungbean." IRRI, 1980 wet season 

Character Weededb Not weeded~ 

Plant ht (cm) 5 WE 792 b 872 a 
Leaf area index 5 WE 4.1 a 3.4 b 
Pod length (cm) 10.0 a 95a 
Pods (no./plant) 132 a 105 b 
Seeds (no.lpod) 122 a 11.7 a 
1 ~O-seed wt (g) 53a 5.3 a 
Yield (kg/ha) 9690 a 5160 b 

aSeparation of means in a row by Duncan's multiple rangetest, 
5% level. WE = weeks after emergence. bAv of3 replications, 2 
we~dlng treatments, and 8 mung bean cultivars ~Av of3 repli-
cations and B mung bean cultlvars , 

muugbeau cultivars in a dryland field were tested 
for their competitive ability against weeds. The 
dominant weed species in the experimental area 
was Cyperus rotundus. 

The cultivars did not significantly differ in com
petitive ability against weeds. The average weed 
wei~t in the unweeded plots at harvest was 135 
gjm. 

Weed competition caused a significant increase 
in plant height and a significant decrease in leaf 
area index, number of pods per plant, and grain 
yield (Table 10). Weeds also reduced plant stand. 
Other characters were unaffected by weed competi
tion. 

Reduced tillage for establishment of a second 
crop of transplanted rice. Where two or more crops 
of transplanted rice are grown annually, the second 
or third crop is usually planted in conventionally 
prepared fields 2 to 4 weeks after the harvest of the 
previous crop. The practice wastes cropping time 
and requires much water for land soaking, evapo
ration, and seepage. 

In an irrigated transplanted rice fields, which 
had been prepared conventionally and weeded 

twice, four levels of tillage (Table 11) before plant
ing the second transplanted crop were tested. 

Weeds harvested 35 DT weighed from 15.4 to 
79.2 gjm'. The weights were highest in the plots 
that received the least land preparation (Table II). 
Land preparation also affected the weed flora. No 
weed species accounted for more than 10% of the 
total dry weight in all methods ofland preparation. 
M. vaginalis, E. glabrescens, and E. colona were 
major weeds in three land preparation methods 
(Table 11). 

Because the weed population was low, there was 
no significant difference in rice yield (av, 3.0 tjha) 
among tillage and weed control treatments. The 
data suggesHhe potential of using zero or reduced 
tillage in a second transplanted rice crop provided 
that weeds are adequately controlled in the first 
crop. 

Weed suppression with azolla. Azolla pinnata 
(500 g fresh weightj m') was inoculated into a field 
immediately after rice was transplanted. The azalia 
rapidly covered the water surface and caused a 
71.9% reduction in total weed weight 50 DT. It 
suppressed by 91.8% the major weed C. difformis, 
which was 65.5% by weight ofthe weed flora in the 
unweeded plot. F. lil/oralis and P. distichum, the 
only other weeds that comprised more than 10% of 
the weed flora by weed weight, were suppressed 
67.2 and 30.1%. 

Azalia was equivalent to one hand weeding but 
inferior to two hand weedings in reducing weed 
growth (Table 12). The rice yield in the azolla
inoculated plots was statistically similar to that in 
the plots that were weeded once or twice and signi
ficantly greater than that from the unweeded 
check. 

Table 11. Effect of land preparation method on relative dry weight, total weed weight, and number of weed species in the 
unweeded plots 35 days after transplanting IRRI, 1979 dry season. 

Weed species 

Monochoria vaginalis 
Echmochloa glabrescens 
Echmochloa colona 
Cyperus iria 
FimbristY/fs "ttora/is 
Cyperus difformfs 

One plOWing + 
one harrowing 

One plowing + 
three harrowlngs 

Relative dry weight (%) 
21.1 20.1 

o 30.8 
29.1 0 
20.6 162 
18.1 133 

0.1 55 

Total weed wtt' (glm'1) 
41.2 (10) 154 (7) 

One 
harrowing 

534 
12.9 
11.4 

0.1 
0.6 
44 

79.2 (12) 

Zero tillage 

71 
136 
44.0 
o 
6.0 

29.3 

64 8 (5) 

aAv of3 replications. Only species with relative dry weights greater than 10 in 1 land preparation method are Iisted.l>Total number 
of species IS In parentheses 
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Table 12. Effect of weed control method on weed weight and 
yield of transplanted rice." IRRI, 1979 dry season. 

Weed wt (g/ml) Yield 
Treatment at 50 DTb (t/ha) 

Weeded twice 180 c 3.7 a 
Azolla inoculated 41.0 b 3.4 a 
Weeded once 24.2 be 2.8 a 
No weeding 1980 a 1.8 b 

"Avof2 mtrogen levelsand3 replications. Separation of means 
in a column by Duncan's multiple range test, 5% level. °Oays 
after transplanting. 

Response of weed species to flooding. Seedlings 
of Rottboellia exaltata at the early 2-leaf stage were 
transplanted to pots in the greenhonse and sub
jected to various watering regimes. 

Flooding to a depth of 2 em had no effect on 
plant survival. But 65% and 85% of the seedlings 
were killed when the soil was flooded to a depth of 
4 and 6 em at transplanting (0 DT). Flooding at 
7, 14, and 21 DT did not cause a significant reduc
tion in the number of seedlings. 

Plants that were flooded at 0 DT were signifi
cantly shorter than those on well-drained or satu
rated soils. Later flooding had little effect on plant 
height (Table 13). 

Shoot dry weight was significantly lower at all 
flooding depths when flooding occurred 0 DT, and 
at the 6-cm flooding depth when flooding occurred 
7 DT. Shoot weight was not reduced by later flood
ing (Table 13). 

Root dry weight was significantly lower in all 
flooding treatments and at all times of flooding 
than in the treatments that were not flooded. 

Flooding 0 DTwas particularly detrimental to root 
development as was flooding to a depth of 6 em 7 
DT. 

Adventitious roots, a possible adaptation to sur
vival under flooding, were produced by plants that 
were 14 days or older at the time of flooding. 
Younger plants had none. 

Tubers of C. rotundus were collected and grown 
under well-drained, saturated, and flooded condi
tions. The average plant height, shoot dry weight, 
and dry weight of the underground portions of the 
plants produced from tubers collected from a well
drained field were 31.3, 47.7, and 42.0% less than 
those from tubers collected from a wetland field. 

SOIL AND CROP MANAGEMENT 

Multiple Cropping Department 

Maize responses to nitrogen fertilizer. Irrigation 
and nitrogen fertilizer interactions were studied 
with high yielding maize hybrids grown during the 
dry season in partially irrigated rice-based crop
ping systems. 

Two maize hybrids (xP218 and x306B) were 
seeded in February and thinned to 66,000 plantsl 
ha 3 weeks after emergence. Fertilizer rates of 68, 
133, and 200 kg N I ha were compared. One-half of 
the nitrogen plus 40 kg P20s/ha was applied at 
planting and the remaining nitrogen was applied 24 
days after seeding (DS). All plots received irriga
tion at planting and 24 DS. Additional irrigation 
was applied at 52 DS onl 13 of the treatments, and 
at 52 and 68 DS on 1/3 of the treatments. Treat-

Table 13. Effect of depth and time of flooding on plant height, shoot and root dry weight of Rottboellia exaltata plants 8 weeks 
after transplanting." IRRI, 1980 wet season. . 

Av plant Shoot Root 
Soil treatmen~ ht d.ywt d.ywt 

(cm) (g/plant) (g/plant) 

Well·drained 71.0 b 132 b 0.50 b 
Saturated 797 ab 1.55 ab 0.71 a 
Flooded 2 cm, ODT 47.7 c 0.43 c 0.10 de 

4cm, a DT 308 d 0.30 c 0.05 
Bcm, DDT 127 0.06 c 0.02 e 
2 cm, 7DT 66.6 1.03 b 0.28 cd 
4 cm, 7 DT 67.1 1.05 b 0.23 cd 
6cm,70T 503 c 0.52 c 0.10 de 
2 cm, 14 DT 75.9 ab 125 b 0.23 cd 
4cm,14DT 80.0 ab 136 b 0.28 cd 
B cm, 14 DT 67.2 b 1.25 b 023 cd 
2 cm, 21 DT 858 a 1.95 a 0.32 c 
4cm,21 DT 80.1 ab 1.41 b 0.30 c 
6 cm, 21 DT 73.5 ab 1.25 b 023 cd 

"Avof4 replications. Separation of means in a column by Duncan's multiple range test, 5% level.l>DT = days after transplanting 
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Table 14. Chemical and physical properties of soil for a maize 
and fertilizer experiment. IRRI. 1980. 

SOIl layer 
Analysis Unit 

O~20 20-40 
em em 

pH 6.8 6.8 
Organic carbon % 1.28 0.69 
Total nitrogen % 0.14 
Available potassium (Olsen) ppm 260 
Exchangeable meq/100 9 1.14 0.86 

potassium 
Exchangeable meq/l00 g 10.1 10.7 

magnesium 
Exchangeable meq/l00 g 192 203 

calcium 
Cation exchange meq/100 9 33.7 37.5 

capacity 
Clay % 43.4 41.1 
Silt % 40.3 33.7 
Sand % 16.3 25.2 

Table 15. Nitrogen in ear leaf tissue of 2 maize hybrids at the 
silking stage. IRRI, 1980 dry season. 

Nitrogen (%) 
Nitrogen rate 

(kg/ha) xP218 x306B Mean 

68 2.71 2.30 2.51 
200 288 2.64 2.76 
Mean 2.80 2.47 264 

eVa"" 7%, eVb = 6% 

ments were arranged in a split-plot design, with 
irrigation treatments in the main plots and nitrogen 
X variety treatment combinations in the subplots. 
The physical and chemical properties of the soil in 
the experimental area are presented in Table 14. 

Nitrogen percentages from ear leaves sampled 
from treatment combinations receiving 68 and 200 
kgN/ha at silkingare summarized in Table 15. The 
analysis of variance shows that nitrogen percentage 

was significantly affected both by nitrogen fertili2er 
and by variety, but not by their interactions. Irriga
tion did not significantly influence maize growth 
based on a nitrogen sufficiency range of 2.7-3.5% 
ofleaf tissue at silking. x306B was slightly deficient 
even where 200 kg N /ha had been applied; xP218 
had a borderline nitrogen deficiency at the low 
nitrogen level, but nitrogen was adequate at the 
high nitrogen level. 

Grain yield data are presented in Table 16. Both 
irrigation rate and nitrogen rates significantly 
affected yields. The yield difference between 
hybrids was not significant. No significant interac
tions were detected. Analysis of variance showed 
that the grain yield response to nitrogen was pre
dominantly linear. On the average, the response 
was abont 12.6 kg grain/ kg N applied; this was low 
compared to rates observed by others. The results 
suggest that, although reasonably high yields could 
be obtained, nitrogen was not efficiently used and 
that the yield potential of at least one of the test 
hybrids was not fully exploited because of nitrogen 
deficiencies even at 200 kg N/ha. The most intense 
irrigation treatment increased yield by an average 
of 6.66 t/ha over the least intense irrigation. An 
unseasonall 00 mm rain in late March reduced the 
irrigation effect from what it would be in a more 
normal year. 

Because of low nitrogen efficiency in the first 
trial, a second trial tested the response of one maize 
variety (IPB-114) to three nitrogen sources and two 
methods of fertilizer application over fourfertili2er 
levels. The experiment was planted in October 
1980 with a randomized complete block design. 
Sulfur-coated urea (SeU, 38% N), urea supergra
nules (SG, 46% N), and granular urea (46% N) 

Table 16. Effect of nitrogen rate and irrigation regime on grain yield. of 2 maize hybrids. IRRI, 1980 dry season. 

Gram yield (t/ha) at given per-ha N rate 

xP218 x306B 
Irrigation Irrigation Fertilizer 
regimeS" 88 kg 133 kg 200 kg Mean 67 kg 133 kg 200 kg Mean mean mean 

N N N N N N 

H 373 4.87 581 4.80 3.82 4.49 5.50 4.60 4.70 67 = 4.18 
\·2 438 5.23 5.82 5.14 406 512 5.82 5.00 5.07 133 = 5.12 
\·3 4.53 5.47 5.94 531 4.57 564 608 540 5.36 200 = 583 

Mean 4.21 5.31 5.86 4.15 5.05 5.80 
Vanety mean 5.08 5.00 

eVa = 9% eVb= 10% 

aJ_l = irrigation applied at planting and24 days after seeding (OS), 1-2 = irrigation applied at plantmg 24 and 52 OS, 1-3 = Irrigation 
applied at planting 24. 52, and 68 DS. 
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Nitrogen rates (kg/ha)-Ixlsal oppllcahonsonly 

I. Percent nitrogen in whole maize plants sampled at 23 days 
after emergence. IRRI. 1980 wet season. 

were applied at 50 and 100 kg N I ha. seu and SO' 
were applied either all at planting or split with 
one-half at planting and one-half before interrow 
cultivation at 30 days after emergence (DE). As a 
standard for comparison, granular nrea was drilled 
between maize rows at 0,50, and 100 kg N/ha in a 
1/2-1 12 split. Maize was seeded in 50-<:mrows and 
thinned to a final population of 50,000 plants/ha. 

Agronomic attributes and grain yield as influ
enced by fertilizer rate, nitrogen source, and appli
cation methods are summarized in Table 17. 

Percent nitrogen of whole plants sampled 23 DE 

are shown in Figure I. None of the treatments were 
within the nitrogen sufficiency range of3.5 to 5.0% 
N at 23 DE. AIl tissues sampled at 45 DE had 
nitrogen levels of all treatments within the range of 
1.5 to 1.9%, which was well below the sufficiency 
range. At silking, only the plants fertilized with 
granular urea at 100 and 150 kg N I ha fell within 
the critical limits of nitrogen sufficiency (Fig. 2). 

The dry matter yields in Table 17 show general 
increases with increased nitrogen rates. Total dry 
matter increase per unit increment of nitrogen ap
plied was higher in plots fertilized with granular 
urea than in plots receiving seu. Dry matter yield 
responses were similar for plots receiving non-split 
SO' and split granular urea. 

Average grain yield during the wet season trial 
was considerably lower than during the dry season 
trial. The low yields were attributed mainly to 
excess water during early growth stages. A total of 
666 mm rain between emergence and 24 DE caused 
intermittent flooding during early vegetative 
growth. The plants turned yellowish and were 
stunted, regardless of fertilizer treatment. The 
treatment with no fertilizer was most severely 
affected and those with the high nitrogen rate as 
granular urea and SO' were least affected. The low 
tissue nitrogen percentages at 23 and 45 DE were 
symptomatic of the excess water conditions, indi
cating either that plant roots were affected and 
could not extract nitrogen or that nitrogen was not 
available, or both. 

Table 17. Effect of fertilizer rate, nitrogen source, and method of application on dry matter and grain yield of maizea• IRRI, 1980 
wet Season. 

Grain Yield 
Treatments at 155% 

Dry matter moisture content 
Nitrogen Rate Application at harvest (t/ha) 
sourceb (kg/ha) methodc (t/ha) 

Control 20 e 0.63 
SG 50 S 2.6 abc 1.40 e 
SG 100 S 2.5 abc 190 b 
SG 50 NS 26 abc 1.17 e 
SG 100 NS 30 ab 140 e 
SCU 50 S 2.3 be 1.09 cd 
SCU 100 S 2.3 be 1.39 e 
SCU 50 NS 2.8 abc 131 e 
SCU 100 NS 2.4 abc 1.40 e 
U 50 S 22 be 1.25 e 
U 100 S 2.9 ab 1.94 b 
U 150 S 3.2 a 2538 

Sx 0.26 0.16 
CVI%) 21 23 

USeparation of means in a column by Duncan's mUltiple range test atthe 5% level bSG == supergranule,SCU = sulfur*coated urea, 
U =, granular urea, cS = split application, NS = no split application. 
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'Grain yields from plots fertilized with the same 
rates of split granular urea and SG applications 
were similar. Splitting the N application obviously 
improved the efficiency of urea and SG, but not of 
seu. The lower yields of plots fertilized with seu 
regardless of application method suggest that little 
of the second application was available to the crop. 

The main grain yield responses to split applica
tion of granular urea for the dry and wet season 
trials are shown in Figure 3. The grain-nitrogen 
ratios are considerably lower than ratios of 25: I to 
30: I reported by others. The similarity of the ratio 
of grain yield to applied granular urea nitrogen in 
both experiments suggests either that soil nitrogen 

~ro;i~n~~~~~(~I~~)-----------------------~ 

4 

2 

0 
0 50 100 150 200 

Nitrogen rates (kg/ha) 

3. Grain-ta-nitrogen ratio of maize hybrids grown in distinct 
seasons. IRRI, 1980. 

availability was affected by wetness, or that the 
basal nitrogen applications were not effectively 
used in either season (Le., the responses were only 
from the topdressed portion of the split), or both. 
The low efficiency ofthe no-split methods, regard
less of nitrogen source, suggested that most of the 
basally applied nitrogen material became unavail
able through leaching, denitrification, or immobil
ization, or some combination of these processes. 

Limited irrigation applications on 'mungbean. 
An experiment late in the dry season tested the 
effects of small quantities of water applied through 
plastic piping over the mungbean row at selected 
crop development stages. The main plots were irri
gated according to a factorial arrangement of 
application dates: no water applied, water at 16 DE 
only, water at 31 DE only, and water at both 16and 
3 I DE. The equivalent of I I mm of water was 
applied on each irrigation day. Mungbean varieties 
MG50-IOA(Y) and Dau Mo were planted in 
subplots. 

Varietal differences were clearly manifested by 
parameters such as plant height and grain yield, 
but no interaction between irrigation and variety 
was detected. 

Throughout the growing season, the water table 
was more than I m deep, but ouly a few plants 
developed main roots that extended deeper than'20 
cm. Irrigation did not stimulate root growth, nor 
did it affect the number of pods per plant or the 
number of seeds per pod. Plant height, number of 
flower clusters, and total grain yield were'signifi
cantly affected by irrigation (Table 18). A partition 

Table 18. Plant height, number of flower clusters, and grain 
yield of mungbean as affected by irrigation." IRRI, 1980 dry 
season. 

At first priming 
(58 DEI Mean grain yield, 

Irrigation (kg/hal,12% 
treatment Mean Flower moisture content 

plant ht clusters 
(em) (no.) 

None 37 ab 3.9 ab 459 be 
Watering 34 b 3.5 b 384 e 

16 DE 
Watering 41 a 3.9 ab 626 a, 

31 DE 
Watering 37 ab 4.0 a 546 ab 

16 &31 DE 

CV(%) 12 24 

aSeparation of means in a column by Duncan's multiple range 
test at the 5% level. DE = days after emergence. 
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of the main plot sum of squares indicated that 
application 16 DE did not significantly affect grain 
yield but application 31 DE significantly increased 
yield by 150 kg/ha. There was no interaction 
between applications 16 and 31 DE. The results 
suggest that timely applications of small quantities 
of irrigation water can have an important impact 
on the production of mungbean grown during the 
dry season after rice. 

Soybean management studies. Soybean man
agement studies were initiated with a long-term 
objective of improving soybean performance in the 
postrice (postwet season) environment. Research 
focused on identification of cultivar characteristics 
that affect yield ability in the postrice environment 
and determination of nitrogen fertilizer and inocu
lant responses. 

Soybean was planted near the end of the 1979 
wet season (late October) and harvest was early in 
the dry season (late January or early February) in 
two contrasting environments. Pangasioan, Phil
ippines, represented areas with dry postrice envi
ronments, in which the wet season ceases abruptly. 
Laguna, Philippines, represented areas with wet 
postrice environments, in which there are sporadic 
rains after the rice season. The Pangasinan exper
iments were in farmers' fields at 16° N latitude, &-m 
elevation; Laguna experiments were at IRRI at 
14°N latitude, 15-m elevation. The Pangasinan 
fields had no known history of soybean cultivation, 
whereas soybean had been grown frequently in 
tests in the Laguna fields. The surface soil charac
teristics of the fields are summarized in Table 19. 

Weather at the two sites differed during the 
growing season. The mean daily maximum and 
minimum temperatures (31.9 and 20.0° C) in 
Pangasinan were correspondingly hotter and 
cooler than in Laguna (29.4 and 21.9" C), indicat
ing greater cloudiness and wetter conditions in 
Laguna. During the growing season, Pangasinan 
received less rainfall (136 mm) than Laguna (251 
mm). Mean daily solar radiation Was 401 call cm' 
per day at Laguna; the information was not deter
mined· for Pangasinan. Mean day lengths during 
the growing season were 11.6 hou"! at Pangasinan 
and 11.7 hours at Laguna. 

Soybean cultivar adaptation studies. Because of 
a complex relationship between genotype, envi
ronment, and yield, the results from variety trials 
conducted at many sites and seasons within the 
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Table 19. Surface soil characteristics of experiment fields in 
Pangasinan and Laguna Provinces, Philippines, 1976-80. 

PangaslOan Laguna 

pH 6.8 6.4 
Total nitrogen (%) 0.09 0.13 
Carbon·nitrogen ratio 9.4 8.6 
Olsen phosphorus (ppm) 10 24 
Cation exchange capacity 50.3 330 

(meq/100 gads) 
Exchangeable potassium 0,28 0.96 

Imeql100 g) 
Exchangeable magnesium 9.6 8.8 

Imeqt100 g) 
Exchangeable calcium 

Imeql100 g) 
406 17.9 

Particle size (%1 
Clay 43 42 
Silt 47 42 
Sand 10 16 

cropping systems program have generally been 
inconclusive. A soybean cultivar adaptation study 
examined the effects of environment on crop 
attributes and the effects of those attributes on 
yield, under the hypothesis that at least part of the 
difficulty in reconciling yield levels and yield rank
ings among cultivars grown under different envi
ronments is due to differences in expression of 
important phenologic and morphologic attributes 
in these environments. A secondary objective was 
to test factor analysis as a technique that could be 
used to improve data interpretation on a larger 
scale study. 

The theoretical basis for the study was that when 
p genotypes are planted in m environments, the 
resultant array of yields (Y) is determined by the 
interactions of genetic attributes and environmen
tal co-attributes, which determine phenotypic at
tributes, and by the interactions of phenotypic 
attributes and environmental co-attributes, which 
determine grain yield: 

G - p genotypes with I plant attributes 
pxl 
En - m environments of n attributes 

nxm 
Eg - m environments of I attributes 

Ixm that are co-attributes for pheno-
typic expression: I is a subset of n 

P - P phenotypes with q plant attrib-
pxq utes that determine yield; q is a 

subset ofn 
Ey - m environment of q attributes 

qxm which are co-attributes for yield; q 
is a subset of n 

I 

.1 



1I 
.1 

\ 

t 

Y - yields from p cultivars in m 
pxm environments. 

P G X Eg 
pxm pxJ lxm 

Y P X Ey 
pxm PX£[ qxm 

Interactions between a) genetic attributes and a 
subset of euvironmental co-attributes that deter
mine final phenotypic expression, and between b) 
phenotypic attributes and a subset of environmen
tal co-attributes, result in difference in variety yield 
levels and rankings over years and sites. If a series 
of common varieties are grown in two environ
ments, under the assumption that ~nvironment 
does not influence phenotypic expression, an at
tribute determined on all varieties within one site 
should be highly correlated with values for the 
same attribute at the other site. If a data reduction 
procedure is used to derive independent composite 
attributes from measurements of many real attri
butes, the inter-correlations between environments 
calculated from the composite attributes should 
approach an identity matrix as shown in Table 20. 
Under an additional assumption that environmen
tal attributes do not affect yields by interacting 
with phenotype, the composite attributes found to 
be significant by regression analysis should be the 
same for both environments. 

Pangasinan experiments were planted in a 
farmer's field 16 and 31 October 1979 after the 
harvest of a rainfed wetland rice crop. In Laguna, a 

Tabla 20. Intercorrelation pattern of composite attributes 
assuming no interaction between genotype and environment. 
IRRI,198O. 

Composite attribute 
from environment 2 

CA, 
CA, 
CA, 
CA, 

Intercorrelation 
pattern 

Composite attributes 
from environment 1 

The response of yield to composite attributes assuming no 
interaction between phenotype and environment: 

Environment 7 
Y = a l + b CAl +cCAz +dCA3 

Environment 2 
Y = a: + b CAl +cCA2 +dCAa 

single experiment was planted 20 October on an 
IRRI field after a weedy fallow during wet season. 
The 8 cultivars Clark 63, L-1l4, Multivar 80, Shi
shi, SJ-l, SL-6, TK-5, and UPLSY2 were common 
to all experiments. 0 RBA was the ninth cultivar in 
Laguna and the 16 October Pangasinan experi
ment, and Jupiter was the ninth cultivar in the 31 
October Pangasinan experiment. Most of these 
varieties had been or are currently recommended in 
one or more countries in Souilieast Asia. 

In all experiments, basal applications of 15 kg 
N/ha (ammonium sulfate) and 30 kg P20s/ha 
(ordinary superphosphate) were made at planting 
by even drilling along the seed furrows. Seeds were 
inoculated with rhizobiul)1 strain <;:BI809. Plants 
were thinned to 12 plants/linear meter for a final 
density of 300,000 plants/ha in Laguna and the 
second Pangasinan experiment. Because of poor 
emergence in the first Pangasinan experiment, 
plants were not thinned. 

At IRRI, one sprinkler irrigation was provided 
during the seed formation stages. At Pangasinan, 
one light flood irrigation was given to ilie first and 
third replications of the first planting, but the irri
gation source went dry before the second and 
fourili replications were irrigated. The second 
Pangasinan experiment received no irrigation. 

In all experiments, a randomized complete 
block design with four replications was used. Each 
plot consisted of 15 rows. 

Data on the crop characteristics listed in Table 
21 were recorded for the analysis. Factor analysis 
identified patterns of association among phenolog
ical and morphological attrib.utes. The objective 
was to reduce the 14 real attributes to 4 or 5 factors 
that could be interpreted agronomically and desig
nated as composite attributes. For each experi
ment, factors were interpreted agronomically on 
the basis of the pattern ofloadings of the 14 attrib
utes. Once interpreted ilie factors were designated 
as a composite attribute on the basis of the group of 
morphological or phenological traits most clearly 
expressed in the factor. Following interpretation of 
the factors, factor scores were computed and used 
as independent variables in a regression analysis of 
soybean yield variability. 

• Laguna. In Laguna, 4 factors accounting for 
83% of the total variance were retained. The factor 
loading matrix is shown in Table 22. Because of its 
high loadings on nodes at harvest, pod-bearing 
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Table 21. Variables and mnemonic codes included in the fac
tor analysis of each experiment. 1980. 

Variable" 

100-seed wt 
Dry matter nodules per plant 

at R1 
Dry matter nodule per plant 

at R5 
Plant ht at R1 
Increase height from R1 to RS 
Days to R1 
Days from R5 to RS 
Days from R1 to R3 
Days from R3 to R5 
Number of nodes per plant at 

harvest 
Number of pod-bearing nodes per 

plant 
Number of pods per plant at 

harvest 
Number of filled pods per plant 

at harvest 
Number of seeds per pod at 

harvest 

Mnemonic 
code 

S100WT 
DMNRl 

DMNR5 

Hml 
INCHT 
DAYSRl 
DAYS5TDS 
DAYS1TD3 
DAYS3TD5 
NODEHARV 

PODBN 

PODHARV 

FIPODHARV 

SNPODHARV 

"R1 - beginning bloom, R3 - beginning of pod, R5 - beginning 
of seed. RS = full maturity. 

nodes at harvest, pods at harvest, and filled pods at 
harvest, factor I was regarded as a composite 
attripute expressing a fruiting site characteristic. 

Because the loadings were negative, the factor had 
a reverse polarity, i.e., low attribute values result in 
high factor scores. Factor 2, which was dominated 
by reproductive period height increase, days from 
R5 (beginning of seed) to R8 (full maturity), and 
seed per pod, was regarded as a composite attribute 
representing pod-filling potential, or alternatively, 
the degree of indeterminacy. Because of the high 
loadings on height at RI(beginning bloom) and 
days to RI, factor 3 was regarded as a composite 
attribute representing vegetative growth. Within 
the varieties tested it appeared that cultivars with 
heavy vegetative growth had short pod-setting 
periods (days between R3 [beginning of pod] and 
R5) and small seeds. Because of high loadings on 
days from RI to R3 and R3 to R5 and modest 
loadings on days from R5 to R8, factor 4 was 
interpreted as a composite attribute representing 
the pattern of reproductive growth phases. 

• Pangasinan (first experiment) . . In the first 
experiment at Pangasinan 5 factors accounting for 
82% of the total variance were retained. The factor 
loading matrix is shown in Table 23. Factor I, 
which had high loadings for nodes at harvest, 

Table 22. Factor loadIngs and commonalfties of 14 variables on 4 obliquely rotated factors derived from data on 9 soybean 
cultlvars, Laguna (Philippines) experiment. Composite attributes corresponding to each factor are given at the bottom of the 
tabla. 

LoadingS" 
Variable Commonalities 

Factor Factor Factor Factor h' 
1 2 3 4 

Sl00wr -0.202 -0422 -0.784 -0.150 0.63 
DMNRl -0.102 0.057 0.683 0.463 0.72 
DMNR5 -0579 -0.219 0.146 -O.llS .0.47 
INCHT -0.074 0.923 0229 0.146 0.86 

DAYSRl -0.224 -O.OSO 0.842 0065 0.93 
DAYS5TOS -0220 0.721 0.OS7 -0.420 0.93 
DAYS1T03 -0.092 0.066 -0.275 -0.911 0.94 
DAYS3TD5 -o.on -0.125 -0.670 0.639 0.S5 
NODEHARV -0.799 -0.083 0.243 -0.013 0.85 
PODBN -0.945 -O.OSl 0031 o.oOS 0.91 

PODHARV -O.S71 0.233 0.090 0.110 0.96 
FIPODHARV -0.908 0.360 -0.274 0.194 0.S9 
SNPODHARV 0262 0.761 -0.137 -0.265 0.S1 

Hml -0.326 -0.191 0.699 -0.151 0.85 

Cumulative 
variance (%) 40 61 73 83 

Composite attribute 
designationb FS PF VGP RGP 

;~7t1~~li~i~:' ~1~n3~J'fiWi~~ep~~~~~fa::Ol~pe~o~2;ei~tt~ C:r~~~r~ga~~,c~~~~e~~~~~J~~r~;tg~d~~n p~:~~omiC sense. bFS = 
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Table 23. Factor loadings and commonalities of 14 variables on 5 obliquely rotated factors derived from data on 9 soybean 
cultivars in the first Pangasinan (Philippines) experiment. Composite attributes corresponding to each factor are given at the 
bottom of the table. 

Variable 
Loadings" 

Commonalities 
Factor Factor Factor Factor Factor h' 

1 2 3 4 5 

S100WT 0.117 ~ 0.036 0.204 0149 0.84 
DMNRl 0.314 0.611 0.317 0336 0.184 0.84 
DMNR5 0.057 -0116 0.036 0.894 0.021 0.78 
INCHT -0202 -0.042 0013 0866 0.037 0.74 
DAYSRl 0.153 0.191 0.575 0.178 0603 085 
DAYS5T08 0.103 -0.847 0.171 0.056 0.312 0.85 
DAYSn03 0.114 -0048 0672 0.394 0.337 0.80 
DAYS3T05 0.105 0.238 0.880 0.167 0.163 0.92 
NODEHARV 0758 0.087 0458 0.013 0172 0.87 
PODaN 0795 0136 0.225 0.248 0356 084 
PODHARV 0.960 -'"0.085 0.107 0007 0.140 093 
FIPODHARV 0.937 -0.177 0144 0.093 0.160 094 
SNPODHARV 0.426 -0348 0.282 0.269 0.148 0.51 
HTRI 0.096 -0.021 0.039 0.140 0.865 079 

Cumulative variance (%) 26 46 62 74 82 

Composite attribute 
designa!ionb FS PF PPFG INDT VGP 

QUnderlil"!ed loadmgs indicate values large enough to be considered as characterizing the factor in an agronomic sense. bFS = 
frultmg site, PF = pod·filhng potential, PPFG = pre·pod filling growth duration, INDT = indeterminacy, VGP = vegetative growth 
phase 

number of pod-bearing nodes, pods and field pods, 
was regarded as a composite attribute expressing a 
fruiting site characteristic. Factor 2 was regarded 
as a composite attribute representing a pod-filling 
potential because of high loadings on days from R5 
to R8 and 'IOO-seed weight. Nodule dry weight at 
RI was modestly associated with this factor. Fac
tor 3 was regarded as a composite attribute repres
enting a pre-pod filling growth duration pattern 
because of high loadings on days to RI and days 
from RI to R3 and R3 to R5. Factor 4 was 
regarded as a composite attribute reflecting degree 
of indeterminacy based on high loading on height 

. increase during the reproductiveperiodland an 
intermediate loading on days from RI to R3. This 
factor was also highly associated with nodule dry 
weight at R5. Factor 5 was associated with days to 
RI and height at RI and therefore was regarded as 
a composite attribute for vegetative growth . 

• Pangasinan (second experiment). For the 
second experiment in Pangasinan four factors 
accounting for 75% of the total variance were 
ret,ained. The factor loading matrix is shown in 
Table 24. Factor I was regarded as a composite 
attribute expressing a fruiting site characteristic. In 

addition to high loadings on nodes at harvest, pod 
bearing, number of pods and filled pods, factor I 
also had a modest association With height at Rl. 
Because of high loadings on 1000seed weight and 
days from R5 to R8, factor 2 was 'regarded as a 
composite attribute representing pod-filling poten
tiaL Alternatively this factor could be regarded as 
representing late nitrogen status or nodulation 
potential because of the strong association with 
nodule dry weight at R5. Factor 3 was regarded as 
an attribute expressing pod-setting potential be
cause of the high loadings on days from R3 to R5 
and number of seeds per pod. Because of a high 
loading on nodule dry weight at RI, factor 3 may 
also be interpreted as nitrogen nutrition attribute. 
Factor 4 was regarded as an attribute reflecting 
degree of indeterminacy because of high loadings 
on reproductive period height increase and days 
from RI to R3. 

A composite attribute for pod-set was recog
nized only in this experiment. 

Across the 3 experiments, it is clear that 4 or 5 
composite attributes (factors) accounted for most 
of the variability observed among the 14 real 
attributes included in the analysis. Of the compo-
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Table 24. Factor loadings and commonalities of 14 variables on 4 obliquely rotated factors derived from data on 9 soybean 
cultivars in the second Pangasinan (Philippines) experiment Composite attributes corresponding to each factor are given atthe 
bottom of the table. 

Loading" 
Variable Commonalities 

Factor Factor Factor Factor h' 
1 2 3 4 

S100WT 0194 0.901 0.253 0.103 0.80 

DMNRl O.OBl -0254 -0680 0.075 047 

OMNR5 -0.368 0.593 0046 -0293 0.63 

INCHT -0303 0020 -0.060 0757 0.60 

OAYSR1 -0804 -0.071 -0153 -0388 0.89 

DAYS5T08 -0128 0728 -0252 0.303 0.80 

OAYS1T03 0.488 0.236 -0.151 0643 081 

OAYS3T05 -0242 00B6 -0625 0207 0.49 
NODEHARV -0972 -0.208 -0.107 0224 088 

PODBN -0.962 0042 0.D16 0.057 0.93 

PODHARV -0891 0111 0133 0108 0.86 

FIPODHARV -0.876 0.129 Q 186 0126 086 

SNPODHARV 0442 0.139 -0.675 -0152 0.77 

HTRI -0.531 0408 -0187 -0315 070 

Cumulative 
variance (%) 39 55 67 75 

Composite attribute designation" FS PF PS INDT 

"Underlined loadmgs mdlcate values large enough to be considered as characterizing the factor in an agronomic sense. "FS = 
fruitmg Site, PF = pod-filling potential. PS = pod-setting potential. INDT = indeterminacy 

Table 25 Intercorrelations among composite attributes" 
within the Laguna and Pangasinan experiments. Philippines. 
1980. 

Composite Intercorrelatlons 
attribute 

Laguna experiment 

FS PF VGP RGP 

FS 1000 -0104 -0399 0085 
PF 1000 -00B9 -0.197 
VGP 1000 -0010 
RGP 1000 

Fnst Pangasman experiment 

FS PF PPFG INOT VGP 

FS 1000 -0047 -0091 0115 -0 059 
PF 1000 0032 0304 -0011 
PPFG 1.000 -0093 -0066 
INOT 1000 -0090 
VGP 1.000 

Second Pangasman experiment 

FS PF PS INOT 

FS 1.000 -0.154 -0097 0.137 
PF 1000 -0.191 0095 
PS 1.000 0131 
INOT 1000 

"FS = fruiting site. PF = pod-filhng potential. VGP = vegetative 
growth phase, RGP = reproductive growth phase, PPFG = 
pre-pod filling growth duration, INOT = indeterminacy, PS = 
pod setting 
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site attributes, the one representing the number of 
fruiting sites was most important on the basis of 
percentage. The composite attribute representing 
the pod-filling period was second in importance. 
Fruiting site and pod-fIlling attributes were con
sistently extracted as the first and second factors, 
and jointly they accounted for 61 % of the total 
variance in the Laguna experiment, 46% first in the 
first Pangasinan experiment, and 55% in the 
second. 

Correlation coefficients from among the com
posite attributes within each experiment are pres
ented in Table 25. No coefficient was statistically 
significant. Among the Laguna composite attri
butes, however, fruiting site (FS) was moderately 
correlated with vegetative growth phase (VGP). 
Among the first Pangasinan experiment composite 
attributes, pod-filling potential (PF) was moder
ately correlated with indeterminacy (INDI). The 
relatively low levels of correlation and few cases 
where even moderate correlations were found sug
gest that the oblique rotation aided interpretation 
but did not severely diminish the orthogonality 
among factors extracted from within each experi
ment. 



Table 26 Intercorrelations of composite attributes" extracted from the Laguna and first Pangasinan experiments, and the 
Pangasinan first and second experiments, Philippines, 1980. 

Intercorrelations 

FS PF PPFG INDT VGP 

Laguna expertment First Pangasinan expertment 

FS -0.739* -0110 0217 0171 -0034 
PF -0042 -0.196 0085 0053 0073 
VGP -0060 0496 -0368 0.033 -0152 
RGP 0085 0.516 0668* 0062 -0139 

Second Pangasinan expertment Fffst Pangasman experiment 

FS -0.564 -0296 0163 0.200 0257 
RF -0370 -0846** -0006 0113 -0.089 
PS 0262 -0398 -0,435 0.169 0063 
INDT -0034 -0095 -0072 0324 0114 

"FS = fruiting site, PF == pod·fllhng potential, VGP == vegetative growth phase, RGP = reproductive growth phase, PS = pod setting, 
INOT ='lndetermlnacy, PPFG = pre·pod fllhng growth duration 

Correlation coefficients between composite at
tributes recognized in the Laguna and first Panga
sinan experiments are shown in Table 26. In these 
two experiments, the same nine cultivars were 
grown. FS from Laguna and FS from the first 
Pangasinan planting were strongly correlated, al
though their polarities were opposite and therefore 
the correlation was negative. The comparatively 
strong correlations between reproductive growth 
phase (RGP) from the Laguna experiment and PF 
and pre-pod filling gruwth dumtion (PPFG) from 
the first Pangasinan experiment suggest that the 
RGP composite attribute from Laguna extmcted 
many tmits extracted in two attributes in the first 
Pangasinan experiment. The PF composite attri
butes in these two experiments, however, appeared 
to have little in common except a high loading on 
days from R5 to R8. 

The lack of a strong correlation pattern between 
composite attributes regarded as agronomically 
similar suggests that in Laguna and Pangasinan 
environmental co-attributes that affected pheno
typic expression were not similar. Environment
induced alterations of many phenological and 
morphological attributes were obtained. 

Because the substitution of Jupiter for ORBA in 
the second Pangasinan experiment may have 
resulted in changes in the patterns of loadings on 
the extracted factors, factors were extmcted from 
the first Pangasinan experiment data with ORBA 
deleted and from the second Pangasinan experi
ment with Jupiter deleted. In both experiments, 
deletion ofthe varieties changed the order in which 
some factors were extracted, but the factor load-

ings were only slightly changed and the agronomic 
interpretations were not altered. The similarities 
indicate that the analyses were not very sensitive to 
the presence or absence of the deleted varieties, and 
that correlations between composite attnbutes 
derived from all nine varieties, as shown in Table 
26, is valid for comparative purposes. Althougj1 the 
PD composite attributes from both experiments 
were strongly correlated and the FS, PPFG/PS 
and INDT composite attributes extracted from the 
experiments showed tendencies toward higher 
correlations with each other than with different 
composite attributes, the pattern of the correla
tions was not strong. The weak correlations among 
many attributes were estimated to arise from slight 
weather differences between the two growing peri
ods, from differences between Jupiter and 0 RBA, 
from interactions between varieties and irrigation 
water in the first experiment, and from experi
mental error. The relative contributions of these 
factors on attribute expression cannot be deter
mined from this study. 

Correlation coefficients between composite at
tributes and grain and dry matter yields are shown 
in Table 27. The pattern of correlation coefficients 
between the composite attributes and grain and dry 
matter yields were similar within each Pangasinan 
experiment. The pattern in the Laguna experiment 
showed differences, mainly in FS and VGP. The 
lack of a close association between gmin and dry 
matter yield in the Laguna experiment might have 
resulted from a mther favorable moisture regime, 
which permitted full expression ofVGP under pre
vailing photoperiod and temperature regime. 
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Table 27 Correlation coefficients between composite 
attributes" extracted from the laguna and Pangasinan (Philip
pines) experiments and grain and dry matter yield 1980. 

Variable" Correlation coefficient 

-------------------
Los Banos experiment 

FS PF VGP RGP 

Y,eld 0400* -0122 -0759* 0261 
TOTOMH -0 603" 0213 0.129 -0088 

FITst Paogasman experiment 

FS PF PPFG INDT VGP 

Yield 031i* -0.393* -0209 0299* 0365* 
TOTDMH 0240 -0326* -0219 0.261 0.423* 

Second Pangasinan experiment 

FS PF PS INOT 

Yield -0.545** 0749** -0038 0.141 
TOTDMH -0.562** 0.746** -0030 0.109 

"FS = fruiting site, PF = pod-filhng potential, VGP = vegetative 
growth phase. RGP = reproductive growth phase. PPFG = 

~~ed~~~tlf~~ln,f{,~~~~hs~~~a~~~~, l~giDM~~\e~[!;'l~a~Ynfa~:r 
Yield at harvest 

Growth in both Pangasinan experiments was 
severely affected by moisture deficits, regardless of 
variety. Mean dry matter yieldS across all varieties 
were 3.4 t/ha for Laguna, and 1.9 and 1.7 t/ha for 
the first and second Pangasinan experiments. 

To determine the relative contributions of the 
composite attributes to grain yields, regression 
models were formulated with yield as a dependent 
variable and factor scores, final-plant population, 

and squared and interaction terms as independent 
variables. 

For each experiment, an analysis of variance on 
yields, using a standard classification model, is 
shown in the upper portion of Table 28. The com
paratively high error mean squares in the Pangasi
nan experiments presumably arose from variable 
plant density not controlled by blocking. To 
determine the relative contributions of the compo
site attributes of seed yield variability, factor scores 
were computed for each composite attribute (fac
tor), and used in a regression analysis with seed 
yield as the dependent variable. In the first regres
sion model (Model 1), factor scores and plant pop
ulations (FINALPOP) in linear and quadratic 
forms and in all possible interaction terms were 
candidates for stepwise selection. The regression 
statistics for the models are listed in Table 29. As 
expected, no term involving FINALPOP entered 
the model in the Laguna analysis because plant 
density was well controlled experimentally. 
FINALPOP entered as linear and interaction terms 
in both Pangasinan analyses. In Model II, the 
linear, quadratic, and interaction terms found sig
nificantin Model I plus dummy variables for repli
cation were included in the regression model. 

As shown in Table 28, the-extra MS from the 
replication dummy variables (Reg II/Reg 1) was 
significant only in the first Pangasinan analysis, 
where irrigation application on two replications 

Table 28. Partitioned sum of squares, coefficients of variation (CV), and coefficients of determination (R2) from the laguna and 
first and second Pangasinan (Philippines) experiments, 1980. 

Laguna First Pangasinan Second Pangasman 
Source 

df MS df MS df MS 

Classification Model" 
Replication 3 7241 3 1300516 3 129508 
Variety 8 380806** 8 266466n8 8 367677** 
Residual 24 10747 24 135830 24 28828 
CVI%) 8 35 21 
R' 92 65 83 

RegreSSion Modell 
Reg I 4 605018** 4 1556940** 6 599922** 
Residual 31 29227 31 98885 29 14561 
CVI%) 13 30 15 
R' 74 67 89 

RegreSSion Model 11 
Reg II 7 349077** 7 996155** 9 401770** 
Reg II/Reg I 3 7823ns 3 248440* 3 5467n8 
Residual 28 31520 28 82861 26 15610 
CVI%) 13 28 15 
R' 74 75 89 

"AnalYSIS of variance using standard two-way classification model: Y = p. + r, + vJ + eo. 
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Table 29. Regression statistics for Models I and II. Laguna and first and second Pangasinan experiments. Philippines. 1980" 

Modell Model II 
Variableb 

Regression Standard Regression Standard 
coefficient error F-value coefficient F-value 

Los Banos 
Intercept 1299 1330 593 

Rep Dummy 1 -393 846 02 
2 -177 84.3 00 
3 -68.7 842 0.7 

FS -12.7 9.3 19 -13.4 9.67 19 
VGP -68.7 14.4 22.7** -69.7 15.1 213" 
RGP 516 15.5 111** 521 162 10.4** 
FS*RGP -942 5.1 3.4* -926 549 2.9 

Pangasman (first experiment) 
Intercept 1109 -39.9 1808 

Rep Dummy 1 4592 160.5 82** 
2 663 1377 02 
3 181.4 1705 1.1 

FINALPOP 322 0650 248** 303 0.654 214** 
FINAlPOP*PF -0.481 0.095 25.5** -0310 0115 72** 
FS'PF 10.60 6.86 24 618 6.84 09 
INDT*INDT 3265 896 13.3** 34.56 856 163** 

Pangasman (second experiment) 
Intercept 2381 3251 16772 

Rep Dummy 1 -638 676 09 
2 -4215 623 05 
3 -853 630 0.0 

FINALPOP 3.28 0.90 133** 299 098 93** 
FS -64.3 13.9 213** -694 167 59' 
FINALPOp: -000392 0001 77** -000365 00015 9.1" 
FINALPOP*FS 0.119 0.036 106** 0.134 0.044 1096** 
FINALPOP*PF 0390 0.034 1297** 0.396 0.037 36+ 
FS*FS -1.85 0.84 49' -175 0.917 17.2** 

"SignifIcant attheO 10 (+), 0 05 (*), andO 01 (**1 levels "F$ '" frUiting Site, VGP = vegetative growth phase, RGP - reproductive 
growth phase, FINAlPOP = fmal population, PF "" pod filling, IND = indeterminacy 

probably caused major replication effects. 
The regression models for laguna accounted for 

80% of the variance explained by the classification 
model. The extra SS for the replication dummy 
variables in Model II was similar to the replications 
MS in the classification model, suggesting that 
replications removed the same minor sources of 
variation in both models. 

In the analysis of the fIrst Pangasiuan experi
ment data, Model II explained 15% more of the 
total SS than the classification model, but the extra 
MS for the replication dummy variables in Model 
II was much less than the replication MS from the 
classification model, suggesting that Model II vari
ables extracted considerable yield variation among 
replications in addition to variation arising from 
varieties. In both Pangasinan analyses, the replica
tion sum of squares in the classification model 
analysis of variance was estimated to be removing 
much of the same variability removed by final 
popUlation in the regression modern. 

The independent variables that were important 
in the first model were also found to be significant 
in Model II, with the exception of the FS'PF 
interaction in the fIrst Pangasinan experiment. 

To determine the contributions of the composite 
attribntes, interpretational equations were ob
tained by setting FINALPOP to ·its mean value 
(Table 30). Mean plant popUlations per 11.6 m' 
were 336 for the laguna experiment, 252 for the 
fIrst Pangasinan experiment, and 308 for the 
second. 

In laguna, composite attributes FS, VGP, and 

Table 30 Interpretational equations derived from Model I, 
with final population set to experimental means in both Pan
gasinan equations. IRRI. 1980. 

Laguna 
Y = 1299 - 12.7FS - 68.7VGP + 51.6RGP - 9.42FS*RGP 

Pangasinan (1st) 
Y = 958 - 78 lPF + 6 2FS*PF + 34.61ND'f2 

Pangasinan (2d) 
Y = 875 - 27 SFS + 120 1PF - 1 85FS2 
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RGP, and the FS*RGP interaction were signifi
cant variables at 20% or lower probability levels. 
Of the four, VGP alone explained 59% of the total 
variation. Because the regression coefficient for 
VGP was negative, varieties among the test group 
with long vegetative growth durations (and also 
short pod-set periods and low seed weights) had 
low yields. RGP explained an additional 10% of 
the variation when added to the model. Because the 
regression coefficients for RGP were positive, var
ieties with short flowering periods (days from Rl to 
R3) and long pod-set periods (days from R3 to RS) 
had comparatively high yields. 

FS had a comparatively minor influence on 
yield, but it formed an important interaction with 
RGP. The polarity of FS was reversed; therefore, 
the coefficient showed that as the number of fruit
ing sites increased at a positive RGP value, yield 
increased. As the pod-set period (days from R3 to 
RS) lengthened and the flowering period (days 
from Rl to R3) shortened (Le., as RGP became 
increasingly positive), the number offruiting sites 
became more important, as shown by the FS*RGP 
term. The reverse was true where RGP was low 
(negative). 

In the analysis of the fIrst Pangasinan planting, 
FINALPOP, FINALPOP*.PF, PF*FS, and 

. INDY were important explanatory variables. 
FINALPOP*PF alone accounted for 51 % of the 
variability. Because of the negative regression coef
ficient and the reversed polarity ofPF, the analyses 
show that varieties with high-pod filling'potential 
(long pod-filling period, large seed and large 
numbers of seeds per pod) had high negative factor 
scores and high yields. The contribution of PF 
increased as FIN ALPOP increased. Where FS was 
negative (Le., where there were few nodes and 
pods), the contribution of a long pod-filling period 
increased as shown by the PF*FS interaction. 
Conversely, where the number of fruiting sites was 
high the contribution of a long pod-filling period 
diminished. This interaction may have arisen be
cause the water requirement of plants with a large 
number offruiting sites may have been too high to 
be supported by slow extraction of water from the 
soil late in the growing season, and as a result, small 
varieties with few fruiting sites but with long pod
filling periods yielded more than large varieties 
with many fruiting sites but long pod-filling peri
ods. The quadratic term for INDT is difficult to 
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interpret agronomically. Inspection of the data 
showed that high yielding varieties were found with 
very high and very low factor scores for INDT, 
suggesting that the lowest yielding varieties had 
intermediate plant height increases during the 
reproductive phase and average nodule dry weight 
at R5. Therefore, no important causal interpreta
tion is given to INDT. 

In the analysis of the second Pangasinan 
experiment, FINALPOP, FS, FINALPOI"', 
FINALPOP*FS, FINALPOP*PF, and FS' were 
important explanatory variables. The 
FINALPOP*PF interaction contributed most to 
the explanation of yield variability. As in the fIrst 
Pangasinan experiment, PF contributed more to 
yield as FINALPOP increased, at least within the 
range of observations. High yields were obtained 
with high popUlations of varieties that had high 
pod-filling potential. The higher populations may 
have resulted from better inherent seedling emer
gence rates, or differences in vigor resulting from 
dissimilar conditions during seed development or 
during storage or both. The linear and quadratic 
coefficients for FS regression showed that as fruit
ing sites increased, yields increased but at a dimin
ishing rate. 

On the basis of the contributions of composite 
attributes to grain yield, the Laguna experiment 
clearly differed from either Pangasinan experiment 
in that the vegetative growth and pod-set duration 
or flowering duration or both (RGP) composite 
attributes were important in this experiment alone. 
The vegetative growth attribute was negatively 
associated with yield and the pod-set duration (or 
flowering duration) attribute was positively (nega
tively) associated with yield. Whereas VGP and 
RGP were regarded as the dominant causes of 
yield differences in the Laguna experiment, the PF 
attribute was regarded as the dominant cause of 
yield differences in both Pangasinan experiments. 
Although the same nine varieties were used in the 
Laguna and the first Pangasinan experiments, 
environmental factors obviously interacted with 
crop characteristics and caused seed yields to be 
affected by different sets of crop attributes in those 
two experiments. Environmental effects were not 
nearly as great between the two Pangasinan expe
riments as they were between the Laguna and the 
fIrSt Pangasinan experiment. There was, however, 
one difference among varieties in the Pangasinan 

r' 

http:FINALPOP*.PF


experiments, and plant population, which inter
acted strongly with the PF composite attribute, 
was more limiting in the fITst Pangasinan experi
ment than in the second. 

The influence of nodulation is not clear from this 
analysis. Nodule dry weight at R5 was associated 
with composite attributes in the Lagnna experi
ment (in FS) and the second Pangasinan experi
ment (in PF) in such a manner that higher nodule 
dry weights were associated with higher yields. In 
the first Pangasinan experiment, however, both 
high and low nodule weights were associated with 
higher yields. In the first Pangasinan experiment, 
however, both high and low nodule weights were 
associated (through IND1) with yield increases, 
but !NDT was regarded as being spuriously asso
ciated with yield. Nodulation at Rl was associated 
with composite attributes in such a manner that as 
nodule dry weight increased, yield decreased. In the 
second Pangasinan experiment, the composite 
attribute extracting nodule dry weight at Rl was 
not significantly associated with yield changes. 

Nitrogen fertilizer and inoculant application 
studies. Nitrogen fertilizer and inoculant applica
tion studies determined the effects of nitrogen fer
tilizers and methods of inoculation on soybean 
seed yield and on nodulation of crops grown in 
fields that differed in history of soybean cultiva
tion. Four experiments were conducted, two each 
in Pangasinan and Lagnna provinces. The soil and 
weather conditions were described previously. 

• Experiment 1 (Pangasinan). Two varieties 
(UPLSY2 and Ll14) were used as main plot treat
ments, and six factorial combinations of basally 
applied nitrogen fertilizer (0, 20, and 80 kg N/ha) 
and topdressed nitrogen fertilizer (0 and 40 li:g 
N/ha) were used as subplot treatments in a split
split-plot design. Basal nitrogen (ammonium sul
fate) applications were placed in the seed furrow, 
and topdressings were broadcast at 28 days after 
planting. The subplot was inoculated with Rhizo
hiumjaponicum (strain CB1809) at a rate of 100 g 
inoculant/ 11.5 kg seed. The other sub-subplot was· 
not inoculated. 

• Experiment 2 (Pangasinan). Two varieties 
(UPLSY2 and ORBA) were planted as main plot 
treatments and 2 basal nitrogen fertilizer rates (0 
and 20 kg N /ha) were used as subplot treatments in 
a split-split-plot design. Factorial combinations of 
two strains (CB1809 and S38) and two inoculation 

rates (a standard rate and six times the standard 
rate) were used as four sub-subplot treatments. A 
fifth sub-subplot, left uninoculated, was used as a 
control. The standard rate was identical to that 
used in experiment I. To obtain even distribution, 
the furrow-applied inoculant was mixed with 
slightly moist sand (passing 2 mm sieve) at a dry 
sand-peat inoculant ratio of 30: I. 

• Experiment 3 (Laguna). The 6 factorial treat
ment combinations of 2 varieties (Clark 63 and 
Improved Pelican) and 3 basal N fertilizer applica
tions (0, 25, and 50 kg N/ha) were used as main 
plot treatments of a split-plot design. The seed 
sown in one subplot was inoculated and that in the 
other was not. The same inoculant strain and 
application methods used in experiment 1 were 
used in experiment 3, but experiment 3 was 
irrigated. 

• Experiment 4 (Laguna). Experiment 4 was 
identical to experiment 2 in experimental and 
treatment design except that variety Lll4 was 
planted in place·of ORBA, and it was irrigated. 

Nodulation and nitrogen yield: experiment 1. 
Analysis of variance in nitrogen yield at R5 indi
cated that both basal nitrogen application and 
inoculation significantly increased nitrogen yield. 
Over the range tested, the nitrogen yield increase 
was essentially linear at a ratio of 0.21 kg N 
yield/ kg applied N. Inoculation increased nitrogen 
yield by 6.1 kg N / ha. Inoculation significantly 
increased nodule number at R5, but basal nitrogen 
applications significantly depressed nodulation as 
indicated by a significant basal nitrogen-inoculation 
interaction. Table 31 shows the mean number of 
nodules/5 plants for the basal nitrogen fertilizer 
inoculation treatment combinations. A basal ap
plication of 80 kg N/ha depressed noclulation to 
less than 10% of the nodulation obtained when 
basal nitrogen wils not applied. Where seeds were 
not inoculated, nodulation was almost nil. Al
though not statistically significant, the number of 

Table31. Nodules from inoculated and uninoculated soybean 
at 3 basal nitrogen fertilizer rates. Experiment 1, Pangasinan, 
Philippines, 1980 . 

Umnoculated 
InOCUlated 

Nodules (mean no /5 plants) 

o kg N/ha 20 kg N/ha 80 kg N/ha 

01 
14.1 

0.2 
5.2 

0.1 
10 
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nodules on UPLSY2 was only 12% of the nodnles 
on Ll14. Under the hot, dry conditions in which 
this experiment was planted and the low native R. 
japonicum popnlation, nodulation was extremely 
variable and therefore, despite ·being significant, 
the resnlts were interpreted as reflecting general 
trends rather than determinations of high pre
cision. 

Nodulation and nitrogen yield: experiment 2. A 
summary analysis of variance showing significance 
levels of treatment effects and first-order inter
actions at the sub-subplot level on six attributes is 
given in Table 32. Among the 6 attributes, a basal 
nitrogen significantly affected only percent nitro
gen at the subplot level. At 35 DS, inocnlation 
clearly affected all 6 attributes. Amongthe inocula
tion treatments, the method factor was dominant, 
although several minor interactions were observed. 
Mean number of nodules, nodule weight, and N2-
equivalent C2Hz reduction from uninoculated (C), 
seed-inoculated (S), seed- and furrow-inoculated 
(SF) treatments on UPLSY2 and ORBA soybean 
are shown in Figure 4. Compared to the check 
treatment, the SF treatment increased nodnle 
number by more than 340%, nodnle weight by 
250%, N2-equivalent C2Hz reduction by 275%, and 
N yield by 60%. 

Unlike the 60% reduction in experiment 1, the 
depressive effect on nodule number of the basal 
nitrogen application of 20 kg/ha where inoculant 
had been used in this experiment was compara
tively minor (25%) and insignificant. Where inocu-

lant had not been applied, no depression was 
observed in response to a basal nitrogen treatment. 
Significant variety-inoculation and variety-strain 
interactions were obtained on number of nodules. 

Compared with UPLSY2, ORBA had a slightly 
greater nodule number increase when inoculant 
was applied; however, the difference was less than 1 
nodule/ plant. On ORBA, the number of nodules 
from application of strain CB1809 increased by 
90% over the number from strain S38, but on 
UPLSY2 the number of nodules from both strains 
was essentially equal. Overall treatments, the mean 
number of nodules on ORBA was 90% higher than 
on UPLSY2. 

In inoculated treatments, percent nitrogen was 
significantly lower where basal nitrogen treatments 
were applied. Where inoculant was not applied, 
however, a basal nitrogen treatment increased the 
percentage. 

At 49 DS, about the same pattern of treatment 
effects was found on nodule number and weights, 
and on N2 equivalent C2H2 reduction; however, the 
interactions of variety with other treatments dimin
ished. As shown in Figure 5, nodule size between 35 
and 49 OS increased for both varieties, but at a 
greater rate for UPLSY2. Where inoculant had 
been applied to the seed and furrow, nodule size 
increased by 84% in UPLSY2 and 41 % in ORBA. 
Corresponding increases were only 33% and 15% 
where no inoculation or seed inoculation was 
applied: 

Nitrogen concentration declined between 35 and 

Table 32 Significant levels of mean squares of treatment effects and first-order interactions at the sub-subplot level of 
experiment 2 on attributes determined at 35 and 49 days after planting. Pangasinan, Philippines, 1980. 

Source 

lnoculatlonrl 

Inoculated vs umnoculated (e) 
Method (M) 
Stram (5) 
M x S 

Variety (V) x C 
VxM 
VxS 
Basal N (8) x C 
B x M 
BxS 

Significance" of crop attribute" 

35 days 

df Nodule Nodule 

4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

WI 

49 days 

Nitrogen'- Nodule NItrogen 
1%) WI 1%) 

+ 

+ 

~~~1:~~i~~r::.~~!ht~re~Of~~~oe~~r~ua~_~~b~11~~.*16~~~~~~~~~t~~~s~:ts~~Ji~t~~t;~~!~~:~~~sbf~~:~r~~~~u~~~fo~~rt~~eJ~~I~n~ 
sample. ''To partition the 4 df for sub-SUbplot treatments, 1 df was used to compare the inoculated seed to all treatments that 
received Inoculation. The remaining 3 dfwere partitioned as main effects of inoculant methods and strains and their Interactions 
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SF c S SF c S SF 

4. umbcrofnodules. nodule weight, and Nl~uivalcnt C:Hl ~uctionof UPLSY2and ORBA 
at 35 days after transplanting as affected by method of R.joponit:um inoculation. C= uninocu· 
Ialed. 5 = seed inoculated. SF = Sttd and furrow inocuJated at a combined rate of 6x that of S. 
Experiment 2. Pangasinan, Philippines, 1980. 

49 OS for all treatments, but the decline was rela
tively greater where a 20 kg N/ ha basal nitrogen 
treatment was applied to inoculated or seed-

NoQM Ita (mg) 
20 

10 

o 
l H l H 

5. odul •• izeo[UPLSY2aod ORBAsoybean, 3S days and 49 
days after planting. at initially low and high numbers of 
nodules. l = plants rteeiving no inoculation or seed inocula
tion. H = plants rec:riving both seed inoculation and furrow 
inoculation. Experiment 2, Pangasinan, Philippines, 1980. 

inoculated plants (Fig. 6). At 35 OS, nitrogen 
yields were uniformly greater where 20 kg I ha 
basal nitrogen was applied, but at49 OS, nitrogen 
yields from a 20 kg l ha basal nitrogen applica
tion exceeded nitrogen yields from a 0 kg I ha 
treatment only where seed- and furrow-inoculation 
had been used (Fig. 7). 

Nodulation and nitrogen yield: experiment 3. 
Basal nitrogen applications significantly influenced 
nitrogen yield at R5. Over the range tested, the 
nitrogen yield increased essentially linearly at a 
ratio of 0.67 kg:1 kg applied nitrogen. Inoculation 
did not increase nitrogen yield significantly, nor 
was nodulation significantly affected by either 
basal nitrogen or inoculation treatments. Nodula
tion was significantly affected by variety. The 
number of nodules was 201 plant on Clark 63 but 
exceeded 40/ piant on Improved Pelican. Almost 
all nodules were small, especially on Improved 
Pelican. At R5, mean weight per nodule was 7.3 mg 
on Clark 63 but only 5.2 on Improved Pelican. As 
shown in Figure 8, nodule weight per plant differed 
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6. Effect of basal nitrogen applications and method of R. jop<r 
n;cum inoculation on % nitrogen at 35 and 49 days after plant
ing. C = uninoculated, S = seed inoculated, SF = seed and 
furrow inoculated at a combined rate of 6x that of S. Experi. 
ment 2. Pangasinan. Philippines, 1980. 

N"_ yield (.., ... ) 

75 
35,.". 

c S SF 
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7. Effect of basal nitrogen applications and method of R. japo
nicw" inoculation on nitrogen yjekl at 35 and 49 days after 
planting. C= uninoculated. S=5ttd inoculated. SF= seed and 
furrow inoculated at a combined rate of 6x that of S. ExpeJi.... 
menl2. Pangasinan, Philippines. 1980. 
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0.1 L ______________ -' 

N2 - (ftOlplani "" h) 
50 

10 

O L-~3-' --------~4L, --------~53~------~68~ ---S. NoduJe dry we:iaht on Nl-eqwvalent CHJ flxation rate at 4 
growth stages of2aoybean varieties. Experiment 2, Panpsinan, 
Philippines, 1980. 

only slightly through the first 53 OS, but the weight 
on Improved Pelican was maintained to 68 OS. At 
53 and 68 OS, higher N, -equivalent C, H, reduc
tion rates were found on Improved Pelican when 
compared to Clark 63. Varietal differences i.! 
reduction rates at 53 and 68 OS were significant at 
the O. I and 0.05 probability levels. Coefficients of 
variation, however, were high for the determina
tions at both 53 and 68 OS (44% and 68%). In 
addition to N,-<:quivalent C, H, reduction rates 
being significantly higher for Improved Pelican at 
68 OS, nodule dry weight and nitrogen yield 
determined for the same date were also signifi
cantly higher. 

Nodulation and nitrogen y ield: experiment 4. In 
Experiment 4, neither nitrogen application nor 
inoculation increased the number of nodules per 
plant or the weight of nodules sampled at35, 42, or 
56 OS. Significant varietal differences were found 
in number of nodules at the 56 OS sampling, but 
not at the 35 OS. By 56 OS, the nodules on LI 14 
were profuse, increasing by 95% over the number 
observed at 35 OS. In all determinations, nodule 



weight/ 5 plants was greater for LlI4 than for 
UPLSY2, but the weight per nodule did not differ 
between varieties within sampling dates. Ouring 
this 21-<1ay interval, the number of UPLSY2 
increased by only 29%. At35 OS, mean weight per 
nodule was 3.4 mg and increased to 14.8 mg by 56 
OS. Because plant sizes were irregular due to an 
uneven crop stand, nitrogen-yield and C, H, reduc
tion rates were not detemUned. 

Contrasts between the experiments conducted at 
the two sites were apparent. In the Pangasinan 
experiments, soybean was responsive to inocula
tion. In Laguna, no significant inoculation re
sponse was obtained probably because that pro
vince has a much higher native rhizobial popula
tion. At 35 OS, for example, the mean number of 
nodules per plant from the uninoculated, zero ni
trogen, UPLSY2 treatment in experiment 4 (Lag
una) was 18.6, but for the same treatment in expe
riment 2 (Pangasinan), the number per plant was 
only 1.0. The rates of nodule development in the 
two sites also differed as illustrated in Figure 9. The 
slower initial growth rate in Laguna was due per
haps to the division of limited assimilates among a 
greater number of nodules. Additionally, a more 
favorable supply of soil nitrogen in Laguna, result
ing from moister surface soils and higher total soil 
nitrogen, may have suppressed early nodule devel
opment. Although the constant nodule growth rate 
between planting and 49 OS in Pangasinan is 
apparent, given the limited number of sampling 
dates, crop growth limitations imposed by moist
ure deficits at that site may have precluded an 
increase in nodule development rate after 35 OS. 

Nitrogen yield differences between the two sites 
were also substantial. itrogen yield at R5 from 
the uninoculated zero nitrogen treatment was 33.5 
kg N I ha in experiment I (Pangasinan) and 74.4 kg 
N/ ha in experiment 3 (Laguna); moreover. the ni
trogen yield:basal nitrogen was substantially higher 
in experiment 3 (0.67: I vs 0.21 : I). The nitrogen 
yield differences in the uninoculated, zero nitrogen 
treatments reflect differences in soil nitrogen avail
ability and N, fixation. Given the moister Laguna 
environment, soil nitrogen would be more readily 
available, and of course, the much denser native 
rhizobial population in Laguna would contribute 
substantially to nitrogen yield. The difference in 
the nitrogen yield-basal nitrogen ratios is perhaps 
related to soil moisture near the surface via effects 

16 

12 

8 

4 

Days ofter seeding 

9. Mean weight per nodule on UPLSY2 detennmcd at selected 
days arterseedlllg. Experiments 2 (Pangaslnan) and 4 (Laguna). 
Philippines. 1980. 

on nitrification and nitrate uptake. In the study of 
soybean variety adaptation described previously, 
the moisture content of the surface 20 cm soil at R I 
of U PLSY2 was 47% (weight basis) in Laguna, but 
on Iy 24% in Pangasinan. 

In these experiments, basal nitrogen applica
tions were important factors contributing to early 
vegetative development as illustrated by leaf area 
index (LA!) detemUnations. In Pangasinan, LAls 
atOand 80 kg N/ ha were 0.9 and 1.4at RI. By R5, 
the LA Is for the corresponding treatments had 
increased to 2.4 and 3.6. In Laguna, basal nitrogen 
applications contributed to significant but less 
pronounced LA! increases. The differences in early 
LAI increases apparently contributed to seed yield 
increases from basal nitrogen treatments. 

Whereas many small nodules formed early and 
developed rapidly after 35 OS and apparently con
tributed to nitrogen yield at Laguna, low infection 
by native rhizobia in Pangasinan clearly limited 
nitrogen yield as demonstrated in both experi
ments I and 2. Although seed inoculation contri
buted to an apparent nitrogen yield increase of7.5 
kg/ ha (av of experiments I and 2) at R5, combined 
seed and furrow inoculation in experiment 2 
increased nitrogen yield by 26.7 kg l ha at the 
same growth stage, demonstrating a substantial 
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benefit from the high inoculant rate applied to the 
furrow. The impact of furrow inoculation on ni
trogen supply to the crop was supported by signifi
cant increases in number of nodules per piant, total 
nodule weight per plant, and rate of N,~uivalent 
C, H, reduction per plant. 

Basal nitrogen application in experiment 2 uni
formly increased nitrogen yields determined at 35 
OS for all inoculation treatments. Minor differ
ences in nitrogen yields (determined at 49 OS) were 
found from 0 and 20 kg NI ha basal applications on 
uninoculated and seed-inoculated treatments, in 
comparison witb differences from 0 and 20 kg 
N I ha basal treatments on seed- and furrow
inoculated treatments. This pattern suggested that, 
where basal nitrogen was applied but a fUITow
application of inoculant was not provided, the rate 
of nitrogen accumulation did not keep pace with 
dry matter accumulation as the crop went from 
flowering to beginning seed. The patterns of N, 
equivalent C, H, reduction and the percent nitro
gen in plant tissue also supported this interpret
ation. 

With the exception of UPLSY2, no distinct pat
terns of variety interactions with nitrogen fertilizer 
or inoculant treatments were detected in any of tbe 
experiments. In the three experiments in which 
UPLSY2 was included, it produced fewer nodules 
and lower nodule weight per plant than the variety 
with which it was paired. Data showed a tendency 
for UPLSY2 to develop fewer nodules than ORDA 
aDd LI 14, regardless of inoculation treatment and 
the population of native R. japoniwm. 

There was only meager evidence of differences in 
infectiveDesS between the two R.japoniwm strains 

compared in experiments 2 and 4. Compared with 
CB 1809 in experiment 2, S38 was more infective on 
ORBA. Both strains infected UPLSY2 equally 
well, but to a lesser degree than on ORBA. There 
was no evidence, however, that the greater nodula
tion on ORBA caused an increase in N, fIXation or 
that eitber strain was a more efficient N, fIXer. 

Yield components and seed and dry mailer 
yields: experiment I. The significance levels of 
treatment effects and interactions in Table 33 indi
cate that in experiment I, basal nitrogen applica
tions significantly affected filled pods per plant, 
seed weight, dry matter yield at R5 and seed yield. 
Basal nitrogen applications also significantly in
creased leaf area development. A topdressing of 40 
kg N I ha at 28 OS affected filled pods per plant, 
seeds per pod, and seed weight. Seed yields and 
filled pods per plant corresponding to all combina
tions of basal and topdressed nitrogen applications 
are ShOWD in Figure 10. A1tbough the interaction 
was not significant, the only seed yield responses to 
topdressing occurred where basal nitrogen was Dot 
applied. 

A linear response of seed weight to basal nitro
gen application (17 mg/ lOO seeds per kg applied 
N/ ba) was found o ver the nitrogen range tested. 
The response to 40 kg N I ba, topdressed at 28 OS, 
was equivalent to II mg/ lOO seeds per kg applied 

lha. 
Although basal and topdressed nitrogen signifi

cantly increased seeds per pod, the number of seeds 
per pod in the lowest and highest basal-tOpdressing 
combinations were within 3% of the mean number 
of seeds per pod over the experiment. 

Inoculatio n increased seed weight significantly 

Table 33. Significanee '...,el. of tr ... tment effect and first-order interaction mean square. at sub- and sub-subplot levels.. 
Experiment 1, Pangasinan, Philippines, 1980. 

Source df 

Basal N (B) 2 
T opdressed N In 1 
8 x T 2 
Variety IV) x B 2 
V x T 1 
Inoculation fIl 1 
V x I 1 
B , I 2 
T x I 1 

Dry maner 
v1elct-

Significance" of crop attribute 

Seed 
yield'" 

+ 
+ 
+ 

Filled 
pods/plant 

No. of 
seeds/ pod 

WI of 
100 seeds 

"Siqnificant al the 0.10 (+ 1. 0.05 f- I. and 0.01 f·· , levels. ~Dry maner vield/plant at beginning of seed. ' Seed vield /ha at 14% 
mOIsture content 
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10. Seed yield (0) and filled pods (0) as affected by 40 k& N/ba. 
topdressed at 28 days after planting (ao) and basal mtrolC" 
rates. Experiment 1. Pangasinan, Philippines, 1980. 

but interacted with variety. The data in Table 34, 
however, suggest that basal nitrogen applications 
and variety were more important detenninants of 
seed weight than inoculation or the inoculation
variety interaction. The basal nitrogen inoculation
variety interaction on seed weight was significant, 
but the major contribution to the interaction was 
the low response in inoculated Lll4 and a high 
response in inoculated U PLSY2 to a basal applica
tion of 20 kg N j ha. Inoculation also significantly 
increased dry matter yield and seed yield, but in
creases were minor. Dry matter and seed yields 
corresponding to combinations of basal nitrogen 
applications and inoculation treatments are shown 
in Figure 11. Responses to inoculation occurred 
only where basal nitrogen was applied. The signifi
cant variety-inoculation interaction for seed yield 
arose from the comparatively greater response of 
Lll4 to inoculation. The yield difference of un
inoculated and inoculated U PLSY2 was only 19 
kg j ha whereas the inoculation response for Lll4 
was 80 kgj ha. 

Tab .. 34. Seed weight of UPl$Y2 and L'14 soybean IS 
.ffected by t..ul nkrogen ,ppUClibon and inoculation. up ... · 
lment 1. P.nguin.n, Phiippines. 1980. 

t ()()'seed WI Ig) 
Treatment 

ON 20 kg N/ha 80 kg N/ ha 

UPLSY2 
Unlnoculated 12.3 12.7 13_6 
Inoc::olated 12.5 13.5 139 

L114 
Uninoculated 9.8 10.3 11 .5 
Inoculated 11.2 11.1 t2.2 

Yield components and seed and dry molter 
yields: experiment 2. As indicated by the signifi
cance levels in Table 35, basal nitrogen applica
tions caused significant responses in dry matter 
yields determined at 35 OS, 49 DS, and harvest, 
and in seed yield. Of the comparisons within the 
inoculation treatments, method of application was 
a consistent and highly significant factor contri-

Sood ,..., (",,/ho) 
1000 

900 

800 

100 

400 oL-____ J-____ -L ____ ~ ____ __ 

o.y ........ ,..., (015..,...) 
66 

62 

54 

40 

o 
o 20 40 

Bosal nhrooen rete (IIQ/ho) 
00 80 

II . Seed yield (D) and dry matter (0) at R5 as affected by seed 
inoculation with R. japonkum (oe) and bosaI oitroaen rates 
Experiment I, Pangasinan, Philippines, 1980. 
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T.ble 35. Significance levell of tre.tment effect .nd firl t
ord., inter.etion m .. n squ.rH.t sub- Wid sub·subplot level .. 
Experiment 2. P.ngesin.n. Philippines. 1980. 

Source 

Basal N IBI 
Variety (V) x B 
Inoculation" 

inoculated vs 
untnoculated Ie) 

Method IMI 
Strain (5) 
M x S 

V x C 
V x M 
V x S 
B x C 
B x M 
B x S 

Significance'" of crop anribute 

Dry maner yield' 
df ------- Seed 

1 
1 
4 

S WP 7 WP Harvest yield"" 

+ + 

+ 

· Signlficant at the 0.10 (+), 0.05 (." and 0.01 ( •• ) levels. Dry 
maner yield per plant for determinationsatS and 6 weeks aher 
planting (WP) ; per unit area for determination at harvest. "Seed 
yield/he ""0 partItion the 4 df for sub-subplot treatments. 1 df 
was used to compare the uninoculated seed to all treatments 
that received Inoculation. The remaining 3 df were partitioned 
as main effects of inoculant methods and strains and their 
InteraC1ion. 

buting to dry matter and seed yield responses. 
Although a strain effect was not detected on dry 
matter yields at 35 or 49 OS, strain interacting with 

Dry moiler yield (~/5 pIoots) 

50 35doys 49Gt7ys 

12. Dry matter yield at 3S and 49 days after planting as affected 
by basal fertilizer 20 kg NI h> and method of R j4p0nicum 
inoculation. C= uninoculated, S = seed inoculated, SF= seed 
and rurrow inoculated at a combined rate of 6x that of S. 
Experiment 2, Pangasinan, Philippines, 1980. 
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method affected seed yield and dry matter yield at 
harvest. The interaction was attributed to a low 
response in strain CBI809 applied to the seed. 
CBI809 applied to the seed increased yield by only 
96 kg/ ha over the uninoculated treatment yield, 
but strain S38 applied to the seed increased yield by 
247 kg/ ha. Mean yield increases from seed and 
furrow inoculation were 518 and 438 kg/ ha for 
strains CBI809 and S38. 

Although a significant response to inoculation 
was not detected on dry matter yield at 35 OS, an 
inocuiation-basaJ nitrogen interaction was found 
(Fig. 12). By 49 OS, the inoculation-basal nitrogen 
interaction was reversed - the inoculated plants 
that received basaJ nitrogen outyielded the unfertil
ized, inoculated plants by a greater amount than 
the uninoculated plants that received basal nitr<>
goo out yielded unfertilized, uninoculated plants. 

The inoculation method-variety interaction on 
seed yield was pronounced (fable 36). Yields from 
seed-inoculated ORBA were 43% higher than 
those from seed-inoculated UPLSY2. The cor
responding difference was only 4% when inoculant 
was applied to both the seed and the furrow. 

Yield components and seed and dry mailer 
yields: experiment 3. Basal nitrogen applications 
resulted in significant increases in dry matter yield 
at R5, in seed yield, and in filled pods per plant. 
The response of seed yield to basal nitrogen was 
linear over the range tested, but almost 90% of the 
filled pod response was from the fIrst 25 kg N 

Table 36. Eff~ of baNI nitrogen appliClition on leed yield of 
UPlSY2 and ORBA soybean and method of inocul8tion wrth 2 
R. j_pomcum strains. Experiment 2. Pang.sinen. Phllippin .. , 
'980. 

Seed yield (kglha) 
Strain Method" 

ON 20 kg Nih. 

UPL$Y2 
None 682 745 
CBI809 S 553 797 

SF 1250 1172 

S38 S 779 880 
SF 11 39 1212 

OR8A 
None 764 775 

CBI809 S 910 1086 
SF 1143 1470 

S38 S 1114 1181 
SF 1080 1286 

"5 - inoculant applied to the seed, SF = inoculant applied to the 
seed and the furrow. 

( 
I 
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13. Effect of basal mtrogen rate on seed yield and filled pods/5 
plants Experiment 3, Laguna, Philippines, 1980. 

increment of basal nitrogen (Fig. 13). R5 dry mat
ter yield was also significantly increased by seed 
inoculation (Fig. 14), but by only 8%; the apparent 
positive effect of inocnlation was not reflected in a 
seed yield increase or in increases in any of the yield 
components determined. 

The number of seeds per pod and seed weight 
were significantly affected by varieties. Clark 63 
had fewer seeds per pod (1.89) than Improved 
Pelican (2.0 I), but the IOO-seed weight of Clark 63 

Dry rrotfer)'LOld (g/5p1anlSl 
45 

40 

35 

~ 

°0~----------~2L5-------------J50 
Basal nltregen rote (kg/hal 

14. Effect of basal nitrogen rate and seed inoculation on dry 
matter yield at beginning of seed. Experiment 3, Laguna, Phil~ 
ippines, 1980. 

(11.4 g vs 10.3 g) was greater. 
From this series of inoculation and nitrogen

fertilizer experiments, the conclusion was that 
nitrogen-fertilizer management for soybean should 
not differ greatly in environmental situations re
presented by the two sites .. 

Soybean varieties were observed to differin their 
tendency to nodulate, regardless of the level of 
native rhizobia in the soil or the rate of inoculation. 
Nodulation tendency can perhaps be considered in 
soybean breeding programs that have the postrice 
environment as the target for new cultivars. 

PLANT PROTECTION 

Cropping Systems Components of the Entomology 
and Plant Pathology Departments 

Effect of planting time and tillage method on cow
pea insects (Entomology). The effect of planting 
dates (November and December) and tillage 
methods (zero and high)on the incidence of cowpea 
insects and their .chemical insect control were stu
died during the 1979-80 crop season at Iloilo. 
Because establishing a cowpea crop in rice stubble 
by the broadcast method resnlted in uneven stands 
in previous tests, seeds were dibble-seeded to 
ensnre an even stand. 

The recommended insect control practice of 4 
sprays (0.25 kg a.i. monocrotophos/ha 2 and 12 
days after crop emergence (DE) and 0.75 kg a.i. 
carbaryl/ha 25 and 35 DE) were compared with 
complete protection and an untreated check. 

The November and December plantings were 
severely affected by bean fly, thrips, aphid, and 
pod borer Maruca testulalis, and had yield losses of 
73-93% (Table 37). The yields of the November 
planting were twice those of December, which 
reflected drought stress of the December pianting, 
even in zero tillage. Previous studies had shown 
rice stubble to significantly reduce popnlations of 
preflowering insects. The effect of stubble on the 
preflowering insect pests was inconsistent over the 
two planting 1979-80 dates and given the high 
insect pressure lower insecticide usage cannot be 
justified. Compared with complete protection, the 
recommended insect control practice was subop
timal in the November planting. The preflowering 
protection in the recommended practice was ade
quate, and the problem was due to the postflower
ing insecticide carli aryl, which did not adequately 
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Table 37. Effect of planting time and tillage method on development of an insect control recommendation for EG2 cowpea 
planted after rainfed wetland rice." Oton, 110110, Philippines, 1979·80. 

Bean fly·jnfested plants' (%) ThripS' Aphid 
(no 125 leaf infestation" 

Treatment 12 DE 25 DE buds) 25 DE (grade) 50 DE Yield' (t/ha) 
------

ZT HT ZT HT ZT HT ZT HT ZT HT 

November plantmg 
·Complete 7a 3. 5a 10 a Oa 7a 1 a 1 a 100 a 0.80 a 

protection' 
Recommended 15 ab 16 a 25 a 17 a Oa 14. 1 a 1 a ,0 50 b 0.58 a 

practlceV 

Untreated 34 b 62 b 73 b 100 b 1 a 12 a 2a 4 b 020 c 022 b 

December plantmg 
Complete 1 a 5. 1 a 4a 6a 7a 1 a 1 a 0.43 a 044a 

protection' 
Recommended 8a 11 a 3 a 17 a 10 ab 8a 1 a 2a 0.51 a 037 a 

practice" 
Untreated 78 b 100 b 81 b 92 b 18 b 16 a 5 b 5 b 003 b 0.09 b 

"Avof4 replications (fields) Separation of means in a column within each month of planting by Duncan'smu.ltiple range test at the 
5% level. DE = days after crop emergence;ZT = zero tillage (seeds dibbled rntostandlng ~Icestubble 15 cm hlghJ. HT;= high tillage 
(plowed and harrowed). "OphlOmYla phaseoli. 25-plant sample dissected rThrJps palmi: 25-leaf bud sample. 'AphiS cracclVora 
1-9 scale per plant 1 = no aphids, 3 = adults, 5 = several small colonies, 7 = manydistlnctcoJonies, 9 = many I.ndlstrnct coalesced 
colonies. '2Q-m! sample area fO.5 kg a.l. monocrotophos (Azodrin 168 EC)lha 2, 9, 16 DE; 0 03 kg a.l. decamethrrn (Decls 2 5 EC)/ha 
25,35,45 DE."O 25 kg a i. monocrotophos/ha 2, !2 DE; 0.75 kg a.l. carbaryl (Sevin 85 WP)/ha 25, 35 DE 

control M tes/ulalis. 
Effect of planting time and tillage method on 

mungbean insects (Entomology). A mungbean 
study similar to the cowpea study in Iloilo was 
established in Pangssinan in the 1979-80 dry sea
son. Three (October, November, December) plant
ing dates (after rainfed wetland rice) compared 
insect pest incidence and insecticide requirements. 
Mungbean was established by seeding in plow fur
rows opened between rows of rice stubble and the 
effect of rice stubble density on preflowering insect 
pests was compared withJrigh tillage. 

Bean fly and Helio/his armigera pod borer 
showed no defiuite trend in terms of seasonality 
although in previous years, their populations pro
gressively increased with later plantings (Table 38). 
Thrips, flea beetle, and leafminer populations were 
hlghest in the October planting and progressively 
decreased in later plantings. In contrast leafhopper 
and aphld populations became hlgher in the later 
plantings. 

Yields were consistent over planting dates and 
tillage methods, but yield losses from insects pro
gressivelydecreased with planting month - Novem-

Table 38. Effect of planting time and tillage method on development of an insect control recommendation for CES1D·21 mung-

I -, 
(' 

I 

bean planted after tainfed wetland rice." Manaoag, Pangasinan. Philippines, 1979-80. ,:' 

Flea beetlec 
Bean fly-infested (no. hoies/25 Thrips<' (no.l25 

Treatment plantsi' plants) leaf-bud tips) 
(%) 25 DE 14DE 25 DE Yield l (tlha) 

MT HT MT HT MT HT MT HT 

October planting 
Complete protection' 40 a 36 a 4a 4a 9a 12 ab 1.10 a 1.04 a 
Recommended practicek 42 a 46 a 7 b 6 b 11 a 8a 0.52 b 043 b 
Untreated 43a 48a 27 c 26 c 12 a 22 b 0.13 c 0.15 b 

November plantmg 
Complete protection' 1 a 1 a 2a 2a 5a 8a 092 a 1.20 a 
Recommended practlcek 1 a 2 a 2. 3a 5a 5a 0.75 a 107 a 
Untreated 14 b 22 b 8 b 8 b 6a 7a 0.28 b 0.37 b 

December planting 
Complete protection' 1 a 12 a 0.3 a Oa 4a 2a 1.04 a 122 a 
Recommended practicek 3a lOa 2 b 2 b 2a 1 a 0.63 b 082 b 
Untreated 9a 40 b 6 c 6 c 2~ 6 b 0.48 b 0.48 c 

CONTINUED ON OPPOSITE PAGE 
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Table 38. CONTINUED 

Leafhopper" Aphid'mfes-- Leafminer" Heliothfs h 

Treatment {no./25 tation (grade) tunnels (no./25 larvae (no 12.5 
plants) 25 DE 25 DE plants) 2S DE plants) 45 DE Yield' (t/ha) 

MT HT MT HT MT HT MT HT MT HT 

October plantmg 
Complete protection' Oa Oa OOa O.Oa 1 a 1 a 03a Oa 110a 1.04 a 
Recommended practicel 0 3 a 03a O.Oa OOa • b • b • b • b 052 b 043 b 
Untreated 2 b 10 b 0.5 a 2.3 b 22 c 22 c 1. c 9 c 0.13 c 0.15 b 

November planting 
Complete protection' Oa Oa 0.0 a OOa la 03a 0.3 a Oa 092 a 1.20 a 
Recommended practicelo 1 b 2 b 0.3 a 0.0 a • b • b 2 b 2 b 075 a 1.07 a 
Untreated 2 c 9 c 0.7 a 30 b 11 c 11 c 8 c 9 c 0.28 b 037 b 

December planting 
Complete protectIon' Oa Oa OOa 0.0 a Oa Oa o a Oa 104 a 122 a 
Recommended practical 1 b Oa OOa OOa 3 b 2 b Oa Oa 063 b 082 b 
Untreated 2 c 18 b 08a 3.5 b 10 c 8 c 11 b 13 b 048 b 048 c 

!lAv of 4 replications {flelds)/monthly planting DE = days after crop emergence, MT = minimum tillag~, HT = high tillage. 
Separation of means in a column within each month by Duncan's multiple range test (P = 0.05) bOphiomYla phaseoll: 25-plant 
sample. cMedythia suturalis: 25-plant sample. dfhrips palmI: 25 leaf-bud sample. tAmrasca blguttula. 25-plant sample. fAphlS 
craccivora: rating scale 1·9 on per·plant basis: 1 = no aphids, 3 = adults only, 5 = several colonies. 7 = many distinct colonies. 9 = 
many mdlstlnct coalesced colonies. "Stomopteryx subseclVella' 25-plant sample hHelioth/s armigera: 25-plant sample 120_m2 
sample. 10'5 kg a.i. monocrotophos {A2:odrin 168 Ee}/ha. 2. 9, 16 DE; 0.03 kg aJ. decamethnn (OeOls2.5 EC)/ha 25, 35, 45 DE. ~O 25 
kg a.L monocrotophos/ha 2, 12 DE; a 75 kg a.l. carbaryl (Sevin 65 WP)/ha 25, 35 DE. 

ber (87%), October (70%), December (58%). This is 
in marked contrast witb previous years' trials in 
which December plantings had extremely high 
yield losses. The difference between years was 
attributed to a relatively low Heliothis popUlation 
on tbe December 1979 planting. 

The mungbean variety used (CES ID-21) was 
observed to be less resistant to powdery mildew 
than in past years. Powdery mildew incidence was 

greatest in the December planting. Because no fun
gicide was sprayed on the plots, the December 
yields were lower than their potential. 

Compared with high tillage the effect of rice 
stubble (minimum tillage) in reducingpreflowering 
insect pests was greatest with leafhoppers and 
aphids. Less consistent results occurred with bean 
fly and thrips over the monthly piantings. Leaf
miner and flea beetle were neutral in the presence 

Table 39. Incidence on crops of diseases caused by Sclerotium roHsii isolated from various hosts. IRRJ. 1980. 

Source of 
isolate 

Cowpea 
Peanut 
Mungbean 
Rice 

Cowpea 
Peanut 
Mungbean 
Rice 

Cowpea 
Peanut 
Mungbean 
Rice 

Dryland 

87 b 
98 a 
95 ab 
99. 

38 b 
42 b 
62. 
39 b 

RICe" 

Disease inCidence or severity'l 

Sorghum Mungbean 
Wetland 

Preemergence damping-off (%J 
87 b 77 b 9B a 
9B a 79 ab 99 a 
95 ab 71 b 100 a 
99 a 91 a 99 a 

Postemergence seedling mfection(%) 
0 0 2. b 
0 0 97. 
0 0 97 a 
0 0 99 a 

Infection of mature plants (%J 
38. 6a 97 a 
55 a 7. 100 • 
48. 7. 100 • 
50. 7a 100 a 

Cowpea Peamlt 

97 a lB b 
100 a 33. 
100 a 35. 
100 • 48 a 

57 b 78 b 
100 • 100 a 
100 a 100 a 

96 a 97 b 

33 b 89 a 
100 a 96 a 
100 a 96. 
89 b 100 a 

aMeans of 3 replications. Within each disease, separation of means in a column by Duncan's multiple range test at the 5% level. 
bTested on seedlings. 
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of stubble. 
The recommended insect control practice gave 

significantly lower yields than complete control in 
October and December plantings. The recom
mended practice was as good as complete control 
in the 1978-79 trials. The 1979-80 results indicate 
that.the recommendations should be retested. 

Pathological relationship of diseases to crops 
(Plant Pathology). The rice stem rot pathogen 
Helminthosporium sigmoideum var. irregulare ino
culum placed in the soil affected only slightly emer
gence of rice, sorghum, mungbeau, cowpea, and 
peanut. After emergence of these crops, no infec
tion was observed. Infection on mature rice plants 

Table 40 Effect of chemical control of powdery mildew at 2 growth stages on grain yield of mungbean planted after rice a 

Pangasinan, Philippines, 1980. 

Disease sevent'f Yield 
Site Fungicldeb Yield increase (%) 

,g/literHzo) Vegetative Flowering It/ha) over check 

Pao Thiophanate methyl (70% WP) 
031 22. 2.0 a 232 a 70 

BenomyJ (50% WP) 
030 21. 17. 238 a 75 
0,15 2.3 a 1.8 a 2.27 a 66 

Check 6.9 b 7.8 b 1.37 b Oor-

Liplt Thlophanate methyl (70% WP) 
0.31 3.2 a 22. 1.47 a 57 

BenomyJ (50% WP) 
0.30 3.0 a 24. 1.36 a 45 
0.15 3.2 a 2.2 a 122 ab 30 

Check 79 b 79 b 093 b Oor-

°W.thin each locality, separation of means in a column by Duncan's multiple range test atthe 5% level bApplied as foliar spray2 
weeks before readmg. Thiophanate methyl cost $2 90/120 9 and benomyl, $6.701100 g cO = no infection, 1 = 1 to 5% leaf area 
infection, 9 = over 75%. 

Table 41. Effect of chemical control of powdery mildew on grain yield of 2 mungbean varieties planted after rice." Iloilo, 
Philippines, 1980. 

Disease -severit'f Yield 

Site Fungicldeb MG 50-10A CES X-l0 MG 50-lOA CES X·l0 
(g/hterHllO) 

Flowenng Pod- Flowering Pod- t/ha %d t/ha %d 
forming forming 

Rizal Thiophanate methyl (70% WP) 
031 35. 2.0 a 2.3 a 1.4 a 035 a 150 0.39 ab 11 

8enomyl (50% WP) 
0.30 33. 1.9 a 2.4 a 1.3 a 0.28 ab 100 0.47 a 34 
015 3.6 a 2.2 a 2.4 a 1.6 a 0.26 b 86 0.45 a 29 

Check 5.4 b 30 b 3.5 b 2.7 b 014 c 0 0.35 b 0 

Napnapan Thiophanate methyl (70% WP) 
031 4.4 a 33. 20 ab 08. 0.55 a 77 0.62 ab 19 

Senomyl (50% WP) 
42. 0.30 5.3 ab 3.5 a 1.6a 1.1 a 044 ab 0.76 a 46 

0.15 6.1 b 31. 3.1 b 10. 0.44 ab 42 0.70 a 35 

Check 8.2 c 4.4 b 5.0 c 2.3 b 0.31 b 0 0.52 b 

Cordova Thiophanate methyl (70% WP) 
031 6.0 a 4.0 b 7.0 ab 2.5 a 0.57 a 27 0.65 a 

8enomyl (50% WP) 
0.30 6.5 a 31 ab 60 b 2.7 ab 0.54 a 20 0.71 a 9 
0.15 6.1 a 27. 6.0 b 2.B ab 0.51 a 13 0.74 a 14 

Check 8.0 b 58 c 7.6 a 3.9 b 045 a 0.65 a 0 

"Within each site, separation of means in a column by Duncan's multiple range test atthe 5% level bApphed twice as foliar spray 2 
weeks before reading CRated on a scaJeofO-9, whereO = no Infection, 1 = 1 to 5% leaf area infected, 9 = over 75% dOver check. 
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Table 42 Effect of seed treatment with Trichoderma sp. iso
lated from dryland rice fields on the incidence on 2 le~ume 
crops of damping-off caused by Rhizoctonia ,salam and 
Sclerotium rolfsi'i in wetland $Oil. IRRI. 1980. 

Treatment 

Trichoderma 
Vitavax 300 
Untreated 

Trichoderma 
Terra-Coat 

L·205 
Untreated 

Preemergence 
damping-off' (%) 

Mungbean Cowpea 

Sclerotium damping-off 
6.00 ± 72 17.33 ± 58 
0.67 " 1.1 2.67 ± 1.1 

2933 ± 11 40.00 ± 31.4 

Rhizoctoma damping-off 
2867 ± 11.7 1733 ± 9.4 
12.67 ± 4.6 733 " 5.0 

4733 ± 40.8 18.67 ± 17.0 

aData taken 14 days after sowing. 

in dryland and wetland plots was noted. On the 
other hand, Sclerotium roifsii affected rice and 
other crops before and after emergence (Table 39). 

Chemical control of powdery mildew of mung
bean (Plant Pathology). The efficacy of benomyl 
and thiophanate methyl on powdery mildew of 
mungbean was tested at two cropping system sites 
in Pangasinan and five sites'in iloilo. 

At Pangasinan, foliar sprays 22 and 36 DE sig
nificantly reduced disease severity 2 weeks after 
each application (fable 40). 

At three Iloilo sites the effect on mungbean yield 
of thiophanate methyl and benomyl against 
powdery mildew was also evident (Table 41). In 
Iloilo CES X-lO appeared to be more resistant to 
powdery mildew than MG 50-lOA as shown by the 
lower disease severity rating. The effect of chemical 
control on yield of CES X-10, although significant, 
was less than on MG 50-lOA. 

Microbial activity on sclerotia-producing path
ogens of legumes (Plant Pathology). In a prelimi
nary survey of wetland paddies fungi potentially 
antagonistic to certain sclerotia-producing patho-

gens - Sclerotium roifsii and Rhizoctonia solani 
- were seldom isolated from plant debris or soil 
after rice. A Trichoderma sp. was, however, fre
quently isolated from plant residues in dryland rice 
fields. The Trichoderma sp. was capable of min
imizing the incidence of preemergence damping
off oflegumes caused by S. roifsii or R. solani in 
the greenhouse. The saprophyte appeared to be 
more effective on S. roifsii than on R. solani, espe
cially on cowpea (Table 42). Infestation with the 
saprophyte adversely affected the pathogens' sur
vival (fable 43). 

The Trichoderma sp. had a higher cellulolysis 
adequacy index (3.4) than bothR. solani (0.66) and 
S. roifsii (1.64), suggesting that it could decompose 
organic matter such as rice straw better than the 
pathogens (Table 44). But because of the relative 
fast growth rate of R. solani, the efficiency' of Tri
choderma sp. to minimize the incidence of legume 
damping-off initiated by R. solani depends on the 
size of its inoculum and perhaps other sources of 
nutrients available to the pathogen before infee
tion. 

Table44. Celhllolysis adequacy index (CAl) of Rhizoctonia sol
an; and Sclerotium rolfsli from component crops. and of 
Trichoderma sp .• a saprophytic fungus isolated from dryland 
rice soil. IRRI. 1980. 

Loss of straw Rate of linear 
Organism wta (%) growth (mm/day) CAl 

Rhizoctonia solani from 
Mungbean 296 53 0.56 
Cowpea 35.4 45 0.79 
Maize 35.8 56 0.64 
Sorghum 32.7 47 0.69 
Rice (dryland) 30.1 48 0.64 

Sclerotium rolfsii from 
Rice 22.5 20 110 
Mungbean 29.7 16 1.64 
Cowpea 283 16 1.79 
Peanut 29.7 16 1.84 

Tflchoderma sp. 34.6 10 3.40 

aBased on control. 7 weeks after Incubation. 

Table 43. Influence of a Trichoderma sp. isolated from IRRI dryland rice fields on the survival of Sclerotium rolfsit andRhlzoctonia 
solani. the causal agents of legume damping-off in dryland fields. IRRI. 1980. 

Treatment" 

Trichoderma.alone 
S rolfsli alone 
S. rolfsit + Tflchodermr; 
R. so/ani alone 
R solani + Trichoderma 

Sclerotia in soil 
(no./100 9 wet wt) 

0.0 
27.0 ± 146 
20.7 ± 16.5 
9.5 ± 17 
17 ± 13 

Recovery from crop debris in soilb (%) 

S. rolfsii 

0.0 
48.6 ± B.5 

1.1 ± 1 a 
0.0 
0.0 

R. solani 

0.0 
00 
0.0 

32.9 ± 10.5 
3.5 ± 1.8 

Trichoderma 

72.6 ± 6.4 
0.0 

9.5 ± 1.1 
0.0 

77.5 ± 1B.7 

"The Inoculum was Incorporated In dryland SOIl autoclaved for3 days before sowin!iJ of mun~bean and cowpea. bBased on Isolation 
of mycelium growth from plant residUes in 500 g of wet weight soil per replication. Rephcated 3 times. 
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Table 45. Effect of fungicide application on relationship between main rice crop infection of stem rot and ratoon crop develop
ment IRRI, 1980. 

Benomyl·thiram" 
application at 

Main crop 

Stem rot Yield 
(%) (t/ha) 

Seed 84 8.1 
Maximum tillering 86 7.8 
Grain filling 83 7.7 
Seed + maximum tillering 80 6.7 
Seed + grain filling 59 74 
Maximum tillering + grain filling 61 7.5 
All three stages 60 8.3 

Check 85 73 

"1 glliterH2O. 

Ratoon rice diseases (Plant Pathology). When 
the main crop of IR32 was treated with benomyl
thiram, the severity of stem rot caused by Helmin
thosporium sigmoidea var. irregulare was gener
ally less than that in untreated plants (fable 45). 
The ratoonability of the main crop was also 
improved by the treatment although the increase in 
ratoon tillers was not significant. Lodging and stem 
rot of ratoon tillers decreased. 

Yellow dwarf was observed on the ratoon crop 
but not on the main. crop. The incideuce of sheath 
blight increased on the ratoon crop. Other major 
diseases ,to which IR32 was resistant were not 
noted on the ratoon rice. 

CULTIVAR TESTING 

Multiple Cropping Department 

Elite lines and cultivars from the screening pro
gram ofthe University of the Philippines' Institute 
of Plant Breeding at Los Banos were used in 1980 
cultivar tests. Dryland crop'cultivars were selec
tions from materials from the breeding programs 
of the Asian Vegetable Research and Develop
ment Center (A VRDC), International institute of 
Tropical AgriCulture (lIT A), International Crops 
Research Institute for Semi-Arid Tropics (ICRI
SAT), Centro Internacional de M~oramiento de 
Maiz y Trigo (CIMMYT), and national programs 
in the Philippines, Thailand, Burma, and Indone
sia. The rice cultivars were all from IRRI. The 
trials were in dryland and wetland fields at high 
and zero tillage levels at IRRI and at the cropping 
systems research sites in Oton (Iloilo) and 
Manaoag (Pangasinan). 
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Ratoan crop 

Tillers (no Ihlll) Lodging Yield 
(t/ha) 

Basal Nodal Tillers With stem 
(no) rot(%) 

10.1 8.1 66 57 1.3 
12.0 6.4 57 51 1.4 
105 6.2 41 67 1.3 
11.5 56 91 45 1.5 
12.2 8.8 83 39 1.6 
12.0 85 58 36 16 
11.4 10.0 42 14 1.8 
102 7.0 119 86 12 

Rice. In the 1980 wet season, 17 promising early
maturing and 17 medium-maturing selections were 
dry-seeded in rainfed wetland fields at IRRI. 
Among the early-maturing selections, IR13204-3-
3-3-2 and IRI9743-25-2-2 yielded 4.0 and 3.8 t{ha. 
IR50 and IR36 ranked sixth and ninth with 3.5 and 
3.3 t{ha. 

The earliest-maturing selection .was IRI9724-
67-3, which was harvested 86 days after seeding. 
However, it had the lowest yield (2.3 t{ha) and was 
tallest (83 em). IR13204-3-3-3-2 had relatively 
more filled grains per panicle than IR50 and IR36, 
but fewer productive tillers. 

Among the medium-maturing selections, 
IRI 53 18-2-2-2-2 yielded 5.3 t{ha. IR54 yielded 3.8 
t{ ha and matured in 117 days. IR42 ranked second 
with 4.9 t{ha and matured in 133 days. The high 
yielding entries were generally taller than the low 
yielding ones. 

Mungbean. Dry se,",on trials. In the 1979-80 dry 
season, 14 mungbean cultivars were evaluated 
after wetland rice with zero tillage at IRRI and 
with zero and high tillage at Iloilo and Pangasinan. 

With zero tillage, CES 10-21, EG MG 174-3, 
and CES X-IO yielded highest (av 1.2 t{ha) at 
IRRI. A high average yield (1.1 t{ha) in the trial 
was attributed to good growing conditions, partic
ularly rainfall and solar radiation, that prevailed 
throughout the crop period. 

At Iloilo, a high average yield (1.5 t{ hal was also 
obtained with zero tillage. CES IT-2 and CES 14 
yielded 1.9 t{ha. Both varieties outyielded CES 
10-21, which ranked 12th with 1.5t{ha. The yield 
differences were due to powdery mildew, to which 
CES ID-21 did not show the tolerance shown at 



IRRI and Pangasinan. 
The Pangasinan trials suffered from drought 

during the critical growth stages of the crop and 
thus gave a low average yield (0.7 t/ha). CES 14, 
CES X-IO, CES IT-2, and CES ID-21 were the 
top yielders in the Pangasinan test. With high til
lage, the most promising cultivars in Pangasinan 
were CES IT-2and CES 14 with 0.8 and 0.7t/ha. 
They also had highest yields with zerO tillage. The 
high-tillage planting in Pangasinan was estab
lished later than zero tillage because wetness of the' 
field hindered tillage. The crop had low yield 
because it depended solely on the low raiufall after 
planting. 

Wet season trials. During the 1980 wet season, 
II mungbean ,cultivars were also evaluated with 
high tillage before wetland rice at IRRI, Iloilo, and 
Pangasiuan to verify the 1979 wet season tests. The 
trials verified the profitability of growing mung
bean before wetland rice. The most promising cul
tivars for a crop before rice were CES J-2Y, M350, 
EG MG 174-3, MG 50-lOA (y), and CES ID-21. 
Those cultivars have growth duration of less than 
70 days. 

Cowpea. In the 1978-79 dry season, 13 indeter
minate cowpea cultivars were evaluated with zero 
tillage after wetland rice at IRRI, Iloilo, and Pan
gasinan. The same entries were also tested in high 
tillage wetland fields in Iloilo and Pangasinan. 

With zero tillage in IRRI, three entries out
yielded EG #2 in dry bean and green pod produc
tion. The top dry bean yielders were All Season, 
Vita 3, and TVx-289-4G with 1.3, 1.2, and 1.2 t/ha. 
They were also the top producers of green pods 
-8.9,7.1, and 5.6 t/ha. In addition they exhibited 
the best tolerance for fungus diseases, especially 
Fusarium stem and root rot. In Iloilo, the average 
yield of all cultivars was I t/ha. In Pangasinan, the 
trials suffered from drought after planting. TVx-6-
4H and EG #2 had highest yields (0.8 and 0.7 t/ha) 
of dry beans. 

With high tillage, yield levels in the Iloilo and 
Pangasinan trials were lower than those with zero 
tillage because of reduced stand of crop caused by 
lack of moisture after planting. Average yields of 
trials in Iloilo and Pangasinan were 0.6 and 0.4 
t/ha. 

Two uniform cultivar trials from IITA were 
tested on IRRI upland fields under high tillage. 
Among the indeterminate cultivars, Vita 4 and 

TVx-2949-03D were the top yielders with 2 t dry 
beans/ha. EG#2, the check variety, had a yield of 
1.6t/ha. Average yield ofallcultivarswas 1.8 t/ha. 
All the determinate cuItivars yielded less than I 
t/ha. TVx-1836-015J was highest yielder with 0.9 
t/ha. 

Bush sitaa. Eleven promising cultivars of bush 
sitao were evaluated with high tillage before wet
land rice and zero tillage after wetland rice at IRRI. 

In the test before rice, B& (MP X 21), BS2 (MP 
X 21), and Los Banos Bush Sitao #1 had highest 
yields of 10.2, 8.3 and 6.6 green pods/ha. Those are 
determinate cultivars With an average growth dura
tion of 75 days. In addition, they possess smooth 
pods, a character highly preferred by consumers. 

Mter rice, 8 bush sitao cultivars had a green pod 
yield of more than 7 tl ha. Los Banos Bush Sitao # I 
and UPLB BS2 had the highest yields (8.5 and 8.3 
t/ha). They also yielded 0.8 and 0.9 tdry beansl ha. 

Soybean. In the 1979-80 dry season, nine prom
ising soybean cultivars were evaluated with zero 
tillage after wetland rice at IRRI. Ten cultivars 
were tested in wetland fields with zero and high 
tillage in Iloilo and Pangasinan. 

With zero tillage at IRRI, lines 50106-4-7 and 
40142-0-54 gave the highest yield of 0.6 and 0.5 
t/ha. The trial was planted '5 December 1979. 
Yields were low for all cultivars because of mois
ture stress during the onset of the reproductive 
stage of the crop. Photoperiod sensitivity of most 
of the entries also contributed to low yield. 

At Iloilo and Pangasinan, the trials suffered 
from excess moisture during the early seedling 
stage, and damping-off of seedlings reduced plant 
stand. At Iloilo, UPLB SY-2and Clark 63 gave the 
highest yields (0.4 t/ha). At Pangasinan, 2120, a 
selection from A VRDC,.gave the highest yields of 
1.2 tlha with zero tillage and I tlha with high 
tillage. It matured in 84 days but had the ,tallest 
plants (93 cm) and lowest seed weight (6 gilOO 
seeds). 

Peanut. Initial testing of peanut cultivars was in 
wetland fields with zero tillage at IRRI during the 
1979-80 dry season. The trial was planted in a clay 
loam soil by dibbling the seeds at the base of the 
rice stubble after harvest of a puddled transplanted 
rice. Average yield of 10 cultivars was more than I 
t/ha. The most promising entries were CES 103, 
Ace 12, Kidang, PI 18200, and M-IO with yields of 
1.5 to 1.3 t/ha. 
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In Iloilo and Pangasinan, trials were in wetland 
fields with high tillage. CES 102 and F334-33 were 
the highest yielders in Iloilo with 1.1 t/ha. Other 
promising entries were UPLB PN 2 and Ace 12, 
which yielded 1 t I ha. In Pangasinan the trial failed 
because of severe drought. 

Maize. Twelve maize cultivars were evaluated 
with zero tillage in a wetland field at IRRI during 
the 1979-80 dry season. 

Prolific OMR Compo I, Prolific OMR Compo 
2, and Early OMR Compo #1 were the top yielders 
with 2.4, 2.3, and 2.5 t shelled grains/ha. All three 
cultivars matured in 98 days and yielded an aver
age of 2.4 tl ha. 

In Iloilo and Pangasinan, no trials were estab
lished after rice because previous results showed 
the nonadaptability of most of the cultivars now 
available. 

Sorghum. In the 1979-80 dry season, elite lines, 
varieties, and hybrids were evaluated with zero 
tillage in wetland fields at IRRI, and with zero and 
high tillage in Iloilo and Pangasinan. 

At IRRI, CS 226 gave the highest yield (3.7 
t/ha). CS 225 ranked second with a yield of 3.1 
t/ha. Both lines matured in 100 days. UPLB SG-5 
ranked fifth with 2.7 t/ha. No yield data were 
obtained from Pioneer Hybrid 8417 because of 
heavy bird damage. 

In Iloilo, the highest yields with zero tillage were 
from IS 2940 (2.9 t/ha) and Pioneer Hybrid 8417 
(2.7 t/ha). 

In Pangasinan, the promising entries with zero 
tillage were 067-4, CS 217, CS 182, and UPLB 
SG-5, which yielded 2.7, 2.5, 2.3, and 2.3 t/ha. 
UPLB SG-5 yielded 2.7 tlha in a 1979 trial. 

With the high tillage, CS 232 and CS 225 yielded 
more than 5 tl ha in Iloilo. Both matured jn 97 
days. Yield was almost 80% higher from high til
lage than from zero tillage. 

In Pangasinan, cultivars tested with high tillage 
had only 2% yield advantage over those with zero 
tillage. IS 2940 and UPLB SG-5 had highest yields 
of 2.5 and 2.3 t/ha. Average yield of all entries at 
both tillage levels was 2 tl ha. 
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Sweet potato. Eleven sweet potato cultivars 
were tested with zero tillage after wetland rice at 
IRRI, Iloilo, and Pangasinan. 

Three cultivars yielded more than 20 t market
able tuberslha at IRRI. The highest yielding 
entries were Minuras, Kinabakab, and Japan X 
US, - 10 with 23.4, 20.5, and 20.1 t/ha. The high 
yields were attributed to sufficient moisture and 
high solar radiation throughout the growing period. 
BNAS 51, the recommended variety for cropping 
pattern testing, yielded 16 t/ha. 

In Iloilo, a local variety out yielded all intro
duced cultivars with 19.7 t marketable tubers/ha. 
The low yield (av 10 t/ha) of the introduced culti
vars was caused by damage of planting materials 
during transport ~d a 4-day delay in trial establish
ment. 

In Pangasinan, Kinabakab gave the highest 
yield of marketable tubers with 11.4 t/ha. Next 
highest were Catanduanes, Tinipay, and Minuras 
with 11.1, 10.6, and 1O.l, t/ha. BNAS 51 yielded 
only 3.2 t/ha. Low yields in Pangasinan were 
caused by weevils. 

Sesame. Seven sesame cultivars from Thailand 
were evaluated with high tillage in dryland fields 
during the 1979-80 dry season at IRRJ. The most 
promising entries were Nakornsawan, TK 3, and 
Pitsanulok with seed yields of 1.2, 0.9, and 0.8 
t/ha. Those cultivars exhibited good seedling 
vigor. 

Chickpea. A dryland yield trial of 16 chickpea 
cultivars from ICRISATwas conducted with high 
tillage during the 1979-80 dry season at IRRJ. 
Accessions 78073, 7803 I, 78043, and 5003 were the 
highest yielders (O.8.().7 t/ha). Accessions 4951, 
552, and 49 I 8 had early maturity and the twin
podded characteristic. 

Black gram. Five' black gram cultivars from 
Thailand were tested with high tillage in dryland 
fields during the 1979-80 dry season at IRRJ. Yield 
levels were low for all cultivars because of rust 
disease. Average yield of the entries was only 0.4 
t/ha. 
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APPLIED RESEARCH 

A cooperative applied research project with the 
Philippine Council for Agriculture and Resources 
Research (PCARR) and the Ministry of Agricul
ture continued during 1980. An azolIa trial and a 
nitrogen fertilizer efficiency trial were added. 

Varieties for direct seeding in dry soil. Three 
IRRI varieties and seven promising selections were 
direct-seeded in dry soil at five sites in four Philip
pine provinces (Table I). Only in Pampanga did 
any selection (IRI9743-25-2-2) significantly out
yield IR36. 

Herbicide trials. Three herbicides and five herbi
cide combinations were evaluated on IR36 direct
seeded in dry soil at four sites in the Philippines. 

AIl herbicide treatments gave rice yields signifi
cantly greater than those in the unweeded control 
(fable 2). At MaIasiqni (Pangasinan) and Apalit 
(pampanga), a combination preemergence appli
cation ofthiobencarb (2.0 kg a.i./ha) and oxadia
zon (0.25 kg a.i./ha) resulted in rice yields signifi
cantly higher than from plots hand-weeded twice 
(15 and 35 days after emergence [DE]). At the three 
other sites, none of the herbicide treatments gave 
rice yields significantly different from those of the 

Table 1. Grain yield of3 varieties and7 promising selections direct~seeded in the dry soil attha start aftha: rainy season at5 sites 
in 4 provinces in the Philippines. 1980 wet season. 

Yields" (tlhaJ 

Malasiqui, Koronadal, 
Zamboanga del Sur 

Macabebe, Variety or selection 
Pangasinan South Cotabato Pagadian Dumalinaob Pampanga 

IR36 3.8 a 5.3 a 5.9 a 2.4 b 4.2 b 
IRSO 4.8 a 1.7 e 4.6 ab 13 be 5.4 ab 
IR52 4.48 3.9 bed 2.0 e 3.B a 4.0 b 
IR9209·181·3·5 3.7 a 2.7 de 4.1 b 0.8 e 4.9 ab 
IR9209·249·1·2·3·2 4.1 a 5.2 ab 4.7 ab 1.0 e 4.8 ab 
IR9752·2·1·2·1 3.5 a 51 abc 52 ab 2.0 be 4.5 b 
1R1341g.22·1 0.7 a 3.1 d 50 ab 26 ab 5.3 ab 
IR19729·5·1·1 3.3 a 37 cd 46 ab 0.6 e 45 b 
1R19743·25·2·2 44 a 33 d 5.4 ab 09 e 6.1 a 
1R19746·28·2·2 4.2 a 3.8 cd 5.3 ab 0.8 e 4.8 ab 

aMean of3 replications Separation of means by Duncan's multiple range test at the 5% level. bHeavy rat damage reduced yields. 

Table 2. Effect of weed control treatments on grain yield of IRSG direct-seeded in dry soil at 4 sites in the Philippines. 198D wet 
season. 

Grain yieldb (t/ha) 
Rate of 

Treatment Time of application Malasiqui, Apalit,c Norala, IRRI, Toxicity 
application" (kg a i.lha) Pangasinan Pampanga South Cotabato laguna ratingd 

Butachlor Pre-E 2.0 3.9 be 1.6 be 4.5 a 4.4 a 2.3 
Pendimethalin Pre-E 20 3.5 be 2.0 ab 4.0 a 4.1 ab 3.6 
Oxadlazon i Pre-E 0.75 4.0 be 1.9 ab 4.4 a 4.5a 2.7 
Butachlor + Pre-E 1.5 + 0.25 3.9 be 1.8 abc 4.6 a 4.0 ab 3.8 

oxadlazon 
PendimelhaJin + 7·10 DE 1.5 + 0.25 32 bed 2.2 ab 4.2 a 3.4 ab 3.0 
oxadia~on 

Pendimethalin + 7·10 DE 1.5 + 1.5 23 1.7 be 3.B a 3.1 b 38 
propanl! 

Thlobencarb + Pre-E 2.0+025 5.2 a 2.B a 4.2 a 4.0 ab 2.8 
oxadiazon 

Thiobencarb + 7·10 DE 2.5 + 1.25 2.9 cd 2.4 ab 3.8 a 39 ab 4.3 
propanli 

Unweeded control 0.6 0.8 e 2.0 b ?O e 
Hand·weeded 15,35 DE 4.2 b 2.1 ab 4.8 a 4.4 a 

control (2x) 

~%~~~;;j.~~ra'r~i~~~~sD!e-;e ~fY:~~6~~~~~:d~~rnc;~~~~~~!~~b !!fn~?~j~S~~ s~~W~~~ ~X~~dc:cr~~~~~t~J~:~3:J~~~~!;~5 
= all plants killed. 
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I 
Tabl.3. Grain yie~ of 1R36 at 4 methods of nitrogen f.nUiz ... appliation. trenspa.nted in watlalnd Irrigated farm ..... fields at " 
lit •• In 7 provinees in the Philippi"". 1980 wet ••• son. 

Yields6' (t / ha) 

Zamboange 
Method Pangasina" Pampanga Iloilo South Cotabato North Cotabato det Sur laguna 

of 
applica- Catablen, Torre Neog, Sucad. Sampaloc, NambogMagsaysay, Pobtacion. Kalaisan. $aguing, Tawe;an Sur. 
tio'" Urdaneta Mangatarem Apelit Apelit OIon Koronad&1 Noral. Kidapawan Makilale Pagedian IRRI 

PC 6.18 4.8 b 5.3 • 4.9 a 6.5 a 5.4 8 4.88 2.88 2.8 a 4.58 5.0 a 
PS 5.38 4.8 b 5.38 5.38 6.18 5.38 4.68 2.9 a 2.4 ab 4.7 a 5.1 a 
SG 6.0 8 5.6a 4.98 4.1 b 6.0 8 5.58 4.88 2.58 2.78 4.68 5.38 
SP 5.4 a 5.3 ab 5.08 4.0 b 5.7 a 5.38 4.58 2.68 2.5 ab 4.5 a 5.4 a 
Check 4.0 b 5.0 ab 4 .58 3.0 e 4.9 b 3.9 b 3.5 b 2.4 a 1.7 b 4.3 • 4.88 

-Rate is60 kg Nlha. PC - all nitrogen fertilizer applied basal in the plow sole. using the IRRI-designed hand tractor-drawn plow sole 
applicator. PS - all nitrogen fertilizer applied basal. hand-drilled in the plow sole, using the carabao-drawn native plow. SG -
nitrogen supergranules applied atthe center of every 4 hills 1 day after transplanting lOT). SP - nitrogen fertilizer apphedin 2 split 
applications. 40 kg N/ ha basal before final harrowing + 20 kg N/ha topdressed at 25-30 OT. Check - control_plot. no fertilizer 
applied. tMeans of 3 replications. Separation of means in 8 column by Duncan's multiple range test at the 5% level. 

Table 4. Grain yield oflR36ln an azalia-treated plot and at 5 best-split nitrogen levels in Irrigated-ttlinsplanted field,.t9 ,ite,ln 5 
province, In the Philippln .. , 1980 wet season. 

Yi.l<f6 It/hal 

Zamboange 
Pangasinan Pampanga Pampanga North COlabato dalSur laguna 

Treatment"' 
Catabllin, Torre Neog, Sucad. Sulipan. Saplad David Kalaisan. Sing8O, TIguma. 
Urdaneta Mangatarem Apalit Apelit Macabebe Kidap8Wan Kidapawan Pagadian IRRI 

I>Z. 3.4 e 4.2 b 4.3 a 4.1 a 3 .6 ab 3.88 5.9 a 3.6 b 5.0 a 
as 40 4.5 b 4.4 ab 4.7 a 4.28 3.7 ab 3.7 a 5.1 b 4.4 a 4.7 a 
as 60 4.2 be 5.0 a 5.0 a 4.2 a 3.9 abc 4.1 a 4.5 b 4.1 ab 5.2 a 
as 80 4.2 be 4.8 ab 5.0 a 4.6 a 4 .3 ab 3.9 a 4 .4 b 4.0 ab 5.0 a 
BS 100 5.5 a 4 .7 ab 4.2 a 4.8 a 4.5 a 3.4 a 5.0 b 4.5 a 5.4 a 
Cheek 3.8 be 4.1 b 4.2 • 4.0 a 3.3 b 3.5 a 5.0 b 4.2 ab 3.7 b 

· 142 - azolla inoculation 812 and 12 days after transplanting and incorporation 10dayslater. as 40 = basal : JO.20-2D. topdressing : 
1040 (TO). as 60 = basal : 45-20-20, TO: 15-()-Q. BS 80 = basal : 60-20-20, TO: 20-0-0. as 100 - basal : 80-20-20, TO: 20-0-0. Check 
basal : 0-20·20. TO: 0-0-0. tMeans of3 replications. Separation of means in 8column byOuncan's multiple range test at the 5% level. 

hand-weeded treatment. All herbicides were toxic 
to rice to some degree; butachlor at 2 kg a.i./ ha was 
least toxic. 

Nitrogen fertilizer efficiency. Nitrogen fertilizer 
efficiency trials were planted in farmers' fields at II 
sites (Table 3). Eight sites had no difference in crop 
yields among the four methods of nitrogen fertil
izer tested. Supergranules (SG) proved superior to 
both plow-sole application methods (PS) and (PC) 
in Mangatarem, Pangasinan. The reverse was seen 
in Apalit, Pampanga. At most sites there were no 
significant differences among treatments. 

Azolla trials. AzoUa applied research tria1s were 
at 9 sites (Table 4). At IRRI, AzoUa and all nitro
gen treatments gave significantly higher yields than 
the check. Only at Singao, North Cotabato, did the 

azoUa-treated plots give significantly higher yields 
than any other treatment. Results of the trials dur
ing the wet season showed no general trend. 

PILOT PRODUcnON PROGRAMS 

During 1980, five pilot programs were in progress 
in the Philippines. 

Kabsaka. During 1980, the Kabsaka pilot pro
duction program in Iloilo became a full-scale pro
duction program. The Philippine Government 
obtained a World Bank loan to fund a province
wide development projea, based on the promising 
results of previous years. Kabsaka technology was 
extended to other provinces in the region. 

Kasa-tinlu. The Kasa-tinlu pilot production 
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I. Cropping pattern changes of 14 fanners before and after 
Kasa-tinlu. plotted against the average annual rainfall distribu
tion. South Cotabato. Philippines, 1980. 

program in South Cotabato was evaluated. Seventy
four Kasa-tinlu fanners in Notala were surveyed to 
detennine the impact of the program on cropping 
patterns adopted, cropping intensity, crop yields, 
and capital asset accumulatioD. 

Cropping patterns. Before Kasa-tinlu, the most 

Tab~ 5. Rice establishment for 74 farmers with various <:rap
ping ~ttemr' ~or. and after K ..... tlnlu. South Cotabato. 
Philippines, 1980. 

Before Kasa-tinlu After KaS8-tinlu 

Cropping Area Cropping he. 
patterns planted patterns planted 

1%) 1%) 

Rice - rice Rice - rice - DC 
TPR- WSR 43 OSR-WSR-DC 49 
WSR-WSR 8 OSR-TPR-DC 8 
TPR-TPR 7 

Riee - dryland Rice - rice 
crop (OC) 
TPR-OC 29 OSR- WSR 17 
WSR-OC 8 DSR-TPR 4 

Rice - rice - DC Rice - rice - rice 
TPR-WSR-OC 2 D5R-WSR-WSR 9 
TPR-TPR-DC 2 OSR-TPR-WSR 5 

OSR-TPR-TPR 2 
OSR- WSR-TPR 2 

Rice-fallow Rice - DC 
TPR-fallow 2 OSR- DC 4 

-TPR - transplanted rice, WSR -= wet-seeded rice. DC = dry
land crop. 
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2. Cropping intensity changes following implementation of 
Kabsaka and Kasa-tinJu pilot production programs. Philip
pines, 1980. 

common cropping pattern was rice - rice (58%) 
- 37% of the respondents grew only one rice crop, 
followed by a dryland crop. After the program, the 
maior cropping patterns were rice - rice - dryiaod 
crop (57%), rice - rice(21%),and rice - rice - rice 
(18%) (Fig. I). 

It was also found that the method of establishing 
the first rice crop changed dramatically from 
transplanting to dry seeding (Table 5). As a result 
of the shift in cropping pattern and crop establish
ment method, the cropping intensity increased 
from 190% to 255% after implementation ofKasa
tinlu. This was a comparatively higher intensity 
than that obtained after Kabsaka (Fig. 2). 

Yield. Farmers' yields for 2 rice crops increased 
from 8.6 to 9.3 tl ha (Table 6). 

Table 6. Me.n yields" obtained from pilot extension phase of 
K ... ·tinlu program, South Cotabato, Philippine., crop year 
1918-80. 

Year 

1918 
1919 
1980 

First crop 

4.6 
4.7 
4.8 

Yield It/ ha) 

Second crop 

4.0 
4.3 
4 .5 

· Source: BAEx, Koronadal, South Cotabato. 

Total 

8.6 
9.0 
9.3 

j 
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Table 7. Farm capital alMtl acquired by 51 f.rm .... In Kua
tinlu. South Cobb.to. Philippines, 1919-80. 

Item 

Four-wheel 
tractor 

Irrigation 
pump 

Thresher 
Carabao 
Plow 
Harrow 
Sprayer 
Con 
Shovel 
Scythe 
Rice milt 
Dryer 
Farmland 

-3-hilt farm. 

3 or more years 
in KaS8-tinlu 

In - 31) 

Farmers Units 
reporting (no.) 

1%) 

'0 3 

3 , 
35 ,. 
32 '2 
29 9 
35 '2 
'9 6 
77 28 
90 '0' 
'3 8 

2 years 
in Kasa-tinlu 

In - 27) 

Farmers Units 
reporting (no.) 

1%) 

• 
7 

7 
37 
30 
22 
26 
'9 
63 
89 

• '6 
7 

2 

2 ,. 
'2 
6 
7 
5 

23 
62 , 
• 2" 

Capital assets accumulation. High-value farm 
investments (4-wheel tractor, irrigation water 
pump, thresher) were acquired by a few farmers 
after implementation of Kasa-tinlu. Meilium-value 
items (carabao) were more commonly acquired by 
farmers. Small farm items like plow, harrow, 
sprayer, shovel and scythe, were common in the list 
of farmers' acquired assets (fable 7). 

Among household assets, radio-cassette (stereo) 
dominated the farmers' list (Table 8). Priority 
among farmers' investments was house repair 
(improvement) (fable 9). 

Other programs. A rice - dryland crop pattern 
formed the basis of a program - code-named 
Manbilaykil for Pangasinan, Central Luzon. Yields 

Table 8. Houteho'd HMb acquired .tt ... the I<II .. -tlnlu pro
"ram, South Cot.bato, Phitipplnes. 1979-80. 

Item 

Radio-cassette 
(stereo) 

Gas stove 
living-dining 

sel 
Refrigerator 
Tricycle 
Oth . ... 

3 or more years 
in Kasa-tinlu 

In - 3') 

Farmers Units 
reporting (no.' 

1%) 

58 '8 

'0 3 
'9 7 

2 years 
in Kasa-tinlu 

In - 271 

Farmers Units 
reporting Ino.' 

1%) 

33 9 

'5 • 
'9 5 

• , 
7 3 

• 2 

- Electric fan. steam cooker. 

Table 9. HOUle improvement made by fermers In the Kese· 
tinlu progrem. South Cotabeto. Phllippin .. , 1979-80. 

Item-

Farmers reporting ("'. 
Total value ($) 
Av value per 

farmer ($) 

Years in Kasa.tinlu 
(no.) 

3 or more 
In - 3') 

17 
48'8 

283 

2 
In - 27 ) 

" 64'3 
583 

·Values converted to US$ at the rate of USSl :0 '7.5 

of Manbilayka participants' dry-seeded rioe crops 
averaged 3.25 tf ha. Poor control of weeds and a 
drought at flowering time affected rice yields. 

In Zamboanga del Sur and North Cotabato, 
new pilot production programs to grow two 
rainfed wetland rice crops - code-named Zomdu
gani and Matisayon - started. 
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THE ASIA CROPPING SYSTEMS 'ETWORK 

Twenty-six operational research sites were included 
in the Asian Cropping Systems Network in 1980 
(Table I). In addition, national programs in Bang
ladesh, Burma, Indonesia, Philippines, Sri Lanka, 
and Thailand have fonned national cropping sys
tems networks. The number of sites rosefrom 55 in 
1979 to 98 in 1980. China and Vietnam expressed 
tbeir desire to join the network and collabotative 
work will begin in 1981. 

NETWORK ACTIVITIES 

Most activities at the network sites focused on the 
design and testing of cropping patterns, and re
search in related component technologies such as 
varietal testing, fertilizer studies, and pest control. 
A number of sites started multilocational testing 
and pilot production programs. The developments 
stimulated collaborative work on methodological 
problems related to the extrapolation of technolo
gies developed at sites and their transfer to wider 
groups of farmers. 

Lack of dryland crop varieties and related tech
nologies for prerioe and postrioe environments 
was identified as a major constraint to developing 
more productive cropping patterns in rice-based 
systems. 

Highlights of the activities in the network sites 
follow: 

Bangladesh. The Bangladesb Rioe Research 
Institute (BRRI) cropping systems program col
laborates with a number of other agencies to pro
vide technical and material inputs to 24 research 

Tab~ 1. Asian Cropping Systems Netwo"' research lit .. , 
1910. 

Y •• r program Sites Sites (no.) 
Country was initiated {noJ in network 

Bangladesh 1976 28 3 
Burma '980 7 3 
India '980 

, , 
Indonesia 1974 23 3 
Korea 1977 3 3 
Malaysia ,m 2 2 
Nepal ,m 6 2 
Philippines 1974 '5 2 
Sri Lanka 1916 7 3 
Thailand '975 6 4 

Total 98 26 
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sites in addition to 4 BRRI sites. The flrst annual 
review meeting of the BRRI-<:oordinated network 
was held in June 1980. 

A survey of farmers' cropping patterns con
ducted in Bangladesh showed tbat more than 70% 
ofthe rainfed farms bad double- or triple-cropping 
systems; more than 80% with irrig;ltion bad doubl ... 
or triple..:ropping systems. 

At the rainfed Bhogra site a Chandina - BR4 
pattern g;lve the highest yield (9.4 t / ha). The high
est net return (S8S2 / ba) came from the BR3 -
Chinigura (a local high-quality rice) pattern, fol
lowed by Cbandina - BR4 (S772/ ha), which was 
developed by the BRRI cropping systems program. 

At the Oandkandi site fanners' dominant pat
terns were deepwater rioe (OWR) - wheat (43%), 
OWR -potato (18%), and OWR-mustard(14%). 
The average yield of deepwater rioe ranged from 
2.4 to 3 tl ha; Ari Raj and Vitali Bajal had yields of 
3 t / ha. 

Bunna. Seven cropping systems research sites 
are operated by the national cropping systems 
working group of Burma, which was set up by the 
Agricultural Development Corpo.ration and in
cludes scientists from the Agricultural Research 
Institute. Three sites are included in the Asian 
network. 

Shwelaungkyun is in Wakema Township in the 
delta area where the annual rainfall averages 2,388 
mm and tidal flooding occurs. The predominant 
fanners' pattern is premons\>On jute sown in early 
March with pump irrig;ltion, followed by trans
planted rice in August. Rice is barvested in Nov
ember and immediately followed with the sowing 
of either blackgram, maize, peanut, cowpea, or 
early sesame. Proposed new patterns are rice- pea 
tbean, rice - sunflower, rice - sesame, and jute
rioe using improved varieties. 

Sedawgyi is in thedry zone of Central Burma. It 
is served by irrig;ltion and is on a flat topography 
between the Shan Plateau and Irrawaddy river. 
Rains start in March and end in October; average 
annual rainfall is 850 mm. There is usually a dry 
spell in july. Two soil types predominate - a 
heavy-textured dark clay and a loamy soil with 
crumb structure. 

The major crop in the area is rioe, usually sown 
in Mayor June. The patterns being tested are rioe
grain legumes, rioe - maize, and rioe - sorghum. 

Pyinmana (Yezin) is midway between Rangoon 



and Mandalay near Ihe fool of Ihe Shan plaleau. 
Aboul 6,500 ha in Ihe area is irrigaled; Ihe resl is 
rainfed. Rains, which start in early May and end in 
October, are often erratic. Average annual rainfall 
is 1,415 mm. Temperaluresare 10w(abouIIS"qin 
December and January. 

In irrigated areas Ihe farmers' pallern is early 
sesame sown in Marcb followed by lransplanled 
rice in July. In rainfed areas, green maize and 
blackgram are sown in May and harvesled in July 
and followed by lransplanled rice in August. 
Sometimes peanul is sown afler harvesl of rice in 
Oclober or early November. 

Proposed patterns for irrigaled areas are, sesame 
- rice, sesame- rice- grain legumes, sesame- rice
sunflower, and sesame- rice- maize or sorghum. 
For the rainfed areas, tbe proposed patterns are 
rice- maize or sorghum. rice- sunflower, and rice 
- chickpea. In all patterns Ibe rice is established in 
June or early July. 

India. In India, Ihe collaborating instilution is 
the Indian Council of Agricultural Research 
(ICAR). The sile included in the Asian nelwork is 
Ranchi, Bihar. It is a rainfed sile with a short rainy 
season and soils wilh low waler relenlion capacilY. 

Land in Ihe sile was classified inlo high, inler
mediale, and low elevalion, and different cropping 
patterns are developed for each land class. Re
search activities al Ihe sile involved Ibe participa
lion of stafffrom Ihe Ranchi Agricullural College 
(affilialed wilh Ihe Rajendra Agricullural Univer
sity). The agricultural engineering group is an 
importanl component. It bas developed simple and 
inexpensive machinery for tillage and dryland crop 
establishment. 

Indonesia. The Cenlral Researcb lnstilute for 
Agriculture in Indonesia participales in the Asian 
nelwork and has greatly expanded cropping sys
lems research activities in Ihe counlry. The national 
cropping syslems nelwork operales research siles 
in irrigaled, rainfed, and tidal swamp ricelands as 
well as on Ihe fragile upland soils of Sumalra, 
Kalimantan, and Sulawesi. 

The cropping syslems research is done wilhin a 
farming systems framework wilh importanl crop
liveslock interactions explicitly taken inlO account. 
Research inlo the inlensivesoljan systems of raised 
beds and furrows has started al Sukohaljo, Cenlral 
Java. 

Asian network research is at three siles. 

Madura includes dryland, rainfed weiland al 
low elevation, and rainfed wetland al high elevation. 
It receives more tban 200 mm rainfall for 3 months 
and less than 100 mm for 5 months. The main 
constrainl in aU land categories has been low soil 
fertility. Higher rates of fertilizer application and 
band placemenl of phosphate wilh seed have given 
considerable yield increases. Dry-seeded rice (gogo
rancah) produces higher yields and net returns 
than lransplanted rice in the IWO weiland land 
calegories. Dry-seeded rice - maize + peanut had 
higher net rei urns than farmers' or olher experi
mental patterns. 

Tajau Pecah (Kalimantan) has had results sim
ilar to Ihose oblained in upland areas of Sumat ra. 
The mOSI promising pattern wilh medium input is 
maize + dryland rice wilh cassava relay-planted 
inlo maize rows 30 days afler planling and later 
cowpea replacing rice as an inlercrop with cassava. 

lkzrambai (tidal swamp site - Kalimantan) has 
ils hydrology affected by rainfall and by tides. The 
fragile nature oflhese pOlentially acid sulfale soils 
requires long-Ierm managemenl slralegies. 

Adaptation of the furrow-bed (soljan) syslem,lo 
circumvenl flooding for dryland crops and insuffi
cienl waler for weiland rice, has proved 10 be 
important. The main problem is 10 delermine the 
relalive proportion of bed 10 furrow for differenl 
waler regimes. The experimental patterns of inler
cropping maize + upland rice + cassava as raised 
beds and double<ropping rice in Ihe furrow beds 
have shown promise. 

Republic of Korea. The Office of Rural Devel
opmenl collaborales in the Asian nelwork. Siles al 
Suweon, lri, and Milyang represcnllemperale rice 
environments wilh good irrigation and drainage 
facilities. 

An unusual cold spell during summer 1980 
affected rice production throughoul Korea and 
lowered overall production by an estimaled 40%. 
Low air temperatures, insufficient sunshine hours, 
and heavy rainfall during mitosis 10 flowering stage 
(lale July 10 early Augusl) induced high slerilily in 
rice, wilh the adverse effects being more pro
nounced in Tongil-Iype varielies than in the japon
icas. 

In Suweon, highesl nel incomes were obtained 
from Iherice- wbeal pattern followed by Ihe rice
barley. In Milyang, the highesl net income was 
from sweet maize - rice. The highesl rice yields, 
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however, came from the rice - potato pattern 
because the early planted rice (I April) escaped the 
low temperatures. At lri, the single-rice-crop pat
tern gave highest net returns, followed by pea- rice 
and wheat - rice. The cold temperatures had less 
effects on rice yields in lri than on those elsewhere. 

Nepal. The collaborating agency in Nepal is the 
Department of Agriculture. The integrated cereals 
project of the depanment, supported by the Inter
national Agricultural Development Service, has 
research at six sites. 

By the end of I 980, at least three complete cycles 
of the predominant rice - and maize-based crop
ping patterns had been evaluated at five sites. A 
pilot production program was initiated in the 
spring of 1980 at Pumdi Bhumdi, a hill site near 
Pokhra. Similar programs were initiated in winter 
1980 at Lele, Khandbari, and Chann Jahari. 

Results of cropping pattern and component 
technology trials generally confirmed results ob
tained in past years. On the plains at Parsa, rice 
varieties Janki, Sabitri, and Laxmi yielded more 
than 3.5 tl ha in tbe fm;! rainfed crop; the local 
varieties averaged 1.4 tf ha. The rice variety 
lET I 444 was seen to be suitable for lowlands with 
medium or low production potential where soils 
are light-textured with low water-retention cap
acity. 

In irrigated areas in Parsa, the improved varie
ties Chandina, Durgh, and Laxmi (av maturity, 
120-125 days) had yields ranging from 3 to 4.2 tf ha. 
Local varieties averaged 1-2 tl ha wben planted as 
the ftrst crop. A variety suitable for planting as a 
second crop is yet to be found ; the best available is 
Massuli, which yielded about 2 t/ ha. 

Philippines. In 1980 IRRI operated one crop
ping systems research site at Tuguegarao, Cagayan 
Valley, Philippines, where it cooperated with the 
Cagayan Integrated Agricultural Development 
Program and the Philippine Council for Agricul
ture and Resources Research (PCARR). 

The Philippine national program substantially 
expanded cropping systems research activities in 
1980. In addition to the research at the World 
Bank-assisted settlement sites at Agusan, Bukid
non, and Capiz, cropping systems research was 
initiated in eight provinces. Surveys for cropping 
pattern design were made in selected areas. 

A national program to intensify crop production 
on 60,000 ha of rainfed rice in Iloilo was launched, 
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using research results from earlier research activi
ties. Plans also went ahead to develop production 
programs in the three settlement sites that have 
completed 2-3 years of research. Recommenda
tions for suitable varieties and other component 
technologies for single crops were developed. 
UPLRI-5 was found to be the best variety for 
dryland fields at Bukidnon and Capiz and C171-
136 performed best at Agusan. IR36 performed 
best in wetland paddies at all sites. CES-I 0-21 was 
identified as the best mungbean variety for the 
sites. 

Sri Lanka. A highly successful pilot production 
was launched in Sri Lanka based on technology 
developed at the cropping systems research site at 
Walagambabuwa, a minor-lank-based village. Re
search at the site is operated by the Department of 
Agriculture, which is the collaborating agency par
ticipating in the Asian network. The site is repre
sentative of about 10,000 minor-lank based villages 
in the dry zone. 

Traditionally a farmer's rice is not planted until 
the tank is full. In the cropping system developed, 
rice is direct-seeded at the beginning of the rainy 
season and the lank water is used for supplemen
tary irrigation later, if needed. After harvest of the 
first rice crop, eitber a second rice crop or a dryland 
crop is established, depending on available water in 
the tank. The system performed well in 1979-80 
when rainfall was unusually low. 

Close extension-research links facilitated spread 
of Ihe system to other areas through pilot produc
tion programs. At tbe end of 1980 more than 200 
tank-based villages had come into the program and 
the system was spreading rapidly. Major increases 
in rice and dryland crop production with conse
quent increases in farm income and employment 
took place. 

At Katupota, a rainfed wetland site in the inter
mediate zone, more intensive patterns for different 
land categories were identified. Those are: rice
rice for the slopes and the valley bottom and rice
dryland crops for the west. A 7~ay rice variety 
developed at the nearby Batalagoda rice breeding 
station was tested as the second rice crop on the 
slopes. 

At the rainfed Manawari site at Paranthan, a 
shon rainy season and low water-retention capac
ity of the soils make it extremely difficult to estab
lish two-crop patterns. Research activities on irri-



gated systems in the area started in 1980 and two 
crop systems appear feasible. 

Thailand. Cropping systems research in Thai
land is in collaboration with the Rice Division, 
Deparunent of Agriculture, at Ubon, PiMai, and a 
new site at Phrae; with the Technical Division of 
the Department of Agriculture at Khompangphet; 
and with Kasetsart University at Bangpae. The Div
ision of Agricultural Economics collaborates with 
the Rice and Technical Division on the economics 
component. Four sites are in the Asian network. 

Ubon is rainfed wetland with 5 wet months and 7 
dry. After tests in 1980, the peanut - rice pattern 
was identified as the most stable pattern and most 
acceptable to farmers on fields that can be well
drained. Tinan 9, the recommended variety, must 
be established by the flfst week in May. 0 stable 
pattern has been identified for the easily flooded 
bottomlands or the upper paddies, which do not 
regularly grow a good rice crop. 

Green maize was proven to be a high risk crop 
and mungbean yields were low. 

PiMa; is rainfed wetland with 1-2 wet months 
and 7 dry. 0 stable pattern, has been identified. 
Drought and flooding are major constraints. 

Phrae is rainfed wetland with 4 wet months and 
6 dry. Research started in 1980. Patterns tested 
were rice(IOO days) - rice, mungbean -rice- sweet 
maize, mungbean - rice - soybean, and sweet 
maize - rice - peanut. The lOO-<Iay rice performed 
poorly and a white sesame, which had shown 
promise in observation trials, will be substituted. 

Bangpae is rainfed wetland with 1-2 wet months 
and 7 dry. The best patterns identified were mung
bean - rice - mungbean, sweet maize - rice -
mungbean, and glutinous maize - rice - mung
bean. Large-scale evaluation of these patterns 
started in 1980. 

CROPPING SYSTEMS CONFERENCE 

A cropping systems conference was held at IRRI in 
March 1980. Developing countries of Asia were 
represented by participants from Bangladesh, 
Burma, China, india, Indonesia, Malaysia, Nepal, 
Korea, Sri Lanka, Thailand, and the Philippines. 
Progress reports of the country programs in the 
Asian Cropping Systems Network demonstrated 
that the sito-related, on-farm research methodol
ogy was being actively used. 

CROPPI 'G SYSTEMS WORK.ING GROUP 

The 9th Working Group meeting held at IRRI, 
followed the Cropping Systems Conference. The 
group discussed the experiences ofthe symposium, 
future research directions, and training needs. 

The 10th Working Group meeting was held in 
the Republic of Korea in September. Program 
leaders from eight countries and IRRI attended the 
meeting. The group discussed progress in national 
programs, monitoring and reporting of cropping 
pattern testing, multilocation testing methodol<>
gies and country program experiences, pilot pr<>
duction program methodology, role of cropping 
systems research in fanning system projects, and 
the economic evaluation of component technolo
gies at design and testing. The group decided to 
intensify efforts to develop methodologies for pre
production evaluation of technologies developed 
at sites. 

TRAINI G 

The rapid expansion in country programs raised 
training needs substantially. A major achieve
ment in 1980 was the preparation of a manual on 
cropping systems research methodology, which 
elaborates on the methodology developed jointly 
by IRRI and national program cropping syslems 
researchers. The manual will be published by I R R I 
in 1981. 

The Asian network economics group decided in 
March to work LOward a training manual on basic 
economic tools. A ovember meeting developed a 
draft, which will be evaluated and finalized in 198 I. 

The 6-month cropping systems training pr<>
gram at IRRI had 42 participants. A special 1-
month training program in agricultural economics 
was held in October with participants (9) from 
Bangladesh, Bunna, Indonesia, Sri Lanka, Thai
land, and the Philippines. 

Eighteen participants from six countries visited 
Philippine cropping systems sites in August 1980. 
They later divided into two groups. One group 
visited Indonesia and the other visited Nepal to 
discuss experiences in their national programs and 
relate those to what they found in the countries 
visited. The group in Indonesia was joined by five 
participants from Malaysia, Bangladesh, and the 
International Agricultural Development Service. 
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MACHINERY DEVELOPMENT 

Transplanter. Changes in the design of the tray 
drive mechanism were made to simplify fabrication 
and reduce the cost of manufacturing the trans
planter. In the new design a specially-shaped pawl, 
which meshes with the roller chain, is used to drive 
the chain. The pawl is pinned to one end of a lever 
whose other end is linked to the main drive lever 
(Fig. I). Re-arrangement of the roller guides and 
the bar guide, with respect to the position of the 
pawl and lever assembly, eliminated one of the 
roller guides in the original design. The modifica
tion was extensively tested and no failure was 
observed. 

The transplanter was demonstrated in many 
areas of the Philippines. The design was released 
during the early part of the year and several local 
manufacturers have started production. 

Two-wheel 3-hp tiller. Development of a 3-hp 
tiller started. The objective was a simple, low-<:ost, 
lightweight power tiller suitable for wetland tillage. 
An earlier economic study indicated that a 3-hp 
machine would be cheaper than custom hiring so 
long as it was operated on a minimum of6.5/ ha per 
year. 

The design and fabrication of the first prototype 
(Fig. 2) were completed. The tiller weighs 67 kg, 
believed to be the ideal weight for soft, paddy 
wetland cultivation. The transmission isa two-step 
reduction with a total speed ratio of 1:15. Roller 
chain and sprockets were used throughout. The 
input and output shafts are mounted on ball bear
ing;, and the intermediate shaft is fixed on the 
housing. The first drive sprocket and the second 
step drive sprocket are on a common hub that 
rotates on a bronze bushing on the intermediate 
shaft. 

I. TI'1lY drive mecbanism of the lRRI designed mechanical transplanter. 1980. 
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2. IRRI-<lcsigned 3-hp tiller. 1980. 

The split transmission housing is manufactured 
from 1.5-mm-thick mild steel using simple forming 
jigs. Double oil seals are provided on each of the 
axle bearings. The housing provides continuous oil 
bath lubrication for the bearings, roUer chain, and 
sprockets. 

The engine base slides on rails fixed to the main 
frame. This permits engaging or disengaging ofthe 
drive through a toggle system link to a lever at
tached to the handle. The arrangement eliminates 
the use of an idler pulley, which shortens belt life. 

Dryland and wetland tests were started to 
determine the durability and suitability of the 
tractor. 

CAAMS-IRRI reaper project. A collaborative 
project was initiated with the Chinese Academy of 
Agricultural Mechanization Sciences (CAAMS) to 
adapt a Chinese-<lesigned reaper-windrower to the 
IRRI power tiller. A team of three Chinese engi
neers collaborated in the adaptation. 

The reaper is a vertical l.6-m-wide unit with a 
side delivery conveyor (Fig. 3). The novel features 
of the design are the lifting and gathering mecha
nisms, which consist of an assembly of inclined star 
wheels and a set of pressure springs. The star wheel, 
driven by lugs attached to a vertical Oat bed con-

veyor, guides the crop to the cutter bar and on to 
the side delivery conveyor. Pressure springs main
tain the cut crop in a vertical position until the 
materials are discharged from the conveyor into a 
windrow. 

Close mounting on the IRRI power tiller re
sulted in a compact and balanced assembly. The 

3. 1bc: l.6-m reaper in tests on a fann near IRRI. 1980. 
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4. Field tests of the I.Q-m reaper attached to the IRRl 3-hp 
tiUer. 1980. 

tiller and reaper weigh 240 kg and can operate 
effectively in mud up to 20 em deep. At ground 
speed of 3 km/ hour the capacity is 0.5 ha / hour. 

Outstanding advantages of the reaper are: 
• extremely gentle handling of the crop, which 

keeps shattering losses to a minimum; 
• ability to handle lodged as well as standing 

crop; 
• rice control at all times - rice does not fall free 

when the reaper is stopped or comes at the end 
of the field - and 

• simple mechanical components that allow 
manufacture by small indigenous shops. 

Changes were made in the original Chinese 
design to cut cost and simplify manufacture. A belt 
clutching drive is used instead of two sets of bevel 
gears and a dog clutch. A siclde guard assembly 
that can be locally fabricated using standard ledger 
plates was developed. 

Because the 1.6-m reaper was too big for small 
plots such as those frequently encountered in the 
Philippines and in other areas of Asia, a I-m unit 
was designed for attachment to the 3-hp tiller (Fig. 
4). An important feature of the design was the 
quarter-tum belt drive used in lieu of bevel gears. 
Most of the other parts developed for the larger 
machine were used in the smaller unit. The I-m 
reaper and tiller weigh 112 kg - which makes it 
suitable for soft wetland fields . The I-m reaper has 
an estimated capacity of2 halday, at 75% field efli-
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ciency, and an estimated cost of half as much as the 
larger reaper. 

Axial-flow thresher. The axial-flow thresher 
(fH-S) was adapted for multicrop threshing. The 
cylinder was redesigned by replacing the alter
native rows of pegteeth with rubber flaps, except at 
the feed side. The rubber flaps were bolted along 
the length of the angle bar. The system imparted a 
rubbing and impact action to materials being 
threshed . 

Two concave modifications were tried. First, a 
51";1 wire mesh was fastened on top of the concave 
frame and the concave rods were removed. Second, 
a perforated sheet was installed under the concave 
rods. Both methods prevented unthreshed grain 
from escaping through the concave, but the steel 
mesh wire appeared to be the best arrangement. 

Preliminary test runs with dry mungbean were 
made with the modified cylinder and steel wire 
mesh concave. The thresher cylinder was operated 
at 450 rpm and a capacity of 1.3 tl hour was 
attained with no indication of machine overload
ing. Threshing wet mungbean with stalks produced 
a low capacity of 123 kgl hour, with 66% purity and 
high grain milling. Work started on a small TH-6 
axial-flow thresher with easy adjustment of the 
cylinder speed, concave type, and various cylinder 
arrangements to facilitate determination of the 
optimum design parameters. 

Head feed thresher. A basic axial-flow thresher 
(TH-6) was converted into a head feed thresher 
(Fig. 5). The regular feed tray was removed and the 
front section of the thresher redesigned. Belts and 
pulleys were used to drive the feed conveyor sys
tem. The engine was moved back to provide space 
for the conveyor feed drive. Intermediate shafts 
were installed to eliminate the use of large pulleys 
and to provide a 9<1' -tum in the conveyor feed 
drive. The main frame was modified by removing a 
section of the front concave bars and the side walls 
to provide an opening for passage of the materials 
during operation. 

The conveyor feeder assembly consists of the 
feed tray and feeder chain assembly with springs to 
exert a consistent, compressive force. This holds 
the straw against the feeder chain during the 
conveying-threshing operations. A sprocket, at the 
discharge end, drives the conveyor at 28 ml minute. 

Preliminary test runs conducted with bundles of 
rice ranging from 80 to 90 em long gave an average 
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5. Ponabk axial-Oow thresher with conveyor feeder. IRRl. 1980. 

capacity about 57% lower than that of the standard 
portable axial-flow thresher (TH-6). An unthreshed 
grain loss of 2. 74% and a low output purity of75% 
were recorded. 

The design wiU require major changes, such as a 
wire loop cylinder and a complex drive for the 
feeder, before it will be satisfactory for head feed 
threshing. 

Safety device for axial-flow thresher. The design 
concept fora safety feed device tbat can be adapted 
to different throw-in type threshers was studied. 
The main objective was to dcvclop a feed mecha
nism for rice threshers that will minimize the prob
ability ofthe operator being caught in the threshing 
cylinder. A secondary objective was to provide a 
mechanism for regulating the flow of material 
through the thresher. 

The safety reed mechanism consists essentially of 
a cylinder assembly with two bearings. It is 
mounted on a rigid frame fastened to the main 
frame in front of the thresher feed opening (Fig. 6). 
The feed cylinder assembly is powered by chain 
and sprocket from the threshing cylinder, with the 
feed cylinder rotating at 115th of the speed of the 
threshing cylinder. The slow rotation of the feed 
cylinder and slower feeding of the material reduce 
the probabilityofthe operator's hand being caught 
by the cylinder. Because of the slow rotary move-

ment, the backward position, and the flexibility of 
the rubber flaps of the safety feed cylinder, acci
dents are not likely to cause more than a few minor 
bruises. Tests of the modified thresher showed that 
the capacity was 21% lower than that of the stand
ard thresher. Further modifications wiU be made to 
determine whether better performance can be 
attained. 

Inclined seed-plate planter. Preliminary tests 
were conducted on the inclined seed-plate planter 
and modifications were made to improve its per-

,. Safety device for IRRfaxiaJ-flow thresher. I'M). 
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7. An IRRI inclined seed-plate planter altacbod to a 4-whecl 
tractor, 1980. 

fonnance and structure. Modified parts include 
structural supports and metering assembly. The 
planter was also tried on a four-wheel tractor using 
an extended tool bar and multiple planting units to 
take advantage of the additional capacity of the 
tractor. 

A parallelogram hitch attachment adapted from 
a maize planter was used to attach the planter to a 
four-wheel tractor (Fig. 7). The planter performed 
normally on leveled ground but on irregular 
ground the furrow opener did not penetrate uni
formly. This was attributed to the distance of the 
planter from the rear of the tractor. 

The original metering assembly was modified to 
eliminate milling and leak problems, and to sim
plify change of seed plates. The modified assembly 
consists ofa bottom plate welded to a plate spacer, 
and a cover plate fastened by three bolts (Fig. 8). 
Field tests gave a smooth and gentle metering for a 
variety of seed size. The arrangement facilitated 
changing of the seed plate because only two of 
three bolts holding the cover plate need to be 
removed. 

The new metering assembly can use a wooden 
seed plate. Wear is prevented by a sheet metal 
lining on the side of the seed plate that rubs with the 
surface of the cover plate. 

Granular fertilizer applicator (tw ... wheel tractor 
attached). A rotating spring-type metering mecha
nism comprising a coil spring placed inside an 
L-shaped tube was evaluated as a granular fertilizer 
applicator. One end of the tube is fIXed to the 
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8. Cross section or seed hopper orthc: inclined seed-plate plant
er, showing the modified metering system assembly. IRRI , 
1980. 

hopper and the other end to the discharge (Fig. 9). 
By rotating the spring, the fertilizer is conveyed 
from the hopper into the puddled soil. Following 
the success ofthe laboratory tests, a 4-row applica
tor, which can be mounted on a power tiller, was 
designed and buill. 

The machine consists of two fertilizer applica
tors mounted on a main frame (Fig. 10). The drive 
wheel unit is castered to permit sharp turns during 
operation. The drive wheels rotate four springs for 
metering and delivery of fertilizer. The distance 
between each delivery tube is 40 em. Wheel dia
meter is 60 em and hopper capacity is 1.5 kg urea. 

During initial field trials the machine proved 
extremely maneuverable and provided uniform 
fertilizer now. The machine can operate in fairly 
deep fields. 

Granular fertilizer applicator (manually oper
ated). In view oftbe promising result of the power-



9. Section view of spring auger mechanism. lRRI, 1980. 

tiller attached granular fertilizer applicator, an 8-
row manually operated applicator was designed to 
enhance application of fertilizer immediately be
fore transplanting. 

The machine also serves as a row marker when 

10. Fertilizcr applicator, attached 10 a power tiller. IRRI. 1980. 

applying the fertilizer between rows. The coil 
spring auger is driven by ratchet and the rate of 
injection is controlled by the length of travel of the 
handle(Fig. II). The machine weighs only 6kgand 
is easily operated in the field . 

Initial trials showed promising performance. 
Field testing is under way. 

MACHINERY TESTING AND EVALUATION 

CAAM8-IRRI reaper. The IRRI Chinese l.6-m 
reaper was tested in rice producing areas in Tarlac. 
Pangasinan, Laguna, and Iloilo Provinces. The 
reaper capacity was observed to vary from 0.5 to 
0.9 ha hour depending on size of plot, crop condi
tion, and plot condition. Crop losses ranged from 
0.1 to 0.9% depending on crop variety and condi
tions. The machine worked well on transplanted 
and broadcast-seeded crops, regardless of whether 
the field was wet or dry. 

The main problem observed was transport to 
distant plots surrounded by immature crops. The 
reaper and tractor were too heavy to be carried on 
the levee. Maneuverability of the machine within 
the plot was also observed to be poor. Assi tance 
was required during the first three circuits of the 
plot. The machine bogged down easily in deep 
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11. Manually operated fertilizer applicator. IRRI, 1980. 

mud. A lighter unit with a narrower swath was 
suggested by farmers. 

Kerosene engine for the 6- to 8-hp power tiller. A 
6- to 7-hp kerosene engine was mounted on a 6- to 
8-hp power tiller and field-tested at Calauan, Lag
una. The kerosene engine proved comparable to a 
gasoline engine in terms of power output. Average 
fuel consumption was slightly higher - I. 76 liters/ 
hour compared to 1.56 liters / hour for a gasoline 
engine. At current costs of USSO.66/ liter for gaso
line and SO.44/ liter for kerosene the kerosene 
engine is a viable substitute. 

J.hp power tiller. The first prototype ofthe 3-hp 
tillers completed 87 hours of field test at lRRI, and 
in farmers' fields in Laguna and Tarlac. The light
ness, maneuverability, and low fuel consumption 
of the unit made it ideal for tillage of sandy loam 
and clay loam wetland fields. 

Most effective plowing was achieved using a 
standard size moldboard plow, with a disc coulter 
to reduce draft, stabilize the plow, and cut up 
weeds and stubble. In wet but flflD fields, an 18.5-
em-wide cage wheel fixed to run in the furrow 
improved directional stability and ensured uniform 
width of the furrow slice. The J.hp tiller required 
an average of 13.3 hours to plow a hectare; gasoline 
consumption averaged 1.15 liters/ hour. The use of 
a standard comb harrow, combined with a pair of 
45-cm-wide puddling wheels, was appropriate for 
harrowing even in soft and deep fields. Harrowing 
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a heetare required an average of 9.45 hours and 
gasoline consumption was 1.34 liters/ hour. 

Transplanter applied research. Researeh on the 
aocepta bilit y to farmers of the IRRJ mechanical 
rice transplanter was conducted in Central Luzon, 
Western Visayas, Quezon Province, and Minda
nao. Farrner-<:ooperators commented favorably, 
indicating benefits in time saved and convenience 
in the transplanting operation. They also observed 
no difference in yield when compared to seedlin8§ 
transplanted hy hand. 

A new model of the transplanter, with 4 rows 
spaced 30 em a part, can he used to plant at 30 em X 
10 cm. Some farmers in Central Luzon prefer this 
pattern as it provides a better environment for 
growing azoUa. Farmer-<:ooperators find nodiffer
ence in the operation between the 4-row trans
planter and the earlier 5-row model. 

Farmers report tltat seedling production needs 
more care than the conventional wet-bed ordapog 
methods. They are also reluctant to aocept it fully 
because of the initial cost of the wooden frames. 
Modifications in the process are still being studied 
to minimize or totally avoid the use of wooden 
frames . 

I DUSTRIAL EXTENSION 

Industrial extension activities continued in Burma, 
Egypt, Indonesia, Pakistan, Philippines, and Thai
land during 1980. 



Bunna. Small-scale machine activity in Burma is 
in cooperation with the No. I Base Workshop, Agri
cultural Mechanization Depanment (BW I AMD). 
Most activity focused on the manually operated 
mechanical transplanter. A prototype machine was 
demonstrated and an initial order for 6 units was 
followed by an order for 30 more. Agricultural 
Research Institute and Applied Research Division 
personnel received instruction on the double-frame 
method for producing seedling mats suitable for 
the transplanter. 

After initial testing and adjustments, 25 ma
chines were demonstrated in May for managers 
from 72 townships. As a result of the demonstra
tion, the Agricultural Mechanization Department 
produced an additional 100 units and delivered 
them to the Extension Division of the Agriculture 
Corporation for use in training and demonstration 
courses. More than 160 workers were trained in the 
use of the transplanter and about 160 ha of paddy 
were transplanted and grown to maturity. 

Egypt. Industrial extension work in Egypt is 
with the Ministry of Agriculture under a coopera
tive program administered by the University of 
California. The work concentrated on: 

• Low-lift waler pumps. The IRRI l5-cm and 
25-cm pumps were built and tested by 2 
companies. 

• Land preparation. Trials were conducted on 
the moldboard plow and the power tiller with 
rotary tilling. 

• Mechanicallransplanter. The transplanter was 
tested and compared with direct seeding. 
Heavy clays gave the mechanical transplanter 
problems. Local artisans had difficulty in 
maintaining quality in manufacturing. 

• Thresher. The I RRI thresher was adapted to 
Egyptian requirements for both rice and 
wheat. Farmers use their straw as animal feed 
and require straw to be finely chopped. Con
siderable modification was indicated to make 
the machine acceptable to Egyptian farmers. 

Indonesia. Offices and a workshop at Pasar 
Minggu to provide working area for the 29 staff 
members were completed in early 1980. An attrac
tive display area was included in the bUilding. 

A training course for eight engineers of the Sub
direlctorat Mekanisasi provided the engineers an 
introduction to IRRJ designs. 

There was considerable interest in power tillers, 
threshers, and transplanters developed by IRRI. 
Demonstrations were held for farmers and several 
manufacturers produced power tillers and threshers 
in Kecamatan Lubuk Baseng, Sumatra Barat, 
Aceh, and North Sumatra. Interest in the IRRI 
transplanter developed during the year. 

Luwu area projecl. IRRI entered into a project 
with USAID Indonesia and the Government of 
Indonesia to test the utility of power tillers in the 
Luwu district of South Sulawesi where existing 
resources of man and animals for land clearing and 
preparation, and for cultivating and harvesting 
crops are inadequate. 

The project will evaluate the efficiency and eco
nomics of 2-wheel, locally-built IRRI-type power 
tillers and compare them with imported Japanese 
4-wheel tractors and the traditional human and 
animal power sources. 

Pakistan. The Agricultural Machinery Division 
(AMD) of the Pakistan Agricultural Research 
Council was established in 1980. The IRRI-PAK 
Agricultural Machinery Program assisted in plan
ning and constructing AMD facilities, and in hir
ing and training AMD's staff. 

Design and development work concentrated in 
mUlticrop axial-flow threshers. These can thsesh 
wheat, rice, sorghum, soybean, sunflower, and 
other small grain crops. Two sizes of threshers were 
developed - one with a 12-hp diesel engine and 
one for a 4(}. to ~hp tractor. The tractor power
takeoff-<>perated machine generated considerable 
interest in Pakistan, and seven manufacturers I?r~ 
duced the machine commercially. Engineering 
drawings were sent to manufacturers in India and 
Egypt. 

Other machinery development projects under
taken included the adaptation of a simple 4-wheel, 
l6-hp Thai tractor to conditions in Pakistan. 
Efforts were also made to test and evaluate the 
IRRI transplanter and studies on wheat and paddy 
harvesting losses were conducted. 

Philippines. Intensive technical consultant assist
ance extended to Springfield Industri.es, Davao 
City, was completed. The Industrial Extension 
staff member assisted in the implementation of the 
recommendations outlined in the report and later 
assessed the improvement in productivity and the 
percentage reduction in manufacturing cost 
brought about by the recommendations. 
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a T.ble 1. Current .. tlm.ted cosr of IRRI-detfgned m.chfn •• in the PhlllppfneL 1910. 

Oirect Material cost Manufacturing Total - labor overhead manufacturing Approximate 

" " Machine cost' Fabricated" Purchased Total Prime cost cost' co.t selling I - 11 ) (2) (3) (4) - (2) + (3) (5) - (1) + (4) (6) (7) - (5) + (6) pricet 

> 
~ Portable thresher {TH61 • 382.16 • 587 .49 II' 467 .20 '1 ,054.69 ".436.85 • 428.35 '1.865.20 .3.700.00 
c Portable thresher with 745.93 1,043.10 826.81 , ,869.91 2.615.84 836.07 3,451 .91 6.000.00 
f: osc. screen (TH·7) 

" Compact 8xial flow 1.104.80 2,315.04 2,422.43 4.737.47 5,842.27 1.238.31 7 _ .58 14,000.00 

'" thresher (TH-8) 
~ Manual rice trans- 279.54 225.67 141 .53 367.20 846.74 313.32 960.06 1,000.00 

" planter .; Multicrop upland 544.04 547.22 166.64 713.86 1,257.00 609.79 1,867.69 3,700.00 
~ seeder 

" Axial-flow propel- 174.37 318.62 62 .68 3S1 .30 655.67 195.44 751 ,11 1,500.00 - ler pump (15 em) 
!l One-ton batch dryer 421 .62 1,569.24 605.17 2,174.41 2,596.03 472.57 3,068.60 6,100.00 

IB01) 
Vertical bin batch 594.68 1.078.48 550.56 1,629.04 2,223.72 666.52 2.890.27 5,800.00 

dryer (B02) 
Rice hull furnace: Bol 91 .28 674.95 27.90 702.85 794.13 102.31 896,44 1,800.00 

B02 165.13 993.75 54.69 1.048.44 1.213.51 185.08 1,398 ,65 2,800.00 
la-row liquid injector 169,22 199,37 , 69.86 369.23 538.45 189.67 728,12 1,500.00 
Inclined seed plate 169.18 289.49 41 .04 330.53 499.71 189,63 689.34 1,400.00 

planter 
Multihopper row seeder 134.45 144.52 36.11 180,63 315.08 , 50.70 465.78 900.00 

(wetland) 
Savonious windmill and 300.68 1.760.16 1,835.79 3.595.95 3,896.63 337.01 4,233.84 8,500.00 

piston pump 
Portable grain cleaner 154.58 443.63 224.89 668.52 823.10 173.26 996.36 2,000.00 
6~ to 8~hp power tiller with 526.19 471 .31 1,731.01 2,202.32 2,n8.51 589.96 3,318.47 6,600.00 

steering clutches 
Attachments: 

Comb harrow 29.79 33.08 - 33.08 62.87 33.39 96.26 200.00 
Moldboard plow 39.84 00.50 , 5.02 105.52 145.36 44.65 190.01 400.00 
Counterweight 2.91 40.26 180.56 220.82 223.73 3.26 226.99 450.00 
oryland cage wheel 

(1 pair) 
a. cast iron 110.27 94.65 309.54 404.19 514.46 128.59 638.05 1,300.00 

wheel wt 
b, concrete. 10 kg 110.40 94.65 104.64 199.29 309.69 123.74 433.43 000.00 
Weiland cage wheel 111 .15 t 93 .00 - 193.00 304.15 124.59 428.74 850.00 
Grass cutter 123.44 117.63 168.28 385.91 509.35 138.35 647.70 1,300.00 
Pump mounting 8.70 45.07 - 45.07 53.n 9.74 63.51 130.00 
Trailer 149.56 419.73 517.1' 936.84 1.086.84 167.63 1,254.03 2,500.00 
RoloUBer 252 .57 494.70 1,542.05 2,036.75 2,289.32 283.09 2.572.41 5.100.00 

Axial-flow pump (25 cm) 138.60 439.70 2~.07 647.77 786.37 155.33 941.70 1,900.00 

· Costs are in Philippine pesos. P7.5O - USS1 .00 in 1980. ·P4.221m-h . .:with 15% allowance for scraps and rejected malerials. "P4.73/ h. "Excluding engine cost. 
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Tryme Agro Industry, Pagadian City, received 
intensive technical consultant assistance. Young's 
Metalcraft, a new cooperator in Butuan City, was 
given assistance with layout, including arrange
ment of machinery and other facilities in the shop. 

A detailed cost analysis of the manufacture and 
marketing of I RRI-<lesigned machines was made 
in Davao, Butuan, Bacolod, and noilo. Data from 
the study are being analyzed . 

Updated cost estimates of various IRRl-<lesigned 
machines in the Philippines are shown in Table I. 
Production costs were adjusted to reflect increased 
cost of labor and materials. 

Thailand. Production of the IRRI axial-flow 
thresher continued to increase. About 8,557 
threshers have been produced since 1976 with more 
than 50% of those used on a custom basis. Esti
mated production for 1980 was 3,650 units. 

Sixteen manual transplanters were fabricated 
and are ready for testing but will face competition 
from Japanese and Chinese models already in 
production. 

Satisfactory progress was made toward modi
fying the traditional buffalo plow to plow 5(Y!f, 
more area with the same anintal power. Testing of 
the modified plow was in final stages before releas
ing its plans to manufacturers. Other machines in 
various stages of testing and development included 
a plow-sole fertilizer applicator, a small dryland 
seeder, and a dryland weeder. 

ECONOMICS OF MECHANIZATION 

Consequences of mechanization. Work continued 
on the major study ofthe consequences of mechan
ization, which was initiated in 1979. Data were 
coUected from two sites in Indonesia and one each 
in Thailand and the Philippines and some prelimi
nary manual analyses performed. 

Philippines. In the Philippines, data coUection 
for the 1979 wet season was completed in February 
1980. Data were also coUected for the 1980dry and 
wet seasons. Data for tbe 1979 wet season were 
computerized and manual tabulations done. There 
was little variation in the demographic characteris
tics and the average farmbolding between mechan
ized and nonmechanized farms. However, in tenns 
of percent cropped land and yield, the highest 
values were in the irrigated mechanized farms and 
the lowest values in the rainfed nonmechanized 
category (Table 2). 

Thailand. The survey of the 1979 wet season 
crop (286 housebolds) in Thailand was complet~d. 

A detailed survey for the 1980 dry season was 
cancelled because of a drought. However, limited 
field activities were undertaken to provide a com
plete, although inadequate data set for tbe year. 
Record keeping was continued but limited to 
farmers who were able to use underground water 
for irrigation. 

Initial data processing was undertaken at the 
Asian Institute of Technology, Bangkok, and the 
information sent to Los Banos, for final checking 
and correcting. Some initial results are shown in 
Table 3. 

West Java, Indonesia. Data for West Java were 
coUected continuously for the 1980 wet and dry 
seasons. The 1979 data sets were validated at Los 
Banos. One site supervisor received 6 weeks of 
training at IRRI during which time he was taught 
data validation and editing procedures being used. 

Two-way tables for the 1979 crop year were 
generated during the first half of the year. Exten
sive sets of alternative tables were also developed 
from the initial data sets. Some of the results are 
shown in Table 4. 

South Sulawesi, Indonesia. The activities in 

Table 2. Socioeconomic characteristics by tvP- of farm in 8 villages In Cabanatuan City and Guimba. Nu ..... Edj_, Phllippin ... 
1919 wet ... son . 

Characteristic 

No. in category 
Av age of household head (yr) 
Av education of household head Iyr) 
Av experience in farming Iyr) 
Av household composition (no.) 
Av landholding (ha) 
% cropped land 
Yield It/hal of improved rice 

Irrigated farms 

Mechanized 

151 
47.0 

••• 20.7 
5.8 
2.3 

98 
3.6 

Nonmechanized 

54 
42.4 
' .5 

18.5 
6.0 
1.9 

91 
2.5 

Nonirrigated farms 

Mechanized 

63 
42.1 

5.2 
16.2 
5.' 
2.2 

88 
2.0 

Nonmechanized 

54 
45.' 
' .6 

20.0 
5.4 
2.2 

72 
1.7 
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Tabl.3. Socioeconomic charact.ristlcs by type of farm In 7 villages in Don Chedi and U·Thong, Supanburi, Thailand, 1979 wet 
stulson. 

Irrigated farms Nonirrigated farms 
Characteristic 

Mechanized Partially Non· Mechanized Partially Non-
mechanized mechanized mechanized mechanized 

No. in category 114 35 7 16 30 33 
Av age of household head (yr) 46.9 51 .1 49.3 44.2 51.0 47.7 
Av education of household head (yr) 3.8 3.3 3.9 3.3 2.9 2.6 
Av experience in farming (yr) 27 .7 33 .2 31 .0 24.4 30.5 28.5 
Av household composition (no,) 5.4 5. I 5.1 6.1 6.2 6.2 
Av landholding (ha) 3.6 3.7 2.4 5.2 7.3 5.6 
% cropped land B8 72 75 82 63 64 
Yield (tlha) of improved rice 3.3 2.1 2.9 1.2 3.0 1.4 

Table 4. Socioeconomic characteristk:s by type of farm (all irrigated) in 8 villages in Indramayu and Subang, West Java, 
Indonesia. 1979 dry ... son. 

Mechanized farms Nonmechanized farms 
Characteristic 

Tractor Tractor Animal Animal and Manual 
owner hirer manual 

No. in category 60 60 60 60 60 
Av age of household head (yr) 40.5 38.4 37.4 39.5 40.7 
Av household composition (no.) 4.7 4.8 4.7 5.0 4.3 
Av landholding (ha) 4 .• 1.9 1.9 1.5 1.2 
% cropped land 100 100 100 100 100 
Yield (t/ha) of improved rice 2.9 2.9 2.8 2.6 2 .• 

Table 5. Socioeconomic characteristics by type of farm in 8 villages in Pinrang, Sidrap, South Sulawesi. 1979 wet s.ason. 

Irrigated farms Nonirrigated farms 
Characteristic 

No. in category 
Av age of household head (yr) 
Av education of household head (yrJ 
Av experience in farming (yrJ 
Av household composition (no.) 
Av landholding (ha) 
Yield (t/ha) of improved rice 

Mechanized 

76 
38.0 

3.5 
19.' 
5.9 
1.2 
1.5 

South Sulawesi consisted of completion of data 
collection for the dry season and a start for the wet 
season. Data were processed and validated at 
IRRI, although instructions were prepared in 
South Sulawesi. The data for 1979 were checked 
for completeness. Table 5 shows some initial 
results. 

Tube well irrigation in eastern Nepal. A study of 
the economics of pump irrigation in eastern Nepal 
was completed in August. A summary of the major 
characteristics of the sample households is shown 
in Table 6. Expansion of the area for wheat after 
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Nonmechanized 

82 
40.0 

4.6 
20.3 
7.1 
1.3 
1. I 

Mechanized 

48 
40.0 

5.6 
20.6 

6.5 
1.6 
0 .• 

Nonmechanized 

84 
40.7 

4 .• 
20.3 

6.3 
1.4 
0.5 

the introduction of irrigation increased cropping 
intensity. There was also a switch from traditional 
to improved varieties of rire. Differences in average 
levels of inputs and outputs for pump-irrigated and 
rainfed samples of improved rice are shown in 
Table 7. Subsequem analyses suggested that the 
yield differences were due to a combination of 
neutral technological change and increased use of 
inputs. 

Tractor contract services. A survey oftractor use 
and custom hiring was carried out in 13 towns of 
Nueva Ecija, Philippines. Tabulated data on trac-



I 

Table; 6. Sodoeconomk characteristics of sample farmaln the 
... tern t.,al of Nep8I, 1910. 

Characteristic 
Pump 

RBinfed irrigated 
farms farms 

Av aize of landholding (h) 3.62 4 .54 
Cropping Intensity 118" 152 
Size of household (no.) 8.43 9.56 
Years of schooling of 5.04 7.85 

the f.rme,.. Iyr) 
Age of the farmer (yr) 39.64 38.83 
Percentage are" under 

Improved paddy 3.52 23.99 
Local paddy 81.46 56.81 
Improved wheat 11 .52 35.91 

Percentage of farmer. 
growing 

Improved paddy 13.04 51 .54 
Loc.1 paddy 91 .30 85.56 
Improved wheat 28.26 90.12 

gross cropped area in one 
.Cropping intensity _ agricultural year x 100. 

net cultivated area 

bPercentage .rea 
under crop 

.re8 under crop 

net cultivated area 
x 100. 

Table 7. Oiff.,encn In .ver.g.I ....... of~yiekt •• lnput UM • • nd 
Incom. pet hecbr. between the pump-irrigated .nd r.lnfed 
Improved paddy f.rm .. - Eastern teral of Nep.', 1980. 

Pump 
Item irrigated Rainfed Difference 

Sample farm. (no.) 31 25 
Yield It/hel 2.64 1.80 0.83--
Plow unit (daya) 37.67 34.35 3.32 ns 
Human labor 63.63 39.17 24.46--

(days) 
Manures and 280.74 123.84 156.90-· 

fertilizer" 1299.1401 (1 49.456) 
Plant protectiorf 36.05 30.61 5.44 ns 

159.9601 136.4231 
Total Incom" 2128.28 1524.39 603.89--

(n52441 1655.1051 
Net incomlf 2105.18 1393.85 711 .13" 

1811.9881 1674.7821 

- Numbers in parentheses are standard deviation. ' Input costs 
and income in Nepalese rupees; US$l z 12 rupees. - ... 

T..". e. Tractor uMpattems, by sit. and by operation, for 150 
tractor owners In Nu..,a Edja, Philippines. 1980. 

Item 
2-wheel 
tractor 

4~wh .. 1 
tractor 

T('«tor use (hJ by site lind seuon 
Wet season 

Own farm 
Off·farm 

Dry .. a.on 
Own farm 
Off-farm 

TOlOllhl 

137 432 
89 165%1 15 111%1 
48 (35%1 351 183%1 

121 414 
18164%1 68116%1 
43 136%1 346 184 %1 

258 846 

Percent use by operstion 
Plowing 38 19 
Harrowing 42 5 
Aototili ing 19 65 
Cultivating 1 
Transport/pump 3 
Thre.hlng 8 

Total '%1 100 100 

· Wet season covered May-September; dry season covered 
October-April . 

T.b~ 9. Choice of chemkal insect control technolOQY In 
Nu ..... Edl., Philippines. 1979. 

Control method 
Irrigated Rainfect 

farm farm 

Broadcast granules 14120.01 1 11.561 
Spray 41 167.141 56181.501 
Broadcast and spray 9112.881 1110.941 

Total 191100.01 64 1100.01 

-Figures in parentheses show percentage of total number 
reporting. 

tor use (Table 8) indicate differences in the intensity 
and pattern of tractor use as weU as type of use. 

Pest control practices and techniques, A sum
mary of the pest control practices and techniques 
used by irrigated and rainfed farms in Nueva Ecija 

12. Frequency distribution of I SO 

---

farmers by weed control method. 
Nueva Ecija, Philippines, 1979. 
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is shown in Table 9 and Figures 12 and 13. For 
insect control, most farmers from irrigated and 
rainfed areas preferred a sprayable chemieal, 
which was more effective and less costly than gran
ular insecticides. 

The weed control method used by farmers varied 
by farm type (Fig. 12). In irrigated areas, liquid and 
granular herbicides were the most common. In 
contrast, hand weeding was practiced by about half 
of the farmers in the rainfed areas. Regardless, 
however, of farm type, chemical application was 
the preferred method of weed control. 

13. Frequency dislribution of ISO farmers by preferred 'A'ef.d 
control technique. Nueva Ecija, Philippines, 1979. 

J 

J 

j 

J 
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Associated formal training 
IRRI training programs are research and produc
tion oriented and fully integrated with the Insti
tute's research activities. The programs include 
postdoctoral fellowships, MS and PhD degree 
programs, special nondegree research programs, 
and training courses supportive of various research 
and international network activities. During 1980, 
a total of 384 participants, equivalent to 199.6 
person-years, participated in IRRI training. 

RESEARCH ORIENTED PROGRAMS 

Individuals with a bachelor's degree are designated 
research scholars, those with a master's degree or 
its equivalent are called research or postmasteral 
fellows, and those with PhD degrees are called 
postdoctoral fellows. During 1980, 217 scientists 
participated in research training at IRRI for a part 
of or the whole year - 38 postdoctoral fellows, 89 
research fellows, and 90 research scholars from 28 

countries (Table I). Agronomy had the highest 
number of fellows and scholars, followed by plant 
breeding, agricultural economics, entomology, and 
mUltiple cropping (Table 2). 

Among the 179 research fellows and scholars, 44 
were PhD students and 88 were master's degree 
students. Ten were in graduate studies in selected 
universities in the United States, the Netherlands, 
and AustraIia and the rest studied at the University 
of the Philippines at Los Banos. Forty-six young 
scientists received nondegree training and gained 
experience by working with IRRI scientists. 

TRAINING COURSES 

About 50% of IRRI trainees are in formal 3- to 
6-month training courses. In those courses, scien
tists, production specialists, and extension special
ists learn techniques and methodologies of research 
for their areas of speciaIization. 

Table 1. Distribution by country of tRRt research fellows and scholars, 1980. 

Country 

Bangladesh 
Philippines 
India 
Indonesia 
China 
Thailand 
Sri Lanka 
Pakistan 
Korea, Republic of 
United States 
Japan 
Germany, Federal Republic of 
England 
Nepal 
MeXICO 
Vietnam 
Colombia 
Egypt 
Ghana 
Kenya 
Malaysia 
Netherlands 
Panama 
Peru 
Senegal 
Sudan 
SUrinam 
Venezuela 

Total 

<lNondegree. 

Post· 
doctoral 
fellows PhD 

2 
3' 

19 
1 

5 
1 
6 
2 
4 

38 44 

Research fellows 

MS 

24 

28 

N.Da 

17 

Research scholars 
------- Total 

MS 

3 
16 

6 
11 
7 
6 
1 

61 

N.D." 

29 

38 
27 
25 
17 
17 
16 
14 
10 

8 
7 
6 
6 
5 
5 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

217 
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Table 2. Distribution by department of IRRI research fellows and scholars, 1980. 

Post-
Department doctoral 

fellows PhD 

Agronomy 5 
Plant Breedmg 9' 
Agricultural Economics 6 
Entomology 4 
Multiple Cropping 4 
Plant Physiology 3' 
Agricultural Engmeerlng 4' 
SOII.Chemistry 3' 

-Water Management 3 
Plant P~thology 1 
Soil Microbiology 
Chemistry 
International Rice Testing Program 
Office of InformatIon ServIces 
Rice Production Training and Research 
Statistics 
Training OffIce 

Total 38 44 

aNondegree. blncludes fellows and scholars abroad 

Six regular training courses were offered in 1980: 

Genetic Evaluation and 
Utilization 

International Network on 
Soil Fertility and Fertilizer 
Evaluation for Rice 

Rice Production Training 
Program 

Cropping Systems Training 
Program 

Irrigation Water Manage
ment Training Program 

11 February - 30 May 
18 August-5 December 

II February - 30 May 

10 March-5 September 

8 September - 6 March 

16 June - 25 July 

Agricultural Engineering 17-28 March 
C'.ourse 6-17 October 

Table 3 shows the distribution by course and 
country oflbe 167 trainees who participated in lbe 
6 courses. Not included are 71 trainees in 2-week 
Rice Production Training courses 11-22 August 
and 17-28 November. 

SPECIAL COURSES 

Special cropping systems training courses in sev
eral disciplines were also organized for selected 
staff of national cooperating institutions. A total of 
24 persons from 6 countries received 1-3 months 
training in cropping systems research method
ologies. 

434 IRRI ANNUAL REPORT FOR 1980 

Research fellows Research scholars 
Total 

MS N.D." MS N.D." 

8' 30 
7 28 

5 7 23 
2 5' 22 
6 6 20 
3 17 
1 15 
3 2' 16 

9' 14 
7 12 
2 10 

2 
2 
2 
2 
1 
1 

28 17 61 29 217 

A list of individuals who completed their pro
grams in 1980, including their countries and re
search project areas, follows. An asterisk (*) indi
cates completion of the MS degree; two asterisks 
(**) denote completion of the PhD degree during 
the year. 

RESEARCH SCHOLARS 

Agricultural Economics 
Mercedita Agcaoili. * Philippines. Consumption 

patterns of farm households. 
Jerry Amoloza. * Philippines. The management 

factor in farm production in Cale, Batangas, 
Philippines. 

Nazrul Islam. * Bangladesh. An economic evalua
tion of the deep tubewell rehabilitation pro
gram at Dhamrai, Bangladesh. 

Bert Jagger. * The Netherlands. Some effects on lbe 
introduction of an irrigation system on the 
decision making of small farmers. 

Abdul Momen. * The Netherlands. Economics of 
cropping systems in Manaoag, Pangasinan. 

Dibakar Paudyal.* Nepal. The potential of crop
ping systems research innovation in crop
livestock based farming systems in lbe Hills of 
Kaski, Nepal. 

Chumsri Poumlak. * Thailand __ Optimum technol
ogy for different farm typ.,s, Khon Kaen Pro
vince, Thailand~ 



.. , 

Table 3. Distribution by country of participants in various IRRI training courses", 1980. 

Country CSTP GEU RPTP INSFFER IWMT AEC Total!> 

Bangladesh 9 4 24 
Indonesia 5 4 5 24 
Philippines 3 10 23 
China 12 22 
Thailand 3 19 
Malaysia 1 11 
Sri Lanka 3 10 
IndIa 9 
Burma 8 
Pakistan 7 
Nepal 3 
Egypt 2 
Vietnam 2 
Kenya 1 
Senegal 1 
Uganda 1 

Total 43 44 28 20 22 10 167 

"CSTP = Cropping Systems Training Program, GEU = Genetic Evaluation and Utilization Program, RPTP = Rice Production 
Training Program, INSFFER = International Network on SOIl FertilIty and Fertilizer Evaluation for Rice, IWMT = Irrigation Water 
ManagementTrainlng, AEC = Agricultural Engineering Course. bExciudes participants in 2-weekRice ProduCtion Training Course 
(71 tramees). 

Joseph Thattil.* Sri Lanka. Criteria for screening 
technology prior to field recommendation. 

Vichien Vanchainavin. * Thailand. Effect of re
source availability on adoption of more inten
sive cropping patterns in Changwad Ubon, 
Rathathani, Thailand. 

AgricuHural Engineering 
A. K. M. Haque. * Bangladesh. Field measurement 

of forces on two-wheel tractor implements. 
Mohammad Ilyas. * Pakistan. A response surface 

analysis of the IRRI axial flow thresher. 
Nongluck Jongsuwat.* Thailand. Productivity 

growth and farm machinery adoption in Thai 
agriculture. 

Frances Kasala.* Data retrieval system for farm 
mechani2ation consequences project. 

M. R. Khoju.* Nepal. The economics of pump
irrigation in Eastern Nepal. 

Virgilio Monge. * Philippines. Analysis offactors 
affecting the demand for tractor and power 
tiller services in Nueva Ecija. 

Renu Pathnopas. * Thailand. The economics of 
nce threshing machines in Thailand: A case 
study of Chachoengsao and Supanburi Pro
vince. 

Chemistry 
Djoko Said Damardjati. * Indonesia. Properties of 

Indonesian intermediate amylose indica and 
bulu varieties. 

Irrigation Water Management 
Wiraphol Chatchawalwong. * Thailand. Agro

nomic factors limiting dry season cropping of 
three tank irrigation systems in Northeast 
Thailand. 

Multiple Cropping 
Md. Na2ruI Islam Rahman. * Bangladesh. Stability 

of selected mungbean (Vigna radiata (L) Wilc
zek) cultivars evaluated under different grow
ing conditions. (May 1980) 

Djuber Pasaribu. * Indonesia. Effect of nitrogen 
fertilization and inoculation on the perform
ance and yield of soybean. 

Anan Polthanee.* Indonesia. The effect of nitro
genfertili2er application method and depth of 
planting on dry-seeded rice. 

Didi Suardi. * Indonesia. Estimation of crop coef
ficient and other parameters for an evapo
transpiration model to evaluate the potential 
for rice in cropping patterns. 

Piroge Suvajinda. * Indonesia. Time of nitrogen 
application on dry seeded rice grown after 
mungbean establishment at different tillage 
levels. 

Plant Breeding 
Kwak Tae Soon.* Korea. Inheritance of seedling 

cold tolerance in rice (Oryza sativa L.). 
Jose Hernandez.' Philippines. 'Inheritance and 

allelic relationships of genes governing resist-
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ance to the whitebacked planthopper Soga
tellafurcifera (Horvath), in some rice varieties. 

Plant Pathology 
Rogelio Cabunagan. * Philippines. Adaptability of 

Nephotettix virescens on IR34 and its trims
mission of rice tungro virus. 

Plant Physiology 
K. C. Kim. * Korea. Low temperature tolerauce of 

indica-japonica crosses. 

Soil Chemistry 
Golam Panaullah. * Bangladesh. Effects of the 

physical and chemical properties of three types 
of saline soils on the growth, mineral nutrition 
and yield of three rice varieties. 

Statistics 
Debi Rudra Narayan Paul. * Bangladesh. Deter

mining labor requirements for cultural opera
tions in crops. 

RESEARCH FELLOWS 

AgricuHural Economics 
Marietta Adriano .•• Philippines. The impact of an 

irrigation project on labor intensity and the 
distribution of income. 

Gordon Banta." U.S.A. Asian cropping systems 
research: micro-economic evaluation proce
dures. 

James Chapman." Design and analysis of tech
nology for small farmers: cropping systems 
research in the Philippines. 

Antonio Ledesma." Philippines. Landless 
workers and rice farmers: peasant sub-classes 
under agrarian reform in 2 Philippine villages. 

Dennis O'Brien.'* U.S.A. Risk and the selection of 
alternative weed management strategies in 
Philippine upland rice production. 

Donald Sillers." U.S.A. Measuring risk preferen
ces of rice farmers in Nueva Ecija, Philippines: 
an experimental approach. 

Howard Boms.'* The Netherlands. Rice policies 
in the Philippines. 

Entomology 
Fernando Carino.'* Philippines. The role of natu

ral enemies on the population suppression and 
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pest management of rice green leafhoppers. 

httemational Rice Testing Program 
M. N. Shrivastava." India. Genetic divergence 

and combining ability studies in rice. 

Irrigation Water Management 
Adul Apinantara." Thailand. Cooperation and 

conflict among water users in tank irrigation 
systems in Northeast Thailand. 

Surasak Sritunya." Thailand. Factors limiting 
dry season cropping intensity and rice yield in 
the Nam Phong-Nong Wai irrigation project 
of Northeast Thailand. 

Multiple Cropping 
Jakhro Anwar Ali." Pakistan. Variability of rice 

yield response to fertilization in a Santa Rita 
Series in Iloilo in relation to some soil chemi
cal properties. 

Francis R. Bolton." England. Double cropping 
raiufed rice in Iloilo, Central Philippines. 

Plant Breeding 
Bambang Suprihatno." Indonesia. Inheritance of 

submergence tolerance in rice (Oryza sativa 
L) 

POSTDOCTORAL FELLOWS 

Entomology 
Dr. P. K. Pathak. htdia. Development of brown 

planthopper techniques. 

Plant Breeding 
Dr. Reynaldo Villareal. Philippines. (a) Evaluation 

of breeding liues for dry-seeded rice. (b) Eval
uation of breeding lines for ratooning ability 
(AYT & RYI). (c) Evaluation of breeding 
lines for high protein content, and (d) Coordi
nation of rainfed lowland breeding program. 

Soil Microbiology 
Dr. Ian Grant. U.S.A. Alga-predator relation in 

paddy field. 

OTHERS 

AgricuHural Economics 
Bert Jagger. The Netherlands. Some effects on the 

I, 



introduction of an irrigation system on the 
decision making of small farmers. 

Abdul Momen. The Netherlands. Economics of 
cropping systems in Manaoag, Pangasinan. 

Dibakar Paudyal. Nepal. The potential of crop
ping systems research innovation in crop
livestock based farming systems in the hills of 
Kaski, Nepal. 

Agricultural Engineering 
Frances Kasala. Thailand. Data retrieval system 

for farm mechanization consequences project. 

Agronomy 
U Chit Ohn. Burma. GEU trainee. The improve

ment of rice drought resistance: A review with 
emphasis on Burma. 

Ir. Sriwidodo. Sri Lanka. GEU trainee. Evaluation 
of root pulling form as a technique for screen
ing drought resistance in rice. 

Nawarat Vaivananda. Thailand. GEU trainee. A 
simple method to characterize rice root sys
tems in relation to drought resistance. 

Entomology 
Mohibul Hassan. Bangladesh. Trainee. Varietal 

resistance screening. 
FazleRabbi. Bangladesh. Trainee. Insecticideeval

nation studies. 

Irrigation Water Management 
J. R. Colthoff. The Netherlands. Problems of irri

gation water management at various stages of 
farming activities. 

Plant Breeding 
Wen-Xu Zhang. People's Republic of China. 

Genetics of photoperiod sensitivity and ther
mosensitivity and basic vegetative phase in 
rice. 

S. Sahu. India. Germplasm management. 
Y. C. Teng. People's Republic of China. Germ

plasm management. 
Ran Chiu Yang. People's Republic of China. (a) 

Natural outcrossing on cytoplasmic male ste
rile lines of rice under tropical conditions. 

C. L. Li. People's Republic of China. Breeding of 
perennial habit and well exserted stigmas in 
male sterile lines for use in hybrid rice. 

Plant Pathology 
Alicia Albomoz. Cuba. Phage-typing of bacterial 

blight and kresek isolates at IRRI. 
Srisuk Poonpolgul. Thailand. Competitive sapro

phytic ability of Sclerotium roifsii. 
Nahar Anjuman. Bangladesh. Survival of Sclero

tium roifsii. 
Md. Aminul Haque. Bangladesh. Studies on the 

pathogenic variability of isolates of Xanthom
onas oryzae. 

Plant Physiology 
Wang Yong-ruL People's Republic of China. 

Growth of large grain sized varieties. 
He Chun Yeo People's Republic of China. Salt 

tolerance by tissue culture. 
Li Tai Gni. People's Republic of China. (a) Screen

ing of Chinese varieties for cold tolerance at 
different growth stages (b) Adaptability of rice 
cultivars to different temperature patterns (c) 
Cold tolerance of different varietal types at 
seedling stage (d) Effect oflow temperature on 
processes leading to seed set (3) Differences 
between susceptible and resistant varieties 
when treated with cold water at seedling stage. 

Soil Microbiology 
Yuichiro Kachi. Japan. N2 fixation inflooded soil. 

Statistics 
Weon Sik Hahn. Korea. Germplasm bank compu

ter system. 

CROPPING SYSTEMS TRAINING PROGRAM 

(8 September 198()"6 March 1981) 

Bangladesh 
Md. Mustaque Ahmed, Scientific Officer (Agron

omy), Regional Agricultural Research Sta
tion, B.A.R.I., Ishurdi, Pabna 

Md. Shahe Alam, Scientific Officer, BRRI
Substation, Sagardi, Barisal 

Md. Ruhul Amin, Scientific Officer, RCS Div
ision, Bangladesh Rice Research Institute, 
J oydebpur, Dacca 

S. M. Rezaul Karim, Scientific Officer, RCS Div
ision, Bangladesh Rice Research Institute, 
P.O. Box 911, Dacca 

Mani Lal Saha, Rice Specialist, Mennonite Cen-
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tral Committee, Dewanvilla, Degree College 
Road, Comilla 

Md. Ghulam Murshed, Senior Scientific Officer, 
Bangladesh Jute Research Institute, Sher-e 
Banglanagor, Dacca-IS 

Md. Sabjaluddin, Scientific Officer (Agronomy), 
Regional Agricultural Research Station, 
B.A.R.I., Hathazari, Chittagong 

Bnrma 
U Mar, Manager, Agriculture Corporation, 

Rangoon 
U Thein Shwe, Manager, Agriculture Corpora-

tion, Rangoon ... 
U Ye Naung, Manager, Agriculture Corporation, 

Rangoon 

Indonesia 
Trip.AJihamsyah, Staff Member, Department of 

Agronomy, CRIA, Jalan Merdeka 99, Bogor 
Mariana Manurung, Extension, Dinas Pertanian 

Dati I Propinsi, Sulawesi Selatan, Ujung 
Pandang 

Subrata, Technical Staff, CRIA, Jln. Merdeka 99, 
Bogor 

Sugiyono, Technical Staff/ CRIA Representative 
of Central Java, Jln. MRican Baru No. I, 
Yogyakarta 

Bahar Shahril, Subject Matter Specialist/Exten
sion, Dinas Pertanian Rakyat, Dati I Suma
tera Barat, Padang 

Zubachtirodin, Research Staff, CRIA, Jalan Per
tanian, Maros, P.O. Box 173, Ujung Pandang, 
South Sulawesi 

Malaysia 
Mustaffer Bin Abdullah, Assistant Research 

Officer, MARDI, P. O. Box 105, Jalan Pega
wai, Alor Setar, Kedah, West Malaysia 

Jamil Bin Ahmad, Assistant Research Officer, 
Projek Rohor Barat, No. 42& 42A Jalan Lim 
Yew Leong, BatuPahat, Johor, West Malaysia 

Ahmad H usin R Alias, Assistant Research Officer, 
MARDI Research Station, Jalan Kebun
Kelang, Selangor, West Malaysia 

Foo Don Aoo, Agricultural Assistant, Depart
ment of Agriculture, K1uang, Johor 

Ramli A. Rahim, Agricultural Technician Sp. 
Grade, Rural Agricultural Training Centre, 
Sunagi Udang, Melaka 
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Nepal 
Sharma Paudyal RK., Ass!. Agriculture Devel

opment Officer, District Agriculture Office 
Manang, Department of Agriculture, Kath
mandu 

Ramesh Prasah Upahyaya, Ass!. District Agricul
ture Development Officer, Dis!. Agriculture 
Development Office, Persa 

Philippines 
Ermelo E. Achanzar, Research Assistant I, Caga

yan Integrated Agricultural Development 
Project (CIADP), Agricultural Pilot Center, 
Minanga Norte, Iguig, Cagayan 

Julian L. Albores, Municipal Officer, Ministry of 
Agriculture, Bansalan, Davao del Sur 

Alan C. Avanzado, Research Assistant, Multiple 
Cropping Section, Department of Agronomy, 
UPLB, College, Laguna 

Wilfredo R Balatibat, Unit Head, Food Produc
tion, Coordination, NFAC, Ministry of Agri
culture, Diliman, Quezon City 

Robert D. Marcaida, Research Assistant I, Caga
yan Integrated Agricultural Development 
Project (CIADP), Agricultural Pilot Center, 
Minanga Norte, Ignig, Cagayan 

Mariano R Martin, Science Research Assistant I, 
Cagayan Integrated Agricultural Development 
Project (CIADP), Agricultural Pilot Center, 
Minanga Norte, Iguig, Cagayan 

Lolita T. Sarino, Science Research Assistant II, 
CagayanIntegrated Agricultural Development 
Project (CIADP), Agricultural Pilot Center, 
Minanga Norte, Iguig, Cagayan . 

Silvino Q. Tejada, Science Research Assistant II, 
Cagayan Integrated Agricultural Development 
Project (CIADP), Agricultural Pilot Center, 
Minanga Norte, Iguig, Cagayan 

Sri Lanka 
Gloria Rasamah Arasaratnam, Agricultural Expe

rimental Officer, Agricultural Research Sta
tion, Sita Eliya 

Dissanayaka Mudiyanselage Gunasekara, Agri
cultural Instructor, Agricultural Research 
Station, Rahangala Boralanda 

Thailand 
Napaporn Kittaweeprasert, Research Assistant, 

Department of Economics and Business Admi-



nistration, Kasetsart 'University, Bangkhen, 
Bangkok 

Thongchai Lomon, Extension Official, Northern 
Agriculture Extension Region, Chiangmai 

Peerasak Pacharanan, Agriculturist, Section of 
Farm Development Research, Division of 
Agricultural Economics Research, Office of 
Agricultural Economics, Bangkhen, Bangkok 
9 

Panpaka Sradokboa, Agronomist, Ubon Rice Sta
tion, Ubonratchathanee 

Prawit Tabtim-om, Agricultural Officer Level 5, 
Technical Division, Department of Agricul
ture, Bangkhen, Bangkok 

Wonchai Thonsaipetch, Agricultural Officer Level 
5, Suphanburi Rice Experiment Station, Su
phanburi Province 

Viboon Vongmasa, Agricultural Specialist, Agri
cultural Extension, Mahasarakham Province 

Vietnam 
Nguyen Van Luat, Researcher, Agricultural 

Science Institute, Vantien, Hanoi 
Nguyen Thuc Nhan, Researcher, Agricultural 

Science Institute, Hanoi 

INTERNATIONAL NETWORK FOR SOIL FERTILITY 
AND FERTILIZER EVALUATION FOR RICE 
TRAINING PROGRAM 

(15 February-14 June 1980) 

Bangladesh 
Mohammad Harun-Ar-Rashid, Scientific Officer, 

Agronomy Division, BRRI, G. P. O. Box911, 
Dacca 

Abdul Latif Shah, Scientific Officer, Soil Chemis
try Division, BRRI, G. P. O. Box 911, Dacca 

China 
Fu Ji-ping, Research Associate, Soil Science Insti

tute, The Academy of Sciences of China, East 
Beijing Rd. #71, P. O. Box 281, Nanjing 

Huang Dong Mai, Deputy Director, Soil & Fertil-
izer Research Institute, Jiangsu Academy of 
Agr'l Sciences, Nanjing 

Lin Hai, Research Associate, Zhejiang Academy 
of Agr'l Sciences, Hangzhou, Zehjiang 

Lin Xin-Xiong, Research Associate, Soil Science 
Institute, The Academy of Sciences of China, 
East Beijing Rd. #71, P. O. Box 821, Nanjing 

Lin Shi-he, Research Associate, Kuang-Xi Acad
emy of Agr'l Sciences, Xi-Xian-tang, Nan-ning 

Shen Zhongquan, Soil Research Associate, Hubei 
Academy of Agric. Science, Wuhan 

Wu Zhen-Qi, Department Head, Agrochemistry 
Research Associate, Dept. of Fertilizer Re
search, Soil & Fertilizer Research, Inst. of 
Shanghai Academy of Agr'l Sciences 

Zhang Mei Juan, Microbiology Research Asso
ciate, Hunan Academy of Agr'l Sciences, 
Shangsa, Huuan 

Indonesia 
Hardono, Subject Matter Specialist, Agriculture 

Service, Denpasar, Indonesia 
Muhammad Yuuan Rangkuti, Subject Matter 

Specialist, Medan, North Sumatra 

Malaysia 
Shuhaimen Ismail, Research Officer, Malaysian 

Agriculture Research and Development Insti
tute, P. O. Box 154, Kota Bharu, Kelantan, 
West Malaysia 

Pakistan 
Muhammad Ali Bhutto, Assistant Soil Scientist, 

Rice Research Institute, Dokri 
Muhammad Rashid Choudhry, Soil Chemist 

(PARC), Rice Research Institute, Kala-Shah
Kaku 

Philippines 
Nadine L. Arambulo, Sr. Soil Technologist, Bureau 

of Soils, Ma. Orosa St., Ermita, Manila 
Ma. Elena R. Blanco, Soil Technologist II, Bureau 

of Soils, Ma. Orosa St., Ermita, Manila 

Sri Lanka 
Sithy Shifaya Maraikar, Expt. Officer, Div. of 

Agricultural Chemistry, Central Agricultural 
Research Institute, Gannoruwa, Peradeniya, 
Sri Lanka 

Thailand 
Nanthana Keawshingduang, Agr. Technologist, 

Rice Division, Dept. of Agriculture, Kong 
Luang Rice Expt. Station, Pathumathaui 

Nopharat Muangprasert, Agricultural Technolo-
gist, PRAE Rice Expt. Station, PRAE 
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GENETIC EVALUATION AND UTILIZATION COURSE 

(II February-30 May 1980) 

Bangladesh 
Sunil Kumer Biswas, Scientific Officer, Bangla

desh Rice Research Institute, Joydebpur, 
Dacca 

Md. Motahar Hossain, Scientific Officer, BRRI, 
Joydebpur, Dacca 

Md. Abdul Jabbar, Scientific Officer, BRRI, Joy
debpur, Dacca 

Khatun Saleha, Scientific Officer, BRRI, Joydeb
pur, Dacca 

Md. Abdul Wahab, Scientific Officer, BRRI, Joy
debpur, Dacca 

China 
Yi-Zhong Cai, Agronomist, Shanghai Academy of 

Agricultural Science, Shanghai City 
Zhi-Long Jiang, Breeder, Hunan Academy of 

Agric. Science, Rice Research Institute, 
Changsha City, Hunan Province 

Dao-Yuen Li, Breeder, The Academy of Agric. 
Science of Guangxi, Nanning City 

Yuang-Qing Li, Breeder, Hunan Academy of 
Agricultural Science, Changsha City 

Sheng-Xiang Tang. Genetic Resource of Rice, 
Agricultural Academy ofZhejiang, Hangchou 
City 

Ren-Cui Yang, Breeder, Fujien Agricultural Col
lege, Fujien Province 

Ti-Bin Yang, Breeder, Jiangsu Agricultural Acad
emy, Nangjing City 

Rong-Xian Zhang, Plant Physiologist, Jiangsu 
Agricultural Academy, Nangjing City 

Indonesia 
Buang Abdullah, Rice Breeder Assistant, CRIA, 

JI. Merdeka 99, Bogor 
Mudjisihono Robertus Karsowiredjo, Research 

Assistant, Central Research Institute for 
Agric., Sukamandi, West Java 

Malaysia 
Guok Hup Ping, Rice Breeder, MARDI, Bum

bong Lima, S.P.U., West Malaysia 

Pakistan 
Chaudhry Afzal, Rice Botanist, Rice Research 
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Institute, Kala Shah Kaku 
Abdul Hayee Bhutto, Ass!. Research Officer, Rice 

Research Institute, Dokri 

Philippines 
Celestina N. Agbigay, Agronomist III, Bicol Rice 

and Corn Experiment Station, San Agustin, 
Pili, Camarines Sur 

Sri Lanka 
Bandaramanike Dissanayake, Agricultural In

structor, Agricultural Research Station, Maha
illuppallama 

Mudiyanselage Nimal Dissanayake, Research Of
ficer, Department of Agriculture, Field Trial 
Division, Peradeniya 

Chandralatha Rodrigo, Agricultural Expt'l Officer, 
Department of Agriculture, Field Trial Div
ision, Peradeniya 

Thailand 
Satit Rajatasereekul, Rice Breeder, Chumpae Rice 

Experiment Station, Khon Kaen 
Sargon Suvanatane, Rice Breeder, Koksomrong 

Rice Experiment Station, Lopburi Province 
Nawarat Vaivananda, Rice Breeder, Rice Div

ision, Department of Agriculture, Bangkok 

GENETIC EVALUATION AND UTILIZATION COURSE 

(18 August-5 December 1980) 

Bangladesh 
Md. Liakat Ali, Scientific officer, Breeding Div

ision, Bangladesh Rice Research Institute, 
Joydebpur, Dacca 

Ferdous Ara Begum, Scientific Officer, PlantPhy
siology Division, BRRI, J oydebpur, Dacca 

Mohibul Hasan, Scientific Officer, Entomology 
Division, BRRI, Joydebpur, Dacca 

Md. Fazle Rabbi, Scientific Officer, Entomology 
Division, BRRI, Joydebpur, Dacca 

Burma 
U Aung Thein, Farm Manager (Breeding), Agri

cultural Corporation, Rangoon 
U Chit Oho, Jr. Research Officer (Breeding), Rice 

Division, Agricultural Research Institute, 
Yerin, Pyinmana 

U Saw Stanley, Deputy Farm Manager (Breed-

{ 



.j 

ing), Agricultural Experiment Station, 
Hmawbi 

China 
Chen Shu-ping, Assistant Researcher (Geneticist), 

Chinese Academy of Agr'l Sciences, Beijing 
Li Chin-shiu, Rice Breeder, Sichuan Academy of 

Agr'l Sciences, Chengdu, Sichuan 
Linf Zu-ming, Beijing Agricultural University, 

Beijing 
Xie Yue-fung, Hua Zhong Agricultural College, 

Wuhan, Hubei 

Indonesia 
Ir. Sriwidodo, Research Staff (Plant Breeding 

Dept.), LPPOM, J1. Pertanian, Maros, Ujung 
Pandang, South Sulawesi 

Poernomo Indah Nurhati, Research Assistant 
(Entomology), CRIA Housing Compound, 
Sukamandi, West Java 

Utami Pudji Kusumaning, Research Assistant 
(Plant Physiology), Kujung Housing Com
pound, D-25 Cikampek, WestJava 

Malaysia 
Abdullah Md. Zain, Research Officer, MARDI, 

Krian, Parit Buntar, Perak, West Malaysia 

Pakistan 
Malik Munsif Muhammad, Agronomist, Rice 

Research Institute, Dokri 
Pathan Abdullah, Breeder, Rice Research Insti

tute, Dokri 

Philippines 
Remedios Panaguiton, Agronomist III, Midsayap 

Experiment Station, Bureau of Plant Indus
try, Midsayap North Cotabato, Region No. 12 

Dolores delos Santos, Sr. Plant Pathologist, Bu-
reau of Plant Industry, Visayas Experiment 
Station, Area No.6, Iloilo City 

Senegal 
Joseph Dome, Rice Breeder, BP 29 Adrao 

WARDA, Richard-Toll, Senegal 

Thailand 
Chutchawan Aramchok, Agronomist, Huntra Rice 

Experiment Station, Ayutthaya 
Luechai Arayarungsarit, Pathologist, Rice Div-

ision, Department of Agriculture, Bangkben, 
Bangkok-9 

Sanguuan Pongsamart, Agronomist, Rice Div
ision, Department of Agriculture, Bangkben, 
Bangkok-9 

6-MONTH RICE PRODUCTION TRAINING PROGRAM 

(10 March-5 September 1980) 

Bangladesh 
Shafi Uddin Kaisar Zaruan, Scientific Officer, 

Bangladesh Rice Research Institute, Joydeb
pur, Dacca 

Md. Abdul Mannan, Scientific Officer, Bangla
desh Rice Research Institute, J oydebpur, 
Dacca 

Md. Abdur Rashid, Scientific Officer, Bangladesh 
Rice Research Institute, Joydebpur, Dacca 

Md. Shahabuddin, Scientific Officer, Training, 
Communication, and Applied Research Div
ision, Bangladesh Rice Research Institute, 
Joydebpur, Dacca 

Bunna 
U Aung Nyein, Township Manager, Agriculture 

Corporation, Taiklcyi 
U Saw Antony, Township Manager, Agriculture 

Corporation, Okpo Township 

India 
Madhu Sudan Kundu, Program Officer, Lokasik

sha Parishad, R. K. Mission Ashrama, 
Narendrapur-Pin-743508, W. B. 

Gandra Sampath Rao, Agriculture Coordinator, 
Cross Office, Post Bhongir, Dist. Nalgonda, 
A. P. 

Mandai Paresh Chandra, Agronomist, Indo
German Fertilizer Educational Project, West 
Bengal 

Sarkar Sudhindra Kumar, District Agronomist, 
Indo-Gerruan Fertilizer Educational Project, 
West Bengal, 

Das Tara Pada, District Agronomist, Indo-Gerruan 
Fertilizer Educational Project, West Bengal 

Kuar Panchanan, Agronomist (publicity), Indo
German Fertilizer, Educational Project, West 
Bengal 

Indonesia 
Wagiruan K. Hendi, Research Assistant, Plant 

ASSOCIATED FORMAL TRAINING 441 



Pathology Dept, CRIA, Jin. Merdeka 99, 
Bogor 

Yacob Sirait, Extension Worker, Dinas Pertanian 
Rakyat Dati II, Pidie, Aceh 

Soehadi, Extension Worker, Dinas Pertanian 
Rakyat, JI. Pemuda 48, Pekaiongan, Jawa
Tengah 

Soerodjo, Research Assistant, Plant Physiology 
Dept, CRIA, JIn. Merdeka 99, Bogor 

Kenya 
Jeremy Jackton Njokah, Agronomist, Interna

tional Centre of Insect Physiology and Ecol
ogy, P. O. Box 30772" Nairobi 

Malaysia 
AInnad Zohdi Bin Abd. Hamid, Manager, Federal 

Land Consolidation and Rehabilitation 
Authority (FELCRA), Seberang Perak, Teluk 
Sena, Parit, Perak 

Mohamed Azizi B. Abd. Hamid, Agricultural 
Assistant, Department of Agriculture, Titi 
Gantung, Bota, Perak 

Wan Abd. Aziz B. Muda, Agricultural Assistant, 
Department of Agriculture, Trengganu, West 
Malaysia 

Nepal 
Shyam Kajee Sakya, Agricultural Manager, Kan

kai Irrigation Project, Jhapa, cf 0 Dept. of 
Agriculture, Harihar Bhawan, KatInnandu 

Pakistan 
Muhammad Hussain Baloch, Assistant Research 

Officer, Rice Research Institute, Dokri, Dis
trict Larkana 

Sri Lanka 
Jayasinghe Mudiyanselage Dharmasena, Agricul

tural Experimental Officer, Department of 
Agriculture, Peradeniya, Sri Lanka 

Kumarasinghe Hettiarchige Ubayawansa Kuma-
rasingha, Agricultural Instructor, D, A. E, O. 
Office, Kurunegala 

Thailand 
Methini Na Chiangmai, Agricultural Technolo

gist, Rice Division, Department of Agricul
ture, Bangkok 9 

Vinai Sarawat, Research Assistant, Cropping Sys-
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tems Project, Faculty of Agriculture, Khon 
Kaen University, Khon Kaen 

Somnuk Sriplung, Agronomist, Kalasin Research 
and Training Center, P. 0, Box 7, Kalasin 

IRRiGATION WATER MANAGEMENT TRAINING 

(16 June-25 July 1980) 

Indonesia 
Dayat, JI. Nuri, No. 19A, Ujung Pandang, Sula

wesi, Selatan 
Kasir Sahuri, Central Java Design Unit, Jln, Brig

gen Sudiarto 379, P. O. Box 258, Semarang 
Hadsan Sumalijaya, Dinas P. U, Seksi Pengairan, 

JI. Pasar Baru, Tangerang 
Balubu Siregar, Dinas Pertanian, Propinsi Kali

mantan Selatan, Jln, Sudirman No.5, Ban
jarbaru, South Kalimantan 

Tarwadi, StafBagian Pengawetan Tanah & ATR, 
Diperta Prop, Dati I Jawatengah 

Malaysia 
Teoh Kim Seng, Pejabat Jurutera Daerah III, 

Lembaga Kemajuan Pertanian Muda, 
(MADA), Pendang, Kedah 

Philippines 
Eduardo V. Balderada, On-Farm Facilities Study, 

National Irrigation Administration, CLSU, 
Munoz, Nueva Ecija 

Carmelo Cablayau, Irrigators Assistance Depart
ment, National Irrigation Administration, 
EDSA, Quezon City 

Jose F. Mallari, Research & Development Dept, 
NIA, Central Office, EDSA, Quezon City 

Chito P. Neric, National Irrigation Administra
tion, Libmanan, Camarines Sur 

Vic Vicmudo, NIA-CLGIP, Urdaneta, Pangasinan 

Sri Lanka 
Sinnathamby Jeyarajan, Malvam, UduviI, Chunn

kam 
H. B. Nayakakorala, Agricultural Research Sta

tion, Maha Illuppallama 

Thailand 
Ratna Phanburananont, Petchburi Diversion 

Dam, Petchburi Province 
Somsakdi Roungvitaya, Irrigation Division I, Tong 

Hotel Road 29, Chieng Mai 



,I 

) 

.1 
I 

" ; 
) 

I 

I 
./ 

) 
1 

I 

'\ 

Ton Yoi Srirodbang, Irrigation Division of Am
phur Srirachu, Cholburi 

Sorajati Suriyacan, Maljaraj Irrigation Project, 
Singburi 

2-WEEK AGRICULTURAL ENGINEERING COURSE 

(17-28 March 1980) 

Bangladesh 
Md. Hedayetul Islam, Deputy Production Man

ager, Bangladesh Machine Tools Factory, 
Ghazipur, Joydebpur, Dacca 

China 
Duan Zhicheng, Agricultural Engineer, Chinese 

Academy of Agricultural Mechanization 
Sciences, Beijing 

Egypt 
Mohammed Ahmed Ebrahim, 10 Gamah EI Bah

ary St., Boulack EI Dokroor, Giza 
Gaber Mohamed EI Khashab, Head, Ag. Mechan

ization, 69 EI max St., Alexandria 

India 
Narinder Kumar Gupta, Ag. Engineer, c/o Stand

ard Agri. Engg. Co., 824, Industrial Area, B. 
Ludhiana 

Bhagwan Singh, Associate Professor, Ag. Engi
neering, G. B. Pant University of Agriculture 
and Technology, Pantnagar 

Shri Madan Pandey, Scientist S-I, CIAE, Tegh 
Bahadur Complex, T. T. Nagar, Bhopal 
462003, Madhya Pradesh 

Indonesia 
Subrata Sudarga, Staff, Directorate of Mechani

zation, Dept. of Agriculture, Wisma Tani 37 
RT 0012/01, Pasarminggu, Jaksel 

Thailand 
Chanchai Rojanasaroj,. Agricultural Engineer, 

151/46 Jangwathana Road, Bangkok 
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International activities 
International projects and activities in 1980 in
cluded cooperative country projects, collaborative 
research, international research networks, training, 
and general services to national programs (e.g. 
workshops, conferences, symposia; distribution of 
rice literature). Cooperative country projects oper
ated in Bangladesh, Bunna, Indonesia, Pakistan, 
Philippines, and Thailand. Collaborative work 
was also done in India. Liaison scientists worked in 
Asia, Africa, and Latin America. 

COOPERATION AND COLLABORATION 

Bangladesh. A rice production specialist, a deep
water rice breeder, an agricultural engineer, and a 
research system specialist continued to work with 
the Bangladesh Rice Research Institute (BRRI). 

Genetic resistance for diseases and insects was 
the principal strategy in the development ofvarie
ties. National surveys of insects and diseases were 
started and a monitoring system was launched. 
Screening procedures for drought, flood submer
gence tolerance, and for deepwater rice elongation 
are being developed to support the breeding 
programs. 

Cropping systems. The cropping systems staff 
has succeeded in establishing a research network 
with 6 agencies operating 10 research sites in addi
tion to the 4 active BRRI sites. 

Soilfertility. In the area of soil fertility manage
ment, sites where zinc and sulfur deficiencies exist 
were identified and development of means for 
overcoming those difficulties was started. 

Irrigation. The finding that addition of 5 cm 
water during October increased grain production 
57% induced the govermnent to authorize and 
encourage use of pump sets and tube wells during 
October. 

Mechanization. The engineers developed a hand
powered pump and made IRRI designs available 
to local manufacturers. A government finn manu
factured about 18 tillers/month and two other 
finns showed interest. Prototype threshers and 
axial-How pumps were fabricated and tested. 

Training. The BRRI 4-month rice production 
course was selected as the basic training for some 
500 crop production specialists. Graduates func-
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tion as BRRI field contact points and collabora
tors in carrying out varietal trials and in operating 
fanner-to-fanner seed production sC.hemes. 

Bunna. Work in Bunna on varietal improve
ment included testing of new introductions of the 
most important agroecological types of rice, in
cluding rainfed and irrigated wetland, dryland, 
deepwater, salt-tolerant, cold-tolerant, and heat
tolerant rice. 

A total of 434 early-maturing (normally less than 
130 days) wetland (irrigated) rice selections were 
grown in the dry season. At maturity 122 selections 
were made for preliminary performance tests and 
110 selections were retained for further observa
tion. In the wet season 927 selections were grown. 
From those, 230 entries were selected for prelimi
nary performance tests and 277 selections were 
retained for further observations. 

Eighty-six new crosses were made in 1980. Selec
tions from the segregating generations of previous 
work involved over 10,000 progeny rows from 
which over 400 uniform lines were identified. 

Twenty-five sites from 13 rice-growing town
ships were selected for tests of new selections in 
fanners' fields. The most widely adapted selections 
appeared to be B54Ib-Kn-58-5-3, BG51-46-5, and 
Mahsuri. 

In the hybridization and selection program for 
dryland rice, plant selections from the segregating 
generations of previous crosses were dry-seeded at 
Yezin forthe 1980 rainy season. Thirty-five crosses 
resulted in almost 3,000 progeny rows from which 
371 uniform lines were selected. 

Deepwater rices were grown at Yezin in the rainy 
season (shallow water) with further performance 
tests at Myaungmya and Mudon. The 139 lines 
grown included materials from the IRRI-Thailand 
program. Assessment of the important agronomic 
traits of the entries in the observational nursery at 
Yezin confirmed 39 entries for preliminary tests 
and 55 for retesting. 

The IRLRON and other rainfed wetland rices 
were grown at Yezin but seepage kept nurseries 
well supplied with water in the rainy season. From 
383 lines grown, 130 were selected for preliminary 
performance tests and 110 for retesting. From 191 
crosses in pedigree rows, 277 unifonn lines were 
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selected but selection of individual plants is still in 
progress. 

Salt-tolerant rices were grown in the dry season 
at Patheingyi and selections for desired agronomic 
traits (except yields) were made. Out of 127 lines, 
34 were selected for preliminary performance tests 
and 68 for retesting. 

Cropping systems. Research in rice-based crop
ping systems intensified with the appointment of 
an IRRI scientist to work' in cooperation with a 
Burmese national counterpart. Organizing, estab
lishing, and staffing of the cropping systems sites 
were the major activities of 1980. Seven sites that 
represent different agroclimatic zones were identi
fied for testing cropping patterns and crop varie
ties. A baseline survey was initiated to gather 
information on soils, rainfall, water regimes, and 
other pertinent socioeconomic data. Training of 
project personnel started. 

Mechanization. The IRRl team in Burma, in 
cooperation with the AgricnIturaJ Mechanization 
Department (AMD), continued efforts to intro
duce small-scale agricultural machines as a means 
of increasing cropping intensity. Most of the activ
ity in 1980 concerned the manually operated 
mechanical transplanter. Following initial field 
trials and adjustment, some 25 machines were 
demonstrated for township managers from 72 
townships. These demonstrations were successful 
and within a few months, 100 locally produced 
machines had been turned over to the Extension 
Division of the Agriculture Corporation for use in 
its training and demonstration courses. 

India. There was intensified joint India-IRRI 
activity in collection of germplasm, for flexible 
exchange of early generation breeding material, for 
the facilitation of IRTP and INSFFER trial pro
grams, and for specific research collaboration pro
grams. The participation of India in the Interna
tional Rice Testing Program for 1980 was 200 
nurseries at 54 sites in 21 states. 

Indonesia. Six IRRI scientists were assigned to a 
cooperative project in Indonesia - a breeder, a 
cropping systems agronomist, an economist, and a 
liaison scientist at Bogor and a soil scientist and a 
cropping systems agronomist at Maros. In addi
tion, an agricultural engineer was assigned at 
Pasarrninggu, Jakarta. 

Genetic evaluation and utilization. Scientists at 
the regional research centers became significantly 

involved in the GEU program. This was best illus
trated by the intiation of national monitoring 
tours. Indonesia, an active participant in IRTP 
monitoring tours since their inception, now uses 
national monitoring tours to bring rice scientists 
together to deal with specific problems. Scientists 
from different regions familiarize themselves with 
accomplishments and problems on a national 
basis. The first Indonesian monitoring tour was 
held in Java in the main (wet) season. The second 
tour covered tidal marsh areas of South and Cen
tral Kalimantan. Both tours were attended by Cen
tral Research Institute for Agriculture (CRIA) 
scientists, administrators, extension specialists, 
IRRl scientists, and representatives from other 
government and private agencies. 

Two new varieties (Semeru and Cisadane) were 
released early in 1980 and three more elite lines 
were identified for release late in the year. Two of 
the three lines were developed by CRIA scientists 
at Bogor; the third was IR42, which had shown 
promise in the eastern region of Indonesia. 

Continued- success of the IRTP program in 
Indonesia was noted in 1980. IR TP was a signifi
cant source of germplasm for the Indonesian 
breeding program. 

Indonesian breeding lines were grown at IRRI 
for a more complete evaluation and provided 
invaluable iuformation .to the Indonesian GEU 
program. An Indonesian scientist at IRRI assisted 
in the management of those breeding lines. 

Soils. In the soil fertility program at Maros, 
South Sulawesi, several soils from two districts 
were evaluated in a screenhouse. Work on soil 
fertility maps started for the districts already sur
veyed. Progress was made in research to determine 
the most appropriate and accurate soil test for rice 
soils in South Sulawesi. 

Mechanization. A consequences of mechaniza
tion study completed data collection in West Java 
but will continue through June 1981 in South 
Sulawesi. Preliminary analysis of the data started. 

Cropping systems. A 2-week training program 
in June had 25 participants from throughout 
Indonesia's cropping systems program and provin
cial development project staff. Thetraining covered 
all the major activities that economists in cropping 
systems research were expected to undertake, em
phasizing how to collect and analyze data. 

The cropping systems research program for 
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eastern Indonesia (Maros, South Sulawesi) became 
well established. Four diverse research sites were 
used. During the year, on-farm cropping systems 
research for defining technologies appropriate for 
increasing farm productivity were pursued. 

Pakistan. IRRrs Industrial Extension Program 
in Pakistan increased efforts to generate locally 
designed and manufactured farm machines. Ma
chinery designs were provided to cooperative 
manufacturers in Pakistan. A tractor-operated 
thresher and IRRI-PAK animal-drawn seeder 
were tested during the 1980 crop seasons. The 
thresher work reflected a heavy demand in Pakis
tan for larger-size threshers. 

Tests were also conducted on machines designed 
and developed by the IRRI Agricultural Engineer
ing Department, including the lightweight air
screen grain cleaner, batch dryer, power tiller, and 
push-type paddy weeder. Also field-tested were a 
simple 16-hp four-wheel tractor from Thailand, a 
power-tiller-mounted crop harvester from China. 
and a paddy transplanter from North Korea. 

Two major surveys were made in 1980 - one in 
the Barani areas to evaluate cost and labor effec
tiveness of manual and mechanical methods of 
wheat threshing; the other in the Punjab to assess 
different methods of harvesting and threshing 
paddy and to assess losses. 

In 1980, IRRI and the Pakistan Agricultural 
Research Council started phase 3 of its cooperative 
rice project. The aim was large-scale implementa
tion of the findings and recommendations of the 
project's phase I (applied research in farmers' 
fields) and phase 2 (pilot production program). 
Phase 3 was on about 260,000 ha of rice land in the 
Gujranwala district and involved two varieties 
(Basmati and IR6). 

Philippines. The Philippines' increases in rice 
production, spearheaded by the nationwide Masa
gana 99 Rice Production Program, continued in 
1980. The country had a 5-month buffer stock by 
rnid-1980. From IRRI basic research results, the 
program emphasized the use of zinc sulfate (slight 
to moderate zinc deficiency is widespread in irri
gated rice lands), the soil incorporation of a sys
ternic insecticide, and basal incorporation of fertil
izer before transplanting. 

Sri Lanka. IRRI provided two short-term con
sultants to Sri Lanka to assist the Department of 
Agriculture in its rice breeding program and its 
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resource capability survey. 
The breeder traveled extensively with Sri Lan

kan scientists to monitor field performance ofvar
ious varieties. He also participated in a tour of 
coordinated rice variety trials and attended meet
ings of subcommittees of the Rice Breeding Work
ingGroup. 

The other short-term consultant assisted the 
staff of the resource capability survey. Visits were 
made to the districts where mapping was in pro
gress. The survey will classify and group rice lands 
of Sri Lanka's Wet and Intermediate Zones into 
land systems and land elements having significance 
for rice production. 

Thailand. Early in 1980 Thailand released the 
sernidwarfvarieties RDI7 and RDI9, which toler
ate about I m of water. The raiufed varieties RD 13 
and RD 15 (released in 1978) were planted widely in 
South and Northeast Thailand, respectively. Mat
urity and grain quality were important factors in 
farmer acceptance of RD 13 and RD 15. 

Mechanization. The Thai-IRRI Agricultural 
Machinery Project continued to test the TH-8 
thresher, manual transplanter, buffalo plow, and 
dryland seeder. Blueprints were made available to 
manufacturers. The number of firms building 
IRRI designs increased to 26 during 1980. Trials 
were made with the inclined-plate planter, plow 
solefertiIizer applicator, dryland hand weeder, and 
the rice hull furnace with a 2-ton dryer. 

Cropping systems. Cooperation continued in 
cropping systems research and development of rice 
varieties for raiufed areas. 

Africa. Under a memorandum of understanding 
with the International Institute of Tropical Agri
culture (lIT A), an IRRI liaison scientist is sta
tioned at Ibadan, Nigeria. His major functions are 
to identify and develop plans of collaborative 
research with IITA regional and national research 
programs; to coordinate IRTP trials in coopera
tion with scientists at IITA regional organizations 
(such as WARDA) and national programs; and 
eventually to help set up IRTP-type trials that are 
more relevant for Africa. 

The liaison scientist was active in the rice 
research program at IITA, especially in the screen
ing of introduced materials, WARDA trials, and 
trials of the National Crop Research Institute of 
Nigeria. 

Latin America. An IRRI liaison scientist for 
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Latin America is assigned to work at Centro Inter
nacional de AgricnItura Tropical (CIA 1), Cali, 
Colombia. Activities for Latin America concen
trated on: 

• evaluation, multiplication, and distribution of 
basic germplasm from IRRI and CIAT to 
national programs; 

• identification of problems limiting rice pro
duction and their needs for research in various 
countries of the region; 

• assembling and organizing data ofIRTP nur
series distributed in 1978 and 1979; and 

• evaluating the germplasm of IR TP nurseries 
distributed in 1980. 

To increase the source of germplasm for the 
dryland rice nurseries for Latin America, seed of 
promising entries or donors was requested from 
the Institut de Recherches Agronomiques Tropi
cales et des Cultures Vivrieres{IRA 1) and from the 
Instituto Agronomico of Campinas (lAC), Brazil. 
Seed of 95 entries was received in 1980-41 from 
lRAT and 54 from lAC - and planted at CIAT 
for evaluation and seed multiplication. The im
proved types will be included in the Observational 
Nursery for Acid Soils and Yield Upland Nursery 
for 1981. 

ThITERNATIONALNETWORKS 

IRRI scientists continued to coordinate a 
number of international research networks. The 
continuing success of those networks involved 
mutnal interest on the part of national programs 
and IRRI, joint planning and consnItation on the 
kinds of entries or treatments to be included, joint 
evaluation of resnIts, and joint planning of future 
work and activities of the network. The five such 
research networks in 1980 were: 

• International Rice Testing Program, 
• Cropping Systems Network, 
• AgricnItural Machinery Network, 
• Agroeconomic Research Network, and 

Table 1. Conferences, workshops. and symposia sponsored or 
cosponsored by IRRI. 1980. 

Event Date Participants 
IRRI/Offlce of Rural Development, 25-28 Feb 16 

Korea. collaborative research 
plannmg meeting 

Cropping Systems Conference 3- 7 Mar 80 
International Rice Research Confer- 21-25 Apr 140 

ence and 20th Anniversary Sym-
posIUm on Research Strategies 

Tissue Culture Workshop 28-30 Apr 15 
Nitrogen Workshop 28-30 Apr 27 
lRRlIlndonesian Agroeconomlc 25-27 Aug 36 

Survey Village Studies Workshop 
Symposium on Potentlal'Productlv- 22·26 Sep 68 

Ity of Field Crops 
CrOPPing Systems Economists 6·11 Nov 14 
Workshop 

• International Network on Soil Fertility and 
Fertilizer Evaluation for Rice. 

Liaison scientists were posted in Mrica, India, 
Indonesia, Malaysia, Latin America, and Thai
land, where they assisted in developing and admin
istering collaborative projects and helped coordi
nate the activities of the research networks. 

TRAINING AND GENERAL SERVICES 

Eight major meetings in 1980 brought nearly 400 
participants to IRRI (Table I) . 

Liaison scientists provided essential close con
tacts with national programs for identification and 
recommendation of scientists to participate in 
IRRI training programs and various conferences 
and workshops. 

The participants in formal training courses spent 
about 50% of their time working on field and 
greenhouse experiments. This practical side of 
training was supported by lectures on basic princi
ples and methodologies by IRRI and UPLB 
scientists. 

Special short courses were offered to train 
workers - 24 persons from 6 countries - in com
ponent technology for rice-based cropping systems 
- economics, plant pathology, entomology, and 
cultivar testing. 
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Information resources, experimental farm, 
and service laboratories 
LffiRARY AND DOCUMENTATION CENTER 

Bibliographies. The 1979 Supplement to the Inter
national Bibliography oj Rice Research was pub
lished in 1980. It contains 7,027 references to scien
tific rice literature, most of which appeared in 
journals in 1979. Its coverage is worldwide and the 
items of reference are classified according to sub
ject matter. The supplement includes literature 
written in 24 languages and a list of 78 rice litera
ture translations, mostly from Japanese to English. 
It has an author index and a manually produced 
keyword index. 

Supplement 1978 to the International Biblio
graphyon Cropping Systems was also published in 
1980. It embraces worldwide pUblished and unpub
lished technical reports produced in 1978 and deals 
with all aspects of cropping systems for food crops. 
The entries are classified according to subject; 
items within each subject category are arranged 
alphabetically. An author index and a manually 
produced keyword index are provided. 

The 1980 supplement to Theses and Disserta
tions on Rice Available in the Library oj the Inter
national Rice Research Institute was also pro
duced in 1980. The supplement lists 138 titles, 
bringing the overall collection of theses and disser
tations to a total of 1,025. 

All new bibliographies were sent to agricultural 
libraries and documentation centers of the rice
producing regions. Essentially, all the citations 
included are available at IRRI. 

Reference and circulation. Within IRRI, the 
number of books and journals and other library 
materials borrowed during 1980 increased 
markedly. As in previous years, requests for copies 
of Japanese literature on genetics and breeding 
exceeded those for literature on all other aspects of 
rice culture. Requests for photocopies of papers on 
water management and irrigation were also re
ceived. Assistance in library organization and 
management, and in the selection and acqnisition 
of agricultural materials was also sought. Requests 
for short specific-subject bibliographies, mostly 
from Bangladesh, India, Thailand, and Malaysia, 
increased notably. 
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Library hOldings. The additional 3,317 mono
graphs (books, pamphlets, and reprints) increased 
the overall monograph collection to 55,362. A total 
of III serial titles were added through SUbscrip
tions, exchanges, and some donations. Maps, 
translations, and microfIlms were also added. 

Other library activities. To keep the scientists 
informed of the latest pUblications on rice, tables of 
contents of newly received journals continued to be 
routed within IRRI and to the Bangladesh Rice 
Research Institute; the Lembaga Penelitian Per
tanian Maros, Indonesia; the Central Research 
Institute for Agriculture, Sukamandi Branch, Indo
nesia; IRRI, Sri Lanka; and the West Mrican Rice 
Development Association, Liberia. 

The Library continued to ,purchase books for 
IRRI research scholars and other training part
icipants, 

OFFICE OF INFORMATION SERVICES 

The Office of Information Services distributed 
about 34,000 copies of major publications during 
1980; 94% were sent to addresses in developing 
nations, About 8,000 publications were distributed 
free, mostly to libraries. 

Major publications. Majorpublications released 
in 1980 were: 

• Communication Responsibilities of the Inter
national Agricultural Research Centers 

• Beyond IR8/IRRI's Second Decade 
• Rice Improvement in China and Other Asian 

Nations 
• Priorities for Alleviating Soil-Related Con-

straints to Food Production in the Tropics 
• International Bibliography on Azolia 
• Annual Report for 1979 
• Research Highlights for 1979 
• Agrometeorology of the Rice Crop 
• Innovative Approaches to Rice Breeding 
• Descriptors for Rice Oryza sativa L. 
• Blue-Green Algae and Rice 
• Report of a Planning Workshop on Irrigation 

Water Management 
• Parentage ofIRRI Crosses, IRI-IR30,000 
Series publications. Four issues of the IRRI 



Reporter were distributed to about 13,000 rice 
workers. Six issues of the International Rice 
Research Newsletter and Subject Index 1979 were 
published. Ten issues of the IRRI Research Paper 
Series were published: 
No. 46 A methodology for determining insect con

trol recommendations 
No. 47 Biological nitrogen fIXation by epiphytic 

microorganisms in rice fields 
No. 48 Quality characteristics of milled rice grown 

in different countries 
No. 49 Recent developments in research on nitro

gen fertilizers for rice 
No. 50 Changes in community institutions and 

income distribution in a West Java village 
No. 51 The IRRI computerized mailing list system 
No. 52 Differential response of rice varieties to the 

brown planthopper in international screen
ing tests 

No. 53 Resistance of Japanese and IRRI differen
tial rice varieties to pathotypes of Xan
thomonas oryzae in the Philippines and in 
Japan 

No. 54 Rice production in the Tarai of Kosi Zone, 
Nepal 

No. 55 Technological progress and income distri
bution in a rice village in West Java 

Training. OIS accepted one information special
ist from Indonesia for degree training in 1980. An 
IRRI senior editor did short-term consultancies 
with the Education, Training, and Information 
Division, Department of Agriculture, Sri Lanka, 
and the University of Agricultural Sciences, Ban
galore, India. He assessed training needs and iden
tified personnel who could benefit from extended 
on-the-job training in OIS. 

Research and training support. The Rice Pro
duction Training and Research Department and 
the Office of Information Services continued a 
program to develop a series of self-instructional 
slide-tape units on specific rice production prob
lems and their solution. Each unit consists of a set 
of 60 to 80 colorslides on the problem, a prere
corded cassette tape, and a booklet. 

Of the 62 units planned, 42 were completed in 
1980. Sale of the units to national rice improve
ment training programs started. 

Computerization of the IRRI mailing system. 
The program to computerize the IRRI mailing 
system to allow specific publications to be directed 

to the users that most need that information was 
"ompleted. 

EXPERIMENTAL FARM 

The Experimental Farm Department continued to 
provide the labor needs of the research depart
ments. Some portions of the upland farm - blocks 
UCand UF, and thelower portion of block UK
were converted into. lowland rice fields. The new 
site for the farm machinery shed was filled. A total 
of 168.84 ha on the lowland rice farm was prepared 
and planted and 93.80 ha on the upland farm was 
readied for planting. 

A total of 16.51 ha for seed mUltiplication was 
planted during the year. The varieties or selections 
multiplied were IR5853-162-1-2-3, IR50, IR20, 
and IR442-2-58 dnring the dry season and IR36, 
IR42, IR50, IR52, and IR54 dnring the wet season. 

Fertilizer consumption was 155.15 t, 2.94% 
lower than in 1979. 

Expenditures were $79,903.95 for insecticides 
and stickers, $21,193.74 for herbicides, and 
$207,765.98 for coniract labor. Much of the in
crease for contract labor was because of an increase 
in the hourly rate of the laborers. 

The 1980 income was $28,571.47 from the sale of 
farm products as rice seed, maize, sorghnm, soy
bean, rice bran, milled rice, glutinous rice, mung
bean, and cassava. The largest part of this income 
($18,178.09) was from rice seed. 

Rat control was intensified. Control methods 
used were baits, traps, electric fences, and digging 
of rat burrows; 98,013 rats were killed during the 
year. 

ANALYTICAL SERvICE LABORATORY 

A total of35,315 plant samples, 5,514 soil samples, 
and 23,418 water samples were received by the 
Analytical Service Laboratory (ASL) for analyses. 
ASL did 44;131 plant analyses, 27,957 soil ana
lyses, and 25,970 autoanalyzer determinations for 
ammonia and urea. 

A modem atomic absorption spectrophotome
ter (Perkin Elmer Model 2380) with alternative 
nitrous oxide facility and microcomputer electron
ics was acquired. 

A visiting consultant during the early part of the 
year demonstrated three analyses procedures: sen-
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Table 1. Summary of analyses done by the Analytical Service 
laboratory. IRRI. 1980. 

Property 
Determinations. (no.) 

analyzed SOIl Plant Water 
samples" 

Total elements (P. K. Zn. 2.761 12,426 
Fe. Mn. Mg. Ca, Cu. Na, 
Crl 

Total nitrogen or crude 3.833 31,641 
protem 

Moisture 767 64 
Exchangeable cations and 7,756 

cation exchange capacity 
Available elements (P, Zn, 5,389 

Cu, Fe) 
Organic carbon 3,226 
pH and electrical 3,595 

conductivity 
Particle size 630 
Ammonia and urea 25.970 

Total 27,957 44,131 25.970 

Samples (no) 5,514 35.515 23,418 
Sample preparation done 2,183 17.150 

"Includes floodwaters, acid traps, and various soil extracts for 
NHcN and urea 

sitized indophenol blue method for very low 
ammomum N, urea determination using diacetyl 
monoxime and thiosemicarbazide, and the 
azomethine-H method for boron. The methods 
can show as low as 0-5 ppm of the analyte in water 
samples such as floodwaters and acid traps. Table I 
summarizes the analyses done in 1980. 

PESTICIDE RESIDUE LABORATORY 

The Pesticide Residue Laboratory (PRL) trans
ferred to its new site3n the F. F. Hill Building. 

The bnlk of the PRL's work consisted of ana
lyses of carbofuran and its metabolites in eggplant 
leaves and fruit. A summary of the analyses done 
during the year is given in Table 2. 
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Table 2. Summary of complete and gas-liquid chromatog
raphic (GLC) determinations by the Pesticide Residue laborat
orY, IRRI. 1980. 

Determinations (no.) 
Constituent analyzed 

Complete GLC only 

Carbofuran and its 937 
metabolites 

Butachlor 216 
Others" 228" 

Total 1.153 228 

"Rice pigments and phenolics as TMS derivatives (Chemistry). 
Cell wall sugars as aldonitnle acetates (Chemistry). 

PHYTOTRON 

Forty-two research projects used the phytotron in 
1980. The phytotron experiments are listed in 
Table l. 

Among the rooms, the g1asshonse room had the 
highest occupancy (91 %) and followed closely by 
the naturally lighted cabinet with 89% occupancy. 
Occupancy in the other rooms ranged from 69 to 
70%. Two dark rooms, used as the incubation 
rooms for anther culture, had 70% occupancy. 



Table 1. Allocation of IRRI phytotron space for 1980. 

Title of experiment 

Agronomy Department 
Nutrient uptake and water relations in rice under osmotic stress 
Effects of water stress on reproductive development of nce 

Multiple Cropping Systems 
The effect of different temperature regimes on the ratoonability of some IRRI 

nce vanetles 

Plant Breeding Department 
Cold tolerance. 

Inhentance of root system of rice (Oryza sativa L) 
Genetic studies on heat tolerance 
Effect of high solar radiation and high diurnal temperature followed by low 

solar radeatlon and low diurnal temperature on sterility. 
Growmg of three Japonica stocks at low temperature. 
Study of methods of growmg rice m pots to achieve uniform flowering 
Study of stability of male sterility mechamsm in some cytoplasmic and genetic 

male stenle hnes of rice 

Plant Pathology Department 
Effect of nitrogen fertilizer levels and temperatures on the efficacy of granular 

systemic fungicides on leaf blast control. 
Effect of temperatures on the efficacy of seed treatment fungicides on leaf blast 

control. 
Growing of test plants to be used to study the effect of systemic fungicides on 

blast. 
Effect of different constant and fluctuating temperatures on bakanae disease 

mfectlon. 
Sheat h rot maculation experiments 

Yellow dwarf-nce tungro virus transmission tests. 
Genetic analysIs of nce resistance to bactenal blight. 
The effect of temperature on the latent penod of the rice ragged stunt virus 10 its 

vector and TN1 host plant. 
Tissue culture research. 

Plant Physiology Department 
Oxygen release from nce roots 
Pollen germination at high temperature. 
Fertility of flowers under high and low light mtensities at high air temperature 
High temperature tolerance of rice varieties. 
Screening for cold tolerance at pamcle initiation 
Potential yield of IR varieties 
Cold tolerance test at anthesls 
Screenmg for cold tolerance at anthesis of the 1980 IReTN 
Differences 10 high Iron concentration resistance of leaves among varietlas 
Effect of temperature on seedling emergence of calcium peroxide coated seeds 
Nature of alummum tOXICity in rice plants -
Effect of different levels of nitrogen on spikelet sterility mduced by cooling 

treatment at young seedhng stage in rice'(water culture) 
Low temperature tolerance of indlca-japomca crosses at reduction divISion 

stage 
Effect of air temperature on gram filling of mdlca-japonlca crosses 

Agronomic characters of large and small gram vanety and [me under controlled 
environment • 

So17 Chemistry Department 
Zinc availability in nce SOI[S 

Soli MicrobIology Department 
Heterotrophic Nz-flxatlon associated With nce 
Temperature response of Azalia strams 
Temperature requirements of vanous Azalia strains 
Mamtenance of Azalia strains stock cultures 
Ammonia volatilization and incorporation of 15N by nce 
Effect of temperature on the growth and compositIOn of Azalia grown at 0 03 

ppm of phosphorus by continuous flow of water culture. 
Effect of light and temperature conditions on sporocarp formatIOn 

Environment room used 

Artlflceally lighted cabinet (KG) 
G[asshouse room and artificially lighted cab

inet(KG) 

Glasshouse room 

Glasshouse room, naturally lighted cabinet 
(3SA-l) and dark room 

Glasshouse room 
Glasshouse room 
Naturally lighted cabinet (3SA-L) 

Glasshouse room 
Glasshouse room 
Glasshouse room and naturally lighted cabi

net (3SA-l) 

Naturally lighted cabinet (3SA-LJ 

Naturally lighted cabinet (3SA-L) 

Glasshouse room 

Naturally lighted cabmet (3SA-L) 

Glasshouse room and naturally lighted cabi-
net (3SA-L) 

Naturally lighted cabmet (3SA-L) 
Glasshouse room 
Naturally lighted cabinet (KB) 

Glasshouse room, dark room, and naturally 
lighted cabinet (3SA-L) 

Glasshouse room 
Naturally lighted cabinet (KB) 
Artificially lighted cabinet (KG) 
Glasshouse room 
Dark room and cold room 
Glasshouse room 
Artlflcmlly lighted cabinet (KG) 
ArtifiCially hghted cabinet (KG) 
ArtLflclally lighted cabinet (KG) 
Naturally lighted cabmet (3SA-L) 
Glasshouse room 
Glasshouse room and artificially lighted cab

inet(KG) 
Glasshouse room and naturally lighted cabi

net (3SA-L) 
Glasshouse room and artLflcially lighted cab

met (KG) 
Glasshouse room 

Glasshouse room 

Glasshouse room 
ArtifiCially lighted cabmet (KG) 
Artificially lighted cabinet (KG) 
Dark room 
Glasshouse room 
Glasshouse room and naturally lighted cabi

net (3SA-L) 
ArtifiCially lighted cabinet (KG) 
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Publications and seminars 
PUBLICATIONS 

Administration 
Elston, J., D. J. Greenland, and M. Dennett. 1979. 

Long-term trends in the aerial and edaphic envir
onment in the U.K. In R. G. Hurd, P. V. Biscoe, 
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Orgamzation and International RIce Research 
Institute. Proceedings of a symposium on the 
Agrometeorology of the rice crop. International 
Rice Research Institute. Los Banos, Laguna. Phi
lippmes 
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Angus, J. F., and E. B. Manalo. 1979. Weather and 
climate data for PhIlippine..rice research. IRRI Res. 
Pap. Ser. 41. 14 p. 

Angus, J. F., andR. G. Zandstra. 1980. Climatic factors 
and tlle modeling of rice growth and yield Pages 
189-199 m World Meteorological Organization and 
International Rice Research Institute. Proceedings 
of a symposium on the agrometeorology of the rice 
crop. International Rice Research Institute, Los 
Banos, Laguna, Philippines. 

Herrera, W. A. T., and H. G. Zandstra. 1979. The use of 
old seedlings and their effects on the performance of 
transplanted rice. Philipp. J. Crop Sci. 4(4):134-
141. 

Herrera, W. A. T., and H. G. Zandstra. 1979. The re
sponse of some major upland crops to excessive soil 
moisture. Philipp. J. Crop Sci. 4(4).146-152. 

Morales, A. c., and V. R. Caranga!. 1979. Varietal 
performance of three legume crops before and after 
rainfed lowland rice. Philipp. J. Crop Sci. 4(4).153-
160. 

Morris, R. A., and F. M. Rumbaoa, Jr. 1980. RaInfall 
recurrence analysis for extrapolating rice-based 
cropping patterns. Pages 223-233 in World Meteor
ological Organization and International Rice Re
search Institute. Proceedings of a symposium on 
the agrometeorology of the rice crop. International 
Rice Research Institute, Los Banos, Laguna, Phi
lippines. 

Samson, B. T., H. G. Zandstra, and B. B. Mabbayad. 
1980. The effect of different temperature regImes on 
the ratoon ability of two IRRI rice varieties. Phi
lipp. J. Crop Sci. 5(1). 

Samson, B. T., H. G. Zandstra, and B. B. Mabbayad. 
1980. The effect of clipping portion of the rice pani
cles/leaves as a method of inducing ratoonability 10 

rice. Philipp. J. Crop Sci. 5(1). 
Tamisin, M. M., and H. G. Zandstra. 1980. Estimating 

daily solar radiation for different regions of the 
Philippines. Philipp. J. Crop Sci. 5(1). 

Villegas, A N., and H. G. Zandstra. 1979. Identification 
of soil moisture requirement for germination and 
emergence of dry seeded rice. Philipp. J. Crop Sci. 
4(4):142-145. 

Zandstra, H. G. 1979. Methods to identify and evaluate 
unproved cropping systems. Pages 367-380 in H. 
Ruthenberg. Fanning systems in the tropics. 3d ed 
Clarendon Press, Oxford. 

Zandstra, H. G. 1980. A cropping systems research 
methodology for agricultural development projects. 
In Proceedings of the Agricultural Sector Sympo
sia. CPS! Agriculture and Rural Development 
Department and Personnel Management Depart
ment, World Bank, Washington, D. c., USA 

Zandstra, H. G.,J. F.Angus,and M. M. Tamisin. 1980 .. 
Climatic factors in rice-based croppmg systems 
research. Pages 127-139 in World MeteorologIcal 
Organization and InternatIOnal Rice Research Insti
tute. ProceedlOgs of a Symposium on the agrome
teorology of the nee crop. International Rice 
Research Institu.te, Los Banos, Laguna, Philip
pmes. 

Plant Breeding 
Chang, T. T. 1979. The genetic resources of rice and its 

applicatIon in breeding [in Chinese]. Pages 7-8m S. 
C. Hsieh and D. J. Liu, eds. The causes oflow YIeld 
of the second crop rice in Taiwan and the measures 
for improvement. National Science Council, Tai
pei, Taiwan. 

Chang, T. T. 1980. The rice genetic resources program of 
IRRI and its impact on nee improvement. Pages 
85-105 in International Rice Research Institute. 
Rice improvement in China and other Asian coun
tries. Los Banos, Laguna, Philippines. 

Chang, T. T., and C. C. Li. 1980. GenetIcs and breeding. 
Pages 87-146 in B. S. Luh, ed. Rice: production and 
utilization. A VI, Westport, Connecticut. 

Chang, T. T., and M. B. Parker. 1980. DifferentJal pat
tern of seed viability of rice cultivars in short-term 
cold storage. Agron. Abstr. 1980.108. 

Coffman, W. R., and R. M. Herrera. 1980. Rice. In 
American Society of Agronomy, Hybridization of 
crop plants. Madison, WIsconsin, USA. 

Dolores, R. c., T. T. Chang, and D. A. Ramirez. 1979. 
The cytogenetics of F. hybrids from Oryza nivara 
Sharma et Shastry X 0. sa/Iva L Cytologia 44:527-
540. 

Gallun, R. L, and G. S. Khush. 1980. Genetlcfactors 
affecting expression and stability of resistance. 
Pages 63-85 in F. G. Maxwell and P. R. Jennings, 
eds. Breeding plants resistant to insects. John Wiley 
and Sons, New York. 

Haque, M. M., and W. R. Coffman. 1980. Varietal 
variation and evaluation procedures for ratooning 
ability in rice. SABRAO J. 12(2). 

IBPGR-IRRI Rice Advisory Committee. 1980. Descrip
tors for rice (Oryza satlva L.). International Rice 
Research Institute, Los Banos, Laguna, Philip
pines. 21 p. 

Khush, G. S. 1980. Breeding rice for mUltiple disease and 
insect resistance. Pages 219-238 in International 
Rice Research Institute. Rice improvement in 
China and other Asian countries. Los Banos, lag
una, Philippines. 

Lin, M. H., and T. T. Chang. 1980. Inheritance of agro
nomic traits and character association in crosses 
between dryland and wetland cultivars of rice. 
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Agron. Abstr. 1980:60. 
Luh, J. J., and T. T. Chang 1980 Rice in its temporal 

and spattalper~pectlves Pages 1-74m B. S. Luh, ed 
Rice: production and utilizatIon A VI, Westport, 
Connecticut 

Vaughan, D. A, and T. T. Chang. 1980. Genettcdiver
sity in rice germplasm of selected CDuntnes in tropI
cal ASia; Bangladesh, Indonesia and Sn Lanka. 
Plant Genet. Resour. News!. 42:2-6. 

Vaughan, D. A. 1980. FIeld notes and comments on the 
'Dryza latifolia complex' In Asia. IBPGR News!. 
4(2):5. 

Plant Pathology 
Bandong, J. M., B. A Estrada, L. M. Sanchez, and J P. 

Crill. 1979. ChemIcal control of sheath blight dis
ease of rice Pages 52-53 in Pest Control Council of 
the Phillppmes Proceedings, tenth national confer
ence, Holiday Inn, Manila, 2-5 May 1979. 

Bandong, J. M., C. Q. Torres, T. Vergel de DIOS, Y. H. 
Lee, F. A. Elazegui, S. D. Merca, B. A Estrada, 
L. M. Sanchez, F. L. Nuque, T. W. Mew, M. C. 
Rush, and J. P. Crill. 1979. Chemical disease con
trol evaluatIOn. 1979. International RIce Research 
Institute, Los Banos, Laguna, PhilIppines. 41 p. 

Bandong, J. M., C. Q. Torres, and J. P. Cnl!. 1979. 
FungicIde foliar sprays for leaf blast control on rice. 
Pages 50-51 in Pest Control Council of the Philip
pines. Proceedings, tenth natlOnaiconference, Hol
iday Inn, Manila, 2-5 May 1979. 

Bandong, J. M., T. Vergel de Dios, B. Arce, and J. P. 
Crill. 1979. Laboratory bioassay of fungicides 
against nce fungus pathogens. Page 49 in Pest 
Control Council of the Philippines. Proceedings. 
tenth national conference. Holiday Inn, Manila, 2-5 
May 1979. (Abstr.) 

Bandong, J. M., C. Q. Torres, L. M. Sanchez, F. L 
Nuque, and J. P. Crill. 1979. Seed treatment wIth 
systemic fungIcides for leafbIast control. Page 50 m 
Pest Control Council of the Philippines. Proceed
ings. tenth national conference, Holiday Inn. Man
Ila, 2-5 May 1979. 

Bandong, J. M., S. H. Ou, S. P. Ebron, F. L. Nuque, and 
J. P. Cnll. 1979. An unusual Heimimhosporium 
leaf spot on the rice variety Sekiguchi Asahl. Pages 
53-54 in Pest Control Council of the Philippines. 
Proceedings, tenth national conference, Holiday 
Inn, Manila, 2-5 May 1979. 

Estmda, B. A, L. M. Sanchez, and J. P. Crill. 1979. 
Evaluation of screening methods for sheath rot res
istance of rice. Plant Dis. Rep 63( II ):908-911. 

John, V. T., K. C. Ling, and M. C. Rush. 1979. Control 
strategies for rice diseases. In Abstracts of Papers, 
IX International Conference, Plant Protection and 
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71st Annual Meeting of the American Phytopatho
logical SocIety. Washmgton, D. C. 5-11 AuguM 
1979. No. 268 

KIm, Chang-Kyu, and J. P. Cnll. 1980 Effect of pre dlS
posmg temperatures on the hIstopathology of the 
nce blast fungus, P)'llClllaria or.l;zae. 1. Effect of 
blast fungus isolates on penetration of nce vanetIes 
at different predisposing temperature regimes 
Korean J Plant Prot. 19(1):11-20. 

Kim, Chang-Kyu, and J. P. Cnll. 1980 Effect ofpredis
pOSing temperatures on the histopathology of the 
rice blast fungus, Pyticularia oryzae. II. Effect of 
four predisposing temperature regimes on the symp
tom of development. Korean J. Plant Prot. 19(1): 
21-29. 

Lee, Y. H.,J.M. Bandong, andJ. P. Cnll. 1979. Effect of 
chemicals against leafblast of nee In the greenhouse 
and upland blast nursery. Pages 51-52in Pest Con
trol Council of the Phihppmes. Proceedings, tenth 
national conference. (Abstr.) 

Lmg, K C. 1979. Rice virus and Virus-like diseases 
International Rice Research Institute, Los Banos. 
Laguna, Philippines. 16 p. 

Ling, K. C. 1980. Studies on rice dISeases. Pages 135-147 
In International Rice Research Institute. Rice im
provement In Chma and other ASian countries. Los 
Banos, Laguna, Philippines. 

Ling, K. c., and E. R. TlOngco. 1979. TransmissIOn of 
rice tungro virus at various temperatures: a transi
tory virus-vector interaction, Pages 349-366 in K. 
Maramorosch and K. F. Harris, eds Leafhopper 
vectors and plant disease agents. Academic Press, 
New York. 

Ling, K. C., and E R. Tiongco. 1980. Rice VIruS diseases 
in the PhilIppines. Pages 27-72 in Pest Control 
Council of the Philippines. Developments in pest 
management in the Philippines. 

Ling, K. C., and C. M. Rice III. 1980. ReverSIbility of 
envelope glycoprotein mutants of sindbis virus. 
Caltech Biology annual report. 71 p. 

MIlne, R. G., E. Luisoni, and K. C. Ling. 1979. Prepara
tion and use of an antiserum to nce ragged stunt 
virus subviral particles. Plant Dis. Rep. 63:445-448. 

Nuque, F. L., S. H. Ou, J. P. Crill, J. M. Bandong, and 
S. P. Ebron 1979. Standardization of Philippine 
race numbers of PyricularIa oryzae. Abstr. Pages 
54-55 in Pest Control Council of the Philippines. 
Proceedings, tenth national conference. Holiday 
Inn, Manila, 2-5 May 1979. 

Nuque, F. L., and D. B. Lapis. 1980. RIce blast. Pages 
10-18 in The PCCP development in pest manage
ment in the Philippines. 

Olivarez, F. M .• J., D. B. Lapis, and Fausto L. Nuque 
1980. Diseases of rice and wheat. Pages 76-97 In the 



Proceedings of the symposium on Philippine phy
topathology 1917-1977. 

Shikata, E., T. Senboku, Kulchawee Kamjaipai, T. -G. 
Chou, E. R. Tiongco, and K. C. Ling. 1979. Rice 
ragged stunt virus, a new member of plant reovirus 
group. Ann. Phytopathol. Soc. Jpn. 45:436443. 

Soil Chemistry 
Castro, R. U., A. B. Capati, and F. N. Ponnamperuma. 

1980. Rice straw as a natural source of plant nu
trients. Greenfields 10(1).3640. 

Ponnamperuma, F. N., and A K. Bandyopadhyay. 
1980. Soil salinity as a constraint on food produc
tion in the huntid tropics. Pages 203-216 in Interna
tional Rice Research Institute and New York State 
College of Agriculture and Life Sources, Cornell 
University. Priorities for alleviating soil-related 
constraints to food production in the tropics. Los 
Banos, Philippines. 

van Breemen N., C. C. Quijano, and Le Ngoc Sen. 1980. 
Zinc deficiency in wetland rice along a topose
quence of hydromorphic soils in the Philippines. I. 
Soil conditions and hydrology. Plant Soli 57:203-
214. 

van BreemenN., and R. U. Castro. 1980. Zinc deficiency 
in wetland rice along a toposequence ofhydromor
phic soils in the Philippines. II. Cropping experi
ment. Plant Soil 57: 215-221. 

Soil Microbiology 
App, A, D. R. Bouldin, P. J. Dart, and I. Watanabe. 

1980. Constraints to biological nitrogen fixation in 
soils of the tropics. Pages 319-337 in International 
Rice Research Institute and New York State Col
lege of Agriculture and Life Sciences, Cornell Uni
versity. Priorities for alleviating soil-related con
straints to food production in the tropics. Los 
Banos, Laguna, Philippines. 

App, A, I. Watanabe, M. Alexander, W. V. Ventura, C; 
Daez, T. Santiago, and S. K. De Datta. 1980. Non
symbiotic nitrogen fixation assocIated with the rice 
plant in flooded soils. SOll Sci. 130.283-289. 

Barraquio, W.L.,andl. Watanabe. 1979. A new type of 
nitrogen fixing bacterium from rice root and its 

distribution (Abstr.). Kalikasan Philipp. J. BioI. 
8:108-109. 

Chohtkul, W., B. Tangcham, P. Sangtong, and I. Wata
nabe. 1980. Effect of phosphorus on N,-fixation 
measured by field acetylene reduction technique in 
Thailand long term fertility plots. Soil Sci. Plant 
Nutr.26:291-299. 

Durbin, K., and I. Watanabe. 1980. Sulfate-reducing 
bacteria and nitrogen fixation in flooded rice soil. 
Soil BioI. Biochem. 12:11-14. 

Ito, 0., and I. Watanabe. 1980. FIXation of dinitrogen-
15 associated with rice plant. Appl. Environ. Mi
crobiol. 39:554-558. 

Kulasooriya, S. A., P. A. Roger, W. L. BarraqulO, and I. 
Watanabe. 1980. Biological nitrogen fixation by 
epiphytic microorganisms in rice fields. IRRI Res. 
Pap. Ser. 47. 10 p. 

Roger, P. 1>,., and S. A. KUlasooriya. 1980. Blue-green 
algae and rice. Los Banos, Laguna, Philippines. 112 
p. 

Watanabe, I. 1980. BiologIcal nitrogen fixation - criti
cal review on current status of research [in Japa
nese]. Kagaku (Science) 50'294-300. 

Watanabe, 1. 1980. Mechanism of nitrogen losses from 
paddy soils - quantitative approach [in Japanese]. 
Kagaku to Seibutsu (Chemistry and Biology) 
(Tokyo) 18:743-745. 

Watanabe, I., and M. R. de Guzman. 1980. Effect of 
nitrate on acetylene disappearance from anaerobic 
soil. Soil BioI. Biochem. 12:193-194. 

Watanabe, I., N. S. BeIja, D. C. del Rosario. 1980. 
Growth of azolla in paddy field as affected by phos
phorus fertilizer. SOll Sci. Plant Nutr. 26:301-307. 

Watanabe, I., and C. Furusaka. 1980. Microbial ecology 
of flooded soils. Adv. Microbial Ecol. 4:125-168. 

Statistics 
Gomez, K. A., D. Tuazon, and N. E. Nano. 1979. Germ

plasm bank information retrieval system. IRRI 
Res. Pap. 45. 24 p. 

Gomez, K. A, R. L. Cowell, and N. E. Nano. 1980. The 
IRRI computerized mailing list system. IRRI Res. 
Pap. Ser. 51. 37 p. 

PUBLICATIONS AND SEMINARS 459 



SEMINARS 

The seminars held atIRRI during 1980 are grouped as Saturday seminars, general seminars, and special seminars. The 
Saturday seminars report ongoing IRRI researches. Unless othenvise stated, the speakers were staff members. 

Saturday seminars 
Induced mutation of Xanthomonas oryzae. Mr. K. Tsuchiya and Dr. T. W. Mew. 
Improving rice seedling emergence in flooded soil by use of calcium peroxide. Mr. F. T. Parae. 
Oxygen release as a defense mechanism: nature of oxidizing power of rice roots. Dr. T. Ande. 
Responses of azolia species and strains to phosphorus. Mr. B. P. R. Subudhi and Dr. I. Watanabe. 
Nitrification in flooded soil. Mr. B. Padre, Jr., Ms. S. Santiago. and Dr. I. Watanabe. 
Economic evaluation of farm machinery for small farm agriculture. Mr. R. Echevarria. 
Genetic and pathological studies on resistance of rice to bacterial blight. Dr. O. Horino, visiting scientist,. Plant 

Pathology Department, IRRI. 
Herbicide evaluation in no-till upland crops under intensive cropping. Mr. R. Q. Lacsina, Dr. S. K. De Datta, and 

Dr. K. Moody. 
Some findings on water distribution within the tertiaries of a gravity irrigation system. Mr. T. Moya and Dr. A. C. 

Early. . 

Water use patterns in different scales of pump irrigation systems. Messrs. M. Agua and D. Tabbal and Dr. S. l. 
Bhuiyan. 

Socioeconomic issues in irrigation management. Ms. N. Tapay, Ms. M. L. Sipin, and Dr. A. C. Early. 
Water balance and cropping performance of a small rice-producing watershed in the Philippines. Dr. A. C. Early, Ms. 

R. S. Clemente, Mr. C. U. Collado, Jr., Ms. M. L. Sipin, and Mr. D. M. Cablayan. 
Development ofbiotypes of the brown planthopper Nilaparvata lugens (Stal). Dr. P. K. Pathak. 
Mechanisms of moderate resistance to the brown planthopper Nilaparvata lugens (Stal). Dang Thanh Ho. 
Cost of different types of irrigation systems in Central Luzon. Ms. P. Moya, Dr. L. E. Small, visiting agricultural 

economist, Agricultural Economics Department, IRRI, and Dr. S. I. Bhuiyan. 
San-Bartolome: beyond the green revolution. Dr. R. Huke, visiting SCIentist, Agncultural Economics Department, 

IRRl. 
Target area delineation for rice-based croppmg patterns in Iloilo Province. Mr. R. Magbanua and Dr. R. A Morris. 
Double-cropping ramfed rice in Iloilo Province. Mr. F. Bolton and Dr. H. G. Zandstra. 
The slow blast mfection in rice. Dr. R. L. Villareal. 
Genetic studies on rice ratooning ability. Mr. F. Cuevas. 
Diallel analysis of root charactenstics in rice. Mr. J. Armenta. 
InherItance of heat tolerance in rice. Mr. D. MacKill. 
Varieties of upland crops for intensive cropping systems under rainfed-wetIand nce in the Philippines. Mr. E. God llano 

and Dr. V. R. Carangal. 
Comparison of insect pests and natural enemy abundance in weekly and biannual rice cropping systems. Mr. P. C. 

Pantua and Dr. J. A. Litsinger. 
Development ofbiotypes of Nllaparvata lugens (Stal). Drs. P. K. Pathak, E. A. Heinnchs, and M. D. Pathak. 
Nuclear behavior in asexual reproduction and its implications on pathogenic variability of Pyricu/aria oryzae. Drs. K. 

Row, l. Gunawardena, and J. P. Crill. 
Disease management of dryland crops grown before and after rice-chemical control. Mr. F. A. Elazegui and Dr. T. 

W.Mew. ~"-

Further studies on the transmission of rice ragged stunt virus. Mr. R. Daquioag. 
Laboratory and greenhouse studies of boron toxicity in rice. Ms. M. C. Cayton. 
Field studies of boron toxicity in rice. Ms. R. S. Lantin. 
Varietal differences in phosphorus use efficiency in rice. Ms. M. R. Orticio. 
Coastal saline soils in the Philippines as potential rice lands. Messrs. B. G. Quidez and M. Bemardo, and Dr. F. N. 

Ponnamperuma. 
Technical and economic factors in adapting mechanical reapers to small rice farms. Messrs. 1. Manalili, Ma Ji, and B. 

Duff. 
Response of rice and wheat at seedling stage to aluminum. Ms. V. Coronel. 
Variability in rice experimental data. Dr. M. B. de Ramos 
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An analysis of the cropping systems pattern monitoring data. Ms. M. Novenario and Dr. K. A. Gomez. 
Adaptability of rice cultivars to different temperature patterns. Mr. Li Tai Gui, Dr. B. S. Vergara, and Mr. R. M. 

Visperas. 
Screening cropping systems innovations within a whole-farm framework. Ms. E. Labadan. 
Methodology of low temperature screening at different growth stages. Mr. Lt Tai Gui, Dr. B. S. Vergara, and 

Mr. R. M. Visperas. 
Mechanisms of moderate resistance in rice varieties to the brown planthopper Nliaparvata iugens (Stal). Mr. Dang 

Thanh Ho and Dr. E. A. Heinrichs. 
Carbofuran - a direct growth stimulant of rice. Mr. M. S. Venugopal and Dr. J. A. Litsinger. 

General seminars 
Irrigation and agricultural development: the case of Bangladesh. Dr. S. I. Bhuiyan. 
The National Irrigation Administration's current projectS and future plans for irrigation development in the Philippines. 

Mr. B. Bagadion, assistant administrator, National Irrigation Administration, Quezon City. 
The rural development program of the Asian Institute of Management. Dr. E. de Jesus, professor, Asian Institute of 

Management, Metro Manila. 
Genetics in the service of rice improvement. Dr. G. S. Khush. 
Farmers' approaches to irrigation management. Dr. R. de los Reyes, research associate, Institute of Philip pine Culture, 

Ateneo de Manila University, Quezon City. 
Irrigated crop production in Pakistan: problems and potentials for the INDUS food machine. Dr. A. C. Early. 
Communication interaction patterns among members of two international agricultural research institutes. Mr. R. L. 

Cowell, visiting associate editor, Office of Information Services, IRRI. 
Irrigation development and management for food self-sufficiency in Asia. Dr. K. Takase, deputy director, Project 

Department, Asian Development Bank, Manila. 
Use of induced· mutations in improvement of native rices adapted to adverse soils. Dr. M. Mahadevappa. 
Allelochentics and plant defenses. Dr. R. C. Saxena. 
Current status of insect control technology for rice-based cropping systems. Dr. J. A. Litsinger. 
Weeds and rice. Dr. D. O'Brien, agricultural econontist, National Crop Protection Center, University of the Philippines 

at Los Baiios, College, Laguna. 
Review of the current research on blue-green algae and phototropic nitrogenflxation at IRRI. Dr. P. Roger, visiting 

scientist, Soil Microbiology Department, IRRI. 
Risk in farm,planning. Dr. J. C. Flinn. 
A comparative study of the soil zinc fractions determined by chentical methods and electroultraflitration (EUF) and 

their relation to zinc content in rice. Dr. A. S. P. Murthy. 
Economic evaluation of improving irrigation systems management: a progress report. Dr. L. E. Small, visiting 

agricultural economist, Agricultural Eeonontics Department, IRRI. 
Recent research with lepidopterous sex pheromones. Dr. W. Roelofs, professor of organic chemistry, New York 

Agricultural Experiment Station, Cornell University, Geneva, New York, USA. 
Clay mineralogy of some rice soils in relation to their fertility management. Dr. M. I. Bajwa. 
Social responsibility in international agricultural research. Dr. V. Ruttan, professor, Agricultural Economics, Univer

sity of Minnesota, USA. 
Management of everglade soils. Prof. George H. Snyder, soil chemist, Institute of Food and Agricultural Science, 

University of Florida, USA. 
Color visuals from OIS - they're "slide magic." Mr. W. H. Sntith. 
Issues of cropping systems research at IRRI. Dr. H. Zandstra. 
Rice production in pre-Spanish Philippines. Dr. W. Scott, Seminary Trinity College, Quezon City. 
Riceand rural women in southern and eastern India. Dr. J. Mencher, professor, Anthropology Department, Graduate 

School, City University of New York, USA. 
Varietal resistance of rice to insects in storage. Dr. B. M. Rejesus, associate professor of entomology, University of the 

Philippines at Los Baiios College of Agriculture, College, Lagrma. 
The environmental impact of long-over geothermal power program. Mr. P. Barnett, senior geochemist, Geothennal 

Power Consultants to Energy Development Corporation, Philippine National Oil Company, Metro Manila. 
The role of credit in agricultural development. Mr. T. Azada, adntinistrator, Agricultural Credit Administration, Metro 

Manila. 

PUBLICATIONS AND SEMINARS 461 



Potentials and problems of hybrid rice. Dr. S. S. Virmani. 
Factors affecting herbicide tolerance in dry~seeded rice. Dr. A. W. Ruscoe. 
Development assistance to upland smallholders in the Southern Philippines: methods, result, and constraints. Mr. G. L. 

Denning, visiting associate field specialist, Rice Production Training and Research, IRRI. 
The livelihood component of IIRR and the People School. Dr. T. Olsen, team leader of Livelihood Program, 

International Institute of Rural Reconstruction, Silang, Cavite. 
Resource management issues for the eighties: five items for an Asian agenda. Dr. J. Cool, Ford Foundation 

representative, Ford Foundation, Manila. 
Flat price structures and price stabilization for national grains organizations. Dr. J. Snell, senior marketing economist, 

College of Development Economics and Management, University of the Philippines at Los Banos, . College, 
Laguna. 

Integrated control ofthe rice gall ntidge in South China. Dr. Chiu Shin-Foon, professor of entomology, South China 
Agricultural College, Kwang-Chow (Canton), People's Republic of China. 

The role offormal organization in agricultural technology utilization: the case of the Kabsaka project. Dr. R. Cuyno, 
program leader, Management of Rural Development Program, College of Development Economics and Man
agement, University of the Philippines at Los Banos, College, Laguna. 

Varietal resistance in relation to NGA rice marketing. Mr. J. Tanchanco, administrator, National Grains Authority, 
Quezon City. 

The naked-seed rice and some contributions on its morphological and physiological characters. Dr. Tang Shi-Hua, 
director, Laboratory of Developmental Physiology, Shanghai Institute of Plant Physiology, Academia Sinica, 
People's Republic of China. 

The U. S. National Plant Germplasm System. Dr. D. W. Barton, visiting director for research administration, IRRI. 

Special seminars 
Theory and practices of mechanical direct sowing of nce under submerged field. Prof. Shozo Mitsuishi and 

Prof. Yoshiki Nakamura, Ishikawa Prefecture, Japan. 
Theory and practices of modern seed productIOn systems for cereal crops in Japan. Dr. Hiroshi Ito, Ishikawa Prefecture 

College of Agriculture, Ishikawa Prefecture, Japan. 
Oxidizing power of rice roots as a defense mechanism against iron toxicity. Dr. T. Ando. 
Agricultural productivity in the Soviet Union. Dr. P. Desai, professor of economics, Department of Economics and the 

Russian Institute, Columbia University, and research associate, Harvard RUSSian Research Center, USA. 
Introduction strategies for major genes determining crop resistance to diseases and pests. Dr. B. Trenbath, ecologist, 

Imperial College, London. 
Dynamic characteristics of a tractor eqUipped with a rotary tiller. Engr. Y. Shibata, Yanmer Diesel Ltd, Kinomoto-Cho, 

Shiga-Ken, Japan. 
Concept of weed management. Dr. L. J. Matthews, weed specialist, FAO, Rome. 
Some studies on mtrogen losses in wetland rice soils. Dr. C. S. Weeraratna. 
Aspects of general pest resistance in plants. Dr. P. Albersheim, professor of molecular, cellular, and development 

biology. Department of Chemistry, University of Colorado, USA. 
Specific resistance mechanisms in plants - gene-for-gene interactions. Dr. P. Albersheim, professor 'of molecular, 

cellular, and development biology. Department of Chemistry, Umversity of Colorado, USA. 
The Philippine art scene. Mr. M. Duldulao, art critic. 
Physical.edaphology studies on rainfed rice-based cropping systems. Dr. S. S. Hundal. 
Mechaclsms ofiron reduction in submerged soils. Dr. J. C. G. Ottow, visiting scientist, Soil Microbiology Department, 

IRRI. 
The growing U. S. interest in organic agriculture and its relevance to third world countries. Dr. R. R. Harwood, director, 

Organic Gardening and Farming Research Center, Rodale Press, Emaus, Pennsylvania, USA. 
Testing and evaluation pf agricultural machineries in Japan. Mr. M. Ariyoshi, agricultural engineer, Oyama, Japan. 
Measurement problems and safety precautions in the use of hydroprobe depth moisture gauge. Dr. H. U. Neue. 
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The Institute received $19,263,203.71 during 1980. 
The Ford Foundation gave $315,565 - $100,000 

for core operations and capital expenditure, and 
$215,565 in support of rice research and develop
mentin Thailand ($20,565), Bangladesh ($170,000), 
and the Philippines ($25,000). 

The Rockefeller Foundation gave $253,429.46, 
which included $200,000 for core operations and 
capital needs, $26,400 toward the stipend and mis
cellaneous expenses of a postdoctoral appointee; 
$25,000 toward preparation and planning of a con
ference on chemical research and its application to 
the world's expanding food needs; and $2,029.46 
as a grant for 1979-80 in appreciation for the cor
dial reception accorded to Rockefeller Foundation 
fellows. 

The United States Agency for International 
Development (USAID) gave $5,574,080.18 -
$3,830,000 fQr core operations, $50,702.18 for 
expanding, strengthening, and further institution
alizing the National Applied Research and Ex
tension Program for Transplanted Rice; and 
$337,468.42 for industrial extension of small-scale 
agricultural eqnipment developed at IRRI. 

USAID also released $1,355,909.48 forcontinu
ing contracts: 

• $214,253.64 for a contract between IRRI and 
the Government of Sri Lanka for assistance in 
implementing rice and cropping systems re
search projects with funds provided by a 
USAIDloan. 

• $408,084.47 for supporting a 2.5-year project 
for accelerated development and use of im
proved rice technology in Indonesia. 

• $99,035.25 for collaborative rice research in 
Pakistan. 

• $273,557.22 for a project on the consequences 
of mechanization on small farms. 

• $227,275.90 for the services of an industrial 
extension engineer for the small-scale agricul
tural equipment extension project of the Gov
ernment of Indonesia. 

• $133,703 to support setting up of a Nutritional 
Evaluation Laboratory as a regional center 
for research on the nutritional value of high
protein cereals and legumes and weaning 
foods in children. 

The Japanese Government gave $2,800,000 for 
purchase of research and training equipment, for 
partial support of cropping systems research, for 
expenses of the Plant Physiology and Soil Micro
biology Departments, and for partial support of 
the GEU program. 

The Ministry of Overseas Development, United 
Kingdom, gave $1,148,250 for the core program. 

The Canadian International Development 
Agency gave $1,088,750 for core operations; 
$341,855 for cooperation between the Bangladesh 
Rice Research Institute and IRRI; and $634,785.45 
for cooperative research on rice, rice-based crop
ping systems, and development of machines for 
small-scale farming between the Government of 
Burma and IRRI. 

The International Development Research Cen
tre (IDRC), Canada, gave $412,907.42. Of that 
$29,748 was part of a 3-year grant for cropping 
systems outreach in South and Southeast Asia. 
The IDRC grant included $43,306.42 as part of a 
2-year support o(research in cooperation with the 
Central Research Institute for Agriculture, Indo
nesia, to develop cropping systems for rainfed and 
partially irrigated rice areas and to adapt them in 
farmers' fields; $209,543 as part of a 4-year grant to 
support a multiple cropping research project at the 
Bangladesh Rice Research Institute; $120,430 for 
the International Rice Agro-Economic Network 
(IRAEN) Phase II; and $9,880 to support scholar
ships at IRRI and the University of the Philippines 
at Los Banos leading to MS in Weed Science. 

The European Economic Community gave 
$1,352,885.51 for water management, scholarships 
for candidates from developing countries, and par
tial support of the GEU program. 

The Australian Government gave $811,433.86, 
of which $583;569 was for core operations, includ
ing travel of Australian scientists, and $227,864.86 
for expansion of technical assistance and collabor
ative relationships with the Bangladesh Rice Re
search Institute. 

The Federal Republic of Germany gave 
$850,464.70 for core operations; $15,000 for sup
port of a research associate; $9,129.47 for support 
of a visiting scientist in soil microbiology; and 
$79,125 as fITst instalhnent for the construction of 
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an Isotope Laboratory. 
The International Development Association 

gave $255,000 for core operations and capital 
expenditures. 

The United Nations Development Programme 
released $1,439,028, of which $1,152,900 was for 
the International Rice Testing Program; $274,128 
to investigate nitrogen fixation associated with 
wetland rice; and $12,000 toward a meeting of the 
Nitrogen Fixation Advisory Committee. 

The International Fund for Agricultural Devel
opment gave $500,000 for research on rice-based 
cropping systems. 

The OPEC Special Fund gave $200,000 to sup
port the GEU program. 

The Government of Indonesia, using a World 
Bank loan, released $168,362 to IRRI for devel
opment of research facilities at the Sukamandi 
Branch of the Central Research Institute of Agri
culture and for scientific and technical assistance to 
rice research at Sukamandi. 

The Government of Demnark gave $165,158.16 
for the core program. 

The Government of the Philippines gave 
$100,000 for the core program. 

The Government of Sweden gave $119,760.48 
for the core program. 

The Swiss Federal Council, represented by the 
Swiss Development Corporation, gave $255,700 to 
support the studies on the effectiveness of nitrogen 
fertilizers used for rice. 

The Government of New Zealand gave $24,300 
for the core program. 

Since July 1976, a contract between IRRI and 
the International Centre ofInsect Physiology and 
Ecology has supported a joint program for ecolog
ical research on rice planthoppers using funds 
from the Australian Government. In 1980, 
$25,562.01 was released for use. 

Since February 1978, a contract between IRRI 
and the International Fertilizer Development Cen
ter has supported a joint project on the fate and 
efficiency of nitrogen fertilizers in lowland rice. 
IFDC reimbursed IRRI $36,557.46. 

In 1976, IRRI entered into a cost-reimbursement 
contract with the U.S. National Institutes of 
Health to study ways of increasing protein and 
essential amino acids in the rice grain through 
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plant breeding. In 1980, $13,729.42 was reim
bursed. 
Other donors were: 

• Philippine Council for Agricul
ture and Resources Resarch: 
(a) cooperative applied research 

on rainfed rice .......•.... $24,961.42 
(b) cooperative project toward 

improved organization of 
small farmers for intensified 
rice production .......... . 

• National Food and Agriculture 
Council, training government 
extension technicians ...... : .. . 

• International Board for Plant 
Genetic Resources, field collec-
tion of indigenous rice germ-
plasm in South and Southeast 
Asia ...................... . 

• Imperial Chemical Industries, 
research grant .............. . 

• Stauffer Chemical Company, 
weed control ............... . 

• Ciba-Geigy, agrochemical 
research ................... . 

• Monsanto, herbicide research .. . 
.; FMC, International, entomologi-

cal research ................ . 
• Montedison, pest control ..... . 
• Cyanamid Overseas Corporation, 

weed control and insect 
control ..................... . 

• Uniroyal Chemical, pesticide 
research ................... . 

• Shell Chemicals Co., research on 
agricultural chemicals ........ . 

• University Hohenheim Stuttgart, 
travel for Dr. Ottow's research 
project .................... . 

• United Nations University, 
research on protein requirements 
of young Filipino adults ...... . 

• Office of Rural Development, 
Korea, seed multiplication pro-
gram and cooperative research 
program ................... . 

• Kemanobel, pesticide 
research ................... . 
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Staff changes 
January 

Dr. Ian Fillery jomed the Soil Chemistry Department 
as aSSOCIate soil scientIst In the International Fertil
IZer Development Centre (IFDCl-IRRI collabora
tive research. 

Dr. Leonardo Gonzales joined the Agricultural Eco
nomics Department as associate agricultural econ
omist under the joint IRRI-IFPRI Collaborative 
Project. 

Dr. Muo-Hue Heujoined the Plant Breeding Depart
ment as plant breeder. 

Dr. Jerry L. Mcintosh began his I-year sabbatical 
leave wIth the Benchmark Soils Project, University 
of Hawaii. 

Dr. Floyd H. Nordland joined the Rice Production 
Training and Research Department as biologist 
and traimng specialist. 

Dr. Rosendo K. Palisjoined the Institute's Collabora
tive Project in Bunna as agronomist. 

Dr. John A. Varley of Tropical Soils Unit, Land 
Resources Development Center, United KIngdom, 
Joined the Chemistry Department as visiting scien
tist. 

February 
Dr. Enc T. Craswell of IFDC, Alabama, completed 

his assignment at IRRI. 

March 
Dr. Osamu Mochida, entomologist with the Cooper

ative CRIA-IRRI Program in Indonesia, resigned. 

April 
Dr. Masao Kikuchi joined the Agricultural Econo

mics Department as associate agricultural eco
nomist. 

May 
Mr. Robert Cowell completed his I-year assignment 

as visiting associate editor, Office of Infonnation 
Services. 

Dr. Russell D. Freed, associate plant breeder under 
the joint GSL/IRRI Collaborative Program, re
signed. 

Dr. J. S. Nanda, plant breeder, Plant Breeding 
department, resigned. 

June 
Dr. Clarence C. Bockhop joined the Agricultural 

Engmeering Department as agricultural engineer 
and department head. 

Dr. Pierre A. Roger of the Office de la Recherche 
Scientlfique et Technique Outre-Mer (ORSTOM) 
completed his I-year assignment as visiting scien
tist, Soil Microbiology Department. 

July 
Dr. Virgtiio R Carangal began his I-year 5abbatical 

leave at the North Carolina'State UniversIty. 
Mr. Glenn L. Denning of the PhIlippine-AustralIan 

Development Assistance Programme (PADAP) 
joined the Rice Production T raming and Research 
Department as visiting associate field specialist. 

Dr. Robert W. Herdt, agricultural economist of the 
Institute, completed hIS I-year sabbatical leave at 
Cornell University. 

Dr. Peter R. Hobbs, associate agronomist in the Insti
tute's project 10 Bangladesh, resigned. 

Ms. Debra Jefferson of the University of Missouri 
jomed the Office of Information Services as visiting 
assOCiate editor. 

Dr. JohnP: Jones of the UniversityofFloridajoined 
the.Plant Pathology Department as Visiting SCIentiSt. 

Dr. Ha]lmu Komada of Central Agricultural Exper
iment Station, Japan,joined the Soil Microbiology 
Department as visiting scientist for 2 months. 

Dr. K. C. Ling, plant pathologist of the Institute, 
completed his I-year sabbatical leave at the Univer
sity of California. 

Prof. Dr. J. C. G. Ottow of the Universitat Hohen
heimjoined the Soil Microbiology Department as 
visiting soil scientist. 

Dr. M. C. Rush of the LonisIana State University 
completed his I-year assignment as visiting SCIen
tist, Plant Pathology Department. 

Dr. Leslie E. Small of Rutgers, State University of 
New Jersey, completed his I-year assignment as 
visiting agncultural economist, Agricultural Eco-
nomics Department. 

Dr. S. S. Vinnani joined the Institute as plant breeder 
for the Cooperative Project with the Arab Republic 
of Egypt. 

August 
Prof. Jacques L. Auclair of the University of Mont

real joined the Entomology Department as visiting 
entomologist. 

Dr. Foster B. Cady of Cornell University joined the 
Agronomy Department as visiting scientist. 

Dr. Robert E. Huke of Dartmouth College com
pleted his I-year assignment as visiting scientist, 
Agncultural Economics Department 
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,Dr. Leo Dale Haws, head, Rice Production Training 
and Research Department, began his I-year sabbat
lcalleave at the Texas A&M Umverslty. 

Dr. U. S. Jones of Clemson University completed his 
I-year assignment as visiting agronomist, Agron
omy Department. 

Mr. Donald O. Kuether, agricultural engineer, Agri
cultural Engineering Department, resigned. 

Mr. John A. McMennamy, agricultural engineer, 
Agricultural Engineering Department, resigned. 

Mr. C. J. Moss join~d the Institute as agricultural 
. engineer in the Cooperative Project with the Arab 

Republic of Egypt. 
Dr. J. P. G. Webster of Wye College joined the 

Agricultural Engineering Department as visiting 
agricultural economist. 

September 
Dr. W .. Harvey Reissig of New York State Agricultu

ral Experimeot Station completed his I-year assign
ment as visiting entomologist. Entomology Depart
ment. 
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November 
Mr. John P. Bnenofthe University of Sydney Joined 

the Office of Information Services as viSltmg SCIen
tist. 

Dr. Johnny W. Pendleton joined the Multiple Crop
ping Department as agronomist. and department 
head. 

Dr. Hubert G. Zandstra. agronomist and head, Mul
tiple Cropping Department, resigned. 

December 
Dr. Donald W. Barton, director, New York State 

Agricultural Experiment Station, Cornell Univer
sity, completed his I-year assignment with the 
Office of the Director General. 

Dr. Aoyd H. Nordland, bIOlogIst and-trainmg spe
Cialist, Rice Production Trainmg and Research 
Department, resigned 

, 
I 

I. 
I , 
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~ I 
,J Crop weather ,-

" 

I 
Total 1980 rainfall was 2,303 nun (1979 total was Total evaporation was 1,925 mm, Solar radia-
1,888 and 1959-80 mean is 2,040). The wettest tion and humidity were above average for ail 
months were October, June, July, and November months. There was more bright sunshine during 
(312-386 mm); the driest month was April (16.1 February, March, April, and May than during tlie 
nun). Much of the rainfall was due to 15 tropical rest of the year. Highest maximum temperature 
cyclones that crossed the country between Febru- was in May (34.10 C), and the lowest minimum was 

" 
ary and November - 2 affected dry season field in February (20.9" C). Humidity ranged from 81 to 
research at IRRI and 3, IRRI outreach trials in the 90%. 

" . ' t 
Cagayan Valley. Table I shows the weather data for 1980 . 

., 
Table 1. Weather elements for 1980, and 1959·80 avemge. IRRJ. 

Jan Feb Mac Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
total 

Ramfall .. 
'" Totals for 1980 175 16.4 1223 161 1752 3649 3429 2640 1900 3859 3125 950 2,303 

Mean 1959·80 412 190 303 33,6 1940 2432 2620 2719 264.1 2385 2721 1705 2.040 

Evaporation (mm) 

Totals for 1980 1425 1743 2120 2330 2166 1460 147.2 1409 1293 132B 1298 1208 1,925 
Mean 1959·80 1357 1583 211.4 2405 2136 1598 1448 1391 1289 1343 1140 1115 1,892 

.' Solar radiation (g/ca/ cniZ) 
'0. 

Totaisfor19BO 12.871 14,332 15,767 17,165 16.851 14,427 14.308 14.582 11,694 13.097 11.694 10.776 167.564 
Mean 1 959-80 10.718 11,891 15,128 16.455 15.564 13,466 12,916 12.278 11,675 11,369 9.923 9,432 150.815 

Bright sunshme (h) 

Tota15 for 1980 1859 2145 2640 2880 2373 179.1 1864 1759 1008 1659 1697 1269 2.304 

Max temperature fC) 

Mean 1980 29.6 31.0 32.1 337 34.1 323 31.4 31.5 311 316 310 294 
Mean 1959·80 290 301 31.7 337 339 328 317 314 314 310 301 291 

Mm temperature fe) 
Mean 1980 214 209 212 226 23.5 238 23.1 229 23.2 233 227 221 
Mean 1959-80 208 207 214 227 236 234 233 231 230 228 225 219 

Relattve humidity f/oj 

Mean 1980 90 85 84 83 81 98 87 87 88 88 90 90 
Mean 1959-80 86 84 80 79 79 82 84 86 87 86 86 87 
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