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Pop 12. First column, 5th paragraph, 6th line: change 28,409 to 
13,359. Table I: change 28,409 of Total to 13,359. 
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08 - qucptible. R - resistant. 

Page 126. Table 4: run a straight line across from under 8 in column 
Internode length (cm) to under 75 in column Cumulative 
length. 

Page 135. First column, 4th paragraph: change Krang Serang 55 to 
read Karang Serang 55. 

Page 193. Figure 12: change the title of the ordinate to read: Fertile 
eggs (cumulative no./100 M2 ). 

Figure 13, upper graph: change the title of the ordinate to 
read: Eggs laid (no./90 m2 per 24 h). 

Page 196. Table 30, column Predator fecundity (no. eggs/day): move 
the last 3 entries - 1.2 c, 4.8 b, and 7.6 a - to the right, in a 

separate column, to indicate 2separate experiments. 
Page 198. Table 32: remove asterisk (*) after -2 in column Difference. 
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Librada C. Blanco, BS. research assistant 
Javier Peralta, BS, research assistant 

RICE PRODUCTION TRAINING AND RESEARCH 
L. Dale Haws, Ph D, crop production specialist 
Leopoldo M. Villegas, MS, senior training assistant* 
Rizalino T. Dilag, Jr., BS, senior research assistant 
EmeritoAdelaida 
Alfredo A. Domingo, MS, research assistant 
Rodolfo R. Salcedo, MS, training assistant 
Noemi M. Yapi, BS,training assistant
Noemio . Nra, BS, training assistant 
Conrado R. Nora,HS, training assistant 
Oscar A. Garcia, BS, training assistant 

William V. Barsana.BS, research assistant 
Rgalado M.Aseron. BS, research assistant 
Maxima B. Obusan, BS, research assistant* 
Erncsto G. Perez, BS, research assistant 
Victor M. Macalifiga, MS, research assistant** 

SOIL CHEMISTRY 
Felix N. Ponnamperuma, Ph D, principal soil chemist 
H. W. Scharpenseel. Ph D, visiting scientist 
Eric T. Craswell. Ph D, visiting scientist 

Lyle E. Nelson, Ph D. visilt scientisl 
Ruby U. Castro,MS, ass laust.idendit 
Rhoda S.Lanti, MS, senior researchassistant 
Myrna R. Orticlo, AS, research assislent 
Luis M. Bemardo, AS, research assistant 
Cointa C. Ouijano, S$, rearhassistant 
Rowena C. Evangelista, BS, research assistant 
Bemardo 0. Quidez, BS, research orIstsnt 
Enrlque L. Navarro, BS, research assistant 
Maria Theresa C. Cayton, BS, research assistant 
Alma B.Capati, AS, research assistant 
Ma. Concepcion 0. Estrada, BS, research assistant 
Marilou de Jose, BS, research assis nt 
Josefina L. Solivas, aS. research assistant 
Ernesto G. Castillo, BS, research aide 
SOIL MICROBIOLOGY 
Iwao Watanabe, D Agr, soil microbiologist 
Alva App. Ph D, visiting scientist 
Wilbur B. Ventura, MS, assistant scientist 
Wilfredo C.Barraquio, MS, research assistant 
Benjamin C. Padre, Jr., research assistant 
Corazon R. Espinas, 8S, r-search assistant 
Apes C. Tirol, BS research assitant 
Cresenciana D. Daez, BS, research assistant 

Teresita A. Santiago, BS, research assistant 
Nilda S.Berja, BS,researchassistant 

research assistantSusan Santiago, BS, 
Susan Santia, BS, research aide 
Delfin Cabrera, S,research aide 

STATISTICS 
Kwanchai A. Gomez, Ph D,statistician 
Keneth Paul Haydock, MS, visiting statistician 
John Leece, Ph D, visiting associate statistician 
Erlinda 0. Go, MS, senior research assistant 
Grace L. Reyes, BS, research assistant 
Priscilla A. Piguing, BS, research assistant 

Mary Jane Novenario, BS. research assistant 
Leonardo Lopez, BS, research assistant 
Mina L. Soriano, BS, research assistant 
Blenda M. Orbase, BS, research assistant 

B. Pua, BS research assistant* 
Irma Aguilar, BS, research assistant 
Jocelyn T. Garcia, BS, research assistant* 
Lea Grace Yap, BS, research atsistanti 
Victoria Calasin, BS, research assistant 
Roberto R. Cembrano, BS, research assistant 
Ma. Angela Chan, BS, research assistant 

Iraine Exconde, BS, research aide* 
Juanito Laqui, HS, research assistant 

*Left during the year. 

**Transferred during the year.
 
***On study leavc.
 

*Project appointment.
 
+"Onpart.time basis.
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About this report 
ThIbs 17th annual report covers research during 1978. The various sections deal 

to problem areas. The department or 
vith the interdisciplinary approach 

are identified in italics below the 
departments that performed the research 

topic heading. For example: 

EVALUATING DISEASE RESISTANCE OF BREEDING MATERIALS 

Plant Pathology 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
 

Agronomy and Plant Breeding Departments cooperate in the project VAR-


IETAL SCREENING. Because the Agronomy Department bears responsibil

ity for one phase of that work, its name follows the heading:
 

Dryland field screening (Agronomy). 

This report is on a metric basis. The International System of Units (SI) isnot,
 

however, completely adopted for abbreviations. All monetary units are as U.S.
 
an untreatedor check means

Unless otherwise stated, controldollars ($). moisture, and protein 
control, grain yield is calculated as rough rice at 14% 


content is calculated as a percentage of brown rice at 14% moisture. A single
 

at the 5% level of significance, and a double 
(*) means differentasterisk 

asterisk (**)means significantly diffcrent at the 1%level.
 

The report liberally uses abbreviations of names and terms often repeated
 

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

(days ifter transplanting), DAT (days after treatment), etc. Such abbreviations
 

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


Pedigrees 

sign (x). For example, IR32 x IR34 isnow written IR32/IR34. The sequence 

of crosses is indicated by the number of slant bars: (IR32 x IR34) x Bg90-2 is 
2. The third and further crosses are designated 

-now written IR32/IR34//Bg9O a superscript numeral. 
Backcrosses are indicated by

/3/,/4/,/5/, and so on. types of rice culture.to three fundamental
The report makes reference 

means rice grown without irrigation in unbunded 
Dryland (upland) culture 
fields. Rainfed paddy culture means rice grown without irrigation but in fields
 

that are bunded to impound water. Irrigated culture mearis rice grown with
 

of the terms dryland (instead of
 
irrigation in bunded fields. A shift to use 


upland) and wetland (instead of upland) as adjectives describing rice and
 

rice.growing soils begins in this report.
 

A thumb index on the back cover provides quick 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 highughts 

AN INTERNATIONAL FOCUS ON FOOD PRODUCTION 
ORD the 1970s as the decade of InternationalHISToaY WILL SURELY n 

focus on food production. The decade had barely started when the 

worldwide food shortages of 1973-75 occurred. That crisis produced 

the shocking realization that the world could face a period of chronic 

food shortages with their concomitant famines and social unrest. 

The response to the 1973-75 debacle wasdramatic. Most countries 

increase food producing (or purchasing) catook positive steps to 

pacity. Existing international organizations focused - or refocused 

wastheir attention on food production. A world food conference 

convened and a World Food Council organized. Food production was 

placed in highest priority by the World Bank and other major aid 

donors and lending agencies. Similarly national agencies put agri

culture and food at high priority levels in their national plans. 

The very favorable global food grain harvests since 1975 have not 

seriously altered the international concern for food. We are generally 

aware that the per capita food production in the developing countries 

same in 1977 as it was in 1973 - despite favorablewas about the 
weather in 1977 (and continuing in 1978) that boosted food grain 

production markedly, especially in India. The post-1975 gains, plus 

an overall buildup of food stocks, have given the uninformed the 

impression that the world's food concerns may be over. 

But a visit to Bangladesh would quickly dispel that impression. 

That country is faced with record droughts and a marked curtailment 

in rice production. Likewise, Indonesian farmers have endured bad 

weather and brown planthopper epidemics, as have rice farmers in 

Vietnam. Even Korea, which has one of the world's highest average 

rice yields per hectare, had a temporary setback in 1978 because of 

low temperatures and an unusual infestation of rice blast. 

Thc overall increase in food grain stocks in recent years is also mis

leading. For example, most of the rice stocks are in three countries: 

India, Japan, and the United States. Stock levels in most other coun

tries are small, and many countries continue to import rice. The in

crease in food grain stocks registered in 1978 was due mainly to 

increases in United States stocks. In fact a small decrease occurred in 

the total stocks o; the developing countries. 
Even though the world appears to have a temporary respite from 

the food crisis of the early 1970s, the need for international focus 

remains. We must deal with the immediate shifts in food to handle 

the current food shortage in Bangladesh, and with the longer range 

problem of how to double the food production levels by the end of 
this century. 

RESAC H1OuLIOti. t 



New h1i of IRRI lsmt omd advty 
a new high in IRRI involvement in internationalThe year 1978 saw 

cooperation. The international research networks, which IRRI helped 

initiate earlier, made continued achievements. The specific progress 
of the International Rice Testing Program and of the Cropping Sys

tems Program were most impressivtc, and our agroeconomic constraints 
to provide linkages withand farm machinery networks continued 

scientists and engineers in other countries. 
Our potential for future international cooperation was greatly en

hancei in 1978 by development of active cooperation with scientists 

from the People's Republic of China. This accomplishment was the 

culmination of 4 years of friendly exchanges among IRRI scientists 
1974, the Directorand administrators, and officials of China. In 

General of IRRI visited China as a member of a U.S. Plant Sciences 

study team. Chinese agricultural officials on trips to the Philippines 

visited IRRI in 1975 and early in 1976. They invited three IRRI teams 

of scientists to tour important rice-growing areas of China. Many 

Chinese scientists and other officials visited IRRI. 
In 1978, four Chinese rice scientists spent nearly 8 months at IRRI. 

While there they participated in a 4-month GEU training course and 

had joint research projects with IRRI scientists. Several Chinese scien

tists participated in 1978 international conferences at IRRI. 

Early in 1979, we formalized our working relationships with the 

Chinese Academy of Agricultural Sciences and developed a formal 

resum6 of cooperation that includes the exchange ofgenetic materials 
are geneticand scientists. Among the other areas of mutual interest 

resource collection and storage, international rice testing, innovative 

breeding techniques, biological fixation of nitrogen, small-farm ma

chinery development, and fertilizer efficiency. 
Cooperation with China on rice research is an important milestone, 

only for IRRI, but for all rice-growing countries. China is thenot 
world's largest rice producer. It produces far more rice than all the 

countries of North and South America and of Africa, combined. Its 

production is about as much as that of all the other countries of Asia, 

excluding India, combined (Fig. I). 
But China's importance as a cooperator is not based strictly on the 

size of its rice crop. The rice genetic resources in that country are in

valuable sources of genetic variability, which breeders can use to he!p 

improve rices around the world. Chinese scientists have made remark

able progress in developing and utilizing hybrid rice. They report 

about 5 million hectares of new hybrids. 
The expanding cooperation with China can also be significant to 

that country. It gives Chinese scientists access to the world's largest 
It will encourage an interactioncollection of rice genetic resources. 

with scientists from other rice-growing countries, and especially those 

from Asia. Breeding lines with host resistance to major insects and 
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1978. diseases - a major concern in South China - can be exchanged as can 

scientists among cooperating countries. Already plans are under way 

tour to be held in 
for a jointly sponsored conference-cur-monitoring 

South China in October 1979. Scientists from other Asian countries 

and from IRRI will participate along with their Chinese counterparts. 

Major achievements acontinues to be 
Rice Testing Program (IRTP)

The International 
among rice scientists around the 

point for cooperationmajor focal 
1978 scientists from 52 countries requested seed sets of 

world. In were supplied by CIAT 
862 nurseries from IRRI. Additional seeds 

for nurseries in Latin America and WARDA, and by IITA for nurs

eries in Africa. 
The flow chart in Figure 2 shows how IRTP assures the dissemina

tion and testing of the world's best rice breeding materials. Entries in 

2. MWeIRTP Auweflel help 
funne get new improved 

vaetie either through direct 
introduction of thrugh
hybridization of prOmisng
 

mtrei.
 

RESEARCH MIOILIGiiTS 3 



Tdb I. EabM mtasinls from IRTP sonee which bare boe eleand e vasidb. In 

RqWion. cmty oftudon Orwo NameM" r 

3.ns 	 uG90-2 Sri Lanka Sln" 
DR51414 Bangladesh Sintheka 
tR34 IRRI Sindmuthwe 

Vioenam 	 IR2071425-1 IRRI NN 3A 
Jaya India 
Peta I-1 Indoneia 
Biplab Bangladesh 

outhAsk 
BaNadeh 	 IR2061-214-34-2 IRRI DR6 

IR2053-87-3-1 IRRI BR7 

IndlO 	 BR5 1-46-Cl Bangladesh -
IR30 IRRI IR30 
IR34 IRRI IR34 
IR36 IRRI IR36 

Nepal 	 0G90-2 Sri Lanka Janaki 
IET2938 India Durp
IR2061-628-1-6-4-3 IRRI Laxami 
IR207 I-1 24-6-4 IRRI Sabitri 

Sub-SaharaAfrica 
Ivory Coast Jaya India -
Sierra Leone Cica 4I1R665/Tetep CIAT ROK 11 

Cica 4//IR665/Tetep CIAT ROK 12 
LatinAmerica 

Bolivia 	 IR1529-430-3 IRRI V5 

Cuba 	 IR1529-430-3 IRRI IR1529 

UNamed in certain states. 

the IRTP nurseries that perform well in the country of testing are 
either included as parents in the national breeding programs or tested 
further directly in national yield trials. IRTP has been in operation 
long enough to show that the system works and that national scien
tists are making effective use of the genetic materials that IRTP is 
helping to disseminate. Table 1 lists the rices from IRTP nurseries 
that have been released or recommended for release in 9 countries 
around tfle world. 

The computerization of data handling and the timely publication 
of performance data from the nurseries add greatly to the value of 
the IRTP. From these data, varieties or lines with unusual perform
ance stability are identified. The seven entries in the replicated yield 
trial for early-maturing rices shown in Table 2 illustrate this point. 
When grown in environments varying from the dry hot climate of 
Egypt to the relatively cooler and moist climate of Taiwan, these 
varieties generally performed well. They yielded as well as the locally 
adapted check in two-thirds of the trials. 
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4.6 33.6 

BRSI-46-1-CI Bangladesh 21 8 
4.5 36.0IRRI 21 8IR36 4.6 33.8 

B1014b-P-18-14 Indonesia 22 6 
4.5 33.6Indonesia 21 6B1991-Pn43-4-1 4.5 34.119 5IndonesiaB54lb-Pn-58-5-3-1 4.5 36.0IRRI 24 1IR1561-228-3-3 5 4.6 33.8 

BPI RI-2 Philippines 20 

Monitoring and planning conferences 
We utilize IRTP for further interactioll among scientists from national 

programs. At the April 1977 International Rice Research Conference 
1978 and 

attended by nearly 125 	 scientists, general plans for the 

made. The plans included a record number
1979 research years were 

tours focused on regional
of monitoring tours in 1978. Four such 

research activities, six were concerned with research problem areas. 

After each monitoring tour, the participants make recommenda

tions for improvement of the tests and for needed collaborative re

search. This year, following four of the tours, we expanded the so 

what sessions into formal planning workshops. The workshops support 

tours are based - that rice 
on which the monitoringthe concept 

and can be solved only with are internationalproduction problems 

international cooperation among scientists.
 

Incorporation of insect and disease resistance 

We have succeeded in markedly increasing the degree of host plant 

resistance to major rice diseases and insect pests. Traditional varieties 

are susceptible to most of the major rice pests (Table 3). By screening 

Table 3. Comparative resistance to major insects and diseases of traditional rice varieties in 

linesincluded in the 1978 replicated yield trials. 
the germplasm bank and Improved 


Cultivars showing resistance or moderately
 
resistant reactions (%) 

Insect or disease Traditional varieties from 	 Modem lines in 1978 
replicated yield trialsgermplasm bank 

887Brown planthopper (1) 50(2) 60
(3) 515Green leafhopper 915Whorl maggot 10031Bacterial blight 9876Rice blast 9391Sheath blight 

Rice tunpo virus 2 	 81 

SR2113ARCHII molGNU6o 



varieties in the gemplasm bak we were able to select the few trd 

tionut cultivars that are resistant to or tolerant of the major rice pests. 

used as parents in our GEU program to incorporate theThey were 
desired trait into lines with other superior characteristics. 

The extent to which we were successful is shown by comparison 

of the resistance of traditional varieties and the resistance of advanced 

our replicated yield trials. Except in resistance to whorllines in 
maggot and sheath blight, the modern genetic materials are definitely 

superior to the traditional varieties. These modem pest-resistant lines 

are made available, through IRTP, to each cooperating country. 

Biochemical basis of hect resistance 
We continued studies to determine the biochemical basis for resistance 

of rice varieties to insect pests. In one study we learned that naturally 

occurring chemicals in the resistant varieties are likely responsible for 

Extracts from varieties resistant to gravid stripedtheir resistance. 

borer moths dramatically reduced the hatchabiity of the borer's eggs.
 

Hatchability was 98% in the presence of extracts of susceptible varie

ties and only 2%with extracts of resistant varieties.
 

Even with low dosages of the extracts from resistant varieties, the 

larval development into pupae was abnormal. The moths that emerged 

from the few surviving pupae often had incompletely developed wings 
moths did not completelyand a pupal abdomen (Fig. 3). Some 

emerge from the pupal case. 

Lines with short growth duration 
Widespread interest in methods of increasing cropping intensity has 

rices with short growth duration. IR36, whichfocused attention on 
matures in 110-115 days from seeding, has become popular in the 

Philippines and has been released to farmers in Indonesia, India, and 

Vietnam. 
Research to develop high yielding, pest-resistant rices with even 

shorter growth duration than IR36 began a few years ago. In our 

1978 replicated yield trials breeding lines with a growth duration of 

90-100 days were evaluated. These lines inherit this trait from the 

dose of an extract 
from aresistant rice variety 
caused abnormal development 

3. A10-$d 

of striped borer moths (eft). 
The moths on the dt 
emerpd from untreated 
p"O. 
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I10 6.5 62 
IR36 

early-maturing Indian varieties ADT 4 and Cauvery and the Chinese 

varieties Ai-nan-Tsao 1 and 29 Lu I. Yields from the new liles were 

from 5.2 to 6.3 t/ha. IR36, which requires 10 to 20 days longer to
 

mature, yielded 6.8 t/ha in the same tests (Table 4).
 

Nitrogen fixation 
efforts to determine the magnitude of nitrogen

We continued our 
sources in wetland rice culture. Previous re

fixation from different 
with indirect analytical techniques, had suggested that con

search, 
being fixed by heterotrophicweresiderable quantities of nitrogen 

organisms in the root zone of the rice plant. But no direct measure

ments of such fixation had been made. 
We used Kjeldahl nitrogen techniques to demonstrate that nitrogen 

fixation other than that associated with blue-green algae does occur 

in paddy rice culture (Fig. 4). To do that we grew rice in the green

house where we could control the light striking the paddy water, 

thereby limiting the growth of light-dependent blue-gree, algae. These 

experiments provide additional evidence that nitrogen fixation by 
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S.Average Increases IngVoss 
and net returns from test 
inputs were higher than those 

The number of trials for each. 
location is shown by number 
in parentheses. Note that 
the higher inputs were 
generally profitable during 
the dry season but gave low 
net returns of even losses 
during the wet season. 

300 -

Mo

50 

0 

-100 

150 

50 

0 

-50 

-1O 

heterotrophic organisms and by light-dependent blue-green algae 

occur simultaneously in the rice paddy. 

Constraints on rice production 
Farmers do not automatically obtain economic benefits when they 

food. Four years' data from experiments in six Asianproduce more 
countries on factors constraining rice yields on farmers' fields were 

in 1978. We found that technology inputs higher than
summarized 
those used by the farmers generally gave good returns in the dry 

season. But in the wet season the costs of added inputs negated most 

of the ,roduction gains and in some cases resulted in losses from the 

higher inputs (Fig. 5). 
Levels of fertilizer application higher than those used by farmers 

season. In con
gave profitable increases especially during the dry 

trast, high input levels for insect control gave discouragingly low net 

increases in the dry season, and resulted in losses in wet-season trials 
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(Fig. 6). These findings provide a challenge to scientists concerned 
with pest management. They also explain the reluctance of many 
farmers to use insecticides unless the pest threat to their crop is 
obvious. 

Among the more interesting findings from constraintsexperiments 
was the discovery of a performance gap in fields managed by farmers. 
The farmers obtained lower yields than the researchers with the same 

given levels of fertilizers. 

Computer-based data management 
We have developed computer programs to assist us and our coopera

tors in national institutions in handling the tremendous volume of 

data collected annually. In 1978, our computerization efforts cen

tered on three major program areas - Genetic Evaluation and Utiliza
tion (GEU), Cropping Systems, and other networks (INFER, IRAEN, 
etc.). The scope and nature of work are summarized in Table 5. 

now0 GEU. The germplasm computer data bank (GB) contains 
1,314,870 records (representing information on variety name and 

origin; and data on 38 morphoagronomic characters and 37 GEU 
traits) for 38,535 registered accessions of 0 sativa. The breeding 

records of 25,066 crosses are stored, and can be used in tracing the 

family tree of any desired crosses. We also keep the inventory of all 

selected lines from IRRI crosses. The GB information retrieval system 
(developed and completed in late 1976) is used frequently by our 

GEU scientists and other rice researchers. It provides instant access 
to - and retrieval of - desired information from the germplasm data 

bank. 
* Croppingsystems. The Cropping Pattern Monitoring (CPM) proj

ect is an undertaking of the Asian Cropping Systems Network. So 
far, only data for 3 years (1975-78) from the Philippine sites 
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Hoof 
Compute Mw faturesft,011110 rcords 

1,314870 Data stOIe
GarmPbm Bank (GB) Retrieval of desirable accesons 

Useedlaw 	 924,815 Tracing of family tree of IR cos 
Inventory of selections 

Generating standardized fieldbooks
Testing and Evaluation 672,201 

Data analysis 

IRTP 	 5,223,500 Data analysisand reporting
Information storage and retrieval 

Oopping Systems:Cropping Pattern 
Monitoring (CPM) 1,468,755 	 Model development

Analysis of agroclimatic zones 

Farm Record Keeping (FRK) 3,217,800 Economic analysis 

Net work: 
IRAEN 	 1,016,996 Agronomic and economic analyses 

Data analysis and reporting97,546INFER 

(Pangasinan and lloilo)are in our computer files. 
data files are farmers' daily

The Farm Record Keeping (FRK) 


records of production operations on their farms.
 
and INFER are computer

e Networks. The data for the IRAEN 
the two 

ized and are easily accessible to scientists throughout 


networks.
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FIMLD COLLEC ION 

After the 1977 Workshop on the Genetic Con
seratio of Rice, IRRI communicated with 
major rice-producing countries to systematic-
aly develop and implement field collection 
operations. In 1978 IRRI collaborated with 
Asian countries in assembling indigenous var-

ietis from areas where they were being 
replaced by improved varieties. Such replace-
ment had become so advanced in irrigated areas 
of the Philippines, Indonesia, Sri Lanka, and 
other countries that canvassing netted only 
few seed samples. 

IRRI staff members collected 364 seed sam-
pies in Sri Lanka during 2 major crop seasons.p~sSr 
Local extension workers sent in 16 more sam-
pies. Collaborative assemblage ineastern Bang-
ladesh netted 233 samples; extension workers 
sent in 43 more. 

IRRI staff members joined coworkers from 
the Philippine Bureau of Agricultural Exten-
sion in canvassing the northern Luzon coun-
tryside for traditional types; 448 seed samples 
were collected. Extension workers sent in 25 
other samples. The Bureau of Plant Industry 
collected 347 samples from different Philippine 
islands. 

A visit to Kalimantan, Indonesia, netted 89 
seed samples. Extension workers who were 
previously contacted sent in 501 samples from 
Java. 

IRRI participated directly in the collection of 
1,134 seed samples in the 1978 field trips. Local 
efforts added 1,171 samples. Since the initiation 
of such co!laborative efforts in 1972, 9,152 
samples have been collected with direct IRRI 
input. Another 28,409 samples (Table 1)were 
collected by local extension workers, rice 
breeders, peace corps woikers, college profes-
sors, anthropologists, missionaries, and other 
collaborators in 14 countries, 

IRRI also helped plan amassive field collec-
tion in 16 Indian states. The project, which was 
launched in 1978, was coordinated and funded 
by the Indian Council for Agricultural 
Research. Rice workers in Thailand canvassed 
the north, the northeast, and the central plain 
and collected about 700 samples. 

The International Board for Plant Genetic 
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Total 9,192 2714 

Resources (IBPGR) provided IRRI a grant to 
assist collaborative efforts. The funds were 
mostly used to assist national centers to collect 
local rices and ship seed samples to IRRI. 

INSTITUTIONAL EXCHANGES 

Indian germplasm was transferred to IRRI 
throughcontinuingcommunicationwithandvis
its to national and state organizations in India. 
In 1978 the IRRI germplasm bank received 
1,309 seed samples from Tamil Nadu Agricul
tural University; 937 from Pattambi Rice 
Research Station, Kerala; 88 from Patna Rice 
Research Station, Bihar, and 156 from the 
Agricultural University, Gujarat. 

Vietnam donated 100 winter rices to the 
germplasm bank; Cuba, 22 samples; the USSR, 
313; Hungary, 20. Donors provided 54 samples 
to replace dead accessions. 

Six hundred and forty-two diverse entries 
that national centers entered in the Interna
tional Rice Testing Program were deposited in 
the bank in 1978. Similarly,promising materials 
from the IRRI GEU program were entered and 
preserved. 

The Institut de Recherches Agronomiques 
Tropicales et des Cultures Vivribres (IRAT) 
provided 350 strains of African rice (0. glaber
rima). 
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SEED INCREASE, REJUVENATION. AND 
DIRB N SERJUENT A 

Field spe for seed increase, characterization, 
and rejuvenation wasexpanded to 5hain 1978. 
At 4 seeding dates, 4,725 plots were planted for 
seed multiplication; 3,491, for systematic 
characterization; and 2,603, for rejuvenation. 

Initial seed increase of strongly 
photoperiod-sensitive accessions must be under 
short day length. In November, 2,000 plots 

were planted to meet that need. About 2,000 
rows were grown for seed increase of exoticvar-
ieties, mutants, genetic testers, 0. glaberrima 
strains, and wild species, 

In the wet season, 0. glaberrima accessions 
were grown in 294 plots in an irrigated field; 15 
more accessions were planted in a fcrtile, hyd-
romorphic soil in an upland area. The African 
rices on the hydromorphic soil grew almost as 

well as those under irrigation. Upland fields 
generally have fewer insects and diseases than 
lowland fields and upland planting offers prom-
ise for growing planthopper- and virus-
susceptible African rices. 

Seed distribution continued to be a principal 
service of the germplasm bank: 7,316 Asian rice 

samples and 331 samples of African rices and 
wild taxa were furnished to 159 researchers in 
foreign countries. Within IRRI 31,941 samples 
of Asian rices and 911 samples of other species 
were provided to GEU scientists on 198 occa-
sions (Table 2). 

Since intensive field collection began in dif-

o OaMm G, o PronPm iTwe. P 
rmflsldlionm, sirpfeWoJfm Wddlst4bUUofmoAdofOryz 
utAa cuVem 173-76. 

Samples distributed 

year Samlee 
InAsl 

ostnt 
gewmplewn bank 

(no.) 
Inside National 

(no.) (no.) IRRI programs 

1973 
1374 
1975 
1976 
1977 
1978 

1.406 
2,982 

5" 
1.4 

M66 
1,134 

24,162
2818 
30,332
34,229
36,966
40,78 

8,275 
19236 
22,155
40,200 
49,778
31,941 

9,T7 
2,603
4,043
4.819 
4.089 
7,316 

@About 13e.*= ent are yet_to beived seed sempm.
2.73 nonviablerendere 4.95 : iae saasson and 

terea during 1973 78.eed aplewere moved frorm 

ferent conlaboritlng countries 1*a1972, IRRI 
frn olbrtn onre n17,I 
staff members have devoted much effort to the 

canvassing of germplasm in areas of apecic 
stresses caused by climatic, edaphic, or hyd
rologic constraints. By late 1978, about 7,000 
samples with reputed tolerance for one or more 
such specialized problems had been assembled. 
But many such special types are poor seed pro. 

ducers. An extra cycle of seed increase was 

often needed to produce sufficient seed for 
evaluation. In 1978, accessions were offered to 

various IRRI GEU scientists for evaluation; 
309 for cold tolerance, 262 for elongation abili
ty, 194 for alkali tolerance, 158 for iron toxicity, 
and 540 deepwatcr rices for drought testing. 

INVENTORY, CHARACTERIZATION, AND 
DATA PROCESSING 

In 1978IRRI received7,728seed samples from 
institutions, scientists, missionaries, and inter. 

national service volunteers. Experiment sta
tions replaced another 54 nonviable samples of 

0. saliva received earlier. 
At the end of 1978, the IRRI germplasm 

bank had 40,768 registered accessions of 0. 
sativa, 1,891 accessions of 0. glaberrima, 886 
populations of wild species or taxa, apd 637 
genetic testers and mutants. Another 13,183 0. 
saliva seed samples that were recently received 
must be planted and compared with plants with 
identical varietal names so that those identified 
as new accessions can be registered (Table 2). 

Of the 0. sativa accessions, 33,945 have been 
characterized for 38 morphoagronomic charac

ters; another 3,491 accessions have been com
pletely characterized in the field, but laboratory 
measurements on 8 remaining items are still to 

be recorded. 
In the 1960s, different strains of wild Oryza 

species were simply grown forseed increase and 
for reidentification after seed receipt. The tax
onomy and nomenclature of taxa in the genus 

Oryza was in a state of flux, and the seed stocks 
were gradually exhausted. During a recent 

program of system,tic seed rejuvenation, a 
comprehensive characterization scheme to 
cover all species in the genus was developed. 

The present array of 95 taxonomic and 

agronomic characters exceeds in coverage the 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 13 



38.dacrI w morphollronomic set for the cul-

tlvws but wil be fully compatible with the exist
9 78, 

indatasystemfcultipatedces.tDuring1
and 30 

173 samplesof wild relatives'of 0. ndya 
were grown

of wild relatives of 0. gi berti 

and scored. 

SEED STORAGE 

In early 1978, the seed stocks in the old seed 


were moved into the fumigated
laboratory 

short-term storage area of the new Rice Genetic
 

fire in
Resources Laboratory (RGRL). A 

December destroyed the old seed laboratory 

the adjacent medium-termbut did not affect 
storeroom where 20,000 accessions were stored 

in glass jars. 
Steel shelves for the short-, medium-, and 

long-term seed storage areas had been installed 

in the RGRL by the end of 1978. In the short-

term stot.room, seeds of recently harvested (up 
kept inaccessions 	wereto 4-year shelf life) 


paper bags and stacked in plastic trays. The 


expected seed longevity is 4 to 5 years. 


For medium-term storage, 28,993 accessions 
2 sites. New seed-

are stored 	in glass jars at 

drying and packing equipment will allow fresh 

seed to be packed in aluminum cans under par-

tial vacuum. The medium- and long-term rooms 
more than 120,000can each accommodate 

accessions. 
Negotiations with the germplasm staff of the 

U.S. Department of Agriculture were renewed 

in 	1978, allowing IRRI to continue to deposit 

sets of conserved stock in the
duplicate 

at the U.S. National Seed
improved facilities 
Storage Laboratory, Ft. Collins, Colorado. The 

has stored 18,780 accessions for
Laboratoty 

IRRI since the mid-1960s. 


TRAINING OF GENETIC STOCK OFFICERS 

IRRI provided 2-month resident training for 

genetic stock officers of the Bangladesh Rice 
South ChinaInstitute and theResearch province,College, KwangtungAgricultural 

China. IRRI also supplied materials for a train

ing course conducted by the National Burean of 

Plant Genetic Resources, India. 

AND INTERINSTITU-INTERNATIO1NAL 

TIONAL COLLABORATION
 

IRRI staff 	members advised several national 

centers on the planning of field collection opera

tions and the construction or improvement of 

seed storage facilities. Such technical assistance 
as more centers

has increased in recent years 


or expand genetic conservation 
meas
initiate 

ures.
 

to serve as the principalIRRI continued 
depository for the world's rice (base collection). 

in India, the USSR, and West
Institutions 
Africa sent in thousands of samples from their 

collections for preservation at IRRI. 
exchangeIRRI began to systematically 

accession lists and characterized data with 

major national genetic resources centc'rs and 

seed banks. Such exchange will not only reduce 

redundancy in conserved stocks but also ensure 

that no accession is overlooked and discarded 

when comparing inventories and discarding 

duplicates. 
the BeltsvilleAt a November meeting at 

Agricultural Research Center, USA, the 

Advisory 	 CommitteeRiceIBPGR-IRRI 
of descriptors and

developed 	 a uniform set 
to be used in rice genetic

descriptor-states 
The committee's action 

resources programs. 

will appear in a joint bulletin.
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GROWTH DURATION 
ftrwur Bredi Depnmene 

'The proportion ofbreeding materials with short 
in 1978.growth duration increased greatly 

Many new crosses with extremely early matur-

ing varieties were made and alarge proportion 
in the pedigreeof breeding materials grown 

nurseries matured in 100- 110 days. There was 

a corresponding increase in early maturing 
entries in the replicated yield trials, which for 
the first time, had entries with agrowth duration 
of less than 96 days. As the data in Table 1 

show, 70.7% of !he entries in the 1978 win -

season replicated yield trials matured in less 

than 116 days. Only 16.9% of the entries grown 

in the 1969 wet-season repcated yield trials 

matured in less than 116 days. 

SIZE AND SHORT GROWTHGRAIN 

DURATION 

Plant Physiology Department 

Vigorous early growth is adesirable character 

because it not only shortens the growth duration 

but also overcomes weeds. IRRI experiments 

showed that grain size affects early growth. Fig-

I shows the relationship between 1,000-ure 
grain weight and seedling dry weight on the 

10th day after sowing for 10 selected rice var-

ieties of different grain size, from Bomdia (13.1 

g) to Khao Luong (46.2 g). Larger grain size is 

clearly advantageous for establishing large 

seedlings earlier. 
Figure 2 shows relative growth rate (RGR) 

between 10 and 20 days after sowing for the var-

icties in Figure 1.The differce.in K. 
the varieties is notgreat, although some IR var
ieties showed a sl;ghtly higher rate. Thus, the 

difference among varieties in early growth 
(10th day) ismaintained during further growth. 

Larger grain size is cleerly advantageous for 

early growth, as well as for grain filling and yield 

(1976 Annual Report). 

YIELD PERFORMANCE AND NITROGEN
 
RESPONSE
 
Agronomy Department 

lrw44ted rice. The performance of promising 
breeding lines and established varieties was. 

seasons atevaluated during the dry and wet 
IRRI, at Philippine Bureau of Plant Industry 

(BPI) stations, and in farmers' fields. 
Table 2 shows the yield of establishedIRRI. 

varieties and selected promising lines. As in 

previous seasons, IR42 had the most stable 

yield. It outyielded all the other entries in the 

wet season. But in the dry season, it was out

yielded by two breeding lines, IR4568-86-1-3-2 
2, at most of the nitrogenand IR4570-83-3- 3

levels. Other promising lines with good perfor

mance were IR2058-78-1- 3-2 (named IR46 in 
4 . Amongthe Philippines) and IR4432-52- 6

the early maturing group, IR9129-457-1 and 

IR9224-117- 2 yielded more than IR36 during 

both seasons. 
BPI stations. The grain yield of 18 varieties 

and breeding lines was evaluated in Nueva Eci

ja, Bicol, and Visayas during the wet season and 

during the dry season only in Nueva Ecija and 

Bicol. 

C110n411in thfoimumof mobe In dlffemgrowth duratio woupln the IM fsilfti Vidll po 
TA1d01I. 

Frequency of entries (%of total) 
(total no.)126-135 d >135 d 

<96 d 96-106 d 106-118d 116-125 d 
Yer 

19 
2.1 14.8 34.9 39.1 9.0 

1n0 4.21969 51.8 25.41.40 2.1 14. 10219170 43. 31.4
0 3.7 6.1 5.5 2001971 7.5 35.0 51.6
0 065 2A 2101972 IA35.6 41.60 2.0 3.0 2001373 43.0 21.54.5 28.0 3001674 0 54.6 17.0 0.326.30 1.7 2.2 2751O75 4.0 16.2 62.5 16.0
0 300 1.0197 31.020.7 17.3 1.6 400

1177 0 10.7 0.0 

1373 2.2 21.0 40. 
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1. Relationh~I P lO00.galn weightbetween and seedling dry 2. Relative growth rate of selected rice varieties between 10 

and 20 days after sowing. IRRI, 1978. 

weight on 10th day after sowing in selected rice varieties. IRRI, 

1978. 

(mv of 3 m.se"lns). NO, 11/
iml Inee at 5 lars of n an pmndTa* 2 yift of some vmi 

IsgW 

Wet seaSon yield' /ha)
 
Dry season yleld' (t/ha) 


Mat 03r6t9 90 12030 60 
Voriety or line Maturity 60 90 120 150 (days) 0 

kg N/ha kg N/ha kg N/ha
 
(days) 0 kg N/ha kg N/ha kg N/he 


kg N/he kg N/ha kg N/ha 
2.82.8 3.1 3.4 

1.1 1.0 130 2.2 2.9 3.6
1.5 1.6 1.3 2.9 3.2 3.81283 139II 5.0 5.9 5.9 6.2 3.4 3.7 2.6 

129 3.2 5.6 133 2.3 3.0
IR42 6.3 2.9 2.6

3 2 3.6 5.0 5.5 2.1 3.0 3.6 3IR200-7891- - 120 
4.1 5.4 5A 5.9 133 

- - 3 3 
126 2.7 0203.38-13 3 3.0 3.8 3.2 3.1 3.3 

3.0 3.5 3.1 3.0 
129 133 2.7R4219-3- - 5.2 5.1 4.9 3.2 3A 3.05.0 1.6 3.6126 3.5 1284432-5244 6A 6 6.5 3.5 2.6 3.2 

A460 13-2 118 3.7 5.6 
6.4 6.6 139 2.6 3.0 

2.9 3.2
3.8 5.2 6.5 2.4 3.6 3 6133 6.4 139 3.1141704D.33-2 5.3 5.8 6.3 3.3 3.3 2.9

133 3.2 6.2 2.1 2.9I4S70-117-21-2 5.0 5.9 3.1
11 3.1 5.0 2.5 3A 2.7 

111511iS 5.8 s.7 6.3 126 2.8 3.0 3.34.8 3.2119 3.7 - 106 2.2 4.0g53W162.1-2-3 - - 3A 3.3 
- - - 106 2.7 3A 

l 29-2(*242 4.7 5 5.3 3.1 3A 2.6
2.4 3.4 3.3 3.3106 5.9 5.9 111 3A 3511167- 3.0 4.7 5.0 3.1 3.1 3.6

" 1 0 - 108 1.5W34-11724 - - - 2.0 1.7 IA 
- - 1.S 142 2.0UISS-1171 1.7 1.
126 2.0 2.7 ag . row - o, topdj;;d at penile inigi 

end 20 kq N/ha In wet g
N/ha in dry ieo-m Wt ON 

0 kg N/h, indude 30 k Dry somo 
'Te exc 


LSI 1501%)
1.0(1%) .LSS%1.5015%) 
0il 1.17

M V- 1.20 1.60aMie or CIMb~r @o@##i 2N f o f 0.67 1.151.641.17 e or diffmernt-MV mee atTOM 

lT 

GENETIC EVALUATION AND UTILIZATION (0IIlIb WROOIA 



23- . oe- levels except 150 kg N. 
IR42. IR2058-7 8-In the dry ,on fields. Three varieties and four 

2 the most stable Farmers'
and IR4568.861- 3- gave 

breeding lines were evaluated in both seasons in 
yields at all nitrogen levels and outyielded the 

fields in Laguna province 
other entries (Table 3). In the early maturing irrigated farmers' 

group, IR9129457-1 gave a yield comparable (Table 5). 
During the dry season 1R2058-78-1-3- 2 pro

with thatof IR36 at all fertility levels; however, 
duced the high yield of 5.1 t/ha at 150 kg N and 

it is 5-7 days earlier than IR36. 
outyielded all others at the 50-kg N level. Dur-

The yield differences during the wet season 
2 ing the wet season, the IR42 yield of 4.6 t/ha 

were not so great (Table 4). IR2058-78-1- 3
with no nitrogen was impressive and consistent 

2 again outyielded the
and IR4568-86-1- 3 -

with the previous year's results. 
other entries. In the early maturing group, 

Rainfed wetland rice. The performance of 
IR9224-117-2 outyielded IR36 at all the nit-

at 2 loaions: MaigaylRke Research and Trakting
nl bm atSe v lsof nltroge

TW, . yil alacme vwa mullpnat 
IMdy sescn. 

and Ueel rae and Corn Expeilnv5n Station. PNMppIn. 137 
Came Yield' (tha) 

180153 
0 60 90 120 kg N/haMaturity kg N/haVariety or line kg N/ha kg N/ha kg N/ha kg N/ha

(days) 

486.1 
134 3.2 5.0 6.1 

6.1 6.6 5.1
5.7 

IRS 4.4 6.6 6.7136 1 5.8 5.86.3IR42 3.2 6.6 5.4 4.7122 5.3IR2058-7-1-3-2 4.2 49 4.73 2.9120 4.9
IR2307-

4 7-2-2- 2.6 4.0 5.4 4.9 
4.3 3.6134 4.4IR2963-31 3.6 4.9

3 132 36 5.4 4.8 4.4 
IR4219-35-3- 4 3.2 4.4 5.6 

5.8 5.1132 5.74432-524-- 5.0 5.9 4.23 2 3.0 5.1- 119 6.1IR46641- 4.8 5.7
140 3.1 5.6 5.4 4.4 

IR4570-3.3-2 5.0
118 2.8 4.3 5.5 5.4 4.6 

IR5a6318I5 3.8 5.6 4.43.7 4.6133 4.0IR546-27-32 3.2 4.4 
105 2.1 3.1 3.7 3.5 

IR19129-467-1 3.5 3.52.2 1.5105 2.2 1.9IR9209-26-2 3.6 2.12.4
Peta 143 

Av of 2locations, each with 3 replications. 

-The treatments, except 0Nkg Nha, Include 20g N/hatopdressad at panicla Iniia'tio'n. 

LSD 6% 0.9. 

Reserch and Training 
at 6 levels of nitroge at Maligays Rice 

n 
Tle 4. Yields of some veties and prmisn 

Experment Station, Phllippinee, 1978 wet season. 
e and Corn Expv ntMStation, and Visays Rk e

Center. i m 

Yield' (thall)
 

90 120 15060
Maturity 0 30 

kg N/ha kg N/ha kg N/ha
Variety or line kg N/ha kg N/ha

(days) kg N/ha 
2.8 2.33.1 2.62.7123 2.1 3.7 4.1

IM 3.2 4.1 4.2 
140 3.1 3.3 2.6

IiR42 4.0 3.4 3.4 
121 2.6 3.11R206S-78-1-3-2 3.4 3.9 4.0 3A 
117 3.1 3.0 2.5r2S3-,3' 3.9 3.4 
118 2.9 3.6 3.9 3.9IR4i32-124-4 4.0 
116 2.8 3.7 4.0 

3.1 3.2M48840-1-3-2 3.9 3.6 
133 3.2 4.0 3.8 3.6 3.4

IR4704-3-3-2 4.1114 2.8 3.5 3.1 3.2311S-6 3.83.7 3.5119 2.9 38 3.5UI53.-162-1-2-3 3.9 3.8
2 106 2.8 3.6 3.5 3.4PiM 20S-2- 3.8 3.7

107 2.6 3.5 3.5 2.9iW12.467-1 4.1 4.1
110 3.3 4.1 3.3 3.1WA224-117-2 3.6 3.5
106 2.5 3.9 2.1 2.0g711-19"1 3.3 3.1 2.6 2.3 
136
Few 


CC 0kg N/ha, Inclid 20kg N/haitopdreend at pan Initiation.' Sloa.on, each
-2-_ wit, -,-- s.
* ITheS'I 
U LS PO R 9(111%) 
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6m d ig la w ...
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vsAWO Was WN 0Uaiha eV 

*.tnyW-9"V- IVbe 
0 40100 1SO Maturt 

Vrly or 1 MMIIV 0 s0 
kINhm (days) kgN/ho kqNhe k 

•ays) gNhN hg N/ha kgN/h 

n 123 2.0 
106 2.1 

IW4 
Nua 


123 2.7 
110 2.6iWf08g-7.-1.3-2 
120 2.3Vt:I1M3 
120 1.81R4432-444 
123 2.9IP467043,1-3-2 

3.7132 4A2.3 2.5 3. 
3.0106 2A3.3 4.9 4.3 

4.6 4.03.7 1452.0 3A 3A
130 4.44.6 5.2 5.1 
3.1140 3.7 

140 4.22A 4.7 4.1 
3.0

2.8 2.2 4.3 
4.2 3.64.2 1153.9 3.9 

.n.d
....
N...............nitiatiofin both 9"801.
 

for the dry se and LSD(5%) (,LSD(I1%)1.uI0 CWM8088ason 
of ric vaeies ad promisng Ens 

ro -ra yield (aw ol rempluateui)
Tbl e. Elct of mloeV hel on 

Yield It/ha) 

60 900 30MaturityVariety or line kg N/he kg N/ha kg N/ha
(days) kg N/ha 

134 2.8 3.2 3.12.9 2.3IRS 2.4119 1.2 2.1 
IR34 120 1.5 1.2 1.71.0
IP36 3.1 3.41.6 2.8 
IR42 134 2.5 2.5 3.0

125 2.0
R2066-73-1-3-2 2.4 2.32.1120 1.8

iR2307-247-2-2-3 2.6 2.92.4134 2.0 19IR283-38-1 1.6 
IR3000-13-5 

IR4219-35-3-3 
IR470-83-33-2 
IR5853-118-5 
Mahsuri 

treatments, excePt 0 kg N/ha,,The 

125 1.4 1.0 
139 2.3 2.3 2.31.8 3.02.2 2.5139 2.0 2A1.9 2.5120 1.6 2.12.0 2.1139 1.8 

'-
.......
 

m 
s0 120 
N/kO l.NAhe 

4.0 3. 
2.2 2.9 
4.6 4A 
4.1 4.1 
3.1 3.1 
3.2 3.2 
4.4 4.1 

041%)1. 

- a e crop 

120 
kg Nha 

3.1 
2.4 
1.9 
3.1 
3.1 
2.8 
2.7 
1.6 
2.4 
2.9 
2.8 
2.3 

Include 20 kg N/ha topdressed at panicle Initiation. LSD (5%) 0.7,LSD (1%) 0.9. 

levels on yiddof rice varieties and Promising lInee(v of3 repliations) a arairfld crop In fanem 
Table 7. feetdof nitrogee 

fields In Laguna province, PhIl-p-nee. 137 wet season. 

Yieldb (t/ha) 

80 100 
Maturity 0 40 

kg N/haVariety or line kg N/ha
(days) kg N/ha kg N/ha 

4.14.14.1129 4.4 3.7111 3.5 4.13.9129 3.61i26 3.2 3.63.6105 4.4IR36 4.2 5.15.0141 3.6IR42 44 4.1129 4.4 3A8.3
IR2058-78-1-3-2 3.34.2141IR426338-1 4.2 3.9 3.8 
2 4.4141 3.2IR4570-83-3-3- 3.4 4.03.611658--53118-5 

"Thetreatments,excqpt0k9 Nlhe. include 20 kg N/ha tOpdres-ed atpanicle initiation Inboth saaonh.'LSD (5%)0.7,LSDI1%) 1.0. 

as apromising lines and five varietiesseven 

wet-season rainfed crop was evaluated at IRRI. 


linesFour varieties and four breeding were 
evaluated as a rainfed crop in farmers' fields. 

IRRI. IR5, 1R42, and IR2058-78-1-3- 2 

were the best performers at IRRI (Table 6). 
Disease and insect incidence was extremely low 

in 1978 and 1R5 yielded well. lR2058-78-1
3-2, which as IR46 was recommended by the 
Philippine Seed Board for rainfed wetland con. 
ditions, performed well. 

Farmers' fields. IR42 produced the highest 
yield with no nitrogen fertilizer added and out
yielded the seven other entries at all levels of 
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nitrog pglketion(Tble7).lR2058-78.1-3.2 
and lR4570.83-3.3pedormedwell. IR~yielded 
well at all levels of nitrogen because diseases 
and isncts did not depress yields. 

SOURCES OF SEMIDWARFISM 
Plant Breeding Department 

The search continued for sources of semi-
dwarfism that would differ from the principal 
source derived from Dee-geo-woo-gen of 
Taiwan, which has been extensively used by the 
rice breeders of Asia. During the last 2 years 
Indian and American researchers submitted a 
number of semidwarfsordwarfs that came from 
induced mutations, crosses involving an 
induced mutant, or wide crosses. In 1978, 24 
crosses were made, and 28 crosses grown for F2 
seeds. Ten F2 populations of eight test-crosses, 
each involving the recessive semidwarfing gene 
of Dee-geo-woo-gen and one of the new 
sources, were grown. 

The wide range of segregation for height in 
the F2 populations suggests the following 
sources have different plant height genes: 

1. D66, an induccd mutant from Calrose, 
developed by the USDA and the Univer-
sity ofCalifornia at Davis, USA. It has the 
'd2' gene. 

2. C19858, a hybrid selection from RRU-
RR250/Bluebelle, developed by USDA 
and Louisiana State University, USA. It 
has the 'd3 ' gene. 

3. Double Dwarf 1 (CI 11036), a hybrid 
progeny from Calrose 76/D66, selected by 
the USDA and the University of Califor-
nia at Davis. It has the 'd,'and 'd2' genes. 

4. 	 Double Dwarf 3 (Cl 11038), a hybrid 
progeny from C19858/D66, selected by 
the USDA and the University of Califor-
nia at Davis. It has the 'd2' and 'd3' genes. 

5. M7, a selection from Calrose 76/CS-M3, 
developed by the California Cooperative 
Rice Research Foundation, University of 
California at Davis, and the USDA. 

Although several short-statured selections from 
California were called dwarf or double dwarf, 
their plant height did not differ much from that 
of IR36. Therefore, they belong to the semi-
dwarf category. 
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Crm 13-3241. furnhed by the Cenal Rice 
Research Institute of India, has the same 
semidwarfing gene as Dee-geo-woo-gen. 

In the F2 populations of two other crosses, a 
few tall selpeptes were observed. But the 
extremely low or low frequency of the tall plants 
indicates that such sources may share aportion 
of the compound semidwarfing locus, or the two 
loci are closely linked. Sources belonging to this 
category are: 

1. P-3 dwarf, aspontaneous mutant isolated 
from Basmati Dehradun by the 
Krishinagar Farm, Madhya Pradesh state, 
India. 

2. Double Dwarf 2 (Cl 11037), a selection 
from CI 9858/Calrose 76 developed by 
the USDA and the University of Califor
nia at Davis. It has the 'd1' and 'd3 ' genes. 

All the above sources lack the early growth 
vigor and tillering ability of the Dee-geo-woo
gen type. However, the semidwarfs from 
California are distinctly earlier in maturity than 
IR36 and could be useful in developing short
duration selections. P-3 dwarf has slightly 
greater growth vigor and tillering ability than 
the dwarfs from California. 

Other nonallelic sources of semidwarfism 
revealed by studies in previous years are the 
CP231I/SLO-17 line of USA, K8 mutant of Sri 
Lanka, CN242-d3 of Taiwan, Culture 854 and 
Culture 956 of India, Fanny Dwarf of France, 
and Intermediate Dwarf of USA. 

In recent years a number of short-statured 
cultivars, similar to IR8 when grown in the dry 
season, were found in rices from Indonesia. 
However, these accessions more closely resem
ble IR5 in height and maturity when grown in 
the wet season or in long days. Such accessions 
- Djamadi, Lembat, Sirinit, and Sipilian 
could serve as a useful source of intermediate 
plant stature. 

GENETIC STUDY OF WETLAND-DRYLAND 
CROSSES 
Plant Breeding Department 

Difficulty in obtaining the desired progenies was 
encountered when single crosses between tradi
tional dryland varieties uid semidwarf wetland 
varieties were made and tested. An earlier study 



,caed that partial hybrld sterility and atypi-
cal Ft Wegation of three marker-genes 
showed up in such wide crones (1975 Annual 
Report). 

Reciprocal crones between two wetland var-
icties and two large-pfained dryland varieties 
were studied further to ascertain ifaberrant seg-
regatlon of plant stature and grain characters 
also occurred in such crosses. One of the low-
land varieties was semidwarf IR20; the other 
was intermediate-statured BPI-76. In two tall X 
semidwarf crosses, the F, populations failed to 
produce the typical segregation pattern of3(tall 
and moderately tall): I (semidwarf). The F,dis-

tributlons were continuous and the moderately 
tall progenies predominated in one crow With 
respect to rain charactristics, the Fg popula
tions tended to show an excess U Fs plants with 
shorter and lighter grains. But in terms ofgrain 
shape, F plants with bolder grains wereslightly 
in excess in one cross and were deficient in 
another cross. 

This study confirms that complex gene 
interactions, along with partial hybrid sterility, 
could explain the atypical segregation ofseveral 
traits in dryland-wetland crosses and the 
difficulty of obtainingcertain desired recombin
ants. 
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BREEDING PROGRAM 
Plan Breeding and Chemistry Departments 

High total and head rice yields, translucent and 
medium-long to long . slender grains, ipter-
mediate amylose content, and soft gel consis- 
tency continued to be the objectives of the 
breeding program. Some aromatic rices are also 
being developed, 

Many of the intermediate-amylose lines in 
the breeding program have either C4-63G or 
BPI- 121-407.as an intermediate-amylose par
ent. Texture studies (Instron food tester) indi-
cated that BPI- 121-407 and its lines had about 1 
kg harder cooked rice than C4-63G and its lines 
(Table 1). Filipinos prefer intermediate
amylose rices to high-amylose rices. To verify 
the actual preference for cooked-rice texture in 
intermediate-amylose rices, a cooperative con-
sumer evaluation of C 1-63G, BPI-1 21-407, and 
promising intermcdiat-amylose rices was for-
malized with the Institute of Human Ecology, 
University of the Philippines at Los Bafios. The 
lines evaluated had similar gel consistency but 
retained the gelatinization temperature (alkali 
spreading) class of their parents. Some of the 
lines,such as lR4570-83-3 and IR9129-209-2, 
are in advanced yield trials. 

WORKSHOP ON RICE GRAIN QUALITY 
Chemistry and PlantBreeding Departments 

A workshop at IRRI in October reviewed the 
present knowledge on grain quality, country 

reports, and methodology for measurement of 
rice quality. The participants Included 28 
breeders and chemists from 11 countries and 
IRRI. Areas recommended for research prior
ity were characters of cooked rice and inheri
tance of characteristics influencing grain qual
ity. Five cooperative test groups were recom
mended for 1979 - degree of milling, alkali 
test, amylose determination, gel consistency, 
and instrument methods for cooked-rice tex
ture. 

FACTORS THAT AFFECT GRAIN QUALITY 
Chemistry Department 

Starch properties of world rice collec
on. Among cultivated varieties, amylose con

ted gelainiatinltempeare (asimeas
ured by alkali digestibility) are considered 
independent properties of rice endosperm 
starch. However, milled rices with high gelatini
zation temperature (>74°C) among the 
intermediate-amylose (20-25%) and high
amylose (>25%) types, and rices with inter
mediate gelatinization temperature (70-74"C) 
among the waxy (0-2%), low-amylose 
(9-20%), and very low-amylose (3-9%) types 
are rare. These combinations were identified 
from 10,517 rices analyzed for alkali digestibil
ity in 1978. The correlation coefficient between 
amylose content and alkali digestibility was 
negative, indicating that waxy rices tend to have 
low gelatinization temperature (Table 2). 
Amylose content was negatively correlated with 

Table 1. Propetis of Intermedlate-amylos. IRRI Ones and of Int.nnedlat-emylose parents BP-121.407 andC44. IRRI, 17. 

Instron cooked rice
 
Parents and lines IRRI Alkali Gel
 

crop spreading consistency Hardness Stickiness
 
value (mm) (kg) (g.cm)
 

BP1-121-407 1977 dry 6.9 96 7.6 117
 
BP1-121-407 1977 wet 6.9 68 7.2 68
 
SP1-121-407 1978 dry 7.0 70 6.6 99
 
BPI-121.407
 

lines (3) 1977 dry 6.9-7.0 73-94 7.2-7.9 7.-90 
PI-121.407 

lines (3) 1977 wet 7.0 38-73 8.8-8.0 51-08 
Mean 7.0 72 7.3 80 

C4-63G 1977 dry 2.0 92 5.9 78 
C443G 1977 wet 3.0 79 6.6 S0 
C440G 1978 dry 4.0 94 5.7 08 
C4430 lines (3) 1977 dry 2.5 80-100 5.5-6,4 84-122
C4.40 Hnes (4) 1977 wet 3.1-5.3 78-100 5.8-0.5 75-107 

Mean 3.4 90 &0 93 
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protein content, but alkali digestibility showed 

the opposite trend. 
of defatted brown-riceThe distribution 

amylose' content in 14,261 rices classified in the 

bank was 11.6% waxy (0-2%),
germplasm 
2.9% very low (3-9%), 15.6% low (10-19%), 

and 30.4%
39.5% intermediate (20-24%), 

high (>24%). Slightly different amylose ranges 

were assigned to the various amylose type in 

brown rice because its starch content is lower 

than that of milled rice. 

Survey of world rice varieties. As part of the 

periodic survey of world rice varieties, samples 

from 15 countries were analyzed. Protein and 

starch properties varied widely (Table 3). The 

for each country
predominant amylose type 

reflected the region's preference for cooked-
was preferred

rice texture. Soft or medium gel 
The low-all countries.to hard gel in 

types was predo-
gelatinization-temperature

by the intermediate-minant; it was followed 

elatiflizatiofl-temperature type.
The set of Korean varieties differed from 

Tongil in that they were identical to the check

japonica varieties Jinheung and Akibare 
in alkali spreading value, gel and amylograph 
consistency, and hardness and stickiness of 
cooked rice. Evidently the newer varieties had 

become quite similar to japonica rices in eating 

quality and could not be readily distinguished 
means.

from each other by physicochemical 

A compilation of quality characteristics of
 

milled rice grown in 38 countries and periodi

the Chemistry Department

cally analyzed in 

since 1963 was published. 
Because repro-

Refinement of amylose test. 

ducible results are difficult to obtain at alkaline 

pH, the amylose analysis of check milled-rice 

was tried at pH 4.5-4.8. Defatted
samples 
purified starches and defatted milled rices were 

was a suitable amylose
used. Potato amylose 

standard but commercial amylopectin samples 

were inferior to waxy rice starch in terms of low 

amylose impurity. A standard curve was pre

pared with amylose and waxy rice starch mix

tures containing 90 mg starch/100 ml dispersion 

based on 90% starch in milled rice (dry weight). 

Weights of 10, 20, 25, and 30 mg amylose were 

with waxy starch to a total starch
combined 
weight of 90 mg. Results for 100 mg defatted 

milled rice flour and 90 mg defatted starch were 

comparable. Values for undefatted flour aver

aged 2.6 percentage points lower than those of 

defatted flour. 

Table 3. Range of physicochemlcal properties of miNed rice from 15 countries. NUl, 1978. 

Gelatlnzatlon 

Source 

Australia 
Bangladesh
Bulgaria
Colombia 
Egypt
Hungary
Italy
Korea 
Philippines
Portugal
Spain4
Sri Lanks 
Talwan 
USA 
USSR 

-wuy
W "ha 

Milled 
Proteinrices 

(no.) (%) 

6-810 
5-1119 
6-88 
8-116 
6-910 
6-812 

-810 
7 -910 6-1010 
5-710 
6-7 
6-1010 
4-119 
5-88 
6-88 

(>25%). S-so.61-100m'-med1um-high - hiA,1-2.lo ' 5-1,;1 InteomedWe120,25%); , at, 44. HI - hlgh.Intef...ao"13;HL . low, O6-7; ,-don alkali digestibillty:mm.. es 
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Both amylkpectin and amylose had higher 

starch-iodine absorbance at pH 4.5 than at pH 

10.Amylose and starch absorbance were max-

imum at 610-620 nm, but amylopectin absor-

bmce peaked at 550 nm. 
Milled-rice flour standing in I N NaOH at 

as25"C for 24 hours gelatinized as effectively 

that heated in a boiling water bath for 10 

minutes. An incubation temperature of 400C 

gave essentially the same amylose values for the 

samples as did 25°C. 
Usually only the check samples whose abso-

lute amylose contents are to be determined are 

defatted using refluxing 95% ethanol. Indian 

workers claimed that defatting of the alkaline 

rice dispersion once with petroleum ether and 

then carbon tetrachloride effectively removed 

the milled rice lipids. IRRI results, however, 
valuesshowed that although the amylose 

thereby obtained were higher than those for 

undefatted samples, they were lower than the 

values for flour defatted with refluxing ethanol. 

Defatting with refluxing ethanol requires less 

operator time than defatting of the rice disper-

sions. 
Starch amylose content is usually determined 

but iodine complexing withcolorimetrically, 
amylose may also be determined by poten-

com-tiometric and amperometric titration. A 
parison of the various methods used with six 

rices indicated fairly good proportionality 
except that amperometric titration gave values 

about 25% lower than colorimetry (Table 4). 

With another set of 4 samples, mean amylose 

based on amperometric titration was only 71% 

of the mean value based on colorimetry. The 

end point of amperometric titration was sharper 

than that of potentiometric titration. 

Inmostd urir....Coodtme6do 
tropical countries, milled rice is cooked in the 

amount of water it will absorb. In others, rice is 
water and the excess brothcooked in excess 
former method, relativelydiscarded. In the 

good cooked rice was produced by adjusting the 

cooking water to a predetermined optimum 

level based on amylose content, boiling for 20 

minutes in an automatic rice cooker with excess 

water in the outer pot, and leaving it undis

turbed for 10 minutes after turning off the heat. 

With excess water, the boiling time required 
gelatinizefor the center of the rice grain to 

(become translucent) varied from 16 to 26 

minutes among varieties. Attempts were made 

to standardize the procedure by presoaking the 

raw rice in water for 10 minutes and then boiling 

for 16 minutes. With that method, the cooked 

rice of IR32 was harder than that of 1R42; the 

reverse was true with the rice cooker method. In 

rices that show extreme elongation on cooking, 

lengthwise expansion of the grain seemed pref

erable to girthwise expansion when cooking 

water was limiting. The cooking method 

requires further refinement. 
Improvement of texture determination using 

the Instron food tester continued. Values for 
tended to increase with increasingstickiness 

clearance (>0.4 mm) during flattening of the 

cooked-rice sample. The greater clearance val

ues probably represented the combined con

tribution of adhesiveness and cohesiveness of 

the rice and were probably affected by the rela

tive surface area of the cooked grains. 
Hardness is now measured by extrusion in a 

modified Ottawa Texture Measuring System 

(OTMS) cell. Back extrusion using a cell with 

10-mm annular gap may also be employed to 

- of tarch. ML,1965 and 1978. 
e,,od-of detnirning a-nyts

Tall" 4. Cw.pelrloi of13 ldo -e 

Amylose content (% of milled rice dry wt) 

Potentlometric titration' titration'bKI
SpecaCls 
 Airperonetric

sample 
1.0
OA0.9Mo.gM Sungsong 9.012.4Ea1tProlific 11.7-15.2Kho Dewk Mali 105 21.3 

kngswef 22.4 
- 18.7 

onMon S-426.0 24.926329.1NAlMo 

(Ass. ) 
Colorimett 

1.0
 
11.3
 

29.5 
27.8 
29.1 

edon a blueof 18.4% for potato amylose. ---IBDC 
"Il d t based on ioline-Inding capacity of'l 9%for rice amyome. b11sed on1 

valbe of 1.144 -boorbence for potato amyloes. 
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measure hardnes, but it requiresaloadcell (the 
same as that required by the OTMS cell) differ-

ent from the one used for the stickiness test. 

Tie use of a texture profile from a double-

bite method with the Instron unit, to simulate 
the Texturometer, was tried using five grains or 

a pellet or mold. The double-bite method 

required the plunger to travel to a fixed propor-

tion (2/3) of the thickness of the rice grain, 

Molds tended to crumble, giving erroneous 

hardness values, particularly for high-amylose 
rice, but cohesiveness readings were satisfac-

tory. Hardness data were better when five 

grains were used but clearance had to be 

changed to allow for differences in grain thick-

ness among varieties, 
Hardness is usually measured 1 hour after 

cooking, because cooked rice, particularly 

high-amylose rice, hardens progressively. A 

minimum of three samples were cooked for 

each test because cooked rice was softer with 

only one or two samples per cooker (7.9 kg vs 

7.3 kg for a sample of 1R8). Acetic acid (0.5%) 

- used in Japan to preserve the texture of 

cooked rice - was not effective on high-

amylose rice, whose hardness increased (from 

6.6 kg to 7.8 kg) after overnight standing at 

25 0C. 
The secondary effect ofdifferences in protein 

wascontent on the texture of cooked rice 

demonstrated in two crops of waxy rices (Table 

5). Hardness and stickiness of cooked rice of 

wet and dry season samples of each variety var-

ied. In some instances, the higher-protein sam-

pIe even had the softer cooked rice. 
Parboiling had little effect on the hardness 

and stickiness of waxy rice, but it increased 

the hardness of a low-amylose and an inter-

mediate-amylose rice and reduced the stick-

iness of two high-amylose rices. Parboiled 
rice was presoaked for 45 minutes before 

cooking for the same 20 minutes and with the 

same amount ofcooking water as nonparboiled 

rice. 
Digestibility of waxy starch in 

Infants. Cooked waxy rice is known to cause 

indigestion, particularly in children. In a 

cooperative study with the Instituto de Inves

tigacfon Nutricional, Lima, Peru, a cooked 

waxy rice (1R29) and two cooked nonwaxy 

(IR480-5-9 and 1R32) rices were compared for 

starch digestibility in eight Peruvian weaned 

infants. Ihe rices were prepared as a liquid 

homogenate. Fecal carbohydrate analysis 

showed identical high starch digestibility in 

cooked waxy and nonwaxy rice. The results 

agree with the comparative enzymic digestibil
ityofamylopectinandamylose.Thehigherbulk 
density of the cooked rice, which often results in 

overconsumption is the suggested cause of the 

poorer digestion of waxy rice. The more com
pact structure and more sticky texture of 

rice are related factors. Thecooked waxy 
reported poorer digestibility of cooked freshly 

harvested rice, compared with that of cooked 

aged or stored rice, can be similarly explained. 

Freeze-thaw of amylopectin gels. Starch 

chemists have reported that waxy rice 5% gels 

subjected to successive freezing (-20*C) and 

thawing (25°C) are much more stable than waxy 

corn and sorghum starches. Varietal difference 

in freeze-thaw stability among rice amylopec

tins was investigated. Waxy corn starch showed 

liquid separation by the second thawing 

whereas waxy rice starches were stable for 2 to 6 

freeze-thaw cycles, and rice amylopectins were 

stable for 3 to 14 cycles. In three pairs of 

isogenic lines, waxy amylopectin was stable for 

M 1973.
Ta"e . Hardnes end a- -ee of cooked mined rice of 2 1177 crops of 4 waxy rie. 

Instron cooked rice 

Hardness (kg) Stickiness (g.cm)Protein (%) 
wet Dry WetDry wet Dry 

eson se80on moNsason 

430 430 
seasn mesn 

4.2 4.05.6 .0IR3464-75.1 4803.A 410&9 7.3 4.714427414 490 4603.7 3.65.8 7.21144274-6 4103.9 4106.8 7.6 4.9 

Mean 6.3 7.5 4A 3.8
I446-0-1 436 
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6 to 14 cycles; nonwaxy amylopectin was stable 
for only 3 to 6 cycles. Although they have the 
same mean chain length, the waxy amylopectins 
had relatively smaller molecular size based on 
intrinsic viscosity. The amylopectin of waxy 
rices with low gelatinization temperature 
tended to be more stable to freeze-thaw treat-
ment than the amylopectin of waxy rices with 
high gelatinization temperature. The latter had 
relatively greatcr molecular size. 

Facto affectIN gel consistency. The varia-
tion in gel consistency values among samples of 
the same variety was caused mainly by bran 
lipid contamination, as determined by degree of 
milling. All nonwaxy brown-rice samples had 
hard gel, but after being defatted with refluxing 
95% ethanol, they all gave soft gel readings, 
regardless of the gel consistency of the milled 
rice. Similarly, defatted milled rices had soft 
gels. For example, a sample of IR8 with gel 
consistency of 30 mm had a value of 50 mm 
after petroleum ether defatting, and 84 mm on 
95% ethanol refluxing. The extracted lipid 
(0.7%) had a neutral lipids-glycolipids-
phospholipids ratio of 65:15:20. Palmitic acid 
(0.4-0.7%) added to defatted milled rice 
restored the gel consistency to the original value 
(Table 6). Because neither defatting nor palmi-
tic acid addition affected the gel consistency of 
waxy milled rice, the interference must have 
involved fatty acid-amylose complexing. 

Most high-amylose rices with low gelatiniza-
tion temperature (high alkali digestibility) have 
a hard gel. The correlation equation for 308 
elite samples from 5 seasons was 
y = 114.95 - 9.12 x (r = -0.41**), where 
y isgel consistency and x isalkali digestibility. 

The correlation coefficients for the 5 crops 
ranged from -0.33** to -0.55'* (n = 53 to 
67). 

Differences in the consistency of alkaline gels 
of milled rice seemed to relate to differences in 
amylograph consistency (viscosity on cooling to 
50'C minus final viscosity at 940C) of 10% 
pastes (wet basis) for high-amylose rices. The 
amylograph measures the changes in viscosity 
of the rice paste during heating at 1.5°C/minute 
from 300 to 94*C, 20 minutes cooking at 940C 
and cooling at 1.5°C/minute to 50°C. This paste 
level did not effectively differentiate among 
lower amylose nonwaxy rices, which had previ
ously been shown in the gel consistency test. 
With 10% gels, the correlation coefficient bet
ween gel consistency and amylograph consis
tency was -0.70* (n = 29) for high-amylose 
milled rice and -0.76** (n = 88) for 
intermediate- and low-amylose rices. At paste 
concentrations of 12%, differences in amylo
graph consistency were more apparent among 
intermediate- and low-amylose rices. Propor
tionately higher gel concentrations (6%vs 5%) 
were also required for differentiating among the 
samples in the gel consistency test. 

The use ofone paste concentration (10%) for 
amylography has been criticized by some rice 
chemists who suggested that samples be coin
pared at the same peak viscosity. However, 
because water absorption during cooking is 
identical in samples ofsimilar amylose contents, 
apaste concentration of 10% was found to be 
optimum for high-amylose rices and about 12% 
was optimum for both intermediate- and high
amylose rices for amylograph consistency dif
ferentiation. With these conditions, the high-

Tolb &itlad of ,aptl* with ndplhw 8a% thmol and addition of pmtl adid to tha defettad rie on the neutral gal1 
e omey do and on the aliw glW cnealte y of nonway rhee.of way gje 

Gel 

Variety or line 
Amvylos 

type solvent 
concn 

(mg/2 ml) 
Undefatted 

Malosidt unpgai 
(;nptC 

ill 
C440 
-

11 

Waxy 
Waxy 
Low 
Inemdkt 
High 
High 

0.15 N KOAc 
0.15 N KOAc 
0.2 N KOH 
0.2 N KOH 
0.2 N KOH 
0.2 N KOH 

150 
150 
120 
110 
100 
100 

63 
48 
37 
62 
94 
31 

OVae In Iteee arunount of added palmitic aid. 
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I.3, 

Gel conslatency (mm) 

Dehftted + 
palmitic 

Detatted aclo 

60 so (1.0 mg) 
45 42 (1.0 mag) 
86 36 (08mg) 

100 00 (0A rg) 
100 93 (0.5 g) 
92 32 (OA rg) 
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amylose and intermedlate-amylose rices dif-
feredin peak viscosity, hot paste viscosity at 

94C, and cld paste viscosity, but low-amylose, 

paste viscosityrices differed mainly in cold 

(Table 7). Comparison at similar peak vis-

couities (1,000,B.U.) had no advantage o vr 
comparison at similar paste concentrations. At 

a similar peak viscosity, the better quality rices, 

such as IR , Rojolele, and Jinheung, had lower 

Ss e and e viscosity than thetback consistency 
poorer quality sampl Setback viscosity is the 
difference between viscosity cooled to 50rC and 

peak viscosity. The correlation coefficient bet-
ween gel consistency and amylograph 	setback 

LYof 10% gels was -0.44** (n = 41) for high-

amylose rices and. -0.64** (n = 88) for 
intermediate- and low-amylose rices. 

SGel consistenc correlated negatively with 
viscosity (determined with a Wells-Brookfleldone-plat mi'vsoeter)in both nonwaxy 

milled rice 5.0% gels (r = -0.69*, n = 61) 

I n h olln iT~b 8. Sekilly of anyme uaneil e 
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22 
starch '6.75% gels 

(r = -. 82n = 63). 

The relationship between gel consistency and 

hot-water soluble starch of milled ice was 
reviewed using rice flour samples. z	Soluble 

hliheitamylopectin (and tarch at100C °was 
I
in soft-gel, hlgh-amylose rices, such as R32 

much higher than in waxy rices ULB-Ri.1 and 

C441-4 (Table 8).In contrast, "starch fracii6s 
asinhd-g i, high-amylose rices, such R42, 

had lower solubility in hot waer. fa ith 
refluxingf95% ethanol had little effect on the 

solubility of the starch in hot, water. 	In hot 
water, amylopectin was actually much less solu
bie than amylose in the high-amylosi hard-gel 
rice than in the high-amylose, softer gel sample. 
The flour of nonwaxy milled rice had more sol

uble starch'than the flour of waxy miII6d 666e. 
* r eIlis.,hSubtines "MWda i contentIIlI; nik"-,i:uioen 

(0.01-0.06% dry basis), which increased, 4

o, nm db s i~ 
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ressively with amylo content of rice starch 

(1.7-30.3% dry basis), bound lipids extracted 
with water.saturated buta.ol at room tempera-
ture from 8 rice starches prepared by dodecyl-

berente sulfonate (DoBS) removal of protein 
ranted from 0.03 to 0.44%, but were highest 

not in high-in intenrediatC-amylose rices, 
amylose starches. The lipid fractions were pres-

ent in an apprce!imate ratio of 1:1:1. The 

residual lipid (25%) had essentially the same 
composition as the extracted lipid. Thin-layer 

that neutral lipidschromatography revealed 
were mainly free fatty acids, glycolipidswere di-

and monoglycosyl di- and monoglycerides, and 

lysophosphatidyl choline and lysophosphatidyl 
the major phospholipids.ethanolamine were 

The major fatty acids of these fractions, deter-

mined by gas liquid chromatography of their 

methyl esters, were linoleic and palmitic with 
levels of oleic acid, plus smallervariable 

amounts of myristic, stearic, and linolenic acids. 
In waxy starch, bound lipids (0.12%) were 
mainly free fatty acids. 

Water.saturated.butanol-defatted starch had 

slightly higher amylose value, 1*to 3°C lower 
gelatinization temperature. and 3 to 0.07 N 
lower gelatinization normality in the alkali vis-
cogram, slightly greater susceptibility to lint-
nerization loss in 2.2 N HCI at 350C, and 
reduced gel viscosity and softer gel consistency 
compared with undefatted starch. However, 
residual nitrogen was not affected and less than 
50% of the bound phosphorus was removed on 
defatting. The phosphorus content of waxy 
starches was not reduced by defatting. Changes 
in hot-water-soluble amylose and starch and 
alkali viscogram viscosity from defatting were 
not consistent with starch properties. Bound 
nitrogen consisted mainly of protein and phos-
pholipid nitrogen; Bound phosphorus was 
mainly phospholipids and organic phosphate 
esters. 

The use of 1.2% sodium DoBS to purify rice 
starch resulted in apartial loss in bound lipids 
(mainly phospholipids) and an increase in 
glycolipid fraction, without any effect on the 
theological properties of the starch. Evidently, 

had the same solubility asresidual DoBS 
glycolipids. Sodium dodecyl sulfate 
(0.5%)-0.6% p.mercaptoethainol was more 

1331 AMUAL 33103T voa 1978 

bound iu Ofeffective than DoBS in reducmin 
starch and also reduced the gelatinization 
temperature of 1R480-5-9 starch. Sodium hyd
roxide (0.1 or 0.2%) effectively removed pro

tein but also reduced bound lipids drastically. 
The preferred method of preparing starch for 

lipid studies was wet milling in a Waring blen

dor, sonication, and treatment with alkaline 

protease at pH 10 at 50*C. Digestion of protein 
bodies by the protease probably also effectively 
removed the lipids associated with the protein 

bodies, particularly glycolipids. 
The bound protein from purified waxy and 

nonwaxy rice starch granules was extremely 
in a pure form from thedifficult to remove 

granules (0.007-0.08% N). SDS-poly
acrylamide gel electrophoresis indicated more 

protein bands in nonwaxy starch than in waxy 
starch. 

LIPIDS OF MATURE AND DEVELOPING
 
GRAIN
 
Chemistry Department 

Upidsofmlling fractimofbrownrice. Fator 
lipids may be classified into readily extractable 
or free lipids, and alcohol-water soluble or 
bound lipids. Free lipids were extracted with 
chloroform-methanol (2: 1)for 8 hours and with 
water-saturated butanol (WSB) for 0.1-1 hour. 
Bound lipids were then extracted for 24 hours 
with WSB. The 0.1-1 hour WSB extraction 
effectively removed most (>90%) of the 

afterremaining lipids of protein bodies 
chloroform-methanol extraction. Bound lipids 
were mainly associated with starch granules and 
occurred in milled rice in the same amount as 
free lipids associated with protein bodies. 

Fat-by-hydrolysis determined by hydrochlo
ric acid hydrolysis of chloroform-methanol
defatted sample had essentially the same fatty 
acid composition as bound lipids.WSB at room 
temperature effectively extracted 75% of fat
by-hydrolysis. Hot extraction can remove most 
of the residual lipids. Fat-by-hydrolysis, or the 
fatty acid fraction, constituted 48% of the dry 
weight of bound lipids. 

The free lipids were concentrated in the 

embryo and bran-polilsh fractions, wheres 
bound lipids were mainly in the milede or 

39 
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phospholi ids. Bound lipids had larger propor-
liled rs;I add-
tions of phospholipids and glycolipids. Endos-

piuWO-5n yonwlipids, tha lycoliTids.dedito cntain morel 
ratio of starch, asThe amylose-amylopectit

yamlse content, affected lipid com-cond lisoPOnayrc.
perm1ipidstate 
position (Table 9). A waxy milled rice (1-2% 


amylose) had more free lipids and less bound
 

lipids than two nonwaxy milled rices. In addi-
tion, its bound lipids had more neutral lipids 

(fatty acids) and glycolipids and less phos-

had)~-pholipids than the bound lipids of nonwaxy rice, 
An inte mediate~amnyloie rice (IR8.-vuF 

slightly more bound lipids than ahigh-amylthe 

Department of Agricultural Chemistry, Obi-

The neutral fraction ofhiro University, 
the free lipids was mainly triglycerides, free 
fatty acids, sterol esters, and 4.monomethyl 

sterols with minor amounts of diglycerides and 

terpene alcohols. The neutral fraction of the 

bound lipids had the same compunds but free 

acids instead of triglyceridespredomifatty 
nated. Glycolipids of both free and bound lipids 

ere ac steo glycolipids, monoglycosyl di
sterol glycosides,glcrie.ceramide monoglycouides, monoglycosylceratnide 

-l~ Trides, d- ycosyl diglycerides and di-
ouf~bn lclre unknown spots 

or,und ipids may be free 

4ilpds 'oft the free lipids were 

wpa-id 
phosphatklyly i 

l. h.1
 
pho . sphitltogetherit cyl ti rw am ne-..wt rlcdptitogeth r ' ac yphosphatidyl 

and Imyopb6otiii4 ico:iiec'Ilehn-_r.,-' 

hatYc lme and.

the oud lpids, l7 0s ,;
lysophosphatidYl ea n r 
together with phosphatidyl choline. 
nd 2"7% leca i a;-

In terms of fatty acid comosition, free lipids 

rices had mainly 36-40%of three brown 2324%linoleic acid, 32-37% oleic 
palmitic acid, whereas bound lipidi Mad, 

and12-17% oleic acid. The 
were 0-3%o myi-stic, 2-4% stearic, and 1-2%,
 

linolenic acids.The three fractions of free lipid
 

hada fatty 'acid composition similarto that of 
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2. Dry matter accumulation in developing IR42 gain from 

detached paticles in liquid culture of varying sucrose and glu-
tamine (Gin) concentrations. Initial age of grains was 1-2 days 

after flowering. IRRI. 1978. 

the total free lipids, but the fractions of bound 

lipids varied more in composition from the 
total bound lipids, 

Lipids of developing IR42 rice grain. Free 
lipids accumulated within the first 12 days after 
flowering (DF) and fat-by-hydrolysis or bound 
lipids as long as 20 DF (Fig. 1). Glycolipids and 

faster thanphospholipids were synthesized 
neutral lipids. The major fatty acids were palmi-

tic, oleic, and inolei, and there was an increase 
in oleic acid and a decrease in linoleic acid dur

ing grain development. Fat-by-hydrolyis con
tained more palmitic acid butless oleic acid than 
free lipids. 

earlier accumulation of free lipids rela

tive to starch (and protein) isconsistent with the 

earlier development of the bran layers in 

developing rice grain. Protein accumulated dur

ing the same period as starch during grain ripen
ing. Fat.by-hydrolysis tended to follow closely 
dry matter accumulation, which supports the 
view that this lipid fraction is associated with 
starch granules. Free fatty acids increased 
slightly during grain desiccation in the field. 
Lipase and lipoxygenase activities in developingpanw low. 
grain were low. 

DRY MATTER ACCUMULATION IN 
DETACHED PANICLES 
Chemistry Department 

A time-sequence study was made to determine 
the curve of dry matter accumulation as a func
tion of sucrose-glutamine level in the medium in 
which detached panicles are incubated. Results 
indicate that the lag period is 1 day or less for 
grains I to 2 DF (Fig. 2). Dry matter accumula
tion closely followed the level of substrates, 
sucrose, and glutamine. 
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et were n -
EVALUATING DISEASE RESISTANCE OF CercospO-V laf spot r 

n virulece valrestent, indi:atn that patho
BREEDING MATERIALS 


from test to ist. Many lines were resistant to 

three or more diseases, but none were resistant 
Plant Pathoiogy Department 

to the ragged stunt virus. Frequent afternoon 

rains in the wet season adversely affected field 
M l ,lw&me r . Promising elite 

breeding lines and selected IRRI varieties were inoculations for Cercospora; only dry-season 

reactions were therefore evaluated. Sheath rot 
evaluated for resistance to several fungal, bac-

natural infectionwere based onevaluations 
terial, and viral diseases (Table 1). Results of 

early in the wet season. 
field screening tests for blast, sheath blight, and 
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SCREENING VARIETIES AGAINST MAJOR 


DISEASES
PtooasPlaSE 
Plant Pathology Department 

Fungal diseases. Blast. In 1978, 62,637 var-

ieties and breeding lines were evaluated in the 


field for reaction to leaf blast. Forty-four per-


cent of the test materials were pedigree lines, 


from IRRI's world collection, and13% were 

8% were plant pathology breeding lines, 


Forty-one percent of the entries were resistant, 


22% were intermediate, and 37% were suscep-


tible (Table 2). 


•Tb l .. of M04bhaqadi :inW". mo'blata-.a.y. W 

Doe of 
dng ResitntTest no. 

_____(IoW 

No. (%) 

all 74.11 4 Apr 7t 
60.32 13 Jun 1970 	 05 

U3 a6.302 20 Sep I 

4 
 t Nov 1t73 467 46. 
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the first10,000 lllR 5ipim N OW 
,ions were screened for blast feultim , the 
screeningof 10,286 more entri was indad 
1974. About 11% were resistant The varietis 
were retested 4 imes in the IRRI blastnusery; 

oily 50% remained resistant but many became 
susceptible to other races that were not present 
in the preliminary screening (Table 3). The 
resistant varieties, among which G378, JK689, 

RT1095-326, Belisiyan, and Tukad (Table 4), 

will be multiplied and included in the Interna
tional Rice Blast Nursery to determine if they 
have a broad spectrum of blast resistance and 

can be .used as donor parents. 
Cercospora leafspot. In the 1978 dry season, 

437 elite breeding lines and entries in replica

ted yield trials were screened for resistance to 

Cercospora leaf spot. 
Plants were inoculated late in the afternoon 

at an adjusted spore density of 45-50 

spores/microscopic field of low magnification. 

Disease readings were taken from the flag 
leaves when plants reached the ripening stage5)

5). 
The wet-season screening and a preliminary 

yield-loss study were lost to October typhoons. 
varieties from theLeaf scald. The 1,208 

world collection that were previously observed 
in the field wereresistant to leaf scald 

artificially inoculated in the 1978 wet season to 

confirm their reactions. Plants at the maximum 

tillering stage were inoculated with a spore sus

pension of Rhynchosporium oryzae by the clip

ping method. Also inoculated were 337 entries 

from the 1978 wet-season 	elite lines and from 

the hybridization block. Varietal resistance was 

evaluated 21 to 30 days after inoculation with 

lesion length as the criterion. No variety was 
ratedimmune, but 3.8% of the entries were 

1679M 

Enhe raesas 
Sntin 

toadSuscotweInfrmnedlift 
no.) 

No. 1%) No. 1% 

13.2 104139 12.7 144 
20A 106200 13.3 222 
21.3 1044223 21A 221 

306 32.7 163 17A -1
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~ Ju tnm3 -mu ---""it eL 

9"W"e (n.) wL dtcesm "msOW 

Modead ModerNu
SAme 	 (1.) realnu wusptbl (J4) 

(2) (4) 

Wood col~allon 0116 324 761 

1 32 x6 
am on" 0 	 m7 W

TOW I 	 72646 43iWlbdihelgn~o~l 	 m173 442T Wa 	 57(no) 
3A 11.5 23.6 56.1 

ToNl (%) 

ggoleas e lin gsbgdonthefollowigecgl e l1 - gione0-cmiong,2 - 1.12cm,3- 2.1-Scm,4- 2.14cm,5-4.14cm. 
6 - 514 oar,7 - .1-7 cm. I - 7.14 cm 9 - lo1gW Om I cm. 

scored. Thirty percent were scored 3 or less; 	 tungro. Among the resistant rices, Basmati con
sistently had a low percentage of infection. Five 

43%, 4 to 6; and 27%, 7 or higher. 
thousand seven hundred fifty-one entries of 

In the greenhouse, 13,436 entries of 3,136 
2,218 varieties and lines were inoculated to test

tested for reaction tovarieties and lines were 

boom w ening r-s-. -f 1I73T s 7. umm y d aihas 

Entries (no.) with disease reaction" 

Source Entries 
(tot l no.) R MR M MS S VS 

Eltebreeding lilne 
Replkad yield trial 

(lowland)
Replcated yield trial 

(upland) 
Observational yield trial 

(lowland) 
Obeervatlonal yield trial 

(upland)
Hybrldization block 
5th International Rice 

Sheath light Nursery 
(2d set) 

Plant Pathology lines 
Korean breadng lines 
Colaboraive sheath blight 

Weening meials 
StrWee- nt donors 
Germplam bank 

154 

1000 

10 

1486 

1171 
579 

154 
370 

3165 

151 
20 

2089 

0 

0 

0 

0 

0 
0 

0 
0 
0 

0
0 
0 

17 

13 

1 

21 

1 
2 

14 
23 
59 

15
5 

11 

122 

871 

148 

1370 

1131 
524 

130 
297 

3045 

13515 
1966 

9 

99 

7 

91 

31 
35 

a 
33 
26 

10 
69 

3 

16 

2 

13 

4 
13 

1 
13 
11 

00 
14 

3 

1 

2 

0 

4 
5 

4 
25 

00 
9 

Confinmaon lost 

Site breding lines 
Replicaled yield triai 

(Ilowlend) 
Observational yield trial 

(lowland) 
Plentphoogy lines 
Korea breeding lines 
fth internetonal Rice 

Sheath Might Nury 
In~emtlonel Ricemlet Nursery 
kIntm nal~ Rice Ober

atonalNursery 
inetional Rice Yield 

Nwrear
III " ban 
Total% 

1 

7 

43 
23 
57 

30 
12 

16 

15 
15 

10,719 

0 

0 

0 
0 
0 

0 
0 

0 

0 
0 
00 

0 

1 

9 
5 
2 

13 
7 

3 

2 
0 

2242.1 

1 

6 

32 
18 
55 

16 
5 

14 

12 
14 

9947
92A 

0 

0 

2 
0 
0 

1 
0 

1 

1 
1 

405
3. 

0 

0 

0 
0 
0 

0 
0 

0 

0 
0 

90
O. 

0 

0 

0 
0 
0 

0 
0 

0 

0 
0 

0
0.5 

. 
MIL 

, MR - modeaty relatant, M- intemedlet. MS"-moderately usceptib, S"-smcptb lVS veuslue 
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sor 
,. ' <1-% 
S,~ ,5-25%" 0. 195-25% 
210250% 

40s >has 

30 -breeders. 

2tance 

M Ms vsR MR 

1. Sheath rot reactions under natural infection of 244 varieties 


and breeding lines in the hybridization block. IRRI, 1978 wet 


season. 

their reactions to grassy stunt disease. Similarly, 

1,746 varieties and lines were tested by the 

newly developed mass-screening method for 

ragged stunt resistance. Of those, 82% had 

61% infection or higher; 15%, 31 to 60% infec-

tion; and 3%, less than 30% infection. Varieties 

with low infection included: PTB 21 (acc. no. 

6113), Molaga Samba (6114), PTB 21 (11053), 
Hathili (15200),Murungakayan 104 (12078), 

Mawee (15219), Mawee (15296), Mahamawee 

(15322), Chembaralgi Samba (15452), CR57

29 (15775), and PTB 33 (19325). 
Bacterial diseases. More than 78,500 rice 

entries were screened, evaluated, and tested for 

bacterial blight resistance (Table 8). Both 
strains PXO 86 of pathotype 2 and PXO 61 of 

pathotype 1of Xanthomonasoryzae were used 
in the screening program to determine the 
breeding materials with specific resistance con-

ditioned by either Xa 4 or xa 5. 

OF DISEASEINCORPORATIONFURTHER 
RESISTANCE 
PlantBreeding Department 

Diat. Rice blast is not a major threat in most 

tropical irrigated rice fields. Philippine farmers 

have widely accepted some IRRI varieties (e.g. 

IR26 and IR36) with only moderate resistance. 

Blast is rarely serious at IRRI, which indicates 
that it is a poor location for a strong breedifig 

and field screening project for blast resistance. 

Although some use is made of sources of blast 

resistance in general breeding, more emphasis 

been placed on analyzing the situation of 

varietal resistance through results from the 
with national on collaboratingIRBN and 

Breeding for resistance. Selection for resis

only in IRRI's blast nursery is inadequate
 

in retaining some types of resistance that would
 

wide spectrum of blast

be effective against a 

someraces. Therefore, all breeding lines with 

resistance potential are being tested in another 

blast nursery in Leyte, Philippines. 

The present donors of resistance in advanced 

breeding lines are several lines from IR2588 
(IR24/Tetep///Sigadis* 2/TN 1//IR24), IR2793 

4 /Peta*3/TN 1//HR2///(Peta*4/TN1//Tetep* 
and IR2053 (Peta/TN1//TetepIR20/TKM 6), 

All derive from Tetep, but///IR22/C4-63). 
their resistance differs from that of Tetep, which 

continues to be effective. Recent analysis indi

cated that the lines are occasionally susceptible 

at Leyte. 
Further analysis indicated that many lines 

have a resistance similar to that of Tetep or 

Zenith (these two resistance sources are difficult 

to distinguish and separate in the present field

testing program). To recover Tetep's type of 

Teblel. Sereeningof g oUpsof sandvherestbacter" 

Wblih resistance. NM 137. 

Material screened 

Pedigree nurseries 
F, 


with X&4 


Fw 

with Xe 4withxs 
F, 

with Xe 4 

Hybridiation block 
Replern ba 

Otevatonal yield trial 
E line Tio 

Entries Resistant or 

tested moderately 
(no.) resistant (%) 

67,181 82 
36,927 72 
34,112 

9620 

20,102522 
2
6,610 

0,017
 
44w2it 


533 46
 
6,2 4
 

3,006 5 
12 11 

79A5
Totl 
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s types of bost resistance 0, 
someiR5533 lines, frentiate vaim 

resistance, IR190581-3-1, 
1976. Some resistance donors often react to A 

and 1R9669 progeny have been crossed with 
races at IRRI and those of Leyte in a distinct 

rainfed wednd or dryland rices. The progeny al thougih the r a e othsiti: m at b
diferentmannrwil be screened simultaneously at IRRI and 
vary from season to season. Therefore, clas, 

Leyte, to recover more improved lines with 
sffication of the types of host resistance has pro

Tetep's type of resistance. 
ceeded on the assumption that if a number of 

Analyis of prevailing host resistance. Data 
races in one group behave uniformly through 

from the Leyte blast nursery have helped dif. 

psup. VA IM7Tb & wu W "sWOasUuqN sash bMM radius5.1 W as 
- inu-c-pt'bla)Atw.n to bast 1 - rawtat, 9., 

Secondary crteia6881c "llda 

PhIllIppine
P1N 
 Malaysia
Group entry Subgrop Une or Entries 	 Indo.Ly U. Ume Indo-

variety Ino.) IRIno. 	 nes Colombiane Thailand Nepl-
1377 1976 1977 1976 1976 1I76 1977 19771376 1977 1376 

--

AWoi group 81
 

1 3 
49Is 1R1905-81-3-1 

Zenith 1 5 3 
146 	 1 1 1 2 2 1 1 1 3 

1 1 1 1 2 1 33 2

10 1
lb *14647-6-2-5
99 carreon7 


1 2 1 2 2 3 7 3 2 
350 Ic Colombia 1 12 1 1 

M-02 5 5 7 43 4 5 5 
326 Id R946-33-2-2-2-2 	 6 1 1 1 

4Mlcellaneous 

28
2 

0. nirom 
1 1 2 1 1 1 2 5 

166 2a 1R258-2-3-3 25 1 8 5 
9 3 4 

415 2b 74549 or 3 1 1 5 1 2 4 2 1 
1 3 4 

416 2b 74-5507 1 1 6 1 4 4 1 9 

673 	 1 1 4 44 2
53 1 1 8 4 1 

100 3a IR2793-18-5 	 7 2 4 4 3
4 

141 3b iR34 12 1 3 8 8 5 


2
Uncladslfld 

26
4 

332 
192 
161 

4s 
4b 
4c 

IR1529-6803 
IR3454-0-2-1 
IR2071-588-5-4-3 

17 
5 
4 

1 
1 
1 

9 
3 
7 

8 
8 
8 

6 
8 
4 

S 
6 
4 

4 
4 
8 

a 
7 
5 

4 
3 
3 

1 
2 
1 

7 
5 
9 

7 
4 
7 

5 
353 
58 

5s 
Sb 

Minor group 
Down 
Ru 3-7-2-1

4 

21 
17 
2 

6 
7 

4 
4 

1 
3 

1 
1 

3 
9 

2 
2 

2 
4 

1 
3 

6 
1 

2 
S 

7 
4 

Mlscellaneous 2 

7 

5 

82 Go 
333 Ob 
171 oc 
269 Sd 

sO 
293 

230 

17 

iR3271.PP134-W6-3-1 
4 

IR1544-31-2-2 6 

IR2793.0-1 3 

BW 246-10 4 
3 

TOS 2259/7-32-9
2 

Hahng Yi 71 
4 

iR4432-29-6 4 

6 
6 
6 
5 

1 
1 

5 

1 
3 
1 
1 

9 

1 

1 
6 
7 
5 

4 
1 

8 

1 
1 
4 
1 

1 
1 

7 

4 
9 
4 
3 

8 
4 

3 
4 
1 
4 

7 
3 

4 

1 
2 
1 
6 

3 
1 

9 

1 
3 
1 
7 

2 
4 

3 

4 
1 
1 
1 

7 
3 

1 

3 
4 
2 
9 

3 
2 

4 

3 
3 
3 
5 

2 
1 

7 

10 
30 
137 

Ci530 
I2 

Total 
10 

261 
1 

5 
5 

5 
9 

1 
8 

9 
9 

9 
8 

3 
a 

2 
8 

7 
5 

2 
9 

a 
a 
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om tems, their gnotype my be simila. IIU is esting some r-es alnt this t. But 
From 397 IRBN entries tested at Lm Balm the proposed set sems to have some inade

and LAyte in 1976 and 1977, 261 entries were quscles. Fist, it would not separate races that 
matadvely claified into 10 major resistant might distinguish Zenith from Tetep. Second, it 
groups (Table 9). Subgroups were assigned to does not include host resistance similar to that 
each major type, on the basis of reactions out- of Dawn. The tentative differentials may serve, 
side the Philippines. Table 10 shows two exam- however, as a guide to a more complete set for 
plesof the relative homogeneityof the reactions use in routine screening. 
within each group. Hybridizations have been made to generate 

The frst four groups inthe classification seem materials for genetic analysis. In 1978, 41 Fg 
to represent the host resistance in the present populations with different types of resistance 
breeding program. All are probably related to were produced. 
Tetep, Zenith, Oryza niara, a segregant of an Collaborative development of race indi-
Oryza nmvara arss,or Sigadis. A minor group of cators. In reconstructing the resistance found 
varieties reacts similarly to Dawn, but includes in Tetep and Carreon into an improved 
few IRRI lines because Dawn tends to be sus- agronomic background, breeding lines should 
ceptible at IRRI. That type of resistance has not be tested simultaneously at diverse locations. In 
been selected at IRRI. addition, some race indicators appear neces-

The results indicate that a tentative set of dif- sary. In anticipation of the discovery of some 
ferential breeding lines can be selected to race indicators with components of Tetep's 
monitor races in blast nurseries (Table 11). resistance, sets of 100 F5 lines each from 

varada WA, 1973.a -- Bese RaeToe 10. Cl de rsltna is. Inthe le NurMsy. 

Reaction to blast (1 - reasiato. 9 - susceptible) 

Basc critesri Secondary criteria 

Une, variety Philippilne 
MalayVs

IRRI Layta Bumbong Lima Indo- Thai- Indo- Colom
neala land Nepal nesa bla 

1976 1977 1976 1977 1976 1977 1976 1976 1976 1977 1977 

1a0p Group (I, CarfeonSubgroup 
Camreon 1 1 1 2 1 2 2 1 6 4 2 
Colombla I 1 1 1 2 1 2 2 3 7 3 2 
HRM744-.8-1-2 3 1 3 1 - 2 2 1 7 1 4 
CT2011-1 1 1 1 3 3 2 2 1 9 2 1 
Colombia 1 3 1 3 1 3 2 4 3 8 3 2 

Disi HsIf 3 1 1 1 1 2 2 1 8 3 2 
El Gopher 
818-3 BR 9 

3 
3 

1 
1 

3 
1 

1 
1 

2 
3 

2 
2 

2 
2 

1 
1 

6 
9 

3 
2 

5 
7 

JKW S20 3 1 1 1 2 2 2 1 7 4 2 
Rwneorh 1 3 3 1 4 3 2 1 7 - 5 

RamTuk 1 1 3 1 3 2 1 1 8 3 2 
Ram Tulaell8a.) 1 1 1 1 3 2 1 1 7 3 3 

s~ad Group 

M152940- 1 9 8 6 8 4 8 4 1 7 7 
URJSI-26-12 1 7 8 6 4 5 4 2 5 6 6 
i822-1000-3-2 3 7 a 7 9 6 3 5 1 9 9 

4134-10102-4-3 1 6 a 7 4 5 5 3 1 9 a 
UM714-3-1-1 I 8 8 8 6 4 6 3 4 8 7 

M446.172-2-1 1 7 9 7 8 5 a 3 4 9 3 
IM4.-2-1 1 7 8 7 6 4 7 4 4 6 4 
1iR06-23-1 1 a a 8 4 4 6 I 1 6 I 
IU104-121--3 1 7 a 8 4 4 7 4 3 S 1 

iW404-149-3-2 I a 8 a 6 4 8 4 3 7 2 
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Lanka had been compiled. Dr. S. 
155. A upplfte I d 1B RWQ m and Sri 

__,_ Kiyosawa tested all 300 entries against 6 stan-

Pgison (R- , I 1- - suseapiti) dard isolates in Japan. 
_________d________ 

1111 o m, ,te, 	 If the various segregants ofTetep's resistancereH 21Uo. 

111 2-,.s3 s mo- Om can be grouped, the types may reflect major 

in Tetep, although current data appear
III RgenesA00 19M A 	

8 inadequate for such comparisons. A major limi
a Om 1,7) A 	 n a s 
c Ntaws' 117) R 	 1 s s s tation is a lack of the fungal races that may dis-

S s tinguish the types of resistance in the checkvario A(Vl 197) a 	 S S 

eties, as well as the fluctuation in the reactions 
in one genotype. Tetep, Zenith, and Carreon 

Tetep/IR30 and IR30/Tetep/llR30 were behave similarly; Dawn is not clearly separated 
from them (Table 12). The only way to over

tested in many countries. By late 1978, data 
to be thesuch difficulties appearsfrom three Latin American locations obtained come 

through an arrangement with the Centro Inter- development of facilities for controlled inocula
tion of known races that will differentiate resis

nacional de Agricultura Tropical, as well as data 
tance types. Testing natural infection, even with

from Malaysia, Nepal, the Philippines (Leyte), 

tastings of blst resistance.Tls 12. 11e--Ws of doee wadd..-ineule III,,v U. 1711. 

Reaction 

CIAT' Malaysia'Entry 
Entry________________Nepal Philippines' Sri Lanks' 

A 9 C 15t 2d Khumaltar Leyte 

1 0 O(S) 2 1(3) 1-3 
01 2 

1 1 01R) 0(R) 1 1(3)
Tetp5 

0 0R) 1 1(3,4) 1 
Carreon 1 2 1 	 1

4 2 1 OR) 0(R) 2 2 
1 1(3) 2 PS

1 2 1 	 0 5Zenith 
3 4 1 	 0 0(M) 2 1(3) 2-3 

0 0(S) 1 4 4 
Dawn 1 2 1 	 5

6 3 1 0(R) 0(R) 1 8 
7 1 4-5 1

1 

6 2 2 4 2
IR34 	 1 1 3 

1 4(5) 1 

8 9 8 11 1 8 1 
Sidis4 	 28 9 9 8 1 7 

Dular 4 4 6 2 5 7 - 4 
43 5 2 1 5 5 

8 3-4
 
Kataktara 4 

6 
3 
2 

3 2 6 7 
3
32 2 2 1 

- PS9 1
Pets 6 7 9 6 	

1--2 8 9 	 7 7 
2-31 44 8 9 	 2 9iR 3 2 PS5 6 1 

5 10 1 73 8 9 
TN1 1-4 7 9 	 6

7 
5 1 55 8 9 	 6 

11 77 8 4 9 
2 6 8 7 6 4KTH-17 3 	 4 2-3 

9 
Straw 1 7 9 4 9 9 8 

98 9 76 8 9 	 4 16 7 1 3 8 6 
7 2PS8 14 8 6 	 3 

1 7 3-41-3 6 9 3 5 
1 6 9 3 8 1 8 

4 
5 

3 4 1 7
130 1-4 8 8 33 4 81 8 8 	 4 

2 1 6-7 1
3-4 8 9 

1 4 34 7 7 5 4 
3 8 8 3 3 4 1 

4
4 

3 7 7 3 8 1 7 

6AndC undsrCIAT 
none to small brown specks of pinhead sie, 9- about 100% ofleaf area InfectdA, B,

•Onaeesof 1-0:1 
d-mo - Panmma,ICD.PaImrir, and LD-Uibertad. 11- reeistant, 12- moat susceptIble. Numbers in parentheses e the ratling for 

the moat mveel affeced spote In each plot. 'PS- poor standing. 
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nny collaborative nurseri., does not seem to 
be a good wsutitute. Reactions against six iso-

iales in japan indicated that wine progeny lines 

had no resistance genes in the loci of Pi-a, k, ta, 

z, z', b, and t, while others appeared to have 

resistance gencs in the loci of pi-ta, z, b, and t. 

The inadequacy of Japanese standard isolates 

in distinguishing many resistant host genotypes 

indicates a need to develop standard isolates for 

tropical rices, 

DISEASE RESISTANCE STUDIES 
Pla Pathology DepartUIe
Plant Pathology Department 

Pathogen variabil-Blast. Pathogen variability. 
ity and lack of adequate differential varieties are 

most pronounced with the two major fungus 
13).

diseases blast and sheath blight (Table 
the varietalto blast resistanceWith respect 

influenced the fungusgenotype also greatly 
races that prevailed in an area. From 1963 to 

was used as the susceptible1977, Tjeremas 
check and as the spreader variety in the blast 

to blast in the nurseryIts reactionnursery. 
ranged from 6 to 9 on the 1976 Standard Evalu-

ation System for rice. Azucena and Bluebonnet 
Since 1977, IR442-

50 were also susceptible. 
2.58 has been used as the spreader and check 

variety. As a result, the prevailing fungus races 

in the blast nursery have changed. The resis-

of the previously susceptible varieties
tance 
Tjeremas, Azucena, and Bluebonnet 50 indi-

cates the variability and high adaptability of 

Pyriculariaoryzae. 

r - of&de ft rcwsmm by "mw*w 
nt oa dryIS v,.ir*s*. Ukdismse devdop 

blast develops doiy in dry4and vsuleS, whiA 
It"a test fCr detdrhave horizontal resistaM. 

mining the rate of development and spree of 

the disease, 39 drylmnd varietios from different 

countries were planted separately in 2- x 2- m 

fertilized plots. The plots were inoculated with 

isolates from naturally infected 1R442 seeings 

placed at the center of the plots 20 days after 

seeding (DS). At night the plots were covered 

with polyethylene platic to make conditions 
favorable for blast development. The lesions on 
5 plantslrow were counted I week after inocula

tion. Nine subsequent readings were made at 2. 

to 4-day intervals. 
was severe on IR442-2-58 but

The disease 
less severe on such varieties as Bluebonnet and 

Azucena (Fig. 2). 
The rate of disease development was calcu

analysis. Representativelated by regression 
samples of r values were high in die susceptible 

Goma 318, Taichung Sen
varieties IR442, 

44195, and B9C-Md-3-3, but low in Azucena,
 

Bluebonnet, C22, and others (Table 14). The
 

varieties with low r values were susceptible to
 

blast in previous tests. Whether the varieties
 

had low r values because of horizontal resis

tance should be further investigted by using
 

the isolates attacking them.
 

Reaction ofJapanesefield-resistant varietiesto 

Philippine blast isolates. Some Japanese van

etal groups are known to have low or slow blast 

infection, although they do not seem to possess 

and aiws to fimgd dhoeeeOft 1101. 
Tabe 13, Reesdm of dIfferent verledle 

Rretri to 

I sheooCe~sheath avariey Migh Lea scamdla sa 
1last 

Vs V11MRM.M.MM meM.S-S-S M11MSIR20 M.M.MMIR6S-S.M-S 8MM 
1R20 S M

R.M-S M meM" M MIRd0 M1
A D UT TONMM 

E I MSMRA 5ME S.M-RRM10:3 MM1 
M39S "-a M MS 

M M 
M-MR -R00O 8MS44R.R.RSIR42 

- VVY "uitops*&

mfoderate MR - modatsw realatfit MS mdrWy kusep"Kte VS 
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the major gene or genes elfective against 
Japanese Isltes. In-IRRI blast nursery tests 
their reactins differed rem~arkably, varying 

fro mo leratelreisliant to highly mucepdrole 
(Fabl IS). Todetermine if such variability was -6 

caused by differences Inspecificity to isolates, A I 
nine varieties were art&Mclfy Incuad& with
difeen on adi solates (Table 16). Of,.vul 

NooftkeVadetn LrenUseptibketothe iso. UP --trWadwl~:(pwd)o94q dyld ci au 

lass Cultivar Ou 247 aperdresistant to RRn.tL.1978. 1: DJ 29,2: D' 1103: Auc., :C.2 

many Isolates, anid Suzuhaa-mocli was .uscm 1199L) 9:I2.3. 1.:bi~u(c6 O.8 ai(i 
tible to many. thprsneo 0).:M42S. 

That indicates tepsncofa resistance 
gene Or gene not dearly effective, agminst W ILW i i 

Japans isolates but effective against bip. 
Field 1090 WA~u~isly,mein~We 

were 

~t~i.It~~oJewtkownwiacheAMID;US fac.
 
rim~~nU -aseby differ- bl, i aids. 1lImS 

trite fir,4-I sotytkii lii4 

remps llfor the rstantreii nto r ~aia f 
F2 ON2P 4 i47.i
 

pO t~oes aWt but mife. 01 T."U+
 
f S #eitmode, a acompenflof llrtfcin F4 &As4I 

4that glos ism
 
~~~~i~~ihe~vait uamcl (SM4, hh
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mrsJ asUM 



om doe 12th day after swing. At Wig& *e be involved. Further study isneeded to deter
p1Wnt 	 mine 1) if wd& factor Is fslt4ecific, and 2)

with plastic to prolon thepOM War covwe 	 the degree ofvarietal differences aan aspectof 
dewgriod. Te kdllaon the twoupper laves 

mnted and expred as percentap of the expression of resistance. were 	 ofSp.ondadL.TIO ofPA ippkntrawnwnbe 
infected area (Fig. 3). The infected areas caused 

n IRBN tests need to be 
by isolates F0303 and 4713 on Suzuhara-mochi 	 P. oryzue Te rc 

classified on the basis of the reaction of Philip
increased slowly, but lesions caused by isolate 

2137 on both SM and KTH increased rapidly. pine differentials in various geographic regions. 

After 34 days, the lesions on SM began to Requests from national programs for seed of 

Philippine and international differential vari
decrease to the same level as those on Tetep 

eties made it clear that Philippine race numbers 
inoculated with 2017, while the lesions on KTH 

should be standardized by predesignating the 
continued to increase. A certain resistance fac-

pathogenicity patterns of all theoretical races. 
tor that is expressed in later growth stages could 
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3. Blast development on 2 upper leaves of rice varieties. Posis 
n-2, and n. re-

tions.of leaves at 34, 45, and 58 DS are n.. 

spectively, where n is the uppermost fully expanded leaf. 

The system consists of a dichotomous or binary 

arrangement of susceptible and resistant reac-

tions of the differential varieties, 
The races are grouped according to reactions 

key Philippine differential varieties,of the 
designated by the prefix P (to distinguish them 

from international races), followed by the con-

secutive capital letters A through L. If Katak-

tara DA-2 is susceptible to a certain P. oryzae 

isolate, the isolate is automatically classified as 

the race PA, regardless of its reaction combina-

tions in other varieties. If Kataktara DA-2 is 

resistant to a certain isolate and CI 5309 is sus-

ceptible, the isolate is classified as race PB. If 

botd'variefinare reuistantto CetaiDn rves bta 
vafiety is.usceptft, the m~e belooa to 

PC regardless of the r oectiowof the other var
ieties (Table 17). If KTH 17 ismsuceptible to a 

specific isolate and 11 other different varieties 
are resistant, the race is classified in the PL 

the basis of the reactions of the 12 differ

ential varieties, 4,096 races could theoretically 
be obtained. For groups PA, PB, PC, PD, PE, 

PF, PG,PH, PI, PJ, PK, and PL, the corres
ponding number of races is 2,048, 1,024, 412, 

128, 64, 32,16,8,4, 2, and 1,respectively. 
Group PM-I, which has resistant reactions on
 

differential varieties, should be added to
 

complete the total number of races.
 
In race determination, one could number theraces, without looking at the computerized 

ta b le,"y simply adding the values of the squares 

(equivalent to race number) that belong to each 
= group, assuming that susceptible reaction 0 

= 1 (Table 18). The valand resistant reaction 
ues of squares are added and then 1 is added 

after each determination whether the reaction 

of the last variety is R or S (because no race 

group starts with 0). For example, if all varieties 
group is PA-0react as susceptible, th-. race 

because all values of susceptible = 0, but if 1 is 

added, it is PA-1. If the reaction pattern is S,S, 

S,R, R, R, R, S,R, R, S,R, it is race PA-494, 

obtained by adding the values of squares of 256 

(PD), 128 (PE), 64 (PF), 32 (PG), 8 (P1), 4 

(PJ), 1(PL), and 1.The method is similar for all 

groups and also applies to internationalrace 

races.
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UK 

Pi"ppesW 11W OnW vaue Of 
SWAM 

20M 
12512 
2256 
123 
64 
32 
16 
8 
4 
2 
I 

Since race studies were initiated in 1963, 
races have been numbered as PI, P2, P3, and so 
on as they were identified, with no considera-
tion of grouping based on reaction of key vari-
eties. By 1976, 290 pathogenic races had been 
identified and classified by the old system. The 
previous race numbers have been revised 
(Table 18). 

To" a" Adult 
brow 

aiplant-

Transplanting 

29 seedlings 
per pot 

13-15 days 

old 

16 pots/cag 
6-8 Irects/ 

sedling 
1-day Inocu- After latent period (5-6 days) 
lation time 

Kept In the geenhouse 
for ayniptoma to delop 

Rqit jW. A mas..crecninS method for 
testing varietal resistance to rice ragged stunt 
disease in the greenhouse was developed. The 
method (Fig. 4) involves 1)rearing brown plnt. 
hoppers (BPH) for inoculation, of healthy TN I 
plants for insect feeding, and of diseased plants 

for insect acquisition feeding; 2) preparing vir
uliferous insects by providing the BPH at the 

nymphal stage with diseased plants and allow
ing them to pass the latent period before they 
are used for inoculation; 3) preparing seedlings 
of rice varieties or lines to be tested by trans
planting germinated seeds at 29 seedlings/pot 

and inoculating the plants at 13 to 15 days old; 
4) inoculating the test seedlings by confining 
them with viruliferous insects in inoculation 
cages at 6 to 8 insects/seedling for 1day; and 5) 
scoring varietal reactions by examining the 
seedlings after symptoms develop. 

The seedling mortality and seedling infection 
increased with the increase in number of insects 
inoculated per seedling. The mortality was 18, 
22, 22, 19, 41, 46, 64 and 89%, and infection 

TNII no&
 
E GP 
 soakingTr-' 

collected 

I 
Egg Inoculation
 
Incubation latent period
 

Nymphs 

Inllmd -bl 

4-day cquisitlon feeding 

'Virul-' 
ferous

[ n mh 

el q t Oveallbeis 

4. A diagrn of the man-screening method used in testing varieties for restance to rice rqrsed stunt 

disase. IRRI, 1978. 
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.. mod. was,76 86," 

n . .... 
.. ..... ed nt 391~b 200 

Spathotype 

was 76, 86, 84, 92, 86, 86, 90, and 100%, 
respectively, for,4, 5, 6, 7, 8, 9, 10, and 11I in. 

sects/seedling.the mean of6to8unsectu/seed-
megwas used for inoculation. With the method, 

928 seedlings in 32 pots or 32 entries in2lnocu-
ladon cages can be inoculated in aday. 

vs resistance toResistance to ragged stunt 
EPH. Varietal resistance to ragged stunt, as~ 
tested by the muss-screening method, is not 
always associated with varietal resistance to its 
vector, the BPH. Resistance to the BPH is 
determined by the insect's average life span on 

19 shows that PTB 21 (ace. no. 11053) was 

stunt and BPH;resistant to both ragged 
WC1240 was more resistant to ragged stunt but 

more susceptible to BPH than Gangala; and 
to both the disease andTNI was susceptible 

BPH. 
Bacterlal blight. Resistance groups. Tests of 

germplasm collectionvarieties from IRRI's 
rices differ in reaction to X.indicated that 

oryzae. Four distinct resistance groups of rice 
were identified (Table 20). 

The overall resistance group includes rices 
caused by a specificresistant to infection 

pathotype at all plant growth stages. Infection 
1trogenlevel 

T:b A. o i 'n h aS- " 
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Tilimng rlawmng Entrie 
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out..... tat , 3..n
 
oather lnes w t ....... .. .. ..
 
tafttOlt' 

3In the Philippines. DV85 s i as 
tant toal lithreeandes. F v ..... 

group includes ri 
that,based ofliflagledfifectio, airemstt 

the adtlt stage athestedlon..itige. 

The adult plant e .si.nce 

not: at ,but 
Examples are Malagkit Sungsong ad Zenith. 
Numerous rice varieties had moderate andpar
tial resistance. They~showed intermediate dis
ease reactions, but such reactions, changed 
according to locality and seasn. Few varieties 
in the two groups seemed to have stable moder
ate or partial resistance.
 

Rices are being evaluated a ted at vari
ous Philippine locations to determine to which
 

laborative testing and evaluation with national
 

scientists interested in bacterial blight will be
 
initiated.
 

Influence of nitrogen levels. Increased nit
rogen fertilizer is generally believed to increase
 
bacterial blight infection. Having identified
 
rices that differ in resistance and pathotypes
 
with specific virulence, scientists can evaluate
 
interactions among levels of nitrogen fertiliza
tion, rice resistance, and pathotype virulence.
 
Initially, greenhouse experiments showed that
 
the length of lesions on varieties susceptible to
 

strains of a-specific pathotype increased with
 
But increased ninitrogen level (Table 21). 

did not affect the severity of disease
 
observed, on varieties resistant. to, specific
 
pathotype strains (e.g. IR20, resistant to PXO
 

61, or IR1545, resistant to PXO 86), unless
 

pathotype strains with specific virlence over
came the resistance (e g. infection of 1112a by
 
strain PXO 86). The increment in lesion ktngth
 
in'rice with Intermediate'reaction tco bacterial" 

PuloandSalboro32)"wK 

(eg. IRS or h)adhflrieit 

oeb a specific path type, suci, aXI 9)s 
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wthroughduinsoelcin, 

At least two inocula- seememesae Xere stons) than .Methods ofInoculation. method. Probably 6cause
methods, the leaf clip and the pin-prick, are through t led-clip

tao X. oryzac infects primarily the i s' 
widely used in Asia for evaluating, testing, or metliod'lesions resulting from the pi-prc
screening rice varieties for bacterial blight resis-

th extended in both directions from the inf>ctlon'
lnspayingtacmathe tomeatos and 

court, while lesions from leafclipping 
method were evaluated on three rice differen-

of three developed only downward.
tials for efficiency with strains ' .pathotype 0. EarlyViuence of X. oryza

pathotypes. All rices responded to infectIon studies indicated that the Philippines isolateiof 
caused by the three strains through the leaf-clip 

X. oiyzae could be distinguished' into three 
mthod. Their. latent periods were. 3 days for) m> n sln s5dy pathotypes on the basis of specificity of infeceoptbecmiain 

5ionaon ice differentials (1976, 1977 annualfrcompatible combinations ndablel26). Te 
o v n ru 

latent period was longer with the spray method. reports). E 
caused significantly longer lesions on varieties 

$ Differential interactions were demonstrated by 
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ybg loomt major ene for resista. 
Tb, psaotype I casond sceptiblc-ype 
slaisom IR, which carries no functional gene 

for mu-m to bacterial blght. Patbotype 2 
coused m eptib -type lesions on varieties 
(e.g. IR20 and IR36) carrying dominant resis-
tance gene Xe 4. Pathotype 3 caused 
susceptlble-type lesions on varieties that carry 
the recessive gene xa 5 for resistance (e.g. 
IR1545-339) but produced on IR20 or IR36 
shorter lesions than did pathotype 2. Some 
strains that seemed to have lost their virulence 
and that caused fewer lesions even on 1R8 were 
included in pathotype 0 or virulence group 0. 

When three pathotype 0strains (B 19, PXO 
40, PXO 46) were tested against the Japanese 
differentials, susceptible-type lesions appeared 
on TNI of the Kinmaze rice varieties. Unlike 
strain PXO 10 of pathotype 1, the three did not 
cause longer lesions (Table 27). Tetep of the 
Rantajemas rice group was susceptible to B19 

and PXO 40 but resistant to PXO 46; Chin-
surah Boro II was resistant to all three. PXO 10 
of pathotype I caused twice as many lesions on 
TNI as any of the three strains of pathotype 0. 
The results indicate the lower virulence of the 
latter. The data also revealed Japanese rice dif-
ferentials that show differential interactions 
with the four strains. 

Slgl coonis fpre" te rne n .d 
ksou.DavuhtercoloniesfdllekstralnsofX. 
oryzw previously varied from less to more vir
ulent (1969 Annual Report). This variation 
was expected to correlate with the wide patho
genic variability of the bacterium and with the 
development of new strains. In this study, the 
more aggressive PXO 61 and the less aggressive 
PXO 80 strains of pathotype I of the Philippine 
X. oryzae were used to establish their ranges of 
variation on IR8, avariety susceptible to the 
pathotype. Ten plants of IR8 were individually 
inoculated with 50 colonies of each strain. Fig
ures la and lb show the frequency distribution 
of lesion length of the colonies.The variation in 
lesion length suggested a wide range of differ
ences among the daughter colonies of each 
strain, but the reaction of IR8 was susceptible. 

Fifty colonies each ofX. oryzae isolated from 
single lesions of naturally infected IR22 and 
IET4832 leaves were tested in the same man
ner. The mean length of lesions that each single 
colony culture caused on the two varieties dif
fered (k = 15.6 cm in IR22; R - 22.2 cm in 
IET4832) (Fig. 1c, ld). 

The data suggest that IR8's disease reaction 
to the two strains and to the isolates was fairly 
stable but lesion length continuously varied. 

Testing of individual subcultures from single 

group 0 f Xanthomonasoryzae lnthe PhMPpA&
T*sw t2. Rlegms of the Japanese dlheditilsto s-kals n the vinlenu 

mA 1176 
Lesion length, (cm) caused by	 Japm 

pathOtlpPXO 10s 	 Pthotype 0Japanese dffrential 
1 2 3B19 PXO 40 PXO 46 
S S SKlnmat group 

28.2(A) a 11.6(S)a 12.9(5)a 7.6()
TNI 

R S S
 
Kogyoku group 
 3.9(M) b 

Hoyoi 10.9(S) a 5.2(M) ac 	 7.6(S) bc 


6.4(M) abc 3.8(M) ab
 
Shinkiid 9.1(S) a 4.8(M) ab 	 R R S 

R ,di-om group 

TOmp 17.6(8) a 8.9(S) ab 9.5(S) ab 4.7(M) ab
 

1.9(R) b
Chineursh Boro II 1.2(R) b 2.5(R) bc 2.8(R) &bc 

R R R 
Wse AW group 

1.5(R) b 1.6(R) c 2.0(R) c 1.9(R) b 
WsAilku 


6,1(M) a 8.(M) ab 4.1(M) ab
 
IN ugosptldcheck 19.7(S) 

followed by a common l ttr are not sig-nKntly d ,feentat 5%level. R- resiatant. M - moderate, S -
Inesc oolumn msue 


suslsp0t.6ANlnU afFp TFhot 1.
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:=1 in lesion length on suceptible IRS (Table 28).-d 	 Strain of patotyp 1catidi,, ide vtI," . 

a an a= m=-"" I -l 	 The lesion length Manging from 9.4 cm (Caused 

by strain PXO 80) to 29.4 cm (caused by PXO 
knowl _ __e __ Wl MIS 39) differed significantly. On IR20 and IR1545,

11111 
S, bothe lesions were from 2.3 to 6.1 cm long; the dif

ference was not significant, and the disease reac
9A 23LOW tions were resistant.&1 43Noi 2gA

Mea 22.0 ± 5.7 4.2 ± 1.0 2.5± OJ Pathotype 2 strains also caused wide varia
"Z " 'Ml tion in lesion length in IR8 and IR20. The dif

21.7 15.3 23 ferences in length of lesions were significant, butLOWHigh 11.0 5.3 123 
the disease reaction was susceptible. On IR8,

1.8 ± 0.3Moan 17.8 t 3.5 13.2 ± 2.1 
the lesions were from 11.0 cm (caused by strain 

F - 1.1 for paditPe1@01010e), 	 ISA-15) to 21.7 cm long (caused by PXO 63).
WadF - a.0:ret 2. 

On IR20 they were from 9.3 cm (strain ISA-5)
strains and lesions from naturally infected 

cm long (PXO 63) (Table 28). Theto 15.3plants of the rice differentials will continue, 
strains caused insignificant lesions on IR1545 

Pathotypestrains. Classification of X. oryzae 
whose disease reaction was resistant. Analysis

virulence in the Philippines into three groups of 
of variance of the data for pathotypes I and 2 

was on the basis of specificity inpathotypes 
The length of indicated no significant interactions between 

infection of rice differentials. 
the strains and the varieties. The varieties and 

lesions caused by strains of the same pathotype 
the strains differed significantly, however. On 

or virulence group varied. Tests determined if 
the basis of specificity in infection (pathotype 1 

the variation among individual strains of a 
that among on IR8 and pathotype 2 on IR8 and IR20), the 

pathotype was comparable to 
strains of each pathotype could be ranked high

daughter colonies of single strains, 
and 12 or low according to the initial length of the 

Initially, 24 pathotype 1 strains 
lesion on the susceptible varieties. The differ

pathotype 2 strains were each tested in the 
ence in lesion length on such varieties may be 

greenhouse for virulence on 3 rice differentials. 
associated with the virulence of the strains on 

Fifty-day-old plants of IR8, IR20, and IRJ 545, 
each pathotype. The differences among strains 

were inoculated by the leaf-clipping method. 
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time, usually measured at 14 days after inocula
of pathotype 1appeared distinct and stable. At 

.tion for bacterial blight. The factors that affect 
three inoculum dosages, four of five selected 

the variation in virulence among strains of a 
strains of pathotype I showed good ability to 

single pathotype were compared. 
cause lesions more than half the length of the 

Five strains each of pathotypes I and 2 were 
leaf. At the highest dosage the strain PXO 80, 

studied for virulence to three rice differentials: 
which appeared less aggressive, caused only 1% 

IR8, susceptible to both pathotypes 1 and 2; 
of the leaves to be covered with lesions whose 

IR20, susceptible to pathotype 2 but resistant to 
length exceeded 50% of the leaf length. The 	

resistant to both 
more than 46% of pathotype 1; and IR1545, 

four other strains infected 
pathotypes. The variation in lesion initiation 

the leaves, producing lesions exceeding 50% of 
among strains was apparently similar to that 

the leaf length. The difference among strains of 
among subcultures of single strains on compati

not distinct (Table 29, 30).pathotype 2 was 
ble varieties (Table 31, 32). The lower limit of 

That could indicate that pathotype 2 strains var-
the lesions caused by the pathotype 2 strains on 

ied more than the strains of other pathotypes. 
IR20 and 1R8 was of the susceptible type and 

Infectivity of strains of pathotypes 1 and 2. 
was comparable with that of pathotype I strains 

Strains of a pathotype varied in the relative 	 was graduated and on IR8. The difference 
capacity to cause lesions on a leaf area in a given 

Im Il 
M l I d nthomo t n ilam dM 	 *m s IL 
d pmi mty o Xa

TI M. hiAi m emme by mi 

Positive Intecton M% 
N 1006890Pxo SOPXO 52

Din Inoculum PXO 61 
IRI5B1545M IR2IP1545 S w20 

M 02 IR1545 im "20 IR1545 S 1620 	
00 73 00 61 0

0 35 0 0 0 0 	 0 0 0
3 	 10' 63 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 
0 0 100 1 0 100 0 0 

3 0 100 13 0 35 	 0 0 Is 0 0
4 	 10 100 0 0 0 

15' 0 0 0 0 0 0 0 
0 100 47 0 100 100 0 

0 100 15 0 a 	 0 72 12 010 	 100 23 0 2 05 0 0 3 LO 0 0 	 100 10010 0 2 	 100 100 77100 100 100100 100 100 10 
10 100 

1001110 100 	 3 100 107 	 UP 
1 7 100 2 3 - 100 10 0 100 72 

dolys dw ioeuo 

14 	 Ml AmIA RIPOST FOR 1978 



53 '0 0 7 . 0.. 0 O m - 0+ 

0 100100 5
10100 1 100 100
72 93 	 0 20 43 0 57 8U 0 232' 0 3' 0 

100'. 100I 1100 ' 7 	 : 17 7:1000 100 0 0 100 do, 1000 IODt00~ 
100 100 100 100 100 100 lSlOi0I0k, 

0 1000100 100 100 100 
100 

10' 10 100 100 100 

srhmsidif.-OOW 

Leso Ihh (cm) 
m2 eo 

DI 	 Vdty O1 PXO e90 

4 	 IM 1.5 1.7 0 1.5 0 
II0 0 0 0 0 0 
1154 0 0 0 0 0 

7.3 7.1 2.9 8.3 2.0 
0. 1


IM20 0.7 0.3 	 0.6fP1545 
6 P 

M 0.A 0.6 0.5 1.6 
0.5 

S IM 16.5 14.1 6.0 17.6 41 

1.1 1.5 1.6 1.A '•IR20 1.4 	 12.91 2& 11J25.0 22.0M2illI'512 1.7 1.2 1.A 2 . 
12 3 	 1.1 1.9 1 i + 

3. 	 IA1.2.2 2.0 	 ,OR20IRIMS 4.4 26 2.2 5.0 1 

ays on M1545.od of atmins is 4 fty on 6 day. on PO, wM@ys aftr inoulation .awnt pem 

d A"osu bi .usdsG" fP~SNWSI OfSX&f062tmT bb.fthSi5IdV5*S5bSIa 

~Ion ' 	 *: 
"I 

i+ 	 ~ knO cm) 
+ Vldl 43 7 9 	 I2A-11ML D "	 O P %X0 PXO I MA45 .... 

4 N 1.1 1.0 0.6' 12 . 
0.3 1506P20 1.5 0. 00O1450. 

l V 41 
0 
4.1 U 3 ',5,7
0 7.7 6.7 21 7.0 2 -': 

12 5 IA IA 11 1. 

9 N 11.0 U 11.7 ' US 4 
12.56 

6. 12.0.12. 11.7M"O 	 2.22.1 1.7L1545 2.1 	 -17.2 .i jg 4 .16.. 12.1 l.12 N13.2 

1". 21.1'' ~I&C' 
15 PillN 22. 20W .1.... . % is 

*+: +br-+ m 17.011 	 WD ::, :,.+ , 	 L.' 

-i

: li 	 [] .. "'~I 	 u~~~~ 9 



'17., 9&2no0'FrNo ..... 
M 10, 10 
ftt~i ihnnptoy
sA t s1 ® WOiniple 

P00 0ll 
0 

100 
r 

1001. ti on 
luwn thok* lkfsio12.9iASinweentoneinatU 2" ItsI Nj3-4 m34 3-4I2-4 

34-
21 h -4l
La w *P4 3_ 

revale vriaionamng the strains) on a2
given variety did not differ,0.eithe a ontnuos 

within a pathotype or between, two
strains on compatible varieties. 

4 

The latent perod (the time needed to initiate pathotypes. Lesion increment over compatible 

avisible symptom after the inoculation of the varieties. such aq pathotype I and IR8 or 
4Iwi
Wi 

1713 
PT20 2.2MLum1u 

Nodg 
0471 

Inn 

~~uanuIa 
BM 130nih 

Ni17216 
Dih smgm1721 

13222 
17201 

ImMn1260 

bnpnKunf137
3nmgLsnuin
hm IF**~rl 

he 
sh 

1367 
1367 
13740 
1663 

49 

&A aesoon 

swm-gpg
bPutlh 

s 
Suntak TumunbMt 

17241 
1724Ia 
1726 
17260
1732 
173110 

lldjso Wndil 
Ejnb86toI 
NeM 
JWA A man 11 
Klen so" 
Kah n s1732 

10129 
low0 
14062 
1776321
178M3 

Olasieua17471 
4 Ouabig1754

ogeilta13714 
G*NM1713"6MWPW 

GuijahUrin
OIMMMlblOti 
&"A000ked 
NOW Mii 
kI" 

-v'so 
Pies Simin 
hos Olura 

PuuhiIN" 

17001 
1765 
1733 
173 
17743 
INNti 
l34w 
1lo6 
1643 
1low
2007 

Keuiib 
KWMsGWPI 
Kinm~anfd 

Kwn GuneT17 
KIMi GuWiI 
Kl w"n 
NANmnIII 
K"uhmnUmb 
K"teKsin "32wil 
KitPni 
KulSn36400 
KieTims 
Kill rienifi 
KusMsi 

17361 
12512,
1787 
17M6 

24863 
17867 
17W6 
16461 
17910 
1324 
1716 
1736 
17970 
32M 

Ph"tm 2723 182"3 

NOON43h 4A6*0110 
10101B
IM 

P" T~Nl,132
26--Fi Ii 

Fm 
44444~~ ~ 

6B3
10800 ~ ~ ~44 

3Kamm16S
Sd 
SI4 IN4~.~4 4~444444 

16636t 



pofteypS 2 ad IRS md IR20, appeared to dif-
r waa the strains. StiM PXO 80 of 

pathotype I caged fewer lesiow on IRS than 
ode stnm durfin the period the lesions were 
measured. The trend was similar on strain 
ISA-15 of pathotype 2on IR8 and IR20. The 
low infective capacity of strain PXO 80 was dis-
tinguhhed earlier than 7days after inoculation 
at two inoculum dosages. But strain ISA-15 was 

distinct from the other strains at a low inoculum 
dosge (about 10' cell/ml) (Table 33, 34). 
Table 35 summarizes the characteristics of 
strains with low and high infectivity. 

Inheritanceof resisuance. In 1978, 76 resis-

tant Indonesian varieties were studied (Table 
36). Only Mudjaer was resistant at all growth 
stages. The others were resistant at booting and 
flowering, but susceptible at the seedling and 
maximum tillering stages. All the varieties were 
crossed with susceptible TN 1; the F, and F2 pop-

ulations were inoculated at the flowering stage 
with isolate PXO 61. The F, populations of all 
crosses except TNl/Mudjaer were resistant. 
The F, population of TN I/Mudjaer segregated 

in a 1-3 ratio of resistant to susceptible seed-
lings. Mudjaer dearly has one recessive gene for 
resistance. The F2 populations from the other 
crosses segregated in a 3-1 ratio of resistant to 

a singlesusceptible seedlings, showing that 
dominant gene conditions resistance in those 

ratio wasvarieties. The X'-value for the 3-1 
nonsignificant in most of the crosses, but sig-

TW:/ReIja,niftcaut infour.1N I/aJa amr, 
T tRen(iWdecaThllsintawat . F aEfrii 
from the for ceswre studied for bacde 
blight resistance. The X'-vatues for the 
expected monogenic 1:2:1 were nOnsGct. 
Therefore, all the varieties except Mudjaer 

es.obviously have one dominant gene for 
tance. 

All the varieties except Mudjaer were 
with IR22, which is homozygous forXa 4. Mud
jaer was crossed with IR1545-339, which car
ries xaSforresistzice.TheFnandFtpopulatiotns 
of all the crosses were resistant, showing that all 
the varieties except Mudjaer have Xa 4 and that 
Mudjaer has xa 5 for resistance. Because all the 
varieties except Mudjaer are susceptible at the 
seedling and maximum-tillering stages, they 
obviously have Xa 46 alleles. 

Bacterial ld streak. Eighty-two elite lines 
were artificially inoculated to determine resis
tance to bacterial leaf streak in the greenhouse. 
Nine lines were uniformly esistant to infection 
byX. translucens f.sp.oryzae (from both young 
and old leaves) and eight lines were susceptible. 

resistant lines were IR'#'j80.13-10,The 
iR5178IR4427-51-6-3, IR4570-117-2-1 2, 

1-1-3, IR5853-198-1- 2 , IR8606-298-3-1, 
IR9732-119-3, IR9761-75-3, and 1R9814-63. 
The disease reaction of the 63 other lines, 

all named IR varieties, varied.including 
Methods of evaluating lines for resistance to 
bacterial leaf streak will be studied in 1979. 

oUNgTIC RvALUATION AND UTIUZATION (M3 RootAUi 
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boh 2 gene aiiii when 7-day-old see.lings uy " 

',we re scr'Ce,I by'-tih-e seiidbox techiq.ueithere 
,diettIfrompopaiwas a, distinct 
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that the progenies of method. i idew.nique. This indicates chamnber indicate dhri~ifenfcesnl in on;

teechl ai chiuesfeeCR94-1 3shown inTableS8 may possess not only
measui,devetimm~oinease but possibly eydew excretion by both biotypes 2 and 3feed. 

the major bph 2 gene, as in ASD7 
ing onsusceptible andrsistant;fiAei (pig. 

also some additional factors, possibly minor 
5). Biotype 3hoppers feedigoniR40 excreted 

Sgenes, providing resistance to biotype 3. oseeeding
des. The feeding activity of BPH significantly more honeydew than 

Feedingsm 
The techniques rdetermining honeydew 

measuring levels of resistance. Three tech-
Wer11141a~rssttcemBon area 'onl, flwter', paper

dyew sxtued tdeteriners vale volume and honeydewi ) area of ninhydrin stainedbiniques were used: require readily available materials and ate prac
honeydew on filter paper, 2) volume of hon-

means of determining~ feeding%activityr.
eydew excreted, and 3)densitometer measure- tical 

They can be used by.scientists in any place 
ments of honeydew color intensity. 

where BPH varietal resistance isstudied. 
Hloneydew excreted on filter paper by five 

ihcolor intensityof honeydew, Whichwas Tet
4planthoppers, feeding within a chamber 

area was streaked on filtet paper andtreated with 
stained with ninhydrin and the stained 

no BPH resistance ninhydrin (for amino acids)or aniie hydro
measured. Varieties with were used o ichloride (for sugars),
gene and those with the bph 2 gene all had 

vity. f 
than the Bph 1 vafieties indicate the level of feeding

larger stained areas 
intensity readings, based oi..e.srerfiehts Of 

The bph 2 genewith resistance to bioty0e 3 
IR32, iR36, 11R38, and IR42 fed niihydiin.treated paper With, a,deinsitolme,:

varieties merdi highier onwas 
less than those with no gene for resistance, but indicated that the peak 


IR40 was again the most susceptible of the
 

bph 2 gene varieties, as indicated by the extent 
ofthe stained Area. The results are similar tob
 

those in the field study on piopulation develop- f"I~.iAU
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S.Volume of honeydew excreted by 5 brown planthopper females feeding on IR varieties. IRRI, 1978. 

IR40 than on IR42. This confirmed that there 

was more feeding on IR40 than on 1R42. 
IRRI breeding lines with resistance to the 

three BPH biotypes in screening by the seedbox 
were evaluated with the densitome-technique 

ter technique (Fig. 6): IR 13525-104-2 (PTB33 

[2 unidentified genes]/IR30 [Bphl]IIIR36[bph 

intersty (mm)Color 

60 

Biotype I 

50 - Biotype 2 

*Biotype3 

40

30

20 

21); IR13539-94-3 (Rathu Heenati [bph 
and IR13240-83-131/IR30/ /IR36); 


(IR30/Babawee [bph 4]/ /IR36). Feeding
 
activity on the lines by the three biotypes, as 

indicated by the densitometer readings, was 

low, suggesting resistance to the three biotypes. 
The densitometer was also used to determine 

MZ0 MuWF ASD7 TNI
0 R3525- II"k-

104-2 94-3 83-1 
indanillne-trsted 

6. Color intensity expressed i peak height of densitometer readbnP of nnhyduin-
A 3 feeding on 25.day-old bmedlnglW6 and 

honeydew exceted by brown planthopper blotypes 1,2, 


check entries. IRRI, 1978.
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7. a, b. c. Densitometer reading of separated amino acid bands from honeydew excreted by 3 brown planthopper types feeding on 

different rice varieties. IRR. 1978. 

the color intensity of amino acid bands sepa-

rated through paper chromatography (Fig. 7). 
With the use of standard differential varieties 

the method appears to hold promise for use in 

biotype identification. As indicated in Figure 

7a, honeydew produced by biotype Ifeeding on 

varieties with no gene for resistance (IR8, 1R20, 

IR22, and 1R24) separated into eight amino 

acid bands of high color intensity. Measure-

ments were obtained on bands corresponding to 

the aspartic acid, the glycine glutamic acid-

serine, and the alanine band (Fig. 7a). On the 

resistant varieties 1R28, 1R32, and 1R40, a max-

imum of only three bands separated, the color 

of which was low. Honeydew ofintensity 
biotype 2 feeding on the resistant varieties IR38 

and IR42 (Fig. 7b), and that of biotype 3 feed

ing on the resistant variety IR26 (Fig. 7c), pro

duced low densitometer measurement, but the 

honeydew from biotypes feeding on the suscep

tible varieties gave high densitometer readings. 

Leves of green leafhopper resistance. Studies 

of honeydew production and the survival and 

feeding of the green leafhopper (GLH) on IR 

varieties indicated distinct differences in resis

tance levels (Table 10). Survival was zero on 

IR28 and IR29 and low on IR34. These varieties 

were also most resistant with the seedbox 

frm o
m N i sm 5-U daye ede on"NehtftX 
v

hoppof honydew Ited by the pe n I
TabletS. SuvvaI of and amunt 
100)on diffren U vaIletle. M, IM7. 

Survival (%1) 
DenstomeeW

Seadbox 
 reading' (Im)5 DC 10 DC 15 DC 20 DCratingVariety 

5 44 33
Ira 9 91 89
NM 

9 99 82
N22 
IR24 9 70 67 

3 61 52 
IR26 
 33 3
M28 1 7 1
111 

5 42 39
110 5 76 71
111 3 16 14
MR34 5 70 a3
Nm 

5 84 81
111 3 34 33
1140 

5 84 79 
I1A1 
 919 a
TN1 (_joep ched) 


en of 20 r1,P11:nto011ch lcnietlng of 5 , -Inarnymphse. &Avof 4 rpeI 

14.6930 27 
51.31 

82 62 
a a 

33.75 
64 60DA4 

40 
6 


36 26,75 
10.621 0 
21.67 

36 36 
0 0 

14.75 
71 46.0071 
9 IL94
 

63 53 

14 

481
 
40.51 
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61 77 

27 7.21 
41.6179 76 
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ustad of ruemgl gedling. Feeding, aindi. 

em by imadlitmel readinp of honeydew, 
waos n 1R40 ad IR28. 

21-ai- bmatrelimee. So"i ONd-
AW emg. Previous studies have indicated 
that rice varietits and Echwochoa sp. possess-
ad characteristic odors that influenced the 
BPH's orientation to those Plants. The effect of 
the plant's volatile components was tested by 
topical application to BPH. 

Steam distillate extracts of resistant rice var-
ieties and hcbnochlo not only affected the 
BPH's orientation but also reduced its survival 
on prolonged contact. In general, the yield of 

volatile components from resistant plants was 
higher than that from susceptible plants. 

The volatile oils were extracted with diethyl 
ether from the steam distillates of 200 gof fresh 
leaf sheaths of Mudgo, ASD7, and IR26 (resis-
tant to BPH biotype 1), IR20, 1R8, and TNI 
(susceptible to biotype 1), PTB 33 (resistant to 

all three biotypes), and nonhost Echinochloa 
Mta~ty (%) 

100 

60 
40 

60 

100 

5
0 

20 
60 

OD M10 4100 
80 

40

0 

00 

40 

050 2D 30 40 
oos 

sp. The oily extract from each plant was dis
solved separately in acetone to make 6 serial 
dilutions, 0.1 1 ofwhich pved601PS010.1,1, 
3, 10, 20. and 50 pg of the extract. Sz-hour
old brachypterous females of all three biotypes 
were lightly anmesthetized with carbon dioxide 
and individually treated with application of 0.1 
Al of each test dilution on the donum by mi
croapplicator. Each dosage replicated 3was 
times with 10 fenales/replication. The control 
femalesweresimilalytreatedwithacetoneonly. 
The insects were then caged on 10- to 15.day
old TN 1 seedlings, and insect mortality was 
recorded at 1,4, and 24 hours after treatment. 
Mortality values were correctel for mortality in 

the control treatment by use ofAbbott's formu
la. 

Differential mortalities of BPH biotypes were 
recorded (Fig. 8). Biotype I was highly suscep
tible to the extracts of all the resistant varieties 
and Echinochloa; nearly 100% died at the dose 
of 50 #gg/female.IR26 extractcaused high mor

0 


M
 
ARV0 0 3 0 O 

501 50Q 60 30 40 5D 
(Ps/Iurs) 

. Mortality ofbnichyptarom femdaes ofrNAiew Ag blotypes 24 hoon 

after topical apcailo. of stim dslaws of diffenat tics aulsts ad 
banyad pus. IRRI, 1978-79. 
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dbitoy subst ce extracted
9. haftared absorption spcmuns or the ctysW of sucking 

Fron Mudp plant ui authentic oxik acid. 

taliy only at the 50-pg level. Few insects died at 
high doses of extracts of susceptible IR8 and 
TNI, but IR20 extract was fairly toxic at the 
50Jg level. 

Biotype 2 suffered high mortality with 

extracts of Echinochloa, MTB 33, and ASD7. 
Insect mortality was quite low at lower doses of 
Mudgo extract; but at the 50 pg level, mortality 
was as high as that with equal doses from resis-
tant varieties. The mortality of biotype 2 with 
IR8 and TN I extracts was much lower than that 
caused by IR20 and IR26 extracts. 

Biotype 3 insects suffered relatively higher 
mortality in treatments with extracts of Mudgo, 
1R26, and IR20 than in those with ASD7, IR8, 
and TN I extracts. The toxic effects of PTB 33 

wereand Echinochloa sp. extracts, however, 
not as pronounced as those on other biotypes. 

Nutritional factors. A comparison of the 
profiles of seven common rice amino acids 
alanine, asparagine, aspartic acid, glutamic 
acid, leucine, serine, and valinc - showed that 
their contents differ in Mudgo, ASD7,andTN1. 
The amino acids were assayed at five concentra-
tions (0.5, 1,2, 3, and 4%), and their role was 
tested in stimulation of feedingof BPH biotypes 
that show distinct feeding preferences for the 
three varieties. The pH of all amino acid solu-
tions was adjusted to 6.5 and water was used as 
the control. The amino acid solutions in agiven 
concentration and water in weighed parafilm 
sachets were offered simultaneously to 10 BPH 
females in replicated trials. After 24 hours, the 
sachets were reweighed and the difference be-

IRRI, 1978. 

tween their initial and final weights indicated the 
amount of solution or water ingested. The ratio 
of intake of amino acid solution to water indi
cated the degree of feeding stimulation by the 
particular amino acid. 

For biotype 1, asparagine and valine were 
highly stimulatory at a4% concentration, while 

and serine were only moderatelyalanine 
stimulatory. For biotype 2, a4% alanine solu
tion was most stimulatory while valine, serine, 
and asparagine were moderately stimulatory. 
For biotype 3, valine and serine were most 
stimulatory followed by asparagine and alanine 
at 4% concentration. Leucine was almost inert 
for the three biotypes. 

The amounts of asparagine andvaline, which 
were most stimulatory to biotype 1,were rela
tively higher in TNI than in Mudgo. Alanine, 
most stimulatory to biotype 2, was higher in 
Mudgo than in ASD7 or ThI. Valine and 
serine, most stimulatory to biotype 3, were rela
tively higher in ASD7 than in other varieties. 
The findings indicate achemosensory specificity 
of BPH biotypes for cerent amino acids in rice 
varieties. The nutritive balance in combination 
with other chemical factors may be quite impor
tant in eliciting optimal interactions between 
the BPH and the rice plant. 

Oxalic acid, apotential antifeedant chemical 
for BPH, was isolated from Mudcp throuh a 

combination of column chromatography for 
fractionation of plant extracts (Fig. 9). At a 

the extracted oulicconcentration of 0.1%, 

acid, which occus mainly u potasum culte
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and partially as sodium oxalate in rice, inhibited 
planthopper feeding (Table 11). It was also dis-
covered that soluble sillcicacid, commonly pre-
sent in crude rice extracts, exhibits a strong 
antifeeding property against the BPH at acon-
centration of 0.01 mg Si/mI, although it was not 
avariety-specific resistant factor. 
BPHes-hatching Inhibitor.Previous studies 

have indicated that a high percentage of BPH 
eggs remained unhatched on Echinochloa sp. 
and certain hopper-resistant ricevaieties.Trons-
aconitic acid (t.AA), a major Echnochica 
sp. chemical, was tested for its effect on BPH 
hatching. Freshly laid eggs were removed from 
rice plants and placed on filter paper immersed 
in t-AA solutions ofvarying concentrations and 
pHs. In the control, eggs were immersed in 
water. 	Each test was replicated 8 to,10 times. 
The eggs were incubated at 27 t IOC for a 12-

hour pholoperiat 9rt7.hu~~t 
:+ - . .

for IOdys.rntcihabtdiI 
, + 

w6W"~ ABPH Wityp.v lo* ~ eta 

~tio 	 wasl,.h .a-c-i,,+++t.. dc +8..........a+ 

Hatching inereisd'As the Iconcenratio',~ 
decreased but even In0.001% soiut hach-
In wlW s only _70-83, compared" with 88 lo' 

in the control. Even when t.AA was neu
tralized with calcium hydroxide, 1itvadverse 
effects on hatching persisted, particularly at 0., 
0,5, and 1%concentrations. In Echlnochloa sp.,
the concentration of t-AA isabout 0.5% of the 
fresh plant weight. 

To determine the stage of BPH's embryonic4 
development that is most susceptible to t.AA,.. 

immersed for I to 6 days in 0.5% t-AA solu

tions with normal and 6.5 neutral pHs. After 
immersion the eggs were washed in water and 
kept on moist filter paper. Immersion of eggs 
for 3 days or longer reduced hatchability much 
more than immersion for Ior 2days, indicating 
that the embryos developing in eggs were highly 
susceptible to the plant's internal chemistry at 
about 3 days after oviposition (Fig. 10). This 
developmental stage coincides with the disap
pearance of the vitelline membrane (which is 
particularly resistant to chemical reagents) and 
exposes the embryo to the surrounding chem
ical environment. Development of embryo and 
hatching proceed normally if the host plant's 
internal chemistry isdevoid of injurious chemi
cals, but are disrupted if these chemicals are 
present in the plant sap. On the other hand, a 
few insect species may be tolerant ofsuch chem. 
icals. For example, hatchability of the GLH 

"
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expected, segregated inaratio of 7Tresistant to 8these varieties isconveyed by 1dominant andI1 
recssie gnesegregating to 1susceptible. 

All 12 varieties were crossed With N22 to 
-heboncluslIdrawn from the F1 data were 

determine the allelic relationships of their genesconffirmed by the'reaction Of fs famillisof the 
with Wbph. The data o.1 the reactisf Fland crosses of the varTeties *t ml. As the'data In 
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rie protei vues d 121EVALUATION TRIALS 
exd Clernisuy hlsIh.ProlICel (>12% iaboth sm or >14% 

PAW hedmtdbg. Sreutks, 
Inone semm and not eo tm II% in @not&)-0 O 

kis accession from the empum bak 
(FAwt Bree ing, SMafisics, and showed no sgnfknt correlation with earlier

VWd Ob 
Chembu ). Plant breeders evaluated 368 protein values (Fig. 2). The results for 31 entries 

inproved breeding lines and varieties in the Inthe 1978 dry-seasmn crop were similar. In the 
and 552 in the wet s.ason. larger 1978 plots, the protein contents of the1973 dry semon 

were positively correlatedBecause the wet-season trial was damaged by a 	 two crops 
,


typhoon. only the dry-season data are reported. (r = 0.42$ n - 29). 
The dry-season yield ranged from 3.38 to The results co. 3rm previous findings that 

7.35 t/ha (mean of 5.84 tlha) and protein con-	 environment greatly influences the protein con

tent from 6.4 to 10.4% (mean of 8.2%). The tent of rice, particularly in small plots such as 
those used for germplasm multiplication. Insectcorrelation coefficient between percentage of 
and disease incidence further aggravates theprotein content and yield was negative and 
difficulty of comparing varieties. Consequently,highly significant (r = -0.22**). But several 
the protein level of the germplasm-bank samentries had both high grain yield and high pro. 
pies has limited predictive value in identifyingtcin content (Fig. 1). IR36 an(! CR42, the check 
accessions as sources of high protein content.varieties, were superior to many other varieties 

in grain yield and protein content. IR36 isnow About 1,500 high-protein (> 11%) indica 

widely grown in many countries. IR42 is ver- accessions in the germplasm bank with good 

satile and has performed well in diverse condi- seed fertility and heavy grain weight were 
grown in the 1978 wet season but the trial wastions. Some entries with grain yield higher than 

6 t/ha had close to 9% protein, damaged by typhoons. Protein content of 106 

High-protein parents (Statistics and Plant entries that were saved ranged from 8.8 to 
(mean of 12.8%).Breeding). In the 1977 wet season, the brown-	 17.5% 

Factors affecting protein content (Statis
tics). Studies with single and split applications 

YAW, of nitrogen fertilizer at two rates, two manage0Am) 

ment levels, and two varieties (IR34 and IR36) 
in the 1977 wet season suggested that protein 

7I - " content in a variety with short g-owth duration 
' . ".0• .r- ; respondedand relativelymorehighto splityield applicationsresponse to thannitrogento a. . ,t 

single high-rate application (Table 1). 
°" roIna 1977 dry-seasont study of the effects ofmor a 

* It. I I 	 seedling management on the grain protein con
• tao*..s.:"* : *tent of IR32, the variety with relatively long 
: "" growth duration and high tillering did not differ 

.0.. ". "significantly 	 (Table 2). In IR28 and IR30, the 

" 'protein content tended to be higher when the 
. "C) raised by the wetbed methodseedlings were 

(seedlings grown in soil) than when they were 
**raised by thedapog method (seedlings grown on 

banana leaves or concrete; no soil), especially at 
7 o i the 20- x 10-cm spacing. In IR28, protein con

tent was higher when older wetbed seedlings. o,(,,,,,) 


were used. 
I. Grain yield and brown-rice protein of 361 entlies and 2 

check 	 varedes In the replicated yield trials (4 rteplications). The protein content of IR38, determined 
from 864 harvest units from a 1,728-m'IRI. 1971 dry maton. 
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contents of accisalons in th. 10i world collection
2. Associations%between brown-uice protein (UPii) 

field tests and from Initial screening. IRRI, 1977 wet and 1978 dry sea-on.
obtained from * 1ul 

crdefiberi 2%,dlaiY'uniformly managed area at IRRI, ranged from Brown rice had 079 	
%3.8 to 11.5% (mean of 7.4% and C.V. of 12%). fiber (neetral detrigem od), id A6 '71 

fat. Milled ice biadi0.i%1 crude-llier'O.The field variationi could be explained by the 
dietary fiber, and 0.4%6 ertWiefith~ty, t.inherent soil heterogeneity, as reflected by a 


high correlation between grain yield and pro
tein content . " Tiii &i- 611WI1"
 

NUTRIENT DISTRIBUTIONIN MILLING
 

FRACTIONS 	 aof 

nwpChemistry Department 
Continued study of nutrient distribution in mil-	 0. N IWMhM h4%i*"WMIl 

.Iing fractions of ahigh-proteln (lR490-5-9) and 
1 t "b s tii6 6AN an average-protein rice (IR32) revealed that 

only starch was replaced by anincrease inpro- T" mI-W Ua $Ait Va W6 , 
t w "f L08 atib.a i, 6,

tein. The reportedlow ash content of the low 


protein suample (0.8%) wasnot shoWnlby other
 
..
brownfice samples of the llme variety with a .* 

6 
. 

U 4t

proteContent of 7%i 151as).About Tws 


70%. of brownrice phosphorus, 40% of
 
ilhd-Ace phosphorus, and 85% of rice-bran. t 
phosphorus was phytin phosphorus. Miled rice 


hinaphtlaphospboruli Content of lessan
 
06M sly20%. of phytate phosphorus of
 

-- 1 in the mllled-rice fractlon
 

.. [., I, IM 1,VA... 
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.S-9 S lvelcent of the protein, 95% of the starch and 
amyme, 0 of the crude fbe, 15% of the 
crude fat,: and 30% of the crude ash of brown 
rice were in milled rice. Alng the minerals, 
zinc, had the highet fraction -inmilled rice 
(60%), maguluS had tie lowest (15%). 

Amino addanalysis of the milling fractions of 
R32 and IR480OJ.9 showed decreasing levels 

of the first limiting essential amino acid (lysine) 
In the protein from the outermost layer (bran) 
to, the subaleurone layer of the endosperm
(Table 3). In the low-protein rice, the lysine 
contentof the protein inthecentral endosperm 
was similar to that inthe subaleurone layer, but 
Inthe high-protein rice, Itwas higher inthe cen-
tral endosperm. 

PROPERIES OF RICE PROTEIN 

Chcmisti--
Nkrepa beae do" witMpeu 
rice.'Nitrogen balance studies Inwhich 8 pre-
school Filipino children at the Food and Nutr.. 

IN rn 1 ia-7A 

(Tt Research.4)igiInstitutei'Manii,aimr n~ihad adailyrc .,on ,, 
protein Intake of 20 S body wt, 
conifihned that the upperent diliitlbility and 
apparent nitrogen retention of - igh, tein 
(11.0%) rice (IR4M0-9, 14 'I inel6 gN), 
were only slightly infe i-ortogthose of low. 
protein (7.2%) rIe(IR2,,3. glys ,nT1 
(Table 4). Similar resualts were obtained with. 
eight Peruvian Infants at the Justituto de Inves. 
tigacion Nutrictonal, Lima, f .d twothe-Isuin" 
rices. The studies- verit pre4Jous' studs in 
which protein'intake. differed. n,both-sets'of 
subjects fat absorption was high for tioth'rice 
and casein diets. The similarity of tesulta sug'
gst that ntitrogen balance sttidiei of siilar pro
cedures at different nutritional evalueation 
laboratories may be compared despite differ. 
ecflCC in the staple food of tli. subjects . 

CAtDthe National Taiwan University, Tapei,. 
the hlgh protein.. IR4805.9 was compared
with Chianon-Shien 8,a local kevry,in a 
nltrogen4baance experiment on 5 adults fed aM 
90% rice protein diet. By at linear regrssion 
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equation; the mean daily maintenance protein 
(N x 5.95) requirement for youngl mei on
4- kc5.95) rceqdirt/kg boyougei.S 43-46 kca rice diet/kSl body weiglht was 0.63 

.	 g/kg with 1R480-5-9, and 0.70 g/kg with 

Chianon-Shien 8 (8.2% protein, 3.5 g lysine/16
S.with 

A cooperative 1-year growth study with the 

Christian Medical College and Hospital, Vel. 

lore, Tamil Nadu, India, compared the effects of 

diets containing high-protein rice (IR2153-

338-3: 9.8% protein, 3.8 glyslne/16 gN) and 

low-protein rice (Ponnl: 6.8% protein, 4.2 g 
lysine/ 16 g1N) on 29 pairsof preschool children 

in an orphanage. No difference in height, 
were notedweight, and hematological data 

between the control andexperimental groups 
diet in whichafter 5 months on a south India 

rice contributed 80% of the calories and at least 

75% of the protein. Other protein sources'in the 

diet were black gram (Phaseolus,mungo) and 

pigeon pea (CaJanus cajMl).The diet consisted 

(per1,000kcal)of235grice, lgblackgram,5 

Spigen pea, 50 gvegetables, and 15 gvegeta-

be oil. After 3 months,I7 pairs of,childrenlerabsorpttoioni.Indicated compral po and dretention 

inarbl bsorpdiets despite ntion 
*e inprotein Intake (Table 5). 
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71e foregoing studies cofre htteq 

protein of milled ric increased withcotn -iithe dro In IA 

increase inprti
tein quaitywas nottatisticallysignificatwhen 

protein content was increased by 3to 4percen-
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to 	ascertain the mechanism by he study
mtOed cookinto 

reduces the digestibility of milled-rice protein
 
Report) was continued
bodies (977Annual

Because electron microscopy showed that pre 
al mmrn
cnaiae ycl n
vious destarched milled-rice preparations were 

by cell walls and membranecontaminted 

fragments, pepsin treatment was repeated, but
 

sieving. The fungal aamylase-treated
 
cooked rice was passed through a 53.Am sieve,
 

a 	37-jrmpepsin treated, and passed through 

sieve.
 

aThe undigested core protein body had 


higher oil content than the whole protein body,
 

confirminig 1977 results(Table 6).It aainhadandlower lysine content and higher cyste ine 
the ratio ofmethionine contents. However, 


lipid fractions during pepsin treatment did not
 

change. The lipid fractions of both preparations
 
also had similar fatty acid composition. 

Lipids of p1e es were the major 
of fret lipids of the rice endospermsource 

for 8 hours with chloro-Extraction 
form:methanoi (2:1 vol/vol) removed, 85%
 

of the lipids of destarched mled rice, ad
 

a 5-minute extraction of the residue with
 

water-saturated butanol Increased the cumula
 ,m
tive extraction to95%. Frelip ofthe ir
 
had neutral
endospem l 

4Jk -.phospho.pidsfldo'f66l8l6 , 
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gel filtration of total raw
3. Sodium-dodecyl sullate (SDS).Sephadex G-75 

SDS0.6% Pmercapto-ethanol,IR480-5.9 milledtice protein extracted by 0.S" 


and of fecal protein particles from aman on an IR4805.9 rice diet. IRRI, 1978.
 

Otercooprativestudis. In the cooperative 
study with chemists at the U.S. Grain Marketing 

Research Laboratory on morphological 
changes during grain development, three types 
ofendosperm protein bodies were found in both 
a high-protein (1R480-5-9) and a low-protein 
rice (IR26). Each type isdeposited differently, 
First secreted was the large spherical protein 
body. It wirs deposited within tubular rough 

endoplasmic reticulum, had adense center and 

aconcentric ring appearance, and was bound by 
a single membrane (Fig. 4). The second protein 
body to form wasthe crystalline type,whchwas 

foundinvacuolesandwassecretedvitheGolgi 
apparatus. The third type, the small spherical 

oGNTIMC 

protein body, was secreted late in development 
and deposited in avesicular rough endoplasmic 
reticulum. Ithad one to three bodies pervesicle, 
and lacked dense centers and concentric rings. 

In a 2-year cooperative study with protein 
chemists at the Australian National University 
at Canberra, methods for the clean separation 
of aleurone cells and perlcarp, besides dhe 
embryo, were developed. Analysis indicated 
that although the embryo, aleurone cells, and 

pericarp amounted to only about 9% of an 
7% proaverage-protein brown rice (1R32, 

tein), they contained 17% of the protein, 23% 
of the lysine, and 21% of the threouine of 

brown rice. Aleurone cells plus pericalp, pre

6.VALUAIMON AND MtrUZATION (GEl) PROGRAM 



o~l:
 

1478. 

cutpared by scraping endosperm gfrom rice 

immcrsed in water for 3 days, produced intact 

aleurone cells while a 5-minute treatment with 

formic acid containing 0.8 M sucrosc caused 

disruption of alcuronc cell walls, disorganiza-

tion of the cytoplasm. and leaching of nonpro-

tein contents. 
A cooperative study on the biochemical and 

physiological bases for the negative relationship 

14 OF 21OOF
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1"pefor tihle 
4. A dillllanltIlC ichele or protein body hlonatlon in rice iubalcurone ,la,0hy enlub 

spherical. Cr auct, • 

protein bodies oherved at vtious days after flno,¢ing DPlI. Ls "lar'e 
3q pes (if 

small spherical. (ISGrain Markeling Research Center. Minhattan. Kansas, and IRRI, 
talline, and Ss , 

between protcin content and overall yicld of 
at thewith biochemistsrice was formalized 

IRRI var-
University of Durham (England). 

ictics and linesdiffering in grain protein contcnt 

were sent to Durham. Bioencrgctic considera
protein accumulationtions indicate that 

requires more cnergy or glucose cquivalcnt than 

starch accumulation in the cercal cndospcrm. 
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5. Field mlfllngcharac eri ,sofselectedvarieties, WA rlon, 
Philippines, 1977-78. 

o 	 2 4 6 5 10 12 K4 
Tii rcomy M) cleaning equipment. Farmers are also opposed 

h " to sale of paddy withimmature grains removed 
666 	 because removal of such grains reduces the 

weight of the paddy but gives no compensating 

o 2 4 6 8 W) , K 1 price increase for better quality. 
6Impurities 	 like stones, sand, chaff, and sticks 

. Piro Walso / affect total milling recovery to a greater 

66 v•3492+033xm" 	 :83-M 

64

6 0" I 8D 	 90. 1003 
o 	60 

4. Effects of paddy purity, damage, and Immaturity on total 

rice recovery; and of moisture content and cracking on head
 

rice recovery. 150 paddy samples, Bicol River Basin, Philippines,
 
1977-78.
 

of damaged kernels and a relatively minor
 

influence on total milling recovery. The regres
sion in the second panel demonstrates that
 
immature kernels decrease milling recovery by
 
15% for a 1%increase in weight of immature
 

are a result ofkernels. Immature kernels 
uneven maturity, which in turn is primarily
 

under genetic control. Modern photoperiod
appear to have a higher
insensitive varieties 

proportion of immature kernels than traditional 

varieties. Although most immature grains can 

be removed through proper cleaning before mil- 6. The rubber roll huller-Enselbers-type steel roil whitener ro 
mill combination, Bicol region, Philippines, 1978.

ling, village millers in the Philippines do not use 
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7. The recovery pp for two vle proessing systems, Dicol region, Philippines, 1978. 

degree than do immature kerniels. Every 1% 
increase in the purity of paddy entering the 
village mill increases recovery rate by 33%. 
Most impurities can also be removed, but no 
uee(%) 

KORA-r,,-i;, A.,M,,b (1) 

90-
-connected 

- ",,, 

40/ C-typWn(3 ( -%,-, 

She-h W h (4) 

AV 40, .0 Sep Oct NN DOCJ, ,R 

3.oberved ue ot rie mumsincuie in monitoring study, 

Wl River Bsian, IPillppines, 1977-78. The fues Inpaen, 

thss demote th number of units obsed. 

village mill observed used cleaning equipment. 
Impurities also increase the repair and mainte
nance problems of the milling operation. 

The influence of variety on milling perfor
mance is shown in Figure 5. In general, the IR 
varieties gave a high degree of recovery, parti. 
cularly IR36, which had both high head- and 
total milled-rice recovery rates. 

Improving village systems. In the course of 
the Bicol project, a modernized village milling 
unit consisting of a single rubber-roll husker 

in series with a traditional steel-roll 
huller used for whitening was evaluated (Fig. 
6). Milling recovery rates of this milling system 
are compared with those of traditional milling 
systems in Figure 7. Two types of paddy were 
used in this comparative assessment. With 
clean, dry, high-quality paddy, the traditional 
milling system achieved a total milling recovery 
of 66.2% and 27% head rice. Using the same 
good-quality paddy, the modernied mill 
achieved a milling recovery of '69.2% with' a 
head-rice recovery of 50%.Improving thequal
ity of paddy entering each systan impmved 
recovery rates by 4.4% for th. trtRionrl sys
tem and 0.7% for the modeinA mnk, con-
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h e technol,inutsheme componi b 
wae in oeptd the project sought iodinat, 
tifthieotental far nd compare itt 
the farmer's atual yield, and oseek reasons for 
the difference between the two. The two corn-
ponentisoight were: a 

.the biological or physical factors (inputs) 
,thait,added to the famer's practices, resulted in 2 

higher yields; 
2. reasons why the farmers were not using 

the inputs at the level and inthe way that would 
achieve the potential yield. ,:. 
Forconvenience the two coronents are refer-d 
red to as biophysical constraints and 

oeconomic cntis.nixt 

A large numberof researchers insix countries 
were involved inthe project. IRRI coordinated 

$the efforts, and scientists at the individual toca-
tionsconducted theactual research. (A publica-
tion containing apaper on each area is'available1200 
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Sbte end gfarmers' yields and yieldaga 
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SLanka, the illd with high inputs was higher in 
theyied gap inthe dry
In3 sits eo
thedry seasoIn than in the t, th differences 

betwenthe Sub ng botds n Inas erng 1.rea.y Thosel.ak
:b t
dryseaso n gal was also larger than the 
wet-season gap everywhere exceptin the dry 
zone of Sri Lanka. 

In 3sites the yield gap in the dry season was 
small (about 0.5 t/ha). In the dry zone of'Sri 
Lanka and in Subang, both farmers yields id 
the yield gap were small, indicating ,that the 
technology applied could not overcome the 
constraints. In Taiwan the gap was small 
because the farmers' yields -werealready close: 
to the poatential yield. ,haveu

*The dry-season yield gap in 3other sites-
Joydebpur, Iloilo, and Yogyakarta-was about 
I t/ha. Ilodo and Yogyakarta had somewhat 

hihr farmers' yields and slightly larger yield.
gap&",

jTe yield gap in the rmning 4.sites 
. 

Sapproximately 2 t/ha, and inall cases the farm- . 

ara lddnntrate the largest unrealized, 
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1.Yield lip and econics of the yield lp 
inthewet and 

dry waos. Ew point represnts the ,mrp sults from I 

of 10lsitu in6 Asian countries, 1974-77. 

which is positive in every case. The economics 
of the gap issummarized on the right side of the 

figure. Points below the line are sites where the 

farmers' practices were more profitable than the 

high input practices. The figure shows amodest 

yield gap in the wet season. But.often it isnot 

economically attractive for farmers to reduce 

the gap by applying the high rates of fertilizer 

and insect control. In the dry season, the gap is 

larger and in most cases would be profitable to 

reduce. 
The economic analysis can be extended one 

step further to evaluate the costs and benefits of 

each input and although this analysis isnot pus-

tof and added retsrno from uing high levdelofftili ad In 
Tal7. Added 

Adean counte.,, 1374-77.m-eat In famers' filds ir 
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mThe added cost for and return from fer
and insect control inthe wet s-- are
showniTsble 7.The h1h lvelofhinsct 

trol usually entails a much preater Incrase 

cost over the famiers' level than the high level of 
apply 	rM

fertilizer, partly because farmers 
more fertilizer than insecticlde s andpartly because the cost of insect control needed 

to achieve maximum yields isrelatively highcr 

than the cost of needed fertilizer. s a result 
the high level of insect control added more to 

costs than to returns in6of 10 sites in the wet 

season. The high levels of fertilizer decreased 
net returns in 3 sites, but on the average added 

$20/ha to .. .treturns with an average B:C of 

1.7:1 on the added expenditure. 
The pattern of results for the dry season is 

similar to that for the wet but is somewhat more 

favorable because the added yield contributed 
by high input was greater in the dry season 

case, 	 the high fertilizer(Table 8). In one 
reduced net benefits, but in nearly all other 

net returns by a substantialsites, it raised 
amount (av $71/ha). The average B:C of the 

high fertilizer practice compared with that of 

the farmers' practice was 2.6:1. High insect con

trol, on the other hand, reduced net returnR in 6 

cases and barely covered its cost on the average, 

yielding a B:C of 1.2:1. 
The breakdown by inputs shows that in the 

control Inweteelen contralnts sl 

Fertilier Insect control 

Av Increse (S/he) 
Cost Net B:C 

Av Increase (/ha) 
cCost Net B:C" 
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Yllk&s with faemrs' and researchers' timing 

of nitrogen application were similar at all the 

test levels of nitrogen application under farm-

management 

prctices (Tabc' 17). However, at high levels of 

insect and weed control, the yield with the 
resUaicheis' timing was 0.4 t/ha higher than that 
with the farmers' management of the nitrogen 
rate but 0.3 or 0.2 t/ha lower than that with the 
farmers' practices at other nitrogen levels. 
Because all the trials were hit by at least three 
strong typhoons from late booting to ripening 
stages, it is not possible to draw firm conclusions 
about the experimental results. Further 
research is needed. 

loilo sites, dry season. During the 1978 dry 
season, two complete factorial trials, two 
minidactorial trials, and five supplemental trials 
were conducted on communal pump-irrigated 
fields in lloilo. Three farms (5,8, and 9 in Fig. 7) 
used transplanting and the rest practiced direct 
seeding. The average levels of fertilizer applied 
by the cooperating farmers were 87 kg N/ha, 10 
kg P20Osha, and 5 kg K20/ha. To protect their 
crops from insects, farmers used an average of 
four (oliar insecticide applications. Only one 
farmer used granular insecticide to supplement 
foliar sprays. All farmers controlled weeds by 
hand pulling, and six combined chemical weed 

control and hand weeding. 
Grain yields with farmers' inputs ranged from 

ers' levels of insect and weed 

2.6 to 6.3 t/ha (Fig. 7) and averaged 4.1 t/ha 
(Table 13). With high inputs, yields ranged 
from 4.3 to 7.4 t/ha, and averaged 5.9 t/ha. The 
average yield gap was 1.8 t/ha. An outbreak of 

brown planthopper on three farms growing a 

6.0 
A 5 

0, 
4.0 

2.0 

I 
0
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Form no. 
7.Varliions inyield pp between funners' flelds in farm yield
constralntsstudiesinlBoilo, Phlppns, 1978 dryscoa. 

susceptible variety prevented the farmers and 
researchers from obtaining high yields. Further 
yield reduction on two of the three farms was 
attributed to low fertilizer levels. 

Only the data from the complete factorial and 
minifactorial trials were used in calculating the 
relative contributions of the test factors to the 
yield gap. Farmer.' yields from these experi
ments averaged 5.0 t/ha, and grain yields with 
the high inputs averaged 6.7 t/ha, generating a 
yield gap of 1.7 t/ha (Table 14). Improved 
insect control contributed the most - 0.6 t/ha 
(60%) - to the yield gap, while imprcved fer
tilizer mr:nagement contributed 0.5 t/ha (50%). 
The high level of weed control gave a negative 
contribution to the yield gap, indicating that the 
farmers controlled weeds adequately. 

Average grain yields at different levels of 
inputs are shown in Table 18. The farmers' fer
tilizer levels and the first intermediate level 

ollo, Pl.lpsle 173 dry son. 

Grain yield (t/ha) 

Insect control Weed control 

Tab" 13. "-nye at di.eren, ---els of I -utL. 

FertilizerFemer 
F HF I HF t-I 1.2 H 

5.9 .1 5.e
5.2 5.4 6.2 6.2 5.6 5.7

P0ta 5.1 5.9 5.3 56e 
otrMg 5.3 5.2 5.5 5.8 5.3 

5.75A 5.9 U 
AV 5.2 5.3 5.8 60 5.4 

F . farmers level, I - intermediate, H - high. Data ore averged ove all iwela of other teat Inputs. 

M1CONSTRAINTS ON RICE YIELDS 
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and weed control at either the farmers' lev or us oliaser
 
the high level (Table 19). lar insecticides.
 

Because of a high incidence of stem borers Farmers' ylelds varid fronV2.0 t~3th' 
and leaf rollers insome areas, the high level of (Fig. 8), and "averaged
insect control produced 0.5 t more yield than Yilsihhgipt rne rm33 o1. 
the farmers' or intermediate levels. t/ha,"andaviaged 5.1 lha.pThelowyldsith' 
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farmers are given in Table 15. gap was 2.3 tjha 46%(1.-61t/i f'$

esl; omrm armers' Itj4, ~les rier e s m I bue :yimio ranged i
As shown inTable 16, yields from research- contrib improyved insw-'0ctfrnto'12

mer'*owth.were0.6' Yields ,,-mrera' timing of nitrogen applicatkin (11 /ha) by.,fetlif ih 
#/h iiher than those from the farmers' prac- wedcft6(

deat.bdt te high inhe~smr'nto A-sepamteerien Coutu
'l~~T~e reultsconfim erirevidence,, *tree fa64-~ deinle"e 

that 1mrae eesilapying f rtiltzeisinatel,". etigi
 
~$llanf lceither.Low yields'ih both <nirogen 'i


.09ni a dwre~primAi y.,-,-*;tWproc
W.P~at~~iono hPE 



9. R&d :touutlr 

i:;~~. .ly'S 6~ 1I.hapbved weed- onrol cmtxied Only, 
5.Vlaom279lppet.r fldih f~ il.Sd~ Inmss 5 ~ad 

conmtrouls tudies in Solo, rallpiaes, 1978 wet snowa highe than the f r'yed.,The res'uls suig- ' 

"at that actual farm y Iescn eh' rae 
throusghincreased us Wfu.lzrUtfrnr 
insect control meaue r ineffectl~!, that' 
the farners' weed conitioiieth, sregeer,
ally adequate. 

farme.' levels and ns control practices, Tablel17 shows that 1irith psaiall otermi 
istead of the previous wet seasons' farmers' farmers' levels: resaihe' ttiaii,Sc fertlizer'; 
practices, were followed. applicaton dld not produce hrghiiyrie 

At the farmers'insect and weed management the fannem' +:iig.. .i..iit 
levels, the yields obtained with the researchers' weed and insect control, improed timingferg 
timing of nitrogen application were no higher ". 

than those obtained with farmers' practices, 
particularly at the H and 1-2 nitrogen levels Gra n /h .. 
(Table 17). However, when insect and weed "o 
control were at the high level, the researchers'"*par++wegpu 
timing of nitrogen application outyielded 
farmers' regardless of the nitrogen levels. 

the -R 
4.0 42 OR 

expeimeuts on 8 ,Lagua fanms, the average 
fertilze leel appliedby the farmers was 70kg 

w spliti 
at the'farmer 

S3.8 t/ha,(Fi 

o or three applications. Yields 
levelsofinputs varied from 1.6 
,10), and averaged,3.2 1ha 

(rabl 13). Yields at the hlgh-input level ranged
from2.3 W4.8t/haandaveraged 3.7h/L.The 

gId gap was 0.,tlha. High fertilizer 
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tniluted :40%1 C-thyiel ,and 
wnlconuribted 3%f'
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zilzerappacaonncrase yildsonl attietiler 	fl alItel. Tyeldav ereased onl e 
higher natroSen 

level ofk. I M7wet . , avr-
age level of fertilizer used by the Camarines Sur 

, 	 farmers on 12 irrigated farms was 55 kg N/ha, 9 
kg PaO&lha, and 5 kg &KO/ha.Farmers' yields 
varied from 2.7, to 4.2 t/ha (Fig. 12) and aver-
aged 3.5 t/ha (Table 13). With high levels of..... 

PUi,inputs, grain yield ranged from 2.6 to 5.21t/ha 
and averaged 4.2 t/ha. The average yield gap 
was 0.7 t/ha. Typhoons late in theseason caused 
substantial yield losses on all farms. Inadequate 
fertilizer application also contributed to low 
yields on some farms. The contribution of test 

inputs to the yield gap wasdeterninmed from 
only two trials. The average increase from high 
inputs was 0.4 f/ha (Table 14). Bacterial blight, 

40' 

wet seam. 
" 

especially prevalent with highfertilizer levels in 
one field, caused the low, yield, gap. Improved

improvedi 	 qsectcontol,aswellasadequateand
ferf tilizer application,, were the 'main on-
tributors to the overall yield gap. The ighweed 

' 

control did not ipoduice higher' yields than 
farmers' wed contrl levli: * 

Yields from timing -of ferresearchers, ' 
" 

r ap lcain "i wer no igethaz: ho'""'r"7tha'ni, hi*' 

from the-farmiers timmg tf 	 titighanil~~t~hLhiKA4' 
farmers' levels of weed -and insect control 

"(Table 17)17)t. .. .. "r' ... 
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SUPPLEMENTARY 
Yleldlomftvmweeds,etsas .Wet-season 
experiments were conducted. inmany r mers 
fields in Nueva Ecija ,Laguna, Caannes;ur 
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,where Pa istotal rice output inperiod 
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p- Omdim my not be of much vaue for 
Aie V" in dry uind conditiom. Resear-
cbers mit therefore dode in which environ, 
mentsthelreffortsaremostlikelytobe produc-
tive. Economists can determine how much 
effort should be devoted to each environment if 
they know the biologists' hypotheses Pboutpo.-
sible pins in tha various environments. 

The benefits to be derived from research on 
irrigated, rainfed, upland, and deepwate" rice in 
the main rice-growing countries of South and 
Southeast Asia are examined in this section. 

In theory, if the productivity of research 
resources is to be maximized, expenditures 
should be allocated so that the increase in pro-
ductivity obtained from each additionaldollar 
spent on research for each rice environment is 
equated. The analysis should take into account 
the area over which the new technology is suita-
ble, the expected productivity gain, the farmers' 
costs involved in using the new technology, or 
the reduction in cost achieved by the technolo-
gy, the probability of success, and the time 
period from the start of research until the pro- 
ductivity gain is achieved. With this information 
it is possible to calculate the net present value of 
research for the ith type of rice environment as: 

NPV(TA = (1 + r) - [.(AQCPk- CA 1 + 
M (AAPm - Ca)Qj] 

where: 

NPV (T,)= net present value of potential new 
technology for environment i, 

r = social rate of time discount 
(interest rate), 

t = years between research input 
and production increase, 

AQk = change in value of output made 
possible by the research, 

Pt = probability of success in achiev-
ing AQk production change, 

A, = areaover which the technologyis 
successful, 

= cost to the farmer of using the 
tPhnology, 

$ uauIOANNUALU MEORT FOR ,978, 

P. 	 - probblity of sucem In chicv
ing &4. area chamg, 

C. 	 - cost to the farmner of I7,tending 
production tO the new area, arid 

Of 	 =value of output per hectare of 
area. 

With this information for each type of environ
ment, research resources can be allocated in 
proportion to the net present value of potential 
new technology for each environment. 

Information for this kind of analysis is 
difficult to obtain, but a simplification has been 
implemented. A group of IRRI scientists esti
mated the anticipated increases in rice yield and 
cropping intensity that would be possible from 
reasonable research and extension inputs into 
each environment of South and Southeast Asia. 
It was assumed that the increases in yield could 
be realized over a 20-year period. The probabil
ity of success, the direct cost of technology for 
each area, and the time required to achieve suc
cess were assumed to be identical for all envi
ronments. 

Total production increase was assumed to be 
attributable to the gain in production from yield 
increases, cropping intensification, and new 
irrigation development. Gains in yield and 
cropping intensity are shown in Table 6. The 
first two columns of Table 7 show the change in 
the proportion of land area in specific categories 

due to the expansion of irrigation. Irrigated area 
was assumed to grow at 1.5%/year. The gross 

area in rice increased by 3 million ha because of 
increase in the area double-cropped, but the 
area in rainfed rice declined by 6 million ha as 
land was converted from rainfed land to irri
gated rice land. 

The increase in rice production in the 1990s 
from expansion of irrigated land, assuming no 
change in the 1970s yield level, is proojected to 
be 17.8 million (Table 7). If the value of rice is 
assumed to be $100/t, the undiscounted benit 
in the 20th year will be $1.78 billionIrigated , 

rice accounts for 52% of the total research 
extension benefits that result from nicraje 
in yield. Rainfed rice acounts foi38.'id 
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townAoe gh in produc*AM was h~ivetpe. 

Imftigt and opemti g stock prOgRm is 
not easy. A number of questions immediately 
arise. How lre a reserve stock isneeded to 
maintain an acceptable range of price fluctua-
don between the floor and ceiling prices? What 
is the cost of maintaining a reserve stock pro-
gram? Would it cost less to rely on imports in 
years of low production? What isthe effect of a 
reserve stock program on producers and con-
sumers? 

The study was aimed at: 
" determining acceptable price fluctuation 

ranges; 
" determining the size of reserve stock 

needed to maintain price fluctuations 
within the acceptable range; 

a* determining the cost of keeping such 
reserve stock; 

" assessing the gains and/or losses to con-
sumers and producers of operating such a 
reserve stock. 

A simulation model for comparing and 
evaluating alternative strategies of reserve 
stock management was constructed. Alterna-
tive sets of decision rules on the acquisition and 
release of stocks were developed. The reserve 
stock schemes were evaluated by taking into 
account the costs, benefits, stabilization effects 
on rice price, and distributional impact of oper-
ations. 

The model. For a given year, price is deter-
mined at the intersection of the supply and 
demand curves of rice in the market. Price 
instability is caused by the relative changes in 
supply and demand. Because rice is a staple 
food, demand changes are slow. But sharp 
changes in its supply can be brought about by 
the vagaries of environmental factors. 

The level of storage activity in a given year is 
determined by production and storage rules; it 
is constrained by storage capacity and the 
amount of rice stored inprevious years. Storage 
rules relate the accumulation and release of 
stocks to the available supply. If price rises 
above a certain level, rice is withdrawn from 
storage to bring price down to the prespecified 
level; f price isbelow a certain level, rice is 
soed to bring Ie upto the respecifledlevel. 

6 ta AmUWA1.amORT Fo 1978 

Tbeortcafly, wihrM mY o~~~ 
Ihctuatons can be nir,_Vr. HOwern uW" 
fluctuations would aot "iy be c nf-ned to the 
specified range becuse the actu amount of 
rice stored inaCiven year cm never atei the 
available Storage capflk, and the mount 
taken fromstorage canno exemed thatavailable 
instorage. The avallable stoge $Pace and the 
amount of rice inatorage depend on the max. 
imum available storage capcity and the level of 
storage activity in previous years. Hence, 
reserve stock operation can daaiupen price 
fluctuation but not necessarily eliminate it. 

The cost components of a reserve stock oper
ation comprise the fixed cost of constructing 
storage facilities and theoperational costs. They 
include a) one-time costs, such as the cost of 
loading and unloading, and b) costs propor
tional to the length of time stocks are stored, 
such as interest on invested money or losses in 
quantity and quality. 

Reserve stock operation benefits are mea
sured through the concept of consumer and pro
ducer surpluses relative to a base situation. In 
this study, the base situation is a closed 
economy inwhich there isno foreign trade and 
no reserve stock operation. Referring to Figure 
1,assume that the desired price range isset at 
P* to P2*. 

During a stock accumulation year, consumers 
lose, while producers gain, because ifthere isno 
storage when supply isplentiful, say at Q1, price 
would be P1. However, if the quantity, Q1*Q1 
is stored, then the price will go up to P1*. 
Consequently, consumers will not only have to 
pay a higher price but also consume less. The 
loss in consumer surplus is area P1*PIBA. 
Producers will enjoy a higher price for their 
produce and increased income. The gain in 
producer surplus is area PI*PIBC. The gain .in 
producer surplus is greater than the loss in 
consumer surplus by area ABC. This differ
ence is termed gross benefits to society 
because the cost of storage has not been taken 
into account. 

During a year of stock release it is the other 
way around -consumers gain, while producers 
lose, because when supply is short, say at Qs, 
price will be at Ps. But if stocks arereleased, 
supply will increase, say to Q*,and price will 



l dWm 1..rm me rnwIflbep.yh8a 
kwer and comning a hrger qu ty, 
wl e pgodcers will receive less. The gain i 

5 EH,o ersurlus i this cae is area PAP
while the I=s h priducer surplus is 	 area 

areaPsPtoFH. The grms benefit to society is 

HFE. 
To determine which group pins through 

reserve stock operation, it isnecessary to 
evaluate the sequence of accumulation and 
release over years and the level at which the 
prices are set. 
Res Vt. ma.kgemepismulatlal mod-

el. Figure 2 presents the flow chart of the rice 
reserve stock management simulation model, 
The model isdesigned to use the market price 
level to activate adjustments of stocks (as far as 
possible) until the desired price level is 
achieved. Random disturbances to represent 
weather and other noncontrollable effects are 
included in the forecasting of production. The 
model will do 300 iterations of 15-year sequ-
ences. 

For every 15-year sequence the program 
draws random numbers representing deviation 
from normal production. It then reads in initial 
values ofexogenous variables, together with the 
target lower and upper price bounds. Normal 
production is then computed and multiplied by 
the deviation index to get actual production for 
a particular year. Assuming all production is 
sold, the price iscomputed using the price equa-
tion, which is transformed from the demand 
function. 

The program then compares the computed 
market price with the upper and lower price 
bounds. Three situations are possible. The 
computed market price is1)between the lower 
and upper price bound, 2)higher than the upper 
price bound, or 3) lower than the lower price 
bound. 

In the first situation no adjustment in stocks is 

made. 
The second case indicates a shortage situa

tion. Stocks will be released until the price is 
lowered to the upper price bound or if available 
stocks are not adequate, until all available 
stocks are released. The new market price is 
computed. In the absence of foreign trade, the 
newly computed market price will prevail. If the 

foreip trade opn i openie& prov 

compere the nelyC0o d maet e withT 
world pric. f the newly comput marketprie 
isgreater than oi equal to the world prlce, then 
imports will be made to lower the price further 
to the upper price bound. Otherwise, no 
imports will be made, and the market price wiil 
remain higher then the upper price bound. 

In the third situation, a surplus isindicated. 
To raise thy market price to the lower price 
bpund, surplus rice isaccumulated or as much 
rice as is permitted by the available storage 
capacity issiphoned outof the market into stor
age. The new market price iscomputed. In the 
absence of foreign trade, the newly computed 
market price prevails. If the foreign trade 
option is opened, the program compares the 
newly computed market price with world price. 
If the computed market price isless than or 
equal to the world price, export ismade to raise 
the market price to the lower price bound. 
Otherwise, no export is undertaken, and the 
market price will remain lower than the lower 
price bound level. 

The program goes on to compute the costs, 
benefits, and capacity utilization.The stockdata 
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e is.pwlsd 30 ayeartypredictedurdg the 
The 1.ow hse h r.,y..ted 300 t 

m , swar d deviatws, coemamis of 
0,4 gqmcy dimtrlon of the 

ram& are mopasd. 
One bmpotant aumption made in the 

foamp wade option in the program is that the 
it
isa umnad importer.That is, 

impom only when domestic resources are 
inadequate. and the world market can supply 
any quantity it decides to import. It exports 
when needed to maintain the lower price bound 
adthewordmarketcanabsorbanyquantityit 

decides to export. Imports are made only to 
meet current needs and not for storage pur-

poles.
Data and parameters. The data and para-

meters of the simulation model include 1) pro-
duction function and random deviation indices, 
2)demand and price equations, 3)storage rules, 
4) world rice price, 5) cost of storage, and 6) 

storage capacity. 
on time-seriesProduction function. Based 

data from 1956-57 to 1975-76, a national pro-
duction function for paddy was estimated using 
ordinary least squares regression. The variables 
in the production function were irrigation, fer-
tilizer, and a dummy variable for poor weather 
(Table 12). Without the weather dummy, the 
equation could explain 87% of the variation in 
palay output; with it, the equation could 
account for 92%. Equation 2 was used in the 
simulation.

Random production effects. Random pro-

duction deviation indices were constructed by 

for the PhRIiP0. 

166-7 to lIMS-78 Dependent vlebl Isthe logathm o 
Table 12. Enmteee1 pWductionffUfoio 

Equation no. 

1 2 

K' 
consltant 
Ln Igttd rice area 

Ln f~ 
% h d
• 

0.87 
5.99645 
0.19663 

(1.032) 
0.22327 

(4.040) 

0.92 
8.17633 
0.15M 
(1.88) 
0.24079 

(5.521)
-0.11412 
(3A17) 

qgappe hip rathee t-velue. 

......
 

production by. the predicted d t 
rulted inaset of 20 poductionr indicei. Int 
simulation 15 sequentially ordered draws were 
made from these indices to represent deviation 
from nornal production. For each simulation 
run, the draw was repeated 300 times to obtain 
a representotive sample. 

Irrigated rice area and fertilizer were 
assumed to be exogenously determined. Irriga
ted area took the value projected in the Five-
Year PhilippineDevelopment Plan, 1978-82. 
The Plan projects irrigated rice area only to 
1987. Later data projections were based on the 
trend inthe Plan projections. 

Because the Plan has no projections on fer
tilizer supply, the following equation, which 
resulted from a regression of the time series 
data from 1956-57 to 1975-76, was used: 

= 0.94.Ln fertilizer = 0.23 + 0.09t r' 
In addition to using the production function 

and projections of input growth, simulations 
were also run assuming a normal production 
growth of 4%/year. 

Demandandprice equations. The demand for 
rice was estimated by ordinary least squares, 
with rice availability (production plus imports) 
as the dependent variable and prices of rice, 
corn, and wheat, personal disposable income, 
and population as the independent variables for 
1955 to 1977 (Tble 13). 

TeS. EstimAtmeosfdsed fdfn Io'wIPh' 
V t b the I o k 

pi n , 

Equation no. 

2 3 4 

0.92 0.930.92 0.93RS -2.6 37 -3.248constant -3.618 -3.189 
-0A10 -o.448 -0A5Ln rice price -OA12 

(2.254) (2.329) (2.510) (2.871) 
0,576Ln corn price 0.574 0.568 0.567 

(2.761) (27) (2.735) (2.11M6 
Ln wheat price 0.084 0.060 

(0.963) (1.016) 
0.130Ln Income -0.079 

(0.130) (0.235)
0.933 i.017Ln population 1.08 0.820 

(1.180) (6.262) (.W) 0217) 

Figurme Inparenthes are t-valuee. 
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yd forti wa 
~oulmuiy-.4. 1%elcri pio elaticityaof 

ris 00o with wheat were 0.57 and 
0.06. When de price of wheat wasexcluded 
frm thie estimatlon, the price elasticity of rice 
demad did notchnge signiflcandy. That indi-
cateslow subsittution between rice and wheat in 
the Phbippines. 

In the shnulation, equation 4 was trans-
formed into one with price as the dependent 
variable. Population was assumed to take the 
value projected in the Plan. Corn price was 
assumed to maintain its 1973-77 average price 
level. Because production was expressed in 
palay, while demand was interms of milled rice, 
a milling recovery was necessary. The milling 
recovery rate was assumed to be 67.45% by 
weight. This isthe official rate adopted by the 
Philippine Bureau of Agricultural Economics. 

Storagerules. In 1978 the Philippine Gov-
eminent had a ceiling price equal to 
$0.286/kg of milled rice and a floor price of 
$0.149/kg of palay. The difference between the 
floor twice and ceiling price covered transport 
Cost, milling cost, milling recovery, and profit. 
The target prices of the government were taken 
as the lower price bound in the model. Convert-
ing $0.286/kg of milled rice to constant 1972 
prices gave $151/t. Two alternative selling 
prices (upper price bound) were tried: 10% and 
20% above the lower price bound. 

World rice price. The world rice price was 
determined by calculating the mean and stan-
dard deviation of the price of 5% broken Thai 
rice from 1963 to 1977. For the simulation a 
price was selected from the distribution, derived 
at random. 

Costofstorage.The following data used in the 
simulation model are from the Philippine 
National Grains Authority. Handling cost from 
farm to warehouse is $0.84/t, assuming 4 
movements. Handling cost from warehouse to 
dealer is$0.84/t. Cost of maintaining stocks in 
storage was $1.41/t per year. Loss of stock was 
assumed to be 2%/year. Annual interest rate on 
money tied up on stocks was 12%. The Oxed 
cost of constructing warehouses was $45.44/t. 

Because this study abstracts from location, 
the transport cost is excluded. it should be 

ably bi t6e itol s 
shod thetefore b odee hndcdt 
where to bold the reserve M4. 

Mmaim & Fou basic rels were 
considered in the simulation analysis. 

The free market without trade (FMxT) 
model isbasically adosed economy, with 
the added assumption of no reserve stock. 
This model serves as the basis for compari
son. 

* The free market with trade (FMwT) model 
assumes no reserve stock, but foreign trade 
isavailable for regulating domestic prices. 
The basic assumption in this model isthat 
once adecision to import or export is made, 
the world market will be able to supply or 
absorb whatever quantity isnecessary. 

e The reserve stock without trade (RxT) 
model also assumes aclosed economy but 
with the existence of reserve stock for reg
ulating market prices to the extent possi
ble. 

* The reservestock with trade (RwT) model 
assumes both the existence of reserve stock 
and foreign trade. The assumption con
cerning foreign trade in this model issimi
lar to that of the FMwT model. 

Historical data indicate that the standard 
deviation from trcnds of Philippine rice produc
tion is approximately 300,000 t. The storage 
capacities considered in the simulation are 
150,000 t, 300,000 t, and 600,000 t, which cor
respond to 0.5, 1.0, and 2.0 standard deviation 
from the trend. 

A simulation run is always assumed to have 
full initial storage, whatever the storage capac
ity is. 

Ten programs were simulated using the four 
basic models. The basic features of the different 
programs are illustrated in Table 14. Some runs 
were made on the assumption of a 4% rate of 
growth of rice output. These are identified as 
RxT (2.1), FMwT (2.1), and RwT (2.1), using 
the earlier notation. 

Stabilization effects. Without foreign trade, 
the existence ofareserve stock reduces both the 
expected price and the probability of extreme 
price fluctuations. However, the reductions are 
not large. Expected price goes down from $195 
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to $193/t, while the probabilities of prices going 
out of the range $151-189/t increase by 9% 
(Table 15). 

The existence of a large reserve stock sta-
biizes prices further by reducing the probabi-
lity of extreme price fluctuations. Models RxT 
(1.2) and RxT (1.3) have the same assumed 
target prices, but the larger reserve stock in RXT 
(1.3) decreases the probability of prices falling 
below $151 or going above $189 by 5%. 

The availability of foreign trade opportunity 
greatly alters the expected rice price and its fre-
quency distribution. The expected price drops 
from more than $190/t in thc FMxT and RXT 
models, to $173/t in the FMwT model (1.1). 
The probability of extreme price fluctuations 
alsogics dw,from more than 50% toless than 
20%. 

When foreign trade opportunity is available, 
the existence of reserve stock does not bring 
significant additional stabilization effects. RxT 
(1.1) assumes a reserve stock of 150,000 t and 

RWT (1.2)SWAMs 6 111s1C!V6SIM*.30,C 

quency distribution of rim prce rean nealy 
tne 11irotne 6to1e inFMT (1.1).

Cimpared with moddl FMxT (1.1) model 
FMwT (2.1) exhibits a decreasing trend in the 

yearly expected prices because, with the 
assumption that production increases at a trend 
rate of 4% per annum, production grows faster 
than population. In model FMxT (1.),produc

tion growth just keeps pace with growth in 
demand. 

Distributional impact. In discussing distribu
tional impact, model FMxT (1.1) serves as the 
base case with which the others are compared. 
Table 16 summarizes the expected benefii and 
losses from the various prograns. 

Without foreign trade the existence of 
reserve stock benefits consumers at the expense 
of the producers; see models RxT (1.1), RXT 
(1.2), and RxT (1.3). In most cases, however, 
the gains and losses are large only for the first 2 
years. In most programs the chances of cithcr 
the consumers or producers gaining or losing 
eventually balance out at a probability of less 
than 10%. 

Gross benefits to society, defined as the sum 
of consumer and producer benefits, are hioer 
for the case where the target price range is smal
ler. The larger reserve stock of RxT (1.3), com
pared with that of RxT (1.2), also results in 
higher gross social benefits. 

The existence of foreign trade opportunity 
results in higher gross social benefits - as corn
pared with no foreign trade - by increasing the 
expected gains of consumers at the expense of 

s l,- 0s for l1573tTaso 15. Expected o Price e of vaous a 

Frequency distribution (%)Mean SO c.V,Model" 
(S/tC' <$151 $1514189 >$18O 

36 s90.15 5
FMxT (1.1) 194 29 44 550.14 1 
RXT (1.1) 193 28 

1 46 53 
RxT (1.2) 193 28 0.14 

51 4638 0.14 1
RxT (13) 192 82 1615 0.09 2
FMwT (1.1) 173 

0.09 2 83 1 
RwT (1.2) 172 25 

0 84 15 
173 15 0.09 

36 56 9RwT (2.1) 
26 0.16z (2.1I 156 4
15 0.09 14 83 

F&W (L.1159 
 s 214 0.09 12iWeITLI) 156 

qM . free makoe x without, T - foreign trade,wi - with, t - rse-,e k 'At onsent 1972 priCe-
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producers Unle ihet.without-trade model, 
where the chances of pitherconiumrs and pro-
docers aining or losing balance out eventually 

OY -1af telr, the isfwyas 1n the,,model, with 
forein trde t c hansnsumers anin g 
Ahconstanty high-omore tha 5 Thex0%. 

probability of producers gaining remains at less 
than 10% throughout. The existence of reserve 
stock when foreign trade opportunity ispresentthnan IosmnAtog prsn v eof


roiut 

rlosses to consumers, producers, and society, 
At the faster rate of output growth, the exis. 

tence of a rescive stock favors producers more 
than consumers, Although the present value of 
producer benefits s the detailed 

p notsi ificanvey alter theexpected benefits 

i negative, 
analysis that the benefits, ae negative 

r the ir a and then become 
positive. The probability of producers receiving 
positive benefits from reserve stock operation 

~.. J increases from -5% ini1978 to, 91% in 1992., 
In model FMwT (2.1), which assumes the 

existence of foreign trade but no reserve stock, 
Athe probability, of, producers having, positive 

benefits islower thanIn model RxT (2.1), but 
the probability of producers suffering losses is 
higher than In RT.(2..1)-Tb' probability of 
positive producer,benefits in RWT (2.1) Isthe 
same as in RxT (2.1), and the probability of 
producersioslngishigher than InRxT (2.1),but 

Slower than in FMwT (2.1). This suggests that 
although~reserye 'stock operation, increases 
pric taiity only slIghty in the presence of 

e t prlprov'lduan added rtection to 
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farmers under leasehold tenancy was negligible, 
From 1967 to 1977 tenancy underwent a 
major change. AU share-tenants were con-

verted into leaseholders under Presidential 

Decree No. 2 and No. 27 after the declaration of 

martial law in 1972. One of the large farms 

under the direct administration oflandlords was 

put under the management of a large tenant 

operator. 
The number of farms under the extralegal 

arrangements of subtenancy increased. Subte-


nancy can be classified into three categories 


(Table 21). First, the sublessor and the sub-


lessee share the output and the cost equally. Six 


of 12 farms under subtenancy in 1977 were of 


this type. Second, the sublessor receives a fixed 


rent from the sublessee. In the 4 farms belong-


ing to this category fathers subleased tenanted 


to their sons. Third, subrenting takes a
land 
form in which the sublessor puts his land in 

pawn to the sublessee. That is, the sublessee 

advances credit to the sublessor and receives the 

right to cultivate 	 the land until the loan is 

repaid. 
Subtenancy is illegal under the land-reform 

laws, and the contract is usually made without 

the formal consent of the landowner. If a subles-

""--- ds. ben-. .. . . ofan...under u-u a---.T*Is_ 21. Dhius 

Im 

suancy 	 Farmn Am 

dw 	 (no.) (he) 

3 3,0"P.0e4eMM 
4 "Whhiflt S 

32 &20 

see proves to the Regional Office of Agrarian 
Reform that he isthe actual cultivator of the 

land, he can obtain a formal title of leasehold 
tenancy. In practice, therefore, the subtenancy 

contracts are usually limited to friends and rela

tives, whose moral obligations prevent them 

from taking such legal action. 
As in the case of the barrio ruported on last 

year, the fact that subtenancy is increasing 
despite the risk involved indicates that the rent 

actually paid by tenants to landlords is less than 

the economic return to land. Hence, there is a 

substantial surplus available to the tenants for 

whom rents were fixed by law with the conver

sion from share to leasehold tenancy. Such a 

tendency isreinforced by increasd competition
 

for farmland and by increased productivity of 

the land. It is commonly belived that large-scale 

farm operation is more efficient than small-scale 

farming and can 	lead to greater yields and 

higher income. The study of a barrio with both 

systems provides an opportunity to examine this 

hypothesis in a homogeneous natural environ

ment. 
Farm organization. To test the hypothesis we 

the two large leasehold tenantcontrasted 

operated farms with 42 small leasehold farms.
 

. -. -phe.La--. 1577. 

1977
 

Arm (he) Fans Arm Ares (he) 
per fam (no.) (hp) perfrm 

1.0 6 6.2 1.1 
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On the maill farm, it iscommon tor the 

operators and their families to do all activities 

related to seeded preparation, fertilizer and 

chemical applications, and water control. Far-

mers who own tractors use family labor sup-

plementedby laborhired at afixed wage rate for 

land preparation. Farmers who do not own trac" 

tots usually contract their land preparation on a 
at a fixed cost per hectarecustom basis 

(pakiyaw). Rice planting depends primarily on 

a crew of fixed-wage laborers organized by a 

kablEslya. The kabisilya receives $0.07 for each 

worker mobilized. Harvesting and threshing are 

done by labor hired on a harvest-share basis 

(hunusanor gama) (see subsequent section for 

definitions). Weeding is done partly by family 

and partly by fixed-wage (upahan) or gama 

labor. The relationships betveen the small far-

m' /~m 


/0.ow 

Inrough a kbhW 
In contrit, t'large WMIs haveA uiap

contractadment hierarchy. Employment 
supervision are done through a manqefr

foreman system. ThI farmer employs a man

ager who is responsible for overall coordijiaton 

and supervision. On one intensively studied 

farm, the farmer's wife keeps records of farm 

expenses. Under the manager, an overseer hires 

and supervises laborers. The overseer employs 

the laborers through another overseer for land 

preparation operations; through a kabisilya for 

rice planting, weeding, and maintenance of 

ditches and banks; and through the hunusan 

and thegama systems for harvesting and thresh

ing. The farm also employs two persons full

time for the control of the irrigation systems. 

Inputs and riceyields. Despite the organiza

tional differences, large and small farms differed 

Ia~rm (HsesdgG.,whuwF 

tfrI1.4 gd•) 

(Welo control) 

1977.laamad mami fuu Inba.o S; 14u.8, FhiU.N
S. Ckizuomal dzata ofUu 

o t 1976mJ Rk* AWJtUA 1 



m4-. 20s Ai oarlot, iore eetWIf ss~t 

W-W~me feilyu 1977 dty season (Table 23). LupW-AIfums sL 

tYves 
____ ___,___ 

TOM 

Faemed OW 131 
SkdV~~ 6 

Crdwo(Mo)
Pw UIwrS 

1 
3 

SPre0e(nM)
PAV-S 

7
25 

In°') 

ieevlsfWWo
teuen the f ~Isfernc ao 
100 he TOW input per hectare was .df 

iuch more heavily o6hrd!0o.Tta__0._ 
 ar m~ 
100 he 0%hge;bu 


- 70 -feccwadupiwlyoadffrnOIte
 
6 1 4 20 

0.7 
2.3 

1 
1 

1 
1 

53
19.o 

21
73 

30
104 

in farming practices. Both completely adopted 
modem varieties and straighlt-row planting, car-
ried out about the same intensity of weeding, 
and applied an average of4bags (200 kg) offer-
tilizer/ha. 

Nor was there much difference in the degree 
of mechanization. Two of the large farms owned 
five and three hand tractors, while less than 
one-third of the small farms owned a tractor. 
However, the number of tractors per hectare 
was larger for the small farms (Table 22). Large 
and small farms relied heavily upon custom 
tractor work, and nearly 100% of the area was 
cultivated by tractors in both cases. 

The same situation applied to chemical appli-
cation and weeding. The only major difference 
in the use of machinery between large and small 
farms was that threshing on the small farms was 
done mostly by hand-beating on bamboo tables, 
while all the threshing operations for the large 
farms were performed by mechanical threshers. 

use of labor for management, If manag6ment Is 
excluded the difference In the levels of labor 
inputs per hectare (107days forlarge famand 

02 days for small farms) becomes inidip mt. 
At the same levels of input use, tha large and 

small farms showed no difference in the level of 

paddy yield (t/ha): 
Large Small 
farms Sms
 

1977 wet season 2.9 2.6 
1977 dry season 4.0 4.0 
Av 3.4 3.3 

Cost-return structure. The economic advan
tages of large farms over small farms can be 
evaluated by comparing the relationships be
tween farm output values and input costs. Table 
24 makes the comparison by estimating the dis
tribution of farm outputs among various factors 
used for rice production, and the surplus (net 
profits) left to the farm operators. 

The cost-return structure measured in terms 
of the factor shares of rice output per hectare 
was similar for the large-scale commercial farms 
and the small family farms operating under 
leasehold tenancy. As shown in Table 23, the 
average labor input per hectare was higher on 

TAb l. LabkworhufoleprodCtloe whetSreefldlWwduWdflU Inbenlo S.Lagunma. N Un 1177*V M 

Tasks 

Land prepaation
Trmp~rithni
Weeding 


Harvesting& threshini 
Seedbed peparatlf & are 
rawe adiemical application 

Clun and of die&repa 

TOW 

Large forms Small himlly farms 

Labor-days/ha Hired Labor-days/ha Hired 
hio 

Total Hired share (%) Total Hired she (%)
labor 


(1) (2) (2)+(1) (3) (4) (4)+(3) 

12.0 12.0 100 10.5 7.3 70,
9.6 9.6 100 9. . 94
34. 0 3.1 18. 52 

30.0 30.0 100 34A 3023 30 
2.0 2.0 100 1.6 03 13 
3.0 3.0 100 2, 0.5 I1 

16.0 16.0 100 7.3 13 24 
16.0 14.0 W 3.r 0 01 

122.6 120.6 U 104U U 
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iwma*wpr barpgning power. Thus, the LOW" u mu The fo nof laborfrms' me .
level of labor cost was the same u that for the used for rice production in this area are: 
mal farms (see the section Dynamics of * family labor; 

rariun change). exchanp labor;* 
The somewhat higher capital costper hectare * upahan- daily labor hired at acertain wage 

for the lre farm reflects a higher capital rate;
 
intensity. The lower capital level of the small 9 hunusan- the labor employed specifically
 
farms was, to a la-ge extent, cancelled by the for harvesting and threshipc in return for a
 
higher land rcat paid to the landlords. The large share (usually one-sixth) of paddy output;
 
farms and the small farms with leasehold tides 9 gama- an arrangement similar tohunusan
 
did not significantly differ in the level of except that workers also weed. the field
 
operators' surpluses. Hence, the data fail to without receiving wages. In the gama sys
support the hypothesis ofhigher productivity by tern the weeding labor is a free service of
 
large-scale rice farms. workers to establish a right to participate in 

The cost-return structure of small farms harvesting and receive one-sixth of the 
operating under subtenancy arrangements is in harvest. 
sharp contrast with that of the small farms under Hunusan is the traditional form of labcr con
leasehold tenancy. There was no operators' tract for harvesting. The gama system - of 
surplus because the subtenants had to pay a recent origin - can be considered an institu
large share of output to the intermediate land- tional innovation that permits the employer to 
lords (sublessors). reduce the wage rate for harvesting to a level 

Such contrasts in the cost-return structures equal to the marginal productivity of labor. In 
between the leasehold tenants (both large and earlier days when the rice yield per hectare was 
small) and the subtenants show clearly that low and labor was more scarce, the one-sixth 
large operators' surpluses exist in the barrio share ofoutput under thehunusat system might 
after the introduction of modem technology have represented a wage rate equal to the mar
and land reform. The surpluses appeer as the ginal product of harvesters' labor. However, as 
difference between the economic rent and the the productivity of rice farming increased and 
actual rent paid to landlords. Ir ,he face of the labor supply became more abundant 
growing population and technological change, because of growing population, a one-sixth 

LSuaTab. N. iymus md iium of output pWd to US*" of Woduston n2 hu OW 4d2me fangu Inh-- 5 L, 

fllbphW%IM7 dry 9802M~ 

Factor PIayMent (kg/ha) Factor sharus (%of output) 

small farms small CaiaM
Factor Large Large 

farms L"96- Sub- fam Lae- Sub
lImhold hold toency lauhold hold tuancy 

RICOu (paddy) 3960 3996 39ee 100 100 100 
cuff ~its 540 477 544 14 12 14 
LOWn(d~l) 697 873 1742 is 22 45 

LwAord 6" 8 on 1s 22 17 
SublSUor 0 0 106 0 0 23 

Law 1143 1066 1216 29 27 31 
caldt M 13 8 10 
OP~eruWop lg 1046 1223 -18 26 31 
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- eao mput babeca om uandaly larger 
in te mrgin product of labor for harvest.

4 
Thai the perceived need is to reduce the bar-

vater's hae or replace share harvesting by 
daily wage labor. However, some difficulty is 
associaed with changing acustom such as the 
one-sixth share for harvesting, and even though 
labor isnormally abundant, there isarisk that 
an individual farmer may not find sufficient 
daily wagc workers at the time he needs them 
for harvest. 

The gama system isanother way of reducing 
the wage rate, because the one-sixth of output 
covers the costs of both weeding and harvesting 
in this system. Because gama ismore congruent 
with the traditional hunusan system, it creates 
les social friction. The availability of labor at 
harvesting isguaranteed by contract. Gama is 
more secure for the employee because it assures 
his employment. Because of its advantages, the 
gama system has diffused rapidly throughout 
Laguna in the past decade. 

In our former study barrio, nearly 100% of 
harvesting was carried out by gama labor. In 
barrio S,however, ganma isnot so commonly 
practiced. Out of 53 farms in the barrio, only 7 
depended exclusively on gama, 15 used both 

TAle 2L Cowtpaden betw n t Imputd value of h. 
veMt dame ad the Imputed cot of gama and hunuwn 
laborpe haer. Lagumn. PMtdlln ft seasn.. 

Large Smallcommercial fmly
fcmm fams 

Game labor (day/ha): 

Weeding 17A 19.5 

Haresing,threshing 18.9 36.3 

(1)Imputed cost of game 49.8 81.0 
W W o)

Actual share of harvesters 
(kgha) 338.8 64 


(2)(2) ll) 50.30.5 
H i 0.5 13 

-Imputad va (S/ha) 82.313 

Murwe labor (dava/ha):
Harvedng. thresehng 34.0 30.9 

(3) ImVe cost of huwn 55.5 50.5 
labor S h) 404.8Acul w of hto 374,0
Acllhaofe) 

A"e(Sftl) e0.1(41.h d 5r 
0 .
 

emt~re -.1 -1.00kw 
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Sowi and kwnun and 25 mSd.o*~bua! 
Only 13% of tw aiew.W1111111,

labor inthe 1977 dry'sao.ie eet. 
loge insenie was12 
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lowercolretmw 
farms than on small farily frnm. 

Thegai system was less commonly used 1" 
large farmers because they adopted a more 
direct method of reducing payments to harves. 
ters by reducing the sharing rates. The tradi
tional output-sharing rates for harvesters in 
Barrio Swere one-sixth for the dry season and 
one-fifth for the wet season. 

In 1975 the two tenant farmers operating the 
large commercial units reduced the sharing 
rates to one-eighth in the dry season and to one
seventh in the wet season. Their action met sub
stantial resistance from workers. When the two 
announced the reduction of sharing rates, some 
of their fields were destroyed during the night. 
However, they were successful in changing an 
established custom in the village because of the 
strong bargaining power of their monopolistic 
position in labor use - they used 70% of the 
landless worker labor in the village. 

The reduction in harvesters' out-sharing rates 
initiated by the operators of the large commer
cial farms was implemented by the small far
mers. As aresult, the average percentage shares 
of harvesters under both the gama and the 
hunusan systems were higher on the small farms 
than on the large farms.

Imputation of labor costs for rice harvesting 

by applying market wage rates shows that,
regardless of whether gama or hunusan was 

used by the large farmers, the share paid was. 
approximately equal to what would have been 
paid at the upahan daily wage rate. The same 
applied to small farmers usinggama. However, 
the actual share was substantially higher than 
the imputed cost for small farmers usinghunu
san (Table 25).

These results, together with the use of the 
alternative harvesting systems, suggest that: 1) 
the large farms were successful in reducing the 
share for harvesters to a level equal to the mar
ginal productivity of harvesting labor (provided 

the market wage ratw used for imputation
equal the marginal value product oft elabor) 

primarily by reducing the AIIg'ras of tbe 
hunusan system; and 2) the smalil farin mab 
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WNW111~~~~ ~~dats Wrd law of osand 0141 ial@ 
AMMwetAhft04CWPIL seMul (Fabe' 1). 

at Of a certain cu"Majdve amount The infadll eteriatic d IRRIcOWpIgrU 
system sites inP gmsalnn (Dagpid): ad,

d r 77 ia - ive dale at various sites was 
sdto ddine the stt of die wet seasn. Il0oll (Waan)1proviDc differ in rate ande 

Wmd of the wet season the probe- time of onset and termination of the rainsyea-
To indae icie 
bily e .' a&sil receivWig certain amount son. The expected onset (at 100 m.i' rn) is 12 

ofrin erahven date was used. For each year days earler in Panpsinan than in Dol, but 
termination (100 mm re-a'ns)averages 40The rghf n acumbulation criteria of 25: 50, 75, 
days earlier hi Ponpshia..100. 200,300, and 400 mmwereused foronet 

Onset and termination aresubstantially more
and 500,400, 300, 200, and 100 mm for termi-
nation. The dates by which these criteria were variable in Iloilo than in P.ngasinan, as indi

cated by theslope of the cumulative probability
satisfied in each year of the rainfall accord were 
ranked and plotted to obtain the empirical distibutions on the standard deviations (Fig 

cumulative distributions (Fig. 1). Several sites 1). The average onset can be read off the figures 
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1. Emprical cumulative probabilities for the onset (25,50,75, 1W,200, 3W,400 
cumulative rain) and termination (500, 400.300,200, 100 mm remaining rain) of = rains 
fl.4o (Tigbauan) and Panplnahn (Daupan) research sites. Philppinems, 1978. A onuet, 
B = termination. 
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In6 1978 d mtCeol -Wciteri m at P 0.40, as ronmn 

hidcaedb wA Oust from 25 io 400 mum 
u emuls raifall takes about 55 days in 
Pag,usm and 50 days, in,olo. Aang 
hIlippin sites tested, this period ranpd from 

35 to 90 days. A similar analysis of the curves 
for 500 to 100 mm of rain still to be received 
(bey B) shows that termination isconsiderably 
more rapid in Pangpsinan (46 days) than in 
Iloilo (61 days). Among the sites studied, this 
period ranged from 37to 75 days. 

ok oWadsbsdco~hgs.s
started. l7be core otadd - "" ms 
flow churtinFigure 2-iS'ioeC .The 
model requires daily inputs of the w de.arelc
ments shown inthe top boxes. Soil managemet 

ascharacteristics are included in the model 
parameters, with emphasis on an agronomic 
level of understanding of crop growth. 

In the model a growth envelop isdescribed by 
a Gompertz equation, which ismodified by the 
environmental factors of temperature, radia
tion, and water and nitrogen supply. With the 

ENVIRONMENT SIMULATION MODEL 
use of actual weather data, the adequacy for 

Multle Cropping Department 
growth of each of the inputs is compared'daily 
with the requirement for unconstrained growth,Techniques of systems analysis can assist in the 
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3. Comparison of simulated and observed yields or Irrigated 

rice. Observed yields were reported Inthe 1969 IRRI Annual IO 

Report. IRRI, 1978. 
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4.RaInfall and cropping pattern, Agusan del Sur province, for 
and actual growth in relation to deficiencies in 


the 1977-78 crop year. TPR =transplanted rice.
 

every or all inputs isestimated. The technique 

for simulating these effects is to compute index

each scaled between'zero and unity es -	
unitywith zero representing no growth, and 


representing unconstrained growth. Thegrowth
 
collaborative project with the Philippine Gov

index isLomputed as the product of these index-
ernment hi which new cropping patterns were 

es, and is found to reflect the effects and inter-
being designed for resettlement areas in Agusan 

actions of the four factors. 
del Sur, Bukidnon, and Capiz provinces. The 

The phasic development section of the model 
form served the need for a first approximation 

allows accurate estimation of anthesis date and 
of which crops and management techniques to 

consequent allocation of growth into grain pro-
consider, and how they should be combined to 

duction. In conditions ofstress after anthesis the 
most efficiently use farmers' resources. 

model provides for mobilization of carbohy-


drate reserves into grain.
 
OF CROPPINGPHYSICAL DETERMINANTSThe model was tested against 1969 yields of 


irrigated rice at IRRI, and good agreement for a SYSTEMS
 
Cropping Systems Component of Agricultural

range of levels of nitrogen nutrition in both the 
Economics Departmentwet and dry seasons was found (Fig. 3). 

Short-form data for the resettlement site in 
FORDESCRIPTIONENVIRONMENTAL Agusan del Sur illustrate physical determinants 

CROPPING PATTERN DESIGN 
of cropping systems. Farmers grow about 60 dif-

Cropping Systems Component of Agricultural 
ferent cropping patterns that range in complex-

Economics Department 	 ity from single crops of lowland rice, dryland 

rice, corn, mung bean, sweet potato, or cassava 
form devised toDuring 1978 a short was 	

to complex double crops of wet-seeded rice, and 
describe environments for the purpose of crop-

corn intercropped with sweet potato followed 
ping pattern design. The form was tested in a 
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CUTOFF DATES FOR CROP SCHEDULING 
Muh**C~ppqNp m~uslow 

The rainfall probabilities described earlier (wee
Environmental description) were used to 
determine cutoff dates for purpose of crop
scheduling. Assuming that 360 mm is lost as 
evapotranspiration in an 80-day rice crop, 100 
nun is used during land preparation, and 100 
nun of extractable water remains in the profile 
before land preparation, the crop water 
requirements to be met by rainfall are about 400 
nun. This assumption issupported by data from
on.farm testing of cropping patterns apd -pro,-, 
duction programs, which' sh6w that abu 400' 

mm rain is required to achieve 4 t/ha from a 
second rce'crop. Rainfail probibiities show 
that this requirement can be met 4 out of5 times 
by transplanting rice before 30 September in 
Iloilo and before 30 August in Pangasinan. 

To achieve double rice cropping, the first crop 
would have to be transplanted before 25 June in 
Iloilo and before 25 May in Pangasinan. Or the 
crop would have to be directseeded (wet ordry) 
before the end of May in Iloilo and by 1May in 
Pangasinan. Turnaround period between crops 
is 15 days. 

Tests in 1978 d thtb .sapo 
lancd prepamllmi ONt low!nI AXIWtdpudded fields over awide a 

300 mm of accumulated rainfadl.I Wet soh 11i 
could, therefore, be practiced before the end of 
May in less than I of 2 years in loilo. Inpan. 
gasinan wet seeding would be possible before 
25 May in only 1of 9 years. 

However, 75 mm of accumulated' rain was 
generally sificient to obaii emergence and' 4"6'i , "! oA' il . F1 . 

sustain d'1iy Vow bf dof;eded rice. The 
chances for satisfying this requirement before 
the end of May (cutoff date for two-crop sys
ein).in Iloilaze tO',;Linga~inan _the 

74-im rain .can beepecfed .1i 3 of 5 years 
before the 25 May cutoff. 

Landscape poaitiWon. r'em ' field water 
regimes sutbstaiiall, (TAble1). Bottomlands 
were wet seeded an average of 2 weeks before 
paddieson theplainandpaIeaUlandscapepsi. 
tion. The ,plain maintained standing water an 
average of 3 weeks longer than the plateau and 
side slope paddies, 

Reduction (,.' the fieldduration of the trans. 
planted second' rice crop'to 75 days and of the 
direct-seeded second rice crop to 95 days shifts 
the second rice crop transp~ting dates to 5 

Table. N.vi londacape positionon 2 rained fildcharatuc governed by water reginm. 

Landscape 
position 

Av week of 
first crop 

establishment 
(wk no.) 

Flooded days
of first 

rice crop
(a no.) 

Bottomland 25 78 
Plain 27 70 
Plateau 27 78 
Side slope 26 61 

Table. Cthl dafte,hthe dryeeid dee IdI(4rneleft-d do MW pinm. for esellad oa 

$its Seeding
DSR* 

roe, Zwnbale 11 Jua 
Dee. Camarinse Note 15.Ma 
Tlgiuan, Ilolo 30 May 
Aped, Cagayan 10Jun 
Lasoeg no008 Non 27 May
Deupen, Panosmlne 12 May
An g.SaetngeoO 3 
Ider, OGam 22 A5 

.Cumul albgis emed, 75 mm.P = 0.30. &115d r,j 

Plating Harvet 
TW PW 

NMI17 

Av wk during 
which the 

field last held 
standing water 

(wk no.) 

46 
45 
41 
41 

IndphNthe UlS . 

rain 
a100 rm 

24 Sep 19 Doe 17 Oct 
7 Sep 2Dec a Mat 

225ep 17 Doc 13 Dec 
3Oct 23 Doe 4Feb 

19Sep 1140s as Oct 
4 Se 30 Nov 4 Nov 

2 Sep 17 Dsc 7De 
Aug NOg 11VMev 

IAeaedi. 'l5 das lar WA pliIng.$4 Pd P-W 



itcop dkrwceeftl dime.W 
15EtosinDolo I PngslantheU0ecn4.p 

wplontlhi date shifts to 5 September and 
the fm:inrop direct-seeding date to 15 MayL, 
These dates increase the chances for satisfying 
the 75-mm amccumulated rain required for dry-
seeded rice to nearly 100% for Iloilo and 90% 
for Pangasinan. 

Oelohe im a 

With the use of cumulative rainfall prob. 
abilities, critical dates for dry seeding (Table 2) 

nd wet seeding (Table 3) of rice were 
evaluated torselected sites in the Philippines. It 
was assumed that dry seeding (DSR) takes 
place on or before the date that 75 mm of rain 
has accumulated, that seeding on puddled soil 
(WSR) takes place after 300 mm of rain has 

accumulated, and that the second rice crop can 
115 days after the first-cropbe transplanted 


seeding.Theharvestdateofthesecondcropcan 

then be checked against the end-of-season date 

= 100 mm) to roughly deter-(remaining rain 
mine the feasibility of double rice cropping 

under rainfed conditions in each site. 

CROPPING INTENSITY TRENDS 
Cropping Systems Component of Agricultural 
Economics Department 

wereCropping intensity trends surveyed in 

Manaoag, Pangasinan, and among croppingsys-

tems research cooperators in Iloilo. 
Pangasian trends. Most farmers in Mana-

oag have upland and lowland areas. On the 

lowland they plant one or two crops of wetland 

rice, often preceded by corn or followed by 

mung bean. On the upland they plant dryland 

rice, with other crops grown at the same time or 
later. During 1978 cropping intensity in upland 

dates for th wet-eeded rie WS r .t&.nWlTale. Pill, 

PlantingSite WSR, 
5 Julibe. Zanbales 7 JulDeet Camardnes Norte 
5 JulT5n Kilo 

29 JulTigCa n lort18JunLe 

13 Jun

9Julii 30Maym, aua0o 

a "n t P 0R 

!,~ 
nonr6i~iceuln Cmc'aloinhe t 


land areaincremled, Vmy by the aiddul~d
 
upland ' s bcdefg0'indafter rice, Ovetll
 
cropplng intensity am area ofrie ned dl
 
not change.
 

Cropping intensity is high in Manaoag. t 
197 in a 1974-75 baseline survey and has 
remaled a nbuhat~4i) aqif 
surveye in 1977.and i978 (Table 4). The 
adoption of new cropping patterns depends 
upon their prfitability wh mpared With 
present tcchnology, Thi 'sexamied during 
cropping pattern testing, and is reported in the 
section Testing of cropping patterns, of this

I ..report. 
Ilolo trends. In 1974 about 18% of farmland 

in Iloilo was double-cropped. A third of that 
in a small irrigated area wheretwo,, ricewas 

crops were grown. The multiple cropping index 

on a sample of 46 farmer cooperators inrop

ping systems studies since 1975 has increased to 

about 180. 
Thirty-one percent of cooperators'.farmland 

isnow irrigated and 2 rice crops are grown; 57% 
of land is rainfed lowland and about half of that 
isdouble-cropped, some in rice-rice. The tech
nique of direct seeding early maturing varieties 

is closely associated with increased multiple 
lowlandcropping on irrigated and rainfed 

(Table 5). Direct seeding is commonly used for 
but 'infrerice followed by an upland crop, 

quently used for single rice crops.. 
With 1 carabao about 2 months are required 

to prepare and plant an average 2-ha farm. As a 

result size of the power base is a major deter

minant of farmers' capacity to niultiple crop. 
Table 6 shows the relationship between number" 

alctl stes inthe 1PI1ple 19M3pattern ford fk Me111) d 

Remaining 

Planting Harvest rain 
TPRw _10o mmd 

17 Oct 
"PWR 

22 Jan28 Oct 6 Mar24 Jan30 Oct 13 Doc28 Oct 22 Jan 
4 Feb15 Feb 


11 Oct 4Jan 

21 Nov 

2Oct 
4 Nov31 Doc6 Oct 

1Nov 25 Jan 7 On 
11 Mer22Sep 17 Doc 

om 'At P IMMng.4A O. 
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2. Area of rice planted by 46 nollo fanner, by week of planting, varietal maturity period, and method of 

planting. Dolo province, Philippines, 1978. 

Power base and yield expectations are major 
factors in farmers' cropping strategies, but 
water-holding capacity of specific plots compli-
cates decision making. Half of purely rainfed 
Iloilo farms are composed of a mix of landscape 
positions. Second crops must be planted earliest 
on side slopes, and can be planted latest on 
waterways (Fig. 3); usually more of the latter is 
double-cropped. In crop year 1977-78, 
double-cropping was done on 12% of rainfed 
side slopes, 28% ofplateaus, 77% of plains, and 

83% of waterways. 

DISEASE AND INSECT CONTROL 

CoppingSystems Components of Entomology 

and Plant Pathology Departments 

Methodology In determining insect control 
recommendations. The challenge of insect con-
trol incropping systems isdetermination ofcon. 
trol regimes that meet farmers' requirements. 
Work on a methodology to systematizv the 
determination procedure continued. The four-
step methodology follows an overall scheme of 

description, design, testing, and preproduction 
evaluation. 
I. Description 

A. 	Determining the need for insect control 
1. 	Quantifying yield loss by crop 

growth stage and translating such 
loss into economic terms through 
field trials. 

2. 	 Pinpointing responsible target 
insects through population sam
pling. 

B. Understanding the target farmer 
1. 	Assessing the quality and quantity 

of resources used in insect control 
on existing cropping patterns 
through economics farm record
keeping data. 

2. 	 Learning which insect control tac

tics farmers comprehend (chemical 
control, biologml control, cultural 
control, host-plant resistance) 
through farmer interviews. 

3. 	 Appreciating the factors currently 
limiting farmer adoption of tedml, 
ogy. 

CftOMMOV111CM01901MW 



3o. Tt the Mei*o Wr Um 
to"wnat level.&I detumlume by 16s o&hs 

IV. Preproduc"to evdl . 
WAN A. Evan:angthefa Ie O in 

executing the taewology.
The methodology developed is higly flexi. 

ble. It can be adapted for mycrop, requireslit. 
us __ te data gatherig, and can be performed andinterpreted by staff with minimal training. The 

methodology assumes that, if available, approp.
riate insect-resistant varieties bewill used.Focus is, therefore, on management decisionslaet3.Faneu' om n ou fale plating dtt of regarding insecticide usage and cultural controlmndcton Pby WWSNP taln.ndnfedlwlad.hBod techniques that use less cash and laborftilppian, 1977-.78. resources. 

The methodology is applied for each crop in 
the patterns tested at a site, even rice-rice.ii. Design- technology assessment Large plots (exceeding 50 in) are grown inA. Relying on proven technologies (i.e. farmers' fields with management practicesthose that have been tested in the coun- recommended by a research team. To detertry, mostly at experiment stations, and mine site interactions, treatments are replicatedform the basis of national recommen- across, not within, farms and a minimum offourdations). farms (replicates) is suggested. Pest populationsB. Selecting the most appropriate tech- are monitored during the crop season by stannology to test at the sites as determined dard sampling procedures. Broad-spectrum

from the results of the descriptive insecticides are applied at high dosagesphase and its economic analysis. t,
determine the impact of damage by eliminatingIII. Testing- verification of the technology, at pests as much as possible. Combinations ofthe sites, by researchers treatments covering the various plant growthA. Testing the technology on each crop stages permit partitioning of yield loss amongunder the conditions in which it is growth stages to show the optimal timing ofgrown in actual cropping patterns in recommended insecticides. The trials arefarmers' fields to determine environ- repeated 2-3 years for each crop at each site tomental interactions, establish treatment reliability. Provisional pest 

Table7. Em-e -mdeign Od msdiodology used te determine egtcontri -. for *a-., weteedd"es 10K "hA~ppkMW 187& 
Treatment Inecticide Yle 

Complete proletlon a. 1.0 kg a.. carboturan granules/ha, soil
Incorporated before seedIng 4.5 ab.0.75 kg a.l. endosulfW/he, spray, at 45 arid 55 DP' 

c. 0.75 kg e.l. ca.bary/ha, &praysat poettlowsdng
No Protection at vegetatve stage and premilky stagb and c only 4.0 bNo proection at reproductive M a and c onlyNo Woecton at dpn "ag 4.4*a and b onlyUntrted control 4abNoneRecmmndMe Practice 1 GEconoml threwehoe (0.75 kg a. car ryt/ha for 

caeeworm andrca bug.apss- 3 
-Avof Sieds. RandonIzedompleftebock desin.unrspllaee ithllified.'n olonicansfydiffet at thef5%toal. ~~y twed bW a oomnMn loerweM IRafernergence. %"A"lld cost ! Mm0/e. 0.1 t rimcomee 11111 
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ntettermthcropfreofinsectsecamage,andto ed 

1pma,ll feach~grovcheck plot. In additionalFplots for 
stage, all growth stages 'except Ione, are pro:-

tected. This isillustrated by the first-crop, wet-
Aseeded; rice in Itollo province (Table 7). The 

conperformance of the recommended insect 
trol practice is measured against that of the 

otertratens fr i~j) 
The 1978 recommendation for first-crop, 

wet-seeded rice inIloilo was to apply insecticide 
only when the economic thresholds were sur-
passed. It was'necessary to spray with carbaryl 
(0.75 kg a.i./ha) once (during the vegetative 
stage) for caseworm and twice (ripening stage) 
forrice bug. 
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we rifooptima for fTable'7-):p;h4li.~ 
Ri -;)ctaid dle control- fS4 an, 
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for mung bean toMe neiSecK n ka~~' 

Vno!control remmendaios, 
icene 9'_coly~ Thl 

for. 'ubean' 
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M", onlt 
'stages 

po..flowering.The recor..'.e_dd'inst 
for crop year wsOSg.,'mny. 1977-7. 
crotophos/ha at 2 and 12 daysafter, eegence 
(DE) (preflowering) and 0.75 kg i.a~aLi 
fan/ha at 35 and 45 DE (postfoweg) T 
recommended disease controlmeasurewas 2 , 
applications 'of '0.5 kg .,,thophanate 
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m VOW 7 &apwt wha powdery Mew 
diom sesdd 10% edw omei."ibe
buie and dm con reommt 
v0e uinbd over 6me plfti dates, repres-
atilhfmft oppg pauemof mungbean 

seormo ppe rice (Table 8). 

Ti resual of the Novemb* planting 


revedd that insec caused a yield loss of 0.83 

/ha (1.23 t/ha-0.40 t/ha), none of which could 

beatlbuWtedodheues(1.16t/havs1.05t/ha). 
The recommended insecticide regime gave 
optimal insect control (1.23 t/ha vs 1.16 t/ha). 
Seventy-two percent of the yield loss was due to 
preflowering insect pest damage (1.05 
I/ha- 0.40 I/ha - 0.65 t/ha; 0.87 t/ha- 0.40 i/ha 
- 0.47 t/ha; 0.47 + 0.65 - 72%) and 18% 
occurred during the postflowering stage. 

The December planting had no significant 
yield loss from diseases (0.58 t/ha vs 0.40 t/ha); 
however, the recommended insect control 
regime was suboptimal (1.61 /ha vs 0.58 /ha) 
and resulted in a yield loss of 1.03 /ha. The loss 
was due to 	postflowering insects - omitting 
postflowering protection gave a yield equal to 
that of the untreated plot. Heliothis pod borer 
was particularly abundant in the December 
planting. 

Yu (t/a) 
6 

2u29,+0o4AV-0aSZ 

5 -	 o9 

Y-24,+04M-Q0016M 
2 

4 - R2..76 
, 

3 -

OT 
1 115 	 r20 5 130 X 1 

M*uf (ft") 
4. Mu Stain yield nmatudty of 22 selected entries from the 

Slntematloml .rice yield nurseries (IRYNE, IRNMM). 
1336. ramly twed ,xt*mWw/ly in croppins systems m heach 
at IlLhdam matuly of 1I8 dysand yield of4.8 oh 
in*ym imy. 
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ral .3Powdery USJ e *I 
il. rowlk~dbi

48% yield los (1.00 a 052 4h); h er, 
wathe recommended peuicide pmW 

adequate (1.16 I/ha vs 1.00 Vha). TheH*eA4 
population was low in the January paianig, 

ts a tonly22%ofthe lo s from insec was tib uted 
to postflowering pest demqae (0.52 Vha- 0i1 
t/ha - 0.41 t/ha; 0.43 t/ha- 0.11 t/ha - 0.32 
t/ha; 0.32 /ha + 0.41 elha - 78%; 100%
78% - 22%). 

As a result of the study, the postflowering 
insect control practice for the 1978-79 crop 
year was revised to include 2 prophylactic 
treatments of 0.75 kg a.i. carbaryl/ha at 25 and 
35 DE to control pod borerq. A new powdery 
mildew-resistant mung bean variety (CES 
ID-21), which was identified in 1977-78 vari
ety trials, eliminates further foliar fungicide 
application. 

INFLUENCE OF THE RICE VARIETY'S 
MATURITY ON YIELD 
Multiple Cropping Department 

Yield and crop duration (maturity) are major 
considerations in the selection of rices for crop
ping patterns. The relationship between these 
factors were explored using data from the 1977 
early and medium (fifth) international rice yield 
nurseries (IRYN-E, IRYN-M). Twenty-two 
entries in both nurseries were tested at 20 sites. 
To select the appropriate set of entries for 
analysis, the overall mean yield of each variety 
was plotted against its mean maturity, and a 
curve was constructed of line segments con

necting the earliest maturing entry with succes

sive later maturing but higher yielding entries. 
The entries falling within 0.33 /ha of the curve 
were used in the analysis. They were assumed to 
be the most advanced entries from varietal 
improvement programs and, except for check 
entries, would not be available to farmers on a 
large scale in the near future. It was also 
assumed that within each maturity interval, the 
selected entries reflected the current maximum 
attainable yields. 

A quadratic model, Y - a,+ W +'c'A 

where Y is yield (f/ha) andM Is m wd' (days) 
- was used to m i.0ne eouat t 

http:t/ha-0.40


i03 

bymen er 

uq ........ . o
um 

unbea4 f the t? que:ay' kggr a 
points.- In adiin ,hgatd~o oI 

YYtkPTt p64

' i"!Tt c, w i fl 'Io h "-d , i . I ll r ! : ' 

f'4 
4'. 4 4 

hi \t ! 

Tit
 



pp 

t' v
 

.~ fl 

-4 n, V. 



a of Cropit 
A ala 

-1 

ECoNOMIC OCR HG PAfERNU3B
 

tWhOIb4Vm fW*h 3044
 
CONhTuIUOS RICE PRODUCTION'MODEL -.UAS"t(*"4 a ' 

Rotok 004 ,w;$%1 (WA 



_________________ 

-h i'I reIoj~lsld -repe.
'ade~~(GC 0 
ntin 

M4*tot, 
ppDe mtd and CoppknV 

~Ssi!CmEIU #WoGSbAvn&"oy, AgViWu-

0O12 rpping patem testedin Paungeinan 
dtuly cop, year (CT) 1976-77, 8 pattern. 
- -(on.I nte u froCYwa s tin 197778.?+kJmM ~ ~ th ~~ ~ 

.uhyrainfall m 
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A nd l6-tm 0oint out the decision.the to2io 

makngprblesarersfaeplanted 
Patternsml1t64dwere tested In ranfed and pr-

daily irrigated fields. Te latter received irriga 
don water'to supplement rainfall from June 
until mid-December in some felds, but Irriga-
don after mid-October became progressi-ely
unreliable. noe rice-rlce-upland. crop (R.R.
UC) patterns proposed for 52'farmers' fields 
were completed as designed only on 16 fields. 

Patterns 5 to 7 were tested on rained and 
pnp--rrgated fields and on soils with moder-
ately rapid drainag. Where used, the pump 
Irrigation system moistened the soil, reduced 
draft power requirements, and facilitated rapid 
emezgence and early growth of corn. Of the 17 
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dry-seededrice (DSR) first crop-apdl2aans-faerl3 wh ts RRUC 

rice (TPR) ,as a'asecond croP: were 
emphasized because conparisois'of the.water 

rirements for these two, cropswith historic 
rainfalldatahad indicated thatearlyDSRcrops 
were necessary'if second TPR crps were to be 
successful (see Envionmeintil dscrlp on). The 
52farmers who agreed to testR-R-UC patterns
also agreed to dry-seed the first cropjand trans
plant the second. IR36, which previous tests at, 
thesiteshaid shown to be well adapted to plaint
ing methods for both DSR and TPR, was used 
for both crops. The initial 52, farer
cooperators were reduced to 48. Of the 32 who 
transplanted a second rice crop, 16'planted a 
succeeding upland crop. 

Farmers gave several reasons for Inability to 
complete the proposed DSR-TPR-UC pattern:,'

late seeding of DSR because land prpara
doncold notbestarted until after r" 6sbgan.

0 poor, germination of seeds distributied by
 
the project for the TPR crop, which required a~f
 
second nursery planting,
 

competition with other activitie's for labo)r;,, 
high risk of wvater shortage for the TR -IdA' 

UC and 
0*lack ofacces to!:Uflcl !diM ta 

because interenfic d n~*p
Table -1: tishow 
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ly. Ahigher"prcentage ofsecond rice crops wa 
attemped~ sal ipted fieds, but about 

one-third of the second rice crops falled inboth
rainfed and partially irrigated fields. 

ECONOMICS OF CROPPING PATFERNS 
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rent inputs. respond accordingly, 
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S land costs were included I the analysis, the trials under research ervikinthe farmers
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falls to ts marginal value after firt s 
sold indicating that creditIs no longer needd 

Labor us . in asimilar fashion, Introduction 
o o tsofNasond rase thef labor in 

certain periods. That isbrought about primarily 
by theImportanc r ca 
fand a quicker turnaround tiefte c uo-

'Lab-rutiplecropping (In addition, of course, to the 
ertahinher yieldsasociated with NT). 
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The impact of NT on labor use and the MVP 
of labor depends not only on the farmers' own 
endowment of family labor but also on the labor 
market conditions prevailing in the community.
Both supply conditions and market imperfec-
tlions affect the way in which NT influence labor 
use and resource allocation on the farms. Tradi-
tion and custom have established the types of
labor used in certain operations in the historical 

of second, crops of IR36 ,compared_wth the' 
single crops of BE3 that famers'tdia 
planted. 
The seasonal patternof shadowwagesconforms to the pattern of wages actually observed 
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lawo Nqui~em ad lbrmiifrladpqEnvironmental description itt this and PIeu 
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rime crop, intensity of MifAP ad factors that nA h-l~1S y r~aol iml*i M 

'iditef0 io 
fect field duration ate important. Ile second MAi fi ii 

rice-crop force afollowing upland crop inato a tiiitae fiWWA64 h~l ay 
period with drier soils, addstdestablishment a tpti 

.
of the upland crop become a maor cocem.I dryee d,+* il i .....i'i 

But because upland crop grown aftertorc planted 16Pnaiiai in tt~sato 
+h
crop have only moderate yield potentials, they the 1976 weti+ d data. wae" 

are seldom objects of tillage and planting 
mhdsA that require high labor, energy, and yjgg j1uuu a usd u mm 

G AMI:tmf*mWmachine inputs. 
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preceding crop was, harvested, all fields were sow 
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results wets not consistent. Low cutting and use 
of old aeedIng for the main crop resulted In 

logrgrowth duration. Although average 
yil.were similar, the highest yied potential 

wa generally asciated with low cutting height 
~that led, however, to longer growth duratin, 

pwhm, Inthe design and testing of Cropping 
patterns, it isnecessary to specif the ferilier 
levels to be used on each crop, but resarchers 
at cropping system project sites seldom have 
enough staf to undertakte intensive sonl fertility 
and fertilizer rate Studies. 
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SI Wate du to qplmi crop, Upland crops plant holghfat 30 D&rOIiiMy' i 
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7. Exchangeable potassium 3weeks before rice harvest (WBRH) 
at corn seeding, and 40 days after seeding (DS)-as influenced 

by rice.growing systems and fertilizer treatments. In each 
sampling time, bars with acommon letter are not significantly 
different at the 5%level. IRRI, 1977-78. 

point at which a resistance of 4 kg/cm2 was 
obtained (Table 15). To determine the effect of 
soil moisture on penetrometer resistance, we 
compared the relation between resistance and 

Iron (prn) 

100

moisture content for the no-tillage and twice

rototilled treatments after puddled and unpud
died rice (Fig. 11). Puddled rice soil showed 
higher resistance in both tillage treatments, par

at low soil moisture. 

Crop stand.Tillage treatments did not affect 
corn stand (Table 16). Previous rice-growing 

systems affected stand only inrow-tillage plots 
in which plant establishment was significantly 
lower after puddled flooded rice than after 
unpuddled rice with or without flooding. No
tillage plots had the highest stand regardless of 
the previous rice-growing system. The more 
intensive the tillage, the lower the number of 
established plants. No significant difference 
occurred incrop stand after itwas thinned at 30 
DS. 

Crop yield. Among the treatments, fertiliza
tion had the greatest effect on the dry matter 
yield of corn, and tillage had the smallest. Til
lage and previous rice-growing systems showed 
their effect primarily on fertilized plots. 

On fertilized plots, except after puddled 

flooded rice, dry matter production was 
lowest in the row-tillage plots; it was high in the 
no-tillage plots and highest in the complete til
lage treatments. The fertilized unpuddled 
flooded rice plots produced the highest dry mat-

I Unluddlednonflooded T1 -no tillege 

- row tillages Unpuddled flooded T2 

o Puddled flooded - complete tillegeT3 
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8. Water-soluble soil iron 3weeks before rice harvest (WBRH), at corn seeding, and 40 days 
after seeding (DS) as Influenced by rice-growing systems and tillage treatments. Ineach sam. 

pling time, bars with acommon letter are not significantly different at the 5%level. IRRI, 
1977-78. 
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9. Water-soluble soil manganese 3 weeks before rice harvest (WBRH), at corn seeding, and 40 

day3 after seeding (DS) asinfluenced by rice-gowing systems and tillage treatments. In each 

sampling time, bars with a common lettei are not significantly different at the 5%level. IRRI, 

1977-78. 

Zinc (mn 

025

* Unpuddled nonflooded T1 - no tillage 

m Unpuddled flooded T2 -row tillage
 

020* Puddled flooded T3 complete tillage 

a a 
a 
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010d 
b 

005 C 

0 
3WBRH T T2T3 Ti TzT3 Ti T2T3 T1T2 Ts Ti TaT3 T, T2T3 

---- corn Sw -- i - 0 DS of om

10. Available soil zinc 3 weeks before rice harvest (WBRH), at corn seeding, and 40 days after seeding 

(DS), as influenced by rice-growing systems and tillage treatments. In each sampling time, bar with a 

common letter are not significantly different at the 5% level. IRRI, 1977-78. 
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Depth (cm) In rice eore previously
 

Tillage for Unpuddled Unpuddled Puddled 
corn nonflooded flooded flooded St-S, S-S 

S, S, S, 

c 8.1 c 1.0 b 7.2*0 7.100None 8.2 
7.9a 2.20 2.10*Row 10.1 b 10.0 b 

12.1 a 8.1 a 4.700 4.0""Complete 12.8 s 

acolumn, means followed by a common letter are not significantly different at the 5% level.'In 


ter of the rice-growing systems, followed by the 
unpuddled nonflooded and the puddled 
flooded, 

Fertilized plots produced 60% more corn 
ears with heavier kernels than unfertilized plots, 
Tillage and the previous rice-growing systems 
did not affect the number of ears produced. 

Fertilizer increased corn yield (Fig. 12). Til-
lage and rice-growing systems significantly 

Resislanc tocWe pntomsiv (t /cm2 ) 

After Puddled 
4_ flooded rice 

6 


4\
 

2 

50 0
10 20 30 40 

sell mcisiur wasr 

affected corn yield only in unfertilized plots. 
Cornnutri"ntcontent. Fertilization and inten

sive tillage increased the nitrogen content of 
corn plants. Corn on unfertilized plots suffered 
nitrogen deficiency. Corn had a higher nitrogen 
content when grown after puddled flooded rice 
than after unpuddled rice (Table 17). 

Phosphorus uptake by corn from fertilized 
plots was three to four times greater than that 

Aftr upAddled
nonfloded rice 

HUM}IobpcmNo ~ 
twice 

2D 30 40 50 

of drywl) 

11I. Relationship between sodl moisture content and penetrometer resistance as influenced by rime 

growing systems, tillagtreatments. and depths. IRRI, 1978. 
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None b 11A b 1.900 1.70 *
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Row 0.1 0.1Complete. 4.9a 4.9 r 4.8s 

"n acolumn of respective obeervatlon times, mean$ followed by acommon letterare not significantly different at the 1%level. 

from unfertilized plots (Fig. 13). Corn on 
unpuddled flooded rice soil had the highest 
phosphorus uptake for all tillage treatments in 
both fertilized and unfertilized plots, 

In plots with the same tillage treatment, fer-
tilization increased potassium contents of corn. 
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12. Grain yield of corn as influenced by rice.growing systems, 
tllle, and fertilizer treatments. Ban with acommon letter are 

The fertflized plotsnot alplflicady different at the 5% level. 


received 60 kj N, 26 k8 P, 50 kg K/ha. IRRI, 1978. 
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Potassium uptake from fertilized plots was four 
to five times higher than that from unfertilized 
plots (Fig. 14). Different tillage and rice
growing treatments did not significantly change 
potassium uptake from unfertilized plots. The 
potassium uptake by corn g'own under row til
lage was always the lowest among the tillage 
treatments. 

There were no significant differences in iron 
content of corn between the different tillage 

treatments in fertilized, unpuddled flooded, and 
nonflooded treatments. But the more intensive 
the tillage on puddled flooded plots, the higher 
the iron content of corn. 

Fertilizer application and increased tillage 

intensity decreased the manganese content of 
Corn grown after puddled flooded rice 

generally had higher manganese content than 

corn grown after unpuddled rice. 
Corn planted on fertilized plots had sig

nificantly lower zinc contents than those planted 
on unfertilized plots. Increased tillage intensity 
generally decreased the zinc content of corn. 

Corn grown after unpuddled nonflooded rice 
higher zinc content than that grown after 

unpuddled flooded rice. Zinc content was low
est in corn grown after puddled flooded rice. 

Implications. The soil after puddled flooded 

rice was generafy more compact and had a 
higher moisture cont.nt than thti after.npud
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1.38 1.38s 1.43a -0.07 -0.06 

a common letterare not significantly diffdrent atthe 5% level. Nofe tllizer.Wtg N,26kg P.50 kg 

died rict.. That caused the slightly poorer corn 
establishment on puddled than on unpuddled 
soil but the effect was remedied by thinning, 

Puddling was more detrimental to corn 
growth than flooding. Although less nutrient 
was available in the unpuddled nonflooded rice 
soil than in the puddled flooded rice soil, corn 
grew slightly better after unpuddled nonflooded 
rice. 

Tillage improved soil aeration and, conse-

Phloarus upokie(kg P/ho) 

* Unpuddled nonflooded T, - no tillage 

20 - Unpuddled flooded - row tillage
T2 

* Puddled flooded T3 - complete tillage 
- - unfertilized 
+ - fertilized 

s 

5 f 	 + 

o 

Oi I Is- fJ -t tII 

TI T T3 1I T2 T3 TI T2 T 3 

13. Phosphorus uptake of corn at 70 days after seeding as 
influenced by previous rice-Vowing systems, tillage, and fer. 
tOur treatments. Bars with a common letter are not signif, 
icnfdy different at the 5% level. The fertaized plots received 
60 k N, 26 kg P, 50 kg K/ha. IRRI, 1978. 

quently, plant growth. Nutrient uptake, and 
growth and yield ofcorn on the puddled flooded 
and unpuddled flooded soils were slightly better 
with intensive tillage than with no tillage. That 
was not so with the corn grown after unpuddled 
nonflooded rice. Tillage reduced weed growth 
significantly. 

The results indicate that corn after rice in the 
three systems studied should be established 
with no tillage and should be fertilized. Interrow 

Pokbosin uptae (kgK/ha) 

Unpuddled nonflooded T, - no tillage
U Unpuddled flooded T2 - row tillage 

80 - * Puddled flooded T3 -complete tillage 
- - unfertilized 
+ - fertilized 

60-	 a 
+ 

+ 	 + d 

+ 	 + 

*1iiii1
z 
1 

I T T 3 TI T2 T3 I T 1T 

14. Potassium uptake of corn at 70 days after seeding a in. 
fluenced by previous rce-growing systems, tillap, and fertilzer 
treatments. Bars with a common letter are not significantly 
different at the 5% liel. Fertilized plots received 60.kg N, 
26 kg P,50 kg K/ha. IER ,1978. 
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z - z - z flooded crop preceding corn on Lips day loam 
Ovl") at IRRI during the 1977 wet eaaon. After rWe 

'. .1= 4 harvestesodwalldred forodlandpsiap
aratlon and tilled to about 20-cm depth by 2 
carabao plowinps and 3 rototillinp with a 7-hp 
tiller. Penjalinan, an 80-day corn variety, wu 
grw in thedry sasV n(Janury-March). Ralin 
faillwas21.5rminanuary, 8.9 mm n Feb-.

." ] "lruary, and 6.4 mm in Marc. The corn was 

I. Schematic of fertilizer placement. IRRI, 1978. 

cultivation, when the topsoil is dry enough, kills 
weeds and creates a loose dry surface layer that 
acts as a mulch. 

Effectoffertilizer, Itsdepthof placement, and 
mulching on rainfed corn after puddled flooded 
rice. The effectiveness of mulch in reducing 
moisture loss in a rainfed corn crop after pud-
died flooded rice and the response of the corn to 
different fertilizer rates and depths of place-
ment were evaluated. 

IR26 was grown as a transplanted puddled 

Fertilizer 
Mulching placement 
treatment depth (cm) 

0-5 cm 

No mulch 5 cm 28.0 b 
20 cm 28.3 b 

With mulch 5 cm 33.3 e 
20 cm 33.7 a 

No mulch 5 cm 27.3 b 
20 cm 27.7 b 

With mulch 5 cm 33.3a 
20 cm 34.O 

No mulch 5 cm 27.0 b 
20 an 27.0 b 

With mulch 5 cm 33.0e 
20 cm 33.3a 

No mulch 5cm 27.3 b 
20 cm 27.0 b 

With mulch 5 cm 33.0e 
20cm 33.3a 

Soil moleture 

10 DS at depth of 

5-15 cm 15-30 cm 

0 kg N, 26 kg P, 50 kgK/h. 

41.0 cd 51.7 @ 
41.3 bcd 51.3 a 
42.7 abc 52.3 a 
42.3 abc 52.3& 

fertilized at four different rates, with fertilizer
placed shallow or deep (Fig. 15). The corn plots 
were either unmuched or mulched with 8 t rice 
straw/ha immediately afjer seeding. Corn was 
planted 3 seeds/hill at 100- x 20-cm spacing, 
and thinned to 1 plant/hill at 30 DS to obtain 
50,000 plants/ha. 

Soil moisture. By 10 DS, soil moisture in the 
0-5 and 5-15 cm soil layers was higher in 
mulched plots than in unmulchecd plots (Table 
18). Soil moisture in the 15-30cmlayerwasnot 
affected by treatments until 55 DS. Changes in 
soil moisture content below 30 cm were slight 
because the water table was about 60 cm deep. 

Crop stand. The treatments did not affect 
corn establishment. However, 2 days before 

Tableit. Effecta of feti er te, mulchiM and dWps of fortller placement on *oN molstuve content atdierent dept. 10 
and U daysafter eeling (6) of corn grown aftr puddled flooded ice. Mu, 1M73. 

17.7 
21.0 
26.0 
26.3 

60 kg N, 26 kg P, 50 kg Klhe 

41.0 cd 50.3. 20.0 
42.0 abc 51.3a 21.0 
43.0 bc 51.7a 25.3 
43.0 abc 52.7a 20.3 

720 kg N, 0kg P,50kg K/ha 
40.0 d 50.7. 
41.7 abed 50.3 a 
43.7a 51.7a 
43.7a 51.3a 

120 kg N, 26kg P, CO kg K/h. 

41.0 cd 51.0. 
41.7 abed 62.0s 
41.7 abd 51.0@ 
43.3 b 51.3. 

(% of dry weight) 

55 DS at depth of 

0-5 cm 5-15 cm 15-30 cm 

21.7 
21.0 
26.0 

g 24.3 f 43.3 bc 
of 25.3 f 42.7 cde 

cd 34.0 a 45.0 @ 
bc 33.7 a 43.3 bc 

f 27.0 a 42.0 def 
of 27.3 0 41.7 efg 

od 33.3. 44.3 ab 
bo 33.0mb 42.7 ode 

0 29.3 d 41.0 fg 
of 26.7 d 41.0 fg 

cd 31.7 o 43.3 bo 
27.7 ab 31.7 o 40.7 gh 

25.0 cd 29.3 d 41.3 fg 
24.7 d 29.3 d 39.7 h 
29.7a 31.3 c 43.0 od 
28.7a 32.0 ho 41.0 19 

1ina column, meene followed by a common letter dre not significantly diffenit at the 5% ivel. 
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harvest the corn stand was less in plots that Upvue(4m) 
received 0 kj N, 26 kg P, 50 kg K/ha than in f I --- aoo, I------
those that received other fertilizer rates, par. 0-1D 

ticulaudy Inunmulched plots with shallow fer- 02D 

tilizer placement. 
Croplodging. More corn lodged inplots that __ 

received incomplete fertilizer (0.26-50 and 2 5D 

120.0-50) than in plots that received complete 0 N, t 

fertilizer (60.26.50 and 120-26-50). There was W-00 
less lodging in mulched and deep-placement i 
plots than in unmulched and shallow-placement 
plots. The combination complete fertilizer, o-E 
mulching, and deep placement gave only 3% 1-M 
lodging. a-30 

Fertilizer uptake by corn. Fertilizer uptake _I/
 

was less on unmulched and shallow-placement, 040 E 25 

plots than on mulched and deep-placement 4oM NO 

plots. A combination of complete fertilizer 5 6o _ 
(particularly 120 kg N, 26 kg P, 50 kg K/ha), 
mulching, and deep placement increased fer- 1-2o 

at different depths as influenced by fertilizertilizer uptake significantly. The effects of the 16. 3P counts 
treatments on dry matter and grain yields, and rate (NPK in kg/ha), mulching, and depth of fertilizer place.ment. IRRI, 1978. 

same trend as 
seed weight showed the the 

effects on fertilizer uptake. 
Root distribution over different depths. Corn 

root distribution was determined manually and 
by radioisotope C 

2P). Results from both techni- establishment and performance of rainfed soy
ques were closely related, particularly for small bean was studied during 1978. 
roots (R2 = 0.99**). The 32P activity counts at A wetland rice crop (IR26) was grown in the 
different depths were affected by mulching, rainy season and the field drained at 21 days, l1 
depth of fertilizer placement, and phosphorus days, and 1 day before rice harvest (DBH). 
fertilization (Fig. 16). More roots were TK-5 soybean was planted as a rainfed dry
obtained in mulched plots than in unmulched season crop after rice with five tillage treat
plots, in deep-placement plots than in shallow- ments: no tillage,furrow tillage,bed tillage, one 
placement plots, and in plots that received rototilling and three rototillings. The 3drainage 
phosphorus fertilizer than in plots that did not. and 5 tillage treatments composed a 3 X 5 
Plots that received phosphorus fertilizer had split-plot experiment with 3 replications. 
more roots in the lower layers with deep fer- Rice straw was cut to ground level and 
tilizer placement than with shallow, removed after harvest. The soybean seeds were 

The better root growth on mulched, dibbled to about 5-cm depth at 3 seeds/hill at 
complete-fertilizer plots resulted in higher nut- 50- x 8-cm spachig after each tillage treatment 
rient and moisture absorption and better plant was completed. Fertilizer was applied in band as 
growth and yield. The highest yield of 3.1 t/ha 30 kg N, 26 kg P, 60 kg K/ha. 
- obtained with the combination deep place- Soil moisture. The shallow water table (about 
ment of 120-26-50 fertilizer and mulch - was 60 cm in the dry season) of the experimental 
90% of the potential yield of Penjalinan. area kept the soil moisture content constant at 

Effect of rice land drainage and soybean til- 30 cm and below. However, soil moisture con
lge treatments on rainfed soybean grown after tent of the 0-30 cm soil layer varied sig
wedmad rice. The effect of tillage and time at nificantly with different drainage arid tillage 
which the ricefield was drained after harveston treatments. The moisture contents of the 5-15 
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and I5-30 cm layers remained higher in roto-
tilled plots than in nonrototilled plots because 
the dr top0-5 cm layer of rototilled plots acted 
as a mulch. 

Plots draited at 1 DBH had consistently 
higher soil moisture content at planting than 
those drained at IIDBH. Plots drained at 21 
DBH had significantly lower moisture content 
than those drained at 11 DBH, except those 
rototilled. Within each drainage time, furrow-
tillage plots always had the highest soil moisture 
content among the tillage treatments, followed 
by the treatments with no tillage, bed tillage, 
one rototilling, and three rototillings. The dif-
ferences, except those between no tillage and 
bed tillage, were significant. Soil moisture con-
ditions in the 0-5, 5-15, and 15-30 cm layers 
were similar, 

The differences in soil moisture content 
among th-. treatments and layers were less pro-
nounced at the flowering stage (40 DS) than at 
planting. The soil moisture content of the 0-5 
cm layer followed the same trend as that at 
plsting and all were below the permanent wilt-
ing point of soybean. The moisture contents of 
the 5-15 and 15-30 cm layers had different 
trends and were still higher than the permanent 
wilting point. In those layers the plots rototilled 
three times had the highest moisture content 
followed by the plots with one rototilling, fur-
row tillage, no tillage, and bed tillage. Time of 
drainage still had little effect. 

The difference in treatments further 

Table I . t of drainage and tdiage treatmentson number of 

rie harvest (D I). M1 1978 dry s"o.' 

diminished and the trends in aoB moisture con
tent at pod-filling time (66DS) were similar to 
those at flowering stage. The moirture contents 
of the 5-15 cm layer were close to the perma
nent wilting point. 

Bed tillage accelerated moisture loss from the 
soil. At planting time the bed-tillage and the 
no-tillage plots had similar moisture contents. 
Furrow-tillage plots always had higher mobture 
content than the no-tllage plots because the 
0-5, 5-15, and 15-30 cm layers of furrow til
lage plots were 10 cm below the original soil 
surface and were actually the sarae as the 
10-15, 15-25, and 25-40 cm layers of the no
tillage plots. 

Cropstand.The no-tillage plots, except those 
drained 21 DBH, had the best soybean stand, 
followed by the 1-rototilling, bed-tillage, 
furrow-tillage, and 3-rototilling plots (Table 
19). The trends for the early and late stages of 
crop growth were similar, except that the stand 
decreased slightly at the later stage. The higher 
moisture content in the furrow-tillage plots kept 
the soil around the seeds reduced. Because the 
seed zone had high levels of soluble iron and 
manganese, the stand was reduced. 

was noNutrient content and uptake. There 
significant difference in nitrogen, potassium, 
and zinc contents of soybean among the treat
ments. Neither was there any significant differ
ence in phosphorus content among the no
tillage, one-rototilling, and three-rototilling 
treatments. But because of low dry matter pro

ybean plant at 10 days aftr seeding (DS)and 2 dw before 

Soybean plants (no./m') in fields drained 

Tillage for soyben 21 DBH 11 DBH (control) 1 DSH 

10 DS 

Notllae (control) 
Furrow tillege 
Bed tillage 
one rototilll g 
Three rotodllngs 

53 b 
49 c 
53 b 
586 
32 d 

e8 
48 d 
52 c 
56 b 
33 a 

e0a 
48 c 
.1 be 
52 b 
33 d 

2 0611 
580
58846mbNotllag control) b 40 b 4040 bcNo tiage t )42 •4Furrow tillage4 

49a 48 b1bBed ttiage 51 b51.51
One rotodlng 28 d28 c26 chreerottllings 

Sa olumn of respective obervatlon dates, meansfolowed by a common letr are not significantlydi-_erent at the 5% leel. 
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Toml uWle' u/he) 
Tr~pi.1 bys ooyenhi 2-1 11-2 

21001 11 0 ieonto) 101DO11) 12) (3) 

NkoW, 
No Wp 40. b 40.30 a oIb ,6.3" .0?'Furrow 6sgs 20.6 c 25.86 b 30.1 d 6.11SBed Slugo 22.63 

' * 
c 27.00 b 34.21 c 4.37* 7.210One rOt1ing 44.4 a 50.31 a 80.12 s 5.67" 9.01.:Three roeeegm 42A1 ab 49.57 68.67 b 7.16 * 7.10" 

No tfte 4.84 a 5.91 a 6.3 b 1.06"* 047"Furrow UllOge 2.87 b 3A2 b 4.10 d 0.55*" 0.63"
Bed tftge 3.01 b 3.568 b 4.49 c 0.57"* 0.91"0
One roodlilng 5.03 o 5.70 a 0.72 s 0.67"0 1.02"0Three rototilling. 4.94 a 5.74o 6.39 b 0.10" 0.65" 
Potaaalum 

No tillage 20.56 a 29.03 ab25.21 a 4.65"* 3.82"Furrow tillage 10.52 b 12.82 b 15A9 d 2.300" 2.67"Bed tlllage 11.20 b 13.57 b 17.03 c 2.37" 3.46"One rototilling 21.70 a 24.93 a 29.87 a 3.230" 4.94*"Three rototillngs 21.14. 24.69. 28.30 b 3.55*' 3.61"*
 
6DBH days before rice harvest. In acolumn of respective elements, means followed by acommon letter are not significantlydifferent at the 5%level. 

duction, the bed- and furrow-tillage treatments less the dry matter produced by the soybean
had significantly higher phosphorus content crop. Plots that received a single rototilling pro
than the three other treatments. Furrow-tillage duced the highest dry matter weight, followed
plots had twice the iron and half the manganese by plots with either no tillage or three rototil
of the other tillage plots. lings, no tillage, bed tillage, and furrow tillage.

The highest uptake of nitrogen, phosphorus, The later the drainage the heavier the seed
and potassium was from plots that received one weight of soybean (Table 21).
rototilling, followed by that from the plots with Effect of planting time and straw removal on
three rototillings or no tillage, bed tillage, and no-tillage rainfed soybean grown after wetland
furrow tillage (Table 20). The earlier the drain- rice. A wetland rice crop was drained 1 day be
age, the less the nitrogen, phosphorus, and fore harvest in February 1978. The rice straw
potassium uptake. was cut and removed either at harvest (S1) or at

Performance. The earlier the drainage, the soybeanplantingtime(S).Clark63soybeanwas 

Table 21. Groinyd and grain weight of eoyben as Influoncod by drainage and tRiage., -, 173 dry 9eeon. 

Soybean yield (kg/ha) 
Soybean seed wt (g/100grains)Tillage for Infields drained Infields drained

soybean 
11DBH

21 DOH (control) I DOH Mean 21 DBH 11 D6H 106DO 
No tilage 100ob 1157a 1247 b 1136 b 11.63 c 12.83 c 14.12 aFurow tillage 463 470 559 11.04 c cc c d 497 a 12.62 13.47 aBdsg 530 c c d 693 b be b613 634 d 12.33 13.06 15.72Onerntoilling Iwog 1190 1396 1231a 13.50 b 14.76 b 15.6. bThroeroetUnga 903 b ON b 1076 c 
 955 c 1S.11a 16.09a 17.46.Man 600 66 962' 

,In aoolumn,mns followed bya common letter are not significantlydifferent at the5%level. DBH - day before doe herve 
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17. Relation between moiture content of the to 5-cmdeep-

oil layer at planting aned
IRRI, 1978. Straw was t soybeanremoved either at harvest (S) or at , 

soybean planting time ( wm). 

planted 10 times at 2-day intervals for 18 days 
after rice harvest. Soybean seeds were dibbled 
about 5 cm deep at 3 seeds/hill spaced 50 x 8 
cm and band fertilized with 60-26-50 (NPK) at 
planting. Monthly rainfall was 8.9 mm for Feb-
ruary, 6.4 mm for March, and 28.7 mm for 
April. 

Soil moisture. The soil moisture of the 0-
5-cm-deep soil layer decreased most sharply 
from 0 to 8 days after rice harvest, and was 
lowest in St plots (Fig. 17). The same was true 
for the layer at the 5- to 15-cm depth, but its rate 
of moisture loss was significantly lower than that 
of the 0- to 5-cm-deep layer. 

Crop stand. The percentage of established 
plants (Y) was highly correlated with the mois-
ture content of the 0- to 5-cm-deep soil layer at 
planting (X), which is expressed as: 

Y = 163.01 - 1.33X R2 = 0.96** 
for X ranging from 90 to 48%, and 

Y = 10.73 + 1.59X R2 = 0.92*. 
for X ranging from 56 to 28%. 

Maximum establishment was obtained at 
50-56% soil moisture (dry weight basis). Stand 
was maximum 4-6 days after rice harvest when 

40. .... 

olati 	 SS t 

O ~ t I 

0 	 r s w a 	 Ih 0 

ferof ricehrvstw 

18. Relation between moist e content of the 5- to 15-cm 
deepsoybean.soil layer at plantin and dry matter weight (/m ) ofIRRI, 1978. Straw was removed either at harvest 

(SI), or at soybean planting time (b2). 

the rice straw was removed at rice harvest, and 
at 6-8 days after rice harvest when straw was 
removed at planting (Fig. 17). Thus, if a rice 
field is drained I day before harvest and rice 
straw left on the field, soybean planting can be 
delayed until 18 days after rice harvest. 

Dry matter production. Dry matter produc
tion showed the same trend as percentage of 
established plants (Fig. 18). The dry matter 
weight (Y) was highly correlated with soil mois
ture of the 5- to 15-cm-deep layer at planting 

(X) 	expressed as
 
Y = -482.12 + 22.16X- 0.18X 2
 

R2 = 0.74**
 
for X ranging from 37 to 90%.
 

The maximum dry matter was in plots with 
about 60% soil moisture of the 5- to 15-cm

deep layer at planting. When ricestrawislefton 
the field, planting can be delayed about 4 days 
without significantly reducing dry matter pro
duction (Fig. 18). 

Effects of planting methods and mulching on
rainfed soybean after wetland rice. Clark 63 
soybean was planted 28 December 1978 after a 
wetland rice crop. Monthly rainfall was 21.1 
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mm for January, 21.5 mm for February, 8.9 mm ence between the no-tillage and the relay plots
for March, and 6.4 mm for April. was not significant.

"'lie soybean plots either were left unmulched Soil resistance. Mulching significantly 
or were mulched with 8 t rice straw/ha. Four reduced soil resistance by conserving so mois
planting methods were used: drill-relay with ture. The plots with one rototilling and furrow 
die seeds drilled in alternate rice interrows 2 tillage had lower soil resistance than the no. 
days before rice harvest, dibbling seeds 1 day tillage and drill-relay plots. 
after rice harvest, dibbling seeds into the bot- Soybean performance. Mulching did not sig
tom of a10.cm.deep furrow, and dibblingseeds" nificantly affect soybean crop stand (Table 22).
into soil rototilled once. The soybean popula- It slightly decreased crop stand on furrow. 
tion was 750,000 plants/ha. tillage plots, but slightly increased it on plots of 

The plots were fertilized with 30-26-50 kg the other planting methods. Soybean dry matter 
NIPK/ha drilled about 7 cm from the soybean production significantly increased in mulched 
'rows at planting. plots, except with furrow tillage. Similarly, grain

Soil moisture. The soil moisture at the 0- to yield was higher in the mulched plots, except
5-cm-deep soil layer was higher in mulched than with furrow tillage. In these plots seeds were 
in unmtlched plots, and was highest in the placed in the reduced soil layer. This led to a 
furrow-tillage plots (Fig. 19, 20). The same reduction of manganese content in plant tops at 
was observed for the 5- to 15-cm layer 10 63 DS from 106 to 53 ppm and an increase of 
days after seeding (DS). But at 40 DS the sequ- iron content from 151 for all other plots to 284 
ence in moisture content of the soil layers, as ppm for the furrow-tillage plots. Mulch sig
affected by planting method, changed. Furrow- nificantly reduced weeds. 
tillage plots had the highest soil moisture con- Implications. Mulching did not significantly 
tent, no-tillage plots had the lowest. The differ- affect crop stand. Mulching and planting were 

Soilmoiseure ofdry wt) (% of dry wt)conlent (1/ Soil moisture contmnt 
60 60 

- Drill-relay 0 Mulched 2_1 

No tllloge 0 Nomulch 50 "
 
.. .......-comtyOne rotovation Fielcopo it
 

40-4 

30 - 30

per,-nead willing point Permanent wilting point 

- Drill-relay 0 Mulched 
20 - 20 -- No tltllge0 Nomukh 

0 -one rovation 

lo± 
T I I I I I I 

I0± 
OT - ILI I 

0 I0 20 30 40 50 60 7 0 10 20 30 40 50 60 70 
Daysafter seeding ofsoybean aysafer seeding ofsoybeon 

19. Effect of moisture content of the 0-to 5.cm.deep soil 20. Effect of mulching and planing methods on moisture 
layer at different times in soybean grown after wetland rice. 
IRRI, 1978. 

content of the 5-to I5.cm-deep soil layer at different times 
in soybean grown after wetland rice. IRRI, 1978. 
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crop Mend -,em " Dry mae OrMn yld DryWiped WtW0/m') o a Do (of) 230 (g1m') 

Hr Mulch 2.A c 23.0 a 71.A o m d 119lamum.3 a 30.4 a 13.7 d low c 52A b 
Non Mtdh 543•a 55.02 166.5 c 1374 b 114.7amulch 
 55.9 a 56.98 235.8 13951 52.3 bFu w esebNomuoh 45.6 b 45.6 b 56.3 f 377 . 34.6 bMulch 41.6 b 42.3 b 54.7 f 271 a 6.5 c 
No mulci 48.1 b 48.4 b 20.9 b 1637 ab 3A dMulc 55.08 54.6. 242.0e 1966.0 2.1 e 

VS - dl mer se"M- InaCOumn. meanM followed by acommon letter are not slgnificantlydilfferent at the 5%level. 

completed almost simultaneously. The effect of Land mulching intensified the imbalance.
mulch was not yet visible because the moisture Because of lower soil moisture, drill-relay plotscontent of unmulched plots was still high. Drill- had poorer growth than no-tdlage plots; soy.relay gave low stand because there was less bean seeds were placed on the surface ofcontact between the soil and the seed. The seed relayed plots, but 5 cm below the surface in the 
was more exposed to the atmosphere than in the no-tillage plots.
dibbled plots. Plots rototilled once gave better crop perfor.Except with furrow tillage, mulching greatly mance than no-tillage plots; they also had betterimproved crop performance because it kept the moisture supply in the lower soil layer and bet.
soil more moist. Because furrow-tillage plots ter soil aeration.
had high moisture content, soil in the seed zone Effect of ioculants and plant populations on
stayed reduced longer than in the other treat- soybean yield. Indications are that soybean
ments. Plants in furrow-tillage plots suffered planted at high populations (600,000 plants/ha)from an imbalance of nutrient uptake, as shown in January and February can produce about 3
by higher iron and lower manganese content. t/ha. There is also evidence that fields that have 

previously been planted to soybean benefit 
from the addition of an inoculant plus low ratesTAW 23. EftdofeflodbntandNlKfoutluzmeon theYlioq of nitrogen (15 kg N/ha). In such fields, anrdintomaybemnpgbW ln2-an rows (6N0Mpanthe)l Inwee prevously mul ratprevou*y pirte to soyiee, VA. inoculant plus 15 kg N/ha gave the highest 

_M. (2.883 t) average soybean yield (Table 23). 

Yield' (ha) In areas not previously planted to soybean,Treatment' the average soybean yields with inoculant plusPpi NPW fertilizer and combinations of inoculant-
Control 2.6 2.30 b fertilizer treatments significantly differed fromInoculant 2.76 a 2.63 ib that of the control. The treatment inoculant +Inoculant + N, 2.88 a 2.72 aInoculant + P 2.85 a 2.79 a phosphorus produced the highest average yield;Inoculant + K 2.76a 2.62 eb the treatment inoculant + potassium, the low-Inoculant + PK 2.81 a 2.76a
Inoculnt + NjPK 2.896 2.77. est. 

th 
N,PK 2.77. 2.71 CNPK 2.85 s 2.66 ab The trend was the same for the number of
K" l 5kN o285@P 2K4.6 
 nodules produced. The highest average nodule#WhoL 45 ktiqs K o e- rywMena-4kgfolowedakg N ,- ,O5g ,amonrea m d.erent att dryweight of 1.17 g/5 plants (nodule dry weight5%level., Fice previ. accumulation after 8 wk) was produced in 

ously PC= FiT4e not previoustv planted to treatmentsmt" 
with inoculant + phosphorus in 
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re previously planted to soybean. The lowest 
(0.92 WI plants) wal in the treatment with 45 kg 
each of nitrogen, phosphorus, and potassium 
per hectare. In areas not previously planted to 
soybean, the inoculant treatments significantly 
affected the average nodule dry-weight accumu-
lation. At all growth stages, treatments with 
either inoculant alone or inoculant plus fer-
tilizer produced higher average nodule dry 
weight (1.01 g/5 plants) than the uninoculated 
treatments (0.36 g15 plants). 

In both areas of experimentation, high plant 
population and narrow spacing produced higher 
average dry matter accumulation (8.55 t/ha) 
than low plant population and wide spacing 
(300,000 plants/ha, 50-cm rows) (6.84 t/ha) 10 
weeks after planting. 

WEED SCIENCE 
Cropping Systems Component of Agronomy 
Department 

Effect of dry-season land preparation on weed 
growth. Several trials examined the effects of 
various dry-season weed control practices on 
weeds in the following wet-season crops. 

Method oflandpreparation. In a trial on an 
upland field at IRRI, weeds were controlled by 
different methods during the dry season or the 
land was left in weedy fallow. At the start of the 
wet season, rice and corn were seeded separate-
ly. 

The major weed species in the field were 
Amaranthus spinosus, Commelina benghalen-
sis, Rottboellia exaltata, Echinochloa colona, 
Eleusine indica, Digitoria ciliaris, Dactyloc-
tenium aegyptium, and Cyperusrotundus.Weed 

counts taken I week after crop eme3rgence indi. 
cated that method of land preparation had no 
effect on the number of graues (Table 24). 
There tended to be significandy more broadleaf 
weeds, primarilyA. spinosus, and lhss C.rotun
dus in the plowed plots than in the other plots. 
In the rice plots land preparation methods pro
duced no significant difference in the total 
number of weeds. But in the corn plots weeds 
were significantly less in the plots that reccived 
two plowings and one harrowing, or were 
sprayed with paraquat, except in plots left as 
weedy fallow. 

Irrespective of the previous land preparation 
method, all unweeded corn plots yielded sig
nificantly less than plots that were weeded 7and 
28 days after emergence (DE). When the 
plowed plots and the untreated plot were 
weeded once 21 DE, they yielded significantly 
more than those not weeded. Yields did not 
significantly differ between plots weeded once 
and those weeded twice. Plots that received 
paraquat during the dry season yielded sig
nificantly more than those that received no 
paraquat. 

Unweeded rice plots gave no yield. Plots 
weeded once or twice yielded significantly more 
than those not weeded. Only the plot plowed 
once yielded significantly more when it was 
weeded twice than when it was weeded once. In 
the other land preparation methods, these 
treatments did not significantly differ. 

Average yields from the plot that received 
two plowings and one harrowing were sig
nificantly higher than those from the plots with 
weeds mowed at the start of the experiment, 
those plowed once, and those not treated. 

Taie 24. Effect of various methods of land preparation during the dry season on the number of weeds por 0. ml growing In 
i AodetI with upland rice and corn 1 weab ofter crop emergence. 1 010, 173 wet emn. 

Previous treatment 

None 
Two plowings + one harrowing 
Parequt (0.75 kg a.i.lha) as needed 
Mowlngweedsatstartofexperirnent 
Plowing at slartofexpedrment 
Mowlngweedsaned d 

Broadleaf weeds Grass Sedges Total 

RicO Corn Rice Corn Rice Corn Rice Corn 

35 c 32 b 8a 7a 64 81 ab 107a 120 bo 
103 ob 73a 13a 98 28 b 12 d 144a 94 c 
66abc 60a 39a 5a 54. 26 cd 15a 97 0 
51 be 30 b 16 7a 10o 107O 172a 144 b 
99s 89e 22a 17. 70a Wx 191a 136mb50 

36 c 31 b 10 79 117a 155a 163 13a
 

"Avo1 replications and3weeding treatments In scolumn, mens followed bythesame lettearenotsonlV, aiitdfferent the 
5% level. - ative Ingredient. 
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"Wdelli lb Wwoe 
whI~mbevsit 

wI. 

Iroadef 

Total 

'" 
o dkierepsmegan.---Weed we o0.ml for 

'No Popwtioi in 
Dry__anionWetseason_y season we eason 

e. 3.39 

94.4a 
 248.6a 

*Atof 3,-olcatk. ina r .ow,means followed b a ommonle we not significantly different at the 5%level. 

Time oflandpreparation.In a second trial atIRRI, land preparation for dryland rice was 
done during the dry season or after the start ofthe wet season. Land preparation - one plow-
ing followed by two harrowings- was the same
for each time. The weight ofbroadleaf weeds in 
the unweeded check plots was unaffected by thetime of land preparation, but the weight of gras-
ses was significantly higher when the land was
prepared after he start of the rains than when it was prepared dry (Table 25). The total weed
weight was unaffected by time of land prepara-
tion. 

Yield from the unweeded plots was not
affected by time of land preparation. 

Effect of previous land use on weed growth.The effect of previous land use on the weedsgrowing in association with dry-seeded rice wasexamined in a farmer's field in Pangasinan pro-vince. In all fields the previous land preparation 

Produced no significant difference between thenumber of grasses, broadleaf weeds, and sedgesin the ur.weeded plots. However, grasses, par. 

ticularly E. colona, were four to six times as 
many in the field previously maintainedweed.free fallow than in the field previously 
planted to mung bean or left as weedy fallow. 

as 

This was reflected in the crop yield (see
unweeded check, Table 26). Herbicide perfor
mance was also superior in the plots that had 
less E. colona. However, no yield differences were observed for all previous land uses, when apreemergence application of pendimethalin ordinitramine was followed by a hand weeding
about 4 weeks later. 

When the plots were hand weeded twice,
those that were weed-free fallow during the dry
season yielded significantly less than those pre
viously planted to mung bean. 

Method and degree of land preparation.

Corn. The stale-seedbed technique 
was com
pared with conventional land preparation for

weed control in corn. After conventional land
preparation, one portion of the land was
planted immediately. In the other portion,
weeds were allowed to grow for several weeks
and then were killed either by glyphosate at 2 kg
a.i./ha or by tillage.

Land preparation method produced adramatic change in the weed flora (Table 27). Where
land was prepared conventionlly and planted
immediately, grasses, primarily E. colona, were 

TaMe 26. Effect of weed control practices and land preparation during the dry season on the yieod of dry-seededFarmer's field, Pangasinan province, PhNIppine. 1978 wet sasoon. Grc. 

Weed controlmethod, 

Dlnitramine fb
hand weeding 21 DEPendimetholin fb 

hand weodlng 21 DE 
8utachlor fb hand 
Hand weeded twIce,Hand de twe,14 and 35 DE 
Pondinethalln 
Dlnltranine 

Unweededche 

'All herbicides were applied at pro mergence. ftfollowed by1, 11 

Yield, (tlha) with 
previous land utilization

Rate'(kg a../ha) Weed-free Weedy 
fallow fallow 

1.51547a46a44a 4.7 a 4.8a 

2.0 

2.0 
-

2.0 
1.5 

2.0-

4.5 a 4.8a 

3.0 b 4.8 a 
2.9 b 3.8 ab
1.6 c 3.2 bc
0.6 cd 3.5 be 
0.2 d 4.2 a0 d 2.5 c 

Planted to 
mung bean 

4.4 ab 

4.8a 

4.4 ab 
5.10 
3.6 b 
4.2 ab 

3.3 c 
2.0 c 

means followed by acommon letter are 
cao afererner17 'l active i;radio in a-col n, -not sign ficntl. dl.rent at the 5%level. 
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titMa 4%amwoiiee WitWo 22. Wk 41 Nu~sttdof bnd Pqrawailif en WAubw OiW Aeight of t.VM43 qff'Ane fit ftWtQ 

uimnaab na. Pu um P41,phise. 1m wet *Gaon.* 

Treamebt 

CowlnaMi land 
premrsion 

Stle seedbed 
01 e (2.0 kg 
.i./ha) 

Stale wedbed - area 
;lowed 

We*.,J count (no./0.5 m') Wood wt (g/0.5 in) 

Uroadleaf 
woeds 

Grasses ScdS, Uroadlef 
weeds 

Grusi Sedges 

14s l0a 306 c 0.9 sb 4.2s 41.9 c 

lea 78 b 9 a 2.0 b 9.2 ab 0.6 a 

14a 85 b 97 b 0.7 a 14.7 b 14.0 b 

'Av of 3 replications. Ina column, means followed by the same letter are not significantlydifforent at the 5% level. 'Actihe Ingre

dient. 

significantly less than in the other treatments. C. 
rotundus was significantly more abundant in the 
conventionally prepared plots than in those that 

were tilled again, and in the tilled plots than in 

the glyphosate-trcated plot. Broadleaf weeds, 

primarily Cownelina diffiusa, were little 

affected by land preparation method. 
Upland crops planted after rice. In several 

trials in Pangasinan province upland crops 

planted after rice did not respond to weeding. 
In 1 trial no yield increase was obtained in 

mung bean by weeding 14 DE, by applying 
butachlor at 2.0 kg a.i./ha at preemergence (14 

DE), or by applying paraquat at 0.5 kg a.i./ha 

14 DE. The initial land preparation was 1plow-

ing plus I harrowing or spraying paraquat at 

0.75 kg a.i./ha and opening a furrow for seed-

ing. 
In another trial with mung bean, cowpea, and 

soybean the only land preparation was the 

opening of a furrow for seeding. Yields from 

plots that were weeded once, weeded twice, or 

had a direct postemergence application of para-

quat were not significantly higher than those 

from untreated plots, 
In a third trial, where a furrow was opened for 

seeding, paraquat was applied before planting 
to one-half the plot and no herbicide was 

applied to the other half. No yield increase of 

sorghum, soybean, asparagus bean, cowpea, 

and mung bean resulted from the preplant her-

bicide, or from 1 hand weeding 21 DE. 
AtIRRI the effectsof degreeof land prepara-

tion (1 plowing plus 2 rototillings vs spraying of 

paraquat at 0.75 kg a.i./ha followed by opening 
of a furrow for seeding), mulching (none, 1.5, 

3.0, and 4.5 t/ha), and weed control (no weed
ing, weeded once, and weeded twice) on weed 
weight and yield of sorghum, soybean, and 

mung bean planted after rice were examined in 

a trial planted in November. 
Neither method of land preparation nor 

amount of mulch had any effect on weed weight. 
The weed weight decreased as the weeding 
intensity increased. 

Mung bean gave a significantly higher yield in 

land sprayed with paraquat and prepared by 
opening a furrow than in land that was plowed 
once and rototilled twice. No yield difference 
due to method of land preparation was 

observed in soybean and sorghum. 
All mulched sorghum plots yielded sig

nificantly more than the unmulched plot. 

Mulching had no effect on the yield of soybean 
and mung bean. For optimum yields sorghum 

required two weedings, and soybean and mung 
bean, only one. 

In a trial planted at IRRI in October 1977, 
the effects on weed growth and yield of planting 
mung bean, soybean, cowpea, and sorghum 

after rice at different plant spacings were com

pared. The I "-- weed species were A. 

spinosus and R. ex ata. 
In the unweede, ' ts, plant spacing had no 

effect on yield. In I..a that were weeded twice, 

the yield from the crop that was planted at 50 by 

5 cm was significantly higher than that at the 

other plant spacings. When tle crop was 

weeded once, yields generally decreased as 

intrarow distance between plantn increased. 
For mung bean (CES 1D-21), plant spacings 

ranging from 40 by 5 cm to 60 by 20 cirn in the 
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Ws~dwtb Wnld-vwd 
CW' (gowl Mq Pluo Unwdd Vd dwsuben t%, 

K002 W.0Ob I32 b €07 31.0ANlesMn NJU b Wmb 3 be 34.2V.41 1142 b 774 lma 53.1tool 39.i 1021 b 4WabCebhmleUoWek L 54.83a 915 ab 331a 63. 
"nsoakamn mshn followed by cammon lefr enot sgnificantlytWVfrant the 5%lVeFM ujee W 

Ihm. 
'Av of mplaions 

unweeded check plots gave no significant effect Neither was there any significant difference in on weed weights at crop harvest. Mung bean weed weight in the unweeded plots of the fiveyields increased significantly as degree of weed. soybean cultivars. But, to obtain optimuming increased. Yields from plot, weeded twice yields two weedings (7 and 21 DE) were needed(14 and 35 DE) were superior to those from for Clark 63, CES 16-23, and TK#5, and onlyplots weeded once (21 DE), which in turn were one (21 DE) for UPL 5Y-2 and Multivar 80.superior to those from unweeded plots. Thus soybean cultivars differed in response tc
In unweeded sorghum (Cosor 3), weed degree of weeding.


weights in plots where the row spacing was 25 
 Effect of crop rotations on weed growth. Drycm were generally lower at harvest than for the seededrice-transplantedricerotation.The effectother row spacings. Yields tended to be higher of weed control practices applied to a dry-.at the 25-cm spacing. Yields from plots weeded seeded onrice crop the weeds growing in a once or twice were not significantly higher than subsequent transplanted rice crop was studiedthose from the unweeded plots. In all row spac- in a trial at IRRI. For the dry-seeded rice cropings yield tended to decrease as plant spacing two seeding methods were used and four weedwithin the row increased. control treatments were superimposed on each
Yields of cowpea (EG#2) and soybean field.

Clark 63) were not affected by plant spacing or Grain yields of dry-seeded rice were sigweeding regime. In both crops, weed weights in nificantly higher in all the weeded plots than inthe unweeded plots were unaffected by plant the unweeded check plots for both dibbled andspacing. row-seeded crops (Table 29). In the dibbledCompetitiveness of cowpea and soybean cul- crop, no significant yield differences were
tivars against weeds. In the 1977-78 dry season observed among the weeded plots. In the row
unweeded plots of five cowpeacultivars differed 
 seeded plots, grain yield from the weed-freesignificantly in weed weight at crop harvest. plot was significantly higher than that from the
Significantly less weeds grew in association with plot weeded twice. Yield differences betweenEG#1 and California Black Eye than with the methods of seeding were not significant.V59-41 or AU Season. For all cultivars, yields No weeding was done in the transplanted ricefrom unweeded plots were significantly lower crop, but no effect of the previous weeding
than those from plots that were weeded once or treatments was observed in the crop. The insigtwice (Table 28). Plots that w(ere weeded once nificant difference in yield between the various 
or twice did not significantly d,._,r in yield. But plots was due to the low weed weight in thethe yield depression du to weetis- 31.0% for transplanted crop and the almost complete dif
EG#2 to 63.8% for California lack Eye - in weedference flora between the two riceindicated differences in the cultivars' competi- crops.tivenc-s against weeds. The cultivar that caused Seventeen different weed species grew inthe g'eatest reduction in weed weight suffered arsociation with the dry-seeded rice crop, butmost from wmJ competition. only five grew with the transplanted crop. In the 
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weed weih and VW edisoeedod Onee i ~mil. 
T~b S&@MesSall M dAoll assaillawiOWtIn a ore 

_ cap IM37 wet ULe.~_mmoid. %empassaldumie Yisd ft/holWeed wt (g/0.25 m') 
Mod"o of soaling and wood 

Dry-esedod Transplant0dDry.0eoded Transplanted
control 1wor yDoed-,d dcO 

rice ricerice rice 

4.0a149.7 b 7.4o 0.2 c 
Dibbled- noweeding 4.3o.49 4.6a6.4aD --*woded 14 and 35 DE 4A b 3.7a6.4A 5.88
i- wooded 14. 35, and 58 DE 4.9S 3.8@- 5.1 .
DVle - wod tree c 4.4@158.6 b 8.4o 0.3 
Itowended-noV nvdlg 3.8o23.2 a 11.10 3.5 b 
Raw seeded _wed14 and 35 DE 4.3 ab 3.9@1.9 7.7o
Row sedd- woded 14,35, and 56 DE 4.1e- 6.51 4.9o 
Row seded - wod free 

- days after rk* emergence.
Inacolumn, mons followed by the eame letter are not significantlydifferent at the 5% level. 'CE 

Trianthema pornilacastrumn, and Phyllanthus
dry-seeded rice crop the dominant weed species 

niruri. Based on weed weight at 35 DE A. 
was E. colona (38.7% of the weed flora based 

spinosus dominated the weed flora in all plots. 
on weed weight). Leptochloa chinensis was next 

There tended to be more A. spinosus and E. 
in importance. Other prominent weed species 
were Ludwigia octovalvis ssp. sessiliflora, Mal- indica in mung bean and rice plots than in corn 

sorghum plots (Table 30), and less C. 
vastrum coromandelianum, and Ricinus corn- and 

rotundus in the mung bean plots than in the 
munis. was significantlyothers. Total weed weightIn transplanted rice, 83.6% of the weed flora 

lower in the corn and sorghum plots than in the 
was Monochoria vaginalis. The only other 

rice and mung bean plots.10% of thespecies that made up more than 
In the second crop of the rotation there was a 

weed flora was E. colona. 
E. colona and L. chinensis were the only dramatic change in the weed flora (Table 31). 

When rice had been grown previously Ipomoea
species common to both crops. The coefficient 

triloba became the dominant weed species, and 
of similarity between the weed communities 

A. spinosus became unimportant. In the other 
growing in association with the two rice crops, 

cropping sequences,A. spinosus still dominated
based on the importance value of species com-
mon to each crop. was only 14.6%. and I. triloba and the other weeds made up a 

Rotation of upland crops. In the unweeded relatively small proportion of the weed flora. C. 

plots of the first crop of a rotation the major rotundus tended to build up in the corn-corn 
and mung bean-mung bean rotations. Digitaria

weed species associated with the crops were A. 
species were more important in the corn-corn

spinosus, E. indica, and C. rotundus. The minor 
rotation than in the rotations that had rice as a 

species were Digitaria sp., E. colona, 

qu e nce 
rst cr p In the e 1
 

Toblo30. Effect of d ifferent crop rotations on t h e w e ightaf weed growingin assoc iation w ith th e fi . 1R


1977 wet seson.
 
Weed wt, (g0.25 m')
 

Other Total 
Crop sequence Amaranthus Eleusine Cyperus 

weedsrotundusindicsspInosus 
4.3o 174.8

146.4 cd 12.9 d 11.1 b cd 
Rice-corn d 14.8 bc 5.5s 137.3 bc 

103.9 b 13.1Rice-sorghum 13.0 bc 4.41 186.8 do 
156.8 d 12.5 d

Rice-corn bc 2.7 a 112.0 ob1.9 a 13.593.9 abCorn-rice 3.1 ab 14.4 bc 4.4& 94.5o
72.6 aCorn-corn 4.0 a 241.8 e15.0 c220.7 e 2.2 aMung bean-rice 6.2 a 4.2o 176.0 cd 

159.3 d 6.4 c
Mung bean-mung bean 15.7 c 3.6. 131.0 b 

106.8 be 12.5 d
Sorghum-sorghum 


*ina column, meons followed by acommon letter are not significantly different at the 5% level.
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Wood w1 (0/0.25 m' 
¢lop WNW@c -r"l Ipomoea Echinochloa Cyprl, Elrusine90insus triobe 	 OigtrIN Rottfohi' Other Totalcolons rotundUa Indic cp. exatta weedsfIic*corn 2.2s. 43.0 b 0.9. 6.3 aRie-swo'ghwn 0.4a 32.1 b 	 0.1 a .1ab 0.2a 0 52.76.0a 3.5 aRkiccM 	 0.1 a 0.3 ab1.0 30.4 b 5.9a 6.0 	 2a.8 h 0. 37.7 abCorn-rice 	 1.4 ab118.5 b 	 0.3 eb 22.D b0.7a 1.ea 	 0.3 ab 68.5Corn-corn 78.3 b 0 a 

3.0a 4.2 ab 1.6 ab 4.2 ub 0.7 ab 
b 

21.3 b 2.4 a 	 134.4 bMung been~rje 	 10.3 b 4.886.6 b 0.1 a 2.4. 	 b 2.0 ab 2.0 ab 121.1 bMung bea-	 1.1 a 1.Gab Os43.0a 0.2 	 0a 7.0 bmung been 0.6a 5.1a 8.7 	 99.1 bb 4.2ab
42a 0a 1.4ab M.2gbSorghum- 68.0 	 . b r32ab 0.4 a 0.2 a 1.8 a 2.0 ab 2.7 ab 17.3 absorghum	 0.3 ab 92.7 ab 

in column, means followed by a common leer are not significantly different at the 5% level. 

first crop and in the mung bean-rice rotation,
The amount of 	

number of weed species growing in associationweeding required for withoptimum yield varied 	 the different upland crops graduallyamong crops. As first decreasedcrops, corn required no weeding, but mung 
as the length of cropping increased.

lnthefirstcrop, 21 weed species were observed.bean and sorghum required one (Table 32).
There was somc variation between crop rota-

By the fourth crop, the number had decreased 
tions with rice, but no first crop yield was 

to 13. The number of grass and broadleaf weed 
obtained ifthe rice crop was not weeded. Two of 	

species decreased, but the number of sedge 
the rice rotations needed more than two weed-

species remained unchanged (Table 34).
A decrease of 52 plants in the total number ofings for optimum rice yield, while the thirdneeded only one. 	 weeds per 0.25m 2 occurred between the first crop and the second. Thereafter, the number ofAs a second crop. corn after rice required twoweedings or herbicide followed by a hand weed-

weeds remained relatively stable. The weight of 
ing for optimum yield, 

weeds growing in association with dry-seededbut corn after corn rice was almost theneeded only one weeding (Table 33). The mung 	
same in both years. There 

was a substantial decrease, however, in weight.bean crop needed only one weeding. Sorghum of weeds growing in association with corn afterafter rice required two weedings, but for sor- dry-seeded rice and a further substantialghum after sorghum one weeding was adequate. 	 decrease between cornThe rice in the corn-rice and mung bean-rice 	 and mung bean (Table
rotations failed because of drought. 	

34). "ihe low weed weight in mung bean wasprobably due to dryness of the soil, which wasIn a second upland-crop rotation trial the unfavorable for weed growth. 

Toble 32. Grain yield
Inthe first crop of a rotation as affected by dWf,-,nt weed control treatment. Pa.173 wet ineason.
 

Grain yield (t/ha) in first crop of rotation,Treatment Rice- Rica- Rice- Corn- Corn- Mun, bean- Mung bean- Sorghumcorn sorghum corn rice cornWeed free 	 rice2.4 a 2.6 a 	 mung been sorghumHe rb icid klfbl 	 1.158 3.6 a 3.2a OPa 
. 1.1 a 3.11a .
hand weeding' 	 .1.9 ab 1.5 bWeededtwica-	 1.6s 3.7 a 3.5 a 1.0 a1.6 b 0.9 b 1.1 u 	 1.1a 2.7 abWeeded once' 3.10 2.8a 0.8a


No weeding 1.1 c 1.3 b 1.0a 3.Oa 2.4a 1.0a 
1.1 a 3.6a


0 d 0 c 0 h 3.3 a 	 1.0e 3.0a3.O 0.2 b 0.3 b 1.8b1Inacolumn, means followed by acommon letter are not signiticantly differn(a.i)lha for corn and
formung bean, 28 

uean. kga.i./ ha for rice, and mung 
t the5% level.-Atrn 2 activ Ingre*en..... 
 rFowed by. 421 daya.et tftenth%lr'croprwnn
.
8Dforcorn 
 orn 7aodw:b defor
'21 DE for rIce corn, and hum ftngbeen,ManiN forrice.for mung bean. gm 
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TAo U2. s lm%et*4send mep of a ep reUtel a dkh ,d l ,V wo d cait z em IPM W*-6wy 

(ia!n yield (t/ha) from Zdcoop of roatlowe 

Tre'tment 	 RIW Rice- RIL* Corn- Mung been- t~crr,,v 
corn sorghum corn cor nung bean orghum 

Weed fr IS.O 3.4a 38S 3.7 a 0.50a a a 
Hertlcde 6 ftf 

hand wedling 3.5a 2.7a 3.7a 3.3 -b 0.7a 3.7a 
Weeded twi 3.4a 2.5a 3.0 3.78 0.5a 2.9 b
Weeded once 2.4 b 1.2 b 2.7 b 2.9 ab 	 0.5.2 3.3 ab 
Noweedlng 1.0 b 0.1 b 0.9 c 2.5 b 0.2 b 0.9 c 

Ina column, mens followed by a common letterare notsignificantly different ai the 5% level. At-z~ne t 2.0 I' ecilva ;,gr dlent 
(aVh.)l for corn and sorghum, bu ihlor at 2.0 l a.l./ha for mung bofin. 'Foilowed by. 21 DE for mung k:,,n, 289 r for Mn and 
sorghum. 17 and 28 DE for sorghum and corn, 7 and 21 DE for munp bean. '21 DE for corn and corghum, 14 DE. ?r mungq ban. 

The dominant weed specics in the first dry-
seeded rice crop was Paspalum dilatatum but in 
the second (grown 1year later) it was D. ciliaris. 
C. rotundus was the dominant weed species in 
green corn and mung bean in terms of number 
perO.25 m,but in termsof weight the dominant 
species were D. ciliaris and E. indica. 

Nine weed species were common to all crops. 
The number and weight of P. dilatatum, E. indi-
ca, and D. aegyptium decreased rapidly be. 
tween the first crop and the second. Thereafter 
the weight remained relatively stable at a low 
level. The number and weight of D. ciliaris, C. 
rotundus, and A. spinosus tended to increase 
with time, with a dramatic weight increase in D. 
ciliaris and A. spinosus between the third and 
the fourth crops. L triloba, L pes-tigridis, and 
Euphorbia hirta remained relatively stable 
across the four-crop period. 

The coefficient of similarity of the weed 
communities in association with the four crops 
is given in Table 35. 

The weeding regimes applied to the previous 
four crops produced a dramatic change in the 
number of weeds growing in association with 
the fifth crop (corn) in the cropping system 
(Table 36). 

The weeding regimes also affected the weed 
seed reserve in the soil (Table 37). The number 
of seeds that germinated increased by 8.2% in 
the unweeded check plots, but decreased by 
35.7 to 41.7% in the weeded plots. The highest 
decrease was in the weed-free plot, the lowest 
was in the plots weeded once or twice per crop. 

In both years the dry-seeded rice in the 
unweeded plots gave no yield. The weeded plots 
yielded significantly more than the unweeded 
plots, but the difference between the weeding 
treatments was not significant. Weeding pro
duced no significant yield increase in corn and 
mung bean. 

Screening herbicides for upland crops. In 
1978, wet-season experiments at IRRI and in a 
farmer's field in Batangas province compared 

Table 34. Effect ofcrop and season on the numbe of wad speclee their total number md wuht per 0. atmm0marop
flowering In the unweeded plots In a wel-dralned upland aL II, 177-78. 

Specles (no.) 
tCrop, seson - No./025 m Wt 

G S a Tctul (g/0.25 in) 

let: dry-seeded rice, 
1977 wet season 8 1 12 21 99.7 96.3 

2d: green corn,
1977 wet season 5 1 12 18 47.8 43.2 

3d: mung been 
1978 dry eason 4 1 9 14 4.5 17.2 

4th: dry-seeded rice, 
il8 weteeaon 	 5 1 7 13 50.5 

•Av of 3 replicAtlon-. 6G grasees, S = sedges, B - broadleaf weeds. 
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el cve; X.-1O, oxdiawn, and oxyfluorfen 
,vv modtrately toxic to all crops. Rice and 
peawu were most tolerant of nearly all her. 
bIdes; wsrgun was the m'tt susceptible. 

The htrbicide-treated pk-ti at Batangas did 
Hot stgilicandy difer fro: 'i cach other in rie 
yield, but only plots treated with butralin and 
pendimethelin yielded significantly more than 
the untreated check (fable 38). Cortrol of E. 
colona, the major weed present, was poorest 
with butachlor and piperophos-dimathamet-
ryn. Oxdiazon, oxyfluofen,and X.150 were 
slightly toxic to rice. At IRRI al herbicide 
treatmenus failed to control a second flush of C. 
mucunoides, which smothered the crops. As a 
result significant yield was obtained only from 
the hand-weeded treatments. 

am yields from all herbicide-treated plots, 

ext.ept those treated with dichiofop-methyl and 
dinitramine, were significantly higher than 
yields in the untreated plot. However, only 
yields from plots treated with X-1 50 were statis-
tically similar to those from the hand-weeded 
treatment. Dichlofop-methyl killed all the corn 
plants, and dinitramine, in addition to being 
toxic to corn, controlled R. exaltata poorly. 
Oxadiazon and oxyfluorfen were also toxic to 
corn. In Batangas where the corn crop was 
severely attacked by earworm, no yield was 
obtained. 

Despite the moderate toxicity of dinitramine 
and X-150 to sorghum at IRRI, yields from 
plots treated with those herbicides and with but-
ralin, pendimethalin, and dichlofop-methyl 
were not significantly different from those 
obtained from the hand-weeded check. Buta-
chlor failed to control R. exaltata; as a result no 
yield was obtained from butachlor-treated 
plots. In Batangas yields from plots treated with 
a number of herbicides were not significantly 
different from those of the hand-weeded treat
ment, but only the butralin-treated plot yielded 
significantly more than the untreated check.At IRRI and Batangas, soybean yields from 
herbicide-treated plots were not significantly 

greater than those from the untreated check. At 
IRRI the herbicides failed to control C. rom-roun 
dus, which took over after the susceptible weed 
species ad been controlled. In Batangas weed 
growth was ight, and dintr am e, oxadiazon 
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and oxyfluorfen were tonic to r&oycan.
PiP.ophos - d ethametryn. X-150, o:y.

fl,,ornen, nd oxediazon were very toxic to mung 
bean st IRRI, and only butralin and 
dichlofop.methyl controlled tie weeds. Yields
from plots treated with dichlofop-methyl and 
butralin were significantly highty tha: those 
(roa the untreated check, but significantly 
lower than those from the hand-weeded treat-
ment. Herbicide toxicity to mung bean was less 
severe in Batangas; however, :.-ly plots treated 
vith dichlofop-methyl yielded significantly 

more than the untreated check. 
At IRRI, oxadiazon, oxyfluorf,n, and X-150 

caused temporary injury to peanut; at Batangas
pendimethalin and piperophos - dimethamet-
ryn caused injury. Yields from all herbicide-
treated plots were not significantly different 
from those from the hand-wecdcd treatment 
at IRRI, but yields from plots treated with butra-
lin,piperophos-dimethametryn and dichlofop-
methyl were not significantly higher than those 
from the untreated check. The plots had ahigh
incidence of C. rotundts; in addition the her-
bicides failed to control a second flush of C. 
benghalensis. In Batangas, yields from all 

herbicide-treated plots were similar to the
obtained from the hand-eeded treatment and 
significantly higher than that from the untreated 
check. 

PLANT PROTECTION 
Cropping Systeu Componits of Plant 
Pathdogy, Entomology, and SoilMicrobiology 
Departments 

Screening chemical. for seed treattrient to can
ro dampliegoff of legiuns (Plant Pathology).
Damping-off of grain legume seedlings caused 
by Sclerotium rolfsii, Rhizoctonia solani, and 
Pythium debaryanum occurred in Iloilo and 
Pangasinan and at IRRI. Fungicides to protect
seedlings against such soil-borne pathogens 
were tested in an artificially infested soil in an 
IRRI greenhouse. 

In a seed-treatment experiment with P. 
debaryanum, 10 fungicides - 4 of which are on 
local markets - were tried on cowpea, mung
bean, and soybean. Although only 31.06% 
infection was obtaine,., the data still showed 
that mancozeb, a comnercially available fun
gicide, was most promising against 

mTa" 31. Effectffungk id et eatmentontheIlnc kl	 dbyPy idaflcodo plftoff cause urndebaryt )um nthrgraMluwnee. 

Fungicide RateM 
(a.iJkg seed) 

Mancozeb 1.92 g

Terra-Coat ZN-2055 1.12 g - cowpea 


and mung bean, 
1.50 g- soybeanCGA 48968 0.63 g

Zinc omadine 1.39 ml - cowpea 
and mung bean, 
2.06 ml - soybeanCaptex 50 WP 1.10 g

Thiram 2.33 g
Vitavax R 0.66 ml - cowpea 

and mung bean, 
0.88 ml - soybeanSeedkom 	 0.012 ml - cowpea 
and mung bean,
0.014 mli- soybeanTerra-Coat L-205 	 0.84 ml - cowpea 
end mung bean, 
1.26 ml - soybeanBenlate 	 1.10 g

Control 

Oamping-offi (%t 

Preemergence Poetemergence
 

Cowpea Mung bean Soybean Cowpea Mung bean Soybean
 
1.00 11.34 	 5.68 0 16.11 3.622.00 9.62 6.44 	 5.99 10.72 8.94 

2.00 8.94 12.12 0 0.37 5.27
2.00 13.40 8.71 21.62 26.91 6.23 

5.67 13.40 5.30 19.75 10.24 10.50
3.67 14.09 9.09 17.20 12.75 10.00
4.33 9.28 29.55 1.02 12.75 2.65 

2.67 16.48 28.79 6.93 25.48 12.21 

3.33 17.52 17.80 3.50 23.60 6.91 

4.67 15.81 27.65 18.94 12.23 12.28
8.33 24.74 31.06 21.36 28.22 12.62 

&1.active ingredient. 6Determined by the ratio of infected plants to the total population; preomargenoe damping-Off wasdetermined 11-13 days after sowing (DS); postemergence damping off,19 IDS. Each f gure rpxesnta meen of 3 ruplicatior 
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e2MadVd 5. V40e4lLmeldd Weennu o a kiAMw mxV*V bYRIM&ockviA 1rolad ols wnpt, m=abai 

48.1./hg e) 
1.929 

4 Sg030.30 
WA 004 0.639 
Twt.Cos ZP-2005 1.129 - Fwpee 

ed mung been,
1.50 9- yben 

Tef. oe.L-205 - e0.04 ml eow 
end mung ben. 
1.26 ml - 90yyeen 

Ri 2161 0.24 ml - coxP0a, 
end mung bm 
0.32 ml - wib"n 

Thltam 2.33 gm 
Cap 	 6o WP 1.10 g 

w007 0.71 - cowp 
0.51 - fmung bean 
1.16 g - soybean 

Conrol 

Damplng-Wf (%) 
4Preomorpenc 	 Pv.et-rw 

cowpou Mung bo~n 8oyk~tn COWPOG Ming b,;n r1oVbtn 

31.22 38.103 .58 92-" MriT iEJ
81.19 o.9u 97% 96.64 2a.%9 

0.11 64.43 ,'0.79 84.45 92.02 25.76 
20.20 191.04 7.90 97.77 9.57 47.22 

84 50 5.0n 9&76 98.33 40.58 

73.23 70.90 65.53 90.68 90.73 21.08 

62.27 64.96 10.79 W.5S 97.67 16.90 
58.87 63.40 10.53 96.54 "97.59 4C.03 
IO.lS 85.05 56.32 90.16 83.83 26.57 

94.19 93.04 79.74 81.74 65.42 25.87 

'@J.- actve Ingredent 'Each flgure (:,presents mean of4 replications. 'Determined7 daysaftereowing (OS).'Determined 14DS. 

preemergence damping-off, and CGA 48988 
wE most promising against postemergence 
damping-off (Table 39). Thiram, a conventional 
seed-treatment fungicide, did not perform satis-
factorily. 

In the tests with R. solani, much higher dis-
ease incidences were recorded (Table 40). 
Terra-Coat L-205, an experimental fungicide, 
was best against preemergence damping-off of 
the three grain legumes. Terra-Coat ZN-2055 
and mancozeb also gave considerable protec-
tion. None of the candidate fungicides control-
led postemergence damping-off; in fact they 
may have promoted its development. 

Unsatisfactory results were observed in trials 
against S. rolfsii because disease incidence was 
low. 

Control of downy mildew of corn before rice 
(Plant Pathology). In Pangasinan province, 
early planting helps corn avoid downy mildew 
infection, but it isnot practiced in rainfed fields 
because of the absence of rain. Seed treatment 
with Ridomil 25 WP at rates ranging from 0.5 to 
2.0 g a.ijkg seed provided excellent control of 
donmy mildew in studies at UPLB and IRRI. 

A 1978 study in Pangasinan involved deter-
mining ihe eficacy of low rates of Ridomil on 
the locl corn variety Macapuno and Hawaii 

Supersweet #6, a sweet corn. The trial with 
Macapuno showed satisfactory control of 
downy mildew, but the rates were not corte
lated with the pereentage of infection observed 
(Table 41). The amount of fungicide was 
insufficient when the trial on Macapuno was set, 
hence, the 1.g rate was deleted. On sweet corn, 
the lower rates of Ridomil also provided con
siderable control of downy mildew and the rates 
were inversely proportional to the percentage 
of infection as expected. No data on yield were 
taken because the experiment was destroyed by 
a typhoon. 

Effect of corn anid mung bean intercrop on 
powdery mildew of mung bean (Plant Patholo
gy). Powdery mildew is an important foliage 
disease of mung bean. Mung bean was inter
cropped with corn at two row spacings at IRRI 
to determine the effect of intercropping on the 
disease. 

Intercropping had no effect on powdery mil
dew at 44 DE, but at 58 DE it favored the dis
ease (Table 42). The slightly higher infection at 
1.5-m corn row spacing suggesu that closer 
spacing of corn plants fkivors the disease. 
Althougi tht amounts of inoculant deposited 
on the leav Ts in intercropped and monoculture 
systems are similar, the subsequent stages of 
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=3,,L aillfr oml K#2 vsw or 'MIMSke6neWSat dstw.'V,3 . . wft twt1 er s i dM 

S21aV5WP 
0 -%li 

VOh-v,;" WIP 

6pCoat#11Rato( LIJ Mac~pnot KrAWA 8 * 
ko oeod) 

30 Dt 40L'E200D 30D 40DE 20DE 

- 0 0.81 6.701.0 - 
0S'J 0 2.00 2.34 0.77 4.11 1.23 
0.25 0 0."0 2.57 3.26 18.46 31.9 

1.67 0.71 28.48 34.720.12C 0.'5 0A2 
5 M.84 57.24 71.70 07.37 83.S51.12 

al. -ectv Ingredqt.69fdon the ratlo of Inlcbdd plonte to the totel poiulation In 5 mItddl rowelptat; each figure represents 

nean of 4 raplIcad*n. DE - days after crop ermrgence. The 1-g leWl wes deleted, 

disease development in the two systems may dif-
fer because of environmental conditions such &s 
relaive humidity, temperature, and light, 

The yields of mung bean with intercrop were 
lower than those in monoculture because corn 
competition depressed yield (Table 42). The 
yield reduction due to intercropping did not 

vary much between the treated and untreated 
plots. Yield reduction due to powdery mildew 
was inconsistent among the treatments. 

Insect control (Entomology). Populations of 
insects and their natural enemies were moni-
tored within a continuous-rice planting system 
and compared with datd gothered from a con-
ventional double-cropping system. Both sys-

tems grew IR36, which is resistant to several 
insects (brown planthopper, green leafhopper, 
and stem borer), and IRi9i7, which is corn-

pletely susceptbile to inrect damage but is resis
tant to vi.us diseases. No insecticide was applied 
to either system to allow the arthropods (pre
dators) to freely responii to the cropping effects. 
Arthropods were monitored in a separate con
tinuous p!anting of IR36 tlat received insec
ticides. All fields received the same manage
ment inputs except insecticide. 

Yields of both systems, averaged for 14 plant
ing dates (17 M irch-16 June 1978), were 5.0 
t/ha for IR36 with insecticide, 4.5 t/ha for 
untreated IR36, and 4.0 t/ha for IR1917 with
out insecticide. Insect pest pressure came from 
only the rice whorl maggot and yellow and 
striped stem borers. A 0.5-t/ha yield loss from 

those insects- normal at IRRI- indicates that 
continuous cropping behaves no differently 
from double-cropping. 

U
 

Table 42. Effect of lnatecropplig on the severty of powdeo m nIdew and on grayield of mung bean. W ,10 8 . 

Disese rating' Grain yield Yield reduction (%)due to 

Tretcrnent 
At 44 DE At 58 DE Kg112 ml T/ha Inter- Powdery 

croppItig mildew 

Untreated 
14.79Mung been 2.60 2.67 1.73 1.44 -

Mung bean with corn 2.66 3.94 0.85 0.71 60.69 12.34 

In 1.6-m row 
1.22 1.01 29.86 19.84 

in 3.0-m rows 
Mung bean with corn 2.32 3.56 

Tresat' 
--0.66 0 2.03 1.69

Muno bean 
Muno bean with corn 0.62 0A5 0.97 0.81 52.07 

In 1.5-m rows 
0.28 1.51 126 25.44Mung boonwth corn 0.06 

In 10-m rowes 

*EoilefwzrrtdeweO noinfection,1 -1to5%leeferaafftd,36t025%,5-26t050%,7-51t70g%,S~d9 
75% lnfectilex A 44D (days after erprgence), boed on4 lower maineav (lvw arising direyfrom the mn t bea 

Wvgsews stINlm l Infection: samle off4 llntslplots.At ODE, based on theleava at the upper hallronllo of the 
of 6 in nch ploL Semlate at the rate of 0.26 Ib/100 gal water wee apreyed at 3701. 

p eri'v" 3 pkls/smpilno urn 
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Stern boies 

Croi "" 
Whorl m9ggo 

Ioreh 
0sadieerts 
1%) IO DT' 

Whltithedd 
(%) 

i36 IR1917 lR3b K1191? M136 M1917 

C0rtuous (wVcdy)
Daub -aopped (twice yearly) 

3 
4 

4 
5 

4.5 
1.0 

&0 
3.5 

6.5 
2.0 

46 
2.5 

Not replicatd.40@mrna@d leaves par hill: 1 0-1, 3 - 2 or more but leoas Nhar one-third, 5 - on c-tht., to one-haf, 7 - mor thanoR'-half but no broken loaves, 9 - more than one-half with some broken kev.e. ,Days after tran 9anting. 

The whorl maggot damage ratiag (1. .9 scale) 
averaged 5.0 for IR36 and 5.2 for IR1917 over 
the 14 planting dates in the untreated plots. 
Stem borer deadhearts at 55 days after trans-
planting averaged 8.1% for IR36 and 8.8% for 
IR1917. Whiteheads for the same period aver-
aged 5.4% for IR36 and 6.6% for IR1917. 

The leafhopper and planthopper populations 
were low in the continuous rice system without 
insecticide. The brown planthopper and green 
leafhopper were the most prevalent species, but 
the number was never more than 3 nymphs/hill
foreachspeciesonanysamplingdateorvariety. 

Parasitization of hopper eggs in IR36 and 
IR1917 was consistently high, averaging
40-53% for each species (including the 
whitebacked planthopper) from April to 
August in random plots of the continuously 
cropped fields without insecticide. The results 
are consistent with those for the whole IRRI 
research farm. Spiders were the most dominant 
predators. 

The populations of the same pests from the 
double-cropped fields and the continuous plant-
ings transplanted in the same week (16 June) 
were compared to provide a point of reference 
as to cropping effects. 

Whorl maggots were slightly less abundant in 
continuous planting than !n double-cropping 
(Table 43). Stem borer deadhearts and 
whiteheads, however, were twice as abundant in 
the continuous planting of both varieties, 

The brown planthopper population was 
lower in the continuous planting than in the 
double crop of IR36 without insecticide (Fig. 
21). Spider populations were high in both fields 
without insecticide. The insecticide-treated 
continuous planting suppressed spiders com-

pletely and the treated field had the highest 
brown planthopper numbers. 

The data indicate that the continuous availa
bility of rice in all stages of growth does not 
cause instability in whorl maggot and hopper 
populations. There is evidence that the con
tinuous cropping system may favor stem borers. 
More data are needed, however, to substantiate 
these observations. 

Yield loss in dry-seeded rice. Rice was 
directly seeded into furrows at the onset of 
monsoon rains in Iloilo and Pangasinan pro
vinces to get early crop establishment and 
facilitate rice double-cropping in rainfed wet
land fields. 

Intensive sampling found no significant insect 
problems on the early season rice crop because 
the crop was planted after a 2-6 month rice-free 
dry season and insect numbers were low. Popu
lations of stem borers and hoppers increased 
slowly and remained at the subeconomic levels. 
Whorl maggot and rice caseworm, which prefer
early growth stages and require standing water 
in the paddies, were never observed in dry
seeded rice fields, even in wetland culture, 
where flooding did not occur until the later 
growth stages. Leaf folder, rice bug, and 
armyworm, which normally achieve an early 
start on grassy weed alternate hosts and volun
teer rice, were prevalent on transplanted rice, 
but attained only moderate population levels on 
dry-seeded rice. 

In dryland direct-seeded rice in Batangas 
province, neither insect pest problems nor 
measurable yield differences between plots with 
and without insecticide protection were 
observed in 3 years of testing with the local 
variety Dagge (Table 44). In 1978, however, a 
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and spiders on IR36 in continuously21. 	 Population fluctuations of brown planthopper nymphs 
fields without insecticide and in a continuously cropped field with in

cropped and double-cropped 
secticide. IRRI, 1978 wet season. 

new hig yielding variety, C1 71-136, was intro-
duced and a significant yield response to insec-
ticide was recorded for the first time. The two 
varieties did not differ in susceptibility to insect 
damage. 

Similar 1977-78 dry seeded rice experiments 
with ]R36 in Iloilo and Pangasinan resulted in 
significant yield differences between treated 
and untreated plots in three out of four trials, 
again in the apparent absence of pests (Table 
44). 

In all cases the yield responses were to car-

bofuran granules applied in seed furrows. The 
absence of any yield response to two other 
granular soil insecticides - diazinon and lin-

dane - tested in seed furrows ruled out soil 
insects. Carbofuran is also a nematicide, but no 
nematode pests of rice are known to occur in the 
Philippines. Surface-inhabiting insects and 
seedling pests such as beetles, crickets, or seed
ling maggots were not ruled out, but results of a 
close check forsymptoms of damage were nega
tive. Carbofuran-treated plots tillered more and 
the crop canopy closed earlier than that in 
untreated plots. Carbofuran or its metabolites 
may directly stimulate plant growth. 

Legume crop establishment practices after 

rice. Bean fly populations are greatly reduced 
by minimum tillage for cowpea establishment 
after rice in Iloilo (1977 Annual Report). It 

TAe 44. Yield reeponee to caibofuran granular Insecticlde Indry-seeded rice In rainfed dryiand and wetland flelda. PNIilpplnm, 

1376-73. 
Rainfed wetland environment (Iloilo, Pangealnen)

Dwland environment (Batangas) 

Yield (t/he)Yield (t/ha) 
Fields

Year Fields Variety Treated&Untreated Difference
Treated Untreated Difference Year* (no.) Variety(no.) 

1976 6 Dagge 3.1 3.0 0.1	 
1.601977 4 Dagge 2.8 2.6 0.2 1977 1 4 iR38 5.5 3.9 

p 	 IR36 6.2 6.5 0.70 
IR36 4.8 4.0

6 Dagge 27 2.9 -0.2 1978 1 0.8* 

6 C171-136 3.7
1978, 	 0.13.3 0.40 P IR36 3.7 3. 

P.nga.lnan provInce. '0.6 kg active Ingredient carbofuran granulee/he eppllad In geed furrows.'1- Ilolo province. P 
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*affect&I byan unex.ect...thrips invasiiT at
species. in u~iiawas not~adeq zatlycntolled wfihIisectlclde."

Riesubeegtdrctly afece cor0 
.... -- m n' miiu 

afts inot c-ontrol 
prtctdpot.Plnsin heu5bInil de td 6 m 

tbl i o il el ilhwvr a 

ffce y nuepcItdtrp nainta 



ftrmer to either plant a meconmi rice crop fol-

a January mung bean planting, orlowed by 
grow one rice crop and establish an early mung 

bean crop in November. Farmers who trans-
in
plant a single rice crop plant mung bean 

recom-December. The performance of the 

mended insecticide regime (0.25 kg a.i. mono-

crolophos/ha at 2 and 12 DE for preflowering 

pests and 0.75 kg a.i. endosulfan/ha at 35 and 

45 DE for postflowering) and that of a higher 
(0.50 kg a.'.level of insecticide protection 

monocrotophos/ha at 2, 12, and 25 DE and .J 

kg a.i. etidosulfan/ha at 35 and 45 DE) were 

compared in plantings at 3 different dates. 

Insect pest populations during the preflowering 

aid postflowering periods were monitored. 

Some insect pests of the preflowering period 

responded to planting date. Insect pest inci-

dence for each date was significant and justified 

insecticide usage. The recommended insec-
as the higherticide protection was as effectiv" 

level during each month and no changes in 
were warranted.insecticide recommendations 

The bean fly (Ophiomyia phaseoli) popula-

tion progressively increased from the 

November to January plantings and was above 

economic damage thresholds during all 3 

months. The leafhopper (Empoasca biguttula) 

was most abundant in the December planting. 

Flea beetle (Medythia suturalis) and leaf miner 
were(Stomopteryx subsecivella) populations 

high and showed no response to planting date. 

The greatest seasonal effect occurred on the 

postflowering pod borers (Table 46). Maruca 
testulalis predominated in the November plant-

ing and Etiella zinckenella in the January plant-

ing. The recommended control was warranted 

in each case and was equal to the high level. The 

was over-December planting, however, 
arm and thewhelmed by Heliothis .ra 

was insuLcient. In therecommended control 
untreated plots Hellothis larvae, along with 

other pod borer species, first consumed the 

flowers and developing pods, then stripped the 

plants of foliage. 
Insecticide granules versus sprays for bean fly 

control. Carbofuran wats tested at 0.5 and 1.0 
mung be.an grown after floodedkg a.i./ha on 

rice in Pangasinan and its performance com

pared with that of monocrotophos at 0.25 kg 

a.i./ha applied as a spray 2 and 12 DE. 
fly, the flea beetleAlong with the bean 

est of mungis a serious preflowering insect 
bean in Pangasinan. In the tests the carbofuran 

was inferior to thedosage of 0.5 kg. a.ijha 
monocrotophos sprays in controlling the 2 pests 

(Table 47). Carbofuran at the higher dosage 

was equal to monocrotophos in performance, 
but was twice as expensive as the spray. 

of dryland rice andContinuous cropping 
other crops (Soil Microbiology and Plant 

1978, studies on thePathology). During 
development of soil sickness in upland rice and 

weremung bean after continuous cropping 

conducted with the Nematology Section of the 

Plant Pathology Department of UPLB. 
Soil sickness in dryland rice. Rice plants were 

grown insick (continuous cropping) andhealthy 

(rotation cropping) upland soils during the 

1978 wet season. Although sv!dling growth ca 

tw sick soil was normal, plaat height showed 

increasing effects with age, but tillering and root 

development did not. Number of panicles wai 

not affected, but number of spikelets and grain 

filling were markedly reduced. 
The effect of plant residues in the soil on the 

and their control with different levels of Insecticde." Pangeeinan, 
Table 4. Effect of planting date on mung been pod bowu 

Insecticide 
protection Nov 

3aHigh levnt, 4 obdievlel
Reconnrdam 


Defoliation (%)from 

Hellothis 45 DE 


Doc 


So 
64 b 

13 b 01 cUntreated 

Pods 
(million/ha) 

Jan Novo Dec" Jo 

5a 
12 ob 
25a 

1.71 a 
1.68• 
0.68 b 

2.42a 
0.90 b 
0.06 c 

1.04a 
0.06 
0.14 b 

f Iowed by acommon letter we not stgniflo-.
days after crop einorgonco. Inacolumn moans 

•Av of 4 flolds/plantIno date. DE - mono
antly different at ttiw 6% level. hucs t,,Is/S. 'Hal"othis armigerw. OEMI/a zinckenell. 10.50 kg active ingredient 

.1. m.onocrotopho/he at2 and 12 DE. 0.75 kg 
crotop holac12,12, and 25 DE,1.0 kg 0.1. nducfl:/ha at 35and 45 DE. 0.25 kg. 
a.. ndoeulifen/h at 35 and 45 DE. 
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was 
demonstrated and the participation of microor-
ganisms .indryland rice soil sickness. was 

confirmed. Root residues of a previous dryland 

growth of dryland rice (iR2061-464-2-4) 

7rice crop were removed from the continuously 

soi 'ized rc roots were also incorpo,cropped plot and incorporated into,the healthypot S 


rated into the healthy plot. Growth and dryrmat-

ter prod- 4an were reduced more by the addi-

tion of uu, - ied roots, which suggested that 

the decampt..ition of rice root residues 

influences the appearance of soil sickness. 

The growth-inhibiting effect of nematodes in 

a continuous cropping pattern was examined. 

Nematodes in the root zone and on the roots of 

1-month-old and flowering plants were deter-

mined. In both growth stages, no appreciable 

nematode population was found (Table 48). 

The possible role of fungus in dryland rice soil 

sickness was studied. The dominant fungal gen-
on the root surfaces of era in the microflora 

IR2061-464-2-4 and IR5 from the sick and 

healthy plots were Fusarium(22%), Curvularia 

(18%), Aspergillus (13%), and Penicillium 

(5%). Fusarium was noticeably numerous on 

the basal and lateral rice roots in all plots. Bac-

YA teria,'which appeared as white colonies, consti-

tuted about 25% of the microbial population. 

It is speculated that continuous cropping 
to tip toward a causes the microbial balance 

specific organim, which directly infects a ciop 

or produces substances that inhibit crop growth. 

itIissuggested that drylandrice sol 'sickness is 

case priarily by a fngus that produc sub-

FloDM fl 

LaraeMs
 
1 wnJ6puwa)
-11lo 

120DE 2106I 1206 2,101 214~ t 

1.5 Ia 	 30 -b'* .1'3198 b: 
61.1108 1.2a leg 24 b 7b. 48 

0.7 1	 1.1 a r 

5.2 b 4.2 b 40 b57C 13 bc 0.75 b' 

aWOnot Signifwtl different at the 5%lee. 6- d" after
 
-active Ingredient
 

resides in-the root residues after the rice har 

vest, and is associated with crop residue decom

position. It causes reduction. in plant, growth 
that becomes apparent at late growth stages., 

Soil sickness in muhgbei. The behavior of 

mung bean soil sickness in terms of seedlinggrowth was studied Fungi and nematodes we.

collected from"the 

continuous-mu,, bean plots andblended with 

distilled water (1:5); -the homogenate was 

filtered and adjusted to pH 6.2-6.7; Mung bean 

seeds were germinated in the root extract.Soil 

from a fallow plot, treated the'same way, served 

as a control. ln many of the extracts germinatn 

took place normally, but the growth of radicles 

and hypocotyls was inhibited. The addition of 

sick soil lessened the toxicity of theextrac, 
g that the causal agents were inthe root 

residues. Root washings had greater growth
inhibiting effect than the blended roots, indicat

suspects. 'Roots were , 

that the inhibitory agents are on the rootsur

face. Toxic root extracts were found at the first 

harvest of pods and at different periods of 

decomposition. 
Despite the addition of carbofuran ig 

a~i./ha as a nematicide), at time, 

h eg 


planting , 

nematodes in mung beans increased (Table48). 
Rotylenchul was the predominant genera in, 

the soi'land a large oreptfoducnumber'of 

position i thfemales were foundi 

plantoots. Rotylenchulss abitidiIminti the 
fecontinuous, mung beansoi 


ie mu benrI
 

.. ninuous rice s011,,Thav
 
specific'affiriit .y to ,miungbea R le tsistances toic, to., thel rice plant. The fungus is 	 ; 

cY~,b- c Ap~ affini ti the rice platl a ni roots,,, 

4in
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14 crope continuous mung buen 
1yVowbk'w 
I cm F cn to 
10 cr.4A Ofdrjous rk 

,0, cntitnuous mung bean 
1v'ic
30uf010. 
1c.p muino ben 
10 crop contifvou rice 

I emi cro I.Mea ~oJ3O CFO soll + 1 10110 

CtotIRo4nchul MAdoye~f Totl of 

I month after planting 

Mung been 
Rice 
Rice 
Rice 

263 
5 

23 
0 

1 
0 
0 
0 

272 
50 
59 
9 

Floweringstage 

Mung bean 
Rice 
Rice 
Rice 

913 
0 
0 
0 

73 
0 
0 
0 

991 
37 
2 

25 

roots from 5 places on every plot were pooled. Each treatment had 4 replicated plota. Ner'atodos were extracted from
"Fo;!.d 
 stained Inacid fuchn-lac-ophenol. Rotyl.nchulus,
,to pcc4ad-,ll by the sleving-Baermenn funnel technique and roots were 

.N:ormhus,Tylenchorhynchus, and Crlconemoldes.ff,?,1,/do~vorni, 

a factor in the reduction of mung bean yields. 
Aflefpathy in mung bean-mung bean pat-

tern. In trials to determine the effects of 
allelopathy on yield and other agronomic 
characteristics of rnug bean, 15 promising var-
ieties were p!anted in upland plots that had no 
previous imung bean crop (fallow-mung bean) 
and that had CES ID-21 as a previous crop 
(mung bean-mung bean). Yields ranged from 
0.7 to 1.2 t/ha in the fallow-mung bean plots and 
0.4 to 0.9 t/ha in the mung bean-mung bean 
plots. Yield reduction in mung bean-mung bean 
plots ranged from 20% in CES X-10 to 78% in 
EG-MG 174-3. The entries in fallow-mung 
bean plots matured later, had less senescence, 
more pods per plant, and heavier seed weight 
than those in the mung bean-mung bean plots. 
There were no differences in plant height, 
number of seeds per plant, powdery mildew 
rating, and Cercospora leaf spot rating. 

VARIETAL TESTING
Multiple Cropping Department and Rice Pro-
duction Training and Research Office 


The food crops involved in IRRI cropping sys-
tems research are rice, corn, sorghum, soybean, 
mung bean, cowpea, peanut, and sweet potato. 
Varieties aie tested at the time a crop fits the 
system at each research site. The upland trials 
use elite cultivars from the University of the 
Philippines at Los Bafios (UPLB) and the 
UPLB institute of Plant Breeding. The rice 
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entries are from UPLB, Philippine Bureau of 
Plant Industry (BPI), and IRRI. The 1978 tests 
were at IRRI (lowland and upland) and at 
research sites in Cale, Batangas (upland); Man
aoag, Pangasinan (lowland); and Oton, Iloilo 
(lowland). 

Rice. In 1978 IR1529-430-3 and C171-136 
were the outstanding dryland rice entries in 
both open-field and in-shade trials (Table 49). 
IR1529-430-3 has the same maturity as 
C171-136 but has shorter plants, more tillers, 
shorter panicles, and lower percentage of filled 
grain.. 

Among direct-seeded dryland entries in low
land fields in Pangasinan, the highest yielder 
was also IR1529-430-3 (5.7 t/ha), followed by 
C171-136 and IR9575 (Table 50). These var
ieties were significantly better yielders than 
IR36 (3.9 t/ha), which was used in the cropping 
pattern trials. However, IR36 matures 4 days 
earlier than IR9575, 6 days earlier than C171
136, and- 12 days earlier than IR1529-430-3.13 entries among a 1977The best 3etisaog2 24 inna17Tebs 
direct-seeding yield trial were tested in the 1978 
wet season. IR2823-399-5-6 was a significantly 

better yielder than IR36, which was the top 
yielder in 1977 and is currently recommended 
for. dry seeding (Table 51). IR2823-399-5-6 
was taller, matured later, had more filled grains 
per panicle, and did not lodge as much as IR36. 
IR2058-78-1-3-2-3 showed the highest ratoon 
yield, but IR2823-399-5-6 gave the highest 
total yield (main crop and ratoon). In general, 



W,,44.9ilk.W..' t-a: .wuh typhoon and bagge prnicles sprouted, but
EhM im ma hUmpm k,e, those of C171.36 did not. The farmer 

cooperators claim that the eating quality of 
opm In d.C171-136 is better than that of Dagge. 

Lr Mama. Pln Mea- Plant Mung bean. Fourteen mung bean entriesVield ft hi YI cv ht were tested in 1978 on an upland field with high
tillage at IRRI and Batangas; in lowland fields54X,1 4,61 123 34 4.34 123 96 with zero tillage in Pangasinan, IRRI, andC171-138 4.56 123 116 4.02 123 .21

CI-I36 4,24 123 118 3.87 122 126 Iloilo; and in a lowland field with'high tillage in mms 4.32 113 115 3.66 124 1123 (chNck) 2.12 111 62 3.78 106 76 Pangasinan.Aerthezero-tllagetreatmentthe
C22 (hescl 3.U 120 119 3.32 129 129 sveds were dibbled at the base of rice stubble atOs. (~) 3.13 100 141 2.17 110 144 IRRI and drilled in furrows in Pangasinan and 
"C22 is the recommended dryand variety;Dagge lathe local Iloilo. There was no land preparation in both
dryland variety.siuto situations. . 

In the upland high tillage treatment, the highthe early-maturing entries gave, the lowest est yielder was CES U-1 (1.9 t/ha) in Batangas 
ratoon yields. The ratoon crop had fewer tillers and CES 1T-2 (1.6 t/ha) at IRRI. The best five 
and panicles per square meter in all cases varieties in both locations were CES 55,
although reduction varied among entries. EG-MG 174-3, CES 1T-2, Bhacti, and CES

On-farm comparisons. In 1978, C171-136 U-1. The 1978 erformance of CES 1D-21, 
was distributed to 30 farmers to compare its which had the highest yield in 1977 trials and is 
performance with Dagge, apopular !ocal varie- recommended in cropping pattern trials, was 
ty. C171-136 yielded 3.7 t/ha, Dagge 2.7 t/ha. poor. CES U-i, the most promising variety in 
Four farmers planted C171-136 under coconut 1978, issmall seeded and early maturing. It has 
trees and 26 planted it inopen fields. The aver- the same number of pods per plant and number 
age yield from open fields was 4.6 t/ha, that of seeds per pod as CES 1D-21. 
from under trees (partial shade), 2.4 t/ha. CES 55, arecommended variety, had highest
Dagge required 103% more labor than C171- yields in lowland fields with zero tillage at IRRI 
136, which suppressed weeds and reduced labor (0.8 tlha) and in Iloilo (1.2 tha). The yields in 
needed for weeding. Less weeds were observed zero-tillage trials were good (0.7-1.9 t/ha in
in C171-136 fields after harvest. C171-136 Pangasinan, 0.6-1.2 t/ha in Iloilo, and 0.4-0.8 
matured about 1 week after Dagge but that did t/ha at IRRI) compared with those in 1977 tri
not affect the date ofplanting of the second crop als. The low yield at IRRI was caused by too 
in the pattern. Both varieties lodged during a much moisture at flowering. 

Tda 50. Yield and agronomic chwacterstlcs ofdryland dcndirectly seeded on lowland fields InPangdlnan, PhMpplme, 1978
 
wet sessm 

Yield Matu- Plant Tillers Panicles 1,000-
Cultivar (t/ha) rity ht (no.Im) (no./m n) seed
 

(days) (cm) wt (g)
 

IR1529-430-3 5.66 119 88 357 345 23.4
C171-120 5.55 112 111 325 288 22.8
C171-136 5.29 113 115 200 183 25.1IR9675 5.29 111 109 364 332 22.9
C166-135 4.88 109 120 305 249 26.9111380-10 4.69 113 107 384 331 20.9
IR2035-242-1 4.56 111 87 215 210 27.4
MRC348 4.40 114 97 308 292 23.9IR9369-1 4.20 106 98 296 281 29.6 
OW 3.92 107 61 389 332 26.31113304-23 3.82 108 120 355 309 30.5 
I36O-13 3.80 106 101 381 316 27.2
C22 3.71 114 109 285 265 24.7 
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& 
3.4 
3.46 

1.32
2.06 
1.40 
2.57 

134
133 
1n 
129 

66
7 
79 
79 

100 
97 

100 
99 

73
78 
74 
80 

66264 
590 
63 

40627 
354 
537 

540
607 
532 
537 

383
50 
314 
463 

79
77 
76 
76 

60
0 
V 
W 

was 
R4427-1194-1 

3.41 0.46 
3.11 0.40 
&2663-36-1-23.02 2.33 

117 
126 
138 

54 
46 
74 

78 
89 

100 

860 
55 
75 

66 
513 
813 

431 
382 
627 

579 
457 
638 

3 
322 
577 

74 
75 
79 

3 
S1 
89 

ow 
P11 
IP744-29-2-3 
I13 

iR28 
111561-228-3-3 

Mean 

2.91 
2.87 
2.86 
2.31 
2.28 
2.19 
3.09 

0.74 
-
0.2 
1.62 
0.31 
0.87 
1.30 

127 
150 
117 
128 
99 

118 
126 

a5 
-
59 
56 
64 
58 
66 

93 
102 

96 
111 

80 
85 
96 

69 
-
71 
85 
58 
61 
70 

630 
696 
574 
539 
522 
697 
625 

334 
-

382 
421 
218 
425 
428 

546 
547 
486 
416 
462 
610 
535 

273 
-

296 
378 
174 
371 
372 

78 
85 
72 
78 
76 
66 
77 

87 
-
74 
74 
78 
82 
82 

Means of 6 repllcations (14% moltura content). 'Reckoned from seadlng (9 May 1978). 

zero tillage. After rice was harvested, the sor-
At Pangasinan, CES X-10 was the best entry. 

ghum seeds were dibbled in straight rows near
CES 1D-2 1,the most outstanding in 1977 trials, 

performed poorly, and its resistance to powdery the rice stubble at IRRI and seeded in furrows
 

in Iloilo and Pangasinan (no land preparation
mildew is breaking down. In the high-tillage tri-
als in a lowland field at Pangasinan the yields, 	 except furrowing). The outstanding entries 

were CS 137 and UPLB-SG 5 at IRRI, D67-4
despite delayed planting, ranged from 1.1 to 1.5 
t/ha. CES X-10 and EG-MG 174-3 were the 	 and IS 2940 in Pangasinan, and Pioneer 8417 

and D67-4 in Iloilo. After two seasons of tests
most promising. 

The mung bean plots without insect and dis-	 with zero tillage, the most stable and highest 
yielding cultivars were CS 120 at IRRI, D67-4 

ease control had lower yields than plots with 
in Pangasinan, and CS 174 in Iloilo. All per

control. The highest yields without pest control 
were 0.2 t/ha at IRRI, 0.5 t/ha in Iloilo, 0.2 t/ha formed significantly better than Cosor 3. 

in Batangas, and 1.1 t/ha in Pangasinan. The same entries were planted in lowland 
fields with high tillage in Pangasinan. The yields

Sorghum. Fourteen elite cultivars from the 
were lower than with zero tillage because of late

UPLB and BPI breeding programs were 
planting and limited moisture. The most prom

evaluated at IRRI and in Batangas on upland 
ising entry was CS 174. After two seasons of

fields with good tillage. The 1978 yields were 
not as good as those in 1977. Yields ranged tests, the best entry in upland fields with high til

from 2.8 to 3.7 t/ha in Batangas and from 0.7 to lage was UPLB-SG 5. 
The average yield reduction with no insect

4.7 t/ha at IRRI. The outstanding varieties were 
CS 120 and IS 2940 in Batangas, and Pioneer control for all entries was 95% at IRRI, 75% in 

8417 (a hybrid) and CS 90 at IRRI. UPLB-SG Pangasinan, but only 4% in Batangas. 
Sweet potato. Fifteen sweet potato cultivars5, CS 120, and IS 2940 gave the most stable 

were tested in upland fields with high tillage inyields after 2 years of tests in upland fields 
UPLB-SG 5 is now recommended in cropping IRRI and Batangas, in lowland fields with high 

as tillage in Pangasinan and Iloilo, and in the lowpattern trials. It matures at the same time 
Cosor 3, a nationally recommended cultivar, 	 land field with zero tillage at IRRI. The yields at 

but yields 21% more, is taller, and has a more 	 Batangas were low because of drought. The 
highest yield (that of Karja 381) was only 5.2spreading head type. 

at IRRI, t/ha. In Iloilo Jewel had the highest yield -The same 14 entries were tested 
75% higher than that of the local variety andIloilo, .and Pangasinan in lowland fields with 
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388% higher than that of BNAS 51, the 
mcommended variety. The highest yielder i;a 

Pangasinan was Bangued - it yielded 29% 
more than the local check and 39% more than 
BNASSI.GeorgiaRed and SP#45,with yields 
of 30 t/ha, were the most promising at IRRI. 

In a lowland field with zero tillage at IRRI, 
sweet potato cuttings were planted at the base 
of rice stubble without land preparation. Rice 
straw was placed between the rows I week after 
planting. The yields ranged from 3.1 to 20.6 
t/ha; Karja 381 gave the highest. Georgia Red 
and SP#45, which were promising in upland 
fields, were also promising in lowland fields with 
zero tillage. 

Soybean. Fourteen soybean cultivars were 
tested at IRRI and in Batangas, lloilo, and 
Pangasinan in upland fields with high tillage and 
in lowland fields with zero and high tillage. 

The yields in alowland field with zero tillage 
were less than 1.0 t/ha. The highest yields were 
from CES 76-8 and CES 70-68 at IRRI, CES 
70-68 in Iloilo, and CES 70-68 and Clark 63 in 
Pangasinan. Yields were low because of 
drought and the photoperiod sensitivity of the 
entries, 

In upland tests in Batangas the most promis-
ing entries CES 70-68 and Clark 63 yielded 1.0 
t/ha. At IRRI, the yields of CES 70-68, CES 
97-63, UPLB SY-2, and Clark 63 ranged from 
1.5 to 1.6 t/ha. The promising entries in Batan-
gas and at IRRI matured in 75-86 days. 

The yields in lowland fields with high tillage 
ranged from 0.7 to 0.6 t/ha in Pangasinan and 
0.20 to 0.40 t/ha in Iloilo. The most promising 
variety at both sites was Clark 63. Yields were 
low because of drought and the photoperiod 
sensitivity of the entries. 

The most promising entry in all trials at all 
sites was CES 70-68. It issimilar to Clark 63 
and UPLB SY-2, the recommended varieties, in 
days to maturity, plant height, and number of 
pods per plant. 

In plots without insect and disease control 
yield was reduced by 223% in Pangasinan, 
about 40% at IRRI, 65% in Iloilo, and 88% in 
Batangas. 

Peanut. Fifteen peanut entries were 
evaluated at IRRI and 10 entries were 
evaluated in Batangas, Iloilo, and Pangasinan. 

In upland fieldswith high tillage. the best entries 
weic DixieGignt andAcc. 12 at IRRI and MlO 
and Dixie Giant in Batangas. Mi0 had low 
yields at IRRI because of poor germination, but 
it had the highest yields in 1977. The rost 
promising entries in lowland fields with high til
lage were MI0. CES 101, and Dixie Giant in 
Iloilo, and M10, F334-33, and CES 101 in Pan
gasinan. 

After two seasons of tests. !he most promising 
entry at all the sites was MI0, avariety from 
Burma. It was 26% better than Mocket and 
CES 101, the recommendcd varieties in Batan
gas cropping pattern trials; as good as Mocket 
and 17% better than CES 101 at Pangasinan; 
and 16% better than Mocket and 25% better 
than CES 101 at Iloilo. M10's seed issmaller 
than Mocket's and the same as CES 101's, but 
the shelling percentage of M10 is better than 
that of both. Plant height and days to maturity 
of M10 are thc aiane as those of Mocket and 
CES 101. 

Cowpea. Fourteen cowpea entries were 
tested at IRRI and in Batangas, Iloilo,and Pan
gasinan. In upland fields with high tillage, the 
most outstanding entries were EG#1, EGX42, 
and TVx 66-2-H in Batangas and TVx 66-2-H, 
TVx 1836-187-E, and All Season at IRRI. The 
yields in Batangas ranged from 0.6 to 0.9 t/ha 
because of drought; yields at IRRI ranged from 
1.4 io 2.7 t/ha. 

In lowland fields with zero tillage six entries at 
Iloilo and four entries in Pangasinan yielded 
significantly better than EG#2, the recom
mended variety in the cropping pattern trials. 
The most promising entries were PI-221731 
andTVx- 1836-187-E in Iloilo,andPelungga and 
All Season in Pangasinan. The most promising 
varieties in Pangasinan in lowland fields with 
high tillage wereTVx 1502-1C, PI-221731, and 
Pelungga, but their yields were not significantly 
different from that of EG#2. 

Without insect and disease control, the aver
age yield reduction was 314% in Pangasinan, 
615% in Iloilo, 124% in Batangas, and 44% at 
IRRI. 

Two uniform cowpe trials from the Interna
tional Institute of Tropical Agriculture, Nigeria, 
were grown with high tillage in IRRI upland 
fields - 20 indeterminate cultivars in the 
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Cowa Urniorm Ci,"tivar ,'rnl No. I and 10 
41CUMMIatcultivan ha Trial No. 2.None of the 
eftin in Trial No. I yieled P -&miandybener 
dun EO03, tv check cuidvar, but four cel-
Idvar in Trial 2 performed signicpanty better 
thaV59-41,adeterminatechnkcutkivar.The 
yields Of Trial No. I ranged from 1.7 to 2.7 t0hs; 
those of Trial No. 2 ranged from 0.8 to 1.6 Lrha. 
The most promisingcultivars inTrial No. I were 
Vita 1,Vita 3, and TVx 66-2H; the best in Trial 
No. 2 were TVx 7-5H and TVx 309-1G. 

Cam. Fifteen corn entries were planted after 
rice in lowland fields at IRRI and Pangasinan 
and in upland fields at IRRI and in Batangas. 
Nine corn entries were planted before rice in 
Pangasinan. Ten glutinous corn entries (for 
green corn) were planted before lowland rice in 
Pangasinan and Iloilo and in upland fields in 
Batangas. 

In lowland fields after rice, with zero tillage, 
11 entries significantly outyielded the local 
check in Pangasinan and 13 entries outyielded 
Tinumbaga, a local check, at IRRI. The most 
promising varieties were TC# 1, DMR x Pen-
jalinan F3, and Suwan Source #2 in Pangasinan, 
and Philippine DMR#2 and Indonesian Early 
DMR 1x TC# 1 DMR C3F at IRRI. The yields 
ranged from 1.0 to 1.6 t/ha in Pangasinan and 

0.4 to 1.4 Vhm at .RRi. ThA PWIDM!Sg nbitm 
had Mhe sme number of days to mnorY 0 the 
local check. 

The most promisigcult'mia iuland fieds 
with high tfilage were Tiumbagi, ine locul 
check, and Indonesian Early DMR x TCt'WI 
DMR Dy1 ir. Batanga, and Indonesian Early 
DMR TC# I. MR C3F and Fiwan Source #2 
at IRRI. Yicd.s with h ,h tillage ranged from 
1.8 to 2.0 t/ha in Batangas aud 1.1 to 2.1 t/ha in 
Pangasinan. The promising entries matured at 
the same tie as the iocal checks. 

When corn was planted before lowland rice in 
April 1978, the highest yield was from Philip
pine DMR Comp. #2 (4.5 t/ha). It was not, 
however, significantlydifferentfromthe yieldof" 
Macapuno, the local check (3.7 t/ha). The two 
entries matured at the same time (78 days) and 
had the same plant height, but Macapuno had 
more plants infected by downy mildew. 

In lowland fields planted to green corn before 
rice, the most promising entries, based on total 
number of marketable ears, were Glutinous 
Syn.#41 in Iloilo and the local check Macapuno 
in Pangasinan. In upland fields with high tillage, 
the most promising entry was EG Glutinous 
Comp.#3, followed by Macapuno. 
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with IR36 at 17 sites in Luzon (Tabi; 2). IR39APPLIED RESEARCH AND PILOT EXTEN-
had an overall production adivantage over IR28SION 
and is apparently still the most productive vari-

Research in 1978 continued work started in ety for rainfed areas of the Philippines. The 
1977 on growing two crops of rice plus an average yield of IR36 for the 28 sites was 4.5 
upiand crop. where possible,on rainfed wetland t/ha. 
farms. Upland crops were again examined as a Seeding rote for rainfed rice. The recom
possible flist crop in Central Luzon. mended seeding rate of 50 kg/ha has been gen-

IR36 in ,ainfed areas. 1R38, which has a crally satisfactory for growing a 5-t/ha crop of 
slightly longer growth duration, was believed to rainfed rice throughout the Philippines. A study 
be better adapted than IR36 to rainfed areas. of increased seeding rate showed that rates of 
1R28. which has a slightly shorter growth dura- 88 and 1J0 kg/ha did not substantially alter rice 
tion than IR36, has also been used in rainfed yields.
 
areas. During the 1978 wet season, IR28 was Confirmation of research plot yields. The us
 
compared with IR36 at 11 sites in the Visayas of production plots (1.000 M2) to confir.
 
and Mindanao (Table 1). IR38 was compared results of research-rmanaged plots was cstat,! 

on s i p d r
Cr ict seeded In dy soilIn m
 

11 utee In Viayes and Mlndanao, 1378 wet eeaeon.
 
Tbe 1. Grain yild of PM and 1121 In croppingsystem tr als , "irto lnfed wetland rice m In 

Yield (t/ha)" 

Site 
IR38 IR28 Difference 

3.9 g 3.3 b 0.600Parara Note, Oton, Iloilo 
3.9 g 3.2 b 0.7""

Parars Norte, Oton, Iloilo 4.6 8 1.5""6.1 cd
Tacdongan, Cabatuan, Iloilo 

5.4 de 4.0 ab 2A-*
Tecdngan, Cabatuan, Iloilo 

4.6 fg 4.0 ab 0.6-
Caputian, Malalag, Davao del Sur 

6A c 4.3 a 2.10Taculen, Matalam, North Cotabato 
9.1 a 4.7 a4A 

Matalam, North Cotabato 

Sto. Niho, Norala, South Cotabato 5.8 cde 4.4 a 1A4
 

7.4 b 4.5 a 2.9':San Isidro, Norala, South Cotabato 
5.6 de 3.3 b 2.30Balimbingen, Ladangar, Zamboanga del Sur 
5.2 af 4.0 ab 1.20*

Luya, Tuburan, Zamboanga del Sur 

"Av of 3 replications and 2 rates of seeding. 'Means followed by a common letter are not significantly different at the 5% level. 

wm Its 17Table 2. Grain yield' of I36 and W3l In cropping systems trials,first crop directseeded on dry sollIn rainfed wetland 


sites In Luxon, 1378 wet season.
 

Yield (t/ha)' 

Site 
IR36 IR38 Difference 

3.1 def 2.3 ef 0.8"* 
ISU Campus, Echague, Isabela 

2.5 efg 2.7 da -0.2Concepcion, Rosario, La Union 
bc 4.1 ab 0.3EPAC, Ste. Maria, Pangasinan 4A 

4.7 b 4.2 ab 0.5SSta. Mod, Pangaslnan 
6.4a 4.6s 1.8::Son Jose, Urdaneta, Pangasinan 
5.9 a 3.8 ab 2.1"Catablon, Urdaneta, Pangasinan 

def 2.8 cde 0.3Lucap, Alaminos, Pngeasinan 3.1 
bed -0.1Malom , San Felipe, Zambeles 3.3 de 3.4 

4.4 be 4.1 ab 0.3Sullpan. Apalit, Pampanga 
1.8 g 1.7 f 0.1Smn Juan, Apalit. Pampanga 
3.1 dof 3.8 ab -0.7*San Matis, Guagus, Pampanga 

bc. 0.2San Mates, Guagus, Pampanga 3.8 cd 3.6 
3.0 def 3.4 bod 00 *Bagbouln, Ste. Maria, Bulacan 4.2 ab -1.103.7 defBaghaguin, Ste. Maria, Bulacan * 

cd 2.9 ode 030San Roque, Bula, Camnrines Sur 3.7 

Sto. Domingo, Nabua, Cam. Sur 2.3 fg 2.6 de -0.3
 

3.7 cd 3.8 ab -0.1Tres Maias, Donsol, Sorsogon 

'Means followed by a common letter are not significantly different at 5% Iasel•Av of 3 replications and 2 rates of seding. 
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TWO& Y de i m i I ih 
POtWhM 
_,______r__ _ 

cop 


Ritce cldryand-Irfigated)
Wheat 
Com
Sorgum 


Soybean 
Peanut (shelled)
Sweet potato 26.7
Rice (weland) 6.9 

S*OWVMU.iK 

V.. 

Yield It/ha) 
Yield 
sPang -nanIrI Pagesinan 

6.8 

24 
5.8
0.0 


2.7 
3.2 

Year 

First crop 

1974 	 4.4 (18)
1975 3.2 ( 5) 
1976 4.1 (2)

3.7 (17)1977 
1978 3.8(11)
Av 3.9 (53) 

mii 

DIy pioucdi
(kg/ha per day) 

4.2 56 37 
1.8 28 22 
4.9 5 497.5 89 78 


3.3 31 33 
2.4 29 21 
9.4 207 73 
- 75 

,Planted 29-30 January, harvested April. 

Table4l.Yieldreeutafrom ainfedleeplots offstandecond 
crepe. Cantral Luzon. PhllInes, 1374-73.' 

Yield (t/ha) 

Second crop 

2.3 (6)
3.8 (5) 
Drought

0.57 (6) 
Not harvested 
2.2 (17) 

"Numbers in parentheses indicate number of observations. 

lished in 1977. iRoduction plots with IR36 were 
used in 1978 to determine tha uaeas where 
rainfed rice could be grown. Yields averaged
6.6 t/ha for 14 sites in South Cotabato, 5.0 hR 
for 17 sites in Pangasinan, 3.5 t/ha for 8 sites inIloilo, mid 3.1 t/h2for 5 sites in Isabela. Tiv 

results reconfirmed the superiority of IR36 as a
first crop in Luzon and South Cotabato. 

Production of dry-sean upland crops with 

irrigation. Current estimates indicate that the 

Central Luzon Irrigation Development Plan 
will irrigate about 439,400 ha. There is limited 

information on irrigated upland crops grown 
during the dry season when solar radiation is 
high and the arca is free from destructive 
storms. 

The yields of eight upla-nd crops grown at 
IRRI and in Pangasinan during the 1978 dry 
season are shown in Table 3. All crops had a 
high yield potential during that period of high 

solar radiation and the crop yields were 
stabilized because of ideal weather conditions. 
Disease and insect problems were low but some 
rat damage was noted. 

Cropping patterns for Central Luzon. Dur
ing the last 5 years, a multilocation testing prog. 

ram on rice-based cropping patterns identified 7 

Table 5. Summary of yields and Income from firstand second crop Inthe Kabsaka project, Mogo, and the Kasa.tinlu program In 
Noraid,South Cotabato, Philiplnes. 1977-79. 

Crop season, funding 

First 
Bank financed 

Second
 
Bank financed 
Self-financed 

First 
Bank-financed 
Self-financed 

Second
 
Self-financed 

First 
Second 

Av farm Total Produc- Net 
Farmers area area Yield tion return 

(no.) (ha) planted (t/ha) cost (US$)
(ha) (US$) 

Iloilo.Kabsaka" 
1976 

88 1.7 149 4.8 227 367 

86 1.6 147 1.6 116 386 
41 1.6 67 1.4 101 59 

19771 

133 1.4 188 4.6 n.a.' n.a. 
184 1.6 293 4.2 n.a. n.a. 

267 1.6 427 4.6 n.e. n.e. 
South Cotabato-Kaea-tinlu 

1978 
244 1.0 251 4.7 130 391 
237 1.2 273 4.3 202 316 

Data beed on analysIs of answers toquetlonnalres, not on total farmers Inthe program. 4tower Income due to eevm drought 
during nd ca%growth stage. 'Dat based on progress reportof Kabaaka municipal action committe. Otherdata noteiaMe. 
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19te pm 

YkWd 	 YNICLY Total ofi 
t/he) SANI CLAY 	 (ie) 2crop 

Rie 4.7 ) 3.5(3) 3.2 
Rim ratoon 4.2 1I) 1.9 
Rie OA02 5.A 

Rie .0 (20) 	 Re ratoon 1.211) 6.2 

SAN MANUEL 

SILT LOAM 

Dry d acr 	 Drybnd crop 
Corn 0.8 	 Corn 2.1 2.9
 
Soybean 1.6 Soybeen 1.6

Mungo 0.5 Mungo 1.4 (5) 1.9
 
Peanut 0. Peanut 1.4(3) 1.9
 
Sorghum 1.5 Sorghum a 1.5
 
Rice 	 3.7 Rice 0.0 3.7
 

Corn 3.6 (18)b 3.6
 

aNot planted. b2 - 3 Irrigations. 

I. Yields (t/ha) of rice and dryland crops grown in the first and second season on Bani 
clay anl San Manuel silt loam, Luzon, 1978. Figures Inparentheses indicate number of 
sites. 

major areas where 2 crops of rainfed rice can be 
grown. The areas have produced 9-10 t/ha
from 2 crops in 1wet season. All areas are in the 
Visayas and Mindanao where rainfall is stable 
and of longer duration. 

In Central Luzon, however, it is not possible 
to consistently obtain 10 t/ha from 2 rice crops 
in a single wet season. Most of the soils are 
sandy or silty loam, and the water-holding
capacity issuch that rice often fails as a second 
crop because of drought and decreasing rainfall 
toward the end of the year. It has 	also been 
found that disastrous typhoons occur mainly in 
October-November and are a constant threat to 
crops grown in the latter half of the season. 

It has been shown that rice direct seeded in 
dry soil in rainfed areas as the first crop grown as 
a rainfed crop during the first part of the rainy 
season (May-August) in Luzon (Table 4) can 
produce 4.0 t/ha. The 4.0 t/ha yield for rainfed 
rice isa substantial gain compared with the trad-
itional average yields of 1.0-1.2 t/ha in the past 
years. 

For second crops on San Manuel silt loam 
soils, peanut, sorghum, and mung bean are 
fairly stable crops. Peanuts are especially stable 
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if planted in high areas that can be drained (Fig. 
1). 

Pilot production programs In rainfed rice 
areas. During 1977-78, pilot p.oduction prog
rams with rainfed rice were established in the 
provinces of Iloilo and South Cotabato. The 
Iloilo program was code-named Kabsaka and 
that of Cotabato, Kasa-tinlu. 

Because of severe drought in 1977, only 204 
ha in the Kabsaka project was planted to 
second-crop rice, and there was concern as to 
whether the farmers would plant a second crop
in that area for 1978-79. However, even 
though second-crop yields were low, most far
mers made a small profit; some made more than 
double (Table 5). They planted 223 ha more in 
1978-79, making a total of 427 ha out of a total 
of 777 ha planted to the second-crop rice. 

The farmers' response suggests their strong 
acceptance of the two-crop rainfed rice system. 
Equally important is the fact that nearly 100% 
of the available area is now direct seeded. 

Production resuis for the first crop in the 
Kasa-linlu program aiso appeared to be accept 
able to the farmers. Yields averaging 4.9 t/ha 
gave a net income of $389/ha. 
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Major eforts In the Asian Cropping Systems
Network are in rainfed wedand nd partially 
irrigted areas (those with as much as 7 months 
of adequate water to grow rice) but irrigated,
dryland, and dcepwater rice areas with poten-
dal for increased crop production also receive 
attention. 

The research sites that have been established 
in the Philippines, Indonesia, Thailand, 
Malaysia, Nepal, Sri Lanka, and Bangladeshrepresent a broad range of climatic zones, soil 
type, soil texture, and socioeconomic conditions(Table 1). The cropping systems research 
methodology developed by IRRI and tested in 
country programs was adopted throughout the 
network in 1978, and national programs
expanded their cropping systems research to 
non-network sites. Twenty-three sites were 
added to the 17 existing network sites (Fig. 1). 

TESTING OF CROPPING PATTERNS 

The work at the research sites concentrates on 
design and testing of cropping patterns, and 

ezin 

I. Adan CropptngSysten Networkalte,, 1978. 
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TAb. f d wods.ahMashhW1uWdu 
so b So A ed= eepmpln D W M 

ONO WUO111191111 
1"on do land (no.) 

Counny im Rain- Par- Dry- Iffl- ow 
(no Vat-~w t. ti -fl lfn r 

lad Oated 
Phlljornm 3 2 2 1 - -
la.onlda 2 - 2 1 1 -
Sr Yhledanke 43 32 1

1 
-
-

I 
- -

Bangleah 1 1 - - 1 I 
NepalMalia 

Total 
2
2 

17 
2
2 

12 
1 

-
7 

-
2 

1I
2 
6 

-
1 

includes component technology research such 
as varietal testing, fertilizer rates, and pest con
trol. 

Philippines. The three research sites in the 
Philippines are directly managed by IRRI in 
cooperation with the Philippine Bureau of PlantIndustry. Cropping pattern testing was discon
tinued March 1978 in Batangas but component
technology research continued. The report of 
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the Philippine cropping pattern testing is in the 
section Testing of patterns. 

Imimule. Bandarjaya and Gunung Sugih 
(parallyirrigated, drylard). The Bandarjaya 
and Gunun3 Sugih sites are managed directly by 
the Central Research Institute for Agriculture 
(CRIA). The farmers' dominant pattern in the 
5-month irrigation category is wetland rice-
fallow. The best cropping pattern observed 
after 2 years of tests was rice-rice-cowpea. In 
1977-78 the pattern was tested on a 2.5-ha con. 
tiguous farm involving 9 farmers. The average 
first-crop yield (dry-seeded IR36) was 5.6 t/ha, 
thesecondcrop(IR36)averaged 2.9t/ha, and the 
cowpea yield was 0.68 t/ha. The rice yield was 
3.7 t/ha in the farmer's rice-fallow pattern on 15 
farms. The average income from the improved 
cropping pattern was 119% better than that 
from the farmers' pattern, 

The dominant patterns on dryland farms 
were a corn-rice intercrop and cassava alone, 
The most promising pattern after 2years of test 
was acorn-rice intercrop, with relayed cassava 
in corn rows and intercrop corn on cassava after 
rice harvest. This pattern was tested on a2.5-ha 
contiguous area involving 9 farmers. The total 
yield of the improved pattern was 36 t/ha, that 
of the farmers' pattern was 1.8 t/ha. The net 
'ncome from the improved pattern was about 
nine times that from the farmers' pattern. 

Indramayu, West Java (irrigated, partially 
irrigated). The Indramayu site isdirectly man-
aged by CRIA and the research isin 3 irrigation 
categories: 10, 7, and 5 months of irrigation, 
Traditionally 2 rice crops are grown in 10-
month areas while in the 5-and 7-month areas, 
one rice crop or a rice-upland crop pattern is 
grown.Animprovedpatternofrice-rice-soybean 
was tested in all irrigation categories, with a3-ha 
contiguous farm for each category. Six farms 
had 10-month irrigation; 8,7-month irrigation; 
and 12,5-month irrigation. The average yield of 
2 rice crops was 11.8 t/ha for 10-month irriga-
tion, 11.7 t/ha for 7-month irrigation, and 6.4 
t/ha for 5-month irrigation. The third crop of 
soybean was affected by heavy rainfall. The 1ha 
harvested in the 10-month irrigation area 
yielded 0.9 tha; the 1.6 ha in the 7-month irrig-
ation gave 1.2 t/ha. Soybean was not planted in 
the 5-month irrigation area. 

Thilad. Cropping pattern testing at Pi 
Mai. Ubon, and In Buri is implemented by 
either the Rice or the Technical Division, 
Department of Agriculture, in collaboration 
with the Agricuiiural F'anomics Division. At 
Bangpae research isdone by Kasetsart Univer
sity. 

Pi Mai (rainfedwetland). AtPiMai, thetrad
itional pattern is rainfed rice-fallow, but some
times farmers do not plant arice crop because of 
limited moisture. The most promising patterns 
were mung bean-rice (av yield, 0.5 t mung 
bean/ha and 2.3 t rice/ha) and peanut-rice (av 
yield, 2.8 t peanut/ha and 3.9 t rice/ha). 

Ubon (rainfed). The traditional pattern at 
Ubon is one rice crop. The patterns tested were 
yard-long bean-rice, rice-cowpea, rice
glutinous corn, rice-peanut, and rice-rice. The 
most promising patterns werc rice-cowpea with 
2.7 t rice/ha and 1.2 t cowpea/ha; rice-glutinous 
corn with 2.5 t rice/ha and 23,000 marketable 
ears/ha; and rice-peanut with 2.7 t rice/ha and 
1.1 t peanut/ha. 

In Buri (partially irrigated). Research at In 
Buri ison the light soil areas where the domin
ant pattern isrice-peanut. After 2years of tests 
rice-peanut-sweet corn proved the most promis
ing pattern. Its net income above variable costs 
was US$945. 

Bangpae. The traditional crops grown 
before rice and after rice at Bangpae are mung 
bean and corn. In 1977-78, corn, mung bean, 
sweet corn, and glutinous corn were grown 
before rice, and mung bean, black gram, soy
bean, glutinous corn, and sweet corn were 
grown after rice. The most promising pattern 
was mung bean-rice-mung bean with the 
improved M7A mung bean and RD5 rice. 

Bangladesh. The Bangladesh research is at 
the Joydebpur cropping systems site and iscon
ducted by the Bangladesh Rice Research Insti
tute. Work ison rainfed rice (Bhogra), irrigated 
rice in a lighter soil area (Laskarchala), and 
medium and low irrigated rice land (Salna). The 
cropping intensity in most of the test areas is 
high and the research seeks to increase the pro
duction of each crop in the system by introduc
ing new varieties and good management, or by 
substituting new crops. 

Farmers' use' of high yielding rice-rice 
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(HYV-HYV) patterns at IBhogra increased 
from 12 to 34% in 1976. A third crop of 
wtitcrmelon was introduced. 

11he traditional patterns at Laskarchala 
incmie upland crops before and after rice. In 
depressed valleys, a rice-rice pattern is grown
with irrigation. In 1977 the network project
introduced wheat and barley in the pattern.
About 69% of the farmers planted wheat in 
1977. and 78% planted it in 1978. 

At Salna the cropping intensity was already
high with 2 or 3 crops in apattern. In a HYV-
HY',' pattern 1R8 and BR3 gave significantly
higher yields than Muktahar, a local variety,
and Chandina was significantly better than
Pukhi, a local variety. The rice patterns local 
variety-HYV-HYV and HYV-Iocal variety-
HYV increased in 1978. 

Nepal. Two network sites in Nepal are man-
aged by the Department of Agriculture with the 
assistance of an International Agriculture
Development Service team. 

Parsa (irrigated, -artially irrigated,
rainfed). Parsa is in the Terai area at an eleva-
tion of 100-150 m.The traditional patterns are 
rice in summer and wheat or legumes in winter, 
Patterns with two and three crops were tested. 
The average yield of rice in an irrigated area was 
4.6 t/ha. The yield range was from 1.0 to 6.4 
t/ha. Wheat was best as the second crop (with
60-40-0 fertilizer) with average yields of 2.2 

t/ha. Wheat interctopped with chick-pea was 

unsuitable. lntercropped corn and wheat for

fodder appeared promising. Lentils in a rice-

lentil pattern yielded only 908 kg/ha with 

20-20-0 fertilizer. Intercropped potato-pea

after rice was promising. 


Pumdi Bhumdi (rainfed wetland). The Pum-

di Bhumdi research site is at an elevation of

750-1,270 m.The wetland rice area isplanted 
to rice during the summer monsoon, but only
30-40% is planted to wheat in winter. Some 
land is used for a maize-bean intercrop during
spring. The yield of the test rice variety in the 
summer was than themuch higher farmers' 
yield bccaule the variety (CH45) was early
maturing and escaped hail damage. The winter 
wheat crop yield on 6 farms ranged from 1.3 to 
2.5 t/ha. Intercropped wheat and lentil, mixed 
wheat and peas, and mixed linseed and barley 
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were promising as crops after rice. 
Sr Lmako, Two network sites in Sri Lanka 

are managed by the Department ofAgriculture. 
Work started in 197t. 

WalgambahiMva (pardally irrigaied with 
smnall-tat;k irrigation). The Walagambahuwa
site ispartially irrigated from a small tank. Farm. 
ers grow uphind crops and rice on land below 
the tank. The traditional practice is to wait for 
the tank to fill before preparing land for rice. 
Dry seeding of lice at the start of the rainy sea
son before the tank is filled was introduced in 
1976-77. It resulted in 2 or 3 crops per year
after II years of no crop in the area. In 
1977-78, rainfall at the start of the season was
heavy and the project shifted to wet tillage.
Most of the farmers planted 62-355 and 
BG34-8 rice. The average yield of 62-355 was 
2.9 t/ha on 18 parcels; that of BG34-8 was 3.1 
t/ha on 20 parcels. 

In the next season, the farmers decided to 
grow a second rice crop instead of an upland 
crop because there was adequate water left in 
the tank. The yield of the second rice crop aver
aged only 2.5 t/ha because of weeds and insect 
damage. A third crop of cowpea and shallot 
(Alliun annum) was planted on about 50% of 
the area, but farmers did not appear interested 
in the third crop and gave it only minimal man
agement. 

The total net income of farmers with two rice 
crops was US$291, asixfold increase over that 
of 1976-77. 

Katupota (rain fed wetland). The traditional
 
cropping pattern at Katupota is rice-rice. The
 
network research seeks to raise the yield of the
 
rice-rice pattern and substitute upland crops

for the second rice crop on higher bunds.
 
Almost 85% of 2 test tracts was sown to
improved rice varieties, but yields were low 
because of plant nutrient deficiencies and 
drought.Cowpeawasobservedtobeadaptedto 
the upper area of one tract. 

CROPPING SYSTEMS WORKING GROUP 

The seventh meeting of the cropping systems
working group at IRRI in October 1978 
brought together cropping systems coor
dinators from Indonesia, Thailand, Burma, Sri 



Z.niti, P ipin,, Ne al, Maays~iA, South 
Korea, 2"id Bangldesh. A termsentative firon, 

hwis also attended. A committee was assigned 

to cvalurr,the IRRI cropping systems progrm 
Thein relation zo national program needs. 

working group discussed and planned col-
iaborative research between IRRI and the net

varietal testing and screening,woicrk sites on 
weed control, cropping systems economics, and 

cropping systcm, entomology, 
Sharing of research Informtion. The work-

ing group established aplan for sharing research 
information among cropping systems scientists 

in Asia. The network scientists will send their 

publications to IRRI for multiplication and dis-

tribution to all cropping systems scientists. Dur-

ing !W78, 32 p ,;, 2 reporU of h workMin 
Voup, and .ie pioc"&i of the symposium 
on cropir7 ystm rest.icdh an-i dzve!kMent 

ior the Asian rice farmer were jistributed. 

TRAINING 

Training for scientists on cropping systems 

research in support of the network and national 
intencropping systems research programs 


sified. Thirty-eight trainees wvrere in a 1977-78
 

course a ld 40 more startcd a 6-month regular
 
course in September. Oncropping systems 

the-job ti ining for 26 students.fom 'nihailand,' 

the Philippines, and Indonesia was conducted at
 

the Philippine network sites and nt IRRI.
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MACHINERY DESIGN 

6-to 8-hp tiller with steering clutches. Use of a 
lghiweight. high-speed diesel engine on the ** . 
power tiller transmits an excessive amount of 
vibration to the operator. Vibration can be low
ered to an acceptable level by using resilient
 
engine mounts. Automotive rubber engine
 
mounts were installed between the engine base 
and the tiller chassis, and a hold-down spring
 
was used at the front of the engine to resist '
 
drive-belt pull. The system reduced vibration
 
amplitude by about 75% at intermediate engine 
 -

speeds, but vibration was still intense at rated
 
engine speed. 2. Rotary tiller attachment. IRRI, 1978.
 

The rubber mounts were replaced with coil 
springs. Clamping bolts and retaining washers 
fastened the engine to the tiller chassis through sprocket. A production 2.54-cm-diameter shaft 
the springs (Fig. 1). A bar positioned between assembly was compared with assenoblies using
the tiller body and engine (through a flexible improved shaft-to-sprockct joining methods. 
connector) prevented horizontal engine move- Each shaft failed in less than 10 hours at 3 hp
ment caused by belt pull. The springs reduced and a steering clutch engagement rate of 37
vibration transfer to an acceptable level; field times/minute. A 3.32-cm-diameter shaft per
tests are being conducted to determine their formed satisfactorily for 50 hours under the 
durability. same conditions. This design isnow specified on 

Two intermediate shaft failures and several the drawings.
final reduction chain failures occurred during Dynamometer evaluation of the use of 
dynamometer testing of the effects of steering springs to reduce clutch engagement shock 
clutch shock loads on the tiller transmission, loads continues. Springs with rates of 197, 76,

Field tests of 1,830 hours on 2 prototypes pro- and 23 kg/cm were tested at power inputs of 1.5,

duced 3 intermediate shaft failures and 2chain 3, and 5 hp. They had little effect on reducing

failures. The intermediate shaft always failed peak shock loads.
 
near the weld joint of the shaft and drive Rotary tiller attachment for the 6- to 8-hp til

, - r 	 ler. Development of the attachment for the til
ler continued, with improvements made in the 
primary drive and tiller drive to correct prob
lems encountered during testing. The inter
mediate tiller drive received aheavier chain and 

4 	 aheat-treated jaw clutch. The second belt of the 
primary drive was replaced with a two-speed
chain drive to eliminate excessive belt slippage. 
For speed changes atoggle loosens the chain for 
easy movement to the second sprocket set. 
Excessive wear on the sprockets indicated a 
need for adustproof shield to protect the drive. 
A new prototype incorporating all of the 
improvements is being built. Testing will begin 
in early 1979 (Fig. 2).

Multicrop upland seeder. The upland seeder 
I. Power tiller engine mount. IRRI, 1978. 	 has five seed-and-fertilizer hoppers. The meter
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ins plates arc located under each hopper and 
are driven through a linkage by a cam on the 
press wheel axle. The plates meter seed and fer-. 
tilizer, which pass alternately through a single 
tube to the furrow. To halt metcring during 
transport and turning at the end of rows, the 
cam drive disengages when the furrow openers 
are lifted. Row spacing can be varied from 10 to 
100 cm. Seed plate changes and other adjust
ments can be made without tools. 

Laboratory and field tests of the metering 
plate to correct seed and fertilizer leakage prob
lems were continued. Leakage was corrected by 
using anarrower metering plate enclosed on the 
sides by spacers (Fig. 3). The design allows use 
of plates of varying thickness in individual hop
pers to further improve the seeder's ability to 
plant more than one crop simultaneously. 

Field trials compared the seeder with an 
IITA/VITA no-till punch planter (Fig. 4) and a 
traditional broadcast m-thod for planting rice, 
corn, and mung bean. Land preparation con-
sisted of rototillage. But only weed mowing and 
herbicide application were used on the punch 
planter plots. The upland seeder had a field 
capacity of 9hours/ha and 51% field efficiency; 
the punch planter had 17 hours/ha and 66%. 
For the planting operation the seeder required 
18 labor-hours/ha; the punch planter, 17; and 
the broadcast method, 31. 

Germination rates for seeds sown by each 
method are shown in Figure 5. The punch 

3. Upland seeder seed plate. IRRI, 1978. 

L
 

4. IITA/VTA punch planter. IRRI, 1978. 

planter would probably produce better results 
in lighter tilled soils. The untilled plots pro
duced 8-12 times more weed dry matter than 
the tilled plots. 'h. upland seeder will be 
released early in 1979. 

Rice transplanter. A prototype rice trans
planter (Fig. 6) was field tested with wet bed 
seedlings, but it did not separate individual 
seedlings uniformly. Occasionally, several 
plants were removed from the tray, which 
caused the pickers to miss on the succeeding 
stroke. To overcome the problem, feeder
fingers for feeding the seedlings to the pickers 
were installed. A feeding frame was added to 

sawi vitity 

75 - IRM miliavpanidw 

50 -. 

V1TA/IrrA
no-tiN pbfta 

010 2 4 6 8 ID 14 
Days after medng 

S. Emergence (%)of dryland rice using three planting methods. 
IRRI, 1978. 
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6. Transplanter. IRRI, 1978. 

hold the moving tray and provide exit holes on 
the front for the seedlings and at the rear for 
entry and withdrawal of the feeder-fingers (Fig. 
7). Raising the planting handle causes the 
feeder-fingers to move forward through the 
holes of the feeding frame to push the seedlings 
into the path of the pickers. Pushing it down 
causes the feeder-fingers to withdraw from the 
frame to permit the lateral movement of the 
seedlings with the seedling tray. 

Several test runs were then conducted in the 
field. The machine worked satisfactorily only 
when the seedlings were hand separated and 
carefully aligned in the tray, an extremely 
time-consuming process. To eliminate the prob-
lem alaboratory evaluation determined the best 
combination of seedlings and pickers for reli- 
able separation. Over 100 trials compared wet 
bed, dry bed and Japanese-type tray seedlings at 
various soil depths. Eighteen- to twenty-two-
day seedlings grown in trays with 1 to 1.5 cm of 
soil showed the most promise. A system in 
which inexpensive frames were laid over fine 
wire mesh on a conventional wet bed and then 
filled with soil before seeding worked well, at 
substantial cost savings ove..r purchased trays. 
The machine has been further simplified and 
will be field tested. 

Plow sole granular-chemical applicator, 
Because most farmers in the developing coun-
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7. Transplanter feeder finger and frame. IRRI, 1978. 

tries use animal power for land preparation, the 
plow sole granular chemical applicator was 
modified to fit an animal-drawn plow (Fig. 8). 
The wooden hopper has a capacity of 9 kg of 
urea. A curved polyvinyl chloride (PVC) 
scraper was bolted inside the hopper, and a 
deflector was added :o the discharge chute to 
ensure fertilizer placement at the bottom of the 
furrow.Thehitchcanaccommodatebothrolling 
and side movements of the plow. Drive wheel 
diameter was increased from 69 to 84 cm to 
make it adaptable to a wider range of animal
drawn plow designs. The new design also adapts 
to the power tiller plow. 

Various plastic materials are being evaluated 
for use as metering rollcrs because of poor 
calibration stability, high wear of some wooden 
metering rollers, and difficulty in specifying the 
proper hard wood. 

Axial-flow pump. IRRI aims to develop a 
low-cost engine or electric-motor-driven porta
ble axial-flow pump that can lift water I to 4 m. 

The first prototype used a bamboo discharge 
tube 4.2 m long and 12 cm in diameter, a steel 
impeller, bamboo stator casing, and a 1800 steel 
elbow. The lineshaft was supported by wooden 
bearings fixed to the bamboo tube with clamp. 
type bearing holders. When powered by a 5-hp 
engine, the pump was capable of pumping up to 
1,350 liters/minute at a 1.5-m lift and per
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8. Schematic drawing of an anlmal.drawn fertilizer applicator. IRRI, 1978. 

LEGEND: 
1 Straline aembly 8 End support asserily 

2 Inlet pipe sembly 9 Intermedlate bering housing 

3 Two-vnes Impeller assembly 10 Flexible coupling assembly 

4 Milnbaring holderw/diffusionvanes 11 Handle 
5 Woodbowing 12 EngInabeseassembly 
6 Pump uleft 13 Tensor rod assembly 

7 Discharge column auembly 14 Engine & column support assembly 

S. Schematic drawing of axial.flow propeller pump. IRRI, 1978. 

1977, has become extremely popular. Aboutformed satisfactorily during a 100-hour test; but 
bearings 3,000 units have been sold in the Philippines. Inbecause the bamboo cracked and 

a steel dis- response to requests from many 	cooperatingwore, a second prototype using 
charge tube was developed (Fig. 9). This 	 manufacturers and IRRI thresherusers, a clean

ing system for the thresher was developed (Fig.design produced flows of up to 2,360 lit-
10).ers/minute at a total head of 2.8 m, with an 

The cleaning system of the first prototypeoverall efficiency of 40%. Revisions to reduce 
cost and correct minor durability problems will 	 consisted of a centrifugal blower, an oscillating 

screen, and a stationary grain chute. It used abe checked in a final life test before the design is 
common drive shaft for the blower and ociilatreleased, 

Air delivery was adequate at 800Poctable axla4ow thresher with deanin sys- ing screen. 
tens. The portable thresher, released in early rpm, but the 2-cm stroke was too long at this 
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10. Portable thresher with cleaning system. IRRI, 1978. 

speed. An idler shaft was added to reduce the 
speed to about 400 rpm for better screen per-
formance. To reduce cost, a larger blower, 
which runs at 600 rpm, was used. That made it 
possible to use the common drive arrangement 
again, 

2Use of a concave area 0.20 m larger than 
that used with the portable thresher and a 7-hp 
engine, instead of a 5-hp engine, increased 

S 
11. Axial-flow thresher. IRRI, 1978. 
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threshing capacity. Three-minute performance 
tests produced capacities of up to 850 kg/ha, 
with separation losses of about 0.5% and 
blower or screen losses approaching 1.0% with 
a purity of 95%. An open threshing drum is 
used to reduce blowback of straw and chaff at 
the feed inlet. In a 500-hour test the prototype 
showed an average field capacity of 450-500 
kg/hour with no major problems. 

Axial-flow thresher. The axial-flow thresher 
has been in production since 1973. Manufac
turers and IRRI engineers have modified its 
cleaning system to improve cleaning when 
threshing wet paddy. 

A new version of the thresher, which has two 
oscillating screens under the full length of the 
concave, is being developed (Fig. 11). The 
screens run at the same speed but in opposite 
directions to reduce oscillating assembly imbal
ance. The top screen has large holes for remov
ing large impurities. The grain falls through an 
air stream from two blowers onto an inclined 
wind board and onto a second screen for final 
cleaning. An auger conveys the cleaned grain to 
one end of the thresher. An eccentric cam on 
the auger shaft oscillates the screens at 320 cpm,
with a 2.5-cm stroke. An open threshing drum 
with a round bar grill concave is used. 



dodoLL. 

12. Schemalc of the harvester attached to apower tiller. IRU, 1978. 

The new cleaning system will provide 
improved multicrop capabilities. In short per-
formance tests it showed a capacity of 1 t/hour 
with wet paddy. Long-term field tests will con-
tinue. 

Harvester attachment for power tiller. A pro-
totype of the harvester attachment for the 
power tiller has been completed (Fig. 12). Ini-
tial development concentrated on correcting 
problems in the transfer of paddy from the 
auger to the conveyor, 

In a flooded field, there were no mobility 
problems when chains were wrapped around 
the tires as traction aids. Short field-harvesting 
trials at a speed of 1.5 km/hour, taking four 
25-cm rows, produced clean cutting, but paddy 

collected on the cutter bar. The buildup caused 
the reel to dislodge the material in bunches, 
which jammed the auger and conveyor. The 
auger and conveyor belt had been placed on a 
common shaft to simplify construction and 
reduce costs. The belt, which was used to drive 
the auger and reel, was incapable of transmit-
ting the required power; so a separate chain 

drive was added to drive the reel and auger. 
Work on correcting problems encountered thus 

far and additional field trials will continue at low 
priority, 

Rice hull furnace. The rice hull furnace for 
the 2-t vertical bin dryer was developed. Fur
nace walls are made of 1.20-mm ASTM-304 
stainless steel and 3-mm mild steel sheet instead 
of fire brick, thereby reducing cost by about 
30% and weight by 70%. An air duct is built 
around the furnace to prevent overheating and 
to minimize wall warping (Fig. 13). Hull feeding 
and combustion rate are controlled by shaking 
the two grates. The furnace is designed to oper
ate for about 6 hours (the normal drying time 
for one batch of grain) before the ash must be 
removed. 

The furnace uses a combined downdraft and 
updraft combustion process to more completely 
burn the volatile matter (tar, oil, CH4) and the 
fixed carbon in the rice-hull char. The 
downdraft process carbonizes rice hulls above 
the grate as the air flows downward across the 
fuel bed ind burns the volatile matter below the 
steel grate. The high temperature generated 
allows the simultaneous combustion of the fixed 
carbon as air passing through small holes in tue 
ash container moves upward through the char. 

In early tests, channeling in the fuel b-d 
allowed too much air for combusion and caused 
a smokey exhaust, but this was eliminated by 
reducing the clearance between grate banfrom 
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rie in the oatput and maximum power was con
sumed without erratic surges. In all trials the 
new rotor improved the total rice recovery 
slightly at approximately the same degree of 
whiteness (Fig. 14) and gave an average of 

' ' Nnww 12.5% increase in head-tice recovery but a 
ch lower capacity. These rcsults may be explained23 F,,droomaw

" AM Pm by the two-stage effect and the smaller pitch of 
4 QA5.9in 8fl 
a hot= the feeding screw, which tends to move the 
7 A*Vw 
I A, sr.w grain slowly. Much more improvement is ne-
BAA u .. wM , cessary because the potential head rice recovery 

is over 70%. 

row MACHINERY TESTING AND USE 

Compaced soils studies. Study of compacted 
, ,soil is in its 12th and final season. The soil 

--. depths at which cone indices were measured 
- * ,remained fairly constant inthe plots tilled by the 

1 n NNrW 8m 

13. Rice hull funce. IRRI, 1978. 70D 

6 to 2.5 mm and installing a rake above the fuel 60 606
 

bed to level and break partially fused char.
 
Efficient combustion was indicated by bluish
 
flame and red char. Several 6-hour trials showed 5
 

5o
that 8 kg of rice hull/hour is required to main-

tain a drying temperature of 450 at an airflow of
 
100 m3/minute. Extended performance and 0o4
 
durability tests proved successful, but the grate, 
 40 

feed, and leveling controls require constant
 
tending to maintain an even air temperature. o3
 
Ways of reducing the need for close operator 30- 2
 

attention are being studied. m
 
Engleberg rice mill project. A two-stage 20 2 

rotor was designed for the Engleberg mill 20 
because two-stage milling isbelieved to be most 
efficient. In the mill grains break largely where 
the paddy is hulled. The new rotor was coin- 10 00 
pared with a standard rotor at selected blade 
clearances. Trials with IR36 and IR38 used 
homogenous grains and a standard screen o - 0 0 
(0.75- x 12-mm staggered slots), PVC blade, Ta my H@,)m COiMlY Afta raIwm 
and weight-loaded outlet. The inlet and outlet ="by/h) 
gates were adjusted until there was no unmilled 14. Now rotor compared with Standard rotor. IRI, 1978. 
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15. Compacted layer depth under different tillage systems. IRRI, 1978. 

5- and 7-hp tiller and the water buffalo (Fig. 15). 
Depths in the plots tilled by the 10-hp tiller and 
4-wheel tractor were mixed. The 4-wheel trac-
tor prepared each plot for crops 11 and 12 with 
no abnormal mobility problems, although the 
increasing "before land preparation" depths in 
the plot indicate that problems could develop 
soon. 

A study in one soil type and one water regime 
precludes broad generalizations, but the results 
correlate with those in many Asian rice fields. 
Because double-cropped soils are saturated for 
longer periods, bogging with heavy tillage 
machinery can be expected. These tests and 
on-farm reports indicate that mobility problems 
with conventional 4-wheel tractors can occur 
after 2-3 years of continuous cropping. The 
7-hp tiller, or an equivalent machine, presents 
little danger of bogging in most rice fields now 
capable of supporting this equipment. The 7-hp 
tiller appears to be capable of restoring a wet-
land soil to a condition in which at least limited 
use of the 4-wheel tractor is again possible. 

Continuous cone index readings versus depth 
readings will be taken in each plot to determine 
possible effects of the tillage system on the loca-
tion and profile of the plow pan. 

Plow sole 'fertilizer-placement trials, 
Cooperative field trials with the Agronomy 
Department compared the yield responses to 
fertilizer applied with the plow sole applicator, 

with a Japanese deep-placement machine, by 
best-split broadcast, and as a basal treatment 
incorporated at final harrowing. Each applica
tion method was replicated 3 times in plots of 
about 460m. IR36 and IR42 were used, and 
all plots received 90 kg N/ha in the dry season 
and 30 kg N/ha in the wet season. 

All plots were plowed and fertilizer was 
applied by the plow sole applicator 20 days 
before transplanting. The plots had standing 
water during plowing and were kept flooded 
during land preparation. Two-thirds of the fer
tilizer was applied during final harrowing and 
one-third at panicle initiation in the best-split 
plots. Fertilizer was applied with the Japanese 
applicator 7 days after transplanting. In the dry 
season, the plow sole applicator produced yields 
that were 11-13% higher than those of the 
best-split method, but the increase was sig
nificant only when compared with the yield of 
the basal treatment (Table 1). The wet season 
results are less reliable because the crop was 
damaged by typhoons. 

Testing and evaluation. Field-life tests of the 
power tiller and portable thresher, which were 
released in 1977, and performance tests ofthe 
transplanter, portable thresher with cleaning 
system, pumps, and improved drying equip. 
ment, were completed. Two power tillers com
pleted 1,000 hours in the field with acceptable 
service life, and a portable thresher logged 
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1,000 hours with a total repair cost of $300, 
the initial estimates ofwhich is lower than 

$400-500. 

Several manufacturers have adopted an open 

threshingcylinderinplaceoftheclosedcylinder 
specified on IRRI drawings (Fig. 16). The open 

cylinder can reduce costs in some manufactur-
more convenienting situations and provides 

peg teeth replacement and easier straw removal 

when the thresher is clogged. The open and 

closed cylinders were compared for perfor-

mance. Each cylinder was used in an IRRI port-

able thresher to thresh combinations of long, 

short, wet, and dry batches of 1R36. The proce-
dure was repeated with the new portable 
thresher with a cleaning system and IR42. There 
was no significant overall difference in perfor
mance. The open cylinder reduced blowback of 

material and dust into the face of the operators. 

TL . .4000 

16. Open threahiS cylinder. IRRI, 1978. 
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An analysis of the results of atarotnumbrof 
portable thresher performance tests shows that 

capacity is generally unrelated to the moisture 

of the grain except over long operating 
when the wet material gradually clogs 

partsof the concave. The machine is sensitive to 

straw length. Its threshing capacity is 50-60% 
lower with 80-cm paddy than with 50-cm paddy. 

INDUSTRIAL EXTENSION PROGRAM 
NoAE 

TheUSAID-sponsored industrial extension pro

jects in Thailand, Pakistan, and the Philippines 
introducingcontinued to make progress in 

IRRI machines and providing technical assis

tance. The industrial extension program was 

expanded in 1978 to include Indonesia, where 

(he Directorate of Food Crop Production, 

Sub-directorate of Agricultural Mechanization, 
is the cooperatinig agency. 

Production of the IRRI axial-flow thresher in 

Thailand increased substantially, with 1,574 

machines manufactured in 1978 compared with 

466 in 1977. Thresher production in the Philip

pines also increased sharply; portable threshers 
increased more than twofold (Fig. 17). There 

was increased interest in the dry seeding of rice 

in the rainfed areas of northeast Thailand with 

good potential for producing two crops a year. 

- o0m ,, 
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17. IRRI axial.flow thresherproduction. IRRI, 1978. 



An IRRI upland sceder was fabricated and is 
being evaluated in cooperation with the Thai. 
land Rice Improvement Project. 

Thc project staff in Pakistan continued to give 
most of its attention to the development and 
demonstration of the two axial-flow threshers 
they have adapted for wheat. The minithresher 
was also tested on soybeans and sunflower seed. 
Progress was made in introducing these designs 
to local manufacturers, and several firms have 
produced prototypes and begun commercial 
production. 

A number of engine-powered 6-row Korean 
transplanters were imported by the Pakistan 
Government, but problems were encountered 
in metering and seedling placement. A coopera-
tive project to improve the machine was 
organized by the IRRI-PAK Program in collab-
oration with the University of Agriculture, 
Faisalabad, and the Rice Research Institute, 
Kala Shah Kaku. Pakistani and Korean 
engineers helped modify the machines for 
Pakistan field conditions. After the design 
improvements, the machines were field tested at 
48 locations in the Punjab region. 

To improve the effectiveness of the technical 
assistance program in the Philippines, 48 
cooperating manufacturers were surveyed. The 
information gathered was used in identifying 20 
firms that could benefit most from IRRI assis-
tance. 

A time-budget analysis technique was 

developed to help characterize aseas that can 
benefit from powered small-scale equipment. 
The technique was used, in c operation will 
IRRI's Cropping Systems Program, to analyze 
data gathered from farmers located in the Iloilo, 
Philippines, project urea to determine if power 
availability limits cropping intensity. In that 
rainfed ri.e-growing area, there isan average of 
1 buffalo and about 3 farm workers/l.4-ha 
farm. In years of average rainfall the introduc
tion of IRRI power tillers and portable 
threshers (at populations economically com
petitive with traditional practices) is predicted 
to increase the dotuble-cropped area by 49% 
and to increase the second rice crop yield by 370 
kg/ha. These increases come from reductions in 
crop establishment time for the first wet-seeded 
rice crop and in turnaround period between the 
two rice crops. Labor requirements per crop 
are also reduced, but because of the increase in 
double-cropped area, total labor requirements 
drop only an estimated 41 hours/year for each 
worker. That indicates that even in areas of 
small farms with relatively high animal and 
labor densities, machines that can speed crop 
establishment and reduce the idle time between 
crops are especially important to rainfed rice 
farmers. This conclusion is substantiated by an 
Iloilo survey showing that over half of the 
farmers now thresh their rice crop with IRRI 
threshers. There was no mechanical threshing in 
the area 3 years ago. 
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Associated le., nal trai .ng
 

Training at IRRI is either research oriented, 
production.extension oriented, or supportive of 

the international research networks. In !978, a 

total of 380 scientists from 29 count:ies were 
trainingtrained. That involved 1,978.73 

months or 164.9 training years and represented 
an increase of about 39.4 training years over 
1977 activity. 

RESEARCH-ORIENTED TRAINING 

Research fellows and scholars worked with IRRI 
scientists on specific research projects. The dis-
tribution of fellows ard scholars by country and 
by IRRI department is in Tables 1and 2. Most 
of the degree fellows and scholars were enrolled 
at the University of the Philippines at Los 
Bafios. A number of the Ph D candi1ates had 
completed their coursc.work at other univer-
sities and were at IRRI to do thesis research. 

Table 1. IRRI research fellows and scholars, 19781 

Senior Post 
research doctoral 
fellows fellows 

Bangladesh
Burma 

1 
-

1 
-

Colombia - -

Cuba 
GermanyIndia 
Indonesia 
Japan 

-
-4 
-
-

-
212 
1 
6 

Kenya 
Korea 
Malaysia 
Mexico 

-
-
-
-

-
2 
1 

-

Nepal 
Netherlands 

-
-

-
1 

Nigeria 
Pakistan 
Philippines 
People's Republic of China 

-
-
-
-

-
-
1 

-

Senegal 
Sri Lanka 

-
-

-
2 

Taiwan - -

Thailand - -
United Kingdom 
United States 

-
-

-
1 

Venezuela 
Vietnam 

Total 

-
-
5 

-
1 

31 

,N.D. - nondegree. 
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PRODUCTION AND EXTENSION-ORIENTE') 
COURSES 

The 6-month rice production training course in 
attended by 38 participantsMarch 1978 was 

from 9 countries. Except one from Liberia, all 
participants came from developing countries of 
Southeast Asia. 

Six 2-week .rice production courses were 
offered: 

a 20 February-3 March, for participants in 
the 4-month GEU training course; 

* 31 July- 11 August, for participants in a 
farm mechanization course; 

0 21 August-I September. Two courses 
were given simultaneously. One was for the 
second GEU training participants and the 
other, for private persons engaged in farming. 
The second course was taught primarily by the 
6-month rice production trainees; 

* 4-15 September, for participants in an 

Research fellows Research scholars 
Total 

Ph D MS N.D. MS N.D. 

4 
-

14 
-

1 
-

5 
4 

-
-

26 
4 

-
-
17 
6 
3 

-
-
--
-
-

-
-
--
-
5 

1 
-
-1 

12 
-

-
2 

--
14 
1 

I 
2 
324 

33 
15 

- - - - 1 1 
1 

-
1 

-

-
-
-
-

-
-
-
-

3 
1 

-
2 

6 
1 

-
-

12 
3 
1 
2 

1 
-

-
-

-
-

-
-

-
2 

2 
2 

2 
0 

-

-
-
-

-
-
-

1 
12 
-

1 
-
4 

4 
19 
4 

- - - - 1 1 

- - 1 2 5 10 

- - - 2 - 2 

3 -
-

1 
I 

12 
-

3 
1 

19 
3 

4 -
-
1 

41 

-1 
-
14 

1 
10 

-
59 

-
43 

3 
203 

http:1,978.73


SWM fo 
resefel', a 
follows follows 

s- 2 
-	 1 
1 6 

--A 	 1 
3lmelo 

n 

*loi ng 2 
Plan o 2 1 
Planltphoiog -	 2 

2PM -- -7 
oCh mias --	 4 

SagMlcrobiology 

statwlim - 1 

irigation and Water Management --n1 1Training OfeT 


5 31Total 

SN.D. - nondegree. 

iipan ,ot f=,IOW cWu"i m' 7Talk 3. Prt 

Mach. Irig. Ag. Eng.
CSTP GEU RPTh 
(6 mo) (4 mo) (6mo)(2mo)(5wk) (2 wk) Total 

Bangladeh 8 7 6 _1 22 
Braglad 1 . - 1 

Burma - 3 -1 
. 1. 1Colombia 

2Cuba - 2 
1Opmlnlcan-- - -. . . 1Republic -. 

4 - 1 6 18India - 7 

Indonesia 15 9 9 4 

-
7 

-
2 46

I
-
-
- 1 1 9

Liberia _ 
Malaysia 3 2 2 	 41
Nepal 3 -	 4 13 

- - 9 - -
Pakistan 

Philippin 3 1 4 2 4 2 16 

people's Republic 4 


ofChlina -e4publi 
Sri Lanka 2 5 2 - 2 2 13 

6 3 21
Thailand 6 4 - 2 

8 21 25 177Total 40 45 38 

odcounawth.Doesotinludefvs2waekrceprapafl~iclaats, 

management trainingirrigation and water 
course; and 


4-15 December, for IRRI scholars, juniore 
researchers, and field technicians. 

OF INTERNA-SUPPORTIVETRAINING 

TIONAL NETWORKS 


Courses supportive of international rice 

research networks included: 
two 4-month genetic evaluation and utili-e 

ition (GEU) training programs; 

a"MeewcokmRoesard' felwov4 

N.. M .O. 

7 3 - 11 4 27 
Ph D 	 MS Mo 

1 -4 	 1 10 
6 1 - 5 3 21 
2 - 2  2 	 7 

176 1 1 1 5 

4 
7 

3 
-

-
1 

9 
4 

13 
8 

30 
24 

- - 2 8 1 14 
2 
-1
1 

1 
21 
-

2 
--
1 

3 
2-
-

-
-
11 

10 
4 

107 

2 - 1 1 4 

-33 - -
-

- 1 8 -- 1131 

41 14 10 59 43 203 

a 2-month mechanization consequences 

course; 
* a 1-month irrigation and water manage

ment course; and 
* a 2-week agricultural engineering training 

(Table 3).
 7cnist d 
Forty trainees from 7 countries attended the 

cropping systems training, which also provided 

on-the-job training for site coordinators in out

reach sites inthe Philippines. 
given twice in 1978,The GEU course was 

instead of only once, as in 1977. The mechani
offered forzation and irrigation courses were 

the first time in 1978. 

TRAINING PROGRAM PARTICIPANTS 

A list of individuals who completed training 
programs in 1978, including their countries and 

research areas, follows. An asterisk (*) indi
cates completion of the MS degree; two 

asterisks (**) denote completion of the Ph D 

degree during the year. 

RESEARCH SCHOLARS 

Agricultural economics 

Gerry Amoloz%* Philippines. The economic 

effect of management on upland rice produc

tion in Batangas, Philippines. 
Nurzaman Bachtiar.* Indonesia. Cash liquidity 
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in the adoptkin of new cropping systems in 

Central Lampuig, Indonesia. 
Ueri lis;i M. Baustista." Philippines. Factor 

slani , cad iabor utilization in rice produc-

tion: astudy of two Pampanga barrios for the 

crop period 1976-77 wet season and 

1976-77 dry season. 
Cyril flogahawatte.* Sri Lanka. Assessing the 

impact of rainfed uplaud rice project 

(RURP) on rice farming practices inBulacan, 

Cemmrl Luzon. 
Zulkifli Husin* Indonesia. ThQ economic 

impact of developing Scderhana (simple) 

irrigation in Indonesia, 
Burma. Economics of productionMyint Soe* 


and procurement of paddy in Burma. 


Kong Ming Yiri.* Malaysia. An economic 

factors affecting Sembilan,
analysis of the 

Peniasular Malaysia. 
Agricultural engineeng 
Arsenio Rcsurrecion.* Philippines. Design of 

metering device for rootzone granular chemi-

cal applicators. 
Ganesh Thapa. Nepal. An economic study of 

mechanized rice production in Nepal. 

Agronomy 
A.M. Fagi. Indonesia. Physiochemical soil fac-

tors affecting growth and yield of rainfed rice. 

Luis Lopez Mendez. Venezuela. Improving cul-

tural practices for increasing grain yield of 

upland rice (Thesis). 
Hia 	Myint. Burma. Application methods for 

efficient use of nitrogen fertilizer in wetland 

rice. 
J. Olofintoye. Nigeria. Effects of deep place-

ment and other fertilizer management prac-

changes in soil and plant nitrogentices on 
status and grain yield of wetland rice. 

Patricio Vargas.* Colombia. Integrated prac

tice for weed control in direct-seeded rice. 
Entomology 
M.C.S. Subasinghe. Sri Lanka. Effect of tillage 

and rice stubble on preflowering cowpea 
insect pest in Iloilo. 

Achmad Yasin. Indonesia. (1) Varietal resis-
tance studies. (2) Insecticide evaluation. (3) 
Ecology studies. 


Irrigation and water management 

A.S.M. lmdadul Islam.* Bangladesh. Irrigation 

water distribution process in spatially 
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Pro.t of Bangstratified areas of the G-
ladesh. 

Chd. Md. Amiruddin KhaF.* Bangladesb. 
Determination of irrigation system perfor

mance: water use -eficicicy and water adequ

ary studies in the D-N-D irrigation project of 

Bangladesh. 
hd. Shahid Talukder.' Bangladesh Water use 

studies for irrigated maize and mung produc

tion in Northeaster n Thailand. 
Multple cropping 
Pathic Sahu. Nepal. Effects of varietal type of 

nitrogen fertilizer management on rice crop 

intercrop. 
Thailand.Boonrawd Thongdonphum*. 


Response of mungbean and sorghum tovary

ing levels of nitrogen applied to preceding
 

rice crop.
 
Plant breeding
 
Min Hwa Lin.* Taiwan. Genetic study of the
 

relationship between the lowland rice var

ieties and the traditional upland ricevarieties.
 

Plant pathology
 
Muhartimad Machmud.* Indonesia. Variation
 

of Xanihomonas orzae and effect of mixed
 

inocutlum on lesion development.
 
Plant physioloy
 

Thailand. The importanceChalit Setabutara.* 
of nodal tillers on deepwater rice. 

Rice production training research 
Nichai Thaipanich.* Thailand. Effects of fer

rowtilizer, inoculation, plant population, 
spacing, and aprevious soybean crop on soy

bean yield and dry matter accumulation. 
Statistics 
Thein Maung.* Burma. Factors affecting time 

of nitrogen application in rice. 

RESEARCH FELLOWS 

Agricultural economics 
Md. Mukarram Hossain.* Bangladesh. 

Socioeconomic factors constraining higher 
yield from modem varieties of rice in BRRI 
pilot project. 

William James. USA. An economic analysis of 
public land settlement: the case of the Philip

pines. 
Alfian Lains. Indonesia. Regional concentra, 

tion in expansion of rice production 
Indonesia. 



A• mWy 
Nizam-uddin Ahmed.* Bangladesh. Weeds in 

cropping systems as affected by hydrology 
and weeding regime with emphasis on dry-
seeded rice. 

Amal Chatterjee.** India. Biological con-
straints to high yields in selected wetland rice 
farmers i" Camarines Sur, Philippines. 

Entomology 
Muhammad Iman.** Indonesia. Resistance to 

biotype 2 of the brown planthopper Nilapar-
vata lugens (Stal.) in rice varieties. 

Plant physiology 
Harunobe Inoue. Japan. Physiological analyses 

of the productivity of field crops. 
Soil microbiology 
Makoto Kimura. Japan. N/Ar ratio technique 

to measure N2 fixation. 
Statistics 
Kamal Rahim.* Bangladesh. A technique to 

identify constraints to high rice yields in 
farmers' field. 

POSTDOCTORAL FELLOWS 

Agricultural economics 
Masao Kikuchi. Japan. Research on the land 

tenure system in the Philippines.Agricultural engineering 

H. Takai. Japan. Physical, biological and chem-
ical characteristics of modern rice varieties 
under small-scale storage conditions. 

Agronomy 
Nguyen van Nguu. Vietnam. The effects of cul-

tural practices to increase fertilizer nitrogen
efficiency in wetland rice. 

Irrigation and water management 
Virendra Pal Singh. India. Nitrogen movement 

in water draining from irrigated riceland. 
Plant pathology 
San Won Ahn. Korea. (a) Timing of fungicide 

application to control blast epidemics. (b) 
Components affecting blast disease 
development. (c) Reaction of Japanese field 
resistant varieties and differentials to Philip-
pine isolates. 

S.A. Miah. Bangladesh. (a) Studies on effect of 
temperature on the movement of virus-free 
N. virescens on healthy TN1 plants. (b) 
Studies on the possible development of dif. 
ferent N. virescens biotypes of tungro-

susceptible (TNI) and tungro-resistant rice 
plants (IR34) and subsequent transmission 
pattern of these biotypes. (c) Effect of iutert 
ruption of feeding during inoculation feeding 
of N. viresccns on the transmission of tungro 
virus. (d) Effect of temperature and light 
intensity on the devdlopment of symptoms on 
tungro-inoculated plants. (e) Studies on the 
translocation rate of tungro virus in inocu
hlted susceptible plants. 

Plant physiology 
Jong Hoon Lee. Korea. The influence of 

environmental and nutritional conditions on 
the new variety Yushin. 

Soil chemistry 
M.S. Bajwa. India. Sodium tolerance in ice var

ieties. 
K.L. Sahrawat. India. Nitrogen transformations 

in flooded soils. 
Nico van Breemen. The Netherlands. Land

scape hydrology and chemical aspects of 
some problem soils in the Philippines and Sri 
Lanka. 

Soil microbiology 
Kuk-Ki Lee. Japan. Gas transport through rice 

plant. 
R. Siddaramappa. India. Decomposition andfate of carbofuran in rice-soil system. 

OTHERS 

Agricultural economics 
K.V.N. Weeralugolla. Sri Lanka. Trainee, 

Economics cropping systems. 
Agronomy 
Herman Van Brandt. Senegal. One-month 

training in rice fertilization. 
Entomology 
Stephen Roy Pickin. England. Evaluation of 

ULV (ultra low volume) spray on lowland 
rice. 

Experimental farm 
D. 	 Dissanayake. Sri Lanka. Management of 

farm and experimental station. 
Yusuf Pontoh. Indonesia. Farm and experimen

tal station management. 
R. Suwika. Indonesia. Farm and experimental 

station management. 
Multiple cropping 
Wayan Sabe Ardjasa. Indonesia. Evaluation of 

alternative cropping patterns tested in 
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rainfed bunded areas. 
Djadja Gozallie. Indonesia. Rice establishment 

method. 
Attachai Jintrawet. Thailand. Agronomic per-

formance and economic evaluation of upland 
crops. 


Pataranaee Jootanon. Thailand. Preparation of 

the agroclimatic classification of Thailand. 

Suwasik Karsono. Indonesia. Variety trial of 

soybcan at zero and high tillage levels after 

rainfed lowland rice. 
Md. Pandang Saleh. Indonesia. Cropping sys-


tems outreach sites training. 

The IRRI-BPI
Sarimin. Indonesia.Tairan 

cropping systems research site in rainfed and 

partially irrigated rice growing areas of Pan-

gasinan Province, Philippines. 
Malaysia. AlternativeZulkiply Mohd. Shah. 

cropping systems research site in rainfed and 

partially irrigated rice growing areas of Pan-

gasinan Province, Philippines. 
Deson Sianturi. Indonesia. A study on crop per-

formance as influenced by puddling and 

paddy hydrology. 
Indonesia. A study on

Muchiadansah Sino. 
spacing in sorghum intercropvarying row 

with peanuts.after rice. 
Varasia. Thailand. Preparation of

Chavaree 
agroclimatic classification of Thailand. 

Plant breeding 
Allidawati. Indonesia. Training in rice quality 

laboratory. 
A. K. Elemo. Nigeria. Training in general plant 

breeding techniques and procedures. 

Plant pathology 
Sunetra Eamchit. Thailand. Variation in virul-

of Xan-ence and bacteriophage typing 

thomonas oryzae. 
Plant physiology 
Kiyoko Hitsuda. Japan. Yield capacity of 16 

varieties differing in grain size. 

Kenichi Mijaji. Japan. Effect of plant types on 

conservation of moisture underupland condi-

tions. 
Soil chemistry on
V.M. Palaniappan. Malaysia. Training 

research in soil ecology and plant nutrients. 

Soil microblology
Karen Durbin. USA. N2-fixing activity of sul-

fate reducer. 
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.JAatio. techniqueMakoto Kimura. Japan. 
to measure No fixation. 

SIX-MONTH RICE PRODUCTION TRAINING 

PROGRAM
 
27 March-15 September 1978 

Md. Abdul Latif. Chief Superintendent, Bang

ladesh Agricultural Development Corpora

tion, Madhupur Farm, Tangail, Bangladesh 

Md. Abdur Rashid, Scientific Officer (Applied 

Research), Bangladesh Rice Research Insti

tute, Joydebpur, Dacca, Bangladesh 

Mohammad Mujibul Islam, Scientific Officer,
 

Soil Chemistry Division, BRRI, Joydebpur,
 

Da'ca, Bangladesh
 
Md. Anwarul Kabir, Senior Scientific Officer 

(Breeding), BRRI, Joydebpur, Dacca, Bang

ladesh 
Raihan Uddin Khan, Instructor, Staff Training
 

Institute, Bangladesh Agricultural Develop

ment Corporation, Madhupur, Tangail,
 

Bangladesh

Mohammad Mohiuddin, ThanaShahzahan 

Extension Officer, Narsinadi, Directorate of 
Dist.AgriLilture, Po. Narsinadi College, 

Dacca, Bangladesh 
Nyunt, Assistant Lecturer,Joseph Ohn 

Department of Agronomy, Institute of 

Agriculture, Yezin, Pyinmana, Burma 
SeniorBhattacharyya,Ranajit Kumar 

Agronomist, Indo-German Fertilizer Educa

tional Project, 12 B, Russel Street, Calcutta

71, West Bengal, India 
Bhuyan, Deputy Director of

Upendra Nath 
of Agriculture,Agriculture, Directorate 


Gauhati-22, Assam, India
 

Paresh Chandra Nandi, District Agronomist, 
Indo-German Fertilizer Educational Project, 

12 B, Russel Street, Calcutta-7 1, West Ben

gal, India 
Rose, Assistant Director of

Hubert Leslie 
of Agriculture,Agriculture, Directorate 


Trivandrum, Kerala, India
 
Abdul Kasar, Subject Matter Specialist, 

Department of Agriculture, Medan, North 

Sumatra, Indonesia 

Asngadi, Assistant Researcher, CRIA, Bpe-O 

Indonesia o 

Sjrafi Daradjat Pulungan, Subiect M7 



Specialist, Department of Agriculture, Ban-
dung, West Java, Indonesia 

Suparman Mangunsuwiryo, Subject Matter 
Specialist, Department of Agriculture, South 
Sulawesi, Ujung-Pandang, Indonesia 

Karya Santana, Subject Matter Specialist, 
Department of Agriculture, West Java Pro-
vince, Bandung, Indonesia 

Djaendar Simanungkalit, Subject Matter 
Specialist, Department of Agriculture, Ban-
jarbaru, South Kalimantan, Indonesia 

Ubuy Yusuf Sobandi, Subject Matter Specialist, 
Department of Agriculture, West Java, Ban-
dung, Indonesia 

Surhaman Bursri, Subject Matter Specialist,
Department of Agriculture, Palembang, 
South Sumatra, Indonesia 

Adang Wangidiredja, Subject Matter 
Specialist, Department of Agriculture,
Surabaya, East Java, Indonesia 

Thomas Edward Cole, Plant Pathologist, 
WARDA, Monrovia, Liberia 

Thein Fook Chung, Agronomist, Sabah Padi 
Board, Kota Kinabalu, Sabah, Malaysia

Rashdi Bin Khalid, Manager, FELCRA 
Seberang Perak, c/o JPT Teluk Sena, Parit, 
Perak, Malaysia 

Channa Badaruddin, Research Assistant, Rice 
Research Institute, Dokri, Pakistan 

Mohammad Ashraf Chaudhri, Extra Assistant 
Director of Agriculture, Burlwala Dist. Veh-
ari, Government of Punjab, Pakistan 

Mohammad Akram Chaudry, Extra Assistant 
Director of Agriculture, Attock, Govern-
ment of Punjab, Pakistan 

Barat Ali Choudhry, Extra Assistant Director 
of Agriculture, Agriculture Department, 
Gujrat, Pakistan 

Abdus Sattar Javed, Agronomist, Rice 
Research Institute, Kala Shah Kaku, Pakis-
tan 

Ghulam Abbas Khuhro, Estate Officer, Rice 
Research Institute, Dokri, Sind, Pakistan 

Rab Nawaz Lak, Extra Assistant, Director of 
Agriculture, Agriculture Department, 
Bahawal Nagar, Government of Punjab, 
Pakistan 

Bashir Hussain Shahani, Assistant Agronomist 
(Rice), Agriculture Department, Agricul-
tural Research Station, D.I. Khan, N.W.K.P., 

Pakistan 
Abdul Jabbar Soomro, Research Assistaat, 

Rice Research Instiute, Dokri, Pakistan 
Jesus A. Barada, Sr., Farm Management 

Technician, Bureau of Agricultural Exten
sion, Tacloban, Leyte. Philippines 

Alfredo V. Lamadrid, S:., Farm Management 
Technologist, Bureau of Agricultural Exten
sion, Legazpi City, Philippines 

Josegil L. Parrefias, Farm Management Techni
cian, Bureau ofAgricultural Extension, Iloilo 
City, Philippines 

Remedio D. Znparilla, District Supervisor, 
Bureau of Agricultural Extension, Nueva 
Ecija, Philippines 

Tilak de Silva Boralessa, Subject Matter 
Officer, District Agricultural Extension 
Office, Department of Agriculture, 
Kurunagala, Sri Lanka 

Liyana Mudiyanselaga Somawardana, Agricul
tural Instructor, District Agricultural Office, 
Department of Agriculture, Colombo, Sri 
Lanka 

SIX.MONTH MULTIPLE CROPPING TRAIN-
ING PROGRAM 
25 September 1978-16 March 1979 

Md. Abdul Ahad, Junior Research Officer, 
Bangladesh Jute Research Institute (BJRI), 
Bangladesh 

Md. Rais Uddin Akanda, Scientific Officer, 
Rice Cropping Systems Division, Bangladesh 
Rice Research Institute (BRRI), Bangladesh 

H.R.M. 	Mostafa Anwar, Assistant Director, 
ADE, Bangladesh Agricultural Develop
ment Corporation (BADC), Bangladesh 

Md. Abdul Jabber, Scientific Officer, BRRI, 
Bangladesh 

Md. A. Hossain Khan, Scientific Officer, BRRI, 
Bangladesh 

Abdur Rahman Miah, Soil Scientist, 
FAO/UNDP Soil Survey Interpretation Pro
ject, Bangladesh 

Golam Mostafa, Soil Scientist, FAO/UNDP 
Soil Survey Interpretation Project, Bang
ladesh 

Mainur 	R. Siddiqui, Scientific Officer, BRRI, 
Bangladesh 

Zaeny Dahlan, Subject Matter Specialist, 
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National Food Crops Extension Project
(NFCEP). Indonesia 

Joscq.h Handoko, Staff. Central Research Insti. 
lute for Agriculture (CRIA). Indonesia 

Sasa Johari. Technical Staff. CRIA. Indonesia 
Muzani Mirza. MatterSubject Specialist.NFCEP. Indonesia 
Rumansyah. Agroeconomist, CRIA. Indonesia 
Mauliana Sibarani. Agronomist. CRIA.

Indonesia 
Ivan Dj Alagat Simbolon. Subject Matter 

Specialist, NFCEP. Indonesia 
Wayan Sudana. Technical Staff. CRIA,

Indonesia 
Sunarsedyono, Staff. CRIA. Indonesia
Suprapto, Technical Staff, CRIA, Indonesia 
Syafrida, Subject Matter Specialist, NFCEP. 

Indonesia 
Nasintong Tambunan. Subject Matter

Specialist. NFCEP. Indonesia 
Abdul Salam Wahid, Staff, CRIA, Indonesia 
Ananto Diasto Wijoyo, Subject Matter 

Specialist, NFCEP, Indonesia
Nyoman Winarta, Subject Matter Specialist.NFCEP. Indonesia 
Seng Cheng Goh, Research Assistant, 

Malaysian Agricultural Research and 
Development Institute (MARDI), Malaysia

Mohd. Nizam bin Khamis, Research Assistant, 
MARDI, Malaysia

Ahmad bin Selamat, Research Officer, MAR-
DI, Malaysia 

A. 	K. Deo, Assistant Agricultural Develop-
ment Officer, Integrated Cereals Project,
Nepal 

Bishnu Raj Kafie, Acting Agriculture
Development Officer, Integrated Cereals 
Project, Nepal 

B. H. Sharma, Assistant Agriculture Develop-

ment Officer, Integrated Cereals Project,

Nepal 


Tito Arevalo, Regional Program Coordinator,
National Multiple Cropping Program,
NFAC, Philippines

Isagani Herrera, Supervising Soil Technologist,
Bataan, Bureau of Soils, Philippines

Domingo Simbillo, Agronomist I, Pampanga,
Bureau of Plant Industry, Philippines

Don K.W.G. Walter, Agricultural Experimen-
tal Officer, Regional Agricultural Research 
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Station, Bandarawela, Sr Lanka 
N. 	 Kanaganayagam, Erperimental Officer,

Rice Pesearch Station. Paranthan, Sri Lanka 
Samer Jullavanich, Agronomist, Kalasit,

Research and TrainingCenter, Kalasin. Thai
land 

Dcdchao Kraisorakul, Agric-iltural Technician,
Technical Division. Depariment of Agricul
ture., Thailand 

Somporn Lewchalermvongs, Agricultural
Officer, Division of Agricultural Economics. 
Department of Agriculture, Thailand

Sanong 	 'Oantharron, Agricultural Officer,
Rice Divisioi,, Department of Agriculture, 
Thailand 

Vinich Sce-.prasert, Research Assistant, Mul. 
tiple Cropping Department, Kasetsart Uni
versity, Thailand 

Prissana Vachiraddanupap, Agricultural
Officer, Rice Division, Department of 
Agriculture, Thailand 

Muhammad Badiul, Scientific Officer,
Entomology Division, Bangladesh Rice 
Research Institute (BRRI), Joydebpur, Dac
ca, Bangladesh


Enamul Haque, Scientific Officer, BRRI, Dac
ca, Bangladesh


Quazi Azizul Haque, Scientific Officer, Breed
ing Division, Bangladesh Rice Research
 
Institute, Bangladesh


Mahmuda Haroon, Scientific Officer (Physiol
ogy Division), BRRI, Dacca, Bangladesh


Md. Abul Hossain, Scientific Officer, Breeding

Division, BRRI, Dacca, Bangladesh


Abdul Majid Miah, Scientific Officer, BRRI,

Comilla Sub-Station, Bangladesh


Shamsur Rahman, Scientific Officer, BRRI,

Habiganj Sub-Station, Sylhet, Bangladesh


Pranab Kumar Saha Ray, Scientific Officer,
Breeding Division, Comilla Sub-Station, 
Comilla, Bangladesh

Francis Tien RiceLiao, Researcher and
Advisor, Empresa Maranhense de Pesquisa
Agropecuaria, Ave., Joao Pessoa, 268, Sao 
Luis, Maranhao, Brazil 

U Muang Thwin, Farm Manager, Myaungmya
Central Farm, Myaungmya, Burma 



Daty Mya Mya, Additiond, Farm Manger 
(Research), Central Farm Mandalay 
Research Stadon. Brnm 

Daw Sein Sein, Assistant Farm Manager, Cen-
tral Farm, Kyaukse, Burma 

Cheng Yu-Yin, Agronomist/Assistant Teacher. 

South China Agricultural College, China 


Lu Yung.Keng, Breeder/Lecturer, South China 

Agricultural College, China 

Wu Jung-Tsung, Entomologist. South China 
Aigricultural College, China 

Chou Liang-Kao, Plant Pathologist/Associate 
Resear:h Fellow, Kwangtung Academy of 
Agri.,.ulture, China 

Ing. Andres Ginarte Lagart, Section Resistance 
Chief, Center Rice Station, Cuba 

Ing. Jose Reire Lazo, Chief, Department of 
Chemistry, Estacion Central de Inves-
tigaciones de Arroz, Havana, Cuba 

Yogendra Prasad, Assistant Pathologist (Rice). 
Rajendra Agricultural University, Bihar, 
Pusa District Samastipur, Bihar, India 

Bikram K. Singh, Assistant Agronomist (Rice), 
Trihut College of Agriculture, Dholi, Bihar, 
India 

Ramashrit Singh, Assistant Research Officer 
(Rice Entomology), Rajendra Agricultural 
University, Bihar Pusa, India 

N. K. Mitra, Assistant Botanist (Germplasm), 
Rice Research Station, Chinsurah, Hooghly, 
West Bengal, India 

Subrato De,JuniorSoil Scientist, Rice Research 
Station, Chinsurah, Hooghly, West Bengal, 
India 

D. 	 Sarkar, Assistant Entomologist, Rice 
Research Station, Chinsurah, Hooghly, West 
Bengal, India 

Anima Pal, Assistant Plant Pathologist, Rice 
Research Station, Chinsurah, Hooghly, West 
Bengal, India 

Wafiah Salman Akib, Staff, Entomology 
Department, LPPM, Maros, Ujung Pandang, 
South Sulawesi, Indonesia 

Subardho Ardjosentono, Researcher, 
Agronomy Department, Central Research 
Institute for Agriculture (CRIA), Bogor, 
Indonesia 

Iwin 	Hadisyahban, Research Assistant, Plant 
Breeding Department, CRIA, Bogor, 
Indonesia 

Arifin Kartohardjono, Assistant Entomologist, 
Entomology Department, CRIA, Bogor, 
Indonesia 

Ea Anwar Kosman, Siaff, Agronomy Depart. 
meat, CRIA, Bogor, Indonesia 

Christine J. S. Momuat, Staff. Soils Depart
ment, LPPM, Maros, Ujung Pandang. 
Indonesia 

Zainuddin A. Simenullang, Staff, Plant Breed
ing Department, CRIA, Bogor, Indonesia 

S'imarmo, Physiology Department. CRIA. 
Bogor. Indonesia 

Wasmo Wakman. Assistant Plant Pathologist. 
Maros Research Institute for Agriculture. 
LPPM, Ujung Pandang, Indonesia 

Mohammad Bin Osman, Research Officer 
(Rice Breeding Secti 6 n), MARDI, Kedah, 
Malaysia 

Zulkiply bin Mohd Shah, Research Officer, 
MARDI, Jasin, Melaka, Malaysia 

Benito Gamiao, Agronomist 1, Maligaya Rice 
Research and Training Center, Mufioz, 
Nueva Ecija, Philippines 

Gnanambikai Jeyandran, Research .Officer, 
Regional Agricultural Research Station, 
Bandarawela, Sri Lanka 

Sangarapillai Ponnuthurai, Research Officer, 
Paddy Station, Paranthan, Sri Lanka 

R. M.T. Rajapakse, Research Officer, Central 
Rice Breeding Station, Batalagoda, Sri 
Lanka 

M. D. R. Geetha Gunashalinee Saparamadu, 
Agricultural Instructor, Agricultural 
Research Station, Maha-llluppallama, Sri 
Lanka 

Dalmie Lalantha Wickremasingha, Research 
Officer, Rice Research Station, Bombuwela, 
Sri Lanka 

Amphon Assawasophonkul, Second Grade 
Officer, Rice Division, Department of 
Agriculture, Bangkhen, Bangkok 9,Thailand 

Kalaya Kupkanchanakul, First Grade Officer, 
Rice Division, Department of Agriculture, 
Bangkhen, Bangkok 9,Thailand 

Manat Potisurintara, Agriculturist, Sakolnakon 
Rice Experiment Station, Sakolnakon Pro
vince, Thailand 

Apichat Thaotao, Plant Breeder, Rice Division, 
Department of Agriculture, Bangkok, Thai
land 

ASSOCIATED FORMAL TRAINING 441 



MECHANIZATION CONSEQUENCES TRAIN. 
ING PROGRAM 
31 July-29 September 1978 
Daclan Patong, Lecturer, Faculty of Agncul. 

tural Sciences, Hasanuddin University, 
Ujung, Pandang, Indonesia 

Josuf Saefudin, Rural Dynamics Study (Staff), 
(Agro Economic Survey), JI. Taman Malabar 
7, Bogor, Indonesia 

Masdjidin Siregar, Staff, Rural Dynamics 
Study, (Agro Economic Survey), Ji. Taman 
Malabar 7, Bogor, Indonesia 

Maamun Yusuf, Acting Head, Socio-Economic 
Department, Maros Research Institute for 
Agriculture, Complex LPPM, Jalan Perta-
nian, Maros, Indonesia 

Bhanupongse Nidhiprabha, Lecturer, Faculty 
of Economics, 298 Soi Prasawad, Banglum-
poo, Bangkok, Thailand 

Lavan Niyombit, Chief Survey Project, Statis-
tics Section, Planning Division, Department 
of Agriculture, Ministry of Agriculture and 
Cooperatives, Bangkok, Thailand 

Arturo Maligaya, Agricultural Project Analyst, 
Central Bank of the Philippines, A. Mabini, 
Manila 

Mininda Ocampo, Agricultural Credit Super-
visor, Central Bank of the Philippines, A. 
Mabini, Manila 

IRRIGATION AND WATER MANAGEMENT 
TRAINING COURSE 
4 September-7 October 1978 

D. K. Paul, Irrigation Rescarch Engineer, Cen-
tral Rice Research Institute, Cuttack 753 
006, India 

B.I.E. Basono, Assistant Operation and 
Maintenance, South Kedu Multipurpose Pro. 
ject Resources Development (DGWRD) 
Jalan Pattimura No. 20, Kebayoran Baru, 
Indonesia 

Daud Berahmana, National Food Extension 
Project, Directorate General of Food Crops 
Agriculture (DGFCA), Selatan, Indonesia 

Koewat 	Endik Hawanto, Staff, East Java Pro-
vincial Public Works Service, DGWRD, 
Indonesia 

Md. Badawi Lambong, National Food Crop 
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Extewsion Project, DORIA, Indonesia 
Masduki Mangkudisatra, Nationa! Food Crop 

Extension Project, DGFCA, Iadonesia 
M. Napitupulu, Staff, Directorate of Irrigationof Jatiluhur Project, DGWRD, I-donesia
M.S. Dudirdjo Sardiono, Dtputy 0 and M Sub 

IDA Project Cirebon, DGWRD, Indonesia 
Abdul Rahman bin Daud, Research Officer, 

Sistem Tanama MARDj, KualaTrengganu, 
Malhysia 

Leodegario de la Cruz, Assistant Agricultural 
Engineer, National Irrigation Administra
tion, Mufioz, Nueva Eciia, Philippines 

Alfredo Pereyras, Zone Engineer, UPRIIS-
NIA District II, Talavera, Nueva Ecija, 
Philippines 

Teofilo Samatra, Hydrologist, UPRIIS-NIA, 
Cabanatuan City, Philippines 

Rodolfo Solis, Engineer Trainee, NIA-OSP, 
Mufioz, Nueva Ecija, Philippines 

Henry 	 Gamage, Agricultural Officer (Wtr. 
Mgt.), In-Service Training Institute, Maha 
Illuppallama, Sri Lanka 

K. 	Shanmuganathan, Chief Engineer (Irriga
tion Department), Northern Region, Sri 
Lanka 

Mongkol Chotisasitom, 5th Grade Ei, 'neer, 
Royal Irrigation Department (RID), Bang
kok, Thailand 

Charusak Champasri, Irrigation Engineer, 

RID, Thailand 
Prasert Kanoksing, Irrigation Engineer, RID, 

Thailand 
Pit Prumpalad, Irrigation Technician 2, RID, 

Thailand 
Chuch Sarikabhuti, Project Engineer, RID, 

Thailand 
Panumat Sudchookait. Irrigation Engineer 3, 

RID, Thailand. 

TWO-WEEK AGRICULTURAL ENGINEER. 
ING TRAINING COURSE (1978) 

Mirza Meshbahuddin, Production Manager, 
Essential Products, Ltd., Dacca, Bangladesh 

U Aung Khin, Agricultural Mechanization 
Department, Ministry of Agriculture and 
Forest, Rangoon, Burma 

Alejandro Reyes, Asistencia Tecnica ala Indus
tria, Apartado Aereo 8053, Call, Colombia 



Evelio Cabrera. inituto Superior de Agricul-
tura. Apavtado 166. Santiago. Dominican 
Republic 

Surendra Nath Ohagi, A.38/11, Kailash Colony, 
New Delhi 110 048, India 

Manohar Dhonddeo Jambhckar, Audyogik 
Tantra Shikshan Sanstha, C-1l MIDC Chikc-
wad Pune 411 019, Maharashtra. India 

C. L. Mahadevan, Greaves Cotton and Co. 
Ltd., 1 Forbes Street, P.B. No. 91, Bombay-
I, India 

P. 	 A. Menon, Managing Director, Agro 
Engineering Products (Delhi) Pvt. Ltd., 
New Delhi, India 

Hudson Peter, Assistant Engineer, Kerala Agro 
Machinery Corp., Ltd., Kerala 

C.V.V 	 Satyanarayanamurthy, Service Engi-
neer, The National Engineering Co. (Mad-
ras) Pvt. Ltd., Madras, India 

Kusen, Lecturer, Agricultural Engineering 
Department, Institut Pertanian Bogor (IPB), 
Bogor, Indonesia 

Sjafriddin, Lecturer, Faculty of Agriculture, 
Andalas University, Air Tawar Padang, 
Indonesia 

Hashim bin Halid, United Bando Sdn. Bhd., 37 
Mezzanine Floor, Kuala Lumpur Hilton, 
Kuala Lumpur, Malaysia 

Vijendra Singh, Balaju Yantra Shala (P.) Ltd., 

Post Box 209. Dalaju, Kathmwdu. Nepal 
Mirza Mohammad Amin. 163-B, Model Town. 

Gujanwala, Pakistan 
lftekhar Ahmad Aziz, Senior Execuive (Pro 

duction), The Climax Engineering Co.. Ltd.. 
Gujranwala. Pakistan 

Asghar Ali Ghazi, Ghazi Industries Ltd.. G. T. 
Road, Mian Channu, Pakistan 

Naveed Saeed Khan, Managing Partner, M/S 
Engineering Services, Peshawar, Pakistan 

Miguel Gutay, Assistant Industrial Arts Super
visor, PRRM. Nieves, San Leonardo, Nueva 
Ecija, Philippines 

Gustavo A. Neri, Muller and Phipps Industrial 
Corporation, Cor. Pioneer and Reliance 
Streets, Mandaluyong, Metro Manila, ?hilip
pines 

John N. Coatman, Assistant Director, Eastern
 
Technical Institute, Batticaloa, Sri Lanka
 

Balendra Subramanian, Radha Machine Corn
pany, 95 Hospital Road, Jaffna, Sri Lanka 

Anan Balnalang, Technician, Kasetsart Univer
sity, Bangkok, Thailand 

Sayan Kavsaad, Agricultural Engineering Divi
sion, Ministry of Agriculture and Coopera
tives, Bangkhen, Bangkok 9, Thailand 

Montree Sakhonbanchoed, Limcheenseng Fac
tory, Nakornsawan, Thailand 
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International activities
 
COOPERATiVE COUNTRY PROJECTS 

IR international activity is the mechanism 
through which sipificant contribution to the 
efforts of different countries to produce more 
rice is ensured. A summary of the research in 
which IRRI scientists based in six countries par-
ticipated follows. 

Ddluh. Six IRI scientists assigned to 
the Bangladesh Rice Research Institute 
(BRRI) work in dose cooperation wifh BRRI 
researchers. 

* BRRI released two new varieties: BR8, 
from progeny line BR167-28-9 from the cross 
of 1R272-4-1-2/31 and IR305-3-17-1-3, and 
BR9, from progeny line BR169-1-1 from the 
cross of IR272-4-1-2/31 and IR8. Both BR8 
and BR9 are recommended for boro and trans-
planted aus. Of 417 other promising lines under 
evaluation, 227 are for aus, 150 for amran, and 
40 for deep water. In 1978, 550 additional cros-
ses were made but disease destroyed many lines 
in the F2 nursery. 

* After the observation that ammonium sul-
fate gave better yield than urea, it was found 
that the soils on the BRRI research farm were 
deficient in sulfur. Initial tests in farmers' fields 
indicated a similar deficiency. A workshop at 
BRRI on 18 December developed plans for a 
systematic evaluation of the sulfur status in far-
mers' fields. 

* BRRI cropping systems research gained 
acceptance and recognition from agricultural 
policy makers, extension agencies, and agricul-
tural development groups. Farmers have 
become interested in techniques for increasing 
cropping intensity and crop yields. 

* Feasible practices for establishing deepwa-
ter rice in lower elevations subject to summer 
flooding were identified. 

* Means for sharply reducing the turnaround 
time between aus and boro crops were success-
fully tested. 

* A local manufacturer announce, intent to 
construct 1,200 two-wheel tractors of IRRI 
design. The IRRI portable thresher was 
evaluated and appears adaptable at some loca-
tions. 
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* During 1978 three PhD and four MSscho
lars completed training and returned to BRRI. 
Five Ph D and 12 MS scholarscontinued studies 
abroad. 

Indonesia. Eleven IRRI scientists are 
assigned to work with the Central Research 
Institute for Agriculture (CRIA). Four scien
tists were at Bogor (rice breeder, cropping sys
tems agronomist, economist, and liaison scien
tist); three at Maros (cropping systems 
agronomist, pathologist, and soils scientist); 
three at Sukamandi (entomologist, agricultural 
engineer, and pathologist); and one (agricul
tural engineer) at Pasarminggu. 

* Cooperative activities in GEU, agronomy, 
entomology, pathology, soils, economics, and 
rice-based cropping systems were continued. A 
new project on the consequences of mechaniza
tion was initiated. Active involvement in the 
IRRI-coordinated international research net
work on cropping systems, International Rice 
Agro-Economic Network (IRAEN), Interna
tional Rice Testing Program (IRTP), and Inter
national Network on Fertilizer Efficiency in 
Rice (INFER) continued. 

* The Indonesian GEU program continued 
to provide new technology for the improvement 
of rice production. One of the most significant 
contributions was the release of four new rice 
varieties resistant to BPH biotype 1: IR2071
621-2-3, Brantas (from B1014-Pn-18-1-4), 
Citarum (from B2540-Pn-2-Mr-4), and Serayu 
(from B2360-6-7-1-4). Much of the germplasm 
involved in these varieties was initially provided 
through the International Rice Testing Program 
(IRTP). 

* A gall midge-resistant line selected from 
the cross IR4744 performed well as a wetland 
irrigated crop and as a dry-seeded rainfed crop 
and may be released as a wetland variety. The 
cold-tolerant line IR2307-247-2-2-3 is resistant 
to BPH biotypes 1 and 2 and is beingconsidered 
for use in high-elevation areas. 

* A surveillance and monitoring program of 
BPH biotypes throughout Indonesia was 
developed by CRIA's Plant Protection Divi
sion. Screening for different BPH biotypes 
throughout the country was a major accom. 



plishinent nodmade it possible to determine the 
best varieties to plant in anticipated BPH hoi 
spots. 

* Significant progress indeveloping the large 
experimental center at Sukamandi was made by 
the farm development engineer and his col-
leagues. About 80 ha were leveled; 15 km of 
drains, 15 km of roads, and 1kin of irrigation 
canals were either improved or constructed. 

e The fifth lowland rice crop o, a long-term 
fertilizer trial at the Lanrang substation in 
South Sulawesi indicated that phosphorus was 
starting to become a limiting factor. A similar 
study at the Maros station indicated that by the 
third and fourth crops nitrogen was a limiting 
element. Sulfur studies in wetland rice con-
tinued in South Sulawesi, with more areas show-
ing deficiency in that element. Multilocation tri-
als are being used to pinpoint the deficient 
areas. 

Malaysia. The Malaysian Agricultural Re-
search and Development Institute (MARDI) 
has responsibility for rice research throughout 
peninsular Malaysia. It is actively involved in 
international research networks such as IRTP, 
INFER, and cropping systems. 

Pakistan. Two IRRI scientists are assigned 
in Pakistan: an agricultural engineer and a pro-
duction specialist. Important variables influenc-
ing rice yields were tested in 140 applied 
research trials in the rice-growing districts of 
Punjab and Sind provinces. Results indicated 
that incorporating nitrogen into dry soil before 
flooding resulted in a yield increase of about 1 
t/ha over the current practice of applying nit-
rogen to paddy water. 

0 Plant population constitutes one of the 
major problems influencing Pakistan's .rice 
yields. Farmers plant about 50% of the recom-
mended population for IR6 and other medium-
to high-tillering varieties. One solution to the 
problem is diiect seeding. Studies showed that 
yields higher than 6 t/ha resulted from broad-
casting 70 kg pregerminated seeds/ha on well-
prepared, puddled, heavy clay soil with good 
water control. 

e Testing, adaptation, and development of 
the two axial-flow threshers- a standard and a 
mini -- continued to receive major attention. 
The two threshers were extensively tested and 
modifications were incorporated to improve 

their performance with wheat and rice. The 
minithresher was also tested for soybean and 
safflower. Several manufacturers who produced 
prototype units of the IRRI thresh-,- were 
assisted intesting and improving the machines. 

Philipplnes. The success of the Masagarn,a99 
national rice production program, which began 
inMay 1973, was highlighted in 1978 when the 
Philippines exported about 90,000 t of rice, in 
addition to maintaining its 3-month buffer 
stock. An IRRI rice production spKcialist con
tinued technical collaboration with Masagana 
99 agencies. 

e The use of zinc oxide and zinc sulfate was 
emphasized during 1978; about 42,000 ha of 
irrigated rice lands were treated with zinc, 
which increased yields by about 0.6 t/ha. 

To determine if an extra rice crop per year 
could be obtained, extension workers in Nueva 
Ecija province established 60 farm trials to har
vest IR36 in 75 days by use of 40-day-old seed
lings. The average yield of 57 trials harvested 
was 3.9 t/ha. 

Sri Lanka. A production specialist, a plant 
breeder, and a cropping systems agronomist 
from IRRI worked with scientists of Sri Lanka's 
Department of Agriculture. The work plan for 
the rice varietal improvement program was 
completed with a GEU-type program as the 
"zntral theme. 

e Rice varieties with BPH resistance were 
yield-tested at Batalagoda; the sources of BPH 
resistance were PTB33, Suduru Samba, Sudu 
Heenati, and ARC6650. 

* A severe gall midge infestation at Bom
buwela emphasized the need for gall midge 
resistance; the sources utilized were OB677, 
OB678, PTB18, PTB21, MR1523, Meuy 
Nawng 62, Kulawati, IR36, Siam 29, and 
W1263. 

* Screening for resistance to blast, bacterial 
blight, and sheath blight continued. 

* Screening for tolerance for phosphorus 
deficiency and iron toxicity continued. The var
ieties used in the breeding program for toler
ance for iron toxicity were IR1702, BG400-1, 
BG90-2, Mahsuri, PTB33, BW100, and 
IR2863-38-1. 

* In studies on submergence tolerance, 
Koramana, Molligada, Sula, Niwdusamba, 
Mudali Wee, Sannayam, 75-L-16, BW85, 
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BU405-2, and BG380-2 pcriormed best. 
o Major emphnis was placed on grain qual-

ity in the breeding puogram. Milling tests, pro-
tein percentage, amylose, grain shape, and eat-
ingqualily were determined for the 25 varieties 
entered in the coordinated full variety trial, 

* Many ealy generation selections were 
selccted at IRRI and grown in Sri Lanka. Most 
of the IRTP nurseiies were likewise grown. 
KN361-1-8.6 was selected from the 1977 
IRON and tested as a possible replacement for 
62-355, a rainfed variety. 

* In 1978 the cropping systems program 
researchers moved from Maha-Illuppallama to 
their final locations to initiate their own prog-
rams. Five cropping systems centers were added 
to the original two started in 1976. The program 
now includes seven research sites. 

1. Walamgambahuwa, a small tank program 
in the northern dry zone; 

2. 	Katupota, a rainfed area in the inter-
mediate zone; 

3. Mahaweli, a fully irrigated area surround- 
ing Maha-Illuppallama; 

4. 	Paranthan,a rainfed paddy area along the 
northern fringe of the mainland; 

5. 	Bandarawela,an intensive upcountry area 
in which paddy is grown in sequence with 
vegetables, the most important of which is 
potato; 

6. 	Angunakolapallesa, a major irrigation 
scheme in the dry zone; 

7. 	Manuar,a minor effort in an isolated but 
important production area on the north- 
ern coast. 

0 A Resource CapabilitySurvey, designed to 
develop a well-defined understanding of the dif-
ferent rice land units in Sri Lanka, made excel-
lent progress. Field studies on the demarcation 
and characterization of the land system were 
completed for the Kandy district. Significant 
progress was made on the field studies in Kalu-
rara, Kurunegala, and Matale districts. Work 
was initiated for the Colombo, Kegalla, and 
Badulla districts, 

Thailand. Two IRRI scientists are assigned 
in Thailand. 

0 About 100 F2 populations designed for the 
rainfed wetland regions of Asia were distri-
buted to six rice stctions in northeast Thailand 
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for selection. Thai Acibreeders were joined by 
an IRRI scientist who assisted in the seLkction 
pnixiess at flowering time. 

$IThe Thai-IRRI cooperative decpwater 
rice program made stlisfactory progress 
although unusual flooding caused serious dam
age at the Huntra station. There is a good possi
bility that two experimental deep water-tolerant 
semidwarf lines w.1 be released to farmers in 
1979. Thailand hosted an international group of 
scientists in Augizst in connection with the 
deepwater rice monitoring tour and planning 
workshop. 

9 	 Improved methodology and identification 
of the variety FR13A from India boosted work 
in submergence and drcught tolerance. FR13A 
is outstanding for both drought and submerged 
conditions. 

0 	A new collaborative project initiated in 
July 1978 studies the consequences of farm 
mechanization. ItisajointeffortofthePlanning 
Division of the Department of Agriculture, 
Thammasat University Agricultural Engineer
ing Division, and IRRI. 
CONFERENCES 

Ten international conferences, workshops, or 
symposia were sponsored or cosponsored dur
ing 1978. Their primary objectives were 
exchange of information and development of 
plans for collaborative research. 

Workshop on the International cooperative 
project on national rice programs, 14-16 
March. Twenty-five scientists from five coun
tries reviewed work on the international 
cooperative project on national rice programs 
in Indonesia, Philippines, and Thailand. They 
discussed the structure of rice supply and 
demand and assessed the priority issues for pol
icy research in each country. 

International Rice Testing Program advisory 
group meeting, 21 April. The advisory group 
reviewed IRTP accomplishments for 1977 and 
developed plans for 1978. Eighteen advisers 
attended the meeting. 

International rice research conference, 18-22 
April. The 1978 rice research conference 
focused on rainfed wetland rice. In addition the 
collaborating scientists discussed and agreed 
upon plans for IRTP, INFER research, and 



GEU collaborative projects. The corifre,,ce 
wu attended by 124 scientists from 28 coun-
tries. 

C, orm-m em farm-evel rice yeld cow 
trlms, 2&.26 April. Sixty-two participants 

from I 1 countaies reviewed the findinp of a 
3-year research project on the constraints to 
high yields in farmers' fields in Asia. 

Depwater rice wksli*, 07-19 August. The 
deepwater rice workshop was held in Calcutta, 
India, in cooperation with the Indian Council 
for Agricultural Research and the Government 
of West Bengal. Seventy-nine scientists from 
eight countries agreed upon an organized 
cooperative effort for improving rice yields in 
areas with deep and medium-deep water. 

Workshop on the consequences of small rice-
farm mechanization in Asia, 11-13 September. 
The farm-mechanization workshop reviewed 
and finalized work plans, budget, and corn-
munication procedures for the implementation 
of a project on the consequences of small rice-
farm mechanization in Asia. Among the 27 par-
ticipants from five countries were scientists 
from Indonesia and Thailand who will be 
actively involved in the project. 

Rice cold tolerance workshop, 18 September. 
Scientists discussed the problems of rice grown 

in low-temperature areas in the workshop he1 
at Surcon, Korea, in ovoptrction with the 
Office of Ru'al Development. Collaborative 
projects to find rolutions lo the problems were 
developed. Forty-nine scientists from nine 
countries participated. 

Nitrogen and rice sympium, 1.9.21 Sep
tember. Ninety-three scientists fro,, 23 coun. 
tries participated in the syrm'rsium to review 
and evaluate current nitrogen-fixing systems in 
rice culture, to identify research needs and 
opportunities, and to develop plans for intema
tional cooperation through a global research 
network. 

Cropping systems working group me.ting, 2-5 
October. The cropping systeins workig group 
reviewed progress in the different national 
programs and discussed increased collaboration 
in the cropping systems research network. 

Workshop on chemical aspects of grain qual-
Ity, 23-25 October. The workshop reviewed the 
state of knowledge on the chemical basis of rice 
grain quality in rice breeding programs, 
obtained a consensus on priority problem areas 
on methodology of grain quality evaluation, and 
discussed areas of possible cooperative studies. 
Twenty-nine scientists from 11 countries par
ticipated. 
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Information resources, experimental 
form, and service laboratories 
LIBRARY AND DOCUMENTATION CENTER 

iblogruples. The 1977 Supplement to the 
InternationalBibliographyofRice Reseach was 
published in 1978. Itcontains 5,238 references 
to scientific rice literature, most of which 
appeared in 1977 journals. An additional 26 
serial titles were scanned and searched in the 
compilation. Coverage is worldwide and the 
items of reference are classified according to 
subject matter. As with previous supplements, 
an author index and a manually produced 
keyword index are provided. The supplement 
includes literature written in 24 languages. A 
list of 18 rice literature translations, mostly 
from Japanese to English, is included. 

The year 1978 saw the publication of Sup-
plement 1976 to the InternationalBibliography 
on Cropping Systems, which embraces 
worldwide published and unpublished 1976 
technical works dealing with all aspects ofcrop-
ping systems involving food crops. The entries 
are classified according to subject, and within 
each subject category items are arranged 
alphabetically. An author index and a manually 
produced keyword index are provided, 

Supplement 1978 to Theses andDissertations 
on Rice Available in the Libraryof the Interna-
tionalRice Research Institutewas produced dur-
ing the year. The listing gives 97 titles of theses 
and dissertations, bringing the overall collection 
to 783. 

The monthly LibraryList ofAcquisitions was 
circulated to a wider audience. 

The bibliography v-pplements are sent to 
agriculture libraries and documentation centers 
of the rice-producing regions for the use of rice 
research workers and those responsible for dis-
seminating information on the crop. Essen;ially 
all citations inchded are available in the library, 

Reference and circulation. Numerous 
requests for information and photocopying ser-
vices were reccived during the year. As in pre-
vious years, requests for Japanese literature on 
genetics and breeding outranked requests for 

literature on all othcr aspects of rice culture. 
Requests for photocopies of literature on water 
management rrdirrigation were also received. 
Assistance in library organization and man
agement and in the selection and acquisition of 
agricultural matcrials was aOso given. Requests 
for short specific-subject bibliographies 
increased. They came mostly from Bangladesh, 
India, Thailand, Indonesia, and Malaysia. 

The number of books and journals and other 
library materials borrowed within the Institute 
during the year increased sharply. 

Libraryholdings. With the addition of 2,641 
monographs (books, pamphlets, and reprints), 
the overall monographic collection totaled 
48,680. One hundred sixty-three serial tit'es 
were added during the year. They were receivtd 
mostly through subscriptions and exchanges, 
but some were gifts and donations. Maps, trans
lations, and microfilms were also added to the 
collection. 

Other library activities. To keep the scientists 
informed of the latest publications on rice, rout
ing of tables of contents of newly received jour
nals was continued within the Institute and was 
extended to the Bangladesh Rice Research 
Institute; the Lembaga Penelitian Maros in 
Indonesia; the Central Research Institute for 
Agriculture, Sukamandi Branch, Indonesia; 
IRRI Sri Lanka; and the West Africa Rice 
Development Association in Liberia. 

The library continued to purchase books and 
distribute them to Institute research scholars 
and trainees. 

IRRI Tokyo office. The main activities of the 
Tokyo office were services for the IRRI Library 
and Documentation Center. Rice literature 
published in Japan was searched, selected, and 
indexed, and 1,387 items from 304 publications 
were sent to IRRI with English translation of 
titles. In addition, 400 items on multiple crop
ping were indexed. Number of items indexed 
during the year was 41% more than that in 
1977. 
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(FFICE OF INFORMA ION SERVICES 

!be Office of Information Service, distrib-
utcs scientific publication, and educational and 
training materials to a worldwide audience of 
rice researchers, extension specialists, and [pl-
icy makers. Ninety percent of the publications 
go to addressecs in developing nations; 80% of 
the addresses are in- A!,ia. 

Series publications. The IRRI Reporter, a 
quarterly newsletter describing IRRI's 
activities and achievements, was distributed to 
more than 11.000 rice scientists, extension 
workers. and other rice workers. 

The Internatiomal Rice Research Newsletter, a 
bimonthly report of research (in rice and rice-
based cropping systems. went to more than 
8.000 readers. 

Eleven issues of the IRRI R'search Paper 
Serie. were published ai-d distributed globally 
in 1978: 

IRPS #12-Scientific communic,'ioI among 
rice breeders in 10 Asian nations 

IRPS # 13-Rice brecders in Asia: a 10
country survey of their background,;. a(titudes. 
and use of genetic materials 

IRPS # 14-Drought and rice improvement 
in perspective 

IRPS #15--Risk and uncertainty as factors in 
crop improvement research 

IRPS # 16-Rice ragged stunt disease in the 
Philippines 

IRPS # 17-Residues of carbofuran applied 
as a systemic insecticide in irrigated wetland 
rice: implication for insect control 

IRPS# 18-Diffusion and adoption of gene-
tic materials among rice breeding programs in 
Asia 

IRPS# 19-Methods of screening rices for 
varietal resistance to Cercospora leaf spot 

IRPS#20-Tropical climate and its influence 
on rice 

IRPS #21-Sulfur nutrition of wetland rice 
IRPS#22-Land preparation and crop estab-

lishynent for rainfed lowland rice 
Major -',blications. Major publications 

released in 1978 were: 
" Annual Report for 1977 
" Research Highlights for 1977 
* 	Rice: Soil, Water, Land 

Soils and Rice
 
: Anatomy of a Pea.sant Econonly
 
* A Handbook on the Methidology for an 

Integratcd Experiment.Survey on Rice Yield 
Constraints 

0 Economic Consequences of the New Rice 
Technology 

* Proceedings of the Workshop on the 
Genetic Conservation of Rice 

e Interpretive Analysis of Selected Papers 
from Changes in Rice Farming in Selected 
Areas of Asia 

* Proceedings of the International Agricul
tural Machinery Workshop
 

* Irrigation Policy and Management in 
Southeast Asia 

e Rice Research and Production in China: 
an IRRI team's view 

Research and training support. A project to 
prepare a series of slide-cassette tape self
instructional units for the Office of Rice Produc
tion, Training, and Research continued. 
Eighteen sets were'completed. 

EXPERIMENTAL FARM 

The Experimental Farm Department continued 
to support the research departments by supply
ing all labor for land preparation, planting, 
weed and insect control, harvesting, and drying. 
During the year, 172 ha was prepared and 
planted for 14 research departments in the low
land area. In the upland area, 152 ha was pre
pared for planting by 7 research departments. 

A total of 15.7 I., for seed multiplication was 
plantedin 1978.'The wet-season crop was on 12 
ha, 10.7 ha of which was outside IRRI.The lines 
or selections multiplied were IR2058-78-1-3
23 on 3.5 ha, IR4432-52-6-4 on 2ha, IR4570
83-3-3 on 2.4 l', IR36 on 2.4 ha, and IR841 on 
1.3 ha. The dry-season crop, planted mainly at 
IRRI, consisted of C22, C168, and 1R841 on 
3.7 	ha. 

Fertilizer consumption ior 1978 was 143.2 t, 
a slight increase over 1977's 140.9 t. 

Expenditures were US$65,157.11 for insec
ticides and stickers, $14,442.93 for herbicides, 
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uad 597,671.60 fx contrct labor. 
An lnomue 4 U1412,217.6 was tIa 

flom the sWe o farm p.oducts as rice seed, 
milled and unmlli1 rice , corn, cowpea, sweet 
pctato, and rice ban. 

Other accomplishments of the Department 
follow: 

" Relocation of the main irrigation canal that 
passes through the lowland area was com-
pleted and the old canal was filled and con-
verted into research plots. All plantable 

plots were assigned to research depart-
ments and planted during the wet season. 

" 	Development of the rainfed area (series 
900) was completed for planting by the 

Agronomy Deparment. Block H of the old 
lowland rice farm planted to dryland rice 
was converted into a wetland rice field. 
Block 3004 of the new dryland area and a 

portion of Block 3021 were leveled in pre-
paration for planting. 

• 	 To minimize dry-season water shortages, a 
large reservoir was connected to four small-

er reservoirs so that water could be drawn 
from the bigger reservoir during time of 

shortage. Measures to prevent misuse and 
waste of water, such as installing locks in 
the reservoir outlets and barbed wire fence 
around reservoirs in the new wetland and 
dryland axeas, were taken. Provisions were 
made for power sprayers to get water 
directly from the deep wells. 

0MarmlumnDrainage outlets were constructed around 

the farm building in the new area to pre-
vent flooding during heavy rains. 

" 	Rat control activities were undertaken dur-
ing the year. Electric fences were installed, 
and baits and traps were used. Rats killed 
in 1978 numbered 17,387. 

" 

ANALYTICAL SERVICE LABORATORY AND 
PESTICIDE RESIDUE LABORATORY 
Analyteal Sarvice Ltbcratory. The number of 
samples received by the Analytical Service 

Laboratory (ASL) doubled in its second year of 
operation (Table 1). The number excludes the 
germplasm bank samples analyzed in coopera-
tion with the Chemistry Department in 1977. 
The head of the T.3pical Soils Analysis Unit, 
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Land Resources Division, Ministry of Overseas 
Development, Reading, England, spent 3 
weeks late this year reviewing the operations of 

recmmendatkifh forthe laboratory.. His&W uow iefficw riam iuzinS 
sary requests for analysisar timely ba=wuc the 
A&L is approaching its peak capacity. 

Pe kde Residue Labonawy. The Pesticide 
Residue Laboratory (PRL) strengthened its 
staff capability. Only the person in chugo 
remains to'be hired. The major pesticides 
analyzed were carbofuran and Orthene (Table 
2). Plans are under way to transfer and consoli

date the site of the PRL within the F. F. Hill 
Laboratory and to have a pesticide chemist con
sultant from the Tropical Products Institute, 
London, England, for 3 months. 
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Publications and seminars
 
PUBLICATIONS 

Agikuk ,ONImks 
Barker. R. 1978. Yield and fertilizer input. Pages 35-66 in 

Rice Research Institute. InterpretiveInternational 
ana!;ys of selected papers from changes in rice farming 

areas of Asia. Los Bairos. Pnilippincs.in selected 
biarkcr. R.. and R. W. Herdl. 1978. Equity implication of 

technology change%. Pages 83- 108 in International Rice 

P..carch Institutc. Interpretive analysis ofselected pap. 
ers from change%in rice farming in selected areas of Asia. 

Lo%Bahos. Philippines. 
Barker, R.. and V.Cordova. 1978. Labor utilization in rice 

113-13t in International Riceproduction. Pagc, 
Research Institute. Economic consequences of the new 

rice technology. Los Baftos. Philippines. 
Barker. R.. E. Bennagen. and Y. Hayami. 1978. New rice 

t,:hnolog. and policy alternative, for food self, 

sufficiency. Pages 337-361I in International Rice 

Research Institute. Economic consequences of the ncw 

rice technology. Los Bafios. Philippines. 
Dasid. C. C.. and R. Barker. 1978. Modern rice varieties 

and fertilizer consumption. Pages 175-211 in Inter-

national Rice Research Institute. Economic con!,equ-

enece of the ncw rice technology. L-osBafio,. Philippines. 


)e Dalta. S.K.. K.A. Gomez. R.W.Herdt. and R.Barker. 

1978. A handbok on the methodology for an integrated 


on rice yield constraints. Interna-
experiment-sur'cy 
lional Rice Research Institute. Los Bafios. Philippines. 

Dozina. G..Jr.. M.Kikuchi. andY. Havami. 1978. Mobiliz-

ing local resources for irrigation development: a coRnI-

munal s,stem in Central Luzon. Philippines. Pages 

135-142in International Rice Research Institute, Irrig. 

ation policy and management in Southeast Asia. Los 

Bafios. Philippines. 
Escnson. R. E.. J. C. O'Toolc. R. W. Herdt. W. R. Coff-


Kauffman. 978. Risk and uncertainty as
man. and H. E.. 

factor%in crop improvement research. IRRI Res. Pap. 


Ser. 15. 11)p. 

J.C. 1978. Focusing farming systems research onFlinn. 


smallholder agriculture: experiences from West Africa. 


Dc. Stud. Cent. Monogr. II. The Australian National 


University. 20 p. 
Flores. P.. R. E.Evenson. and Y. Hayami. 1978. Social 

returns to rice research in the Philippines: domestic 
benefits and foreign spillover. Econ. Dcv. Cultural 
Change 26(3):591-607. 

Hafid. A.. and Y. Hayami. 1978. Mobilizing local resources 

for irrigation development: the subsidi desa ofcase 
Indonesia. Pages 123-133 in International Rice 

Research Institute. Irrigation policy and management in 

Southeast Asia. Los Bafhos. Philippines. 
Hayani. Y.. and NI. Kikuchi. 1978. Social accounts of a 

Philippine village. Dcv. Econ. 16(2):147-168. 
Hayami. Y.. and M. Kikuchi. 1878. Invcstr.ent induce-

ments to public infrastructure: irrigation in the Philip-
pines. Rev. Econ. Slat. 60(1):71-77. 
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Hayami. V.. and R.W. Herdt. 1978. Market price effects of 

new rice technology on income and distribution. Pages 

283-302 In International Rice Research Institute. 
Economi,.conseqie.'ccs of the new rice technology. Los 

Baftos. Philippines. 
Hayami. Y.. M. Kil:uchi. P.F. Moya. L. M. Bambo. and E. 

economy- aB. Marciano. 1978. Anatomy of a pc iat 

rice village in the Philippines. International Rice 
Research Institute. 149 p. 

Herdt. R. W. 1978. Costs and returns for rice production. 

Pages 63-80 in International Rice Research Institute. 

Economic consequences of the new rice technology. Los 

Banos. Philippines. 
Herdt. R. W.,and T. H. Wickham. 1978. Exploring the gap 

between potential and actual rice yields: the Philippine 

case. Pages 3-24 in International Rice Research Insti

tute. Economic consequencesof the new rice technology. 

Los Baftos. Philippines. 
Herdt. R. W.. A. Te. and R.Barker. 1978. The prospects for 

Inst. Stud. 16(3).Asian rice production. Food Res. 
1977-78. 

M.. and Y. Hayami. 1978. New rice technologyKikuchi, 
and national irrigation development policy. Pages 

315-332 in International Rice Research Institute. 
Economic consequences of the new rice technology. Los 

Bafios. -hilippincs. 
Kikuchi. M.. G. Dozina. and Y. Hayami. 1978. Economics 

of community work programs: a communal irrigation 

project in the Philippines. Econ. Dc. Cultural Change 
20(2):211-225. 

Kikuchi. M.. and Y. Hayami. 1978. Agricultural growth 

against aland resource constraint: a comparative history 

of Japan. Taiwan. Korea. and the Philippines. J.Econ. 
Hist. 38(4):.839-864. 

Lavapiez. L M.. B.Duran. J. Nicolas. and E.C. Price. 1978. 
Ricc-mung cropping pattern in Manaoag. Pangasinan: a 

costs and returns study. Pages 74-82 in Asian Vegetable 
Research and Development Center. Proceedings of the 

first international mung bean symposium. Tainan. 
Taiwan. 

Ledesma. Antonio J.1978. Case study of landless worker. 

Pages 131-148 in Focus on small farmer credit.Techni
cal Board for Agricultural Credit. Philippines. 

Litsinger. J.A.. E.C. Price. R. T. Herrera. J.P. Bandong. 
I.D. Lumaban. C. B.Quirino. and M. D. Castillo. 1978. 

Introducing pest control technology to a low manage

ment crop: the mung bean example in the Philippines. 
Pages 183-191 in Asian Vegetable Research and 

Development Center. Proceedings of the first interna
tional mung bean symposium. Tainan. Taiwan. 

Mandac. A.. and R.W. Hcrdt. 1978. Economic inefficiency 

as a constraint to high rice yields in the Philippines. 
Philipp. J.Crop Sci. 3(3):172-181. 

Marciano. V.. and R. W. Herdt. 1978. Economic con. 
straints to high rice yields in Nueva Ecija. Philippines. 



Philipp. J. Crop Sci. 3(3):182-_189. 
Ranade. C. G.. and R. W. Heidt. 1978. Sharesof farm eam. 

inp from rice production. Pagcs 87- 14 in International 
Rice Research Institute. Economic conscqucncs of the 
new rice technology. Los Bells. Philippines. 

Sivon. J. F.. S. Prakongtanapan. and Y. Hayami. 1978. 
Structural changes in rice supply relations: Philippines 
and Thailand. Pages 31-48 in International Rice 
Research Institute. Economic consequences of the new 
rice technology. Los B.Afos. Philippines. 

Wickham.T. I .. R. Barker.and M. Rosegrant. 1978. Com-
plementaritics among irrigation, fertilizer, and modern 
rice varietis. Pages 221-232 in International Rice 

Research Institute. Economic consequences of the new 
rice technology. Los Bafios. Philippines. 

Agricultural Engineering 
Aroleda. J. R.. H. T. Manaligod. and J. S. Policarpio. 

1978. Vertical bin batch dryer: a product developed 
through value analy.is. J. Philipp. Soc. Agric. Eng. 
9(2):8-17. 

Camacho. I.. P.Hidalgo. E. Lozada. and B. Duff. 1978. A 
technical evaluation of alternative rice processing sys-
tems in the Bicol region of the Philippines. Pages 
111-198 in Proceedings. workshop on grain Post -

harvest technology. Bangkok. Thailand. 
Duff. B. 1978. Aigmenting human energy supplies for 

agricultural development. J. Philipp. Soc. Agric. Eng. 
9(2):2h-34. 

Duff. B. 1978. Mechanization and use of modern rice var-
ieties. Pages 145-164 in International Rice Research 
Institute. Economic consequences of the new rice tech-
nology. Los Bafios. Philippines. 

Duff. B. 1978. The economics of small farm mechanization 
in Asia. Agric. Mech. Asia 9(2):1 1-13. 

Duff. B.. R. Barker. and V. Cordova. 1978. Evaluating 
employment effects of technological change in rice pro-
duction. Philipp. Labor Rev. 2(4):41-66. 

Juarci. F.. and B. Duff. 1978. Changing supply and demand 
patterns for power tillers in the Philippines. J. Philipp. 
Soc. Agric. Eng. 9(l): 2-21. 

Kim. K. U. 1978. Field test on three transplanting systems. 
J. Philipp. Soc. Agric. Eng. 9(3):11-43. 

Kuether. 	D.O. 1978. Soil compaction and wetland rice til-
lage systems. J. Philipp. Soc. Agric. Eng. 9(1):22-25. 

Maranan, C. L.. and B. Duff. 1978. Farm level post produc-
tion systems in the Bicol region of the Philippines. Pages 
276-356 in Proccedings, workshop on grain post-

harvest technology. Bangkok. Thailand. 
Policarpio. J..and J. McMennamy. 1978. The development 

of the IRRI portable thresher: a product of rational 
planning. Agric. Mech. Asia 9(2):59-65. 

Agronomy 
Abilay. W. P.. Jr.. and S. K. Dc Datta. 1978. Management 

practices for correcting zinc deficiency in transplanted 
and direct-seeded wetland rice. Philipp. J. Crop Sci. 
3(3):190-193. 

De Datta. S.K. 1978. Weed control and soil and crop man-
agement in rainfed rice at IRRI and other locations in 

mripLal Asia. Pages 201-211 In Rice in Africa. 
Academic Press Inc. (London) Ltd. 

De Datta. S.K.. and R.Barker. 1978, Land preparation of 
rice s)ils. Pages 623-647 in International Rice Research 
Institute. Soils and rice. Los Bailos. Philippines. 

De Datta. S. K.. K. A. Gomez. R. W. Herdt. and R. Barker. 
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1978. Ammonia volatilization losses from flooded rice 
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Mikkelsen. D. S., and S.K. De Datta. 1978. Rice culture. In 
B.S. Luh. cd. Rice production and utilization. Avi Publ. 
Co.. Westport. Connecticut. 
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p. 
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Caspoent technology studies in Iloilo for crop year 1976-77, Mr. Marcelino Lumnbafi; Mr. Rafadl Tasic. tech 

Plant Industry; and other members of the InterdiscplinrY cropping Systems Team.
 

pine 9Dur 

Nitrogen transformations in rice soils. Dr. K. L. Sabrawat.
 

Some findings on field water use and productive efficiency of water in the dry zone of Sri Lvka. Mr. Kapila Goonaseker.
 

ttickiness of cooked rice as eating quality indicators, Mrs. C. M. Perez.
 

Hardness w 

Some properties o undigested protein bodies of cooked rice, Ms. A. P. Resunfecionr. 

Md. Iman..
 

Development of methods to identify moderate levels of resistance to the brown planthopper ,Mr. 


Facton causing resurgence of the brown planthopper in response to insecticide applications. Dr. S. Chelliah. 

IRRI 
Sex pheromones in insect pest control, Mr. G. S. Arida.
 

Biochemical bases of insect resistance in crop plants, Dr. R. C. Saxena, visiting scientist, Entomology Department 


The dynamics of water regimes in Iloilo and Pangasinan land systems, Dr. R. A. Morris.
 

on moisture conservation in rainfed lowland and upland rice, Mr. M. P. Singh.
 

Effect of dry soi mulch 


Evaluation of alternative cropping patterns in Pangasinan, CY 1977-78, Mr. Herminigildo Gines.
Quantitative evaluation of resistance to rice blast, Dr. S. W. Ahn. 

crop year 1977-78, Mr. Rogelio Magbanua. 
., 

Testing of rainfed lowland rice-based cropping patterns in Iloi 


IRTP activities at IRRI. Mr. Toribio Ebron, Jr., Mr. Silvino Merca, and Dr. H. E. Kauffman.
 

Comparative nerformance of rice postproduction systems in the Philippines (farm level), Ms. Celerina Maranan.
 

Nitrogen movement in water draining from irrigated rice land, Dr. V. P. Singh.
 

Rice ragged stunt disease in the Philippines, Mr. E. R. Tiongco. 

Cytogenetics of primary trisomics in rice and their usefulness in genetics and plant breeding, Dr. R. J.Singh and Dr. G. S. 

Khush.
 

as a constraint to high yields inNueva Ecija, Philippines, Mr. A. Mandau.
 

Economic inefficiency
The impact of new rice tcchnology on rainfed rice farmers in Bulacan, Ms. Fe B. Gascon. 

Time allocation among rice farm households in Central Luzon, Philippines, Mr. Ricardo Guino.
 

An economic analysis of a reserve stock program for rice in the Philippines, Ms. Amanda Te.
 

Agrarian adaptation to demographic and technological changes in two Central Luzon villages, Mr. Geronimo Dozina, Jr. 

Rice farmers and landless rural workers: perspective from the household level, Fr. Antonio Ledesma. 

Growing rainfed corn and soybean after puddled flooded rice: I. Soil physical conditions and management, Mr. Syarifuddin 

Varietal resistanceof rice to the green leafhopperNephotetixvirescens:sources, mechanism, and genetics of resistance, Mr. A. 

Growing rainfed corn and soybean after puddled flooded rice: If. Soil chemical conditions and management, Mr. Syarifuddin
N. M. Rezaul K'frim. 

An economic analysis of a pilot groundwater irrigation system in the Philippines, Ms. Linda M. Bantilan.
 

Reuse of drainage water in the Vaca Irrigation Project, Mr. Danio Cablayan.
 

Weeds in cropping systems as affected by hydrology and weeding regime, Mr. Nizamuddin Ahmed.
Management of irrigation water in a communal project in the Bicol region: a case study, Mr. Abel Sumayao.
 

Genetic interrelationships of improved rice varieties. Dr. T. R. Hargrove.
 

A comparison of alternative rice milling systems in the Bicol Region, Mr. I. R. Camacho, Mr. P. M. Hidalgo, Mr. B. Duff, and
 

Dr. E. P. Lozada, chairman and program leader, Department of Agricultural Process Engineering and Technology, Univer

sity of the Philippines at Los Balios. 

Development of the vertical batch dryer usingvale analysis, Messr. Jose Arboleda, Herbert Manaligod, and Jose Policarplo. 

Household and village storage practices in the Philippines, Dr. H. Takai and Ms. Lconarda Ebron. 

Meeting the energy requirements of small rice farmers, Mr. Laurence Kiamco and Mr. John McMennamy. 

Seeding and transplanting developments, Mr. Ignacio Manalilt and Mr. Mamerto Aban. 

development of the IRRI pow-sole fertilizer applicator. Mr. Salvador Labro, Mr. Godofredo Salazar, Mr. Arsenio Resur-

Thbe 

reccio¢. and Mr. D. 0. Kuether.
 

Continuous variation in virulence of Xanthomonas oryzae, the rice bacterial blight pathogen, Mr. M. Machmud and Dr. T. W. 

The development of the plow-sole fertilizer applicator, Mr. Salvador Labro and Mr. Godofredo Salazar. 

Biological constraints to high yields in selected farmers' fields in Nueva Ecija, Mr. Felipe Garcia, Mr. W. P. Abilay, Mr. J. M. 

Alcantara. and Dr. S. K. De Datta. 

A field study on water use and duration of land preparation for lowland irrigated rice, Mr. Alfredo Valera. 

.ole.
 

Some aspects of research on the soil.plant-water relationships of rice, Dr. J. C. O' 
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ladiudWhd audio.tutoril instuctin, Dr. Floyd H.Nordland, visiting communicatkts specialist, Office of Information 

selvisas. 
Suwy of nmers' pes control practies in the Philippines, Dr. J.A. ULtinger. 
The oclog of rice breeling in Asi, Dr. T. rI.Hargove. 
T Fm Leucam (lIipil), Mr. Mike Benge, agro-forestation officer, United Stat= Agency for International Develop-Vsao 

.atUSAID). ,imia. Philippines. 
The natural (and unnatural) history of crop yield, Dr. lUoyd Evans, viting scientist, Plant Physiology Department. 

piot cxtenion project in Boio with rainfed rice, Mr. Romy Aquino, regional director, Bureau of AgriculturalKabkek -
Extension, Dodo, Philippines. 

The fine structure of starch granules and protein bodies, Dr. B. 0. Juliano. 
Progress on biological control of rice insect pests, Dr. V. A. Dyck. 
Controlling rice diseses, Dr. S.H. Ou. 
Life beyond earth, Dr. Cyril Ponnamperuma, professor of chemistry, director, Laboratory ofChemical Evolutiop, University 

of Marylmnd, USA. 
Isthere aplace for the potato in the tropics and subtropics, Dr. L. J. Harmsworth, regional representative for Southeast Asia 

and the Pacific, International Potato Center, cdo Philippine Council for Agriculture and Resources Resrch (PCARR), Los 

Baho . Laguna, Philippines. 
Feeding physiology of the brown planthopper, Dr. K. Sogawa, visiting scientist, Entomology Department. 

an approach to acomplicated host-parasiteImplication of the !nternational Rice Blast Nursery data for genetics of resistance 
relationship, Dr. H. Ikehashi. 

Exploitation of biological nitrogen fixation for rice production, Dr. A. A. App, visiting scientist, IRRI. 

The NIA (National Irrigation Administration) and communal irrigation implication of farmer involvement, Mr. Carlos Islas, 

Office of Special Program, NIA, and Dr. Frances Korten, Ford Foundation, Philippines. 

Can small farmers cooperate? New approaches to the organization ofwater and pest management, Dr. Grace Goodell, visiting 

anthropologist, Agricultural Economics Department; Mr. Marcelino Lumaban; Mr. Wenceslao de la Vifia; and Ms. Cora. 

zon Juliano, coordinator, Agency for Community Educational Services, Quezon City, Philippines. 

Breeding for resistance todowny mildew of maize at UPLB, Dr. B. A. Aday, assistant professor, University of the Philippines at 

Los Bahos, Laguna, Philippines. 
Wheat and barley endosperm cell walls - development and composition, Dr. Bruce A. Stone, visiting scientist, Chemistry 

Department. 
Water use, water stress, and crop productivity, Dr. T. C.Hsiao, visiting scientist, Agronomy Department.
 

Development of cropping systems programs in South and Southeast Asia, Dr. V. R. Carafigal.
 

Rices in saline and alkaline areas - observations and strategies for their improvement, Dr. H. Ikehashi.
 

Special Seminars 
General host resistance on asingle plant basis, Dr. Oscar Calvert, professor of mycology, Department of Plant Pathology, 

College of Agriculture, University of Missouri, Columbia, USA. 
An analysis of government rice policy in the Ivory Coast, Dr. Charles Philip Humphreys, research associate, Political Economy 

of Rice in West Africa Project, Food Research Institute, Stanford University, California, USA. 

Introduction of anew fertilization system to Southeast Asia, Dr. Jens Moller Nielsen, professor, Division of Agricultural and 

Food Engineering, Asian Institute of Technology, Bangkok, Thailand. 
Landscape and hydrology of some problem soils for rice, Dr. Nico van Breemen.
 

Studies on a soil toposequence with differential zinc deficiencies, Dr. H. W. Scharpenseel, visiting vientist, IRRI.
 

Bacterial foot-rot, a new disease of rice, Dr. Masao Goto, plant pathologist, Shizuoka Univc. sity. Japan.
 
f , il Science, University ofAvailability of soil water to plants, W. R. Gardner, professor of soil physics, Department 


Wisconsin-Madison.
 
Towards resolving the energy and time constraints of small farmers in thehumid tropics, Ray Wijewardene, head, Agricultural 

Engineering Department, Farming Systems Program, International Institute of Tropical Agriculture. 

Sol sickness due to continuous cropping ofrice, Dr. M. Nishio, soil microbiologist, Central Agricultural Experimental Station, 

Ministry of Agriculture for Fisheries, Saitama, Japan. 
Nitrogen fixation in grass-bacteria association, Dr. J.Dobereiner, coordinatorof the Program forBiological Nitrogen Fixation, 

Empress Braseleira de Pesquisa Agropecuarla (EMBRAPA), Rio de Janeiro, Brazil. 
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itymurceU aage- nitrogen fertilizer for rice culture. Dr. D. W. Raks, proiesor, Department of Agroomy, UnIve 
of Cdaomnia. Davis, California, USA. 

AgVr fte in Tasiania, Dr. Harvey PhilipHermanson, soil scientist, Plant Science Department, North Csalita A& T Un

vetaly. Oraensboth. North Carolin. USA. 
Insecticde residues In soil, Dr. Harvey Philip Hermanson.sodl scientist, Plant Science Department North Carolits A&TState 

Univerlty, Greembomugh, North Carolina, USA. 
Carbon eacretion in the rhizosphere. Dr. K. Martin. soilscientist, Commonwealth Scientific and Industrial Research Organiza

tio. (CSIRO), Osmond, Australia. 
Weed control in uplarA rice, Luis M. Lopez. 
Utilizationofstored water by crops, Dr. S.S.Prihar, head, Department of Soil Science, Punjab Agricultural University, India. 

Adiptive drought tolerance in rice, Dr. PeterL. Steponkus. associate professor, Department of Agronomy, Comell University, 

Ithaca. New York, USA. 
FAO farm management data collection and analysis system, Mr. Heinrich-Georg Groetecke, farm management economist, 

FAO Regional Office, Bangkok, Thailand. 
Alternative approach to risk in aggregate programming: an evaluation, Dr. John Wicks, research fellow, Department of 

Agricultural Economics and Business Management, Unive:;ty of New England, Armidale, Australia. 

Slide show on recent breakthrough in rice production in Korea, Dr. H. M. Beachell, plant breeder, Cooperative CRIA-IRRI 

Program, Indonesia. 
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Finances 
IRRI received cash grants amounting to 
$13,814,747 during 1978. 

TheFord Foundelion gave$449,425.of which 
$100,000 was for core operations and capi-
tal expenditures and the remainder was to sup-
port rice research and development programsof 
the following countries: 

0 Bangladesh - $269,800 for the expansion 
of technical assistance and collaborative rela-
tionships with the Bangladesh Rice Research 
Institute, 

* Pakistan - $66,938 as part of a 2-year 
grant to the Agricultural Research Council of 
Pakistan for support of research and training 
related to rice and agricultural mechanization, 
and 

o Thailand - $12.687 as part of a 2-year 
grant to the Government of Thailand Royal 
Irrigation Department for support of water 
management research and training in northeast 
Thailand. 

The Rockefeller Foundation contributed 
$267,500, which included $250,000 for core 
operations and capital needs. The Foundation 
also gave $17,500 toward te stipend and mis-
cellaneous expenses of a postdoctoral appoin-
tee at IRRI. 

The United States Agency for International 
Development (USAID) released a total of 
$4,107.719. IRRI received $3,100,000 of a 
$3,380,000 grant for core operations; $44,105 
for expanding. strengthening. and further 
institutionalizing the National Applied 
Research and Extension Program for Trans-
planted Rice: $274.009 for industrial extension 
of small-scale agricultural equipment 
developed at IRRI: and $12.473 for the rice 
postproduction project inthe Bicol River Basin. 

Since October 1977. a contract between 
IRRI and USAID has supported a2.5-year pro-
ject for the accelerated development and use of 
improved rice technology in Indonesia with a 
total budget of $860,000. In 1978, USAID 
released $279,604 to IRRI. 

Since February 1977, a contract between 
IRRI and USAID has supported a 2-year pro-
ject in collaborative rice research in Pakistan 
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with a budget of $258,000. plus Rp 1,110,000 
managed by the USAID inPakistan. In 1978. 
USAID released $112.246. 

Since September 1977, a contract between 
IRRI and the Food and Nutrition Research 
Institute and USAID has supported a Philip
pine project titled "Protein quality of milled 
rice in preschool children" with a budget of 
$16.705. In 1978, $7,250 was reimbursed. 

Since May 1977. a contract between IRRI 
and the Government of Sri Lanka has provided 
assistance in implementing a rice and cropping 
systems research project. Funds were provided 
by aloan from the USAID of adollar budget of 
$3.125,130, plus Rp 2,006,560 managed by the 
USAID in Colombo. In 1978, $270,367 was 
released to the Institute. 

USAID contributed to IRRI's training prog
ram by supporting scholars and trainees from 
countries where USAID has active programs. 
IRRI received $7,665 for this purpose in 1978. 

The Ministry of Overseas Development, 
United Kingdom, released $835,400 toward the 
support of IRRI's core program. 

The International Development Research 
Centre (IDRC), Canada, granted IRRI 
$707,960. Of that, $627,020 was part of a 
2-year grant to the Institute for cropping sys
tems research in the Philippines. The IDRC 
grant also included 

* $380 as the final release on a 2-year grant 
for research in Indonesia in cooperation with 
the Central Research Institute for Agriculture. 
and to develop cropping patterns for rainfed 
and partially irrigated rice areas and to adapt 
them through trials in farmers' fields; 

* $50. 131) as part of a4-year grant to enable 
the University of the Philippines at Los Bafios 
to conduct, in support of IRRI's multiple crop
ping program, varietal screening for corn, sor
ghum, mung bean, eggplant, tomato, and sweet 
ipK~tato; and 

0 $30.430 as part of a 4-year grant to support 
a multiple cropping research project at the 
Bangladesh Rice Research Institute. 

The Japanese government gave $2,300,000 
in 1978 for purchase of equipment for research 

http:gave$449,425.of


and training, for paihi,? support of cropping 
tyslend+ research, for 11e direct and indirect 

expenses of the plant , nysiology and soil mic. 
robiology deparlment.. and for partial support 
of the genetic evaluation and utilization prog-
ram. 

The European Economic Community re-
leased $840.000 of a $1.120.000 grant toward 
the direct and indirect costs of water manage-
ment. scholarships offered to candidates from 
developing countrie". and partial support of the 
genetic evaluation and utilization program. 

The International Development Association 
gave $100.000 toward core operationsand capi-
tal expenditures of the Institute. 

The Government of the Federal Republic of 
Germany gave $498.863 toward core opera-
tions. 

The Australian government gave $758,230 in 
1978. Of that. $588.73(0 was for core opera-
tions. including travel of Australian scientists; 
$158,200 supported expansion of technical 
assistance and collaborAtive relationships with 
the Bangladesh Rice Research Institute; and 
$11,300 supported a project at the Australian 
National University. 

The Canadian Internatioral Development 
Agency gave $1.051.200 toward core opera-
tions and $221,150 toward a cooperative pro-
gram for research and development between the 
Bangladesh Rice Research Institute and IRRI. 

The Government of New Zealand gave 
$26.155 to suppoit the core program. 

The United Nations Environment Pro-
gramme gave $70,000 toward research for 
developing rice varieties with low pesticide and 
fertilizer requirements. 

The Government of Denmark gave $85,888 
to support the core program. 

The Government of Sweden gave $57,990 
toward the core program. 

The Government of Indonesia, using aWorld 
Bank loan, released $107,714 to IRRI as part of 
a 7-year contract for development of research 
facilities at the Sukamandi Brand of the Cen-
tral Research Institute for Agriculture and for 
scientific and technical assistance to rice 
research at Sukamandi. 

The Netherlands government gave $314,895 

as part of a 5.5-year grant for a project to 
develop regional rice research stations in 
Indonesia. 

The United Nations Development Pro
gramme gave $431,194 as part of a5-year grant 
for the International Rice Testing Program; 
$282,097 as part of a 5-year contract to study 
nitrogen fixation associated with lowland rice; 
and $99,454 for a regional rice training prog
ram. 

In 1976. IRRI entered into a cost
reimbursement contract with the United States 
National Institutes of Health to study ways of 
increasing protein and essential amino acids in 
the rice grain through plant breeding. In 1978, 
$15,553 was reimbursed. 

Since July 1976, funds from the Australian 
Government have supl orted acontractbctween 
IRRI and the International Centre of Insect 
Physiology and Ecology for ajoint program of 
ecological research on rice planthoppers. In 
1978, $64.685 was released to the Institute. 

The other donors, the areas they supported, 
and the amount they contributed are listed 
below. 

* 	National Food and Agri-uliure 
Council, Philippines, for train
ing government extension 
technicians $37,551 

0 	 Philippine Council for Agricul
ture and Resources Research, 
cooperative applied research 
project on rainfed rice 44,794 

6 	Stauffer Chemical Company, 
weed control ............... 3,000 

* 	Potash Instiiute of North 
America and International 
Potash Institute, soil fertility . 13,500 

* 	Shell Chemicals Company, 
research grant to IRRI ...... 6,803 

0 Hoechst, research grant to 
IRRI ..................... 4,277 

0 Ciba-Geigy, pest management 3,000 
9 Cyanamid, pest management 3,000 
* 	East-West Center, research 

expenses of a research scholar 750 
* Monsanto, herbicide research 2,000 
e Montedison, rice research, ... 3,000 
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Staff changes 
Jauary 

Dr. Grace Go&,ll joined the Institute as 
associate visiting 'eientist at the Agricultural 
Ecuromics Department 

Dr. Eric T. Criswell joiaed the Institute as 
soil scientist to work on an International Fer-
tilizer Developmen: Center (IFDC)/IRRI col-
laborative research. 

March 
Mr. Venkat R. Reddy joined the Institute as 

agricultural engineer in the outreach project in 
Indonesia. 

Mr. Peter S. Barton resigned as associate 
agricultural engineer in the outreach project in 
Thailand. 

April 
Dr. J.Thomas Cope, Jr. of Auburn Universi-

ty, Auburn, Alabama, began a 1-year sabbatical 
leave as visiting scientist at the Agronomy 
Department. 

Dr. Thomas H. Wickham resigned as agricul-
tural engineer and head of the Irrigation and 
Water Management Department. 

June 
Dr. Robert W. Herdt, agricultural economist 

of the Institute, assumed the position of head of 
the Agricultural Economics Department. 

Dr. Gilbert P.Waldbauer, entomologist from 
the Universityof Illinois, began a 1-yearsabbat-
ical leave as visitingscientist at the Entomology 
Department. 

-Dr. Pedro B. Escuro joined the Institute as 
plant breeder. He will work temporarily with 
the Plant Breeding Department and will later be 
assigned to the IRRI/Burma project of the Insti-
tute. 

July 
Dr. John Freney of the Commonwealth Sci-

entific and Industrial Research Organization 
(CSIRO), Canberra, arrived to work 2.5 
months with Dr. E. T. Craswell on an IRRI/ 
IFDC collaborative research. 

Dr. J. Pat Crill joined the Institute as plant 
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pathologist and head of the Plant Pathology 
Department. 

Dr. Theodore C. Hsiao of the University of 
California, Davis, began a 1-year sabbatical 
leave as visiting scientist at the Agronomy 
Department to work on drought resistance. 

Dr. Satoshi Wakimoto, professor at Kyushu 
University, arrived to work 3 months with Dr. 
T. W. Mew on bacterial leaf blight.

Dr. Robert N. Hurst of Pi rdue University 
began a 1-year sabbatical leave as visiting com
munications specialist at the Office of Informa
tion Services and at the Rice Production Train
ing and Research Department. 

Dr. James E. Wimberly rejoined the Institute 
as acting team leader at the IRRI/Government 

of Sri Lanka project in Sri Lanka. 
Mr. Everett Metcalf corapleted a 1-year sab

batical leave as visiting editor at the Office of 
Information Services. 

Dr. Randolph Barker resigned as agricultural 
economist and head of the Agricultural 
Economics Department. 

August 
Mr. Alan M. Fletcher of Cornell University 

began a1-year sabbatical leave as visiting editor 
at the Office of Information Services. 

Dr. John C. Flinn joined the Institute as 
agricultural economist at the Agricultural 
Economics Department. 

Dr. John Angus began a 9-month leave from 
the Division of Land Use, CSIRO, to work as 
associate visiting scientist at the Multiple Crop
ping Department. 

Dr. Lyle Nelson of the Mississippi State Uni
versity began a 1-year sabbatical leave as visit
ing scientist at the Soil Chemistry Department 
vnd as visiting professor at the University of the 
Philippines at Los Bahios. 

Dr. Floyd H. Nordland of Purdue University 
completed a 1-year sabbatical leave as visiting 
communications scientist at the Office of 
Information Services. 

Mr. Keneth P. Haydock of the Division of 
Mathematics and statistics, CSIRO, began a 
1-year stay at IRRI to work with Dr. K. A. 



Gown d thu Asa asDepartment. 
eDr. Alu L .xe bean' 1 yt f.f leave from %h

Univeristy oINewuvide. Fngand. to work as 

VolfawiatC svsz ,*ian at the Statistirs and 
Multiple Cropping Fr1metU. 

Mr. Marvin D.. Dvki r' 1 -s crop pro

duction spcciulit at the -SiI La; .a preject. 

October 
Dr. Kaung'Zen of Burma joined the Institute 

as liaison scientist for Africa. with station Et the 
International Institute of Tropical Agriculture. 

Novexbia 
Dr. Ba $ arfived to work6 mo; asStn 

visitine rientist at eeC.he isti*y.D oro.p:e 

and at (he tiiiverity -of,the Pbiip*Incs<tiS 
a . 

aeemWe 
.yce C. Tori0o resigned as vonimunraDr.c 

nd head of the Office of Inf6rlionsrspecialts't
flition Servic4,s. 

Dr; Donald W. Puckridge of the University 
of'Adelaide began a I0-month stay at IRR[ to 

work withDr. J. C. O'Toole on drought resis
tance. 



Crop weather
 
Total 1978 rainfall ct IRRI was 2,616 mm (t.he growing season was In late December on low.1966-77 mean was 2,070 mm). All nionthly landscape positons, giving an overall rainfedweather data P-Ve presented in Table I. Most of rice-growing season of about 160 day&.the rain was associated with 12 tropical cyclones Otherweather elements reflected the rainfallthat cros.d the i'hilippines bitween August pattern. Solar radiation and evaporation wereand Octobef. During that period to:al rainfall above average in the early dry month. of the was 1,744 nim; the 1966-77 mean was 777 mm. year, about average in midyear, and belowT1, start of the 1978 mt.nsoon rains was average during the typhoon-affected months
extremely late. June 1978 was the second driest (Table 1).

month on record. The end of the rainfed rice-


Teke 1. Weea s lemeets for 13I3 e d1846-77 verage, WRA197. 

Dry season Wet season 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Solar radiation (gcallcml)
rotals for 1978 12,208 12,884 18.484 17,920 16,220 13,917 13,987 8,798 10,912 10,979 11,641 11,056Mean 1966-77 11,092 12,464 16,009 17,627 15,768 13,756 12,621 11,752 11,601 11,674 10,173 9,315 

Sunshine duration (hi
totals for 1978 205.9 304.6205.2 277.0 242.9 166.4 182.3 91.3 129.1 139.9 182A 143.3Mean 1966-77 180.0 197.9 249.5 283.1 246.6 183.3 161.0 151.6 143.0 166.5 160.3 148.8 

Evaporation (mm)
Totals for 1978 121.3 197.3 190.7127.2 194.8 130.2 133.3 78.3 99.5 166.5 109.7 111.8
Mean 1971-77 124.4120.2 169.1 194.4 175.0 144.2 135.0 135.0 131.4 119.7 112.4 103.0 

Rainfall (mm)T
otals for 1978 21.5 8.9 6.4 28.7 210.8 76.7 239.6 535.3 364.6 714.6 220.9 84.2Me, 1F86-77 52.0 15.4 31.4 28.9 193.5 236.3 260.9 247.3 223.3 222.0 294.; 234.3 

Water balance (mm)
1978 -99.8 -118.3 -190.9 -166.1 +20.1 -53.5 +106.3 +4570 +265.1 +598.1 +11.2 -27.6 

Max temperature ('Ci
Mean 1978 25.0 24.4 30.6 32.0 32.4 31.5 31.4 29.8 30.9 29.830.7 28.6 
Mean 1966-77 27.8 28.6 29.9 31.8 32.3 32.1 31.4 30.2 30.7 30.0 29.2 28.2 

Min temperature ('C)
Mean 1978 18.2 17.3 22.4 23.6 24.7 24.4 23.6 23.2 23.4 22.723.0 22.8
Mean 1966-77 22.6 23.222.6 24.5 24.7 24.6 25.0 24A 24.7 24.4 24.2 23.5 
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groups, 48 

influence of nitrogen levels on, 48 
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dynamics of agrarian change, 323. See also Agrarian 
change, dynamics 

sources of increased rice production, 308. See also 
Increased rice production, sources 

Consequences of small rice farm mechanization in Asia, 
workshop, 447 

Constraints on rice yields, 8, 28" 
biological, 297. See also 5ologlcal constraints on high 

yields 
economic, 288. See also Economic constraints on high 

yields 

international conference on, 447 

supplementary studies on, 304 


Continuous rice 

one crop vs two crops vs three crops/year in, 268 

planting methods and nitrogen rate, 266 

production model, 365 


Control 	and management of insects. See Insects, control 

and management 


Cooperative country projects, 444. See also International 

activities 


Corn 

after rice 


effect of tillage and fertilizer on, in three growing 

systems, 377 


rainfed, effect of fertilizer, its.depth of placement, 

and mulching on, 384 


aid mem bew inerop. affect a powduy mUU 
of imi ms,401
 

before rice, ontrol f downy miew of0,401
 
varietal testing, 412
 

0"wpm
 
awl soybean cultisvas, competklvms NOW w*Wd,
 

394
 
varietal testing, 411
 

Cropping intemty trends, 341
 
Ilolo, 341
 
Pangaslnan, 341
 
Yield expectations, 342
 

Cropping patterns
 
design, 339. See also Design of cropping patterns
 
economics, 358. See also Testing of cropping patterns
 
economic viability, 358
 
effect on mung bean insects, 405
 
testing, 349. See also Testing of cropping patterns
 

Cropping systems
 
computr-based data management, 9
 
determinants
 

economic, 335
 
physical, 334
 

working group, 420. See also Asian cropping systems
 
network
 

Cropping systems component technology development
 
and management, 369
 

plant protection, 400. See also Plant protection, crop
ping systems component technology
 

soil and crop management, 368. See also Soil and crop 
management, cropping systems component tech
nology 

varietal testing, 408. See also Varietal testing, cropping
 
systems component technology
 

weed science, 391. See also Weed science, cropping
 
systems component technology
 

Cropping systems preproduction evaluation, 413
 
applied research and pilot extension, 414
 

confirmation of research plot yields, 414
 
cropping patterns for Central Luzon, 415
 
IR36 in rainfed areas, 414
 
pilot production programs in rainfed rice area , 416
 
production of dry-season upland crops with irriga

tion, 415
 
seeding rate for rainfed rice, 414
 

Cropping systems program, 339
 
Asian cropping systems network, 417
 
component technology development and management,
 

367
 
design of cropping patterns, 339
 
environmental description, 331
 
preproduction evaluation, 413
 
testing of cropping patterns, 349
 

Cropping systems network, Asian, 417. See aso Asian 
cropping systems network
 

Crop rotations, effect on weed growth, 394
 
Crop weather, 464
 
Cultural control of brown planthopper, 192
 

host plants, 192
 

INDEX 467
 



iI uib 4W Omsan"g, 1l 

R.g* mer g wupuw beg. & Cei~s~ risd 


dM& 00i h 

Dep"mwdimd es w% Iu 


hsi ra.. atM .135 

6I."11d6 00,win as 135


esoobmb ts emnrot m maV meA cMtolMac,
U Sd 


efect of pasebmeseam diought ca inwuode 

dosatioN of aespwatW ric, 123


sueembmfr eogdDMSton ablilty at ealy growth,
122 


ereafq or abmgmcStoleMnce nu
d intemode
loaton,122 


Mmtiad evluation sytem for measurin 
 loqa-
t. ability. 122 


nooa t l iepat 

morphology IndeePwater rice,
125
scremleg for ability to produce, 128 


seldin Age and grainyield, 128

eedling heisht, 129 


Thielnd-IRRI Cooperative Deepwater Project, 130 

agronomy, 131 

breeding program, 130 

elonsation ability, 134 

promising lines, 130 

rapId-geration advance, 133 

submergence tolerance, 134 


Deepwater rice 

ak space In,277 

effect Of preubmergence drought on internode elonga-


tion 123 

morphology of nodal tillers in,125
contribution of nodal tillers to yield, 127 


internode elongatIon 126 

nodal Mting and water regime patterns, 127 

tiller number, 125 

tlleting Pattern, 125


workshop, 447 

Design of cropping patterns, 339 


cropping intensity trends, 341. See also Cropping in. 

tensity trends 


cutoff dates for crop scheduling, 340

disease and insect control, 343 

env ronmental description for, 334

influence of rice variety's maturity on yield, 346 


Dseam and Insect control, 343

for munz bean,345 

insect control on rice, 345 

methodology in determining 
 insect 	 control recom-

mendatlons, 343

Disease resistance, 33 


evaluatiq breeding materiala for, 34
further incorporation of blas resistance, 39 

multiple, 34 

scen111 varieties for resistance to mdor rice diease,


36. See aiw Diseases, major rice, screening vare, 

46 IRRI ANNUAL REPORT FOR 1978
 

du, Nrom 8 to 
I~a l6
 

ehaab1 L , $7
 

bl, 43..S do IW
 
= 43.Is
d .7
 

Diseases, sotrol wl iMgsMg , 161

blas, 162. Ser aft DIk
 
leaf bl m knak,166 See dw aelatuhl bktled scaMd165
 

chemical cm*Tol, 165
 
ffect f ditffamt mdh on, 165


effect of tem eMatae, 165
r 

rag8ed 8110t, 171
 

du,. infection, 173
 
boat aMe, 173
 
ldentificaton, 171
 
plant ae at inocuttign, 173
 

sheath blight,164
 
chemical controL 164
sheath zl, MS
 

tungro, 168
 
field epidemiology, 168. See dso Tungro


Diseases in ric-basd cropping systems

dryland, 336
 

bush sitao, 337
 
corn, 337
 
mun4 bean and cowpea, 337
 
peanut.337
 
rice, 336
wetland, 337
 
corn, 338
 

mung bean, 338
 
other dryland crops, 338
 
rice, 337


Diseases, major rice, screening varieties for resistance to, 36
 
bacterial, 39
 
fungal, 36
 

blast, 36
 
CercOporaleaf spot, 36

leaf scald. 36
 
sheath blight, 37
 
sheath rot, 37
 

virus, 37
 
Drought resistance, 85
 

clasifying rainfed rice regions, 97
 
evaluation in rainfed wetland culture, 94


elIte 	 germplum, ntermtldn collaborative re
search, 97
 

14 rices in 3water regimes, Central Luzon, 94
 
hybridization and selection for,96

international collaboration. See Inter:, j';
',nal coilabora

tion on drought resis. ..
international rainfed lowlan, .ubservational nursery 

at reproductive stage,lb
varietal screenIm, 86.See also Varietal sening for
 

drought resistance
 
vertical root distribution, ?qj
 

crop Species in drylan. !Is, 100
 



10 a 064 at4dWIM, p0tVt $es 100 
'emu "Uek*W" in sle, 100, S" als

N mW s am rebtleonbls b im . SODIUMe
ty doe aotpl of, and other mops, 406 


oIsr e pgo27 r0 4
-ewab rha m 273
 

D-d rl sebad copping stem, diseast Se Db 
bmI oppliW Wmr 

lDy mift accumulatlon is detached pankles, 32 

Dip Wed dof 

effect of previous crop sNd tfflags on land pCeperutiOn 
(a. 368 


itrogss fertiliza management for, 374 


effect 	 of application method and volume on per-


formance of herbicides in, 212 

of time of herbicide application 	on damageeffect 
to, 217 


weed control in, 205 


yield and emergence in relation to early rainfall, 368 


Ducks as hopper predators, 197 


Economic constraints on high yields, 288 

biophysical, 289 

otdective of research on, 288 

production inefficiency, 295 


yield 	 p, 288 

technise of evaluating potassiumElectro-ultrailtration 


fertility of wtland soils, 262 


Elongation ability. See also lntemode elongation 


screening for, at early growth, 122 


standard evaluation system for measuring, 123 


Thalland-IRRI Cooperative Deepwater Project, 134 


Entomology 

biological control of hoppers, 193 


collaborative gall midga biotype studies, 71 


cultural control of brown planthopper, 192 


ecology of brown phnthopper, 198 


insecticide evaluation, 176 

nature and causes of resistance [to insects), 63 


sampling hoppers and predators, 199 


sex pheromones of stem borers, 192 


sources of resistance Ito insects], 60 


Entomology cropping systems component 


disease and Insect control, 343 


lloilo tests (croppingtptternsl, 353 


Pangasinan tests (cropping patternsl, 350 

plan prtecton,400Germplasm
plant protection, 400 


Environmental description, 331 


cropping systems determinants
economi, 335 


economic, 33 


cropping pattern design, 334 


diseases in rice-bised cro-ing systems. See alo D-

eases in rice-bae, 
 "' systems 

drlazs, 336 

wetland, 337 


33
usvitmamt sklatic. 

miafale. 332
 
Egavk@3t sadtMsLdi.Jsc, 271
 
Lepothnra -i:Mfl=


and tmpWkatio3 km peddy Odds, 248
 
uOmnmat 270
 

and water roquirmt cwetand rk (a =atd) 272
 

Experinftal fam, 449
 
else Lo.rimFertility eapumimtS, ou4-tm, 	257. Se 

2WFtity expms m 
tuit xeiet 

Fertilizer 
effect of, depth of placemekt, and muiolZIN on TaO

fed corn after puddled flooded rico. 334
 
nitrogen, management for dryaeeded rico 374
 

tiage and, effect on 37n rown alter rice in three
 

gowing systems, 377
 
Finances, 460
 
Flood and deepwatcr toierance. See Deepwater and flood
 

tolerance
 
Food production, international focus on, 1
 

Fungal rice diseases, screening for resistance to, 36. See
 

also Diseases, nmor rice, screening varieties fog 

resistance to 

Gall midge blotypes, collaborative studies, 71
 
Gel consistency, factors affecting, 28
 
Genetic evaluation and utilization (GEU) program
 

adverse soils tolerance, 107
 

agronomic characteristics, 15
 

computerized data management, 159
 

deepwater and flood tolerance, 121
 

disuse resistance, 33
 
drought resitance, 85
 

genetic resources program, 11
 

grain quality, 23
 
Insect resistance, 59
 

integrated GEU program, 149
 

International Rice Testing Program, 143
 

protein content, 77
 
temperature tolerance, 137
 

Genetic resources program, 11
 

field collection, 12
 

international and interinstitutional collaboration, 14
 

institutional exchanges, 12
 

inventory, rejuvenation, and distribution, 13
 

sed increase, rejuvenation, and distribution, 13
 

seed stora-. 14
 

training ofgenetic stock officers, 14
 

Genetic study of wetland-dryland croses, 20
 

bank, 160
 
ban, 10

xchaine, 150
 

GEU training course, 440
 

Grain quality, 23
 
breeding program, 24
 
dry matter accumulation in detached panicles, 32
 

factors that affect, 24
 

amylose test, reflnerCnt, 25
 

cooking methods and texture of rice, 26
 

INDEX 469
 



dk * of WOW Ouas k inb, 2? 
ssisew ofemaylpee o g, 27 

11181'114 3 

eMH qPetlee ot word rim Wmt-. , 24 

• btm ammotlea with Ike matath i amls, 29 

onsy of worl d wortiee, 25 


tlikof utmmd devloping rals. 30 

flltq frctiom of brown rice. 30 


dswlopin 142 ke,grain. 32 

wosohtop, 24 


Gra site and short growth duration, 16 

Grela yield, 129 


mdlf8 age and, 128 

Green lefdhopper 


imecticides and resurgence of, 190 

leveof resisance to 67 


Growth duration, 16,129 

at Chuncheon [Korea] and selected ates, 140 

short 


and pain .size, 16 

lines with, 6 

selecting for, 141 


Herbicides 

control of Scrpus marltimus,214 

cultivar tolerince for, 217 

perfornance, effect of applicatio4 method and volume 


on, 212 

dry-eded, rainfed, bunded rice, 212 

upland rice, 213 


screening, for upland crops, 397 

screening new, 206 


transplanted rice, 206 

upland rice, 208 

wet-seeded rice, 207 


time of application, effect on damage to dry4eeded, 

minfed, bunded rice, 217 


High-temperature-induced sterility, 272 


Improved rice varieties 

genetic interrelationships, 155 

maternal orlin 


IR and national varieties, 155 

potential improved varietex, 156 


Incroad rice production, sources, 308 

Indonesia, 310 


growth in rice production, 309 

Philippines, 309 


distribution of production growth, 308 

Industrial extension program, 432 

Information resources, 448 

Information services 


genetic interrelationships of improved rice varieties, 

1.*q 


Intenational rice genetic survey, 153 

Insect control 402 


Methodology Indetermining recommendations, for, 343 

muM bean, 345 

rice, 345 


470 IRRI ANNUAL REPORT FOR 1978
 

ctle evumbatin, 176
 
broun vIlorlppr amol, 46
 

6e,3eto of,iseaic e m odlatliod mpom"
 
of 31K 10
 

ild studies, 186
 
reenhouse evalugion of hsctiolde for. 16
 

Insecticide application ad chaom in mjor and
 
minor elements fari* plants, 1N
 

Imecticlde $pays on rice and feedfw rate and
 
damage by 3PH, 188
 

low dosae ogmrnular Insecticldes and 31ff nymph
&lduration and sex ratio, 190
 

sublethal dose of insecticides and BPH reproduo
ton, 189
 

fate of carbofuran In flooded sol and the rice plent,
 

IJt% 

190. See a&) Casbofuran, fate in flooded oil
 
and Co rice plant
 

field studies, 150
 
comparison of application methods, 184
 
follar spray, 181
 
paddy water application, 184
 
soil incorporation, 184
 
timing of insecticide application, 186
 

greenhouse and laboratory studies, 176
 
contact toxicity, 176
 
folar spray, 176
 
fumigation, 180
 
paddy water application, 179
 
root-zone application, 180
 

insecticides and resurgence of whitebacked planthop
pen and green leathoppers, 190
 

Insect resistance, 59
 
biochemical bases, 6, 68. See also Insect resistance,
 

nature and causes
 
collaborative gall midge blotypes, studies, 71
 
sources, 60
 

brown planthoppe', 61
 
leaf folder, 63
 
whorl maggot, 62
 
yellow stem borer, 60
 

whitebacked planthopper, inheritance of resistance to,
 
71
 

Insect resistance, nature and causes, 63
 
biochemical baes of resistance, 68
 

BPH egg-hatching inhibitor, 70
 
nutritional factors, 69
 
steam distillate extracts, 68
 

levels of brown planthopper resistance, 63
 
feeding studie% 65
 
population increase technique, 63
 

levels of green leafhopper resistance. 67
 
Insect resurgence
 

brown planthopper, 186. See alo Insecticide evalua
tion
 

whitebacked planthopper and green lafhopper, t'Tect
 
of insecticides. 190
 

Insects and diseposs
 
control, 34
 
inor~orad or+ i resistance, 5
 



Ime, coavol &A maswoamm, 175 

Wehaqml ceatol. 193. See abe Dioleald control of 


hewnr 

me pbatboppor 

Cuallt onmtl, 192 

sco , 198 


boscskde aMutt, 176. See abo Isectical eval-s, 

tion 


sunplbg boppts and pmedatos. 199 

stem boer mx phemones, 192 


Insocts pattic on hoppe, 193. See dW 3i-lglical 

conUo of hoppers 


Integrated GEU program, 149 

beding methods, 153 


induction of monogenic recsaiive male sterile mu-

rants, 153 


b" eding *oMatiom,151 

hybrIdization, 152 

testing of breeding lines and gemplasm, 152 


exchange of germplasm, 150 

genetic interrelationships of improved rice varieties,
 
international rice genetic survey, 153 

IRRI lines named in national programs, 150 

new lines with multiple attributes, 153 

portable vacuum emasculator, 157 


Integrated weed control, 208 

dry-seeded sainfed, bunded rice, 211
transplaned raf ice, 208 

uansplanted rice, 208 

upland rice, 209 

wet-seeded rice, 209
atieadaptability 

conferences, 446 


onference on farm-level rice yield constraints, 447 

cropping systems working group meeting, 447 

deepwater rice workshop, 447 

international rice research conference, 446 

International Rice Testing Program advisory group 


meeting, 446 

nitrogen and rice symposium, 447 

rice cold tolerance workshop, 447 

workshop on chemical aspects of grain quality, 447 

workshop on the consequences of small rice farm 


mechanization in Asia, 447 

workshop on the international cooperative project 


on national rice programs, 446 

cooperative country projects, 444 


Bangladesh, 444 

Indonesia, 444 

Malaysia, 445 

Pakistan, 445 

Philippines, 445 

Sri Lanka, 445 

Thailand, 446 


major chievements, 3 

IRTP, 3 


.ew Wh of IRRI, 2 

interntional and inteminstltutional collaboration, 14 

Inte national collaboration on drought resistance, 97 


coempalve evaluation of elite ernplasam In ranfed 


wstlnd cultre, 97
 
IRRI-lsdoae 91
 
iRRITha&nd, 97
 

Intematioual rrnfereaus, 446. Sw adw Itsmtiomal
 
activities
 

monitoring arA phnniol 5
 
Intenational cooperation on deepwater and flood toler

ance, 135. Sedw Deepwate: and flood tolerance
 
International networks, training supportive of, 435
 
InternatiomI rice genetic wrvey, 153
 
International rice research confueAe, 446
 
International rice testing
 

International Rice Testing Program, 143
 
advisory group meetin& 446
 
communication and data dIssemination, 146
 
computerized data management, 160
 
!nternational nurseries, 144
 
monitoring program, 145
 
research leads from, 147
 

low tempetrature, 138
 

lnternode elongation, 126
 
ability for
 

at early growth, screening for, 122
 
standard evaluation system for measuring, 122
 

of deepwater rice, 123
 
effect of presubmergence drought, 123

screening for submergence tolerano and, 122
 

IR36 in ralnfed rice areas, 414
 
IR42 

to adverse soils, 112
 
lipids of mature and developing grain, 32
 

Iron deficiency )lerazce, role in yield stabilization, 115
 
Iron toxicity tolerance
 

field testing for, 1I1
 
iron-manganese ratio and, 119
 
role in yield stablization, 115
 
screening for, 108
 

improving techniques for, 117
 
Irrigated rice, yield performance and nitrogen response,
 

16
 
Irrigation and water management
 

evaluation of drought resistance in rainfed wetland
 
culture, 94
 

irrigation and water management, 219
 
irrigation water management research, 220
 

Irrigation and water management training course, 442
 
Irrigation water management research, 220
 

integrated approach to irrigation system management,
 
220
 

farmer response to management improvement, 221
 
reuse of drainage water from an irrigated watershed,
 

227
 
drainage outflow computations, 227
 
drainage reuse, 228
 
water quality analysIs, 230
 

water management trairIng, 230
 
water-use patterns in a communal Irriation system,
 

223
 

INDEX 471
 



"u
eMIn I Wd h . Plaim 225 

waw MOU1*01 ad me, 223 

WmWmW
W 0mq, 22 


oetsawn adIml a -- e&dh 

od Ie cold tolereasc, 140 


ffect of low vest temperature at differeet growth 

stam, 141 


ewhgios of the extremely cold-olernt vritte, 139 

growth duration at Chuachson and elected ites, 140 

screne8 of cold relirance nursery in a watW gudlent 


(17-2rC), 139 

electing for short growth duration, 141 


Kresek. Swe 1 Bacterial blight 

eaf blight and, 1' 

control, 167 


Land prepation,dry-masn 

effect on weed growth, 391 

effect on wet-season crop planting dates and per-


formance, 368 

method and degree, 392 


Led blight and kreack, 166. See also Bacterial blight 

Leaf folder, sources of tolerance to. 63 

Leaf scald, 36. See also Diseases,control and management 

Library and documentation center, 448 


bibliographies, 448 

IRRI Tokyo office, 448 

library holdings, 448 

otht. library activities, 448 

reference and circulation, 449 


ipids 

of mature and developing grain, 30 


IR42, 32 

of milhlig fractions of brown rice, 32 


Long-term fertility experiments, 257 

farmes'fields,258 

IRRI, 256 


Machinery 

design, 424 


pump,426
axial-flowaxial-flow thresher,428 


Engkbcrg rice mill project, 430 

harvester attachment for power tiller, 429 

multicrop upland seeder, 424 

plowole granular-chemical applicator, 426 

portable axial-flow thresher with cleaning system, 


427 

rice hull furnace, 429 

rice transplanter, 425 

rotary tiller attachment for the 6- to 8-hp tiller, 424 

6- to 8-hp tiller with steering clutches, 424 


development and testing, 423 

Industrial extnndon program, 432 

testing and use, 430 


compacted soils studies, 430 

plow sole fertilizer-placement trials, 431 


472 IRRI ANNUAL REPORT FOR 1978
 

bl ad. mluuh" 431
 
MUiIty, ric vriety's Ihlace 6i i, 344
 
Microbbioml staildes ass! frailty, 241. SWm oSol
 

MId Wdsems, fics 283. Se ds Rice mln qis mmidsrem toleame
 
plant characteristlm and, 117. See do Iat chstso.
 

Wbieics and mimal strs tolerace
 
tole in yield stalblatin, 113
 

iron deficiency, 115
 
iron toxicity. 115
 
phoqphorusdefidencr, 113
 
yield stability over sites and seasons, 115
 
zinc deficiency, 113
 

Molecular nitrogen fixation assocated with the ie plant,
 
242
 

new types of bacteria isolated from rice roots, 244
 
nitrogen balance studies, 242
 
relative contributions of blue-green algae and bacteria,
 

243
 
tole of varieties, 244
 
wetland rice
 

"Ngas incorporation into, 242
 
relative contribution ofroots to nitrogen fixation,
 

245
 
Monitoring program, IRTP, 145
 
Mulching,effects of planting method and, on rainfed soy

bean after wetland rice, 388
 
Multiple cropping
 

Asian cropping systems network, 417
 
cropping systems working group, 420
 
testing of cropping patterns, 418
 
training, 421
 

cutoff dates for crop scheduling, 340
 
environmental simulation model, 333
 
liblotests [cropping patterns], 353
 
Influence of the rice variety's maturity on yield, 346
 
Pangasinan tests (cropping patternsj, 350
 
rai fail,
332
 
rice culture, 266
 
soil and crop management, 368
 

Multiple cropping training program, 6-month, partici
pants, 439
Multiple dieae reslstan., 34
 

Mung bean
 
and cowpea diseases in dryland rice-based cropping
 

systems, 337
 
corn and, ntercrop, effort onpowdery mildew of mung
 

be an401
 
diseases inwetland rie4aed aopping systmr,338
 
insect and disease control for, 345
 
insects, effect of cropping patterns on, 405
 

Networks, computer-based data manMement, 9
 
New lines with multiple attributes, 152
 
Few technology, consequences. See Consequenis of new
 

technology
 
Nitrogen
 

levl, Influence on bacterial blight Infection, 48
 
rate
 



, 26 

P-ft de ad, 266 


Utsem ad rim 1qo m 447 

Nis m bahasu , 242 


-hfifnf t U, for 0010611 s011 

isuda 

NMia hither elfcmhr,ftse 250 


di, ns, 250 

wet semso, 250 


flrtlber phoemsat depth, 251 

Nhqsm fortiWy of sos, 252 


ammoab Vottilintim,252 

tzufomution of deep-pced ura in flooded soils, 


254 

Nitogen fixation. 7 


associated with azolb.245 

avalability of mol nitrogen to rice and its Ion in 


soil, 248 

moil species and cblnes collections, 246 

continuous growth of azoila. 245 

phosphorus application, 247 

temperature requirement, 246 


molecular, associated with the rice plant, 242. See also 

Molecular nitrogen fixation as&,clated with the 

rice plant 


phototrophic, 237 

Nitrogen response 


of promising lines, 261 

and yield performance 


kIrgp d rice, 16 

minfed wetland rice, 18 


Nitrogen-supplying capacity of soils, 237 

Nodal tillers 


morphology in deepwater rice, 125. See also Deep-

water rice 


screening for ability to produce, 128 

Nutrient distribution in milling fractions, 79 


Office of information services, 449 

major publications, 449 

research and tralning support, 449 

series publications, 449 


Oxygen requirement, 275 

air space 


in deepwater rices, 277 

intemode, in dryland and wetland conditions, 277 


for emergence of seedlings, 275 

"sudden wilting" in Korea, 276 


Parasites of hoppers, 193. See also Biological control of 
.'-jvpers 


Peanut, varietal testing, 411 

Peat stils, 233 


tolet rce 

fleid testing for, 112 

creenit for, 108 


Personnel vii 

Pesicide residue laboratory, 451 

Plippine problem rim bade, 232 SeAlso Soil cham, 


biatso. 

Phosphorus 

Midpoftb , tabu Md tims of 4 1h N , 20
 
dfldmc, tobme for
 

fbm Weufd 112
 
fo Inybld dabisintl113
 

l for, 106
 
soWc trial o two Phlppine sol 253
 

Plnt beeding
 
breed [for edvMo Sils tobnc@]j 109
 
breeding nethods, 153
 
breeding program [deep water and flood tolerance) at
 

IR , 135
 
bredin program [grain qualityj, 24
 
breeding operations, 151
 
collaboratIve gall midge biotypo studies, 71
 
evaluation of drought resistance in ranfed Wetland
 

culture, 94
 
evaluation trials [protein oontentL, 78
 
exchange ofgermplasm, 150
 
further incorporation of disease resistance, 39
 
genetic interrelationships of inproved rice varieties,
 

155
 
genetic resources program, 11
 

field
collection, 12
 
institutional exchanges, 12
 
international and interinstitutional collaboration.
 

14
 
inventory, characterization, and data processing 13
 
eed increase, rejuvenation, and distribution, 13
 

seed storage, 14
 
training of genetic stock officers, 14
 

genetic study of wetland-dryland crosses, 20
 
grain quality, 23
 
growth duration, 16
 
hybridization and selection [drought resistance), 86
 
inheritance of resistance to the whitebacked plant

hopper, 71
 
international collaboration [drought resistance], 97
 
international rice genetic survey, 153
 
IRRI lines named in national programs, 150
 
low temperature, 138
 
portable vacuum emasculator, 157
 
role of mineral stress tolerance in yield stabilization,
 

113
 
sources of resistance [to insects], 60
 
sources of semidwarfism, 20
 
varietal screning [drought resistancej,86
 
workshop on grab' quality, 24
 

Plant characteristics a. I mineral stresses tolerance, 117
 
iron-manganese rati, and iron toxicity, 119
 
salt tolerance, 117
 
varietal reactions
 

to exchangeable sodium percentage, 118
 
to sodium adsorption ratio, 118
 

Plating date and nitrogen rate, 266
 
Plant pathology
 

control and manne-nent of diseses, 161
 
blast, 162
 
leaf bight and kresek, 166
 
leaf scald, 165
 

INDEX 473
 



- diams, £6 

mdtinN 171 


*a* bf . 16 

d*gh m. 101 

was, IU 


dibsm 'sbaoaudb%.43 

w i8 deas mbams of bmdis maealsl, 34 

hesbo Mosegis of peddy. 230 

seesek usbtM subat major dimus, 36 


bmt psthwka czoppies systas component 

dbmsanad lowet cotrAl, 343 

dimss in dryWl ri.-basd csopph8 systems, 336 

dimam in wethand tic bud croppbi systems, 337
 

Nw -i 11"m 

Plantprotection 400 


Plantphysiolgy 

breding piaom Idepwate and flood tolemosl at 


IRRI, 135 

effect of'presubmaigenoedrought on internode elongs-


tion of deepwater rice, 123 

envionme and its inluence, 271 


oxygn requirement, 275 

solar radiation and water balance, 272 

temperature, 272 


grain size and short growth duration, 16 

hlh temperature, 272 

low temperature, 138 

morphology of nodal tillers in deepwater rice, 125 

screening for ability to produce nodal tillers, 128 

icreening for elongation ability at early growth, 122 

screening for submergence tolerance and internode 


elongation, 122 

seedling age and grain yield, 128 

seedling height, 129 

standard evaluation system for measuring elongation 


ability, 122 

vertical root distribution, 100 


Plant protection, cropping systems component technol-

ogy, 400 


continuous cropping of dryland rice and other crops, 

406 


control of downy mildew of corn before rice, 401 

effect of corn and mung bean intercrop on powdery 


mildew of mung bean, 401 

effect of cropping patterns on mung bean insects, 405 

insect control, 402
 
screening chemicals for seed treatment to control 


damping-off of legumes, 400 


Postproduction technology and management, 279 

household storae of paddy, 280 


field survey, 280 

technical evaluation trials, 281 


rice milling systems, 28 3. See also Rice milling systems 

Potassium fertility of wetland soil, electro-ultrfilltration 


technique of evaluatin& 262 

Predators of hoppers, 196. Ste also Biological control of 


hoppers 

Preproduction evaluation, 413. See also Cropping systems 


preproduction evaluation 

Promising lines 


474 IRRI ANNUAL REPORT FOR 1978
 

tq..̂261
 
TkhV MiR COPMat Dapnor Plai, 10
 

Frooesi coo t. 77
 
evatl , 78
 

bcan drfecb pubi coment, 78
 
higbhpsotea psarets. 78
 
yild trWl 77
 

nutrient ftrlbuon i ma bactons, 79
 
propertles, 80. See abo Ri protei pmopitll
 

Publicatiom, 452
 
P)ldWrlea oryme, standardizatin of Pbippfie race num

ber.%43
 

Ran d sunt 

control and management, 171. See aa Diseases,
 
control and management
 

resistance, 47
 
vs BPH resstance, 48
 

Rainfall, 332
 

early, yield and emergence of dry-seeded rice in rela
tion to, 368
 

Rainfed rie
 
Is"eu
 

clasifying, 97
 

IR36 in, 414
 
pilot production programs in, 416
 
seeding rate for, 414
 

use of old seedlings for, 372
 
Rainfed soybean after wetland rice. See Soybean
 
Rainfed wetland culture
 

drought response of International observational nursery
 
at reproductive stage, 96
 

evaluation of drought resistance in, 94. See also
 
Drought resistance
 

evapotranspiration and transpiration from paddy fields,
 
268
 

measurement, 270
 
planting date and nitrogen rate, 266
 
yield performance and nitrogen response, 18
 

Rapid generation advance, 133
 
Ratoon cropping of transplanted rice, 373
 
Research fellows, 436
 
Research highlights, 1
 
Research inputs allocation to rice environments, 311
 

contributions by country, 314
 

cost differences, 313
 
Research scholars, 435
 
Resistance
 

to diseases, 33. See also Disease resistance
 
to insects, 59. See also Insect resistance
 

Rice-based cropping systems, diseases. See Diseases in
 
rice-based cropping systems
 

Rice cold tolerance workshop, 138
 
Rice culture, 265
 

continuous rice
 
one crop vs two crops vs three crops/year in, 268
 
planting methods and nitrogen rate for, 266
 

differential titl treatments in a second rice.crop, 266
 



supoo -- 11"nadvUs~o- iraio-osapeddY 
9101k. a" 

emenemmt, 270 

PIMWti daM Old ltrMPM jLaW, 266 


like psi, UNds of astm and developiS, 30 

hwersmn mIf fractons, 30 

d pewDP 32
8 IR42 mw, 


Rks sailin sysem 283 

factors influnclir mill recovery, 283 

vilba system 


smn", 233 

economic$ of. 286 

hnprovis, 285 


Rice production 

constraints, 8. Ste abo Constraints on rice yields 

continuous. model. 365 

growth 


distribution in the Philippines. 308 

in Indonesia, 309 


increased, Philippines and Indonesia. See Increased rice 

production, sources 


trainins program. 6-month, 438 

Rice production training and research 


preproduction evaluation, 413 

applied research and pilot extension, 414 


varietal testing, 408 

Rice production training and research cropping systems 


component 

continuous rice production model, 365 


Rice protein properties, 80 

nitrogen balance studies with high-protein rice, 80 

other cooperative studies on, 83 

terminal amino acid and molecular weights of protein 


subunits, 82 

undigested cooked-rice protein, 81 


Rice reserve stock program, analysis, 315 

data and parameters, 319 

simulation analysis, 320 

the model. 316 


reserve stock management simulation, 317 

Rice starch granules, subitances associated with, 29 

Roots 


mechanical impedance to growth, 274 

vertical distribution, 100 


Saline soils, 232 

Salt tolerance 


Weceding for, 109 

field testl, II! , 

phnt charactes:stics and, 117 

sareenin8 for, 105 


Improving techniques for, 116 

St pes mUitimw control, 214 

Second rice crop* 


tnssplanted and wet-seeded, tillage techniques for, 

370 


yield of sanfed, effects of photopelod-sensitive vane-

dse, edlin ap, and date of plantin on, 371 


SedlsU 

#p*ad Va ybeld, 128
 
gain yield. 128
 
growth duration. 129
 
hewSht, 129
 

Seed mples
 
field collection, 12
 
Inaese, reuvenation, and distuibutlon. 13
 
inventory, chamracteization, and distribution, 13
 
storale. 14
 

Semidwarfism, sources, 20
 
Seminars, 457
 

general. 458
 
Saturday, 457
 
speciL. 458
 

Service laboratories, 452
 
Sex pheromones of stem borers, 192
 
Sheath bUiht, 37
 

chemical control, 164
 
screening varieties for resistance to, 37
 

Sheath rot
 
control and management, 165
 
screening varieties for resistance to, 37
 

Soil and crop management, 231
 
rice culture, 265
 
soil characterization, 231
 
soil fertility and fertilizer management, 249
 
soil fertility: microbiological studies, 241
 

Soil and crop management, cropping systems component
 
technology, 368
 

dry-seeded rice
 
nitrogen fertilizer management for, 374
 
yield and emergence of, in relation to early rainfall,
 

368
 
effects of
 

age and number of seedlings on yield and field
 
duration, 372
 

dry-season land preparation on wet-season crop
 
planting dates and performance, 368
 

fertilizer, its depth of placement, and mulching on
 
rained corn after puddled flooded rice, 384
 

inoculants and plant populations on soybean yield,
 
390
 

photoperiod-sensitive varieties, seedling age, and
 
date of planting on ranfcd second-rice crop
 
yiels, 371
 

planting method and mulching on rainfed soybean
 
after wetland rice, 388
 

planting time and straw removal on no-tiligo rain
fed soybean grown after wetland rice, 387
 

previous crop and tilage on land preparation for
 
dry-seeded rice, 368
 

rice land drainage and soybean tillage treatments
 
on rainfed soybean grown after wetland rice,
 
385
 

tiie and fertilizer on corn grown after rice in
 
three growing systems, 377
 

transplanted rice
 
NPK responses in Pangasnat!, 374
 
ratoon cropping of, 373
 

INDEX 475
 



AiW fee, id woe cd smm tim 

aeep 370 


-a onM OWe for I mke, 372 

waterdamw to wnd aops 376 


9l14 dmcsetimmn. 231 

nU Wsepblm Aim lah, 232 


"Mm m aI 232 

post 8b.233 


sobl 232 

u icinam sob, 233 


soe niths. 236 

effect of straw on status of, and other nutrients, 


237 

phototrophlc nitrogen fixation, 237 

water regime and supply of,236 


soi testing, 237 

Soil chemistry 


field testing (adverse sils tolerance]. II 

Improving sreening techniques (adverse sils toier-


ancJ, 116 

inecticde evaluation, 176 

nitrogen fertiizes efficiency, 250 

plant characteristics and mineral stress tolerance, 117 

role of mineral streu tolerance in yield stabilization, 


113 

soil characterization, 231 


Philippine problem rice lands, 232 

soil nitogen, 236 

soil tcsting, 237 


Soil fertility 

and ferter marmement, 249 

microbiological 1tidles, 241 


molecular nitrogen fixation associated with the 

rice pia t, 242. See alo Molecular nitrogen 

flxatior associated with the rice plant


nitrogen txatin associated with azolla, 245. See 

ahoNitzrogen fixation 


Soil microb~ology 

insecticide evaluation, 176 

molocultr nitrogen fixation associated with the rice 


piant, 242 

nitrogen fixation associated with azola, 245
 

Soil microblology cropping systems component 

plant protection, 400 


Soil nitrogen, 236. See also Soil characterization 

Sol-plant-water relationships in rice, 100 


components of water potentbl in water-stressed rice, 

103 


drought tolerance under limited rooti depth, I00 

led rolling and transpiration, 103 

response of rice leaves to water stress, 102 

water transport in rike plants, 104 


Soils 

acid sulfate, 732 

available zf" anri wpper in rice, 238 

ditr gn, 236. See lo Soil characterization 


r*romlpn fertility, 2".. &t ale Soil fertility: 

nzom- uppylq cipachy, 237 

pest, 233 


A7 IRRI ANNUAL REPORT FOR 1978
 

NOW 32
 
t 237
 
dsiodribt,235
 

Soil " 237
 
aimldba ad Iopper Ido sob 233
 

lskogoAm pplyfft mpacty of s3. 237
 
Solar rdhtomiand wat bala, 272
 
Sorghum v&ri*l tftb 410
 
Soybean


and cowpea cultesm compatitioemse againt weedA,
 
394
 

effect of inoculmnts and plant population on yield
 
Of, 390
 

rainted, after wetland rice
 
no-tillage, effect of plait time and straw re
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HYBUIDIZATION AND SELECTION 
rhW sftd~v fDpwmew 

IRiU hybrlimtlon for drought resistance now 
lcudes crosn intended for drylid and 
raided wetland cultures. Forty-five single and 
189 multile crosses wcre made in 1978. 

During the year 250 F, populations were 
grown indryland fields at IRRI and ina farner's 
field inBatangas province. Despite aSeptember 
typhoon that caused lodging and crushing of 
plants, 2,971 F, plants were selected. Progenies 
selected from pedigree nurseries in dryland 
fields numbered 1,300. 

For crosses intended mainly for drought resi-
tance inrainfed wetland culture, 100 F, popula-
tions were grown. A fire destroyed all the F, 
seeds; the crosses will be repeated in 1979. A 
group of 17 F, populations, involving drought-
resistant sources, was grown in the wet season. 

VARIETAL SCREENING 
Agronomy and Plant Breeding Departments 

Dryiand &d (Agronomy). The 1978 dry-
field screening for drought resistanceseason 

was at IRRI and ina farmer's field inTanauan, 
Batangas province. The drought reaction at the 
vegetative stage of the entries, induding 
drought-resistant checks IR442.2-58 and 
Salumpikit and drought-susceptible checks 
IR20 and IRAT 9, was recorded at 2,5, and 10 
bars soil moisture tension (SMT) at the 20-cm 
soil depth. Plots were sprinkler.irrigated after 
the 10-bar SMT scoring, and scored for drought 
recovery 15 days later. 

IRRI. Among 4,757 entries, 18 varieties and 
25 lines had drought scores of I to 3(Table 1). 
The outstanding varieties originated in Thai-
land (5), India (4), Indonesia (4), Bangladesh 
(2),Liberia(1), Pakistan (1), and SriLanka(l). 
Only the line IR8103-120-3 had a drought 
score of 1 at all SMT levels. When scored for 
drought recovery 10 days after relief of mois-
ture tension, all bi t two of the listed entries 
improved or retained a green appearance. 
Bakka Edjang and N22 suffered from sheath 
blight, 

Baumig. Three varieties, but no IRRI lines, 
scored 3 at 10 bars SMT in the Batangas test of 

ERRu AMUAL MlORT FOR 1978 

2,403 altr.. (TAI. 2). ThU rm* Ist chelk 
Sd p"kt moor 4 d opposd to dw 6.d 
IR442-2-58. 

IRRI and Batangas resuls com
pared. Results for common entries were cor. 
pared. The IRRI dryland area so 1 is heavy 
montmorillonitic clay, with a relatively shallow 
hardpan. The Batangas site's soil is siltly with no 
hardpan to a 1.5-m depth.The subsol was moist 
at 1-m depth and saturated at 1.5 to 2 m when 
SMT at 20 cm was 10 bars. That gave deep
rooted plants access to moisture. 

The best entries at IRRI included known 
semidwarf, internediate4tatured, and tall var
ieties and lines; the best ones inBatangas were 
only the tall varieties. Apossible explanation is 
that less moisture was available for root aborp
tion at 20-cm depth and Ioban SMTin the silty 
Batangas soil. The result was greater leaf desic
cation in the Tanauan test. The drought
tolerant varieties inBatngs either had better 
resistance to lower moisture content or had 
roots that penetrated to the deep moist soil. 

Screeing drybld cum (Pit Breed
ing). During the 1978 dry season 5,719 tradi
tional varieties and 2,216 breeding lines were 
screened for drougho resistance. Because of the 
early showers (third week of April), drought 
resistance was scored only at the vegetative 
phase. 

Among the accessions from the germplasm 
bank, 1,014 entries showed moderate to high 
levels of drought resistance at the early vegeta
tive stage (Table 3). The largest proportion of 
drought-resistant entries came from the Assam 
Rice Collection of India, dryland varieties of 
Brazil, and varieties collected from Indonesia, 
Liberia, Sierra Leone, and Burma. 

From the dryland breeding nurseries, prog
enies that nave one drought-resistant parent or 
more in their pedigree produced a higher per
centage of lines with good levels of drought 
resistance than did lines without a drought
resistant parent. Progenies of drought-resistant 
dryland parents also showed less stuntedgrowth 
during the plant's moisture stress period. Some 
lines from the wetland breeding surserles also 
showed a higher percentage of drought resls. 
tance at the early vegetative stage. Althouh the 
lines showed moderate signs of plantstrw, i.e. 

I 
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Igof rices for respnse to drought under slmu- IR3858-6 (Phillppluem), and TOS 2583'" 
lated -dryland "field conditions continued (iei) 
throughout the 1978 wet memo.. Figure 1Efu-. Drlani Am, ylu l (goodo) h 
trates the relationship between viual score and 1978 wet-scawn dryland rice'ylild trial Wag atr 

Sleaf wae ptential ln1,O74"entries screened. 

and high predawn leif'water potenlal. The
 
relationship between those arales confirms
 
that maitenance of. plant water potential,,a 
primary factor being studied at lull, i related
 
k ~the performance of the.,rlke plant'(1977
 
Annual eport)iaranfiddrylancfop.The j
prie"w -leaf water potential ,measurement
 
indicates agenotype's abilityto,rehydfite dur-;0
 
Ing the nlit, and indirectly provides liforma., 0
 
ion on the extenitof the root systm.~.~
 

k Most of the entrieswitha score of1,or 2 i
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five sites: IRRI, two farmers' fields in Batangas OD 
province (Santo Tomas and Cuenca), and two 
Bureau of Plant Industry (BPI) experiment sta- 'Co 
tions in Isabela (1lagan) and inNegros Occidental I 
(La Granja) provinces. There were 27 entries 100 

from the 1978 International Upland Rice Yield 
Nursery (IURYN), 21 from the 1977 Interna- 4w -0- so 
tional Upland Rice Observational Nursery s o,, 
(IURON), 17 from yield trials at 4 Philippines oo , - 60 
sites that included 1977 IURYN entries, and 16 wo- - 40 
from 1977 dry-season field drought screening. 
Two seedings about I month apart were made in 100- 2D 

the IRRI and Batangas trials;only I seedingwas 0 

made at the BPI stations. 5W 100 
The weekly rainfall distribution and daily 

SMT for the test sites are plotted in Figure 2. 4w -,s, 
Soil moisture was generally sufficient through. W i _0 
out the tests in all sites. There were short dry soil o mru 
spells in late July at IRRI and Batangas, and in 2oo 40 
late August at La Granja. Moderate wilting and 
slight leaf tip drying were observed at IRRI and 2o 
Santo Tomas. Typhoons in September and o o 
October caused shattering and lodging of many 5oo, 
entries at IRRI and Santo Tomas. 4 so 

Grain yield. The grain yields of I I early- and / ,o 
12 late-maturing rices selected at 5 sites, and wo - SO N111M 
those of MI-48 (early check) and C-22 (late 
check) are in Tables 6 and 7. w0 40 

Among the early maturing rices JET 1444 
outyielded MI-48 at most sites, but the differ- 0 

ence was significant at only two. IR3839-1, 0 0 
IR36, IR2061-628-1-6-4-3, and IR8072-31-2 -ey ---. 4---* -. 00-4 

MI-48 athad significantly better yield than 

dhree sites. 2. Weekly rainfall and daily sol mistwo tenion Indslaad 
and B733C-IR9669 Sel., IR5853-118-5, 

167.3-2 in the late-maturing group had sig
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31May Z7Jun SMoy 14Jun I6Jun rift 

4.0 .71" 1444 3.20 2.6 4.0 3.3 4.5 
I .1 30 3.A 3.30 4.8 34 22119 

131 2.60 7.3 3A 3.7' SAO 3.6 &1 
11110.61.144.3 2.66 j.3 3.9 3.30 4.4 2.9 231 

3-2 2.6' 2.6 3A 3.4' 4.5 4.2 324
 
Me0-1.2 2.69 230 231 3.46 3. 3.0 33
 
lET 4064 2.0 2.0 3.6 3.6' 4.2 4.60 3.3
 
1R061224-4 2.3 2.80 4.0 3.4° 3.8 3.1 3.2
 
110011.41-2 2.1 1.9 3.1 330 4.7 
 4.3 3.2
 
Kn 26-144 2.0 
 1.6 4.4 330 2.A 3.0 3.1 
I1O-2 1.5 1.6 3A 3.30 4.1 4.0 2,0
 
M1-48 (aedy check) 1.6 2.0 3.6 2.5 3.7 2.5 2
 

20.1 11.0 13.6 15.3 17.3C.V. (%) 20.3 

*Asingle a _1ls&,* means grain yield significantly highr than that of M148 at the 6% level. 

Tae 7. rsm yild of eleeted ieemstulngiem In ldrylend MdS e i elatN, 1676 wet eme. 

Grain yield' t/he) 

Santa Cuenca La 
IRRI Toms Ilgan Grmla MeanWlsignatlon 

31 May 27 June 5 May 15 June 6 June 31 May 
eeeding seeding seeding seeding seeding seeding 

3A.4 3.611IS10 Sol. 2.3' 2.1 4.6 3.60 5.2 

11113-118-5 2.0 3.0' 4.5 3.90 4.86 2.9 2.5
 

2.0 2.0 3.6 3.1 4.50 4.90 2.4IRM675 Sal. 
4.5 4.00 3.6 4.2 3.4Game 318 2.1 2.0 

2.2 1.8 4.1 3.30 5.5* 226 3.3iR1529430-3 

6733C-167-3-2 3.50 2.30 
 4.5 3.5' 2.9 2.6 3.2
 
lrcEo3.10 
 2.1 2.0 4.0 3.40 4.0 3. 3.2
 
IR5643-128-1 1.8 2.1 
 4.5 3.50 4.4 2. 32 

2.3 1.5 4.1 3.80 4.90 2.4 .2IET 1785 

IR5163.213-1-1 1.7 1.3 
 4.4 3.4" 4A 2.7 3.1
 
BG 375-1 
 2.2 2.2 3.6 3.4' 4.4' 2.6 3.1
 
C46-15/i24' 1.5 1.7 4.0 3.7' 4.5' 3.2 2.1
 

1.9 1,5 4.0 2.5 3,2 3.7 2.C22 (lae check) 

C.v. M 20.3 20.1 11.0 13.6 15.3 17.3 

W6,Asingl ere sd ('1,manegrainyield significantly highor then thatof C22 at 5% levo. *GradnyWeld olgiti ltt loorthan tha 

C22 at 5%level. 

nificantly better yield than the check C22 at Sel., B733C-167-3-2, and lR3880-10, the late 

three sites. high yielding entries were semidwarfs. 

Otheragronomicchar'cteristics. The growth IR5643-128-1 and IR5853-118-5, a line 

duration of the early group ranged from 107 to reported resistant to drought at IRRI, had Slight 

I17 days (Table 8). The shortest entry was IR36 leaf tip drying during the dry spell at Santo 

and the tallest Kn 361-1.8-6. The latter, the only Tomas. 
entry that lodged at maturity, was one of three Leaf blast and sheath blight infected all the 

(including IR2061-628-1-6-4-3 and IET 4094) listed entries (Table 8, 9). Neck blast was also 

that showed slight leaf tip drying during the dry prevalent but spared some entries, sutch as EET 

spell at Santo Tomas, Batangas. 1444, IR36, IR9669 Sel., and IR1529-430-3. 
infectiou.The late-maturing entries matured in Kn 361-1-8-6 had the least diwe 

IR5853-118-5 was recommended for hiss.121-131 days (Table 9). Except for IR9575 
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~is26 2.6 2*is; 

Km 361t4 10? 1- 21.4 2.1 &2 

2A4 2.2 to10M14512 2 226 

CU ~ 126 2723.6 & 320 

13 &0 1. 3.1 1, 2 

"~ group 1615-1-1.1 yielded 3.2j t/ha and 
11380.17 .8tlha. 2 0 

SEarly-rnaturlng promising lines4 (selectd>
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The fully irrigated trial was continuously 
flooded from transplanting until the hard-dough 
stage. The partially irrigated trial was allowed 
to sustain up to a maximum of 10 stress days 
before 1 irrigation. (Stress days are defined as 
the number of days in excess of three when 
there is no standing water in the field.) The 
rainfed trial had no irrigation. Total rainfall 

from transplanting to harvest was 1,939 mm. A 
strong typhoon on 26 October caused severe 
shattering and lowered the yield of some of the 

varieties, 
Table 12 shows the yield performance and 

maturity of 14 varieties and lines in 3 water 
regimes in Gapan. Statistical analysis shows that 
IR2058-78-1- 3 -2.3 performed significantly bet-
ter than any named varieties in all treatments. 
This line normally matures in 130 days. The 
10-day delay was attributed to delay in trans-
planting, 

In all 3 treatmcnts IR30 and IR36 consis-
tently yielded an average of 3.1 and 3.3 t/ha. 
The yields of IR5853-118-5, a promising line 
reported as drought resistant in other tests, 
averaged 3.7 t/ha. KDML'65-GI-U-45 
(RD15), a line from Thailand, did not yield 
well. In the Maburak rainfed site its yield was 
low (1.7 tha) because of lodging, 

Only 13 lines were included in the experi-
ment InTalavera. They were seeded 14 July and 
transplanted 8 August because the farmers 
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planted late. With the decreasing day length of 
August, the late-maturing entries generally 
flowered 10 days earlier than those planted at 
Gapan. The October typhoon caused severe 
grain shattering that lowered the yields of early 
maturing and medium-maturity lines. The 
yields of the late-maturing entries were affected 
by lodging. 

There was no pronounced plant moisture 
stress during the vegetative and early reproduc
tive stages in the rainfed and partially irrigated 

treatments. Moisture stress started 4 November 
in the rainfed plots and affected the late

maturing entries at the late reproductive growth 
stage. The pirtially irrigated plots had 3- and 
7-day stress periods before and after the 

October typhoon. Although rain totalled 4.1 

mm for 4 days after the 7th stress day, there was 

no standing water in the fit.! Ain both the rainfed 
and partially irrigated treatments throughout 
the reproductive phase of the medium- and 
late-maturing lines and varieties. The soil mois
ture content (dry basis) was 12.5% in the par

tially irrigated plots and 14.4% in the rainfed 
plots 1 week before harvest. 

In the fully irrigated trial, the highest yielder 
was IR2058-78-1-3-2-3 with 5.1 t/ha. IR36 
yielded 2.7 t/ha; Mahsuri and 1R4432-28-5 
each yielded 2.5 t/ha. In the partially irrigated 
plots, the highest yield did not exceed 2.3 ha. 
IR36, IR2058-78-1.3, IR4432-28.5, Moshul 
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4. Weekly rainfall. 3-day movingav ofmean daily wind speed, 
and relative humidity forevaluation of the International Rain-
fed Lowland Rice Observational Nursery at Guimba, Nueva 
Ecija province. Philippines,1978.
 

and IR34 performed well with partial irrigation. 
They yielded between 2.1 and 2.3 t/ha. 

In the rainfed trial, tle typhoon affected" 
yields. IR2058.78-1-3.2-3 and Mahsuri each 
yielded 2.8 t/ha. They performed well despite 
mild stresses at the vegetative and reproductive 
stages, during which the plots went through an 
intermittent period of moisture status between 
standing water and slightly below saturation. 
The other lines yielded 2.0 t/ha while the check 
variety BPI.78 yielded only 1.6 t/ha. 

The 1978 results confirmed 1977 findings 
that varieties with higher drought resistance rat-
in- such as Mahsuri, are better suited to 

,iinfcd wetland arep where mild to prolonged 
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drought periodlcally ocm IR2058.7-1.3. 
2.3 also performed well in 5 1978 diersum, 
rainfed, wetland drought test (Tabe 4). 

DROUGHT RESPONSE OF INTERNATIONAL 
RAINFED LOWLAND RICE OBSERVA. 
TIONAL NURSERY AT REPRODUCTIVE 
STAGE 
Agronomy Department 

The 261 entries of the International RainfedLowland Rice Observational Nursery 

(IRLRON) were planted in a farmer's field at 
Guimba, Nueva Ecija province. To simulate 
early withdrawal at the monsoon, the nursery 
was planted late (24 August). 

Figure 4 illustrates the dramatic change in 
daily weather at the end of October. The lack of 
rain was accompanied by decreased relative 
humidity and increased wind speed. Those 
atmospheric events produced high evaporative 
demand and depletion of available soil moisture 
during the reproductive stage of many entries. 
Figure 5 illustrates the relationship between 
yield and maturity in the 247 entries. The mean 
of entries in each flowering period decreased 
steadily with time and continued dry weather. 
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re very eowly.mtwluentrlus (!73 days to 
bwerieg taue te prlence for this type 
of adpeauk ba raeed rice. The other curve hi 
Figure S. however, shows that some entries 
(ma of highet three per howering period) 
perfonmed better than those In the earliest 
group and thus may represent drought-induced 
adaptations to rainfed wetland culture other 
than early maturity. 

On 8 and 14 December, the entries' visual 
scores for drought response showed striking dif
ferences. Measurements of leaf water potential 
(both dawn and midday) agreed well with the 
visual scoring results. However, some entries 
with good visual score and relatively high leaf 
water potential, such as Pelita I- I. showed dry. 
ing of panicles or the development of 
whiteheads, which were fully sterile in the 
severe case. The whiteheads are symptomati-
cally similar to stem borer damage. There was 
some stem borer damage. but examination of 
the panicles showed that water stress caused 
most of the symptoms. 

Some entries, such as Dinalaga and Palawan 
with the same relative level of dawn and midday 
leaf water potential, showed no devclopment of 

sterile panicles. It appears that at the reproduc-

tive stages. there are some genotypicdifferences 
in drought response, especially panicle 

emergence. anthesis. and grain enlargement. 

RAINFED RICE REGIONSCI.ASSIFYING 
Agronomy Department 

An initial step toward classification of rainfed 

rice environments on a regional scale was made 
(I.). Iwith Thornthwaite's moisture index 

attempts to account for moisture surplus or 

deficit by predicting potential evapotranspira-

tkm and using the date to cakulate the water 

balance by month. Although superior methods 

for ptedictino evapotranspiration are available. 

input data for many rainfed rice areas are not 

readly avalable for use. The data used here 

wee hm Tbomthwaite's Average Climatc 
Weer II- Dese of the Continents and 
incb o1ly the rlce.growing months. Thirty. 

two dme Mere the 1976 IURON was grown 
were mu n ample. Figure 6 shows how the 

luvdemsbrtesitesform acontinuumofdryto 

wet sites and thus repent dlereut leveb of 
wow edoq y for rdnfud sites. Limited mdfr
mation about the rice crop's performame wu 
available from the IURON rcoard& but at all 
sites mean plant height, an indcation of crop 
water adequacy, was positively correlated with 
f. 

INTERNATIONAL COLLABORATION 
Agronomy and Plant Breeding Depawniu 

To aid scientists in national programs and to 
increase knowledge at IRRI of the require
ments for crop improvement in drought-prone 
rainfed rice ar;:as, collaborative research with 
scientists in strategic locations was increased. 
Figure 7 shows the locations of collaborative 
research projects in South and Southeast Asia. 
Less forn,al exchange of germplasm and obser

vations %ith scientists in Brazil, Nigeria. and 
Ivory Coast also continued during the year. 

Comparative evaluatie o elite germ
plasm In ralhfed wetladmi culture (Plant 
Breeding). IRRI-Thailand. Collaborative tri
als in northeast Thailand were at Khon Keen 
and Chum Phac. Because of aflash flood during 
the early growth stage at Khon Kaen, only the 

Chum Phae trial produced obvious contrasts 
amonL varieties during the 1977 wet season. 

The trial had 40 varieties and lines from IRRI, 
Indonesia, India, Philippines, and Thailand that 

were known to react differently to moisture 
stress. A short drought occurred in late Sep
tember and a prolonged drought lasted through 

most of October, when the early-maturing lines 

were starting to head and the late-maturing 

lines were at panicle initiation stage. 
The 10 best entries at Chum Phe were 

KDML'65.GI-U-45 (RDIS), BKN 6721-5
7-4 (RD8), KDML 105, IR3464-1261-3, 
BKN6721-13-5-3, KDML'65-G2-U-68-25 

4 

(RD6), BKN6801-5I, IR3646-92-!. 

IR1529-430-3, and BPI-76. The yields ranged 

from 2.3 tlba (BPI-76 n.s.) to 3.2 ha 
e r k

(KDML'65"GI.U.4).Thf w inno i t 
difference among the mum Of dw 10 tles. 
The popular variety Nam Sasu 19 yIdded 2.2 

t/ha and the blest.retmt Mabmuri 2.1 tilta. 
Their yields did not difer *simdy from 

those of the top 10 antris, boweer. OS the 
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forvnance in the rainfed treatment: 
* Good - 1R3646-9-3-1, Mahsuri, Sigadis, 

Dewi Ratih, and 1R34 (but infected 
with Helminihosporium and lightly 
with neck blast), 

• 	 Fair - IR480.5-9-3. IR3464-75- 1-1, 
IR3464. 126-1-3, IR42 19-35-3-3 . 

CI68, lntan. Remaja, Jelita. and Nam 
,Smlpi 19. 

d• inoNgl apRed nmrtonsoil[R3eate 
propertiewhithad33,anduh rPonse.bthe nfce-
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experiment in 1978-79. 
During the year scientists in four drought

prone states of India were contacted, and a 

drought nursery suitable to the problems of the 

specific area was planned. 
Basic research on plant response to water 

deficit was also conducted collaboratively with 
scientists in developed countries. Scientists at 
Cornell University contributed to knowledge of 

how the rice plant osmotically adjusts or adapts 
to iiternal water stress. Contacts with scientists 
inthe USA, Germany, England, and Australia 
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provided aid where specialind research 
facilities or techniques were required. 

VERT1CAL ROOT DISTIBUTION 
VRIA RhvOOTDISTroBUTION 
plan, P,','iogV1)epartmVI 

Crop ecdksdrylndlddk. Vertical root dis-
tributions of two rice varieties (wetland IR36 
and dryland OS4) and four dryland crops were 
examined through core-sampling (i 977 Annual 
Report). Plant spacing was 25 x 5cm for 1R36, 
30 x 5 cm forOS4,25 x 5cm forwheat,30 x 5 
cm for soybean. 60 x 10 cm for sorghum, and 
75 x 25 cm for corn. All the crops were sampled 
at flowering time, except OS4, which was sam-
pled at the panicle differentiation stage. 

Figure 8 shows vertical root distribution of 
the six crops. The four dryland crops and OS4 
had similar root distribution patterns. Although 
IR36 had much shallower roots than the 5other 
crops, it had only anegligible amount below the 
50-cin depth. Figure 9shows the root disti.au-
tion in the soil. The rice varieties had much 
higher root density than the other crops. lR36's 
root density reached 30 cm/cm 3 near the soil 
surface. 

IR20 and OS4 at different growth stages. The 
vertical root distributions of IR20 and the dry-
land variety OS4 were analyzed at different 
growth stages from sowing to harvest in adry-

land Aeld. in I320, bheft opalmuid lt abt 
90 days dkr seeding (D); l 054, at W/i 
DS. FIpe 10 dmm dhlutlu of fm 
length at different oil d"pt on dMin-m D3. 
About 50% of the IR20 roots aM 30% of 0S4 
roots were in the 5-em deep layer below the soil 

surface. 
The trials suffered from a dry spell between 

48 and 58 DS- at about the panicle differentia
tion stage. Throughout its growth IR20 did not 
change much in root distribution, even after the 
dry spell. On the other hand, the root length of 
OS4 decreased in the upper layers of soil and 
increased in the lower after the dry spell (Fig. 
10). 

Figure II shows root density at different soil 
depths before and after the dry spell. The root 
density of IR20 decreased at all depths, but that 
of OS4 increased with depth. This fact may be a 
reason for the drought tolerance of OS4. 

SOIL-PLANT-WATER RELATIONSHIPS IN 
RICE 
Agronomy Department 

Drought tolerance under limited rooting 
depth. A methodology for screening rices for 
drought tolerance at shallow rooting depth (40 
cm), use of which was begun in 1975, was 
slightly modified in the 1978 wet-season tests. 
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plants were rewatered. The recovery ability of
A total of 105 entries (82 GEU elite lines and 

rice was noted 2 weeks later.23 selected varieties and lines) were evaluated 
The entries with relatively good recovery are

for drought tolerance and the ability to recover 
in Table 13. Their relatively lower

from stress. Three entries, includingthe susceP" listed 
compared with that of

tible check Moroberekan, were planted in a drought scores, 
Moroberekan, indicate good droughttoletmice.steel drum. The drum was irrigated regularly 

until seedling Based on a desorption curve, the avernge soil
with equal amounts of water 

moisture tension just before rewatering wi 25
establishment. After that the soil was allowed to 

dry naturally. When Moroberekan was appar- bars. 
The recovery from drouglht of IR3518-96

entry dead from moisture stress, the entries in 
the drum were scored for drought tolerance, the 2-2-2 was outstanding. Tbs despwats rice lihe 

soil wi mpled for moisture content, and the IR58f25-44-3-P, also appeatred promliq. L*b 
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12. Response of midday ltaf water potentili(*I)~ofKimn-
dang Patting (tainted dryiand Philippine varety) and IR28 
Eirngated wetland hybrid) to Increasd water deficit for 30 
days after water was withheld. The crops were grown in large 
tanks with Ilrn-deer soil in the IRRI greenhouse. 1977. 

live to leaf water deficits than the stomata of 
other cereals. Because stomatal closure and leaf 
rolling, occurrcd simultaneously over a wide 
range of water potentials, it was not possible to 
evaluatc their cfects sop-rately. However, leaf 
rolling decreases the (adisnt energy intercepted 
by the canopy and u. i(,ubtedly iitcreases the 
leaf boundary layer resta ce. both of which 
may result in les.s water loss. 

transpiration. The preced. 
ing experimen: led to another in which the effect 
of leaf rolling or water loss from.the rice leaf was 
investigated. Transpiration from single excised 
leaves mounted on a water source was meas-
ured at varying degrees of artificial leaf rolling. 
Figure 14 illustrntes a typical response and 
shows the potential value of leaf rolling in 
decreasing water loss from rice leaves. It also 
shows how quickly leaf water loss responded to 
a change in leaf rolling. Changes in leaf rolling 
have been observed diurnally in dryland. 
adapted rices and the characteristic has 
become acomponent of the visual scoring sys-
ton. 
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strained rice. Earlier research has shown that 
maintenance of relatively high water potential 
correlates well with evaluations of drought 
resistance in rice. The component adaptations 
involved in the rice plant's maintenance of high 
water potential have also been investigated. 
Being currently studied are the adaptive 
mechanisms present in the germplam that may 
aid in the continuation of yield.determining 
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physiological proceses inthe event that the 
plant no longer can maintain high water poten, 
tid. 

The principal components of plant water 
potential are pressure, or turgor potential, and 
osmotic potential. When osmotic potential is 
lower (becomes more negative), the tissue may 
maintain positive turgor or pressure potential at 
lower water potentials. This adaptation isrefer-
red to as maintenance of turgor or pressure 
potential by osmotic regulation. 

Figure 15 illustrates the decline in total water 
potential of IR28 leaves and the corresponding 
decline in osmotic potential. The difference in 
leaf water potential and osmotic potential is an 
estimate of pressure potential (Fig. 15c). The 
data illustrate the decrease in osmotic potential 
in water-stressed rice compared with that in 
control leaves. The decrease of 5 to 7 bars was 
partially a function of concentration changes; 
thus further investigation of the mechanism is 
necessary to substantiate osmotic regulation 
and evaluate its significance as adrought resis-
tance mechanism. 

Water transport In rice plants. A primary 
objective of soil-plant-water relationship 
research has been to understand the behavior of 
water transport from soil through the plant into 
the atmosphere. An analogue of Ohm's law has 
been used to relate water potential in leaf 
(*11,') and soil (*l,,) to transpirational flux 
(Mn): 

%Y86Va1iety 
q = .+ Rp, (1) 

where R,. and R,., are resistances to water 
flow in soil and plant. R., and Rp&,, are con-

ceived as dominandy liquid phase resistances, 
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and R~, therefore, does not indude stomatal 
resistance. In water transport models, both 
resistances have commonly been considered 
together because researchers have difficulty 
separating them. But flooded-soil rice culture 
offers a unique opportunity for studying the 
nature and extent of Ri.,, alone because R,,o, 
and *,.It can be considered as near zero. Thus, 
the liquid-phase resistance of the rice plant can 
be evaluated using the relationship: 

Riant (2) 
q 

Resistance to water flux of the whole rice 
plant (R,,,.,) was calculated using values of 
transpirational flux of the whole plant (q, 
cm/hour) and *1i,a,duringthat period. Values 
of Rpla*, averaged over an active transpiration 
period (1200-1700 hours), are given in Table 
14.
 

Rq.a,i was higher in IR20. But the differences
 
among other varieties were small, presumably
 
because of the large variation in leaf area (Table
 
14).
 

The relation between leafwater potential and 
transpiration rate (q, cni/dm2 per hour) is 
shown in Figure 16. Transpiration rate, in gen
eral, increased with he decrease in leaf water 
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transpitatlonal flux (q). IRRI. 1978. 

potential for all varieties. One interesting COcWm (CaMnl Wwx 041
 
observation was that the transpiration rate at
 
any given leaf water potential was highest for
 
MI-48, ne't highest for Dular and IR36, and
 
lowest for 1R20.
 

To clarify the nature and extent of resistance
 
to water flow in different varieties, values of
 

l#,, and q from Figure 16 were used to calcu
late plant resistance to water flow (R5 

5 .,,,
 
bars-hour per centimeter) using equation 2. The
 
relation between R' .,, andq is given in Figure 0 -4 Di, r 03 P20
 
17. IR20 maintained higher resistance to water 1S. Uqud.phme conductance of rice varleties. IRRI, 1978. 
flow at all transpiration rates, whereas MI-48 
maintained the lowest resistance. In general, 
Rl,q6 . ,, decreased with increasing transpiration 
rate and remained low in all varieties during sented in Figure 18. The conductance of Ml-48 
periods of high transpiration rate. Differences was three times that of IR20. The next highest 
in R, among all varieties were quite large, up conductance was that of Dular, followed by that 
to about 2 cm'/dm s per hour transpiration rate. of IR36. M1-48 is a Philippine dryland variety, 

Figure 17 indicates that varieties differ in Dular is a dual variety (dryland or weland) 
their water transport behavior. Because the from West Bengal, India, and IR36 mnd IR20 
R'..., values remain low during an active trans- were bred and selected for irripted wetland 
piration period, plant conductance to liquid- culture at IRRI. Higher plant conductance of 
phase water flow was calculated for the period water may be an adaptation asociated with 
from 1200-1700 hours during the day. Average rainfed varieties n s the more extensve root 
values of conductance over this period are pre- system mentioned previously. 
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SCREENING 
& /MhtOlerance 

Table I summarizes the 1978 rmlts of screen. 
Wsg for advenesois tolerance. Unlem mother 
smring system is indicated, the scores cited are 
om a scale of I - almost normal plant, and 
9 - almm all plints dying. 

S - lFmm. Of the 11,806 rices screened 
In the greenhouse in 1978. 1,386 scored as salt 
tolerant (Table I). The latter included 978 from 
the salt tolerance hybridization program. Six 
Indonesian varieties, IR1529-677-2, and 
IR1820.210-2 were more salt tolerant than 
Pokkali. Six IR4573 lines, I 1 IR4595 lines, 38 
IR4630 lines, and 16 IR4763 lines equaled 
Pokkali in salt tolerance. 

Among 1,460 progenies from the salt toler-
ance breeding program and other sources field 
tested, 113 were more salt tolerant than the 
tolerant check IR4630-22-2. Thirteen of the 33 
cultures found salt tolerant in the greenhouse 
gave mean scores of <3.5. 

A test of the International Rice Salinity and 
Alkalinity Tolerance Observational Nursery 
(IRSATON) at IRRI revealed salt tolerance in 
1R2058-78-1, IR4763-141-2-3, and 12 Indian 
cultures (CSSR 1, 2, and 3; Damodar, Nona 
Bokra, Nonasail, Getu; Cultures No. 29, 73, 
and 102; and Getu mutants 2735 and 2585). 

Alkali tolerance. Among 1,433 rices 
screened for alkali tolerance in the greenhouse, 
the following scored 3 or less and were rated as 
tolerant: 15 Indian varieties. 4 Sri Lankan var-
ieties, I Egyptian variety, IR2307-247-2, 
IR3941-97-1, IR4227-28-3, IR4417-179-1, 
IR4422-98-7, 20 IR4630-22 lines, 6 IR4763-
141 lines, and IR5853-110-5. 

TWO 1. fmt 
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Infid sc ngf of 930 lins from the alkali 
breeding program, 36 had score of 3 

or lower. Outstanding among them were 
IR8241-B-B-56, IR8241-B-B-71, IR8241. 
B-B.121, IR8236-B-B-357, and IR9232.213-
B. 

Forty lines found alkali tolerant in the green
house or in the field were grown in a replicated 
yield trial in an artificial alkali field at IRRI. A 
typhoon damaged the experiment, but 
IR8241-B-B-56 and IR8236-B-B-357, which 
scored 2.7 and 2.5 at 4 weeks after trans
planting, gave the highest yield (2.3 and 1.9 
it/ha). The resistant check Pokkali scored 6.5 

and produced no grain. 
In the IRSATON at IRRI eight overseas var

ieties, three IR2058 lines, IR2070-464-1, and 
IR4763-141-2 were alkali tolerant. Five of the 
overseas varieties and IR4763-141-2 were pre
viously rated alkali tolerant in greenhouse tests. 

Iron-toxicity tolerance. Greenhouse tests 
revealed that 56 of 371 rices screened had 
tolerance for iron toxicity. Of 400 rices mass 
screened in an iron-toxic field in the Philippines, 
31 scored as tolerant. Among them were 
Mahsuri, Monkora, 4 IR2070 lines, 4 IR2071 
lines, and 11 IR4630-22-2 lines. A similar 
screening of 245 rices in Sri Lanka showed that 
IR480-5-9-3, 6 IR2070 lines, 10 IR2071 lines, 
and 10 other IR lines were tolerant. 

Peat-sol tolerance. Of 200 rices tested on 
peat soils (pH 5.5-5.8; O.M.: 32-50%) at 3 
sites in the Philippines, 37 had scores of 2 or 
lower. The tolerant ones included three from the 
peat-soil areas of Indonesia. Of the 15 IR var
ieties in the test, IR20, IR32, and IR42 each 
had a mean score of 3.0 compared with 1R8's 
5.7. 

Phosphorus-deficiency tolerance. In a 
greenhouse solution culture test of 672 rices, 42 
had scores of 3 or lower. Among them were 
IR20, IR26, IR29, 1R34, three IR3464 lines, 
three IR3880 lines, and three IR4427 lines. 

Field scoring on a phosphorus-deficient soil in 

the Philippines revealed outstanding tolerance 
in 10 elite lines from the general breeding prog

ram: IR3464-8-1, IR3941-25-1, IR4422-46-3,
IR4568-5-2, IR4613-54-5, IR4816-70-1, 

IR5254-3.5, IR5894-73-3, 75-5135, and 75. 
5072. In a similar test in Sri Lanka 53 out of 379 



rim hd -ore of3or lower. The tolerant cul-
tum included 6 IR2070 lines and 10 IR2071 
lies. Outstudin among them were three 
IR2071-S8-3 lines. 

We . Of the 6,000 cul-diney tolurim 
tures screened in 1975-78 on a zinc-deficient 

soil. 374 scored 1. Thc best among the 2,476
cultures screened in 1978 were 2 Indian var-

icties (Batia Sira and Kamba), 3 Barglad,.h 
varieties (Ctg. 1122, DR-25, and DM22). and 

IR8192-31-2. IR9201-91-1. IR9209-259-2. 
and IR9805-99-2. 

BREEDING 
Plant Breeding Department 

Salt toleranIce. Massive pedigree selection for 
salt tolerance was continued inspecial pedigree 

nurseries. All selections were simultaneously 
tested for salt tolerance in the greenhouse. 
Emphasis in hybridization was shifted to the use 

asof improved salt-tolerant rices, 
IR4630-22-2, IR4595-4-15, 1R4573-4-3, and 
others, as donors to enhance the recovery of 
salt-tolerant lines with high yield potential. 

In 1978, 22 of the advanced salt-tolerant 
breeding lines selected were tested in a repli

cated yield trial in a saline field with an electrical 
conductivity (EC) of 4.2-6.8 mmho/cm. 
IR9884-54-3 yielded 3.5 t/ha and IR4619-48-3 
4.2 t/ha; tolerant Pokkali yielded 2.6 t/ha and 
IR26, 2.2 t/ha. IR42, IR2070-105-4-5, 
I R2863-35-3-3, IR4432-28-5, IR4570-83-3 

products of the general breeding program 

have moderate salt tolerance (Table 2). Two 
years' performance tests of salt-tolerant rices 
confirmed that the yield can be increased by 
1.0- 1.5 t/ha with tolerant rices at the EC, (elec-
trical conductivity of the saturation extract) of 
4.7-7.0 mmho/cm at 25°C. 

To confirm the validity of selection for salt 
tolerance in the greenhouse, realized 
heritabilities were estimated to be 0.32-0.49 in 
2 crosses. In another experiment some progeny 
from the crosses of the most tolerant rices were 
more tolerant than their parents at 3 levels of3).Gissi 
salinity (Table 3). 

ARMdl tolerane. Alkali-tolerant lines were 

saliity Tabl 

among the progeny of the general breeding 
program. Thirty such lines were distributed 
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.Dat from IRRI.ePI (Philippine Bureau of Plant Industry) 
under EC, (electrical conductivity of saturation extract) of 
4.2-6.8 mmho/cm at 25"C. Mean* followed by a common 
letter are not significantly different at 5%level. 

among national breeding centers and through 
the International Rice Testing Program. 

Zinc deficiency is an inherent problem in alk
ali soils. Of 100 alkali-tolerant genotypes, 24 
showed appreciable tolerance for zinc deficien
cy. Two genotypes with high tolerance for alka
linity were sensitive to zi encfry. That 

indicates independence of the two traits. 
IR4630-22-2, IR4763-141-2, IR4763-33-1, 
IR4570-15-1, IR9109-71-2, IR11418-15-2, 
IR11418-19-2, MR 359, and MR 363 showed 
tolerance for both alkali and zinc deficiency. 

Acid-sulfate-soils tolerance. The main min
eral stresses for rice in acid sulfate soils are 
aluminum toxicity, iron toxicity, and phos
phorus deficiency. 

Several F2 hybrid populations were devel

oped from iron-toxicity tolerant sourcessu, as27 and No. 2526 from West Africa, and 
Devareddi from Sri Lanka. Hybrid populations 
were also generated with varieties native to 
acid-sulfate-soil areas. Some such populations 
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2hriiin.l m tiwine. The gntics of 
lebrunce for aic deficiency was studied with 

two crosses (IR20E425 and IR30E425). The 
fIrU----- y iuttion in Fs of tolerant and sen-
sikl, penotypes, ouopred with that of their 
paren.iicaled that zinc-deflclency tolerance 
is under polygenic influence (Table 4). 

FIELD 1TESTING 

.Soil/Chemiry Dqeormm,nI 

To ascertain the performance of rices found 
tolerant of adverse soils in tests at IRRI. repli. 
cased yield trials with good cultural practices 
were placed in Philippine rice fields where the 
problems occur. 

Sell tku-ce. Yield trials were planted in 
saline fields at six sites in the Philippines. 
Despite differenccs in climate, hydrology, salt 
concentration. salt dynamics. and soil charac. 

man.teristics among sites (see Soil and crop 
agement. Table I). IR4630.22-2 demonstrated 
salt tolerance at five sites and IR42. at three. 

Three experimentr on coastal saline soils in 
the Philippines illustrate the problems encoun, 
tered in saline rice lands. 

9 At Lubao. Pampanga province, the cx. 
perimental field was near a creek through 
which, at high tide in the dry %cason.saltwater 
flxded the land. The soil is a Tropaquent. with 
pH 6.9. At planting (1978 dry season) the EC 
was 6.1 mmho/cm in the soil and 2.8 mmho/cm 
in the surface water. Two weeks later mild salt 
injury was observed in all II cultures. One week 
later, saltwater entered the field, raising the EC 
of the surface water to 12 mmho/cm and that of 
the soil to 7-8 mmhocm. Another week later, 
salt injury was severe in all varieties except 
IR4630-22-3 and IR5675-33-2. both of which 
scored 5.0. The only culture that yielded more 

than I i/ha was IR4630-22-3. In the wet season 
the field was submerged for 2 weeks by I m of 
floodwater, which destroyed the experiment. 
The soil is type 2. described in the section Soil 

characterization, in this report. 
The site at Sinacaban. Misamis Occidental 

province, differed from the Lubao site in four 
ways. First. the area is a coastal saline swamp 

reclaimed by constructing dikes nod flap gates; 
second. fresh river water and rain are abundant; 

thd.the soil sa Tpic Sulfaum tlith a dry 
pH of 3.2 and awet pH of iutwly 7; wi fouih. 
saltwater that enters by seepag or flooding at 
high tide i easily washed out. 

At plantin, EC was 4.5 mndWci in the wN 
and 3.3 mmho/cm in the surface water. Salt 
injury was mild and 1978dry-seuonyields were 
4.1-3.6 t/ha. IR42 and IR4630-22 were the top 

yielders, with 5.6 and 5.1 /ha. In the 1978 wet 
season (when the EC was 2-8 mmholcm), 
despite bad weather and mild iron toxicity, the 

salt-tolerant lines IR4430-22-5., IR4619-48.3, 
and 1R2071-105.4 yielded more than 4 t/ha; 
the farmers' variety gave 2.1 t/ha (Table 5). 
Twice in 1978, yields hither than 4 t/ha were 
obtained with salt-tolerant rices on land that 
was idle coastal swamp in 1977. 

* At Taal. Batangas province. the soil is an 
Andaquept with a pH of 7.8. Salinity is due to 
intrusion of brackish river water. The EC did 
not exceed 5 mmho/cm in both seasons. Zinc 
deficiency spoiled the dry.season experiment, 
and zinc was applied in the wet seamn.The wet. 
season EC was 1-2.9 mmhocm. IR2071-105- 4 

with 2.5 t/ha and 1R4630-22.2 with 2.4 t/ha 
were the top yielders. 

Of the rices found tolerant in greenhouse 
tests. IR2071-105-4. IR2153-26-3. and 
IR4630-22-2 repeatedly demonstrated salt 
tolerance in field tests at IRRI and in farmers' 

fields. 
Irem-toxicity sale-iee. Fourteen rices with 

scores of 3 or lower in greenhouse tests were 
grown with a sensitive variety (IR26) on an 
iron-toxic soil at Malinao, Albay province. The 
soil is a Sulfi quept in an alluvial fan ofvolcanic 
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ROLEOF MINERAL STRESS TOLERANCE IN 
YIELD STABILIZATION 

Plant Breeding and Soil Chemistry Deprinnnts 

To ascertain the role of tolerance for mineral 
stresses in stabilizing yield in famers' fields, 
tolerant and sensitive rices wer: grown on four 
problem soils at five sites in the Philippines. 

Phosporms iddecy. Twelve varieties 
tolerant of phosphorus deficiency and 12 seW. 
tive to it were tested on a phohosdeficient 
soil (pH 4.7, Olsen P: 2 ppm) in the presence 
(PI) and absence (P.) of 25 kg P/ha In the 1978 
dry and wet seasons. 

Differences in grain yield were signlaicant at 
both P. and Pm (Fig. 1, 2). The depression in 
grain yielddue to the ablence of phosphate fer-
tilizer ranged from 4 to 27% with a mean of 
15%. but six rices uhowed no signicfantdepres. 

' t oo. Laina pi o n IM bS 197M by sml.9d. 

sian in yield. BRSI91-6, IR34, md IR2823
103-S were moo he top ykedes a bodt Pe 

andInPie.the wet seeon, th yield depreolo da to 

the absence of phosphate fetilizer ranpd folm 
0 to 28.4A%. The raponses on a phospbow
d*Ient sol at Naa, Plawan provinme, were 
similar. 

Orowth reardtion due to ophoh dI
ciency varied with the variety; dihrr-os were 
ost prsonAcedat tlLn and hern alowe

log. phosphoddn delayed -eSo by 

2-9 days. Late-matwing fis had time 1o 
recmer from phonorm dsdlriney. 

TherewerenosisHlcaatvkaltUdith 
in the pcspaouWb Contes of the int t N

.imum growth or in de saw mad -ub po 
vest. 
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3. Performance of 24 genotypes at 2 levels of zinc deficiency. Thsong, Quezon province, Philippines, 1978 wet ason. 

severe deficiency. 
Iron defcency. Thirty rices of varying toler-

ance for iron deficiency were grown as a dryland 
crop on Maahas clay (pH 5.8-6.2) and the same 
soilwas limed toapH of 7.0-7.5. Urea and zinc 
sulfate were applied to prevent nitrogen and 
zinc deficiencies. On the basis of their iron 
chlorosis scores and grain yields, the rices were 
classified as follows: 

" Tolerant:lR22, IR24, IR36, IR661-1-
170,1R1008-4-1,andlR7760-4-8 

" Sensitive:iR5, IR34, IR38, lR712-23-2, 
IR2153.96-1, IR3646.9-3, 
1R9805-22-3, B9c.MD-3-3, and 
TOX 7-3-8-2-1 

Yield depression due to iron chlorosis ranged 
from 0 to 65% and was significant for most of 
the sensitive rices (Fig. 4). 

turnw ,t!4.A field test at Malinao, Albay 
govkne, drig the 1978 dry and wet seasons 

revealed that 1R36, IR38, IR2797-105-2, 
1R3464-217-1, IR4227-28-3, 1R4422-51-1, 
IR4707-123-3, IR5853-162-1, and IR9209
26-2 were tolerant of severe iron toxicity. 

Yield stability over situ and smans. The 
yield advantage realized with tolerant varieties 
has little practical significance at the farm level 
if their periormance over sites and seasons is not 
reasonably consistent. 

The experiments on phosphorus-deficient 
soil at Pangil, Laguna province, and on zinc
deficient soil at Tiaong, Quezon province, 
revealed a variety-season interaction (Table 9). 
But two varieties (IR34 and BR 51-91-6) toler
ant of phosphorus deficiency were highly con
sistent in their performance. So were IR20, 
1R34, and IR4683-54-2 on the zinc-deficient 
soil. 

In the iron-deficient soils, 1R22, IR24, IR36, 
and IR1008-16-1 behaved constendy duft 
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4K.ICtS o( sodium, calcium, sd ~mqleu nIasol solution, IRDU, 1976. 

IqP*=ecbaugmbl sodium psrcmft, 

severe in the tolerant riceeffects arc less 

1R4630-22-2 than inthe sensitive 1R28. 


The decrease in concentration of potassium 
in the shoot and the increase in concentration of 

sodium, calcium, and magnesium caused by salt 
were less in IR4630-22-2 than in IR28. Salt 
depressed the concentration of iron in IR4630 
but increased it markedly in i!28. 

bk sodiumVarietal raiu to uehumi 
Because there was no informationperemlap. 

on varietal reactions to increaslnge~changeable 
sodium percentage (ESP), three cultures of 
varyingl alkali tolerance were gprown in the 
greenhouse in a soil (pH 7.4; organic carbon, 
1.7% ) amended with sodium carbonate to live 

ESP values of 3, 14, 25, and 38. 
An ESP value of 14 stimulated growth in all 

varieties. Values beyond 14 depressed growth 

latin sllall-to~erant Pokkali arid most in the 
smiltive J1R6 (Flg. 5). 

As ES. inased, the concentrato of 

sodium In the sil4olution nredwherea 

ili tm AJuVL mao? loft 1973 

5*lt sodium adsoption ratio. 

that of cdcium and of magnesium decreased 

(Fu. 6).The sodiumcotetof plattopsore 
lared positively, and the calcium and potsium 
contents negatively, with the sodium concentra
tion in the soil solution. 

to admeldmVamietd remdom soilm 
ratio. Orowth retardation by salt is due to 

osmotic effects an to the influence of the ionic 
composition. Sodium adsorption ratio (SAR) is 

at measure of the ionic composition. 
To ascertain the role of SAR Insldt injuryof 

altiolerrice,4varieties difen8in salti km 
girown in 16 solutions repreentingance were 

the factorial combinations of 4 SAR (2, 25,5S0, 
and 75 mmollter). The solutions were main

tamaed at pH 5.5--6.0 and dianged weekly. Tlhe 
werewater lost was replaced daly. The l7ut 

harvested 35 days after pluithng and malyzed. 

As SAR, Increied the yield of duy matrnr 
"decreudinallv51iomtl55tCe1O5itlatk 
salt.But therelatIve yiddsgreuu ash 
eat at the lowest salt p f (2 



7.Etr.ct o" modl. adrmptio ratio (SAX) .d 
(I/pat)of i1253-26-3 md IRm6. lIii. 3978. 

meciJliter) and lowest at dhe highest salt con-
ccntration (80 meqlliter).lt isremarknble that a 
SAR of 75. even in the absence of sodium car-
bonaie, could reduce yield by more than 50% in 
all vareties (including the salt-tolerant ones) at 
so low asalt concentration as 20 meq/liter or an 
approximate EC of 2 mmho/cm (Fig. 7). 

Allvarieties sufferedaloss inyield as SARor 
salt concentration, or both, increased. T]he salt-
and alkali-sensitive 1R26 suffered most from 
high SAR or high salt concentration, or both, 
but the salt-tolerant varieties accumulated less 
sodium and chloride than IR26. 

The findings have practical implications: 
1. 	salt injury in rice depends on both salt 

concentration and SAR; 
2. 	salt injury islikely to be more severe inloes thel highest satcnlAPeumeq~~~literTIanAdAIO at~AU 

soils low incalcium and magnesium, such 
as acid sulfate soils and peat soils, than in 

-dt cinmtum e m dry i yidld o tops 

calcareus soils; aind 
3. 	salt tolerance appears to be associated 

with tolerance for both hig saltconcentra
tion and a high SAR. 

Iri uu rui ami k tmudt. An 
observation o n on toxicity inrice that has con
founded researchers is the wide range 
(50-1,700 plan) of water-soluble iron over 
which toxicitysymptoms appear. One explana
tion isthatricebecoies vulnerable to iron even 
at low concentrations when the availabe potas
sium, calcium, nmgnesim, mnd phosphate are 
low. The possible role of low manganese con
centratwus has been ovelooked. 

Toascertaintheroleofmangpnese,IlR26was 
gown in culturesolutionscontaining the factor
ial €ombiuatio~inof 5aud 300 ppniFe with 1.0sis n 
and 0.05 ppm Mn. To exclude oxygun,the solu
tions were continuously buibe with nitrogen. 
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KMEENING FOR SUBMERGENCE TOLER. 
ANCE AND INTERNODE ELONGATION 
.- ?IP6010g Dwsmrmu 

Is 1978 about 3,000 lines from the different 
Pdiw msrefles were screened for sub-
.1pm tolerance. An additional 700 var. 
let said lines ivm the germplasm collection, 
aite limes, International Rice Deep Water 
Obervatinsal Nursery (IRDWON), and Inter-
national Rainfed Lowland Rice Observational 
Nursery (IRLRON) were also screened. 
FRi3A remains the best variety for sub. 
mergence tolerance. A total of 4,926 lines and 
varieties were screened for internode elonga-
tion ability. The best entries from the germ-
plum collection were Laki 146, Bhoro Diga, 
and Matia Gorol; all are from Bangladesh. 

SCREENING FOR ELONGATION ABILITY AT 
EARLY GROWTH 
Piant Physiology Department 

Because most of the deepwater rice varieties, 
when submerged, need 6 weeks of growth 
before their internodes elongate, the IRRI 
germplasm collection was screened for inter- 
node elongation ability at 6 weeks old. Among 
770 varieties screened, 71 had excellent and 
177 had very good internode elongation. The 
available seeds of the good elongators were 
tested for their ability to elongate at 2 and 4 
weeks after growth, instead of 6 weeks. Among 
218 varieties, 20 showed excellent internode 
elongation at 4 weeks: Dholamon 51-1, 
Dholamon 64-3, Dholamon 658, Dholamon 
664, Gowai 38-9, Gowai 38-13, Hansa, HBJ 
DW 8, Hybrid 10-I, Kalamon 36, Kalamon 
113, Kalamon 243, Khama 49.2, Khama 49-8, 
Khama 55-22, Laki 550, Lalamon 245, 

73-23, and Sungail.Matiamon 70, Matiamon 

With a water level of 100 cm, the total elonga. 

tdon of their internodes exceeded 60 cm 12 days 

after the water level was increased. 


At 2 weeks old, 52 varieties showed inter-
node elongation but the stems were generally
thin and the plants looked as if they would rot if 
left in the field longer. Those plants had little 
strength for anchorage incase of strong winds 
and water current. 

IRIi ANNUAL REPORT FOR 1978 

AN the varieties except Dhclimom 658 had a 
score of I in tbe new scorgsystem forsmeamr
ing elongation (ee ne,, section). 

STANDARD EVALUATION SYSTEM FOR 
MEASURING ELONGATION ABILrrY 
P 

During the 1976 Deep-water Workshop in 
Bangkok, Thailand, the participants agreed 
upon a scoring system for measuring elongation 
ability. That scoing system differs from the sys
tem used in screening the IRRI germplasm col
lection (Table 1). The new system provides a 
faster method of scoring plants for elongation 
ability because the plants are scored visually
instead of being measured individually. The 
new method provides data on total plant elong
ation - leaf sheath, leaf blade, and culm - and 
is not specific for internode or culm elongation. 

The old and the new method were compared 
in a test using 218 deepwater rice varieties that 
were scored as 1 or 3 in the old system. The 
plants were treated at 4 weeks old instead of 6 
weeks as in the old system and the water level 
was increased at 10 cm/day until it reached 100 
cm. The plants were left at 100 cm for 3 days. 
Scores were recorded by both methods and 
plant and culm lengths were measured. 

Although both methods supposedly measure 
elongation ability, there was a poor correlation 
between them (Fig. 1). The new method meas
ures total elongation, the old measures total 
internode elongation only. 

T NMm. um0mqEh, 
. iupwsinam.ft ism. 
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I. Comreadm between the dd and the new methods for 
scodesda ia abiity of218 deepwater rice. IRRI, 1978. 

Many varieties scored as 1 in the new system 
scored poorly in the old. Of the 174 varieties 
that were scored 1 in the newsystem, 11% were 
scored 1 in the old system; 38%, 3; 33%, 5; 
15%, 7; and 3%, 9. 

Figure 2 shows that many of the varieties 
scored as 1in the new system had low internode 
elongation. They were scored as 1because of 
their total increase in plant length. On the other 
hand, several varieties with good internode 
elongation received a poor score because of 
short total plant length. Figure 3 shows that 
many tall varieties had no or poor internode 
elongation even with submergence. 

Although the varieties used supposedly had a 
score of 1 or 3 in the old system, the new 
method, which uses younger plants or sub-
merges plants at ayounger stage, identified sev
eral varieties with no internode elongation. 
Such varieties supposedly need a longer grow
ing period (6 weeks) before they develop the 
ability to elongate internodes. 

If internode elongation is the critical or 
desired character sought, users of the new mor-
ing system for elongation should bear in mind 
that such method can give a score of 1without 
any nternode elongation. For the medium 
deepwster aeas, the new system should pose nO 

Ipblm. !3W disu~ l~hwm s 
ad uslg do dat, at zaIMtg e d 

the asimdpwsw No ow e 
d-t -g.Blospa No fi do
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water levels.
 

EFFECF OF PRESUBMERG.NCE DROUGHT 
ON IITERNODE ELONOATION OF DEEP. 
WATER RICE 
PAnt Fyioloy Nneu r, 

Thailand and Bangladesh the frmer's safest 
choice isto plant deepwater rice early, even at 
the rik of drought. Drought stress may affect 
the ability of deepwater rices to dongatc with 
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rising water. Its effect on the subsequent ability
dgy bhm Mor bof deepwater rice to elongate when submerged 

was studied.O1": 
Leb Mue Nahng I1I1 (LMN), atypical float.1t%)

ing variety from Thailand, and IR442-2-58 
(1R442). adrought-tolerant line with alimited 
ability to elongate, were used. IR442 isfrom the 
cross IR95/LMN. Seed was sown at the rate of 
4/pot and the seedlings were thinned to 2/pot.

The field was kept fled for 26 days after 
sowing, after which water was withheld accord.
ing to the following schedule: 
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* 26 days aher sowing (DS)- sm of rm 
bemMt TI 

@30 DS - smn of suesre aums t12 
034 DS - sm of strew --tmut T3 
@38 DS - rewatering of al stu treat. 

**ments. 

TI had 12 daysoffsowater,T2haed8, dT3 
had 4.Two days after they were rewatrdite 

we.esbmergd inwowerthat robeat 30 
cni/day for3days.They were keptsubumergsd

5 days, then their ratesof elongationwere 
measured The Control Plants- those Msub. 

to strews - were also submerged.
Drought stress reduced the rate at which both 

LMN and IR442 increased in Plant height
(Table 2). Although both varieties have some 

J drought tolerance, withholding water fora lit.
Ile as 4 days reduced plant elongation. The 

subjected to stress hardly increased in 
plant height durm5go the stress period. With 12
days of stress, plant height even decreased from 
that before submergence treatment because 
some of the leaes dried. Reduced rate of 
increase in Piant Parts isone of the first visual

dayshethirteoflntonwe
manifestations of drought stres. 
Drought stress before submergenc reduced11101 jetted 111101 --wr 11o0. 

both varieties' abilityrsum€ to elongate. Becauser
l9q~ tbowo1t08t0100 
IR442 isshort, its leaves did not emerge above 
the water, even in the 4-day stress teatmnt. 
Neither variety elongted after 12 day. of mob-. 
ture stress. This decrease in elongtion ability
greatly affects the survival and yields of deep.
water rices. Although 1R442s ability to elmn. 
gate was more reduced than that of LMN, the
difference Was small (Table 2). 
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VaWul d- -F wms dilf t auserin 
bernie hmmisy of mou- stru die 
wis a vil~s couiiy telko e dragt. 
Whbeae - mom sof wSer was wlthhld. 
hosweer dl Wl dry wit wasmare reed 
in LMN amhi IR442. But she corrpodling
deFeasi end0gk. abilitwUle LM. 

l.ibroadcat dstpwaief rie dmug stes s 
the seedi8 'ue dected the subsequent

* F inhiheight and introde elongation of 
pimts subjected to arising water level. Further 
tests should be conducted on varieties with sin.. 
lar capability for internode elongution to 
determine the least drought.affected among 
them. 

MORPHOLOGY OF NODAL TILLERS IN 
DEEPWATER RICE 
Pami Physkog Deprarent 

Deepwater rice scientists have recommended 
that nodal tillering ability be incorporated into 
r-v hyhrids, but neither the importance of 
nodal tillers nor their origin and morphology 
have been assessed. A 1978 study sought such 
morphologia data. Its main objectives were to 
determine the origin of the nodal tillers in terms 
of the main culm, the primary tillers, and the 
secondary tillers; and to determine their point 
of origin along the vertical ais of the basal til. 
lers in relation to water depth. The develop, 
ment of the nodal tillers and their possible con. 
tribution to grain yield were also investigated, 
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The d epwlrrie vIlt LMmfotilul. 
lad and Kdor Hal (KH) rn 1li4 wre 
tesed in deupwau poude of I1I. Pi u 
adno a" were plnd IIpot, with 250 

po/variety. Wh the pla wre 6webold, 
shw pImay aud neodk ba tillers were 
labeled. Te pius were dm ebjedmto 
increasing wate levels. O heda day, she 
water reached 85 and rained at sut kvel 
until hovOt. 

T1OW unidlr. The told number of tillers 
seneraly decreased with growth i both LMN 
and KH (Table 3); the primary and seeondary 
tillers decreased, but the secondary tillers 
decreased more. The effect ofinee in water 
level was Itetesl on the survival of secondary 
tillers, but the production of nodal tillers partly 
offset the damag.

Nodal tillers inraed as the plants grew old.er. LMN and KH differed in number of days of 

submergence before nodal tillers were formed. 
LMN produced nodal tillers 8 weeks after sub. 
mergence; KH produced them at only 4 weeks. 
Although LMN produced nodal tillers late, it 
produced signilcantly more than KH. Early 
production and a high number of nodal tillers 
are two impmtant plant characters that should 
be combined for a better re plant type for 
some deepwater areas. 

Tors I"r. LMN and KH were barely 
above the water level at the sut of the treat. 
ment (Fig. 4). Both varieties elongted rAi 
during the frat few days of submrgn ce, but 
LMN elonled most, which could explain its 
delyed production of nodal tillers. Four weeks 
after treatment, nodal till were noted inKH 
but not in LMM. Canrerally rie vor..tat 
iedesdo not produce nodal tillmw1ile donpt. 
in. B&aVA nodatrpoducloocurs 
only after rai elogationi has .med.

In KH the nodal tillers were Am tomed on 

the main culm, which is ually the talls ad 
thickest. The main culm produced only on
nodal tiller. Succeedig nodal tim we 
formed on the prhsuay tlm at th raw of 

InLMM the nodal tillrs conse from sec.e 
ondry tiawn well as motmMmdmw r 
and the mab culs T. e mak um ood d 
primay tilr p d d - ums oe modd 
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of KH (15 mm) are thinner than those of LIMN 
(20mm).Further study isneeded to determine 


if a thicker culm is ssociated with greater abil. 
ity to produce nodal tillers. 

At flowering . LMN had fewer primarytillers 

but more nodal idlers. But its increased inodal 
tiller production did not compensate for its 
lower primary aind secondary tiller production; 

its total number of ilers was therefore lower 

than that of KH. 
IU noalrilers originated from 10 to 25 cm 

below the water surface. No nodal idlers were 
rmed fromtnodesmmoe than 45dm below it. 
At later owth the plants oded and formed 
more nodaltilers belotle water surface. No 

nodal tilkers were formed from nodes above the 
frmThenoal ilersorginte0 t121c 

water Surface. . ofit rde.....nod Tiersi 

•
intefode elongtion occurred dur te 

weeks aft uber frce; that was refrcted in 
tha knth of the bug intemode (Table 4). 

blow thd KH each had fve eloned wrslersal 
ifredr from m thae n ebut the5cm 

bed imr, sofLMN ekoepsedmro m 
wmo ordetdinl tpbaeoeth (s. )a 

1oa tilU weUAL oe m s1978av t 
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4,5,6,7, and 8of LMN and internodes6 to 7 of 
KH were shorter than the others.
 

11e plant reactions in the field were similar. 
One can trame the rateof increase in water level 
by examiningl the length of the internodes. A 
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abliatlo 
h the rv-diildwaiu vut oy the 

tepdnmok ton -- e-oau- datb! u-us-_u-
bwa &iIs LIM -%ad KH, an additinal 
three to k- Internodes donpted even 
thosh the pl;nt's growing parts were already 
above the waftr arface. Such extra elongated 
int odemaycontributetolod4iingevenifthe 
plants are supported by the water. Improved 
deep-ater rice plants should not have extra 
elongatinS plant parts above the water. 
Nsd tMarina and water regime pat. 

Otn. Nodal tillers occurred from 4 to 8 weeks 
after the plants were submerged inwater whose 
level increased at 30 cm/day for the first 3 days 
until it reached aout 85 cm. In the first week, 
the plants elongated to keep up with the rising 
water. The most active leaves were above the 
water level I week after submergence. Nodal 
tillers appeared only after rapid elongation 
decreased. 

Figure 5 shows several water regimes in the 
deepwaer rice areas. At Huntra, Thailand (or 
in areas with a similrf water regime pattern), 
water may increase (antinuously from July to 
November, then dccrease without stabilizing 
for 3 to 4 weeks. In such cases, plants will elon-
gate but fewor no nodal tillerswill formbecause 
the water level increases and decreases rapidly 
and the plants flower. Elongation, tillering, and 
panicle development compete with one 

(.()

3Wb 

M_ 
d 


2W - n"Most 

mote. Setion doqsum dnh m 
ONuw pbeol A pumm , sd lur 

proi rmually cmca ooly disdhqaiem 
mand beoe Orinlq. 

tii- doep dnehr area of Bgbim imh, 
water level raaePa mouind June and pusb is 
early ALTm t. tremnsat tht lvelrat low 
10 weeks (Fig. 5, curve b). The pla has 
suclient tiew to elok-:t and Itons tillers 
before flowering. Ineach awate level pItns., 
many nodal tillers form and coatib-te app ec
ably to the gra yield. 

In the Niger loodplans, the water level 
inereaes steady and peaks at shoutthe Iower
ing period (Fig. 5,curvec). Nodal tillerswill not 
form because eongat~.m precede tlereg. In 
th3t region, ahigh capacity for early tleng Is 
important, but the ability to yroduce nodal til. 
ler isof little use. 

Another water-level pattern milght be similar 
to that of curve d (Fig 5). The "ooady but 
relatively early leveling oi ofthe wao between 
July and August could result in the early pro. 
duction of nodal tillers, whkh could contribute 
significantly to yields. 

This experiment and the analysis of smie 
data on water regime patterns indicate that 
nodal tillering ability isnot eameatial inome 
areas. Where water is more than 100 cm deep 
and where its level increases early, nodal tillers 
can be important, provided the water level is 
steady for 4 to S weeks before lowering 

Cearb of add tin Is 7Wl TM 
contribution of nodal tillers to pain yields has 
been speculated on, but not megured. The 
morphology of the nodal tillersof mature plants 
was studied to determine their pole con. 
trbution to grain yield. 

of the grain yield came from the pimary
Ctillers (Table 5). The nodal tillers producedonly 

S1%of LMNs yield and 7%ofKIs.Anelyuinof
variance for grain yield amne the main cohn, 
primary tillers, secondary tillers, and nodal &~l 

W lers of LMN and KH showed signikntdiar. 
ences at the 1%level between bsal tillers and 

0 M ' J-- nodal tilas. 
o 0 M DR JIM Although LMN had 4.5 nodal dtn/lt,

S.Wae leve penms for (a) Hunira Experiment Station. most of the tillrs were inevtdlve, and poctThlmi, 199; )i ()1,vl RicsMP steirglwashigh. 1u, the inlyisldcode
N,Mud, Mer floodldiin, 1964; and (d)apdie p st.

Mw ama.am M olm tillrs that matured was low - 0.18 Dlpat 
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comparcd with 3.09 g for the main culms and 
4.30 g for the primary tillers. 

Similarly. the nodal tillers of KH had small 
panicles and low fertility.Thus. their grain yield 
was low - 0.65 g/plant comparcd with 2.33 g 
for the main culms and 5.10 g for the primary 
tillers. 

WRI-IENING FOR ABILITY TO PRODUCE 
NODAL TILLERS 
Plant Physinlogy Department 

Eighty.two acepwater rices with good alonga. 
tion ability were tested for differences in the 
ability to produce nodal tillers. The seeds were 
soaked in water for 24 hours. and incubated 

another 24 hours before secding. Germinated 
,ccd%were planted 2/pot and then thinned to 
I /pot 2 w.-ks aftcr germination. Each pot con. 

tained 4 kg soil and 4 gammonium sulfate. 2 g 

kolophos. and 2 gmuriate of potash. Six weeks 


after planting. five pots of each variety were 


placed in the deepwater pond. The water level 


was gradually increased to 85 cm within 6 days 


and nodal tillers were counted 8 weeks later. 

Even though the varieties tested had similar 

cloniation ability, they differed in the abdity to 

produce nodal tillers, 
Many plants in the test died. Some plants 

within a variety produced nodal tillers, others 
did not. There was wide variability on this trait 
within a variety. Whcther it is caused by variety 
or by environment is not known. 

The following produced the highest perccn. 
riages of nodal tillers: Birain 392, Dholamon 
2.4, Gowai 38.9. Gowai 476. Khama 49.2, 
Khama 49-8. Laki 550. Lalamon 245, and 
Maliabhanpr. The main tiller usually did not 
produce more than two nodal tillers. Khama 
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bmiderf. Vaied i the pod49 o( modat nn 

un. Goae 3" (middle) has few bd bt may nodal 

tdUen. md Govig3-13 (dotlhsly bad Wks. 

49.8 has excellent kneeing ability besides high 

nodal tiller production and good internode 
elongation ability. 

Varieties differ widely in the ability to pro. 

duce nodal tillers (Fig. 6). The present test can 

be used in screening varieties for this character. 

It is important, however, that the experiment be 

conducted when day length is long (March to 

July in the northern latitudes) so that flowering 

will not occur during the test and complicate the 
results. 

SEEDLING AGE AND GRAIN YIELD 
Plant Physiology Deparment 

Most modem rice varieties cannot be prown in 
the medium.deepwater arcs because the seed. 
lings are short and they suffer from sub
mergence at transplanting time. To overcome 
this problem, farmers use old seedlinp that are 
tall or they do do'ible transplantung. 

mailto:naMwo.@1


Ewlhr rtudies on the elfect of seedling age 
il gain yields showed conflicting results. An 

experiment wu conducted to identify varieties 
that could withstand long duration in the 
seedbed without seriousdecrease in grain yields 
and to determine the growth characteristics 
responsible for such adaptation. Twenty. and 
60-day-old seedlings of 9 varietiesor linesof dif-
fercnt growth duration were transplanted at the 
same time, I/hill and spaced at 25 x 25 cm.The 
water level was maintained between 5 and 10 
cm. 

Seedllng height. The 60-day-old seedlings of 
BKN6986-1 73-5 were 30 cm taller than the 
20-day-old seedlings. Among the 60-day-old 
seedlings. BKN6986-173-5 was the tallest; it 
was followed by IRS825-41-2-P2. Seedling 
heights of 60 to 70 cm should be sufficient in 
areas with 30-50 cm water at transplanting. 

Growth duration. Seeding-to-flowering data 
indicated that growth duration was prolonged 
by using older seedlings. However, the duration 
from transplanting to flowering differed little 
between the two seedling ages, although in all 
varieties the 60-day-old seedlings flowered ear
lier (Table 6). In the early maturing varieties 
(IR36. IR38, and C4-63), the early flowering of 
the 60-day-old seedlings was more marked. 

Grain yield. Among the IR entries, the 60-
day-old seedlings of IR5825-41-2-P2 gave the 
highest yields; those of IR5825-44-3-P2 and 
IR5825-41-2-PI gave the next highest (Table 
6). In all varieties with longer growth duration, 
grain yield was generally higher with the 60-
day-old seedlings. For those with short growth 
duration (1R36. IR38, and C4.63) the 20-day-

Tasw. Ornv laindpowU *irmd1ofvaietias uing 20-
a" .137so 

Grain yield Transplanting to 
(t/ha) from flowering (days) In 

20-day 60-day 20-day 8Oday 
seedlings seedlings seedlings seedIng 

IKNU8S.173-5 4.3 4.6 114 112 

UKNUM-10as2 5.0 5.9 @1 79 

U(tNS-lOSP 4.7 4.7 32 73


&0 11 76i 41-2*-P2 4.8 
11244-M 4.6 5.3 33 78 

4.9 5.3 $1 77II2I54-2-PI 4.6 3.3 79 67 
4.1 43 73 64 
4A 4.7 54 4 

old seedlings gave yields similar lo or beUsr 
than those of the 60-day-old seedlingp. 

Thus, the use ofolder seedlings toobtain tal. 
ler seedlings not only is practical but may 
increase grain yields for certain varieties with 
long growth duration. However, in varieties of 
short growth duration, increase in seedling age 
may be detrimental. 

SEEDLING HEIGHT 
Agronomy and Plant Physiology Departments 

The possibility of obtaining tall seedlings that 
will have intermediate plant height at harvest 
was studied by measuring the plant height of the 
IRDWON, IRYN-M (International Rice Yield 
Nursery-Medium), and IRYN-L (International 
Rice Yield Nursery-Late) entries at transplant
ing. 30 days after transplanting or before the 
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water level was increased to 30-50 cm, and at 

harvest. 
In medium deepwater rice areas where seed-

lings are transplanted in 10 to 30 cm water, tall 

seedlings are important. The modern varieties 

generally have short seedlings and are unsuita-

ble to these areas even if old seedlings are used. 

In these areas tall native, long-growth-duration 

varieties, which generally have tall seedlings, 
older 

are used. As an additional insurance, 

seedlings, which are taller and stiffer, are used. 

Seedlings that were tall at transplanting were 

also tall 30 days after transplanting; their height 

was an added advantage when water level was 

raised to 50 cm (Fig. 7). Seedling height at 30 

days after transplanting was independent of the 

of the variety. The short-growth duration 
growth-duration plants were generally short at 

mturity andfew had tali seedlings (Fig.8).The 


late-maturing entries showed a positive correla-

tion between plant length at maturity and seed-

ling height. The data indicate that selection for 
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matuity, even with 50 cm water. 

THAILAND-IRR! COOPERATIVE DEEPWA-

TER PROJECT 

0lr -- pogmm. The main objective of the 

deepwater breeding program is to develop new 
rice varietie, that will replace the trtditional 
tal, photoperiod4enstive cultivan now grown 
in stagnant water areas in the wet season. For 

the first time, lines with elongation ability on
bined with very early maturity (about 100 days)
 

were evaluated in 1978. Four hundred lines at 
the 140-cm water depth were harvested. 

About 10,000 lines were tested for elonga
and 1,000 lines for submergencetion ability 


deepwater
Photoperiod-insensitivetolerance.were planted in 900 shallow-water plots of 

each; 1,000 other plots were planted to4 m 
deepwater lines. Fromphotoperiod-sensitive

those plantings 220 submergence-tolerant lines 
were subsequently grown in a shallow-water 
field. All materials were routinely inoculated 
with bacterial blight, and 300 lines were tested 

brown planthopper (BPH)for resistance to 

biotype 1.
 

About 100 new Fa population -some from 

IRRI but most from Thaicrosses- and new Fis 

were planted. About 50 advanced lines were 

evaluated for performance in intrastation trials 

yield tests in farmers' fields.
and regional 
Seventy lines were tested for drought resistance 

inThailand and at IRRI. Weeds and uneven di

tribution of soil moisture partly affected the tri

als. The variety FRI3A had excellent drought 

resistance and recovery, and several other lines 

were promising. 
Proi liies. Several lines from 1969 

crosses were promising for areas where floods 

do not exceed I m. The lines were included in 

on-station and farmers' field trials (Table 7). 

The line BKN6986-6
6 -2 and BKN69S6-1

4 7 -2 

were also planted in farmers' fields in the wet 

season. 
Photoperodinensive lines selected from a 

in
deepwater composite dlstbuted by IRsI 
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the tall nonelonping rice entries. The are commonly grown mixed in counries such as 
results suggest that deepwater semidwarf Bangladesh. To duplicate the advantages of 
varieties can be successfully introduced such asystem, an alternate-row experiment was 
into areas where the maximum water sown with agrain drill, intcrcropping the float
levels vary acrossyears but seldom surpass ins variety LMN with the photoperiod-sensitive 
I m. In areas with less residual fertility semidwarf deepwater line BKN0986.141, in 
than the Huntra Station ponds, fertilizer rows 25 cm apart. The experiment was planted 
application may be a prerequisite, rather in early June and BKN6986 flowered In late 
than merely a bonus, for the successful September. A transect of the field was sampled. 
growth of such new lines. A control plot of pure-stand drilled LMN had 

Intercroppin. Rices of different maturity 142 tillers/mr; LMN in alternate rows yielded 
am PWJt/u 
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HI tillcd/m2 and BKN6986-141 had 92 till-
ers/ml. Heavy and fast flooding in mid-October 
eliminated BKN6986. LMN survived, but 
yielded practically nothing because water 
hyacinth covered the plot. 

Several promising new lines for intercropping 
were identified in the deepwater ponds at Hunt-
ra. When seeded at the same date in the inter-
cropping experiment (in some cases, 2 weeks 
later), the lines could be harvested in 120-140 
cm water depths well before the onset of deeper 
flooding. To obtain shorer-growth-duration 
rices, 400 F# lines of 110 days maturity or less 
were selected from the deepwater ponds and 
planted at Bangkhen. The lines were obtained 
from the crosses IR11288 (IR36/LMN 111), 
IRIII85 (1R40/LMN 111), IR7732 (Taao 
BaolIR2061-213-2-1 6 ), IR9288 (Tarao 

NM 116" 

IS M 
i iai -l 

,Fas..amoo onof is 
al 

Bao/IR2061-213-2-16/ /1134), IR7706(Saran 
Kraham/lR28), and IR9274 (Saran 
Kraham/IR28/ 1R34). Several lines showed 
resistance to bacterial blight or to BPH biotype 
1,or to both. The lines were from four cycles of 
rapid generation advance at IRRI. 

Peppi gmrad"madvms. Rapid generation 
advance (RGA), a technique to speed the 
fixation of photoperiod-sensitive lines, uses 
close spacing under controlled day length in a 
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sitive, elongating segregants, that can be reco.
 
veredThe higher jiroportlonof late segregaits


_V 	 InIRI 1185 could be expected becausi its par. 
ent, 1R40, flwers later than 11136. aparent of 
IRI1USK. 

EIklum aI~y. Lines previously found
 
margilnal or poor in routine elongation tests
 
were retested for elongatlon ability begining at
 
aa45-4y wiedling age (15 days later than 66ial
 

&tesi* ), ay the water. level was .raised by&

2,5 cm,-*hich 6 hulf the rate Innormal tests.
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Twe"0y-day-old asedk q ofte 12 lines were 
.pmergdfm 10 days at115 cm at Kko0% 

Lunl Station. FRI3A from India was superior 
to the otherentries. mong them Nam Sagui 19 
from Thailand (Fig. 13). In asimilar screening 
test, and in previous submergence tests, several 
proleny lines from FRI 3A or FR43B were also 
superior to indiyenous varietiesin submergence 
tolerance. That suggests broad agreement with 
earlier IRRI tests using a laboratory screening 
technique. Late in 1978. crosses were initiated 
to incorporate submergence tolerance into 
future varieties, 

BREEDING PROGRAM AT IRRI 

Plant Breeding and Plant Physiology Depart-
ments 

Efforts to develop improved germplasm for 
deep water by combining internode elongation 
ability and submergence tolerance with 
improved agronomic characteristics continued. 
In 1978. 454 single crosses were made using 
varieties from Bangladesh and improved breed-
ing lines from Thailand as sources of internode 
elongation ability. Until 1977. SML Temerin 
and Nam Sagui 19 were extensively used as 
primary sources of submergence tolerance. To 
diversify the crossing program. FRI3A. Goda 
Heenati. Kurkaruppan. Thavalu. Anlong 
Phnom. ARC 10661. from among 15 varieties 
identified as highly flood tolerant, were used as 
additional sources of submergence tolerance. 
Such crosses will generate improved germplasm 
for rainfed culture in medium deep as well as in 
deep water. 

An experiment was conducted to identify 
donor parents with long basic vegetative phase 
(bvp). Because many Indonesian rice varieties 
seem to have long growth duration even under 
optimum photoperiod, the initial 75 varieties 
screened were from Indonesia. Plants were 
grown in pots and subjected to a 10-hour 
photoperiod f.-om sowing to flowering, 

Among the 75. 12 had bvp of more than 84 
days. They were Brondol Puteh 277, Gendjah 
Benton 1101, Krang Serang 55, Banda 387, 
Bands 399, Bar.id, Mandi, Bendek Kolon, 
DJdawwa, DJalen, Karang !ranS, and Leri. 
Ea was usd as a parent in the 45 croses 

made. The lonest recorded bvp ineadier IRRI 
tests for pholoperiod response was 7 days. 

INTERNATIONAL COOPERATION 
TMIRRI Cooperatve Derpwar Project amd 
IRRI 

The third International Deepwater Rice Work
shop was sponsored by the Indian Council of 
Agricultural Research, the Government of 
West Bengal, and IRRI. The 60 participants 
agreed on collaborative programs to accelerate 
the development of varieties for deepwater 
areas: 

9 	 Screening for flood tolerance. 
e 	 Use of rapid generation advance, 
* 	 Screening deepwater rice for drought 

tolerance at the seedling and early vegeta
tive stages. 

* 	Trials on fertilizer efficiency in deepwater 
rice, 

o 	 Survey of stem borers in farmers' fields, 
and 

9 	 Accelerated collection of the rice germ
plasm from the deepwater areas. 

Coaeboradverearchonsubmegmetokr
ance. A collaborative project on submergence 
tolerance was initiated during the Deepwater 
Rice Workshop at Calcutta. Its purpose is to 
coordinate the different methods used for sub
mergence screening and to find the relevance of 
the results from one set of conditions to those of 
another using the same set of varieties. Several 
cooperators agreed to conduct the submergence 
tolerance test involving a fixed set of varieties. 

Postworkshop data from 7 cooperators 
showed that FRI3A was the best in 6 different 
conditions - 4, 6, 8. and 10 days of sub
mergence in the field, drought stress before 
submergence, and greenhouse screenings-out 
of?. The data indicate that FRI 3A should be an 
excellent donor for submergence tolerance in 
different environments. It is a flood-resistant 
variety collected in India after a heavy flood. 
Kurkaruppan and Thavalu (15314) also gave a 
relatively high degree of tolerance. 

The results also indicate that the varieties 
tolerant In one test am also tolerant in other 
tests; selection made by breeders at one ie 
would more or les be tolerant at ohen. 
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LOW T.MRATURE 
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Breei. Nearly 4,000variedes and linesfrom 
the breeding pr-gran- were screened for cold 
tolerance at dte eedling stage. The extremely 
tolerantentries were advanred tocold tolerance 
testing at the particle initiation stage. 

Entries in the International Rice ColdToler-
ance Nursery (IRCTN) were screened for toler-
ice at unthesis. AC 3828. BIS8IC.KN.55-1-

7, CR 126-42-5, Dumsiah 81, Gujundo, 
IR2344-PLPB.3.1-3B, IR5090-PLP2-1.2B, 
IR5865-26-1. IR5865-26-1.2, iR5868-64-1-
2-2. K143.2. and Madew (Ace. 36774) had 
90-100% anthesis even at 210C. 

The crossing Frogram for cold tolerance was 
expanded; 329 single crosses and 498 multiple 
crosses were made. Seeds of 174 F2 populb'ons 
were sent to breeders of 6 countries engaged in 
developing varieties with cold tolerance. 

Field evaluation of breeding materials was 
continued at Banauc, Philippines. in collabora, 
tion with the scientists of the Philippine Bureau 
of Plant Industry. 

At Banaue, progenies of 30 crosses were 
grown as F, bulk populations. Each cross com-
bination had 2.000 to 3,000 plants. At max-
imum tillering stage all plants in Fs populations 
were inoculated with the local strain of the bac-
terial leaf blight organism. When lesions 
appeared, susceptible plants were rogued. Vig-
orous plants with good panicle exsertion and 
high spikelet fertility were selected. In the wet 
season cloudy weather was prolonged and the 
flowering period coincided with heavy rainfall 
and a typhoon. Adverse weather conditions 
during authesis caused ahigh degree ofspikelet 
sterility. Only the plants of very early growth 
duration had good spikelet fertility. Such plants 
with good vigor were selected from each cross. 
A bulk harvest of healthy, vigorous plants from 
each cross was also made. Out of 30 F, popula-
tions, 1,040 single-plant selectiom were made, 
and 15 F, populations were harvested in bulk. 

A total of 4,010 pedigree lines derived from 
97 cros combinations were evaluated. The 
pedigree lines consisted of single-plant progeny 
in the F-F, generations. Approximately 1,277 

I lt3. ANNUAL RO30MT POR 1978 

sigle plants from the pedigree auery were 
alected. Bulk seed of promiig lines was ha-" 
vested for distribution among the cooperators
ithercomtries through th IRCTN. 

One hundred fifty4kpromising varedes and 
lines were evaluated in nontelgicated observa. 
tional yield trials. The majority of the lines 
were selected from the pedigree nuny. 
Promising lines came from the cromes IR2061, 
IR3941, IR5865, IR3867. IR7167. IR7682. 
IR8460, IR8845, IR9202, and IR10222 
(Table I). The cold-tolenmt donor parents 
involved in these crosses were Y6-100-9, 
DuShansali, Kunigmn lines, Shensi, China 
1039. Kuning TinUL and KI.7-BK-4.1. 

In the hill stationsand temperate areas where 
only one crop of rice ayear is planted, the gen. 
eration advance of the breeding lines has been 
slow, especially in areas without heated 
greenhouse facilities. The participants in the 
first International Rice Cold Tolerance Work. 
:hop recommended that rapid-generation 
advan,! (RGA) techniques be used to acceler. 
ate breedm materials. 

Late this year . oenf 5 one'.involving 
4,881 plants were grown through RGA. The 
possibility of screening lines for cold tolerance 
at the seedling stage and selection for optimum 
growth duration when eventually grown in low
temperature areas are being studied. 

Rim Cdd Tolerme Wuher*p. The high
light of the cold tolerance program this year was 
the First International Workshop on Rice Cold 
Tolerance held in Suweon, Korea. The work. 
shop was sponsored by the Korean Office of 
Rural Development and IRRI. Forty-eight sci
entists from seven countries reviewed the com
mon problems limiting rice production in low. 
temperature areas and discussed research 
methodologies. 

Several recommendations approved by the 
group have been implemented: the collabora. 
live work on RGA. exchange of breeding mat
erials, screening at a specillc growth stage on a 
suitable site, and training. 

Before the workshop, 12 scientists partici
paled in various parts of the IRTP Cold Toter. 
ance Monitoring Tour, which observed the 
IRCTN and rice improvement activiies in low
temperature area. A large num er of entries 
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Preliminary selection for early maturity to fit 

the maturity requirement in low-temperature 
areas can be done at Los Baho,. Entries with 
growth durations longer than 70 days at Los 

Bafios can be removed, 
Selectiaig fot short growth duration. Long 

growth duration of rice is a major preblem in 

low-temperature areas. Identification of possi-
ble Jonors with short growth Juration is essen-

tial in breeding for cold tolerance. 
Indica varieties in the IRRI germplasm col-

lection with growth duration of 94 days or less at 

Los Bahos were evaluated in Korea. Of the 240 
varieties tested all but eight had early growth 
durations. The eight apparently are photo-
period sensitive and are therefore greatly 

delayed by the long day lengths in Korea. 
Hungarian 1and Tinpakhia were the earliest 

- 20 days earlier than the short-growth-
duration Josaengtongil at 21.2*C water temper
ature. 

Effect of low water temperature at different 
growth stages. To investigate varietal response 
to low temperature at different growth stages, 7 
varieties were subjected to water temperature 
of I C at maximum tillering, meiotic, booting, 
and ripening stages. All were highly susceptible 
to low water temperature at the maximum tiller-
ing and meiotic stages (Table 3). Decrease in 
grain yield resulted mainly from reduced fertil

ity and fewer spikelets per panicle. 

HIGH TEMPERATURE 
Plant Physiology Department 

Flower fertility at two test teneraure.. A 


simplified procedure in screening for tolerance 

for high temperature was developed. A screen-
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ing temperature of 38"C was used first because 
IRRI data suggested that 35*C can deter. 
mine susceptible varieties and 38"C tolerant 
varieties. But 38*C was found to be too high for 

many lines with good plant characteristics. 
Eighty-four selections were subjected to both 

350Cand38oCtreatmentsatflowering.Figure 
2 

shows the relationship between fertilities at 
these two temperatures. At 38*C about 75% of 

the selections had fertilities of less than 20%, 

and about half bore no iertile grains. Some 
selections with high fertility at 35C were com

pletely infertile at 38"C, while selections with 
highfertilityat38*Calso howedhighfertilityat 
35 0C. 

Apparently 35*C is better than 38'C in 

screening for high temperature tolerance. 
Dlono of Igb-temP.:* tWaokr with 

early maturity. If high-yielding varieties ame to 
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IRSATON (Salinity- alklnity)
IUWON (Deep water) 

Biol D re: 

URDN (Blast) 


IRSHBN (Sheath blight) 

IRTN (Tunro) 

IRBPHN (Brown planthopper) 

IRGMN (Gall midge)

IRSBN (Stem borer)

1978 flcldbooksIRSBN (Ste borer)s 

- Fieldbooks for I nurseries printed by 
computer 

- 1978 IRTP nurseries master 11-ld. 
books 

Monitoring tour reports 
" Rice Improvement in South India and 

Sri Lanka 
Report of the Monitoring Tour to the* 

South AmericaSouthern Region of 

(printed in English and Spanish at CIAT) 

Rainfed Rice in Indonesia
" 

* Observations on Deepwatcr Rice in 
Thailand. Bangladesh. and India 

* 	Rice Improvement Activities in Four 
West African Countries 

* 	Observations on Rice Improvement in 
Indus River Plains of Pakistan and India 

" Yield and Observational Nurseries (with 
Focus on oing.Duratkin Rice) 

" Observations on Rice Virus Diseases in 
Indonesia. Thailand. and India 
Breeding for Drought Resistance in" 
North and Eastern India and Northeast 
Thailand 

Copies at .,1 IRTP publicatioms are available 
at IRRI. 

RESERCHFRO IRTEAD
RESEARCH LEADS FROM IRTP 

Much feedback goes to national and IRRI sci-

entists from nurseries and from discussions and 

observation ofrice scientists duringmonitoring 

tours. The information gives research leads to 
IRRI's GEUthe national progams and to 

r 	IRRI more effectivelyprogram. It also he 
meet the n.eds of national program scientists. 

a few of the research leadsThe folowing are 
from the IRTP: 

donors for resistance to many* 	Because 

major and minor -sauesare being 1a.
 
tilied, the use of resitam donosinbWeed
 
lag proe) and cooperative genic
 
studies should be Intensed inarea where 
different strains of hi~types exist. 

• 	 Because varieties from Sri Lanka, south

em I In.M8ndonsia perform 
well with irrigation in the West African 
countries in the same latitude zone, more 
materials from those sources should be 
tested at the sites in the latter region. 

the dryland environment mar-Because 

kedly influences the response of semidwarf,
 

an tall varieties, aintermediate-h .ght, 
shouldcollaborative research project 

determine the plant type b-st suited to 

selected dryand conditions. 
Because varieties that react differentiallye 
to blast at various sites are being identified, 
studies on the genetics of blast resistance 
should be intensified and a new interna
tional set of differentials identified and 
used. 

* Because the biotypes of brown planthop
pers in South Asia arc distinct compared 
with those inSoutheast Asia. collaborative 
biotype and genetic studies involving the 

two regions should be intensified. 
0 Because several varieties in the IRBPHN 

show good field resistance but do not have 
major genes for resistance, collaborative 
studieevaluatingsuchvaritiesaginstdif
ferent biotypes in various countries should 
be enlarged. 

is strong evidence that* 	Because there 
botypes of gall midge exist and the Thai
land biotype seems to be distinct from the 

others, collaborative genetic studies should
be stated. 

* 	Because donors for various traits that con

tribute to cold tolerance have been iden

tifled, they should be used more extensive
ly. 
Because plant response to alkalinity and , 
salinity is Preatly influenced by growth 
stage, weather. and soil, there should be 

more tstinl of varieties for tolerance for 

alkalinity and salinity in relation to these 
b etnexist.factors the areas where the pr 
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Mre OEU pilus placed increasing emphasis 
on'usawce to national scientists by providing 
implam Od making croes for them, pro. 

viding eady generation and fixed lines, and 
inviting them to make selections from materials 
growing at IRRI. 

EXCHANGE OF GERMPLASM 
Plt Breeding DepartmentI 

Requests for 14,948 packets of seed of 
improved breeding lins were filled for scien-
tists in 39 countries. The International Rice 
Testing Program sent an additional 69,087 pack-
ets of GEU's best improved lines and varieties 
to national programs. From the germplasm 
bank 7,647 packets of seed were supplied to 
159 foreign researchers. F2 seeds from 1,024 
crosses were sent to scientists in 12 countries, 

IRRI LINES NAMED IN NATIONAL 
PROGRAMS 
Plant Breeding Department 

Twelve IRRI lines were named as varieties in 
national programs in 1978 (Table 1). That 
brought the number of IRRI lines named in 
national programs to 64. With the varieties 
named directly by IRRI the grand total is 75. 
The IRRI lines named as varieties in national 
programs are described below: 

Asahan (IR2071-621-2-3), asemidwarf sister 
line of IR36 and IR42, has long slender grains. 
It isresistant to bacterial blight, tungro, grassy 
stunt, and brown planthopper, and was 

recommended for irrigated culture in 
Indonesia. 

1R36 (IR2071.625.1-252) was olically 
approved for cultivation in Indonesia. It is 
widely grown there, and is suitable for dry seed. 
ing (golo-rancah) and dryland culture. 
Indonesians prefer IR36 to other semidwarf 

arevarieties. Outstanding features of IR36 
cited in the 1976 Annual Report.

IR38 (IR2070.423-2-5-6) was officially 

approved for cultivation in Indonesia. It ismost 
popular in East Java, here biotype 2 of the 
brown planthopper is most prevalent. Its out
standing features are cited in the 1976 Annual 
Report. 

IR43 (lR1529.430-3) was recommended for 
dryland culture in the Philippines. IR43 has 
good drought resistance and showed superior 
performance at several sites in the International 
Upland Rice Yield Nursery. IR43 has long 
slender grains and matures in 120 days. It is 
resistant to blast, bacterial blight, and green 
leafhopper. It was also approved for cultivation 
in Cuba as IR1529. 

IR44 (IR2863-38-1) is asemidwarf selection 
with long slender grains and high amylose. Ithas 
sturdy straw and high yield potential. It isresis
tant to bacterial blight, tungro, green leafhop. 
per, and biotypes 1 and 2 of the brown plant. 
hopper; and moderately resistant to blast. 
IR44 is recommended for irrigated culture in 
the Philippines. 

IR45 (IR2035-242) was recommended for 
dryland culture in the Philippines. It has good 
drought resistance and long slender grains, and 

TIW 1. = bm ned s v' d-a Indlll0uut satlsa In17. 

Variety nrm seection no. crom 

Aa1han M071421-2 111151.221-1-2/111R244O. nesl/l4.. 13 
MX P12071-i 
No P2070-423-2 
PA3 M1521430-3 
W"4 P21W-I33-. 
we P3MS-242 

"Hee 11121171-1 
116111 1111211413 

WIZA P01421-1 
NN1A P2070-734-3 
NNSA WIP21-179-3 
Pm 10 PI-1-140-3 
Proud P11 
TomaM 1 iUi-210-2 

11P11t.2211l-2///244O.nIvotalICI.4-13 
I1110'I. nwiutIICRI4-13 
M05417-13I1-1-140-3 
P11152145l/C14.131/P41M 

M1416-12914MI3S6 -1/P124-1

R1411.131.1P1R8-3-111//1M3-203-11/1539-37.3-1 
Pv13-171-MR3/1.11140-3
P15l.221-VA.//244IO. n~wjuIC0/ 13 

PI10. n"W/CI/1114-13


M1.N-22-1.21P1A41/O. nemm/IC 10h-13 

1811127-2-2 

6 I2171.41-.1-2/174724-,3
i1im40/PI141,-125, 
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i galint to blaes. green leafhopper, and 
bkoqp 1 and 3 of brown planthopper. It 
mam is 120 days. 

IR46 (IR2058-78-1-3.2-3) is the fint IRRI 
lie to be recommended for rainfed wedand cul-
lure in the Philippines. It ha given high yields in 
rainfed wetland fields at several sites. It has 
long, slender, and translucent grains. It is resis-
tant toblat, bacterial blight, and biotypes I and 
3 of brown planthopper, and moderately resis-
tant to tungro. 

IR1529 (IR 1529.430-3) was nm.ned in Cuba. 
NN3A (IR2071-625-1-252), named in Viet-

nam, is the selection named IR36 in the Philip-
pines (1976) and in Indonesia (1978). It is now 
replacing IR26 and TN73-2 (IR1561-228) in 
the Mekong Delta where biotype 2 of brown 
planthopper is widespread. 

NN4A (IR2070-734-3-6-4), named in Viet-
nam, is a sister selection of IR32 and IR38. It 
has medium-long, translucent grains and is 
resistant to blast, bacterial blight, tungro, green 
leafhopper, and biotypes I and 2 of brown 
planthopper. 

NNSA (IR2071-179.3-4), also named in 
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Vietnam, is a sisterselection of IR36 ad IR42. 
It has long. slender, trusluaent grains md b 
resistant to blot, bacterial blight. turngpo, grny 
stunt, green leafhopper, amd botypes Iad2of 
brown planthopper. 

PRI03 (IR661-I.140-3) is synonymous 
with 1R24, named bi IRRI in 1971. It was 
recommended in India (Punjab state) us a late. 
planted crop. 

Prasad (IR 1561-216-6-2)was recommended 
in India (U.P. State). It is early maturing and 
high yielding with long, slender, and translucent 
grains. 

Tamale (IR1820-210-2), named in Ghana, is 
high yielding and has improved plant type, long 
slender grains, and blast resistance. 

BREEDING OPERATIONS 
Plant Breeding Department 

t2

IRRI continued to emphasize high-volume 
crossing to generate improved germplasm for 
diverse agroclimatic conditions and to diversify 
the genetic makeup of the breeding lines. In 
1978 breeding operations increased (Fig. 1). 
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used as parents in crossbreeding programs was 
recorded. The genetic background of more than 
700 of those varieties was traced to their origi-
nal progenitors. Similar data were compiled for 
about 350 rices released by national rice 
improvement programs during the post-1R8 
era. The records are available to rice scientists. 

Progenitor data cards were completed for the 
parents of all varieties developed by hybridiza-
tion, pure line selection, or mutation. If a parent 
was developed by crossbreeding, cards were 
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made for each of its progenitors. The parents in 
more than 12,000 hybridizations made in 
national programs were recorded on punched 
comp-ter cards. The data bank will, for exam
pie, enable a scientist, who is screening varieties 
from a half dozen nations for resistance, to trace 
the ancestry of the resistant rices and find com
mon ancestors that could be the sources of the 
resistance. 

The survey included a request to scientists in 
the national rice improvement programs to 
submit lists of older varieties, newly released 
varieties, and elite breeding lines, and hybridi
zation records since the initiation of crossbreed
ing at each station. Researchers may request
information on the background of specific rice 
varieties. 

GENETIC INTERRELATIONSHIPS OF 

IMPROVED RICE VARIETIES 
of InformationServices andPlantBreed

ing Department 

Maternal orign of IR and national vari. 
etles. The genetic ancestry of 15 named IR vari

eties, including 4 named as IR varieties by the 
Philippines, was tr":ed. All varieties are from 
crosses made at IRRI, in-olving 11 parents that 
trace to 18 original land races from 8 countries 
(Fig. 3). All IR varieties tra.;, to the maternal 
parent Cinavia Indonesia. Thus, components of 
the cytoplasm of all JR varieties are similar. 

Eight of 13 new varieties released in Bang. 
since 1968 derive from the female pro

genitor Cina. Cina is the ultimate metternal 

ancestor of 22% of the improved varlet::s in 
India released since 1960. 

In 1975, more than half of the rice lad in 

GENETIC EVALUATION AND UTILIZATION (019U) PlOORA i99 



3. The derivation otIR varieties. Female parents are on the left, male parents on the right. 1978. 

Indonesia was estimated to be planted to six var-
ieties, which all trace maternally to Cina. Of 27 
varieties released in Indonesia from 1965 to 
1975, 20 are female derivatives of Cina. 

In Korea, Tongil and its selections are the 
most widely grown. Cina is the ultimate mater-
nal parent of Tongil and also of a new popular 
variety, Yusshin. 

By 1977, 68% of the Philippines' rice land 
was planted to improved varieties, mostly the 
IR, Cina-derivative varieties. A list of 20 Sri 
Lanka improved varieties was compiled; 15 of 
the varieties derive maternally from Cina. Of 12 
improved varieties released in Thailand since 
1969, 3 have Cina as their ultimate female 
progenitor, 

Matrnal origin of potential improved vail-
eties. To determine the maternal base that 
might be expected infuture varieties, the female 
parentage of elite breeding lines and of female 
parents used in recent cross's was traced, 

U taIRI ANNUAL REPORT FOR 1978 

Seventy-nine elite varieties and breeding 
lines from 10 nations and IRRI were in the 1978 
early, intermediate, and late-maturing sets in 
the International Rice Yield Nursery grown at 
about 45 sites in 20 nations. About 60% of the 
IRYN entries trace back to Cina. National 
program breeders acquire much of their intro
duced genetic materials through such trials. 

From 36 to 92% the elite breeding lines 
included in nurseries and in IRRI screening trn
als for tolerance for salinity, alkalinity, iron 
toxicity, phosphorus deficiency, and zinc deft
ciency are progeny of Cina. Cina is also the 
ultimate female progenitor of more than half of 
the most promising IRRI lines developed for 
intermediate amylose, high protein, and resis
tance to the striped stem borer. Forty-four per
cent of the female parents of the first 20,000 
eosses (1962-77) made at IRR! derived mat
ernally from Ci. The trend, however, is 
declining. Although 53% of the crsssmade In 



4. Portable vacuum emasculator developed in IRRI Plant Breeding Department. 1978. 

1974 had Cina cytoplasm. only 37'4 of the 
crosses had it in 1977. 

PORTABLE VACUUM ENIASCULATOR 

Plant Bree'dinig D,,partent 

Several of the major rice improvement pro-
grams in Asia use an emasculator that israther 
expensive (more than US$500) and not easily 

portable. Its use is essentially limited to a 
greenhouse or screenhouse with a 220-V AC 
power supply. which makes it impractical for 
many small rice improvement programs. 

L.E.CraneandH.M.BeachellofBeaumont, 
Texas, USA. designed the first portable vacuum 
emasculator for rice in the early 1950s. J. E. 

someScott of the Beaumont station made 
further modifications. Many of their ideas were 

the portable emasculatorused in building 

shown in Figure 4. The emasculator has apump 
that develops a continuous vacuum (508 mm 
11g). powered by a 12-V DC electric motor that 

Accessoriesdevelops 1/25 lip at 4.000 rpm. 

include an air filter, an anther trap. tygon tub
ing. disposable pipette. and appropriate fittings.
 

Power isprovided by a small 12-V motorcycle
 
battery that is periodically recharged.
 

The portable emasculator, including the bat

tery and carrying box. weighs 4.4 kg. Aproperly 
designed box will permit the unit to float. The 
capacity of the unit. with I operator, ranges 
from 6 to 12 panicles/hour. The entire unit. 

a small battery charger.including a box and 
costs about $150. Prices may vary from country 
to country, depending on the local availability 
of the components. Units may be purchased at 

cost through the Plant Breeding Department. 
IRRI. 
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CIERMIIASM BANK 

As of 31 Decciher 1978 the geimplasm coin. 
puwcr data bank contained 1.314.870 records 
repesenting I) completc information on var. 
ictal origin. s ed source, and name- and 2) all 
avaible info iation on 38 basic nrph . 
ronomic charactcrisl, (1976 Annual Rcport) 
and 37 G trait%(1976 Annual Report) (tit 
38.535 registercd a' ,'iom t Osafiva. The 
germplamm hank informalkm retrieval ,ylcm. 
which was dcvcloped and completed in late 
1976 i) provide instant aees%to and retrieval 
of informatiom from the geimplasm data bank. 
was used constantly by GEU scientists. The 
most common quests were for rctrieval of 
accessions that satisfy a combination of specilk 
traits. Other requc s were for the retrieval of 
all accessions having data on a paricular G'U 
trait i of all aci ovn" f(om a specific country 
tf rilin. 

For evaluation of cullivars from the gScm. 
plasm bank under the GEU program. 
compulcr.gencralcd data sheets coniaii Si 

inhorm:tion in accession number. name. and 

character%relevant to the specilic test were pro. 

vided to 'U *cientist%. The usc of the stan.'rd 
datashects facililitc, data collection. simplifics 
data encodint. and minimii€s cirors commonly 
cncountercd in manually prepared data shects. 

Data tn the 38 basik morphoagironomic 
characteristic' o)f about 260(X)(aeCeins, in the 

gcrmplasm data bank were analyzed to identify 
features that arc tof gneral interest In rice 
researchers. lhe information has proved useful 
in idcntifying varieties with unusual characters 
such as heavy grain%, very early maturity, and 
high protcin, 

ltDli)INGe AND 

Breeding rccords, of all crosses madc at IRRI 

ercomputerized. The names and sourcesof the 

2 immdiate parents for each of the 23.066 
stored In thecroises so far made at IRRI arc 

hstory.of.cross data file. Information on the 

humedlate parentale of IRRI crosses can be 

retrieved and reproduced at a slight cost. That 

ha made posibleIthe publication and distribu . 

don oo rime reeuchers of the fint 2 volumes of 

10) IRRI ANUAl,UKIMOT FOR 1978 

Parrur of IRRI Crwws. ga* of wh 
describes 10.000 crosses. 

Another use of the hislo.o-cros file is I 
searching for crosses that slum some., WUimUn 

features. Thus. a computer program that will 
w.arch f(i all IRRI ctows that involve a given 
parent has been dcvckqd. 

A omnputer.based system for the inventory 
tf all %elcctedlines from 161RI cnss has been 
dcvclkpcd. "lwe im'cnttov system rec.ords all 
sckcl,:d plants oir lin,. in each gcnralkon and 
prints back alieldbook that identifies the pedig. 
rc of tOsc selections. or use in the nurery of 
the succceding generation. The system is now 
operational for the F, and F, nursries, the 
pedigree nursery, the observational yield trials. 
the hybridization blocks. the replicated yield 
trials. and the elite lies. The inventory ali 
maintains the performance records cm various 
trails evaluated by the GEU scientis ts of all 
selected lines for all generations from as early as 

F3 to the advanced trials, such as the replicated 
yieldtrials.Thus.inevaluatingthe meritsofanY 
line. breeders and GEU scientists can ie aided 
by a complete historical performanci of that 

line and of any of its relatives. 

ITIRNATIONAI. RICE TINI PROGRAM 

The International Rice Testing Program 
(IRTP) coordinates the sharing and testing of 
varieties and breeding lines by the world's rice 
scientists. It distributes a large number of nur. 
sery %ctsio many test sites in various countries 
each year and rcccive a large volume of data 

from them. 
The primary objective for computerizing the 

managemcnt of IRTP data is to increase ihe 

accuracy and speed with which data com:*% 

from different nurseries with diverse require
ments ,re analyzed and summarized. IRRI now 

has a computerized data management systcm 

that vcitilles the validity of the data; checks. for 

csh test site. the adequacy of the sr a level 

needed for a meaningful evaluation; subjects 
the dau to stailtial mnalysi; and summarizes 
and evaluates the reliubilly of Ih restlts. The 

' 
system alo provides computer pe nerated field. 

books for tie varime nurseries a well as na.

ter kildbook. 
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dn e ixial wfae were €outed under a mi. 

cmop. Thwexnperimmnt wa repealed three 
dms 

TMe "pwapl dklency of Carreon, 
Toup.ad IR36 leaves sefwd less than that of 
IR442 (T tleI). 

Lhmeld eelrel. Eigbmn fungicides were 
evaluated or control of blast disease in 1978. 

Five were evaluated inthe laboratory for inhibi. 
tion o spoetermination of theblst pathollon 

In a preliminary trial. Hinosan TCP. CGA 
49104. and Cercobin M controlled the 

pethogen. especially at higher test concentra 
lions (Table 2). 

Twelve systemic fungickles at various appli. 


cation rates were tested as seed treatment for 


leaf blast control. Preliminary results showed 
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two hlier rates. Lower and ollphytotllic 
rates are being teed. Two other ludde 
samples, PP389 JF5816 amd Cercobin M, do 
controledleafblast.especirdlyatthe twohil 

tst rates. 
In a field evaluation, eight fungicides were 

applied twice as weekly spray (the ira spray of 
flowering) tocontrolneckblastonlR

44 2 "2 "58. 

Control was achieved with Betlate, Hinosan 
TCP. CGA 49104, Top Cop. and M7007 PB20 

(Table 4). Inasimilarstudy usingC22, Dithane 
M.43, and the five fungicides also were effective 

(Table 5). 
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Control (unswayed) 

In acolumn, means followed by a common letter are not significantly diffrent at the 5%level. 
•Mean of replkcation. 

tions. The plants were inoculated at the booting 
SHEATH BLIGHT stage with the use of rice grain culture. 

Iprodione, which was previously used at 3.0 
Chemkial coutrol. Chemical control is the only 

kg/ha in 4 sprays, was applied at 2.0 and 1.0 
method available for successful management of 

kg/ha in 3 and 2 sprays at 1-week intervals. Val
sheath blight disease because no satisfactory 

idamycin, which was effective at the rate of 1.5 
source of resistance is available. A follow-up 

test on iprodione 50 WP and validamycin was liters/ha in 1975 but performed poorly at the 
was tested at 2.0 liters/ha.

1978 dry season to further same rate in 1977,
conducted in the 
assess their efficacy in sheath blight control. lprodione gave good control, even at a 

reduced rate of 1.0 kg/ha wi" 3 sprays. Higher
The test was in a randomized complete block 

of validamycin 6lt not substantially
design with 7 treatments (7.2 in) and 4 replica- rates 

the piy 1117.b I di Mel 
TIb 0. Ws el d la numbe l f leli*"speylnop on esae d ehwr 

Time (Waye) Sheath blight YieaI 
Treatment 	 of Inoculation spray'ng 

(w 
Rlat 

he) diees I/ho)
before or after (no.) 

rting"lot spray 

3 2.0 1 3.1a 6.21mb2 afaer 
2.0 k 4.0 b 6.11mb4beore 2 

4.2 b 6.292after 3 1.0g 
e 5.0 6.12mb2 1.04 beforeIpRii 	 2.0 liter 6.5 d 6. b2 before 3Vldudmyei 5.303 2.0 lirs L2 od

4 beor - .0 a 444 a) 


:0-nesileon eewvel.3-meat se 
wIthE aRasshlltAUAL o 97.2i.41sed onseele flhelrt at the 6% level. _ _PkbYa common Ismaw we noat mlfl aGWRM11 
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imm s eewy. Both hfukildes increed oribm wu isolatd frOm inftmd pam mad 
tha ylid to: R1317.392.1-2 (Ta"le 6). sequently cultured on sterilized rice palm. 

Two wet-em expeimenta to evaluate four Test plants of IR1487-372-1-I were imoculatd 
bickle wee destroyed by typomns. by inserting 2-week-old inoculum in single

pain culture 1)on the ligule, 2) 1-2 cm deep 

between the leaf sheath and the stem, or 3)
LEA SCALD inside the leg leaf sheath just above the floret. 

Chiaeld ceatire. Among five fungicides Disease development was observed daily for 

evaluated in the laboratory, Hinoun TCP most 30 days. Insertion between the leaf sheath and 

effectively controlled the germination of spores the stem of 62-day-old plants was an effcent 

of the leaf scald pathogen (Table 2). It was fol- pathogenicity test; 93% of the inoculated tillers 

lowed closely by CGA 49104. showed infection. Disease symptoms appeared 
EFAct fakopratire. The effect of tempera- 5 days after inoculation; severely rotted leaf 

ture on the growth of Rhynchosporium oryZae sheaths appeared at the point of inoculation a 
was studied, with 5 temperatures ranging from few days later. Inserting the culture inside the 
15"C to 35C at intervals of 50C. Growth was 	 flag leaf sheath also produced characteristic dis

ease symptoms 7 days later. The percentage ofdaily measured for 7 days; the growth rate was 
slow at 150C, maximum at 250C, and zero at infection was low (46%) when the inoculum 
350C (Table 7). was placed on the ligule. 

Effect of different media. A study of the In previous trials, insertion between the leaf 
on the growth of the sheath and the stem of 50-day-old plants gave aeffect of different media 

higher percentage of infection; 97% of theleaf scald fungus found no remarkable differ-
(Table 8). inoculated leaf sheaths showed the disease. Th;ences 

studies indicate that A. oryzae is not a weak 

pathogen and can incite disease even in the
SHEATH ROT absence of plant injury. This screening tech

nique can be used in developing resistant var-In screenhouse tests conducted to establish the 
pathogenicity of Acrocylindrium oryzae, the ieties. 

Table 7. Growlh of Rhynchosporlum oryVae die tunpermtra. . 1rAI3
 

Growth (mm) at daily reedina
 
1 2 3 4 5 67
TemperatureaC) Sporulation 

SA 12.2 18.6 24.2 23.4 33.64.4"15 None 44 0.2 62.3 76.28.4 17.4 23.620 Fairly abundant to abundant 
11.2 24.3 43.2 56.4 0.6 32. 1111.025 Abundant to very abundant 

Fairly abundant to very abundant 6B 13.0 19.4 23.0 29.6 31.6 31.2 
30 	 00 0 0 0 0 0
35 None 

•Av of 3platee. 

th of RihnchOS _rium oryzae an ..TAbs. w 	 OR d. _ 197. 

Growth (mm) at daily readings 
Medium 1 2 3 4 5 6 7 3 

36.4 52.6 56.2 71.6 34.06 16 25.6V-1 juice 
3.6 13.4 31.0 37.0 47A 60. 72.3 73.0Coconut apr 2.0 77.2 2.09.2 17.2 31.0 41. 53.8Leaf decoctionPrune a 	 7.2 16.2 236, 36.3 47.0 S,1 63.2 70.0 
6.6 16.5 20.5 33.33 43.6 63.0 70.3 31.6Omal 	 22.5 5" a 76Poa daxtroe $o 	 7.8 15,4 21.0 3.4 
6.0 23.0Ye attract 3r 11.0 40.0 60.0 16.0 72.0 73.0 

aar 3.0 13.0 23.0 36.0 43.0 n0.0 08.0 76.0
Potato auoee 
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NEW BACRAL DISEASEid 

A new diease was cfevved on IR129-192.2 
plau in the Internatnal Rice Yield Nursery 
in 1978. The plants were infected until the max. 
imum tiering stage. Infected plants had 
browned and water.soaked stem tissue at the 
banal internode, and rotted, giving off a foul 
odor. 11e symptoms indicated that the infection 
was probably caused by bacteria, 

The infected tissues were isolated on peptone 
sucrose agar (PSA) and incubated at 30'C for 
48 hours. Colonies were milky white, with 
irregular margins and rough surfaces at high 
temperature; they produced gas on Wakimoto's 
medium. A brown pigment diffused to the 
medium at 3 days after incubation. It was 
fluorescent under ultraviolet light. 

Pathogenicity was tested by the multineedle 
prick method with a 24-hour culture of the bac. 
terial isolate on a detached stem. The isolate 
was incubated at 30*C for 24 hours. The inocu. 
lated stems showed light, to dark-brown discol
orations. Potted IR8 plants at the maximum til. 
lering stage were also inoculated by the syringe 
technique. Symptoms began to appear 4 days 

later. The lesions extended upward and down. 
ward from the inoculation point, and the leaf 
sheath became dark brown. The lesions were 

restricted to the inoculated internodes, which 
became soft and discolored. Senescence of the 

outer leaves and leaf sheaths of infected plants 
was accelerated.

In initial bacteriological studies, the bac-

terium produced weak fluorescent pigment on 
King's B medium and did not form colonies typ-

ical of Erwinla carotovora on modified Drigas-
ki's medium. The causal bacterium may be simi. 

lar to the bacteria that cause bacterial bnazone 
disease of rice in Hungary, or sheath brown rot 
of rice inJapan. According to other researchers, 
the pathogen was closely related to 
Pseudomonasmarginales, but different from a 
strain of E. carotovora that causes sheath rot. 

LEAF BLIGHT AND KRESEK 

Earlier studies (1977 Annual Report) sug-
gated that no difference in pathogenicity 
resulted from cross inoculating rice with bacter-

IM IRRI ANNUAL RuIORaT FOR 1978 

strain rm pnbi loed wledIbVfe-.dilaedad krseek. Dmt the srlm pn 

kedlyInfa feaciomabled withdoto 
paddy (Table 9). The krusk straim appoaed 
more toleratof zinc sulfate ad less seuuitive to 
antibiotics, and suvived Iopgr in paddy water 
inthe laboratory. Most kresk strains were sean. 
satie to similar bacteriophage sruains but the 
leaf blight strains varied in sensitivity to phage 
strains. Their growth in different dilutions in 
peptone sucrose medium did not difer. 

The leaf blight strait. appeared to be an 
ecotype distinct from the kresek strain. The 
strains select different Infection courts in the 
rice plant. The kresek strains appear more 
adaptable to the paddy and cause infection. 
initiated primarily through the plant roots dur. 
ing transplanting, through the bacteria surviv. 
ing in the paddy. Infection by the leaf blight 
strains usually starts from leaves. 

Kresek infection developed in seedlings 
raised in seedbeds infested with X. oryzae. Kre-
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.uk ngime u Imv he se w 

iagsad shorty before trmamtlag (T"be~~..
10). No krosk w (ownd when the wedbed we 
iested at d lime o sowing md irmsplanted 
21 days later. 

When the bacterial suspension at different 
concentrations was incorporated into the soil. 
more krcsck was produced on transplanted than 
on dircct.sceded rice (Table I). In tram
planted rice. the kresck percentage ad 
inoculum dosages were linearly cor-elated: 
higher dosages resulted in more krcsck infec-

tion. Injury of plant roots at Iransolanting may 
be associated with high kresck incidence. 
Therefore. wounded roots are an important 
route for kresck infection. 

Secdlings raised in ordinary seedbeds had 
similar amounts of kresek regardless of the 
absence or presence of root injury induced by 
clipping. Dapog seedlings with uninjured rots 

produced considerably less kresek than those 
with injured roots (Table 12). 

The results confirm that kresek infection is 

related to root injury, infection depends on bac-
terial survival in the nursery or the main field, 

and the leaf blight strain PXO 61 may not sur-

vive in the paddy. 
Survival of X or)y'zae. The bacteriophlge 

method was used to study the survival of the 

bacterial blight pathogen in rice leaf tissues and 

in pure culture incubated at different tempera-

lures. The sensitivity of the method, evaluated 

with pure culture. was revealed by plaque 

count. 
The phage multiplied rapidly and the plaque 

cnunts correlated with the concentration of the 
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bcterial suspension. The eliciency of the 
method indicated that a bacterial suspension of 

0 cells/mltof a specimen cn lve positive an 
reliable rrults. When infected leaves were kept 
at different temperatures, the b-~lerlal popula

tion was high in leaf tissues at IOC for 19 days 
but could not be detected in leaf tissues at 30"C 
and higher. The population was low at 20*C. 

Results with pure culture were s!mlar. A 

pure culture of the strain PXO 61 was incorpo

rated into water.saturated soil, thea incubated 

at 10. 30, and SM'C. Thc bacterium was 

detected by the clipping method of inoculation 

21 days after Incubation at 1l"C, but not at 30 

and S0OC (Table 13). When rice ieaves infected 
were incuwith the bacteria-soil suspension 

bated for 14 days at 30"C, no typical lesions 
were observed, but some typical colonies of X. 
orywz were isolated from the necrotic tisues 

(atypical lesions).ewtre. Zinc compounds affcc'd 
kresek development in the peenhouse Mad the 
growth of X. oryza in the laboratory (1977 

Report). The effectivencs; of z6 ccO
pounds and of a copper-based fungicide 
(Kocide) were further tested with IRS in :be 
field in the dry season. Twenty-one-d'Y-old 
seedlln lwere ait&cdly inoculated by diPpb 
their roots in a bacterial suspension of PXO 61 
for 5 to 10 minutes, then dippln theM in the 

chemical solutions before trif panitg M"as

urement on either a tiller or hill balm indicated 
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that Kocide controlled kresek better than zinc 
sulfate or zinc oxide (Table 14). Zint,oxide gave 
no c-, trol because it isless water soluble, and in 
solution was lower than the indicated percen. 
tage (2%). Considering natural infection, how-
ever, all three chemicals controlled kresek 
infection somewhat, with Kocide and zinc sul-
fate giving the higher percentages of control. 

A preliminary measurement by the plaque 
count me , :l of the bacteriophage population 
in water samples from different plots showed a 
higher phi.,- population in the control than in 
the chemical-treated plots. That suggests that 
th.e chemicals affected bacterial survival in the 
field and led to less kresek infection, 

TUNGRO 

Flek epliemilolM. The statistical field study of 
the epidemiology of rice tungro virus in 37 far

e d nbs leion langh in n. 0-days aterincube. 

impending tungro outbreaks - iscomplicated 
because outbreaks require the presence of all 
factors that increase tungro incidence. Negative 
prediction - no tungro outbreak - issimple 
and reliable: no outbreak will occur if any factor 
required for the outbreak isabsent or unfavor
able. 

Six predictions for tungro outbreaks in the 
study area were made in June of each year from 
1973 to 1978. Only the 1974 prediction was 
positive; however, no outbreak occurred 
because a green leafhopper control program 
artificially reduced the vector population. The 
other predictions were for low tungro incidence, 
including that in 1975, when ahighly suscepti
ble line, IR1561-228-3-3, was planted in 68% 
of the study fields. All five negative predictions 
were correct. 

mers' fields in 5 provinces of Luzon, Philip- TOM 14. 11 see. seatmoehem lda edUM
 
pines, was continued. Disease incidence was ea.eoise ton MIn .Olii. 13M&V*ym,
 

observed, vector insects were collected, and
 
their infectivity was determined every 2 weeks o (%)
 

Artificial Nterlfrom November 1977 to October 1978. 
Treatmet Inoculation, Infeetion

The incidence of tungro and the number of 

vector insects and infective insects were low Hill Tiller HUI lINe 
basa basisbasis basisduring the study period (Table 15). 

Zinc sulfateForecasting outbreaks. Although the (2.5%) 14.4 30.9 74.4 Ui.7 

epidemiology of tungro has been studied since z(n o1,7 
1972 and consuerablk information isavailable, (2.0%) -6.2 -15.5 51.0 74.3 

Kocida(1.0%) 53.5 o.S 3.3 4.3 
many factors tht affect disease outbreaks, and W 0.0 0.0 0.0 0.0 
interactions among such factors, remain obs- A.dM n b f bah-.s 
cure. Arfiving at positive prediction - of treamef.. 
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The five negative predictions were based on insecticide application, natural enemies, andthe absence or limitation of the essential factors bad weather, can be ignored because they canfor tungro outbreaks. Tungro incidence is never reverse a negative prediction. Therefore,determined by the population and activity of the attention should be on factors that increase thevector insect, quantity and quality of virus insect population.
sources, susceptibilty cf the rice variety to the Under favorable climatic conditions, onlyvirus and its vector insect, biotic and abiotic food and time determine Increases in insectenvironments, and time. A tungro outbreak populations. Tungro vectors die without fooJcannot occur if one factor isabsent or unfavora- and cannot propagate without time. Field vege.ble. The information gathered on tungro vec. tation de,:rmines food. The maximum time forton, virus sources, and rice varieties fo'ows. insects to propagate is 4 to 5 months - theVtoon. Tunlgro vectors Include Nephotenix period from prediction to harvest. The
vir cm, N. nlgropctus and Recia dora/i,. 

M
, tion rate of every biological entity is aWAYsConmlderLig the insect population In paddy limited, and even with no food drta, a hwi"l and the elency of tungro transmission, lnqects cannot produce a large popultiom inaN. vkem i the most important. short time.

For neptive prediction, all factors that Luzon, particulaly the study mod bee da.n~du the tuago vcor population, such a tinct dry Nm n that nlclauis te pw i hm 
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Api So emty Jau; however, occasonal rns 
may oem. If raimaer is sumclent In April-
Jute,the veetation- pticularly regenerated 
rice stubble growth - may not be a limiting fac. 
tor for the Insect population. When rain is 
samrce,pvetation is scanty, and the limited food 
causes a low vector population. This observa. 
tion should be verified. The number of tungro 
vectors in this period determines the number of 
insects at early rice growth, the stage when the 
plants are most susceptible. 

Farmers plow the fields at the end of the dry 
season, when water is adequate. Plowing 
destroys the vector's eggs and nymphs, but it 
also compels the adults to move, often to the 
nearby seedbeds to lay eggs on the seedlings,
Checking the vector insects in the seedbeds by 
sweep net is, therefore, essential for negative 
prediction. If both nymphs and adults are 
found, it can be assumed that the adult insects 
have been in the seedbeds for more than 10 
days. Negative prediction cannot be made when 
many tungro vectors are present, but outbreaks 
can be avoided if insecticides are applied 
immediately and, peatedly. If 0. 1,or 2 insects/ 
20 sweeps are ( served, the insects cannot 
build up a large population within the regular 
time required for seedlings to be ready for 
transplanting. After transplanting, the number 
of tungro vectors in the paddies must be deter-
mined repeatedly. If they are few, no tungro 
outbreak is possible unless viruliferous insects 
migrate over long distances in large numbers, 
As the few tungro vectors in the paddies take 
time to propsiate, the rice plants simultane-
ously grow oider. Older plants are less suscepti-
ble to tungro, and so yield losses are small. 

Negative prediction of tungro outbreaks is 
warranted if no or few vector insects are In Idle 
fields, stubble fields, seedbeds, and paddy fields, 
The correlation between the number of vectors 
(3/10 sweeps) in April-June and tungro inci-
dence (.03%) In paddy fields In June-October 
supports that conclusion. A similar correlation 
for 1973-77 wu reported in the 1977 Annual 
Report. 

Vknw mwc. In the Luzon study area, 
ondeet ric plats are the main virus sources. 
Ps, April o Ine when not many rie crops 
me duq.the& mtedowthofinlfetednre 
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rice stubble becomes the main source ad a 
place for perpetuation of vector insects. 

For negative prediction, therefore, the situa
tion of the virus sources in the area should be 
examined by inspecting the tungro infection of 
the regenerated rice stubble growth, volunteer 
plants, and standing rice crops. Because the 
virus sources are sometimes difficult to observe, 
the infectivity of the insects caught from idle 
fields, stubble, seedbeds, and paddy fields 
should be tested. Such insects should 
immediately be confined in test tubes with 
seedlings of a susceptible variety. If the infec. 
tion of the regenerated growth, volunteer 
plants, and standing crops, and the infectivity of 
insects are extrem :y low, a tungro outbreak 
cannot occur. The virus needs time to multiply 
to a sufficient level. 

Rice variety. If a variety is highly resistant to 
both the virus and the vector insects, tungro 
outbreaks are unlikely, especially over a large 
area. 

Many other elements or conditions unfavor. 
able for tungro outbreaks can be used for nega. 
tive prediction. For instance, extensive and 
proper insecticide application at critical times 
would reduce the vector and thus increase the 
reliability of the negative prediction. 

Preventing outbreaks. The prevention of 
tungro outbreaks involves elimination or reduc. 
tion of factors favorable for the disease. The 
principal control measures are the roguing of 
diseased plants, plowing of fields immediately 
after harvest, or application of insecticide to kill 
vector insects before harvest to prevent their 
transfer to other fields. Few of the measures are 
practical. Information from the study fields in 
Luzon indicates that tungro outbreak can be 
prevented by two practical memures - the use 
of resistant varieties and the control of vector 
insects. 

One cannot visually determine if Insects we 
infective, but their presence In seedbeds or pad. 
dies can be determined by sweep net or direct 
observation. Farmers should learn to observe 
tungro vectors In the seedbeds, partulardy dur. 
ing plowing or harvest of adjacent 60eds. If el 
farmers in a la area can s aew kill 
vectors in the hdlode, the dile of moo* 
outbreats would be greaI,* tw d. 
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Light trap. Trapping of tungro vectors at 
IRRI continued. Insects were trapped by light 
once weekly between 1700 hours and 1 hour 
after sunset. Some insects were tested for infec
tivity. 

The average number of tungro vectors in each 
trap was 143, 16, 34, 56, 106, 154, 172, 115, 
377, 1,275, 1,092, and 1,683 for each consecu-
tive month from November 1977 through 
October 1978. 

During the last 6 years, tungro incidence at 
IRRI did not seem closely related to the number 
of trapped tungro vectors or the percentage of 
infective insects. Both the number of trapped 
vectors and the percentage of infective insects 
may have been too low to cause high tungro 
incidence (Table 16). 

Effect oftemperature on Nephotettix virecens 
movement. Temperature affects the transmis 
sion of rice tungro virus by N. virescens (1974 
Annual Report). Tungro spreads less at low 
day/night temperatures (24/16'C) than at high 
temperatures (30/22"C), perhaps because 
temperature affects the insect's frequency of 
movement. The movement of N. virescens 

addls aS TMI medlg be 16M Koik~mro 
IOD growt* cdewt at 13, 25, md 390C 

wa observed at bowly Im al from 06) to 
1700 hdus. 

The insects' movement varied with tempera. 
tuu, The percentage of insects that moved, the 

average number of moves per Insect, and the 
average of ueedllng-tonsedhng moves per 

insect were higher at high temperatures, but the 
isect movements between 23 and 351C did not 

differ significantly (Table 17). At high tempera. 
turns, the Insects visited more seedlings but 
stayed for shorter periods on each. 

In most of tropical Asia, the temperature 
does not fluctuate drastically during the rice
growing season. Hence, temperature may not 
contribute significandy to tungro outbreaks 
under natural conditions In the tropics. 

RAGGED STNT 

Rice raued stunt, a new virus disease (1977 
Annual Report), was reported In the Philip 
pines, India, Indonesia, Sri Lanka, and Thai. 
land. Its incidence was lower in 1978 than in 
1977, particularly in the Philippines. The 
reasons remain obscure, however. 

Idadedaih. Studies on ragged stunt have 
been continued, in collaboration with Hok
kaido University, Japan. _agged stunt shares 
some similarities in symptomatology with rice 
black-streaked dwarf, which occurs in temper
ate regions (China, Japan, and Korea). Plants 
with either disease show stunting, leaf twisting, 
and swollen veins; however, minor differences 
exist in shape, size, and color of the swollen 
veins. The other symptoms such as ragged 
leaves, tillering, and nodal branches differ.Only 
planthoppers transmit both ragged stunt and 
blck-streaked dwarf viruses, but the transmit
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I. Eleclron micrographs of rice ragged stunt virus parikies in a purified preplation 
tic acidstained In phosphotunplic acid (A); in deep preparatioms stained in phospisotu 

(3). and uranyl acetate (C); in deep preparations prefixed with Oulutralidh) Je and stined 

and uranyl (ornate (F); iIn nituathinin phosphotunptil: acid (D), uranyl acetate (E), 

secion (G), scattered (II), and arranged in a crystalline array (I) in Iaom cas. Mai
 

nificalion of (A) to (G)isthe same s in (D). 
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INSECTICIDE EVALUATION 
Enkwmooy and Soil MAnbology Deprt
Nma 

Insmiteldes and application methods found 
effective in the laboratory were evaluated In the 
1ild. 

Gmhusu and laboratory studies 
(Enamology). The striped stem borer and leaf 
folder were added to 1978 greenhouse and 
laboratory studies, which previously included 
the brown planthopper (8PH). whitcbackcd 
planthopper (WBPH). and green leathopper 
(GLH). 

Contact toxicity. Insecticides were topically 
applied with a microapplicator and Potter's 
spray tower It) determine their contact toxicity, 
LD. (lethal dtsage required it) kill 50% of 
test insects) values of insecticides applied to 
the BPH. WBPH. and GLH with the 
microapplicator are in Table I. Decamethrin. a 
synthetic pyrethroid. had the lowest LDw value 
on the three hoppers. Insecticides that least 
adversely affect natural enemies are being 
sought. The !.1)., value%of insecticides com-

Tabs 1. L.,, vd.m of alhit ippl k 0-ily to 00bwom pdk~Mtw Wil). Mw bellhmaw W. wan 
w Mai peblOWpp tWO). s,M. 

__ WThe 
In**¢ kids 

1141 O.H WUH 

LD..____ 

BPMc 2.24 3.21 1.63 
MOPC 1.56 3.15 2.51 
Methyl parathion 6.73 7.92 1.74 
Endoeulfen 3.60 8.06 4.80 
Doecamethin 1.17 0.03 0.32 


twfl 5.95 .3S 6.77 


dLeihu doeage required to kill 50% of tlo Ihmct 

TAi. Loa*vdee e le lhdld tAIeSiy to Cyr-
toffa NpenfliaHeuser. 

ineectcde L..IesU 

Ca bouren 1. 

42e' 
MiC 1.71 
Muuimrotosoe 1.12 

osmeelmwgn 0.n 
IWDI-012 

s uto %e'U" dm , k IM lnm. 
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monly used for hopper control dilOWd little on 
Cyrfoohnus fIIinifit. apredator of hopper 
elg and nymphs (Table 2). 

The topical appiicmion techniqL was used to 
determine the resistance of the BPH to imec
ticide at IRRI. Tests In 1977 had indicated the 
BPH's sevenfold resistance to carbofuran and 
monocrotophos. both of which have been 
extensivtly used at IRRI (Table 3). After being 
reared free of insectkice exposure for about 14 
generations, the hoppers remained resistant to 
carbofuran but not to monocrotophos. 

The Potter's spray tower was used in compar. 
ing insecticides for toxicity to the BPH and 
GLH (Table 4.). The combination of cyperme. 
thrin and chlorfcnvinphos caused rapid knock. 
down of both hoppers. The GLH was most sts
ceptible to the combination MTMC + phen. 
hoate and azinphos ethyl + phenthoate. 

whereas DPX 3853 and MK501 were selec. 
tivey most toxic tothe BPH. For thefirst time in 
1978. several insecticides were tested against 
Aivula sp., a greenish caterpillar that has 
recently become a pest of rice seedlings in the 
Philippines. Several compounds were highly 
effective against it (Table 5). 

FoliarsproY. Insecticides were tested as fol. 
iar spray against the three hoppers, striped stem 

borer, ar.d lcaf folder. 
so ie insecticides tested in the Potter's 

spray ,wer (Table 4) were also tested in one 
foliar spray test. Ethion, and the combination 

cypermethrin + chlorfenvinphos, were also
effective as foliar spray, and DPX 3853 was 
effective against all three hoppers. In two addi.
tional tests, ethion, isoxathion, FMC 35001,
and FMC 27289 provided residual activity 
against the three hoppers. 

Minimum effective rates of application were 
determined for some insecticides that previ.
ously proved effective against hoppers. At 200g
a../ha most of the compounds provided initial 
control of the three hoppers. Only FMC 35001, 
however, was effective at 7 days after treatmet 
(DAT) (Table 6). It was also the only ijese. 
ticide effective against the BPH at the 50-i rai 
1 DAT. 

In 1978 a technique for testing insectielde
against the striped stem borer and leaf foldW 
was developed. Most insecticides tested p 
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AcehaseLC I d 3 d 46 b V7 b 
AmihtleLE 2 d 17 c 3 t 77 
Cack 0 0 d 11 d 11 d 

GLH 

MTC 
1 b Na gapihenthoote 33 b 

Ain;ohas ethyl + 
pihanihootg Sta 72 b 100. 100. 

oPx33 + 1 C 1 do 10 32 C 

cOliornvinphos 0 d 4 cde 50 b 63 b 
Cypormothrin+ 

57a 100a 1008100achlorlenvinphoa 
Ethlon 0 c 3 cdo 41 b 81 b 

b 43 bcMK51 2 c 	 5 cd 33 
4 cdo 30 b 40 beAcephate LC 0 c 

Acephate LE 2 c 13 c 43 b 56 b 
Check 0 c 0 a 3 c 3 d 

Differenlce EPH- GHi) 
MTMC 

-22 o° -60. -40w* 	 -3e..phenthoato
Ainphoe ethyl + 

° 40o, 43""- 17* - 31419'"9 -42 -0"OPX 363phenthoat 

Dichlorvoe 
CypenviriPh, 1- - -15- 9. 

chlortenv;nphos I. - e - o-
Ethon 22""0" 36"" 10-MK501 	 -3,, --20" 43"" 

Acephato LC 1" -1" 16" 4700 
2"" 2" 0" 21"" Chc 0" 2o"AcephadLE 

*Ina column, means followed by acommon letter am not 

oignifkantlvdifferent atthe5% level.,T- hoursaftr treatment 
at which mortality radingot were taken. 

(Fig. 2). No insect survived at any of the test 
rates 48 hours after the insects were caged on 

the anona-sprayed plants. 
Both anona and guazatine had high antifeed-

ant activity at all concentrations tested; neem 
ol had high antifeedant activity at only the 12% 
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hleile, C*ct Mis way 
poietn W.O% 

M! 168 IC 	 100.0 a 100.0 a
 
10008 100.08
5ukien0C 

AakiphOo Ie"40 IC 100.01 100.001 0oChi)oelfLO&IEC 3.5 b 
C ht tpOn1b0F 

EC 42.5 b 100.0o+ DPIII 
MethV pathion 5OEC 7.5 C 11a 

30 EC 2.5 c 0.0 c 
c 30.0 b0.0PatOWNMIPCS0WP46EC 0.00.0 c c 

0.0 cM1 WIP0.0Oc 0.0 C 0.0 cControl 
"EC - emu ncentrate. F - flowahie, WO - wetble 
powder. Avof4replcatiosl.Contactpoio. was applied with 
rottoramipry tower. Mortality of 10 thro-,nstm ilarvle was 

h after treatment.determlIned 

concentration. Further detailed studies on the 

feeding activity of BPH on neem-sprayed plants 
indicated that the higher oil concentrations of 
emulsified neem reduced feeding duration and 

a suitableintensified the hoppers' 	search for 
feeding site or even their avoidance of plants
(Fig. 3) 

Further studies to determine the effect of 
grwh 

neem oil on BPH growth, fecundity, oviposi
tion, and hatching wrre conducted. The first 
instars of all the three UOH biotypes were highly 

susceptible to neem oil: only 3-9% of the 
nymphs on the 3% neem oil-treated plants 
became adults, in contrast with 67-88% in the 
control, where the nymphs became adult,, in a 

comparatively shorter period; on plants that 
received higher spray concentrations all 

nymphs died befo re becoming adults (Table 9). 
The fecundity of all the three biotypes on neem 
oil-treated plants was greatly reduced; at 100% 

concentration, the total number of eggs laid was 
10-25% of those laid on control plants (Table 
10). The oviposition of hoppers caged on neem 
oil-sprayed plants was also strongly detefre/ 

(Table 11). Egg hatchability was not aitsite, 
however. 

Neem oil was also tested for control dSPiH 
in the field. Plots (220 ms) planted to 1R1917
3.17, aBPHsusceptible rice, wereeRAIqW 
with 0, 3, 6, uind 12% neem oll-vepgils d 
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S 33 of 9 ad 0 c 100o 33 cd 0 d 100a 23 bad 1b 
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35 b 0 c 100a 70 b 20 b 100. 10 ode Oh 
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2300 100 Na 33a 1008 1001 100o 100 1000 0Sa
 
100 100. 33 b 13mb 100e 100a 20 b 100a 20 bod S b
 
so 100e 20 bx 10 bc 100 100. 0 d 100a 10 ode 0 b
 
2S 20 of 1 k 10 bc 1008 55 kx 0 d 83 bc 0 a 0 b
 

200 100a 

A 471734 EC 
0 c 6S 18 def 0 d 60 cd I cde 0 b200 N ab 	 30 b 

100 50 do 18 k 0 c 53 b 10 defo 0 d 	 25 of 5 do 0 b 
1 1 5 do 0 b50 23 fg lS bc 0 c 1S bcd 10 defo 0 d 

25 1 fo 13 0 c 15 bcd 0 O 0 d 3 gh 3 a 0 b 

*EC - emulsifiable concentrate, F - flowable. 'nsects were caged on plants *t 1, 7. and 14 days after treatment (DAT). 
column, means followed by a common letter are not significantly differentMortality was determined 48 h after caging. In c 


at 5% level
 

Taie 7. AaMty of hetlelds oppOed se 0.04% tla upe-y on patted plants for iped sm borw coentr. M giuwusw 
1Mn. 

Mortality' (%I 
Insecticide" 

I DAT 7 DAT 	 14 DAT 21 DAT 

958 75 Mm 	 44 do 62 c 
73 hod 76 kc

M 8174 20 EC 
Azinphoe ethyl + MTMC 33 EC 4Ma 92 ob 
Cypmrmethrir + chlorfenvinphos 18.9 EC USa 100 a 17 b 43 c 

80 95 ob 90 a NabEthion 48 EC 
77 mb 22 do 	 N bed 72 hoMTMC + phomhoate 40 EC 

Mothomyl 20 EC 77 mb 47 cde 30 of s0 c 
74mb N8ab 100a 97 ibA677 25 WP 

Perthane 45 EC 44 ho 1 bcd 57 ode 100a 
DPX 395324 EC 42 b 387ob 77 bed 100O 

25 cd Nf kc 44 do S7mbMKi50150WP 
5 d 1 e 	 7 f 10 dControl 

"IC- emullifiable concentrate. WP - wvettbe powder. Av o4 replications, each conelating Of 20frohly athed la lead
 
on treated cut sterns. Larval mortality readings were taken 48 h after each infestation. GAT -doy after treatnent Men a
 
by a common letter are not significantly different at 5%level.
 

emulsion at I liter/ha with an ultra-low-volume but ragged stunt was - -qifcantly reduced in the 

(U LV) sprayer at 20, 40, 60, 80, and 100 days treatment with 12% nL m oil (34% in treated 
plots and 57% in the untreated plots). Otherafter transplanting (DT). The number of BPH 

nymphs and adults was recorded daily, and their pests (whorl maggot, stem borers, and rice 

predators weekly on 30 rice hills/plot in each bug), predators such as spiders and mirid bup, 

treatment. The incidence of BPH.transmitted and parasitoids were not affected by neem oilat 

grausy stunt, raUed stunt, and tungro, and other the concentrations tested. 
TunPro and Paddy-water appikeaion. Eight Insetiidplant pests was lso recorded. 

rally stunt were ngIlgible in all treatments, were tested as granular formulatiom op tldo 
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evaluated In the foeld as foliar spray, ai 
paddy-water appliation ad obi Icorporation.
Selected InsectIcides were uiue to cmted 
effectiveness of the aplication method against 
various Insect pests. Timing of Insecticide appll. 
cati.n for s. control was studied,. 

Follar spra~y, The effectiveniess of 'new) 
insecticides as foliar spray aguinst the whorl 
maggsot and stem borer IsIndicated InTable 15. 

an&d CGA .12210 controlledFcnsulfothion 
deadhart damage by stem borer, However, 
fensiulfothlon and the pyrethrolds fenvalaiate 
and cypermethrln caused BPH resurgence, 
Whlteheads were also more numerous after 
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Tbll * Om .4of - = __ -1 a mown %bf 
ve•etW LUK W9 U sesbes. 

UPH h(n•.110 hMII) 

d aplcaton applicain Reduco 
OOT 66OT (% 

Cordlmsform 21.71 1.054 95a 
A 47171 14.319 1.437 318 
EtNon 13,307 2.101 83a 
Ptamehrn 24,42 17,4 29 b 
McX001 11,371 10451 11 c 

Conr 15.170 17.230 -15 c 

"DT - dor" after transplanting. Oin a column, means followed
by acommon letter e not aignifcantly different at 5% W. 

cypermethrin and several other treatments than 
in the control. 

Chlordimeform. A47171, and ethion pro.
vided excellent BPH control in a field experi-
ment where the BPH population was extremely 
high (Table 16). These comxunds are highly 
promising. 

Foliar sprays of acephate were combined with 
various spreader-stickers to determine the 
value of adding spreader-stickers to the spray 
solution. The spreader-stickers had no effect on 
whorl maggot and stem borer control and did 
not increase residual activity against BPH. 

Basic studies to determine the feasibility of 
using the hand-held ULV applicator for rice 
insect control were continued in 1978. The 

mot (o/a l o of uat*=) 
30 

, W- 

28- o-.-005AM 

0-6@Mm
0 IOMfollowed 

22 0 " o 

4-Tabe14. 

104 0 0Lef6, 


1 2 3 4 

4. 71e effect of droplet l on dpodton downwind atI I 
days afw tmuplmtlq (i Ilto at aS-m mth) 

effect of spray droplet size on deposition on the 
plant was determined. The smallest droplet size 
tested (65 pm) provided the largest number ofdroplets per square centimeter on the leaf at 11 
DT (Fig. 4). Peak deposit occurred 2 m down. 
ward from the ULV applicator. Tests conducted 
at 3 growth stages indicated that the 65-m 
droplet size gave the greatest number of drop.
lets per square centimeter of plant surface 
(Table 17).

Figure 5 further illustrates the effect of plant
growth stage on the deposit of 65-pm droplets 
on the leaf. BeCause of the high leaf area index
few droplets were deposited at 60 DT. At early 

growth high wind velocity results in more spray
deposit near the applicator. 

The distribution of 65-jm droplets on the 
various plant parts at different growth stages is 
shown in Table 18. Even in a young crop, few 
droplets reached the leaf sheath where the BPH 
feeds. Higher insecticide volumes may be 
necessary for adequate coverage at later growth 
stages. 

The ULV technique was compared with three 
other application methods for whorl maggot 
control. Control equal to that obtained through 

T 17. aof low Wate a ssed by 
displet aso and plant eve Inwaimi mu-seteM K 
en SiVNS. 

Dropift Ino./cm't on plon 
Droplet siz 
(AM) 1IDT 22 OT SOOT 

65 16.1• 10.5s 2.6s 
0 6.1 b 7.1s 0.7 b 

130 1I c 0.7 b 0.3 b 
250 0.4 c 0.1 b 0.1 b 

gAv of upperlefIowar lefd.andlesf ahsei. tnacolumn. mmsns
by acomnmon er are not 9gntflcantty differen at

5% evel. OT - doys after tnnsplantlin. 

DhebbuvaneI5-~m*splss nblssdUNd44-WAO shw WIM13 *V 

wsOroplta (no/cm' of lea surlase)Leaf mre 
I I[YT 22 DT 35T 60OT 

Upperlead 17 b 12 b Sa @4 c 
Lowr NWlf 3a 17 b 4 a 3 a 

eheath 3 c I.,1 0 a ILI e 

oln a oolumn or row mens fllmi d bje men lts 
not sliltry dilarent at s%i.uu mre
10-m isitl at avekine rt;ef 0&5 UMerits, C- I 
bns l-.
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S. Effect of growth stap on dspodtion downwind of 65 in 
droplets applied at I liter/ha in a5-m swath at 4 growth stales 
indicated in days after transptnl (DT). 

broadcast application of granules, soil incorpo. 
ration of granules, and a high-volume sprayer 
was achieved with an ULV formulation of car-
bofuran. 

Paddy-wate, application. The effectiveness 
of four paddy-water broadcast applications of 
new insecticides is shown in Table 19. CGA 
12223 was effective against whorl maggot; 
CGA 12223, ethoprop, and cartap against yel-
low stem borer. Incidence of ragged stunt virus 
was lowest in the CGA 12223, ethoprop, car-
tap, and carbofuran treatments. 

Diazinon has reportedly given poor whorl 
maggot control in paddies where the water level 
is low. The effect of water level on the effective-
ness of diazinon, carbofuran, and lindane 

appled into the paddy wMr for wol mqlpet 
was studied. Wh meapt dame at 

31 DT was higher in the plots with 2-6 cm
standing water nan in those that were satu
rated. However, water level had no distinct 
effect on :he efficacy of the various insecticides. 

Soil incorporation. Seven insecticides were 
tested for their effectiveness against the early 
pests whorl maggot and stem borer (Table 20). 
Carfofuran, CGA 12223, and ethoprop con
trolled whorl maggot at 19 DT but only car
bofuran controlled it for as long as 33 DT. Only 

caibofuran prevented deadheart damage. 
Carbofuran. and CGA 12223-treated plants 
were significantly taller than the control. 

Comparison of application methods. Metal
kamate, carbofu ran, and triazophos were tested 

as foliar spray and paddy-water application for 
activity as a BPH ovicide. Only afoliar spray of 
triazophos decreased egg hatch. 

In tests of insecticides as foliar spray, 
paddy-water application of granules, and incor
poration into the soil for stem borer control, all 
treatments provided control (Table 21). Car
bofuran was more effective when incorporated 
into the soil than when applied by the two other 
methods. CGA 12223 was more effective as 
foliar spray than when incorporated into the 
soil. 

Paddy-water application and soil incorpora
lion of carbofuran at time of planting were 
compared for BPH and GLH control. The mor
tality of hoppers on artificially infested 
carbofuran-treated plants is indicated in Figure 
6. Soil incorporation was most effective against 

T~e 1. to on dee perua in vwosy oIf apylqy inesedaias to paddy walw t kg .l/ha.' l, 3I d y asaon. 

Stem ?"rr damage 

Whorl maggot damagve Degneerta Whiteheids Plant Ragged stunt
 
InaectkidsO 1%) (% ht 1cm) 1%) Yield
 

19 OT 33 DT 37 OT 114 OT 54 DT 92 DT (tho)
 

COA 12223 3 0 2.3a 3.0 0.1 a 05 69 ab so 4.62& 
Ethoprop 10 G 3.0 ab 4.3 b 0.2 ab 1.7aW ties 10 • 4.23a 
MIPC 0 5.0 cd 7.0 c 0.7 c 4.9 bd S1 cd 17 b 3.13ibc 
bnflocew ' 5 5.7 cd 6.3 c 0.7 c 4.1 bod U9 do 19 b 3.24 bc 
Aoqphtes3 4.3 bc 5.0 b 0.3 c 5.3 cd 83 bd 19 b 3.1 b 
CowaplOG 5.0 cd 7.0 c 0.5 bc 0.1 a 61 cde Bi 4.25 
Cerlx4oran3G 1.7* 2.3a 0.1 1.1 ab 72a so 4.76& 

Control 6.3 d 9.0 d 1.8 d 6.4 d 57 • 24 b 2.12 a 

wi e slemn, mesne followed by a common kein'are not signlficantly difftent at 5% leval. 4n9ecldss ppW 4lm at 
hsirls g 5 days after uansplantlng tOT). 0 - granular. famed on scale of 0-3: 0- no dismage, I - aovsre edng

aEEs essaelng WOabreakIng. 
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isOT 33T 37o3 DT 

COA12M 30 2 b 7 b 1bl b
 
Etspr 100 32 I be 2.6 d 9 a
 

I bs 1.0be 11NoCarp 100 	 S d 
50 od 	 2.0 g 

MIPC so 4 ad I a 1.1 b I C
 
Carbouran 30 


W soloeeb 4 I b 	 bad C 

Of I a O.3s 77a
 
Acephate 30 5 d Ic 3.3 d Ws
 

control 7 I c 1.ibd U 6
 

In acokumn, mom folowed by acommon Mr ae nt igniMcant ydifferen at S%*vsl. G- grenular, DT - days t ren
planting. "ead on a ca 0-: 0 - no damage, 9 - Nvere feading causing curtalend breadng of leves.
 

TabM 1. IvaluaUi d iladduem md inem a mathed Moturdy (%) 

rWrpWoW
 
hiida Formi). appl. M% G noil


Mathod of DeadhoarV 	 M 
wpoation

II It ./h) IatmOn cation' 35 DT 

FMC3001 48 EC F 1.1lbde 
FMC 3601 5G 3.5 de 75 -
FMC 3S0I 5 G SI 1.Uabcde n* 

48EC F 1.8abodeFMC 27 
FMC27S 50 a 10abode 
FMC 27299 50 SI 0.6abc 

CGA 12223 50 EC F 0.4 ab 
CA,12223 30 U 1.0 daf 50 
COA 12223 30 SI 12.0 g 
Carbofuran 12 F F 0.5 abc 
Cetbofuran 30 SI 0.2 a 

faWMC 3 0 8 5.9 40II 

aiwC 30 SI 5.7 f 25 -
Cypermethrln 40 EC F 1.3 abcde 
Phoephamidon 50 EC F 1.9 bode 
FenvleratW 20 EC F 3.3 f 
Phoephamldon 50 SC F 1.1 abode 
Fonvalarate 
+ UPMC 75 EC F 1.0 sbcde of I I 

Control 	 12.0 g 0 10 25
 
- flow"bla SC
 

OEC - emullfiable concentrata, G- granular, F 


- soluble concentrate. IF - follar spray 2times, 5 and 19 days 6.Mortality of the brown planthopper (BPH)and green teaf.
 
aftertransplanting WT);U - broadcast 2times. 5and 25 DT; Si hopper (GLH) on plants treated with carbof'uran at 2 kg a./ha
 
- soil IncorporatIon at lat harrowing, fincolumn, meansml
lowed by e common let are not significantly differont at 5% applied :o paddy water or Incorporated into the soil. IRRI,
 
level. 1978.
 

both species at 10 and 24 days after application. 
None of the treatments were effective at 35 
days. The same treatments against whorl mag- whorl maggot control. Only repeated paddy 

got gave equal control. There was an unexplain- water applications controlled late stem borer 

able increase inwhiteheads in the treated plots, attack. Hopper resurgence occurred in the 

Paddy water application increased plant height repeated paddy water treatment and in the 

12 cm and soil incorporation 16 cm above that treatment consisting of six applications of a fol

of the control at 52 DT. iar spray. 
The effects of thrce methods of applying car- FMC 35001 has been effective against insects 

bofuran - soil incorporation, paddy water in greenhouse studies (see 1977 Annual 

application, and foliar spray - were compared. Report). In 1978 it was tested in the flied asroot 

Sol Incorporation was the most effective for soak, capsule in root rnne, applthd as a liquiJ 
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adults in A kerosene |llEt7. Catches of brown planthopper 
trap and field population of nymphs in a farer's field, Vic-

toris. Lagun, phippines, 1978 wet season. Nymphal popula 

tion based on the arfor four varieties: 020. 1R22, 1136,
 
and elite line IR4432. 

band in the root zone, incorporated into the soil, 

paddy water broadcast, and as foliar spray. The 

insecticide was effective against the whorl mag-
got when injected into the soil with the liquid 

band applicator or when incorporated into the 
soil. Some of the treatments had more 

deadhearts and whiteheads than the control. 
Timing of insecticide application. In studies 

in a farmer's field, dates of peak light trap 

catches of BPH were compared with dates of 
thepeak nymphal populations within field. 

Peak light trap catches occurred about 10-12 
peak nymphal populations weredays before 

observed in the field (Fig. 7). By that time most 

eggs in the plant had hatched and the hopper 

wts most exposed to insecticide. That is the 

proper time to spray provided the economic 

threshold has been reached. 
Brown planthopper resurgence (Entomolo-

gy). BPH resurgence was studied in the field 

and greenhouse during 1978. 
Two field tests determined theField studies. 

effect of time and number of insecticide applica-

tions on BPH resurgence. In the first study foliar 

sprays of methyl parathion at the recommended 

rate (0.75 kg a.i./ha) during the early growth 

stages did not cause hopper resurgence (Fig. 8). 

One spray at 50 DT caused a significant increase 

in the second BPH generation, but had no effect 

on the third generation. All treatments receiv-

ing a foliar application at 65 DT had high BPH 

populations in the third generation, but in the 
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s. Resulence of brown phmthopper (Mo population on 

variety I22 when exposed to sprays of 0.75 kg Ll. methyl 

parathion/ha. 1IR, 1978. 

untreated plots the population of the third gen

eration was almost nil. 
In the second study, decamethrin was applied 

as a canopy spray at 0.025 kg a.i./ha. Regardless 
a single applicationof time of application, 


caused a small increase in hopper number,
 

which was not significantly higher than that of
 

the untreated control (Fig. 9). Two applications
 

caused a significant increase in hoppers in the
 

third generation at all application dates, with
 

the highest increase after application at 50 and
 

65 DT. The highest population and most severe
 

hopperburn occurred in the treatment with four
 

applications. From the two studies it is apparent
 

that repeated applications of certain insec

ticides beginning about 35 DT are most likely to
 

cause BPH resurgence.
 
of insecticides forGreenhouse evaluation 

BPHresurgence. Observations on the effect of 

predators in the two field resurgence studies 

were not conclusive. Greenhouse studies were 

conducted to determine the role of insecticides 

in inducing resrgence in the absence of natural 
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9. Hopper resurgence ratio of eggs and nymphs ofN. h4ens and %hopperbum damage asaffected by time and frequency of deca
methrin spray In wedand rice variety IR22. IRRI, 1978 wet aseon. Five randomly selected hills per replicate were sampled and 
dissected for eU numbers. Figures shown are average values of four replications sampled at 26, 54, and 75 days after tramplanting 
(DT). Nymphs were observed 34, 62, and 81 D)T. Hopperbum percentage wa recorded at 88 DT. Hopper resurgence ratio was 
estimated by dividing the number of nymphs observed in treated plots by the number of nymphs in the untreated check plots. 

enemies. Several commonly used sprayable and and fenthion increased the reproductive rate of 
granular formulations of insecticides were hoppers, making resurgence likely. 
included. The reproductive rate of hoppers on BPH resurgence after the application of 
plants protected with insecticides was the criter- insecticide granul'.s was also studied. When 
ion used in the evaluation. BPH were placed on rice plants 30 days after 

Twenty-three insecticides belonging to four cartap, phorate, or diazinon at 1.0 kg a.i./ha was 
classes were tested as foliar sprays. In general, incorporated into the soil, their reproductive 
organophosphates and synthetic pyrethroids rate increased significantly (Table 23). 
tended to cause resurgence, while carbamates With diazinon, mephosfolan, and aldicarb the 
and organochlorines did not (Table 22). But reproductive rate of BPH was higher at 0.5 
there were exceptions in both groups. A47171, kg/ha than at 1.0 kg a.i./ha. That indicated the 
FMC 35001, vamidothion, BPMC, and Perth- danger of BPH resurgence when low dosages of 
ane were significantly better than others in granular insecticides are used, either for 
reducing the reproductive rate of BPH. Methyl economic reasons or because of defective dis
parathion, fenitrothion, decamethrin, diazinon, tribution. 
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bie. Regmmev rate' 

biadiir V Clw edulv rol' Trelmenr (no. of nymps
4%) (no. of ny__ _ 

A 47171 24 OP 107.0 a Aldicaib 30M.7 ad
PIn 31111 4 C 111.3 a oedlocal 1.0 ode
 
Vuisle1n 40 OP 116.7a Carb..uran 11.7 cde
 
IPMC 60 C 120.0. Catep 3.7 a
1111060 46 OC 124.7 a Thioanox 247.0 c
 
CarbenelMet 40 OP 135.0 ab Oiaunon 306.3 ob
 
PuC 736 4 C 161.7 abc FMC 2723 117.7 a
 
PMC317 24 C 161.0 ab FMC 317M 137.7 do
 
60111111111Mlb 35 OC 162.3 abod FMC 36001 160.3 cde

Camwel kIer epay) - - 2073 bcde Isophas 232.7 b
 
Aumpis 40 OP 210.7 bcde Mephoefolan 226.0 Cd

flephomldon so OP 211.3 bode Ph t 354.7 a

M y 16.3 C 214.0 cde Trlazopho. 1M.3 cd

A sathyl 40 OP 236.7 dof Control 235.0 c

AC 475 21 OP 212.3 dfg
DOC 253.3 oq9 'Granule, were IncorporatedInto soll when plants were 35 nd 
Cypmnnou n 40 P 256.7 fgh 4 7 Cays old. Irm ogga laid by 2hnm•al7 days. Femaloe wee
TdOMphue 40 OP M.7 aphl rmend 30 days after second applicaon of granula. Meane 

MoanowmophOe 16.8 OP 26.O"7 hl followed by a common Wtr are not significantly different atMethylpalotn S0 OP 217.0 fghlj 5% level. 

Podan 20 OP 322.0 ohlj
Deusmsn 2.5 P 334.7 Jl 
Olinon 20 OP 336.0 Ij
FPonWoh 50 OP 313.0 I insecticide sprays on the relative feeding rate of 
'Ioaspl ewmrfe-ller sayed of 0.04% concn (except for BPH. The sap ingested by the hoppers was 
cypermehrin and dcamothrin, sprWed at 0.002%) on 20, 30-,and 40day.old plants. ,Ec - la oneenrt. IC- assessed indirectly by measuring the radioactiv
pyrbetrod.(Y -o nochlorin .pyrvthroid,qFrom IA~Vd*rOP= 7 = lee wor ity of the BPH as well as that in the filter papero qnkar-.r.k 
r 15 days third rayin._Men followed by a that absorbed the BPH-excreted honeydew.
commonlterwe not sIgnicantli tat5%v. The feeding rate was higher by 61,43, and 33% 

in plants treated with decamethrin, methyl 
Reduced reproduction of BPH on plants parathion, and diazinon than in the control 

receiving FMC 27289 and FMC 31768 at 1.0 kg (Table 25), but it was lower by 25% in 
a.i./ha is also of practical significance in the Perthane-treated plants. 
selection of insecticides for BPH control. In another experiment that used honeydew

Effect of insecticides on the orientational excretion as an index to feeding rate, BPH feed
response of BPH. The orientational response ing increased on rice plants protected with 
of BPH, as influenced by insecticide odor and decamethrin and methyl parathion, and sig
insecticide-induced plant growth, was studied. nificantly decreased on those treated with 
The odor given off by four insecticides sprayed Perthane. 
on rice plants did not influence the orientation The damage caused by BPH on plants
of BPH (Table 24), but improved plant growth sprayed with different insecticides also varied 
effected by foliar sprays of insecticides did. significantly. The same population of BPH 
Plants sprayed with methyl parathion had sig- caused hopperburn soonest on plants sprayed
nificantly more tillers and leaves, and more with resurgence-causing insecticides. The 
BPH alighted on them. Plants treated with results suggest that increased damage to the rice 
decamethrin and diazinon, two insecticides that crop by BPH after application of certain 
cause resurgence, and ?erthane, a resurgence-causing insecticides might be due to 
nonresurgence-inducing insecticide, did not, the increased feeding of hoppers. Reduced 
however, grow better than the control. feeding in plants protected with Perthane has 

Insecticide sprays on rice and feeding rate and practical significance in BPH control. 
damqe by BPH.Rice plants labeled with 32P Insecticide application and changea in the 
were ued in studying the influence of four major and minor elements in riceplants. Ous. 
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M J.l::li Honeydewexcretion Radioactivity 
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mI parathc. 12 b 5587 ab 
Diarinon 12 abc 5135 b 
Pafthane 7 d 2M5S d 

3912 c 
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C d 

column, meana followed by acommon letter are notSIns•

nificantly difisint at5% level. nsacticldes follar sprayed at 
20-0, and ort nsectsere plvacd s 15€• -old oant 

after third spraying. "adioactIve counts In filter paper.
nmhadin the excreted honeydew. Nymphs 

fed on nP-tre;d plants for 24 h. Activity/5 a In GM counter 
(Nuclew Chicago Model No. 1,114). 

titative differences in the major and minor ele-
ments in rice plants treated with foiiar spray or 
granular insecticides were studied to relate their 
role in BPH resurgence. Plant contents of ni-
trogen, phosphorus. potassium. magnesium, 

calcium, and zinc did not differ significantly.
Although differences in copper and iron con

tent among sprayed plants, and in manganese 
content among granule-treated plants were 

apparent, theydid not contribute to resurgence. 

Sublethal doses of insecticides and BPH 
reproduction. The relationship between use of 
low dosages of insecticides and BPH resurgence 
was studied. Five insecticides - three 

cp
(decamethrin, methyl parathion, and cyper
methrin) known to cause resurgence and two 
(FMC 35001 and Perthane) known not to 

were tested. BPH treated with four lethal doses 
of decamethrin and methyl parathion differed 

significantly in reproductive rate (Fig. 10). 
Topical application of sublethal doses of methyl 
parathion and decamethrin on the fifth-instar 
nymphs significantly increased the reproductive 
rate of the resulting adults. Highest reproduc
tive stimulation occurred at LDs with methyl 

deation and pecnage of IetIIgTae 2. Inet of -e-tain 1ieeee-d-l reanulee epptled at low dosages on the nyao 
feu-ds. of bown pbnthp on vrlety TNi. M Ineectary, 1973. 

Mean nymphal duration' (days) 

3d 4th 5thInsectickde note Iat 2d 
(kg .l/h) Instar Inatar Instar Instar Inatar 

2.7 cd 3.1 c 2.6 abc 2.4abcldicart 0.25 2.4a 
2.4 bc 2.7 aic 2.4a 2.3e0.10 2.3a 

2.4A 2.5 abMetakamate 0.25 2.2 a 2.3 ab 2.6 ab 
2.2 a 2.1 a 2.4a 2.3a 2.5ab0.10 

2.3.Diaanon 0.25 2.2a 2.3 ab 2.6 ab 2.5 ab 
2.3s 2.3a0.10 2.1 a 2.1 a 2.4s 

Total nymphal 
duration Female. 

(days) (%) 

132 d 54.1 a 
12.1 c 43.1 a 
12.0 c 50.0 a 
11.5 •b 57.3a 
11.9 bc 56.0s 
11.2a 46.1a 

2.9 c 13.6 e 39.2&0.25 2.6s 2.3 d 2.8ab 2.9 cCarboturan 
2.8 b 2.7 bc 13.1 d 311a0.10 2.3a 2.6 cd 2.7 abc 
2.9 c 2.7 bc 13.5 de 46.9a- 2.5a 2.6 cd 2.8abccontrol 


esnd21reallel'ne Ina coluamn, meane followed bysacommon lettr are not significantly different at 5% ll. Iarmiulee w01re
 
-in -lerdnto teONmat10 ysater transplanting (35 days after seeding).tFreehly hatched nymphe were releaaed at 5/pla

ar pl1catlon of gmnule"7de ' 1 
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parathion and at LDgs with decarnthrin. With 
Perthane, cypermethrin, and FMC 35001, the 

ur - four dosages tested produced no significant dif. 
ference in reproductive rate. 

Low dosages of granular insecticides and 
S- BPH nymphal duration and sex ratio. The 

effect of soil incorporation of low dosages of 
granular insecticides on the nymphal duration 
of BPH was studied. The duration of four 
nymphal stadia differed significantly among 

IN _treatments (Table 26). The total nymphal dura. 
tion also varied among treatments. 

Insecticides and resurgence of WBPH md 
220 - W , GLH. Diazinon, methyl parathion, and 

decamethrin, which cause BPH resurgence at 
WIRRI, also cause WBPH resurgence (Table 27). 

Diazinon appears to cause greater resurgence 
than the two other insecticides. Perthane 

00 decreased the reproductive rate of BPH (25%) 
Wand that of WBPH (27%) possibly by reducing 

. -t the feeding of hoppers. Not one of the four 
insecticides tested with GLH caused 

KO- resurgence.
Fate of carbofuran Inflooded soil and the rice 

plant (Soil Microbiology). The imbalance of 
carbofuran in plants grown in culture solution 
containing "C-carbofurarn, reported in the 1977 
Annual Report, suggested loss of carbofuran 

220 from the plant through vaporization. 
More direct evidence of the loss was obtained 

by trapping the circulating air from the chamber 
1 enclosing the plant and the culture solution.F0im 

"C-carbofuran was added to the culture solu
tion and the "C-compounds were trapped by a 

o series of ethylene glycol and 1 N NaOH solu-
Wotions. Carbofuran was trapped in ethylene 

glycol solutions 24 hours after treatment. 4C 

trapped in ethylene glycol was mainly or wholly 
carbofuran during 10 days and ranged from 9 to 
19% of the absorbed carbofuran. The vapor 

1loss 	 of carbofuran was directly related to the 
amount of water lost by transpiration.Carbofuran 	loss as affected by application 

0 1 methods was examined. Carbofuran loss from' 
0 0 was more rapid with floodwater application5 2rice 

L d%) 
 than with root-zone application. 

10. Effect of lethal doses of insecticides on the reproductive Degradation of carbofuran as affected by 
rate ofN.hens on variety TNI. IRRI nsectary, 1978. Lethal 
does of technical materials were applied topically on fifth- other carbamate pesticides. A pesticide that 
Imtat nymphs that emerged from eggs laid by 2 females in persists in the soil may affect the decomposition 
7 days. The difference between doses was statistically signif- of another pesticide. Interaction among chemi-
Icant. 
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cally related compounds isexpected to be more 
severe. The decomposition of n4C-carbofuran in 
aflooded Maahas soil, as affected by the simul-
taneous presence of nonradioactive carbamate 
compounds such as benomyl, carbaryl, and 
benthiocarb, was studied. Only the presence of 
carbaryl accelerated the decomposition of car-
bofuran. Carbofuran decomposed more rapidly 
in the soil that was treated with carbaryl four 
times than in the untreated soil. On the other 
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hand, the decomposition of 4C-carbaryl was 
slightly affected by the presence of carbofuran 
in the flooded soil. Carbaryl decomposed more 
rapidly in the soil repeatedly treated with car
bofuran than in untreated soil. The data suggest 
that the degradation of carbofuran and that of 
cnrbaryl in flooded soil influence each other. 

Effects ofcarbofuran on nitrogen transforma
tion in flooded soil. The effects of carbofuran 
on nitrogen mineralization, urea hydrolysis, ni-

SnPH in traps 

BPH adults on plonts
BPH nymphs on plants 

12D8o000 

oy of rtrau 

II. Trends of immigration of macropterous brown planthopper (BPH) and their buildup In It- x 

bond on daily catches In yellow pan all-water20-m M1917.3.17 rice plots. Hopper numben am 
traps and visualcounts on plants. llRl, 1978 dry season. 
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trlfkti, und phoorophic nitrogen fixation 
were studied. Carbofuran at 25 pg/Ig dry soil 
slightly enhanced uten hydrolysis. Alp ni-
tro'enfixation in the flooded soil was enhanced 
by carbofurn at 6 kg a.J/ha applied in floodwa 
ter. The enhancement was not direct, because 
active algal nitrogen fixation occurred in 
carbofuran.treatcd soil only after most of the 
carbofuran was decomposed. In carbofuran-
treated soil. the floodwater turned transparent; 
in the control soil, it was turbid. The initial con-
centration of carbofuran in floodwater was 15 
ppm. Carbofuran at 35 ppm inhibited nitrogen 

fixation by Gloeoirichia. Carbofuran up to 
about 20 ppm neither inhibited nor stimulated 
mineralization and nitrification. 

CULTURAL CONTROL OF BROWN 
PLANTHOPPER 
Entomology Department 

Monitoring field colonization. Immigrant BPH 
were successfully monitored in rice with yellow 
pan oil-water traps. A major peak of immigrant 
hoppers occurred about 20 DT in the 1978 dry 
season (Fig. 11). The trend in the arrival of 
immigrant hoppers on rice plants was similar. 
The BPH colonizers were monitored as 
efficiently with 4 traps as with 32 traps placed 
around the rice fields (Table 28). Because BPH 
numbers were extremely low during the entire 
crop period, insecticidal treatments for their 
control were unnecessary. 

Host plants of brown planthopper. The 
agroecosystem in which rice grows includes sev-
eral species of grasses and weeds. The suitability 
of Oryza species, grasses, and weeds for the 

Te 20. hlewy of 4, I, 16, aWn32 yellow Pan Oi-we 
&Wnellron, U timacrop-ouafimlretntbrownPant-
hw(eUPnl indmaflalnae1117d Ycroppeo"I M,1978 
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growth and development of BPH biotype 1was 
tested. Ten first-instar BPH were caged on each 
of 19 test plants, which included 5 IRRI acces
sionsofOryza and 14 species of weeds and gras
ses commonly associated with cultivated rice in 
thePhilippines.Thepercentagesofnymphsthat 
became adults on 0. glaberrima, 0. nivara, and 
O. rufipogon were as high as those on TN 1, 
although the nymphs' growth period was the 
shortest on TN1 (Table 29). The study showed 
that a few Oryza species can serve as suitable 
hosts of BPH but that weeds and grasses are 
only marginally adequate. 

SEX PHEROMONES OF STEM BORERS 

Entomology Department 

In an earlier collaborative work with the Tropi
cal Products Institute, London, U.K. (1977 
Annual Report), pheromone-mimic corn

pounes disrupted the orientation of Chilo sup. 
pressalis male moths to synthetic-pheromone 
traps. Actual disruption of mating by eus 
compounds was demonstrated in 100-of cae 
in 1978. The mimics were released from ado. 
ble layer of polythene vials (8/m) suapemd d in 
h iecnp.Ec va otie go

the rice canopy. Each vial contained 

32 
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were baited with rubber septum dispensers. In 
water-oil traps, the rubber dispensers were as 
good a the more expensive polythene vials, and 
could be used with much lower doses of the 
pheromones. 

BIOLOGICAL CONTROL OF INSECTS 
Entomology Department 

_ Imects parvoW om hoppers. Parasitesofeggs.
 
A major egg parasite at IRRI is Anagrus
 

(Mymaridae). Its adults lived an aver
age of 4.2 days at 30C when kept on 30%
 

cas with or without vials containing mating disniptants. 
IRRI, June 1978. 

formate mating disruptants, released at a rate ot 
10.2 g/ha per day in the first 2 weeks. Ninety
nine pairs of moths placed inside the cage for 27 
days did not lay fertile eggs on the rice plants in 
the first 2 weeks (Fig. 12). 

A practical use of pheromone traps is 
monitoring of pest behavior and density. Traps 
used in 1978 were each baited with a polythene 
vial containing 100 Atg of pheromone. Observa
tions in three crops confirmed earlier findings 

that the peak number of male moths was caught 
at about 60 DT (1977 Annual Report). As 
expected, the peak inegg density on the crop 
occurred at the same time or slightly later (Fig. 
13). Pheromone traps would indicate the 
efficient time for applying sprayable insecticides 
- when stem borer eggs are hatching. 
Pheromone trap catches at IRRI were better 
indicators of oviposition than light trap catches. 
The size of the former may also be a measure of 
the need to protect a crop against stem borers. 
In 2 of 3 trials, about 200 eggs/24 hours per 90 
n? of crop were laid when each trap caught 1 
male moth per night.Preliminary attempts to improve the design 
of pheromone traps were made. The water-oil 
trap appears to be efficient, but iscumbersome. 
When traps were baited with polythene vials, 
the water-oil traps caught the most moths, but 
cylindrical (15- X40-cm) sticky traps compared 
favorably with the water-oil traps if all traps 

to laid on mAcuptiM plants by stem bomr CMo honey solution. In an insectary and in the pres
uVsevua moths, relead every day or every 2days infield ence of many BPH eggs, they lived 5 days, each12. Fertile 


female parasitizing an average of 21 eggs - 17 
of those on the first day. If the egg density per 
female parasite increased from 10 to 30, 
parasitism increased. Egg age had no effect on 
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13. Coparison of Oo nippmulia ovipition on trans
planted rice selection IR1917-3-17 and moth catches in 3 
pheromone traps. Bay, illppines, 1978 wet ste"n. 
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14. Method of mass-rearin the eg parasite Anagusflavcolus inan insectary. IRRI, 1978. 

the parasitism of BPH and WBPH eggs. For 
BPH eggs, plant age had little effect, but very 
young plants were slightly preferred. 

The parasitization behavior of Anagrus. on 
the BPH was observed in detail. The female 
adult found an egg mass in a plant within a 
minute by drumming the plant with its anten-
nae. It took another 30 minutes to bore into the 
leaf sheath, and to find and parasitize the first 
egg.

A method for mass-rearing Anagrus was 
developed (Fig. 14). The BPH eggs lhid in 30- 
day-old plants were exposed to adult Anagrus. 
Unparasitized planthopp,'rs hatched in 1 week 
and were removed. Anagrus adults emerged 
several days later and were tcasil) collected by 
attracting them to light at the top of the cage. 
This method increased the parasite population 
by 1.5 times each generation. 

Another parasite of BPH eggs isOligosita sp. 
(Trichogrammatidae). Adults lived 3.4 days at 
30"C on honey solution. in an insectary they 
lived 4 days where each female parasitized 10 
e,- - 8 of them on the first day. Plant age did 
ot .,ff~ctparasitism of BPH eggs by Oligosita. 

l"3'i-l eggs 1,,tlautlII d by Anagrus become 
yellow or -eddi:,h, 1,.4t those parasitized by 

194 IRRI ANNUAL REPORT FOR 1978 

Oligosita become yellow with a black band. 
When the parasite species are reared together, 
Anagrus dominates Oligosita. The Anagrus 
larva kills that of Oligosita if multiple parasitism 
of a BPH egg occurs. 

Eggs of BPH, WBPH, and GLH were laid 
separately in 30-day-old potted plants in a 
greenhouse. The plants were placed weekly in 
wetland and dryland rice fields and in nearby 
uncropped areas. After 3 days the plants were 
taken to the greenhouse for egg parasitism 
determination by rearing and dissection. (Eggs 
with attached plant tissue were reared on moist 
filter paper in covered petri dishes.) In most 
cases parasitism of BPH eggs was the same for 
all sites; sometimes it was highest in wetland 
fields. Location also did not seem to greatly 
affect egg parasitism in the two other pest 
species. All species experienced about 30% 
parasitism. During a 1-year period there were 
no clear trends in percentage of parasitism, but 
sometimes there was one peak in parasitism for 
each major cropping period. Weekly measure. 
ments showed that parasitism ranged from 5 to 
90%, but was commonly between 15 and 55%. 
Weekly changes were usually within 10 and 
20%, but the maximum reached 75%. 



All parasite species were equally active in the 
three sites, indicating that they were not 
restricted to aparticular habitat. BPH eggs were 
exclusively parasitized by Anagrus and Oligosi. 
ta. A third parasite, Gonatocerus sp. 
(Mymaridae). also attacked Nephotettix spp. 
Only Anagrus attacked WBPH. Over the year 

both Anagrus and Oligosila parasitized BPH 
eggs to about the same extent, but Oligosita was 
dominant during the dry season and Anagrus in 
the wet. Usually either Anagrus (especially in 
the wet season) or GonIaoceru. was the most 

common parasite of GI.ll eggs. 
Parasites of nymphs and adults. A major 

parasite of hopper nymphs and adults at IRRI 
was Pseudogonatopus nudus (Dryinidae). 
Adult females, ant.like in appearance, lived in 
the laboratory about 12days. during sshich they 
attacked hoppers, primarily planthoppers, by 
feeding on and ovipositing in them. Females 

derived from field collections in August 1977 
fed on three and oviposited in five fourth.instar 
BPH nymphs daily. but females from collec-
tions made in January 1978 fed on only two and 
oviposited in one daily. 

In the insectary P. nudits eggs hatched in 4 
days, and the larvae developed in larval sacs 
(bulges between 2 host tergites) in another 4.5 

days. The fifth-instar larvae emerged after kill-
ing the hopper. and then spun acocoon on the 
plant. The pupal period lasted about 15 days. 
The sex ratio of laboratory-reared parasites was 

about 1: 1,but males were almost twice as com-
mon as females in field-collected material. Mat-
ingoccurred rarely. Adultslivedonly2 to 5days 
on water or 30% honey solution, 

Female parasites catch host insects (espe-

cially those that move) with their forelegs, sting 

them. and start feeding or egg laying. The 

wasp's position with respect to that of its host is 

an indicator of the wasp's activity (Fig. 15). 

After feeding, the wasp drops the hopper but 

after egg laying, the wasp places the hopper 
back on the plant. 

Several cages were developed for rearing and 

observing dryinids. All were made with clear 
plastic walls, and contained hoppers on a plant 

with its roots in water outside the cage. Moist 

filter paper was placed on the bottom of rearing 
cages to maintain humidity and absorb hon-
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IS.Dryinid parasite Pseudogonatopus nudus feeding on and 
ovipositing in abrown planthopper nymph. IRRI, 1978. 

cydew. The cages minimized moisture accumu
lation on the walls, simplified plant changing, 
and eliminated soil contact. 

Three 1977-78 crops were sampled for hop
pers and a variable number of hoppers were 
collected each week. The hoppers were reared 
in an insectary for I week and parasitism was 

determined. Five species of Dryinidae, includ
spp., and three speciesing flaplogonatopus 

each of Strepsiptera and Plipunculidac were 

found. Nematode and fungal-infected hoppers 
were rare.The percentage of parasitism of hop

pers indryland and wetland fields was much the 
same; it ranged from 0 to 50% and averaged 
14%. On the average the WBPI tended to have 
slightly less parasitism (10%) than BPH (15%) 
or GLIt (18%). A pattern of parasitism within a 

crop period or year was not discernible; 
parasitism and host density showed little corre
lation. 
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B11, WBPF, ad GLH were all attacked by 
dfyisids and strepsipterans, but during peak 
periods of parasitism, dryinids often predomi-

nated in WBPH and strepsipterans in BPH. 
Dryinld pariitism of planthoppers averaged 
7%; strepsipteran parasitism averaged 8% for 

DPH and 3% for WBPH. Pipunculids were the 
dominant parasites of GLH (12% parasitism). 

More BPH adults than nymphs were found 
parasitized by strepsipterans; WBPH develop-
mental stages and parasitism by certain species 

showed little interaction. GLH nymphs were 

often parasitized by dryinids, but adults by 
pipunculids and strepsipterans. 

Dryinid pupal hyperparasitism was 30-50%, 
limiting the effectiveness of this biological con-
trol agent. 

Predators of hoppers. Bugs. The mirid bug 
Cyrtorhinus lividipennis is only a moderately 
good predator of BH1l adults and nymphs but is 
an important predaor of BPH eggs (Table 30). 
Adult female predators attacked more than 
twice as many eggs as males did (4.3 versus 1.6 
eggs/predator daily). Oviposition was highest 
when the predator was fed i7PH eggs or gravid 
female adults. When fed GLHt nymphs or 
adults, the predator laid only about I egg/day. 
The protein in the egg prey may be needed for 
preda:or egg production. 

The age of BPI I eggs did not affect the preda-
tion rate. Egg predation slightly increased with 
increasing egg densities in rice plants. When 
caged with varying numbers of BPIt eggs recon-
stituted daily for 5 days. a pair of predators 

attacked from 2 out of 23 eggs to 17 out of 119 
eggs daily. The percentage of eggs attacked 
remained rather constant. 

Cyrtorhnus also attacks GLH eggs. It pierces 

hopper eggs and sucks out part or all of the 
contents, causing the eggs to collapse. 

Cyrtorhinus survived poorly on water or rice 

plants alone, but survival improved when the 
predator was provided with 10% sucrose solu

tion. High survival and substantial oviposition 
evidently required insect prey. 

The small brown or black ripple bug (Veli. 
idae) Microvelia atrolineata lives on the water 

in wetland rice fields. It attacks hoppers and 
other small animals on the water, stinging them, 
and sucking out their body fluids. The predators 
may aggregate in spots with high hopper 
densities, an important characteristic with 
respect to biological control. In each of 4-hill 

field cages, which had large openings near the 
bottom, there were 34 predators (mainly Mic

rovelia); only 2 were found in closed cages. This 

difference in predator density led to a highly 
-significant reduction of BPH nymph density 

86 to 36 nymphs/cage over an 18-day period. 
The life historyof Microvelia was observed in 

petri dishes containing water, bits of floating 
rice leaves, and prey. White eggs ate laid, singly 
or inbatches, and glued to some object near the 
water surface. Red-eyed nymphs latch (even if 
the eggs are under water) after 5 days and 
undergo 5 instars in about 20 days. Either ma. 
cropterous or brachypterous adults develop at 
about a 1:1 sex ratio, and live about 23 days. 
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Brm mortality experiment 

BPHPredator 
longevity mortality 
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Predator fecundity experiments 

Predator Predator 
longevity fecundity 

(days) (no. egge/day) 

19 12.9 a 
21 
21 
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1 
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F "s .An 	 cagcol %qanrelywith BPH nymphs in an insec.L'Vy btweii 4 20 ecgs. Th eatul; 
ly r are tiraced to ,at night. tary. Tev,nah',a sp. and Atgiope sp. h d no 

A laree'ty i; amtcked by several Mirovelia ,,ppaert f,,c" on tOe prey, and C.Cltr4Ja ep. 

at one tlrwe, but a siall.r hopper can b. killed kiilc, only a fc*v (0.5 nymph/doy). Dut hi I 

by a sha&- predator. Tbe predator inserts its cxpcrim . I individoalofOxyopes sp. killkd6 

probos& ino the prey. lifts it. and starts fced. nymphs cu't of 10 iaif!able/day for 7 da ,. In 

ing. Starvation wiT to few or no prey leads Oo 	 another .rxpenimct O.qs.killed 3 nymphs 
out of 15 daily for 7days and Lycosa pseIoancaribali n-of young nymphs or old adults. In 

one experiment, cannibalism of first-instar ntdata killed 8 nymph/day. 
nymphs reached 50%. Spiders are geaseral prcdators. One Lycosa 

When I predator adult was provided daily caged with 15 Cyrtorhins on each of 5 days 

with 20 BPH first-instar or second-instar killed 11 Cyriorhinuslday.When Lycosa was 

nymphs for a 20-day period. 4.5 of the first- caged with Cyrtorhinus and 1II3A adults, both 
instar nymphs were killed daily. This was sig- species suffered the same mortality rate; for 8 
nificantly more than the 2.8 second-instar days a total of 22 insects/day died. In the pres
nymphs killed each day. But 10 predators ence of Lycosa, therefore, the value of Cyr
together, when offered 100-200 first-instar torhinus as a predator is limited. 
nymphs, daily killed 8 nymphs/predator. Thus, Because spiders inhabit levees and the levees 
Microvelia is an important predator of BPH. at IRRI are periodically sprayed with herbicide, 

Microvelia adulls preferred to attack first- the toxicity of gramoxone at 0.2% active ingre

instar nymphs of BPH and GLH, and least pre- dient to Lycosa adults and juveniles was 

ferred adult prey (Table 31). The attack rate by evaluated. Herbicide sprays directly on spiders 
starved predators usually was highest within the or on plants with spiders were not toxic to the 
first 30 minutes the prey and the predators were predators. 
caged together. No major difference in preda- Spider density in the field fluctuated widely 
tion on the two hopper species was observed. during a cropping period. During land prepara-
But when 50 first-instar nymphs of each of BPH tion, especially harrowing, dcnsity decreased in 

and GLH were caged in a pftri dish together the field and increased on the levees. After 

with 5 pairs of Microvelia adults, the 13 GLH transplanting spider density on the levees 

killed in 30 minutes were significantly more decreased. Spider number increased both in the 

than the 10 BPH. By the end of Iday, however, field and on levees, lut sometimes declined as 

significantly more BPH (42) than GLH (32) the crop matured. Callitrichia sp. was usu

were dead, suggesting some preference for BPH ally the most common spider on levees except 

if a long-term choice is available, around transplanting time when L. pseudoan-
Spiders. Adults of several spider species nulata was abundant. Both species were abun

were collected from wetland rice fields and dant in the field for most of the cropping period. 
Ducks. The practicality of using ducks for 

BPH in wetland rice was investi
g Poft - of 5 p~m of McontrollingTAM. 31. Pnw 

o pkwfolpGicrpv gated. Important hopper pests and natural
sgroA 'n. dma ifub;dSywM~r 
mew trt .Sp.tt~t rOHlhuaPueldId.in.1W, 	 enemies were counted before and after ducks 

PMoeMuty were herded in small fenced plots for 4 hours. In 
(no./Predtor) an experiment where BPH nymph density was 

GH high, the (lucks eliminated about 90% of therIPH 
*XW- expw- hoppers (Table 32). The actual mechanism by 

sea.. No. Iment inent which ducks achieve such remarkable pest sup

qt 15 0.7 pression is not clear. Even when the BPH was2dlIst-lrfw nVmpNynhs 20 1A 1.70.7 
3d. +Ohlegnm phs 10 0.7 0.7 	 not abundant, significant pest reduction occur. 

4now nymp 10 0.5 0. red. Evaluation of ducks inan insect and weed 

uhnm h 10 0.4 0.2 management system ailscontinue.
 

Ts 3.2 3.4 Ducks sometimes greatly reduced she 
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number of Cyrtorhinus and spiders, but Mic-
rovelia density always declined significantly. 
Therefore, duck herding for hopper control 
may be appropriate only when pest denL.ties 
urgently require suppression. Duck use is also 
restricted to the period before flowering 
because adult ducks damaged emerging rice 
panicles. 

Other predators. Coccinellid larvae and 
adults of the species Coccinella arcuata were 
field collected and caged separately with BPH 
nymphs in an insectary. One predator from each 
stage killed about I BPH out of 10 prey daily for 
10 days. Two species of ants, tested for predaci-
ous behavior, did not appear to prey on BPH or 
GLH nymphs or adults. Frogs did not kill BPH 
in cages. 

ECOLOGY OF BROWN PLANTHOPPER 

Entomology Department 

Survival of natural field populations of BPH at 
each developmental stage was measured, for 
three seasons at IRRI and in a nearby farmer's 
field. Frequent sampling with the Farmcop 
insect suction device provided BPH data ne, ir 
before available in the tropics. Egg survival 
(19%) was low, especially in the farmer's field 
at the early egg stages, largely because of 
parasitism and sometimes predation. Mortality 
due to predation. reached 15%. The effect of 
these mortality factors tended to rise following a 
pczk in egg density. Egg densities were usually 
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sieoctaen (no.) RPwig Av 

Young egg
Medklumge eg 
Old egg 

F.Eg0
ltlneser nymph
2d-Instar nymph 

+ 2d Wrstere 

a 
6 
a 
a 
9
9 

11 

036-080 
OA.-0.77 
0.13-0.00 
0.0-031 
0.16-01
0.30-0.75 
0.0-0.79 

0.67 
0.4 
0.46 
0.19 
0.53
0.48 
0.32 

3d.lncoar nymph 
4th-insw nymph 

3d + 4th imetra 
th-inetar nymph
Nymph 

9 
9 

11 
9
9 

0.36-0.65 
0.44-0.65 
0.16-0.568 
0.24-010
0.01-0.20 

0.54 
0.55 
0.35 
0.52
0.06 

Egg -#nymph 5 0.01-0.03 0.02 

100 or less/hill, but sometimes reached a max. 
imum of 1,200/hill. 

The dunsity of first-instar nymphs ranged 
from 7 to 968/hill. Nymph survival was about 
50% for each instar, with only 8% survival for 
the nymph stage as a whole (Table 33). Preda
tion appeared to be the major cause of nymph 
mortality, because higher predator densities 
were often associated with lower pest survival 
rates. A somewhat lower mortality in the 
farmer's field than in IRRI fields suggested less 
predator activity in the farmer's field. 

The average survival of BPH from the egg 
through the nymphal stages was only 2%. 
Reproduction did not appear to compensate for 
such high death rates, and the population 
density declined. Natural control factors with
out human intervention suppressed the pest 

population during the period studied. 
In dryland rice fields the BPH population was 

not high, and during the wet season parasites 
and predators killed about 50% of the eggs laid. 
But when rice was grown with irrigation in the 
dry season, extremely high egg predation occur
red. The density of the egg predator Cyr
torhinus at that time was also high. Almost no 
BPH nymphs were found in the crop, suggesting 
that egg predation alone almost eliminated the 
population. 

The ragged stunt virus disease was common 
at IRRI in 1977. Because it is transmitted by the 
BPH, the possible effect of diseased plants on 
the BPH was investigated. When the insect pest 
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days after tramplanting. 

was reared on diseased plants for three genera-
tions, the population became just as large as if it 
had been reared on healthy plants, and once 
even became larger. Thus the disease was not 
detrimental to the insect, 

SAMPLING HOPPFRS AND PREDATORS 

Entomology Department 

A sampling device developed earlier (1977 
Annual Report) was improved and named the 

_____ __o __o_ 
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16. Sequential sampling plan for brown planthopper (BPH) 
asuming an economic threshold of 20 BPH/htli. Based on 
BM distribution data obtained with a Farmcop insect suction 
sampler at IRRI, 1977. 

Farmcop suction sampler. It is portable, light. 
weight, battery-operated, and ideal for inten
sive insect collecting in flooded rice fields. It 
costs about US$100 and requires frequent 
recharging of the batteries. Two persons are 
usually needed to operate it in the field, and the 
technique ir time-consuming. 

The accuracy of the Farmcop device for abso
lute sampling purposes was compared with that 
of other sampling techniques. Farmcop was bet
ter than or as good as others tested, especially 
for collecting nonadult insects and spiders 
(Table 34). The commercially available D-Vac 
sampler was sometimes better than Farmcop for 
collecting adult insects. Results similar to those 
for BPH were obtained for WBPH, GLH, and 
Cyrtorhinus. The Farmcop device was excellent 
for collecting nymphs of all instars of the hop
pers. 

Several methods of collecting adult hoppers 
from seedbeds were tested. Sweeping the seed
lings with a net was easy and collected the 
largest number of hoppers per unit of time. 

In sampling BPH in farmers' fields, a sequen
tial sampling plan can greatly reduce the 
number of sample units required for a given 
level of precision. Only enough hills are sam
pled to determine if the pest population 
requires the application of a control measure or 
not. A sampling plan based on insect distribu
tion data collected at IRRI was developed. It 
tson a coe c thrRsh deeo p It 
assumes an economic threshold of 20 BPH/hii
(Fig. 16). 
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WEED CONTROL IN RICE 

Trhinbi ver. In the dry season, 14 granu-
lar herbickides were evaluated for weed control 
in irrigated transplanted rice at IRRI. Eight 
herbicides in advanced testing were further 
evaluated at the Maligaya and Bicol research 
stationsof the Philippine Bureau of Plant Incus-
try. 

The major weeds at all sites were Echino-
chloa sp., Cyperus difformis, and Monochoria 
vaginalis. Sphenoclea zeylanica was common in 
Bicol; growth of Scirpus marinmus was patchy 
at IRRI. 

All herbicides except Benzglycereth ade-
quately controlled the weeds at all locations. All 
herbicide-treated plots, except those treated 
with Benzglycereth, yielded significantly higher 
than the untreated check (Table 1). At 
Maligaya, the yields of herbicide-treated plots 
and hand-weeded plots were comparable. Plots 
treated with naproanilide - thiobencarb at 
IRRI and with CGA 26423 and 2,4-D IPE at 
Bicol yielded significantly less than the hand-
weeded checks. 

Rat damage caused Maligaya yields to be 
about 2 t/ha lower than IRRI and Bicol yields. 

In the wet season, the same herbicides were 
tested further at IRRI. I all herbicide-treated 
plots, except those treated with Benzglycereth, 
the weight of weeds sampledat heading stage of 

grases was reduced by at leat 50% (Table 2). 
Pendimethalin gave the best control. Crop 
damage from three typhoons caused extremely 
low yields. Only plots treated with oxyfluorfen, 
2,4-D IPE, molinate - simetryn - MCPB, and 
X-52 - 2,4-D IPE yielded significantly higher 
than the untreated check. The hand-weeded 
check did not significantly differ in yield from 
the untreated check. 

Wet-seeided rice. In the dry season at IRRI 
all herbicide-treated plots, except those treated 
with fluridone and R-40244, yielded sig
nificantly higher than the untreated check 
(Table 3). Weed control was podrer at Bicol. 
Only four treatments gave significantly higher 
yields than the untreated check. At Bicol, only 1 
herbicide treatment (molinate - simetryn -
MCPB) yielded as well as the standard her
bicide check (thiobencarb - 2,4-D); at IRRI 
only 4 of the 15 test compounds were inferior to 
thiobencarb - 2,4-D. 

At IRRI, fluridone and R-40244 caused 
moderate crop injury; at Bicol, pendimethalin 
was toxic. 

In the wet season, strong winds caused the 
crop to lodge; only plots treated with butachlor 
+ 2,4-D IPE and X-52- 2,4-D IPE yielded sig
nificantly higher than the untreated check 
(Table 4). 

On the basis of dry weed weight at the head
ing stage of the grassy weeds, Drepamon + 
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dimethalin controlled grasses and sedges well, IRRI and in a farmer's field in Batangas pro
but not broadleaf weeds. vince, Philippines. The preemergence her

bicides were applied 1 day after seeding; 4 daysPendimethalin, oxyfluorfen, R-40244, and 
fluridone were moderately toxic to the crop. later, the crop and weeds emerged. Most of the 

Upland rice. At IRRI, the major weeds were preemergence herbicides adequately controlled 

Digitaria ciliaris, Eleusine indica, Echinochloa the first flush of annual weeds. Grass control 
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ryn was outstanding (Table 5). Dinitramine 
gave the poorest broadleaf-weed control. No 
herbicide controlled C. rotundus. The intensity 
of C. rotundus infestation was dependent on the 
degree of control of the annual weeds (the bet-
ter the control the greater the infestation). The 
postemergence herbicides gave poor control of 
all weeds. 

At rice flowering, C. mucunoides and 
Ipomoea triloba invaded all plots and reduced 
yields greatly. Possible yield differences be-

tween 
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treatments from initial weed control 
were lessened. 

The crop was injured by oxyfluorfen, 
oxadiazon, X-150, propanil, and dichlofop
methyl, but it recovered rapidly. 

In a farmer's field in Batangas, the major 
weeds were E. colona, D. ciiaris,Cyperuscorn
pressus, Cyperus iria, Commelina diffusa, 
Ageratum conyzoides, and Bidens piosa. The 
preemergence herbicides were applied 3 days 
after seeding but drought delayed rice and weed 
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emergence for 1 month. Another 20-day half ot each plot was weeded 28 DE. When the 
drought period after crop emergence depressed herbicide-treated plots were hand weeded at 28 
initial crop and weed growth. The slow weed DE, the yields from most plots were not sig
growth delayed the application of the post- nificantly higher than those from the plot that 
emergence herbicides until 25 days after rice was weeded only once at 28 DE (Table 7). Plots 
emergence (DE). Most herbicides gave poor treated with fluorodifen, molinate, and 
weed control because of drought. Plots treated R-40244 yielded less than the plot that was 
with pendimethalin, oxadiazon, and butralin hand weeded once. The time required for hand 
yielded significantly higher than the untreated weeding ranged from 477 man-hours/ha in the 
check (Table 6). The standard herbicide treat- dinitramine-treated plots to 2,164 man
ments, butachlor and piperophos - hours/ha in the unweeded checks. Thus, the 
dimethametryn, gave the poorest control of the only advantage of the herbicide application was 
grassy weeds. 

Dry-seeded, rlnfed, bunded rice. At IRRI, Table 7. Ueet of heiblldeon yienl line repil 1W 
weedh rdn4 baunded dry-eeded M dee - U do"12 preemergence and 2 postemergence her- after k ww ME). Famner' 06ld Puqsks pe

bicides failed to control luxuriant weed growth vie Pllppkm IMN wet seme.
 
- no plot produced yields. Initially, oxadiazon, Tme
 

fluorodifen, thiobencarb - prometryn, and Rate' required V1is
 
GCP 6137 gave the best weed control. But the Treatment" (g ah.I/) for eeding (t/ha)
 
second weed flush was so profuse that at harvest 0.71.3 146 4Am 
the weed weight of plots with single herbicide Dinkrmime 1.5 477 4.2 ab 
applications did not differ. 3CP 6137 3.0 649 4.0 abs 

Oxadlaon 1.6 41 3.7 abe 
6K6.1-1.9
Although a single herbicide application did Pr --W x 6" 3.6mbe 

not control the weeds, a follow-up post- Thobcb 3.0 US &5ab
Hanc-w -d one 

emergence treatment with propanil looked at 28 DE - 2164 31 a 
promising in this trial. The best preemergence Butschlor 2.0 1136 3.0 abs 

Thlobencarbherbicides for this type of treatment were lom 2.5-0.5 34 2.3sk 
oxadiazon, fluorodifen, and GCP 6137. Fowod en 3.0 1201 .7 k 

0nF 2.0 1434 2.5 aThe more promising herbicides from the R.40244 0.A 14M, 2.1 a 

IRRI trial were tested further in Pangasinan -r- pla were weeded "- ed A,ELspeeed 
and Iloilo, Philippines. In Pangasinan, weed OWn.eldesermo -
growth was so heavy in all plots except those IWim,,d1Neo relft, 

treated with din'tramine and thiobencarb that wa,dieqoat to1% eet. 
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the reduction in time required to weed at 28 
DE. With no weeding at 28 DE, only dinitra-
mine- and thiobencarb.treated plots gave yields
equivalent to those of plots that were later 
hand weeded. Plots treated with GCP 6137, 
propanil - fenoprop, and fluorodifen yielded
much lower; no yield was obtained from the 
other plots. 

In Iloilo, all plots except those treated with 
thiobencarb yielded significantly differently 
from the hand-weeded check (Table 8). None of 
the other herbicide-treated plots, except those 
treated with oxadiazon, yielded significantly dif-
ferently from the untreated check. The 
oxadiazon-treated plots yielded significantly 
more than the untreated plots, but significantly 
less than the twice hand-weeded plot. Based on 
weed weight taken at 56 DE, the best control 
with a herbicide was obtained with R-40244; 
the poorest, with dinitramine. 

The herbicides performe d erentdy at the 
three sites no: only beca me of soil and climate, 
but also because of the major weeds in each 
area. 

In an experiment at IRRI, the weed flora 
growing in association with dry-zded rice
changed dramatically in four plots that dired 
only in ponding potential. At maximum flower
ing of weeds, there were 13 weed species in awel..drained upland, 15 in land with a very low 

ponding potential, 12 in land with a low ponding 
potential, and 9 in land with a high pondingpotential. Only E. colona and C. mucunoides 
were common to the four plots. The major weed
species and their relative importance varied 
among plots (Table 9). There was little similar.ity between the weed communities except in the 

plots with low and high ponding potential
(Table 10). Therefore, recommending a single
herbicide for all dry-seeding situationswould be 
difficult. 

SCREENING NEW HERBICIDES 

In the 1978 wet season, herbicides not previ
ously tested at IRRI were evaluated for weed 
control and selectivity in transplanted, wet
seeded, and upland rice grown in rainfed cop Ji
tions. Treatments with the new herbicides were 
compared with standard chemical and hand
weeding treatments and untreated checks. 

Only promising new herbicides that did not 
damage the crop are reported. 

Transplanted rice. The major weed species 
at the test site were Echinochloasp., C. diffor
mis, and M. vaginalis. 

Of the 11 herbicides evaluated, only about 
half adequately controlled weeds. The yields of 
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VIIII .II oaKQ*s daft m UdVe. um011 EF 5004 aid thiobencarb - pcometryb were 
*4 oftssd*nw~eftlldo aitoi b bb comparble with band weeding and the sitan-

P S, oft, wetM1111111110Ldard treatment thiobencarb- 2,4-D in control. 
CHemIRA 01810401V ling weeds. But initially, thiobencarb- prom

1%) of104110I etryn was toxic. Herbicides such as R-22523, 

VLP L HI DPX 4432, and oxyfluorfen failed to ade-

CA quately control the rasses.VKu 30 564 
Vu, - 34.3 29s Welteeded rie. The principal weeds in the 
uLM - V.7 test area were Echinochloa sp., C. dilomils, 

and M. vaginalis.icsach crW W•Oorw~don 
VerYnma w wndiL50 wth l Yields from plots treated with the most prom= I,

=PHs "W100 olt onddio p~fw" ising new 	herbicides did not differ statistically 

from yields from the plot treated with thioben
the standard herbicide check;treated plots were not significantly different 	 carb - 2,4-D, 

however, they were significantly higher thanfrom that of the hand-weeded check, but were 
as that of the yields from the unweeded check, which had nofive to eight times as high 

yield (Table 12). Weed control with EF 5004,untreated check (Table 11). 

(4 day aftw t&Np on weedTA11* 11. Ensa1 prbjn mwneedesgrnd.iied bam wnd emw 
mwl. arep sarm . yd d eNisa rown Ianorainod endltoln.lo 1g78 ws-aNes 

Wed wt (gim') 
Rt Visual Ylid' 

Troetmef (kg a.l./ho) Broadloaf 
weeds 

Graos Sedges toxicity
rating' 

(t/ha) 

EF 5004' 
Thliobancorb 2,4-0 IPE 
DPX 432 
R-22523 
Thlobncarb- prometryn 
NCL 2.4-0 
EF 5004 
Hand-weeded twic 
Oxyfluorifn 
Untreated check 

3.5 
1.0-0.5 

0.075 
2.0 

2.0-0.16 
3.0 
3.5 
-
0.1 
-

2 
0 
0 
1 
0 
0 
0 
1 
1 
1 

32 
6 

128 
61 
4 

52 
22 
22 

229 
416 

4 
2 
6 

13 
22 
2 
3 
2 
0 
0 

2 
0 
2 
0 
6 
4 
2 
0 
4 
0 

4.6a 
4.4 a 
4.O 
3.a 
3.8s 
3.6. 
3.6s 
3.S ab 
3.2 alb 
0.8 b 

a active Inrs
diant. ,Sampled at heading stage of grasses. 'Taken at 15 days after transplantng (D3T)on a scale o .- 10:0.- no toxicty 10_= 
complete kill. Av of2 replications. Means followed by the same letter ar not significantlydifferent at the 5%level. 'Applied DT. 
#I@and 28 DT. 

*A spaced dash (-) means that the herbicides were formulated sa propretary mixture. IPE - Isoprol aer. "l. 

6 dyos aler wet seeding on wood oo l. crop toleanw,
TWe 12. ina of pmiing new granular hslldka ilsetsd and 

yild of MN raqrown undr ridned eondlen. m-l. moon.k3n3 weet 

Weed wt' (glm') 
Visual Yiold' 

Grase Sedges toxicity (t/ha) 
Raw 

Troatment' (kg al./h.) Broadisaf 
weeds 	 rating' 

2 2.7sEF 5,4' 3.5 1 52 12 
Thloencarb- 2,4-) PE 1.0-0.5 0 110 39 0 2A 

0 89 20 0 2.2sR.42416 2.0 

0PX 4432 0.150 0 52 16 6 2.2&
 

0 30 7 5 2.0sEF 004 	 3.5 
.8S103401 	 1.5 0 78 6 0 

7 4 1.1Oxyluorfen 0.2 0 153 
NCL24.0 3.0 0 289 7 4 1.6 
Untrsesd - 0 259 7 0 0 b 

8A spacd dash (3meeinsthat the horbleldeswsrsformulated saporeaymxue E-lorptsa.'l cieIgs.cl0 0:0 -xvnotox 
dFrt at the 6% level. 'A*pES9 =dset 'Take at heing Mae ofgrases 'Taoken at 23 day. after 1 -0gD5 1nsW iy 0 pt 

ill. *Avof2 rspllostlonm Mos bilowed by the -m ltter ew not sgniflwt. 
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Weed Wr 11g1m)
RowaLmas lllnilo, VWgdhgras, a 

111d#w41dmeha - 0 11 1 0 .6 
Pfpuo LV-10 3rld) 2.0 10 15 14 S 2.4 b 
Itspm LV.10iA) 2.0 10 52 . , 1J be 

O~n -411 2.p20 In 36 6 6 1.7 be
 
H01 2 1.5 S 0 15 6 1.4 c
 

2.0 150 52 7 3 0 d

U s AeA 347 0 0 d
hd - 64 0 

- ctie Igreien 13 dsys eaber riemegce(6onasl- levohme.'s. 'Sampled athssdlng of grimme. 'Takmen
of 0-10:0 a no tkdcly. 0-om schoroes #Av of 2replichon. Means followed by the sseets Penot &%gnhficaotly
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DPX 4432, R-34018, and R-42416 was before transplanting) than in the minimum. 
superior to that with thiobencarb- 2,4-D. tillage (1 plowing and 1 harrowing) and in the 

The overall performance of the new her- maximum-tillage (2 plowings, 3 harrowings) 
bicides, however, was not impressive. Good plots. The weights of broadleaf weeds in the 
weed control was always accompanied by minimum- and maximum-tillage plots did not 
severe initial crop injury; herbicides that did not differ. At sampling time, the grasses in the 
damage the crop controlled weeds poorly. maximum-tillage plots weighed significantly 

Upland rice. The major weeds in the upland less than those in the minimum- and zero-tillage 
rice trial were Amaranthus spinosus, C. rutidos- plots (which did not differ significantly from 
perma, D. ciliaris,C. rotundus, and Trianthema each other). The test site had no sedges. 
portulacastrum. In the zero-tillage plots, yields were sig-

When applied at preemergence, herbicides nificantly higher in the plot that was weeded 
such as thiobencarb, CGA 26423, thiobencarb twice than in those treated with herbicides and 
- prometryn, X-150, RH 6201, and butachlor the unweeded check, which did not differ sig
(the standard herbicide check) failed to ade- nificantly from each other (Table 14). All the 
quately control the weeds, particularly A. minimum-tillage plots, except those treated 
spinosus and T. portulacastrum. Plots treated with 2,4-D, yielded significantly higher than the 
with those herbicides and the untreated check unweeded check. In the maximum-tillage plots, 
plot gave no yield. all treatments yielded significantly higher than 

Only the postemergence herbicide treat- the unweeded check. Thus, the number of pos
ments controlled A. spinosusand T.portulacas- sible weed control treatments that could be 
trum. The treated plots yielded significantly 
higher than the unweeded check, but sig- Table 14. EItetofdills tmeids@ofaWdp- ps-tnand 
nificantly lower than the hand-weeded check on *M o Umntnu drcMMt 
(Table 13). Propanil did not adequately control season. 
D. ciliaris. Yield' (t/ha) In plots with 

Rates
Treatment (kg al/ha) Zero Minimum Maximum 

INTEGRATED WEED CONTROL tillge tillsg tlisge 

Traupinted rce. The effect of the degree of Wid - 4.9a 4.2a 4.2a 
tillage combined with posttransplanting weed- Pendime
control treatments on weed growth and yield of thelin 2 2.0 b 3.5a 3.6 

Butachlor 2 0.4 b 3.9 @ 3.5: 
IR36 was examined in an IRRI trial. 2,4-0 0.8 0.4 b 2.0 b 3.2 a 

At 50 days after transplanting (DT), the Unweeded - 0.9 b 2.1 b 2.0 b 

weight of broadleaf weeds was significantly less ... - active Igredient $Inacolumn, meeM ftfoed by the 
in thezero-tillage plots (paraquat applied 2 days an doe dff It the 5% level. 'IS 
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selected increased with increased tillage. 
Except in the plots that were weeded twice, the 
degree of weed control achieved with a particu-
lar treatment also increased. 

Wet-seeded rice. The effect of plantipq 
method on weed growth and yield of wet-
seeded IR42 was examined in an IRRI trial in 
the 1977-78 dry season. Three row spacings 
were compared with broadcasting for weed-
competition ability and yield potential. Five 
weed-control methods were compared with the 
unweeded check in each planting method to 
determine the best way to control weeds for 
each planting method. 

Weed weights were generally lower 45 days 
after seeding (DS) inthe broadcast-seeded plots 
and where rice was sown inrows spaced 20 cm 
apart than were it was sown in rows spaced 25 
and 30 cm apart (Table 15). 

When herbicides were applied, weeds were 
significantly fewer when the rice was broadcast 
or sown in20-cm-spaced rows than when itwas 
sown in rows spaced 25 or 30 cm apart. Weed 
weights did not differ significantly between the 
narrowest row spacing and the broadcast-
seeded plot nor between the two widest spac-
ings. In the unweeded plots, weed weights did 
not differ significantly between planting 
methods. 

In all planting methods, the plots that were 
hand-weeded twice had significantly fewer 
weeds than the other treatments. When the rice 
was broadcast or sown in 20-cm-spaced rows, 
there was no significant difference in weed 
weights among all weeding treatments other 
than the two hand weedings. But all treatments 

Msa 
b 24.5 b 14. b 0.1 b 

b 29A b 126.4 c 123.2 ad 
b 27.1 b 06.4 c 91A 

U ae 3Ae 1a 

b 46.5 b 30.6 c 154.1 ad 
c 142.5 c 192A c 229.0 d 

a&proprierymbiture. la.l. - ectve Inrped-ent In aco*lmn. 
at the 5%level. '21 elid 35 do" afte ending 106). #21 O. 

were superior to the unweeded check and 
inferior to the plot that was hand-weeded twice. 

At the 25.cm spacing, the herbicide treat
mtnts and the two rotary weedings were
 
inferior in weed control to two hand weedings
 
and one hand weeding and did not differ sig.
 
nificantly from the unweeded check.
 

At the widest row spacing, the weight of har
vested weeds inthe butachlor-treated plots did
 
not differ significantly from that in the twice
weeded plot, but was significantly lower than
 
that in the unweeded check. Other weeding
 
treatments did not differ from the unweeded 
check. 

The plots that were weeded twice yielded 
highest (Table 16). In them, rice sown at 25
and 30-cm row spacings yielded higher than rice 
sown at 20-cm spacing and broadcast rice. 

In the unweeded plots, rice sown at 20-cm 
row spacing yielded significantly higher than 
rice planted by other methods. The yield de
pression due to weeds was lowest (46%) in the 
rice spaced at 20 cm and highest (73%) in the 
rice spaced at 30 cm. 

In the broadcast-seeded plots and in those 
sown at 20- and 25-cm row spacings, the treated 
plots yielded significantly higher than the 
unweeded check. But at the 30-cm spacing, only 
the hand-weeding treatments yielded sig
nificantly higher than the unweeded check. 

In all planting methods, the herbicide-treated 
plots yielded significantly lower than the plots 
that were hand weeded twice, but differences at 
the 30-cm spacing were far greater than those at 
the other spacings. 

Upland rice. The effects of cultivar, tillage, 
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TW4,Olas-2,4- 1.5-0.1 39 b 5.3 b4.9 c 2.1 c 

4 b 4.6 c 1.9 0 
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2 3.8 b
hads 3.5 c 3.5 d 1.6 a3.7 b 
Two r 2.2 C 3.4 c 2.6 S 1.9 a 
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and weeding method in upland rice were studied 

in the 1977 wet and 1978 dry seasons with 

IR1 529-430-3 (semidwarf, high-tillering), 
IR9575 (intennediate.Statured, high-tillering), 
and Kinandang Patong (tall, leafy, low-

tillering). In the 1977 wet-season trial, the 

number of rotovations used before planting var-
These were I rotovation immediatelyied. 

before planting, 2 rotovations 15 days before 

planting (DBP) and immediately before plant-

ing, and 3 rotovations 15 DBP, 7 DBP, and 

immediately before planting. Four weed-

control treatments were superimposed on the 
at 2.0 kg/ha;tillage treatments: dinitramine 

dinitramine at 2.0 kg/ha followed by (fb) prop-

anil at 2.0 kg/ha; weeding 3 times, at 15, 30, and 

60 DE; and an untreated check. 
The weeds in the experimental area were E. 

indica, Digitaria sp., E. colona, Dactyloctenium 
aegyptiurn, Rouboellia exaltata, C. benghalensis, 
Centrosenapubescens, 1. triloba, A. spinosus, 

C. iria, and C. rotundus. There were no sig

nificant differences between the weed popula

tions, the weed biomasscs, the time required for 

or the grain yield among land-weeding, 
except thatpreparation methods or cultivars 

IR1529-430-3 and IR9575 yielded significantly 

higher than Kinandang Patong. 
The correlation coefficients between weed 

weight and grain yi~d of the cultivars were 
weed-highly significant. With appropriate 

control practices (thice hind wecdi:o3), the 

highest yielder was IR1529-430-3. Uui under 

partial weed control provided by herbicides, the 
grain yields dre,,dshrlanwreoergrainy sderssharply and were lower 

than those of TkT5, iidicating 1R9575's bet. 
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ter competitive ability (Fig. 1). The yields of 

Kinandang Patong were extremely low but sta

ble, which indicates its weed-competition ability 
and its poor cespunse to weed control measures 
(becaus,! of its low yield potential). 

In the 1978 dry season experiment, the tillage 

treatments were dinitramine at 2.0 kg/ha 7 DBP 

fb rotovation immediately before planting, 2 

rotovations 7 DBP and immediately before 

planting, and 2 rotovations immediately before 
planting. The same rice cultivars as those in the 

postp'antingprevious trial were used. The 
weeding treatments were dinitramine ,t 2.0 

kg/ha, dinitramine at 1kg/ha fb 1hand weeding 

30 DE, propanil at 2 kg/ha or 2,4-D amine at 

0.5 kg/ha, hand weeding twice at 30 and 60 DE, 
and the untreated check. 

Gofn y (t/o 
Kt 

NW-450-5 P95M xm,,Awr 

2. 

o 
A Wa Ws W4 W,W2 W3 W4 W WW

I. Effect of weed control treatments on the grain yield of 3 

upland rice cultilvars. IRRI, 1977 wet season. W, - hand

mine, W4 "untreated. =dinitramine lb propanll. WS n dinltrf,
weeded 3 times, W, 

4 
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2. Grain yield of 3 upland rce cultivar as affected by wd 

control treatnmnts in simulated vpland conditions. IRRI, 1978 

dry season. W, u hasd-we-&O twie, W, - dntr .xine fol-
lowed by (Ib) one hand weedinr, W. adinitramine fb propanld, 
W4 =dinitramine, W- dinltramine fb 2,4-DW, =untreated. 

Results were similar to those obtained in the 
1977 wet season, except that IR1529-430-3 
yielded significantly higher than 1R9575 and 
the herbicide treatments controlled weeds bet-
ter (Fig. 2). IR1529-430-3 outyielded IR9575 
in all treatments except in the unweeded check. 
Dinitramine applied at 7 DBP was extremely 
phytotoxic to ill cultivars. 

Dry-seeded, rainfed, bunded rice. In three 
farmers' fields in Iloilo, the combination of a 
preemergence herbicide with a hand weeding 
controlled weeds successfully in dry-seeded rice 
plots. The plots yielded as well as or better than 
those that were hand weeded twice. In two 

where wood rowth was heavy, inerzr 
cultvPtion gave only about 50% weed ,ontrol. 
Yields in these plots were not significandy dif. 
ferent from the yield of the untreated check. In a 
third fieid with light weed growth, 'aterrow cul
tivation controlled most si;vi. The yield was 
better than that in the untreatrd check, but not 
significanitly different from that in the weed-free 

Yields generally wen; much higher with hand 

weewing oio..ined with i. terrow cultivation 
thrn with in.rrow cultivation alone (Tabie 17). 
Li a farmer's neld n Pangasinan the use of 

interrow Lultivatinr to replack. 1 hand weeding 
reduced the time for weeding dry-seeJed rice 
fr(,in 1,067 to fi7 man-hours/ha. 

At IRRI, yields frcm plots treated with 
preemergence butac'or fb a hand weeding 

were not significantly dif~erent from those 
obtained from plots that received an interrow 
cultivation fb a hand weeding. But yields from 
those treatments were significantly higher than 
yields from plots with preemergtnce herbicide 
alone, with interrow fultivation alone, vvith 
preemergence herbicide fb interrow cultivation, 
and with preemergence herbicide fb 2,4-D 
(which did not differ significantly from the 
unweeded check). In a farmer's field in Pan
gasinan, a dry-seeded rice plot that was weeded 
by interrow cultivation yielded significantly less 
than plots that were weeded by other means, 
bdt not significantly more than the unweeded 
check. 

In two fields in Iloilo and Pangasinan, inter

Teki?17. Ulleloedeuweedee itnl metode esed I seoniatlon on te ysod .fodry-eeded, Wed,bunded Vim rim. Tier" 
IImm' f§le, so PsyWlne. PdlWpleWI7 wet n. 

Yield' (t/he) 
Treetment 

Field A Field B Field C 

nutachlor fb hand weedng' 6.1. 3.8 b 3.5& 
Thiobnew , lb hend wedingr 5. b 4.5@ 3.1 ob 
sj& ., lb Interrow cultivation' 5.4 1ac 4.7 a 2.8 abc 

Weede vwl 5.0 bod 5.1 a 2.5 bed 
%d"4f 	 5.4 4.9@ 1.9 00.GAM 
kothio f hwd wding* 	 47 ad 4.4& 2JeAb 
ti w uktivellofn' b hand Weing' 4.3 

ThWv., @b roeuttvewtol 4A 
*WsAnfb howlow cultvetIon' 2.6 

lkitiow ouvado~ O. 
Uuwsd 	 0.5 

d 5.1 2.6 eked 
d &9mb .0ob 

0 	 4. 6 1.7 de 
f 4.5s 1.1 of 
f 2. b 0.5 f 

notof3 & In0column mewns Wllowed byad n leater re m tdi n ii a 
rke (01). 'Until N6 bi. 14 wWndS DIE. DE.a w P 

CONTROL AND MANAGEM101IT Oll R1ICKs P337311T 211 



euwng ~bleri' lm eur d ilr 

Uasmel bend eg0'8 

111md~or fle hand wmesig*
WS" mu 

Thlisenicab lbhwd swedig
Weeded t 
0lnlbumlnes lbndw-."ng
Pedlnedal n lb hanwsdIng
Weeded onc 
atrnin 

Psmillmeehatin 
Thlobecab 
Olnkromine 
Stachlr 
Untreated check 

raw Tkft Ilarr VW am ,11 
OM aL/ba) seeing in PeVN nn(/ho) Kal ftnpwn 

2&4 
2.0- 1141- U.1b 2.7 die11.41 ab 
3.0 436 42Ibe 4,a
-- 207 37 c 23 bod1.5 402 - 3lab2.0 57  3.1 sik 

- 2.72.0 - 2.3 d2.0  - 2.1 cd3.0 - A 1.3 d1.5 - 13 d2.0 


- 0.7 a 0.3 e 
- 0.2 e 0.1 a 

1b- followed by. a.. 
diflerent at ths 5%lavo!. 

tvle Ingredled. rAvof 3replications. Inacolumn means followed bythe sameletterare notalgnlficantly21 dys aftier riceemergence IDE) InPangoalnan, 28 DE In loilo. 'Until 56DE. '21 and35E InPangsalnan,14 and M~ DE~ In Iloilo. 021 DE. 

row cultivation could not be practiced because 
soil conditions were unsuitable. Yields were 
relatively low when the preemergence herbicide 
was applied alone (Table 18). A follow-up hand 
weeding increased the yield substantially in all 
herbicide-treated plots. In Pangasinan, how-
ever, such yields were not significantly higher
than yields from a plot that was Weeded once. 
But the time required for the hand weeding
after use of a preemergence herbicide was at 
least 700 man-hours/ha less than the time 
needed without thf, use of preemergence her-
bicides. The low yields in the plots that were
brly hand weeded were caused by crop damage 
during weeding (Pangasinan) and by luxurious 
weed growth after the second weeding at 35 DE 
(Iloilo). 

Tablets. WfeefdWomntype ofprayqaimemonweow
control and yeld of bry.oeeded I1 doe grown In raned,
bund filft. 00, IM wet seson. 

Spraying equipment used Weed wl" Y1id 

(gIm') Wt/ha) 


CDAI (0.5 m/#) 18.5 b 2.5a 
Twin noule (2 pas er) 31.2 ab 1.7 ab 
Boom sprayer 36.0 eb 1.5 b 
Twin nottle ( pows) 47.5 ab 1.1 bc 

nozzle (12pases') 54.3 abSingleSingle nozzle (0poew) 0.0 bc55.8 ab 0.4 cNone 6s.1§ 0.4 c 
"Avof3roepotlonlnacokrmn,rmnefolowac thessmefarremn r niicnty dierent atthes% leel.'ap 4g 
th ,ang Number o time fo was s'ae. 
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In Iloilo farmers' fields, propanil applied at 
the two- to three-leaf stage of grassy weeds 
either as a follow-up to, or in combi.?tion with,
the preemergence residual herbicide butachlor 
or butralin, improved the spectrum of weed 
control obtained with propanil alone. Results 
were inconsistent, but butachlor applied in 
combination with or (b propanil was generally 
superior to butralin pius propanil. Post
emergence propanil was inferior to a combina
tion of preemergence and postemergence her
bicides. 

EFFECT OF APPLICATION METHOD AND 
VOLUME ON HERBICIDE PERFC"..A.NCE 
Dry-seeded, raInfed, bunded rice. The major
weed species in the trial area, in order of impor
tance, were Echinochloa glabrescens, Echinochloa crus-galli spp. hispidula, Melochia cor
chorifolia, and E. colona. 

Butachlor was applied to all plots at 2 kg/ha.The controlled droplet application (CDA) 
equipment most effectively controlled weeds.The weight of weeds harvested from the plots
sprayed with the CDA system at a walking
speed of 0.5 m/second was significantly lower 
than that of weeds from the unweeded check(Table 19). Other treatments did not differ si. 
nificantly in weed weight.The CDA plot sprayed at a walking speed of 
0.5 m/second gave the highest yield (Table 19) 



- sWgllGUedy igher than yields from allother 
tretm. exerpt one sprayed twice with a 
sproyet thathaW twin nozzles on the lance. Plots 
sprayed with the CDA system at a walking 
speed of I m/second and those sprayed with a 
boom sprayer gave similar yields. Yields from 
plots treated with a single knapsack-sprayer 
pass with one or two nozzles on the lance - or 
two passes with a single nozzle - did not differ 
significantly from yields from the untreated 
check. 

In a similar farmers' field trial in Pangasinan, 
the growth of the dominant weed E. colona was 
so heavy that no yield was harvested. But at 4 
weeks after emergence, weeds harvested from 
plots sprayed with 1 or 2 passes of a knapsack 
sprayer using single or twin nozzles on the lance 
weighed significantly less than weeds from the 
unweeded check. The weights of weeds har-
vested from the CDA system and the boom-
sprayed plots were not significantly lower than 
those from the unweeded check. 

A similar trial was conducted in four farmers' 
fields in Iloilo. In two fields the major weeds 
were E. colona and C. iria. In the third field, E. 
colona, C. iria, and Ischaemum rugosum pre-
dominated. The fourth field had few weeds. 
Butachlor controlled weeds poorly in all fields 
and a supplementary hand weeding was done at 
45 DE. In the first field, there were :. sig-
nificant yield differences between plots treated 

with different sprayers. But fields treated with 
the CDA and the twin-nozzle systems yielded 
significantly higher than the untreated check. In 
the second field, boom sprayer-treated plots 
had significantly higher yields than the plot 
treated with the twin-nozzle sprayer. The latter 
did not differ significantly from the unweeded 
check. The yields from the herbicide-treated 
plots were not significantly different from that 
of the check in the third field, where the hand
weeded check yielded significantly more than 
all herbicide-treated plots except that sprayed 
with the CDA system. Because weed growth 
was light in the fourth field, yield differences 
between plots were not significant. 

Upland rice. In the upland trial oxadiazon, 
pendimethalin, and butachlor were applied at 
the recommended and at half the recommended 
rates using the CDA system (8 liters/ha) and the 
boom sprayer (300 liters/ha). During its early 
growth, the crop was heavily infested with C. 
rotundus and E. colona. At the rice flowering 
stage, the most important weeds were C.ben
ghalensis, . triloba, and Phaseolus lathyroides. 

Herbicide performance differed only slightly 
regardless of application method or rate. 
Oxadiazon was generally superior to the other 
herbicides (Table 20). Yields of plots treated 
with oxadiazon at 1 kg/ha and of the hand
weeded check were not significantly different. 
At 0.5 kg/ha, oxadiazon plots yielded sig-

TaldeM. Blot o#vouamendrateofhedmlddeprwy poledbefoe e3eflOereof croP dweed (4dsafteseeW on weed 
eeotndmyeld of Ml75 doe pawn under uplmd oondklom. Of 31973 wet seemon. 

Application 
Weed Wt Yleld
 

Treatment Vol Rate (g/m') t/ho)
 
(litem/he) (kg a./h) 

- - 19a 3.18@ 
Oxadlaon 8 1.0 60 bc 2.27 ab 
Oxadluon 300 1.0 52. ab 2.00 abc 
Oxediazon 8 0.5 154 de 1.50 tod 

Hand-weeded twice 

130 ode 1.37 bodeOxadlaon 300 0.5 
utechlor a 2.0 148 cd 1.25 bode 

Penulnethalin 300 2.0 196 do 0.96 ode 
0.96 dePendinmethalin a 2.0 164 cde 

a 1.0 144 ode 0.30 cdefPendlmethalin 
lButchltr 300 1.0 218 de 0.72 odef 

1.0 117 ode 0.66 def 
Untreead - 
Pen'drmdawln 300 

329 e 0.32 def 
iutarhlor a 1.0 160 ode 02 def 
Butechlor 300 2.0 173 d 0.00 f 

'LI. -*dve Inredie dat heding of raee. IMofS retone Means followed byftm are notgife
and M dlfn at t"e 5% 
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'U''"..........
"fmrnTr~ 31l.im u hI~di1d - maed mus miw mi 	 
ppicaon Wood %W'tg/0)

Annual (tA Tof SA SiidohTo kied lor 
wneedmo•(Pg a.i./hi)a.sao 

20 & 35 DT I s 4a 5.0a 
12a 4Aa1.0 20DT 4mb 

5 b 17a 4.8.
1.0 20DT 	 4.7s20 DT 5 b 7s1.02.4- itmlo 4.0 b3mb lag1.6 20 DT2.4-C ine 	 90 3.5 bc27 BT 100 C4.0FoImmino 	 3.0 bed179 od 12a9.0 27 BTFogutihe 	 2.6 cd0 7 DT 281 d Be 

None 	 2.1 d- 162 cd 178 b 
Untrntedcheck 


ixc t tae hand-weodd and Untretd
 
annual weeds, thlob.ncarb- 2,-Dwas applied at 1.5- 0.05 kg/h&to all plos 	

,ritlmusbefore*To con 	 days after transplanting, BT - foilor applicaton of chemical to S. m 
chick plots. bI. - sctive Ingredients. 0'1f-

some Wair are significantly different it the 5%level. 
Initial lillagi. "Av of 3 replications. Ina column, mon followed by tha 

difformls.'PrimarlyWEcdAmochko sp.. Monochorfi vaginlihs and Cyprmno 

nificantly less than the hand.weeded check but, 	 as bentazon and fenoprop (Table 21). When 

than the other applied 27 days before the first tillage,
generally, significantly more 

fosamine, which supposedly reduces tuber for
herbicide-treated plots. 

mation, had little effect on S. maritimus. Plots
Further trials to clarify if weed control with 

where S. maritimus ,yas controlled yielded sig
various herbicides differs with changes in appli-

nificantly more than the plots where it was not.
cation equipment are planned. 

Generally, yields in plots where the weed was 

poorly controlled did not differ significantly
MARITIMUSCONTROL OF SCIRPUS 	 from that in the unweeded check. Application 

of thiobencarb - 2,4-D to all herbicide-treatedThe herbicide 2,4-D applied at 20 DT at 1.0 and 
1.5 kg/ha controlled S. maritimus as effectively 	 plots adequately controlled the annual weeds. 

TAbW22. Elioctofrateand time of2,4 applicationon control ofScirpusmaritmus nd ykd oftransplantidIM2fe. 1373 

wet on 

2,4-D application Dry wt of 
S.maritmus'Treatment* Rate Time, WI) Yield" 

(DT) (t/ho)(kg .l.lha) 

Thlobencarb - 2,4-D IPE fb benmzon 	 1.0 - 0.5 fb 5 
12a 4.0.1.0 20 

1.0 - 0.5 fb 5Thlobencarb - 2,40 IPE fb 2,4-D amin 33 ab0.5 15 106 b 

2,4-D IPE fb 2,4-D amino 	 1.0 - 0.5 fb 5Thlobencarb  93 b 3.3 ab0.5 20 

1.0 - 0.5 fb 5Thlobencorb - 24-D IPE lb 2,4-0 amino 
20 98 3.0ob1.0 

- 8. 3.0ob-Handweeded twice' 
1.0 - 0.5 fb 5

Thiobancerb - 2,4-0 fb 2,4A-D mine 
15 52 b 2.6 b1.0 

1.0-0.5 5 477 c 0.0 C
Thlobancarb - 2,4-D IPE 


- - 535 c 0.0 c

Untreated check 

lb - lowedbV.mbrture. IPE -liooroWy asWi.OA sprad dish H-mnen that thei hoikldi ware formulatid as a sroeary 1 M 

i. Mm01-jalIngrediMnt. IDT - diy aft rtransplanltinig. 'Snled 56 D.'M nsfollowad byth wi nloca. % fy
 

dierena~a t % level. 'Av of 3 repllcations. '15 an 26 UT.
 

214 HM ANNUAL REPORT FOR 1978 



In another experiment, 2,4-D was applied at 
0.3 and 1.0 kg1ha at 15 and 20 DT. Bentazon 
applied at 20 DT at 1.0 kg/ha was the 5tandard 
herbicide treatment. 

S.sierimus infestation was so heavy that no 
yield was obtained from the unweeded check or 
the plot treatcd with thiobcncarb- 2.4-D (the 
standard herbicide treatment for transplanted 
rice, which does not control S. maritimus). 
Regardless of the rate and time of application, 
2.4-D greatly reduced the S.mariuimus stand 
(Table 22); 2,4-D applied 20 DT at 1.0 kg/ha 
controlled S. maritimus as effectively as ben-
tazon, and better than the other 2,4-D treat-
ments. Plots treated with 2,4.D generally 
yielded comparably with the hand-weeded 
check and the bentazon-treated plots, 

In athird experiment, the interrelated effects 
of land preparation, cultivar, and herbicide on 
S.maritimus control were examined. Increasing 
from one to two the number of harrowings 
before planting did not contribute to S. 
maritimus control. S. maritimus growth was 
unaffected by 1R42, a medium-statured cul-
tivar, and IR36, a semidwarf. Only 2,4-D 
applied 24 DT caused asignificant decrease in 
the weight of S. maritimus harvested shortly 
before senescence. 

A trial begun in 1974 to study the effect ofdif-
ferent cropping systems on the population 

density of S. nwitimam and other weeds in 
upland and lowland fields w -&continued in 
1978 with the three cropping patterns used in 
1977. 

In the continuous transplanted rice pattern in 
the 1978 dry season, the rotary-weeded plots 
yielded significantly more than the bentazon
treated plot. Bentazon controlled S.maridmus 
and the annual sedges, but not the grasses. 
However, the bentazon plot yielded sig
nificantly higher than the unweeded check 
(which produced no yield) (Table 23). 

In the upland crop-dry seeded rice pattern, 
corn was planted during the 1978 dry season. 
The butachlor- and bentazon-treated plots 
yielded significantly more than the untreated 
check. The yield differences among the other 
treatments were not significant. 

In the upland crop-transplanted rice pattern, 
corn-soybean was grown in the 1978 dry season. 
Plots that were hand weeded twice yielded sig
nificantly more than the plots treated with 
butachlor and bentazon, and the unweeded 
check. 

As in previous years, this cropping pattern 
had more annual grasses and fewer S.maritimus 
than the continuous transplanted rice pattern. It 
also had less S.maridmus and more C.rotundus 
than the upland crop-dry seeded rice pattern. 

In the 1978 wet season, the unweeded plots 

T"be23. Effect of weeding methods and cropping pattern on crop yield and population density of Scirpusmaritimus and other 

weed. IMiart dry saeme. 

Cropping pattern, 
weeding treatmenr' 

Continuous transplanted rice 
Rotary weeding, 

Sentazon 2 kg a.i./ha 

No weeding 


Uplandcrop-transplanted rice 
Hand weedlng, 
Sutachlor 2 kg a.l./ha fb 

bentszon I kg a.lha 
No weeding 

Upbndcrop-dy seeded rice 
Butachlor 2 kg a.I./ha fb 

bentzon I kg a.i./ha 
Hand wedlng' 
No weeding 

Yleld'/ha 
Broadleaf 

weeds 

Rice (t) 
4.2 a 18 
2.2 b 11 
0 c 24 

Corn (ears) + soybcon (kg) 
41,000 a + 632 a 1 

37,(00 b + 309 b 5 
23,000 c + 243 b 1 

Corn (ears) 

44,500a 6 
38,500 ab 0 
22,500 b 94 

)Weeds (no./m 

Annuals Perennials 

Grasses Sedges S. Cyperus 
madeimug rotundus 

135 14 14 0 
19 13 19 0 
70 171 395 0 

226 9 5 0 

106 5 3 1 
412 67 26 3 

388 30 5 24 
104 9 3 11 
562 100 4 11 

,f ,foiiowed by. aI.- active Ingredient. 6Av of2replications. For each cropin each cropping pattern, mean. followe Ibythe sme 
lM are not significanty ditfftent at the 5%level. 17 and 29 days after ico emergence or days after transplating. 
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TOMl Ua dw ltfmini m @pmnMo MW itaMdpoldmdWA dO * MWM,J:vmd into 
"Ndm,oft, I Vum o, 

- u--,odofOae 

wew 
- weed nu ,nwnmi.J 

Cee anmepbd , 
98iso. 2 i./h 3.4 a 1&Is 22 0
 
ewov t'odinf 3.2a 21 12 67 53 0
 

No wdng 0.7 b 43 4 273 177 0
 

-~r app ensopebd Ikce 
Rotary wodnj 3a 36 25 52 14 0
 
Illontr. 2 k D.A.lh 3.3 b 54 14 183 5 0
 
No weeding 13 C 82 1 299 53 0
 

Wen~d vop-dr seeded ralefW 
bunded rke 

Hiand vAedln 3.7a 23 14 73 2 1
 
Dinrlf4tine. 1.75 kg a./ha 2.7 b 29 12 48 5 7
 
No weeding 0 b 45 71 70 6 7
 

"a.i. - active Ingredient. 'Avof2 replication. Within each cropping pattern, means followed by the same letter are not ignificantly
 
different at the 5% level.
 

of the continuous transplanted rice pattern had flora in the transplanted rice. The S.maridmus 
less than half as many S. maritimus as in the population was far lower than in the continuous 
1977 wet and 1978 dry seasons. Because S. transplanted rice pattern but higher than in the 
marifimus was few, the unweeded check plot upland crop-dry seeded rice pattern. 
gave some yield (Table 24). The weeded plots The unweeded plot of the 3 patterns gave 
yielded significantly more than the unweeded yields ranging from 1.8 t/ha to 0. 
check. In the upland crop-transplanted rice and the 

In the upland crop-transplanted rice pattern, upland crop-dry seeded rice patterns, the hand
as in previous years, S. maritimus increased or rotary-weeded plots yielded significantly 
while C. rotundus disappeared from the weed more than the herbicide-treated plots. 

Tale 2. Response to herbiddee and mesocotyl length of rice cuWvars at varloee planting depths. M, 133. 

Mesocotyl length (mm) 
Visual ratingo (24 DS) of rice plants 

Cultivar 
Pendlmethalin Butechlor Thlobencerb 2 cm deep 4 cm deep 

Tolerant ofallherbicides 
BKN6S96-45-1 2 3 3 4 9
 
BKN646.-147-2 2 2 3 2 5
 
BRIM-38-17 3 2 2 2 4
 
Yodays 3 3 3 4 11
 
Kurkaruppan 3 3 3 4 4
 
Nam Sagul 19 3 3 3 4 16
 

Tolerant of at least Iherbicide 
IRO562,41-2-P2 5 3 5 4 17
 
IR5625.41-2.O4 4 2 4 3 16
 
IR583-189-2P7 3 4 5 9 19
 
Polita -1 3 6 4 3 6
 
PG 6 3 4 6 5 13
 

Suscsptbl. to allherbicides 
91223-B-3 6 6 9 7 26
 
Balebieh 7 7 8 16 29
 
CN539 8 5 6 14 29
 
Sslpen 8 6 6 10 31
 
Sungawela 7 7 8 12 26
 

•08doy after seeding. Rating scale: I no Injury, 9 , all plmnis killed. 
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i d M cc h qmlm 
op fW 4i, rdl, )NOM iks. At 

ltll,himadswere reduced when pendimethalin 
Mdinitmmine were applied immediately after
Meda and immediately after the germinating 
r but not when the herbicides were applied 4 
days after the germinating rain or 4 DE. Butach-
lor applied at any one of those times did not 
reduce stands. No herbicide applied alone con-
trolled weeds regardless of application time. 
Except in plots where herbicide was applied 4 
DE, a follow-up hand weeding at 28 DE was 
always needed to obtai yields comparable with 
those from the plots that were weeded twice. 
When the herbicides were applied at 4 DE, 
weed growth was so profuse that by 28 DE, 
when hand weeding was done, so much compe-
tition had taken place that the plots yielded sig-
nificantly less than the plots hand weeded twice. 

In a similar trial in an Iloilo farmer's field, 
pendimethalin and dinitramine did not reduce 
stands at any application time, but piperophos 

- dimetbameutn and butaddor VlWd at 4 
DE reduced stak. Thlobem r Mt- yM
reduced stands when applied W Ud afe 
de geninating rain and at 4 DE, but not when 
applied immedately after seeding. 

cwdvw hbw tlelmramce. The entres in 
the 1978 International Rice Deepwater Obser
vational Nursery were tested in the rpenhwme 
for tolerance for pendimethalin, butacdlor, and 
thiobencarb applied preemergence. 

BKN6986-45.1, BKN6986-147-2, BR188
3B-17, Yodaya, Kurkaruppan, and Nam Sagui
19 were tolerant of the herbicides at double the 
recommended rate (Table 25). Other cultivars 
such as BR223-B-3, Baisbish, CN539, Sulpan, 
and Sungwala were susceptible. 

Herbicide injury was influenced by the loca
tion of the first node in relation to the treated 
soil surface. Cultivars with their first nodes near 
the soil surface (those with long mesocotyls) 
tended to be susceptible to herbicides; those 
with short mesocotyls tended to be tolerant. 
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IRRIGATION WATER MANAGEMENT behavior related to interference insystem opWt.
RESEARCH ations.

Three major elements were used in the sy.
Previous research had documented the maldis. tern management method:
tribuion of water and unequal availability of 
 0 M wrementof the mamitudeofwatersup.
water over the length of a main distributory of plies, areas in variousfarming activitiesandlare irrigation systems. In 1978, studies crop growth stages, and irrigation waterincluded a method to remedy inequality of requirements.water distribution in agravity system, water-use 0 Control based on the calculation of targetpatterns inacommunal irrigation system, and water discharges needed for crop and landreuse of drainage water from an irrigated requirements, irrespective of expectedwatershed, rainfall, and imposing a water flow usinglntegted alproeb to Irratloem system available structures and measuring devices.A joint study with the National Actual water flow allowed consideredIrrigation Administration (NIA) in the 2,500- measured rainfall in the service area.ha Lower Talavera River Irrigation System * Monitoring to provide a rapid feedback of(LTRIS) in Nueva Ecija province applied a field problems to LTRIS managers and3-step method of system management to maintenance of a record of system perfor

efficiently and equitably distribute water mance.throughout the system. The study had a In the 1977 wet season, about 45% of thesociological component to determine farmers' total rainfall was used in lieu of irrigationattitude toward system performance, irrigation releases. The equitable distribution of waterfee collection and water conflict resolution, and from head to middle and tail of the systemit documented farmers' irrigation problems and resulted in a remarkably similar progression of 

tam (%) UPPER SECTIDNLATERALA ( wet-536ha, dy-SIIh ) 
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" 
25 ( 
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1 16L84 
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0 
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TO-? H25 
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1. hroentap of area soaked (S), plowed and harrowed (PAN), transplanted (1), terminally drained(TD), and harverted (H) for LateralsA (upstream section), E(midstream section), G,H,I (downstreamaection). Lower Talavera River Irrigation System, District U,Upper Pampanga Rime Intrated laia.
docn System, 1977 wet ason and 1977-78 dry season. 
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Yield Sample Yieldatral Salso Yied Sape (tlha) 

farming activities (Fig. 1). Yields based on 
crop-cut samples from 189 paddies in the sys-
tern averaged 4.4 t/ha, notably higher than the 
1976 wet season benchmark crop-cut yield 
average of 2.9 t/ha (Table 1). 

During the 1977-78 dry season, the target 
flow and measured flow showed excellent 
agreement because of a strictly imposed sys-
tern management technique and the lack of 
rainfall interference (Fig. 2). Cropping 
activities from head to tail of the system were, 
however, markedly nonuniform for reasons 

Area (°/*)----------

HTH25 [ PSH 

Ap led wol"(m m ldoy),, 
20 25 - Mesured-atualoanfoll 

2 s a terfsow ( ple a harrowe 
fll, woretuw ow 

unrelated to water supply. The dry season yields 
averaged 2.9 t/ha (Table 1) because of 
increased bird, insect, and disease damage. 

When most of the 2,500-ha rice crop was in 
the vegetative stage, water-use efficiency was 
determined for selected weeks in both seasons. 
A preexperimental wet-season water-use effi
ciency of 43% increased to 60% with improved 
system management. Likewise, dry season effi
ciency increased from 51 to 60%. 

Farmer response to management improve
ment. Farmer behavior patterns with respect to 

flow asd at 
a rlow 

18 20 221216 2k 1 11 1041 136140142 44 44 48 50 53 

l-Nov--- Dec-4 ,IJon-.- Fbb,-I.- Mor-+Apt
Apr-+-- May--4- Ju--- u--- At--.-Se-.-Oct --


Dry seamr ~ We m,,eW soo 


2. PercageI of ohsa soaked (S), plowed ad haurowed (P&B), traplanted (T), tenninally drained (TD),.adharvested 

daily target water nlow, menured actual flow and rainfall in mllilmeters petr day. Lame Tailrs~ River 
(H), averag 

lnfgadt System, District II,Upper Pamplnla River Intemrted Irrigation Systeth, Nueva E~s, 1977 wet maon ad 

1977-78 dry on. 
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intervention in system operations, water 
conflict relationships among farmers and their 
resolution by NIA officials, perception of 
changes insystem performance, reasons for low 
fee payment, and expectations from the system 
were determined. 

As the study progressed, farmers interfered 
less in systems operations (Table 2), suggesting
that they had become more convinced of the 
system's ability to deliver required amounts of 
water on time. 

With improved system management, 83% of 
farmers at the head and 84% at the middle por-
tion of the system reported no conflicts over use 
of water during the 1977-78 dry season; 32% 
at the tail portion reported conflicts. Sixty-one 
percent of all farmers reported conflicts that 
were settled by the LTRIS water tenders and 
water management technologists; only 5% of 
the conflicts were settled by the farmers them-
selves. 

Farmers' ability to follow the LTRIS planting
schedule given for each lateral service area, a 
major consideration in better management of 

die systcm, varied significantly with position in 
the system. Two-thirds of the farmers at upper 
and tail portions reported they would be able tofollow the schedule. That ability, however, was 
different from willingness to follow, as demon. 
strated in the 1977-78 dry season by farmers inthe upper portion who delayed planting to suit 
themselves (Fig. 1).

The belief that water supply was insufficient 
for all farmers was the reason farmers most fre
quently gave for inability to follow the planting
schedule given by the system. Other reasons 
given were lack of capital and unavailability of 
cash for transplanting labor and farm machinery 
(Table 3). Among the farmers who followed the 
LTRIS planting schedule, those at the tail por
tion of the system expressed the greatest con
cern for water conservation -.nd avoidance of 
waste (Table 4). 

More than 60% of the farmers expressed 
satisfaction with the 1977-78 dry season par
formance of the system (Table 5). Despite the 
system-wide average yield of more than 7 t/ha 
per year, more than 50% were dissatisfied with 
the 1977-78 dry'season returns. The fact that 
only 6%of the farmers fully paid the irrigation
fees apparently corroborates the dissatisfaction. 
Most farmers believed that payment of irriga
tion fees affected irrigation service but rejected 
nonpayment as ameans of forcing better water 
service (Table 6). 

Irrigation system management markedly 
improved with the application of simple and 
rational techniques of measurement, control, 
and monitoring during the 1977 wet and 

Tabel. Reason fmmera gave for not followingthe hedule to plant elmultaneouslyln I lateral with reepect to location. LowerTallever Rivwr Irigation system, Mum Ea.dJ@Philppinee, 1377-73 dry seaon. 

Ralson 

hneuffliM rotation water Iffielde are planted
at the sme tlme 

Lad of capitol
No avalable cash for labor and farm machinery
Wiilngn -- to plant aheed of chedule
Differmt rice varietie 
No anerw 
Othwe 

Total 

x' atp - 0.0 a. .. m,--,efor poetion. 
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Farmers 

Upper Middle End Total 

No. % No. % No. % .O. % 

4 
5 
2 
2 
1 
1 
3 

is 

22 
28 
11 
11 
6 
6 

16 

10 
5 
6 
4 
2 
0 
a 

43 

43 
12 
14 
10 
5 
0 

16 

4 
2 
3 
0 
0 
1 
2 

12 

33 
17 
25 
0 
0 
8 

17 

26 
12 
11 
6 
3 
2 

13 
73 

35 
10 
15 
8 
4 
3 

19 
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1977-78 dry season experiments. 
Water-ue patterns Inna communal Irrigation 

sytem. About 49% of the total irrigated land 
in the Philippines was irrigated by communal 
systems in 1975 (1975 Annual Report), but lit-
de isknown about the water-use patterns in such 
systems. A recent study, therefore, concen-
trated on the availability, distribution, alloca-
tion, and use of water in the Sagnay communal 
irrigation system in Camarines Sur Province. 

The Sagnay system has 3 dams - 1 on a riv-
er and 2 on small creeks-that divert water in-
to a canal that serves 506 ha. The service area 
isdivided into five sectors on the basis of source 
of irrigation water, topography, and drainage 
waterways (Fig. 3). Three sectors receive water 
from the main canal and two receive the remain-
ing flow of the canal supplemented by small-

TaleS. Frmers' satilactionwtth the managemnt apectof
the Lower Talavera River IrgatIon System. 1377-78 dry s-

Farmers (5 
Factor Not Slightly Very 

astin- setis- Satis- satis
fled fled fled fled 

Dry season water 
supply 13 21 62 4 

Water tender 
performnce 9 12 74 5 

Water management
technician 
periormance 15 21 62 2cuff"1 frming returnscompare with thoe 

1 year ago 54 24 16 6 

L Ie-m.Laaer Sw bnCgW4WV"1 9"3^161-N *y masse
 
sill
 

er m aedlude 
 Fannae 1%) 
PSYMf lofmainfce 

No payient I
 
Pial payment 64

FuN payment 6 
NOreepone 21 

Op/ni on payments' effect on water sevce 
DO not Improve 36 
Sogsny Improve. 30
 
Improv e $ 27
 
Highly Improves S
 

Opinion on withholding ofpynent
 
to force better water sevwke
 
Does not Improve 97 
Sightly Improves 2 
Improves IHIghly Improves 0 

creek flow. The last two sectors are flat land with 
loamy soil, the rest of the area has a mild slope, 
sandy loam to loamy soil, and is on one side of 
the main canal. 

Staff gauges and current metcrs were used to 
measure flow at six points (Fig. 3). Staff gauges 
were read at 0800 and 1700 hours daily, and 
rainfall and evaporation were measured daily. 
A total of 112 paddies distributed among the 
sectors proportionate to their service areas were 
observed daily for water adequacy status and 
farming activities. 

Water availability and use. Availability of 
irrigation water from the river fluctuated, but 
most of the year the flow remained between 660 

N 

3. General layout showing water diversion and flow measure. 

ment points, sector boundaries, and observation paddies, Sql. 
nay communal Ir igallon system, Camarnes Sur, Phllppinee. 
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led diversion of water by farmers who had direct 
access to the canal. Farmers diverted water with
pipe turnouts or through cuts in the canal 

10 bank. Because the main canal bed was higher
than the adjacent farmland, water flowed con. 

Go tinuously through the pipes; the rate offlow was 
higher when the canal water head wat high. At 
times of low main canal flow, the downstream 
farmers were at a relative disadvantage. 

Haphazard individual or small group action
saw^ in constructing farm ditches and sharing thewater from a tprmout contributed to a waterCn p 3113 4, s 42 	 si o 0 a ' 9 distribution problem within different parts 

I--J-4-, -o--	 -- 4 of the service area. The presence of a large- inumber 	 of turnouts in the main canal (the num.
4. 	Awerae dally .rdgption by week delivered to different ber increased from 58 in 1969 to 149 in 1976),ctor. Sey communal iigsaton system, camarines Sur, accompanied by a lack of systematic layout andFhflippttin . 1976 wet nd 977 dy sasonh. construction of farm ditches, resulted in ahigh 
and 1,100 liters/second (av 821 liters/second), farm ditch density (70 m/ha) in the service area.The average flow into the service area from each The average seepage and percolation ratesof the 2creeks was about 90 liters/second. Rain, were 7.3 mm/day for the area covered by thefall occurred throughout the year. The first sea- first 3 sectors and 2.3 mm/day for the remain. 
son  week 23 to 49, 1976 - had 1,944 mm ing area. The soils in the first 3sectors were lightand the next season had 1,175 mm (Fig. 4). textured, and had clay contents between 2.2 and

The amounts of irrigation water delivered 8.4%; the so ils in the 2 other sectors had clayfrom the main canal to the different sectors were contents between 22.7 and 26.4%. Assuminghighly variable (Table 7). Irrigation water used the potential evapotranspiration (ET) to be per hectare decreased drastically with distance equal to Class A pan evaporation, the average
away from the dam. The total dry season irriga- water requirement for both seasons was 12tion flow from the river was about 23% lower mm/day for sectors I-Ill and 7 mm/day forthan that in the wet season and the relative sectors IV and V. The water requirements wereadvantage of sector I over more distant sectors about the same in both seasons mainly because
remained practically unchanged (Table 7). of theoccurrence of rainfall throughout the year

The inequity indistribution of water from the (Fig. 5a).
main canal to the different sectors was attri. Because sectors III and V received the leastbuted primarily to the nonimplementation of a irrigation flow per hectare of service arearational water delivery schedule and uncontrol. (Table 7) the net weekly water availability and 
Tade 7. AIe Igmed, finm dieds denly, flow drened per hectare, by seor. sgney communal ligation ystem, Cemarinee
 
k, P9dllinee 1676 wet end 11r77 dy eeon.
 

Av 0ow diverted per he 
Form ditch Wet geaeon Dry meason
 saw Are@ denulty


(he) (mlho) mm/dey % of total mm/day % of total 
I 	 47A a 60.7 56 56.7 53II 144.5 N 21.4 15 21.0 13
II 75.0 73 14.8 
 10 8.4IV 112.0 62 16.3 13 17.1 15V 127.2 44 10.6 7 5.7 6ToMd a06.

We~l edv 70 
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the area had been harvested and 60% termi
requirement for both sectors were analyzed for 
the wet and dry seasons. Rainfall effectiveness nally drained. The excess waterstored from end 

of February and the water supplied more than 
was assumed as 60% for weekly amounts 

weekly adequately met the water requirement of the
exceeding 80 mm, and 100% for 

30% of the area that needed irrih/!tion.amounts less than 80 mm. It was also assumed 
The observed occurrences of plant water

that a paddy held a maximum of 80 mm of 
stress inthe different sectors reflected localized 

water. 
water distribution problems (Table 8).

In the wet season, sector III had high weekly 
System rules and farmer practices. The far

water excesses, caused by the combined supply 
mers' water allocation practices were compared

from irrigation :.ad rainfall (Fig. 5b). Water 
with the rules set by the farmer association that

stored before the start of the deficit period made 
up for the deficits of January ane February and governs the Sagnay system, to better under

stand the reasons for the farmers' water-use
there was no significant stress of the rice crop. 
The first 3weeks of storage inMarch also made behavior. 
up for the 3weeks of deficit that followed. The 2 The farmer association's formal rules are 

based on the NIA system rules for water dis
weeks of deficit in April caused no concern 

terminally tribution and allocation. Only the urociadon'sbecause most of the paddies were 
use the system. The

drained for harvest, and only a small area genuine members can 
association determines turnout size on the bai

required irrigation at that time. 
of land area to be Irrigated, controls the imnnsker

Water deAcit also occurred in sector V from 
MAdi to erdy April but by then lbout 10% of of turnouts, and rotates water delivery to the 
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different sectors. However, on-site observations 
of the daily water management activities in the 
system revealed the prevalence among the far-
mers of afolk rule that differed from the formal 
rule. 

A major component of the folk rule is the no-
tion that a larmer who has physical access to 
irrigation water can take as much water as he 
wishes as long as there is water in the system. The 
continuous-flow basis used in allocation and dis-
tribution gave farmers with lands close to the 
source and those adjacent to the main canal 
more irrigation water than distant farmers. In 
the wet season, farmer association personnel 
generally allowed the folk rule to govern the 
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allocation-distribution system. In the dry sea
son, t6e association personnel are expected to 
close upstream turnouts at regular intervals to 
make more water available downstream. The 
attempts to exercise authority were sometimes 
superficial and, on the average, unsuccessful as 
shown by the actual water allocation in the dif
ferent sectors during the study period (Table 7). 

Water-use efficiency. The performance of 
the Sagnay system was evaluated in terms of 
water-use efficiency (WUE), which is calculated 
as the ratio of the evapotranspiration plus seep
age and percolation (S&P) requirements to the 
total water supplied from irrigation and rainfall. 
The test of performance in such a diversion-type 
system, in which there is no water storage provi
sion and continuous flow is allowed in the main 
canal and service area, would be the ability to 
maintain a reasonably high WUE uniformly 
among different sections of the system. 

The different sectors of the system differed 
greatly in WUE because allocations were highly 
disproportionate to actual requirements. Sector 
had the lowest WUE because it used up about 

6.5 times more water than it actually needed. 
III and V, which were supplircl with the 

least irrigation water, had the highest WUE. 
WUE in sector III was 56% inthe wet season 
and 88% in the dry season (Fig. 6). The high 
dry season efficiency insector III was possible 
because of low irrigation water availability mwd 

low but reCular weekly rainfall. 
The Sagnay communal system h. good 

potential for increming Its vi area bruad 
the 506 ha Itinates.ItIs, at dot t!* 



WUEoseeOw I and 11 weft icreased 1o60%,, 
enough water would be saved to irrigate more 
than 150 additional ha. 

lns .1 drofage wMer from nnrrnitda 
wlk shed. Drainage losses occur as surface or 

subsurface flow from an irrigated area. Recy
ding of the drainage water for irrigation is com
mon in water-scarce situations. Where topog
raphic features are suitable water draining from 
an irrigated watershed to an adjoining lower 
area can be recycled without the use of pumps. 

The Vaca Creek Irrigation System (VCIS, 
about 1,740 ha), which uses drainage water 
from an upper 3,183-ha watershed, was studied 
jointly with NIA. About 60% of the watershed 
consists of the service area of the LTRIS. VCIS 
receives, in addition to the drainage water from 
the watershed, fresh irrigation water from a 
diversion canal (DCI) from the Pampanga 
River. Both the irrigation and drainage water 
discharge into the Vaca Creek, which has a con
crete dam and serves as the reservoir for the 
main canal serving VCIS (Fig. 7). 

The study was done in two consecutive sea-

sons. beginning in the 1977 wet season, to 
determine the extent of the watershed drainage 
delivered into VCIS and the suitability of the 

water for further irrigation. 
Drainage outflow computations. The inflow 

consisted of local inflowfrom Vaca Creek (Qru), 
irrigation sources from two laterals of DCI 
(Qd~.), drainage from 13 rotational areas and 7 
laterals served from the main canal of LTRIS, 
and water from lateral F of the Fampanga River 
Irrigation System.TheVaca spillway flow(Q'r.),
the Caudillo Creek flow (Q',.), and the landthe audlloCrekQ'c), he andfow nd 
consolidation pilot project drain (Q',,) did not 
contribute to the Vaca main canal flow at the 
reservoir diversion point (Q',.,), but some 
minor drainage from part of the watershed 
(Q'd.) directly contributed to it after the diver-
sion point (Fig. 7). 

Appropriate Parshall flumes and staff gauges 
calibrated with current meters were installed in 
the inflow-outflow points (Fig. 7) and gauge 
readings taken daily at 0800 and 1700 hours. 
The water balance method was used to deter-
mine the total drainage from the watershed that 
flowed Into the Vaca Creek (Q' ). That is, 

A£ 

+ 

-%om 
9'9- C 

A mKtraS 
U mRgZlt 1 .V MW 

, U,0 
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7. The area north of the Vaca Main Canal Isthe Irrigated water

shed. The Vaca Creek irrigation System Islocated south of the 
canal. The figure shows Important flow and water quality moni. 

toring points and other relevant features. 

Q'r. = Q'...... + Q'r, - (Qd~l + Q.u) 

The total drainage from the watershed (Q'.j), 
which included those flows not contributing to 
the Vaca Creek, was computed by the equation 

Q',d = Q', + Q'11 + Q'kcP + Q'd. 

The potential drainage from the watershed 

(Q'W), defined as the maximum amount of 
drainage flow that could take place during each 
season, was calculated using 

= Ir + Rn - - S&P* 

where lr and Rn are the irrigation and rainfall 
supply, Pt is the mean potential evapotranspi
ration, assumed to be equal to mean Class A 
pan evaporation, and S&P* is the part of seep. 
age and percolation in the watershed that did 
not contribute to drainage flow in the creeks. 
The equation assumes that there was no chme 
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Dringe re (miNion in)
Water (million M) 

Delivered Meaured total Potential irrigation Drainage Proportion
to VCIS" drainage from draineo from model model alty model

Season 
are wotshed waterehed 

8.21 17.56 12.8423.19 40.74 49.74Wet 
32.00 3642 27A2 13.62 26.96 19.69 

Dry 	 32.5356.19 77.16 77.16 21.83 44.61
Both ve and dry 

'Vaca Creak Irrigation Systm. 

in the soil-water or underground reservoir 	 about a month of drought after the end of the 
previous irrigation schedule.status. 

The rainfall and evaporation values were The dry season potential drainage was about 
25% less than the measured drainage (Tablemeasured at four hydrometeorological stations 

within the watershed and their weighted aver- 10) probably because the water stored in the 

age values, obtained by the Thiessen polygon reservoirs from the previous wet season, and 
that in groundwater and soil-moisture storagemethod, were used. 
were lost from the watershed through supply toThe total drainage outflow from the water-
VCIS, the Vaca Dam spillway, and crop use.shed was 40.7 million m3in the 1977 wet season 

and 36.4 million m in the 1977-78 dry season Drainage reuse. Drainage reuse (DR) is the 

(Table 9). The values represented about 49% of 	 proportion of the watershed drainage delivered 
to the Vaca main canal for use in VCIS. Becausethe total water applied from irrigation and rain-
the water in the Vaca Creek reservoir, fromfall in the wet season, and 54% in the dry sea-

was which almost all delivery into Vaca main canal son. The watershed's potential drainage 
about 22% higher than measured total drainage 	 took place, consisted of both the watershed 

drainage and water from two irrigation sourcesin the wet season (Table 10). That was attri-
(Qde and Qu), three models were developedbuted to the contribution of the drainage to the 
and used to obtain the effects of different posidry Pioon and Vaca reservoirs and low soil mois. 
ble patterns of contribution from these sourcesture and groundwater storage at the beginning 

of the wet season in April 1977, which followed to the Vaca main canal flow. In the use of the 
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modes, it is muned that the VCIS require-
ment of reservoir water is always met through 
the Vaca man canal flow (Q'.), which was 
found to be true during the study period, 

I. 	The irrigation model. The assumption is 
that the water used for VCIS is from the 
irrigation sources, i.e. Qdl and Qrf as long 
as the sum of these two sources isenough to 
meet the Vaca main canal flow require. 
ment, and the watershed drainage water 
(DR#) isused only when the supply from the 
irrigation sources is less than the require-
ment. Thus, 

DR, 0, 
when (Qd + Qdf) z Q',".; and 

DR, = Q'r, - (Qdtr + Qrii), 

(Qdrhen + Qr) < Q' 


when (model 


This model gives a measure of how much 
water from the irrigation source has been 
saved due to the practiced schedule of water 
release from the diversion canal, DCI. 

2. The drainage model. The drainage from 
the watershed is assumed to be the main 
source of VCIS water and only supplemen-
tal water, if needed, is released from the 
irrigation source. Thus, 

DRd = Q'r1 

when Q'r < Q'rr; and 

DRd = Q'r,ng. 

when Q', Q'9,, 

The model gives a measure of how much 
water from the irrigation source could be 
saved if all of watershed drainage could be 
delivered to the Vaca main canal. 

3. The proportionalitymodel. The drainage 
from the watershed and the flows from the 
irrigation sources are assumed to have 
proportional shares in the total Vaca main 
canal flow. In terms of the practical aspect 
of the phenomenon this assumption ismore 
realistic than the two others, which have 
their own purposes, as explained previous-
ly. The proportionality model permits 

evaluations of the efficiency of the present 
system in -scheduling irrigation water 
releases and use of drainage flow for deliv
cry to the Vaca main canal. 

As expected, the drainage reuse values dif
fered between the models because of the 
assumptions involved. The wet season drainage 
reuse computed using the irrigation model was 
8.2 million m3 or 35% of the total water deli
vered to VCIS, and 20% of the total measured 
drainage from the watershed. In the dry season, 
13.6 million m0 or 37% of the measured drain
age was reused. The amount represented about 
42% of the total water delivered to VCIS during 
the season (Table 10). For the 2 seasons com
bined, the total drainage reuse using the irriga
tion model was about 40% of the total water 
delivered to VCIS and 28% of the total mea
sured drainage from the watershed. 

The drainage reuse computed by the drainage 
in the wet season was about 17.6 million 

m3or 76% of the total water delivered to VCIS 
compared with about 27.0 million m3or 84% in 
the dry season (Table 10). Thus, 7,1% of the 
total measured drainage from the watershed 
was reused for VCIS in the dry season and 43% 
in the wet season. There were much fewer occa
sions in the dry season than in the wet season 
when drainage water could not be used for 
VCIS. Combining the data for the two seasons, 
the total drainage reuse as obtained by the 
drainage model was 58% of the total measured 
watershed drainage (Table 10). 

The drainage model gave far greater reuse of 
drainage water than the irrigation model. That 
indicates that the irrigation water from DC1 
could have been reduced to allow more drain
age water to be used in VCIS. The values coin
puted for the drainage model would, however, 
be impossible to attain fully because the reser
voir has alimited capacity. Another limitation is 
the need for acontinuous spillof more than 300 
liters/second from the reservoir to fulfill the 
water rights of a farmer downstream. That 
accounts for about 4.5 million m3of water spill
ed during a growing season. 

The assumption made in the proportionality 
model permits comparison of the proportion of 
the water actually used from irrigation and 
watershed drainage. The 12.84 million m 
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drainage reuse in the wet season computed by
thi model b about 35% of the measured 
watershed drainage; the corresponding value 
for the dry season is 19.7 million n' or about 
61% of the watershed drainage. For the year, 
about 42% of the measured watershed drain-
age, which wes 59% of the total water delivered 
from the Vn.ca ren'oirto the Vaca main canal, 
was reused for VCIS. Water released to Vaca 
Creek from the irrigation source was more ef-
iciently ustd in the dry season than inthe wet 
season. That made possible the reuse of alarger
proportion of the dry season watershed drain-
age for VCIS. 

Water quality analysis. Water samples were 
collected once every week from sites (Fig. 7)
that represented drainage outflow from the 
watershed, irrigation water mixed with drain-
age, and water from irrigation source alone, 

The water was analyzed at the Soil and Water 
Laboratory of the NIA at Mufioz. The drainage 
water was found suitable for irrigation. The 
mean pH values for the 3 sources were between 
7.0 and 7.1. 

The electrical conductivity (EC) of drainage 
water was significantly higher (p = 0.05) than 
that of water from the two other sources. The 
highest recorded EC was 496 Amho/cm, which 
is well below any problem level for irrigation 
water. 

The sodium adsorption ratio (SAR) values 
were not significantly different among the 3 
sources and the highest recorded SAR was 2.12. 
Drainage water had a significantly higher
(p = 0.05) total dissolved solids (TDS) value 
but the highest TDS concentration of 367 ppm 
was well below the allowable limit, 

Concentrations of calcium and combined cal. 
cium and magnesium ions were Inmost cas 
significantly higher (p - 0.05) in the drainage 
water than in the mixed drainage and irrigation, 
or irrigation water.The highest observed values 
in the drainage water were- 1.42 meq cal
cium/liter and 2.91 meq of combined calcium 
and magnesium/liter. 

Other cation and anion tests showed no sig
nificant differences in concentration among the 
different sources of water or values near the 
allowable limit. 

Water numagement training. In 1978 an 
irrigation water management training course 
had 22 participants from 6 countries. All par
ticipants, except one, were irrigation engineers
from their national agencies and were responsi
ble for operation and maintenance, planning, 
research, or training. 

The primary purpose of the training was to 
enhance the participants' understanding of 
important concepts and theories related to 
efficient irrigation water management, to pro
vide them alternative approaches to solving
field operational problems, and to enable them 
to better appreciate the complex relationships 
between engineering, agronomic, and 
socioeconomic aspects that influence the use of 
irrigation water in agiven environment. 

The 5-week training course included 2 weeks 
of rice production training, 2 weeks of lecture
group discussion activities on selected 
engineering, economic and social-institutional 
aspects, and I week of practical work in the 
Lower Talavera River Irrigation System where 
the participants applied an improved method of 
irrigation system management. 
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T mo amcvitWa in 1978 were characteriza-
tnmtcbtle riceIimdsnthePhilippine, oi
sitrowm studim, and bprovement of soil tests 
for niroge . zinc. and copper. 

PHILIPPINE PROBLEM RICE LANDS 
In 1978 the survey of problem rice lands in
the Philippines was continued, and field and 
laboratory studies of soils at 26 sites in 12
Philippine provinces were made. Field ex. 
periments were conducted on 14 of the sites,

Maps and field observations give the esti-
mated problem rice lands (current and poten-
tial) of the Philippines as follows: 400,000 ha of
saline soils, 5,000 ha of alkali soils, >20,000 ha
of acid sulfate soils, > 15,000 ha of peat soils,
and >1,000,000 ha of zinc-deficient soils. 

Siad% soils. Philippine coastal saline soils vary widely in hydrology, salt source, salt con-
centration, salt distribution, salt dynamics, tox-
icities, nutrient availability, and productivity.
Some of their characteristics are in Table 1.

Four main types with different varietal 
requirements were identified. Three are shown
in Figure 1.Type 1 (not shown in figure) iswet
throughout the year, is not excessively saline,
and can grow two salt-tolerant rice ciops ayear.
Type 2 is flooded with fresh water during thewet season and issaline during the dry season
because of the intrusion of brackish creek 
water. It needs flood-tolerant varieties in the 
wet season and short-duration, salt-tolerant var-
ieties in the dry season. Type 3 is saline in thewet season because of the upwelling or seepage
ofbrackish water. The present salt-tolerant var-
ieties will do well on type 3soils. Type 4 derives 
its salinity directly from tides. Salt injury can be 
severe on this soil type. 

TtWW 1. 

Field experiments on salt tolerance are of
little value unless salt concentration dynamics
during the season are known. The curves in 
Figures 2 and 3 were from data obtained with 
perforated polyvinyl-tube piezometers.

But the type of piezometer used required
time to construct and install. Besides, the solutions were turbid, oxidized, and derived from 
too wide asoil depth. To simplify and improve
the measurement, piezometers made by sealing
1-bar porous ceramic cups in narrow polyvinyl
tubes (Fig. 4) were tested. The tubes were 
pushed into the mud to the desired depth, and
the solutions that collected were either pipetted
out and brought to the laboratory for electrical 
conductivity (EC) measurement or measured in
situ with a portable conductivity bridge. The 
piezometers gave sufficient solution (about 25 
ml) for measuring pH, EC, and Eh, and forchemical analysis, within 12 hours of installa
tion. EC values obtained with the porous-cup
piezometers were higher than those obtained
with the perforated tube piezometers or the
mud extract, but were closer to the EC value of 
the saturation extract (Table 2). The porous
cup piezometer is inexpensive, simple, and con
vcnient for sampling interstitial solutions from
 
flooded fields for chemical and physicochemical
 
measurements.
 

Acid sulfate soils. Acid sulfate soils or

potential acid sulfate soils were recognized at

Aparri, Cagayan; Sinacaban, Misamis Occiden
tal; Butuan, Agusan del Norte; Puerto Princesa,
Palawan; and Leganes, Iloilo. 

The largest area (about 6,000 ha) is at Aparri.
Here the soils occupy a swampy lowland pro.
tected from the sea by awide beach ridge. Brac
kish water enters the area through anetwork of 
creeks. Both the surface and ground water are 

elmmhgdigeaam 6.6eemd lba eale I@the PNllpplm
 
Salt Deep EC
Location Organic Iron Zinc Hghet yieldource flooding (mmho/cm) PH maMfe (%) toxcity deficiency (t/ha) 

Sineabe, Miwenis SeWelter No 2-8 4A 15.4 Yea No 
Campo& Mnjoo See"a-es No 1-12 68 6.9 NoLubo, ampenge Creek Ya 4.0Y" 6-12 6.9 2.0 No NoT@. -ew. Creek 1.0No 1-5 7.A 2AAeN Capron Seewlesr Yee 6 3.9 

NO Yes 2.5
7.5 Ye" NoSaho Canelme &xr Groundwaar No melkmenNo 6 7A 3.2 No Ye. 
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t.The types of oasal saline soils. 1978. .Ri, 

saline. The soils are Sulfic Tropaquepts with a 15.4%. In spite of strong potential acidity, mild 
pH of 3.5-4.0. They are suitable for rice if they salinity, and patchy iron toxicity, the area is 
are kept submerged and fertilized. Soil EC was suitable for rice because saltwater intrusion is 
6 mmho/cm. excluded by dikes, and freshwater for irrigation 

The soil at Sinacaban is a Typic Sulfaquent is available to keep the soil continuously sub
covering a narrow coastal swamp. It has a pH of merged. Yields of 4.1-5.6 t/ha were obtained in 
3.2-4.1 and an organic matter content of 1978, a year after the area was reclaimed. Rice 

varieties for the area need tolerance for salt and 
for iron toxicity. 

TI. 2. UaM by tC) UdI2 om 1feIRS , Peat soils. Peat soils identified by inspection
ti.flI dsSmwnIad by 2methods all miate. 13761. 

or chemical analysis cover more than 16,000 ha 
Method eC in the Philippines. 

mhm Peat soils occupy about 1,000 ha in placesI 

a p &31 scattered over Laguna. Most of the peats are 

2.64 hanging mires occurring just below sprinp at 
POW 1 b 
mud o 2M the transition of steeply rising land and alower 

sft 2 alluvial or colluvial plain. They are fed by both 
Pmg-p piemi~ ~ 2. surface and underground water. The chemical 
Mud @.dyanalyses 2.79 of some peats are given in Table 3.

They reveal a high nitrogen content, a moderate 
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2. Trend of electrical conductivity (E) values in the expert.

mental Wk (n)
field. Sinacaban, Miamis Occidental, Phlippines, 1978 3. Trend of electrical conductivity (EC) values in the expert.dry seon. mental field, Lubao, Pampanp, Philippines, starting 14 Feb. 

wary 1978. 
potassium content, and low phosphorus and
 
zinc contents. But because up to 90% of asub.
merged peat soil is water, the nutrient supply on 
 The National Grains Authority has cleareda volume basis is lower than is indicated by and drained 500 ha. Because of drainage, thechemical analysis of the dry soil. Besides, in peat has subsided more than 2 m in some places,permanently wet fields nutrients are not readily the groundwater has been lowered to 2 0 -60 cmavailable. below the surface, and the upper 15 cm of theRice on the peat soils of Laguna responded to soil has become compacted.applications of nitrogen, phosphorus, potas- Rice isgrown as a dryland crop on the drainedsium, copper, molybdenum, and zinc (1977 peat and as a wetland crop on the undrainedAnnual Report). peat. Rice grown on peat soil suffers particu-Peat soils cover about 10,000 ha at Santa Fe, larly from Helminthosporium and Pyricularia,Leyte. The formation is associated with a and from deficiencies of zinc and copper. Wetphysiographic depression and high, evenly dis- land rice responded positively to copper, zinc,tributed rainfall. The peat is 0.5 to 8 m deep and and silica in the presence of nitrogen, phosis fed by surface runoff from surrounding hills. phorus, and potassium fertilizers.It is a Hydric Tropohemist. Although peat soils contain more than 1%N, 

TawoS& Chamled alhmetassd ofham*. dy Peat awb I Use MWre 

CationOrganic achang. Total AvaHahia Exchangeable AvOlblepH matler capmcy nitogen Ophoru powasu n(1:2) 1%) (maq/10g) M (ppm) (Meq100 g) (ppm)
Lma..M 6 46 3 MVPm4LaLo "2 ., 3.1 .. .16U 1.96 60 .67.9m .76.7 63 
 U 1.36PeMa M 7.0 AO .34L1 

son F,"Lo1 4.7 
a as IM t. .24 illa 2.7 3.0 .21 1. 
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&lunM 	 11a Nutrin ( m) 

trleWvlsn Ammnoniwn Pobw. "IoM Mange.0 
C"%tnitogen islu plini Ion niol 

Drained 57 133 31 23 0.0 
Not drained 6 12 3.0 7.0 0.0 

NMf0Ufl have one or more of the following characteris-
P** Ma tics: 

. VIA=ur 1. pH >7; 

_-_.___ _ -Z 2. prolonged waterlogging; 
3. high organic matter content;
 

i SdlmASion i a 4. low available zinc content;
 
5. a Mg.Ca ratio >1;
 
6. strong zinc adsorption.
 
A combination of all of these factors is lethal
 

to rice. In a varietal test at Tiaong, Quezon, on
 
S-Ep- Q such a soil (Lipa clay loam, a Hydraquent; pH
OA 


8.2, O.M. content: 17.5%, Mg-Ca ratio: 1.54, 
1a pw zinc adsorption capacity: 99.0%, and available 
1110, Cup zinc content: 0.04 ppm), only 2 out of 698 var

ieties survived. 
Because phosphate fertilizers are said to 

"viaggravate zinc deficiency, a factorial experi
ment was set in Pangasinan in the 1978 wet 
season on a Tropaquent (pH 7.4, Olsen P:9.8 
ppm) and on another Tropaquent (pH 7.7, 

4. Porous.cup piezometer for collecting interstitial solutions Olsen P: 4.0 ppm) to detect, among other 
of flooded soils. IRRI, 1978. effects, a possible zinc-phosphorus interaction. 

Table 5 reveals a marked response to zinc in 

rice on undrained peats suffers from nitrogen IR26 and IR36. lR34's yield was low because of 
deficiency. In pots, peat soil that is drained (and typhoon damage. 
thus aerated) and then flooded showed marked To ascertain the contribution of zinc fixation 
increases in water-soluble nitrogen, phos- by soil materials to zinc deficiency in rice, the 
phorus, and potassium over the undrained soil nonspecific fixing capacity of 68 soils was 
(Table 4). Lowering the water table in peat determined using "Zn. The soils used were 
lands shortly before submergence and replant
ing should increase the availability of both 
native 	 and added nitrogen, phosphorus, and Tde L I N ne ,dmin. and u m eyId d a 

l m efte inPanMWAeN, tmwbne 16M.potassium. 
Zinc-deficient soils. Zinc deficiency is Grin yield Wt/ha 

perhaps the most widespread nutritional disor- Tn" Nadvided lan 

der of wetland rice in the Philippines. It has (kg N*e-Znha) 
we W4 PU P26 M4 MUbeen recognized at 66 sites in 31 Philippine pro-

vinces. 100%40.0 0 0 0 0.2 1.7. 1. 
Zinc-deficient soils cover a wide range of tex- 100.30.306 2.7 2U 2A 2. 1.3 44 

ture,pH, and organic matter content, and they 100430. M 2.9 0 3. 2 V 
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TrMpaquent ud Tropoiembts. The nonspe-
c-c xig capacity of the surface soi range
from 12,450 to 21,320 jg1S for the Tropa.
quents and 14,100 to 59,300 jtg/g for the 
Tropohemsts. There was no correlation be
tween fixingcapacity and total oravailable zinc. 

Because the unavailability of zinc in peat soilsis ascribed to zinc fixation, the specific zinc
fixing capacity of five peat soils was compared
with that of amineral soil, Maahas clay (pH 6.6,
O.M.: 2.0%). The specific adsorption capacity
ofthepeatsoilsrangedfrom94to213mg/100g 
and showed a significant negative correlation
with available zinc. The mineral soil had a
specific adsorption capacity of 185 mg/100 g.The bonding energy K was of the same order 

organic soils. 

SOIL NITROGEN 

Water regime and nitrogen supply. Rice fieldsundergo alternateoxidation and reduction from
voluntary or involuntary drying and flooding. 
The process is believed to lead to a heavy loss of 
nitrogen by nitrification-denitrification.

A greenhouse study revealed that the effect 
on yield of soil drying followed by resub-
mergence depended on the nitrogen-supplying

capacity of the soil and the growth stage at
which soil drying was imposed (Table 6).


Yield loss occurred in Pangasinan silt loam
(available N:39 ppm) regardless of the time 
stress was imposed,but in Maahas clay(available
N:252 ppm) and Bulacan loam (available N:95 
ppm) itoccurred only when stress was imposed
in the early stages. In Lumban clay (available
N:32 ppm) yield was not reduced at any stage of
soil drying. 

. 
d 

A h 

6 -, _ 

2 

o 

6 

kgN/ 50h9 w hNtu W h5--ho 
. Effet of 3 water regimes on yield of 1R36at 4 levels of 

nitroen fertilizer. IRRI, 1978 dry and wet seasons. 

Two field experiments indicated that drying
and reflooding Maahas clay (pH 6.7, total N:
0.24%, nitrogen-supplying capacity: 285 ppm)
carrying a rice crop did not depress yield ornitrogen uptake (Fig. 5). Apparently there was 
little nitrogen loss even in the fertilized plots.
Regardless of the amount of nitrogen applied,
the concentration of exchangeable ammonium 
8 weeks after planting was less than 10 ppm
(Fig. 6). Soil analyses after the drying period
revealed no nitrate. 

Alternate wetting and drying may not cause 
appreciable nitrogen losses in fields carrying a 

T&s & khhwe of 4 water regimes on the grain yted of MG on 4 sll l. 3M 

Water regime 

Continuous submergence 
Soil drying at 2 wt a@hertransplantlng
Sol drying at5 wk after transplanting
Soil diying at I wk after transplanting 

Pangasinan slit 
Grain yild (glpot) 

Bulacan Moahae Lumban 
loam loam day day 

33.6 s 
25.8 c 
28A b 
28.9 b 

42.4 a 
37.2 b 
39.5ab 
42.2 a 

78.9 a 
67.3 b 
08.0 b 
82.3 a 

80.8 a 
7&2a 
71. 
31.3 a 

,in a column, means followed by a common letter are not elgnfantly different at 5% level. 
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Phototrophlc nftrogen fixatin. To ascertain 
the influence of lime and phosphate on photo
trophic nitrogen fixation, Luisiana clay (pH 4.8, 
O.M.: 2.2%; total N: 0.160%) and Maahas day 
(pH 7.0, O.M.: 1.4%; total N: 0.108%) were 
treated with the factorial combinations of 2 
levels of phosphate and lime and then kept 
submerged in 4-liter pots in the greenhouse, 

04 5 NNeither 

60 -trogen 

4 

40 


N
o1)P f-0... 

00 41 8 
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6. Kinetics of exchangeable ammonium (NH) 
at 4 levels of nitrogen fertilizer. IRRI, 1978. 

rice crop. On the contrary, drying a wet field 
may encourage mineralization of nitrogen and 
thereby increase its availability. 

Effect of straw on the status of nitrogen and 
other nutrients. Leaving the straw in the field 
increased the total nitrogen, available phos-
phorus, and exchangeable potassium content of 
the soil. The mean increases after the 12th sea-
son, averaged for 3 water treatments (dry fal-
low, dry fallow with midseason soil drying, and
flood fallow), ate shown in Table 7. Returning 

the straw to the field either as long straw or as 

compost, increased the nitrogen content (Table 
8). In 2 separate long-term experiments, it led 
to anitrogen gain of 0.023% or 460 kg/ha in 6 
years. 

with and without light. 
lime nor phosphorus produced asig

nificant increase in nitrogen, but the net ni
gain in light and the net nitrogen loss in 

darkness were less in the acid-soil Luisiana clay 
than in the neutral-soil Maahas clay (Fig. 7). In 
2 years, Luisiana clay gained 0.014% N or 280 
kg/ha; Maahas clay gained 0.005% N or 100 
kg/ha. Luisiana clay showed no appreciable 
gain beyond 6 months. 

-Contrary to expectation, net phototrophic 
t2 133 

(horvest) 

in Muhas clay 

nitrogen fixation was greater in the acid soil 
than in the neutral soil. Apparently 

nitrification-denitrification in the acid soil was 
less. 

Gains in nitrogen by phototrophic fixation 
may be enhanced by using nitrification 
inhibitors in the surface water. 

SOIL TESTING 

Nitrogen-supplying capacity of soils. The incu
bation method is subject to two errors: 1) ni-

Ta"bLe.oaof4aawboN 
M e ahdfa 

Organic
Treatment mattor(%,) 

menanUmaemsntmtm 
a.einPlSw~t n . 

Excitnge Olson 
Nitrogen possum Osphorus(% (maq/lOO g) (ppm) 

Straw removed 3.1726b .187 b 119 h 123 bc 

Straw Incorpo-
Sraw 3.01 a .211a 1 b 
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trification or denitrification losses at the soil, 
water interface; 2) loss of ammonia gas at the 
water-air interface. 

Table 9 shows that exposure of the soil sur-
face toaircaused no lossof ammonium until soil 
pH was raised to 6.5, and that N-serve was as 
effective as nitrogen gas in reducing ammonium 
loss. 

N.serve does not prevent loss of ammonia 
gas, but acidification retards both nitrification. 
denitrification and ammonia loss. The effect of 
adding 2 drops of N HCI to the surface water in 
the incubation tubes was studied. Results indi
cate that to avoid loss of ammonium by 
nitrification-denitrification and ammonia vol
atilization, both argon and HCI were necessary 
- argon to suppress nitrification and HCI to 

reduce loss of ammonia gas. 
Available zinc and copper In rice soils. Zinc 

deficiency is a widespread nutritional disorder 
of wetland rice. It occurs on alkali soils, calcare
ous soils, poorly drained ,ineral soils, and peat 
soils. Copper deficiency limits rice yields on 
peat soils and perhaps also on other zinc
deficient soils. A simple, rapid, reliable method 
of estimating zinc and copper in soils used for 

wetland 	rice is a pressing need. 
Becaullc the widely used DTPA (diethylene 

triamint; pentaaetic acid) and ED'rA (ethylene 
diamine tetraacetic acid) methods consume 
much time and chemicals, they were compared 
with methods using 0.1 N HCI and 0.05 N HCI 
as extractants for available zinc and copper in a 

236 	 IRRI ANNUAL RKPORI WOR I 78 

laboratory md Srenho e shUdy of 32 sob 
with awide range of pH and oranic matter con
tent. 

The 0.1 N HCI method consisted of shaking 2 

g of air.dry soil with 20 ml of 0. 1 N HC for 5 
minutes. The 0.05 N HO method used l0 g of 
air-dry soil shaken with 20 ml of 0.05 N Ha for 
5 minutes. The extracts were filtered, and zinc 

and copper were determined by atomic absorp
tion spectrophotometry, along with the 

DTPA-TEA and EDTA-(NH 4),C0 3 extracts 
obtained by shaking for 2hours and 30 minutes, 

respectively. Rice plants grown on the flooded 
soils were wet-ashed, and the concentrations of 
zinc and copper were measured. 

The 0.05 N HCI method gave the best corre
lation between extractable zinc and copper and 
their concentration in the plant, as shown 
below: 

Concn of clement inextract 
vs concn in plant 

Method Zinc Copper 
EDTA-(NH,),CO 0.4300 0.2804 
DTPA.TEA 0.31 0.20Y* 
0.1 N HCI 0.55** 0.640 
0.05 N FICI 0.88** 0.74** 
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on photottophic nitrogen 
flxuuon in2submetied sols. IRRI, 1978. 
7.Influence of sod type mid lisht 



0- 13 of u16 oils that coe,1:d less thu I 
ppau extractle dc with O.OW N Ha. plea 
sh Ad c defickicy symptom or containedn 
<27 ppm zinc. Aho;- no copper deficiency 
sympom won observed, plmts prnwf:'on 13 
of the 13 sob with < 0.1 ppm copet by the 
0.05 N HO method contained < 5 ppm copper. 

Avalable zinc(0.03 N Ha)correlatedhighly 
with available copper (0.05 N HO), with r -

0.1*. So did phaut zinc w copper, wth r 

0.5:* . Appareanty bt.e e of dmiautles in 
theL chemical behavior, copper deliclency my 
occur in zin-c9fdtent sob 

The 0.05 N Ha extraction appears to be a 
accurate, simple, rapid, and inexpensive 
method of measuring available zinc and copper 
in soils used for wetland rice. 
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MOLECULAR NITROGEN FIXATION 
ASSOCIATED WITH THE RICE PLANT 
Sad Microbiology and Agronomy Departments 

Nlregpa.mlance studles. In cooperation with 
Boyce Thompson Institute and Cornell Univer-
sity, IRRI conducted nitrogen balance ex-
periments on rice in pots in the greenhouse. 
Maligaya (Central Luzon) clay soil with 0.069 
to 0.073% nitrogen was used. A summary of 3 
nitrogen balance experiments containing data 
from about 2,650 Kjeldahl analyses is in Table 
1. The data from experiment A show a highly 
significant increase in nitrogen in pots planted 
to rice, when the surface was exposed to light, 
Phototrophic organisms appear to actively fix 
nitrogen in the presence of light, 

The data in experiments A and B indicate 
that nitrogen fixation by soil heterotrophic and 
phototrophic microorganisms depends on the 
rice plant. The mechanism of this association 
remains to be explored, 

The effect of azolla and blue-green algae on 

nitrogen balance in flooded soil was studied 

(experiment C, Table 1). The addition of iron 

and phosphorus alone increased molecular ni-

trogen fixation, apparently by stimulating the 

indigenous population. Inoculation with blue-

green algae did not significantly improve 

fixation. The incorporation of azolla and its 

growth signifilantly increased nitrogen fixation 


Table 1. Data from 3nitrogen balance experment. RI, 1973. 

Pot treatment 

Plant Change In soil ± SE- InputsPlanted Exposed 

to rice to light Supplemental (A) (B) (C) 


EdperimentA (6 crops) 

+ + None 1175* -604 ± 70 a 27 
b 27+ - None 1148 b -961 ± 50 

24 
- + None 0 c 193 ± 82 r 

+ - None 997s -795 
+ - Stubbleremoved1042 a -875 
- - None 0 b -243 

+ + None 1204 b -789 
+ + P,Fe 1211 b -395 
+ + P, Fe, lgs 1273 b -261 
+ + P, Fe, olla 16o1 a -421 

and the total nitrogen content of the crop.That 
suggests that a portion of nitrogen in atolla 
mineralized rapidly and became available to the 
associated rice crop. 

S5N gas bicorporatina Into wetland rice. In an 
attempt to obtain direct evidence of molecular 
nitrogen fixation associated with rice and the 
availability of the fixed nitrogen to the rice 
plant, rice plants were exposed to '3N. The 
exposure chambers had controlled temperature 
and gas composition and, in certain cases, light. 

1R8 was grown in pots with flooded Maligaya 
soil, and 49-day-old plants were placed in a 
chamber with artificial lighting. The plants 
remained in the chamber for 7 days, and the "N 
content of the root and top portions Was 
analyzed. Positive 'IN incorporation was found. 
The rhizospheric soil and roots had a high 15N 
concentration. Low but significant enrichment 
of "N was detected in the upper leaves. That 
indicates that some of the fixed nitrogen is 
available to the aerial portion of the rice plant. 

IR26 grown in unfertilized plots of IRRI's 
paddy field was transferred to a mineral
nitrogen-free liquid medium. The pots were 
then enclosed and fed with 'INgas (Fig. 1). The 
gas was continuously circulated between the gas 
phase and the liquid phase to saturate the root
ing medium. The result of 7-day exposure to "N 
is shown in Table 2. The greatest amount of "5N 
was found in the roots in the first trial and in the 

Nitrogen" (mg) 

Miscellaneous 

Experimant 8 (4 crops) 

± 39 a 21 
± 66 a 21 
± 40 b 0 

Experiment C (6 crops) 

± 61 a 27 
± 77 b 92 
± 30 b 96 
± 67 b 106 

Balance N gain
 
(A + B - C) (% of plant N)
 

544 a 46 
10 14 
150 n.. 

181"* a 18
 
1480 a 14
 

-243 b 

387** 32 
72300 b 60 
914#0 bc 72 

* 
11636 C 68 

*Mana folowed by the eame letter ara not significantly different at the 5% level. 1a,dard error of mean. 
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1. Diagiam of N feeding device and enclosed chamber with rice planu. IRRI, 1978. 

outer leaf sheaths in the second trial. Because effect on blue-green algae, othersoil microflora, 
blue-green algae sometimes grow on the outer and the rice plant. The chemical acted as a 
leaf sheaths of plants dipped inthe floodwater, a potent inhibitor of blue-green algae; but con
contribution from blue-green algae was sus- centrations that severely inhibited blue-green 
pected. In the second trial, the 15N in the outer algae were not toxic .o rice or nontarget soil 
leaf sheaths was no higher in the exposed sheath microoiganisms. Ethanol-amended flooded 
than in the cover sheath. Thus, heterotrophic soils treated with propanil (25 ppm) generally 
molecular nitrogen fixation appears to contri- had higher rates of nitrogenase activity than 
bute 15N enrichment of outer leaf sheaths. those not treated with propanil. The flush of 
Enrichment was also found in the lower portion nitrogenase activity in propanil-treated soils 
of the stems. As suggested by acetylene reduc- was associated with a rise in the population of 
tion assay (described in the following section) 
the outer leaf sheath, crowns, and nodes dipped . 
in the soil and floodwater appear to contribute VIn2. latifMlan.OhesolWflatbutSU~pUein77 daya. InRISf. 
to molecular nitrogen fixation associated with 
rice. "Ncontent N armount 

Iltorn %exoue I/PanRelative contributionsof blue-green algae and6p 
baceria. Propanil, a herbicide used for the Root 0.783 1.00

Outer leaf seath 2.035 0.0e 
postemergence control of barnyard grass and Iner , Oeah o.00 0.341 
other annual weeds in rice cultivation, was Leaf 0.00M 0,0111 

tested in a series of experiments to determine its Y PiCIS 0.003 0 
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Ta. ~mo aomtoiniwmesdeeaspoodu
Ia FAthe 

How_ CA___ ___ __ 

No p openi 
ole Proui no dik 

6 2.4 OA 3 ti 2.2 4.6 ± O4 
26 33 t I 174.4 * 4 3&t6± 4.3 
30 44 t 11 217. ± 13.7 14.8t7 
4 67 ± 1 404 1 34.. 967 ± 7.9 

203 yold 111Wplnt, values reprMan s of04 r _ 
i standerd deviatim-one eof 

purple sulfur bacteria, especially of cells 
resembling Chromaium. 

Propanil, as observations suggest, could be 
used in experiments to differentiate the ni-
trogenase activity of the blue-green algae from 
that of the photosynthetic bacteria in paddy 
soils. Its use with the polystyrene disk methodof 
preventing the development of phototrophs at 
the soil-water surface in lowland rice culture 
made assessment of the relative activity of the 
blue-green algae, photosynthetic bacteria, and 
rhizosphere microflora possible (Table 3, 4). 
Table 3 shows that the activity obtained with 
light was not significantly different from that 
obtained using the disk mrthod to eliminate 
phototrophic activity. Since the soil was well 
colonized with indigenous algae at the time of 
the acetylene-reduction assay, the low activity 
in light indicates the absence of highly active 
blue-green algae. The substantial flush of activ-
ity observed when indigenous algae were 
exposed to propanil suggests that the initiation 
of nitrogenase activity in photosynthetic bac-
teria requires the suppression of algae activity, 
Table 4 shows that both photosynthetic bacteria 
and blue-green algae have substantially higher 

Tade 4. Niuogen fiation in a flooded aolplnted todoe end 
hIosubted with Anabaen ap. Ik 171. 

C' ocH, 
No propanil,Hoursi 

Disk Propenll no disk 

24 9.7 ± 2.5 107.7 ± 24.9 291.68± 31 
48 47.7 t 10.3 431.8 ± 47 747 ± 106 
72 121 ± 19.9 764.6 ± 96.6 1182 ± 195.7 
9 237 ± 35.9 1123 ± 86.2 1690 ± 338 

± ad.'devIa iron. n15es1-day.skd 
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activity than rhizosphere microflora. However, 
highest value was asociated with the activ

ity of the blue-green algae. That is not surprs
ing, since the soil had been inoculated with 

Anaba .na. The results of both experiments sug
gest 'hat the potential contribitions of photo
synihetic bacteria may be significantly higher 
than that of the rhizosphere microflora and may 

even approach that of active blue-green algae. 

The role of vark 'a. Repeated comparisons 
the nitrogenase (CH 2 reduction) activity of 

five test rice varieties, as well as of some 

associated variables, were made. The relative 
nitrogenase activities at different times were 
somewhat variable, but the most frequent val
ues are represented by those in Table 5. Var
ietal differences in nitrogenase activity were 
correlated positively with root dry weight and 
with methane production but negatively with 
shoot dry weight. The differences within var
ieties were also correlated with methane pro
duction in some varieties (r = 0.94-0.98), but 
the correlation was very weak for others 
(r = 0.44-0.55). Moreover, plants that 
developed poorly generally had higher rates of 
nitrogenase activities than those that developed 
normally. The results suggest that data from 
varietal experiments involving nitrogenase 
activity should be interpreted carefully. 

New types of molecular nitrogen-fixing bac
teria isolated from rice roots. In the past, 
molecular nitrogen-fixing microorganisms were 
isolated and counted primarily through use of 
selective N-free media. Tests to determine the 
best culture media for most-probable-number 
counts of molecular nitrogen-fixing bacteria 
revealed that the addition of a small amount of 
yeast extract (0.1 g/liter) was effective in 
detecting nitrogenase. 

Tables. Nltrogiftationinthed. oepheeofldievideties.
M, 17 

(nmol/dey)
Variey 

Seedling stage' Reproductive ato 

IR34 14 ± 6 776 ± 363 
IR2037 11 ± 5 $43 ± 643 
IR2071 38 ± 11 1322 ± 310 
Mahourl 23± 3 1350 ±*M 
1112G 33± 8 1g0±0 

edlkMPLge. - 0,84).'66-dy-Od pleats (r 

http:0.44-0.55
http:0.94-0.98


Diluted smples were preparedfrom the wil 
around the roots of IR26 grown in paddy soil, 
from washing of the roots (outer rhizoplane), 
from macerated washed roots (inner rhizop-
lne), and from macerated stems. The prepara-
tions were inoculated on 0.1% tryptic soy broth 
plates. Colonies were selected, grown on 
semisolid glucose-yeast extract (0.1 g/liter) 
apr, and tested for molecular nitrogen-fixing 
activity. 

Percentages of nitrogenase-positive bacteria 
were 2.4 (1/41) in rhizosphere soil, 37.5 
(9/24) in stems, 76 (19/25) in the outer 
rhizosphere, and 81 (95/117) in the inner 
rhizoplane. Isolates from the inner rhizoplane 
showed the highest incidence of nitrogenase-
positive bacteria. The bacteria were tested for 
their nutritional requirements. None could 
grow on nitrogen-free medium, but most grew 
better on casamino acid plus basal medium than 
on ammonium ion plus basal medium. The 
effects of ammonium ion (16 mg N/liter), 
casamino acids, each amino acid, and vitamin 
mixtures on bacterial growth and nitrogenase in 
a semisolid medium were tested. Ammonium 
depressed nitrogenase; casamino acid or each 
component amino acid was effective for nit-
rogenase induction. 

An oxygen concentration of 1%or less was 
optimal for nitrogenase. '5N-labeled molecular 
nitrogen feeding experiments on amino acid-
supplemented medium confirmed nitrogen 
fixation. The bacteria resembleAchromobacter. 

The experiments lead to the postulate that 
nitrogenase may be more widely distributed in 
the procaryotes than previously believed, pro-
vided that the nitrogenase test is performed 
with a small amount of combined nitrogen. 
Combined nitrogen for nitrogenase induction 
was also found necessary for nitrogen-fixing 
free-living rhizobia. 

Inner rhizoplane heterotrophic bacteria iso-
lated from the non-nodule-forming leguminous 
plant Cassia tora were all negative to nit-
rogenase. 

The significance of these bacteria in nitrogen 
fixation in wetland rice is still unknown. 

mdmsve comnribudon of roots to nitrogen 
bade smodated with wetland rice. Nitrogen 
fixation associated with rice is not confined to 

the rcots or ruizosphere because rice plants 
from which rots were removed still exerted 
nitrogen-fixing activity. The relative contribu
tion of the lower portion of stems may vary with 
growing conditions. To determine the relative 
contribution of roots and stems, the acetylene 
reduction activity (ARA) of rice plants with and 
without roots was assayed by the water culture 
technique. 

IR26 and Latisail were grown in a new field. 
Plants were taken from the field, transferred to 
nitrogen-free mineral nutrient liquid medium, 
and grown for another day. ARA rates were 
assayed for 5 and 24 hours with rootless and 
intact plants. The ARA rates of rootless plants 
relative to intact plants were always higher in 
the 24-hour ARA assays than in the 5-hour 
assays. That suggests that ARA rates of rootless 
plants increased during growth after root cut
ting. The value for the 5-hour ARA may there
fore be more realistic for evaluating the relative 
contribution of roots in nitrogen fixation. 

Using 5-hour ARA rates, the relative con
tribution of stems ranged from 100 to 6%. The 
relative contribution of roots was less during 
early growth than during later growth, and 
greater in IR26 than in Latisail. 

Heterotrophic nitrogen-fixing activity of 
blue-green algae attached to the lower portion 
of stems, and of heterotrophic bacteria on the 
leaf sheath surface and in the nodes may account 
for nitrogen fixation in the roofless rice plant. 

Excised tissue showed that nodes from the 
lower portion (1-2 cm from the lower tip) had 
nitrogen-fixing activity. The levels of nitrogen
fixing bacteria in the nodes were similar to those 
in the roots. 

NITROGEN FIXATION ASSOCIATED WITH 
AZOLLA 
Soil Microbiology Department 

Continuous growth ofazoils. Twenty-twocrops 
of azolla were harvested from open field plots at 
IRRI for a period of 335 days. The nitrogen 
increase from the crops totaled 465 kg/ha, an 
average of 1.4 kglha per day (Fig. 2), nearly 
comparable to the nitrogen fixation of forage 
legumes. 
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2. Nitrogen-fixing rates of azolla grown for ayear in the field,
IRRI. 1978. 

Azolla species and clones collections. Clones 
of A.pinnata andA. mexicana were collected in 
1978. The growth rates of the collections in 

Fidtl bids. One-square-meter frames we 
set in open nd 50% shaded-plots. One hundred 
grams of fresh azolla with 3 kg a.i. carbotu
ran/ha was inoculated in each frame. Super
phosphate at the rate of I kg PsOdha was 
applied every 3 days. Azolla was harvested 
every week to determine fresh weight up to the 
6th week. Experiments were conducted from 15 
May to 26 June and from 5 September to 17October. Maximum fresh weight and nitrogen 
content during growth, final nitrogen content, 

growth rates in open plots during the first 2 
weeks are shown in Table 6. 

the first 2 weeks of the first season (hot and 
sunny), the growth of Azolla pinnata from 
Bangkok was the most rapid but final nitrogen 
gains were similar among clones, except those 
ofA. pinnatafrom Bogor and A. filiculoides.A. 
mexicana could not grow. In the second season, 
A. filiculoides did not grow. Except for A nex

there was little difference in maximum 
nitrogen gain and initial growth rates. 

Fifty percent shading retarded growth, but 
the differences in growth rates among clones 
were nearly similar, whether in open or in 
shaded plots. The results indicate differences in 
azolla growth rates and nitrogen-fixing rates 
among clones and species and between seasons,
and point up the importance of selecting the
best clones. 

Temperature requirement. Clones ofA. pin

nata (6),A. filiculoides(2), andA. mexicana (1)
were grown in nitrogen-free waterculture media 
kept at 37°/29°C day/night temperature (12 
hours-1 2 hours)andat26o/18oC.Lightintensity 

TAbe 6. OrwA Od molecular nitrogen fixation by vdogA ameh aped.. in 2 emui.* 1Ir 17. 

lIat eson (15 May-26 Jun) 

Azolls species Max fresh wt N content at Growth rae for 
end clones (kgN') 

Ap Senaus 1.23 (3)
Ap BW 1.54 (5)
Ap Bangkok 1.0(31
Ap Malaysia 1.52 (5)
Ap Bogor 1.23 (2)
Am Callornie n.g. 
At Howell 0.76 (4) 

•Pp - Aroftpw. Am - A.mexi/cnsa 

6 wk the first 2 wk 
(kg/ha) (doublinkj cfay) 

31.8 a 5A 
36.7 a 4.7 
34.2a 3.6 
36.5 a 5.3 
19.3 b 3.9 

17A b 20.0 

2d meson (5 Sep-17 Oct) 

Max fresh wt N content Growth rate for 
(kg/m') (kg/he) the first 2 wk 

(doubling day) 

1.49 
1.50 
2.38 
1.63 
1.110 
0.46 

36.4 a (4) 
43.6 a (4) 
44.8a (6)
42.0 a (6)
42.3 a (4) 
11.3 b 

4.0 
4.2 
3.A 
4.2 
3.9 
6.6 

n.g. 

meda. Values followed by the erne letter are not algnificently different at the 5% level. n.g. - no growth., 
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min Im/M 

1110110 swim (elm'
13 da04) 

Nfogen
1%) 
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(1ttwe) 

A k lhlnow 234 3.14 3 
bgar
herniae 

2.02 
1.2 

2.74 
2.20 

4.35 
4W7 

Malays 
howl 

1.14 
1.13 

1.94 
1.96 

531 
.46 

A 80a s 
aleqkok 

"NI 
0.2 
0.20 

1A2 
2.79 

7.56 
17.3 

Tledale 0.14 2.30 22.0 
A, e Wreylodge 1.44 3.00 5.36 

"flgjmin pernthem represent days when obwsvation was made. 

apeeemfuU 

madmumr 
Win') 

6.U (33) 
6.00 (42)
6.1 (33) 
6.61 (42) 
.4 (42) 

6Z (42) 
6.34 (42) 
8.75 (33)
5.10 (42) 

Niroe" dep
(%) latwamo 

4.60 SW 
4A W 
4.77 5.54 
4.41 7.10 
5.26 7.0 
4.79 7.02 
4.30 .56 
5.30 5.38 
4.93 7.05 

was kept at 30 klux and relative humidity was 
75%. Fresh weight was measured every 2 days, 
and nutrients were renewed. Plants were har-
vested at maximum growth; dry matter and ni-
trogen content were measured. Except for A. 
filiculoides, initial growth rates were higher at 
higher temperatures; however, maximum 
biomass and nitrogen content were much higher 
at lower temperatures. 

A. pinnata from Bangkok showed a very dif- 
ferent growth pattern. It was superior in the 
field but inferior at 37°/29°C. Maximum temp-
erature never exceeded 33°C in both field trials 
(Table 7). 

Phosphorus application. Phosphorus is 
essential for maximum yields of azolla. Because 
azolla absorbs phosphorus from the water, and 
applied water-soluble phosphate is quickly 
adsorbed into the soil, split application is 
expected to be more effective. The effects of 
basal and split applications on growth were 
studied in the field. The total amount of 15 kg 
P2O4/ha or 30 kg PgO, ha was split into five 

of baal aT"bl aeuta 

Phosphorus 
pantmdd Appl 

(kg/ha) 

0 

at qppliations of phosom 

Azolla 
Won fresh wt 

(glrn') 

221 c 
15 sel 1030 b 
15 
30 

SpIlt 
Ses 

14500 
1340 ab 

30 Split 1430s 

portions and applied every 2 days until the 10th 
day. The fresh weight of azolla was measured 
every week and the final harvest was made at 27 
days. Floodwater was taken every 2 days and 
analyzed for its phosphorus content. 

Table 8 shows that the split application of 15 
kg P20 gave higher azolla and total nitrogen 
yield than the basal application of 15 kg PrOs. It 
also approximated the 30-kg split yield. It is 
evident that the split application of phosphorus 
can reduce the phosphorus needed for azolla 
culture. In the 15-kg split application the ratio 
of nitrogen fixation to unit weight of phos
phorus pentoxide applied was 1.9. Analysis of 
the phosphorus content of azolla revealed a 
phosphorus absorption efficiency of 37%. 

Phosphorus analysis of paddy water indicates 
that 0.1 or 0.2 ppm phosphorus is probably the 
threshold of phosphorus deficiency in azolla. 

Intervals andratesof splitphosphorusappli
cation to azolla. The best interval and rate of 
split application were determined in another 
experiment. Two intervals (2 and 4 days) and 

on -,le growth,27 daos aftr bead. l, 19M. 

Nitrogen Total Phophone 
content nitrogen cont 

(%) (kg/ha) (kg PaOsIha) 

2.4 5.0 c 0.20 
3.06 20.6 b 2.36 
3.4 33.1s 5.30 
3.9 31.7s .03 
4.29 34Aa 8M 

lvel. SplCppMtlAAESnW smN. vaoskfollowed byftaasttr rnot lcntlydiffaetth5% MTd 
porlefl aW applie every 2days, from Inoculation to the eight day. 
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three levels ot phosphorus (7.3, 10, 15 kS 
PSOVM) were tested, 

Phosphorus was applied 12 times at 2-day 
inteals and 6 times at 4-day intervals. The first 
application was made at the time of inoculation, 
and amlla was harvested after 35 days. The 
intervals produced no difference in fresh weight 
and dry weight; however, the nitrogen content 
of azolla at both intervals was inferior at the low 
level of phosphorus application and application 
at 2-day intervals was slightly better than appli-
cation at 4-day intervals. Application rates of 
7.5 kg P1O,/ha per azolla crop split into twelve 
2-day or six 4.day intervals are recommended as 
efficient. 

The ratio of nitrogen fixed to unit weight of 
phosphorus pentoxide applied was about 1.9 in 
the highest case (10 kg, 2-day intervals). Proba-
bly because of the higher phosphorus content in 
the water, the growth of azolla was no better 
than that in the previous experiment. 

Availability of azolls nitrogen to rice and its 
lms In soil. Greenhouse-grown Azolla pinnata 
from Malaysia was labeled with "N by growing 

it on a culture medium contaiing ammonium 
sulfate. The 'SN-labeled eml• was either incor. 
porated into the soil, floated on the water, or 
placed on the surface of the soil. Then the fate of 
16N in the flooded soil was followed for 6weeks. 
Azolla incorporated into the soil lost 33% of its 
"N; azolla placed on the surface of the soil lost 
66%. Floatingazolla, with some plantsstill alive 
after 6 weeks, lost 48% of its "N. That 
confirmed the high efficiency of azolla nitrogen 
after soil incorporation. 

The uptake of "N in azolla by rice grown in 
pots was studied. When azolla was incorporated 
into the soil, 52, 50, and 53% of 15N was 
absorbed by the rice plants at 42, 81, and 123 
days after transplanting. When azolla was 
floated on the surface, only 3.9, 6.2, and 9.5% 
of the 13N was taken up by the rice. That indi
cates the higher efficiency of azolla nitrogen 
incorporated into the soil. 

In the field, nitrogen uptake from the 13N
labeled azollain I-m2 plotswasstudied.Thefield 
trial also showed the higher efficiency of incor
porated azolla nitrogen. 
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NITROGEN FERTILIZER EFFICIENCY applicator. Another treatment was regular SCU 
Agrommy and So Chemistry Departmens broadcast and incorporated at final harrowing. 

These fertilizer treatments were compared with 
Research on ways of increasing the efficiency of split application, which is the best method pres. 
nitrogen fertilizers for rice was intensified dur- ently available. 
ing 1978 through a collaborative project with The first 52 kg N increased yields of both 
the International Fertilizer )evelopment varieties by more than 2 t/ha. Except for SCU, 
Center (IFDC), Muscle Shoals, Alabama. Two higher rates of nitrogen did not further increase 
general approaches -deep placement and slow the yield of IR36 (Table 1). However, IR42 at 
release - are being tested. Among the experi- IRRI gave significantly higher yields with 82 kg 
mental fertilizers being considered, two - N/ha from methods other than split application. 
sulfur-coated supergranules and forestry. In fact, its highest yield from split application 
grade sulfur-coated urea (SCU) - were was obtained at 120 kg N/ha. 
developed especially for rice and were first Yield response to SCU at 82 kg N/ha was 
tested in the field in 1978. The forestry-grade consistently higher than that to split application. 
SCU granules are approximately 10 times With SCU at that rate, IR42 gave a particularly 
larger than regular SCU granules and are easier high yield of 7.7 t/ha, suggesting that in the dry 
to incorporate into puddled soil. season, when demand for nitrogen is high, 

Dry season. The second trial of the Interna- slow-release fertilizers may be especially effec
tional Network on Fertilizer Efficiency in Rice tive with medium- to late-maturing rice var
(INFER) was continued at IRRI (Alfisol) and ieties. 
in two farmers'fields (Ultisol and Vertisol). The Wet season. At the International Rice 
early-maturing varieties IR36 and the Research Conference in April the current status 
medium-maturing IR42 were used. Point of INFER was evaluated. The INFER particip
placement (10-cm depth) of mudballs or urea ants decided to modify the list of treatments for 
briquets was compared with band placement the nitrogen efficiency trials. The liquid band 
(15-20 cm) of prilled urea by the plow sole placement and urea-in-mudball treatments 

m ournmsTedel. 0 o and methodof flogen appl atlonon granVblof dee ataIn d I2 f*am fin tP Mp . 

Seeond aW of theOhtomadonal Network on FertUwzor EWffIn inRise, 171 dry aemoon. 

Yield' (t/ha) 

Neutral
 
Neutral Alflsol Acid Ultisol Vertisol
 

Treatment at IRRI in Lulsiana, in Teresa, Mean
 
Laguna Rizal
 

IR36 IR42 IR36 IR36 

No fertilizer nitrogen 4.0 c 3.8 f 2.6 e 2.5 a 3.2 

Urea - 52 kg N/ha 
Split application' 6.1 ab 6.1 de 4.8 bcd 4.5 bc 5.4 
Plow sole placement 6.3 ab 6.2 do 4.4 d 4.0 d 5.2 
Mudbell placement 6.0 b 6.7 bcde 4.7 cd 4.7 bc 5.5 
Bqure placement 6.ab 6.0 a 4.5 d 4.3 cd 5.3 
Sulfur-coatad urea 6.7 ab 6.4 cde 5.0 bcd 4.9 b 5.8 

Urea - 82 kgN/ha 
Spit Iplcation 6.4 ab 6.2 do 5.4 ab 5.4 s 6.9 
Plow ole placement 6.4 ob 7.1 abc 4.9 bcd 4.7 bc 5.8 
Mudboll placement 6.3 ab 7.2 ab 5A ab 5.3 a 6.1 
Brlque placoment .5 3b 6.8 bcd 53 abc 5.4 a 6.0 
Sulfur-coated ure 6.8 7.7a 6.o 5.7s 6 

Ammonium auffate - 120 kg N/ha 
Split application' 6.6 b 7.1 abc 5.4 ob 5.3 a 

'in a column, means followed by e common letter are not significantly different at the 5%level. 'Two-thlrds bseal + o4thTr 5-7 
dey befom ponld. Initiation. 
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Flow sale plaeme 
9W n an?d |inoorrated 
9CU plow sole plcemeW 
3CU' broadca On Incrporaled 
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SpIl applickion 

Plow mle plcement 

SW01 broadcast and incorporated 

SCU plow Sol* placement 
50UWbroadcast nd incorporated 
Sueergrnule point placement 

Split application 

Split application 

VWW;o ft)
 

_ -Lucks", Ouman Tm., Ml Moen
 

O wln 


3.2 C 2Us 1.7 h 

Utn - 27 keNha 

4.7 al 
4A b 
4.6 b 
4.5 b 
4.6 b 
4.4 b 

4.5 b 
46 b 
4.5 b 
4.8 lb 
6.0 ab 
4.7 lb 

4.9 ab 

5.3 a 

V7 
4.0s 
4.0 a 
3. a 
3.3 a 
3.9s 

Ure 

3.0a 
3.9 a 
3.9 a 
3.8 a 
3.9 a 
3s a 

2.2 fg 
1.9 gh
2.6 def 
2.6 cdo 
2.2 fo 
2.6 cde 

64 kg N/ha 

2.7 bcde 
2A of 
2.8 abed 
2.9 abe 
2.6 cde 
2.7 bcde 

Urea - 80 kg N/ha 

2.8 b 3.0 ab 

Ammonium su/ftte - 80kg N/ha 

3.8 a 3.2 a 

2.0 C 2.3 

.1 be 3A 
33 ae .4 
3. a 2.6 
&3.a.7 
3.6 ax .6 
3.6 abx 3.6 

3.9a 3.7 
3.5 abc 3.6 
3.8 a 3.8 
4.0 a 3. 
3.7 ab 3A 
3.7 •b 3.6 

4.0 a 3.7 

4.0 a 4.1 

days before panicle initiation. °Regular sulfur-coated urea. 

were dropped: in their place the plow sole 
applicator (for applying prilled urea or SCU), 
and forestry-grade SCU, applied broadcast and 
incorporated, were used. The third intema-
tional trial on nitrogen fertilizer efficiency con-
sisted of 15 treatments. A simpler experiment 
for rainfed rice was also designed for use in 
some countries. The experiment was conducted 
at IRRI and on two field sites. Mean yield 
ilcrcases with the application of 27 kg N/ha and 
54 kg N/ha were only 0.8 and 1.0 t/ha (Table 2). 
Lodging caused by typhoons was most severe on 
plots receiving the high rate of nitrogen and in 
those treatments in which the most efficient ni-
trogen fertilizers were used. Treatment differ-
ences were therefore only poorly expressed in 
grain yield, 

Another wet-season experiment was 
designed to study experimental fertilizers that 
use deep placement or slow-release concepts, 
either alone or in combination. "INmicroplots 
were used in some plots. The "N balance data 
are still being processed, but data from the large 
plots are available (Table 3). Lodging from a 
typh-)on again reduced differences in grain yield 

'In a column. means followed bya common letter are not significantly different at the 5% level. &Two-thirdsbasal and one-third 5-7 
'Forestry-grade aulfur-coated urea. 

between treatments. However, N analysis of 
aboveground plant parts permitted calculation 
of the nitrogen apparently recovered from the 
different fertilizers. The plant recovered sig
nificantly more nitrogen from forestry-grade 
SCU. This high recovery may be caused by the 
peculiar release characteristics of the 
forestry-grade SCU - whose granule size and 
coating thickness are uniform - that allow 
eventual release of 100% of the urea from the 
granules. Regular SCU, on the other hand, may 
fail to release as much as 20% of its nitrogen 
during the growth of the rice crop. 

Fertilizer placement depth. Although deep 
placement of nitrogen has been shown to 
increase fertilizer efficiency, the optimum depth 
for mudballs or urea briquets has not been 
determined. The effect of placement depth on 
fertilizer nitrogen efficiency was studied in the 
1978 dry season. 

The results (Table 4) show that deep place
ment of urea was more effective than split appli. 
cation. Placement at depths of 10 to 20 cm in 
general gave better yields than placement at 5 
cm. At 5 cm, briquets were less efficient then 
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mudballs, probably because the mudball com-
bines some slow-release properties with the 
deep-placement effect. Results were essentially 
the same for IR36 and IR42. 

NITROGEN FERTILITY OF sOILS 

yDepartmentAgronomy efertilizers 
Field trials at IRRI and 'a the countries 
involved in INFER to evaluate experimental 
nitrogen fertilizers for rice can yield conflicting 

results. One way of reolvinl such colie I to 
examine in detail the chemical and biologicl
transformations of the fertilizer nitrogen indif. 
ferent soils, with particular emphasis on loss 

mechanisms s~ch as ammonia volatilization. 
Ammonia volatfiatlon. Alkaline conditions 

are generally considered %ecessaryfor occur. 
of ammonia volatilization. Because vol. 

atilizatign isrepressed by adsorption to soil col. 
loids oiby solution in soil moisture, the heaviest 
ammonia losses are found in light, sandy soils. It 
was recently reported that ammonia volatiliza. 

tion also occurs in acid clay soil, but the loss is 
lower than in neutral clay soil. An experiment 
using an acid sandy loam soil (Pangasinan soil, 
pH 5.0, total N: 0.08%, O.M.: 1.12%, CEC 7) 
and a neutral clay soil (Maahas soil, pH 6.9, 

total N: 0.17%, OM.; 3.15%, CEC 43) in out-E 3 notttlN .7,OM;31% 
door drums was conducted. It had two objec

tives: 
I)to quantify the ammonia volatilization los

ses from five nitrogen sources under two 
methods of application and two placement 
techniques in two different soils; 

2)to evaluate the effectiveness of slow. 
release fertilizers and placement tech
niques in minimizing ammonia losses in a 
coarse-textured soil. 

Ammonia volatilization losses were meas

ured from two soluble nitrogen sources (urea 

and ammonium sulfate) and three slow-release 
(SCU 21, SCU 5.5, and isobutylidene 

diurea [IBDU]). Two methods of application 
tested were broadcast and incorporation (basal) 
and topdressing or surface application. Two 
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am lw 
DeIP ment 
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Is am 
20 om 
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M, 57 dry aemeon.of ure placemerw on grain yield of MU ad MM. 

Grain yield' t/ha) 

11142IR36 

T-mean 
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2.7 d 3.0 c 3.4 d 3.1 c 3.0 d 
c4.6 b 4.24.2 c 3.7 b 4.4 c 

4.4 bc 4.9a 
5.00 5.00 
4.5 A 5.2a 
42a b 4.7 

4.2 4.4 

. 'Av 04 repetion. Ina cohimn, meen follow, 

5.2 b 5.40 4.9 b 
5.7 ab 6.4a 6.3 
6.7 sb 6. 5.2 ab 

5.2 mb5.8 5. 
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the fertilizer was incorporated. /lhough Pau. urea forms were compared: briquet and gelatin 
gasinan soil is acidic, the pH of Goodwatercapsule. 

In Pangasinan soil (coarse.textured. acid), ranged from 8.0-9.0 with urea and 7.7-8.5 with 

urea, either broadcast and incorporated or sur- ammonium sulfate. 
face applod, resulted in 19.2% nitrogen loss Placement of urea briquets and use of the 

through emmonia volatilization (Fig. I). Sur. slow.release fertilizers IBDU and SCU 5.5 

face application of ammonium sulfate resulted resulted In low amounts of loss, and urea In 
gelatin capsules produced negligible loss byin 14.2% loss. which was reduced to 7.0% when 
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3. Effct of dlrrent foms of wes ferlilier 

ammonia volatilization. SCU 21, surface 
applied. recorded 6.4% loss, and incorporation 
of the basal dose decreased the loss to 4.5%. 
Evidcntly. use of slow.release fertilizers like 
IBDU and SCU 5.5. or placement of urea in 
gelatin capsules minimizes losses in a coarse. 
textured soil. Incorporation of fertilizers like 
ammonium sulfate and SCU 21 reduced 
ammonia volatilization. Incorporation of urea 
did not improve fertilizer efficiency in the 
coarse-textured soil. 

Surface application of urea. ammonium sul. 
fate, and SCU 21 in Maahas clay resulted in 
12.1.9.5. and 9.1% Nloss. respectively (Fig. 2). 
Urea broadcast and incorporated showed 8.5% 
N loss, wl.!e ammonium sulfate applied the 
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way dowed 6.7* Io=. The uapde e of 
nitrogen lo was alllentldy hlgher from ur 
then from ammonium sulfate with both 
methods of application. SCU 21. when broad. 
cast and incorporated, had 1.6% N loss, which 
indicates that the m"'eral issuitable for 
minimizing ammonia loss in neutral day soil. 
With both methods of application. SCU 5.5 and 
IBDU had similar values, ranging from 
1.3-2.7% N loss. Use of urea briquets resulted 
in a negligible level of ammonia loss. but urea in 
gelatin capsules resulted in 2.0% N loss. 

In the wet season, ammonia volatilization 
from regular and forestry-grade SCU, urea super
granules(SGU). and sulfur-coated supergranules 

urea in three different types of soils was 
measured. Maahas and Pangasinan soils and 
Pila loam (pH 7.5. total N: 0.26, O.M.: 3.16, 
CEC: 25 mcq/l00 g. loam) were used. 

Surface-applied urca had higher loss through 
volatilization than any other treat

ment (Fig. 3). This trend was shown inall three 
soils, but the total ammonia loss was always
higher inPangasinan sandyloam. Incorporating 
urea significantly reduced the loss. 

In Pila soil, ammonia volatilization from 
supergranules was negligible, indicating that the 
modified products are effective in minimizing 
nitrogen loss through ammonia volatilization in 
acalcareous soil. 

The results in Pangasinan sandy loam suggest 
that, in coarse-textured soil, placement in the 
root zone may not always minimize ammonia 
loss. That partially explains the variable results 
of briquet (or supergranule) placement in the 
international trial on nitrogen fertilizer effi
ciency in rice. 

Transformatlim oi deep-placed urea In 
flooded molth. The veatical distribution of 
ammonium nitrogen following application of 
different forms of urea on the surface and at 
10-cm soil depth was studied in 20-cm-long 
undisturbed cores of wetland soils. During 
incubation aconstant head of water was main. 
tained above the soil. and leachate was collected 
for analys6. Ammonium nitrogen remained in 
the topsoil for 4wer'cs after surface application 
of prilled urea (PU) (Fig. 4). For PU, SOU, md 
dc p-placed PU in mudballs, the ammonium 
nitrogen concentration was greatest near the 
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placemtent sites and decreased with time; for overa distanceof 10-12cmfrom dw placement 
SCU 21.the ammonium nitrogen ancentration site of $43U. For the SC-S)U. the correspond. 
incremed during 4 weeks. With time, the ing gradient was 287 to 32 g N/cm' over a 
ammonium nitrogen moved more below than distance of 5-7 from its placement site. 
above the placement site. presumably because The concentration gradient of ammonium 
of water percolation, nitrogen for SGU placed in transplante_plots 

The movement and spatial distribution of decreased with time. The especially narked 
ammonium nitrogen after the placement of 2 g decrease for the period of 4 to 8 weeks was 
SGU and sulfur-coated supergranule urea attributed primarily to the movement of 
(SC.SGU) at 10-cm soil depth were studied in a ammonium ions during the first 4 weeks and to 
wetland soil growing rice at IRRI during the movement and root-sink effects thereafter. This 
1978 wet season. The cross section of the observation is supported by the rice root dis
placement site of SGU and SC-SGU and the tribution patterns in a root-box study (Fig. 8) 
method of soil core sampling are schematically conducted in the greenhouse. 
shown in Figure 5. The contour plots of For SC-SGU placed in the transplanted plots, 
ammonium nitrogen (micrograms of nitrogen the concentration gradient of ammonium ni. 
per cubic centimeter of wet soil), computed trogen increased during the first 4 weeks and 
using the Maximum Likelihood Program then decreased because of the slow release of 
(MLP) developed at the Rothamsted Experi- nitrogen during the initial period and the root
ment Station (England), are shown in Figures 6 sink effect thereafter. 
and 7. By and large, the movement of ammonium 

After 2 weeks the ammonium nitrogen con- nitrogen in the soil-urea reaction zone was 
centration gradient was 1,850 to 32 #g N/cms downward > lateral > upward. 
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after 10.cm deep placement of 2 g sulfur-coated supergranule urea In awetland soil. IRRI, 1978 wet 

It seems that application of urea at 10-cm soil 

depth would help in reducing nitrogen loss from 

a wetland soil and in controlling nitrogen sup-

ply to the rice plant. 

EXPERIMENTSLONG-TERM FERTILITY 

Agronomy DepartIment 

IRRI. The average yields of the three varieties 

- IR8. IR26, and IR36 - for 29 consecutive 

crops (Table 5) show a response of 3.2 t to 140 
kgN/hain thedry season and about I t to60kg 

no
N/ha in the wet season. There has been 

response to phosphorus, potassium, or compost 
since the experiment was started in 1964. Yields 

in recent years have declined, partly because of 
the poor performance of IR8, and possibly 

because of zinc deficiency (Fig. 9). 
Burvau of Plant Industry sta.PhWppine 

t1Am. The 22 crops at Maligaya and Bicol and 

18 crops at Visayas (Table 6) responded to ni-
trolen, phosphorus, and potassium at all sites 

except at Visyas, where there was no response 

to potassium alone. Total response to nitrogen 

could not be determined because the ex

periments did not include a treatment with 

phosphorus and potassium and without nit

rogen. 
Yield responses to phosphorus and potassium 

are related to soil-test values for the nutrients 

(Table 7). Responses for 11 years have been 

quite consistent, as indicated in Figures 10, 11, 

and 12. Responses to nitrogen, phosphorus, or 
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& Dibtibution of ie roots of IR36 around a urea superpranule placed at 10-cm depth In flooded sol in a root box In the green
houe. IRIU. 1978. 

potassium show no appreciable changes during 
22 crops of continuous rice. 

Fom ' Au"h. The fourth and fifth crops 
were harvested in 1978 at Luisiana (Laguna) 
and Tansy (Rizal). Yields for five crops are 
shown in Figure 13 and soil.test data in Table 7. 
At both sites response to nitrogen was large, but 
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responses to phosphorus and potassium were 
small. There was no response to potassium at 
Luisiana. 

PHOSPHORUS SOURCE TRIALS OF TWO 
PHILIPPINE SOILS 

Agronomy Department 

Experiments were initiated during the 1977 
wet season in farmers' fields to evaluate sources 
of fertilizer phosphorus on flooded rice. Results 
through the 1978 wet season show that after 

croppings response to phosphorus from 
all sources and at all rates of application was 
consistent at Teresa (Table 8). At Lucban, the 
trend was the same during the second planting, 
but during the wet-season plantings only super
phosphate at 40 and 60 kg P0O/ha, Phosmak at 
40 kg P2OSha, and local guano at 120 kg
P2O0/ha produced a significant response in the 
first planting; the third crop showed no response 

showed no response to phosphorus, the second 
crop showed significant response to %uperphos
phate at all rates and to NCR phosphate at 40 kg 
PIO&/ha (Table 10). 

OF APPLYING ZINC TO RICE 
Agronomy Department 

experlnents at Tiaong, Quezon, 
evaluated the effect on transplanted and 
direct-seeded rice of zinc oxide and sulfate 
applied by different methods and at different 
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rates. The soil had pH 8.4,9.6% organic matter, 
and0.04ppmavailablezincuextractedby0.05 
N HCa. 


Where no zinc was added, rice plants pro-

ducc4 no gain (Table 11). Dapog seedlings 
raied in zinc oxide suspension and regular wet 

Uh-l Vhsym _ _ _ 

11W,l 11W. 7w, 11w. UOMlue. l3WM, 
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II. Lons-term fertility expedment, Shol, Philippines, 1968
78dryandwet ""ons. 

bed seedlings dipped in 2% zinc oxide solution 

or transplanted in soil in which 11 kg Zn/ha-as 
zinc sulfate had'been incorporated produced 
more than 3 t/ha. Treating the seedbed with zinc 
sulfate was not a satisfactory metiod of apply
ing zinc. Applying zinc sulfate suspension to 
dapog seedbeds does not reuire muchtime and. 
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Tallies. dW*meurwpaW 
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Yield (t/ha)
 
Treaunent 
 1977 wet season 1978 dry eason 1978 wet eaon 

(first crop) (second crop) (third crop) 
Nophoephonia 4.1 e e3.4 3.1 dSuperphoephate. 20 kg P.O./he 4.9 cd 5.7 ab 4.2 abcPhoespe(HRP') 4.9 cd 4.8 cd 3.7 cSuperpoe' phate, 40 kg PtO/he 15.9 ab 5.8 4.2 abcPho p 5.2 c 5.2 abcd 4.5 ab
Guano (LRP') 5.4 bc d4.5 4.1 bcSuperphoephate, 60 kg P0,/ha 6.1 a 6.1 a 4.8Phoepel 4.9 cd 5.5 abc 4.2 abeGuano. 0 kg PO,/ha 4.6 d 4.7 bcd 4.4 ab
Guano, 120 kg P.0,/ha 
 6.0 cd 5.3 abod 4.7 ab 

*Sol characteritics: pH (1:1) - 0.4. cation exchange caecl (meq/100 )  35.0, available phosphorus (ppm Bray 2) - 8.0,exchangeable potaslum (ppm) - 16.0. total nitrogen (%) - 0.06, soil eries /order: Binangonan/Vertisol. In a column, meansfollowed by acommon letter are not significantlydifferent at the 5% level. OHighly reactive phosphate. Le"a reactive phosphate. 

TabieS. EffNeaofdllffereesourceseofeqtlhe phoephorueon labor; farmers prefer it to dipping seedlingsthealflysdeIn ,theaftw.n.afd rd eaitvv, pof after they are pulled from wet beds.320 rkce. Lvaa (Ouetaon). PljlppOIlrn 7-73..Sd1In direct-seeded rice, field application of zincYield (th) sulfate at 4.5 kg/ha and coating pregerminated 
1977 1978 1978

Treatment wet eason dry 
seeds with zinc oxide at 1.6 kg Zn/ha producedmeaon wet season more than 3 t rice. Lower rates were less effec

(first crop) (second crop)(third crop) tire. 
No phoephorus 4.5 b 5.2 c 4.4
 
Superphoephat.


20kq P.O/ha 5.1 ab 6.0 b 4.7 RATES AND TIME OF APPLYING PHOS-
Phoemak (HAP) 4.8 ab 6.2 ab 4.7 
S rh os ts, PHORUS AND POTASSIUM
40 k0 PO/h 5.2s mb6. 4.6

Phoemak 5.0 ab 6.6 ab 4.7 Agronomy Department
 
Guano (LRP) 4.9 ab 6.0 b 4.5
Superphosphate, New experiments were started in two farmers' 
0kgP,,/ha 5.3s 8.6a 4.6Phoemsk 5.2a 6.3 ab 4.4 fields in the 1978 wet season to evaluateGuao, response to nitrogen, phosphorus, and potass0okg .0,/ha 4.9 eb 6.7 ab 5.0 sium. Soil-test data from samples taken before 

Guano,
120 kg PO,/he 5.2 a 6.6 ab 4.6 the experiment would be used to calibrate differ. 
•liorat lo: pH (1:1) - 5.5, Catlon exchee cepec ent phosphorus and potassium extraction pro. 

..n~la14..IPs=o MPotrnIP~)Ir., I=~rogs( n -0.14 cedurcs for response in the field.noIe NN,-I
,Wr w L naoolummmensswed:Uft / t 4, Nitrogen, phosphorus, and potassium pro.
l'aeommno letwrme not IdA .d4tfb..mm. etthsS% level. 
Q Nv. o IAIII Is.duced responses at both sites (Table 12). At 
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.NCR 	 phosphate {4RP-) 2.6 4.5 be: 

0T 	 Super~o 8%, 40 kg P.O./he I&2.a6 .' JI , ,NCR phosiphto 3.0 LO ab 
Guano (I.IF*) 2.7 4.8 •@be 
Superphoephats, 60 kg POdhs 3.2 Sa 

a 	 NCR phosphas 3.2 4.7 abc 
Guano, 00 kg Pj,0/ha 3.3 4.9 abcGuano, 120 kg PO)ha 3.0 4.9 a 

M~s. 
70-D- Soil characteristics: pH (1:1)(meq/0 	 u 2)= . ,23.3, available - 5.4, cation(ppmsxchangeUB capey 

exchangstsbpoesuml n)-W7a, totl n )l,0.17.
soil srleslorder: Lu en/U ti.naolumn,m e followe" bcommon leterarnot i ydlfrath*6%kv.,@n 

70-0-" 

12. Long-tcm fertilityexperiment, Vlsayas, Philippines, 1968
78 dry and wet seasons. 4 	 ,..,, 

Lucban, 60 kg N/ha increased yield 1.3 t/ha; at
 
Bugallon 30kg N/ha increased yield by 0.9 t/ha. 
 o
 
At both sites, 30 kg PzOdha increased yield by - 6o0- 4o- 0
 
more than It; there was no further increase from ..- 6o - 4o0-4o
60 kg Pe/ha. Response to 30 kg K20/ha was 
0.7 t at Lucban and 2.0 t at Bugallon, with no 	 N_-_______
further increase from 60 kg K4. -

NITROGEN RESPONSE OF PROMISING LINES 6-
Agronomy Department 

Experiments on 18 to 28 varieties or lines at 5or 4 
6nitrogen rates are conducted on irrigated plots
each year at IRRI, Bicol, Maligaya, and Visayas
in the dry and wet seasons. Five-year.average 2 
(1974-78) yields of the five highest yielding
entries at each site are presented in Figure 14. 

In the dry season, the 120 kgN rate at IRRI 0 Wel i r 
averaged 7.2 tgrain/ha, and 150 kg Nproduced 1976 1977 1978 
7.4 t. At the other sites the most practical rate 13. Long.term fertlity experiment, Lubim (Lavina) and 
appears to have been 90 kg N. In the wet season, Tanay (RLzal), 1976-78 wet and dry seOse. Nitrogn ewis
60 kg N/ha was most practical at all sites. were 60 ki/ha Inthe wet season ad 120 k/ha Iltha ily.' 
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14. Nltroen response of promising lum: ay of S hitmit yielding entries at IRRI Nicol, 
Malisays, and Visayss, Philippines, 1974-78 dry and wet smons. 

tion rate of nutrient ions from soil particles. The
ELECTRO.ULTRAFILTRATION TECHNIQUE 

soil is extracted with deionized water under an
OF EVALUATING POTASSIUM FERTILITY 

external electrical field. In a vacuum the soluble
OF WETLAND SOILS 

and desorbed ions are continuously removed 
Agronomy Department 

from the extraction chamber together with the 
filtered effluent. Ions are mllected at definiteElectro.ultrafiltration (EUF) of soils is princi-

pady a combination of electrodialysis and ul. time intervals as different fractions of cation 

trafiltration. It can be used in soil fertility studies and anion filtrates. 

to determine the solubility rate and the desorp- An experiment was conducted in the 1978 
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Emgsceangseble potassum
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"ina column, moans followed by a common letter are not 
nfantly dferent at the 5%iV8. 

dry and wet seasons at the Bicol and Maligaya 
stations, where potassium soil.test values 
obtained through EUF correlated with rice 
yields. 

There were 3 replications of 3 treatments: no 
potassium, 60 kg KO/ha (basal), and 90 kg 
KtO/ha (60 kg K2O basal and 30 kg K0 top. 
dressed at panicle initiation). All plots, with rice 

0113h AM (VMi.) 
T 

000 0 
60 

o , + D442X530 0 
00 ,(r:0760n:36 

4 0 

a3 
o IRS (Blool) 

2 1 (Mailgay)IRS3 
/ IR36 (81o) 


1 - R36 (Maio"ay) 


IqI jK i i , , 

0 40 0 O 100 12D 140 
K-EUF (ppmK/35min) 

Is. bs rdelaodp betwe the poludum elsctro-ultnlhtUs-
tin (K.IU) W 30 days after trmnqlhatiamd the actual 
yaid t 2 ia. F iPfllamp,1978 dry smo. 

varieties IRS and IR36, received 140 ad 70kg 
(140 hI de dry muon, 70 i the wetl)'wd 

60 kg P./ha. The suface soft were sampled 
several times during the growingj season from 
transplanting until maturity. 

In the laboratory extractions 3 fractions of 
cation and anion filtrates were collected In one 
extraction of 35 minutes: fraction I - 10 
minutes (5 minutes at 50 V,plus 5 minutes at 
200 V); fraction I1- 20 minutes Lt 200 V; 
fraction III - 5 minutes at 400 V. Extraction 
was carried out at 15*C. The cation filtrate was 
analyzed for potassium on the atomic absorp
tion spectrophotometer. 

The K-EUF fraction I indicates the potassium 
concentration in the soil solution (intensity fac
tor), whereas the K-EUF total (sum of the three 

fractions) shows the potassium-capacity factor. 
The K-EUF total correlates well with the 

exchangeable potassium, as shown by the fol
lowing regression equations: 

= 8.4 + 1.148 X for Bicol 
(r = 0.985**, n = 180)
 

2' = 20.6 + 1.116 X for Maligaya
 
(r = 0.920**, n = 180)
 

2 = 	 17.2 + 1.068 X for Bicol + Maligaya 
(r = 0.9606*, n = 360); 

Omln yield (/ha) 

u397+O.10142X* 

4 0 (,UQ77"'n18) 

3 

2 ID O 
pH 4.6 6.5 

I - CEC 2hieqI004 29ffaq/Io
 
Maycaow 51% 3%
 
, , , , I , 

2D 4D OD W 100 Id 140 
K-EJF (ppmK/35min) 

16. Th relationship between me K-EUP total at20 days ar 
tiansplantinl and the actual yild at 2 don. flh pbsa, 1971 
wet mam. 
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Wer Y - eachumWe Kh ppm (ex lebd 
wl* IN N% astaee pH 7) and X a K-EUF 
ppm 35 olanwo. 

TIM dry-season potaium response was 
much more prnounced than the wet-season 
rupone. 

Figure 15 shows the relationship between the
K-EUF total 30 days after transplanting (1978
dry season) and the actual grain yield of the 
respective plots (avof 3years, 1976, 1977, and 

t978drysman)forbothva mghnamgiAj.
Figure 16 shows the same reladombipbe. 

twee K.EUF total 20 days after tramplamting
(1978 wet season) and the actual train yield (av
of 3 years, 1976, 1977, and 1978 wet seamon)
for IR36 at both sites. 

At the later sampling dates, particularlyat the
heading stqe when the level of available pot.
sium sank to aminimum, the relationship be. 
tween the potassium-soil test values and grain
yield appeared weaker. 
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RIKE CULTURE o' "__ _ _ _ 

l1111q Sai rob for omada .
 
m k (Agmseumy). The wntkiuous rice crop- Me
 
pin, expefrinnt compae transplant ad 5 %
 
broadcat planting of six varieties at four ili
trogen levels. Three crops are grown per year,
 
and the 48th crop since 1962 was harvested in
 
January 1979. Average yields for the last 32 NJ
 
crops(Table I) sh ,;w that at the 100 kg N/ha 2
 

Ilevelinthe2dry-beasoncropsandthe60k, oT 1 1 1
 

N/ha for the wet-season crop, trlhisp'ni ting
 

produced 0.2 I/ha or 4% more than L,.,dcast 6
 
planting. At lower nitrogen rates, dilictrerces
 
were either less or nonexistent. Differences due
 
to nitrogen rates were consistent in both plmt- 4
 
ing methods (Fig. 1). Yields have declined o.,er
 

-the last 10 years, possibly because of zinc defi. 


ciency.
 
-Planting date e d nit.rolen rate (Agronomy). o T ,I ,'1 1 1 9 1 I 

A date-of-planting experiment in which 4 var. 9 1970 1972 l9 1976 1973 

ieties are planted monthly at 4 nitrogen levels I. Yields of transplanted and broadcast rice in a continuous 
has been going on for 10 years. IR8 and H-4 cropping experiment (av of 6 varieties for 32 crops, 3-crop
have been used in each test, and two improved moving av). IRRI. 1968-78. NI - 0 N; N2 w50 kg N/ha Inthe dry season, 30 kg in the wet; N3 - 100 k N/ha in the dry 
varieties have been changed regularly. H-4 hw% season, 60 kg in the wet; N4 - 150 kg N/ha In the dry season, 
shown a negative nitrogen response in the wet 90 kg inthe wet. 
season, and 1R8 has declined in yield in recent 
years because of increasing susceptibility to dis
cases (Fig. 2). The planting dates can be arrayed 
as follows based on these data: January, Feb- Differential tiage treatments In a second rice 
ruary. December, March, November, June, crop (Agronomy and Multiple Cropping). A 
July. April, May, August, October, and Sep. trial to determine the effect of the degree and 

tember. The best nitrogen rate was 120 kg/ha duration of tillage (using carabao as the source 
for dry-season cropis and 60 kg/ha for wet- of draft power) on the grain yield of a second 
season crops (Fig. 3). rainfed rice crop was conducted at IRRI fromOctober 1977 to January 1978. 

At the rainfed site the total tillage time spent
during land preparation varied with the tillage 
treatments (Table 2). Use of a hand tractor 

Tel 1.AV e e Vmplnd mid Isudemi ata 4 reduced the actual time spent on tillage. The
A11110,111,11111 no-tillage had significantly higher11w109-1.n, treatment 

Nitrogen ret weed weights 20 days after transplanting or 
(k/he) Yield Wt ,) seeding. 

ywet Trans- Broad- Although weed weights were low, hand. 
nh s"ason, plant cat weeding time was extremely high. The numer. 

0 0 3.7 3.7 ous small weeds (predominantly Fimbristylbi lit. 
s0 30 4.5 4.4 torais)were difficult to pull because water was 

100 s0 4.3 4.7 insufficient and the soil had hardened. 
Igo s0 5.1 4.1 The method of planting Influenced the 

WW Invaiges D-eeeo ntrogen ranfor 1-Il7 growth of weeds under rainfed conditions: weed1 
I w InI33 -74. weights were significantly lower in wet-seeded 
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3. tMvla mpowe 44 vwdetin (av of 10 yr). 

than in transplanted rice. H-and-weedinS time 
with either method of planting. howevtr, did 
not signifiantly differ. A similar trend was 
obtained on the irrigi ,d site. 

Grain yie~s at the rainfed site weft not dif. 
ferent a --n S the tillage treatme nts but ivre 
signfihc ;mly higher than the no-tilhlg treat. 
ment. Yield from direct-sceded rice was sig. 
nificantly higher than that fr )ia transplanted 

At thc isdipted and rainfed sites, the total dil. 
Wpl time during land preparation followed a 
simila trend. An increase in the frequency of 
uzrowfs~n Iicreased the total tillage time tro 
thu k w the cost of labor dui Wlx hnd pre-

jdmk.W, Td wets 25 dotys fter trans-
Pr1a4w oreeding did not differ sipWk-atly, 

= Weein8 &Me Varied ith the ttlla 

ta .
 

a A 

1 W00 3oo90 20 0 30 W00t 

"
 : sqer-i IRRI.198-'/7.
edl~, 


The grain yiel of IR36 was not affected by 
hanowing the addy 1. 2, or 3 ft,-s at 5. to 
U-dy intervals under irrigated cooditiom 

probably because the weed poudttkn (predk)-
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of otkoF ifft, cr pces pot ye . aj 
hurng 12 IsIasi 3g.9 Olb 19?573-8 yu I 

heelfthuig 4 13a 21 bc . Olb 
IODWiSVOb $a 27 c 3.4 b plots.The dry-season cropisplanted In anuaryt

3 hMIf5~ the early wet4eason crop InMay, and the late 
~ h~l s1I I 4 7 4.2 wet-mouon crop in September. The single wet. 

1 -0~OMdZZat~h *j crop is planted in July, Plots grow weedsP 10psa 3Season 

Wn ro	a when not planted to rice.'Cumulative yields for 
MWrim4 years, 1975-78, are shown inFigure 4 and thew 

11.01 on average by crop inTable 3.Allowing the land to 
0q~ % aip e q m reet by growing weeds did not increase the 

neof M yields of the wet4eauon crops, Total production 
was 	 closely related to the number of crops 
grown.


minudy Monocora YqMull) was low. The IET 111111011
ald 0ramelrde. be.
no-tlllag plots gave the lowest yield but that paddy .flds (Agronomny); I~rueuu
yield was not significantly lowe than that for dion. Several; methods, hi4'ben', used fo 
the 	I plowlne; plus 1harrowIng Iand the I har. measuring evapotransplratoi (EI7) nd "trans
rowing treatments. Yield, in,plots where ahand piration M'I of rice Inthe field. Large welghIns
tractor was used was comparable with that with lyuimeten were acurate but exipesilve; less 
a caroboo when I plowing was followed by 3 

Raults o( the study Indicated that reduing ~ *
 
diis pt inland preparato can reduce"%-A
 

tgturnarun time without reduction Inthe Crop CYda
 
jGaiNW * ofthsecno p. Dr eew,
 

O") h,( ufcof Thfasp 	 3cr7
*11f2,o3 timea/yearha
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S. Microlysineters for measuring evapotranspiration (a) and transpiration (b). IRRI. 1978. 
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expensive methods wure likely to be time-
cnsuming and less accurate. An attempt to 
develop asimple, inexpensive method that does 
not sacrifice %ensitivity and accuiacy was made. 

The resulting microlysimeter isshown in Fig-
ure 5. The unit consists of a polyvinyl chloride 
cylinder 20 cm in diameter, 65 cm long, with a 
small hole 5 cm below the upper rim for attach-
ing the water reservoir or manometer to the 
cylinder through plastic tubing. A predetcr-
mined water level is maintained in the mic-
rolysimeter using the Mariotte System. The 
amount of water lost as T or ET (with or without 

saw 0811" 

el1 74 7ASM7.7 11.1 &,1 

elm a.. m 

cover) isdelivered from the reservoir or man
ometer and ismeasured at desired time inter. 
vais. Results of preliminary testing of the device 
for wetland rice have been encouraging.

Measurement. Field measurements of T and 
ET were made in the 1978 dry season. Hourly 
measured values of T or ET on three consecu
live clear days are presented in Figure 6. The 
microlysimeter was highly sensitive to diurnal 
changes in T and ET rates. Total water loss 
throughout the day (T on 11 and 12 April and 
ET on 13 April) for 4 rice varieties are given in 
Table 4. 
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7TMPERATURE 	 the two varieties. As ina previous study (1976 
Annual Report), mound spikets were those 

M f Il Vut M all1 1 " lk- with more than 20pollengranmor more tian 10 
- on .. P dli . The effects of germinated pollen grains. In N22, there was no.. d. 

tempratUre ad vapor pressure deficit on steril. problem with pollen shedding in high tempera. 
it induced by high temperature were examined tures and various humidities, and pollen germi. 
in artifcally lighted cabinets, using the method nation correlated well with fertility. It may be 
reported in the 1977 Annual Report. N22 (a assumed, then. that in N22 the poor germina. 
heat.tolerant variety) showed higher fertility tion ability of pollen grains on a stigma is the 
than IR9129-457.1 (a susceptible line) in all major cause of sterility. 
treatments except one- 35°121 °C with a36-mb In IR9129 no clear correlation was observed 
vapor pressure deficit (Table 1). The trends in between fertility and number of pollen grains or 
the effects of temperature and humidity were germinated pollen grains on astigma (Fig. 1). 
similaLr to those of the previous experiment Pollen shedding on a stigma was not plentiful 
(1977 Annual Report). but germinability was rather high. That may 

The pollen grains and germinated pollen indicate that the sterility occurs after pollen 
grains on a stigma were counted just after germination. Although an increase in the vapor 
anthesis. Figure I shows the relationship be- pressure deficit clearly increased the percentage 
tween fertility and pollen grain numbers for of sound spikelets, the increase did not improve 

1h1* 
fertility (Fig. 1). 

deU. enUny r. 156. 

ODelfllght 	 Fertility 1%) SOLAR RADIATION AND WATER BALANCE 
temnpefeture 

(C) 	 12 mb 24 mb 36 mb Evapotranspiration and water requirement of 

N22 wetland rice (a model). Evapotranspiration of a 
29/21 91.1 9.1 - rice crop may be analyzed and described in two 
32/21 232 1.74.7 	 ways. First, the energy exchange characteristic35/21 20.7 30.1 11.2 

R9 2 .5-.1 	 of a rice canopy varies with the i age of growth, 
29/21 63.4 50.2 - and is independent of the level of solar radia
32/21 5.3 48.1 - tion. Second, evapotranspiration of a rice crop 
35/21 12.2 37.2 45i.6 at a given time is a function of the incident solar 

Sebm 1%) 
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I. Reltlon between fertility nd the number of pollen gah or pmunmled pollen Valm on alpa. 
IRIi, 1971. 
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radiaona ti t at and isaaeced by weather 

The ratio of net radiion to total inomiq
shortwave radiation varies from 0.70 at the 
early stales of growth to 0.55 at ripeninl (1977 
Annual Report). This information allows us to 
estimate potential evapotranspiration at differ. 
ent stages of growth under a constant level of 
solar radiation. At an early stage of growth, the 
ratio of evaporation to transpiration from free 
water surfaces is high, but it decreases as leaf 
area increas.s. Japanese workers have found 
that the ratio of transpiration to evapotranspira. 
tion reached a plateau at a Icaf area index of 2.5. 
With this information, it is possible to construct 
an evapotranspiration model of a rice crop 
under a constant level of solar radiation (Fig. 2). 

It is often said that the water requirement of a 
rice crop is highest at the reproductive growth 
stage. But it is difficult to determine whether the 
increased evapotranspiration at that stage is 
caused by the plant's life process needs or by 
high levels of solar radiation. The model indi. 
cates that evapotranspiration in a rice crop is 
greatest during early growth and declines as 
growth advances if the level of incident solar 
radiation remains constant. 

It is likely that, in the Philippines and other 
parts of tropical Asia, measured evapotranspi, 

Evoptwwalatn (rnmftky) 
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Glw fThe 

2. IrVoumhaUon model of -n U Isd ric crop undra 
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1i7l. 
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ration of a rice crop is highest at the reproduc. 
live growth stage if incident solar radiation or 
evaporative demand isalso highest at that time. 
Thus, increases in evapotranspiration during 
the reproductive growth stage are attributed to 
climatic changes rather than to changes in needs 
in the growth process. 

Water requirement of rice crop. In the Phillp
pines. The water requirement of a rice crop 
after the field has been prepared for planting is 
the sum of evapotranspiration, and seepage and 
percolation. For Philippine soils, mean rates of 
seepage and percolation for 10 field sites ranged 
from-1.0 mm to 17.2 mm/day. The mean val
ues for the sites were about 2 mm/day in the wet 
season and 4 mm/day in the dry. 

Potential evapotranspiration can be esti. 
mated from solar radiation data for the wet sea. 
son (July-November) and the dry season 
(January-May) (1977 Annual Report). 

The daily and monthly water requirements
estimated on this basis are in Table 2. The esti. 
mates appear to agree with a popular assump
tion that the water requirement for I rice crop is 
1,000 mm, assuming that the crop duration is 4 
months and land preparation requires 200 mm. 

Water absorption of dryland rice. Figure 3 
shows the root density profiles of a dryland rice 
variety (OS4) during the dry and wet season. 
The roots penetrated deeper in the dry season 
than they did in the wet even when irrigation 
was adequate. 

rate of water depletion from the feld of 

OS4 was measured daily for a number of days 
after irrigation on 21 March (Fig. 4). Daily total 
(0-80 cm) water depletion by evapotranspira-
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3. Root density pIOflo of OS4 Indifferent nmm. IRRI, 1978. 

tion fluctuated with the amount of solar radia. tion rate decined sharply after 28 March. The
 
tion until 27 March. There was no apparent decline represents drought stress.
 
water stress during this period. The water deple- During the first few days after irrigation,

sW - (W I water was absorbed primarily from the upper
 

soil layers; that is,above the 30-cm depth (Fig.

5). The soil layers from which water was


G0o- absorbed gradually became deeper. On 27-29
 
March, when drought stress was just beginning,


o 	 water was absorbed mostly from a depth of 
30-50 cm. On 2-4 April, under stronger stress, 
plants were able to absorb water at a very low 

~ (-Wmd) rate, even though soil moisture content below 
14 o 50 cm was still high (more than 40%). Low 

o o-.o. .O absorption at this stage might b- attributable toS , olo 
o2 00 o-50o stomatal closure. 

Figure 6 shows the relationship between root 
0 -density (p) and maximum water absorption rate 

(q) by unit length of root. The absorption rate 
decreased with increasing root density. Thus,a 	 absorption efficiency by unit length of root was 
rather low at the high root density layer near the 

6soil surface and increased with depth. It isto be 
noted that water absorption by rootsvaried with 

4, root density as well as with soil moisture con
tent.

0O Mecbanka Impedauce of root growth. The 
t root elongation rate of rice seedlings is limited 

by penetration resistance in water-saturated sod o 	 , (1977 Annual Report). It miy also be affected 
MWN 3 by moisture content in soil less than saturated. 

4. Sda radiaUcm ad wator depkit.n rt Inti fldd of 04 Experiments were conducted to clarify the relt
drkdiaam 21 Mach. iRIn, 1978. tlonships between bulk density, moisture con. 
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S. Tho depth distdbution of the foot absorption rate of 0S4 at 3 times after Irdpitonon 
21 March. IRRI., 1978. 

tent, and penetration resistance of soil, and root 
elongation rate by the core sampler method 
(1977 Annual Report). 

Soil penetration resistance increased with an 
increase in soil bulk density (Fig. 7). The 
increase was remarkably high at asoil moisture 
content below 25%. The root elongation rate 
decreased with increased bulk density, reaching 
a plateau at bulk density below 1.2 g/cm3 and 
moisture content above 30%, which was proba-
bly the upper limit of the root elongation rate. 
The root elongation rate increased with an 
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6.Rlatiomhp between root density (p) of OS4 and water 
absorption rate (q)by unlt klngth ofroot. IRRI, 1978. 

increase insoil moisture content when the bulk 
density remained constant. 

Consequently, the root elongation rate at the 
same level of soil penetration resistance (10 or 
20 kg/cm') was highest from 25 to 30% soil 
moisture content (approximately from 3.0 to 
0.4 bar) (Fig. 8). Decrease in the elongation 
rate at the lower moisture content iscaused by 
the shortage of water, and the decrease at the 
higher moisture content may be caused by a 
shortage of oxygen. 

OXYGEN REQUIREMENT 

Oxygen requirement for emergence of seed-
Ilngs. Flood tolerance, as well as drought toler. 
ance, isimportant to the early growth of rainfed 
rices. Flood tolerance varies with variety and 
environmental temperature. A phytotron 
experiment demonstrated the varietal differ
ences in emergence ability of seedlings from 
floodwater and in different temperature
regimes (Fig. 9). On days with good weather the 

temperature rose 4- C higher than the 
air temperature. 

Four indica and three japonica varieties were 
used. The indicas were IR36, a typical IRRI var
iety; E425, a dryland rice; Peta, a traditional
type indica; and Leb Mue Nahng, a deepwater 
rice. The japonicas were Koshihikari and 
Reimei, both wetland rices; ond Hiderishirazu, 
a dryland rice. Improved wetland varieties of 
both indicas and japonicas showed higher flood 
tolerance than dryland rices, the traditional. 
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appears that calcium peroxide can be used to 
improve seedling emergence in flooded land. 

"Sudden wiltig" in Korea. In 1976, the 
t5 

Korean high-yielding variety Yushin suffered 
from sudden wilting, anewly reported disorder. 
Other varieties appeared to be healthy in simi
lar or identical conditions. Some visible symp-

Ktoms of sudden wilting are orange leaf discol
oration, d:velopment of roots from nodes 

05 	 above the soil surface, total root rot, and lodg. 

ing. 
0 Two experiments with I varieties were con

o 	 1. 1.2 13 14 ducted in an attempt to d ,ermine the cause of 

*demnty (g/anI) the disorder. Ile number and size of air spaces 

7. a)Relatonshlp between penetration resistance and bulk 
density of sol at different mutture contents. b)Relationship 
between root elonlptlon rate and soil bulk density at different 
moisture contents. IRRI. 1978. 1ACtS 

PR36 

3M 

" m 
type indica, and the deepwater rice. Seedling Po ll 

emergence was strongly inhibited at a day/night L .b*,A M 

temperature regime of 350/270C, except in ,AOWAS 

Reimei. 
Calcium peroxide (in plaster of Paris) as a W
 

seed coating is known to supply oxygen to seeds.
 
Its application to rice seeds resulted in a drama

2 4 6 1 a atic improvement in emergence from floodwater 

of all the indica and japonica varieties tested ohiIto ,wwa ,e5 ,,
 

(Fig. 10), indicating that emergence failure is 9. Enorim d'f, eedlings trom Ilooded waor it iereat
 

caused primarily by low oxygen supply. It impemtern. MU. 1978.
 

276 IRRI ANNUAL REPORT FOR 1978 



s eu uWTe 4.Air loumd~ M Ow adWNNO 

ma Air spsmi 
mMi Cani~4s MWieim )inN& dmm N 

1 dw , Drsln"d 0 4 21 0 0al WIM 
UO * Wel"ad S N 0.15 04 02C 
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cause suffocation of root tissues, weaken the 
. activity of the tissue, and induce root,metabolic 

o 5 ,o a so rot, with subsequent sudden wilting and lodg
ematl(,4) elee 5 e ming. 

I0. Effect or calcium peroxide on seedling emergence from internode ir spce In dryland and wudandflooded wler. IRRI, 1978.Inend ac drldfondltkun. Air space formation in internodes 
of rice plants differs with environmental condi

in each internode were estimated (Table 3). At tions during growth and with the variety. Table 
the fifth intcrnode from the top all tested var- 4 shows the results of an IRRI experiment to 
icti s had a similar number of air spaces, determine the effect of dryland and wetland 
although the spaces in Tongil were larger. At conditions on air space in the variety IR36. In 
the fourth internode Yushin had only two air the dryland field, the air spaces were fewer and 
spaces, and one of its parents. IR262, had no air smaller than those in the wetland field, and were 
spaces at aill. Tongil. which did not suffer from observed only in the lower internode positions.
the disorder, had 31 air spaces. Rice roots can easily take oxygen from the air 

Soil.cultured plants of the three varieties between soil granules in a dryland field; hence 
were then treated with paraffin to reduce the the plants develop only afew narrow air spaces 
oxygen supply from the air to the root tissues in the lower intemodes. Flooding makes it 
through the soil-water system. Liquid paraffin difficult for rice roots to take oxygen from their 
was applied to the water surface to a thickness environment. To meet the oxygen deficit, the 
of 5-6 mm at 47 days after seeding. Sudden plants develop more and larger airspaces and in 
wilting was observed in Yushin and IR262 the higher intemodes. The ability to develop air 
about I week after the treatment, but Tongil spaces gives rice plants a higher tolerance for 
remained healthy. flooding than is possessed by upland crops.

The experiments suggest that under certain Air space In deepwalter rices. Deepwater

weather and soil conditions alimited ability for rices have adapted to growing in seasonally
 
oxygen transport in Yushin and IR262 may deepwater areas. They car pidly elongate at 

the internodes as the water le% Irises. Some can 
grow in more than 4 m of water. Consequently, 

TAi &,Ar spem In Kr war, I., the translocation ofoxygen from the aerial parts1K 
of the plant through the submerged parts to the 

Air m roots is a large undertaking.
Varliy No. Man dliameter (mm) Table 5 shows the number and sizes of air 

3d 4th 51h 4th 5th spaces in the different internodes of 4 deepwa
0 3 31 0 0.31 ter rice varieties growing in 45 cm of water at 

YWhn 0 2 29 0 0:24 the time of sampling. All examined internodes,VM 0 0 31 0 0.24 except the first internode of BKN6986-147.2, 
,on 4Mn ow Io Postio, cOWM from had approximately 30 air spaces. This numbrOi appears to be near the maximum for rice plants.Wt 
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The diameter of the Air spaces was approxi- of fully developed air spaces undoubtedly facili.
mately twice the diameter of air spaces Inordi. tates oxygen transport through the long sub. 
nary rice varieties (Table 3.4). The abundance merged internodes of deepwater rices. 
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HOUSEIIOI.D STORAGE OF PADDY 

A,4wlrul iE:neffbn and Plnt Patholoy De-
pfffnioIs 

During I1Y77-78, surveys and technical evalua, 
tion trials to examine the nature and charac-
tenrstic% of paddy storage facilities and practices 
were carried out on farms at two sites in Iloilo 
and Luzon, Philippines. The 87 farm house. 
holds included in the survey produced an aver-
age of 7.5 t paddy/year, of which 3.6 t was 
retained for home consumption. About 70% of 
retained paddy was used for home consumption 
and 5'q for seed; about 24% was held for later 
sale. 11w reiationship between the number of 
individuals in each household and the quantity 
rewrved for home consumption is shown in 
:igure I. On the average. 281) kg paddy/house. 

hold member was retained. The intercept value 
- 8 1(1 kg - was the average minimum quan
tit. held in reserve for the entire year. House
hold siue varied from 3 to I I persons, with an 
average of 6 adult equivalents. Storage capacity 
required for this number of consumers would be 
for 2.5 t or 4.5 m:'. 

Field survey. Information on postharvest 
and storage practices, and disposal of paddy 
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I. Relationship between size ofhousehold and paddy held for 
home reserve. Philippines, 1978. 
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production was gathered by interviews. The 

data indicated a wide range In types of storfl 
facilities. Seventy percent of the farmers stored
paddy in sacks, drums, wooden boxes, bamboo 
baskets, and other types of containers. The 
remainder used small granaries where the grain 
was usually stored in sacks (Fig. 2). Total 
investment in storage facilities was less than 
US$40/household or about S0.04/bag per year. 
Asked about improved facilities, 90% of the 
farmers indicated they were not needed. 

The most serious qualitative loss was from 
rodents. About two-thirds of the respondents 

2. Bamboo (above) and wooden (below) Panaules, La Union 
ovid Apayao.Kaiinp provinces, Philippines. 


