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PLANT PHYSIOLOGY 
Shouichi Yoshida, D .gr, plant phyvsiologist*** 
Benito S. Vergara, P/i D. plant phvsiologist
I. Nishiyama, Ph D, sisitin" ientist 
Francisco T. Parao, MS a i aw .,,'ientist 
Romeo M. Visperas, AS .s, ,, esearch 555itiit 
Victoria P. Coronel, BS, re.srar 5 

,'is5v; tant 
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Aurora M. Mazaredo, BS, research assistant
 
Gloria S. Cabuslay, BS, research assistant
 
Librada C. Blanco, BS, research assistant
 
Javier Peralta, BS, research assistant
 
George Patefia, BS, research assistant
 

RICE PRODUCTION TRAINING AND RESEARCH 
L. Dale Haws, Ph D, crop production specialist

Rizalino T. Dilag, Jr., BS, senior research assistant
 
Emerito V. Tipa, MS, senior training assistant
 
Alfredo A. Domingo, MS, senior research assistant
 
Rodolfo R. Salcedo, MS, training assistant
 
Noemi M. Yapit, BS, training assistant
 
Conrado R. Nora, BS, training assistant
 
Oscar A. Garcia, BS, training assistant
 
Rex B. Alocilja, BS, research assistant
 
William V. Barsana, BS, research assistant**
 
Regalado M. Aseron, BS, research assistant
 
Victor M. Macalifiga, MS, research assistant
 
Eiesto G. Perez, BS, research assistant 

Patant 
CHtEMISTRY 

Felix N. Ponnamperuma, Ph D, principal soil chetiistEric T. Craswell, Pi D, visiting scientist* 

itn cets*E. Nelson, P/i D, visiting scientist*

R rnmn / ,istp'sists

Ruby U. Castro, MIS, assistant scientist
Rhoda S. Lantin, MS, senior research assistant
 
Myrna R. Orticio, BS, research assistant
 
Corinta C. Quijano. BS, researcih assistant***
 
Rowena C. Evangelista, BS, research assistant*** 

Bernardo G. Quidez, BS, research assistant 
Enrique L. Navarro, BS, researchas.%istant** 
Maria Theresa C. Caylon, BS, research asistant 
Alma B. Capati, BS, research a.ssistant 
Ma. Concepcion Q. Estrada-Calimon, BS, re.search assistant 
Josefina L. Solivas. BS, research as.sistant

Miriam Hartantyo. AfS, senior research assi.tanitt
M rl de Jose, IAS, re.sears'h ass.i.stanttu d o s , B , r s a cht% i t l
 
Nida B. Uy, BS, research a.ssi.tant
 
Ernesto Castillo, BS, re.earh aide1
 

SOIL MICROBIOLOGY 
lwao Watanabe, D Agr, soil microbiologist 
Alva App. Pi 1), visiting sciepsti.st 
Pierre A. Roger, ) Iedologie, visiting scientist 
Hajimu Kodama, 1) .4.gr, vi.%iting .%cientist* 
Michinori Nishio, Pi 1), visiting .cientist* 
Wilbur 9. Ventura, MS, a.ssistant scientist 
Wilfredo C. Barraquio, MS, researc/h assistant 
Nilda S. Berja, BS, re.search a.%.%istant 
Cresenciana D. Daez, BS. research a.ssistant* 
Corazon R. Espinas, BS, re.searc/h assistant 
Marcelino R. de Guzman, BS, research assistant 
Benjamin C. Padre, Jr., research assistant 
Teresita A. Santiago, BS, re.%earch assistant 
Susan T. Santiago, BS, re.search assistant 
Agnes A. Tirol, BS, research assistatP 

Delfin A. Cabrera, BS, research aide* 

STATISTICS 
Kwanchai A. Gomez, Pi D, statistician
 
Keneth P. Haydock. MS, visiting statistician*
 
John R. Leece, Phi D, visiting associate statistician*
 
Victoria G. Calasin, BS, research assistant
 
Roberto R. Cembrano, BS, research assistat(?l 

X 

http:sciepsti.st


Ma. Angela Chan, BS, research assistant 
Priscilla A. Piguing, BS, research assistant 
Grace L. Reyes, BS, research assistant 
Leonardo P. Lopez, BS, research assistant 
Mary Jane Novenario, BS, research assistant* 
Blenda M. Orbase, BS, research assistant 
Mina L. Soriano, BS, research assistant 
Juanito N. Laqui, BS, research assistant 
Nora Epifania Nano, BS, research assistant 

Dalisay E. Samarita, MS, research assistant 
Urbana B. Cadiz, BS, research assistant 
Irma Aguilar, BS, research assistant* 

5Left during the year. 
**Transferred during the year. 

***On study leave. 
tOn project appointment. 

ttOn part-time basis. 
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About this report 
This 18th annual report includes research reported during 1979. The department or 

departments that performed the research are identified in italics below the 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 "ARIETAL SCREENING. 

Because the Agronomy Department bears responsibility for one phase of that work, 

its name follows the heading: 

Dryland field screening (Agronotnv). 

This report makes reference to three fundamental types of rice culture. Dryland 

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

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

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

The adjectives dr 'lanl (instead of upland) and wetland (instead of lowland) des

cribe rice and rice-growing soils.
 

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

For example, IR32 x IR34 is written IR32 IR34. The sequence of crosses is 
x 1134) x TKM6 is written IR32'indicated by the vumber of slant bars. (IR32 


TKM6. The fourth and further crosses are designated 4 , 5 , and so on.
IR34/ 
Backcrosses arc indicated by a superscript numeral. 

due to rice pests andScoring of morphological characters and of damage 
.fi)r Ricephysio-chcmical stresses is based on scales in StandardEvaluationS ste 


(SES), 2d ed., 1980. Copies are available from the International Rice Testing
 

Program, IRR.
 
This report is on a metric basis. The International System of Units (SI) is not,
 

hov.-ver, completely adopted for abbreviations. All monetary units are as U. S.
 

dollars (S). Unless otherwise stated, control or check means an untreated control,
 
content
grain yield is calculated as rough rice at 14(' moisture, and protein is
 

calculated as a percentage of brown rice at 14(1 moisture.
 

A single asterisk (*) means different at the 5(' level of significance. and a double
 

asterisk (**) means s;nificantly different at the 11"level.
 

Names and terms often repeated within sections are abbreviated, e.g. BPH
 

(brown planthopper), G I. (green leafhopper), I)I (days after transplanting), I)AT
 

(days after treatment),etc. Such abbreviations are spelled out when first used.
 

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

constitute an endorsement of the product.
 
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 highlights 

On 14 April 1979 the International Rice Research institute entered its 20th year.
The Institute was formally established on that date in 1960 by a group of farsight
ed, innovative men who recognized the need to match food production with 
massive increases in population taking place in the tropics. It is fitting that we 
pay tribute to those farsighted men as we briefly review IRRI's accomplishments 
in 1979. 

Those early progressive leaders fully understood the significance
of the rice plant in feeding the world. They knew it was the primary
staple food for most of the world's low-income people, especially those in the 
tropics. And from experience, they were convinced that tropical rice yields would 
not increase merely by adopting the rice technology of the temperate areas. Only
by rice research in the tropics could improved varieties and better technology be
developed for the tropical rice farmer. The group envisioned an international 
research institute, free from the political and geographic constraints of national 
governments but attuned to the needs of these countries, to take the leadership in 
doing that research. 

The early success of IRRI is well documented. In only 2 years, the main 
Institute facilities were constructed and dedicated, and an impressive team of 
senior rice researchers from around the world had been formed. More than 7,000
rice seed samples had been collected from 65 countries and were being tested. 
Twenty-four scholars had been invited for training. Under the able and aggres
sive leadership of Dr. Robert F. Chandler, a truly international research and 
training elfort quickly got under way.

But it was the development of IR8, soon to be dubbed the miracle rice, that 
electrified the rice-growing world and gave evidence of the potential for rice 
research. For the first time, the tropical farmer had a sturdy, fertilizer-responsive
rice with the practical potential of producing yields as high as those of its 
temperate zone counterparts. 

The new rice was short and tough like its Chinese father and a high producer
like its Indonesian mother. Coupled with improved technologies of water man
agement, and fertilizer and pesticide usage, this ncw variety elevated practical
rice production in the tropics to a new level. It was no wonder that terms such as 
Rice of the Gods and Green Revolution were soon coined. The vision of IRRI's 
creators became clear to doubters and supporters alike. Skeptical political leaders 
and scientists saw the potential in mission-oriented research; soon, companions
to IR8 began to appear from national programs. The green revolution in rice was 
truly under way.

Within a few years, the impact of the new technology was widespread. By
1968, the Philippines, a chronic importer of rice, announced that it had rice to 
export. The new rices - IR8 and IR5 -joined similar varieties-in oiher Asian 
countries to help provide rice for populations that were growing at nearly 3% 
annually. Dr. Chandler's prediction that "the whole face of rice-growing Asia is 
going to change" was coming true. 
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Without the genius and the remarKable successes of those who organized and 
led IRRI during its formative years, today's rice researchers would be greatly 
handicapped. The organizers' high standards have left a challenge, not only to 
their successors at IRRI but to cooperators in national programs as -well. 

1979's challenges 
The challenges to rice researchers and farmers in 1979 have many elements in 
common with those faced by sc ientis's and rice producers in 1960. Even though 
worldwide production levels are markedly higher than had been predicted by the 
pessimists of the 1960s and early 1970s, they barely keep pace with population 
increases. Worldwide production of rice in 1979 was estimated at only 375 
million tons - about 3% less than in 1978, a record year. The sizable production 
decreases were due to dry weather in India and Bangladesh, and were not fully 
compensated for by production increases in China, the Philippines, and Korea, 
and in countries outside Asia. As a consequence, world trade in rice increased in 
1979 as did its international price. 

Two newspaper reports early in 1980 illustrate the long-term problem we face. 
On 20 February, the World Food Council reported that weoad food output 
declined by 2% in 1979. This gloomy report was followed by an announcement 
from the Environmental Fund that on 14 March the world population had reached 
the 4.5 billion mark. Most of the 90 million people added in 1979 live in Asia 
where 90% of the world's rice is produced and consumed. It is obvious that 
continued success in rice research and production will be needed. 

Major progress in 1979
 
The five primary activities that have characterized IRRI's programs continued in 
1979: 

0 Research at IRRI headquarters covered problems that cannot be conve
niently handled by counterpart scientists in national research organizations. 

* Training helped develop expertise on research and production 
methodologies related to the rice plant and to the rice farmer. 

* International networks expedited cooperation among scientists and 
educators concerned with rice and rice-based cropping systems. 

0 Collaborative research with scientists from both developed and developing 
countries improved and extended the capabilities of IRRI scientists to solve rice 
production problems. 

* Connunicationof our findings and those of our cooperators through con
ferences, workshops, symposia, and through the publication of research findings 
increased. 

Each of these activities required effective cooperation with colleagues in 
national programs in both the developing and the more developed countries. 

International networks 
For both research planning and program implementation we continued to rely 
heavily on networks of cooperating scientists in rice-growing countries, espe
cially in Asia. The major networks through which much of our research is 
accomplished include: 
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1. The top entries in the 
international rice yield nur-
series were the late-maturing 
rice. They yielded more per 
crop than did the correspond-
ing medium- and early- mat
uring entries. But production 
per day was higher for the 
earlier-maturing varieties. 

" International Rice Testing Program (IRTP) 
* International Cropping Systems Network (ICSN)
 
" International Network on Soil Fertility and Fertilizer Evaluation for Rice
 

(INSFFER)
 
" International Rice Agroeconomic Network (IRAEN) 
* International Farm Machinery Network (IFMN) 
The IRTP provides an effective research linkage for the world's rice 

improvement programs including our Genetic Evaluation and Utilization (GEU) 
program. In 1978, seventeen types of field nurseries were composed, and one or 

more types went to scientists in 52 countries. 
We received data from 431 individual trials of 17 types of 1978 IRTP nurse

ries. These data were compiled, analyzed, and published in 1979. 
The performance of early-maturing rices in yield nurseries was most 

encouraging. These rices performed almost as well on a per-crop basis as their 

medium- and Il.te-maturing counterparts (Fig. I). On the basis of yield per day, 

however, they produced about 20% more rice than the medium- and later

maturing rices. 
The ICSN has research at 22 sites in 8 countries. Fifteen ol the sites have 

rainfed wetland conditions. In addition to these network sites, national researcl

ers in the 3 countries have cropping systems work under way at an additional 

27 sites. We expedited communication among these scientists by holding a 
workshop in Nepal in May, a special workshop for economists, and a cropping 
systems study tour in October and November. 

The INSFFER network, which had been set up initially to determine means of 

increasing fertilizer efficiency, was broadened to include other aspects of soil 
fertility and rice production. Experiments on azolla were included and special 
tests were planned for fertilizing rice in deepwater areas. 

The results of the work on constraints, implemented through the IRAEN, were 

summarized and published. The farm machinery network gave priority to helping 
manufacturers in developing countries to test, fabricate, and produce appropriate 
machines for the small farmer and to training of young engineers at IRRI head
quartrr. 

Yield (t/no) Production (kg/day) 
6- - 60 

5 50 

404 

3 - 30 

-2 20
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2. The number ofvisiting sen-
ior scientists including senior 
research fellows has increased 
greatly in the past 3 years. 
These visitors perform sophis
ticated research while at IRRI. 
teach new methods to our 
junior researchers. and con
tinue to collaborate with IR RI 
when they, return home. 

Collaboration with other centers and research organizations 
For several years we have steadily increased our collaboration with rice scientists 

and educators from other countries. Some of the collaboration is formalized 

through institution-to-institution agreements. Others are handled on an informal 

basis, mostly through scientist-to-scientist contacts. 
Formal cooperative arrangements have been made to encourage exchanges 

with institutions and scientists in: 
" Burma 9 Indonesia 
" China e Philippines 
* Cuba 9 Thailand
 
" France 9 Vietnam
 
" India * Russia
 

Exchanges of seed, publications, and scientific personnel are expedited through 

these formal arrangements. 
Active cooperation in research with several sister international agricultural 

research centers and with national counterparts already exists. Such rice research 

is being accomplished with international and regional centers and with national, 
state, and private institutions. 

* Centro Internacional de Agricultura Tropical (CIAT)
 
" International Centre for Insect Physiology and Ecology (ICIPE)
 

* International Fertilizer Development Center (IFDC) 
* International Food Policy Research Institute (IFPRI) 
* International Institute of Tropical Agriculture (IITA) 
* West Africa Rice Development Association (WARDA) 
* Boyce Thompson Institute in the United States
 
" Centre for Overseas Pest Research (COPR) in the United Kingdom
 

* Office de la Recherche Scientifique et Technique Outre-Mer (ORSTOM) in 

France 
* Tropical Agriculture Research Center (TARC) in Japan 

* Tropical Products Institute (TPI) in the United Kingdom 
" Research institutes in developing countries 
" Universities in several countries 
Tangible evidence of the cooperation that has been established are the visiting 

scientists and senior research fellows from these cooperating institutions who 

worked at IRRI in !979 (Fig. 2). These cooperators provided more than 20 

Vsiting senior scientist (person years) 
25 r 

15 K 
10 

1977 1978 1979 
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Number of participants in 
IRI training programs hp 
icreased sharply since 1972. 

Participonts (no) inIRRI trainig progrwn
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400 
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200 -

I00

1962 64 66 68 70 72 74 76 78 80 

scientist-years of service at IRRI headquarters. Coming from 11 countries they 
helped us develop new research methodologies and introduced our scientists to 
other modem research techniques. They participated in our training programs
and implemented basic researoh of importance to IRRI. Furthermore, they pro
vide a linkage for cooperative relations with IRRI when they return to their home 
institutions. 

Training, conferences, and c.ommunication 
Participation in our training programs, workshops, and conferences in 1979 set 
new records. More than 425 scientists and educators from 33 countries took part
in various training programs - a doubling of participation in 5 years (Fig. 3).

Twelve major workshops and conferences with more than 600 participants 
were held at IRRI headquarters in 1979. Research planning was a major compo
nent of each. 

Reports or proceedings of each meeting are published by IRRI. In 1979, eight
such books were published and made available to cooperators and to libraries and 
research centers in the developing countries. These books provide a relatively
low-cost means of communication among rice scientists around the world. 

Innovative breeding techniques 
Research on innovative breeding techniques was greatly expanded in 1979. Our 
plant breeders and those in national research programs made considerable prog
ress in the last two decades in incorporating genetic resistance to disease and 
insect pests and tolerance for adverse environmental conditions into modem 
rices. They have taken advantage of the remarkable genetic variability in the 
50,000 accessions found in IRRI's germplasm bank and in germplasm collec
tions in national programs. Progress has been made mostly through the use of 
time-consuming traditional breeding methods. 

To supplement the traditional plant breeding methods, we started, often in 
cooperation with scientists in national programs, to test and use techniques for: 
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" hybrid rice, 
* anther culture, 
* mutation breeding, and 
0 rapid generation advance.
 
Hybridrice. Taking advantage of 1970-72 research at IRRI on cytoplasmic


male sterility and outcrossing mechanisms, we began to evaluate the heterosis or
hybrid vigor of F, rice hybrids. Utilizing techniques developed by scientists inthe People's Republic of China, where hybrids are being successfully producedon about 5 million ha, we made appropriate crosses at IRRI. Fortunately, theIRRI varieties IR24 and IR26 have been used extensively as the fertility restorer 
parents for hybrids in China. 

We already have Chinese scientists working on hybrid rice at IRRI. In cooper
ation with the Hunan Academy of Agricltural Sciences, we started plans for a
special 6-week training course for scientisi in other rice-growing countries of
Asia. About I month of that training will be in China. 

Anther culture. We began research on anther culture in 1979, drawing on the
expe,'tise of scientists from China, Japan, India, and the United States. Antherculture shows considerable promise for the rapid development of genetic materialwith resistance to disease and insect pests and to different environmental stresses 
such as salt tolerance. 

Mutation breeding. We also initiated research oi mutation breeding, with theobjective of modifying the characteristics, such as height and growth duration, ofotherwise suitable traditional varieties. Initial research is being done on tidal 
swamp rice from Indonesia. The preliminary results look promising.

Rapid generation advance. Using a newly constructed greenhouse-darkroom, 
we speeded the reproduction of day length-sensitive progeny of crosses made by,or for, our cooperators in national research programs. The new facility grows too 
or three generations a year of lines that normally produce only one crop annually.
In 1979 we grew 293,000 plants from 189 crosses using this technique. 

The role of chemicals in pest management
For several years we placed primary emphasis on host-plant resistance as a 
means of managing rice pests and we will continue to do so. But the rapid
emergence of new races of disease organisms and biotypes of insect pests highlights the need to supplement host resistance with pesticides and other pest
management tools. Consequently we sought effective chemical control to com
plement host resistance. 

Several systemic fungicides applied as seed treatments at low rates gave goodcontrol of leaf blast for as long as 6 weeks (Fig. 4). The seed treatments were easy and economical. Likewise, werewe able to obtain effective control of 
sheath blight with several chemicals. 

We evaluated insecticides in the greenhouse and in the field for control of the
brown planthopper and found some to be highly effective. At the sarie time, weconfirmed earlier observations of serious resurgence of the brown planthopper
following treatment with selected insecticides. In some cases, the resurgence
appeared to be related to the elimination of parasites and pred;Ators by the
chemicals (Fig. 5), but for other chemicals the reasons for th. resurgence
remained obscure. Pesticide use must be a component of integratel pest man
agement, which includes biological control methods as well. 

IRRI ANNUAL REPORT FOR 1979 6 



4. Treatment of rice seeds 
with 8 g of a systemic fungi
cide/kg seed gave good con
trol of leaf blast in 1979 tests. 

5. Treating a susceptible var-
iety with 0.75 kg diazinon 
active ingredient/ha followed 
by 3 sprays of decamethrin at 
8 g a.i. resulted in a marked 
increase in the brown plant
hoppers and a drastic reduc
tion in the number of ripple 
bugs, a predator. 

Natural plant products 
Research was intensified and expanded in 1979 to ascertain the biochemical basis 
of varietal resistance to disease and insect pests. Naturally occurring chemicals, 
which deter oviposition and have juvenal hormonal as well as pesticidal effects 
were separated from resistant varieties. The compounds are being characterized 
and identified, and we will explore their potentials for practical use. By gaining 
an understanding of nature's defense mechanisms, we should be in a better 
position to provide the farmer with tools to manage pests. 

Naturally occurring chemicals with pesticidal or other adverse effects on both 
rice insets and disease organisms were also found in plants other than rice. 
Working in cooperation with scientists from the International Centre on Insect 
Physiology and Ecology, we extracted from a common indigenous plant chemi-

Brown planthoppers (no/hill Ripple bugs(no/hill) 
50 50 

40 - 40 

30 - 30 

20 - 20 

10 - 10 

0 0 
Insecticide No insecticide Insecticide No insecticide 
treatment treatment 
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cals that hal adverse effects on the embryo and larvae of the brown planthopper
and decreased survival and oviposition of this pest. The same extract also inhi
bited the growth of pathogens causing several rice diseases. 

Nitrogen tixation and use
We learned in 1979 that nitrogen fixation associated with wetland rice took place
not only in the root zone but at the basal part of the shoot as well (Fig. 6). WithOrgarcnatert) some varieties, fixation in the basal shoot 

do 
zone at the early seedling stage;r---A
di7nexceeded that in the root zone. This may partly account for unexplained nitrogen 

straw
40 - fixation in wetland soils.
 
30 -By 
 measuring heterotrophic nitrogen fixation in long-term fertility plots,20 ncre welearned that past applications of nitrogen, phosphorus, and potassium did notintI
10 i depress nitrogen fixation in the soil but rather accelerated it. In contrast, how
oi ever, autotrophic fixation of nitrogen by algae was drastically reduced when urea 

4i i 
fertilizer was applied to the paddy surface.Root zone placement of supergranules of urea gave remarkably high apparent 

360 
recovery of the applied nitrogen. Recovery was lowest from topdressed treat-
 ments that famers commonly applied. Practical means for placing the urea in the 

240 root zone are being sought. 
120 Nitrogen conservation through soil and crop management 
o In 1979 we gained further evidence that proper management can conserve nit

7. Incorporating straw res- rogen and make it available for further use by the rice crop. By incorporating riceidues in a rice soil for 6 straw in a field soil, we not only conserved the nitrogen in the straw but obtainedyears gave a dramatic in- an additional increase in soil nitrogen (Fig. 7). Over a 6-year period we incorpocrease in the nitrogen con-
tent of the soil - an in-

rated about 360 kg 
g 

N/hi th i a s B t th d h 6 years, tea into e soi as sraw. ut a e en of te 6 crease even greater than the soil nitrogen content had increased to 456 kg/ha.nitrogenaddedinthestraw. In a supplemental greenhouse test, scientists from Boyce Thompson InstituteOther studies suggest that and IRRI found similar results. The increase in soil nitrogen from strawstraw may stimulate nitro- resultinggen fixation. incorporation ranged from 2.2 to 4.0 Ag N/g straw added. Extrapolated on a 
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8. Relative share of earnings 
for rice farms in Laguna pro-
vince, Philippines. The same 
farms were surveyed in 1966 
and 1978. 

field-crop basis, this suggests a nitrogen increase of 6.6-12 kg/ha per crop. The 
straw residue may be providing energy for organisms capable of fixing nitrogen. 

The practical significance of these findings is apparent. Straw incorporation 
not only conserves the nitrogen contained in the straw but also brings about an 
even greater increase in soil nitrogen. This soil nitrogen is important in rice 
production because two-thirds of the nitrogen taken up by rice plants comes from 
the soil. 

Improved irrigation water management 
Studies in the Philippines, Thailand, and Bangladesh highlighted a general inef
ficiency of water use in irrigation schemes in the tropics. Water use efficiencies 
were as low as 25-30% in areas where unimproved water distribution and 
management practices were followed. It was also found that farmers in larger 
systems tended to have lower water use efficiency than those in smaller systems. 
This was due to the greater flexibility in the smaller systems and to the farmers' 
lack of confidence in the ability of the larger systems to provide irrigation water 
when it is needed. 

Consequences of new technology 
Hired labor required per hectare increased after the adoption of modem rices and 
their associated technology. In 1979 we studied data on the labor requirements in 
a porion of Laguna province, Philippines, that had been similarly surveyed in 
1975. The total labor requirement per hectare had not changed appreciably, but 
hired labor hours increased from 51 to 68, while family labor hours declined from 
33 to 17. Hired labor for weeding and other preharvest operations increased whi. 
labor for harvesting and threshing declined. The sharp increase in labor for 
weeding was likely due to the adoption of the system of crop sharing that requires 
hired labor to weed the crop in exchange for the privilege of harvesting. 

We also studied the distribution of the increased earnings among landowners, 
hired labor, and the farmer and his family (Fig. 8). Due to changes resulting from 
land reform the landlord's portion of earnings decreased sharply between 1966 
and 1978 as did the proportion of earnings for family labor. Hired labor's share 
increased slightly while much of the increase was from return on current inputs 
and the operational residual earnings. 
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9. A simplified diagram of
the on-farm research meth-
odology developed and usedby IRRI cropping systems 
scientists and cooperators in 8 
Asian countries, 

10. The number of cropping 
systems research sites in 8 
cooperating Asian countries 
has increased dramatically 
over the past 5 years. About40% of these sites in 1979 

were in the IRRI-established 
cropping systems network. 

Comr'onent technology Development and testing 
development and testing of crop production models 

Cropping systems
By far the most significant contribution we have made in cropping systems 

research during the past 5 years is the development and testing of a farm-based
research methodology (Fig. 9). We select sites with probable potential forimproved cropping systems and identify their environmental characteristics. 
Cropping patterns potentially superior to those being used are designed and then 
tested in farmers' fields. Weaknesses in existing technology and in 
socioeconomic acceptability are discovered, and research to remove these weak
nesses is initiated. The farmer is an omnipresent cooperator, as are representa
tives of national programs who have the primary responsibility for multilocation 
testing and for encouraging farmer adoption. 

The farm-based research methodology has been adopted by scientists in 
national research programs (Fig. 10'. In 49 research sites in South and Southeast 
Asia, cropping systems research is being implemented. At 22 of these sites, the 
research is a component of the research network that we helped establish. 

International agencies and donor organizations have studied the research 
methodology and are increasingly using it in integrated rural development projects 
or agricultural rcsearch programs they sponsor. 

The on-farm research pioneered by IRRI staff has led to farmer adoption of 
early rice crop establishment and to an increase in double rice cropping and 
overall cropping intensity. The most dramatic results were noted in 9 barrios of 
Iloilo province, which we surveyed in 1979 - 5 years after the first IRRI 
cropping systems results were obtained. The farmers had not only adopted 

Sites (no) 
60 

48 Total croppng systems 
Totarch stes- esearch sites 

36 

12 .. -- Networkresearch 
sites 

0
 
1974 75 76 77 78 79
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II. Under guidance of the 
KABSAKA program, farmers 
switched from transplanting 
a traditional rice varictv first 
crop to dry seeding of the 
early-maturing [R36. Thisen-
abled them to double the num-
her of rice crops grown each 
year and still grow dryland 
crops after rice. 

12. Increased cropping inten-
sity combined with higher yields 
led to higher farm production 
and returns to farm resour
ces. Net income to farm, 
land, labor, and management 
has more than doubled to 
about $2300/yr on these 2.5 
ha farms. 

t/ha $/h oper yr $/ho per yr 
40 600 1000 

30 450 750 
MI Ist rice 

2nd 
20 - I 300 -5 500 

1.0- 1010crops 5 Dryland25 250
 
.2nd rice
 

0 0 0 
Before Al. Before I After Before 

, After, 

Yield of firs and second rice Value of annual production on all farmland Net returns above 
crops per ha planted material cost on all 

farmland 

Percentage Crops (no) 
100 3 

Transplanted Local 

75 
2
 

A':is 
50 crO 

25 rry:::.nd 
Direct i~ii~seeded :::,,0 IR 36 :: :: 

l-Before- I-After--I 1--Before- -- After--l l-Before----l -- After----l 
% of first rice crops by / of first rice crops No of crops per year on all farmland 

method of establishment by variety (75% under KABSAKA) 

improved cropping patterns and increased their cropping intensities but also 
benefited financially from the adoption (Fig. II and 12). They were financially 
better off. They had paid debts, initiated home repairs. and purchased both 
household and field equipment. The farmers had responded quickly to the 
extensiontype program not only because it was well presented but bcc-tuse it 
provided them a new technology that worked and helped them improve their 
quality of life. 

Two innovative intensive cropping systems were studied further in 1979. 
Continuous rice cropping was tried without the use of insecticides to determine if 
pest buildup would occur. We found instead an increase in natural enemies of the 
insect pests, which reduced the danger of the buildup of brown planthopper and 
other rice pests. 

The continuous cropping system was tried in several provinces in the Philip
pines in sites varying from I to 365 ha. Yields were generally as good as or better 
than those produced at IRRI headquarters One farmer in Batangas province 
produced 33 tlha using this system in 1979. 

RESEARCH HIGHLIGHTS !1 



tested13. VWe the Aorian systern used ;I Indonesia, which
 
permits the production of 2 Monsoon period 
 Dry season 
upland crops on raised, well
drained beds and 2 rice cropsin deprestions during the rainy Traditional 

system . .season and an upland crop in
the depressions during the dry Soil alternately Soil drywet and dryseason. (Weeds and fallow)(Rice and risky upland crop) 

Sorian , - Asystem", 
Raised beds: Depression: Dry Moistwell-drained standing water fallow uplandsuitable for suitable for 

upland crop r;ce 
crop 

(2 crops) (2 crops) 

We experimented with the sorjan system of raised beds and depressions usedin parts of Indonesia (Fig. 13). Yields of 2 upland crops on the raised beds duringthe wet season were surprisingly high: 5.7 t soybean/ha, 2.9 t mung bean/ha, 9.0t sorghum/ha, and 100,000 marketable ears of maize per hectare. Net returns perhectare for the upland crops during the monsoon period varied fromUS$3,100/ha for soybean to US$70/ha for sorghum. Rice yields in the depressions were low (3.8 t/ha) because the crop was grown on exposed subsoil. Thepreliminary results look very promising as a means of providing upland cropsduring the monsoon season.
Our insect pest management studies at cropping systems sites showed that:* Prophylactic pesticide treatments for rice generally did not provide thedesired benefit-cost ratio of 2.0 or more in 3 out of 4 years of testing;* The benefit-cost ratio of pesticides for mung bean was high (3.1 to 17.5),making pesticide usage on this crop most profitable; and* Insect populations in continuous rice culture with no chemical protectionwere actually less than those in comparable fields. 
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FIELD COLLECTION 

Development of systematic field collection opera-
tions in major rice-producing countries in South and
Southeast Asi'i continued. A grant by the Interna-
tional Board for Plant Genetic Resources (IBPGR) 
to assist collaborative efforts was used to help the 
national collection centers in Bangladesh,
Indonesia, Sri Lanka, and Thailand collect local 
rices and ship samples to IRRI. 

An Ii 'Istaff member joined field collectors in 
Sri Lank" during the main rice cropping season and 
the canvassing of all major production areas in the 
country was virtually completed; 231 cultivars and 
16 populations of wild rices were obtained. 

The IRRI representative also visited eastern 
Kalimantan and central Sulawesi in Indonesia. A 
first-ever canvass along the Mahakaman River of 
eastern Kalimantan netted 238 local cultivars. A 
canvass in central Sulawesi netted 106 cultivars. 
Extension workers on 7 Indonesian islands sent in 
1,223 seed samples, of which 695 were found via
ble. 

During the monsoon season, a joint venture in 
Bangladesh was implemented in low-lying districts 
of Pabna and Faridpur and in the northeaw;tern dis
trict of the country. In those canvasses, 187 deepwater cultivars and 20 wild rices of diverse compowt 
 er e ob1ti 0. wia 	iand 
 d ictil e co"samplesTable 1. Indigenous rice varieties collected with IRRI's directsition were obtained. An additional 212 samples 
were collected by local extension workers. Col-
laborative efforts resulted in the collection of about4,500 cultivars and 44 wild rices from various parts4,50Bnads.Country 
of Bangladesh. 

Direct participation by IRRI personnel in collec-
tion activities ensured the gathering of fresh rice 
seeds in previously unexplored areas and also led to: 

* the training of local extension ard research 
staff on methods of collection: 

* 	 the recording of characteristics of varicties in 
the field and their specific uses; and 

* 	 recording of the types of rice culture used in 
the remote areas and the building ofapicture 
of the varietal diversity. 

Local workers' extensive collection eforts in the 
Central Plain, and in North and Northeast Thailand 
brought in a total of 777 samples, including float-
ing, wetland, and dryland types. 

The collection efforts in India under the auspices 
of the Indian Council for Agricultural Research 
continued, but were less than those during 1978. 
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Workers in the Philippine Bureau of Agricultural
Extension and the Bureau of Plant Industry collected 422 samples in Aklan province and the Ilocos 
region. 

Field collectors in Malaysia provided 113 seed 
samples. Table 1 summarizes collection activities. 

INSTITUTIONAL EXCHANGES 
Institutions in India continued to deposit a duplicate 
set of their collections at IRRI. During 1979, IRRI 
received a total of 1,545 samples. The major donors 
were the N. Dev University of Agriculture and 
Technology at UdaipurFaizabad, University of 
Rajasthan, the Paddy Breeding Station of Mandya,
the ICAR-Research Complex at Margoa (Goa), the
Rice Research Station at Moncompu, and the Cen
tral Rice Research Institute. Hundreds of Indian 
donor-parents and improved lines entered earlier in 
the international nurseries were received from the 
International Rice Testing Program (IRTP)atIRRI.
 

or indirect participation in 14 collaborating Asian countries, 
1971-79. 

Bangladesh 
BhutanBurma 

,nc ia 
In onesia 

KampucheaLaos 

Malaysia 
Nepal 
Pakistan 

Ph1979Philippinest 

SriLanka 


Thailand 

Vietnam 
Total 

Indigenous variities collected
with IRRI'sYears 

Direct Indirect 
participajon participation 

1973-79 2,317 2,659 
1975-761973-74, 1976 
1978-79 

-
225 
-

121 
406 

3,940 
1972-76, 1978- 4,799 4,633 
79 

19731972-73 
1973-79 

280 
-
-

-
898
972 

1971-72, 1979 - 968 
1972-73, 1976, - 772 

1973-76, 1977-
79 

510 1,922 

1972, 1975-76, 1,675 405 
1978-79 

1973, 1975-76, 
1978-79 

- 2,420 

1972-75 108 650 
9,914 20,766 



A visiting delegation from the People's Republic
of China brought 250 cultivars, 50 breeding lines, 
and 4 cytosterile stocks to IRRI during May 1979. 
Other donations included 4 progenies of rice/sor-
ghum hybrids, 4 varieties developed by anther 
culture, and 3 outstanding hybrid rices. During the 
International Rice Research Workshop held in 
China in October, 3 provincial academies under the
Chinese Academy of Agricultural Sciences pre-
sented IRRI 159 cultivars, 70 breeding lines, 4 
cytosterile stocks, and 17 wild taxa. 

Samples sent by field collectors in Colombia, 
Malaysia, Mexico, Nepal, and Brazil totaled 467. 
The International :nstitute of Tropical Agriculture
(IITA) in Nigeria sent IRRI 382 samples of 0. 
glaberrina and the Institut de Recherches 
Agronomiques Tropicales et des Cultures Vivri~res
(IRAT) supplied 290 samples of 0. ativa and 5 
samples of 0. glaberrima collected frorr.West 
Africa. 

In 1979 IRRI requested and subsequently 
received 554 samples to replace those accessions 
that were no longer available because of either 
expired variability or destruction by pests in the 
fields. 

IRRI continued to systematically exchange 
computer-printed accession lists and characterized 
data with major national genetic resources centers 
and other international agricultural research cen-
ters. 

SEED INCREASE, REJUVENATION, AND DIS-

TRIBUTION
 

Field space used for seed increase, characteriza
tion, and rejuvenation during different plantings
was expanded to 12 ha. During the year 11,155 
plots were planted for seed multiplication, 8,176 for 
systematic characterization, and 1,200 for rejuve-
nation.le 

In November, 3,479 plots were planted for initialseed increase of strongly photoperiod-sensitive 
accessions. About 1,800 short rows were also 
grown for seed increa;e of exotic varieties, mut-
ants, genetic testers, 0. glaberrima strains, and 
wild species. 

Seed distribution continued to be a principal ser-
vice of the germplasm bank: 3,260 Asian rice sam-
pies and 1,086 samples of African rices, wild taxa, 
and genetic testers were furnished to 173 resear-

chers in foreign countries. Within IRRI 26,700
samples of Asian rices and 401 samples of other 
species were provided to GEU scientists (Table 2).
Many of such requests specified certain desired 
characterisiics and increased use was made of the 
computerized data retrieval system in identifying 
the appropriate accessions in the bank for specific 
requirements. 

By late 1979, about 7,970 samples with reputed
tolerance for 1 or more specialized problems had 
been assembled. An extra cycle of seed increase 
was often needed to produce sufficient seed for 
evaluation. The following special types were 
offered to various IRRI GEU scientists for evalua
tion: 41 for flood tolerance, 44 for tolerance to 
adverse soils, and 54 for drought testing. 

INVENTORY, CHARACTERIZATION, AND DATA 
PROCESSING 

At the end of 1979, the IRRI germplasm bank had 
47,743 registered accessions of 0 sativa, 2,278
accessions of 0. glaberrima, 961 populations of 
wild species or taxa, and 772 genetic testers and 
mutants (Table 2). Of the 0. sativa accessions,
40,768 have been characterized for all morphoag
ronomic characters; another 4,400 accessions have 
been completely characterized in the field, but 
laboratory measurements on 8 remaining items 
have not been recorded. Among the 0. glaberrima 
populations, 785 have been completely charac
terized. 

Table 2. Progress of the IRRI Genetic Resources Programfield collection, preservation, and distribution of seed of Oryza
in 

sativa cultivar, 1973-79. 

Distinct 

accessions Samples distributed (no.)
 
Year inAsia ig m pe 
 In national(no. plasm(no.)bank Inside IRRI programs 
1973 1,405 24,162 8,275 9,777 
1974 2,982 26,818 19,236 2,603 
1975 566 30,332 22,155 4,043 
1976 1,466 34,229 40,200 4,819
977 696 36,956 49,778 4,089
1978 1,134 40,768 31,941 7,316 
1979 762 47,743@ 26,694 3,260 

aAbout 9,483 recently received seedsamplesareyetto beregistered;5,362 duplicate accessionsand 3,644 nonviable seedsampleswereremoved from the registry during 1973-79. 
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SEED STORAGE 

Monitoring of seed viability in the medium- and 

short-term storage were continued. A large number 
of 3.5-year-old seeds in short-term storage were 
tested and found to have strikig differences in 
longevity. The least durable vi ..des came from 
countries of the temperate zone and were nondor-
mant while the highly viable samples came from 
high-rainfall areas in the tropics. 

TRAINING OF GENETIC STOCK OFFICERS 

IRRI staff members participated in a training course 
on genetic resources documentation jointly spon-
sored by IBPGR, the University of the Philippines 
at Los Bafios, and the Philippine Council for 
Agriculture and Resources Research held at Los 
Bafios. The genetic resources program leader par-
ticipated in two training programs organized by 
India's National Bureau of Plant Genetic Resources 
in New Delhi: the Sout[, Asian Training Course on 
Plant Exploration and Collection, and the National 
Rice Exploration and Collection Training Course. 

Several GEU trainees received training on vari
ous aspects of genetic conservation. 

INTERNATIONAL AND INTERINSTITUTIONAL 
COLLABORATION 

IRRI continued to serve as the principal depository 
for the base collection of the world's rice. Institu
tions in Brazil, China, Colombia, Cuba, India, 
Malaysia, and Thailand, as well as the IITA, IRAT, 
and IBPGR, sent thousands of sampies from their 
collections for preservation at IRR. IRRI staff 
members advised national centers of Bangladesh, 
China, and India, plus the Centro Internacional de 
Mejoramiento de Maiz y Trigo, International Crops
Research Institute for the Semiarid Tropics, Inter
national Institute of Tropical Agriculture, and West 
African Rice Development Association on the con
struction or improvement of seed storage facilities. 

Systematic exchange of accession lists and 
characterized data with major national genetic 
resources centers, the IITA, and IRAT continued 
for the 0. sativa and 0. glaberrima accessions. 
Such exchanges reduce redundancy in conserved 
stocks and minimize the possibility of overlooking 
accessions that carry identical names but have dif
ferent ecogenetic origin. 
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YIELD PERFORMANCE AND NITROGEN lines were much better at 60 kg N/ha and 90 kgRESPONSE OF RICE VARIETIES AND SELEC- N/ha than at 120 kg N/ha. In plots with no nitrogenTIONS added, IR4568-86-I-3-2 had the highest yield.
Agronomy Department During the wet season, IR9860-26-2-2-2, which 

yielded 3.2 t/ha withPromising breeding lines and varieties were 
no nitrogen added, had amarked yield resronse to ncreased nitrogen. IR42evaluated at IRRI, at the Philippine Bureau of and IR26 h.' !,e highest yield at 60 kg N/ha. InPlant Industry (BPI) stations, and on farms, most vari,!ties, responses to nitrogen rates higherIRRI irrigated trials. Twelve IR varieties and than 60 kg N/ha were minimal because of lodging.21 new IR lines were evaluated in irrigated plots at The generally low yield of most varieties andIRRI (Table 1). lines in both seasons was due to lodging caused byIn the dry season, IR48 yielded highest, 7.0 strong winds.

t/ha, at 90 kg N/ha and almost 7.0 t/ha at 120 kg IRRI rainfed trials. In rainfed trials, IR48 hadN/ha. Yields of most of the new early-maturing the highest yield at 30 kg N/ha and IR9217-58-2-2 

Table 1. Yields of rice varieties and promising lines at 5 nitrogen levels" in irrigated plots, I RRI, 1979 dry and wet seasons.

Maturity 
 Dry season yieldb (t/ha) Maturity wet season yieldb 

(t/ha)
Variety (days) 0 kg 60 kg 90 kg 120 kg 150 kg (days) 0 kg 30 kg 60 kg 90 kg 120 kgN/ha N/ha N/ha N/ha N/ha N/ha N/ha N/ha N/ha N/ha 

IR8 126 3.8 4.3 4.7 4.3 4.0 130 2.2 3.3 4.1 4.2 4.4IR20 119 2.3 4.3 4.0 3.7 4.1 120 3.22.3 3.6 3.3 3.7IR26 123 3.7 5.0 4.8 5.5 4.9 138 4.02.2 4.9 4.8 4.8IR32 139 1.7 3.8 4.6 2.9 2.6 - -.  - - -IR36 108 2.8 4.2 5.05.3 5.7 103 2.0 3.0 3.3 3.3 2.7IR38 123 3.0 5.0 4.9 4.4 4.6 -  - - -IR40 133 2.6 4.1 3.7 3.6 3.4 -  - - - -IR42 139 2.9 4.4 4.6 5.0 3.9 138 2.2 4.4 4.9 4.8 5.0IR44 (IR2863-38.1) 126 2.6 3.53.4 3.7 3.8 130 2.3 3.2 3.6 3.7 4.1IR46 (IR2058-78-1-3.2) 124 4.1 .L7 4.3 4.8 4.6 130 2.3 3.3 3.9 4.0 3.5IR48 (IR4570-83-3-3-2) 139 3.5 7.24.8 6.9 4.7 138 2.2 3.5 3.5 4.4 4.4IR50 (199224-117-2-3) 102 2.2 3.6 5.2 4.0 3.6 1.5103 2.6 3.1 3.2 2.7IR4432-52.6.4 126 2.9 4.6 4.5 2.8 3.7 -  - - - -IR4568-86-1-3-2 126 4.6 5.2 5.8 5.2 4.7 119 2.1 3.5 4.0 3.4 4.0IR5853-118-5 116 3.2 4.0 4.7 4.4 4.8 2.1112 2.7 3.3 3.6 3.6IR5853-162-1-2-3 118 2.5 3.6 4.9 4.3 4.5 2.3116 3.0 3.3 3.4 3.7IR8192-31-2-1-2 - - - - - - 124 2.3 3.7 3.8 3.9 3.9IR8608-167-1-2 - - - - - - 97 1.4 2.1 2.6 2.6 2.3IR8608-189.2-2.1-3 134 2.7 3.7 4.1 3.9 3.1 1.899 1.9 2.1 2.6 2.61R8608-298-3-1-1.2 105 3.4 5.84.8 5.4 3.3 102 1.7 2.8 2.2 2.8 2.4IR9129-209-2-2-2.3 102 3.5 5.85.4 4.1 3.2 105 1.7 2.9 3.2 3.2 3.01R9129-457-2-2-1-2 102 3.0 3.8 4.0 5.0 3.4 1.6102 2.7 2.8 2.8 2.8IR9224-140-3-2-2.3 - - - - 100 1.9 2.8 3.1 3.3 3.11R9224-162-3-1-3.2 - - - - - - 105 1.9 3.0 3.2 3.2 3.1IR9761-19-1 106 3.4 5.1 4.4 4.0 4.0 2.0105 2.7 3.1 3.2 2.81R9761-75.3 106 2.8 3.9 4.3 " " 3.9 124 2.7 3.0 3.5 3.1 3.4IR9802-10-3 126 3.6 5.04.1 .. 5 3.4 -. - 
IR9846-215-3 124 3.7 4.4 5.0 5.1 4.4 - -. - - - -IR9860-26-2.2.2 - - - - - - 102 3.2 4.0 4.1 4.6 4.8IR11297-158.3 105 3.0 4.7 5.9 5.2 3.6 -  - - - -IR 13168-143-1 103 2.4 3.6 4.0 4.1 3.8 100 2.2 2.7 3.0 2.8 2.51R13240-10.1 103 3.3 4.2 5.5 4.5 3.8 -  - - - -IR13429-196-1 - - - - 107 2.3 3.1 3.2 2.6 2.6Pete 152 2.3 3.3 4.3 3.9 3.0 2.0138 2.2 2.9 2.6 2.7 

aincludes 30 kgN/ha topdressed at panicle initiation in -he dry season and 10 kgN/ha topdresed at Panicle initiation In the wet season. oAv, 3 replications. To compare means within the same row or column, LSD (5%) = 0.60 t/ha for dry season, 0.73 t/ha for wet season. 
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Table 2. Yield of rice varieties and promising lines at 5 nitrogen level? in rainfed wetland plots, IRRI, 1979 wet season. 

Yield
b (t/ha)

Maturity 
(days) 0 kg N/ha 30 kg N/ha 60 kg N/ha 90 kg N/ha 120 kg N/ha 

4.0 4.0
129 2.3 3.6 	 4.2 

IR8 2.82.5 2.3
108 1.6 2.4

IR36 4.34.4 4.4135 2.2 4.0
IR42 4.64.3 3.8135 2.2 4.5
IR48 3.62.9 3.2

112 2.0 3.4
IR5853-118-5 3.53.3 3.6

121 2.2 3.9
IR8073-65-6-1 4.84.4 4.5

129 3.2 4.0
IR9217-58-2-2 3.84.0 2.9

121 2.1 3.4
IR9852-22-3 4.7
 
IR 13146-41-3 


3.5 3.6
130 2.4 3.7 

3.9
 
1R13149-19-1 


3.7 3.6
119 2.3 3.6 

3.93.0 3.3
129 2.2 3.5

IR13419-113-1 3.03.0 3.3119 2.1 2.8 

20 kg N/ha topdressed at panicle initiation. bAv, 3 replications. To compare means within the same row or 
IR13426-19-2 

aEach treatment, except 0 kg N/ha, included 
column, LSD (5%) = 0.98 t/ha. 

Yield of rice varieties and promising lines at 4 nitrogen levelsa in an irrigated farmer field, Laguna province, Philippines, 1979.
 
Table 3. 


b 	 Wet season yieldb (t/ha)Dry season yield (t/ha) Maturity
Maturity 	 80 kg 120 kgVariety or line 	 0 kg 50 kg 100 kg 150 kg (days) 0 kg 40 kg

(days) N/ha 	 N/ha N/ha N/ha
N/ha N/ha N/ha N/ha 

4.6
124 2.3 3.4 4.0 5.3 124 4.0 	 4.6 5.3 

IR8 - -. - -3.1 3.9135 2.4 2.5IR32 2.3 2.44.0 5.0 105 1.5 2.8105 2.4 4.9IR36 5.6 5.83.4 4.3 132 4.1 5.8139 2.6 3.81R42 
4.8 123 3.8 5.0 4.6 4.6

122 2.3 3.6 4.7IR44 
6.2 123 4.2 4.7 4.8 4.8

122 3.5 5.2 5.2IR46 
4.1 132 4.4 5.3 5.4 5.4

140 3.0 4.3 4.5IR48 ----4.9 125 2.7 2.8 3.51R4432-52-6-4 

-
 - - - 111 1.8 1.9 3.7 3.6 

-

.- - 123 3.0 4.9 5.2 4.6IR5853-118-5 
IR5853-162-1-2-3 

bAv, 3 replications. To compare means within 
aEach treatment, except 0 kgN/ha, included 20 kgN/he topdressed at panicle initiation for both seasons. 

0.64 t/ha for dry season, 0.81 t/ha for wet season.the same row or column, LSD (5%) = 

Table 4. Yield of rice varieties and promising lines at 4 nitro
had the highest yield in plots without added ni-

in rainfed wetland, farmer field, Laguna province,gen levelsa 
trogen (Table 2). Philippines, 1979 wet season. 

Yield 
b (t/ha)Farmer field trials. Seven IR varieties and Maturity 

120 kgthree new IR selections were tested in farmers' Variety or line (days) 	 0kg 40kg 80kg 
N/ha N/ha N/ha N/ha

fields (Table 3). 
2.4 2.5 3.0In the dry season, IR46 yielded the highest at all IR8 117 2.0 

ni:ogen levels but it lodged and its yield dropped IR36 102 1.5 2.1 2.1 2.4 

150 kg N/ha. In the wet season, nitrogen rates IR42 128 2.3 3.0 3.9 4.8 
at 	 3.3 3.8 3.1128 2.3not increase grain 1R48
higher than 40 kg N/ha did 	 102 2.1 2.3 2.6 3.6IR5853-118-5 

yield. High wet season yields of 1R8, 1R42, 1R44, IR9852-22-3 106 2.1 2.8 3.1 2.7 

and IR48, with no nitrogen added, were due to high 1R13419-113-1 117 2.4 3.9 3.6 3.2 

117 2.1 3.8 4.6 4.0
IR13426-19-2

natural fertility in farmers' fields. 
aEach treatment, except 0kgNha, Included 20 kgN/ha topdressed at 

In rainfed wetland farmers' fields (Table 4), 	
panicle initiation. bAy, 3 replications. To compare means whin the 

samerow or column. LSD (5%1 0.53 t/ha.
early-maturing varieties and lines (1R36, 1R5853-

118-5, and IR9852-22-3) suffered from limited 

rainfall from flowering to maturity. At 80 kg N/ha 
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IR13426-19-2 outyielded the other varieties and 
lines. IR42 outyielded all the other entries at 120 kg
N/ha. 

BPI, Maligaya. In the dry season, most new 
selections showed favorable responses to high 
nitrogen applications (Table 5). IR42, IR50,
IR13240-10-1, IR4568-86-1-3-2, and IR8608-
189-2-2-1-3 had nearly similar high yields at 150
kg N/ha but IR5853-118-5, IR8608-189-2-2-1-3, 
and IR4568-86-1-3-2 yielded just as well at 120 kg
N/ha. Most IR varieties and new lines yielded 
more than 4.0 t/ha in plots with no added nitrogen.

During the wet seasoii, IR4568-86-1-3-2 
showed a good response to 30 kg N/ha but not to 
higher levels. IR5853-118-5, IR5853-162-I-2-3, 
and IR9129-209-2-2-2-1 gave similar good yields 
at 60 kg N/ha. 

BPI, Camarines Sur. In the dry season the new 
lines and 1R8, IP.2, IR44, and IR48 responded to 
9U kg N/ha with nearly similar yields of more than 
6.0 t/ha (Table 6). With no nitrogen added, 
IR5853-118-5, IR8608-189-2-2-13, IR9129-
209-2-2-2-1, and IR13240-10-1 yielded nearly 4.0 
t/ha. 

During the wet season, yields of the new lines 
were affected by frequent rains and a heavy inci-
dence of bacterial blight and tungro virus dis-
eases. However, IR42, IR4568-86-1-3-2, 
IR5853-118-5, and IR5853-162-1-2-3 exhibited 
good tolerance for the diseases and yielded more 
than 4.0 t/ha in nitrogen-treated plots. 

BPI, Iloilo. Because of dry season irrigation 
problems only wet season data are presented.
1R36, IR50, IR13168-143-1, IR9224-140-3-2-2-3, 
IR9129-209-2-2-2-1, IR4568-86-1-3-2, 1R5853-
118-5, and IR9224-162-3-1-3-2 had yields higherthan 5.0 t/ha at 90 kg N/ha (Table 7). 

GROWTH DURATION 
Plant Breeding Department 

A large number of breeding lines with a growth 
duration of less than 100 days were evaluated in 
replicated yield trials in the wet season. In the 
trials 12.7% (47 of 368) entries matured in less than 
100 days. In the 1978 wet season trials, only 3.2% 
matured in less than 100 days. Many of the 1979 
entries yielded as well as IR36 (Table 8). 

A large number of the entries had multiple resis-
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tance to major diseases and insects. Numerous 
crosses were made with the selections and other 
early-maturing varieties from national programs. 

SCREENING BREEDING FORLINES RATOON-
ABILITY 
Plant Breeding Department 

Nearly 2,000 varieties and breeding lines were 
evaluated for the ability to ratoon after the harvest 
of the main crop lots in replicated yield trials and 
observational yield trials of the 1979 wet season. 
The main crop was harvested at maturity and stems 
were cut to 15-cm stubble height. Plots were top
dressed with 40 kg N/ha 10 days after entries were 
cut and plots were flooded. Entries were scored for 
overall ratoon growth, ratoon stand count, tiller 
number, plant height, uniformity in flowering, 
ratoon crop duration, and grain yield. Sheath 
blight infestation of the main crop, which killed 
many of the nodal primordia, and a virus infection 
that caused stunted ratoon growth in some entries 
introduced an unexpected variability. 

Among the plots, 303 entries had excellent 
regrowth and 130 of those exhibited synchronous 
flowering. The ratoon crop yield ranged from none 
to 1.8 t/ha and maturity ranged from 48 to 68 days. 
The advanced lines IR9761-40-3-2, 1R9852-19-2, 
IR13413-54-2, IR13423-71-2, and IR13429-305-3 
and the varieties Gulfrose, Milbuen, Mingolo, and 
Intan were outstanding. 

SOURCES OF SEMIDWARFISM 
Platnt Breeding Department 
A search for new dwarfs and semidvarfs amongA s ac o e w rs a d s md af m n
accessions of the germplasm bank continued. 
Those identified are crossed with one of the IR 
semidwarf varieties carrying the Dee-geo-woo-gen 
recessive gene to determine if there is an identical 
gere for semidwarfism. 

Progeny of the 10 dwarf/semidwarf crosses 
made showed distinct segregation for plant height 
in the F, generation, indicating that different 
height genes were involved. Four of the dwarfs 
were induced mutants from Tellakathera, a tall 
Indian variety. Four other dwarfs were mutants 
derived from Tainan 5, and two were from Tainan 
6. Both Tainaa 5 and Tainan 6 were principal pon



Table 5. Yields of rice varieties and promising lines at 6 nitrogen levels? in irrigated plots, Maligaya Rice Research and Training Center, Nueva Ecija, Philippines, 1979. 

Variety or line Maturity Dry season yield (t/ha) Maturity Wet season yieldb Ct/ha) 

(days) 0kg
N/ha 

60kg
N/ha 

90kg
N/ha 

120 kg
N/ha 

150 kg
N/ha 

180 kg
N/ha 

(days) 0kg 
N/ha 

30kg 
N/ha 

60kg 
N/ha 

90kg 
N/ha 

120kg 
N/ha 

150kg 
N/ha 

1R8 132 4.5 6.8 7.0 5.4 6.3 4.9 128 3.2 4.9 5.3 6.0 5.4 5.8 
IR20 121 4.2 5.8 7.0 5.7 3.3 5.4 127 3.4 4.6 4.8 5.2 4.8 4.2 
IR32 139 4.1 5.2 5.8 5.8 5.0 4.2 - - - - - - -
IR36 107 3.8 5.9 6.0 6.0 6.3 6.8 115 4.2 5.5 5.3 5.8 6.1 5.2 
IR38 126 4.2 5.7 6.4 6.6 5.9 5.7 - - - - - - -
IR42 139 4.0 6.1 7.0 6.6 7.8 6.7 129 4.0 4.9 5-6 5.3 5.7 5.3 
IR44 (IR2863-38-1) 135 3.4 5.5 5.7 5.1 5.3 6.0 121 2.5 4.7 5.6 5.4 5.5 5.0 
IR46 (IR2058-78-1-3-2) 121 4.8 5.6 7.1 6.4 5.6 6.1 120 3.7 4.7 6.2 5.2 5.4 4.6 
R48 (IR4570-83-3-3-2) 133 4.4 6.6 7.0 6.9 6.0 7.1 133 4.1 5.0 5.0 6.1 5.9 5.3 

m IR50 (1R9224-117-2-3-3-2) 
IR4432-52-6-4 

105 
126 

4.3 
3.9 

6.3 
6.6 

6.7 
5.6 

7.1 
5.7 

7.3 
5.3 

6.7 
4.2 

107 
-

3.5 
-

4.3 
-

4.5 
-

4.7 
-

4.5 
-

4.2 
-

IR4568-86-1-3-2 121 4.8 6.7 7.0 7.7 7.5 7.5 119 4.1 5.5 5.4 5.5 5.0 5.0 

> 
8IR5853-118-5 

IR5853-162-1-2-3 
113 
117 

4.5 
4.2 

6.4 
6.8 

6.9 
6.0 

7.5 
6.5 

6.3 
6.5 

6.5 
4.8 

116 
120 

3.7 
4.0 

4.6 
4.7 

4.9 
4.7 

5.5 
5.5 

5.3 
5.3 

4.9 
4.4 

- - - - .R8608.167-1-2- - - 105 2.8 3.4 3.6 4.0 3.9 4.1 
IR8608-189-2-2-1-3 103 3.9 5.3 6.6 7.8 7.5 6.7 - - - - - - -

z 
IR9129-209-2-2-2-1
IR9224-140-3-2-2.3 

105 
-

3.6 
-

5.4 
-

6.4 
-

6.6 
-

6.6 
-

6.5 
-

107
107 

3.3
3.6 

3.7
4.6 

4.6
5.F 

4.2
5.2 

3.9
5.2 

4.2
5.1 

z IR9224-162-3-1-3-2 .. . . . . . 107 3.9 5.2 5.3 5.4 5.3 5.1 
1R 13168-143-1 
IR13240-10-1 

.. 
103 4.0 5.7 

. 
6.6 

. 
6.8 7.3 7.5 

105 
-

3.8 
-

4.3 
-

4.5 
-

4.2 
-

4.8 
-

3.8 
-

-I13429-196-1 .. . . . . . 105 4.2 5.2 5.0 5.3 5.2 4.4 
> Peta 142 2.3 4.4 3.9 2.9 2.7 2.3 133 2.5 3.0 2.3 2.8 3.5 2.4 

S"Each treatment, except 0 kg N/ha, included 30 kg N/ha toodressed at panicle initiation in dry season and 20 kgN/ha in wet season. bAv, 3 replications. To compare means within the same row or column, 
Z LSD 15%)= 1.06 t/ha for dry season. 0.87 t/ha for wet season. 
rn 
0 

X 



- -

- -

- - - -

- - - -

- - - -

- - - -

- - - -
- - - -

zz Table 6. Yields of rice varieties and promising lines at 6 nitrogen levelsa in irrigated plots, Bicol Rice and Corn Experiment Station, Camarines Sur, Bicol Region, Philippines, 1979. 
C: 

r- Maturity Dry season yield" (t/ha)X Variety or line M Maturity Wet season yieldb (t/ha)
rn (days) 0kg 60kg 90kg 120 kg 150 kg 180 kg (days) 0kg 30kg 60 kg 90kg 120 kg 150 kgO N/ha N/ha N/ha N/ha N/ha N/ha N/ha N/ha N/ha N/ha N/ha N/ha 
- IR8 134 4.1 5.8 6.4 6.3 5.6 4.8 116 2.4 2.6 2.8 3.0 2.5 2.10 IR20 118 3.0 5.0 5.7 5.3 5.3 4.9 116 3.0 4.2 3.8 3.8 3.7 2.7X IR32 140 3.4 4.4 4.2 4.1 4.4 2.9  -

IR36 108 3.6 4.7 5.7 5.4 5.6 5.3 105 3.2 3.6 3.9 3.7 4.0 2.8IR38 126 4.7 5.8 6.1 5.3 5.9 5.3  -IR42 135 3.8 5.4 6.4 6.4 5.9 6.6 131 3.4 4.1 4.3 3.8 3,7 4.0IR44 (IR2863-38-1) 131 3.8 6.6 6.5 5.5 5.6 5.4 116 4.1 3.8 3.5 3.7 3.9 3.31R46 ( R2058-78-1-3-2) 125 3.8 5.6 6.2 5.4 5.6 5.8 116 3.1 3.2 3.4 3.5 3.5 3.8IR48 (IR4570-83-3-3-2) 137 3.6 6.5 6.3 5.7 5.2 5.7 132 3.9 4.1 3.8 3.7 4.1 3.51R50 ( R9224-117-2-3-3-2) 110 3.8 5.3 6.8 5.9 6.1 5.2 98 2.6 3.9 3.7 3.8 3.8 3.0IR4432-52-6-4 132 3.7 5.4 6.4 5.4 5.8 4.5  -IR4568-86-1-3-2 122 3.8 5.3 6.1 5.6 6.1 4.9 116 3.8 4.4 4.3 4.4 4.4 4.0IR5853-118-5 115 3.4 5.1 6.2 5.2 6.0 4.3 109 3.5 4.1 3.9 4.4 3.8 3.2IR5853-162-1-2-3 119 3.2 5.1 5.6 6.5 5.6 4.6 116 3.8 4.5 4.3 4.6 4.2 4.0IR8608-167-1-2 - - - 97 2.8 2.9 2.9 3.2 2.7 3.1IR8608-189-2-2-1-3 108 3.5 5.0 6.2 6.7 5.8 5.5  - -IR9129-209-2-2-2-1 110 3.7 5.3 6.1 6.3 5.5 .8 102 2.8 3.8 4.0 3.6 3.2 2.71R9224-140-3-2-2-3 - - - 98 3.2 3.6 3.9 3.8 3.4 3,2IR9224-162-3-1-3-2 .- 98 3.0 3.6 3.9 3.5 3.4 281R13168-143-1 ..- 98 3.2 3.0 3.4 3.2 3.1 3AIR 13240-10-1 103 3.8 4.9 5.4 5.9 6.1 5.5  - -
IR 13429-196-1 - - 102 3.1 3.4 4.0 4.0 3.5 3.2Pete 141 3.8 4.4 2.8 1.8 1.7 1.8 137 2.8 2.9 2.6 2.5 2.6 1.6aEach treatment, except 0 kg N/ha, included 30 kg N/ha topdressed at panicle initiation in dry season and 20 kg N/ha in wet season, bAy, 3 replications. To compare means within the samerow or column.
LSD (5%) - 1.01 t/ha for dry season, 0.81 t/ha for wet season. 



Table 7. Yields of rice varieties and promising lines at 0 nitrogen levelsein irrigatedplots, Visayes Rice Experiment Station, Iloilo 
province, Philippines, 1979 wet season. 

Variety or line Maturity Yieldb Ct/ha)

(days) 0 kg N/ha 
 30 kg N/ha 60kg N/ha 90 kg N/ha 120 kgN/ha 150kgN/ha 

IR8 122 2.5 3.8 5.0 5.0 3.9 3.9IR20 117 3.5 3.7 4.1 4.1 4.0 3.9IR36 109 3.4 4.6 5.0 5.4 4.8 4.3IR42 3.8 4.5 4.9 4.8 4.8
129 3.3 


IR44 (IR2863-38-1) 115 
 2.7 3.2 3.9 4.0 3.9 3.1IR46 (IR2058.78.1-3-2) 122 4.0 4.2 4.9 4.7 4.5 3.6IR48 (IR4570-83-3-3.2) 129 3.1 3.5 4.4 4.6 3.8 4.3IR50 (IR9224-117.2.3) 109 4.2 5.7 5.8 5.8 5.3 5.4IR4568-86-1-3-2 119 3.7 4.4 4.8 5.1 4.9 4.8IR5853-118-5 109 3.5 3.9 4.5 5.0 5.0 4.4IR5853-162-1-2-3 121 3.7 4.3 4.2 4.2 4.0 3.8IR8608-167-1-2 101 3.8 4.4 4.8 4.5 4.2 4.1IR9129-209-22-2.1 109 4.0 4.1 4.8 5.4 4.9
109 3.7 4.5 5.2 5.3 

4.9IR9224-140-3-2-2.3 
5.1 5.0IR9224-162-3-1-3-2 105 4.6 4.7 5.2 5.5 4.7 4.6IR13168-143-1 105 4.2 4.4 4.6 5.2 5.4 4.8IR13429-196-1 107 4.3 4.6 4.6 4.8 4..7 4.1Peta 130 29 4.0 3.5 3.3 1.5 1.9 

;Each treatment, except 0 kgN/ha, Included 20 kgN/ha topdressed acpanicle Initiation. bAy, 3 replications. To compare means within the same row or
column, LSD (5%) - 0.90 t/hs. 

Table 8. Yield of early-maturing entries in the replicated yield trials at IRRI, 1979 wet season. 

Growth Yield8 
Selection Cross duration Yield Yig/ 

(days) (t/ha) field day)
IR9752-71-3-2 IR28/Kwang-chang-ai//l R36 99 5.08 66.8IR9729-67-3 BG 34/I R28//IR36 99 4.57 60.1IR19728-9-3-2 IR8608-298-3/1 R10179-23 98 3.99 53.2
IR19743-25.2-2 I R9129-192-2/1R 10176-79 98 4.12 54.0IR19743-46-2-3 ,, 98 3.99 53.2IR19746-28-2-2 IR9129-192-2/I R10183-7 98 4.02 56.0IR13204.3-3-3 1R28/CO 39//1R36 98 4.52 60.2IR19796-17-3-2 I R9703-41-3/I R10185-68 98 4.34 58.0IR19819-31-2-3 IR9715-4-2/I R10176-79 98 4.30 57.2IR9708-51-1-2 ADT 26/I R1561-228-3//I R28 

1R7 4 7 98 3.55 53.2IR10179.2-3-1 B2-6.32/Ai-nan-tsao 1 93 3.66IR36 IR1561-228-1//I R24 4/0. nivara///CR94.13 
52.3 

109 3.80 44.3
 
eExcludes 23 days In the seedbed.
 

lai varieties of Taiwan. Mutant Tainan 5-73-111 2243-85F (an accession from Ivory Coast), andappeared agronomically more desirable than the Short Straw Starbonnet (a US selection from 
other nine dwarfs. CP23 I/Bluebonnet). The allelic relationship among

Among the progeny of 26 semidwarf/semidwarf the above five sources will be studied. 
crosses, 5 dwarfing sources distinct from Dee-geo- Seven semidwarf/seriiidwarf crosses produced a woo-gen sources were obtained. Those were Mu- high proportion of semidwarf F2 plants and a fewtant 65 (spontaneous mutation of Honya 349 from intermediate-to-tall plants. The sources probably
Pakistan), G.S. 1649A (a selection obtained in share a compound locus with the Dee-geo-woo-
Thailand from a Chinese variety Sze-mu), Nadula gen gene, or the two loci are closely linked.
Dwarf (spontaneous mutation of Nadula from Fiji), Sources belonging to this category are Gora NCS 
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16 (from India), Sekarmandi (from Indonesia), 
Synthetic Sativa (a high-protein selection from 
India), Shiranui/Goinchu 61-54 (from the Central 
Rice Research Institute, India), TR-17 (an induced 
mutant from India), Kochihibiki (Kanto 
77//Akibare *2 from Japan), and Hoyoku (Jik-
koku/Zensho 26 from Japan). 

Fourteen other semidwarf/semidwarf crosses 
produced F2 plants that fell largely within the 
range of the two parents. Sources of this group 
included spontaneous mutations of tall indica var
ieties, hybrids of unknown parentage but probably 
derived from Dee-geo-woo-gen or its progenies, 
and progenies of distant crosses. 
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BREEDING PROGRAM 
Plant Breeding and Chenistr., Departments 

A large number of crosses involving breeding lines 
with intennediate arnylose content were made dur-
ing 1979. The proportion of lines with inter-
mediate anlylose grown in the various nurseries was 
much higher than in previous years. Several elite
lines with intermediate amylose were evaluated in 
replicated yield trials. IR9129-209-2-2-2 was found 
to be an outstanding intermediate-amylose line; it 
also has intermediate gelatinization temperature
(GT). 

The Philippine Seed Board named IR4570-83-
3-3-2 as 1.R48, the first intemediate-amylose IRRI
line to be named a variety. Several crosses be-
tween aromatic varieties and improved breeding
lines and varieties were made. 

Six intermediate-amylose lines were evaluated
through a preliminary corumer panel test in
Batangas Province, Philippines, by the Institute of 
Human Ecology, University of the Philippines at
Los Bahos (UPLB) with C4-63G and BPI-121-
407 as check varieties. C4-63G is Peta/BPI-76 and 
both BPI-76 and BPI-121-407 were derived fromFortuna/Seraup Besar 15. Both Fortuna and 
Seraup Besar 15 are itermediate-amylose var-
ieties. 

Because of sample limitation, total milled rice 
was used and raw-rice preference and acceptability 

scores were grossly influenced by percentage of 
brokens (25-73% of milled rice) and whiteness of 
rice. Samples with Kett whiteness readings below40 were not rated well (Table 1). IR9129-209-2 
and IR9129-457-2 (10% protein rices) had low 
whiteness readings. The two IR4570 lines, with 
the longest grains in the set, and IR4215-27-3 had 
preference scores comparable to that of tie C4
63G check in both raw and cooked forms. 
IR9129-209-2 was comparable to C4-63G in pre
ference scores of cooked rice only. C4-62G, par
ticularly in cooked form, was preferred to BPI
121-407. C4-63G is the intermediate.amylose 
source for IR4215 and IR9129, and BPI-121-407 
for IR4570 and IR8192. The relative qualities of
C4-63G and BPI-121-407 were not cunsistently
inherited by the lines derived from them, but the 
alkali spreading value of the intermediate-amylose 
parent was inherited. 

The study underlined the importance of reducing
differences in dimensions, whiteness, and head 
rice of samples for consumer panel tests because 
samples not preferred in raw form also tended to 
rank poorly as cooked rice. 

INTERNATIONAL COOPERATIVE TESTS ON 
METHODS
 

Chemistry Departmt 
As a followup of the 1978 workshop on chemical 

Table 1. Preference scores for raw and cooked rice (in decreasing order for cooked rice) by a consumer panel, and prope+,ties of 8 totalmilled rices. Institute of Human Ecolty, University of the Philippines at Los Baos, and IRRI, 1979. 

Mean preference scorea Alkali AmyloseVariety or line name Kett Cooked-rice
spreading cohtent whiteness hardness

Raw Cooked value (%) reading (kg) 

IR4570-74-2 Set 10.022 ab 0.247 a 7.0 24.7C4-63G (check) 40.8 6.40.178 a 0.094 ab 23.7IR9129-209-2 43.1-0.264 b 0.089 ab 
3.8 4.8
4.7 21.6 37.4C4-63G 5.60.081 ab -0.136 bc 4.0 24.6BFi-121-407 40.8 5.7-0.017 ab -0;294 c 7.0 23.9 38.0 6.6 

1R4570-83-3 (IR48) Set20.204 a 0.306 a 7.0 23.8 41.7IR4215-27-3 5.90.404 a 0.276 a 3.5 23.5 41.8C4-63G (check) 0.217 a 0.213 a 4.7 
3.8 23.7IR8192-155-2 43.1 4.8- 0.459 b -0.122 b 7.0 26.0IR9129.457-2 41.0 5.9-0.366 b -0,672 c 4.8 23.2"By averageof 39 panelists who rated eachof the 5 samplesin 2 sets,with a common C4-63G 

36.6 5.4 
2nd - 0.50; 3rd - 0; 4th - -0.50; and 5il- -1.16. 

check sample, atBukal, Lenery, Batai.ge. lit- 1.16;In a column, under eachst, meansfollowed by acommon lettr are notsIgnificantly different at 5%level.All sampleswereconsidered acceptable; raw85-100%; and cooked 77-92%. 
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aspects of rice grain quality, four cooperative tests 
- gel consistency, alkali digestibility, amylcse 
content, and instrument methods for cooked-rice 
texture - were organized. These four methods 
were tested in 1979. 

The gel consistency test on 6 high-amylose rices 
was completed by 16 scientists or analysts from 8 
countries (Table 2). The greatest variation among 
cooperator ratings was that for the medium-gel 
samples IR20 and IR26. Medium-gel samples tend 
to harden during storage, as discussed later in the 
section on aging. The gel consistency test samples 
were stored as flour while the aging study samples 
were whole-grain milled rice. Various mixers and 
heated baths were used in the different 
laboratories. Because the flours were prepared at 
IRRI, the major source of variation was probably 
the efficiency of dispersion of the gel in a boiling 
water bath. 

The cooperative alkali test used 3 nonwaxy and 
2 waxy milled rices differing in GT and compared 
the scoring system of Little and coworkers with 
that of Bhattacharya usng 1.1, 1.4, and 1.7% 
KOH. Alkali solution was increased to have an 
area of at least 5 cm 2/grain and a minimum depth
of 4.5 mm. Results from 10 participants showed 
better correspondence of scores with the method of 
Little. Many participants had difficulty in further 
classifying the degradation pattern into A, B, B, 
C, and D types proposed by Bhattacharya. 

The cooperative amylose test used iodine col-
orimetry at 620 nm on 6 whole milled-rice sam-
ples, their starches, and their defatted milled-rice 
flours. Correction for amylopectin-iodine interfer-
ence at pH 4.5-4.8 was minimized by the use of 
amylose-amylopectin mixtures instead of 

Table 2. Range and overall mean gel consistency rating of 6 
IRRI milled rices by 10 analysts from 8 countries. IRRI, 1979. 

Meangelconsistency (mm)Sample R ange c eny M ea 
Range Overall
mean 

IR5 91-100 soft 97.7 soft 
IR8 26- 35 hard 31.0 hard 
IR20 29- 53hard/medium 39.2hard 
IR26 35- 79 hard/medium/soft 53.1 medium 
IR32 70-104 soft 97.3 soft 
IR42 27- 32 hard 29.7 hard 

amylose alone for the standard curve. More stable 
color was still attainable with acetate buffer than 
with pH 7 phosphate buffer (which gave a deep 
blue starch-iodine color) particularly since the 
amylose standard was obtained by magnesium sul
fate precipitation from potato starch dispersion.
Variable improvement in amylose data resulted 
from defatting the starch dispersion with petroleum 
ether and carbon tetrachloride in contrast to defat
ting the flour with refluxing 95% ethanol before 
weighing and dispersion. 

FACTORS THAT AFFECT GRAIN QUALITY 
Chemistry Department 

Correlation of properties of world rices. Corre
lation analysis was undertaken on properties of 

n,075 milled rices grown in about 40 countries and 
analyzed at IRRI during the last 17 years (Table 3).
Amylose content and gel consistency were better 
correlated with Amylograph viscosity and 
cooked-rice texture than were alkali spreading 
value and protein content. Gel consistency and 
amylose content were negatively correlated in the 
samples (r = - 0.43**, ,n= 746). 

Amylograph peak viscosity was significantly 
correlated with Amylograph consistency and 
cooked-ric:, texture but not with Amylograph set
back, although Amylograph setback and consis
tency values were significantly positively corre
lated (Table 3). Amylograph consistency also cor
related negatively with gel consistency and with 
hardness of cooked rice. The relationship between 
gel consistency and gel viscosity, however, is not 
simple because amylopectin has a higher gel vis
cosity than amylose at the 5% gel concentration 
used for the method. 

In 1979, samples from Cuba, Egypt, Mexico, 
Nigeria, Peru, and Surinam were analyzed as part
of the continuing survey of world rice. The sam
ples showed wide range in protein, amylose con
tent, and other grain properties (Table 4). 

Rice/sorghum hybrids. Milled-rice samples of
4 rice/sorghum hybrids analyzed for endosperm
properties showed typical rice pimperties. Amylose 
content ranged from 14.9 to 23.9% dry basis; gel 

consistency, 84-100 mm; alkali value, 3.9-7.0; 
and protein content, 9.0-10.7%. Lysine content 
was closer to rice at 3.1-3.6 g/16.8 g N than to 
sorghum (1-2% lysine). 
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Table 3. Mean and range of values and linear correlation coefficients of physicochemical properties of milled rice from various coun
tries. IRRI, 1963-79. 

Amylograph viscosity (B.U.) Cooked-rice Instron 
Property 

HreStke
Peak Setback Consistency Hardness Stickiness

(kg) (g.-cm) 

Observations (no.) 542 541 542 254 256 
Ranje 200-1290 -405-1175 25-1090 3.0-10.1 31-895 
Mean 767 73 311 6.12 117 

Correlation coefficients 
Amnylose 0.29 * 0.62* 0.71 0.59** -0.82** 
Alkali spreading -0.23** 0.01 -0.14"* -0.18"* 0.06 
Gel consistency -0.17"* -0.57** -0.60** -0.63** 0.44** 
Protein -0.15"* 0.12"* 0.06 0.16" 0.04 
Amylograph peak 0.02 0.40** 0.35** -0.42** 
Amylograph setback 0.89** 0.74** -0.37** 
Amylograph consistency 0.75* -0.48** 
Cooked-rice hardness -0.55* 

Table 4. Ranges of amylose and protein contents, gel consistency, and gelatinization temperature (GTI types of milled rices obtained 
from rice-p,' ducing countries. IRRI, 1979. 

Milled 
Country rices Protein 

(no.) (% at 14% H20) 

Cuba 10 5.8- 7.7 
Egypt 10 4.8- 6.4 
Mexico 18 5.1- 9.6 
Nigeriad 28 5.9-10.7 
Peru 12 6.7-10.4 
Surinam 10 6.8- 9.4 
aAmylose types: 0-2% - waxy: 10-20% low (L); 20-24%= intermediate 
60 mm = medium (M);61-100mm = soft IS). CGT types: 1-2= high (H):3 
boiled samples. 

Equilibrium water content of steeped grain, 
Earlier studies had shown that amylose content 
correlates inversely with equilibrium water content 
of steeped grain and that the presence of opaque 
portions (air spaces) also contributes to the higher 
water content of the grain (1972 annual repon). 
Recent studies in India indicated that other factors 
besides opacity may be involved in differences 
among high-amylose rices. 

A restudy using 4 pairs of samples differing in 
GT - 1 pair of each amylose type - showed that 
the major difference was due to amylose content 
(Fig. 1). Greater variation was noted among the 
high-amylose samples. This was confirmed from 
the study of 4 translucent-grained high-amylose 
(25.2-26.6%) rices with 11.0-12.1% protein and 

Gel 
Amylose consistency GT 

types' typesb typesc 

H>L, M>S>H L>l 
L>H S>H L>l 

H>I>L S>M>H 1,HI> L 
H>l S 1>L 

H>L>l H>M,S L>l 
H>I>L S>M I,HI> H 

I1);>25% = high IH). bGel consistency types: 26-40 mm - hard (H); 41
= high-intermediate (HI);4-5 - intermediate (I); and 6-7 - low IL). dPar

with an alkali spreading value of either 5.0 (inter
mediate GT) or 7.0 (low GT). Equilibrium water 
content for the intermediate-GT samples was 
31.3% wet basis for IR36 and 31.0% for 1R38, 
compared with that for the low-GT samples: 33.5% 
for IR26 and 33.1% for IR42. Because all the sam
pIes had translucent grains, GT probably inversely 
affected the equilibrium water content of high
amylose rice. Thus, the reported differences among 
high-amylose Indian rice samples can be explained 
on the basis of GT differences. 

Varietal resistance to storage deterioration. 
A cooperative study with entomologists and 
pathologists at UPLB was undertaken to explore 
the existence of varietal resistance to insects and 
fungal infection in 15 brown-rice samples differing 
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50 
Equibr um water content (%,wet bass) Index of susceptibility = 102 (In F)IM. 

o GT<70 All 3 insects showed significant differences inF,
0 GT>70

0 M, index of susceptibility, and percentage weight 
loss among the 15 brown-rice samples but only the 
rice weevil differed in the length and weight of 
emerging adults. The rice weevil and the lesser

40  grain borer preferentially ate the endosperm, but 
the red flour beetle ate the embryo and bran layers 
first. The correlation of index of susceptibility to 
rice weevil with grain properties showed the 
insects' preference tr larger and softer grain based 
on the hardness index (Table 5). Grain hardness was 
also negatively correlated with insect weight (r = 

30 I I -0.79**). Amylose content of rice and insect0 10 20 30 length were negatively correlated (r = -0.56"),
Amnyse content (%o,drybasis) although the negative relationship between amylose 

1.Relationship between amylose content and equilibrium water and index of susceptibility was not significant. Procontent ofsteeped milled rices differing in gelatinization temper- tein content and gel consistency were not correlated 
ature (GT). IRRI, 1979. significantly with varietal differences in susceptibil

ity to the three insects. 
Waxy rices tended to be more resistant to the red 

in GT, amylose content, and protein cortent. Three flour beetle than nonwaxy rices on the basis of 
insects and two fungi were used. index of susceptibility (Table 5) but that trend may

Triplicate brown-rice samples (50 g) were not be important as the beetle did not readily con
inoculated with 20 adults for 1 week, and the F, sume the endosperm in which starch is located. 
adults from the eggs laid by the rice weevil Brown-rice weight and insect length were also sig-
Sitophilus oryzae (L)IS. zeamais Motsch., the red nificantly correlated (r = 0.80**). Studies at the
flour beetle Triboliuncastanewn (Herbst), and the University of California, reported in a later sec
lesser grain borer Rhizoperthadominica (F.) were tion, indicated a better correlation of susceptibility
observed. The data on mean developmental period with starch properties among rices presented as 
(M), length, weight, and number (F)of F1 adults, flours, and as milled rather than brown rice.
and percentage weight loss were collected. Index Malagkit, a waxy variety, was the most suscep
of susceptibility was calculated as: tible to the rice weevil and the lesser grain borer 

Table 5. Range of indexes of susceptibility to 3 insects and aflatoxin Bi content after inoculation with 2 fungi and correlations with
physicochemical properties 
of 15 samples of brown rice differing in amylose content and gelatinization temperature. University of the
 
Philippines at LosBaios and IRRI, 1979.
 

Correlation coefficient with 

Property and range of values Index of susceptibility to AflatoxinB 1 (g/g) 
Sitophilus Tribolium Rhizopertha Aspergillus Aspergillus 

spp. castaneuin dominica oryzae parasiticus 

Brown-rice width (2.0-2.8 mm) 0.59* -0.19 0.43 -0.28 0.34

Brown-rice grain wt (14.4-25.0 mg) 0.59* -0.33 -0.15 
 -0.10 0.31°Brovi.i-rice hardness (32.0-47.5%) -0.62 0.34 -0.14 0.29 -0.37

Milled-rice amylose (1.6-29.1%) -0.38 0.65 ° 


0.30 0.37 -0.24
Milled-rice alkali spreading (2.0-7.0) -0.37 -0.12 0.18 0.38 0.21

Milled-rice gel consistency (46-100 mm) -0.15 -0.29 -0.24 0.40 
 -0.24
Milled-rice gel viscosity (217-1248 cps) 0.47 -0.39 -0.05 -0.43 0.11
Milled-rice protein (6.0-13.4%) -0.28 0 -0.03 -0.39 -0.12 

Range of values 10.4-15.0 7.3-12.5 3.2-10.7 0.457-7.86 0.011-9.90 
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but another waxy variety, 1R29, was the most 
resistant to the lesser grain borer. Amylose content 
and insect weight were significantly correlated (r 
= 0.58*). Percentage weight loss and alkali 
spreading value were also positively correlated (r 
= 	0.66**).

Actual milling tests gave the worst grain deterio-
ration from the rice weevil. IR3880-13-5, which 
had 5.9% damaged grain fromn rice weevil infesta-
tion, showed a26% drop in head-rice yield relative 
to uninfested control. The actual head-rice losses 

Table 6. Distribution of afiatoxin B1 in milling fractions of 3 
brown rices incubated 7 days with Aspergillus flavus and per.boiled before milling. Unlvity of the Philippines at Los aflos and IRRI, 1979. 

Aflatoxin Bi (pglg) 
Line name B 

Bran polish Head rice 
IR9761-19.1IR3880-13-5 0.7370.773 Negative

Negative 

IR9129-457.1 1.891 Trace 
81o% weight removal of bran polish from parboiled brown rice. 

due to red flour beetle and lesser grain borer infes- nonstaclaes-sedoa-luoeayrMitation were less than 10% for the samples witharhlys-sedct-euneae.Milmaximum weight loss (number or percentage of 
damaged grains). 

UPLB pathologists noted that the molds that 
occurred on the 15 brown rices were Penicillium 
sp. (10-80%), Aspergillus niger (0-30%), and 
Aspergillusflavus (0-30%). A. niger was present 
in only five samples, which were of intermediate-
to high-amylose content. The only sample with A. 
flavus was IR2071-137-5, with 13.4% amylose. 

Duplicate 50-g brown-rice samples were inocu-
lated with a 10-ml spore suspension from 5- to 
7-day-old cultures of A. flavus and A. parasiticus 
and incubated for up to 7 days. The growth of both 
fungi was slowest in C441-4, a waxy sample. 
Spores ranged from 0.66 to 4.10 X 101 for A. 
fla'us cultures and from 6.62 to 26.44 X 101 forA. 
parasiticus cultures. Aflatoxin B, analysis of the 
pooled samples by thin-layer chromatography at 
the Aflatoxin Laboratory, UPLB, showed that the 
waxy group had the lowest mean value with A. 
flavus. The high-protein sample IR9761-19-1 had 
the lowest aflatoxin B, content, 0.457 /g/g withA. 
flavus but another high-amylose sister line, 
IR9761-75-3, had the highest content of 7.860 
/g/g. In contrast, IR9761-75-3 had the least 
aflatoxin B, content, 0.011 /g/g, with A. 
parasiticus, followed by the waxy line C441-4, 
with 0.114 /g/g. Another waxy rice, IR29, had 
the highest aflatoxin content with A. parasiticus,
1.10 /.g/g. Aflatoxin B, levels on grain incubated 

on 	the two fungi were negatively correlated (r = 
0.63*). Sporulation and aflatoxin B, level w;e 

not significantly correlated for both fungi. 
The conflicting relationship to starch properties

for the two Aspergillus species may be explained 

on the basis of growth of these fungi mainly on the 
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ing of parboiled infested brown rice of three rices 
differing in spore content showed that the aflatoxinwas mainly in the bran fraction after 7 days' incu
bation (Table 6). The sample with the highest 
aflatoxin content had a trace of aflatoxin in the 
milled rice, the fraction consumed by man. 

Growth of red flour beetle on rice flours. Re
cent studies by scientists at the University of Califor
nia, Davis, suggested that the larvae of the red flour 
beetle grew well on diets based on rice flour and on 
starches rich in amylopectin. Flours of 16 brown 
rices and 16 milled rices from IRRI differing in 
protein content and starch properties were tested at 
Davis to verify those results (Fig. 2). 

Fin0110rvowl (mg) 
2.0 	 - BROWN -- 2.0 

(r-0.89-,n-6) 

0 
18 0LowGT 00 0 1. 

[ 'IteIrdtGT 
16 I I 1 1.6 

0 MILLD RICE 
24 (r--079*,n=6) 2.4 

0 
20 0 4b 2.0 

• 
1 .g 

1.6 
0 I I I T 
0 10 20 30 

Amylosecontet (/.,dry basis) 
2.Red flour beetle (Tribolium castaneum) larvaefed rice-based 
diets were heavierwhen starch had low-amylose content for both 

brown and milled rices. Growth was also faster on low
gelatinization-temperature (GT) milled rices, and among higham,/lose samples. University of California 
(Davis) and IRRI, 1979, 

http:witharhlys-sedct-euneae.Mil


Among the brown-rice samples (15 from the 
UPLB study), the 3 waxy rices produced the 
heaviest larva. The only red rice, H4 (high 
amylose), had the lightest (1.69 mg) larva. Larval 
growth was also better in waxy and low-amylose 
milled rice. Larval weights iamilled rice were 
generally higher than in the corresponding brown 
rice. Amylose content was significantly negatively 
correlated with larval weight for both brown-rice 
and milled-rice diets. Among the intermediate- and 
high-amylose milled samples, those with low GT 
produced heavier larvae than those with inter-
mediite GT. Partial correlation coefficient of larval 
weight with milled-rice alkali digestibility value, 
independent of amylose content, was 0.69**. Pro-
tein content and gel consistency were less impor-
tant factors. Brown and milled H4 rice produced 
the same final larval weight of 1.69 mg, but a 
second red milled rice, Newudu Samba, gave 1.83 
mg. 

These results indicate that milled rice would be a 
prt.'rable material to screen for varietal resistance 
to insects on the basis of endosperm properties. 
The relationships between growth of the beetle 
larva and starch amylose content and GT were 
similar to those of in vitro a-amylolysis of starch 
granules using pancreatic a-amylase at 40'C 
(1975 annual report). 

COOKING AND EATING QUALITY FACTORS 
Chemistry Department 

Emphasis in 1979 was on the properties of cooked 
rice because of reported varietal differences in 
grain disintegration during cooking. 

Varietal differences in splitting during cook-
ing. Cuban chemists have observed that IR8 splits 
more during cooking and its cooked rice is more 
sticky than that of other varieties, particularly the 
low-amylose rice IR1529. Pakistani chemists also 
observed IR8 to be more sticky and to burst more 
on cooking than Mehram 69 (IRP 6). To verify 
those observations, milled Cuban high-amylose, 
low-GT rice samples of IR8, IR880-C9, Naylamp, 
and IR1529 were boiled for 18 minutes in 8 times 
their weight of water. Cooked grains were soaked 
overnight in water and then judged for disintegra-
tion. IR8 disintegrated more than the other samples. 

Comparison of five samples from Pakistan and 
elsewhere differing in amylose content and grain 

size and shape showed a decrease in the cottony 
appearance of cooked rice soaked overnight with 
increasing amylose content. Microscopic examina
tion of thin cross sections of the nonelongating 
rice, Paiman, showed along the lateral axis, an 
elongated core of small isodiametric cells sur
rounded by indistinct cells. In the elongating vari
ety Basmati 6129, the cells were still intact and of 
similar size throughout the cross section. The cells 
of longitudinal secticns of cooked Palman grain 
were mainly small and isodiametric but those of 
Basmati had a core of small isodiametric cells sur
rounded by elongated rectangular cc"s. Basmati 
had large internal fissures perpendicular to the Ion
gitudinal axis at regular intervals; such fissares 
were absent in Palman. 

Aging and rice texture. Earlier studies with 
IR8 (1967 annual report) showed that Amylograph 
peak and setback viscosities progressively 
increased during the first 2- 3 months of storage at 
30'C and levelled off by the 4th month. Because 
sufficiently aged samples are required for Amylo
graphy and cooked-rice texture tests of various 
rices, the progressive change in these properties 
was followed for 6 months in 7 milled rices differ
ing in amylose content from the 1978 wet season 
crop. 

Amylograph peak viscosity, setback, and con
sistency values, in general, stopped increasing 
after 3 months of storage. IR42, a high-amylose 
hard-gel rice, showed the highest viscosity values 
and the highest viscosity increase. The waxy sam
pie Malagkit Sungsong showed the lowest peak 
viscosity and no change in setback and consistency 
values. 

Cooked-rice hardness measured by the Instron 
OTMS (Ottawa Texture Measuring System) cell 
also increased during the first 3 months of storage 
of all milled rices, except the waxy rice. Hardness 
of cooked rice of the 6 nonwaxy samples increased 
by 0.6-2.0 kg; that of waxy rice only by 0.2 kg. 
There was little change in the stickiness of cooked 
rice during storage. The waxy-rice sample had the 
softest but stickiest cooked rice of the set; it was 
followed by the low-amylose sample. The two 
intermediate-amylose and two high-amylose rices 
had overlapping values for cooked-rice texture. 

The gel of milled rice progressively hardened 
during storage, but the samples usually stayed 
within the same gel consistency group, except 
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IR32, whose gel consistency was 92 mm (soft) 
before storage but decreased to 45 mm (medium) 
after 3 months of storage. 

The results indicate that 3months isthe minimum 
storage period at 30'C to obtain reproducible tex-
ture measurements. 

Instrument methods for cooked-rice texture. 
A comparison was made between cooked-rice 
hardness, measured by the IRRI Instron OTMS 
method, and firmness, measured by the Viscoelas-
tograph technique, of 10 French cooked-rice sam-
pies in ajoint study with the Laboratory of Durum 
Wheat and Rice Technology, Institut National de 
laRecherche Agronomique, Montpellier, France. 
At Montpellier, viscoelastograms were done on 
single grains of rice-cooked in excess water up to 
optimum grain cooking. At IRRI the same rices 
were cooked in optimum water in a rice cooker and 
in excess water at 100°C for Instron measurement. 
The Instron data showed a wider range of and 
higher hardness values for the rice cooked in 
excess water (4.6-7.4 kg) than for the rice cooked 
in the cooker (4.2- 6.1 kg) (Fig. 3). Viscoclasto-
graph firmness correlated better with Instron hard-
ness of the rice cooked in excess water than with 
Instron hardness of rice cooked in the rice cooker, 
Arl6sienne was the hardest sample in all tests. It 

Viscoelastogrop. trmness (excess water) 

SO~ptimum water 0 
50 - Excess water 

o
0 
40 

30 0G 

0 0 0o 
20 0 

10 
0-4 56 I I I78 

Instron hardness (k 7) 

3. Relationship between Instron hardness of' 10French rices 
cooked in optimum and excess water and Viscoclastograph 

was the only sample with medium gel consistency; 
the rest had soft gel consistency. All 10 had low 
GT (alkali spreading value of 7.0). 

A comparison of cooked-rice textures, using 
various instruments, was undertaken as a followup 
of the 1978 workshop on chemical aspects of rice 
grain quality. Ten samples - two waxy rices from 
Thailand and eight nonwaxy samples (2 from 
U.S., 2 from Australia, and 4 from IRRI) - were 
used to represent the full spectrum of cooking qual
ity of rice. They were cooked in excess water for 2 
minutes more than the time required for the grain 
to completely gelatinize or become translucent. 
Results to date include data from 4 Instron testers, 
2 Texturometers, I Viscoelastograph, I Tensipres
ser, 1Pabst texture tester, and a taste panel. Mean 
cooking time ranged from 18.5 to 21.3 minutes, 
representing aspread of 7or 8 minutes cooking time 
for the 10 samples at any laboratory. Mean water 
contents ranged from 71. 1to 74.1% wet basis. The 
cooked sample of waxy rice RD6 was rated the 
softest and that of IR42, the hardest. Another sam
pie, however, was rated the hardest by the Tex
turometer and by the Instron with compression and 
back extrusion cells. All methods rated RD6 as the 
most sticky and IR42 the least sticky among the 10 
cooked rices. 

Intermediate-amylose rices. An earlier survey 
indicated a higher preference in the Southeast 
Asian region for low-amylose rices than for high
amylose rices (>25%). C4-63G has been consi
dered a good-quality intermediate-amylose 
(22-24c) Philippine variety. In the Philippines, 
however, dryland varieties with 18-22% amylose 
are also popular. Previous consumer panel tests by 
UPLB showed a preference for low-amylose 
entries over C4-63G. 

A followup consumer panel test was made to 
verify actual preference for nonwaxy rice. Aside 
from C4-63G and BPI- 121-407, two dryland rices, 
IR43 (IR 1529-430-2-3) and C171-136 
(Sigadis/BPI-76-1), and a high-amylose, soft gel 
consistency rice, IR46 (IR2058-78-!), made up the 
set of live rices. IR43 is a CP-SLO derivative. The 
samples had 69- 100 mm gel consistency, 445-650 
cps gel viscosity, and 6.4-8.5% protein.The Filipino panel preferred C4-63G as raw rice 
(Table 7). IR46 and BPI-121-407 were finer 

firmness of therice cooked in excess water. IRRI and Institut grained than the three others and were darker col-
National de la Recherche Agronomique. 979. ored. IR43 grains showed some degree of white 
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and cooked head milled rice
panel tests, and properties of 5 raw 

Table 7. Relative preference and acceptability scores in consumer 

Institute of Human Ecology, University of the Philippines at Los Bahios, andIRRI, 1979. 
differing in starch properties. 

IR46BPI-121-407C4-63GC171-136IR43Property 

Mean preference score' -0.039 b-0.502 c0.622 a0.081 b-0.16.' bcRaw -0.398 c-0.382 c0.266 b -0.216 c0.730aCooked 
b 

Acceptability 63 88938883Raw 58708085100Cooked 6.26.56.97.0Grain length (mm) 6.6 
3.0 3.02.8 


Length-width ratio 2.8 2.8 
14.9 15.0
17.316.920.11000-grain wt (g) 40.4 38.243.547.042.0Kett whiteness reading 28.623.723.322.915.8Amylose (% d.y basis) 

4.2 4.7 7.0 5.1 
7.0Alkali spreadng value 

Cooked-rice lstron 7.8 9.77.95.6
5.5Hardness k) 97121143c 137195Stickiness (g-cm) 
In the samerow, means followed by a com0;4th -0.50; and5th -1.16. = 1t16;nd 0.50; 3rd-aMean of 40 panelists who rated the samples:1st 

1<60% acceptability isconsidered unaccept. 
Expressedin % f acceptable or "Yes" responses 

mon letter are not significantly different at the 5% level. 
asa product of weight anddistance (g.cm).

able).CStickiness is expressed 

hot water
1R43 and C171- contents of total (29.7-30.8%) and 


belly. Among the cooked rices, 
soluble (15.4-15.7%) amylose. Alkali viscogram
 

136, both dryland rices, were rated better than 
peak viscosity corresponded to viscosity of gels in 

C4-63G. They had lower Instron hardness values 

but only IR43 was more sticky than C4-63G. BPI- the gel consistency test, with BPI-76 having the 

highest viscosity, followed by IR4570-83-3. The 
again less preferred than121-407 cooked rice was 

two rices had the same relative rankings for 
C4-63G. The lowest preference for IR46, the har-

Amylogram peak and 
dest cooked rice, suggests the Filipinos' preference milled-rice gel viscosity. 

higher and consistencysetback viscosities were 
a softer cooked rice. Frcshly harvested IR24for 

values lower for the low-GT rice and for BPI-76 
with 15% amylose was not acceptable as it was too 

than for the three other intermediate-GT (71-73'C) 
sticky. The results suggest that Filipinos prefer rices 


starch samples. Mean granule sizes ranged 

with 18-22% amylose, which is typical of local 

from 

5.9 to 6.9 pttm.to rices with 22-25% amylose.dryland varieties, 
Waxy rices. Limited sources of the waxy gene 

The low-amylose variety Khao Dawk Mali is also 
are used in the IRRI and Philippine breeding prog

popular in Thailand. 15 in IR29 through
IRRI rams. IRRI uses Gamn Pai 

A detailed study of intermediate-amylose 
Pai 15). The waxyIR833 (IR262-43-8-1I/Gamwas made. Of sevenand Philippine rices also 

rices tested, five Philippine lines are derived from Pangasinan 
Philippine intermediate-amylose 

through Panpet 63 (Pangasinan/Peta).two (BPI-121-407 andhad intermediate GT,and 
The same consumer panel tested both the raw 

All except UPL-Ri-2IR4570-83-3) had low GT. five nonand cooked samples of five waxyy and 
were derived from Fortu-(lntan/B5580-A,-15) 

waxy rices of low GT.The rice cakes, cooked in 
na/Seratp Besar 15. Results from 2 crops showed 

coconut milk and wrapped in w"Ited banana leaves 
BPI-76 to have 25% amylose, the highest protein 

Aie day before, were served cold. 
content, and the hardest cooked rice. C4-63G had 

The consumer panel scores for raw rice showed 
softer cooked rice than BPI-121-407 and 1R4570-

for coarse waxy
to have lower a prefereuce, among Filipinos,

83-3 (IR48). Low-GT rices tended 
grain, influenced by the size and shape of Malagkit

(<750 B.U.) thanAmylograph peak viscosity 
a characteristic starchySungsong, which also has 

intermediate-GT rices. 
aroma (Table 8). IR29 and IR4445-53-2 had the 

Starches from five of these milled rices purified 
finest grains and the lowest grain weights. 

by sodium dodecyl benzene sulfonate (DoBS) 
was againAs rice cakes, Malagkit Sungsong

extraction of protein from rice flour showed similar 
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Table 8. Preference and acceptability scores in consumer panel tests and properties of 5 raw and cooked waxy head milled rice. 
Institute of Human Ecology, University of the Philippines at Los Baflos, and IRRI, 1979. 

Malagkit IR29 IR4445-63-1 MRC-1502-751 UPL-RI-1Property Sungsong 

Mean preference scorea 
Raw 0.514 a -0.415 c -0.340 c -0.104 c 0.344 b 
Cooked 0.464 a -0.072 bc -0.080 bc -0.382 c 0.070 bb 

Acceptability 
Raw 95 55 65 78 93
 
Cooked 90 83 88 83 
 90
 

Grain length 	 5.2 6.5 6.8 6.6 6.7
 
Length-width ratio 1.7 2.8 2.8 
 2.4 2.3
 
1000-grain wt (g) 18.7 15.8 17.0 19.1 21.7
 
Kett whiteness reading 50.5 51.2 49.8 55.0 52.8 
Alkali spreading value 7.0 7.0 7.0 7.0 6.9 
Neutral gel consistency (mm) 48 40.5 39.5 39.5 43 
Cooked-rice 	Instron 

Hardness (kg) 3.0 1.6 2.3 2.3 2.1 
Stickiness (g'cm) 278 240 227 252 253 

aMean of 40 panelists who rated the samples: 1st = 1.16; bnd = 0.50; 3rd = 0;4th = -0.50; and 5th -1.16. Means inthe sami row followed bya com-
Emon letter are not significantly different at the 5%level. xpressed in %of acceptable or "Yes" response (<60%acceptability i' considered unaccept.

able). 

Tabls 9. Physicochemical properties of milled rice and starch of 5 Thai waxy rices. IRRI and Rice Division, Thailand, 1979. 

Property RD2 RD4 RD6 Muey Nawng Niaw San 
62M Pahtawng 

Milledrice 
Relative quality in Thailand Fair Poor Good Good Good 
Alkali spreading value 6.0 3.7 6.2 6.0 6.3 
Gel consistency (mm) 78 80 96 76 98 
Gel viscosity (cps) 1513 1408 1088 1437 1126 
Neutral gel Lunsistency (mm) 50 36 83 78 82 
Amylograph peak viscosity (B.U.) 450 695 485 495 460 
Cooked-rice hardness (kg) 3.7 4.6 3.0 3.6 3.4 

Starch 
Final GT (C) 	 65.5 74.5 64.5 66 64.5 
Amylograph peak viscosity (B.U.) 690 680 610 710 635 
Alkali viscogram peak viscosity (cps) 431 466 320 356 398 
Gel consistency (mm) 94 100 100 100 100 
Gel viscosity (cps) 1520 1970 974 1050 1180 

rated the best; UPL-Ri-I was rated second best in detail for grain properties. Neutral gel consis
(Table 8). Malagkit Sungsong cake was probably tency were harder for the two high-GT samples 
preferred because of its greater hardness, which (C441-4 and RD4) than for the others. Only
results in tackiness. The differences in amylose C441-4 showed a higher Amylograph peak viscos
content (1.6-1.8%), protein content (6.0-7.9%), ity than low-GT rices, but this difference was not 
alkali gel consistency (89-100 mm), and viscosity present in the starch preparations. 
(1069-1434 cps) among the five varieties were Starch prepared from the seven waxy milled rices 
slight but Malagkit Sungsong had the softest showed no consistent differences in Amylogram 
neutral gel in the set. UPL-Ri-I had a higher gel and alkali viscogram peak viscosities between 
viscosity than the others. 	 high-GT and low-GT samples. C441-4 had tse 

Five low-GT and two high-GT waxy rices from hardest gel. Among the five low-GT samples, 
IRRI and Philippine programs were also studied IR29 and IR833-6-2 had higher gel viscosity than 
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Malagkit Sungsong, whereas IR4427-57-5 and 

UPL-Ri-I had lower viscosity. In terms of freeze-

five low-GT starches werethaw stability, all the 

stable for 5-6 cycles whereas the 2 high-GT sam-

pies were stable only for I cycle. The two high-GT 

samples had larger starch granules (mean size 7.3 

and 7.4 tim) than the other samples (mean size 

5.5-5.8 /im). That was confirmed by the use of an 
Researchautomatic image analyzer at Carlsberg 


Laboratories. 

Five Thai waxy milled rices were also studied in 

cooperation with the Rice Division, Thailand. All 
inferior toexcept RD4 had low G'T, but RD2 was 

the three others with low GT (Table 9). Neutral gel 


consistency values, but not alkali gel consistency, 

also were lower. RD6 had
of RD2 and RD4 

softer cooked rice than RD2 and RD4. The four 
Amylographlow-GT samples also had similar 

were lower than that of
peak viscosities, which 
RD4. The starches prepared by DoBS extraction of 

less differences in Amylographprotein showed 
peak viscosity than the milled rices (Table 9). The 

with good eating quality also hadthree varieties 
lower alkali viscogram peak viscosity than RD2 

and RD4 - a result supported by starch gel viscos-

ity data. 
The peak viscosity of 9% starch pastes was 

higher than that of 10% milled-rice pastes in all the 

samples, but only that in waxy samples increased 

by more than 100%. The reason suggested by 

raw and parboiled
7able 10. Comparison of grain properties of 

Japanese workers was the higher a-amylase activ

ity in waxy milled rice than in nonwaxy rice. 

Because a-amylase activity of rice endosperm
 

is low and boiling of the aqueous extract to inacti

vate any a-amylase does not appreciably increase
 

the peak viscosity of waxy milled rice, possible 

causes for the difference were investigated. Earlier 

studies had shown that the waxy rice endosperm 

has more free sugars and nonstarch lipids than the 

These minor constituents of nonwaxy endosperm. 
milled rice affected the Amylograph peak viscosity 

of waxy rice flour. 
ManyRaw and parboiled Sri Lankan rices. 

Sri Lankan rices are red-pericarped and most are 

high amylose. But the small-grained, round samba 

varieties (brown rice wt, 10-12 mg) are preferred 

to the long-grained coarse varieties. About 75% of 

Sri Lankan rice is parboiled. A study of 22 samples 

made to determine other attributes contributwas 
ing to preference for samba rice, besides dimen

sions and resultant resistance to splitting during 

cooking. Raw milled rice had a narrow range of 

total (25 8-28.1%) and hot water-soluble amylose 

(12.2-14.4%) but differed widely in other proper

ties (Table 10). Traditional varieties were of 

intermediate GT (alkali spreading value 4-5) and 
of

soft gel consistency. Cooked-rice hardness 

samba rices was below 7 kg for raw rice and below 

8 kg for parboiled rice. The three low-GT (alkali 

spreading value of 6-7) rices were confined to the 

new varietiesa 
Sri Lankan samba and long-grained traditional and 

I,1RI, 1979. TraditionalNew varieties 

Property Samba 

13) 

Others 

(6) _ 

Samba 
12) 

Others 
0.1) 

Brown-rice wt (mg) 10.2-12.1 15,9-25.2 12.2-15.6 17.2-25.8 

Milled rice (raw) 
Alkali spreading value 

Gel consistency (mm) 

3.8-5.5 
61-78 

4.0-5.0 
66-95 

5.0-5.3 
44-61 

4.8-7.0 
29-44 

Cooked.rice Instron 
Hardness (kg) 6.0-6.6 6.0-7.8 

38-58 

6.2-6.3 
57-57 

6.7-7.5 
41-59 

Stickines (g-cm) 

Milled rice (parboiled) 
Gel consistency (mm) 100 94-100 72-93 48-95 

Cooked.rice 
b 

Instron5 

Hardness (kg) 
Stickiness (gcm) 

6.5-7.7 7.4-8.8 

44-56 46-61 

bPresoakedfor 40 minutes before heating. 

6.7-7.3 
62-65 

7.5-8.8 
37-61 

Indicate number of samples.aNumbers in parentheses 
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Table 11. Gel consistency of raw and parboiled milled Sri 
Lankan rices. IRRI, 1979. 

Gel consistency (mm) 
Sample, treatment Bg 34-6 Bw 265 

Raw Parboiled Raw Parboiled 

Unsieved, 8 min 40 95 27 90 
boiling 

100-mesh flour, 8 min 36 47 28 54 
boiling

100-mesh flour, 15min 28 33 28 35 
boiling 

new varieties. Both the raw and parboiled samples 
of the improved varieties have hard to medium gel
and generally harder cooked rice. 

Amylograms of selected samples confirmed that 
soft-gel samples tended to have lower peak viscos-
ity and consistency than the other samples. Par-
boiling further reduced the Amylograph viscosity 
curve in conformity with previous results, 

The softer gel of parboiled rice compared with 
that of raw rice (Table 11) was investigated fur-
ther. Parboiled rice of Bg 34-6 and Bw 265. which 
showed the biggest drop in gel consistency values, 
had 0.26% less nonstarch lipids, by cold 
chloroform:methanol (2:1) extraction, than raw 
rices. The addition of 0.26% lipids to parboiled 
rice did not restore its gel consistency to equal that 
of raw rice. Parboiled rice was more difficult to 
disperse in N NaOH without shaking, as indicated 
by the lower amylose solubilization than in raw 
rice (19.1% vs 26.9%). Grinding the two pairs of 
samples in a Wig-L-Bug amalgamator resulted in 
39% of raw rice but only 16% of parboiled rice 
finer than 100 mesh (150 Am). When 100-mesh 
flours were used, harder gels were obtained with 
parboiled samples than with unsieved parboiled
rice, but reproducibility was poorer (Table 10. 
Prolonging the dispersion time to 15 minutes 
further hardened the gel, indicating that the softer 
gels obtained for parboiled flour by the standard 
procedure for raw rice flour was due to incomplete 
dispersion - a result of grain hardening from 
gelatinization of starch during parboiling. Par-
boiled rices need a dispersion period of at least 15 
minutes. 

MINOR CONSTITUENTS AND GRAIN QUALITY 
Cheinistrv and Soil C/einistt Departments, 

Cell-wall polysaccharides (Chemistry). Cell walls 
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are important for grain integrity during cooking ofmilled rice. American and Japanese rice chemists 
recently reported that cell-wall polysaccharides 
contribute to Amylograph viscosity of milled-rice 
flour. New methods of isolation and characteriza
tion have been developed since an IRRI study of 
hemicelluloses of rice in 1968. 

Methods for isolating intact endosperm cell 

walls, developed for wheat and barley, were 
applied on well-milled IR36 rice. The attempts 
were unsuccessful because the tightly compacted 
and strongly bound protein bodies and compound
starch granules showed more resistance to break
age than the walls. Rice cell walls were more 
fragile and thinner (2 Am) than those of wheat and 
barley. 

Preparation of both water-soluble and water
insoluble cell wall materials from IR36 milled rice 
was attempted for chemical studies. A cold
water-soluble fraction was obtained by homogeniz
ing milled rice in twice the weight of water and the 
residue was homogenized two more times with 
fresh water. Then the extracts were combined. The 
residue of cold water extraction was heated to 
100°C with 10 volumes of water and continuous 
stirring. The hot-water extract and the cold-water 
extract were concentrated under reduced pressure 
below 60'C until incipient cloudiness and incu
bated with human salivary a-amylase at pH 6.9 in 
0.01 M maleate buffer with I mM calcium at 40'C 
for 8 days. The a-arriylase was inactivated by 
heating and the solution was centrifuged, dialyzed, 
and freeze-dried. Percent recovery by weight was 
0.4% for cold-water-soluble material and 0.8% for 
hot-water-soluble material. Both materials were 
hygroscopic and contained at least 50% carbohy
drate. Protein content was higher for the cold
water-soluble preparation, probably because of
 
albumin contamination. The presence of 
arabinogalactan-protein type polymers in the 
water-soluble extracts was indicated by gel diffu
sion experiments with Yariv antigen (f-glucosyl 
phenylazo dye). 

Several methods for preparing the water
insoluble cell wall fraction from IR36 milled rice 
were tried avoiding the use of alkali to allow isola
tion of glycoproteins containing serine and 
threonine linkages with carbohydrates. The first 
scheme combined homogenization, sonication,and sieving and gelatinization to solubilize the 
starch granules. The method was laborious, and 



gelatinized starch, together with protein bodies, 
adhered to the cell wall. A second scheme con-
sisted of starch gelatinization at <80'C, hy-
drolysis with heat-stable Bacillus licheniformis 
a-amylase (previously heated at 80'C to inactivate 
f3-glucanase) at 60-70'C, and removal of protein 
with 2.5% sodium dodecyl sulfate (SDS)-2% 
/3-mercaptoethanol (/3-ME) at 100°C and then 
washing. The method was not satisfactory, since 
a-amylolysis took 30 hours and the high SDS-
/3-ME concentration did not fully remove protein 
contamination, 

The method selected consisted of wet milling 
and sieving 1R36 milled rice before three extrac-
tions with 0.5% SDS-0.6% /3-ME at room temper-
ature. Because cooking reduced protein solubility, 
protein extraction before starch gelatinization 
reduced residual protein. After washing, the flour 
was gelatinized at <80'C and incubated at 
60-70*C for 2-3 hours in sodium phosphate buffer 
containing calcium chloride with the /3-
glucanase-free, heat-resistant Bacillus lichenifor-
mis a-amylase. The residue was cleaned by 
sedimentation until the supernatant liquid was 
clear. The lyophilized preparation had 51% car-
bohydrate and 4% protein. Residual protein bodies 
seen on microscopic examination were removed by 
overnight incubation with pronase. 

Lipids (Chemnistr.). Studies in 1978 indicated 
that waxy rice grain has the same total lipid content 
as, but more nonstarch lipids than, nonwaxy grain 
because it has low content of amylose capable of 
binding lipids. Waxy rice also contained more free 
fatty acids in an earlier study. The fat acidity of 
stored milled rice 6 months after harvest was 
determined for a waxy rice and three nonwaxy 

rices. The waxy sample had the highest nonstarch 
lipid content of 1.2%, in contrast with 0.8-1.0% 
for nonwaxy rice. Corresponding fat acidity was 
140 mg KOH/100 g for the waxy rice and 66-77 
mg KOH/100 g for the 3 nonwaxy rices stored for 
a similar period. Thus the higher nonstarch lipid 
fractici of waxy rice contributed to faster lipid 
deterioration of the grain during storage. It also 
contributed to the flour's lower Amylograph peak 
viscosity. 

Although cold extraction of lipids from starch 
with water-saturated butanol (BuOH) was used in 
studies on granular starch (1978 annual report), hot 
extraction is usually used for lipid studies with 
resultant starch gelatinization. Lipids were more 
effectively extracted from two intermediate
amylose and two high-amylose starch samples 
prepared by DoBS extraction with hot BuOH than 
with the cold BuOH (Table 12). Again 
intermediate-amylose rices gave higher lipids than 
did high-amylose rices. Cold BuOH extracted 
more lipids from the two samples with low GT 
(IR480-5-9 and 1R8) than from those with inter
mediate GT. The starch prepared by alkaline pro
tease (pronase) treatment had higher lipid content 
than the DoBS-prepared starch but the 
intermediate-amylose C4-63G again had more 
lipids than the high-amylose IR32. Earlier reports 
were that DoBS partially extracted starch lipids. 

Defatting did not affect residual nitrogen content 
but reduced residual phosphorus of DoBS
prepared starch. Defatting reduced both nitrogen 
and phosphorus contents of pronase-prepared 
starch. Residual nitrogen and phosphorus, after 
defatting, may involve bound protein-N, 
choline-N, and phosphate esters of starch. 

Table 12. Effect of method of preparation and starch properties on bound lipids of rice starch granules extracted by cold and hot 

water-saturated butanol (BuOH).a IRRI, 1979. 

Lipids 1%)extracted Residual phosphorus (ppm dry basis) 
Amylose Finalb with

Starch Preparation en GT ...Strhcontent G~ .Extracted with 
sam p le m eth od ) CCCold Hot Native . . . . .. . 

BuOH BuOH Cold Hot 

BuOH BuOH 

C4-63G DoBSc 27.7 74 0.39 0.82 268 157 41 
IR480-5-9 DoBS 28.4 63 0.44 0.78 318 193 72 
IR5 DoBS 30.3 73 0.34 0.75 259 157 45 
IR8 DoBS 30.2 65 0.40 0.70 282 200 66 
C4-63G Pronase 27.6 74 0.72 0.96 444 - 134 
IR32 Pronase 30 73.5 0.75 0.86 334 - 107 
aThrice, for a total of 24 h cold extraction; once at 10O*t for 8 h hot extraction, bGT - gelatinization temperature. CSodiumdodecyl berzene sulta. 

nate. 
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Based on fatty acid recoveries of the lipid frac-
tions of DoBS-prepared starch, the mean apparent 
neutral lipids-glycolipids-phospholipids ratio of 
1:1:1 was 5:1:4 after correction. 

Problem soils and mineral content (Chemistry 
and Soil Cheistrv). Grain samples of varieties 
tolerant of' aaverse soil conditions; were obtained 
from the Soil Chemistry Department for analysis. 
The samples were from rices grown in Maahas 
clay and in the problem soils (simulated) during 
the 1978 wet season. 

Crude ash content was reduced by 0.5% and 
phosphorus content by 0. I% in two pairs of sam-
pies of rice grown on phosphorus-deficient soils. 
Zinc-deficiency caused a greater reduction of 
potassium content of grain (by 0.1-0.2%) than of 
zinc content (3 ppm). Acid sulfate soils increased 

by 5 ppm the iron in the grain. Soil salinity 
resulted in a large increase in potassium content of 
grain (0.2-0.4%) and no change in ash or sodium 
content. 

In the 1979 dry season, IR42 grown on alkaline 
and saline soils had higher grain protein. In three 
pairs of rices, phosphorus deficiency reduced ash 
and phosphorus content of the grain. 

Two samples of IR42 brown rice with 0.96% 
and 1.32% ash were milled and assessed for 
cooked-rice texture. The cooked samples gave simi
lar hardness (8.4 vs 8.4 kg) and stickiness values 
(72 vs 75 g-cm). The raw milled sanples contained 
9.6% and 9.3% protein and 0.35% and 0.48% ash. 
Thus, adverse soils may not adversely affect the 
eating quality of cooked rice. 
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Genetic evaluation and utilization (GEU) program 

Disease resistance 
Plant Pathology and Plant Breeding Departmenisand International Rice Testing Program 
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SCREENING FOR MULTIPLE DISEASE RESIST-

ANCE 
Plant Pathologyv Departmnt 

One hundred and thirty GEU breeding lines and IR 
varieties were evaluated for -- istance to 12 rice 
diseases (Table I .Some lines were highly resis-
tant to only one disease, most to two or three dis
eases, and some to four or five. Three lines were 
resistant to six diseases. 

SCREENING FOR BLAST RESISTANCE 

Plant,Pathwlog.v De'artnc'nt 

A total of 98,878 entries from different sources 
were tested in the International Rice Blast Nursery 
(IRBN) (Table 2). Some lines with a consistently 
high level of resistance to blast are IR5533-13-1-1, 
IR1905-81-3-1, IR1416-128-5-8, IR4547-6-2-5, 
IR3273-239-2-1473, IR4563-52-1-3-6, IR5929-
12-3, IR9559-4-1-1, Carreon, and Tadukan. 

Blast tests of selected breeding lines and resist-
ance donors. Selected breeding lines and their 

Table 1. Disease reaction of elite breeding lines and IR varieties. 

Variety or line 
Blast LS CLS HLS 

IRB S-S S MR-S MR 
IR20 S R S -
IR26 S MS M -
IR32 MS-S S MS-S S 
IR36 MS-S MR M S 
IR38 S MR MR -
IR42 MS-S MR M-M MS 
IR43 S MS M MR 
IR44 S MR M MS 
IR45 MS S M R 
IR46 S S Ms MR 
IR48 S MS R MR 
IR50 S MS R R 

IR2058-78-1-3.2-3 S S R -
IR2061-522-6-9 S S MR MS 
IR2071-685-3-5-4-3 S MS lvi MR 
IR2307-247-2-2-3 S - M -
IR2797-105-2-2-3 S S M -
IR2863-38.1-2 S S S -
IR3351-38-3-1 S - M -
IR3680-65-6-1 S MS M MS 
IR3839-1 MS-S S M-S MR 
IR3880-10 S-S MS R-S MR 
IR3880-13 S S MR MR 

Continued on opposite page 

resistance donors were tested in the IRBN from 

1975 to 1978. The susceptibility indices (SI) of the 

various varietal reactions were computed using the 
formula, 

SI = IN,( + 3N.11+ 5N, 
Nil + N., + N, 

where Nil is the number of reactions with a rating 
of 0-2 on the scale, N1,is those with 3-4, and Ns is 
those with 5-9. The lower the value of the suscep

tibility indices, the higher the resistance of the 
lines. The results indicated that most of the breed
ing lines outranked their donor parents in resis

tance to blast in many countries where they were 
tested (Table 3). 

Tests of Japanese varieties with field resis
tance to blast. Eighty-six varieties with field resis
tance to blast in Japan were tested twice in the 
IRRI blast nursery. Many of the varieties that had 
field resistance in Japan were moderately resistant 
to very susceptible at IRRI (Table 4). Some var
ieties within the group exhibited type 3-4 reac-

IRRI, 1979. 

Diseasea rea.tionb 

Shb ShRC Bke BB BLS RTV GSV RSV 

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

M - R R - M R S 

MR-M MR R-R R-R R S-S R-R S-S 
M M S-S R-R.S R S-S R-R S-S 
M - R R - S R S 

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

M - R R - S R S 

M MS R R R M R S 
MR M R. R MR S M S 
M - MR R - S M S 

M - R R - M R S 

M - MR R - S - S 
Mi - S R - S - M 
M MR R R R S R S 
M-M M R-MR R R S-S R S-S 
M-M MS R.MR S-R R S-S R S-S 
M M S MR R S R M 
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Table 1 continued 

Variety or line 

IR8192-31-2-1-2 
IR8192-166-2-2-3 
IR8192-200-3-3-1.1 
IR8608-79-3-2 
IR8608-167-1-2 
IR8608-189-2-2-1-3 
IR8608-298-3-1-1-2 
IR9129-136-2-2-I-2 
IR9129-136-2-2-2-1.2 
IR9129-169-3-2-3-3 
IR9129-209.2-2-2-1 
IR9129-456-2-2-1-2 
IR9129-457-2-2-1.2 

IR9209-26-2-2-2-3 
IR9209-181-2-2 
IR9209-262-1-3-1 
IR9217-58.2-2 
IR9224-22-2-2-2-3 
IR9224-162-3-1-3-2 
IR9264-321-3 
IR9411-5-3-3 
IR9703-41-3-3-1 
IR9729-287-3-3-2 
IR9732-118-3 
IR9761-8-2 
IR9761-19-1 
IR9761-47-3 
IR9761-75-3 
IR9763-11-2-2 
IR9764-45-2-2 
IR9784-42-3-1 
IR9788-19-2-3 
IR9788-19-2-3-3 
IR9802-10-3 
IR9802-10-3-3-1 

IR9802-30-2 
IR9805-78-2 
IR9805-97-1 
IR9809-9-2 
IR9814-6-3 
IR9814-6-3-3-2 
IR9846-215-3 
IR9846-261-3 
IR9852-22-3 
IR9859-45-2 
I R9860-26-2-2-2 
1R9884-54-3 
IR9975-5-1 
IR10167-17-5-2 
IR10198-66-2 
IR10199-128-2 
IR10206-29-2 
IR10781-143-2-3 
IRi 1248-13-2-3 
IR 11248-83-3-2-1 
IR 1248-242.3-2 

Continued on next page 
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MS 
MR 
MR 
MR 
MR 
MR 
R 
-

-
MR 
S 

MS 
-
R 
R 

MR 
-

-

MR 
-

MS 
R 
R 
R 
R 
R 
-
R 
-
R 
R 
R 
R 
R 
R 
R 
R 
-

R 
-

MR 
-

-

-

-

-

-

_ 
_ 

R 
-

-- Diseasea reactionb 

SIb ShRc B':e BB 

M-M M R.R R-R 
M-M MR R-R R-R 
M-M MR MS-S R-R 

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

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

M M R R 
M M R R 

M-M MR R-R R-R 
M M R MR 
M - R R 

MS - S R 
M MS r R 

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

M-M M MS-S R-R 
M - R R 
M MR MR R 
M - S R 
M MR MR R 
M - S R 
M - R R 
M .. R R 
M - S R 
M - S R 
M - S R 
M - R R 
M - MS R 
M M MS R 
M M MS R 

BLS 

R-R 
MR 
R 
-

MR 
R 
R 
R 

MR 
R 
R 

MR 
-

-
MS 
R 
R 
-

MR 
R 

MS 
-

-

MS 
-

R 
R 

MR 
R 
S 

MR 
-

MS 
-

MS 
MS 
R 
R 
R 
-

MR 
MS 
-

MR 
-

MR 
-

-

S 
-

-

-

-

-

R 
-

RTV 

S-M 
M-S 
M-M 
M 
S 

M-M 
M-M 
MS 
S 
R 

M-S 
M 
S 

S 
S 
S 
S 
S 
S 
M 
S 
S 
S 
S 
S 
S 
S 
S 
M 
M 
S 
S 
S 
S 
S 
S 
M 
M 
M 
S 
S 

S-S 
S 
S 
S 
M 
S 
S 
S 
S 
S 
S 
S 
S 

S 
S 

GSV 

R-R 
R-R 
R-R 
R 

R-R 
R-R 
R-R 
R-R 

R 
R 

R-R 
R 
R 
R 
R 
R 
R 
R 
--

-

-

R 
R 
-
R 
-

-

-

-

-

-

R 
-
R 
-

-

-

-

-

R 
-
R 
R 
-
R 
-
R 
R 
R 
R 
R 
R 
R 
R 

-
R 

RSV 

M-S 
S-S 

M-M 
S 

S-S 
S-M 
M-S 
MS 
S 
S 

S-S 
S 
S 

S 
S 
M 
M 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
M 
S 
S 
S 
M 
S 
S 
S 
S 
S 
S 
M 
S 

S-M 
M 
S 
S 
S 
M 
M 
S 
M 
M 
M 
M 
M 
S 
M 
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Table 2. Summary of screening for blast resistance at IRRI, 1979. 

Varieties (no.) 

Source 	 Resistant Intermediate Susceptible Total 

(1-2) (3-4) (5-9) 

7 34 	 129 170Elite breeding liresa 
67 	 60 180Germplasm bank 53 

92,333Pedigree nursery lines 8,785 26,382 57,166 

Hybridization block' 126 101 226 453 

Observational yield trial a 372 704 1,492 2,568 

Replicated yield triala 111 252 	 382 745 
293 329Varietal yield testing 	 23 13 

Indonesian breedling lines 134 85 71 290 

9 3 24ClATb breeding lines 	 12 
86Japanese varietiesa 11 38 37 

Korean lines 24 0 33 57 

International nurseries 
IRBN

a 320 189 177 686 

95 209 342IRON 	 38 
29 69 151 249IRLRON 

38 64 141IURON 	 39 
75 42 108 225IRCTN 

Total 10,159 28,118 60,601 98,878 

Percent 10.27 28.44 61.29 100 

aTested bCentro Internacional de Agricultura Tropical, Colombia.2-3 times. 


Blast resistance of selected breeding lines, resistance donors, and other varieties in the International Rice Blast Nursery tests,Table 3. 
1975-78. 

Line Donor Tests(no.) ----

Percentage with given 
reaction

a 
Suscepti

bilityx 

R(0-2) M(3-4) S(5-9) ine 

IR5533-PP854-1 
1R3259.PP5-160-1 
IR5533-P855-1 
IR1905.PP11-29-4-61 
IR9660-50-3-1-1 
Tetep 
1R1905-81-3-
IR9660-00951-1 
IR5533-PP856-1 
IR4547-14-3-1 
1R9669-PP830-1 
IR5533-15-1-1 
IR3259-PP18-8212 
IR9559-4-1-1 
IR4547-16-3-4 
1R9669.PP846-1 
1R5533-56-1-12 
IR3273-342-1-6 
IR3271-760-1482 
IR9559-PP870-1 
IR1905-PP19-73-2 
1R4547-16-3-7 
Carreon 

IR8
3 /Carreon//Tetep 

IR8 
3/Tetep 

IR8
3/Carreon/fTetep 

IR/Tetep 
IR8

6/1R3260 

1R8/Tetep 
IR8

6/1R3260 
IR8

3/Carreon//Tett-
IR86/PK203//I R4477///I R3265 
IR8

3 /Carreon 
IR8

3 /Carreon//Tetep 
IR8

3 /Tetep 
IR8

3//I R 1904/1R 1905 
IR8 

6/PK203//1 R4477///1 R3265 

IR83/Carreon 
IR8

3/Carreon//Tetep 
IR8 

6/PK203 
IR84/PK203//Dawn 
IR8

3/11R 1904/1 R1905 
IR8iTetep 
IR8

6/PK203//I R4477///I R3265 

79 

53 
87 

82 
60 

104 
85 
55 
87 
92 
59 
59 
80 
61 
60 
60 
60 
61 
59 
86 
86 
61 

109 

88.6 
88.7 
89.7 
86.7 
85.0 
86.5 
82.4 
85.5 
83.9 
83.7 
81.4 
83.0 
81.3 
82.0 
81.7 
83.4 
83.4 
80.4 
78.0 
80.2 
80.2 
80.3 
78.0 

10.1 
9.4 
6.9 

12.1 
15.0 
11.5 
17.6 
10.9 
13.8 
14.1 
18.6 
15.3 
18.7 
16.4 
16.7 
13.3 
13.3 
18.0 
22.0 
'7.5 
17.4 
16.4 
19.3 

1.3 

1.9 
3.4 
1.2 
0.0 
2.0 
0.0 
3.6 
2.3 
2.2 
0.0 
1.7 
0.0 
1.6 
1.6 
3.3 
3.3 
1.6 
0.0 
2.3 
2.4 
3.3 
2.7 

1.253 
1.264 
1.275 
1.289 
,.300 
1.307 
1.352 
1.363 
1.368 
1.369 
1.372 
1.372 
1.375 
1.393 
1.400 
1.400 
1.400 
1.426 
1.440 
1.441 
1.441 
1.459 
1.477 

IR3259-PP1 1-182-4 
IR5533-13-1-1 

IR8 
3/Tetep 

IR83/Carreon//Tetep 
79 
91 

78.5 
80.2 

19.0 
15.4 

2.5 
4.4 

1.481 
1.483 

IR4547-6-1-3 59 76.3 22.0 1.7 1.508 

IR4547-6-2-4 59 78.0 18.6 3.4 1.508 

Continued on next page 
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Table 3 continued 

61 77.0 19.7 3.3 1.524lR4547.6-32 
61 78.7 16.4 4.9 1.524IR4547.16-3-2 
60 78.3 16.7 5.0 1.5331R45476.2.6 

1R5533.55.11 1 IR8 /CarreoR/fTetep3	 60 76.7 20.0 3.3 1.533 
60 78.3 15.0 6.7 1.566I R4547.6 2 5 

8
IR4472-53.10.8-1-2 IR8 /Dawn 	 58 74.1 22.4 3.5 1.586 

60 73.4 23.3 3.3 1.600IR3273-289.21473 IR8 
6 /PK203
3 1.619IR9669-PP836-1 IR8 /Carreon 	 71 74.7 19.9 5.6 
4

1R 1909-1-3-3 IR8 /Dawn 60 75.0 16.7 8.3 1.666 

1R4547.10180-20-7 IlR8 /PK203//IR4477///IR32656	 61 72.1 18.0 9.9 1.754 
3 63.9 29.5 6.6 1.852 

Dawn 105 56.2 26.7 17.1 2.219 

Kataktara DA-2 

1R9559-3-1-1 1R8 //IR 1904/1R 1905 	 61 

106 42.5 33.0 24.5 2.641 
108 23.2 17.5 59.3 3.722KTH.17 

Kung-Shan-Wu-Shen-Ken 43 16.3 7.0 76.7 4.209 

Fanny 93 6.5 7.5 86.0 4.591 
109 1.8 13.8 84.4 4.697 

Taichung T.C.W.C. 63 0.0 12.7 87.3 4.746 
B40 

aR(O-21 - resistant, with a rating of 0-2; M(3-41 =moderate, with aratinq of 3-4; S(5-91 susceptible, with a rating of 5-9. 

Table 4. Reaction
a in 2 tests at IRRI of 86 varieties with field resistance to blast in Japan. April-May 1979. 

Genotype Field IRRI nu:sery blast reaction 
Variety for resistance 

true resistance (Japan) Nurser,; 1 Nursery 2 

Sensho + rr 	 m 6
 
ss ss
Shingu + 

m m
Norin 22 	 + r 

Kogan Nishiki + 	 r ss 

ss ssUkon Nishiki + r 

s
Ginga + r s 

Suzuhara-mochi + s s 

Rikuu 132 + m m 

Harima + rr m m 

Honen Wase + r m s 

Norin 29 + 	 ss s 
ss ssNorin 6 	 + 

Rikuto Norin 12 + r 	 m ss 

Rikuto Norin 4 + -	 m m 

Coshi-riku 1 	 + - s 	 m 
- s 	 mCoshi-riku 2 	 + 

+ -	 ss ssNu-shu 
- m 	 mChubu 22 	 + 

Kansai 6 + r 	 m m 

Hokoriku 52 + -	 s m 

Chubu 32 + -	 m m 

Chugoku 40 + -	 m s 

Chugoku 68.hen + - ss ss
 

Norin 8 + (KS) - ss ss
 

Koshihikari + () - s s
 

Kameji - ss ss
 

Koshiji Wase + r m m
 

Ishioka-mochi 14 
 rr m 
m mIshioka-mochi 10 

Ishioka-mochi 7 	 s m 

Continued on opposite page 
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Table 4 continued 

Variety 

Mizuhata-mochi 

70 GR 

Hokkai 188 

Inakei 154 

Hokushi Tami 

Ou 301 

Chubu-mochi 37 

Chubu 33 

K 59 

Futaba 
Shuiho 

Homare-Nishiki 

Toyonishiki 

Yamwbiko 
Fujiminori 

Yamaji Wase 

Akibare 

Nippon base 

BL 1 

Inoba Wase 

Fujisaka 6 

Todoroki Wase 

Chubu 17 

Chubu 34 

Chubu 35 

Akishima-mochi 

Chubu 38 

K 2 

Nu-aki 

Inakei 173 

Kusabue 

K 3 

Fuji 120 

Pi No 1 

Chubu 24 

Chubu 29 

Yamahikon 

Pi No. 4 

Pi No. 5 

Reiho 
Chugoku 68 
Chugoku 65 
Yashiro-mochi 
Choguku 31 
Hukunishiki 
Hukuhikari 
Ou 24 
Toride 1 
TY. B 

TY. C 
Yamatobare 
Minehikare 
BR No. 1 
Minishike 
Tsuyuake 
Fukei 111 

arr = highly resistant (I), r = resistant (2), m 

Genotype Field IRRI nursery blast reaction 

for resistance 
true resistance (Japan) Nursery I Nursery 2 

rr rr 
m m 
ss ss 
m m 
m 
rr rr 
s rr 
rr rr 
ss ss 

Pi-a S ss 
Pi-a ss ss 
Pi-a r m m 
Pi-a r s ss 
Pi-a r ss
 
Pi-a r 
 ss ss 
Pi-a r s m 
Pi-a  m m 

Pi-a +  m m 
Pi-b  s rr 
Pi  rr rr 
Pi-i r m rr 
Pi-i r m m 

Pi-a, P-I m rr 
Pi-a, Pii m m 
Pi-a, Pi-i - rr rr 
Pi-a, P-i r m rr 
Pi-a, Pi-i - ss m 
Pi-a, Pi-K

P 
- m s 

Pi-K  m rr 
Pi-K  rr rr 
Pi-K - m rr 
Pi-Kh  m 
Pi-Kh - ss 

Pi-a, Pi-ta  s ss 
PitaZ  m m 
PitaZ - s ss
 
Ptaz  m ss 
Pi'taZ  m m 
Pi-taz - m m 
Pi-taZ - s ss 
Pi-taZ  s ss 
Pi-taz  m m 
Pi-ta  s ss 

Pi-t, Pi.Kc - m rr 
Pi-z  rr rr 
Pi-z  rr rr 
Pi-z rr rr rr 
Pizt  m rr 
Pizt  s m 
Pizt - ss ss 

Pi-a, Pi-K, Pi-m - m rr 
Pi-a, Pi-K, Pi-m - m I 
Pi-a, Pi-k, Pi-m rr m ss 
Pi-a, Pi-K, Pi-m - ss s 

Pi-K, Pi-m - ss ss 
Pi-a, Pi-b, Pii - rr rr 

moderately resistant (3-41, s susceptible (5--6) ss= very susceptible (7-8). Dashes indicate no rating. 
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tions; others, type 5-6 reactions; and still others, 
type 7-9 reactions. Reactions within a group of 
varieties with a specific resistance gene (Pi-a,
Pi-K, Pi-M) differed, indicating that the resistance 
genes involved were not detected by races in
Japan. 

Reaction to races of Pyricularia oryzae in the 
Philippines.Fifty-one Japanese varieties with field 
resistance and resistance genes were inoculated 
with 20 isolates from 8 Philippine blast races. The 
varieties' reactions ranged from resistant to suscep
tible (Table 5). T28, T54, T55, and T61 - iso. 
lates of race 102 - induced different reactions in 
Suzuhara-mochi, Rikuto Norin 24, Ishioka 3, Sen
sho, and Fukoton, suggesting that the isolates dif-
fer in virulence. The specific susceptibility and 
resistance of one group of varieties among the 
entries tested suggest that their field resistance is 
due to an unknown gene (or genes) not detected by 
races in Japan. 

Races of Pyricularia oryzae. Nine new Japanese 
differential varieties with corresponding specific
resistance gene and code number were inoculated 
with 110 isolates of Pvricularia orvzae. Forty-one 
races were identified; five of them (R-003, R-103,R-10 7 , R-137, and R-303) were the same as races 
identifi ed in Japan (Table 6 ). T he most prev alen t 
race was R-102, with 12 isolates, followed byR-100 and R-103. Four isolates did not cause any 
infection on the new Japanese differentials, but 
produced lesions on other differential varieties. 
The set of new differential varieties may be defec-
tive because it could not classify all isolates into 
races. 

HORIZONTAL RESISTANCE TO BLAST 

PlantBreeding and Plant Pathology Departments 

Apparent infection rate as a measure of hori-
zontal resistance (Plant Breeding). Apparent 
infection was measured in three field experiments 
at one dryland site at IRRI. The first experiment 
screened 18 varieties and breeding lines that IRAT 
and IRRI found to have low apparent infection 
rates (AIR). The second and third experiments 
included six varieties selected from the first exper-
iment, with AIR and diversity (country of origin) 
as criteria. 

AIR was estimated using a formula proposed by 
Van der Plank. Rate (r) of disease increase (.) over 
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Ukon Nishiki + r R Rm S R S S S
Kogane-masari R S R Rm R R R+ S Rm Rr R R R R R R R R 
S S Rm 1.2Koshiji-Wase R R R+ r R R R Rm R RR R R R R R R R R 
S R R 1.3Miyama-Wase R R R+ r R R R Rm R RR R R R R R R R R 1.1Yamaji Wase R R R R R R R+ r R R S R R Rm R RR R R R R R R 1.365A-8 R R RPi-a rr R R R R R RmR S R R R R R R 

R R 1.1
Rikuto Norin 11 R R R R R RPi-a rr R R R R R R R R 

R R R Rm R R 1.1Shin Hakaburi Pi-a rr R R Rm R R Rm R R R SR R S R R R R R R R 
Rm R 1.5Kuroka R R RPi-a Rm R Rrr R R R R Rm R R 

R Rm S R 1.6Kirishima S R SPi-a rr S S R S R S RR R R R Rm R R R R R 
Rm S Rm 2.7Kahei Rm R RPi-a rr R R S Rm R R SR R R S R R S R 1.7Hirayama R R RmPi-a rr S R 

m R R R Rm Rm Rm S RR R S R S R S 2.1Yamabiko S Rm RPi-a r R S S S S SS R R R R R S Rm 3.4Fujiminori R R S S S SPi-a R S Rr R R R R a R S S R R 
S R S S Rm 2.9

Reimei R Rm R SPi-a r R Rm R R AmRmRmR R R R R S 2.1S R RHomare Nishiki Pi-a r R R 
R R R S S R R Rm SR S R R S S Rm 2.2Toyonishiki R R S R S SPi-a r S R S SR R R R R S S 3.2Himehonami R S Rm R R R
Pi-a R R S Rr R R R R R S R R SR R R 1.9Swanishiki R R A APR-a A A A A A Ar A A A A A Am S 1.3R A S RAsagiri R R RPi-a r R R Rm S R S RmR Rm S R S S S S 

S Rm 2.1Yoneshiro R S RPi-i R R S Rrr R S R RmR R R R R R R S 3.0R R R R R R
Kuiku 9 R R R RmPi-i rr R R R 
Rm R R 1.2R R R 
 R R R 
 R R R 
 R R R 
 R R Rm R R
Kukei 22 1.1Pi-i rr R R R RVm Toyama Wase R R RPi-i R R RIsaoMoch rr R R R R R R R R RPi-i rr R R R R R R R R R R R 1.0R Rm S S S S R RR S R 
 S S R S 
 S S S S S S R 3.9Sorachi Pi-i rr R R RM Todoro Wase Pi-i R R R R R RAkishino-mochi Pi-a, Pii 

r 
r 

R R R R R R R R R 
R
R R

R R
R RR RR RR R R R R RR A R R R R K R R R R 1.01.0 

> Shinsetsu Pi-a, Pi-i r R R R R R R R R S R A Sr R A A 1.4Tatsumi-mochi R R SPi-K r R R 
R R Rm R R R R R 

A 1.3R R R R R R R R R 
R 
R 

R R S R R R RR R R R R R R 1.R R
> Ishikar, 1.0Matsumae Pi-a, Pi-K> siar Pi-K rr R R R R R R R R R RiaP AR R R R R RR R R R R R R R R R R R A AR R R R A A Rl 54BC-68 R R R R 1.0V Ou 244 Pj-z 1.0rr R AR AR AR AR A A-i 5 C-8P-
Pi-z 

rr 
R R R R R R R R R R AARrA AA AA AAR R R R R R R R AR 1.01.0R R R R R R R
R R R R R
_--_- 1.0Virulence index 1.3 1.4 1.6 1.2 2.0 1.6 2.2 2.1 1.8 1.8IN ar h.. 2.0 1. 1.3 

> 2.1 2.3 2.0 1.5 2.8 2.8 2.4
high"resistant, R
r resistant, resistant. Rm = moderately resistant, S susceptible, bRace number based on the reaction of the new Japanese differential varieties. 
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Table 6. Races of Pyricularia oryzae Identified by new Japanese differentials. IRRI, 1979. 

Reaction' of isolates to each differential variety 

Isolate no. Shin Aichi Ishikare Kanto Tsuyu. Fukuni- Yashiro Pi No. Toride Race no.
 
2 Asahi shiroke 51 ake shiki mochi 4 1
 

(PiKs 
, 1) (Pi., 2) (P-i., 4) (PiK, 10) (Pi-m, 20) (PiZ, 4 0) (Pi-ta, 100) (Pi-ta

z , 200) Pi.Zt, 400) 

4 R R R R R R R R R 000 

6 R S R R R R R R R 002 

5 S S R R R R R RR 003 

R R S R R R R R 010 

1 R R S S R R R R A 014 

1 R S S S R R R R R 016 

1 R S R R S R R R R 022 

2 R 

R 0231 S S R R S R R R 

S R S S R R R R 032
 

8 R R R R R R S R R 100
 

12 R S R R R R S R R 102
 

7 S S R R R R S R R 103
 

3 R R S R R R S R R 104
 

5 R S S R R R S R R 106
 

2 S S S R R R S R R 107
 
2 R R R S R R S R R 110
 

1 R S R S R R S R R 112
 

2 R S R R S R S R R 122
 

1 S S S R S R S R R 127
 
2 R S R S S R S R R 132
 
2 R S S S S R S R R 136
 
2 S S S S S R S R R 137
 
1 R R R R R R R S R 200
 
1 R S R S R R R S R 212
 
1 R S R S S R R S R 232
 

1 R S S S S R R S R 236
 

4 S S R R R R S S R 303
 

1 R R R R R R R R S 400
 

3 S S R R R R R R S 403
 

1 S S S R R R R R S 407
 

1 S S R R S R R R S 423
 
2 S S R S S R R R S 433
 

3 R S R R R R S R S 502
 
4 S S R R R R S R S 503
 

1 S S S R R R S R S 507
 

3 S S R R R R R S S 603
 

1 S S R S S R R S S 633
 
2 R S R R R R S S S 702
 
4 S S R R R R S S S 703
 

2 S S S R R R S S S 707
 

1 R 

3 S S S R R R S S S 743
 
aR resistant, S susceptible. The specific resistance gene and code number are given in parentheses after the variety's name.
 

time (), corrected for decreasing amounts of among experiments and among varieties within the 
healthy tissue (I - x), is given in the equation: three experiments (Fig. 1). Differences in disease 

1 Ao X1 severity among varieties became marked as the 
r ( log - log, X experiments progressed. Cultivars showed varia

t2-t I -X 2 I-XI tions in leaf blast severity, indicating resistance of 
where the subscripts denote the beginning and end the rate-limiting type. 
points of the time interval for which r is calculated. The experiments demonstrated that leaf blast 

The rates of increase in leaf blast severity varied infection developed more slowly on IRA7 13,
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DouDadPrecose 
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r 0experiment).e
 

00 0 

0 5 10 I5 20 25 30 35 40 0 5 10 I5 20 25 30 35 40 0 5 10 15 20 25 30 35 40rapi
0os inrese anietdb aiLevlpLRT1
Daysafter first reading29/6/79to 3/8/79) Daysater fist reading(29/6/79 to 3/8/79)Ggwei.n Daysaftera fiih ees(i.2.st reading 29/6/79to 3/8/79) 

Isolate T27 Isolate 78-116-2 Isolate T9 

1. [isease progress curves (A) for 3 isolates of Prriulariaor Cav. on 6 rice cultivars and their logit plots (B) (Jun 1979he 

experiment). 

Gogowierie, Tetep, Dourado Precose, and 1021 and width (widest portion) of a lesion and express
the susceptible mR442-2-58. millimeters.than on Gogowierie ing lesion area in square

and IRAT 13 consistently had the slowest rate of Analysis of the data showed that the cultivars 
leaf blast increase, IR442-2-58 always had the possessed different levels of horizontal resistance. 
most rapid increase, manifested by rapid develop- IRAT 13 and Gogowierie had high levels (Fig. 2). It 
ment of the disease on the lower and upper leaves was also shown that the major factor that slowed the 
and rapid spread of the infection to the adjacent rate of infection in the six cultivars was the capacity
plants. to reduce DE, LP, and SC. The exception was 

The experiments confimed the ability of some 102 1,whichhad the abilityotoreduce DEandSCbut 
rice cultivars to retard rice blast development. The had an LP similar to that of the susceptible check. 
consistent differences in this character among cul- The results suggested that lesion size was not a 
tivars suggest that it could be used for cultivar major factor in determining resistance because, in
improvement, most cases, the spore yield per lesion and lesion size 

Components of horizontal resistance (Plant exhibited a negative relationship.
Breeding). Disease efficiency (DE), latent period The study also revealed interactions between 
(LP), lesion size (LS), and sporulation capacity horizontal resistance and epidemiological fitness,
(SC) of three isolates of P. oryzae Cay. (T9, T27, indicating that horizontal resistance could decrease 
and 78-1 16-2) were measured on Tetep, IR442-2- over time. 
58, Gogowierie, Dourado Precose, IRAT 13, and Results of the study support the concept that 
1021. DE was determined as the percentage of slow leaf-blast infection is a form of horizontal 
inoculated spores that produced visible' lesions, resistance. The methodology used represents the 
and LP was based on the number of lesions that application of the epidemiological theory to breed
appeared on the leaf surface each day. SC was ing of crops that possess resistance to a disease by
measured as the cumulative number of spores virtue of their ability to restrict the rate of epidemic
sampled from individual lesions at 24-hour inter- development.

vals. LS was determined by measuring the length Mechanisms of horizontal resistance (Plant
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SporulOhonecqpcity (xlOo)
 
400
 

Tefep Dourado :ecose
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a 
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b 
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80 c :ii* 

T27 7-I-2T9
 

2.Sporulation capacity of3isolatcs of P.)ricularja orn'zae Cay, on 6rice cultivars; variety means for 3isolates
followed by a common letter are not signifi~cntly different at the 5%level. IRRI, 1979. 

Pathology). A study of the distribution of I'. number of water drops per unit area of the leaf 
oryzae on the leaf surface of blast-resi,,tant and surface indicated that retention of a large number
susceptible rice cultivars in the laboratory and in of drops was lower on Tetep than on susceptible
samples collected from the blast nursery indicated Khao-tah-Haeng (KTH) (Fig. 3). Bigger droplets
that asmaller number of conidia were deposited on had lower retention on rice leaf surfaces and also
the leaf surface of the resistant cultivars (Table 7). appeared to be retained less frequently on the resis-

Estimates of the relative wettability of leaves of tant IR36 than on the susceptible IR442. Ft plants
blast-resistant or susceptible cultivars indicated of a Tetep × KTH cross behaved lilke the resistant
that leaves of the former were wetted to a lesser parent, indicating that the wettability component
extent. A study of the frequency distribution of the of blast resistance is heritable. 

samples(acolce(rmtebat nurer inicte Kha-th-Hen ( H (Fg ).Bge dolt 
Frequency 
30 

Table 7. Deposit of Pyricu/aria oryzae conidiacultivars.on adaxial leaf Teep c surfaces of blast-resistatit or susceptible1979. rice iniR, vea o st20 
that~ ~ ~oii ~ ~ ,ubro ~ ~ eedpstdo~ smle~ 3 Frqeca of retention odieeaf um e swadlopsb 

Conidiaa (no./microscope field gExp. no. Nature of 112.5 x201 ) f
infestation c arreon Teep IR36 lR442 i0 
 n 

I %<K0•~ hh~~ 
1 rtfcil 1.9 0.9 1.6 3.9 ,," ,,,,
2 Ar tif icial 1.4 4.1 2.5 3 5 0 .;1 ) I I % , - "
 3 Artificial 1.1 1.5b 1.5 2.3 0-6 7-13 14-20 21-27 2a-.'4 35-41 42--48 49-55 56-62 63-694 Natural 5.6 3.6 10.8 Dewdrops Inc.)
 

b5 Natural 1.2
atigure are means - 3.9 11.6ofabout 200 observations on segments from 3 retinof freuers onteresis
leaves. A dash means not investigated. R resistant, susceptible, blast-resistant Tetep and susceptible Khao-tah-haenvIRRI,5 k 
bNamber of conidia/mm leafsurface. 1979. 

IRRI ANNUAL REPORT FOR 1979 



Frmuency (/) 
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0 
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27-36 1 47-56 67-76 1 87-96 1 107-116 1 127-136 

37-46 57-66 77-86 97-106 117-126 
Contactangle0 

4. Contact angle for dewdrops on the leaves of blast-resistant 
Tetep and susceptible KTH. IRRI greenhouse, 1979. 

Experiments in a dew chamber indicated that 
although there was no marked difference in the 
amount of dew condensed per unit area of detached 
horizontally laid leaves of Tetep and KTH, less 
dew was retained on intact leaf surfaces of resistant 
Tetep than on susceptible KTH. Shaking the plants 
after dew had condensed left less residual dew on 
the leaf surface of Tetep than on KTH. 

Dewdrops on Tetep leaves registered a larger 
mean contact angle than those on KTH leaves. 
This differe-nce was more evident with plants 
grown at day/night temperatures of 29°/21°C than 
with those at 32°/24°C. Frequency distribution 
plots of the contact angles of dewdrops on the two 
varieties showed that drops with lower contact an- 
gles were less frequent on Tetep (Fig. 4). The abil- 
ity of Tetep leaves to shed 6ew to a greater extent 
is associated with the lower distribution of conidia 

Table 8. Distribution of appressoria per unit area of leaf sur
face on detached leaves of blast-resistant Tetep and susceptible 

KTH. IRRI, 1979. 
Appressoria (no./microscopic field 

Variety' (12.5 x 201 ) 

Leaf 1 Leaf 2 Leaf 3 Leaf 4 Mean 

Tetep (R) 4.3 6.4 7.9 5.0 5.9 
KTH (S) 7.8 9.0 11.7 9.7 9.6 

S susceptible. 

on the leaf surface and consequent development of 
fewer lesions in that variety. 

The infection structure formed by the germinat
ing conidia also appears to be affected by the 
physicochemical properties of rice leaves. The 
number of appressoria per unit area of the leaf 
surface was lower in detached resistant leaves of 

Tetep than in leaves of the susceptible KTH when 
the varieties were inoculated with the same coni
dial suspension (Table 8). Similarly, less appres
soria were formed '. vitro on epicuticular waxes 
extracted from Tetep. However, the presence of 
dew on epicuticular waxes promoted early dif
ferentiation of appressoria. Appressorial formation 
was virtually complete by 6 hours in the presence 
of wax and dew, but was slow in the presence of 
dew or wax alone. 

PATHOGEN VARIATION INP. ORYZAE 
Plant Pathology Department 

The inheritance of blast resistance was studied 
using four blast isolates (750778, T72, T63, and 
2017, belonging to three race groups) and five par
ents (Tetep, Carreon, IR36, Sensho, and KTH
17). Isolate T63 exhibited a consistent (resistant or 

Table 9. Stable and unstable reaction a of 4 isolates of the blast fungus. IRRI, 1979. 

750778(ID13) T63(ID14) T72(IH,) 2017 (IA65) 

Stable reaction 
Tetep (19, 0) (R) Sensho (0, 5) (S) Tetep (14, 0) (R) KTH (170,5) (S) 
Carreon (5, 0) (R) Tetep (24, 0) (R) Carreon 15, 0) 

IR36 (39, 0) (R) 

Unstable reaction 

IR36 (22, 17) (M) IR36 (5, 15) (M) Tetep (1, 3) (M) 
Sensho (4, 4) (M) Sensho (5, 10) (M) IR36 (3, 2) (M) 

Carreon (4,3)(M) 
Sensho (1, 4) (M) 

aR - resistant, S susceptible, M = mixed reaction. Figures in parenthesesrepresent the number of plants showing resistant and susceptible reactions, 
respectively. 
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susceptible) reaction on the parents and was consi. Table 10. Summary of field screening for leaf scald resistance. 
dered a stable isolate. Isolate 2017 exhibited a IRRl, 1979 wet season. 
mixed reaction on the parents and was considered Entries (no) showing 

Source the given reactionaan unstable isolate (Table 9). 
The process of reproduction in the rice blast . 1-2 3 4 5-9 

fungus P. oryzae is by atypical mitosis. The Elite breeding lines 2 22 31 29number of chromo;omes in the hyphdl, con- Hybridization block 91 21 31 65n biseasereaction was basedon the following scale unit: I " Lesioni 

idiophore, and conidium cells varied from 2 to 12; 0-1 cm long; 2 mLesions 1.01-2 cm long; 3 - Lesions 2.01-3 cm =the most frequent variation was 3 followed by 6 lone; 4 Lesions 3.01 -A cm long; 5 Lesions 4.01- r cm long; 9 
Lesions 8cm longcaromosomes. The difference in number of 

chromosomes may result in duplication or deletion 
of genes for pathogenicity or virulence. 24% were susceptible. 

The results indicated that there are many resis-
LEAF SCALD RESISTANCE tant varieties and lines that could be used directly 
Plant Pathology Department by farmers or as sources of resistance in breeding 

for bakanae disease resistance. Among the entriesScreening for resistance. Screening of varieties screened, varieties IR20, IR26, IR32, IR38, IR44,
and lines in the hybridization block and of GEU and IR45 were resistant; IR36, IR42, and IR43 
elite entries for leaf scald resistance continued dur- were moderately susceptible; and lines IR335 1
ing the 1979 wet season. Entries were artificially 38-3-1, IR6140-22-2, IR6228-2-1, IR9703-41
inoculated at maximum tillering stage by the clip- 3-3-1, and IR9846-215-3 were very susceptible. 
ping method. 

Of 292 entries inoculated, 31.9% were resistant, SCREENING FOR RESISTANCE TO SHEATH 
14.7% were moderately resistant, 21.2% were BLIGHT, SHEATH ROT, AND CERCOSPORA LEAF 
moderately susceptible, and 32.2% were suscepti- SPOT 
ble (Table 10). PlantPathology Department 

Production of the perfect stage of Rhynchos
porium oryzae. Attempts were made to produce A total of 6,574 entries were screened for sheath 
the perfect stage of the leaf scald fungus by mating blight resistance. As in previous years, no entry
single ascospore cultures and growing them singly was rated resistant, but about 6% were classified 
in petri dishes containing Sach's medium in 1.7% moderately resistant. Most of the test materials had 
agar into which pieces of IR42 leaf sheaths were a moderate reaction. In a confirmation test, only 28 
embedded. In an experiment with 39 single asco- entries remained moderately resistant (Table 12). 
spore cultures, 22 produced perithecia in cultures One hundred and thirty-one elite breeding lines 
with leaf sheath tissue, but none produced and varieties were screened for resistance to sheath 
perithecia in plates without leaf sheath pieces. The 
results indicated that the organism was homothallic Table 11. Results of screening seedlings of GEU elite lines for 
and the rice tissue in the medium was necessary for bakanae disease resistance. IRRI, 1979. 
the production of the periect stage. Actual Entries tested 

Scale incilence 
SCREENING FOR RESISTANCE TO BAKANAE (0"' No. 

DISEASE 0 Imune 0 27 15.9 
1 Higlly resistant R 1-10 20 11.8Plant Pathology Department 2 Resistant J 11-20 34 20.0 
3 Moderately sesiftant 1 21-30 16 9.4A total of 170 GEU elite lines were screened for 4 Modesately susceptible M 31-40 20 11.8 

resistance to bakanae disease of rice. An arbitrary 5 Moderately susceptiblej 41-50 12 7.0 
6 Susceptible -] 51-60scale of 0 to 9, with 0 as resistant and 9 as suscep- 7 Susceptible 9 5.3| 61-70 8 4.7 

tible, was used in classifying varietal resistance to 8 Very susceptible / 71-80 7 4.1 
zhedisease (Table 11). About 48% of the entries 9 Very susceptible] 81-100 17 10.0 

were resistant, 28% had moderate reaction, and Total 170 100.0 
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Table 12. Summary of sheath blight screening. IRRI, 1979 wet and dry seasons. 
a 

Entries (no.) with given disease reactionEntries 
Source (r0o.) R MR M MS S VS 

Elite breeding lines 170 0 8 154 7 1 0 

Lowland: 
Replicated yield trial 
Observational yield trial 

1,200 
719 

0 
0 

6 
28 

1,179 
676 

15 
13 

0 
2 

0 
0 

Upland: 
Replicated yield trial 
Observational yield trial 

80 
1,254 

0 
0 

3 
208 

65 
759 

6 
167 

6 
79 

0 
41 

Hybridization block 
Germplasm bank 
Resistant entries (Crowley Disease Nursery) 

555 
2,438 

14 

0 
0 
0 

6 
77 

3 

537 
2,339 

9 

15 
18 

1 

0 
4 
1 

0 
0 
0 

Sheath blight entries (12) in hybridization block 12 0 1 9 1 1 0 

Confirmation test 
Elite breeding lines 
Replicated yield trial 
Observational yield trial 
Hybridization block 
Germplasm bank 

16 
1 
5 
4 

66 

0 
0 
0 
0 
0 

0 
0 
U 
3 

25 

16 
1 
5 
1 

40 

0 
0 
0 
0 
1 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

International Rice Blast Nursery 2 0 0 2 0 0 0 

International Rice Yield Nursery 1 0 0 1 0 0 0 

International Rice Observational Nursery 1 0 0 1 0 0 0 

Stress-resistant donor 4 0 0 4 0 0 0 

Collaborative sheath blight screening 15 0 0 14 0 1 0 

5th International Rice Sheath Blight Nursery 7 0 0 7 0 0 0 

Plant pathology lines 5 0 0 5 0 0 0 

Korean breeding lines 2 0 0 2 0 0 0 

aR resistant, MR = moderately resiinr., M inter, e,,,e MS moderarely. usceitmle. S susceptitie, ... VS very susce.,le. 

blight, Cercospora leaf spot, and sheath rot dis- at the seedling stage, 8 entries were selected to 
eases (Table 13). compose the tentative set of differential varieties: 

Most entries exhibited a consistently moderate IR8 (IRRI), Zenith (US differential), IR20 (IRRI), 
reaction to sheath blight at several sites; some had Delitus (US differential), IR26 (IRRI), Southern 
reactions ranging from moderately resistant to Red Rice (US differential), IR9129-159-3-2-3-3 
moderate, and a few were moderate to moderately (IRRI), and MI 273 (Ivory Coast). Preliminary 
susceptible. Only IR5982-7-6-1 was susceptible. inoculation tests suggested the occurrence of about 

The Cercospora leaf spot screening results indi- 6 race groups comprising 13 races. 
cated that the -disease was generally less severe Screening methods for sheath rot resistance. 
during the wet season than in the dry, with lines Sheath rot caused by Acrocylindrium oryzae has 
susceptible in the dry season becoming resistant in become increasingly prevalent on varieties and 
the wet season. breeding lines at IRPI. To develop an efficient 

Eleven of 85 lines screened in the wet season technique for reproducing the disease for resis
had a resistant reaction to sheath rot. tance screening, three methods of inoculation were 

Physiologic race study of Cercospora oryzae. tested: inserting single-grain culture between the 
From a few hundred varieties an'! breeding lines leaf sheath and culm, injecting spore suspension 
previously inoculated with isolates of Cercospora behind the sheath, and spraying spore suspension 
oryzae in the field, 49 were repeatedly inoculated on plants at different growth stages. 
in the greenhouse. Different sets of the 49 varieties Inoculation with a single grain at the tillering
were planted in trays and inoculated with an isolate to-panicle-initiation stage consistently produced 
3 weeks after seeding. Based on their reactions to severe infection. A relatively higher incidence was 
the different isolates and their individual plant type obtained with the injection method among plants at 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 53 



Table 13. General screening of elite lines for resistante to 

sheath blight, Cercospofa leaf spot, and sheath rot. IRRI, 1979 

wet and dry seasons. 

Elite line -
Sheath bightElit lieS eathbliht 

Reactiond 
-------

Cercospofa
la spet 

Sheath
rot Elite line 

Sheath blight 

Reactiona 

Cercospora 
leaf spot 

Sheath 
rot 

IR8 
IR20 
IR26 
IR32 
IR36 

M/M/M/M/M 
M/M/M/MR 
M/M/M/M/M 
M/MR/M/MR/M 
M/M/M/M/M 

MSIMR 
VS 
M 
MS/MS 
M/M 

M 

MR 
M 

IR5931-110-1 
IR5982-7-6-1 
IR5983-13-1-2 
IR6115-1-1-1 

IR6140-22-2 

M/M 
S 
M 
M/M 

M/M 

M/M 
R 
MR 
M/MR 

MR 

MS 
M 
MS 
M 

IR38 
IR42 
IR43 
IR44 
IR45 

lR46 

M/M 
M/MR/M/M/MR 
M 
M 
M 

IR46M 
M 

MR 
M/M 
M 
M 
M m 
MS 

MR 
M 
M 
MMR 

MR 

IR6228-2-1 
IR6256-8-2 
IR7760-4-8-2 
IR7790-18-1-2 ' 

IR8192-31-2-1-2IR8192-166-2

2-3 

M 
M 
M/M 
M/M 
M/M/M 

M/A.!M 

R 
M 
MR/MR 
MR/R 

MS/R 

M/R 

MS 
M 

M 

MR 

IR2058-78.1-3-
2.3 

IR2061-522-6-9 

M/M/MAM 
M 

R 
MR MS 

IR8192-200-3. 

R8608.79-2 
IR8608-7-2 

M/M/MM/M/M 
MSM/M 

MS/MM 
M 

MR 

IR2071-685-3-5.4-3 5.-MMM
M/M M R R860816712. MS/M/M M/MR MR 

IR2307-247-2-2
3 M/M M IR8608-189-2

2-1-3 M/M/MS M/MR MR 

IR2797-105-2-23 
IR2863-38-1-2 
IR3351-38-3-1 
IR3680-65-6-1 
IR3839-1 

M/M 
M 
M/M/M 
M 
M/M 

M 
MS 

M 
M 
MS/M 

MR 
M 

1R8608-298-3
1-1-2 

IR9129-136-2
2 

2--1-2 
IR9129-136

2 -
2 -

2-1 2 

IMS/M/M 

M/M 

M 

M/R 

MR 

MR 

MR 

M 

IR3880-10 

IR3880-13 
IR3880-13-10 
IR3880.29 
IR4219-35-3-3 

M/M 

M/M 
M 
M 
M/M 

MS/R 
MR 
R 
IV. 
MS 

MS 
M 
MS 

IR9129-169-3
2-3-3 

IR9129-209-2
2.2-1 

IR9129-456-2" 
M/M/M 

R'M 

MR/R 

M 

MR 

IR4422-480-2-3-3 M/M M 2-1-2 M R M 

IR4432-28-5 
IR4432-52-6-4 
IR4563-52-1-3-6 
IR4568-86-1-3-2 

1R4568-225-3-2 
IR4570-83-3-3-2 
1R4570.117-2-1-2 
IR4683-19-3-3 
IR5178-1-1-3 

M/MR/M/M 
MiM/M 
M/M 
M/M/M 

M/M 
M/M/M/M 
M/M 
M/M 
M 

M/R 
M/MR 
M 
M/R 

M 

M/R 
MR 
M 
R 

M 
R 

M 

R 

M 

IR9129-457-2
2-1-2 

IR9209-26-2
2 -

2.1 

IR9209-181-2-2 

IR9209-262-1-3-1 
IR9217-58-2-2 
IR9224-22-2-2

2-3 

M/M 

MS 

M/M 

M/MS/M 
M/M/MR 

M/M 

R 

M 

MR/R 

M/R 
MR/R 

M 

MS 

M 
R 

IR5178-1-1-4 
lR5179-2 
IR5260-1 
IR5716-18-1 
IR5853-118-5 

IR5853-162-1-2 
IR5853-162-1-2-3 
IR5853-165-1-1-2 
IR5853.213-6-1 
IR5929-12-3 

IR5931-81-1-1 

M/M 
M 
M 
M 
M/M/M 

M 
M/M/M 
M 
MR/M/M 
M/MR 

M 

M 
MR/MS 
M/M 
R 

MS/MS 

M/MR 
MR 
MS 
MS 

M/R 

R 

MS 
MS 
MS 

M 

M 
M 

MR 

MS 

IR9224-117-2
3-3-2 

IR9224-162-3. 
1.3.2 

IR9264-321-3 

IR9411-5-3-3 
IR9703-41-3-3-1 
IR9729-287-3-3-2 
IR9732-119-3 

lR9761"8-2 

IR9761-19-1 

tvi.'MR/M 

M/M/M 

M/M 

M/M 
M/M/M 
MS 
M/M/M 

M/m 

M/M/M 

M/R 

R 

MR 

R 
M 
MR 
M/R 

MS 

MS/MR 

R 

MR 

R 

R 

MR 

MR 

Continued on opposite page 
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Table 13 continued 

Reactiona Reaction" 

Elite line - Cercospora Sheath Elite line Cercospora Sheath.
Sheath bliqht Sheath blight 

leaf spot rot leaf spot rot 

IR976147.3 M/M MR M IR10199-128-2 M/M M 

IR9761 753 M/M/M M/MR MR IR10206-29-2 M/MS MR 

IR9763-11-22 M/M R MR IR10781-143-2-3 M/M 
IR11248-13-2-3 M/M 

IR976445-2.2 M/M/M R R IR1124883-3-2-1 M R M 

IR9784-42-3.1 M/M R R IR11248242-3-2 M/M/M R M 
IR9788-19-23 M M MR IR11297.158.3 M 
IR9788,19 2-3.3 M R IR11418 19-2-3 M/M 
IR9802.10-3 M M IR13168.143.1 MiMR/M MS M 

IR9802-103-3.1 M MR MR IR1314913-1 M/M MR M 
IR9802-31w2 M/M M M IR1314641.3 M MR MR 

IR980578-2 M R MR IR13149-43-2 MR/M R R 

1R9805-971 M/M M/R MR I R 13240.10-1 M/M/M M R MR 

IR9809-92 M M MR IR13240 831 M/MtM M MR 

IR9814:6-1 M M IR132999622 M/M M M 

IR9814.6-3-3-2 M/M MS MR IR13415-9-3 M'M/M 
IR9846-.215.3 M/M/M VS/R M IR13419-113-1 M/M MR M 

1R98467261.3 M/M MS IR13426 19-2 M/MS/l MR MR 

Il9852.22.3 M/M R MR IR13426262 M M 

IR9859-452 M/M VS IR13429473 MS'M R M 
IlR9860- G-2-2-2 M/M MR MR IR13429.1053 M M M MR 

IR9884-54-3 M/M M IR1463222 3 MIM M R R 

IR9975-5-1 M/M M IR14753 120-3 MM R M 

IR10167-17-5-2 M/M MS IR155292561 MM M MR 

IR10198-66-2 M/M M 	 iET1444 M MS MS 

AR resistant. MR - r0,iurately resistant, M mteIITInadte. MS 

fO- lillY suscePI1Itlle, S "sircePtille. and VS z very sursceprible 

Reactions seiar irl,. by a sligh I/I rinCarre tests at ifferent stes or 

an earlier growth stage, but the symptoms pro- Table 14. The proportion of diverse genetic background in 

duced were atypical. Injection at the boot stage breeding materials screened for bacterial blight resistance. 

prod u c e d 84 .4% in fectio n an d red uc e d g ra in yield Entries lno.l with giveno r t,197 9 . _ _ Ent ies_ n o .) with give 

about 75%. Sheaths sprayed with spore suspension Nursery Total entries gene forresistance 

did not develop sheath rot symptoms. (lo.) Xa4 xa5 xa5fXa7 

BACTERIAL BLIGHT RESISTANCE 	 Pedigree
a 61,556 61,109 435 12 

Plant Pathology and Plant Breeding Departtents and Replicated 1,198 1,198 0 0 
yield trialInternational Rife Testing Prograin 

Observational 3,108 3,102 4 2 

More than 82,000 entries were screened for bacter- yield trial 

Hybridiation 505 501
ial blight resistance (Table 14). More than 99% of block	 

4 0 

the resistant entries from pedigree nurseries had Elite 171 	 169 2 0 
_b - the Xa 4 gene for resistance. A few might have xa Gerrnplasm 15,763 

5 + Xa 7 from DV85, DV86, and ARC5756. bank 
Total 82,301 66,079 445 14 

Specific and differing resistance to X. oryzae 'Ocober, November, andDecember pedigreenurseries excluded.are 

(PlantPathology). Rices from the germplasm col- bNo informaion. 
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Table 15. Rice accessions from the IRRI germplasm collection evaluated at 2 Philippine sites and against 2 virulence group strains 
showing distinct blight (eartion. 1979. 

Reactiona Entries (no.) 
Resistance mrtutpi .. .... Dry season Wet season 

MT FL IRRI b 
MRRTCc IRRI MRRTC 

Overall resistance 1 1 430 44 169 82
1tter ediate resistance 3-5 3-5 87 6 635 74
Adult plant resistance 7-9 1-3 2 52 0 0
No resistance 7-9 7-9 7 18 45 106
Others" Unstable 124 255 421 255

Total 650 375 1270 517 
dfased on the Standard Evaluation System for Rice scale: lessthan V, lo loeafblade area showing necrotic symptoms); 9 more than 50%. MT =max
10550 tillerng state. FL flowering stage. tiStfan PXO61 of virulence group I (pathoype 1I. CMaligaya Rice Research and Training Center; strain'X083 of virulence group 2 Iparhorype 2). "Reaction was not consistent (luring the two seasons, 

lection identified to have some resistance to X. more than 200 entries showed specific resistance to 
oryzae, the causal agent of bacterial blight, were PX083, a strain of pathotype 2. The number of
used at two sites in the Philippines. At each site, a entries with specific or general reaction to the two 
specific pathotype strain was used to evaluate for strains are in Table 15. 
specific or general resistance. Many of the entries were lateir tested in an IRRI

Of 1,270 entries tested at IRRI, more than 400 greenhouse, and an effort was made to specifically
had specific resistance to PXO 61, a strain of select varieties with differential reactions to the
pathotype 1. Among 892 entries tested at the four bacterial blight pathotypes. The results are 
Maligaya Rice Research and Training Center, summarized in Table 16.Table 17 includes a few 

varieties that revealed iisifferential reactions to 
strains of specific virulence. 

Table 16. Summary of reactions of 156 rice varieties from ta is ase vre nc e. 
germplasm collections to strains of Xantthononas oryzae of The disease score was simplified on the basis ofthe 4 virulence groups (VG) in the Philippines. IRRI, 1979. lesion length: a variety had either a long lesion or a 

Entries (no.) short lesion after inoculation. The scale is simple
Reactionl" PXO6: PX071 PX079 PX086 and especially applies to mass-testing in the 

IVG hi (VG 4) (VG 3) (VG 2) greenhouse with different strains in the same 
R M 55 4535 42 experimental treatment.
MR (3) 43 39 19 30 By that scale, the Indonesian variety CempoMS (5) 51 68 64 80S (7-) 7 14 28 3 selak, whose resistance to all strains of the four 
.R resistant. MR .ioileraily resistant-V S moderately susceptible, virulence groups was incomplete, showed a muchS susceptible. Nurirs in pare,,ttisi, stand for the Standlard Evajua. shorter lesion with some strains. Evaluation of thistin System for Rice scale 1- lessthan I lof leaf blade area showingnecrotic sy,,to, 9 rriorv ,a .slid- 50 variety through collaborative research elsewhere in 

Table 17. Some rice varieties from the bacterial blight general screening nursery with distinct differential reaction to the 4 virulence 
groups (VG) of Xanthiurtotas oryzae. IRRI, 1979. 

Desriiraion Acc, no. Ori.int Reactiona 
VG 1 VG 2 VG 3 VG 4 

Chacacero 
Monchi Gomi 
Gendjah Ploso 

3280 
5061 

17635 

Attentna 
Japan 
Indonesia 

L 
L 
L 

S 
S 
S 

S 
S 
S 

S 
S 
S 

CO-9 (PI 193176)
Gelendoran 
Gewal 
INTIP 
Ikogan 

3690 
17615 
14603 
14608 
19412 

India 
Indonesia 
Indonesia 
Indonesia 
Philippines 

L 
L 
L 
L 
L 

S 
S 
L 
L 
S 

L 
S 
L 
L 
L 

L 
L 
S 
S 
L 

aLong lesion ILl and short lesion (SI of the initial and confirmation evaluation. 
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that it was very resistant atAsia indicated 
Sukamandi (Indonesia) and Parwanipur (Nepal), 
and to some strains at the Bangladesh Rice 
Research Institute (Bangladesh) and the Central 
Rice Research Institute (India). 

Differential for X. oryzae pathotypes (Plant 
Pathology). Cas 209 (Acc. No. 15793) from 

Senegal was identified as a variety suitable for dif-
of X.

ferentiating the virulence-pathogenicity Cas 209 
oryzae. In the general disease reaction, 

was susceptible to strains in virulence groups 1and 

3, but varied in reaction to strains in group 2. At 
IRRI, Cas 209 evaluated against PXO 79 of group 2 

was susceptible, but became resistant to PXO 83 of 

the same group at the Maligaya Rice Research and 
Training Center in the field. 

A test was designed to confirm Cas 209's reac-

tion to strains of group 2. The results demonstrated 

that 6 of 16 group 2 strains evaluated were virulent 

to Cas 209 and 10 were avirulent (Table 18). It was 
obvious that group 2 strains of X. oryzae in the 
Philippines are heterogeneous, and Cas 209 is a 

distinct variety that differentiates them. Although 

Cas 209 is susceptible to PXO 61 of group 1 and 

PXO 71 of group 3, it is resistant to some and sus-

ceptible to others in group 2. Thus, Xanthomonas 

oryzae in the Philippines presently has four distinct 

virulence groups or pathotypes, besides group 0. 

Earlier, it was found that PXO 61 was virulent to 

a selection from a cross of TN1 and DZ78. The 

line, tentatively designated as LI 1160-8-5-1, may 

be conditioned by Xa 7 for resistance to X. oryzae. 

It was found, however, that the line may be sus-

ceptible to PXO 79 but resistant to PXO 86 ofgroup 

2. Based on this reaction, Cas 209 may be also 

conditioned by a gene at a locus similar to that of 

Xa 7. 
International collaboration on bacterial 

blight (PlantPathology and PlantBreeding and 

InternationalRice Testing Program). Rice diffe-

rentials composed of varieties from IRRI, Japan, 

Korea, and some local varieties were distributed in 

South Asia, including Bangladesh, India, and 

Nepal, for evaluation against local bacterial 

strains. The virulence of the bacterial pathogens 

varied on the set of rice differentials. Tests at Par-

wanipur, Nepal, indicated that IR20 with Xa 4 

from TKM6 for resistance, and IR1545-339 with 

xa 5 from DZ192 for resistance were susceptible to 

local strains. Strains from Faizabad, Chinsurah, 

Table 18. Differentiation of virulence group 2 strains of Xan-
Cas 209, a new rice differential fromthornonas oryzae by 


Sengl. IRRI. 1979.
 
Visual scorea Lesion length (cm) 

on Cas 209Strain -

P s s 30.2 

pxO 79 (la) S S 23.9 

PXO 81-L (la) S S 27.8 
27.6PXO 87 (Ila) sS Ss 29.8

PXO088 (lla) 
pxO 22 (la) s s 24.1 

1.4
PXO 47 (1ib) S S 
PXO 63 (1ib) S S 2.2 

pxo 63.6 (lib) S S 1.5 

S S 1.9PXO 64 (lib) 

PXO 65B (lib) S S 1.5 

PXO 73 (lib) S S 2.1 

PXO 78 (lib) S S 1.9 

PXO 82 (lib) S S 1.8 

PXO 83 (lib) S S 1.4 

S 2.1
PXO 86 (lib) S 

R 19.7pxo 61 (I) 

PXO 71 (111) s M 27.3 

as susceptible, Ft resistant, M moderate. 

Cuttack, Bhubaneswar, and Patna (India) were 

also virulent to IR20 and IR1545-339. DV85, a 

rice from Bangladesh that is resistant to all strains 

in the Philippines, was susceptible to several 

strains on the Indian subcontinent (Table 19). 

Development of isogenic lines (Plant Breed

ing). Efforts continued to incorporate the genes for 

bacterial blight resistance identified at IRRI into 

rice plants of a nearly isogenic background. 
an improved rice line with resistanceIR9101-45, 

to most of the insects and diseases but not to bac

terial blight, is a recurrent susceptible parent. In 

the screening of the BC3 F2 populations, some 

lines that had been selected indicated that resis

tance to the bacterial strains had been incorpo

rated. 
Variability of Xanthomonas oryzae (Plant 

Pathology). Virulence of naturalpopulation. The 

population of X. oryzae in the Philippines has been 

gradually changing in virulence. Based on a con

tinuous survey of rice with natural bacterial blight 

infection at IRRI, the field population has gradually 

shifted to virulence matching theXa 4 for resistance 

(Table 20). In 1976 and 1977, no isolates virulent to 

IR1545-339, which conveys anxa 5 gene for resis

tance, were identified. In 1978 and 1979, about 5% 
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Table 19. Summsry of the initial study on pathogenic variability of Xanthomonas oryzae in the Indian subcontinent on rice differen
tials from IRRI, Japan, and Korea. 1979. 

Reaction" 

Variety 	 Indian strains Nepal strains Bangladesh strains 

a b c d e 1 g a b a b c d e 

IRRI 
IR8 S S S S S S S S S S S S S S
 
IR20 S S S S S S S S S S S S S S
 
Cerrpo selak R S S S S S S R S
 
IR1545-339 S S S S S S S S S S S S S S
 
DV85 S R R R R S R S R S R S S S
 

Japan 

Kinniate S S S S S S S S S S S S S S
 
KorIyokui S S S S S S S S S S.- S S S
 
Rantiaiemas S S S S S S S S S S: .S S S S
 
Churgoku 45 R S S S S S S R S R* S R S -


Java 14 - - S S R R
 

Korea 
Milyanl 23 S S S S S S S S S S S S S S
 
Yushin S S S S S S S S S S S S S S
 
Suweon 281 S S S S S S S S S S. S S S S
 
Tongil S S S S S S S S S S S S S S
 

TN1 S S S S S S S S S S.S S s S
 
tR resistant. S suseptibi - not tested. The datit
were collected during the IRTP-79 monitoring tour on bacterialblight. The tests were conducted 

at tire Bangladesh Rice Research Institute by S. A. Miali and associates; at the Central Rice Research Institute, India, by P.R..Reddy; and at the National
4ice Inprovement Program, Parwanipur, Nepal, by B. B. Shafit and S. P. Singh. Part of the data front India was provided and the.test conducted by A.P.K. 
Reddy of All India Coordinated Rice Improvement Project. 

and 15% of the isolates were virulent to IR1545- the different virulence groups. The mutants 
339. 	 developed were classified into three types on the 

Variation in induced mutation. Two parent basis of virulence to rice and. colony morphology 
strains ofX. orvzae - PXO 61 S+V+Yand PXO 63 on peptone sucrose agar (PSA) medium (Table 
S+V+I- marked with streptomycin resistance 21). 
and derived from original PXO61 S-V+ and PXO 63 The weak virulent mutants derived from PXO 63 
S-V+ streptomycin-susceptible ones, were used in S-V+Y showed shorter lesions than the parent 
an induced mutation study together with strains of strain regardless of rice variety. Mutants derived 

from PXO 63 S+V~'of pathotype 2 were relatively 
stable in colony color and identical to the parent 

Frequency distribution of the Xantthomonas oryza, strain in virulence. But mutant PXO 61 S+VTable 20. 
population at IRRI with specific virulence to differential varie- derived from PXO 61 S+V+y was nonvirulent to all 
ties. IRRI, 1978 and 1979. rice tested and also unstable in colony color, i.e. a 

Distribution 1%) spontaneous reversion in colony color from white 
Differential 1978 19790 to yellow was observed on PSA plates. Both the 

R I S R I S mutant and the revertant were nonvirulent. 
IR8 0.0 0.0 100.0 0.0 0.0 96.4 Two virulent revertants were induced from 

S+V-w  
IR20 32.0 7.7 58.3 23.8 10.7 61.3 PXO 61 One of them was virulent to IR8 
IR1545.339 92.2 2.9 4.8 79.7 1.2 15.5 and 1R20, but nonvirulent to 1R1545-339. The 
Cempo selak 1.0 50.4 48.6 0.0 13.1 83.3 
DV85 95.1 4.9 0.0 86.5 9.7 0.0 reaction suggested that the shift of virulence from 
"Percent of103 isolates from naturally infected rice plants. R = resis. R8 to 1R8 and JR20 might have occurred (Table 

= 

tant.I intermediate, S - susceptible. Percent of 84 isolates collected 22).
from naturally infected rice plants. Three (3.6%) ot the isolates had no 
virulence. 	 A bacteriological study indicated that all the 
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Table 21. Markers of parents and induced mutants of Xantho. was no change in colony color of white mutants bymortas oryzae. IR RI, 1979.b.........a.
.. ,.. ....... .. mixed culture with yellow mutants. Virulence as 
Colony Cyellow as theindicated by lesion length was suppressed

Straina Virulence Streptomycin color onoftenviuntm at 

PXO 61 S-V'Y + 
+PXO 61 S+V y + 


PXO 61 SV -w  
_ 


PXO 61 S+VYR.f 

PXO 61 S+V

+Y 
R-2 + 


PXO 61 SV+YR.3 +
PXO 63-6 S' Y 


PXO 63.6 S+V +Y-1 + 

PXO 63-6 S+V+Y-2 4 


PXO 63-6 S+VW-2 + 


PXO 63-6 S V+Y- +3 
PXO 63-6 S+v-Y-5 ± 
PXO 63-6 S+V+W-8 + 

PXO 63-6 S+V+WI-1 + 

PXO 63-6 S+V+W 1.2 + 

PXO 63-6 Sv +w-I '+ 
PXO 63-6 S+V+W-12 +, 

PXO 63-6 S+V Y 15 + 

PXO 63-6 S+VY17 
aS+ and S-= streptomycin resistance and susceptibility V , V , and 
V-= virulent, weakly virulent, andnonvirulent; 9 = revertant; I = re-
isolation; Y = yellow colony; W white colony. 

mutants had similar physiological reactions to par-
ents and to each other, but some differences were 
noted on a few characters. The weak virulent mut-
ants showed negative or weak reaction for acid 
production from carbohydrates. Growth of white 
mutants was inhibited in a liquid medium contain-
ing galactose, but not in medium containing glu-
cose or sucrose. Phage sensitivity was different 
from that of parent strains in some mutants. There 

Table 22, Virulence of mutant and revertant strains derived 
from PXO 61 on different rice varieties. IRRi,1979. 

restarrce peptone 

sucrose ajar 

- Yellow 
+ Yellow 

+ White 

+ Yellow 
+ Yellow 

+ Yellow 
- Yellow 

+ Yellow 

+ Yellow 

+ White 

+ Yellow 
+ Yellow 
+ White 

+ White 

+ White 

+ White 
+ White 
+ Yellow 

+. Yellow ,- : 


Strain 

PX 61 S+V +Y 
-
PXO 61 S+ V 

PXO 61 S+V
"Y R 

1 

PXO 61 S+V+YR2 

PXO 61 S+V +YR'-3 
"In a column, means ollower 

diffetentatthe5% level. 


Lesion length (cm)" 


IR8 IR20 IR1545 


20.3 a 7.4 1) 2.5a 

0.0 I 0.0 c 0.0 Is 

0.0 d 0.0 c 0.0 I) 
15.2 1r 15.3 at 3.5a 

7.9 c 9.1 h 2.5 a 
try acommon lete, are norsignlciantl y 

concentration of cells of the nonvirulent mutant 
increased in the inoculum (Table 23). Similarly
after inoculation of rice leaves with a nonvirulent 
mutant following the challenge of a virulent mut
ant, lesion development was inhibited. No inhibi
tion effect was observed when the inoculation
order was reversed (Table 24). 

With a heterologous system, parent strains of X. 

oryzae and all mutants, except nonvirulent ones, 
induced a hypersensitive reaction on cowpea, an 
indicator plant. With nonvirulent mutants, the 
appearance of necrosis from infiltration sites was 
normally delayed or did not occur. No hypersensi
tive reaction was induced by the polysaccharide 
fraction of the bacterial culture. 

Inheritance of resistance to bacterial blight 
(Plant Breeding). Forty-three bacterial blight
resistant varieties were analyzed to find new genes 

for resistance. They were crossed with the susceptible variety TNI, and the F, and F2 wet'etible vari et rmn d the F d f were 
analyzed to determine the mode of inheritance 

Table 23. Effect of a mixture of virulent (V)with nonvirulent 
(NV) strains, and of V with weakly virulent (WV) strains on 

lesion development' IRR1, 1979. 
lh,,,:lir..... 


Strains
inixed 

PXO 61 s+V ¥ t PXO 61 S'V w 

(V) (NV) 

PXO 61 S V y +PXO 63.6 SV'Y 5 
(VI (wv 


Y
PXO 63-6 S+V i PXO 61 SiV -

(V) (NV) 


PXO63.6S+V+ + PXO63-6S+Vt--5 

(V) (WB) 


PXO 61 S+V+Y (V) 

PXO 61 S+V-w (NV) 

+Y 

PXO 63-6S+V (V) 

PXO 63-6 S+V±Y-5 (WV) 

Lesion len(ltlh 

Raftio (cm) 

1:9 17.2 hcd 

1:1 18.0 abc 
9:1 21.2alr 

1:9 15.4 d 
1:1 19.8 abc 
9:1 20.5 abc 

1:9 14.6 d 
1:1 15.4 d 

9:1 18.0 abcd 

1:9 14.6 d 

1.1 15.5 d 
9:1 16.6 cd 

21.3 a 

0.0 e 

16.9 cd 

2.6 e 
aIR8 was used.';Means followed by a common letter are notsignifi

canrly dliflerent at the5% level. 
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Table 24. Inhibitory effects of pre-moculation strains on lesion development. IRn I, 1979. 

I - lsiur - Lesion hlegth" % of 
(lhllh'q'
Stia oft (cm) control 

lupi nii ioiii I(c(ic:i llll r l,l oi n 

PXO 61 S'V ' (NV) PXO 61 S'V" (V" 4.9 ( 43
 
Ncdle i, ick () PXO 61 SVV (V 11.5 hc 00
 
PXO61 S V, y (V) PXO61 S'V " (NV) 11.9 bc 90 
PXO 61 s'V, (V) Ne.dlc ick (H) 13.2 1) 00 
PXO 61 SV w (NV) Needle-l)oick (H) 0.0 e
 

PXO 61 StV w (NV) PXO 636 S4 V Y-2(V) 9.7 c 
 53
 
PXO 63-6 S'V !Y-5(WV) PXO 63.6 S''V Y-2 V) 12.6 1) 69
 
Needle-prick (H) PXO 63-6 SlVi'Y-2 (V) 19.2 a 100
 

Y
PXO 63-6 SV -2(V) PXO 61 S'V w (AVI 19.5 a 99
 
PXO63.6SfV'Y-2 V) PXQ63-6Sv'Y-5 (WV) 20.1 a 102
 
PXO 63.6 SY Y-2 (V) Nuedle-liick (H) 19.6 a 100 
PXO 63-6 SV'Y -5 (WV) Nedlepi ick (H) 2.8 (1 
'Sy tr inIorltiiuhss ,uTh... .l i..,' NV fI IffI Iull, iVC,ikly VWUleiii, he~iiihy dihIlngu hMeans Wii.is ...... .l..'. lllitf V virfiuil, WV H r(on only). 
lIow' by .. f:( ol- Il . V WNtiIti 11 , ievi-ih'fl, v' "?t SnlOcti"l iy m u 

(Table 25). The F, of 38 crosses were resistant or F, progeny of 1R1545-339/Khao Lay Nhay was 
moderately resistant, indicating that dominant or susceptible and the F2 segregated in a ratio of 7 
partially dominant genes govern their resistance, resistant to 9 susceptible. These data indicate seg-
The F, progenies of the remaining five varieties regation for two recessive genes in this cross. It 
were susceptible, showing that resistance is con- appears that the recessive gene of Khao Lay Nhay 
trolled by recessive genes. The F., segregates independently of.ra 5. Investigation ofof the crosses of 
TN1 with 38 varieties segregated in a ratio of 3 the allelic relationships of the recessive gene of 
resistant to I susceptible, indicating that single Khao Lay Nhay with.va 8 started. If found to be 
dominant genes govern resistance in these var- nonallelic to xa 8, it would be a new gene for 
ieties. The F., from the crosses of the remaining 5 resistance to bacterial blight. 
varieties with TNl segregated in a ratio of I resis
tant to 3 susceptible, showing that their resistance RICE VIRUS DISEASES 
is governed by single recessive genes. Plant Pathology and Plant Breeding Departments 

The 38 varieties with dominant genes for resis
tance were crossed with IR22, which is homozy- Tungro (Plant Pathology and Plant Breeding). A 
gous fo.r the dominant gene Xa 4 for resistance. The total of 9,688 entries were tested for their tungro 
F, progenies of all crosses, as expected, were resistance in the greenhouse. The varieties that con
resistant. The F., populations of the crosses were sistently showed low percentage of tungro infection 
also resistant and no susceptible seedlings were were Basmati and ARCl1554. 
observed. These results indicated that all of the 38 The IR variety and lines that were resistant in a 
varieties have Xa 4 for" resistance (Table 25). replicated test in the rice tungro virus nursery in 

The 5 varieties with recessive genes for resis- Zamboanga del Sur, Philippines, where a tungro 
tance were crossed with IR1545-339, which is outbreak was reported in 1979, were IR34, 
homozygous for the recessive gene xta 5 for resis- IR8192-200-3-3-1-1, IR153 14-43-2-3-3, 
tance. The F, progenies from the crosses of IR17525-146-2, and IR19670-264-3. 
IR1545-339 with Koalarata, Dharial (Ace. 34034), Tungro propagation. A method for propagating 
and Dharial (Ace. 3396) were resistant; the F.. tungro-infected rice seedlings and tungro vectors 
populations from these three crosses did not segre- was developed. The method (Fig. 5)consisted of: 
gate for susceptibility (Table 26). These data indi- * rearing tungro vector Nephotettix virescens 
cate that Koalarata, Dharial (Acc. 34034), and on Taichung Native I (TN1) plants as feed-
Dharial (Acc. 3396) have xa 5 for resistance. The ing material and source for a constant supply 
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Table 25, Reactions' to bacterial blight of F1 and F2 pro- Table 26. Reactions' to bacterial blight of F1 and F2 popula.
genies from the crosses of TN1 with resistant varieties. IRRI, tions from the crosses of IR1545-339 with cultivars having
1979. recessive genes for resistance. IRRI, 1979. 

Cros, F1 2 ( ctu nno.) Ch, siu..ii Reactor F2 ;ioi)ulatio s Chi
'aCT 9un SR Total 
3.1 1:3 Cross of F1 (rJ.) square 

R 223 94 317 3.66 . Po(Jcnhs R S Total 7:9TN I 'ADT2 
,ADT4 r[I 159 49 208 0.23 1R 1545 339/Koaltarata R 407 0 407 
,AD T9 R 168 64 232 0.83 1R 1545.339/Dharial R 356 0 356 
'ADT10 R 191 68 259 0.22 (Acc. 34034)
 
ADT 12 R 154 65 219 2.56 .i1545.339/Dhrial R 353 0 353
 
ADT 13 MR 245 94 339 1.35 (Acc.3396) 
!ADTI14 R 84 29 113 0.03 1R1545.339/Khao S 149 207 356 0.52 
,'ADT15 R 100 46 146 3.30 Lay Nhay 
/ADT17 R 90 26 116 0.41 aR - resistant.S susceptile.
 
/ADT18 R 167 63 230 0.70
 
/ADT19 P 86 26 112 0.19
 
/ADT22 R 310 112 422 0.53 
/ASD5 MR 196 67 263 0.03 uliferous insects into the cages, and 
/ASD8 MR 96 35 131 0.21 0 transplanting the seedlings after they were 
/CO2 MR 201 75 276 0.70 exposed to the viruliferous insects. 
/CO3 MR 207 85 292 2.63 
/CO5 MR 224 83 307 0.68 The steps from seed soaking to transplanting 
/CO7 MR 278 96 374 0.09 were accomplished in 3 weeks. The method pro
/CO9 R 177 61 238 0.05 duced 30,000 seedlings deposited with eggs of N. 
/Co 10 MR 254 79 333 0.29 virescens weekly, 90% of which were infected 
/CO 11 R 257 87 344 0.02 
/CO 17 R 269 82 351 0.50 with tungro. An average of 2 nymphs/seedling 
/CO 18 MR 175 66 241 0.73 developed. About 64% of the nymphs were capa
/CO 21 MR 134 56 190 2.03 ble of causing tungro infection. 
/CO22 R 256 100 356 1.81 From April to November 1979, 697,000 inocu
/CO23 
 MR 90 36 126 086 
/CO 27 MR 203 69 272 0.02 lated seedlings were transplanted to the pedigree 
/CO29 MR 191 56 247 0.71 and rice tungro virus nurseries. 
/Co 30 MR 94 34 128 0.17 Resistance of 10 varieties to tungro vector and 
/Burraa R 177 69 246 1.22 virus. Tests for resistance of 10 rice varieties to the 
/Panaimnara 

Samba R 213 72 285 0.01 tungro vector and to the tungro virus were made at 
/Polan Samiba R 174 42 216 3.56 IRRI, as part of a Rice Tungro Virus Collaborative 
/Peon jar MR 79 32 111 0.87 Project. 
/Sandikar R 109 43 152 0.88 
/TKM 3 R 128 36 164 0.81 When life span was used to indicate the effect of 
/TKM 5 R 189 79 268 2.87 rice variety on the insect, 1R34, Ptb 18, Gam Pai 
/TKM 6 MR 176 68 244 1.07 30-12-15, and Pankhari 203 were more resistant to 
/Aterna R 302 122 424 3.22 the insects than Kataribhog, Habiganj DW8,and 
/Koalarata S 66 156 222 2.65 
/Dharial TNI. The percentage of infected seedlings showed 

(Acc. 34034) S 84 276 360 - 0.53 that the insects were less efficient in transmitting
/Dharial the tungro virus to Pankhari 203 and Habiganj 
(Acc.3396) S 94 258 352 0.55 

/Khao Lay Nhay S 85 262 347 0.05 DW8 than to the other varieties. Hence, these var
/Sateng S 53 179 232 0.57 ieties were more resistant to tungro than the other 

,R resisn ,stanl, ,,,:,.,.MR ,i.i,,',ly S ,s varieties in the test. 
Breeding for tungro resistance. During 1972-75 

the incidence of tungro virus at IRRI was high and 
breeding materials were screened for tungro resis

of viruliferous insects. tance in the field. The screening was so rigorous
* raising TNI seedlings in seedbeds covered that only the tungro-resistant selections entered 

with improvised wooden cages with metal replicated yield trials. Several tungro-resistant var
screen, ieties were selected from this material. For exain

* inoculating the seedlings by releasing vir- pie, 1R28, 1R29, and IR34 were selected from the 
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Insect rearing EQgcage 

Seeds soaked for I day Adults Tungro acquisition feeding 

(4 days) 

Seedbed preparation Seed sowing Growing period 

Insect recovery Inoculation 

Pulling (6 days) 

with N v/rescens eggs 
to field 

5. A method for propagation of tungro-infected seedlings and tungro vectors developed at IRRI, 1979. 

cross involving Gain Pai as the source of tungro 
resistance and IR32, IR36, IR38, IR40, IR42, 
IR44, and IR48 from the cross involving Ptbl8 as 
the source. 

No natural infection of tungro occurred at IRRI 
during 1976-78 and no incidence of tungro was 
reported anywhere in the Philippines. In the 1979 
dry season, there were reports of tungro in far-
mers' fields in Mindanao. IR36 and IR42 were 
severely infected. In the 1979 wet season, all 
entries in IRRI replicated yield trials were tested in 
farmers' fields in Zamboanga del Sur Province 
(Barrio Rizal, 45 km from Pagadian City). 

The incidence of tungro in farmers' fields in 
some provinces in Mindanao was so high that 
many fields were abandoned. 1he infection in the 
test materials was excellent, and clear-cut differ-
ences were noted in the resistant and susceptible 
materials. The susceptible materials were charac-
terized by severe stunting, leaf yellowing and 
bronzing, and poorly formed panicles. 

Among 400 entries, 123 were resistant, 10 were 

moderately resistant, 13 were segregating, and 254 
were susceptible. All the varieties (including IR36 
and IR42) and breeding lines originating from the 
crosses ipvolving Ptbl 8 as the source of resistance 
were susceptible. However, many lines and var
ieties (including IR29 and IR34) originating from 
the crosses involving Gain Pai 15 and Pankhari 
203 were resistant. 

The results clearly showed that Ptb 18 as source 
of resistance was no longer effective against tungro 
in Mindanao in 1979. Gain Pai and Pankhari 
sources remained-highly resistant in the field, and 
many elite lines from those parents were resistant. 

One of the resistant lines, IR9224-117-2-3-3-2, 
was recommended as IR50 in the Philippines and 
was distributed to seed growers in Mindanao. 

Ragged stunt (Plant Pathology). The search for 
possible sources of resistance to ragged stunt con
tinued. In greenhouse inoculation of 7,960 entries, 
Ptb 33, Ptb 21, and several lines of Ptb 21 showed 
low percentage of infection. 
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SCRFENING FOR RESISTANC- SOU)IRCES 
I:'ntonoigiie,Dle rtme'n 

In screening of the %korldcollection to identifyU 
sources ol resistance to 8 insects, ,8 accessions 
with resistance to the kihitebacked plarithopper
(WIiP) and 11)with resistance to biotypes I. 2. 
and 3 of the brsks n planthopper (MPH) were iden-
tified. 

\1263 (Ace. No. 11057). Muthunmanikam 
(Ace. No. 15327). and IR4707-106-3-2 (Acc. No. 
47549j had 1lloderate resistance to the leaf folder in 
screening initiated in 1979. Further studies were 
conducted to determine the nature of resistance. 
Studies on o\ iposition preference indicated that tile 
moths oVposited Cltuall\ on both tile susceptible
and resistant varieties. However. the percentage of 
damaged leaves and larval survival was sig-
nilicantly lower on the resistant varieties than on 
the susceptible check (Table I). indicating an 
antibiosis effect of the plants on the larvae, 

In cooperative screening at the Philippines'
Maligava Rice Research and Training Center. a 
hot .spot for yellow stem borer. CO I8 (Ace. No. 
6331), C021 (Ace. No. 6396), and IB56.8 (Ace.No. 33136) were selected for resistance to that pest. 

wild rice coliection for insect resistance began. Of 
about I(X) accessions tested. 4 had resistance to the 
3 BPH biotypes, the WBPH, and the green 
lealhopper (GLH). None were resistant to the yel-

low or striped stemn 
 borer, leaf fOlder. or the whorl 

t]iaggt .
 

Table 1. Survival and damage caused by leaf folder larvae feed-
ing on resistant cultivars a 

IRR , 1979. 

Damaged leaves ( LarvalVariety or line IRRI Green survival d 
.....ac .d houseC ( 

W1263 11057 3.73 a 32.62 a 26.0 a

IR4707-106.3-2 47459 8.43 a 
 31.51 a 25.0 aMuthumanikam 15327 8.28 a 36.35 a 27.0 aTN1 (susceptible 83.36 b 53.0 b 


check)
IR36 (susceptibl: 45.38 Ia
check) 

aMeans followed by a common letter armnot signifcantly ddifeent atthe 5" level. bayof fplants. CAv ofhoase test. 10 pots with 5 plants/pot. dGreeni 

F\LUA lION ). IIRIEFI)IN( lINES FOR SI IM 
BORIJR RI.SIS IANCEln)/+nh4.541 and t5/a,, Breeding Departmntsp 

Because the level of resistance to stem borers is 
only moderate the multiple crossing program con
tirined the attempt to develop breeding lines with 
higher levels of rcsi:itance. In screening against the 
striped stem borer, JR 13635-45 (1RI 628-632-
I IR 1917-3-19-2/ / IR539-823-1/I 1R2071-625-I
252), four lines from the IR 13641 cross (IR1721
1I -6-8-3 1R2307-64-2/ JR 1628-632-I JR 1514A-
E666 IRI3641-20, 1113641-22, IRI3641-23, 
,nd IR 13641-26 and IR19362-62(IR4227-28-3
2, JR 1917-3-19-2 1R2071-625-1-252) were select
ed. In yellow stem borer screening, the most resist
ant hreeding lines were IR 19362-182 (1R4227-28-3
2 1I1917-3-19-2 1I12071-625-1-252) IR 19391
167, and IR 19391-29(IR4427-51-6-3, IR1I820-52
2-4, 112071-625-1-252). These lines had resistance 
equal to that of JR 1820-52-2-4-1 and resistance to 
several diseases and other insects. The resistance of 
IR 1820-52-2-4-1 was erified (Table 2). 

Table 2. Survival of first-instar yellow stem borer larvae on cut 
stems of rice cultivars with 3 levels of resistanc

4 . IRRt, 1979. 

Cultiva: Survival %(8 
I R1820-52-2-4-1.1 (resistant) 11 a 
IR29 (moderately resistant) 37 b 
Rexoro (susceptible, 88 cMean of 10 replications of 10 larvaeeach.Observation wasat 10 daysater infestation. Meansfollowed by a common letter are not signifi. 
cantly different at the 5%level. 

.lVEIl. OF RESISTANCE 01: RICE VARIETIES TO 
THE GREEN LEAFHOPPER 
l___EntmoloK., l1)17111tli 

The level of resistance to GLH of JR varieties IR5to IR46 and selected varieties having identitied 

genes for resistance was studied. Criteria weredamage in tile seedling bulk test, insect survival,
and population buildup. Plants of four ages ( 15,30, 45, and 60 days after seeding [DS) were used 

in the survival and population buildup studies todetemline the effect of' plant age on the insect. 
Seedling bulk test for plant damage. At 7 DS 

seedlings were infested with first- and second
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Do.,oge rotmng( 

9 

7 

1R5 IR8 IR20 IR22 IR24 IR26 IR28IR29 IR30 IR32 IR34 IR36 IR38 IR40 IR42 IR43 IR44 IR45 R46 TNI 

I. t)arnage ratings oil R varieties exposed to feeding by a greenhouse colony ofgreen leafhoppers reared on I*N I. Mean of 3 
replications. t)amage rating: 0 = no damage, 9 = all plants dead. IRRI, 1979. 

instar nymphs reared on the susceptible variety 1R34, and IR45 were highly resistant (Fig. 1). 
Taichung Native I (TN 1). The entries wcre rated Plant age and green leafhopper survival. Ten 
for damage at 7 days after infestation (DI), when first-instar GLH were placed on plants of four ages, 
all TNI seedlings were killed. IR22 and IR46 were in a mylar film cage. Surviving insects were 
highly susceptible and 1R24, 1R28, IR29, IR30, counted 15 Dl. Survival on plants of the same age 

Table 3. Survival a 
of green leafhoppers (GLH)on IR varieties at different stages of 

growth. IRRI, 1979. 

GLH survivalb (%)on plants
Variety 

15 DS 30 DS 45 DS 60 DS 

IR5 78 abc 42 cdef 2 fg 10 efg 
IR8 70abcd 38 efgh 38 bcd 0 9 
IR20 70abcd 68 bc 38 bcd 12 efg 
IR22 80 abcd 88 a 54 ab 82 a 
IR24 34 of 36 defg 6 fg 24 cde 
IR26 38 ef 48 cdef 14 dei 18 cdef 
IR28 2 gh 4 j 0 g 0 g 
IR29 0 h 10 ii 0 g 12 defg 
IR30 6-,abcd 58 bcde 46 bc 36 c 
IR32 66 abcd 52 cde 58 ab 34 cd 

IR34 16 fg 30 efgh 10 efg 2 fg 
IR36 70 abcd 52 cde 48 bc 34 cd 
IR38 68 abcd 78 ab 66 ab 42 bc 
IR40 40 e 12 hij 24 cde 10 efg 
IR42 64 bcd 64 bcd 68ab 38 c 
IR43 52 de 26 fghi 40 be 14 efg 
IR44 54 cde 56 bede 54 ab 28 cde 

IR45 64 abcd 18 ghi 14 efg 4 fg 
IR46 86 ab 72 abc 64 ab 68 al; 
TN1 90 a 90 a 82 a 86a 
aSurvival wasrecorded 15 daysafter infestation with first-instar nymphs. bina column meansfollowed 
by a common letterarenot significantly different at the 5%level.DS = daysafter seeding. 
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Table 4. Survival' of green leafhoppers (GLH) reared on varieties with various genes for resistance. IRRI, 1979. 

aA greenhouse colony reared for several years TNI 

Variety Resistance 
gene 15 DS 

GLH survivalb 
30 DS 

%)or plants 
45 DS 60 DS 

Pankhari 203 
ASD7 
IR8 

Gilt 1 
GI 2 
GIh3 

50 bc (a) 
30 c (a) 
84a (a) 

2 c (b) 
3 bc (b)

24 b (b) 

6 
0 

14 

bc (b) 
c (b)

be(bc) 

0 
0 
0 

d (b) 
d(b)
d(c) 

Ptb8 
ASD8 
TAPL .796 
Moddai Karuppan 
I829 
TN1 (susceptible) 

glh 4 
G/h 5 
GIh 6 
GIh 7 

Unidentified 

70 ab 
56 b 
88 a 
84 a 
74 ab 
90 a 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 

76 a (a) 
14 bc (b) 
28 b b) 
74 a (a) 
0 c b) 

80 a (a) 

58 a (a) 
16 bc b) 
22 b (b) 
64 a (a) 

0 c (b 
84 a (a) 

12 cd (b) 
4 d (b) 

36 b (b) 
28 bc (b) 
0 d (b) 

86 a (a) 
on was ussd as test insect. Survival was recorded 15 days after infestation with flrit-instar nymphs.

bMean of 5 replications. Means followed by a common letter (outside parentheses for columns, within parentheses for rows) are not significantly different 
at the 5% level. IDS= days after seeding. 

differed significantly among the IR varieties (Table up studies, indicated significant differences 
3) and various resistance gene sources (Table 4). among varieties (Table 5). No progeny were pro-

In general, GLH survival decreased with duced on IR34 at 30 and 60 DS. Change in popuincrease in plant age, with the 60-day-old plants as lation buildup with plant age varied depending on 
most resistant. On IR8, insect survival was high the variety.
for 15 DS plants, but zero on 60 DS. IR'8 and Reaction of Philippine green leafhopper col-
IR29 were highly resistant at all plant ages. onies to varieties with known genes for resist-

Population buildup of green leathopper. ance. To determine the possible existence of GLH
Measurements of the levels of resistance of the IR biotypes in the Philippines, seven varieties with 
varieties to GLH, as based on the population build- genes for resistance - Pankhari 203 (Glh 1), 

Table 5. Population buildup of green leafhopper on IR varieties at different stages of 
growth. IRRI, 1979. 

Population buildupa (no.) atVariety 
20 DS 45 DS 60 DS 

IR5 40.0 bcd 1.4 qh 0.0 g
IR8 3.8 0.8 gh 1.8 fg
IR20 20.0 def 23.8 be 65.2 b 
IR22 70.4 I) 31.6 b 112.4 ab 
IR24 9.4 ,h 6.6 ef 11.6 cd 
IR26 12.4 fgh 5.6 fg 12.8 cd 
IR28 1.6 1k 0.0 h 0.0 g
IR29 2.2 jk 0.0 Ih 0.0 g
IR30 6.0 hi 3.0 gh 19.2 cd 
IR32 15.8 defg 9.2 de 67.8 b 
IR34 0.0 k 1.0 h 0.0 gh
IR36 32.4 bcde 1.2 gh 28.0 c 
IR38 14.8 eg 29.1 b 18.0 cd 
IR40 1.4 jk 3.4 gh 26.0 c 
IR42 61.2 bc 7.8 def 64.4 b 
IR43 6.2 phi 2.4 gh 9.4 de
IR44 11.0 fgh 10.0 cde 26.0 c 
IR45 7.6 fgh 0.0 h 10.4 ef 
IR46 36.4 bcde 18.6 bcd 149.8 ab 
TNt 236.6 a 166.0 a 212.7 a 
aAv for 5 replications. Progeny of 5 pairs of 3-day-old adults. Means in acolumn followed by the same 
letter are not significantly different at the 5% level. DS = days after seeding. 
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ASD 7 (Gih 2), IR8 (Gih 3), Ptb 8 (glh 4), ASD8 
S , .. (Glh5), TAPL # 796 (Glh 6), and Moddai Karup

pan (Glh 7) - were tested for their reaction t- GLH 
.
 colonies collected throughout the Philippines and to

N - WO M c M , the IRRI. greenhouse colony. IR29 and TNI were 
used as resistant and susceptible checks. The reac

.7 N CDo~ M W r M M tion of the various colonies on the various gene _ sources was measured by the seedling bulk test for 
I  plant damage. Colonies were reared on TNI in the 

_A -greenhouse For 2 generations before use in the seed]
.
 ing bulk test. 

I0 ; - - MCOrVOo,N The reactions of the various varieties showed .o distinct differences (Table 6). Genes Glh 3, glh 4, 
- -j0 - ,0a - Glh 6, and GIh 7 were the weakest genes; Glh 1, 

L a GIh 2, and Gil: 5 had the strongest level of resis
tance. 

.- o o o However, there were no distinct differences 
among colonies for a given variety. The 

to a m 
was as virulent as the field-collected colonies. 

E .Assuming no change in the virulence of the
2 - i 

z: .... v o greenhouse colony reared on TNI for several years 

greenhouse colony over th years, the various col
onies tested indicated lit:le or no selection for a 

LO-to 17 M M virulent GLH biotype in !he Philippines. 

Sto
to -r CnMCD LEVEL OF RESISTANCE TO WHITEBACKED 
PLANTHOPPER OF CULTIVARS WITH RESIST_ cot-.-o - o) ANCE GENES 

- - - .2 Entomology Department 

0 The level of resistance reported in five cultivars, 
,

,with known genes for WBPH resistance was 
0I N N o C, N o, - , determined by using the seedling bulk test for plant 

, 
 damage and the survival test. 
Seedling bulk test. Cultivars (and their resist

ance genes) were N22 (Wbph 1), ARC10239 
(Wbph 2), IR2035-117-3 (Wbph I + Wbph2),

- WC1240 (Wbph I + I recessive), and Colombo 
•N C' t to N M (Wbph 2 + I recessive). By the seedling bulk test 

a r , EXf N22, ARC10239, and Colombo were moderatelyo.F = resistant, and 1R2035-117-3 and WC1240 were 

highly resistant to the greenhouse WBPH colony 
, .(Table 7).

ESurvival test. Insect survival on the various cul
x 
 C. tivars, determined 15, 30, 45, and 60 days after

0.8~ 0'0 2 r seeding, was similar. It decreased with increase inN , '4 O' plant age (Table 8). Survival on all cultivars was 
Mo- r .-o _j 0 E1 significantly lower at 45 DS than at 15 DS. Thus, 

- > i 0 the resistance factors affecting survival appear to 
be most effective in older plants. 
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Table 7. Damage rating of cultivars with different genes for a greenhouse colony reared on susceptible TNIwhItebacked planthopper (WBPH) resistance. IRRI, 1979. was reared alternately on TNI and the resistant 
Cultivar Resistance gene Damage cultivars for four generations.------ ___ ratin After the fourthgeneration, the insect colonies were tested for vir-

N22 Wbph 1 5 
ARC10239 Wbph 2 5 
IR2035-117-3 
WC1240 

Wbph I +Wbph 21 
Wbph I t I recessive 1 
Wbph 2 + 1 recessive 5 

TN1 Isusceptible. 9 
"Based on the seedling bulk test of a greenhouse WBPH reared on TN1. 
Ratings 11 clays after infestation: 0 no damage, 9 = all plants dead. 

CHANGE IN VIRULENCE OF A GREENHOUSE 

WHITEBACKED PLANTHOPPER COLONY FEED-
ING ON RESISTANT CULTIVARS 

Entomology Department 

Biotype development is believed to be due to 
natural selection of individuals, from within a 
population, that can survive on a resistant variety. 
To d.termine if virulent WBPH could be selected, 

ulence against the resistant cultivars. 
All the coloniies reared on a resistant cultivar for 

only two generations increased in virulence com
pared to those reared only on TNI (TNI colony)
(Table 9). The colonies on IR2035-117-3 and 
WC1240 were the most virulent, killing all the
varieties except WC1240. This indicates that the 
unidentified recessive gene in WC1240 imparts a 
high level of resistance, which is not readily over
come by biotype selection. 

INHERITANCE OF WHITEBACKED PLANTHOP-

PER RESISTANCE 

Plant Breeding Department 
Twenty-one WBPH-resistant varieties were ana
lyzed to find new genes for resistance (Table 10).
They were crossed with susceptible variety TN1, 

Table 8. Survivala of a colony of whitebacked planthopper (WBPH) reared on susceptible
TN1 when placed on varieties with genes for resistance. IRRI, 1979. 

Variety WBPH survivalb (%)on plants 
15 DS 30 DS 45 DS 60 DS 

N22 78 b (a) 64 ab (ab) 44 b (b 56 b (b)
ARC10239 60 b (a) 28 c (b) 24 b (b) 18 c (b)
IR2035-117-3 80 ab (a) 48 bc lb) 40 b (b) 16 c (c)
WC1240 74 b (a) 46 bc (b) 38 b (b) 34 bc (b)
Colombo 76 b (a) 48 bc (b) 48 b (b) 30 c (b)
TN1 94 a (a) 78 a (ab) 76 a (b) 78 a (ab) 
aDetermin,d at 15 laysafter infestation with first-instar nymphs. bMean of 5 replications. Means fol
lowed by a common letter loutside parentheses for columns, and in parentheses for rows) are not sig

=nificantly different at the 5 :' level. DS days after seeding. 

Table 9. Damage rating on varieties with known whitebacked planthopper (WBPH) genes for resistance to different colonies of WBPH. 

aDamage rating bsed on seedling bulk test: 0 = no damage, and 9 = 

IRRI, 1979. 

Variety Resistance 
gene N22 

Damagea due to WBPH colonies reared on 
ARC10239 IR2035-117-3 WC1240 Colombo TN1 

N22 
ARC10239 
IR2035-117-3 

Wbph 1 
Wbph 2 
Wbph I+ 

9 
9 
3 

7 
9 
3 

9 
9 
9 

9 
9 
9 

7 
9 
3 

5 
5 
1 

WC1240 
Wbph 2 

Wbph I + 1 3 3 3 3 1 
1Ivcessive 

Colombo Wbpl 2 + 5 7 9 9 7 5 
1recessive 

TN1 (surceptihle) 9 9 9 9 9 9 
severely damaged. Ratings were taken at 11daysafter Infestatlon.bAll colonies orl

gineted from greenhouse TN1 culture. 
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Table 10. Whitebacked planthopper.resistant rice variedes used resistant, indicating resistance under domingantin a genetics study. IRRI, 1979. gene control. The F2 populations from crosses of 
Variety IRR Country of origin those varieties, except those of TNI/65 andTNI/274A, segregated in a ratio of 3 resistant to IMushkan 41 6828 Pakistan susceptible, indicating that a single dominant gene

Santhi 28222 Pakistan 
Siahnakidar 195 28265 Pakistan confers resistance. The F2 populations of the cross
SM2-34 28266 Pakistan es TN1/65 and TN 1/274A segregated in a ratio ofTirisurkh 251 28310 Pakistan 13:3, indicating that resistance in the two varieties 
Zirijowaian 245 28325 Pakistan is governed by one dominant and one recessive
18 28348 Pakistan
 
24A 28358 Pakistan gene.

39 The results from the F3 progenies confirmed the28377 Pakistan 

65 
 28390 Pakistan conclusions drawn from the F2 data. In all crosses76S 28399 Pakistan78 28401 Pakistan except TN1/65 and TN '274A, the observed data 
180 agreed with the 1:2:1 (resistant:segregating:suscep28424 Pakistan 
213B 28428 Pakistan tible) ratio expected for monogenic control of267 28434 Pakistan resistance. The F3 data from the crosses of TN 1/65
274A 28440 Pakistan 
293 28442 Pakistan and TN1/274A agreed with the 7:8:1 ratio
CI 6037-4 3667 India 
NP97 

expected for digenic control of resistance.
3700 India All the varieties were also crossed with N22S39JKW 6836 india which is homozygous for Wphh 1, the dominantBansphul 28313 Nepal gene 

whitebacked planthopper, 
for resistance to 

and F,, F,, and F:, progenies were analyzedand the F1, F2, and F1 progenies were analyzed to (Table 12). As expected the Ft progenies of all
determine the mode of inheritance. The data are crosses were resistant. Similarly none of the F2presented in Table 11. All the F, progenies were populations segregated for susceptibility. A few 

Table 11. Reactionsa to whitebacked planthopper o! F1, F2, and F3 progenies from the crosses of TN1 with resistant varieties. IRRI,

1979.
 

Cross F, F2 seedlings F3 families 
reaction R (no.) S (no.) X2 

3:1 X2 
13:3 R (no.) Seg,(no.) S (no.) X21:2:1 

TN1/Mushkan 41 R 247 92 0.83 46 75 33 2.30/Santhi R 185 73 1.49 49 75 32 3.94/Siahnakidar 195 R 306 91 0.91 41 81 32 1.47
/SM2-34 R 297 107 0.48 29 79 43 2.92
/Tirisurkh 251 R 417 128 0.67 30 82 35 2.31
/Zirijowaian 245 R 243 88 0.44 38 68 26 2.30/18 R 268 76 1.55 47 71 36 2.51
/24A R 249 96 1.47 36 88 30 3.61/39 R 279 74 3.07 42 82 29 3.00
/65 R 222 45 9.45 0.63 95 95 i8 2.81P
/7t5'; A 344 109 0.21 39 87 28 4.17
/78 R 228 69 0.49 31 70 29 0.83/180 R 165 53 0.06 43 79 32 1.68/213B R 268 81 0.60 46 76 32 2.57
/267 R 234 91 1.56 36 66 25 2.10/274A R 352 69 16.65 1.54 57 84 13 3.42"/293 R 242 78 0.07 39 82 33 1.12/C16037.4 R 313 99 0.21 48 76 30 4.23/NP97 R 355 109 0.56 38 61 32 1.17
/S39JKW 
 R 213 62 0.88 43 79 32 1.68
/Bansphul 
 R 185 71 1.02 48 71 35= aR = resistant, S susceptible, Seg segregating. bX 2 3.13 

for 7:8:1 ratio. 
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Table 12. Data on the reaction' to whitsbacked planthopper of the F1, F2 , and F3 popu
lations from the crosses of N22 with resistant varieties. IRRI, 1979. 

F3 lines (no.)
F, F2 seedlings (no.)

Cross 
reaction S R Seg S 

N22/Mushkan 41 R 221 0 141 0 0 

/Santhi R 269 5 154 0 0 

/Siahnakidar 195 R 283 0 154 0 0 

/SM2-34 R 476 2 154 0 0 

/Tirisurkh 251 R 367 8 154 0 0 

/Zirijowaian 245 R 412 5 154 0 0 

/18 R 384 7 154 0 0 

/24A R 387 0 144 0 0 

/39 R 351 6 152 0 0 

/65 R 282 4 154 0 0 

/76S R 492 6 154 0 0 

/78 R 358 3 154 0 0 

/180 R 384 0 145 0 0 

/213B R 362 7 154 0 0 

/267 R 297 0 154 0 0 

/274A R 284 2 154 0 0 

/293 R 378 9 154 0 0 

/C1603704 R 379 0 147 0 0 

/NP97 R 328 4 154 0 0 

/S39JKW R 302 5 154 0 0 

/Bansphul R 528 0 154 0 0 

R = resistant, S susceptible, Seg= segregating. 

Survivol Biotype I %)I00 liaIstinslar 

T= 3d instor 
seedlinus that died had been classified as suscepti- eo- 1hnsiO, 

ble in some F., populations. However, this does 60 
indicate genetic segregation for susceptibilitynot 

4o

because a few seedlings of the resistant parents 

also died. All the F:, families of the crosses were 20 
resistant. The data indicate that all the resistant o 

varieties had If1bh/ for resistance. Varieties 65 1oo 

and 274A had an additional recessive gene for 8o/ 

resist ance. 
6
 

BROWN PLANTilOPPER RESISTANCE STUDIES 

-nton/~t*g Departmt 

Plant age and level ol resistance. In past survival t°° I 3 

studies. lirst-instar nymphs were used to assess so
varietal levels of resistance to the BPH. In 1979, _
the survival of the first-, third-, and fifth-instar 
BPH nymplhs on 15- and 60-day-old plants was c 
studied to determine the effect of insect age and 20_ 

plant age on BPH survival. Based on insect survi
val, the level of resistance was distinctly higher in 15 eo s 6o 

Plont age (days)} 

the 60-day-old plants (Fig. 2). Survival of the 2. ReactionofBPH nymphinstarsonresistantandsusceptible 
older (ifth-instar) nymphs was significantly lower rice varieties. Resistant varieties for biotype I were IR26 and 
than that of the younger nymphs on the 15-day-old Mudgo (Bph ASD7 (bph2). anidIgene), IR42 and Rathu 

Heenati (Bph 3): those for biotype 2 were ASD7, 1R42, and
plants. The ifth-instar nymphs provided maximum Rathu Heenati;and thosefor biotype 3were IR26,Mudgoand 

diflerences in survival between the susceptible and Rathu Heenati. IRRI, 1979. 

70 IRRI ANNI'AI. RI 'ORIFOR 1979 



Field populations of 
brown planthoppers 
from distant places 

2-3 generations 

on TN1 

Oviposition 

on 
TN1 

1st instar nymphs 

Infest Infest 

0. 
E> 

Susceptible 
variety TN1 
30-day-old 

plants 

Resistant variety 
30-day-old 

plants 
E 

c Survival (%) and 

• " Observations 
percentage of nymphs

becoming adults in 
O a 

ions > 
N
-7 

I each generation 

,U 0*' 

4~ U, 

LJ

OvipoitionOviposition


on 

3. Rearing technique used to %electlr brown planthoppir hiotvpcs virulent to a resistant rice variety. IRRI. 1979. 

resistant varieties, indicating that the older insects 
are more suitable for survival studies. 

Brown planthopper biotype selection. 
Studies were conducted to determine the rate at 
which BPH biotype selection occurs. Aspecial rear-
ing scheme (Fig. 3) was used to provide selection 
pressure. Biotype 1, a wild population reared on the 
susceptible variety TNI for several years, was 
reared on two resistant varieties - Mudgo with the 
Bph I gene, and ASD 7 with the bph 2 gene for 
resistance. Plant damage, insect survival and 
nymphal period, feeding activity, and fecundity 
were studied to determine the rate of selection. 

Plant damage. After the fifth generation on the 
resistant varieties, the selection colonies were not 
sufficiently virulent to kill the resistant variety in 
the seedling bulk test. However, by the ninth gen-

eration both the Mudgo and ASD7 colonies could 
kill Mudgo and ASD7. That indicated that by the 
9th generation the insect is highly adapted to feed
ing on the resistant variety. In farmers' fields only 
three successive crops provide time necessary for 
nine BPH generations. 

Survival and nymphal period. Survival on the 
resistant varieties increased with each generation 
and was equal to that on the susceptible TN I at the 
seventh generation (Fig. 4). The growth index, 
based on survival and the length of the nymphal 
period, increased sharply in the fifth generation. 
By the sixth generation the growth index on 
Mudgo and ASD7 was almost equal to that of the 
susceptible TN1. 

Feeding activity. As indicated by feeding activi
ty, the ASD7 colony had a high level of adaptation 
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4. Survival of brown planthopper biotype I nymphs on TNI, Mudgr, and ASD7 from the first to the seventh
generation. Each colony originated from a culture reared for about 12 years on TNI. IRRI, 1979. 

in the eighth generation, although the amount of colony on TNI (Fig. 5). The Mudgo colony, howfood ingested was only about half that by the TNI ever, had not yet adapted to feeding on Mudgo as 

Food ngesteod (mig)/femalein 24 h 

40[-

i TNcoiosly 
20- Mudgocolo, y 

/ s cdony 

16-

12 

8 

4

0 1 0 Mudgo ASD7 TNI 
(Bph I ) (6ph 2) 

Food source 
5. Feeding activity of three brown planthopper colonies on 
30-day-old plants of a susceptible (TNI) and two resistant 
(Mudgo and ASD7) varieties. The Mudgo and ASD7 coloniesoriginated from the TNI colony and were reared on Mudgo
and ASD7 for 8 generations. IRRI, 1979. 

the food ingested was only slightly more than that
ingested by the TNI colony on Mudgo. 

]Fecundi'. Although the ASD7 colony had a 

! 
high level of feeding activity on ASD7, its fecun
dity on ASD7 and Mudgo was lower than that of
the Mudgo colony (Fig. 6). The Mudgo colony's
high level of adaptation on Mudgo was not yet 

equal to its adaptation on TNI. Fecundity rate was
higher for the Mudgo colony on ASD7 than for the 
ASD7 colony on ASD7. 

It was evident that BPH adaptation to resistant 
varieties depended on the character measured. 
Although the survival rate in both the Mudgo and 
ASD7 colonies was similar, the feeding activity and 
fecundity varied. 

Identification of moderately resistant var
ieties. Because the rapid adaptation of the BPH to 
resistant varieties with major genes for resistance 
results in biotype selection, studies were con
ducted to determine if a more stable type of resis
tance can be found. Moderately resistant varieties 
may provide a more stable type of resistance tobiotype selection. Moderate resistance was
difficult to detect in the common seedbox screen

ing technique, where 7- to 10-day-old seedlings 
were usually rated as susceptible. However, in 

72 IRRI ANNUAL REPORT FOR 1979 



00 
Eggs(no /female 

600-

Mudgo 
AST 

TNI 
400-

200 

gi [ 
/: 

0 
Reared on Mudgo Reared on ASD7 

Insect colony 

6. Number of eggs laid on Mudgo and ASD7 (both resistant), 
and TN I (susceptible) by aTNI lony of brown planthoppers 
that had been reared on Mudgo and ASD7 for 9 generations.
IRRI, 1979. 

field studies when BPH attacked older plants,
moderate resistance was more easily detected. 
Several varieties from the International Rice 
Brown Planthopper Nursery were killed in seedbox 

Damage roling 

-160 


7 TN'-
/ ,'-1

_# R26
// 0!tL I/R-26l120T I"I 

/ 
TTrinen 

5 //Tlen ...J 1-

, /o80 

15 30 
 45 60 


Days after transplanting 

7. Damage ratings of varieties exposed to brown planthopper 
biotypes I and 2 in a screenhouse. I - slight damage, 9 = all 
plants dead. These varieties are all susceptible to biotype 2when 
evaluated as 7- or 10-day-old seedlings in the seedling bulk 
technique. IRRI, 1979. 

screening for biotype 2 but had a moderate level of 
BPH resistance as older plants in field screening. 

These varieties include Triveni and Mudgo from 
India, Utri Rajapan from Bangladesh, and IRRI's 
IR46. Further evaluation of the moderately resis
tant varieties Triveni and Mudgo against biotype Iand 2 hoppers in a screenhouse verified the field 
results (Fig. 7). Under intense insect pressure the 

moderately resistant varieties were damaged but 
still survived, but IR26 and TNI were killed. 

Nature of moderate brown planthopperresist
ance. Moderately resistant varieties maintain 
insect populations equal to those on the susceptible
TNI but suffer less damage. As shown in Figure 8, 
the damage ratings of Triveni were lower than 
those of TNI despite similar BPH populations. The 
same was true of Mudgo, a moderately resistantvariety, when compared to 1R26, both of which are 
susceptible to biotype 2. Although both varieties 
have the same major gene (Bph 1), Mudgo had a 
rating of 1 (= slight injury) at 45 DT while IR26 
had 9 (= all plants dead). Two aspects of the dif
ference were investigated - feeding activity and 
plant tolerance. 

Feeding activity, based on honeydew excreted 

Brown plonthoppers (no./hill)
 
200
 

200 ISO\ 

-


TNI. 

-- Triveni__' ;6... 


Mudgo 

9 11 

30 


Days after transplanting 

8. Population of brown planthoppers and damage ratings (in
bar) on varieties exposed to a mixture of biotype I and 2 

=hoppers in the screenhouse. Damage rating: I slight damage, 
9 = all plants dead. All varieties were equally susceptible in the 
seedbox screening of 7-to 10-day-old seedlings. IRRI, 1979. 
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Table 13. Change in body weight and quantity of honeydew excreted in 24 hours by brown planthopper biotypes feeding on highlyresistant, mnoderately resistant, and susceptible varieties.' IRRI, 1979. 

Biotype 1 Biotype 2 Biotype 3 
VarietYb Wt gain Honeydewexcreted Honeydew Honeydewexcreted excreted 

%) (mg) M) (ng) (mg) 
Rath, Heenati (R) 8 b 1.3 b 7 b 4.6 b 0 c 2.0 cTriveni (MR) 31 b 8.1 b 28 b 6.3 b 52 b 16.1 bcTNI (S) 81 a 49.6 a 69 a 47.5 a 87 a 36.1 ab
'leatn of three replications consisting of one insect eaLh. Twolve-hour-old female adulti that had been starved for 4 hours were used. Means followed bya commoti letter arenot sjnificantly different at the 5'. level. bR wresistant, MR - moderately resistant, S = susceptible. 

and gain in weight of the three IRRI BPH biotypes
feeding on a resistant, moderately resistant, and 
susceptible variety (as based on greenhouse tests),
is indicated in Table 13. Feeding on Triveni was 
about half of that on TN 1. This may be one reason 
Triveni suffers less damage than TNI at similar 
populations, 

Tolerance is the ability of a plant to survive and 
grow despite insect feeding. To measure the level 
of tolerance in a moderately resistant and a suscep-
tible variety, plants were exposed feeding byto 
hoppers until they were almost killed. The level of 
photosynthetic activity of plants under this stress 
condition was determined by growing them in a 
solution containing I-IC and measuring by X-ray
film the amount of radioactivity in the seedlings. 
The color intensity of the autoradiograph was 

related to the amount of 'T4 uptake. The auto
radiograph of Triveni, a moderately resistant varie
ty, was dark, indicating continued photosynthetic 
activity; that of TNl, a susceptible variety, was 
light (Fig. 9). It was apparent that photosynthetic 
activity in Triveni continued dc.pite severe plant
damage. In TN1 photosynthetic activity practically
ceased at the same level of damage. The Triveni 
plant could recover and grow when the insects 
were removed from it. 

Integrating moderate resistance with chemical 
and biological control. Initial studies indicated 
that carbofuran is more toxic to biotype 2 hoppers
feeding on ASD7 than to those feeding on the sus
ceptible variety TNI (Fig. 10).

Moderately resistant varieties can increase the 
effectiveness of biological control agents. The 
spider Lycosa pseudoannulata was a more effec
tive predator when feeding on hoppers growing on 
a moderately resistant variety (Fig. 11). 

.35 

9. Photosyinthetic actis ity bascd on C uptake in the brown
planthopper-tolerant variety Tfiveni (left) and susceptible TNI
(right). The photo shows the actual plants (ight) and autoradio
graphs (left). Color intensily of the autoradiograph indicates
the amount of photosynthetic activity occurring after the t-
day-old seedlings were almost killed by feeding of 20 adultsBPH in 3 days. The plants were put in a chamber with 5 BPH
adults and exposcd toran atmosphere sf "C for 24 hours.
Triveni showed high photosynthetic activity; there was little 
activity in TN1. IRRI, 1979. 

.15 

.05 . 
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10. Susceptibility to carbofuran as indicated by LDo (mean lethal
dose) values when biotype 2 brown planthoppers were reared on a
moderately resistant (ASD7) and a susceptible (TNI) variety. 
IRRI, 1979. 
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BIOCHEMICAL BASES OF BPH RESISTANCE 
Cliemistrr and Fntomnology Departments 

Oxalic acid. In 1978, oxalic acid was isolated 
from the resistant variety Mudgo. In 1979 the 
oxalic acid concentration in 28 varieties with var-
ious resistance genes was determined. Organic 
acids were separated from 70% ethanol extracts of 
fresh leaf sheaths from 40-day-old plants using ion 
exchange chromatography through Amberlite 
CG-120 ani Amberlite CG-4G. Quantitative 
measurement of oxalic acid was facilitated by gas 
liquid chromatography of methyl esters of the 
organic acids. Levels of total organic acids were 
almost identical for the varieties (4.1-4.7 mg/g
fresh leaf sheath). However, the oxalic acid con-
centrations of susceptible and resistant variety 
groups differed significantly (Fig. 12). The average
concentration of oxalic acid was 0.24 mg/g fresh 
leaf sheath tissue in susceptible varieties and 0.45 to
0.59 in the 5groups of resistant varieties. Likewise, 
the average percentage of oxalic acid in total 
organic acids was lower in susceptible (5-8%) than 
in resistant varieties (10.0-14.4%). The data indi-
cate that oxalic acid is one of the chemical factors 
governing resistance to the BPH, but further exper-
iments are torequired determine the differential 

oxalic acid concentrations in the phloem sap, which 
isthe dietary source of the BPH. 

High molecular weight fractions. Earlier 
studies indicated that homogenates of whole plants
contain high molecular weight fractions that were 
inhibitory to brown planthopper feeding. All other 
studies have used 7017( ethanol as an extracting 
solvent, which automatically excludes the high
molecular fraction. A 1979 study was undertakento determine if active fractions also exist in the 
water-soluble high molecular weight fractions of 
rice leaf sheaths. 

Leaf sheath segments of 7- to 9-week-old IR24 
and IR26 seedlings were soaked in water at 0-4'C 
for 4 days to collect diffusates representing phloem
and xylem sap. The total extract showed antifeeding 
activity in the bioassay. The diffusates were furtherfractionated in Sephadex G-25 and the fractions 
bioassayed. There was little high molecular weight
fraction (mainly protein), and it had no inhibitory
effect on insect feeding. 

In contrast, the low molecular fractions were
inhibitory and showed the presence of colloidal 
silica. A yellowish constituent (lowest molecular 
weight fraction) with very high ultraviolet absorp
tion was not inhibitory but was toxic to the insects.
Thin layer chromatography separated it into six 

Oxalic acid concentration 
1.0(mg/g fresh leaf sheaths) 

08 

06 - , 

04 -
T
 

02

. .0 

0 
None Bph/ bph2 Bph3 bph4 Unknown 

Rice varieties carrying indicated 
resistance genes 

12. Oxalic acid concentration in rice varieties carrying different 
resistance=values fr individual varieties;
genes 
 I--I,
mean and its standard error for each group of varieties; meanswith * are significantly higher than the mean for susc: ,tible 

varieties. 
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13. (ischromatograms of essential oils insteam distillates of leafsheaths of hiotype I-rLsistant Mudgo and susceptible TNI ricevarietes. IRRI. 1979. 

components, which were probably flavonoids. 
The antifeeding activity of the diffusates tended 

to decrease upon storage even at 0-4°C. The diffu

sates had high carbohydrate content but varying 
reducing sugar levels. Soluble protein was less 
than 5c of the carbohydrates and was also lessthan the level of free amino acids.molecular fractions of bleedinf sap col

from the base of panicles at flowe:.ng and of
honeydew from brown planthoppers feeding on 
resistant and susceptible varieties did not show any

activity.
Essential oils. The essential oils are consideredimportant factors in determining susceptibility or 

rsistance of rice varieties to insect pests. These 

biochemicals,ouilshisolated steam distillates from 
scepible and resistant varieties, affect the insect 

both behaviorally and physiologically. In 1979, 
e steam distillates of leaf sheaths of BPH

setaas isaecniee 

susceptible TNI and Mudgo, which is resistant to 

BPH biotype 1 and 3, were analyzed by gaschromatography and compared for anydifferences. gas inherentThe chromatograms (Fig. 13) 

showed distinct qualitative and quantitative differences among the volatiles of Mudgo and TNI ricevarieties. The fingerprints of the steam distillate 
volatiles obtained by gas chromatography illustrated basic chemotaxonomic differences between
the susceptible and resistant rice varieties. Work to 
identify the volatiles was started. 
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EVALUATION TRIALS 
Plant Breeding. Statistics, and Chemistry Depart-

Yield trials (Plat Breeding, Statistics, and 
Chenmistry). In the dry season replicated yield tri-
als, rough-rice .ield and brown-rice protein were 
highly correlated in the irrigated trial 
(r = -0.50"*. i :--370) but were not correlated in 
the rainfed trial (r = 0.10"'. n = 185). For the 
irrigated trial, brown-rice protein ranged from 6.7 
to I1.2% with a mean value of 8.3%. Grain yield 
r,'aged from 5.2 to 8.2 t/ha. For the rainfed trial, 
brown-rice protein ranged fron 6.5 to 9.6%7 with a 
mean of 7.8'( : grain yield ranged from 4.5 to 8.2 
t/ha. 

High-protein parents (Plant Breeding and 
Cheistrv). High-protein accessions ( i .364) from 
the IRRI gerrnplasm bank were successfully 
grown in the 1979 wet season for verification of 
their protein content and agronomic characteris-
tics. The best entries will be used as possible 
high-protein parents in the breeding program. 

PROPER] IFS Ol RI'IC- PROl1-1N 
Chemtist-y l7;art/elt 

Protein and silicon distribution in rice grain. In a 
cooperative study with biochemists at the 
Australian National University, Canben'a, the pro-
tein distribution obtained from milling fractions of 
high-protein and average-protein brown rice (1978 
annual report) was verified. Techniques to sepaiate 
embryo, grain coat, grain coat plus aleurone cells, 
and starchy endosperm for amino acidanalysis were 
deveIoped. Of the fractions, the starchy endosperm 
had .he greatest increase in protein and the embryo 

had the least with a 45% increase in brown-rice 
protein (Table 1). 

The inc~ease in lysine, the first limiting essential 
amino acid of rice protein, was less than propor
ti6nate to the increase in protein of brown-rice, 
except in the embryo. By contrast, the increase in 
threonine, the second limiting essential amino acid, 
was proportional to that of protein. The results, 
however, are misleading since brown and milled 
rices actually have similar utilizable protein con
tents, the digestibility of brown-rice protein being 
poorer. Antinutrition factors, including phytate and 

dietary fiber, are concentrated in the bran layers. 
Colorimetric assay of silica showed decreasing 

silica contents, except the close values for sub
aleurone layer and middle endosperm, for a high
protein (11%) brown rice (1R480-5-9,260 ppm Si): 
bran (0-6%fraction of brown rice), 1,930 ppm Si; 
polish (6-12%), 620 ppm; subaleurone layer 
(12-20%), 170 ppm; middle endosperm 
(20-30%), 260 ppm; and inner endosperm 
(30-100%), 50 ppm. The coiresponding values for 
an average-protein rice (1R32, 7% protein) were 
subaleurone layer, 350 ppm Si; middle endosperm, 

140 ppm; and inner endosperm, 90 ppm. Dietary 
and crude-fiber values followed closely the silicon 
distribution, except that the relative differences in 
fiber content were higher than those in silicon con
tent of the milling fractions. 

Growth of children on high-protein rice diets. 
Cooperative nitrogen balance studies on Peruvian 
and Filipino children earlier showed that high
protein rice was not significantly less retained than 
average-protein rice. Growth studies were under
taken to determine the long-range effect of replac
ing average-protein rice with high-protein rice in 
typical rice-based diets of preschool children. 

Table 1. Ratio of the amount of protein and amino acid in the various components of 

the high-protein 011 ) grain (IR480-5-9) compared with that in the average-protein (71) 

grain (IR32). Australian National University, Canberra, and IRRI, 1979. 

Ratio ir,
PNotein or 

amino acid Biown Starchy Embryo Aleurone cells Grain 

Protein 
Lysine" 
Threonitwb 
Mean for all 17 amino 

acids 

Iice endospelm +grain coat coat 

1.45 1.49 1.09 1.22 1.31 

1.18 1.26 1.14 0.97 1.25 

1.52 1.44 1.04 1.22 1.53 

1,43 1.43 1.09 1.20 1.36 

'First limiting essential amino acid in rice protein. bsecond limiting essential amino acid. 
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The effect of a high-protein rice (1R2153-338-3, 
10% protein) on the growth of preschool Indian 
children was assessed in I-year cooperative feeding 
trials in aresidential home by the Christian Medical 
College and Hospital, Vellore. South India. The 
children were offered ad libitum a typical South 
Indian rice-based diet at 4 meals aday. The children 
in the experimental group were given the high-
protein rice and those in the control group were 
given a local rice (Ponni, 7% protein). Energy 
intakes were similar (Table 2)but 85% of the diet-
ary protein was from ;ice (235 g/l,O00 kcal) in the 
experimental group and 79% in the control group. 
The rest of the dietary protein was from black gram 
and pigeon pea.

Although the nitrogen balance data on the chil-

dren in the two groups were similar (1978 annual 
report), the increased nitrogen retention in the 
experimental group did not result in taller and 
heavier children (Table 2). However, although the 
two groups were not significantly different in the 
pattern and severity of illnesses, the control group 
had more cases of upper respiratory infection than 
the experimental group (32 vs 21). The lack of 
response to high-protein rice may be attributed to 
the high contribution of protein to energy (8.0% in 
control and 10.8% in experimental diet) in the 
South Indian diet and the effective cor.sumption of 
the bulky diet even by the younger children. The 
control diet also was adequate in all essential amino 
acids (Table 2). 

A second study - to determine the effect of zinc 
supplementation on the growth of preschool 
Filipino children at an orphanage in Metro Manila 
- was undertaken in cooperation with the Foodand 
Nutrition Research Institute. Zinc, an essential 
element for appetite and normal growth and an 
essential constituent of many enzyme proteins, is 
needed for protein synthesis. The study included a 
third diet, which involved zinc supplementation 
plus high-protein rice (IR480-5-9, 10.4% protein) 
in place of the average-protein commercial rice 
(-7.4%protein). Each group consisted of at least 
30 children 1 - 6 years old, 27 of whom completed 
the 6-month trial. Preliminary analysis indicated the 
zinc intake in the orphanage to be 4 - 6 mg daily 
compared with the recommended daily allowance 
of 10 mg for this age group. 

The control group received the usual diet consist-
ing of three meals and two snacks, with vitamins 

Table 2. Comparison of parameters of preschool children in 

high-protein and control groups ftd South l,.aian rice-based 
diets for 1 year. Christian Medical College and Hospital, Vellore, 
India, and IRRI, 1978-79. 

Experimental Controlt .... 
(high-protein (low.protin 

rice) . rice) . 
Initial ht (mm) 915.8 65.5 918.1 ±55.1
 

Firial It (mi) 985.6 ± 64.0 969.4 ± 68.3
 
Increase it h (1m ) 69.8 ± 15.0 71.3 ± 20.4
 
Initial wt (kg) 11.96 t 1.68 11.88 2.94
 

Final wt (kg) 13.09 1.90 13.20± 2.64 

Increase in wt (kg) 1.13 i 0.75 1.32 1.07 
Energy intake (kcal/kg 81.0 ± 6.4 81.0 ± 7.2 

body wt) 
Nitrogen intake (g/day) 5.31 ± 0.79 4.09 - 0.36 

Amino acid intake (mg/kg
 
body wt)
 

Lysine 90 70
 
Methionine + cysteine 103 78
 
Threonine 80 59
 

Trytophan 24 18 

and minerals, except zinc, added to the morning 
snack. A second group had 5 mg zinc as ZnSO4 '7 
H.O added to the mineral mixture. A third group 
had, in addition to zinc supplemen;-tion, high
protein rice in place of the orphanage rice. Other 
protein sources were eggs, pork, milk, and bread. 
The three groups had sinilar rice intake, 154-157 
g/day; rice contributed about 40c of the dietary 
protein in the control group. 

Zinc supplementation alone for 6 months had no 
significant effect on the growth of preschool chil
dren (Table 3). But the diet combining zinc sup
plementation with high-protein rice resulted in fas
ter growth than the control diet. Although the chil
dren fed those diets had similar serum properties, 
including serum zinc, the children in the group that 
received zinc and high-protein rice had higher final 
hemoglobin levels. 

The seeming disparity in results of the two 
studies is not easy to explain as there was no com
mon treatment of high-protein rice diet without zinc 
supplementation. Energy intakes were slightly 
lower with the Filipino children, particularly the 
older ones (72-77 kcal/kg body wt). Protein intakes 
were more than adequate in both studies, but on the 
basis of amino acid analysis, protein quality was 
better in the nonvegetarian Filipino diet (Table 4). 
The Filipino children also grew faster. Since the 
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Table 3. Effect of 6-month zinc supplementation with and without high-protein rice on 
growth of preschool children in White Cross orphanage, Metro Manila, Philippines. 

Zn Lsine Mean increase in Mean 
Diet intake co itent . .. . final

Dintae of diet serum Zn 
rnl/day (q/16 g N) HtL(cm) Wt 1kg) g/ml) 

Control 5 5.6 4.21 b 0.81 b 1.40a 
Control + 5 mg Zn 10 5.6 4.38 ab 0.99 b 1.42 a 
High-protein rice diet 10 4.9 4.83 a 1.38 a 1.29 a 

5 mg Zn 
din a column, means followed by acommon letter are not significantly different at the 5% level. 

Table 4. Essential amino acids in the protein of defatted composite rice diets in feeding
studies on Indian and Filipino children, compared with the World Health Organization
(WHO) pattern. IRRI, 1979. 

Amino acid content (g/16 g NI of diet fed to 
- .. . .. . .. .. . . . . . . ....... WHO 

Amino acid Indian children Filipino ch~idrn pattern 
Low- High- Low- High- (g/16 g N) 

protein .protein protein protein 

Isoleucine 4.2 4.2 4.3 4.2 4.0 
Leucine 8.6 8.6 8.3 8.4 7.0 
Lysine 4.3 4.1 5.3 4.7 5.5 
Methionine 4.8 4.7 6.3 6.3 3.5 

+ cystine
 
Phenylalanine 10.8 10.8 
 9.0 9.4 6.0 

+ tyrosine
 
Threonine 3.7 3.7 3.5 
 3.5 4.0 
Valine 5.7 5.7 5.3 5.4 5.0 
Tryptophan 1.4 1.3 0.8 1.0 1.0 

diets were more than adequate in protein, the impact and Aspergillus oryzae a-amylases. With the 
of replacing average-protein rice with high-protein pepsin-treated protein bodies, the efficiency of lipid
rice will probably be more apparent in diets extraction with petroleum ether was 74% for raw 
deficient in energy and protein, rice and 89% for cooked rice.
 

Total and undigested protein of rice. Studies to 
 Protein bodies prepared from raw IR480-5-9 
explain why 10-15% of the milled-rice protein milled rice by pancreatic a-amylase action had 
becomes poorly digestible on cooking were con- lower lipid content (5.8%) than those prepared from 
tinued. The undigested protein has lower molecular cooked rice (7.8%). Overnight treatment of C4
weight (MW) and lysine content than whole 63G starch with Aspergillus a-amylase resulted in 
milled-rice protein bodies, and represents its core the recovery of only 3% of its lipids in the residual 
proteins (1978 annual report). Protein bodies were dextrin. In contrast, waxy IR29 milled rice, which 
prepared from raw and cooked IR480-5-9 milled had trace starch lipids, gave a cooked-rice protein
rice by treatment with crystalline hog pancreatic body preparation with 69.2% protein and a high
a-amylase. Cooking decreased protein extraction lipid content of 10.0%. Starch lipids, in contraststo 
with 0.5% sodium dodecyl sulfate (SDS)-0.6% nonstarch lipids, were presumably readily lost dur
f3-mercaptoethanol (ME) from 98% to 73% but ing a-amylolysis of raw granules.
lipid extraction with petroleum ether remained low The ratio of the lipid fractions (neutral
(26-27%). Only the results on protein extractability lipids:glycolipids:phospholipids) associated with 
were similar to those in 1978 when protein bodies protein-body preparations was affected by the 
were prepared from rice destarched with pancreatic amylase used for destarching although these 
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enzyme preparations had negligible lipase activity, 
A.ergilhis a-amylase treatment of cooked rice 
resulted in a lipid ratio of 92:5:3. Pancreatic 
a-amylase treatment resulted in raw-rice protein 
bodies with a lipid ratio of 52:7:41 and in cooked-
rice protein bodies with a lipid ratio of 54:7:39. 

Thin-layer chromatography on silica gel of the 
lipid fractions of raw and cooked IR480-5-9 protein 
bodies prepared by treatment with pancreatic and 
Asperillus a-amylase showed that the major lipid 
classes were free fatty acids in the neutral fraction 
together with triglycerides, diglycerides, and 
monoglycerides, and lysophosphatidyl choline and 
lysophosphatidyl ethanolamine in the phospholipid 
fraction, with trace amounts of phosphatidyl 
choline and phosphatidyl ethanolamine. 

Comparison of milled rice and pepsin-treated 
(core) raw-rice protein bodies showed milled-rice 
protein to have 9'7 albumin-globuli,, and 2% pro-
lamin. Core protein bodies had 8% albumin-
globulin and 2(, prolamin. Thus, the core protein 
that resisted digestion after cooking was about 90% 
glutelin. 

Scale preparation of the two major polypeptides 
of undigested protein bodies was undertaken, with 
sodium chloride-extracted milled rice as starting 
material. The MW 16000 and MW <5000 polypep-
tide were also present in raw milled rice and glute-
lin, free from degradation products of protein hy-
drolysis in fecal samples. Protein extracted by 0. 1N 
NaOH-0.6% (3-ME was fractionated on Sephadex 
G-75 to obtain the MW <5000 subunit. Characteri-
zation of the low-MW polypeptide, which resolved 
on Bio-Gel P-2 gel liltratior, into 1 major and 5 
minor peptides, was started. The crude preparation, 
however, had a high lysine content of 4%. 

Emphasis was shifted to the MW 16000 subunit, 
which probably was the low-lysine protein of 
interest in undigested rice protein. Among glutelin 
subunits, the MW 16000 subunit tended to have the 
lowest lysine content (1976 annual report). 
Attempts were made to prepare this subunit from 
milled rice to isolate a polypeptide subunit with 
lysine content of <2% without the use of SDS. The 
solvent 0.1 N NaOH-0. 6% (3-ME readily dissolved 
the protein from 0.7 M NaCI-washed IR480-5-9 
milled.rice flour. Frtional precipitation by pH 
adjustment to 10 and t 7 did not enrich the MW 
16000 subunit. 

Albumin-globulin-free milled rice was extracted 

with 0.1 N NaOH-1.8% (3-ME and the extract was 
alkylated with acrylonitrile in the presence of urea. 
Although the alkylated protein was soluble in 0.05 
N NaOH and 4 M guanidine.HCI, it did not resolve 
into subunits on gel filtration in these solvents on 
Sephadex G-50 and G-100 and gave only a peak at 
the void volume. The results suggest that sodium 
hydroxide and guanidine are less efficient solvents 
of alkylated rice protein than SDS. Alkylation was 
complete, as eviaent from the identical subunit pat
tern on SDS-polyacrylamide disc gel elec
trophoresis, with or without (-ME. The protein, 
however, showed less intense bands with MW 
>38000 than the SDS extract. Aggregation of the 
polypeptide chains in these solvents was probably 
due mainly to hydrophobic bonding. A scale prep
aration of the MW 16000 subunit of milled-rice 
protein extracted by SDS-(3-ME had been made 
using fractionation through Sephadex G-150 (1975 
annual report). 

Albumins and globulins. Albumins and globu
lins constitute 15% of milled-rice protein. Albumin 
is water soluble and globulin is salt soluble. They 
are difficult to separate because water extracts may 
also dissolve globulin because of the soluble min
eral (salt) content of the grain. Dialysis of salt 
extracts to precipitate globulin also results in pre
cipitation of some albumin due to denaturation. 

Albumins. Albumins were prepared by extraction 
of 1R480-5-9 milled-rice flour with distilled water, 
overnight dialysis to remove globulins, and satura
tion of the soluble fraction to 80% with ammonium 
sulfate to precipitate the albumins. The residue 
from water extraction was then extracted wiih 
C.25 M (NH.,S0S and precipitated with the addi
tion of ammonium sulfate to 80% saturation (4 M). 
This preparation was found to be contaminated with 
a-globulin; subsequently 0.1 to 0.15 M(NH4)2S0 4 
was used for albumin extraction to miniruize 
a-globulin contamination. The major albumins i 
these extracts were readily precipitated at 40% 
(NH 4)2S0 4 saturation (1.8 M). 

Brown rice stored at room temperature was 
milled and defatted with petroleum ether. Serial 
extraction of the defatted IR36 milled rice with 
water and increasing concentrations of sodium 
chloride showed reduction during storage in protein 
extractable by all solvents except 0.5 M NaCI 
(Table 5). The addition of I mM dithiothreitol 
(DY'T) as st:lfhydryl preservative reduced the pro-
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teins extracted by water and 0.25 M NaCI but 
increa.sed those extracted by 0.5 M and 0.8 M NaCI 
in the control sample only. Basic disc gel elec-
trophoregrans of the extracts indicated that only 
albumins were extracted by water and 0.25 M 
NaCI. They consisted of two major protein bands. 
The pattern was identical to that of the 0.15 M 
(NH,).,SO extract. The 0.5 and 0.8 M NaCI 
extracts gave only ! major band intermediate in 
mobility to the 2 major albumin bands. Itwas prob-
ably the -globulin. 

The dil.te-salt extracts had detectable activities 
of protease (hemoglobin and benzoyl-L-arginine 
para-nitroanilide substrates), ct-amylase, and 
ribonuclease. They had no a-amylase inhibitor 
activity, in contrast to wheat albumins. An 
inhibitor of trypsin-like activity was also found for 
both the low- and high-MW fractions of dilute salt 
extracts obtained by Sephadex G-25 gel filtration. 

The major protein peak obtained from Sephadex 
0-100 gel filtration of the 0.15 M (NH.).S04 
extract of IR36 milled rice was fractionated on 
DEAE-Sephacel using a 0-0.4 M NaCI gradient. 
The major fraction (44',,) was unadsorbed protein, 
followed by 3 other partially resolved peaks, rep-
resenting 21%, 16%, and 15% of total prolein. 
Analytical disc gel electrophoresis suggested that 
the main unadsorbed fraction, which migrated in 
acid gel onl,, was basic protein. The second peak 
showed mainly the slower major albumin elec-
trophoretic band at pH 8.3; the fourth peak showed 
mainly the faster albumin band, and the middle 
(third) peak gave both bands. The major unad-
sorbed fraction was termed basic albumin, and 

peaks 2 and 4, albumin I and 2, respectively. 
Albumin I was the fraction that denatured on 
standing of albumin solution at 0-4°C. 

The major albumins of IR36 milled rice from 
Triton X-100-polyacrylamide disc gel elec
trophoresis showed MW 86000 for the water 
extract, MW 242000, 126000, and 62000 daltons 
for the 0.25 M NaCI and 0.15 M (NH 4),S0 4 
extracts, and MW 248000 for the 0.5 M NaCI 
extract. Gel filtration of Sephadex G-100 gave a 
major peak for the 0.15 M (NH 4),S0 4 extract with 
MW 20000, together with an aggregated high-MW 
fraction at the void volume. This major peak com
prised 61-82% of the crude albumin extract. 
SDS-gel electrophoresis showed that the water and 
0.25 M NaCI extract had only I major subunit 
with MW 16800. In addition, the 0.5 M and 
0.8 M NaCI had MW 22000 and 17200 major sub
units besides the MW 16600. Basic albumin and 
albumin 2 had two major subunits with MW 16600 
and 17200. Albumin 1had only one major subunit 
with MW 16800. 

Amino acid analysis of the albumin preparations 
showed the water extract to have 5.9% lysine 
compared with 3.6% lysine for the IR36 milled 
rice. In contrast, use of 0. 1 M (NI-1 0)S0 4 as albu
min extractant improved protein extraction from' 
1.3% to 7.3%, but caused lysine content to drop to 
3.7%. In the 0.1 M (NH 4)2SO 4 extract, the frac
tion precipitated at 0-40% (NH.) 2S0 4 saturation, 
representing 82% of the total extracted proteins, 
had 2.2% lysine and 2.6% cystine, and the 
remainder or the 40-80% saturation fraction had 
5.8% lysine and 3.1% cystine. For the DEAE. 

Table 5. Comparison of progressive extraction of soluble protei s of defatted IR36 milled 
a

rice from brown rice stored 	at different temperatures. IRRI, 1979. 

Extractable protein (%of total protein) from brown rice 

Control" Stored 1 mo at Stored 4 mo 
Solvent Cnrl350CbJ 28'Gb 

No 1 mM No 1 mM No 1 mM 
DTT DT DTT DTT DTT D'r 

H20 2.2 1.4 1.9 2.2 1.3 1.4 

0.25 M NaCI 7.8 6.0 7.3 7.9 4.6 4.8 

0.5 M NaCI 2.8 5.1 3.0 3.2 3.0 3.2 

0.8 M NaCI 1.5 2.4 1.1 1.4 1.1 1.3 

Total 14.3 14.9 13.3 14.7 10.0 10.7 

Protein content %) 7.5 7.4 7.9 
° 

aDTT = dithiothreitol. bpreviously stored asbrown rice for 2.5 months at 0-4 C. 
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Sephacel fractions, basic albumin had 2.0% lysine 
I had 3.2% lysine andand 6.4% cystine, albumin 

6.0% cystine, and albumin 2 had 2.6% lysine, 
with theIsoelectric focusing in cooperation 

Wheat Research Unit, CSIRO, North Ryde, 

confirmed the results of analytical gelAustralia, 
electrophoresis 	at pH 4.5 and 8.3. Water extracts 

bands of medium intensity at pHshowed 10-11 
The 0.15 M (NH.0.,SO. extract6.0-7.5 (Fig. 1). 

showed adistinct major protein band with isoelec-

tric point at pH 5.3 and about 4 medium-intensity 

bands between pH 7.6 and 9.0. Basic albumin had 

2 major bands with isoelectric points about 8.3 and 

8.7. Albumin I had 4 major polypeptides at pH 

6.8, 7.0, 7.6 and 7.7. The globulins extracted by 

0.5 M and 0.8 M NaCI had I major component 

with isoelectric point at 5.3, which was higher than 

the 	 pH 4.5 previously reported for a-globulin, 
other than a-globulin,Glhbulins. Globulins 

which were reported elsewhere to also be high in 
studied further.cystine and methionine, were 

Crude globulin was prepared by 0.7 M NaCI 

extraction from IR480-5-9 milled rice, precipitated 

by 30% saturation with (NH.1)SO. 1 (1.3 M), redis-

solved in 0.7 M NaCI, and precipitated by dialysis 

against water. Precipitated globulins were 
a-globulindissolved in acetic acid to pH 2.5 and 

was precipitated by adjusting pH to4.5 with sodium 

hydroxide. The fraction soluble at pH 4.5 and even 

at pH 7.0, however, still showed the presence of 

a-globulin. 
Isoelectric focusing at CSIRO showed 

a-globulin prepared by isoelectric precipitation at 

pH 4.5 to still be heterogeneous with a major band 

at pH 5.3 (Fig. 1). Below pH 5.3, it had a promi

nent band at pH 4.5 and less intense bands down to 

pH 4.1. Above pH 5.3 it also had prominent bands 

at pH 5.4, 5.6, 6.2, 6.5, and 6.9 and minor bands 

up to pH 9.1. In contrast the nonprccipitated 

globulin also contained the pH 5.3 protein but the 

major bands had isoelectric points between pH 8.0 

and 9.1. It also had the bands below pH 5.3 but 

lacked the promintnt bands at pH 5.4-5.6, 6.2, 

and 6.5, but instead had bands at pH 6.0, 6.3, 

6.6., and 7.7. The results indicated that isoelectric 

precipitation at pH 4.5 did not remove all the pro

tein with low isoelectric points. A higher pH of 6.0 

may be more appropriate. The albuinins left in 

I~7 R36 milled rice~1T~ 

I L L 1 IR480-5-9 milled rice
 

__. -- :--- -L - IR36 H20 extract
 

IR36 0.15 M(NH4)2SO4 extract

I A -


I_R36 0.5 M NaCl extract
-L_ 
I 1R36 basic albumins
 

_____... IIiIEI R36 albumin 1
 

L LJ_ IR36I I ill- I- .globulin1,iI II 

1I - IR36 other globulins
 

-" -! "iL- -- ~I R480-5-9 alkylated glutelin
 

.. IR28 alkylated glutelin
 

-. ..... R480-5-9 prolamin
 

pH 

Isoclectric focusing patterns of 3 M urea-l%/P-mercaptocthanol soluble proteins of 
I. 
milled rices and their protein fractions. Wheat Research Unit, Commonwealth Scientific 

and Industrial Research Organization, North Ryde, Australia, 1979. 
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solution by (NH 4 )2SO 4 precipitation of globulin 
from 0.7 M NaCl had an isoelectric focusing pat-
tem identical to that of water-extracted albumins of 
milled rice. 

Analytical disc gel electrophoresis showed that 
pH 4.5 isoelectric precipitation resulted in pure 
a-globulin (2 bands) but the subsequent precipita-
tion at pH 7.0 gave fractions of similar elec-
trophoregram. Interestingly the soluble protein 
from the dialysis of the ammonium sulfate precipi-
tate against water had a similar electrophoregram 
to that of the globulin fraction soluble at pH 4.5. 
Since distilled watei has a pH of 5.5-6.0, dialysis 
probably preferentially precipitated a-globulin, 
while the more basic protein (isoelectric points 
>6) remained in water solution. The soluble pro-
tein during dialysis was a richer source of non- a-
globulins than the pH-4.5 soluble protein fraction 
during isoelectric precipitation of a-globulin. The 
major water-soluble globulins corresponded in 
isoelectric points to the basic albumins discussed 
above. The water-soluble globulin contained 2.6% 
lysine; a-globulin, 0.6%. 

To minimize aggregation of a .globulin subunits 
during purification, gel filtration on Sephadex 
G-100 of crude globulin was undertaken at pH 3.6, 
instead of pH 6.5. Globulin from IR480-5-9 bran, 
milled rice, and overmilled rice, and IR36 milled 
rice all gave only one major peak with V,, V,, of 
2.0-2.2. DEAE-Sephacel ion-exchange chro-
matography could not be used wasas the globulin 

only 10% soluble in 0. 1 M Tris-HCI pH 7.8. 


DEAE-Sephacel chromatography of water-
soluble globulin at pH 8.5 showed the presence of 
at least 6 protein peaks and unadsorbed protein. 
Alkylation of the withproteins acrylonitrile to 
remove disulfide linkages improved the resolution 
of water-soluble globulin on DEAE-Sephacel. 

Globulin particles. Extraction of IR480-5-9 
milled rice and milling fractions with 0.5 M NaCI at 
50'C and cooling of the extract at 4°C resulted in the 
formation and settling of spherical particles, 1-3 
Am in diameter, with a distinct core. The particulate 
protein accounted for 23% of the extracted protein 
in the subaleurone layer and for 15% of the 

extracted protein in the inner endosperm. The parti
cles from the subaleurone layer (12-2G%)had63% 
protein and represented 1.3% of total protein. 
Those from the inner endosperm (30- 100%) had 
54% protein and represented 1.1% of total protein. 
Similar crystalline globulin had been reported by 
Japanese chemists in 1930. 

Recrystallized particles were characterized by 
analytical and SDS-polyacrylamide disc gel elec
trophoresis to be mainly a mixture of three globu
lin proteins, while proteins remaining in solution at 
4°C were a mixture of albumins and globulins. The 
globulin particles had lower lysine but higher cys
tine and methionine contents than the soluble pro
teins. They were rich in a-globulin. 

Urea-mercaptoethanol-soluble proteins. 
Cooperative studies of isoelectric focusing of 
milled rice protein fractions were undertaken at 
CSIRO, to identify the nature of the 3 M urea-l% 
8-ME extract of milled rice by isoelectric focusing.
Australian chemists found varietal differences in 
electrophoretic pattern among brown rice samples 
of rice varieties. In wheat and barley, the protein 
fraction involved is prolamin. The urea-ME extract 
of 1R480-5-9 and IR36 milled rice had major bands 
with isoelectric points at 5.3 and 7.8 and other 
proteins with isoclectric points between pH 4 and 
9.1 (Fig. I). The electrophoregram indicated that 
the extracted proteins were mairly albumins and 
globulins. Glutelin and prolamin were poorly solu
ble in the solvent. Prolamin showed faint bands 
through pH 4 to9 with no major band. Glutelins had 
also 2 medium-intensity bands corresponding to pH 
5.3 	and 6.2 and faint bands from pH 4.5 to 9. 

Nutritional Evaluation Laboratory. A re
gional Nutritional Evaluation Laboratory for tiie 
evaluation of high-protein and rice-based weaning 
foods through balance in chilstudies preschool 
dren was established at the Food and Nutrition 
Research Institute, National Science Development 
Board, Manila, in cooperation with IRRI, and with 
funding from the US Agency for International 
Development. The unit is expected to be opera
tional in 1980. 
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HYBRIDIZATION AND SELECTION 
Plant Bree'dintg Departnent 

The drought resistance program crosses for both 
dryland and rainfed-wetland cultures included 301 
single crosses, 165 topcrosses, 29 backcrosses, 
and 33 double crosses. As much as possible a 
drought-resistant upland parent was involved in the 
.opcrosses, backcrosses, and double crosses to 
recover the traits related to drought avoidance such 
as a deep-root system. 

Bulk populations of 105 F,,s were grown in 
upland fields at IRRI and in a farmer's field, and 
1,776 F.,plants from the 2 sites were selected durings 
the wet season. The F:,-F were planted in the 
upland pedigree nurseries during late July. The crop 
underwent two short stress periods that affected the 
vegetative and the reproductive stages and most of 
the lines had high panicle sterility. Only 565 rows 
were selected out of 5,872 pedigree lines. 

For crosses intended for rainfed-wetland cul-tures, 17 1 ill: populations were grown along 

with r,'d.y crosst intended for other types of 
rainfe,,-wetland cu ire. Most of the populations 
were usceptible sheath blight and bacterial 
blight ;jd 8'4 plants were selected. 

VARIETAL SCREENING 

Agronomy and Plant Breeding Departments 

Field-screening rices for drought resistance 
(Agronomy). A total of 3,897 lines and varieties 

were tested at IRRI for drought resistance during 
the vegetative stage. Entries were GEU materials 
from pedigree nurseries, observational yield trials 
(OYT), replicated yield trials (RYT), and hybridiza
tion blocks (HB) for the 1978 wet and 1979 dry 
seasons, and selected accessions from the germ-
plasm bank. 

Table I lists 29 entries that received a sco~e of I 
at 2 and 5 bars soil moisture tension (SMT). The 
drought scores of the resistant checks IR442-2-58 
and Salumpikit were I at 2 bars and 3 at 5 bars 
SMT, which indicated that at 5 bars SMT the listed 
lines and accessions had better resistance than the 
resistant checks. 

Another 764 entries had adrought score of 3 at 5 
bars SMT - similar to that of the resistant checks 
IR442-2-58 and Salumpikit. Of those, 116 
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Table 1. Rices outstanding in field drought screening during 
the vegetative stage. IRRI, 1979 dry season. 

Entries with drouqht reactiona of 1 at 2 and 5 bars SMT 

Line or accession Origin 
1R6115-1-1-1 Philippines 
1R6172-6-3I R9669 Sel Philippines

Philippines
ARC 11430C India 
ARC 11432 India 
ARC 12059 IndiaB995c-Bc-1-10 Indonesia 

Bhawalia Diga Bangladesh
 
BKN 6986-167 Thailand
Chung Ta 312'Binastian China 
DNJ 155 Bangladesh 
IAC 5544 Brazil 
Intan Philippines
Jampah 133 Thailand 
Kaika Bangladash 
Ketan Beledeng Indonesia 
Ketan Cere IndonesiaKhao Dawk Mali Thailand 

Kinandang Patong Philippines 
KLG 6987-143-2-P Thailand 
Kulawalai Sri LankaKU 85 Thailand 
Manik Digha Bangladesh
Moroberekan GuineaNam Sagui 19 Thailand 
Paedai Kulibungga Indonesia 

Pate Blanc Ivory Coast 
PN677.2 NigeriaPN678-4 Nigeria 

Check Drought reaction 

Recov-Checks 2 bars 5 bars b
SMT SMT ery 

IR442.2-58 (resistant) 1 3 1 
Salumpikit (resistant) 1 3 1 
IR20 (susceptible) 3 5 3 
IRAT 9 (susceptible) . 3 7 5_.-
aSES 1-9scale: 1 - no to negligible effect of soilmoisture stress(SMTI),
9 all plants apparently dead. bSES 1-9 scale: I = 

90 of plants fully 

t.covered. 97 no plant recovered. 

appeared better than the rest in degree of leaf-tip 
drying. They included IR5853-118-5, which per
formed consistently well in 3 years of drought test
ing at IRRI (Table 2). IR5853-1 18-5 had Nam Sagui 
19 (a deepwater variety moderately resistant to 
drought) as a parent. 

Another line that showed consistently good 
drought resistance was IR8103-120-3 (IR2031-
238-5-2-6/AUS 197//IR2061-213-2-16). In 1978 
it was the only entry among 4,757 that scored I at 
10 bars SMT. In 1979 it was among the 116 that 
performed better than the resistant checks at 5 
bars SMT. 



Table 2. Three-year summary of drought resistance ratingsa of promising lines and varie
ties at different soil moisture tension (SMT) values at IRRI. 

Line or variety 
1977 

4 bars 10 bars 5 bar

1978 

s 10 bars 
1979 

5 bars 

SMT SMT SMT SMT SMT 

IR5853-118-5 
IR8103-120-3 
IR36 
IR43 
IR45 
Kulawalai 

3 
3 
5 
-
-

-

3 
3 
8 
-
-

-

1 
1 
3 
3 
3 
1 

3 
1 
6 
7 
6 
3 

3 
3 
5 
3 
3 
1 

Checks 
IR442-2-58 (resistant) 
Salumpikit (resistant) 
IR20 (susceptible) 
I RAT 9 (susceptible) 

4 
4 
7 
7 

5 
5 
8 
8 

2 
2 
6 
7 

5 
4 
9 
9 

3 
3 
5 
7 

aSES 1-9 scale: 1 = no to negligible effect of soil moisture stress, 9 = all plants apparently dead. 

Rices outstanding for drought resistance reactions to drought of 5 parents of the selected 
(Agronomy). Among lines identified for drought lines. These parents showed consistent resistance 
resistance IR5853-118-5, IR8103-120-3, and only to relatively moderate stresses (5 bars SMT 
IR9669 Selection from IRRI and BKN 6986- and below), while the progenies rated excellent 
108-2 and KU86 from Thailand showed consistent even at 10 bars SMT. Nam Sagui 19, Leb Mue 
resistance for 3 consecutive years (Table 3). Nahng 11l, and Khao Dawk Mali 105 were earlier 
Another 4 IRRI-bred lines had good drought rat- reported resistant to prolonged (10 days) moisture 
ings in 1978 and 1979. Table 3 also gives the stress (1975 and 1976 annual reports). 

Table 3. Rices outstanding for drought resistance, IRRI, 1977-79 dry seasons. 

= 

b 
Drought score 

Possible 
Designationa source of 1977 1978 1979 

resistance 4 bars 10 bars 5 bars 10 bars 5 bars 
SMT SMT SMT SMT SMT 

IR5853-118.5 NS19 3 3 1 3 3 
1R8103-120 3 Aus 197 3 3 1 1 3 
1R9669 Selection Carreon 4 4 1 3 1 
IR5624-110-2 
1R8154-95-1 

KDM 105 
KU70.1 

-
-

-
-

1 
1 

3 
3 

3 
3 

1R8234-174.3 NS 19 - - 2 3 3 
IR9995-96-2 NS 19 - - 1 3 3 
BKN 6986-108-2 3 3 2 3 3 
KU86 2 2 1 3 1 
Nam Sagui 19 7 7 3 7 3 
Carreon 3 3 3 5 3 
Leb Mue Nahng 111 3 3 2 4 3 
Khao Dawk Mali 105 3 6 3 6 3 
KU70-1 4 5 .- - -
IR442-2-58 (R ck) LMN 111 4 5 1 5 3 
Salumpikit (R ck) 4 5 1 4 3 
IR20 (S ck) 7 8 5 8 5 
IRAT9 (Sck) 

= 
7 8 6 9 7 

aR ck resistant check, S ck susceptible check, bSES 1-9 scale: 1 
= 

no to negligible effect of soil 
moisture stress,9 all plants apparently dead. SMT = soil moisture tension. A dash -I means not 
tested during year. 
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Table 4. Summary of field scores on drought resistance of 3,763 accessions and lines at the vegetative and reproductive phases. IRRI,
1979 dry season. 

Growth stage Entries scoreda Entries (no.) that scoredb
 
(no.) 1 2 3 4 5 6 7 8 a
 

Germplasm bank accessions 
Vegetative 2449 10 99 311 1007 866 152 4 
Reproductive 783 2 7 61 113 236 101 147 42 74 

Dryland breeding lines from II TAc and IRA r
d 

Vegetative 273 1 29 116 112 15 
Reproductive 89 9 10 33 12 14 5 6 

Entries from IRRI dryland replicated yield trial 
Vegetative 35 3 22 10 
Reproductive 

Entries from IRRI dryland observational trial 
Vegetative 835 41 192 413 178 11 
Reproductive 89 8 7 20 4 27 1 22 

1978 IURON entries 
Vegetative 171 2 22 83 58 6 
Reproductive 22 2 3 6 2 3 1 5 

Total 3763 11 171 644 1637 1127 169 4 
983 2 7 80 133 295 119 191 49 107 

-means dry season ended before the stressed plants produced panicles. bt = highly resistant, 9 = highly susceptible. CInternational Institute of Tropical 
Agriculture. dlnstitute for Tropical Crops Research. 

Field screening of germplasm bank and showed moderate to high levels of drought resis
breeding lines (Plant Breeding). During the dry tance at the vegetative phase. A large number of 
season, 2,449 accessions from the germplasm accessions also had high levels of drought resis
bank and 1,314 breeding lines from IRRI and the tance at the reproductive phase of growth. Tey 
International Institute of Tropical Agriculture included the traditional varieties from Laos, a 
(IITA) were screened for field resistance to n!mnber of Assam varieties from India, TOX lines 
drought (Table 4). Because of differences in matur- from IITA, and breeding lines from IRAT. Among 
ity range, only 783 accessions and 200 breeding the 1978 IURON entries, ARC 10372 and IRAT 
lines were scored at the reproductive phase before 108 scored 3. Three accessions, Khao Khao Ken
the dry season ended during mid-,,pril. du, Khao Teng, ang Khao Nho, and IRRI breeding 

As in previous screening, a large number of lines from dryland nurseries were later used as 
accessions from Africa, India, Laos, and Pakistan parents in crosses with high-yielding and pest-

Table 5. Summary of field scores on drought -esistance in simulated rainfed-wetland test of 16 accessions and 269 breeding lines at 
the reproductive phase. IRRI, 1979 dry season. 

Entries Entries (no.) that scored" 
(no.) 1 2 3 4 5 6 7 8 9 

Traditional rainfed-wetland varieties from 
the Philippines 16 21 10 2 1 

Breeding lines from wetland nurseries 22 3 17 2 
Breeding lines from rainfed-wetland 

replicated yield trial 70 7 19 38 6 
Breeding lines from dryland nurseries 104 1 19 45 29 10 
Wetland breeding lines from Indonesia 26 5 11 10 
Entries from IRRI-Thailand rainfed

wetland collaborative experiment 25 3 3 8 9 2 
Total 285 1 35 86 129 31 3 

a1 = highly resistant, 9 = highly susceptible. 

88 IRRI ANNUAl. REPORT FOR 1979 



resistant lines from the wetland breeding nurseries. 
Dryland breeding lines of IRRI - IR5440-1-1-

3, IR5987-25-1, 1R6231-3-5, and IR6254-27-1 
also showed moderate to high levels of drough., 
resistance at the reproductive phase. One of the 
parents of these IR lines belonged to traditional 
varieties such as 63-83 and Khao Lo, known to 
have high levels of drought resistance. 

Screening for drought resistance in rainfed
wetland culture (Plant Breeding). In the 1979 
dry season, 52 accessions from the germplasm 
bank and 277 breeding lines from the wetland and 
dryland breeding nurseries, rainfed-wetland repli-
cated yield trials, and wetland breeding lines from 
Indonesia were screened for drought resistance as a 
rainfed-wetland crop. The crop was transplanted 7 
February and allowed to grow for 30 days, after 
which the fields were drained and left to dry. The 
plants showed no marked symptoms of drought 
stress at the vegetative phase after a 3-week stress 
period, and occasional rainshowers in early April 
enabled most entries to recover. In the reproductive 
phase, however, symptoms of stress were visible in 
the medium late- and late-maturing entries. 

Table 5 summarizes field scores on drought 
resistance taken at the reproductive stage of 16 
accessions and 269 breeding lines in the medium 
late- and late-maturing groups. Scores of the tradi-
tional rainfed-wetland varieties from the Philip-
pines ranged from 3 to 7. Of the 35 accessions, 
only 16 headed and were scored: the other 19 were 
photoperiod sensitive. Varieties such as Pangasi-
nan, Melandres, and Inapostol produced well-
filled grains and scored 3-4. A number of entries 
from both wetland and dryland breeding nurseries 
scored 3-4 at the reproductive stage. The scores 
obtained in the simulated rainfed-lowland test may 
not, however, be as reliable as those obtained in 
the uplnd field screening test, because occasional 
showers fell at the reproductive stage. 

In the wet season, the same set of varieties and 
lines were planted in a rainfed-wetland observa-
tional trial on an IRRI upland area. The crop was 
transplanted 19 July, and drought spells during 
20-26 August and 3-9 September did not severely 
affect the test plants. Because of severe lodging 
before and at maturity, no reliable yield data were 
obtained. However, a number of promising entries 
were visually observed as promising: IR40, IR43 
1R3304-23, 1R6254-33-3 1R8073-3-3, 1R8192-

242-3-2-1, IR9217-58-2-2, and IR9264-321-3. 
Drought screening in the greenhouse 

(Agronomy). Screening for drought resistance was 
continued in the greenhouse with major emphasis 
on the GEU elite lines and the dryland and rainfed 
wetland breeding materials from IRTP nurseries. 
Among 810 entries screened, some traditional var-

Table 6. Drought tolerance ratings at vegetative stage of pro

mising GEU elite lines and some selected entries and their 

drought recovery scores after relief from stress. IRRI, drought 
screening greenhouse, 1979 dry season. 

System for Rice 1-9 scale:I - no to negligible 

effert of soil moisture stress,g =all plants apparently dead. 

Variety or line 

10362ARCARC 11430C 
ARC 11432 

Bluebonnet 50 

BK 88-BR6 

Dacca 14DID118 

DNJ 155 

Dova H 

Iguape Cateto 
IAC 25
IAC 5544 

IR8103-120-3 
Maleba L 

MRC 85 
Munot variety 
Paedi Kalibungga 

PN677-1 

PN678-4 
Ram Kajara
Sikodok 

Tri 

1021 (Guatemala) 
CR141-3128-2-234 
CR143-2-10 (lET 3331l 
B1014B-PN-18-1-4 

Surjamukhi 

Naung Tu 

PTB 14 
Sanpyasein 

T-2018 

B541B-Kn-47-1-1 
C166-135 
IR5853-118.5 
1R5825-41-2-P2 
IR8608-79-3.2 
IR5260-1 
IR5931-81-1.1 
IR6140-22-2IR9209-262-1-3-1 
IR9761-75-3 
IR1019866-2 
IR13240-10-1 
IR9129-209-2-2-2-1 

aStandard Evaluation 

Drought tolerance ratinga Av 

2 2 2.33 33 3 3.0 
3 2 3 2.7 

2 3 3 2.7 
2 3 2 2.3 

4 3 2 3.0 
3 3 3 3.0 

3 2 2 2.3 

3 3 3 3.0 
3 3 3 3.0 
3 3 2 2.7 
4 3 2 3.0 

4 4 3 3.7 
3 2 2 2.3 
2 2 2 2.0 
3 3 2 2.7 
3 3 3 3.0 

3 3 3 3.0 
3 3 3 3.0 
2 2 2 2.0 
3 2 2 2.3 

2 3 2 2.3 

3 3 3 3.0 
3 3 3 3.0 
3 2 3 2.7 
3 3 3 3.0 

3 1 1 1.7 
1 4 2.5 
3 3 3.0 
3 3 3.0 

3 3 3.0 

2 5 3.5 
4 3 3.5 
3 2 2 2.3 
3 3 3.0 
3 3 3.0 
3 4 3 3.3 
4 3 3 3.3 
4 3 3 3.3
4 3 3 3.3 
4 3 3 3.3 
4 3 3 3.3 
4 3 3 3.3 
3 5 3 3.7 
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ieties and breeding lines of varied geographic Grain yield. The highest yield of 5.7 t/ha was 
origins scored about 3.0 or better (Table 6). from C166-135 at La Granja (Table 7), where 

Dryland rice yield tests (Agronomy). Dryland- weather was most favorable for dryland rice. In the 
rice yield tests of 81 entries were at IRRI, and in other four sites, the effect of drought was reflected 
farmers' fields ai 2 sites (Cuenca and Santo Tomas) by the generally low yields. Yields of the earlier 
in Batangas Province, and at the Philippine Bureau maturing entries planted at the start of the wet sea
of Plant Industry (BPI) experiment stations in son suffered more from the soil moisture stress 
lagan, Isabela Province, and La Granja, Negros than yields of the later -maturing entries (Table 7, 
Occidental Province. 8). Despite the low rainfall in Ilagan, IR9560-2-

Soil moisture and rainfall. Soil moisture stress 6-3-1 and IR9669 Selection had yields of 3.5 and 
occurred during various stages of crop growth at the 3.1 t/ha, indicating good yield ability in drought 
different sites. SMT reached 60 centibars (cb) at conditions. 
Santo Tomas in late August, and 51 cb at Cuenca B733C-167-3-2 had the highest mean yield of 
and 75 cb at IRRI in early September (Fig. 1). A 2.5t/ha (Table 8) among the 12 selected early
severe drought occurred in lagan (Fig. 2). maturing entries. Among the late-maturing entries, 

Rainfall (mm/wk) Soil moisture tension (cb) at 20-cm depth 
80400 

IRRI Soil moisture tension 

-60300 
200 -Rainall 4 

2 Noofrainy doys "a 

5 ', -20 
620 

7 6 6 3 ,j6 51 
6 2 5 - . . 6 

100 5 

80
 
400 

Sanlo Tromas, Batangas 

60300 

40 

No ot rany days 3 5 

6 4 43 5 

200-

80400 
CuenCa, Batangas 

3 Soil mosture tension 60300- Raintlo ' "" 
5 

3[No 7anfll 6ofrainy days 

20 20 

100-, 3 5 4 
4 

OIn',L ; 
3 

0 F.-- Moy- Jun- I- Jul-
A 

-- Aug Sep-
N 

-I Oct i Nov---1 
0 

Weekly rainfall and soil moisture tension during dryland rice yield tests at IRRI and in Batangas 
province, Philippines, 1979 wet season. 

W. 
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fl/agn, Isabela 

too 4 420200 4 3 L 2 

00 00 0 

400 7 

La Crolyo, Negros Occldentol 

300- 6 

2006 6 

100 1 5 

June July August September October 

2. Weekly rainfall during dryland rice yield tests at IlagLn, Isabela province, and La 
Granja, Negros Occidental province, Philippines, 1979 wet season. 

IR9669 Selection and 1R9560-2-6-3-1 (UP'76 # Agronomic characteristics. The low rainfall in 
69) showed consistently outstanding grain yield for Ilagan delayed flowering of the entries. The shor
all test sites and dates. test delay - 7 days - was on MWIO (Table 9). 

In 1978, B733C-167-3-2, IET 4094, IR9609 All the listed entries were shorter in stature than 
Selection, Gama 318, and IR43 were also among the checks M1-48 and C22 and had more panicles 
those better than the check entries. than MI-48. The agronomic characteristics of the 

Table 7. Grain yield of selected late-maturing rices in a dryland rice yield test at 5 sites in the Philippines. 1979 wet season. 

Grain yield (t/ha) 

Designation IRRI Santo Tomas Cuenca Ilagan La Granja 
. .. . .. .. . . .... . M ean 

6Jun
0 10 Jul 26 May 3 Jul 29 May 28 Jun 7 Jun 1 Jun 

IR9669 Selection 2.4" 2.4" 3.6' 3.5" 3.2" 3.1 3.1 4.4 3.2 
IR9560-2-6-3-1 2.8" 2.2 3.4' 3.3' 3.1" 3.0" 3.5' 4.7 3.2 
Gama 318 2.8" 1.9 1.9 2.6 2.6 3.1' 2.9* 5.0' 2.8 
IR43 2.4 3.1' 2.4 3.0" 2.4 2.5 2.4 3.4 2.7 
KN 96 2.0 2.3" 2.5 2.8 2.2 2.4 2.3 4.6 2.6 
lET 1785 1.8 2.5" 2.3 3.3' 2.1 2.4 1.8 4.8 2.6 
C166-135 2.5' 2.0 1.8 2.2 2.5 1.9 2.2 5.7' 2.6 
IR45 1.9 2.4' 2.8 3.2 1.3 2.0 2.8' 4.0 2.6 
IR9995-96-2 1.9 2.0 2.4 3.5 2.1 2.8 1.9 3.6 2.5 
B541 B-PN-58-5-3-1 1.6 2.4' 2.0 2.7 2.2 3.0' 1.9 4.1 2.5 
IR5853-118-5 1.4 2.4' 2.8 2.3 2.6 3.3' 1.8 3.2 2.5 
IR2823-399-5-6 1.9 2.2 2.8 3.2' 1.2 1.8 1.8 4.5 2.4 
C171-136 1.9 1.8 2.1 2.2 2.6 2.1 2.5 3.7 2.4 

1R9266-124 1.6 1.6 2.2 2.8 2.7' 2.3 2.2 3.3 2.4 
C22 (late check) 1.5 1.6 2.4 2.1 1.8 2.5 2.2 3.7 2.2 
aSeeding date. *Significantly higher than the check, C22, at P = 0.05. 
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Table 8. Grain yield of selected early-maturing rices in a dryland rice yield test at 5 sites in the Philippines. 1979 wet season. 

Grain yield Ws/hal
 
Designation IRRI 
 Santo Tomas Cuenca Ilagan La Granja 

6 Juna 10 Jul 26 May 3 Jul 29 May 28 Jun 7 Jun 1Jun Mean 

8733C-167-3-2 1.7' 2.1 2.1 2.9' 2.2 2.6' 1.9' 4.4 2.5
IR5716-18-1 1.2 2.4" 2.4 2.9' 1.8 1.9 2.4' 3.6 2.3
lET 4094 1.1 2.3' 2.0 2.8' 2.7 2.3' 0.5 5.0' 2.3
1R2061-522-6-9 1.1 2.4' 2.0 2.8* 2.3 2.4* 1.2 4.1 2.3 
IR3839-1 0.7 2.2* 1.9 2.7 2.1 2.4' 2.0' 3.9 2.2 
BG35-2 0.8 1.6 2.4 2.0 2.9 2.0 2.0' 3.2 2.1
IR9410-80 0.8 2.0' 1.4 2.0 2.5 2.1 2.3' 3.8 2.1 
1R2061-628-1-6-4-3 0.5 1.6 1.6 2.7' 2.4 2.5* 1.3 3.8 2.0 
1R7473-118-2-2-3 0.8 2.0" 1.2 2.1 1.8 2.4* 1.4 4.0 2.0
1R9828-36-3 0.7 1.8' 1.8 2.4' 1.6 2.3' 1.6 3.6 2.0
1R9101-37-1 0.6 1.8' 1.8 2.5' 1.8 9.4' 1.5 3.2 2.0
IR36 1.0 1.8' 2.2 2.2 1.7 2.0 1.5 3.2 1.9 
MW10 b 1.9' 2.8 2.6' 3.1' 1.6 0.8 3.2 2.3 
M1.48 (early checkl 0.6 1.0 2.0 1.4 1.9 1.6 1.5 3.3 1.7 
aSeeding date. bRat damage. *Significantly higher than the check, M1 48, at P 0.05. 

late-maturing entries are in Table 10. was recommended for inclusion in the International 
Sheath blight was prevalent and leaf scald was Upland Rice Yield Nursery (IURYN) and the 

serious at both Batangas sites. Bacterial blight was Philippine national trials. 
the most common disease at Ilagan and at IRRI. Field evaluation of dryland breeding lines 
The least infected entry was IR5853-118-5, which (Plaut Breeding). Eighty entries from the upland
had only bacterial blight at Ilagan and sheath blight and lowland breeding nurseries were evaluated at 
at Cuenca. IR9560-2-6-3-1 had bacterial Light two IRRI sites and in a famer's field in Batangas 
and leaf blight in lagan, and leaf scald and ,heath Province. 
blight in Cuenca. On the basis of this year's and A rainfall of 1,730 nm was evenly distributed 
previous years' observation, sheath blight could Irom seeding to the last harvest at Batangas. The 
become a serious threat to upland rice production. highest yields, 4.2 - 4.7 t/ha, were from the late

IR9560-2-6-3-1 (IlR///IR8*2//lRI905/IRI904) maturing lines (R43. IR9669 Selection, and 

Table 9. Agronomic characteristics of selected early-maturing rices in dryland rice yield test at 5 sites in the Philippines. 1979 wet 
season. 

Grain Daysto Plant Panicles Drot scoiv"
 
Oesignation yield Days 
 nt ) ..... Scot Diseases"( head ing ( I(noIn2 IRFI Ilzaan 

B733C-167.3-2 2.5 76-102 93 258 4.7 5.0 LB, LSC, BB, BLS, SHB
 
IR5716-18-1 2.3 70-126 
 85 238 4.3 3.0 LB, BS, B8, SH8
 
IET 4094 2.3 77-99 
 75 291 3.7 3.0 LB, LSC, BB, B LS, SB
IR2061-522.6-9 2.3 75-123 85 256 4.7 5.0 LB, NBLB3, LS, BB, SHB
 
IR3839-1 2.2 75-96 79 292 
 3.7 4.3 8S,BB, SHB
 
BG35-2 2.1 75-103 77 252 3.3 
 5.0 LB. LSC, 8B,SHB 
IR9410-80 2.1 77-114 76 3.7302 3.0 LB, NBLS, LSC, BB, SHB
 
IR2061-628-1-6-4-3 2.0 75-121 75 259 4.7 7.7 
 LB, BB, SHB
IR7473-118.2-2-3 2.0 80-101 84 254 4.0 3.0 LB, BS, LSC, BB, SH8 
IR9828-36-3 2.0 77-100 68 289 4.0 5.0 LSC, BB, SH8 
IR9101-37-1 2.0 72-96 78 277 3.7 5.0 LB, NBLS, LSC, B8, SHB
 
IR36 1.9 75-121 65 286 3.7 5.0 
 LB, LSC, SHB
 
MW1O 2.3 74-81 71 259 3.3 5.0 
 NBLS, 88, SHB
 
M1-48 (early check) 1.7 77-116 107 145 3.3 5.0 LB, BB, SHB
 
aSES 1-9 scale: I = no to negligible effect of soil moisture stress, 9= all plants apparently dead.= Done 29 Aug at IRRI and 25 Aug at Ilagan.bLB = leafblast, 8S brown spot, NBLS= narrow brown leaf spot, LSC leaf scald, LSM = leaf smut, B8 = bacteral blight, BLS bacteral leaf streak, SHB ' sheath
 
blight.
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Table 10. Agronomic characteristics of selected late-maturing ricr ; in dryland rice yield test at 5 sites in the Philippines, 1979 wet 
season. 

Grain Plant
 
Designation (t/ha heading PaniclesD
yield aysto ht (no./m2) . . .. .. Diseasesb
 

(cm) IRRI lagan

IR9669 Selection 3.2 93-130 77 255 3.7 5.0 LB, BB, SB
IR9560-2-6.3-1 3.2 94-104 78 259 3.0 5.0 LSC,B8,SHBGama 318 2.8 91-117 87 237 3.7 
IR43 

3.0 BS, LSC, BB,SHB
2.7 88-121 

KN91 
77 251 4.3 3.7 LSC, B8,SHB 

2.6 90-109 100 238 4.0 3.0 LB, BB, SHBlET 1785 2.6 86-130 74 253 4.0 7.0 LB,LSC, 88, SHBC166-135 2.6 88-115 106 
IR45 

211 3.3 4.3 LSC, BB, SHB
2.6 91-122 75 318 3.7 3.7 LB,LSC, BB, SHBIR9995-96.2 2.5 86-116 84 253 4.0 7.0 LB,BS, LSC, 81,SHB85418-PN-58-5.3-1 2.5 82-102 92 251 4.0 3.0 BS, LSC, BB, SHBIR5853-118.5 2.5 82-120 81 260 4.0 3.0 BB, SHB
IR2823-399-5.6 
 2.4 87-126 80 274 4.7 3.0 LB,LSC, 18, SHBC171-136 2.4 88-121 102 186 4.0 5.0 LSC, BB,SHBIR9266-124 2.4 84-102 83 235 3.7 3.0 BS, 88, SHBC22 (late check) 2.2 85-11 1 187 4.0 3.0 LSC, 88, SHB 

-
aSES 1-9 scale: I = no to negligible elfect of soil moisture strL 9 =all plants apparentlv dead.Done 29 Aug at ISRRI= and 25 Aug at Ilagan. bLB =lea=
blast, BS= brown spot, NSLS = narrow brown leaf spot, LSC fleaf smut, BB BLSleaf scald, LSM = bacterial blight, =bacterial leaf streak. SHB sheath= 

blight. 

IR6115-I-l-I), which benefited from late rains. On the IRRI new farm the crop went throughIR61 15-1-I-1 (IRI 5 2 9 -680-3/Moroberckan) has two short stress periods that coincided with the
consistently produced 4.2 t/ha at Batangas since reproductive stage of growth of the early- and1977. medium-maturing lines. The crop showed visible

Among the early-maturing (110-day) group, symptoms of drought stress around flowering time.IR2061-522-6-9 and lET 1444 produced 3.6 and The highest yields were from IR43, 1R6115-1-1-1,
3.5 t/ha at Batangas. Promising lines with moderate and IR9669 Selection. 
to high levels of drought resistance were At a low-fertility, well-drained site at IRRI, theIR5982-7-6-1, 1R6023-10-1-1, IR5440-1-1-3, and ci',p went through severe stress periods that coin
IR5716-1F. I (Table I). cided with the booting and flowering stages of 

Table 11. Com )arison of yields and number of days to heading of 17 selected lines and
varieties growi, at 3 sites as a dryland crop. IRRI, 1979 wet season." 

Santo Tomas IRRI new farm IRRI railroad site 
Variety or line Yield Yield Yield 

TH t/ha) TH t/ha) 0TH (t/ha) 

IR43 102 4.7 104 3.6 126 0.3 
IR45 107 3.3 104 2.8 130 0.3
IR3646-8-1-2 104 2.3 103 2.0 129 0.5 
IR3646-9-1-1 
 99 3.1 100 2.2 128 0.5 
IR4895-1-2-1 92 1.7 92 1.3 106 0.4
IR5178 1-1-3 74 1.3 74 0.6e 76 0.5 
IR5440-1-1-3 90 3.3 94 2.2 114 0.1
IR5716-18-1 90 3.2 95 2.4 115 0.1
IR5853-118-5 101 3.0 99 1282.8 0.2
IR5982-7-6-1 100 3.5 100 2.8 130 0.1
IR6023-10-1-1 100 3.4 100 2.6 128 0.6
IR6115-1-1-1 99 4.2 102 3.6 128 0.2 
IR9669 selection 104 4.5 104 3.7 108 0.4 
MRC 438 105 2.9 104 2.8 132 0.6
C 171-136 107 2.9 103 2.6 135., 0.6
1R36 (check) 82 2.1 90 1.6 106 0.0 
Kinandang Patong (check) 'q7 2.6 97 1.4 106 0.2 
aDTH =number of days to heading. bLodged plots. 
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.	 "or elastic growth duration could still produce some 
,,, 5o 	 grains even under severe stress. Several such lines 

III _ _ performed better than the traditional check variety 
A150, 61.2 _ _ _ _ .. .

4, 
Kinandang Patong. 1R5853-1 18-5, reported to be,WOu -LAE TrYW.rU~rI 

52 drought resistant in t1'- greenhouse test and a top 
-3228 5 42 yielder in the national it."infed-wetland yield trials 

...... _______33 of the Philippines, produced only 0.2 t/ha - the 
. 0 	 same as Kinandang Patong. Moreover, it produced

LAT1EMATDRVT 

IN _l.l . . P'1... only 3.0 t/ha in a farmer's field in Batangas and 2.8 
...... , _ F t/ha at the IRRI new farm.4,3_ 

KML6,U45____________ I_____ pR3RDM165-,,, R, 3 22 

LWJr DT 7O03T 

L, - I "Z'-9oM 1.3 SSD DROUGHT RESISTANCE INRAINFED WETLAND 
...... CULTURE
12. 

-20. Plant Breeding, lrrigation Water Management, 
., W, -"and Agronomy Departments 

2e<4. 	 - - o " 

o - 3"" Yield performance of 24 rices under 2 water 
.I regimes (Plant Breeding and IrrigationWater Man

-! oagement). Tests of promising lines in a farmer's 
field continued in Central Luzon in fully irrigatedso 	 and rainfed plots. The rainfed plots underwent a 

o 	 prolonged stress period (Fig. 3). 
The early-maturing lines markedly suffered 

3. Rainfall distrihution. soil moisture content, depth of water 
tahle. stress days. gro',/its duration, yields and drought reac- Table 12. Numberof days to full heading and yield of 24 varie
tions of 10 rices tes'ed at (Japan. Nueva Ecija prevince. Philip- ties and lines grown in fully irrigated IFI) and rainfed-wetland
pines. 1979 sset season. A stress day is an. day after 5consecu- (RW) plots at Gapan, Nueva Ecija, Philippines, 1979 wet sea
tHe da.s %sithoutstanding %ater inapaddy. IH= = 	 transplanting. son.heading. NI maturity. RW = rainfed-wetland. FI= lull... .......... ....
 
irrigated, 1)1Fv days after transplanting. Variety or line Days to icding Yield (t/ha)
 

Fl RW FI RW 

IR34 92 105 4.1 3.3 
IR36 78 88 3.0 3.8 
IR44 89 97 4.3 3.6 
IR46 90 97 5.2 4.1 
IR3464-126-1.3 100 112 4.2 3.6 
IR3646-9.2-1 90 95 4.2 3.4 
IR3880-17-3 89 97 4.0 3.3 
IR4219-35-3-3 110 3.9120 3.0 

most entries. Grain yields were extremely low: IR4432-265 93 96 4.2 4.1 
IR36, IR2061-522-6-9, and IR381(-2-5-3 pro- IR5420-1-1-2 79 79 4.2 3.0 

IR5853.18-5 I. 4.389 3.8dted no grain at all. The highest yields were from IR5873-9-1 86 92 4.6 3.4 
IR6023-10-1-1, MRC 438. and C171-136, all of IR5931-63.1-2 85 90 4.4 3.1 
which have good recovery ability. IR6023- 10 also IR92C4-321.3 108 119 4.1 2.1 
had a high level of drought resistance at the vegeta- IR10168.52-4-2 87 90 5.1 3.8 

IR10781-75-3-2 98 106 4.4 3.6tive phase. R13146-179 100 109 4.7 3.9 
Comparisons of yield perlormance and the IR14753-70.2 91 97 3.7 3.5 

number of days to heading of selected lines and BPI-76 n.s. 92 101 3.6 3.3C166.133 90 98 4.2varieties among the three test sites are shown in 	 3.4
Mahsuri 103 114 4.3 3.7 

Table 1I. The performance of the crop at the rail- KDML'65-GtU-45 111 115 3.8 3.2 
road site indicated that lines and varieties with high B865C-Mr-144-3-1-2 90 97 4.7 3.8 
levels of drought -esistance, good recovery ability, B1141C-Kn-43-1-8 89 97 4.5 4.5 
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from the drought before heading - the yield dif-
ferences between fully irrigated and rainfed plots 
amounted to about I t/ha. The medium-maturing 
lines showed a smaller difference between the two 
treatments. The late-maturing entries were visibly 
affected by drought during October. However, the 
redution in yield of the 3 late-maturing lines in the 
rainfed plots - from 0.6 to 0.8 t/ha - was rather 
small compared with that in the fully irrigated 
plots. 

IR46, IR4432-28-5, and BI 141C-Kn-43-1-8 
from the medium-late maturing group - were the 
best performers with yields ranging from 4.1 to 
4.5 t/ha (Table 12). IR46 showed the greatest dif
ference in yield between the rainfed and the irri
gated treatments. Similar to IR46, 1R10168-52-4-2 
produced 5.1 t/ha in the irrigated treatment, but the 
yield dropped to 3.8 t/ha in the rainfed regime. 

At the Talavera site, the crop underwent a pro-
longed stress period starting 18 days after trans- 
planting. The crop stand was uneven and several 
entries had a large number of dead plants. The total 
precipitation from transplanting to harvest was 
only 276.3 mm. Because of uneven stand in many 
plots, yields were not reliable antl culd not be 
compared with those obtained from thc fully irri-
gated and the rainfed plots of Gapzn. The yields 
from those plots with a full stand ranged from 1.3 
to 2.4 t/ha only. 

Rainfed wetland yield nursery for drought-
prone areas (Agronomv). A rainfed wetland yieldnursery for drought-prone areas was grown at 
Guimba, Nueva Ecija, at the end of the 1979 wet 
season. The entries (selected varieties and lines 
from the 1978 International Rainfed Lowland Rice 
Observational Nursery and from the IRRI breeding 
program) consisted of 10 each of 4 maturity classes 
- very early (< 105 days), early (105-115 days), 
medium (115-130 days), and late (--130 days). 
Fertilizer was applied at 100-30-0 with nitrogen as 
urea in split application. The nursery was trans-
planted 13 August and I Septembcr. 

All entries in the first transplanting, except 
1R9995-65, had higher yield than those in the sec
ond (Table 13). A high amount of rainfall from 
August to mid-October kept all the plots in the first 
transplanting well watered until harvest time.Windspnting wellsowatred Augst h ptimbe.
Wind speed was slow from August to September 
(Fig. 4). 

The second transplanting had a generally low 

yield because of low rainfall from mid-October to 
December, which subjected the plants to moisture 
stress at the reproductive stage. Wind speed gener
ally increased during November-December, caus
ing higher evapotranspiration. 

A comparison of the yields of the well-watered 
and stressed plots (Table 13), identified IR9129
161-2, IR5853-198-1-2, and IR7149-35-2-3-2 as 
promising drought-resistant lines among the 40 
entries. IR9209-26-2, IR3941-25-2, Salumpikit, 
1R2823-103-5-1, and IR4707-14-3-1 also had 
small yield differences between the well-watered 
and stressed plots. 

l 204 

In 2004 
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4.Weekly rainfall, 3-day moving average of mean daily windspeed and relative humidity for evaluation of a rainfed )ield 
nursery for drought-prone areas at Guimba, Nueva Ecija pro
vince, Philippines, 1979. 
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Table 13. Grain yielda and maturity of 40 entries in the v-infed lowland yield nursery 
for drought-prone areas. Guimba, Nuava Ecija, Philippi'.,s, 1979 wet season. 

Entry EtyYield 

IR14753-72-3 
IR5853-198-1-2 
1R4570-83-3-3-2 

IR32 
lET 1444 
IR4707-140-1-3 
IR5623-189-3 
IR26 
IR9129-161-2 

IR2307-437-3-1-2 
IR1529-430-3 
IR2823-103-5-1 
IR4707-14-3-1 
Gama 318 
IR20 
IR5629-64-3 
IR9209-26-2 
IR3941-25-2 
IR13426-19-2 
MR 7 
BG 35-2 
IR7149-35-2-3-2 

B462B-PN 
IR3464-96-3-3-1-3 
IR3464-96-3-3-1-1 
1R9129-192-2 
B44113-126-3-2-1 
1R9764-45-2-2 
IR5817-45-3 
Palawan 
C22 
IR5931-110-1 
B2039C-KN-7-2-5-3-1 
IR5716-4E-1 
B1050C-M,3-26-2 
IR6217-3-2 
IR7790-18--2 
Salumpikit 
IR3304-23 
IR9995.65 

11 Aug first transplanting 
. . . .. 

iela Maturity
(tha) 

5.0 a 132 
4.9 ab "12 
4.8 abc 140 
4.6 abed 129 
4.6 abcd 112 
4.5 abed 126 
4.5 abcd 132 
4.4 abcde 132 
4.1 abcdef 112 
4.1 abcdef 117 
4.1 abcdef 129 
4.0 bcdefg 126 
4.0 bcdefg 128 
3.9 cdefgh 129 
3.8 cdefgh 129 
3.8 cdefgh 117 
3.8 cdefgh 108 
3.8 cdefgh 105 
3.7 cdefghi 132 
3.7 cdefghi 127 
3.7 defghi 117 
3.7 defghi 107 
3.5 clefghij 126 
3.5 defghij 133 
3.5 defghij 133 
3.5 defghij 108 
3.4 efghij 132 
3.3 fghij 137 
3.1 fghijk 140 
3.1 fghijk 129 
3.1 fghijk 132 
3.0 fqhijk 117 
3.0 ghijk 123 
2.8 hijkl 117 
2.8 hijkl 132 
2.7 ijkl 129 
2.5 jkl 120 
2.5 jkl 110 
2.2 kl 117 
1.9 I 123 

1 Sep second transplanting 
Yield 
i/a Maturity(tha) 

2.0 abcdufgh 110 
2.3 abcde 118 
2.1 abcdefgh 117 
2.2 abcdef 110 
2.5 abc 110 
1.9 bcdefgh 111 
2.1 abcdefgh 116 
1.5 cdefghi 112 
2.9 ab 110 
2.1 abcdefg 111 
2.1 abcdefgh 111 
2.2 abcdef 114 
2.4 abcde 116 
1.7 cdefghi 110 
1.3 defghi 110 
1.5 cdefghi 110 
2.5 abc 103 
2.4 abed 105 
1.1 ghi 115 
1.7 cdefgh 114 
1.8 cdefth 110 
3.0 a 108 
1.3 defghi 110 
1.1 gh; 120 
1.0 hi 120 
2.1 abcdefglt 103 
1.3 effhi 115 
1.2 fghi 110 
1.5 cdelghi 122 
1.6 cd-ifghi 115 
1.4 criefghi 111 
1.2 efghi 110 
1.8 -cdefgh 110 
1.6 cdefghi 110 
1,8 cdefgh 113 
O.E i 110 
1.3 eighi 110 
'.1 abcdefgh 110 
1.6 cdefghi 110 
2.2 abcdef 110 

aln a column means followed by the same letter are not significantly different at the 5% level. 

In the well-watered plots (1st transplanting),
high yields were distributed among all the maturity 
groups and maturity was delayed for almost all the 
varieties. In the stressed plots, however, the five 
highest yielding entries were in the very early-
maturing group. Because maturity was hastened 
(or senescence was accelerated) for almost all 
entries, no entry could be classified as late matur-
ing. 

INTERNATIONAL COLLABORATION 
Plant Breeding ald Agronomy Departments 

Regional evaluation of rice germplasm for drought 
resistance was continued in India, Indonesia, and 
Thailand, and the collaborative efforts on breeding 
for drought resistance were expanded in India and 
Thailand. 

Evaluation of and breeding for drought resis
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tance (Plant Breeding anl Agronomy). India-
IRRI. A collaborative screening nursery for 
drought resistance in dryland culture was tested at 
eight sites within the 'hought-prone zone of India 
and at IRRI. The test materials consisted of the 
reputedly resistant varieties in the areas concerned 
and promising lines from Indian agencies and 
IRRI. 

Ranchi (Bihar) received only 505 mm rainfall, 
which was about 5011 of the average annual pre-
cipitation, and it was necessary to irrigate 2 repli-
cations of the nursery to compare reproductive 
growth among entries. The traditional varieties 
such as Black Gora, Brown Gora, and Kalakari 
survived the drought better tian the breeding lines 
and produced some seed after irrigation. 

Among the breeding lines, IR5178-1-1-4, 
D6-2-2, IAC 25, and OR 165-5-12 were relatively 
better than the others. Early maturity and good 
recovery ability appeared to be essential compo-
nents of drought resistance. 

At Faizabad (Uttar Pradesh), only 25% of the 
normal 1,100-mm precipitation was received and 
50% of the collaborative nursery was irrigated. 
The entries in the experiment and those observed at 
Ranchi h:.d similar rankings. 

An identical set of 22 varieties and lines were 
planted at IRRI in late August. There were dry 
spells in the early vegetative and early reproduc-
tive phases and results were the same as those in 
India. 

Breeders of the Central Rice Research Institute, 
the Ranchi, Faizabad, and Mandya (Karnataka 
State) Rice Experiment Stations, and IRRI met and 
developed a plan to generate early-maturing 
genotypes with other improved features to serve 
the endemically droughty regions of India. The 
Indian collaborators will supply seed of donor pa-
rents for crosses at IRRI and the F., seed will be 
sent to the stations involved for selection under 
local conditions. 

Indonesia-IRRI. A collaborative rainfed wet-
land nursery was planted at Ngale, in East Java, in 
February. Much of the experiment was damaged 
by brown planthopper and no yield data were 
obtained, 

Thailand-IRR. Varieties were tested in both 
dryland and rainfed-wetland conditions at three 
sites in Northeast Thailand. In the collaborative 
rainfed-wetland experiment, IR3880-13-10 and 

B981d-Si-46 appeared promising at the heading 
stage. Among the entries with later maturity, 
RDI5 and several IRRI lines looked ,egetatively 
vigorous.
 

In the dryland screening, the most drought
resistant entries were Thai hill rices, IAC lines of 
Brazil, the traditional varieties of the Philippines, 
and several aus varieties of Bangladesh. Four IR 
dryland breeding lines also showed high levels of 
drought resistance: IR5179-2, IR3880-10, 
IR3880-13-10, and IR5178-1-1-4. 

Deepwater rice drought screening 
(Agronomy).Seventeen rices were listed at IRRI 
as common entries to the international collabora
tive deepwater rice drought screening for 1979. 
Two sets of seeds of each variety or line were sent 
to Thailand and a set each to West Africa and West 
Bengal, India. A set was also inc!uded in the IRRI 
1979 dry-season field screening for drought resis
tance. Two successive typhoons prevented the soil 
from reaching 10 bars SMT before the onset of the 
wet season. 

Most of the rices were tolerant of 2 bars SMT. 
However, only KU 86, an accession from Thai
land, was tolerant of' 5 bars SMT (Table 14). A 
few entries, most of them deepwater varieties, 
were moderately resistant to 5 bars SMT. All rices 
tested had better drought ratings than the suscepti
ble checks IR20 and IRAT 9. 

ROOT STUDIES 
Plant Physiology Delartntentf 

Screening for deep-root system. The deep root
shoot ratio and some agronomic characteristics of 
1,081 lines or varieties were tested by the root box 
technique. 

Deep root-shoot ratio approximately represents 
the amount of roots that have deeply penetrated the 
soil (1974 annual report). 

Two check varieties, OS4 and IR20, were 
included in ever), set of trials. The deep-root scores 
of entries were adjusted relative to those of check 
varieties whose deep root-shoot ratios varied from 
one set to another. Many entries had root systems 
as deep as, or deeper than, that of OS4 (Table 15) 
because more dryland rices than wetland rices were 
included in the screening trials. The deep-root 
scores and field ratings for drought resistance of 
some lines and varieties are listed in Table 16. 
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Table 14. Drought tolerance and recovery ratings of common entries in the international collaborative deepwater drought experiment.
IRRI, 1979 dry season. 

Designationa 

BKN6986-147-2 

FR 13A 

Khao Dawk Mali 105 

KLG6986-165-P 
KU 86 
Leb Mue Nahng 111 

Nam Sagui 19 

63-83 

IR442-2-58 (R ck) 

IR5853-118-5 

IR8098-152-1 
IR8103-120-3 
1R8151-23-2 
1R8234-174-3 
Salumpikit IR ck) 
IRAT 9 (S ck) 
1R?0 (S ck) 

aR = resistant, S = susceptible, ck = 
apparently dead. cSES 1-9 scale: 1 

Accession 
no. 

39174 
6144 

27748 

15027 
7819 

114C2 
14725 

5427 
285' 

Drought ratingb 

Origin Ist 2d Recovery 
scoring scoring sCorec 

(1-2 bars SMT) (4-5 bars SMT) 21 Apr 
26-27 Mar 7 Apr 

Thailand 3 
India 3 

Thailand 1 
Thailand 1 
Thailand 1 
Thailand 1 
Thailand 1 
Ivory Coast 1 
IRRI 1 
,2R1 1 
IRRI 1 
IRRI 1 
IRRI 3 
IRRI 3 
Philippines 1 
Ivory Coast 3 
IRRI 3 

check, SMT soil moisture tension. SES 1-9 scale: 1 no 
all I ants fully recovered, 9 - no plant recovered. 

5 1
 
5 1
 

3 1 
3 
1 1 
3 1 
3 1 
3 1 
3 
5 1 
5 1 
3 1 
5 1 
5 1 
3 1 
7 3 
7 

to negligible effect of soil moisture stress, 9 = all plants 

Simple correlation coeft cients between deep-
root score and agronomic claracteristics are sum-
marized in Table 17. Growth Juration was not cor-
related with deep-root score. Deep-root score was 
negatively currelated with plant height. Deep-root 
score was positively ctrre!ated with tiller number, 
implying that loN-tilleIr.g varieties tend to have 
deep root systems. However, there was good nega-
ti'e correlation between plant height and tiller 
number. The results simply summarized a com-
mon observation that dryland rice varieties are 
usually tall, low tillering, and deep rooted. The 
correlation between plant height and root system is 

not genetically linked. 
Aluminum toxicity in rice. Aluminum toxicity 

is suspected to be a major facto.- limiting the pro
duction of dryland rice on acid soils and of wetland 
rice on acid sulfate soils. A wide range of varietal 
differences in tolerance for aluminum toxicity has 
been reported (1977 annual report). A series of 
experiments in 1979 studied the nature of 
aluminum toxicity. 

Efect ofalninumon germination. Aluminum 
at concentrations from 0 to 60 ppm in solution had 
no influence on germination. 

L'fct of alutminltm oil the maximum and total 

Table 15. Summary of screaning for deep roots by the root box technique. IRRI, 1979. 

D,'!ep-root scorea 

1 2 
. . ... . ... . . . . . . . . . 

3 
.... . ... . 

4 
. 

5 
T o ta l 

Number 294 180 233 241 133 1081 
Frequency 27.2 16.7 21.5 22.3 12.3 100.0 
a5coring system for deep root system. 

Score Root characteristic Check variety 

1 Very deep 
2 Deep OS4 
3 Intermediate 
4 Shallow 
5 Very shallow IR20 
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Table 16. Examples of deep-root scrre of lines and varieties 
and their field rating of drought resistance. IRRI, 1979. 

Deep-root Variety Drought 
score resistancea 

1 Morober-kan R 
1 Seratus Malam R 
1 20 A R 
1 Rikuto Norin 21 R 
1 OS6 MR 

2 E425 MR 
2 M1-48 R 

2 OS4 R 
2 Azucena MR 
2 Magsanoya MR 

3 Miltex MR 
3 IR442-2-58 I 

3 Dular R 
3 Kandingog MR 
3 RP79-16 MR 

4 IR5 I 
4 IR8 1 
4 C22-51 I 
4 Pelita 1/1 I 
4 IR127-80.1 I/MS 

5 IR20 MS 

5 TN1 S5 MRC 172-9 MS 

5 IR1416-131-5 MS 
5 IR2035-117-3 I 

aRated by Plant Breerinq Delpartiment: R resistant, MR -noderately 
resistant, I ,nitrcedhate, MS - moderately susceptible. 

root length. Aluminum impaired both maximum 
and total root length (Table 18). At 3 ppm, it 
affected ooIly susceptible varieties; at 10 ppm, 
however, it damaged severely all the varieties 
tested. Modem wetland varieties such as IR5, 1R8, 
and CICA 4 have large values of total root length 
relative to the maximum root length (Fig. 5). These 
data imply that aluminum impairs both elongation 
and branching of roots. 

Effect o1 aluminum on water uptake. Aluminum 
may affect water uptake by rice roots through 

Table 17. Correlation coefficients for 1,081 entries screened 
for deep-root system. IRRI, 1979. 

[',nt Tillers Deep-root 
ht (no.) score 

Days to flowering 0.13' 016'' 0.11' 
Plant height -0.46' -0.45** 
Tiller number 0.39* 

Table 18. Effect of aluminum on the maximum and total root 
leng.. of 6 varieties grown in culture solutiona IRRI, 1979. 

Vic 'ty 0 3 10 30 
ppm Al ppm Al ppm A ppm A 

Maximnum root length (cm) 
IR20 7.2 5.9 3.2 1.5 
CICA 4 13.0 9.8 4.2 2.4 
IR5 14.8 12.6 6.7 4.0 
Bluebonnet 15.5 1b.9 7.3 5.3 

Monolaya 19.3 19.3 9.5 8.1 
E425 19.5 16.7 12.9 9.1 

Total root length (cm/plant) 
IR20 194 112 46 19 
CICA 4 539 282 98 13 

IR5 686 385 163 56 
Bluebonnet 380 370 176 119 
Monolaya 587 464 258 194 
E425 474 456 232 142 

"Measuie-ents were clone 2 weeks after sowing of pregerrinated seeds. 

reduction in total root length or reduction in water 
uptake per unit length of root, or both. To study 
such effect, plants were grown with and without 

aluminun for 12 days; they were then divided 
into two groups and transferred to culturc solutions 
with and without aluminum. Water uptake was 
measured by gravimetric method (Table 19). The 
total amount of water absorbed was larger for 
larger plants with longer total root length. Conse

quently, water uptake rate per unit length was 
almost constant (about 1.9 x 10 - g/cm per 12 h) 

regardless of the pretreatment and the absence or 

Tolalrootlergth (cm/planl 
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5. Relationship between maximum root length and total root 
length for 20 rice varieties grown inculture solutionat 3 levels of 
aluminum content. IRRI, 1979. 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 99 



Table 19. Effect of aluminum on water absorption by healthy and afuminum-pretreated plants of variety Palawan.a IRRI, 1979. 
Pretreatment 0 ppm Al Pretreatment 30 ppm Al

0 ppm Al 10 ppm Al 30 ppm Al 0 ppm Al 10 ppm At 30 ppm Al 

Shoot
Dry wt (g,'6 plants) 0.80 0.89 0.89 0.35 0.37Hi (cm) 	 0.3533.8 34.2 34.8
Leaf area (cm 2

/6 plants) 
22.8 24.4 22.4

130 121 128 61 61 60
 
Root

Dry wt (g/6 plants) 0.24 0.26 0.23 0.10 0.10 0.11Longest root length (cm 9.5 10.0 10,2 5.2 5.4 5.1Totll root length (cm/6plants) 1500 1570 1640 675 655 700Airs of water absorbed j/6plants
 
per 12 h) 
 29.1 21.2 32.0 11.5 12.9 11.6Water 	up)take rate per unit root length


10-2 
(/cr,; per12h) 1.9 2.0 2.0 
 1.7 2.0 1.7 

"Enperirental conditions12-dayoldseedlings; 6 Plants/I -liter pot; temp, 27°C; light intensity, 30 klx;humidity, 70%. 

presence of aluminum at the time of water-uptake 200 ppm when root growth was impaired bymeasurement. That indicated that aluminum aluminum. However, the relationship between aimpairs total root length but does not affect water plant's aluminum content and its tolerance foruptake rate per unit length. aluminum toxicity was not consistent.Lject of aloninum on phosphorus and Mode of aluminumn toxicit in rice growth. The,alutnintu content. The percentage of phosphorus results of the aluminum toxicity experiments sugin the plant is affected only by very high aluminum gest that high conc ntrations of aluminum in the
concentration (30 ppm) in culture solution (Table

20). The total amount of phosphorus absorbed by

the plant, however, was closely related to total root
length, which 
 in turn was affected by aluminum Phosphorus absorbed by shool (mg/plonl)

(Fig. 6). Aluminum in the plant exceeded about 70
 

60
 

Table 20. Effect of aluminum on phosphorus and aluminum
content of shoots of 6 varieties grown in culture solution.a 50--
IRRI, 1979. 
4111 

Variety 0 3 10 30 40 
ppm At ppm Al ppm A ppm Al 0 

0 5 
000 O 0

P () 	 inshoot 10 0IR20 0.54 0.55 0.47 0.25 30 0CICA 4 0.48 0.41 0.41 0.29 •fl
 
IR5 0.50 0.47 0.50 0.31
 

T T 

Bluebonnet 
 0.62 0.55 0.59 0.50 
 20 
 "A tretment]Monolaya 0.60 
 0.49 0.51 
 0.43 
 rt 	 0 OppmE425 0.69 0.70 0.61 0.63 10 30 ppm 

Al (ppm) in shoot 
IR20 103 332 
 369 421
 
CICA 4 
 65 99 
 203 1550 
 00 00 200 300 400
IR5 47 88 	 500 600 700
175 990

Bluebonnet 
 57 77 150 858 
 Totalrooflengfh
1cm/plant)Monoa a 47 
 77 184 680 
 6.Relationship between total
root length and amount of phos-
E425 85 145 283 366 phorus absorbed by shoots of 20 varieties
grown inculture
aMeasurements were done 2 weeks aftersowing of pregerminated seeds, solution of 3 levels of aluminum content. IRRI, 1979. 
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7. Relationship between total root length and shoot dry weight 
of 20 varieties grown in culture solution with 3 levels ofalumi
num. IRRI. 1979. 

soil affect rice growth and yield by affecting root 
growth (reduction in total root length) in moist 
conditions. Shoot dry weight is closely correlated 
with total root length (Fig. 7). That may imply that 
total root length controls uptake of water and nut
rients, which in turn controls the amount of 
growth. Under drought, aluminum-affected plants 
would suffer more water stress because the max
imum root depth is shallower. Thus, aluminum 
toxicity is considered an important soil factor 
affecting drought resistance of rice (Fig. 8). 

SOIL-PLANT-WATER RELATIONSHIPS 
Agronomv Department 

Drought tolerance under limited rooting 

Water stress 
nder d 

Aluminum Impaired Reduced 
toxicity root growth w-ter uptake 

Reduced 
Reduced rt 

phosphorus 

| 

8. Mode of aluminum toxicity in rice growth. IRRI, 1979. 

depth. Screening of rices for drought tolerance 

and the ability to recover from drought stress under 
limited rooting depth (about 45 cm) was con
tinued. 

Eighty-five elite breeding lines and 19 varieties 
lines were seeded into dry soil to evaluate their

drought tolerance at the vegetative stage. The 

entries were scored as soon as Leb Mue Nahng 
(grown with two other entries in a drum) was 
apparently dead. Immediately thereafter, soil 
moisture content was determined and the plants 
were watered.

Table 21 lists the entries that performed better 

than Leb Mue Nahng, and their drought tolerance 
and recovery scores. Recovery from drought 20 
days after the relief from moisture stress was out
standing with IR5623-50-3-1, IR4432-28-5, and 
Kulawalai. Leb Mue Nahng did not recover. Table 
22 lists selected entries from the 1979 wet seasontest. Differences in drought recovery visually 

observed 20 days after relief from stress were dis
tinct. However, the entries' reaction to the relief 
from stress 40 days after rewatering was marked. 

Reproductive stage water stress. In 1979, 
emphasis shifted from vegetative stage water stress 
to water deficits at the reproductive stages. In a 

Table 21. Drought tolerance ratings at vegetative stage of pro.mising GEU elite lines and some selected entries and their 
drought recovery scores 20 days after relief from water stress. 
IRRI greenhouse, 1979 dry season. 

Drought
Variety or line tolerance recover b 

ratinga 
I R5623-50-3-1 7 2 

1R4432-28.5 7 3 
Kulawalai 7 3 

IR9846-215.3 7 4
 
IR3880-10 7 5
 
1R10781-143.2-3 7 5
 
IR5623-97-3 7 5
 
I R9805-97-1 
 7 5
 
IR9129-457-2-2-1-2 7

844b-50-2-2-5-1 8 

6
6

R9814-6-3 8 7 
5677-138-1-3 7 7 

UCP 41 7 B 
Leb Mue Nahng (tolerant check) 9 9 
"Standard Evaluation System for Rice (SES) 1. 9 scale:1 no tneg 
ligible effect of soil moisture stress,9 - all plan apparently dead. SES
 
1-9 scale: 1 - 90%of plants fully recovered, 9 - no plant recovered.
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Table 22. Drought tolerance ratings at vegetative stage of pro-
mising GEU elite lines and some selected entries and their 
drought recovery scores 20 and 40 days after relief from water 
stress. IRRI greenhouse, 1979 ivet season. 

Otought Recovery fromDrought dboughth 
a 


Variety or line tolerance	rat0 0 4 


ratinga 20 40 

(lays days
 

IR9209-262-3-6 7.0 8.0 4.0 
4.07.0 8.0A9209.262.1-3-1 

IR3646-9-3-1 B.0 8.0 5.0 

IR2058.78-1.3-2.3 8.0 8.0 6.0 

IR4683-19-3-3 7.0 8.0 7.0 

IR5178-1-1-3 8.0 8.0 7.0
 
Cauvery 8.0 8.0 8.0 


IR9788-19-2-3-3 8.0 8.0 8.0 

1R8192-31.2-1-2 8.0 
 8.0 8.0 

IR4570-117.2-1-2 7.0 6.0 3.0 

1R9264-321.3 7.0 7.0 3.0 


IR9860-26-2-2-2 7.0 6.0 4.0 


IR7790-18-1-2 7.0 7.0 4.0 

IR3680-65-6-1 7.0 7.0 5.0
 
IR43 7.0 8.0 5.0
 
IR2035-242 7.0 8.0 5.0
 
1R5179-2 7.0 8.0 5.0 
IR2061-522-6-9 7.0 7.0 6.0 

IR3839-1 7.0 8.0 6.0
 
1R6115-1-1-1 7.0 8.0 6.0 

Leb Mue Nahng 

(tolerant check) 9.0 9.0 9.0 
aStandard Evaluation Systen forRice (SES)1-9 scale: I no to neg-
ligible effect ofsoil moisture stress, 9 - all plants apparently dead. SES 
1-9 scale: 1 recovered. 9- no plant recovered.90, of plants fully 

Groin yield (t/ha) 

5 0 00 

0 
0 

4 - 0 0 Flooded 0 

0 0 0 0 

00 9 00 
3 - 0 0 0 

00 

IR36 
2 Upland 	 0farm 


IRRI 0 0A
 
0 0 


stressDate of mavimum 8 
2 Moy 1979O 

Stress period 

-II -9 -19-24-5 
Avmidday 4 (Iars) 

I I I I t 
2 12 22 2 12 22 

I- April - l- Moy 

Dote of maximum flowering 

9. Effect of soil moisture stress on spikelet fertility. IRRI, 1979. 
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Sp,elet fertity(%) 

0 0 00 
Flooded O O 

506 o0 0 0 0 0 

0 O 0 
0 010 

40 - R360 
p VRm 

IRRI 0 C 0 

0 

20 Date of maximum stress 
2 May1979 CD 

Stressperiod
0O 	 t I I I I
 

-II -9 -19-24-5 
)bars)Avmiddy ( 

2 12 22 2 12 22 
I - April ---- 1--- May 

Dateof maximum flowerinq 

10. Effect of soil moisture stress on spikelet fertility. IRRI, 1979. 

1979 dry-season experiment in dryland field plots, 
1R36 was planted on 16 different dates. The plants 

were subjected to stress simultaneously at 16 dif
ferent growth stages. 

During the stress period, the midday plant water 
potential dropped from -I I to -24 bars (Fig. 9). 

The field was irrigated on 3 May, resulting in mid
day plant water potential of -5 bars the following 
day, indicating that plants regained turgor. Yield 
was markedly affected by stress. When maximum 
flowering coincided with maximum stress, the yield 

dropped to about It/ha. Plots due to flower within 10 

Panicle water potential (bars) 

0 -5 -10 -15 -20 
I 

Profusely flowering: 

Few flowers: 

A 
Barely flowering: 

Not flowering: I I NI 111 
If11 1 

Mean: (A) Single panicle: (I) 
Upland farm, IRRI 

IRA T 13 and IAC 1246 

1I.Flowering response of2 upland rice varieties to different levels 
of stress. 



Panite epdermal resistonce (s/AM) 

0 

2 -
2 

S* * * 
s * 

-D 
y 349-0266X 

n= 30 0 

0- L L I I0 40 50 60 70 80 90 100
0a40 rela0e w6ter contenttance 

12. Epidermal resistances of IR36 panicles at flowering. IRRI, 
1979. 

days after stress were also badly affected, 
The yield reduction was mainly due to reduced 

spikelet fertility. Figure 10 shows that the fertility 
level dropped to about 20% in plots severely 
stressed at maximum flowering. Spikelet fertility, 
however, gradually increased after water stress was 
relieved. 

The results indicate that low spikelet fertility isa 
primary factor determining grain yield during 
stress but the actual cause of high sterility in a 
stressed field was not determined, 

Flowering and panicle water relations. A preli- 
minary study suggested that there is a threshold 

Spikelet dead area 

40 

20 

-40 -30 -20 -10 0 30 
Panicle water potential (bars) 

panicle water potential for flowering (Fig. 11 ). 
The panicle water potentials of IRAT 13 and JAC 

1246, both dryland varieties from a stressed field, 
were measured with a pressure chamber during the 

normal flowering time of rice (0930-i 100). Pani
cles suffering from severe stress (- 14 to -24 bars) 

did not flower but those that experienced only a mild 
stress (-10 to -13 bars) flowered profusely. 

The occurrence of white areas in the spikelets, 
observed in severely stressed plants, suggested that 
there was very little control of water loss in the 
inflorescence. 

Epidermal resistance of 1R36 panicles to water 
loss at flowering were measured at full turgidity 
and at different water contents. The panicle resis

of IR36 ranged from 0.5 to 1.0 s/cm at fully
turgid condition (Fig. 12). Panicle resistance was 
negatively correlated with panicle relative water 
content. Epidermal resistance increased only 

slightly with decreasing panicle relative water con
tent. 

In a separate study, the occurrence of white area 
increased with decreasing panicle relative water 
content and water potential (Fig. 13). In IR36 
spikelet desiccation rarely occurred at water poten
tial above -20 bars or relative water content above 
65%. 

A significantly positive relationship (r = 0.95) 
of panicle water potential and panicle relative 
water content (Fig. 14) suggested that either of the 
two expressions can be used to relate the water 
status of the whole rice panicle to the dying of the 
spikelet. 

(0/) 

R36 
Mtdflower#7g 

"0 • 

40 50 60 70 80 90 
Relative water content (%) 

13. Effect of water stress on the occurrence of spikelet dead area. IRRt, 1979. 
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14. The relationship of panicle water potential and panicle 

relative water content. IRRI. 1979. 

Effects qf watersiress atflowering on yield quart-
tity and quality. Water was withheld from five rices 

for 20 days at the reproductive stage (Fig. 15). The 
Philippine traditional dryland cultivar Kinandang 
Patong depleted most of the stored soil moisture at 

all profile depths in the first 10 days and that below 
60 cm in the last 10 days. This capability to extract 
water is reflected in the higher midday leaf water 

potentials exhibited. Figure 16 illustrates the 
developmental stage of each cultivar at the end of 

the stress period, when all cultivars, except 
IR1529-680-3-2, were at the flowering-heading 
stage. IR1529-680-3-2, which was at panicle initia-

tion stage, escaped the effect of moisture stress at 

flowering seen in the other rices. The occurrence of 

the moisture stress increased the days to maturity of 

the components of yield reduction shown in Figure 
16. Quality of grain also decreased as a result of 
reproductive stage water stress. Figure 17 illustrates 
the degree of grain discoloration by portion of pani-
cle. The better score of Kinandang Patong may be 
associated with its relatively higher water potential 
during the stress period, which caused less desicca-
tion of glumes or occurrence of whiteheads. Grain 
discoloration was associa!ed with the incidence of 
sheath rot disease caused by Acrocylindriumn oryzae 
on the panicles. 

Osmotic adjustment in rice. Lowering of the 
osmotic potential by osmotic adjustment, which 
enables the plant to maintain turgor at low water 
potential, is an important drought tolerance 
mechanism. 
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15. Pan evaporation, midday leaf water potential, and soil 
water extraction rate during drought stress in the rice field. 
IRRI, 1979. (Note the difference in scale in bottom figure and 

the absence of water extraction data for IR36). 

The osmotic potential of several rice cultivars 
grown in irrigated conditions was evaluated. Sea
sonal changes in the osmotic potentials ranged 
from -9.3 to - 11.3 bars for crops grown in the 
wet season and from - 12.4 to - 14 bars for those 
grown in the dry season (Table 24). Seasonal radi
ation levels appeared to influence the magnitude of 
solute potential. 

In a greenhouse experiment to evaluate osmotic 
adjustment in rice leaves in response to water 
deficit, IR36 and Dular were grown under flooding 
in 100-liter (shallow) and 200-liter (deep) contain
ers for 45 days, after which water was withheld. 



Dawn ,ater potential measurements were made on 
,RIW9-6oO-3-2

LAI 
.. the second youngest fully expanded leaf, and tiller 

////// ZA5B M samples at dawn were brought to full turgidity
8" -,*e_ _ __q before osmotic potentials of similar leaves were 
',/A'/,/,'/,,/////,///////,%Fr MAIZ111111 determined by psychrometric technique. Figure 18 

7 ,2 ,, presents the relationship between turgid osmotic1 M 

, 35%F1Z11111111111M potential and dawn water potential.
 

2oF M The varietal difference between osmotic poten
30,%F/11, M tials of stressed leaves was attributed to rate of 

6LF M stress development. Dular suffered stress earlier 
//////'//////'/////////f///.R
4111111111, M 

than IR36, which possibly limited further net 
,,o --.- R increase in solute content or further lowered osmo.1....
p.,.d
 

._1 _ ,___L_ - I tic potential. Most plants (IR36) grown in deep
0-72dao.---I 77 82 87 9102 11222 12 152 containers maintained high dawn water potential132 


Days after seedln9 

Groainyield +023 (> -5 bars) for a longer period of stress and had(t/hol aote 
6 ±43 I low solute potentials. 
4 Fless than -5 bars was reached in 12-16 days in 

±0, ±09 r-,,,In shallow containers dawn water potential of 

2 ±Dular and in 19-22 days in IR36 (Fig. 19). Both 
0 = cultivars adjusted osmotically (Fig. 20).

0 I Lower limit of available water for rice during
1RI29-680-3-2 IR36 IR20 Knoxi IR615-1-1-1 

Potiong drought. In the greenhouse, IR36 and Dular were72z 9 2 6583 06203 8173Yied 4 3)reducon grown in clay, loam, and sand in shallow (35-cm

area index (I.Al), deep soil, capacity) and deep (75-cmgrain yield, and 100-liter16. IPasic declopment, leat 00-ite Soils ofdee sol, caaciy)containers. 
percentage of yield reduction ot 5 rice cultivars grown under 
control and stress treatments. PIz panicle initiation. B z hoot- varying water retention and transmission charac
ing. H = llovering. I.+ llow.ering. R teristics were artificially produced by amendingheading. 1: late 
ripening. M -maturity. IRRI. 1979. S.E. %aluesabove bars. 

Table 23. Effects of stress on tagged-pancles that were flowering during peak stress 
period. The data are of subsamples tagged at peak stress, not of yield components of the 
large plots. IRRI, 1979. 

Filled Grain wt Grains Panicle 
grains per panicle (no./panicle) length 

1"panicle) ) ( (cm) 

IR 1529-680-3-2 
Stress 74.26 ± 3.87 1.79 ± 0.03 106 ! 5 21.17 ± 0,44 
Control 92.93 ! 1.01 2.89 ! 0.28 102 ! 13 22.12 ± 0.87 

IR36 
Stress 57.80± 4.80 1.63 ±0.14 137!± 7 20.24 ± 0.31 
Control 95.70!± 1.31 2.31 ±0.41 121 ± 5 19.94 ± 0.06 

IR20
 
Stress 0.78 ± 0.55 0.16 0.04 127 ± 12 20.53 ± 0.62 
Control 86.17 ± 1.03 1.92 -0.17 102 ± 7 20.93 ± 0.67 

KirandaogPatong 
Stress 45.11 ± 18.88 1.34±0.59 123± 16 20.80± 0.52 
Control 91.57 ± 2.27 4.05 ± 0.44 195 ± 26.31 24.23 ± 1.26 

IR6115-1-1 
Stress 0 0.16 ± 0.01 110 ± 8 19.32 ± 0.50 
Control 94,69 ± 1.06 1.83 ± 0.18 101 ± 5 20.14 ± 0.38 
aWith theexception of IR1529-680-3-2 which was atthepanicle initiation stage. 
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 _ 
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Panicle portion17. Grain discoloration))I -40normal gratn color. 3 =whole grain 19. Changes indassn leaf water potential in IR36 and Dulardiscoloration) associated with mo~isture stlress at tlowering grown in l(X)-liter containers during stress period. IRRI, 1979.
(except for IR 1529-680-3-2 which flowered a6terstress n0riod).
 
IRRI. 1979. S0E. values ahose bars.
 

Table 24. Osmotic potentials of rice leaves grown in different seasons. IRRI, 1979. 
±2Osmotic Date Solar radiation Tempc (C) 

C~dt~apotential of samoling (cal/cm2 
per dlay) .... ...... . 

. ..... (bars).
 MaxMn
 
1. Wetland-irrigated - 14 + 0.3 9 Jan 1979 393.7 29.8 20.5OS (4 varieties) 13 Ja 1979 

2. Dryland-irrigated -13.7 ± 0.3 1Mar 1979 533.1 33.5 20.9OS (6varieties) 9 Mar 1979 

3. Wetland-irrigated -12.4 +-0.3 22 Mar 1979 550.8 33.5 20.9 

DS (8 varieties) 
4. Dryland-irrigated -11.3 0.3 28 Sep 1979 451.1 31.5 22.7 

WS (6 varietiese 
5. Dryland field -9.7 +0.4 22 Nov 1978 392.6 29.8 22.7 

WS (5 varieties) 

6. Greenhouse-well watered -9.3 ± 0.1 23 Nov 1977- 365.8 25.7 19.8 
(flooded) 21 Dec 1977
 

WS (2 varieties)
 

aDS = dry season,WS= wet seasan,bMean at 20 days.CMonthlly meantar date af sampling. 
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20. Changes in turgid osmotic potential in lR36 and Dular grown in 100-liter containers 
during stress period. IRRI, 1979. 
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21. Pressure-water content relationship in the tensiometer range of 3 greenhouse soils. 
IRRI, 1979. 

clay with sand (Fig. 21, 22; Table 25). Twelve end of the experiment (25 Dec-12 Jan). Water con
hills were transplanted in each container and tent profiles differed appreciably in sand under 
grown in flooded soil for 45 days. At that time IR36 and Dular. 
control plants were left in flooded soil and water Soil water content and water use at different 
was withheld to stress the test plants. Results for times during stress are shown in Table 26. Even 
shallow and deep soils were similar except in the though the time taken to reach the lower critical 
time taken to e'iract the profile water. Therefore, limit of water content differed in different soils, the 
only results for the deep soils are presented. profile water content, irrespective of cultivar, was

Soil water depletion. Successive water-content virtually the same in a given soil. This threshold 
profiles for the three soils in which IR36 and Dular water content for clay, loam, and sand in the active 
were grown are shown in Figure 23. Water content root zone was 0.27, 0.19, and 0.11 cm 3/cm 3 ,
profiles for clay and loam soils differed little at the which corresponded to -7.0, -5.0, and -5.0 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 107 



Water cntent (cm3,cm 3 )
0 01 02 03 

0 

-2 -Root 

-4 

-6 

-8 

-10 

-12 ]supply 

-4 

Loom Cloy 

-16 


22. Pressure-water content relationship to -15
house soils. IRRI, 1979. 

04 

bars of 3 green-

bars soil water potential, respectively. 
Leaf water potential. Changes in predawn andmidday leaf water potentials are illustrated in Fig-ure 24. Predawn values of leaf water potential

remained constant over a long period of stress.When soil water content decreased to a criticalvalue, predawn values of leaf water potential
decreased to less than - 15 bars within a few days,with little subsequent change in soil water content. 

The trend was similar for both the cultivars in all the05 soils. During day hours, plants experienced lowmidday water potential much before the critical soilwater content was reached. 
length density. Root length density 01 the

cultivars decreased with depth in all the three soils(Fig. 25). At greater depths, however, Dular hadrelatively higher density than IR36, although IR36 
also had as high density as Dular at all depths inclay.

Evaluation of the line source sprinklersystem 
as a drought screening metiod. Numerousscreening techniques to evaluate rice plant
response to drought have been used at IRRI. Dur
ing the 1979 dry season, a new irrigation technique, 
the line source sprinkler system,possible use was tested forin d, ought screening of elite germ
plasm. Th± acrossmaintained variable waterapplication sprinklerrates plots, and allowed an 
assessment of the effect of different levels of water 

on growth and development of contiguousplots. The sprinkler layout, water distribution pattern, and resultant crop growth are illustrated in 
Figure 26. IRRI's IR20 and IR36, selected for wet

- land culture, and Kinandang Patong, a traditional
Philippine upland variety, were sown and the areawas uniformly watered from sowing (day 0) to day
23 with 3 sets of sprinklers. The 2 outer sets were 
then removed and the number of sprinklers on theline source was increased to give a spacing of 6.1 mbetween sprinklers (Fig. 26). The irrigation schedule aimed at a highest application rate - mea

sured 0.75 m from the line -- of 20% more than 
pan evaporation. 

Figure 27 illustrates the linearity of water application across the plots on day 47, 61, 96, and 114.Figure 28 shows the irrigation, pan evaporation,
and rainfall during the experiment. A typhoonoccurred before the experiment was completed and
thus grain yield was not obtained. However, sampling of dry weight of shoots and monitoring of 

Table 25. Physicochemical properties of soils used in greenhouse experiments. IRRI,Bulk% 1979. 
Soil Place density 

pH Ecommho(g/cm3) Sand Silt Clay Org. C 1:11 (1:1)
Clay Greenhouse 1.19
Loam 33.3 36.5 30.2Greenhouse 0.88 6.771.37 0.65368.3Sand 17.1 14.6 0.t2Greenhouse 7.571.45 0.89686.2 7.6 6.2 0.!6 7.70 0.757 
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23. Succesive water content profiles after withholding irrigation from lR36 and Dular in 3 soils. IRRI. 1979. 
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24. Changes in predawn and midday leaf water potential of IR36 and Dular in 3 soils. IRRI, 1979. 
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Table 26. Soil water content and water useduring stress period in 3 soils.a 
IRRI, 1979. 

Gay Loam SandSo il . . . . .... . . . . . . . . . . . . 

Period depth Water Cumulativea Water Cumulative Water Cumulative 
(cm) content water use content water use content water use 

(cm 3 /cm3 
) (cm) lcm3/cm 3 ) (cm) (cm3/cm3 ) (cm) 

IR36 

Three days of withholding water 0-75 0.501 0.398 0.298
 
At lower limit 0-45 0.264 0.183 0.121
 
At lower limit 45-75 0.316 14.93 0.242 14.60 0.248 9.66
 

(25)b (35) (31) 

Dular 

Three days of withholding water 0-75 0.522 0.408 0.3,1
 
At lower limit 0-45 0.271 0.193 0.111
 
At lower limit 45-75 0.280 18.54 0.222 15.29 0.160 13.61
 

(20) (27) (27)
 

aNumbers in parentheses refer to stress days required to reach the lower limit. bwater use was for 0-75 cm soil depth. 

soil-water depletion provided information that dang Patong's apparent higher water-use efficiency
 
illustrates the potential of this technique for screen- is really a more effective absorption or root system,
 
ing and for many types of dry season research as illustrated in Figure 30.
 
where a gradient of water application is desired. Effect of water stress on nitrogen uptake and
 

Figure 29 shows the dry weight of tops of the yield. Reduced crop growth rate and enhanced nut
three rices in relation to the water applied. Initial- rient-deficiency symptoms during drought indi
ly, the relationship for Kinandang Patong appeared cate that low utilization of applied fertilizer may 
different from that for the two IR varieties. How- indirectly influence crop yield. A dry season field 
ever, the soil water used by the varieties was also trial with IR36 measured the nitrogen uptake and 
measured by a neutron probe, which showed little rice yield under different water regimes and nit
difference among the rices (Fig. 29). Thus, Kinan- rogen fertilization. Treatments and the effect of 

Root length density (cm/cm
3 

sol ) 

0 I 2 3 4 5 60 I 2 3 40 I 2 3 4 
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10-20 

20-30 
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30-40 I 
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25. Root length density patterns of IR36 and Dular different layers of 3 soils. IRRI, 

1979.
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26. Schematic representation of the line source sprinkler and crop response to the variable water supply. IRRI, 1979. 
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29. 'lhfct of correcting for soil water change%when compaing dry-mallct proxiulion of 
cultivars. IR RI. 1979. 

water stress on nitrogen uptake are presented in 
Figure 31. Differences in nitrogen uptake noted 
among the water treatments were significant. Nit-
rogen uptake was significantly lower in the 20- and 
40-day stress treatments than in the control or con-
tinuously flooded treatment. 

Yield analysi., (Fig. 32) revealed a significant 
reduction from flooding to40 stress day treatmtnt s. 
Application of 135 kg N/ha (lid not ameliorate the 
effect of water stress on rice yield. Severe stress 
delayed the maturity of IR36 by 2-3 weeks, 

Microclimatic modification azd plant 
response in a rice-maize intercrop. In aprevious 
study (1977 annual report), the effect of intercrop-

ping maize and rice on the microclimate and plant 
water status of rice was illustrated. During the 
1979 dry season, more detailed studies on the 
modification of' the microclimate in the intercrop 
and its influences on crop growth characteristics 
were made. Three double rows of maize spaced 6 
in apart (plots were 5 ,/ X i) and oriented perpen
dicularly to the prevailing wind direction were 
grown as an intercrop with IR30, IR36, and 
Salumpikit. All the plots with~n (pttected) and 
outside (unprotected) the intercrop were well 
watered from the start to the end of the study. 
Water vapor pressure deficit (VPD) of the air was 
monitored above the plots. 
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31. Response surface showing the nitrogen uptake as influencedby water stress, nitrogen application, and their interaction. 
IRRI field trial, Santa Rosa, 

32. Response surface showing the yield of I R36 as influenced byLaguna province, Philippines, water stress, nitrogen application, and their interaction. IRRI1979. 

field trial, Santa Rosa, Laguna province, Philippines. 1979. 
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33. Diurnal change of water vapor pressure deficit (VPDt)and 
wind speed in protected (intercroppd with maize) and unpro-
tected rice plots. IRRI, 1979. 
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34. Diurnal chang in leafwater potential of 3 rice varieties 
grown inprotected (interropped with maize) and unprotected 

plots. IRRI, 1979. 
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Dry matter yield (1/ha) 
10 
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6-U 
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33 illustrates the diurnal pattern of VPD 
at the flowering stage and is representative of the 
other observation periods. Protected plots usually 
showed 2-6 mb lower VPD at the rice canopy level
during midday than the unprotected plots. How
ever, a slight change in wind direction disturbed 
this relationship because of plot size limitations. 

At 4-rn height, the diurnal trend of VPD was about
the same for both tratments. Wind speed was 
about 2 m/s less in the protected plots (Fig. 33). 
Figure 34 illustrates thediurnal trend of leaf water 
potential. The protected plots show a higher leaf 
water potential in response to the lower wind speed 
and VPD noted before. 

The interropped rice also showed interesting 
trends in dry matter production maturity (Fig. 
35). Because neck blast was severe yields were not 

comparable. 
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The adverse soils tolerance component of GEU 
screened 25,086 rices in 1979 and found 4,532 
tolerant of adverse soil conditions (Table I). Of 
those 3,227 were rices from the general breeding 
program, where no planned effort was made to 
breed or select for adverse soils tolerance. 

SALINITY 

Soil Chemiisirv Department 

In South and Southeast Asia, about 58 million ha 
lie uncultivated largel' because of salinity (Table 
2). 

In 1979, 16,276 rices were tested for salinity 
tolerance in the greenhouse and in the field (Table 
1). The field performance of 12 promising salt-

Table 1. Summary of 1979 screening tests for adverse soils 
tolerance. IRRI, 1979. 

Toleiant (no.) 

Soil condition No. screened General
Total breeding 

program 


Salinity 16,276 3,542 2,405 
Alkalinity 1,733 260 236 
Iron toxicity-acid sulfate 932 125 112 

soil 
Peat soil 165 12 11 
Boron toxicity 24 7 7 
Phosphorus deficiency 1,605 153 105 
Zinc deficiency 3,703 388 309 
Aerobic neutral soil 317 22 22 
Aerobic acid soil 331 23 20 

Total 25,086 4,532 3,227 

tolerant rices was tested at 10 sites in the Philip
pines; 16 other rices were tested at an 11 th site. 
The tests revealed consistent salt tolerance in 14 
traditional varieties, 9 IR varieties, and 22 IR 
lines. Tolerant rices that performed well in repli
cated yield trials on coastal saline soils in the 
Philippines were IR36, IR42, IR46, IR4395-4-1
13, IR4630-22-2-5-1-3, IR9884-3-3, and IR98,4
54-3. 

Screening. The 16,276 rices tested in the 
greenhouse included 13,135 from the salt tolerance 
breeding program. Outstanding among the 3,542 
that had tolerant scores were: 

0 the varieties BGII-11, Bhurarata 4-10. 
Cheriviruppu, CSR 1, Kalarata 1-24, Kuatik 
Putih, Nonasail, Nona Bokra, Pokkali, and 
three C23 lines; 

0 the IR lines 2307-247-2-2-3, 4462-22A-101, 

4595-4-1-13,9129-136-2-2-1-2,9732-119-3, 
9761-47-3, 9852-19-2, 9884-54-3, 10198
142-3, and 10206-29-2; and 

0 15 IR pedigrees.
Field screening at IRRI confirmed the salt toler

ance of IR42, 1R44, IR46, IR2307-27-2, IR5657
33-2, Patnai 23, IR1561-228-2, IR13646-2, 

IET3103, IR4432-28-5, IR5853-162-1, IR8192
200-3, IR9224-162-3, IR9846-215-3, IR9852
22-3, IR13149-43-2, and IR13426-19-2. 

In mass screening of 1,437 pedigrees at IRRI, 77 
entries in the hybridization block and 376 in the 

observational yield trial, 44 pedigree materials, and 
7 IR lines - 5853-198-1, 6503-24-3, 8440-138-1,
9828-43-2, 13385-48-1, 13420-15-2, 13429-290-2 

Table 2. Estimated distribution and extent of problem rice lands in South and Southeast 
Asia. IRRI, 1979. 

Country 

Bangladesh 

Burma 
India 
Indonesia 
Kampuchea 
Malaysia 
Pakistan 
Philippines 

Thailand 
Vietnam 

Total 
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Problem rice lands (million ha) 
Saline Alkali Acid sulfate Peat 

soils soils soils soils 

2.5 0.5 0.7 0.8 4.5 

0.6 0.2 0.8 
23.2 2.5 0.4 26.1 
13.2 2.0 16.0 31.2 

1.3 0.2 1.5 
4.6 0.2 2.4 7.2 

10.5 4.0 14.5 
0.4 0.4 
1.5 0.6 0.2 2.3 
1.0 1.0 1.5 3.5 

58.8 7.0 5.3 20.9 92.0 



- showed more tolerance than the tolerant check. Screening. Of the 1,733 rices screened in the 

The International Rice Salinity and Alkalinity IRRI greenhouses in 1979, 260 showed alkali 

at tolerance (Table 1). Besides nine traditional 	var-Tolerance Observational Nursery (IRSATON) 
ieties, the following showed high tolerance: IR36,IRRI had mean scores of 3 or less, indicating toler-

MR359, IR4-11, IR1561-228-2-2, IR2035-290-2-1-1,ance, for Getu, CSRI, CSR2, CSR3, 
IR4595-4-1, IR4630-22-2, MI17, M242, and IR2058-78-1-3-2-3, 1R2070-522-6-9, IR2070

414-3-9, IR2307-84-2-1-2, IR2307-217-2-3,M432. 
IR4227-28-3-2, IR4417-179-1-5-2, IR5853-118-5,Yield trials in farmers' fields. Tables 3 and 4 


Il tests of 12 var- and six IR4630-22 lines.
summarize 	the observations on 
In 1979, a total of 178rices were field tested in an

ieties in farmers fields in coastal saline areas. 
sodic soil at IRRI. Those found toThe 1979 field experiments confirmed an earlier 	 artificial be 

tolerant were IR5853-118-5, IR9846-261-3, BR4
observation that coastal saline soils vary widely in 


chemical characteristics, salt dynamics, and hy- 10, IR4432-52-6-4, IR8192-200-3, IR9805-78-2,
 
IR9805-97-1, IR3941-25-1, IR9846-256-3, and

drology. Overall performance was best at the two 

slightly saline sites not subject to deep flooding. IET 1444. 
In the IRSATON at IRRI a mean alkalinity score

Among the rices that performed well under both 
CSR3,salt and flood stress were IR4630-22-2-5-1-3, of 3 or less was noted for IR46, CSRI, 

Salt and sub- IR4227-109-1, IR4870-15-1, IR4595-4-1, M114,
IR4595-4-1-13, and IR9884-54-3. 

mergence tolerance gave these lines a yield advan- and M242.
 

Yield test in a farmer's field. On an alkali soil in 
tage, under stress, of 1.2 t/ha over IR26. 

Barrio L-agao, General Santos City, South Cotabato 

(silt loam with a pH of 8.5 and sodium adsorption
ALKALINITY 

ratio of 21.5), 10 varieties were grown with nit-
Soil Chemistry Department 

rogen and phosphorus fertilizers and seedling dip in 

Sodic or alkali soils cover about 6.5 million ha in 4% suspension of zinc oxide in water. The results 

Pakistan and India (Table 2) on the Indo-Gangetic are in Table 5. 

plains. 

Summary of tests of 12 varieties and lines on 5 Philippine coastal saline soils, 1979 dry season. 
Table 3. 


Soil
 

Best RemarksE organic Other Yieldsoil range yielders
Site Salt source Ceatrend Soil pH matter 

(mmho/cn) content problems It/ha) 

Excess salt was? 5.9 5.9 Zn defi- noneAgdangan, Creek 15-

ciency 
 lethal

Quezon 

14.0 	 none none Water supply
Aparri, 	 Seepage 9 - ? 6.0 

failed
Cagayan 

Zn defi. 0.0-0.6 IR4595-4-1 Sterility due to
Mexico, 	 Saline 3 -* 8 7.0 1.2 

ciency IR4432-28 late salinity
Pampanga 	 irrigation 


water from
 
creek
 

none 1.4-6.5 IR42 Rains depressed
Minalin, 	 Saline 9 - 1 5.8 2.7 

salinity
Pampanga 	 irrigation 

drastically
water from 

creek
 

Zn defi- 1.4-3.6 1R4595-4-1 Moderate average
Taal, 	 River 3-. 8 7.1 2.3 

ciency IR4432-28 salinity
Batangas 


B toxicity
 

aElectrical conductivlty in the saturation extract. 
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Tabe 4. Summary of tests of 12 varieties and lines on 6 Philippine coastal saline soils, 1979 wet season. 

Soil 
Site Salt source Ce trend organic 

(mmho/cm) Soil pH matter 
content

(%) 

Aguilar, Seepage 9 - 12 7.2 1.5 
Pangasinan 

Bani, Creek 8-* 10 6.1 1.3 
Pangasinan 

Butuan,b 
Creek 3 - 4 4.9 9.5 

Agusan del 

Norte 

Cebu, Cebu Creek 7.4 6.8 

Samal, Creek 1 -' 4 6.5 2.6 
Bataan 

Taal, River 3--* 4 1 2.3 
Batangas 

8Electrlcal conductivity in the saturation extract. b1978 test;. 

Table 5. Grain yield of 10 rices on an alkali soil, Barrio Lagao,
General Santos City, Philippines, 1979 wet season, 

Variety Mean grain yield'.hal 
IR42 5.2 aIR36 5.0abCadadNci39
IR2863381 5.0 ah 

IR26 4.1 ab 
IR46 4.1 ab 

IR4227-28-3-2 4.0 abIR2307.217-3 	 3.8 abe 
I R3518-1-6.2.2.2 3,6 bc 
IR21 5326-3-5 2.5 cd 
IR9129-393-2-6-2-2 1.2 d 
aMeans followe( by a common letter are not sgnfcantly different at 
the 5%Xlevel.Average of 4 rephicat,ons. 

IRON TOXICITY 

Soil Chemistry Department 

Iron toxicity is a widespread nutritional disorder of 
wetland rice on strongly acid soils. It occurs on acid 
Oxisols, Ultisols, Histosols, and acid sulfate soils, 

Screening. Greenhouse screening in 1979 for 
iron toxicity tested 585 rices on a strongly acid soil 
that, on flooding, built up to 300-400 ppm water-

Other Yield Best 

soil range 	 Remarks 
problems (t/ha) yielders 

Zn defi- 0.3-1.4 1R4630-22-2 Flood damage, 
ciency IR4595-4-1 prolonged high 

salinity 

none 0.4-1.6 	 1R4432-20 Frequent tidal 
IR4630-22,2 intrusions 

Zn defi- 2.4-6.5 IR42 Salt injury was 
ciency slight 

Zn deficiency 2.3-3.9 IR42 Late salt injury 
B toxicity 

- 1.9-3.3 	 1R4432-20 Rains depressed 
I R9884-54.3 salinity 

Zn defi- 0.0-1.1 1R4595-4-1 Severe flood
 
ciency 
 damage
 
B toxicity
 

soluble iron and maintained that concentration for
several weeks. Eighty-nine entries had tolerant 

scores. The best among them were IR20, 1R36,1R42, IR43, IR44, IR1552, IR9788-19-2, Mat 
Candu, and Nachin 39. 

In the Philippines field screening for iron toxic
ity tolerance included 347 promising lines from the 
general breeding program. Screening was on an 
acid sulfate soil (pH: 3.5, organic C: 1.3%, active 
Fe: 2.5%, active Mn: 0.001%, SO 4

2-:2,700 ppm)
fertilized with 50 kg N and 10 kg P/ha. Three
week-old seedlings raised on a normal wetbed 
were transplanted in single 3-m rows and were 
scored at 4 and 8 weeks after transplanting. Those 
that showed tolerance were B2149-PN-26-1, 
IR1552, IR4442-165-1-3-2, IR4625-269-4-2, 
IR36, BPI RI-2, IR3839-1, IR8192-200-3-3-1-1, 
IR4568-225-3-2, IR5853-118-5, 1R9129-136-2,
IR13168-143-1, IR13149-43-2, and lET 1444. 

Of 100 rices field-screened in Sri Lanka, 1R32, 
IR42, Mahsuri, and 7 IR lines showed tolerance 
for iron toxicity on a strongly acid Tropaquult at 
Padukka in the wet zone (Table 6). 

Yield trials. To test the performance of rices 
considered iron toxicity tolerant in greenhouse 
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Table 6. Varieties and lines tolerant of soil stresses in field 
screening tests in Sri Lanka, 1979. .... 

Varieties with tolerance for 

Iron toxicity Phosphorus deficiency 

IR32 Pelitd fI 
1R42 IR36 
MasWI IR2071.176.1-1 
IR0574173-2.3 1R2797105223 
I1R2070 74744 8151-91.5 
IR2061-214-2.7-63 1R2071-745-7-5-3 
IR2031-724-2.3.2 1R2070-178-2.3-4 
IR2070.434-3.5 IR5853.1 18-5 
IR2832-173-6.2 1R 1632.93-2-2 
1R3518-96.2.2-2 IR2071.105-9.1 

Table 7. Performance of 8 rices on an iron-toxic, acid sulfate 
soil. Malinao, Albay, Philippines, 1979 dry season. 

Variety or line Yield (t/ha)a 

IR4683-54-2 (resistant check) 4.5 a11283-3-1 37 bamountIR2863-38-1 3.7 b 

1R5863-163-1 3.6 b 
1R4432-52-6 3.4 b 
BHR 134-33 3.4 b 
BHR 145-47 3.3 b 
1R46 3.2 b 
IR26 (susceptible check) 1.7 c 
aleans followed bya common letter are not significantly different at 

the 5%level. Average of 4 replications. 

tests, 15 rices (including IR26, a susceptible 
check) were grown at Malinao, Albay, Philip-
pines, with nitrogen and phosphorus fertilizers in a 
replicated dry-season trial. The yields of the seven 
best are in Table 7. In the wet season, despite 
severe iron toxicity, IR46, IR4422-480-2-3-3, 
IR4625-269-4-2, and B2149-PN-26-1 yielded 
2.5-2.7 t/ha. 

BORON TOXICITY 
Soil Chemistry Department 

The discovery of boron toxicity in IRRI soils 

prompted a 1979 study of varietal reactions to 
excess boron. Table 8 shows the reactions of 4 
varieties to excess boron (10 to >20 ppm) in solu
tion culture. Excess boron produced elliptical nec

rotic lesions in all varieties eAcept IR20. It de
pressed growth markedly in all varieties except 
IR46. 

A study of 24 varieties in culture solution con
taining 10 ppm boron showed severely retarded 
growth but only 13 entries showed the elliptical 
necrotic spots characteristic of boron toxicity.

Table 9 shows varietal differences in yield 
Tabes s hos by exc e ren . in eld 

depression caused by excess boron. Seventeen 
ppm B in the soil solution caused a yield reduction 
of almost 50% in 1R46, but less than half that 

in Peta, H4, and 1R42. 

Yield trial on a boron-toxic soil at IRRI. Ten 
IR varieties were grown in a replicated yield trial 
on a boron-toxic soil (pH:6.4, ECe:3.4 mmho/cm, 

available B: 10.8 ppm) in the 1979 wet season. 
Table 10 shows that IR34, 1R40, IR42, and IR44 
had a yield advantage of about 1 t/ha over the 
pre-1975 varieties. 

PEAT SOILS 

Soil Chemistry Department 

Peat lands cover about 21 million ha of flatland in 
the humid tropics of South and Southeast Asia. 
Large peat soil areas in Indonesia, Malaysia, and 
Thailand are being cleared for crop production. In 
1979 rices were screened on peat soils in the 
greenhouse, in the presence of nitrogen, phos
phorus, potassium, copper, and zinc. Of 165 

Table 8. Influence of excess boron in the culture solution on toxicity symptoms, dry 
weight, and boron content of 4 rice varieties, 11 weeks after sowing. I 1979.1RRI, 


_______________________--__- 5f60i136 ocontent (ppm)Dry wt of shoot (g) 

Variety Symptoma with addition of Decrease jiadtnn of 
0 ppm 20 ppm M 0 ppm 20 ppm 
boron boron horon boron 

IR8 6 175 97 44.6 23 386 
IR20 7 156 90 42.3 23 509 
1R42 7 184 112 39.1 16 398 
1R46 5 110 106 3.6 35 375 

= almost normal plants; 9 = almost dead plants.a1 
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Table 9. Straw yield and boron content of 5 rice varieties at 
2 boron levels in a neutral clay soil. IRRI, 1979. 

Boron (ppm) Straw Yield Boron 

Variety in soil 
 yield reduction (ppm)solution (g/pot) M instraw 

t 0soil 
Peta 0.6 8017.3 - 16.156 20.0 168 

H4 0.6 69 - 14.5
17.3 57 17.4 150 

17.3 46 42.8 135 
17.3 6 42.8 


1R42 0.6 
135 


67  22.7 

IR46 76 - 23.0 
39 48.7 165 

Table 10. Grain yields of 10 IR varieties on a boron-toxic soil.IRRI, 1979 wet season.ri et 
Variety Yearnamed 

IR8 1966 
1R20 1969 
IR26 1973 

IR32 1975 
IR34 1975 
IR38 1976R4O 1977 
1R42 1977 
IR44 1979 
aMeans followed by a common letter are not significantly
the 5%level. Average of 4 replications. 

entries, IR36, IR38, IR2797-105-2-2-3,
225-3-2, IR5853-162-1-2, 1R8192-166-2-2-3,
IR9129-136-2-2-2-1-2, IR9217-58-2-2, IR9814-
6-3, IR2071-685-3-5-4-3, and IR3 880-l0hadtoler-
ant scores. 

PHOSPHORUS DEFICIENCY 
Soil Chemistry Department 

Phosphorus deficiency limits rice yields on mil-
lions of hectares of Andosols, Oxisols, Ultisols,
acid sulfate soils, and peat soils. 

Screening. Of 836 varieties and breeding lines 
tested in culture solution in the greenhouse, 48 
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were highly tolerant of phosphorus deficiency.
Among those were IR44 and 35 IR lines. 

Mass field screening of 769 lines from the gen
eral breeding program on a phosphorus-deficient

(Luisiana clay - pH:4.8, O.M.: 4.2%, Olsen 
P: 4 ppm) at Pangil, Laguna, Philippines, revealed 
phosphorus deficiency tolerance in 105.

Of 100 rices screened for phosphorus deficiencyin Sri Lanka, IR36, Pelita I/I, one BR line, three 
IR2071 lines, and four other IR lines were tolerantof phosphorus deficiency (Table 6).Yield trials. Despite water stress at Pangil,Laguna, IR20, IR38, IR1514A-E666, and BR5191-6 gave yields of 2.6 to 2.9 t/ha without phosphate fertilizer. With 25 kg P/ha, yields increased 

more than 20%. 

ZINC DEFICIENCY 

Soil Chemistry Department
Zinc deficiency, a widespread nutritional disorder 
Zn eiinyof ne, occurs on iepedntiinldsrealkali, calcareous, and peat 
soils, and on soils that are poorly drained or irrigated with high-silica water. About 2 million ha ofcurrent and potential rice lands in the Philippines 

are zinc deficient. 
Screening. Of 1,831 entries tested in a zincdeficient soil in concrete beds at IRRI, 204 showed 

tolerance. Of the latter, 142 were elite lines fromIRRI's general breeding program. 1R36 had tolerant scores six times in the 1979 tests.
Mass screening for zinc deficiency was con

ducted in 1979 in a farmer's field at Bay, Laguna,

Philippines (Lipa clay loam with pH: 7.3, O.M.:
 
12.3%, available Zn: 0.1 ppm). Of 1,872 entries 
screened, 184 toleranthad scores. IR36 was
 
among them.
 

Yield trials. Sixteen rices were grown or, Lipa

clay loam without applied zinc at Bay, Laguna, in
 
the 1979 dry and wet seasons. Extensive rat dam
age spoiled the dry-season experiment, but despite
 
severe zinc deficiency (the susceptible check

perished) IR20, IR34, 1R2070-423-5-5-2, 
IR8067-41, IR9109-71-2-1, IR11418-15-2, and
MR346 scored as tolerant. 

In the wet-season trial, severe zinc deficiency 
was once again observed 4 weeks after transplant
ing, but the plants recovered. IR44 and IR8192
166-2 recovered earlier than other entries. The 
three top yielders were IR9129-209-2-2-2-1 (3.6 

Grain yiel&(t/ha) 

3.6 cd 
3.3 de 
3.5 de 

3.7 bed 
4.4ab 
3.5 de 
4.4 ab 
4.6 a 
4.2 abc 
different at 

IR4568-



t/ha), IR46 (3.2 t/ha), and IR36 (2.8 t/ha). IR26 
yielded I t/ha. 

Because zinc deficicacy is widespread ini South 
Cotabato, Philippines, a replicated yield trial with 
9 tolerant varieties and a susceptible check (IR26) 
was installed on zinc-deficient silty clay (pH: 7.8, 
O.M.: 6.8%, available Zn: 0.1 ppm), at Baluan, 
General Santos, South Cotabato. Two weeks after 
planting, all varieties in the treatment without zinc 
died. Yields for the zinc-treated rices ranged from 
1.3 t/ha for 1R26 to 3.7 t/ha for IR9109-71-2-1 
(Table 11). 

Varietal reactions of IR36 and IR42 to the 
residual effects of zinc were studied on a zinc-
deficient soil (pH: 7.3, O.M.: 4.2%, available Zn: 
0.01 ppm) at Bugallon and on another soil (pH: 
7.4, O.M.: 2.1%, available Zn: 0.02 ppm) at 
Natividad, Pangasinan, Philippines (Table 12). 

GROWTH-LIMITING FACTORS IN AEROBIC 
SOILS 
Soil Chemistry Department 

Factors limiting rice growth in aerobic soils, in the 
absence of water stress, include manganese and 
aluminum toxicities in strongly acid soils and iron 
deficiency in slightly acid, neutral, and alkaline 
soils. Greenhouse tests had earlier revealed 
marked varietal differences in reactions to all four 
kinds of soil. 

Screening. A total of 331 rices were tested on 
Maahas clay (pH: 6.0, O.M.: 1.9%) at IRRI and 
Luisiana clay (pH: 4.9, O.M.: 4.8%) at Pangil, 
Laguna, in the presence of adequate nitrogen, 

Table 11. Grain yields of 10 rices (dipped in zinc oxide) on a 

strongly zinc-deficient soil in Barrio Baluan. General Santos
 
City, Philippines, 1979 wet season, 


Grain yield8 

Variety (t/ha) 

IR9109-71-2-1 3.7 a 
IR11418-15-2 3.1 ab 

phosphorus, potassium, and with no water stress. 
Included were 171 entries from the 4th Interna
tional Upland Rice Observational Nursery 
(IURON) and 160 GEU elite lines. 

The rices were scored for iron deficiency on 
Maahas clay and for manganese toxicity on 
Luisiana clay u, 8, and 10 weeks after sowing. The 
8th week scores showed the smallest coefficient of 
variation and the highest discriminating quality, 
and were used for classifying the rices. 

Forty rices indicated tolerance for the soil condi
tions at the two sites. IR43, IR46, IR48, IR2797
105-2, IR4432-52-6, and IR5853-162-1-2 had 
scores of 3.3 or less at both sites. 

Yield trial. Twenty-four selected rices from 
1978 drought screening at IRRI were tested in a 
replicated experiment on Maahas clay in the pres
ence of adequate nitrogen, phosphorus, potassium, 
and without water stress. 

Eight weeks after sowing, varietal differences in 
iron deficiency symptoms appeared. Mean scores 
and yield for 12 entries are in Table 13. 

Three of the 5 rices that yielded more than 4 t/ha 
scored 3.3 or less. The lowest yielders scored 5.3 
or 5.7, indicating that tolerance for iron deficiency 
is important in iryland rice. 

ALUMINUM AND MANGANESE TOXICITIES 
Soil Chemistry Department 

Solution culture studies showed striking varietal 
differences in tolerance fer excess aluminum or 
manganese as measured by relative dry matter 
weight of 4-week-old p'ants. But there was no 
clear-cut association beiween tolerance for acid 
soils and tolerance for excess manganese or 
aluminum. Nor was there a correlation between 

manganese tolerance and aluminum tolerance. 

Table 12. Performance of 2 varieties on zinc-deficient soils at 
2 sites in Pangasinan, Philippines, 1979 wet season.IR11418-19-2-3 3.1 ab.......................................
1141 2.1 bcIR34 2.6 bc Initial zinc... Yield (t/ha)..
 

IR5677-17-3-1-2 1.8 cd ikg/ha) Bugallon Natividad
 

IR20 1.8 cd 
 IR36 IR42 IR36 IR42 
IR42 1.7 cd . .... . . 
MR346 1.6 cd 0 2.6 2.7 0.0 0.0 

4a
IR4630-22-2-5-1-2 1.5 cd 4.4 5.5 4.2 6.2 
IR26 1.3 d 8 3.3 4.3 4.8 5.8

16 3.7 4.2 4.5 6.1 
aMeans followed by a common letter are not significantly different at - 1...-.2 .. 1 
the 5%level. Average of 4 replications. "Current application. 
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Table 13. Performance of 12 rices on a slightly acid aerobic 
.jil, in the absenCe of water stress. IRRI, 1979 dry season.' 

.Scor-e a-.t 
h 


-8 weeks

Variety or line Yield (t/ha) (1-9) 

IR46 4.8 a 4.7 efgh 
IR8608-189.2-2 4.3 ab 2.7 ab 
IET1444 4.3 ab 3.3 abcd 
IR8192.200-3-3-1 4.1 abc 4.3 defg 
IR36 (resistant check) 4.1 abc 2.7 ab 
IR3648-1-1-1 3.8 abcd 4.0 cdef 
IAC 1246 3.7 abcd 3.7 bcde 
R 1297.158.3 3.6 bcde 2.3 a 

IR5853162123 3.2 bcdef 4.7 efgh 
Salutnpikit 2.8 def 3.0 abc 
IR28 (susceptible check) 2.7 (lef 5.7 h 
IR346496.33-1.31 1.3 gh 5.3 gh 

aMpans folloies tspa common letter are not significantly different at 
the 5' level. Av of 3 replications. b, almost normal plants, 9 dead 
plants,
 

Table 14, however, suggests some association 
between tolerance for acid soil conditions and 
aluminum tolerance. 

NITROGEN EFFICIENCY 

Soil Chemistr Department' 

A greenhouse study of the nitrogen response of 
two traditional varieties (Peta and H4) and two 
modem rices (IR42 and IR48) at six nitrogen levels 
on Maahas clay confirmed the earlier finding that 
Peta and H4 use nitrogen for grain and total dry 
matter production more efficiently than the two 
modem rices (Fig. 1, 2). 

Table 14. Tolerance scores for acid soil conditions of 9 rices 
with tolerance for aluminum or manganese as measured by 
relative yield in the presence and absence of an excess of the 
element in the culture solution. 

Acid soil Relative yield ( 
Variety or line tolerance Aluminum Manganese 

sctre a (30 ppm) (80 ppm) 

IR20 6 20 51 
IR22 5 19 59 
1R24 5 17 74 
IR127-80-1 3 26 65 
IR712-23-2 5 21 88 

E425 5 38 44 
M1-48 2 31 68 
Monolaya 3 _b 29 
Peta 7 21 84 

= 

aon the1-9 scale: 1 - almost normal plants, 9 dead plants. bNo test. 
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MULTIPLE STRESSES 

Soil Chemistry Department 

Multiple tolerance for stresses, especially for those 
that often occur simultaneously in problem soils, is/ 

Grain yield (g/pot 

20 

WPe 

R42
 

R4 
o0
 

2Hil Y 55.9+0.7124X-.0009OX2 90.99- ln1=6f
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I. Grain yield of4 varieties at 6nitrogen levels. IRRI greenhouse, 
1979 dry season. 
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2. Total dry matter (TDM) yield of4 varieties at 6nitrogen Levels
 
IRRI greenhouse, 1979 dry season.
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an advantage. Table 15 shows the reactions of 21 
IR varieties to various soil stresses, 

IR36 had tolerance for salinity, alkalinity, and 
zinc and iron deficiencies and is suggested for salt-
affected soils of arid regions. IR42 and IR44 had 
tolerance for salt, iron toxicity, and phosphorus 
deficiency and did well on an acid sulfate soil. 

even without a planned effort to achieve such 
tolerance (Table 16). 

GENETIC ASPECTS 
Plant Breeding Department 

A preliminary study on inheritance of tolerance for 

Table 15. Reactions of IR varieties to adverse soil conditions. IRRI, 1979. 

Reactiona 

Wetland soils Dryland soils 

Variety Toxicity Deficiency Iron 
Aluminum 

and 

Salt Alkali Peat Iron Phosphorus Zinc 
deficiency manganese 

toxicity 

IR5 4 7 0 6 5 5 4 5 
IR8 3 6 5 3 4 4 4 4 
IR20 5 7 4 2 1 3 4 4 
IR22 5 7 0 3 3 3 5 5 
IR24 3 5 0 3 1 4 3 4 
IR26 5 6 6 6 1 5 4 3 
IR28 7 5 6 4 3 5 6 5 
IR29 6 7 5 4 5 3 0 0 
IR30 5 6 3 3 3 3 0 0 
IR32 5 7 5 3 3 5 5 5 
IR34 5 5 3 3 3 3 0 0 
IR36 3 3 3 3 7 2 2 4 
IR38 5 5 3 5 1 3 5 4 
IR40 5 6 5 3 1 2 0 0 
IR42 3 4 5 3 3 4 6 5 
IR43 3 7 7 4 3 3 5 3 
IR44 3 5 3 3 3 4 4 4 
IR45 4 7 6 5 3 4 4 4 
IR46 4 3 5 6 5 3 4 3 
IR48 4 7 5 6 5 5 t 3 
IR50 4 5 3 4 3 3 4 4 
aOn acale of 0-9: 0 no information, 1 Almost normal plants, 9 almost dead or dead plants. 

Because of its tolerance for deficiencies of phos-
phorus and iron as well as toxicities of aluminum 
and manganese, IR43 did better than the other 
entries as a dryland rice. IR50, with tolerance for 
salt, zinc deficiency, phosphorus deficiency, and 
organic soil problems, is suggested for coastal 
organic soils. Of all IR varieties IR36 had the high-
est multiple stress tolerance, 

It appears that tolerance for adverse soils can be 
combined with good agronomic characteristics and 
resistance to insects and diseases, and that many 
IR varieties showed multiple soil stress tolerance 

zinc deficiency and the interrelationships among 
zinc deficiency, iron deficiency, and alkalinity was 
undertaken. Three generations of two crosses 
involving parents tolerant (IR20 and IR30) of and 
sensitive (E425) to zinc deficiency stress were 
screened in concrete beds at IRRI. One hundred 
genotypes (varieties and breeding lines) were 
screened for injury caused by alkalinity and zinc 
deficiency. The results of this experiment and of 
earlier mass-screening experiments were subjected 
to association analyses (Table 17). The results, in 
general, indicated that tolerance for different min-
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Table 16. Grain yields of stress-tolerant varieties in the absence of the stress. IRRI, 1979 
dry season. 

Variety or line Grain yield' 
stress
(t/ha) 

IR9884-54-3 6.0 a Salinity
 
IR46 5.8 a 
 Salinity, zinc deficiency
 
IR4227-28-3.2 5.7 ab Phosphorus deficiency

IR4422-480-2.3-3 5.6 ab 
 Phosphorus and zinc deficiencies 
IR2058-85-3-3 5.5 abc Alkalinity 
IR38 5.5 abc Zinc deficiency and organic soil problems
IR20 5.5 abc Zinc deficiency, iron toxicity, and phos

phorus deficiency
IR42 5.4 abc Salinity, alkalinity, iron toxicity
 
IR2823-103-5-1 5.4 abc Phosphorus deficiency
 
IR4432-103-6 5.3 abcd Organic soil problems 
IR4763-141-2-16 5.3 abcd Salinity and alkalinity
 
IR32 5 0 abcd 
 Iron toxicity, phosphorus deficiency

I R2307-247.2-2-3 5.0 abcd Salinity, alkalinity
 
I R36 4.8 bcde Salinity, alkalinity, iron toxicity, zinc 

deficiency
IR40 4.7 bcdef Zinc deficiency and organic soil problems 
IR4816-70-1 4.7 bcdef Organic soil problems

IR 1529-430-3-1 
 4.6 cdef Iron deficiency
 
IR24 4.3 defg 
 Iron toxicity and iron deficiency 
IR4763-73-1 4.3 defg Salinity 
IR4630-22-2 3.0 h Salinity 
aMeans followed by a common letter are not significantly ilifferent at the 5";. level. Av of 3 replica
tions. 

eral stresses behaves nearly independently. The ROLE OF MINERAL STRESS TOLERANCE IN 
frequency distribution of ratings for three genera- YIELD STABILIZATION 
tions (Table 18) indicated that tolerance for zinc Plant Breeding Department
deficiency is under polygenic influence, showing
continuous variation and transgression in F,2. The work on the role of varietal tolerance for min-
Tolerance seemed to be dominant. Heritability var- eral stresses in stabilizing yield was continued on 
ied between crosses. four problem soils at five sites in the Philippines. 

The results of the performance tests confirmed the 

Table 17. Correlation coefficients based on ratings of 44 genotypes' reactions to various 
adverse soils. IRRI, 1979. 

Correlation coefficienta
Character Irn ... 

_ _____ Salinity Alkalinity... ... tonc.. o ic~ity_ Peat soil. . . Phosphorusd...eficiencyV 
Zinc deficiency 
Salinity 

0.224 0.074 
0.154 

0.075 
0.146 

0.002 
-0.009 

0,054 
-0.014 

Alkalinity 0.245 -0.005 0.114 
Iron toxicity -0.171 -0.015 
Peat snil 0.055 
aNone is significant at 5", level. 
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Table 18. Frequency distribution of ratings for zinc deficiency tolerance of parents and progeny of crosses involving tolerant (T) andsusceptible (SIcultivars, 1978 wet season. 

Generation - - Frequency distribution of tolerance ratingo3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0P1 IR20 (tolerant) 	 7.5 8.0
1 8 
 2
P2 E425 (susceptible) 11
1 3
F, (IR20/E425) 5 1 


1
F1 (E425/1 R20) 1 
1 11 

2
1 1
F3 progeny 2 5 21 20 32 19 2
 
P, IR30 (tolerant) 3 5 2
1 3 	 109
6 1
E425 (susceptible)P2 	 11

F, (IR30/E425) 	 1 6 1 2 1
1 	 11
1 


1 1 2
 
F1 (E425/IR30) 
F3 progeny 1 20 37 27 	 2
19 5 6 

Ratings assigned on a scale from 1 to 9,with I 

1
 
= most tolerant and 9 
= most sensitive. Mean of 2 replications. 

Groin yield t/ho) 

5
 

LO 	1978 dry season 
(978 wet season 

1
(979 dry season 
------ Mean for3 seasons 

3
 

2
 

Mahsuri IR4227-28 IR4707-123 IR2797-105 IH5853-162-3-2 	 IR9209-26-3 -2-2-3 -1-2IR2797-125 	 -2IR36 	
f f 

IR26 IR3464-217 IR5105-80-3-3-2-2-2 
-1-3 -3-2 

3. Performance of II genotypes on iron toxic
soil at Malinao, Albay, Philippines (3 seasons).
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BREEDING PROGRAM AT IRRI 
PhlntBreeding anel Plant Physiology Departments 

A total of 7,593 breeding lines and varieties were 
screened for submergernce tolerance, 

Three hundred single and 816 multiple crosses 
to generate improved germplasm for the medium 
water depth were made with emphasis on inter-
mediate stature, submergence tolerance or inter-
node elongation ability or both, and resistance to 
major insects and diseases. FRI3A, BKN 6986-
147-2, Goda Heenati, Kurkaruppan, Thavalu, 
FRG, and CNL lines from India; Beguamon 202, 
Ashini, Chaplash, Kumargoir, and Joli Aman from 
Bangladesh were used extensively in programs to 
incorporate submergence tolerance and elongation 
ability. Indonesian lines were used for intermediate 
stature and sturdy culm. Most of the crosses with 
FRI3A, Thavalu, and Kurkaruppan were highly 
sterile. 

The inheritance of tolerance for submergence 
appears to be complex. To find out the feasibility 
of 	increasing selection efficiency, F2 seedbeds 
with 10-day-old seedlings were submerged for 10 
days at 25-30 cm depths. Survival was scored 5 
days after the standing water was drained. The 
survival score varied from low to high in crosses 
where only one of the parents had submergence 
tolerance, but was high in crosses where two of the 
parents had submergence tolerance (Table 1). The 
results indicated that F., populations may be 
screened for submergence tolerance at the seedling 
stage. 

Table 1. Survival score of F2 seedlings submerged for 10 days 
in the seedbed. IRRI, 1979. 

Crosses (no.) 

Source of submergence with given survival score 
tolerance Low Moderate High 

(<50%) (50-70%) (> 70 ) 

Chakia 59 2 3 1 
Goda Heenati 5 3 1 
FR13A - 3 4 
TarasBao - 1 -

Chaplash + Beguemon - - 2
Chaplash + BKN6986-147-2 - 1 
Chaplash + Pukhi - - 1 
Chaplash + Badal - - 1 
BKN6986-147-2+ Hijlidigh 1 -
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The elongation ability of lines involving 64 
crosses in the F, F4, F5, and F,; was tested. Of 
the 1,584 lines screened, only 10% had ascore of 5 
and less than 1%had a score of 3. Most of the lines 
had a poor score (7). In crosses where the elongat
ing parent contributed only one-fourth to the cross, 
no scores better than 7 were obtained. In crosses 
involving an elongating variety, such as Leb Mue 
Nahng I ll as a primary parent, lines with a score 
of 5 were obtained 

A score of 3 was obtained only in crosses 
involving BGD7-6-1PE/T442-57 as a parent. 
BGD7-6-IPE has Habiganj Aman 4 as an elongat
ing parent, and T442-57 has Leb Mue Nahng 111 
for this trait. 

BREEDING PROGRAM IN THAILAND 
Thailand-IRRI Cooperative Deepvater Project 

Submergence tolerance. A total of 2,700 lines 
were screened for submergence tolerance by a new 
procedure in deepwater ponds: 

0 	 Pregerminated seeds were planted in a wet 
seedbed in rows 125 cm long, with 25 cm 
between rows. 

* 	 Check varieties were planted in every tenth 
row, alternating between FRI3A as aresistant 
check, and a susceptible check, which can be 
aprevalent variety. Khao Dawk Mali 105 was 
used. 

* 	 After 25-30 days, seedling height for each 
row was measured, and water added to alevel 
of 120 cm. 

0 	 The water was drained 10 days after flooding. 
One week later, the final score for survival 
was made on the basis of the appearance of 

green leaves. 
The new method represents an increase in sever

ity over previous tests. In the first test of 1,600 
entries, only 115 entries survived. Fifty-six ofthose that survived represented lines having 
FRI3A as one of the parents, 13 were derived from 
FR43B, and the remainder came from various par
ents, among them Nam Sagui 19. Survival scores 
of 1and 3 were prevalent with entries derived from 

FRI3A and FR43B, but in no case could they be 
given to the other lines showing some survival. 

Some considerations for parental choice and 

breeding strategy for submergence tolerance 



Table 2. Survival percentage in a submergence test, and pro. Rapid generation advance. A rapid generationportion of Plants with ac.eptable grain fertility in pooled data
from 3 types of composi, crosses. IRRI, 1979. advance (RGA)program in Thailand handled two


Submergence tolerance 
Acceptably populations. F5 populations from three generatiorssource ('1)Survival platsfertile of RGA IRRI, oneF A/ .. at and population from theHunt-a RGA effort were tested in deep water. Lines1/8 FR13A + 1/8 FR13A tht had an elongation ability score of6 or better in

40 9 08 -cm water were from BKNFR760331/8 FR13A + 1/8 Goda Heenati (18%);1/8 Goda Heenati + 1/8 Goda Heenati 2921 2193 

(44%); and BKNFR76910 (21%).
Selection for submergence tolerance duringrapid generation advance.emerged from work with composite To test the availablecrosses methodsinvolv, selection of recognizingtolerance in seedlings grown in RGA, a simulated 

experiment usedsuperior submergence12 entries in the
ing the varieties FRI 3A and Godasurviving plants were Heenati. The Ce entionexpergentri
transplanted, and at harvest es t . 
the proportion of sterile plants rejected from each 

Cooperative Internationa Submergence Test.15314, and Thavalu 15325cross was noted. The data indicated that in order to had previously beenidentified asincrease the proportion of agronomically accepta-
superior varieties for submergencetolerance.ble plants in crosses Threeaiming at submergence toler-

experiments were done withance, including FRI3A 21-day-old seedlings planted in film capsules andor Goda Heenati in only submerged in25% of the parentage of composite crosses 
72 -cm-deep water. The duration ofwould submergence wasgive acceptably high survival percentages (Table kept flexible depending on theprogress

2). Increased made in destroying plantsusage of Goda Heenati as by suba parent mergence.
also drastically increased panicle fertility.
Screening for elongation ability. About The results of these preliminary tests (Fig. 1)10,000 advanced and early generation lines 

show that it should be possible to make mass selecwerescreened for elongation ability 
tion for submergence tolerance in hybrid populaat the seedling tions of appropriate parentage duringstage. Elongation ability for survival a cyclewater at the 1-m RGA. The following qualifications need to 

ofdepth was bestressed.
elongation ability The rices tested forwere also tested simultaneously made: 
or in alternating generations in shallow water at the 

0 On the average about 50% of the tolerant
plants will be destroyed.K long Luang R ice E xperim ent Station. * T s i skbe destroHybridization. A total of 337 crosses weremade There is risk of heavy destruction, but this canat the Huntra and Bangkhen stations,IRRI upon request. F,,Populations or atwere grown atHuntra, Prajinburi, and Bangkhen stations. About No ,low0 N'oegenadded
 s,,, ,,,


3 ,000 entri e s o f F:an d more advanc e d pe d igre e n,,n/, 

were grown at the three stations. Selectionsmade on werethe basis of observations in the field andin parallel 
submergencetests for plant type, elongating ability,tolerance, 2growth duration, resis-

tance to bacterial 8 days'Seg,
blight, grain shape, appearance _$eer/of the dehulled grain, and resistance to brown plant-

%/ohoppers. About 50% of the lines were photoperiodsensitive and submergence tolerance ,was presentin 15% . 
, 2/,,,,s 

Observation nurseries. Four observation 
. ,
 

nur-
 ]%4o°/ 0series comprising about 400 lines were planted at I. Comparison of the survival10 sites in Thaila "d.Ten percent of the lines of 4submerger..tolerant varietieswere (dotted bar) and 8nontolerant var,..es (black bar) insimulatedkept for further observation or for yield trials. 1979. 

Srapidgeneration advancetyp tbmrgence screening IRRI 
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be minimized by using check varieties to help
 
decide on the duration of submergence for
 
each run.
 

Release of RD17 and RD19. The Thai Ministry 
of Agriculture and Cooperatives approved the )00
 
release of RDI7 and RDI9, Thailand's first
 
deepwater rice varieties of hybrid origin. Both var
ieties are selections from BKN6986, the cross
 
between the semidwarf IR262 and the floating rice
 
Pin Gaew 56. RDI7 and RDI9 possess dwarfing 
genes, conferring shallow-water plant heights 
ranging from 110 to 150 cm, depending on the 
environment. During the vegetative phase, they 
can withstand gradual flooding to I m. Both var- Ssceple (/R36) TolantFR/3A 

ieties form longer than usual internodes up to a 
maximum plant length of about 180 cm. Both are 2. Diagram showing the overlapping of the first leaf sheath of 
moderately susceptible bacterial and the tolerant and stisceptible riceto blight, varieties of 10-day-old seedlings. 
have long grains and acceptable cooking quality. IRRI, 1979. 

They differ from each other in flowering behavior: 
" 	 RDI7 (BKN6986-66-2) matures in 140 to 150 sheaths than the susceptible varieties. The over

days regardless of the photoperiod prevailing lapping leaf sheaths and the rounder culm provide 
in Thailand. It can be grown in both the dry strength to the culm (Fig. 2). 
and wet seasons. Number of vascular bundles. The total number 

* 	 RDI9 (BKN6986-147-2) is Thailand's first of vascular bundles in the first and second leaf 
photoperiod-sensitive semidwarf rice variety, sheaths of the different rice seedlings tested did not 
If planted early, it flowers by mid-November show differences between tolerant and susceptible 
in Thailand, and harvest is in mid-December. varieties (Table 3). However, the two tolerant var-
This variety is meant for the vast areas ieties Kurkaruppan and Thavalu 15325 had the 
immediately east and north of Bangkok, highest number. 
where traditional tall, photoperiod-sensitive The number of vascular bundles per millimeter 
varieties 	arc grown in the wet season, of culm width showed high ratios for the tolerant 

varieties except FRI3A. The average ratio was 
28.1 for the tolerant varieties and 23.3 for the sus-

MORPHOLOGICAL STtI)IES OF VARIETAL ceptible entries. Breakage or collapse of the culm 
TOLERANCE FOR COMII.ETF. SUBMERGENCE usually occurs across the longitudinal axis, and the 

Plantt Ph'siolqy Department number of vascular bundles along that axis might be 
useful in strengthening the culm.the 

A series of studies was started to help find 

physiological and morphological basis of sub- SCREENING METHOI) FOR INTERNODE ELON
mergence tolerance. Twelve varieties with varying GATION AND NODAL.ROOTING ABILITY 
degrees of submergence tolerance were grown in 
trays for 10 davs and then submerged completely 
in 30 cm water for 6 days. An experiment was conducted to develop a method 

Culm thickness. Tolerant varieties generally for screening nodal rooting ability, to study the 
had narrow culms compared to the susceptible var- effect of nitrogen application on nodal rooting abil
ieties. There was, however, no clear varietal trend ity, and to evaluate the relation between nodal 
in culm thickness; the tolerant varieties generally rooting ability and elongation ability. 
had round culms and the susceptible varieties had Twenty-two varieties or lines and two levels of 
slender or flat. The data also showed that the toler- nitrogen fertilizer were used. At 42 days after sow
ant varieties had greater overlapping of leaf ing (DS), the plants planted in pots were trans
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Table 3. Plant height and number of vascular bundles in submergence-tolerant and sus
ceptible rice varieties. IRRI, 1979. 

Variety 

Tolerant 
FR13A 


Kurkaruppan 
Thavalu 15325 
Thavalu 15314 
SML Temerin 
Nam Sagui 19 

Av 

Susceptible 
Leb Mue Nahng 111 
T442-57 
IR36 
IRB 
RD7 
1R42 


Av 


Plant ht (cm) Vascular bundle? (no.) 

6 days Per mm 
Initial after Per culm width 

treatment 

21 26 33 24
 

18 24 42 35 
20 24 36 28 
26 29 32 28 
23 30 33 27 
21 29 32 26 
22 27 35 28 

24 28 33 24 
20 21 35 23 
20 24 33 24 
20 21 32 23 
21 22 34 22 

21 23 33 24
 

21 23 33 23
 

abased on the 1st and 2d leaf sheaths. 

Table 4. Average length of internodes of 22 rice varieties at 35, 52, and 60 days after 
sowing (DS). Plants were grown in dryland condition with 2 levels of nitrogen and sub
merged at 42 DS. IRRI, 1979. 

Type 
Entries

(no.) 

35DS 

Floating rice varieties 12 9 
Semidwarf deepwater 7 0 

rice lines 
Traditional nonfloating 3 0 

varieties 

ferred to a tank and subjected to increasing water 

level at the rate of 35 cm/day until the maximum 

depth (85 cm) was reached. The water level was 

maintained at 85 cm until the last sampling. Elon-

gated internodes were measured. 

Internode elongation ability. Among the 22 

entries, 9 showed intemode elongation even before 

submergence (Table 4). All varieties that had such 

early elongation were floating rices. The high nit-

rogen level tended to promote internode elongation 

and the first intemode was the longest in every 

entry. In this group, Laki 491, Kalimekri 77-5, 

Gowai 476, Habiganj Aman 1, Gowai 84, and 
Khama 380 showed early internode elongation. In 

the test, the Thai deepwater rice varieties (except 

Av internode length (cm) 

2 g N/pot 6 g N/pot 

52 DS 60DS 35 DS 52 DS 60DS 

49 61 10 51 64 
23 36 0 25 37 

16 24 0 16 29 

Khao Med Lek), semidwarf deepwater rice lines, 

and nondeepwater rice varieties did not show 

intemode elongation at 35 DS. 

After 10 days in deepwater (52 DS), all rice 

varieties showed internode elongation ranging 

from 13 cm in FRI3A to 65 cm in Gowai 476. 

The higher nitrogen level tended to increase inter

node elongation, but the increase was small. 

The traditional deepwater rice varieties had a 

higher number of intemodes (about 4-5) than the 

semidwarf deepwater rice lines and nondeepwater 

rice varieties (only 2-3). The first internode was 

the longest in the first observation, but at 10 days 
after treatment (52 DS), the second and third inter

nodes were longest. The first internode, which was 
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already mature, did not elongate much after it was after treatment (DAT) or 45 DS, nodal roots were 
subjected to deepwater. observed in many varieties such as Gowai 476 and 

At 18 days after treatment (60 DS), Gowai 476 Habiganj Aman I (Table 5). Most of the nodal 
showed the longest internode (79 cm), followed by roots were on the first node above the soil surface. 
Laki 491 and Gowai 84. Among the semidwarf Out of nine rice varieties that showed early inter
rice lines, BKN6986-147-2 and T442-57 had the node elongation seven had nodal roots. In succeed
shortest intemode (29 cm), which, was however, ing observations, nodal roots occurred in many rice 
longer than that of FRI3A (22 cm). The higher varieties. However, the varieties that showed ear
nitrogen level tended to promote internode elonga- lier elongation had better rooting ability.
tion. Because the elongation needed for tall deepwa-

Plant length increased with increased N level at ter rices to be above the water surface is minimal, 
every stage of observation. The data indicated a roots were formed earlier. Semidwarf deepwater
high correlation between plant length and length of rice lines had to elongate first and then form roots. 
internodes (r = 0.17**). Except for BKN6986-147-2, they had no roots 

Nodal rooting ability. Nodal roots usually even at 18 DAT. Nonfloating wetland varieties 
develop after internode elongation. Three days such as Khao Dawk Mali 105 and Nam Sagui 19 

Table 5. Nodal rooting of 22 rice varieties grown under 2 nitrogen levels and subjected 
to 85-cm water depth. IRRI, 1979. 

Nodal root? 

Entry 2 g N/pot 6 g N/pot 

3 10 18 3 10 18 
DAT DAT DAT DAT DAT DAT 

Floating rice varieties 
Birain 392 X 7 5 x 7 2 
Gowai 84 x 7 5 xx 5 3 
Gowai 476 xx 5 4 xx 4 1 
Habiganj Amen I xx 7 3 xx 4 1 
Kalimekri 77-5 x 5 4 xx 1 I 
Kalimekri 391 - 7 5 - 6 3 
Khao Med Lek - 7 7 - 6 6 
Khama 380 x 6 6 xx 4 2 
Laki 491 x 4 4 xx 2 1 
Leb Mue Nahng 111 - 8 7 - 8 7 
Po Ngern - 9 9 - 9 8 
Tapow Gaew 161 - 9 8 - 9 7 

Av - 6.8 5.6 - 5.4 3.5 

Semidwarf deep water rice 
BKN6986-108-2 - 9 9 - 9 8 
BKN6986-108-3 - 9 9 - 9 8 
BKN6986-147-2 - 9 8 - 9 8 
BKN6986-167 - 9 9 - 9 9 
BKN6987-127-2  9 9 - 9 8 
BKN6986-161-1-3 - 9 9 - 9 9 
T442-57 - 9 9 - 9 9 

Av - 9.0 8.9 - 9.0 8.4 

Traditional non floating rice 
FR13A - 9 9 - 9 9 
Khao Dawk Mali 105 - 9 9 - 9 9 
Nam Sagui - 9 9 - 9 9 

Av - 9.0 9.0 - 9.0 9.0 
eDAT = diys after treatment (submergence), x - nodal roots visible, xx - nodal roots starting to 
elongate. 1 = excellent nodal rooting, 9 - no nodal roots formed. 
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also had no roots at 18 DAT (Table 5). Thai tradi-
tional floating rice varieties (Leb Mue Nahng 11n,Khao Med Lek, and Tapow Gaew 161) had good 

nodal rooting ability. 
As early as 3 DAT the varieties with good root-

ing ability could be differentiated. But to differen-
tiate rooting ability in semidwarf lines, scoring 
should be at 20 DAT. Nitrogen fertilizer promoted
the production of nodal roots. 

The results of the experiments suggest that 
screening for intemode elongation and nodal root-
ing ability should follow these steps: 

I. 	 Apply a high level of nitrogen fertilizer(1.5 g 
ammonium sulfate/kg soil).

2. 	 Subject the plant to 85-cm-deep water at 6 
weeks after sowing.3. 	 Score elongation ability 10 DAT. 

4. 	 Score nodal rooting ability 20 DAT. 

I = excellent rooting ability, plenty of roots pro-
duced, roots longer than 5 cm and healthy; 

3 = good rooting ability, many roots produced, 
roots about 5 cm long, some are thin but 
most are healthy; 

5 = fair rooting ability, many roots produced, 
roots shorter than 5 cm, some are healthy but 
most are thin; 

7 = poor rooting ability, few roots produced, 
short and thin; and 

9 = no rooting ability, complete absence of 
nodal roots. 

SUBMERGENCE TOLERANCE AND ELONGA-

TION ABILITY 

Thailand-IRRI Cooperative Deepwater Project 

Characterization of submergence tolerance. A 
simulation experiment on effects of selection for 
submergence tolerance during rapid generation 
advance yielded information on the relation of 
submergence tolerance with seedling growth. In 
two of three experiments, seedling heights were 
measured at first submergence when the seedlings 
were 21 days old and in 72-cm water at 28 days. In 
the third experiment, parallel seedling measure-
ments were made on a control, which was not 
submerged. 

Figure 3 gives the relationship between seedling 

Seedling htincrement 
in one week's submergence22
20 - -ume 

20 
18 -

0o 0 
16 - o 
10 C 

0 0 
12 -
o 

0 0 
8 - 0 
6 -

4 

2
or-l L0 12 

-L
14 

L
16 18 20 22 24 26 28 30 32 

(cml before submergence 

3. Height increment of 21-day-old seedlings during submergence,
and initial seedling height of submergence-tolerant (black dots)andnontolerant (open circles) entries. 

height just before submergence, and seedling 
height increase during I week's submergence for 
12 entries in 2 experiments. 

Water level and submergence tolerance. The 
12 entries in the international cooperative test for 
submergence tolerance were planted in a four
water-level pond. The pond was flooded for 9 days 
at 44 DS (20 days after transplanting). Water 
levels were 90, 105, 130, and 155 cm, but they 
fluctuated about 30 cm because of seepage and 
subsequent refilling. 

The results conformed with those of other tests 
featuring the same varieties and clearly demon
strated that, to distinguish excellent submergence
tolerance from poor and mediocre tolerance, 
deep water levels are needed. 

Figure 4 shows the mean survival of highly 
tolerant varieties compared with that of the poor 
and average entries. As water levels increase, all 
varieties show reduced survival, but the spread 
between varieties increases. 

Elongation ability, plant height, and matura
tion. The elongation scores of 397 mostly 
photoperiod-insensitive lines were plotted against 
their corresponding shallow-water plant heights. 
One hundred and forty lines that mature in 130 
days or less were compared with 256 lines that 
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Survival M.) 
100 

80 FRI3A 

Kurkaruppan
I huvalu 15314 
Thavalu 15325 

60 

40 	 1 ,. 

Noa Sngui 19 
Khoo Dawk Mali 105 

20 	 SML Temern IR42
8KN 6986 -108-3 
BKN6986-66-2 BKN6986-

161-3 

0 I
90 105 130 155 

Depth of submergence (cm) 

4. Survival after emergence ofa group of 4 submergene-tolerant 
varieties and of a group of 8 varieties without such distinction, 
at 4 water depths. IRR., 1979. 

Elongation score 
I 

2 -gation 

3 

4 

0 0 0 
0not 

6 -

* 
7 

8 

9 L 
01 8 10I I I I I _0 80 100 120 140 160
 

Shollow-water plant hi (cm) 

5.Elongation in 90-cm water depth of lines that mature in I 3.(days 

(0)and lines that mature in more than 130 days (0). Elongation 
score: I = bestelongation response, 9 = poorest elongation, or 
none 

mature later. The resulting graph (Fig. 5) shows 
the relation between elongation ability and plant 
height for lines of later maturity. Early-maturing 
lines demonstrate better elongation performance 
than would be expected on the basis of their plant 
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Table 6. Effects of fertilizer and spacing on tiller density, plant 
height, and yield of RD17. Saedlings were transplanted at 25 
days of age and water was added 45 days after transplanting at 
5 cm/day to a maximdm level of 85 cm. Huntra Station, 
Thailand, 1979. 

Spacing 0 N and 25 kg N and 60 kg N and 

(cm) 0 P 25 kg P/ha 25 kg P/ha 

Tiller density (no.r 2) at 121 days 
25x 12.5 160 160 179 
25 x25 140 137 135
 
25 x 40 103 95 126 

Plant ht (cm) at maturity
25 x 12.5 162 159 166 

25 x 25 157 161 160 
25 x 40 153 155 155 

Grain yield (tiha)
25 x 12.5 3.3 3.3 4.0 
25 x 25 3.8 3.3 3.8 

25 	x 40 2.4 2.9 3.2
 
Av 3.2 3.2 3.7
• 

heights in shallow water. Presumably, the 
preflowering stem elongation common to all rices 
acts in concert with the water-level-induced elon

in seedlings between the ages of 30 and 50 
days. 

This finding has implications for genetic work 
on elongation ability if flowering time also segre
gates in populations; it also implies that early 
maturity in areas where expected water levels are 

higher than I m could be favorable. 

FERTILIZER TRIALS 

Thailand-IRRI Cooperative Deeptlater Project. 
Agronom. and Plant Physiology Departments 

Effect of fertilizer and spacing on yield of RD17 
(T/ailand-IRRI Cooperative Deepwater Pro
ject). RDI7, a newly released variety combining
dwarfing genes with clongating ability, was 

a ress fored elund rthre lvel o fe 
assessed for performance under three levels of fer
tilizer and three spacings. Harvest was 140 DS for 
the denser spacing and 147 for the 25- x 40-cm 

spacing. 
The results demonstrated the possibility of 

yields of 3 t/ha with no fertilizer or a basal fer
tilizer application under conditions of flooding 
when moderate varieties would fail (Table 6). The 
spacing of 25 x 40 cm/hill limited grain yield and 
delayed maturity. 



____ 

Table 7. Effects of different forms and mode of fertilizer ap-
plied bass.;y on the yield of IR42 under medium deepwater 
culture (max water depth 40 cm). IRRI, 1979 dry season. 

Forms and mode of urea 
fertilizer (54 kg N/ha) 

No nitrogen 
1/2 PU + 1/2 SCU (FG)b 

SCU (FG) 

1/2 PU + 1/2 SCU (ordinary) 

SCU (ordinary) 

Urea supergranules (10-12 cm) 

Prilled urea 


--------------.... -i---. 
Grain yieldt 

(t/ha) 

0.75 c 
3.07 a 
2.49 ab 
2.09 ab 
2.22 ab 
3.18 a 
1.81 bc 

aAny 2 meansfollowed by thL s,,me letter are not significantly different 
from each other at the 5% level.pu = prilled urea, SCU = sulfur-coated 
urea, FG = forestry grade. urea FG foestr wae. 

Table 8. Effect of basal nitrogen application on grain yield of 
15 rice lines grown in medium 
season...---------

Entry 
0 N 

BKN6986-147-2 3.59 
CICA 8 4.06 
IR3880-13.4 3,33 
IR4432-52.6.4 3.83 
IR5629-64-3 3.88 
IR5825-44-3-P2 3.74 
IR5857-3-2E-.11 2.29 
IR5857-3.2E-1.2 2.82 
IR5857-3-2E-1.27 2.84 
IR5857-3-2E-1-33 2.57 
IR5857-4-lE.1.8 2.84 
MRC505 4.38 
N22 3.31 
RD7 3.90 
T442-57 4.26 

Mean 3.44 

deep water. IRRI, 1979 dry 

Grain yield (t/ha) 

80 kg N/ha Mean 

4.66 4.13 
5.26 4.66 
4.56 3.95 
5.52 4.68 
4.59 4.24 
535 4.55 
3.48 2.89 
4.16 3.49 
3.75 3.30 
4.16 3.37 
4.41 3.63 
5.01 4.70 
4.75 4.03 
4.67 4.29 
5.25 4.76 
4.64 1.20* 

The higher tiller densities obtained at the closest 
spacing appeared to have been offset by smaller 
panicles that brought about the similar grain yields
of the 25 X 12.5 and 25 X 24 cm spacings. Exper-
iments ai lower basic soil fertilities than those at 
Huntra station are needed to better evaluate the 
potential ofcloser spacings in deepwater situations.In shallow water, RDI7 was around 120 cm in 
height. At the 80-cm water depth, plant height 
ranged from 153 to 166 cm. 

Slow-release fertilizer nitrogen for medium 
deepwater rice (Agronomy). Experiments at IRRI 
during the 1979 dry season evaluated slow-release 
nitrogen fertilizers (54 kg/ha) for IR42. There was 
a significant response to the slow-release fertilizer 

nitrogen (Table 7). 

Response of medium-deepwater rice to ni
trogen fertilizer application (Plant Physiology). 

An experiment was conducted to better understand 
the increase in grain yield of the new medium
deepwater rice lines with fertilizer ;application. 
Two levels of nitrogen were applied before trans
planting and water level was increased 30 DAT at 
the rate of 5 cm/day until a 50-cm water depth was
reached. That level was maintained until all entries 

had flowered. The water was slowly drained before 
harvest. 

Grain yield. Ba
GainYiel. Bsal nitrogen application resulted 

in a significant increase (35%) in grain yield of all 
entries (Table 8). Higher grain yields with nitrogen 
application were due principally to the greater
number of panicles per squa,:e meter (Table 9).
The positive responses to nitrogen application 
ranged from 14% for MRC505 to 62% for 
IR5857-3-2E- 1-33. 

Yield components. Basal nitrogen application
increased the number of panicles per square meter
for all entries - an average of 47% increase of 
pancles per unit area - but did not affect the 

number of spikelets per panicle, fertility percen
tage, and 1,000-grain weight (Table 9). The results
clearly showed that the role of basal nitrogen in 
achieving higher grain yields is to increase the 

panicle number per unit area - basal application
increased the tiller number per unit area for all 
entries as early as 30 DAT or before the water level 

was increased. Use of slow-release nitrogen corn
pounds may subsequently increase the number of 
spikelets per panicle. 

Except T442-57, all the rice lines that produced
high grain yields had high tillering ability. The 
high grain yield of T442-57 was attributed to the 
big panicle size or more spikelets per panicle and 
heavier 1,000-grain weight, which are the domin
ant characters of Thai floating rice. These results 

Table 9. Yield componentsa (av of 15 entries) as aflectid bybasal nitrogen application under medium deep water condition. 

IRRI, 1979 dry season. 

Yield components 0 N 80 kg N/ha 

Panicles per square meter 163 b 240 a 

Spikelets per panicle 112 a 115 a 
Fertility (%) 86 a 83 a 
1000-grain wt (g) 23.38 a 23.46 a 
afar each component, values followed by the same letter are not sig

nificansty different at the 5% level. 
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TabJ 10. Agronomic characters (av for 15 rice entries) asaf-fWiled by basal nitrogen application under medium_ "onditon." deep waterIRRI, 1979 dry season. 

________250Character 0 N 80kgN/haLeaf area index at flowering 1.8 bb 3.5 aTiller, per square meter 164 bProductive tillers (%) 244 a
100 a 

Dry matter production (t/ha)b 
b 

95 a 
7.33 10.46 aMaturity (days) 107 107aFor each character, values followed by tie same letter are not signifi.

cantly different at the 5% level, bAt maturity. 

indicate that if selection for intermediate stature is 
needed in deepwater areas, aot only good tillering
ability at early stage but also panicle weight should 
be considered. 

Leaf area index. Increase in leaf area index(LAI) at flowering was due to nitrogen application
(Table 10). The increase was attributed mainly toan increase in tiller number and plant length abovethe water surface. In both the nitrogen and no nit-
rogen plots, the LAI was relatively low (av of 3.5in the plot with 80 kg N) compared with previous
results obtained with Peta (about 7) under irrigatedconditins. Because the lower leaves that were
submerged died, the LAI in medium deep water 
would be lower than in shallow water. 

Plant length and tiller number. Basal nitrogen
application significantly increased plant length bypromoting internode elongation, and significantly
increased tiller number before the water level was 
increased . 

Previous research had shown that grain yieldsdecreased as water level increased; increase in
water level resulted in the cessation of tiller pro-
duction. However, this might have been a useful 
way of preventing the production of unproductive

tillers as shown in Figure 6. Normally productive
tillers range from 50% in Peta to 81% in Tainan 3.In medium deep water, the productive tillers rangedfrom 95% to 100% in plots with and without nit-rogen application (Table 6). This points to theimportance of early tiller production by basal fer-tilization and closer plant spacing to achieve higher

grain yields of deepwater rice. 
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6.Effect of basal nitrogen application on tiller number of 15 lines 
grown in medium deep water. IRRI, 1979 dry season. 

Nitrogen application in medium deepwater riceincreased grain yields primarily by increasing tillernumber per unit area, percentage of effective tillers, and plant height, which increases plant survi
val and LAI. 

COLLABORATIVE FIELD SCREENING FORDROUGHT RESISTANCE AT SEEDLING STAGE ro n o my r e n t 
Agronomy Department
Drought is a problem during the early ..agcs ofgrowth in the deepwater rice areas where seed arebroadcast. Collaborative screening involving Thailand, West Africa, West Bengal (India), and IRRI 
was started -c.ith 17 common entries. Tests at IRRI
(see Drouglt resistance section of this 
 report)
showed that only KU86 was tolerant of 4-5 bars ofsoil moisture tension. A few other rices (mostlydeepwater) had moderate resistance to drought of4-5 bars. Similar tests at Huntra and Klong Luang

stations, Thailand, failed yieldto reliable data
because of soil heterogeneity. 
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LOW TEMPERATURE ree lines derived from 50 crosses were evaluated in 
Plant Physiology and Plant Breeding Departments a pedigree nursery. All entries in the pedigree nur

sery were screened for resistance to blast, bacterial 
Genetic studies on cold tolerance at seedling blight, green leafhopper, zinc deficiency, cold 
stage. Genetic analysis was made for 14 crosses tolerance at seedling stage, and grain quality 
involving a cold-tolerant cultivar and a susceptible characteristics. The promising breeding lines are 
line. Ten days after sowing of parental lines and listed in Table 2. 
the F, and F., of each cross, seedlings were put in At Banaue 1,860 lines and varieties were 
a cold water (12'C) tank. When the susceptible screei12d for cold tolerance at the seedling stage; 
parent showed symptoms of cold inju.y (severe entries in the International Rice Cold Tolerance 
yellowing of leaves), the F, and F, seedlings were Nursery were screened fcr tolerance at the seedling 
scored for cold tolerance. In all the crosses the F, stage, at panicle initiation, and at anthesis. 
seedlings showed tolerance for cold water, indicat- Rapid generation advance for cold-tolerant 
ing that cold tolerance is a dominant trait. In 11 of rices. The use of rapid generation advance (RGA) 
14 crosses, the F., populations segregated in the to accelerate the breeding program on cold toler
ratio of 3 resistant to I susceptible to low water ance started in late 1978. In 1978, 48 crosses 
temperature at the seedling stage, indicating sim- specifically for low-temperature areas such as 
pie monogenic inheritance (Table 1). Crosses bet- India, Nepal, Korea, and the high-altitude areas of 
ween Jodo and JC24 indicated that the two lines Indonesia and the Philippines were grown through 
have the same gene for cold tolerance. RGA. 

Breeding. To develop improved germplasm for 
low-temperature areas, 121 single and 404 multi- KOREA-IRRI COLLABORATIVE PROJECT 
pie crosses were made during the year and F2 Plant Physiology and Plant Breeding Departments 
seeds of 72 crosses were distributed to breeders in 
6 countries. In 1979, additional temperature-controlled 

Field evaluation of cold-tolerant breeding facilities were built by the Korean Government and 
materials was continued at Banaue, Philippines, in new land was added to the Chuncheon station. 
collaboration with the Bureau of Plant Industry. Rice Cold Tolerance Screening Nursery. A 
Five F, populations were grown and 822 single- total of 1,620 entries were screened at Chuncheon 
plant selections were made. A total of 1,178 pedig- for tolerance for low water temperature from the 

Table 1. Reaction of parental lines (P1, P2 
) , and F1 and F2 seedlings of 14 crosses to 

cold temperature. IRRI, 1979. 

Reaction to cold temper atme 
2 

-- X valueCross combination seedlings (no.) XPl P2 F1 .. F2 . (3-1) 

R S Total 

Calrose/I R8866 R S R 380 111 491 1,4997 
Calrose/IR30 R S R 656 198 854 1.5004 
Calrose/IR5853 R S R 655 234 889 0,8283 
JC24/1R30 R S R 533 114 647 187950' 
JC24/1R5853 R S R 742 229 971 1.0384 
Jodo/lR8866 R S R 597 199 796 0.0000 
Jodo/IR30 R S R 605 172 777 3.3981 
Jodo/IR5853 R S R 519 178 697 0.1076
 
KT31-1/1 R8866 R S R 531 159 690 1,4087 
KT31-1/IR30 R S R 695 256 951 1.8679 
KT31-1/1 R5853 R S R 640 242 882 2.7952 
Eiko/IR8866 R S R 647 250 897 3.9424' 
Eiko/IR30 R S R 694 158 862 13.9598"" 
Jodo/JC24 R R R 1087 - 1087 
aR resistant, S - susceptible. 
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Table 2. Characteristics of selected cold-tolerant breeding lines grown at Banaue, Philippines. 1979 dry season. 

Maturity Ht Amylose Reaction" toDe~rtgnarr... Cross 
(days) (cm) ("') BB B GLH 

IR5867 45 2 32 IR74782 6/Kn lb 361.1.8//1R747B2.6/ 136 102 9 1 1 3 
Kr 11b213- 14 

IR5896 102 1 1 1R747B2.6/Bagsanrbykar//1R2061.213.2 16 136 103 7 1 1 3 

97167 3323 Chira 1039/Kn-1 b361-186.10 136 96 9 1 8 3 

iR7167-332 5 1 3 136 93 9 1 8 5 
IR8845.1033 K17.Bk-4-1/1R2053-521-111 138 102 7 1 1 7 

IR9105 42 1 3 China 1039/IR1561-228-3-3//IR2053-521.1-1 136 113 9 1 4 7 
IR9107-93-3.3 China 1039/IR2061.213.2//IR2053.521.1.1 134 114 7 1 4 7 

IR9202.5.2 22 I12053-521-1-1/K116//Kn-lb-361.1-8-6-9-1 132 99 9 1 1 5 
IR9202-6 1.1.2 132 99 9 1 1 5 

IR9202.6-1-2 132 101 9 1 1 S 

IR9202-21-3-2 136 97 9 1 3 3 

IR9202-23.2-1.3 132 95 9 1 1 3 
IR15889-112-3 IR3941-37-2/Kn-1b.361-Blk-27-1//IR3941-25-1 132 94 9 1 - S 

IR15889-113-3 134 94 7 1 - 3 
1R15889.130 3 132 91 9 1 - 3 

RPKN 2 1R8/Jerak 162 99 7 1 1 
- 125 7 7 - -Local 


= 
aStandard Evaluation Sytem for Rice: Bacterial blight (BB) - 1 less han 1%, 7 26-50", incidence; blast (B - 1 small brown specks of pinhead 

= 
size, 8 - 51 -15 of leal area infected with typical blast lesions and many leaves dead; green leafhopper (GLH) - 3 first and second leaves yellowing, 
7 more than half of plants dead and remaining plants severely stunted; S - segregating. 

vegetative stage to maturity. On the basis of temperature. The plants were transplanted in plots 

phenotypic acceptability at maturity, growth dura- that received 50, 150, and 200 kg N/ha and sub

tion of I10 days or less, a score of I for leaf jected to water temperature of either 17 cr 21'C 

yellowing at 42 days after transplanting, panicle from tillering to maturity. 

exsertion score of 1, and spikelet fertility of at least With water temperature at 17'C, grain yields 

73%, the following entries were selected: Fuji 269, were highest in all cases at 150 kg N/ha (Table 3). 

Wase Toramochi, Somewake, Tatsumi-mochi, At 21'C, the grain yields were generally higher at 

Hwanghaedo, Von Ja 2, SR3049-58-1-5-1, 200 kg N/ha, mainly the result of higher panicle 

SR30:.)-58-1-5-2, SR3054-55-1-2-3, SR3055- number per hill. 
The importance of nitrogen fertilizer at low129-3-2-2, C1 11041, and CI 11043. The reactions 

of the rest of the entries are available in the IRRI water temperature is shown in the number of tillers 
data bank. per hill and percentage of increase in tiller number 

Nitrogen response at different water temper- with increase in nitrogen level (Table 4). 
atures. An experiment with six varieties examined Fertilizer level and low-temperature dam
varietal response to various levels of nitrogen and age. An experiment examined reduction of low-

Table 3. Effect of 3 nitrogen levels (50, 150, 200 kg N/ha) on the grain yield of 6 varie
ties or lines irrigated with water at 17 or 21'C from tillering to maturity. Korea-IRRI 
Collaborative Cold To!?;rnce Project, Chuncheon, Korea, 1979. 

Grain yield (t/ha) 

Variety or line 1700 21'C 

50 150 200 50 150 200 

Josaengtongil 1.70 2.22 1.83 3.75 4.99 5.36 
Suweon 264 0.40 2.19 1.87 3.52 4.47 4.43 

Nongbaek 2.17 3.51 3.42 4.35 5.06 6.18 

Suweon 235 1.94 3.60 3.58 4.00 5.26 6.23 
Kn.lb-361 2.09 4.07 3.56 3.59 4.76 4.97 

IR7167-33-2-3 2.76 4.08 3.93 4.08 5.94 4.76 
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Table 4. Tiller number per hill of 6 varieties or lines irrigated with water at 17 or 21°Cand fertilized with 50 or 150 kg N/ha. Korep-IRRI Collaborative CoIC Tolerance Project,
Chuncheon, Korea, 1979. 

17'C 21'C 
Variety or line Tillers (no.) Tiller Tillers (no.) Tiller 

increase 
 - - increase
50 150 
 50 150 CIO
 

45D
Josaengtongil 9.2 13.4 46 11.8 15.2 29
Suweon 264 
 11.2 17.7 58 10.8 13.3 23
Nongbaek 8.6 13.2 53 9.6 11.3 18
Suweon 235 
 12.0 17.6 47 
 11.1 18.2 64
Kn-lb-361 9.1 13.2 45 
 8.6 12.1 41
IR7167-33-2-3 10.1 13.2 31 
 8.5 12.2 44
 

A t maturityJosaengtongil 7.7 11.0 43 
 9.4 12.2 30
Suweon 264 
 5.6 13.7 145 
 9.2 11.6 26

Nongbaek 7.5 11.7 56 
 7.9 9.4 19
Suweon 235 
 8.6 13.5 57 
 8.8 12.0 36
Kn-lb-361 4.8 8.4 75 6.6 8.9 35
1R7167-33-2.3 8.1 9.8 21 
 7.0 10.0 43


aDays after transplanting, 

Table 5. Discoloration score of Suweon 264 
 planted with 2 levels of nitrogen, phosphorus, silicon, and compost and irrigated with cold water (170 C) at tillering or meioticstage. Korea-IRRI Collaborative Cold Tolerance Project, Chuncheon, Korea, 1979. 
a 

, ;coreDiscoloratiG 

Compost 100 kgN/ha 200 kg N/ha
(t/ha) 0 P 120 kg P/ha 0 P 120 kg P'Ia 

osi 3000 osi 03po 3000 os 3000
 
kg Si/ha kg Si,,,. kg Si/ha kg Si/ha
 

Tillerino stage 

0 3 3 3 3 
 2 2 
 1 2
15 3 3 4 3 2 
 2 2 2
 
Meiotic stage 

0 5 5 5 6 
 3 4 
 4 4
15 6 5 
 6 4 2 
 4 4 5
 
= 

green, 9 -,dean leaves.
aStandard Evaluation System for Rice score: I 


temperature damage by application of fertilizer, protecting the plant from low water temperature atThe levels used are shown in Table 5. A low temp- tillering or at the meiotic stage.erature (17C) treatment was given for 10 days at Low water temperature reduced grain yieldstillering (30 days after transplanting) or at the meio- more at the meiotic stage than at tillering (Tabletic stage. 6). Higher nitrogen and compost levels resulted inDiscoloration scores were obtained after the higher grain yield in all cases, regardless of thelow-temperature treatment at the meiotic stage, time of low-temperature treatment.
after the plants treated at tillering stage had reco- Generally, increased phosphorus 
 and siliconvered to a certain degree. Nevertheless, the higher gave a slight increase in yield regardless of nitnitrogen level resulted in greener leaves. Phos- rogen and compost level. However, the increasephorus, silicon, and compost had little effect on was not statistically significant. 
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Table 6. Effect of varying levels of nitrogen, phosphorus, silicon, and compost on yield
of Suweon 264 irrigated with cold water (17'C) at tillering or meiotic stage. Korea-IRRI 
Collaborative Cold Tolerance Project, Chuncheon, Korea, 1979. 

Grain yield (t/ha) 

Compost - 100 kg N/ha 200 kg N/ha 
(t/ha) 0 P 120 kg P/ha 0 P 120 kg P/ha 

0 Si 3000 0 Si 3000 0 Si 3000 0 Si 3000 
kg Si/ha kg Si/ha kg Si/ha kg Si/ha 

Tillering stage 

0 5.47 5.28 5.56 5.75 5.84 6.04 6.30 6.41 
15 6.03 6.03 5.90 6.15 6.24 6.34 6.45 6.74 

Meio tic stage 

0 3.78 3.82 3.85 
15 4.04 4.15 3.93 

Treatment at the meiotic stage showed that 
although addition of compost did not increase 
panicle number, there was ;t definite increase in 
fertility of the spikelets. The effect is more of a 
protective treatment rather than the effect obtained 
from higher nitrogen level. 

Effect of low water temperature at different 
growth stages. Seven differential varieties were 
subjected to water at 17'C at the tillering, meiotic, 
heading, and ripening stages. This is the second 
year of the experiment. Except at the meiotic 
stage, which had 20-cm water depth, the water 
level was maintained at 5 cm. The duration of 
treatment was 10 days, except at the ripening stage, 
which was 20 days. 

As in the 1978 study, the plants were most sensi-
tive to low water temperature during the active 
tillering and meiotic stages (Table 7). There was 
no significant reduction in grain yields for low-
temperature treatments at the heading and ripening 

4.10 3.99 4.07 4.17 4.17 
4.34 4.62 4.52 4.39 4.67 

stages. At the meiotic stage, decrease in grain 
yields was due to reduction in fertility of the 
spikelets. In both years, Leng Kwang had the most 
stable yields or was least affected by low tempera
ture. 

One of the reasons for the high fertility of Leng 
Kwang and Kn-lb-361, even with low water 
temperature at the meiotic stage, is the position of 
the developing panicle in terms of the water level. 
The panicle primordium of Leng Kwang and 
Kn-lb-361, which are tall varieties, is above the 
cold water level. Suveon 235, with its panicle 
primordia below the water level, had high spikelet 
fertility indicating a true tolerance rather than 
avoidance. 

Cold water injury at the reproduction 
stage. Previous experiments indicated that some 
varieties tolerate low temperature by virtue of plant 
height. Those varieties had their growing points 
above the water level. A 1979 experiment checked 

Table 7. Effect on grain yield of low water temperature treatments at different growth 
stages. Korea-IRRI Collaborative Cold Tolerance Project, Chuncheon, Korea, 1979. 

Variety Tillering Meiotic 
Grain yield (t/ha) 

Heading Ripening Control 

Josaengtongil 4.67 3.93 4.91 5.13 4.92 
Nongbaek 4.80 3.71 5.52 5.43 5.17 
Towada 4.45 4.23 5.26 5.57 5.53 
Suweon 235 5.64 4.91 5.06 6.32 5.57 
Suweon 264 4.80 1.55 4.98 5.64 5.39 
Leng Kwang 5.05 4.43 5.12 5.19 5.06 
Kn-lb-361 4.69 3.02 4.50 5.04 3.86 

GENETIC EVAI.UAI ION AND U IL.IZAIION (GEU) PROGRAM 141 



the effect of low water temperature at the repioduc-
tive stage on varieties differing in tolerance and 
plant height. Determination of the stage of 
development of the panicle was based on the dis-
tance of the auricle of the flag leaf from the auricle 
of the next leaf below. The 17'C water treatment 
was for 10 days (Fig. ).

In Gumi and Suweon 235, the effect of low 
temperature in increasing sterility percentage at the 
reproductive stage was greater in deeper water. 
Towada and Leng Kwang had low sterility percen-
tage at all water depths, and Suweon 235 had a 
high percentage in almost all treatments. The 
stages most sensitive to low water temperature 
were those with negative values for auricle dis-
tance. The more developed the panicle, the more 
tolerant it %as of low water temperature. 

Sterily 10/01 

60 

Both Towada and Suweon 235 are short, but 
Towada has cold tolerance. Although Gumi shows 
that taller plants have the advantage of escaping
the effect of low water temperature and thus have 
lower spikelet sterility (Fig. 1), tolerance as exhi
bited by Towada is a better mechanism. 

HIGH TEMPERATURE 
Plant Physiology Department 

Heat-tolerant early-maturing lines. Continud 
screening for heat-tolerant early-maturing lines 
identified 11 promising lines (Table 8). It appears 
that a combination of heat tolerance and early 
maturity cnn easily be found in available breeding 
materials. 

High temperature injury at panicle 

Suweon 235 (culm length 42cm 

40 

20 

0 

60 Gum (cuimnlength=68cm 

40 

Towodla( cold tolerant; culm length z=49 cm)
20 

0 

LengKwong(curn length=90cm)
 

20~ 


NOMA I . Percent sterility of four selected0Oi~cleAur -15-10 -5 0 +540 _000mmon00-5-10-5 0 +5 +10 -15-K)-5 0 +5+X) 10 111varieties-15-10-5 0 5 +10 Control ri es as a affected by water
(is af e t d b w t rI 7C) depth and stage of panicle 

ater 40 cm 20cm 10cm rcmdepth 5 development. IRR1,1979. 
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Table 8. Heat-tolerant early-maturing lines. IRRI, 1979. 

Line Days to flowering 

at IRRIIR9129-136.2 66 
IR9209.26-2 67 
IR9209-263.3 70 
IR9224.117.2 72 
lET 5714 70
 
lET 5688 60
 

lET 6187 

IET 6238 60lET 4700 71 
71
ET 4701 

lET 5734 71 

700 

initiation. White-tipped panicles were wide-
spread in Palawan in 1977. Both spikelets and 
rachises were white. The symptoms, conspicuous 
on improved varieties such as C4-63G and IR26,were suspected to be caused by high temperature,

In a 1979 study of the effect of high temperature
on growing panicles, IR26 plants were exposed for
5 days to the day-night temperature regimes
35°/27 0C, 38°/27°C, and 41°/27°C at different 
growth stages. When the plants were subjected to
38°/27°C and 41'/27°C at 70 days after sowing
(when panicle length was about 2 mm), about 20
and 25% of white spikelets were observed. The 
symptom induced by high temperatures was identi-cal with what was observed in Palawan. At
35°/27°C, only a few spikelets were white (Fig. 2).
Thus, occurrence of white-tipped panicles wasattributed to high temperature injury at panicle initi-
ation. But in Palawan the daily maximum air temp-
erature is unlikely to exceed 38-41°C. Hence, highsail temperature near the soil surface is suspected to
be the cause of white-tipped panicles.

In a separate experiment, IR26 had 38% spikelet
sterility when the plants were subjected to35°/27°C at heading. Thus, the critical temperature
for white-tipped panicles is higher than that for 

Damaiiged
spkelets (M) 

20
 

V 38"/27-C
 
0 438/27*C
 

-- 0 


10 

5
 

0 30 40 50 60 70 60 90 
First dayof 5-day highteirperature treatment (laysofter sowing)

2'Effectofhigh(day/night)temperatureonspikelets.
lRRl,1979.
 

sterility at heading. 
Early morning anthesis. Early morning

anthesis, a characteristic of Oryza glaberrima
(1977 annual report), is one way of avoiding high
temperature-induced sterility. In interspecific cross
es between 0. glaberritna and 0.sativa, 6 of 25
hybrid lines had anthesis about Ihour earlier than
IR36 (Table 9). The peak time (about 40-60% of
flowers opening) for anthesis was 0700-0800 for
0. glaberrina lines, 0900-1000 for the 6 hybrids,
and 1000-1100 for the of therest hybrids and
IR36. In the Punjab, India, temperatur, in the
morning rises about 3°C/hour or faster, and goesabove 35°C at around 1000 (Fig. 3). With anthesis
before 1000, high-temperature-induced sterilitycan 
be avoided.
 

Temperature inside the flower. High air tempe
rature (above 350C)just before and during anthesis
induces sterility (1976 annual report). Tempera
tures inside and outside the flower were measured
with a thermocouple thermometer in glasshouse 
rooms of the phytotmn, in artificially lighted 

Table 9. Origin of 6 h-brid lines with early flowering characteristic. IRRI, 1979. 
Designation 

IR20959-43 

I R20965-11 


-17 
-23
 

-26 
IR20971-12 

Parents 

Oryza glaberrima Ace. No. 102485/3" 1R1561-228-3.3Oryza glaberrima Ace. No. 102550/3" 1R 1561-228-3-3 
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* Screenhouse 

0 3 

51 
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1 

T2 
Time (h) 

1 

15 

10 

18 21 24 

-2 V PhylotronGrowthcabinets t 

3.Diualchangefairtemperatureon 2consecutive days in
June25 
 30 35in the Punjab. India. 1979. 40 
TemperatureVC)I reorflower 

4. Effect of air temperature on riceflower temperature. Fieldgrowth cabinets, in the screenhouse, and in fields measurements were on clear windless days in flooded plots. 1979. 
at IRRI and at the Regional Rice Research Station,Punjab Agricultural University, Kapurthala, India. Temperature drops inside the flower were attri-The temperature inside the flower was 0-10C buted to increased transpiration. The magnitude ofhigher than that outside when ambient temperature the temperature decrease observed for the flowerwas about 30'C and below. When ambient temper- was about the same order as that for leaves. Thus,ature was above 30'C, however, the temperature environmental conditions such as air humidity mayinside the flower was lower than that outside (Fig. affect temperature inside the flower through trans4). At an ambient temperature of 40°C, tempera-ture piration.inside the flower lower by aboutwas 2'C. Measurements in the artificially lighted cabinet 

Table 10. Effect of air humidity on the temperature difference between ambient air and air inside the flower in an artificially litgrowth cabinet (KG1O6 SHLD). 1979 
VPD 12 mb, RH 79", VPD 24 ml, RH 57', VPD 36 mb, RH 36%Repl. 1 Repl. 2 Repl. 1 Repl. 2 Repl. 1 Repl. 2Temperature inside flower ('C) 32.8 33.4 33.4Temperature near flower (°C) 

32.7 32.7 32.433.8 34.0
Difference (°C) 

34.2 34.6 34.333.6
-1.0 -0.6 -0.8 -0.9 -1.9 -1.9avpo evpor pressure deficit, RH - "relatiee humidity. repl. replication. 

indicated that temperature drops inside the flowerTable 11. Effect of shading on fertility of variety BKN6624. were greater when ambient46-2 at high temperature (35°C). IRRI, 1979. air was drier (TableShading 10)..iht If the cooling effect of transpiration lowersinside.the. 
Shading Fertility" temperature inside the flower, high-temperature

. .
(') 
 induced sterility would be lower under conditions0
25 86 a 

b 
that favored increased transpiration, provided 

50 
71 ambient air temperature remained the same. A 
66 bteprue 

75aMeans 60 bby acommonfllod letter are not significantly different at 
shading experiment showed that fertility percentage

the 5% level. was higher under higher light intensity whenambient air temperature was the same (Table 11). 

144 IRRI ANNUAL REPORT FOR 1979 



Genetic evaluation and utilization (GEU) program 

International rice testing program 
International Rice Testing Program 

INTERNATIONAl. NURSERIES 146
 
MONIJORING IOURS 146
 
COMM UNICAIION AND DA IA I)ISSFMINATION 146
 
RESEARCH LEADS 147
 

IRRI ANNUAL REPORT FOR 1979 145
 



INTERNATIONAL NURSERIES 

Dat.. from about 500 individual 1978 trials (17 
types of nurseries) were analyzed, and reports 
printed and sent to cooperators. The most promis-
ing entries are shown in Table 1. 

During 1979 nearly 1,200 sets of 1979 nurseries 
were dispatched from 2 central points: 923 nurse-
ries went fron IRRI to 55 countries and 254 sets of 
the Latin America nurseries went from Centro 
Internacional de Agricultura Tropical (CIAT) to 21 
Latin American countries, 

Table 1. Promising entries in the IRTP yield and screening 

nurseries tested in 1978-79. 


Nursery Promising entries 
YieM 

Irrigated -

Early (IRYN-E) IET4094 (CR156-5021), 1R5853-


118-5, IR9093-216-3, IR36,

8541h)-Pn-58-5-3.1, MRC603-303 

Irrigated -

Medium (IRYN-M) 8R51-46-5, IET6073 (RP825), 
IR2058-78 (1R46), IR4570-83 
(IR48), IR42, IR5853-162-1-2-3, 

Irrigated - BR51-282-8 
Late (IRYN-L) CR1002, CR1009, IET5656 

(RP975), RP1064-14-2-2, 
IR4625-132-1-2 

Upland (IURYN) IR1529-430.3 (IR43), IR9669 Sel., 
IET1444, IR36, IR2035.242-1 
(IR45), IR3839-1, B541b-Kn. 
19-3-4 

Biological Stress 
Blast (IRBN) IR1905-PP-11-29-4-61, IR3259

8-172-5, IR4547-2.1-2, IR4547
16-1-5, 1R9660-00948-1, IR9852
18-1 

Sheath Blight 
(Special Set) IET4699 (RP967-11), 1R4422-98-

3-6, Suduwee, Tadukan 
Tungro (IRTN) ARC11554, BKNBR1031-7-5-4, 

BKNBR1031.41.2.6, DWA8, 
Gain Pai 30-12.15, 1R8158-44-
2-1, 1R8608-298-3-1, Utri Merah, 
Utri Rajapan, Pankhari 203,
Habiganj DW8 

Brown Planthopper 
(IRBPHN) PTB33, Sinna Sivappu, Hondara-

wala, Mudu Kiriyal, Suduru 

Samba 
Gall Midge (IRGMN) BG404-1, W1263, RPW6-17 
Stem Borer (Special 

Set) IR1820-52-2 (vegetative), IR4227-

28-.2 (heading).......... 
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MONITORING TOURS 

Planning of the International Rice Testing Program 
(IRTP) and other international GEU activities con
tinued through IRTP monitoring tours and work
shops. 

The first of four monitoring tours was held in the 
northern region of South America in conjunction 
with the third Latin American IRTP workshop at 
CIAT. The workshop had 73 participants represent
ing 21 Latin American countries and 6 international 
agricultural research institutes. The monitoring tour 
participants - from five Latin American countries, 
International Institute of Tropical Agriculture, 

West African Rice Development Association, and 
IRRI - visited Ecuador, Colombia, Venezuela, 
Guyana, and Surinam to observe rice research 
activities and on-farm rice-growing practices. 

Two problem-area monitoring tours were held in 
Asia. One covered rice diseases with a focus on 
bacterial blight and the other covered insects with aC 

focus on brown planthopper and gall midge. 
The fourth tour of 1979 was associated with an 

International Rice Research Workshop in the Peo
pie's Republic of China. That workshop, sponsored 

by IRRI and the Chinese Academy of Agricultural 
Sciences, was the first international meeting on rice 
held in China. Thirty workshop participants from 

eight Asian countries discussed integrated pest con
trol measures with a focus on the use of resistant 
varieties. Monitoring tour participants visited 
research institutes and rice production communes in 

Guandong and Hunan Provinces. 

COMMUNICATION AND DATA DISSEMINATION 

Reports of the 1978 nurseries and special screening 
trials were published to provide cooperating and 

other interested scientists information on the per
formance of all entries. The master fieldbook of 
the 1979 nurseries provided cooperators with 
information about all entries in the various trials. 

Reports of monitoring tours and workshops sum
marized the observations and recommendations 
made by the groups. IRTP publications for 1979 

(Table 2) are available at IRRI. 
Scientists from various international centers 

responsible for organization of international testing 
programs met at the Centro Internacional de 
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Table 2. 1979 International Rice Testing Program publications. 

GENERAL REPORT
 
0 1978 Report of I RTP Activities 


FIELDBOOKS 

* 1979 Master Fieldbook 

NURSERY REPORTS 
* Preliminary Reports of 1978 IRTP Nurseries 
* 1978 Final Reports 

YIrrigated 

* IRYN-E (Early) 
* IRYN-M (Medium) 
* IRYN-L (Late) 


Dryland 


Observational 

Irrigated 

* IRON 
* IRARON (Arid regions) 

Rainfed stress 
* IURON (Upland)* IRLRON (Rainfed lowland)sol

SIRDWON (Deepwater) 
Stress screening 

* IRSATON (Salinity/Alkalinity) 
* IRCTN (Cold tolerance) 


Diseases 

* IRBN (Blast) 

IRTN (Tungro)
Insects 

* IRBPHN (Brown planthopper) 
* IRGMN (Gall midge) 

WORKSHOP AND MONITORING TOUR REPORTS 
* Report of the 3d IRTP Conference for Latin America 
* Northern Region of South America (Ecuador, Colombia, 

Venezuela, Guyana, and Surinam)
" Rice Diseases in Northern and Eastern India, Nepal, and 

Bangladesh (with focus on bacterial blight) 
* Status of Rice Varietal Resistance to Brown Planthoppers 

and Gall Midge in India and Thai!and
 
" International Rice Research Workshop and Monitoring 


Tour in the People's Republic of China (IRTP and 

China Collaboration) 


Mejoramiento de Maiz y Trigo in August 1979 to 
discuss approaches and problems for effective 
implementation of multilocation testing. Topics 
included types and sizes of nurseries, seed dispatch 
mechanics, data collection methodologies, data 
reporting, data utilization in plant breeding prog-
rams, and plant quarantine, 

RESEARCH LEADS 

The information from IRTP nurseries, workshops, 
and monitoring tours continued to provide research 
leads for scientists in various countries and at 
IRRI. 

S 	 The performance of entries in yield trials at 
various test sites helped classify the genetic 

response of rice to different agroclimatic 
conditions. 

6 	 The excellent performance and acceptance of 
early-maturing entries in the IRYN-E stimu
lated the development, by several breeding 
programs, of varieties maturing in less than 
100 days. A new, very early yield nursery 
(IRYN-VE) was planned for 1980. 

* 	 Dwarf breeding materials performed well 
under favorable dryland conditions. But in 
some cases of severe drought and problem 
soils stresses, the intermediate-height plant
types tended to perform better; however, 
plant type cannot be considered in isolation 
from other relevant factors. There were indi
cations of need for intensified cooperative
work on dryland rice. 

* 	 International Rice Blast Nursery test sites 
with a representative spectrum of blast races 
were identified. Those races can classify the 
genetic response of varieties into specific 
groups. Intensive testing at the sites may
help national breeding programs broaden the 

base of their blast-resistance breeding.
* 	 Several varieties resistant to the BPH biotype

of South Asia were identified. They can be 

used more widely by breeding programs in 
the region. Already available are several var
ieties and breeding lines with resistance to 
the biotypes in East and Southeast Asia. 
These biotypes seem to be distinct from 
those in South Asia. 

a Gall midge resistance appeared to be stable 
in India, Sri Lanka, Indonesia, and Thailand 
during 5 years of testing. Additional efforts 
by the rice improvement programs are indi
cated to incorporate such resistance into 
more diverse high-yielding varieties for the 
region and thus provide a range in maturity, 
grain quality, and plant height. 
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EXCHANGE OF GERMPLASM 

Plant Breeding Department 

In 1979 special requests for 16,817 packets of 
improved breeding lines and varieties were filled. 
The International Rice Testing Program (IRTP) 
provided another 75,677 packets of the best GEU 
lines and varieties to participating national prog-
rams. Collaborative research projects with several 
national programs continued and varieties, breed
ing lines, and early generation materials were 
exchanged. 

IRRI LINES NAMED INNATIONAL PROGRAMS 
Plant Breeding Department 

Nine IRRI lines were named as varieties in 
national programs in 1979 (Table 1). Sinshwethwe 
and IR34 recommended in Burma and India, 
respectively, are identical to IR34, named in the 
Philippines in 1975. 1R36, which is identical to its 
Philippine counterpart, was recommended for both 
the dry and wet seasons in Orissa State of India. 
Rajinder Dhan 201 is a high-yielding variety with 
excellent grain quality and resistance to bacterial 
blight. It was recommended for areas of good 
water control in Bihar State, India. 

Laxmi and Sabitri have multiple disease and 
insect resistance, short growth duration, and excel-
lent grain quality. They were recommended for the 
terai region of Nepal. IR1529 is a medium-
duration variety with very high yield potential 
released in both the Niger and Upper Volta. IR48 
was the first IRRI line with intermediate amylose 
content to be named in the Philippines. It has 

Table 1. IRRI lines named in national programs in 1979. 

Variety name IR line 

given 

medium growth duration (135 days) and multiple 
disease and insect resistance. IR50 is a very 
early-maturing variety (105 days) with multiple 
disease and insect resistance. It is resistant to the 
tungro virus in the southern Philippines, where 
IR36 and other widely grown varieties are showing 
some susceptibility. IR2053 has intermediate sta
ture and long slender grains. It is the first rice 
variety to be named in the Sudan. 

BREEDING OPERATIONS 
Plant Breeding Departnent 

The volume of the IRRI crossing program 
stabilized at about 5,000 combinations in 1979 
(Fig. 1). The number of F2 combinations grown 
decreased sharply because a fire late in 1978 
destroyed most of the F2 seed scheduled for plant
ing in the 1979 dry season. The number of pedi
gree lines grown decreased slightly during 1979. 
The increase in number of seed packets dispatched 
was largely due to an increase in the number of sets 
of nurseries dispatched through IRTP. 

An operations manual was compiled by the 
GEU Operations Committee to provide detailed 
information on the operational procedures within 
the GEU program. The manual is used for training 
and assists GEU scientists in coordination of 
activities. 

Irrigated rice. Emphasis in the irrigated rice 
improvement program continued to be on incorpo
ration of diverse genes for disease and insect resis
tance, sho. ,er growth duration, and improved grain 
quality. Two new genes for brown planthopper 
resistance (BpIh 3 and bph 4) were incorporated 

Parents Couna where 
named 

Sinshwethwe I R2061-213-2-17 I R833-6//I R1561-149/I R1737 Burma 
IR34 IR2061-213-2-17 1R833.6//l R 1561-149/1 R1737 •India (Tamil Nadu) 
IR36 
Rajinder Dhan 201 

I R2071-625-1-252 
IR579-97-2-2-1 

IR1561.228//IR24*4/O. nivara///CR94-13 
I R8/Tadukan 

India (Orissa) 
India (Bihar) 

Laxmi 
Sabitri 

IR2061-628-1-6-4.3 
IR2071-124-6-4 

IR833-6//IR1561-149/IR1737 
I R 1 561-228//I R24 ° 4/0. nivara///CR94-13 

Nepal 
Nepal 

IR1529 
IR48 
IR50 
IR2053 

I R 1529-680-3-2 
I R4570-83-3-3 
I R9224-117-2.3-3-2 
IR2053-206-1-3 

IR305.3-17/I R24 
I R 1702-74/I R 1721.11//I R2055-481 
I R 2153-14/1R 28//IR 2071-625 
IR 1416-131/1 R22//C4-63 

Niger 
Philippines 
Philippines 
Sudan 

IR1529 I R 1529-680.3-2 IR305-3-17/I R24 Upper Volta 
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into numerous breeding lines of varying growth 
duration. The two genes convey resistance to all 
the three IRRI biotypes as well as to biotypes pres-
ent in South Asia (Bangladesh, India, and Sri 
Lanka). 

Two recently identified genes for resistance to 
whitebacked planthopper (Wfph I and IVbp/i 2) 
were also incorporated into an improved plant 
type. 

Genes for green lealhopper resistance from three 
accessions ofOrva ,labcrri a were transferred to 
an 0. sativa backgr, und by backcrossing. 

Several new sources of resistance to blast, bac-
terial blight, and tungro virus were used in the 
hybridization program. Crosses were made with 
Ptb 21 as source of resistance to ragged stunt. 

A large number of lines that mature in 90-100 
days and have multiple resi:;tance to major diseases 
and insects have been generated. Several of those 
lines yielded as well as IR36 in replicated yield 
trials. 

Numerous breeding lines with intermediate 
amylose content and other desirable traits are 
available, and many crosses were made to incorpo-
rate aroma into the best materials of improved 

plant type and with multiple disease and insect
resistance. Some of the promising lines with multi

pie attributes are listed in Table 2. 
total of 821 crosses for irrigated rice were 

made in 1979 - 316 crosses (157 single and 159 
multiple) in the dry season and 505 (315 single and 
190 multiple) in the wet season. F2 populations 
were grown from 39 multiple crosses in the dry 
season and from 53 single crosses and 68 multiple 
crosses in the wet season. 

The number of pedigree nursery rows grown 
during the year totaled 52,359. Pedigree nurseries 
in January and July were limited to materials of 
less than 110 days growth duration; the March and 
September pedigree nurseries had materials with 
growth duration as long as 125 days, and pedigree
nurseries grown in May and November consisted 

materials with growth duration of more than 125 
days. 

In the dry season, 368 entries were evaluated in 
replicated yield trials and 205 in unreplicated
observational yield trials. In the wet season the 
entries evaluated in replicated and observational 
yield trials were 368 and 226, respectively. Small
seed-increase plots of 348 and 308 entries were 
grown during the dry and wet seasons and breeder 
seed of 5 and 14 entries was produced. 

Rainfed wetland rice. More than half of the 
wetland rice grown in South and Southeast Asia is 
rainfed. For several years we have been working to 
incorporate the components of yield stability such 
as flood tolerance, drought tolerance, tolerance for 
mineral stresses, and intermediate stature into our 
improved gernplasm. Most of the lines listed in 
Table 3 have intermediate stature and combine 
multiple disease and insect resistance with toler
ance for several physical or chemical stresses. 

Collaborative work on rainfed wetland rice is 
through a network of scientists in six countries 
throughout the rice areas of South and Southeast 
Asia (Fig. 2). Through this network early
generation breeding material is shuttled through 
several sites in sequential years. The parents for the 
crosses that are selected through the system are 
chosen by the collaborating scientists: the crosses 
are made at IRRI and distributed to the collaborators
in the F. Outstanding lines eventually selected 
from this system will be distributed throughout the 
world in the International Rainfed Lowland Rice 
Observational Nursery (IRLRON). 
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 Table 2. Main characteristics of selected promising lines developed for irrigated rice culture. IRRI, 1979. 

Amylose Gela- Reaction' to diseases Reaction' to insects(cm ) duratio n co n-tl* . .Designation Cros Ht Growth con t-ir--
Bacte - -. . . .. 

- -
. .. 

(cm) (days) tent zation Blast rial Tungro Grassy BPH b biotypeZ (da) () temp bl stunt - - GLH VOPHd 
blight 1 2 3IR4568-86-1-3-2 IR1702-74-3/IR2061- 112 118 26 L 4 1 3 3 3 9 3 5 7

464//IR2055-475-2X IR5853-162-1-2-3 Nam Sagui/IR2071-88// 112 118 25MI I 1 1 1 1 3 3 9 3 7"V 
 IR2061-214IR8608-298 IR2061-465-1-5-5/1 R36 98 103 26 L 7 1 1 1 3 3 7 3 71R8608-167-2I-t IR2061-465-1-5-5/IR36 102 100 26 L 4 1 3 1 3 3X 7 5 7IR9129-209-2-2-2-1 IR28/IR2053-521-1-1// 100 105 22 I 4 1 1 1 3 3 3 3 5GIR36
 
IR9224-117-2-3-3-2 IR2153-14-1-6/IR28// 97 105 25 I/L 6 1 1 1 3 3 5 3 5IR36
IR13423-17-1-2-1 IR44/1R2588-132-1-2// 111 119 26 L 4 1 1 3 3 3 9 3 7 

IR4417-177-1-4IR9752-71-3-2 IR28/Kwang Chang Ai/ 91 99 25 L 3 1 1 1 3 3 7 3 7 
IR36
1R13249-109-2-2-1 IR4432-53-3/Ptb 33// 94 107 26 L 1 1 1 3 1 1 1 3 7 
IR36
IR13429-196-1-2.2 1R4432-53-3/Ptb 33// 112 107 25 I/L 4 1 1 3 3 3 3 3 5 
IR361R13525-43-2-3-1 Ptb 33/1 R2153-196-1// 104 119 26 I/L 4 1 1 3 3 3 3 5 3 
IR36
1R13540-56-3-2-1 Ra,,u Heenati/IR2153- 123 119 27 L 3 1 1 1 3 3 3 5 5 
196//I R2823-399-5.6IR15314-30-3-1-3 Babawee/l R4432-53-3// 106 119 26 I 3 1 1 3 3 3 3 3 5 
IR 2061-628-1-6-4IR15318-2-2-2-2 Ptb33/1R3403.267// 113 125 26 I/L 1 1 .1 1 3 3 5 5 9 
IR36IR19661-131-1-2 Ptb 334/ R3403-267-1 105 121 25 L 4 1 1 1 11R19743-25-2-2 1R9129-192-2/1 R10176- 1 1 3 7104 98 26 L 3 1 1 1 3 3 979 3 7 

1R19743-46-2-3 1R9129-192-2/I R10176. 107 98 25 L 5 1 1 1 3 :5 9 3 7
791R19746-28-2-2 I R9129-192-2/ R 1 i83.7 100 98 25 L 5 1 1 1 3 3 9 3 71980Sndad Evalution System for Rice scaebBrown planthopper. CGrr dwhitebaked planthopper. 



Table 3. Selected rainfed wetland breeding lines that combine multiple disease and insect resistance with tolerance for drought, submergence, and salinity. IRRI. 1979.Growth 

Designation SESa rating


Cross Ht dura- StIbmer- Sai. 
(cm) (m in Drought -Si-Bacte-tlole- gence nity Blast risl BrownGre mlsplanthopper Greenranc) tle- Amyloserance tale-(d oleay s) - rance1l blight - 1.. b ioty2 pe leaf- co ntent

2 --- - hopper (%)IR4570-83-3-3-2 3IR1702-74-/IR1721-11//IR2055-4
IR5853-118-5 8 1 115 130 5 5Nam Sagui/IR2071-88//IR2061-214 3 4 1 3 3 3107 118 3 221R9217-58-2-2 IR2071-588-6/1 R2061-213// R20 5 8 

3 7 4 4 1 3 3 37 8 126 130 3 3 27IR9264-321-3 Mahsuri/2-IR2061-213 9 4 3 3 3 30 133 135 7 3 261R9800-74-1-2 5 5 4IR2058-78/ R2071-176/81R 5 1 3 53 4 129 130 - 7 3 269R9852-22-3 IR2562-68/ R 2588-48//lR2071- 6 2 5 

- 5 3 3 3 7 1 . 118 120 26IR9861-25-1-1 IR5492-3-147/1 R5534//I R2070-
5 7 3 1 1 3 3 3 5 26

4 14 113 120 -I R 10168-52-4.2 7 - 4 31R30/Nona Bokra//l R2n-5-290 1 5 3 3108 115 25IR10781-143-2 - 5BG90-2/IR2863-38 - 8 3 3 9 3127 125 - 9 26
6>- IRIR13146-41-311418-15.2.4I116161132 1R2863-38/ P2058 78  

9 - 1 3 3 3 5BG90-2/1 R34//l R2058-78 3 3 5 282 5108 113127 55 5 - 55 5 5 33 31 37 3 5 25I R13146-158-1 BG90-2/1 R34//l R2058-78 3 9 25125 125  7 - 5 3 3 5 3 9 25
 
z I R 13419-22-I IR2863-38/1R2071-586// 95
IR26-3/ R2587 R20 7 1-6 2 5  - 7 42 8 6 3> IR 13426-19-2 1R 1 1R462--SIR14632-2-3 -38/Mahsuri//I R2863-38 406R2863-38/l 113 126 3 1 3 3 3 32 058 7 8 7 3 3 3 2710206-29-2 122S1R 1R2071-179/SR26B//I R2 15 3 -2 6 

125 - 7 -
3 3 274 3 3 3
116 110 3 3
- 7 - 265 1 3 9a,980 Standard evalwtion syster for rice. 
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Dryland rice. Among dryland breeding lines 
tested, IR5260-1 and IR5931-110-1 performed 
well under relatively wet conditions. Both had 
good drought recovery ability. IR5716-18-1 
responded early to water stress by rolling its 
leaves, but it had a drought resistance score of 3 at 
the reproductive stage. At an IRRI site, where 
severe stress occurred at the reproductive stage, 
this line was one of the few entries that produced
grains, although the yield was only 0. 1 t/ha. 
IR6115-1-1-1 has consistently yielded more than 4 
t/ha for 3 consecutive years in the trials planted in a 
farmer's field in Batangas Province. This line has 
an elastic growth duration,, which enables it to tol-
erate the effect of drought stress. It also has good 
recovery abilily, and :ius benefited from late rains. 
IR6115-1-1-1 has '!joderate resistance to blast and 
BPH biotypes 1. 2, and 3, and is highly resistant to 
bacterial blight. 

BREEDING METHODS 

PlantPhysiology Department 

Rapid generation advance. In rapid generation 
advance (RGA), the growth duration of the rice 
plant is shortened by high temperature and short 
days. A RGA facility at IRRI, completed late in 

1979, accommodates 205,200 plants/cycle, or a 
total of 616,000 plants/year. In 1979, 292,954 
plants involving 189 crosses from F 2 to F5 were 
sown in the RGA facilities. The crosses included 
deepwater and cold-tolerant materials, and were 
made at IRRI, Thailand, India, Sri Lanka, and 
Bangladesh. Certain crosses were made by IRRI at 
the request of plant breeders from Burma, 
Indonesia, Thailand, and Bangladesh. 

Screening seedlings for drought resis
tance. Some varieties with known reactions to 
drought were tested at the seedling stage under 
different levels of water stress in RGA to study the 
feasibility of screening rices for resistance to 
drought. 

The seedlings were well watered until 18 days
after sowing when water was withheld for 0, 5, 
and 7 days. The plants were rewatered after each 
treatment and scored for survival 7 days later. 

Drought stress for 7 days killed the seedlings ofthe 10 varieties studied. The varieties showed 
marked differences in seedling survival at the 
5-day-stress treatment (Fig. 3). Those from therainfed rice-growing areas of Bangladesh and 
Thailand showed high seedling survival. These are 
areas chronically drought prone during the onset of 
monsoon rains. The results indicate that RGA 
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3. Effect of drought stress for 5 days on seedling survival in 10 rices grown in rapid generation
advance. Means of seedling survival percentages followed by a common letter are not signifi
cantly different at the 5% level. IRRI, 1979. 

screening can detect superior rice genotypes that terial blight (BB) were tested at three levels of
have resulted from realistic selection pressures in nitrogen during RGA to study the feasibility of 
situ. screening rices for BB resistance. Table 4 shows

Drought treatment at seedling stage in RGA did the varieties used and their reaction to two BB 
not delay flowering. The plants subjected to strains. 
drought stress were shorter than the control plants Lesion development on the varieties at the dif
by an average 24 cm, the panicles were shorter by ferent levels of inoculum differed. As expected,
3 cm, grain yield was reduced by 3.5 g/pot, and IR1545-339-2-2 was resistant to PXO 61 and PXO 
sterility increased by 7.8%. 86 irrespective of nitrogen level and inoculum 

Screening Jbr resistance to bacterial dose. Ch 1039 was susceptible. IR28 showed resis
blight. Son varieties with known reactions to bac- tance to all concentrations of the PXO 61 strain, 

Table 4. Length of lesions caused by 2 strains of Xanthomonas oryzae (PXO 61 and PXO 86), each at 3 concentrations of inoculum 
on seedlings of 3 rices grown in RGA. IRRI, 1979. 

reactionbNitrogen b toPO 8Av length (cm) of lesions duelevela Entry . . . . . . .reaction Av length (cm) of lesions dueto PXO 61 Expected _____ Expected 
10 -100 10 - 2 Mean 100 10-1 10-2 Mean 

IR28 1.3 1.3 1.2 1.3 R 2.8 2.9 2.8 2.8 S
0 1R1545-339-2-2 1.3 1.3 1.2 1.3 R 1.5 1.2 1.3 1.3 R

CH 1039 14.8 11.6 9.1 11.8 S 13.4 9.6 8.7 10.6 S 
Mean 5.6 4.7 3.8 4.8 5.9 4.34.6 4.9 

IR28 1.5 1.4 1.2 1.4 R 4.7 4.6 3.5 4.3 S
 
2 1R1545-339-2.2 1.5 1.3 1.3 1.4 R 
 1.7 1.7 1.4 1.6 R

CH 1039 15.5 16./ 10.3 14.2 S 17.8 18.7 13.8 16.8 S
Mean 6.2 6.5 4.3 5.7 8.1 6.28.3 7.6 

IR28 1.7 1.21.4 1.4 R 6.0 5.5 4.9 5.5 S
 
4 IR1545-339-2-2 1.4 1.3 1.2 1.3 R 
 2.3 1.7 1.5 1.8 R 

CH 1039 17.5 16.3 16.0 16.6 S 19.2 18.3 17.5 18.3 S 
Mean 6.9 6.3 6.46.1 9.2 8.5 8.0 8.5 

'Gramsof ammoniumNsulfate/box per weeI. bRE S susceptible.=resistant 
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but failed to show the expected susceptible lesion 
development when inoculated with PXO 86 strain. 

Days to flowering was not greatly affected by 
either BB or nitrogen level. The zero nitrogen 
treatment, in general, delayed flowering by about 5 
and 6 days, but it differed only slightly from the 
two other nitrogen treatments. The results indi-
cated that neither days to flowering nor disease 
development patterns were adversely affected by 
BB inoculation in the RGA facilities, 

Mutation breeding. The chemical mutagen 
ethyleneimine was used to improve traditional cul-
tivars well adapted to adverse soils and medium 
elevations. Mutations intermediate in plant height 
or with reduced maturity period were identified. 
Some mutations combining both intermediate plant 
height and earliness were also recovered, 

Viable dry seeds of 8 Indonesian tidal swamp 
varieties and a variety adapted to medium eleva-
tions were treated with 0.2 and 0.4% solutions of 
ethyleneimine for an hour and 3 hours. The germi-
nation of M, seeds differed because of both treat-
ments and treatment x variety interaction; most of 
the varieties showed a germination between 43 and 
87%. The M, seeds with germination higher than 
40% were planted, with respective controls, in 
populations ranging from 500 to 1,500. The 
spikelet fertility of the M, plants showed a positive 
correlation (0.313 significant at 5%level at 43 d.f.) 
with the germination of M, seeds. 

The M, populations of treatments showing 
nearly normal spikelet fertility in M, panicles 
were selected for advance to M.. Single panicles 
harvested from M, plants from 2 effective treat-
ments (0.2% for an hour and 0.4c for 3 hours) 
produced 1,879 M.. progenies. 

In the M., the seedling mutants segregated in a 

simple Mendelian ratio of 3:1. Screening of the 
M., families under natural conditions in the 1979 
dry season facilitated selection of photoperiod
insensitive types (IR29386) from Siyam Halus 
mutations, and photoperiod-insensitive as well as 
intermediate-plant-stature types (IR29385) from 
Intan mutations. Mutants intermediate in plant 
height but sensitive to photoperiod were also 
selected and maintained until they matured under 
natural short-day conditions in the following wet 
season. 

The early mutants, simultaneously raised in the 
wet season as M: plant progenies, bred true for 
earliness - they matured about a month earlier 
than the parents even with short days. They 
showed no change in other characteristics like 
plant height, and panicle and grain characteristics 
(Table 5). The early and intermediate-plant-stature 
mutants also matured earlier by about a month, 
were shorter by about 35 cm, but were unaltered in 
agronomic as well as grain characteristics (Table 
6). The mutants intermediate in plant height and 
with photoperiod sensitivity also maintained all the 
original characteristics of the parents except that 
tillering and spikelet number per panicle exhibited 
a range of variation offering scope for further 
selection in M:, for these traits (Table 7). 

Population breeding. Population breeding is a 
method used mostly in cross-pollinated crops. It 
involves random mating of selected individuals to 
increase the frequency of favorable alleles in the 
population. Genetic male sterility can be used in 
self-pollinated crops to facilitate crossing. A 
monogenic male-sterile mutant was developed by 
treating IR36 with ethyleneimine. The extent of 
natural crossing was 52% when 2 rows of normal 
IR36 were planted for every row of IR36 male-

Table 5. Characteristics (mean of 10 observations) of Siyam Halus and its M2 progenies. 
IRRI, 1979 wet season. 

Deigaton Plant ht 
Designation (cm 

IR29386-2 151 
IR29386-3 145 
IR29386-4 141 
IR29386-5 146 
1 R29386-6 144 
1 R29386-7 147 
Siyam Halus 147 
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Paniclelength
length 

(cm) 

24.5 
25.0 
23.0 
27.5 
23.5 
27.0 
26.5 

Spikelets Days to 
No. per Fertility maturity 

panicle 

177 75.8 128 
170 78.8 128 
157 74.4 128 
188 77.1 128 
216 73.9 128 
190 75.2 128 
196 76.2 158 



Table 6. Characteristics (mean of 10 observations) of Intan and its M3 . IRRI, 1979 wet 
season. 

Designation Plant ht Panicle Spikelets (no.) Spikelet Daysto(cm) (cm) per panicle(cm)) fertility maturit 

IR29385-1 105 25.5 183 78 1291R29385.2 103 24.5 186 75 133Intan 133 26.0 194 79 149aMaturity Period as observed in M3 seeded on 2 July 1979. The M 2 flowered about 100 days fromseeding when seeded on 9 February 1979; thus the maturity period of M2 was about 135 days. 

Table 7. Characteristics (av of all plants) of Siyam Kuning and its mutantsas observed in M2 progenies. IRRI, 1979. 
Designation Plant ht Tillers Panicle 

(cm) (no.) 	 length 
(cm)

IR30446-3.61 134 31 24.8 
IR30446-4-2 126 
 30 24.3
IR30446.4.4 128 30 25.2 
IR30446-4-11 129 
 29 24.3
1R30446-4-414 130 
 25 24.9 

Siyam Kuning 163 25 24.3 

sterile mutant at a spacing of 10 X 10 cm (Table
8). The male-sterile mutant was used extensively 
in the hybridization program to build up a compo-site population for the rainfed wetland breedirg 

program. To stabilize the composite population the

F, of each rainfed wetland cross involving an 

IR36 male-sterile mutant was backcrossed to an

IR36 male-sterile mutant. The harvest 
 of male-
sterile plants from the backcross population was 

bulked to build up the stable composite population.

Seeds of this composite population are shared by

the collaborators in the rainfed wetland breeding 
program. 


Hybrid rice. Research on hybrid rice was 

initiated at IRRI in 1970 and 
 a cytoplasmic-
genetic male-sterile line was developed in indica 
rice. The line possessed cytoplasmic factors from 
Taichung Native I and genetic factors from Pank
hari 203 (1970, 1971 annual reports).About the time,same rice researchersAouthe' s mepu 	 in theime, rfice esestarerse ringtTablePeople's Republic of China also started exploring 
the possibilities of hybrid rice.During 1979, the IRRI program on hybrid rice 
was revived to investigate: 

the presence of true F, superiority, not only 
over the better parent but also over the best 
commercial variety; 

Spikelets Spikelet Plants (no.) 
per panicle fertility Days to P a 

(no.) (%) maturity in eachprogeny 
203 91 30-315 16 
193 
 83 300-312 9 
178 89 298-310 9 
195 
 79 295-305 8 
212 85 
 300-310 5 
220 92 304 _ 

* the availability of efficient cytoplasmic
genetic male-sterile and fertility restorer 
lines; and 

0 the ability of the male-sterile lines to show 
satisfactory seed set through cross pollination.

Nine cytoplasmic-genetic male-sterile lines 
developed at IRRI (2), China (4), Korea (2), and
USA (1) were evaluated for agronomic potential,
adaptability, and stability of their pollen sterility
mechanism. Three of those lines were crossed with 
several elite breeding lines to transfer their cyto
sterility system to agronomically superior
genotypes. Crosses were made to identify
agronomically superior and better adapted main
tainer and restorer lines, and to determine 
cytogenic relationships among some cytosterile
lines. The outcrossing potential of some male

8. Effect of 2 row arrangementsand 3 spacings on theseed set of IR36 male sterile mutants. IRRI, 1979. 

Spacing 	 Se etn %1nosrmal,2 normal, 
1male terile 1 male sterile
 

lox 10cm 
 31.8 52.0
 
20x 10cm 
 20.8 35.0 
30x 10cm 15.4 18.6 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 157 

http:IR30446-3.61


sterile lines was tested. To improve outcrossing in 
selected male-sterile lines and economize on the 
cost of hybrid seed production, selection and 
breeding for floral characters influencing outcross-
ing (e.g. stigma exsertion, duration of opening of 
florets, and anther size) were planned. 

Tissue culture. In 1979 a series of experiments 
was started to evaluate the application of rice tissue 
culture to varietal improvement. Initial experi-
ments identified germplasm with high inherent 
capability to produce callus and homozygous 
plants from pollen through anther culture. For 

anther or pollen culture, rice breeders make con
ventional crosses and produce F, hybrid plants. By 
plating anthers from the F, plants, they can estab
lish genetically homozygous lines, which can 
immediately be screened for resistance to pests, 
nutrient deficiencies or toxicities, salinity, 
drought, or other constraints. Plants within lines 
will also be homozygous for maturation, height, 
grain quality, cold tolerance, photoperiod 
response, and other agronomic and physiological 
characteristics. 

Eighty-two varieties and breeding lines from the 

Table 9. R-2 medium developed for rice anther culture by R. S. Chaleff, Department of 

Plant Breeding and Biometry, Cornell University. 

Constituent 

Stock solution: 
A NH4 NO3 

KNO 3 
CaC 2 •2H 2O 

MgSO 4 -7HO 
KH 2PO4 

B H380 3 
MnSO 4-H2O 
ZnS0 4 '7H 2O 
KI 
NaMoO 4 .2H 2O 
CuS04'5H2O 

C Thiamine HCI 
(make fresh stock each week) 

D NAA 
(adjust pH to 6.0 with KOH, filter 
sterilize with millipore system) 

E Kinetin 
(filter sterilize with millipore 
system) 

F Na2 EDTA 

G FeSO 4 -7H 2O 

To make R-2 medium add: 
Stock A 
Stock B 
Stock C 


Stock F 

Stock G 
Inositol 
Sucrose 
Agar 

Amount 

4.0 g/liter 
25.3 g 

4.4 g 
3.7 g 
1.7 g 

620 mg/liter
 
1680 mg
 
662 mg
 

83 mg
 
25 mg
 

2.5 mg 

1 mg/ml 

1 mg/ml 

0.3 mg/ml 

(dissolved in 0.1 N KOH) 

0.746 g/200 ml H20 

0.556 g/200 ml H20 

100 ml 
10 ml 
1 ml
 

10 ml
 
10 ml 

100 mg
 
30 g
 

8 g
 

Adjust pH to 6.0 with KOH and bring volume to 1 liter with deionized water. Auto

clave for 15 minutes. Allow to cool to 40'C and add filter-sterilized stock D (2 ml/liter) 
and stock E (1 ml/liter;. 

Pour into plates or dispense into sterile tubes or flasks. 
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Table 10. Performance 

Cultivar 

IR5 


IR6 

IR20 


IR24 


IR26 

IR28 


IR32 


IR32 


I(R34 


IR36 


IR38 


IR40 


IR42 


1R46 


IR2797.125.3.2.2.2 
1R144 
1R4215-27-3-2-2 
IR4422-983-6-1 
(R4432-52.6-4 
IR4683-54-2 


1R5657.33-2 
IR5853-118-5 
IR8073-65-6.1 
IR9129-209-2-2.2.1 
IR9264-324.1 

IR9764-45-2.2 
1R10781-75-3-2 
1R11248-131-3-2.2 
1R 13146-41-3 
IR13419-113.1 
IR13240-39.3 
IR13292-5.3 
1R13426-19.2 
2123 


2188 


Anlong Phnom 
Beak Ganges 
BKN 8R1031-7-5.4 
BRRI Sail 
IET 5656 
Mahsuri 

Mingdlo 

MR10 
RP1064.2-2 
Sukamandi 

TN1 
Cul. 854 
Cul. 956 
D66 


Double Dwarf 1 

Double Dwarf 3 

IR520-1-26 
M7M7 
Nongbaek 
Pai-kan-tso 
Peta 

Continued on next page 

Ofvarieties and lines with anthers plated on Chaleff's R.2 medium asof 31 December 1979. IRRI. 
Anthers 
plated 

(no.) 

730 
557 

1179 

813 

799 
98 

153 

476 

647 

269 

899 

1078 

780 

872 

808 

741 
526 

1011 
1041 

--

Anthers I%)
producing 

callus 

0 
0 

0.17 

0.49 

1.00 
0 

0 

0 
1.08 

0 
0.11 

1.21 

0.13 

2.52 

0.87 

1.35 

0 
1.17 
1.73 

Callus
producedPlants 

(total no.) 

0 

2 

4 

17 
0 

0 

0 

11 

0 

1 
12+ 

1 
36 

18 

17 
0 
16 
30 

Green 

0 
0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 
0 

produced (no.) 

Albino 

0 
0 

0 

0 

0 
0 

0 

0 

5 

0 

0 

0 

0 

7 

2 
0 
0 

0 
1 

334 3.30 23 0 1 
974 
434 

753 

671 
345 
831 
1129 
788 

558 

811 
504 

1093 
660 
1225 

1311 

481 
325 
350 
989 
546 

985 
674 
449 
617 
655 
847 
346 
804 
392 

271 
488 

1458 

139 
392 
138 
310 

1.03 
0.69 
0.13 
0.30 
2.32 
0.60 
2.04 

0 
1.79 
1.48 

0 
0.46 
3.03 
0.33 

0 
0.42 

0 
1.14 

0 
1.10 
0.10 
3.86 

0 
0.49 

0 
0.59 
0.29 
0.62 
2.55 

0 
0 

3.22 
3.2102 

13.67 
0 

10.87 
0 

15 
3 
3 
2 

13 
7 

61 

0 
17 

18 

0 
10 

43 
5 
0 
2 
0 
7 
0 
11 

1 
47 
0 
3 
0 
7 
1 
7 

25 
0 
0 

0 

47 
0 

62+ 
0 

0 
0 
0 
0 
1 

0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
0 
0 
0 
0 
0 

) 
I) 
1) 
,) 
6 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
7 
0 
0 

3 

0 
2 
0 
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Table 10 (continued) 

Anthers Anthers (%) Callus Plants producedb (no.)
Cultivar plated producing produced' 

(no.) callus (total no.) Green Albino 

Suduws~e 539 0 0 0 0
Tetep 
 345 1.16 7 0 3
Zenith 463 0.65 11+ 0 1Kuatik PuLiht 648 0.46 3 0 0
Cula 270 6.30 21 0 0
Dtlmnnj Batsisail 426 7.04 65 
 0 0 
G sda Hrevnaii 464 0 0 0 0 
Gowa 3813 286 4.20 82+ 0 21
Kui ka uppan 371 0.27 1 0 0 
Lh Mue Nali 111 1362 1.62 37 0 0Patnai 23 1019 0 0 0 0 
SML Tetnint 502 0.60 14 0 0Sungal 1224 0.16 2 0 0
B2266B-CW-162-1 464 1.08 5 0 0
Dumsiah 81 563 1.60 9 0 1
ESD 7-1 134 0 0 0 0 
Leng Kwan!q 611 0.49 3 0 0
Moosa Tatuin 295 0 0 0 0
Sathra 278 44 0 0 0 0 
Silewah 217 4.60 26 0 2
Taichung No. 65 374 1.87 25 0 3
Tainan No. 5 577 5.55 146 + 0 2
Taipei No. 309 222 14.41 120 + 11 57

Pelita 1-1 801 3.50 125 + 0 0 
aSome cultivars had anthers thatproduced multiple calluses, i.e., 2 to 40 distinct calluses/anther. The entries marked with a plus sign frequently produced 
multiple calluses. bMany of these calluses had not had sufficient time to form plants by 31 December 1979. 

Sifit 

,17 

.44 

4.Production ol homozygous nie plants by anther culture. Callus is produced by pollen
growing on ananther(left).Haploid plant grows from callus (middle). Haploid and diploid
plants from pollen growing innursery bed (right). IRRI. 1979. 

1979 wet-season hybridization block were from pollen at rates from 0.10 to 14.4% (Table
evaluated for their ability to produce callus and 10). Several cultivars produced from 2 to 40 cal
homozygous plants through anther culture. luses from different pollen grains in each anther 
Anthers were collected at the late boot stage of that produced callus. Sixteen plants produced from
growth and plated on Chaleff's R-2 medium callus of several of the cultivars tested were suc
(Table 9). Fifty-six of the cultivars produced callus cessfully transferred from the tissue culture media 
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Table 11. Data on rice varieties and hybridizations compiled 
through the international rice genetic survey. 

Data 

Data file cards 
Oldhr vaieties 

Widely !)rown var eties 

PostI RB varieties 

Elite ) eedingl lines 


Crosses in prlrchedcards 
Barqlarlesh 
Bral 
Dominican Repulrlic 
India 
Indonesia 

Kori 

Pakistan 

Si Lanka 

Thailand 


ProqenitorLards (for all of absove) 

IRRI, 1979. 

No. 

1086 
158 
385 
219 

2515 
175 
276 

7815 
4769 
4204 

495 
559 
252 

1949 

to soil. Callus and plants at various stages of
development are shown in Figure 4. 

INTERNATIONAL RICE GENETIC SURVEY 

Office of Information Services and PlantBreeding
Deplrtment 

In the international rice genetic survey, the origin 
of pre- and post-1R8 varieties released by national 
rice improvement programs was traced to the orig
inal progenitors. Hybridization records from 

national programs were compiled and entered into 
the computer system from which scientists can 
request printouts of the complete ancestry of both 
IRRI and national varieties and lines. Table II 

summarizes the data compiled in 1979. 
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GERMPLASM BANK 

In 1979, 2,233 registered accessions of Or-'za 
sativa were added to the IRRI germplasm computer 
data bank. In addition, the data bank was updated 
with all the intorniation on the 38 basic morpho-
agronomic characters of 2,384 accessions and with 
the 33,633 records involving 10 GEU traits of 
12,322 accessions. At the end of 1979, the bank 
contained 1,448,027 records representing all exist-
ing intormat;on on the basic morphoagrononlic 
characters and the 37 GEU traits of 40,768 acces-
sions. 

Activities related to the germplasm data bank 
were undertaken in 1979: 

0 A standard set of rules for writing the names 
of varieties in the germplasm computer data 

bank (Table 1)was set up; all variety names 
in the bank were revised to comply with the 
rules. The rules will facilitate retrieval of 
information based on variety name. 

0 	 A computer program for sorting the germ
plasm data bank on the basis of alphabetical 
or numerical arrangement of the variety 
names was developed. It provides an alterna
tive to accession numbers for visual search
ing for desired accessions. 
The format of the germplasm data file on the 
part of the morphoagronomic characters was 
revised to comply with the new set of 
uniform descriptors and descriptor states set 
up by the Rice Advisory Committee of the 
International Board for Plant Genetic 
Resources. Nine new descriptors were 

Table 1. Standardized system for writing variety names in the germplasm computer data bank, IRRI, 1979. 

Rules 

" No special character or blank space should appear as the 
1st digit of the name. 

* No hyphen (- should appear between coded name and 
the serial number. 

" For pedigree names, place a hyphen (-)between the 

numbers. 


" Use a hyphen -)to separate different syllables in a 

Chinese, Korean, or Japanese cultivar. 


" use asterisk (*),instead of exponentials, to indicate 

backcross.
 

* Use slash (V) or slashes to indicate crosses instead of the 
multiplication sign (x). 

* Leave no space before, after, nor between the slash signs. 

" If tfe prefix is a breeding code, leave no space between 
the breeding code and the number, except when the 
breeding code ends with any of the following 3 letters: 
I, L, 0. 

" If the prefix is a name, leave a space between the name 

and the number.
 

* 	Leave one space after theperiod (.), except when a slash 
sign follows itor is used between two consecutive 
initials. 

* Use Roman numeral only if it is a part of the official 
name; otherwise, use arabic figures. 
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Wrong 

"FORTUNA" 


(J214) 
AAHU 


CHINA-22 

SLO-17 


IR9 60 2 

A 28/8 

ARIMODAN 0.68.3 


TONGIL 

Al NAN TSAO 1 


IR24 2/O. NIVARA 

(P6xBLUE ROSE) xP6 

P6 / BLUE ROSE / / P6 

BKN 6987 
BPI 76 

AUS17 

SEL.6 
ANDI FROM N. POKHARA 
HILL SEL. /BBT 

U. V.S-UNBLATUZI 

PELITA 1-2 
APARE1-48 

Example 

Correct 

FORTUNA
 

J 214 
AAHU
 

CHINA 22
 
SLO 17
 

IR9-60-2 
A 28-8
 
ARIMODAN 0.68-3
 

TONG-IL
 
AI-NAN-TSAO 1
 

IR24"2/O. NIVARA 

P6/BLUE ROSE//P6 

P6/BLUE ROSE//P6 

BKN6987 
BPI 76 

AUS 17 

SEL. 6 
ANDI FROM N. POKHARA 
HILL SEL./BBT 

U. V.S.-UNBLATUZI 

PELITAI-2 
APARE 1-48 



defined, two old descriptors were dropped, 
and the descriptor states of 26 descriptors 
were reviscd. 

BREEDING AND TESTING 

History-of-cross files. The history-of-cross (HC) 
data file for IR crosses was updated with informa-
tion on the immediate parentage of 7,334 crosses 
made during 1979. The HC file included 29,277 lit 
crosses by the end of 1979. 

A 1978 search for all IRRI crosses (i.e., descen-
dants) of a prescribed parent revealed some incon-
sistencies in the designation of parent names over 
time. A computer program was developed in 1979 
to handle the changes in the parentage names that 
are required to maintain uniformity throughout the 
whole HC files and consistency with the germ-
plasm data bank. 

Work was initiated to apply computer systems 
for the support of the HC file to the creation and 
maintenance of similar data files for parentage 
records of crosses made in national breeding prog-
rams. The data for the parentage records come 
from the International Rice Genetic Survey of the 
Office of !nformation Services. 

Testing. Programming continued for the 
improvement of thc computer-based system for the 
inventory of all selected lines from IRRI crosses 
tested in various generations at IRRI. The com-

patibility in data format from one nursery to 
another and the linkage among nurseries (i.e., the 
F, hybrids, the F. nursery, the pedigree nursery, 

the observational yield trial, the hybridization 
block, the replicated yield trial, and the elite lines) 
were strengthened. The computer system generates
periodic reports on all traits collected by 
GEU scientists from each trial for circulation 
among all GEU scientists. In addition, the system 
provides computer-generated tags for field trials 
and computer-generated composition cards for 
breeders' use in selection processes. 

International Rice Testing Program 
(IRTP). The main frame of the computer system 
for the processing of data from the IRTP nurseries 
was completed in 1978. Minor improvement of the 
system, primarily in the incorporation of additional 
analyses and summary tables, was made in 1979. 
The format of the IRTP computer-generated mas
ter fieldbook was revised to simplify and facilitate 
its use in the field. 

The development of Phase I of the IRTP infor
mation retrieval system was completed. The sys
tem searches for a specific set of IRTP nurseries 
that contain data on the test entries identified by 
any combination of variables - entry name, 
characters or traits, test locations, year and season, 
and type of nurseries. The system required a 
cleanup of the master file of the IRTP entries to 
remove inconsistencies in the names of test entries. 
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FU4NGUS DISEASES 	 Race prediction and gene rotation cannot be 
used in disease management pnmgrans that rely on 

Integrated control. Rice blast has never been horizontal resistance. Horizontal resistance to blast 
effectively controlled with host resistance. Hori- and sheath blight were evaluated for 1978-79 at 
zontal resistance is not effective or stable when IRRI and found ineffective in intensive cropping 
environmental factors are conducive to epidemics. sN'stels without supplemental chemical protec-
Varieties with nimnogenic resistance initiall' are tion. 
completely protected against blast: they becolne The studies indicated that horizontal resistance 
susceptible \khen a nesv fungus race capable of components that result in reduced leaf blast 
attacking them evolves. To capitalize on the ini- favored increased neck blast in the high-yielding 
tial freedom fron disease conferred by ionogenic varieties. 
resistance, a prgran of raci pr'ediction andle Fungicide tests. Spores from pure cultures of 
ihation was proposed (Fig. I ).Korean rice scien- fungus pathogens of rice were used to test the 
tists put such a program in operation for rice blast effect of various fungicide suspensions at different 
and bacterial blight control. concentrations on the spore germination of each 

L
,12 12 1.3 '3 4 P1~P2 P3P4 R, R, Fr2 4rl.ihI lel.0 I 	 VariEty ,feleosed - iesr R -	 R r disease 

aaRce 	 I dd4epeors 

or diminishes to 
negible level 

Race 4 disoppears 

F1 dlrw''e r 
to negiigbie level 	 P P P P1 2 	 3 4 

(P0) Roce2appeors

4 
ROTATION : 

OFF 

2 r2 	 3 r3 Rt(I 1, 4 R4 	 MOP#3GENES r R r r~ 31 4 
lkraeelyR elesed TOR2re 	 d 

CCNTROL
~~DISEASE 	 " 

PiP2 P3 P4 

Race4 appears 

Race3 disappears
Or"
dmnisheso 

IP P3 4 
negligible level 

Pi SP
 4
 

sD e rl r R3 r'I 
r2 r2 R3 4 

r4 

VarNeeyR3 releosed 

P = specific gene for pathogenecity in the pathogen population 
p = allele of P incapable of being pathogenic.
 
R= specific gene for resistance in a rice variety
 
r = allele of R resulting in susceptibility
 

(P) 	broken circle designates presumed fate of P gene in the pathogen population as
 
disappearing or becoming much reduced in frequency.
 

I. A proposed rotation of tmnogens to control disease. I RRI, 1979. 

168 IRRI ANNUAL. RP'ORIF FOR 1979 



pathogen. The number of effective fungicides and 
the fungus disease they controlled by suppressing 
spore germination were: 13. blast: 24. leaf scald: 
16, Cercospora leaf spot; 6. hrown spot: 20, sheath 
rot; and 6. bakanae (Table 11. 

Based On measurement of growth-inhibition 
zones fobned around the fungicide suspension-
soaked filter paper discs in PI)A spore-scedcd or 
sclerotial body-seeded plates, six fungicides 
showed activities against the blast fungus: two 
against the sheath blight, none against Sceiroi'm 
r.f'ii, the seedling blight pathogen; two against 
bakanae: eight against Cercospora leaf spot: six 
against leaf scald: live against sheath rot: and thre: 
against the brown spot fungus (Table 2). 

Chemical control. Iast. Seed treatments with 
CGA 49104 (5017 W.P.) at 4 and 8 g/kg seed and 
P11389 JF5816 (5017 W.P.) at 20 and 40 g/kg seed 
confirmed 1978 test results which indicated the 
effectiveness of both fungicides in protecting 

seedlings against leaf blast infection (Table 3, 4). 
The test chemicals were s;ometimes phytotoxic 

at close (10 cm) row spacing. PP389 JF5816 at 40 
g/kg had aslight phytotoxic effect, which appeared 
as leaf tip blighting in the blast nursery 2 weeks 
after seeding but the effect disappeared within a 
week. Benlate at 20- and 4 0 -g rates in slurry and 
dry fonu sometimes caused seedling stunting and 
leaf tip blighting 2 weeks after seeding in the blast 
nursery but those symptoms also disappeared 
within a week. 

Storage of CGA-treated seeds (with 13.5% 
moisture content) for as long as 12 weeks at 
ordinary room temperature neither reduced the 
effectiveness of the fungicide for leaf blast control 
nor appreciably decreased the percentage of ger
mination of the treated seeds (Table 5, 6). 

In direct seeding on a simulated muddy paddy 
soil, leaf blast control was effective until 6 weeks 
after seeding when IR442 seeds were treated with 

Table 1. Fungicidal activities of chemical suspensions at various concentrations against the germination of spores of different rice 
fungus pathogens in the laboratory. IRRI, 1979. 

Chemical a 

Homai (80% W.P.) 
Vitavax 200 (75. W.P.) 
Benlate-T (40" W.P.) 
Chevron 26745 (50 ',W.P.) 
Vitavax 300 (75% W.P.) 
BAS 3302F (82': W.P.) 
CGA 49104 (50' W.P.) 
Chevron 20615 (50%W.P.) 
Daconil 2787 (75% W.P.) 
Delsene P+IXj78% W.P.) 
Dithane M-45 (80% W.P.) 
Brestan (60% W.P.) 
Difolatan (50% W.P.) 
Hinosan (50N E.C.) 
Hoe 25986 (75% W.P.) 
RH 2161 (2": E.C.) 
Top Cop (54.4% F) 
Zinc Omadine (48:, dispersion) 
Benlate OD (50'!,OD) 

Fuji-One (40",, E.C.) 
Hinosan TCP (35'%W.P.) 
Kocide 101 (83%W.P.) 

Effective Activity against the pathogenb
 

rate(s)

('Nsuspension Leaf scald Sheath rot Cercospora last Dakanae 

range) 


0.05-0.1 + 
0.025-0.05 + 
0.05-0.1 + 

0.025-0.05 + 
0.025-0.05 + 
0.05-0.1 + 
0.06-0.24 + 
0.025-0.05 + 
0.05-0.1 + 
0.05-0.1 + 
0.05-0.1 + 
0.05-0.1 + 
0.05-0.1 + 
0.05-0.1 + 
0.03-0.04 + 
0.15-0.3 + 
0.15-0.3 + 
0.05-0.1 + 
0.05-0.1 + 
0.05-0.1 + 

0.03-0.29 + 
0.05-0.1 + 

M7007 PB20 )21%W.P.) 0.0625-0.125 + 
PP389 JF5816 (50%W.P.) 0.32-0.64 ?) 
Iprodione (50% W.P.) 0.05-0.1 + 

Brown spot 
leaf spot 

+ + + + + 
+ + + + + 
+ + + + NT 
+ + + + NT 
+ + + + NT 
+ + + NT NT 
+c +d NT NT + 
+ NT + + NE 
+ + + NT NT 
+ + + NT NT 
+ + + NT NT 
+ + NT NT NT 
+ + NE NT NT 
+ Q) + NT NT 
+ + NT NT NT 

NT +f NT NT -W 
+ + NE NT NT 
+ + NT NT NT 

NT NT + NE 
NT NT + NT NT 
NT Q?) NT NT +h 
+ NE NE NT NT 
+ NE NE NT NT 
+ NE NE NT + 

NT NT NENT NE
W.P. =wettable powder, E.C.= emulsifiable concentrate. OD oil dispersible, F = flowable. t4+= Very effective insuppressing germination of spores;

NE = noteffective; NT =nottested; ? = inconsistent resus. Ats0.05 to 0.1%.dAt 0.1to 0.24%.eAt 0.1% only. 'At0.% only.yAt 0.05 to 0.2%. hA
0.06 to0.24,.. 
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Table . Fungicidal activities' of chemical suspensions at various concentrations against growth of the different rice fungus pethogens
Inagar medium in the laboratory. IRRI, 1979. 

Rice pathogenRates (range in 

Chemical b suspension) Cercos-
 S&/ero

pora Blast Leaf Sheath Brown Sheath Bakanae tium 
leaf spot scald rot spot blight rolfsi 

Difolatan (50% W.P.) 0.025-0.1 + + + + + NT + NT 
Hoe 25986 (75% W.P.) 0.015-0.04 + + + + NT + + NT 
Brestan (60%W.P.) 0.015-0.05 + + + NT + + NT NT 
Benlate (5014 W.P.i 0.025-0.1 + + + + NT NT NT NT
RH 2161 (2% E.C.) 0.025-0.1 + NT + + + NT NT NT
Daconil 2787 (75%W.P.) 0.025-0.1 + + NT + NT NT NT NT
Delsene MX (78% W.P.) 0.025-0.1 + NT + NTNT NT NT NT
Cercobin M (70% W.P.) 0.025-0.1 + NT NT NTNT NT NT NT
Hinosan E.C. (50% E.C.) 0.05-0.1 NT + NT NT NT NT NT NT 
a, with fungicidal activity against the pathogen; NT = not tested. bW.p = wettable r)wder, E.C.= emulsifiable concentrate. 

Table 3. Effect, at 3-6weeks after seeding (WS), of seed treatment with systemic fungicides for leaf blast control in IR442-2-58 grownin the blast nursery. IRRI, 1979, 

Rate Lesion (.../seedling)
Chemical a (gformula
tion/kg seed) 3 WS 4 WS 5 WS 6 WS
 

CGA 49104 (50% W.P.) 
 8 0.0 a 4.3 a 10.5 ab 16.1 a 
4 0.0 a 15.1 ab 26.8 bc 44.8 b
 

:'P389 JF5816 (50% W.P.) 
 40 0.1 a 4.0 a 105 ab 12.7 a 
20 2.2 b 30.2 b 45.4 c 67.8 b
 

Cercobin M (70% W.P.) 
 40 36.8 c 140.1 c 166.3 d 194.2 c 
20 55.1 cd 180.6 c 218.5 d 249.6 c

Benlate (50% W.P.) 40 47.1 cd 164.7 c d222.3 240.9 c 
20 68.1 d 195.7 c d232.3 246.3 c 

Jenlate (50% W.P.)

Slurry 
 40 54.9 cd c116.9 142.9 d 148.5 cSlurry 20 78.2 d c147.3 190.5 d 201.8 c 

Control (untreated) 0 83.9 d 235.8 c 264.0 daW.p. = wettable powder. Mean of 3 replications; 25 seedlings from each replication were used 
299.7 c

for disease reading. Means followed by acommon letter
 
are not significantly different at the 5%level.
 

Table 4. Effect, at 3-8 weeks after seeding (WS), of seed treatment with systemic fungicides for leaf blast control in IR442-2-58 grown

directly in the blast nursery beds. IRRI, 1979.
 

Rate Lesions" (no./seedling) 
Chemical' 
 (g formula

tion/kg seed) 3 WS 4WS 5WS 6 WS 7 WS 8WS
 
PP389JF5816 (50%W.P.) 
 40 0.1 a 4.1 ab 14.5 a 19.6 a 23.8 a 27.4 aPP389JF5816 (50%W.P.) 20 0.6a 11.5 b 38.0 bc 49.9ab 69.1 bc 81.8 bc
CGA 49104 (50% W.P.) 
 8 0.0 a 2.6 a 14.8 ab 28.3 a 44.0 ab 47.7 abCGA 49104 (50% W.P.) 4 0.2a 2.3 a 27.1 ab 40.7 a 49.5 ab 65.7 bCercobin M (70% W.P.) 40 15.2 c 53.9 c 80.9 cd 102.1 bc 115.6 cd 135.5 cdCercobin M (70% W.P.) 20 14.1 bc 76.4 c 130.4 d 163.0 c 176.8 de 216.6 deBenlate (50%W.P.) 40 5.9 b 58.5 c 117.8 d 149.5 c 155.1 de 206.1 deBenlate (50% W.P.) 20 10.4 bc 63.4 c 115.4 d 154.1 c 176.0 de 208.2 deControl (untreated) 0 19.6 c 110.7 c 207.2 d 241.7 c 269.7 e 291.3 e 

aW.p. = wettable powder. bMean of 3 replications; 25 seedlings from each replication were used for disease reading. Means followed by a common letterare not significantly different at the5%level. 
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Table 5. Effect of storing atordinary room temperature of IR442-2-58 seeds treated with the systemic fungicide CGA 49104 on leafblast control on the seedlings. IRRI, 1979. 
Chemical' Rate 

(g fo rm u la ..tion/kg seed) .OWTS 

CGA 49104 (50% W.P.) 8 42.0 
CGA 49104 (50% W.P.) 4 57.9 
Control (untreated) 0 159.1 
aW.P. wltrable powder. b Mean of 3 replications; 25 seedlings from each 

age. 

CGA 49104 at 4 and 8 g and with PP389 at 40 g of 
formulation/kg seed (Table 7). Benlate and Cerco-
bin M at 40 g/kg seed gave moderate leaf blast 
control, 

A rate study on CGA 49104 as seed treatment on 
1R442 confirmed information from a previous test 
that the rates of 16 and 32 g formulation/kg seed,
although the most effective against leaf blast con-
trol. caused reduction in seed germination. The 
lowest moderately effective rate for leaf blast con-
trol was 2 g formulation/kg seed (Table 8). 

Hoe 00550 (75% W.P.), as a seed dressing,
exhibited systemic action on IR442 against leaf 
blast infection. When applied at 20 and 40 g for-
mulation/kg seed, the blast-susceptible IR442 had 
low blast incidence for as long as 8 weeks after 
seeding (Table 9). 

In a preliminary test of fungicides as foliar 
sprays, Benlate OD, a 50% oil dispe, ible formula-
tion, Benlate-T (40% W.P.), and Homai (80%
W.P.), all applied as 0.05% formulation sprays, 
effectively controlled onleaf blast IR442 seed-
lings. In another preliminary test, Ba-SM (3.7% 
W.P.), Bla-S (2% E.C.), and Kitazin (48% E.C.),
all used at 0.1% formulation spray, appeared effec-
tive for leaf blast control, 

Inpreliminarytrialswithseedlingsgrowninplas-
tictrays and subjected to moderate leaf blast infec-
tion, Benlate (50% W.P.), Hinosan TCP (35% 
W.P.), PP389 JF5816 (50% W.P.), and Cercobin 
M (70% W.P.), each used as a 0.05% spray, effec-
tively controlled leaf blast even 3 weeks after the 
last spray. Hinosan (50% E.C.), Delsene MX (78%
W.P.), Dithane M-45 (80% W.P.), Daconil 2787 
(75% W.P.), each applied as 0.05% sprays, and 
Top Cop (54.4% a.i.) as 0.3%, effected only slight
to moderate leaf blast control. 

However, under heavy disease pressure or 
highly infective blast disease conditions, such as 

Lesionsb (no./seedling) (8 wk after each seeding) 

1WTS 2WTS. . . 
3WTS 4WTS 5WTS 6WTS ..
 .
 ..
 .
 ..
 . .
33.3 6.1 10.5 ... . 19.77.3 . 18.4 .
 .
41.0 24.4 32.5 30.8 41.0 42.2 

122.5 104.0 99.6 101.2 100.1 128.8 
replication were used for disease reading. WTS - weeks after treatment and stor

those prevailing in the blast nursery most of the 
time, Hinosan TCP, Hinosan, and CGA 49104 
(50% W.P.), each applied as a 0.05% formulation 
spray, showed the most effective leaf blast control 
among the chemicals tested. PP389 JF5816, Cer
cobin M, Daconil 2787, Benlate, and PH51-01 as 
0.25%; Top Cop, EL-291 as 0.035%; Hoe 25986 
as 0.04%; and Hoe 00550 as 0.013% formulation 
sprays, gave only moderate leaf blast control. 

Sheath blight. In a preliminary test of systemic 
fungicides as seed treatment (seed dressing), Ben
late (50%W.P.) and Cercobin M (70%W.P.), at 
20 and 40 g formulation/kg seed, effectively con
trolled sheath blight on IR1317-392-1-2 seedlings 
until 8 weeks after seeding (Table 10). 

Iprodione (50% W.P.), when applied to seedlings
in 3 weekly sprays as a 0.05% suspension,
appeared most effective for sheath blight control in 
the greenhouse trials. Three other fungicides -
Validacin (3% solution) used as a 0.1% formula
tion spray and Daconil 2787 (75% W.P.) and Bres
tan (60% W.P.) as a 0.05% formulation suspension 
- although not as effective as Iprodione, effec
tively controlled sheath blight. 

Bakanae. A preliminary test of a 4-hour dip
ping of IR9703 seedlings in fungicide suspensions 
showed Benlate (50% W.P.) and Homai (80% 
W.P.), both at I g formulation/liter of suspension, 
to be moderately effective for bakanae disease con
trol in 6 weeks after planting. 

In a series of preliminary tests on seed treatment 
for bakanae disease control, the same chemicals, 
applied at 10, 20, and 40 g formulation/kg seed, 
gave encouraging disease control on both IR9703 
and IR9846, two bakanae-susceptible breeding 
lines. 

Cercospora leaf spot. In a preliminary seed 
treatment test, Benlate OD (50% oil dispersible), 
Benlate (50% W.P.), Benlate-T (40% W.P.), and 
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Cercobin M (70% W.P.), each applied at 20 g 
formulation/kg seed, effectively controlled Cercos

i B pora leaf spot on IR20 seedlings 3 weeks after 
Sartificial inoculat;o". 

to 	 Sch'rotiun see( ng blight. Predominant com
6.i 	 mercial rice varic !s are not resistant to seedling 

4j 	 m blight caused by .Sclerotium rolfrii. Tests in 1979 
U g screened seed-protectant fungicides for their ability 

9 rio6 to control the disease. Vitavax, alone or combined 
E 	 with other fungicides, was highly effective (Table

r0 

E o LAto 	 1I). Vitavax 75% W.P. controlled the disease at the 
" , , 	 low concentration of 19 g active ingredient/100 kg 

seed (Table 12). Presprouting the seeds did not 
affect the fungicide's efficacy. Combining Vitavax 

co a) c) aj I with Benlate did not affect the efficacy of control of 
rolfsii by Vitavax or the control of leaf blast by

E 
SS. 	

Benlate. 

"D 	 Survey of seedbeds for seedling diseases. 
n.2 Thirty-five seedbeds, mostly of the dapog type in 

So Mo Laguna Province, were spot checked for seedling 
diseases before the dry-season rice crop. 

Bakanac was observed in all seedbeds except
V)U 0 N U) two, both of 1R36. The disease varied from a few 

,, -" scattered plants in some beds to about 50% infected 
- c!, seedlings in a bed of IR42. Infected varieties 

included IR36, IR42, C-4, C-12, and IR833. 
F kanae occurred in all types of dapog seedbeds

0 ao - regular wetbed, Taka-tak beds, and uplandA'cy)cadapog, 	 nursery beds. 

In one set of dapog seedbedsSclerotium seedling 
4 i blight was observed. In one bed a brown spot simi

0= M lar to that caused by S. rojfvii was observed. The 
2 1 0 seeds and bases of the seedlings were covered with 

a)a cD;_r bacterial slime. The rotting plants had an odor typi-
C cal of a bacterial soft rot. 

r, , ,) In many dapog and wet beds, seeds had a white 
mycelial growth that covered the area of the ger
minating radical and plumule. They rotted and no 

, .- seedlings developed from them. The incidence of 
E c t this disease varied from about 1-2% of the seed to=o .. 

mo -about 30% in spots within a bed. 
In aTakii-tak seedbed, afew seeds had symptoms 

8 typical of the water-mold disease common in 
water-seeded rice in the United States. The dead 

0 seeds on the soil surface had coarse mycelium 
t. oa 	 radiating from the seed surface ina circularpattem.

Specimens of diseased seedlings or rotted seeds 
. 32 RI were collected from each bed where disease was 

, . , *,_ 	 observed for isolation and identification of the 
- .ou pathogen. However, because bakanae was so com
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Table 7. Effect at 3-6 weeks after seeding IWS) of seed treatment with systemic fungicides on leaf blast control on IR442-2-58 grown directly in big clay pots with muddy soilsimulating rice paddy conditions in the screenhouse. IRRI, 1979. 

Chemical' Rate Lesionst
' (no./seedling)

(gfornula-
- - -tion/k seed) 3 WS 4 WS 5 WS 6 WS 

CGA 49104 (50% W.P.) 8 0 0 0 0CGA 49104 (50%W.P.) 4 0 0 0PP389 JF5816 (50% W.P.) 40 
0 

0 0 0 0.2
Benlate (50% W.P.) 40 1.7 3.' 7.6Cercobin M (70% W.P.) 13.8

40 1.4 5.2 12.7 21.3Control (untreated) 
8

0 6.6 16.8 24.3 33.6 
W.P.  wettable powder. bMean of 3 replications; 25 seedlings from eachreplication were used fordisease reading. 

Table B. Effect at 3-8 weeks fter seeding (WS) of seed treatment with CGA 49104 (50% W.P.) at various rates of application on leafblast control in IR442-2-58 seedlings grown in the blast nursery. IRRI, 1979.
Rate of application 

(gformulation/ Lesionsa (no./seedling)


Lsos ( ./ eln
kgseed) 3WS 4WS 5WS 6WS 7-WS 8WS effect
 
32 0 0 0 4.2 7.1 9.2 +b16 0 0.2 0.5 12.2 20.5 24.1 +b8 0 0 0.1 17.0 23.5 28.74 None0 0.1 3.5 27.6 41.3 46.52 None0.1 0.1 5.7 30.3 43.4 50.81 None4.5 10.0 25.9 63.4 91.8 99.60 (untreated control) 21.5 37.8 44.5 

None 
71.4 90.9 99.7aMean of 3 replications; 25 seedlings from each replication were used for disease reading. 

None 
bReduced percentage germination of treated seeds. 

Table 9. Effect at 3-8 weeks after seeding (WS) of seed treatment with systemic fungicides on leaf blast control on IR442-2-58 growndirectly in theblast iursery. IRRI, 1979. 

Rate 
Che(icald Lesionsb (n ./see-ling)(qfornulation/

ky seed) 3 WS 4 WS 5WS 6 WS 7 WS 8 WSHoe 00550 (75% W.P.) 40 0.2 4.8 12.3 15.9Hoe 00550 (75% W.P.) 18.5 19.120 0.8 19.2 42.1 55.9Hoe 25986 (75% W.P.) 58.8 60.240 5.3 68.4 111.8 131.5Hoe 25986 (75% W.P.) 139.9 141.320 7.9 91.1 144.4 159.9Homai (80% W.P.) 168.8 170.940 10.7 88.7 138.9 154.tHomai (80% W.P.) 161.6 164.220 10.3 91.9 148.4 161.5LS 65-255 (50% W.P.) 165.8 167.840 9.2 106.5 165.3 179.0 183.8LS 65-255 (50% W.P,) 186.320 9.9 102.5 153.1 169.7 175.8 178.1Control (untreated) 0 13.3 111.8 176.3 193.6 198.8 200.4 
aw.p. wettable
powder. bMean of 3 replications; 25 seedlings from each replication were used for disease reading. 

mon, samples were collected from selected beds in dried at 14% moisture, and weighed; and the averthe different geographical areas visited. age yield was calculated. The number of infectedBakanae disease infection and yield loss. tillers was multiplied by the average weight of 2Thirty-two sites in Laguna Province were surveyed g/panicle from healthy IR42 seedlings to determinefor bakanae infection. The infected tillers and the the loss and percentage of the yield loss per hectare.healthy tillers in IR42 were counted in plots ranging The percentages of tillers infected with the diseasein area from5 to 100 m .Twenty-fivepanicles from ranged from 0.63 to 12.8% and averaged 3.9%healthy plants were picked at random, threshed, (Table 13). 
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Inoculumn potential and disease intensity. Three 
methods of bakanae inoculation seed soaking, 

soil infestation, and spraying - were used to 
the minimum amount of inoculum in the 

seeds and in the vicinity of the plant system and also 
the relationship between various inoculum levels of 
the pathogen and the intensity of the disease in the 

minimum amount of inoculum that caused 
bakanae disease infection by seed soak inoculation 
was 0.7 X 10' propagules (Table 14). However, 
the results tended to show that there was no direct 
relationship between inoculum levels and the inten
sity of bakanae infection inseedlings although dis
ease infection appeared low at a lower amount of 

inoculum. 
Four-day-old seedlings of IR9703-41-3-3-1 were 

transplanted in sterile and nonsterile soil infested 
with conidia of Gibberellafujikuroi Saw. at differ
ent inoculum levels (0.5:10, 1:10, 2:10,3:10, 4:10,
5:10) and incubated 5 days. The minimum amount 

inoculum required to cause bakanae infection 
was 0.5:10 (Table 14). 

The inoculated seedlings in both sterile and nons
soil were considerably taller than the control 

plants. The increased height was attributed to the
 

gibberellic acid secreted by the organism inthe soil.
 

Data on the number of propagules inthe infested 
and control soil were taken using Komada's 

medium to ascertain the length of time the fungus 
could survive inthe soil and cause bakanae infec
tion inseedlings. The preliminary finding was that 
after 45 days the number of propagules was much 
smaller than that before planting. Likewise, the

of infected seedlings in the second crop uf 
IR9703-41-3-3-1 was reduced remarkably, with
 

disease infection ranging from 4-14% ininfested
 
sterile and nonsterile soil. The results suggested that
 
the propagules could not survive longer in the soil. 
Inaspray experiment, 19 dilutions of the conidial 

suspension of the organism, ranging from 1 x 101 
to 30.81 x 10', were used to inoculate 15-day-old 
seedlings of IR9703-41-3-3-1. The minimum 

amount of inoculum needed to cause bakanae infec
tion was 5x 10', and infection varied from 1.3 to 
5.6%. There was no direct relationship between 
amount of inoculum and the intensity of bakanae 
infection. 

Effect of temperature on G. fujikuroi Saw. and 
infection. The breeding lines IR9703-41



Table 11. Effect of seed-protectant fungicides on Scherorium seedling blight. IRRI, 1979. 

Treatment " 

Untfealed seed 
Vitavax 200 
Vitavax 200 
Vitvax 300 
Vitdva, 300 
TviiaCoat L 205 
TerraCoat L 205 
Vilavax (75 W.P.) 4 

Benlate (50 , W.P.) 
Benlate (50 , W.P.) 
TCMTB (30 E.C.) 

Rate Mean stand b 
('

(fll of gl 00 kg--- -- -.. ............. . 

seeds) 1st seeding ,, 2d seeding 3d seeding 

0 5 de 5 c 15 d 
500 95 a 85 a 85 ab 

1000 90 a 90 a 90ab 
500 95 a 85 a 85 ab 

1000 90 a 80 a 100 a 
500 15 cd 0 c 45 d 

1000 20 c 5 c 55 d 
250 + 500 90 a 85 a 90 ab 

500 0 e 0 c 15 e 
300 55 b 45 b 70 c 

'SlUry Ireatrne, 4 rl iqud250 a seed.W.P. -. wettable powder, E.C. = emulsifiable concentrate.hrive replc~rits, drll seeded. means followed by a common letter arenot significantly different at the 
5 lewal 

Table 12. Effect of treatment rate 
seedling blight by slurry treatmentW.P. IRRI, 1979... I. 979.. .. . 

Vitavax 75. W.P' 
rate of aplication 

(gformulation/lOOkgseed) 

2000 
3000 
1000 
500 

100 
25 
50 

150 
250 

Untreated seed 

awP -wttablepowdee.bDrli 


on control of Sclerotiun 
of seed with Vitavax 75% 

... . 

Mean stand b 

85 a 
80 a 
80 a 
80 a 

80 a 
80 a 
75 a 

75a 
75a 
30 b 

seeded, meanof lOreplications. 

3-3-1 and IR9846-215-3 were sprayed with a 
spore suspension of isolate F4 of the organism 
Gibberella fujikuroi 7 days after seeding. The 
inoculated potted plants were immediately placed
in cabinets at constant temperatures of 200, 250, 
and 30°C and a constant 100% relative humidity. 

Preiminary resuits based on daily collection of 
spores showed no definite trend of increase in 
spore number with days of incubation but there 
was an irregular pattern in all temperatures for both 
breeding lines. However, sporulation appeared to 
peak at the end of the experiment. Furthermore, 
the cumulative aumber of spores was maximum at 
a constant temperature of 30°C - almost double 
the number at temperature of 250 and 20°C (Fig. 

2), indicating that 30'C is favorable for the sporu
lation of G. fujikuroi in plants.

The percentages of infection were 1.6, 7.3, and 

18.7 for temperatures 
1R9703. For 1R9846, 
tages of infection were 
suggesting that 30'C 
infection. 

200, 250, and 30C for 
the corresponding percen

1.6, 19.8, and 20.2, again
is favorable for bakanae 

Temperatlre and growth and sporulation of G. 

fujikuroi in potato dextrose agar. Agar blocks
containing active mycelial growth (4 mm in diame
ter) of isolate F4 were singly transferred to the 
center of potato dextrose agar in petri dishes and 
placed in incubators at temperatures of 50, 100, 
150, 200, 250, 30, 350, and 40°C. Temperature 100 
was the minimum; 25', optimum; and 30C, max
imum for the growth of the organism (Fig. 3). The
organism grew faster at 25°C. 

Constant temperatures and conidial release of 
G. fujikuroi. The same variety (1R42) and methods 
as those in the spore release study were used to 
determine the effects of constant temperatures on 
conidial release by G. fujikuroi. The results 
showed that the conidia of the organism are 
released at constant temperatures of 50, 100, 15',
200, 25', 30* , and 35C but not at 40°C(Fig. 4). 
The minimum, optimum, and maximum constant 

° temperatures were 50, 30 , and 35C. 
Constant temperatures and conidial germina

tion of G. fujikuroi. Eight constant temperatures 
were used to determine the minimum, optimum, 
and maximum temperatures for germination of the 
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Table 13. Bakanae infection in relation to yield loss in rice at
32 sIte%surveyed in Laguna Province, Philippines, 1979. 

Site Infected Yield loss 
tillers K/'haI%) % 

Isla PangI 0.6 88 0.6 
Mahitac 1.0 92 1.0 
Bifian 1.0 120. 1.0Tipulan. Magdalera 1.2 133 1.2 

San Francisco, Victoria 1.3 68 1.3 

Masapang, Victoria 1.3 204 1.3Tipulan, Madlalena 1.5 171 1.5 
San Antonio, Pila 1.6 126 1.6Kalayaan 1.7 156 1.7 
Masapan, Victoria 1.7 102 1.7 
Masapanq, Victoria 1.8 152 1.8 
Tipiilan, Majlalena 2.0 136 1.9 
Santa Clara Pila 2.0 155 2.0
Sari Francisco, Victoria 2.2 102 2.2 
Bucal, Calamba 2.7 147 2.7 
Saripaloc, Pagsanjan 2.7 220 2.7 
Maytalang, Luiban 2.9 204 2.9 
Bangyas, Calauan 2.8 410 2.8 
Pila 3.0 325 3.0 
Santo Domingo, Bay 3.0 281 3.0 
Lumban 3.0 302 3.0 
Sampaloc, Pagsanjan 3.1 224 3.1 
Real, Calamba 3.1 137 3.1Balian, Panjil 4.1 280 4.1 
G.machile, Pila 4.3 312 4.3 
Balite, Sari Francisco, Victoria 4.8 361 4.8 
Lumban 6.0 722 6.0
Pagsanjan 6.9 496 6.9 
Bay 9.4 820 9.4 
Sala, Cabuyao 9.7 677 9.7 
Masapang, Victoria 11.3 688 11.3 
Sala, Cabuyao 12.8 983 12.8 

Average 
 3.6 294 3.6 

conidia in sterile distilled water. The spores of the 
organism started to germinate after 4 hours in 
sterile distilled w:ter at 200, 250, 300, and 35'C; 
after 6 hours at 100 and 15'C. Spore germination 
increased with time up to 24 hours but no spore
germination was noted at either 50 or 40'C. The 
minimum, optimum, and maximum temperatures 
for spore germination were 100, 250, and 350C (Fig. 
5). 

Relative humiditv and G. fujikuroi conidial 
formation. Seven-day-old seedlings of the breed-
ing lines IR9703-41-3-3-1 and IR9846-215-3 were 
sprayed with spore suspensi6n and placed in 
cabinets at constant temperatures of 30°C and rela-
tive humidities of 55, 75, and 100%, respectively,
Daily collection of spores started 3 days after 
inoculation. 

Sporulation pattern was irregular in the differentrelative humidities but was maximum for both 
lines at the end of the experiment. The cumulative 
spore number was maximal at 75% relative humid
ity and minimal at 55% relative humidity.

The percentage of infection varied in the differ

ent relative humidities with infection of 9.6, 81.3,
and 18.7% for 55, 75, and 100% relative 
humidities.

Relative huniditv and conidial release of G. 

fujikuroi Saw. at 30 'C. In a study of infected IR42
plants collected from artificia!!,, inoculated seed
lings spores were released in 13, 49, 79, 86, 96,
and 100% relative humidities (Fig. 6). Number of 

spores was minimal at 13 and 96c, more numerous 
at 86%, and maximal at 79%. 

Effect ofrelative humidity and constant tempera
l 
tltrA on G. fujikuroi Saw. conidial geriia
tion. Relative humidities ranging from 12.7 to
100% at 8 constant temperatures (50, 100, 150, 200,
250, 300, and 40C) were35, used to determine
the relative humidities at which the conidia will 

germinate. Conidia germinated in relative
humidities ranging from 98.7 to 100% at constant 
temperatures of 200, 250, 300, and 35 0C. No ger

rination occurred at relative humidities below
98.7% 48 hours after incubation and no spore ger
mination was noted in all relative humidities at 
constant temperatures below 20C or above 40C. 

Effect of light on growth and sporulation of G. 
fujikuroi Saw. Six light treatments - UV,
fluorescent, intermittent UV-fluorescent, intermit
tent UV-dark, intermittent fluorescent light-dark,and dark - were used to determine which is favor
able to the growth and sporulation of the fungus.
The fungus grew fastest in the dark and in intermit
tent fluorescent light-dark combination, reaching 
maximum growth in8 days in contrast to slow 
growth under UV light. However, spores were 
more numerous under UV light mtan under the other 
treatments (fable 15). 

Suri'ival of G. fujikuroi Saw. conidia in rice
seeds. Seeds of 1R38, IR5929-12-3, 1R9859-45-2, 
and IR9703-41-3 were artificially infested by soak
ing them in spore suspension of G. fujikuroi for 2 
days. Seeds of each entry were divided into 2 lots, 
separately air- and sun-dried for 3 days, and further 
subdivided and stored separately at temperatures of 
200, 250, 300, and 350C to determine the tempera
tures at which the organism would survive the 
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Table 14. Results of tests of 3 methods of bakanae infection in relation to inoculum levels. IRRI, 1979. 
Soil infestation Seed soaking Spraying 

Inoculum. Inf. . n...o.a.u.. .. .soil ratios Propagules Infection Propagules Infection
(V/V) (no./Y ,ioil 1%) M% 
 Propagules Infection(no.!ml) 	 (no./ml) W% 

Sterile 
0.5:10 .01 x 19o 74.7 155.5 x 10' 9.8 30.81 x 106 1.3

4 x 10o 96.8 	 277.1 x1:10 	 10' 15.1 15.76x 106 2.92:10 6 x 10' 97.0 	 138.6 x 106 15.4 8.63 x 106 1.43:10 lOx 10' 98.0 69.0x 106 
3	 

13.5 5.45x 106 1.44:10 11 x 10' 94.0 4.7 x 106 14.5 3.95 x 106
5:10 25x 10' 91.0 17.4x 106 14.2 8.2 x 10' 

1.3 
1.5

Contro! 0 0 170.5x 10' 3.1 3 x 10' 1.5 
- - 85.3x 10' 5.2 2.5 x 10' 2.7Unsterile 42.6 x 10' 4.3 1.96 x 10' 1.5

0.5:10 6x 10' 10.0 21.3x 10' 2.0 1.7 x 10'
1:10 12x 10' 92.5 10.7x 10' 2.0 1.6 x 10' 

2.5 

2:10 26x 10' 95.9 5.3x 10 	
5.6 

3.9 1.3 x 101 3.13:10 30x 10' 98.0 2.6x 10' 7.5 1 x10' 1.44:10 316 10x 97.9 1.3x 10' 2.5 8 X 104 1.55:10 75x 10' 89.6 0.7x 10' 3.2 7 x 104 2.5
 
Control 0 0 0.3x 10' 0 5 x 104 1.4
 

-	 0.16x 10' 0 4 x104 0 

0 (control) 0 3 x 104 0 

-	 - 1 X10 4 0 
0 (control) 0 

Fungus growth (mam) 

Sporuloion copocity ( 20000) 100 
250 3001 
 V 5 ,, , 25300 /0 0 C 	 .-.-o0 - 30355 


3IS80 
-20 0 400 

200 60 / / 

4050 

0 	 0 2 4 6 8 0O 1210'25 C Number of measurements 
I 200/210c 

50 l l3. Growth rate of Gibberellaf/ikuroi under different temperature 
treatments. IRRI, 1979. 

longest. The results generally showed that after 3-	 months, the organism's survival ranged from 0 to 
1R9703 1R9846 10% in all varieties and lines at 30°-35°C in both air2. Cumulative number of Gibherella/iikuroiSawada conidia and sun-drying treatments, indicating that those 

infeced p at differenttemperaturesandat75 reativehid temperaturesGants are not favorable for survival of theity. IRRI, 1979. organism on the surface of the seed hull. 
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Condo (million) Spores(rnilion) 
10 

8 8 

359/3525/2 5C 

6 6 

79 
86 

° * 20 /20 C 
4 4 

O

l0*/IC 
 49 

5*/5*C 

2 2 '00 

40/40C0 

4. Cumulative conidia released by Gihherella IiikjAuroi Saw. at 6. Cumulative spores released by Gibberellafujikuroi Saw. atdifferent constant temperatures at 00 relative humidity. IRRI, different relative humidities(numberson bars)atconstant tempera1979. ture of 30C. IRRI. 1979. 

Daily spore germnaion (M) and severity of Pyricularia oryzae and Helmin100 25*C thosporiwn orlzae (Table 16). 
o 	 Three-kg portions each of crushed and air-dried30C 

035c soil (except the zinc-deficient soil 	and the peat
80 150C soil) were placed in eight 4-liter-capacity porcelain 

pots. The zinc-deficient and the peat soils were 
obtained wet. Each soil was mixed with 50 ppm60 	 nitrogen as urea (except the nitrogen-deficient 
soil and the ammonium-toxic soil), and 25 ppm P 
as concentrated superphosphate (except the

40 phosphorus-deficient soil) and 25 ppm K as muriate 
Io~c of potash (except the potassium-deficient soil). The 

nitrogen-deficient soil received no nitrogen fer
20 	 tilizer; the ammonium-toxic soil received 300 ppm

N as urea: the phosphorus-deficient soil, 5 ppm P;
and the potassium-deficient soil, no potassium ferooC 4n*C tilizer. 	 The first 10 soils were flooded with 

demineralized water to a depth of 5 cm. The last 2
5. Effect of different temperatures on conidial germination of soils were moistened to field capacity.Gibberellakfijikuroi Saw. IRRI, 1979. For the Pyricularia study, 10 germinated seeds 

of IR442-2-58, a susceptible variety, were dibbled 
in each of 4 pots of each soil. Two pots were 
artificially inoculated with P. oryzae isolate from

Effect of nutritional disorders on blast and IR442, 18 days after seeding. The other 2 pots were
brown spot diseases of rice. The soil chemists kept free of the disease. For the Hehninthosporiwn
and plant pathologists used 12 soils with different study, Sekiguchi-asahi, a susceptible variety, was 
properties in a cooperative experiment to ascertain used. 
the influence of mineral stresses on the incidence The incidence ofP. oryzae (blast) on IR442-2-58 
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Table 15. Effect of hght treatment on growth and sporulation of Gibberella fujikuroi in 
potato dextrose agar. IRRI, 1979. 

Light treatment 

Dark 
Intermittent fluorescent 

lrrjht (ark
rIntermittenrtUVdaark 

Intermittent UV. 

fluore scent 
Fluorescent 
UV 

- Daily growth rate (mnmlat (Jay Spores
b1 2 3 4 5 6 7 8 (av no./mi) 

23 32 41 50 65 76 84 85 3.2 x 10'
21 31 41 51 61 70 83 85 4.3 x 10' 

21 31 41 51 59 69 78 83 9.5 x 10' 
17 27 37 47 58 66 77 83 4.8x 107 

18 27 36 44 60 68 77 82 5.0 x 107
18 26 34 42 50 58 66 72 2 

.1 x 105 

taken after 2 days. 
Each rrearrenr consisted of 4 replications, bFirst measurement 

did not vary remarkably with the soil (range 85-
100%). However, seedlings grown on the normal,
potassium-deficient, nitrogen-deficient, and iron-
deficient soils had considerably more blast lesions 
than seedlings grown on the alkali, ammonium-
toxic, saline, and phosphorus-deficient soils (Table
17). 

Sekiguchi-asahi seedlings inoculated with Hel-
minthosporium orvzae had 100% disease incidence 
regardless of the type of soil in which they were 
grown (Table 18). However, number of lesions 
varied from 12.8 to 4 3.5/plant. Plants on soil with 
excessive nitrogen application had the least lesions 
and those on the iron-deficient (dryland) soil, the 
most. 

BACTERIAL DISEASES 

Bacterial foot rot. Bacterial 
 foot rot was first 
found infecting a few IR36 plants at IRRI in 1977 
but its incidence at IRRI has not increased since,
However, the disease was recorded in Japan,
Korea, and India in 1979. 

In 1978, asthe causal pathogen was identified 
bacteria. In 1979, further study indicated that the
disease is similar to the bacterial cornstalk rot 
caused by Ervinia chrysantheni. Isolates from
rice and maize cause infection on either host 
(Table 19). The bacterium from rice also belongs
to the same species. Whether the rice strain is dis-
tinctly different from the maize strain as well as
other bacteriological characters must be deter-
mined, 

Bacterial blight. Effect on rice yield. A pro-
ject was designed to provide information to facili-

tate prediction of the loss caused by bacterial blight
at different stages of infection and the severity of the 
disease. Initial experiments were done in the 
greenhouse and field experiments have been 
started. 

IR8 and IR36 were infected at the seedling (35
days after seeding [DS]), maximum tillering (50
DS), booting (70 DS), and flowering (80 DS)
stages. Lesion length was significant in plants
infected at a younger age. IR8 and IR36 had the 
same disease reaction, however, both being sus
ceptible to strain PXO 86 of X. oryzae at an 
inoculum dosage of about 101 cells/ml. Both pani
cle and tiller numbers were affected by the disease 
when infection started at early tillering, maximum 
tillering, and booting stages (Table 20). 1R8'sgrain yield decrease was significant when the 
infection started at seedling, maximum tillering,
and booting stages. A difference in IR36 grain
yield was also observed. 

When infection was initiated at seedling
stage, kresek was observed on 1R8 but not on IR36.
In field experiments, 40-50% kresek infection
 
resulted in more than 30% yield reduction. At least

10% yield reduction was notcd when 
a field was 
affected with 20  30% kresek (Table 21).

Ecology of Xanthomonas oryzae. The bac
teriophage method was applied in 1979 to study
the survival of X. oryzae in rice plant tissue,, 
leaves, and seed. Properties of X. oryzae phage
P-2, the common phage strain in the Philippines, 
were studied collaboratively at Kyushu University, 
Japan, and at IRRI. 

0 Phage P-2 attacked most of the Philippine 
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isolates of the host bacterium. 
* 	 Phage P-2 was semlogically identical with 

phage OP, from Japan. Therefore, anti-OP, 
serum was used for inactivating phage 

P-2 in some experiments. 
Among several kinds of the media hitherto 
reported, PSB and Wakimoto's media were 
superior to others for supporting the phage 
multiplication with the host bacterium. 
These two media were used for detecting X. 
orvz-ae inhost tissue by phage method. 
One-step growth was carried out with a 
combination on phage P-2 and X. orvzae 
strain PXO 61. In this combination, the 
latent period was 35 minutes and the average 
burst size (average number of the progeny 
phage produced from a single cell) was 
around 20. The latent period seems too short 
to wash off the antiphage serum when it is 
used for detecting X. oryzae. 

Survival of X. oryzae. Initial study indicated 
the forms of the bacterial cells related closely 

to 	 their ability to survive. In living intact leaf 
tissues, the bacteria actively multiplied at the 
expense of host nutrients. 

0 In pure culture no colony formed on the agar 
plate after 2 hours at 50°C, thus indicating 
that the bacterial cells were killed. On the 
other hand, bacterial cells from exponential 
growth stage were smeared onto the bottom 
of sterilized tubes, then incubated for 20 
days at 10°C to initiate their resting phase. 
After that, the tubes were incubated at 50'C 
for the same time intervals as that for the 
growing phase. Once they became a dry 
mass, the bacteria were resistant to and sta
ble in high temperature. There was reduction 
in colonies due to death of cells at 50 'C but 
the death rate was slow. 
In diseased leaves, infected rice leaves (1R8 
and PXO 61) were detached and dried at 100, 
20 ° , 300 , 400, and 50°C for 20 days. Asshown in Table 22, the bacterial cells (viable) 

were readily detected in leaves kept at 100 
20°C. No bacteria, however, were 

detected in leaf tissues dried r.temperatureshigher than 40'C. Transformation to the dry 

form was induced. There was survival of the 
bacteria in the leaf tissues at 50'C once they 
had become transformed into a dry mass at 



Table 17. Reactions of IR442-2-58 to nutritional disorders and Pyricu/aria oryzae infec. 
tion. and soil injury rating at 0 and 11 days. I RRI, 1979. 

Soil injury Pyricularia infection 
Nutritional Pyricularia rating n Severity 

problem inoculation 0 11 denc (no. of Score 
(Jay (lays (1/0 lesions/plant) 

None No 1 1.2 0 0 1 
Yes 1 2.2 100 435 9 

Nitrogen deficiency No 1 1 0 0 1 
Yes 1 2 100 456 9 

Ammonium toxicity No 5 2 0 0 1 
Yes 5 3.2 95 260 9 

Salinity No 5 3 0 0 1 
Yes 5 5 90 252 9 

Alkalinity No 3 2 0 0 1 
Yes 3 2 100 277 9 

Potassium deficiency No 1 1 0 0 1 
Yes 1 2 100 470 9 

Zinc deficiency No 1 2 0 0 1 
Yes 1 2.6 95 326 9 

Peat soil problems No 1 2 0 0 1 
Yes 1 3.1 100 362 9 

Phosphorus deficiency No 3 5 0 0 1 
Yes 3 5.9 100 210 9 

Iron toxicity No 7 8 0 - -
Yes 7 8 100 - -

Iron deficiency No 2 2 0 0 1 
Yes 2 2.3 85 410 9 

Manganese/aluminum No 2 2 0 0 1 
toxicity (dryland) Yes 2 2.5 100 349 9 

low temperature (Table 23). To produce dis- grassy weeds and in their rhizosphere and on
eased husks, IR8 seeds were artificially ratoon and volunteer rice, but not on the
infested at flowering. The rice grains were weaves of either plant.
later harvested and dehusked and the husk Sheath blight. Ecology of the pathogen.
was ground and treated similarly as for Research on sheath blight concentrated on the
leaves. Comparable phage increase by parasitic and saprophytic survival of the pathogen
plaque count indicated that the bacteria could and on the factors that may affect their survival in 
survive in husk at low temperature but not at the tropics. 
room temperature after harvest for 90 days. Parasitic survival. The rice sheath blight
As the bacteria in the rice husk are most likely pathogen has a wide host range, which includes 
to form a dry mass at ripening, studies of many weed species. In an initial experiment,
temperature at ripening, harvest, and storage inoculum was broadcasted in a direct-seeded
relative to bacterial survival in rice seed were unweeded rice field. Many weed species as suscep
started. tible as rice were found (Table 24). A followingIn fallow fields at IRRI several species of survey of IRRI indicated that many weeds of the
weeds were collected. Both X. oryzae and its Gramineae family in the rice fields were naturally
bacteriophage were detected on roots of the infected with the sheath blight pathogen (Table 
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Table 18. Reaction of Sekiguchi-asahi to nutritional disorders and Helmi: thosporium 
oryzae infection, and soil injury ratings at 0 and 11 days. IRRI, 1979. 

Soil injury Helminthosporium 
ratinga 

infection 
Nutritional 
problem 

Helminthosporium 
inoculation 0

day 11i
days 11 dencedc 

Severity
lesions/ Score 

plant) 

None No 1 1 15 0.2 1 
Yes 1 1 .0 24.8 3 

Nitrogen deficiency No 1 1 35 0.5 1 
Yes 1 1 100 24.0 3 

Ammonium toxicity No 5 3 30 0.6 1 
Yes 5 5 100 12.8 2 

Salinity No 5 5.7 20 0.3 1 
Yes 5 5.2 95 14.5 2 

Alkalinity No 3 3 45 0.9 1 
Yes 3 3 100 35.3 4 

Potassium deficiency No 1 1 65 1.1 1 
Yes 1 1 100 22.0 3 

Zinc deficiency No 1 2 45 0.9 1 
Yes 1 3 100 27.3 4 

Peat soil problems No 1 4 65 1.3 1 
Yes 1 4 100 34.0 5 

Phosphorus deficiency No 3 5 75 1.4 1 
Yes 3 5 100 22.8 3 

Iron toxicity No 7 7.1 85 1.9 1 
Yes 7 7.3 100 17.8 3 

Iron deficiency No 2 2 40 0.7 1 
Yes 2 2 100 43.5 6 

Manganese/aluminum No 2 2 35 0.8 1 
txicity (dryland) Yes 2 2 100 30.3 4 

25). The symptoms were similar to that of rice. A 
pathogenicity test of isolates obtained from the 
weeds suggested that they were highly virulent to 
rice, and many caused damping-off of the rice 
(Table 26). Obviously these weeds are hosts for 
the fungus and serve as sources of the inoculum 
that infects the rice crop. 

Saprophytic survival. It is well established that 
sclerotial bodies are the primary inoculum of the 
rice sheath blight pathogen. In an initial study at 
IRRI, however, cnly a small number of sclerotia 
could t)c recovered in a field of more than 50% 
infection, 

Previous results (1978 annual report) indicated 
that many of the sclerotia in the field either were 
colonized by bacteria or died. Survival of the 

pathogen was studied 'y burying rice straw in non
sterilized soil of dryland origin. The soil was 
mixed with different amounts of inoculum and 
incubated for I month in conditions of standing 
water and 100% and 50% soil saturation. Tlhere 
was a lower percentage of rice straw colonized by
the fungus in conditions where the straw was 
buried in soil with standing water than in 50% 
saturation (Tat-e 27). 

In a similar experiment the infected rice straw 
was buried in sterilized and nonsterilized soil (dry
land origin) with standing water and 50% satura
tion. Recovery of the sheath blight fungus was 
lower in nonsteriliied than in sterilized soil (Table 
28). 
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Table 19. Some characters of the foot rot bacteria of rice compared with other strains of 

Erwinia chrysanthemi from rice arl maize. 1979. 

Straina 

Character Rice Maize 

Japan Korea Philippines USAbIRRI 

Pathogenicity 
Rxe+ + +
 
Maize + + + +
 

Rotting tissues at
 
Cornstalk
 

10OC_._ 

-c
 

30C ++ ++
 
35'C +++ ...
 

20OC 

Rice stem 
10°C
 
20'C + +
 
30°C ++ ++
 
35°C ++ ++
 

Growth on PSAd at 
20

0 C Mucoid/butyrous Mucous 
25*C Butyrous Butyrous 
30'C Butyrous Butyrous 
35'C Butyrous Butyrous 

Flagellum Peritrichous Peritrichous 

Gram reaction 

Physiological/Bio
chemical test 

Nitrate reduction + + 
NaCI tolerance (growth) 

1% + +
 
3% + +
 

5%
 

OiF 

Glucose F F 

Acid production 
Arabinose + + 
Fructose + + 
Mannitol + + 
Dextrin 
Galactose + + 
Lactose + 
Maltose 
Raffinose + + 
Sorbitol 
Xylose + + 

a, = positive, - = negative. bvirulence apparently lost. CA blue pigment wasproduced on the corn. 

stalk. At 20' C, it was very distinct. dpeptone sucrose agar. 

VIRUS DISEASES insects were collected, and the vectors' infectivity 

Tungro epidemiology. The field epidemiological was tested at weekly intervals (Table 29). 
study of rice tungro disease in Luzon was con- Disease incidence. Tungro incidence in the 
tinued. Disease incidence was observed, the vector study fields was low. The average tungro incidence 
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Table 20. Effect
' on rice yield components of initial infection caused by a single inoculumdosage (about 10' cells/ml) of Xanthomonas oryzae (PXO 86) on potted plants at dif

ferent growth stages. IRRI, 1979. 

Lesionb Kresek Tillers PaniclesGrowth stage length Sterility Grain yieldM% reduction 
(cm)(%) 

IR8
 
Seedling 23 a 44 20 43 77 46

Max tillering 18 b 0 
 27 32 42 42
 
Booting 15 c 0 6 
 39 52 52

Flowering 10 d 0 
 0 6 10 1 

IR36c 
Seedling 25 a 0 57 12 33 26

Max tillering 21 b 
 0 43 21 23 14

Booting 17 c 
 0 5 0 72 43
Flowering 11 d 0 0 0 45 33 

aEsti.ated on the basis ofcontrol, i.e.no artificial inoculation. bLesion measured at 14 days after 
inoculation. Means followed by a common letter are not significantly different at the 5% level. CNatural
infection was observed beginning at maximum tillering stage. 

Table 21. Effect of kresek e caused by Xanthomonas oryzae on 
rice yield of IR8. IRR I, 1979 dry season, 

YieldBacterial Kresek tiainwth reduction (%)
strain 1%) kg/plot) based on 

check
 

PXO 61 bUl 7.0 373
Kr 4 40.5 7.7 
 33
PXO 82 36.0 9.5 18.2
PXO 78 26.5 10.8 10.2

Check 0.0 11.6 0.2 

.. .. . -heck.. ........
alnoculation by root-dip method at timeof transplanting. bBase(on 

2.5- x7-m plot. 

Table 22. Survival of X. oryzae in diseased rice leaves under 
different temperatures. 1979. 

Pa( - Survivaloflues(no.)Temp (CC) ....... .).uvvlo
 
Check (0 hi 

10 179 
20 270 
30 225 
40 433 
50 441 

b
Test (5h) X. oryzae 
10.179.. 

2.2 x 10' + 
1.7x 10' 
 + 
1051 + 
335 
355 


aLeaves werepreserved at each teemperature inthe peri dishes and 0. 1q 
of the sample was used for each experiment. b, positive survival, 
negative. 

was 0.64% in 792 observations. However, about 
11% of the study fields had tungro infection. Of 
the provinces covered by the study, Laguna and 
Tarlac had no tungro incidence throughout the 
study period. No disease was observed in all study 
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Table 23. S;-,;val of X. oryzae in dry phase in diseased rice 
leaves at 50",-. .379. 

Plaques (no.)Days o.. Survival oftreatment Check Test bTest X oryzae 
( h ((5hI) (Bh)
 

0 (contlol)55 N' 6.1 x 10' + 
1 37 N 5.2 v 10' +
3 52 N 2.0 x 10' +
4 69 N 2.0 x 104 + 
5 63 2920 3.1 x 10' +
6 64 2386 6.6 x 10'7 81 119 2.0. 10' 

+ 
+8 65 137 24 x 10' + 

sites in November, December, and January. The
 
tungro incidence varied among varieties. No tun
gro incidence was recorded in 1R38, IR40, and 
1R46 which accounted for about 16% of the var
ieties planted.

Number of vector insects and disease 
incidence. Of the 2,865 tungro vectors collected,
24% were nymphs and 76% were adults; 37% were
Nephotettix virescens, 45% N. nigropictus, and18% Recilia dorsalis. The number of tungro vec

tors collected averaged 4.9/10 sweeps. 
It was reported in 1978 that the average numberof vector insects and the percentage of infective 

insects from April to June determined the tungro 
incidence from June to October. This view was 
confirmed in 1979. 

Percentage of infective insects slightly increased 
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Table 24. lncidence and severity of sheath blight on rice and various weeds on 2 observa
tion dates. :RRI, 1979. 

29 October 6 November 

Host Incidence Severity Incidence Severity 
(%) (%)
 

Rice' 34.3 2.9 39.7 3.6 
b 

Weeds' 

Echinoc/rloacolona 26.9 1.0 55.6 3.0 
E.glabrescers 7.2 1.0 29.0 3.2 
E. crus-galli ssp. hispidula 10.0 1.0 11.1 1.0 

Monochoriavaginalis 0 0 2.2 1.0 

"Data taken from cropping pattern field with 2 plots, weeded and unweeded, per cropping pattern. 

Field planted 4 September 1979. Previous crop was wet-seeded rice inoculated with the sheath blight 

pathogen at traximum tilering stage. bBased on 5 quadrats 10.5 x 0.5 m' /unweeded plot per crop. 

ping pattern. Incidence was bases] on the ratio of infected hills to the total population observed x 100 
while severity was based on scale 1 9 IStandard Evaluation System for Rice by IRTP]. 

Table 25. Some weed hosts of sheath blight organism at IRRI, 1979. 
Plant part Area 
ilat collecSpecies name Family 
isolated collected 

Chloris sp. Gramineae Sheath Dryland 

Cleone rutidosperma Capparidaceae Leaf, pod, seed Wetland 

Digitaria sp. Gramineae Blade Wetland 

Echinochloa colona Gramineae Blade Wetland 

Sheath Dryland 

E. cruls-galli ssp. tispidula Grammneae Sheath Wetland 

Leptochloa chietensis Gramineae Sheath Wetland 
Monochoria vaghimlis Pontederiaceae Leaf Wetland 

Paspa/idiam flaviljin Gramineae Sheath Wetland 

Paspalum ist'c/tlt Gramineae Blade Wetland 

Sheath 

Rottboeliaexaltata Gramineae Blade Dryland 

Cynodon dactylon Gramineae Blade Dryland 

from 0 in 1978 to 0.34 in 1979 from April to June. 16 municipalities, mostly in Mindanao, were 
Similarly, disease incidence slightly increased affected by tungro as of mid-August. Tungro vec
from 0% in 1978 to 0.02% in 1979 from June to tors collected from the fields, mostly planted to 
October. However, the percentage of infective IR36 and SN19, transmitted the disease to TNl test 
insects from April to June was too low to cause a high seedlings. 
disease incidence in the rainy months from June to Light-trapping of tungro vectors. The collec-
November (Table 30). tion of tungro vectors (Nephotettix virescens, N. 

Infective insects. During the study period, nigropictus, and Recilia dorsalis) and the grassy 
7,127 insects were collected in the study fields and stunt vector (Nilaparvatalugens) by light trap at 
tested for infectivity. Of the tested insects, 28% IRRI started in August 1972. In November 1977, 
were N. virescens, with 0.75% infective insects; ragged stunt disease, also transmitted by N. 
57% N. nigropictus,0.09% infective; and 15% R. lugens, was added to the study. 
dorsalis, 0.29% infective. The percentage of infec- In 1979, the highest proportion of tungro vectors 
tive insects was very low, averaging 0.31% collected was N. nigropictus. The average number 
throughout the study period, of tungro vectors collected per trap per month from 

Tungro in southern Philippines. In 1979, the November 1978 to October 1979 was 73, 72, 15, 
Philippine Bureau of Plant Industry reported that 68, 1,055, 50, 4,337, 1,243, 675, 1,173, 3,850 
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Table 26. Pathogenicity in IR36 of Rhizoctonia solani, the rice sheath blight pathogen, 

from different weed species. IRRI, 1979. 

Pathogenicitya 

Damping- Sclerotia 

no. infected off (no./plant) 
Isolate Weed Plants 

I%) %)
 

1 Echinochloa colona 100 4.2 65 

2 E.colona 100 2.9 74 

3 L. chinensis 100 2.4 120 

4 E.glabrescens 100 4.6 64 

5 E. glabrescens 88.1 0 19 

6 Paspalidium flavidum 100 0 27 

7 P. flavidum 88.3 0 2 

8 E. crus-galli ssp. hispidula 100 7.3 28 
--9 Cynodon dactylon 

10 C. dactylon 100 0 66 

11 Digitaria sp. 100 4.8 112 

12 Digitaria sp. 100 18.9 179 

13 E. colona 100 2.4 6 

14 Rottboellia exaltata 100 33.3 76 

15 Cleome rutidosperma 92.3 0 15 

16 C. ntidosperma 100 2.4 74 
--17 C. rutidosperma 

18 Chloms sp. 100 0 6 

aon 21-day-old IR36. 

Table 27. Saprophytic colonization of Rhizoctonia solani, the causal fungus of rice sheath blight, on rice straw buried in nonsterilized 

soil of dryland origin in various moisture conditions. IRRI, 1979. 

Infectivityc (%
Inoculum Colonizationb (%)____ 

levea Standing 100% 50% Standing 100% 50% 
(%, wt/wt) water saturation saturation water saturation saturation 

100 100.0 100.0 100.0 100.0 100.0 100.0 

90 72.7 73.3 80.0 64.7 57.7 77.7 

50 49.3 56.0 56.7 40.7 42.3 52.0 

10 25.3 28.0 36.0 9.3 17.0 17.0 

0 1.3 0 0 0 0 0 

no soil added; 0%,inoculum, i.e. no inoculu- check. bPlanting rice straw, 1month after it was buried in soil, on water agar.Cinfecinaculum. i.e. 
tivity of rice straw buried in soil and inoculated on IR36. 
a 100% 

and 1,072. Of the 4,680 tungro vectors tested for identical among diseased plants of different ages 

infectivity, 0.26% were infective. The overall tun- regardless of acquisition access time of 2, 24, or 96 
gro incidence at the farm during the period was hours. When the acquisition access time was 96 
low (Table 31). hours, the insects that fed on 30- and 60-day-old 

Effect of ages of diseased plants on infrc- diseased plants had a higher percentage of infective 

tion. The infectivity of N. virescens was deter- insects, a longer retention period, and a greater 

mined by the test-tube inoculation method after the percentage of infected seedlings than the insects 
insect fed on TNI tungro-diseased plants of differ- that fed on 15- or 90-day-old diseased plants. 

ent ages. Diseased plants were inoculated 7 days The variation in the insects' infectivity indicated 
after soaking and kept in the greenhouse for 15, that diseased plants of different ages were not iden

30, 60, and 90 days before they were used as virus tical in quality as virus source. 
sources for 1,920 adult insects. Different varieties as tungro source. The infec-

The percentages of infective insects were not tivity of N. virescens after feeding on tungro
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Table 28. Saprophytic survival" of Rhizoctonia solani, therice sheath blight pathogen, in infected rice straws in soil of 
dryland origin. IRRI, 1979. 

Reoery of
Rhizoctonia solani Sclerotium

Treatment in rice straw % bodies (o.) 

2 wk 4 wl; 2wk 4 wk 

Sterilized soil 

50% water saturation 100 
 100 49 0
Standing water 100 100 33 26 

Nonsterilized soil 
50% water saturationb 54 50 0 0Standing water 44 25 9 

Checkc 
50"/water saturation 0 0 00
Standing water 0 0 0 0 

aPlating on water agar2 weeksinfected straw buried in soil after incubation. bColonization of thewasexclusively Trichoderma sp.of thistreatment. Although R. solani could be observedyet its growth washighly retarded compared with that of sterilized soil.CNonsterilized soilto check for natural occurrence of thefungus, 

diseased plants of IR8, IR34, and TN1 was deter-mined by the test-tube inoculation method. Dis-
eased plants were inoculated 7 days after soaking
and kept in the greenhouse for 40 days before 
being used as virus sources for 1,440 adult insects. 

Insects that fed on diseased TN I plants consis-tently gave higher percentages of infective insects,
longer retention period, and greater percentages ofinfected seedlings than insects that fed on IR8 and 
IR34 diseased plants as virus sources regardless of
acquisition access periods of 2, 24, and 96 hours. 

The infectivity of N. virescens was not identical 
for all combinations of IR8, IR34, and TNI as
recipient hosts and virus sources. The insects
became more infective with the combination of
TNI as recipient host and virus source than combi-
nations of IR8 and IR34. The percentages of infec-
tive insects in all combinations were greater for
IR8 than for 1R34 but less for both IR8 and IR34
than for TNI. 

The factors determining infectivity of N. vires-
cens among different combinations of recipient 
hosts and tungro source varieties remain unclear,

Acquisition (?f rice tungro virus through
paraf hn. The ability of 547 adult N. tirescens to 
acquire the tungro virus from diseased leaves 
covered with parafilm was tested. After acquisition 
access periods of 1-4 days, 56-75% of the insects 

became infective when tested on TNI seedlings. Ingeneral, the percentage of infective insects 

increased as the acquisition access time increasedfrom I to 4 days. But it decreased on the third and 
fourth day in this test because the diseased leaves 
became necrotic because ofcontinuous insect feed
ing.

Consequently, the parafilm membrane did nothinder the acquisition feeding by the insect. The 
parafilm membrane method may be used fordeveloping a bioassay of the virus.Ragged stunt. The collection of N. lugens, the 
vector insect of ragged stunt and grassy stunt, bylight trap at IRRI was continued.

The average number of N. lugens collected per 
light trap per month was 6, 18, 1, 1, 1,480, 20,417, 
186, 56, 118,482, and 2,185 from November 1978to October 1979. Of the 1,059 N. lugqens tested, not 
one transmitted grassy stunt and 2.2% transmitted 
ragged stunt. The overall disease incidence at the 
IKRI farmragged was trace for grassy stunt and low forstunt (Table 32). 

Possible vector insects of ragged stunt disease ofrice, such as N. nigropictus, N. virescens, R. dor
salts, and Sogwtlla/ircifir, were tested by using
the daily serial transmission method with different 
acquisition access times. 

The last-instar nymphs and adults ofN. nigropictus used were collected from the field and the 
second-instar nymphs of the three other species
were taken from greenhouse-reared cultures. The 
acquisition access periods used were 2 and 4 days
forN. nigropictus, 4 days forN. virescens; 1, 2, 4,

8, and 16 days forR. dorsalis; and 2 and 4 days for
 
S./ircife'a The insects were transferred seriilly in
 
test tubes containing TNI seedlings until their

death. The average life span was 9 days for 98 N.

nf ropictu.v insects on 542 seedlings; 14 days for

120 N. virescens on 2,290 seedlings; 13 days for
 
785R. dorsalis on 8,546 seedlings; and 17 days for

179 S. .firc/'eraon 3,065 seedlings.


Rice plants were observed 3-4 weeks after
 
inoculation. Out of 14,443 inoculated seedlings,
not a single one showed symptoms of rice ragged 
stunt disease. 

Capacity of N. lugens to transmit ragged
stunt. Greenhouse-rearedN. lugens were confined 
in screen cages with Monochoria vaginalis for egg
laying. Nymphs that emerged were virus free and 
were provided with healthy TNI seedlings. 
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Table 29. Tungro incidence and vector insects in the study fields in Luzon, Philippines, by month, province, field, and cultivar. IRRI, 
1979. 

Observations . . . 
Tungro 

.. . .. 
Vector insects 

(no.) Fields Incidence Collections Av no. per Tested Infective 
(%) (%) (no.) 10 sweeps (no.) M 

Month 
November 78 0 0 42 1.7 376 0 
December 75 0 0 51 7.1 860 0 
January 94 0 0 68 4.1 702 0.28 
Februey 74 13 0.08 35 5.7 494 0 
March 7A 13 0.08 41 5.1 739 0 
April 74 16 0.09 56 5.4 861 0.23 
May 92 18 0.08 61 2.0 369 0 
June 76 13 0.03 45 2.4 552 0.72 
July 92 7 0.02 59 1.6 553 0 
August 78 12 0.08 50 1.1 273 0.37 
September 74 19 1.20 29 3.4 305 1.97 
October 92 24 4.59 53 18.2 1043 0.67 

Province 
Bulacan 264 23 0.65 181 4.6 2545 1.13 
Laguna 212 0 0 127 4.1 1426 0.09 
Nueva Ecija 131 11 0.13 85 9.1 1219 0.35 
Pampanga 156 16 2.75 97 2.1 794 0.25 
Tarlac 210 0 0 100 5.3 1143 0 

Type of field 
Seedbed 62 0 0 58 8.4 894 0.67 
Paddy 488 12 0.99 226 1.7 1541 0.84 
Stubble 242 11 0.10 239 8.1 4391 0.07 
Idle 181 0 0 67 0.7 301 0 

Rice cultivar 
Cl 50 8 6.30 37 3.9 366 2.19 
C21 14 86 9.35 6 8.8 99 4.04 
IR36 566 12 0.10 371 5.4 5225 0.19 
IR38 31 0 0 24 1.8 193 0 
IR40 14 0 0 7 0.6 30 0 
IR42 60 0 0 41 7.0 538 0 
IR44 33 21 0.13 21 13.1 293 0 
1R46 24 0 0 16 0.9 82 0 

Table 30. Tungro vectors from April to June and rice tungro disease incidence from June to October in study fields, Luzon. Philip
pines. 

Tungro vectorsa Tungro disease 
Year Collections No./10 Tested Infective Observations Fields Incidence 

(no.) sweeps (no.) (% (no.) (% ) 

1973 68 5.8 1028 0 151 1b 
0.60 

1974 '66 11.0 2425 1.77 244 45V 2.38 c 

1975 18.1 9.8 3319 0.69 234 72 3.32 
1976 149 3.9 2244 0.18 267 25 0.33 
1977 172 3.0 1578 0 235 15 0.03 
1978 170 2.3 1844 0 241 0 0 
1979 162 3.3 1782 0.34 234 18 0.02 

aNephotettix virescens, N. nigropictus, and Recifia dorsalis. bRice fields with only a few tungro-infected plants were excluded. cThe Philippine Govern. 
ment launched agreen leafhopper control program in the area in July and August. 
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Table 31. Number of tungro vectors collected by light trap, and tungro incidence at the
IRRI farm. 

Period 

Aug-Oct 1972 

9 7 2
Nov 1 -Oct 1973 

Nov 19 7 3 
-Oct 1974 

19 7 4Nov -Oct 1975 
Nov 19 7 

5-Oct 1976 
Nov 19 7 

6-Oct 1977 
Nov 19 7 

7-Oct 1978 
Nov 19 7 

8-Oct 1979 
aNephotettix virescens. 

Vector insects 
No./ 

collection Ratioa 

2741 63:28: 9 
458 56:36: 8 

1881 50:40.10 
849 61:29:10 
895 69:21:10 
253 45:33:22 
339 32:25:42 

1170 35:48:17 
N. nigropictus: Recilia dorsalis. 

Infective insects 
tested Tungro 

No. incidence 

1501 0.39 Low 
3618 1.54 Low 
4454 3.17 Low 
6829 2.20 Low 
4511 1.12 Low 
4277 0.46 Low 
4654 2.17 Low 
4680 0.26 Low 

Table 32. Number of Nilaparvata lugens collected by light trap and the incidence of rice grassy stunt and ragged stunt at IRRI. 
Insects 


Period No.d Tested 
collection (no.) 

Aug-Oct 1972 4213 678 
Nov '72-Oct '73 8279 2766 
Nov '73-Oct '74 1180 1907 
Nov '74-Oct '75 276 

Nov '7 

5-Oct '76 434 
2130 

1679

Nov '76-Oct '77 921 2145 

Nov 7-Oct '78
' 7 

398 1655 

Nov '78-Oct '79 
 434 1059 

Second-instar nymphs were used in all the trials,
TNl-infected plants were used as virus sources,
and 5- to 7-day-old TNI seedlings were used as
indicators. 

The nymphs were given acquisition access times 
of 15 and 30 minutes; 3, 6, 12, and 24 hours; and 
2, 4, 8, and 16 days. They were allowed to inocu-
late only 1 TNI seedling for 24 hours. The tests,
which involved 2,801 viruliferous insects, were 
repeated. Likewise, different colonies of BPH 
nymphs were used to determine the effect of inocu-
lation access time on percentage of infective 
insects. Individual insects were confined with I 
TNI seedling in test tubes for 5, 10, 15, 30, and 60 
minutes, and 4, 8, 16, 24, and 48 hours after 10 
days' acquisition feeding on ragged stunt virus 
infected plants. The tests, involving 5,331 vir-
uliferous insects, were repeated. 

Inoculated plants were maintained in the 
greenhouse. Symptoms were observed 3-4 weeks
after inoculation. 

The minimum acquisition access time was I 

Grassy stunt 

Infective 
insects Incidence 

N%) 

2.30 High 
2.51 Very high 
1.47 Moderate 
0.75 Low 
0 Trace 
0.07 Trace 
0.91 Trace 
0 Trace 

day. Out of 304 

Ragged stunt 

Infective 
insects 
 Incidence 
(%)
 

10.50 Moderate 
8.94 Moderate 
2.17 Low 

insects tested 0.68% were 
infective. The higest average percentage of infec
tive insects was 28.50, recorded at 16 days acquisi
tion access time involving 186 insects. The average
percentage of infective insects increased as the 
acquisition access time was increased from I to 16 
days (Table 33). 

Similarly, the percentage of infective insects 
increased with length of inoculation access time 
(Table 34). The minimum inoculation access time 
recorded was 5 minutes with 1.24% infective 
insects with 538 test insects. The highest average 
percentage of infective insects was 18.64 obtained 
at 48 hours' inoculation access time with 534 vir
uliferous test insects. The average percentage of 
infective insects did not differ markedly among 
treatments 8, 16, and 24 hours. 

Consequently, the percentage of infective 
insects is influenced by the length of acquisition 
and inoculation access time. 

Antiserum to ragged stunt virus. Collaborators 
at the Laboratorio di Fitovirologia applicata del 
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Table 33. Effect of different acquisition access times on per-

centage of infectv. inwe,.ts. IRRI, 1979. 


Acquisition Insects tested Percentage 
a access time (no.) av 

15 min 221 0.0 a 
30 min 217 0.0 a 
60 min 231 0,0 a 

3 h 239 0.0 a 
6h 242 0.0a 

12h 193 0.0a 
24 h 304 0.7 a 

2days 307 1.2a 
4 days 275 9.8 b 
8 days 386 15.5 c 

16 days 186 28.5 d 
Total 2,801 

aAv of 4 trials except for the 16-day treatment, which had only 3 tiials, 
Means followed by a common letter are not significantly different at 
the 5%level. 

CNR at Turin, Italy, and IRRI studied the prepara-
tion and use of an antiserum to rice ragged stunt 
virus (RRSV) subviral particles. Crude or partially 
purified material containing the B-spiked subviral 
particles (SVPs) of the virus was used to produce an 
antiserum whose titer in gel diffusion tests was at 
least 1/64 against the SVPs, and was 1/16 against 
healthy material. The serum did not react with 
double-seranded viral ribonucleic acid or poly (1): 
poly (C). By using immunoelectron microscopy 
(the decoration method), the serum was shown to 

Table 34. Eifect of different inoculation access times on per
centage of infective insects. IRRI, 1979. 

Inoculation Insects tested Percentage 
va access time (no.) a 

5min 538 1.2 a 
10min 501 1.5 a 
15 min 598 2.2 a 
30 min 526 2.4 a 
60 mis 650 5.1 b 
4h 519 6.3 b 
8 h 428 12.7 c 

16h 477 11.5 c 
24 h 560 13.0 c 
48 h 534 18.6 d 

Total 5,331 
aAv of 5 trials except for the 30-minute treatment, which had 6 trials 
and the 60-minute trial, which had 7 trials. Means followed by a com
mon letter are not significantly different at the 5% level. 

have a titer of 1/256 against the SVPs, but did not 
react with the SVPs of maize rough dwarf virus 
(MRDV), pangola stunt virus (PSV), or oat sterile 
dwarf virus (OSDV). Antisera to the SVPs of 
MRDV, PSV, OSDV, and fiji disease virus did not 
react with rice ragged stunt virus SVPs. The RRSV 
antiserum was used to show, by immunoelectron 
microscopy, that material with rice ragged stunt 
symptoms from Indonesia, Thailand, and India, as 
well as the Philippines, all containcd RRSV. 
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INSECTICIDE EVALUATION 

Coded and commercial insecticides were evaluated 
in the laboratory and greenhouse, and the prom-
ising compounds were further tested in the field. 

LDs, values of coded insecticides. The relative 
toxicity of five coded insecticides was determined 
by LDin studies ([able I). Compared with the 
commonly used rice insecticides, FMC 27289 was 
as toxic as carhofuran, and M 8174 and M 8983 
were similar to diazinon. Although R 677 was the 
most toxic to the leaf folder, it was only half as 
toxic as methyl parathion. 

Greenhouse foliar spray studies. The effective-
ness of insecticides as foliar spray was tested 
against the brown planthopper (BPH) (eggs and 
adults), green leafhopper (GLH), and leaf folder, 
Mass-rearingand insecticide evaluation techniques 
were developed for evaluating insecticides for rice 
bug control. 

Brown .'anthopperandgreenleafhoper. Five 
tests were conducted to evaluate new and commer-

cially available insecticides. The results aie sum
marized in Tables 2-6. Fenitrothion and BPMC 
combined were no more effective than fenitrothion 
alone. New insecticides found to be effective 
(> 80% mortality) against the BPH were PH 66, 
Sulprofos, M 8174, UC 54- '9, and UC SF-I. 
Those with >80% mortality against GLH were 
PH 66, Sulprofos, R 28150, N 3727, M 8174, UC 
54229, UC SF-I, UC 21865, UC 51762, UC/MP 
19779, W 439, formothion, and thiometon. 

Previous field studies had indicated that Per
thane spray solution volumes from 200 to 1,000 
liters/ ha provided equally good BPH control. In a 
1979 greenhouse study, 10 insecticides at spray
volumes of 250, 500, and 1,000 liters/ ha were eval
uated for BPH and GLH control (Table 7). Most 
insecticides were distinctly more toxic to GLH 
than BPH at 14 days after treatment (DAT). All 
volumes were equally effective at I DAT, but at 7 
and 15 DAT. the 2 50-liter treatment of most insec
ticides gave significantly lower mortality. The 
study indicated initial mortality is not greatly in-

Table 1. The toxicity of some coded insecticides applied topically to common 
of rice. RRIRRlaboratory, 1979. 

Insecticide 
.nsecticide...-

Brown 
L 5 o 

Green 
pg ) ... 
Whitebacked 

... 

planthopper leafhopper planthopper 

M 8174 
M 8983 
R 677 
W 439 

9.73 
9.27 

56.86 

18.18 
13.05 

_b 
-

1.67 
2.54 

62.65 
35.94 

FMC 27289 0.54 0.51 5.31 
aMean lethal lose. bNo LD50 values up to 5.000 ppm; very low toxicity. 

insect pests 

. 
Leaf folder 

82.13 
15.43 
13.57 

177.12 
16.98 

IRRI greenhouse, 1979. 

insecticidea 

Methyl parathion 50 EC 
Methyl parathion 50 EC 
Azinphos ethyl 40 EC 

Chlorpyrifos + BPMC 31.6 EC 
Fenitrothion + BPMC 75 EC 
Fenitrothion 30 EC 
Fenitrothion 30 EC 
Fenitrothion 30 EC 

Table 2. Knockdown and residual toxicity of insecticides applied as foliar sprays for brown planthopper and green leafhopper control. 

Spray concn .I%) 

SIDAT 

0.100 100 a 
0.05 67 bc 
0.05 80 abc 

0.05 65 c 
0.100 100 a 
0.100 95 ab 
0.05 87 abc 
0.025 57 c 

Brown planthopper 

7 DAT 

23 a 
18 a 
25 a 

35 a 
25 a 
23 a 
18 a 
25 a 

Mortalityc %) 

Green leafhopper 
14 DAT 1 DAT 7 DAT 14 DAT 

10 ab 100 a 75 a 30 b 
3 b 

13 a 
100 a 
100 a 

15 cd 
62 a 

3 
58 a 

d 

13 a 100 a 23 bcd 3 d 
5 ab 

10 ab 
100 a 
100 a 

53 ab 
28 bcd 

10 cd 
25 bc 

3 b 100 a 15 cd 0 d 
3 b 88 a 5 d 3 daEC emulsifiable concentrate. bApplied in a spray solution of 1,000 liters/ha. Thus 0.1. = I kg a.i./ha. CMeans followed by acommonsignificantly different from eachother at the 5% level.OAT 

letter are not 
= daysafter treatment when insectswereplaced on treated plants. Mortality was determined48 hours after insectswerecaged. 
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Table 3. Knockdown and residual toxicity of insecticides applied as 0.04% (0.4 kg a.i. in 1,000 liters water/ha) foliar spray for thebrown planthopper and the green leafhopper. IRRI greenhouse, 197. 

Insecticide Brown planthopper Green leafhopper 
I DAT 7 DAT 14 DAT 1 DAT 7 DAT 14 DATPH66 16WP 100a 10a 0a 100a 33ab 5 bcSulprofos 72 EC 100 a 0 a 0 a 83 abM 817420 EC 33 ab 5 bc100a 8a 3a 60 b 3 cPH6614WP 3 bc68 b 13a 0a 100a 55aMethidathion40EC 65a65 b 5a 0a 

Methomyl90WP 10 c 3a 0a 
100a 20 b 0 C 
10aR28150 48EC 23 b 8 b8 c 3a 3a 98a 43abMK50150WP 5 bc5 c 13a 0a 60 bN372748EC 5 c 3 bc3 c 3a 3a 90 cR677 0 c3 c 5a 0a 0 c 

0 
5 c 

c 
0 caWP = wettable powder, EC = emulsifiable concentrate. bAv of 4 replications, each consisting of 10 adult hoppers caged on plants. Means followed by acommon letter are not significantly different from each other at the 5%level. DAT = 

days after treatment. 

Table 4. Knockdown and residual toxicity of insecticides applied as 0.04% (0.4 kg a.i. in 1,000 liters water/ha) foliar spray for the 
brown planthopper and the green leafhopper. IRRI greenhouse, 1979. 

Mortality b (%)Insecticidee Brown planthopper Green leafhopper 

1 DAT 7 DAT 14 DAT 1 DAT 7 DAT 14 DATPerthane45EC 100a 40 bc 18ab 100)Carbofuran 12 F 18 b 8 cd93 ab 88 a 25 ab 100 aM 817420 EC 98 a 100 a93ab 18 cd 18ab 98abEthion48EC 20 b 0 d85 b 20 cd 38a 100aAzinphos ethyl 40 EC 93a 85 b60 c 58 b 28 ab 100 aChlorpyrifos + BPMC 31.6 EC 98 a 93 ab43 cd 13 d 10 b 88 bcBPMC50 EC 13 b 5 cd30 cd 13 d 15ab 88 bcPirimiphos-methyl 25 EC 0 c C d25 d 8 d 15 ab 60 cMethomyl95WP 5 bc 3 cd25 d 18 cd 10 b 100a 85a 20 c
aEC = emulsifiable concentrate, F =flowable, WP wettable powdtr. bMean 
 followed by a common letter arenot significantly different from each otherat the 5% level. Av of 4 replications, each consisting of 10 insects caged on treated plants. DAT = days after treatment. 

Table 5. Knockdown and residual effect of insecticides applied 0.04'', foliar sprayas (0.4 kg a.i. in 1,000 liters water/ha) against thebrown planthoper and the green leafhopper. IRRI greenhouse, May 1979. 

Mortalityb ) 
Insecticide' Brown planthopper1 DAT Green leafhopper7 DAT 14 DAT 1 DAT 7 DAT 14 DAT 

C54229100SP100 
 a 100 a 100 a 100 aMonocrotophos 16.8 EC 100 a 100 a100 a 100 a 89 b 100 a 100 aFMC 35001 45 EC 100 a100a 100a 0a 100a 100 a 100aCarbofuran 12 F 
 100 a 100 a 100 a 100 a 100 aPermethrin 10 EC 100 a100a 87 b 79 b 100 a 100 aFenitrothion 30 EC 100a100 a 70 b 16 c 100 a 100 aCarbaryl 85 WP 9 46 bc4 a 72 b 89 bFenitrothion + BPMC 75 EC 100 aC0n 100 a100a 37 c 5 c 100a 93 aMethomyl 90WP 18 cd
94a 22 c 14 c 100aaEC = emulsififible concentrate, S? = 

98a 79absoluble powder, WP z wettable powder, F flowable. bAy of 4replications. Adjusted using Abbott's formula. Mor.tality was assesed 48 hours after insects were caged on treated plants. In a column, means followed by a common letter are not significantly differentfrom each other at the 5% level. DAT = days after treatment. 
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Knockdown and residual toxicity of insecticides applied as 0.04% spray (0.4 kg in 1,000 liters water/ha) for the brown planthopper and the green leafhopper. IRRI green

house, 1979. 

Mortality, (%) 

Table 6. 

a
Insecticide Brown planthopper 	 Green leafhopper 

Z1 	 DAT 5 DAT 10 DAT 15 DAT 20 DAT 1 DAT 5 DAT 10 DAT 15 DAT 20 DAT 
z 

> Carbofuran 12 F 100a 95 a 80 a 	 55 a 30 ab 100 a 100 a 100a 75 abc 75 ab 

23ab 23ab 100a 92a 38 bcd 58 bcd 62 - Methyl parathionc24% EC 87 b 73 b 33 b bc
 

UCSF-140%F 78 bc 87ab 30 bc 13 b 113abc lO a lO a 72ab lO0a lOOa
 
o Carbaryl+Phenthoate40+20%WP 78 bc 28 cde 28 bcd 25 ab 5 bc 1008 100 a 100 a 35 de 33 cde 

-' UC2186575WP 65 bc 38 c 13 bcd 30ab 33a 100a 95a 48 bc 43 cd 5 def 

0 Phenthoate 50% EC 65 cd 10 e 3 d 18 ab 5 bc 100a 55 b 10 cdef 5 e 5 def 
W UC5176275WP 45 de 18 cde 13 bcd 15 b 25abc 100a 95a 72ab 100a 85ab 

Chlorfenvinphos25% EC 40 de 38 c 13 bcd 8 b 3 c 100a 100a 67ab 48 bcd 35 cd 

UC/MP 1977950%WP 40 de 33 cd ': bcd 15ab 8abc 95a 10Ca 52 b 85ab 72ab 

W439 100%Tech. 30 ef 28 cd 15 bcd 25 ab 20abc 95a 33 c 3 f 3 e 0 f 

Formothion 33' EC 30 ef 13 de 3 d 8 b 18 abc 100 a 58 b 33 bcdef 28 de 5 def 

Thiometon 25% EC 15 f 25 cde 8 d 10 b 3 c 98a 28 c 10 def 3 e 5 clef 
= = 

aF = flowable. EC = emulsifiable concentrate, SP soluble powder, WP wttable powder. Tech. technical material, bAy of 4 replications. Mortality wasassessed 48 hours after insects were caged on treated 

plants. in a column, means followed by a common letter are not signiicantly different from each other at the 5% level. DAT = days after treatment when insects were placed on treated plants. Cpennc p M,a 
microencapsulated formulation of methyl parathion. 

Table 7. Effect of 3 spray volumes in the control of brown planthopper and green leafhopper.a IRRI greenhouse. 1979. 

Insecticide and volume Insecticide Mrtality 
Green leafhopperBrown planthopper 

(liters/ha) (kg a.i./ha) 1 DAT 7 DAT 14 DAT 1 DAT 7 DAT 14 DAT 
of spray solution rate 

BPMC 509/ 0.75 
53 fg 25 hij 100a 60 b 40 c

1000 100a 
10 ijk 100 a 35 c 23 d500 85 bc 	 23 hi 

20 hi 10 ijk 100 a 18 de 3 jk250 	 60 

Chlorpyrifos + BPMC 32% 1.5
 

1000 
 100 a 100 a 88 abcd 100 a 100 a 90a 

500 100a 100a 65 defg 100a 100a 90a 

250 100 a 68 clef 20 hijk 100 a 100 a 73 b 

Carbofuran 12% 0.25
 

1000 
 100 a 100a 80 abcde 100 a 100 a 100 a 

500 100a 100a 45 fgh 100a 100a lOOa 

250 100a 83 bcde 10 ijk 100a 100a 88 b 



Carbophenothion 40/o 0.75 
1000 100 a 100 a 100 a 100 a 100 a 100 a
 

500 100 a 100a 95 ab 100a 100 a 100 a 
250 100 a 88 abc 15 ijk 100 a 100 a 98 a 

M I PC 50% 0.75 
1000 100a 100 a 75 bcde 100 a 100 a 100 a 
500 100 a 100 a 38 ghi 100 a 100 a 100 a
 
250 100 a 85 abcd 20 hijk 100 a 100 a 100 a 

Monocrotophos 16.8% 0.75 
1000 100a 38 gh 13 ijk 100a 100a 18 d 

500 100a 15 hij 10 ijk 100a 43 "c 5 ef 
250 75 c 8 ij 3 k 100 a 10 e 5 ef 

MTMC 301/ 0.75 
1000 98 ab 18 hij 13 ijk ICO a 28 d 10 de 

500 70 c 18 hij 10 ijk 100 a 25 d 10 de 
250 63 cd 5 1 10 ijk 100 a 23 d 5 ef 

Perthane 45% 0.75 
1000 100 a 100 a 98 ab 100 a 100 a 90 a 

500 100a 100a 70 cdef 100a 100a 73 b 
250 100a 75 cdef 20 hijk 100 a 50 b 8 ef 

Fropoxur 50% 0.75 
1000 98 ab 55 efg 10 ijk 100 a 78 b 23 d 
500 95 ab 13 hij 8 jk 100 a 30 cd 15 de 
250 40 d 8 ii 5 jk 100 a 28 d 8 ef 

O 
z 

FMC 35001 48% 
1000 

0.75 
100 a 100 a 100 a 100 a 100 a 100 a 

;c
0 

500 
250 

100 a 

100 a 
100 a 
98 ab 

90 abc 
63 efg 

100 a 
100 a 

log a 
100 a 

100 a 
100 a 

z 
UControl 

> 
z 

1000 
500 

8 
8 

e 
e 

0 
5 

I 
jkl 

8 
3 

ik 
k 

10 
5 

b 
b 

5 
5 

f 
f 

3 
0 

jk 
k 

> 250 8 e 5 jkl 15 jk 10 b 3 f 5 ef 
M "Mortality readings were taken 48 hours after insects were caged on treated plants. The insects were placed on plants at 1. 7, 14 days after treatment (DAT). In acolumn, means followed by a common letter 
M are not significantly different from each other at the 5% level. 
z 
-4 
0 

n 

-I 
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Table B. Ovicidal eftect of insecticides applied as foiler sprayon 1- to 3-day-old brown planthopper (BPH) eggs. IRRI greenhouse, 1979. 

Insecticide# Rateb Eggs hatchedc 
(kg a.i/ha) (%) 

Perthane 45 EC 0.75 97 c 
Metalkamate 
Fenitrothion 75 EC 
Fenitrothion 30 EC 

0.75 
0.75 
0.75 

97 
89 
78 

c 
c 

b 
Azinphos ethyl 40 EC 
Carbofuran 12 F 

Control 

0.75 
0.75 

7 a 
0a 

100 c 

Permethrin 10 EC 
Isazophos 50 EC 
Fenitrothion 30 EC 

Test 2 
0.25 
0.75 
0.75 

95 
93 
84 

c 
c 

bc
Firimiphos-methyl 25 EC 0.75 84 bc 
Perthane 45 ECPropo:zur 20 EC 0.75 60 b0.75 58 b
Azinpnos ethyl 40 EC 0.75 21 a

Control - 95
aBPH were allowed to lay eggsfor 48 hours and then plants were siraed 
with insecticides. bApplied
CMeans followed by 

on the basis of 1,000 liters solution/ha,a conmon letter within each test are not signif. 
icantly different at the 5'. level. 

fluenced by volume, but that higher %olumespro-
vide longer residuid activity.

BPH ovichial ac,.ivit.. Testing insecticides forovicidal activity against the BPH ,tarted in 1978.
Two tests in 1979 evalua Led the ovicidal activity of 

Table 9. Activity of insecticides applied as fliar spray onplants with leaf folder Cntaptalocrocis iedinalis larvae. IR RIgreenhouse, 1979. 

nseciide Rate Larval
(kg a.i./ha) mortality" 

uC 51762 75 WP 0.75 92 a 
Acephate 40 EC 0.75 90 ab
Phenthoate 50 EC 0.75 90ab 
Chlorfenvinphos 25 EC 0.75 87 ab 
UC 54229 100 SP 0.75 87 abFormothion 33 EC 0.75 80 ab 
Methyl parathion b 

24 EC 0.75 80 abChlorpyrifos + BPMC 31.6 EC 1.5 78 abc 
UCS F-1 40 F 0.75 75 abcUC/MP 19779 50 WP 0.75 70 abcCarbophenothion 40 EC 0.75 65 bcd
Carbaryl 85 SP 1.5 50 cdMTMC 50WP 0.75 38 de
Thiometon 25 EC 
0 0.75 20 eMeans followed by acommon letter are not siqnificantly different from
each other at the 5% level. Av of 4 replications, each consisting of 10larvae/potted plants. Insects were placed on the plants about 2 weeksbefore spraying and aflowed to fold the leaves. Larvae were examined 
for mrstality 48 hours after spraying. bMicroencapsulated formulation(Penncap M. 
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additional insecticides. Azinphos ethyl and car
bofuran were hghly ovicidal, but fenitrothion, 
Perthane, and propoxur only slightly depressed
hatching (Table 8). 

LefAIx' er Fourteen insecticides were tested asfoliar spray against the leaf folder (Table 9). 
Ricehug. Insecticides were tested as foliar sprayfor rice bug control. Those providing effective control (>801;( mortality) in the 2 tests are listed in 

Table 10. 
Field evaluation of insecticides. Insecticides sel

ected in greenhouse studies were further evaluatedin the field against the whorl maggot and the BPH.Insecticides for whorl maggot control were evaluated as foliar spray, paddy water broadcast, andsoil incorporated granules (Fig. I). Soil incorpora
tion of carbofuran granules provided most effective control. Of the foliar sprays, monocrotophos, fensulfothion, triazophos, and azinphos ethylwere most effective (rating of <4 at 24 days after 
transplanting [Dli). 

Four insecticides at 0.5, 0.75, and 1.0 kg a.i./hawere soil incorporated before transplanting. Carbofuran provided good control of the whorl mag-

Table 10. Activity of insecticides applied as foliar spray for 
control of the rice bug Leptocorisa oratorius (Fab.). IRRI 
greenhouse, 1979. 

Insecticide Concentration' Mottalityb 

(n o Mty 

Effectivew ( 80 , mortality) 

Monocrotophos 16.8 EC 0.05 100 a
Enlosulfan 35 EC 0.06Chlorpyrifos 40 EC 100 aPhosphamidon 50 EC .016 100 a.07 100aAcephate 40 EC .09 99 a
 
Triazophos 40 EC .07 
 98 a 
Carharyl 85 WP 0.12 91 b
Monocrotophos + .06 10a 

200 E .06 
Mevinphos 211.2 EC
 

Fenitrothion 30 EC 
 .05 98 abPirimiphosmetyl 25 EC 0.03 85 b 

In termediate (50-79%mortality)
MIPC 50 WP 0.07 74 bc
Carbophenothion 40 EC .09 73 bcMethyl parathion 50 EC .07 56 c
Chlorpyrifos + BPMC 31.6 EC 0.14 50 c"Twelve ml of the indicated concentration was sprayed on 4 Panicles. 
The concentration was based on manufacturers' recommendationsthe Philippines. bMeans followed by a common 

In 
letter are not signif.icantly different from each other at the 5% level. Av of 4 replications, 

each consisting of 20 rice bugs caged on a treated ric panicle, I dayaf.settreatment. 
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I. Field evaluation of insecticides for control of the whorl 
maggot 1tYdrellia .%asakii on IR36 at 10. 17,24. and 31 dayvs 
after transplanting (1)T). Insecticides were applied as foliar 
spray(F) and soil-incorporated (SI) granules at 0.75 kg a.i. ha: 
paddy water broadcast (B)at 1.0 kg a.i. ha, except for diauinon 
at0.75kg: andultralo"-olume(til.V)spriyat002kga.i. ha. 
Granules were soil incorporated before transplanting; foliar 
spraying was with knapsack sprayer and ULV eachtwice(3and 
15 D'): and broadcast was once at 3 [XI. I = 0-1 leaf hill 
damaged: 9 = > 50('i leaves damaged with some leaves broken. 
IRRI. 1979 dry season. 

got at all rates; FMC 35001, bendiocarb, and isa-
zophos provided poor control even at the highest 
rate. Carbofuran, FMC 35001, and isazophos 
stimulated plant growth as indicated by plant 
height. 

Three coded insecticides EXP 5469, M K 501, 
and R 677 --- provided similar control of BPH as 
indicated by the reduction in the BPH population. 

Field evaluation of application methods. To 
decrease the cost of chemical control of rice insect 
pests, the search for application methods that 
increase the effectiveness of "isecticides was con-
tinued. 

Seedbed andpreplanting treatments. The effec-
tiveness of carbofuran applied in the seedbed or as 
a preplanting treatment was tested in three exper-
iments. Only preplanting soil incorporation showed 

decreased defoliation damage by caterpillars and 
low incidence ofdeadhearts caused by stem borers 

Tryloryza incertulas). The soil
incorporation treatment had significantly more 
whiteheads than the control. 

None of the seedbed treatments subsequently 
controlled the whorl maggot in the field, but the 
soil-incorporation treatment provided control 
throughout the period of infestation. The seedling 
soak provided control at 12 DT, but damage in
creased thereafter, matching that of the control at32 DT (Table 11I). 

Rotaryweeder. Application with a rotary weeder 
and as paddy water broadcast were compared. Car
bofuran was broadcast and incorporated with a 
rotary weeder at 32 DT in about I cm of standing 
water. Control of stem borers was the same for 
both treatments (Table 12). Mortality readings 
taken on caged BPH and GLH at 12 DTinthe0.75 
kg a.i./ha treatment indicated that the rotary 
weeder provided longer residual activity against 
the BPH. 

Slow-release fbrmulationofcarhofidran. In 1979 
the search for formulations that would provide
slow release of carbofuran and increased residual 

activity of the chemical continued. In cooperation
with the University of Newscastle upon Tyne, U K, 
a formulation of carbofuran in kraft lignin was 

tested. Mortality studies on caged BPH and GLH 
indicated no difference in the residual activity of 
the slow-release and the commercial 3% granules 
(Fig. 2). 

Neem cake (obtained after oil ispressed from the 
seed of the neem tree Azadirachita indica) when 
mixed with nitrogen fertilizer is known to cause 
slow release of nitrogen. Neem oil mixed with 
carbofuran treatments did not increase the residual 
activity of either the paddy water broadcast or 
soil-incorporation treatments, as indicated by 
whorl maggot and stem borer damage. 

Broadcast, oliarspray, and root-zone applica
tion of isazophos. Isazophos has shown effective
ness as a root-zone application and as a paddy 
water broadcast or foliar spray application. The 
efficacy of the three methods with 0.5 kg a.i. isazo
phosiha was compared for the control of whorl 
maggot, stem borers, BPH, and GLH. The root
zone application most effectively controlled the 
whorl maggot and stem borer (Table 13), and pro
vided the longest residual activity against field-
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Z Table 11. Effect of preplanting carbofuran treatments on the insect pests of IR22 rice." IRRI, 1979 wet season. 
W m Whr agtrtnbCaterpillar Insects (no./10 sweeps) 32 DT Dead-

T t Pate ht damagec Gireen Brown White- Whorl heart 
X Treatment Rate (cm) (y) backed Cyrto- (%)>30 DT lhal. piant maggot 
z 12 DT 18 DT 26 DT 32 DT 32 DT hoppler hopper plant- rhinus adults 40 DT 
z hopper 

Seedling soak 0.06% 1 a 3 b 5 b 6 b 45 b 13 b 32 c 5a 7 b 28 bc 87 bc 7.5 c 
M Seedling soak + 0.06% + 1.0 1 a 3 b 4 a 1 a 53 c 7 a 2 a 3a 2 a 0 a 34 a 0.4 a 

o capsule 20 DT kg a.i./ha 
X Soil incorporation 1.0kga.i./ha la 2a 3a la 54 c 9a 8 b 5a 7 b 19 b 60 b 4.1 b 

Control 4 b 8 c B c 8 b 35a 14 b 81 .d 12 b 25 50 c 114 c 4.4 b 

X0 alna column, means folloved by a common letter are not significantly different from each other at the 5' , level. DT - days after transplantng. bgased on scale of 1-9: 1 0-1 leaf dainaced; 9 =5,. leaves 
damaged with leaf breaking. CPercent of tillers damaged. 

Table 12. Effect of rates and methods of carbofuran application on insect pests of IR22 rice. IRRI, 1979 wet season.' 
d 

Mortality (Y)
WhiteheadsRate Deadhearts ,)

Treatmentb 
(kg a.i./ha) () Brown planthopper Green leafhopper (i/ha) 

c ht
6 DB'I 18 DT 30 DT 65 DT 

1 DT 4 DT 8 DT 12 DT 1DT 4 DT 8 DT 

0
Rotary weeder 1.5 2.1 a 0.8a 1.8a 1.3ab 67a 60ab 61 a 27a 52a 50a 82a 3 a 
Broadcast 1.5 1.7a 0.9a 1.8a 1.0a 46 b 66a 60a 27a 52a 56a B2a 4.sja 
Rotary weeder 0.75 2.3 a 1.0a 2.5 ab 1.4 ab 35 b 47 ab 45 ab 27 a 39 a 46a 69 ab 4.0 a 
Broadcast 0.75 2.6 a 1.6ab 3.5 ab 1.0a 46 b 39 b 37 b 6 b 52 a 50 a 57 b 3.6 ab 

Control 1.4a 3.4 b 5.1 b 2.3 b - - - - - - - 3.4 b 

alna column,means followed by a common letter are not sigrificantly different from each other atthe5% level. blnsecticide was applied 32 days after transplanting (DT).CDays before treatment. dlnsects 
were caged on treated plants and mortality readings taken 48 hours after caging. Means were adbusted using Abbott's formula. 
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2. Paddy water broadcast of commercially produced carbofuran granules and aslow-release formula
tion (in kraft lignin coded CL45) for brown planthopper Nilaparvata lugens and green leafhopper 
Nephoteuix virescens control. Insects were caged on plants in the field at indicated days after 
treatment. IRRI, 1979. 

caged BPH and GLH. 
Optimum droplet size for uhralow-volume 

spray'ing. The spinning-disc ultralow-volume 
(ULV) sprayer gives a finer degree of control over 
droplet size than the knapsack sprayer. With the 
ULV sprayer (Micron mini ULVA), the relation-
ship among droplet size, number of droplets depo-
sited, and volume of spray material recovered after 
spraying was checked. 

A decrease in volume mean diameter of droplet 
size from 127 to 84 pm gave a threefold increase in 
number of droplets deposited on the canopy 
(Table 14). There was, however, no corresponding 
increase in volume of spray deposited. Volume 
recovery was highest with 127pim droplets - 20% 

higher than that recovered from the knapsack
sprayer treatment. At droplet sizes less than 80/gm 
there was a sharp decrease in number of droplets 
and volume of spray recovered. It is apparent that 
regulation of droplet size can be used to increase 
volume ofdeposit and thus decrease the amount of 
actual chemical required. 

In a greenhouse bioassay varying dose rate, drop
let deposit, and spray concentration of acephate, 
only dose rate affected BPH mortality. This indica
ted that fumigation was a principal mode of action. 
Based on that information another test was made 
with acephate at 0.75 kg a.i. / ha to compare deposit 
level of ULV and knapsack spraying for BPH 
control. ULV gave a higher initial deposit (5ppm) than 

Table 13. Field evaluationa of three application meatli'ds using isizophos granules at the 
rate of 0.5 kg a.i./ha. IRRI, 1979. 

Whorl margot Deadhearts Plant 
Treatment J.amag 

e (-11) height 

9 DAT 22 DAT 42 DAT (cm) 

Broadcast 5.2 ab 
Foliar spray 5.5 ab 
Root-zone (capsule) 4.4 a 

Control 8.1 
aln a column, means followed by 

6.7 b 2.9 b 47 ab 
7.2 b 3.2 b 45 b 
1.0 a 1.0 a 50 a 

c 7.5 b 3.2 b 46 ab 
a common letter are not significantly different from 

Yield 
(t/ha) 

3.93 a 
3.54 a 
4.16 a 
3.77 a 

each oher at 

the 5% level. DAT = days after treatment, when insects were placed an caged IR22 rice plants. Scor

ing of 20 hills/p't, on a sz.s? of 0-9: 0 = no damage, 9 = severe feeding lesions causing curling and 

leaf breaking. 
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Table 14. Volume recovery rate and the equivalent number of 
droPlets for a range of droplet sizes of a water-based ultra!ow-
volume (ULV) spray and knapsack sprayer. IRRI, 1 9 7 9 .a 

cHecovery rate
Droplet Volume No. of droplets 

(ml deposited/ (Ii 10W)deposited/ 
100 ml emitted) ml emitted 

54 0.06 d 0.13 d 
84 34.30 b 28.30 a 

102 28.60 c 8.20 c127 54.00 a 11.10 b 
Knapsackd 37.50 t 2.7 -

aln a column, m.ans followed by acommon letter 
are no? significantly 
different from each other at the 5" level. hvmd volume median diameter. CEstirrated colorimetrically from thecanopy of the rce crop at45 days after transplanting IDT).The number of droplets was estimatedtiVsOmthe volume by using the average diameter of the droplet spectrum.

Sprayed at the same growth stage asthe ULV treatments, but at adifferent spray ocasiin. Droplet sizewas unknown, 

the knapsack sprayer (4.5 ppm) and would be 
expected to provide slightly better BPH control 
(Fig. 3). Because of the short residual activity of the 
chemical, however, the difference did not appear to 
be of practical significance, 

The ULV spinning-disc sprayer tested provided 
a deposit equal to, or better than, that of the 
common knapsack sprayer and gave similar insect 
control. The advantage of the ULV sprayer was in 
the savings in water and labor (Table 15). 
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3. Acephate recovered at indicated hours after spraying when 
applied in the field at the rate of 0.75 kg a.i./ha with anultralow-volume spinning-disc sprayer and a high-volume
knapsack sprayer. Deposit levelisbased on gas liquid chromato-
graphy. Brown planthopper mortality ratesare based on mor-
tality data taken from a previous study where the mortality
percentage at various ppm deposit levels was determined,
IRRI, 1979. 

Table 15. Operational parameters for a high-volume knapsack
and an ultralow-volume sprayer. IRRI, 1979. 

Cost ($) Solution Operation 

Sprayer typea of used time 
sprayer (liters/ha) (h/ha) 

ULV 17 6 2 
Knapsack 45 450 20 
aLocallyproduced. 

Paddy water broadcast of granules for BPH andGLH control. The relative effectiveness of granular
formulations of insecticides against the GLH and 
BPH was determined in three tests. Most of the 
insecticides tested provided effective control. Mix
ing MIPC and diazinon produced no synergistic
effect (Fig. 4). 

Three rates of granular carbofuran, isazophos,and diazinon were evaluated as paddy water broad
cast application against the GLH and BPH (Fig. 5).

Root-zone application of granular insecticides. 
Eight insecticides were evaluated in the greenhouse 
as root-zone application at the rate of 1.5 kg a.i./ ha. 
Carbofuran, MIPC, FMC 35001, and isazophos 
were effective against GLH; carbofuran, MIPC, 
and FMC 35001 were effective against BPH. In 

Mo-- 1%o 
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20 Fevirrothion Diztnon . 

10 -------.....--. 

20 - Cabofuran MIPC+ Di0zinon ..1 1
0 I I Ii 5 10 15 20 1 5 10 15 20 

Daysafte, treatment 

Activity of granularformulations of insecticides appliedata
rate of 0.75 kg a.i./ha as paddy waer broadcast against the 
green leafhopper Nephoteuix virescens and the brown plant
hopper Nilaparvata lugens. Mortality readings, taken 48 hours 
after insects were caged on treated plants, were adjusted using
Abbott's formula. IRRI greenhouse, 1979. 
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5. Paddy water application of insecticides at three rates for 
control of the brown planthopper Nilaparvata hgens and the 
grepn leafhopper Nephotetix vireoces. Each point is a mean of 
4 replications. Mortality readings, taken 48 hours after insects 
were caged on treated plants, were adjusted using Abbott's 
formula. IRRI greenhouse, 1979. 

comparisons of 1.5, 1.0, and 0.5 kg a.i. of carbo
furan, isazophos, and diazinon per hectare for 
GLH and BPH control, carbofuran was most ef-
fective against both insects(Fig. 6). As indicated by 
insect mortality, uptake of both carbofuran and 
isazophos was delayed. 

Figure 7 compares the activity of granular car-
bofuran, isazophos, and diazinon. All three had 
activity as paddy water broadcast, but only carbo
furan and isazophos had sufficient systemic activity 
to provide control as a root-zone application. 

Relative susceptibility of BPH biotypes. In tests 
of the susceptibility of the IRRI BPH biotypes 1,2, 
and 3 to three carbamate insecticides, carbofuran 
was the most toxic (Table 16). Biotype 3 was most 
susceptible to carbofuran. 

Contact toxicity. Insecticides were tested in Pot-
ter's spray tower for contact toxicity to BPH and 
GLH. At 0.75 kg a.i./ha, carbofuran had the most 

NilopozvofA Iugns Nephotefhix vescens 
Mortality (0) 

100 	 

80_ 
/ Carbouran /
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40 	 - 1.5 Isgo.i./ho
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Days after treatment 
6. Root-zone application of three rates of carbofuran, isazo
phos, and diazinon as granules placed in gelatin capsules for 
control of the brown planthopper Nilaparvata lugens and green 
leafhopper A'ephtettiix viressens. Mortality readings, taken 48 
hours after insects were caged on treated plants, were adjusted 

using Abbott's formula. IRRI greenhouse, 1979. 

rapid knockdown for both BPH and GLH, and all 
insecticides were equal at 24 hous after treatment 
(Table 17). FMC 35001 and UC 54229 were effec
tive new compounds. 

At 0.4 kg a.i./ ha, carbofuran was most effective 
against BPH, but methomyl had the most rapid 
knockdown for GLH (Table 18). In the contact 

Table 16. Susceptibility of the 3 	 IR RI brown planthopper 

(BPH) biotypes to topically applied carbamate insecticides. 

IRRI, 1979. 
LD5s0a(Wug/g)
 

Bincype 1 Biotype 2 Biotype 3
 
FMC 35001 3.62 a 3.77 a 2.92 a
 
Carbaryl 3.20 a 2.11 a 1.90 a
 
Carbofuran 0.45 a 0.39 a 0.16 b 

aMedian lethal dose.Within a row, meansfollowed by the same letter 
are not significantly diffeient from eachother as based on fiducial limits 
at the 95%level. 
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40 Carbofuran Carbofuran 
water 
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60 Diazinon Diazinon 

400 

20 1 7 14 I 7 14-0 

Days after treatment 

7. IPaddy water broadcast and root-7oneapplication of3 insec-
ticides at 1.0 kg a.i./ha for control of brown planthopper 
Nilaparvata lugen.s and green leafhopperNepttouetix virescens. 
Each point is a mean of 4 replications. Mor,;hty readings. 
taken at 48 hours after insects were caged on treated plants. 
were adjusted using Abbott's formula. IRRI greenhouse, 1979. 

toxicity studies, the GLH was generally more sus-

ceptible to insecticides than BPH. Perthane was 
selectively most toxic to BPH and had a low toxi-
city for most other rice pests. 

BROWN PLANTHOPPER ANDWHITEBACKED 

PLANTHOPPER RESURGENCE 

Studies of the relationship between insecticide 
application and BPH resurgence continued. The 
effect of insecticides on natural enemies of the BPH, 
BPH egg hatching, and the length of the BPH life 
cycle was studied; and the possibility of resurgence 
occurring on resistant and moderately resistant 
varieties was investigated. 

Toxicity of insecticides for BPH and Cyrtorhi-
nus lividipennis. Among four insecticides tested in 
1979, decamethrin, diazinon, and methyl parathion 
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8. Toxicity for Nilaparvata higens and the predator Crtorhinus 
l).,i:.,....e.;.. of inetiie 	 rnfoliar,sprayed ice. Thirty-day

old plants were sprayed once with insecticides. Ten insects were 
released daily, and mortality was assessed the following day. 
Corrected mortality was determined using Abbott's formula. 
IRRI greenhouse. 1979. 

had previously caused BPH resurgence;Perthane 
esreno
had not. In a greenhouse study Perthane had the 

persistent effect, killing as much as 30% of 
8 days after application (Fig. 8). With the 3 

other insecticides, mortality was less than 14% 
within 5 days after spraying. 

There was a distinct difference in the mortality 
of C. ividipennis, even among the resurgence
causing insecticides. Decamethrin was toxic to C. 
lividipennis foran extended period, but the residual 
toxicity of methyl parathion and diazinon was only 
for a short period. Comparison of the toxicity of 
the nonresurgence-inducing Perthane and of the 
three other resurgence-inducing insecticides did 
not indicate that increased toxicity of resurgence
inducing insecticides to C. lividipenniswould con
tribute to BPH resurgence.
Infield tests with the same four insecticides the 

BPH population was low up to 47 DT(Fig. 9). But 
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9. Interaction between field application of insecticide sprays and populations of brown planthopper (BPH), Cyrtorhinus, and spidcrs. All treatments except the check were sprayed thrice: at 18,39, and 61 days after transplanting. IRRI,
1979. 

at 67 DT, after the crop had received 3 sprayings, 
there was a marked increase in BPH especially in 
decamethrin- and methyl parathion-treated plots. 
The BPH population in Perthane-treated plots did 
not differ significantly from that in the untreated 
control. 

The Cyjzorhinus populations in the treatments 
did not differ significantly up to 60 DT. At 67 DT, 
the population in plots treated with methyl para-

Porasitizotion (/o) of N lug.ms eggs 
70 

60 Spray 

[-]Decaomethfin 

Methyl parathion 
50 - Diazoon 

40 UCheck 

30 

20 

10 

18 21 39 

thion was significantly reduced. In the decamethrin 
treatment, which had a high resurgence ratio, the 
Cyw :orhinus population was equal to that of the 
check. The spider population was not affected by 
any of the insecticides. 

Effect offoliar sprays of insecticides on BPH egg
parasitization. In the field BPH eggs were predo
minantly parasitized by two species of parasites 
-Anagrus sp. and Oligositasp. Parasitization by 

42 61 64 

Daysofter transplanting 
10. Effect of insecticides on parasitization of brown planthopper eggs at various days after transplanting(DT). Sum ofAnagrus sp. and Oligosita sp. parasitism. Decamethrin applied at 0.012 kgand all others 
at 0.75 kg a.i./ha at 18, 39, and 61 DT. IRRI, 1979. 
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Table 19. Nymphal survival and adult longevity of brown
planthopper as influenced by insecticides applied as foliarspray!, IRRl greenhouse,1_979 ... 

TretmetbNymphal
Treatmet N 

. 

survival 
a a 

No.d 

Adult 
longevity e 

(days) 

Methyl parathion 
Decamethrin 

70.4 ab 
58.9 bc 

108.2 ab 
96.4 b 

11.1 ab 
12.7 a 

Diazinon 74.6 a 12.6 a 9.9 b 
Perthane 

Control 
52.6 bc 
75.5 a 

11.6 c 
102.8 ab 

10.3 
10.2 

b 
b 

"In a colu.,, means followed by a common letter are not significantly
different from each other at the 5% level, bAll insecticides were applied 
at the concentration 0.04% for 500 liters water/ha, except decamethrinwhich wasapplied at 0.002":. Cpercentage of surviving nymphs at 5th-instar stage, from 20 fst-instar nymphs released 15 days after the third 
spraying. Potted TNI plants were sprayed at plant age of 30, 40, and50 days. dSurviving nymphs at the 5th-instar stage. Insecticides were 
sprayed on f-day-old BPH eggsin TNt plants. eNewly formed femaleadults 

Anagrus, the more abundant species, was up to 
65% at 64 DT; that by Oligosita sp. was about 23%. 
Throughout the crop period, BPH egg parasitiza-
tion was similar for all treatments (Fig. 10),indicat-
ing no observable effect of insecticides on BPH egg 
parasites. The results of the 1979 predator
and parasite study did not associate resurgence
with selective destruction of natural enemies, 

Effect of insecticide on rice plants on BPH egg,
nymphal, and adult stages. Insecticides were eval-
uated to determine whether they would contribute 
to resurgence by increasing the hatchability of BPH 
eggs. No distinct difference occurred among the 
treatments. Egg mortality was higher in the methyl 
parathion treatment, perhaps because of the sys-
temic ovicidal action of the insecticide, 

BPH nymphs (no.) 
220 

TNI [to0 Mudgo 

X 
180 90 

70
 

140 

100 30 

Nymphal survival varied among the insects cultured on plants that received different insecticideue npat htrcie ifrn netcdtreatments (Table 19), but there were no indications 

that resurgence-causing insecticides, as a group,affected the survival rate of BPH nymphs. 

When the insecticides were sprayed on plants
infested with BPH eggs, the survival of the emerging
nymphs varied significantly. Perthane recorded the 

lowest survival (52.6% obviously due to persistent
toxicity. The rate of survival in the other insecticidetreatments did not differ from that in the untreated 
control.

The BPH adults lived longer on plants sprayed 
with decamethrin and methyl parathion. An in
crease in adult longevity could contribute to an 
increase in the total number of eggs and, thus, to 
resurgence.

Effect on BPH resurgence of the interaction 
between rice varieties and insecticides. Decame
thrin and methyl parathion consistently induced 
increased reproduction of BPH on susceptible
TN 1, but did not exert the same influence on res
istant rice varieties (Fig. 11). An experiment with 
moderatelyresistantvarietiesindicatedthatdecamethrin 
and methyl parathion increased BPH populations 
on some varieties (Fig. 12). 

In an experiment with resistant and moderately 
resistant lines considered together for their in
teraction with insecticides to cause resurgence, the 
influence of decamethrin and methyl parathion 
was significant (Table 20). This indicates the possi
bility of an acceleration of biotype selection on 
resistant varieties because of the increased population 

AS 7 - R26 

Decorpefhrn
 
N Methyl profhiov
 
-Pert hone 

0 Confrol 

I1. Nymphs produced by 2 gravid brown planthopper(BPH) biotype I females allowed to oviposit for 7 days on aplant of asusceptible variety (TN I) and 3resistant varieties. Insecticides were foliar sprayed on plants aged 20, 30,and 40 days. Females were placed on the plants 15 days after the last spraying. IRRI greenhouse, 1979. 
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BPH nymphs (no) 

140

120 - CR 157-392 -284 IR9209-181-2-2 . Decomelhrn 
Methy pxrathion 

80 
l 

Perthane 

Control 

Nymphs (no.) 

120  140IR230-722-21/R9209-20-3-2 4 r...NI255 

240 

80 ~210 

40 
 190 

IR9093-211-6 /R920/-91-2-2 

40 100 

12. Nymphs produced by 2 gravid brown planthopper (BPH) biotype I females allowed to oviposit for 7days on a plant ofasusceptible variety (TNI) and 6moderately resistant breeding lines. Insecticides were foliar sprayed on plants aged 20, 30,
and 40 days. Females were placed on plants 15days after the last spraying. IRRI greenhouse, 1979. 

when an insecticide is used. 
Number of insecticide sprays and BPH resur-

gence. In previous greenhouse resurgence studies, 

Table 20. Effect on brown planthopper resurgence of the in-
teraction between rice varieties and insecticides. IRRI green-
house, 1979. 

Resistance 

ratinga 

greenhouse) 

Varieties 
IR9093.211-6 MR 
IR2307-722-2.1 MR 
CR157-392.284 MR 
I R9209-20-3-2 MR 
IR9201-91-2-2 MR 
IR9209-181-2-2 MR 
IR26 R 
Mudgo R 
ASD7 R 

Insecticides' 
Decamethrin 
Methyl parathion 
Perthane 


Control 

OR =.esistant,MR moderately resistant. Based 
screening of 7-day-old seedlings. bResulting from eggslaid in 7 daysby 2 femalesplaced on plants 15 days after fol-last sprnying. Means 
lowed by a mmon .er.arenot significantly different from each other 
as the 5% level. Clnsecticides were roliar sprayedon plantsaged20,30,
and 40 days. 
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Nymphs 

(no.) 

110.6 a 
98.5 ab 
95.9ab 
95.0 ab 
90.9 b 
89.2 b 
84.7 b 
53.7 c 
52.3 c 

97.3 a 

93.3 a
73.7 b 
78.3 b 

on thegreenhouse 

plants were sprayed 3 times at 10-day intervals. 
One, two, and three applications of methyl para
thion and decamethrin were compared to deter

mine whether the number of insecticide applica
tions was related to degree of BPH resurgence.
With methyl parathion, the level of resurgence as 
indicated by reproductive stimulation was signifi
cantly higher with two or three sprays than with 
one (Fig. 13).Insecticides used in a spray sequence and BPH 

resurgence. An experiment designed to determine 
the effect on BPH resurgence of the insecticide 
sprayed last in a sequence showed the decisive role
of that insecticide in inducing or preventing BPH 

resurgence (Fig. 14). When Perthane was used as 
the last spray, irrespective of the insecticides used 
in the previous sprayings, the reproductive rate of 
the hopper did not increase. 

Influence on reproductive rate of exposure 

duration of BPH nymphal and adult stages to 
insecticide-sprayed rice plants. The reproductive 
rate of BPH was significantly higher when the 

hoppers were confined at their late nymphal

(fourth- and fifth-instar to adult) and adult stages 



BP nymphs (no) 

300 - 0 amy 

twosprays 
280 - three s 

ab ob 

24 - bat 

Ib 

200 c 
101 

160 !the 

\1o --

120 1 -L
 

Methyl parathion Control Decarnsthrin
 

13. Number of insecticide sprays and brown planthopper 
(BIPH) resurgence as indicated by reproductive stimulation of 
the insect, measured by nymphs that hatched from eggs from 2gravid females allowed to oviposit on plants for 7 days begin-
ning 15days after the last spraying. IRRI greenhouse. 1979. 

on plants sprayed with insecticides, rather than at 
the first-instar to adult or the second-instar to adult 
stages (Table 21). The interaction between insecti-

cides and stages ofexposure had a significant effect 
on BPH reproduction. 

Insecticide-induced whitebacked planthopper 
resurgence. In previous greenhouse studies insecti
cides were shown to stimulate reproduction onWBPH. In a 1979 field study, where decamethrin 

10 ga.i./ ha was applied 4 times to IR20 at 15-day
intervals, a WBPH resurgence ratio - the number 

of WBPH in treated plots divided by the number of 
WBPH in control plots - of 137 occurred. Al
though the total number of B PH in both treated 
and control plots was higher than that of WBPH, 

resurgence ratio of the BPH was only 100. Thisindicates a pest control problem with WBPH in 
fields treated with certain insecticides for various 

_insect pests. 

TIMING OF INSECTICIDE APPLICATION FOR 
BPH CONTROL 

In the 1978-79 dry season, various times of insect
icide application for BPH control were tested. 
Decamethrin was applied 5 times at 14-day inter
vals to all treatments to cause a buildup of the BPH. 
Perthane was sprayed for BPH control at various 
times based on peak light-trap catches, life cycle of 

g:g~:Jgg~Jgg E s obgggg:ggU : g::gUU : :J:::U:: :U7i ...:.......
...
 

................................. 
 mo b th .......
 

....... Methyl prthion 

SONiii!ii;!iiiii;ii~iiii;:;: ...id , Perthaoe 

lEE!!iiii;i!iii~iiiiiii.. iid (® Water (check) 

80 120 160 200 240 280 320 

BPH nymphs (no) 
14. Reproductive rate of the brown planthopper (BPH) as influenced by insecticides used in a spray sequene. Nvn;Fs htched from 
eggs laid in7days by 2gravid females. Insects were released 10 days after the last spraying. 1RRI greenhouse, 1979. Sequences followed 
by a common letter are not significantly different from each other at the 5%level. 
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Table 21. Reproductive rate of brown 

sprayed rice plants. IRRI, 1979. 

Stages of exposure 

First instar to adult 
Second instar to adult 
Third instar to adult 
Fourth instar to adult 
Fifth instar and adult 
Adult 

252.7 aOln a column, means followed by acommon letter are not significantly diffcrent at 5% level, Insecticides were foliar sprayed on plants aged 20, 30, and40days.Insectswereplaced onplants at 10 daysafter last spraying. 

BPH(no/hill) 

250 1Gros=sNoinsectide 

200 

150 

100 
50 
o 
o 

200 SpraySpray 72 BPH/hl "i 
150 

100-

L 

1S ra 3,2s10 Spray 32 BPH/hl 

5o--
0 

1 -Spray 1 

4W 


0 ~ 

planthopper as influenced by exposure of different nymphal stages and adult to insecticide

Reproduc~tive ratea (no. of nymphs hatched)Methyl Decamethrin Diazinon Perthane Control 
Darath ion 
336.7 c 
375.3 c 
422.3 b 
438.0 ab 
450.3 ab 
472.7 a 

363.3 d 
386.0 cd 
407.3 bc 
448.3 ab 
461.7 a 
484.3 a 

291.7 a 
297.0 a 
309.7 a 
334.3 a 
316.7 a 
315.3 a a 

140.3 b 
169.0 ab 
178.3 ab 
192.7 a 
188.3 a 
188.7 

225.3 a 
225.0 a 
262.0 a 
247.7 a 
236.3 a 

YelJ t/ho) 

rrm $r"44applicationso 

6 
5 
4, 

Grescrnirtc$79,/a 

-6 
5 

nP/l 829/h. 

6 
5 

msnss- $I23/ho -BPH/hl7 

5 
j L L L 4 

10 Spypa lsls n 2dgnrto P Gm orgiti =S931/ha 71001- nd 2deeeric ]7 

50h-

41 45 48 524_4 55 59 62 66 69-2596 6669 73 76 80 83 877 764 90 94 97 
Daysafter transplanting 

15. Timing of insecticide application for brown planthopper(BPH) Nilaparvata lugens control. IR22 was transplanted 26
Dec 1978. All plots received 5applications of decamethrin (a)
resurgence-inducing insecticide) at 10g a.i. /ha to increase BPHpopulations. Perthane for BPH control was sprayed at 0.75 kga.i./ha at days after transplanting indicated by the arrows.Victoria, Laguna, Philippines, 1979. 

the insect, economic injury level, and on a calendar 
schedule (Table 22).

The BPH generally migrate to the crop at 20
40 DT and are caught in light traps. Insecticide 

were timed to coincide with the first orsecond BPH generation determined from field 
observations and light-trap catches. Times of application and BPH populations are shown ia 
Figure 15. 

Yields and gross margin of profit were highest in
plots treated when the BPH were in the first andsecond generation, or when the population first 
reached 10 or 16/hill. One application at 16BPH/hill provided yields equal to fhose with 4 
calendar-based sprays (Table 23). This study confirmed an earlier cage study where the tzonomic 
injury level of the BPH was found to be about 20insects/hill. Yield losses at 16 BPH/hill were0.18 t/ha, and losses at 32 BPH/hill were 0.86t/ ha. A loss of0.86 t/ ha would be about 4 times the 

cost of I insecticide application to control the 
BPH. 

.IGHI RAP CATCHES FOR TIMING OF
 
ST EM BORER CONTROL
 

In 1979 yellow stem borer mothsdwere monitoredin light traps to determine their ut: ity in timing 
insecticide applications for stem borer control.
 

Kerosene-fueled light traps were installed at 3 sites
within 2-6 km of each other. Trap catches within
 
a field were not related to time after transplantingthe field but rather to a calendar date (Fig. 16).Although the three sites were transplanted at dif
ferent dates, peak catches of the yellow stem borer 
Tr l'porvrzaincertidasoccurred 22- -24 Februaryatall sites. Egg-mass counts in the field were attempt
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Table 22. Brown planthopper (BPH) populations on IR22 as influenced by timing of Perthane application at 0.75 kg a.i./ha. Victoria, Laguna, Philippines, 1978-79 dry season. 

Application time 
41 DT 48 DT 

-
55 DT 

Brown planthopper? 

62 DT 69 DT 

(no./20 hills) 

76 DT 83 DT 90 DT 98 DT 

C 
:. 

I 
> 

Based on light-trap catches
Spray 15 days after peak BPH catch in 

light trap 

Based on BPH life cycleSpray on appearance of 1st generation BPH 

Spray on appearance of 2d generation BPH 
Spray on appearance of 1st and 2d generation 

BPH 

4 ab 

2 ab 

2 ab 
4 a 

8 a 

7 abc 

7 abc 
7 abc 

9 abc 

5 bcd 

13 ab 
7 abc 

15 bcd 

10 cd 

24 abcd 
9 d 

10 bcd 

11 bcd 

46 abc 
14 bcd 

10 bc 

15 bc 

132 abc 
15 bc 

44 abc 

47 ab 

15 cd 
11 d 

107 ab 

56 bcd 

15 ef 
11 f 

24 a 

13 b 

1 f 
3 defg 

> 

4 

C 

;nrt 

-

Based on BPH nymphal populationSpray when BPH average 1O/hill 3a 10ab 4 bcd 11 bcd 9 cdSpray when BPH average 16/hill 2 ab 9 ab 16 a 16 bcd 38 abcd
Spray when BPH average 32/hill 2 ab 12 a 14 a 32 a 22 abcd 
Spray when BPH average 172/hill 2 ab 8 ab 10 abc 26 ab 173 a 

CalendarSpray basedtwice at 20-day interals starting 21 DT 1 ab 4 bcd 4 bcd 12 bcd 13 bcdSpray 3 times at 20-day intervals starting 1 b 2 d 2 d 14 bcd 2 d 
21 DT 

Spray 4 times at 20-day intervals starting I ab 3 cd 4 cd 15 bcd 4 d 
21 DT
Control 2ab 5 bcd 2ab 21abcd 73 ab 

ilna column, means followed by acommon letter are not significantly different from each other at the 5% level. DT = days after transplanting. 

4 c 

52 abc 

114 abc 

79 abc 

20 abc 

20 abc 

39 abc 

235 ab 

11 d 

11 d 
55 ab 

48 abc 

59 ab 

14 d 

46 bcd 

88 a 

43 bcd 

12 f 
13 cdef 

60 abc 

45 bcdef 

20 def 

15 f 

80 ab 

10 

2 

S 

5 

6 

3 

1 

9 

bc 

fg 
cdef 

cdef 

cde 

efg 

g 

bcd 



Table 23. Economics of chemical control of the brown planthopper (BPH) on IR22 as affected by timing of insecticide application. 
Victoria, Laguna, Philippines, 1978-79 dry season. 

a	 mar ginc Benefit:Grosse o n Grain yield M$Atip li a t (t /ha)b Insecticide + labor 	 c o st fo r
Application time 

($ insecticided 

Based on light trap catch 
Spray 15 days after peak BPH catch in light trap 6.01 cd 16 807 2.9 

Based on BPH life cycle 
Spray on the appearance of 1st generation BPH 6.32 abed 16 850 5.6 
Spray on the appearance of 2d generation BPH 6.60 abc 16 888 8.0 
Spray on the appearance of 1st and 2d generation 7.03 a 32 931 5.8 

BPH 

Based on BPH nymphal population 
Spray when BPH average 10/hill 8.92 ab 16 932 10.7 
Spray when BPH average 16/hill 6.85 ab 16 923 10.1 
Spray when BPH average 32/hill 6.17 bed 16 829 4.3 
Spray when BPH average 172/hill 5.89 d 16 791 1.9 

Calendar.based 
Spray twice at 20-day intervals starting 21 DT 6.02 cd 32 793 1.5 
Spray 3 times at 20-day intervals starting 21 DT 6.75 abc 48 877 3.1 
Spra times at 20-day intervals starting 21 DT 6.77 ab 64 864 2.4 

Colrol 5.67 d 0 777 
aAll treatments were sprayed 5 times at 14-day intervals with decamethrin at 10 g a.i./ha in 300 liters water to induce BPH buildup. Replicated 4 times. 
First and second generation nymphs were sprayed 48 and 76 days after transplanting (DT). Treatment based on light-tra. catch was sprayed 48 DT. All 
treatments at indicated schedules were sprayed with Perthane at 750 g a.i./ha in 300 liters water. bMeans followed by acommon letter are not signific
antly different from each other at 5 , .vel. cValue of crop/ha lesscost of insecticide applications. dValue of grain yield in treatment lessvalue of grain 
yield in control, divided by cost of insecticide applications. 

Stem borer moths (no/2trop rights) 	 ed after peak light trap catches of the moths to 
120- II 2424 Feb S----S... s..oh,, determine the need for insecticide application.,-

0o- 24 	 -- r ,Mdud, s Such counting proved difficult. Despite the few egg 
SaeFelix 	 masses counted, many deadhearts were later 

visible. 
so-

60

20 	 21-54Aya NEEM SEED OIL FOR LEAF FOLDER 

CONTROL 

20[ 22Feb100 The effects of oil from the neem tree Azadirachta 
100 2indica A. Juss on orientation, feeding, oviposition, 

0 Bao-Banco hatching, and parasitization ofthe leaf folder Cna
60- phalocrocis nedinalis were studied. 

40 24Apt Orientation. To test repellency, first-instar larvae 
20 , - Ma, were allowed a choice between leaf-cuts from the 

A,>. treated and the control plants. Significantly lower 
6o percentages of larvae were recorded on leaf-cuts 

from plants sprayed with 12% or higher concentra
60-	 2 F Pogalngn tion of neem oil than on leaves from the conrol 

40- Fplants (Table 24). 
20, Feeding. To evaluate neem oil's antifeedant 

effect, 10 first-instar larvae were enclosed in vials,
10 20 30 	 40 50 60 70 80 90 00 110 each with a leaf-cut from the treated or control 

Daysafter ransplanting 

16. Stem borer catches in kerosene light traps in 3 barrios of plants. The higher the concentration of neem oil, 
Victoria, Laguna, Philippines, 1979. The barrios are about 5 the greater was the reduction in feeding and excre
km away from each other. tion. Excretion was almost the same for larvae fed 
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Table 24. Orientation of first-instar rice leaf folder larvae allowed a choice between rice leaves (TN1) sprayed with neem oil andbleaves sprayed with liqtuid detergent solutiona IRRI laboratory, 1 9 79 .
 
3 passes o. ULVc spray 
 Paired t-test 6 passes of ULV sprayTreatment Larvae (%)recorded on leavesd Absolute mean 

Paired t-test 
Larvae l%) recorded on lea,,esdTreated 	 Absolute meanControl difference Treated Control difference 

Water 43.3 a 56.7 13.34" 78.6 a3% neem oil 41.3 a 	 21.4 57.2""58.7 17.36
6%neem oil 39.3 a 	

43.0 b 57.0 14.060.7 20.99 28.5 b 71.512%neem oil 	 43.031.3 ab 68.7 37.34" 23.7 b25% neem oil 21.A b 	 76.3 52.6""78.6 57.30"' 50: 	 21.6 b 78.4neem oil 22.0 b 	 58.2""78.0 56.00"* 21.4 b 	 o79.1 57.2. 

liquid solution. bln a column, 
aNeem oil wasemulsified in 1 6*6% liquiddetergent solution ar,d sp:ayed on TN 1rice plants 3 h before the experiment, The coa commonmeans followed by letter are not significantly different from each other qt the 5%level; the percentage data 

1 
for

each treatment, excluding control, were 

tween treated and control 

used for analysis of variance to get the significant differences across 
the b treatments. To show differences befor each experiment, a paired t-test was used. Av of 10 replications, 15 larvae/replication, si~ducted at 26-28'C, 75-80%relative humidity, and 12 h photoperiod. cUltralow-volume. dNewly emerged3petri dish, which had 6 equidistant, alternating, radially-arranged 
"-vae were released in the middle of a moist filter paper-lined 9 

cm-diameter-cm-long leat-cuts from treated and control plants. Larvae on leaf-cuts were countedafter 24 h. 

on leaves from the control and from the 25% neem 
oil-treated potted plants that had been exposed to 	

50% neem oil, and 50% maize oil. Hatchability of 
eggs in all neem oil emulsions was inhibited butsunlight for 2---4 days (Table 25), an indication that in maize oil was unaffected (Table 26).
that sunlight rapidly degraded neem oil's antifeedant property. INDIGENOUS PLANT EXTRACTS FOR CON-Oviposition and hatching. When given a choice TROL OF RICE INSECTS

for oviposition, leaf folder moths laid one-third less
 eggs on neem oil-treated plants than on the control 
 A systematic search for commonly occurring pestplants, indicating neem oil's oviposition-deterrent
effect. 	

resistant plant taxa, and the extraction, isolation,The hatchability of eggs laid on treated and identification of the chemicals involved inplants also decreased significantly as the oil con- plant defenses were initiated with a view to theircentration increased. To confirm these res,,1cs, 0- to possible use to control plant pests in the field. An10-hour-old leaf folder eggs on, rice leaves were extract ofa plant indigenous 	to much of Asia wasdipped once separately in emulsions of 12, 25, and tested in the laboratory against the BPH and other 
insects and pathogens. 

Brown planthopper, whitebacked planthopper,
and green leaflopper. Topical application of the 

Table 25. Degradation extract at even
based on 

of neem oil's antifeedant property by sit t the low dosethe5 pigl insect causedt con rolasunlight, 	 iac a evendry weight of excreta of rice leaf folder significantly higher mortality than in the controllarvae on rice plants sprayed with neem oil. I RRI, 1979. 

Excreta (mg/IO larvae per 24 h) on
 
Neem oil 
 leaves from sprayed plants exposed to
 

concentration sunlight for a
onc0ndayi 	 daysun 4od Table 26.Sday 
t . Effect of topical application of neem oil on hatch_ days 4 days

b 	 ing of rice leaf folder eggs. IRRI laboratory, 1979.0 0.238 0.163 0.180 Treatment" 
25 	

Eggs hatchedb (%)
0.075 0.171Av 	 0.1730.156 0.167 0.176 00 (control) c 

Difference 	 83.6 a-0.163* 0.008 -0.007................-	 12% neem oil
.....-	 13.2 baDifferences in feeding activity on neem oil-treated and untreated plants 
-. 	 25' neem oil 

exposed to sunlight were compared using paired t-test, av of 20 repli- 10.9 b
50% neem oil
cations, 10 newly emerged st-instars/replication. For each 	 5.8 btreatment,larvae were enclosed 	 50% maize oilin 1.5 x 10-cm vials, each with a 5-cm-long leaf-
cut from a TN1 rice plant that had been sprayed with 3 passesof emul- 67.6 a
 
sified neem oil (in 	 aLeaves of CR94-13 rico variety with 0-1.66% liquid detergent solution) with an ultralow- once 	

to 10-h-old eggswere dippedvolume applicator. Sprayed plants were 	
in emulsified neem or maize oilexposed continuously to out. 	 and kept in moist filter paperlineddoor sunlight for indicated days. 	 petri dishes at 29-30C andWt of excreta oven-dried for 24 h. 	

70%4relative humidity, for a 12hour nhotoperiod.bSprayed with 1.66% liquid detergent solution, 3 passes with 	
Hatched eggswere counted after 4-day incubation.an ultra bMeans followed by letterlow-volume applicator, a common are not significantly differentfrom each other at the 5% level .66%liquid detergent solution. 
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Table 27. Effect of topical application of a plant extract on (Table 27). Nymphal mortality was high even whenplanthopper and _ leafhopper pests of rice.1979. IRRI insectary, the nymphs were not treated directly but caged onoeMortaty ( at 24 hafter treatment plants that hadDose been sprayed.- with the extract 
(pjg/insect) (Table 28).Brown Whitebacked Greenplanthopperc planthopperd leafhopperd Rice bug and whorl maggot. Low doses of the0.0 (control)"0.1 6 a 10 a30 b 30 b 4a extract were ineffective on the rice bug Leptocorisa2 a sp., but increasing the extract dose to 50pg/lnymph1.0 38 b 26 b5.0 66 bc 4a gave significantly high mortality of third-instar12 b10.0 

68 c nymphs. Thevaporoftheextractevenatfairlylow94 d 94 d 32 c concentrations significantly reduced the hatching20.0 98 d 9650.0 d 46 cdsinfc100 d 100 d tl52 d a a colu " eans .. f by acomm letterarenotsignificantly
different from each other at the 5"'.,sects/appuication bTreate hoppers 

level. Av of 5 replications, 10
d were cagedon TNI rbcetseedltrgtwNewlyemerged brachypterous females. dNewlv emergid arults. eTreat. 

ed with acetone, 

Table 28. Relative mortality of first-instar nymphs of brown 
planthopper,
caged whitebacked planthopper, and green leafhopperon Taichung Native 1 rice seedlings sprayed with a plantextract. IRRI insectary, 19 7 9 .a 

Quantity of ex-
 Mortality (',) at 24 h after cagingb 

(mg/1 seedlings Brown Whitebacked Greenper pot) planthopper planthopper leafhopper 
0.0 (control)' 7 al 0 al 7al0.1 30 bl 10 bi 13 bl 
1.0 87 cl 905.0 cl 43 cl(90 cl 93 cl
10.0 100 dl100 cl 100 cl 100 dl20.0 100 ci 93 ci 100 dl

aMans followed by a common letter in a column, and by a commonRoman numeral in arow, arenotsignificantly different at the 5%level. 
Av of 3 replications, 10 nVynphs/replication.b Insectary-reared nymphs 
were caged on pottedseedlings sprayed with tre extract. CSprayed with 
acetone. 

Table 29. Effect of vapor of a plant extract on eggs of ricebugs and whorl maggots. IRRI laboratory, 1979.(6o/ncentratiam
(ng/4cmdia H-

-hbliy
filter Hachabilityapaperdisc) Ricebugb Whorlmaggotc 

0.0 (control)d 79 a 97 a 
0.1 64ab 50 b1.0 39 bc 55 b5.0 33 bc 10 c10.0 40 bc 13 c20.0 35 bc 5 c50.00 28 c -

alna column, means followed by acommon letterare not significantlydifferent from each other at the 5" level. Eggs bornewere on rice leavesistfor hatching in -cmdiam petri dishes lined withtreated, extract-moist filter paper disc.bAy of 3 replications, 25 0-to 1-day.oldn /replication. cy of 4 replications, 10 freshly laid eggs/replica, 

ion. A1cetoneonly, 
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hcigof rice bug eggs (Table 29). Whorl maggot Hydrellia sasakiiflies and their eggs were highly susceptible to the extract. Flies suffered significant mortalities even at 1,-)wdoses, and egg hatchability wasdrastically reduced after exposure to the extract 

vapors. 
Leaf folder. The extract had profound effects onthe behavior and physiology of the leaf folderCnaphalocrocismedinais. Significantly lower per

centages of first-instar larvae were recorded on theextract-treated leaves than on the control leaf,regardless of extract concentration (0.0001 to 
20 pg/leaf piece) (Table 30). Even starved, fifthinstar larvae did not feed well on treated leaves,as 
indicated by sipnificantly lower quantities of theirdried excreta on treated than on control leaves 

(Table31).

Treat,nent of fifth-instar larvae with even 
lowdoses (I pg/larva) of the extract resulted in pronounced aberrations of form and behavior, and 

enhanced mortality during mLtamorphosis; the 

Table 30. Orientational response of rice leaf folder larvae allowed simultaneous access Taichungto Native 1 rice leaves
trLated with a plant extract of different concentrations. IRRI
laboratory, 1979. 

Concentration(upg/2.5.cmlong leaf piece) Arrivals (.)a.... 
 .... ... on leaf pieces.........
0.0 (controllb . 

40.4 a0.0001 
6.8 ci0.001 16.2 b
 

0.01 
16.2 b0.1 

7.1 cd1.0 
4.2 d5.0 
4.5 d10.0 
3.8 d20.0 3.2 d
 

aMeamsfollowi by a common letter are not significantly different fromeach other at the 5'i,level. Av of 5 replications, 50 first-instars/replica.tion. Larvae were released in the middle of a 
4

1 -cm-diam petriwhich had dishtreated and control leaf pieces arranged radially and equi.
distantly. bTreated with acetone. 



Table 31. Quantity of food ingested by rice leaf folder larvae, 
asreflected by dry weight of their excreta on rice leaves treated 
with a plant extract! IRRI insectary, 1979. 

-concentration ... Drywt ere 
(pg/i0 5-cm-long 10 larvae per 24 h 
_leaf pie ces) .(mglL.. 

0.0 (controic 11.64 a 

0.0001 
 9.18a 
0.001 9.27 a 
0.01 8.34 a 
0.1 2.88 b 
1.0 1.97 bc 
5.0 0.94 cd 

10.0 0.41 d 
20.0 0.22 d
 
awater -satiated, overnight-starved, 5th-instar larvae were caged n 


cm-diem petri dishes containing extract-treated TN1 rice leaves. Means 
followed by a common letter are not significantly different from each
other at the 5% level. Av of 5 replications, 10 larvae/replication, bDry 
wt excreta ldry wt excreta of 10 fed larvae lessdry wt excreta of 10 
unfed larvae) in 24 h. CTreated with acetone. 

severity of abnormalities increased with the dose of 
the extract. 

Oviposition was strongly deterred when gravid
leaf folder moths were caged on rice plants sprayed 
with the extract at fairly low rates. Hatchability 
was also greatly reduced whether the leaf folder 
eggs were treated directly or exposed to the vapor 
oftheextract(Table32,33). Hatching was prevent-
ed either early at the blastoderm stage, at blasto-
kinesis, or because of the failure of the fully formed 
embryo to break thechorion, dependingon theage 
of the egg and dose of the extract. 

Green hairy caterpillar and caseworm. The eggs 
of the green hairy caterpillar Rivula atimeta and 
thecaseworm were highly susceptible to theextract, 
No eggs hatched when they were exposed to the 

Table 32. Effect of topical application of a plant extract on 
eggs of rice leaf folder. IRRI laboratory, 19 7 9 .a 

Dose Hatchabilityh 

(jig/batch of eggs) 


0.0 (control)c 87 a 
0.1 81 a 
1.0 49 b 
5.0 10 c 

10.0 0 d 
20.0 0 d 
50.0 1 d 

aMeans followed bya common letter arenot signifi..antly different from 
each other at the 5% level. Ac of 3 replications, 50 freshly laid eggs/
replication. bHatched eggswere counted after 5-day incubation. CTreat. 
ed with acetone, 

extract vapor even at very low concentrations. In a
control, hatchability was high. 

Striped stem borer. Extremely low doses of the 
plant extract disrupted the normal development of 
fifth-instar striped stem borer Ctilo suppressalis 
larvae. Treating all larvae with the extract at 
I Mg/larva resulted in abnormal insects, which 
died prematurely. Striped stem borer eggs were 

also highly susceptible to topical treatment with the 
extract; almost all eggs failed to hatch at relatively
low doses, but in the control hatchability was 100%. 

Predators. The plant extract was relatively safe 

to the common predators of rice hoppers. The 
mirid bug Crrtorhinus lividipennis was somewhat 
susceptible to higher doses but the spider L 'icosaf)seudoannulata suffered no significant mortality 
after topical application of 50 jug spider. The 
predatory bug Microvelia atrolineata was not 
adversely affected when confined to extract
contaminated water. 

INTEGRATED PEST MANAGEMENT 

Plant injury by insects. Brown planthopper.The 
economic injury level (El L)for BPH has been diffi
cult to determine. Earlier work (1972, 1973, 1974 
annual reports) set a tentative economic threshold 
of I insect! tiller. Yield losses due to different BPH 
densities were measured in field cages in 1978. 
Based on damage done during one BPH generation 
in the dry season, the El L at the reproductive phase 
of plant growth was < I tiller. But during the wet 
season with its lower yield potential, the EIL was 
< I/tillerat the tilleringphase, and< 4/ tillerat the 

Table 33. Effect of vapor of a plant extract on eggs of rice leaf
 
folder. IRRI laboratory, 1979.'
 

Concentration Hatchabilityb
 
(,ug/4-cm-diam filter paper disc)
 

0.0 (control 90a 
0 ct,90.0001 77 b 
0.001 64 b 
0.01 34 c 
0.1 26 c 
1.0 5 d 
5.0 3 d 

10.0 2 d 
20.0 2 d 

aMeans followed by acommon letter are not significantly different from 
each other t the 5% level. Av of 5 replications, 50 freshly laid eggs/
replication. Hatched eggswere counted after 5-day incubation. CAce. 
tone only. 
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Table 34. Grain weight of IR20 plants in fCeld cagesasaffected 
by brown planthopper (BPH) infestation level (starting with 
lst-instar nymphs and ending with adults 1 me later). IRRI,
1978. 

Grain wt (g/4 hills) when infestation 
BPH density was at: 
(no./tiller) Tillering Reproductive Maturation 

stage stage 
Dry season 

4 - 73 c 98 a 
1 - 92 b 104 a 

0.25 
0 (control) 

-
-

105a 
116a 

118a 
120a 

We t season 

4 16. c 27 b 50 a 
1 43 b 60 a 55 a 
0.25 60 a 64 a 57 a 
0 (control) 66 a 70 a 62 a 

reproductive phase. During maturation the yield 
losses obtained were not significant (Table 34). The 
results showed that economic thresholds must be 
related to crop age and season. The threshold 
should increase with plant age, and be higher in the 
wet season than in the dry. 

During the 1979 dry season a rice crop suffered 
hopperburn due to the 1PIH. Just as hopperburn 
started, a typhoon occurred. During the typhoon 
and associated period of cloudy weather, hopper-
burn increased more rapidly than expected. Prob-
ably the reduced photosynthesis during cloudy 
weather prevented the plants from coping with the 
drain of photosynthates caused by BPII feeding. 
This relationship between hopperburn and cloudy 
weather was investigated in a field experiment 
using black (shaded) and white cloth cages. Plants 
in black cages suffered more hopperburn than 

plants in white cages, an indication that weather 
conditions affect EIL. 

Rice leqlfoler.In greenhouse cages, at densities 
ranging from I larva/2-6 tillers during the tillering 
phase of growth, each leaf folder larva damaged
2.5 leaves. Based on earlier studies (1975 and 1976 
annual reports) the estimated EIL is between 2 and 
6 larvae/hill. 

Varietal resistance to the BPH and insecticide 
susceptibility. It was observed that BPH feeding on 

a moderately resistant (MR) variety weigh less 
than those feeding on a susceptible variety. Biotype 
2 BPH were reared on IR26 (susceptible)ana ASD 
7 (MR) and tested for susceptibility to acephate,
carbofuran, and Perthane. 

Susceptibility to the insecticides was based on 

LDio values. Because the insects reared on the M R 
variety were smaller and highly sensitive to the 
acetone solvent used, larger insects had to be 
selected. The BPH reared on the M R variety ASD 7 
showed greater susceptibility to insecticides. The 
results indicated a possibility of integrating MR 
varieties and low rates of insecticides when the 
BPH population reaches the EIL. 

Selective toxicity of insecticides. Insecticides 
selectively more toxic to the pest than to its natural 
enemies are needed in an integrated pest manage
ment program. In 1979 the LDso values of rice 
insects and natural enemies topically treated with 
insecticides were determined (Table 35). From the 
IDi, values obtained, the relative toxicity of the 
insecticide to the pest and predator was determined 
(Table 36). 

Yield loss studies. Farmers' fields. Yields in 
insecticide-treated and untreated plots of IR22, an 
insect-susceptible variety, and IR36, an insect-

Table 35. Toxicity of topically applied insecticides, based on LD50a values. IRRI laboratory, 1979. 

Insecticide -......--.-.. 
Lycosa 

. ..-.... 
Cyrtorhinus 

LD50 (jg/g) 
............... ____---

Brown Greenplanthopper leafhopper 

Carbofuran 0.95 0.59 0.54 0.42 
MIPC 12.76 2.82 1.52 1.50 
Methyl parathion 29.25 6.93 6.12 8.28 
Perthane c 39.53 1.87 12.49 
Carbaryl 6.94 0.50 1.45 0.96 
Decis 0.07 0.37 1.02 0.04 
UC 54229 9.66 9.47 2.34 2.55 
FMC 35001 2.90 4.19 2.06 1.03 

"Mean lethal dosage. bDashes meanno test was conducted. CNo LD5 0 up to 5,000ppm. 

214 IRRI ANNUAL REPORT FOR 1979 

Whiteba, ked Leafplanthopper folderb 

0.32 6.33 
1.81 30.44 
1.84 5.82 
5.27 
1.04 
0.30 
2.34 
2.54 



Table 36. Relative toxicity of insecticides to rice ins,!ct pests and natural enemies. IRRI, 1979. 
a
Relative toxicity

Iisecticcii, Lycosa pseudoafsnilata Cyrtorhinus lividipennis 

BPH WBPH GLH LF BPH WBPH GLH LF 
Carbofuian 0.6 0.3 0.4 6.7 0.9 0.5 0.7 10.7 
Decametht i1 14.6 4.3 0.6 - 2.8 0.8 0.1 -

Calhatyl 0.2 0.2 0.1 - 2.9 1.9
2.1 -

MIPC 01 
 0.1 0.1 2.4 0.5 0.6 0.5 10.8b
Perthank, Saf,- Safe Safe - 0.1 0.1 0.3 -

FMC 35001 07 0.9 0.4  0.5 0.6 0.3 -

UC 54220 0.2 0.2 0.3 - 0.3 0.3
0.3 -

Methyl piaratlion 0.2 
 0.1 0.3 0.2 0.9 0.3 1.2 0.8 

= 
 =
'LDs0 Of lrest (Pit 10ro- irlarithorlpre, WBPH whitbacked planthopper, GLH leafhopper, and LF - LD5 0of predator (thegreen leaf folder) 
Siier Lycosapsiirdo,rtrrirt or ire mirsd iug CVrtorhinus liwidipennis). The higher the number, the greaterthe relative toxicity to the natural enemies.Dashs nean rio Is, 0.,55cr-,,lr.r bNo LD50 up to 5 I)m.i000 


resistant variety, were determined in farmers' fields low in most treatments, but tungro virus was severe 
(Table 37). Tungro incidence was high in both (Table 39). 
seasons. 'Ihere was no tungro virus in the IR36 The results indicated the importance of protect
plots but leaf folder, an insect to which IR36 is not ing the vegetative stage against tungro when a 
resistant, severely damaged the unprotected plots, susceptible variety is planted. There was a relation

'ekc/of th.orl maggf corm-i t c(amage on yieM ship between number of green leafhoppers at 20 
/Iorents. Insecticide-proccted and unprotected DT and percentage of hills infested with tungro
plots in a screenhouse were infested with whorl virus. A preliminary ElL of0.5 GILH ,,sweep in the 
maggot flies and the effect of subsequent larval early vegetative stage (transplanting to 30 DT) is 
damage on yield components was determined suggested when tungro virus is endemic in an area. 
(Table 38). Whorl maggot damage stimulated tiller The economics of the various treatments are 
production but decreased the number of filled given in Table 40. Gross profit was high in the max
grains. There was no difference in grain yields. imum protection treatment, but net gain was high-

In tests ofyield loss on TN I, IR36, and I R40 no est in the I PM plots because ofa minimum amount 
loss could be attributed to the whorl maggot. of properly timed insecticide applications. Benefit-

Crop)stage cit which inlsecatc'asel.riehl /osse.s cost ratios for insecticide use were highest in the 
occur. A preliminary study investigated the crop IPM and no-seedbed-protection treatments. 
loss from insects occurring at each growth stage. Economics of the integrated pest management 
Yield losses were greatest on the control plots, approach to rice insects. Two IPM experiments
which received no insecticide(Fig. 17). Loss at the were conducted in farmers' fields. In the first expe
ripening stage and in the integrated pest manage- riment, the IPM method was tested on an insect
ment (1PM) plot was insignificant, and virus-susceptible variety (IR22), a resistant 

Insect population and damage were generally variety (IR36), and a breeding line (IR4570). The 

Table 37. Rice yields" in fields untreated and treated with insecticides. Victoria, Laguna,
Philippines, 1979 wet season. 

Yield (kg/ha) 
Variety Maximum No Loss

(kg/ha) Loss 
'.1 

protect ion protection 

IR22 4658 a 3676 b 982 21 
IAt36 4514 a 3158 b 1356 30 
"All means withina row followerby a common letter are not significantly different from each other 
at the 5 level, soil-incorporated before transplanting, 2 carbofuran broadcast applica.bCarboluran 

trons at25 and 55 slaysalter transplanting IDT),Perthane spray at 65 DT,and carbaryl spray at80 
DT. All applications ere, at 0.75 kg ai./ha. 
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Table 38. Impact of rice whorl maggot damage on the yield components of a moderately
resistant (IR40)and a moderately susceptible variety (IR36).a IRRI screenhouse, 1979. 

Yield components Protectedc Unprotectedd Difference 

Productive tillers (no./0.25 m 2
) 

IR36 50.1 61.8 -11.7' 
IR40 52.8 67.7 -14.9* 

Filled grains (no./panicle) 
IR36 76.3 60.2 16.1 
IR40 78.7 59.3 19.4* 

100-grain wt (g) 

Grain wt (g/0.25 m ) 

IR36 2.06 1.98 0.08 
IR40 1.95 1.94 0.01 

2

IR36 78.5 74.4 4.1
 
IR40 81.2 78.7 2.5
 

aAv of 3 replications bgased on 4 adjacent hills at 3 sites(12hills)/replication and computed by using 
formula for yield components. CCarbofuran 3% granules were soil-incorporated at 2.0 kg a.i./ha. dpro. 
tected 45 lays after transplanting with carbofuran 3% granules. 

Yield loss (kg/ho) 1760 

1000 

800 - -_ 800 

-o 

gresistant 
,0 

600 

,0 

os 

400 - us 


c 

B 

200 
2 us 

z 
0 

- .Yields 
0 

17. Yield losseshen insecticides %%ereappliedl at econmic injury, 

levels and when various giwthstages tl IR22 rice were not 
protected. IPM - integrated pest moanagetent. Yields indi-
caled are yields ill maxinmm protectiot plots less yields otlthe 
t'ollo king insecticideapplicatiotis seedhed: iliar sprays of 
0.04'1mtstcrotsophsts 5 da~s alter seedling emergence atud I 
dav beo e tralnsplating: %.cgelalI slatig algte .e s~lalgc: tit broad.kgkg]a.i.dayhrtios sta:spatingspia(1) (1.7511. 
nlorortstp lists, haS da l)and broadtlvsa terlIransplantitng(I) 

cast applicatiolSil diaii/stiti granulcs at 1.01kgali. haat Iand 
35 1)I : reprsdstti,,e stage: sprays oll0.75 kga.i. endosullan/ ha 
5 and 75)1 : ripetiing stage: spra.s of 1.75 kga.i. earary /ha 

h5 and 105 )1: IPM: foliar spray itt 0.75 kg a.i.ntnocroto-

phos/ha 6 and 16 )1 as prophylactic against turgro virus 
vectors and I spray t 0.75 kg a.i. endosulfan, ha %%hen co-
nomic injury level forstern borer deadhearts was reached: 
control: no insecticide. Victoria. laguna. Philippines, 1979 wet 
season. 

latter two have rn,_derate resistance to stem borers 
and resistance to tungro virus, GLH, and BPH. 
IPM was compared to no-insecticide and max
imum protection treatments (Table 41).

BPH populations were extremely low in the 

varieties and never reached the EIL of 
20/hill in the susceptible IR22. The stem borer 
deadheart threshold was reached and endosulfan 
was applied in the IPM plots. Leaf folder damage 
was severe in plots receiving no insecticide in IR36 
and IR4570, but tile endosulfan spray for stem
borer controlled it in the IPM plots. Rice bugs 

greatly surpassed the economic injury level of 2 
bugs. m-, but carbaryl sprays in the IPM plots did 
not provide control. 

in IPM plots were not significantly differ
ent from those on the maximum protection plots 
for all varieties (Table 42). Gross profit was highesti aiu rtcintetetbtbcueo
 

in maximum protection treatments, but because of 
the high cost of such protection, the benefit-cost 
ratio for insecticide use in IR?6 and IR4570 was 
highest in the IPM treatments. Raising the stem 
borer deadheart EliL and more effective control of 
the rice bug should improve the net return of the 

IPM treatments. 
In the second experiment, in the same general 

area as the first, the IPM approach was compared 
to maximum protection and the farmers' level of 

insect protection at two fertilizer rates on resistant 
varieties IR36, IR40, and IR42. Insect populations
and virus incidence were extremely low and yields
within each fertilizer rate were similar (Table 43). 
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Table 39. Insect population, insect damage and grain yield in rice plots receiving insecticide treatment at various growth stages of IR22.' Victoria, Laguna, Philippines, 1979 wetseason. 

Whorl maggot
Treatment Stem borerdamage Leaves damaged Tungro virusGLHc/10 sweeps deadhearts BPHd/ 2 0 hills by leaf folder I hills Grain yield16 DT 30 DT 20 DT ( 1 65 DT )40 D ictefd)f (t/ha)50 DT 76 DT 93 0TMaximum protection' 1 b 2 bc 6 ab 35 cd
Maximum protection except in seddbed 1 b 

c 9 abc 2 c . 0 a
 
2 b 97 4 9 

1 c 3 bc 20 d 2 bMaximum protection except at vegetative 83 c 4 bc 43 a c 4.67 aS a 9 a 116 ab 9 a 102 bc 5 bc 15 ab 4.02 abstageMaximum protection except at reproduc- 2 ab 2 bc 3 bc 26 d 3 btive stage32a3 149 ab 32 a 3 c 4.30 a
 
Maximum protection except at ripening c40a


1 b 2 bc 4 bc 35 cd 2 b 87 c 3 c 7 bc 4.97 a 
stage fIntegrated pest management 1 b 3 b 2 c 68 bcControl 7 a 56 d 2 c 0 c 4 

3 a .85 a6 a 11 a 137 a 8 a 3170 a 19 ab 6aaln a column means followed by a common 3.14 bletter are not sgnficantly different from each othsome leaf breaking. CGreen leafhopper Nephoretrix virescens, dBrow Planthopper Aflaparvaa 
r a rhe5 level. T days after transplanting b 1-2 feaves/hili da aged, 9 50 of leavesmonocrotophos 5 days after seedling emergence n grs. 'Max imum Protection consisted of the folo -daragedth

and 1 day before transplanting, vegetative stage. ing insecticide applications - seedbed: folar sprays of 0.0410 and 35 DT; reproductive stage: 
spray of 0.75 kg a.i. monocrotophos/ha 5 DT and broadcast applications of 1.0 kg a.i. diazinon granules/hasprays of 0.75 kg a.i. endosulfan/ha 55 and 75 DT: ripening stage: sprays of 0.75 kga.i. carbaryl/ha 85 and 105 DT. fFoliar spray of 0.75 kga.i. monocrotophos/ha 6 and

16 DT asaprophylactic for control of tungro virus vectors and 1 spray of 0.75 kg a.s.endosulfan/ha 53 DT when economic injury level for stem borer deadhearts was reached. 

Table 40. Comparison of the economics ($) of rice insect pest control when insecticides are applied on a calendar-based schedule at various growth stages or when economic injurylevels are reached. Victoria, Laguna, Philippines, 1979 wet season. 
InsecticideTreatment Cost (S) of insecticideapplications application Gross profit Net gainb Gain (S) 

(no.) LaborSInsecticide d(S) (S) fromnetccratio c d
finsecticideMaximum protection ato
 

Maximum protection except in seedbed 
9 126 671
14
7 10 109 531 101 0.7Maximum protection except at vegetative 681 1325627 1.110 95 589 484 54 0.5stage 

Maximum protection except at reproductive 6 10
sta ge 50 551 

Maximum protection except at ripening stage 

491 1.0
61 
7 13 640Integrated pest management 

123 504 74 0.573 79 664 578Control 148 1.70 0 430
Cost to spray 1 ha 2.20 cost to broadcast granules 
0 430 

insecticide application. eMaximum Protection S1.10. bGross profit lesscost of insecticide application. CNet gain of treatment lessnet gain of control. dGain from insecticide + cost ofing; vegetative stage: 
consisted of the followieg insecticide applications - seedbed: foliar sprays of 0.04% monocrotophos 5 days after seedling emergence and 1day before transplant.

spray of 0.75 kg a.i. monocrotophos/ha 5 days after transplanting (DT) and broadcast applications of 1.0 kg a.i. diazinon granules/ha at 10 and 35 DT; reproductive stage: sprays of 0.75
kg a.i. endosulfan/ha 55 and 75 DT: ripening stage: sprays of 0.75 kg a.i. carbaryl/ha at 85 and 105 DT. Foliar sprays of 0.75 kg a.i. monocrotophos/ha at 6 and 16 DT asprophylactic for control of tundrovirus vectors and 1 spray of 0.75 kg a.i. endosulfan/ha at 53 DT when stem borer deadhearts economic injury level was reached. 



Table 41. Insect populations and damage in an insect-susceptible variety (IR22), a resistant variety (IR36), and a breeding line (IR4570).a Masapang, Laguna, Philippines. 1979 wet 

00 season.
 f 
Whorl Leaf folder Tungro virus 

d Rice bugs/ Whiteheads Gross 

Leelofect magot sweeps) ( I - - - damaged infected 2 m
2 

(.) yield 
Wiol GLHc (no.!10 Deadhearts BPH' (no./20 hills) Leafd Tnfro 

pr o 4ect leaves ( ) hills (" 4 
6843 DT 93 DT 

Z damage 23 DT 49 T 51 DT 65 DT 79 DT Wha)~~~160DT68D72T 
> IR22 

W No insecticide 4 a 5 a 4 a 86 a 142 a 13a 10a 23 a 15a 0.1 a 3.676 a 
17171 Integrated pest man- 1 b 5 a 6 a 80 a 83 ab 13 a 3 ab 4 b 13 a 0.2 a 4.106 ab 
0X agement 

g 

Maximum protection
h 

1 b 2a 0 b 36a 42 b 0 b 0 b 0 b 15a 0.4a 4.658 b 

0 
W IR36 

G No insecticide 4 a 4 a 2 a 15a 6 a 2 a 50 a 0 a 21 a 1.0 a 3.158 a 

1,0 Integrated pest man- 1 b 5a lab 7a 1 b la 5 b Ca 16a 0.6a 4.147 b 
g

agement 

Maximum protection
h 

1 b 3a C b 0 b 0 b C b 4 b Ca 15a C.a 4.514 b 

IR4570 

No insecticide 3a 5a 4a 6a 2a 2a 26a 0a 43a 1.3 b 4.217 a 

Integrated pest man- 1 a 7 a 5 a 5 a 1 ab 2 a 3 b 0 a 23 a 0.6 b 4.726 a 

agement' 
Maximum protection

h 
1 a 4a 0 b 1 a 0 b 1 a 2 b Ca 28a 4.4a 4.857a 

aMeans within a column for each variety are not significantly different from each other at the 5 , level. DT days after ;ransplanting.bl 1-2 leaves damaged/hill. 9 = > 50' leaves damaged/hill with leaf 

breaking. CGreen leafhopper Nephoterrix irescens. dCaused pr imarily by yellow stem borer Tryporyza incertulas. eBrown ;ilarthopper Nilaparvata lugens fCnaphalocrocismedinali. 
9 

Diazinon granules at 1.0 
kg a.i./ha broadcast at 5 DT asprophylactic for whorl maggot and stem borer control; endosulfan 0.75 kg a.i./ha spray at 55 DT when stem borer deadhearts economic injury level was reached and 2 sprays of 
carbaryl 0.75 kg a./ha at 77 and 82 OT when rice bug economic injury level was reached. hCarbofuran granules at 0.75 kga.i./ha soil-incorporaled before transplanting; carbofuran granules at 0.75 kg a.i./ha 
broadcast at 25 and 55 DT; Perthane 0.75 kg a.i./ha spray at 65 DT. and carbaryl 0.75 kg a.r/ha spray at 80 DT. 'Same as

8 
above except no carbaryl was applied. 

http:ransplanting.bl


9  

Table 42. Economics of 

season." 

Insect control level 

IR22 
No insecticide 
IPM
Maximum protectionh 

IR36 
No insecticide 
IPM9 
Maximum protectionh 

IR4570 
No insecticide 
IPMi 

Maximum protectionh 
aAll means in a column for each 

3 levels of insect control in 3 varieties of irrigated wetland 

Yield Gross cCost ofInsect cn lPrft labor
ft/I(a) 

3.676 a 
4.106 ab 
4.658 a 

3.158 b 
4 

.147 a 
4.514 a 

4.217 a 
4.726 a 
4.857 a 

ri 

504 0 
563 8 
638 7 

433 0 
568 8 
618 7 

578 0 
647 4 
665 7 

0 
53 


106 

0 
53 


106 

0 
36 

106 
value are not significantly different from each other assheS 

rice. Masapang, Laguna, Philippines, 1979 wet 

Cost of Net Gain or Benefit-1insecticide returd loss (S)in cost ratio
rtn income from forinsecticide insecticide 

504 - 

502 -2 
 -0.03 
525 21 
 0.19 

433 - _ 
507 74 
 1.21
 
505 
 72 0.64
 

578 
 - _
 
607 29 
 0.73 
552 -26 -0.23 

"Per hectare costs of $1.00 for 1broadcast level. Based on price of rough rice as 137/metric ton.or soil incorporation and foliar spray application at$2.00 each. dValue of rice lesscost of insecticide applica
tion. Net return of integrated pest management (IPM)ormaximum protection lessnet return of no insecticide.tion. gApplications based Net return + cost of insecticide applicaon economic injury levels. Diazion 1.0 kg a.i./ha broadcast 5 days after transplanting [DT) asprophylactic for whorl maggotand stem borer control, endosulfan 0.75 kg a.i./ha spray at55 DTwhen.. m borer deadheart econom ic injury leevelwasreached, and 2 sprays of carbaryl0.75 kilu.i,/ha 77 and 2 T when rice bugs ecronomic injury level was reched. hCarbofuran 0.75 kg a.i./ha soil-incorporated before transplanting, carbofuran 0.75 kg a.i./ha broadcast at25 and 55 DT; Perthane 0.75 kga.i./ha spray at65 DT and a carbaryl 0.75 kga.i./ha spray at 80 DT.rSame asg above 
except no carbaryl sprays were applied. 

Because of the low level of insects and the high cost 
of insecticide, there was a low net return in the 
maximum protection plots. Net returns at the 
farmer and IPM level were about equal. 

CULTURAL CONTROL RICEOF INSECT 
IPESTS 

Seedling age and whorl maggot control. Seedlings 
aged 20, 30, 40, and 50 days were transplanted the 

Table 43. Economics of 3 methods of insect control and 2 fer.

tilizer rates on insect-resistant varieties in irrigated wetland. 

Victoria, Laguna, Philippines, 1979 dry season. 

cnla Yield Gross Cost of Nt2
 
Insect control return 
 insecticide return 

(S/ha) (S/ha) IS/ha) 

84- 100 kg NPK/Ia
IPM 5.25 719 56 663

Farmers' 5.22 
 715 16 699 

Max protection 5.58 765 170 595 


120-30-30 kg NPK/iha 
PM 5.93 812 56 756 

Max protection 5.74 786 170 616 
x p o 5were 

a1 PM= integrated pest management, 

same day and whorl maggot damage ratings taken 
at 25 DT. Damage decreased with increase in seed
ling age (Fig. 18). Yield also decreased. 

Fertilizer management to minimize whorl mag
got damage. Three levels of nitrogen were applied 
in a greenhouse study to determine the rate of 
recovery of rice plants from whorl maggot dam
age. Recovery was higher and most rapid in the 

Damage rafing Yield (f/ho) 
9 

Damage rating 4 

7 Yield 

3 
5 1 ... .. 

0 _ .0 

20 30 40 50 

Seedling age (days) when transplanted 
18. Whorl maggot damage and yield of 1R36 as influenced by 

seedling age at time of transplanting. Seedlings at four agesplanted at the same time. Whorl maggot damage ratingstaken at 25 days after transplanting. IRRI, 1979 dry season. 
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19. Effect of method of nitrogen application on the rate of 
recovery of varietyl NI from ricehorl maggotdamage, based 
on percentage of damaged leases. Nitrogen s'as applied as urea 
at 120 kg ha. In the basal application urea was soil incorpo-rated before transplanting. Ihe split treatment was applied 3
times (60, 30. 30 kg N ha): at planting, and at 25 and 35 days
after transplanting. IRRI greenhouse, 1977. 

plants receiving a split application of urea (Fig. 19).
Short growth duration for BPIl control. Third-

generation BPI nymphs, occurring about 75 DT, 
Ltsuta'v cause hopperburn. The early-maturing
breeding line IR 10154-89-3-3 harvested at 75 D" 
was compared to the intermediate-duration variety
I R20 harvested 100IT) to determine whether the 
verv early-maturing line could escape hopper 
damage. l)ecatnethrin was sprayed to induce BPH 
populations in the two treatments. The very early-
maturing line wits harvested before BPII popula-
tions reached the economic injury level of 20 hill, 
but the HI I population on IR20 sprayed with 
dccanicthrin reached 300 hill and 24('i of the plants
w,'ere hopperburned. The study indicates the possi-
bility of avoiding crop damage 	by BP1I- by using 
very early-maturing varieties. 

SEX PIHEROMONES 

Research on sex pheromones was conducted in col-
laboraion with the Tropical Products Institute 
(TPI), London, UK. 

Development of pheromone traps. The sex phe-
romone of Chilo suppressalis was identified in 
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1975. In 1979 it was found that Chiopolychrysus
virgin females in water-oil traps attracted males of 
the species, but not males of C. suppressalis. That 

that the sexes of' C. po/lchrvsus com
municate by a sex pheromone. In 6 trap-nights, C. 
Io~-cll''hr.v . females attracted 95 males of their 
species, and (.. vippre.s.alis females attracted 133 
imales of their species. The insects caught were iden

tilled by wing venation patterns. 
In field-cage trials, virgin female adult case

worms .\t'p,'ntla 'lepwmctafi. in water-oil trapsattracted 8 male moths out of 105 released. Males
in traps did not attract released females. Thus, the 
female of this species probably has a sex pheromone.The female sex pheromone of Sitotruga cereal
ella, a stored grain pest, has been identified pre
viously by other workers. By chance we discovered 
that (z)-9-tetrtadeccn-1-0] acetate attracted male 
moths in a rice storage building, and ther,fore must 
be a parapheromone ofthis species. This chemical,
dispensed from polyethylene vials mounted in tri
a 	 

angular sticky traps placed il a rice storage facility,
attracted most male moths at a dose of 10 mg, a
level significantly better than I ug or I() pg. 

The limale sex pheromone of the rice leaf folder
('naphalocrocis meli.tal has been tentatively
identified by lPl. in collaboration with the Central 
Agricultural Research Institute in Sri L.anka, as a 
t\ o-coponent mixture. [he field attractiveness 
of the two compounds wits tested at IRRI using 
rubber sepia as dispensers in wvatcr-oil traps. Male 
moths wcre attracted to one of the two compounds.

Attempts were made to itmprove the design of 
pheromone traps. In sonic trials using rubber sep
tm dispensers loaded 
 with 10 pg pheromone,
 
lunncl-shatped traps caught as many (.uppre.vsalis
 
male moths as water-oil traps. The Pherocon trap
 
also appeared promising.
 

Monitoring pest behavior with pheromone traps.

Observations in two crops at IRRI and one in a
 
lartner's field showed that the number of eggs laid
 
did not correkte directly with the number of male 
moths of, C. sqpres.Va/is caught in pheromone 
traps. Iowever, the peak number of moths caughtoccurred at the same time as the peak egg density 
on the crop. A peak in larval density developed 2 
weeks later (Fig. 20). Thus, pheromone traps could 
be used to indicate when the maximum number of 
damaging larvae is present in the crop. 
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20. Comparison of Chilo suppres.val density on rice selection 
IR127-80-1 and moth catches in sex pheromone traps. IRRI. 
1979 wet season, 

Mating disruption for pest control. Actual dis-
ruption of Chih)sq)rea/ismating by pheromone
mimic compounds (/)-9-tetradecenyl formate (TDF) 
and (Z)- I1-hexadeccnyl formate (H DF)placed in 
vials in field cages was demonstrated in 1978(1978 
annual report). Those compounds are more stable 

than the pheromones. In 1979, a maximum of 4 
pairs of C. suppressalL."moths were placed in 16-m 
cages every other day. We found that I mg of 
compound per vial (8 vials/ m),releasing at least 1 
g/ha per day, prevented the oviposition of fertile 
eggs for .4 weeks. Even a dosage as low as .0.1 

mgvial, releasing at least 0.2 g/ha per day, dis
rupted mating by 75% or more for 4 weeks. 

Apreliminary experiment to test the disruption 
caused by the formates, singly and together,
soeshowed that IDF alone caused almost as much 
disruption as TDF + HDF in the ratio 4.5:1, but 
TDF alone was a relatively poor disruptarit. 

BIOLOGICAL CONTROL OF INSECTS 

Insects parasitic on hoppers. Parasitesof eggs. 
Parasites ofplanthoppers parasitize all ages of host 
eggs equally (1978 annual report). In 1979 tests, 
Gonatocerussp. clearly preferred young to old eggs 
of Nephotetix tvirescens(Table 44) and thus limited 
its importance as a biological control agent. In an 
insectary, females of the species each laid 17 eggs in 
2 days, 12 on the first day after emergence. Egg 

go through a life cycle in less than 2 
weeks. 

A newly discovered parasite of BPH eggs is 
7itrastichussp., a wasp of the family Eulophidae. 
This insect is parasitic only during its early larval 
period, but later the larva emerges from a BPH egg 
and preys upon other eggs. Even though Tetra
slichus sp. was not abundant in IRRI fields, its 
capacity to kill several pest eggs during a larval 
period helped suppress pest numbers. 

egg parasitization at several sites and crop 
ages at IRRI in 1978 averaged 31% (1978 annual 
report). In 1979 the average in wetland rice of 
constant crop age (about 30 DI) was 28%. Small
monthly fluctuations in parasitization in 1978 and 

1979 showed that egg parasites were abundant 
year-round despite variations in season, cropping
pattern, and pest abundance (Fig. 21). The sub
stantial mortality of BPH eggs caused by parasites 
is apparently predictable.

In 1979 the parasite Anagrus sp. was dominant 

Table 44. Host age preference of the parasite Gonatocerus sp. 
on Nophotettix virescens eggs.IRRI laboratory, 1979. 
Age (days) of Parasitism (%)

host eggs after 2 day? 
67a

1-2 
2-3 69 a 
3-4 16 b4-5 

5-6 26 b 
6-7 15 b 

Means followedacommon letternot differentfrom
by are significantly 

eachother at the 5% level. 
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21. Parasitiation of brown planthopper eggs by mymar;d and 
trichogiamnmatid parasites. IRRI wetland rice fields. 1978-79. 

over (J)hos ia sp. in both seasons; thus Anagrus 
was the most important BPH egg parasite at IRRI. 
A simple key for identifying the genera of hopper 
egg parasites was developed for routine use. 

[he potential for BPH egg parasitization in a 
BPH-resistant crop was measured in a farmer's 
field of IR42 not treated with insecticides. Egg 
parasitization was at the same level as in BPH-
susceptible crops at IRRI, and Annagrt s was more 
common than Oliosita. 

Parasitesv/'n nphs andadulh.Simple keys for 
identifying all the parasite 'pecies in the three 
groups l)ryinidae, Pipunculidae, and Strepsiptera 
were prepared to hasten the sorting of routine 
collections. 

Insect diseases. futngalpathogenso/hoppers.A 
new project on the microbial control of hoppers, 
especially BPH, with fungal pathogens was ini-
tiated in collaboration with the Boyce Thompson 
Institute for Plant Research. Ithaca. New York, 
USA. 

Table 45. Hatching failure of brown planthopper (BPH) and 
green leafhopper (GLH)eggswhen caged with adults of the 
predator Cyrtorhinus ividiptnts. IRRI greenhouse, 1979. 

Tieatment Unhatched egg1)afters 

Prey Predato 3 -lays 0 

. 

eggs present BPH GLH 
BPH 83 
8PH 27 b 
GLH 79aGLH 38BPH +GLHb 90 a 62 abbc
 

BPH +GLH 20 b 23 c 
an a column, means followedby a common letter are not significant'y 
different from each other at the 5% level, bgo, significantly higher than
 
62%, and 20% insignificantly different from 23'l;,,at the5% level. 
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Several pathogens Aletarhiziumn anisoliae, 
Beauveria hassiana, Paecilon 'rces farinosus,and 
Entomophihora.vphaero.veria- showed path
ogenicity to BPH in laboratory bioassays, espe
cially when plants were first sprayed with a spore 
suspension before the insects were caged on them. 
A1. anisopliae was also sprayed onto field plots ofrice infested with BPH, but only a maximum of10% of the BPH became infected at the highest 
concentration of spores applied.Microhialcontrol with Bacillus thuringiens . A 
commercial formulation of Bacillus thuringiensis 
(BT),Bactospeine (cream 8,500 iu Ak/mg) applied 

as afoliar spray in the greenhouse killed as many as30% of caseworm Nvmphtula depunctalis larvae 
(third and fourth instar) in I day. Even at the low 
dosage of 0.5 g/200 ml water, 100(' of the larvae 
died in 3 days. Damage to plants stopped a few 
hours after treatment, but death of the pest 
occurred later. A similar experiment with rice leaf 
folder Caphalocrocismet/inalis larvae indicated 
that Bactospeine was slightly more toxic to leaf 
folders than to caseworms. 

Predators of hoppers. Bugs. Crorhinuslividi
pennis is a predator primarily of hopper eggs (1978 
annual report). It attacks both BPH and GLH 
eggs. But when given a choice, it preferred BPH
 
eggs (Table 45).
 

The small veliid bug Alicrovelia atrolineata is 
commonly found on the water surface of flooded 
rice fields. Different water levels did not affect its 
density as long as the field remained saturated. 
Because Alicrovelia prefers to kill small hopper 
inmphs (1978 annual report), its impact on the pest 
population should be greatest right after eggs
hatch. This was confirmed in a preliminary green
house cage experiment with BPH where the pest 

population was reduced by Alicrovelia only im
mediately after a hatch. Aficrovelia can survive for 
as long as 27 days without prey, and probably does 
not feed on dead hoppers floating on the water. 

AMicrovelia is a mobile insect. It not only walks 
rapidly on water, but is regularly caught in flight
(light or sticky) traps. It is common in wetland 
fields, often averaging more than 150/in2 from 
maximum tillering stage of the crop until near crop 

maturity. "The development of an angular trap
placed on the soil facilitated field sampling. 

Spiders. When the hopper predator Lycosa 



Table 46. Prey preference by one predatory adult spider Lycosa pseudoannu/atawhenoffered brown planthopper (BPH), whitebacked planthopper (WBPH), and green leafhopper (GiLH) 3d-and 4th-instar nymphs caged on plants. IRRI greenhouse, 1979. 
Prey available daily Daily prey mortalitya (%) 

Species No. of each 8PH WBPH GLHspecies 

BPH + WBPH 20 21 49" _

BPH + GLH 20 20  36*
WBPH +GLH 20  52* 
 28BPH + WBPH + GLH 10 22 49* 22 

in 
l mortlty valuesaresignificantly higher 'a row the value with 

than those obtained in the control with no spiders. With.asterisks is significantly higher I"- 5 level, = I% level) than the other values. Data based on observations for 8 or6 days. 

pseutialowudatawas caged with nymphs of BPH, ing,the spiders were more abundant on levees thanWBPH, and GLH, it preferred WBPH to B3PH in the field. Possibly because of different leveeand GLH,and possibly GIlH to B1PH (Table 46). management practices, the spiders were moreThis helped explain why WBPH and GLH in the abundant on farmers' levees than on IRRI levees.rice field are less serious pests than BPF. After transplanting, spider density on levees fluc-When L..vcosa is caged not only with BPH or tuated in a rather inconsistent manner, but spidersGLH but also with Cvrtorhinus lividipenni , in the field slowly became more abundant. FieldLlcosa attacks both pest and beneficial insects, density was as high as 100 spiders, m2, even in aeven preferring Clrtorhinu -,GLH - 48§j mor- BPH-resistant crop. The most common spidertality vs 26 (Table 47). lI.w-o.,,akilled more Cv'r- species in farmers' and IRRI fields were Callitritorlinusthan GLH (73c; vs 29(;() or BPH (71 7 vs chia./brinosanaand Li"cosapseuloannulata.Spi44%), an indication that there is little value in derlings were usually more abundant than adultaugmenting (vr)orhinus in nature if Lrcosa is spiders.
present. klentfication ofhopperpredators.Cage exper-The density fluctuations of spiders in five farmers' iments provided preliminary information on thefields were observed near IRRI. Before transplant- identity and predation capacity of hopper preda-

Table 47. Mortality of 20 brown planthopper (BPH) 3d- and 4th-instar nymphs and 20green leafhopper (GLH)5th-instar nymphs and newly emerged adults caged daily onplants with 20 adults of the predatory bug Cyrtorhinus ividipetlnis and 1 adult predatoryspider Lycosa ,sldoam_l,,ata. IiRI, 1979. 
Treatment Daily mortalitya 

BPH GLH Cyrtor-
hiol/s 

Lycosa BPH GLH Cyrtor 
hinrus 

BPH 
0Cd 

V5 c i c 

V
1 

V 
V 

/
V 
V 

44a 
24 b 35 

71a 
b 

V 
V 
V 
/ V 

/ 

V 
V 

V 

GLH 

c 
7 b 

29a 
26a 

__73a 

2 

48 

c 

b 

aWithin a column andfor one pest species, means followed by a common letter arenot significantly
different from each other at the 5/ level. Based on observations for 6 days. 
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22. Food web ofthe brown piltlopper .\iloa'arvata /ogeav (Sisul) in the P'hilippines. 

spider egg masses were: lcwill. Id-is, and Scel/o designs were tested in a non-airconditioned room 
(Scelionidae), Sirej'sitnllus 'tasunatsui offering a range of relative humidity (R) toand Dip-
lazoii (ichneumonidae), Pi'rretialitsingeri (Sar- determine the optimal requirements for maximum 
cophagida.) egg production per female. Moths preferred anand an undetermined tachinid fly. In 
addition, spiders were highly cannibalistic and aerated cage at 83-87% RH. That consisted of a 
readily devoured one another when other prey was mylar plastic cylinder 25 cm in diameter and 54 cm 
not available. high with mesh top, with side windows and sleeves. 

The cage bottom was set in water. About 30 leaves 
MASS REARING OF INSECTS 10 cm long and cut from 3-week-old IR36 plants 

were individually placed on the water, leaving
Rice caseworm. Although the rice caseworm about I-cm distance between them to provide
Ai'mp~hula dlepwwtafis isa widely distributed rice room for females to oviposit.
 
pest in Asia, little isknown about its ecology and One cage with 40 pairsof moths producedabout

control. A mass-rearing method was developed to 5,400 eggs in 4 days. Each day the leaves with eggs 
produce caseworms for insecticide and varietal res- were put in shallow egg-holding trays with the eggs 
istance screening programs at IRRI (Fig. 23). submerged. Eggs hatched in 3days and the larvae 
Females were found to oviposit on the undersides fed on the cut leaves. To renew the culture, 3%of 
of cut rice leaves floating on water. Four cage the eggs(about 160) were introduced into alarvae-
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OVIPOSITION CAGE 
Imnmersed in pan of 

water 

ADULTS 
.... .... :: !: : 

About 40 females Cut leaves 
40 males/cage replaced daily 

EMERGENCE CAGE 
Adults emerge in 
about I week 

...........
 

Cuttop ot 
rice pant 

PUPAE 

Occasional larvae 
from the ield to 
prevent inbreeding 

EGGS
Removed daily for 4. days 

SCtEENING 

EGG-
HOLDING 
TRAY 

About 160eggs held 
3% for 3 days until 

hatch
 

6 pots; 8 ptants/pot 
17-20 days 
1-0dy 

LARVAL REARINGCAGE Immersed in 12cm water 
in metal troy on greenhouse 
bench 

23. Procedure for mass-rearing the rice caseworm on rice plants in the greenhouse. IRRI, 1979. 

rearing cage to produce the 80 adults. The rest 

(97%,) were harvested for use in screening. 
In the larvae-rearing cage -- a wooden frame 

with mesh sides set on a metal tray in 12-cm water 

-larvae developed in 17-20 days before pupation 

on 3- to 4-week-old plants in 5-6 clay pots (8 

plants/pot). The pupae attached themselves to the 

lowest leaf sheaths on the plants. The pots were 

removed and placed in an adult emergence cage. 

For ease of collection the tops of the plants were 

cut so that the emerging moths would rest on the 

side of the cage rather than on the plants. Adults 

emerged in about I week to resume the cycle, 

Yellow rice borer. In 1979 a moderate degree of 

success was achieved in rearing the yellow rice 

borer on caged and potted IR29 rice plants in a 

greenhouse. About 50% of first-instar larvae placed 

on 40-day-old plants at I larva/ 2 tillers emerged as 

1979226 IRRI ANNUAL REPORT FOR 

adults about I month later. The sex ratio was 

about 1: 1. 
BPH honeydew as a sugar source for the adult 

leaf folder. In the development of a mass-rearing 

t.choique to provide leaf folder larvae for varietal 

resist ince and insecticide screening studies, it was 

found that leaf folder adults required an exogenous 

source of sugar. Longevity and fecundity were 

decreased when a sugar source was not available. 

Honey as a source of sugar greatly increased the 

longevity of adults caged in the laboratory. 
Sources of sugar available to the leaf folder in 

the field have not been determined, but the honey

dew excreted by BPH on infested plants is a possi

ble source. Evaluation of the nutritional value of 

honeydew in two experiments indicated that adult 

longevity and fecundity were increased when leaf 

folder adults were caged with BPH (Table 49). In 

experiment II with less leaf folders per BPH, there 



Table 49. Effect on longevity (days) and fecundity of varying the number of leaf folder moths in cages containing at least 80 honey
dew-producing brown planthopper IBPH).a IRRI laboratory, 1979. 

Experimental conditions . ...Leaf folder Meanlongevity ± S.E. Mean no. of eggsc( S.E.) per Total no. of eggs laid 
Treatment moths (days) Intallaia 

(no./cage) Initial9 9-day 

Experiment I 
Water only 
Water + BPHd 

18-20 
18-20 

3.20 ± 0.10 a 
4.07 ± 2.20 b 

3.55 ± 1.1 5 
9.65 ± 2.20 b 

0.98 ± 0.25 a 
2.12 ± 0.52 b 

175 
312 

Experiment II 
Water only 
Water + 8PHP 

8 
8 

3.50 ± 0.35 
5.03 ± 0.23 

c 
d 

4.96 ± 2.44 
40.00 ± 6.31 

c 
d 

1.45 ± 2.02 a 
7.75 ± 1.33 b 

139 
1119 

aIe a column and within an experiment valuesnot followed by thesameletterdiffer significantly from eachother: avs b, significant at5% level; c vsd, 
significant at1, level.bEach treatment included 6 cagesandan initial total of 58 moths ofeachsexin experiment Iand 7cagesand an initial total of 28moths of eachsexinexperiment I1.The numbers of femalesand males,respectively, accounted for by the end of theexperiment follow: experiment I water only, 56 and 53;water plus BPH, 55 and56; experiment II - water only, 27 and28; water plus BPH, 26 and 28. Cnitial 9 = total no. of eggspro.duced ' total no. of moths initially in test, '.day total no, of eggsproduced -no. 9 xdays of survival ofeach9. This takes into account mortality. dThe 
infested plants werereplaceddaily. 

was an eightfold increase in number of eggs laid in 
the cage with BPH compared to the cage where 
only water was supplied. The results indicate the 
possibility of the leaf folder moth utilizing BPH 
honeydew as a source of sugar. 

COLLABORATIVE STUDIES ON BROWN 
PLANT HOPPER MIGRATION 

Brown planthopper dispersal and migration. A 
collaborative project between the Southeast Asian 
Regional Center for Graduate Study and Research 
in Agriculture (SEARCA), the Center for Overseas 
Research (COPR), and IRRI was established in 
1979 to monitor populations of BPH and other 
major planthopper and leafhopper pests of rice, 
initially at a single site and later in adjacent areas 
representing typical rice-growing environments. 
Only data for BPIH are presented here. 

Studies began in May 1979 on a 2-ha farm in a 
mixed rice and coconut producingarca near Liliw. 
Laguna. The farmer followed his normal agro-
nomic practices, but without pesticide use, while a 
detailed sampling program was undertaken to 
monitor aerial activity, immigration, and the sta-
tus of the resident population. During May-
September, IR36, a variety resistant to field popu-
lations of BPH, wa3 grown. In the October-February 
season, IR1917, which is susceptible to BPH, was 
grown to provide more opportunity for popula-
tions to develop on the crop. 

Studies began too late to determine the BPH 
source in the first season. Aerial activity was moni-

tored both at the height of the surrounding tree 
canopy (about I I m) andjust above the crop (Iand 
2 m from ground level). Figure 24 shows patterns 
of BPH activity in those two situations. The peak 
in flight activity at 12 m apparent in mid-October 
coincided with the time of transplanting the crop. 
The series ofcorresponding smaller peaks at 1-2 m 
above ground level suggested immigration of 
insects flying in the airstream above the area. 
Green water traps wcre used to monitor the rate of 
immigration and catches (Fig. 25). It corresponded 
well with those from the low-level suction traps, 
particularly for the major peak in September. At 
the start of the second crop, ruoless mesh enc!o
sures were also used to measure immigration. 
Immigration rates determined with them showed 
the same pattern as in water traps but with greater 
sensitivity. Ihe roofless mesh method registered 
catches where none were apparent in water traps. 

Insect populations throughout the first crop 
period were estimated using the commercially 
produced D-Vac suction sampler and the 
FARMCOP, an aspirator developed at IRRI. Low 
numbers were recorded although the presence of 
brachypterous adults in the first sample at 36 DT 
showed that immigration occurred below the level 
of detection of the water traps in the first 20-25 DT. 
The presence of brachypterous forms indicated 
that a BPH population can survive and multiply 
on IR36, although at a low level. The peak of 
macropters in mid-July wzs associated with a peak 
in water trap catches arid was assumed to be a 
second wave of immigration because insufficient 
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25. Field populations of macropterous brown planthopper 
(BPH)at Liliw, L.aguna. Philippines. in relation to immigration 
rates shown by water traps and aerial activity measured with 
suction traps at 1-2 mabove the ground. 1979. 
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d 11 1 
Nov Dec Jon 1980 

rice farm at Liliw, Laguna, Philippines, 1979. 

fifth-instar nymphs were present on the crop to 
account for their generation. At the time a second, 

peak occurred in mid-August (78 DT), BPH 
nymphs were more abundant and, although insuf

ficient in number to fully account for the adults on 
the crop, they probably contributed to the number 

in combination with a low but consistent immigra
tion rate shown by water trapping. The small peak 
in suction trap catches associated with declining
populations of adults on the crop, and low water 

trap catches may have represented emigration, 
although some losses may have been due to preda
tion by large populations of the spider Callitrichia. 
From this point populations of BPH nymphs 
dropped to a very low level; however, macropters 
were still present, the highest numbers being 

recorded concurrently with major peaks in water 
trap and suction trap catches in mid-September, 

10 davs after harvest (Fig. 25). This clearly 

showed a large immigration onto the stubble, 
which had very few green shoots. Samples taken 
from adjacent vegetation and dikes, between crops
and throughout land preparation, showed that an 

adult population was maintained at the site through
out the period. Numbers reaching 180/in 2 were 
recorded on the seedbed for the second crop and 

included many gravid, mated females, although
oviposition success was low. This high insect den
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26. Aerial activity of brown planthopper and its major preda-
tors at 12 m above the ground. Liliw, Laguna, Philippines,
1979. 

sity was associated with peak activity in the high
level suction trap. 

During the second cropping season, immigra-
tion occurred during the first 30 DT, giving maxi-
mum adult populations of 0.43, hill. Considering 
the high fecundity of the insect and the susceptible 
nature of the rice variety, the potential for devel
opment ofa high population of BH existed. The 

data suggest, however, that population growth was 
severely limited by predation. Associated peaks of 
immigration and population maxima of Ctrtorhi
nus lividipennis and MJicrovelia atrolitatawere 
observed (Fig. 26, 27). Parasitism by Strepsitera 
was also common, reaching 30(1i in adult insects. 

The adult maximum BPH population at 30 DT 
was composed almost entirely of macropters. Peak 
populations of Crorhinus,a facultative egg pre-
dator, exceeded those of BPH by some 35:1 and 
occurred during the period in which oviposition by 
immigrant females would have been at its maxi-
mum so that high egg mortality probably occurred. 
The high mortality of nymphs of the first genera-
tion was associated with a peak in the population 
of Microvelia, and the number of adults produced 

- predominantly brachypterous - was much 
lower than the initial immigrant population. This 
decline continued throughout the crop period. The 
absence of further detectable immigration resulted 
in extremely low populations. 

Wing morphism in brown planthoppers. The 
role of various factors, particularly the age and 
physiological status of the rice host plant, nymph 
density (crowding), and parents' wing type, in 
determining BPH wing morphism was investi
gated because other environmental factors such as 
weather and climate are not very critical in thetropics. 

Phy'siologicalstatus atnd age of host plant. The 
progeny of the insectary-reared, brachypterous 
biotype 2 were predominantly (83-89%) brachyp
terous and less (I1-17%) macropterous on the 
test plants irrespective ofplant age and physiologi
cal status (Table 50). The progeny of the field
collected brachypterous hoppers increased signifi
cantly in macroptery from 24% on 25-day-old
healthy plants to 45% on 80-day-old partially hop
perburned plants. The progeny of the field-collected 
macropterous parents developed into a uniformly 
high, 42-43%, macropterous population irrespec
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27. Populations of brown planthopper (BPH) nymphs, bra
chypterous and macropterous adults, and their major predators
at Liliw, Laguna, Philippines, during the second growing sea
son o!1979. 
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Table 50. 
 Influence of host plant's ageand physiological status on wing morphism in progenies of insectary-reared brachypters, and
field-collected beachypters and macropters of brown planthopper. IRRI insectary, 1978-79. 

Female parents Plant age (DT) and Wing morphismb 
Progeny (no.)physiological statusa (%macroptery) Brachypterous Macropterous 

Brachypterous 25 H 12 a 10 25 4(biotype 2) 180 H 11a 17 11 3 2
80 PHB 17 ab 12 12 4 1

Brachypterous 25 H 24 abc(field-collected) 80 H 
4 24 7 2

32 bcd 6 19 6 4
80 PHB 45 d 1 19 12 3

Macropterous 25 H 43 cd 16 15 13 3(field-collected) 80 H 43 cd 3 15 12 380 PHB 42 cd
aDT days after transplanting, 10 5H = healthy, PHB = partially hopperburned. bRemaining percentage of insects 

6 14 
werebrachypterous. Meansfollowed by acommon letter arenot significantly different from eachother at the 5% level; av of 4 replications, 10 first itstars/repfication. 

tive of age and physiological status of the host 
plants. Altogether, the progeny of the field popula-
tion, irrespective of parents' wing morph and 
plant's physiological status, developed into a sig-
nificantly greater proportion of macropterous hoppers
than that developing from the progeny of insectary-
reared brachypterous hopper parents.

Host plant's age and n'mph densityper plan,.
Despite the host plant's senescence, the progenies
of the insectary-reared, brachypterous biotypes I 

Mocropfery (0/) 
40 

Nymphdensiy (no/plant) 

V 20

30 - O 
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50Hwvebahytru
30 Alro100 

.... an gein% o,,°o 
with increase in plant age, 

Y;17;23-1520X+ ,,or
c"o8V 

0 20 40 60 80 io 120 140 
Plant age (DT) 

28. Influence of plant age (days after transplanting) on wing
morphism in brown planthopper progeny .- ared at different
nymph densities. IRRI insectary, 1978-79. 
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and 2 parents did not show as distinct a trend 
toward macroptery as that shown by the field
collected brachypters' progeny, which increased in 
macroptery as the age of the TNI host plant
increased. A combination of the results ofpercent
age of macroptery in progenies of the three bra
chypterous populations showed a curvilinear 
increase -- macroptery percentage was low and 
nearly identical on TN I plants at the vegetative
and reproductive stages of growth (20 to 75 DT), 
but increased significantly when nymphs were 
reared on plants at the ripening phase (100 to 120 
DT) (Fig. 28). 

The effect of crowding, in terms of significantly
increased macroptery, was evident in biotype Iprogeny only at tie density of 50 or more nymphs/ 
plant. However, at even low densities, the percent
age of macroptery in progenies of brachypterous
biotype 2 and of the field population was equal to 

higher than that of the biotype Iprogeny reared 
at the density of 100 nymphs/plant. The overallpercentage of macroptery in the progeny of thefield population was nearly twice as high at all 
nymph densities as that in the progenies of bra
chypterous biotypes I and 2. Regression analysisof the percentage of macroptery in progenies ofthethree populations showed a significant linear in
crease in macroptery in relation to nymph density 
(Fig. 29). 

Inhwritance ofiwing morphism. BPH progenies,produced and reared on senescent hosts, deve
loped into varied proportions of macropterousand brachypterous individuals, depending on thewing type of the parents (Table 51). Although the 
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29. Influence of nymph density on wing morphism in brown 
planthopper progeny reared on rice plants of different ages. 
IRRI insectar', 1978-79. 

host plants' senescence caused a general increase in 
macroptery, X2 analysis showed that the progeny 
of brachypterous parents were significantly less 
macropterous than the progeny of macropterous 
parents. This was true for both biotypes I and 3, 
but in biotype 2 the percentage of macroptery in 
the progeny of brachypterous parents was nearly 
as high as that in the progeny of macropterous 
parents. The male-to-female ratio in both brachyp-
terous and macropterous progeny developed on 
senescent hosts was nearly 1:1,indicating that wing 
morphism was not sex-linked. 

Long-distance brown planthopper migration in 

the Philippines. Studies of BPH migration in the 
Philippines were initiated in 1979. To monitor 

migrating BPH and other insects, two successive 
interisland voyages were made along tixed sea 
routes. The first voyage was 27 June-6 July and 

covered the Manila-Cebu, Cebu-Surigao, Surigao-
Butuan, Butuan-Cebu, and Cebu-Manila routes. 
Wind-propelled, revolving type nylon nets (0.5 m 

2 m long) were installed: I at the bow, 2 at 
the mast, 2 at the flying bridge, and I at the stern of 
the ship. 

The second voyage was 3-11 October 1979 and 
covered the Manila-Masbate, Masbate-Cebu, 

Cebu-Cagayan de Oro, Cagayan de Oro-Iligan, 
Iligan-Cebu, and Cebu-Manila routes. In addition 

to the wind-propelled nylon nets installed in the 
first voyage, 4 cross-shaped, sticky board traps
(0.45 X 0.45 m each) were installed on the flying 

bridge of the ship and insect catches were moni
tored morning, noon, and afternoon. The proce
dure for operating the nylon net was the same as 

above. For both voyages the nets and traps were 
exposed for trapping insects from 10 minutes after 
sailing, until 10 minutes before docking. 

Insects caught on interisland sea routes. On the 
first voyage, 255 insects representing 82 species, 
and 7 araneids representing 4 spider species were 
collected. Among the insects caught, the most 
numerous were dipterans (59%), followed by hem
ipterans (23%), hymenopterans (13%), coleopte
rans (3%), and lepidopterans, orthopterans, and 
psocopterans (2%). Minute araneids belonging to 
the families Argiopidae, Dictynidae, and Tetrag
nathidae were also recorded. 

Among the hemipterans caught, 59% belonged 
to 5 species of the family Aphididae, 19% belonged 

on senescent rice host plant. IRRI insectary,
Table 51. Inheritance of parents' wing morphs by brown planthopper progeny reared 

1979. 

BPH pouain Parents'igm rhbpairs 
population 

a 
wing morphb 

Biotype 1 Br 
Ma 

Biotype 2 Br 
Ma 

Biotype 3 Br 

Ma 

Mating 
(no.) 

5 
4 

4 
7 

4 

4 

Wing morphs in progeny' (no.)................ 


Brachypters 

40+36 
2 + 1 


9 + 18 
13+46 

92 + 48 

7+15 
= 


Macropters 

75+ 66 
54+ 44 

83 + 68 
109+202 

151 + 137 

67+ 78 

Macroptery% X2d 

65 
97 

9.19oo 

85 
87 

67 

87 

0.122 

5.785"* 

aField population wasexcluded from this testto avoid biotype h5terogeneity, bBr brachypterous, Ma = macropterous. Cprogenies ofbiotypes 1, 2, and 

valueswerecomputed from the weighted means; - - highly significant.3 were rearedon senescentTN1, Mudgo, andASD7 ricehosts. dX 
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to l)elphacidae, and the remainder were represen-

tatives of other hopper and bug families. The del

phiacids represented HPH N. lugens, WB13H Soga-
tella/fim'i'era,Sogatella eiu)ompt',Sogatodespus

anus,and two unidentified individuals of Sogatella 
species. WBPII was much more numerous and 
was caught on more routes than BPH, which was 
caught on the Cebu-Manila route. WBPH catches 

included both male and female individuals. The 

solitary BPIH caught 5 July was a female.On thesecond voyage, 183 insects and 5araneids 

were caught. The delphacids included both males 
and females of the following: N. lIgens, Nilapar-
5(jftj S;,..aic ...... , S.Days

i S. 

Iusanus,and a few other unidentified delphacids. 
The cicadellids were represented by individuals of 
leiliad,,rali.,..e ttix vire.sens,. Cicaduina 


Recli dosats
Aehoel250 
hipnctella,common leafhopper pests of rice, and 
other unidentified leafhoppers. The sticky trap 
catches were generally bigger than insect catches in 
nylon nets, but the nylon nets were easier to 
operate. 

BPH, WtPI-. and other rice hoppers wete 
caught mostly on the Manila-Cebu and Cebu

-Manila routes, which lie in tie path of the souti 


west monsoon a warm moist air mass that flows
 
constantly from the Indian Ocean toward the Phi-

lippines during the wet season. 
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301.Trends in hour, catches of immigrant rnacropterous 

brown planthoppers in lRI917-3-17 rice fields with yellow pan 

traps (YPT) and yellow board traps (YBI). IHopper numbers 
are based on cumulative hourly catches in 128 I-m-high Y 1 

atnd on 161- and 2-m-high YBT. each set for 40 trapping days. 

excluding weekends and holidays. IRRI, 1979. 
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31. 1rends in daily catches of immigrant macropterous brown 

planthoppers in I R 1917-3-17 rice fields with yellow pan traps 

(YI)
) and yellow hoard traps (YBT). [topper numbers are 

hased on daily cumulative catches in 128 I-m-high YPT and on 

10 - and 2-to-high Y131 set for 40 trapping days (solid lines).
excluditng weekends and holidays (broken lites). IRRI, March-

May 1979. 

BPH flight activity. Immigration of macropters 
is the first step toward BPH colonization of new 
rice fields. BPH invasion flights were monitored in 

IRRI fields planted with IR1917-3-17, a BPH

susceptible rice selection. Beginning 18 DT, the 

immigrant hoppers were trapped daily for 40 con

secutive days, except on weekends and holidays in 

yellow par traps (YTP) and yellow board traps 

(Y 1T). 
Comparison of cumulative hourly catches 

showed that the maximum number of BPH ma

recorded at 0600 hours, indicatingcropters was 
that invasion flight activity peaked around sunrise 



(Fig. 30). This was the trend for both types of traps 
-YPT, which were closed overnight, and YBT, 

which were left uncovered at night. Somewhat 
higher catches on YBIT than in YPT was attributed 
to much greater trapping surface area and to stra-
tegic location of YBTagainst the prevailing wind. 

The trend in hourly catches of hoppers and their 
number in I-and 2-rn high YBT were almost iden
tical, suggesting that the height of traps did not 
change their trapping efficiency. 

Daily monitoring of hoppers through 40 trap
ping days, based on cumulative number of hoppers 
in catches in 128 YPT or on 16 YBT, showed that 
immigration activity occurred mostly during the 
vegetative stage of crop growth (Fig. 31). This 
trend in hopper catches in both kinds of traps was 
identical, but the YPT were much cheaper and 
easier to operate. 

OUTBREAKS OF PLANTHOPPERS 
Brown planthopper.To help understand the mech-

anism, or mechanisms, of BPH outbreaks, the 
survival of natural field populations of BPH was 
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32. Density ofhrown planthoppers(nynphsplusadults)onthe 
susceptible variety IR20 untreated or treated with insecticide 
(diaznon at 0.75 kg a.i. ha was sprayed first, followed b\ 
spray of decamethrin at 8 g a.i. ha). IRRI, 1979 dry season, 
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33. I)ensities ot predatory ripple hugs and spiders inwetland 
rice fields untreated or treated with insecticide (decamethrin at8 
ga.i. ha sprayed at 47,56, and 66 DT). IR RI. 1979 dry season. 

monitored in several susceptible varieties in IRRI 
and nearby farmers' fields. 

Survival of BPH eggs and nymphs was low; the 
average survival from the egg through the nymphal 
stage was usually less than 10,. Preliminary 
observations showed that adult'i .ilso survived 
poorly in the field. Reproduction did not appear to 

compensate for these low survival rates, and the 
populations naturally declined. Evidently natural 
control by predation and parasitism substantially 
suppressed the pest population. 

The abundance and survival of BPH and two 

important predator species were compared in two 
IRRI fields one treated with insecticides and a 
nearby one leftuntreated. The BPH population in 
the untreated field remained small, and survival of 
eggs and nymphs was only 3%. In the treated field 
pest density was high and survival was about 20%,
ultimately causing hopperburn (Fig. 32). Because 

of insecticide treatment, the abundance of some 
natural enemies such as spiders and ripple bugs 
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(mostly Microv,,lia) decreased (Fig. 33). This 
decrease was a possible majorcause of the increase 
in BPI] survival and of the pest population explo-
sion. In an experiment in greenhouse cages, deca-
methrin, the main insecticide applied in the field, 
killed the important predatory spider Lvcosa 
i).pheii(afulatawithin I day. 

Insecticide-induced resurgence may be a cause 
of BPH outbreaks. Several cases ofhopperburn in 
farmers' fields in 1979 were studied, and in every 

case insecticides had been applied to the fields. 
Whitebacked planthopper. It is commoniy ex

pected that WBPH is a pest only of young plants. 
For more than 2 months WBPH were reared on 
susceptible plants of specific ages in a greenhouse. 
The insects survived and multiplied equally well on 
all plant ages. Evidently some factor other than 
plant age, possibly natural enemies, prevents a 
WBPH population from increasing as the crop 
grows. 
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WEED CONTROL IN RICE FIELDS treated plots yielded significantly higher than the 
untreated plots (Table 3). In the wet season, at 

Research to identify herbicides that would com- Maligaya and the Visayas, all herbicide treatments 

plement other direct methods of weed control in gave significantly higher yields than the untreated 
were generallywetland rice continued at IRRI and at the control (Table 4). Yields at IRRI 

lodged badly at floweringMaligaya, Bicol, and Visayas research stations of low because the crop 
the Philippine Bureau of Plant Industry. stage. 

Transplanted rice. Infestations of Echino- Dryland rice. Herbicide trials in dryland rice 

chloa cruv-galli ssp. hispidula, Echinochloa glab- continued at IRRI and in a farmer's field in Batan

rescens, Cyperus dci/jrmis, and Monochoria vag- gas during the 1979 wet season. The weed species 

inalis wcei common at all sites. Scirpus maritimus predominant in both sites were Digitaria ciliaris, 

and Paspolumt distichunt were present at IRRI, Eleusine indica, and Commelina benghalensis. 

C peruis inbricarus and Sphenoclea zeylanica at Also present at IRRI were Rottboellia exaltata, 

Bicol. C/eotne rutidospernia, Calopogoniutn mucunoides, 

At Bicol, the yields of all the herbicide-treated and Cyperus rotundus. In Batangas, Cyperus iria 

plots were significantly higher than those of the and Ageratuin conyzoides were present. 

untreated plots; at Maligaya, they were compara
ble to tnose of the hand-weeded plots (Table 1). At Most herbicide treatments without hand weed-

IRRI, plots treated with the new herbicides ing provided moderate to adequate weed control at 

R-24216, NCL 2,4-D, and R-34018 yielded sig- IRRI and the Batangas site and gave grain yields 

nificantly less than the hand-weeded plots, comparable to those from hand weeded checks, 

At Bicol and the Visayas during the wet season, and significantly higher than those of the untreated 

all herbicide treatments gave yields comparable to control (Table 5). Oxadiazon and X-150 ade

those of the hand-weeded plots and significantly quately controlled all weed species, except C. 

higher than those of the untreated plots (Table 2). rotundus, and were moderately to completely safe 

Direct-seeded irrigated rice. In the dry sea- to the crop, respectively. Hand weeding of 

son at Maligaya and Bicol, all the herbicide- herbicide-treated plots increased their weed control 

Table 1. Effects of granular herbicides applied before weed emergence - 4 days after 
transplanting (DT) - on yield of IR42 rice at IRRI, the Maligaya Rice Research and 
Training Center, and the Bicol Rice and Corn Experim rnt Station of the Philippine 
Bureau of Plant Industry, 1979 dry season. 

Yieldc (t/halRateTreatmenta 
(kg a.i.b/la) IRRI Maligaya Bicol 

Naproanilide - thiobencarb 1.0- 0.7 6.0 a 6.4 a1) 6.9 ab 
EXP 3391 0.25 5.9 a 6.4 ab 6.2 cd 

Pendimethalin 0.75 5.1 ah 6.7 ab 6.8 ab 

Bifenox - 2,4-D EE 2.0-0.66 5.4 ab 6.7 ab 6.3 bc 

Hand-weeded check - 5.0 ab 6.3 ab 7.1 a 
Molinate - simetryn - MCPB 1.8 - 0.1 - 0.1 4.8 ab 7.0 a 6.4 bc 

Pretalachlor 0.5 5.6 a 6.5 at 5.6 d 
2,4-D IPE 0.8 3.4 cd 6.7 ab 6.7 abc 

Oxyfluorfen 0.25 4.0 bc 6.5 at 5.6 d 
ofR-22523 2.0 5.8 a d 

PX 4432 0,075 5.7 a d d 

EF 5004 3.5 5.7 a d d 

R-24216 1.5 3.2 cd d d 

NCL 2,4-D 0.28 2.4 de d d 

1.5 1.2 e d dR-34018 
Untreated check - 1.4 e 5.9 b 4.3 e 

aA spaced dash (-) means that 2 or more herbicides were formulated on the same carrier andapplied 
= 

as a siggle treatment. EE ethyl ester. Hand.weeded check = weeded 20 and 40 DT. IPE - isopr,)pyl 
ester. Active ingredient. CAvof 4 replications/site. In acolumn, means followed by the same letter gre 
not significantly different at 5% level. dNot tested. 
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Table 2. Effects of granular herbicides applied before weed emergence - 4 days after transplanting (DT) - on yield of I R42 ricetIR RI, the Maligaya Rice Research and Training Center, the Bicof Rice and Corn Experiment Station, and the Visayas Rice ExperimeiStation of the Philippine Bureau of Plant Industry, 1979 wet s'=aon. 

Ti eatment' Rate 
YieldC (t/ha)(kg a.i.b/ha) 


Bifenox - . . . . _._ 
 ...2,4 D EE 2.0 
R I M aligay a Bico l V isa ya s - 0.66Ha nd-weei(l check 4.8 a .5.8 aP, ctiaachlo, 4.6ab 5.6a3.90.5 . b . ab 5.3 ab4.6 ab 4.6 a 5.2 ab5.7 aMnlmati. - sinlltlyn 4.3 ab- MCPB 1.8-0.1 -0.1 5.2 ab4.0 abcdNaPPoipii -. ti(Pisencarb 6.0a 3.7 b 5.3ab1.0 - 0.7 4.4 abc 5.6 aEXP 3391 4.0 ab0.33-0.17 5.1 ab4.0 abcd 5.6 aE,4 3391 4.3 ah 5.3 ab0.25 3.7 bcd2.4-DliPE 5.8 a 3.8 b0.8 5.4 a3.4 cdNCLi2,4-D 5.8 a 3.6 b0.75 5.3 ab

5.9aNCL2,4-D 3.8 b 4.9 b0.7 4.8 aR-22523 d d2.0 d4.8 aEF 5004 d d3.5 4.2 abcd d d d 
Untreated checkUntr--t- .h . 3542acdOfd. . - . 3.3 d 5.4 a 2.6 c 4.0 caA space(I ilash I- ) means that 2 or more herb icides were iormu la ed on th sa m e. ... i ndapp lied as ingle treatm ent. E E ethyl st r. and . 

checknweedeld 2 an 40 DT. 'WE -isopropyl ester. bActive ingredient CArof 4 replications/site. in a column, miens followedno sinfcnl cla I at 5,%level,. Not tested. by Shesame lesse aed 
wdb h a elte r 

Table 3. Effects of early postemergence (6 days after seeding) application of granularherbicides on yield of ditect-seeded, flooded IR42 rice at IRRI, the Maligaya Rice Research and Training Center, and the Bicol Rice and Corn Experiment Station of thePhilippine Bureau of Plant Industry, 1979 dry season. 

Ti eatlpurr u' Rate Yieldc (t/ha) .lkij a~i~/ial IRRI Maligaya Bicol 
Molinate - simutlyn - MCP8 1.8- 0.1 - 0.1 6.4 a 5.6 b 6.9aButachlot 2,4-D IPE 0.75 1 0.5 5.7 ab 6.9 a 5.7 aNaproanilice thiobencail- 1.0- 0.7 6.0 ab 6.0 ab 6.4 aPiperophos - 2,4-D IPE 0.33-0.17 4.9 ah,: 7.1 a 6.0 aPretalachlor 

0.5 5.6 ab 6.5 ab 6.8 aX-52 - 2,4-D IPE 2.1 -0.75 5.2 ab 4.6Bifenox - 2,4-D EE c 6.1a
2.0-0.66 5.4 ab 3.8 c 6.4 aEXP 3391 0.25 4.6 bc 4.2 c 6.5 aThiobencad) - 2,4-D IPE 1.0- 0.5 5,7 ab 3.7 c 5.7 aEF 5004 3.5 5.7 ab d ODPX 4432 0.075 5.1 al d dNCL 2,4-D 0.28 3.6 cd d dR-22523 2.0 3.1 d f dR-24216 1.5 2.4 de d dR-34018 

1.5 24 de dUntreated check d 
- 1.6 e 2.6 d 3.0 ba A spaced clash I-) means that 2 or more 
herbicides were forrniulaled on 
the same carrier and appliedasa single treatment. A plus (+: meansthe chemicals were alliI, se .tately at about the 'ameIPE =isopropyl ester. time.EE ethyl eser. bActive engreien. 'Av oh 4 replications/site. Inmeans followed iVy the a column,same letter are not si nilicarlhylil ftr en i " level dNot te!sled. 

significantly over those treated with herbicides anil was also extremely toxic to rice and the weedsalone (Table 6). 
regrew faster thanAt IRRI, R. the crop could recover. Herexaltata was not controlled by bicide injury to the crop wasbutachlor and dinitramine, and its heavy regrowth 

generally relatively
higher in Batangas than at IRRI because of thein the propanil treatment caused zero yield. Prop- excessive moisture in the soil at germination time. 
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Table 4. Effects of early postemergence (6 days after seeding) application of granular herbicides on yield of direct-seeded floodedIR42 rice at IRRI, the Mal'gaya Rice Research and Training Center, the Bicol Rice and Corn Experi. ient Station, and the Visayas RiceExperiment Station of the Philippine Bureau of Plant Industry, 1979 wet season. 

Treatment' Rate Yieldc it. ha)

(kg a.i./ha) IRRI 
 Maligaya Bicol Visayas 

Molin3te - simerryn - MCPB 1.8 -0.1 -0.1 2.1 j 5.2 abcThiobencarb - 2,4-D IPE 4.6 a 4.8 ab1.0 - 0.5 2.0 ab 5.5 ab 4.5 aButachior + 2,4-D IPE 5.0 ar0.75 + 0.5 1.9 ab 5.5 ab 3.6 ab 5.0 abNaproanilide - thiobencarb 1.0 - 0.7 1.8 ab 5.8 ab 3.4 bcPretalachlor 4.7 b0.5 1.3 bc 5.9ab 3.3 bc 4.5 bX.52 - 2,4-D IPE 2.1 -0.75 1.2 bc 5.2 abc 4.0abBifenox - 2,4-D EE 4.9ab2. - 0.66 1.3 bc 4.7 bc 3.0 bcPiperophos -- 2,4-D IPE 5.3 a0.33-0.17 0.8 c 6.0a 3.3 bc 4.4 bFXP 3391 0.2. 0 d 4.2 c 3.0 bc 4.5 bEF 5004 3.5 1.2 bc d d dUntreated check - 0 d 1.9 d 2.3 c 3.9 caA spaced dash I-) means that 2 or more herbicides were formulated on the same carrier and applied asa single treatment. IPE = isopropyl ester. A plus(r -. :ns the chemicals were applied separately at about the same time. EE =ethyl este,. bActive ingredient. A of 4 replications/site. In acolumn, meansfollowed by the same letter are not significantly different at 5%level. UNot tested. 

Table 5. Effects of liquid herbicides applied before crop and weed emergence on weed control, crop tolerance, and yield of IR9575rice under upland conditions at IRRI and in a farmer's field in Batangas Province, Philippines, 1979 wet season. 

Treatment' Rate -RR Batangas
c(kg a.i.b/ha) Weed wt Toxicity Yieldc Weed wt' Toxicity Yieldr(g/m2 

) rating It/ha) (g/m 2 
) rating (t/ha)

F ridimethalin fb hand weeding 2.0 32 bcd 2 1.2 abc 39 cdOxadiazon fb hand weeding 1.0 29 bcd 
4 3.5 a 

2 1.4 a 21 bc 4 3.1 abcX-150 lb hand weeding 4.0 11 a 0 1.4 a 8 a 0 3.0 abcdButralin fb hand weeding 2.0 26 bcd 2 1.2 abc 21 bc -1 3.1 abcX-150 4.0 113 fghi 0 1.4 a 173 ef 0 2.9 abcdPropanil fb hand weeding 3.0 78 def 7
e 

1.1 abcd 44 cd 2- 3.1 abcOxyfluorfen fb hand weeding 0.5 38 bode 6 1.2 abc 18 bc 5Butachlor fb hand weeding 2.0 29 2.9 abcd
bcd 3 0.8 de 10 b 6 3.2 abThree hand weedings - 16 ab 0 1.2 abc 14 bc 0 2.7 abcdeTwo hand weedings - 46 cde 0 1.2 abc 30 cd 0 2.7 abcdeOne hand weeding - 107 fgh 0 0.9 bcde 90 de 0Dinitramine fb hand weeding 1.5 26 bcd 5 

3.0 abc 
1.2 abc 77 de 8Oxadiazon 2.6 abcde1.0 79 efg 2 1.2 abc 280 fg 4Oxyfluorfen 2.6 abcde0.5 114 fgh 6 0.8 de 372 fgPendimethalin 5 2.1 cdef2.0 228 hij 2 0.7 e 645 gButralin 4 2.0 c.,ef2.0 163 ghij 2 0.9 cde 490
Butachlor 
 fg 4 1.8 def2.0 217 ghij 3 0 1 387 fg 6Propanil 2.1 bcdef3.0 285 J 7e 2e0 f 374 fg 1.6 efDinitramine 1.5 269 ij 5 0 1 666 g 8 1.1Untreated check fg- 281 J 0 0 1 578 g 0 0.5

afb =followed by. Hand weeding follow-up was done 5 wk after emergence (WE). Propanil wasapplied 2 WE.Three handhand weedings = 2 and eedings 2, 5, and 8 WE.Two5WE. One hand weeding - 3 WE. bActive ingredient. CA of 3 -plications. In a column, means followed by the same letter are8 
1L; 0 mno toxicity, 10 complete kill. "Taken 

not significantly different at 5'! level. dTaken at 1 WE.Scale: 0- 1 wk after propanil application. 

Among the herbicides tested, dinitramine was the gas were optimum for weed control. However, onemost toxic. It reduced initial crop stand by about hand weeding seemed adequate for grain yield at80%. Toxicity with propanil was not pronounced both locations.
in Batangas. The plots at IRRI suffered from a month ofThree hand weedings at IRRI and two at Batan- drought shortly before maximum tillering, which 
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Table 6. Effect of follow-up hind weeding in herbicide treatments on weed weight and rice yielda IRRI and Batangas Province, Phil

ippines, 1979. 

IRRI Batangas 

Yield (t/ha)Herbicide Weed wt (g/m
2 ) Yield (t/ha) Weed wt (g/m

2 ) 

UW W UW WUW W UW W 

173 8" 2.9 3.0
X-150 113 11 1.4 1.4 

"
 
79 29" 1.2 1.4 280 21* 2.6 3.1


Oxadiazon 
° 

228 32 0.7 1.8- 645 39" 2.0 3.0*Pendimethalin ° * 
114 38* 0.8 1.2" 372 28 2.1 2.9Oxyfluorfen 

0.9 1.2' 490 21"* 1.8 3.1"Butralin 163 26" 

0.4" 387 2.1
1o. 3.2*Butachlor 217 27"* 0 

° 1.1"* 374 44"" 1.6 3.1"Propanil 285 78 0 
269 26" 0 1.2" 666 77"* 1.1 2.6 " 

Dinitramine 

aUw =unweeded, W weeded. 

is reflected in yields generally lower than in Batan- crus-galli ssp. hispidula, E. glabrescens, 
gas. Monochoria vaginalis, and Cyperus iria. 

All herbicide treatments gavc; yields comparable 

HERBICIDE SCREENING with those of the hand-weeded check and sig
nificantly higher than those of the untreated control 

During the 1979 wet season, herbicide screening in (Table 7). Yields of plots treated with the same 
transplanted and wet-seeded (direct-seeded) rice herbicide or with different herbicides did not vary 
under irrigated and rainfed conditions continued, significantly with time of application. Liquid and 
Herbicide rates and times of application were var- granular herbicides performed similarly. Among 
ied to further evaluate herbicides for safe and the new chemicals tested, KCO2, KC0 25, and 
economical use in these rice cultures. oxadiazon-propanil showed promising results. 

Irrigated transplanted rice. The weeds in Rainfed transplanted rice. In the rainfed 
transplanted irrigated rice included Echinochloa trials, a different weed flora was present 

Table 7. Effect of different herbicides on weed control and yield of transplanted IR36 rice grown under irrigated conditions. IRRI, 

1979 wet season. 
d 2 ) YieldeApplication Weed wt (g/m

a
Herbicide treatment Rate Timec Broadleaf Grasses Sedges (t/ha) 

(kg a.i.b/ha) weeds 

Thiobencarb - 2,4D EC 1.0-0.5 4 DT 5 4 2 4.7 a 

Oxadiazon - 2,4D IOE f 0.125 - 0.125 PP 6 2 3 4.6 a
 

KC0 23 G 1.0 4 DT 4 1 1 4.4ab
 
1 1 1 4.3 abOxadiazon (25% a.i.) EC 0.5 4 DT 

2 4.3 abOxadiazon 12% a.i) EC 0.4 PP 1 33 

G 1.0 4 DT 8 1 2 4.0 ab
 

KC0 23 G 

KCO 25 

1.0 PP 14 28 1 3.8 ab
 

IOE
t - 0.15 4 DT 1 60 1 3.8 ab
 

KC0 23 G 1.0 8 DT 2 24 3 3.8 ab
 
Oxadiazon -2,4-D 0.15 

Thiobencarb - 2,4-D IPE G 1.0-0.5 4 DT 4 1 1 3.7 ab
 

Pendimethalin EC 0.75 4 DT 1 7 1 
 3.7 ab 

Oxadiazon - propanil EC 0.6 - 1.. 4 DT 1 11 3 3.6 ab 

1.0 PP 41 7 8 3.5 abKC0 2 5 G 
f


Oxadiazon - 2,4-D IOE 0.15-0.15 PP 1 35 0 3.5 ab
 

Pendimethalir EC 0.75 
 PP 1 49 2 2.3 bc 
5 3.7 abHand-weede tontrol Twice 15 + 30 DT 3 0 

1.2Untreated Lontrol - - 5 84 29 c 

aA spaced dash (-) means that 2 herbicides wer, formulated on the same carrier and applied asasingle treatment. EC= emulsifiable concentrate. IOE = 

isooctyl ester. G= granule. IPE = isopropyl ester. Active ingredient. CDT = days after transplanting; PP= preplating application. dTaken at heading stage 
of grasses.eAv of 2 replications. Means followed by the same letter are not significantly different at 5%level. Applied without dilution with a sprinkler 
bottle. 
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toxic to rainfed wet-seeded rice. Almost all theEchinochloa colona, Leptochloa chinensis, Fin-
bristylis littoralis, and C. iria. Yields were lower herbicide-treated plots yielded significantly higher 

than in irrigated rice trials. Except in the oxadiazon than the untreated control (Table 10). 

- 2,4-D IOE and pendimethalin treatments, all Dryland rice. During the 1979 wet season, 
several herbicides and herbicide combinationsherbicides applied before planting were not as 

effective as those applied after planting. Generally applied as mixed formulations or as follow-up 

the preplanting herbicide treatments yielded lower treatments were tested on dryland rice. 
Rice yields varied with herbicide combinationsthan the postplanting treatments. 

The highest yield was from plots treated with (Table 11). In most cases, rates of application did 

pendimethalin at 4 days after transplanting (DT) not significantly affect the yields in plots treated 

(Table 8). A continuously dry condition for several with preemergence butachlor at 1.5 and 2 kg 

days may have inactivated preplanting herbicides. a.i./ha and thiobencarb at 2 and 3 kg a.i./ha. 
Plots treated with propanil yielded substantiallyIrrigated wet-seeded rice. The common weed 

species present in the irrigated wet-seeded plots higher when the herbicide was applied once at high 

were E. colona, E. crus-galli ssp. hispidula, M. dosage (3.0 kg a i./ha) than when it was applied in 
split doses at lower rates (1.5 kg a.i./ha at 10 daysvaginalis, L. chinensis, and C. iria. 

Some postseeding herbicides slightly damaged after emergence [DE] followed by 1.5 kg a.i./ha at 

the rice; however, the crop recovered and gave 20 DE) because the high-dosage treatment com

reasonable yields. Only the X-150 and propanil pletely killed the weeds. The rice plants suffered 

treatments gave significantly higher yields than the burning but recovered completely. 

untreated control. The other herbicides, except All preemergence chemical treatments that had 

2,4-D, likewise provided adequate 2,4-D combined in the formulation, such asthiobencarb 
weed control, showed high crop selectivity, and thiobencarb - 2,4-D IPE and piperophos - 2,4-D 

produced higher grain yield than the untreated con- IPE, were severely toxic to germinating rice. 
used as a single formulatedtrol (Table 9). Where 2,4-D was 

Rainfed wet-seeded rice. The rainfed plots postplanting herbicide following up preemergence 
application of butachlor and thiobencarb, it gavewere almost continuously flooded for several 

weeks and the weeds present were similar to those good control of broadleaf weeds. However, gras

in irrigated plots. Preplanting herbicides were also ses, specifically Digitaria spp., that escaped from 

Table 8. Effect of different herbicides on weed control and yield of transplanted IR36 rice grown under rainfed conditions. IRRI, 
1979 wet season. 

2 
Application Weed wtd (g/m ) id 

Rate Timec Grasses Sedges (t/ha)
Herbicide treatmenta 


(kg a.i.b/ha)
 

4 DT 206 2.7 ab 

G 1.0 4 DT 99 26 2.4 ab 
Pendimethalin EC 0.75 44 

KCO 25 
4 DT 61 3 2.3 abc
 

KCO 23 G 1.5 4 DT 112 4 2.3 abc
 

Pendimethalin EC 0.75 62 


Oxadiazon (25% ai.) EC 0.4 

PP 16 2.2 abc 
2.1 abcThiobencarb - 2,4-D IPE EC 1.0-0.5 4 DT 140 11 

Piperophos - 2,4-D IPE EC 0.5 -0.25 4 DT 45 102 2.1 abc
 

Oxadiazon - propanil EC 0.6- 1.8 10 DT 96 8 2.0 abc
 

Butachlor EC 
 1.0 4 DT 21 7 2.0 abc 

Thiobencarb EC 3.0 4 DT 44 2 1.9 abc
 
f 11 1.8 abc
Oxadiazon - 2,4-D lOE 0.125 - 0.125 pp 82 


Thiobencarb - 2,4.D IPE G 1.0-0.5 4 DT 101 
 18 1.7 bc
 

Hand-weeded control Twice 15 + 30 DT 0 10 3.1 a
 

Untreated control 
 - - 214 117 0.9 c 

aEC = emulsifiable concentrate, G granule. A spaced dash(-)means that 2 herbicides were formulated on the same carriec andoypplied as a single treat-

Taken at heading stage 

of grasses. eAv of 2 replications. Meansfollowed by the same letter are notsignificantly different at 5% level. Applied without dilution with sprinkler 
bottle. 

ment. IPE = isopropyl ester, leE isooctyl ester. bActive ingredient. cDT - daysafter transplanting; PP= preplgnt application. 
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weed control and yield of wet-seeded IR36 rice grown under irrigated conditions. IRRI,Table 9. Effect of different herbicides on 
1979 wet season. 

Application Weed wtd (g/m
2 )  Visual Yield 

f 

Herbicide treatmenta Rate 

(kg a.i.b /hal 

Time 
(DSc) 

Broadleaf 
weeds 

Grasses Sedges rtineiha)rating 

X-150 EC 
Propanil EC 
Butachlor +propanil EC 
KCO 5 G 
Thiobencarb - propanil 
Thiobencarb EC 

2.0 
3.0 

0.5 + 0.75 
1.0 

1.0-0.1 
2.0 

6 
10 
10 
10 
10 
10 

1 
1 
2 
1 
2 
4 

7 
5 

13 
6 
2 
5 

7 
3 
1 
2 
2 
0 

0 
5 
2 
1 
2 
0 

4.4 a 
4.3 a 
4.2 ab 
4.2 ab 
4.1 ab 
3.7 ab 

Butachlor G 0.5 10 5 5 10 2 3.4 ab 

KCO 23 G 
Butachlor EC 

1.0 
0.5 

10 
10 

1 
2 

5 
77 

1 
1 

0 
2 

3.3 ab 
2.8 ab 

Thiobencarb - 2,4-D IPE G 1.0 -0.5 6 15 70 1 7 2.2 ab 

Untreated control - - 2 107 7 - 1.7 b 

aEC = emulsifiable concentrate. A plus () indicates that the 2 liquid herbicides were tank-mixed and applied as a single treatment. G = granule. A spaced 

ddsh (-) means that 2 herbicides were formulated on the same carrier and applied asasingle treatment. IPE = isopropyl ester. bActive ingredient. CDays 
= 

after seeding. dTaken at heading stage of grasses.eScale: 0-10; 0 = no toxicity, 10 complete kill. fAv of 2 replications. Means followed by the same 

letter are not significantly different at 5% level. 

Effect of herbicides on weed control and yield of wet-seeded IR36 rice grown under rainfed conditions. IRRI, 1979 wetTable 10. 
season. 

Application 	 Weed wtd (g/m2 )  Visual Yield f 

eHerbicide treatment' Rate Time Broadleaf 	 toxicity
rating) 	 Grasses Sedgesweeds(kg a.i.b/ha) (DSc 

Thiobencarb EC 2.0 10 	 0 8 3 0 3.7 a 
3.1 abThiobencarb - 2,4-D IPE G 1.0-0.5 	 6 1 97 2 8 

6 3 1 0 2.8 abcX-150 EC 2.0 	 1 
1 42 2 2 2.7 abcKC0 2 5 G 1.0 	 10 

10 0 41 7 3 2.7 abcPropanil EC 3.0 
Thiobencarb - propanil 1.0 - 0.5 10 8 28 1 3 2.7 abc 

Butachlor G 0.5 10 3 37 2 2 2.4 abc 
4 2.0 bcd1.0 10 0 160 3KC0 2 3 G 

1 42 73 4 2.0 bcdButachlor + propanil EC 0.5 + 0.75 10 
Butachlor EC 0.5 10 4 80 8 4 1.5 cd 

Untreated control - - 4 25 47 - 0.8 d 

aEC = emulsifiable concentrate. A spaced dash i-) means that 2 herbicides were formulated on the samecarrier and agppliedas a single treatment. IPE 
0= 

isopropyl ester. G granule. A plus (+) indicates 2 liquid herbicides were tank-mixed and appliedcps asingle treatment. Active ingredient. cDays after 

seeding. dTaken at heading stage of grasses.eScale: 0-10; 0 = no toxicity, 10 = complete kill, Av of 2 replications. Any 2 means followed by the same 

letter are not significantly different at 5% level. 

the preemergence application of butachlor and Control of Cyperus rotundus. During the 1979 
thiobencarb, dominated the plots at a later stage of wet season some preemergence and postemergence 
crop growth, causing also zero yield. herbicides were screened at IRRI for the control of 

In another experiment, the same herbicide Cyperus rotundus in upland rice. Two 
treatments were each supplemented with I hand preemergence herbicides - K-1441 and K-3185 
weeding 30 days after rice emergence to determine - were incorporated into the topsoil during final 

the differences in yield between the hand-weeded tillage and two postemergence herbicides - ben
and the nonweeded chemical treatments. tazon and 2,4-D - were sprayed on the foliage. 

When these herbicides and herbicide combina- Sequential applications of bentazon and 2,4-D 

tions received additional hand weeding, most of were also tested. Pendimethalin was used to con
the treatments gave substantial yield increase trol the annual weeds, mainly Rottboellia exaltata, 
(Table 12). 	 Calopogoniunt muconoides, and Commelina ben-
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Table 11. Effects of preemergence and postemergence herbicides on weed control, crop tolerance, and yield of IR43 rice grown under 

upland conditions. IRRI, 1979 wet season. 

Applicationb Weed wt' (g/m2) Visual Yield
c 

Herbicide treatment Rate B ftoxicit Grasses Sedges rating- (t/ha)Hebcd ratet aeBroadleaf 

weeds Grsssedes(kg a.i./ha) Time rain 

6 2.5 a 
Butachlor Ilbpropanil 2 c 25 c 16 ab2.0 fb 2.0 PE fb 15 DE 

2 c 22 abc 20 a 6 2.4 a
3.0- 1.5 10 DEThiobencarb - propanil 

15 DE 1 c 10 c 15 ab 7 2.4 a 
Propanil 3.0 

10 c 29 a 6 2.3 a
1.5 fb 2.0 PE fb 15 DE 2 cButachlor fb propanil 

1 C 23 bc 9 ab 6 2.3 a
1.15 - 1.75 10 DE 

PE fb 15 DE 1 C 17 bc 24 a 5Propanil - fenoprop 2.1 ab
 
Thiobencarb fb propanil 
 3.0 fb 2.0 

2.0 ab
 
Thiobencarb fb propanil 
 2.0 fb 2.0 PE fb 15 DE 4 bc 36 abc 23 a 6 

4 1.9 ab2 c 29 abc 17 ab
Thiobencarb - propanil 2.0- 1.0 10 DE 

10 fb 20 DE 2 c 36 abc 36 a 5 1.8 ab 
Propanil fb propanil 1.5 fb 1.5 

101 ab 34 a 3 1.3 b
2.5-0.5 PE 33 a 

2 c 175 a 
Thiobencarb - prometryn 

9 ab 1 0.6 c
 
Butachlor fb 2,4D amine 
 2.0 fb 0.5 PE fb 20 DE 

PE 22 ab 174 a 10 ab 0 0.3 c3.0Thiobencarb alone 0.0 c2 c 147 abc 21 a 10
Thiobencarb - 2,4-D IPE 1.0-0.5 PE 

46 a 9 0.0 cPE 23 ab 152 aThiobencarb - 2,4-D IPE 2.0- 1.0 
0.0 c162 a 96 a 10

Piperophos - 2,4-D IPE 1.65-0.85 PE 30 a 

5 bc 166 a 8 ab 
 2 0.0 c3.0 fb 0.5 PE fb 20 DEThiobencarb fb 2,4-D amine 

2 b 0 2.7 a 
- 15 fb 30 DE 1 c 6 cHand-weeded control 

10 ab 0 0.0 c1-abc 188 aUntreated control 
= 


means 2 herbicides were formulated on the 
 same carrier andapplied as asingle treatment. IPE isopropyl ester. 
afb follcwed by. A spaced =dash (-) letter are not
ba.i. active ingredient. DE days after emergence. PE = pre-emergence. CAv of 2 replications. In acolumn, 

= 
means followed by the same 

= 

level. dTaken at 2wk after herbicide application. Scale: 0-10; 0 no toxicity, 10 complete kill,
significantly different at 5, 

on rice yield. IRRI, 1979 wet season.on herbicide treatmentsTable 12. Effects of follow-up hand weeding 
b Yield t/ha)Application

a Rate Time Chemical Chemical + DifferenceHerbicide treatment 1 hand weedingalone(kg a.i./ha) 

0.42.5 2.92.0 fb 2.0 PE fb 15 DEButachlor fb propanil 3.4 1.0412.410 DE3.0- 1.5Thiobencarb - propanil 
3.0 15 DE 2.4 2.5 0.2 

Propanil 0.9*2.3 3.21.5 fb 2.0 PE fb 15 DEButachlor fb propanil 
10 DE 2.3 2.4 0.11.15- 1.75Propanil - fenoprop 

3.5 1.4"2.13.0 fb 2.0 PE fb 15 DEThiobencarb fb propanil 
0.9*2.0 2.82.0 fb 2.0 PE fb 15 DE 

10 DE 1.9 
Thiobencarb fb propanil 

2.3 0.4 
Thiobencarb - propanil 2.0-1.0 

0.9*1.8 2.81.5 fb 1.5 10 fb 20 DEPropanil fb propanil 
1.0"1.3 2.32.5 -0.5 PEThiobencarb - prometryn 

2.0 fb 0.5 PE fb 20 DE 0.6 2.5 1.8"* 
Butachlor fb 2,4-D amine 

0.3 2.5 2.2"*3.0 PEThiobencarb alone 
0.0 2.9 2.9**

Thiobencarb - 2,4-D 1.0-0.5 PE 

Thiobencarb - 2,4-D 2.0- 1.0 PE 0.0 0.0 0.0 
0.0 0.0Piperophos - 2,4-D 1.65 -0.85 PE 0.0 

1.9"*PE fb 10 DE 0.0 1.9 

- 15 fb 30 DE 2.7 -
Thiobencarb fb 2,4-D amine 3.0 fb 0.5 

Hand-weeded control 
- 0.0 -Untreated control 

followed by. A spaced dash I-) means 2 herbicides were formulated on the same carrier and applied asa single treatment. ba.i. active ingredient.
afb = 

PE= preenergence. DE = days after emergence.
 

sequentially with bentazon, which controlled C. 
ghalensis. 

Yields of from 1.0 to 1.5 t/ha were obtained rotundus by about 50% (Table 13). Yields, how

from plots treated with 2,4-D applied alone and ever, were less directly influenced by extent of C. 
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Table 13. Effects of preemergence and postemergence herbicides on the control of Cyperus rotundus, crop tolerance, and yield ofIR9575 grown under upland conditions. IRRI, 1979 wet season. 

TreatmentJ 

Hand-weeded check 

2,4-D 

Bentazon fb 2,4-D 

2,4-D 


2,4-D fb bentazon 

2,4-D fb 2,4-D 


2,4-D 

2,4-D 


Bentazon 

Bentaznn 


K-1441 

K-3185 


K-3185 

K-1441 

Pendimethalin 


Untreated check 


Applicationb 

Rate
(kg a.i,/ha) Time 

- 2 lb5 WE 

0.5 
 3 WE 


1.0fb0.5 
 2fb4WE 

1.0 
 2WE 


0.5 fb1.0 
 2 fb4 WE 

0.5fb0.5 
 2fb4WE 


0.5 
 2WE 

1.0 
 3WE 

2.0 
 3WE 

1.0 
 3WE 

3.0 
 PPI 

3.0 
 PPI 

1.5 
 PPI 

1.5 
 PPI 

2.0 
 2 DS 


-
en methalin at2.0 kg/ha wasapplied aspreemergence 

2Weed wt (g/m ) 

C rotundus 
6 WE At harvest 


0 12 

56 
 13 

43 
 23 

39 
 22 

30 
 52 

30 
 23 


29 
 9 

60 
 71 

16 
 1 

81 
 7 

71 
 1 

26 
 4 

74 
 2 

86 
 11 

99 
 3 

85 


Annual weeds 
6 WE 
 At harvest
 
0 129 

5 
 54 

2 
 14 

1 
 45 

1 68 


17 
 57 


2 
 71 

5 120 


12 
 266 

17 435 


147 
 367 

81 
 263 

90 
 362 

41 
 230 

34 
 317 


toall plots, except the check, to control annualweeds.fbWE = 

1 
 210 
 475 


Toxicity Yieldd
ratingc 

(t/ha) 

0 1.5a
 
0 1.4a
 
0 1.3ab
 
5 1.1 b
 
0 1.1 b
 
0 1.0 b
 
0 1.0 b
 
3 1.0 b
 
0 0.7 c
 
0 0 
 d
 
6 0 d
 
8 0 
 d
 
5 0 d
 
4 0 
 d
 
0 0 
 d
 
0 0 
 d
 

followed by. 'a.l.weeksafter crop emergence.PPI preplanting Incorporation. DS 
= active ingredient.= daysafter seeding.c at1

herbicides. Scale 0-10; 1 
I WEanda1wk after application of posrnergence

= no toxicity, 10level. complete kill. dAv of 3 replications. Meansfollowed by the same letter arenot significantly different at 5% 

rotundus control than by regrowth of the annual 
weeds. 

FACTORS AFFECTING CULTIVAR COMPETITIVE-
NESS AGAINST WEEDS 

Cultivar. When 10 rice cultivars were atsown
100 kg/ha in rows spaced 25 cm apart and subjected
to different weeding treatments, the cultivar growndid not affect total weed weight at maximum flower-
ing of the weeds when the plots were not weeded orwere weeded two or three times. When the plots
were weeded once, weeds growing in association
with IR38 and IR46 had significantly greater weight
than weeds growing with IR28, 1R36, IR40, IR42,
IR44, and IR2823-399-5-6. 

Yields were not analyzed because of severe rat
damage. 

Cultivar and seeding rate. When 3rice cultivp,.i(IR36, IR42, and IR2823-399-5-6) were dry seeded 
at 100 kg/ha in rows spaced 15, 25, and 35 cm
apart, and subjected to various weeding regimes,
weed weight at maximum flowering of the weeds
(80 DE) was unaffected by cultivar grown andplant spacing for all weeding regimes. When the
plots were weeded once 80 DE, there was no sig-

nificant difference in weed weight between cul
tivars. But when the crops were not weeded or 
were weeded two or three times, differences inweed weights between cultivars were significant.
In the unweeded plots fewer weeds grew in association with IR42 than with IR2823-399-5-6. In theplots weeded three times, fewer weeds grew inassociation with IR36 than with IR42. In the plots
weeded twice fewer weeds grew in associationwith IR2823-399-5-6 than with IR42. No other dif
ferences were significant.


The differences 
 in weed growth were
reflerted in grain yield. 

not 
When the plots were not

weeded, the cultivar produced no grain (Table 14).
At the other levels of weeding, IR2823-399-5-6 
yielded significantly higher than the other cul
tivars. In plots weeded twice, IR42 yielded sig
nificantly higher than IR36. 

Seeding rate and seeding method. In Iloilo,IR36 was either broadcast or sown at 80, 120, and
160 kg/ha in rows spaced 25 cm apart. The major
weeds present were Echinochloa colona and Leplochloa chinensis in untreated plots and Coin
melina diffiisa in pendimethalin-treated plots.

The method and rate of seeding had no effect on
weed weight 65 DE. The average weed weight 
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Table 14. Weed weight and grain yield of rice asaffected by cultivar grown and weeding regime.a IRRI, 1979 wet season. 

Treatmetl Weed wtc Yieldd (t/ha) 
(g/m) IR36 IR42 IR2823-399-5-6 

Weeded tn tils 2. 5, and 8 WE 10.0 d 2.5 aWede(I twice. 2 ,and 5 WE 2.6 a 4.0 a14.2 c 1.9 ab 2.7 aWeeded onc,.2 WE 4.1 a 
54.0 bNot wviedhed 4 1.4 b 1.4 b 3.0 b29.0 a 0 c 0 c 0 c 

A if 3 repnlm I . n,n......,'.
At nis fllow !Iolf cinlnenen.nilnins follownd by acommon letter are not significantly different at the 5.lv. -iIs. A• 3 relicatnons 3 row spacings, and level. bWE -weeks ater crop emergence.3 cultivars. Analysis based on transformed data. dAv of 3 replications and 3 

Table 15. Effects of planting method, seeding rate, and weed control method on yield ofdry-seeded IR36 rice." Iloilo Province, Philippines, 1979 wet season. 

Treatment/" Yield (t/ha) at seeding rate of 

80 kg/ha 120 kg/ha 160 kg/ha 

Broadcast-seeded
Weeded once, 3 WE 4.9 a 4.9 a 4.2 abWeeded twice, 2 and 5 WE 3.8 ab 4.8 a 5.1 aPendimethalin PE fb hand 3.6 ab 3.5 a 3.0 ab 

weeding 5 WE
 
Pendimetlhalin PE 
 1.8 bc 0.9 b 2.8 bUnweeded 0.0 c 0.0 b 0.0 c 

Row-seededWeeded once, 3 WE 3.8 ab 4.7 a 5.2 aWeeded twice, 2 and 5 WE 4.7 a 6.2 a 4.6 aPendimethalin PE lb hand 3.1 at 2.4 b 4.7 a 
weeding 5 WE 

Pendimethalin PE 2.1 bc 0.5 b 1.9 bUnweeded 0.4 c 0.3 b 0.0 b
aAv of 3 replcallons. In a column, in each planting method, means followed by a common letter arenot siqnificnnlly differenl in the 5', level. bWE weeks after crop ermergence; PE 

= 
preemergence,lnendirnethalin inilplnli(lat 2 kgiactivevngredent/ha; fl followed by. 

across planting methods and seeding rates in the weeding on weed control wereunweeded check plots was 452 glm2 also examined. . The effect of Use of the stale seedbed technique reduced thethis heavy weed growth was reflected in the low number of weeds, primarily E. coloma,yield of the unweeded plots (Table 15). Thus, with 
by 59% 

and the fresh weed weight by 7817(2 weeks afterhigh weed densities, rice seeding rates up to 160 crop emergence (WE) (Table 16). Butachlor applikg/ha will not aid in weed control, cation decreased grassy weeds by 30% but had no 
effect on the fresh weed weight at 6 WE.METHODS OF LAND PREPARATION FOR WEED Hand weeding of' the butachlor-treated plot 3CONTROL IN DRY-SEIDED RICE weeks after treatment took an equivalent of 456 

Stale seedbed. Pangainan Province, hours/ha in the conventionally prepared plots andIn nethod 246 hours/ha in the stale seedbed plots.of seeding (broadcast or drilled in rows spaced 35 In the conventionally prepared plots the yield ofcm apart) and seeding rate (100 or 150 kg/ha) had the plots treated with butachlor followed by handno significant effect on weed population or crop weeding was significantly higher than that of theyield. The effects of method of land preparation plots treated with butachlor only that of the(conventional orvs stale seedbed) and postplanting unweeded plots, which did not differ significantly 
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Table 16. Effects of method of land preparation and weedingregime on the weight of weeds and yield of dry-seeded IR36rice." Pangasinan Province, Philippines, 1979 wet season. 
Weed centiel nlilhd t , 

Fresh weed wt Yield 

(g1/m2) . t/ha) 
t~ 

Butachh,,i PE l nand 80 h 3."a
wdil 3 WE 

Butachlo, PE 1172 a 2.1 bNo wv(lding 1120 a 1.7 b 

Stale sedbedButachlor PE l)hand 44 1 2.1 a 

utachior PE 228 a 1.7 aNo weeding 244 a 1.7 a 

columiaAvmoci of 3 ,cachii,,,c,lndi-.. eiiar",,,,gmethod, a....ler dim, no, 5.oi 2 se , ,,,,iii,,Siv~nmi~iciily means2 ratesfollowdof seeding.by a con.In ai lerenti al the 5< level. bluaclom 

lpplhedil20 k,active
,giedmint/ha;PE olreernrgence; WE mweeks 
lol]eIl ryll l 


from each other (Table 16). Yields in the staleseedbed plots were lower than those in the conven-tionally prepared plots because the crop suffered 
more from zinc and iron deficiency and moisturestress. 

In another trial, the weeds were allowed to growfor several weeks after land preparation and werekilled either with paraquat or by an additional
plowing and harrowing. At 6 WE, the fresh 
weights of weeds in all the weed-control treat-ments in the stale seedbed plots were significantlylower than those in the conventionally tilled plots.
The differences in fresh weights of weeds between 
the stale seedbed methods used were not sig-nificant. Treatment with herbicides and with her-

bicides followed by hand weeding significantly 

plots and the stale seedbed plots where paraquat
was used (Table 17).

In a similar trial in Iloilo Province, where themajor weeds were Cyperus iria and Ludwigia sp.,the unweeded plots did not yield significantlylower than the hand-weeded check when eitherparaquat or glyphosate was used to kill the newly 
emerged weeds before planting. However, yieldswere significantly depressed by weeds when the 
land was prepared conventionally or the newlyemerged weeds were killed by plowing and harrow
ing. The herbicides used in these plots (thiobencarb. butralin, pendimethalin, and dinitramine) 

iita iefailed to control the weeds adequately. As a resultyields from plots treated with these compounds
were not significantly different from that of the 
untreated check. 

Land preparation during the dry season. After harvest of transplanted rice, three
land-preparation treatments were tested:

* the field was kept weed free by tillage until
dry-seeded rice was planted,


0 mungbean was 
planted following conven
tional land preparation and the land tilled
immediately after mungbean harvest during
the dry season,

* mungbean was planted following conven
tional land preparation and the field was not
plowed after mungbean harvest until the 
rainy season.
 

Land preparation to keep the land weed free dur-


Table 17. 
control methods.' 

Fresh weed weight 6 wk after crop emergence and yield of dry-seeded IR36 rice as affected by land-preparation and weed-Pangasinan Province, Philippines, 1979 wet season.
 
Weed wt (gm

2
) Yield ha)
 

Weed control treatment b 
Conventional . .. . . .
Stale seedbed ..c Conventionalonv en tiona l -S. "......... .i .. ......
land preparation Paracluat-.. c Plow-.
 

harrow land pieparation Paraquat Plow-
Thiobencarb, 3.0 kg a.i./ha 120 c 

PE fb hand weeding 3 WEButachlor, 2.0 kg a.i./ha 
PE fb hand weeding 3 WEThiobencarb, 3.0 kg a.i./ha PE 

Butachlor, 2.0 kg a.i./haPE 
No weeding 
aAv of 3 replications. In a column, 

emergence; lb followed by; WE 
= = 


14 c 22 b 3.4 a 

72 c 16 c 26 ia 2.8 b 

600 h 94 b 212 a 2.1 c782 ab 170 b 184 a c2.01052 a 296 a 266 a 1.4 dmeans followed by a common letter are not significantly diflerent at the 5% level, ba.i. 
weeks after crop emergence. cApplied at 0.5 kg a.i./ha. 

c 
harrow 

3.3 a 3.2 a 

3.1 a 3.0 al 

3.0 a 3.0 ab 
2.8 a 2.8 ab 
2.9 a 2.5 b 
active ingredient; PE - pre-

CONTROl. AND MANAGEMENT OF RICE PESTS 25 



ing the dry season led to a significant reduction in Ten WE, the weight of C. rotundus was substan
the number of C. rotundus 2 WE and in their tially reduced by bentazon applied 2 WE, by ben
weight 6 WE. Postemergence herbicides used to tazon applied 2 WE followed by 2,4-D 3WE, and
 
control C. rotundus significantly reduced weed by hand weeding 2 and 5 WE (Table 19). 2,4-D
 
weight only when the land was prepared at the start applied at 2 WE at 0.5 kg a.i./ha had no effect on
 
of the rainy season (Table 18). When land was C. rotundus. The broadleaf weed population,
 
prepared after mungbean, the postplanting applica- primarily C. tlifliisa and Alternanthera sessilis,
 
tion of a herbicide did not significantly reduce C. was greatly reduced by 2,4-D and by bentazon
 
rotundus infestation. Broadleaf weeds were also fbllowed by 2,4-D.
 
controlled by the postemergence herbicide applica- The growth of grasses, primarily E. colona,
 
tion but grasses were not controlled by any treat- increased in the plots treated with bentazon fol
ment. lowed by 2,4-D, which greatly suppressed the C. 

rolundus and broadleaf weeds. Weed growth was 
CONTROL OF IMPORTANT WEEDS IN DRY- enhanced despite a preemergence application of 
SEEDED RICE butachlor to all plots, except the unweeded ones, to 

control annual weeds. Butachlor controlled only 
C. rotundus. In the Lipit Area, Pangasinan Pro- about 70% of the grassy weeds and the remaining
vince, different methods of land preparation fol- ones grew vigorously and competed severely with 
lowing a mungbean crop that had been grown on the crop, resulting in yield reductions. 
conventionally tilled land had no effect on the The average yield from the weeded plots was 
number of C. rotundus or the other weeds 2 WE. low (2.5 t/ha) because of moisture stress. Even 

Table 18. Effect of land-preparation and weed-control methods on the fresh weight of 
Cyperus rotundus 6 wk after emergence (WE) of dry-seeded rice.a Pangasinan Province, 
Philippines, 1978-1979 dry season and 1979 wet season. 

2 
Fresh wt of C rotundus (g/m )

Time of 
Weed control method application Weed-fee Plowed after Plowed at 

(WE) fallow mungbean start of 

harvest rain 

Unweeded - 136 a 328 a 596 a 
2,4-D, 0.5 kg a.i./ha 2 118 a 178 a 300 ab 
Bentazon, 2.0 kg a.i./ha 2 46 a 88 a 160 bc 
2,4-D, 0.5 kg a.i./ha fb 2 fb 4 104 a 154 a 66 c 

2,4-D, 0.5 kg a.i./ha 
Hand weeded 3 58 a 106 a 198 abc 
aAv of 3 replications. In a column, means followed by a common letter are not significantly different 
at the 5% level, ba.i. - active ingredient; fb mfollowed by. 

Table 19. Effect of postemergence herbicide application on the control of Cyperus ro
tundus and annual weeds 10 wk after emergence (WE) and on the yield of dry-seeded 
rainfed bunded rice." Pangasinan Province, Philippines, 1979 wet season. 

Weed wt (g/m
2 1 

Treatm en tb . . . . . . . .Y ie ld 
Cyperus Broadleaf Grass,:s Total ft/hal

rotundus weeds 

Hand weeding, 2 and 5 WE 148 18 18 184 2.5 
Bentazon, 2.0 kg a.i./ha fb 56 22 1336 1414 1.1 

2,4-D, 0.5 kg a.i./ha 
Bentazon, 2.0 kg a.i./ha 128 508 898 1534 0.5 
2,4-D, 0.5 kg a.i./ha 470 104 436 1010 0.3 
Untreated 468 854 710 2032 0.0 

aAv of 3 replications and 5 land-preparation methods. ba.i. = active ingredient; fb - followed by. 
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though the treatment in which bentazon was fol-
lowed by 2,4-D greatly suppressed the C. rotundus 
and broadleaf weeds, the inability of the 
preemergence herbicide to control the grasses
caused the 1.4-t/ha yield reduction (Table 19). 

C. rotundu.s can be controlled adequately by til-
lage or herbicides but such information is of little 
use without control of annual grasses in dry-seeded 
rice. 

Trianthema portulacastruni. 7'. portulacas-
trum in dry-seeded rice in the Caaringayan area, 
Pangasinan, overtops the rice plants within 2 to 3 
weeks of emergence. Two preemergence and three 
postemergence herbicides were tested in a field 
where there was about 90% T. portulacastrun. 
The other weeds were primarily E. colona and C. 
rotundus. 

Neither the preemergence application of buta-
chlor nor that of thiobencarb controlled T. por-
ttlacastrutm although both delayed its emergence 
slightly (Table 20). Likewise, postemergence 

Table 20. Effect 

HERBICIDE USE 

Herbicide rates for dry-seeded rainfed 
rice. The effectiveness of different rates of buta
chlor and thiobencarb was determined in a dry
seeded rice trial in Pangasinan Province. Neither 
herbicide significantly reduced the rice stand at any
of the rates used. The lowest rates of herbicides 
were as effective as the highest rates and resulted 
in a significant reduction in the number of grasses, 
primarily E. colona, and broadleaf weeds, primar
ily C. ditisa 2 WE. 

At 6 WE, the initial weed control by herbicide 
application was no longer apparent. Even at 3WE, 
considerable time had to be spent in removing the 
weeds from the plots previously treated with her
bicide (Table 21). The use of herbicides saved 
23-49% of the time spent on weeding. 

Yields from all plots that received herbicide 
treatment followed by hand weeding were not sig
nificantly different from that of the hand-weeded 

of different herbicide treatments on the control of Trianthemna port,
lacastrumand other weeds and on the yield of dry-seeded I R36 rice.' Pangasinan Province,
 
Philippines, 1979 wet season.
 

Tweatment 
t
' Rate Time of T portil/acastrun2 Yield(kq a.i.c/ha) application" (no./m ) (14 DE) (t/ha) 

Plopanil 3.0 5 DE 22 1) 3.6 a

Propanil 3.0 
 10 DE 14 b 3.5 ab 
Weeded twice - 21 lb 35 DE 230 a 3.4 abc
 
Butachlor 2.0 PE 
 166 a 3.2 abcd
 
Thiobencarb 3.0 PE 
 184 a 3.1 abcd
 
2,4-D 0.5 10 DE 
 206 a 2.8 abcd 
Weeded once  35 DE 282 a 2.5 c 
MCPA 0.5 10 DE 272 a 2.5 cd
 
Ay of 3 replications. In a colunn, 
means followed Irva coonmor, leter are not significantly different 

at the 5 level. 'Allherbicisle-treated plots were werliesl 35 (lays after csOl)emergence (DE).Ca i 
asli rlVe fOIllowerdy;FIE isreslsigretliert. 011) lsnele.
 

application of MCPA and 2,4-D had no effect on 
the weed. Propanil applied 5 or 10 days after 
crop emergence (DE) almost completely controlled 
it. Only those plots treated with propanil yielded
significantly higher than the unweeded check. 

At 5 WE, when T. portulacastruin was starting 
to die because of insect attack and the other weeds 
were becoming more competitive, all plots were 
weeded to determine the effect of T. portulacas-
trum control on yield. None of the herbicides 
tested reduced the grass or sedge population. 

check but were significantly higher than those from 
the plots treated with herbicide alone and the 
unweeded check. Of the plots treated with her
bicide alone, only those treated with thiobencarb at 
2.0 kg a.i./ha and those treated with butachlor at 
1.5 kg a.i./ha yielded significantly higher than the 
unweeded check (Table 21). 

A preemergence herbicide treatment followed 
by a hand weeding results in high yields in dry
seeded rice. Results from this trial suggest that it 
should be possible to reduce the rate of butachlor 
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Table 21. Fresh weed weight 6 wk after emergence, time required for weeding 3 wk aftercrop emergence (WE), and yield of dry-seeded rice IR36, asaffected by different weedingtreatments.' Pangasinan Province, Philippines, 1979 wet season. 

Treatmenth 

.. . .-.. 

Butachlor fbHW, 3 WE 
Thiobencarh lb HW, 3 WE 
Thiobencarb lb HW, 3 WE 
Butachlor fbHW, 3 WE 
Thiobencarb fbHW, 3 WE 
Hand-weeded 2 and 5 WE 
Butachlor fbHW, 3 WE 
Thiobencarb 
Butachlor 
Thiobencarb 


Thiobencarb 

Butachlor 
Bulachlor 


Unweeded 

Herbicide Time 
ratec 

(kg a.i./ha) 
Weed wt 

(g/m
2) 

required for 
weedii 3 WE 

Yield 
(t/ha) 

(m an -h/ h a ) 

2.0 350 b 
2.5 460 b 
3.0 406 bc 
1.0 364 b 
2.0 292 bc 
- 114 c 

1.5 366 b 
2.0 1184 a 
1.5 1500 a 
2.5 1666 a 
3.0 2034 a 
2.0 1584 a 
1.0 1434 a 
- 1706 a 

778 5.0 a 
750 4.9 a 
639 4.7 a 
944 4.7 a 
653 4.6 a 

1 2 92 d 4.4 a 
1000 4.3 a 

- 3.0 b 
- 2.3 b 
- 1.8 bc 
- 1.8 bc 
- 1.7 bc 
- 1.6 bc 
- 0.4 c 

a column, means followed'JAYof 3 replications. In by a common letterare not significantlydiflerental the 5';, level,bfb _ followed by; HW z hand weeding. Cai. - active ingredient. dFirst hand weeding 
only.
 

to 1.5 kg a.i./ha and that of thiobencarb to 2.5 kg
a.i./ha. 

Herbicide combinations for weed control in 
dry-seeded rainfed Therice. application of 
preemergence herbicides must be followed by a
hand weeding to give sustained weed control and 
maximum yields. In Iloilo, the possibility of 
eliminating the follow-up hand weeding by using
herbicide combinations was examined in four 
fields. Residual herbicides (butachlor, butralin, 
and thiobencarb) were either applied preemergence
and followed by a contact herbicide (propanil) at 
the two- to three-leaf stage of the grassy weeds, or 
ap-lied in combination with the propanil at the 
two- to three-leaf stage of the grassy weeds,

In one field, E. colona grew so intensely that 
none of the herbicide treatments controlled it. In 2 
fields where the dry weights of weed at crop har-
vest were 126.7 and 353.2 g/m2, all the herbicide-
treated plots, except those treated with a combined 
application of butachlor and propanil, yielded as 
well as the hand-weeded check and significantly
higher than the untreated check. 

In the fourth field, where the dry weight of 
weeds at crop harvest was 751.8 g/m-, all the plots
where the residual herbicide was applied in combi-
nation with the contact herbicide yielded sig-
nificantly higher than the unweeded check and not 
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significantly lower than the hand-weeded plot.
None c" the plots where the herbicide was applied
sequentially yielded significantly higher than the 
unweeded check. 

Herbicide damage to dry-seeded rainfed 
rice. When applied immediately after seeding or 
after a rain had initiated germination, all herbicides 
caused some damage to IR36. Dinitramine caused 
the greatest damage at both these application 
times. Pendiniethalin applied immediately after 
seeding was the second most toxic, and oxadiazon 
applied after a germinating rain, the third. When 
applied 4 days after the germinating rain, the her
bicides caused little damage to IR36. When 
applied 4 DE, they caused no damage.

The time of herbicide application had no effect 
on the degree of weed control achieved with 
butachlor and thiobencarb (Table 22). Oxadiazon 
gave the best weed control when it was applied 4 
days after the germinating rain. Pendimethalin and 
dinitramine when applied immediately after seed
ing gave the poorest weed control. 

Weed weights in plots where the herbicides 
were applied immediately after seeding notwere 
significantly lower than that in the unweeded 
check. When the herbiciozs were applied
immedl',tely after the germinating rain, only pen
dimethalin significantly reduced weed weight. 



Table 22. Effect of time uf herbicide application on total weed weight 3 wk after crop emergence.a IRRI, 1979 wet season. 

Total weed wt (g/m
2 ) 

Time of application Butachlor Pendimethalin Oxadiazon Dinitramine Thiobencarb 

(2.0 kga.i./ha) (2.0 kg a.i./ha) (1.75 kg a.i./ha) (1.5 kg a.i./ha) (2.0 kg a.i./ha) 

Immediately after seeding 105.6 a 308.2 a 124.6 a 205.4 a 158.2 a 

Immediately after germinating rain 120.0 a 78.0 b 125.0 a 143.4 ab 126.4 a 

4 (lays after germinating rain 172.2 a 115.8 b 43.0 b 89.8 b 112.0 a 

4 (lays after emergence 154.8 a 103.4 b 127.4 a 88.8 b 159.0a 

'Av of 3 replications. In acolumn, neans followed by the sane letter arenot significantly different at the 5% level. The avweed wt in the unweeded check 
was196.6 g/rn

2
. a.i. : active ingredient. 

Plots treated with oxadiazon and dinitramine 4 mesocotyl, was susceptible to these herbicides. 
days after the germinating rain had significantly Both cultivars have TKM6 as a parent. The other 
lower weed weight than the unweeded check. Only parent of BRI 18-3B- 17 is Habiganj Aman VII and 
dinitranine applied 4 DE significantly reduced the other parent of BR223-B-3 is Habiganj Aman 
weed weight. II. Table 23 shows the mesocotyl and coleoptile 

Either the degree of weed control achieved with lengths of these cultivars and Nam Sagui 19 
all herbicides was so poor or their residual effect planted 4 cm deep. 
was so short that all plots had to be weeded 4 WE These cultivars showed no visible injury when 
to prevent total crop failure. they were seeded 5 cm deep and the soil surface 

The time required for weeding, averaged across was treated with 2 kg a.i. butachlor/ha (Fig. 1). As 
all times of herbicide application, ranged from the sprayed layer moved closer to the seed, stand 
1,107 hours/ha for oxadiazon to 1,504 hours/ha for and plant height progressively decreased. When 
thiobencarb, compared with 1,759 hours/ha for the the seed was sprayed directly with the herbicide,
 
plot that had received no herbicide. There was TKM6 was completely killed and the other cul
some variation in the time required for weeding tivars showed marked stand reduction. Habiganj
 
depending on the degree of weed control achieved Aman II and BR223-B-3, on the other hand,
 
but in all instances, except one, hand weeding fol- showed greater reduction in emergence and more
 
lowing herbicide application required more than injury when the soil 1 cm above the seed was
 
1,000 hours/ha. When oxadiazon was applied 4 sprayed.
 
days after the germinating rains, hand weeding When pendimethalin was sprayed directly onto
 
required only 933 hours/ha. the seed, all the cultivars were killed (Fig. 2).
 

Crop yields were low in all cases. The average Injury decreased with distance of the sprayed layer 
yield was 1.0 t/ha. The plot that was hand weeded from the seed. When the herbicide was applied 4 
2 and 5 WE yielded only 0.9 t/ha: the plot that was or 5 cm above the seed, all cultivars appeared 
weeded 4 WE yielded .nly 0.2 t/ha. The only normal. 
treatment involving a herbicide that yielded as well Habiganj Aman VII, Habiganj Aman II, and 
as the hand-weeded check across all application 
methods was oxadiazon.

Cultivar tolerance for herbicides. Herbicide Table 23. Coleoptile and mesocotyl lengths of various rice cul
tivars planted approximately 4 cm deep. IRRI greenhouse trial, 

injury in rice is influenced by the location of the 1979. 
first node in relation to the treated soil layer. Cul- Mesocotyl Coleoptile 

are near the soil surface Cultivar lenqth lengthtivars whose first nodes 
to (mam) (mam) 

(those with long mesocotyls) are susceptible 
30 10preemergence herbicides while those with short Habigani Aman II 

BR223-B-3 26 14
mesocotyls are tolerant. BR 118-3B-17, which has Habiganj Aman VII 18 22 

a short mesocotyl, was previously found to be TKM6 10 30 

tolerant of pendimethalin, butachlor, and thioben- Nam Sagui 19 7 34 

BR223-B-3, which has a long BR118-3B-17 6 34carb, while 
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Percentage ofcontrol 

Navn~oguEmergence
Ioo NOMor ll I Plant
- t TKM. 6 

1OO /8-3B--7 Hoblqon, Aman II 

100 Hablganj Amon V11 BR22--3 

0 2 3 4 5 0 I 2 3 4 5 

Location of sprayed layer (cm above seed )
I. Influence of location of 2 kg butachlor ha on emergence and plant height of rice cultivars expressed as percent
control. IRRI greenhouse trial, 1979. 

Percentage of control 
PlantIll-


O0 - m II HNam Sagu rKM 6-Emergence m..]mmm 


0 

300 / Hablgonj Amn II 

l00o HbgonjAmonV11l RD-I i 
0 1 2 3 4 5 c 2 3 4 5 

Location of sprayed layer (cm above seed) 
2. Inflluence olhsation o12 kg rndi t.,ethaiin ILI iemergence andiplant hcight of lice cult iarnsexprsed itspercent of control.
IRRI greenhouse trial. 1979. 

BR223-B-3 survived when the sprayed layer was 
located 3 cm above the seed. They did not survive 
when the sprayed layer was closer to the seed. The 
other cultivars survived when the sprayed layer 
was located I cm above the seed. 

When seeded 5 cm deep all cultivars were unaf-
fected by the herbicide thiobencarb (Fig. 3). The 
nearer the sprayed layer to the seed, the greater 
were the injury and stand reduction for all cul-

tivars. However the differences between cultivars 
were marked. Habiganj Aman 11and BR223-B-3 
survived when the sprayed layer was 3 cm above 
the seed; Habiganj Aman VII when it was 2 cm 
above the seed; and TKM6 and Nam Sagui 19 
when it was I cm above the seed. BR 118-3B-17 
emerged even when the herbicide was applied 
directly to the seed. 

Seedling mesocolyl length and herbicide resis
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Percentage of control

100 IauI TK 6 I
A'mso I . I 

- Errmrence-l 

0 

10o0 &I8-38-17 -Hoblganj Amon / 

100- HoblgonjAmon V1 BR22'3-8-3 
0

02 3 4 5 0 2 3 4 5 

Location of sprayed layer(cm above seed 

.1.Influence oflocation of2kg thiohenca b hLon emergence and plant height of rice cultivars expressed aspercent of control. 
IRRI greenhouse trial 1979. 

tance. In the greenhouse it was observed that the 
mesocotyl, of cultivars that were susceptible to 
preemergence iicrbicides were slightly shorter, 
whereas those of resistant cultivars were slightly 
longer in flooded plots than in drained plots (Table 
24). Thus the resistant cultivars should be slightly 
more sensitive to the herbicides under flooding than 
under drained coditions. 

In experiments on the effects of ethylene and 
carbon dioxide on seedling morphology of various 
rice cultivars, it was observed that cultivars that 
differ greatly in mesocotyl or coleoptile growth 
rates, when exposed to various gas-level manipula-
tions, usually retain those differences in relative 

Table 24. Effect of heavy watering (flooded) 

growth rates. Added ethylene usually promoted 
growth more than did added carbon dioxide 
although the two were usually complementary and 
synergistic (Table 25). 

Use of antidotes to overcome herbicide 
injury. Phytotoxicity of herbicides such as 
butachlor and thiobencarb to susceptible rice cul
tivars can be partially overcome by the use of her
bicide antidotes such as naphthalic anhydride 
(NA). 

Without NA, the tolerance of both IR36 and 
Salumpikit for butachlor and thiobencarb 
increased with depth of seeding (Fig. 4, 5). Protec
tion was partial when seed treated with NA were 

or v,/ light watering (drained) on the 
mesocotyl and coleoptile lengths of rice cultivars susceptible or tolerant to herbicides 
when planted 4 cm deep. IRRI greenhouse trial, 1979. 

Cultivar Mesocotyl length (mm).. . . . . . .. . . 
Flooded Drained 

Coleoptile length (mm) 
Flooded Drained 

IR42 
IR40 
IR36 
BR223-B-3 

17 
18 
18 
23 

Susceptible 
30 
22 
25 
31 

23 
22 
22 
17 

10 
18 
15 
9 

Kurkaruppan 

BR118-3B-17 
Nam Sagui 19 
BKN6986-147-2 

6 

10 
13 
15 

Resistant 
15 

9 
8 

13 

34 

30 
27 
25 

25 

31 
32 
27 
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Table 25. Effect of ethylene aid carbon dioxide on seedling morphology of 2 rice cul.livers 7 days after germination. IRRI greenhouse trial, 1979. 

Tivalmti-on 

U ,,mch"(71 

fCO:,- C2,11 
.CO.,C2 I, 

WO ;,
IC 114 
ICO., C ,-

CO., 
C tl4 
CO;, C~tI 4 

Pit (cm) 

Ishl"tl(qonce
t t jIhilut',lnn, 


.
 

01 

o l.£ 
0. 

I tLlnllLtli4. Phmii liv'ighl and 
,l ( lhrq ,h . ,M 110lb 

IL 
pLatItdm il IIItII i dIeli IleIiIsIa v,' 

IRl~leiiliuvt tl st~ilill at a 

IIlIliI'd lIIl ,\ I Cili deecp. The ;ili\ele cll .ct:, of, tile 
herbicides \%ec. tOlcr01oilC ;It ;I 11liCi shallo\\er 

plaillig lien tile piroleclnl was used\%as ilot. than wlit it 

Ithiw er., htbll'iide ani clllIilr ill'tact itllis 

1115105 1562.3 1R5105 3.3.1 

M,-Sm:otyIh'-flth Co tptli.Ivfillh Mosmooylh ujilh C t-hopitilelenglth

( ,l(. 
 (,int) (ntn ) 

H) 

It 
1(.1 

20 
23 
26 

10 
11 

8 

,4 

tImp ptliiwd %%tilt 

I 
i hfr .e lilto lt'e 

unch sl tiwer 

32 26 IB 

24 23 16 
21 15
45 26 18
 
46 27 16
 
bo 33 16
 
25 12 10
 
22 11 12
 

13 11 13 

occur. NA gives SIltupikit greater protection 
against thiobencarb than against butachlor (Fig. 5).
For IR36 (Fig. 4) the reverse was observed. 

I:I.'S(TS (tF. '.I'I, (OF IIARROWIN; AND WEiD 
O Nt'(R (DI. O N Y II.:I' (). IR I,(;..V'Il ) R I('I, 

The elect of little of iaTroVing a t diflerent Coll
trol lltids tilt weed conrol tl dields tit trans.plant,ed and w .e-sected IR3(during the was studied at IRRI1979) fir\*,\asOli. ilhe fheld was plowed 

wal'illtninttiediateI nwd onice It Ititee difierent tihles:after plowinlg, 7 days .lher plowing,
and 1.4 (;1%salter.. it owilg. PIiinC wias ad justed So 

andi ;t se,li were dlltl at tile 

rIlnteI d rice'. 'el tv-ttlle-dav-old I-iceekllls-'ll., \tcIraitev lt atlsplatI irli thillllieCaIrl) cd (0 c(till aparl2,4-1) andIPI with and 

i a lhand cding fhollowullp. lltdISashand-
Weeded d UltlttlCd Checks. 

[ controlll(lhe 
g'ee of 

niethodlweed control \;tried significantly,withusedt, re'garless, of' whethe'r 

har s lilg \\i ts dolle inilstilletll, 7 d orpl t4 
t *lyI 't s rith leirig trlol . i iud wle 2 ).tnlanricaTd 

lh, fIaIed %itih 4hiobIi\ ccdilig fl'low\\-up dCali 24-1) i a ntli eand (lie hand-weeded checkhad .significalnlly. less weed infestatiion 1Ih,1n plotstiraleal \\ithI herbicide only. W ithout hand wee'd
iiig, Ihiohliinclrb 2,4-1) did ntl s ignificantly) give 

helter weed colitrolYields did noi than the untreated chleck.tl iffctr sigiificantly alnong ilet weed 
conltrl trealnetil.s when hiiharwing was done 14 
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Plant ht (cm) 

30 /no 


25 With 

SO Thiobencarb nopthalic 


0Y V Butt chl or anhydide 

15 

10 * 
.- ,, 

5 . WiOut 
_ nital000"- nothalie anhydridenhdrdeuntreated 

o - I 


Fresh wt (g) 
16 

2 

08 

0.4 

0 -Field 

Dry w g) 

200 

p 
150 -received 

oo-


S_ -In 

0 I 2 3 4 5 

Seeding depth (cm) 

5. Plant height, fresh weight, and dt'weight ofSalumpikit sprayed 
with thiobencarb or butachlor at 8 kg ha. The seeds were planted
1-5 cm deep, with or without anhydride as aherbicide protectant. 
iheanhydride was I1'oftheseed weightapplied asadm-powder.
IRRI greenhotLse experiment. 1979. 

days after plowing. 
Wet-seeded rice. For wet-seeded IR36 (broad-

cast onto puddled soil) the X-52 - 2,4-D treated 
plots harrowed shortly after plowing, the thioben-
carb - 2,4-D treated plots harrowed 7 days after 
plowing, and the propanil-treated plots harrowed 
14 days after plowing had significantly lower weed 
weights than the untreated control (Table 27). 

However, contrary to results in transplanted rice, 
differences in yield among herbicide treatments 

were observed when plots were harrowed either 
immediately or 7 days after plowing. 

In general, the net effects of the different weed 
control measures on weed control and grain yields 
in both transplanted and wet-seeded rice did not 
vary significantly from one harrowing treatment to 
another. Across all harrowing treatments, however, 
significant increases in weed control and yields
were significantly higher in the treated than in the 

plots. These results suggest the superior
ity of direct weed control methods, such as hand 

weeding or the use of herbicides, or both, over an 
indirect method, such as varying of harrowing 
time. 

MANAGEMENT AND CONTROL OF SCIRPUS 

MARITIMUS 

experiments begun in the 1974 dry season
 
were continued in 1979. During the 1979 dry season, the herbicide-treated and rotary-weeded plots 
yielded significantly higher than the untreated con
trol (Table 28). For continuous transplanted rice,
the highest yield of 3.0 t/ha from plots that 

2rotary weedings was significantly higher 
than the 1.7 t/ha from plots treated with bentazon. 
The heavy population of the annual grasses and 
sedges and S. maritimus resulted in zero yield for 
the untreated check. 

a cropping pattern where maize was inter
cropped with soybean during the dry season, only 
the herbicide-treated plots had statistically higher
soybean yield than the untreated control. 

In a cropping pattern where maize was planted 
alone during the dry season, the yield differences 
between treatments were not significant. A high
population of the annual grasses, mostly Echino
chloa sp., and sedge Fimnbristvlis littoralis, did 
not greatly affect maize yield in the untreated con
trol.
 

During the wet season, in the continuous trans
planted rice pattern, the highest yield (2.0 t/ha) 
was statistically similar to that from plots that 
received two rotary weedings (I.1 t/ha) (Table 29). 
No yield was obtained from the untreated control 
because a high population of annual grass and 
sedge built up in addition to the higher population 
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Table 26. Effects of time of harrowing and herbicide treatments on weed control and yield of transplanted IR36 rice. IRRI, 1979 wet wagon. 

Weed control 
Weed wtd (g/m2 ) 

Yieldd (tha)Rate Time ......treatmento (kg a.i.b/ha) (DTc) Tillagee 
Weed Tillage6 

Weed 
------- --- control controlT, T2 T3 mean T T3T2 mean 

Thiobencarb - 24D fb 1.0-0.5 4 fb 30 7 b 7 b 6 b 6 4.0 a 3.6 a 3.1 a 3.5 
hand weeding

Hand-weeded check - 20 fb 30 7 b 11 b 7 b 8 2.8 ab 3.6 a 3.2 a 3.2Thiobencarb - 2,4-D 1.0-0.5 4 86 a 74 a 63 a 80 2.2 b 2.2 b 3.0 a 2.5Untreated check - 174 a 175 a 228 a 192 1.5 b 2.4 a2.4 ab 2.1Tillage meand 68 a 70 a 76 a 72 2.6 a 3.0 a 3.0 a8A spaced dash (-) means that 2 herbicides were formulated on 
2.8

the same carrier and applied asasingle treatment, fb =CDays after transplanting. dAy of 3 replications. In a column or row, means 
followed by.bActive ingredient.followed by the sameletter arenot significantly different at 5%level. 'aneplowing fb 1 harrowing immediately IT 1), 7 days (T2 ), and 14 days IT3 )after plowing. 

Table 27. Effects of time of harrowing and herbicide treatments on weed control and yield of wet-seeded, flooded IR36 rice. IRRI,
1979 wet season. 

Weedwtd (g/m2 ) Yieldd (t/ha)
Weed control Rate Time
 
treatmenta 
 (kg a.i.b/ha) (DSc) Tillagee controlWeed Tilagee Weedcontco, 

T1 meanT2 T3 T1 T2 Ta mean 
X-52 - 2,4-D G 1.4-0.5 7 29 b 76 ab74 a 60 3.4 a 2.5 a 3.9 a 3.3Propanil EC 3.0 12 64 ab 77 ab 41 b 61 3.6 a 3.2 a 3.6 a 3.5Thiobencarb - 2,4-D G 1.0-0.5 7 104 ab 52 b 99 ab 86 2.8 a 2.8 a 3.0 ab 2.8Untreated check - - 145a 108 a 174 a 135 2.1 b 3.1 a 2.4 b 2.5Tillage meand 80 a 78 a 98 a 85 3.0 a 2.9 a 3.2 a 3.0OA spaced dash (-) means 2 herbicides were formulated on the same carrier and applied asasingle treatment. G = granule. EC =emulsifiable concentrate.bActive ingredient. COays after seeding, dAy of 3 replicatiocs. In a column or row, means followed by the same letter are not significantly different at5%level, eOne plowing followed by1harrowing immediately (T1), 7 days (T2 ), and 14 days (T3) after plowing. 

Table 28. Effects of weeding methods and cropping patterns on crop yield and population density of Scirpus maritimus and other
weeds. IRRI, 1979 dry season. 

Cropping pattern, Yield per hab Weeds (no./m 2)
 
a
weeding treatment Grasses Broadleaf Sedges Scirpus Cyperus

weeds maritimus rotundus 
Continuous transplanted rice Rice (t)
Rotary weeding 2.94 a 4 0
Bentazon (2 kg a.i./ha) 

9 18 01.67 b 463 3 136 72 0No weeding 0.00 c 245 18 896 295 0 
Dryland crop Maize (ears) + soybean (kgj
 
transplanted rice
 
Hand weeding 40,500 a + 452 a 84 1 2 15 4
 
Butachlor (2 kg a.i./ha)


fb bentazon (1 kg a.i./ha) 33,000 a + 234 b 173 0

No weeding 22,000 a + 85 c 227 2 

0 0 0
 
22 57 8 

Dr,'landcrop-dry.seeded- Maize (ears) 
rainfed-bunded rice 
Hand weeding 
 35,000 a 87 
 13 60 
 5, 5
Butachlor fb bentazon 31,500 a 70 20 0 11 59No weeding 25,000 a 436 42 150Ca.i.= active ingredient. fb = followed by. bAy of 2 replications. Within each cropping pattern, 

9 26 
means followed by the same letter are not significantly

different at the 5%level. 
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Table 29. Effects of weeding method and cropping pattern on yield and population density of Scirpus maritimus and other weeds. 
IRRI, 1979 wet season. 

Cropping pattern, 

weeding treatment" 


Con tinuous transplanted rice 
Bentazon (2 kg a.i./ha) 
Rotary weeding 
No weeding 

Dryland crop - transplanted rice 
Rotary weeding 
Bentazon (2 kg a.i./ha) 
No weeding 

Yieldb 
(t/ha) Grasses 

2.04 a 667 
1.14 ab 66 
0.00 b 574 

1.88 a 46 
1.28 a 318 
0.25 b 357 

Dryland crop - dry seeded, rain fed bunded rice (Ist pfanting) 
Hand weeding 1.46 a 4 
Butachlor (2 kg a.i./ha) 0.00 b 223 
No weeding 0.00 b 1029 

Dry-seeded - rainfed bunded rice (2dplanting) 
Hand weeding - 5 
Butachlor (2 kg a.i./ha) - 30 
No weeding - 171 
aa.i. = active ingredient, bAv of 2 repilcadons. Within each cropping pattern, 
level. 

of S. inaritinus. 
In the dryland crop-transplanted rice pattern, the 

treated plots also yielded significantly higher than 
the untreated control. 

In the first crop of dry-seeded rainfed bunded 
rice following maize, the only yield (1.5 t/ha) 
obtained was that from the plots hand weeded 
twice. Because of a buildup of the broadleaf 
Phaseolus lath vroides, butachlor as preemergence 
treatment and the untreated control gave no yield. 

Weeds (no./m 2
) 

Broadleaf Sedges Scirpus Cyperus
weeds maritimus rotundus 

5 233 72 0 
1 50 23 0 
4 1462 278 0 

6 27 18 0 
8 172 2 0 

10 435 146 0 

18 34 2 26 
62 0 3 36 

113 579 3 0 

11 20 2 15 
43 0 4 31 

139 445 4 24 
means followed by the same letter are not significantly different at the 5% 

Although butachlor initially controlled the grasses 
and sedges, it did not affect the broadleaf weeds and 
C. rottendtts population. The second planting of 
dry-seeded rainfed bunded rice was disregarded 
after the weed count was taken because of the crop's 
poor stand establishment. Butachlor controlled 
most of the annual weeds but not C. rotundus, 
which was present because of poor accumulation of 
water in the plot. 

Control of Scirpus maritimus with variety, til-

Table 30. Effects of herbicides on the control of Scirpus maritimus and annual weeds and on yield of transplanted rices. IRRI, 1979 
dry season. 

Herbicide treatment' 

Weed-free check 
Butachlor fb bentazon 
Butachlor fb 2,4-D flbhand weeding 
Butachlor fb 2,4-D 
Butachlor fb 2,4-D lb hand weeding 
Butachlor fb 2,4D 
Butauhlor 
2,4-D 
Untreated check 

Herbicide application 
. .. ..

Rate Time 

(kg a.i.b/ha) (DTc ) 

1.0 fb 1.0 4 fb 28 
1.0 lb 0.5 4 fb 28 fb 40 
1.0 fb 1.0 4 fb 28 
1.0 fb 1.0 4 lb 28 fb 40 
1.0 fb 0.5 4 fb 28 

1.0 4 
1.0 28 
- -

Weed wtd (g/m2 ) 
....... .. . Yieldd
 

S. maritimus Annual (t/ha) 

weeds' 

0 a 0 a 5.1 a 
11 bcd 37 a 5.1 a 
9 bc 10a 5.1 a 

24 de 20 a 5.1 a 
5 b 8 a 5.0 a 

42 e 33 a 4.7 a 
108 f 33 a 3.9 b 

18 cd 135 b 3.7 b 
112 f 196 b 2.6 c 

afb f1.llowed by. bActive ingredient. cOays after transplanting. dAy of 3 replications, 2 varieties, and 2 tillage levels. In a column, means followed by 
the same letter are not significantly different at 5% level. eEchinochloa spp., Monochoria vaginalis, and Cperus difformis. 
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Table 31. Effects of variety and tillage on S. 'naritinruls control and grain yield. IRRI,1979 dry season.
 

Treatment Weed wt (g/m 2
a 
) Yielda (t/ha) 

IR36 IR42 Mean IR36 IR42 Mean
slowing f1 harrowing 43 a 31 a 37 4.1 aOne plowing ' 2 harrowings 5.0 a 4.533 a 39 a 36 3.9 b 4.9 a 4.4Mean 3 8a 35aof 3 replications and 9 herbicide treatments. in a row, means followed by the same letter are not

significantly different at 5', level. 

aAv 4.0 b 5.0a 

lage, and herbicide. During the 1979 dry season,the effects of variety, tillage, and herbicide on thecontrol of S. inarjniis in transplanted rice was
studied at IRRI. Wet-bed seedlings of IR36 andIR42 were planted on plots with two land prepara-
tion treatments  one plowing plus one harrowingand one plowing plus two harrowings. Final har-rowing in both cases was a week after plowing,
Herbicide treatments were laid out on the variety
and tillage treatments. 

All herbicide treatments provided adequate weedcontrol and gave yields significantly higher than
that of the untreated check (Table 30). Yields from 
plots treated with 2,4-D, where both S. maritimus 

and the annuals were controlled, were similar tothose obtained from the bentazon treatment and theweed-free check. Yields were markedly lower in
plots where only S. nariinus was removed by asole application of 2,4-D or only the annual weeds were removed by a sole application of butachforthan where both weed groups were controlled. Theresults suggest that under a mixed-weed situation
where one herbicide cannot control all weeds, herbicides must be combined to obtain maximum 
yield return. 

The interaction between variety and tillage was 
not significant (Table 31). 
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The management of the system was based on a 
IRRIGATION SYSTEM week-by-week calculation of the water require-
MANAGEMENT IMPROVEMENT ment through the conveyance network as target 

Development of a methodology for improvement flows and control of the structures to deliver those 
of an irrigation system continued in the 2,500-ha amounts. For the 1978 wet season and the 1979 dry 

Lower Talavera River Irrigation System (LTRIS) season, the interference of rainfall in the rainy 
project in collaboration with the National Irriga- season caused a wide divergence between actual 
tion Administration (NIA). The research compo- water flow and target water flow (calculated with
nent was completed in the 1979 dry season, after out a prediction for rainfall) but there was a close 
which an evaluation of the system's performance correspondence between actual and target water 
without IRRI researchers' intervention was flows in the dry season(Fig. 1). Transplanting took 
started. I I weeks in the wet season and 10 weeks in the dry. 

One measure of the physical performance of the Such farming activities adversely influenced not 
system was the water utilization efficiency (WU E) only the water delivery and distribution schedules 
calculated from the weekly water-balance compo- in the system, but also the yields, particularly in 
nents. High rainfall caused the 1978 wet season lateral A in the dry season, where the delay in 

average WUE to drop to 45%. In the 1979 dry planting was most pronounced. To offset the over
season, essentially no rainfall interfered with sys- prediction of target allocations caused by delay in 
tem operation, and average WUE rose to a high transplanting, actual water releases were closely 
73% (Table I). patterned to the observed farming activities at con-

The yields from the system, by sections num- siderable savings of water in weeks 9 to 14 and 34 
bered sequentially from head to tail, for the period to 39. 
before to after implementation of the research proj- Tertiary level water distribution problems. De
ect indicate the production with respect to position tailed 1979 dry-season observations were made in 

(Table 2). In four out of five seasons after imple- three rotational areas in LTRIS selected from the 
mentation of the new management techniques, the upstream, middle, and the tail ends of three tertiary 
tail section, represented by laterals G, H, and I, had canals. Data on irrigation inflows, crop water 
either the highest yield or the yield that was not requirements, and farmers' water-related behavior 
significantly different from the highest. were collected daily. In addition, the existing phys-

Table 1. Weekly mean irrigation (IR), rainfall (RN), evapotranspiration (ET), seepage and 

percolation (S&P), and water utilization efficiency (WUE), Nueva Ecija, Philippines, 1978 
wet season and 1979 dry season. 

ET S&P WUEaDate IR RN 

Date (mm/day) (mm/day) (mm/day) (mm/day) (%)
 

1978 wet season 
5.1 24.2 

31 Aug-6 Sep 4.7 
24-30 Aug 9.8 21.6 2.5 

8.3 2.9 4.1 53.8 

7-13 Sep 2.7 10.3 2.8 5.4 63.1 

14-20 Sep 2.2 12.7 3.1 5.5 57.7 

21-27 Sep 2.1 13.3 3.0 4.9 51.3 

Weighted av 4.3 13.3 2.9 5.0 44.8 

1979 dry season 
14.4 0 5.7 4.9 73.6 

8-14 Mar 14.4 0 5.7 
1- 7 Mar 

4.3 69.4 

15-21 Mar 14.3 0 5.7 4.1 68.5 

22-28 Mar 14.3 0 5.6 4.1 67.8 

29 Mar-4 Apr 14.1 0 5.9 5.0 77.3 

5-11 Apr 13.9 0 6.2 5.3 82.7 

Weighted av 14.2 0 5.8 4.6 73.2 

aCalculated using the equation: WUE - I I 100. 
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Table 2. Mean crop-cut grain yield in consecutive sections of Lower Talavera River Irrigation System ILTRIS) from 1976 wetthrough 1979 wet season, seasonNueva Ecija, Philippines. 

Section Lateral 1976
bcanal 
 .Mean.rop-cut 197 

.
 .s wet season 
IA 4.2 a2.2a 

2 
 B 4 3 

D, F 
2.6a a.3 3.7 b 4 

.3a4 E 44.1 b .5a5 G,H,I 2.4a 4.9a
Weighted av 3.0 4.4 
"Separation of meansasaresult of typhoon. within a column by Duncan's multiple range test, 5'.. 
 ....
 

ical characteristics of the sites, such as soil type,
topography, and farm ditch density and gradientwere thoroughly documented. 

A new variable was identified to represent thewater supplied to paddies relative to the crop'sneed for water. This relative water supply (RWS)
was defined as: 

Irrigation + rainfallEvapotranspiration + 
seepage and percolation 

The most important factors affecting the availa-
bility of water on the farms were found to be (Table3): 

Area e/) 

00 
75 s 


50 
 PH TD
 
25 

10 1 20 25 30 
Applied water(mm/day) 

25 


21 


10 15 20 25 

. .....
1978 ........train ielda_.t/ha)..-1978F 

1979 
 1979

dry season 
 wet season dry season wet season2.5 a 1.7 ab wet seaso 
2 2.5 a 3.3 ab.4a 1.6 b3 2.8 b 3.5 b.1a 1.9ab 33.0 b2 .8a3.3a .0a 3.0 b3 4.5 c.2a 1.9ab 2.8 b 4.0a2.9 1.8 2.8 3.8 

level. bgenchmark seasonprior to management improvement. cyield reduced 

t paddy elevation relative to the turnout bed 
level,
 

0 accessibility of the supply ditch,

* percentage of sand in the soil, and
* farm ditch density.
Further analysis showed that overland distance

of the farm from the turnout becomes a problem in 
water distribution only when there is inadequatehydraulic head for gravity flow to the farm. Thishas important implications for design of irrigationwater distribution systems becauseprocedure does not properly account for higher
elevation fields. 

Farmers' usual irrigation behaviorsuch as check

the current 

s 

H 

35 40 45 50 55 59 

- MeasuredactualTarget water flowwaler flow
RaFmnall 

I-Jun-- Jul--- Aug 
30 35 40 45 50--- Sep-4- Oct -+- 55 5Nov-- Dec__-,-Jan--Feb--Mar I Apr-..M.y 5Wet season- - -. 
 4- - Dry season  4 

I. Farnlgaettlisctcs, average daily water target flow, measured actual flow, and rainfall. by weeklyittervals. L.ower alavera River Irrigation System, 1978 wet andsoaking, PH 1979 dry seasons..S= = landplowing and harrowing."= transplanting. [D= terminally drained, H=harvesting. 
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Table 3. Relative water supply regression relationship based on physical parameters from 
Lateral A of LTR IS, Philippines, 1979 dry season. 

Varable Estimated T-statistic R2 
decomcoefficients potiun Means 

Constant (a) 

Percent sand fraction in the 


soil (s)
 
Paddy elevation relative to the 


turnout (Er), m 
Farm ditch density (FD), m/ha 
Farm ditch gradient (FG), m/100m 
Paddy overland distance from the 

turnout (OL), 100 m 
Accessibility of the (supply) 

farm ditch - dummy (A) 
Interaction (Er x OL) 
Coefficient of determination (R2 )  

F-statistic 
aAdlusted for all other factors. 

0.384 
-0.012* 

0.461 

0.006* 
0.258 
0.006 

0.400* 

-0.041 * 

75.2% 
7.78** 

ing water flow, cutting embankments, closing and 
opening of turnout gates at will, and disturbing 
measuring devices are significantly associated with 
the farm ditch gradient. The inadequate slope of the 
farm ditch represents a serious problem for farmers 
which is caused by inadequate attention to topo-
graphy in the design and construction of the system. 

A production function for relative water supply 
as an input to rice yield was developed (Fig. 2). The 
fact that more than 69% of the yield variability 
could be accounted for by the water-supply aspect 
alone reemphasizes its importance in rice prod-
uction. 

Yield /hal 
65 

RWSIOO 0 

52 - * WUE-1O%) 

•0 'relationships 
39 - 0Z o ° 

2i 0cantly
26 

11518x 0 5  Y'-2 340-4389x 
1.3 -R 2 

0.69 n=25 

0I
0.0 06 1.2 1.8 2.4 30 

Relative wafer supply 

2. Yield as a function of relative water supply (RWS). Lower
 
Talavera River Irrigation System, Nucva Ecij, Philippines, 

1979 dry season. WUE = water use efficiency. 


- -

-2.33 7.52 35.95
 

3.58 17.70 1.55 

2.25 6.98 61.74 
0.47 0.31 0.23 
0.13 0.02 5.60 

3.07 13.04 

-2.80 10.80 

A new technique to obtain farmer cooperation. 
An information campaign was conducted in the 
LTRIS system to elicit the cooperation and positive 
participation of the farmers in the improved system 
management activities. The initial stages of the 
campaign included farmer meetings and personal 
contacts among researchers, farmers, and system 
personnel. In the 1978 wet season, speciallya 
designed wAter management calendar was intro
duced. The calendar follows the monthly sequence 
of expected farming activities based on NIA water 
delivery schedule, and had local language rhymes 
and drawings emphasizing improved water man
agement practices. In 1979 the calendar's effective
ness was evaluated in relation to the farmers' irriga
tion behavior and their adoption ofimproved water 
management practices. Two particularly significant 

were associated with the scores farmers 
received on level of effectiveness of the calendar. 
The level ofeffectiveness of the calendar was signifi

associated with the low level of negative
water management behavior of the farmers. Like
wise, a significant relationship existed between the 
calendar's effectiveness and the credibility of NIA 
field personnel as an information source (Table 4). 

WATER-USE PATTERNS IN DIFFERENT 
SCALES OF PUMP SYSTEMS 

Pumps of different discharge capacities and service 
areas using water from surface sources were studied 
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Table 4. Distribution (%) of farmer's score on level of effec. 
tivenessof irrigation water management calendar with respect 
to negative behavior and source credibility score, LTRIS, Phil
ippines, 1979. 

Distribution (I by level of effectiveness 
Variable Hlh Low 

(10-20) (0-9) 

Negative irrigation 

benavior 

High (> 10) 3.55 1.78Low ('<9) 
(N k169) 

89.94 4.73 
X2 = 1124 

Source information 

credibii/ty
High (8-14) 90.06 4.68 
Low (0-7) 3.51 1.75 

(N=.171) *
X- 11.42
 

to evaluate the effectiveness of their pumping sche-
dules in relation to rainfall, and the pattern of irriga-
tion water distribution and use efficiency in their 
service areas. Two large, three medium, and two 
small pump systems adjacent to the medium ones in 
Bulacan Province, Philippines, were studied for two 
consecutive seasons in 1977 and 1978, and two large 
pump systems were studied in Bangladesh during the 
1978 dry season. The Bulacan small pumps were 
privately owned and operated, whereas two medium 
ones belonged to farmer cooperatives and one was 
privately owned. All large systems, both in the Phi-
lippines and Bangladesh, were nationally owned and 
operated. 

Rainfall 

\ \\ s\Evaporation 

Irrigation / . 

•. I,II 

I I 

. Paddy storage 
capacity 

Seepage I 

Percolation 

Philippine pump systems. The amount of water
supplied to each pump system's service area was 

determined by measuring actual discharge rates and 
operating hours. Daily rainfall amounts and evapora
tion rates were measured at representative sites. 

An index of water adequacy at different parts of 
the service area of the medium and large systems was 
obtained from a network of selected observation 
paddies representing farms at the head, middle, and 
tail ofthe main canal. Seepageand percolation (S&P)losses of water were measured in sample paddies.

Detailed farming activities in the observation pad

dies were monitored and spillway heights maintained 
by farmers for paddy water management were rec

orded. Use of fertilizers was recorded through farmer 
interviews. Yields from the observation paddies were 
obtained by crop-cut samples. 

Effective rainfall amounts were calculated by use 
of a daily water budgeting method for each sample 
paddy. The components used are shown in Figure 3. 
It was assumed that when irrigation supply and rain
fall occurred on the same day, all irrigation water 
supply up to the top level of paddy spillway was 
effective. Computation was based on a large number 
of sample paddies monitored and budgeted daily to 
obtain a representative value of the effective rainfall. 
It provided a useful estimate of the effectiveness of 
rainfall in the service areas, which was extremely 
important in the evaluation of the pump system's 
performance. 

The estimation of effective rainfall allowed the 

Paddy dike level 

____-_j 'Drainage 

Spillway level 
h"
 

T 
Seepage 

3. Paddy-level water balance components used to determine effectiverainfall. 

IRRIGATION AND WATER MANAGEMENT 261 



_______ 

Service nren (%) 
100 

80 LSa Ls 
P P~TLBT H-H
 

40 
1977 wetseason 1978 dry season 

20 a I.. .. l 

(mm) 

80 

Pumped water 

0'
 

(mm)___ _______ 

300 
___ _ 

-RN 

200 

I (S8P+E)
1001- E0,..,,...... 

20 25 30 35 40 45 50 01 05 10 15 
Week no 

4. Pumped water, rainfall (RN), evaporation (E), and seepage and percolation (S&P)
requirements, and progress of farming activities for asmall-scale (Victor) pump system,
Bulacan, Philippines. LS = land soaking, P= land preparation, T= transplanting, H = 
harvesting. 

Seryice area M/) 

o - - H H.-. 

20 P 198dr' 

I 1 ...... *. /-L977 aruv . ,
60 

20 

a 

{rm)
 

200 .. . . . . 

'R (P+E) 
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 "/
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Week rio 

5. Pumped water, rainfall (RN), evaporation (El, and seepage and percolation (S&P)
requirements, and progress of farming activities for a small-scale (Coding) pump
system. Bulacan. Philippines. IS = land soaking. 1P= land preparation, I= transplant
ing. tH= harvesting. 
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determination of irrigation efficiency (IE)defined as: 

(ET + S&P) - R,
IE 
 X-


where ETis evapotranspiration, S&P isseepage and 
percolation, R,. is amount of effective rainfall, and 
Ir is the irrigation water supply. Use of the IE 
equation removed the site specificity of the use of 
WUE as an index of irrigation performarce 
Decause irrigation water supply was compared 
with the net irrigation requirement (the numera
tor). The equation could, therefore, be used to 
compare the performance ofa project for different 
years having different rainfall amounts and also to 
compare IE of different projects in the same year 
or for different years. 

Water usefor landpreparation.The timing of 
wet season land preparation and transplanting to 
obtain maximum benefit from the monsoon rains 
during the crop growth period is particularly im-
portant in pump irrigation systems. The land 
preparation water use aspect was analyzed in detail 
for all the three scales of pump systems. A weekly 
moving average ofthe fraction of total service area 
undergoing land preparation activities that week 
was considered. Water use for any part of an area 
already transplanted was not accounted during 
land preparation, but during the crop growth 
stage. 

Figures 4 and 5 show the dynamics of pumping 
and farming activities in relation to rainfall 
amounts on a weekly basis during both the wet and 
dry seasons for the two small-scale systems. Both 
started land preparation early in the wet seasonand 
used early rainfall effectively, which helped achieve 
an 85% R,. during the land preparation time (Table 
5). 

On the average, about 3.8 times more Water was 
pumped for land preparation in the small systems in 
the dry season than in the wet despite 16% higherrainfall in the dry season. The reason was that in the 

dry season the average effective rainfall was low 
(52%) in these systems and one of them (Victor) 
took IIweeks to complete land preparation for the 
whole service area in the dry season, compared with 
about 6 weeks in the wet season (Fig. 4). 

Figures 6-8 show that two (Halina and Angat)
of the three medium-scale systems made excellent 
use of rainfall for land preparation inthe wet sea
son. There was greater use of the pump in the third 
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6. Pumped water, rainfall (RN), evaporation (E), and seepage and percration (S&P)requirements, and progress of farming activities for a medium-scale (Halina) pump system,Bulacan, Philippines. LS land soaking, P land preparation, T = transplanting, H = 
harvesting. 
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Week no7. Pumped water, rainfall (RN), evaporation (E), and seepage and percolation (S&P)requirements, and progress of farming activities for a medium scale (Angat) pump system,Bulacan, Philippines. LS = land soaking, P = land preparation, T = transplanting, H = 
harvesting. 
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8. Pumped water, rainfall (RN) evaporation (E). and seepage and percolation (S&P) 
requirements, and progress of farming activities for a medium-scale (Safari) pump system.

)
Bulacan, Philippines. LS = land soaking, 
harvesting. 

system (Safari) because rainfall was lower than 
requirements. As the figures indicate, all three sys-
tems did some overpumping during crop growth 
period. 

The Halina system had more than 500 mm of 
rain in the 1978 dry season, but because most of it 
occurred 'ate in the season it was not of much relief 
to the pumling requirement (Fig. 6). The Safari 
system encountered shortage of water in the river 
and substantial pumping could not be done after 
week 4 in the 1978 dry season (Fig. 8). Some areas 
that were transplanted late suffered severe water 
stress. Many farmers used small pumps to obtain 
water from a creek. The amounts of water pumped 
by the small pumps were not measured. Therefore, 
the total pumped water recorded in the crop growth 
period for the Safari system during the dry season 
was less than the actual amount and also substan-
tially less (386 mm) than the average of 595 mm for 
the two other medium-scale systems. 

Of the two large-scale pumps, one (BPIP) did not 
do any significant amount of pumping in the 1978 
wet season (Fig. 9). Weekly rainfall amounts were 

land preparation, T = transplanting, H 

distributed quite favorably from start of land soak
ing to end of transplanting. This gave a high R, 
(95%) in the system during land preparation. In 
contrast, substantial pumped water was used in the 
other !arge-scale system (BPE) despite the 37% 
higher average rainfall (538 mm) in areas undergo
ing land preparation than in the BPIP system (Fig. 
10). 

The upper portions of Figures 4-10 show farm
ing activities. The average horizontal distance 
between the lines LS (land soaking), or LS and P 
(land preparation) and T (transplanting) represents 
the time an average farmer had taken between the 
start of land soaking and the start of transplanting. 
An average farmer in a smaller system took signifi
cantly less time to complete land preparation than 
his counterparts in larger systems in the wet season 
(Table 6). There was, however, no significant differ
ence in time for land preparation among farmers of 
the medium-scale and small-scale pump systems in 
the dry season. Also farmers in the larger systems 
maintained higher spillway heights than those in the 
smaller systems. This practice by the farmers, likely 
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9. Pumped water. rainfall (RN), e'aporation (E), and setpageand percolation (S&P) requirements, and 
progress of farming achivities for a large-scale (3I PI) pump system, Bulacan, Philippines. I.S = land 
soaking. P = land preparation, T transplanting, H harvesting. 

to be related to a greater degree ofuncertainty in the water control was difficult, used 15- or 16-day-old 
timely obtaining of water in a larger system, dapog (mat) seedlings whereas in all other systems 
resulted in a tendency to store more water in the farmers used the older wet-bed seedlings. Because it 
paddy. is a common practice for farmers to start seedbed 

eEfficien' ofthe outstanding Angat s stem. The and land preparation about the same time, the 
privately owned Angat medium-scale system was Angat-system farmers had to prepare land in a 
highly efficient in using water, especially during much shorter time once their seedbed had been 
land preparation. In that system, an average of 321 started. 
and 268 mm water was used for completion of land The average duration of land preparation by a 
preparation from the combined sources of pump farmer in the Angat system was 22 days in the wet 
and rainfall during the wet and dry seasons, respec- season and 21 days in the dry compared with an 
tively. This meant that the Angat system used 46% average of 40 days in the wet season and 38 days in 
less water in the wet season and 27% less in the dry the dry, in the other 2 community-owned medium
than the average of the other 2 medium-scale sys- scale pump systems. A comparison with other types 
tems. Compared with large-scale systems, the Angat of systems shows that farmers in a gravity irrigation 
system used about 32% less water for land prepara- system in Nueva Ecija Province in 1977 took an 
tion during both seasons. average of 41 days and Bulacan rainfed farmers 

One major reason for less water requirements for during 1977 and 1978 wet seasons 39 days to com
land preparation by Angat-system farmers was that plete land preparation. 
all, except those located in depressed areas where The owner of the Angat system pump encour
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I0. putmped Waler. rinfall (RN), evaporation (E), and seepage and percolation (S&P) requirements, and 

progress ol farming activities for a large-scale (BPE) pump system, Bulacan, Philippines. I.S = land 

soaking. I = land preparation. "F= transplanting, H = harvesting. 

aged farmers to plant the same variety of rice so that 
crop growth duration would be the same and 
pumping would not have to be extended for some 
farmers. Use of dapog seedlings was reported by 
farmers in the system as economical because the 
cost of labor for pulling and bundling the seedlings 
was lower than that for wetbed seedlings. Farmers 
in the system paid the pump owner a water fee 
equivalent to 15% of harvest. In contrast, a farmer 
in the government-owned pump syst m like BPIP 

and BPE is charged about 200 kg grain/ha per 
season as water fee. 

eWater use andeffective rainfall. In the wet sea
son, the effectiveness of rainfall use during land 
preparation was high (85%) for small-scale systems 
mainly because of that period's smaller weekly rain
fall amounts. Its effectiveness during crop growth 
was also higher in the small-scale systems than in 

the other systems. 
The 1978 dry season rainfall amounts during 

Table 6. Average number of days taken by a farmer to prepare his land, and the height of 

his spillway in the paddy. Bulacan, Philippines. 1977 wet and 1978 dry seasons. 

Pump system size 

Large (275-685 ha) 
Medium (22-135 hal 
Small (2-6 ha) 

Days (no.) to complete 

land preparation_ 


Wet season Dry season 


46.8 a 43.3 a 
40.3 b 37.8 b 
34.0 c 35.8 b 

Paddy spillway ht (mm) 
_ 

Wet season Dry season 

99 97 
87 88 
79 79 

aSeparation of means within a column by least significant difference test, 5% level. 
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Among the medium-scale systems, Halina had
land preparation were high (224 mm) in the large-

almost no rainfall during land preparation in the 
and small-scale systems. However, the large sys-
tems had a much higher average effective use (74%) dry season, whereas both Safari and Angat sys

of the same amount of rainfall than the small-scale tems received substantial amounts. For both sys-

The tems effective rainfall was 50% because of high
systems (52w) during the period (Table 5). 

reason for this difference is that in both small sys- intensity; in the case of Safari, rainfall occurred in
 

the week following 2 weeks ofsubstantial pumpingtems, most of the dry season rainfall was as one 


single rainfall of high intensity during the weeks of (Fig. 7, 8).
 
Water use in crop growth period. In the wet

continuous pumping (Fig. 4, 5). Between the large-

scale systems, the BPIP had a less effective dry season the small systems frequently pumped small 

season rainfall (61%) because most of the rainfall amounts during the crop growth period when 

was in Iweek, whereas about the same total rainfall weekly rainfall amounts exceeded the water require

ment for ET and S&P (Fig. 11). Such small
was distributed over a period of3 weeks in the BPE 

system (Fig. 10). The result was higher (88%) effec- amount but unnecessary pumping was also evident 

tive use during land preparation in BPE and a in medium-scale pumps, but not in the big systems. 

In the dry season, the large systems pumped the
weighted average effectiveness of 74% for the large 

most water (848 mm) during the crop growth peri
pumris (Table 5). 

Water depth (mm) 
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PUMPS Rainfall (BPIP) 
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11. Use of the different pumps during weeks of excess and deficit amounts of rainfall in relation to 

water requirement (evapotranspiration [Ell + seepage and percolation [S&P]), during crop growth 

period. Bulacan. Philippines. 1977 wet season. 
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Table 7. Paddy water status, average nitrogen use,and yield inpump systems of different scale$, Bulacan, Philippines, 1977-Pump.eal Days without Av Nuse ylela 

standing water (kg/ha) (t/ha) 

WL 0eason 
Medium 13 63.2 a 4.0 a 
Small 8 68.9 Ih 4.5 c 

Dry so 
Dry seas 3.one 

Medium 21 64.3 bc 4.0 aSmall 6 5 331 .2 a c .4 a 
ae ,....io f meansn a coi.in fr .aci seasonb . "J ican,least s.. 

dfference rest, 5 level 

ods. The small systems pumped only 365 mm andthe medium systems used an average of 525 mm
from pump sources (Table 5). Part of the system 
use difference can be assigned to higher convey-
ance losses that are involved in larger systems.

The smaller amounts of pumped water used inthe small systems resulted in close to 100% IE for
the whole dry season, indicating possibilities of 
water deficits in the service areas during the season.
Water status observation in selected paddies
showed a higher number of days without standing
water in the small systems than in others in the dry
season (Table 7) and yields also seemed to be
affected. As expected from the pumping schedules
(Fig. 9, 10) the large-scale systems maintained a
high IE of 85% in the dry season, and 65% in the 
wet. 

The Bangladesh pump systems. Two Bangla-desh pump irrigation systems were st,:died in the

1978 dry season for comparison of water use and

allocation patterns. The Ganges-Kobodak (G-K)

project served 26,000 ha and the Dacca-Narayanganj-

Demra (D-N-D) project served 3,027 ha. Both

projects lifted water from rivers and distributed it

by gravity. Flood control dikes protected the ser-

vice areas. The projects were operated and man-

aged by the same national agency following a 
common model for technical infrastructure opera-
tion as well as extension services. Both had been in
operation for more than 10 years at the time of the
study. 

In the G-K project, 3 of 13 secondary canals of
the main canal were selected as samples - SI K, the
first secondary from the main representing the 
upstream or top end, the second sample, S6K, the 

middle section, and S 2K, the tail of the projectarea. From each secondary, three tertiary canalswere sampled, which likewise represented the top, 

middle, and tail portions of the secondary tals' 
service areas. Flows were measured at the intakes
of each sample secondary and tertiary canal and
three sample paddies from each chosen tertiaryarea were used for S&P measurements. Rainfall 
amounts and evaporation rates were measured atsite for each sample secondary canal service 
area. 

The middle tertiary of the second sample secondary (T4/$6 K) was chosen for intensive water ade
quacy monitoring through daily observation of 36selected paddies evenly distributed in the servicearea. 

In the D-N-D project, which has six secondary
canals, the head, middle, and tail of the system 
were represented by secondaries DL, DL3, and
NR 2. Water delivery into the canals was measured 
as in the G-K project. Water adequacy status foreach canal area was monitored by daily observa
tion of 36-55 sample paddies depending on the
service area of the canal. Likewise, S&P losses 
were measured at 6-11 paddies for each canal 
service area. Daily rainfall amounts and evapora
tion rates were measured near the pump house. 

The unit of analysis for IE estimations was the
tertiary canal service area for the G-K project, and
the secondary canal service area for the D-N-D
project. In either case, the analysis was done on the
unit that received water from the last agency
controlled water delivery structure.
 

Breakdown ofa major power transformer caused
 
an unusual 4-week water crisis in the G-K project

during the transplantingperiod. Subsidiary pumps

could supply only 30-50% of the normal flow to

the main canal. Most upstream farmers intervened

in the irrigation agency's attempt to ration water 
supply and kept their control over the operation ofthe gates. The first tertiary (Ti/SIK) of the first
secondary had 32% more water diverted to it dur
ing that crisis than before. During the same period,
the tertiaries in the middle and end sections had a
flow reduction that ranged from 50 to 93% of the
precrisis discharge. In general, the greater the dis
tance of the tertiaries from the water source, the 
greater was the water shortage. 

Irrigationefficiency of the system. To calculate 
IE during crop growth period effective rainfall 
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Table 8. Area irrigated, average irrigation water supply per unit areaciency and irrigation effi-IE) in selected tertiary canals in the Ganges-Kobodak (G-K)and secondary canalsin the Dacca.Narayanganj.Demra (D.N-D)irrigation projects, Bangladesh, 1978 dry season. 

is thesum of requirements for evapotranspiration and seepageand percolation. 

Project and canal 
Irrigated 

area 
Water 

requirement" 
Av irrigation
water supplyb IE 

(ha) (mm/day) (liters/s per ha) M 

G.K 
S1 K 165.2 9.43 2.97 17.7 
T, 9.30 3.46 
T2 
T3 A 

S6K 
T1B 

217.5 8.88 

9.54 
9.46 

8.63 
2.59 

2.44 
3.00 

1.28 
28.0 

T4 8.82 2.33 
T,

S12 K 
TI 

156.3 8.95 
9.19 

8.13 
1.68 

4.17 

2.15 
40.2 

T6 
T8 

7.83 
10.90 

1.20 
1.69 

Total 539.0 
Weighted av 9.11 2.41 (20.82) 28.4 

D-N-D 
DL 1 

DL3 
NR2 

662.8 
251.3 
384.9 

7.73 
7.45 
7.00 

1.10 
1.06 
1.13 

77.5 
68.4 
65.3 

Total 
Weighted av 

aWater requirement 

1299.0 
7.46 1.10 (9.50) 72.1 

bEach figure within parentheses is theequivalent amount of waterin millimeters per day. 

data, which were not available, were assumed 
rather conservatively. For rainfall amounts less 
than 70 mm, 55% of rainfall was assumed effective,
Forty-five percent effectiveness was assumed for 
weekly rainfall values between 70 and 140 rhim and 
35% effectiveness for weekly rainfall values greater
than 140 mm. 


The calculated IE at the service areas of each 
sample canal for both the projects are shown in 
Table 8. The reason for low IEfor G-K was thai 
the average water supply was much higher than the 
requirement for ET plus S&P. Water diverted to 
the intakes of the sample canals was 60-172% 
higher, and the weighted average water supply was 
about 122% higher than the field requirements
(Table 8). 

Water use in the D-N-D project was much better 
and differences in IE among the three sample can-
als were small (Table 8). In this project tlh'e average
water delivery amounts in the sample canals ex-
ceeded the field water requirements for ET plus
S&P by about 27% which helped achieve the high
IE. 

Waterallocation anddistribution. As evidenced 
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in Tabie 8, the average rate of water supply per
hectare in the G-K project was higher in the 
upstream secondary than in those in the middle 
and tail. The trend was the same for the individual 
tertiary allocations, with some exceptions resulting
mostly from smaller than planned areas actually
transplanted in those because of the water crisis 
during transplanting time and no efforts being
madetoreducethetertiaryallocationto matchthe
 
smaller needs of the reduced planted area. The 
tertiary T4/S6 K, which was intensively monitored 
for water adequacy study, showed considerable 
maldistribution in the service areas of its various 
sections (Fig. 12) despite the fact that the water 
supply to the intake of this tertiary was 126% 
higher than the field water requirement of 8.92 
mm/day for meeting ET plus S&P needs. The 
distribution inequity was caused by consistent 
overuse of water in certain sections of the service 
area. Although the pattern of distribution inequity
depicted by T4/S6K was not exactly representative
for the whole of the project area, a similar or even 
more serious distribution inequity existed in the 
project. 



ments for ET and S&P. The middle portion of 
Area adequtely ,r,gated (0) Equivalent stress days 

- lateral DL3 suffered more water stress thanexpect

6 ed (Fig. 13) because of elevated fields that could 
not be irrigated with the normal head of water in 

so 
the farm ditch. 

The smaller D-N-D project's performance was 

40 FEZ, much superior to that of the G-K project in all 

.. respects. The key determining factor in the higher 
2 

IE for the D-N-D project was the delivery in the 
20 0 . canal of flow reasonably higher than field water 

Middle Tail requirements, unlike in the G-K project where 
Head Middle Tai Head 

adequateh%irrigated and corresponding deliveries were highly excessive. None of the two 
12. Perccntagcf projects used water-measuring devices to allocate 
cIuialient stress d idiflerent sections of the serice area of 

water from the main to the laterals and beyond.
canal I i .%K ol the (-K Piofect during 1 motlhs ol the crop 

But the main canal oi the D-N-D project was used 
gro\\h period. Bhangladesh. 1978 drL season. 

as a reservoir and the pumping schedule was main

tained on the basis of the fall of water level in the 

Area adequately irrigated (o) 

The number of stress days, i.e. days exceeding 100 

three during which a paddy had no standing water 80 

(Fig. 12),was calculated on the basis of weighted 60 

average of stress days prorated over the relevant 
oservice area. Thus, although the whole of the last 

20 
section service area of T4/St K suffered an equival-

-
ent stress period of about 4 days only during the 0 

EquHvalent stress dys 
2-month measurement period, specific paddies or 

3o[sub-areas experienced much longer water stresses. 

The D-N-D project's water distribution was sim- 25
 

ilarly affected by the distance of a section from the 
 20
 

source of water within a secondary canal. Relative
 
15 

to the service area of the first section, progressively 

ic
more areas suffered from water shortage in the 

middle and t> section in all three laterals studied 
0

(Fig. 13). As in the G-K project, the noncoopera-
H M T H M T H M Ttion of the upper-reach farmers with the D-N-D 

AVyield of woer-stressedsGrain yield (t/h)
personne! hampered the establishment and prac-

7 

tice of an equitable water-sharing system for all 2farmers under the command of a turnout or gate. 
5 

The upper-reach farmers illegally blocked the dis-
4

tributory canal to divert more water to their fields. 
3Such malpractices happened more at night. 

The average number of stress days suffered dur- 2 

ing the crop growth period at each paddy belong

ingto different sections of the three D-N-D laterals I 

are shown in Figure 13. Lateral NR 2, despite its 0 H M T H M T H M T 
DL DL3 /VR2

being the last from the main canal, had the best 

water distribution among the three laterals. How-
adequately irrigated, corresponding

13. Percentage of area 
ever, it had the lowest IE of 65.3% (Table 8). The 

equivalent stress days at different sections during the season 

and yields of3 selected lateralsinthe D-N-DProject. H= head,
lateral intake received 39% excess water flow over 

M = middle, T= tail sections. Bangladesh, 1978 dry season. 
the whole season relative to the field water require-
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main canal. A better means of communication to 
the pumping plant regarding field water needs also 
exists in this project, and the system issmall with 
the pump house at more or less the middle of the 
main canal, which makes it possible to quickly 
suspend pumping when field demand has been met 
for a number of days or when there issignificant 
rainfall in the area. The G-K project, in contrast, 
has a 73-km main canal, is devoid of a system of 
flow monitoring at any level, and suffers from lack 
of control for water allocation according to actual 
field needs. 

RESOURCE USE AND PERFORMANCE 
OF LARGE IRRIGATION SYSTEMS 
IN NORTHEASTERN THAILAND 

The primary objective of the Northeast Thailand 
irrigation water management research in 1979 was 
to obtain benchmark data on existing irrigation 
system operations and resource use in irrigated 
agriculture. The study included the Nam Phong-
Nong Wai project, the Lam Pao project, and three 
selected tank irrigation projects. 

Nam Phong-Nong Wai. The Nam Phong-Nong 
Wai Project isnear Khon Kaen on the Nam Phong 
River, with a service area of about 24,000 ha. The 
1984 service area goal is 48,000 ha. With the unim
proved tertiary subsystems as a control, the two 
intensity models provided a basis for comparison 
of effectiveness in operational performance. The 
intensive improvement model included land con
solidation, farm roads, and farm ditch improve
ment whereas the extensive model included only 
ditch improvement. Fourteen tertiary units were 
intensively monitored to povide the evaluation. 

Seasonal cropping intensity isseen in Table 9. 
The intensive improved areas had the highest 
overall average seasonal cropping intensity (92%) 
with 80% as the dry season average. The overall 
average for extensive improvement and unim
proved areas were essentially the same - 68 and 
64%. Except in the extensive improved areas, 
farmers tended to increase dry season cropping 
intensity - 11% from 1978 to 1979 in intensively 
improved areas and 7.8% in unimproved areas. 
The system was designed for 200% annual crop
ping iatensity and has been in operation for 10 

Table 9. Seasonal Cropping Intensity in the Nam Phong-Nong Wai Irrigation Projectsam
pleunits for 1977 wet season through 1979 wet season. Khon Kaen, Thailand. 

Type of area end 
name of tertiary unit 

Intensiveimproved area 
Kotha 1 

Kotha 2 

Praku 3 

Praku 5 


Meana 

Extensive improved area 
FTO 3L/1R 100.0 
FTO 02 100.0 
FTO 04 100.0 
FTO 21 100.0 

Meana 100.0 

Unimproved area 
Taonor 100.0 
Dong PongC 100.0 
Don Du 100.0 
Phu 100.0 
Kok Noi 100.0 

Meana 100.0 
Overall meana 100.0 

aWeighted mean basedon the area 

1977 
wet 

100.0 
100.0 
100.0 
100.0 
100.0 

b 

Seasonal cropping intensity I%) 
1978 1978 1979 1979 
dry wet dry wet 

79.2 100.0 70.5 100.0 
65.1 98.9 6.1 100.0 
79.8 100.0 98.1 100.0 
66.9 100.0 111.7 100.0 
74.2 99.8 85.2 100.0 

49.5 100.0 0.0 100.0 
39.5 99.8 0.0 100.0 
37.4 100.0 0.0 100.0 
24.6 100.0 0.0 100.0 
39.0 100.0 0.0 100.0 

18.9 100.0 50.6 100.0 
1.7 100.0 0.0 100.0 
7.0 100.0 34.9 100.0 
4.7 100.0 43.9 100.0 
3.5 100.0 16.6 100.0 
5.5 100.0 13.3 100.0 

32.7 99.9 39.5 100.0 
proportions of each unit out of the total in eachtype of area. 

bNo 1979 dry seasonwater supply, therefore no crop. CNo 1979 dry seasoncrop duetoongoing In
provements. In 1979 wet season this has changed to the extensive improved category. 
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Table 10. Rice yields in Nam Phong-Nong Wal Irrigation Project sample units for 1977 
wet season through 1979 wet season. Khon Kaen, Thailand. 

Rice yield (t/ha) 
Type of area and 

name of tertiary unit 1977 1978 1978 1979 1979 
wet dry wet' dry wet 

Intensive improved area 
Kotha 1 2.88 1.38 3.31 1.76 3.30 
Kotha 2 2.49 1.10 2.29 2.25 3.27 
Praku 3 2.21 2.60 F 3.43 3,81 

Praku 5 2.41 2.03 F 3.68 3.41 

Meanb 2.52 2.13 2.91 3.10 3.46 

Extensive improved areac 

FTO 3L/1 R 2.63 1.83 1.19 - 3.69 

FTO 02 2.08 1.11 F - 3.55 
FTO 04 3.00 2.45 1.50 - 4.40 

FTO 21 3.09 2.67 F - 4.01 
Mean b 2.71 1.94 1.29 - 3.87 

Unimproved area 
Tao Nor 3.09 d 2.28 2.00 2.86 
Dong Phonge 2.88 d F - 3.51 

Don Du 2.85 1.76 1.36 2.58 3.07 
Phu 2.92 0.90 1.59 1.76 2.94 
Kok Noi 2.47 2.16 0.66 1.78 2.58 

Meanb 2.78 1.67 1.26 1.95 2.98 
Overall mean b 2.69 2.03 1.62 2.69 3.34 

aFlooding (F) caused only partial yield in each unit; F indicates no yield obtained. bWeighted mean 

based on the proportions of areaplanted to rice of each unit out of the total in each type of area.cNo 
1979dry seasonwater supply, therefore no crop. dNo rice crop but vegetables and upland crops grown. 
aNo crop in 1979 dry season due to ongoing improvement. In 1979 wet season, this was included 
under extensive improved unit. 

years. 
The average 5-season, 1977 "Jet to 1979 wet, rice 

yield in the system was 2.47 t/ a, which was consi-
derably higher than Thailand's national 1977 aver-
age of 1.4 t/ ha or the Northeast regional average of 
0.9 t/ha. The highest mean yield for the 5seasons 
occurred in the intensive improved area (2.82 t/ha) 
and was followed closely by the cxtensive improved 
areas (2.45 t/ha) and the unimproved areas (2.13 
t/ha). An upward trend in yields appeared, with 
overall mean yields reaching 3.34 t/ha in the 1979 
wet season (Table 10). 

The engineering performance of the irrigation 
system is indicated by a 2-year overall mean WUE 
of 59% (Table 11). The intensive and extensive 
improvement areas had essentially the same effi-
ciency - 58 and 60%. The unimproved area had a 
poorer mean performance (46%) and was greatly 
influenced by the low efficiency of dry season 
upland crop irrigation in 1978. This reflects the 
average tertiary level performance for wetland rice 
irrigation systems in the region. 

Dry season cropping and yield-limitingfactors. 
A detailed study in the 1978 dry season determined 
the factors that significantly contributed to dry 
season cropping intensity and rice yield. Compari
sons were made across the three types of tertiary 
irrigation facilities. All 13 tertiary units (Table 9) 
were monitored for cropping intensity and water 
supplied and used. A subsample of 66 farmers 
practicing dry season rice farming was intensively 
monitored. An individual paddy on each subsam
pIe farm was selected at random and the rice crop 
was observed throughout its growth period for 
water status, inputs used, and insect and disease 
damage. Yield was measured by crop-cutting. 

In the sample units, 24% of the land was culti
vated by 62% of the faners (Fig. 14). Multiple 
linear regression was used to screen for the varia
bles that significantly contribi te to rice crop yields, 
dry season rice cropping intensity, and overall dry 
season cropping intensity. The factors that signifi
cantly contributed to the variability of dry season 
cropping intensity were electrical conductivity of 
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Table 11. Water utilization efficiency (WUE) in Nam Phong-Nong We Irrigation Projectsmple units for 1977 wet season through 1979 wet season. Khan Keen, Thailand.
wUE . . . ... 

Type of area and - (%) 
name of tertiary unit 1977 1978 1978 1979 1979 

wet dry wet dry wet 

Inrrrnsive improved area 
Kotha 1 n.a.a 62.7 61.3 59.4 81.0 
Kotha 2 n.a. 31.9 40.5 35.3 60.5Praku 3 97.8 n.a. n.a. n.a. 55.8
Praku 5 70.0 n.a. 46.0 95.0 50.1

Meanb 87.2 52.1 51.4 66.1 63.9 

Extensive improved areac 
FTO 2L/I R n.a. 48.7 59.1 - 40.6FTO 02 n.a. 82.0 87.6 - 64.0 
FTO 04 n.a. 77.4 76.3 - 79.8 
FTO 21 n.a. 28.9 66.5 - 43.7

Meanb 56.7 69.4 - 52.8 

Unimproved area 
Tao Nor n.a. 7.5 42.7 56.4 24.7
Dong Phongd n.a. 3.2 n.a.  38.0
Don Du n.a. n.a. 79.0 n.a. 66.2Phu n.a. n.a. n.a. 60.1 41.0 
Kok Noi n.a. n.a. 82.6 23.0 88.9

Meanb 6.7 75.6 41.2 58.5
Overall meant; 87.2 52.6 67.1 57.4 58.5 

an... .no available data. bWeighted mean basedon the crop area proportions of each unit out of thetotal in each type of area.cNo 1979 dry season water supply, therefore no crop. dNo 1979 dry season 
crop due to ongoing improvements. 

Land consolidation area Lond consolidatic:i area 

No1paneaLand 42%/planted 

to rice14% 
Pegelables 44 / 

Follow 
Unimproved areas (right bank) Unimproved areas ( right bank) 

N ... Vegetables 

38 0/ 'e, Follow Rice 

Extensive improved areas 276% Extensive improved areas 
2 9 

%/ Farmers planted Land was taollowa 

Planted 

Unimproved areas (left bank) Unimproved areas (left bank) 

100% 
10/Not planted 
Flo(underconstrc-sruc

tion)11 

14. Percentage of farms planted and crop areas cultivated among 180 sample farmers in the dry season in Nam Phong-Nong WaiIrrigation Project, Khon Kaen, Thailand, 1978. 
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Table 12. Major factors affecting rice cropping intensity in Nam Phong-Nong Wei Irriga
tion Project, Khon Keen, Thailand, 1978'dry season. 

Project Intensive Extensive 

Factor 
N=62 N=33 N=29 

Regression Regression Regression 
coefficient coefficient coefficient 

Intercept 131.214 60.774 100.002 
Farm size (ha) - 15,305 * -28.375"* -14.396' 
Family labor 0.107 - -1.566 
Years of farming experience -0.950" -1.259 -1.288' 
Years of experience with HYV 3.884 5.701 4.474 
Education 0.737 6.925 8.406 
Age 0.297 0.411 0.723 
Land value (Baht/hal -0.095 -0.350 -
Rice income (Baht/farm) 0.390"* 0.453 0.382 
Expenditure on chemicals (Balt/hal) -0.040 0.010 -0.026 
N (kg/ha) 0.850 0.859 1.692 
P20 5 (kg/ha) -0.919 -0.954 -2.045 
Relative water supply -457.461 -777.067 -1719.785" 
Clay (%) -0.218 0.249 -1.726 
pH -7.180 6.097 9.772 
Electrical conductivity (mmho/cm) 21.490* 18.135 -
Organic matter %) 7.006 6.495 34.723 
P availability (ppm) 1.089 ° 

-1.236 1.093 
CEC Imeq/100 g) 0.677 -0.177 1.279 
K (meqi100 ) -81.906 -57.634 -
Whitehead tillers P%) 0.892 -14.089 11.880 
Rat damage (%) -0.164 0.061 -1.765 
Weed (%) -0.090 0.065 0.272 
Date of transplanting -0.139 0.823 -1.378 

R2 0.767 * 0.862' * 0.906* 

soil solution, available phosphorus, farm size, four cropping seasons. The first was asmall lateral 
years of farming experience, farm income, and (IL ) with an area of 811 ha and 7 tertiary units. 
relative water supply (Table 12). The second was a 5,733-ha unit of the Lam Pao 

The factors that significantly contributed to the River floodplain divided into 4 sections of 209,
variability of the dry season rice yield were weed 2,889. 1,228. and 1,407 ha by natural or man-nade 
infestation, available potassium, pH, percentage of structures. Rice yields averaged 2.87 t ha for the 4 
organic matter, cation exchange capacity, date of seasons monitored (Table 14). Mean wet-season 
transplanting, rat damage, whitehead tillers, years yields were 3.0 t/ ha and the dry-season average
offarming experience, and farmer's age (Table 13). was 2.69 t/ha. The dry-season yields were lower 
The overall regression relationships had coeffi- because of water stress and the low level of inputs 
cients of determination of 0.47, 0.97, and 0.87 for used by farmers. 
the project, the intensive improved area, and In the 1979 dry season, flows were measured 
extensive improved area. into the main canal, lateral canals, farm ditches 

Lam Pao Irrigation Project. The Lam Pao Pro- (tertiaries), and farmers' fields. Soil moisture utili
ject is near Kalasin in Northeastern Thailand on zation was measured as the difference of root zone 
the Lam Pao River, a tributary of the Mekong. moisture content immediately before irrigation
The reservoir has astorage capacity of 1.26 billion and 2days after for dryland crops or as water used
M'. The system served 11,500 ha in 1979. The total by evapotranspiration plus seepage and percola
proposed service area is50,000 ha when completed tion during that period for wetland rice. The results 
in the mid 1980s. of that set of measurements indicate the state of 

Two portions of the system were monitored for irrigation in the Lam Pao system (Fig. 15). The 
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product of the tertiary level efficiency and the pro

ject conveyance efficiency provided an overall dry

season project efficiency of 14%. 

These levels ofefficiency in the Lam Pao project 

were precedented but they were much lower than 

in large-scale irrigation sys
normally expected 

The disparity between actual efficiency (14%) 
Stems. 

and expected efficiency (30 to 48%) at the project 

level represented a serious waste of water. 

Tank irrigationsystems. The study inNortheast 

Thailand found water and land resources under

utilized in tank irrigation projects. Dry-season 

cropping was closely associated with landscape 

position and topography. Cropping intensities for 

the three tank systems studied were 81, 86, and 

102%. The major reason of farmers for not grow

ing a dry-season crop was either no water or insuf

ficient water availability. The second and third 

were insufficient laborreasons 
( 5%) and other employment (10%). 
most common 

15. Components of efficiency observed for the Lam Pao Proj-
perceived

Eighty-one percent of the farmers 

ct, Northeast Thailand, 1979 dry season. 

Major factors affecting rice yield in Nam Phong-Nong Wai Irrigation Project, 

Table 13. 
Khon Kaen, Thailapd, 1978 dry season. 

Factor 

Intercept 

Farm size (ha) 


Family labor (active member) 


Years of farming experience 


Years of experience with HYV 


Education 

Age of farmer 

Land value (Baht/ha) 


Rice income (Baht/farm) 


Expenditure on chemicals (Baht/ha) 

N (kgina) application 

P20 5 (kg/ha) application 

Relative water supply (1/WUE) 


Clay 

pH 
Electro.conductivity (mmho/cm) 

Organic matter %) 

P availability (ppm) 

CEC (meq/100 g) 


K (meq/100 g) 

%)Whitehead tillers 

Rat damage 

Weed (%) 


Date of transplanting

2 

Project 
N =62 

Intensive 
N 

= 33 
Extensive 

N 
= 29 

Regression 
coeflicient 

Regression 
coefficient 

Regression 
coefficient 

1.227 
0.090 
0.081 
0.041.. 
0.091 

-0.277 
-0046" 
-0.108 

-

-3.672 
0.194 
0.161 
0.074** 

-0.222 
-

-0052. 
0.005 

-0.003 

-6.838 
0.092 
0.136 
0,033* 

-0.138 
0.157 

-0041 
-

-

-0.001 
0.039 

0.030 
4.941 

-

0.026 

-0.026 
-

-0.001 
-0.091 

0.038 

0.018 
-

0.049 

-0.232 

-

1.850' 

-0.163 
-

0.337 
-0.196 

-8.107 
2132 

0.011 
-0.039 

5.286 
0.039 
0012 

-0.013* 
0.008 
0.471 

0.118 
-0.096 

8.311 
-

0.018 
-0.012 

0.093' 
0.974" 

-0.034 
-0.123"* 
14.296 
0.519** 

-0.072' 
-0.011 

0.015
0.871". 
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Table 14. Rice yield of the Lam Pao Irrigation Project sample units and sections for 1978 
dry season through 1979 wet season. Northeastern Thailand. 

Rice yield (t/ha) 

Lateral or section 1978 1978 1979 1979 Mean 

dry wete dry wet 

Lateral IL.1 
Unit 02 - 2.72 2.06 2.78 2.52 

03 - 2.94 b 3.11 3.03 
b 2.67 3.23 3.48 3.0804 
b 2.55 b 2.67 2.6105 
- 2.00 b 3.09 2.55 

07 b 2.79 1.00 2.69 2.16 

09 - 2.17 b 2.75 2.46 

Meanc - 2.51 1.88 2.99 2.64 

06 

Section 
I - 2.33 - 3.29 2.81 

II 1.89 2.99 - 3.42 2.77 

- 2.75 - 3.37 3.06 

IV - 1.77 3.83 3.53 3.04 

Meana 1.89 2.62 3.83 3.43 2.90 

Overall meana 1.89 2.61 3.49 3.38 2.87 

aFlooding caused only partial yield in each service area. bNo rice crop, but vegetables and upland 

III 

crops grown. CWeighted mean basedon the area proportions of each unit or each section out of the 
total area in that category. 

causes of insufficient irrigation water at the farm demands for water needs. 
level. The most common was insufficient water A water management training program was 

supply at the tank reservoir (15%), farm's location organized in 1979 for zonemen of three major irri

in an unfavorable position at the tail of the system 
or not adjacent to the canal (12%), and possession 	 Table 15. Reservoir stage, volume of storage, and monthly ;rri

gation release in the 3 tank irrigation systems of Northeastern 
of an upland area not served by the system (12%). S Thailand, 1978 dry season. 

Other responses included blockage of water flow Estimated Monthly 

by other individuals in the system (7%), poor Date Reservoir storage total 

stage (m) volume release3layout of the irrigation system (6%), and canal's 
(m3 x10 3 ) (m3 x10 ) 

destriction and nonrepair (5%).-------10----m-*x 10-) 
A survey of the water availability at the three HuaiAeng 

1Jan 2.29 13,890 190 
tank systems revealed that the reservoir capacity 

1 Feb 2.05 12,500 541 
was largely unused (Table 15). The total releases of 1Mar 1.77 10,490 346 

water in the dry season (January through May) 1 Apr 1.52 9,500 81 
1.35 8,700 409 

were 7.2% of the total capacity of the tank for Huai 1 May 

Aeng, 10.2% for Huai Kaeng, and 4.4% for Huai HuaiKaeng 
1Jan -...Sathot. The percentage of capacity that was reached 
10 Feb 4.08 13,800 295 

as the minimum dry season storage volume was 
1 Mar 3.93 12,600 711 

39.7% for Huai Aeng, 36.3% for Huai Kaeng, and 1 Apr 3.66 11,800 472 

21.5% for Huai Sathot. This means that 5.5 times 1 May 3.31 9,950 1,322 

more water could have been released at Huai Aeng, Huai Sathot 

3.5 times at Huai Kaeng, and 4.9 times at Huai 1Jan 3.57 3,550 a 

Sathot. This serious underutilization of storage 1Feb 3.43 3,300 75' 
1 Mar 3.27 3,050 165 

capacity is largely due to the lack of coordination 1Apr 3.16 2,800 132 
between the tank gatekeeper who releases the water 1May 3.05 2,500 144 

and the farmers who are supposed to give formal aNo data available. bLeft main canal only. 
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gation systems in the Northeast and three tank 
irrigation system personnel. The zonemen are 
responsible for areas of 1,600 ha anu need both rice 
production and water management training accord-
ing to their job description, but they mainly come 
from a construction management background. 

The training program was organized under the 
leadership of the Royal Irrigation Department with 
significant inputs by the Khon Kaen Rice Station, 
the UNDP 'FAO Kalasin Pilot Farm, the North-
east Agricultural Extension Office, and the Coop-
erative Promotion Department. 

WATER MANAGEMENT TRAINING 

A 1979 irrigation water management training course 
had 24 participants from Bangladesh, Indonesia, 

Malaysia, Philippines, Sri Lanka, and Thailand. 
The participants were primarily irrigation or agri
cultural engineers with irrigation project operation 
and management or research responsibilities. 

The 6-week training course, in addition to having 
intensive lecture-discussion-group session activities, 
included a 2-week rice production training course 
and 10 days of practical irrigation system manage
ment improvement exercise in the LTRIS subpro
ject of the Upper Pampanga River Integrated Irri
gation System in Central Luzon in cooperation 
with NIA. 
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INCREASING THE NITROGEN SUPPLY OF RICE 
SOILS02 

Results from long-term experiments on straw and 
water management confirmed benefitthe (1978 
annual report) from straw incorporation and flood 
fallowing on a soil's nitrogen supply. It was also 
found that growing two wetland rice crops a year
caused a slow and steady increase in soil nitrogen 
content even in the absence of straw. 

Straw management. The effezt of straw incor-
pfnration on the nitrogen conten: of the soil cwas 
studied under three water regimes. In a second
experiment the effects of three methods of straw 
management on the nitrogen co'ntent of the soil 
under the usual water regime were studied. In both 
experiments straw incorporation resulted in 
increased soil nitrogen (Fig. 1, 2). There was a 
steady increase in soil nitrogen content over time, 
even in the absence of straw. 

Water management. Three soils - Luisiana 
clay (pH 4.8, organic matter: 2.9%), Maahas clay 
(pl 6.6, organic matter: 2.4%), and Pila clay loam 
(pH 7.6, organic matter: 1.5%) - were subjected 
to dry fallow (the standard practice) and flood fal
low in steel (2 00-liter) drums. After the 24th crop
the average nitrogen content of the flood-fallowed 

Nilrc i~n % 
022 

Straw nporaed 

020 

' = *~~~~Straw018 / removed 

Nitrogen(%) 

022 

020 

018 

016 
016s. 

0.14 

010 

si, e 

Stra burned 

......... 
o1 . 

t~rw remoeved 

4 6 s u2c4 
2. Effect of straw management on the nitrogen content
Maahasclayduring7vYars averaged for5varietiesinthefield.

of 

IRRI, 1972-79. 

soils was 0. 186% and that of the dry-fallowed soils 
was 0.126%. The increase, which was highly sig
nificant, amounted to 1,200 kg N/ha or 50 kg N/ha 
per season. 

CLAY MINERALOGY AND NUTRIENT AVAILA-
BILITY IN WETLAND RICE SOILS 

Clay composition. The clay fractions of 160 sur

.,, ,.. r.re.eface soil samples from 12 major rice-growing pro

0.16 

-,- -pies 

014 

0.12 

0101 
2 4 86 10 12 14Crp sequence 

I. Effect of straw management on the total nitrogen content of

Maahas clay during 7 years, averaged for 3 water treatments in

the field. IRRI, 1972-79. 
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Table 1. Distribution of the mineral species in 160 clay sam. 
analyzed. IRRI, 1979. 

Mineral species 

Dominant (-.50%) 
Smectite (montmorillonite or beidellite) 
MetahalloysiteVermiculite 

X-ray amorphous material 
Kaolinite 

Major (20-50%)
Mjr(05% 

Hydrous mica 

Minor (<20%) 
Feldspars 

Number 

81 

61 
9 
5 
2 

2 

4 

http:for5varietiesinthefield.of


Samples (no) 
20 

Only i-Minor + Major
Vermiculite/BedelliteMonmorillorte 

15 Deficiency lir 

10 

l 


0.0 

t Vermiculite 

U Beidellite 

Motmorillonte 

03 Holloystle 

X-rayaorphous material 

+l-Hydrousmica 

2 + Feldspars 

1.5 2.0 5 30 3.5 40 >50 

Exchangeable K (mmol/kg) 
3. Relationship of soil clay mineralogy to exchangeable (K) 

vinces in the Philippines were analyzed by X-ray 
diffractometry (Table 1). 

Montmorillonite was found in soils developed
from volcanic ash and appeared to be of synthetic 
origin. Beidellite was abundant in the soils 
developed from parent materials other than volcanic 
ash and appeared to be a transformation product of 
vermiculite with which it was often associated. 
Both beidellite and vermiculite appeared to contain 
interlayer material. X-ray amorphous iron oxides or 
hydroxides were present in almost all the samples. 
Clay fractions from soils containing dominant hal-
loysite contained significantly more iron oxides 
than the other samples. 

Clay mineralogy and exchangeable potas-
sium. A close association between the content of 
exchangeable potassium and clay composition was 
observed (Fig. 3). The data associate potassium 
deficiency with the presence of vermiculite or 
beidellite, and potassium adequacy mainly with 
montmorillonite and, to some extent, with halloy-
site and X-ray amorphous materials. 

The relatiouship between exchangeable potas-
sium and the presence of vermiculite confirmed 
earlier findings that vermiculite fixes potassium, 
But an association between a low content of 
exchangeable potassium and dominant beidellite 
has not been reported. Because beidellite in the
soils studied appeared to be a transformation pro-
duct of vermiculite, it would have mainly a tet-

values. IRRI, 1979. 

rahedral layer charge and a possible residual mica 
tcore, both of which could be responsible for r as

sium fixation. 
Clay composition and available phos

phorus. All the soils with abundant (dominant or 
major) halloysite, kaolinite, or X-ray amorphous 
material had low available phosphate content 
(Olsen P values <5 mg/kg), but as the proportion 
of these components decreased, the available 
phosphorus content increased. In soils where these 
components occurred in minor proportions, Olsen 
P values ranged from 5 to 10 mg/kg, indicating 
moderate levels of available phosphate. None of 
the samples with Olsen P values above 10 mg/kg
(adequate available phosphate) contained detecta
ble amounts of these components in the clay frac
tion (Fig. 4). 

Vermiculite and beidellite, whose presence was 
associated with a low content of exchangeable 
potassium, were the dominant minerals in 103 
samples, indicating that fixation of applied potas
sium and ammonium fertilizers may be widespread 
in Philippine wetland rice soils. Soils dominant in 
montmorillonite do not appear to have nitrogen, 
phosphorus, or potassium fixation problems. 

ZINC AVAILABILITY IN WETLAND RICE SOILS 

Zinc deficiency and excess chromium. Some 
zinc-deficient wetland rice soils contain large 
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53Samples (no) 

I 	 THEIEFIECTOF C, ON THlE RICE PLANT 

Ill 42? WEEKt, OLD 

I~: 	 is4 KZ~ L' 04 

25 - Haltoysite dominont
 

, iLnoysiltejor
m 
I' Koolinite major 

X-ray amorphous doirsnant 

l 2 I clay minerals dominant 
20 

15 

5. The effect of four levels of chromium on 2-week-old IR42 
seedlings. IRRI. 1979.
 

10
 

organic matter) correlated highly (r = .98***) 
with electro-oltrofiltration (EUF)- extractable zinc. 
EUF-extractable zinc and copper-acetate

- 4 5 f 8 9 10 >1o extractable zinc correlated highly with plant uptake 
Olsen P m I 	 (r = .82**). 

4. Relationship i Iliii calogy to Olsen P %alues.
 
IRR1.1979. CHEMICAL CHARACTERISTICS OF COASTAL
 

SALINE SOILS 
amounts of chromium. In one Hydraquent, where 
zinc deficiency was severe, the total chromium Analysis of soil samples from 14 experimental 
content was 0.185% (that for normal soils is sites in farmers' fields with coastal saline soils 
<0.01%). To ascertain whether excess chromium revealed these ranges: 

aggravated zinc deficiency, rice was grown in cul- H 3.9-7.8 
ture solution with increasing amounts of p r 3.9-7.8 
chromium. Chromium at 0. I ppm benefited rice at hetraonuctthe saturation extract 
I ppm it was toxic (Fig. 51, but less toxic as Cr "' (inho/ci) 1-16 

cthan as CrO, 	 i 
Distribution of zinc. Fractionation of zinc in a 	 Organic matter (4 ) 20-15.4 

Nitrogen (%) 0.07-0.46zinc-deficient soil (a Tropaquent with pH 8. 1, 

total zinc: 96 ppm, and Cation exchange capacity
organic carbon: 5.2%, 

available zinc: 0.5 ppm) revealed the following (mcq/l(X) g) 20.3-45.6 
Exchangeable potassiumdistribution: 

(meq/100 g) 0.6-3.1 
Fraction c Olsen phosphorus (ppm) 2-41 

Residual mineral 94 Available zinc (ppm) 0.8-3.4 
Strng organic complexes 4.6 Most of the soils were slightly acid or slightly 
Weak organic complexes 0.8
Exchangeable zinc 0.6 	 alkaline, and moderately well supplied with ni0.1 N HCI extractable 0.4 	 trogen and phosphorus. All were well supplied with

potassium, but about half were zinc deficient. At 5 
Zinc fractions and plant uptake. Copper- of 14 sites, the salt-tolerant variety IR42 yielded 

acetate-extractable zinc (zinc weakly bound to soil 3.9-6.2 t/ha with moderate amounts of fertilizer. 
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Table 2. Influence of calcium carbonate and manganese sulfate on pH,electrical conductivity (EC),and the concentration of Fe2 + in 

the soil solutions 0 and 16 weeks after submergence; and on yield of I1R42on an acid sulfate soil in the greenhouse. IRRI, 1979 wet 
season. 

EC Fe2 + 

8 
CaCO 3 MnSO4 pH (rrho/cm) (ppm) Yield (g/pot) 

(%) (ppm Mn) 0 16 0 16 0 16 Straw G:ain 

0 0 3.0 5.7 8.1 11.0 14 4200 13 b 7 c 

0.4 0 3.6 6.2 5.1 5.1 5 910 39 a 23 b 

3.4 6.1 8.2 6.4 8 1100 40 a 34 a 

"Ina column, any two means followed 

0.4 500 
from eachother at the 5% level.by thesameletter are not significantly different 

AMELIORATION OF AN ACID SULFATE SOIL 

Greenhouse experiment. Because the main prob-

lems for rice culture on acid sulfate soils are 

aluminum toxicity in the early stages of growth 

and iron toxicity later, calcium carbonate and 

manganous silfate were tested as amendments for 

such a soil (Sulfaquept with pH 3.5, EC,,: 1.0 

mmho/cm, Fe: 2.5%, Mn: 0.001%, organic C: 

1.2%). Calcium carbonate was added to increase 

pH and depress the concentrations of water-soluble 

aluminum and iron: manganous sulfate was added 

to physiologically antagonize the effects of excess 

iron. 
Table 2 shows that calcium carbonate at 0.4% 

increased pH, depresse electrical conductivity 

and water-soluble iron, and increased yield. The 

best treatment was calcium carbonate plus man

ganous sulfate. 
Table 2 also shows a high soil electrolyte con

tent due apparently to aluminum sulfate. Calcium 
carbonate lowered the electrolyte content. 

Field experiment. Treatments similar to those 

in the greenhouse were imposed on the same soil in 

a replicated field experiment. Yields with IR26 
1.6 tha without either calcium carbonate or were 

manganese, 2.0 t/ha with 0.4% CaCO., only, and 

2.2 t/ha with 0.4% CaCO: and 500 ppm Mn.6 

SOIL PROBLEMS AT IRRI 

Rice yields on the old IRRI farm have declined 

during 1966-78 (Fig. 6). Soil factors associated with 

the decline were identified as alkalinity, salinity, 

boron toxicity, and zinc deficiency. Table 3 sum-
marizes analyses of irrigation water from IRRI 
reservoirs. 


Alkalinity. The pH in 1962 ranged from 5.1 to 

6.5 with a mean of 5.96; in 1977 the corresponding 

figures were 5.6 to 7.9 and 6.76. In 1962 only 16 
plots had pH values exceeding 6.5, the optimum 

for rice; in 1977 the pH of 188 plots exceeded 6.5. 

The pH increase was caused by irrigation of a 

poorly drained soil (Maahas clay) with alkaline 

irrigation water. 
Salinity. Twenty-four plots had EC (1:1) val

ues exceeding 4 mmho/cm; 16 had 2-4 mmho/cm. 

Salinity was caused by the use of irrigation water 

with an EC >750 mmho/cm in poorly drained 

soils. 
Boron toxicity. The hot-water-soluble boron 

content over most of the farm was >3 ppm and 

increasing. Boron toxicity symptoms were 

observed in 61 blocks on the old farm. Rice plants 

showing symptoms contained >30 ppm boron in. 

10 

9 

: 
8 

8'vxN, OS 
-81"
8o2"* 


-

4 max yelO,NPK,WS

(:-584"") " "

3 

2 (, 
2- _ __:_77_ ____ 

OT 
1966 67 68 69 70 71 72 73 74 75 76 77 78 

6. trends of maximum yield on the IRRI farm in2series of 
experiments in 2 seasons, 1966-7. 1). S.= dry season. W. S. 
wet season. 
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Analysis of irrigation water from 15 reservoirs or pumps at IRRI, averaged for 5 samples taken from March to August 1979. 
Table 3. 

Potas- Sodium Calcium Mag- Bicar- Sulfate ChlorideElectrical nesium bonateElectity Boron sium mqltr________Reservoir pH conductivity (ppm) 

_____ meq/liter(umho/cm) 

H 8.3 692 3.5 0.56 3.1 1.8 2.2 4.6 1.92 2.51 

2.2 4.3 1.89 2.45 
J 8.0 718 4.1 0.59 3.4 1.8 

3.6 1.98 2.70 
K 8.2 716 4.4 0.59 3.7 1.7 2.2 

0.21 3.13
8.1 778 4.5 0.64 4.1 2.0 2.1 3.7

L 
2.1 0.25 3.52

7.9 862 4.8 0.69 4.7 2.1 5.0MN I 
1.6 1.9 4.1 0.23 3.21 

MN II 8.2 792 4.5 0.61 4.2 
2.2 4.9 0.24 3.525.2 0.69 4.5 2.1300 7.8 838 

2.2 5.0 0.24 3.55 
500 7.3 t.,5 5.5 0.72 4.5 2.2 

2.2 5.9 0.20 1.970.56 3.2 2.32000 7.6 728 3.8 
0.12 0.70

8.0 360 2.2 0.30 1. 1.4 1.2 2.5
3019 

2.0 2.2 5.1 0.19 1.92
690 3.5 0.54 2.73023 7.5 

2.3 5.5 0.15 1.272.7 0.72 2.7 1.9CS 7.5 606 
5.5 0.16 1.13 

CP 6.9 674 2.7 0.66 2.7 1.9 2.8 
0.12 1.04

8.0 494 2.7 0.51 1.8 1.8 1.6 3.7
L-UP-IPB 

1.5 0.17 1.13
8.3 450 2.4 0.38 1.9 1.4 3.4U-UP.IPB 

the shoot at panicle initiation. The soils contained and soil solution. 
Zinc deficiency. Of 255 plots sampled, 124

5-14 ppm hot-water-soluble boron and the intersti-
zinc deficient (<1 ppm available zinc).

tial water, 2-5 ppm. 	 were 
was observed visually in 117

Boron toxicity at IRRI is due to irrigation with 	 Zinc deficiency 

blocks.
high-boron deep-well water. 

Reclamation of1 a boron-toxic IRRI soil. The Zinc deficiency at IRRI is due to one or more of 

!:.Iectsof two soil physical conditions, two sources the following causes: 
9 *decreasein solubility of zinc due to increaseof irrigation water and leaching were studied in 


greenhouse pots. Table 4 shows that soil drying in soil pH,
 
increased boron removal and rice yield. Leaching 0 adsorption by the carbonate of calcium and
 

with tap water reduced the boron content of the soil magnesium that have accumulated,
 

weeks on the growth of IR40 and its boron
Table 4. Effects of soil physical condition, water source, and leaching at 1 cm/day for 11 a 

IRRI greenhouse, 1979 wet season. 
content, boron removal, and boron content of the soil. 

Boron (ppm) 
BoronYieldb (g/pot) Plant 

boron (ppm) removedc Soil after Soil
Treatment 

experi- solution
Staw (rain 6 WT (mg/pot) ment 6 WT 

Straw 

Puddled 
5.8 1.7

Tap water, no leaching 34 d 24 	 d 35 4 


d 20 61 5.4

Tap water, with leaching 32 d 	 20 1.1 

48 10 10.5 4.6
Reservoir water, no leaching 32 d 20 	 d 

34 d 22 d 48 137 9.0 4.2
Reservoir water, with leaching 

Dried 
7 6.8 1.5

Tap water, no leaching 57 b 52 ab 	 31 
28 95 5.5 0.7

Tap water, with leaching 63 a 	 55 a 
43 c 52 12 12.2 3.9c 

49 160 10.8 3.2
Reservoir water, no leaching 53 

Reservoir water, with leaching 60 a 	 50 b 

'WT = weeks after transplanting. bin acolumn, any two means ;ollowed by the sane letter arenot significant,y different from each other at the 5%level. 

Cln leachate. 
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" 	 adsorption or precipitation by silica, whicii is 
present in concentrations as high as 220 ppm
in the soil solution, and 

* continuous cropping of wetland rice. 
Excess potassium. The content of exchange-

able potassium in soil s,'.mples from 255 blocks 
was 0.4-2.1 meq/100 g (mean, 1.06). Excess 
potassium aggravates boron toxicity and may be a 
yield-limiting factor at IRRI. 

NITROGEN-SUPPLYING POWER OF IRRI SOILS 

The mean yields in plots with no fertilizer nitrogen 

for 67 dry-season and 56 wet-season experiments 
were 5.05 and 3.91 t/ha. If 20 kg nitrogen is 
needed to produce 1 t grain and if the efficiency of 
nitrogen absorption is 50%, and if the contributions 
of irrigation water and rain are small, the IRRI 
wetland rice fields release 360 kg N/ha a year. The 
accepted figure for IRRI soils is about 120 kg N/ha 
a year. 
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HETEROTROPHIC NITROGEN FIXATION 

Distribution of aerobic iitrogen-fixing bacteria 
that require a low level of"nitrogen in wetland 
and dryland plants. The occurrence of aerobic 
nitrogen-fixing bacteria in the roots or other tissues 
of various wetland and dryland plants was sur-
veyed. The roots of wild and cultivated wetland 
rice (0. sairei', 0. australiensis, and 0. punctaita)
and a weed (Monochoria vaginalis) had a high 
percentage of aerobic heterotrophic nitrogen-fixing
bacteria (Table 1). The roots of dryland plants
(Cassia tora, Zea mnavs, Sorghum 'ulgare,
Panicum mayinutn, Digitaria sinutsii, Paspalumn
plicatulun) had a low percentage (0.3%) of 
aerobic nitrogen fixers. The roots of dryland ricehad an intermediate number of aerobic nitrogen
fixers, probably due to soil wetness. 

Contribution of hasal portion of shoot in ni-
trogen fixation associated with wetland 
rice. Using the varieties IR26, JBS236, and Khao 

Lo, nitrogen fixation by plants from which roots 
were removed just before a 5-hour acetylene reduc
tion assay (ARA) was compared with that by intact 
plants. The acetylene reduction activity of rootless 
plants accounted for from 100 to 40% of that by
intact plants, depending on rice varieties and 
growth stage. The relative rate by rootless plants
was higher at the early seedling stage than at a later 
growth stage, and IR26 showed the least nitrogen
fixation in the shoot. In vitro tests of various parts
of the shoot revealed that nitrogen fixation was 
mostly in the portion (a few cm from the base) of 
the stem and outer leaf sheath that are in contact 
with the soil and floodwater. The population level 
of nitrogen fixers in those parts was similar to that 
in the root. 

Effect of nitrogen fertilizer on heterotrophic 
nitrogen fixation in long-term fertility tri
als. Heterotrophic nitrogen fixation in the plow
layer of soil in no-fertilizer plots and complete
(NPK)- fertilizer plots in long-term fertility trials 

IRRI, 1979. 

Plant, and plant parta 

Aquatic weed
 
Monochoriavagtiais


Roots 

Rice 
Latisail (field A)


Roots 


Stem 
Latisail (field B)


Roots 

Stem 


Khao Lo
 
Roots 

Stem 


I R26 (field B)

Roots 

Stem 

I R26 (field A) 
Outer leaf sheath (basal) 

Wild rice 
Oiyza australiensis (field A)

Roots 

Table 1. Occurrence of fixed nitrogen-requiring nitrogen-fixing bacteria in wetland plants. 

Stem 2.8 x 107 
Rhizome 2.4 x 107 

Oryza punctata (field A)

Roots 
 8,7 x 107 

aField A was flooded and unfertilized for 4 years. 

Aviobic N? Achromobacter
hetelotlophs fixe 5 like N 2 fixing 

(so./q freshwt ( hWscte ja 

9.7 x 105 50 45 

9.2 x 107 84 78 
3.0 x 107 49 22 

5.4 x 106 20 11 
1.2 x 107 22 1 

2.7 x 10 75 50 
5.5 x 107 59 5 

8.6 x 106 45 40 
1.1 . 101 20 0 

9.7 x 107 15 

7.3 x 106 

0 

75 40 
9 4 

49 44 

90 23 
Field B was newly converted to wetland. 
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was measured by ARA. ARA values for unfer-
tilized and NPK-fertilized plots were almost equal.
The acetylene reduction activity associated with 
wetland rice (1R36) was also measured in the two 
treatments (Table 2). At a later stage, the activity 
was higher in fertilized plots, probably because of 
the larger biomass in such plots. It appears that 
heterotrophic nitrogen fixation in the soil and root 
is less responsive to fertilizer than is autotrophic 
nitrogen fixation in floodwater. The results show 
that nitrogen fertilizers are compatible with 
heterotrophic nitrogen fixation in a paddy soil. 

Effect of the rice plant on nitrogen balance 
in flooded soil. In preliminary experiments, the 
possibility that a high root mass in a given weight
of soil may result in a significantly positive nit-
rogen balance after one crop of rice was studied, 

Twenty seedlings of IR8 were transplanted on 
2.5 kg soil and grown to maturity in the 
greenhouse. The root mass per unit weight of soil 
at harvest was no greater than that obtained with 2 
seedlings transplanted on 9.0 kg soil. The nitrogen 
balance per pot was 78 ng N for fallow and light
exposed surface of pots, 70.3 mg N for planted and 
light-exposed, 21.3 mg N (not significant) for fal
low and black cloth on the surface of pot, and 47 mg
N for planted and black cloth on surface. Although a 
statistically significant nitrogen balance was 
obtained in one crop, no treatment differences were 
observed. Blue-green algae grew better in fallow 
pots than in planted pots and light-dependent 
acetylene reduction activity was higher in fillow 
pots. This trend appeared in nitrogen balance, 

Effect of straw on nitrogen balance in flooded 
soil. A preliminary experiment examined the possi-
bility of rice straw incorporation into flooded soil to 
stimulate nitrogen fixation by heterotrophic and 
phototrophic nitrogen fixers, 

Table 2. Acetylene reduction activity associated with IR36 in 
long-term fertility plots. IRRI, 1979...... . 

Acetylene reduction actiity 
Days after (mmol CH2 day)4/m 2 

1etransplanting-o 
No NPK With NPK 

1945 
62 

0.22
0.43 
0.36 

0.32 
0.31 
0.63 

L6 
Average 

0.12 
0.28 

0.23 
0.37 

Table 3. Effect of straw incorporation on nitrogen balance of 
flooded rice soil after 3 crops ,f rice. IRRI, 1979. 

Treatment Nitj c, , Nitrogen in-
Exposed to Straw incor- balance crease in straWa 

light porated (mg N/pot) (mg N/g straw) 

+ 390 b 
+ + 586 a 2.2 

-162 c+ 519ab 4.0 
aEx0Cuding nitrogen Lantent of straw. 

Straw (30 g/l10 kg dry soil) was incorporated 2-3 
weeks before transplanting IR28 (Table 3). The 
data suggest that straw incorporation enhanced the 
positive nitrogen balance by increasing nitrogen
fixation. Previous unpublished data indicated that 
straw incorporation into flood fallow pots did not 
have a statistically significant effect on nitrogen
balance. Thus, the rice plant appears necessary to 
increase positive nitrogen balance by straw incor
poration. 

AUTOTROPHIC NITROGEN FIXATION 

Fate of biologically fixed nitrogen. A preliminary 
field experiment studied the fate of algal nitrogen in 
the paddy. An algal mass, composed mainly of 
Gloeotrich: was grown in a small pond and 
labeled with '5N-nitrate. An algal mass with 
8.95% dry matter, 1.2% N in dry matter, and 
8.89( -'Nwas obtained and 4.75 kg of fresh algal 
mass was incorporated into a I-m2 plot. With IR26 
grown in a flooded soil, recovery of 15N in the 
grain, straw, and root of the first crop was 14.7% 
of 'N applied as algal mass. In the second crop,
the recovery was only 2.26%. Although "IN 
remaining in soil was not analyzed, the prelimi
nary experiment suggested low availability of algal 
nitrogen to a rice crop. 

Deep placement of nitrogen fertilizer and 
algal nitrogen fixation. Nitrogen fixation of 
blue-green algae in the floodwater and on the soilsurface is inhibited when nitrogen ferilizers are 
broadcast in the paddy. Experiments with deep
placement of urea tested its compatibility with 
algal nitrogen fixation. 

From the treatments control (no nitrogen), urea 
supergranule deep placement (one 3-g granule/4
hills, 10 cm deep or 87 kg N/ha), urea broadcast 
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(58 kg N/ha basal, 29 kg N/ha after panicle initia-
tion), ammonium sulfate broadcast, and sulfur-
coated urea broadcast (87 kg N/ha basal), the per-
centages of the acetylene reduction activity over the 
control were 70 (urea deep placement), 0 (urea 
broadcast), 17 (ammonium sulfate broadcast), and 
27 (SCU broadcast). This trend was also reflected 
in the number of aerobic nitrogen-fixing blue-green 
algae. However, the total algal biomass estimated 
by chlorophyll measurement was greatest in the 
presence of mineral nitrogen in floodwater because 
of growth of unicellular green algae caused by fer-
tilizer nitrogen. 

To confirm the results of the field experiment 
and to verify their validity in different soils under 
different environmental conditions, pot experi-
ments were done in a controlled environment (350
day/29°C night terperatures) and humidity (70%) 
with representative acidic, neutral, and alkaline 
soil types. One set of pots was exposed to sunlight, 
and the other was shaded to 84% light reduction. 
Fertilizer treatments control, super-were urea 
granule placed 10 cm deep (I granule/pot), and 
broadcast urea (0.46 g N/pot) (Table 4). Across all 
soils and light intensities, the acetylene reduction 
activity was strongly inhibited by surface applica-
tion of urea. Apart from exceptionally high 
acetylene reduction activity and the growth of 
Cvlindrospeermum, the dominant nitrogen-fixing 
algal flora in urea deep placement and in the con-
trol were the same. The deep placement of urea 
supergranules does not disturb the natural algal 
nitrogen-fixing system, 

Nitrogen enrichment at the surface of flooded 
soil. An attempt was made to ascertain if the sur-
face (0-4 mm) layer of flooded soil during a rice 
crop has an accumulation of nitrogen, presumably 
derived from the phototrophic nitrogen-fixing 
biomass. Recycling of nitrogen from lower depths 

of the soil profile was prevented by weeding and 
removal of dying rice leaves from the plants. 

A preliminary greenhouse experiment with 
Maligaya soil (total N - 0.07%) tested the 
technique. While tot7, nitrogen in the soil profile 
was 0.071-0.073%, total nitrogen content in the 
surface (0-4 mm) soil increased to 0.098% after 1 
rice crop when the surface was exposed to light. 
When the surface of pots was covered by black 
cloth, accumuiation of nitrogen in the surface was 
not detected. 

A similar test was made in the field in a 1-m2 

plot surrounded by metal fence, but the data were 
too variable to be meaningful. 

Epiphytic blue-green algae on wetland rice, 
aquatic weeds, and deepwater rice. Visual and 
microscopic observations, microbial counting, and 
ARA were made on shallow-water rice, sub
merged weeds, and deepwater rice to determine 
epiphytic growth of blue-green algae. Gloeo
trichia, Nostoc, Calothrix, and Anabaena were 
observed on the surface of the submerged part of 
the rices Chara and Najas. 

Older parts of the hosts appeared to have more 
rough surface and supported more epiphytic blue
green algae. Chara supported more epiphytic algae 
than Najas. Old, rough nylon strings also sup
ported epiphytic algal growth. 

As shown previously (1977 annual report), the 
nodal roots of deepwater rice support blue-green 
algae. The acetylene reduction activity of various 
parts of deepwater rice grown in a deepwater tank 
at IRRI was measured under light and dark. Activ
ity in the dark was far smaller than that with light 
(Table 5). The nodal roots that developed under 
the leaf sheaths (inner root) of the floating parts 
had highest specific acetylene reduction activity, 
but the contribution of leaf sheaths was evaluated 
highest because of a large biomass. Gloeotrichia, 

Table 4. Nitrogen-fixing activity' in 3 soils asaffected by fertilizer management. IRRI, 1979. 

Acetylene reduction activity (Wmol C2 H4 /m2 per hour) 
Fertilizer management Luisiana (pH 5) Maahas clay (pH 7) Tiaong (pH 8) 

Shaded Unshaded Shaded Unshaded Shaded Unshaded 

Control 6.0 1.0 4.8 5.4 24.0 62.0Deep placement of urea 4.1 1.3 7.5 170.0 25.0 41.0
Broadcast urea 0.6 2.3 0.4 0.8 7.7 7.7 
aMeasured 15 days after fertilier application by 1 hour incubation with 10% C2H2 in ambient air. A whole pot surface wassubjected to acetylene reduc
tion assays. 
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Table 5. Llght-d&pendent acetylene reduction activity on the Cypris were used as a predator and fed "C-labeled 
component pars of deepwater rice atthe maturing stage. IRRI, cells. Feeding rate, determined in relation to the 
1979. 

Aeleeto animal's body size, was greatest on Tolypothrix sp.Acetylene reduction 

a 26 > Tolypothrix 1482/3a > Aulosira sp. 68 > 
Biomass activity with liqhtComponent part 

(y fresh wt/plant) (nmol C2H4/h) Calothrix sp. 184 > Anabaena .. 1. 'The rates 

Per g Total increased as the size of the animal increased except 
in Tolypothrix 1482/3a, where the increase was 

Floating 
Exposed root 2.50 24.00 60 more than that expected from the increase in animal 
Leaf sheath 62.00 52.00 3,200 body weight. Younger cultures (Anabaena) were 
Inner root 0.25 6900 17 more readily ingested than old ones. 
Stem 98.00 2.00 196 Feeding rates of ostracods were markedly 

Submerged affected after treatment with a small dose of lin-Exposed root 64.00 0.46 29 

12.00 180 dane (y-BHC). Lindane at 0.01 ppm stimulated
Leaf sheath 15.00 
Inner root ;.,2r 3.00 4 tMeding, but 0. 1 ppm greatly inhibited the feeding 
Stem 100.00 0.30 30 rate for Tolypothrix sp. 1482/3a and Aulosira sp. 

0ifference from acetylene reduction activity in the dark, measured 68.
 
under air + 10S C2 H2 .
 

AZOLLA-ANABAENA SYMBIOSIS 

Nostoc, Anabaena, and Calothrix were found on Dual culture of rice and azolla with wide row 
the nodal rooth and leaf sheaths. Nostoc colonies spacing. Azolla was grown during the growth 
were frequently present at the points of lateral cycle of rice to examine nitrogen fixation by azolla 
branches of roots. Nostoc and Calothrix were also and response of rice to azolla incorporation. Nar
found in the cavities of senescent leaf sheaths. row (13.3 cm) rows were alternated with wide (53 
Algal growth in the cavities of dead or senescent cm) row,,. Distance between hills in a row was 6.6 
leaf sheaths was also found in Thailand for deep- cm. This spacing gave 50 hills/m. Azolla pinnata 
water rice and submerged grasses. Mainly because from Bangkok was grown as inoculum. Treatments 
of the greater biomass available for colonization, were 1)no azolla, no chemical nitrogen, 2) 107 kg 
deepwater rice supports nitrogen fixation of N/ha as ammonium sulfate, and 3) azolla incorpo
agricultural significance (10-20 kg N/ha) by ration. Superphosphate (27 kg P2O,/ha) was 
epiphytic algae. applied as basal dressing and mixed with soil and 

Effect of predation on blue-green algae. 5.3 kg P2O,/ha was applied on the surface just after 
Phenomena such as poor growth of blue-green algae azolla was inoculated. Inoculum added was 300 to 
despite favorable conditions, imbalanced popula- 360 g/m". Furadan granules (2% a.i.) were applied 
tion structures of some paddy fauna, failure of algal at 13.4 g/m2 for each inoculation. Whenever the 
inoculation, quick destruction of algal bloom, and surface was covered by azolla, the plots were 
the lack of exploitation of predator-prey relation- drained and all azolla was incorpon.-,d with the 
ship as a possible method for increasing nitrogen soil. 
fixation prompted investigation of predator-algae In the 1979 dry season, IR26 and six crops of 
relations in the paddy. In apreliminary trial, prefer- azolla were grown. Total fresh weight of azolla 
ence for some algal species and the feeding rate of was 54.5 t/ha (2.4 t/ha dry weight) and total nit
the ostracods that preyed on blue-green algae were rogen incorporated as azolla was 110 kg/ha. 
studied. Because of high soil fertility after conversion of 

Tolypothrix tenuis 1482/3a, Tolypothrix sp. 26, the plots to wetland from drylani, there was no 
Cdothrix sp. 184, Aulosira sp. 68, and Anabaena difference in yield among treatments. Average 
M- were cultured in media and 14C-labeled algal grain yield was 6.4 t/ha. 
ceh; were collected by feeding 14C-bicarbonate. In the 1979 wet season, IR42 and 4 crops of 
Specific radioactivity in terms of dry weight of azolla amounting to 36 t/ha fresh weight (2.0 t/ha 
algae was determined. Ostracods of the genus dry wt or 72 kg N/ha) were grown. The nitrogen 
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plot received 60 kg N/ha. Rice growth in the azolla 
plots was best in the second season. Grain yields 
were 5.7 t/ha in azolla plots, 4.5 t/ha in nitrogenfertilizer plots, and 3.7 t/ha in control plots. The 

were significantly different from each 
other. 

In the 1979 experiments, azolla showed 
nitrogen-fixing ability resulting in 70-110 kg N/ha 
per rice crop. 

Temperature response of azolla strains. 
Azolla strains were grown in controlled environ
ment to screen them for tolerance for high tempera
ture. Day/night temperature levels were 260/180, 
330/250, and 37o/29oC. Relative humidity was 75%, 
and light intensity was 30 klux. In most strains and 

growth was best at 22'C. Azollafliculoides 
(2 strains) showed narrow temperature require
ment, while ,.lzolla pinnata Vietnan Green 1,Thai
land TDA 	 # 17, and Malaysia were regarded as 
superior strains. 

Growth performance of azolla strains in the 
field as affected by season and shading. In an 

attempt to determine azolla strains with better 
growth in the field, the growth performance of 8 
types of azolla (5 strains of A. pinnata, 2 of A. 
filictloides, and I strain of A. tnexicana) was 
examined 4 times a year in an open and 50%-shadefield. 
fieBased on maximum fresh weight (Table 6), 
Azolla pinnata from Bangkok was best. From 

to May when solar radiation and temperature 

were highest, azolla growth was poorest. No dif
in nitrogen content was observed amongA. 

pinnata strains, but the nitrogen content of azolla 
from Bangkok was constantly lower than that of 

pinnatastrains. Growth ofazolla other than 
A. pinnata 	%,aspoor. 

Response of azolla strains to phosphorus. To 
grow azolla in a paddy, the addition of phosphorus 
is essential. The various a7olla species and strains 
were compared by continuous flow culture at 0.03 
ppm P. Great growth variation among strains and
species was observed. Growth rate decreased in 

Nepal; A.p. Malaysia; A.p. Cuttack, India; A.p 
China, Fukien red; A.p. La Van Vietnam; A.1 ,. 

Serigor, Bangladesh; A.p. Bogor, Indonesia; A 
filiculoides Hawaii, andA. caroliniana Califorr "ia 
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Table 7. Nitrifier population and nitrifying capacity of soils frcm long-term fertility trials. 
IRRI, 1979 wet seabon.a 

Oxidized la~ui Reduced layer 
8 DT 41 DT 5DH 8 DT 41 DT 5DH 

Log number of Nitrosomonas cells/g dry soil 
Nonfertilized 2.1 3.1 3.2 2.1 3.4 3.2 
With NPK 4.0 3.6 3.7 2.2 3.1 3.5 

Nitrification (%)due to added ammonium N after 4 days incubation 
Nonfertilized 12 13 8 14 10 8
Fertilized 26 42 31 9 9 5 
aDT daysaftertransplanting, DH daysafter harvest. 

NITROGEN TRANSFORMATION 

Nitrification in paddy fields. Ammonium 
applied in the paddy is oxidized to nitrate in the 
surface oxidized layer, followed by denitrification 
loss. Surveys on the nitrifier population and its 
nitrifying capacity were made in the IRRI long-
term fertility plots (unfertilized and NPK fertilized) 
(Table 7). Nitrosomonas was highest in the 
oxidized layer of fertilized plots followed by that 
in the reduced layer and both layers of the unfer-
tilized plots, suggesting that ammonium fertilizer 
addition enhanced the nitrifier inthe oxidized layer.
But the increase was no more than 10 times, sug-
gesting that nitrification may take place only at thin 
surface layers in the c"idized layer or that nit-
rification may take place without multiplication of 
nitrifiers. The increase of Nitrosomnonas in the 
reduced layer was probably due to migration to the 
surface layer because of wee ding, farming 
activities, and biotic activities of s;oil animals, 

In another field and in a study in cooperation 
with scientists from the International Fertilizer 
Development Center, Nitrosononas number 
changed in response to surface application of urea 
and ammonium sulfate in comparison with deep
placement of urea. The results did not clearly
demonstrate the increase of the nitrifier in the 
oxidized layer after surface application of nitrogen 
fertilizer. Because of technical difficulties in tak-
ing measurements from the oxidized layer exclu-
sively and of disturbance of the oxidized layer by 
farming practices, the surveys of nitrifier popula-
tions and activity of nitrification in the oxidized 
layer may have limited value, 

Nitrification was measured in fields with less 
disturbance. Because nitrate formed by nit
rification in a paddy soil quickly disappears by 
simultaneous denitrification, it is impossible to fol
low nitrification by measuring nitrate. When "N
labeled nitrate is added to an extent that exceeds 
denitrification rate, nitrification rate is measured 
by the dilution of 1'N in nitrate and denitrification 
is also determined by the decrease of nitrate. 

In a test of the effect of nitrate on nitrification 
with "5N-labeled ammonia as substrate, nit
rification was not affected by up to 20 ppm N03 -N. 
After removal of floodwater, a soil core was taken 
by a 1.7-cm-diameter tube. The surface 1 cm of 
soil was left in the tube and 10 ml of 20 ppm I'N 
labeled NO:,-N added. Soil cores were then incu
bated in the field for I or 3 days. Soil cores taken 
from the field were frozen for storage. Several core 
samples were mixed before analysis. The water 
extract was filtered and passed through H-type 
cation exchange resin to remove ammonium and 
the NO:,-N in the leachate converted to ammonium 
by Devarda alloy. 'INin NH 4-N was determined 
by emission spectroscopy (Table 8). Nitrification 
rate is lower than denitrification rate. 

These data are the first experimental results 
showing nitrification rate in situ in a flooded soil. 

Effect of soil condition during the dry season 
on nitrogen availability. The 1976 and 1977 
annual reports indicated an influence of soil mois
ture conditions during the dry season on availability 
of nitrogen in the succeeding wet-season wetland 
rice. In 1977 pot experiments, rice was grown in 
wetland condition. The pots were subjected to 
flooding with rice, field rmoisture capacity with rice, 
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Table 8. Nitrification and denitrification rate of paddy soil measured by in situ methoda 
IRRI, 1979. 

Time Treatmentb Nitrification Denitrification 
(g N/ha per day) (g N/ha per day) 

1 wk after transplanting 20.8 kg N/ha 
+ N-serve 

1 wk before harvest 20.8 kg N/ha 

+ N-serve 
aAv of 3 replications and its standard error. bAmmonium n 

470 t 50 1090 ± 47 
170 ± 90 440 ± 165 

460 ± 25 1000 ± 170 
270 ± 100 500 ± 160 

togen added lust before assay. 

Table 9. Frequency of occurrence of fungi from washed root segment of dryland rice, 
using Czapek-Dox agar medium. IRRI, 1979. 

Fungus 

Fusarium 
Curvularia 
Monocil/ium 
Aspergillus 
Penicillium 

Other generab 
Sterile hyaline 
Sterile dark 
Unidentified 

Segments (no.) 
Total isolates 
Segments colonized 

Frequency of occurrence 

Rotated plots ContinuouslyRotated plots (after 9 seasons cropped 
fdfter 5 sear -. fal!,w or other (12th crop of 

fallow) crops) rice) 

23.3a 
9.8 12.9 

0.8 3.6 0.8 
3.3 3.6 3.0 
1.7 0.9 0.0 
1.7 0.0 0.0 
0.0 1.8 0.8 

38.3 33.0 24.2 
18.3 21.4 31.8 

2.5 0.9 0.0 

120 112 132 
109 84 97 
875 71 73 

aPercrnt of the root seorne.ntscolonized by each group, blnclude Cophalosporium, Cylindrocarpon, 
Mucoraceae, and Trichodarma. 

or air-drying. Before the following wet season, 
pots were flooded for varying periods (from 2 to 35 
days) or alternately flooded and dried, 

As in previous experiments, initial rice growth 
after flooding of air-dried soil was retarded coin-
pared with growth in continuously flooded pots, but 
the final yield of rice was highest in pots with 
air-drying in the dry season. 

Longer flooding of air-dried soil before growing 
the wet-season wetland rice lessened the initial 
growth inhibition. The growth of wetland rice for 
which the soil moisture was at held capacity during 
the dry season was poorest from the beginning 
until harvest. A cycle of wet and dry treatment 
decreased the availability of soil nitrogen. The 
farmers' practice of flooding a paddy a long time 
before wet-season rice appears to bring about bet-

ter growth of rice at its early stage and increased 
use of soil nitrogen. Growing a rice crop in the dry 
season may increase fertilizer requirement for 
wet-season rice by decreasing soil nitrogen availa
bility. 

MICROBIOLOGY OF DRYLAND RICE AFFECTED 
BY SOIL SICKNESS 

In cooperation with visiting scientists from the 
Tropical Agriculture Research Center, Ministry of 
Agriculture, Japan, the mycoflora of roots of dry
land rice in rotation with other crops and in con
tinuous rice cropping were surveyed. The percen
tage of washed root segments from which fungi 
grew was measured and the genera of the fungi 
were identified (Table 9). 
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Spore-forming fungi grew from 17 to 31% of the 
root segments irrespective of the history of rice 
cropping. Two-thirds of them are Fusarium: other 
genera are Curvularia, Aspergillus, and Penicil-
lium, but they are rare. On the other hand, most 
fungi grown from root segments were sterile forms 
and the frequency of dark mycelium fungi was 
higher in continuously cropped plots than in 
rotated plots. Pvrenochaeta, Pythium, and 
Phy:ophtora that are common on dryland rice roots 
in Japan were not found at IRRI. 

The frequency of occurrence of Fusariumon the 

root in rotated and continuously cropped plots did 
not differ. However, the species composition had a 
distinct nature in accordance with the history of 
dryland rice. Fusaria on the roots of plants from 
rotated plots were composed almost exclusively of 
F. oxysporum, while those from continuously 
cropped plots were mostly F. monififorme. 
Because F. monflifortne is known to express weak 
but wide pathogenicity to various plants, its pre--
dominance on the root of dryland rice"that was 
affected by soil sickness may attract the attention 
of plant pathologists. 
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NITROGEN FERTILIZER EFFICIENCY 

A4gronomy and Soil Chemistry Departments 

Research on increasing the efficiency of nitrogen 
fertilizer continued to receive major attention in 

soil fertility research. In studies in collaboration 
with the International Fertilizer Development 
Center (IFDC), new fertilizer materials developed 
by IFDC and those from commercial sources were 

evaluated extensively with various cultural prac-
tices. 

Placement of fertilizer nitrogen. Dry sea-
son. The third trial of the International Network 
on Soil Fertility and Fertilizer Evaluation for Rice 
(INSFFER) was continued at IRRI in the 1979 dry 

season. Prilled urea and sulfur-coated urea (SCU) 

applied with a plow-sole applicator, broadcast and 
incorporated SCU forestry grade, and supergranule 
placement were compared with urea applied in 

split doses. IR36, an early-maturing variety, and 

IR46, a medium-maturing variety, were the test 

cultivars. 
In both varieties an increase of less than 2 t/ha 

resulted from the first 54 kg N/hd, and about 1 t/ha 

from 87 kg N/ha over 54 kg N/ha (Table 1). Yields 
of both varieties with 87 kg N/ha applied as prilled 
urea and SCU by a plow-sole applicator, and SCU 
forestry grade broadcast and incorporated were 
similar to yields ,vith 120 kg N/ha applied as 

animonium sulfate and urea in split doses. 
At 54 kg N/ha, the yield was significantly higher 

from SCU applied with a plow-sole applicator than 

from split-applied urea, but was similar to that of 

SCU and SCU forestry grade broadcast and incor
porated, supergranule placement, and urea by a 

plow-sole applicator. The treed was the same for 87 
kg N/ha. 

Wet season. The fourth INSFFER trial in the 

1979 wet season had IR36 and IR46 as test cul

tivars. At 27 kg N/ha, IR36 yields sigwere 
nificantly higher with broadcast and incorporated 
SCU and supergranule placement than with split

applied urea (Table 2). With IR46, supergranule 
placement was much more effective than broadcast 
and incorporated SCU. Split-applied urea did not 

yield any higher than the no-nitrogen control. At 

of nitrogen application on rice grain yield.
Table 1. Effects of forms, rates, and methods 

Third trial of the International Network on Soil Fertility and Fertilizer Evaluation for 

Rice, IRRI, 1979 dry season. 

Treatmi,nta 

No fertilizer nitrogen 

Urea split applicationc 

Urea by plow-sole applicator 

SCUd broadcast and incorporated 

SCUd by plow.sole applicator 
SCUe broadcast and incorporated 
Supergranule placement 
Sulfur-coated saJpergranule 

Urea split applicationC 

Urea by plow-sole applicator 

SCU 
d broadcast and incorporated 

SCU 
d by plow-sole applicator 

SCUe broadcast and incorporated 
Supergranule placement 

Ammonium sulfate split application" 

Urea split application" 

Grain yield (t/ha) 

IR36 IR46 

3.5 4.5 

54 kg N/ha 

5.5 5.9 

6.4 7.2 

6.6 6.7 

6.8 6.9 
6.6 6.7 
6.7 6.7 
5.1 6.1 

87 kg N/ha 

7.0 7.0 

7.4 7.6 

7.3 7.4 
7.7 7.7 
7.4 7.9 
7.4 7.4 

120 kg N/ia 

7.9 8.0 

7.3 7.9 

aSCU = sulfur-coated urea. bAny 2 means followed by the same letter are 

Meanb 

4.0 g 

5.7 1 

6.8 e 

6.6 e 
6.9 de 
6.6 e 
6.7 e 
5.6 1 

7.0 cde 

7.6 ab 
7.3 bcd 
7.7 ab 
7.6 ab 
7.4 bc 

8.0 a 

7.6 ab 

not significantly different 

from each other at the 5% level. c 2 13 broadcast and incorporated at planting, 1/3 topdressed 5-7 days 

before panicle initiation.dOrdinary. eForestry-grade. 
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Table 2. Effects of forms, rates, and methods of urea application on rice grain yield.

Fourth trial of the International Network on Soil Fertility and Fertilizer Evaluation for
 
Rice, IRRI, 1979 wet season. 

Treatment 

No fertilizer nitrogen 

Urea split applicationb 
SCUc broadcast and incorporated 
Supergranule placement 

Urea split applicationb 
Urea broadcast and incorporated 
SCUc broadcast and incorporated 
Supergranule placement 

Urea split applicationb 
Urea brcadcast and incorporated 
SCUc broadcast and incorporated 
Supergranule placement 

IF16 

3.3 1 

27 kg Nho 
3.8 (1 
5.0 isc 
4./ c 

54 kg N/ha 
5.1 bc 
4.8 bc 
5.9 a 
5.8 a 

87 kg N/ha 
5.4 ab 
5.9 a 
6.1 a 
6.1 a 

Grain yield (t/ha) 

IR46 Mean 

3.6 e 3.4 

4.0 de 3.9 
4.3 cd 4.6 
5.0 abc 4.8 

4.5 bcd 4.8 
4.8 abc 4.8 
5.1 ab 5.5 
5.0 ab 5.4 

5.1 ab 5.3 
5.2 a 5.6 
4.4 cd 5.2 
3.6 e 4.8 

aln a column, means followed by a common letter are not significantly different from each other at 
the 5% level. b2 i3 broadcast and incorporated at planting, 1/3 topdressed 5-7 days before panicle 
initiation. CSulfur-coeted urea, ordinary. 

87 kg N/ha, all the treatments performed equally 
well with IR36, but caused lodging and hence 
lower yield in IR46. 

Forms of urea and application methods for 
efficient nitrogen use in rice. Results of the study 
on the effect of forms of urea and pplication 
methods showed that fertilized plots gave a highly 
significant average grain yield increase over the 
unfertilized control (Table 3). 

The average grain yield of all fertilizer treat-
ments was 4.4 t/ha at 27 kg N/ha and 4.7 t/ha at 54 
kg N and 87 kg N/ha. The experiment showed no 
significant yield differences either among the 
tested nitrogen rates or among the application 
treatments. The nonsignificant yield differences 
were probably due to the high total nitrogen con-
tent of the soil (0.22%) at the study site. 

Placement of fertilizer nitrogen. Experiments 
with IR36 rice in the 1979 dry and wet seasons intwo farmers' fields evaluated nitrogen placement 

techniques on an Ultisol and a Vcrtisol. The tex-
ture and chemical characteristics of the soils are 
given in Table 4. The performance of an IRRI-
developed plow-sole applicator using prilled urea 
and SCU was also evaluated. 

Dry season. At Lucban, Quezon (clay, Ultisol,
pH 5.5), the highest yield of 5.7 tha was obtained 

Table 3. Effect of urea forms and application methods on IR44 
yield. IRRI, 1979 wet season. 

Treatment' Grain yjeldb 
Treatmenta 

G tha) 
No fertilizer nitrogen 3.4 c 

27kg N 
Split application of ureac 4.1 bc 

SCU (forestry grade), broadcast and incor- 4.6 ab 
porated 

Silica-coated urea, broadcast and incorporated 4.6 ab
Placement assupergranules 4.3 bPlacement asconditioned sulfur-coated 4.5 ab
 

supergranules
 

54 kg N 
Split application of ureaC 4.2 b
 
SCU (forestry grade), broadcast and incor- 4.9 ab
 

porated 
Silica-coated urea, broadcast and incorporated 4.9 ab 
Placement assupergranules 4.8 ab 
Placement as conditioned sulfur-coated 4.7 ab
 

supergranules
 

87kg N
Split application of ureac 4.6 ab
SCU (forestry grade), broadcast and incor-
 5.1 a 

porated 

Silica-coated urea, broadcast and incorporated 4.3 b 
Placement a supergranules 4.9 ab 
Placement asconditioned sulfur-coated 4.6 ab 

supergranules
'SCU = sulfur-coated urea. bIn a column means followed by the same 
letter are not significantly different at the 5% level. c2/ 3 broadcast and 
incorporated at planting, 1/3 topdressed 5-7 days before panicle initia. 
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Table 4. Characteristics of soils for trials under the International Network on Soil Fer
tility and Fertilizer Evaluation for Rice. 
(Quezcn)0 Philippines, 1979. 

Criterion 

pH (1:1) 
Organic matter (%) 
Total nitrogen %) 
Available phosphorus (ppm Bray No. 2) 
Exchangeable pttassium (ineq/lO0 9) 
Cation exchange capacity (meq/l00 g) 
Texture 

Soil taxonomy (order) 

with SCU forestry grade: however, all rates, 
sources, and methods of nitrogen application gave 
comparable grain yields. At Teresa, Rizal (clay, 
Vertisol. pH 6.7), urea applied in split doses and 
with a plow-sole applicator gave yields compara
ble with those from urea briquet placement at 54kgNhand those from SCU (ordinary) applied
kg N/ha a ttion 
with a plow-sole applicator at 87 kg N/ha (Table 
5). 


Wet season. At Lucban (clay, Ultisol, pH 5.4) 
at the same rate of application, almost all sources 
and methods of placement of nitrogen showed no 
significant grain yield differences. At Teresa (clay, 
Vertisol, pH 7.0), SCU broadcast and incorporated 
and placement of urea briquets at 87 kg N/ha gave 
significantly higher yields than the rest of the 
methods and rates of nitrogen application (Table 
6). 

Forms of urea and application methods 
for increasing nitrogen efficiency in rice. 

During the 1979 dry season, IRRI research 

evaluated modified urea materials and their applica-
tion techniques for increasing fertilizer nitrogen 
efficiency in 1R36 under two planting methods. 

Transplanted rice. Seven fertilizer treatments at 
the rate of 65 kg N/ha and a control (no fertilizer 
nitrogen) were evaluated in transplanted rice. 

The fertilized plots gave significantly higher 
yield than the unfertilized control (Table 7). The 
highest yield of 6.0 t/ha with efficiency of 46 kg 
m'igh rice/kg N was obtained from urea marbles 
placed 10 to 12 cm deep at the center of every 4 

hills. 
Direct-seeded rice. Fertilized plots of direct-

seeded rice gave significantly higher yields than 
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Farmers' fields in Teresa (Rizal) and Lucban 

Dry season Wet season 

Teresa Lucban Teresa Lucban 

6.7 5.5 7,0 5.4 
1.9 2.8 1.8 2.7 
0.13 0.20 0 12 0.20
 
8 6 7 7
 
0.58 0.10 0.66 0.18
 

20 31 33 18
 
Clay Clay Clay Clay
 

Vertisol Ultisol Vertisol Ultisol 

the unfertilized plots (Table 8). At 54 kg N/ha, 
SCU broadcast and incorporated gave significantly 
higher yield than other forms of urea and methods 

Table 5. Effects of sources and methods of nitrogen applica
on IR36 rice grain yield. Third trial of the International 

Network on Soil Fertility and Fertilizer Evaluation for Rice, 
Teresa (Rizal) and Lucban (Quezon), Philippines, 1979 dry 

sea son. 

Treatmenta Grain yieldb t/ha) 
Teresa Lucban 

No fertilizer iitrogen 2.3 h 3.7 b 

54 kg N/ha 

Urea, split application 3.7 fg 5.1 a 
Urea, plow-sole appllcator 3.3 g 5.4a
 
SCU 1, broadcast and incor. 4.4 cde 5.2a
 
porated
 

Scu 1, plow-sole applicator 4.0 def 5.0 a 

SCU 2 , broadcast and incor- 4.0 def 5.1a 
porated


Urea Ibrirluet 3.8 efg 5.4 a 

87 kg N/ha 
Urea, 4plit application 4.0 def 5.3Urea, plow-sole applicator 4.0 def 5.4a 

scUo broadcast and incor- 5.3 a 5.4a, 


porated 

SCUI, plow-sole applicator 4.5 bcd 5.5a 
SCU 2 , broadcast and incor- 5.2 a 5.7a 

porated 

Urea brirluet 5.0ab 5.0 a 

120 kg Nlha 

Ammonium sulfate, split 4.8 abc 5.6a 

application 
Urea, split application 5.3 a 5.6 a 

Cv %) 9.1 7.8 

aSCU = sulfur-coated urea. For splitapplication. 2/3 of the fertilizer 
was broadcast and incorporated at planting time, 1/3 was topdressed 
5-7 days before panicle initiation.bina column, any 2 means followed 
by a common letter are not significantly different at 5%level. 



Table 6. Effects of sources and methods of nitrogen applica-
tion on IR36 rice grain yield. Fourth trial of the International 
Network on Soil Fertility and Fertilizer Evaluation for Rice, 
Teresa (Rizall and Lucban (Quezon), Philippines, 1979 wet 
season. 

Grain yield 
b 

It/ha)-
Treatm.ent 

Teresa Lucban
Teresa..... ... 

No fertilizer nitrogen 2.4 g 3.5 d 

27 AgN/ha 
Urea, split application 3.0 f 4.6 bc 

SCU, broadcast and incor- 3.4 ef 4.7 abc 

porated 


Urea briquet 3.6 de 4.9 abc 

54 kg N/ha 

Urea, broadcast and incor- 3.3 ef 4.7 abc 
porated 

SCU, broadcast and incor- 4.2 bc 4.7 abc 

porated 
Urea briquet 3.9 cd 5.0 ab 

87 kg Nlha 
Urea, split application 3.8 cde 4.8 abc 
Urea, broadcast and incor- 3.6 de 4.7 abc 

porated 
SCU, broadcast and incor- 4.7 a 5.1 a 

porated 
Urea briquet 4.5 ab 5.0 ab 

cv (%) 9.3 6.7 
aSCU = sulfur-coated urea. For split application, 2/3 urea was broadcast 
and incorporated at plaring time, and 1/3 wastopdressed 5-7 days be
fore panicle initiation. In a column, means followed by a common 
letter are not significantly different at the 5% level, 

of application, except prilled urea at 120 kg N/ha 
applied basally. 

Application methods of urea and modified 
urea materials. During the 1979 dry season, an 
IRRI experiment evaluated the effects of urea, 
modified urea materials, and their application 
methods on the growth and yield of IR36 and IR42 
at two spacings (20 x 20 cin and 40 x 5 cm). 

There were no significant differences in grain 
yield between the two spacings and the two var-
ieties tested. The data averaged for both varieties 
and spacings showed significantly higher yields 
from the fertilized plots than from the unfertilized. 
Differences in grain yields due to the forms of urea 

fertilizer and application methods tested were 

observed (Table 9). In general, grain yields 
increased significantly with increase in nitrogen 
level from 54 to 87 kg/ha regardless of urea source 
and application technique. The results suggest that 

Table 7. Effect of forms of urea and application methods on 
the grain yield of transplanted wetland rice. IRRI, 1979 dry 
season. 

Grain... .... 

Treatment Grain yield" 

__ t/hal
- - - - -)

No fertilizer nitrogen 3.0 d 
Split application of urea 5.0 c 
Band placement of urea with fertilizer 5.5 abc 

applicator from Taiwan 
Urea marbles (2-4 mm), broadcast and 5.8 ab 

incorporated 
Urea marbles (6-F mm), broadcast and 5.9 ab 

incorporated 
SCU (forestry g ade), broadcast and incor- 5.2 bc 

porated 
as ur, a marbles (15-20 mm) 6.0 aPlacementPlacement as urea supergranules 5.8 ab 

aMeans followed by a common letter are not significantly different at 
the5%level. CV - 8.5%. 

rice yields can be increased by increasing the rate 
of nitrogen application and by better fertilizer 
management practices. 

Urea placement and spacing with a fertilizer 
applicator for wetland rice. The bucket-type fer

tilizer applicator (from China) was evaluated in an 
experiment with IR44 at IRRI during the 1979 wet 
season. Treatments are outlined in Table 10. The 

desired rate and spacing of the urea fertilizers for 
each plot were not achieved because the machine 

failed to scoop the urea pellets or granules or the 

Table 8. Effect of forms of urea and application methods on 
the grain yield of direct-seeded wetland rice. IRRI, 1979 dry 

season.
 
Treatmenta Grain yieldb 

....... .. )t/ha) 

No fertilizer nitrogen 2.8 d 
Split application of ureac 4.9 bcPlow-sole application of prilled urea 5.5 b 
Split application, urea marbles (2-4 mm)c 4.9 bc 
Sulfur-coated urea, broadcast and incor- 6.2 a
 

porated
 
Plow-sole application of sulfur-coated urea 5.3 bUrea marbles (2-4 mm), broadcast and 4.9 bc 

incorporated 
Urea marbles (6-8 mm), broadcast and 4.8 bc
 

incorporated

d
Prilled urea, 2/3 10 DS + 1/3 40 DS 4.4 c
 

Prilled urea, broadcast and incorporated 6.7 a 

aAll nitrogen applications were at therate of 54 kg N/ha exceptbroad. 

cast and incorporated prilled urea, which was at120 kgN/ha. bMeansfollowed by a common letter are not significantly different at the 5% 
level. c2 /3 broadcast and incorporated atplanting time and 1/3 top
dressed 5-7 days before panicle initiation. DS = days after sowing.cv =9.T. 
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Table 9. Effect of urea and modified urea materials and their application methods onrica grain yield. IRRI, 1979 dry season. 

Treatmente Grain yield (t/ha) TMeanb 
54 kg N/ha 87 kg N/ha

No fertilizer nitrogen 
- 3.1 dSCU, broadcast and incorporated 	 5.95.3 5.6 aPlacement as sulfur-coated supergranules 5.85.3 5.5 abSCU, plow-sole application 5.3 5.7 5.5 abSplit application of ureac 5.2 5.7 5.4 abPlacement as urea supergranules 5.1 5.3 bUrea, plow-sole application 	

5.4 
4.5 5.2Split application of ureac (120 kg N) 	

4.8 c 
- - 5.8 aaSCU sulfur-coated urea. bMeans followed by a common letter are not significantly different at the5% level. Av for 2 varieties (1R36, IR42) and 2 spacings 120 x 20 cn , 40 a 5 cm spacing). c 213 basalincorporated before transplanting, 1/3 topdressed 5-7 days before pan cle initiation. 

pellets or granules clogged the discharge opening ofthe machine. No fertilizer was applied in the seedbed, butcarbofuran at the rate of 1.0 kg a.i./ha was broad-Except for treatments 4, 5, and 8, the fertilized cast and incoiporated beforeplots gave significantly 	 the pregerminatedhigher yields than the seeds wereunfertilized control plot (Table 10). 	
sown. Before transplanting, all formsYields in the of urea fertilizer at the rate ofertilized 	 : kg N/ha wereplots did not differ significantly, but broadcast uniformly and incorporated thoroughly.treatments 4, 5, and 8 yielded significantly less Phosphorus and potassium fertilizers (20 kgthan the rest of the fertilized treatments (no. 2, 7, P.,O-ha and 20 kg K.,O/ha)9, and 10). 	 and 5 kg ZnSO 4/hawere also applied basally in all plots.Forms of urea fertilizer and seedling age for 

Weed and
insect control were optimum. All seedlings wereincreasing fertilizer nitrogen efficiency in trans- transplanted at theplanted wetland rice. During the 1979 wet sea-

same time. 
son, 

With 20-day-old IR36 seedlings, all plots thatan IRRI trial tested the response to four forms received nitrogen from various formsof urea fertilizer of transplanted rice in continuously 	 of urea 
except those applied as SCU marble (6 to 8 mm inflooded fields. Twenty- and 40-day-old seedlings of

early-maturing IR36 and intermediate-maturing 
diameter) produced yields significantly higher than 

IR42 were used. 	
those of plots without nitrogen (Table 11). Grain 
yields from fertilized 4 0-day-old seedlings were 

Table 10. Effect of placement and spacing of urea with a fertilizer applicator from the People's Republic of China (PROC)yield of IR44. on theIRR1, 1979 wet season. 

Treatment TreamentGrain 
No. 	 --

yield'Form of urea Application method 
.. 	

Urea spacing Nitrogen (t/ha).. . .. . .(cm) rateb (kg/ha)

1 Urea supergranule 1 g
2 Urea supergranule 1 g Placement' at 3-7 cm 4 

0 x 40Placement at 3-7 cm 	 29 (221 4.2 ab3 Urea supergranule 2 x I g 	
20 x 40 58 (26) 4.6 aPlacement at 3-7 cm 40 x 404 Urea pellet I x I g 	 3 58 (40) 4.3 abPlacement at -75 	 cm 40 x 40Urea pellet I x 1 g 	 29 (19) 3.8 bcPlacement at 3-7 cm6 Urea pellet 2 x 1 g 
20 x 40 58 (40) 4.0 abcPlacement at 3-7 cm7 'Sjlfur.coated urea supergranule 	
40 x 40 58 (38) 4.4 ab1 g Placement at 3-7 cm8 Su! fur-coate(l urea supergranule 1 g Placement at 3-7 cm 
40 x 40 29126) 4.6 a 

9 Sulfur-coated urea su~rgranule 2 g 
20 x 40 58 (30) 3.8 bcHand placementd10 Urea 	 40 x 40 58 (57) 4.7 a 

11 	 Split applicationUrea	 Broadcast 29 4.6 a
12 Control 

Split application Broadcast12 o ntrl 	 58 4.4 abMean, followed by a common letter are not significantly different at the 5% level 	 0 3.3 cwith the fertilzer applicator, av of 4 replications. CWith PROC machine 
bValues enclosed in parentheses arethe actual rate of nitrogen appfled3-7 cm toil deth. dDeep placementbecause the size of the 2-gram sulfur-coated 	 5-7 cm toil depthl was done by handurea supergranule was inappropriate for the machine. 
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Table 11. Effect of forms of urea on the grain yield of IR36 and IR42 transplanted as20- and 40-day-old seedlings at 3-4 seedlings/ 
hill. 20 x 20 cm spacing. IRRI, 1979 wet season. 

Grain yieldaIt/ha) 

Treatment IR36 IR42 T-means 

20-day-old 40-day-old 20-day-old 40-day-old 
No lertilizer 2.5 c 2.6 c 3.1 c 3.0nhtrfjtn 3.6 b 
Prilled urej 4.8 a 3.5 b 3.8 ab 4.0 ab 4.0 
Ordinary su u -coatedi urea 5.2a 4.6 a 4.3 a 4.2 ab 4.6 
Suitor-coated urea (ltortstry rarle) 5.4 a 5.0 a 3.8 ab 4.5 a 4.7 
Suifur coatei urea marh'e (6-8 mm diam) 3.7 b 3.3 b 3.3 b 3.6 bc 3.5 

Mean 4.5 3.8 3.6 3.9 
lII a tolnnnn f f ol I the sare It-tier are riot srlcnifi antlyniferentat the5",level.win, iIIO 

significantly higher than those from the unfertilized 
plots. With IR36, the 20-day-old seedlings gener-
ally gave higher yields than the 40-day-old seed-
lings, regardless of fertilizer treatments. The yield 
difference between the two seedling ages was sig-
nificant (Table I1). 

The results suggest that to increase the number 
of croppings per year, 40-day-old seedlings of 
early-maturing IR36 may be planted, provided 
that efficient forms or sources of fertilizer nitrogen 
are used. Furthermore, the number of seedlings 
may be increased to compensate for a possible 
decrease in yield due to the use of older seedlings, 
which have a slow recovery rate after transplant-
ing. 

NITROGEN FERTILITY OF SOILS 

Agronomy Depari/nent 

pH and nitrogen content of floodwater and 
ammonia volatilization loss. An outdoor drum 
experiment late in the dry season (May-June) 
evaluated the effect of soil texture and CEC on 
nitrogen content of the floodwater and ammonia 

volatilization loss. Five soils with varying CEC 
and soil textures were used (Table 12). Five treat
ments were compared: prilled urea, SCU broadcast 
and incorporated, prilled urea surface applied, urea 
supergranule placement, and unfertilized control. 
Urea-nitrogen and ammonium-nitrogen content, 
pH, and temperature of the floodwater were meas
ured for several days starting immediately after 
fertilizer application. 

The different soils had similar trends in floodwa
ter pH after fertilizer application (Fig. 1). The val
ues were higher with surface-applied urea than 
with broadcast and incorporated SCU. The average 
nitrogen content of floodwater was high (180-200 
Ag N/ml) on the second day after urea application, 
but dropped to 40 /g N/ml or less on the fourth 
day. The nitiogen content of floodwater after incor
poration of SCU was very low (10 tg N/ml). 

High nitrogen content and high pH of the 
floodwater aggravated nitrogen loss through 
ammonia volatilization. Such loss was always 
higher with surface-applied urea than with SCU 
broadcast and incorporated (Fig. 2). The loss was 
highest (13.2%) in San Manuel sandy loam with 

Table 12. Characteristicsof Philippine rice soils used for ammonia volatilization studies in outdoor drums. IRRI, 1979. 

Cation Org Available Exchangeable cations (meq/100 g) TotalSoil pH Soiltexture exchange Nitrogen mattni phosphorus zincmatteity (ppm) Cal- Mag- Potas. Sor):0
SipH tetriBray cium sium dium (ppm)c nesium 

Maahas clay 6.5 Clay 43 0.17 3.15 12 15.6 7.4 1.34 0.50 132 
Bantay silty clay 6.5 Clay loam 31 0.22 0.22 63 20.6 5.9 0.43 0.34 161 
Marikina clay loam 6.2 Clay loam 26 0.22 4.20 115 13.3 7.5 0.32 051 76 
Bantay silty clay 6.0 Silty clay 26 0.13 2.26 69 13.3 7.2 0.24 1.21 91 
San Manuel sandy 6.8 Sandy loam 9 0.11 2.29 17 5.4 2.6 0.04 0.19 28 

loam 
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3. Ammonia volatili/mttion loss from different forms of urea as affected by cation exchange capacity 

and texture of the soil. I.arge-drum experiment, IRRI. 1979 late dry season. Nitrogen loss as 
ammonia was negligible with supergranule placement in silty clay, clay loam. and clay soils. 

low CEC and lowest (6.2%) in Maahas clay with INCREASING NITROGEN FERTILIZER EFFI

the highest CEC. This indicates that soil texture CIENCY 
and CEC greatly affect nitrogen loss as ammonia. Soil Chenistry and Agronomy Departments 

Nitrogen loss fron SCU was negligible in all the 

soils probably because of the low nitrogen content The effect of time and mode of nitrogen applica

and low pH of the floodwater. tion on fertilizer efficiency was studied in the wet 

The effect of CEC and texture of the soil on and dry seasons. A best-split application of 
nitrogen loss was determined in a large-drum ammonium sulfate or urea broadcast and incorpo

experiment (Fig. 3). The loss from urea fertilizer rated before transplanting with a further dose at 

increased as the CEC decreased. Ammonia vol- panicle initiation was compared with a common 
atilization loss reached its peak on the second day farmer practice of a broadcast dose without incor

when the nitrogen content of floodwater was poration 21 days after transplanting with a further 

also highest. Ammonia volatilization loss was con- dose at panicle initiation. These treatments were 

sistently higher in surface-applied urea than in urea compared with slow-release SCU and deep place

broadcast and incorporated during final land prep- ment of urea supergranules.
 
aration. Placement of urea supergranule in the In both seasons deep placement of urea super

coarse-textured Pangasinan soil with low CEC granules gave highest yields. In the dry season,
 

caused nitrogen loss of 6.5%, with the loss increas- delayed application of the initial nitrogen reduced
 

ing gradually from the day of application. The data yield 0.3-0.5 t/ha, whereas in the wet season the
 

indicate that modified urea - SCU and super- effect was insignificant (Table 13). Similarly,
 

granule - minimizes ammonia volatilization loss delayed availability of nitrogen through the use of
 

in clayey soil. In coarse-textured soil, slow-release SCU (basal or delayed) reduced yield in the dry
 

nitrogen fertilizer is better for minimizing losses as season but, compared with best-split urea,
 

ammonia, increased yield in the wet season.
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Table 13. Effect of time asd mode of nitrogen fertilizer applications on the yieldof IR36 (dry season) and 1R44 (set season) and on 

fertilizer nitrogen recovery. IRRI, 1979. 

Treatment 

No nitrogen 

Prilled urea (best split) 

Prilled urea (farmer split) 
Ammonium sulfate 
Ammonium sulfate 
SCUc 
SCU 
Urea supergranule (deep 

placement) 

Fertilizer timin.. Dry seasonb (87 kg N/ha) Wet season 
b 

(54 kg N/ha) 

DT 21 DT P1 
Grain yield 

(t/ha) 

Apparent N Grain yield 
recovry (/ha) 

recovery Wit) 
Apparent N 

recovery
r 

4.1 e 3.1 d 

2/3 0 1/3 5.7 b 44 bc 4.0 c 35 c 

0 2/3 1/3 5.4 c 23 d 3.8 c 36 c 

2/3 0 1/3 5.9 b 52 b 4.1 c 50 bc 

0 2/3 1/3 5.4 c 32 cd 3.8 c 36 c 

All 0 0 5.8 b 46 b 4.9 ab 78 ab 

0 All 0 5.1 d 30 d 4.4 bc 69ab 

All 0 0 6.2 a 75 a 5.1 a 85 a 

aDT = days after transplanting, P1 = panicle initiation. All basal10 DT) fertilizers were broadcast and incorporated, except fnrthe supergranules which 
were placed 10 cm deep, 1/4hills. All 21 DT and P1applications were broadcast directly intothe floodwater. ina column,any two means followed by 
the same letter are not significantly different from each other at the 5% level. CSulfur-coated urea, forestry grade. 

In both seasons broadcast urea and ammonium 

sulfate were ineflicient (23-52% recovery), sug-
gesting that extensive losses of these fertilizers 
occurred. In the dry season, immediately after fer- 
tilizer incorporation and when only a thin layer of 

floodwater was present, prilled urea produced high 

concentration of nitrogen in the floodwater (228 
ppm) compared with ammonium sulfate and SCI 
(Fig. 4). The supergranules deep-placed produced 

41 ppm of floodwater nitrogen presumably due to 
upward diffusion of urea in the hole made during 
placement. The floodwater pH at 21 days after 
transplanting was higher during the first few days 
of rapid nitrogen disappearance than it was at 
transplanting (Fig. 5), which indicated that 
ammonia volatilization from delayed application 

may have been greater than that from basal. 
The floodwater data for the wet season showed 

trends similar to those for the dry season except 
that concentrations of nitrogen were much lower 
(Fig. 6, 7), possibly because of lower rate of nit-
rogen application and dilution of floodwater by 
extensive rainfall. The lower concentrations of 
urea at 21 days after transplanting conformed with 
the relatively better yield with delayed urea appli-

cation in the wet season than that in the dry season. 
The same was true for the SCU, which produced 
lower floodwater nitrogen concentrations in the 
wet season and was more effective in the wet sea-

son than in the dry (Table 13). 

The potential nitrification-denitrification from 

the treatments was determined by measuring the
flux of nitrous oxide (N20). N20 is a minor pro-
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4. Effect of time and mode of nitrogen fertilizer application on 
the concentration of (urea + NH4-N in floodwater. IRRI, 1979 
dry season. The numbers in parentheses show the urea-N as a 
percentage of urea plus NH 4-N.DT = days after transplanting,
DBPI = days before panicle initiation. 
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transplanting, )BPI = days before panicle initiation. ua 

, r 66BesI spl 

D- stIbut it is aduct of nitrification-denitrification, 
potential pollutant of the stratospheric ozone layer 'I) 

and has been the subject of much recent research. 9 -,,5 .1so 
Relatively small N20 fluxes (< 100 ng/m" per sec- 8 dH Delayede split1Bestsplit 
ond) were detected in the dry season (Fig. 8) 7 I ,
 
although the data showed that nitrification- 0
 

denitrification was occurring in response to fer- 9 4 ,
 
tilizer application. V Bayedap,tcaIon
 

In all treatments producing high floodwater nit- 7Y- e 

rogen levels, N 2 0 evolved a lag of 8 Floodwaterwas after temp(-C) 
days. The lag period was less for ammonium sul- 40 _ _ _ _ _ 

fate than for urea, presumably because the latter had 3o

to be hydrolyzed to ammonium before nitrifica- 20 

tion-denitrification could take place. The N.,O 10 
fluxes were low in the morning and increased dur- 0 10 20 30 50 60 

Time (da~ys) 

ing the day. Within 5-6 days fluxes were zero. The 

21 DT and panicle initiation applications produced 7.Effect of time and mode of nitrogen fertilizer application on 
e ffloodwater pH. Floodwater temperatures at 0900 and 1400

higher N2O fluxes from urea than from ammontum hours are also shown. Clay soil, IRRI, 1979 wet sep._-a. VT = 
sulfate. days after transplanting, DBPI =days before pani,:le initiation. 
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The wet season generally had lower NO fluxes 
(Fig. 9). The smaller fluxes were detected because 
the measuring instrument (infrared gas analyzer) 
was operated at a higher level of sensitivity. A 
large diurnal fluctuation was measured and the rate 
dropped to zero within 1-2 days. 

Movement and distribution of deep-placed 
urea in a wetland soil (Agronomy). Field exper-
iments were continued during the 1979 dry season 
to study the effects of depth of placement, plant 
spacing, and season on the movement and spatial 
distribution of ammonium nitrogen after deep 
placement of supergranule urea (SGU) in a wet-
land rice soil. The SGU was placed 2 DT at soil 
depthsof 5, 10, and 15 cm in nontransplanted and in 
transplanted plots with square and rectangular 
plantings. The data on spatial distribution of 
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nitrous oxide (N:O) flux. IRRI, 1979 dr.se I) = days 
after transplanting,20 Idays daye e ntio Gaf pa c 

ammonium nitrogen after SGU placement at 
[0-cm depth only are shown in Figure 10. 

en an d 2 0 days after d ee p plac eme nt of SG U , 
the distribution patterns of ammonium nitrogen 
were similar to those observed in the 1978 wet 
season. In square and rectangular plantings most of 
the nitrogen was absorbed by rice plants (1R42) 20 
through 40 days after placement at the 5-cm depth. 
But for SGU placed 10 and 15 cm deep, and for 
rectangular planting, absorption of ammonium nit
rogen was apparently delayed and some 
ammonium nitrogen was found in the vicinity of 
urea placement site 40 days later. The data suggest 
that by adopting the proper combination of urea 
placement depth and plant spacing, it may be pos
sible to partially control the availability of deep
placed nitrogen so as to sustain continuous supply 
of nitrogen to a wetland rice. 

The data on spatial distribution of ammonium 
nitrogen also indicated that absorption of 
ammonium nitrogen after deep placement of urea 
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10. Distribution of N-Hi-N after placement of supergranule urea at - 10-cm depth in wetland fallow and transplanted rice plots. 
IRRI. 1979 dry season. 
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was faster during the 1979 dry season than during 
the 1978 wet season (Fig. 10, 11). This indicates 
that climatic factors may have influenced the dis-
tribution of ammonium nitrogen and eventually its 
use effiiciency in wetland rice. 

LONG-TERM FERTILITY EXPERIMENTS 
Agronomy.Department 


IRRI. The 1979 long-term fertility experiments at 
IRRI completed the 30th and 31st crop in 1979. In 
thedry season IR8, 1R36, and IR42 gave a favorable 
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yield response to the application of 140 kg N/ha 
(Table 14). However, only the response of IR42 
and IR36 was significant. The response to 30 kg 
P.O,/ha was relatively smallh that to 30 kg K,20/ha 
was practically nil. 

Ducing the wet season, the response to 30 kg 

P.,O, or 30 kg K2 0 or to a combination of both was 
not significant.

BPI stations. The summarized data for 

Maligaya and Bicol in the dry season showed a 
significant yield response of 2.6 to 2.8 t/ha with 
complete fertilizer over nitrogen alone (Table 15). 



Table 14. Effects of NPK fertilization on the grain yields of IR8, IR36, and IR42 in the 
31st (dry season) and 32d (wet season) consecutive crops. IRRI, 1979. 

Fertilizei (kg/ha) Yield a 
(t/ha) 

N P20 5 K 20 IR8 IR36 IR42 Mean 

Dry season 
0 0 0 3.4 c 3.5 c 3.0 b 3.3 

140" 0 0 6.6 a 7.0ab 6.6 a 6.7 
0 30 0 4.4 b 4.2 c 3.2 b 3.9 
0 

140 b 

140 b 

0 
30 

0 

30 
0 

30 

3.6 c 
7.3 a 
7.1 a 

3.6 c 
6.3 b 
6.7 ab 

3.1 b 
7.2 a 
6.6a 

3.4 
6.9 
6.8 

14 0 b 30 30 6.9 a 7.2 a 6.9 a 7.0 
14 0bc 30 30 7.1 a 6.3 b 6.5 a 6.6 

Mean 5.8 r6 5.4 

Wet season 
0 
60

b 
0 
0 

0 
0 

3.1a 
3.6 a 

3.1 c 
4.6 ab 

3.8 c 
4.6 a 

3.3 
4.3 

0 30 0 3.1 a 3.6 c 3.8 c 3.5 
0 

60 
b 

60
b 

60
b 

6 0
b c  

0 
30 

0 
30 
30 

30 
0 

30 
30 
30 

3.3a 
3.7 a 
3.6a 
3.6 a 
3.7 a 

3.7 c 
4.5 b 
4.6ab 
5.1 a 
4.6 ab 

3.9 bc 
4.1 bc 
4.1 bc 
4.4 ab 
5.0 a 

3.7 
4.1 
4.1 
4.4 
4.4 

Mean 3.5 4.2 4.2 
;I- a column under each season, any 2 means followed by a common letter are not sigrificantly dif
ferent from each other at the 5% level. Av of 4 replications. blncludes 40 kg N/ha topdressed at 
panicle initiation in the dry season and 20 kgN/ha in the wet season.CCompost (10.0 t/ha + inorganic
24 kg N/ha compost f 116 kg N/ha inorganic for dry season; 34 kg N/ha compost + 36 kg N/ha inor
ganic for wet season), 

The wet-season data for the three BPI stations 
showed 1.1 to 1.2 t/ha increases in grain yield for 
complete fertilizer over nitrogen alone (Table 15). 

Maligaya. In the dry season both IR8 and IR42 
produced 8.0 t/ha at 140 kg N, 60 kg P20 5 , and 90 
kg (60 + 30) K,,O/ha at Maligaya. With all three 
varieties, the response to potassium in combination 
with nitrogen and phosphorus 
beyond 60 kg K20/ha (Table 
response of the 3 varieties to 
over nitrogen was 2.7 t/ha. 

was not significant 
15). The average 

complete fertilizer 
Both NP and NK 

treatments gave similar grain yields; however, 
there were minor differences in response among 
the three varieties, 

The wet-season results were similar to those of 
the dry season. The marked response of 2.7 t/ha 
grain yield was obtained with NPK over nitrogen 
application alone (Table 15). As in the dry season, 
IR8 again produced the highest yield of 6.1 t/ha in 
the wet season. 

Bicol. In the dry season in Bicol, the highest 
yield of 7.7 t/ha was obtained with 1R8. IR42 
yielded 7.9 t/ha when it received complete fer-

tilizer. Complete fertilizer gave a response of 2.4 
t/ha over nitrogen fertilizer alone (Table 15). With 
any variety, the difference in response to NP and 
NK was not significant. 

In the wet season, IR42 produced 0.9 t/ha higher 
yield than IR36 and 1.8 t/ha higher than IR8 (Table 
15). For the three varieties, the responses to NP, 
NK, or NPK over N alone were significant. How
ever, the differences in yields between NP, NK, or 
NPK were not significant. 

Visavas. There was no dry-season trial in the 
Visayas because of lack of water. 

In the wet season, IR36 produced 4.6 t/ha with 
complete fertilizer. When complete fertilizer 
included 90 kg K2O/ha applied in split doses the 
yield of IR8 was significantly higher than that with 
complete fertilizer with only 60 kg K2O/ha applied 
basally. With IR8 and IR36 the NK treatment gave 
significantly higher yield over N alone (Table 15). 

Farmers' field. The sixth and seventh crops at 
Luisiana (Ultisol, pH 4.7) and the sixth crop at 
Tanay (Vertisol, pH 7.4) were harvested in 1979. 
The 1979 dry-season crop was not planted in 
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Table 15. Effect of NPK fertilization on the grain yields of IR8, IR36, and IR42 rices in the 23d (dry season) and 24th (wet season)crops in the long-term fertility experiments at Maligaya Rice Research and Training Center, Maligaya, Nueva Ecija Province; BicolRice and Corn Experiment Station, Bicol region; and Visayas Rice Experiment Station, Iloilo Province, IRRI-BPI Cooperative Experi
ments. 

Fertilizerb 	 Yield a 
(t/ha)

(kg/ha) Maligaya BicolN-P2 05"K20 IR8 IR36 IR42 Mean IR8 IR36 IR42 Mean 

Dry season0- 0- 0 3.4 	 3 2d 2.9 c 3.3 d 3.3 d . c 3.0 c 3.7 d 3.3 d140- 0- 0 5.1 c 4.1 bc 5.0 c 4.7 c 5.0 b 4.2 b 4.9 c 4.7 c140-60-0 6.2 c 5.1 b 5.8 bc 5.7 b 5.9 b 5.2 b 6.2 b 5.7 b140 - 0-60 6.4 bc 5.1 b 5.0 c 5.5 bc 5.5 b 4.6 b 5.8 bc 5.3 b140 -60-60 7.9 ab 7.3 a 7.2 ab 7.4 a 7.5 a 6.4 a 7.7 a 7.2 a140c-60-60+30 8.1 a 7.2 a 8.0 a 7.8 a 7.7 a 6.6 a 7.9 a 7.4 aMean 6.2 5.3 5.7 5.8 5.0 6.0 

Wet season0- 0- 0 3.4 3.1 d 3.2 c 3.2 d 2.0 b 2.8a 2.4 d 2.4 c70- 0- 4.10 bc 3.8 c 4.2 b 4.1 c 2.3a 3.6a 3.9 bcd 3.3 b70-60- 0 5.4 a 4.7 b 4.9 a 5.0 b 3.5 a 3.9 a 5.2 ab 4.2 a70- 0-60 4.5 b 4.3 bc 3.7 bc 4.2 c 2.4 ab 3.5 a 4.8 abc 3.6 ab70-60-60 6.1 a 5.6 a 5.4 a 5.7 a 3.7 a 4.0 a 5.3 a 4.4 a70-60-60+30 5.7 a 5.6 a 5.4 a 5.6 a 2.5 ab 3.6 a 5.4 a 3.8 abMean 4.9 4.5 4.5 2.7 3.6 4.5 

Visayas Summary
IR8 IR36 IR42 Mean 1R8 IR36 IR42 Mean 

Dry seasond Two sites0- 0- 0 3.3 c 2.9 c 3.5 c 3.2 d140- 0- 0 5.0 b 4.2 b 5.0 b 4.7 c140-60- 0 6.0 b 5.1 b 6.0 b 5.7 b140- 0-60 6.0 b 4.9 b 5.4 b 5.4 b140-60-60 
7.7 a 6.8 a 7.4 a 7.3 a140-60-60+30 
8.0 a 6.9 a 7.9 a 7.6 aMean 6.0 5.1 5.9 

Wet season T.ree sites0- 0- 0 1.6 c 1.4 d 1.7 c 1.6 2.4 2.4 2.4 2.4
70- 0- 0 
 2.7 b 3.4 b 2.6 b 2.9 3.0 3.6 3.6 3.4
70-60- 0 
 2.6 b 4.5 a 3.9 a 3.7 3.8 4.4 4.7 4.3
70- 0-60 3.5 a 2.2 c 2.7 
 b 2.8 3.4 3.3 3.7 3.570-60-60 3.5 a 4.6 a 3.7 a 3.9 4.4 4.8 4.8 4.770-60-60+30 4.1 a 4.6 a 4.0 a 4.2 4.1 4.6 5.0 4.5 
Mean 3.0 3.4 3.1 

aIn a column, any 2 means followed by a common letter are not significantly different from each other at the 5% level. Av of 3 replications. bAll treat
ments except 0-0-0 N-P 0 .K2	 5 0 include 40 kg N/ha topdressed at panicle initiation in the dry season2 and 30 kg N/ha in the we.eason. ct cnmpost/ha applied every cropping season, with the balance applied as inorganic nitrogen to make up for the rate stipalated for that season. No trial bacc se there was no water. 

Tanay because storms in 1978 heavily damaged yields. The trend in 1R42 was the same (Table 16).the irrigation dam. In Tanay the highest yields were mostly from the
Dr season. At Luisiana, the dry-season NP plots (Table 17). 

response to phosphorus application (NPK vs NK) PHOSPHORUS SOURCE TRIALS IN FARMERS' 
was 0.9 and 2.2 t/ha yield increase in IR42 and FIELDS 
IR36; that to nitrogen application (NPK vs PK) AgronomY Department 
was 2.7 and 2.8 t/ha in IR36 and 1R42 (Table 16).
Only 	nitrogen gave a significant response. Experiments to evaluate sources of fertilizer phos-Wet season. In Luisiana in the wet season, only phorus on flooded IR36 rice continued in 1979 in
nitrogen applied singly on IR36 gave significant three farmers' fields. 
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Table 16. Effects of NPK on the grain yield of IR36 and IR42rices in the 6th Table 17. Effects of NPK on the grain yield of IR36 and IR42(dry season) and 7th (wet season) consecutive rices in the 6th (wet season) crop. Tanay, Rizal, Philippines,crops. Luisiana, Laguna, Philippines, 1979. 1979 wet season. 
Fertilizer treatment (kg)/ha) Yield" What F / -treatmt-Fetlie traten (kha Yield' tma)N P20 5 K20 IR136 lR42 NN --- --P20 5 K20 IR36 IR42 

Dry season 
3 0 0 00 0 2.0 b 2.0 cd0 .2 c 2.7 c 60 30 0120 .7 a 3.6 b0 0 4.4 b 5.3 b 0 40 0 2.4 b 3.40 40 0 3.4 c 2.9 bc 

0 0 
c 0 0 40 2.0 1) 2.6 d40 3.1 c 2.8 c 60 340 0120 40 0 .4 a 4.3 a6.0 a 5.5 ab 0 40 400 40 40 2.4 b 3.4 bc3.8 bc 3.3 c 60 0 3 

120 40 .6a 3.9 ab0 40 4.3 b 5.2 b 60 40120 40 40 40 3.4 a 3.8ab6.5 a 6.1 a 'Tn a column, any 2 means followed by a common letter are riot stgn,
ficantly different from each other at the 5'. level. CV 11.64.Wet season 

0 0 0 2.4 c 2.6 c
60 0 0 3.1 ab 3.2 bc
0 40 0 2.6 bc 2.9 bc
0 0 40 2.5 c 2.6 c 

21: 6.0 ppm). This has been the trend since the first 
60 40 0 3.4 a 

crop in the 1977 wet season in Lucban and since the3.8 a second crop in the 1978 dry season in Teresa (Fig.0 40 40 
60 

3.0 abc 3.2 htc 12).
0 40 3.1 ib 3.3 b60 40 40 35a 3.9a At Luisiana (pH 4.8, available P [Bray 21: 6.0a l iv..........y
2 .......... ioi .....
icaittly rlmli;en Imom y .............. t.........
m'arch oiii,,, ii . , cmi~CV 

h 
]15frte 

, , ppm ), superphosphate gave consistently highertim,, 

dry season o11.7 t .... it. alr yields than all phosphorus sources even at the start 
of cropping (Fig. 12). However, the performance 

Dry season. At Teresa of the local guano fertilizer at 80 kg P.O.,/ha, NCR(pH 6.4, available P phosphate and superphosphate at 60 kg P.,OJha on[Bray 21: 8.0 ppm), phospal and local guano fer- the fourth crop, 1979 dry season, are comparabletilizer gave yields comparable to that of superphos- (Table 18). However, at Lucban guano fertilizer atphate at the highest rate of P.05 application (Table 120 kg P.,O,/ha proved superior to all other phos18). The same results were observed for local guano phorus sources.fertilizer in Lucban soils (pH 5.5, available P [Bray Dry-season croppings showed increase in yields 

Table 18. Effects of different sources of fertilizer phosphorus on 
crops of IR36. 

the grain yield of the fourth (dry season) and fifth (wet season)Farmers' fields in Luisiana (Laguna), Lucban (Quezon), and Teresa (Rizal), Philippines, 1979. 

Source of Grain yield" (t/ha)
fertilizer Rate Luisjana Luchanphosphorus Teresa(kg P20 5/ha) Dry Wet Dry Wet Dry Wet 

season season season season season seasonNo phosphorus - 4.1 dv 2.2 f 3.6 d 3.4 cd 3.3 f 3.7 cSuperphosphate 20 51 abc 2.8 cdi 4.9 bc 3.5 cd 4.9 cd 4.1 bc40 5.6 a 3.1 abc 5.9 a 3.7 bcd 6.2 a 4.4 ab60 5.4 ab 3.4 a 5.9 a 3.8 bc 5.8 ab 4.5 abHRPb 20 3.7 e 2.5 ef 4.4 
 c 3.5 cd 4.7 
 do 4.3 abc40 4.1 Al., 2.5 of 4.7 bc 3.8 bc 5.1 cd 4.7 a60 4.7 rc-i 2.6 do 4.8 bc 3.2 d 5.5 bc 4.6 abGuano (LRP)c 40 4.4 cde 2.9 bcd 4.8 bc 4.1 ab 4.2 o 4.5 ab80 5.0 abc 3.2 ab 5.4 ab 3.9 abc 5.0 cd 4.2 abc120 4.7 bcd 3.2 ab 5.5 ab 4.4 a 5.8 ab 4.2 abcCV (% 10.3 8.7 9.9 8.5 9.2 7.9
al a.co.....any 2 means fol owed by a common letter are not significantly rlillerent from eachother at the 5'y. level. bHmghly reactive phosphate (NorthCarolina rock phosphate in Luisiana, Phosrnak in Lucban, and Phospal in Teresa). CLessreactive phosphate. 
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Grin ymd (1/ha) LUIS4NA, LA6VNA4 

7 
7 0 SivOphoreate (I) Guamo(s)6 - 6 V NCROAphle(2) -Co~wl(C) 

5 2 23 2 33 

4 4 

32 3 
2 

a LUMAaV,OUEZO 
8 

El] Dryseason m Wet season a Superphosphate (I) .Guano(3) 
7 7 V Phmsnak - (C)(2) Control 

6 2 2 6 

5 C 5 

4 
4 

3 3 
0 0F 

TERE5, RIZAL 

oSupephosphate(I)7 *G rno(3)
7 FVPhospaI (2) -Cotrol (C) 

5 25 
2 2 3 6 

4 C 
4 

3 3 

0 20 40 60 80 120 WS DS WS DS WS 
1977 1978 1979Phosphorus applied (kg/ho) Crop season /year 

12. Grain Yield of I1R36 in phosphorus sources trial. ILuiiana (l aguna), ILuchan (Qucion),and leresa (Ri/al), 1977 wet season - 1979. Nitrogen rates: 80kg N/ha in the wet scason, and140 kgN/ha n thed r. 1 (), rates: superphospha tc. Ihosmak, IPIospa at (1 kg/ ha guanoat
126) kg/ha. 

from all phosphorus sources with the increase in tinued duringapplication from 
the 1979 crop year to evaluate40 to 80 kg P.,0 5/ha for guano, response to nitrogen, phosphorus, and potassiumand from 20 to 40 kg P2,O.Jha for the rest. at varying levels in both dry- and wet-season crop-Wet season. At the Teresa and Luisiana sites, pings with 1R36. Results for both seasons art inthe local guano fertilizer was equally effective as Table 19.

superphosphate especially at the highest rate ofphosphorus application (Table 18). DETERMINING POTASSIUM AND AMMONIUM 

DYNAMICS IN WETLAND RICE SOILS BY USINGRATES AND TIME OF APPLYING PHOSPHORUS THE ELECTRO-ULTRAFILTRATION TECHNIQUE
AND POTASSIUMeparr uwn,AAg o n n~ v gr o n y Depar m ent 

Potassium dynamics. 
importantThe second and third crops of the trial at Lucban 

Two 
soil 

parameters that determine potassium mobility(Quezon) and -Bugallon (Pangasinan) were con- the potassium concentration of the soil solution 
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Table 19. Effects of NPK fertilization on the grain yield of IR36. Lucban (Quezon) and 
Bugallon (Pangasinan), Philippines, 1979. 

Fertilizer treatment -Yielda (t/ha) 

(kg/ha) Lucban Bugallon 

Dry Wet Dry Wet 
Nb P-0 5 K20 season season season season 

N 60 60 6.3a 4.1 a 3.6a 3.6a 
0 60 60 3.7 e 3.4 c 2.7 c 2.9ab 
N 0 60 4.7 cd 3.1 d 2.6 c 3.0a 
N 60 0 5.4 bc 3.5 bc 2.8 bc 1.6 c 
N 30 60 5.7 ab 3.6 b 3.8 a 3.7 a 
N 60 30 6.0 ab 4.0 a 2.8 be 3.3 a 
N 0 0 4.2 de 3.5 bc 1.8 d 2.0 bc 
Nc 60 60 - - 3.3 a 3.6 a 
N 60 60tNo Zn - - 3.7 ab 3.4 a 

aln a column, any 2 means followed by acommon letter are not significantly different at the 5%level. 
bNitrogen rates were 60 kg/ha in the wet season and 120 kg/ha in the dry. CFor Bugallon only, 30 kg 

N/ha in the wet seasonand 60 kg Nha in the dry, 

and the potassium buffer capacity - can simul-
taneously be determined by the electro-
ultrafiltration (EUF) technique. The EUF technique 
measures the desorption and solubility rates of ions 
from soil particles. Soils are extracted with 
dionized water under an external electrical field, 
By adequate variation of voltage (50, 200, or 400 
V) and timing (0-45 min), the total extractable nut-
rients can be separated into several definable frac-
tions: water soluble, easily exchangeable, and 
strongly adsorbed forms. 

Periodic measurements during the growing sea-
son of IR36 indicate that EUF-extractable soil 
potassium (EUF-K) was maximum at transplantingK 

then declined steadily, reaching a minimum 80 DT 

(Fig. 13). The slight increase of EUF-K at 90 DT 
indicates a net potassium release from the soil. The 
initial exchangeable potassium was recovered 1 
month after harvest. The EUF-K correlated well 
with the potassium uptake pattern of the crop (Fig. 
14), indicating that the EUF-K is available to the 
plant. The highest K uptake rate occurred between 
maximum tillering and heading (20-60 DT), which 
amounted to 88% of total potassium uptake, 
regardless of the potassium treatment. 

The importance for grain yield production of the 
quantity of available soil potassium at maximum 
tillering is indicated by the best correlation bet-
ween grain yield and EUF-K values at that stage 

compared to the correlations at transplanting or at 

maturity. The critical EUF-K decreased in the 
course of the growing season because of potassium 
uptake by the crop (Fig. 14). 

In potassium experiments at five Philippine sites 
(Table 20), the EUF-K highly significantly corre
lated with the rice yield response to potassium 
application (Fig. 15), whereas the correlation bet
ween the exchangeable potassium and the relative 
yield was considerably weaker (Fig. 16). 

EUF-K(pm oven-dry6so/35mm) uptake (mg/hll) 
1-0 EUF-K 

- Kupoke 
80 - K1,K2 -500 

/ \ 
,,.% K2 400 

-300 
40

ff ,44 
KI, K2 %% 

20 - %% 11W% ,, 100 
fertl,zo,,n 

I 
Fer-ierb -

fI, essng 
0 20 40 60 80 

Days after translanting 
13. Electro-ultrafiltrationextractable potassium(EUF-K, wet 
soilanalysis)and Kuptake(aboveground parts) oflR36during 

the 1978 wet season inthe phosphorus experiment at Bicol 
station, Philippines. K-treatments were K, (without fertilizer 
K), K1(60 kg KOha, basal), and K2 (60+30kgK.O,appliedin 
2doses: basal and at panicle initiation). All plots received 70 kg 
N, ha (including 30 kg N/ha topdressed at panicle initiation) 
and 60 kg P2O /ha (basal). The lst and and the 5th soil 
samplings were done shortly before fertilizer application. 
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Tronspkosng Mox,,muwnh/ering (about 30DT) Mounry (about 9ooD) 

Grain yield (t/ho) 
6 

C 0 0 0 

4 0 U
 
0 0 0 

0 0 

=
Critical level= 
46 Critical level 40 Critical 

1/ level=28 
0 40 80 1200 20 40 60 800 20 40 

Total EUF-K fractions (ppm/35min) 

14. Critical clectro-ultraliltration extractable potassium (ELJI--K) at 3 growth stages oflIR36 during the 1978 dry season 
at the long-term fertility experiments at the 1licol and Maligaya stations. I'hilippmes. I he soil samples were taken at 
15-cm dept I from the N P- and NJl K-plot s. he EL.F-K 

days after transplanting. 

The results suggest that potassium dynamics of 
wetland rice soils may be satisfactorily evaluated 
by using the EUF technique. 

Ammonium dynamics. Ammonium nitrogen 

Percentoeyield
(NP/NPKx 100 

0oo ry season 

0 


0 
80 0 

060-
V 

,=378+1748 X 
40- r 078 

40 

0 K) 

15. Relationship extractablepotassium (EtJF-K) and relatke yields o I,2(iantd IR36 at 
sites in the Philippines. Soil samples from 1IugaIlou and I.uchan 
were taken just before installing the experiment (1978 %%et 
season). Soil samples from lanav. Maligava. and 1Hicol were 
taken from the N P plots at about' 2 wseeks alterharest of the 
1977 dry season crop. Yield data wcre from 1978 wet season-
1979 dry season for Bugallon and Luchan (IR06). and from 
1977 dry and wet seasons (IR26) forlanay, Maligaya, and 
Bicol. The K soil test values were obtained from analysis of 
air-dried samples. 

20 30 40 0 K) 20L ~130 ~ 40 

EUF-K (ppm/35 min) 

het\een elect rn-tltrafiltration 

H season 

0 


V 0
 
-4V4 a4
00 

0 0 

vV94l47 
- r089**10
 
0 Luisicra clay 


0 Boy clay 
zl8V cay loomW1ayo silty_V San Manel silty

~cloyloam0 
on Pili clay 

alues w,ere obtained from analysis of air-dried samples. DT= 

is stable under reduced soil conditions and repres
ents the main nitrogen form for the nutrition of 
wetland rice. That suggests that nitrogen availabil
ity in wetland soils may be governed by the 
ammonium dynamics in soils. To determine the 
ammonium dynamics in soils, the EUF technique, 
which has successfully characterized the Kdynamics in soils, was used. 

All extractions used wet soil samples. Laborat

ory investigation showed almost quantitative 

Pecen"j~ywidJNP/Nt'Kxi00 

Dryse. w 
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16. Relationship between exchangeable potassium (K)and rela
tive yields of I R26 and IR36 at 5 sites in the Philippines, 1977-78. 
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Table 20. Some physicochemical properties of the soils in the potassium experiments at 
Bugallon (Pangasinan), Lucban (Quezon), Tanay (Rizal), and at 2 stations of the Phil
ippine Bureau of Plant Industry at Maligaya and Bicol, 1977 and 1978 experiments. 

San Manuel Luisiana Bay Maligava Pili 

Soil texture Silty clay 
loam 

pH (1:1 H20) 7.4 
Organic matter (%) 2.49 
Total N (%) 0.17 
CEC4 

(mel/100 il) 32.0 
Exchangeable K (ppm) 19 
Soil order Entisol 

Cato0 n etxChifli ! CIlpcity. 

recovery of added ammonium (2-h incubation 
time) in the EUF extract after 45 minutes of EUF, 
indicating that no significant ammonia losses occur 
during the EUF process. 

In Figure 17, the EUF-NH 4 desorption curves 
depicting the ammonium dynamics in three wet-
land rice soils in the Philippines are presented. One 
distinctive peak was obtained - that after 10 

NTable 

6N-- (ppm oven-dry sol/Smin) 

5 

RcyC/ooftoslm cloy Aelg ' 
c/y loom 

3 -Soil 

2
2 

1 

I0 I I
5 25 35 45 5 15 25 35 45 5 15 25 35 45 
Desorplion rhme(min) 

I I I I I L- I50V 200V 400V 50V 200v 400V 5OV 200V 400V 

17. Electro-ultrafiltration ammonium (EUF-NH) desorption 
curves of Pili clay loam, Maahas clay, and Maligaya clay soils in 
the Phillipines. The soil samples were taken at 15-cm depth from 
the N (without fertilizer N) plots at transplanting of the 1979 dr-
season crop. The ordinate shows the NIl, rates released, the 
abscissa the conditions of NIh release, which means different 
voltages and application times (wet soil extraction, 15'C). The 
total EU F-NH4 fractions amounted to 17ppm for Bicol, 13ppmfor IRRI, and 12 ppm for Maligaya soils: thecorresponding 
values for exchangeable NH 4 were 14, 13,and 9 ppm. 

Clay Clay Silty clay Clay 
loam 

5.8 7.4 6.5 4.6 
2.83 2.19 2.06 3.17 
0.20 0.17 0.11 0.18 

20.0 40.0 29.4 27.4 
54 39 50 41 
Ultisol Vertisol 'Alfisol Vertisol 

minutes of EUF. It represents the very loosely 
bound soil ammonium. A much higher peak was 
recorded for the Pili clay than for the Maahas clay 
and Maligaya clay, indicating that ammonium 
mobility was in decreasing order: Pili clay > > 
Maahas clay > > Maligaya silty clay loam. The 
higher values of the total EUF-NH 4 fractions than 
the exchangeable ammonium suggest that some of 

21. Some physicochemical properties of the soils in the 

N experiments at the IRRI lowland farm (Maahas clay) and 

the Philippine Bureau of Plant Industry stations at Bicol (Pillclay loam) and Maligaya (Maligaya clay). Mean of all plots.
1979 wet season. 

Maahas Pill clay Maligaya 
clay loam clay 

texture Clay Clay Silty clay 

pH (1:1 H2 0) 6.8 5.1 5.8
Organic matter ( 3.03 3.27 2.50 
Total N (.) 0.18 0.20 0.13 
Cation exchange 43.8 33.9 32.5 

capacity (meq/100 g) 
Exchangeable K 1.19 0.21 0.18 

(mect/100N supplying capacity7 
131 127 70 

(ppm) 

Clay mineral Amorphous Montmoril. Montmoril
composition materials, lonite lonite 

mainly (practically (dominant) 
allophanes all) Vermiculite 

(major) 
Halloysite 
(minor)

Soil series Maahas Pili Maligaya
Soil orders Inceptisol Vertisol Alfisol 
a 
NH4 troduced byanaerobic incubation of air-dried soils under flooded

conditions for 2 weeks at 30WC (thesoil samples were taken after harvestof thedry season crop). 
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matter yield and nitrogen uptake (above-18. ELF-NH . dry 
ground parts) of IR36 during the 1978 wet season in the K 

experiment at the Bicol Rice and Corn Experiment Station in 
the Philippines (av of9 plots).All plots received Nat 70kg N,'ha 

applied in 2 doses: 40 kg N/ha basal (shortly after the Ist soil 

sampling) and 30 kg N/ha topdressed at panicle initiation 
(shortly after the 5th soil sampling). 

Total EUF-NH4 fractions (ppm oven-dry soil/45min) 

the ammonium extracted at 400 V might have origi

nated from the nonexchangeable sites. At 400 V, 

the 3 soils showed distinct differences in their 
desorption patterns. That suggests 

ammonium selective binding sites were present in 
the Maligaya silty clay loam (2d peak after 40 min) 

and also to a lesser degree in the Pili clay (2d peak 
after 35 min) but were absent in the Maahas clay (no 

2d peak). This is consistent with the fixing 
capabilities of the clay minerals present in the soils 

indicated by their clay mineralogical composi

tion (Table 21). 
The EUF-NH, in the soil and nitrogen in the 

plant were monitored during the 1978 wet season on 

Pili clay loam. The EUF-NH4 at 10 DT increased 
considerably after the basal nitrogen fertilization, 

then declined sharply reaching minimum level at 

40 DT and remained practically the same until 
maturity (Fig. 18). The decline in EUF-NH, coin

cided with the rapid nitrogen uptake by the plant, 

indicating that the depletion of EUF-NH 4 mainly 
resulted from the nitrogen uptake by the crop. 

Nitrogen uptake (mg/hill) 

(a)20DT (maximum tiller ) (b)40D' (panicle initiation (c)60uJ 525 
175 

shortly before fertilizer (heading) 

a Pillclay topdressing) 
4500 silty150 - Moligayo

Cly bom 
EUF-NH 

37512 N-uptake -- ---

!25 

300 
1oo0 

225/ 
P 

50 / 0 1SO 

75-25 

0 90 150
0 90 150 0 90 150 

Nilrogen fertilization rate (kg/ha) 

19. Total EUF-NH fractions and N uptake of IR36 at 3 different growth stages 

during the 1979 dry sason at the Bicol Rice and Corn Experiment Station (Pili clay 
Center in the Philippines

loam) and Maligaya Rice Research and Training 

(Maligaya clay) as affected by N fertilization. For the N treatments fertilizer N was 

applied in 2doses: basal and at panicle initiation (30 kg N/ha for all N-treatments). 

DT = days after transplanting. 
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20. N response curves of 1R36 at the IRRI farm (Maahas clay) and 2 
stations of the Philippine Bureau of Plant Industry: Bicol Rice and Corn 
Experiment Station (Pill clay loam) and Maligaya Rice Research and 
Training Center (Maahas clay). Av of 4 years: 1976-1979 dry and wet 
seasons. For the N treatments, fertilizer N was applied twice: basal and at 
panicle initiation (30 and 20kg N/ ha for dry and wet seasons, respectively). 

The increase in EUF-NH 4 following nitrogen 
fertilization was much higher in the Pili clay than in 
the Maligaya silty clay loam (Fig. 19a). EUF-NH.1 
at 20 DT correlated well with the nitrogen uptake at 
40 or 60 DT. However, the EUF-NHt at 40 and 60 
DT was much reduced indicating rapid disappear-
ance of fertilizer nitrogen and extensive depletion of 
soil NH. by plant uptake between 20 and 40 DT. 

Nitrogen response curves of IR36 at the three 
stations indicate that nitrogen fertilizer requirement 
is considerably lower for Pili clay loam than for 
Maahas clay and Maligaya silty clay loam (Fig. 20) 
for the dry season, although this was less apparent 
in the wet season. This is consistent with ti'eir 

relative values of EUF-NH4 at transplanting (Fig. 
17). 

The results suggest that measurement of EUF-
NH 4 at the beginning of the growing season may 
add useful information on the nitrogen requirement 
of rice. 

ZINC RESPONSE OF WETLAND RICE IN A CAL-
CAREOUS SOIL 

Agronomy Department 

Transplanted rice. DrY season. Field experiments 
at Tiaong, Quezon, evaluated the effect on trans
planted ad direct-seeded rice of zinc oxide and 

Table 22. Zinc response on a calcareous soil as affected by various zinc management prac
tices in transplanted rice. Tiaong, Quezon, Philippines, 1979 dry season.
 

Zinc Method of Rate of Grain yielda (t/ha)
 
source application application . . . . . . .
(kg Zn/ha) IR36 IR42 Av 

Zinc oxide Seedling soaking 2.2 5.7 a 5.9 a 5.8 a 
(dapog) 

Zinc oxide Seedling dip 3.2 5.2 ab 5.7 a 5.5 a
 
Zinc oxide Seedling soaking 1.6 5.2 ab 5.0 b 5.1 b
 

(dapog) 
ZnSO4 7 H20 Broadcast and ineor- 11 5.2 ab 4.8 b 5.1 b 

porated 
Zinc oxide Seedling soaking 1.0 4.9 b 4.8 b 4.8 b 

(dapog) 
No zinc - - 0.0 c 0.0 c 0.0 c 
aln a column, meansfollowed by a common letter are not significantly different at 5% level. 
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Table 23. Zinc response on a calcareous soil asaffected by various zinc management practices in direct-seeded rice. Tiaong, Quezon, Philippines. 1979 dry season. 

Zinc source 

Zinc oxide 
ZnSO4 -6 H20 
ZnSO4"7 H20 
ZnSO 4 '7 H20 
No zinc 

Method of application 

Seed coating 
Broadcast and incorporated 
Broadcast and incorporated 
Seed coating (paste soil) 

Rateof IR36 grain yield"
application {t/ha) 
(kg Zn/ha) 

1.6 4.7 a 
4.5 4.4 a 
2.3 4.1 ab 
0.5 3.6 b 
- 0.0 c 

aMeans followed by a common letter are iotsignificantly different at 5%level. 

zinc sulfate applied by different methods and at 
different rates. The soil had pH 8.4, 9.6% organic 
matter, and 0.04 ppm available zinc. 

Results confirmed 1978 findings (1978 annual 
report). Dapog seedlings raised in zinc oxide sus-
pension at 2.2 kg Zn/ha produced an averagc yield of 
5.8 t/ha. Seedlings dipped in zinc oxide solution at 
3.2 kg Zn/ha produced 5.5 I/ha (Table 22). Dapog 
seedlings raised in lower rate of zinc oxide or trans-
planted in soil where II kg Zn/ha as ZnSO,. 7 H.,O 
had been incorporated produced significantly lower 
yields. Where no zinc was added, no grains were 
produced.
 

Applying zinc oxide suspension to dapog seeu
beds is preferred by farmers to dipping seedlings 
after they are pulled from wet beds because it does 
not require much time and labor. 

Direct-seeded rice. Dry .vse'.von. In direct
seeded rice, yields were 4.7 tlha from seeds coated 
with zinc oxide at 1.6 kg Zn/ha and 4.4 t/ha fron 
field application of ZnSO1 .7 H._O at 4.5 kg Zn/ha 
(Table 23). Lower rates gave loweryields and when 
no zinc was applied, no grains were produced. 
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RICE CULTURE 

Physical and chemical properties of rainfed 
rice soils as effected by cropping systems and 
crop residue management. Three experiments at 
IRRI on silty clay soils (pH 6.4-6.0, c ganic mat-
ter: 3.9-3.6%, total nitrogen: 0.2%, cation 
exchange capacity: 47-48 meq/100 g soil) and on 
sandy clay loam (pH 7.0, organic matter: 2.0%, 
total nitrogen: 0.1%, cation exchange capacity: 27 
meq/100 g soil) studied the effect of cropping sys-
tems on the physical (soil tilth, quality of puddling,
soil moisture tension) and chemical (change in 
soil fertility, nutrient concentration in soil solu-
tion) properties of rainfed rice soils. Dry-season 
crops soybean (UPLB-SY2), cowpea (EG2), 
maize (DMR2), and sorghum (Cosor 3) were 
planted in one or two sequences before cultivation 
of rainfed IR36. 

Soil tilth. Soil tilth was determined by measur-
ing soil moisture contents at the shrinkage and 

plastic limits of soil samples collected after har
vesting the dry-season crops. Cropping systems 
and crop residue management did not affect sig
nificantly the range of optimum soil moisture con
tents of a heavy-textured soil for ease of tillage 
(Table 1). On a light-textured soil, however, the 
effects of cropping systems and crop residue man
agement treatments were significant. 

Apparent specific, volume. The change in the 
soil's apparent specific volume after land prepara
tion was determined by using the equation 

ASV = niV, + 

where ASV is the apparent specific volume of the 
soil, in is the weight of soil moisture per unit 
weight of oven-dry soil, V,. is the specific volume 
of soil moisture (cm3/g), and p, is the particle den
sity of soil (g/cm:'). 

Land preparation, cropping systems, and crop 
residue management significantly affected the 
apparent specific volume of a heavy-textured soil 
(Table 2). The puddled plots had significantly 

Table 1. Effects of cropping systems and crop residue management on ranges of soil
moisture contents for ease of tillage. IRRI, 1979 wet season. 

Cropping systems and 
crop residue management 

After cowpea with 
Rice straw incorporated 
Rice straw mulch 

After sorghum with 
Rice straw incorporated 
Rice straw mulch 

Weedy fallow
 
Residue incorporated 


After soybean-cowpea with 
Residue incorporated 
Residue mulch 

After maize-sorghum with 
Residue incorporated 
Residue mulch 

Weedy fallow 
Residue removal 

Soil moisture content M%) Percent of 

...... at .soil moisture 
Plastic Shrinkage content for 
limit limit ease of tillage 

Silty clay' 

38 a 25 a 13 a 
38 a 24 a 14 a 

40 a 23 a 17 a 
38 a 25 a 13 a 

38 a 24 a 14 a 

Sandy clay loam" 

31 a 30 a 1 a 
32 a 30 a 2 a 

32 a 29 a 3 ab 
32 a 28 a 4 ab 

32 a 27 a 5 b 
'The experimental plots were planed to IR28 before cowpea and sorghum cultivation. Rice straw wasincorporated or mulched in the Ilots planted to cowpea or sorghum. bThe experimental plots wereplanted to soybean and maiie before cowpea and sorghum cultivation, respectively. Soybean or maize
residues were incorporated or mulched in the plots planted to cowpea-sorghum. Means followed by
the sameletter arenot significantly different from each other at the 5% level. 
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Table 2. Changes in apparent specific volume (A ASV) of a higher A ASV than the nonpuddled plots.silty-clay
(cm3/g)soild
due to land preparation, cropping sys-tems,and crop residue 	 Dry cultivation ofmanagement. IRRI, 1979 wet season. 	 the soilCtsoppie syt esaildligfit 	 light-textured
Croppigsytem a] crop NrOui) le ........d decreased both its true and apparent specific vol-Puddlm3/(
-1ASVumes because of reduction in its porosity and void 

0-- 10 crdepth 
ratio (Table 3). The highest decrease was causedby incorporation of leguminous crop residuesAfter soylean wi)t 	 inResidue incorporated 0.13 a 0.27 b contrast to that of nonleguminous crops.Soil moisture tension. Soil moisture tensionRinidurniulci 0. 14 a 0.25 b 

Aftertaiirwith
Residue incorporated 0.16a 0.31 b was measured by tensiometers in each plot of 2replications at depths of 10-20R.,sidue mulch 0.17 a 0.28 	 cm. IR36 sufferedb from moisture stressAv land preparation 0.15 a 	
during the vegetative and0.28 b reproductive growth periods. In the heavy-textured 

After soybean with 10-20ocn denpfsoil, soybean residue incorporation (0.7 t/ha)Residue incorporatod 	 was
0.05 ab 	

not as effective as maize residue incorporation (3.00.10 cdResidue mulch 0.03 a 0.07 
t/ha) in reducing soil moisture stress in nonpuddledbc plots. This could be due to the lower amount of 

Residue incorporated 0.03a 0.09 cdResidue mulch 	 organic material applied,0.04 ab 	 hence0.12 d 	 lower moistureAc land preparation 0.04 a 	
retention. Maize residue incorporation,0.12 b 	 on theother hand, increased

collected 	 soil moisture stress in theasiisa plsingfor tire puddled plots or tcllctd at-active 
ertillering (14 days after transplant,34 days alter sowing fo, l -- puddled pl,ofnpuddledl, plots,t ,w hereas soybeanstion markedly decreased soilbe moisturen residuer sistress.incorporaTheu apora

different from each other at the 5: level.In a column, means followed by the same letter are na,significantly incorporation in the puddled plots of maize stalks,which are resistant to decomposition, created more 

Table 3. Changes in true and apparent specific volume of a sandy loam soil due to crop.ping systems and crop residue management.' IRR I, 1979 wet season.
 
Cropping systems and ciif 
 Changes in spicifCriue anaer tc ic volum(eb Chanqe in(cnn3/9) 
 porosty Change in 

Title Appaient (%) oidratio 

Urea (54 ky N/ha)
After soylbean cow a


Residue inc(ilutatii 0083 a -0.051 d -3aResidlue iniulch 0.17 a0 033 j -0.023 bc I al) 0.07 at)
After rmaize.sorijlliin


Resilue iici poiale(I 
 0.026 a -0033 rtResilLW nucIh 	 - 1ah 0. 12 aIr0033 a - 0.020 uc - 1 ah 0.07 ailWeedy fallow 0.043 a 0.010 all 5 	 h 0.22 h 
c
SCU2 I (54 ky N/h)

Af	tei soybe1an cow; ia
Resnihr incotl)oialte 
 0,103 a 0 013 ill)Residueinmulch 	 -5 a 0.22 a0.093 a 
 0020 abc 4 a 0. 16 a 
Aftei iaie sol hun 

Residue mcoip0oatyd - 0.033 a -0.030Residue mulch 	 c 1 ab -0.12 ab-0.040 a 0.013 air 2 ab 0.12 abWeedy fallow -0.013 a -0.003 a 3 a -0.14sarlples were collected 	 aatmaximum 
letter 	

tlerig stage. Ina column, means followed by the sameare not significantly difflerent from eact othr.- at rue 5.,level. bTru specific volume - t/bulkdensity. CSulfur.coated urea. 
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lier results that puddling reduced soil moisture 

In the light-textured soil, incorporation of cowpea and sorghum residue was more effective 
than mulch treatments in reucing soil moisture 
stress (Fig. 2). 

Fertilitystatus and nutriet conosition. After 

harvest of the dry-season crops, soil samples were
collected and analyzed for soil fertility parame-
ters and exchangeable cations, cnm 

Cropping systems increased pH, and decreased 
caion exchange capacity (CEC), organic matter 
content, total nitrogen, carbon-nitrogen ratio, and 
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Table 4. Changes in the fertility statui a 
of silty clay and sandy clay loam soils due to cropping systems (av of crop residue management and nitrogen sources) and nitro.en sources (av of cropping systems and crop residue management). IRRI, 1978-79 wet season. 

Croppit q systems and CEC Organicniffogen sourcesb Total Carbon- AvailablepH (meq/100 g matter nitrogen nitrogen P
soil) (0) (%) ratio (ppm) 

Silty clayEffect of croppintgsystems"After rice cowpea 0.3 a - 1.6 b -1.3 a -0.02After rice'soshurt a -4.1 a -5a0.3 a -0.1 a - 1.0 a - 0.01 aWeedy fallow -3.8 a -4a0.4 a -1.9 b -1.4 a -0.04 a -4.2 a -5a 
Effect of N sources 

Urea 0.3a -1.2a -1.2a -0.02 aSCU-21 -4.1a -5a0.3a -1.2a -1.2a -0.02 a -3.9a -4a 

Sandy clay loamEffect of cropping systemsAfter soybean.cowpea -1.1 a 0.7 a 0.3 a 0.02 ab -0.2After maize-sorghum a 35 a-1.1 a 0.8 a 0.4 a 0.03Weedy fallow b 0.03 ab 61 a-1.1 a 0.9 a 0.2 a 0.01 a 0.3 b 21 a 
Effect of N sources

Urea - 1.0 a 0.1 a 0.3 a 0.02 aSCU21 0.04 a 47a-1.1 a 1.2 b 0.3a 0.02 a 0.04 a'pH (I Ssoi/water), 34 acation exchange capracity ICEC t1N NH4OAc, pH 7), organic matter (Walkle -Black.ra.~(rmay).I. n a column, meansfollowed by the total nitogen IKIVlrahl), avarlable orhssameletter arCThi expeIrimental plots on silly clay were planted to IR28 betoie cltivatron of cowpea and sorglhum and level.bSCU sulfur-coated urea. 
nor signif cantly diifferent from each other a tre 5 

urcolporated or mulched in eif a c)r SCU-21 was appled, rIte rci Siraw was[li plots planted to cowpea and sorghurn. The xperimi-ntal plotsir!asd 1ice, with iasal applhcation of urea o sady clay loam were ttieplanleIf to iuifdlestor SCU-2t. Irans-However, rainfall was not ahtltiiarl to sudhliSoyben and eise re$1Jcrmsweltc incorporated or rnulcherd in lhe plots planted 
thio lots Soy heri and mflai'i wie grown insead 

to cowpa and sorghu, rsvcy 

Table 5. Changes in the exchangeable cationsa 

agement and 
in silty clay and sandy clay loam soils due to cropping systems (av of crop residue mannitrogen sources) and nitrogen sources (av of cropping systems and crop residue management). IRRI, 1978-79 wet season.
 

Cropping systemsb 
and

nitrogen sources Ca2- f -
2 meq/1 00 g soil PPM
 

.... .... ... K-_ ________ 
..Ca... .. . . ... 
M-

. . . . . ' ppmNH 4 Fe3 
' Zn 2' 

Silty clayEffect of cropping systemsAfter rice-cowpea 0.4 a 0.8 a 0.2 a 0.05 a 1.6 aAfter rice-sorghum -0.2 a1.2 b 0.8 a 0.2a 0.05 aWeedy fallow 3.5 b "0.2 a1.0 b 0.7 a 0,2 it 0.06 a 2.8 h) - 0.3 a 
Effect of nitrogen sourcesUrea 6.5 a 0.6 a 0.2 a 2

SCU-21 0.05 a .8 a -0.3 a1.5 b 0.9 b 20.2a 0.06a .4a -0.2a 

Sandy clay loamEffect of cropping systemsAfter soybean-cowpea - 1.5 a -0.7 a 0.05 a 0.05 a 7.1After maize-sorghum a -5.4 a- 1.3 a - 0.7 a 0.09 a 0.05 a 7.1 aWeedy fallow 5.3 a- 1.5 a -0.8 a 0.03 a 0.06 a 7.4 a 5.3 a 
Effect of N sources 

-1.6Urea b -0.8 b 0.09aSCU-21 0.06a 7.1a 5.3a-1.2a2 3 2 -0.6 a 0.04 aCa ,, M , K , Fe +, and Zn 0.04 a 7.1 a 5.3 a( N N H4 O Ac, pH 7, extractable ) NH4 ' (KCI xtracta le ). i a cslu ni mi ansfollowsignificantly different from each 
erdIre the rms letteare not 

ghum, and 
other at the 5. level. 5 

The experimental slots on silty cfay weieurea or SCU-21 wasapplied; the rice l nteito IR28 fefore cultivation of cowmwastraw was incorporated itteraror mulched in the plots planted to cowpea and sorghum. The extrrinsintal plots
on sandy clay loam were to be planted to puddled transplanted rice, with basal application of urea or SCU.21. However. rainfall was not adequate to pud.
die the plots. Soybean and maize were grown instead. Soybean and maize residues were incorporated or mulched in the plots planted to cowpea and sor.ghum, respectively. 
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3. Sampling device for collecting soil solution. IRRI, 1979. 

available phosphorus of the silty clay soil. In gen- exchangeable cations is summarized in Table 5. 
eral, the effects of cropping systems on the soil Concentration of nutrients in soil solution. Soil 
fertility parameters did not differ significantly solution was collected from the plots of the silty 
(Table 4). The effect of cropping systems on clay soil at active tillering of IR36 to determine 

Soil solution Soil solution 
Ionconnc in soil solution ( ppm) collected ( ml ) Ionconcn in soil solution (ppm) collected (ml I 

2 
150 - Mg

2
+:>17201-13.39X+068X 

16 -0 16 R ' s1 

2	 2
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10 s,.'ol
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2+ ; 2 24-059X-005X CX 
2

R 071 4Co 1639-2 32X+021 4 

2 	 2 =08312 /
* Zn2 :; =682+281X-016X 

00 
2 

0.02 	 004 006 008 010 012 002 004 006 008 0.10 0.12 
Change in apparent specific volume(cm 

3
/g ) 

4. Relationship between the change in the apparent specific volume of a silty clay soil and the concentrations of 
Fe', Mn2', Zn2', Ca2', Mg2',and K in soil solution collected at the active tillering stage of IR36 rice. IRRI, 1979 
wet season. 
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+Ca2 *, Mg 2 , K+, NH 4 , NO:,-, Fe2*, Mn2+, and 
Zn2 concentrations. Oxidation was prevented by
introducing nitrogen gas in the sampling tubes (Fig. 
3).

The soil solution was collected when the plots 
were saturated with rainwater; hence, the major
factor in determining the amount of soil solution 
collected in the sampling tubes was the capillary
conductivity of the soil. As shown in Figure 4, the
tubes in the nonpuddled plots with A ASV of 
0.03-0.05 cm:'/g collected more water. As AASV 
increased to 0.06-0.09 cm3/g, the amount of soil
solution collected decreased. Further increase in A 
ASV (>0.10 cm:'/g) increased the amount of soil
solution collected. These three soil conditions 
were classified as: 

A ASV = 0.03-0.05 cm3/g = granulated 
A ASV = 0.06-0.09 cm 3/g = paste 

A ASV = >0.10 cm:'/g = muddy 

The incorporation of soybean residue (0.7 t/ha)
and removal of maize residue (3.0 t/ha) before 
puddling of the plots containing 60% clay pro
duced a muddy condition; other treatments produced a paste condition. Nonpuddling of land
always produced a granulated condition in all 
croppin;! :Iystems and crop residue mnz--gement 
treatments. 

The concentrations of Fe' + , Mn 2 , and Zn2+ 

were high in the paste and muddy soils. The con
centrations of Ca?+ , Mg2+ , and K+ were lowest in 
the paste soil. The concentrations of NH4

+ and
N03- were highest in the paste soil, following the 
equation 

Y= 1.45 + 1.53X - 0. 1IX; R = 0.51 
where Y is the concentration of NH4 + and X is A 
ASV. 

SOIL AND CROP MANAGEMENT 327 

http:0.06-0.09
http:0.03-0.05
http:0.06-0.09
http:0.03-0.05


Environment and its influence 
Plant Physiolog.v Department and Qfice of Rice Production Trainingand Research 

CI.IMAIIC"AI)AP'IA Ill IY OF INI)ICA-JAPONICA RICES 330 
Grain yield 330 
Crop duration 330 
Leaf area growth 330 
Total dry matter production 330 
Harvest index 330 
Crop-climate interrelationship 330 

HIRONFRiI I IC (OMI'ARISON O: ('ROP' iIEII)S 331 
Agronomic yield and dry matter production 332 
Bioenergetics of crop yields 332 
Comparison of yields among different crops 332 

EFFICIFN(ItSOF NII RIENIS I-OR Ci,' YIEI n) 333 
FFF(C' IVE ROO INi )11' IIVOF RICt CROPS 334 

Factors affecting root growth 334 
Rooting depth in farmers' fields 335 

ROOI GiROV1II IN A WE IILAND)II I I) 335 
Vertical root distribution at different growth stages 335 
Lateral and vertical root distribution at heading 337 
Penetration resistance at different soil depths 337 

CIIFNIIC'AI C)NI ROI. OF SEEI)I.ING EMER(i'NCI" FROM FI.OOIW)I) SOI.S 338 
Action of calcium peroxide 338 
Effect of calcium peroxide on the rate and percentage of seedling emergence 
338
 
Duration of storage of coated seeds 339
 

IRRI ANNUAL REPORT FOR 1979 329 



CLIMATIC ADAPTABILITY OF INDICA-

JAPONICA RICES 

Plant Physiology Dc'partnent 

Indica-japonica crosses have characteristics inter-
mediate between indica and japonica and may be 
adapted to wider geographic regions than an indica 
or japonica. The adaptability of indica-japonica 
crosses was evaluated in collaborative tests of 
yield performance at Suweon, Korea (37°N); 
Taichung, Taiwan (24°N); Hyderabad, India 
(17'N); and Los Banos, Philippines (140N). At the 
early stages of vegetative growth, daily mean 
temperature varied from 16'C at Taichung (lst 
crop) and Suweon to 28°C at Los Banos (Fig. 1). 

Grain yield. Grain yield ranged from 4.0 t/ha 
for Jinheung in the wet season at Los Banos to 8.4 
t/ha for Suweon 258 in rabi (dry season) at 
Hyderabad (Table 1). There was not much differ-
ence between IR36 (indica) and indica-japonica 
crosses in mean yields at different sites, although 
the grain yield of Jinhueng (japonica) was sig-
nificantly lower. Despite large differences in temp-
erature regimes, mean yields at sites varied only 

from 5.4 t/ha in the wet season at Los Babos to 6.8 
t/ha at Suweon and Los Bahos (dry season). IR36 

and the indica-japonica crosses showed wide adap

tability to different climatic environments. 
Crop duration. All the varieties except 

Jinheung had similar duration in the field (Table 

2). The field duration of Jinheung was 122 days at 

Suweon, but was shorter at other sites, indicating 
the 	variety's sensitivity to high temperature. 

Leaf area growth. At Los Banos, maximum 
about 8 for IR36, but wasleaf area index (LAI) 

only 3.5 for Jinheung (Fig. 2). The leaf growth of 

IR36 was faster than that of Jinheung at Los Bahos 
but it was slower at Suweon. This indicated thatrg, 

high temperature caused fast growth in IR36 but 
slowed that in Jinheung. In contrast, low tempera-
ture caused fast leaf area growth in Jinheung, but 

slowed leaf growth in 1R36. Thus, the small max
imum LAI of Jinheung at Los Bahos was attributed 
to 	both short crop duration and the detrimental 

effect of high temperature on leaf growth. 
Total dry matter production. Total dry matter 

production varied from about 8 t/ha in the second 

crop at Taichung to 16 t/ha in the dry season at Los 
Banos (Table 3). The total dry matter production 

330 IRRI ANNUAL REPORT FOR 1979 

of Jinheung was consistently lower than that of the 

others except at Suweon. 
Harvest index. The harvest index of a variety 

is usually considered a varietal character. But the 
harvest index is affected by environment (Table 4). 

For example, the harvest indices of IR36 varied 
from 0.45 at Los Ba-os to 0.57 in the first crop at 
Taichung. This means a grain yield difference of 
1.2 t/ha for 10 t/ha of total dry matter production. 

Crop-climate interrelationship. To account 
for differences in grain yields among varieties, 
sites, and seasons, a simple regression model was 
constructed based on these considerations: 

9 	 Total dry matter production (W) is propor
tional to crop duration (D) and mean daily 
solar radiation (S). 

Mean doily temperature (*C 
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Table 1. Grain yield of indica (I), indica-japonica (0J),and japonica (J rice varieties at different sites at various seasons, 1978-79. 

Grain yield(t/ha)
 

Variety 
Suweon, 

Taichung,
Taiwan 

1st 2d 

IRRI, 
Los Bafios 

Wet Dry 

Hyderabad,
India, in 

rabi 
Mean 

crop crop 

IR36 (I) 
Suweon 258 (l-J) 

6.65 
7.20 

6.82 
5.98 

6.70 
5.74 

5.74 
6.28 

7.13 
7.99 

7.07 
8.36 

6.68 
6.92 

Suweon 264 (-J) 
Milyang 29 (l-J) 
Jinheung (J) 

Mean 

6.31 
7.54 
6.04 
6.75 

6.19 
6.20 
5.39 
6.12 

6.14 
5.83 
4.89 
5.82 

5.64 
5.46 
4.00 
5.42 

6.67 
6.60 
5.41 
6.76 

6.08 
6.88 
4.87 
6.65 

6.17 
6.42 
5.10 
6.25 

Table 2. Field duration of indica (I), indica-japonica (I-J), and japonica (J) rice varieties 
at different sites and seasons, 1978-79. 

Field duration (days) 

Variety Taichung, IRRI,Suweon, Taiwan Los Bafios Hyderabad,India, in
Korea 1st 2d Wet Dry rabi 

crop crop 

IR36 (I) 119 129 107 90 90 108
 
Suweon 258 (l-J) 122 98 94121 90 108 
Suweon 264 (I-J) 115 121 98 88 90 108 
Milyang 29 (-J) 118 129 98 89 90 108 
Jinheung (J) 122 116 77 74 76 91 

Mean 119 123 96 86 88 105 

0 Grain yield = total dry matter x harvest vested organ is produced. Seven crop species were 
index (HI). grown at IRRI in the 1977 dry season. Irrigation

To test the above relationship, WID was plotted 
against S as shown in Figure 3. WID is linearly
 
related to S with a correlation coefficient of 0.94. 
 Lest arec ,nder
 
On the basis of the regression model, 8 -


Estimated yield = [a + hS] D-HI 6- R 36 

Estimated yields agreed well with measured yields 4 - . j. e.ng 

(r = 0.78**). 
The equation indicates that the yields of a given 2 

variety can be accounted for by crop duration, mean 
daily solar radiation during the crop period, and 01 
harvest index. The equation is empirical, but it 6. Koe 
clarifies important yield determinants in the crop- Heding , 
climate interrelationship. 4 

BIOENERGETIC COMPARISON OF CROP YIELDS 2 
Plant PhysiologyDepartmentand Rice Production 0 
Trainingand Research 0 4 6 8 10 12 4 16 Is 

Weeksofter tronsplanting
Crop yields can be compared in terms of the 2.Leaf area growth of 3varieties at Suweon, Korea, and Los 
amount of glucose or energy from which the har- Banos, Philippines, 1978-79. 
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Table 3. Total dry weight of Indica (I), 

1978-79. 

VarietySuweon, 

Korea 

IR36 (1) 11.7Suweon 258 0-J)Suweon 264 (l.J) 12.711.8 
Milyang 29 (I-J) 13.4
Jinheung (J) 13.3 

Mean 12.6 

Table 4. Harvest indices of indica (I), indica-japonica 

indlca-japonica 0-J), and japonica J) rice varieties at different sites and cropping seasons, 

Total dry wt It/ha)Taichung, Taiwan 

1st 2d 
crop crop 

10.3 11.2
10.7 10.710.4 10.3 
9.5 11.0 
9.6 7.8 

10.1 10.2 

IR RI, Los Baflos 

Wet Dry 

11.2 
11.8
11.6 

13.7 
16.1 
15.4 

10.8 15.3 
9.4 10.8 

11.0 14.3 

Hyderabad 

India, in Mean 
rabi 

11.1
13.3 
10.6 

11.5
12.6 
11.7 

11.9 12.0 
8.1 9.8 

11.0 11.5 

MI-J),and japonica (J) rice varieties at different sites and seasons, 1978-79. 

VarietySuweon, Harvest index 
Taichung, Taiwan IR RI, Los Bafios 

Korea 1st 
crop 

IR36 (1) 
Suweon 258 (I-J) 
Suweon 264 (I.J)Milyang 29 (I.J) 
Jinheung (J) 

Mean 

0.49 
0.49 
0.460.48 
0.39 
0.46 

0.57 
0.56 
0.510.56 
0.48 
0.54 

was provided to ensure maximum crop growth
under high incident solar radiation. 

Agronomic yield and dry matter produc-
tion. Total dry matter production ranged from 6.4 

WoD 
80 

60 Doweseason, IRRI 
10SuWeon eo,IRRI 

V2d crop,TochungTwa
2dIs n--14 crop, Taichung, Taiwan 
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120 0O 

L/' D1316+0277§
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3. Relationship between solar radiation anddry matterproduc-
tion of indica, indica-japonica and japonica rice varieties atdifferent sites. W = total dry matter production, D = cropduration, S'= mean daily solar radiation. 

Hyderabad 

2d 
crop 

Wet 
Dry 

India, in 
rabi 

Mean 

0.52 
0.46 
0.510.46 
0.52 
0.49 

0.45 
0.45 
0.410.43 
0.35 
0.42 

0.45 
0.42 
0.370.37 
0.43 
0.41 

0.55 
0.54 
0.490.49 
0.52 
0.52 

0.50 
0.49 
0.460.46 
0.45 
0.47 

t/ha for soybean to 15.6 t/ha for maize (Table 5).The economic yields are considered good for those 
crops. The low wheat yield was attributed to hightemperatures during :he growing season. 

Bioenergetics of crop yields. Glucose is theproduct of photosynthesis. When it is converted toprotein, lipid, and carbohydrate, conversion effi
ciency can be defined as: 

=wConversion efficiency (g/g) =wt 
of copoundprodced

of cooof glucose usedued 

The reported conversion efficiencies are 0.38 forprotein, .31 for Iidand 0.8fo carbohydrate. 
The chemical composition of harvested organsof the eight crops is shown in Table 6. Using the 

conversion efficiencies and the chemical composi
tion data allows computation of grams of glucoseneeded to produce a gram of the harvested organ
(glucose equivalent). For example, 2.50 g of glucose is necessary to produce I g of groundnut,whereas only 1.37 g of glucose is needed to pro
duce I g of rice (Table 6).

Comparison of yields among different 
crops. Multiplying the dry weight yield by glucose equivalent gives the amount of glucose 
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Table 5. Yields, dry matter, harvest index, and growth duration of 8 crops. IRRI, 1977 
dry season. 

Total Economic Growth 
Crop Variety dry matter Harve!t yield duration 

production index yihld dayso 

(t/ha) (t/ha) 
a (days) 

Wetland rice IR36 13.9 0.43 8.65 107 
Dryland rice IR36 14.3 0.33 6.68 118 
Wheat Acc. No. 4073 8.5 0.31 3.14 84 

Maize UPCA Var. 1 15.6 0.39 7.10 98 
Sorghum B8417 14.6 0.48 8.28 90 
Soybean Clark 63 6.4 0.47 3.56 84 
Groundnut Moket 8.1 0.36 3.47 112 
Swect potato Georgia Red 10.4 0.60 26.70 126 

"At 14'> moisture for wetland and dryland rice; at 15% for wheat, maize, sorghum, soybean, and 
groundnut, fresh weight for sweetpotato. 

Table 6. Composition of harvested organs of 8 crops. IRRI, 1977. 
Glucose 

Crop Proteins Lipids Carbohydrate Ash equivalent 
(%) C%) o%) (%) (gig) 

Wetland rice" 11.1 1.9 85.7 1.3 1.37 
Dryland ricea 11.8 1.9 85.0 1.3 1.38 
Wheat 18.1 1.8 77.7 2.4 1.47 
Maize 10.8 4.5 83.4 1.3 1.42 
Sorghum 8.3 3.1 86.9 1.7 1.35 
Soybean 37.7 19.2 36.5 6.6 2.04 
Groundnut' 28.0 45.9 23.5 2.6 2.50 
Sweet potato 5.6 0.3 89.2 4.9 1.22 
aHusked or shelled. 

needed to produce the harvested organ (glucose then, the yield of soybean iscomparable to that of 
value). In this way, yields of different crops can be wetland rice. 
compared on the same physiological basis. Figure 
4 compares yields of the eight crops in terms of dry EFFICIENCIES OF NUTRIENTS FOR CROP YIELD 
matter and glucose value. Sorghum was the most Plant Ph .siology Department and Rice Produciion 
productive on the bases of dry weight yield and Training cnl Research 
glucose value; maize was the second most produc
tive and wetland rice, the third. The dry weight The efficiency of a nutrient for crop yield is defined 
yield of soybean per crop was about one-half that thus: 
of wetland rice. In terms of glucose value, how- wt of harvested organ 
ever, the yield of soybean per crop was about 75% Nutrient elliciency (kg/kg) = wt of nutrient absorbed by crop 
that of wetland rice. On a per-day basis, the yield 
of soybean becomes 95% that of wetland rice. From the sameeight crops used for the bioenerge-

These computations indicate that the apparent tics study of crop yield, samples were taken and 

low yield of soybean is due, not to lower efficiency analyzed for five nutrients. The maximum amountof 

in producing seeds, but to production of seeds that nutrients absorbed during growth was computed 

contain more lipid and protein. Bioenergetically, (Table 7). Differences in yield of harvested organs 
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Glucose value percrop (t /ho) 
to sorghumn 

8 - Groundnut 
Wellancre 8 Mze* Swet potato 

0 DFnd rie 

6 - 0Soyben 

Wheat 
4 0 

2 

- I I I IEffective 

2 3 4 5 6 7 
Dry wt yield per crop t/ha) 

Glucose value per day (kg/ha) 

Sorghum
Maize 

0 
80 Groundnut 0 Wetlnd rce

* 0 Soybean 

0 potato 
0 

60 Drykind re Sweet 

0 Wheat 
40-

Li i I i 
20 30 40 50 60 70 80 

Dry wt yield per dylkg/ho) 'elongation. 

4. Relationship between agronomic yield and bioenergetic yield 
of 8 crops. IRRI, 1979 di 3 season, 

and in the amount of nutrients absorbed by crops 
caused large differences in efficiency of nutrients 
(Table 8). 

Nutrient efficiency was converted to relative effi-
ciency (RE): 

Relative efficiency = efficiency of a particular crop 

av efficiency of 8 crops 

For example, the average nitrogen efficiency of 8 

crops was 30.8; thus, relative nitrogen efficiency for 
wetland rice was 44/30.8, or 1.43. Using the RE 
values, an overall average efficiency of five nut
rients was computed: 

General efficiency = sum of 5 RE values 
5 

General efficiency values thus calculated ranged 
from 1.67 for wetland rice to 0.48 for groundnut. In 
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other words, wetland rice was the most efficient and 
groundnut the least efficient in use of the five nut
rients to produce yield. 

not nitrogenThis discussion does consider 
fixation by soybean and groundnut. If that is taken 

into account, the efficiency of soil and fertilizer 
nitrogen for soybean and groundnut would be much 
higher than those given in Table 8. 

EFFECTIVE ROOTING DEPTH OF RICE CROPS 
Plant Physiology Department 

rooting density is tentatively defined as 0.5 
cm/cm:. When water uptake rate is 0.01 cm:/cm per
day, a rice root fragment of 0.5 cm/cmt can extract 
0.5 mm water/day from a 10-cm soil layer. This 

of the total dailyamount of water is about 10% 
evapotranspiration (5 mm) of a rice crop under 
moderate levels of solar radiation. 

Factors affecting root growth. The rootelonga
tion rate of rice seedlings ranges from 0.4 to 1.9 
cm/day, depending on soil penetration resistance 

and water content. As shown in Figure 5, for the 
same penetration resistance, a soil water content of 
about 25-30% permits faster root elongation of rice 
seedlings than a saturated soil. At a 20% soil water 
content, water supply becomes subnormal for root 

Water regimes and percolation have asignificant 
effect on root elongation. Dryland conditions favor 

Root elongation tote (cm/day) 

20 Mostre content wt %) 

0 20 

0 25 

15 - 0 30\ 35 
V Saturated 

5 

II I 

0 

Penetration resistance ( kg/cm2) 

5.Relationship between root elongation rate, soil penetration 

resistance, and soil moisture content. IRRI, 1979. 
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Table 7. Maximum amount of nutrients absorbed during growth of 8 crops. IRRI, 1977 
dry season. 

Amount absorbed (kg/ha) 

Nitrogen Phosphorus Potassium Calcium Magnesium 

Wetland rice 168 22 154 26 20 
Dryland rice 216 20 210 23 19 

Crop 

Wheat 136 18 206 22 13 
Maize 167 25 223 39 29 
Sorghum 161 37 188 32 27 
Soybean 222 17 125 51 23 
Groundnut 269 24 125 90 34 
Sweet potato 124 20 219 80 27 

Table 8. Efficiency of elements in producing the harvested organ. IRRI, 1977. 

Efficiency of elements (kg/kg) 
Crop Nitro- Phos- Potas- Calcium CroMagne- Generalefficiencya 

gen phorus sium sium 

Wetland rice 44 335 48 291 365 1.67 
Dryland rice 27 289 27 246 298 1.24 
Wheat 20 150 13 122 203 0.72 
Maize 36 242 27 155 209 1.05 
Sorghum 44 191 38 223 259 1.27 
Soybean 14 177 24 60 134 0.63 
Groundnut 11 125 24 33 86 0.48 
Sweet potato 50 321 29 79 236 1.15 

Av 30.8 229.8 28.8 151.1 223.8 
aThe sum of relative efficiency (RE) values for 5 nutrients divided by 5. 

= 
RE efficiency of aparticular crop 

av efficiency of 8 crops 

deeper root growth than submerged conditions (Fig. penetration resistance was also measured along the 
6). In submerged soils, percolation stimulates deep soil profile. Lower penetration resistance values 
root growth. Deeper root growth under dryland and were perhaps a factor that allowed deeper root 
well-drained submerged conditions was attributed growth at San Miguel (Fig. 7). 
to greater supply of oxygen to rice roots. Thus, even Indryland fields, the rooting depth ranged from 35 
for rice, an external supply of oxygen appears cm to deeper than 80 cm and both variety and 
important for root elongation, environment were considered responsible for the 

Rooting depth in farmers' fields. The rooting differences. Rooting depth in wetland fields was not 
depth ofrice crops in farmers'fields at different sites much different from that in dryland fields. 
was investigated by core sampling (Table 9). Based 

mon 0.5 cm/cm: as the effective rooting density, ROOT GROWTH IN A WETLAND FIELD 
rooting depth in wetland fields ranged from 30cm for Plant Physiology Department 
an IRRI field to 70cm in Calauan, Laguna. Because 
the same variety was planted, the differences To study root growth in flooded soils, IR36 was 
observed in rooting depth were attributed to differ- planted at 20- x 20-cm spacing in an IRRI wetland 
ences in environment. At Calauan, the sample was field. Root samples were taken by core sampling 42 
taken from a field adjacent to a deep drainage canal, days after sowing (DS), 54 DS (panicle initiation), 
which suggested that better percolation stimulated a 77 DS (heading), and 104 DS (maturity). 
deep root growth. Verical root distribution at different growth 

At Tubigan (Laguna) and San Miguel (Bulacan), stages. Root density and effective rooting depth in 
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Root wt (%) Root wt (%) Root wt (%) 

0 20 40 60 0 20 40 60I 0 20 40 60I0 mm"II 
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40 

60 
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IR20 

20~2 

40_I_ 
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20 

IR442-2-58 

0 
20_ I_ I_ 

60 

MI-48 SUBMERGED 
DRYLAND SUBM&RGED WITH PERCOLAFION WITHOUT PECOLATION 

6. Effect of soil water regimes on vertical root growth of 3 varieties grown in the root box. IRRI, 1979. 

Table 9. Root density of rice crops at IRRI and in farmers' fields. Philippines, 1979. 

Place Variety Soil Root density (cm/cm 
3 ) at depth (cm) of 

texturea 0-5 10 20 30 40 50 60 70 80 

Wetland fields 
Lian, Batangas IR36 LiC - 77 5.9 1.2 1.0 0.3

Santa Barbara, IR36 SiC - 21.1 5.7 2.0 0.6 0.4
 

Pangasinan
 
Leeneck, Nueva IR36 HC - 12.7 35 2.4 1,2 0.8
 

Ecija
 
IRRI, F block IR36 
 - - 9.4 6.5 1.5 0.2
 
Calauan, Laguna IR36 - 37.2 11.0 3.7 1.7 1.1 0.7 
 0.6 0.7 0.2 
San Miguel, IR36 LiC 6.4 1.9 2.0 2.8 1.7 1.1 0.7 

Bulacan
 
Tubigan, Laguna IR36 LiC 19.3 1.9 1 9 0.9 0.9 0.3 0.3
 

Dryland fields 
San Joaquin, IAC 5100 LiC 13.3 12.5 5.4 1.6 0.5
 

Batangas IR5631-57-2 LiC 12.9 8.9 4.6 1.6 1.1 0.3
 
B44b-50-2.2-5-1 LiC 12.7 7.9 5.3 2.1 1.5 0.4
 

Tagaytay, Cavite C22 LiC 16.7 9.5 4.3 
 2.4 1.5 1.5 1.4 1.1 0.7 
LalaanI, Cavite C22 HC 17.8 7.9 2.2 0.7 0.7 0.8 0.6 0.2
 

aLiC - light clay, SiC - silty clay, HC-- heavy clay.
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2 

7. Vertical root distribution of 1R36 and soil penetration resistance at 2 farmers'Irelds: Tubigan, Laguna (left), and San Miguel, Bulacan (right). 1979. 

the four growth stages did not significantly differ
(Table 10), 	 density values at the sampling sites were about thewhich suggests that the physical size of same- 20to 22 cn/cm:' . The dataclearly indicated athe root system of an IR36 crop reaches a maximum 
at 42 DS. Effective rooting depth was around 30cm 	

need for root length measurement when root growth
is related to water and nutrient absorption. Interestat all growth stages. The data indicate that IR36 ingly, except in the top 5-cm layer, root density wasattains its maximum ability to intercept topdressed significantly higherat some distances from the centernitrogen fertilizer before panicle initiation. of the hill than right under the hill.Lateral and vertical root distribution at head- Penetration resistanceing. at different soilTo study both lateral and vertical root distribu- depths. Penetration resistance at different growthtion,rootsamplesweretakenatdistancesof0,5,and 
stages and10cm from the centerofthe hill. When expressed in 

soil depths was measured with a conepenetrometer. In the soil layer from 0 to 25 cm,weight, the root density in the first 5-cm soil layer 	 the 
varied from 29 x 10- greatest penetration resistance was only 11.11g/cm:1 at 0 cm from the center kg/cm. This suggested that high root density in theof the hill to about 5 X 10-I g/cm : at 10cm (Table surface soil layers cannot be attributed to high penet11). When expressed in length, however, the root ration resistance. 

Table 10. Vertical distribution of root density at different stages of growth of IR36 grownin a wetland field. IRRI, 1978. 
Growth Root density (cm/cm 3 

) at depth (cm) of 
0-5 5-10 10-15 15-20 20-25 25-30 30-40 40-50 

28 Nov 1978 22.7 7.9 1.8 0.9 0.7 0.5 0.3 0.1
(42 DS)


10 Dec 1978 22.2 6.4 
 2.3 1.6 1.0 0.7 0.2 0.2
(54 DS)


2Jan 1979 
 21.6 5.0 1.6 1.2 1.1 1.2 0.4 0.2
(77 DS)


29 Jan 1979 19.0 
 4.7 1.5 1.0 0.9 0.8 0.5 0.2
(104 DS) 

a0ays after sowing. 
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Table 11. Lateral and vertical root distribution at heading of IR36 grown in wetland fields. IRR1, 1978. 
Penetration (cm) Depth (cm)from the center 

- -- - Totalof hill 0-5 5-10 10-15 15-20 20-25 25-30 30-40 40-50 50-60 
4
Root wt (x10- g/cm3

)
0 29.05 0.77 0.24 0.22 0.13 0.09 0.065 6.62 2.30 0.73 0.30 0.30 

0.01 
0.25 0.09 0.08

10 4.70 1.54 0.48 0.38 0.28 0.22 0.05 0.01
Mean 13.50 1.54 0.48 0.30 
 0.24 0.19 0.07 0.03 16.35%of total 82.6 9.4 2.9 1.8 1.5 1.2 0.4 0.2 

Root length (cm/cm 3 )0 22.4 2.3 1.1 1.0 0.7 0.6 0.4 0.1 5 20.3 5.5 2.1 1.2 1.2 1.4 0.5 0.4 0.110 22.2 7.3 1.7 1.3 1.4 1.6 0.4 0.2 0.1Mean 21.6 5.0 1.6 1.2 1.1 1.2 0.4 0.2 0.1 32.4% of total 66.7 15.4 4.9 3.7 3.4 3.7 1.2 0.6 0.3 

Table 12. Effect of calcium peroxide seed coating on seedlingCHEMICAL CONIRO,. OF SEEDLING growth of 6 varieties at 29/21C.a IRRI, 1979.
 
EMERGENCE FROM FLOODED SOILS 
 Shoot length (cm) Root length (cm)Variety .- ___.-~Plant Physiology Department Control Treated Control Treated 

Action ofcalcium peroxide. With direct sowing of 
IR8 20.2 29.5 8.8 13.0Peta 12.6 24.3 4.3 7.7wetland rice, particularly when the seeds are covered Leb Mue 0.0 23.8 0.0 7.5 

with soil, about 5pptn oxygen is required for normal Nahng 111 
growth of leaves and roots. Use ofcalcium peroxide E425 15.5 23.6Reimei 5.0 9.625.2 25.2 7.0 7.2provides Illolecular oxygen to growing organs in Koshihikari 23.5 27.4 8.8 8.9
flooded soils. When in contact with water, calcium a2 weeks after sowing.
 
peroxide releases oxygen:
 

2 CaO., + 2H-O -- 2 Ca (OH)., + 0. 

Table 13. Seedling emergence of stored calcium peroxide-Effect of calcium peroxide ofnthe rate and coated dry rice seeds.a IRRI,1979. 
percentage of seedling emergence. Uncoated Weeks Seedling emergence (%) Germination (%) 

stored Treated Control of seeds used 

0 78 10 88Emeergence 1__ 1 86100 - 2 992 80 9 92o - T3 
77 3 99 

60- *-- Crr 4 85 12 97

40 


6 82 
 7 9820 8 75 7 96 
0 10 84 5 9380-

' Oepth of seeding was 1 cm; water depth was5 cm. Observation ended 
8o 2v9%21y414 


daysafter seeding. 

60

40 

20 

, 20 0 8 0 120o e seeds and those coated with calcium peroxide beforeDyt1e sowing had slower seedling emergence at lower 
8. Effect of calcium peroxide seed coating on IR36 seedling temperatures (26o/18C and 29°/21°C) (Fig. 8). But emergence from flooded soils at different temperatures. Seed- the coating increased the rate of seedling emergenceing depth: I cm: water depth: 5 cm. IRRI. 1979. considerably at all the temperatures. 
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Emergence (%) 
100 

80 - IR8 E425 

60 

40 

20 

0 -1 
100 

80 Peto Reimei 

60 

40 

20 

0 

100 

80 - Leb Mue NAohng // Koshihikor 

60 -

40 -0-a Tested 
20 - 0- Control 

0
0 5 6 7 8 9 10 II 12 13 0 5 67 8 9 10 II 12 13 

Days after sowing 
9. Elfeel of calcium-peroxide seed coating on 
29< seedling emergence of 6 varieties from flooded soils at/2 1 C. Seeding depth: I cin: wrater depth: 5 cm.IRRI. 1979. 

Table 14. Seedling emergence of stored calcium peroxide. percentages of emergence increased to 70 and 95%.
coated, presoaked rice seeds. IRRI, 1979. Because seedling emergence was faster, shoot andDays Seedling root length of seedlings were also better (Table 12).stored emergence tDuration of storage of coated seeds. There are0 92 

1 
two ways ofcoating seeds with calcium peroxide

884 
6 	 85 coating dry seed and coating presoaked seed. After 

12 
94 seeds are coated. they can be stored for 10 weeks 

20 91 without decrease in percentage of seedling' 88pecnae25 	 selg
90 emergence (Table 13). Seeds soaked in water for 489135 	 hours before coating with calcium peroxide can be 

stored safely for more than I month (Table 14). 

Varieties differ in their ability to emerge from 
flooded soils (Fig. 9). Seedling emergence ranged
from 0% for Leb Mue Nahng 11l to about 60% for 
1R8. When seeds were coated with calcium perox
ide, the rate of seedling emergence increased and 
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Since 1974 rice scientists - working as teams com-
posed of agronomists, economists, and statisticians 
- have identified factors limiting rice yields in 
farmers' fields in six Asian countries. The findings 
of this research coordinated by IRRI scientists have 
been published in two volumes. The first, Con-
straints to high yields on Asian rice farms.: an 
interim report, was published in 1977. In 1979, 
Farm-level constraints to high rice yields in Asia: 
1974-77 was published. 

ENVIRONMENTAL AND 
MANAGEMENT CONSTRAINTS 
Agricultural Economics Department 

In 1979, data from the Constraints Project were ana
lyzed to identify the causes of variability in yields 
across farms in Nueva Ecija province, Philippines. 

Accounting for yield differences. Experiments on 
the Nueva Ecija farms were classified according to 
farmers' yields. The 25% of sites with the highest 
farmers' yields and the 25% with the lowest were 
identified for the wet and dry season. The yields and 
yield gaps are shown in Figure 1.The total differential 
of the production function was used to examine the 
causes of the yield differences. The difference in yield 
between the high- and low-yield situations is the sum 
of the yield differences due to the differences in the 
levels of input factors at the two sites. In mathematical 
form, if output Y is dependent on the levels of man-
aged inputs (Xd and site-specific environmental fac-

Yield t/ha) 

25 % lowyield form 

80 xl Yield with high inputs• 
Yield with farmers' 

inputs 

60 fX- /,6) 

40
 

tors (Z), the production is generally specified as: 
Y f(X1,Z) i = I., k; =,..., n. 

The factors included in the production function and 
the model estimated are listed in Table 1. This 
model is a reduced version of the comprehensive 
production function described in IRRI's 1978 
annual report. The differential, dY, is defined from 
the production function: 

8Y ay
 
dY =-dX+....+--dXA +
 

ax, M 
ayY Y (!)

aZ, EZ, 

The partial regression coefficients estimated for 
the production function provide the numerical 
values of the partial derivatives ( Y/aX. The 
values of dX, dX,, dZI....... dZ, are taken to be the 
differences in the mean values of the inputs and 
environmental factors between the high-yield and 
the low-yield farms. Substituting these values in 
equation I provides an estimate of the yield differ
ence (dY) between the high- and low-yielding 
groups. 

When both sides of equation Iare divided by the 
actual mean difference in yield G, we derive the 
percentage of the yield differences accounted for by 
each managed input and environmental factor. 
That is, 

25% highyliedfarms 25 % /owyeld forms 25 % highyield forms 

p'hz40) Xz6~~h~(.z46 )( 01- h: Z 

K:i *i:iijii 

Wet season ryseason 

I. Yield and yield gaps on low- and high-yield farms with farmers' input, by season, Nueva Ecija, Philippines, 1974-77. 
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dY aY dXi a Y dXk 
d -d +...+ - - +...+ 

G aX G aKk G 
(2) 

aY dZi + aY dZ. 

az G Y, G 

Ay Xk+ +...+ 

G G G 
(3) 

Az1 
GG +.+ 

IAZ, 
-
Gb- + 

AQ, 
-G 

where bi and c, are the partial regression coef-

ficients, -y the interaction term coefficients, and 

Qj are interactions between managed inputs and 

the environmental factors. The AXi and AZ, 

actually occurring in the study areas were calcu-

lated from data recorded from the low- and high-

yield farms during the agronomy experiments. 
FollowingContributions to yield differences. 

the procedure described, the reduced production 

function estimated (Table 1)was used to exam-

ine the yield difference between high- and low-

yield farms during the wet and dry seasons. The 
results are shown in Table 2. The estimated dif
ferences in yield between the high- and low-yield 
groups are 2.36 t/ha in the wet season and 1.31 

t/ha in the dry. About 1.7 t/ha (70%) of the 

wet-season difference was explained by the dif
ferences in the measured variables. For the dry 

season, differences in the factors included in the 
equation explained 97% of the total yield differ
ence (1.3 t/ha). 

In the wet season the environmental factors were 

the major factors causing yield differences among 

farms. In the dry season the proportion of the total 

attributed to interaction of managed inputs with 

environmental factors was greater than in the wet. 

Options open to farmers to increase yields. To 

examine the possibilities for economically increas

ing yields in the high- and low-yield farm environ

ments, the mean values of the environmental fac

tors of the two groups were substituted in the pro

duction function to derive a collapsedequation for 

fertilizer response with farmers' efficiency and re

searchers' efficiency. From these equations, the 

optimal levels of fertilizer and expected yield were 

calculated assuming 

Table 1. Estimated rice production functions based on experiments in fartrers' fields In 

Nueva Ecila, Philippines, 1974-77. 

Independent variable 

Fertilizer (quadratic) F ) 

Insecticide (/) 

Weed control (W) 

Seedlinl age A) 

Fertilizer x pest darrnae IF x P) 

Disease damage (D) 
Fertilizer x disease IF x D) 

Organic matter (M) 

Soil texture IT) 


Soil phosphorus (H) 

Fertilizer xwater stress (FxS) 


Solar radiation (R) 

Fertilizer x solar radiation IF x R) 


Typhoon dummy 

Av F efficiency 


Av / fficiency 

Individual farmer F efficiency 

Constant term 

f2 


F ratio (15/32601 
Standard error 

° 

is significant at the 1%levelPaCoefficient 


Partial teilression coMficients'
 
Comliehnsive Rvduced model
 

nlodel 

0038"' 0.029"' 

0,445' 0472'
 

029B 0.691"
 

7.973' 10.144'"
 
0 117' 0.115""
 

- 36.780' 25.769''
 
-0.215* " . 0.251"*
 

419.9' "" 184.068'"
 
--7.722'"
 

° ° ° 
2641 * 2.455
 

-0.168"'' --0.207..'
 
*88.297'"" 99.492' 

0967 ''' 0.829 '' 

-3i56 0' ' --.416.371 ''
 
-4 469' . -1.996''"
 

-06356"''' 0469''' 

rrcld.e- rrot rcludd
 

1400 1248
 
.698 0640
 

388.934'''
 

990.109 
the 5% level ('"), the 10% level I'). 
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Table 2. Accounting for yield differences between low- and high-yield farms with farmers' 
input, 1974-77 wet and dry seasons, Nueva Ecija, Philippines. 

Dry seasonWet seasonElements 
t/ha % t/ha % 

Class 

Mean yield difierence 2.36 100.0 1.31 100.0 
Components of explained yield 1.67 70.7 1.28 97.7 

difference 
Inputs (0.07) (3.0) (0.34) (25.9) 

F -0.04 -1.7 0.32 24.4 
W .04 1.7 .02 1.5 
1 .01 0.4 -. 02 -1.5 
A .06 2.5 .02 1.5 

Weather (0.99) (41.9) (0.46) (35.1) 
SR 0.67 28.4 .09 6.9 
DT 0.38 16.1 .41 31.3 
SL -0.06 -2.5 -. 04 -3.1 

Pest and disease (0.35) (14.9) (0.17) (12.9) 
P 0.13 5.5 0.17 12.9 
D 0.22 9.3 0 0 

Soils (-0.05) (-2.2) 0.02 (1.5) 
OM -0.06 -2.5 0.02 1.5 
EP 0.01 0.4 0 0 

All interactions (0.31) (13.1) (0.29) (22.1) 

Unexplained difference 0.69 29.3 0.04 2.3 
aFor explanation of the elements, seeTable 1. 

* no cash constraints, and resulting yield and profit gains from raising fertil
" a cash constraint that the farmer required a izer from actual to the optimal levels were small 

return ofS Ion the last dollar invested (Table 3). with both the researchers' and the farmers' effi
ciency in the wet season. For the cash constraintFortheunconstrainedsituation(A=0),theoptimal 

level of fertilizer was reached at a higher level of situation (X= I) in the wet season (other than for 
the low-yield environment or farmers' efficiency),fertilizer than that farmers currently use (except for 

low-yielding farms in the wet season). However, the the yield differences between the farmers' and the 

Table 3. Estimated optimum at 2 rates of discount and farmers' fertilizer use of different farm yield groups. Nueva Ecija, Philippines,a
 
1974-77.
 

Yield differencebOptimal F Farmers' Predicted yield (Y)
Season 	 Yield 

X = group 	 0 X F-level X= 0 1 Farmers' A0 A1 

Farmers' efficiency 
Wet 	 Low 0 0 42 1.7 1.7 1.8 -0.1 0.0
 

High 116 51 81 3.6 3.2 3.4 0.2 -0.2
 

Dry 	 Low 153 84 90 4.5 4.1 4.2 0.3 -0.1
 
High 211 142 147 5.8 5.4 5.4 0.4 0.0
 

Researchers' efficiency 
Wet 	 Low 14 0 42 1.8 1.7 1.9 -0.1 -0.2
 

High 150 85 81 3.9 3.7 3.7 0.2 0.0
 

Dry 	 Low 187 119 90 5.1 4.6 4.2 0.9 0.4 
High 245 177 147 6.5 6.1 5.8 0.7 0.3 

Y = 
aRough rice at $0.14/kg, fertilizer at $0.52/kg in thewet season and $0.54/kg in the dry. bWhere AO = Y = 0 - Yfarmers', A = A 1 - Yfarmers', and 

A is the return on the last dollar investedin fertilizer. 
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Inputs used by farmers and researchers in Laguna, Philippines, constraints experiments, 1979. 
Table 4. 

Insect controlb 
(no. of field Weed control (no.) DiseaseFertilizer (kg/ha) 

Hand controcapplication)Input level" Rotary d ... ..... Chem-
F G ical _ weedingN P K 

Dry season 

5 5 1.3 0.3 1.0 1.3 1.0 0 
Farmers' 68 1.3 1.0 1.0 

30 0.3 1.7 1.0
90 30Intermediate 1.0 5.01.0 1.3 

High 30 3.0 3.0120 30 

Wet seasont 

65 15 7 2.3 0 1.0 1.0 1.0 0 
Farmers' 1.0 1.01.0 1.0 

Intermediate 1.0 5.0
30 1.0 2.350 30 

30 3.0 3.0 1.0 1.0 
75 30 

; fohar application, G granular. Clntermediate treatment consisted of early dapog 
alntemethate for 

High 

es!ct control is eiuivalent to managed level, bF 

treatment with benomyl-mancozeb combination; high treatment involved applications of the same fungicides at 3, 15, 30, and 45 days after transplar .ing 

and at flowering. 

cash-constrained optima were small. 
were somewhat moreIn contrast, yield gains 

substantial from raising farmers' fertilizer use in the 

dry season - an increase of almost 0.4 t/ha with 

farmers' efficiency and up to 0.9 t with researchers' 

efficiency for the noncash constraint situation. But 

I), it was onlyfor the cash-constraint situation (A= 


in the dry season at the researchers' level of effi-


ciency that it appeared clearly profitable for the 


farmer to raise his level of fertilizer use.
 

The analysis demonstrated two points: 

" The respense to farm inputs, like fertilizer, is 

greater under more favorable environments 

when there is higheras in the dry season --

solar radiation, fewer typhoons, and lower 

incidence of pests. 

" For the farmer facing a cash constraint, the 

yield and profit difference is small between the 

farmers' level of fertilizer use and that identified 

through the production function analysis of 

the constraints trials, 

However, if the efficiency of farmers' use of fertil-

izer could be increased to the researchers' level, then 

it would be profitable for the farmer to increase 

fertilizer use. 

yields for wet- and dry-season constraints ex-

MeanTable 5. 

periments. Sta. Cruz, Laguna, Philippines, 1979. 


Sites Mean yields (t/ha) 
(no.) Wet season Dry season 

_ ___ 

Farmers' 
High 

3 
3 

3.8 
5.0 

4.5 
6.1 

In the less ideal environment of the wet season, 

the researchers'technology was not clearly superior 

to the farmers' in Nueva Ecija. It is in the dry season 

that it appears that the economic potential of mod

ern varieties is not being realized. 

CONSTRAINTS ANALYSIS 
Agricultural Economics and Irrigation Water Man

agement Departments 

Three dry- and three wet-season sites were established 

in Victoria, Laguna, Philippines, to evaluate the 

response of rice to major inputs following th concepts 

in earlier constraints experiments. The designsused 
of previous constraints experiincluded a change 

ments, with disease management included as a factor 

in the treatments. 
The levels of inputs used by the farmers and the 

researchers are listed in Table 4. Water regimes were 

monitored and water balances were favorable in both 

seasons. Those, coupled with high levels of radiation 

and no serious typhoons, resulted in moderate yields 

for the farmers' and the researchers' input levels (Table 

5). 
Production function analysis. To examine the 

effects of the inputs included in the experiments, a 

quadratic response function of the following form 
was fitted to the dry- and wet-season data: 

Y = ho + b N + b2 N2 + h3 P+ b4 K 

+ h5 DII + b6 D12 + b7 DMI + b DM2 

where 

Y is yield rough rice in kilograms per hectare, 
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N is kilograms nitrogen, 
i'is P:O1., 
K is K:O, 
D/ is a dunmy variable equal to 0 for the 

farners' practice and to I for the two insect 
control treatments, 

I)JI is another durnm variable equal to 0 for 
the farmers' disease management and to I 
for the two disease (fungicide) control treat-
ments. 

The estimated equations are shown in Table 6. 
Model I,which includes all the experimental factors 
as terms, provides an impression of the single effects 
of the factors included in tie experiment. Yield 
response to nitrogen and insect management were 
significant in the dry season. In contrast, tie high 
level of insect control was the only factor at the re-
searchers' level that had a significant effect in the 
wet season. Although the fungicide treatments 
(benonivl) were not assessed as statistically signifi-
cant in either season, the factor had agreater impact 
on yield in the wet season than in the dry. The 

production functions were re-estimated retaining 
the significant terms in the dry season plus the 
nonlinear term for nitrogen (Model 11). 

An analysis of the high profit level of nitrogen for 
the wet and dry seasons provided levels beyond the 
range of the experimental observations (i.e. 206 kg 
N ha for the dry season and 115 kg for the wet), 
which reflected the excellent growing conditions 
prevailing in both seasons. Analysis of the insect 
management strategies showed that the incremen
tal costs of two pest management strategies beyond 
the farmers' current practices were not profitable 
(Table 7). 

Technical and economic efficiency. Incollabora
tion with IRRI scientists, a research scholar from 
Sri l.anka developed an alternative procedure to 
measure the difference between the researchers'and 
the farmers' level of technical efficiency in fertilizer 
application to rice. 

A model that utilized the concept of efficiency
specific production function was developed to 
define an index of farm-level technical efficiency. 

Table 6. Production functions estimated from Victoria, Laguna, Philippines, constraints experiments, 1979. 

Independent variable 

Nitrogen (linear term) 

Nitrogen (quadratic term) 

P20 5 

K20 

Managed insect control dummy 

High insect control dummy 

Early fungicide treatment dummy 

Continuous fungicide treatment dummy 

Constant term 

Adjusted R2 

F 

Standard error 
aFigures in parenthesesare tvalues. 

Partial regression coefficienta 

Symbol Dry season Wet season 

Model I Model II Model I Model II 

N 20.241 20. 100' 9.159 10.924 
(4.473) (4.516) (1.359) (1.648) 

N2 
-0.042 -0.039 -0.038 -0.030 
(1.367) (1.345) (0.535) (0.429) 

P 3.034 14.205 
(0.510) (1.624)
 

K -2.425 -4.302
 
(0.408) (0.587) 

D11 310.484' 309.705' 35.643 104.452 
(2.137) (2.189) (0.254) (0.789) 

D12 510.162' 548.182" 506.280' 720.262* 

(2.559) (3.266) (2.685) (4.4931 

DM1 28.592 296.999 

(0.101) (1.144) 

DM2 127.147 386.667 
(0.449) (1.489) 

3482.959 3490.325 2895.080 3041.722 

0.530 0.542 0.441 0.429 

21.146 43.251 15.151 27.886 

670.507 662.040 618.270 625.217 
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_______ 

Table 7. Economic performance of managed and high insect 
control compared with farmers' current practices in Victoria,
Laguna, Philippines, constraints experiments, 1979. 

Increase or decrease (S/ha)

Insect control 
 from farmers' current practices 

level 
Output Input Profit 
value cost P t 


Dry s e a s o n 
Managed 42 69 -27 
High 75 164 -89 

Wet season 
Managed 14 84 
 -70
 
High 
 98 177 -79 

Based on the concept shown in Figure 2, two 
approaches to the estimation of the efficiency func-
tions were attempted. In the first approach all data 
were pooled and a single equation, incorporating a
dummy variable to distinguish between farmers' 
and researchers' results, was estimated. In the 
second approach, the differences between the 
farmers' and the researchers' use of inputs and pro-
duction of outputs were used as independent and 
dependent variables, respectively. Appropriate man-
ipulation of the variables produced an unbiased
estimate of average efficiency. 

To make the required shift from a measure of 
average efficiency to an index of individual farm 
efficiency, the difference between each farmer's and 
the researcher's deviations of actual result from the 
expected was assumed to be the result of the 
farmer's deviation from the average level of effi-
ciency. Thus, itwas possible to rank the farmers inorder of relative efficiency. 

Various socioeconomic variables were then re-
gressed against the values of the indices to identify
factors that might influence the efficiency of input 

YR 

--"-'--'-

Y f 

1 
------ -- - , 

Y 

F F F
 
2. Efficiency functions and actual performance at researchers' 
(YVt)and farmers' (Yr,) levels. 

use by farmers. The principal variables used were a 
dummy for the respondents' main occupation, the 
number ofseasons for which they had transplanted
rice, the percentage of family labor employed full 
time in rice transplanting, adummy foragricultural
education, and the number of seasons of fertilizer 
use. 

The use of various models generated a range of 
results. The main finding was that technical effi
ciency alone resulted in farmers losing between 0.3 
and 0.7 t of rice/ ha at the average farm-level use of 
91 kg N/ha. This indicated that farmers were 
between 66%and85%efficientintheiruseoffertil. 
izers, a situation suggesting significant potential 
gains. 

The efficiency indices computed from the differ
ent regression equations were very highly correlated; 
therefore, only one was used for further analysis.
Table 8 gives the levels of inputs and outputs for 

Table 8. Examples of results achieved by farmers with varying levels of technical effi
ciency, Sri Lanka. 

Nitrogen applied (kg/hIa) Yield I/Iha)Level of -

efficiency Researcher's
level 

Farmer's 
level 

Researcher's 
level 

Farmer's 
level 

High 35.93 51.97 1.6 
77.48 62.14 1.8, 

Average 77.48 79.24 2.0 
91.91 81.17 3.5 

Low 106.35 153.43 5.0 
91.91 61.36 4.7 

2.9 
3.9 

2.1 
3.4 

3.1 
3.7 
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Table 9. Ranking of goals and associated achievement levels for a hypothetical tenant
farmer in Iloilo, Philippines, 1979. 

Rank Goal description Desired achievement 
lcvel 

Unit Quantity 
1 To produce a basic quantity of rice sufficient 

for family sustenance tons 1.2 
2 To accumulate cash for food supplies, educa. 

tion,and other priority demands of the 
S/year 360 

household 

3 To minimize borrowings from relatives and S/year 35 
friends 

3 To minimize borrowings from a landlord S/year 200 
4 To avoid being indebted toothers S/year min 
5 To generate as large a cash surplus aspossible S/year max 

selected farms. These illustrate the typical differen-
ces between farmer and researcher achieved by
farmers with high, average, and low technical 
efficiency. 

The regressions estimated in the final stage indi-
cated that the main socioeconomic factors explain-
ing technical efficiency were the respondents' main 
occupation and the percentage of family labor 
employed full time in rice farming. The occupation
variable indicated that respondents whose main 
occupation was not rice farming were more techni-
cally efficient. No attempt was made to determine if 
the result was caused by problems in the data set or 
ifit reflects the actual situation. The other variables 
behaved as expected. Technical knowledge offertil-
izer use and experience with transplanting for a 
number of seasons explained a much smaller 
amount of the variability in efficiency, 

The major advantage noted for the method is 
that it does not require collection of complex data 
in addition to those currently being gathered in the 
constraints project. Although limited success was 
achieved, the level of explanation of technical effi-
ciencv by socioeconomic factors was not as high as
desired. 

Farm-level constraints. Analysis ofthe socioeco-

nomic constraints surveys has yieldd mixed results 

in explaining 'h'i fIarmers use 
the level of inputs
they do. In collaboration with the Cropping Sys-
tems Program, a series of farm-level models were 
developed to examine farm-level (i.e. the resource 
structure, circumstances, and demands of the house-
hold) constraints to production. A linear goal pro-
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gramming model of a low-resource farmer, with 
data obtained from the Philippine Cropping Sys
tems Outreach Site at Iloilo, is reported here. 

The ranking of goals and the associated achieve
ment levels of these goals for the household are 
listed in Table 9. Given the household's assumed 
land base, the farmer can fully achieve the goals of 
meeting family rice requirements and obtaining
cash for basic household expenses, without falling
into debt, given his technical and resource con
straints. A cash surplus of $102 was predicted. The 
impact of farm size and the operator's access to 
credit on the farmers' cropping patterns and the 
families' liquidity position were then examined. 

Farm size and goal achievement. Increasing 
population pressures and land fragmentation 
through inheritance have resulted in decreasing size 
of tenanted holdings in lloilo. Ihus, to evaluate the 
impact of landholding on goal achievement, farm 
size was parametrically reduced from 1.5 ha to 0.75 
ha (Fig. 3). Biecause farm size was regarded as a 
preemptive priority, the optimal farm plan identi
fled the rice technology that maximized returns to
 
land relative to capital.
 

When farm size (in terms of rice land) was 
reduced to 0.82 ha, the farm business was no longer
able to generate a cash surplus over and above that 
required to meet household and farm operating 
costs. Indeed, as farm size decreased further, the 
farmer was unable to repay all his loans and still 
meet his priority household needs. Repayment to 
the landlord is a preemptive priority in the sense 
that the loan is redeemable at the next harvest. 



R" consumpron lcasAs) limiting.
 
30 te..e,,.eofdiet The results are shown in Figure 4. As access
iwe. to 

credit diminished, the cropping pattern shifted 
201, from a capital-intensive to a less capital-intensive 

cash ,ling expenses technology. At a credit supply of $62 from the 
400 I D l of,hee, landlord, a portion of the rice land remained vacant 

- the late-season rice crop was reduced in area 
300 -4-1 I i I because of the cost of hired labor required to trans-
Borrow cash ($) fhorl ndlord plant that crop. At a credit limit of about $30, the 
200 , ,, .............. farmer could not achieve his target of $360 a year 

*, . con111 for living expenses, although sufficient rice 
Ro .,,, tinued to be produced to meet family consumptionReW,- | 

L o "o,,,n and still leave a surplus for sale. 
A comparison of Figures 3 and 4 shows that 

oLl when land was the scarce resource relative to capi-
Borrw cash 1$) from relatives tal, the capital-intensive technology continued to be 

1 attractive at the small farm examined. But if capital 

ftwk- Taget arrrwis l repaJyment0 h'- . -- --- # R-mTt - Hectares incrops 

Cashsurplus(l t10iunbean or Yam beanI00F
 

50 . .5 Traoplanted rice Ihigh) Welland 

0 0 Trilnsplantednrce (low) I 

-50 15 viaizeDryland 
Dry-seeded I10-100 

S5 Wet-seeded rice(low) rice (high) kt 

5 .6 7 B .9 10Wetlard
 
.2 .30 35 40 .45 ,50Drytind 0
 

Farm size( ho) Cash living expenses ($) 

400 ____________________3Relationship between goal achievement and cultivated area. 

Iloilo, Philippines, 1979. 1cavan = 44 kg. 30c esired living expenses 

200 

100 __ _ _ _ _ _ _ 

0 I I I I 

Borrow cash(S)from relativesTherefore, the farmer shifts to borrowing less from 
his landlord arid more from his relatives and 5°0 ,u- loon -

friends; he increasingly defaults on his loans from 25 - / " Repayment
the latter sources and begins to fall into indebt- 0 ----f 

(5)Cash surplusedness. 
Access to credit. Because credit is important in 100 

farm operations, the impact of its availability on the 50

farm plan and the farmer's capacity to achieve his o 
goals was explored. For the purpose of the analysis, -50 

the maximum of $35/ year available from relatives 1 
and friends was entered as a preemptive priority, 0 25 50 A 100 125 I 
and maximum borrowings from the landlord Maximum borrowing from ridlord ($) 

(which must be repaid at 100% interest) were 4.Relationship between credit availability, goal achievement, 

parameterized from zero until it became non- and cropping patterns. IRRI, 1979. F= fallow. 
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was scarce relative to land, there was a rapid shift From these trials, the average yield increase from high 
from the motlern to the lower-cost (and as a result, inputs was 1.4 t/ ha (Table 13). Of that increase, 62.5% 
lower yield) methods of producing the rice crop. was from fertilizer and 25% from insect control. 

Timing of nitrogen fertilizer application was 

tested with four levels of nitrogen at two levels ofBIOLOGICAL CONSTRAINTS 
Agronomy Department iosect and weed control practices. Result, from 5 farms showed that the researchers' timing gave 0.5 

Studies on biological constraints to high rice yields in I/ha higher yields than the farmers' timing regard
farmers' field continued in four Philippine provinces, less of the amount of nitrogen applied (Table 14) 
Levels of inputs are given in Table 10. and confirmed earlier findings that farmers were 

Nueva Ecija, dry season. Dry-season trials in Nueva applying fertilizer nitrogen inefficiently. 
Ecija were on 15 pump-irrigated farms. Most farmers Nueva Ecija, wet season. Wet-season trials in 
used herbicides, and all used either foliar spray or Nueva Ecija were on 5 pump- and 3canal-irrigated 
granular insecticides, farms (Table 10). Three farmers applied granular 

Yields with farmers' inputs ranged from 3.9 to 7.9 insecticides and one farmer had no insect control at 
t/ha and averaged 6.1 t/ha (Table I1). With high all. Four farmers controlled weeds by hand weeding 
inputs, yields varied from 4.4to 8.5 t/ ha and averaged or by herbicides; the others did not control weeds. 
6.9 t/ ha. The average yield gap of 0.8 tiha was low but Yields a' the farmers' level of inputs ranged from 
significant. A declining trend in size of yield gap on 3.3 to 6.6 t/ha and averaged 5.0 t/ha (Table 11). 
some farms was attributed largely to increased use of With high inputs, yields ranged from 4.6 to 7.7 t/ ha 
inputs, particularly nitrogen fertilizer, and averaged 6.5 t/ha. The water shortage at the 

The contributions of test factors to the yield gap heading stage on two farms resulted in substantial 
were determined from two trials. The average levels of yield reduction at all input levels. The average yield 
inputs used by the two farmers are shown in Table 12. gap was 1.5 'ha. On the basis of 3 trials, the yield 

Table 10. High and farmers' levels of inputs in yield-constraints experiments in farmers' fields at 4 Philippine sites, 1979. 
b 

level sitesSIt Fertilizer (kg/ha) Weed controla Insect control
Province 

(no.) N P205 K20 M C F G 

Dry seasonr 
Nueva Ecija Farmers' 15 118 36 -14 0.3 0.7 2.1 1.2 
Nueva Ecija High 15 150 40 30 1.0 1.0 1.8 3.0 
Laguna Farmers' 11 66 8 8 1.7 0.6 1.0 0 
Laguna High 11 150 40 30 1.0 1.0 1.0 3.0 
Camairines Sur Farmers' 10 80 18 7 0.9 0.6 2.1 0 
Cam., nes Sti High 10 150 40 30 1.0 1.0 2.6 3.0 
Iloilo Famers' 9 83 4 1 0.6 1.0 1.7 0 

0 Iloilo High 9 150 40 30 0.7 1.7 3.6 3.0 

Wet s$1 sonr 

Nueva Ecija Farmers' 8 58 31 10 0.2 0.2 1.1 0.4 
Nueva Ecija Inteinidiate 8 70 30 20 .. 0.9 2.0 
Nueva Ecila High 8 100 40 30 1.0 1.0 20 3.0 
Laguna Farmers' 6 75 4 4 2.0 0.8 2.2 0.7 
Laguna Intermediate 6 70 30 20 - - 1.0 2.0 
Laiguna High 6 100 40 30 1.0 1.0 1.0 3.0 
Carna ines Stir Farmers' 6 62 19 9 0.7 1.2 3.0 0 
Camarines Sur Inter mediate 6 70 30 20 -- 3.1 2.0 
Camarines Sir High 6 100 40 30 1.0 1.0 3.1 3.0 
Iloilo Farmers' 5 49 22 10 0.8 0.2 2.2 0.2 
Iloilo Intermediate 5 70 30 20 - 1.6 2.0 
Iloilo High 5 100 40 30 0.3 0.9 1.9 2.7 
aData show average number of mechanical weeding operations M) - either by handor by rotary weeder- or chemical weedcide (Cl applications. bDala 
showaveragenumber of foliar IF) sprays - MIPC, monocrolophos, Brodan, methyl parathion, etc. - or of granular (G) applications - lindane, carbofuran, 
rhazmnon, - weretreated. In somecases,seedbedswere also treated.etc. to paddy water. The main hild cropus 
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Table 11. Average yields with farmers', high, and economically recoverable gap (ERG) 
inputs in yield.constraints experiments in farmers' fields, in 4 Philippine provinces, 1979. 

Province Sites Grain yield (t/ha) Yield 
(no.) Farmers' High ERG gap

inputs inputs inputs (t/ha) 

Dry season 
Nueva Ecija 15 6.1 6.9 6.6 0.8 
Laguna 11 4.7 6.6 6.1 1.9 
Camarines Sur 10 4.8 6.2 6.2 1.4 
Iloilo 9 3.6 5.0 4.6 1.4 

Wet season 
Nueva Eciia 8 5.0 6.5 5.9 1.5 
Laguna 6 3.8 4.3 3.7 0.5 
Camarines Sur 6 4.3 5.5 5.2 1.2 
Iloilo 5 4.7 5.6 5.0 0.9 

gap averaged 1.8 t/ ha (Table 13), 60% ofwhich was proved insect control to the yield gap despite the 
due to improved fertilizer application and the rest low level of farmers' insect control (Table 12) was 
was equally divided between insect control and due partly to the absence ofdamaging rice pests and 
weed control (Fig. 5). The contribution of im- the use of insect-resistant IR42 by all farmers. Im-

Table 12. Levels of inputs used in yield gap and input combination experiments in selected farmers' fields, in 4 Philippine provinces, 
1979. 

Province Sites Fertilizer (kg/ha) Weed control' Insect control 
b 

ProvinceInput level 
(no.) N K20 M C F GP20 5 

Dry season 
Nueva Ecija Farmers' 2 112 29 9 0 1.0 2.0 0.5 
Nueva Ecija Intermediate 2 100 30 20 - - 2.0 2.0 
Nueva Ecija High 2 150 40 30 1.0 1.0 2.5 3.0 
Laguna Farmers' 3 17 6 6 1.7 1.0 0 0 
Laguna Intermediate 3 100 30 20 - - 1.0 2.0 
Laguna High 3 150 40 30 1.0 1.0 1.0 3.0 
Camarines Sur Farmers' 3 99 17 5 0.7 1.0 1.7 0 
Camarines Sur Inter meriate 3 100 30 20 - - 2.7 2.0 
Camarines Sur High 3 150 40 30 1.0 1.0 2.7 3.0 
Iloilo Farmers' 5 78 7 2 0.6 1.0 2.2 0 
Iloilo Inteim, 'iate 5 100 30 20 - - 3.0 2.0 
Iloilo High 5 150 40 30 0.8 1.0 3.6 3.0 

Wet season 
Nueva Ecija Farmers' 3 41 28 10 0.3 0 1.0 0 
Nueva Ecija Intermediate 3 70 30 20 - - 0.7 2.0 
Nueva Ecija High 3 100 40 30 1.0 1.0 1.0 3.0 
Laguna Farmers' 3 87 3 3 2.0 1.0 2.3 0.7 
Laguna Intermediate 3 70 30 20 - - 1.0 2.0 
Laguna High 3 100 40 30 1.0 1.0 1.0 3.0 
Camarines Sur Farmers' 3 74 13 13 0.7 1.0 3.0 0 
Camarines Sur Intermediate 3 70 30 20 - 3.1 2.0 
Camarines Sur High 3 100 40 30 1.0 1.0 3.1 3.0 
Iloilo Farmers' 3 49 22 10 1.0 0.3 2.0 0.3 
Iloilo Intermediate 3 70 30 20 - - 1.3 2.0 
Iloilo High 3 100 40 30 0.7 I.3 2.0 2.7 
aData show average number of mechanical weeding operations IM)  either by hand or by rotary weeder - or chemical veediciue (C)applications. bData 
show the average number of toliar (F) sprays - MIPC.monocrotophos, Brodan, methyl parathion, etc. - or of granular (G) applications - lindane, carbo. 
furan, diazinon, etc. - to paddy water. The main field crops were treated. In some cases,seedbeds were also treated. 
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Table 13. Relative contribution of 3 inputs (fertilizer, weed control, and insect control) to the improvement of rice yields in farmers' 

fields in project areas in 4 Philippine provinces, 1979. 

Yield (t/ha) Contribution' (t/ha) of
Sites ...... .... . - --........ ___
.......
 

Province n.) Farmers' High Differ- Fertil- Weed Insect Residual 

inpiut inputs ence izer control control 

Dry season 
2 5.8 7.2 1.4 1.0 0.2 0.4 -0.2Nueva Ecila 
3 4.2 6.3 2.1 1.8 0.2 0.7 -0.6LaIlUnla 

3 5.2 6.3 1.1 0.9 0 0.3 -0.1Caniat ines Sol 
5 4.2 4.7 0.5 0.9 0.2 0.3 -0.9Iloilo 

We t seasont 
Nueva Ecija 3 5.7 7.5 1.8 1.2 0.4 0.4 -0.2 

Laguna 3 4.3 4.8 0.5 -0.1 0.6 -0.2 0.2 

Carnal ines Sur 3 4.3 5.9 1.6 1.1 0.6 0.4 -0.5 

Iloilo 3 5.5 1.1 0 0.44.6 0.9 -0.6 

aMeasured asyiel decrease front high input due to a reduction from high to farmers' level of each input. 

proved weed control made a significant contribu- control on one canal- and four pump-irrigated 

tion to the yield gap on only one farm. farms. Yield differences among nitrogen rates were 
The farmers' timing of fertilizer application was not appreciable (Table 14) because lodging was 

compared with the researchers' timing at four levels severe on two farms. In addition, one farm suffered 
of nitrogen under high levels of insect and weed from severe drought at the heading stage. Although 

Table 14. Yield with farmers' and researchers' timinq of application of farmers' level and test levels of nitrogen in project areas in 4 
Philippine provinces, 1979. 

Nitrogen applied Yield' I/a)
 
Sites Time of N (farmers' level)
 

Province appli
(no.) cationria Rate Timingb Famers' -1 -2 H 

(kg/ha) (DT) level 

Dry season 
Nueva Eciia 5 R 121 5.6 5.3 5.8 5.9 
Nueva Ecija 5 F 121 8, 38 5.2 4,8 5.3 5.3 
Laguna 5 R 109 5.2 5.0 5.7 6.2 
Laguna 5 F 109 16, 42, 67 4.6 4.6 5.3 5.8 
Camarines Sur 2 R 87 5.1 4.9 5.1 5.3 
Caniarines Sur 2 F 87 0,45 5.1 5.2 4.9 5.1 
Iloilo 2 R 64 5.2 4.6 5.4 5.2 
Iloilo 2 F 64 20,45 5.1 5.0 5.3 5.4 

(15, 70 DS) 

IVWetseason 
Nueva Ecija 5 R 60 6.5 6.2 6.4 6.4 
Nueva Ecija 5 F 60 10, 35 6.1 5.9 6.2 6.3 
Laguna 4 R 55 4.8 4.1 4.6 4.6 
Laguna 4 F 55 18, 50 4.3 4.3 4.6 4.5 
Camarines Sur 4 A 55 4.7 4.5 4.5 4.1 
Camarines Sur 4 F 55 0. 45 4.8 4.6 4.5 4.1 
Iloilo 6 R 80 5.8 5.3 5.6 5.9 
Iloilo 6 F 80 15, 50 5.5 5.4 5.7 5.8 

60 DS)1(15, 


aR = researchers', F farmers'. bDT days after transplanting. DS - days after seeding. Researchers' timing on N application - dry season: 3 equal .plit 

applications; basalbroadcas, and incorporated, 20-30 DT. and 5-7 days before panicle nitiation. Researchers' timing in the wet season: 2 equal split 
applications; basalbroadcast and incorporated, and 5-7 days before panicle initiation. CTest rates of nitrogen: for dry season, intermediate levelswere 
1-1 = 50 kg N/ha, 1-2 = 100 kg N/ha, high level (H) 150 kg N/ha. For wet season: 1-1 = 40 kg N/ha, 1.2 = 70 kg N/ha, H - 100 kg N/ha. Dry seasondata 
are averagesof farmers' and high levels of insect and weed control, while wet-season data are averages of high levels of insect and weed control only. 

352 IRRI ANNUAl. REI'OR I FOR 1979 



wet seaon 

MtPEc,,o 


Irrscil 0%)weeding, 

Weid 

(15% 
162 5r/o) (60%) 

ormino) 2 Forms(no) 3 
Yieldgap 14t/ho Yieldgap 18t/ho 

h LObservations 
26%% . .. . 

67% -" 

Forms(no)3 Forms(no)3 
Yield gap 2 It/he Yiel gap05t/ha 

car,rs~i 

19% 

75% 286% P524% 

Yield Yieldgap 16t/hagapIIt/ha 

214";'Laguna /0/° 
27% 


143% 

3followed 
Fars () 5 F730/o 

Yieldgap05t/o Yied gop09 t 

5. Relative contribution of 3 inputs (insect control, iertiliver. 
and weed control) toward the improvement of rice yields in 
farmers' fields in 4 Philippine provinces, 1979 dry and "et 

seasons 


tne average yield advantage of the researchers' fer-
tilizer timing ranged only from 0.1 to 0.4 t ha, the 
difference was consistently positive. 

Laguna sites, dry season. l)ry-season Laguna 
experiments were on eight canal-irrigated, one 
pump-irrigated, and two canal-pump-irrigated farms 
(Table 10). Most farmers applied fertilizer in split 
applications: only one farmer made a single basal 
applicttion. Four farmers applied 100 kg Ni ha or 

more and two applied no fertilizer. All farmers 
practiced one rotary weeding followed by hand 

and six applied herbicide. Six farmers did 
not control insects at all and the rest used at least 
one foliar spray. No farmer used granular insecti
cide. Most farmers transplanted IR36 or 1R42. 

Farmers' yields ranged from 3.5 to 6.0 t/ ha and
averaged 4.7 t/ha. With high inputs, yields ranged 

from 5.0 to 7.7 t ha and averaged 6.6 t/ha. The 
average yield gap was 1.9 t/ha (Table I1). 

on 3 farms where the nitrogen ap
plied by the farmers averaged only 17 kg/ha (Table 

12) indicated that the high level of fertilizer gave a 
significant contribution on all farms. The high level 
of fertilizer contributed 67%/- to the yield increase, 
improved insect control contributed 26%, and 
improved weed control accounted for 7% (Fig. 5).
The 17 kg N! ha was extremely low for adry-season 
crop. 

Farmers' and researchers' timing of fertilizer 
application with four nitrogen levels and two levels 
of insect and weed management practices were 
tested on five farms. The only significant interaction 
observed was between fertilizer and timing ofappli
cation (Table 14). In general, the researchers'timing 

of fertilizer application significantly increased yields 
over the farmers' timing. 

sites, wet season. Experiments in Laguna 
lwere on four canal-irrigated and two pump-irrigated 
farms (Table 19). Nitrogen was commonly split into 
two applications: no farmer used a single basal 
application. Most farmers practiced rotary weeding 

by hand weeding; four supplemented
those methods by at least one herbicide application. 

All farmers applied foliar insecticides (averaging 
two appli-,,tions) and three used granular insecti

cides. Either IR36 or IR42 was planted. 
Yields vith farmers' inputs varied from 2.0 to 4.8 

t, ha and averaged 3.8 tiha. With high inputs, yields 
ranged from 1.7 to 5.9 t hit, and averaged 4.3 t/ ha 
(Table I I). Table 13 shows a significant yield gap of 
0.5 t ha, but factor contributions were not signifi
cant. High weed control contributed 100% to the 
yield gap (Fig. 5). 

Farmers' and researchers' timing of fertilizer 
application were tested at four nitrogen levels on 
four farms only at the high level of insect and weed 
control. Researchers'timing of nitrogen application 
produced higher average yield than the farmers' 
timing only at farmers' fertilizer level (Table 14). 
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)ifkrences in yields hetween researchers' and 
larmers'timing of application \with other nitrogen 
levels were neither appreciable nor consistent, 

Camarines Sur sites, dry season. I)ry-season
experiments in ('anlrines Stir %%ereon 10 pump-
irrigated larms (Table 10). Most farmers controlled 
weeds by one rotary or hand weeding in addition to 
herbicides. Insect pests wcrc controlled by I to 4 
foliar sprays, averaging 2.1 applications. No farmer 
used granular insecticides. 

Yieldsat high input levels A-re higher than those 
at farmers' levels on all f'rrnl.. Yields at farmers' 
level of inputs ranged from 2.9 to 6.4 t ha and 
averaged 4.8 t ha (Table II). With high inputs,
yields ranged from 3.8 to 7.8 t ha and averaged 6.2 
t ha. The average yield gap was 1.4 t ha. 

The contribution of separate test factors to the 
yield gap was determined from three trials. The 
average yield gap wvas I. I t ha (Table 13). Fertilizer 
accounted for 75(1 of the yield gap. insect control 
accounted for 25('1(Fig. 5). 

The wide yield gap was attributed largely to the 
low levels of fertilizerapplied by the farmers (Tables
10 and 12). The average yield from the economi-
cally recoverable gap input combination was 6.2 
t ha (Table II). 

Farmers'and researchers' timing of nitrogen for-
tilizer application were compared at four levels of 
nitrogen and two levels of insect and weed man-
agement practices on two pump-irrigated farms. 
Yield for farmers'timing of fertilizer was similar to 
that for researchers' timing (5.1 t ha) with the 
farmers' nitrogen level (Table 14). 

Camarines Sursites, wet season. Wet-season yield-

constraints experiments in Camarines Sur were on 

six pump-irrigated farms (Table 10). Some farmers 

relied solely on herbicides for weed control, al-

though most used iotar, or hand weeding in addi-

tion. Insect control consis:.d mainly of applications 

offoliar sprays at the 6q UcOcV of threeapplications, 


On all farms, yields at farmers' level of inputs 

were lower than thoseat high level. Yields under the 

farmers' level ranged from 3.7 to 5.3 t ha and aver-

aged 4.3 t ha (Table II). Those at high level of 

inputs averaged 5.5 t 
ha. The wide yield gap was 

due to the farmers' 
 inadequate levels of fertilizer,
especially nitrogen (Table 10). 

The contribution of the three test factors to the 
yield gap was determined for three farms (Fig. 5). 
The average yield gap 'as 1.6 t ha (Table 13). 
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In tests of researchers'and farmers'management 
of fertilizer nitrogen on four farms. yields for 
farmers' management of nitrogen did not vary 
mjich from the yields obtained by researchers
(lable 14). Farmers' timing of nitrogen application 
(basal and 45 days after transplanting) almost coin
cided with researchers' timing. 

Iloilo sites, dry season. Dry-season experiments
in Iloilo were on nine communal-pump-irrigated 
farms (Table 10). Most farmers did not apply pot
assium fertilizer. All used herbicides and five had an 
additional hand weeding. On the average, the 
farmers used 2 foliar insecticide applications. All 
grew IR36 direct-seeded onto a puddled soil. 

Farmers' yields varied from 1.8 to 4.7 t/ ha and 
averaged 3.6 t,/ha (Table 1I). With high inputs, the 
yields ranged from 3.1 to 6.6 t ha and averaged 5.0 
t ha. Low yields from all input levels on some farms 
were caused by drought. 

From trials to determine the relative contribu
tions of the three inputs to the yield gap, the average
yield increase from the application of high inputs 
over the farmers' inputs was only 0.5 t/ha (Table
13). For this yield diffe'rence, fertilizer contributed 
64.3ci: insect control, 21.4(',;and improved weed 
control. 14.3ci (Fig. 5). 

Researchers'and farmers'nitrogen fertilizerappli
cation practices were tested on 2 pump-irrigated 
farms (Table 14). 

Iloilo sites, wet season. Wet-season Iloilo trials 
were on three irrigated and two rainfed farms 
(Table 10). Farmers used mainly hand weeding to 
control weeds. One farmer used herbicide in com
bination with hand weeding, and one did no weed
ing. The average level of farmers' insect control was 
slightly higher than that for the dry season. 

Yields wvith farmers'inputs ranged from 3.0 to 6.6
 
t ha and averaged 4.7 t ha (Table II). With high

levels of inputs, yields ranged from 3.2 to 8.3 t/ha

and averaged 5.6 t ha.
 

The contribution of each test factor to the yiek 
gap was determined from a rainfed and two irri
gated farms. The high level of inputs generated an 
average yield increase of 0.9 t ha; 73(', of that was 
from improved use of fertilizer and the remainder 
was from the high level of insect control (Fig. 5).

Results on six farms showed that yield differen
ces between farmers'and researchers' timing of nit
rogen application were not consistent across farms. 
On the average, the researchers' timing outyielded 



the farmers' by as much as 0.3 t, ha but only at insect control strategies, and fungicide treatments.
farmers' nitrogen level ([able 14). At other rates Insect management levels formed the blocks forfarmers were just as efficient as the researchers in fertili/er treatments. The response to increasing levthe management of fertili/er. els of nitrogen (0. 60. 90, 120. 150 kg ha), complete 

fertili/ei iY-11-K at 120-30-30 kg ha), and the rem-
StISIPI.IEM .NI[Al. CONS RAINT~S oval of one maK:- nutrient element at a time were
EX PERI M FNI S evaluated at interinediace levols ofpest management, 
Agronon. D)epartment 
 and the elects of -:.,Iyard continuous fungicide

applications %%,.reexamined on the high input levelIn 1979 experiments were designed to evaluate the treatments. J he three levels of pest management
response of wetland rice to major farm inputs at the wkere compred under farmers' and high levels offour sites, and to determine the degree of reduction fcrtili/er. " he experiment was on three pump
on farmers' yields caused by weeds at two sites, irrigated ;arms. The farmers' levels of inputs are in 

Yield response to major farm inputs, Nueva Ecija Table 15.

sites. Dr season. Dry-season experiments in Nueva On tne 3 farms, yields increased with increasingEcija province evaluated complete fertilizer (NPK) levels (it'nitrogen; the maximum yield (5.5 t/ha)application, increasing levels of nitrogen, three was at '20 kg N/ha (Table 16). Yields at 150 kg 

Table 15. Levels of inputs used in yield response trials in farmers' fields in 4 project areas 
in the Philippines, 1979. 

neSi Input level Fertilizera (kg/ha) Insect controlb 
N K2 0 F GP2 0 5 

Dry season
Nueva Ecija 3 Farmers' 146 48 7 3.3 1.3 
Nueva Ecija 3 Intermediate 30 30 2.3 1.7 
Nueva Ecija 3 High 120 30 30 2.7 3.0 
Laguna 2 Farmers' 106 11 10 1.0 0 
Laguna 2 Intermediate 30 30 2.0 2.0 
Laguna 2 High 120 30 30 3.0 3.0 
Camarines Susr 2 Farmers' 116 22 16 1.5 0
Camarines Sur 2 Intermediate 30 30 3.5 0 
Camarines Sur 2 High 120 30 30 4.5 3.0 
Iloilo 2 Farmers' 92 0 0 1.0 0Iloilo 2 Intermediate 30 30 1.0 0
Iloilo 2 High 120 30 30 3.0 2.5 

Wet seasonc
Nueva Ecija 3 Farmers' 61 30 17 1.3 1.0
Nueva Ecija 3 Intermediate 30 '30 1.7 0 
Nueva Ecija 3 High 3.075 30 30 3.0 
Laguna 1 Farmers' 26 0 0 4.0 0 
Laguna 1 Intermediate 30 30 2.0 2.0 
Laguna 1 High 75 30 30 3.0 3.0 
Camarines Sur 2 Farmers' 48 27 12 3.0 0
Camarines Sur 2 Intermediate 30 30 2.5 0 
Camarines Sur 2 High 75 30 30 5.0 3.0 
Iloilo 2 Farmers' 100 29 29 3.0 0Iloilo 2 Intermediate 30 30 1.5 2.0
Iloilo 2 High 80 30 30 3.0 3.0 

aOther test levels of nitrogen: 0, 60,90, and 150 kg/ha for the dry season; 0,25, 50, and 100 kg/ha
for the wet season. Time of N application: 2 split doses, 2/3 basal broadcast and incorporated and1/3 at 5 to 7 days before panicle initiation. Phosphorus and potassium were applied basally. bratashow average number of foliar IF)sprays or of granular (G)applications to paddy water, The mainfield crops were treated. Insome cases,seedbeds were also treated. cother test levels ofN for floilodiffered from those of other study areas - 0,40,60, 100 kg/ha. 
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Table 18. Average grain yields at varying nitrogen levels from experiments in farmers' 
fields in 4 project areas in the Philippines, 1979. 

Province Sites 
(no.)
 

Nueva Ecija 3 
Laguna 2 
Camarines Sur 2 
Iloilo 2 

Nueva Ecija 3 
Laguna 1 
Camarines Sur 2 
lloilob 

2 

0N 
3.6 
4.1 
3.8 
4.1 

0 N 
3.5 
4.7 
3.7 
4.6 

Grain yielda (t/ha) 

Dry season 
60 kg N/ha 90 ka N/ha 

5.0 5.2 
5.1 5.4 
5.8 6.6 
5.2 5.5 

Wet seasonb
 

25 kg N/ha 50 kg N/ha 
4.5 5.2 
4.7 4.4 
4.3 4.6 
6.0 6.0 

120 kg N/ha 150 kg N/ha 
5.5 4.9 
6.2 6.4 
6.6 7.1 
5.4 5.5 

75 kg N/ha 100 kg N/ha 
5.7 5.6 
4.0 3.6 
4.7 4.9 
6.0 6.0 

aAIItreatments received 30 kg/ha each of P205 and K20. bWet-season N levels for Iloilowere 0,40, 
60, 80, and100 kg/ha. 

N ha were substantially reduced because of severe 
lodging on one farm and late incidence of stem 
borer resulting from water shortage on two farms, 

'Fhe intermediate level of insect control was not 
appropriate for use in evaluating yield response to 
increasing levels of nitrogen because it was ineffec-
tive in controlling insects, particularly the stem 
borer. 

Among the fertilizer combinations tested, the 
application of NPK at the rate of 120-30-30 kg ha 
gave the highest yield, the removal of nitrogen 
reduced the yield by 1.9 t ha (Fable 17). 

[he high level of insect control gave an added 

Table 17. Yield response of rice to nitrogen, phosphorus, and 
potassium in farmers' fields in 4 project areas in the Philippines, 
1979. 


Sites 

Province 


(no.) NPK 


Dry season 
Nueva Ecija 3 5.5 
Laguna 2 6.2 
Camarines Sur 2 6.6 
Iloilo 2 5.4 

Wet season 
Nueva Ecija 3 5.7 
Laguna 1 4.0 
Camarines Sur 2 4.7 
Iloilo 2

b 
6.0 

Grain yielda(t/ha) 

___(no.1PK NK NP 

3.6 4.8 4.6 
4.1 6.2 6.1 
3.8 6.1 6.1 
4.1 4.6 4.6 

3.5 5.5 5.4 
4.7 4.1 4.2 
3.7 4.5 4.6 
4.6 5.5 6.0 

aFertilizer levels: 120 kg N/ha, 30 kg P20 5/ha. and 30 kg K 20/ha for 
the dry season; 75 kg N/ha, 30 kg P205 /ha, 30 kg K 20/ha for the wet.
bFertilizer levels for the wet season: 80 kg N/ha, 30 kg P20 5/ha, and 

30 kg K20/ha. 
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yield of 0.5 t/ha over the farmers'and intermediate 
levels (Table 18). Because there were no major dis
ease problems at the test sites, untreated plots gave 
yields similar to those of plots with continuous 
fungicide applications (Table 19). 

Wet season. Wet-season experiments in Nueva 
Ecija were on three farms; two were farms with 
dry-season experiments. The farmers'rates of fertil
izer, particularly nitrogen, were about half of those 
for the dry season (Table 15). Farmers' insecticide 
use was also lower than in the dry season, with one 
farmer practicing no insect control. The high level 
of insect control added one granular insecticide 

Table 18. Average grain yield at 3 levels of insect control from 
yield-constraints experiments in fields infarmers' 4 project 
areas in the Philippines, 1979. 

Grain yield' (t/ha) 
Sites-_____Povince Sites Farmers'ames Inter. 

level mediate High 
.
 

Dry season 
Nueva Ecija 3 5.2 5.2 5.7 
Laguna 2 5.75.2 6.0 
Camarines Sur 2 6.66.6 6.4 
Iloilo 2 4.0 4.6 4.4 

Wet season 
Nueva Ecija 3 
Laguna 1 
Camarines Sur 2 
Ililo 2Iloio_2 


aData are averages of farmers' 
control and 3 replications. 

5.2 5.4 5.7 
4.2 4.4 4.9 
4.2 4.4 4.4 

_4.84.8 5.7 5.6_ 5.7_ 5.6 
and high levels of fertilizer, and weed 



_____ 

Table 19. Effect of fungicide applications on grain yields in 
the high-level treatment in experiments in farmers' fields in 4 
project areas in the Philippines, 1979. 

Grain yield (t/hal) 

Province 	 Sites Early Un-
(no.) 

faOpli-
nuous
ati appli- treated 
cation cationci controlconrol 

Dry seaso,, 
Nueva Ecija 3 5.8 6.1 5.9
Laguna 2 6.6 7.0 6.4 

Camarines Sur 2 6.5 6.8 6.5 


ilo 2 4.9 4.9 5.0 

Wet season 
Nueva Ecija 3 6.1 6.1 6.1
 
Laguna 1 5.1 4.6 5.2 

Camarines Sur 2 4.9 4.7 4.6 

Ioilo 2 6.4 6.3 6.0 


application at late booting stage. 
Yields increased with increasing levels of nitro-

gen up to 75 kg NIha (Table 16). Theapplicationof 
complete fertilizer (75-30-30 kg NPK /ha) produced
5.7 t,ha while the removal of nitrogen in the pack-
age decreased the yield to 3.5 t, ha (Table 17). 

The high level of insect control outyielded the 
farmers'level by0.5 t ha, and the intermediate level 
by 0.3 t/ ha (Table 18). Early or continuous applica-
tions of fungicide on the high input level treatments 
gave no yield response (Table 19). 

Yield response to major farm inputs, Laguna
sites. Dr season. l)ry-season experiments on two 
irrigated Laguna farms evaluated the response of 
transplanted rice to different levels of' major farm 
inputs. The experimental procedures were the same 
as those for the Nueva Ecija sites. levels of fertil-
izer, insect control, and weed control are shown in 
Table 15. 

Grain yields from two trials increased with 
increasing levels of nitrogen (Table 16). However,
the yield differences between the 60 and 90 kg N, ha 
and between 120 and 150 kg N ha were not appre-
ciable. Plots fertilized with complete fertilizer at the 
rate of 120-30-30 kg NPK ha gave yields sim'lar to 
those of plots that did not receive phosphorus or 
potassium fertilizer (Table 17). Without nitrogen,
however, the yield decreased by 2.1 t ha, implying 
that only nitrogen fertilizer should be applied on 
those sites. 

The high level of insect control outyielded the 
farmers'and intermediate levels by 0.8 and 0.3 t/ ha 

(Table 18). Continuous application of fungicidesincreased the yield by 0.6 t/ha over the untreated 
cotl.Wh '-apiainowvr
control. With early fupgicide application, however,
the yield increased only by 0.2 t/ha (Table 19). 

Wet season. The experiment was repeated in the 
tawet season on an irrigated farm. The farmer used 

generally lower levels of inputs, except insect con
.hes 

trol, than in the dry season (Table 15).
Yields decreased with increasing levels of nitrogen (Table 16). The response to complete fertilizer,

nitrogen-potassium, and nitrogen-phosphorus were 
similar but yields were low (Table 17). The average 
yield of plots without nitrogen was higher, contra

dicting the dry-season findings.
As in the dry season, the high level of insectcontrol gave higher yield than either the farmers'or 

intermediate levels (Table 18). But in contrast to the 
dry season, the continuous application of fungicides had no favorable effect on the yield. With 
early fungicide application, the average yield was 
comparable 	 with that of the untreated control 
(Table 19). 

Yield response to major farm inputs, Camarines 
Sur sites. Dryseason. Experiments on two irrigated 
farms in Camarines Sur determined the yield 
response of rice to increasing levels of nitrogen, 
omission of either phosphorus or potassium, and 
three levels each of pest management and disease 
control. Methodology of the experiment was the 
same as for the Nueva Ecija sites. 

The average levels of fertilizers used by the 
farmers are in Table 15. Weeds were controlled by 
rotary weeding in addition to herbicide application. 
Farmers controlled insect pests only by foliar 
sprays. 

The average yield obtained with no fertilizer nit
rogen was 3.8 t, ha. The yield increased proportion
ally to 7.1 t, ha with increasing nitrogen levels 
(Table 16). 

Results further showed that nitrogen was the 
most limiting among the three major elements 
tested. Without nitrogen, the yield was reduced by 
as much as 2.8 t/ ha, the absence ofeither phospho
rus or potassium reduced the yield by 0.5 t/ha 
(iable 17). 

Formers' pest management appeared to be ade
quate; it slightly outyielded the high pest manage
ment by 0.2 t/ ha (Table 18). Continuous fungicide 
application slightly increased yield over early appli
cation and untreated control by0.3 t/ha (Table 19). 
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Wet season. Yield-response experiments for 
major farm inputs were repeated on two farms in 
Camarines Stir during the wet season (Table 15). 
Weeds were controlled either by rotary or hand 
weeding in addition to application of herbicides, 
Crops were protected from insect damage by foliar 
sprays. 

On both farms, yield increased with increasing 
levels of nitrogen (Table 16). As in the dry season, 
nitrogen was the most limiting among the three 
major elements tested. Without nitrogen, the yield 
was reduced by 1.0 t ha (Table 17). 

Intermediate and high levels of pest management 
gave similar yields, slightly higher than that ob-
tained at farmers' level (Table 18). Grain yield was 
slightly increased by early fungicide application but 
not by continuous application (Table 19). 

Yield response to major farm inputs, Iloilo sites, 
Dr' season. Dry-season experiments in Iloilo were 
on two pump-irrigated farms. The test factors and 
methodology were the same as those for Nueva 
Ecija. Both farmers did direct wet-seeding of rice. 
The levels of inputs used are shown in Table 15. 

Increasing levels of nitrogen gave the maximum 
possible yield at 90 kg N/ha (Table 16). 

Among the fertilizer combinations tested, the 
application of NPK produced the highest average 
yield and the removal of nitrogen reduced the yield 
to 4.1 t/ha (Table 17). 

In pest management tests, the intermediate level 
produced the highest average yield (Table 18). Lack 
ofadequate irrigation water to dissolve the granular 
insecticides contributed to the low yield response to 
high level of pest management. Because of the 
absence of disease at the test sites, the untreated 
control gave yields similar to those of treatments 
with fungicides (Table 19). 

Wet season. Wet-season Iloilo experiments were 
on two canal-irrigated farms (Table 15). 

Yields from increasing levels of nitrogen from the 
two farms differed greatly. At a fixed rate of 30 
kg/ha each of P.O2and K20, the treatment with no 
fertilizer nitrogen produced 3.3 t 1ha on I farm, and 
6.0 t/ ha on the other. Yield differences between the 
two farms were even higher with increasing levels of 
nitrogen. Average yield with no fertilizer nitrogen 
was 4.6 t/ ha (Table 16). Among the three fertilizer 
nutrients investigated, nitrogen was the most essen-
tial in increasing rice yield. Without nitrogen, the 
yield decreased by as much as 1.4 tiha (Table 17). 
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The high level of insect control gave an additional 
yield of 0.8 t/ha over that at the farmers' level 
(Table 18). On tilehigh input levels, one application 
of fungicide at early growth stage (3 days after 
transplanting) gave an additional yield of 0.4 t/ha 
over the untreated control (Table 19). 

Degree of yield losses caused by weeds, Nueva 
Ecija sites. Dry season. During the dry season, a 
simple experiment on five pump-irrigated farms in 
Nueva Ecija determined the degree of yield losses 
caused by weeds. The experiment maintained a 
50-m2 weed-free area within each farmer's paddy. 
The area was unleveed and kept weed free by hand 
weeding. The farmer followed his usual farming 
practices throughout the field including the test 
plot. 

Two of the five farmers used herbicide only and 
one farmer used herbicide and hand weeding. Two 
farmers did no weed control. The number of hand 
weedings for the test plot averaged 2.4, which was 
equivalent to 204 labor-hours/ha. 

Results indicated that on 3 of 5 farms, weeds 
reduced the farmers' yields substantially (Fit. 6). 
Yields were similar for both weed control practices 
on two farms. On the average, we.eds accounted for 
a yield reduction of 0.7 t/haid tfable 20). 

Wet season. During the wet season, the degree of 
yield losses :aused by weeds was evaluated on 4 
pump-irrig;ated farms. Among the four farmers, 
eo:v oie controlled weeds with herbicide. Three 
farmers did not control weeds. For the weed-free 
plot, hand weeding was done twice on each of the 
three farms; on one farm, athird hand weeding was 
necessary. An average 368 labor-hours/ha was 
needed to keep the test plots weed free. 

There was a substantial reduction of farmers' 
yields caused by weeds (Fig. 6). The yield losses 
averaged 0.9 t/ha (Table 20). 

Degree of yield losses caused by weeds, Cama
rines Sur sites. Dry season. Yield losses due to 
weeds were evaluated in Camarines Sur on five 
farms during the dry season with the same experi
mental procedures used in Nueva Ecija. The number 
of hand weedings to maintain a weed-free plot was 
equivalent to 240 labor-hours/ha. 

In two of five farms, farmers' weed control out
yielded the experimental weed control. Yields from 
the farmers' level of weed control ranged from 3.0 
t/ ha to 6.1 t/ ha (Fig. 6). 

At a high level of weed control, yields ranged 



Table 20. Yields from farmers' level and high level of weed 
Groino yldareEC'jO"""a, control in farmers'ippines, 1979. fields in project areas in 2 provinces, Phil. 

8 Dry seonr e eWeed-freeWetseason Province 
 Sites - - Yielda (t/ha)
* ee-freed rO~f (no.) Farmers' High Differ-Farers weed levelcontrol__________ level ence 

Nueva Ecija 5 5.6 6.3 0.7
Camarines Sur 5 5.1 5.1 0 

4 

Nueva Ecija Wet seasoi4 3.6 4.5Camarines Sur 0.95 4.3 
 4.5
rl*. 0.2a aFertilizer, insectcontrol, and other cultural practices were at farmers' 

X 
 level. Ther LX 
high level of weed control consisted of a series of hand weed

ings. 

0 
1 2 3 4 5 21 3 4 5 

Camrar,,resSuf 

8 uAge of seedlings, cultural practices, and planiing
date as constraintson yield. Farmers'fields.During
the 1979 dry season, experiments on four pump
irrigated farms in Nueva Ecija evaluated the influ6 

II ence of age of seedlings on grain yield of trans
-H 
 planted rice. Seedlings 20 to 60 days old, at 10-dayfintervals,were tested at farmers' and researchers' 

levels of cultural practices and 2transplanting times 
2 Ii (simultaneous and staggered with a 10-day interval 

aa al a- aJ- al-after transplanting the youngest seedlings). Tram
1 2 3 4 5 I 2 3 4 5 

planting seedlings representing all ages coincidedwith the transplanting of 60-day-old seedlings 
F.ri.. 
 under the staggered system.6. Reduction of farmers' yields caused by weeds in farmers' Researchers' cultural practices included transfields. Nueva Ecija anid Camarines Sur provinces, Philippines, planting at 20- X 20-cm spacing, 3 to 41979 dryand wet seasons. seedlings/hill, shallow depth of transplanting, and good 

from 2.9 to 6.3 i/ha and averaged 5.1 t/ha (Table water management. The researchers' fertilizer levelswere 100 kg N/ha, 30 kg P205/ha and 20 kg20). The farmers' weed control was comparable K20/ ha. For 20-and 30-day-old seedlings, nitrogenwith the level used by the researchers. This was was applied in 3equal doses  basal broadcast andsupported by results in other constraints experi- incorporated, 20days after transplanting (D3),andments where a high level of weed control did not 5-7 days before panicle initiation (DBPI). For40-tocontribute to the yield gap during the 1979 dry 60-day-old seedlings, the nitrogen fertilizer was 
season. 


applied in 2 equal doses - basal broadcast andWet season. Inthe wet season, hand weeding incorporated, and 5-7 DBPI. Phosphorus and potdone in addition to farmers' weed control practices assium were applied basally and uniformly on allwas equivalent to 280 labor-hours/ ha. plots. Insect control consisted of three applicationsIn four of five farms, yields at the high weed with granular insecticides and one or two foliarcontrol level was higher than for farmers' weed sprays. Weeds were controlled by granular 2,4-D atcontrol practices (Fig. 6). Yields for farmers' weed 4 DT and one hand weeding at 20 DT.control ranged from 3.8 to 5.0 t/ ha and averaged For the farmers' cultural practices, the tradi4.3 t/ ha. With a high level of weed control, the yield tional transplanting method followed. Thewasranged from 3.9 to 5.5 t/ha and averaged 4.5 t/ha farmers' levels of fertilizer averaged 94 kg N/ha, 41(Table 20). kg P2Os/ha, and 17 kg K20/ha, topdressed in 2 
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unequal doses vary'ing from farm to farm, with the 
first application at 8 [Yr and the last at 50 DT. 
Farmers' insect control was at least two foliar insec-
ticide applications; two farms used an additional 
granular application. Weeds were controlled by one 
hand weeding on two farms and by a combination 
of hand weeding and herbicide on the two other 
farms. 

In the wet season, the yield responses of live 
seedling ages were evaluated on five farms only at 
researchers' cultural practices under two times of 
transplanting as in the dry season. The rate of 
nitrogen was reduced to 70 kg N ha and applied in 
2equal doses -basal forall seedling ages, and at 20 
DT for 50- to 60-day-old seedlings and 5-7 DBPI 
for 20- to 40-day-old seedlings. Other inputs, 
researchers' cultural practices, and experimental 
procedures used during the dry season were fol-
lowed in the wet season. 

Dry-season results showed that all interactions 
involving farns, except Ior the farm and seedling 
age interaction, were significant, indicating that the 

from farmeffects ofthe various test factors differed frseason. 
to farm. For example, there was no significant yield 

Grain yield (t/ha)
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planting as influenced by age of seedlings grown under 
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1979 dry season. Dates of transplanting are indicated on the 
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s. Grain yield of lR36 from staggered and simultaneous trans
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level of cultural practices. Nueva Ecija, Philippines, 1979 dry

Dates of transplanting are indicated on the curves. 

difference between staggered and simultaneous 
transplantings of 60-day-old seedlings for all farms 
under both researchers' and farmers' cultural prac

:ces because the two times of transplanting coin
cided. But for 50-day-old seedlings, a significant 

difference was observed on all farms for the 
researchers'practices but not for the farmers'cultu-I 

ral practices. In the latter, a significant difference 

was observed on only one farm. In general, the 
yields for staggered transplanting were higher than 
those for simultaneous transplanting regardless of 
cultural practices (Fig. 7, 8). l.ow fertilizer effi
ciency brought about by water shortage reduced the 
yields substantially under simultaneous trans
planting. 

With researchers' cultural practices, yields of 20
and 30-day-old seedlings under staggered trans
planting were not significantly different across all 
farmls ([able 21). Compared with the 40- to 60-day
old seedlings. the 20-day-old gave significantly
higher yields on all farms except one, where the 

vield difference between the 20- and 40-day-old
s 
seedlings was not significant. On the other hand, 
when seedlings were transplanted simultaneously,
the 20-day-old seedlings significantly outyielded 



only the 50-and 60-day-old on all farms except I,
 
where the 50-day-old gave ayield similar to that of 

,
the youngest seedlings. Although the yields from 


seedlings of different ages were generally lower L,
 

under farmers' cultural practices than under the >
 
researchers', the trend was similar for both the stag
gered and simultaneous transplanting (Fig. 7.8). L,I q q V- R I I 

l)uring the wet season. the interaction between ", 1 CIt O -TT ;r'T v E0 

time of transplanting and seedling age was signifi- E_
 

cant on all farms except one. As in the dr' season,
 
staggered transplanting gave generally higher yields 0 .nn U 


"
" 

than simultaneous transplanting except with 60- "U 	 * CV) E 

,.),-) ( N (N 

dav-old seed lings (F ig. 9). Under staggered trans- cN 

" 

yield (tA) 	 Tn 0 0000 .0Grain 


l qV Q '3 
20 Jul _gC 

to M LO M -;
 
"9 4Ag4 AugA, '
 

-	 00u 0 006 14AuA 


24Aug - ,. 	 nn.n n u1; L,>..-.- StaggeredJ 
ij[ - r, M M a) 00 ( v MSimultneous 

..
2 Form I 	 Form2 

r 0EL 

2 Jul 	 C to CD-q M2 rrtc'o M 

6- *o ---,Ag 1I9Aug 	 0 

. 20 
29Au2 Ju 

o- ( R 
29Aug (a I T I 4 M rn 'rv 

LL 00 00 i. o t'R 

Farm 3 Farm4 : E0 	 0 

03040 50 60 20 30 40 50 60 	 L) 0 000 

C 00 r-( M0 ) 
-,0 0Granyield (I/hal Seedling oge (days) i0
 

60 
E 

4Aug Q . u 7: 0
15jul 

5 ... . .l4Aug 	 0.o n0 0 n 
U 00 

nCaLSe 

o 45 0-- •4-- 0' 	 -0
 

Feeachrs'le.e ofclua practices Nuea cCj, hiippnc ' 

daingu fselnsgo n udr" 

ofcultu1ral iulaneu thiippnes- C' C, u.
 

pl etineedaby 	 . m*-,,' T 


9.rceainrsy eield practies.ela 	 0~i w I U, 'aM U w 
o20res 30 40 50 6 

1979 wet season. D~ates o1'transplanting are indicated on the :5 	 °°°°° -M-a°°° 

CONSTRAINTS ON RICE YIELDS 361 



Table 22. Grain yields of I R36 as influenced by age of seedlings grown under researchers' 
cultural practices and different times of transplanting. Nueva Ecija, Philippines, 1979 wet 
season. 

Seedling age Grain yield
5 

t/ha) 
(days) Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Av 

Staggered trantsplanting 
20 7.8a 7.2a 6.8a 7.1a 5.0a 6.8 
30 5.5 c 6.3 b 5.9 b 7.1 a 4.5 b 5.9 
40 6.5 b 7.4 a 6.6 a 6.8 a 5.2 a 6.5 
50 5.5 c 6.1 b 5.6 b 5.5 b 4.9a 5.5 
60 4.9 c 5.2 c 4.8 c 3.5 c 4.1 c 4.5 

Simultaneous transplanting 
20 4.7 c 5.5 ab 5.5a 4.9a 4.1 ab 4.9 
30 4.8 bc 5.1 b 5.2 ab 4.2 be 4.1 ab 4.7 
40 5.2 ab 5.9 a 5.2 ab 4.2 bc 4.4 a 5.0 
50 5.2a 5.4 ab 5.1 bc 3.7 c 4.4a 4.8 
60 4.9 abc 5.2 b 4.7 c 3.6 c 3.8 b 4.4 

"Farms 1 and 5 "ere first transplanted at the sametime; farms 2, 3, and 4 werealsofirst transplanted 
at the sametime but 5 dayslater than the 2 other farms. In a column, seedling agemeansunder eachfarm and time of transplanting followed by a common letter are not significantly different from each 
other at tire5" level. 

planting, the 20-day-old seedlings significantly out- yield reduction on two farms (farms I and 5), par
yielded the 30-day-old seedlings on 4 out of 5 farms, ticularly from the younger seedlings. 
and the 40-day-old on I farin (Table 22). Yields From the 1979 trials, it appears that grain yields 
from old seedlings (50 and 60 days) were generally of early-maturing 1R36 are affected not soleiy by
lower than those from 20-day-old seedlings. Under age of seedlings, but more importantly by time of 
simultaneous transplanting, the effect of' seedling transplanting. As shown in Figure 10, delaying the 
age on yield varied from farm to farm. On 4 farms, transplanting of 20-day-old seedlings by 40 days 
20- and 30-day-old seedlings gave similar yields. reduced yield an average of2.2 t/ ha in the dry season 
l.ikewise, no yield differences were observed be- and 1.9 t ha in the wet season, even with inputs and 
tween 20- and 40-dayv-old seedlings on most of the cultural practices at researchers'level. However, the 
test farms. The 20-day-old seedlings gave signifi- yields were similar for two batches of 60-day-old 
cantly higher yield than the 50- and 60-day-old seedlings transplanted at the same time (Fig. 10). 
seedlings on only 2 farns. A light drought caused The results suggest that environment in the main 
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10. Grain yield of IR36 from staggered and: imultaneous transplanting as influenced by age of seedlings grown under farmers' level of 
cultural practices. Nueva Ecija, Philippines, 1979 dry and wet seasons. Dates of transplanting are indicated on the curves. 
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Table 23. Effect of seedling age on the grain yield of IR36 and 
IR42. IRRI, 1979 wet season, _experiments 

Seediling Gr airnviela Wit)age 
el ea 	 A mean
(days)IIR36.I.R.2 

20 4.5 3.6 4.1 
40 	 3.8 39 3.8 

Difference 0.7* -0.3
"
' 0.3"

s 

Avof 5 tr~rtilizer t""Imensarnwd 3 riphoioriOs. 

field has greater influence on the grain yield of rice 
than the environment in the seedbed. 

IRRI. At IRRI another experiment was con-
ducted with 20- and 40-day-old seedlings of early-
maturing IR36 and intermediate-maturing IR42. 
Seedlings were transplanted during the 1979 wet 
season at 3 to 4 seedlings hill and 20- X 20-cm 
spacing. 

With IR36. the grain yield for the 20-day-old 
seedlings was significantly higher than that for the 
40-day-old. With IR42, the difference in grain 
yields between the two seedling ages was not signif-
icant (Table 23). The data suggest that Linder opti-
mur conditions of water, fertilizer, and weed- and 
insect-free environments, varieties with longer 
growth duration suffer less than varieties that 
mature early, 

ECONOMIC' ANALYSIS OF ('ONSIRAINIS 
EXPERIMENTS 
Agricultural Lconomncs Dl)epartnent 

Profitability of high inputs. Economic analysis of 

the high-input treatments in the 1979 constraints 
confirmed the results reported in pre-

Vious annual reports. The economic performance
of intermediate and high-input treatments is sum
marized in Table 24. 
The relative benefits attributed to increasing 

each of the three factors separately were also eval
uated. The results again confirmed earlier results; 

the high fertilizer levels were highly profitable in 
the dry season in each province, raising average 
profits by more than S100. ha in 3 provinces (Table 
25). 
The effects of the intermediate level of fertilizer 

were variable: moderately raising profits in Lag
una in the dry season, marginally raising profits in 
Camarines Sur, and lowering profits in Iloilo. The 
intermediate level of insect control gave results 
similar to those of the high level (Table 26). 

Profitability and nitrogen-use efficiency. The 
profitability of applying nitrogen fertilizer at the 
recommended timing compared to farmers' cur
rent practices is shown in Table 27. The profitabil
ity of the t\o application methods \%,as compared 
using the firmers' and the high levels of applied 
nitrogen. Except in Camarines Sur and Iloilo in 
the dry season, and Camarinles Sur in the wet 
season. the recommended practice increased prof
its, again confirming Ihe existence oftechnical inef
ficicncy in fertili/cr use (1978 annual report). The 
gap due to this technical inefficiency in fertilizer 
application methods was, howe\2r, more evident 
at the higher lc'el of fertilizer usage where average
profits increased in all provinces in the dry season. 

Table 24. Economic performance ofintermediate and high-level and farmers' levels
combinations of 3 inputs ofthose inputs incon

straints experiments in farmers' fields. Philippines, 1979. 

lInClase or [liecivas (S/ha) from 	 Sites M) where 
Province Sitesi Intermedilate nuls 	 Hjlh ijiuts profits
increased(no.) 

Output t Outu)t Inuit Profit Inter-value 	 Highcost 	 Value cost mediate 

On', stirsoo 
Nueva Ecija 15 (2) 103 -20 123 112 95 17 100 60 
Laguna 11 (3) 169 
 60 109 269 147 122 100 73
 
Camarines Sur 10 (3) 44 22 
 22 189 151 38 67 60
 
Iloilo 9 (5) 
 -19 27 --46 191 139 52 60 67
 

Wet season 
Nueva Ecija 8 114 25 89 207 134 73 88 75 
Laguna 6 -14 -6 -8 64 101 -37 50 34 
Camarines Sur 6 123 20 
 103 175 127 48 
 100 67
 
Iloilo 5 37 
 18 19 124 125 -1 80 40 

aFigures in parentheses are the number of sites in thedry seasonwhereintermediate input level treatrr,ents were included in theexperiments. 
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Table 25. Economic performance of anticipated high levels of 3 separate inputs and farmers' currentexperiments in farmers' practices in yield constraintsfields. Philippines, 1979. 

ihnc asteiiV01 ( rase ISha) from farmers' level
Province Sites Fertiizer lsect cord ol Weed control
Ourtput 

value 

Input 

Cost Profit 

Oo1lMI 

VdW 
1r1put 

Cost Pfolfi 

Output 
value 

Input 
cost Profit 

Nueva Ecija 
Lauuna 
Camarines Sur 
Iloilo 

2 
3 
3 
5 

136 
222 
116 
238 

31 
103 
57 
66 

105 
119 
59 

172 

95 
145 
56 
20 

63 
80 
7b 
52 

32 
65 

-19 

32 

8 
23 
18 
7 

20 
-4 
6 

15 

-12 
27 
12 

-8 

Nueva Ecija 
Laguna 
Camar ires Str 
Iloilo 

3 
3 
3 
3 

180 
19 

139 
116 

43 
38 
40 
52 

137 
--19 

99 
64 

Wet sv'ilsol 80 
3 

73 
43 

83 
68 
72 
61 

-3 
- 65 

1 
--18 

37 
59 
28 

5 

26 
-4 
77 

8 

11 
63 
11 
3 

Table 26. Economic performance of intermediate levels of fertilizer and insect control and of farmers' current practices in yield constraints experiments in farmers' fields. Philippines, 1979. 

Increase or decrease (S/ha) from farmer's levelProvince Sites(no.) Fertilizer Insect controlOutput Isc otoInput Profit Output Inputvalue cost value cost Profit 

Nueva Ecija 2 Dry season5 78Laguna 
83 49 5 443 143 66 77Camarines Sur 107 34 7323 20Iloilo 

3 
5 

3 6 32 -2624 29 -5 -2 18 -20 

Nueva Ecija Wet season3 18 113Laguna 
131 

8 34 -263 -22 12 -34Camarines Sur -19 22 -413 149 14 135Ioilo 45 26 193 56 26 30 -6 15 -21 

Table 27. Recommended timing of nitrogen application compared with farmer's current practices under 2 fertilizer levels. Philippines,1979. 

Increase or decrease (S/ha) from farmers' cuien fiteizul use Sites (% where
Province Sites(no.) Farmers' level Hirt profits increase 

valuea Costb Profit Output Cost Profit Farmers'________________________________________value High 
laueIevel 

Laguna Dry season5 82 14
Nueva Ecija 

68 46 80 80
55 95 52 9 43 86 15Camarines Sur 2 71 80 60-6 -1Iloilo 37 7 302 -18 -3 -15 

-5 
20 

50 50
4 16 0 100 

Laguna Wet season4 68 12 

Nueva Ecija 

56 11 75 75 
14 3
5 53 10 43 8 2Camarines Sur 4 6 100 60-6 -2 -4 -7 1Iloilo 6 44 -8 50 258 36 22 4 18 67aPrice of rough rice at $0.14/kg. bfncludes labor cost plus one-sixth value of added yield. 

33 
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Table 28. Maximum weed control compared with farmers' currenit practices. Philippines,
1979. 

increase or decrease (S/ha) from Sites (%)
Province Sites(no.) farmers' current practices whereOutput 

profits
value' Cos t Profit increased 

Dry seasonNueva Ecija 5 95 51 44 60Camarines Sur 5 4 42 -38 0 

Wet sea, 0,,Nueva Ecija 4 120 82 38 100Camarines Sur 5 16 50 -34 0aPrice of rough rice at $0.14/k. blncludes labor cost at $0.17/labor-hour plus one-sixth value of 
added yield. 

In the wet season, the recommended timing of Profitability of maximumfertilizer at the high level was not clearly superior 
weed control. The 

profitability of maintaining a weed-free rice cropto the farmers' practice, was evaluated in two provinces (Table 28). 
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RICE HARVESTING AND THRESHING SYSTEMS 

AND INCOME DISTRIBUTION INLUZON 

A 1978-79 study investigated the process of 
changes in technology and contracts in the use of 
labor and capital for rice harvesting and threshing, 
and analyzed the effects of such changes on 
income distribution in rural communities. 

The study covered seven provinces in Luzon -

Bulacan, Nueva Ecija, Pangasinan, Pampanga, 
and Tarlac in Central Luzon; and Laguna and Rizal 
in the Southern Tagalog region. Those provinces 
form the largest, contiguous rice-producing area in 
the Philippines. Data were collected during sur-
veys in February and July 1978. The sample con-
tained many farms in the Central Luzon and 
Laguna loop surveys, conducted in 1966, 1970, 
and 1974 to collect data on rice production costs 
and returns. 

Two harvesting and threshing systems. In the 
study area, two distinct systems of rice harvesting 
and threshing developed: 
* 	 hnusan, a traditional form of contract by 

which the crop is cut manually with sickles 
and the threshing isdone by hand beating on 
wooden or bamboo plates. Harvesting and 
threshing labor receives a share of output. 
The share ranges from one-fourth to one-
ninth, but one-sixth was the most common. 

* 	 tilyadora, which is characterized by the use 
of big threshing machines. Crop cutting and 
threshing became two separate operations. 
The crop is normally cut with sickles, bun-
died, and made into a big pile or mandala 
and threshed by tilvadora. Since the amount 
of output could not be ascertained at the 
stage of crop cutting, the harvesters were 
employed at afixed daily wage rate (upahan) 
or at a fixed payment per certain area har-
vested (pakyaw). The threshing fee ranged 
from 4 to 6% of total palay threshed. 

Details on the two systems were published inJuly 
1979 as IRRI Research Paper Series 31, Changes in 
rice harve.sting .vsiems in Central Luzon and Lagil-
ha. 

From tilyadora to hunusan. Concurrent growth 
of the share-tenancy system and the use of tilyadora 
suggested the hypotheses that the major factor 
underlying the diffusion of the tilyalorasystem in 
inner Central Luzon was the hacenderos' desire to 
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reduce the transaction cost in the collection of share 

rent and that the tilyadora facilitated the conversion 
of the land tenure system from leasehold to share
tenancy. 

The best set of data for testing the hypothesis 
was from recent changes in the harvesting systems 
in inner Central Luzon. If the introduction of the 
til'adora was based mainly on the hacenderos' 
desire to reduce the transaction cost involved in the 
collection of share rent, the system should have 
been abandoned because land reform programs 
converted the share-tenants into leaseholders or 
amortizing owners. 

This was supported by data. The land reform 
operations based on the Agricultural Land Reform 
Code of 1963 (revised in 1971) and enforced by 
Presidential Decree No. 27 after the declaration of 
Martial Law resulted in the demise of rice hacien
das mostly in the 1968-75 period. Corresponding-
K, major changes in harvesting systems occurred. 
Survey data show that the regional distribution of 
harvesting systems in 1968 (Fig. 1)was essentially 
the same as the traditional. By 1978, however, an 
entirely different pattern had emerged (Fig. 2). 

The 	most dramatic change was, as expected, a 
shift from the tilvadora to the hunu.san system. In 
1968, 96% of the sample farmers in inner Central 
Luzon used the tilvadora system; in 1978, how
ever, the percentage declined sharply to 33 (Table 
1). Most farmers shifted completely to the hunusan 
system with hand threshing for both wet and dry 
seasons, or adopted the new system in the wet 
season but used the traditional system in the dry 
season (mixture). 

The shift in inner Central Luzon was not 
uniform. It was most complete in the eastern part 
of the region, especially in northern Bulacan and 
south to central Nueva Ecija, where most farmers 
adopted the hunusan system for both wet and dry 
seasons (Fig. 2). 

In the western part of inner Central Luzon, the 
diffusion of the new system was slower and adop
tion was for the wet season only. In Figure 3, the 
year of shift of sample farmers from the tilyadora 
system to the hunusan system iscompared with the 
year of shift from their tenure status of sharecrop
pers to leaseholders or amortizing owners. Almost 
all observations in the sample from northern Bula
can 	and south to central Nueva Ecija are on the 
45-degree line, implying that most farmers shifted 
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I. Regional distribution of different harvesting systems com- 2. Regionil distribution of different harvesting systems com
nmonly usecdhy municipalities in L.uzon, Philippines, in 1968. monly usild by municipalities in Luzon, Philippines, in 1978. 

Year of shiftfrom tilyadora to hunuson 	 from the tilvadora to the hlusan system in the 
years when their tenure changed.

V oSample observations from northern Nueva Ecija 
o oco and Tarlac are located above the 45-degree line, 

V V o o 0 08 indicating time lags inthe shifts from the tiyadora 
1975 - C 0 to the hunusan system. 

v - ~ A regression equation was estimated with the 
year of adoption of hunutlsan H as adependent vari
able and the year of tenure change T and regional 
dummies (D,, for northern Nueva Ecija and D, for 
Tarlac) as independent variables. The least-square 

1970 	 estimation with the sample of 40 farmers for which 
data are available resulted in 

* 	 20 South-central NuevaEcio Ht = 4.78 + 0.942T + 1.614D, + 4.6060,, R = 0.68 
- and northern Bulacon (8.43) (0.117) (0.587) (0.916) 

0 Northern Nueva Ecija 

VTarlac where the figures inside parentheses are the stan
1965, ,1 , , dard errors of the estimated parameters, and R2 is 

1965 1970 1975 the coefficient of determination. 
Year of change in land tenure status The results of the regression analysis show that 

3,Relation between the year of shift in the harvesting system the intercept is not significantly different from 
and the year of change in land tenure status. IRRI, 1979. zero, and T's coefficient is not significantly differ-
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ent from one at conventional levels. They support 
the hypothesis that the relation between H and T is 
the 45-degree line. i.e. the estimated relation bet-
ween 11 and 7"implies that the shift from tilvadora 
to hunusan occurred as soon as the tenure status 
changed, except for regional time lags. The 
coefficients of 1),, and D, indicate that the shift in 
the harvesting system lagged behind the tenure 
change an average 1.6 years for farmers in north-
ern Nueva Ecija and 4.6 years in Tarlac. 

Because of the geographical affinity to its origin,
the hunusan system first spread out in the eastern 
part of inner Ccntral Luzon and then moved to the 
north and to the west (Fig. 4). The speed with
which farmers in Bulacan and Nueva Ecija shifted 
from the filvadora to the hunusan system after the 
land tenure change may partly be explained by the 
repulsion for tilvadora as a symbol of the exploit-
ing system of the hacienda, 

It was hypothesized that the accumulated frus-
tration of farmers resulted in an overnight switch to 
hand threshing when they were emancipated by 
land tenure reform, 

To test this hypothesis, a regression equation 
was estimated. The dependent variable was the 
time interval between the years of shift from 

GlfnaeGuf)to 

V -the 

Suarco,,, 

-y.In 

Loguna 
Bay , 


4. The pattern of diffusion of the hunusan system. 
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tilvadora to hand threshing (H) and of change in 
the tenure status (T); the independent variable was 
the time interval between T and the year of intro
duction of the rice double-cropping system (M). It 
was expected that the longer the interval between T 
and M, the more clearly farmers would recognize
the inefficiency of the tilvadora system and, thus, 
the shorter the interval betwen H and T. 

The least-square estimation based on the sample
of 26 farmers for which data were available 
resulted in 

(H - T) = 0.504 - 0.846 (T - M), R 2 
= 0.57 

(0.248) (0.113) 

where the figures in parentheses are the standard 
errors of the coefficients and R2 is the coefficient 
of determination. 

The results were consistent with the hypothesis, 
showing the significant effect of the time interval 
between tenure change and introduction of 
double-cropping to reduce the time lag between 
tenure change and the shift in the harvesting 
arrangement. 

From hunusan to gama. Although the hunusan 
system was adopted in inner Central Luzon, it was 
replaced rapidly by the ganta system in the coastal 
region (Table 1). Gama is an output-sharing 
arrangement similar to hunusan, except that the 
employment for harvesting and threshing is limitedworkers who weeded the field without receiving 

wages. In 1968, 83% of sample farms in the 
coastal region used the hunusan sysLem; by 1978 

percentage had declined to less than 50 with the 
spread of the gaina system. 

NEW RICE TECHNOLOGY, HARVESTING SYS-

TEMS, AND INCOME DISTRIBUTION IN JAVA
 

Java the traditional bawon rice harvesting sys
tem, which allowed the sharing of output to all
 
community members has been replaced by the
 
tebasan system, which limits the participation to 
harvesting and reduces the share of harvesters. The 
change is attributed mainly to population pressure
and new technology. A 1978-79 study examined 
the reason for change. Surveys in August and 
December 1978 covered 48 villages in 28 regen
cies, mostly in West and Central Java. 

Shift from bawon to tebasan. In the traditional
bawon system in Java, all community members 



Table 1. Changes in rice harvesting arrangements in Central Luzon and Laguna, Philip.
pines. 1968 to 1978. IRRI, 1979. 

Farmers using given arrangement 

Coastal region Inner 
Total 

No. 

Tilyadora system 0 

Output sharing system: 
Hunusan 20 
Gama 4 

Mixture 0 

Tilyadora system 0 

Output sharing system:
Hunusan 11 
Gama 14 


Mixture 0 

can participate in the rice harvest and receive a 
certain share of output. Harvested stalks are bun-
died and brought to the farmer's house where the 
harvesters receive a share (bawon). The harvesting
is open to everybody and by tradition the farmer 
cannot limit the number of harvesters, 

The baison system has been rapidly replaced
since 1970 by a system called tebasan. In it, far-
mers sell their standing crops to middlemen 7-10 
days before harvest. The middlemen employ regu-
lar 	workers to harvest the purchased crops. The
laborers receive cash wages and use sickles for 
higher efficiency. Harvesting cost is reduced, 

Figure 5 shows the geographical distribution of 
various types of rice harvesting systems based on 
the results of the Java surveys: 

* 	 The traditional baston - everyone can par-
ticipate in harvesting - which is a rather 
exceptional practice today and has been so 
for 10 years. In most cases, baison harvest-
ing ceased in 1968. 

" The system nearest to the traditional concept 
of bavon harvesting as a communal activity 
where harvesting is open only to people in 
the same village. 

" 	 A system that does not limit participants to 
villagers, but imposes a certain maximum 
limit. Villagers who arrive at the harvesting 
site after the number is reached are rejected. 

Central Luzon 

% No. % No. % 

1968 

0 68 96 68 72 

83 3 234 24 
17 0 0 4 4 
0 0 0 0 0 

1978 
0 25 33 25 25 

44 36 48 47 47 
56 8 11 22 22 
0 6 8 6 6 

0 	 A situation in which participants are limited 
to 	 those who received invitations from far
mers (mostly relatives and neighbors). 

0 A system called ceblokan that limits harves
ters to those who perform such tasks as 
transplanting Lnd weeding without pay.

Tebasan was practiced in 18 of the 48 sample
villages. In all thetebasanvillages, the system was 
practiced side by side with the basvon system. Six
teen of the 18 tebasan villages were in Central Java 
(Fig. 5). 

It appears that the distribution of tebasan was 
inversely correlated with the distribution of ceb
lokan. In the sample all the ceblokan cases were in 
West Java; and no tebasan was reported in those 
villages. Ceblokan was most pervasive on the east
em border of West Java. The bawon system that 
coexisted most commonly with tebasan was the 
one open to all but with maximum limits. In Cen
tral Java, more than 90% oftebasan villages prac
ticed it. Farmers had developed the practice to 
reject harvesters above certain limits because the 
growing population pressure had resulted in the 
participation of too many harvesters. 

Control over harvesters. A basic hypothesis 
was that the primary purpose of farmers in adopt
ing the tebasan system was to strengthen control 
over harvesters by limiting their number to an 
optimum level. Such a hypothesis is consistent 
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o Traditional bawon 
0 Open to villgers only 

V Open with maximum limits0 Limited to invitees 

(D Limited to those performing extra servicesT eboson (ceb/okon) 

Change occurredfrom 1968 to1978m
Jakaa 

- ,,... .. --.. i \ TWyV ' i "y'Madiun 

Central Java Jogyakarta 

5. Geographical distribution of harvesting systems in Java. 

with the fact that the tebasan system operated most Table 2.Average number of harvesters employed per hectare 
commonly in the villages where the basson system under various types of the bawon system. Java, Indonesia. 

open with maximum limits was practiced. In those Harvesters employed (no./hal
villages, the control over harvesters seemed less Type of bawon system Non-tebasan Tebasan 
than optimum. Fanner respondents reported that __villages villages 

their maximum limits were 20 to 30% larger than Purely open (bawon) 200 120 
Opn ovilgesony67 190the numbers they considered optimum. In such a Open to vllagr onlyaxmm309 

situation, it seemed reasonable to expect farmers limits 
to be motivated to adopt the tebas ,'tsystem to Limited to invitees 43 80
increase their control over harvesters, The observa- Limited to those performing 67 

tion that tebalsan/ had not penetrated into the ceb- extra services (ceblokan)
 
lokan areas reflected the fact that farmers had no
 
need to strengthen their control.
 

In fact, the average number of harvesters em- years after the introduction of modem var
ployed per hectare with the bawsoni system was ieties;none used the sickle before the introduction 
much smaller for the types characterized by of modem varieties (Table 3). 
stronger control than for the types with looser con- There was insufficient evidence to support the 
trol (Table 2). The difference supported the conjec- hypothesis that the use of the sickle facilitated the 
ture that tebasan was established in the areas spread of tebasan. Respondents in the tebasan area 
where more strict controls had not been established reported almost unanimously that tebasan was 
as a village tradition - in areas with a need for common before the introduction of modern var
farmers to tighten control over harvesting. ieties and the sickle. The fact that the sickle was not 

Modern varieties and adoption of the sick- a precondition for tebasan is clearly shown by the 
le. Survey data indicated that modem varieties data in Table 4. There was not much difference in 
facilitated the adoption of the sickle. Most respon- the pattern of use of the ani-ani and the sickle 
dents reported that they adopted the sickle within 3 between bawon and tebasan users within the teba
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Table 3. Relation between the year of adoption of modern varieties (MV) and harvesting with a sickle. Java, Indonesia. 

Sickle adoption (no.) 
Non-

Below 1970- 1973 1974 1975 1976 1977 1978 adoption Total1970 72 

Yei ofi V .I(,dIot ..n 
B,'lr, 1970 2 2 4 7
1970-72 1 3 3 1 4 121973 2 1 1 1 1 61974 1 1 1 31975 1 1 1 31976 

6 3 1 10 
1977 
1978 1 1 2 

0Nonacdoption 
5 5Total 2 1 12 7 15 7 1 13 48 

san villages, and between the tebasan and non- in the use of harvesting tools between bawon andtebasan villages. In most cases in the area where the tebasan was highly consistent with the observationsickle was introduced, the middlemen let their har- that the use of daily cash wage payment was a rarevesters use both the traditional ani-ani knife and the exception under the tebas in system.sickle. There were cases where the middlemen for- Reduction of labor emiiloyment. The role ofbade use of sickles which, they claimed, increased tebasan in limiting participants in harvestingshattering loss. was 
reflected by the difference in the number of harves-Use of cash wages. Data showed no great dif- ters emr!oyed per hectare between bawon andference in the form of wage payment between the tebasan systems within the tebasan villages (Tablebaivon and the tt'basan systems. In 1978, about 6). The number was smaller in the tebasan system80% oftebasan cases still used the output-sharing irrespective of the choice of harvesting tools.contract (Table 5). Only I of the 18 tebasan cases Labor employment in terms of work hours wasused the system of fixed cash wage per day. also less under tebasan than under baivon.
The fact that there was no significant difference 
 Reduction of harvesters' share. A clear ten-

Table 4. Distribution of sample villages by use of harvesting tools. Java, Indonesia, 1978. 
Non-tobasan Tebasan villagesHarvesting tool villages Under bawon Under tebasan 

used 

No. % No. % No. % 
An'ani 6 20 10 56 7 39Sickle 4 13 2 1 3 17Aniani and sickle 20 67 6 33 8 44 

Table 5. Distribution of sample villages by form of wage payment. Java, Indonesia, 1978. 

Non-tebasan Tubasan villagesWage payment villages Under bawon Under tebasan 
No. No. % No. % 

Output sharing 30 100 16 89 14 78Cash proportional to 0 0 2 11 3 17 
harvest
 

Fixed cash per day 0 0 0 0 1 5 
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Table 6. Average numbers of harvesters and work hours em. much higher levels in the non-tebasan villages, 
played per hectare in the bawon and the tebasan systems in especially with the ceblokan system, than in the 
rebasan villages. Java, Indonesia, 1978. 

tebasan villages. The higher share rates do not 
SUnder 

Harvesting tool Unaewon Difference mean that the wage rates were higher under therasa 

01) (2) 1%) ceblokan system, but that the ceblokan workers 
inreceived the larger amount of wage paymentHarvesters (noIlia) 

Ani-aini 107 103 -4 kind for the larger amount of labor services includ-
Sickle 75 45 -40 ing both harvesting and other obligatory tasks such 
Ani-ani and sickle 110 99 -10 as transplanting and weeding. 

Total 104 91 -12 Decline of harvesters' income. It was 

Work hours (,,o.la) observed that harvesters' share was reduced with 
Ani-ani 544 529 -3 

340 -15 the shift from the baion to the tebasan system.
Sickle 400 

Ani-ani and sickle 497 453 -9 According to th, calculation in Table 9, the share 
Total 512 463 -10 of tebasan harvesters in the tebasan villages would 

have been 10% instead of 8% if their employers did 
not adopt the tebasan system. 

dency for harvesters to receive smaller shares of EFFECT OF NEW RICE TECHNOLOGY ON FAM
output under the tebasan system was observed ILY LABOR USE ON LAGUNA RICE FARMS 
(Table 7). Within the tebasan villages the share of 
harvesters was smaller under the tebasan system. IRRI has collected data from a sample of 45 

The tendency observed from the cross-section Laguna rice farmers 4 times since 1965. The first 
comparison was confirmed by the changes in har- survey was before the introduction of modern 
vesters' shares during the past decade. Table 8 rices. A number of changes in rice farming are 
compares changes in the average shares of harves- shown in Table 10. 
ters from 1968-78 tinder the bawon system with Changes in total labor use. Between 1965 and 
the changes that would have occurred if all farmers 1975, the introduction of modem varieties was 
in the tebasan villages shifted from the bawon to associated with a 31% increase in labor per hectare 
the tebasan system. The comparison demonstrates (Table 11). However, between 1975 and 1978 total 
the significant effect of tebasan in reducing the labor use declined with the increased use of chemi
share of harvesters, although this comparison pro- cals for weeding and machines for land preparation 
vides the uppc,"bound estimates on the impact of and threshing. The decline in labor for land prep
the introduction of the tebasan system. aration was primarily a result of power tillers 

The output shares of harvesters were kept at replacing the carabao for harrowing (Table 12). 

Table 7. The distribution of harvesters' shares under the bawon and tebasan systems. 
Java, Indonesia, 1978. 

Tebasan villagesNon-tebasan 
Harvesters' sharea villages Under bawon Under tebasan 

No, % No. % No. % 

1/5 and above 7 23 0 0 0 0 

1/6 to 1/8 9 30 5 28 0 0 
1/9 to 1/11 12 40 8 44 6 35 

1/12 to 1/14 1 3 2 11 5 29 
1/15 to 1/17 0 0 3 17 5 29 
1/18 or below 1 3 0 0 1 6 

Total 30 100 18 100 17b 100 
Av (%) 13.6 10.0 8.2 

aCash payments proportional to the amount of harvest were converted Into shares, assuming Rp 50/kg 
rough rice. bThe caseof fixed cashwageper day isexcluded. 
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Table 8. Changes in average shares of harvesters from 1968 to 
1978. Java, Indonesia, 1978. 

Average shares (%)of harvesters 

1968 1978 Ofference 

TebMa, villares: 
Under hwot, 11.2 100 1.2 
BassaontotebasaiC 11.2 8.2 3.0 

Nonltebasati vla,les
Cetblokatl 

8 
18.2 16.3 1.9 

Non ceblokan 13.3 11.8 1.5 

Total 15.3 13.6 1.7 
Totfal 

Under hawo,,lb 13.9 12.3 1.6 
Bawon to tehasarfc 13.9 11.6 2.3 

'Share rates vevre adjusted for lenency under the system of anrani cut-
tingarid sharinginbundles, hy assumingthat harvesters' shares are 
hithet by 10,ytinsuch asystem than insharing in threshold form (.agah).
lwswas assumed all farmer sstayed withthe t,awonsystem. Ct was-

sured all farmersshifted from baworr to terhasarr in tebasan villages 
t968- 78.doting 

The reduction in labor for harvesting and posthar
vest activities - although yields increased by 
nearly two-thirds - was due to the introduction of 
the axial-flow thresher in mid-1970s. Although 

mechanization decreased total labor use per hec
tare, the labor required for weeding the modern 
varieties nearly tripled from 1965 to 1975. Since 

1975, weeding labor has declined with the more 
general use of herbicides as these materials have 
become more readily available and as their prices
have fallen relative to that of labor. 

Hired labor and family labor. 'Table 13 
demonstrates that family labor declined steadily 
over the period of the survey, with the most drama

tic reduction in land preparation and weeding (Fig.weeng
6). The reduction in family labor for land prepara
tion was associated with the introduction of the 

Table 9. Estimation of the impact of technological and institutional changes on the shares of harvesters. Java, Indonesia, 1978. 

Value added 

output input Total Farmers' Harvesters' 
Total Current 

(1) (2) (1)- (2) share share
 

Before new technology 
Physical quantity (kg/ha) 3000 120 2880 2580 300 
Output share (%) 100 4a 96 86 10 
Income share %) 100 90 10 

With tew tlchlology 
Physical 1kg/ha) 3530 3210 320Iluantity 4000 4 7 0b 
Output shalt (%) 100 12 88 80 8 
Income share I%) 100 C1 9 

alncludes blnecludes 30 kgseeds,250 kg30 kgseeds,50 kg frrtilizer (equivalent to80 kg paddy), and 10% of fertilizer cost for chemical anti othler inputs. 

fertilizer (Lequivalent to400 kq paddy), and O':.of fertilizer cost for chemical and other inputs. 

Table 10. Changes in rice farming in Laguna, Philippines, between 1965 and 1978. IRRI, 

1979. 

1965 1970 1975 1978
 

Farm size (ha) 2.3 2.2 2.3 2.3 

Rice cropping index 1.8 1.7 2.0 2.0 

Yield (t/ha per crop) 2.5 3.5 3.6 4.1 

Cultivation of modern varieties %) 0 96 100 100 

Owner operators (%) 0 2.2 2.2 2.2 

Leasehold farmers %) 11.1 20.5 60.0 68.9 

Share-tenant farmers %) 86.7 77.3 31.1 15.6 

!ombination of the above farmers %) 2.2 0 . : 13.3 
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Table 12. Percentage of farmers who mechanized land prepara

tion. Laguna. Philippines, 1965-78. 
i 2 Cr' a; U0, 	 Farmers W% 

! " m Operation...
 
U, Ln ' , D
 Or 1965 1970 1975 1978 

470 11 20Plowing
i r Q 	 93U) I C- U) (3 1 CO 	 Harrowing 24 69 89 

- oo o,r-c ' 

Sm o ,power tiller, because the machine is rarely hired 

without an operator. 
In absolute terms, family labor allocated to 

weeding was halved during 1965-78 and currentlym co 
accounts for less than 20% of total weeding labor. 
Confirming observations by IRRI scientists, 

(0, 	 Laguna farmers claim that with modem varieties, 

weeding should be completed within a few days of 

fertilizer application - a task the family is unable 

,6 , r-. 	 to handle. As a result, weeding in 1978, like har
- o, - a L. . 

vesting, threshing, and transplanting, was predo

minantly the task of hired laborers. 

, 

. r--O 11i Operator's labor. The bulk of the decline in 

D family labor is a result nf the substantial reduction 

in the farm operator's labor committed to rice pro

a) N . duction (Table 13). Labor inputs by other family 

"' members are minor and have remained constant 
, , 

o with the introduction of modem varieties. 

I M 1 1 1. Pre- and post-modem varieties production func-COr-O 9 1 
o . .c o , 	 tions, incorporating farm-specific dummy vari

, ables were estimated to examine whether the pro

- n co . ductivity of management had increased as a result 

A O= 
° of the introduction of modem varieties. The 

production functions were:Ewhole-farm 
. ,co ,o , log Y = log bo + b, log X1 + .... blog.X. 

+ b, log 1R 1+ a2D2 1 + . aPni + e. 

.- I 	 wherec t 
C1 0 0 C IJ 0 Cj4 Y = farm rice output, 

I X, 	= days of labor per farm, 
= present value of capital stock,

a.X2= 	 X =expenditure on fertilizer, herbicide, and 
o	 insecticide, 

% X4 = area planted to rice, 
.2IR = proxy for irrigation quality, to reflect the 

T .2 in each'.E 6 .S § o m m 	 different quality of irrigation 
0.T :municipality,1 

lm _ > D. D = farm-specific dummy variables, and 
ej= error term.2 o E Wi -E 

the estimated coefficientsThe bj and ak arej M - ;50e- 
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Table 14. Production function estimating log of rice produc
tion per farm, as a function of independent variables specified 
below (including management).a 

.r 0 ND 
q 

0'0
1 

co 
Independent

variable 
-, 

New 
technology 

1975& 
1978 

Old 
technology 

1965 

Significant 
differences 

between new 
and old 

technology 

C 

E 

.-

0 

0 
Z 

a 

Nr, 
as 

t 
a s 

M C's t,d .. 

C1 IRuo 
6 r v 

0 LOMIf 

to ' 

Log farm size 0.54** 0.46** 
Log capital stock 0.01 -0.1 
Log labor 0.07 0.29" 
Log cash inputs -0.02 0.13 
Log proxy for irriga- 0.06* 0.04" 

gation quality 
Management dummies 0.34+ 0.18"* 
Constant 1.73 0.25 

0.65 0.60 
a..Means significant at 5% level; , significant at 10% level; +, comput. 

edasthe residual. 

X 

= .2 a 

reported in Table 14. From the analysis, it is infer
red that the new technology is significantly moreresponsive to good management and increased capi-

C 

I-0 

a 

n° 

E 
LL 

' 

"(in 
'1 

& 
iChanges 

tal input. 
in farm family income. Average 

annual incomes of the farm family have increased 
real terms) since the introduction of modem 

varieties (Table 15). While real incomes from rice 
production have increased, a substantial proportion 
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Table 15. Average annual income, by source. Laguna, Philippines, 1965 and 1978. 

Current incomed Index of 

Sourc. 1965 1978 real income
b 

- vs 1965 

Rice fa rn1,1q, 182 45 1.048 43 148 
HirIldi IcotIItu:aI wolk 10 2 60 2 5 156 

Nonflat n salar y 74 18 571 24 198 

Nirnlar i sll e'mplonivtt 68 17 206 9 78 

Othi- crops or hw'vstock 63 16 179 7 5 73 
Nonrlabtro incoit 8 2 340 14 1,062 

Total 404 100 2.404 100 153 

k SS1 p 30 h ,1it'fltd hv Colusu-,r Cl!' r - ut, (I Manlda "Net ol paid-out costs, 

Table 16. Allocation of paddy output to factors of production. Farm survey in Laguna, 

Philippines, 1965-78 wet season. 

Paddy output (kg/ha) 

%change 
1965 1970 1975 1978 between 

1965 and 1978
 

Earners
 

Landlord 1073 1257 969 698 -35
 

Hire labor 573 1030 986 1307 128
 

Operator all fainily labor 484 272 207 217 -55
 

O)tratol's i esildual 195 451 848 1126 477
 

CLrrent ilputs 214 519 650 636 197
 

Factors 
Land 1195 1587 1082 901 -24 

l.ain, 

Hidtv 511 854 942 1152 125 

Olterito and family 484 272 207 217 -55 
Operato i's itls ial 195 451 848 1126 477 

Current inputs 153 364 582 588 284 

Total output lkq',hal 2540 3530 3661 3984 57 

of the increment is attributed to salaried nonfann 
jobs and nonlabor sources of income, 

Changes in earnings among factors of pro-
duction. An accounting procedure was used to 
allocate the distribution of rice earnings among 
the direct participants who grew the crop and 
among the factors of production committed to pro-
ducing the crop. This allowed identification of 
which participants benefited from the modem 
technology, and how the benefits were related to 
owners of factors of production and institutional 
arrangements prevailing in a region undergoing 
technological changes. 

The distribution of output among the factors 
contributing to the production of the rice crop are 

estimated in Table 16. Between 1965 and 1978, 
the landlords' share of earnings fell by 35%; the 
decline was attributed to land reform and the far
mers' shift from being tenants to being leasehold
ers. The share of the rice produced accruing to 
hired laborers increased by 128% among earners 
and 125% among factors and the return to family 
labor fell by 55%. However, the operator's residu
al, which reflects the return to his management 
skills and farming resources, increased more than 
400% in the period. The shift in real earnings bet
ween hired and family labor was partially due to 
the gama contract of hired laborers who weed the 
rice in exchange for the right to harvest the crop 
and receive in payment one-sixth of the produce. 
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EVALUATION OF CROPPING PATTERN 0 capital-use indices, and
 
DETERMINANTS 
 * output indices.Cropping Systems Component ofthe Agricultural The spcific variables used with each class ofEconomics Department descriptor-, values, and standard deviations are in 

Table 1.The Economics Co,'imittee of the Cropping Sys- Determinants were grouped according to thetems Working Giroup at a 1978 meeting started level of aggregation at which they were measuredidentifying and testing minimum data sets for crop- and at which they influenced cropping systems, asping systems design. Through cross-site compari- follows: 
son the working group tried to identify relation- 0plot-level determinants,ships between hypothesized determinants of crop- 0farm-level determinants, and

ping systems and attributes of cropping systems 
 0vilhLge-level determinants.adopted by farmers. Variables used as measures of each class ofTo test the methods to be used in the project, determinant, their mean values, and standard devicropping systems on about 15 farms at each of 14 ations are in Table 2.Philippine sites were analyzed and compared. A Relationships between each descriptor of cropframework representing farmers' input-input and ping systems and the entire set of hypothesizedinput-output relationships characterized the crop- determinants were identified by regression analysis.ping systems. Following economics conventions, For example, Table 3 shows the results of linearthe relationships, as descriptors of cropping sys- regressions of a reduced set of determinants on a 

tems, are: 
* land-use indices,
 
" labor-use indices,
 

Table 2. Means and standard deviations of hypothesized deter.
minants of cropping systems on 207 farms at 14 Philippine 
sites, '1979.Table 1. Means and standard deviations of input and output 

Standardindices of cropping systems on 207 farms at 14 Philippine sites, Variable1979.. 	 Mean deviation . . . . .. .et 
Variable Mean 	 Standard Plot level, physical


deviation 
 Topography (0 =-eviation Percentage clay 
flat; 1 = rolling) 0.28 0.45 

Land use 	 33 13
Percentage organic carbon 0.97 0.34Multiple cropping index 148 60 Nlo.most with rainfall > 100 mm 7.5Cropping intensity index 	 2.90.47 0.18 Supplemental irrigation (0 = 

no, 0.27 0.44Percentage area in rice 78 27 1 = yes)Percentage area in grain legumes 5 12 Farm-level, economicPercentage area in vegetables 7 15 Farm size hal 1.53 1.22Labor use 
Parcels (no.) 6.7 10.8Percentage labor hired 55 33 Family members (no.) 5.2 2.2Days/ha, rice 206 412 Adult farm workers in family (no.) 	 2.5 1.6Days/ha, nonrice crop 57 99 Livestock income (S/yr) 49 144Technical inputs Off-farms income (S/yr)Value of cash inputs for rice (S/ha) 	

170 47553 50 Loans received (S/yr)Value of cash inputs for nonrice 	 20 
75 146

37 Value of workstock and equip- 648 736crop (S/ha) 
ment ()Nitrogen on rice (kg/ha) 18 45 Operators' age (yr)= 	 49.6 12.6Variety of rice (0 local; 1 = 0.47 0.34 Operators' years in farming 27.0 14.0improved) 

Operators' years of education 5.7 6.1Production and sale Village-level, economicValue of rice produced (S/ha) 388 594 Man-land ratio 6.0 9.6Vdlue of rice sold (S/ha) 	 30 86 Wage rate for transplanting (S/day) 1.3Value of nonrice crop produced 151 	 1.1
361 Price of nitrogen ($/kg) 0.53 0.08(S/ha) 

Price of rice ($/kg) 0.14 0.01Value of nonrice crop sold (S/ha) 57 139 Transport accessibility (1 = 
easy, 2.50
Rice yield (t/ha) =
2.4 1.5 3 difficult) 
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Table 3. Results of linear regrrision of selected hypothesized cropping system determinants on selected characteristics of cropping
systems, 207 farms at 14 Philippine sites." 1979. 

Land use Labor days/ha Material inputs (S/a) Value products sold 
Deter minant (S/farm) 

MCI vegareain Rice Fc Rice Fc Rice Fc 

Plot hv-l 
% oc 
%clay 
Irrigation 

--46 
0.40 

56" 

6.7" 
0.23' 
3.3 

-160" 
-1.8 

300" 

-29 
1.2"" 

31" 

-420" 
-0.004 

164 

-201 
8.2 

" 

122"" 

-23 
-0.16 
14 

-250 
42" 

645"* 
Farm hlvel 

Farm size 
Parcels (no.) 
Education 

1.4 
-0.41 
1.5"-

-1.8" 

0.26" 
-0.01 

160'" 
0.001 

17" 

1.4 
1.4" 

-1.5 

109" 

4.3" 
9.9"" 

12 

0.72 
-8.9 

8.3' -116" 
0.66 -20* 
1.12 39" 

Village level 
N price 
Rice price 
Wage rate 

190" 
21" 
20" 

-5.3 
11 
0.37 

810" 
-155 

36"' 

100 
56" 
6.7 

120 
-60 

96" 

-3.4 
170"* 
34"* 

45 
-26 

-3.4 

2300"* 
800"* 

89 
Corstant 

Adjusted R2 

-106 

0.47 

-59 

0.58 

494 

0.43 

-382 

0.33 

688 

0.37 

-1074 

0.58 

181 

0.02 

-4562 

0.49 
F 21 33 21 12 16 33 1.6 23 

aMCI multiplecropping intensity (plantedarea farmnsize);Fc 
= 
fieldcrops other than rice; oc ' organic carbon in topsoil. 

selection of descriptors. From the complete analysis tors such as prices and wages were also strongly
of the descriptors and determinants shown related.in Farm-level determinants appeared less
Tables I and 2, supplemental irrigation appeared important.
the most important determinant of characteristics Input intensities were more clearly related to
of rice-based cropping systems, followed by rice environmental factors than output intensity. Thisprice, nitrogen price, farm size, percentage ofclay, suggested that during cropping pattern design, thepercentage of organic carbon, wage rate, number of use of inputs should be closely examined .ortheir fit 
parcels, livestock income, and education. Plot- to the environment. 
level, farm-level, and village-level variables, both 
physical and economic, were among the highest
ranked hypothesized determinants. Number of 
parcels per farm and farmer education appeared
significant in fewer equations than the other inde- Table 4. Relative importance of physical and economic teapendent variables. Farm-level determinants, as a tures of the environment in explaining the characteristics of
whole, appeared less influential than other groups rice-based cropping systems, 14 Philippine sites, 1979. 
ofvariables. Input relationships reflecting land use, Determinant Descriptor coefficients
labor use, and cash use were about equivalently well -%)

explained, with about 65% ofcoefficients appearing Plot-level (physical) Materials use 83
significant in the regressions. Production relation- Village-level (economic) Land use 80
ships were poorly explained - only the amount of Plot-level (physical) Labor use 78 

Plot-level (physi'.al) Land use 73nonrice crops sold appeared to be strongly deter- Village-level reconomic) Labor use 66
mined by the independent variables. Table 4 lists a Farm-level (economic) Cash use 58
ranking based on the percentage ofcoefficients that Farm-level (economic) Labor use 
are significant. 

55 
Village-level (economic) Cash use 50Apparently physical factors measured at the plot Plot-level (physical) Production 42Farm-level (economic) Production 42

level strongly determined the characteristics of Village-level (economic) Production 33
cropping systems, and aggregative village-level fac- Farm-level (economic) Land use 33 
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DISEASE SURVEYS 
CroppingSystems Component ofthe Plant Patho
logy Department" 

Dryland rice-based cropping systems. Rice. During 
the 1979 rice-growing season, sheath blight [Corti-
cium sasakii (Shirai) Matsumoto] was observed in 
two of six fields visited in Batangas Province, Phi-
lippines. Both fields were planted to Dagge, a local 
variety (Table 5). As in 1978, leaf smut (Ent Ionia 
orvzae H. & P. Sydow) waz adso observed in Dagge, 
with infection confined only on lower leaves. 

Maize. No disease was recorded on maize, which 
was intercropped with rice. 

Bush sitao. Fusarium stem and root rot (Fusa-
rium solani f. sp. phaseoli) of bush sitao were 
observed in two fields. 

Wetland rice-based cropping systems. Rice. Bac
terial blight [Xanthomonas or'zae (U & 1)Dowson] 
was observed on IR36 at Tigbauan, Iloilo, in 2 
fields adjacent to an irrigation canal, with 100/c 
incidence and 10-25% severity. Brown spot [Cochlio-
hohs mni'aheanus)(I & K) Drechsler ex Dastur] 
was recorded in a variety trial in Oton, Iloilo (Table 
5). 

In Manaoag, Pangasinan, no disease was re-
corded in farmers' fields. In a transplanted-rice var-
iety trial, however, sheath blight and brown spot 
occurred at low levels. 

Maize. No disease on maize was observed in 
Iloilo. In Pangasinan, downy mildew (Sclerospora 
philippinensis Weston) was prevalent. A ratooned 
field of sugarcane in Caaringayan had a 10% inci-
dence of downy mildew, a possible source of inocu-
lum for infection of maize planted before rice. 

Mungbean. In Iloilo, no mungbean seedling dis-
ease was observed. Powdery mildew (Er vsiphe 
polygoni D.C.), however, occurred as early as the 
bud stage, with infection rating reaching as high as 
9 (Table 5). 

In Pangasinan, Cercospora leaf spot (Cercos-
pora spp.) was observed in a mungbean variety 
trial planted before rice. In mungbean planted 
after rice, 1%Sclerotium damping-off occurred in 
several fields. Powdery mildew with severity rating 
of I (with 1-5% of the leaf area infected) was 
observed on plants at early bud stage. 

IRRIplots. In dryland rice-based cropping sys-
tems at IRRI, 1-5% Sclerotium damping-off oc-
curred on yield trial plots of cowpea, mungbean, 
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Cowpea 	 Sclero- Sclerotium Phytium Powdery Cercospora Cercospora Leaf rust None Sclerotium 

tium damping- damping- mildew (1-5) leaf spot leaf spot (3-9); damping-off 

damping- off (<1%) off (100%); Cercospora (1-3) (1-3) Powdery (1-5%); Fusar

off (1%) Rhizoctonia leaf spot Leaf rust Leaf rust mildew ium stem & 

damping-off (7-9) (1-3) (1-3) 	 (1-9); root rot 

(20%) 	 Stem & (100%) 

root rot 

(5-40%) 

Mungbean 	 Sclerotium Cercospora Powdery Pe-vdery Powdery Powdery Powdery Cercospora Cercospora lea' 

damping-off leaf spot (-); mildew (7- mildew (5- mildew (3- mildew (3- mildew leaf spot spot (5-9); 

(< 1%); Cer- Mosaic (-) 9); Cercos- 9); Cercos- 7); Cercos- 7); Cercos- (9) (5-9); Powdery 

cospora leaf pora leaf pora leaf pora leaf pora leaf Sclerotium mildew (-); 

spot -) spot (1-5) spot -) spot (1- ) spot (1-5); damping-off Sclerotium 

Sclerotium (< 1%); damping-off 

damping-off Powdery (1-5%) 
(20-70%) mildew (1) 

None 	 SclerotiumSoybean - Sclero- - Rust (-) 

tium 
 dampinn-off 

damping- (50%); Rust 

off (>50%) (3-7) 

Peanut - Mottle - Black spot Rust (5-9) Black spot Black spot Mottle None
 

(20%) -}; Mot- 1-3); Leaf (1-3t; Leaf ()
 

tie (-) rust (1-3); rust (1-31;
 

Mottle (10%) Mottle
 

(10%)
 

Bush sitao 	 Fusrium - - - Fusarium
 

stei & root stem & root
 

rot (90 ); Scle- rot (5-10%)
 

rotium stem
 

& root rot
 
; (1%) 

C 

z Sweet .. .. None - - Scab (100%) - None - -

L) -"ltato 

< - A .,;indicates either no data taken or no crop grown at the site. A dash enclosed inparentheses indicates no disease ratingrecorded. Cropping pattern, research-rtanaged. and farmers' fields were used in the 
survey; item in parentheses represents incidence if in %and severity if figures alone; incidence based on the ratio of infected plants to the total population x 100, severity on the following: 

tlt Disease scale: Leaf spot (\,leaf area affected) Powdery mldew ( leaf area affected) Leaf rust (intensity of pustules) Sheath blight (stem area affected) 

1 <1' 1-5,o light lower 1/4 
"0 3 1-5 5-25 moderately light 1/2
X 5 5-25 25-50 moderately heavy 3/4 

7 25-50 50-75 heavy whole stalk
 
9 > 50 > 75 zevere with stem rotting
 

bonly the field of Plant Pathology-Cropping Systems and Multiple Cropping Department considered.
 

00 



and bush sitao planted after rice where zero tillage requirements, with the monthly rainfall require
was used for crop estab'Ashment. Two weeks later, ment of the rice crop assumed to be 200 mm or 
stem and root rot were apparent only on cowpea. more, and that of dryland crops grown before or 
Based on disease incidence, Vita 3, TVX 289-46, after wetland rice in cropping patterns, to be 100 
and TVX 1836-19E appeared resistant, and PI mm or more (1977 and 1978 annual reports). In 
339587 and TVX 1836-187E susceptible. Micro- 1979, cluster analysis as an alternative to classify
scopic examination of the infected plants and iso- ing stations on the basis of preestablished criteria 
lation of pathogen from disease tissues revealed the was applied to data from 58 Philippine weather 
presence of Fusarium sp. A succession of soil- stations. The primary objective was to formulate 
borne pathogens occurred from one crop growth classes of rainfall patterns and determine into 
stage to another in the trial plot. S. ro/fsii,observed which of them cropping systems research sites at 
during the seedling stage, was followed by Fusa- IRRI and in Iloilo, Pangasinan, Batangas, and 
rium sp. during the early bud stage. Cagayan would fall. 

Mean monthly total rainfall and mean number 
WEATHER PATTERN CLASSIFICATION ofrainy days per month for all months were used in 
Multiple CroppingDepartment the cluster analysis. Monthly mean temperatures 

for January, May, and September were alsoIn earlier climatic analyses, classification criteria included to obtain differentiation for months in 
were determined on the basis ofgeneral crop water which temperatures are generally extreme (Janu

0o
 

pffE Oc b0, >0C00
*O-o c .00.o.2 

~~~~5 5b r~e ~a 

E o 

I. Cluster map of 58 Philippine weather stations, with total monthly rainfall, number of rainy days per month, and mean
January, May, and September temperatures as classification variables. 
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classesswereadefsnedanntobwhicha54 ofithe weather5mm* Classes 4 and 5 had seasonally dry periods,tation wer placedH(Fdig. . Figurean2. giv The distribution of thesethelwg Bcas of II classes generallyhalow mesaonrwithamean otalcrainfaland 5-6 months of rainfall between 200 and corresponded to the distribution of wet- and dry350 mm. month classes on an agroclimatic map of the Phi* Classes 6 and 7had short dry seasons and wet lippines (1977 annual report).
seasons of 7-8 months with rainfall between Classes 4, 5, and 10 had rainfall patterns that200 and 350 mm/month. Class 6 was dis- appeared suitable for rai".fed wetland rice-drylandtinctly cooler than Class 7. crop patterns. Class 4 was further divided into 

_____________subclasses 4a and 4b, class 5 into 5a and 5b.1Barr, A. J., J. H.Goodnight, J. P. Sall, and J. T. Helwig. A Because of low wet season rainfall, subclass 4ausci's guide to SAS 76. SAS Institute, Inc., Raleigh, N.C. appeared to have less potential than 4b for pattern 
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intensification. Subclass 5b had lower peak rainfall 5o/3ds 8daysoci<2,mi/day
and more months with rainfall between 100 and Dy- ufspone MJeimcrsoo 
200cm than subclass 5a. Classes 4b, 4a, 10, and I1IwUP,, C,r 
formed a continuum of rainfall patterns in which 
the major difference was the meai. July-August-
September rainfall. The July-September rainfall 
was 630 mm for class 4b, 800 mm for 4a, 1,120 mm 
for 10, and 1,430 mm for 11, suggesting that 
rainfed rice crops schedu': during this period 
would likely be more adequately supplied accord
ing to the ranking I I> 10 > 4a > 4b. 

The inclusion of the three monthly temperature 
means added some insight into the classes but was 
not decisive. The means could have been uwed to 
separate stations after a cluster analysis using only 
rainfall. The temperature variables appeared to 
separate class 6 from class 7, and lba from Baguio. 
Figure I shows that class 6 was combined with 
class 7, and Iba was combined with Baguio just 
below the dashed line. Within class 6. Basco 
remained separate from Malaybalay and lmpasu
gong, until slightly above the dashed line. Basco 
has a cool dry season whereas Malaybalay ;--d
lnpasugong, which are in the south, are cool 
throughout the Year because of high aititude, 

TARGET-AREA DEI.INEAI ION 
Mutiple Cropping I)epartimen 

The cropping patterns and associated component 
technologydeveloped at a research site are believed 
to be agronomically adapted toa largertarget area. 
In 1979 amethodological approach was developed 
to determine limits of the target area. 

Studies in the Central Luzon Valley identified 

areas with physical conditions similar to the 

Manaoag cropping systems research site. The 

study examined rainfall patterns, soils, and irriga-
tion. Data for the area were obtained from the 
Bureau of Soils, the National Irrigation Adminis-
tration, and the Philippine Atmospheric. Geophy-
sical, and Astronomical Services Administration. 

Dry-seeded rice (DSR)-transplanted rice (TPR)-
mung and DSR-mung were the main patterns for 
which areas of adaptation were sought. The field 
durations of these patterns, and of a DSR-ratoon 
rice-mung pattern are shown against the mean 
monthly rainfalls for two stations at the bottom of 
Figure 3. 

As an initial approximation, the area considered 
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3.('oriand fichld rainiall for 

in the study was bounded by the Lingayen Gulf to 
the northwest, and the 100-m elevation at the foot
hills of mountains to the east, north, and west. No 
preliminary physical boundaries to the south were 
set. 

Rainfall patterns: area similarities. Whereas 
probabilities for dates of monsoon onset and 
retreat may be empirically determined, extrapola
tion of the probabilities over comparatively short 
distances within the area of study was questioned 
because of spatial gradients in rainfall pattern. The 
two transition periods April-June and October
l)ecember drew the most interest because the 
distribution of rainfall during those periods affects 
intensification of cropping patterns by extending 
crop production periods. 

Although record lengths were extremely short 
for most analytical purposes, rainfall totals for 
sequential 10-day intervals during the transition 
periods were compared to provide a basis for pre
liminary judgments about extrapolation. In com
paring stations with Manaoag, it was assumed that 
if factors causing transition-period weather distur
bances were similar over the area, the pattern of 
showers and rainfall totals would be similar, but 
rainfall would not necessarily occur on the same 
day or even within 2 or 3 days. 



Short-term rainfall records from 18 observationstations in the study area were used to determinesimilarity of transition rainfall patterns. Fr thedry-wet transition, rainfall totals for 8 successive10-day periods, starting I April each year, whenpooled over 4 years. gave 32 data pairs. For thiewet-dry transition, rainfall totals for 8 successive10-day neriods, starting 1October, were pooled togive 32 da.- pairs. As the first step in the analysis, a
regression model was used to summarize the rela-tionship between rainfall values at paired stations. 

The regression model was: 
,= tX, 

where X,, was rainfall at Manaoag in thejth periodof the ith year and Y,, was rainfall at the pairedstation for the corresponding period and year. Theb, and R2 from the regression models were used incluster analysis to group stations that appearedsimilar to Manaoag in transition-period rainfalldistribution. The coverage of years was limitedbecause data for only 4 years were available forManaoag and, in many cases, for other stations.Preliminary regressions showed that, when leftincluded in the computations, periods ofhigh rain-fall total produced high R2 for all station pairs.
When pairs of high values were deleted, R2s 

qH-. 

V Hydrowetstcrtwr 

Snmlardy-et 
a ,',/Smb we-dry 

A-

decreased most appreciably for stations far fromManaoag. Tropical cyclones were the main sourceof high rainfall, and because these systems coverlarge areas, all stations received heavy rainfall inthe same period. Because interest was in similarities in rainfall patterns as affected by local factorsthat promote convective rain cloud development,periods with rainfall exceeding 200 mm for eithermember of a pair were deleted in the final computa
tions. 

The As estimated for ths model were regarded 

as indicating the average correspondence on rainfall totals over periods within years, and the R2
were regarded as indicating the degree of corres

s 
pondence in totals over all periods.
Three separate clusters 
were identified for each
transition period. For each transition, one cluster
was regarded as distinctly similar to Manaoag, and
another cluster as 
distinctly dissimilar. The third
cluster fell between the similar and dissimilar. One
station did notjoin any cluster and was regarded as
nonconforming. For both transitions, cluster numbers were mapped, and boundaries between similarand dissimilar areas were located. The net resultwas a map showing areas similar to Manaoag during both transitions, and similar in only one of the

transitions (Fig 4). 

~ u 

Inj,. C" 

4. Areas with dry-wet and wet-dry transitions similar to those of Manaoag, Philippines. 
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a map showing areas similar to Manaoag
during both transitions, and similar in only one of 
the transitions (Fig. 4). 

Rainfall patterns:annual recurrences. Empirical 
probabilities of selected rainfall variables during
the transition periods would help judge the likely
performance of cropping patterns over years, and 
aid in designing and testing potential replacement 
patterns. 

7he dr''-wet transitionperiod. During the dry-
wet transition, moderate rainfall within asequence
of 3 or fewer days produces a soil surface that is 
moist. Isolated light rains do not infiltrate the soil 
profile, and are quickly evaporated. Assuming that 
at least one 30- to 35-mm shower would fall in a 
3-day period and that it would effectively moisten 
the previously dry soil. and that about 70% of the 
rain from other showers during the 3-day period
would be lost by evaporation, leaving a total of 
30-35 mm stored in the soil, a rainfall total of 50 
mm/3-day period was set as the lower criterion. 

Because it was judged too difficult to discrimi-
nate between occasional periods of heavy showers 
in an otherwise dry period and a fewdaysofheavy 
rains in protracted rainy period, and too risky to 

Return period (yr 
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20

10 0I0

8 

6 

4

0 100 200 

assume the latter, no upper limit was established. 
The expected frequency, in 2 or 3 days during

the interval when a dry-seeded rice crop would be 
established, ofrains totaling at least 50 mm/3 days 
was to be determined. 

7he wet-dry transitionperiod.By assuming that 
only 25 mm rainwater could be safely stored in the 
0-30 cm layer, that 20 mm could be stored in the 
30-50 cm layer, that no significant amount ofwater 
would infiltrate below 50 cm, and that 5mm would 
be lost by evapotranspiration each day of the 3-day
period, any rainfall above 100 mm/3 days would 
have to fill macropores or be stored on the surface,
leading to crop damage. As criteria for the late 
wet-monsoon period. 25 and 100 mm/3 days were 
used. The former isa level set in view of moisture 
requirements for emergence and the latter isset in 
view of the damaging effects of a brief period of 
heavyrainsonasoilthatispartiallydepletedinthe 
root zone but near saturation below 50 cm. 

Approximate piobabilities for key transition 
period variables were determined by recurrence 
analysis. Long-term records from Cabanatuan 
(1950-78) and Dagupan (1949-75) were used for 
the analyses. Probabilities were calculated from 

S1-16 May

131 May - 15Jun
 

300 400 500 
Maximum 3-day rainfall (rm) 

5. Return periods for maximum 3-day rainfall totaLs from -- 16 May and 31 May--15 June. Dagupan, Philippines. 
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Table 6. Return period plotting poi its for several Cabanatuan (Philippines) weather variables. 
Return Ranked max rainfall total (mrn. for 1 and 3 days, Ranked max rainfall total (mm) for 1 and 3 days,peiur dry-wet transition wet-dry transition 

(yr) 1- 16May 1-31 May 1 May-l5Jun 15Oct-30Nov 1-30 Nov 1 Nov-15DecI day 3days Iday 3days 1day 3days ida-y 3days day 3days day 3days 
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30.00 139 169
100 126 226 
 583 526 600 
 231 306 145 
 183 145 183
 

the Weibull plotting formula: tropical cyclone rains. The drift was most noticea-

W m
+ I ble for the longer, later dry-wet transition data, as

illustrated by the contrast in Dagupan points for1-15 May and 31 May-15 June (Fig. 5). Plotting thewhere m is the rank of observation (in descending log of rainfall for the I May- 15 June data made theorder) and n the number of years of observations. relationship more nearly linear. Because of theRecurrence diagrams were constructed using rou- nature of rainfall patterns in the area, subsequenttine plotting procedures, interpretations for cropping patterns in both theComparisons ofmaximum 1-, 2-, and 3-day rain- drv-wet and wet-dry transitions were based onfall totals showed that there was little difference 3-day totals, which were more meaningful agrobetween point positions of 2-ai.d 3-day totals. The nomically than a I-or 2-day total. Moreover, the2- and 3-day totals fell to the right of the I-day differences bctween 1-, 2-, and 3-day totals weretotals, reflecting the accumulation of rairnfall dur- small at the lower end of the rankings, making theing the passage of tropical cyclones. The lower agron amic significance ofa choice among 1-, 2-, orpoints tended to follow a straight line, but the 3-day totals rather unimportant in the low range.higher points drifted to the right, suggesting the Table 6 contains the Cabanatuan plotting pointsinvolvement of two distributions, one for the fre-quent but relatively liblt iransition-period showers 
for: 

* maximum 3-day rainfall totals for 1-16 May,and another for the infrequent but relatively heavy 1-31 May, and I May-15 June and 
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Return period plotting points for several Dagupan (Philippines) weather variables. 
Table 7. 	 for 1 and 3 days,Ranked max rainfall total (mm)

1 and 3 (lays.Ranked max rainfall total (mm) for 
wet-dry transition 

li w it tianSiti...o.
Re-, ii y 	 3 0 1 Nov-15 Dec 

- 16 May 1 31 May 1 May-15Jun 15Oct- Nov 1-30 Nov 
period 1 	 __y"_a_3_a_1ay 	 3 (lays1 day(yr) 

1 dy 3 days 1 dy 3 (lays 1 (lay 3 (lays 1day 3 (lays 1 (ay 3 days 
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239 68
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on domi
15 Soil te'ture. Four soil classes based 

3-day rainfall totals for 
e maximum nant profile texture were formed: 

October-30 November, 1-30 November, and I 
fine sand (Is), or 

I. .ight - soils with sand (s), 
December. The correspondingNovember-15 loamy fine sand (ifs) as dominant texture. 

Dagupan are shown in
plotting points for 	 - soils with sandy clay loam 

..Medium light
Table 7.2 (scl), clay loam (cl), or loam (I) as dominant 

Soils. To determine the distribution of soils sim-
texture. 

ilar to those in Manaoag. physical descriptions and 
soils with silty loam (sil),3. Aedium heav' 

analytical data of soils in Pangasinan. Tarlac, and 
silty clay loam (sicl), or clay loam (cl) as dom-

Nueva Ecija provinces were obtained from 
inant texture.and soil studies con-reconnisance-level land 	

soils with silty clay (sic) or clay (c) as
4. Iheavy

ducted by government agencies. Selected physical 
major soils dominant texture. 

and chemical characteristics of the 	 classes were estab
)rainage. Four drainage 

found in the three provinces are shown in Table S. 
with lished:were comparedThe descriptions and data 	 soils with no impedimentI. Well to excessive 

those for the Manaoag cropping systems research 
to internal drainage throughout the soil pro

site. Three soil properties dominant soil texture 
file, and generally brown to very dark gray

in the profile, drainage class, and organic matter none to fewbrown surface soil colors with 
used to construct soil suitabilitywerecontent mottles that have high chroma. 

groups for rainfed wetland rice-based cropping 	
soils with some internal-2. Moderately,ssell 

systemns. 

1979390 IRRI ANNIAl. ItlR), I i I-i 



Table 8. Description and analytical data of soilsin Pangasinan Tarlac, and Nueva Ecija, Philippines.' 
Soiltype. Domniant Color.. .. 
 .... 
 ...... 
 ..
S l P...o.I~ofletetueSurface r..iltCB-hotizon. Mottles Drainageclass* OMCy(,)
 

Anqeles Isl sil Gray bown Gray Few Well to 79 02 
Antam cl Brownsic Annat rownGrayexcessivecl sic Gray AbundaitBantog ci c Poo' 6.5 1.8Very dark gray Grayish brown AbundantBanlol sI Poor 6.2cl 2.0Brown to lark Dark brown to Few Poor 6.0 1.5 

brownLa Pai fs fs light brownGray browr Gray
La Pa; fsl Few Well 6.2 0.1Dark gray Dark gray brownLuisita fs sl Few Well 6.0 1.0Dark brown 
Luisita fsf None ExcessivesOf Very clarkgray Light gray 

- 0.2
None Well 6.9 1.8Luisita sl scl Dark gray brown Dark gray brown Few ModerateMaligaya cf 5.5 1.2c Dark brown to Dark brown to Few Poor 5.6 1.8 

Maligaya sil brown light brownsicl Dark brown to Light brown to Fewbrown Poor 7.0 1.8 
Quingua sicl gray brownsicl Dark topale brown Dark topale Few Moderate 6.3 1.7 

nu iQuintua s Iarbrown Dark gray FewSan Fabian ci cl Well 5.8 2.5Gray Brown FewSan Feinarclo c c Pool 5.0 20Dark gray Dark brown AbundantSan Manuel cl c Very po,! 6.8 1.5Very (lark gray Dark topale Few Moderate 7.3 1.2 
Sain Manuel fsl Ifs Brown -
 NoneSan Manuel sicl sicl Well 6.0 1.8
Brown to(lark Brown todark Abundant 
 Very pool 60 1.6 

brownSan Manuel sil brownI Very (lark gray Gray brown rew Very poor 7.0 1.2 
Tar lac cl browncl Dark gray Grayish brown Few PoorTarlac scl 6.3scl Very lark gray 1.5Dark gray brownbrown] Few Modlerate 6 5 1 2
 
Umingan sil 
 siO Dark gray Brown AburdaitZaiagoza c C Very soot 6.5 2.0Dark gray Grayish brown Abundantafs~
line sandy loam, ci clay loam, Is.fine sand. 

Very poor 5.4 2.4s - sand, sici silty clay loam, scl sandyclay loam, c clay, I loam, sil silty loam, sic silly clay 

drainage restrictions due to a slowly permea- the surface for an extended period, because ofble layer or a moderately high water table layers that tend to drastically ieduce percoladuring the wet season, seepage from higher tion or low landscape position or both. Theland , or a combination of these conditions, layer may be a hardpan. a clay pan, or a highSurface soil colors range from very dark clay horizon relatively close to tilesurface.brown to very dark gray brovn. with few dark The dominant surface color is dark gray withred-brown to yellowish-brown mottles, prominent clear yellowish-red mottles.3. Poor- soils with fine texture, formation ofa Organicmatter.Soils were classified into threeclay pan or hard pan, high water table at or organic matter classes: near the surface during the rainy season, or 1,Low, < VI seepage from higher ground, or a combina- 2. Medium, l-2("
tion of these conditions. Surface-soil color 
 3. High,> 2(V,ranges from very dark brown to very dark Organic matter content was usedgray. to make
adjustments in the classification of some soils that4. Verirpoor soils with a water table at or near did not seem to fit the suitability classification on 
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Table 9. Suggested cropping patterns for suitability groups in 
rainfed conditions in Pangasinan, Tarlac, and Nueva Ecija, Phil-

ippines! 
SuitailitySuggested i-P-- -.... . .. .... . ... . 

Suitabilityp Slsa patternb 

-........
............ .. .
 
Upland crops

1 Luisita s,La Paz fs, San Manuel 

fsl, Angeles s 

2 Ouingua sil, La Paz fsl DSR-peanut 

Angeles fsl,Quingua I GC-TPR. 
mung 

3 Luisita sl,Luisita fsl DSR-peanut 
Tarlac scl,Quingua sicl GC-TPR-

mung 
4 Tarlac cl,San Manuel sil, DSR-mung 

San Manuel sil, San Fernando cl, DSR-ratoon 
Annam cl,San Fabian cl, mung 
Maligaya sil, Maligaya cl, 
San Manuel cl,Bantog sil 

5 Urmingan sil, Bantog cl 
San Fernando c, Zaragoza c, DSR-TPR 
Prenza sil 

af=f-----esad,-fin sandyloam s nd,-itsl oam, -=oam, 
= 

sci sandyclay loam, sicl - silty clay loam, cl -clay loam, c clay.bDSR = dry seeded rice, TPR n transplanted rice, GC green corn 

dmarzedl 

the basis of texture and drainage characteristics, 
For example, Quingua sil, with loam as the domi-
nant profile texture, would normally be placed 
with other soils of medium-light texture and well-
drained profiles. Because the Quingua si! had 
higher organic matter content than other soils in 
the group, it was moved into a moderately well-
drained suitability group with medium-to-high 
organic matter content and medium-heavy soil 
texture, 

Suitability groups for each soil are shown in 
Fable 9. Not all combinations of texture and 
drainage are represented in the groups. A heavy 
textured soil with good to excessive drainage and 
light-textured soils with poor drainage were not 
found. In suggesting cropping patterns adapted to 
the suitability groups, a rainfall distribution similar 
to that in Manaoag was assumed --- 3-4 wet 
months of not less than 200 mm rainfall/month 
and 5-6 dry months of not more than 100 mm. 

Suitability group / - light textured, well to 
excessively drained soils that do not accumulate 
water, even at the peak of the wet season. These 
soils are not suitable for rice-based cropping sys-
tems. 

Suitability group 2 - medium light-textured, 
well-drained soils that require a long period of 
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rainfall to become fully recharged before they 
remain saturated or flooded during the peak of the

h heanstrtdo lodddrn eko 

rainy season. in this group, DSR (IR36) can be
planted between late May and mid-Jutie. Toward 
the end of the wet season, mungbean (or peanut) 

can be planted after a deep, rough plowing to 
increase infiltration capacity. 

Suiiabilit'r group 3 - medium, light-textured,
moderately well-drained soils that flood earlier 
than soils in group 2. Although the same pattern 
described for suitability group 2 is suggested for 
this group, peanut planted shortly after rice harv
est risks damage by late heavy rains. Rice crops in
 

Group 3 should be subjected to less drought stress 
than those in Group 2. 

Suitability group 4 - medium heavy-textured, 
poorly drained soils that flood earlier and remain 
excessively wet for dryland crops, compared with 

suitability Group 3 soils. The suggested basic pat
tern isDSR-mung but a variety with a duration 

somewhat longer than that of IR36 could be used. 
If the DSR crop is established early and a good 
stand is obtained, a ratoon crop can be grown 
while the field is too wet to plant mungbean. 

Suitability group 5 - heavy-textured, poorly 
and very poorly drained soils that remain too wet 
for dryland crops for a long period. Furthermore, 
heavy, poorly structured subsoils will often be 
unfavorable for the extensive root development 
important to dryland crop production. A double
rice crop pattern can be planted on these soils, with 
the first crop planted in late May, after early rains 
have soaked the surface 20-30 cm. For the second 
crop, 34-day-old seedlings should be transplanted 
into puddled soil. To assure early DSR planting 
the following year, fields should be rough-plowed 
after TPR harvest. 

The distribution of the soil suitability groups is 
shown in Figure 6. The boundaries on the map 
represent the predominant suitability group within 
the enclosed area, but other suitability groups will 
be found within the same area, sometimes iii high 
proportions. 

Irrigation systems. Because they affect field 
water regimes, water deliveries in irrigation sys
tems were compared with typical field schedules of 
cropping patterns for rainfed and partially irri
gated crops at the Manaoag site. At Manaoag, 
irrigation was necessary to obtain moderate to 
high TPR and mungbean yields in the DSR-TPR
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6. Soil suitability groups in the North Central l.u/on Valley. Philippines. 

mung pattern. In the DS R-mung pattern, satisfac- available data, the percentage area that culid be 
toryyields of both crops were achievable with rain irrigated, assuming one of three water delivery 

alone as water source but irrigation assured a high rates (1.0, 1.3, and 1.6 cma/ha per day, which corres

mungbean yield potential. pond to rates of 1.15, 1.50, and 1.85 liters/ sec per ha), 

The objective of the irrigation component study was calculated on a monthly basis for each of the 
was to identify irrigation systems with regimes sim- major NIA systems. The systems grouping was 

ilar to the Lipit-Pao communal system regime, based on delivery pa'terns: 
which delivers water from June to December, but Group 1- Upper Pampanga River Irri

with the September-December deliveries becom- gation System (RIS), Districts 1,2, and 3 
ing progressively less reliable. Data on command Group 2 - Camiling RIS, Agno RIS, 
areas and monthly delivery rates were obtained San Fabian RIS, and Domuloc (extension 

from the National Irrigation Administration (NIA) of San Fabian RIS) 
and provincial irrigation offices in Pangasinan, Group3-TaracRIS, AmbayoainRIS, Dipalo 
Tarlac, and Nueva Ecija. (extension of Ambayoan RIS), and Lower 

Major gravity systems. The NIA. operates 7 Agno RIS. 
major gravity irrigation systems in the northern The percentages of area served by the water 
portion of the valley, covering a potential area of system are shown as seasonal water-delivery pat

133,000 ha (Table 10). The aras cxvaed by llhe terns in Figure 8.
 
seven NIA systems are in Figure 7. O ,thae b i of Topographic, soil, and water table factors will
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Table 10. National irrigation systems in the northern portion 
of Central Luzon Valley, Philippines. .. 

Irrigation system Province Commandarea area (ha)(ha) 

Upper Pampanga River Nueva Ecija 24,300 
District 1 

Upper Pampanga River Nueva Ecija 25,080 
District 2 

Upper Pampanga River 
District 3 

Nueva Ecija 5 , 17 0b 

Camiling River 
Tarlac River 

Tarlac 
Tarlac 

4 ,6 3 0b 
8,010 

Agno River 
Ambayoan-Dipalo River 

Pangasinan 
Pangasinan 

18,510 
6,400 

Lower Agno River Pangasinan-Tarlac 9,450 
San Fabian River 

Total 
Pangasinan 4,170 

105,720 
aSources: National irrigation Administration evaluation reports and 
working maps. bApproximate portion within the map boundary 

modify water regimes that are otherwise deter
mined principally by irrigation deliveries, and, 

therefore, lead to local deviations from the predominant patterns adapted to the area. Likewise, 

socioeconomic factors will determine the compar

ative advantage of other patterns (particularly the 
upland crop component) and also cause devia
tions. 

Communal and other smallsistes. In addition 

to the NIA gravity systems, more than 350 small 
systems operated in the area, mostly on a commu
nal basis and each generally covering less than 300 
ha. Data available on the annual water delivery 

pattern of the small systems were meager, and the 
actual service areas not accurately determined. 
Nevertheless, the total area covered by these sys
tems was about 70% of the area covered by the 

Irrigated areas 
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Luzon Valley, Philippines. 
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Valley. Philippines. 

large systems. Most of the small systems derived 
their water from streams and small rivers, andwere 
rainfall pattern dependent. Most were expected to 
behave like the major system in Group 3, and the 

DSR-mung pattern was likely to be best adapted 
to most fields, and the DSR-TPR-mung pattern 

an alternative for a small percentage of fields 
located close to water sources, 

Irrigation coverage for large and small systems 
totaled about 175,000 ha. Deducting the area 

covered by Group I from 175,000 and assuming 
2tW4 of the remainder as fully irrigated gave an area 

of about 90,000 ha covered by partial irrigation, 
Annual water-delivery patterns in the major sys-

tems and the strong reliance by communal systems 
on rainfall patterns suggested that in many sys-
tems, water would be in short supply during transi

tion from the wet season to the dry and during the 
early dry season, and unavailable in all fields 
except those close to water sources throughout the 
dry season. 

Under such seasonal water regimes, farmers 
cculd findthe DSR-mungpatternaviablealterna
tive to single rice crops now grown where water is 

not delivered beyond late September, and the 
DSR-TPR-mung a viable alternative to two TPR 
crops grown in areas where water isdelivered up to 

December or January. 
The 1979 approach to target-area determination 

was not objectively tested but it appeared to be a 

sound initial approximation. Use of the procedure 

was started for target areas for the Iloilo site and in 
the Cagayan Valley (Solana). 
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Cropping systems program 

Design of cropping patterns 
MIultiple Cropph l)partnientand Cropping '.rteinsCoinpone'ntof the Entomolog.r 
Department 
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A SECOND RAINFED WETLAND RICE CROP Table 1. Yields of double-crrpped rainfed rice in Iloilo, centralMultiple Cropping Department 
Ph'lippines, 1975-78.! 

The double-cropping ofshort-duration varieties inop year 1st crop Yield (f/ha) 2dcropwetland rainfed areas of central and southern Phi-
lippines has proved 

1975 4.3 4.4viable but production of the 1976second crop has been 4.9 2.2lower and more variable 1977 5.2 1.5(Table 1). Table 2 illustrates a variability in yield in 1978 5.3planting-date experiments in both a drought year 
3.7 

(1977) and a more normal year. Not only was 1977 a aFrom the Philippine Bureau of Plant Industry-lnternationalsearch Institute cropping systems outreach site. Rice Re.
drought year but the first crop was also planted latebecause of a delayed onset of rains. Yield loss dueto late planting ranged up to 140 kg1' ha for each day
that planting was delayed. A further penalty of late 
 Table 2. Effect of planting dateilo, Philippines, 1977 and 1978 crop years. 

on grain yield cf IR36 in Iloplanting was declin ing retu rns to nitrogeno us fer- tilizer application (Table 3). 
. .. yield.. 

Planting date" Grain yieldlt/ha)In 1979 a crop simulation was assembled from 3 - Plateau Pla:,iyears of crop and soil water data. Figures I and 2
give examples of the water balance for two sites 

1977 Platau a 
192 cN 1.2aduring the 1978-79 trials at Iloilo. The simulated 16 Nov 

0.2a 
0.0 b 0.0 bvalues were generated from field data for cach ofthe components in the equation: E97lEarly planting

SW =SW,.+ RF-E -SP+CP 115 SepSep 3.4a 4.2 bb 
2.9 abwhere SWis soil water measured as depth ofstand- 3.2 c

2Oct c
2.8 abing water on volumetric soil moisture in tLe top 30 

4.0 bc 
14 Oct 2.3 b 5.0 acm of the soil profile and RF is rainfall. 18 Oct

Late p/aat ingE7, is actual evapotranspiration equal to maxi- 2.3 a 4.204Nov mum evapotranspiration 1.9 a 4.0 awhen standing water is 12 Novpresent. Measurements taken from tank lysimeters 
0.7 b 2.5 b 

30 Novindicated 
0 0.0 can average crop factor, against class A of valuesPor each yearby LSD,for early and late plantin.blnfected by leaf scald. CFioodpan evaporation 5';, level. in either column, separationof 0.9-1.0. When damagedthe soil was shortly after planting.below saturation, evaporation was treated as a


fraction of the maximum according to the amount
of coil moisture remaining. At the sites the rate of SP is seepage and percolation, treated as a conactual evapotranspiration fell below that for max-

imum evapotranspiration stant 0.5 mm/day for simulation purposes, but in
when the soil was just reality fluctuating between -3.5below saturation in the clay soil, but started its 

mm/day and 3
rm/day. The fluctuations in seepageand percoladecline at a lower soil moisture for the lighter soil tion values were(Fig. 3). resolved by measuring the two

factors separately through dike seepage and perco-


Table 3. Effects of plating date and rate of nitrogenous fertilizer on grain yield of IR36. Iloilo, Philippines, crop year 1978. 
Nitrogen level 


k Sep Grain yield' (t/ha) when crop was planted on
15 Sep 2 Oct 14 Oct 18 Oct 4 Nov 12 Nov 30Nov3.7 c 2.70 b 3.4 b 4.0 c 3.2 c30 4.1 3.4 b 2,6abc 3.lab 4.1a 4.7 b 4 Oa
4.3 b 260 .1a4.3ab .5a3.3ab Oa4.1a 5.4a90 4.9a 4 4.4 b 4.3a 2.5a Oa3.7a .5a 5.8a 45.1
a .3a 2.5a Oa 

aSeration of meansby LSD, 5% level. 
CV = 13% 
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Soil wai .r (mm) lation. With paddy-to-paddy seepage in equili
438 ] brium, as in a broad plain, seepage and percolation 

SActual values tended toward that for percolation alone. 
Spilway I Capillary rise (CP)was computed from a family 

3t0- of curves for rate of upward water movement ver
sus groundwater level according to soil type. 

Yield estimates were derived according to the
equations: 

[Simulated- LItM = TR X 7" 

where DM is dry matter, accumulated daily. TR isSatrao transpiration ratio, and Tis the crop transpira'ion. 

The transpiration ratio was corrected according to 
prevailing evaporative demand, Transpiration was 
accumulated daily as a fraction of E7. according

100 -to the fraction of the canopy cover. 

Y = DM X HI 

where Yis grain yield at ovendry weight and HI is 

0111 i I i 
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2. Actual and simulated soil water balance for the plateau 3. Relationship of actual and maximum evapotranspiration toposition from 4 September 1978 to 31 January 1979, Iloilo, soil moisture for silty clay loam (top) and clay (bottom). Crop
Philippines. years 1977-78, Iloilo, Philippines. 
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4. The relationship between harvest index and total dry matter 
for IR36 used in yield simulation ofthe second rainfed wetland 
rice crop. Iloilo, Philippines, 1978-79. 

harvest index, which declined with dry matter at 
lower yield levels (Fig. 4). Grain yield was finally 
adjusted to 14% moisture content. A selection of 
estimated yields from the crop simulation were 
compared with actual rice yields (Table 4) from the 
cropping pattern trials at the Iloilo cropping sys-
tems outreach site. 

YIELD LOSSES TO INSECT PESTS 
Cropping Systems ('omponent of Entonology 
Department 

Yield responses to insecticide were calculated in 
cropping pattern trials in Iloilo and Pangasinan for 
1975-79 (Table 5), and key insect pest populations 
were determined. The results are used to establish 
insect control recommendations for each crop in 
the cropping patterns 

Dry-seeded rice. Highly variable year-to-year 
yield losses for Iloilo and Pangasinan were not 

entirely attributable to insect damage but to the 
dosages of carbofuran used each year: 

1.5 kga.i./ha in 1977, 1 kga.i./ha in 1978, andO.5 
a.i./ha in 1979. Carbofuran has a direct effect 

on rice growth at dosages higher than Ikg a.i./ha. 
Yield responses came only from rice that received 
vegetative-stage protection in all cases, even though 
late-season pests - Tryporvza innotata causing 

100 

whiteheads, Cnaphalocrocismedinalis, and Lep
tocorisa - at times surpassed economic injury 

The lack of yield response from plants that were protected at the reproductive and ripening 

was attributed either to inadequate technoi
ogy to prevent whiteheads or to the leaf folder and 
rice bug's extremely iow economic injury levels. In 
Pangasinan, dry-seeded rice escaped pest buildup 
because of the early planting date. 

Even though carbofuran granules applied in 

seed furrows before sowing produced dramatic 
yield responses in 1977, the cost of applying 1.5 kg
a.i./ha is considered excessive. 

Wet-seeded rice. Early planting enabled the 
plants to escape insect. pest buildup in the wet
seeded first rice crop. In years when plant estab
lisliment occurred in May or June, insect popula-
Iions were below economic thresholds. Significant 
yield losses were recorded only in 1978 and 1979 on 
late-planted crops in Iloilo. These late plantings 
behaved more like a single rice crop in terms of the 
observed insect pests. A normal planting date 
saved a wet-seeded first rice crop from pest 
buildup. 

Because key pests were highly variable in their 
year-to-year occurrence, a prophylactic insecticide 
treatment was not warranted. 

Single transplanted rice. In Pangasinan the yield 
responses of singlc-crop transplanted rice were 
consistent over the 4-year period. The pest prob
lems increased with the advance of the wet season. 
The occurrence of key pests - whorl maggot, 

Table 4. Simulated and actual yields of the second rainfed rice crop in Oton-Tigbauan, 
Iloilo, Philippines, 1975 and 1976. 

Landscape Planting Planting 
position date method 

Plateau 15 Oct 1975 Wet seeded 
Plateau 13 Sep 1976 Transplanted 
Plateau 21 Sep 1976 Wet seeded 
Plain 15 Sep 1976 Wet seeded 
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Yield (t/ha) 

Estimated Actual 


0.3 0.5 
3.3 3.4 
1.2 1.9 
2.9 3.2 

Fields 
(no.) 

3 
2 

14 
2 



Table 5. Yield responses to insecticide and key insect pests from cropping patterns in Iloilo and Pangasinan, Philippines, 1975-79. 

Variety Year Monthplanted Fields(no.) Yield (t/ha)Protected Unprotected t/ha Yield loss% S/haa Key insect pest 

IR36 
IR36 
IR36 

1977 
1978 
1979 

May 
May-June 
May 

8 
6 
6 

First rice crop, dry seeded - Pangasinan 
6.3 5.5 0.8. 
3.5 3.6 0 
4.4 4.1 0 

13 
0 
0 

121 
0 
0 

C. med. 
None 
None 

IR36 
IR36 
IR36 

1977 
1978 
1979 

June 
April-June 
May 

4 
6 
5 

First rice crop, dry seeded 
5.5 3.9 
5.0 4.0 
4.0 4.0 

ioilo 
1.6* 
1.0" 
0 

29 
20 
0 

241 
151 

0 

T. inn. WH, C. med. 
T. inn. DH, WH, Lepto. 
None 

IR28 
IR36 

1976 
1979 

May 
June 

4 
4 

First rice crop, wet seeded 
3.7 3.9 
4.5 4.5 

Pangasinan 
0 
0 

0 
0 

0 
0 

T. inc. WH. H. sas., N. dep., C med. 
None 

IR28 
IR36 
IR36 
IR36 

1976 
1977 
1978 
1979 

May 
July 
July-August 
July 

6 
6 
5 
4 

First rice crop, wet seeded 
5.1 5.1 
5.5 4.8 
5.0 3.6 
2.9 2.2 

Iloilo 
0 
0 
1.4" 
0.7* 

0 
0 

28 
24 

0 
0 

211 
105 

None 
T. inn. WH, C med. 
N. dep., T. inn. WH 
N. der.. C. med., T. inn. WH 

IR28 
IR36 
IR36 
IR36 

1976 
1977 
1978 
1979 

July 
August 
August 
August 

5 
7 
6 
6 

Single rice crop, transplanted 
5.4 3.8 
4.8 3.9 
3.7 2.1 
5.6 4.3 

Pangasinan
1.6" 
0.9* 
1.6" 
1.3" 

30 
22 
43 
23 

241 
136 
241 
195 

T. ino. DH, WH, H. sa.,N. dep. 
A. dep., T. inc. WH 
T. inc. WH 
H.sas., T inc. WH 

,a 

0 

< 

R2
IR28 
R28 

IR36 
IR36 

R36 

19Second
1976 
1976 

1977 
1978 

1979 

October 
November 

October 
October 

November 

5 
2 

6 
3 
5 

rice crop, transplanted 
3.4 2.6 
3.8 2.3 
1.9 1.8 
2.3 1.4 
3.5 2.9 

Pangasinan
0.8* 
1.5" 

0 
0.9" 
0.6* 

24 
39 

0 
39 
17 

121 
226 

0 
136 
90 

T. inc. WH, H. sas., N. dep., Lepto. 
T. inc. DH, H. sas., N. dep. 
T. inc. WH 
None 
None 

ASecond 

; 

IR28 
IR36 
IR36 
R36 

1976 
1977 
1978 
1978 

October 
November 
November 
October 

6 
4 
4 
4 

rice crop, transplanted - Iloilo 
5.0 3.9 1.1" 
1.8 1.4 0.4* 
3.7 2.6 1.1* 
4.7 2.3 2.4* 

22 
22 
30 
51 

164 
60 

166 
362 

T. inn. DH, WH, N. dep., Lepto. 
T. inn. WH, Lepto. 
T inn. WH, Lepto. 
T. inn. WH, Lepto. 

S Continued on next page 



Table 5 continued 

Mungbean - Pangasinan
CES14 1975-76 December 5 1.01 0.25 0.76" 75 416 O. ph., M. sut., T.pal., Amr., 

CES14 
CESID-21 

1976-77 
1977-78 

December 
November 

6 
4 

0.90 
1.23 

0.20 
0.40 

0.70* 
0.83* 

78 
67 

384 
454 

A. crac., Maru. 
0. ph., M. sutr., A. crac., Maru. 
0. ph., M. sut., T.pal., A. crac., 

Maru. 
CES1D-21 1977-78 December 4 1.61 0.04 1.57" 98 860 O.ph., M. sut., T. pal., A. crac., Hal 
CES1 D-21 
CES1 D-21 

1977-78 
1978-79 

January 
December 

4 
4 

1.16 
1.41 

0.11 
0.32 

1.05" 
1.09" 

91 
77 

575 
597 

O. ph., T.paL,A. crac., Eiel. 
O. ph., M. sut,T.pal., A. crac., Hel. 

CES1 D-21 1978-79 January 4 0.88 0.07 0.81 92 444 0. ph., M. sut.,T.pal., A. crac., 

CES1 D-21 1979-80 December 4 1.22 0.48 0.74* 61 459 
Etiel. 

0. ph., L sut., T. paL,A. crac., Hel. 

Cowpea -!!!o 
EG2 1975-76 December 2 0.30 0 0.30* 100 82 0. ph., T. pal., A. crac., Mani. 
EG2 1976-77 December 3 0.16 0 0.16" 100 4 0. ph., T. pal., A. crac., Maru. 
EG2 1977-78 December 4 0.10 0.01 0.09* 90 25 0. ph., T. pal., A. crac., Maru. 
EG2 1978-79 December 4 0.42 0.07 0.35" 83 96 0. ph., T.pal., A. crac., Maru. 
EG2 1979-80 December 4 0.44 0.09 0.35* 80 96 0. ph., T.pal., A. crac., Man,. 

Sorghum - Pangasinan
Cosor 3 1976-77 December 3 2.2 1.7 0 0 0 None 
Cosor 3 1978-79 December 3 3.8 3.1 0.7* 19 192 Hel., R. maid. 

Green maize before rice - Pangasinan 
c
SG22 1976 May 3 13.4 17.0 c 

0 0 0 None 
Macapuno 1979 April 6 5.9 6.1 0 0 0 0. fur. 

mungbean $0.62/kg,
Lepto. Leptocorisa (rice bug).T.inc. = Tryporyza incertulas (yellowstem borer), H. msa.= Hydrellia sawkli (whorl maggot), N. dep. =Nymphula depuncralis (caseworm), DH = deadhearts, WH = whiteheeds. 

aCommodity prices used in calculation: Rice $0.15/kg. cowpea, sorghum $0.27/kg.bT. inn. = Tryporyza innotta (white stem borer). C. rned.- Cnaphalocrocismedinali$(leaf folder), 

0. ph. - Ophiomyis phaseoli(beanfly). M. sut. =Medyrhia suturalis (flea beetle), T. pal. = Thrips palmi (thrips), Amr. = Amrasca bigurrula (leafhopper), Afru = Maruce tesrulali$(bean pod borer), Hal. Hello
this
armngara (corn earworm). Etiel. = Eriella zinckenela (lima bean pod borer), 0. fur. = Ostrinia furnacalis (Asian corn borer), R. maid. = Rhopalosiphum maidis (maize leaf aphid). cNo. marketable earl/ha. 



caseworm, and yellow stem borer - was inconsist-
ent from year to year. Because the yield responses 
were highly variable in terms of the growth stages
affected, prophylactic insecticide treatments were 
not recommended. 

Second crop transplanted rice. Despite the year-
to-year yield variability due to drought, the second 
crop transplanted rice had a consistent response tosoil-incorporated carbofuran. In most years, the 
stem borer and rice bug attacked in the later
growth stages. The conclusion was that most of the 
yield increase came from a direct effect on rice 
growth rather than from insect control, 

Late-season stem borer damage was consistent 
between years and sites, and control was war-
ranted on crops yielding more than 3 t/ha. Al-
though the rice bug was present on the late-planted
rice, no yield increase was associated with its
control. 

Mungbean. Highly significant mungbean yield
losses consistently occurred during both the pre-
flowering (bean fly, flea beetle, thrips) and post-

flowering (pod borers, aphid) stages. There were 
some shifts in the pod borer species with the differ
ent months of planting but the recommendation 
remained the same  0.25 kg a.i. monocrotophos/
ha 2 and 12 DE, and 0.75 kg a.i. carbaryl/ha 25 
and 35 DE. There was increasing evidence that 
7hripspalhni caused economic damage to mung
bean. 

Cowpea. Insect pests caused consistently high 
cowpea yield losses in both the preflowering (bean
fly, thrips) and postflowering (aphid, pod borer) 
stages. The insect control recommendations were 
the same as those for mungbean. 

Sorghum. Corn earworm and corn leaf aphid,
the key insect pests of sorghum, were not consist
ent from year to year and were effectively con
trolled with a corrective application of 0.75 kg a.i. 
carbaryl/ha based on need. 

Green maize before rice. There was no yield 
response to insecticide protection against the prin
cipal pest of maize, the Asian corn borer, whose 
populations were generally low. 
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ANALYSIS OF PAITERN TESTING 
Cropping Syitems Components ofthe Agricultu-
ral EIconoiic, anid Entomoog'y Departments 

Tests of cropping patterns in Pangasinan have 
indicated that yields resulting from a given level of 
material and labor inputs are not normally distrib-
uted about the mean. Thus, analyses based on the 
mean performance of crops in pattern trials may 
overestimate or underestimate the true likelihood 
of profitable performance. 

The theoretical statistical distribution of yield 
and profit was investigated on first and second rice 
crops in cropping pattern experiments in Pangasi-
nan for the 1975-78 crop years. 

Two implications of the statistical distributions 
were of interest: 

* What levels of technology appear to offer 
higher probabilities of profit for future crop-
ping pattern design'? 

* How might the analyses of completed experi-
ments for cropping pattern testing be revised 
to reflect probabilities of profit'? 

Experimental data were stratified into six cells 
showing combinations of low, medium, and high 
labor inputs, and low and high material inputs. 
Each cell contained 20-30 observations. Theoreti-
cal distributions were fitted by the method of 
moments to yield and profit in each cell. Different 
patterns of skewness observed in each stratum var-

Frequercy no of plots) 

10 

/ 	 Lo,,bo /i-

Lo,,laorh 
 ,\' ,< ,"

L 4 Hish lLL 

4/ > casbgHiqh 

520 

1 2 3 4 5 
Yield t/o) 

I. Comparison of statistical distributions fitted to frequency 
distributions of yields from plots on which low and high input
levels were used on first rice crops, cropping pattern trials, 
Manaoag. Pangasinan, 1975-76 to 1977-78. 
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ied in a regular manner. As labor increased, skew
ness of the yield distribution moved from positive 
to negative.at both levels of cash inputs. Similarly, 
at each level of labor, increases in cash inputs
increased the negative skewness of yield distribu
tions. The extreme case of low labor and low cash 
iscompared to the case of high labor and high cash 
in Figure I. 

Plotted as cumulative functions, the probability 
distributions showed the likelihood of achieving 
various levels of yields and profits. Figures 2 and 3 
show the cumulative probability functions for the 
first and second rice crops in Pangasinan, 1975-78. 
Data for the two crops show a similar ordering of 

Probabilfy 
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2. Cumulative density functions of profit, lirst crop. It high. 
M = medium, I. low. Lahor and cash, respectively. 

ProbobilityI.0
 
8 .... LH 

MH 
ML 

..	 HL 

4. 

# 
0 

-600 -400 -200 0 200 400 
Profit ( /oa) 

3. Cumulative density functions of profit, second crop. H 
high, M = medium. L = low. Labor and cash. respectively. 



Table 1. Probabilities of obtaining yields less than or equal to 
2 tlha with various labor and cash inputs on first rice crops,
cropping pattern trials, Manaoag, Pangasinan, Philippines,
1975-76 to 1977-78. 

Probability of obtaining ied.,2 /ha with 

Cash inout Low Medium - High 
labor use labor use labor ure 

Low 0.38 0.02 0.01 
High 0.42 0.01 0.04 

Table 2. Probability of obtaining no profit with various levels 
of labor and cash inputs on first rice crops, cropping pattern
trials, Manaoag, Pangasinan, Philippines, 1975-76 to 1977-78. 

Probability of obtaining no profit with 
Cash input Low Medium High 

labor use labor use labor use 
Low 0.38 0.07 0.14 

High 0.53 0.07 0.32 

functions. The results for yield and profit are 
summarized in Tables I and 2. 

Low labor inputs combined with either low or 
high cash inputs were associated with relatively 
high probabilities of achieving yields of less than 2 
t/ha. Other combinations of inputs had substan-
tially lower and similar probabilities of achieving
yields 	below the 2-t ha mini mum. Levels of tech
nology with respect to the probability of loss were 
more strongly differentiated. Low levels of labor 
were associated with relatively high probabilities of 
loss. Medium levels of labor in combination with 
either low or high levels of cash inputs were least 
likely to be unprofitable. 

Labor intensity was the main factor distinguish-
ing profitable and unprofitable technologies. Low 
levels of managcment, particularly with respect to 
labor-intensive activities such as land preparation 
and weeding, were least likely to prove profitable. 
Medium levels of inputs offered the highest prob-
ability of profit. 

Insect control recommendations (Croppying Si 's-
tems Colponentl ofh, Etonorlogj' Dejarlunent). 
The criteria used to evaluate an insect control 
recommendation are profit, management limita-
tions, farmer acceptability, compatability with 
other production practices, and stability overyears 
and farms within years. The interplay of these 
factors was studied in the development of suitable 
insect control recommendations at the Pangasinan 

research site for the period 1975-79. Single-crop
transplanted rice (TPR) and mungbean were used. 

Table 3 gives the 1975-79 recommendations. 
The change in recommendations reflects the 

dynamic process involved in control of insects. A 
benefit-cost ratio > 2 was established as the point 
of attractiveness of insecticide usage for farmers. 

Carbofuran application at the vegetative stage 
of TPR was recommended from 1975-78 against 
whorl maggot, caseworm, and stem borer (dead
hearts), all common on the crop in Pangasinan. 
Even with low insect populations, there was a
benefit from carbofuran. The dosage was reduced 
from 2 kg a.i./ha in 1975-76 to I kg ,'.i./ha in 
1978-79, through a change in the method Lf appli
cation. Placing the granules in the root zone gave 
higher efficiency. Sprays were used in rainfed areas 
where carbofuran or other granules are not effec
tive during the late season because of the low 
paddy water levels ( < 5 crn) and the difficulty of 
incorporating carbofuran into the root zone after 
transplanting. Monocrotophos was not profitable 
in 19 7 5-7 7 because of its high cost, and endosulfan 
was substituted in 1979 as the cheapest recom
mended sprayable insecticide for stem borers. 
Benefit-cost analyses from 1976-1979 were unfa
vorable (< 2) in 3 of the 4 years even though 

Table 3. Development of insect control recommendations forsingle crop transplanted rice (TPR) and mungbean. Pangasinan, 

Philippines, 1975-79." 

Year Single crop, TPR Mungbean
 
1975 2 kg a.i. carbofuran G/ha, 1 kg a.i. carbofuran
 

broadcast 5DT; 0.75 kg G/ha, basal
 
a.i. monocrotnphos/ha 35, 
45, 55 D 

1976 	 2kg a.i. carbofuran G/ha, 0.25 kg a.i. monocro
broadcast 5 DT; 0.75 kg tophos/ha 5,15, 35
a.i. monocrotophos/ha 35, DE
45, 55 DT 

1977 	 1.5 kga.i. carbofuran G/ha, 0.25 kg a.i. endosul. 

soil incorporated; 0.75 kg fan/ha 2.12 DE; 
a.i. monocrotophos/ha 45 0.75 kg a.i. carbaryl/ 

DT ha 35, 45 DE
 
1978 1 kg a.i. carbofuran G/ha, 0.25 kg a.i. monocro.
 

soil incorporated tophos/ha 2,12 DE;
 
0.75 kg a.i. carbaryl/ 
ha 25, 35 DE 

1979 	 1 kg a.i. carbofuran G/ha, 0.25 kg a.i. monocro. 
soil incorporated; 0.75 kg tophos/ha 2,12 DE;a.i. endosulfan/ha 35, 45 0.75 kg a.i. carbaryf/
DT ha 25, 35 DE 

aDE - days after crop emergence,DT - days after transplanting. 
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Table 4. Economic analyses of recommended insect control practices 1976-79 in entomology trials for single crop transplanted rice." 
Pangasinan, Philippines, 1975-79. 

Yield' (t/ha) Recommended practice 
FieldsYear Recom- Benefit due to Insecti- Laborc Benefit:
(no.) Complete mended Untreated insecticide cide cost LaborC Bnft 

control practice (S/ha) (S/ha) (h/ha) cost 

1976 5 4.74 a 5.42 a 3.75 b 250 129 52 1.8 
1977 7 4.68 a 4.61 a 3.86 b 113 56 20 1.9 
1978 6 3.67 a 3.14 b 2.39 c 113 31 4 3.5 
1979 6 5.63 a 4.97 b 4.27 c 105 57 36 1.7 
aRice - US$O.1 5/kg. bSeparation of means in rows by Duncan's multiple range test, 5%leveI. CLabor valued at US$0.14/h in benefit: cost ratio. 

Table 5. Economic analyses of the recomriended insect control practices 1976-79 in entomology trials for mungbean. Pangasinan, 
Philippines, 1975-79. 

Yield 
b (t/ha) Recommended practice 

Year Fields Recom- Benefit due to Insecti
(no.) Complete mended Untreated insecticide cide cost Labor' Benefit: 

control practice (S/ha) (S/ha) (h/ha) cost 

1975 5 1.01 a 0.69 b 0.23 c 285 31 21 8.4 
1976 6 0.90 a 0.23 b 0.19 b 24 15 32 1.2 
1977 15 1.28a 0.90 b 0.17 c 453 41 64 9.1 
1978 7 1.18a 1.13 a 0.22 b 564 28 64 15.2 

aMungbean - US$0.62/kg. bSeparation of means in rows by Duncan's multiple range test, 5% level. cLabor valued at US$0.14/h In benefit: cost ratio. 

consistently high (0.7-1.5 t/ha), meaning that 
insecticide costs were excessive (Table 4). 

In 1975 carbofuran G was used for mungbean 
but it became apparent that granules were not as 
effective as sprays. In 1976 granules were replaced 
by monocrotophos sprays, which protected pre-
flowering and postflowering growth stages. In 
1977, endosuffan and carbaryl replaced monocro
tophos because they were less expensive. However, 
endosulfan gave lower profits. 

Application times were important for both pre-
flowering and postflowering mungbean insect 
pests. Early applications were important for bean 
fly and flea beetle control at the preflowering stage. 
Pod borers were controlled with a low dosage of 

0.75 kg a.i. carbaryl/ha if sprays were begun 25 
days after crop emergence (DE). In 1978 the yields 
from the complete control and the recommended 
practice were equal and the recommended insect 
control gave a 15.2 benefit-cost ratio (Table 5). 

Even though the 1978 mungbean insect control 
recommendations were specified rigidly as prophy-
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lactic sprays, there was extreme variability in the 
timing of insecticide to mungbean. Only 18% of the 
farmers followed the recommendations and those 
that did not, suffered significant yield losses (Table 
6). Farmers were hesitant to spray until they saw 
pest problems; however, they did not know what 

Table 6. Farmers' performance in applying the recommended 
insect control practice for mungbean in cropping pattern trials.' 
Pangasinan, Philippines, 1978. 

Insecticide sprays (no.) 

.- Post- Fa Yield Crop 

flowering flowering (I) (t/ha) failures 

(1-21 (28-42 (no.) 
DE) DE) 

-
1 0 8 0.06 b 2 
1 1 26 0.22 b 4 
1 2 18 0.61 a 1 

2 0 8 0.40 ab 0 
2 1 23 0.60 a 0 
2 2 18 0.63 a 0 

'The recommended practice isto spray2, 12, 25, and 35 days after crop 
emergence (DE). 



Table 7. Economic analyses of the recommended insect ontrol practices 1976-79 in cropping pattern trials for single crop trans
planted rice ITPRI) and mungbean!a Pangasinan, Philippines, 1975-79. 

Insect control 
Fields . ... Fertilizer Total Variable YieldYear (no.) Insecti- Laborb Total cost material cost cost (t/hal 

cie cl (h/ha) IS/ha) (S/ha) (S/ha) (S/ha)(S/ha) (hh) (/a
 

Single TPR 
1976 39 26 28 30 68 121 330 3.2 
1977 20 54 21 57 81 156 343 3.6 
1978 10 30 4 31 35 101 340 3.9 
1979 - - - - - - - -

Mungbean 
1975 26 52 39 57 29 108 207 0.7
 
1976 12 26 36 29 40 112 184 0.5
 
1977 26 57 70 67 42 146 260 0.9
 
1978 39 40 59 47 32 98 190 0.5
 

aRice - US$0.1 5/kg mungbean = USSO.62/kg. bTotal cost of insect control includes labor valued at US$0.14/h. 

signs to look for because they did not recognize the 
major pests. 

Further analysis of costs and returns of the 
entomology and cropping pattern trials provided 
more insight into suitability of the insect control 
recommendations. 

Forsingle-crop transplanted rice (TPR), farmers 
in the cropping pattern trials were hesitant to apply 
insecticides costing more than $54 ha even though 
the recommendations often called for more (Table 
7). However, for mungbean, farmers generally 
applied more insecticide than was recommended. 
The labor requirements in applying insecticide for 
both single-crop TPR and mungbean did not 
appear to be a constraint for either crop. 

Farmers were willing to apply a higher value of 
fertilizer than insecticide for rice (Table 7). How-
ever, insecticide represented the major material 
cost in cropping pattern trials because fertilizer was 
relatively less important for mungbean. Total 
material costs were about equal for rice and mung- 
bean but the total variable costs were much higher 
for rice than for mungbean, showing that rice has a 
much higher labor requirement. 

The low cropping pattern yields (Table 7) for 
rice in 1976 and 1977, compared with yields from 
recommended practices (Table 4,5) were partially 
traced to the misapplication by many farmers of 
insecticides, particularly carbofuran, and to late-
season sprays. However, all farmers in 1978 applied 
carbofuran correctly on rice and actually obtained 

higher yields than those in the researcher-managed 
trials. 

For mungbean, the 1978 entomology trials 
yielded 1.1t; ha with a net return of $501/ha while 
the cropping pattern trials yielded 0.5 tiha with a 
net rcturn of$117 ha (Table 5,7). The discrepancy 
was traced to the failure of farmers to properly 
time their insecticide applications (Table 6). Only 
18% of the farmers sprayed at least twice during 
the recommended growth periods, and even they 
achieved suboptimal yields (0.6 t ha). 

The farmers recognized only pod borers, aphids, 
and defoliators as pests. They did not recognize 
bean fly, thrips, flea beetle, or leafhopper. 

[he larm-to-farm variability of the insect con
trol practices was analyzed for single-crop TPR 
and mungbean across years for the entomology 
field trials using profit as the criterion. The 
recommended practice was compared to the com
plete control and alternative practices. Profits for 
these recommendations, averaged over all farmers, 
were analyzed and plotted in Figures 4 and 5 to 
show farm-to-farm variability for single-crop TPR 
and mungbean, respectively. Farms were ranked 
along the x-axis by average profits over all treat
ments and the profit from each treatment was 
graphed along the y-axis. 

To test the farm-to-farm variability as the effect 
of farm environment, the data were analyzed by 
the Eberhart and Russell regression analysis. The b 
coefficients were analyzed by analysis of variance 
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Fo,,,/V.MWt s/,it __ The potential of the sorjan system was tested at 
20- ,Q.aE , oR IR RI and in trials in farmers' fields in Pangasinan. 
I... - .. Beds were constructed by removing 25 cm soil 
, "." - , from adjoining lowland strips, for a total 0.5 m 
too differential between bed surfaces and sinks. Eight 

0 . dryland crops, as indicated in Figure 6 and Table 8, 
-50 [ , planted to identify those most suited to the Rew-r"*?'e vacwere 

-100... system. The crops were rotated among the beds 
,from200 season to season to benefit from the nitrogen
100 - fixing properties of grain legumes and to avoid 
50 - yield reduction on grain legumes resulting from 
o , possible allelopathic effects of successive plantings.-50-o97 Two-meter-wide beds and sinks required about 

_,00 4,500 hours of labor/ha for construction at IRRIat a relatively high assumed market wage rate and 

200  a total construction cost of $1,380/ ha. The cost was 

50o apportioned to 6 successive rice and dryland crops, 
0 1Profit / treatment ($/ha) 

-50- o 
-100 00 

-50 0 50 100 150 200-.. 
Profit/form (Slm) 

4. Farm-to-farm economic performance of the insect control 
recommendations for single crop transplanted rice for 1976-78 10 
in Pangasinan trials. 800 

-O600- 1976 

400

200 

and there were no significant differences (P< 0.01) 0 
from treatment responses to environment for any -125 
year for both single-crop iPR and mungbean. The 1000 1977
 

results indicated that the insect control treatments 800- Ilk
 

were equally effective on low- and high-profit 60o omlerecmrol 1
 
farms. 400 0VI le sve / : 

40 AIte~native200 __._.P-.I Les]crOCIces 

PATTERN TESTING
 
(to;pIhg ,S'sm C'oml)oent of/ Agricudltural -100 . _
 

conomics Department and ()flice of" ice Pro- 9000
 

8oo 978
iluciion Tainingand Research 

"" 
the sorjan system. Sor/an. a .JavaneseTesting 


word, refers to a system of growing dryland crops 400 1- Vwr
 

on beds bordered by rice in flooded depressions. 20
 

During the rainy season, two successive dryland 0
 
crops should grow on beds, with two rice crops in -200 1 " 
the depressions. Residual moisture in the depres- 0 100 200 300 400 500 600 

sions enhanced by closer proximity of the soil Protit/tarm ($trol 

5. Farm-to-farm economic performance of the insect control
surface to the water table, could support a third recommendation for munghean for 1975-78 in Pangasinan 

dry-season dryland crop. trials. 
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Table 8. Costs and returns of crops planted in the sorjan system trial, IRRI, 1979. 

Variable cost (S/ha) Returns 

Crop Yield 
(t/ha) 

Labor ex-
cluding con-

Mate- Total in-
cluding con

(S/ha) 

struction rials struction Gross Net 

Soybean 
Jul-Sep 3.2 260 400 890 2640 1750 

Oct-Dec 2.5 230 230 700 2050 1350 

Mungbean 
Jul-Sep 1.2 430 340 1000 1240 240 
Oct-Dec 1.7 720 130 1080 2110 1030 

Cowpea 
Jul-Sep 0.9 390 340 960 1070 110 
Oct-Dec 2.3 150 140 520 2800 2280 

Pf.anut 
Jul-Sep 1.5 600 550 1380 1930 550 

Sorghum 
Jul-Sep 4.3 220 350 800 650 -150 
Oct-Dec 5.7 280 240 750 830 80 

Maize 
Jul-Sep 15.81 170 360 760 800 40 
Oct-Dec 86.5' 50 160 440 1920 1480 

Cassava 
Jul-Sep 21.0 300 350 880 3160 2280 

Sweet potato 
Jul-Sep 5.0 170 350 750 1230 480 

Oct-Dec 4.6 80 130 440 1140 700 

Rice 
Jul-Sep 2.1 260 330 820 340 -480 
Oct-Dec 1.7 300 80 610 270 -340 

Jul-Sep 
(Monoculture)b 2.3 280 230 510 370 140 

"Thousand marketable ears. First crop was reduced by theft and typhoon. bDryland cropsand rice 

were planted on normal level paddies but dryland crops did not establish well because of excessive 
moisture. The second rice crop could not be transplanted because of insufficient water for puddling. 

for an investment of about $230/ha per crop for struction and other labor and material costs. 
construction. In Pangasinan, where local labor First and second crops of soybean were out
was used and supervised according to local practi- standing. Second crops of mungbean, cowpea, and 
ces, the cost was about half - $120/ ha per crop. maize performed well along with a 5-month cas-
Removal of the topsoil from depressions adversely sava crop. Labor costs were lower in the second 
affected the rice crops. Rats caused an estimated season because minimum tillage techniques were 
20% yield loss on the first crop and 60% on the used on the beds. Also, the material input costs 
second crop. The sweet potato appeared to harbor were substantially reduced, particularly for insect
rats and were deleted from the trials. A rice yield of icides. 
4.5 t/ha would be necessary to break even on the Gains to the system were due primarily to the 
rice, considered alone. All dryland crops, except possibility of growing relatively high-value grain 
the first crop of sorghum, achieved sufficiently legume crops in the rainy season, and the high 
high returns to pay for the labor invested in con- yields dryland crops achieved with ample water 
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0 b ba b b b
 
R ce Rice Rce Rice 
 Rice Rice Rice F Rice RiceIH36 JH36 IR36 FR36 -R36 FR36 FF36 IR36 IR36 

a a 	 C 8o or c 

25cm 
Comparable plot forBed I Bed 2 Bed 3 Bed 4 Comparable plot for up- Bed 5 Bed 6 Bed 7 Bed 8 lowland crop on the 

. .. ,:, rrkI , S,nk 2 = ,: S~nk3 !"';.. 'Sink 44 land crop on the openp field ' '7,Nj%Sink7 ,';:, opei fieldh nfed:.: ".Sink5 "''Ssnk6 S nk8 

--Mcm 
- Ground level 	 So lai Bed - 2 m x 24 m Comfparabl , plot for upland crop -. 8 n x 24 m
 

Sni jan Sink - 2 m x 24 in Corlmipaable plot for lowland crop - B on x 24 m
 

t
 
'Early ilan 'Liwe nlanund. , Thi s,,- lItre.
led. 'Plalnid ie 

6. Sorjan system trial at Block (X). P)ot 67. IRRI irm. first crop, 1979-80. 

and good drainage. Soybean did not yield well the wetland rice suffered some shading effects. An 
after rice on wetland soils because of the unfavora- exact east-to-west orientation was the worst be
bly short day length in the Novcmber-Fcbruary ca use of the inclination of light rays in the periods
period. Farmers in Pangasinan averaged about 0.2 near the solstices. Rice, however, benefited from 
t ha from mungbean broadcast after rice. The less lodging because of thc protection from winds 
mungbean crop on the Pangasinan sor/an trial offered by bordering beds and crops, and from a 
yielded 3.1 t ha. more favorable evapotranspiration regime in the 

Sunlight interception by dryland crops on the depressions. Measurements to verify the latter 
narrow 2-m 	beds contributed to yield, and insect effect were initiated. Investigation of the effect of 
damage may have been less because of the effects bed heights and widths on moisture relationships 
of intereropping. Depending on bed orientation, was also ;tarted. 
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WEED SCIENCE 
Cropping vsiems C(onl m nt oflth Agronomy 
I)e arinu'nt 

Effect of method of land preparation on weed 
growth. l)rrlandcrops. In atrial in a dryland fie!d 
at IRRI, weeds in some plots were controlled by 
different methods during the dry season, while 
other plots were left as a weedy fallow. At the start 
of the rainy season, all plots were plowed and har-
rowed, and rice and maize were seeded separately in 
each plot. Differences in the weed flora were due to 
the method of land preparation and the crops 
grown. The weedy fallow and the two plowings 
followed by one harrowing treatment were selected 
to illustrate those differences. 

Thirty days after crop emergence, the weight of 
weeds in plots that had received 2 plowings and I 
harrowing during the dry season were only 3.8(/( 
less for rice and 17.7% less for maize than in plots 
left as a weedy fallow during the dry season 
(Table I). 

Plowing during the dry season resulted inchange 
and diversification in the weed flora. In maize, 
Cyperus rotundhs decreased in importance and 
annual weeds - LIcusine indica and Amaranthus 
spinosus -- became much more important, ac-
counting for 55.6(/i of the total weed weight. A 
similar change was observed in the rice plots, 

Although the weed flora differed, crop yields 
were not significantly different between weeding 
regimes superimposed on the different land prepa-
ration methods, and the same amount of weeding 
was required to produce maximum yields. 

In another dryland rice trial, the land was pre
pared in March, April, or May before planting in 
May. There was little difference in the total number 
of weeds or in the number of the different species 
when weed counts were taken in the unweeded plots 
30 days after crop emergence (DE) (Table 2). When 
the land was prepared in May, the weed flora 
(based on weed counts) was somewhat different 
from what it had been when the land was prepared 
in April. The change was due primarily to an 
increase in the number of C.rotunhs and, to a 
lesser extent, a decrease in the number of Digitaria 
setigera and E. indica. 

No yields were obtained from plots that were not 
weeded, regardless of the time of land preparation 
(Table 3). Plots that were weeded twice yielded 2.1 
t/ha when the land was prepared in March or April 
and only 0.5 t/ha when prepared in May. Early 
weed competition during the first 2 weeks before 
the first weeding was more severe in land prepared 
in May than in the land prepared in March or April. 
It was also difficult to distinguish between the rice 
and the weeds, and a large number of rice plants 
were removed during the first weeding operation. 
In all cases, the herbicides used did not give sus
tained weed control and poor yields were obtained 
from plots receiving herbicide treatments. 

lrt-.wcdc'drainfes'/andrie.In a similar trial 
with dry-seeded rainfed wetland rice, the time of 
land preparation had little effect on the numberand 
weight of the major weed species Fimhris/t.'lis 
littoralis, ('vperus iria, Ludwigia octovavis, and 
Pa.Va/um dlistichm - I week after crop emer
gence. By 30 I)E, weeds in the unweeded plots that 

Table 1. Weed weight 30 days after crop emergence in unweeded rice and maize plots as 
affected by method of land preparation during the dry season.a IRRI, 1978-79 dry 
season and 1979 wet season. 

Weed wt (g/m 
2 

) 

eyfallow Two plowings + one 
Weedy harrowingbWeed species 

Rice Maize Rice Maize 
plot plot plot plot 

Cyperus rotundus 254.8 282.0 121.8 52.2 
Rottboeliaexaltata 222.4 15.8 178.0 17.6 

Digitaria sp. 138.8 52.4 120.2 61.0 
Amaranthusspinosus 35.0 34.8 168.4 99.6 
Eleusine indica 27.8 19.4 91.0 96.0 
Commelina benghalensis 45.0 18.2 17.0 25.6 

Total 723.8 422.6 696.4 352.0 
aAv of 3 replications, bLand preparation method during the dry season. 
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Table 2. Effect of time of land preparation on the number of 
weeds per m2,growing in association with unweeded dryland

rice 30 days after crop emergencea IRRI, 1979 wet season, 


-Weeds
(no./m2)-in 
Weed species- arWeeslo./~t n land prepared in 

Mar Apr May 
-

Oigitariasetigera 164.6 16030. 

Eleusine indica 72.6 76.0 4.0 

Echinochloacolona 28.0 34.6 79.4 

Amaran thus spinosus 51.4 26.0 16.6 
Commelinabenglhaleiisis 23.4 21.4 8.0

Othersb 29.2 
 34.0 65.2 

Total 763.2 780.0 998.6 
3

aAv of replicatons. bCo ..... Euphorbia hirta,na diffusa, Triaitthema
portulacastrum,Rotgboell, . /Ata. P2rtulacaoleracea, Calopogoniummucunoides, Cynodon do Ayeatum conizoides, Phyllanthusvion,

niruri, and po-,oeatrioba. 

were prepared in March were almost twice as many 
as those in plots that had been prepared in April or 
May. However, there was no significant difference 
in weed weight. The most important weeds 30 DE 
were C. iria, F.lintoralis,and E cohotla.The differ-
ence in weed number between the times of land 
preparation was due mainly to a much greater 
number of f.littoralis when the land was prepared
in March. 

AMaize. The effect of method of land preparation, 
two preplant herbicides, and method of applying 
the preplant herbicide were examined in dry-season 
maize following dryland rice. 

The predominant weeds in the trial area were 
Cynodon dact 'hm,A. Vinosus. Poriulaca oera-
cea, C rotunehis, and Ronhoellia exaltata. Their 
proportion in the weed flora varied with the method 
of land preparation. There were more C. dactv/on 
and less A.spi/losus, C. rotundus,and R.exatata 

in the no-tillage plots than in the conventionally 

tilled plots. 
Limited soil moisture at planting caused difficul

ties in establishment of the maize in the no-tillage 
plots. But once established, the maize grew as well 
iss or better than that in the conventionally tilled 
plots. 

Weed weights taken at the tasseling stage of
maie showed no significant difference between the 

methods of land preparation when the plots were
weeded once, twice, or not at all. However, there 
were significantly more weeds in the maize crop, 
wwhen paraquat was used to killthe weeds beforeplanting in the no-tillage plots than when glypho

sate was used or when the plots had been conven
tionally prepared. 

The directed application of paraquat controlled 
the weeds effectively. Weed control with this treat
ment was equal to that obtained with two hand 
weedings and was better than that obtained with 
one hand weeding or no weeding. The weight of 
weeds in the plot weeded once was significantly less 
than that in the no-weeding plot. 

When glyphosate at I kg a.i. 'haand paraquat at 
0.75 kg a.i.i ha were applied before planting with 
the controlled droplet applicator (CDA), or when 
glyphosate at 2.0 kg a.i.: ha was applied with a 
CDA or a boom sprayer, there was no significant 
difference in yitld between weeding treatments 
(Table 4). 

Effect ofpuddling and irrigation on weed growth. 
In a trial at IRRI, the effect of method of land 
preparation, irrigation, and weeding regime on 
weed growth and rice yield was studied. In puddled 
plots rice was transplanted at a 20 x 20-cm spac-

Table 3. Yield of dryland rice as affected by time of land preparation and weed control 
method.a IRRI, 1979 wet season. 

Herbicide Yieldc (t/ha) from land prepared in 
Treatm enta rateb .. . . . . ..

(kg a.i./ha) Mar Apr May 

Weeded twice, 2 and 5 WE -
Weeded, 3 WE -
Propanil - fenoprop, 2- to 3-LSG 3 
Propanil, 2- to 3-LSG 2 
Fluorodifen PE 2 
Butachlor PE 2 
2,4-D, 2-to 3-LSG 1 
No weeding -

2.1 a 2.1 a 0.5 a
 
1.3 b 0.7 b 0.3 ab 
0.7 '. 0.6 bc 0.3 ab 
0.3 de 0.5 bcd 0.1 b 
0.4 cd 0.2 de 0.0 b 
0.2 de 0.3 cde 0.0 b 
0.2 de 0.0 e 0.0 b 
0.0 e 0.0 e 0.0 b 

aWE = weeks after crop emergence, LSG leaf stageof thegrassyweeds,PE = Preemerence. A dash(-)between herbicides indicates that they were formulated asa proprietary mixture. a.i. aieingredient. CAnof 3 replications. In a column, meansfollowed by acommon letter are not significantly
different from eachother at the 5% level. 
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Table 4. Effect on grain yield of maize of method of land preparation, rate and method of application of preplant herbicides, and 

postplint weed controla IRRI, 1978-79 dry seas n. 

Grain yield (t/ha) withPreplant herbicide 

Method of and rate of Method of Directed One Two No
 

land preparation applicationb applicationc application hand weeding hand weedings Ng
 
2 + 5 WE weedingof paraquatd 3WE(kg a.i./ha) 

2.7 aZero tillage Glyphosate 1.0 CDA 3.1 a 3.0 a 2.7 a 


Zero tillage Glyphosate 2.0 Boom sprayer 3.2 a 2.9 a 2.9 a 2.7 a
 

Zero tillage Paraquat 0.75 CDA 2.9 a 3.0 a 2.8 a 2.5 a
 

2.5 ab 2.1 bZero tillage Glyphosate 2.0 CDA 2.9 a 3.0 a 

a bc 2.1 c
Zero tillage Paraquat 0.75 Boom sprayer 3.1 2.4 2.8 ab 


- 2.7 a 2.3 ab 2.3 ab 2.1 b
Conventional tillage 
2.4 a 2.0 ab 2.4 a 1.8 b

Zero tillage Paraquat 0.375 CDA 

ana row, means followed by acommon letter arenot significantly different at the 5% level.ba.i. = active ingredient. cCDA = controlled droplet applica

tor. do.5 kg a.i,/ha applied 3 weeksafter crop emergence(WE). 

ing, and in unpuddled plots rice was dry-seeded at weed in the other plots. L. octoval'is was relatively 

100 kg ha in rows 25 cm apart. The weed weight at unimportant under all four field conditions. 

rice maturity was greater in unpuddled and rainfed Weeds caused significant yield decrease in all 

plots except those puddled and irrigated. Within aplots than in puddled irrigated plots (Table 5). The 
weeding regime, the rice in unpuddled plots yieldednumber of weed species was also higher. 

The weed flora was greatly affected by the differ- significantly less than that in the puddled plots. 
Effect of cropping patterns involving drylandent treatments. Alonochoria vaginalis and Crperus 

crops on weed growth and crop yield. Cropsgrownc(/i/fni. occurred only in puddled plots (Table 6). 

They were major weeds in irrigated plots but rela- in 'well-drainecd.fiehts.In 1977 trials, different dry

land cropping patterns resulted in different weedtively minor weeds in rainfed plots, 
Grasses predominated in unpuddled rainfed species dominating in the weed flora. The amount 

plots, and sedges predominated in puddled rainfed of weeding required for optimum yield varied 

and unpuddled irrigated plots. Broadleaf weeds betweencrops. The 1977 trial was continued in 1978 

became more important in puddled irrigated plots, and 1979. 
In the first crop in 1978, the major weeds were A.Four weeds occurred under all four field condi-

Vfinosus and R. e.vahata. Minor weed species weretions. E. coloa accounted for 15(,( of the weed 
Ipumnufa irilo/a, C.roiundus,E.inica, . colona,flora in unpuddled conditions but puddling consid-
Trianthema portulacastrttn, and 1)iiiaria sp. Inerably suppressed it. Puddled rainfed conditions 
the unweeded plots, differences in total weed weightwere particularly favorable for the growth of C. iria, 

but puddling and irrigation virtually eliminated it between the crops grown were not significant 

from the weed flora; in unpuddlcd plots itwas still a (Table 7). 

major component of the weed flora. l.inc/,rnia ana- In the rice-sorghum pattern, A. slfinosus ac

gallis was the second most important weed in counted for only I 1.9% of the weed flora, but in the 

puddled rainfed plots, but was a relatively minor sorghum-sorghum-sorghum pattern it accounted 

at rice maturity asaffected byTable 5. Number of weed species and weight of weeds 
method of land preparation and irrigationa IRRI, 1978 wet season. 

Field. 
Weed species (no.) 

. . . . .... . . . Weed wt 

Field condition Broadleaf Grasses Sedges Total (g/m 
2 ) 

weeds 

Puddled irrigated 3 1 2 6 10.4 

Puddled rainfed 5 3 5 13 34.6 

Unpuddled irrigated 
Unpuddled rainfed 

6 
9 

4 
6 

4 
4 

14 
19 

108.4 
162.6 

aAv of 3 replications. 
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species in the unweeded plots at 
Table 6. Weed weight and importance value of weed 

by method of land preparation end water regime. IRRI, 1978 
rice maturity as affected 
wet season. 

) for given field conditionWeed wt (gim
2 

Weed species Puddled 

irrigated 

Puddled 
rainfed 

Unpuddled 
irrigated 

Unpuddled 
rainfed 

Monochoria vagina/is 
Ludwigia octovalvis 

Murdannia nudiflora 
Lindernia anagallis 

Ipomoea tri/oba 

Digitaria sp. 
Eleusine indica 
Echinochloa corona 

4.0 (38.5) 
0.81 7.7) 

-
0.8( 7.7) 

-
-

-
0.2) 1.9) 

0.2 (0.6) 
1.4 (4.2) 

5.4 (16.1) 

-
1.01 3.0) 
2.2( 6.5) 

-

2.6 (2.3) 
9.2( 8.5) 
6.4 5.9) 
4.2 (3.9) 
3.0)1 2.8) 
6.81 6.3) 

16.2 (14.9) 

1.2 (0.7) 
0.8 ( 0.5) 
2.0 ( 1.2) 

11.4 ( 7.0) 
59.8 (36.8) 

9.81 6.0) 
24.6 (15.1) 

Cyperus difformis 
Cyperus iria 

4.4 (42.3) 
0.2) 1.9) 

2.0) 6.0) 
16.4 (48.8) 

-
30.6 (28.7) 30.8 118.9) 

- 1.6)Cyperuscompressus 
- 1.81Firnbristy/islittora/is 
- 2.6Others 

34.610.4Total 
almportance value in parentheses. 

ac-
for 94.5%. In the other cropping patterns it 

counted for 65-75% of the weed flora, except in 
it accounted for

the rice-maize rotation where 

41.6% of the weeds. The opposite was observed 

with R. exaltata. The least weight (2.7%) occurred 

in the sorghum-sorghum-sorghum pattern and the 

highest (83.4%) in the rice-sorghum pattern. In the 

rice-maize pattern, there were almost equal amounts 

of A. spinosus and R. exaltata, but in the other 

patterns the weed flora was dominated by either A. 

spinosus or R.exalata. 
The greatest similarity (91.3%) in the weed flora 

was between the maize-rice-mungbean pattern and 
pattern; the least

the mungbean-rice-mungbean 
was between the sorghum-similarity (16.5%) 


sorghum-sorghum pattern and the rice-sorghum 


pattern.

The total weight of weeds growing in association 

with the second crops in the different patterns in 

much lower than that in the first crop
1978 was 
(Table 8). The major weeds were again A.spinosus 

and R. exalata, but the weed flora was more diver-

sified than in the first crop. Weed weight was signif-

icantly greater in the sorghum crop in the rice-

sorghum pattern than in either of the secotd rice 

crops or the sorghum crop in the sorghum'sorghum-

sorghum pattern. R. exaltata was again most 

important in the rice-sorghum pattern, but least 
pat-important in the mungbean-rice-mungbean 

4.8) 17.8 (16.4) 1.8) 1.1) 
8.5) 5.6)5.4) 9.2) 9.2) 

2.4 11.2 
162.6108.4 

comprised amuch greater proportion of the
tern. It 
weed flora in the sorghum-sorghum-sorghum patt

ern than it had previously. 
A. spinosus was more important when rice was 

grown as the second crop or in crops where rice had 

preceded the second crop. It was least important in 
rotationthe mungbean-mungbean-mungbean 

was buildup of C. rotundus and
where there a 

Ia.spau conjugatu/i. 
In the third cr3p in the rotation, the average total 

weed weight was about the same as in the second 

crop (Table 9). There was no significant difference 

in the weed weight between cropping patterns in the 

plots. The weed population was againunweeded 
diversJied, the major weeds being A.spinosus and 

R.exahata. The weight of R. exaltaa was signifi

cantly greater when rice was the previous crop in 

the pattern, but A.spinostis w.s nearly twice as 

important in the maize-maize-maize pattern than in 

the other patterns. 

In 1979, maize was planted as the first crop in all 

fields. Total weed weight was significantly lower in 

the plots that had a maize-maize-maize pattern and 

a rice-maize pattern than in the plots that had been 

planted to rice-sorghum and maize-rice-mungbean 

(Table 10). Most of the plots were dominated by R. 

exalata, and A.,spinosus had virtually disappeared. 

R. exaltaiadominated in patterns in which rice had 

been grown. I. triloba became an important weed 
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when rice was planted as the first crop in the pat
tern. All crops in the different cropping patterns in 
1978 required weeding to produce the best yields 

o C tdo M 
,n 7 	 (Table II).W M U, 

With rice planted first in the pattern, no yield was 
obtained when it was weeded once or twice because 

q 0 11''t CO q 0 of severe weed competition and crop damage•. C N Co Co C4i,", 
56 M N Ln -caused during weeding. The application of a pre

emergence herbicide reduced the weed population. 
Thus, yields from plots treated with herbicide fol

0, 
 lowed by hand weeding were not significantly dif-
Cu ferent from the yields of the weed-free check. 

, The cropping pattern used had some effect on 
. U U .crop. yield. Sorghum yields were lower when sor-

CD Co0 Woq. 	 ghum followed sorghum than when sorghum fol
.E - lowed rice. 

. Inthe 1978-79 dry season when maize was 
o Ln 	 planted as the first crop in all plots and no weeding 

S2oowas 
 done, there was no significant difference in crop 
0 0 N 	 yield due to previous cropping pattern or previous 

0 	 weeding practice. 
12 . - . .,0a 	 In a second trial, 12 cropping patterns super

a',= . - imposed on 3 tillage and weed control levels were 
cc (D during the 1979 wet.evaluated 	 season. The treat

• ments are described in Table 12. 
.2 n nf , Grain yields of maize and cowpea, regardless of 

E. 'Q 0 	 the previous cropping pattern, were not signifi
o ac W E M Cot6 ,. 


Q - cantly affected by tillage in both weeding levels 
.•€-o, (Table 12). Sorghum grain vields, however, were 

•significantly higher for conventional tillage than for 
"either minimum and no-tillage treatments with the 

N CDC C M LOexception of the sorghum plots previously planted 
to a maize + cowpea intercrop in weed control level 

°2c 	 I. No significant differences in sorghum grain yield
0 . . E E 	 were observed among tillage treatments in weed 
. r M 	 control level 2 regardless of the previous cropping 

S:E 2 ch 	 pattern. Maize yield in weed control level 2 was 
E 	 slightly higher in plots previously planted to cow

pea than in continuous maize.
SCe 0, 	 Total weed weights were lower in the cowpea 

a 2 C E 
. 0.EL Z E 0 	 crops than in crops in the other patterns. Dryland3 , .	 rice had the highest total weed weight regardless of 

0 . 8 rY r 
CL2 E E weeding regime and previous cropping pattern. 

-_ Two continuous maize crops had slightly higher 
total weed weight than maize preceded by cowpea 
at weeding level I, but weed weights were about the 

, .L a _ 	 same at weeding level 2. 
. 0 ~ E .2. In a third trial, the effect of plant density, crop-

S ,.22 -2 	 ping pattern, and tillage on weed population and 
yield of dryland crops was examined. 
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Table 8. Effect of different cropping patterns on the weight of weeds growing in association with the second crop in the rotation in 
1978. IRRI, 1978 wet season. 

Cropping pattern Weed wia (g/m2 ) 5 wk after crop emergence 

First crop Second crop Third crop Amaranthus Rortboellia Cyperus Paspa/um OlherSb Total
spilosus exaltata rotundus conjugatum 

Rice Maize - 71.2a 30.Oa 13.2 b 0 c 53.6 168.Oabc 
Maize Rice Mungbean 42.0ab 58.4 a 7.6 b 2.0 bc 25.2 135.2 bc 
Mungbean Rice Mungbean 18.8 ab 10.8 a 10.4 b 6.0 bc 35.6 81.6 

Rice Sorghum  63.6 a 164.8 a 6.8 b 1.6 bc 50.8 287.6 a 
Maize Maize Maize 14.8 ab 46.0 a 9.2 b 12.4 b 52.0 134.4 bc 
Mungbean Mungbean Mungbean 13.6 b 82.8 a 36.8 a 66.0 a 41.6 240.8 ab 
Sorghum Sorghum Sorghum 19.6 ab 34.0 a 16.0 b 0 c 37.6 107.2 bc 
aAv of 3 replications. In a column, means followed by acommon letter are not significantly different at the 5'. level. blpomoea triloba, Digitariasp., E/e
usine indica, Echinochloaco/ona, and Trianthera portulacastrum. 

Table 9. Effect of different cropping patterns on the weight of weeds growing in association with the third crop in the rotation in 
1978. IRRI, 1978 wet season and 1978-79 dry season. 

Cropping pattern Weed wt' (g/m2 ) 5 wk after crop emergence 

First crop Second crop Third crop Amaranthus Rottboellia Othersb Totalspinosus exaltata 

Maize Rice Mungbean 20.4 b 183.6 a 63.2 267.2 a 
Mungbean Rice Mungbean 48.4 ab 106.0 a 59.6 214.0 a
 
Maize Maize Maize 72.4 a 10.8 
 b 58.4 141.6 a
 
Mungbean Mungbean Mungbean 
 33.2 ab 7.2 b 78.0 118.4 a 
Sorghum Sorghum Sorghum 26.4 b 33.2 b 42.0 101.6 a 
aAv of 3 replications. In a column, means followed by acommon letter arenot significantly different at the 5% level. b/pomoea triloba, Digitaria sp., Cy
perus rotundus, Eleusine indica, Echinochloa co/ona, Ageratum conyzoides, and Portulaca oleracena. 

During the dry season, the grain yields of most 
crops were significantly higher at high plant popu-
lation than at low (Table 13). The minimum tillage 
treatments gave significantly lower grain yield than 
either the conventional or no-tillage treatment. This 
was particularly evident at a low plant population 
as a result of heavy weed infestation. Maize had 
higher total weed weight than the other crops espe-
cially at a low plant population (Fig. I). When 
cowpea was intercropped with maize, total weed 
weight was substantially reduced. At a high plant 
population. the total weed weight for the intercrop 
was lower than that for the rest of the crops. 

During the wet season, tillage had no effect on 
the grain yields of the dryland crops reported (Table 
14). Grain yields of the two maize crops were signif-
icantly higher at high plant population, but the 
grain yields of cowpea tere not significantly af-
fected by plant population. Dryland rice had the 
highest total weed weight among the crops regard-
less of plant population (Fig. 2). 

Crops grown in fields with different ponding 

potentials. The effect of crop rotation and weeding 
regime on weed growth and crop yield in fields that 
differed only in their ponding potential was studied 
in an IRRI trial. Figure 3 shows the cropping 
sequences used in four fields. No weeding was done 
for any of the crops planted in September or 
October 1978. Before those crops, weeding treat
ments were: 

a no weeding; 
* weeding once, 3 weeks after seeding (WS) or 

transplanting (WT) for wet-seeded or trans
planted rice, or 3 weeks after crop emergence 
(WE) for maize and mungbean; weeding 2 and 
5 WE for dry-seeded rice; 

0 weeding, 3and 5 WS or WT for wet-seeded or 
transplanted rice, or 3and 5WE for maize and 
mungbean; weeding 2, 5, and 8 WE for dry
seeded rice; and 

0 weed free. 
In the land with a high ponding potential, the 

weight of weeds at the maximum floweringstage in 
the plots that had been weeded once or twice in 
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Table 11. Grain yield of crops in different cropping patterns as 
U u affected by weed control treatments. IRRI, 1978. 

C,40 ? -T. Cr o9p p 	 Yielda (t/ha)"L N IT. o Croppingb 
. YM0-V o M -T 0 0 : Herbicideb 

c
pattern Weed Weeded Weeded Nob patternreed fb hand e f 
Sweedingd twicee fonce weeding 

co Do o Rice- 1.6 a 1.7 a 0 b 0 b 0 b 
LOo f maize 2.0a 1.8a 1.8a 1.8a 0 b 

CMaize	 g - 5.8 a 5.6 a 5.3 a 4.7 a 1.4 b 
I rice - 2.0 a 1.8 a 1.8 a 1.8 a 0 b 

C mungbean 1.2a 1.1 a 1.0a 1.1 a 0.9 b 
g, o Mungbean- 1.2a 0.9 b 1.3a 0.4 c 0 d 

, C. -, rice- 2.1a 1.9ab 1.2 b 1.8ab 0.6 c 
Euj mungbean 0.9 a 0.8 a 0.9 a 0.6 a 0 b 

0~ 1i Rice- 1.5a 1.5a 0b 0b 0b 
E b sorghum 2.4a 1.9ab 2.1 a 1.1 b 0 c 

IR IR 	 I, M g - 5.6 a 5,2a 5.6a 4.8a 1.8 b,o, ' .Maize 
r M 00 o, maize- 1.7a 1.4a 2.1a 1.5a 0.3 b 
*E LO maize 2.4 ab 2.6 ab 3.0 a 1.9 bc 1.7 c 

Q E Mungbean - 1.1 a 0.9 a 1.Oa 0.6 b 0 c 
.. o, *s mungbean - 0.2 a 0.2 a 0.2 a 0.1 a 0 b 

" N 	 mungbean 1.0 a 0.9 a 2.0 a 0.8 a 0.5 b 

2 4, mo -m- - N Sorghum- 2.1a 1.0 b 1.9a 1.3 b 0.3 c 
- sorghum - 1.0 a 0.8 ab 0.9 ab 0.6 b 0.1 c 

sorghum 0.4 ab 0.6 ab 0.5 ab 0.8 a 0.4 b 

.	 . . .aAv of 3 replications. In a row, means followed by a common letter are not 
a. 	 a . significantly different at the 5% level. bAtrazine at 2.0 kg a.i./ha for maize 

C C-i cn (D 0 Ci to and sorghum, butachlor for rice and5 6 at 2.0 kg a.i./ha mungbean. cFollowed 
Z!by. d21 days after crop emergence (DE) for mungbean; 28 DE for maize, 

rice, and sorghum. e7 and 28 DE for maize and sorghum, 7 and 21 DE for 
.5 mungbean, 14 and 28 DE for rice. f14 DE for mungbean, 21 DE for maize, 
0 	 rice, and sorghum. gWeight of ears. 

Z 4 CO 4, , 0 previous cropswas significantly lower(73.6g/m' vs 
an average of 224 g) than that from the other 
treatments, which did not differ significantly from 
each other. There was, however, no significant dif-

I E ference in grain yield between treatments. The low
° 
o'° 	 c,a c E est yield (3.1 t/hi)was from the plots that had not 

" C weeded previously, and the highest (3.8 t/ha)."been C 
. 2: , 2.was from the plot that had been weeded 2 or 3times 

in previous crops. 1!.vaginalis was the dominant 
C. weed in all plots,accounting for 93% or more of the 

o 	 C weed flora on the basis of weed weight. 
-. In the land with a low ponding potential, there 

i. CL U N 0 	 was no significant difference between weed weightsN 	 4, 

-L at maximum flowering in the transplanted rice 
0 crop. However, the yield (2.8 t/ha) of the plot that 

$ 	 had not been weeded in previous crops was signifi
a. E 	 cantlylowerthanthat(3.5t/ha)oftheplotthathad 

cc 4 " been weeded once or twice per crop previously. No 
1 -L L- 2 iE2 U) other differences were significant. 

Differences in weed flora due to the previous 

420 IRRI ANNUAL REPORT FOR 1979 



Table 12. Grain yield of drylfnd crops asaffected by tillage and weeding levels. IRRI, 1979 wet season. 

Grain yieldb (t/ha) 
Cropping pattern' Weeding level 1c Weeding level 2dCT MT NT Mean CT MT NT Mean

Maize (maize) 2.7ns 2lns 2.1 ns 2.3 
30 ns nsMaize (cowpea) 2 5 5 2.7 

2"6ns 2 '6 ns 2.7ns 2.6 3.5 n ns 
3 . 3.1Cowpea (maize) 

0 "gns 0.5ns 0.5 n, 0.6 0.9 nso9ns . 0.9Cowpea (sorghum) 
0 .7 ns 0 5 ns 0. ns0.6 O.'ns O.8ns 0O.8 0.8Cowpea (maize + mungbean) 
0.7n, 0 4ns 

ns
0.5 0.5 0' 08n 0.9n 

0.9Sorghum (sorghum) 1.7 a 1.2 b b1.2 1.4 1.9 a 1.5 aSorghum (maize +cowpea) 1.8 a 1.71.8 a 1.4 b 1.4 a 1.5 1.8 a 1.9 a 1.9 a 1.9Sorghum (sorghum + mungbean) 1.8 a 1.2 b 1.1 b 1.4 1.8 a 1.7 aSorghum (mungbean) 2.0 a 1.81.9 a 1.3 b 1.2 b 1.5 1.9 a 2.0 a 1.9 aDryland rice (cowpea) 1.9
 
Dryland rice (maize + mungbean) _ _
 
Dryland rice (sorghum) 
 _

aCrop in parenthessithtimdaeypedioiaten r 
 .em

bin a r, dinsfo.thse that immediately preceding in patern. Dryland riceeach weeding level, means followed by a common was not included because of severemoisture stress at the reproductive stageand 2 rototillingsl, MT letter arenot significantly different at the 5% level. CT = conventional tillage (1plowing= minimum tillage (Iplowing and 1 rototilling plus herbicide), NT =for CT and herbicides alone for MT and NT. dTwo hand weedings for CT and herbicides plus 

no tillage (herbicide application only). cOne hand weeding 
ne = not significant.hand weeding for MT and NT. n 

Table 13. Grain yield of dryland crops asaffected by tillage and plant population. IRRI, 1979 dry season. 

Grain yielda (t/ha)
 
Treatment 
 Maize Cowpea Maize + cowpea Cowpea 

P P Differ-ence Differ- Differ- Difference 
 encence

Conventional 2.2a 3.1 a 30.9* 1.6a 1.8a 0.2 2.6a .0a 0.4 1.4 a 2.0 atillage 06 

+ + + 
Minimum tillage 1.2 b 1.8 b 0.6 0.9a 0.8a 0.11.0 b 1.6 a 0.6* 1.4 b 2.1 a 0.7 *0.8 b 1.8 a 1.0 

+ + + 

No tillage 2.0ab 3.2a 0.9 a 0.7 a1.2" 1.7 a 2.0a 0.20.3" 2.2ab 3.0a 0.8" 1.6a 2.1a 0.5 
+f + + 

Meanb 1.8a 2.7 0.9 a 0.7 a 0.2b 1.4a 1.8 b 2.1 a 2.7 b 1.2a 1.9 b 
+ + 

;In a column, for each crop or 0.9a 0.7a
the crupping pattern, means followed by a common letter are not significantly different at the 5. level. P
tion, P2 = high population, bIn a row, for each crop or = low poplathe cropping pattern, means followed by a common letter are not significantly different at the 5%

level.
 

Table 14. Grain yield of dryland crops as affected by tillage and plant population. IRRI, 1979 wet season. 

Grain yield' (t/ha)
 
Treatment 
 Cowpea (maize) Maize (cowpea) Maize (maize + cowpea) 

en-
P1 P2 ___2_ence Fit Differ- Differ-P2 
 ence P1 
 P2 
 ence
Conventional tillage 1.0 0.9 0.1 3.8 5.2Minimum tillage 1.4" 3.5 4.9 1.4"0.8 0.9 0.1 4.0 5.2 1.2" 3.5No tillage 4.8 1.3..0.9 0.8 0.1 3.4 4.8 1.4" 3.6Meanb 5.3 1.7"*0.9 0.8 3.7 a 5.1 b 3.6 a 5.0 baDryland rice was not included because of severe moisture stress at the reproductive stage. Pin parentheses, bin arow, for each crop or the cropping pattern, means followed by a common 

1 low population, P2 high population. Previous crops are
letter are not significantly different at the 5% level. 
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2  
2 

Total weed wt ( g/m 
Total weed wt ( g/m 

250 1500 

F-Low population
 

High populaion


200, 200 1300 

600
50-

400 - Low population 

100- High popultion2_1F
 
50 I 

-
Maize Cowpeo Cowpeu Maize+cowpea 

I.Total weed weight as affected by cropping patte n and plant
population (av ol3 tillage treatments). IRRI, 1979 dry season, 

weeding treatments used were observed. Echino-
chloa glahrescetns dominated in the fields where no 
weeding had been done in the previous crops or 
where crops had been weeded once or twice. Al. 
vaginalis dominated when the previous crops had 
been maintained weed free, and tP.di.tichun was 
most important when the previous crop had been 
weeded two or three times, 

Where the rice was transplanted after paraquat 
application in land with a very low ponding 
potential, grasses predominated in all plots, but in 
land with a high ponding potential broadleaf weeds 

LAND TYPE 

Well-drainedupland I 
Verylowpond-

,n
°,o, 

Lonaipotentol -

CROPPING 

re G G rien11GreeIMugnomaize. 
........7n 


drice'----
de rcf f 

High ponding potential Transplanted Trnspbntedl 
_imie 

i l I i ed I IIII 

M J J A S 
1977 

0 N D J 

70 

Cowpea Maize Maize Drylond re 
(maize) (cowpea) (mize+cowpea) (cowpea) 

2. Total weed weight as affected by cropping pattern and plant
population (av of 3 tillage treatments). IRRI, 1979 wet season. 
The crop in parentheses is that immediately preceding in pattern. 

predominated. E.co/iza was the dominant weed in 
all plots. Its importance value (I.V.) decreased from 
92.8 to 47.6 as the amount of weeding in the 
previous crops increased from none to a weed-free 
condition (Table 15). As a result, the diversity of the 
weed flora increased. 

The number of weeds at maximum floweringdid 
not differ between treatments, but weed weight was 
significantly higher in the plots that had not been 
weeded in previous crops than in the plots that had 
been maintained weed free or weeded two or three 
times in previous crops. Rice yield was significantly 

PATTERN 

. ... . Dryseeded rice ] G nz ej..
 

JJT =slne
 

"ce Transplanted,,,-ze
, ] 

Dry-seeded rice Transplanted 
rice 

I
 

F M A M J J A S 0 ND J 
1978 

3. Cropping patterns used in lields having different ponding potentials. IRRI, 1977-78. 
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Table 15. Effect of weeding regimes in previous crops on weed flora and yield of trans
planted IR36 grown under zero tillage in land with a low ponding potentiala IRRI, 1978 
wet Season. 

Weeding regime Weed count Weed wt Importance value Yield
2in previous crops (no./m ) (g/m2 ) of Echinochloa (t/ha)

colona 

Weed free 50.8 a 66.8 b 47.6 1.5a 
Two to three times 93.2 a 82.0 b 64.3 1.4a 
Once or twice 70.8 a 145.2 ab 76.6 0.4 b 
None 51.2 a 353.2 a 92.8 0 b 
'Av of 3 replications. In a column, means followed by a common letter are not significantly different 
at the5% level. 

Table 16. Effect of weed control treatments applied to previous crops on the importance
values of the major weeds, on volunteer rice, and on total weed weight at maximum 
flowering of the weeds in a well-drained upland! IRRI, 1978 wet season. 

Species No weeding Weeded once Weeded two or Weed free or twice three times 

Importance value 
Cyperus rotundus 51.2 29.6 19.0 13.3 
Digitaria ciliaris 27.9 11.1 16.2 20.4 
Eleusine indica 11.0 29.5 41.5 29.9 
Echinochloa colona 9.7 3.4 0.9 2.5 
Volunteer rice 0.1 24.7 19.6 28.7 

Total weed wt (g/m 
2 

) 
339.2 239.6 218.8 205.6 

aAv of 3 replications. 

Table 17. Number of weed species growing in fields of different ponding potentials as 
affected by weeding regimes applied to previous crops. IRRI, 1978 wet season. 

Weed species' (no.) in fields that were 

Land type 
Not weeded 

Weeded 
once or 

Weeded 
two or three Kept weed 

previously twice 
previously 

times 
previously 

free 

Well-drained dryland 8 12 11 14 
Very low ponding potential 4 14 12 17 
Low ponding potential 3 5 5 4 
High ponding potential 2 4 2 4 
aAv of 3 replications. 

higher in the latter plots than in the plots that had yields from all plots were low (< 0.7 t/ha) and 
received no weeding or had been weeded once or showed no significant yield effect from previous 
twice in previous crops (Table 15). treatments. 

The major weeds varied depending on the previous 
weeding regime. C. rotundus dominated in plots 
that had not been weeded previously, but E.indica 
was much more important in the plots that had 
been weeded in the previous crops. Volunteer rice 
was also important in these crops (Table 16). 

Due to drought stress and weed competition, 

Overall, more weed species were present in the 
well-drained dryland and in the land with a very low 
ponding potential than in the fields with low or high 
ponding potential at all levels of weeding (Table 
17). Generally, more weed species were present in 
fields that had been weeded previously. 

There was little similarity between the weed 
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communities growing in fields of different ponding 

potentials. The greatest coefficient of similarity in 

the plots that were maintained weed free or not 

wei-ded previously (59.5 and 23.2) occurred between 

th: f.eld with low ponding potential and that with 

high ponding potential. The well-drained dryland 

and the land with a low ponding potential had no 

weeds in common. 
Herbicides for use underno-till conditions. Prom-

ising herhicich's. During the 1979 wet season gly-

phosate and paraquat combinations were evaluated 

at different rates in combinations with residual 

postplanting herbicides alachlor, butachlor, and 

pendiniethalin. 
All treatments, regardless ofglyphosate and par-

aquat rates with postplanting treatments, provided 

adequate weed control with no crop injury when 

rated at I and 3 WE (Table 18). Plots that did not 

receive postplanting treatments had greater weed 

infestation as shown by the low weed control rat

ings. Conventionally tilled plots had also more 

weed infestation, primarily C rotundus, before the 

hand weeding operation was done. 

Most of the pendimethalin-treated plots had sig

nificantly higher maize dry matter yield than the 

unweeded plots, but were similar to the conventional

tillage treatment that received one hand weeding. 
No significant differences in weed weights were 

observed when rates of paraquat were compared. 

The low rate of glyphosate resulted in significantly 
waslower broadleaf weed weight, but the reverse 

observed for the sedge weed weight (Table 19). 

Advanced herhicide evahation. During the 1979 

wet season the performance of promising herbi-

IRRI, 1979 wet 
Table 18. Effect of herbicide application on weed control, crop tolerance, and dry matter yield of no-till maize." 

season. 

Treatmenth 

Glyphosate fb paraquat + pendimethalin 

Glyphosate fb paraquat + pendimethalin 

Glyphosate fb paraquat + pendimethalin 

Glyphosate fb paraquat + pendimethalin 

Glyphosate fb paraquat + hand weeding 

Glyphosate fb paraquat + hand weeding 

Glyphosate fb paraquat + hand weeding 

Glyphosate fb paraquat + hand weeding 

Glyphosate fb paraquat + no weeding 

Glyphosate fb paraquat + no weeding 

Glyphosate fb paraquat + no weeding 

Glyphosate fb paraquat + no weeding 

Conventional tillage + hand weeding 

aln a column, means followed by a common 
10:0 = no control, 10 - complete control. WE 

Herbicide 
c 

rate
 
(kg a.i./ha) 


0.75 fb 0.3 + 1.25 

1.5 fb 0.3 + 1.25 

0.75 fb 0.6 + 1.25 

1.5 fb 0,6 + 1.25 

0.75 fb 0.3 

1.5 fb 0.3 

0.75 fb 0.6 

1.5 fb 0.6 

0.75 fb 0.3 

1.5 fb 0.3 

0.75 fb 0.6 

1.5 fb 0.6 

-

d 
Dry matter Weed control rating Toxicity ratinge 

yield 
(/ha) l WE 

5.1 abcde 8 

6.4 a 10 

5.8 abc 9 

5.6 abcd 10 

5.8 abc 6 

5.6 abcd 8 

5.2 abcd 6 

5.4 abcd 6 

4.2 de 6 

4.2 de 6 

4,5 cde 5 

3.9 e 8 

5.6 abcd 5 

3WE 1 WE 3WE 

7 0 0 

9 0 0 

8 0 0 

9 0 0 

3 0 0 

4 0 0 

4 0 0 

4 0 0 

3 0 0 

4 0 0 

3 0 0 

3 0 0 

3 0 0 

active ingredient. dScale of 0letter are not significantly different at the 5 level. bit) followed by. Ca.i. 

- weeks after crop emergence. "Scale of 0-10:0 - no toxicity, 10 - complete kill. 

as affected by preplanting application of glyphosate and paraquat combinations in no-till maize (av 
Table 19. Weed weight, by class, 

for 3 replications and 5 postplanting treatments). IRRI, 1979 wet season. 
2 

Weed wt (g/m ) 

TotalSedgesGrassesHerbicide Broadleaf weeds 

Treatment Glyphosate Glyphosate Glyphosate Glyphosate 

(kg a.i./ha) (kg a.i./ha) Mean (kg a.i./ha) Mean (kg a.i./ha) Mean (kg a.i./ha) Mean 

1.5 0.75 1.5 0.75 1.5
0.75 1.5 0.75 

6 12 161 197 160
136 112 17

Paraquat 0.3 56 54 55 88 

5 6 166 163 164
60 42 135 99 117 8

Glyphosate 0.6 24 
° 

5 164 179 
Mean 40 57" 111 117 12 

aa.i. = active ingredient. 
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cides in dry-season tests was evaluated. The residual 
postplanting herbicides alachlor, metolachlor, and 
pendimethalin were tested in combination with 
reduced rates of paraquat applied sequentially in 
two split doses, or glyphosate followed by paraquat 
as preplanting treatments on maize, cowpea, and 
sorghum under no-till conditions. 

All three residual herbicidLs in combination with 
glyphosate followed oy paraquat provided better 
weed control in all crops than paraquat, according 
to visual rating 2 WE (Table 20). No injury due to 
any herbicide combination was observed in any of 

the crops tested. Lower total weed weights and 
consistently higher yields in all the crops were 
observed from the best herbicide treatments, which 
were comparable to the hand-weeded cultivated or 
uncultivated checks. Among the crops tested, cow-
pea had significantly lower total weed weight than 
either maize or sorghum. 

Because of heavy weed infestation, the unweeded 
no-till plots produced significantly lower yields in 
all crops compared to the best chemical ormechan-
ical treatments. Significantly lower yield was ob
served only in sorghum when the best chemical 
treatments were iompdrcd with the unweeded cul-tivated check. Further comparison indicated that 

total weed weight was significantly lower with gly-
phosate followed by paraquat than with paraquat 
applied before planting as a split application 
(Table 21). 

Herbicih screening. Several herbicides were 
evaluated in combination with paraquat and gly-
phosate in maize and a maize-mungbean intercrop 

in an uncultivated field during the 1979 dry season. 
The plots were irrigated. 

Yields from plots treated with chemicals such as 
alachlor alone or with cyanazine, butachlor, metol-
achlor plus cyanazine, pendimethalin, and X-150 
plus cyanazine as residual postplanting treatments 
after application of either paraquat or glyphosate 

were significantly higher than yields from the 

untreated uncultivated check plots planted to maize 

alone (Table 22). Although the same herbicide 
treatments produced numerically higher yield, they 
were not, however, significantly different from 

yields in the unweeded uncultivated check plots 
planted to maize-mungbean intercrop. 

When the herbicides were further compared, 
those that were accompanied by a preplanting 
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Total weed weight in no-till upland crops as affected by different preplantingTable 21. 

and postplanting herbicide treatments (av for 4 replications and 3 cropping patterns).
 

IRRI, 1979 wet season.
 

Tntal weed wt (g/m2 ) with postplanting 

Preplanting treatmenta .......-

Alachior 

treatment of 

Metolachlor Pendi. 
methalin 

Mean 
weed wt 
(g/m

2 ) 

Paraquat fb paraquat 
Glyphosate fb paraquat 

470 
182 

286 
190 

426 
88 

394 
153 

Difference 241 

afb followed by. 

Table 22. Effect of herbicide application on weed control, crop tolerance, and yield of maize under no-till conditiona IRRI, Novem

ber 1978-February 1979. 
Maize 

Treatmentb 
Herbicide 

ratec 
(kg a.i./ha) 

Yield 
(market-

able 

ears/ha) 

Weed control 
rating

d 

15 DE 45 DE 

Toxicity 
ratinge 

15 DE 45 DE 

Total f 

(g/m 
2 

) 

Paraquat + alachlor/cyanazine 
Paraquat + butachlor 
Glyphosate + alachlor 
Glyphosate + metolachlor/ 

0.75 + 1.0/1.0 
0.75 + 2.0 
1.5 + 2.0 
1.5 + 1.0/1.0 

59,333 ab 
62,000 ab 
62,666 ab 
66,000 a 

7 
6 
6 
8 

6 
6 
7 
6 

0 
0 
0 
0 

0 
0 
0 
0 

132 
100 

75 
72 

cyanazine 
Glyphosate + X-150/cyanazine 
Glyphosate + pendimethalin 

1.5 + 2.0/1.0 
1.5 + 2.0 

64,000 a 
68,769 a 

8 
8 

6 
6 

0 
0 

0 
0 

139 
68 

Check 
Hand weeding - no tillage Hand weeded 55,333 abc 8 9 0 0 23 

thrice 
No weeding - no tillage 
Hand weeding - conventional 

-

Hand weeded 
25,333 
58,769 ab 

d 4 
8 

2 
9 

0 
0 

0 
0 

269 
16 

tillage 
No weeding - conventional tillage 

twice 
- 50,667 abc 6 4 0 0 193 

Maize-mungbean intercrop 

Yield 
(market-

Weed control 
ratingd 

Toxicity 
ratinge 

Total 
weed wt 

f 

able 
ears/ha) 

-(weedwt 
15 DE 45 DE 15 DE 45 DE 

8 	 6 0 0 32Paraquat + alachlor/cyanazine 0.75 + 1.0/1.0 58,666 a 
6 	 0 0 21 

0 0 11
Paraquat + butachlor 0.75 + 2.0 64,000 a 8 
Glyphosate + alachlor 1.5 + 2.0 58,102 a 8 6 

Glyphosate + metolachlor/ 1.5 + 1.0/1.0 66,000 a 9 8 0 0 12 

cyanazine 
Glyphosate + X-150/cyanazine 1.5 + 2.0/1.0 59,436 a 8 6 0 0 98 

Glyphosate + pendimethalin 1.5 + 2.0 66,000 a 8 6 0 0 62 

Check 

Hand weeding - no tillage Hand weeded 61,333 a 9 8 0 0 13 
thrice 

No weedini - no tillage - 50,000 a 5 4 0 0 185 

Hand weeding - conventional Hand weeded 66,000 a 9 8 0 0 15 

tillage twice 

No weeding - conventional tillage - 5,666 a 6 6 0 0 38 

letter are not significantly different at the 5% level. bSlash f/) indicates herbicides applied astankmlxed. 
= complete control, DE = days after crop emergence. "Scale of 0-10:0 no toxicity, 10

aln a column, means followed by acommon 	 = 
ca.i. = active inredient. dScale of 0-10:0 = no control, 10 
complete kill. Taken at heading stage of grasses. 
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treatment of paraquat had a higher average total 
weed weight than tilesame set of herbicides with a 
previou.s glyphosate trealment, regardless of crop-
p ing patte rn. 

Weeding of dryland crops planted at (lie end of 
therainyseason. Ic elIect ofposlplantiIig methods 
of weced c roloil nthie vle d of four crops planted in 
a dlry land field at Il(RRI iii Nove inhei 1978
studied, 

was 
lhc miajor weeds growinzg ii association 

wilh the clops wrc (. roliti,t Rl.e.Itata. A. 
.yitlo.L, and ( ontinlia/'cighth/L. 

Il all crops, Hhe lowest weed weights () 1)1. were 
i tile plots that werc wecdcd twice ir that had been 
irlite Iroiw-culliva led or. ttciteil%%,witIa directed appli
cation of' palaUatl 3 WF and followed by a hand
weeding 5 WF. I hicte \eic .significazlily less weeds 
in these plot.s than illthose that had been tealed 

with pariutal Ofutet'llIow-cultikalcd 3 WF. ese
I'h 

plots hid signiticiIiY IcSS esses 1han the no0-
weeding plots. I lie averlge wecl w\eighl i;) tile 
loWCC Cd plots il' I ISStlOps WaI 181.4 g ill"i. lie.Illilt" 

iio-WCC illgplols, the lowest weed weight ( INU).6 

g/ iin ) was ccordcd illlie initligheall plolsaid t lie 

highest (201.4 g ii) \a.s ob cstvi 
 lie
l iiu[h miaime
pdols. 

(uisWI'peI .iIlllghea;lli 1clhs h 1i telilt's that i 
w%%iLctwere weedcd \tlC Sign1ilicantlIv highel Ihanl


III os Ihcile tilllWt' eiII Plots ( lable 23). ()liei 
dill rilccs we iiot slgllili i.'i/c, lictcc Ialt. 1-0r 
was 1()tsigntilicant dilleleice ill vield t)wl\kcci the 
plots Ihal wetcie weced and Ihose not wceded, bitt 
for sOIghinl i all tlitC plots t Itat cccicd a weeding 
treatment, except Ihos that rcccivcd a direcled 
applicatio of paaquitat 3 WIE, yicled sigfiicantly 
higher thani tnle tweceded check. 

Titit, 23. 

Orde 
100 

ofplot$ 
. . .. 

,,,,s, 
I ,, , , ,". 

H0 ,, . ,.A' 
H,, 

I ,, A , iAc 

6 - M~ V-0 S1.0 11w.e1 
M6 

,10
 

o ( 
0 :i *o ',11(1 

Of(d,,,plo, 
4. D i o f lm p lt liitt iim..i i 
, Iit t .illnpI t i iti i inI t e llllillllt 

.,
rlt ilnt.itiplotis Illiidit.ltd It a %Iqu.iic.I tiC %lt"olral'll

° 

lanltt%alhltc. 
 ,iiit.1ll'lilllI,isilattlOhlihiih isItsibasrdt oiOlll(11tiiiin,Il\ \.t'ghli lItC,ICht"llo~ldl,ss Oiiii1)0-11ph~t' 

lht ii% ,tht,,)
0 .i'itg le.\ .111dN iXSUI'lN it lidlet;lC
pqohabl' hollill es v.10ii oIIIhll i t'llllllll\ I1j..,i
tilt- ohli~llitaIll 

dtiI1 iigiaIRRI. 197H 

WeedC'tcommunities growing in a,-smciation withl 
transplanted rice. IFighl weed coliithu iity tF-s 
wCie idenitilied growing ii1 a'.ssociation \illhtralls-
Ilanled rice illI I fields at I R RI in 1978 and 1979
(I ig. 4). I he I.V. ol the \ed species bascd on weed 
weight in t ile(itfelrett communities changed with 
tinie (Ilig.5). Ile IV. of . L1arwen.i increased 
froi1i 40 1)1 I nti rice heading and then decreased 

(irmll of dryili Cyi.l crti s fit:tias hy differmrll cintrol milbiHIS.' 
"weed 


I11111, 19718 wrl sttmi, 1978 
 ,79city smisoi 

1.1 Iw 'I d cI,I.11d .1Wl :1 II. 34 :a2 1.1i4 . 
PI.i ii, il !ik, ,.1 'hi,:1W I 8i. , 23 :1i, 0.9,it1
 
hlll.tlow(.111hVIIw :1W1 
 :1i :12,hAl 2.1 11 '11) 
Ill1h,1dw"'-dol' ! Wl
 

Ilnh'lflwrtlt ilhii
l3Wl :1 , i1.11 2 1 al .15,11
P , t m , , O) oa .i./ h a : 1 W l : 1 2 . )i t, b k 2 . 111d 3 0 j, 0.9 ,1) 
No wviin.1i 23 Ih 22 I 20, 01 1):1
day of| h'.l Inl ......lolflll
IIlloll ..... 
 h d ai.lflllflI y ..... l~ 
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Stoge of rice growth 

5. Effect of time of sampling on change in importance valuebased on dry weight of each weed community type. IRRI,
1978. DT = days after transplanting. Values in parenthesesrepresent Simpson's index. 

from heading to rice maturity. However, the I.V. of 
M. vsaginahs and Lchimnchloa crus-galli ssp. his-
piuhda increased from 40 DT to maturity, and Scir-

pus maritinus decreased from 40 DT. The results 
imply that different weeds should be sampled at 
different times to obtain the maximum information 
about them. But in a mixed weed vegetation, if
weeds are to be sampled only once, they should be 
sampled at rice heading. 

In these fields, the yield losses caused by weeds
varied depending on the weed community types. 
The highest yield decrease due to weed competition 
was caused by the E. crus-galli ssp. hispidula-S.

community, and the least by the E glahrescens community (Table 24). The yield reduc
tion caused by 100-g dry weight of weeds/r 2 was
42% and 10% for those community types. 

PLANT PROTECTION 
Crop/itig S.w'lns Cont/)onentof/ithe Ltoinologrand Plant Pathology Departments 
Insecticide evaluation (En toinology). Insecticides 
were screened on maize seedlings and preflowering 

postflowering mungbean for insect control,
and on rice for possible growth stimulation effects. 

Maize see'dling protection. A trial planted in 
September 1979 in flatangas compared 8 insect
icides applied as seed treatment at 5 and 10 ga.i./kg seed. Plant growth characteristics weremeasured to identify chemicals that were effective 
against the seedling maggot and also plant neutral. 
Bendiocarb and formetanate effectively controlled 
seedling maggot at both dosages and were plant
neutral (Table 25). Carbofuran, cartap, and prome
carbwerephytotoxicat 10ga.i./kgseed. Carbofu
ran at 10 ga.i. produced significantly taller plants, 

Table 24. Relation between yield reduction and weed weight of dif'erent weed com
munity types. IRRI, 1978-79. 

Weed community type 

Echinochloa crus-galli ssp. 
hispidula-Scirpus maritimus 

Monochoria vaginalis. 

Echinochloaglabrescens. 
F/mbristylislittoralis-
Scirpus maritimus 

Monochoria vaginalis. 

Scirpus supinus
Monochoria vaginalis 
Echinochloag1abrescens 
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Yield reduction I ) at weej 

(/m 2 ) of 

100 200 300 400 

42 80 100 -

w 

500 

-

Weed wt 

(g/m 2 
)

required for 
50 , yield 
reduction 

123 

21 42 63 84 95 239 

15 31 46 62 77 333 

15 
10 

31 
20 

46 
30 

61 
40 

75 
51 

366 
497 



Table 25. Insecticide evaluation for yield loss assessment during the seed and seedling 
growth stages of maize. 8 Batangas, Philippines, 1979. 

Dosage Deadhearts Plant ht 
Insecticide Formulationb (g a.i./) Germination (cm) 

kg seed) 28 DE 30 DE 

Bendiocarb 80 WP 10 3 a 86 abc 74 cd 
Bendiocarb 80 WP 5 6 a 88 abc 78 abc 
Carbofuran 30 ST 10 4 a 75 cd 85 a 
Carbofuran 30 ST 5 3 a 89 abc 84 ab 
Forrmetanate 50 WP 10 5 a 96 a 81 abc 
Formetanate 50 WP 5 5 a 85 abc 71 cd 
Chlorthiophos 25 SP 10 17 b 96 a 73 cd 
Promecarb 38 SP 10 22 bc 60 e 72 cd 
Phenthoate 40 SP 10 22 bc 80 bcd 78 bcd 
Cartap 50SP 10 18 bc 70 e 67 d 
Methoxychlor 50 SP 10 25 bc 81 bcd 73 cd 
Untreated 42 d 84 abc 74 bcd 
aAv of 3 replications. DE days after crop emergence. In a column, means followed by the same 

= 
letter are not significantly different (P<O.05) at 'he 51, level. bWp = wettable powder, ST seed 
treatment, SP - soluble powder. 

which supported the contention that it directly kg a.i./ha was effective if the insecticide was app
affects maize growth. lied beginning 25 DE. 

Insects f fpreflowering munghean. Sprayable Rice growth stimulation by insecticide seed 
insecticides were screened in farmers' fields in treatments (Entomology). Eight insecticides were 
Manaoag, Pangasinan, in II trials from 1977 to evaluated for their effect on the growth of rice in a 
1979 against the preflowering mungbean insect greenhouse experiment using heat-sterilized soil. 
pest complex -- bean fly Ophiotn.viaphaseoli, flea The insecticides were applied as seed dressing (log 
beetle A/edytihia suturalis, thrips 7hrips pahmi, a.i./kg seed) and the plants were enclosed in mylar 
leafhopper Amrasca higudla, and aphid Aphis film cages to prevent insect infestation. 
craccivora. This complex is common on mung- Carbofuran significantly increased root weight, 
bean and cowpea throughout the Philippines. tiller number, percentage of productive tillers, 

Insect pressure was high in all trials and signifi- grain weight, and 100-seed weight and promoted 
cant yield losses occurred in untreated plots, maturity (7 days earlier) compared with the un-
Monocrotophos gave the greatest yield increase in ittated check (Table 28). Bendiocarb, promecarb, 
six of the eight trials (Table 26). but it was not caltap, and formetanate stimulated rice growth, 
significantly better than the synthetic pyrethroids but toa lesser degree. Because insecticidesare used 

permethrin, decamethrin, cypermethrin, and to measure yield loss, it is important to choose 
fenvalerate and phosalone, omethoate, chemicals that do not directly affect rice yields. 
oxydemeton-ethyl, ethion, phosmet, formothion, Insect pests and the continuous rice system 
methyl-parathion, profenofos, cvanofenphos, and (Enwmiology) A continuous cropping system of 
naled. 14 plots planted to an insect pest-susceptible cul-

Insects ofpo.fstflowering mtnighean. During the tivar on a weekly basis was established at IRRI 
1977-78 crop year, 15 insecticides were tested in without insecticide in 1978. A double-cropped field 
Pangasinan in 2 trials against the postflowering that used the same cultivar without insecticide was 
insect pest complex of mungbean. All plots re- included. Insect pests and natural enemies were 
ceived equal preflowering insecticide protection, monitored inthe two systems on plants planted the 
and Heliothis armigera was particularly abundant, same week to eliminate the effects of planting date. 

Decamethrin was outstanding against theliothis Natural enemies of rice pests, notably spiders, 
and other postflowering pests in both trials (Table are more favored in continuous cropping than in 
27). Subsequent trials showed that a dosage of 0.03 double-cropping (Fig. 6). In the continuous crop-
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Table 26. Effect on yield of sprayable insecticides for control of preflowering mungbean 
insectsOa Pangasinan, Philippines, 1977-79. 

Insecticideb 

Monocrotophos 16.8 EC 
Carbaryl 85 WP 
Endosullan 35 EC 
Untreated 

Oxydemeton-ethyl 25 EC 
Methyl-parathion 50 EC 
Azinphos-ethyl 40 EC 
Chlorpyrifos + BPMC 31.5 EC 
Carbophenothion 30 EC 
Mevinphos 19 EC 
Monocrotophos 16.8 EC 
Untreated 

Monocrotophos 16.8 EC 
Decamethrin 2.5 EC 
Phosalone 35 EC 
Untreated 

Monocrotophos 16.8 EC 
Omethoate 50 EC 
Profenofos 40 EC 
Perthane 45 EC 
Methyl-parathion 50 EC 
Cyanofenphos 25 EC 
Naled 58 EC 
Untreated 

Monocrotophos 16.8 EC 
Ethion 40 EC 
Oxydemeton-ethyl 25 EC 
Untreated 

Monocrotophos 16.8 EC 
Phosalone 35 EC 
Phosmet 50 WP 
Formothion 33 EC 
Untreated 

Monocrotophos 16.8 EC 
Dimethoate 40 EC 
Triazophos 40 EC 
Fenthion 30 EC 
Carbophenothion 30 EC 
Chlorpyrifos + BPMC 31.5 EC 
Carbaryl 85 WP 
Untreated 

Continued on next page 
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Dosage 

(kg a.i./ha) 


cTrial 1
0.25 
0.25 
0.25 

Trial 2C 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

Trial 3c 

0.25 
0.02 

0.25 

Trial 4 c 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

Trial 5 c 
0.25 
0.25 
0.25 

Trial 6 d 
0.25 
0.25 
0.25 
0.25 

Trial 7 d 
0.25 
0.5 
0.25 
0.25 
0.25 
0.25 

0.5 

Yield 

Increase over 
t/ha untreated 

%) 

0.69 a 116 
0.67 a 109 
0.63 a 97 
0.32 b 

0.97 a 67 
0.96 a 66 
0.92 a 59 
0.89 a 53 
0.89 a 53 
0.88 a 52 
0.87 a 50 
0.58 b 

0.87 a 58 
0.85 a 55 
0.82 a 49 
0.55 b 

1.40 a 77 
1.36 a 72 
1.27 a 61 
1.17 a 48 
1.17 a 48 
1.17 a 48 
1.16 a 47 

0.79 b 

1.47 a 81 
1.33 a 64 
1.31 a 62 
0.81 b 

1.46 a 100 
1.46 a 100 
1.42 a 95 
1.29 a 77 
0.73 b 

1.06 a 126 
0.93 b 98 
0.92 b 96 
0.90 b 91 
0.90 b 91 
0.18 b 87 
r 3 b 87 
U.47 c 



Table 26 continued 

Yield 
Insecticideb 

Dosage Increa.e .ver(kg a.i./ha) t/ha untreated 

(%)
 

Trial 8 d 
Permethrin 10 EC 0.02 1.01 a 60Decamethrin 2.5 EC 0.01 0.98 a 56Monocrotophos 16.8 EC 0.25 0.92 a 46Cypermethrin 2.5 EC 0.02 0.87 a 38Fenvalerate 3 EC 0.02 0.79 a 25Untreated 

0.63 b
aA"l treatments including the control received maximum postflowering protection -0.03kgmethrin/ha 25, 35, 	 ai.decaand45 daysafter crop emrgence IDE). Insecticides were applied 2 and 12 DE. 
Insecticides tested that did not adequately control insects were bendiocarb, pyridophenhion cartap,MTMC, acephate., EPN, methidathion, quinalphos, chlordimeform,phamidon diazinon, methomyl, BPMC, 	

metalkamate, chlorpyrifos, phos.MIPC, malathion, trichiorfon, methamdophos dichlorvos,phenthoate propoxur, leptophos, and tetrachlorvinphos= 	 allat 0.25 kg a.i./ha. EC emulsifiableconcntrate WP wettable powd,'r. CAy of 3 replications. day of 4 replications. 

ping, each time a plot was harvested and plowed to planthopper numbers remained low even on theestablish a new planting, only 1/14 of the field was susceptible cultivar 1ET3877.disturbed. Spiders were easily relocated to adja- Other insects such as whorl maggot, stem borcent undisturbed plots. When a double-cropped ers, leaf folder, and rice bugs were well belowfield was harvested and plowed, the entire area was economic injury levels in both continuous anddisturbed and the spider population declined, double-cropping (Table 29).Spider populations kept pace with those of hop-	
More stem borers 

were present in the continuous planting.pers where no insecticides were used. The green Plant protection in wetland rice-based croppingleafhopper, whitebacked planthopper, and brown systems (Enlomolog). Fertilizer e/ffecttheon 

Table 27. Evaluation of insecticides for assessment of yield lossdue to postflowering insectsof mungbean (CES 14 )a Pangasinan, Philippines, 1977-78. 

Insecticideb 	 Dosage .. . . . . ...
(kg a.i./ha) Defoliation Larvae (no./ Damaged 	 Yield green pods Cthl
(%)65 DEc 15 plants) CIO (t/ha) 

Trial Id 

Decamethrin 2.5 EC 0.05 10a 
 l ab 0a 1.66 a
Fenvalerate 3 EC 0.05 2 bMethomyl 20 EC 0.75 
10a 	 4 b 1.58a 
10 a I abMonocrotophos 16.8 EC 	 17 bc 1.43 a0.75 10a


Acephate 40 EC 0.75 	
1 ab 15 bc 1.41 a
 
2 b
Carbaryl 85 WP 	

10a 20 c 1.33 a0.75 10a 4 bc 28Untreated 	 c 1.21 a
57 b 10 c 65 d 0 b 

Decamethrin 2.5 EC 	 Trial 2 e0.05 5 a 0.3 a 0 a 1.78 a
 
Methomyl 20 EC 

0.75 5 a 8 b 18 b 

Acephate 40 EC 

0.75 1.47 b
 
Monocrotophos 16.8 EC 

5 a 3 a 7 ab 1.43 b
0.75 5 a 2 aFenvalerate 3 EC 	 7 ab 1.37 b0.05 1 aCarbaryl 85 WP 	
5a 6 ab 1.34 b0.75 5a 3 a 19 bUntreated 	 1.21 b

40b 11 c 96 c 0.02 c'Av of 3 replications. In a column, means followed by a common letter are not significantly different atreceived preflowering insecticide - 0.25 kga.i. monocrotophos/ha 2 and 12 DE.bEC 
the 5% level. All plots including the untreated 

crop emergence, dlnsecticides were applied 30 and 42 DE. Planting was26 Nov 1977. 
=emulsifiable concentrate, WP wettable powder. 'Days afterInsecticides were applied 30,40,and 55 DE.Planting was12 Dec1977. 
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Asian corn borer. A fertilizer trial in 1978 tested 
the effect of various nitrogen, phosphorus, and 
potassium rate combinations and timings on the 
Asian corn borer population at harvest. The results 

presented in Table 30. There were no signifi
cant differences when the analysis was by Dun

multiple range test at the 5% level but analysis 
of variance showed significant interactions for nit
rogen and for split versus hilling-up methods of its 
application. Corn borer had a significantly (P <, 
0.01) positive response to nitrogen across all 
treatment levels. There was no response to phosphorus and potassium. When the b coefficients 

from regression analysis were tested, there were 
significantly (P < 0.05) fewer corn borer tunnels 
per plant when nitrogen was applied at hilling up 

than when it was split (1.3) (basal plus hilling 
up).Therateof60kgNi/haat hilling up produced 

yields and minimized corn borer damage. 
Sorghum. Previous experience has shown only a 

few insect pests attack sorghum after rice in Pan
gasinan. The most prominent is corn earworm 
thiothisarmigera.The larvae feed on the develop

grains. The low-cost treatment of 0.75 kg a.i. 
0carbaryliha,1 recommended when more than I 
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SHeliothis larva 2 panicles isobserved or when the 
populations reach arating of 7,was tested in 

1978 and compared to a complete control based on 
prophylactic insecticide application. lheliothis and 
aphid numbers warranted one application of car
baryl during the milky stage this low-cost treat
ment was as effective as maximum protection in-hrewa n

those pests (Table 31). There was no 
yield loss from ants or other soil pests. The 
untreated control, however, experienced a loss of 
$170; ha, including labor, giving a benefit-to-cost 
ratio of 17:1. 

MAunghean. The recommended insect control 
practice for dry-season mungbean planted after 
wetland rice in Pangasinan 0.25 kg a.i. mono
crotophos ha (2 and 12 DE), 0.75 kg a.i. carba

rylha (25 and 35 DE) is aimed at the bean fly 
Ophiomn 'ia phaseoli flea beetle Aeyilthia sutura
lis, and corn earworm lleliothis armigera. The 

was tested in 1978-79 with max
imum protection in two planting dates representing 
the patterns maize-TPR-mungbean, and DSR
TPR-mungbean. Results in the 1977-78 crop year

hng:otlwrnhad shown a need to change the postflowering 
insecticide level by shifting the application timing 



No/ 20 Nills 
20 

16 - _6 GH nqpfs &49'1 /77Whs spido,BPH fl1Whs 

12 V qil,.lds12V Cor inuously o tpped 

0 Doue-cropped
fields 

4 

40 47 54
0 

61 68 75 82 40475461687 8 404754 6875 82 40 47 5461 68 7582 

Days after transplanting 

6. Population fluctuations of green lealhoppers (GLH), whitebacked planthoppers (WBPH), brown planthoppers(BPH), and spiders in continuously cropped and double-cropped fields of IET3877. IRRI, 1979 wet season. 

Table 29. Incidence of 4 insect pests in continuous and double-cropped systems planted 
to the insect-susceptible cultivar IET3877 without insecticide. IRRI, 1979. 

Whorl Stem borer (%) Leaf folder 
Cropping system maggot damaged Rice bugsgrade Dead- White- 2 

(I- 9 )a leaves (no/m )hearts heads M 

Continuous weekly 3.5 4.8 0.7 0.7 2.3 
cropping


Double-cropping 3.5 
 2.5 0.5 0.2 2.5 
1 = no damage, 9 = severe damage. 

of carbaryl from 35 and 45 DE to 25 and 35 DE to tial yield gain from insecticide usage. Both thecontrol Heliothis (1978 annual report). recommended and maximum control treatmentsThe 1978-79 results showed that the change in included protection during the preflowering andinsecticide timing was sufficient to control Hello- postflowering growth stages. To evaluate the rela
this larvae as well as bean fly and flea beetle for 
both planting dates (Table 32). The recommended 
practice gave optimal insect control on the mung- Table 30. Effect of nitrogen, phosphorus, potassium, andbean crops, which registered 77% yield losses for method of application on the Asian corn borer in green maizethe December planting and 92% for January. Sig- -foraPangasinan,Philippines, 1978.nificant yield losses occurred in both the preflower- Fertilizer Corn borering (62 and 71%) and postflowering stages (15 and Treatment PKAplctoNPK Appiction tuns. tunnels21%) for the December and January plantings. 1kg/hal . method Ino/plantThe insecticide used in the recommended practice 1 0-0-0 - .8acost $33/ha and the benefit-cost ratios were 17.6 2 0-30-0 Basal 0.8a3 0-30-0 Hilling up 0.8afor the December planting and 13.9 for January. 4 0-0-30 Basal 0.9 a 

Cowpea. The insect control recommendation 
65 0-0-30 Hilling up 0.Ba60-0-0 Split 1.1 afor cowpea planted as a third crop after 2 rainfed 7 90-0-0 Split 1.3 arice crops in Iloilo is 2applications of 0.25 kg a.i. 8 60-30-30 Split 1.6 amonocrotophos/ha (2 and 12 DE) followed by a 9 90-0-0 Hilling up 0.9 apostflowering spray of 0.75 kg a.i. carbaryl/ ha 25 10 60-0-0 Hilling up 1.3 aDE. This recommendation was evaluated ag .inst a 11 60-30-30 Hilling up 1.2 aaAv of 7 farms. Ina column, meansfollowed by a common letter ere

high level insect-free treatment to show the poten- not significantly different at the 5%level. 
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Table 31. Chemical insect control on sorghum (Cosor 3) 
Manaoag, Pangasinan,planted after rainfed wetland rice. 

Philippines, 1978. 

Yield 
Treatment rating' (no./10 (t/ha) 

panicle-s) 
Complete controlC 2.8 a 3.0 a 3.76 a 
Postflowering 2.8 a 3.3 a 3.68 a 

protection only 

Aphid Heliotis0 

3.70 aRecommended 2.8 a 4.0 a 

practice - economic 
thresholdsd 

9.0 b 11.8 Ia 3.08 b 
tUntreated Untrated9.mn 8was 

a cofsdAv of 4 repilications (fields). In a column, means followed 

mon letter are not signiicantly different at tire 5 level, bScale of 
1-9 per plant at hard dough stage 1 - no aphids, 3 several adults, 
5 sewvlral colonies, 7 manly dilstinct colonies, 9 many coalesced 

and indistnct colonies. CPneflowering protection of 10 g a.i. cararvl/ 


kg seed and postflowering 
 rotectron of 0.05 kg a.i. decamethrin/ha 

(2 sprays after flowering). r)One application of 0.75 kg a.i. carbaryl/ha 


when 1 Hehothis larval2 plants is surpassed. 


tive insect pest pressure on each of the two growth 

stages, two additional treatments giving protection 
were comparedto only the postflowering stage 

(Table 33). 
The results indicated that the recommended 

level was suboptimal for the postflowering stage. 
There was a significant yield difference between the 

the highpostflowering trez.ments representing 
and recommended levels of protection. Yield loss 
was not significant when the preflowering stage 

not protected (treatment I vs 2), indicating 
thy

that the bean fly pressure was not damaging. Cow
pea was more tolerant ofbean fly damage than was 

mungbean. 

Dryland rice-based cropping systems (Ento
mology). Chemical insect control in bush sitao. 

Batangas farmers normally plant small fields to 

January.a Manaoag,
Table 32. Evaluation of the chemical insect control recommendation for mungbean planting i, December and 

Pangasinan, Philippines, 1978-79.__ 

Bean fly Flea beetle Heliothis Yield 
infested plants) 1' defoliation) (no./25 plants) (t/ha) 

Treatment 25 DE 14 DE 

JanDec Jan DecDec Jan Dec Jan 

t 3 a 3 a 1.41 a 0.88 a 
Maximum protection on pro- 22 a 7 a 7 a 5 a 

flowering and postflowering 

growth stages 
b 3a 3 a 0.54 b 0.26 b 

Maximum protection on post- 65 b 79 b 16 b 23 

flowering growth stage only 
6 a 3 a' 4 a 1.32 a 0.87 a5 a 7 a 

74 b 80 b 18 b 24 h 24 b 14 b 0.32 b 0.07 b
Recommended practicec 25 a 

Untreated 
letter are not sit. crop emergence. In a column, meant followel by a common 

aAv of 4 replications (fields) in ech month of frlantin.]. DE clays after 

nificantly different at the 5' level, bPreflowering protection of 0.5 kg a.i. monocrotophoslha on 2, 9, and 16 DE, post'lowering protection of 0.03 kg 

monocrotophos/ha on 2 and 12 OE, postflowerrng protection of 0.75 
a.i. decamethrinlia on 25, 35, and 45 DE. Cpreflowering protection of 0.25 kg a.r. 

kg a.i. carbaryliha on 25 and 35 DE. 

Iloilo, Philippines, 1978-79. 
Table 33. Chemical insect control on cowpea (EG2) after rainfed wetland rice.a 

Bean fly Defoliation Aphid Leafhopper Plant ht Yield 

T einfested (%) ratingb (no./plant) (cm) t/ha)
49 DE 49 DEplants) 35 DE 

12 DE 

44 a 0.42 a1 a 0.3 a
1. High level protectionC for preflowering 10 a 16 a 

and postflowering periods
 
2 a 0.7 b 
 40 ab 0.41 a 

2. High level protection for postflowering 42 b 12 a 


only
 
5 b 1.1 bc 41 ab 0.30 ab19 a 17 a3. Recommended practiced 

1.8 bc 37 bc 0.17 bc 
4. Recommended level for postflowering 54 bc 44 ab 5 b 


only
 
c 48 b 7 c 2.1 c 34 c 0.07 c70 

aAv of 4 fields. DE days after emergence. In a column, means followed bya common letter amnot significantly different at the 5%level.b19 scale 
5. Untreated 

= 

= 
= many colonies, coalesced and indistinct. CPreflowering pro

perplant: 1 = no aphids, 3 = adults only. 5 several colonies, 7 = many distinct colonies, 9 
p

tection of 0.5 kg a.. monocrotophos/ha 2, 9, and 16 DE, postflowering protection of 0.03 kg ai. decamethrintha 25, 35, and 45 DE. dPreflowering pro

tection of 0.25 kga.i. monocrotophos/ha 2and 12 DE, postflowering protection of 0.75 kga.i. carbaryl/ha 25 DE. 

434 IRRI ANNUAl. REPORT FOR 1979 



Table 34. Chemical insect control on bush sitao planted 
uan, Batangas, Philippines, 1978. 

Bean fly larvae 
AphidTreatment + pupae(no./plant) ratingratln b 


Complete protectionc 
Recommended practiced 
Untreated 

Complete protectionc 
Recommended practiced 
Untreated 
aWithin eachplanting date, 

13-21 DE 35 DE 

May planting,6 fields 
0 a 2.2 a 
0.01 a 2.6 c 
0.1 b 2.0 a 

November planting,3 fields 
0.2 b 1 a 
0 a 1 a 
0.7 c 1 a 

meansin columns followed by a common 
ferent at the 5%level.DE = =daysafter crop ern"rgence.bi1g scaleper plant: 1 no aphids, 3 adults,5-=several colonies,,= many distinct colonies, 9 many colonies, coalescedand indistinct. c1V,, wt/wtcarboturan seed treatment, 0.05 kg a.i. fenvalerate/ha 
tophos/ha 2 and 12 DE,1 kg a.i.carbaryl/ha 30 DE. 

bush sitao in May with the onset of the monsoon 

rains. The yield response to insecticide of this 

planting was compared to that of a planting after 

rice in November, an introduced pattern. The yield 

response with complete protection was compared

with that with the recommended practice, which 

had only preflowering protection. There was 
 a 

distinct seasonality in insect pest abundance (Table

34). The early planting was attacked mainly by the 

aphid Aphis craccivora,which was relatively easier 

to control than the bean fly Ophiom'iaphaseoli, 

which infested the dry-season planting. The bean fly

in the November planting reduced plant stands 

and attacked the crop even at the green pod stage,
producing a symptom similar to that of bacterial 
wilt. 

The May planting showed the greatest yield 
potential and the least insect pest pressure. The 
November planting initially suffered from rains 
during the late rainy season and drought during
the pod-filling period. 

Infercropping and the Asian corn /borer. A 
number of theories have been proposed to explain
how intercropping reduces the Asian corn borer 
Ostrinia furnacalis populations on maize. Two 
field experiments in 1978-79 compared the corn 
borer populations on intercrop and sole crop 
treatments. In the first experiment the four treat-
ments were maize + rice, maize + peanut, maize + 
bare soil, and dense sole crop maize. Row spacing 
was 1.5 m in the first 3 treatments and 0.75 in the 
dense sole crop. The maize population was 25,000 

in May and November.a Tana. 

Yieldof
 
Plant ht greenYiel podsof 

(cm) (/ha) 

62 a 3.7 a 
60 a 3.4 a 
57 a 2.2 b 

37 a 1.68 a 
42 a 1.23 a 
23 b 0.23 b 

letter are not significantly dif. 

on 25, 35,and 45 DE. d0 .25 kg a.i. monocro. 

plants! ha for wide spacing and 100,000 plants/ ha 
in the dense sole crop. In the second experiment
maize was spaced 1.5 m between rows in 4 treat
ments --- maize + soybean, maize + rice, maize + 
bare soil (weeded), and maize+ weeds (unweeded).

Egg masses were counted from 400 plants/ repli
cation at biweekly or weekly intervals in both 
experiments. Contrary to earlier results ( 1973 and 
1975 annual reports), no significant differences 
were found between the intercrop and sole-crop 
treatments, either per maize plant or per unit area. 

Corn borer larvae, pupae, and tunnels were 
counted at bimonthly or weekly intervals. In the 
first experiment, corn borers were significantly 
fewer in the peanut or rice + maize than in the 
maize sole crop (Fig. 7). Contrary to previous
studies (1975 annual report), there was no differ
ence in corn borer numbers (larvae, pupae, or 
tunnels) between wide-spaced (25,000 plants/ha)
and narrow-spaced (100,000 plants' ha) sole crop.

In the second experiment there were no signifi
cant differences in corn borer numbers between 
any of the four wide-spaced treatments. 

Natural enemy populations were monitored in 
the first experiment by enclosing whole plants with 
nets day and night at bimonthly intervals. There 
were no significant differences in predators (species 
or individuals) between intercrop and sole crop 
treatments (Fig. 7). Some previously recorded 
insects were observed to be efficient predators of 
the corn borer. A ladybird beetle[Mlicraspiscrocea 
(Mulsant)] and a pentatomid bug (Menida for-
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Arthropods Ino./Plant 
7 1 


6 , 

5. .
 

3-cropping 

2 

1 

8847 60 74 
Nvs afteremergeonce
crop 


7.Effect of intercropping on the Asian corn borer, and acom-


parison of natural enemies sampled on maize plants inter-


cropped with rice or as sole crop. IRRI, 1979. 

mosa Westwood) preyed on egg masses. 
Greenhouse and field trials demonstrated the 

dispersal behavior of corn borer larvae 1-3 days 

old. Upon hatching, the larvae first aggregated 
around the egg mass and moved together to the 

upper portions of the maize plant. A pioneer larva 

secretes a strand of silk, attaches it to a leaf, and 

dangles. The suspended pioneer larva swings in the 

wind currents and produces more silk (up to 1.5 m 

Table 35. Efficacy of some 
IRRI, 1979. 

Fungicide 

Mancozeb 


CGA 48988 
Terra Coat L-205 
Terra Coat ZN-2055 
Vitavax 200 
Vitavax 300 
Homai (NF 68) 
Rovral 
Orthocide 
H-719 
Check 


fungicides applied asseed treatment 
. . .
 

Cowpea 

2d
lst 


96.7 a 97.3 a 

84.7 ab 97.3 a 

40.7 c 61.4 ed 

81.7 b 42.4 cd 
cd
10.7 d 37.9 

5.7 d 26.5 d 

75.3 b 67.0 be 

20.0 cd 40.9 ced 

37.7 c 47.0 cd 

5.3 d 75.8 abc 

89.7 ab 95.4 ab 

long) until it strikes an object or becomes airborne 
if the silk breaks. A bridge is formed if the larva 
strikes an adjacent plant with the silk still intact. 

The aggregating larvae have been observed to 
cross the silk bridge in tandem to the adjoining 
plants. If the pioneer larva struck a non-maize 
plant, it returned over the bridge to the original 
plant. 

This dispersal behavior could explain how inter
reduces corn borer populations - be

cause of widely-spaced maize rows, or the greater 
distance between plants in intercropping than in 

sole cropping more larvae became airborne. Once 
airborne, the larvae may be blown away from the 

field. It was observed, however, that corn borers 

were significantly fewer in maize with companion 
crops than in maize + bare soil. There is no reason 

in interto believe wind currents would differ 
a comcropping systems with bare soil and with 

panion crop. 
Chemical disease control (Plant Pathology,). 

Seed treatment against clamping-qff of legumes. 
Damping-off of legume seedlings caused by Scie
rotium roy'sii, Rhizoctonia solani, and Pythium 
debaryanum occurred at research sites in Iloilo, 

Pangasinan, and at IRRI. Fungicides as seed 

treatments to control those organisms were tested 

in an IRRI greenhouse during 1979. 
The results of tests against Sclerotium damping

off are summarized in Table 35. None of the chem

icals exhibited phototoxicity in the trials. 

on the incidence of Sclerotium preemergenee damping-off in 2 trials. 

. . .. .f - . . . _.. 


("
Pre-emergence damping.of 

Soybean
Mungbean 

2d 1st 2d1st 

75.0 a 98.6 a 70.4 abe88.5 a 
82.0 a 100.0 a 98.5 a70.1 be 

bed

64.9 c 82.8 a 73.7 b 42.2 

37.1 d 50.9 abe 55.1 b 48.5 bcd 

8.4 cd 33.0 cd
1.0 f 37.0 bed 

20.0 d
2.1 f 20.0 d 5.3 d 

bCd
74.0 a 100.0 a 59.376.4 abc 
b 44.1 bed19.1 e 22.0 cd 49.1 

21.8 cd
57.6 c 11.7 d 64.2 b 

3.5 f 64.1 ab 27.0 c 55.2 bcd 

100.0 a 83.7 ab86.8 ab 81.7 a 

that emerged x 100; data corrected basedon percentageof seedgermination and seedling
% i = total no. of seedssown- no. ofseedlings 


total no. of seedssown
 
wasbasedon valuestransformed to arcsin.
Meant 

sowing. Eachfigure representsthe meanof 3 replications; analysis 
gence.Data weretaken 7 days after 

followed by the same letter are not significantly different at the 5% level.
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emer. 
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Table 38. Effect of seed treatments on the incidence of downy mildew and on maize 
pines, 1979. 

Rate of 8 April 1979 
Variety Ridomil 25 WP Downy mildewb (',) 

(g a.i./kg seed)-------
34 DE 

Macapuno (local) 0.50 0 a 
0.25 0.23 a 
0.125 0.33 a 
0 13.41 b 

Sweet maize 0.50 0.50 a 
(susceptible) 0.25 1.32a 

0.125 4.91 b 
0 71.04 c 

....... 

At harvest 

0 a 
0.46 ab 
1.33 b 

13.65 c 

1.25 a 
3.14 b 

9.01 c 
87.25 d 

Yieldc 

(no. of marketable 
ears/23.4 m 2 ) 

64.25 a 
64.25 a 
60.75 a 
59.75 a 

53.25 a 
4 7

.50a 

46.25 a 
11.50 b 

yield at 2 planting dates." Pangasinan, Philip

25 April 1979 
Downy mildewb 

(") Yiel 

Down of makel e
34 DE At harvest ears/28.1 m ) 

0 a 0 a 81.25 a
 
0 a 
 2.03 ab 77.75 a 
1.66 a 3.56 b 81.25 a 

40.62 b c47.43 66.25 a 

0 a 2.68 a 62.33 a 
2.87 b 7.09 b 7 1.00a 

11.04 c c21.90 63.50 a 
71.49 d 96.27 d 7.00 baMeans followed by the same letter are not signifcantly different at the 5, level. bBased on the ratio of infected plants to the total population in middlerows/plot; analysis based on values transformed toarcsin.DE - days after emergence. CAnalysis basedon valuestransformed to log1o (x + 1), 

DowniI, mile o/'maizeplanted/e/cbre rice. In 
Pangasinan, downy mildew occurs in late maize 
plantings (May to June). Planting earlier allows 
the crop to escape infection but increases the risks 
of drought because most maize fields are rainfed. 

Ridomil 25 WP as seed dressing at rates ranging
from 0.5 to 2.0ga.i., kgseed has provided excellent 
control ofthe disease. A 1979 study in Pangasinan 
tested the efficacy of Ridomil at lower rates on 
Macapuno, a local variety, and on a sweet maize 
variety susceptible to downy mildew. Significant
control of the disease was observed at a rate as low 
as 0.125 g a.i./ kg seed (Table 36). The higher inci-
dence of the disease during harvest for the late 
planting and on sweet maize was expected. The 
disease control on Macapuno variety was not 
reflected statistically in the yield for both planting
dates, which suggested that the reduction in the 
number of marketable ears is insignificant at a 
disease incidence as high as 47('i. 

Macapuno appeared to have some tolerance for 
downy mildew. 

Cropping systems and diseases (Plat Pathol-
ogy). L.'i,ct o/'naize anl inuifgheatfhitercrol) olV iMungbean 

Cercosjorah'/'.%pot /" tmungbean in a dr1laml 
fiehl. Mungbean was intercropped with maize at a 
two-row spacing at IRRI. The results indicated 
that two-crop intercroppingdid not minimize Cer-
cospora leaf spot (Table 37). 

Soil-borne diseases in wetlancd atul rvlad 
fiecs. Wetland and dryland fields were planted
with wet-seeded rice and dry-seeded rice, respus..-
tively, and then inoculated with sheath blight at 
maximum tillering to ensure the presence of the 

disease for subsequent cropping. Moderate disease 
intensity resulted. After harvest, the fields were 
divided into WSR-TPR-TPR, WSR-TPR-mung
bean, TPR-mungbean. and GM-TPR-mungbean 
patterns. The first crop in wetland fields (Table 38) 
showed that disease incidence and severity gener
ally increased with time for WSR and TPR and 
WSR appeared to favor the disease more. On 
green maize, the disease was inconsistent in weeded 
and unweedcd plots in all the cropping patterns 
used. 

In another experiment, two strictly rainfed dry
land fields at IRRI with a history of soil-borne 
diseases \\ere used to determine the effect of crop-

Table 37. Effect of intercropping on the severity of Cercospore leaf spot and on grain yield of mungbean. IRRI, 1979. 
........... 

Treatment" Disease severityb 

33 DE 47 DE 

Sole mungbean 
TreatedUntreated 1.4 1.71.5 3.7 

+ maize 

in 1.5-m row 
Treated 1.4 1.4 
Untreated 1.6 4.0 

Mungbean +maize 
in3.0-m rowTreated 1.5 1.8 

Untreated 1.6 3.8 

61 DE 

6.4_e 

5.8 
_c 

6.7 
_c 

Yield 

ftha) 

1.20.7 

0.7 
0.3 

1.2 
0.5 

aTleated plants... cved 2 sprays of benomyl (0.3 
0/liter water per 

spraying)using at4 lower29 and 43 days after emergence 1DE). Onleaves/plant, 6 plants sampled/plot. Each leafa leaf basis,wasrated on ascaleof =0 to 9: 0 no infection,= I =1-5 leaf areainfected, 3 6 to 25%, 5 26 to 50%, 7 51 to 75%. and 9 = 76 to 100%. CCom.plete defoliation. 
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Table 38. Incidence and severity of Rhizoctonia disease in first crop of 4 cropping patterns in a wetland field! IRRI, 1979. 

15 Oct 1979 29 Oct 1979 12 Nov 1979 26Nov1979
Cro pp ing patternb 	 .. ....... .... 

() S I S (,) S (K) S 

WSR-TPR-TPR Weeded 40.7 1.1 40.7 2.0 3.863.0 92.6 4.9 
Unweeded 33.3 1.0 40.7 2.8 63.0 3.5 77.8 4.9 

WSR-TPR-mungbean Weeded 40.7 1.3 44.5 2.5 77.8 7.2 70.4 4.8 
Unweeded 55.6 1.4 37.0 2.6 51.9 3.6 81.5 4.6 

TPR-mungbean Weeded 15.7 3.0 21.8 3.3 26.9 4.6 51.1 4.8
,.'iweeded 16.8 2.7 25.0 3.3 4.628.2 48.8 5.0 

GM-TPR-mungbean Weeded 14.3 2.1 13.7 2.1 -c  -
Unweeded 19.7 1.6 11.8 2.0 - 

incidence; based on the ratio of infected plants to the total population in sampled area in each plot
a1= 
x 100. S severity; basedon Standard Evaluation 

System for Rice scaleof 1 to 9. bWSR = = 

= wet-seeded rice, TPR transplanted rice, GM green maize.CGreen maize already harvested. 

Table 39. Soil-borne diseases and their incidence and severity a 
at different observation dates in 2 dryfand fields (DH7 and DC4) as 

affected by various cropping patterns.b IRRI, 1979. 

Cropping pattern Infection Pathogen Infection Pathogen 	 Infection Pathogen 

First crop, DH7 
21 May 	 26 Jun 14 Aug
 

Cowpea - cowpea - Damping-off 65.4. Stem & 46.7 
 , None _ 
cowpea 28.4 ., Rhizoc.c root rot Rhizoc., 

5.4 	 51.1':, 
Fusar., 
6.7";,Scler.
 

Dryland rice - green None -
 None - Sheath blightd

maize - cowpea 
 2.4 

Dryland rice - cowpea - None - None - Sheath blight
cowpea 

2.4 

Second crop, DH7 
11June 12 Nov 19 Nov
 

Cowpea - cowpea - Damping.off 48.2 Damping-off 
 100 	 Stem & 100 
cowpea 12.6 Rhizoc. 0.4 . Rhizoc. root rot 	 Rhizoc. 

0.3 
Dryland rice - green None - None 
 - None 
maize - cowpea
 

Dryland rice - cowpea - Damping-off 56.3 , Damping-off 79.2 Rhizoc., Stem & 100
 
cowpea 
 9.0. Rhizoc. 1.0 41.7 root rot Rhizoc. 

Pythium 0.1 
First crop, DC4! 

12 Jul 
 13 Aug 	 24 Sep
 
Peanut - peanut - Damping-off 16.7. Scler., Damping-off 11.6 Stem rot 100!,
peanut 
 12.4 	 33.3 4.4 Rhizoc., 0.1". Scler. 

Rhizoc. 11.7 ,Fusar. 
Dryland rice - green None - Sheath blight - None 
maize - peanut 3.3 ,
 

Dryland rice - peanut - None - Sheath blight - None 
peanut 4.1 
aInfection figures followed by % indicate incidence, based on the ratio of infected plants tothe total population x 100. Values for sheath blight denoteseverity, based on the Standard Evaluation System for Rice scale of 1-9. Rhizoc. Rhizoctonia, Fusar. = Fusarium, Scler. = Sclerotium. bEach figurerepresents the mean of 4 replications. " 65 .4%of infected seedlings yielded Rhizoctonia growth on isolation plates. dNo isolation was made for sheathblight; Rhizoctonia sp. has been known asthe causal pathogen. eData for DC4 are based on first crop alone. Data for the 27 Aug and 10 Sep plantings,
which showed no infection, are omitted. 
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Table 40. Mycelial and sclerotitl characteristics of Rhizoctonia solani isolates from various hosts grown on potato dextrose agar. IRRI, 
1979. 

Isolate from . 
Mycelia 

Color Growth type Color 

Maize White Aerial Brown 

Cowpea Brown Depressed Brown 

Mungbean White Aerial Brown 

Wetland rice White Aerial Brown 

Sorghum White Aerial Brown 
aMean of 3 replications. 

ping patterns on such diseases. Data gathered in 
1979 are in Table 39. There was a shift from Rhi-
zoctonia and l.iisarium in the pathogens isolated 
from infected plants. Only light to moderately light 
sheath blight infection was observed on dryland 
rice. In the two cropping patterns with cowpea as 
the second crop, a high percentage of Rhizoctonia 
was isolated from infected plants, although disease 
incidence decreased with time. The reducing effect 
of the first crop of rice on disease incidence in 
cowpea appeared to be negligible compared with 
the effect in the sequence with cowpea as the first 
crop. 

Diseases and ratoon crop. In an attempt to 
establish a relationship between soil-borne diseases 
and a ratoon rice crop, data were taken from two 
IRRI ratooning experiments. Most of the varieties 
exhibited moderate reaction to sheath blight in the 
main crop, but the reaction was not reflected in the 
ratoon crop. The stem rot incidence was high but 
was not correlated with the ratoon stand. During a 
wet-season trial, the incidence of stem rot infection 
was higher and the data seemed to reveal some 
correlation between a good ratoon crop and low 
incidence of stem rot. No sheath blight was 
observed onlthe ratoon crop where the main crop 
was sprayed twice with benomyl. 

Pathological relationship between rice disease 
pathogens and component dryland crops (Plant 

Pathology). Many plant pathogens have a wide 
host range that include rice, maize, sorghum, and 

grain legumes, and cropping patterns and related 
crop management have a significant impact on 
how a disease epidemic is developed. Work in 1979 
included pathogenicity tests on component crops 
from which strains of pathogens were isolated. 

Sclerotia 

Site of production Type of formation NumberO 

Cover of petri dish Solitary 27 

Covs.r and periphery Aggregated, minute, 204 

of pesri dish irrregular, crustlike 

Dispersed Solitary 28 

Dispersed Solitary 228 

Dispersed Solitary 234 

Thanatephorus cucumeris on rice and compo
nent drvland crops. The cultural characteristics, 
growth rate at different temperatures, anastomo
sis, and pathogenicity on other component crops 
were compared for sheath blight strains isolated 
from various hosts. 

Mycelial and sclerotial characters of 3- and 4
day-old cultures, respectively, were noted. Only 
the cowpea strain appeared distinct in producing 
brown mycelium exhibiting depressed type of 
growth, and crustlike sclerotia (Table 40), and for 
attaining the lowest growth rate at different tem
peratures (Table 41 ). The cowpea strain again dif
fered from others when its anastomosis exhibited 
contact mvcelial fusion. No anastomosis occurred 
among strains from different host crops, suggest
ing that various anastomosis groups might have 
been involved. 

The results from pathogenicity tests are sum
marized in Table 42. (ienerally, no significant dif
ferences were observed among the strains on the 
basis of preemergcnce damping-off. 

Sclerotium rolfsii and compjonent crops of the 
croppingtstenis. Damping-off caused by Sc/ero-

Table 41. Linear growth of Rhizoctonia solani isolates from 

various hosts at various temperatures. IRRI, 1979' 

Isolate from 
Gr.owth rate' (mm/day ... 

20'C 25 C 30'C 35°C 

Maize 24.3 36.6 43.6 2.3 
Cowpea 13.7 21.1 25.2 1.9 

Mungbean 26.4 33.6 41.2 2.7 

Wetland rice 25.2 39.3 45.7 6.9 
Sorghum 16.9 29.3 41.7 5.2 
aMeanof 3rplications. 
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(%)and severity (lesion length) in different crops of diseases caused by Rhizoctonia solani isolates from various 
Table 42. Incidence 
hosts. 1979. 

-


Isolate from 	 Rice 

Dryland 

28.0 aRice - wetland 
13.3 a 
25.3a 

Rice - dryland 
Maize 
Sorghum 14.0a 

15.3 aMungbean 
42.3 aCowpea 

65.4 aRice - wetland 
17.1 	 bRice-dryland 
72.5 a 

Sorghum 47.9 a 
Maize 

40.8 abMungbean 

Maize 

Wetland -

Pre-emergence damping-ofd tCo) 

29.7 a 
22.7 a 
19.7 a 
20.3a 

19.7 a 
37.7 a 

Post-emergence damping-off Ro) 

51.7 ab 
35.0 	 bc 
76.7 a 
56.7 ab 

60.0 a 
10.0 c0 	 cCowpea 

Lesion lengthc (cm) 
27.7 aRice - wetland 17.6 a 19.9 a 

12.4 	 b 24.4 a 

b 26.8 a15.4 ab 13.8 
Rice - dryland 11.9 bc 

Maize 
24.4 aSorghum 12.6 bc 12.4 b 

19.6 a 23.9 aMungbean 19.1 a 
bCowpea 8.2 c 6.3 c 8.8 

mean of 3 replications. Analysis for pre- and post.emergence damping-off was basedon values transformed to arcsin; means 
iEach figre represents the 	

r;,1ovel.bData taken 7 days after sowing. CData taken 7 days after inoculation. 
letter are not significantly different at 'hefollowed by acommon 

tiun rolfii on grain legume crops planted after rice 

is common. S. rolfii isolated from various crops 

was inoculated on wetland rice and dryland crops. 

On the basis of seedling infection, the rice strain 

was the most pathogenic on mungbean, cowpea, 

and peanut. The strains from cowpea, peanut, and 

mungbean gave inconsistent results on the legume 

crops. 
On mature plants, all the strains produced 

lesions of similar length on the tillers of both dry-
on the stem of mung-land and wetland rice and 

bean. On maize, the peanut strain caused the low-

est infection on the leaf sheath, on peanut, the 
incidence ofmungbean strain caused the lowest 


stem rot. 


SOIL AND CROP MANAGEMENT 

Multiple Cropping Department and Cropping 

Sy'stems Component of the Soil Microhiolog.v 

Department 

Wateruseofdrylandcropsfollowingrice(Multiple 
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Disease incidence or severitya 

Sorghum . Mungbean Cowpea 

_--

58.7 abc 100.0 a 100.0 a 

27.0 c 59.7 c 38.3 b 

42.0 abc 98.0 ab 98.0 b 

37.7 bc 84.7 bc 60.3 b 

72.3 a 87.0 b 98.7 a 

69.7 ab 100.0 a 100.0 a 

80.0 ab 90.8 a 76.7 b 

68.3 b 46.7 bc 51.7 bc 

95.8 a 25.8 c 43.3 c 

95.8 a 61.8 b 46.7 bc 

96.8 a 38.3 bc 8.3 d 

27.5 c 100.0 a 95.0 a 

28.6 a 1.9 a 6.8 b 

25.1 ab 2.8 a 12.6 a 

27.0 a 6.7 a 8.2 ab 

21.9 b 2.1 a 8.9ab 

24.8 ab 4.4 a 6.0 b 

16.2 c 6.5 a 9.6 ab 

Cropping). Crops grown after dryland rice often 

receive little or no rainfall during the growing 

but are capable of producing grain usingseason 

only stored soil water.
 

The ability of crops to extract soil water from a 

rainfed dryland site was compared at IRR I at the 

end of the 1978 wet season. A nedtron moisture 

meter was used in access holes 1.8 m deep. The 

results (Fig. 8) show different starting values of soil 

water because of heterogenous soil. The rate of 

extraction and the amount ultimately extracted 

varied between species, with sorghum ( 178 mm in 

78 days) and peanut (2 36 mm in 102days)effective 

for both. Cowpea extracted water rapidly during 

part of its 66-day life cycle, but the total water 

extracted was only 140 mm. Soybean and two 

dryland rice,arieties showed the lowest extraction 

(75 mm), none of which came from below 80 cm 

from the soil surface. 

The effective rooting depth through time was 

also estimated from the neutron moisture measure
ments (Fig. 9). Cowpea showed extremely rapid 



Vk"ci n ni mi n tetop17m ofsal 

900 - -- --- 

800 oee 

70 0 - C17 A VS V' 

oT---
 1 

Moz 


607 o5.. 


700 IR36 
0 

600- 0 

-0 

500,1i l 11 1 1 1 J11 1 1 1 1 1Days 

500 7 17 26 5 15 
Dea-R 

25 4 A 246 
- m r 

1 0ysfI 
-I 

8. Changes in soil water for 8 rainfed crops. IRRI, 1979. 

penetration, but the two rice cultivars showed slow 

For the other crops, rooting depthpenetration. 
was related toage. Root distribution was examined 

more closely by counting root intersections for 

cowpea and the dryland rice variety. Cowpea roots 

proliferated at depth in rainfed plots, but in an 

irrigated control deep roots were few (Fig. 10). In 
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9.Changes in depth of the rooting zone of rainfed dryland crops, 

determined from water extraction patterns. IRRI, 1979. 

contrast, dryland rice showed no increased root 

density at depth in dry conditions. Measurements 
of leaf water potential (Table 43) showed the 

importance of deep roots ---rainfed rice showed 

greater stress than other crops. 
The results suggest that cowpea, peanut, and 

sorghum have inherent advantages for extracting 
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10. Root densities of cowpea and dryland rice in rainfed and irrigated plots. (Note the different scales.) 

IRRI, 1979. 
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Grossrevenue(S/ho) 
000 

800 - Peanut 

600 - Sorghum 

Cowpeo 0" 

400 -
 Soybean/ 0 Maize 

200-

0o Rim 
o 100 200 300 400 

Total crop water Lse(m) 

II. Revenuefromgraininrelationtowaterlostinevapotranspi-

ration. IRRI. 1979. 

water after dryland rice, with cowpea requiring less 
water because of its brief duration. In economic 
terms, the crop revenue was closely related to the 
water lost through evapotranspiration for all crops 
except mungbean, which was easily the most 
profitable because of its high unit value (Fig. I1). 

Wide row spacing for dryland crops (Multiple 
Cropping). In the dry season, many rice farmers 
grow dryland crops after rainfed rice, but yields are 
often limited by drought. Research in semiarid 
regions has shown dryland crop yields can be 
increased by planting in wide rows rather than in a 
conventional narrow row system. 

Wide-row technology may be successful because 
the root system first exploits the soil water directly 
beneath the row and thereby leaves the subsoil 
water between the rows for exploitation during 
flowering and grain filling. With narrow rows, 
crops exhaust soil water before maturity. Wide 
row technology appears to be particularly effective 
when the crop grows mostly on stored soil water; 

Table 43. Values of midday leaf water potential for selected 
crops on 7 February. IRRI, 1979. 

Crop . ... Leaf water potential (bars). . .. . . 
Irrigated Rainier . ... 

Rice, IR36 -10.3 -25.6 
Rice, C-171 - 8.3 -22.1 
Maize - 9.5 -12.5 
Sorghum - 8.0 - 7.1 
cowpea - 8.5 - 8.1 
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Table 44. Yield for sorghum and peanut (as kernel) planted 
in wide and narrow rows. IRRI, 1979. 

Row spacing Yield (t/ha)
(cm) Peanut Sorghum 
250 1.2 1.1 

50 0.9 2.2 

rainfall during the growing season encourages 
surface roots which lead to early exploitation of 
soil water between the rows.

In many rice-growing areas the weather and
soil-water regimes for a dryland crop following 

rainfed rice meet the criteria for successful wide
row technology. We did an exploratory field 

experiment in the 1978-79 dry season to test wide 
(250 cm) and narrow (50 cm) row spacings of 
sorghum and peanut on a dryland site at IRRI. 

The results (Table 44) show that sorghum yields 
were depressed at wide spacing, but that peanut 
yields increased by 33% over yield at narrow spa
cing. The increase for peanut was associated with 
larger kernel size, suggesting that soil water was 
conserved for transpiration during the pod-filling 
phase. The response of sorghum was due to 
sufficient soil water even at conventional spacing. 

The difference between sorghum and peanut 
may have been due to poor nitroger, uptake from 
the dry soil beneath the wide rows; the peanut was 
nodulated and was adequately supplied with 
nitrogen. 

Soil water redistribution and drainage (Multiple 
CropIing). A study was conducted on dryland soil 
(tentatively classified as Mollic Tropofluvent) and 
a wetland soil (tentatively classified as Lithic Vertic 
Tropaquept)at IRRI to compare water movement 
dif' -enccs following infiltration. I he dryland soil 
w; selected because its profile was deep and 
I orm, and moisture movement patterns similar 
to those described by scientists elsewhere were ex
pected. The wetland soil was selected becaiuse its 
profile was typical of that of many rice soils in the 
surrounding area. Both soils were on sites where 
they would be virtually free from the effects of 
irrigation. The field descriptions in Table 45 and
the chemical and physical data in Table 46 indicate 

the comparative uniformity of the dryland soil 
relative to the wetland soil. Moisture desorption 
curves for the uppermost three horizons of the root 
zone are shown in Figure 12. 



Table 45. Profile description of 2 soils, IRRI farm. 

Dryland toils: Mollic Tropofluvent (tentative classification) 

Landform Slightly convex slope, close to deeply incised creek, undulating to almost flat. 

Slope 2-3 

Vegetation Grasses and citrus 

Parentmaterial Recent colluvial deposits. The lower part of the profile (below 4 m) contains tuffaceous material; the 

upper part has been influenced by ash fall. 

Drainage Moderately well drained. 

Depth of ground water Below 3 m during description. 

Erosion Slight 

Horizon Depth (cm) Mcrphologicalcharacteristics 

Ap 0-20 Dark reddish brown (5 YR 3/2) clay loam; no mottling; structureless and loose when moist, com

mon fine roots; smooth boundary. 

BI 20-40 Dusky red (2.5 YR 3/2) clay loam: no mottling; poorly iormed (grade 1) and very fine (5 mm) 

subangular blocky; friable; few fine and few medium tubular pores; some roots; gradual, smooth 

boundary. 

B21 40-54 Dark reddish brown (5 YR 3/3) clay loam; no mottling; poor form (grade 1 ) and very fine to fine 

(< 5-10 m) subangular blocky; friable; few fine and few medium irregular pores; f'"N roots; 

gradual, smooth boundary. 

B 22  54-74 Reddish brown (5 YR 3/4) clay loam; no mottling; moderate form (grade 2) and very fine to fine 

(< 5-10 mm) subangular blocky; firm; few fine and few medium irregular pores with clay coating 

around the pores and peds; few roots; gradual, smooth boundary. 

B 23 74+ Strong brown (7.5 YR 4/6) clay loam; no mottling; moderate form (grade 2) and fine (5-10 mm) 

subangular blocky; firm; few fine and few medium irregular pores; few roots; very few Fe and Mn 

concretions. 

Wegland soil: Lithic Vertic Tropaquept (tentative classification) 

Landform : Almost flat to slightly concave; undulating to almost flat surrounding land, close to deeply incised creek. 

Slope < 1' 

Vegetation Grasses (formerly wetland rice and other crops). 

Parent material Plio-Pleistocene tuffaceous material in the lower part of profile;theupper part of the profile has been 

influenced by repeated ash falls. 

Drainage Poorly drained. 

Depth of ground water About 70 cm during description; flooded during heavy rains in the wet season. 

Erosion None. 

Horizon Depth (cm) 	 Morphological characteristics 

Apg 0-15 	 Dark reddish brown (5 YR 3/2) silty clay loam; some yellowish brown mottling; structureless and 

very friable, common fine roots, very few tubular pores; smooth boundary. 

Bltg 15-27 	 Dark reddish brown (5 YR 3/3) silty clay; some yellowish brown mottling; poorly formed (grade 1) 

and very fine (< 5 mm) angular blocky; friable; common fine roots; few irregular pores; smooth 

boundary. 

8 
2tgcn 27-56 Dark reddish brown (5 YR 3/4) clay; concretions of Mn and Fe about 30', of volume; very dark 

gray (2.5 YR 3/0) for Mn concretions and clark red (2.5 YR 3/6) for Fe concretions, 2-8 mm in 

size; moderate formed (grade 2) and fine prismatic and block (5-10 mm); friable; very few fine 

roots; fine pores and peds with clay coats; gradual, smooth boundary. 

IlB2tgen 56-95 Dark brown (7.5 YR 4/4) clay; 50-60" of Mn, Fe and tuffaceous materials, concretions with 

black (2.5 YR 2.5/0) for Mn, red (2.5 YR 5/8) for Fe. and pale yellow (2.5 YR 8/4) for tuffaceous 

materials, 2-30 mm in size; moderate formed (grade 2) and fine (F-10 mm) prismatic with some 

blocky, firm; fine pores and peds with clay coats; wavy boundary. 

IIIR 95+ 	 80-90%pale yellow (2.5 YR 8/4) partly weathered horizontally layered tuff, interbedded with 

10-15% very dark grayish brown (10 YR 3/2) clay, sometimes along vertical and oblique cracks; 

structureless, massive; hard; few coarse vesicular pores, partly filled with very dark gray clay. 
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Moisture by Wl (o)
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12. Moisture retention curves of selected horizons from wetland 

and dryland soil profiles. IRRI, 1979. 

Differences in soil water redistribution patterns 

and drainage rates were compared following two 
conditions. One started with a fully re

charged soil profile and substrata and was regarded 
as representative of soil water distribution follow

ing a wet season rice crop; internal drainage was 
expected to be slow in both soils. In the other 
condition, soil profiles had been depleted by crop 

extraction and deep drainage to a state in which 
further drainage was minor. The second condition 

was regarded as representative of s, :1water distri
bution midway through the growth of a dryland 

crop planted after wetland rice harvest. Water 
behavior patterns and drainage rates following 

these two starting conditions are important factors 
in the management of drland crops planted after 
wetland rice. The study was in two phases. In the 
first phase, test plots were heavily irrigated until 

were saturated or nearly so. The plots were 

hydraulically isolated from the surrounding soil 
and covered with plastic sheet to eliminate surface 
evaporation. With a neutron probe in an access 

tube at the plot center, changes in soil water were 

at depths of 15, 30, 60, 90, and 120 cm 

from the surface. Two sets of tensiometers were 
installed at depths of 15, 30,60,90, and 120cm, in a 
circle Im from the access tube. Periodic soil water 

content and matric suction determinations were 
made over a 30-day period. 

After the last soil water determination, the 
plastic sheeting was removed, and a high-densitysorghum-cowpea intercrop was planted to rapidly 
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13. Soilwaterprofilesonselecteddaysfollowinginfiltration. 
First and second phases of dryland field study, IRRI, 
1978-79. 

extract moisture from the soil profile. At 28 DE in 
the dryland condition and 22 DE in the wetland 
condition, sorghum was cut at ground level to 
reduce shading on cowpea. The neutron probe 
monitored profile water changes over a 54-day 
period in the dryland condition and a 42-day 
period in the wetland condition. In the second 
phase, the plots were irrigated with measured 
quantities of water (44 mm in the dryland and 
22 mm in the wetland). Assuming the crop ex-
tracted water to at least 3 bars suction, desorption 
curves showed 40-45 mm water should be stored 
in the surface 40 cm below'/ 3 bar suction. After 

irrigation, the plot surfaces were again covered and 
soil water profiles were determined periodically 
over the next 15 days. 

The contrasting soil physical characteristics were 
reflected in differences in soil moisture profiles 
during the first phase (Fig. 13, 14). Differences 
between day I and day 30 profiles, although minor 
within a soil, were different between soils; the dry

land moisture profile was relatively uniform with 
depth, compared to the irregular wetland profile.
The dryland profile drained uniformly with depth; 

in the wetland profile, more water drained fromthe upper portion. In both profiles, total drainage 

from the 0-75 layer over 30 days was minor 
3 mm for the dryland soil and 5 mm for the wetland 
(Fig. 15). Although somewhat higher for the 

wetland profile, daily loss rates for both profiles 
were initially low and diminished over the entire 
first phase (Fig. 16). The slow drainage rates in 
both profiles are thought to be caused by high 
subsoil water levels during the first phase. The 
dryland subsoil was frequently recharged by rains 
and the wetland subsoil was below awater table. In 
fact, subsequent to day 12, minor water increases 
were detected in the dryland profile, especially in 
the lower two-thirds (Fig. 13). 

As expected on the basis of porosity differences, 
the wetland profile contained more water than the 
dryland profile. In the wetland soil, however, an 
abrupt increase was noted at the 120-cm position 
where the material consisted of horizontally lay-

Water by volume (/o) 
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14. Soil water profiles on selected days following infiltration. First and second phases
of wetland field study, IRRI, 1978-79. 
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ered thixotropic tuff with vertical and oblique 
cracks. On the basis of a 73% porosity, and a 
2.64 g/cm3 particle density, the bulk density of the 
material is estimated to be 0.71 g cm', much lower 
than a determination made on a sample taken at 
100-cm depth. 

During the moisture extraction period between 
phases, the water content of the 0-75 cm layer
decreased by 92 mm over 54 days in the dryland 
soil, and 100 mm in 42 days in the wetland soil. 
Given the slow rates of internal drainage, this 
depletion was assumed to be mainly due to crop 
extraction. Much smaller amounts, 14 and 13 mm 
for the dryland and wetland plots, were depleted 
from the 75-135 cm depths, the major portion of 
which was assumed lost by deep drainage. On the 
basis of matrix suction profiles, estimated mean 
root extension rates were 24 mm/day in the dry-
land soil and 30 mm/day in the wetland soil. Part 
of the difference in these root extension rates may
have been due to soil and soil water factors but the 
major difference was attributed to atmospheric 
conditions more favorable for growth (warmer 
temperatures and higher solar radiation), which 
prevailed during the cropping period on the wet-
land soil. 

Daily water loss rates and cumulative losses in 
both profiles were greater during the second phase 
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16. Rates of drainage determined for 0-75 cm depths, first andsecond phases of dryland and wetland studies. IRRI, 1978-79. 

(Fig. 16). An estimated 20% of the applied water 
drained through the 75-cm level of the dryland 
profile during the second phase, despite a storage 
capacity between the 0 and 40-cm depth that was 
estimated adequate to retain the 44 mm applied. 
Comparisons of moisture profiles on day Iand day 
15 show that a small quantity of water initially 
stored in the upper 45 cm was redistributed to the 
45-75 cm layer. The lower portion of the profile 
was little affected by the applied water; most of the 
water released from the top third of the profile 
drained through the middle and lower thirds ofthe 
profile and, together with water remaining in the 
lower third after crop extraction, drained below 
120 cm. An estimated 120% of the applied water 
drained through the 75-cm level of the wetland 
profile during the second phase, despite a storage 
capacity between the 0 and 40-cm depth estimated 
to be adequate to retain the 22 mm applied.
Obviously, water remaining after the crop extract



ion period continued to drain during the second
phase. Acomparison ofday 

study showed that within soils, the drainage ratesandday 14moisture between the first and second phases differedprofiles in Figure 14 shows that drainage occurred greatly.rather uniformly throughout the depth of the Determining fertilizer rates for rice (Multiplewetland profile. During drainage from the wetland Cropping).Variable responses to fertilizer applicasoil, the water table surface was observed to recede
rapidly, which increased the hydraulic gradient 

tions are frequently observed in multilocational 
appreciably, and hastened drainage in the wetland 

field trials. Although there isageneral understand
ing of the climatic, edaphic, and other factors that

soil.Besides the obvious and contrasting differences are the sources ofresponse variations, these factorsare not of immediate interest to a cropping systemsin water behavior patterns in the two profiles, the agronomist who must determine fertilizer dosages 

Stop 1. Determine experimental fertilizer Step 2. Determine rational treatment comranges and select test levels. 
binations. 
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Step 3. Allocate experiments to fields within recognized land units. 
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17. The 5-step approach to determine economical fertilizer rates by field experimentation. IRRI, 1979. 
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for a cropping pattern designed for a recognized 
land unit. 

10 1979 the five-step approach outlined in Fig"In 
ure 17 was developed for use by cropping systems 

I 	 agronomists to determine an approximate least
cost expansion path for formulating optimal fertil
izer dosages at increasing cost levels. 

I The approach was tested in an irrigated area of 
.2 -Napnapan, Iloilo. Two wet-seeded IR36 rice crops
U w Lnwere used, with the first crop broadcast in the first 

half ofJune 1978 and harvested in mid-September, 
7 and the second crop broadcast in mid-September 

r- and harvested in early January. Twenty fields were 
used for each crop. The gross area from which the 
20 fields were selected was limited to about 200 ha 

(Nd. in the Sibalom River Irrigation System. 
6 Selection offirst-cropfertilizer treatment com

binations. Mean chemical and physical data for 
0 7i C, soils used in the first crop are given in Table 47. 

00 a= From these data and general knowledge of the 

LC, 	 area, the upper fertilizer limits were set at 120 kg
-2 a 

N/ha and 60 kg P205 /ha. An upper limit of 30 kg
.,Lo K20/ha was used in 6 treatment combinations 

< despite the argument by some scientists that the _ exchangeable level of soil potassium was adequate 
0'j.,I to satisfy crop requirements. 
a 2Nitrogen was regarded as the most limiting ele-
U ment for high yielding varieties. The 16 treatments, 
"- . . as nitrogen, P20, and K20, in kg/ha, were:
 
8 -" 2.. 
 0-- 0 T9 -- 80-60--- 0 

T2-- 40- 0-0 TI0-- 120--60-- 0
C)E o C 	 T3 ... 80-- 0 -T- II - 40---30--30 

S4 	 T-- 120- 0-0 T12 -- 80-30--30 
T5-- 40-30-0 T13-- 120--30-30 
16--- 80--30--0 T14- 40--60--30 

r Ci T7T120--30--0 - 80--60 30-- "15 
T8 - 40-- 60--0 116 -- 120--60--30 

0 0 Anah'sis of variance. Analysis of variance was 
8- CO applied to the yields ofeach experiment separately,n 

0 and to those of the experiments combined. Analy
.sis of the combined experiments showed a signifi
0  cant interaction between fields and treatments. 

CL ,The data indicated that yields were comparatively 
high for all treatments including TI on five fields,showing that nutrients were not severely limitingin 

a all cases. But because these high yielding fields 
0 could not be readily identified a priori, they were 

retained in the overall data analysis.
0 Analysis of each experiment showed significant 

u-n treatment effects in each field. A sight-drawn 
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IP205(kg/ha) 

60- 0 440 5 A 60 

45 

300 44 510 056 
3540 ,_~~~~t 

0- 30 039 430~ 

0 40 80 120 

Nifrooen(kg/ha) 
18. Rice grain yields offirst cropand sight-drawn isoquants and 
expansion path. means of 20 fields, 2replications!field, Iloilo,
Philippines, 1978. 

response surface and expansion path, using mean 
yields from treatments I to 10 (i.e. excluding 
treatments receiving K), conformed to expecta-
tions (Fig. 18). 

Economic anal'sis, firsi crop. As applied to 
results in the study, net yield was taken as the 

measured yield per hectare in the field, minus a 5% 

harvest loss and a one-sixth harvester share. 

Because it was assumed that the farmer sold his 

crop immediately after harvest, no storage losses 

were deducted. Gross field benefit was taken as the 

net yield times field price. Total variable costs were 

taken as the sum of fertilizer cost, cost of applica-
tion of fertilizer for topdressing, and interest on 
variable costs. Two cases were examined: one with 
interest at 6.5,/ half year and another at 501,/half 
year. Net benefit was computed as gross field 
benefit minus total variable cost. 

A partial budget analysis, presented inTable 48, 
shows computations based on mean yields for the 
20 experiments. The highest gross field benefit and 
net benefit were obtained at 120- -60-- 0. 

Net benefit curves were constructed by plotting 
the variable costs of the alternative fertilizer rates 
(excluding those receiving K) against their net 
benefits and connecting the most profitable ferti
lizer rates by a solid line to form the net benefit 
curve (Fig. 19). The slope of the curve shows the 
marginal rates of return to investments for the 
first three rates- T2 (40--0). T5 (40-30), and T6 
(80 - 3 0 -0)- on the curve were higher than the 
returns to more costly rates: T9 (80-60-0), T7 
(120-30-0), and T10 (120-60-0). 

Economics studies in Iloilo had shown that 
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1,t,bertft ($ 
02060 

S001030 10Of 
o.0-60 120-,0 

500 0ao.S 120-30 

40-30 80-30 80-60 

40 40-00-- 40-60
0.16 40-30 04060 

400 00 
40-0 

8012-0 
80-0 0120-0 

0.0 C* at 65%m/o~,est 

300 	 0-111 at 50% nlerest 

oI It 
0 	 25 50 75 100 125 150 

Variobe cost (S/ha) 

19. Net benefits and variable costs of 10 fertili/er treatment 
cotnibnal ions for the first crop, at 2interest rates. Means of 20 
fields. 2 replications field. lloilo, Philippines, 1978. Numbers 
joined by a hyphen indicate kilograms N and Pper hectare. 

farmers were getting 200% returns on cash inputs 
in their patterns. For both interest rates, all highly 
profitable fertilizer treatments had average returns 
exceeding 200%, and rates on the net benefit curve 
had marginal returns exceeding 200(;j. The Iloilo 
economics studies also showed that few farmers 
exceeded cash expenditures of $50, ha for fertilizer 
on their main rice crops. Although f 5 (40--30) 
was within this range, Figure 19 shows that *the 
40-30 nutrient combination was well off the 
expansion path, and that probably a 50- 20 com-
bination, at about the same cost, would be better 
balanced and still not exceed levels farmers were 
already using. Expansion to 80---30 and beyond 
could easily be justified where expenditures are 
not constrained. 

Marginal analysis of highly profitable fertilizer 
rates using the 6.5(' interest rate to compute cost 
was separately made on each of the 20 experi-
ments. Treatments containing potassium were 
excluded from the analysis of individual experi-
ments. The distribution showed that generally 
where little or no nitrogen was required, little or no 
phosphorus was required; where large amounts of 
nitrogen were required, large amounts of phos-
phorus were required, indicating that soils that sup-
plied little nitrogen also supplied little phosphorus. 
Although the largest marginal frequencies for ni-
trogen corresponded to 80 kg/ha, the largest fre-
quency for P205 did not correspond to 30 kg/ha. 
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Furthermore, considerable variation was found 
between fields. 

major concern are fields on which even low 
rates of fertilizers did not produce profitable 

returns, although yields were high. 
0 The recommendation of 30 kg P20/ha often 

appeared too low where phosphorus was 
needed. 

Within the 20 test fields, the chemical soil tests 
found to most closely correlate with nitrogen andphosphorus uptake across the experiments could 
not be used to identify fields requiring no fertil
izers, or phosphorus rates greater than 30 kg 
P205/ha. Factors other than slight differences in 
chemical constituents of the soil clearly caused the 
variation in optimal fertilizer dosages for the 20 
fields. 

Given the obvious differences in natural field 
fertility in environmental factors (including those 

which contribute to risk, such as drought, ty
phoons, insects), in farmers' management abilities, 
and in farmers' economic positions, rates of 80
30 to 90- 40 were suggested as general rates for the 
first rice crop where there is no cash constraint. 
Where cash was constrained to $50/ha, rates of 
50--20 or 60- -20 were suggested. Given the many 
factors that go into a farmers' final choice, these 
approximate rates were assumed as adequate for 
analysis in cropping systems studies. 

Selection of second-cro) fertilizer treatment 
Co/nI'inatios.Although the general study area 
was the same as in the first rice crop, different fields 
were selected because: 

0 20, of the first-crop area had irrigation of 
questionable reliability for the second crop. 

0 Potassium treatments were eliminated and an 
additional phosphorus level was introduced, 
requiring a different field layout. 

Higher nitrogen levels were used on the second 
crop because the highest nitrogen levels on the first 
crop appeared limiting in some cases and solar 
radiation on the second crop was expected to be 
higher. The highest P20 level was kept at 60 kg/ha 
but instead of 2 levels (30 and 60 kg/ha), 3(20, 40, 
and 60 kg/ha) were used to examine phosphorus 
responses. A zinc treatment was also added because 
soil analysis indicated that zinc was below the 
critical level and because of the long peri6d of 
submergence during the first crop. The 10 treat
ment combinations, as kg N/ha and kg P20 5/h a, 



60 0 62 
0 

STreatntye kl t/ht)) 
o O:'rrtted /-C,tretenwt 

40 -- 0 Exan-t58 65 

20 00 
I- II 


4 	0 0 40. 
20.4 Rieganyed ,gdan
n isoqusand 

4 "1"8 40 

1 " 135 
Nitrogen (kg/hal 

20. Rice grain ieclds and sight-drawn isoquants and expansionpath fr the second crop. Means ol2nfields. 2replications fcd,Iloilo, Philippines, 1978-79. 

were:w 
TI 0 0 T6Tal 135i20 
T2 45 0 _17 90 40 
T3 90 0 8 135 40 
T4 45 20 .1.9 135 60 
T5 90 20 ei 135 60shw thow+ 

Treatment effects were significant in each experi
ment analyzed separately. Using yield means from 
treatments I to 9, response surface and expansion 
path wasfsight-drawn (Fig. 20). The surfaceonform-
ed with expectations. 

Economic anl-. Partial budgets of the 10E 
treatments, using mean yields for the 20 experi-
ments, arc presented in Table 49. Both highest 
gross field benefit and highest net benefit were
obtained in treatment 8 (135- -40). Costs and pri-
ces assumed in the budgets are listed on the left side 
of the table. 

The net benefit curve in Figure 21 shows that the 
135-60 and 135-60 + Zn treatments were infe-nior because for each of them, there was another 
rate with a higher net benefit but a lower variable 
cost. 

As in the first crop, marginal rates ofreturn were 
high where fertilizer applications relieved limiting
nutrient supplies. Because of the lower rice price, 
marginal rates were not as high as in the first crop,but the marginal return to 90--20 was about 270% 
at the 6.5% interest rate and 21%at the 50% inter-
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fm beefit ISA/iO 
500 - ,35-40 

3520 
475 

0-90-40 135-20 
90-0 & 9135-40 

- ,35-60+ Zn 

425 90-40 
1,1 90-2090-0 

35-60400 - 0 

S- 090-0 ,-6+zn 
375 - 45-O ,. 45-20 

";- So-, at 65% interest5-0 

350 -0.o, 50%iterest 

5 

0 25 50 75 100 125 150 175 
Variable cost (,/ho) 

21. Net benefits and variable costs of 10 fertilizcr treatment 

combinations for the second crop, at 2interest rates. Means of
 

Iloilo. Philippines. 1978-79.21 fields. 2 replications fields. 

Numbersjoined bya hyphen indicate kilograms Nand P.,O, per 


hecta re. 


est rate. Beyond 135--20 (T6), returns decreased 

rapidly. 


Although 90--20 (T5) produced high net benef-
its, a fertilizer cash cost of $62 ha was required, 
which appeared slightly high in relation to most 
farmers' expenditures on fertilizers. A rate of 70 
20, determined by interpolating between rates used 
in the experiments, would providc a high rate of 
return under a restriction of S50, ha on fertilizer 
materials, 

Marginal analyses of fertilizer rates, using the 
6.5(i interest rate to compute costs, were separ-
ately made on each of the 20 experiments. The 
distribution of optimum fertilizer combinations 
using 200(/' marginal returns to variable costs is 
shown in Table 50. As in the first crop, differences 

between fields were great. However, in contrast to 
the first crop Olsen P determinations were in gen

eral agreement with the optimum P205 rates, but 

the scatter remained too wide for the soil test to be 
of use beyond defining the range of experimental 
levels. Similarly, organic carbon showed much scat

ter and cannot be considered as a precise test for 

defining nitrogen rates. 
Use of old seedlings to shorten field duration 

(Multiple Cropping). The use of a higher number 
of rice seedlings per hill to compensate for reduced 

yields due to the use of old seedlings has potential 

in increasing crop intensification, particularly in 
rainfed wetland areas (1978 annual report). Six 

field trials with old seedlings were completed in 

1979. 
In the first trial 1R36 seedlings at 18, 28, 34, and 

48 DS were in main plots and 3, 6, 9, and 12 
seedlings per hill were subplot treatments. The 
18-day-old seedlings at 3/hill were the check entry. 

The second study tested IR36 (maturity of 
110 DS), IR38 (125 DS), and IR32 (140 DS) trans
planted at 18 and 40 DS at 3and 9 seedlings per hill 
to see if varieties of different maturity periods 
would react differently to the use of old seedlings. 

The third trial determined the influence of 
seedbed and main field nitrogen levels on the yield 
potential of old seedlings. Two rates of nitrogen in 
the seedbed stage (100 and 200 kg N/ha each 
applied in 2equal splits) and 2 at transplanting(20 
and 60 kg N/ ha applied basally) were imposed on 
40- and 60-day IR36 seedlings transplanted at 3 
and 9 seedlings per hill. The 60-day treatment was 
tested as an extreme to look for ways to reduce 

Table 50. The distribution of optimal fertilizer combinations asdetermined by marginal 

analyses of individual fields, and mean organic carbon contents and Olsen P values cor

responding to N and Olsen P fertilizer levels. Second rice crop, Iloilo, Philippines, 1978
79. 

Frequency of fields with optimal Mean 

Nitrogen fertilizer combinations Total no. organic 

60 kg of fields carbon(kg/ha) 0 20 kg 40 kg 

P'2o P205/ha P?2 5/ha P205/ha 

- - 3 1.3 

45 2 4 - - 6 1.5 
90 0 4 3 

0 3 

- 7 1.4 

0 4 1.0 

Total no. of 
135 - 2 2 

5 10 5 0 20 

fields 

Olsen P values (ppm) 
Mean 8.3 5.9 3.8 
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Table 51. Effects of seedling ageon grain yield and field dura.
tion of IR36. Experiment 1, IRRI, Mar-Jun 1978. 

Age of Grain Field Yield (kg)
seedlings yield(clays) (f/ha) duration per(days) day 

18 5.82a 84.0a 69.3a 
5.82 a 82.0 b 70.9 a 

34 5.57 a 80.1 c 69.5 a48 4.60 b 75.1 d 61.3 b__varitlrWithmixture. Ac of 4 replications and4 numbers..fseedfifs 

par hill. In a
column, meansfollowed bynificantly different at the5;,level. 

a common letter are not Sig

yield loss in this trial and in others. The40-day-old
seedlings received 100 kg Nha in the seedbed and
20 or 60kg N/ha at transplanting at 3seedlings per
hill. All treatments received 30 kg/ ha each of K20
and POs at planting time in the seed bed and in the
main field and 20 kg N rha at the panicle initiation
(PI) stage. The total nitrogen applied in the field 
was 40 and 80 kg, ha. 

The fourth trial was similar to the second trial 
except that 1R8608-298-3-1 (maturity of 100 DS),IR36 (110 DS), and IR42 (130 DS) were trans-
planted at 20,40, and 60 DS using 3and 9seedlings 
per hill. 

The fifth trial tested the effects of seedling age
(20 and 40 DS) and number per hill (2 and 8) when
IR36 and IR42 were planted at spacings of
12.5 	X 12.5 cm and 25 X 25 cm. 

The sixth experiment determined the effect oflow and normal management levels in the seedbed 
stage on the subsequent yields of the old seedlings

- 40- and 60-day-old 
 1R36 and IR42 seedlings 

planted at 2 and 8 seedlings per hill. The normal
management treatment consisted of the applica-

tion of 50-50-50 kg of N, 
 P 20&, and K20 ha at 

sowing and 20 kg N/ha for every 10 days in the
seedbed. In addition 
 the seedbeds were kept

flooded. The low-management dry seedbeds 
 re-

ceived 10-50-50 kg of N, P O, and K2O ha as

basal and 5 kg N/ha 
was applid only when the

older leaves started 
to show nitrogen deficiency 
symptoms. The low-management seedlings re-ceived only 17% of the total nitrogen applied in the
normal management seed beds. As a check, 20-day-
old seedlings of each variety were raised undernormal management level and were transplanted
at 2seedlings/ hill. At transplanting all treatments 
got 50-50-50 kg of N, P2N/hoat 0 kare 

,O5 , and K2 0/ ha and 20 kg 

N/ha at Pl. 

All experiments were irrigated, with each treat-Inent replicated four times. To minimize damage 
to the roots when pulling the old seedlings for 
transplanting, weathered rice hulls were scattered 
about I cm thick on the soil surface at sowing. Attransplanting the seedlings were counted to get the 
correct number per hill. Transplanting was at25 X 25 cm except in the fifth trial.

o.seedligage an
. v.ct ulnuberper hill.Inthe 

first trial the number of seedlings per hill had no 
significant effect on yield and field duration (days
fr..;n transplanting to harvest) of IR36. The yieldsof IR36, averaged across 4 seedling ages, were 
stable for seedlings up to 35 days old. Yield was
reduced significantly (21% from that of the 18-day
old seedlirgs) only when 48-day-old seedlings were
used (Table 5I). Reduction in field durations was 
significant at all seedling ages, although there was
only a 9-day difference between the oldest and 
youngest seedlings used. The oldest seedlings had
the shortest duration but also the lowest yield on a 
per day basis. 

ln thesecondtrial, theearly-maturinglR36was 
more sensitive to the use of old seedlings than IR38 
and IR32 at 3 seedlings/hill (Table 52). Increased
number of seedlings tended to compensate (not
significant at P = 0.05) for yield losses incurred
 
with 40-day-old lR3 6 seedlings. The higher number

ofseedlings reduced theyields of lR32, particularly

when 40-day-old seedlings were 
 used. However,

the yields of the later-maturing varieties IR32 and

IR38 obtained with 40-day-old seedlings were notsignificantly lower than those of the 18-day-old 

Table 52. Effects of ageand number of seedlings (3 and 9) per

hill on 
 the grain yields of 3 rice varieties.! Experiment 2, 
IRRI, Mar-Jun 1978. 
Age ofseedlings Grain yield t/ha)
 

(days) 
 3 
 9 Difference 
.....
 

18 5.92 a 5.87 a 0.05 
40 4.87 b 5.31 abc -0.44 

IR38 
18 6.00 a 6.04 a 0.04 
40 5.93 a 5.48 ab 0.45 

I32 
18 5.24 ab 4,83 bc 0.41 
40 5.45 ab 4.52 c 0.93 ° 

rAv of4,'phcatons. lna column, meansfollowed by e common letternot significantly different at the 5';,level. CWdh varietal mixture. 
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Table 53. Effects of age and number of seedlings per hill on A similar trial (experiment 4) showed that thethe field duration of 3 rice varieties." Experiment 2, IRRI,
Mar-Jun 1978. three varieties tested were sensitive to the use ofold 

Age of 
. . .. . . . .seedlings --- significant reductions in yield oc-Field duration (days) Total growthseedlings 3 seedlings/9 lseedlings/duration curred(days) hill when 40- and 60-day-old seedlings werehill (DS used at 3/hill (Table 54). However, with 9 seedlings 

IR36 per hill theyields of IR8608-298-3-1 and IR42 were18 87.0 87.0 
40 

105.0 unchanged. In contrast 1R36 suffered significant78.8 78.0 118.4
" yield loss with 40- and 60-day-old seedlings evenDifference 8.2 9.0 * 

13.4' with 9 seedlings per hill. Bird and rat damage and 
IR38 typhoons caused lodging in many plots and contri18 100.0 96.0 116.0 buted to the variability in yields. Heavy shattering40 93.0 91.0 116.0 at the early soft dough stage of 1R42 reduced itsDifference 7.0* 5.0" 16.0 yield. 

18 
IR32 The older seedlings tended to mature earlier112.5 115.0 131.8 than the normal 20-day-old seedlings, but the time

40 104.5 105.3 144.9Difference 8.. 9.7"* 13.1 gain was not as much as expected (Table 54). TheAv of 4 rephcations. Ave eaged seedling
across seedling number n each 60-day-old seedlings of IR8608-298-3-I maturedage.'bDS - (faysafter seed'"'. later than the 20-day-old ones because of the 

delayed maturity of many new tillers which formed 
after the original tillers ';enesced and deterioratedseedlings. The varieties showed little difference in after transplanting.

their relative time gain from transplanting to In the sixth experiment (Table 55) the yields ofmaturity ([able 53). Growth duration did not IR36 were significantly reduced as seedlingage wasder,'ase with delayed transplanting as much as increased from 40 to 60 DS and seedling numberwas anticipated. Increasing the seedling number from 2 to 8 seedlings per hill. On the other hand,did not substantially change the gain in time at all the later-matuing 1R42 showed reduced yield onlyseedling ages. The use of seedlings past the PI stage at the high seedling number as seedling age wasdelayed crop dcvelopment after transplanting be- increased from 40 to 60 DS, indicating greatercaum,2 of the extensive formation of late tillers. This stability. Overall, the yield of the 40-day-old seedled to delay in maturity and loss in production. lings did not significantly differ from the check 

Table 54. Effects of ageand number of seedlings (3 and 9) per hill on the grain yield and field duration of 3 rice varieties.a Experi
ment 4, IRRI,Aug 1978-Jan 1979. 

Seedling age Grain yield(t/--
ha)"
(DS) 3 seedlings/ 9 seedlings/ Difference Field duration (flays) -Totalgrowth3 seedlings/ 9 seedlings/hill duration"hill hill hill (days) 

IR8608-298.3. 120 4.18 a 3.26 ad 0.92 ° 
84.0 81.0 102.540 2.86 h 2.57 a 0.29 83.0 79.3 121.260 3.03 b 3.14 a -0.11 86.0 87.5 146.8 

IR3620 4.29 av 4.18 a 0.08 87.0 81.0 104.040 3.29 b 2.61 b 0.69 75.8 70.060 112.92.67 d 2.13 b 0.54 76,3 70.0 133.2 

IR4220 4.07 a 3.71 ae 0.36 101.8 100.5 121.240 3.36 b 3.63 a -0.27 99.3 96.0 137.660 3.78 ab 4.09 a -0.31 93.0 87.0 150.0;sv of 4 replications.ergea column withn a variety, meansfollowed by acommon letter are not significantly different at the 5% level.DS= days after
seeding.cAvera-ed across2seedlingnumbe.rsin each seedling age.dAv of 2 replications eAv of 3 replications. 
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Table 55. Effects of age(40 and 60 days) and number of seedlings per hill on the grain 
yields of IR36 and IR42.a Experiment 6, IRRI, Jul-Nov 1979. 

Grain vieldb (t/ha) 
IR42IR36Seedlings 

(no./hill) 

40( 60d Differ- 40d 60 d Differ
ence 	 ence
 

2 3.72 2.99 0.73- 5.41 5.42 0.01 
8 3.10 2.60 0.50" 5.63 5.06 0.57" 

Difference 0.62" 0.39" 0.22 0.36 
aAv of 2 seedbed managennt levels; 4 replications. byields of check plots (two 20-day-old seedlings/ 

hill). lR36, 3.48 t/ha; IR42, 5.10 t/ha. 

Grain yield It/ho) 

lings that were close to or past the panicle initiation 
stage at transplanting produced new tillers in addi
tion to those already formed in the seedbed stage. 
These new tillers generally caused uneven ripening 
as the old tillers continued to maturity and senes
cence, and delayed the harvest period of the plots 

3- considerably. Delayed transplanting also delayed 
panicle initiation time by about a week. For a given 
age, increasing the number of seedlings per hill 

2 - tended to hasten the maturity of the crop by 3 or 7 
days particularly with the older seedlings. 

S100 sbN 40 DS at 3 |edlings/hill	 EO 4/l'eel'nitrogen apIl)icatin. The normal 20

• 00 sbN GO DS at 9 sedling /hilObN 40 DSo,ot 9: dsNvs/hi:: day-old IR36 seedlings planted at 3 hill gave the 
t0osbN0 DSat 3 seedlings/hill highest grain yields at both levels of total field 
check)tOO,iN 2UOSat 3 edlings/h.l nitrogen (40 and 80kg N ha) used in the third trial 

(Fig. '2, Table 56). Both the 40- and 60-day-oldo0 
0 40 80 seedlings at 3 seedlings hill showed increased 

Tofal field nitrogen (kg/h yields duc to increased field nitrogen (13.5 and 

22. Relation between grain yield and field nitrogen as 11.2 kg kg N, respectively). When the seedling 
affected by nitrogen in the scedbed. and age and number of number was 9 hill. tile response to nitrogen was 
IR36 seedlings per hill. Experiment 3,liRRI..Iul t)ec 1978. 

= sbN seedbed nitrogen. I)S - days after seeding. 	 even greater (24.8 kg kg N for the 40-day-old seed
lings). especially for the 60-day-old seedlings 
(55.8 kg kg N). With 40 kg N ha, plots with 

yields of' IR3; (3.48 t ha) and IR42 (5.10 t ha). 9 seedlings hill yielded lower than those with 
An ohs,' vation common to all experiments par- 3 seedlings, at 80 kg ha, yields were highest with 

ticularly the second and fourth, was that old seed- 9 seedlings hill. A high nitrogen level in the field 

Table 56. Effects of seedling age, number per hill (3and 9), and nitrogen applied in the seedbed't and main field on the grain yield of 
IR36,b Experiment 3, IRRI, Jul-Dec 1978. 

Grain yield (i/ha) 
Total .. 
field Seedlings at 40 DS Seedlings at 60 OS 

nitrogen 100 kg N/ha 200 kg N/ha 100 kg N/ha 200 kg N/ha 
(kg/ha) 

3 
----

9 3 9 3 9 3 9 

40 3.36 3.07 3.28 2.91 2.98 1.76 2.98 2.43 
80 3.90 4.06 3.85 3.51 3.45 3.98 3.22 2.31 

Difference 0.54 0.99* 0.56 0.60' 0.47 2.22'" 0.24 0.12 
aNitrogen was applied to the seedbed at 100 and 200 kg N/ha. DS clays after seeding, bAy of 4 replications. Yields of 20.day-old seedlings at 3/hill that 
received 100 kgN/ha in the seedbed and 40 and80 kg Niha in the main field were 3.69 and 4.25 t/ha, respectively. 
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Table 57. Effects of seedling age,number per hill, and spacing on the grain yield, field duration, and yield per day of IR36 and IR42.
a 

Experiment 5, IRRI, Jul-Nov 1979. 

Seedlings IR36 IR42 

b Spacing Grain Field Yield (kg) Grain Field Yield (kg) 
No./hill Ae (cm) yield duration Yel yield duration per day 

(/ha) (days) (t/ha) (days) 

2 20 25 x 25 4.68 ac 86.5 a 54.5 ac 5.53 a 105.5 a 52.5 a 
2 40 25 x 25 3.85 a 85.0 a 45.3 ab 5.75 a 104.0 a 55.3 a 
2 40 12.5 x 12.5 4.17 ad 79.3 b 51.6a 5.37 a 103.8 a 51.8ab 
8 40 25 x 25 2.85 b 78.0 b 36.5 bc 5.06 ab 103.8 a 48.8 ab 
8 40 12.5 x 12.5 2.28 b 78.0 b 29.2 c 4.27 b 104.0a 41.1 b 

aAv of 4 repjcalions. Ina colunin, meansfollowed by a common letter are not significantly different at the 5t.level.bDS daysafter seeding.CAv of 3 
replications. Av of 2 rephcations. 

and a seedling number greater than 3/hill give 
better compensation or protection against yield 
loss resulting from the use of old seedlings, pro-
vided there is no lodging, 

Observations in this trial also demonstrated that 
a high nitrogen level (more than 100 kg N/ha) 
applied to old seedlings in the seedbed produced 
plants that were lanky, prone to lodging and leaf 
breakage, and susceptible to bacterial leaf diseases. 
The use of such seedlings lowered yields, particu-
larly when planted at a high number per hill. Thus, 
the crop had low' yield potential and responses to 
field nitrogen were low in these plots (Table 56). 

Effect of hill spacing. The grain yields of the 
40-day-old IR36 and lI142 in the spacing trial were 
generally lower than those of the 20-day-old seed-
lings, particularly in treatments with an increased 
numberofseedlings per hill (Table 57). The reduc-
tion was significant at 8 seedlings/ hill at both hill 
spacings for IR36, but only at the 12.5 X 12.5 cm 
spacing for IR42. It was noted that lodging inci-
dence due to a typhoon was highest in the close-
spaced treatments. 

Increasing the plant density of IR36 by in-
creasing the number of seedlings per hill or by 

Table 58. Effect of seedbed management level and age of seed-
lings on the grain yield of IR3 6.a Experiment 6, IRRI, Jul-
Nov 1979. 

Grain yieldb (t/ha)10an80kN 

Management 
level 40-day-old 

seedlings 
60-day-old 

seedlings 
Difference 

Normal 3.44 2.52 -0.92** 
Low 3.38 3.06 -0.32 

Difference 0.06 -0.54* 
aAv of 2 seedling numbers perhill, 4 replications. byield of check plot 

(normal 20-day-old seedlings)= 3.48t/ha. 

using close spacing hastened maturity and short
ened the field duration by about aweek (Table 57). 
The later-maturing 1R42 showed no such effect; 
however, it generally showed little variation in 
growth duration as an effect of seedling age or 
number in this trial and in the others. 

In terms of grain production per unit field time, 
the most efficient treatment with 40-day-old seed
lings was 2 seedlings in hills at 12.5 X 12.5 cm for 
I1R36 (Table 57) and 2 seedlings in hills at 25 X25 
cm for IR42. 

Efiect of seedhed management level. The grain 
yield of IR36 (averaged across 2 seedling numbers 
-- 2 and 8 -- per hill) was significantly reduced 
when the seedling age was increased from 40 to 60 
DS for seedlings raised in seedbeds under normal 
management (Table 58). The nitrogen stress to 
which the old seedlings were subjected under the 
low management level enabled them to tolerate the 
transplanting stresses better, hence no yield loss 
occurred. The low-management seedlings reco
vered sooner after transplanting than those under 
normal management, regardless of variety, age, 
and seedling number. 

Relation of yield to fiel dration. Figure 23 

illustrates the relationship between grain yields and 
field duration of treatments (experiment 3) as 

influenced by age, number of seedlings, and ap
plied nitrogen. A line wasdrawn between thecheck 
treatment (20-day-old seedlings, which received 

1 hintesebdadminfl, 
100 and 80 kg N/ha inthe seedbed and main field,
 
respectively, and planted at 3 seedlings/hill) and 

the zero yield-zero duration intercept. Treatments 
falling on or above the line (i.e. T6 and T14) had 

efficiencies equal to or better than that of the check
 
(T2) in producing grain yield per day, while those 
below the line (e.g. T18 and T13) had poor daily 
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Groin yeld t /ha duced less than 2.5 ti/ha for a much smaller daily 
5grain production (about 38 kg/ha). 

Other experiments showed only a few treat
4ments with higher yield per day than the check 

T14 	 yield. These treatments generally used 40-day-old 
seedlings and resulted in reduced field durations 
with little or no yield loss compared to the check. 

3 Late-maturing varieties such as IR38 and IR42 
T17 were insensitive to changes in seedling age and 
* TI8 plant densities. For these varieties all treatment 

2 - points clustered around the check treatment (see 
* T13 also Tables 51, 54, 57).

The results of the 1979 experiments with old rice 
T2 -1 chck) 100suN .80 IN20 Sa53 seedi.ngs/hilI

T6 -100,, hN80 (N400 s.,,,.,,.gsIiiI 
 seedlings suggest that farmers in the rainfed wet-T13 .- 100 4fN01N60 DSai 9sedlinos/hill 
T14- 100sbN 80 IN60 0S s seedlin/hI land rice areas can use old seedlings (35-50 DS,
T17200,A -40f"N601O 3s gsl 	 depending on the variety) to enable them to adjusttheir planting time to the variable onset of the 

0 1 1 I I monsoon rains. In addition, the use of old seedi6070 80 90 100 lings can considerably increase the cropping intensi
23. Relation between grain yield and field duration as ties in the partially and fully irrigated rice areas. 
influenced by applied nitrogen and age and number of iR36 Ratoon cropping of rice (Multiple Cropping).seedlings per hill. Experiment 3, IRRI, Jul -Dec 1978. sbN Areas with growing season of 160 to 200 days are 
= seedbed nitrogen, IN = field nitrogen,seeding. 	 DS = days after not suited to double rice cropping patterns (Tableo utdt obercecopn atrs(al59). Modern varieties of shorter duration result,
grain production efficiencies (short durations but however, in a wet growing season period after rice 
low yields). Thus T6 had good efficiency because it harvest during which fields remain at or above 
produced about 4 t/ha in about 70 days after saturation. To find ways to utilize the water and 
transplanting (or about 58 kgday). T17 had a land during these periods and to provide more 
shorter field duration (about 63 days), but pro- flexibility to farmers in the choice of cropping 

Table 59. Approximate growing-season requirements for rice-rice and rice-ratoon crop
ping patterns. IRRI, 1979. 

Crop Turn- Growing Growing
Cropping duration around seasonc season 
pattern0 

(days) time offset requirement 
(days) (days) (days) 

DSR, - TPR, 100+80 20 0 200 
WSR, - TPR, 100+80 20 20 220 
TPR, - TPR, 80+ 2080 	 40 220 

DSR - ratoon 100+ 60s 0 0 160 
WSR - ratoon 100+60 0 20 180 
TPR s - ratoon 80+60 0 40 180 

DSRm - TPR 125+s 80 20 0 225 
WSRm - TPR, 125+80 20 20 245 
TPRm - TPR 100+80s 	 20 40 240 

DSRm - ratoon 125+70 0 0 195 
WSR - ratoon 125+70 0 20 215m 

TPRm - ratoon 100+70 0 40 210 
aGrowing season is the time between the dayon which 75 mm rain is received and the day after which
100 mm rain remainsto be received. bDSR =rice seededinto dry soil, WSR = rice seededonto puddledsoil, TPR = transplanted rice, s = early-maturing (100 days)variety, m = medium-maturing (125 daysl
variety. CTime between the start of the growing seasonandplanting time. 
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Table 60. Yield component analyses of ratoon yields from 13 

dry.seed IRRIvarieies. IRRI 1978. ..... 
Standard 

Average Standard partial
Variable deviation regression 

coefficient 

Ratoon yield (t/ha) 1.32 0.77 
2


Tillers (no.r ) 423 115 0.32" 

Filled grains (no./ 55 16.6 0.42"* 
pa10icle)
1,000-seed wt (g) 19.5 2.50 0.50" 

Filled grains () 82.5 5.1 0.07 

Productive tillers (%) 86.1 4.5 0.13 

sequences, ratoon cropping of rice was further 

tested in 1979. 
Ratoon crop yields at IRRI were 2.0 to 3.2 t/ha 

in 1978 replicated small-plot trials. There was no 

significant correlation between yields of the plant 

crop and the ratoon crop of 13 varieties tested 

under 3 water regimes. Ratoon yields were related 

to ratoon crop duration (r = 0.71), and ratoon crop 

duration was associated with plant crop duration 

(r = 0.65) so that varieties ofintermediate maturity 

(1>135 days) produced higher ratoon yields than 

the early-maturing varieties (< 115 days). There 

was a significant correlation between ratoon crop 

yield and three ratoon yield components: tiller 

number (r = 0.74), particle size (r = 0.70), and 

1,000-seed weight (r = 0.79). These three accoLnted 

for 92 j of the variation in the ratoon yields, 

Seed weight varied from 17 to 25 g 1,000 seeds, 
and panicles had from 49 to 87 filled grains among 

the 13 varieties. These two vield components were 

more or less independent (r = 0.03), yet standard 
partial regression coefficients showed them to be 
major determinants of ratoon yields (Table 60). Of 
the 13 varieties, 5 produced more than 400 
tillers' m"and 3of those produced sizable panicles 
(more than 60 grains panicle) and 4 produced 
large grains (more than 20 g 1.000). [he varieties 
with high ratoon yields had high tiller numbers and 
large panicles or grains, or both. 

the dr.,' 
varieties gave disappointing results. High tempera

tures (350C daily maximum) and solar radiation 

around harvest time appeared to cause low yields. 

The dry-season trials also showed ratooning (tillers/ 

Trials in 1979 season with the same 

hill) and ratoon yields to be fickle. 

458 rlltANNUAL RHloR I I-OR 1979 

To test the effects of temperature, two varieties 
at the booting stage were placed in three temper
ature regimes. After the main crop harvest, pots 

exposed to low temperatures formed twice the 
number of ratoon tillers of those under normal and 
high temperatures (Table 61). Ratoon grain yields 
were low in the 20/20 0 C regime because of panicle 
sterility. 

Panicle and leaf clipping treatments designed to 

modify the source-sink ratio of the plant were 
tested. Tillering increased from 10 to 14 per hill 
where half of each panicle was removed, and was 
reduced from 10 to 6 per hill where half of each leaf 

was removed. These effects were confirmed in a 

subsequent trial, which also showed that late clip

ping of the panicles (at soft dough stage) reduced 

the effect on ratooning (Table 62). The results 

indicate that ratooning ability may be associated 

with nonstructural carbohydrates of the rice plant 

at harvest time. 
In collaboration with the Plant Breeding Depart

tested for ratooningment, 400 IRRI lines were 
ability during the 1979 dry season. Only 19 breed

ing lines, which showed vigor ratings of 1,2, or 3, 

were subjected to tiller counts (Fig. 24). Those lines 

were also evaluated for dry matter production per 

day. The best were IRI 3471-57-3, 1RI 5315-26-3-2, 
IR8608-183-2-3-3-1-3, IR9802-50-1-2-2, IR9784

52-2-3-2, and 1R9852-19-2. They had less than 5% 

missing hills, at least 16 tillers' hill, and excellent 
vigor. 

Continuous cropping of dryland rice and other 
crops (Soil Microtbiolgy). Soil sickniess in the 

paiterns.The growth of rice, mungbean, 

and cowpea remained inhibited after 6 years of 
continuous cropping. The growth inhibition varied 
among croppings but was usually 30 to 60%. Cow
pea failed in 1978 and 1979 and a resistant sorghum 
began to show signs of growth reduction. 

Mungbean growth following several cowpea 

croppnling 


Table 61. Ratoon yields of 2rice varieties under low temper

atureOaIRRI, 1979. 

Temperature regimes Ratoon Ratoon 

sC) tillers grain yield 

~ Day Night (no./hill) (g/hill) 

35 27 26.6 b 5.Oa 

29
20 

21 
20 

22.3 b 
47.5 a 

5.7 a 
1.9 b 

'in acolamn, meansfollowd by a common letter are not significantly 
different at the 5%level. 



Table 62. Clipping half of each panicle substantially increased ratooning, and clippingthe leave, resulted in reduced ratooning of IR36 and IR42. IRRI, 1979. 

Ratoon tillers (no./hill)Treatment fR36 IR42 

Basal Nodal Basal Nodal
1. Clip 50';, panicle length 2.0 a 40 a 7.5 a 17.3 a 

just after flowering 
2. As 1, at soft dough stage 1.5 a 23.8 a 7.1 a 10.3 b
3. Clip 50', leaf area just 1.0 a 4.4 c 3.7 b 5.7 c 

after flowering 
4. As 3, at booting stage 0.7 a 7.2 c 3.7 b 8.8 bc
5. Gentle clubbing just after 1.7 a 15.3 b 6.4 a 11.0 b

flowering 
6. Control 1.0a 15.0 b 7.6a 8.8 bc 

crops was also greatly inhibited, showing inhibi-
tory effects common in grain legumes. Rotating
mungbean with dryland rice for 2 years did not 
cause growth retardation for either crop, suggest-
ing the absence of soil sickness in certain cropping 
patterns. Transforming a dryland rice soil to awetland condition improved growth ofthe wetland 
crop but the inhibitory effects remained; the 
growth of succeeding dryland rice was as inhibited as in continuous dryland cropping (Table 63).

After 6 years of continuous cropping, the nut-rient status of the soil was checked. With fertilizer 
application every cropping, the nutrient levels were 
maintained in the continuous rice plot, showing
that nutrients in soil were not directly related to theappearance of soil sickness. Continuous mung-
bean cropping improved the nitrogen and phos-
pho rus contents of the soil, and that may havecontributed to the improved dryland rice that wasrotated with mungbean. The available boron con-
tent of the soil was 5 ppm and no symptoms of
boron toxicity were observed.5 

C'ausal agents of'soil s'ickme.s. Sterilization ofthe sick soil and root residues by gamma ray irra-
diation (5 megarads) significantly improved plantgrowth, confirming the involvement of microor-
ganisms in soil sickness. 

The involvement of nematodes in dryland rice 
soil sickness was further examined. Few parasitic 
nematodes were found and they decreasednumber with the age of the rice plants, confirmingin 
their non-involvement in dryland rice soil sickness, 

In 1978 (1978 annual report) Fsarium was 

reported as the most abundant among the fungal
genera found in dryland rice soil. Its involvement
in dryland rice soil sickness, however, could not beclearly established as the application of benomyl at10 and 20 kg a.i. / ha to the sick soil did not improve
plant growth in 1979. 

Nematodes, with Rotvlenclhhts as the predom
inating genus, appeared to be related to mungbean
soil sickness (Table 64).

In confirmatory tests in the greenhouse the sick
soil was exposed to gamma ray irradiation (5megarads) or treated with nemacur at 15 kg a.i./ha.
These killed all nematodes and removed the inhibi-

IRRIbreedinq lines(no) 
300 
250 Ext rv oro us
 

5Intermedateo nwrmol
9Veryweokand few
 
200
 

o
o

11-8%fs*, 
2 z4.*,,o 6.0os°/*70°/o
 

0 2./oSl0Oo
 

I 2 3 4 5 6 7 8 9 
only 19 showed Rotooviorrotn24. Out of 400 inesvigorousin the irrigatedratooning.IRRI replicated yield trialMore than 80 of thentries produced few and very 

dryseason. 
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Effect of dryland-wetlend farming rotation on dryland rice soil sickness. IRRI 

greenhouse. 1978 dry season to 1979 dry season.-

Plant ht 

Table 63. 

Dry matter
Present crop

Previous cropping pattern' (cm) wt (g/pot) 

1st greenhouse crop 
Dryland rice 60.0 21.0

Continuous dryland rice (8) 
Dryland rice 58.7 21.3

Continuous dryland rice (8) 

Fallow
Continuous fallow 

2d greenhouse crop 
Dryland rice 64.4 9.0 

Continuous dryland rice (9) 

Wetland rice 
 90.9 23.9 

Continuous dryland rice (9) 

Fallow
Continuous fallow 

3d greenhouse crop 
Dryland rice 63.0 19.8

Continuous dryland rice (10) 

Dryland rice (9) + 1 wetland rice Dryland rice 63.0 19.6 

Dryland rice 69.8 45.1
Continuous fallow 

4 years. Each
aSoil materials taken from the continuous rice plots and plots kept fallow for the past 

pot had 3 kgsoil, oven-dry basis, applied with 100-60-60 kgN-P205 -K20/ha every cropping. 

bean was improved with the addition of benomyl 
tory effects. The inoculation of Rotylenchuus (77 

(20 kg a.i./ha) to the sick soil, despite the large 
egg masses/ pot) and Aleloidog.vne (I egg mass/ pot) 

number of nematodes in the treatment, indicating 
to the irradiated sick soil increased the nematode 

further the possible added role of fungi in causing
population and caused a reduction in plant growth 

in the untreated sick soil, indicating or complicating the soil sickness problem.
and yield as 
the involvement of nematodes in mungbean soil 

sickness. No growth inhibition was found, how- VARIETAL TESTING 

ever, when nematodes were inoculated to the M ltip)le Cropping Dep7artinent 

healthy soil, suggesting that a substance produced 
The nonrice crops used in IRRI research on rice

during continuous mungbean cropping may have 
based cropping systems are rice. maie. sorghum,

caused the inhibitory effect. The growth of mung-

iIRI field, 1979 dry season. 
Table 64. Plant parasitic nematodes in mungbean. 

Nematodesa Plant 
population Grain yield 

Previous crpt~tet tcrop (mean no./300 cc soil + 1 g roots)Present crp1kg/ha)crop tratment per haTotal ofMeloi.Rotylen- b . .5 genera ....
chillus dogyne 

2 weeks old 

1 78 221,000 
Continuous mungbean (15) Munghean 73 

0 17 364,000
Munqbean 3One-year fallow 22 284,000 

Mungbean-rice rotation Mungbran 12 1 

Flowering stage 
3 1,255 97,625 

Continuous mungbean (15) Mungbean 1,250 
3 40 182,83619MunlbeanOne-year fallow 

33 3,369 263,000 
Mungbean-rice rotation Munghean 3,320 

0 17Fallow 4Two-year fallow 

Maturity stage 
3 606 63,500 61.5
 

Continuous mungbean (15) 
 Mungbean 603 
0 554 158,209 419.6 

One-year fallow Mungbean 440 
48 1,760 228,000 514.7
 

Mungbean-rice rotation Mungbean 1,707 

2 1 4
Fallow 


plot were pooled and 2 subsamples 


Two-year fallow 
were taken. Each treatment had 4 replicated plots. Nematodes were extracted from 

aSoil from 20 locations of every 
funnel technique. bRotylenchulus, Meloidogyne, Helicotylenchulus,Tylenchorynchu$, and Criconemoides. 

-each subsample by the sieving Baerman 
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soybean, mungbean, cowpea, peanut, and sweet 
potato. Variety tests in 1979 with elite cultivars 
from the screening program of the Institute of 
Plant Breeding, University of the Philippines at 
Los Banos (UPLB), were at IR RI and at cropping 
systems research sites in Cale, Batangas (dryland); 
Manaoag, Pangasinan (wetland); and Oton, Iloilo 
(wetland). 

Rice. In the wet season, 9 promising early-
maturing and 10 medium-maturing rice selections 
were dry-seeded in rainfed wetland fields in Iloilo 
and Pangasinan. The early-maturing selections 
were also transplanted in Pangasinan and Iloilo. 
At IRRI, 16early-maturingselectionsand 17 medium-
maturing selections were dry-seeded in rainfed 
wetland fields and evaluated for ratooning 
potential. 

IR9703-41-3-3-1 was the highest yielder among 
the dry-seeded early selections in Iloilo. It yielded 
5.1 t/ha but was not significantly better than all 
other entries except IR8608-167-1-2, which yielded 
2.6 t/ha. IR9703-41-3-3-1 matured in 114 days. It 
had more tillers and panicles per square meter but 
relatively less percentage of filled grains per panicle 
than 1R36, which yielded 4.1 t/ ha and matured in 
118 days. 

In Pangasinan, the highst yield was obtained 
from the local check (2.9 t/ ha) and IR36(2.8t/ha). 
The local check matured in 180 days; IR36 
matured in 123 days. IR9129-209-3-3-3-4 yielded 
2.5 t/ha and matured in 108 days. Yields in Pan-
gasinan were lower than in Iloilo because of late 
seedling emergence and moisture stress at flower-
ing stage. 

At IRRI, IR8608-125-3-1 had the highest yield 
(2.9 t/ha) followed by IR8608-125-3-3 and IR36 
with 2.7 t/ha. The low yields at IRRI were due to 
moisture stress during the flowering stage of the 
crop. In the ratoon crop, the highest yield (0.8 
t/ha) was from IR9729-321-3-1-2, which had low-
est yields in the main crop. 

For dry-seeded medium-maturing selections, 
IR3880-10 had the highest yield (4.4 t/ ha) in Iloilo, 
followed by IR1529-430-3 and IR36 (4.3 t/ha). 
IR36 matured 7 days earlier than the other selec-
tions and had the highest percentage of filled grains 
per panicle. 

In Pangasinan, the highest yield was obtained 
from the local check (4 t/ ha); other high-yielding 
selections were IR2873-399-5-6 (3.4 t/ha) and 

IRI 529-430-3(3.3 t/ ha). The local check significant
ly outyielded IR36 and C171-136 but matured late 
(180 days). IR2873-399-5-6 matured in 140 days, 
IR36 in 127 days, and C171-136 in 125 days. The 
IRRI trial was abandoned because ofdrought and 
sheath rot. 

Among the transplanted early-maturing selections, 
IR 13168-14-3-1 was the best entry in Pangasinan. It 
yielded 4.3 t/ha - significantly better than iR36 
(3.6 t/ ha). IR 13168-14-3-1 matured in 95 days and 
IR36 in 101 days. 

IR9224-22-2-2-2-3 was the best yielder in Iloilo 
(5.1 t/ha). The check variety, 1R36, yielded 4.3 
t/ha. Both were significantly better than the local 
check. 

IR4019-77-3-2 had the highest yield (4.5 t/ha) in 
the transplanted medium-maturing trial in Iloilo 
but it matured 7 days later than IR36. 

Mungbean. Thirteen green-seeded and eight 
yellow-seeded mungbean varieties were evaluated 
on zero tillage after lowland rice at IRRI and Iloilo, 
and on low and high tillage in Pangasinan. Four
teen green-seeded and eight yellow-seeded varieties 
were tested in an upland field with high tillage in 
Batangas. 

Among the green-seeded varieties, CES U-I, 
CES 2C, and CES IT-2 were outstanding at IRRI 
under zero tillage with yields of 1.2, 1.1, and 1.1 
t/ha, respectively. However, those yields did not 
differ significantly from those of CES ID-21, the 
variety used in cropping patterns testing. The same 
varieties were also promising in Iloilo but with 
lower yield levels because of moisture stress during 
flowering. 

With low tillage, no significant differences in 
yield were obtained among entries in Pangasinan. 
CES U-I was the most promising (0.8 t/ha). With 
high tillage, EG-MG 174-3 gave the highest yield 
(0.7 t/ha) followed by H70-16 (0.7 t/ha). CES ID
21 ranked 10th (0.5 t/ha). 

In an upland field in Batangas, the highest yield 
was obtained from CES 55 (1.2 t/ha); CES ID-21 
ranked third with 1.1 t/ ha. 

For the yellow-seeded varieties, no significant 
differences in yield were obtained among entries at 
IR RI with zero tillage. Cc gave the highest yield of 
0.9 t/ha. Cc was also the highest yielder at Iloilo 
with 0.9 t/ha. Yield levels at both sites were almost 
the same. In Pangasinan, Aa had the highest yield 
(0.8 t/ha) with low tillage and Mg50-10A(Y) (1.0 
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t/ha) with high tillage. 
In Batangas, the most promising yellow-seeded

varieties were Aa (1.0 t/ha), Bb (1.0 t/ha), and
Mg 50-1OA(Y) (1.0 t, ha). 

In the wet season, I I varieties were tested beforewetland rice with high tillage. At IRRI, the highest
yield was obtained from CES J-2Y and M350(1.5
t/ha). CES ID-21 yielded 1.5 t/ha. In Iloilo, CESI D-21 significantly outyielded all entries (1.6 t/ ha).
It was also the highest yielder in Pangasinan with1.1 t/ha. 

Soybean. Nine soybean cultivars were tested inlowland fields with zero and low tillage at IRRI,
Iloilo, and Pangasinan and in upland fields withhigh tillage in Batangas in the dry season. With 
zero tillage, 30290-11-11 was the most promising
entry at IRRI (2 t/ha) and significantly outyielded
all otherentries including UPL-SY2 (1.3 t/ha), thevariety used in cropping patterns testing. In Iloilo 
no entry significantly outyielded UPL-SY2. 30229-
8had the highest yield (0.7 t/ha). With low tillage
at Iloilo, Clark 63 (0.8 t/ha) significantly out-yielded UPL-SY2 (0.6 t/ha). Yield levels in Iloilo
and Pangasinan were low because of the photo-
period sensitivity of the varieties used and
limited moisture at the flowering stage. 

the 

In the upland field in Batangas, Orba had thehighest yield (1.1 t/ha) followed by UPL-SY2 andClark 63 (1.0 t/ha). 
Cowpea. In the dry season, 13 indeterminateand II determinate cowpea cultivars were evalu-ated in lowland fields with high and low tillage inIloilo and Pangasinan, with zero tillage in IRRI

and Iloilo, and in an upland field with high tillage
in Batangas. 

Among the indeterminate cultivars in lowland 

fields with high tillage, E.G. #2had the highest dry
bean (0.7 t/ha) and green pod (2.6 t/ha) yield in
Pangasinan, and Vita 4 had the highest dry bean(2.1 t/ha) and fodder (20.0 t/ha) yield after dry

bean harvest in Iloilo. Yield levels in Iloilo were

higher than in Pangasinan because of the limited

moisture at Pangasinan. 


With low tillage, PI 221731 was the best yielder
ofdry beans (0.7 t/ ha) and green pods (2.0 t/ha) in
Pangasinan. With zero tillage, All Season was the 
most promising entry at Iloilo (1.2 t dry beans/ ha 
and 3.6 t green pods/ha).TVx-1836-187E had thehighest fodder yield (23.6 t/ha) after dry bean
harvest. 
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At IRRI, Vita 4 yielded 1.7 t dry bean/ha, fol
lowed by TV x-1836-19E (1.6 t/ha). In Batangas,
P1 221731 and TVx-1836-187E were the most
promising entries in the upland field with high
tillage.

Among the determinate cultivars, Vita 3 andPelungthay had the highest dry bean and green
pod yields at Pangasinan in a lowland field withhigh tillage. With low tillage, the most promising
entries vere Pelungthay, TVx-l 193-059D, Pelungga, and Vita 3. Pelungthay was the best yielderofdry beans ( .1 t/ha), Pelungga ofgreen pods (3.5
t/'ha), and Vita 3 (6.0 t/ha) and TVx-I 193-059D 
(5.7 t/ha) of fodder. 

With zero tillage, Vita 3 and Pelungga had the
highest dry bean yield in Iloilo. In an upland fieldwith high tillage, TVx-289-4G was an outstanding
entry in Batangas with yields of 1.6 t dry beans/ha,
6.2 t green pods/ha, and 11.2 t fodder/ha. TVx289-4G had more seeds per pod and was more
tolerant of insects and diseases than the local check.


Two uniform cowpea cultivar trials from the
International Institute of Tropical Agriculture in

Nigeria were also tested in IRRI upland fields with
high tillage. Trial I had 20 indeterminate cultivars
and trial 2,10 determinate cultivars. White Wonder
Trailing, TVx-1999-lD, and Vita 3 significantly
outyielded E.G. # 2, the check variety in trial I. Intrial 2,TVx-7-5H and TVx-lI 193-7D were the most 
promising entries. 

Sorghum. Eighteen elite sorghum lines, varieties,
and hybrids from UPLB, Kasetsart University,

Thailand, and a commercial breeder were evaluated

in IRRI, Iloilo, and Pangasinan in lowland fields

with zero, low, and high tillage. The same entries
 
were also tested in an upland field with high tillage

in Batangas.
 

The IRRI trial was abandoned because of poor

stand. In Iloilo, CS 182 
 was the most promising

entry with zero tillage (3.3 t/ha). It was followed by
Pioneer 8417 (3.2 t/ha), CS 137 (3.2 t/ha), and CS226 (3.0 t/ha). All lines and hybrids significantly
outyielded UPLB-SG-5 (2.6 t/ha), the check 
variety.

With low tillage, UPLB-SG-5 gave the highest
yield (2.6 t/ha) in Pangasinan. However, UPLB
SG-5 yields did not differ significantly from those of 
most of the entries. 

With high tillage, the most promising entries inPangasinan were CS 102 (3.2 t/ha) and CS 124 
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(3.1 t/ha). The low yields in Pangasinan, for both 
tillage levels, were due to limited moisture, 

In an upland field with high tillage in Batangas, 
high yields were obtained from all entries. CS 226 
and Pioneer Hybrid 8417 gave the highest yield (5.1 
t/ha) followed by UPI.B-SG-5 (4.9 t/ha) and CS 
182 (4.8 ti ha). 

Maize. Fourteen field maize and nine green 
maize (glutinous and sweet maize) varieties were 
tested with high tillage in Pangasinan before low-
land rice. 

Among the field maize varieties, Thai Composite 
I Early DM R(S) C4with a yield of 3.4 t/ ha signifi-
cantly outyielded all entries and was resistant to 
downy mildew disease. All entries were tolerant of 
downy mildew except Macapuno, the local check, 
which was destroyed. 

In the green maize trial, Glutinous DMR Com-
posite Popn 41 was the most promising variety with 
marketable ears of 4.0 t/ha. It outyielded Maca-
puno, the local check (2.0 t' ha), but was only fairly 
resistant to downy mildew, 

Sweet potato. Ten sweet potato cultivars were 
tested after rainfed lowland rice with zero tillage in 
IRRI, 14 entries after upland rice with high tillage 
in Batangas, and 15 entries after lowland rice with 
high tillage in Iloilo. Two dates of harvesting (90 
and 100 days after planting) were used at IRRI and 
Batangas to determine the optimum number of 
days for best tuber production. The Iloilo trial was 
harvested 112 days after planting (DP). 

In a lowland field with zero tillage, yields at IRRI 

ranged from 0.3 to 2.0 t/ ha. There was an increase 
from 0.1-0.6 t/ha to 0.3-2.0 t/ha when harvest was 
delayed from 90 days to 110 DP. Binasayon and 
Karja 381 had highest yields of 2.0 and 1.8 t/ha. The 
low yield in I RRI was attributed to compactness of 
soil, which resulted in production of malformed 
tubers. With high tillage, Jewel had the highest yield 
in Iloilo (18.5 t marketable tubers/ha) and signifi
cantly outyielded all other varieties. 

In an upland field with high tillage, high yields 
were also obtained when harvesting was 110 DP. 
(Japan X US-I) and (Japan X US02)5 were the 
most promising entries with 20. Iand 18.8 t market
able tubersiha. Both varieties significantly out
yielded the check variety BNAS 51 (13.9 t/ha). 
Both had red skin and white flesh. (Japan X US
I)10 also produced a high vine yield (19 t/ha 90 DP 
and 15 ti ha 110 DP). 

Peanut. Seven peanut varieties were tested at 
IRRI, 9 varieties in Iloilo and 10 varieties in Pan
gasinan lowland fields with high tillage. Sixteen 
varieties were also tested in an upland field with 
high tillage in Batangas. 

In the lowland field with high tillage, the best 
entries were CES 101 (0.6 t/ha) at IRRI, CES 102 
(1.1 t/ha) at Iloilo, and PI 259692 (1.4 t/ha) at 
Pangasinan. CES 102 and PI 259692 significantly 
outyielded UPL PN-2, the check variety at all sites. 
UPI_ PN-2 yielded 0.6 and 0.7 t/ha at Iloilo and 
Pangasinan. In Batangas, Accession 12 gave the 
highest yield (1.2 ti ha) and significantly outyielded 
UPL PN-2 (0.8 t/ha). 
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APPLIED RESEARCH AND MULTILOCA-
TION TESTING 

Rice Prodictiotn rainitg'and Revearc'h Of/ice and Crop-
ping vstenis Component ?"/ .gricudural --'onlmiics 

leparwrint 

KABSAKA project evaluation. Activities for the 
Iloilo pilot project code-named Kabsaka have 
been reported since 1975 (1975-78 annual reports). 
An economic survey of the area, made in 1979, 
covered nine barrios of Santa Barbara, Iloilo. 
Twenty-three of 108 bank-financed farmers and 7 
self-financed farmers were interviewed. 

Socioeconomic, infrastructural, and ist itu-

tional benefits of the project. Socioeconomic bene
fits of the project included farm and household 
assets, house improvements, and education. Insti
tutional benefits consisted primarily of the techni-
cal assistance extended by the extension specialist 
on the use of modern farm technology. Motivation 
for increased production was attributed largely to 
the financial assistance extended by the Philippine 
National Bank and other financial institutions, 
Financial gains included payment of previous 
debts. 

Household assets and house improvements for 
the bank.-financed farmers included television sets, 
stereo sets, gas stoves, ovens, motorcycles, living 
room sets, and wells. Ten farmers were able to 
renovate their houses (Table 1). 

About 30 hand tractors and 25 threshers pro-
vided services to the farmers in the study area. 
Fourteen water pumps for irrigation were added in 
barrios traversed by creeks (Table 2). 

Eight bank-financed farmers and six self-financed 
farmers sent children to college, vocational school, 
or high school. 

bankfinnce f r a d 
Twenty-two bank-financed farmers attributed 

the improvements in their living standards to 
double-cropping of rice. 

Level and extent of component technologi' 
adopted by'farmers. The major cropping patterns 

used by farmers before Kahsaka were rice-dryland 
crop (60%) and rice-fallow (30%). A rice-rice pat-
tern was used by 10% of the farmers. Of the 30 
farmers interviewed in 1979, 47% had completed 2 
rice crops and I dryland crop in crop year 1978-
79. One farmer attempted three rice crops, but the 
third crop failed. Other respondents (50%) com-
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Table 1. Household assets and other improvements acquired 
by bank-financed farmers and attributed by them to Kabsaka,Iloilo. Philippines, 1979. 

Farmers Total 
Assets reporting value 

(no.) ($)a 
Television set 3 959 
Stereo set 3 514 
Gas stove 1 7 

Oven 1 338 
Refrigerator 3 919
Motorcycle 1 1243 
Sala set 3 176 

House improvement 10 3986 
Artesian well drilling 2 81 
aphilppine peso (P) converted to US$ at the rate of P7.4 = $1.00and 
rounded to nearestdollar. 

pleted only 2 rice crops because of insufficient 
rainfall in late October-November. 

Before Kabsaka, 87% of the farmers used trad
itional rice varieties. In 1979 100% used modern 
varieties for the first crop and 97% used them for 
the second crop. There was a 25% increase in the 
number of fertilizer users over the pre-Kabsaka 
period. For the second rice crop in 1979,90% of the 
farmers used fertilizers. The number of fertilizer 
applications on both rice crops in 1978 was higher 
than for the first rice crop before Kabsaka. 

All farmers used insecticides on the !irst rice 
crop in 1978, a 30% increase in the number of 
farmer-users before Kahsaka. For the 1978 second 
crop, 97 of the farmers applied insecticide. 

Twenty-five farmers applied herbicides on the 
first crop (dry-seeded rice [L)SR]) in 1978. For the 
second crop (wet-seeded rice [WSR]), 15 farmers 
applied herbicides. 

Table 2. Farm machinery and power equipment purchased in 
9 barrios since the start of the Kabsaka project in 1975 in 
Iloilo, Philippines, 1979. 

Hand Threshers Water 
Barrio•(no.) tractors (no.) pumps(no.) 

Tigtig 6 5 0 
Calaboa OesteCalaboa Este 33 13 1

2 
Mangacina 4 6 6 
Tuburan 0 0 2 
MiragaConaynay 3

3 2
0 

00 
Canipayan 4 4 0 
Agusipan 4 4 3 

Total 30 25 14 



Table 3. Total gross and not returns on material cousa before
and after Kabsaka for 30 farmers, Iloilo,Philipplnes, 1978-79. 

Classification offarmers 	 Kabsaka periodBefont
Before AftertAfter 

Total gross irturn (S/ha)
Bank-financed 459 1094
Self-financed 394 836 

Net return on material costs (S/ha)
Bank-financed 397 853Self-financed 359 659 
;Philippine peso (,) converted to US$ at the rate of 117.4rounded tonearest = $1.00 anddollar. 

Yield costs and returns. The yield of the first 
crop (DSR) in 1978 averaged 4 t/ha for bank-
financed farmers and 3.1 t/ha for self-financed 
farmers (av of 3.7 t/ha for all farmers). Thirty
percent of the yield were in the 4.0-4.9 t/ha range,
and 27% in the 3.0-3.9 t/ ha range. A yield range
of 5.0 to 5.9 t/ha was attained by 23% of the 
farmers. 

For the second crop (WSR), the yield was 3t/ ha
for bank-financed farmers and 2.9 t/ha for the 
self-financed. Four farmers had no yield (3bank-
financed and I self-financed), and 10 farmers had 
low yields because of drought in October-
November. Almost 50% of the farmers had a yield
of 3 t/ha or below, and only 10% had a yield
between 5 and 6 t/ha. 

The increase in yield of the first rice crop over 
the pre-Kabsaka period, regardless of method of 
riceestablishment, was 65%forall farmers. Forthe 
second rice crop, the yield increase was 38%. 


Mungbeanyieldedanaverageof0.4t/ha. 
Other 
dryland crops planted were cowpea, peanut, sweet 
potato, maize, sorghum, squash, and watermelon, 
The gross and net returns for 30 farmers before and 
after Kabsaka are in Table 3. Computation for 
gross return and cash material items was based on 

constant prices for crop year 1978-79. 


Marketing constraints encountered h 'farners. 
Farmers' constraints were categorized mainly as 
economic and infrastructural. They were low price
(53%), lack of drying facilities (33%), high trans-
port costs (7%), and bad arrangements with buyers
(6%) in marketing their product. The low price was 
primarily due to low quality, especially during the 
wet months when farmers had to dispose of fer

mented or water-soaked rice. High transport costs were highly correlated with bad roads and insuffi
cient transport facilities.Kasa-tinlu. acltisIn the second year of the South 

Cotabato Kasa-tinlu pilot project, with a 2-ricecrop pattern, results were as good as, or betterthan, those for Kabsaka.The average yields in the 
project area for the 2 seasons of 1978-79 were 8.6and 9.4 t/ha for 2 crops.

Pagadian (Zamboanga del Sur), Mindanao. In 
1979, yields in Pagadian were 4.3 t/ha for the first 
crop and 4.3 t/ ha for the second. Australian coop
erators in that area indicated they would start a 
pilot production program.

Luzon. Light soils. In initial studies in Luzon,
rice grown as a second crop on light soils failed 
most of the time, but dryland crops were success
ful. A cropping pattern was finalized for Luzon 
with rice as the first crop and mungbean or peanut 
as the second crop. The new cropping pattern was 
evaluated for a pilot program code-named Manbi
layka to be started 1979. The rice crop produced 
5.1 	 t/ha. 

Heav' soily. For 1978-79, 2 rice crops a year, 
grown on the heavy soils (Bani area) of Luzon, 
gave yields of 8.6 t/ha. It is proposed that Bani 
become a part of a pilot area to be established in 
Pangasinan for 1980. 

Cagayan. Knowledge from 5 years of applied
research experience was used to reduce the time 
required to develop a new cropping pattern. In 
work in the Cagayan Valley in northern Philip
pines, a preliminary review of the rainfall pattern
indicated that the period August through Decem
ber had monthly rainfall of more than 215 mm;

May, June, and July had III  189 mm. Soils were 
generally satisfactory for growing dryland crops
and rainfed wetland rice. Preliminary trials with a 
dryland crop as a first crop and wetland rice as a
second crop were established. With fertilizer and 
insecticides on mungbean (CES ID-21), a 1.1t/ha
yield was achieved. Lal-lo mungbean, with insect
protection based on recommendations developed
in Pangasinan, yielded 0.9 t/ ha. The average yield
of mungbean in Cagayan isabout 0.3 t/ha. Cow
pea grown with fertilizer produced 1.3 t/ ha. Yields 
from the second crop (wetland rice) will be reported 
in 1980. 
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A cropping systems network of research sites in 
Asia has been established by IRRI in collaboration 
with national programs to develop cropping sys-
tems technology for different rice environments in 
the region. The research methodology developed 
by IRRI is now%used by the national programs, 
with some adjustments to fit their financial and 
manpower resources and organizational setup. 

Twenty-two research sites in the Asian Crop-
ping Systems Network verc fully operational in 
1979 (Table I). The sites represented a broad range 
of climatic zones, soil type, soil te .ture, and socio-
economic conditions in major rice-growing coun-
tries in Asia. 

In addition, national programs in Indonesia, 
Philippincs. Thailand, Sri Lanka, and Bangladesh 
expanded their work and formed national crop-
ping systems networks of their own. In 1979, 23 
more national research sites were established, mak-
ing a total of 55 operational sites (Fig. I). The 
major efforts of national programs were concen-
trated on both rainfed and irrigated vetland rice 
areas. 

TESTING OF CRO13PING PAIFERNS 

The cropping systems research at the Asian net-
work sites concentrated on design and testing of 
cropping patterns, and on component technology 
research such as varietal testing, fertilizer studies, 
and pest control. The number of cropping patterns 
tested and the research on component technology 
varied from site to site depending on the need, 
available funds, and manpower. 

Philippines. There were three research sites in 

the Philippines. T'vo were directly managed by 
IRRI in cooperation with the Philippine Bureau of 
Plant Industry (BPI) - Oton, Iloilo (rainfed 
wetland), and Manaoag, Pangasinan (rainfed wet
land). The third site (at Bukidnon) represented 
dryland and was managed by BPI scientists in 
cooperation with IRRI. 

Pangantwan, Bukibion. The traditional crop
ping patterns at Pangantucan were maize-mpize, 
rice-maize, and rice-fallow. In 1979, fou,-alterna
tive cropping patterns were tested: rice-maize
mungbean, maize-maize-mungbean, maize
mungbean, coffee/ maize-maize. Cropping pattern 
testing started in March 1979. The yield ofdryland 
rice (C171-136) was 2301;(' more than that of the 
local variety. The first mai7e crop (Philippine 
DM R Comp. #2)was about 400(,, better than the 
localvariety. The highest gross return was obtained 
in the rice-maize-mungbean pattern ($890) and the 
lowest was in maize-mungbean ($337). However, 
the maize-maize-mungbean patter n showed the 
highest net returns above variable cost ($524), fol
lowed by rice-maize-mungbean ($509). The gross 
returns and net income from the alternative pat
terns were higher than those from the farmers'. 

Nepal. Network collaboration in Nepal was 
with the Department of Agriculture and the Inter
national Agricultural Development Service. The 
sites in Nepal represented rice areas where temper
ature determines cropping systems in the winter 
months. Cropping intensity is already high in 
Nepal and major efforts were concentrated on 
increasing the production of each crop in the pat
terns by using improved varieties and better man
agement techniques. 

Table 1. Number of research sites and kind of rice land involved in the Asian Cropping 
Systems Network, 1979. 

Country Rainfed 
wetland 

Philippines 
Indonesia 
Thailand 
SriLanka 
Bangladesh 
Nepal 
Malaysia 
South Korea 

Total 

3 
3 
4 
3 
2 
2 
2 
3 

22 

2 
2 
4 
2 
1 
2 
2 
-

15 
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Sites (no.) 
Partially Dryland irrigated Deep 
irrigated water 

- 1 -

- 2 - 1 
- - -

1 - - -

1 - 1 1 
1 - 1 -
- - - -
- - 3 -
3 3 5 2 
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01Ohefrkahonol S~f 

siall k sit,.,.I.Ilie.. 0'c loppitng S. slm, NONt%,ol 0).1.. 

Pulmli l1nwmigIi (raiilP,I khIzla). Ihe Pumdi varieties produced 2 t ha. IET1444 in areas with 

Bhutndi site is representative of the hills wNhere 610i limited supplementary irrigation during the mon
of the population live and farmt1ling activitics are at soon season produced 3.3 t'ha. 

the subsistence level. Ihe elevation ranges from Rice-fallow was the dominant pattern in wet

750 to 1,270 in above sea level. lihe rice land was lands with low potential. Rice-lentils and rice

classified into \wetlnd \\itihigh producti o potcn- barley increased production over the farmers' pat

tial, and Wet land with Iow production potential. tern by 125"' and 168%. Increased net income was 

In wetlands \\ith high potential, the predoni- highest for rice-lentils. The rice variety CH45, suit

nant cropping patterns were rice-wheat-maie and able for that area, gave an average yield of 2.3 t/ ha. 

rice-wheat. Introduction of improved techniques, It did not yield much higher than the local varie

including impro\ved variCties, increased the total ties, but its early maturity permitted better use of 

grain production by 331', in the rice-%vheat-maile residual soil moisture for a relay crop and indi

pattern and by 35.U in tilerice-wheat. Improved cated potential avoidance of hail damage. 

varieties of laichung 176. I11'1444. and C1145 Parsa (irrigateih. partiallv irriated,andrainfed). 

were earlier tha nmost of the local varieties and The Parsa site represents the plain areas of Nepal, 

yields were 30-80"1 higher. Earliness of the imi- which have maximum potential to supply the 

proved varieties allowed more turnaround time in internal needs for rice and some for export. In the 

the triple- and double-cropped area. laichung 176 cropping pattern rice-rice-wheat, the total produc

in wetlands with permanent water supply for sup- tion on irrigated fields has been increased by 95% 

season since 1978 with the use of improved varieties andplemtental irrigation during tle monsoon 
produced 3.7 t ha; the commonly cultivated local improved management. Major increases in pro-
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duction were due to improved varieties like C145. 
Chandina, and Parwanipur in the first crop. Those 
varieties produced more than 4 t ha double the
yield of local varieties and left more time for the 
second crop. With improved technology. produc-
tion of the rice-wheat pattern increased 
by 7W'7, rice-potato by 84(', rice-mustard by 41l, 
and rice-lentils hy 54.i. The change in net revenue 
over farn'..:,s' practices was highest for rice-potato
($384). 

In the rainfed area (Suckhchaina). rice varieties 
('1145, Masuli. IETI1444, and 139C were substituted 
with advantage over the local varieties. The total 
grain production of the rice-wheat pattern in-
creased from 2.5 t ha with local varieties to 4.7 
t ha with improved varieties of rice and wheat. 
The improved technology in this pattern had a 
cash cost of $70 and produced a change in net 
revenue of $168 ha. As in the irrigated area, the 
maximum potential for increasing production in 
the rainfed area was in the replacement of the local 
varieties of rice. 


Republic of Korea. The three Korean sites-
 at 
the Office of Rural Development Experiment Sta-
lions in Suweon, lri. and Milyang represent 
temperate rice environments with good irrigation
and drainage facilities, 

Suwe'u (irrvo,ate'). Cropping pattern testing at 
Suweon was by the Rice Production Research 
group in the Crop Experiment Station. Cropping 
patterns of harley-rice, wheat-rice, Irish potato-
rice, pea-rice, and rye (green fodder)-rice were
investigated with two levels of field management:
ordinary management, and internsive management
with increased fertilizer and crop density, 

The most promising patterns were the Irish 
potato-rice pattern, with average yields of 13.8 t 
Irish potato ha and 6.2 t brown rice ha: and rye-
rice with average yields of 35.6 t rye fodder ha and 
6.7 t brown rice, ha under intensive management.
Rice yield alone was 7.0 t ha. Compared with the 

ordinary rice-fallow, the Irish potato-rice and rye-

rice patterns increased net income by 17i and 8V. 


h'i (irrate,).The lri collaborator isthe Honan 
Crop Experiment Station, which represents south-
western Korea. The region has 10 more consecutive 
frost-free days than Suweon. The cropping pat-
terns tested were pea-rice, barley-rice, wheat-rice, 
rape-rice, and onion-rice. The most promising 
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pattern was pea-rice, in which the fresh pea yield of 
7.8 t ha was obtained without decreasing the rice 
yield. 

Milvang (irrigated. The Milyang collaborator 
isthe Yeongnam Crop Experiment Station, which 
represents the southeastern region ofSouth Korea. 
The site has 204 frost-free days. The most promis
ing cropping pattern for the region was Irish 
potato-rice with rice yields of 4.6 t/ha and Irish 
potato yields of 8.3 t/ha. The rice yield was low 
compared to that at othersites because of typhoon 
damage at heading stage. 

Sri Lanka. Research at the Sri Lankan sites 
- Walagambahuwa, Katupota, and Paranthan -
represents rainfed wetland rice in the dry and 
intermediate zones and the small tank-irrigated
rice lands and is in collaboration with the Depart
ment of Agriculture. 

H'alagamlbahuua(partiallyirrigate(l). The Wa
lagambahuwa site isa typical cross section of the 
dry-zone minor-tank-based village. Rice is nor
mally not planted until the tank isfull. Dry seeding
of rice was introduced for the start of the rainy 
season with water in the tank used as supplemental
irrigation. Advancing the planting dates allowed 
planting the first rice crop as early as October, and 
use of a 3- to 3.5-month variety allowed the first 
crop to mature with the minimum of supplemen
tary irrigation from the tank. This rice-rice pattern
gave 350% increase in the rice production, corn
pared to the traditional cropping pattern in the 
region. 

Kattqota (rait.fi'ec ivetlancd). The cropping sys
terns research activities in Katupota concentrate
 
on two rainfed wetland tracts adjoining the villages

of Alankara and Moragana. Research in 1978-79 
demonstrated that crest, slope, and valley bottom
 
areas require different cropping patterns. The
 
cropping patterns appropriate in those land ele
ments are:
 

0rice-dryland crop (cowpea, mungbean, or
 
peanut) on the crest,
 

e rice-rice on the slope and on the valley bo.tom.
 
Cropping pattern trials have shown a potential


of BG94-1 to produce yields as high as 6.3 t/ha.
Cowpea on the crest position gave yields of 1.1 
t/ha with MI 35. 

Paranthani (rainfed wetland). Paranthan re
presents the northeastern coastal belt ofSri Lanka. 



The cropping systems activities are mainly to in-
crease the productivity of Manawari rice lands 
either through intensified agriculture or by in-
creasing the rice yields or both. 

Several varieties were tested in different soils. 
Among the tall varieties, 62-355 and Karuppan 
were promising on both sandy and clayey soils. 
BG40I-1 yielded 5t ha on clay soils. Varieties with 
medium plant height showed higher yields on 
sandy soils and short-stat ured varieties were better 
on clayey soils. Second crops of sesar,,e, mung-
bean, cowpea, and peanut ran into severe dif-
ficulties because of drought. 

Thailand. Cropping systems research in Thai-
land is conducted in collaboration with the Rice 
Division, Department of Agriculture, at the Ubon 
and PiMai sites: with the Technical Division of the 
Department of Agriculture at the Khompangphet 
site: and with Kasetsart University at the Bangpae 
site. The l)ivision of Agricultural Economics col-
laborates with the Rice and Technical Divisions on 
the economics component. 

11/bon (rainfiecl /and,). The Ubon site repres-
ents the wettest part of northeast Thailand (5 wet 
months and 7 dry). Two-crop and three-crop pat-
terns such as yardlong bean-rice-peanut, peanut-
rice-mungbean, glutinous maize-rice-peanut, 
mungbean-rice-sweet maize, DSR-rice, and rice-
ratoon, were evaluated. The third crops failed 
because ofdrought. In 1978-79, riceyields of 3t/ha 
were obtained in the glutinous maize-rice pattern. 
The rice-rice pattern total yield was 3.9 t/ha. 

Piilai(rain/i'd wetlanl).The PiMai site repres-
ents the drier areas of northeast Thailand (1-2 wet 
months and 7 dry). The patterns tested were 
sesame-rice, mungbean-rice, peanut-rice, and sweet 
maize + peanut-rice. Peanut, maize, and mung-
bean before rice were promising in 1977-78 testing, 
but in 1978-79 the yields of the dryland crops 
before rice were low because of Ilooding. The 1978-
79 yield of rice was also lower than in the previous 
year because of early flooding. 

l1angpae(rahi/ ediwetland). Most farms in Bang-
pac grow only one rice crop of a local variety. A 
few farmers grow mungbean before and after rice. 
In 1979 tests mungbean, soybean, sweet maize, 
glutinous maize, mungbean + sweet maize, and 
glutinous maize + soybean were grown before rice-
mungbean, soybean, sweet maize, and glutinous 

maize were grown after rice. Two years of tests 
showed sweet maize and glutinous maize were a 
suitable first crop before rice, and only mungbean 
was suitable after rice. 

Bangladesh. Cropping systems research in 
farmers' fields is in three areas near the Bangladesh 
Rice Research Institute at Joydebpur. Work is in 
rainfed wetland in Bhogra village, irrigated wet
land in the high land and shallow valley land at 
Laskarchala village, and irrigated wetland in Salna 
village. 'lhe cropping intensity in most of the test 
areas is already high at 2-3 rice crops. The 
research concentrated on increasing the produc
tion of each crop in the system. 

Results of testing 7 cropping patterns in 39 
farmers' fields at Salna suggested that with no soil 
problems, triple rice cropping is most profitable. 
The 3-rice crop patterns of modern variety aus
pajam transplanted aman-pajam boro, and mod
ern variety aus-pajam transplanted aman-modern 
variety boro gave a high net income of about 
$1,324/ ha. 

On the light-textured upland soils at Laskar
chala, 10 cropping patterns were tested. The most 
profitable were aus rice-wheat ($424/ha), aus rice
chili ($769/ha), and aus rice-blackgram-wheat 
($499/ ha). On the medium upland areas at Las
karchala the most profitable pattern was modern 
variety aus-pajam transplanted aman, with a net 
income of $789. 

Among five double rice crop patterns tested at 
Bhogra in 39 farmers' fields, BR3 aus-BR4 trans
planted aman gave high net returns of $767/ha 
despite low rainfall. In Bhogra a 3-crop pattern of 
modern variety aus-modern variety transplanted 
aman-watermelon gave a net return of $1,327/ha 
with supplemental hand irrigation for the water
melon crop. 

Indonesia. Cropping systems research in Indo
nesia is in collaboration with the Central Research 
Institute for Agriculture. A site in Madura repres
ents the rainfed wetland areas in northern Java 
with 5 wet months and 4 dry months, and the 
Tajau Pecah site represents wetter dryland areas. 
Barambai is the only site in the network studying 
tidal swamp rice. 

Madura (rainfed wetland and drVland). The 
Madura site is divided into dryland, rainfed wet
land with low elevation, and rainfed wetland with 
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high elevation. In the dryland category, the 
farmers'croppingpattern of maize + peanut-maize 
+ peanut-maize + peanut gave the same gross 
return but higher net return (S593) than the intro-
duced pattern of maize + dryland rice cassava 
mungbean peanut (S314). In the rainfed wetland 
with low elevation, wetland rice-maize + peanut, 
wetland rice-maize + mungbean, and DSR-maize 
+ peanut gave higher yields and net returns than 
the farmers' cropping pa-&ern of wetland rice-
peanut + maize. Yield ofdry-seeded rice (3.4 t, ha) 
was higher than that of transplanted rice (2.2 t ha). 
Transplanted rice-maize + peanut showed net 
returns of $491, 145 ('better than those for the 
farmers' cropping pattern. 

In the rainfed wetland area with high elevation, 
wetland rice-maize + peanut and dry-seeded rice-
maize + peanut showed higher net returns than the 
farmers' cropping pattern of wetland rice-
mungbean despite low yield of maize. The dry-
seeded rice gave higher yields than the transplanted 
rice. However, the wetland rice-maize + peanut 
pattern had a higher net return because of lower 
material cost and lower cost of planting, 

Tajau Pecah (drvland rice). The predominant 
farmers' cropping pattern at the Tajau Pecah site 
consists of maize + drvland rice-maize. The intro-
duced pattern tested was maize + dryland rice 
intercrop with cassava relay planted into maize 
rows 30 days after planting. After harvesting rice, 
cowpea was planted as an intercrop with cassava. 
The introduced ropping pattern with high and 
medium input showed higher productivity and bet-
ter net returns than the farmers' pattern. The 
introduced pattern with medium input showed the 
highest net return. which was 338% better than 
that for the farmers' pattern. Returns to labor and 
material inputs were also higher. 

Barambait'idalswamp). At the tidal swamp in 
Barambai, the hydrology isaffected by rainfall and 
by tides. Most of the area is continually sub

merged. The farmers' pattern consists of maize
maize grown in raised beds and one local late
maturing variety of wetland rice. The introduced 
pattern was dryland rice + maize intercrop combi
nation relay planted with cassava in the raised beds 
and rice-rice in the paddies with a modern variety 
as the first crop and a local variety as the second 
crop. The introduced cropping pattern had net 
returns 93% better than those for the farmers' pat
tern, but returns to labor and materials were about 
the same. 

CROPPING SYSTEMS WORKING GROUP 

The eighth meeting of the Cropping Systems 
Working Group was in Nepal 28-31 May 1979. 
Coordinators from 10 countries in Asia and 25 
resource persons attended the meeting and re
viewed the progress of research at all network sites. 
The group discussed techniques for on-farm sys
tems research, use of site-related research in mul
tilocation testing, role of component technology 
research at cropping systems research sites, the 
cropping systems training program, and rainfall 
probability analyses for crop scheduling. 

TRAINING AND INFORMATION SHARING 

Training of scientists in cropping systems intensi
fied in 1979 in support of the cropping systems 
network and national programs. There were 47 
trainees in a 6-month course and 9 on-the-job 
trainees in cropping systems economics and 2 in 
entomology. 

A cropping systems study tour in October-
November 1979 had 17 participants from 6 coun
tries. The group visited research sites in Thailand 
and Nepal and discussed cropping systems research 
programs in Thailand, Indonesia, Bangladesh, 
Philippines, South Korea, Nepal, and Sri Lanka. 
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and chain drive (Fig. 1). The change provided aNIACIIINtRY IISIGN 
variable distance between the engine and counter

6- to 8-hp tiller %sith steering clutches. The test- shaft, which eliminated the need for a tension pul
ing of a four-spring engine mounting on the tiller Icy for engaging and disengaging the belt and 
continued. The mounting was designed to reduce increased belt life. Clutching is done by swinging 
the transfer of vibration from a lightweight air- the countershaft housing about its pivot point with 
cooled diesel engine to the operator. Discarded the clutch lever, which decreases the belt drive 
automotive engine %vake springs with a 4.5-am center distance and disengages the drive. Four 
wire diameter an,! 29-n-n coil diameter were used speeds from 2 kph to 12 kph are available. Speed is 
initially in the evaluation. Two springs failed after changed by shifting the belt or the chain, or both. 
110 hours of field opration. New valve springs A wooden braking block was added to prevent the 

again failed after about 200 hours of operation. belt from jumping off the pulleys during disen-
Springs with a 6.5-am diameter and 37-mm coil gagement. 
diameter completed 800 hours of field operation The primary chain drive of the first rotary tiller 
without a failure and were as effective as the origi- showed excessive wear due to the entry of dust and 
nal springs in reducing vibration transfer. This dirt during dryland tillage. A dust-tight chain 
design was added to the power tiller drawings. shield with provisions for allowing changes in 

Rotary tiller attachment for the 6- to 8-hp ceniter distance between the driving and driven 

tiller. The first prototype of a rotary tiller attach- members was added to eliminate the problem. The 
ment was field tested and the design revised based number of parts in the rototiller clutch was reduced 

on the test results. A pivoted bearing housing and by using an eccentric shifter instead of the earlier 
countershaft, which carries the input pulley and the fork type. A new prototype was built and field 

driving sprockets, was added to the four-speed belt 	 tested for more than 1,000 hours. Problems 
encountered during the test were corrected and 
production drawings were prepared. 

* .. -Multicrop "N 	 dryland seeder. Final field calibra
* 	 xtion and performance trials and initial evaluations in 

Thailand and Bangladesh resulted in additional 

'i ' 	 improvements of the multicrop dryland seeder. The 
bearing mount bar of the main frame was 
lengthened by 5 cm to provide more ground clear
ance for the tool bar to prevent it from pushing loose 
soil when the furrowers are set deep. To ensure 
unitorm seed and fertilizer discharge, the loosely 
fitted pins that connected the plates to the oscillating 
frame were replaced by bolts. Production drawings 
were completed and the machine was released. 

m 

Rice transplanter. Development of the trans
planter continued. The feeder fingers, which enter 

through slots in the feeding frame, did not effec

tively push the seedling mat down the tray. To 

correct this, the lower edge profile of the tray was 
imodiied to give aslightly higher entry point for the 

I~; :Y*(- 	 feeder. A narrow sheet metal strip was attached to 
the lower end of the tray to form a slot running the 
entire length of the tray. This slot, which is of the 
same length as the feeding frame, serves as the entry 
for a single narr )w strip that replaced the feeder 
fingers (Fig. 2). 

I. Four-spoed tiller drive. IRRI, 1979. 	 The guides that limited the handle to straight 
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, ]the 

FEEDER STR!P 

2.l raslplr seedling fedcr IRRI. 1979. 

line travel were eliminated. Instead a U-shaped 
handle that pivots freely when pulled or pushed 
downward during machine operation was pinned to 
the pivot arms. The change allowed more flexibili-
ty, simplified construction, and reduced weight. 
The modilications produced a marked improve-
ment in the perfornance of the transplanter. Miss-
ing hills ranged from 2 to 5% depending on the 
quality of the seedlings, and field capacity was 
about 0.25 hV/labor-day. 

A second prototype incorporated changes in 
machine geometry to permit transplanting in fields 
with deeper standing water. The picker holders 
were lengthened to allow planting in water up to 15 
cm deep without immersing the picker frame in 
water. Adjustable stops, mounted at both sides of 
the wooden skid, control depth of planting. 

An improved seedling tray indexing system, 
which uses a pawl and ratchet to rotate a sprocket 
(Fig. 3). was developed. The sprocket drives a 
roller chain supported by two rollers on the main 
frame. The distance between the rollers determines 

length of tray travel. A carriage bar, connected 
by an offset link to the roller chain, slides on a 
guide secured to the frame. The reciprocating 
movement of the bar is transmitted to the seedling 
tray, which is attached to the carriage bar. 

A blade-type picker was developed to cut the 
soil bearing seedlings into blocks, instead of claw
ing them as with the 3-prong type (Fig. 4). The 
picker has three blades bolted to a square shank. 
The two outside blades are sharpened to an 
S-shape cutting edge for less shearing resistance; 
the middle blade isshorter and has a dull edge for 
pushing the block of seedlings that are cut by the 
two side blades. The blade-type picker reduces the 
number of seedlings planted per hill and improved 
seedling release. 

An accelerated life test in the laboratory simu
lated operation of the transplanter in the field. The 
test was terminated after 650,000 cycles (an equi
valent of 13 ha) without any part failures. 

Field tests continued at IRRI. Comparative 
yield trials revealed no significant difference bet
ween plots planted with the transplanter and those 
planted manually. Use of the transplanter in water 
10 cm and 4 cm deep, and land preparations of I 
plowing and I harrowing and I plowing and 3 
harrowings showed the transplanter could operate 
satisfactorily in these conditions. Yield differences 
among the treatments were not significant. 

Wetland seeder. The IRRI multihopper wet

3. Seedling tray indexing system. IRRI, 1979. !pickers. IRRI, 1979, 
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land seeder, developed seseral years ago. had 
limited adoption by farmers because it required 
fields with no standing water. The machine vas 
redesigned to IiepIosit and lightl, anchor the Seeds 
on the surface of puddled soil to prevent floating 
during a heavy rain, reduce the pull requirement, 
and improve the niachine's perfornmance in good

to-moderate soil preparation. 
A prototype was constructed in 1979 with 

improved seed metering and modified drive wheels 
(Fig. 5). The metering roller with seed pockets was 
replaced by a roller with spikes made of headless 
nails located at the middle portion. A gioye was 

added to the hopper so that seeds are scratched out 
by the spikes. The drive wheels were increased in 
width and diameter for grcitcr flotation and higher 
clearance. Preliminary tests .:hoked good seed 
placement. Maximun penetration of the ground 
wheel was about 10 cm, which reduced the pulling 
effort. 

Inclined-plate planter. To reduce land prep-

aration time so that a dryland crop can be planted 
earlier after rainfed wetland rice, a machine that 
opens a narrow furrow in untilled soil, places the 
seed in the furrow, closes the furrow, and firns the 

soil around the seed was developed, 
A prototype machine with two planting units 

mounted on a tool bar was built (Fig. 6). Each 
planting unit can be moved on the bar to vary row 
spacing. A metal metering plate gives good meter-

ing without seed damage. Single-seed metering 
with larger seeds is possible. Plant spacing in the 

row is controlled by the number of* seed cells or 
metering holes in the metering plate. The planter 

, . 

, .. "\ 
,O 

5.Wetland seeder. IRRI, 1979. 
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6. Inctined-plate pltnter. IRRI. 19,9. 

was put on test by the Multiple Cropping Depart
ment. 

10-row liquid injector. Previous machine 
developments for the deep placement of chemicals 
in the soil encountered problems of unstable dis

charge rate, excessive effort to push the machine in 
the field, clogging of the discharge nozzles, and 
high labor requirements per hectare. 

To eliminate or reduce these problems, a pull
type, 10-row liquid injector was designed. The 

machine places either insecticide or fertilizer 5-10 
cnt below the soil surface by spot injection 5-10 
days after transplanting. The applicator can also be 
used as arow marker for transplanting while inject
ing chemicals. A peristaltic pump metering assem
bly attached to a wooden frame pumps the chemi
cals through 10 discharge nozzles housed in steel 
tubes that penetrate the soil (Fig. 7). The pump 
meters the correct amount of chemical and provides 
sufficient pressure to substantially reduce nozzle 
clogging. A ratchet secured to the pump shaft is 

trotated by a pawl attached to a crank. The back
and-forth movement of the hand lever actuates the 

crank. The length of the hand lever stroke controls 
the dose of chemical injected into the soil. 

Total weight of the machine is 10 kg. The first 
prototype was c3librated in the laboratory and field 
tested. It performed well even in poorly prepared 
soil, although improvements had to be made to 
prevent occasional clogging of the nozzles and to 
eliminate dripping in the pump after stopping. 
Field capacity was about 0.5 ha/day. 

Axial-flow thresher. Development of an 
improved version of the axial-flow thresher con



Q 'tered 

7.Liquid micciot. IRI. I1") 

tinued. The first prototype performed satisfactorily 

in short tests., but field testing revealed design and 

endurance problems. It \\as. therelfore. redesigned 

and individual Coilrp mcnts and assemblies were 

analyzed to produce a more eflicient aid durable 

machine (Fig. 8). The open threshing cylinder was 

strengthened and air vanes were added inside the 

cylinder to assist miaterial mo,.ncnt and stick air 

through the fecd opening to eliminate blowback 

and dust hazard to operators. 'File seniicircular 

round bar concave was bolted to the frame for 

easier removal and repair. The two centrifugal 

blowers were strengthened and the assembly was 

repositioned outside the main franle to provide 

more clearance between the concave and grain 

chute. The screen frames were redesigned for 

easier installation and dismantling, and minimum 

grain spillage. Screen oscillation was reduced to 

306 cycles/minute and stroke increased to 31.8 

mm. The clean grain auger was repositioned and 

adjusted to reduce grain damage. 

The redesigned machine produced good results 

in short perfbrmance tests. Capacities of 1.2 t/hour 

were obtained in paddy at 25% moisture content 

8. Am.i -II thresher. IR II.I979 

with separation loss. blower loss, and grain dam

age at less than l; each. Some problems encoun
during the 600-hour durability testing led to 

the repiacement of the rubber bushing with ball 
hearings at the pivot points between the eccentric 

arm and bell crank assembly and the bell crank 

assembly pivot to tile installation of a pegframe; 

type straw paddle: enlargement of the discharge 

opening: and addition of a straw discharge guide. 

The (I.9tii -tliick scmeihcaionaI co\er was 
replaced by a 1.2-mm-thick sheet and a replaceable 

wear plate was added. 
Prototypes were sent to ICRISAT, inIndia, the 

IRRI-Pakistan project, and Egypt for field evalua

tion, and drawings were released to manufacturers. 

Rice hull furnace. Tile rice hull furnace for the 

2-t vertical bin dryer was redesigned to make more 

use of conventional materials such as fire brick and 

sheet steel and to eliminate the operational prob

lets of tileinitial design. The combustion 

chamber of the furnace is made of refractory fire 

brick, but the ash trap uses common fire brick to 

reduce cost. A sheet metal envelops the furnace 

and forns a cooling air duct, which increases 

thermal efficiency and reduces the temperature 

near the furnace (Fig. 9). An automatic feeding 

system for the hulls is activated by vibration from 

the engine used to drive the dryer blower. The 

operator can easily maintain a constant drying air 

temperature. 
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9. Rice hull furnace. IRRI, 1979. 

The furnace, which can heat 106 m :'of air to
45°C in a minute, was test operated for 400 hours, 
 Cone index (kg/cm 2 
)with no major problems or component failures. 0 06 12 18 24 30 36Average rice hull consumption was 11 kg/hour. 

Waterbuffao1MACHINERY TESTING AND USE .W le,n 

Compacted soils studies. In a continuously 
7-h_t _lercropped soil a cone index versus depth profile was deph 

0, 

PlotB7 \- a.obtained in each plot, before and after tillage for (cm) . oo, 
crop 12. The cone penetrom eter w as mounted on a 2 - 1...,,e.frame that rested on the soil. Individual weights, 0-hphlier/ 

'calibrated to produce a cone index of 0.6 kg/cm 2 , 
were placed on the penetrometer in succession and 
the resulting penetration depth at each weight
increment was recorded. 

The profiles are shown in Figures 10 and 11.
The profiles from the tillage plots exhibit a point
where a marked change in the slope occurs (Fig.
10). For the 7-hp tiller, this point roughly coin
cides with the average plowing depth and can beinterpreted as the plow pan. These slope changes 
do not appear in the profiles for the water buffalo
and 4-wheel tractor plots. This lack of an abrupt
slope change and the less pronounced slope change
in the water buffalo profile (Fig. 11) could have 

10.Cone index profile: before tillage for crop 12, and before 
tillage for crop 51 in plot B7. IRRI, 1979. 

been caused by the tillage action of the animal's 
hooves.
 

Similar profiles were obtained in plot B7 of the
Institute's continuous cropping plots during land
preparation for crop 51. Compared to the plot 
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.0 0-h filer12. 

I.('on. I tX potiI le: .iII r ti lage I r crop 12. atnd aiter tiI[age
lot crop 51 in plot B17.IRRI. 1979 

profiles in the tillage trials, the profiles of plot B7 
showed substantially deeper soil with little indica-
tion of a hardpan layer in the first 30 cm, even 
though lightweight power tillers have tilled the 
plots for a number of' crops.

Water-use efficiency and energy require-
ments for wetland tillage. A study was con-
ducted to determine the most efficient tillage pro-
cedure for the wet and dry seasons with respect to 
Water use, energy, and time requirements, while 
maintaining tillage quality and weed control, 

A 0.25-ha field at IRRI was divided into 6 plots,
Evaporation, rainfall, piezo fiterwater level, and 
sloping gauge readings were recorded daily. A power tiller, with a moldboard plow, and a comb 
harrow were used for all tillage. 

For the dry-season trials the field was allowed to 
dry before water was applied. Change of soil mois
ture content, cone index, and soil shearing force 
were recorded daily on all plots during the plowing
period, just before irrigation. Harrowing followed 
plowing according to the schedule shown inFigure 
12. 

Soil moisture content increased during the first Iws--------
or 2 days of irrigation, and soil resistance-D 
decreased rapidly. Irrigation after the second day
resulted in slow changes in soil resistance, but 
after 3 days no additional change was detected;plowin
therefore, differences in fuel consumption and 

n HOrown I otrowng Tr L.eI Tronplor g 

16 

ton (day , 

D~uratiion of land preparation. IRRI. 1979 dry season. 

machine field capacity were similar in the treat
ments tilled after 3 days of soaking. No significant
differences in weed and plant growth were found 
between treatments. 

Because the soil was fully saturated before the 
wet-season trials started, soil characteristics did 
not change with the application of more water.Only the duration of the tillage period was varied 
(Fig. 13). The 6 plots were divided and the result
ing 12 plots allowed a test of 4 treatments and 3 
replications. 

No positive relationships were found between
fuel consumption, machine field capacity, and 
water applied, primarily because the soil was satu
rated before the start of land preparation. Soil 
shearing force and fuel consumption were a little 
higher in the tillage treatment of shortest duration 
than in the other plots. Weed dry matter weight 
was also higher. Treatment 3, which involved I I 
days of land preparation (day 13 to day 24), was 
the most efficient tillage procedure. No advantage
was apparent in land preparation of longer dura
tion. 

Tponstlan,ng
P1t,.n1 HarrowmgI FlrLn3 LmenoT, A e t C D 

E T2: A C D 

TA 'S -C 

L[-----L-------L....----
0 7 3 21 24 

(days) 

13. Duration of land preparation. IRRI, 1979 wet season. 
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Horizontal oscillating screen perfor.
mance. IRRI threshers use horizontal oscillating 
screens for grain cleaning. These screens are
expected to perform satisfactorily over a wide 
range of grain moisture content. A project was
initiated to study the effects and relationships of'the primary design parameters of an oscillating
screen: the hanger angle, crank radius (throw), 
and oscillation frequency.

A laboratory machine was built to provide for
easily adjustable hanger angle, crank radius,
oscillation frequency, screen hole size, and material feed rate. 

Initial tests were conducted to develop a method 
for obtaining grain samples with reproduciblemoisture and foreign matter contents. Determining 
an optimum combination ofparameters for cleaning 
wet paddy (27% M.C.) is the first objective. Aseries of runs were conducted at the ends of theparameter ranges to reduce those ranges and
permit a manageable number of test 

to 
runs. Crank

angle had the greatest effect on screen loss andaccumulation of wet material on the screen. In all 
cases, losses were high because the screen holes 
were clogged by wet material when the test
longer than 2 minutes. 

ran 

Engineering economic systems. Thresher 
ak)ption anduse. Figure 14 illustrates the degreeof adoption of the iRRI-designed threshers by far-
mers in two areas of' the Philippines. Figure 15portrays the rate of adoption by farmers ,urrently
using the machine. Use for custom services is 
common in both areas and is highly profitable
(Table I). Introduction of the thresher has reduced
labor requirements and created pressures for
adjustments in traditional sharing arrangements

(Table 2). Introduction of the machine 
 in Iloilo 
appears to have closely followed the introduction

of irrigation and modem varieties, which increased

both cropping intensity and yields (Fig. 16).


Energ' andtropic'alri'eproduction. To evaluate 
energy use patterns inrice production, three alterna-
tive systems were synthesized using data reported in 
studies by IRRI and other organizations. The systems differed primarily in the degree to which they 
used machines.


Assumed levels of chemical inputs and riceyields approximate those of Filipino farmers and 
were held constant for the three systems. The 
greatest concentration of commercial energy in all 

'f 
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14. thresher adoption and use in 3 irrigated and 3 rainfed
villages of Iloilo and 6irrigated villages of Laguna, Philippines,
1978-79. 

systems is due to seed and chemical inputs (Fig.
17). In the systems that used machines, fuel and oil
ranked next to chemicals. Crop care, which
includes fertilization, weed control, and pest man
agement, ranked ahead of all other tasks in the
production systems (Fig. 18).

Considering only gross energy use, more
efficient use of chemical fertilizers, insecticides,
and herbicides represents a potential source of sig
nificant savings. Expressed in current market val
ues, human and animal inputs ranked as high-cost
energy inputs compared to fuel and chemicals 
(Table 3). The mechanical system, which con
sumed the most energy, also had the lowest cost 
per hectare. One impli, ation of the analysis is that
the choice between animal and mechanical power
is not sensitive to fuel price increases, particularly
for operations such as land preparation and threshing. The opposite is true for mechanical drying,
wh; h consumes 60c/ of the total fuel energy in the
 
mechanical system.
 

INDUSTRIAL EXTENSION 

Thailand. The IRRI-designed axial-flow threshercontinued to gain popularity and has spread from
the southern part of the Central Plain into the
northern Thailand provinces. About 2,160 units 
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15. Thresher adoption patterns h larmer users in Iloiloand Laguna, Philippines, 1967-79. 

Table 1. Thresher cost and use patterns in Iloiloand Laguna, Philippines, 1978-79. 
Initial Annual Output

Area 
Gross Net Payback

cost use I/I income income period 
(S) (h 1 (S/yr) (S/yr) (yr) 

Iloilo(irrigated) 738 214 120 965 837 0.9 
Iloilo(rainfed) 775 
 116 72 510 383 
 2.0
Laguna (irrigated) 1243 153 98 827 666 
 1.9
 

Table2. Rates of payment for harvesting (H), threshing(T), and cleaning (C)in Iloilo,Philippines, 1979. 

H = 11.1% of gross 
= 


HTC 16.6% of gross . 3.7% of gross to machine owner 

TC = 5.5%of gross 

.1.8%ofgross to 2 operators 

Portable thresher, 2 operators or 
or sometimes helpers in Oton and Tigbauan, Iloilo 

4.1% of gross to machine owner 

TC = 5.5% of gross 

1.4% of gross to 2 operators 

were manufactured, a 37% increase over that in cropping intensity in northeast Thailand, low power1978. availability isa major constraint. Farmers in north-Although there is a good chance for increasing east Thailand still rely heavily on buffalo for draft 
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Adowi-o 1% power. To increase the efficiency of plowing with
1o animals, the project staff, conducted a series of/
 

experiments with modified moldboard plow 
80 Ishapes. Preliminary tests in one soil type showed-toe.. 
 the draft could be reduced by modifying the tradi

irrigation tional plow shape used in the area. 
60 o Pakistan. The industrial extension project staffModernvaety ""x.in 
 Pakistan assisted the Pakistan Agricultural

/ Research Council (the project's host organization)40 in establishing a new division named the National 
* 	 Institute of Agricultural Mechanization (NIAM). 

20-e	 
20 -

NIAM will develop awide range of farm machines 
for Pakistani famiers and will test and issue reports 

0 1968 69 70 71 I16. 	 Adoption of 3 rice production technologies in sample irri72 73 74 75 76 77 78 79 gated villages. Iloilo. Philippines. 1979. 

Traditional Mechanical Transitional 

Human (74%) 	 Human
(130%) Machine (14 n~mal 

Animal Seed and 89%) \Machine66 (167%) chemical 87 69 (3.8%)o 
Sd ecndSeedFuel 	 F eandn Seed and 09 Fueloil and /
 

chemicals oil chemicals (17.4
(645 ( (61.5 %1351%) 

Fuel and oil 
(08 %) 

Machine use 
(50%)
 

17. Ftnergy (Joules) inputs by source. IRRI. 1979. 

Traditional Mechanical Transitional
Harvesting. Threshing and(2 3%: Threshing and 	 Harvestingdrying 	 drying 

(2 2 %) (36 %) 

Land LandPreparation Threshing preparation Land
(238%)/ and drying (169%) preparation 

6687 
(28(285%) Planting (27.4%)/ 

4%69 
19 
 10 
 "ning9

Crop core (Il11/%) Crop care Planting1590%) 	 \ Crop care (562 %) 10.6%) 

itorvesting 
(07%) 

IN. Lnergy (ioules) tasks. IRRI. 1979.h%major 
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Table 3. Cost of inputs at market prices for alternative rice production systems. IRRI,
1979. 

inrural areasof the Philippines. US$1 

Item Unit cost Cost (S/ha) of inputs 

($) Traditional 
system Transitional 

system 
Mechanical 

system 
Seed 0.16/kg 8.00 8.00 8.00 
Fetiie 
Insecticide 

eb38/kg
Fuelb 

Animal powerd 
Human labor 

Total 
anput prices are avera

0.58/kg N 
36/kg a.i. 

i. 
0.1 9 

3/liter 
-

0.65/hour 
0.17/hour 

gesprevailing 

23.20 
27.00 
26.60 

0.38 
10.00 

68.25 
125.00 
288.43 

23.20 
27.00 
26.60 
6.04 

24.00 
25.35 

114.46 
254.65 

23.20 
27.00 
26.60 
15.42 
29.34 

0 
92.68 

222.24 
= F7.35.9.. active Ingreare valued in termsof dieselfuel equivalents. Clncludas only fixed-cost component. 

dient. bFuel costs 

diswed on daily rental ratewithout operator. 

on the performance of commercially available 
farm machinery, 

The project staff is developing a single-shalt
arial-ftow thresher with largea aspirator fan
mounted on the same shaft as the threshing drum.
The thresher uses tlhe axial-flow principle com-
bined with the aspiration cleaning system used onwheat threshers popular on the Indian subconti-
nent. Two versions were developed: one powered
by a 16-hp engine and the other by the power
takeoff of a 4-whr.el tractor. 

Indonesia. Tie new project in Indonesia 
assisted several manufacturers in starting produc

tion of the IRRI thresher, power tiller, and axial
flow pump. In West Sumatra, a pilot project,
which will serve to demonstratc IRRI-tyle farm 
machinery to farmers in the area, was established. 

Philippines. The IRRI axial-flow thresher con
tinued to dominate the market in the Philippines.
Good progress was also made in introducing the 
new axial-flow water pump and IRRI power tiller. 

A survey of all cooperating manufacturers in the
Philippines resulted in intensified technical assis
tance in manufacturing and product development 
to a selected group of cooperating firms. 
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Associated formal training
 
IRRI's training programs deal primarily with thepractical aspects of rice production. Trainees inresearch-oriented programs are classified asresearch scholars it they have a BS degree, orresearch fellows if they have MS or Ph D degrees.

A total of 219 persons were in the research-oriented training program in 1979 (Table 1,2). Thenumber included 32 postdoctoral research fellows,47 students working for the Ph D, 82 working forthe MS degree, and 58 on special short-term non-
degree programs. Besides the degree scholars, fourgraduate students were sent to Australia, theNetherlands, and the United States on specializedprojects. 

SPECIAL TRAINING COURSES 

Participation in formal training courses is summarized in Table 3. The INSFFER courseinitiated in 1979. 
was 

Besides the training listed in Table 3 severalother special short-term training programs wereoffered: a I-week course to prepare 25 Filipino 

technicians of the Cagayan Integrated Agricultural
Development Project on the conduct of appliedresearches in cooperation with NFAC-IRRI-
PCARR; a I-month familiarization oncourse
rainfed-wetland rice technology for 7 extension
workers from Thailand; a ]-month observation bytwo extension workers from Sri Lanka of established applied research in different parts of thePhilippines; and a 2-week course on the continuous
rice production system for 6 extension workers of 
Indonesia. 

In all training the trainees spent about 50% oftheir time working in the field, greenhouses, andlaboratories. All trainees returned to their respec
tive countries after completion of their programs. 

TRAINING PROGRAM PARTICIPANTS 

A list of individuals who completed their programsin 1979, including their countries and research project areas, follows. An asterisk (") indicates completion of the MS degree; two asterisks (**) denotecompletion of the Ph D degree during the year. 

Table 1. Distribution by department of IRRI research fellows and scholars, 1979.'Department Postdoctoral 

Agricultural Economics 

Agricultural Engineering 

Agronomy 

Chemistry 

Entomology

Experimental Farm 

International Rice Testing Program 
Multiple Cropping 

Plant Breeding 

PathologyPlantPlant Physiology 

Rice Production Training and Research
Soil Chemistry 

Soil Microbiology 

Statistics
Training Office 

Water management 


Total 


-N. . - nondegree. 
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Research fellowsfellows Research scholarsPh D MS N.D. MS N.D. 
5 8 3 3 8 111 382 - 1 9 35 168 2 - 4 -1 2 19- 1 - 25 4 6 
_ 2 2 52 224 5 221 - 2 - - 11 14 5 - 5 1 23 9  - 8 232 13 1 11 81 2 6 182 2- 11- 25 - - 3 7 91 1 90

2 
- 1 1 10 

1 -
- 2 1 1 11 - 7 

-1 3 I- - 1235 44 1 1721 11 58 50 219 
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Table 2. Distribution by country of IRRI research fellows and scholars, 1979.' 
Country Postdoctoral Research fellows Research scholars Total 

fellows Ph D MS N.D. MS N.D. 

Australia 
Bangladesh 
Brazil 
Burma 

-
2 
-
-

1 
3 
1 
-

.... 
21 

.... 
-

1 

1 

3 

2 

-

-

I 
30 
1 
3 

Canada 
China 
Colombia 
Costa Rica 
Cuba 
Dominican Republic 
Germany, Federal Republic of 
India 

-
-
-

-

-. 
-
3 

13 

1 
-
-

-

1 
2 
4 

. 
1 

. 

-

.. 
-

. 
-

.-
1 

3 
1 

-

. 
4 
-

1 
3 
-

-

-

1 
8 
1 
1 
3 
1 
5 

18 
Indonesia 
Japan 
Kenya 
Korea 

1 
4 
-
1 

5 
1 
-
1 

-
-
-
-

-
2 
-
2 

8 
-
1 
3 

9 
3 
1 
6 

23 
10 
2 

13 
Malaysia 
Mexico 
Nepal 
Netherlands 
Pakistan 
Philippines 
Sri I inkii 
7 Tuiland 

-

-
-
-
1 
1 
5 
-

-

1 
1 
1 
3 
6 
1 
5 

-

-

-

-

-

-

-
-

-

-

-

-

-

1 
1 

-

-

1 
1 
1 
1 

18 
5 

12 

4 
-

-
1 
2 
3 
1 
8 

4 
2 
2 
3 
7 

29 
13 
25 

Jnited Kingdom, 
United States 
Vietnam 

-
1 
-

1 
6 
2 

-
. 

. 

1 
-. 

.. 

- 2 

. 

4 
7 
2 

Total 32 47 22 10 60 48 219 
aN.D.= noudegree. 

Table 3. Distribution by country of participants in IRRI tiaining courses,! 1979. 
Country CSTP GEU RPTP INSFFER IWMT AET Totalb 

Bangladesh 10 10 24 5 2 33 
Burma 3 - - - - 1 4 
China - 8  - - 2 10 
Cuba - 2 .- 2
Egypt - - - 1 - - 1
India - 6 19 6 0 6 37 
Indo,,Lsia 12 8 4 34 6 37 
Korea I - - 1 - 1 3 
Malaysia 3 3 4 - 12 13 
Nepal 3 2 - 1 - - 6
Nigeria - - 1 - - - 1 
Pakistan - 2 -  - 2 4 
Papua New Guinea - - 1 -  - I 
Philippines 5 2 21 6 1 17 
SriLanka 
 2 5 3 1 2  13 
Tanzania  1 - -  - 1 
Thailand 8 5 - 4 3 2 22 
Turkey 
 - 1 1  - - 2 

Total 47 55 38 22 24 21 207
8 

CSTP - Cropping Systems Training Program, GEU Genetic Evaluation and Utilization Progrom, RPTP Rice Production Training Program, INSFFER -International Network on Soil Fertility and Fertilizer Evaluation for rice, IWMT - Irrigation Water Management Training, AET - Agricultural Engineering
Training. bDoe$ not incl,:de a group of 75 participants in the 2-wek rice production course offered at 6 different times during 1979. 
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RESEARCH SCHOLARS 

Agricultural economics 
Linda Castillo.* Philippines. Agricultural exten-

sion farmer technical knowledge and its impact 

on productivity, 
Eloisa Labadan.* Philippines. The contribution of 

schooling to Canadian farm income. 
Thelma Paris.* Philippines. A study of determin-

in selectedants of cropping systems some 

rainfed areas in the Philippines. 
Josef Thattil.* Sri Lanka. Criteria for screening 

hypothetical technologies prior to field testing. 

Gloria Umali.* Philippines. Production function 

analysis of variability in cropping pattern per-

formance. 
Agricultural engineering 
Nongluck Jongsuwat.* Thailand. A historical 

study of farm mechanization and rice production 
in Thailand. 

K.S. Lee.* Korea. An evaluation ,f water use effi-

ciency and energy requirements for wetland til-

lage. 
Renu Pathnopas.* Thailand. The economics of 

rice threshing machines in Thailand. 
Velupillai Premakumar.* Sri Lanka. Yield gap 

analysis by efficiency function approach - A 

case study in Sri Lanka. 
JaiSingh.* India. Evaluation ofselectedcropestab-

lishment techniques. 
Ganesh Thapa.* Nepal. The economics of tractor 

ownership and use in selected districts of the 

Nepal Terai. 
Agronomy 
Soon Chul Kim.* Korea. An ecological approach 

to controlling weeds in transplanted lowland 

rice. 
Hamdan Pane.* Indonesia. Control of Cvperus 

rotundus. 
Chemistry 
Yasuo Mano.* Japan. Preparation of lipids from 

starch granules of tropical rice. 
Irrigation water management 
Adul Apinantara.* Thailand. Cooperation and 

conflict in water utilization in land irrigation 
systems in Northeastern Thailand. 

Wiraphol Chatchawalwong.* Thailand. 
Agronomic factors limiting dry season cropping 

in tank irrigation systems in Northeast Thailand. 

Roberto Clemente.* Philippines. A water balance 

study of water supply from a small agricultural 
watershed for lowland rice production in Iloilo, 
Philippines. 

Catalino Collado.* Philippines. Water balance 

study of water movement within a toposequence 
of rainfed lowland rice paddies in Iloilo, Philip
pines. 

Nurul Haque.* Bangladesh. Measurement of water 

movement through soils on a rainfed toposequ
ence. 

Tolentino Moya.* Philippines. Factors affecting 

water distribution within the tertiaries of a gray
ity irrigation system. 

Surasuk Sritunye.* Thailand. A study of factors 

limiting dry season cropping intensity and rice 

yield in. the Nam Phong-Nong Wai Irrigation 

Project of Northeast Thailand. 
Multiple cropping 
Thanom Klodpeng.* Thailand. A comparison of 

water redistribution in an upland tropofluvent 
and on lowland tropaquept. 

Piroge Suvajinda.* Thailand. The effects of rates 

and tirnes of nitrogen application on dry seeded 
rice. 

Plant breeding 
Sugiono Moeljopawiro.* Indonesia. Inheritance of 

salt tolerance in rice. 
R. V. Nair.* India. Inheritance and allelic rela

tionship of genes governing resistance to the 

whitebacked planthopper, Sogatella furcifera, 
in some rice varieties. 

Plant pathology 
Andi Hasanuddin.* Indonesia. Effect of tungro 

virus source on the infectivity of Nephotettix 
virescens (Distant). 

Sunendar Kartaatmadja.* Indonesia. Efficiency of 

Nilaparvata lugens (Stal) to transmit rice ragged 
stunt virus. 

RESEARCH FELLOWS 

Agricultural economics 
Gordon Banta.** Canada. Methods of economic 

testing of new cropping systems technology. 
Dennis O'Brien.** Australia. An empirical 

analysis of existing and alternative weed man

agement practices in rice and corn in Cale, 
Batangas, Philippines. 

James Chapman.** USA. The potential of 
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mechanization for crop intensification in a 
rainfed lowland area - Iloilo, Philippines. 

Bouis Howard.** USA. Rice policy in the Philip-
pines. 

Donald Sillers.** USA. Income risk and fertilizer 
use among peasant cultivators: A mean-variance 
approach, 

Joyotee Smith.** India. The effect of the new rice 
technology on labor utilization in Laguna. 

Chemistry 
Chandra Breckenridge.** Sri Lanka. Quality 

characteristics of raw and parboiled rices in Sri 
Lanka. 

POSTDOCTORAL FELLOWS 

Agricultural economics 
Sisira Jayasuriya. Sri Lanka. Whole farm budget-

ing project. 
Chemistry 
Teruhiko Yoshihara. Japan. Biochemical basis of 

varietal resistance of rice plants to brown plant-
hopper (cooperative work with entomology 
department). 


Plant breeding 

M. Eunus. India. Feasibility of rapid generation 

advance. 

Plant pathology 

S. 	 Suryanarayanan. India. Studies on the 

mechanisms of "Stable resistance" to rice blast. 
Soil chemistry 
Chr. Haupenthal. West Germany. Studies on 

environmental factors influencing rice yields: 
Relief-soil-drainage-rice yield interrelationship 
of reported problem soils in the Philippines. 

Soil microliology 
Osamu Ito. Japan. N,, fixation in paddy soil 

studied by labelled dinitrogen. 
S. A. Kulasooriya. Sri Lanka. Ecological aspects

of blue green algae in paddy field. 
OTHERS 

Agricultural economics 
Adi Mesra Djulin. Indonesia. Trainee. Cropping 

systems. 
Nik Fuad. Malaysia. Trainee. Cropping systems. 
Raymundo Gonzaga. Philippines. Trainee. Crop-

ping systems. 

Herianto. ludonesia. Trainee. Cropping systems. 
Tuan Rosdi Ihrahim. Malaysia. Trainee. Cropping 

systems. 
Jamaluddin. Indonesia. Trainee. Cropping sys

tems. 
Wilfreda Manos. Philippines. Trainee. Cropping 

systems. 
Yoshinori Morooka. Japan. (a) Aliwalas to rice 

garden: A case study of the intensification of 
rice fanning in Camarines Sur, Philippines; (b)
An analysis of the labor-intensive continuous 
rice production system at IRRI. 

Gazali Muchtar. Indonesia. Trainee. Cropping sys
tems.

U Nyi Nyi. Burma. Rice cropping systems of 
Burma and the impact of the high yielding rice 
program. 

Glenn Paraico. Philippines. Trainee. Cropping 
systems. 

Suharyadi. Indonesia. Trainee. Cropping systems. 
Karsidi Sukamandi. Indonesia. Trainee. Cropping 

systems. 
N. Weeralugolla. Sri Lanka. Trainee. Cropping 

systems. 
Chemistry 
Damaso Castillo Toro. Cuba. Quality evaluation 

application to Cuban rices. 
Plant breeding 
Somkid Virigool. Thailand. Inheritance of elonga

tion ability in rice. 
Plant physiology 
Ricardo Canet. Cuba. Diagnosis of healthy rice 

roots. 
Soil chemistry 
Kamal Uddin Ahmed. Bangladesh. Greenhouse 

screening of 9 rice varieties/lines for salinity at 
seedling stage. 

Amir Basyir. Indonesia. Screening for salini
ty/alkalinity. 

Polwatta Hemadasa. Sri Lanka. Adverse soils/iron 
toxicity. 

D. 	 Janzibar. Indonesia. Iron toxicity greenhouse 
screening.

B. N. Nizar. Sri Lanka. Effect of two levels of zinc 
on the growth and yield of rice on four zinc
deficient soils. 

M.F.R. Sanzo. Cuba. Tolerance of 3 semi-dwarf 
rice varieties to salinity at seedling stage under 
direct seeding conditions. 
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INTERNATIONAL NETWORK ON SOIL FERTILITY 
AND FERTILIZER EVALUATION FOR RICE 
(INSFFER) 

I February-31 May 1979 

Murshidul Md. Kabir, Scientific Officer, Soil 
Chem Div., Bangladesh, Rice Research Inst., 
(BRRI), Joydebpur, Bangladesh

Murshidur Rahman, Scientific Officer, Agronomy 
Division, BRRI, Bangladesh 

Sobhy Abd EI-Halim Ghanem, Research Assis-
tant, Rice Section, Sakha Agricultural Research
Station, Kaffer EI-Shiekh, Egypt 

D. B. B. Choudhary, All-India Coordinated Rice 
Improvement Project (AICRIP), Hyderabad, 
India 

R. C. Gautam, G. B. Pant University, India 
P. K. flayar, CRRI, Cuttack, India 
C.R. Padalia, CRRI, Cuttack, India 
S. 	S. R. K. Raju, Business Executive, Fertilizer 

Department, E.1.D. Parry (India) Ltd., Secun-
derabad, India 

C. 	 H. Dayakara Reddy, Agronomy Development
Officer, Coromandel Fertilizer Ltd., Secun-
derabad, India 

Harmastini Sukiman, Research Assistant, National 
Biological Institute, Bogor, Indonesia 

Akhmad Hidayat, Chemical Analyst, Soil, Plant, 
Water and Fertilizer Laboratory, Physiology
Division, CRIA, Bogor, Indonesia 

Hendrick Virgilius, Agronomy Division, Central 
Research Institute for Agriculture, Indonesia 

Tadjudin Surawinata, Faculty of Agriculture, Pad-
jadjaran University, Jalan Bykit Dago Selatan,
Bandung, Indonesia 

Myeong Gu Lee, Junior Researcher, Soil Chem 

Dept., Institute of Agricultural Sciences, Office

of Rural Development, Suweon, Korea 


Shanti Bhattarai, Asst. Soil Scientist, Division of 
Soil Science and Agricultural Chemistry,
Khumaltar, Kathmandu, Nepal 

Norma S. Gonzaga, Soil Technologist II, Bureau 
of Soils, Butuan City, Philippines

Sonia Salguero, Soil Technologist II, Bureau of 
Soils, Manila, Philippines

Nirmala Gunapala, Experimental Officer, Central 
Agricultural Research Institute, Gannoruwa, 
Peradeniya, Sri Lanka 

Hansa Khunathai, Agricultural Technologist, Rice 

Division, Dept. of Agriculture, Bangkhen, 
Bangkok, Thailand 

Somjit Khothasuvon, Agricultural Technologist, 
Khon Kaen Experiment Station, Khon Kaen, 
Thailand 

Nipansri Komthong, Agricultura! Technologist,
Rangsit Rice Experiment Station, Prathumthani, 
Thailand 

Ksemsri Subsom, Soil Chemist, Agricultural 
Chemistry Division, ofDept. Agriculture,
Bangkhen, Bangkok, Thailand 

6-MONTH RICE PRODUCTION TRAINING PRO-
GRAM 
5 March-20 August 1979 

S. 	 B. Naseem, Scientific Officer (Applied 
Research), Bangladesh Rice Research Institute, 
Joydebpur, Dacca, Bangladesh 

Md. 	 Abdul A. Parvez, Scientific Officer (Train
ing), BRRI, Bangladesh 

Abdur Razzaque, Scientific Officer (CTARD), 
BRRI, Bangladesh 

Md. Abdur Salam, Scientific Officer, Breeding 
Div., BRRI, Bangladesh 

Chandan Chandra Barroah, Asst. Agronomist,
Dept. of Agriculture, Tezpaur, Assam, India 

N. C. Basu Raychaudhuri, Research Officer, Rice 
Research Station, Bankura, West Bengal, India 

Manmehan Bhatnagar, District Extension Officer,
Dept. of Agriculture, Bundi, Rajasthan, India
 

Chandra Kanta 
 Bora, Subject Matter Specialist, 
Sub Divi:ional Agriculturdl Office, Marigaon, 
Nowgong, India 

Banabahari Chakrabarty, District Agricultural 
Information Officer, Gov't. of West Bengal,
 
Calcutta-70035, India
 

Kashinath N. Khamal, 
 Subject Matter Specialist
(Extension/Research), Rice Research Station, 
Bankura, West Bengal, India 

Arun Kumar Mitra, Subdivisional Agricultural
Officer, Dept. of Agriculture, Alupurduar, West 
Bengal, India 

Dinesh Chandra Ojah, Asst. Agronomist, 
Crauhati-9, Assam, India 

Baikunth Nath Panda, Agronomist, Office of 
Deputy Director (Agriculture), Bolangir, Oris
sa, India 

Samarenda Pattnaik, Agronomist, Office of 
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Deputy Director, Baripada, Orissa, India
Gouri Shanker Persai, Instructor in Agriculture,

Gram Sewek Training Center, Madhya Pradesh,
India 

Potnoru Sankaram Patro, Dist. Agricultural
Officer. Rayagada, Dist. Oraput, Orissa, India

Magat Ram Rathee, Asst. Director (Agriculture),
Panimat Rohtak, Haryana, India 

Amarnath Ray, Agronomist, Directorate of 
Agriculture, Burdwan, West Bengal, India

Sashi Mohan Sarmah, Asst. Agronomist, Dept. of 
Agriculture, Nowgong, India 


Surinder Singh Sidhu, 
 District AgriculturalOfficer, Rajasthan, India 
Shreesh Kishore Sinha, Add'l. District Agriculzure 

Officer, Dept. of Agriculture, Bihar, IndiaGolar Bihari Sahoo, Water Management
Specialist, State Government of Agriculture,
Bhadrak, Orissa, India 

Gurbachan Singh Virk, Deputy Director (Agricul-
ture), Dept. of Agriculture, Haryana, India 

Djunnainah Arifin, Research Dissemination 
Office, Central Resczrch Institute of Agricul-ture, Bogor, Indonesia 

Ek6 Ananto, Agricultural Engineer, Agronomy 
Department, CRIA, Indonesia

Abdul 'Zachim, Agricultural Economist,
Agronomy Department, CRIA, Indonesia 

M. Sirod, Subject Matter Specialist, National
Food Crop Extension Project, Ciamis,
Indonesia 

Mat Salim Bin Abdullah, Agricultural Assistant, 
c/o National Extension Project, Extension
Branch, Dept. of Agriculture, Kuala Lumpur,
Malaysia 


Baharom bin Safie, Agriculture Officer (Rice), c/o 

National Extension Project, Mtlaysia
Zainal Abidin Said, Agricultural Assitant, (Subject 

Matter Section), Dept. of Agriculture, KualaLumpur, Malaysia 

Mohd. Zain bin Yusof, Manager, FELCRA Land 
Dev. Project, FELCRA, Seberang Perak, J.P.T.Teluk Sena, Parit, Berak, Malaysia

Jenkins A. Ifiouno, Agronomist, Ananbra/Imo
State (World Bank) Rice Project, Ministry of 
Agric. and Natural Resources, P.M.B. 1003,Enugu, Nigeria 

Joseph Wohuinangu, Rice Agronomist, Agricul-
ture Research Centre, Bubia-Box 348-LAE, 

Papua New Guinea 
Ned Jaictin, Soil Technologist II, Bureau of Soils, 

Agusan del Norte, Philippines 
K. A. J. M. Fernando, Field Trials Division, Dept.

of Agriculture, Kegalle, Sri Lanka 
S. K. Seneviratne, Field Trials Division, Dept. of

Agricultu,'e, Irranavillu Scheme, Sri Lanka
Ananda Wickramansinghe, Lab. Assistant, Paddy

Research Station, Ambalantola, Sri Lanka 
Mehmet Teccren, Research Assistant, Director ofRegional Variety Testing and Adaptation, Ank

ara, Turkey 

IRRIGATION WATER MANAGEMENT TRAINING 
20 August-28 September 1979 

Mesbauddin Ahmed, Assitant Professor, Bang
ladesh Agri-Varsity, Mymensingh, Bangladesh

Md. Jahirul Islam, Scientific Officer, Bangladesh
Rice Research Institute, Dacca, Bangladesh

Wais Kabir, Scientific Officer, Bangladesh
Agricultural Research Council, Dacca, Bang
1-desh 

Miah Md. Mirjahan, Lecturer, Dept. of Water 
Resources Engineering, BUET, Dacca, Bang
ladesh 

Md. Abdus Sattar, Scientific Officer, Agricultural
Engineering Div., Bangladesh Rice Research 
Institute, Dacca, Bangladesh

Bayudono, Chief of Tertiary Development Prog
ram, Way Seputin Way, Sekampung Irrigation
Project, Ministry of Public Works, Directorate 
of General Water Resources, Indonesia 

Moetjahjo Kartodirdjo, Staff, Irrigation Project for
Operation and Maintenance, Sub-project
Madiun, Department of Public Works, 
Indonesia
 

Kaman Mochamad Ma'mun, Staff, Directorate of
 
Irrigation, Jakarta, Indonesia
 

Muchtadi, Subject Matter Specialist, Agricultural

Department of Nusa Tenggara, 
 Barat Province,
 
Indonesia
 

Eman Reyman, Agricultural Counterpart of

Jratunseluna 
 Project, Directorate General of
Water Resources Development, Ministry of 
Public Works, Indonesia 

Boy Sarwono Soepardi, Staff, Rice Agronomy, 
CRIA, Bogor, Indonesia 

Mohd. Sharin Bin Mohd Yob, Research Officer, 
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MARDI, P.P. 105, Alor Star, Kedah, Malaysia
Sulaiman Bin Zain,Md. Agriculture

Officer/Engineer, Department of Agriculture, 
Alor Star, Kedah, Malaysia 

Voltaire R. Barlis, Agricultural Enginecr, National 
Irrigation Administration, Quezon City

Rodolfo Belmonte, Agriculturist, NIA-LCIADP, 
Libmanan, Camarines Sur, Philippines

Florentino Cortez, Agricultural Engineer Trainee, 
OFFS, RDD-NIA, CLSU, Muhoz, Nueva Ecija,
Philippines 

Eieno B. Raful, Jr., Training Coordinator, Water 
Management Training Center, NIA, CLSU, 
Munoz, Nueva Ecija, Philippines

Danilo M. Santiago, Irrigation Engineer, NIA-
UPRIIS, Talavera, Nueva Ecija, Philippines 

Reynaldo V. FarmersSarmiento, Organization
Specialist, OIC, Small Systems Section, O&M 
Div., Systems Management Dept., Office of 
Operations, NIA, Quezon City, Philippines 

Madawita Patabendige Dayananda, Research 
Officer, Department of Agriculture, Angunuk-
dapelessa, Sri Lanka 

Gardiyawasam Balage Keerthiratna, Research
Officer, Agricultural Research Station, Maha 
Illupallama, Sri Lanka 

Kittichai Krataithong, Irrigation Agronomist, 
Royal Irrigation Department, Kalasin, Thailand 

Samran Thammultree, Civil Engineer 5, Royal 
Irrigation Department, Bangkok, Thailand

Visuth Whytongcome, Irrigation Engineer, 
Mongwai Irrigation Project, Khonkaen, Thai-
land 

6-MONTH CROPPING SYSTEMS TRAINING 
PROGRAM 
10 September 1979 - 29 February 1980 

Md. Abul Kalam Azad, Scientific Officer, Jute 

Research Institute (Agriculture), Sher-e Bangla

Nagar, Dacca-7, Bangladesh 


A. B. M. Khaled Haidar, Extension Officer, Direc-
torate of Land & Water Use, Bangladesh Water 
Development Board, Sultan147, Building,
Motijheel Com. Ara, Dacca-2, Bangladesh

Mainul Haq, Scientific Officer, Entomology Divi-
sion, Bangladesh Rice Research Institute,
Joydebpur, Dacca, Bangladesh 

A.M.M. 	 Mosiul Haque, Scientific Officer (Farm 
Mgt.) Central Agr'l. Research Station, Bang-

ladesh Agricultural Research Institute (BARI),
P.O. Chandna, Joydebpur, Dacca, Bangladesh

Mohammed 	 Mominul Hoque, Scientific Officer, 
Bangladesh Jute InstituteResearch (Agric.).
Sher-e Bangla Nagar, Dacca-7, Bangladesh 

Md. Azizur Rahman, Senior Scientific Officer 
(Agronomy), Bangladesh Agricultural Research 
Institute (BARI), Dacca, Bangladesh

Md. Azizur Rahman (Nimu), Scientific Officer, 
RCS Division, Bangladesh Rice Research Insti
tute, Joydebpur, Dacca, Bangladesh 

Md. Montezar Rahman, Scientific Officer, Pathol
ogy, Bangladesh ResearchRice Institute, 
Joydebpur, Dacca, Eangladesh

Syed Manzoor Towheed, Fxtension Officer, Direc
torate of Land and Water Use, Bangladesh 
Water Development Board, 147, Sultan Build
ing, Motijheel Com Area, Dacca-2, Bangladesh

Daw Myint Myint Cho, Deputy Asst. General 
Manager, Agricultural Research Institute, 
Yezin, Burma 

U Kan Nyunt, Extension Township Manager,
Agricultural Corporation, Kyaukpadaung, 
Burma 

U 	 Kyaw, Farm Manager, Agricultural Corpora
tion, Heho Seed Farm, Kalaw, Burma 

Saeful Bachrein, Agronom"/Physiology Staff, 
Maros Research Institute for Agriculture, P.O. 
Box. 173, Ujung Pandang, South Sulawesi, 
Indonesia 

Unang Gunara Kartasasmita, Staff, Cropping Sys
tems Sub-dept., Agronomy Department, CRIA, 
Jalan Merdeka 99, Bogor, Indonesia 

Husni Malian, Staff, Cropping Systems Sub-dept.,
Agronomy Department, CRIA, Jalan Merdeka 
99, Bogor, Indonesia 

Mangarerak Manurung, Extension Worker, Dinas
Pertanian Rakyat, TK 11Gowa, Sulawesi, Sela
tan, Indonesia 

Moegono, Extension Worker, Agriculture Exten
sion Services, KBS Tegalgondo, Kartosuro 
Surakarta, Central Java, Indonesia 

Iman Prasadja, Staff, Entomology Department, 
CRIA, Jalan Merdeka 99, Bogor, Indonesia 

Widodo Purwosubagyo, Extension Worker, 
Agriculture Extension Services, JI. Sagan 
III/IV, Yogyakarta, Indonesia 

Bonar Simbolon, Extension Worker, Agriculture 
Extension Services, J I. Pejanggik 40, Mataram, 
Indonesia 
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Soeharmadi, Staff, Post-Harvest Department, 
CRIA, Jalan Merdeka 99, Bogor, Indonesia 

Nyoman Sudiska, Extension Worker, Agriculture 
Extension Services, JI. Gianyar, P.O. Box 38, 
Denpasar, Bali, Indonesia 

Herman Supriadi, Staff, Agronomy Department, 
CRIA, Jalan Merdeka 99, Bogor, Indonesia 

Abdul Jalil Zakaria, Extension Worker, Agricul-
ture Extension Services, Jin. A. Yani No. 19, 
Banda Aceh, Indonesia 

Razali Bin A. Rahman, Research Assistant, 
Malaysian Agriculture Research and Develop-
ment Institute, Batu Berendam, Malacca, West 
Malaysia 

Ibrahim Bin Omar, Research Assistant, Malaysian 
Agriculture Research and Development Insti-
tute, Bumbong Lina, Kelapa Batas, Malaysia 

Ahmad Azamir Bin Abdul Wahab, Malaysian 
Agriculture Research and Development Insti-
tute, Hilir Perak, Hutan Melintang, Perak, 
Malaysia 

Dil Bahadur Chand, Asst. Agriculture Dev. 
Officer, Agriculture Development Oftice, 
Mahendra Nagar, Kanchanpur, Nepal 

Hem Sagar Gautam, Asst. Agriculture Dev. 
Officer, Regional Directorate of Agr:culture, 
Nepalgunj, Nepal 

Ramesh Lal Kama, Asst. Agriculture Dev. 
Officer, Agriculture Development Office, 
Dhulikhel, Kavre, Nepal 

Federico F. Bongolan, Agronomist I (Research 
Team Leader), BPI-PADAP-PCARR Research 
Farm, Pagadian City, Philippines 

Ernesto R. dela Cruz, Agronomist I, BRCES/BPI, 
San Agustin, Pili, Camarines Sur, Philippines

Hilario C. dela Cruz, Agronomist Ill, Maligaya 
Rice Research and Training Center, Mtinoz, 
Nueva Ecija, Philippines 

Celso L. dela Cueva, Agricultural Program Coor-
dinator II, National Food and Agriculture Coun-
cil (NFAC), Ministry of Agriculture, Diliman, 
Quezon City, Philippines 

Ricardo D. Ona, Agronomist I, Bureau of Plant 
Industry, San Andres, Malate, Manila, Philip-
pines 

Namhyun Song, Junior Researcher, Gyeonggi-
Provincial Office of Rural Development, 
Suweon, Korea 

Morawakage Saranapala Perera, Research Assis-

tant, Agricultural Research Station, Maha 
Illupallama, Sri Lanka 

Alvainar Selbarajah, Agricultural Experimental 
Officer, Department of Agriculture, Mannar, Sri 
Lanka 

Sompong Aksomkoae, Provincial Subject Matter 
Specialist, Office of Provincial Agricultural 
Officer, Pattani, Thailand 

Hatsachai Boonjung, Technical Officer, Rice Divi
sion, Department of Agriculture, Bangkhen, 
Bangkok 9, Thailand 

Kanay Boontop, Research Assistant, Faculty of 
Agriculture, Khonkaen University, Khonkaen, 
Thailand 

Pairat Duangpiboon, Applied Research Assistant, 
Technical Division, Department of Agriculture, 
Bangkol-, Thailand 

Nikon Poputtanachai, Research Assistant, KU-
IDRC, Faculty of Agriculture, Kasetsart Uni
versity, Bangkok, Thailand 

Rewat Promla, Provincial Subject Matter 
Specialist, Office of Provincial Agricultural 
Officer, Sisaket Province, Thailand 

Danai Taipanich, Agricultural Technician, Divi
sion of Agricultural Economics, Ministry of 
Agriculture and Cooperative, Bangkok 2, Thai
land 

Suthep Wasinarat, Provincial Subject Matter 
Specialist, Office of Provincial Agricultural 
Officer, LAopburi, Thailand 

GENETIC EVALUATION AND UTILIZATION 
(GEU) TRAINING 

Md. J. U. Chowdhury, Scientific Officer, Breed
ing Division, BRRI, Sagardi, Barisal, Bang
ladesh 

Md. Mostak Chowdhury, Scientific Officer, 
Entomology Division, Bangladesh Rice 
Research Institute, Joydebpur, Dacca, Bang
ladesh 

Md. Anwar Hossain, Scientific Officer, Plant 
Pathology, BRRI, Joydebpur, Bangladesh 

Md. Rafiqul Islam, Scientific Officer, Breeding 
Division, BRRI, Joydebpur, Bangladesh 

A.W. Julfiquar, Scientific Officer, Breeding Divi
sion, BRRI, Joydebpur, Bangladesh 

Kamal Uddin Ahmed, Scientific Officer, Breeding 
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Division, BRRI, Sonagazi Sub-btation, Noakh-
ali, Bangladesh 

Habib Abul Quayyum, Scientific Officer, Plant 
Physiology Division, BRRI, Joydebpur, Bang-
ladesh 

Arun Saha Kumar, Scientific Officer, BRRI, 
Joydebpur, Bangladesh 

Nitya Ranjan Sharma, Scientific Officer, Plant 
Pathology Division, BRRI, Dacca, Bangladesh 

Usman Ghani. Scientific Officer, Breeding Divi-
sion, BRRI, Sub-station, Kazla, Rajshahi, 
Bangladesh 

Ramesh Chandra Dani, Scientist S, (Entomology), 
CRRI. Cuttack, Orissa, India 

Amulya Kumar Ghosh, Scientist S,, (Plant Breed-
ing), ICAR Research Complex for NEH Reg-
ion, Tripura Centre, P.O. Lembucherra, Trip-
ura, PIN-799210, India 

Rajendra K. Nigam, Scientist S, (AgronomyL, 
CRRI, Cuttack -6, Orrisa, India 

Balabhadra Padi, Scientist S, (Pathlogy), CRRI, 
Cuttack -6. Orissa, India 

Kameshwari Prasad, Scientist S, CRRI, Cuttack 
75300, Orissa, India 

Rabindra Nath Verma, Scientist S2 (Plant Patholo-
gy), ICAR Res. Complex for NEH Region, 
Manipur Centre, Imphal, Manipur, India 

M. 	 Anwari, Technical Staff, CRIA, East Java, 
Indonesia 

Amir Basyir, P.O. Box 66, Kendalpa, ak, Malang, 
Indonesia 

Zandry 	 Hamzah, Breeding Department, CRIA, 
Padang, Indonesia 

M. 	 Zain Hamijaya, Staff Member (Pest and Dis-
eases Division), CRIA, Banjarmasin, South 
Kalimantan, Indonesia 

Djanalus Janzibar, Staff Member, Plant Agronomy 
Division, CRIA, Banjarmasin, South Kaliman-
tan, Indonesia 

Bambang Kustianto, Assistant Breeder, CRIA, 
Bogor, Indonesia 

Farid Nocktah, Staff Member (Plant Breeding 
Division), CRIA, Banjarmasin, South Kaliman-
tan, Indonesia 

Peonarto Slamet, Technical Staff, CRIA, East 
Java, Indonesia 

Dominguez 0. Morales, Agricultural Engineer 
(Agro-Chemist), Edificio No. 23, Apto. D-7, 
Vado del Yeso, Bayamo, Cuba 

Mancebo F.R. Sanzo, Agricultural Engineer 
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(Agro-Chemist), Edificio No. 3, Apartamento 
No. 3, Apto. Roman, S. Stus., Cuba 

Latifah Ahmad, Research Officer (Breeding Sec
tion), MARDI, Bumbong Lima, Kepala Batas, 
Seberang, Prai, West Malaysia, Malaysia 

Hadzim Khalid, Research Asst. (Breeding Sec
tion), Rice Research Centre, MARDI, Bum
bong Lima, Kepala EJtas, Penang, Malaysia 

Mohd. Noor Nik Salleh, Research Officer (Rice 
Entomology), MARDI, Kubang Keranti, P.O. 
Box 154, Kota Bharu, Kelantan, Malaysia 

Rishi R. Sharma, Assistant Plant Pathologist, 
NRIP, Parwanipur, Nepal 

Krishna Prasad Dhungana, Agronomist (Kankai 
Agric. Station), Shivganj, Jhapa, Nepal 

Malik Fazal llahi, Rice Botanist, Department of 
Agriculture (Research Wing), Pakistan 

Mohammad Hashim Khan, Asst. Agronomist, 
Rice, Dept. of Agriculture (Research Wing), 
Pakistan 

Rufino T. Dumlan, Agronomist I/Research Asst., 
Banaue, Ifugao, Philippines 

Raul J. Lara, Agronomist, llagan Experiment Sta
tion, llagan, Isabela, Philippines 

Fei Hwai-Lin, Agronomist, Specialist, Academy of 
Agric. Sciences, Chekiang Province, People's 

Republic of China 
Chang Hsu, Entomologist, Dean of Entomological 

Research Room, Academy of Agricultural Sci
ences, Chekiang Province, People's Republic of 
China 

Chuke Ken-chang, Plant Pathologist, Specialit, 
Plant Protection Research Institute, Academy of 
Agricultural Sciences, Chekiang Province, Peo
pIe's Republic of China 

Li Tai-Qui, Research Officer, Rice Physiology, 
Chinese Academy of Agricultural Sciences, 
Peking, People's Republic of China 

Liu Jin-Ming, Research Officer (Rice Breeder) 
Hunan Academy of Agric. Sciences, Chaiigsha, 
People's Republic of China 

Li Xuan-Keng, Research Officer (Rice 
Pathologist), Hunan Academy of Agricul!ural 
Science, Changsha, People's Republic of Ch),:a 

Min Shao-kai, Rice Breeder, Vice Director, Rice 
Research Institute and Dean of Rice Breeding 
Research Room, Academy of Agricultural Sci
ences, Chekiang Province, People's Republic of 
China 

Xiao He-Sheng, Research Officer (Rice Gene



tics), Chinese Academy of Agricultural Sci-

ences, Peking, People's Republic of China 

Polwattedurage Hemadasa, Laboratory Assistant, 

Paddy Research Station, Bombuwela, Kalutara, 

Sri Lanka 
OfficerK.D.S.M. 	 Joseph, Research 

(Agronomy), Department of Agriculture, Field 

Trial Division, Botanic Gardens, Peradeniya, 

Sri Lanka 
Keelitha Jayaweera, Experimental Officer 

(Agronomy), Department of Agriculture, Rice 

Research Station, Bentoia, Sri Lanka 

J. 	 R. Pooramanipillai, Research Officer 

(Agronomy), Department of Agriculture, 

Experimental Station, Mabalana Govt. Farm, 

Kamburubitiya, Sri Lanka 
F. 	M. G. Raphael, Field Trials Division, Botanical 

Gardens, Peradeniya, Sri Lanka 
Rajeswary 	 Srilingam, Agricultural Experimental 

Officer, Paddy Research Station, Paranthan, Sri 

Lanka 
A.D.S. 	 De Zoysa, Research Officer (Plant 

Breeding), Department of Agricalture, Rice 

Research Station, Bombuwela, Kalutara, Sri 

Lanka 
Wichai Khumlekhasing, Second Grade Officer 

(Rice Breeder), Klong Luang Rice Experiment 

Station, Patumthani, Thailand 

Pisarn Konghakote, Junior Researcher(Rice Breed-

ing), Khonkaen Rice Experiment Sta-

tion, Khonkaen, Thailand 
Somnuk Noonim, Rice Breeder, Kuan Gut Rice 

Experiment Station, Phattalung, Thailand 

Banloo Ruangsook, First Grade Officer (Rice 

Breeder), Sakonnakorn Rice Experiment Sta-

tion, Sakonnakorn, Thailand 
Supachai Tangchoopong, Junior Researcher (Rice 

Breeding), Khonkaen Rice Experiment Station, 

Khonkaen, Thailand 
Ashura 	 N. Kihupi, Rice Breeder, Faculty of 

Agriculture, Forestry and Veterinary Science, 

P.O. Box 643, Morogoro, Tanzania 

Muzafer Kiziltan, Agricultural Research Institute, 

Edirne, Turkey 

TWO-WEEK AGRICULTURAL ENGINEERING 

TRAINING COURSE 

Saba Aba Noor Mohd. Akhtarus, Engineer, Bengal 

River Service Bhd. Ltd., 72, Serajuddowlla 

Road, Narayanganj Dist., Dacca, Bangladesh 

John Kennan, Agricultural Engineer, Lutherman 

World Federation, Rangpur-Dinajpur Rehabili

tation Service, Dacca, Bangladesh 
Gnanendar Baggu, Manufacturing Superintendent, 

Water Development Society, Hyderabad, India 

Neeraj Bhatnagar, Development Engineer, Suri 

Research Foundation, New Delhi, India 

Ravish Chandra Maheshwri, Process Engineer, 

Implements Testing an6 Improvement Centre, 

Government of West Bengal, Directorate of 

Agriculture, Kalna Road, Budwar, India 

Kumar Dutta Rajirder, Manager, Union Tractor 

Workshop, New Delhi, India 

Vinod Kumar Sharnia, Research Engineer, Dept. 

of Farm Power and Machinery, Punjab Agricul

tural University, Ludhiana, Punjab, India 

Om Prakasah Singhal, Agricultural Engineer, 

ICRISAT, Hyderabad, India 
Handaka, Staff Member, Directorate of Food Crop 

Production Development, Pasarminggu, Jakar

ta, Indonesia 
Bob Syakrani, Head, Mechanizations Sections, 

Agricultural Extension Service, Padang, 

Indoncsia 
Wiyanto, Staff, Farm Machinery, Directorate of 

Food Crop Production Development, JI. Ragu

nan Pasarminggu, Jakarta Selatan, Indonesia 

Moon Gyeh-Song, Engineer, Dae Dong Industrial 

Co., Jinju Korea 
Mohd. Dan bin Mat Palil. Malaysian Agricultural 

Research and Development Institute, Bag Ber

kunci No. 202, Universiti Pertanian Pos, Ser

dang, Selangor, Malaysia 
Khalid Hussain Uqaili, Research Assistant, 

IRRI-PAK Agr Machinery Program, 

Islamanad, Pakistan 
Saleem Haider Zaidi, Agricultural Engineer, 

IRRI-PAK Agr. Machinery Program, Rawal

pindi, Pakistan 
Guan Shij, c/o Foreign Affairs Bureau, Ministry of 

Agricultural Machinery, Pekin., People's Repub

lic of China 
Chen Shuguang, c/o Foreign Affairs Bureau, 

Ministry of Agricultural Machinery, Peking, 

People's Republic of China 
Ernesto Colmenares, Jr., Plant Manager, 

Springfield Industries, Davao, Philippines 

Kriengsak Sirichaimanus, Senior Research Assis

tant, IRRI-Thai Small Farm Machinery Project, 

ASSOCIATED FORMAL TRAINING 495 



Bangkok, Thailand U Mya Than, Agricultural Mechanization Depart-
Long Srichan, Manager, J. Jaidee Panich, 217 ment, Ministry of Agriculture and Forest, Ran-

Mahajak Road, Chachoengsao, Thailand goon, Burma 
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International activities aman. 
grown in low-level lands during late 

were 
INTERNATIONAL PROGRAMS 

BRI 1-461-1, which yielded about 3.7 t/ha, was 

1979 covered Asia, Africa,Outreach activities in 

and South America. More than 600 persons partici-

meetings sponsored or co-
pated in international 

sponsored by IRRI. 
liaison scientist for the Afri-Africa. An IRRI 

can region, appointed late in 1978, moved to his 

headquarters at the International Institute of Tropi-
1979.cal Agriculture (IITA) in Nigeria in July 


Rice Testing Program
In 1979, 98 International 


(IRTP) nurseries were dispatched to the West Afri-


can Rice Development Association (WARDA), 


IITA, and the National Cereals Research Institute 


in Nigeria for distribution and testing in West Afri-


17 nurseries could be planted
ca. However, only 


during the off-season (October 1979). 


A six-man team of IRRI scientists
Bangladesh. 
worked with various Bangladesh Rice Research 

1979.Institute (BRRI) programs in 
breeding nurseriesDeepwater rice. Nearly all 

were direct-seeded (transplantingand trials was 

so that the materials grew
done in previous years) 


under stresses and ctltivation practices comparable 


to farmers' conditions. In cooperation with scien-

BRRI research divisions, the
tists from other 

specificbreeding materials were screened for 

stresses. 
" Plant physiologists screened 90 breeding 

lines for drought resistance. Preliminary 
5 

indicated that BKN6986-81- ,results 
7 2 Begum-BKN6986-14 - , CNL-319, Jalay, 

korpi, BR300-B-3-1, BR311-B-5-4, and 

were most resistant,BR232-2B-3-5 
deepwater rices for" Entomologists screened 

identifystem borer resistance but failed to 

any resistant material, 
lines were screened" Ninety-three breeding 

to the ufra nematode but littlefor resistance 

resistance was observed. 


" The rice technology 
 division evaluated 70 

advanced lines and varieties for 16 grain 

quality characters. 

Varieties for tidal submnergence. Fourteen 

were selected from 80 crosses be-
advanced lines 

tween local photoperiod-sensitive varieties tolerant 

with modernof tidal submergence and varieties 

plant type and high yield potential. The selections 

most promising. 
on rices for use during boro in

Work was done 

places where flash floods often combine with tidal 

used as the local
submergence. Chaita Boro was 

in crosses with improved varieties suitableparent 
for the region. 

trials. BRRIobservationalFarmers' varietal 
researchers joined extension workers in developing 

1979-80plans for a variety trial program for the 


seeds of six recommended var
winter. Kits with 


a detailed plan for the trial, and a suggested
ieties, 

prepared.
trial management system were 

new boro-aus var-


Seed kits of BR8 and BR9, 
were distributed to all dis

iet'es released in 1978, 

interested volunteer
trict extension officers and 


agencies for distribution to farmers willing to pro

duce seeds for local sale.
 

and .inc dtficiency.N in vestigationls.Sulil"f 
Although yield increases from the addition of gyp

sum to soils were obtained in 1978 on research 

stations and in farmers' fields, relatively few plant 

samples were found deficient in sulfur in 1979 and 

not uniformly positive.responses to gypsum were 

During several field tours, BRRI scientists observed 

zinc-deficiency symptoms on rice plants at many 

places. A survey was started to determine the extent 

of the problem, and authorities concerned with fer

were alerted to secure supplies of
tilizer imports 
zinc. 
Crop mnamageienit. Where the weed population 

no yield benefit is
is minimal in a harvested crop, 

obtained from tillage between aus and transplanted 

crops. Studies in 1979 aman or the boro and aus 
the crop near the ground andshow that cutting 

moist allowed transplanting onkeeping the soil 
preparation costsharvest day. This avoided land 

and delays in establishing the crop. 

Machinery\' developlent. IRRI-designed 

produced by Comilla Cooperativethreshers were 

Karkhana Ltd. and Kumudini Welfare Trust. The 

Tools Factory producedBangladesh Machinery 

and tested an IRRI-designed power tiller with 

steering clutches. 
Irrigation water nanagemnent. Benefits from 

aman aftersupplemental irrigation in transplanted 

the monsoon rains have stopped were studied. Dur
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ing 1979, 99 mm of supplemental irrigation pro-
duced a 43% increase in yield and continuous 
flooding required 335 mm of supplemental irriga-
tion to produce a 52% increase above yields from 
rainfed plots. 

Data collected in tube well studies outside BRRI 
show average conveyance losses of 18% for a 
60-m section of earthen channel and as much as 
37% for a 120-m-long channel. 

Cropping systems. Cropping systems work in 
1979 was concentrated at Bogra, Laskarchala, and 
Salna, and at BRRI. Attention was also given to the 
development of methodology for use in the net-
work involving other agencies.The premonsoon 
drought reduced cropping intensity from 185 to 
172% in the rainfed site at Bogra. The study of 10 
whole farms at Bogra highlighted the fragmenta-
tion of landholdings. 

Cropping intensity was less affected at the Las-
karchala and Salna sites where irrigation was 
available. Yields in 1979 were similar to those in 
1978, but cash returns were greater because of 
higher market prices. 

Burma. A cooperative project in Burma pro-
vided for a plant breeder, an agricultural engineer, 
and a cropping systems agronomist. Only the plant 
breeder was on duty for all of 1979, the engineer 
joined September 1979, and the cropping systems 
agronomist will come in early 1980. Work to date 
has entirely been on varietal improvement, 

From the dry-season observational nursery of 
more than 200 entries, more than 50c were 
selected for further observation or performance 
testing. From about 100 entries in the performance 
test, 40 entries were selected for further tests. Six 
of the most promising early-maturing lines yielded 
10-80% higher than the check (C4-63). 

About 80 entries from the wet-season observa-
tional nursery were selected for further observation 
or performance tests, 

India. Major collaborative activities between 
India and IRRI continued in 1979. 

Collection andpreservationofgerntplasm. The 
National Bureau of Plant Genetic Resources made 
funds available for a coordinated collection of rice 
varieties in several parts of India in accordance 
with the pattern of geographic priorities agreed 
upon with IRRI. The following collections were 
sent to IRRI: 

* 773 samples from the Central Rice Research 
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Institute, Cuttack; 
* 	 226 samples from the Rice Research Station, 

Faizabad, Uttar Pradesh; 
e 	 24 samples from the Rice Research Station, 

Moncompu, Kerala; 
* 	 497 samples from the University of Udaipur, 

Rajasthan; and 
* 	 15 samples from the Rice Research Station, 

Nawagam. 
Collaborative research. Collaborative research 

on resistance to gall midge, brown planthopper, 
viruses; drought resistance; high and low tempera
ture tolerance; and adverse soils continued. A new 
project on resistance to blast was initiated. 

Industrial extension. Extensive help to small 
industrialists to produce IRRI-designed machines 
continued. Brief visits were made by IRRI staff 
and on-the-spot assistance came from groups in 
India including the Suri Research Foundation; 
G.B. Pant Agricultural University; Indian Institute 
of Technology, Kharagpur; and Tamil Nadu 
Agricultural University, Coimbatore. 

Exchange of scientists. Twenty-two IRRI sci
entists made a total of 31 visits to India. The IRRI 
scientists participated in the annual All India Rice 
Research Workshop at Tamil Nadu Agricultural 
University and the Indian Council of Agricultural 
Research jubilee celebration at Delhi. Sixty-seven 
scientists from India visited IRRI during 1979 to 
participate in IRRI-sponsored conferences, work
shops, and syrm posia or in training activities. 

Indonesia. An Il -man team of IRRI scientists 
worked in various programs with the Central 
Research Institute for Agriculture during 1979. 

Genetic evaluation and utilization. Significant 
progress was made in 1979 toward the develop
ment of new rice varieties with eating qualities 
preferred by Indonesians plus resistance to biotype 
2 of the brown planthopper. At least two lines 
appeared to be potential varieties. 

Field screening for brown planthopper resis
tance successfully carried out at Mojosari (East 
Java) during the 1978-79 wet season strengthened 
the BPl screening program. 

Other screening techniques were also 
strengthened. They included those for brown 
planthopper biotype 2, green leafhopper, and gall 
midge. Improvement of the rice grain quality 
laboratory was started. 

The acceptance of early-maturing rice varieties 



was clearly demonstrated in 1979 as the use of 
1R36 spread rapidly throughout Indonesia. In 
many instances an ex~ra rice crop was produced by 
using IR36. 

The tungro screer ing nursery at Lanrang, South 
Sulawesi, continue-' to be an important field 
laboratory. An increased effort was made to utilize 
the 	 ragged stunt-resistant lines identified at Lan-
rang. The possibility of better neck blast control, 
for 	dryland rice in he transmigration areas of 
Sumatra and elsewhere was given added attention. 
The South Korean blast research program was 
monitored closely for information on principles of 
control that could be of practical use in Indonesia. 

Cropping svstems. Cropping systems research 
in 	 Bogor has scientists doing research in West 
Java, Lampung, South Sumatra, Kalimantan, 
Madura, and Timor. Research in Maros, South 
Sulawesi, is primarily on the island of Sulawesi. 

The significant accomplishments of the Bogor-
based program follow: 

* 	 Technology and cropping patterns for dry-
land agriculture developed on Ultisols were 
extensively tested in southern Sumatra. The 
technology tested in South Kalimantan, 
Southeast Sulawesi, and Java was found 
applicable, 

" 	 Intensification of crop production on irri-
gated and partially irri.ated land was suc-
ce3sfully demonstrated in Indramayu, West 
Java. Intensification was through the intro-
duction of an extra crop into the farmers' 
existing cropping pattern. 

Most of the research done by the Maros group 
related to itercropping studies to explore the pos-
sibility of increasing cropping intensity in irrigated 
or rainfed wetland areas. The studies established 
tlat increased crop production was possible 
through increasing cropping intensity 

Adverse soils. The soils research program, 
based in Maros, worked on identification of limit-
ing elements in major soil classes in South 
Sulawesi and other parts of East Indonesia. Five of 
12 sites showed both nitrogen and phosphorus 
deficiencies; in the rest, only nitrogen was the 
limiting factor. Of the five sites deficient in phos-
phorus, two were so deficient that there was practi-
cally no yield when phosphorus was not applied. 
One site appeared to be slightly deficient in zinc 
and sulfur. 

Economics. The economics research program 
consisted of: 

e 	 Evaluation of the socioeconomic potential of 
technology before release to farmers. Work 
was done on demonstrating a methodology 
for economic evaluation of experimental 
results that is particularly applicable to corn
ponent technology trials. 

* 	 Evaluation of the constraints to the success
ful adoption of technology that has been 
released. 

* 	 Evaluat.,i of the socioeconomic consequ
ences of a technology. 

* 	 Devei,.oment of survey research techniques. 
Progress was made in d'veloping and 
implementing data collection techniques and 
an 	 analytical framework compatible with 
existing computational and staff resources. 

Diseases and insects. One of the most sig
nificant contributions of the pathology program at 
Maros was the development of an exceptionally 
good field laboratory at Lanrang, South Sulawesi. 

Gall midge is an important rice insect pest in 
Java. Abc;ut 60 ha for seed production of 4 new 
varieties was almost totally destroyed by gall 
midge at Sukamandi in early 1979. In screening 
tests, CR189-4, Obs. 677, 75-159, Leasung 152, 
ETB 10, and CR95-jr-46-1 were highly resistant. 

The population dynamics of the brown plant
hopper was studied using several methods of 
determining population density. 

Agricultural enginee'ing. During the year an 
existing building was renovated to provide offices, 
a drafting room, and a shop for the engineering 
project. These were used in modifying prototypes 
from IRRI to suit local conditions. 

Extensive field extension in cooperation with 
agencies of the provincial government continued in 
West Sumatra. Two local companies manufactured 
one power tiller and six portable thieshers. 
Kalimantan and Sulawesi indicated interest in par
ticipating in a similar program. 

Communication. Short-term communication 
consultancies assisted in the development of the 
CRIA Office of Research Information Dissemina
tion. A detailed proposal for the establishment of a 
CRIA dissemination office was submitted to the 
CRIA administration and presented to thc entire 
CRIA staff through a formal seminar. A CRIA 
brochure was developed by the staff. 
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Latin America. The main program for the 
Latin American region is the Internation-4 Rice 
Testing Program (IRTP). In Cuba IR1529-430-3, 
ir Auded in the Upland Yield Nursery for Latin 
America, was released to farmers as IR1529. The 
same line was in regional trials and seed multipli-
cations in Santa Cruz, Bolivia, as Saavedra V-5. 

Twelve 1979 IRRI nurseries were planted at 
Centro Internacional de Agricultura Tropical
(CIAT) forevaluation, selection, and seed increase. 

A 	monitoring tour to northern South America 
covered rice research activities of national pro-
grams and evaluated entries in IRTP nurseries in 
Ecuador, Colombia, Venezuela, Guyana, and 
Surinam. 

A third conference of the IRTP for Latin Ameri-
ca, with emphasis on a blast workshop, was 
organized at CIAT 30 May-2 June 1979. Fifty-nine 
scientists from national programs and 14 from 
national and international institutions participated. 

Malaysia. Discussions with top-level adminis-
trators of the Malaysian Agricultural Research and 
Development Institute (MARDI) and other agen-
cies related to Malaysia's participation in IRRI's 
training programs. 

Pakistan. Three IRRI 3cientists worked in 
Pakistan during 1979. 

Sarian Jo 77program (Sind). The Sarian Jo 77 
program is the second phase of the collaborative 
rice research project between the Pakistan Agricul-
tural Research Council and IRRI. The program 
was designed to demonstrate, on a whole-farm 
basis, the new package of technology developed 
from applied research trials during the first phase.

Sarian Jo 77 was implemented through the 
cooperative efforts of different government agen-

cies. The goal was to increase rice yields in the 

project area to 7 t/ha. 


The farmers in the program area responded well; 
many adopted in full or in part the major compo-
nents of the package of technology. The extension 
workers demonstrated they can be effective change 
agents when given adequate support and encour-
agement. 

The yield of 12 participating villages doubled to 
an average 6.5 t/ha. Most of the farmers who used 
the full package of technology obtained yields
higher than 7 t/ha. 

Agricultural machinery prograin. The Pakistan 
agricultural machinery program started with the 
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premise that small machines would be more desir
able for Pakistan. Three years of experience, how
ever, have indicated that relatively larger and more 
powerful equipment is in greater demand. 

Philippines. Since 1972 an IRRI crop produc
tion specialist has worked with the Philippine
Masagana 99 rice production program. During
1979 the transfer of modem production technology 
through agricultural extension was emphasized.

0 The use of 5 kg zinc sulfate/ha on irrigated 
rice fields increased from 50,000 ha in 1978 
to 200,000 ha in 1979. 

* 	 With results from 47 farm trials in 22 pro
vinces, the Masagana 99 management com
mittee recommended the use of soil
incorporated granular carbofuran at 5.5 kg
active ingredient/ha before transplanting to 
control insects, especially rice whorl mag
gots and stem borers. 

* 	 Shortening the time the rice crop is in the 
field by transplanting older seedlings was 
successfully evaluated on irrigated and on 
rainfed wetland rice farms. 

9 The Bureau of Soils implemented 100 
sulfur-screening, applied-research farm trials, 
using IR26 on irrigated lands. 

0 	 Seven hundred and fifty extension farm trials 
of an innovative method of partially soil
incorporating broadcast topdressed nitrogen 
and a second application of granular carbofu
ran were started during the 1979 dry season. 
Nitrogen was incorporated by passing a rot
ary weeder in a paddy with water im
pounded. 

* 	 The Bureau of Agricultural Extension started 
a semimonthly 4-page subject matter news
letter entitled The rice specialist. Thirteen 
issues in 1979 went to 180 extension rice 
specialists working with 6,000 rice tech
nologists in 72 provinces. 

Sri Lanka. Four IRRI scientists worked in the 
Government of Sri Lanka/IRRI cooperative rice 
project during 1979. 

Rice breeding. About 80% of the rice area in 
Sri Lanka is planted to improved varieties. In 1979 
the government released three varieties - Bg
276-5, a 90-day variety highly resistant to gall
midge, blast, and iron toxicity; Bg 400-1, a 135
day variety with gall midge resistance; and 
Bwl00, a 120-day variety with moderate levels of 



resistance to blast, gall midge, and bronzing.
Brown planthopper-resistant breeding materials 

were tested in the national coordinated rice variety
trials. These materials had Ptb 33 as their source of 
resistance. Selections with Suduru Samba, Sudu 
Heerati, and ARC 6650 were also evaluated at 
Batalagoda. 

Crosses that showed submergence tolerance (8
days) included Karamana/Bg2763; Deve-
rederri/Bg276-3, and Molligoda/lg400-1. 

Fifteen photoperiod-sensitive varieties were sent 
to IRRI for processing in the rapid generation
advance system. 

A rice consumer preference survey
organized for Sri 

was 
Lanka to clarify preference for 

rice pericarp color and parboiled or raw rice. 
Cropping systems. Cropping systems research 

was at: 
* Walagambahuwa - dry zone, minor tank-

based agriculture; 
" Mahaweli - dry zone, fully irrigated 

agriculture; 
" Paranthan - dry zone, rainfed agriculture;
" Katupota - intermediate zone, rainfed 

agriculture; and 
r Bandarawela - intermediate zone, rainfed 

or stream-fed irrigated agriculture, 
In Walagambahuwa the cropping pattern

developed provides for early tillage after the first
rains so that a 90- to 105-day rice variety could be 

planted in October with limited supplemental irrig-

ation from a tank. The tank water was used to grow 

a crop of dry-season rice or vegetable crop
a 
depending on the amount of stored water. Exten-

sion of results from Walagambahuwa to farmers 

started. 


Cropping systems work in Mahaweli was with 
the Mahaweli River project and an extensive water 
distribution system. Benchmark data in resource 
use and infrastructure patterns were obtained. 

In Paranthan, work concentrated on increasing
yields of the maha crop (rainy season, October-
December) through better-adapted varieties,
improved weed control, and adequate and timely 
use of fert:lizers. Possibilities of a yala crop (dry
season) grown on the residual moisture plus the 
limited yala rainfall were tested. 

At the Katupota site rice and coconut are the 
main crops, with the rice lands between the higher
coconut lands. The paddy tract consists of three
land elements - a crest (adjacent to the coconut 
lands), a slope, and a valley bottom. Cropping
patterns tested were rlce-upland crop on the crest,
and rice-rice on the slope and valley bottom. 

The cropping systems activities at Bandarawela 
investigated ways of increasing cropping intensity
to a three-crop sequence, such as rice-vegetable
vegetable on irrigated lands. 

Resource capability survey. A resource capabil
ity survey, designed to classify the rice lands of the 
wet and intermediate zones into land systems and
land elements having significance for rice produc
tion, was completed in Kandy, Kegalla, Matale,
Kalutara, and Kurunegala districts. Work was in 
progress in Colombo district.Thailand. Thailand began the 1979 dry-season 
crop with sufficient water to plant almost 500,000
ha of irrigated rice completely devoted to the 
semidwarf varieties. 

Deepwater rice researc'h. The government
released two semidwarf lines - RD17 and RD19 
- tolerant of water depths up to I m. RDI7 is
photoperiod insensitive; RDI9 is photoperiod
sensitive and flowers in mid-November in the 
Bangkok area. 
Smail fiirn machinery program. Commercial 

production of the IRRI-designed axial-flow 
thresher exceeded 4,000 units. As iesulta of 
requests from various countries for information on 
a small locally made 4-wheel tractor, a unit was
purchased from the assembly line of a dealer and
tested with moldboard and disk plows. The 
improved buffalo plow, dryland seeder, manual 
transplanter, and paddy seeder received attention. 
Other collaborative projects. Thai scientists 

continued to cooperate IRRIwith scientists in
implenenting IRTP nurseries: International Net
work on Soil Fertility and Fertilizer Evaluation for 
Rice trials; and studies on azolla, grain quality of 
glutinous rice varieties, bacterial blight, brown 
planthopper, and gall midge biotypes. Continuous
rice-cropping experiments were established at 
Ubon, Rangsit, and Kuan Gut Rice Experiment
Stations based on concepts developed at IRRI. 
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Table 1. Conferences, workshops, and symposia sponsored or cosponsored by IRRI in 1979. 

IRRI/Office of Rural Development, Korea, annual planning workshop on collaborative projects 
Center for Southeast Asian Studies - IRRI workshop on land evaluation for rice-based crop-

ping systems
 
Irrigation water management workshop 

International ice research conference 

I RAEN constraints workshop 
Conference on the communication responsibilities of the international agricultural research 

centers 
IRRI/International Food Policy Research Institute/International Fertilizer Development 

Center workshop on rice policies in Southeast Asia 
Eighth cropping systems working group meeting 
IRRI/Cornell University conference on priorities for alleviating soil-related constraints to 

food production in the tropics 
Workshop oi consequences of small farm mechanization 
IRRI/Chinese Academy of Agi icultural Sciences international rice research workshop 
IRRI/World Meteorological Organization symposium on the agrometeorology of the rice crop 

Date Participants 
(no.) 

21-23 Feb 15 
12

#- 23 Mar 13 

26-30 Mar 48 
12-14 Apr 144 
1- 3 May 34 

14-19 May 60 

22-25 May 39 

28-31 May 37 
4- 8 Jan 74 

1- 4 Oct 43 
22-30 Oct 32 
3- 7 Dec 68 

Cooperation in cropping systems research and ences, workshops, and symposia sponsored or co
development of rice varieties for rainfed areas also sponsored by IRRI in 1979 (Table 1). 
continued. 

INTERNATIONAL MEETINGS 

More than 600 scientists participated in 12 confer
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Information resources, experimental farm, 
and service laboratories 
LIBRARY AND DOCUMENTATION CENrER 

Bibliographies. The 1978 Supplement to the 
InternationalBibliography of Rice Research was 
published in 1979. It contains 5,684 references to 
scientific rice literature, most of which appeared in 
journals in 1978. Its coverage is worldwide and the 
items of reference are classified according to sub-
ject matter. The supplement includes literature 
written in 24 languages and a list of 44 rice litera-
ture translations, mostly from Japanese to English.
It has an author inuex and a manually produced 
keyword index. 

Supplement 1977 to the International Biblio-
graphy on Cropping Systems was also published in 
1979. It embraces worldwide published and 
unpublished technical reports produced in 1977 
and deals with all aspects of cropping systems for 
food crops. The entries are classified according to 
subject; items within each subject category are 
arranged alphabetically. An author index and a 
manually produced keyword index are provided. 

The 1979 supplement to Theses and Disserta-
tions on Rice Available in the Librarv ol the Inter
national Rice Research Institute was also produced 
in 1979. The supplement lists 104 titles, bringing 
the overall collection of theses and dissertations to 
a total of 887. 

The International Bibliogra; hy on Azolla was 
also published. It consists of 671 classified items 
and has an author index and a keyword index. 

All new bibliographies were sent to agricultural 
libraries and documentation centers of the rice-
producing regions. Essentially, all the citations 
included are available at IRRI. 

Reference and circulation. Within IRRI, the 
number of books and journals and other library
materials borrowed during 1979 increased marked-
ly. As in previous years, requests for copies of 
Japanese literature on genetics and breeding 
exceeded those for literature on all other aspects of 
rice culture. Requests for photocopies of papers on 
water management and irrigation were also 
received. Assistance in library organization and 
management, and in the selection and acquisition of 

agricultural materials was also sought. Requests
for 	 short specific-subject bibliographies, mostly
from Bangladesh, India, Thailand, Indonesia, and 
Malaysia, increased notably. 

Library holdings. The additional 3,365 
monographs (books, pamphlets, and reprints) 
increased the overall monographic collection to 
52,045. A total of 161 serial titles were added 
through subscriptions, exchanges, and some dona
tions. Maps, translations, and microfilms were 
also added. 

Other library activities. To keep the scientists 
informed of the latest publications on rice, routing 
of tables of contents of newly received journals 
was continued within IRkI and extended to the 
Bangladesh Rice Research Institute; the Lembaga 
Penelitian Pertanian Maros, Indonesia; the Central 
Research Institute for Agriculture. Sukamandi 
Branch, Indonesia; IRRI, Sri Lanka; and the West 
Africa Rice Development Association, Liberia. 

The Library continued to purchase books for 
IRRI research scholars and oth.r training particip
ants. 

OFFICE OF INFORMATION SERVICES 

The Office of Information Services distributed 
about 36,000 copies of major publictions during 
1979, with 96% sent to addresses in developing 
nations. About 15,000 publications were distri
buted free, mostly to libraries. 

Ten years after its release, Field Problems of 
Tropical Rice remains the most widely distributed 
IRRI publication. The second and the third most 
widely distributed in 1979 were Rice: Soils, Water, 
Land and Statistical Procedures for Agricultural 
Research. 

Major publications. Major publications 
released in 1979 were: 

0 Report of a Rice Cold Tolerance Workshop 
• 	 Proceedings of the 1978 International 

Deepwater Rice Workshop 
* 	 Proceedings of the Rice Blast Workshop 
* 	 Interfaces between Agriculture, Nutrition, 

and Food Science 
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" A Farmer's Primer on Growing Rice 
" Rainfed Lowland Rice 
* 	 Rice Improvement 
" Proceedings of the Workshop on Chemical 

Aspects of Rice Grain Quality 
" Brown Planthopper: Threat to Rice Produc-

tion in Asia 
" 	 Farm-level Constraints to High Rice Yields 

in Asia: 1974-77 
* 	 Nitrogen and Rice 
" Annual Report for 1978 
" Research Highlights for 1978 

Series publications. The IRRI Reporter, a 
quarterly newsletter describing IRRI's activities, 
was distributed to about 11,000 rice workers. Six 
issues of the InternationalRice Research Newslet-
ter were published, plus the Subject Index 1976-
1978. 

Twenty-three titles in the IRRI Research Paper 
Series were published: 
No. 23 Genetic interrelationships of improved 

rice varieties in Asia 

No. 24 	 Barriers to efficient capital investment in 
Asian agriculture 

No. 25 Barriers to increased rice production in 
eastern India 

No. 26 Rainfed lowland rice as a research priority 
- an economist's view 

No. 27 	 Rice leaf folder: Mass rearing and a prop-
osal for screening for varietal resistance in 

the greenhousethe reenouseResearch 

No. 28 	 Measuring the economic benefits of new 
technologies to small rice farmers 

No. 29 	 An analysis of the labor-intensive con-
tinuous rice production systems at IRRI 

No.'30 	 Biological constraints to farmers' rice 
yields in three Philippine provinces 

No. 31 	 Changes in rice harvesting ystems in 
C 

No. 32 Variation in varietal reaction to rice tun-
gro disease: Possible causes 

No. 33 	 Determining superior cropping patterns 
for small farms in a dryland rice environ-

ment Tes ofamehodoogyRelease
ment: Test of a methodology 

No. 34 	 Evapotranspiration from rice fields 
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No. 35 	 Genetic analysis of traits related to grain 
characteristics and quality in two crosses 
of rice 

No. 36 	 Aliwalas to rice garden: A case study of 
the intensification of rice farming in 
Camarines Sur, Philippines 

No. 37 	 Denitrification loss of fertilizer nitrogen 
in paddy soils - its recognition and 
impact 

No. 38 	 Farm mechanization, employment, and 
income in Nepal: Traditional and 
mechanized farming in Bara District 

No. 39 Study on kresek (wilt) of the rice bacterial 
blight syndrome 

No. 40 Implication of the international rice blast 

nursery data to the genetics of resistance 
No. 41 Weather and climate data for Philippine 

rice research 
No. 42. The effect of the new rice technology on 

family labor utilization in Laguna 
No. 43 The contribution of varietal tolerance for 

problem soils to yield stability in rice 

No. 44 	 IR42: A rice type for small farmers of
South and Southeast Asia 

No, 45 Germplasm bank information retrieval 
sytem 

system 
and training support. The RiceProduction Training and Research Department and 

the Oflice of Information Services continued a 
program to develop a series of self-instructional 
slide-tape units on specitic rice production prob
lems and their solution. Each unit consists of a set 
of 60 to 80 colorslides on the problem, a 

prerecorded cassette tape, and a booklet. 
Of the 62 units planned, 25 were completed in 

1979. Sale of the units to national rice improve
ment training programs was initiated. 

Computerization of the IRRI mailing sys

tem. A program to computerize the IRRI mailing 
system to allow specific publications to be directedto the users that most need that information was 
initiated. 

Relaeoc 
of printing negatives. Aprocedure for 

providing duplicate printing negatives of selected 

IRRI publications to agricultural development 



organizations or publishing companies in develop-
ing nations was developed, 

Communication conference. The Conference 
on the Communicationresponsibilitiesof the inter-
national agricultural research centers, jointly 
sponsored by IRRI and the Agricultural Develop-
ment Council, Inc., was held at IRRI 14-19 May 
1979. The purpose of the conference was to review 
in detail the organization, purpose, and effective-
ness of international center communication 
activities and, more important, to recommend what 
the centers could do to mal.e their information prog-
rams more effective. A set of conference recom-
mendations was published. 

Training. OIS provided training for ow- infor-
mation specialist from Indonesia in 1979-IRRI's 
first venture into communication training. An IRRI 
senior editor spent 3 weeks working with the 
Research Dissemination Group, Central Research 
Institute of Agriculture, Indonesia-a follow-up to 
2 previous IRRI consultancies. His purpose was to 
provide practical communication training to infor-
mation staff and to identify personnel who could 
benefit from extended on-the-job training in 01S. 

EXPERIMENTAL FARM 

The Experimental Farm continued to supply all the 
labor needed by the research departments for land 
preparation, planting, weed and insect control, 
harvesting, and drying. 

Relocation of people living on the new farm area 
started in 1979 and the areas vacated were con-
verted to wetland rice fields, most of which were 
planted to rice. In 1979 the reservoirs in five 
research blocks were connected to the .aew lowland 
farm reservoir to allow the continuous supply of 
irrigation water from deep wells. Initial filling ofthe 
new site for the farm machinery shed was started, 

A 162.4-ha area was prepared and planted to 
lowland rice. The main clients were Plant Breed-
ing (69.74 ha), Agronomy (22.24 ha), and 
Entomology (20.17 ha). A total of 133.7 ha was 
plowed arid harrowed, or rototilled, for upland 
crops. The main clients were Agronomy (32.2 ha), 
Multiple Cropping (31.8 ha), and Plant Breeding 
(23.58 ha). 

Seed multiplication was a major function in 
1979. Seven varieties or selections - C171-38, 
IR833-118-3, IR29, IR36, IR4570-83-3-3, 

INFORMATION RESOURCES, 

1R13168-143-1, and IR9224-117-2-3-3-2 - were 
grown on 11.66 ha during the wet season. During 
the dry season, 8varieties or selections- C171-36, 
UPLB Ri-2, BPI Ri-4, IR2863-38-1, IR36, 
MR6438, IR841, and C463G - were grown on 
7.63 ha. IR2863-18-1 and IR36 were grown on 3 
ha in a nearby barrio. 

Fertilizer expenditure ( 159.8 t) was 2.5% higher 
than for 1978. The expenditure for insecticides 
was 20.8% lower than for 1978. There was no 
serious outbreak of tungro and other diseases on 
the farm. There was a slight decrease in the 
amount spent for herbicides. 

Expenditures for contract labor were much 
higher than those for 1978. The amount paid to bird 
boys, contract operators, and contract laborers 
increased. 

The sale of farm produce increased 120.8%. 
About LIS$27,000 was derived from the sale of 
rice su:eds, milled rice, rice for milling, glutinous 
rice, and other crops. Nearly ha!f of the farm 
income came from the sale of rice seeds. 

Rat damage to rice plants and other crops was a 
big problem throughout 1979. Rat holes were dug 
out instead %Ofbeing dusted with cyanogas, the 
manufacture of which has been banned. The dig
ging killed a total of 31,303 rats; the electric fence, 
46,653. 

ANALYTICAL SERVICE LABORATORY AND 
PESTICIDE RESIDUE LABORATORY 

Analytical Service Laboratory. The transfer of 
the Analytical Service Laboratory (ASL) to the 
former Chemical Storage Building in 1979 con
solidated all analytical facilities in one building. 
The ASI. assumed administration of the sample
preparation rooms and started accepting fresh 
samples for drying and grinding. A refresher 
course on sampling was conducted by the Principal 
Soil Chemist and a visiting agronomist. Analyses 
for 1979 are summarized in Table 1. The col
orimetric ammonia and urea determinations in 
floodwater were automated, and more than 2,000 
analyses for each compound were made. 

Pesticide Residue Laboratory. New quarters 
for the Pesticide Residue Laboratory (PRL) were 
constructed in the F.F. Hill Laboratory Building 
and will be occupied early in 1980. A pesticide 
specialist from the Tropical Products Institute, 
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Table 1. Summary of analyses rendered by the Analytical
Service Laboratory (ASL), IRRI. 1979. 

Determinations (no.)
Propertsy analyzed-

Plant Soil 
.

Total nitrogen or crude protein 19,729 5.665 
Total elements 


Phosphorus 
 4,029 1,536
Potassium 3,016 1,151
Zinc 3,040 1,445
Iron 1,523 346 
Manganese 955 61
Magnesium 607 180 
Calcium 639 10 
Copper 
 345 48 
Sodium 5 -
Cadmium 
Lead 2PH 

- 4,4582 

Electrical conductivity - 1,671
Exchangeable cations 


Sodium 
 - 1.994 
Potassium 3,8
Magnesium - 2,104Calcium 2,213

Cation exchange capacity - 3,014 
Available phosphorus - 4,935
Available zinc - 1,854
Available potassium - 1,747
Organic carbon - 3,464
Particle size - 1,057
Moisture 294 67 
Urea N - 2,024
NH N3 - 2,024
Total solids - 14 

Total 34,182 46,869 
To°tal 81,051 

Samples (no.) 23,121 9,310
Sample preparation done by ASL 3,587 989 

Table 2. Summary of complete and gas-liquid chromatographic
(GLC) determinations by the Pesticide Residue Laboratory, 
IRRI, 1979. 

.-  - -
Determinations (no.)Constituent analyzed 

Complete GLC only
Carbofuran and its metabolites 958 -

Orthene 70 -
Lindane 12 -
Others 6a 

436a 

Total 1,046 436 
aDicarboxylic-acid and fatty-acid methyl esters (Chemistry), pheromones (Entomologyl, and formulations (Agricultural Economics and 
Experimental Farm). 

London, advised on the organization of the PRL 
and trained PRL personnel. A full-time person incharge of PRL was assigned in July 1979. That
development plus excellent maintenance of the gas 

chromatographs by the person-in-charge of theASL during the first half of the year contributed toan increased output of the PRL in 1979 (Table 2). 
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Publications and seminars
 
PUBLICATIONS 

Agricultural Economics 
Barlow, C., S. Jayasuriva, V. Cordova, N. Roxas, L. 

Yambao, C. Bantilan, and C. Maranan. 1979. 
Measuring the economic benefits of new tech-
nologies to small rice farmers. IRRI Res. Pap. Ser. 
28. 21 p. 

Barker, R., and R. W. Herdt. 1979. Rainfed lowland 
rice as a research priority - an economist's view. 
IRRI Res. Pap. Ser. 26. 50 p. 

Flinn, J. C. 1979. Agro-economic considerations in 
cassava intercropping research. Pages 87-101 in E. 
Weber, B. Nestel, and M. Campbell, eds. Inter-
cropping with cassava. International Development
Research Centre, Canada. 

Garrity, D., H. G. Zandstra, and E. C. Price. 1979. 
Determining superior cropping patterns for small 
farms in a dryland environment: test of a method-
ology. I R RI Res. Pap. Ser. 33. II p. 


Hayami,. Y.. P. 
 F. Moya, and L. M. Bambo. 1978. 
l.abor utilization in a rice village. Philipp. Econ. J. 
17(l)(2):244-258. 

Hayami, Y., and A. Hlafid. 1979. Rice harvesting and 
welfare in rural .Java. Bull. Indones. Econ. Stud. 
15(2):94-112. 

Herdt, R. W. 1979. An overview of the constraints 
project results. Pages 395-411 in International Rice
Research Institute. Farm-level constraints to high
riceyields in Asia: 1974-77. Los Banos,Philippines.

Herdt, R. W. 1979. Rice and agriculture in the 
Philippines. Pages 163-171 in International Rice 
Research Institute. Farm-level constraints to high
rice yields in Asia: 1974-77. Los Banos, Philippines. 

Herdt, R. W., and Michael Dehn. 1978. Insurance for 
small farmers to encourage innovation. Bangla-
desh Inst. Dev. Stud. 6(2):191-200.

Huke, R. E. 1979. San Bartolome and the Green Revolu-
tion. Papers in Anthropology, University of Okla-
homa, 1'1(2):39-58. 

Kikuchi, M., E.V. Cordovi,, B. Marciano, and Y. 
Hayami. 1979. Changes in rice harvesting systems in
Central Luzon and Laguna. iRRI Res. Pap. Ser. 31. 
24 p. 

Morooka, Y., P. Masicat, V.Cordova, and R. W. Herdt. 
1979. Aliwalas to rice garden: case study of thea 

intensification 
 of rice farming in Camarines Sur, 
Philippines. IRRI Res. Pap. Ser. 28. 23 p. 

Morooka, Y., R. W. Herdt, and L. D. Haws. 1979. An 
analysis of the labor-intensive continuous rice produc-
tion system at IRRI. IRRI Res. Pap. Ser. 29. 41 p. 

Nangju, D., J. C. Flinn, and S. R. Singh. 1979. Use of 
host plant resistance and minimum insecticide 
application in cowpea insect cottrol. Field Crops 
Netherlands 2(4). 

Northcraft, C. A., and I.. E. Small. 1979. Factors 
affecting land prices in a rural New Jersey county.
J. Northeastern Agric. Econ. Counc. 8(2).

Price, E. C., and R. Barker. 1978. Time distribution of 
crop labor. Philipp. J. Econ. 17(l)(2): 224-243. 

Smith, J., and F. Gascon. 1979. The effect of the new 
rice technology on family labor utilization in Lag
una. IRRI Res. Pap. Ser. 42. 17 p. 

Agricultural Engineering 
Camacho, L.,R. Manalabe, and B.Duff.1979. Empirical

and laboratory evaluation of village level rice milling 
systems. Pages 242-266 in Proceedings of workshop 
on grain postharvest technology. Jakarta, Indonesia. 

Duff, B. 1979. Assessing the economic impact of 
agricultural mechanization and other engineering
technologies. Philipp. Agric. Eng. J. 10(4): 21-27. 

Duff, B. 1979. Evaluating the quantitative and quali
tative employment effects of technological change in 
rice production. Pages 73-97 in International Labor 
Organization. Technology to improve working con
ditions in Asia. Geneva, Switzerland. 

Duff, B.1979. The potential for mechanization in small 
farm production systems. In Integrating crop and 
animal production to optimize resource utilization 
on small farms in developing countries. Rockefeller 
Foundation, New York. 

Ebron, 1.., H. Takai, and B. Duff. 1979. Farm level 
paddy storage practices in the Philippines. Pages
365-400 in Proceedings of workshop on grain pos
tharvest technology. Jakarta, Indonesia. 

Habito, C., and B. Duff. 1979. A systems analysis of 
mechanized versus non-mechanized rice harvesting
in the Philippines. Pages 60-91 in Proceedings of 
workshop on grain postharvest technology. Jakarta, 
Indonesia. 

Kiamco, L., and J.A. McMennamy. 1979. Reflection of 
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eds. Chinese agricultural history - collection of 
essays, vol. 1.Commercial Press, Taipei. 

Chang, T. T. 1979. Hybrid rice. Pages 173-174 in J. 
Sneep, A. J. T. Hendriksen, and 0. Holbek, eds. 
Plant breeding perspectives. PUDOC, Wageningen. 

Chang, T. T. 1979. The green revolution's second 
decade. SPAN 22(l):2-3. 

Chang, T. T. 1978-79. The origins and early cultures of 
the cereal grains and food legumes. Early China 
(Berkeley) 4:90-91. 

Chang, T. T., and B. Somrith. 1979. Genetic studies on 
the grain quality of rice. Pages 49-58 in International 
Rice Research Institute. Proceedings of the work
shop on chemical aspects of rice grain quality. Los 
Banos, Philippines. 

Chang, T. T., W. L. Brown, J. G. Boonman, J.Sneep, 
and H. Lamberts. 1979. Crop genetic resources. 
Pages 83-103 in J. Sneep, A. J. T. Hendriksen, and O. 

Holbek, eds. Plant breeding perspectives. PUDOC, 
Wageningen. 

Chang, T. T., B. Somrith, and J. C. O'Toole. 1979. 
Potential for improving drought resistance in rainfed 
lowland rice. Pages 149-164 in International Rice 
Research Institute. Rainfed lowland rice: selected 
papers from the 1978 international rice research con
ference. Los Banos, Philippines. 

Crill, .. P., and G. S.Khush. 1979. Effective and stable 
control of rice blast with monogenic resistance. Food 
Fert. Technol. Cent. Ext. Bull. 128. raipei, Faiwan. 
13 p. 

Dwivcdi, I.L.., and .1.S. Nanda. 1979. Inheritance o" 

amylose content in three crosses of rice. Indian J. 
Agric. Soc. 49(10):753-755. 

Gotoh, K., I. 1. Chang, .. C. O'Toole, R. Riley, and B. 
R. Murthy. 1979. Crop adaptation. Pages 234-261 in 
.1.Sneep, A. .1.T. Hendriksen, and 0. Holbek, eds. 
Plant Breeding perspectives. PUDOC, Wageningen. 

Hargrove, T. R., W. R.Coffman, and V. L. Caba
nilla. 1979. Genetic interrelationships of improved 
rice varieties in Asia. IRRI Res. Pap. Ser. 23. 34 p. 

Hendriksen, A. .1.T., .1.Sneep, D. J. Glas, M. E. Root
haan, F. de Wolff, W. I. Brown, and T. T. Chang. 
1979. Seed production and distribution. Pages 370
395 in J. Sneep, A. J.T. Hendriksen, ard 0. Holbek, 
eds. Plant breeding perspectives. PUDOC, Wage
ningen. 

Ikehashi, H., and G. S. Khush. 1979. Methodology of 
assessing appearance of the rice grain including 
chalkiness and whiteness. Pages 223-229 in Interna
tional Rice Research Institute. Proceedings of the 
workshop on chemical aspects of rice grain quality. 
Los Banos, Philippines. 

Jennings, P. R., W. R. Coffman, and H. E. Kauffman. 
1979. Rice improvement. International Rice Research 



Institute, Los Banos, Philippines. 
Khush, G. S. 1979. GEU, an international rice improve-

nent program. Grains J. 4:9-14. 
Khush, G. S. 1979. Genetics .f and breeding for resist-


ance to the brown planthopper. Pages 321-332 in 

International Rice Research Institute. Brown plant-

hopper: threat to rice production in Asia. L.os Banos, 
Philippines. 

Khush, G.S., G.S. Sidhu, and T.W. Mew. 1978. Genetics 

of resistance to bacterial blight in rice. Page 92 in 

Abstract ofcontributed papers. Part '. 14th Interna-

tional Congress of Genetics. Moscow, USSR. 


Khush, G.S., and S. I. On. 1978. Genetics of resistance 

to diseases of rice. Page 288 in Abstract,; of papers. 

3rd International Congress of Plant Pathology, 

Munchen, Germany. 


Khush, G. S., C. M. Paule, and N. M. dela Cruz. 1979. 
Rice grain quality evaluation and improvement at 
'RRI. Pages 21-31 in International Rice Research 
,!Aitute. Proceedings of the workshop on chemcal 

aspects of rice grain quality. Los Banos, Philippines. 
Khush, G. S., and I). V. Seshu. 1978. Rice varietal 

improvement fomtropical and subtropical Asia. 
Pages 131-143 it International Commission c,,. 
gation and Drainage ICII) Second Regional Afro-
Asian Conference. Technical papers for Session 111. 
Tech. Pap. 10. 

Nanda, .. S., and W. R. Coffman. 1979. Alternative 
plant types and other agronomic characteristics for 
rainfed lowland rice. Pages 123-133 in International 
Rice Research Institute. Rainfed lowland rice: sel-
ected papers from the 1978 international rice research 
conference. I.os Banos, Philippines. 

Nanda, J. S., and V. S. Seshu. 1979. Breeding strategy 
for cold tolerant rices. Pages 91-99 in International 
Rice Research Institute. Report of a rice cold toler-
ance workshop. Los Banos, Philippines. 

Nanda. .1.S., and W. R. Cofftian. 1979. IR RI's efforts 
to improve the protein content of rice. Pages 33-47in 
International Rice Research Institute. Proceedings 
of the workshop on chemical aspects of rice grain 
quality. Los Banos, Philippines. 

O'Toole, .1.C., and T. T. Chang. 1979. Drought resist-
ance in cereals - rice: a case study. Pages 374-405 in 
H. Mussell and R. Staples, eds. Stress physiology in 
crop plants. Wiley, New York. 

Pathak, M. D., and G. S. Khush. 1979. Studies on 
varietal resistance in rice to the brown planthopperat 
the International Rice Research Institute. Pages 285-
301 in International Rice Research Institute. Brown 
planthopper: threat to rice production in Asia. Los 
Banos, Philippines. 

Paule, 	C. M., K. A. Gomez, B. 0. Juliano, and W. R. 
Coffman. 1979. Variability in amylose content of 

rice. 11Riso 2,1):15-22. 
Sidhu, G. S., G. S. Khush, and F. G. Medrano. 1979. A 

dominant gene in rice for resistance to whitebacked 
planthopper and its relationship to other plant char
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Sidhu, G. ,., and G. S. Khush. 1979. Linkage relation
ships of some genes for resistance and semidwarf 
stature ;a rice. Euphytica 28:233-237. 

Somrith, G., T. T. Chang, and B. R. Jackson. 1979. 
Genetic analysis of traits related to grain characteris
tics and quality in two crosses of rice. IRRI Res. Pap. 
Ser. 35. 14 p. 

Swaminathan, M.S., J. Sneep, A. J. T. Hendriksen, W. 
L. Brown, T. T. Chang, and R. Riley. 1979. Perspec
tives. Pages 396-429 in.). Sneep, A. J. T. Hendriksen, 
and 0. Holbek. eds. Plant breeding perspectives. 
PUDOC, Wageningen. 

Zadoks, .. C., T. T. Chang, and C. F. Konzak. 1978. 
Decimal code for the growth stages of cereals [in 
English, Freiich, and German]. European and Medi
terranean Plant Protection Organization, Paris. 5 p. 

Plant Pathology 
Bandong J. M., S. H. Ou, S. P. Ebron, F. L. Nuque, 

and . 1P.Crill. 1979. An unusual Ih'Iininthosjorium 
leaf spot on the rice variety Sekiguchi Asahi. Pages 
53-54 in Pest Control CoUcil of the Philippines. 
lroceedings, tenth national conference. Manila, Phi
lippines. (abstr.) 

Bandong,.. M., B.A. Estrada, I.. M. Sanchez,and J. P., 
Crill. 1979. Chemical control ofsheath blight disease 
of rice. Pages 52-53 in Pest Control Council of the 
Philippines. Proceedings, tenth national conference. 
Manila, Philippines. (abstr.) 

Bandong, J. M., C. Q. Torres, and J. P. Crill. 1979. 
Fungicide foliar sprays for leaf blast control on rice. 
Pages 50-51 in Pest Contol Council of the Philip
pines. Proceedings, tenth national conference. Man
ila, Philippines. (abstr.) 

Bandong, J. M., T. V. de Dios, B. Arce, and J. P. Crill. 
1979. I.aboratory bioa;say of fungicides against rice 
fungus pathogens. Page 49 in Pest Control Council 
of the Philippines. Proceedings, tenth national con
ference. Manila, Philippines. (abstr.) 

Bandong, J. M., C. Q. Torres, L. M. Sanchez, F. L. 
Nuque, and J. P. Crill. 1979. Seed treatment with 
systemic fungicides for leaf blast control. Page 50in 
Pest Control Council of the Philippines. Proceed
ings, tenth national conference. Manila, Philippines. 
(abstr.) 

Chou, L. K., F. L. Nuque, and J. P. Crill. 1979. A study 
of some components of resistance to rice blast. Page 
68 in Pest Control Council of the Philippines. Pro
ceedings, tenth national conference. Manila, Philip-
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pines. (abstr.) 
Crill, J. P., and G. S. Khush. 1979. Effective and stable 

control of rice blast with monogenic resistance. 
ASPAC Food Fert. Technol. Cent. Ext. Bull. 128. 
Taipei, Taiwan. 13 p. 

Crill, J. P., F. L. Nuque, T. V.de Dios, and S. P. Ebron. 
1979. Production of the perfect stage of Rhynchos-

porium orvzae in culture. Pages 59-60 in Pest Con-
trol Council of the Philippines. Proceedings, tenth 
national conference. Manila, Philippines. (abstr.) 

Estrada, B. A., L. M. Sanchez, and J. P. Crill. 1979. 
Evaluation of screening methods for sheath rot res-
istance of rice. Plant Dis. Rep. 63(1l):908-91 1. 

Estrada, B. A., L. M. Sanchez, and J. P. Crill. 1979. 
Screening methods for sheath rot of rice. I-ages 64-65 
in Pest Control Council'of the Philippines. Proceed-
ings, tenth national conference. Manila, Philippines. 
(abstr.) 

Lee, Y. H., J. M. Bandong, and J. P. Crill. 1979. Effect of 
chemicals against leaf blast of rice in the greenhouse 
and upiand blast nursery. Pages 51-52 in Pest Control 
Council of the Philippines. Proceedings, tenth national 
conference. Manila, Philippines (abstr.) 

Lee, Y. H., F. L. Nuque, J. P. Crill, and S. P. Ebron. 
1979. Pathogenic races of Pvricularia oryzae in the 
Philippines. Page 60 in Pest Control Council of the 
Philippines. Proceedings, tenth national conference. 
Manila, Philippines. (abstr.) 

Ling, K. C. 1979. Rice virus and virus-like diseases. 
International Rice Research Institute, Los Banos, 
Philippines. 

Ling, K.C., and E. R. Tiongco. 1979. Rice virus diseases 
in the Philippines. International Rice Research Insti-
tute, Los Banos, Philippines. 

Mew, T. W., M. 13.Rosario, and K. Tsuchiya. 1979. 
Etiology ofo bacterial stalk rot of rice. Pages 57-58 in 
Pest Control Council of the Philippines. Proceed-
ings, tenth national conference. Manila, Philippines. 
(abstr.) 

Mew, T. W., C. M. Vera Cruz, and R. C. Reyes. 1979. 
Evaluation of different resistance to bacterial blight 
of rice. Pages 66-67 in Pest Control Council of the 
Philippines. Proceedings, tenth national conference. 
Manila, Philippines. 

Mew, T. W., C. M. Vera Cruz, R. C. Reyes, and B.A. 
Zaragoza. 1979. Study on kresek (wilt) of the rice 
bacterial blight syndrome. IRRI Res. Pap. Ser. 39. 
8 p. 

Mew, T. W., and C. M. Vera Cruz. 1979. Variability of 
Xanthomonas oryzae: specificity in infection of rice 
differentials. Phytopathology 69(2):152-155. 

Mew, T. W., M. Machmud, and C. M. Vera Cruz. 1979. 
Variability of Xanthornonas orvzae: variation in vir-
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ulence. Pages 62-63 in Pest Control Council of the 
Philippines. Proceedings, tenth national conference. 
Manila, Philippines. (abstr.) 

Miah, S. A., and T. W. Mew. 1979. Diseases of lowland 
rainfed rice. Pages 247-251 in International Rice 
Research Institute. Rainfed lowland rice: selected 
papers from the 1978 international rice research con
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(abstr.) 
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10-19 in Plant Pest Control Council. Tenth anniver
sary publication. 
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pathogens in rice seeds. In Pest Control Council of 
the Philippines. Proceedings, tenth national confer
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Suryanarayanan, S., and J. P. Crill. 1979. Leaf wettabil
ity and stable resistance to rice blast. Pages 68-69 in 
Pest Control Council of the Philippines. Proceed
ings, tenth national conference. Manila, Philippines. 
(abstr.) 

Torres, C. Q., F. L. Nuque, S. H. Ou, T.T. Ebron, Jr., 
and J. P. Crill. 1979. Race patterns of Pvricularia 
orvzae in the different rice geographical regions of 
the world. Page 61 in Pest Control Council of the 
Philippines. Proceedings, tenth national conference. 
Manila, Philippines. (abstr.) 

Isuchiva, K., T. W. Mew, and S. Wakimoto. 1979. 
Induced mutation ofXanthomnonas orv:ae for viru
lence and avirulence. Pages 61-62 in iest Control 
Council of the Philippines. Proceedings, tenth na
tional conference. Manila, Philippines. (abstr.) 

Wakimoto, S., and T. W. Mew. 1979. Prospects of 
prediction for the outbreak of rice bacterial blight by 
the bacteriophage method in the tropics. Philipp. 
Phytopathol. 15(l):81-85. 

Zaragoza, B.A., and T. W. Mew. 1979. Relationship of 
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Zaragoza, 	B. A., and T. W. Mew. 1979. Relationship of 

root injury to the "kresek" phase (wilt) of the rice 
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Plant Physiology 
Bhattacharya, S. N., and B. S. Vergara. Importance of 

seedling age in transplanted rice. Pages 173-183 in 
International Rice Research Institute. Proceedings 
of the 1978 international deepwater rice workshop. 
Los Banos, Philippines. 

Jackson, B. R., and B. S. Vergara. 1979. Progress in 
deepwaer rice research. Pages 3-12 in International 
Rice Research Institute. Proceedings of the 1978 in-
ternational deepwater rice workshop. Los Banos, 
Philippines. 

Mazaredo, A. M., and B. S. Vergara. 1979. Screening 
for ability to elongate at an early stage of growth. 
Pages 143-144 in International Rice Research Insti-
tute. Proceedings of the 1978 international deepwater
rice woi'Xhop. Los Banos, Philippines.

Seshu, D. V. ,nd B.S.Vergara. 1979. The International 
Rice Deepwater Observational Nursery -asummary
of results and suggestions for the future. Pages 93-101 
in International Rice Research Institute. Proceedings
of the 1978 international deepwater rice workshop. 
Los Banos, Philippines. 

Setabutara, C., B. S. Vergara, and R.M. Visperas. 1979. 
Flowering response of deepwater rice varieties to 
photoperiod. Pages 55-61 in International Rice Re-
search Institute. Proceedings of the 1978 interna
tional deepwater rice workshop. Los Banos, Philip-
pines. 

Setabutara, C., and B.S. Vergara. 1979. Morphology of 
nodal tillers in deepwater rice. Pages 45-54 in Inter-
national Rice Research Institute. Proceedings of the 
1978 international deepwater rice workshop. Los 
Banos, Philippines. 

Setabutara, C., and B. S. Vergara. 1979. Screening 

deepwater rice varieties for ability to produce nodal 

tillers. Pages 151-154 in International Rice Research 

Institute. Proceedings of the 1978 international deep-
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Vergara, B. S. 1978. Measurement of crop development 

in rice. it FAO USAID BPI, in cooperation with 
IRRI, NCPC/ UPLB, and PGCPP. Regional train-
ing seminar on integrated pest control for irrigated
rice in South and Southeast Asia. IPC: SP1.21. 

Vergara, B. S. 1978. Measurement of crop development 
in rice. Pages 183-204in Regional seminar-workshop 
on prognosis and warning in plant protection. Feb 
27-March 18, 1978, Manila and Maligaya, German 
Foundation for International Development.

Vergara, B.S. 1979. A farmer's primer on growing rice. 
International Rice Research Institute, Los Banos, 
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Vergara, B.S., and R. M. Visperas. 1979. Bibliography 
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Rice Research Institute, Los Banos, Philippines. 
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Vergara, B. S., and A. M. Mazaredo. 1979. Effect of 
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tional deepwater rice workshop. Los Banos, Philip
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1979. International collaborative program on meth
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International Rice Research Institute. Proceedings 
of the 1978 international deepwater rice workshop. 
Los Banos, Philippines. 

Vegara, B.S., and A. M. Mazaredo. 1979. Usingthe new 
standard evaluation system to measure elongation 
ability. Pages 139-142 in International Rice Research 
Institute. Proceedings of the 1978 international deep
water rice workshop. Los Banos, Philippines.

Yoshida, S. 1979. A simple evapotranspiration model of 
a paddy field in tropical Asia. Soil Sci. Plant Nutr. 
25:81-91. 

Yoshida, S., and M. R.Chaudhry. 1979. Sulfur nutrition 
of rice. Soil Sci. Plant Nutr. 25:121-134. 

Soil Chemistry 
Castro, R. U., A. B. Capati, and F. N.Ponnamperuma.
 

1979. Rice straw as a natumal source of plant nut
rients. In Crop Science Society of the Philippines.
 
Annual scientific meeting, 10th, Los Banos, Laguna, 
Philippines, 1979. Pap. 7. 

Craswell, E.T., and P. L.G.Vlek. 1979. Fate of fertilizer
 
nitrogen applied to wetland rice. Pages 175-192 in
 
International Rice Research Institute. Nitrogen and
 
rice. Los Banos, Philippines.
 

Lantin, R. S., m. . C. Cayton, and F. N. Pornampe
ruma. 1979. A simple test for available zinc and 
copper in wetland rice soils. Pages 174-175 in Agron
omy Abstracts, 1979 ASA meetings, Fort Collins, 
Colorado, Aug. 5-10, 1979. 

Mahadevappa. M., H. Ikehashi, and F. N. Ponnampe
ruma. 1979. Contribution of varietal tolerance for
 
problem soils to yield stability in rice. IRRI Res. Pap.
 
Ser. 43. 15 p.
 

Ponnamperuma, F. N. 1979. IR42: A rice type forsmall 
farmers of South and Southeast Asia. IRRI Res. 
Pap. Ser. 44. 10 p.

Ponnamperuma, F. N. 1979. IR42: The answer to the 
small farmers' prayer. In Crop Science Society of the 
Philippines. Annual scientific meeting, IOth, Laguna,
1979. Pap. 18. Also in Greenfields 9(12):80-86. 

Ponnamperuma, F. N. 1979. IR42: a rice variety for 
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small farmers of South and Southeast Asia. Page 48 

in Agronomy Abstracts, 1979 ASA meetings, Fort 
Collins, Colorado, Aug. 5-10, 1979. 

Vlek, P. I,. G., and E. T. Craswell. 1979. Effect of 
nitrogen source and management on ammonia vola-
tilization losses from flooded rice-soil systems. Soil 
Sci. Soc. Am. J.43:352-35Y. 

Soil Microbiology 
Espinas, C. R., N. S.Berja, D. C. Del Rosario, and I. 

Watanabe. 1979. Environmental conditions affecting 

azolla growth. Greenfields 9(8):14-19. 
Siddaramappa, Ramappa, and I. Watanabe. 1979. Evi-

dence for vapor loss of '4C-carbofuran from rice 

plants. Bull. Environ. Contam. Toxicol. 23(45):544-
551. 

Sidddaramappa, Ramappa, A. Tirol, and I. Watanabe. 
1979. Persistence in soil and absorption and move-
ment of carbofuran in rice plants. J. Pesticide Sci. 
4(4):473479. 

Subudhi, B. P. R., and I. Watanabe. 1979. Minimum 
level of phosphate in water for growth of aiolla 
determined by continuous flow culture. Curr. Sci. 
48(24):1065-1066. 

Watanabe, 1.1978. Biological nitrogen fixation in rice 

soils. Pages 465477 in International Rice Research 
Institute. Soils and rice. Los Banos, Philippines. 

Watanabe, I.,and S.Mitsui. 1979. Denitrification loss of 
fertilizer-nitrogen inpaddy soils - its recognition and 
impact. IRRI Res. Pap. Ser. 37. 10 p. 

Watanabe, I., and W. Cholitkul. 1979. Field studies of 
N2-fixation in paddy soils. Pages 223-239 in Interna-
tional Rice Research Institute. Nitrogen and rice. los 

Banos, Philippines. 

Watanabe, L.and W. 1. Barraquio. 1979. Low levels of 
fixed nitrogen required for isolation of free-living 
N2-fixing organisms from rice roots. Nature 277:565
566. 

Watanabe, I., 0. Ito. and A. App. 1979. Nitrogen fixa
tion associated with Graminaceae-associative N) fix

ation by heterotrophic bacteria [in Japanese]. Kaga
,u To Seibutsu 17(4):221-223. 

Watanabe, 1., and D. A. Cabrera. 1979. Nitrogen fixa

tion associated with the rice plant grown in water 
culture. Appl. Environ. Microbiol. 37:373-378. 

Watanabe, i., and W. L. Barraquio. 1979. Nitrogen
fixing (acetylene reduction) activity and population 
of aerobic heterotrophic nitrogen-fixing bacteria 
associated with wetland rice. Appl. Environ. Micro
biol. 37(5):813-819. 

Watanabe, ., and A. App. 1979. Research needs for 

nitrogen fixation in flooded rice crop systems. Pages 
485-490 in International Rice Research Institute. 
Nitrogen and rice. Los Banos, Philippines. 

Statistics 
Gomez, K. A., R.W. Herdt, R. Barker, and S. K. De 

l)atta. 1979. A methodology for identifying con

straints to high rice yields on farmers' fields. Pages 
2747it International Rice Research Institute. Farm
level constraints to high rice yields in Asia: 1974-77. 
Los Banos, Philippines. 

Gome, K.A., 1L.Lopez, N1. . Novenario, R.W. Herdt, 
and V. P1.Marciano. 1979. Constraints to high rice 
yields, Laguna, Philippines. Pages 173-190 in Inter
national Rice Research Institute. Farm-level con
straints to high rice yields in Asia: 1974-77. Los 
Banos, Philippines. 
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SEMINARS 

The seminars held at IRR I during 1979 are grouped as Saturday seminars, general seminars, and special seminars. The
Saturday seminars report ongoing IRRI researches. Unless otherwise stated the speakers were staff members. 
Saturday Seminars 
Genetic interrlationships of improved rice varieties. Dr. T. R. Hargrove.
Approaches to control of sheath blight disease of rice. Mr. B. A. Estrada. 
Mechanism of sterility caused by cool temperature at the booting stage in rice plants. Dr. 1.Nishiyama, visiting

scientist, Plant Physiology Department.
Recent developments in chemical control of the brown planthopper Nilaparvata hgens. Mr. G. B. Aquino.
Ecological techniques for insect pest management. Mr. F. 0. Carino, Mr. P. E. Kenmore, and Dr. V. A. Dyck.
Root development and water uptake under field condition. Dr.S. Hasegawa.
Korea-IRR I collaborative experiments on rice cold toleraace. Dr. B. S. Vergara.
Zinc deficiency: a widespread nutritional disorder of rice in the Philippines. Ms. Myrna Orticio.
 
Studies of alkali tolerance of rice varieties. Dr. M.S. Bajwa.

Review of soil nitrogen research in the IRRI Soil Chemistry Department. Ms. Ruby U. Castro.
 
N2 fixation in wetland rice soils. Dr. 0. Ito.
 
New type of N-fixing bacteria and their distribution. Mr. W. Barraquio.

Chemical properties of lipids in developing and mature brown rice. Mr. Md. N. Choudhury.

An agriculturist looks at aid. Dr. David Hopper, vice 
 president, World Bank, Washington, D. C., USA.

Pitfalls in the application of statistical methods in agricultural research. Ms. Grace L. Reyes.

Computer-aided research in crop improvement. Mr. Roberto Cembrano.
 
The genetic resources program of IRRI. Dr. T.T. Chang and Mr. Duncan Vaughn.
Primary trisomics of rice and their use in genetics and breeding. Dr. R. J. Singh.

Induced-mutant genes inrice. Mr. David McKill and J. N. Rutger.

Environmental conditions affecting ,1-olla growth. Ms. 
 Corazon Espinas.
Increasing cropping intensity of rainfed rice lands by soil management and moisture conservation techniques. Mr. 

M. P. Singh and Dr.S. K. de Datta. 
The limits of the brown planthopper problem: implications for integrated pest management. Mr. Peter Kenmore.
New cropping patterns for Iloilo and Pangasinar farmers: a whole farm analysis. Dr. S. Jayasuria.
Evaluation of selected upland crop establishment techniques. Mr. .. Singh and Mr. J.A. McMennamy.
Contribution of varietal tolerance in stabilizing rice yields in problem soils. Drs. M. Mahadevappa, H. Ikehashi, 

and F. N. Ponnampert, ma. 
The effect of the new rice technology on famil' labor utilization in Laguna. Ms.Joyotee Smith.
Diy matter and grain production of rice with respect to drought screening using a line-source sprinkler to vary

water supply. Dr. D. W. Puckridge, visiting scientist. Agronomy Department.: Dr. .. C. O'Toole, and P. T. 
Vizmonte, .lr. 

Evaluating yield variability in Bulacan using crop cut and survey techniques. Mr. Policarpio Masicat. 
The water constraints loop survey. Mr. Policarpio Masic,, .
 
Changes in cropping systems: Cale. Tanauan. Batangas. Ms. Anita Frio. 
Environmental and management constraints to high rice yields in Nueva Ecija, Philippines. Mr. Abraham 

Mandac. 
Cross-site comparison of rainfed rice based on cropping systems. Ms. Thelma Paris.

The economic and institutional impact of adopting mechanical threshing methods in Iloilo and Laguna provinces


in the Philippines. Ms. Fleurdeliz Juarez. 
An overview of water pumping equipment available to small farmers. Mr. Godofredo Salazar and Mr. C. J.Moss. 
Modeling of potential evapotranspiration and solar radiation for different regions of the Philippines. Messrs. 

M. Tamisin, 1). T. Franco, E. B. Manalo, and Dr. H. G. Zandstra. 
Soil compaction in wetland tillage. Mr. F. Cabrales. 
Effect of tungro virus on the infectivity of Nephoiettix virescens. Mr. M. A. Hasanuddin. 
Integrated 	management and control of rice diseases. Dr. M. C. Rush, visiting scientist, Plant Pathology 

Department.
Herbicide antidotes and environmental factors that affect rice cultivar tolerance to herbicides. Dr. A. Ruscoe, M. 

T. Madrid, Jr., and Dr. K. Moody. 
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IPhysicochernicaI properties of rainfed rice soils as affected by cropping systems and crop residue management. Mr. 
Achmad Mud//akir Fagi and )r. S. K. de I)atta.

Ihe role of slide-tape presentations in the rice production training program. Dr. Robert Hurst, visiting scientist,
Office of Rice Production Training and Research. 

Quantitatie study on the transmission of rice ragged stunt disease by Nilaparvatahgens (Stal). Mr. Sunendar 
Ka rtaitmadia. 

Cytological studies of the blast fungus. Dr.K. V. S. R. Kameswar Row.
 
Rceponse of rice crop to soil moisture availability during drought stresses. Dr. V.S. Tomar.

Iowcr limit of available water and rice response to soil moisture during drought stress. 
Dr. V. S. Tomar and 

)r. .1.C. 0 Toole.
 
Rice cultivar tolerance to herbicides. Mr. Modesto T. Madrid, Jr., Dr. A. W. Ruscoe, and Dr. K. Moody.

Some elfects of tillage systems 
on a wetland rice soil. Messrs. F. Cabrales and D. 0. Kuether. 

General Seminars
 
[he brown planthopper: resistance of the rice plant and biotic variations of the insect. Dr. K. Sogawa.

Rice entomology in the People's Republic of China. Dr.E. A. Heinrichs.
 
A renc%%cd emphasis on dryland crops breeding at 
UPI.B.Dr.Ricardo M. Lantican, director, Institute of Plant 

Breeding. PI.B. College. Laguna.
Natural enemies of rice insect pests: their biology and value in pest control. Dr. V. A. Dyck.
Paddy culture of fishes and invertebrates. )ean Rafael 1). Guerrero, Ill, College of Inland Fisheries, Central 

I.uzon State I.nixersitv, Munoz, Nueva Ecija.
Fertility management of flooded rice soil: a proposal to minimize the biological production potential-performance 

gap of high yielding varicties. Dr. C. S. Park, visiting scientist, Agronomy Department.
Altitude limits and geoccological differentiation of rice cultivation in the Himalayas and Southeast AsianMountain Regions. l)r. Harold U1hlig, director. (icographisches Institut, Federal Republic of Germany.
Rice cropping systems of Burma and the impact of the high yielding rice program. U. Nyi Nyi, assistant deputy

general manager, Agricultural Corporation, Ministry of Agriculture, Burma.
Agrarian reform program oft liePhilippines. Mr. Jose Medina, assistant minister, Ministry of Agrarian Reform, 

Quezon Citx. 
Wheat breeding in the Philippines: problems and prospects. Dr.Thomas Masajo, assistant professor, Department

of Agronomy. UPI.I.College. laguna.
The Unixcrsitv's reseairch and decelopmcnt thrusts for the 1980s. Dr.Emil Q. Javier, Chancellor. UPIB, College, 

I aguna. 
A modern alchemist .+:o/Ia-.Ina ana symbiosis and its use in rice production. Dr. 1. Watanabe.
Research thrust incrops for the 1980s. l)r. F. B. Pantastico, director, Crops Research Division, Philippine Council 

for Agrictulture and Resources Research (PCAR R), Los Banos, ILa-ina. 
)ata analvsis and research methodology'. NIr. K. P. Ilaydock, visiting scientist, Statistics l)epartment, IRRI.

An evaluation of the Masagana 99 Program (Phases I-V Ill). I)r. Edgardo C. Quisumbing, deputy executive
director, National Food and Agriculture Council, Quczon City.

An environmental illpact studx of 1)1)1 on a tropical agroccosystem. Dr. .Iohn Perfect, visiting scientist,
Entomology l)epartment.

Farm trials in support of the Masagana 99 rice production program. Dr. Reeshon Feuer, crop production
specialist, Philippine Outreach Program.

The control mechanisms of grain-filling in wheat, rice, and millet a structural analysis. Dr.S. Y. Zee, visiting
scientist, Plant Physiology Department.

Philippine medicinal plants. Ms. Iudivina de Padua, assistant professor, Department of Botany, College of Arts 
and Sciences, 11P111., College. laguna.

Recent development in crop spraying technology. Dr..1.Spillman, reader in Aerodynamics, Cranfield College of 
Technology, United Kingdom.

Interaction between root growth and soil and plant water status. Dr. T. C. Hsiao, visiting scientist, Agronomy
Department. 

Sex life of the blast fungus. Dr. J. P. Crill. 
Soil testing as ibasis for fertilizer recommendations. Dr. J.T. Cope, Jr., visiting scientist, Agronomy Department. 
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Crop-pest systems models for optimizing integrated pest management. Dr. A. P. Gutierrez, professor ofEntomology, University of California, Berkeley, California, USA.
Rices in saline and alkaline areas -- observations and strategies for their improvement. Dr. H. Ikehashi.The Danish fertilization system transferred to paddy cultivation in Southeast Asia. Dr. Jens Moeller Nielsen,

profes:,or of Soil Science, Royal Veterinary and Agriculture College, Copenhagen, Denmark.Cotton growing in the Philippines. Dr. Rodolfo P.Cabangbang, assistant professor, Department of Agronomy,
UPLB, College, Laguna.

Vrtebrate pest control in the Philippines. )r. L.ynwood Fiedler, vertebrate biologist, National Crop Protection 
Center, UPI.1B, College, l.aguna.

Some aspects of water and nitrogen in rainfed agriculture of Southern Australia. Dr. Donald W. Puckridge,
visiting scientist, Agronomy Department, IRRI. 

Soil )roblems in the IRRI farm. Dr. F. N. Ponnamperuma.
Integrated disease management and control in rice. Dr. Milton C. Rush, visiting scientist, Plant Pathology

Department.
An evaluation of water use efficiency and energy requirements for wetland tillage. K. S. Lee. 

Special Seminars 
The spatial approach to rural development. Dr. R. 0. Whyte, research associate, Institute of Southeast Asian 

Studies, Republic of Singapore.

Some aspects of recycling of straw in rice cropping systems. Dr. S. C. Modgal.

China's farm mechanization. Mr. Xiang Nan, vice 
 minister, Ministry of Agricultural Machinery, People's

Republic of China. 
Degradation ofcarbaryl and carbofuran in paddy field ecosystem in West Malaysia. Dr. Sarjeet Singh Gill, School

of Biological Sciences, University Sains Malaysia, Penang, Malaysia.
AVRDC, the vegetable center perspective after halfa decade. Dr. James Riley, acing director, Asian Vegetable

Research and Development Center, Shanhua, Taiwan. 
Resistance and recognition in host-parasite interactions. I)r. J. A. Callow, Department of Plant Sciences,

University of Leeds, Leeds, United Kingdom.
Phosphorus nutrition of crop plants. Dr. I). G. Edwards, senior lecturer in plant nutrition, University of 

Queensland, Australia. 
Mutations in plant breeding. Professor lorst Gaul, plant breeder, International Atomic Energy Agency, Vienna.Tissue culture in rice improvement. Dr. liddia Kucherenko, head, Tissue Culture L.aboratory, All Union 

Institute of Rice Research, Krasnodar, USSR.
Simulating production of rainfed rice. i)r. .1.F. Angus, visiting agronomist, Multiple Cropping Department.Photosynthesis, water use, and crop modelling of wheat grown in a rainfed environment. Dr. l)onald W.

Puckridge, visiting scientist, Agronomy Department, IRRI.
Solar energy for food production in Vermont, USA. l)r. Robert 1. Huke. visiting scientist, Agricultural

Economics l)epartment.
The planning of sampling for population forecasting and control of insect pests. Dr. E. Kuno, associate professor,Entomological Laboratory, College of Agriculture, Kyoto University, Japan.
Entomopathogenic microorganisms as potentially useful pest management tools in rice. l)r. D. W. Roberts, insectpathologist, Boyce Thompson Institute for Plant Research, Cornell University. 
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Finances 
The Institute received cash grants amounting to 
$16,044,132 during 1979. The Ford Foundation 
gave $247,500: $100,000 was for core operations
and capital expenditure, and the remainder was in 
support of the rice research and development prog-
rams of India ($122,500) and the Philippines 
($25,000). 

The Rockefeller Foundation contributed 
$226,604 which included $200,000 for core opera-
tions and capital needs. The Foundation also gave
$17,604 toward the stipend and miscellaneous 
expenses of a postdoctoral appointee at the Insti-
tute, and $9,000 toward the costs of a visit of top
administrators and senior scientists from the Peo-
pie's Republic of China to IRRI and the University
of the Philippines at Los Bafios to acquaint them 
with rice research and production programs. 

The U.S. Agency for International Development 
(USAID) released a total of $5,235,954. The Insti-
tute received $3,600,000 for its core operations;
$84,679 for expanding, strengthening, and further 
institutionalizing the AppliedNational Research 
and Extension Program for Transplanted Rice; and 
$159,256 for industrial extension of small-scale 
agricultural equipment developed at IRRI. 

In 1979 USAID released $1,392,019 to the 
Institute for 6 continuing contracts: 

* 	 $839,949 for a five-year contract signed in 
May 1977, between IRRI and the Govern-
ment of Sri Lanka for assistance in imple-
mienting rice and cropping systems research 
projects with funds provided by a loan from 
the USAID with a dollar budget of 
$3,125,130 plus Rp 2,006,560 managed by
the USAID in Colombo. 

* 	 $335,140 for a contract, signed in October 
1977 between IRRI and USAID, supporting 
a 2 1/2-year project for accelerated develop-
ment and utilization of improved rice tech-
nology in Indonesia with a total budget of 
$860,000. 

* $86,442, for a contract, signed in February 
1977, for a 2-year project on collaborative 
rice research in Pakistan with a budget of 
$258,000 plus Rp 1,110,000 managed by
USAID in Pakistan. 
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e 	 $71,428 for a contract, signed in September 
1977, for a project on the consequences of 
mechanization on small rice farms. 

0 	 $49,605 for a contract, signed in March 
1978, for the services of an industrial exten
sion engineer for the small-scale agricultural 
equipment extension project of the Govern
ment of Indonesia. 

e $9,455 for a contract, signed September 
1977, between IRRI-FNRI and USAID for 
supporting a project entitled Protein quality 
qf milled rice in preschool children, with a 
budget of $17,705. 

The Japanese Government gave $2,600,000 in 
1979 for purchase of equipment for research and 
training, for partial support of cropping systems
research, for the direct and indirect expenses of the 
Institute's plant physiology and soil microbiology 
departments, and for partial support of genetic 
evaluation and utilization. 

The Ministry of Overseas Development, United 
Kingdom, released $1,134,450 towardi the sup
port of IRRI's core program. 

The Canadian International Development
Agency gave $1, 121,900 toward the Institute's core 
operations; $421,250 toward a cooperative program
for research and development between the Bang
ladesh Rice Research Institute and IRRI; and 
$125,775 toward cooperative research programs on 
rice, rice-based cropping systems, and develop
ment of machines for small-scale farming between 
the Government of Burma and IRRI. 

The International Development Research Centre 
(IDRC), Canada, granted IRRI $337,444. Of that 
$173,524 was part of a 2-year grant to the Institute 
for cropping systems research in the Philippines. 
The IDRC grant included $67,367 as part of a 
2-year support of Indonesian research in coopera
tion with the Central Research Institute for 
Agriculture, to develop cropping systems for 
rainfed and partially irrigated rice areas and to 
adapt them thro,!gh cooperative trials in farmers' 
fields; $22,235 as part of a 4-year grant to enable 
the University of the Philippines at Los Bafios to 
conduct, in support of IRRI's multiple cropping 
program, varietal screening for maize, sorghum, 



mungbean, eggplant, tomato, and 	 sweet potato;
$72,640 as part of a 4 -year grant to support a mul-
tiple cropping research project at the Bangladesh
Rice Research Institute; and $1.678 toward the
publication of the second volume of Changes in 
Rice Farmingin SelectedAreas of Asia. 

The European Econon)i . Community released 
$818,334 of the $1,f70,000 grant toward the
direct and indirect costs of water management,
scholarships for candidates from developing coun-
tries, and partial support of the Genetic Evaluation 
and Utilization program of the Institute. 


The Aistralian Government gave $786,833 
 in
1979. Of that, $596,313 was for core operations
including travel of Australian scientists; $157,220 
supported expansion of 	technical assistance and
collaborative relationships with the Bangladesh
Rice Research Institute; and $33,300 covered fel-
lowship grants. 

The West German Government gave $754,508
toward core operations and $62,729 for the work-
shop on program priorities for alleviating soil-
related restraints to food production. 

The International Development Association 
gave $595,000 toward core operations and capital

expenditures of the Institute. 


The United Nations Development Programme

released $260,598 
 as part of a 5-year contract for
the International Rice Testing Program; $291,407 
as part of a 5-year contract to investigate nitrogen
fixation in association with wetland rice; $77,052
toward the cost of a symposium on rice culture and
biological nitrogen fixation; and $15,459 toward 
the cost of a meeting of the Nitrogen Fixation 
Advisory Committee. 

The Netherlands Government gave $243,361 as 
part 	of a 5.5-year grant for a project for regional and 	 Southeast Asiarice research station development in Indonesia........................ 


The Government of Indonesia, using a World 
Bank loan, released $217,802 to IRRI as part of a
7-year contract for development of research 
facilities at the Sukamandi Branch of the Central. 
Research Institute for Agriculture and for scientific 
and technical assistance to 	 rice research at
Sukamandi. 

The Government of Denmark gave $141,254 to 
support the core program. 

The Government of Sweden gave $68,454
toward the core program. 

Since July 1976, a contract between IRRI and 
the International Centre of Insect Physiology and
Ecology has supported a joint program for ecologi
cal research on rice planthoppers using funds from 
the Australian Government. In 1979, $35,185 was 
released to the Institute. 

Since February 1978, a contract between IRRI 
and the International Fertilizer Development
Center supported a joint project entitled Fate and 
efficienc), of nitrogenfertilizers in lowland rice. In 
1979, $34,362 was released to the Institute. 

In 1976, IRRI entered into a cost-reimbursement 
contract with the U.S. National Institutes of Health 
to study ways of increasing protein and essential 
amino acids in the rice grain through plant breed
ing. In 1979, $8,167 was reimbursed.
 

The other donors, the 
areas they supported, and 
the amount they contributed are as follows: 

* Philippine Council for Agriculture and 
Resources Research: 
(a) 	 cooperative applied research project on 

rainfed rice .............. $36,555
(b) 	 cooperative project toward improved 

organization of small farmers for inten
sified rice production ....... 40,816


(c) 	 cooperative applied research trials for 
rainfed and irrigated wetland rice areas 
in Cagayan Province ........ 2,545

0 	 Swiss Development Corporation, cost of 
conference on communication responsibil
ities ........................ 30,000

0 National Food and Agriculture Council,
training government extension technicians 

.......... 
 ............ 
 29,796
* 	 International Board for Plant Genetic 

Resources, field collection of indigenous rice 
germplasm in South 

... 18,000
* 	 Potash Institute of North America and Inter

national Potash Institute, soil fertility 9,038
* Imperial Chemical Industries, research grant 

.............................
 5,000
0 UNESCO, partial support of participants in 

the International Network on 	 Soil Fertility
and Fertilizer Evaluation for Rice .. 	 4,000 

a 	 Stauffer Chemical Company, weed control 
............................ 
 3,000

0 Ciba Geigy, agrochemical research 2,000
0 	 Monsanto, herbicide research ..... 2,000 

FINANCES 521 



Staff changes 

January 
Dr. Dennis Greenland joined IRRI as deputy 

director general. 
Dr. Pierre A. Roger joined the Soil Microbiol-

ogy Department as visiting scientist. 

Februar' 
Mr. Ildefonso Guinoo, assistant to the director 

general, resigned. 
Dr. Hiroshi Ikehashi, plant breeder, Plant Breed-

ing Department, resigned. 

March 
Mr. Raymond C. Fischer joined IRRI as asso-

ciate agricultural engineer assigned to the colla-
borativc project in Thailand. 

Dr. Bruce Stone of La Trobe University corn-
pleted his sabbatical leave as visiting scientist, 
Chemistry Department. 

April 
Dr. Chon Suh Park joined the Agronomy 

Department as visiting scientist. 
Dr. John Wicks joined the Agricultural Engi-

neering Department as associate agricultural en-
gineer. 

May 
Mr. William H. Smith joined the Office of 

Information Services as editor. 
Mr.Robert L. Cowell joined the Office of 

Information Services as visiting associate editor. 
Dr. John Thomas Cope, Jr. of Auburn Univer-

sity completed his sabbatical leave as vislting 
scientist, Agronomy Department. 

Dr. John Angus of the Division of Land Use, 
CSIRO, completed his sabbatical leave as asso- 
ciate visiting scientist, Multiple Cropping Dep-
artment. 

June 
Dr. Walter Griffeth joined IRRI as crop pro-

duction specialist/team leader, Sri Lanka Colla-
borative Project. 
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July 
Mr. Alat. M. Fletcher of Cornell University 

completed his sabbatical leave as visiting editor, 
Office of Information Services. 

Dr. Milton C. Rush of Louisiana State Univer
sity joined the Plant Pathology Department as 
visiting plant pathologist. 

Dr. Leslie E. Small of Rutgers Uni ,ersityjoined 
the Agricultural Economics Department as visit
ing agricultural economist. 

Dr. John Leece of the University oi Newcastle 
completed his sabbatical leave as visiting associate 
statistician, Statistics Department. 

Dr. Robert N. Hurst of Purdue University com
pleted his sabbatical leave as visiting communica
tions scientist, Office of Information Services and 
Rice Production I aining and Research Depart
ment. 

Dr. Paidipelly S. Rao, associate plant patholo
gist assigned in Indonesia, resigned. 

Mr. James E. Wimberly completed his assign
ment as acting team leader of the IRRI-Sri Lanka 
Project. 

Dr. Theodore C. Hsiao of the University of 
California Davis completed his sabbatical leave as 
visiting scientist, Agronomy Department. 

A ugust 
Dr. Lyle Nelson of the Mississippi State Univer

sity completed his sabbatical leave as visiting 
scientist, Soil Chemistry Department. 

Dr. James S. Townsend of the University of 
Manitoba joined IRRI as agricultural engineer 
assigned in Burma. 

Dr. Satoshi Wakimoto of Kyushu University 
completed his sabbatical leave as visiting scientist, 
Plant Pathology Department. 

Dr. Gilbert Waldbauer of the University of Illi
nois completed his sabbatical leave as visiting 
scientist, Entomology Department. 

Dr. S.Y. Zee of Hongkong University com
pleted his sabbatical leave as visiting scientist, 
Plant Physiology Department. 

Dr. Donald W. Puckridge of the University of 



Adelaide completed his sabbatical leave as visiting 
scientist, Agronomy Department. 

Mr. Gemelo S. Alvezjoined IR RI as assistant to 
the director general. 

Dr. Louis T. Palmer, plant pathologist in 
IRRI's project in Indonesia, resigned. 

Mr. Kenneth Paul Haydock of the CSIRO 
completed his sabbatical leave as visiting statisti-
cian, Statistics Department. 

Dr. Ulysses S. Jones of Clemsci University 
joined the Agronomy Department as visiting 
agronomist. 

Dr. W. Harvey Reissig of the New York State 
Agricultural Experiment Station joined the Ento-
mology Department as visiting scientist. 

September 
Mr. Carlos Garces, IRRI farm development 

engineer assigned in Indonesia, resigned. 
Dr. Robert Brinkman of the Agricultural Uni-

versity, The Netherlands, joined the Soil Chem-
istry Department as visiting scientist. 

Dr. Robert E. Huke of Dartmouth College 
joined the Agricultural Economics Department as 
visiting economist. 

Dr. S. S. Virmani of the International Institute 
of Tropical Agriculture joined the Plant Breeding 
Department as plant breeder. 

October 
Dr. Hiroshi Sakai, agronomist of the IRRI proj

ect in Bangladesh, resigned. 

November 
Dr. Richard L. Tinsley, IRRI associate agron

omist in the Sri Lanka project, resigned. 
Dr. Sisira Jayasuriya joined the Agricultural 

Economics Department as associate agricultural 
economist. 

Decenber 
M,. Inocencio C. Bolo completed his assign

ment as consultant at IRRI's project in Pakistan. 
Dr. Kazushige Sogawa of the Tropical Agricul

ture Research Center of Japan completed his 2
year stay as visiting scientist, Entomology Depart
ment. 

Dr. Donald W. Barton of the New York Agri
cultural Experiment Station, Cornell University, 
joined IRRIas visitingdirectorforresearch manage
ment. 
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Crop weather 
'Ihe 1979 total rainfall at IRRI was 1,889 rm. It November influenced rain during those months. 
was 754 mm less than that for 1978. The evapora- Rainfall in October and November was below 
tion total was 1,605 mm for 1979 and 1,611 mm for normal but showed a positive water balance 
1978. bacause of lower evaporation (Fig. I). Because of 

Table I presents IRRI climaticdata for 1978-79. lower than average rainfall at IRRI, solar radia-
Rainfall for 1979 was far above the normal tion increased in July. In August and September 
amount for April, continued above normal for solar radiation was above average, but in the 
May and June, but was substantially below aver- remaining months of the year it approached nor
age in July. Tropical disturbances from August to mal values. 

Monthly water balance (mm) 

400 K 
3001 - Water surplus 

Water stress 
.... i : ....
... .


200 

100
0

-100 

-200 

I. \atcr halance atIRRI. 19N. 

Table1. The climatic environment at IRRI for 1978-79.
 
jan Fetb Mar Apr May 
 Jun Jul Aul Sup Oct Nov Dec 

Rainall(rjur,) 
1979 6.8 7.1 2.4 173.0 245 1 312,8 112.3 3287 371.4 126.8 151.8 50.7
1978 21.5 8.9 6.4 28.7 2108 767 239.6 5353 4950 714.6 220.9 84.2
Normal for 1966-75 49.9 140 330 27.6 135.7 229.3 279.5 249.0 208.3 24B.5 314.7 258.6 

Evapoxor,tor (,hin)
1979 1319 148.6 192.4 1713 1177 112,. 1308 125.5 123.4 111.5 102.6 106.3
1978 121.3 127.2 197.3 194.8 190 7 130 2 1333 78.3 99 5 116.5 109.7 111.8
Normal for1971-75 126.6 124.7 161.6 181.8 1755 1933 1364 129,0 111.9131.2 115.2 95.9 

2
 
Srrl,r ruha "r, t - 11979 12,937 13,896 17,467 16,435 ,'28 39118 1.1,901 13,91 13,937 12,252 11,395 11,984

1978 12,457 12,884 17,115 16.291 15.596 13.917 13.987 10.862 11,261 11,934 11.679 11,056
Normal for 1966-75 11,186 12,657 15,846 17.598 15 90 13,1;.15 12,406 11,566 11,/5j 11,460 10,256 9,138 

tBrl;hrtx,,,hr (hi,
 
1979 227.2 248.8 305.1 271 1 2171 116, 1790 169 2 157.6
179.6 159.0 185.6
1978 205.9 205.2 304.6 277 0 2.129 1664. 1823 913 129.1 139.9 182.4 143.3 

M- ,r,,,,,r, b-tnp'rdrrrtrr I Cl1979 28.7 30.3 31.1 32.4 320 31 8 31.4 31.0 31.6 30.0 29.9 28.3
1978 25.0 24.4 30.6 320 32.4 31 5 31.4 27.8 30.9 30.7 29.8 28.6
Normal for 1966-75 27.8 28.8 29.6 31 8 328 32 1 31.4 30.2 30.8 29.9 29.3 28.4 

Mlmrnum temper,twre I C)
1979 21.2 21.9 21.8 23.6 23.8 23.8 23.8 23.0 23.3 22.9 22.4 20.8
1978 18.2 17.3 2.4 23.6 24.7 24.4 23.6 23.2 23.4 23.0 22.7 22.8
Normal for 1966-75 22.3 22.4 23.0 2,1.5 25.1 24.8 25.0 24.4 24.7 2.1.324.4 23.9 

Relative humtrty (".)
1979 85 83 77 81 84 86 85 88 87 85 86 92
 
1978 79 76 75
79 74 
 80 85 91 93 94 93 92

Normal for 1966-75 81 80 76 77 79 78 79 82 82 82 81 81
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Index 
Acid sulfate soil, amelioration, 283 


field experiment, 283 

greenhouse experiment, 283 


Adverse soils tolerance, 115 

aerobic soils, 121 

alkalinitv, 117 

aluminum and manginese toxicities, 121 

boron toxicity, 119 

iron toxicity, 118 

mineral stress, 124 

multiple stresses, 122 

peat soils, 119 

phosphoru3 deficiency, 120 

salinity, 115 

zinc deficiency, 120 


Aerobic soils, growth limiting factors, 121 

screening, 121 

yield trial, 121 


Agricultural economics 

consequences of new technology, 367 


effect of new rice technology on family labor use 

in Laguna rice farms, 374 


new rice technology, harvesting systems, and 

income distribution in Java, 370 


rice harvesting and threshing systems and income 

ditribution in Luzon, 368 


constraints analysris, 345 

economic analysis of constraints experiments, 363 


environmental and management constraints, 342 

machinery development and testing, 475 


industrial extension, 482 

machinery design, 476 

machinery testing and use, 480 


Agricultural economics cropping systems component 

analysis of pattern teting, 406 


applied research and multilocation testing, 466 

evaluation of cropping pattern determinants, 380 


pattern testing, 410 


Agricultural engineering 
machinery development and testing, 475
cinesrildeeioen, 42 tAnther 


macdustry etesin, 42 


machinery testing and use, 480 


Agicultural engineering training course, 495
Agronomic character is tics, 17 

growth duration, 20 


screening breeding lines for ratoonability, 20 


sources of semidwarfism, 20 


yield performance and nitrogen response of rice 


varieties and selections, 18. See also 


Yield performance and nitrogen 

Agronomy responseAgronomytraining 

biological constraints [on rice yields], 350 


collaborative field screening for drought resistance 

at sedlig sage,136special 


at seedling stage, 136
 

determining potassium and ammonium dynamics in 
wetland rice soils by using the clectro
ultrafiltration technique, 314
 

drought resistance in rainfed wetland culture, 94
 

fertilizer trials, 134
 
increasing nitrogen fertilizer efficiency, 305
 
international collaboration [drought resistance], 96
 

long-term fertility experiments, 310
 
nitrogen fertilizer efficiency, 298
 

nitrogen fertility of soils, 303
 
phosphorus source trials in farmers' fields, 312
 
rates and time of applying phosphorus and potassium,
 

314
 
rice culture, 321
 
soil-plant-water relationships, 101
 
supplemental constraints experiments, 355
 
varietal screening [drought resistance), 86
 
weeds (control and management), 235
 

control of important weeds in dry-seeded rice, 246
 

effects of time of harrowing and weed control on
 
yields of irrigated rice, 252
 

factors affecting cultivar competitiveness against
 
weeds, 243
 

herbicide screening, 239
 
herbicide use, 247
 
management and control of Scirpus maritimus, 253
 
methods of land preparation for weed contrni in
 

dry-seeded rice, 244
 
weed control in rice fields, 236
 

yield performance and nitrogen response of rice varie

ties and selections, 18
 
zinc response of wetland rice in a calcareous soil, 319
 

Agronomy cropping systems component
 
weed science, 414
 

Alkalinity, 117
 
at IRRI, 283
 
screening for, 117
 
sceein for si17
 
Yield test in a farmer's field, 117
 

Aluminum toxicity, 98

and manganese toxicity, 121
 

Ammonia volatilization loss. p11,and tloodw.ter nitrogen
content and. 303
 

cnetad 0
 
Analytical service laboratory, 505
culture, innovative breeding techniques, 5
 
Applied research and multilocation research,'466. Sece also
 

Cropping systems preproduction evaluation
 

Asian Cropping Systems Network, 469
 
cropping systems working group, 474
 
testing of cropping patterns, 470
 

Bangladesh, 473
 
Indonesia, 473
 
Nepal, 470
 

Philippines, 470
 
Republic of Korea, 472
 
Sri Lanka, 472
 

Thailand, 473

and information sharing, 474
 

Associated formal training, 486
 

seci al training , 486
 
training courses, 486
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training program participants, 486 

genetic evaluation and utilization (GEU) training 


course, 493 

international network on soil fertility and fertilizer 


evaluation for rice (INSFFER), 490 

irrigation water management training, 491 

postdoctoral fellows, 489 

others, 489 

research fellows, 488 

research scholars, 488 

six-month cropping systems training program, 492 

six-month rice production training program, 490 

two-week agricultural engineering training course, 


495 

Azolla 


strains, response to phosphorus, 292 

symbiosis with anabaena, 291 


dual culture of rice and azolla with wide row 

spacing, 291 


growth performance of azolla strains in field, 

as affected by season and shading, 292 


temperature response of azolla strains, 292 


Bacterial blight resistance 

development of isogenic lines resistant to, 57 

differential for X. ory'zae pathotypes, 57 

inheritance of resistance to, 59 

international collaboration on bacterial blight, 57 

specific and differing resistance to X. oryzae, 55 

variability of X. oryzac, 57 


Bacterial foot rot, 179 

Bacterial rice diseases, 179 


bacterial blight, 179. See also Bacterial blight resistance 

foot rot, 179 

sheath blight, 181. See also Sheath blight 


Bakanae disease 

chemical control, 171 

infection and yield loss, 173 

screening for resistance to, 52 


Biochemical bases of resistance to brown planthopper, 

75. See also Brown planthopper 


Bioenergetic comparison of crop yields, 331 

agronomic yield and dry matter production, 332 

bioenergetics of crop yields, 332 

comparison of yields among different crops, 332 


Biological constraints on rice yields, 350 

Camarines Sur, 354 

Iloilo, 354 

Laguna, 353 

Nueva Ecija, 350 


Biological control of rice insect pests, 221 

food web of brown planthopper, 224 

insect diseases, 222 

insects parasitic on hoppers, 221 

predators, 213, 222, 224. See also Predators 


Biotypes, brown planthopper, relative susceptibility to 

insecticides, 201 


Blast 

and brown spot, effect of nutritional disorders on, 178 

chemical control, 169 
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horizontal resistance to, 46
 
apparent infection rate as a measure of, 46
 
Lomponents, 49
 
mechanisms, 49
 

screening for resistance to, 40
 
Japanese varieties with field resistance to, 40
 

Blue-green algae
 
effect of predation on, 291
 
epiphytic, on wetland rice, aquatic weeds, and deep

water rice, 290
 
Boron toxicity, 119
 

at IRRI, 283
 
yield trial, 119
 

Breeding
 
methods, integrated GEU program. 154. See also
 

Integrated GEU program
 
operations, 150
 

dryland rice, 154
 
irrigated rice, 150
 
rainfed wetland rice, 151
 

program for grain quality, 26
 
techniques, innovative, 5
 

anther culture, 6
 
hybrid rice, 6, 157
 
mutation breeding, 6, 156
 
rapid generation advance, 6. See also Rapid generation
 

advance
 
Brown planthopper (BPH)
 

biochemical bases of resistance to, 75
 
essential oils, 76
 
high molecular weight, 75
 
oxalic acid, 75
 

biotypes, relative susceptibility to insecticides, 201
 
food web, 224
 
honeydew as sugar source for adult leaf folder, 226
 
indigenous plant extracts for control of, 211
 
migration, collaborative studies, 227
 

dispersal and migration, 227
 
flight activity, 232
 
long-distance migration in the Philippines, 231
 
wing morphism, 229
 

outbreaks, 233
 
resistance studies, 70
 

biotype selection, 71
 
identification of moderately resistant varieties, 72
 
nature of resistance, 73
 
plant age and level of resistance, 70
 
short growth duration and, 220
 
varietal resistance to, and insecticide susceptibility, 214
 

resurgence effect of insecticides on, 202
 
BPII egg, nymphal, and adult stages, 205
 
effect of foliar sprays on BPH parasitization, 204
 
effect of number of insecticide sprays, 206
 
influence of exposure duration of 8JPH nymphs and
 

adults to insecticide-sprayed :ice plants on
 
reproductive rate, 206
 

insecticides used in a spray sequence, 206
 
insecticide toxicity for BPI] and Cvrtorhinuslividipen.
 

his, 202
 
interaction between rice varieties and insecticides, 205
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cropping systems component technology

soil and crop management, 440. See also Soil and 


crop management, cropping systems 

component technology 


varietal testing, 460. See also Varietal testing,

cropping systems component technology


weed science, 414. See also Weed science, cropping 

systems component technology


Cropping systems environmental description, 379

disease surveys in rice-based systems, 382 


dryland, 382 

wetland, 382 


evaluation of cropping pattern determinants, 380 

target-area delineation, 386 


irrigation systems, 392 

rainfall patterns, 386 

soils, 390 


Cropping systems network, Asian, 469. See also Asian 

Cropping Systems NetworkCropping systems preproduction evaluation, 465 


applied research and multilocation research, 466 

Cagayan, 467 

KABSAKA project evaluation, 466 

Kasa-tinlu, 467 

Luzon,467 

Pagadian (Zamboanga del Sur), Mindanao, 467 


Cropping systems program 

Asian Cropping Systems Network, 469 

component technology development and evaluation, 


413 

design of cropping patterns, 397 

environmental description, 379 

preproduction evaluation, 465 

testing of cropping patterns, 405 


Cropping systems training program, 6-month, 492 

Crop weather, 524 

Cultural control of rice insect pests, 219 


short growth duration and brown planthopper, 220 

whorl maggot, 219 


Clyperus rot undus control, 241

in dry-seeded rice, 246 


CYrtorhinus lividipennis, toxicity of insecticides for BPH 

and, 202 


Deepwater and flood tolerance, 127 

b :evding program for 


at IRRI, 128 

in Thailand, 128. See also Thailand breeding 


program for deepwater and flood tolerance 

complete submergence, morphological studies of 


varietal tolerance for, 130 

culm thickness, 130 

number of vascular bundles, 130
internode elongation and nodal rooting ability,


screening method, 130 

Deepwater rice 


epiphytic blue-green algae on wetland rice, aquatic weeds,

and, 290 


medium, response to nitrogen fertilizer, 135 


screening, for drought tolerance, 97 
Design of cropping patterns
 

a second rainfed wetlaid rice crop, 403
 
yield losses to insect pests, 400. See also Insect pests,


yield losses to
 
Direct-seeded irrigated rice, weed control in field, 236
 
Disease resistance, 39
 

Bakanae disease, 52
 
blast, screening for, 40
 

Japanese varieties with field resistance, 40
 
selected breeding lines and resistance donors, 40
 

horizontal resistance to blast, 46
 
leaf scald, 52. See also Leaf scald resistance
 
multiple, screening for, 40
 
pathogenic variation in P. oryzae, 51
 
sheath blight, sheath rot, and OLrcosporaoryzae, 53
 

ph:'yiologic race study of Orcosporaoryzae, 53
 
screening methods for sheath rot resistance, 53
 

Diseases
 
chemical control in cropping systems research trials,
 

436. See also Chemical control of diseases 
control and management, 167
 

bacterial, 179. See also Bacterial rice diseases
 
fungus, 168. See also Fungus rice diseases
 
virus, 183
 

cropping systems and, 437
 
pathological relationship between pathogens and
 

component dryland crops, 439
 
survey in rice-based systems, 382. See also Rice-based
 

cropping systems, disease surveys
 
Drought
 

line source sprinkler system as a screening method for, 108
 
lower limit of available water for rice during, 105
 
tolerance tinder limited rooting depth, 101
 

Drought resistance, 85
 
collaborative field screening for, at seedling stage, 136
 
evaluation of and breeding for, 96
 
field evaluation of dryland breeding lines, 92
 
hybridization and selection, 86
 
in rainfed wetland culture, 94
 
yield nursery for drought-prone areas, 95
 
yield of rices under 2 water regimes, 94
 

Dryland crops

continuous cropping of, and other crops, 458

effect of cropping patterns involving, on weed growth
 

and crop yield, 416
 
pathological relationship between rice disease pathogens
 

and component, 439
 
water use of, following rice, 440
 
weeding of, planted at end of rainy season, 427
 

Dryland rice 

breeding operations, 150
 
field evaluation of breeding lines, 92

herbicide screening, 240
 
microbiology affected by soil sickness, 294
 
weed control in fields, 236
 
yield tests, 90
 

Dryland rice-based cropping systems, plant protection, 434
 
Dry-seeded rice
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control of important weeds in, 246 

C rotundus, 246 

Dlinthe'a portulacastrurn,247 


land-preparation methods for weed control, 244 

land preparation during dry season, 245 

stale seedbed, 244 


rainfed, herbicide use in 

combinations for weed control, 248 

damage, 248 

rates, 247 


yield losses to insect pests, 400 


Electro-ultrafiltration technique, use in determining 

potassium and ammonium dynamics, 314
 

ammonium dynamics, 316 

potassium dynamics, 314 


Elongation ability 

plant height and maturation, 133 

screening for, 129 


method, 130, 131 

submergence tolerance and, 133 


Entomology 

biochemical bases of BPH resistance, 75 

brown planthopper resistance studies, 70 


change in virulence of a greenhouse whitebacked plant-

hopper colony feeding on resistant cultivars, 

68 


evaluation of breeding lines for stem borer resistance, 


64 

insects (control and management), 191 


biological control of insects, 221 

brown planthopper and whitebacked planthopper 


resurgence, 202 

collaborative studies on brown planthopper migra

tion, 227 

cultural control of rice insect pests, 219 

indigenous plant extracts for control of rice insects, 


211 

insecticide evaluation, 192 

light trap catches for timing of stem borer r atrol, 


208 

mass rearing of insects, 225 

neem seed oil for leaf folder control, 210 

outbreaks of planthoppers, 233 

sex pheromones, 220 

timing of insecticide application for BPH control, 


207 

level of resistance of rice varieties to the green leaf-


hopper, 64 

level of resistance to whitebacked planthopper of 


cultivars with resistance genes, 67 

screening for resistance sources, 64 


Entomology cropping systems component 

analysis of pattern testing, 406 

plant protection, 428 

yield losses to insect pests, 400 


Environmental and management constraints 
on rice yields.
See Constraints on rice yields 

Environmental description, cropping systems program, 

397. See also Cropping systems environmental
 
description
 

Environment and its influence, 329
 
climatic adaptability of indica-japonica rices, 330. See
 

also Climatic adaptability of indica-japonica
 
rices
 

chemical control of seedling emergence from flooded
 
soils, 338. See also Seedling emergence
 

from flooded soils, chemical control
 
crop yields
 

agronomic yield and dry matter production, 332
 
bioenergetics, 332
 
rooting in rice, 334. See also Rooting in rice
 

Family labor use on Laguna rice farms, effect of new rice
 
technology, 374
 

earnings among factors of production, 377
 
farm family income, 376
 
hired labor and family labor, 375
 
operator's labor, 376
 
total labor use, 374
 

Fertility experiments, long-term, 310. See also Long-term
 
fertility experiments
 

Fertilizer trials, 134. See also Nitrogen fertilizer
 

Finances, 520
 
Fungus rice diseases, 168
 

Bakanae disease infection and yield loss, 173
 
blast and brown spot, effect of nutritional disorders
 

on, 178
 
chemical control, 169. See also Chemical control
 
fungicide tests, 168
 
in seedlings, seedbed survey, 172
 
integrated control, 168
 

Genetic evaluation and utilization (GEU) program, 13
 
adverse soils tolerance, 115
 
agronomic characteristics, 17
 
computerized data management, 163
 
deepwater and flood tolerance, 127
 
disease resistance, 39
 
drought resistance, 85
 
germplasm collection and maintenance, 13
 
grain quality, 25
 
insect resistance, 63
 
integrated GEU program, 149
 
International Rice Testing Program, 145
 
protein content, 77
 
temperature tolerance, 138
 

Germplasm
 
bank, 164
 

and breeding lines, 88
 
computerized data management, 163
 

exchange, 150
 
Germplasm collection and maintenance, 13
 

field collection, 14
 
institutional exchanges, 14
 
international and interinstitutional collaboration, 16
 
inventory, characterization, and data processing, 15
 
seed increase, rejuvenation, and distribution, 15
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seed storage, 16 

training of genetic stock officers, 16 


GEU training, 493
 
Grain quality, 25 


breeding program, 26 

cooking and eating quality factors, 31 


aging and rice texture, 31 

instrument methods for cooked-r,'e texture, 32 

intermediate-amylose rices, 32 

raw and parboiled Sri Lankan rices, " 

varietal differences in splitting durinj, cooking, 31
waxy ricesn 
waxy rices,
33 


factors, 27 

correlation of properties of world rices, 27 

equilibrium water content of steeped grain, 28 

growth of red flour beetle on rice flours, 30 

rice/sorghum hybrids, 27
 
varietal resistance to storage deterioration, 28 


international cooperative tests on methods for cooked-

rice texture, 26 


minor constituents and, 36 

cell-wall polysaccharides, 36 


lipids, 37 

problem soils and mineral content, 38 


Green hairy caterpillar, indigenous plant extracts for 

control,of 

Green leafhopper 


control 

indigenous plant extracts for, 211 


insecticides for, 200. See also Insecticides 


paddy water broadcast of granular insecticides for, 


200 

level of resistance of rice varieties to, 64 


plant age and green leafhopper survival, 65 


population buildup, 66 


reaction of Philippine colonies to varieties with 


known resistance genes, 66 


Growth duration, 20 


Growth-limiting factors in aerobic soils, 121 


Herbicides 

control of Scirpus maritimus with variety, tillage, 


and, 255 

cultivar tolerance for, 249 

dry-seeded rainfed rice 


combinations, 248 

damage, 248 


rates, 247 

for use under no-till conditions, 424 

seedling mesocotyl length and resistance to, 250 


use of antidotes to overcome injury caused by, 251 


Herbicide screening, 239 

irrigated rice 


transplanted, 239 

wet-seeded, 240 


rainfed rice 

transplanted, 239 

wet-seeded, 240 
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Horizontal resistance to blast. See Blast
 

Hybrid rice, breeding methods, 6, 157
 

Income distribution 

new rice technology, harvesting systems, and, in Java, 

370
 
decline of harvesters' income, 374
 
modern varieties and adoption of the sickle, 372
 
reduction of harvesters' share, 373
 

reduction of labor employment, 373
 
sift from bawon to tebasan, 370
otbaan337
 
use of cash wages, 373
 

rice harvesting and threshing systems and, in Luzon,
 

368
 
from hunusan to gana, 370
 
from tilyadora to hunusan, 368
 

two harvesting and threshing systems, 368
 

Indigenous plant extracts for control of rice insect pests,
 
211. See also Rice insect pests, control and
 

management

Industrial extension, 482. See also Machinery
 

Information resources, 503
 

library and documentation center, 503. See also
 

Library and documentation center
 

office of information services, 503. See also Office
 
information services 

I nformation services
 

Information services 
161
international rice genetic survey, 

Insect control recommendations in cropping patterns 

testing, 407
 

Insect diseases, 222
 

Insecticide evaluation, 192
 

contact toxicity, 201
 
field, 196
 

application methods, 197
 

for plant protection, cropping systems component
 

technology, 428
 

granules
 
paddy water broadcast, for brown planthopper
 

and green leaflopper control, 200
 
root-zone application, 200
 
greenhouse foliar spray studies, 192
 
LD5o values of coded insecticides, 192
 

relative susceptibility of brown planthopper biotypes,
 
201
 

Insecticides. See also Insecticide evaluation
 
and planthopper resurgence, 202
 

brown plainthopper, 202. See also Brown plant

hopper
 
whitebacked planthopper, 207
 

timing of application for brown planthopper control, 207
 

toxicity
 
for brown planthopper and OYrtorhinus lividipennis,
 

202
 
selective, 214
 

Insect pests, yield losses to, 400
 
dry-seeded rice, 400
 
second-croo transplanted rice, 403
 



single transplanted rice, 400 

wet-seeded rice, 400 


Insect resistance, 63 

brown planthopper 


biochemical bases, 75. See also Brown planthopper 

studies, 70. See also Brown planthopper 


green leafhopper, level of resistance of rice varieties, 64

plant age and insect survival, 65 

population buildup, 66 

reaction of Philippine colonies to varieties with 


known genes for resistance, 66

screening for sources, 64 

stem borer, evaluation of breeding lines, 64 

whitebacked planthopper 


change in virulence of colony feeding on resistantcultivars, 68 

inheritance of resistance, 68 

level of resistance of cultivars with resistance genes, 


67. See also Whitebacked planthopperInsect resurgence. See Resurgence 
Insects. See Rice insect pests, control and management
Integrated GEU program, 149 


breeding methods, 154 

hybrid rice, 157 

mutation breeding, 156 

population breeding, 156 

rapid generation advance, 154 

tissue culture, 158 


breeding operations, 150. See also Breeding 

germplasm exchange, 150 

international rice genetic survey, 161 

IRRI lines named in national programs, 150 


Integrated insect pest management, 213. See also Rice 

insect pests, control and management

Intermediate-amylose rices, 32 

International activities, 497 


meetings, 502 

programs. See International programs 


International networks, 2 

International Cropping Systems Network (ICSN), 492 

International Network on Soil Fertility and Fertilizer 


Evaluation for Rice (INSFFER), 3, 490

International nurseries, International Rice Testing Program,


146 

International programs 


Africa, 497

Bangladesh, 497 

Burma, 498 

Indonesia, 498 

Latin America, 500 

Malaysia, 500 

Pakistan, 500 

Sri Lanka, 500 


InternationalThailand, 501bootxity28rice genetic survey, 161 

International rice gestig 


Inentoa ietestingbacterial blight resistance, 55 

International Rice Testing Program, 145


communication and data dissemination, 146 


international nurseries, 146
 
monitoring tours, 146
 
research leads, 147
 

Internode elongation, 131. See also Elongation ability 
and nodal rooting ability, 130
 

Iron toxicity, 118
 
screening, 118
 
yield trials, 118
 

Irrigated rice
 
breeding operations, 150
 
transplanted
 

effects of time of harrowing and weed control on
 
yields, 252
 

herbicide screening, 239
 
wet seeded
 

effects of time of harrowing and weed control on
 
yields, 253
 

herbicide screening, 240
 
Irrigation and water management, 257
irrigation system management improvement, 258. See 

also Irrigation systems 
resource use and performance of large irrigation systems

in northeastern Thailand, 272. See also 
Irrigation systems
 

water management training, 278, 491
 
water-use patterns in different scales of pump systems,
 

260
 
Irrigation systems
 

at a cropping patterns research site, 392
 
management improvement, 258
 

a new 
technique to obtain farmer cooperation, 260
 
tertiary-level water-distribution problems, 258
 

resource 
use and performance of large, in northeastern 
Thailand, 272
 

Lam Pao Irrigation Project, 2"13
 
Nam Phong-Nong Wai, 272
 
tank irrigation systems, 276
 

Irrigation water management 
constraints analysis, 345
 
drought resistance in rainfed wetland culture, 94
 
irrigation and water management, 257
 

irrigation system management improvement, 258
 
resource use and performance of large irrigation 

systems in northeastern Thailand, 272
 
water management training, 278
 
water-use patterns in differejit cales of pump

systems, 260
 
Irrigation water management, improved, 9

Irrigation water management training, 278, 491
 
IRRI soils
 

nitrogen-supplying power, 285
 
problems, 283
 

alkalinity, 283
 
boron toxicity, 283
 
excess potassium, 285
 
salinity, 283
zinc deficiency, 284
 

Korea-IRRI ,ollaborative project, 138
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cold water injury at the reproductive stage, 141 
effect of low water temperature at different growth 

stages, 141 

fertilizer level and low-temperature damage, 139 

nitrogen response at different water temperatures, 139 

rice cold tolerance screening nursery, 138 


Land preparation 

and weed growth, 414 

methods for weed control in dry-seeded rice, 244. 


See also Dry-seeded rice 

Leaf folder control 


brown planthopper honeydew as a sugar source for 

the adult leaf folder, 226 


indigenous plant extracts for, 212 


neem seed oil for, 210 

feeding, 210 

orientation, 210 

oviposition and hatching, 211 


Leaf scald resistance, 52 

production of the perfect stage of Rhynchosporium
 

oryzae, 52 

screening for resistance, 52 


Library and documentation center, 503 

bibliographies, 503 

library holdings, 503 

other library activities, 503 

reference and circulation, 503 


Light trap catches for timing .f stem borer .ontrol, 208 

Long-term fertility experiir .s, 310 


BPI [Bureau of Plant Industry] stations, 310 

farmers' field, 311 

heterotrophic nitrogen fixation in 


effect of nitrogen fertilizer, 288 

effect of rice plant on, 289 


IRRI, 310 


Machinery 
design, 476 


axial-flow thresher, 478 

inclined-plate planter, 478 

multicrop dryland seeder, 476 

rice hull furnace, 479 

rice transplanter, 476 

rotary tiller attachment for the 6- to 8-hp 


tiller, 476 

6- to 8-hp tiller with steering clutches, 476 

10-row liquid injector, 478 

wetland seeder, 477 


development and testing, 475 

industrial extension, 482 


Indonesia, 485 

Pakistan, 484 

Philippines, 485 

Thailand, 482 


testing and use, 480 

compacted soils studies, 480 

water-use efficiency and energy requirements for 


wetland tillage, 481 

Maize, varietal testing, 463 
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Mass rearing of rice insect pests, 225. See also Rice insect 
pests, control and management
 

Manganese toxicity, 121
 
Mineral stress tolerance, role in yield stabilization, 124
 
Monitoring tours, International Rice Testing Program, 146
 
Multiple cropping
 

a second rainfed wetland rice crop, 398
 
Asian Cropping Systems Network, 469
 

cropping systems working group, 474
 
testing of cropping patterns, 470
 
training and information sharing, 474
 

soil and crop management, 440
 
target-area delineation, 386
 
varietal testing, 460
 
weather pattern classification, 384
 

Multiple disease resistance, 40
 
Multiple soil stresses tolerance, 122
 
Mungbean, varietal testing, 461
 
Mutation breeding, innovative techniques, 6, 156
 

Natural plant products, 7
 
Neem seed oil for leaf folder control, 210. See also
 

Leaf folder control
 
New technology, consequences. See Consequences of new
 

technology
 
Nitrogen. See also Nitrogen fertilizer
 

availability, effect of soil condition during dry season,
 
293
 

balance in flooded soil
 
effect of rice plants on, 289
 
effect of straw on, 289
 

conservation through soil and crop management, 8
 
enrichment at flooded soil's surface, 290
 
fertility of soils, 303
 

and fertilizer management, 297. See also Soil 
fertility and fertilizer management
 

long-term experiments, 310
 
management: microbiological studies, 287. See also
 

Soil fertility management: microbio!ogical
 
studies
 

floodwater pH and nitrogen content and ammonia vola
tilzation loss, 303
 

increasing, in rice soils, 280
 
power of IRRI soils to supply, 285
 
response and yield performance of rice varieties and
 

selections, 18
 
uptake, effect of water stress on, and yield, 110
 

Nitrogen fertilizer
 
and spacing, effect on yield of RDI7, 134
 
placement
 

farmers' fields, 299
 
increasing, 305
 
IRRI, 298
 

response of medium deepwater rice, 135
 
slow-release nitrogen, 135
 

urea. See Nitrogen fertilizer efficiency
 
Nitrogen fertilizer efficiency, 298
 

increasing, 305
 
movement and distribution of deep-placed urea
 



in a wetland soil, 308 


placement of fertilizer nitrogen, 298, 299 

urea 


and modified urea materials, application methods, 


301 

forms and application methods in rice, 299, 300 


forms and seedling age in transplanted wetland 


rice, 302 

placement and spacing with a fertilizer applicator 


for wetland rice, 301 


Nitrogen fixation 

and use, 8 

autotrophic, 289 


deep placement of nitrogen-fertilizer and algal 


nitrogen fixation, 289 


effect of predation on blue-green algae, 291 


epiphytic blue-green algae on wetland rice, aquatic 


weeds, and deepwater rice, 290 


fate of biologically fixed nitrogen, 289 


nitrogen enrichment at the surface of flooded soil, 


290 

hieterotrophic, 288 


contribution of basal portion of shoot in nitrogen 


fixation associated with wetland rice, 288 


distr'bution of aerobic nitrogen-fixing bacteria, 288 


effect of nitrogen fertilizer on, in long-term fertility 


trials, 288 

effect of rice plant in long-term fertility trials, 289 


effect of straw on nitrogen balance in flooded soil, 289 


Nitrogen transformation, 293 

effect of soil condition on nitrogen availability during 


the dry season, 293 


nitrification in paddy fields, 293 


Nodal rooting ability, 132 

Nutritional disorders, effect on blast and brown spot 


diseases, 178 


Office of information services, 503 


communication conference, 505
505 

computerization of the IRRI mailing system, 504 

computeization ofethe, malow 

major publications, 503 

release of printing negatives, 504 

research and training support, 504 


series publications, 504 

training, 505 


Peanut, varietal testing, 463 

Peat soils, 119 

Personnel, vii 

Pesticide residue laboratory, 506 

Pest management. See Rice pests, control and 


management 

Phosphorus 


and potassium, rates and time of applying, 314 


clay composition and available, 281 


deficiency, 120 

screening, 120 

yield trials, 120 


response of azolla strains to, 292
 

source, trials on farmers' fields, 312
 
dry season, 313
 
wet season, 314
 

Plant breeding
 
bacterial blight resistance, 55
 
bioenergetic comparison of crop yields, 331
 

breeding operations, 150
 
breeding program [deepwater and flood tolerance]
 

at IRRI, 128
 

breeding program [grain quality 1,26
 

chemical control of seedling emergence from flooded
 

soils, 338
 

climatic adaptability of indica-japonica rices, 330
 

drought resistance in rainfed wetland culture, 94
 

effective rooting depth of rice crops, 334
 

evaluation of breeding lines for stem borer resistance,
 
64
 

evaluation trials [protein content], 78
 

exchange of germplasm, 150
 
genetic aspects [adverse soils tolerance], 123
 

germplasm collection and maintenance, 13
 

field collection, 14
 

institutional exchanges, 14
 

international and interinstitutional collaboration,
 
16
 

inventory, characterization, and data processing, 15
 

seed increase, rejuvenation, and distribution, 15
 

seed storage, 16
 
training of genetic stock officers, 16
 

growth duration, 20
 
high temperature, 142
 
horizontal resistance to blast, 46
 

hybridization and selection [drought resistance], 86
 

inheritance of whitebacked planthopper resistance, 68
 

international collaboration [drought resistanc-], 96
 

international rice genetic survey, 161
 

IRRI lines named in national programs, 150
 

Korea-IRRI collaborative project, 138
 
temperature, 138
 

rice virus diseases, 60
 
role of mineral stress tolerance in yield stabilization,
 

124
 
root growth in aweand field, 335
 

screening breeding lines for ratoonability, 20
 

sources of semidwarfism, 20
 
varietal screening Idrouht resistance], 86
 

Plant pathology
 
bacterial blight resistance, 55
 

diseases, 167
 
bacterial, 179
 
fungus, 168
 
virus, 183
 

horizontal resistance to blast, 46
 

leaf scald resistance, 52
 
pathogen variation in P. oryzae, 51
 

rice virus diseases, 60
 
screening for blast resistance, 40
 

screening for multiple disease resistance, 40
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screening for resistance to Bakanae disease, 52 

screening for resistance to sheath blight, sheath rot, 


and Cercospora leaf spot, 52 

Plant pathology cropping systems component
 

disease surveys, 382 

plant protection, 428 


Plant physiology 

bioenergetic comparison of crop yields, 331 

breeding methods, 154 

breeding program [deepwater and flood tolerance], 


at IRRI, 128 

chemical control of seedling emergence from flooded 


soils, 338 

climatic adaptability of indica-japonica rices, 330 

effective rooting depth of rice crops, 334 

efficiencies of nutrients fof crop yield, 333 

fertilizer trials, 134 

high temperature, 142 

Korea-IRRI collaborative project, 138 

low temperature, 138 

morphological studies ofvarietal tolerance for complete 


submergence, 130 

root growth in a wetland field, 335 

root studies, 97 

screening method for internode elongation and nodal 


rooting ability, 130 

Plant protection, cropping systems component technology, 


428 

chemical disease control, 436 

cropping systems and diseases, 437 

dryland rice-based cropping systems, 434 

insecticide evaluation, 428 

insect pests and the continuous-rice system, 429 

pathological relationship between rice disease pathogens 


and component dryland crops, 439 

plant protection in wetland rice-based cropping 


systems, 431 

Postdoctoral fellows, 489 

Potassium 


and ammonium dynamics in wetland rice soils using 

the electro-ultrafiltration technique, 314 


clay mineralogy and exchangeable, 280 

excess at IRRI, 284 

rates and time of applying phosphorus and, 314 


Predators, 213 

effect on blue-green algae, 291 

indigenous plant extracts for control of, 213 


Preproduction evaluation, 465. See also Cropping 

systems preproduction evaluation 


Problem soils and mineral content, 38 

Protein content, 77 


evaluation trials, 78 

parents with high, 78 

properties, 78 


albumins and globulins, 81 

growth of children on high-protein rice diets, 78 

nutritional evaluation laboratory, 84 

protein and silicon distribution, 78 

total and undigested protein of rice, 80 
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Publications, 507
 
It)'iculariaoryzae, pathogen variation in, 51. See also
 

Blast
 

Ragged stunt resistance, 62
 
Rainfall patterns in cropping systems research sites, 384
 

annual recurrences, 387
 
area similarities, 386
 

Rainfed rice soils, physical and chemical properties, as
 
affected by cropping systems and residue
 
management, 322
 

Rainfed transplanted rice, herbicide screening, 239
 
Rainfed wetland culture
 

drought resistance in, 94
 
screening fo;:, 89
 

yield performance in, 94
 
nursery for drought-prone areas, 95
 
24 rices under 2 water regimes, 94
 

Rainfed wetland rice
 
a second crop, 398
 
breeding operations, 151
 

Rainfed wet-seeded rice, herbicide screening, 240
 
Rapid generation advance, 6, 154
 

for cold-tolerant rices, 138
 
Ratoonability, screening breeding lines for, 20
 
Ratoon cropping of rice, 457
 
Red flour beetle, growth on rice flours, 30
 
Research fellows, 488
 
Research highlights, 1
 
Research scholars, 488
 
Resistance
 

to diseases. See also Disease resistance
 
to insects. See also Insect resistance
 

Resurgence
 
brown planthopper. See Brown planthopper
 
whitebacked planthopper, insecticide-induced, 207
 

Rh'nchoslyoritonoryzae. See Leaf scald resistance
 
Rice-based cropping systems, disease surveys, 382
 

dryland, 382
 
wetland, 382
 

Rice bug control, indigenous plant extracts for, 212
 
Rice caseworm
 

indigenous plant extracts for control, 213
 
ma ss rearing, 225
 

Rice culture, 321
 
physical and chemical properties of rainfed rice soils,
 

as affected by cropping systems and crop
 
residue management, 322
 

Rice insect pests, control and management, 189
 
biological control, 221. See also Biological control of
 

rice insect pests
 
cultural control, 219. See also Cultural control of
 

rice insect pests
 
indigenous plant extracts for control, 211
 

brown planthopper, whitebacked planthopper, and
 
green leafhopper, 211
 

green hairy caterpillar and caseworm, 213
 
leaf folder, 212
 
predators, 213
 



rice bug and whorl maggot, 213 

striped borer, 213 


integrated management, 213 

economics, 215 

plant injury, 213 

selected toxicity of insecticides, 214 

varietal resistance to brown planthopper and 


insecticide susceptibility, 214 

yield loss studies, 214 


mass rearing, 225 

brown planthopper honeydew as a sugar source for 


the adult leaf folder, 226 

rice ca eworm, 225 

yellow rice borer, 226 


sex pheromones, 220. See also Sex pheromones 


Rice pests, control and management, 191 

diseases, 167. See also Diseases 

insects, 191. See also Rice insect pests, control and 


management 

role of chemicals, 6 

weeds, 235. See also Weeds 


Rice production training and research 

bioenergetic comparison of crop yields, 331 

efficiencies of nutrients for crop yield, 333 


Rice production training and research cropping systems 

component 


applied research and multilocation testing, 466 


Rice production training program, 6-month, 490 

Rice protein. See Protein content 

Rice/sorghum hybrids, 27 

Rice stem borer control, light trap catches for timing, 208 


Rice, varietal testing, 460 

Rice yield constraints. See Constraints on rice yields 


Rooting in rice, 334 

depth 


effective, 334 

in farmers' fields, 335 


factors affecting, 334 

in a wetland field, 335 


lateral and vertical root distribution at heading, 337 


penetration resistance at different soil depths, 337 


vertical root distribution at different growth 


stages, 335 

Root studies, 97 


Salinity, 116 

at IRRI, 283 

screening, 116 

yield trials in farmers' fields, 117 


Saline soils, coastal, chemical characteristics, 282 

Scirpus maritimus, control, 241 


management and, 253 

with variety, tillage, and herbicide, 255 


Sclerotium seedling blight, chemical control, 172 


Seedling emergence f-m flooded soils, chemical control, 338 


calcium peroxide 

action, 338 

duration of storage of coated seeds, 339 


effect on rate and percentage of emergence, 338 


Semidwarfism, sources, 20
 
Seminars, 517
 

general, 518
 
Saturday, 517
 
special, 519
 

Sex pheromones, 220
 
mating disruption for pest control, 220
 

traps
 
development, 220
 
monitoring pest behavior with, 220
 

Sheath blight, 181
 
chemical control, 171
 
screening for resistance to, 52
 

Sheath rot, screening for resistance to, 52
 
methods, 53
 

Soil and crop management, 279
 
nitrogen conservation through, 8
 
rice culture, 321
 
soil characterization, 279. See also Soil characterization
 
soil fertility
 

and fertilizer management, 297
 
management: microbiological studies, 287
 

Soil and crop management, cropping systems component
 
technology, 440
 

continuous cropping of dryland rice and other crops,
 
458
 

determining fertilizer rates for rice, 447
 

ratoon cropping of rice, 457
 
soil water redistribution and drainage, 442
 
use of old seedlings to shorten field duration, 452
 
water use of dryland crops following rice, 440
 

Soil characterization, 279
 
acid sulfate soil, amelioration, 283
 

field, 283
 
greenhouse, 283
 

coastal saline soils, chemical characteristics, 282
 
increasing the nitrogen supply of rice soils, 280
 

straw management, 280
 
water management, 280
 

IRRI soils
 
nitrogen-supplying power, 285
 
problems, 238. See also IRRI soils
 

wetland rice soils, 280. See also Wetland rice soils
 

clay mineralogy and nutrient availability, 280
 
zinc availability, 281
 

Soil chemistry
 
alkalinity, 117
 
aluminum and manganese toxicities, 121
 

boron toxicity, 119
 
growth-limiting factors in aerobic soils, 121
 

increasing nitrogen fertilizer efficiency, 305
 
iron toxicity, 118
 
minor constituents and grain quality, 36
 
multiple stresses, 122
 
nitrogen efficiency, 122
 
nitrogen fertilizer efficiency, 298
 
peat soils, 119
 
phosphorus deficiency, 120
 
salinity, 116
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soil characterization, 279 

amelioration of an acid sulfate soil, 283 

chemical characteristics of coastal saline soils, 282 

clay mineralogy and nutrient availability in wet-


land rice soils, 280 

increasing the nitrogen supply of rice soils, 280 

nitrogen-supplying power of IRRI soils, 285 

soil problems at IRRI, 283 

zinc availability, 281 


zinc deficiency, 120 

Soil fertility and fertilizer management, 297 


determining potassium and ammonium dynamics in 

wetland rice soils by the electro-ultra-

filtration technique, 314 


long-term fertility experiments, 310. See also Long
term fertility experiments 


nitrogen fertility of soils, 303 

nitrogen fertilizer efficiency, 298. See also Nitrogen 


fertilizer efficiency 

increasing, 305 


Soil fertility management: microbiolot.ial studies, 287 

azolla-anabaena symbiosis, 291. See also Azoila 

microbiology of dryland rice affected by soil sickness 


294, 

nitrogen fixation, 288, 289. See also Nitrogen fixation 

nitrogen transformation, 293. See also Nitrogen trans-


formation 

Soil microbiology 


soil fertility management, microbiological studies, 287 

autotrophic nitrogen fixation, 289 

azolla-anabaena, symbiosis, 291 

heterotrophic nitrogen fixation, 288 

microbiology of dryland rice affected by soil 


sickness, 294 

nitrogen transformation, 293 


Soil microbiology cropping systems component 

'oil and crop management, 440 


Soil-plant-water relationships, 101 

drought tolerance under limited rooting depth, 101 

line source sprinkler system as a drought-screening 


method, 108 

lower limit of available water for rice during drought, 


105 

microclimatic modification and plant response in rice-


maize intercrop, 112 

osmotic adjustment in rice, 104 

reproductive-stage water stress, 101 

water stress and nitrogen uptake and yield, 110 


Soils, 389 

problems at IRRI. See IRRI soils 


Soil sickness, effect on dryland rice microbiology, 294 

Sorghum, varietal testing, 462 

Sorian system, 410 

Soybean, varietal testing, 462 

Splitting [grain] during cooking, varietal differences, 31 

Sri Lankan rices, raw and parboiled, 35 

Staff changes, 522 

Statistics 


computerized data management, 163 
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breeding and testing, 165
 
germplasm bank, 164
 

evaluation trials [protein content], 78
 
Stem borer
 

control, light trap catches for timirig, 208
 
resistance, evaluation of breeding lines for, 64
 

Storage deterioration, varietal resistance to, 28
 
Striped borer, indigenous plant extracts for control of, 213
 
Submergence tolerance, 128
 

and elongation ability, 133
 
characterization, of, 133
 
selection for, during rapid generation advance, 129
 
water level and, 133
 

Sweet potato, varietal testing, 463
 

Temperature tolerance, 137
 
high, 142
 

early-morning anthesis, 143
 
heat-tolerant, early maturing lines, 142
 
injury at panicle initiation, 142
 
temperature inside the flower, 143
 

low, 138. See also Cold tolerance
 
breeding, 138
 
genetic studies on cold tolerance at seedling stage,
 

138
 
Korea-IRRI collaborative project. See also Korea-


IRRI collaborative project
 
rapid generation advance for cold-tolerant rices, 138
 

Testing of cropping patterns, 405, 410
 
analysis, 406
 

insect control recommendations, 407
 
Asian Cropping Systems Network, 469. See also Asian
 

Cropping Systems Network
 
Thailand breeding program for deepwater and flood
 

tolerance, 128
 
hybridization, 129
 
observation nurseries, 129
 
rapid generation advance, 129
 

selection for submergence tolerance during, 129
 
release of RD17 and RDI9, 130
 
screening for elongation ability, 129
 
submergence tolerance, 128
 

Thailand-IRRI Cooperative Deepwater Project
 
breeding program in Thailand, 128
 
fertilizer trials, 134
 
submergence tolerance and elongation ability, 133
 

Training, associated formal, 486. See also Associated 
formal training 

Transplanted rice 
herbicide screening
 

irrigated, 239
 
rainfed, 239
 

weed control in field, 236
 
yield losses to insect pests
 

second crop, 403
 
single crop, 400
 

Th'anthenmaportulacastrum, 247
 
Trustees, vi
 
Tungro epidemiology, 183
 



Varietal testing, cropping systems component technology, 

460 


cowpea, 462 

maize, 463 

mungbean, 461 

peanut, 463 

rice, 461 

sorghum, 462 

soybean, 462 

sweet potato, 463 


Virus rice diseases, 183 

tungro epidemiology, 183 


Water management training, 278,491 
Water stress 


at reproductive stage, 101 

effect on nitrogen uptake and yield, 110 


Water-use patterns in different scales of pump systems, 

260 


Bangladesh, 269 

Philippines, 261 


Waxy rices, cooking and eating quality factors, 33 

Weather pattern classification in cropping systems 


research sites, 384 

rainfall patterns 


annual recurrences, 388 

area similarities, 386 


Weed control 
dry-seeded rice. See Dry-seeded rice 

harrowing and, effects on yields of irrigated rice, 
252 


transplanted rice, 252 

wet-seeded rice, 253 


herbicide screening, 239 

Cyperus rotundus, 241 

dryland rice, 240 

irrigated transplanted rice, 239 

irrigated wet-seeded rice, 240 

rainfed wet-seeded rice, 240 


herbicide use, 247. See also Herbicides 

in rice fields, 236 


direct-seeded irrigated rice, 236 

dryland rice, 236 

transplanted rice, 236 


profitability of maximum, 365 

Scirpus inaritimus, 253 


control with variety, tillage, and herbicide, 255
 
weeding of dryland crops planted at end of rainy 


season, 427
 
Weeds
 

communities growing in association with transplanted 

rice, 427 


Cyperus rotundus, 241, 246 

factors affecting cultivar competitiveness against, 243 


cultivar, 243 

cultivar and seeding rate, 243 

seeding rate and seeding method, 243 


growth. See Weed science cropping systems component 
technology 

importance, in dry-seeded rice, 246
 
C. rotundus. 246
 
Trianthiemaportulacastrum, 247
 

land preparation and growth, 414
 
Weed science, cropping systems component technology,
 

414
 
herbicides for use under no-till conditions, 424
 
weed growth
 

and crop yield, effect of cropping patterns involving
 
dryland crops, 416
 

effect of land preparation, 414
 
effect of puddling and irrigation, 415
 
weed communities in association with transplanted
 

rice, 427
 
weeding of dryland crops planled at end of rainy
 

season, 427
 
Wetland rice soils
 

clay mineralogy and nutrient availability, 280
 

clay composition, 280
 
clay composition and available phosphorus, 281
 
clay mineralogy and exchangeable potassium, 281
 

zinc availability, 281
 
deficiency and excess chromium, 281
 
distribution, 282
 
fractions and plant uptake, 282
 

Wet-seeded rice
 
herbicide screening
 

irrigated, 240
 
rainfed, 240
 

yield losses to insect pests, 400
 
Whitebacked planthopper
 

change in virulence of a greenhouse colony feeding
 
on resistant cultivars, 68
 

indigenous plant extracts for control of, 211
 
inheritance of resistance to, 68
 
level of resistance to whitebacked planthopper of cultivars
 

with resistance genes, 67
 
seedling bulk test, 67
 
survival test, 67
 

outbreaks, 234
 
resurgence, insecticide-induced, 207
 

Whorl maggot, control
 
cultural, 219
 
fertilizer management to minimize damage, 219
 
indigenous plant extracts for, 212
 
rice seedling age and, 219
 

Xanthomonas oryzae. See Bacterial blight 

Yield
 
agronomic, and dry matter production, 332
 
bioenergetics, 332
 
comparisons among different crops, 332
 
constraints, 341. See also Constraints on rice yields
 
differences
 

accounting for, 342
 
contributionsto, 343
 

effects of time of harrowing and weed control on
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yield of irrigated rice 

transplanted, 252 

wet-seeded, 252 


efficiencies of nutrients for crop. 333 

losses caused by weeds 


Camarines Sur, 358 

Nueva Ecija, 358 


response to major farm inputs, 355 

Camarines Sur sites, 357 

Iloilo, 358
 
Laguna, 357 

Nueva Icija, 355 


stabilization, role of mineral stress tolerance in, 124 


Yield losses 

studies, 214 

to Bakanae disease, 173 

to insect pests, 400. See also insect pests, yield losses 


to 

dry-seeded rice, 400 

second crop transplanted rice, 403
 
single transplanted rice, 400
 
wet-seeded rice, 400
 

to weeds, 358
 

Yield performance and nitrogen response, 18 
BPI [Bureau of Plant Industry]
 

Camarines Sur, 20
 
Iloilo, 20
 
Maligaya, 20
 

farmer field trials, 19
 
IRRI trials
 

irrigated, 18
 
rainfed, 18
 

Zinc 
availability in wetland rice soils, 281. See also 

Wetland rice soils 
deficiency at IRRI
 

screening, 120
 
yield trials, 120
 

response of wetland rice in a calcareous soil, 319
 

direct-seeded, 310
 
transplanted, 319
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