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Pierre A. Roger, 1) Pedologie, visiting scientist
Hajimu Kodama, 1 Agr, visiting scientist*
Michinori Nishio, Ph D, visiting scientist*
Wilbur 3. Ventura, MS, assistant scientist
Wilfredo C. Barraquio, MS, research assistant
Nilda S. Berja, BS, research assistant
Cresenciana D. Daez, BS, research assistant*
Corazon R. Espinas, BS, research assistant
Marcelino R. de Guzman, BS, research assistant
Benjamin C. Padre, Jr., research assistant
Teresita A. Santiago, BS, research assistant
Susan T. Santiago, BS. research assistant
Agnes A. Tirol, BS, research assistan®

Delfin A. Cubrera, BS, research aide*

STATISTICS

Kwanchai A. Gomez, Ph D, swtistician

Keneth P. Haydock, MS, visiting satistician*

John R. Leece, Ph D, visiting associate statistician*
Victoria G. Calasin, BS, research assistant

Roberto R. Cembrano, BS, research assista’®
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Ma. Angela Chan, 8S, reseurch 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*
lenda M. Orbase, 8BS, research assistant
Mina L. Soriano, BS, research assistant
Juanito N. Laqui, BS, reseurch assistant
Nora Epifania Nano, BS, research assistant

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

*Left during the year.
**Transferred during the year.
***On study leave.
1On project appointment.
t7On part-time basis.
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About this report

This I18th 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 s 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 (Agronomy).

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 ficlds that are bunded to
impound water, Irrigated culture means rice grown withirrigation in bunded fields.
The adjectives dryland (instead of upland) and werland (instead of lowland) des-
cribe rice and rice-growing soils.

Pedigrees are indicated by aslant bar () rather than by the multiplication sign (x).
For example, IR32 x R34 is written IR32 IR34. The sequence of crosses is
indicated by the rumber of slant bars. (IR32 x IR34) x TKM6 is written [R32;
IR34; / TKM6. The fourth and further crosses are designated 4 . 5 .andsoon.
Backerosses are indicated by a superscript numeral.

Scoring of morphological characters and of camage due to rice pests and
physio-chemical stresses is based on scales in Standard Evaluation System for Rice
(SES). 2d ed.. 1980. Copies are available from the International Rice Testing
Program, IRR1.

This report is on a metric basis. The International System of Units (SD) is not,
hov.2ver, completely adopted for abbreviations. All monetary units are as U. S.
dollars (3). Unless otherwise stated. control or check means an untreated control,
grain vield is calculated as rough rice at 14% moisture, and protein content is
calculated as a percentage of brown rice at 14¢; moisture.

A single asterisk (*) means different at the 5¢¢ level of significance, and a double
asterisk (**) means sienificantly different at the 167 level.

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

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

A thumb index on the back cover provides quick access to cach 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 Intemational 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 kp=w 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 temgerate 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 samnples 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 effort 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 /ndonesian 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 other 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.

RESEARCH HIGHLIGHTS 1
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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 successers at IRRI but to cooperators in national programs as *vell.

1979’s challenges

The challenges to rice researcters and farmers in 1979 have many elements in
common with those faced by scientis's and rice producers in 1960. Even though
worldwide production levels an: markedly higher than had been predicted by the
pessimists of the 1960s and early 1979s, 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 weild 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
coniinued success in rice research and production will be needed.

Major progressin 1279

The five primary activities that have characterized IRRI’s programs continued in
1979:

® 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  nenvorks  expedited cooperation among scientists and
educators concerned with rice and rice-based cropping systems.

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

® Communication of 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.

e International Rice Testing Program (IRTP)

e International Cropping Systems Network (ICSN)

o International Network on Soil Fertility and Fertilizer Evaluation for Rice
(INSFFER)

e International Rice Agroeconomic Network (IRAEN)

e 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 late-maturing counterparts (Fig. 1). 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 of the sites have
rainfed wetland conditions. In addition to these network sites, national researct.-
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 decpwater 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-
quartess.

Yield (t/na) Production ( kg /day}
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2. The number of visiting sen-
ior scientists including senior
research fellows bas increased
greatly in the past 3 ycars.
These visitors perform sophis-
ticated rescarch whileat IRR1,
tcach new methods to our
junior researchers, and con-
tinueto collaborate with IRR1
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 o Indonesia
® China o Philippines
e Cuba e Thailand

® France ® Vietnam

e 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.

o Centro Internacional de Agricultura Tropical (CIAT)

o International Centre for Insect Physiology and Ecology (ICIPE)

e International Fertilizer Development Center (IFDC)

o International Food Policy Research Institute (IFPRI)

o International Institute of Tropical Agriculture (IITA)

® West Africa Rice Development Association (WARDA)

e Boyce Thompson Institute in the United States

® Centre for Overseas Pest Research (COPR) in the United Kingdom

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

e Tropical Agriculture Research Center (TARC) in Japan

e 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 1979 (Fig. 2). These cooperators provided more than 20

Visiting senior scientist { person years )
25

977 1978 1979
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Number of panticipants in
ARI training programs ha¢
icreased sharply since 1972,

Porticiponts {no ) in IRRI training progroms
500

scientist-years of service at IRRI headquarters. Coming from 11 countries they
helped us develop new research methodologies and introduced our scientists to
other modern research techniques. They participated in our training programs
and implemented basic research 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 :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 und 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 modern
rices. They have taken advantage of the remarkable genetic variability in the
50,000 accessions found in IRR!’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

® rapid generation advance.

Hybrid rice. 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 in
the People’s Republic of China, where hybrids are being successfully produced
on about 5 million ha, we made appropriate crosses at IRRI. Fortunately, the
IRRI 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 Agricultural Sciences, we started plans for a
special 6-week trairing course for scientisis in other rice-growing countries of
Asia. About | month of that training will be in China.

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

Mutation breeding. We also initiated research on mutation breeding, with the
objective of modifying the characteristics, such as height and growth duration, of
otherwise 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 1o do so. But the rapid
emergence of new races of disease organisms and biotypes of insect pests high-
lights 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 good
control of leaf blast for as long as 6 weeks (Fig. 4). The seed treatments were
easy and economical. Likewise, we were able to obtain effective control of
sheath blighy “vith several chemicals.

Weevaluated insecticides in the greenhouse and in the field for con‘rol of the
brown planthopper and found some to be highly effective. At the sanie time, we
confirmed 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 predators by the
chemicals (Fig. 5), but for other chemicals the reasons for the resurgence
remained obscure. Pesticide use must be a component of integraied pest man-
agement, which includes biological control methods as well.
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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.

S. Treating a susceptible var-
jety 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 inse~ts 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 ( na/hill ) Ripple bugs (no/hill)

50 50

40 t— a0 |—

30 — 30 +—

20 — 20 (—
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0 N
Insecticide No insecticide Insecticide No insecticide
treatment treatment
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6. The figure shows the N:-
fixing activity of the stems
relative to that of intact plants
with roots, at various stages

of growth in IR26 and Lati- 100

sl As the plant grew, the
relative rate of N» fixation
of stems decreased. Latisail
showed a higher relative rate
of N: fixation of the stems.
T'he vertical bars indicate the
standard deviation.
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7. Incorporating straw res-
idues in a rice soil for 6
years gave a dramatic in-
crease in the nitrogen con-
tent of the soil — an in-
crease even greater than the
nitrogen added in the straw.
Other studies suggest that
straw may stimulate nitro-
gen fixation,

Nitrogen-fiung activity ( %)

,— IR26
— Latisail
80 |—
60 —
40 |—
20—
o ;
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Week

cals that had adverse ¢ffects 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 fixation 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). With
some varieties, fixation in the basal shoot zone at the carly seedling stage
exceeded that in the root zone. This may partly account for unexplained nitrogen
fixation in wetland soils.

By measuring heterotrophic nitrogen fixation in long-term fertility plots, we
learned that past applications of nitrogen, phosphorus, and potassium did not
depress nitrogen fixation in the soil but rather accelerated it. In contrast, how-
ever, autotrophic fixation of nitrogen by algae was drastically reduced when urea
fertilizer was applied to the paddy surface.

Root zone placement of supergranules of urea gave remarkably high apparent
recovery of the applied nitrogen. Recovery was lowest from topdressed treat-
ments that farmers commonly applied. Practical means for placing the urea in the
root zone are being sought.

Nitrogen conservation through soil and crop management
In 1979 we gained further cvidence that proper management can conserve nit-
rogen and make it available for further use by the rice crop. By incorporating rice
straw in a field soil, we not only conserved the nitrogen in the straw but obtained
an additional increase in soil nitrogen (Fig. 7). Over a 6-year period we incorpo-
rated about 360 kg N/ha into the soil as straw. But at the end of the 6 years, the
soil nitrogen content had increased to 456 kg/ha,

In a supplemental greenhouse test, scientists from Boyce Thompson Institute
and IRRI found similar results. The increase in soil nitrogen resulting from straw
incorporation ranged from 2.2 to 4.0 ng N/g straw added. Extrapolated on a
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8. Refative 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 pructical 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 rthe tropics. Water use efficiencies
were as low as 25-30% in areas where unimproved water distributicn 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 modern rices and
their associated technology. In 1979 we studied data on the lahor requirements in
a poriion of Laguna province, Philippines, that had been similarly surveyed in
1975. The total labor requirement per hectare had not changed appreciablv, 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 wii.. .
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 eamings 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 curment inputs
and the operational residual earnings.

Family

Hired labor (08)

(23) B Hired Iubcr
R ( 33)

Landlord Operator's
residual

(28)

Landlord
(42)

Fomily
(.19)

Operator's residual
(08}

1966 1978

Current inputs
(.08)
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9. A simplified diagram of
the on-farm research meth-
odology developed and used
by 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, About
40% of these sites in 1979
were in the IRRI-established
cropping systems network.

10

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 for
improved 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 rescarch 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 research programs they sponsor.

The on-farm research pioneercd 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
lloilo province, which we surveyed in 1979 — § years after the first IRRI
cropping systems results were obtained. The farmers had not only adopted

Sites (no)
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48— Totol cropping systemns
- research sites

36 [—

29 (—
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reseorch
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1974 75 76 77 78 79
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11. Under guidance of the t/ha § /ha per yr $/ha per yr

KABSAKA program, farmers l 600 1000
switched from transplanting
a traditional rice varicty first
crop to dry seeding of the 450 - N 750 -
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ber of rice crops grown each N0t § 500
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improved cropping patterns and increased their cropping intensities but also
benefited financially from the adoption (Fig. 11 and 12). They were financially
better off. They had paid debts. initiated home repairs, and purchased both
household and ficld equipment. The farmers had responded quickly to the
extension-type program not only because it was well presented but because it o
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 1 to 365 ha. Yields were generally as good as or better
than those produced at IRRI headquarters One farmer in Batangas province
produced 33 t/ha using this system in 1979,

RESEARCH HIGHLIGHTS 11



13. We tested the sorjan )3
tem used 11 Indonesia, which
permits the production of 2
upland crops on raised, well-
drained beds and 2 rice crops
in depressions during the rainy
season and an upland crop in
the depressions during the dry
season,

Monsoon period Dry season

s

Traditional
system

3135 fl;}- ) . !
Soil alternately Soil dry
wet and dry (Weeds and fallow)
(Rice and risky upland crop)

Sorjan
system ; e
Raised beds : Dry Moist
well-drained  standing water fallow upland
suitable for  suitable for crop
upland crop rice
(2 crops) (2 crops) J

We experimented with the sorjan system of raised beds and depressions used
in parts of Indonesia (Fig. 13). Yields of 2 upland crops on the raised beds during
the wet season were surprisingly high: 5.7 ¢ soybean/ha, 2.9 ¢ mung bean/ha, 9.0
t sorghum/ha, and 100,000 marketable ears of maize per hectare. Net returns per
hectare for the upland crops during the monsoon period varied from
US$3,100/ha for soybean to US$70/ha for sorghum. Rice yields in the depres-
sions were low (3.8 t/ha) because the Crop was grown on exposed subsoil. The
preliminary results look very promising as a means of providing upland crops
during the monsoon season.

making pesticide usage on this crop most profitable; and
® Insect populations in continuous rice culture with no chemical protection
were actually less than those in comparable fields.

12 IRRIANNUAL REPORT FOR 1979
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FIELD COLLECTION

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

An Ii ™1 staff member joined field collectors in
Sri Lank- during the main rice cropping season and
the canvassing of all maior 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 northesstern dis-
trict of the country. In those canvasses, 187 deep-
water cultivars and 20 wild rices of diverse compo-
sition were obtained. An additional 212 samples
were collected by local extension workers. Col-
laborative efforts resulted in the collection of about
4,500 cultivars and 44 wild rices from various parts
of Bangladesh.

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

® the training of local extension and 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 of a picture
of the varietal diversity.

Local workers extensive collection efforts 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.

14 IRRI ANNUAL REPORT FOR (979

Workers in the Philippine Bureau of Agricultural
Extension and the Bureau of Plant Industry col-
lected 422 samples in Aklan province and the Ilocos
region.

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

INSTITUTIONAL EXCHANGES

Institutions in India continued to deposit a duplicate
set of their collections at 1RRI. During 1979, IRRI
received atotal of 1,545 samples. The major donors
were the N. Dev University of Agriculture and
Technology at Faizabad, Udaipur 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 earljer in
the international nurseries were received from the
International Rice Testing Program (IRTP) atIRRI.

Table 1. Indigenous rice varieties collacted with IRR{'s direct
or indirect participation in 14 collaborating Asian countries,
1971--79,

Indigenous varisties collected

with IRRI’s
Country Years
Direct Indirect
participavion  participation
Bangladesh  1973-79 2,317 2,659
Bhutan 1975-76 - 121
Burma 1973--74, 1976 225 406
neia 1978-79 - 3,940
In¢ onesia 1972-76, 1978— 4,799 4,633
79
Kampuchea 1973 280 -
Laos 1972-73 - 898
Malaysia 1973-79 - 972
Nepal 1971-72, 1979 - 968
Pakistan 1672-73, 1976, - 772
1979
Philippines  1973-76, 1977— 510 1,922
79
Sri Lanka 1972, 1975-786, 1,675 405
1978-79
Thailand 1973, 1975-76, - 2,420
1978-79
Vietnam 1972-75 108 650
Total 9,914 20,768




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
cywsterile stocks, and 17 wild taxa.

Samples sent by field collectors in Colombia,
Malaysia, Mexico, Mepal, and Brazil totaled 467.
The International Institute of Tropical Agriculture
(IITA) in Nigeria sent IRRI 382 samples of 0.
glaberrima and the Institut de Recherches
Agronomiques Tropicales et des Cultures Vivrires
(IRAT) supplied 290 samples of 2. ,utiva and §
samples of O. glaberrima collected from West
Africa,

In 1979 IRR! 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
compuler-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.

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

Seed distribution continued to be a principal ser-
vice of the germplasm bank: 3,260 Asian rice sam-
ples 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
characteristics 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 O sativa, 2,278
accessions of O. glaberrima, 961 populations of
wild species or taxa, and 772 genetic testers and
mutants (Table 2). Of the O. sativa accessions,
40,768 have been characterized for all morphoag-
ronomic characters; another 4,400 accessions have
been completely characterized in the field, but
laboratory measurements on § remaining items
have not been recorded. Among the O. glaberrima
populations, 785 have been completely charac-
terized.

Table 2. Progress of the IRR! Genetic Resources Program in
field collection, preservation, and distribution of seed of Oryza
sativa cultivars, 1973-79,

Samples Disth:\ct
collected 2CCESSIONS  Samples distributed (no.)
Year in Asia in germ- I —
(no.) p'“::‘og"’“" Inslde IRRI grgg:';r’::
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
1977 696 36,956 49,778 4,089
1978 1,134 40,768 31,941 7,318
1979 762 47,743 26,694 3,260

SAbout 9,483 recently received seed samples are yet to be registered;
5,362 duplicate accessions and 3,644 nonvisble seed samples were re-
movad from the registry during 197379,
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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 striking differences in
longevity. The least durable vi:i.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 Banos, and the Philippine Council for
Agriculture and Resources Research held at Los
Banos. 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 Soutl. 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.
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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 IRRI, 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 1ITA, and IRAT continued
for the O. sativa and O. 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
RESPONSE OF RICE VARIETIES AND SELEC-
TIONS

Agronomy Departmen

Promising breeding lines and varieties were
evaluated at IRRI, at the Philippine Bureau of
Plant Industry (BPI) stations, and on farms.

IRRI irrigated trials. Twelve IR varieties and
21 new IR lines were evaluated in irrigated plots at
IRRI (Tuble 1).

In the dry season, IR48 yielded highest, 7.0
tha, at 90 kg N/ha and almost 7.0 t/ha at 120 kg
N/ha. Yields of most of the new early-maturing

lines were much better at 60 kg N/ha and 90 kg
N/ha than at 120 kg N/ha. In plots with no nitrogen
added, IR4568-86-1-3-2 had the highest yield.

During the wet season, IR9860-26-2-2-2 . which
yielded 3.2 tha with no nitrogen added, had a
marked yield response to {ncreased nitrogen. IR42
and IR26 hzad ile highest yield at 60 kg N/ha. In
most vari:ties, responses to nitrogen rates higher
than 60 kg N/ha were minimal because of lodging.

The generally low yield of most varieties and
lines in both seasons was due to lodging caused by
strong winds,

IRRI rainfed trials. In rainfed trials, IR48 had
the highest yield at 30 kg N/ha and IR92]7-58-2-2

Table 1. Yields of rice varieties and promising lines at 5 nitrogen levels® in irrigated plots, IRR1, 1979 dry and wet seasons.

Dry season yieldb {t/ha)

Wet season yield” (t/ha)

. . Maturity Maturity
Variety or line (days) Okg  60kg O0kg 120kg 150kg (days) Okg 30kg 60ky 90kg 120 kg
N/ha  N/ha  N/ha  N/ha  Niha N/ha  N/ha  N/ha  N/ha  N/ha
IR8 126 38 43 47 43 40 130 22 33 4. 42 a4
IR20 119 23 43 40 37  aa 120 23 32 36 33 37
IR26 123 37 50 48 55 49 138 22 40 49 48 48
IR32 138 17 38 46 29 26 - - - - - -
IR36 108 28 4.2 53 60 57 103 20 30 33 13 27
IR38 1232 30 50 49 44 46 - - - - - -
IR40 133 26 41 37 36 34 - - - - - -
1R42 139 29 44 46 650 39 138 22 44 49 48 50
iR44 (IR2863-38-1) 126 26 34 35 37 38 130 23 32 36 37 41
IR46 (1R2058-78-1-3-2) 124 an 4.7 43 48 48 130 23 33 39 40 35
IR48 (1R4570-83-3-3-2) 139 35 48 72 69 47 138 22 35 35 44 44
IR50 (1R9224-117-2.3) 102 22 36 52 40 36 103 15 26 3.1 32 27
IR4432.52.6-4 126 29 46 45 28 37 - - - - - -
IR4568-86-1-3-2 126 46 52 58 52 47 119 21 35 40 34 40
IR5853-118-5 116 32 40 47 44 48 112 29 27 33 36 36
IR5853-162-1-2-3 118 25 36 49 43 45 116 23 30 33 34 37
IR8192-31-2.1-2 - - - - - - 124 23 37 38 33 39
IRB608-167-1-2 - - - ~ - - 97 14 21 26 26 23
IRE608-189.2-2-1.3 136 27 37 4.1 39 as 99 18 19 21 26 26
IRB608-208-3-1-1-2 105 34 a8 58 54 33 102 17 28 22 28 24
I1R9129-209.2-2.2.2 102 35 54 58 41 32 105 1.7 29 32 32 30
IR9129-457-2-2-1-2 102 30 38 40 50 34 102 16 27 28 28 28
IR9224-140-3-2-2-3 - - - - - -~ 100 19 28 31 33 a1
IR9224-162-3-1-3-2 - - - - - - 05 19 30 32 32 31
I1R9761-19-1 106 34 51 44 40 40 105 20 27 31 32 28
IR9761-75.3 106 28 39 43 o 39 124 27 30 35 3.1 34
IR9802-10-3 126 36 4. 50 45 34 - - - - - -
IR9846-215-3 124 37 44 50 5.1 44 - - - - - -
IR9860-26-2-2-2 - - - - - - 102 32 40 4a 46 48
IR11297-158-3 105 30 47 59 52 36 - - - - - -
IR13168-143-1 103 24 36 40 4a 38 100 22 27 30 28 2§
IR13240-101 03 33 42 55 45 38 - - - - - -
IR13429-196-1 - - - - - - 107 23 31 32 26 26
Peta 2 23 33 43 39 30 138 20 22 29 26 27

Includes 30 kg N/ha topdressed at panicle initiation in the dry season and 10 kg N/ha topdressed at panicle initiation in the wet season, £ Av, 3 replics-
tions. 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 levels? in rainfed wetland plots, IRRI, 1979 wet season,

R . Maturity Yield? (t/ha)
Variety or line
{days) 0 kg N/ha 30 kg N/ha 60 kg N/ha 90 kg N/ha 120 kg N/ha
IR8 129 2.3 3.6 40 4.0 4.2
IR36 108 1.6 24 25 23 28
IR42 135 22 4.0 44 44 4.3
IR48 135 2.2 45 4.3 38 4.6
IR6853-118-6 12 2.0 34 29 3.2 3.6
IR8073-65-6-1 121 2.2 39 33 3.6 35
IR9217-58-2-2 129 3.2 ' 4.0 44 4.5 4.8
IR9852-22-3 121 21 3.4 4.0 29 38
I1R13146-41-3 130 24 37 35 3.6 47
IR13149-19-1 119 2.3 36 3.7 3.6 39
1R13419-113-1 129 2.2 3.5 3.0 33 3.9
1R13426-19-2 119 2.1 2.8 3.0 33 3.0

#gach treatment, except 0 kg N/ha, included 20 kg N/ha topdressed at panicle ini!iation.bAv, 3 replications. To compare means within the same row or
column, LSD (5%) = 0.98 t/ha.

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

. y . b
Variety orline Maturity Dry season yneld" (t/ha) Maturity i Wet season yield” (t/ha)

{days) 0 kg 50kg 100kg 150 kg (days) Okg 40kg B80kg 120 kg

N/ha N/ha N/ha  N/ha N/ha N/ha N/ha  N/ha

IR8 124 2.3 34 4.0 5.3 124 4.0 4.6 5.3 4.6

IR32 135 2.4 2.5 3.1 3.9 - - - - -
IR36 105 24 40 4.9 5.0 105 1.5 2.3 2.8 24
IR42 139 26 3.4 38 4.3 132 4.1 5.6 5.8 5.8
1R44 122 23 3.6 4.8 4.7 123 3.8 5.0 4.6 4.6
IR46 122 3.5 5.2 6.2 5.2 123 4.2 4.7 4.8 4.8
1R48 140 3.0 43 4.1 45 132 4.4 5.3 5.4 5.4

|R4432-52-6-4 125 27 28 35 49 - — - - -
|IR6853-118-5 - - - - - m 1.8 1.9 3.7 3.6
IR5853-162-1-2-3 - - - - - 123 3.0 49 5.2 4.6

AEach treatment, except O kg N/ha, included 20 kg N/ha topdressed at panicle initiation for both seasons. bAv, 3 replications. To compare means within
the same row or column, LSD (5%) = 0.64 t/ha for dry season, 0.81 t/ha for wet season,

had the highest yield in plots without added ni- Table 4. Yield of rice varieties and promising lines at 4 nitro-
t Table 2 gen levels? in rainfed wetland, farmer field, Laguna province,
rogen (Table ). . L. Philippines, 1979 wet season.
Farmer field trials. Seven IR varieties and : Vil (gha)
. f e . H L, 8 . . Maturity
three new IR selections were tested in farmers Variety ortine "'’ kg 40kg B0kg 120kg
fields (Table 3). N/ha N/ha  N/ha  N/ha
‘ In the dry season, IR46 ylelded.thc !nghest at all |RS 17 20 24 25 30

nitrogen levels but it lodged and its yield dropped IR36 102 15 21 21 24

at 150 kg N/ha. In the wet season, nitrogen rates IR42 128 23 30 39 48

higher than 40 kg N/ha did not increase grain :22353”85 1(2)3 g? gg g-g g;

yield. High wet season yields of IR8, IR42, IR44, |RO852-22-3 106 21 28 31 27

and IR48, with no nitrogen added, were due to high 1R13419-1131 117 24 39 36 32

IR13426-19-2 17 2.1 38 46 40

natural fertility in farmers’ fields.
In rainfed wetland farmers' fields (Table 4), @Each treatment, except O kg N/ha, included 20 kg N/ha topdressed at
. .. . panicle initiation, PAv, 3 replications. To compare means whhin the
early-maturing varieties and lines (IR36, IR5853- same row or column, LSD (5%) = 0.53 t/ha.
118-5, and I1R9852-22-3) suffered from limited
rainfall from flowering to maturity. At 80 kg N/ha

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 19



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, [R4568-86-1-3-2, 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 yiclded 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 season, IR4568-86-1-3-2
showed a good response to 30 kg N/ha but not to
higher levels. IR5853-118-5, IR5853-162-1-2-3,
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 IR8, IR42, IR44, and IR48 responded to
90 kg N/ha with nearly similar yields of more than
6.0 tha (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, lloilo. Because of dry season irrigation
problems only wet season data are presented.
IR36, IR50, IR13168-143-1, IR9224-140-3-2-2-3,
IR9129-209-2-2-2-1, IR4568-86-1-3-2, IR5853-
118-5, and IR9224-162-3-1-3-2 had yields higher
than 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 LINES FOR 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 stuntec 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, IR9852-19-2,
IR13413-54-2, IR13423-71-2, and IR13429-305-3
and the varieties Gulfrose, Milbuea, Mingolo, and
Intan were outstanding.

SOURCES OF SEMIDWARFISM
Plant Breeding Department

A search for new dwarfs and semidwarfs among
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
gehe 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-
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Table 5. Yields of rice varieties and promising lines at 6 nitrogen levels? in irrigated plots, Maligya Rice Research and Training Center, Nueva Ecija, Philippines, 1979,
Dry season yieldb {t/ha} Wet season yieldb {t/ha)

Variety or line Maturity Maturity
{days) Okg ©&0kg 90kg 120kg 150kg 180 kg (days) Okg 30kg 60kg. 90kg 120kg 150kg
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 132 4.5 6.8 7.5 5.4 6.3 49 128 3.2 49 5.3 6.0 5.4 5.8
iR20 121 4.2 5.8 7.0 5.7 5.3 5.4 127 34 4.6 4.8 5.2 48 42
IR32 139 4.1 5.2 58 58 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 58 6.1 5.2
IR38 126 4.2 5.7 6.4 6.6 5.9 5.7 - - - - - - -

1R42 139 4.0 6.1 7.0 6.6 7.8 6.7 129 4.0 49 56 5.3 5.7 5.3
IR44 (1R2863-38-1) 135 3.4 5.5 5.7 5.1 5.3 6.0 121 25 4.7 56 54 5.5 5.0
IR46 (1R2058-78-1-3-2) 121 4.8 5.6 71 6.4 5.6 6.1 120 3.7 4.7 6.2 5.2 54 4.6
1R48 (IR4570-83-3-3-2) 133 4.4 6.6 7.0 6.9 6.0 741 133 41 50 5.0 6.1 5.9 53
IR50 {IR9224-117-2-3-3-2) 105 4.3 6.3 6.7 71 7.3 6.7 107 3.5 4.3 45 4.7 45 4.2
1R4432-52-6-4 126 3.9 6.6 5.6 5.7 53 4.2 - - - - - - -

IR4568-86-1-3-2 121 48 6.7 70 7.7 7.5 7.5 119 41 5.5 54 55 5.0 50
IR5853-118-5 113 45 6.4 6.9 7.5 6.3 6.5 116 3.7 4.6 49 5.5 5.3 49
IR5853-162-1-2-3 117 42 6.8 6.0 6.5 6.5 48 120 4.0 47 47 5.5 5.3 44
IR8608-167-1-2 - - - - - - - 105 28 3.4 3.6 4.0 39 4.1
IRB608-189-2-2-1-3 103 3.9 53 6.6 78 75 6.7 - - - - - - -

1R9129-209-2-2-2-1 105 3.6 5.4 6.4 6.6 6.6 6.5 107 3.3 3.7 4.6 4.2 39 42
1R9224-140-3-2-2-3 - - - - - - - 107 3.6 4.6 5.6 5.2 52 5.1
IR9224-162-3-1-3-2 - - - - - - - 107 39 5.2 5.3 54 53 5.1
IR13168-143-1 - - - - - - - 105 3.8 43 45 42 48 3.8
IR13240-10-1 103 4.0 5.7 6.6 6.8 7.3 75 - - - - - - -

IR13429-196-1 - - - - - - - 105 42 52 5.0 5.3 5.2 44
Peta 142 23 44 3.9 2.9 2.7 23 133 25 30 23 28 3.5 24

2Each 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. bAv, 3 replications. To compare means within the same row or column,
LSD (5%) = 1.06 t/ha for dry season, 0.87 t/ha for wet season.
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Table 6. Yields of rice varieties and promising lines at 6 nitrogen levels® in irrigated plots, Bicol Rice and Corn Experiment Station, Camarines Sur, Bicol Region, Philippines, 1979,

Maturi Dry season yield” (t/ha) Maturity Wet season yield? (t/ha}
Variety o line (Z:;;)w Okg 60kyg 90Dkg 120kg 150kg 180 kg {days) Okg 30kg 60ka 90ka 120 kg 150 kg
N/ha N/ha  N/ha  N/ha  N/ha  N/ha N/ha  N/ha Nmha N/ha  N/ha N/ha
IR8 134 4.1 5.8 6.4 6.3 5.6 4.8 118 24 26 2.8 3.0 25 2.1
IR20 118 3.0 5.0 5.7 53 5.3 4.9 116 3.0 4.2 3.8 38 3.7 2.7
IR32 140 34 44 42 4.1 44 29 - - - - - - -
IR36 108 3.6 4.7 5.7 5.4 5.6 53 105 3.2 3.6 39 3.7 4.0 28
IR38 126 4.7 5.8 6.1 5.3 5.9 5.3 - - - - - - -
1R42 135 38 5.4 6.4 6.4 59 6.6 131 34 4.1 43 38 3.7 4.0
1R44 (IR2863-38-1) 131 3.8 6.6 6.5 5.5 5.6 5.4 116 4.1 38 3.5 3.7 39 3.3
1R46 (1IR2058-78-1-3-2) 125 3.8 5.6 6.2 54 5.6 5.8 116 3.1 3.2 34 3.5 35 38
IR48 (IR4570-83-3-3-2) 137 3.6 6.5 6.3 5.7 5.2 5.7 132 3.9 4.1 38 3.7 4.1 3.6
IR50 (IR9224-117-2-3-3-2) 110 3.8 5.3 6.8 5.9 6.1 5.2 98 26 39 3.7 3.8 38 3.0
IR4432-52-6-4 132 3.7 54 6.4 54 5.8 4,5 - - — - - - -
1R4568-86-1-3-2 122 3.8 5.3 6.1 5.6 6.1 49 116 38 44 43 44 44 40
IR5853-118-5 115 3.4 5.1 6.2 5.2 6.0 4.3 109 3.5 4.1 39 44 38 3.2
IR5853-162-1-2-3 119 3.2 5.1 5.6 6.5 5.6 4.6 116 3.8 45 4.3 4.6 42 40
IR8608-167-1-2 - - - - - - — 97 28 29 29 3.2 2.7 3.1
IR8608-189-2-2-1-3 108 35 5.0 6.2 6.7 5.8 5.5 - - - - - - -
1R9129-209-2-2-2-1 110 3.7 5.3 6.1 6.3 5.5 <8 102 28 3.8 40 3.6 3.2 27
IR9224-140-3-2-2-3 - - - - - - - 98 3.2 3.6 39 3.8 34 3.2
IR9224-162-3-1-3-2 - - - - - - - 98 3.0 3.6 39 35 34 28
IR13168-143-1 - - - - - - - 98 3.2 39 34 32 3.1 34
1R13240-10-1 103 38 49 54 59 6.1 5.5 - - — - - - -
IR13429-196-1 - - - - - - - 102 3.1 34 40 40 3.5 3.2
Peta 141 3.8 4.4 28 1.8 1.7 1.8 137 28 29 26 25 26 1.6

2Each treatment, except O kg N/ha, included 30 kg N/ha topdressed at panicle initiation in dry season and 20 kg N/ha in wet season. bAv, 3 replications. To compare means within the same row or column,
LSD (6%) = 1.01 t/ha for dry ssason, 0.81 t/ha for wet season.



Tabie 7. Yiekds of rice varisties and promising lines at 6 nitrogen
provincs, Philippines, 1879 wet ssason,

in irrigated plots, Visayas Rice Experiment Station, lloilo

Variety or line Maturity Yield” {tha)
{days) OkgN/ha  30kgN/ha 60kgN/ha  90kgN/ha 120kgN/ha 150kgN/ha
IR8 122 25 38 5.0 5.0 39 3.9
i1R20 117 35 3.7 41 4.1 4.0 39
IR36 109 34 4.6 5.0 5.4 48 4.3
IR42 129 3.3 3.8 4.5 4.9 4.8 4.8
IR44 (IR2863-38-1) 115 27 3.2 3.9 40 39 3.1
IR46 (IR2058-78-1-3-2) 122 4.0 4.2 49 4.7 4.5 3.6
IR48 (IR4570-83-3-3-2) 129 3.1 3.5 44 4.6 3.8 43
IR60 (I1R9224-117-2-3) 109 42 5.7 5.8 5.8 5.3 5.4
IR4568-86-1-3-2 119 3.7 44 4.8 5.1 4.9 4.8
IR5853-118-5 109 35 3.9 4.5 5.0 5.0 4.4
IR5853-162-1-2-3 121 3.7 4.3 4.2 4,2 4,0 3.8
iR8608-167-1-2 101 3.8 4.4 4.8 4.5 4.2 4.1
1R9129-2(:9-2-2-2-1 109 4.0 4.1 4.8 5.4 49 4.9
IR9224-140-3-2-2-3 109 3.7 45 5.2 5.3 5.1 6.0
IR9224-162-3-1-3-2 105 4.6 4.7 5.2 5.5 4.7 4.6
1R13168-143-1 105 4.2 4.4 4.6 5.2 5.4 4.8
IR13429-196-1 107 4.3 4.6 4.6 4.8 4.7 4.1
Peta 130 29 4.0 3.5 33 1.6 1.9

9Each treatment, except 0 kg N/ha, included 20 kg N/ha topdressed ac panicle initiation.

column, LSD (5%) = 0,90 t/ha.

bAv, 3 replications. To compare means within the same row or

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

Growth Yield Yield®
Selection Cross duration e {ka/
{days) (t/ha) field day)
IR9752-71-3-2 IR28/Kwang-chang-ai//IR36 99 5.08 66.8
IR9729-67-3 BG 34/IR28//IR36 99 4,57 60.1
IR19728-9-3-2 IRB8608-298-3/IR10179-23 98 3.99 63.2
IR19743-25-2-2 IR9129-192-2/IR10176-79 98 4,12 54.0
IR19743-46-2-3 " 98 3.99 53.2
1R19746-28-2-2 1R9129-192-2/I1R10183-7 28 4.02 56.0
IR13204.3-3-3 IR28/CO 39//IR36 98 4.52 60.2
1R19795-17-3-2 1R9703-41-3/IR10185-68 98 4.34 58.0
IR19819-31-2-3 1R9715-4-2/IR10176-79 o8 4,30 57.2
IR9708-51-1-2 ADT 26/IR1561-228-3//IR28 98 3.55 53.2
IR10179-2-3-1 1R74782-6-3-2/Ai-nan-tsao 1 93 3.66 52.3
IR36 IR1561-228-1//IR24*/0. nivars///CR94-13 109 3.80 44.3

9Excludes 23 days In the seedbed.

lai varieties of Taiwan. Mutant Tainan 5-73-111
appeared agronomically more desirable than the
other nine dwarfs.

Among the progeny of 26 semidwarf/semidwarf
crosses, 5 dwarfing sources distinct from Dec-geo-
woo-gen sources were obtained. Those were Mu-
tant 65 (spontaneous mutation of Honya 349 from
Pakistan), G.S. 1649A (a selection obtained in
Thailand from a Chinese variety Sze-mu), Nadula
Dwarf (spontaneous mutation of Nadula from Fiji),

2243-85F (an accession from Ivory Coast), and
Short Straw Starbonnet (a US selection from
CP231/Bluebonnet). The allelic relationship among
the above five sources will be studied.

Seven semidwarf/semidwarf crosses produced a
high proportion of semidwarf F, plants and a few
intermediate-to-tall plants. The sources probably
share a compound locus with the Dee-geo-woo-
gen gene, or the two loci are closely linked.
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-
kakwZensho 26 from Japan).
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Fourteen other semidwarf/semidwarf crosses
produced F, 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 Chemistry Departments

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

The Philippine Sced Board named IR4570-83-
3-3-2 as 1R48, the first intermediate-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 cor-umer panel test in
Batangas Province, Philippines, by the Institute of
Human Ecology, University of the Philippines at
Los Banos (UPLB) with C4-63G and BPI-12]-
407 as check varieties. C4-63G is Peta/BPI-76 and
both BP1-76 and BPI-121-407 were derived from
Fortuna/Seraup Besar 15. Both Fortuna and
Seraup Besar 15 are intermediate-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 below
40 were not rated well (Table ). 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 the 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. C4-63G, 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 censistently
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 Department

As a followup of the 1978 workshop on chemical

Table 1. Prefsrence scores for raw and cooked rice {in decreasing order for cooked rice) by a consumer panel, and properties of 8 total
milled rices, Institute of Human Ecolc &y, University of the Philippines at Los Baiios, and IRRI, 1979,

Mean preference score? Alkali Amylose Kett Coﬁ_‘k‘:ﬂ;:ce
Variety or line name spreading coiitent whiteness harsdness
Raw Cooked value {%) reading tkg)
Set 1
1R4570-74-2 0.022 ab 0.247 a 7.0 24.7 40.8 6.4
C4-63G {check) 0.178a 0.094 ab 3.8 23.7 43.1 48
IR9129-209-2 -0.264 b 0.089 ab 4.7 21.6 374 5.6
C4-63G 0.081 ab -0.136 be 4.0 246 40.8 57
BFI-121-407 ~0.017 ab -0:294 ¢ 7.0 23.9 38.0 6.6
Set 2
IR4570-83-3 (IR48) 0.204 5 0.306 a 7.0 238 4.7 59
IR4215-27-3 0.404 a 027G a 3.5 23.5 418 4.7
C4-63G (check) 0217 a 02134 3.8 23.7 43.1 4.8
IR8192-155-2 -0.459 b -0,122 b 7.0 26.0 41.0 5.9
IRO129-457-2 ~0.366 b -0672 ¢ 4.8 23.2 368.6 5.4

2gy average of 39 panelists who rated each of the 5 samples in 2 sets, with a common C4-83G check sample, at Bukal, Lemery, Batangas. 1st= 1.16;
2nd = 0.50; 3rd = 0; 4th = -0,60; and 6th = -1.16. In a column, under each sot, means followed by a common letter are not significantly different at 5%

level. All samples were considersd vcceptable; raw B5—100%: and cooked 77
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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
neated baths were used in the different
laboratories. Because the flours were prepared at
IRRI, the major sourze 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 using 1.1, 1.4, and 1.7%
KOH. Alkali solution was increased to have an
area of at least 5 cm®/grain and a minimum depth
of 4.5 mm. Results from 10 participants showed
better correspondence of scores with the method of
Litle. 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 mitled rices by 10 analysts froin 8 countries. IRR!, 1979,

Mean gel consistency (mm)

Sample
Range Overall mean

IR5 91-100 soft 97.7 soft
IR8 26— 35 hard 31.0 hard
IR20 29— 53 hard/medium 39.2 hard
IR26 35~ 79 hard/medium/soft 53.1 medium
IR32 70-104 soft 97.3 soft
1R42 27— 32 hard 29.7 hard

amylose alone for the standard curve. More stable
color was still aitainable 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 siarch 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
1,075 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%* p = 746).

Amylograph peak viscosity was significantly
correicted  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 properties. Amylose
content ranged from 14.9 to 23.9% dry basis; gel
consistency, 84-100 mm; alkali value, 3.9-7.0;
and pretein 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. IRRJ, 1963-79.

Amylograph viscosity {B.U.)

Cooked-rice Instron

Property Peak Setback Consistency Ha(r:gr;ess St(;ck:::;s
Observations (no.} 542 541 542 254 256
Range 200--4290 -405-1175 25-1090 3.0-10.1 31-895
Mean 767 73 31 6.12 117
Correlation coefficients

Ainylose 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*"* 044"
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** -037**
Amylograph consistency 0.75"* -048**
Cooked-rice hardness -0.55**

Table 4. Ranges of amylose and protein contents, gel consistency, and gelatinization temperature (GT) types of milled rices obtained

from rice-prnducing countries., IRRI, 1979,

Milled

Gel

N Protein Amylose N GT
Country {:fs) (% at 14% H10) types? cor;;n;:ency types®
Cuba 10 58— 7.7 H>L, | M>S>H L>1
Egypt 10 48- 6.4 L>H S>H L>1
Mexico 18 5.1- 9.6 H>1>L S>M>H ILHI>L
Nigeria® 28 5.9-10.7 H>1 S I>L
Peru 12 6.7-10.4 H>L>| H>M,S L>1
Surinam 10 6.8- 94 H>I1>L SSM ILHI>H

IAmylose types: 0—2% = waxy; 10—20% = low (L); 20—24% = intermediate {1); >25% = high {H), 2Gel consistency types: 26—40 mm = hard (H);d41—
60 mm = medium (M); 61—100 mm = soft {S). °GT types: 1-2 = high (H}; 3 = high-intermediate {H); 4—5 = intermediate {1); and 6~7 = low {L), 9Par-

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 repor).
Recen! 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
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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 IR38,
compared with that for the low-GT samples: 33.5%
for IR26 and 33.1% for IR42. Because all the sam-
ples 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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1. Relationship between amylose content and equilibrium water
content of steeped milled rices differing in gelatinization temper-
ature (GT). IRR], 1979.

in GT, amylose content, and protein content. Three
insects and two fungi were used.

Triplicate brown-rice samples (50 g) were
inoculated with 20 adults for 1 week, and the F,
adults from the eggs laid by the rice weevil
Sitophilus oryzae (L)/S. zeamais Motsch., the red
flour beetle Tribolium castaneum (Herbst), and the
lesser grain borer Rhizopertha dominica (F.) were
observed. The data on mean developmental period
(M), length, weight, and number (F) nf F, adults,
and percentage weight loss were collected. Index
of susceptibility was calculated as:

Index of susceptibility = 10? (In F)/M,

All 3 insects showed significant differences in F,
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 und the lesser
grain borer preferentially ate the endosperm, but
the red flour beetle ate the smbryo and bran layers
first. The correlation of index of susceptibility to
rice weevil with grain properties showed the
insects’ preference tor larger and softer grain based
on the hardness index (Table 5). Grain hardness was
also negatively correlated with insect weight (r =
—0.79**). Amylose content of rice and insect
length were negatively correlated (» = —0.56%),
although the negative relationship between amylose
and index of susceptibility was not significant. Pro-
tein content and gel consistency were not correlated
significantly with varietal differences in susceptibil-
ity to the three insects.

Waxy rices tended to be more resistant to the red
flour beetle than nonwaxy rices on the basis of
index of susceptibility (Table 5) but that trend may
not be important as the beetle did not readily con-
sume the endosperm in which starch is located.
Brown-rice weight and insect length were also sig-
nificantly correlated (- = 0.80**). Studies at the
University of California, reported in a later sec-
tion, indicated a better correlation of susceptibility
with starch properties among rices presented as
flours, and as milled rather than brown rice.

Malagkit, a waxy variety, was the most suscep-
tible to the rice weevil and the lesser grain borer

Table 5. Range of indexes of susceptibility to 3 insects and aflatoxin B, content after inoculation with 2 fungi and correlations with

physicochemical properties of 15 samples of brown rice differin,
Philippines at Los Bafios and IRRI, 1979,

g in amylose content and gelatinization temperature, University of the

Correlation coefficient with

Property and range of values

Index of susceptibility to

Aflatoxin By (ug/g)

Sitophilus Tribolium Rhizopertha Aspergillus Aspergillus

spp. castaneum 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 maq) 0.58" -0.33 -0.15 -0.10 0.31
Brow a-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
Millec-rice protein {6.0—13.4%) -0.28 0 -0.03 -0.39 -0.12

Range of values 10.4-15,0 7.3-125 3.2-10.7 0.457-7.86 0.011-9.90
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but another waxy variety, IR29, was the most
resistant to the lesser grain borer. Amylose content
and insect weight were significantly correlated (»
= 0.58*). Percentage weight loss and alkali
spreading value were also positively correlated (r
= 0.66**),

Actual milling tests gave the worst grain deterio-
1ation from the rice weevil. IR3880-13-5, which
had 5.9% damaged grain from rice weevil infesta-
tion, showed a 26% drop in head-rice yield relative
to uninfested control. The actual head-rice losses
due to red flour beetle and lesser grain borer infes-
tation were less than 10% for the samples with
maximum 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
Aspergillus flavus (0-30%). A. niger was present
in only five samples, which were of intermediate-
to high-amylose content. The only sample with 4.
Sflavus 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 107 for A.
SAavus cultures and from 6.62 to 26.44 X 107 for A.
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.
Sflavus. The high-protein sample IR9761-19-1 had
the lowest aflatoxin B, content, 0.457 ug/g with 4.

Slavus  but another high-amylose sister line,
IR9761-75-3, had the highest content of 7.860
ugl/g. In contrast, IR9761-75-3 had the least
aflatoxin B, content, 0.011 puglg, with A.
parasiticus, followed by the waxy line C441-4,
with 0.114 ng/g. Another waxy rice, IR29, had
the highest aflatoxin content with 4. parasiticus,
1.10 ng/g. Aflatoxin B, levels on grain incubated
on the two fungi were negatively correlated (» =
—0.63*). Sporulation and aflatoxin B, level were
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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Table 6. Distribution of afiatoxin By in milling fractions of 3
brown rices incubated 7 days with Asperyillus flavus and per-
boiled before milling. University of the Philippines at Los
Bailos and IRRI, 1979,

Aflatoxin B4? (ug/g)

Line nanie
Bran polish Head rice
IR9761-19-1 0.737 Negative
IR3880-13-5 0.773 Negative
1R9129-457-1 1.891 Trace

410% waight removal of bran polish from parboiled brown rice,

nonstarch layers — seed coat-aleurone layer. Mill-
ing of parboiled infested brown rice of three rices
differing in spore content showed that the aflatoxin
was 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).

Final larva wi {mg}
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2. Red flour beetle (7ribolium castaneum) larvae fed rice-based
diets were heavier when starch had low-amylose content for both
brown and milled rices. Growth was also faster on low-
gelatinization-temperature (GT) milled rices, and among high-
amylose 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 ia milled 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-
mediate 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
preserable 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 x-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 Jifferences 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 1R1529. Pakistani chemists also
observed IR8 to be more sticky and to burst more
on cooking than Mehram 69 (IRR15). 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 ovemight with
increasing amylose content. Microscopic examina- .
tion of thin cross sections of the nonelongating .
rice, Paiman, showed along the lateral axis, an
elongated corc 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 sectiras 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 intemal fissures perpendicular to the lon-
gitudinal axis at regular intervals; such fissures
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-
ple 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 3 months is the 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-
ples in a joint study with the Laboratory of Durum
Wheat and Rice Technology, Institut National de
la Recherche 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 kp) (Fig. 3). Viscoelasto-
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.
Arlésiennc was the hardest sample in all tests. It

Viscoelastograph firmness {excess water)
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3. Relationship between Instron hardness of 10 French rices
cooked in optimum and excess water and Viscoclastograph
firmness of the rice cooked in excess water. IRR1 and Institut
National de la Recherche Agronomigue, 1979.

32 IRRI ANNUAL REPORT FOR [979

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, | Viscoelastograph, | Tensipres-
ser, | Pabst texture tester, and a taste panel. Mean
cooking time ranged from 18.5 to 21.3 minutes,
representing a spread of 7 or 8 minutes cooking time
for the 10 samples at any laboratory. Mean water
contents ranged from 71.1 to 74.1% wet basis. The
cooked sample of waxy rice RD6 was rated the
softest and that of IR42, the hardest. Another sam-
ple, 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
(22-24%) 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
entrics 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  (IR1529-430-2-3) and C171-136
(Sigadis/BPI-76-1), and a high-amylose, soft gel
consistency rice, IR46 (IR2058-78-1), made up the
set of five 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
grained than the three others and were darker col-
ored. 1R43 grains showed some degree of white



Table 7. Relative preference and acceptability score
differing in starch properties. Institute of Human Ecology, Uni

s in consumer panel tests, and properties of 51
versity of the Philippines at Los Baflos,

aw and cooked head milled rice
and IRR1, 1979.

Property 1R43 C171-136 C4-63G BPI1-121407 IR46

Mean preference score”

Raw -0.16. be 0081 b 0.622 a -0.502 ¢ -0.039 b

Cooked 0.730 2 0.266 b -0.216 ¢ -0.382 ¢ -0.398 ¢
Acceptability”

Raw 83 88 93 63 88

Cooked 100 85 80 70 58
Grain length (mm) 7.0 6.6 6.9 6.5 6.2
Length-width ratio 2.8 28 28 30 3.0
1000-grain wt (g} 20.1 16.9 17.3 149 15.0
Kett whiteness reading 420 470 435 40.4 38.2
Amylose (% dry basis) 15.8 229 23.3 23,7 28.6
Alkali spreading value 7.0 4.2 4.7 7.0 6.1
Cooked-rice 1n:stron

Hardness (kg) 5.5 5.6 79 7.8 9.7

Stickiness (g*cm)® 195 137 143 121 97

aMean of 40 ponelists who rated the samples: 1st = 1.16;3
mon letter are not significantly different at the 5% level.
able). CStickiness is expressed as a product o

belly. Among the cooked rices, IR43 and C171-
136, both dryland rices, were rated better than
C4-63G. They had lower Instron hardness values
but only IR43 was more sticky than C4-63G. BPI-
121-407 cooked rice was again less preferred than
C4-63G. The lowest preference for IR46, the har-
dest cooked rice, suggests the Filipinos” preference
for a softer cooked rice. Freshly harvested IR24
with 15% amylose was not acceptable as it was too
sticky. The results suggest that Filipinos prefer rices
with 18-22% amylose, which is typical of local
dryland varicties, to rices with 22-25% amylose.
The low-amylose variety Khao Dawk Mali is also
popular in Thailand.

A detailed study of intermediate-amylose IRRI
and Philippine rices was also made. Of seven
Philippine intermediate-amylose rices tested, five
had intermediate GT. and two (BPI1-121-407 and
IR4570-85-3) had low GT. All except UPL-Ri-2
(Intan/B5580-A,-15) were derived from Fortu-
nw/Seraup Besar 15. Results from 2 crops showed
BPI-76 to have 25% amylose, the highest protein
content, and the hardest cooked rice. C4-63G had
softer cooked rice than BPI-121-407 and 1R4570-
83-3 (IR48). Low-GT rices tended to have lower
Amylograph peak viscosity (<750 B.U.) than
intermediate-GT rices.

Starches from five of these milled rices purified
by sodium dodecyl benzene sulfonate (DoBS)
extraction of protein from rice flour showed similar

nd = 0.50; 3rd = 0; 4th = ~0.50; and 5th = ~1.16. In the same row, means followed by a com-
Expressed in % of acceptable or Yes'' responses
f weight and distance {g+cm).

(<60% acceptability is considered unaccept-

contents of total (29.7-30.8%) and hot water-
soluble (15.4—15.7%) amylose. Alkali viscogram
peak viscosity corresponded to viscosity of gels in
the gel consistency test, with BPI-76 having the
highest viscosity, followed by IR4570-83-3. The
two rices had the same relative rankings for
milled-rice gel viscosity. Amylogram peak and
setback viscosities were higher and consistency
values lower for the low-GT rice and for BPI-76
than for the three other intermediate-GT (71-73°C)
starch samples. Mean granule sizes ranged from
5.9t0 6.9 um.

Waxy rices. Limited sources of the waxy gene
are used in the IRRI and Philippine breeding prog-
rams. IRRI uses Gam Pai 15 in IR29 through
IRK33 (IR262-43-8-11/Gam Pai 15). The waxy
Philippine lines arc derived from Pangasinan
through Panpet 63 (Pangasinan/Peta).

The same consumer panel tested both the raw
and cooked samples of five waxy and five non-
waxy rices of low GT. The rice cakes, cooked in
eoconut milk and wrapped in wiited banana leaves
ihe day before, were served cold.

The consumer panel scores for raw rice showed
a prefereuce, among Filipinos, for coarse waxy
grain, influenced by the size and shape of Malagkit
Sungsong, which also has a characteristic starchy
aroma (Table 8). IR29 and JR4445-53-2 had the
finest grains and the lowest grain weights.

As rice cakes, Malagkit Sungsong was again
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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 Bailos, and IRRI, 1979.

Malagkit

Property IR29 1R4445-63-1 MRC-1502-761 UPL-Ri-1
Sungsong

Mean preference score®

Raw 0514 a -0.4156 ¢ -0.340 ¢ -0.104 ¢ 0.344 b

Cooked 0.464 a -0.072 bc -0.080 bc -0382 ¢ 0.070 b
Accep rabi/ityb

Raw 95 55 65 78 93

Cooked 20 83 88 2 90
Grain length yvvo.7) 5.2 6.5 6.8 6.6 6.7
Length-width ratio 1.7 2.8 2.8 24 2.3
1000-grain wt {g) 18.7 15.8 17.0 19.1 21.7
Kett whiteness reading 60.5 61.2 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 23 23 2.1

Stickiness {g+cm) 278 240 227 252 253

IMean of 40 panelists who rated the samples: 1st = 1,16; End = 0.50; 3rd = 0; 4th = -0.50; and 5th = -1.16. Means in the samx row followed by a com-

mon letter are not significantly different at the 5% level,
able).

Expressed in % of acceptable or “‘Yes" response (<60% acceptability i: considered unaccept-

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

Muey Nawng Niaw San
Property RD2 RD4 RD6 52M Pahtawng
Milled rice
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 46 3.0 3.6 34
Starch
Final GT {°C) 65.5 745 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-1 was rated second best
(Table 8). Malagkit Sungsong cake was probably
preferred because of its greater hardness, which
results in tackiness. The differences in amylose
content (1.6—1.8%), protein content (6.0-7.9%),
alkali gel consistency (89-100 mm), and viscosity
(1069-1434 cps) among the five varieties were
slight but Malagkit Sungsong had the softest
neutral gel in the set. UPL-Ri-1 had a higher gel
viscosity than the others.

Five low-GT and two high-GT waxy rices from
IRRI and Philippine programs were also studied
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in detail for grain properties. Neutral gel consis-
tency were harder for the two high-GT samples
(C441-4 and RD4) than for the others. Only
C441-4 showed a higher Amylograph peak viscos-
ity than low-GT rices, but this difference was not
present in the starch preparations.

Starch prepared from the seven waxy milled rices
showed no consistent differences in Amylogram
and alkali viscogram peak viscosities between
high-GT and low-GT samples. C441-4 had the
hardest gel. Among the five low-GT samples,
IR29 and IR833-6-2 had higher gel viscosity than



Malagkit Sungsong, whereas IR4427-57-5 and
UPL-Ri-1 had lower viscosity. In terms of freeze-
thaw stability, all the five low-GT starches were
stable for 5-6 cycles whereas the 2 high-GT sam-
ples were stable only for I cycle. The two high-GT
samples had larger starch granules (mean size 7.3
and 7.4 um) than the other samples (mean size
5.5-5.8 wm). That was confirmed by the use of an
automatic image analyzer at Carlsberg Research
Laboratonies.

Five Thai waxy milled rices were also studied in
cooperation with the Rice Division, Thailand. All
except RD4 had low GT, but RD?2 was inferior to
the three others with low GT (Table 9). Neutral gel
consistency values, but not alkali gel consistency,
of RD2 and RD4 also were lower. RD6 had
softer cooked rice than RD2 and RD4. The four
low-GT samples also had similar Amylograph
peak viscosities, which were lower than that of
RD4. The starches prepared by DoBS extraction of
protein showed less differences in Amylograph
peak viscosity than the milled rices (Table 9). The
three varieties with good eating quality also had
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

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

Raw and parboiled Sri Lankan rices. Many
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
was made to determine other attributes contribut-
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
soft gel consistency. Cooked-rice hardness of
samba rices was below 7 kg for raw rice and below
8 kg for parboiled rice. The threc low-GT (alkali
spreading value of 6-7) rices were confined to the

rable 10. Comparison of grain properties of raw and parboiled Sri Lankan samba and long-grained traditionat and new varieties.’

|’RI, 1978, [
Traditional New varieties
Property Samba Others Samba Others
(3} (6) 2 R (11)
Brown-rice wt {mg 10.2—-12.1 15.8-25.2 12.2-15.6 17.2-25.8
Milled rice fraw)
Alkali spreading value 3.8-5.5 4.0-5.0 50-56.3 48-7.0
Gel consistency {(mm) 61-78 66-95 44-61 29--44
Cooked-rice Instron
Hardness (kg) 6.0-6.6 6.0-7.8 6.2-6.3 6.7-1.5
Stickiness (g*cm) - 38-58 57-57 41-598
Milled rice (parboiled)
Gel consistency {mm) 100 94-100 72-93 48-95
Cooked-riceb Instron
Hardness (kg) 6.56-7.7 7.4-88 6.7-7.3 7.5-8.8
Stickiness {g-cm) 4456 4661 62-65 37-61

#Numbers in par indl ber of

tes. DPresoaked for 40 minutes before heating.
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Table 11. Gel consistency of raw and parboiled milled Sri
Lankan rices. IRR1, 1979,

Gel consistency (mm)
Bg 34-6 Bw 265

Raw  Parboiled Raw  Parboiled

Sample, treatment

Unsieved, 8 min 40 95 27 90
boiling

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

100-mesh flour, 15 min 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 um). When 100-mesh
flours were used, harder gels were obtained with
parboiled samples than with unsieved parboiled
rice, but reproducibility was poorer (Table 11).
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
Chemistry and Soil Chemistry Departments

Cell-wall polysaccharides (C hemistry). Cell walls
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are important for grain integrity during cooking of
milled 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 wm) 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 | mM calcium at 40°C
for 8 days. The a-amylase was inactivated by
heating and the solution was centrifuged, dialyzed,
and freeze-dricd. 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 (B-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
«-amylase (previously heated at 80°C to inactivate
B-glucanase) at 60-70°C, and removal of protein
with 2.5% sodium dodecyl sulfate (SDS)-2%
B-mercaptoethanol (8-ME) at 100°C and then
washing. The method was not satisfactory, since
a-amylolysis took 30 hours and the high SDS-
B-ME concentration did not fully remove protein
contamination.

The method selected consisted of wet milling
and sieving IR36 milled rice before three extrac-
tions with 0.5% SDS-0.6% B-ME at room temper-
awre. 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 g-
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 (Chemistry). 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
fracticn 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 IR8) 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 1R32. 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).? IRRI1, 1979,

Lipids (%) extracted
with

Starch Preparation i‘:}‘:‘:‘s: Fénal
sample method o) e Cold
BuOH

C4-63G DoBS® 27.7 74 0.39
IR480-5-9  DoBS 28.4 63 0.44
IRS DoBS 30.3 73 0.34
IR8 DoBS 30.2 65 0.40
C4-63G Pronase 276 74 0.72
IR32 Pronase 30 735 0.75

Residual phosphorus (ppm dry basis)

Extracte;! witf;
Hot DR

BuOH Native Cold Hot
BuOH BuOH
0.82 268 157 41
0.78 318 193 72
0.75 259 157 45
0.70 282 200 66
0.96 444 - 134
0.86 334 - 107

2Thrice, for a total of 24 h cold extraction; once at 100°€ for 8 h hot extraction, bgT - gelatinization temperature. “Sodium dodecyl berzene sulfo-

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 Cheristry). Grain samples of varieties
tolerant of adverse 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 0.1% in two pairs of sam-
ples 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
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by 5 ppm the iron in the grain. Soil salinity
resulted in a large increase in poiassium 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 1R42 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 samples 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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SCREENING FOR MULTIPLE DISEASE RESIST-
ANCE
Plant Pathology Department

One hundred and thirty GEU breeding lines and IR
varicties were evaluated for —istance to 12 rice
discases (Table 1). Some lines were highly resis-
tant to only one disease, most to two or three dis-
cases. and some to four or five. Three lines were
resistant to six discases.

SCREENING FOR BLAST RESISTANCE
Plant Pathology Department

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, IRI416-128-5-8, 1R4547-6-2-5,
1R3273-289-2-1473, 1R4563-52-1-3-6, IR5929-
12-3, IR9559-+-1-1, Carreon, and Tadukan.
Blast tests of selected breeding lines and resist-
ance donors. Selected breeding lines and their

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,

INg + W, + SNy
NI( -+ !V.\I -+ N.\'

S1

where N, is the number of reactions with a rating
of 0-2 on the scale, N, is those with 3—4, and N 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-
jeties within the group exhibited type 3-4 reac-

Table 1. Disease reaction of elite breeding lines and IR varieties. IRRI, 1379.

Disease? reaction?

Variety or line

Blast LS CLS HLS Shb ShR® Bke 88 BLS RTV GSV RSV
IRB SS S MRS MR MM M RR SS R S8 RR SS
IR20 s R s - M ~ R R - s R s
IR26 s MSs M - M - R R - M R s
IR32 MSS S MsS S MRM MR RR RR R S§ RR SS
IR36 MSS MR M s M M sSS RRS R S5 RR S§
IR38 S MR MR - M - R R - s R s
IR42 MSS MR MM MS MRM MR MSMS R R SS RR S8
IR43 S MS M MR M M MS R R s R s
IR44 S MR M M5 M M R R R s R s
IR45 MS S M R M M R R R s R s
IR46 s S Ms MR M MR R MR R s R s
IR48 S MS R MR MR R R R R s R MS
IRS0 s MS R R MR R R R MR MS R MS
IR2058-78-1-3-2-3 s s R - M - R R - s R s
IR2061-522-6-9 s S MR MS M MS R R R M R s
IR2071-685-3-5-4-3 S MS M MR MR M R R MR S M s
IR2307-247-2-2-3 s - M - M - MR R - s M s
IR2797-105-2-2-3 s s M - M - R R - M R s
IR2863-38-1-2 s s s - M - MR R - s - s
IR3351-38-3-1 s - M - M - s R - s - M
IR3680-65-6-1 S MS M MS M MR R R R s R s
IR3839-1 MSS S MS MR MM M RMR R R SS R S§
1R3880-10 S Ms RS MR MM MS RMR SR R S5 R  S§
IR3880-33 s S MR MR M M S MR R s R M

Continued on opposite page
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Table 1 continued

Disease” reaction”

Blast LS CLS HLS Shb  ShR®  Btue BB BLS RTV ~ GSV RSV

Variety or line

IR8192-31-2-1-2 S-S S R-S MR M-M M R-R R-R R-R SM R-R M-S
IR8192-166-2-2-3 S-S MS R-M MR M-M MR R-R R-R MR M-S R-R S-S
IR8192-200-3-3-1-1 S-S MR M-S MS M-M MR MS-S R-R R M-M R-R M-M
IR8608-79-3-2 S - M - M - MS R - M R S
IRB608-167-1-2 S-S S MR-M MS MMS MR MS-S R-R MR S R-R S-S
IR8608-189-2-2-1-3 S-S MR  MR-M  MS M-M MR R-S R-R R M-M R-R S-M
IR8608-298-3-1-1-2 S-S S R-M MR M-MS MR R-S R-R R M-M R-R M-S
IR9129-136-2-2-1-2 S-S MS MR-MR MR M-M M R-R R-R R MS R-R MS
1R9129-136-2-2-2-1-2 S MS MR MR M M R R MR S R S
IR9129-169-3-2-3-3 S S R MR M M R R R R R S
1R9129-209-2-2-2-1 S-S S R-MR MR M-M MR R-R R-R R M-S R-R S-S
1R9129-456-2-2-1-2 S MS R R M M R MR MR M R S
IR9129-457-2-2-1.2 S - R - M - R R - S R S
1R9209-26-2-2-2-3 S - M - MS - S R - S R S
1R9209-181-2-2 S MS R MR M MS ] R MS S R S
1R9209-262-1-3-1 S MR R S MS M R R R S R M
1R9217-58-2-2 S MS R MS M R R R R S R M
1R9224.22-2.2-2.3 S - M - M - S R — S R S
1RG224-162-3-1-3-2 S R R R M MR R R MR S - S
1R9264-321-3 S MR MR R M R R R R M - S
1R9411.5-3-3 S MS R MR M R MR R MS S - S
IR9703-41-3-3-1 S - M - M - S R - S R S
1R9729-287-3-3-2 S - MR - M M R R - S R S
IR9732-118-3 S MR R MR M MR R R MS S - S
{R9761-8-2 S - S - M S R - S R S
IR9761-19-1 S MS MR MS M MR R R R S - S
1R9761-47-3 MS MS M R M M MS R R S - S
IR9761-75-3 S MR MR R M MR R MR MR S - S
1R9763-11-2-2 S MR R R M MR R R R M - M
IR9764-45-2-2 S MS R R M R R R S M - S
IR9784-42-3-1 MS MS R R M R S R MR S - S
1R9788-19-2-3 S - M - M - MS R - S R S
IR9788-19-2-3-3 MS MR R R M MR R MR MS S - M
IR9802-10-3 S - M - M - MS R - S R S
1R9802-10-3-3-1 MS S MR R M MR MS R MS S - S
IR9802-30-2 MS MS M R M M R R MS S - S
IRG805-78-2 MS S R R M MR R S R M - S
IR9805-97-1 S MR R R M MR S R R M - S
IR9809-9-2 Ms S M R M MR MR R R M - S
1R9814-6-3 S MR MS R M MR S R - S R M
IR9814-6-3-3-2 MS MS MS R M MR R R MR S - S
IR9846-215-3 MS-S MS R-S R M-M M MS-S R-R MS S-S R S-M
IR9846-261-3 S R S - M - R R - S R M
1R9852-22-3 MS S R R M MR MR R MR S - S
IR9859-45-2 S - S - M - S R - S R S
IR9860-26-2-2-2 MS MR MR MR M MR MR R MR M - S
1R9884-54-3 S - M - M - S R - S R M
IR9975-5-1 S - M - M — R R - [ R M
IR10167-17-5-2 S - S - M R R S S R S
IR10198-66-2 S - M - M - S R S R M
IR10199-128-2 R - M - Y] - S R - S R M
IR10206-29-2 S - MR - M - S R - S R M
IR10781-143-2-3 S - - - M - R R - S R M
1R11248-13-2-3 S - - - M - MS R - S R M
tR11248.83-3-2-1 MS MS R R M M MS R R S - S
IR11248-242-3-2 S - - - M M MS R - S M

Continued on next page

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 41



Table 1 contiunsd

Disease® waction”

Vanoty or tine Wast 1S CLS  HLS S SWE Hhe BB HLS  RTV  GSV RSV

1920287 3372 N MH [N (8] " i S 1} S
IRO732 118 3 S MH 1 ME A MR n [N NS N S
npreL e S N [\ N n S 3] S
1ROI61 191 8 MS MR AS ] MK n R H N S
1R961 47 3 NS MS ] n A M My " R N S
IRO2GE 20 0 N MR AR i AY (YRR H AR MR N S
IRQZGR 11 ) N MR i [ Ay A "R " 1} A ]
TROIGS A0 2D S NS i 1 Al H H X N A 4
azgs 42 4 Al NS R i A 1 N 13 MR n S
[RH PR TARUN] N At Al AN 1R R H 8
IRa/m 192 a3 NS MK H " A MK K IS L3R N ]
RO 103 R A M AN N N " N
RN TURIRE Al u AtH H Al AT A n A ] R
Ragae 3o 2 At [N M n A A it it A N N
oy /8 NS N [ H Al AN " 5 H [N 5
TROBON 7 s Atig 1" N M AR H [N N At S
RNV LIRS R At H Y MR AR 1" [} M N
RO ¢ 3 N AR A " Al AR R Y 8 I At
[IREI R RUR IR (SR A AR " Al MK " " MR 0 K
THRMMG Mn 2 [SHEY AlL (IR [N AAY A Mu s nH NS R " S M
IRDEIG 26 3 4 " N Al N 1 K H [§]
TRn ) P2 3 A " N " A AU AR I MR N K
FROENGD B ) N N At . N Iy R} R b
THOGGO 260 00 b AN An At A bATH AH i AR M B
[IXTRITHE TN IR N M A ) 1 - “ H M
IR FAT O N A A H " R n M
IRIMGS tra N i M n " S Ny [ N
[RARIRIHET B ] M 8 iR R 1] M
nIotas e N M M 5 [ N n M
IR me n AR Al N i R 1 A
[EERTRFSE I B IS A R At 1 1" N [ A
niveranag g 5 A (3 H R #t ]
(LR AR HE TR SRS | A NS " N A At A H " N N
PRI G N Al AU I N " A
TR11297 100 3 S A [H R N n S
IRV 0 0 N M 1 i S n N
[[RRRIETHE IR S S AR NS ] MH S MR ® N [N}
(LA RADE L R MS MR MR [§] 8] N AtH MR M S
[RERIB IR RN 5 [N] n AR MR n S 1 AR ] S
TRIIGE 1431 S N M5 MR AR At "’ H R S N
TR0 100 11 N MR S [\ MR R AR " N N
(IR RASTARIR ] R n M S A MR " MR MR N N
I3 an o6 0 2 Ms S A S [§] [N] 1" MR n N ]
[IXR REFEIRVIR) S NS A H " S n S
[RAREINAERE N MS MR N LA ] 1 n n K N
IR 6102 N s MR NS S MR " 1 it R M
RG22 N At hiS 1R N " S
[IRRIRE NI AR N MY 1 5 [ARY At S MR " ] N
[RRRE AR VR] n S A MR A AR [ K 3] N At
{1 E TR A NS NS h s Al i ALS MR H b 8
IRIE83 1000 N At [ S Al M MS " AR

HRIHL20 2ui MR At 1 ] M S n MR N :
1t 1144 5 MS AR ] NS N S MS S S

TS - walwald CLS Ven vwnua leatapot HES  Holithaspanuns feat spaat SHIE yheggh Dlaght S - shoathy sot, He -~ Dak g disvase, BB - has
tenal Dl BES Dacternal rat sioakh HIA TS O v GRA  giassy stunt vias BB Carnd stunt sy s cesngant, M - aodorately
Rt AL ieindate RS adeately smeptite. 5 sunep il (Yo Rlvate b mation e 1o o i wed gennmation, 1al daniage,
AN CHEII A sl e Taeen e oo inbicate reay thns dltereny av a st af Foe e teaty S hagld Travtion Wy patatal infectian. all ptheis ate
o bhoalb inoculation
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Ta_l_)!q 2. Summary of screening for blast resistance at IRRI, 1979.

Source

Elite breeding lires®
Germplasm bank
Pedigree nursery lines
Hybridization block?
Observational yield trial?
Replicated yield trial®
Varietal yield testing
Indonesian breedling lines
CIAT? breeding lines
Japanese varicties”
Korean lines
International nurseries
IRBN?
IRON
IRLRON
IURON
IRCTN
Total
Percent

Rcsistan{ ) 7
(1-2)

7
53
8,785
126
372
m
23
134
12
"
24

320

38

29

39

75
10,169
10.27

Intermediate

Varieties {no.)

Susceptible

(3-4) (5-9) Total
34 129 170
67 60 180
26,382 57,166 92,333
101 226 453
704 1,422 2,568
252 382 745
13 293 329
85 7 290
9 3 24
38 37 86
0 33 57
189 177 686
95 209 342
69 151 249
38 64 11
42 108 225
28,118 60,601 98,878
28.44 61.29 100

aTested 23 times. YCentro Internacional de Agricultura Tropicel, Colombia.

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

Line

IR6533-PP854-1
1R3259-PP5-160-1
IR5533-P855-1
IR1905-PP11-29-4-61
IR9660-50-3-1-1
Tetep
IR1905-81-3-1
1R9660-00951-1
IR5533-PP856-1
1R4547-14-3-1
{R9A69-PP830-1
IR5533-15-1-1
IR3259-PP18-821-2
1R9559-4-1-1
IR4547-16-3-4
IR9669-PP846-1
{R5533-56-1-12
IR3273-342-1-6
{R3271-760-1482
IR9559-PP870-1
IR1905-PP19-73-2
I1R4547-16-3-7
Carreon
IR3259-PP11-182-4
1R6533-13-11
IR4547-6-1-3
|1R4547-6-2-4

Continued on next page

Donor

IR83/Carreon//Tetep

1R83/Tetep
IR83/Carreon//Tetep
|R8/Tetep
IR86/IR3260

IR8/Tetep

1R86/IR 3260
IR83/Carreon//Tete.»

iR86/PK 203//I1R4477///IR3265
IR83/Carreon
IR83/Carreon//Tetep
IR83/Tetep
IRB3//IR1904/IR1905
|R85/PK203//1R4477///1R3265
IR83/Carreon
1R83/Carreon//Tetep

IRB6/PK 203

1R8%/PK 203//Dawn
IR83//tR1904/IR 1905
{RB/Tetep

IRB6/PK 203//1R4477///IR3265

IR83/Tetep
IR83/Carreon//Tetep

104
85

87
92
59
59

61
60
60
60
61

86
86
61
109
79
91
59
59

Percentage with given

R0-2)  M(3-4)  S(5-9)

88.6
88.7
89.7
86.7
85.0
86.5
824
85.5
83.9
83.7
814
83.0
813
82.0
81.7
834
834
80.4
78.0
80.2
80.2
80.3
78.0
785
80.2
76.3
78.0

reaction’

10.1
9.4
6.9

12.1

15.0

1.6

17.6

10.9

13.8

14.1

18.6

15.3

18.7

6.4

16.7

13.3

13.3

18.0

22.0

17.5

174

16.4

19.3

19.0

15.4

22.0

18.6

1.3
19
34
1.2
00
2.0
0.0
36
23
22
00
1.7
0.0
1.6
16
33
33
1.6
00
23
2.4
33
2.7
25
44
17
34

Suscepti-

bility
index
1.253
1.264
1.275
1.289
1.300
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
1.481
1.483
1.508
1.508
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Table 3 continued

1R4547.6-3-2
IR4547-16-3-2
IR4547.6-2-6
1R5533-55-1-11
IR4547.6-2-5

IR4472-53-10-8-1-2
1R3273-289-2-1473

IR9669-PPB36-1
IR1909-1-3-3

1R4547-10180-20-7

IR9559-3-1-1
Dawn
Kataktara DA-2
KTH-17

Kung-Shan-Wu-Shen-Ken

Fanny
B40
Taichung T.C.W.C.

IR83/Carreon//Tetep

IR88/Dawn

IR86/PK203

IR83/Carreon

IR8%/Dawn
IR86/PK203//IR4477///1IR3265
IR83//IR1904/IR 1905

61
61
60
60
60
58
60
n
60
61
61
105
106
108
43
93
109
63

77.0
78.7
78.3
76.7
783
741
73.4
74.7
75.0
721
63.9
56.2
425
23.2
16.3

6.5

18

0.0

19.7
16.4
16.7
20.0
15.0
224
233
19.9
16.7
18.0
29.5
26.7
33.0
175

7.0

75
138
12.7

6.6
174
245
59.3
76.7
86.0
84.4
87.3

1.524
1524
1,533
1.5633
1.566
1.586
1.600
1.619
1.666
1.754
1.852
2219
2.641
3.722
4.209
4.591
4.697
4.746

IR(0--2) = resistant, with a rating of 0—2; M{3—4) = moderate, with a rating of 3—4; S{5—9} = susceptible, with a rating of 5-9,

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

Variety

Genotype
for
true resistance

Field
resistance
(Japan)

IRRI nu:sery blast reaction

Nursery 1

Nursery 2

Sensho

Shingu

Norin 22
Kogane Nishiki
Ukon Nishiki
Ginga
Suzuhara-mochi
Rikuu 132
Harima

Honen Wase
Norin 29

Norin 6

Rikuto Norin 12
Rikuto Norin 4
Coshi-riku 1
Coshi-riku 2
Nu-shu

Chubu 22
Kansai 6
Hokoriku 52
Chubu 32
Chugoku 40
Chugoku 68-hen
Norin 8
Koshihikari
Kameji

Koshiji Wase
Ishioka-machi 14
{shioka-mochi 10
Ishioka-mochi 7

+ +
|||+|‘%‘%‘+++++++++++++++++++++++

Continued on opposite page
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Table 4 continued

Genotype Field IRRI nursery blast reaction
Variety for resistance
true resistance {Japan) Nursery 1 Nursery 2
Mizuhata-mochi - - r r
70 GR - - m m
Hokkai 188 - - ss [
Inakei 154 - - m m
Hokushi Tami - - m 3
Ou 301 - - r T
Chubu-mochi 37 - - s "
Chubu 33 - - " "
K 69 - - 55 ss
Futaba Pi-a - s 5
Shuiho Pi-a - s s
Homare-Nishiki Pi-a r m m
Toyonishiki Pi-a r H 5§
Yamebiko Pi-a r s s
Fujiminori Pi-a r [1] s
Yamaji Wase Pi-a r s m
Akibare Pi-a - m m
Nippon base Pi-a + - m m
BL 1 Pi-b - H "
Inoba Wase Pi-i - rr rr
Fujisaka & Pi-i r m rr
Todoroki Wase Pi-i r m m
Chubu 17 Pi-a, Pi-i - m "
Chubu 34 Pi-a, Pi-i - m m
Chubu 35 Pi-a, Pi-i - rr "
Akishima-mochi Pi-a, Pi-i r m rr
Chubu 38 Pi-a, Pi-i - 3 m
K2 Pi-a, Pi-kP - m ss
Nu-aki Pi-K - m rr
Inakei 173 Pi-K - rr rr
Kusabue Pi-K - m "
K3 Pk - m s
Fuji 120 Pi-k" - 55 s
PiNo1 Pi-a, Pi-ta - H ss
Chubu 24 Pi-td - m m
Chubu 29 Pi-taf - s 5§
Yamahikon Pi-tdf - m ss
PiNo. 4 Pt - m m
PiNo, 5 Pi-td - m m
Reiho Pi-ta® - s S5
Chugoku 68 Pi-taf - s 5§
Chugoku 65 Pi-tff - m m
Yashiro-mochi Pi-ta - s 1]
Choguku 31 Pi-t, Pi-K€ - m "
Hukunishiki Pi-z - " "
Hukuhikari Pi-z - rr "
Ou 24 Pi-z " r "
Toride 1 Pi-zt - m r
TY.B pi.zt - s m
TY.C Pi-zt - 5§ [
Yamatobare Pi-a, Pi-K, Pi-m - m e
Minehikare Pi-a, Pi-K, Pi-m - m H
BR No. 1 Pi-a, Pi-k, Pi-m rr m ss
Minishike Pi-a, Pi-K, Pi-m - 55 ]
Tsuyuake Pi-K, Pi-m - 55 (]
Fukei 111 Pi-a, Pi-b, Pi-i - " (3

2rr = highly resistant {1}, r = resistant (2), m = moderately resistant (3-4), 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 rcactions. 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 1o 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 resisiant to suscep-
tible (Table 5). T28, T54, T55, and T6] — 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 Pyricularia oryzae. Forty-one
races were identified; five of them (R-003, R-103,
R-107, R-137, and R-303) were the same as races
identified in Japan (Table 6). The most prevalent
race was R-102, with 12 isolates, followed by
R-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
Plant Breeding und 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 (x)over
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Table 5. Reaction of 51 Japanese field-resistant varieties to races of Pyricularia oryzae in the Philippines, IRRI, 1979.2

Suscepti-

Reaction to Philippine races and isolates of £. oryzae

Field
resistance

Genotype

bility

index

104 106 106 106 106 107 107 107

103 103 104
T34 T69 T63 T67 T28B T54 T56 T55 T61 TQ2 T59 T21 T60 T65 T36 T37 T66 T64 T23 T57

102 102

102 102

102

002 100 100 100

for true
resistance

Variety

{Japan)

1.3
2.0
16

Rm

R

Rm Rm

R

rr-r

Chiyokihari
Ou 247

m

Rm

m
m

Tokai 26

1.1
1.4
29

Rm

San‘in 63
Harima

Rm

Rm

m

Rm
Rm

r

Murasaki-ine

1.1

20
39

rr

Suzuhara-mochi

Rm

Rm

Rm

r
48
m
r

+

Rikuto Norin 24

Ishioka 3
Sensho

Rm

21

Rm Rm Rm

R

1.1

R

Fukoton

+ [ed

Rikuto Norin Mochi 4

19
24

R
R

Rm Rm

Rm Rm

R

R

Rm Rm Rm R

R

R

m

Rikuto Norin Mochi 26 +
Rikuto Norin 12

Honen Wase
Saikai 90

Rm

+

1.6
36

R

v

Rm

1.8

Tangin Bozu
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Ukon Nishiki
Kogane-masari
Koshiji-Wase
Miyama-Wase
Yamaji Wase
65A.-8

Rikuto Norin 11
Shin Hakaburi
Kuroka
Kirishima
Kahei
Hirayama
Yamabiko
Fujiminori
Reimei
Homare Nishiki
Toyonishiki
Himehonami
Swanishiki
Asagiri
Yoneshiro
Kuiku 9

Kukei 22
Toyama Wase
Isao Mochi
Sorachi
Todoro Wase
Akishino-mochi
Shinsetsu
Tatsumi-mochi
Matsumae
Ishikari

Ou 244

54 BC-68

Fer = hlghly resistant, r = resistant, R

+ + 4+ +
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Pi-a
Pi-a
Pi-a
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Pi-a
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Pi-a
Pi-i
Pi-i
Pi-i
Pi-i
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Pi-K
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Pi-z
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1.9
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2.1
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12
1.1
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115
39
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1.0
14
1.3
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1.0
1.0
1.0
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bﬁace number based on the reaction of the new Japanese differential varieties,



Table 6. Races of Pyricularia oryzae identified by new Japanese differentials. IRRI, 1979,

Reaction® of isolates to each differential variety

Kanto
51

Ishikare
shiroke
Pi-i, 4)

Shin Aichi
2 Asahi
(PiKS, 1) (Pi-a, 2}

Isolate no.

Tsuyu-

ake

Yashiro Pi No. Toride Race no,

mochi

Fukuni-
shiki

4 1
{Pi-K,10) (Pi-m, 20} (Pi-Z, 4(!) Vlf’l'-ra, 100/ (Pi-ta, 200} (pi-Z%, 400)

py

NBN—SWaDBWNS =W DB aaaaRNNRN=SN2NNNOWNRNEO = = o aasNOo S
VNDNDTNNVLBIONNWINIDIDDNIDIDWIDDWIDIDIONMIDI VDY DDODIDWDD
VNNV LNOLIDTIONLOOITINLBONLMIVLIBLIVLOLNLIDDLND
VVITDTINITODIDINDIDINIDIDNDNMINDIDNDLMMIODDDDIDIDONWEDD DD
D DDV VDIDINITDDDDINDNDDMWINDONMIDNWIDIDDIVTVDNDDNWWDIDDTD

3

2R = resistant, S = susceptible. The specific resistance gene and code number are given in parentheses after the variety’s name,

time (f), corrected for decreasing amounts of
healthy tissue (1 — x), is given in the equation;

1
12_11

X1

r= (loge - log(,

1—x, 1—x,
where the subscripts denote the beginning and end
points of the time interval for which r is calculated.

The rates of increase in leaf blast severity varied
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000
002
003
010
014
016
022
023
032
100
102
103
104
106
107
110
112
122
127
132
136
137
200
212
232
236
303
400
403
407
423
433
502
503
507
603
633
702
703
707
743

D DDDDDIDD VDDV DDDIDIDNIDDDNIDIDIDDIDDIDDDNDIDIDNDDDIDIDIIDIDNDIDIDD
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among experiments and among varieties within the
three experiments (Fig. 1). Differences in disease
severity among varieties became marked as the
experiments progressed. Cultivars showed varia-
tions in leaf blast severity, indicating resistance of
the rate-limiting type.

The experiments demonstrated that leaf blast
infection developed more slowly on IRAT 13,
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1. Discase progress curves (A) for 3 isolates of Pyricularia orvzae Cav. on 6 rice cultivars and their logit plots (B) (Jun 1979

experiment).

Gogowierie, Tetep, Dourado Precose, and 102]
than on the susceptible IR442-2-58. Gogowierie
and IRAT 13 consistently had the slowest rate of
leaf blast increase, IR442-2-58 always had the
most rapid increase, manifested by rapid develop-
ment of the disease on the lower and upper leaves
and rapid spread of the infection to the adjacent
plants.

The experiments confirmed the ability of some
rice cultivars to retard rice blast development. The
consistent differences in this character among cul-
tivars suggest that it could be used for cultivar
improvement.

Components of horizontal resistance (Plant
Breeding). Disease efficiency (DE), latent period
(LP), lesion size (LS), and sporulation capacity
(SC) of three isolates of P. oryzae Cav. (T9, T27,
and 78-116-2) were measured on Tetep, IR442-2-
58, Gogowierie, Dourado Precose, IRAT 13, and
1021. DE was determined as the percentage of
inoculated spores that produced visible' lesions,
and LP was based on the number of lesions that
appeared on the leaf surface each day. SC was
measured as the cumulative number of spores
sampled from individual lesions at 24-hour inter-
vals. LS was determined by measuring the length

and width (widest portion) of a lesion and express-
ing lesion area in square millimeters.

Analysis of the data showed that the cultivars
possessed different levels of horizontal resistance.
IRAT 13 and Gogowierie had high levels (Fig. 2). It
was also shown that the major factor that slowed the
rate of infection in the six cultivars was the capacity
to reduce DE, LP, and SC. The exception was
1021, which had the ability to reduce DE and SC but
had an LP similar to that of the susceptible check.
The results suggested that lesion size was not a
major factor in determining resistance because, in
most cases, the spore yield per lesion and lesion size
exhibited a negative relationship.

The study also revealed interactions between
horizontal resistance and epidemiological fitness,
indicating that horizontal resistance could decrease
over time.

Results of the study support the concept that
slow leaf-blast infection is a form of horizontal
resistance. The methodology used represents the
application of the epidemiological theory to breed-
ing of crops that possess resistance to a disease by
virtue of their ability to restrict the rate of epidemic
development.

Mechanisms of horizontal resistance (Plant

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 49



Sporulation capacity (x100)

400
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Isolate

2. Sporulation capacity of 3 isolates of Pyricularia ory

zae Cav. on 6 rice cultivars; variety means for 3 isolates

followed by a common letter are not significa

utly different at the 5% level, IRRI, 1979,

Pathology). A study of the distribution of F.
oryzae on the leaf surface of blast-resistant ard
susceptible rice cultivars in the laboratory and in
samples collected from the blast nursery indicated
that a smaller number of conidia were deposited on
the leaf surface of the resistant cultivars (Table 7).
Estimates of the relative wettability of leaves of
blast-resistant or susceptible cultivars indicated
that leaves of the former were wetted to a lesser
extent. A study of the frequency distribution of the

Table 7. Deposit of Pyricularia oryzae conidia on adaxial leaf
surfaces of blast-resistant or susceptible rice cultivars. IRRI,
1979,

Conidia® {no./microscope ficld

Nature of [12.5 x 20]}
Exp. no. s . -
infestation Carreon Tetep IR36 |R442
(R) (R} (R) (S)
1 Artificial 19 09 16 39
2 Avrtificial 14 a1 25 35
3 Artificial 11 15 15 23
40 Natural 56 36 - 108
52 Natural 1.2 -~ 39 116

"Figures are means of about 200 observations on segments from 3
leaves. A dash means not investigated. R = resistant, S = susceptible,
Number of conidia/mm? leal surface.
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number of water drops per unit area of the leaf
surface indicated that retention of a large number
of drops was lower on Tetep than on susceptible
Khao-tah-Haeng (KTH) (Fig. 3). Bigger droplets
had lower retention on rice leaf surfaces and also
appeared to be retained less frequently on the resis-
tant IR36 than on the susceptible IR442. F, plants
of a Tetep X KTH cross behaved like the resistant
parent, indicating that the wettability component
of blast resistance is heritable.

Frequency
30

Tetep PN
/

. -
»
~“d._--.'

0 Y | ! | | ] |
0-6 7-13 14-20 21-27 28-34 35-41 42-98 49-55 56-62 63-69
Dewdrops (no.)

3. Frequency of retention of different numbers of water drops by
blast-resistant Tetep and susceptible Khao-tah-haeng. IRRI,
1979,
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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 difference 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 cew to a greater extent
is associated with the lower distribution of conidia

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

)

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 20])

Leaf 1 Leaf2 Leaf3 Leaf4 Mean
Tetep (R) 4.3 6.4 79 5.0 5.9
KTH (S) 7.8 9.0 1.7 9.7 9.6

2R = resistant, 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 2 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 IN P. 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

750778 {ID13) T63 (ID14)

T2 (1H) 2017 (IA65)

Stable reaction

Tetep (19, 0) (R)
Carreon (5, 0) (R)

Sensho (0, 5) (S)
Tetep (24, 0) (R)
IR36 (39, 0) (R)

Tetep {14, 0} (R)
Carreon {15, 0)

KTH (170, 5} (S)

Unstable reaction

IR36 (22, 17) (M)
Sensho (4, 4) (M)

IR36 (5, 15) (M)
Sensho (5, 10) (M)

Tetep (1, 3) (M)
IR36 (3, 2} (M)
Carreon {4, 3) (M)
Sensho (1, 4) (M)

4R = resistant, S = susceptible, M = mixed reaction, Figures in parenthesas represant the number of plants showing resistant and susceptible reactions,

respectively,
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susceptible) reaction on the parents and was consi-
dered a stable isolate. Isolate 2017 exhibited a
mixed reaction on the parents and was considered
an unstable isolate (Table 9).

The process of reproduction in the rice blast
fungus P. oryzae is by atypical mitosis. The
number of chromosomes in the hyptal, con-
idiophore, and conidium cells varied from 2 to 12;
the most frequent variation was 3 followed by 6
caromosomes. The difference in number of
chromosomes may result in duplication or deletion
of genes for pathogenicity or virulence.

LEAF SCALD RESISTANCE
Plant Pathology Department

Screening for resistance. Screening of varieties
and lines in the hybridization block and of GEU
elite entries for leaf scald resistance continued dur-
ing the 1979 wet season. Entries were artificially
inoculated at maximum tillering siage by the clip-
ping method.

Of 292 entries inoculated, 31.9% were resistant,
14.7% were moderately resistant, 21.2% were
moderately susceptible, and 32.2% were suscepti-
ble (Table 10).

Production of the perfect stage of Rhynchos-
porium oryzae. Attempts were made to produce
the perfect stage of the leaf scald fungus by mating
single ascospore culturcs and growing them singly
in petri dishes containing Sach’s medium in 1.7%
agar into which pieces of IR42 leaf sheaths were
embedded. In an experiment with 39 single asco-
spore cultures, 22 produced perithecia in cultures
with leaf sheath tissue, but nonc produced
perithecia in plates without leaf sheath pieces. The
results indicated that the organism was homothallic
and the rice tissue in the medium was necessary for
the production of the periect stage.

SCREENING FOR RESISTANCE TO BAKANAE
DISEASE

Plant Pathology Department

A total of 170 GEU elite lines were screened for
resistance to bakanae disease of rice. An arbitrary
scale of 0 to 9, with 0 as resistant and 9 as suscep-
tible, was used in classifying varietal resistance to
e disease (Table 11). About 48% of the entries
were resistant, 28% had moderate reaction, and
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Table 10. Summary of field screeniny for leaf scald resistance.
IRRI, 1979 wet season.

Entries {no ) showing

Source the given reaction?
1-2 3 4 5-9
Elite breeding lines 2 22 31 29
Hybridization block 91 21 31 65

“Disease reaction was based on the following scale unit: 1 = Lesions
0-1 cm long; 2 = Lesions 1.01-2 em long; 3 - Lesions 2.01-3 cm
long; 4 = Lesions 3.01-4 cm long; § = Lesions 4.01- 5 cm long; 9 =
Lesions -Bcm long

24% were susceptible.

The results indicated that there are many resis-
tant varieties and lines that could be used directly
by farmers or as sources of resistance in breeding
for bakanae disease resistance. Among the entries
screened, varieties IR20, IR26, IR32, IR38, IR44,
and IR45 were resistant; IR36, IR42, and IR43
were moderately susceptible; and lines IR3351-
38-3-1, IR6140-22-2, IR6228-2-1, IR9703-41-
3-3-1, and IR9846-215-3 were very susceptible.

SCREENING FOR RESISTANCE TO SHEATH
BLIGHT, SHEATH ROT, AND CERCOSPORA LEAF
SPOT

Plant Pathology Department

A total of 6,574 entries were screened for sheath
blight resistance. As in previous years, no entry
was rated resistant, but about 6% were classified
moderately resistant. Most of the test materials had
a moderate reaction. In a confirmation test, only 28
entries remained moderately resistant (Table 12),

One hundred and thirty-one elite breeding lines
and varieties were screened for resistance to sheath

Table 11, Results of screening seedlings of GEU elite lines for
bakanae disease resistance. IRRI, 1979,

Actual Entries tested

Scale incidence U

%) No. "

0 Immune n 27 15.9
1 Highly rusistamJ R 1-10 20 1.8
2 Resistant 11-20 34 20.0
3 Maoderately resistant 21-30 16 9.4
4 Moderately susceptible :l M 31-40 20 11.8
5 Moderately susceptible 41-50 12 7.0
6 Susceptible 51-60 9 5.3
7 Susceptible 61-70 8 4.7
8 Very susceptible 71-80 7 4.1
9 Very susceptible 81-100 17 10.0
Total 170 100.0




Table 12. Summary of sheath blight screening. IRRI, 1979 wet and dry seasons,

Source

Elite breeding lines
Lowland:

Replicated yield trial

Observational yield trial
Upland:

Replicated yield trial

Observational yield trial
Hybridization block
Germplasm bank
Resistant entries {Crowley Disease Nursery)
Sheath blight entries {12) in hybridization block

Confirmation test

Elite breeding lines

Replicated yiceld trial

Observational yield trial

Hybridization block

Germplasm bank

International Rice Blast Nursery
International Rice Yield Nursery
International Rice Observational Nursery
Stress-resistant donor

Collaborative sheath blight screening

5th International Rice Sheath Blight Nursery
Plant pathology lines

Korean breeding lines

7R = resistant, MR = moderately resistant, M

blight, Cercospora leaf spot, and sheath rot dis-
eases (Table 13).

Most entries exhibited a consistently moderate
reaction to sheath blight at several sites; some had
reactions ranging from moderately resistant to
moderate, and a few were moderate to moderately
susceptible. Only IR5982-7-6-1 was susceptible.

The Cercospora leaf spot screening results indi-
cated that the «isease was generally less severe
during the wet season than in the dry, with lines
susceptible in the dry season becoming resistant in
the wet season.

Eleven of 85 lines screened in the wet season
had a resistant reaction to sheath rot.

Physiologic race study of Cercospora orvzae.
From a few hundred varieties and breeding lines
previously inoculated with isolates of Cercospora
oryzae in the field, 49 were repcatedly inoculated
in the greenhouse. Different sets of the 49 varieties
were planted in trays and inoculated with an isolate
3 weeks after seeding. Based on their reactions to
the different isolates and their individual plant type

intermed. ite, MS : motderptely susceptible, 5 - susceptible, and VS - very susceptible.

Entries {no.} with given disease reaction?

Entries Lact
(no.} R MR M MS S 'S
170 0 8 164 7 1 0
1,200 0 6 1,179 15 0 0
719 0 28 676 13 2 0
80 0 3 65 6 6 0
1,254 Q 208 7589 167 79 41
558 0 6 537 15 0 0
2438 0 77 2339 18 4 0
14 0 3 9 1 1 0
12 0 1 9 1 1 0
16 0 0 16 0 0 0
1 0 0 1 0 0 0
5 0 0 5 0 0 0
4 0 3 1 0 0 0
66 0 25 40 1 0 0
2 0 0 2 0 0 0
1 0 0 1 0 0 0
1 0 0 1 0 0 0
4 0 0 4 0 0 0
15 0 0 14 0 1 0
7 0 0 7 0 0 0
5 0 0 5 0 0 0
2 0 0 2 0 0 0

i
i
i
i

at the seedling stage, 8 entries were selected to
compose the tentative set of differential varieties:
IR8 (IRRI), Zenith (US differential), IR20 (IRRI),
Delitus (US differential), IR26 (IRRI), Southemn
Red Rice (US differcntial), IR9129-159-3-2-3-3
(IRRI), and MI 273 (Ivory Coast). Preliminary
inoculation tests suggested the occurrence of about
6 race groups comprising 13 races.

Screening methods for sheath rot resistance.
Sheath rot caused by Acrocylindrium oryzae has
become increasingly prevalent on varieties and
breeding lines at IRP1. To develop an efficient
technique for reproducing the disease for resis-
tance screening, three methods of inoculation were
tested: inserting single-grain culture between the
leaf sheath and culm, injecting spore suspension
behind the sheath, and spraying spore suspension
on plants at different growth stages.

Inoculation with a single grain at the tillering-
to-panicle-initiation stage consistently produced
severe infection. A relatively higher incidence was
obtained with the injection method among plants at
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Table 13. General screening of elite lines for resistance to
sheath blight, Cercospora leaf spot, and sheath rot. IRRI, 1979
wet and dry seasons.

Reaction’
Elite line T ercomora | Sheath
Sheath blight

leal spet 1ot
IR8 M/M/M/M/M MS'MR M
IR20 M/M/M/MR VS
1R26 , M/M/M/M/M M
IR32 M/MR/M/MR/M MS/MS MR
IR36 M/M/M/M/M M/M M
IR38 M/M MR
{R42 M/MR/M/M/MR M/M MR
{R43 M M M
|R44 M M M
IR45 M M M
|R46 M MS MR
|R2058-78-1-3-

2.3 M/M/MM R
IR2061-522-6-9 M MR MS
IR2071-685-3-

54-3 M/M M R
IR2307-247-2-2-3 M/M M
|R2797-105-2-23 M/M M
{R2863-38-1-2 M MS
1R3351-38-3-1 M/M/M M
IR3680-65-6-1 M M MR
1R3839-1 M/M MS/M M
|R3880-10 M/M MS/R MS
|R3880-13 M/M MR M
IR3880-13-10 M R MS
1R3880-29 M M. '
{R4219-35-3-3 M/M MS
|R4422-480-2-3:3 M/M M
IR4432-28-5 M/MR/M/M M/R M
1R4432-52-6-4 M/M/M M/MR R
|R4563-52-1-3-6 M/M M
1R4568-86-1-3-2 M/M/M M/R M
1R4568-225-3-2 M/M M
|1R4570-83-3-3-2 M/M/M/M M/R R
1R4570-117-2-1.2  M/M MR
IR4683:19-3-3 M/M M
tR5178-1-1-3 M R M
IR5178-1.1-4 M/M M
1R5179-2 M MR/MS MS
1R5260-1 M M/M MS
1R5716-18-1 M R MS
IR5853-118:5 M/M/M MS/MS M
IR6863-162-1-2 M M/MR M
IR5853-162-1-2-3 M/M/M MR M
|R5853-165-1-1.2 M MS
|R5853-213-6-1 MR/M/M MS MR
IR5929-12-3 M/MR M/R MS
IR5931-81-1-1 M R

Continued on opposite page
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Reaction’
Elite line . Cercospora  Sheath
Sheath blight

leaf spot rot
IR5931-110-1 M/M M/M MS
{R5982-7-6-1 S R M
1R5983-13-1-2 M MR MS
IR6115-1-1-1 M/M M/MR ™M
1R6140-22-2 M/M MR
IR6228-2-1 M R
IR6256-8-2 M M
1R7760-4-8-2 M/M MR/MR MS
IR7790-18-1:2 .~ M/M MR/R M
1R8192-31-2-1:2 - M/M/M MS/R ™M
1R8192-166-2-
- 23 B Y TLLYY M/R MR
IRB192-200-3- '

311 . M/M/M MS/M MR
IR8608-79-32 . M/M/M M
|R8608-167:1-2.  MS/M/M M/MR MR
1R8608-189-2- .

213 . M/M/MS M/MR MR
iRBG608-298-3- U

T112 . MS/M/M M/R MR
IR9129-136-2-2 .

2-1-2 ' M/M MR M
1R9129-136-2-2- .

212 M MR
IR9129-169-3- *

233 UM R M
I1R9129-209-2- .

221 M/M/M MR/R MR
1R9129-456-2-

21-2 M R M
IR9129-457-2-

2.1-2 M/M R
1R9209-26-2-2-

21 MS M
1R9200-181-22  M/M MR/R MS
IR9209-262-1-3-1  M/MS/M M/R M
IR9217.58-2-2 M/M/MR MR/R R
1R9224-22-2-2-

2:3 M/M M
1R9224-117-2-

332 Ni/MR/M M/R R
IR0224-162-3-

1-3-2 M/M/M R MR
1R9264-321-3 M/M MR R
IR9411.5-3-3 M/M R R
JRO703-41-3-31  M/M/M M
{R9729.287-3-3-2 MS MR
IR9732:119-3 M/M/M M/R MR
1R9761-8-2 M/ MS
IR9761-19-1 M/M/M MS/MR MR



Table 13 continued

Reaction”
Elite line
Sheath blight Cercospora Sheath

leaf spot ot
IR9761-47-3 MM MR M
IR9761.75-3 M/M/M M/MR MR
1R9763-11-2-2 M/M R MR
1R9764:45-2:2 M/M/M R R
1R9784-42-3-1 M/M R R
IR9788-19-2.3 M M MR
IR978819-233 M R
1R9802-10-3 M M
1R9802:10-331 M MR MR
IR9802-31:2 M/M M M
IR9805-78-2 M R MR
IR9805-97:1 M/M M/R MR
1R9809-9-2 M M MR
IRD814:6- ™ M
IR9814-5-3-3-2 M/M MS MR
IRY846-215-3 M/M/M VS/R M
1R9846:261-3 M/M MS
IR9852-22-3 M/M R MR
IR9859-45-2 M/M %
IR9860-26-2-22 M/M MR MR
1R9884:54-3 M/M M
IR9975:5-1 M/M M
IR10167-17-5:2  M/M MS
1R10198-66-2 M/M M

an earlier growth stage, but the symptoms pro-
duced were atypical. Injection at the boot stage
produced 84.4% infection and reduced grain yield
about 75%. Sheaths sprayed with spore suspension
did not develop sheath rot symptoms.

BACTERIAL BLIGHT RESISTANCE
Plant Pathology and Plant Breeding Departments and
International Rice Testing Program

More than 82,000 entries were screened for bacter-
ial blight resistance (Table 14). More than 99% of
the resistant entries from pedigree nurseries had
- the Xa 4 gene for resistance. A few might have xa
5 + Xa 7 from DV85, DV86, and ARC5756.
Specific and differing resistance to X. oryzae
(Plant Pathology). Rices from the germplasm col-

Reaction”
Elite line Sheath blight Cercospora  Sheath,
leaf spot rot

IR10199-128-2 M/M M
1R10206-29-2 M/MS MR
1R10781-143-:23 M/M
IR11248-13-2.3 M/M
IR11248-83-3-21 M R M
IR11248-242-3-2 M/M/M R M
1R11297-158.3 M
IR11418-19-2-3 M/M
I1R13168:143-1 M/MR/M MS M
IR13149-13-1 M/M MR M
1R13146-41-3 M MR MR
IR13149-43-2 MR/M R R
1R13240-10-1 M/M/M MR MR
IR13240-83-1 M/M/M M MR
1R13299-96-2-2 M/M M M
IR13415:9-3 M/M/M
IR13419-1131 M/M MR M
IR13426-19-2 M/MS/M MR MR
1R13426-26-2 M M
1R13429-47-3 MS'M R M
tR13429-105-3 MM M MR
IR14632-22-3 M'M-M R R
tR14753-120-3 M:M R M
iR15529-2561 MM M MR
{ET 1444 M MS MS
IR resistant, MR - niodym'wlv resistant, M - ntermedhate, Ms =
modetately susceptibiie, § ° “suscepuible, and VS = very suscepnible

Reacnions separated by a slash U/} indicate tests at different sines or
times

Table 14. The proportion of diverse genetic background in
breeding materials screened for bacterial blight resistance.
IRRI, 1979.

. Entries (no.) with given
Total entries (no.) N

Nursery 1o.) ~_ Gene for resistance
Xad xab xab+tXal

Pedigree? 61,556 61,109 435 12

Replicated 1,198 1,198 0 0
yield triat

Observational 3,108 3,102 4 2
yield trial

Hyhridization 505 501 4 0
block

Elite 171 169 2 0

Germplasm 15,763 b - -
bank

Total 82,301 66,079 445 14

2Qctober, November, and December pedigree nurseries are excluded,
No information.
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Table 15. Rice accessions from the IRRI germplasm collection evaluated at 2 Philippine sites and against 2 virulence group straing

showing distinct blight reaction. 1979,

Reaction? e ?']‘A’f‘?_‘,_‘“”
Resistance group T emm s e e Dy season Wet season
MT FL IRRI® MRRTC® IRRI MRRTC

Overall resistance 1 1 430 44 169 82
Intermediate 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

"Busm! on the Standard Evalustion System for Rice scale:] -
imum ullering stage, FL

less than 1% [of leaf blade area showing necrotic symptoms| ; 9 = more than 50%. MT = max-
flowering stage. YStrain PX061 of virulence group 1 ipathotype 1). *Maligaya Rice Research and Training Center; strain

PX083 of virulence group 2 (pathatype 2. YReaction was not consistent during the two seasons,

lection identified to have some resistance to X.
oryzae, the causal agent of bacterial blight, were
used at two sites in the Philippines. At each site, a
specific pathotype strain was used to evaluate for
specific or general resistance.

Of 1,270 entries tested at IRRI, more than 400
had specific resistance to PXO 61, a strain of
pathotype 1. Among 892 entries tested at the
Maligaya Rice Research and Training Center,

Table 16. Summary of reactions of 156 rice varicties from
germplasm collections to strains of Xanthomonas oryzae of
the 4 virulence groups (VG} in the Philippines. IRRI, 1979,

Entries (no.}

Reaction” PXOS' PXO71  PXO79  PX086

(VG 4 (VG 4) (VG 3) (VG 2)
R{1) 55 35 45 42
MR {3) 43 39 19 30
MS (5) 51 68 64 80
S(7-9) 7 14 28 3
"RV };zsismnl, MR moderately n.-é.sn?:m,ﬂé “r;liod'u;a(ulv Quséﬁ;:t]l)lz",
S susceptible. Numbers in parentheses stand for the Standard Evalug-

tion System for Rice scale: 1 - less than 1 [of leaf blade arca showing

necrotic symptoms:, 3 more than 50

more than 200 entries showed specific resistance to
PX083, a strain of pathotype 2. The number of
entries with specific or general reaction to the two
strains are in Table 15.

Many of the entries were later tested in an IRRI
greenhouse, and an effort was made to specifically
select varieties with differential reactions to the
four bacterial blight pathotypes. The results are
summarized in Table 16, Table 17 includes a few
varieties that revealed s&ifferential reactions to
strains of specific virulence.

The disease score was simplified on the basis of
lesion length: a variety had either a long lesion or a
short lesion after inoculation. The scale is simple
and especially applies to mass-testing in the
greenhouse with different strains in the same
experimental treatment.

By that scale, the Indonesian variety Cempo
selak, whose resistance to all strains of the four
virulence groups was incomplete, showed a much
shorter lesion with some strains. Evaluation of this
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 Xanthomonas oryzae. IRRI, 1979,

Desigration Acc. no. Origin
Chacacero 3280 Argentina
Monchi Gomi 5061 Japan
Gendjah Ploso 17635 Indonesia
CO-9 (P1 193176) 3690 India
Gelendoran 17615 Indonesia
Gewal 14603 Indonesia
INTIP 14608 Indonesia
Ikogan 19412 Philippines

Reaction?
VG 1 VG2 VG 3 vG 4
L S S S
L S S S
L S S S
L S L L
L S S L
L L L S
L L L S
L S L L

9Long lesion (L) and short lesion (S) of the initia
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Asia indicated that it was very resistant at
Sukamandi (Indonesia) and Parwanipur (Nepal),
and to some strains at the Bangladesh Rice
Research Institute (Bangladesh) and the Central
Rice Research Institute (India).

Differentlal for X. oryzae pathotypes (Plant
Pathology). Cas 209 (Acc. No. 15793) from
Senegal was identified as a variety suitable for dif-
ferentiating the virulence-pathogenicity of X.
oryzae. In the general disease reaction, Cas 209
was susceptible to strains in virulence groups 1 and
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 of group
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 (Plant Pathology and Plant Breeding and
International Rice 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 TKMS6 for resistance, and 1R1545-339 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-
thomonas oryzae by Cas 209, a new rice differential from
Senegal. 1RR1, 1979.

Visual scare’ Lesion length (cm)
Strain T8 im0 onCas209
PXO0 18 (112} S S 30.2
PX0 79 (11a) s S 23.9
PX0O 81-L (Na) S S 278
PX0 87 (Ila} s s 21.6
PXO 88 {ila) s S 29.8
PX0 22 (la) s s 24.1
PXO 47 {1Ib} S S 14
PX0 63 (1Ib} s S 2.2
PX0 63-6 {1ib) S S 15
PX0 64 {I1b) s S 1.9
Px0 65B (lib) [ S 1.5
PXO 73 (lIb) S S 2.1
PXO 78 (lIb) s S 19
PXO0 82 (IIb) s S 1.8
PX0 83 {I1b) S S 14
PXO 86 (1Ib) S s 2.4
PX0 61 (1} S R 19.7
PX0 71 (111) S M 27.3

35 = susceptible, B = 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.
IR9101-45, an improved rice line with resistance
to most of the insects and diseases but not to bac-
terial blight, is a recurrent susceptible parent. In
the screening of the BC3 F, 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 natural population. 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 the Xa 4 for resistance
(Table 20). In 1976 and 1977, no isolates virulent to
1R1545-339, which conveys anxa 5 gene for resis-
tance, were identified. In 1978 and 1979, about 5%
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Table 19. Summary of the initial study on pathogenic variability of Xanthomonas oryzae in the Indian subcontinent on rice differen-

tlah hom IRRI, Japan lnd Korea 1979

Reaction®

Bahgladesh strains

Vartety In(han strains Nepal strains

a b c d e f 9 a b a b c d e
{RRI!
IR8 S S S S S 5 S S S S S S S S
IR20 S S S S S S S S S S S S S S
Cempo 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
Dpva8s S R R R R S R S R S R S S S
Japan
Kinmaze S S S S S S S S S S ‘ S S S S
Kogyoku S S S S S S S S S S. S S S S
Rantai-emas S S § § s S S S S S S § S S
Chugoku 45 R S S S S S S R S R S R_.S —
Java 14 - - S - - - S R R - - = - -
Korea
Milyang 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
N1 S 8 S s S S s s s $.S s s s

R resistant, S = susceptible - -

not tested. The data were collected during the IRTP-79 monitoring tour on bacterl_al'bligﬁl. The tests were conducted

at the Bangladesh Rice Research Institute by 8. A, Miah an'd assaciales; at the Central Rice Research Institute, India, by P, R. Reddy; and at the National
Rice bmpravement Program, Parwanipur, Nepal, by B, B. Shaht and S, P. Singh. Part of the data from 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-
339.

Variation in induced mutation. Two parent
strains of X. oryzae — PXO 61 S*V+*Y and PX0 63
S*V*Y — marked with streptomycin resistance
and derived from original PXQ61 S~V* and PX0 63
S™V* streptomycin-susceptible ones, were used in
an induced mutation study together with strains of

Table 20. Frequency distribution of the Xanthomonas oryzae
population at IRR| with specific virulence to differantial varie-

ties. IRRI, 1978 and 1979.
Distribution {%)
Differential 19787 1979”
R ! S R I S

IR8 00 00 1000 00 00 964
IR20 320 77 583 238 107 61.3
IR1545.339 922 29 48 797 12 155
Cemposelak 1.0 504 486 0.0 13.1 833
DV85 95.1 49 00 8.5 97 00

4Percent of 103 isolates from narunllzmlectcd rice plants. R = resis-
1ant, | = intermediate, S = susceptible. ?Percent of 84 isolates collected
from naturally infected rice plants, Three (3.6%) of the isolates had no
virulence,
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the different virulence groups. The mutants
developed were classified into three types on the
basis of virulence to rice and colony morphology
on peptone sucrose agar (PSA) medium (Table
21).

The weak virulent mutants derived from PXO 63
S-V*Y showed shorter lesions than the parent
strain regardless of rice variety. Mutants derived
from PXO 63 S*V*Y of pathotype 2 were relatively
stable in colony color and identical to the parent
strain in virulence. But mutant PXO 61 S+V-¥
derived from PXO 61 S*V*Y was nonvirulent to all
rice tested and also unstable in colony color, i.e. a
spontancous reversion in colony color from white
to yellow was observed on PSA plates. Both the
mutant and the revertant were nonvirulent.

Two virulent revertants were induced from
PXO 61 S*V-¥ One of them was virulent to IR8
and IR20, but nonvirulent to IR1545-339. The
reaction suggested that the shift of virulence from
IR8 to IR8 and IR20 might have occurred (Table
22).

A bacteriological study indicated that all the



Table 21. Markers of parents and induced mutants of Xantho- was no change in colony color of white mutants by
monss orveae. BRI 87D, e mixed culture with yellow mutants. Virulence as

| . e .
Colany indicated by lesion length was suppressed as the
Strain? Virulence  SUePtomyain - color an ; ;
resistance peptane concentration of cells of the nonvirulent mutant
sucrose agar increased in the inoculum (Table 23). Similarly;
PX0 615 VY + - Yellow after inoculation of rice leaves with a nonvirulent
PX0 61 s:v*' + + Yeliow mutant following the challenge of a virulent mut-
PXO0 61 S*V":’ - + White ant, lesion development was inhibited. No inhibi-
PXO6IS V TR1 - - + Yellow tion effect was observed when the inoculation
:ig z: i +\\; w:'; ¥ + Yeiiow order was reversed (Table 24).
| R + + Yellow : i
) With a heterologous system, parent strains of X.
PX0 6365 V'Y +. -~ Yellow d all & ystem, p irul
PX0 636 5TV Y-1 A A Yellow oryzae and all mutants, except nonvirulent ones,
PXO 63-6 5TV Y-2 . R Yellow induced a hypersensitive reaction on cowpea, an
PXO 6365V W2 4 + White indicator plant. With nonvirulent mutants, the
PX0 636 StvTY- + + Yellow appearance of necrosis fromn infiltration sites was
6365*vY-3
PX06365'v*Y-5 1 + Yellow normally delayed or did not occur. No hypersensi-
Px0636stvtW.g  + + White tive reaction was induced by the polysaccharide
PX063-6 sTvtWi.q + + White fraction of the bacterial culture.
+, 1 R . . . .
PX0 63-6 s+v+x|~2 S+ + White Inheritance of resistance to bacterial blight
PXO 636 s * W:'“’ (Plant Breeding). Forty-three bacterial blight-
. - +. i . . L. .
PX0 6365V ™M-12 * White resistant varieties were analyzed to find new genes
PX063-6STviY-15 + Yellow . .
ety : : for resistance. They were crossed with the suscep-
PX0636SV-"-17 + +. Yellow

i i tible variety TNI, and the F, and F, were
agt and §° = streptomycin resistance and suscept'ibilitv_: V*, V?, and

V7™ = virulent, weakly virulent, and nonvirulent; R = revertant; | = re- analyzed to determme the mOde Of inheritance
isolation; Y = yellow colony; W = white colony.

Table 23. Effect of a mixture of virulent (V) with nonvirulent

mutants had similar physiological reactions to par- {NV) strains, and of V with weakly virulent {WV) strains on
ents and to each other, but some differences were lesion development.” IRRAI, 1979. B
noted on a few characters. The weak virulent mut- , Inoculum . Lesion tength?
ants showed negative or weak reaction for acid Strains mixed ~ Ratio (CT?_,,__,
production from carbohydrates. Growth of white Px0 615tV + PxO 61 STV W 19 172 bed
mutants was inhibited in a liquid medium contain- v (NV) 111 18.0 abed
ing galactose, but not in medium containing glu- 91 21.2ab
cose or sucrose. Phage sensitivity was different PX0615'v'Y +Px0636S'V'Y-5 1.9 154
from that of parent strains in some mutants. There v (wv) 1:1  19.8ahc
9:1 20.5 abce
PX063-65v'Y + PXO 615V W 19 146 d
[\%} (NV) ;1 154 d
Table 22, Virulence of mutant and revertant strains derived 9 18.0 abced
from PXO 61 on different_r‘i-t;e Yffieti?sj VVIBRS, 179‘797. o PX0 6365V + PX0636STV!Y-5 1.9 146 d
. Lesion length {cm)? (v) (WB) 111 155 d
Suain IR8 IR20  IR1545 91 166 cd
61V 203a 74 b 25a PX0615'V*Y (v) 21.3a
px0 61 s*v- W 00 ¢ 00 c 00b PX0 61 51V-W (NV) 00 e
PXO0 6157V YR 00 d 00 ¢ 00 b oy
px0 61 STVTYR-2 152 6 1534 36a PX0 63657V " (V) 169 od
Px0 615V YR-3 79 ¢ 91b  25a PX0 636 5*v*Y-5 (wv) 26 e
9n a column, me;;\:_lgnlx;w;ll;v; cnmm'onlcnen are not siynificantly ?|R8 was used. /’Means followed by a common letter are not signifi-
ditferent at the 5% level. cantly different at the 5% level.
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Table 24. Inhibitory effects of pre-inoculation strains on ‘esion development. IRRI, 1979,

o . '_"‘_":_‘,'“,',_'A'A'l’“_, e ) . Lesion length” % of
Stian of Challenge {cm) controt
preanoculation moculation
PXO 61§V ¥ (NV) PXOGIS'V'" (V) 49 d 43
Needle-prck (H) PX0G1S'V'Y (v) 11.5 be 00
PX0 615'V'Y V) PX0 618'V W (NV) M9 be 90
Px0615'v'Y (v) Needle prick (H) 132 b 00
PXO 61 S'V W (NV) Needle-prick (H) 0.0 e
PXO61S'V W (NV) PX06365'v!Y-2(v) 9.7 ¢ 53
PX063-65'v'Y-5 (Wv) PX06365'V'Y-2(v) 126 b 69
Needle-prick (H) PX0 6365 v -2 (v} 18.2a 100
PX0 6365V Y-2 (v} PX0 615’V W (AV) 1954 99
PX0 6365V Y-2(v) PX0 63-65'V'Y-5 Wv) 201a 102
Px06365'vtY-2(v) Needle-prick {H) 19.6 a 100
PX06365'v'Y -5 (W) Needle-prick (H) 28 d
‘G\;rvv;)¢;l-ss- n |r.n-.-|;nwsn-s ar;' -Hu- teaction type on nee NV nonvirlent, Vo viralent, WV wvcn;lv‘vnvl-u]u;\l;ri-iwhtr'ul-l-h.v (wtbmmiu-\;;nnl;/’),r ’;I\;e;;;.l-:?
lowed by o comman letter are not smticantly dittereat at the & 0 devet

(Table 25). The F, of 38 crosses were resistant or
moderately resistant, indicating that dominant or
partially dominant genes govern their resistance.
The F, progenies of the remaining five varieties
were susceptible, showing that resistance is con-
trolled by recessive genes. The F, of the crosses of
TN1 with 38 varieties segregated in a ratio of 3
resistant to 1 susceptible, indicating that single
dominant genes govern resistance in these var-
ieties. The F, from the crosses of the remaining 5
varieties with TN1 segregated in a ratio of | resis-
tant to 3 susceptible, showing that their resistance
is governed by single recessive genes.

The 38 varieties with dominant genes for resis-
tance were crossed with [R22, which is homozy-
gous for the dominant gene Xa 4 for resistance. The
F, progenies of all crosses, as expected, were
resistant. The F, populations of the crosses were
also resistant and no susceptible seedlings were
observed. These results indicated that all of the 38
varieties have Xa 4 for resistance (Table 25).

The 5 varieties with recessive genes for resis-
tance were crossed with IR1545-339, which is
homozygous for the recessive gene va 5 for resis-
tance. The F, progenies from the crosses of
IR1545-339 with Koalarata, Dharial (Acc. 34034),
and Dharial (Acc. 3396) were resistant; the F,
populations from these three crosses did not segre-
gate for susceptibility (Table 26). These data indi-
cate that Koalarata, Dharial (Acc. 34034), and
Dharial (Acc. 3396) have va 5 for resistance. The
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F, progeny of IR1545-339/Khao Lay Nhay was
susceptible and the F, segregated in a ratio of 7
resistant to 9 susceptible. These data indicate seg-
regation for two recessive genes in this cross. It
appears that the recessive gene of Khao Lay Nhay
segregates independently of xa 5. Investigation of
the allelic relationships of the recessive gene of
Khao Lay Nhay with va 8 started. If found to be
nonallelic to xua 8, it would be a new gene for
resistance to bacterial blight.

RICE VIRUS DISEASES
Plant Pathology and Plant Breeding Departments

Tungro (Plant Pathology and Plant Breeding). A
total of 9,688 entries were tested for their tungro
resistance in the greenhouse. The varieties that con-
sistently showed low percentage of tungro infection
were Basmati and ARC11554.

The IR variety and lines that were resistant in a
replicated test in the rice tungro virus nursery in
Zamboanga del Sur, Philippines, where a tungro
outbreak was reported in 1979, were IR34,
IR8192-200-3-3-1-1, IR15314-43-2-3-3,
IR17525-146-2, and IR19670-264-3.

Tungro propagation. A method for propagating
tungro-infected rice seedlings and tungro vectors
was developed. The method (Fig. 5) consisted cf:

® rearing tungro vector Nephotettix virescens

on Taichung Native 1 (TN1) plants as feed-
ing material and source for a constant supply



Table 25. Reactions’ to bacterial blight of Fy and F, pro-
genies from the crosses of TN1 with resistant varieties. IRRI,
1979.

3 Fao tivacton nod  chysquare
Cross 1
rraction g s Total 31 13
TN1/ADT2 R 223 94 317 3.66

ADTA MR 159 49 208 0.23
‘ADTO R 168 64 232 0.83
!ADTI0 R 191 68 259 0.22
JADTI2 R 154 65 219 2.56
ADT13 MR 245 94 339 1.35
/ADT 14 R 84 29 13 0.03
/ADT 15 R 100 46 146 3.30
/ADT17 R 90 26 116 041
/ADT18 R 167 63 230 0.70
/ADT19 r 86 26 112 0.19
/ADT22 R 310 112 422 0.63
/ASDS MR 196 67 263 0.03
/ASD8 MR 96 35 131 0.21
/€O 2 MR 201 75 276 0.70
/€O 3 MR 207 85 292 2.63
/CO5 MR 224 83 307 0.68
/CO 7 MR 278 96 374 0.09
/€09 R 177 61 238 0.05
/CO 10 MR 254 79 333 0.29
/CO 11 R 2567 87 344 0.02
/CO 17 R 269 82 351 0.50
/CO 18 MR 176 66 241 0.73
/Co MR 134 56 190 2.03
/CO 22 R 256 100 356 1.81
/CO 23 MR 90 36 126 0.86
/CO 27 MR 203 69 272 0.02
/CO 29 MR 191 56 247 0.71
/CO 30 MR 94 34 128 0.17
/Burerata R 177 69 246 1.22
/Panaimara

Samba R 213 72 285 0.01
/Polan Samba R 174 42 216 3.56
/Poon jar MR 79 32 114 0.87
/Sandikar R 109 43 152 0.88
/TKM 3 R 128 36 164 0.81
/TKM S R 189 79 268 2.87
/TKM 6 MR 176 68 244 1.07
/Atema R 302 122 424 3.22
/Koalarata S G6 156 222 2.65
/Dharial

{Acc. 34034} S 84 276 360 - 0.53
/Dharial

{Acc. 3396} S 94 258 352 0.55
/Khao Lay Nhay S 85 262 347 - 005
/Sateng S 53 179 232 - 0.57

IR = resistant, MR moderately resistant, S suscepbilde,

of viruliferous insects.

® raising TN1 seedlings in seedbeds covered
with improvised wooden cages with metal
screen,

® inoculating the seedlings by releasing vir-

Table 26. Reactions’ to bacterial blight of F1 and F2 popula:
tions from the crosses of IR1545-339 with cultivars having
recessive genes for resistance, IRRI, 1979.

Reaction F2populations  Ch;.
Cross of Fi (i‘,("),  square

progenies _B S Total 79

1R1545-339/K oalarata R 407 0 407

1R 1545-339/Dharial R 36 0 356
{Acc. 34034)

'A1545-339/Dharial R 363 0 353
{Acc. 3396)

1R 1545-339/Khao 5 149 207 356 0.52
Lay Nhay

IR = resistant, S susceptible.

uliferous insects into the cages, and

¢ transplanting the seedlings after they were

exposed to the viruliferous insects.

The steps from seed soaking to transplanting
were accomplished in 3 weeks. The method pro-
duced 30,000 seedlings deposited with eggs of N.
virescens weekly, 90% of which were infected
with tungro. An average of 2 nymphs/seedling
developed. About 64% of the nymphs were capa-
ble of causing tungro infection.

From April to November 1979, 697.000 inocu-
lated seedlings were transplanted to the pedigree
and rice tungro virus nurseries.

Resistance of 10 varieties to tungro vector and
virus. Tests for resistance of 10 rice varieties to the
tungro vector and to the tungro virus were made at
IRRI, as part of a Rice Tungro Virus Collaborative
Project.

When life span was used to indicate the effect of
rice variety on the insect, IR34, Ptb 18, Gam Pai
30-12-15, and Pankhari 203 were more resistant to
the insects than Kataribhog, Habiganj DWS8, and
TN1. The percentage of infected seedlings showed
that the insects were less efficient in transmitting
the wngro virus to Pankhari 203 and Habiganj
DWS8 than to the other varieties. Hence, these var-
ieties were more resistant to tungro than the other
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-
tance in the field. The screening was so rigorous
that only the tungro-resistant selections entered
replicated yield trials. Several tungro-resistant var-
ieties were selected from this material. For exam-
ple, IR28, IR29, and IR34 were selected from the
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5. A method for propagation of tungro-infected scedlings and tungro vectors developed at IRR1, 1979,

cross involving Gam Pai as the source of tungro
resistance and IR32, IR36, IR38, IR40, IR42,
IR44, and IR48 from the cross involving Ptb18 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. The 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
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moderately resistant, 13 were segregating, and 254
were susceptible. All the varieties (including IR36
and IR42) and breeding lines originating from the
crosses ipvolving Ptb18 as the source of resistance
were susceptible. However, many lines and var-
ieties (including IR29 and IR34) originating from
the crosses involving Gam 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. Gam 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 [R50 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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SCREENING FOR RESISTANCE SOURCES

Entomology Department

In screening of the world collection 1o identify
sources of resistance 1o 8 insects, S8 accessions
with resistance to the whitebacked planthopper
(WBPH) and 19 with resistance 1o biotypes 1, 2,
and 3 of the brown planthopper (BPH) were iden-
titied.

WI263 (Acc. No. 11057), Muthumanikam
(Ace. No. 15327), and IR4707-106-3-2 (Acc. No.
47549) had moderate resistance to the leaf folder in
sereening initiated in 1979, Further studies were
conducted to determine the nature of resistance,
Studies on oviposition preference indicated that the
moths oviposited cqually on both the susceptible

and resistant varieties. However. the percentage of

dumaged leaves and lanal survival was sig-
nificantly lower on the resistant varieties than on
the susceptible check (Table 1), indicating an
antibiosis etfect of the plants on the larvae,

In- cooperative screening at the Philippines”
Maligaya Rice Rescarch and Training Center,
hot spor for yellow stem borer. CO18 (Ace. No,
6331). CO21 (Acc. No. 6396), and 1B56.8 (Ace,
No. 33136) were selected for resistance to that pest.

In 1979 a systematic evaluation of the world
wild rice colicction for insect resistance began. Of
about 100 accessions tested. 4 had resistance to the
3 BPH biotypes. the WBPH. and the green
leathopper (GLH). None were resistant to the yel-
low or striped stem borer., leaf folder. or the whorl
maggot.

Table 1. Survival and damage caused by leaf folder larvae feed-
ing on resistant cultivars.® IRRI, 1979,

Damaged [eV;ves (") Larval
Variety or line IRRI . survival?
acc. no. b Green-
Field ) ¢ ()
house!
w1263 11057 3.73a 32.62a 26.0a

3t.51a 25.04
36.35a 27.0a
8336 b 530 b

IR4707-106-3-2 47459 843a

Muthumanikam 15327 8.28a

TN1 (susceptible
check)

IR36 {susceptibie
check)

TMeans followed by a common letter are not significantly diffe;ent at

the 5% level. ? Ay of 10plants. Av of 10 pots with 5 plants/pot. “Green.
house test.

4538 b
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FVALUATION OF BREEDING LINESFOR STEM
BORER RESISTANCE
Lntomology and Plan Breeding Departments

Because the level of resistance to stem borers is
only moderate the multiple crossing program con-
tinued the attempt to develop breeding lines with
higher levels of resistance. In screening against the
striped stem borer, 1R13635-45 (IR1628-632-
1IRI917-3-19-2/ 'IR1539-823-1/1R2071-625-]-
252). four lines from the IR 13641 cross (IR172]-
F1-6-8-3 '1R2307-64-2/ IR 1628-632-1 /IR I514A-
E666 IRT3641-20, IR13641-22, IR13641-23,
and IR13641-26  and IR 19362-62 (1R4227-28-3-
2,1R1917-3-19-2 IR2071-625-1-252) were select-
ed. In yellow stem borer sereening, the most resist-
antbreeding lines were IR 19362-182 (1R4227-28-3-
2 IR1917-3-19-2 IR2071-625-1-252), IR1939]-
167, and IR 19391-249 (1R 4427-5 1-6-3; IR 1820-52-
24+ TR2071-625-1-252). These lines had resistance
equal to that of IR I820-52-2-3-1 and resistance to
several diseases and other inscets. The resistance of
IR 1820-52-2-4-1 was verified (Table 2).

Table 2. Survival of first-instar yellow stem borer tarvae on cut
stems of rice cultivars with 3 ievels of resistancz. IRR!, 1979,

Cultivar Survival (%)2
1R1820-52-2-4-1-1 {resistant) 1Ma
IR29 (moderately resistant) 37 b
Rexoro {susceptible, 88 ¢

Mean of 10 replications of 10 larvae each, Observation was at 10 days
after infestation, Means foliowed by a common letter are not signifi-
cantly ditferent at the 5% level,

LEVEL. OF RESISTANCE OF RICE VARIETIES TO
THE GREEN LEAFHOPPER
Entomology Department

The level of resistance to GLH of IR varicties IRS
to IR46 and sclected varieties having identified
genes for resistance was studied. Criteria were
damage in the scedling bulk test, insect survival,
and population buildup. Plants of four ages (15,
30. 45, and 60 days after sceding [DS]) were used
in the survival and population buildup studies to
determine the effect of plant age on the insect.
Seedling bulk test for plant damage. At 7 DS
scedlings were infested with first- and second-



Doimage rating (%)

o

b= .

0

IRS IR8 IR20 IR22 IR24 IR26 IR28 IR29 IR30 IR32 IR34 IR36 IR38 IR40 IR42 IR43 IR44 IR4S IR46 TNI

1. Damage ratings of IR varieties exposed to feeding by a greenhouse colony of green leathoppers reared on TN, Mean of 3
replications. Damage rating: 0 = no damage, 9 = all plants dead. IRR1, 1979,

instar nymphs reared on the suscentible variety IR34, and IR45 were highly resistant (Fig. 1),

Taichung Native 1 (TN1). The entries were 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 TN1 seedlings were killed. IR22 and IR46 were in a mylar film cage. Surviving insects were

highly susceptible and IR24, IR28, IR29, IR30, counted 15 DI. Survival on plants of the same age

Table 3. Survival’ of green leafhoppers (GLH) on IR varieties at different stages of
growth, |RRI, 1979,

GLH survival® (%) on plants

Variety

1508 30DS 45 DS 60 DS
IRS 78 abc 42  cdef 2 fg 10 efg
|{R8 70 abed 38 efgh 38 bed 0 9
IR20 70 abed 68 bc 38 bed 12 efg
1R22 80 abed 88a 54 ab 82a
IR24 34 ef 36 defg 6 fg 24 cde
IR26 38 ef 48  cdef 14  def 18 cdef
IR28 2 gh 4 j 0 ] ] g
{R29 0 h 10 ij 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 abed 52 cde 48 bc 34 o
IR38 68 abed 78 ab 66 ab 42 be
IR40 40 e 12 hij 24 cde 10 efg
IR42 64 bced 64 bcd 68 ab 38 ¢
IR43 52 de 26 fghi 40 bc 14 efg
IR44 54 cde 56 bcde 54 ab 28  cde
IR45 64 abced 18 ghi 14 efg 4 fg
IR46 86 ab 72 abc 64 ab 68 at
TN1 90 a 90 a 82a 86a

#Survival was recorded 15 days after infestation with first-instar nymphs, B a column means followed
by a common letter are not significantly different at the 5% level. DS = days after seeding,
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Table 4. Survival® of green leafhoppers (GLH) reared on varieties with various genes for resistance. IRRI, 1979,

GLH survival® (%) on plants

Vari Resistance
ariety
gene 15 DS 30 DS 45 DS 60 DS

Pankhari 203 Gih 1 50 bc (a) 2 cib) 6 bc (b) 0 d (b}
ASD? G/h 2 30 cla) 3 be (b) 0 ci(b} 0 dib)
IR8 Gih 3 84a (a) 24 b (b) 14 be (be) 0 dic)
Pib 8 glh 4 70ab (a) 76a (a) 58a (a) 12 cd (b)
ASD8 Gih 5 56 b (a) 14 be (b) 16 bc (b) 4 dib)
TAPL 5796 Gih 6 88a (a) 28 b (b) 22 b (b) 36 b (b)
Moddai Karuppan Glh 7 84a (a) 74a (a) 64a (a) 28 be (b)
IR29 Unidentified 74 ab {a) 0 cib) 0 ci(b 0 d {b)
TN1 (susceptible) 90a (a) 80a (a) 84a (a) 86 a {a)

2A greenhouse colony reared for several years on TN1 was used as test insect. Survival was recorded 15 days after infestation with first-instar nymphs,
Mean 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. DS = days aftor seeding.

differed significantly among the IR varieties (Table
3) and various resistance gene sources (Table 4),
In general, GLH survival decreased with
increase in plant age, with the 60-day-old plants as
most resistant. On IR8, insect survival was high
for 15 DS plants, but zero on 60 DS. IR"8 and
IR29 were highly resistant at all plant ages.
Population buildup of green leafhopper,
Measurements of the levels of resistance of the IR
varieties to GLH, as based on the population build-

up studies, indicated significant differences
among varieties (Table 5). No progeny were pro-
duced on IR34 at 30 and 60 DS. Change in popu-
lation buildup with plant age varied depending on
the variety.

Reaction of Philippine green leafhopper col-
onies to varietics with known genes for resist-
ance. To determine the possible existence of GLH
biotypes in the Philippines, seven varieties with
genes for resistance — Pankhari 203 (Glh | ),

Table 5. Population buildup of green leathopper on IR varieties at different stages of

growth. IRRI, 1979.

Population buildup? {no.) at

Variety 2008 4508 60 DS
IR5 40.0 bed 1.4 yh 0.0 9
IR8 3.8 i 08 gh 18 fq
IR20 200 dof 238 be 652 b
IR22 704 1 316 b 112.4 ab
IR24 9.4 gh 66  of 16 cd
IR26 124 fgh 56 g 128 cd
IR28 1.6 i 0.0 h 0.0 g
IR29 22 i 0.0 h 0.0 9
IR30 6.0 hi 3.0 gh 19.2 cd
IR32 158  defg 92 de 67.8 b
IR34 0.0 K 1.0 h 0.0 gh
IR36 32.4 bede 1.2 gh 280 ¢
IR38 148 elg 20.¢ b 180 o
IR40 14 ik 3.4 oh 260 ¢
IR42 61.2 be 78 def 64.4 b
IR43 6.2 ghi 2.4 gh 94  de
IR44 10  fgh 100 cde 260 ¢
1R45 76 fgh 0.0 h 04  of
IR46 36.4 bede 18.6 bed 149.8 ab
TN 236.6 4 166.0 2127 a

66

2ay tor 5 replications, Progeny of 5 pairs of 3-day-old adults. Means in a column followed by the sams
letter are not significantly different at the 5% level, DS = days after seeding,
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poscd to ieathorper colonies collected throughout the Philippines.

Table 6. Seedbox damage rating of varietics with difterent genes for green leafhopper (GLH) resistance when ex

1RRI greenhouse, 1979.

Damage rating” of varieties exposed to GLH colomes

Santa

i Tala-

Pagadian

La
Union Corella

llocos llocos

Green-

Gene

Variety

Rosiles Tarlac

Malawe Tagum

Laur

verg

City

m

la

Mara

Gih 1

Pankhari 203

ASD7
IR8

Glh 2
Gih 3
glh4

Ptb 8

Gih 5
Glh 6
Glh 7

ASDB

TAPL #796

Moddai Karuppan
IR29 (resistant)

TN1 (susceptible)
2Damage rating: 0

all plants dead. Figures are average for 3 replications rated 11 days after infestation.

nc damage, 9 =

ASD 7 (Glh 2), IR8 (Glh 3), Ptb 8 (glh 4), ASDS
(Glh 5), TAPL # 796 (Glh 6), and Moddai Karup-
pan(Glh 7) — were tested for their reaction t~ GLH
colonies collected throughout the Philippines and to
the IRRI greenhouse colony. IR29 and TN1 were
used as resistant and susceptible checks. The reac-
tion of the various colonies on the various gene
sources was measured by the seedling bulk test for
plant damage. Colonies were reared on TN1 in the
greenhouse for 2 generations before use in the seedI-
ing bulk test.

The reactions of the various varieties showed
distinct differences (Table 6). Genes Glh 3, glh4,
Glh 6, and Gih 7 were the weakest genes; Glh [,
Glh 2, and Glh 5 had the strongest level of resis-
tance.

However, there were no distinct differences
among colonies for a given variety. The
greenhouse colony reared on TN for several years
was as virulent as the field-collected colonies.
Assuming no change in the virulence of the
greenhouse colony over thz: years, the various col-
onies tested indicated lit:le or no selcction for a
virulent GLH biotype in :he Philippines.

LEVEL OF RESISTANCE TO WHITEBACKED
PLANTHOPPER OF CULTIVARS WITH RESIST-
ANCE GENES

Entomology Department

The level of resistance reported in five cultivars
with known genes for WBPH resistance was
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 [), ARC10239
(Wbph 2), IR2035-117-3 (Wbph | + Wbph2),
WCI1240 (Whph 1 + 1 recessive), and Colombo
(Whph 2 + | recessive). By the seedling bulk test
N22, ARC10239, and Colombo were moderately
resistant, and 1R2035-117-3 and WC1240 were
highly resistant to the greenhouse WBPH colony
(Table 7).

Survival test. Insect survival on the various cul-
tivars, determined 15, 30, 45, and 60 days after
seeding, was similar. It decreased with increase in
plant age (Table 8). Survival on all cultivars was
significantly lower at 45 DS than at 15 DS. Thus,
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

Cultivar Resistance gene Damage
rating”
N22 Woph 1 5
ARC10239 Wbph 2 5
1R2035-117-3 Wbph 1+ Wbph 2 1
wC1240 Wbph 1+ 1 recessive 1
Colainbu Whph 2 + 1 recessive 5

TN1 {susceptibley 9

¥ Based on the seedling bulk test of a greenhouse WBPH reared on TN1.
Ratings 11 days 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-itermine if virulent WBPH could be selected,

a greenhouse colony reared on susceptible TN1
was reared alternately on TN1 and the resistant
cultivars for four generations. After the fourth
generation, the insect colonies were tested for vir-
ulence against the resistant cultivars.

All the colonies reared on a resistant cultivar for
only two generations increased in virulence com-
pared to those reared only on TN1 (TN1 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. Survival® of a colony of whitebacked planthopper (WBPH) reared on susceptible
TN1 when placed on varieties with genes for resistance. IRRI, 1979,

WBPH survival? {%) on plants

Variety
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 be (b) 40 b (b) 16 clc)
WC1240 74 b (a) 46 bc (b) 38 b (b) 34 bce {b)
Colombo 76 b(a) 48 be (b) 48 b (b) 30 c(b)
TN1 94a (a) 78a (ab) 76a (b) 78a (ab)

?Determinad at 15 days after infestation with first-instar nvmphs.bMean of 5 replications. Means fol-
lowed by a comman letter {outside parentheses for columns, and in parentheses for rows} are not sig-
nificantly different at the 5% ievel. DS = days after seeding.

Table 9. Damage rating on varieties with known whitebacked planthopper (WBPH) genes for resistance to differant colonies of WBPH.

IRRI, 1979.
Variety Resistance o m7__‘”___-““mpamage" due to WBPH colonies reared on
gene N22 ARC10239 IR2035-117-3 WC1240 Colombo TN

N22 Wbph 1 9 7 9 9 7 5

ARC10239 Wbph 2 9 9 9 9 9 5

IR2035-117-3 Whph 1 + 3 3 9 9 3 1
Wbph 2

WC1240 Wbph 1+ 1 3 3 3 3 1
1 recessive

Colombo Wbpn 2 + 5 7 9 9 7 5
1 recessive

TN1 {susceptiblo) 9 9 9 9 9 9

?Damage rating based on seedling bulk test: 0 = no damage, and 9 = severely damaged. Ratings were taken at 11 days after infestation, 2 All colonies orl-

ginated from greenhouse TN1 culture,
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Table 10. Whitebacked planthopper-resistant rice varieties used
in a genetics study. IRRI, 1979,

, IRRI -
Variety ace. o, Country of origin

Mushkan 41 6828 Pakistan
Santhi 28222 Pakistan
Siahnakidar 195 28265 Pakistan
SM2-34 28266 Pakistan
Tirisurkh 251 28310 Pakistan
Zirijowaian 245 28325 Pakistan
18 28348 Pakistan
24A 28358 Pakistan
39 28377 Pakistan
65 28390 Pakistan
76S 28399 Pakistan
78 28401 Pakistan
180 28424 Pakistan
2138 28428 Pakistan
267 28434 Pakistan
274A 28440 Pakistan
293 28442 Pakistan
Cl 6037-4 3667 India

NP97 3700 India

S39JKW 6836 India

Bansphul 28313 Nepal

and the F,, F,, and F, progenies were analyzed to
determine the mode of inheritance. The data are
presented in Table 11. All the F, progenies were

resistant, indicating resistance under dominant
gene control. The F, populations from crosses of
those varieties, except those of TN1/65 and
TN1/274A, segregated in a ratio of 3 resistant to 1
susceptible, indicating that a single dominant gene
confers resistance. The F, populations of the cross-
es TN1/65 and TN 1/274A segregated in a ratio of
13:3, indicating that resistance in the two varieties
is governed by one dominant and one recessive
gene.

The results from the F; progenies confirmed the
conclusions drawn from the F, data. In all crosses
except TN1/65 and TN - 274A, the observed data
agreed with the 1:2:1 (resistant:segregating:suscep-
tible) ratio expected for monogenic control of
resistance. The F, data from the crosses of TN1/65
and TNI/274A agreed with the 7:8:1 ratio
expected for digenic control of resistance.

All the varieties were also crossed with N22
which is homozygous for Wphh I, the dominant
gene for resistance to whitebacked planthopper,
and F,, F,, and F,; progenies were analyzed
(Table 12). As expected the F, progenies of all
crosses were resistant. Similarly none of the F,
populations segregated for susceptibility. A few

Table 11. Reactions? to whitebacked plarthopper o! Fq, Fy, and F3 progenies from the crosses of TN with resistant varieties, IRRI,

1979,
Cross F‘. e - -
reaction R {no.} S (no.)
TN1/Mushkan 41 R 247 92
/Santhi R 185 73
/Siahnakidar 195 R 306 91
/SM2-34 R 297 107
[Tirisurkh 251 R 417 128
/Zirijowaian 245 R 243 88
/18 R 268 76
124A R 249 96
/39 R 279 74
/65 R 222 45
1765 R 344 109
/78 R 228 69
/180 R 165 53
/2138 R 268 81
1267 R 234 9N
1274A A 352 69
/293 R 242 78
/C16037-4 R 313 99
/NP97 R 355 109
/S39JKW R 213 62
/Bansphul R 185 n

2 seedlings

Fy families

31 X33 Rio) Sine) Sie 32

0.83 46 75 33 2.30
1.49 49 75 32 3.94
0.91 a 81 32 1.47
0.48 29 79 43 2.92
0.67 30 82 35 2.31
0.44 38 68 26 2.30
1.55 47 71 35 2.51
1.47 36 88 30 3.61
3.07 42 82 29 3.00
9.45 0.63 95 95 i8 2.88%
0.21 39 87 28 417
0.49 31 70 29 0.83
0.06 43 79 32 1.68
0.60 46 76 32 2.57
1.56 36 66 25 2.10
16.65 1.54 57 84 13 342
0.07 39 82 33 1.12
0.21 48 76 30 4.23
0.56 38 61 32 117
0.88 43 79 32 1.68
1.02 48 ya 35 313

9R = resistant, S = susceptible, Seg = segregating, bx2or 7:8:1 ratio,
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Table 12. Data on the reaction® to whitsbacked planthopper of the Fy, F,, and F4 popu-
lations from the crosses of N22 with resistant varieties. IRRI, 1979,

F F, seedlings {no.) Fy lines (no.)

Cross 1
reaction R 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
fAL:] R 384 7 154 0 0
124A R 387 0 144 0 0
/39 R 351 6 152 0 0
/65 R 282 4 154 0 0
/76S R 492 [ 154 0 0
/78 R 358 3 154 0 0
/180 R 384 0 145 0 0
/2138 R 362 7 154 0 0
1267 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
INPO7 R 328 4 154 0 0
/S39JKW R 302 5 154 0 0
/8ansphul R 528 0 154 0 0

?R = resistant, S = susceptible, Seg = seygregating.
Resistan/ Suscaplivie

seedlings that died had been classified as suscepti-
ble in some F, populations. However, this does
not indicate genctic segregation for susceptibility
hecause a few seedlings of the resistant parents
also died. All the F, fumilies of the crosses were
resistant. The data indicate that all the resistant
varieties hud Whphi | for resistance. Varieties 65
and 274A had an additional recessive gene for
resistance.

BROWN PLANTHOPPER RESISTANCE STUDIES
Entomology Deparvment

Plant age and level of resistance. In past survival
studies, first-instar nymphs were used to assess
varietal levels of resistance to the BPH. In 1979,
the survival of the first-, third-, and fifth-instar
BPH nymphs on 15- and 60-day-old plants was
studied to determine the effect of insect age and
plant age on BPH survival. Based on insect survi-
val, the level of resistance was distinctly higher in
the 60-day-old plants (Fig. 2). Survival of the
older (fifth-instar) nymphs was significantly lower
than that of the younger nymphs on the 15-day-old
plants. The fifth-instar nymphs provided maximum
differences in survival between the susceptible and
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2. Reaction of BPH nymph instars on resistant and susceptible
rice varieties. Resistant varieties for biotype | were IR26 and
Mudgo (Bph | gene), 1R42 and ASD7 (hph 2). zud Rathu
Heenati (Bph 3); those for bivtype 2 were ASD7, IR42, and
Rathu Heenati; and those for biotype 3 were IR26, Mudgo. and
Rathu Heenati. IRRI, 1979.
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3. Rearing technique used 10 select for brown planthopper biotypes virulent to a resistant rce varety. 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 selectionoccurs. A special rear-
ing scheme (Fig. 3) was used to provide selection
pressure. Biotype 1, a wild population reared on the
susceptible variety TN1 for several years, was
reared on two resistant varieties — Mudgo with the
Bph I gene, and ASD 7 with the hph 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 ASD?7 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 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 | nymphs on TN1, Mudgn, and ASD7 from the first to the seventh
gencration. Each colony originated from a culture reared for about 12 years on TNI. IRRI, 1979,

m the eighth generation, although the amount of
food ingested was only about half that by the TN1

Food ingested (mg)/ femaie n 24 h

40[
1 - TN} colony -

™
20 +— Mudgo colony
W +507 ooy
16 +—
12 }—~
8l—
4 b
0 L

Mudgo ASD? TNI
(8pht) Loph 2)
Food source

S. Feeding activity of three brown planthopper colonies on
30-day-old plants of a susceptible (TN1) and two resistant
{Mudgo and ASD7) varictics. The Mudgo and ASD7 colonies
originated from the TNI colony and were reared on Mudgo
and ASD7 for 8 generations. IRRI, 1979,
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colony on TN1 (Fig. 5). The Mudgo colony, how-
ever, had not yet adapted to feeding on Mudgo as
the food irgested was only slightly more than that
ingested by the TNI colony on Mudgo.

Fecundity. 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 TN1. Fecundity rate was
higher for the Mudgo colony on ASD7 than for the
ASD7 colony on ASD?7.

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 to
biotype 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
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6. Number of eggs laid on Mudgo and ASD7 (both resistant),
and TN (susceptible) bya TN1 Hlony 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 raling
9 --------

5 /
/
/

/
3 /

Mudgo
|

60

Days ofter transplonting

7. Damage ratings of varieties exposed to brown planthopper
biotypes 1 and 2 in a screenhouse. 1 == slight damage, 9 = all
plants dead. These varicties are all susceptible to biotype 2 when
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 1
and 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 TN1 were killed.

Nature of moderate brown planthopper resist-
ance. Moderately resistant varieties maintain
insect populations equal to those on the susceptible
TN1 but suffer less damage. As shown in Figure 8,
the damage ratings of Triveni were lower than
those of TN1 despite similar BPH populations. The
same was true of Mudgo, a moderately resistant
variety, when compared to IR26, 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

Brawn planthappers (no./hill}

200
160 [—
— TNI
Triveni
120 —

IR26
r — Mudgo

80

40

30 45
Doys ofter transplanting

8. Population of brown planthoppers and damage ratings (in
bar) on varicties exposed to a mixture of biotype 1 and 2
hoppers in the screenhouse. Damage rating: | = slight damage,
9 = ail 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 {eeding on highly

resistant, moderately resistant, and susceptible varieties.? IRRI, 1979,

Biotype 1
Varmtv" Wt gain Honeydew
(%) excreted
(ma)
Rathu Heenati (R) 8 b 1.3 b
Trivent (MR) 31 b 8.1 b
TN (S) 81a 496 a

Biotype 2 Biotype 3
R Honeydew R Honeydew
Wtug/gam excreted Wt(;a)m excreted
o . mgh {mg)
7b 46 h 0 ¢ 20 ¢
28 b 63 b 52 b 16.1 be
69 a 47.5a 87 a 36.1ab

IMean of three replications consisting of one insect each, Twelve-hour-old female adults that had been starved for 4 hours were used, Means followed by
a comman letter are not significamtly ditferent at the 5% level, PR = resistant, 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 TN1. This may be one reason
Triveni sufters 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 to feeding by
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 C and measuring by X-ray
film the amount of radioactivity in the seedlings.
The color intensity of the autoradiograph was

9. Photosynthetic activity based on ™ C uptake in the brown
planthopper-tolerant variety Triveni (left) and susceptible TN
(right). The photo shows the actual plants (right) and autoradio-
graphs (left). Color intensiiy of the autoradiograph indicates
the amount of photosynthetic activity occurring after the 10-
day-old scedlings were almost killed by feeding of 20 adults
BPH in 3 days. The plants were put in a chamber with 5 BPH
adults and exposed to an atmosphere of “C for 24 hours.
Triveni showed high photosynthetic activity; there was little
activity in TN1, IRRI, 1979,
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related to the amount of “C uptake. The auto-
radiograph of Triveni, a moderately resistant varie-
ty, was dark, indicating continued photosynthetic
activity; that of TNI, a susceptible variety, was
light (Fig. 9). It was apparent that photosynthetic
activity in Triveni continued de¢spite 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. Tnitial studies indicated
that carbofuran is more toxic to biotype 2 hoppers
feeding on ASD7 than to those feeding on the sus-
ceptible variety TN1 (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).

L0g(1ea/3)
35

25

ASD7 NI

10. Susceptibility to carbofuran as indicated by LDs; (mean lethal
dose) values when biotype 2 brown planthoppers were reared ona
moderately resistant (ASD7) and a susceptible (TN1) variety.
IRRI, 1979.
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11. Efficiency of the spider 1.ycosa pyeudoannulara when feeding
on brown planthopper (BPH) on 4 resistant (ASD7) and a sus-
ceptible (TN1) variety. Ratio of BPH to spiders was 20:1. IRR],
1979,

BIOCHEMICAL BASES OF BPH RESISTANCE
Chemistry and Entomology 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 anu 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 5 groups 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 required to determine the differential

oxalic acid concentrations in the phloem sap, which
is the 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 70% ethanol as an extracting
solvent, which automatically excludes the high
molecular fraction. A 1979 study was undertaken
to 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 further
fractionated 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
(mg/g fresh leaf sheaths)

10

08 -~ i: *
.

06 (— d °
- g g

04 o |e |9

7. 1, d° .
o.2—.""8 .
0 ! | ! ! ! L

None Bph/ tph2 Bph3 bph4 Unknown

Rice varieties carrying indicated
resistance genes

12. Oxalic acid concentration in rice varieties carrying different
BPH resistance genes. 0 = values for individual varieties; |—o—{,
mean and its standard error for each group of varieties; means
with * are significantly higher than the mean for susc:~ible
varietices,
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13, Gas chromatograms of essential oils in steamn distillates of leaf
sheaths of biotype I-resistant Mudgo and susceptible TNI rice
varieties. 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-
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sates had high carbohydrate content but varying
reducing sugar levels. Soluble protein was less
than 5% of the carbohydrates and was also less
than the level of free amino acids.

High molecular fractions of bleedins sap col-
lected from the base of panicles at flowet -ng and of
honeydew from brown planthoppers feeding on
resistant and susceptible varieties did not show any
antifeeding activity,

Essential oils. The essential oils are considered
important factors in determining susceptibility or
resistance of rice varieties to insect pests. These
biochemicals, isolated as steam distillates from
susceptible and resistant varieties, affect the insect
hoth behaviorally and physiologically. In 1979,
the steam distillates of leaf sheaths of BPH-
susceptible TNI and Mudgo, which is resistant to
BPH biotype | and 3, were analyzed by gas
chromatography and compared for any inherent
differences. The gas chromatograms (Fig. 13)
showed distinct qualitative and quantitative differ-
ences amony the volatiles of Mudgo and TN1 rice
varieties. The fingerprints of the steam distillate
volatiles obtained by gas chromatography illus-
trated basic chemotaxonomic differences between
the susceptible anc resistant rice varieties. Work to
identify the volatiles was started.
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EVALUATION TRIALS
Plunt Breeding, Statistics, and Chemistry Depart-
ments

Yield trials (Plunt Breeding, Statistics, and
Chemistry). In the dry season replicated yield tri-
als, rough-rice vield and brown-rice protein were
highly correlated in the irrigated  trial
(r = —0.50**, n = 370) but were not correlated in
the rainfed trial (# = 0.10", n = 185). For the
irrigated trial, brown-rice protein ranged from 6.7
1o 11.2% with a mean value of 8.3%. Grain yield
reaged from 5.2 to 8.2 t/ha. For the rainfed trial,
brown-rice protein ranged from 6.5 to 9.6% with a
mean of 7.8 ; grain yield ranged from 4.5 to 8.2
vha.

High-protein parents (Plunt Breeding  and
Chemistry). High-protein accessions (i.364) from
the IRRI germplasm 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.

PROPERTIES OF RICE PROTEIN
Chemistry Department

Protein and silicon distribution in rice grain. Ina
cooperative study with Siochemists at the
Australian National University, Canberra, the pro-
tein distribution obtained from milling fractions of
high-protein and average-protein brown rice (1978
annual report) was verified. Techniques to separate
embryo, grain coat, grain coat plus aleurone cells,
and starchy endosperm for amino acid analysis were
developed. 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 increase in lysine, the first limiting essential
amino acid of rice protein, was less than propor-
tiénate 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
dictary 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 (IR480-5-9,260 ppm Si):
bran (0— 6% fraction of brown rice), 1,930 ppm Si;
polish (6-12%), 620 ppm; subaleurone layer
(12-20%), 170 ppm: middie endosperm
(20--30%), 260 ppm; and inner endosperm
(30-100%), 50 ppm. The corresponding values for
an average-protein rice (IR32, 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 (11 -} grain {IR480-5-9) compared with that in the average-protein {7}
grain (IR32). Australian National University, Canberra, and 1RRI, 1979-.7 N

Ratio ir
Protein or — R -
amino acid Brown Starchy Embryo AIeurqnc cells Grain
rice endosperm + grain coat coat
Protein 1.45 1.49 1.09 1.22 1.31
Lysine’ 118 1.26 114 0.97 1.25
Threonin.” 152 144 1.04 1.22 1.53
Mean for all 17 amino
acids 1.43 1.43 1.09 1.20 1.36

“First himiting essential amino acid in rice protein, bgecond limiting essential amino acid.
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The effect of a high-protein rice (IR2153-338-3,
10% protein) on the growth of preschool Indian
childrer was assessed in 1-year cooperative feeding
trials in a residential 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 a day. 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 iice (235 g/1,000 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 10 cnergy (8.0% in
control and 10.8% in experimenial diet) in the
South Indian dict and the effective corsumption 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 Food and
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 involwed 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 fud South L.uian rice-based
diets for 1 year. Christian Medical College and Hospital, Vellore,

Experimental

Control

(high-protein {low-prot..in
rice) rice)
fnitial ht (mm) 9168 :+665 9181 *551
Final ht (mm) 985.6 +64.0 969.4 *68.3
Increase i ht {mm) 69.8 +15.0 71.3 +204
Initial wt (ky) 1196+ 1.68 1188 294
Final wt (kg) 13.09: 190 1320+ 2.64

113+ 075 1.32 1,07
81.0 + 6.4 810 + 7.2

Increase in wt {kg)

Energy intake {(kcal/kg
body wt)

Nitrogen intake {g/day)

Amino acid intake {mg/kg

531+ 0.79 4.09* 0.36

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 ZnSO,7
H,O added to the mineral mixture. A third group
had, in addition to zinc supplemen‘ation, high-
protein rice in place of the orphanage rice. Other
protein sources were eggs, pork, milk, and bread.
The three groups had similar rice intake, 154 —157
g/day; rice contributed about 40% 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
reccived zinc and high-protein rice had higher final
hemoglobin levels.

The seeming disparity in results of the two
studies is not casy 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
olderones (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

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 79



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
Dict intake
{mg/day)
Control 5
Control + 5 mg Zn 10
High-protein rice diet 10

t 5mg 2n

Lysine

co.tent

of diet
{9/16 g N)

Mean increas? in ';'::::T
o T serum Zn
Ht {em) Wt (kg) (g/ml)
421 b 081 b 1.40a
4.38 ab 099 b 1423
483a 1.38a 1.29 a

Yna column, means followed by a common letter are not signiticantly 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. [RRI, 1979,

Amino acid Indian children
Low- High-
protein protein
Isoleucine 4.2 4.2
Leucine . 8.6 8.6
Lysine 4.3 4.1
Methionine 4.8 4.7
+ cystine
Phenylalanine 10.8 10.8
+ tyrosine
Threonine 3.7 3.7
Valine 5.7 5.7
Tryptophan 1.4 1.3

diets were more than adequate in protein, the impact
of replacing average-protein rice with high-protein
rice will probably be more apparent in diets
deficient in energy and protein.

Total and undigested proteis of rice. Studies to
explain why 10-15% of the milled-rice protein
becomes poorly digestible on cooking were con-
tinued. The undigested protein has lower molecular
weight (MW) and lysine content than whole
milled-rice protein bodies, and represents its core
proteins (1978 annual report). Protein bodies were
prepared from raw and cooked IR480-5-9 milled
rice by treatment with crystalline hog pancreatic
a-amylase. Cooking decreased piotein extraction
with 0.5% sodium dodecyl sulfate (SDS)—0.6%
B-mercaptoethanol (ME) from 98% to 73% but
lipid extraction with petroleum ether remained low
(26-27%}. Only the results on protein extractability
were similar to those in 1978 when protein bodies
were prepared from rice destarched with pancreatic
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Amino acid content (g/16 g N} of diet fed to

T T e WHO
_. Filipino chudren pattern
Low- High- (a/16 g N)
protein protein
4.3 4.2 4.0
8.3 8.4 7.0
5.3 47 5.5
6.3 6.3 3.5
9.0 9.4 6.0
3.5 3.5 4.0
5.3 5.4 5.0
0.8 1.0 1.0

and Aspergillus oryzae o-amylases. With the
pepsin-treated protein bodies, the efficiency of lipid
extraction with petroleum ether was 74% for raw
rice and 89% for cooked rice.

Protein bodies prepared from raw IR480-5-9
milled rice by pancreatic «-amylase action had
lower lipid conient (5.8%) than those prepared from
cooked rice (7.8%). Overnight treatment of C4-
63G starch with Aspergillus «-amylase resulted in
the recovery of only 3% of its lipids in the residual
dextrin. In contrast, waxy IR29 milled rice, which
had trace starch lipids, gave a cooked-rice protein-
body preparation with 69.2% protein and a high
lipid content of 10.0%. Starch lipids, in contrasts.to
nonstarch lipids, were presumably readily lost dur-
ing a-amylolysis of raw granules.

The ratio of the lipid fractions (neutral
lipids:glycolipids:phospholipids) associated with
protein-body preparations was affected by the
amylase used for destarching although these



enzyme preparations had negligible lipase activity.
Aspergilius  «-amylase treatment of cooked rice
resulted in a lipid ratio of 92:5:3. Pancreatic
w-amylase treatment resulted in raw-rice protein
bodies with a lipid ratio of 52:7:41 and in cooked-
rice protein bodies with a tipid 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
Aspergillus 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 ethanotamine in the phospholipid
fraction, with trace amounts of phosphatidyl
choline and phosphatidy! ethanolamine.

Comparison of milled rice and pepsin-treated
(core) raw-rice protein bodies showed miilled-rice
protein to have 9% 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-
fin, free from degradation products of protein hy-
drolysis in fecal sumples. Protein extracted by0.1N
NaOH-0.6% B-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 iiltratior. into | 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% S-ME readily dissolved
the protein from 0.7 M NaCl-washed IR480-5-9
milled-rice flour. Fractional 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% B-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-HCl, 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 8-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-8-ME had been made
using fractionation through Sepliadex 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 1IR480-5-9 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 with
(.25 M (NH,),S0 and precipitated with the addi-
tion of ammonium sulfate to 8u% saturation (4 M).
This preparation was found to be contaminated with
a-globulin; subsequently 0.1 to 0.15 M (NH,),S0,
was used for albumin extraction to miniriize
a-globulin contamination. The major albumins in
these extracts were readily precipitated at 40%
(NH,),SO, saturation (1.8 M).

Brown rice stored at room temperature was
milled and defatted with petroleum ether. Serial
extraction of the defattcd 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 NaCl
(Table S). The addition of 1 mM dithiothreitol
(DTT) as sulfhydryl preservative reduced the pro-
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teins extracted by water and 0.25 M NaCl but
increased those extracted by 0.5M and 0.8 M NaCl
in the control sample only. Basic disc gel elec-
trophoregrams of the extracts indicated that only
albumins were extracted by water and 0.25 M
NaCl. 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 NaCl
extracts gave only ! major band intermediate in
mobility to the 2 major albumin bands. It was prob-
ably the «a-globulin.

The dilute-salt extracts had detectable activities
of protease (hemoglobin and benzoyl-L-arginine
para-nitroanilide substrates), «a-amylase, and
ribonuclease. They had no «-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
G-100 gel filtration of the 0.15M (NH,),SO,
extract of IR36 milled rice was fractionated on
DEAE-Sephacel using a 0-0.4 M NaCl gradient.
The major fraction (44%) was unadsorbed protein,
followed by 3 other partially resolved peaks, rep-
resenting 21%., 16%, and 15% of total protein.
Analytical disc gel clectrophoresis suggested that
the main unadsorbed fraction, which migrated in
acid gel only, 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 | and 2, respectively.
Albumin | 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 NaCl and 0.15 M (NH,),SO,
extracts, and MW 248000 for the 0.5 M NaCl
extract. Gel filtration of Sephadex G-100 gave a
major peak for the 0.15 M (NH,),SO, 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 NaCl extract had only 1 major subunit
with MW 168C0. In addition, the 0.5 M and
0.8 M NaCl 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 1 had 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. Ir. contrast, use of 0.1 M (NH,),SO, 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,),SO, extract, the frac-
tion precipitated at 0-40% (NH,),SO, 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

rice from brown rice stored at different temperatures.” IRRI, 1979.

Extractable protein (% of total protein) from brown rice

Control” Stored 1 mo at Stored ;1 mo .
Solvent 35°ct 28
No 1mM No 1mM No 1mM
e PJT__ _E)TT DTT DTT DTT o HD:II
H,0 2.2 1.4 1.9 2.2 1.3 1.4
0.25 M NaCl 7.8 6.0 7.3 7.9 4.6 4.8
0.5 M NaCl 2.8 5.1 3.0 3.2 3.0 3.2
0.8 M NaCl 1.5 24 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

pTT = dithiothreitol. bPrcvioust stored as brown rice for 2.5 months at 0-4°C,
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Sephacel fractions, basic albumin had 2.0% lysine
and 6.4% cystine, albumin 1 had 3.2% lysine and
6.0% cystine, and albumin 2 had 2.6% lysine.
Isoclectric focusing in cooperation with the
Wheat Research Unit, CSIRO, North Ryde,
Australia, confirmed the results of analytical gel
electrophoresis at pH 4.5 and 8.3. Water extracts
showed 10-11 bands of medium intensity at pH
6.0-7.5 (Fig. 1). The 0.15 M (NH,),S0, extrarct
showed a distinct 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 | 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 NaCl had 1 major component
with isoelectric point at 5.3, which was higher than
the pH 4.5 previously reported for a-globulin.
Globulins. Globulins other than a-globulin,
which were reported elsewhere to also be high in
cystine and methionine, were studied further.
Crude globulin was prepared by 0.7 M NaCl
extraction from 1R480-5-9 milled rice, precipitated
by 30% saturation with (NH,).50, (1.3 M), redis-

Ll 1)

e
—won

solved in 0.7 M NaCl, and precipitated by dialysis
against water. Precipitated globulins were
dissolved in acetic acid to pH 2.5 and a-globulin
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 nonprecipitated
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 prominent 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 alburmins left in

{R36 milled rice

IR480-5-9 milled rice

IR36 H,0 extract

IR36 0.15 M {NH,),S0, extract
IR36 0.5 M NaCl extract

R36 basic albumins

IR36 albumin 1

IR36 a-globulin
IR36 other globulins
|R480-5-9 alkylated glutelin

IR28 alkylated glutelin

) IR480-56-9 prolamin

1. Isoclectric focusing patterns of 3 M urca-19% B-mercaptocthanol soluble proteins of

milled rices and their protein fractions. Wheat

Rescarch Unit, Commonwealth Scientific

and Industrial Research Organization, North Ryde, Australia, 1979.
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solution by (NH,),SO; 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 or the ammonium sulfate precipi-
tate against water had a similar electrophoregram
to that of the globulin fraction soluble at pH 4.5.
Since distilled water has a pH of 5.5-6.0, dialysis
probably preferentially precipitated «-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- «-
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 «-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 as the globulin was
only 10% soluble in 0.1 M Tris-HCI pH 7.8.

DEAE-Sephacel chromatography of water-
soluble globulin at pH &.5 showed the presence of
at least 6 protein peaks and unadsorbed protein.
Alkylation of the proteins with 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 NaCl at
50°C and cooling of the extract at 4°C resulted in the
formation and settling of spherical particles, 1—3
mm 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
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extracted protein in the inner endosperm. The parti-
cles from the subaleurone layer (12~20%) had 63%
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-1%
B-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 IR480-5-9 and IR36 milled rice had inajor bands
with isoelectric points at 5.3 and 7.8 and other
proteins with isoelectric points between pH 4 and
9.1 (Fig. 1). 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 t0 9 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 10 9.

Nutritional Evaluation Laboratory. A re-
gional Nutritional Evaluation Laboratory for tie
evaluation of high-protein and rice-based weaning
foods through balance studies in preschool chil-
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 Intemational
Development. The unit is expected to be opera-
tional in 1980.
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HYBRIDIZATION AND SELECTION
Plant Breeding Department

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 during
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 I, biulk populations were grown along
with muany crossc  intended for other types of
rainfec-wetland cu ire. Most of the populations
were susceptible sheath blight and bacterial
blight and or™ &1 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 sclected accessions from the germ-
plasm bank.

Table 1 lists 29 entries that received a scoie of |
at 2 and 5 bars soi! moisture tension (SMT). The
drought scores of the resistant checks IR442-2-58
and Salumpikit were 1 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 a drought 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 drouaht reaction® of 1 at 2 and 5 bars SMT

Line or accession Origin
IR6115-1-1-1 Philippines
IR6172-6-3 Philippines
IR9669 Sel Philippines
ARC 11430C India
ARC 11432 India
ARC 12059 India
B995¢-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 Bangladesh
Ketan Beledeng Indonesia
Ketan Cere Indonesia
Khao Dawk Mali Thailand
Kinandang Patong Philippines
KLG 6987-143-2-P Thaitand
Kulawalai Sri Lanka
KU 86 Thailand
Manik Digha Bangladesh
Moroberekan Guinea
Nam Sagui 19 Thailand
Paedai Kulibungga Indonesia
Pate Blanc lvory Coast
PN677-2 Nigeria
PNG78-4 Nigeria
Check Drought reaction

2 bars 5 bars Recov-
Checks SMT SMT  eny?
1R442-2-58 {resistant) 1 3 1
Salumpikit (resistant) 1 3 1
IR20 (susceptible) 3 5 3
IRAT 9 (susceptible) 3 7 5

ISES 1-Gscale: 1- no to negligible effect of soil moisture stress (SMT),
9 - all plants apparently dead. ?SES 1-9 scale: 1 = 90 of plants fully
r2covered, 9 7 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). IR5853-118-5had 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 | at
10 bars SMT. In 1979 it was among the 116 that
performed better than the resistant checks at §
bars SMT.



Table 2. Three-year summary of drought resistance ratings? of promising lines and varie-
ties at different soil moisture tension {SMT) values at IRRI.

1977 1978 1979

Line ar variety 4 bars 10 bars 5 bars 10 bars 5 bars

SMT SMT SMT SMT SMT
IR5853-118-5 3 3 1 3 3
IRB103-120-3 3 3 1 1 3
IR36 5 8 3 6 5
IR43 - - 3 7 3
IR45 - - 2 6 3
Kulawalai - - 1 3 1

Checks

1R442-2.58 {resistant) 4 5 2 5 3
Salumpikit {resistant) 4 5 2 4 3
IR20 (susceptible) 7 8 6 9 5
IRAT 9 (susceptible) 7 8 7 9 7

2SES 1-9 scale: 1 =no to negligible effect of soil moisture stress, 9 = all plants apparently dead.

Rices outstanding for drought resistance
{Agronomy). Among lines identified for drought
resistance IR5853-118-5, IR8103-120-3, and
IR966¢ Selection from IRRI and BKN 6986-
108-2 and KUB86 froin Thailand showed consistent
resistance for 3 consecutive years (Table 3).
Another 4 IRRI-bred lines had good drought rat-
ings in 1978 and 1979. Table 3 also gives the

Table 3. Rices outstanding for drought resistance, IRRI, 1977—79 dry seasons.

Possible
Designation? source of .
resistance 4 bars
SMT
IR5863-118:5 NS 19 3
IR8103-120-3 Aus 197 3
IR9669 Selection Carreon 4
I1R5624-110-2 KDM 105 -
1R8154-95-1 KU70-1 -
IR8234-174-3 NS 19 -
IRY995-96-2 NS 19 -
BKN 6986-108-2 3
KU 86 2
Nam Sagui 19 7
Carreon 3
Leb Mue Nahng 111 3
Khao Dawk Mali 105 3
KU70-1 4
IR442-2-58 (R ck) LMN 111 4
Salumpikit (R ck) 4
IR20 (S ck) 7
IRAT 9 (Sck) 7

1977
10 bars

reactions to drought of 5 parents of the selected
lines. These parents showed consistent resistance
only to relatively moderate stresses (5 bars SMT
and below), while the progenies rated excellent
even at 10 bars SMT. Nam Sagui 19, Leb Mue
Nahng 111, and Khao Dawk Mali 105 were earlier
reported resistant to prolonged (10 days) moisture
stress (1975 and 1976 annual reports).

Drought score?
1978
5 bars 10 bars
SMT SMT

979
5 bars
SMT SMT

DO = = | WNWW=DRN =R = o o em o
OO | ObDONWWWWWWW =W
NOWW I WWWwWw=wwWwwww-—L0ww

WV OO WWNNW|

2R 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 (—) 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.

Entries scored”

Entries (no.) that scored?

Growth stage

2 3 4 5 6 7 8 9

Germplasm bank accessions

10 99 3N 1007 866 152 4

7 61 13 236 101 147 42 74

Dryland breeding lines from 1ITAS and IRAT®

1 29 116 12 15
9 10 33 12 14 5 6

Entries from IRRI dryland replicated yield trial

{no.) 1
Vegetative 2449
Reproductive 783 2
Vegetative 273
Reproductive 89
Vegetative 35

Reproductive

3 22 10

Entries from IRRI dryland observational trial

Vegetative 835 41 192 413 178 1
Reproductive 89 8 7 20 4 27 1 22
1978 IURON entries
Vegetative m 2 22 83 58 6
Reproductive 22 2 3 6 2 3 1 5
Total 3763 1 17 644 1637 1127 169 4

983 2

7 80 133 295 19 191 49 107

2. means dry season ended before the stressed

Agriculture, dlnstilum {or Tropical Crops Research,

Field screening of germplasm bank and
breeding lines (Plunt Breeding). During the dry
season, 2,449 accessions from the germplasm
bank and 1,314 breeding lines from IRRI and the
International Institute of Tropical Agriculture
(IITA) were screened for field resistance to
drought (Table 4). Because of differences in matur-
ity range, only 783 accessions and 200 breeding
lines were scored at the reproductive phase before
the dry season ended during mid-,pril.

As in previous screening, a large number of

accessions from Africa, India. Laos. and Pakistan

plants produced panicles. bI = highly resistant, 9 = highly susceptible. CInternational tnstitute of Tropical

showed moderate to high levels of drought resis-
tance at the vegetative phase. A large number of
accessions also had high levels of drought resis-
tance at the reproductive phase of growth. Tuey
included the traditional varieties from Laos, a
number of Assam varieties from India, TOX lines
from IITA, and breceding lines from IRAT. Among
the 1978 IURON entries, ARC 10372 and IRAT
108 scored 3. Three accessions, Khao Khao Ken-
du, Khao Teng, ang Khao Nho, and IRRI breeding
lines from dryland nurseries were later used as
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. IRR{, 1979 dry season.

Entries {no.) that scored®

Entries
(no.) 1
Traditional rainfed-wetland varieties from
the Philippines 16
Breeding lines from wetland nurscries 22
Breeding lines from rainfed-wetland
replicated vyield trial 70
Breeding lines from dryland nurseries 104
Wetland breeding lines from Indonesia 26
Entries from |RRI-Thailand rainfed-
wetland collaborative experiment 25
Total 285

3 4 5 6 7 8 9
1 2 10 2 1
3 17 2
7 19 38 6
19 45 29 10
5 n 10
3 3 8 9 2
35 86 129 3t ¢« 3

= highly resistant, 9 = highly susceptible,
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resistant lines from the wetland breeding nurseries.

Dryland breeding lines of IRRI — IR5440-1-1-
3, IR5987-25-1, IR6231-3-5, and 1R6254-27-1 —
also showed moderate to high levels of drought
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 varietics 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 nurserics
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 upland 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
IR3304-23, IR6254-33-3 IR8073-3-3, IR8192-

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.

Variety or line Drought tolerance rating’ Av
ARC 10362 2 3 2 23
ARC 11430C 3 3 3 3.0
ARC 11432 3 2 3 2.7
Bluebonnet 50 2 3 3 27
BK 88-BR6 2 3 2 2.3
Dacca 14 4 3 2 30
DD 118 3 3 3 3.0
DNJ 155 3 2 2 2.3
Dova H 3 3 3 3.0
lguape Cateto 3 3 3 3.0
1AC 25 3 3 2 2.7
1AC 5544 4 3 2 3.0
IR8103-120-3 4 4 3 3.7
Maleba L 3 2 2 2.3
MRC 85 2 2 2 2.0
Munot variety 3 3 2 2.7
Paedi Kalibungga 3 3 3 3.0
PN677-1 3 3 3 3.0
PN678-4 3 3 3 3.0
Ram Kajara 2 2 2 20
Sikodok 3 2 2 23
Tri 2 3 2 2.3
1021 (Guatemala) 3 3 3 3.0
CR141-3128-2-234 3 3 3 3.0
CR143-2-10 (IET 3331) 3 2 3 2.7
B1014B-PN-18-1-4 3 3 3 3.0
Surjamukhi 3 1 1 1.7
Naung Tu 1 4 25
PTB 14 3 3 3.0
Sanpyasein 3 3 3.0
T-2018 3 3 3.0
B85418-Kn-47-1-1 2 5 35
C166-135 4 3 3.5
IR6853-118:6 3 2 2 2.3
IR6825-41-2-P2 3 3 3.0
IR8608-79-3-2 3 3 o 3.0
IR5260-1 3 4 3 33
IR6931-81-1-1 4 3 3 3.3
IR6140-22-2 4 3 3 3.3
1R9209-262-1-3-1 4 3 3 3.3
IR9761-75-3 4 3 3 3.3
IR10198-66-2 4 3 3 3.3
IR13240-10-1 4 3 3 33
IR9129-209-2-2-2-1 3 5 3 3.7

9Standard Evaluation System for Rice 1-9 scale: | = no to negligible
effect of soil moisture stress, 9 = all plants apparently dead.
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ieties and breeding lines of varied geographic
origins scored about 3.0 or better (Table 6).

Dryland rice yield tests (Agronomy). Dryland-
rice yield tests of 81 entries were at IRRI, and in
farmers' fields at 2 sites (Cuenca and Santo Tomas)
in Batangas Province, and at the Philippine Bureau
of Plant Industry (BPI) experiment stations in
Ilagan, Isabela Province, and La Granja, Negros
Occidental Province.

Soil moisture and rainfall. Soil moisture stress
occurred during various stages of crop growth at the
different sites. SMT reached 60 centibars (cb) at
Santo Tomas in late August, and 51 cb at Cuenca
and 75 cb at IRRI in early September (Fig. 1). A
severe drought occurred in Ilagan (Fig. 2).

Rainfall (mm/wk )

Grain yield. The highest yield of 5.7 t/ha was
from C166-135 at La Granja (Table 7), where
weather was most favorable for dryland rice. In the
other four sites, the effect of drought was reflected
by the generally low yields. Yields of the earlier
maturing entries planted at the start of the wet sea-
son suffered more from the soil moisture stress
than yields of the later -maturing entries (Table 7,
8). Despite the low rainfall in Ilagan, IR9560-2-
6-3-1 and IR9669 Selection had yields of 3.5 and
3.1 t/ha, indicating good yield ability in drought
conditions.

B733C-167-3-2 had the highest mean yield of
2.5t/ha (Table 8) among the 12 selected early-
maturing entries. Among the late-maturing entries,

Soil moisture tension (cb) at 20-cm depth

400 80
IRRI
Sod moisture fension
300 -160
&
200} ‘=Rairfall 440
[— No of rainy days
100~ s S 6 -120
“ 3 e 3
° b f22s P 3

0 T T T T —5e T 0

400 80
Sonto Tornas, Batongos
300 ¢ —60
Rainfall —= Soil moisture tension
200+ 40
No of rainy days

- -2

100 [ . 6 s (]
4
2 332 3

0 T T i T L] T o

400 — 80
Cuenca, Batangas
300+ —-160
No of roiny days Rainfall . :
200 l- 7 140
3
i 5

100}~ ; # 20

o]

1. Weekly rainfall and soil moisture tension during dryland rice yield tests at IRRI and in Batangas

province, Philippines, 1979 wet season.
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Romiall { mm/ wi )
3¢

llagan, Isobelo

200 1~

[—No of rainy doys

100

400

300

200

0
June July August September QOctober

2. Weekly rainfall during dryland rice yield tests at Ilagen, Isabela province, and La
Granja, Negros Occidental province, Philippines, 1979 wet scason.

IR9669 Selection and IR9560-2-6-3-1 (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 MWI10 (Table 9).

In 1978, B733C-167-3-2, 1IET 4094, IRS669 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 M1-48. The agronomic characteristics of the

Grain yield (I/Ha)

Table 7. Grain yield of selected late-maturing rices in a dryland rice yield test at 5 sites in the Philippines. 1979 wet season.

Designation IRRI Santo Tomas Cuenca llagan La Granja M

6Jun® 10 Jul 26 May  3Jul 29 May 28 Jun 7 Jun 1.Jun ean
IR9669 Selection 2.4° 2.4" 3.6° 35° 32" 3.1° 31" 4.4 3.2
IR9560-2-6-3-1 2.8° 2.2 3.4° 33" 31" 3.0° 35° 4.7 3.2
Gama 318 2.87 1.9 1.9 2.6 2.6 31° 29* 5.0" 28
IR43 2.4° 3.1° 24 3.0° 2.4 2.5 24 3.4 2.7
KN 96 2.0 2.3 25 2.8 2.2 2.4 2.3 4.6 2.6
IET 1785 1.8 2.5° 2.3 3.3 21 2.4 1.8 4.8 2.6
€166-135 25" 2.0 18 2.2 25 1.9 2.2 5.7* 2.6
IR45 1.9 2.4° 28 3.2° 1.3 2.0 28" 4.0 26
1R9995-96-2 1.9 2.0 2.4 35° 2.1 28 1.9 3.6 25
B541B-PN-58-5-3-1 1.6 2.4* 2.0 27 2.2 3.0° 1.9 41 25
IR5853-118-5 1.4 24" 2.8 2.3 26 33" 1.8 3.2 25
1R2823-399-5-6 1.9 2.2 28 3.2° 1.2 1.8 1.8 4.5 24
C171-136 1.9 1.8 2.1 2.2 26 21 25 3.7 24
1R9266-124 1.6 1.6 2.2 2.8 27" 2.3 2.2 3.3 24
€22 (late check) 1.5 1.6 24 21 1.8 2.5 2.2 3.7 2.2

@Seeding date. *Significantly higher than the check, C22, at P = 0.05.
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Tabla 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 (t/ha)

Designation IRRI Santo Tomas Cuenca llagan La Granja M
6Jun? 10 Jut 26 May  3Jul 29 May 28 Jun 7 Jun 1Jun ean
8733C-167-3-2 1.7* 21" 2.1 29° 2.2 2.6" 1.9° 4.4 25
IR5716-18-1 1.2 247 2.4 29" 1.8 1.9 2.4° 3.6 2.3
IET 4094 1.1 23" 2.0 28" 2.7 2.3" 0.5 5.0° 2.3
IR2061-522-6-9 1.1 24" 2.0 28 2.3 2.4° 1.2 4.1 2.3
IR3839-1 0.7 2.2° 1.9 2.7° 21 2.4° 2.0° 39 2.2
BG35-2 0.8 1.6 2.4 2.0 29° 2.0 2.0° 3.2 2.1
IR9410-80 0.8 2.0" 1.4 20 25 21 2.3" 38 21
1R2061-628-1-6-4-3 0.5 1.6 1.6 2.7* 24 25" 1.3 38 2.0
IR7473-118-2-2-3 0.8 2.0* 1.2 2.1 1.8 2.4* 1.4 4.0 2.0
IR9828-36-3 0.7 18" 1.8 2.4 1.6 23" 1.6 3.6 20
IR9101-37-1 0.6 1.8° 1.8 25" 1.8 24 1.5 3.2 20
IR36 1.0 1.8" 2.2 2.2 1.7 2.0 1.5 3.2 1.9
MW10 SO K- 28 26" 31" 16 0.8 3.2 2.3
M1.48 {early check)} 0.6 1.0 2.0 1.4 1.9 1.6 1.5 33 1.7

9Seeding date. P Rat damage.

late-maturing entries are in Table 10.

Sheath blight was prevalent and leaf scald was
serious at both Batangas sites. Bacterial blight was
the most common discase at Ilagan and at IRRI.
The least infected entry was IR5853-118-3, which
had only bacterial blight at Ilagan and sheath blight
at Cuenca. IR9560-2-6-3-1 had bacterial E:ight
and leaf blight in Ilagan, and leaf scald and sheath
blight in Cuenca. On the basis of this year's and
previous years' observation, sheath blight could
become a serious threat to upland rice production.

IR9560-2-6-3-1 (IR8//1R8*2//IR 1905/IR 1904)

*Significantly higher than the check, M1-48, at P = 0.05.

was recommended for inclusion in the International
Upland Rice Yield Nursery (IURYN) and the
Philippine national trials.

Field evaluation of dryland breeding lines
(Plunt Breeding). Eighty entries from the upland
and lowland breeding nurseries were evaluated at
two IRRI sites and in a farmer's field in Batangas
Province.

A rainfall of 1,730 mm was evenly distributed
from seeding to the last harvest at Batangas. The
highest yields, 4.2 — 4.7 t/ha, were from the late-
maturing lines (IR43, IRY669 Seclection, 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 Plant .
Designation yield g:atlsi:; ht (:";“/'ﬁ']?)
{t/ha) ’ {cm)
B733C-167-3-2 25 76-102 93 258
IR5716-18-1 2.3 70-126 85 238
IET 4094 2.3 77-99 75 291
IR2061-522-6-9 2.3 75-123 85 256
IR3839-1 2.2 75-96 79 292
BG35-2 21 75-103 77 252
{R9410-80 21 77-14 76 302
IR2061-628-1-6-4-3 2.0 75-121 75 259
IR7473-118.2-2-3 2.0 80-101 84 254
1R9828-36-3 2.0 77-100 68 289
IR9101-37-1 2.0 7296 78 277
IR36 1.9 75121 65 286
Mw10 2.3 74-81 7 259
M1-48 (early check) 1.7 77-116 107 145

Drought score?

T Diseases”

IRF.1 Hagan

4.7 50 LB, LSC, BB, BLS, SHB
4.3 3.0 LB, 8BS, BB, SHB

3.7 3.0 LB, LSC, BB, BLS, SB
4.7 50 LB, NBLB, LS, BB, SHB
3.7 43 BS, BB, SHB

3.3 5.0 LB, LSC, BB, SHB

37 3.0 LB, NBLS, LSC, BB, SHB
4.7 7.7 LB, BB, SHB

4.0 3.0 LB, BS, LSC, BB, SHB
4.0 5.0 LSC, BB, SHB

3.7 5.0 LB, NBLS, LSC, BB, SHB
3.7 5.0 LB, LSC, SHB

3.3 5.0 NBLS, BB, SHB

3.3 5.0 LB, BB, SHB

FSES 1-9 scale: 1 = no to negligible effect of soil moisture stress, 9 = all plants apparentiy dead. Done 29 Aug at IRR| and 25 Aug at liagan, bLB = |eaf

blast, BS = brown spot, NBLS = narrow brown leaf spot,
blight.

LSC = leaf scald, LSM =
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Table 10. Agronomic characteristics of sslected late-maturing ricr

4 in dryland rice yield test at 5 sites in the Philippines, 1879 wet

season.

Grain Plan . 3
Designation yield Ea‘g. to r?t t Pamclezs __Dmrgtjﬁt_s.cgre_ Diseases”

Wha) "9 om0 Ra gan

IR9669 Selection 3.2 93-130 77 255 37 5.0 LB, BB, S8

IR9560-2-6-3-1 3.2 94-104 78 259 3.0 5.0 LSC, BB, SHB

Gama 318 2.8 91-117 87 237 37 3.0 BS, LSC, BB, SHB

IR43 2.7 88-121 77 251 4.3 37 LSC, BB, SHB

KN9! 2.6 90109 100 238 4.0 30 LB, BB, SHB

IET 1785 2.6 86-130 74 253 4.0 7.0 LB, LSC, 8B, SHB

C166-135 2.6 88-115 106 211 3.3 4.3 LSC, BB, SHB

IR45 2.6 91-122 75 318 3.7 3.7 LB, LSC, BB, SHB

IR9995-96-2 25 86-116 84 253 4.0 7.0 LB, BS, LSC, BB, SHB

B5418-PN-58-5-3-1 2.5 82-102 92 251 4.0 3.0 BS, LSC, 8B, SHB

IR5853-118-5 2.5 82-120 81 260 4.0 3.0 BB, SHB

1R2823-399-5-6 24 87-126 80 274 4.7 30 LB, LSC, B8, SHB

C171-136 2.4 88-121 102 186 4.0 5.0 LSC, BB, SHB

IR9266-124 2.4 84-102 83 235 3.7 3.0 BS, BB, SH8

C22 (late check) 2.2 85-111 1 187 4.0 3.0 LSC, BB, SHB

ISES 1-9 scale: 1 = no to negligible elfect of soil moisture stre.
blast, BS = brown spot, NBLS = narrow brown leaf spot, LSC =
blight.

IR6115-1-1-1), which benefited from late rains.
IR6115-1-1-1 (IR1529-680-3/Moroberckan} has
consistently produced 4.2 t/ha at Batangas since
1977.

Among the carly-maturing (110-day) group,
IR2061-522-6-9 and 1ET 1444 produced 3.6 and
3.5 tha at Batangas. Promising lines with moderate
to high levels of drought resistance were
IR5982-7-6-1, IR6023-10-1-1, IR5440-1-1-3, and
IR5716-18-1 (Table 11).

leaf scald, LSM

9 = all plants apparently dead. Done 29 Au
= leaf smut, BB = bacterial blight, BLS = bacterial leaf streak, SHB = sheath

g at IRRI and 25 Aug at llagan. bLB = jeaf

On the IRRI new farm the crop went through
two short stress periods that coincided with the
reproductive stage of growth of the early- and
medium-maturing lines. The crop showed visible
symptoms of drought stress around flowering time.
The highest yields were from IR43, IR6115-1-1-1,
and IR9669 Selection.

At a low-fertility, well-drained site at {RRI, the
c1op went through severe stress periods that coin-
cided with the booting and flowering stages of

Table 11. Comyarison of yields and number of days to heading of 17 selected lines and
varieties grown: it 3 sites as a dryland crop. IRR!, 1979 wet season.”

Santo Tomas

IRRI new farm IRRI railroad site

Variety or line Yicld

DTH {t/ha)
IR43 102 4.7
1R45 107 3.3
IR3646-8-1-2 104 2.3
1R3646-9-1-1 99 3.1
IR4895-1-2-1 92 1.7
IR5178-1-1-3 74 1.3
1R5440-1-1-3 90 3.3
IR5716-18-1 90 3.2
|R5853-118-5 101 3.0
I1R5982-7-6-1 100 3.5
1R6023-10-1-1 100 34
IR6115-1-1-1 29 4.2
IR9669 selection 104 4.5
MRC 438 105 2.9
C171-136 .. 107 29
IR36 {check) 82 2.1
Kinandang Patong {check) ] ‘a7 2.6

Yield Yield

DTH (t/ha) DTH {t/ha)
104 3.6 126 0.3
104 28 130 0.3
103 2.0 129 0.5
100 2.2 128 05
92 1.3 106 04
74 0.6” 76 0.5
94 2.2 114 0.1
95 24 115 0.1
99 28 128 0.2
100 28 130 0.1
100 26 128 0.6
102 3.6 128 0.2
104 3.7 108 0.4
104 28 132 0.6
103 2.6 135 0.6
20 1.6 106 0.0
97 1.4 106 0.2

2DTH = number of days to heading. bLodged plots.
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3. Rainfall distribution, seil moisture content, depth of water
table, stress days, growth duration, vields and drought reac-
tions of 10 rices tes'ed at Gapan, Nueva Ecija previnee, Philip-
pines. 1979 wet scason. A stress day is any day after 5 consecu-
tive days without standing water ina paddy, 1= transplanting.
H = heading. M = maturity, RW = rainfed-wetland, FI = fully
irrigated, DT =+ days after transplanting.

most entries. Grain yields were extremely low:
IR36, IR2061-522-6-9, and IR3816-2-5-3 pro-
duced no grain at all. The highest yields were from

IR6023-10-1-1, MRC 43K, and C171-136, all of

which have good recovery ability. IR6023-10 also
had a high level of drought resistance at the vegeta-
tive phase.

Comparisons of yield performance and the
number of days to heading of selected lines and
varieties among the three test sites are shown in
Table 11. The performance of the crop at the rail-
road site indicated that lines and varicties with high
levels of drought resistance, good recovery ability,
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or elastic growth duration could still produce some
grains even under severe stress. Several such lines
performed better than the traditional check variety
Kinandang Patong. IR5853-118-5, reported to be
drought resistant in th= greenhouse test and a top
yielder in the national 12infed-wetland yield trials
of the Philippines, produced only 0.2 t/ha — the
same as Kinandang Patong. Moreover, it produced
only 3.0 ha in a farmer’s field in Batangas and 2.8
tha at the IRRI new farm.

DROUGHT RESISTANCE IN RAINFED WETLAND
CULTURE

Plant Breeding, Irrigation Water Managemen,
and Agronomy Departments

Yield performance of 24 rices under 2 water
regimes (Plant Breeding and Irrigation Water Man-
agement). Tests of promising lines in a farmer’s
field continued in Central Luzon in fully irrigated
and rainfed plots. The rainfed plots underwent a
prolonged stress period (Fig. 3).

The carly-maturing lines markedly suffered

Table 12. Number of days to full heading and yield of 24 varie-
ties and lines grown in fully irrigated (F1) and rainfed-wetland
(RW) plots at Gapan, Mueva Ecija, Philippines, 1979 wet sea-
son.

. X Days to licading Yield (t/ha)
Variety or line - RO

Fl RW Fi RW
IR34 92 105 4.1 3.3
IR36 78 88 3.0 38
IR44 89 97 4.3 3.6
IR46 90 97 5.2 4.1
IR3464-126-1-3 100 112 4.2 3.6
IR3646-9-2-1 920 95 4.2 34
IR3880-17-3 89 97 4.0 3.3
IR4219-35.2-3 110 120 3.9 3.0
IR4432-28-5 93 96 4.2 4.1
IR5420-1-1-2 79 79 4.2 3.0
IR5853-118-5 €. 89 4.3 3.8
IR5873-4-1 86 92 4.6 3.4
IR5911-63-1-2 85 90 4.4 3.1
IR92¢4-321-3 108 119 4.1 2.1
1R10168-52-4-2 87 90 5.1 3.8
IR10781-75-3-2 98 106 44 3.6
1R13146-179 100 109 4.7 39
IR14753-70-2 91 97 3.7 3.5
8PI-76 ns. 92 101 3.6 3.3
C166-133 920 98 4.2 3.4
Mahsuri 103 114 4.3 3.7
KDML'65-G,U-45 111 115 38 3.2
B865C-Mr-144-3-1-:2 90 97 4.7 38
B1141C-Kn-43-1-8 89 97 4.5 4.5




from the drought before heading — the yield dif-
ferences between fully irrigated and rainfed plots
amounted to about | tha. The medium-maturing
lines showed a smaller diffcrence between the two
treatments. The late-maturing entries were visibly
affected by drought during October. However, the
reduction in yield of the 3 late-maturing lines in the
rainfed plots — from 0.6 to 0.8 tha — was rather
small compared with that in the fully irrigated
plots.

[R46, IR4432-28-5, and B1141C-Kn-43-1-8 —
from the medium-late maturing group — were the
best performers with yields ranging from 4.1 to
4.5 tha (Table 12). IR46 showed the greatest dif-
ference in yield between the rainfed and the irri-
gated treatments. Similar to 1R46, IR10168-52-4-2
produced 5.1 tha 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 and could not be
compared with those obtained from the fully irri-
gated and the rainfed plots of Gapun. The yields
from those plots wiih a full stand ranged from 1.3
to 2.4 tha only.

Rainfed wetland yield nursery for drought-
prone areas (Agronomy). A rainfed wetland yield
nursery for drought-prone arcas 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 cach of 4 maturity classes
— very early (<105 days), carly (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 | September.

All entries in the first transplanting, except
IR9995-65, 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.
Wind speed was slow from August to September
(Fig. 4).

The second transplanting had a generaily 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,
IR2823-103-5-1, and IR4707-14-3-1 also had
small yield differences between the well-watered
and stressed plots.

Relotive humidity (%)

204
176 i
Ll 140 .
-——Rainfall (mm)
100 [~
N Relative hvnidity
6V M\W

60—
40+
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Wind speed (km/h)
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4. Weekly rainfall, 3-day moving average of mean daily wind
speed and relative humidity for evaluation of a rainfed yield
nursery for drought-prone areas at Guimba, Nueva Ecija pro-
vince, Philippines, 1979,
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Table 13. Grain yield® and maturity of 40 entries in the ~2infed lowland yield nursery
for drought-prone areas. Guimba, Nuava Ecija, Philippir.s, 1979 wct season,

13 Aug first transplanting

1 Sep second transplanting

Entry .
(Y[/If\:; Maturity (Ytllfllad) Maturity
IR14753-72-3 6.0a 132 2.0 abedefgh 110
IR6853-198-1-2 4.9 ab R 2.3 abede 118
|IR4570-83-3-3-2 4.8 abc 140 2.1 abcdefgh 117
IR32 4.6 abcd 129 2.2 abcdef 110
IET 1444 4.6 abed 112 2.5 abc 110
IR4707-140-1-3 4.5 abcd 126 1.9 bcdefgh m
IR5623-189-3 4.5 abed 132 2.1 abcdefgh 116
IR26 4.4 abcde 132 1.5 cdefghi 112
IR9129-161-2 4.1 abcdef 112 29ab 110
IR2307-437-3-1-2 4.1 abedef 117 2.1 abcdefg m
IR1529-430-3 4.1 abedef 129 2.1 abcdefgh m
1R2823-103-5-1 4.0 bcdefg 126 2.2 abcdef 14
IR4707-14-31 4.0 bcdefg 128 2.4 abcde 116
Gama 318 3.9 cdefgh 129 1.7 cdefghi 110
IR20 3.8 cdefgh 129 1.3 defghi 110
IR5629-64-3 3.8 cdefgh 117 1.5 cdefghi 10
1R9209-26-2 3.8 cdefgh 108 2.5abc 103
IR3941-25-2 3.8 cdefgh 105 2.4 abed 105
IR13426-19-2 3.7 cdefghi 132 1.1 ghi 115
MR 7 3.7 cdefghi 127 1.7  cdefgh 114
8G 35-2 3.7  defghi 117 1.8 cdefah 110
IR7149-35-2-3-2 3.7  defghi 107 30a 108
B462B-PN 35 defghij 126 1.3 defghi 110
1R3464-96-3-3-1-3 3.5 defghij 133 1.1 gh' 120
IR3464-96-3-3-1-1 3.5 defghij 133 1.0 hi 120
IR9129-192.2 3.5 defghij 108 2.1 abcdefgh 103
B4418-126-3-2-1 3.4 efghij 132 1.3 efghi 115
IR9764-45-2-2 3.3 fghij 137 1.2 fghi 110
IR5817-45-3 3.1 fghijk 140 1.5 cdefghi 122
Palawan 3.1 fghijk 129 1.6 cd:fghi 115
c22 31 fyhijk 132 1.4 crefghi tm
IR5931-110-1 3.0 fghijk 117 1.2 efghi 110
B2039C-KN-7-2-5-3-1 3.0 ghijk 123 1.8 tcdefgh 110
IR5716-4E-1 2.8 hijkl 117 1.6 cdefghi 110
B1050C-M3-26-2 2.8 hijkl 132 1.8 cdefyh 13
IR6217-3-2 2.7 ikl 129 o€ i 110
IR7790-18-1-2 2.5 ki 120 1.3 efghi 110
Salumpikit 2.5 jkl 110 7..1 abcdefgh 110
IR3304-23 2.2 kl 117 1.6 cdefghi 110
1R9995.65 1.9 1 123 2.2 abedef 110

?In a column means followed by the same letter are not significantly different at the 5% level.

In the well-watered plots (Ist transplanting),
high yields were distributed among ail 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.
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INTERNATIONAL COLLABORATION
Plant Breeding and 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-


http:IR9995.65

tance (Plant Breeding and Agronomy). India-
IRRI. A collaborative screening nursery for
drought resistance in dryland culture was tested at
eight sites within ihe lrought-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 50% of the average annual pre-
cipitation, and it was nccessary 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 taan the breeding lines
and produced some seed after irrigation.

Among the breeding lines, IR5178-1-1-4,
D6-2-2, IAC 25, and OR165-5-12 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 hod similar rankings.

An identical set of 22 varieties and lines were
planted at IRRI in late August. There were dry
spells in the carly 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 (Kamataka
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 wiil 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-IRR!. 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-IRRI. 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,
RDIS5 and several IRRI lines looked vegetatively
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: IRS5179-2, IR3880-10,
IR3880-13-10, and IR5178-1-]1-4.

Deepwater rice drought screening
(Agronomy). Secventeen 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 sct each to West Africa and West
Bengal, India. A set was also included 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 Department

Screening for deep-root system. The deep root-
shoot ratio and some agrononic 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, 0S4 and IR20, were
included in every set of trials. The deep-root scores
of entries were adjusted relative to those of check
varicties 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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Yable 14, Drought tolerance and recovery ratings of common entries in the international coll

IRRL, 1979 dry season.

aborative deepwater drought experiment.

Drought rim'ngb‘_

. . a Accession . st 2d Recovery
Designation! no. Origin scoring scoring score®
{1-2bars SMT} {45 bars SMT) 21 Apr
26-27 Mar 7 Apr
BKNG6985-147-2 39174 Thailand 3 5 1
FR 13A 6144 India 3 5 1
Khao Dawk Mali 105 27748 Thailand 1 3 1
KLG6986-165-P Thailand 1 3 1
KU 86 15027 Thailand 1 1 1
Leb Mue Nahng 111 7819 Thailand 1 3 1
Nam Sagui 19 114€2 Thailand 1 3 1
63-83 14725 Ivory Coast 1 3 1
IR442-2-58 (R ck)} IRRI 1 3 1
IR68563-118-6 13RI 1 5 1
{R8098-152-1 IRRI 1 5 1
IR8103-120-3 IRRI 1 3 1
IR8151-23-2 IRRI 3 5 1
IR8234-174-3 IRRI 3 5 1
Salumpikit {R ck) 5427 Philippines 1 3 1
IRAT 9 (S ck) 285C ; vory Coast 3 7 3
IR20 (S ck) IRRI 3 7 1

%R = resistant, S = susceptible, ck = check .bSMT = s0il moisture tension. SES 1—-9scale: 1 =

no to negligible effect of soil moisture stress, 9 = all plants

apparently dead. °SES 1-9 scale: 1 = all I ants fully recovered, 9 =~ no plant recovered.

Simple correlation coeft cients between deep-
root score and agronomic characteristics are sum-
marized in Table 17. Growth duration was not cor-
related with deep-root score. Deep-root score was
negatively correlated with plant height, Deep-root
score was posiiively correlated with tiller number,
implying that low-tilleyir.g varieties tend to have
deep root systems. However, there was good nega-
tive 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 roo: system is

Table 15. Summary of screzning for deep ro

2
Number 294 180
Frequency 27.2 16.7

9Scoring system for deep root system.

Score Root characteristic
1 Very deep
2 Deep
3 Intermediate
4 Shallow
5 Very shallow
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D-:ep-root score”

not genetically linked.

Aluminum toxicity in rice. Aluminum toxicity
is suspected to be a major factos 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.

Effect of aluminum on germination. Aluminum
at concentrations from 0 to 60 ppm in solution had
no influence on germination.

Effect of aluminiom oi the maximum and total

ots by the root box technique. IRRI, 1979.

e — Total
3 4 5
233 24 133 1081
215 12.3 100.0

22.3

Check varicty
0s4

IR20



Table 16. Examples of deep-root sccre of lines and varieties
and their field rating of drought resistance. IRRI, 1979,

Deep-root Variety Droughta
score resistance

1 Moroberakan R

1 Seratus Malam R

1 20A R

1 Rikuto Norin 21 R

1 0Ss6 MR

2 E425 MR

2 M1.48 R

2 0S54 R

2 Azucena MR

2 Magsanoya MR

3 Miltex MR

3 IR442.2.58 |

3 Dular R

3 Kandingog MR

3 RP79-16 MR

4 IR5 |

4 IR8 |

4 C22-51 |

4 Pelita 1/1 |

4 1R127-80-1 1/MS

5 1R20 MS

5 TN1 S

5 MRC 1729 MS

5 IR1415-131-5 MS

5 1R2035-117-3 |
ARated by Plant Breeding Department: R = resistant, MR = moderately
resistant, | = .ntermediate, MS = moderately susceptible.

root length. Aluminum impaired both maximum
and total root length (Table 18). At 3 ppm, it
affected oily susceptible varieties; at 10 ppm,
however, it damaged severely all the varieties
tested. Modem wetland varieties such as IR5, IR8,
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 of aluminum on water uptake. Aluminum
may affect water uptake by rice roots through

Table i7. Correlation coefficients for 1,081 entries screened
for deep-root system. IRRI, 1979,

Prant Tillers Deep-root
ht {no.) score
Days to flowering 013" 0.16*" 0.11°
Piant height -0.46"" -0.45""
Tiller number 0.39""*

Table 18. Effect of aluminum on the maximum and total root
lengu. of G varieties grown in culture solution.? IRRI, 1979,

Variety 0 3 10 30
ppm Al ppm Al ppm Al ppm Al
Maximum root length {cm)
IR20 7.2 59 3.2 1.5
CiCA 4 13.0 9.8 4.2 2.4
IR5 14.8 12.6 6.7 4.0
Bluebonnet 15.5 159 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

IMeasurements were done 2 weeks after sowing of pregerraiinated 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
aluminum for 12 days; they were then divided
into two groups and transferred to culturc solutions
with and without aluminuin. 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 1072 g/cm per 12 h)
regardless of the pretreatment and the absence or

Total roo! tength (cm/plant)
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5. Relationship betwcen maximum root length and total root
length for 20 rice varieties grown in culture solution at 3 levels of
aluminum content. IRRI, 1979.
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Table 19. Effect of aluminum on water absorption by healthy and aluminum-pretreated plants of variety Palawan.® IRRI, 1979,

Pretreatment 0 ppm Al

Pretreatment 30 ppm Al

0 ppm Al 10 ppm Al 30 ppm Al Oppm Al 10 ppm Al 30 ppm Al
Shoot
Dry wt (9.6 plants) 0.80 0.89 .89 0.35 0.37 0.35
Ht {cm) 338 34.2 34.8 228 244 224
Leaf area (cm?2/6 plants) 130 121 128 61 61 60
Root
Dry wt {4/6 plants) 0.24 0.26 0.23 0.10 0.10 on
Longest root tength (cm) 9.5 10.0 10.2 5.2 5.4 5.1
Total root length {(cm/6 plants) 1500 1570 1640 675 655 700
Am of water absorbed (y/G plants
per 12 h) 29.1 21.2 320 11.5 129 11.6
Water uptake rate per unit root length
{ x 102 gferiiper 12h) 19 2.0 2.0 1.7 20 1.7

“Experimental conditions 12-tfay-old seedlings; 6 plants/1-liter pot; temp, 27°C; tight intensity, 30 kix; humidity, 70%,

presence of aluminum at the time of water-uptake
measurement.  That indicated that aluminum
impairs total root length but does not affect water
uptake rate per unit length,

Effect of aluminum on phosphorus  and
aluminwum content. The percentage of phosphorus
in the plant is affected only by very high aluminum,
concentration (20 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
(Fig. 6). Aluminum in the plant excceded about

Table 20. Effect of aluminum on phosphorus and aluminum
content of shoots of 6 varieties grown in culture solutiona
IRRI, 1979,

. 0 3 10 30
Variety ppm Al ppm Al ppm Al ppm Al
P (%) in shoot
IR20 0.54 0.55 0.47 0.25
Cicaa 0.48 0.41 0.41 0.29
IR5 0.50 0.47 0.50 0.31
Bluebonnet 0.62 0.55 0.59 0.50
Monolaya 0.60 0.49 0.51 0.43
E425 0.69 0.70 0.61 0.63
Al (ppm) in shoot
IR20 103 332 369 421
CiCA 4 65 99 203 1550
IR5 47 88 175 990
Bluebonnet 57 77 150 858
Monolaya 47 77 184 680
E425 85 145 283 366

?Measurements were done 2 weeks atter sowing of pregerminated seeds.
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200 ppm when root growth was impaired by
aluminum. However, the relationship between a
plant’s aluminum content and its tolerance for
aluminum toxicity was not consistent.

Mode of aluminum toxicity in rice growth. The
results of the aluminum toxicity experiments sug-
gest that high conccntrations of aluminum in the

Phosphorus absorbed by shoot {mg/plant)
70
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6. Relationship between total root length and amount of phos-
phorus absorbed by shoots of 20 varietics grown in culture
solution of 3 levels of aluminum content. [RRI, 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 of alumi-
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 tum 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 tactor
affecting drought resistance of rice (Fig. 8).

SOIL-PLANT-WATER RELATIONSHIPS
Agronomy Department

Drought tolerance under limited rooting

Water stress
under drought

Aluminum impaired -] Reduced
toxicity roat growth w-ter uptake
Reduced
growth
Reduced
phosphorus
uptake

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
and 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 season
test. 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.
[RRI greenhouse, 1979 dry season.

Drought

. R Drought
Variety or line u:laetrila]r;;:e recover
IR6623-50-3-1 7 2
IR4432-28-5 7 3
Kulawalai 7 3
IR9846-215.-3 7 4
IR3880-10 7 5
IR10781-143-2-3 7 5
IR5623-97-3 7 5
IR9805-97-1 7 5
IR9129-457.2.2-1-2 7 6
B44b-50-2-2-5-1 8 6
IR8814-6-3 8 7
IR5677-138-1-3 7 7
UCP 41 7 8
Leb Mue Nahng (tolerant check) 9 9

9Standard Evaluation System for Rice (SES) 1-.9 scale: 1 = no ui,neg—
ligible effect of soil moisture stress, 9 = all plan  apparently dead. ?SES
1—9scale: 1 = 0% of plants fully recovered, 9 = no plant recovered.
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Tabie 22. Drought tclerance ratings at vegetative stage of pro-
mising GEU elite lines und some selected entries and their
drought recovery scores 20 and 40 days after relief from water
stress. |1RR1 greenhouse, 1979 wet season,

Recovery from

Drought drought?
Variety or line tolerance
rating’ 20 40

days days
IR9209-262-3-6 7.0 8.0 4.0
IR9209-262.1-3-1 7.0 8.0 4.0
IR3646-9-3-1 8.0 8.0 5.0
1R2058-78-1-3-2:3 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
{R8192-31.2-1-2 8.0 8.0 8.0
{R4570-117-2-1-2 7.0 6.0 30
|1R9264-321-3 7.0 7.0 30
1R9860-26-2-2-2 7.0 6.0 4.0
I1R7790-18-1-2 7.0 7.0 40
1R3680-65-6-1 7.0 7.0 5.0
1R43 7.0 8.0 5.0
IR2035-242 7.0 8.0 5.0
IR5179-2 7.0 8.0 5.0
IR2061-522-6-9 7.0 7.0 6.0
IR3839-1 7.0 8.0 6.0
IR6115-1-1-1 7.0 8.0 6.0
Leb Mue Nahng

{tolerant check) 9.0 9.0 9.0

2S1andard Evaluation System for Rice (SES) 1-9 scale: 1 © no to neg-
hgible effect of soil moisture stress, 9 - all plants apparently dead. bseg

1-9scate: 1 - 90 ., of plants fully recovered, 9 < no plant recovered,

Grain yeld (t/ha)
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9. Effect of soil moisture stress on spikelet fertility. IRRI, 1979.

Date of maximum flowering
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Spikelet fertiity (%)
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10. Effect of soil moisture stress on spikelet fertility. IRRI, 1979,

1979 dry-season experiment in dryland field plots,
IR36 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 —11 to —24 bars (Fig. 9}.
The field was irigated 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 1t/ha. Plots due to flower within 10

Panicle water potential {bars)

0 -5 -10 -15 -20
{ T T T T L
Profusely flowering: u_H
Few flowers: i ]

Barely flowering:

Not flowering:

Mean: (8} Single panicie: (1)
Upland farm, IRRI
IRAT 13 and IAC 1246

11. Flowering response of 2 uplaid rice varieties to different levels
of stress.
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12. Epidermal resistances of 1R36 panicles at flowering. 1RRI,
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.

Floveering and panicle water relations. A preli-
minary study suggested that there is a threshold

panicle water potential for flowering (Fig. 11).

The panicle water potentials of IRAT 13 and IAC
1246, both dryland varieties from a stressed field,
were measured with a pressure chamber during the
normal flowering time of rice (0930-1100). 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 IR36 panicles to water
loss at flowering were measured at full turgidity
and at different water contents. The panicle resis-
tance 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.

Spikelet dead area (%)

60

a0+

IR36
Midfiowerng

0,
-40 -30 -20 -10 0 30
Panicle water potentiat {bars)

40 50 60 70 80 90
Relative water content {%)

13, Effect of water stress on the occurrence of spikelet dead area. IRRI, 1979.
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14. The relationship of panicle water potential and panicle
relative water content, IRR1, 1979,

Effects of water stress at flowering on yield quan-
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
some entries by about 3 weeks. Table 23 illustrates
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 associated with the incidence of
sheath rot disease caused by Acrocvlindrium 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 cvaporation, 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.
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16. Phasic development, leat arca index (LA, grain vield, and
pereentage of vield reduction of § rice cultivars grown under
control and stress treatments. PL = panicle initiation, B = boot-
ing, H = heading, F = flowering, LF = late flowering, R =
ripening, M = maturity. IRRI, 1979, S.E. values above bars.

Dawn »ater potential measurements were made on
the second youngest fully expanded leaf, and tiller
samples at dawn were brought to full turgidity
before osmotic potentials of similar leaves were
determined by psychrometric technique. Figure 18
presents the relationship between turgid osmotic
potential and dawn water potential.

The varietal difference between osmotic poten-
tials of stressed leaves was attributed to rate of
stress development. Dular suffered stress earlier
than IR36, which possibly limited further net
increase in solute content or further lowered osmo-
tic potential. Most plants (IR36) grown in deep
containers maintained high dawn water potential
(> =35 bars) for a longer period of stress and had
low solute potentials.

In shallow containers dawn water potential of
less than —5 bars was reached in 12-16 days in
Dular and in 19-22 days in IR36 (Fig. 19). Both
cultivars adjusted osmotically (Fig. 20).

Lower limit of available water for rice during
drought. In the greenhouse, IR36 und Dular were
grown in clay, loam, and sand in shallow (35-cm-
deep soil, 100-liter capacity) and deep (75-cm-
deep soil, 200-liter capacity) containers. Soils of
varying water retention and transmission charac-
teristics were artificially produced by amending

Table 23, Effects of stress on tagged -panicles that were flowering’ during peak stress
period. The data are of subsamples tagged at peak stress, not of yield components of the

large plots. IRRt, 1979,

Panicle

FiIIeV(VIA N G‘r-aiinAwtr Grains
grains per panicle . length
% panicle) (g} {no./panicle} {cm)
1R 1529-680-3-2
Stress 74,26 = 3.87 1.79 + 0.03 106+ 5 21.17 £ 044
Control 9293+ 1.01 2.89+(C.28 102+ 13 2212+ 087
1R36
Stress 57.80+ 4.80 1.63+0.14 137+ 7 20.24 £ 0.31
Control 95,70+ 1.31 2.31:04 121+ 5 19.94 + 0.06
1R20
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
Kinandang Patong
Stress 45.11 £ 18.88 1.34 £ 0.59 12316 20.80 £ 0.52
Control 91,57+ 227 4.0510.44 195 + 26.31 24,23+ 1.26
I1R6115-1-1-1
Stress 0 0.16 £ 0.01 110+ 8 19.32 £ 0.50
Control 9469+ 1.06 1.83+0.18 101 5 20.14+0.38

“With the exception of IR1529-680-3-2 which was at the panicle initiation stage.
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17. Graindiscoloration (1 = normal grain color. 3= whole grain
discoloration) associated with moisture stress at flowering

(except for IR1529-680-3-2, which flowered after stress neriod).
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Table 24. Osmotlc potentuals of nce Ieaves  grown |n different seasons. IRRI, 1979,
Osmollc
Condition? potential
— e Mbarg)
1. Wetland-irrigated ~-14 £ 0.3
DS {4 varieties)
2. Dryland-irrigated -13.7+0.3
DS (6 varieties)
3. Wetland-irrigated —-12.4+0.3
DS (8 varieties)
4, Dryland-irrigated -11.3:0.3
WS (6 varieties)
5, Dryland field -97+0.4
WS (5 varieties)
6. Greenhouse-well watered ~9.310.1

(flocded)
WS (2 varieties)

23 Nov 1977
21 Dec 1977

393.7 29.8
533.1 335
550.8 335
451.1 31.5
392.6 29.8
- 365.8 25.7

Max

19. Changes in dawn leaf water potential in [R36 and Dular
grown in [00-liter containers during stress period. IRRI, 1979,

Temp ( C)

20.5

20.9

22,7

22,7

19.8

DS = drv season, WS = wet season, “Mean of 20 days,
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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
hills were transplanted in each container and
grown in flooded soil for 45 days. At that time
control plants were left in flooded soil and water
was withheld to stress the test plants. Results for
shallow and deep soils were similar except in the
time taken to eviract the profile water. Therefore,
only results for the deep soils are presented.

Soil water depletion. Successive water-content
profiles for the three soils in which IR36 and Dular
were grown are shown in Figure 23. Water content
profiles for clay and loam soils differed little at the

end of the experiment (25 Dec-12 Jan). Water con-
tent profiles differed appreciably in sand under
IR36 and Dular.

Soil water content and water use at different
times during stress are shown in Table 26. Even
though the time taken to reach the lower critical
limit of water content differed in different soils, the
profile water content, irrespective of cultivar, was
virtually the same in a given soil. This threshold
water content for clay, loam, and sand in the active
root zone was 0.27, 0.19, and 0.11 cm?cm3,
which corresponded to —7.0, —5.0, and —5.0
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22. Pressure-water content felationship to -15 bars of 3 green-
house soils, IRRI, 1979,

bars soil water potential, respectively.

Leaf water potential, Changes in predawn and
midday 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 critical
value, predawn values of Jeaf 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 the
soils. During day hours, plants experienced low
midday water potential much before the critical soil
water content was reached.

Root lengih densiry. Root length density o the
cultivars decreased with depth in all the three soils
(Fig. 25). At greater depths, however, Dular had
relatively higher density than IR36, although IR36
also had as high density as Dular at all depths in
clay.

Evaluation of the line source sprinkler system
as a drought screening metiiod. Numerous
screening techniques to evaluate rice plant
Tesponse to drought have been used at IRRI. Dur-
ing the 1979 dry season, a new irrigation technique,
the line source sprinkler system, was tested for
possible use in drought screening of elite germ-
Plasm. Th: sprinkler maintained variable water
application rates across plots, and allowed an
assessment of the effect of different levels of water
supply on growth and development of contiguous
plots. The sprinkler layout, water distribution pat-
tern, and resultant crop growth are illustrated in
Figure 26. IRRI's IR20 and IR36, seiected for wet-
land culture, and Kinandang Patong, a traditiona]
Philippine upland variety, were sown and the area
was 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 the
line source was increased to give a spacing of 6.1 m
between sprinklers (Fig. 26). The irrigation sche-
dule 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 appli-
cation across the plots on day 47, 61, 96, and | 14,
Figure 28 shows the irrigation, pan evaporation,
and rainfall during the experiment. A typhoon
occurred before the experiment was completed and
thus grain yield was not obtained. However, sam.-
pling of dry weight of shoots and monitoring of

Table 25. Physicochemical properties of soils used in greenhouse experiments. IRRI, 1_9_7?

Bulk % pH Ec, mmho
Soil Place density — (1:1) (:1)
> {g/cm3) Sand Silt Clay Org. C
Clay Greenhouse 1.19 33.3 36.5 30.2 0.88 6.77 0.653
Loam Greenhouse 1.37 68.3 17.1 14.6 0.:‘:'.? 7,57 0.896
Sand Greenhouse 1.45 86.2 1.6 6.2 0.26 7.70 0.767
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Table 26. Soil water content and water use during stress period in 3 soils. 1RRI, 1979,

Soil L G o (teem  Swd
Period depth Water Cumuiative? Water Cumulative Water Cumulative
{cm) content water use content water use content water use
{cm3/em3) {cm) {cm3/cm3) {cm) {cm3/em3) {em)
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)° (35) (31)
Dular
Three days of withholding water 0-75 0.5622 0.408 0.311
At lower limit 0-45 0.2711 0.193 0.111
At lower limit 45-75 0.280 18.54 0.222 15.29 0.160 13.61
{20) (27) (27)

#Numbers in parentheses refer to stress days required to reach the lower limit, bWa(er use was for 0—75 cm soil depth,

soil-water depletion provided information that
illustrates the potential of this technique for screen-
ing and for many types of dry scason research
where a gradient of water application is desired.
Figure 29 shows the dry weight of tops of the
three rices in relation to the water applied. Initial-
ly, the relationship for Kinandang Patong appeared
different from that for the two IR varieties. How-
ever, the soil water used by the varieties was also
measured by a neutron probe, which showed little
difference among the rices (Fig. 29). Thus, Kinan-

dang Patong’s apparent higher water-use efficiency
is really a more effective absorption or root system,
as illustrated in Figure 30.

Effect of water stress on nitrogen uptake and
yield. Reduced crop growth rate and enhanced nut-
rient-deficiency symptoms during drought indi-
cate that low utilization of applied fertilizer may
indirectly influence crop yield. A dry season field
trial with IR36 measured the nitrogen uptake and
rice yield under different water regimes and nit-
rogen fertilization. Treatments and the effect of

Root length density { cm/cm>soi )

o |1 2 3 4 5 60

Il 2 3 40 1 2 3 4

40-50

Soil depth {cm)

50-60

60-70

70-75

T T T T T T

Loam Sand

25. Root length density patterns of IR36 and Dular different layers of 3 soils. IRRI,

1979.
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29. Ettect of correcting for soil water changes when comparing dry-matter production of

cultiviars. IRR1, 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 treatiment.

Yield analysis (Fig. 32) revealed a significant
reduction trom flooding to 40 stress day treatments.
Application of 135 kg N/ha did not ameliorate the
cffect of water stress on rice yield. Severe stress
delayed the maturity of IR36 by 2-3 weeks.

Microclimatic modification aad plant
response in a rice-maize intercrop. Inaprevious
study (1977 annual report), the effect of intercrop-
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ping maize and rice on the microclimate and plant
water status of rice was illustrated. During the
1979 dry scason, 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
m apart (plots were 5 # 8 m) and oriented perpen-
dicularly to the prevailing wind direction were
grown as an intercrop with 1IR30, IR36, and
Salumpikit. All the plots within (protected) 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 nitragen uptake as influenced
by water stress, nitrogen application, and their interaction. 32. Response surface showing the vield of IR 36 as influenced by
IRR1 field trial, Santa Rosa, Laguna province, Philippines, water stress, nitrogen application, and their interaction. IRR|
1979,

field trial. Santa Rosa, Laguna province, Philippines, 1979,

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 113



Vapor pressure defxit {mb)

32
28+
24
20}
6
= Protected
==== Unprotected
12 o Im
® 2m
v 4m

® Protected

o}
Wind speed {m/s)
6

© Unprotected
4

0 1
0600 0800 1000 1200 1400 1600 1800
Time (h)

33. Diurnal change of water vapor pressure deficit (VPD) and
wind speed in protected (intercropped with maize) and unpro-
tected rice plots. IRRI, 1979.
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34. Diurnal change in leaf water potential of 3 rice varicties
grown in protected (intercropped with maize) and unprotected
plots. IRRI, 1979,
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35. Dry matter production of 3 rice varieties grown in protected
(intercropped with maize) and unprotected plots. IRRI, i979.

Figure 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-m height, the diumal trend of VPD was about
the same for both treatments. Wind speed was
about 2 m/s less in the protected plots (Fig. 33).
Figure 34 illustrates the diurnal 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 intercropped rice also showed interesting
trends in dry matter production at maturity (Fig.
35). Because neck blast was severe yie'ds 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 1). 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 Chemistry Department

In South and Southeast Asia, about 58 million ha
lie uncultivated largely 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,

Tolerant (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 12

soil

Peat soil 165 12 1"
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 11th 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 IR9854-
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:

e the varieties BGI1-11, Bhurarata 4-10,

Cheriviruppu, CSR 1, Kalarata 1-24, Kuatik
Putih, Nonasail, Nona Bokra, Pokkali, and
three C23 lines;

® 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

® 15 IR pedigrees.

Field screening at IRRI confirmed the salt toler-
ance of IR42, [R44, IR46, IR2307-27-2, IR5657-
33-2, Patnai 23, IR1561-228-2, IR13646-2,
IET3103, 1R4432-28-5, IR5853-162-1, IR8192-
200-3, IR9224-162-3, 1R9846-215-3, 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
71IR 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,
Problem rice lands (million ha)
Country Saline Alkali Acid sulfate Peat T
. ) ) A otal
soils soils soils soils

Bangladesh 25 0.5 0.7 0.8 4.5
Burma 0.6 0.2 0.8
India 23.2 25 04 26.1
Indonesia 13.2 20 16.0 31.2
Kampuchea 1.3 0.2 1.5
Malaysia 4.6 0.2 24 7.2
Pakistan 10.5 4.0 14.5
Philippines 0.4 0.4
Thailand 1.5 0.6 0.2 23
Vietnam 1.0 1.0 1.5 3.5
Total 58.8 7.0 5.3 20.9 92.0
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— showed more tolerance than the tolerant check.

The International Rice Salinity and Alkalinity
Tolerance Observational Nursery (IRSATON) at
IRR1 had mean scores of 3 or less, indicating toler-
ance, for Getu, CSRI1, CSR2, CSR3, MR359,
IR4595-4-1, [R4630-22-2, M117, M242, and
M432,

Yield trials in farmers’ fields. Tables 3 and 4
summarize the observations on 11 tests of 12 var-
jeties in farmers fields in coastal saline areas.

The 1979 field experiments confirmed an earlier
observation that coastal saline soils vary widely in
chemical characteristics, salt dynamics, and hy-
drology. Overall performance was best at the two
slightly saline sites not subject to deep flooding.
Among the rices that performed well under both
salt and flood stress were IR4630-22-2-5-1-3,
IR4595-4-1-13, and IR9884-54-3. Salt and sub-
mergence tolerance gave these lines a yield advan-
tage, under stress, of 1.2 t/ha over IR26.

ALKALINITY
Soil Chemistry Department

Sodic or alkali soils cover about 6.5 million ha in
Pakistan and India (Table 2) on the Indo-Gangetic
plains.

Screening. Of the 1,733 rices screened in the
IRRI greenhouses in 1979, 260 showed alkali
tolerance (Table 1). Besides nine traditional var-
ieties, the following showed high tolerance: IR36,
IR4-11, IR1561-228-2-2, IR2035-290-2-1-1,
IR2058-78-1-3-2-3, [R2070-522-69, IR2070-
414-3-9, IR2307-84-2-1-2, IR2307-217-2-3,
1R4227-28-3-2, IR4417-179-1-5-2, IR5853-118-5,
and six IR4630-22 lines.

1n 1979, atotal of 178 rices were field tested inan
artificial sodic soil at IRRI. Those found to be
tolerant were 1IR5853-118-5, IR9846-261-3, BR4-
10, 1R4432-52-6-4, IR8192-200-3, IR9805-78-2,
IR9805-97-1, IR3941-25-1, IR9846-256-3, and
IET 1444,

In the IRSATON at IRR! a mean alkalinity score
of 3 or less was noted for IR46, CSRI1, CSR3,
IR4227-109-1, 1R4870-15-1, 1R4595-4-1, M114,
and M242,

Yield test in a farmer’s field. On an alkali soil in
Barrio Lagao, General Santos City, South Cotabato
(silt loam with a pH of 8.5 and sodium adsorption
ratio of 21.5), 10 varieties were grown with nit-
rogen and phosphorus fertilizers and seedling dip in
4% suspension of zinc oxide in water. The results
are in Table 5.

Table 3. Summary of tests of 12 varisties and lines on 5 Philippine coastal saline soils, 1979 dry season.

Soil
R eld
EC.? trend organic Other Yiel Best
Site Salt source e Soil pH matter soil range . Remarks
h
{mmho/cm) content problems {t/ha) yielders
{%)

Agdangan, Creek 157 5.9 5.9 2n defi- none Excess salt was
Quezon ciency lethal
Aparri, Seepage 97 6.0 14.0 none none Water supply
Cagayan failed
Mexico, Saline 3—+8B 7.0 1.2 Zn defi- 0.0-0.6 IR4595-4-1 Sterility due to
Pampanga irrigation ciency {R4432-28 late salinity

water from

creek
Minalin, Saline 9-+1 5.8 2.7 none 1.4—-6.5 1R42 Rains depressed
Pampanga irrigation salinity

water from drastically

creek
Taal, River 3-8 71 2.3 Zn defi- 1.4-3.6 |R4595-4-1 Moderate average
Batangas ciency |R4432-2B salinity

B toxicity

8Electrical conductivity in the saturation extract.
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Tabie 4. Summary of tests of 12 varieties and lines on 6 Philippine coastal saline soils, 1979 wet season.

Soil
i Other Yield
' ECe trend organic . Best
Site Salt source {(mmho/cm) Soil pH matter soil range vielders Remarks
content problems {t/ha)
N (%)

Aguilar, Seepage 9-+12 7.2 1.5 Zn defi- 0.3-1.4 1R4630-22-2 Flood damage,
Pangasinan ciency IR4595-4-1 prolonged high

salinity
Bani, Creek 8-+10 6.1 1.3 none 0.4-1.6 1R4432-20 Frequent tidal
Pangasinan IR4630-22:2 intrusions
Butuan? Creek 3—»4 49 9.5 Zn defi- 2.4-6.5 {R42 Salt injury was
Agusan del ciency slight
Norte
Cebu, Cebu  Creek 74 6.8 2Zn deficiency 2,3-3.9 IR42 Late salt injury

B toxicity
Samal, Creek 1-+4 6.5 2.6 - 1.9-3.3 IR4432-20 Rains depressed
Bataan IR9884-54-3 salinity
Taal, River 3-+4 1 2.3 Zn defi- 0.0-1.1 IR4595-4-1 Severe flood
Batangas ciency damage
B toxicity

#Electrical conductivity In the saturation axtract, 51978 tests.

Table 5. Grain vyield of 10 rices on an alkali soil, Barrio Lagao,
General Santos City, Philippines, 1979 wet season,

‘ Mean grain yield?
Variety g 4

(t/ha}
IR42 52a
IR36 5.0 ab
IR2863-38-1 5.0 ab
IR26 4.1 ab
|R46 4.1 ab
1R4227-28-3-2 4.0 ab
IR2307-217-3 3.8abc
IR3518-1-6:2-2:2 3.6 bc
IR2153-26-3-5 25 cd
IR9129-393-2-6-2-2 1.2 d

Means followed by a common letter are not significantly different at
the 6 % tevel. Average of 4 rephications.

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-
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soluble iron and maintained that concentration for
several weeks. Eighty-nine entries had tolerant
scores. The best among them were IR20, IR36,
IR42, 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,*~: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, 1R4442-165-1-3-2, 1R4625-269-4-2,
IR36, BP] R1-2, IR3839-1, IR8192-200-3-3-1-1,
IR4568-225-3-2, IR5853-118-5, IR9129-136-2,
IR13168-143-1, IR13149-43-2, and IET 1444,

Of 100 rices field-screened in Sri Lanka, IR32,
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



Table 6. Varicties and lines tolerant of soil stresses in field
screening tests in Sri Lanka, 1979,

Varieties with tolerance for

lron toxicity Phosphorus deficiency

IR32 Pelita 11

1R42 IR36
Mahsury IR2071:176-11

IR5741.73-2-3

IR2070-747-4-4
IR2061-214-2.7-63
IR2031-724-2-3-2

IR2070-434-35
{R2832-173-6-2
IR3518-96-2-2-2

IR2797-105-2-2-3
BR51.91.5
IR2071-745-7-5-3
IR2070-178.2.3-4
IR5853-118-5
IR1632-93-2.2
IR2071-105-91

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)®
IR4683-54-2 (resistant check) 45a
|R2863-38-1 3.7 b
1R5863-163-1 36 b
IR4432-52-6 34 b
BHR 134-33 34 Db
BHR 145-47 33 b
IR46 32 b
IR26 (susceptible check) 1.7 ¢

3peans fallowed by a 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
depression caused by excess boron. Seventeen
ppm B in the soil solution caused a yield reduction
of almost 50% in IR46, but less than half that
amount 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, EC,:3.4 mmho/cm,
available B: 10.8 ppm) in the 1979 wet season.
Table 10 shows that IR34, IR40, IR42, and IR44
had a yield advantage of about 1 t/ha over ihe
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. (RR), 1979,

Dry wt of shoot (g)

""'Shoot boron
content {ppm)

Variety  Symprom? _ithadditionot - Decrease __with additionof_
0 ppm 20 ppm (%) 0 ppm 20 ppm
boron horon boron

IR8 6 175 44.6 23 386

IR20 7 156 42.3 23 509

1R42 7 184 39.1 16 398

IR46 5 110 3.6 35 375

21 = almost normal plants; 9 = almost dead plants,
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Table 8. Straw yield and boron content of 5 rice varieties at
2 boron levels in a neutral clay soil. IRRI, 1879.

Boron (ppm}  Straw Yield Boron
Variety in soil yield reduction  (ppm)
solution (g/pot} (%) in straw

Peta 0.6 80 - 16.1
17.3 56 20.0 168

H4 0.6 69 - 14.5
17.3 57 17.4 150

IR20 0.6 79 - 24.5
17.3 46 42.8 135

IR42 0.6 67 - 22.7
17.3 52 224 183

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.

: .
nomed ST
IR8 1966 36 cd
IR20 1969 3.3 de
IR26 1973 35 de
IR28 1974 28 e
IR32 1975 3.7 bed
IR34 1975 4.4ab
IR38 1976 3.5 de
IR40 1977 4.4 ab
1R42 1977 4.6a
IR44 1979

4.2 abc

Means followed by a common letter are not significantly different at
the 5% level. Average of 4 replications,

entries, IR36, IR38, IR2797-105-2-2-3, IR4568-
225-3-2, 1R5853-162-1-2, IR8192-166-2-2-3,
IR9129-136-2-2-2-1-2, IR9217-58-2-2, IR9814-
6-3, IR2071-685-3-5-4-3, and IR3880- 10 hadtoler-
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
soil (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 deficiency
in Sri Lanku, IR36, Pelita I/1, one BR line, three
IR2071 lines, and four other IR lines were tolerant
of phosphorus deficiency (Table 6).

Yield trials. Despite water stress at Pangil,
Laguna, IR20, IR38, IR1514A-E666, and BR51-
91-6 gave yields of 2.6 to 2.9 t/ha without phos-
phate fertilizer. With 25 kg P/ha, yields increased
more than 20%.

ZINC DEFICIENCY
Soil Chemistry Department

Zinc deficiency, a widespread nutritional disorder
of rice, occurs on alkali, calcareous, and peat
soils, and on soils that are poorly drained or irri-
gated with high-silica water. About 2 million ha of
current and potential rice lands in the Philippines
are zinc deficient.

Screening. Of 1,831 entries tested in a zinc-
deficient soil in concrete beds at IRRI, 204 showed
tolerance. Of the latter, 142 were elite lines from
IRRI's general breeding program. IR36 had toler-
ant 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.] ppm). Of 1,872 entries
screened, 184 had tolerant 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, IR2070-423.5-5.2,
IR8067-41, IR9109-71-2-1, IR} 1418-15-2, and
MR346 scored as tolerant.

In the wet-season trial, severe zinc deficiency
Wwas 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
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tha), IR46 (3.2 tha), and IR36 (2.8 vha). IR26
yielded 1 tha.

Because zinc deficicacy is widespread in 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 varietics in the treatment without zinc
died. Yields for the zinc-treated rices ranged from
1.3 vha for IR26 io 3.7 tha 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 yield®
Variety {t/ha)
I1R9109-71-2:1 37a
1R11418-15-2 3.1ab
IR11418-19-2-3 3.1ab
IR34 2.6 bc
IR5677-17-3-1-2 1.8 «cd
1R20 1.8 «cd
IR42 1.7 «cd
MR346 16 «cod
IR4630-22-2-5-1-2 1.5 «cd
IR26 1.3 d

AMeans followed by a common letter are not significantly different at
the 5% level. Average of 4 replications.
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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 v, 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, [R4432-52-6, 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 mere than 4 tha
scored 3.3 or less. The lowest yielders scored 5.3
or 5.7, indicating that tolerance for iron deficiency
is important in dryland rice.

ALUMINUM AND MANGANESE TOXICITIES
Soil Chemistry Department

Solution culture studies showed striking varietal
differences in tolerance for 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,

Yield (t/ha}
L
IR36 IR42 IR36 IR42
0 26 2.7 0.0 0.0
) 4.4 5.5 4.2 6.2
8 3.3 43 4.8 5.8

16 3.7

ACurrent application.

4.2 4.5 6.1
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Table 13. Performance of 12 rices on a slightly acid aerobic MULTIPLE STRESSES
<0il, in the absence of water stress. IRRI, 1979 dry season.?

e Soil Chemistry Departm
Score at 8 weeks? ry P ent

Variety or line Yield (t/ha) (1-9) .
o T Multiple tolerance for stresses, especially for those
IR46 48a 4.7  efgh that often occur simultaneously i ils, i
in problem

IRB608-189-2-2 4.3ab 2.7ab ymp soils, is
1ET1444 4.3ab 3.3 abed
IR8192-200-3-3-1 4.1 abe 4.3  defg Gran yeld (g/pot )}
IR36 (resistant check) 4.1 abc 2.7 ab
IR3648-1-1-1 3.8 abed 4.0 cdef
IAC 1246 3.7 abcd 3.7 bede 200
IR11297-158-3 3.6 bede 23a Ha
IR5853-162-1-2-3 3.2 bedef 4.7 efgh ¥
Salumpikit 2.8  def 3.0 abc Pela
IR 28 (susceptible check) 2.7 def 5.7 h )
IR3464-96-3-3-1-3-1 1.3 gh 5.3 gh R42
IMeans followed by a common letter are not significantly ditferent at IR48
the §'. level, Av of 3 replications. Pt - almost normal plants, 9 = dead 100
plants,

H4 : Y=659+07124X -~ .0008X2 R=0.09"" (n=8}

Peta : Y =69.5+0.5068X —.0003X2 R =0.99"" {n=6)

o . 1R42: = 50 X - = LT
Table 14, however, suggests some association IRMBS Y- 1081 Gor et - s gt o
between tolerance for acid soil conditions and o T ;
aluminum tolerance. 0 100 200 300
Nitrogen ( ppm)
NITROGEN EFFICIENCY 1. Grain yield of 4 varieties at 6 nitrogen levels. IRRI greenhouse,
1979 dry scason.

Soil Chemistry Department

A greenhouse study of the nitrogen response of
two traditional varieties (Peta and H4) and two
modern 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
modemn rices (Fig. 1, 2).

TOM yeld { g/ pot )

400

300 IR48
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.

IR42

Acid soil Relative yield (=)

Variety or line tolerance A;umjnu;; Ma,}é;@ 200
score” (30 ppm}) {80 ppm}

1R20 6 20 51 Peta : Y =168.4+1.554X — .0019X? R =009 (n=6}
IR22 5 19 59 HA4 : Y =1632+1685X - .0024X2 R=0.99""(n=6)
IR24 5 17 74 IR4Z: ¥ =1199+1.036X - .0019X? R=0.89"° (n=B)
IR127-80-1 3 % 65 IR4B: Y =129.2+1.188X - 0021X? R=0.99""(n=8)
IR712-23-2 5 21 88 100
E425 5 38 44 o) nc;o > éo
M1-48 2 3 68 ° Nitrogen (oom]
Monolaya 3 b 29 trogen L ppm
Peta 7 2 84 2. Total dry matter (TDM) yield of 4 varieties at 6 nitrogen levels
90n the 1-9scale: 1 - almust normal plants, 9 = dead plants, ®No test. 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.

Reaction?
Wetland soils Dryland soils
Variety Toxicity Deficiency Iron AIurannlgum
T T deficiency ~ manganese
Salt Alkali Peat Iron Phosphorus Zinc toxicity

IR5 4 7 ] 6 5 5 4 5
{R8 3 6 5 3 4 4 4 4
IR20 5 7 4 2 1 3 4 4
IR22 5 7 ] 3 3 3 5 5
1R24 3 5 ] 3 1 4 3 4
1R26 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
IR36 3 3 3 3 7 2 2 4
IR38 5 5 3 5 1 3 5 4
1R40 5 6 5 3 1 2 0 0
1R42 3 4 5 3 3 4 6 5
IR43 3 7 7 4 3 3 5 3
1R44 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 [ 3
1R50 4 5 3 4 3 3 4 4
0n acale of 0-9: 0 = no information, 1 = almost normai 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, 1R43 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 varisties in the absence of the stress. IRRI, 1979

Stress
Salinity
Salinity, zinc deficiency
Phosphorus deficiency
Phosphorus and zinc deficiencies
Alkalinity
Zinc deficiency and organic soil problems

dry season.

Variety or line Gra(»lr;hyal)eld"
1R9884-54-3 6.0a
IR46 58a
1R4227-28-3-2 5.7 ab
1R4422-480-2-3-3 5.6 ab
{R2058-85-3-3 5.5 abc
IR38 5.5 abc
IR20 5.5 abc
1R42 5.4 abc
1R2823-103-5-1 5.4 abc
IR4432-103-6 5.3 abed
IR4763-141-2-16 5.3 abed
1R32 5 0 abed
1R2307-247-2-2.3 5.0 abed
IR36 4.8 bede
IR40 4.7 bcdef
IR4816-70-1 4.7 bedef
IR1529-430-3-1 4.6 cdef
IR24 43  delg
IR4763-73-1 4.3  defy
IR4630-22-2 3.0 h

Zinc deficiency, iron toxicity, and phos-
phorus deficiency

Salinity, alkalinity, iron toxicity

Phosphorus deficiency

Organic soil probiems

Salinity and alkalinity

Iron toxicity, phosphorus deficiency

Salinity, alkalinity

Salinity, alkalinity, iron toxicity, zinc
deficiency

Zinc deficiency and organic soil problems

Organic soil problems

Iron deficiency

Iron toxicity and iron deficiency

Salinity

Salinity

Means followed by a common letter are not significantly different at the 5% tevel, Av of 3 replica-

tions.

eral stresses behaves nearly independently. The
frequency distribution of ratings for three genera-
tions (Table 18) indicated that tolerance for zinc
deficiency is under polygenic influence, showing
continuous variation and transgression in F,.
Tolerance seemed to be dominant. Heritability var-
ied between crosses.

ROLE OF MINERAL STRESS TOLERANCE IN
YIELD STABILIZATION

Plant Breeding Department

The work on the role of varietal tolerance for min-
eral stresses in stabilizing yield was continued on
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 coefficient?

Character
Salinity Alkalinity
Zinc deficiency 0.224 0.074
Salinity 0.154
Alkalinity
Iron toxicity
Peat snil

Irgq Peat soil Pho;ghorus
toxicity deficiency
0.075 0.002 0.054
0.146 —0.009 -0.014
0.245 -0.005 0.114

-0.171 -0.015
0.055

?None 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

susceptible (S) cultivars, 1978 wey season,

involving tolerant (T) and

Frequency distribution of tolerance rating®
Generation P e S, T e T Total
3.0 3.5 4.0 45 5.0 5.5 6.0 6.5 7.0 7.5 8.0

e B T SO N A — 7 —_—
P, 1R20 (tolerant) 1 8 2 1
P, E425 {susceptible) 1 3 5 1 1 11
Fy (1R20/E425) 1 1 2
F, (E425/1R20) 1 1 2
F3 progeny 2 5 21 20 32 19 3 5 2 109
Py IR30 (tolerant) 1 3 6 1 1
P, E425 (susceptible) 1 6 1 2 1 1"
Fy (IR30/E425) 1 1 2
Fy (E425/1R30) 1 1 2
F3 progeny 1 20 37 27 19 5 6 1 116

’Ha(ings assigned on a scale from 1 to 9, with 1 = most tolerant and 9 = most sensitive. Mean of 2 replications,

Grain yield (t/ha)

5
[ 1978 dry season
= 1978 wet season
@ 1979 dry season
...... Mean for 3 seasons
4 +—
3 -
2 I o

IR4227-28 IR2797-105

Mahsuri R4707-123
-3-2 -3 -2-2-3
IR2797-125 IR36 IR26 IR3464-27  IR5105-80-3
-3-2-2-2 =1-3 ~3-2

3. Performance of 11 genotypes on iron toxic soil at Malinao, Albay, Philippines (3 seasons),

IRS853-162 | 1R9209- 26
-1-2 -2
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range of vanetl tolerance that was measared in the
previous year.

A field test conducted for the third time on an
iron-toxic soil at Malinao, Albay, during the 1979
dry season revealed signiticant vanetal differences
in ratings and gram yield, During three seasons,
Mahsun, IR2797-105 2.2 3, IR2797 125-3.2-2-2,
and IR 36 consistently produced yields of 2.1 10 2.8
Uha (Fig. B, The lines IR4422-1:43.2 and 1R26
pave consistently low yields. Tron content in grain
tended o be preater in tolerant hnes (185-290
ppny) than in sensitive lines (144218 ppm).

The perfonmance test conducted on an iron-
deficient dryland soil at IRR1 contirmed the carlier
results that dron deficiency depressed the grain
yield over 40% in sensitive rices (Fig. 4), com-
pared with tolerant rices. ‘The plant  analysis
showed that the genotypes differed significantly in
their ability to absorb iron under both nomal and
iron-deficient conditions (Fig, 5). Furthermore,

( absorption of iron from the iron-deficient soil was
e " Jower than that from normal soil. But in some of
the tolerant hines, iron absorption from deficient
and normal soils did not differ significantly,
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BREEDING PROGRAM AT IRRI
Plant Breeding and Plant Physiology Departments

A total of 7,593 breeding lines and varieties were
screened for submergerce 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 discases. FR13A, 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, F, seedbeds
with 10-day-old scedlings 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 F, seedlings submerged for 10 days
in the seedbed. IRRI, 1979.

Crosses {no.)
with given survival score

N Low Modecrate High
(<50%) {50-70%} (>70%)

Source of submergence
tolerance

Chakia 59 2
Goda Heenati
FR13A -
Tara Bao -
Chaplash + Beguamon -
Chaplash + BKN6986-147-2 -
Chaplash + Pukhi - -
Chaplash + Badai - —
BKNB986-147-2 + Hijlidigh 1 -

(4]
| = www

[ == =N &=
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The elongation ability of lines involving 64
crosses in the F;, F,, F;, and F; was tested. Of
the 1,584 lines screened, only 10% had a score 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 111 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.
BGD7-6-1PE 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 Decpwater Project

Submergence tolerance. A total of 2,700 lines
were screened for submergence tolerance by a new
procedure in deepwater ponds:

® Pregerminated seeds werc 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 FR13A as a resistant
check, and a susceptible check, which can be
a prevalent variety. Khao Dawk Mali 105 was
used.

e After 25-30 days, seedling height for each
row was measured, and water added to a level
of 120 cm.

® 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 of
those that survived represented lines having
FR13A 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 1 and 3 were prevalent with entries derived from
FR13A 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



portion of plants with ac_eptable grain fertility in pooled data
from 3 types of COmposit s crosses. IRRI, 1979,

Acceptably
Submergence tolerance Survival fertile
source (%) plants
%)
1/8 FR13A + /8 FR13A 40 8
1/8 FR13A + 1/8 Goda Heenati 29 21
1/8 Goda Heenatj + 1/8 Goda Heenati 21 93
\\__‘_\\\

emerged from work with composite crosses involy-
ing the varieties FRI3A and Goda Heenati. The
surviving plants were transplanted, and at harvest
the proportion of sterile plants rejected from each
Cross was noted. The data indicated that in order to
increase the proportion of agronomically accepta-
ble plants in crosses aiming at submergence toler-
ance, including FR13A or Goda Heenati in only
25% of the parentage of composite crosses would
give acceptably high survival percentages (Table
2). Increased usage of Goda Heenatj as a parent
also drastically increased panicle fertility.

Screening for elongation ability. About
10,000 advanced and early generation lines were
screened for elongation ability at the seedling
stage. Elongation ability for survival at the 1-m
water depth was stressed. The rices tested for
elongation ability were also tested simultaneously
orin alternating generations in shallow water at the
Klong Luang Rice Experiment Station.

Hybridization. A total of 337 crogses were
made at the Huntra and Bangkhen stations, or at
IRRI upon request. F, populations wcre grown at
Huntra, Prajinburi, and Bangkhen stations. About
3,000 entries of Fyand more advanced pedigree
were grown at the three stations. Selections were
made on the basis of observations in the field and
in parallel tests for plant type, elongating ability,
submergence tolerance, growth duration, resis-
tance to bacterial blight, grain shape, appearance
of the dehulled grain, and resistance to brown plant-
hoppers. About 50% of the lines were photoperiod
sensitive and submergence tolerance was present
in 15%,

Observation nurseries, Four observation nur-
series comprising about 400 [ines were planted at
10 sites in Thaila \d. Ten percent of the lines were
kept for further observation or for yield trials,

GEN

Rapid generation advance. A rapid generation
advance (RGA) program in Thailand handled two
populations. F; populations from three generatiors
of RGA at IRRI, and one population from the
Huntra RGA effort were tested in deep water. Lines
that had an elongation ability score of 6 or better in
90-cm water were from BKNFR76033 (18%);
BXNFR76932 (44%); and BKNFR76910 21%).

Selection for submergence tolerance during
rapid generation advance. To test the available
methods of recognizing superior submergence
tolerance in seedlings grown in RGA, a simulated
selection experiment used 12 entries in the
Cooperative International Submergence Test,
Among them, FRI3A, Kurkaruppan, Thavaly
15314, and Thavaly 15325 had previously been
identified as superior varieties for submergence
tolerance. Three experiments were done with
21-day-old seedlings planted in film capsules and
submerged in 72-cm-deep water. The duration of
submergence was kept flexible depending on the
progress made in destroying plants by sub-
mergence.

The results of these preliminary tests (Fig. 1)
show that it should be possible to make mass selec-
tion for submergence tolerance in hybrid popula-
tions of appropriate parentage during a cycle of
RGA. The following qualifications need to be
made:

® On the average about 50% of the tolerant
plants will be destroyed.,
® There is risk of heavy destruction, but this can

No nitrogen Nitrogen added

£ *periment /
29 days Submergence

Experiment 2
8 days "submargence

Experimant 3

. rapid generation advance-type su.bmergence screening. IRR1,

1979,
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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
release of RDI7 and RDI19, Thailand’s first
deepwater rice varicties of hybrid origin. Both var-
icties are selections from BKNG6986, the cross
between the semidwarf IR262 and the floating rice
Pin Gacw 56. RD17 and RD19 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 1 m. Both var-
icties form longer than usual internodes up to a
maximum plant length of about 180 cm. Both are
mederately susceptible to bacterial blight, and
have long grains and acceptable cooking quality.
They differ from each other in flowering behavior:

¢ RDI17 (BKN6986-66-2) matures in 140 to 150
days regardless of the photoperiod prevailing
in Thailand. It can be grown in both the dry
and wet seasons.

¢ RDI9 (BKN6986-147-2) is Thailand’s first
photoperiod-sensitive semidwarf rice variety.
If planted carly, it flowers by mid-November
in Thailand, and harvest is in mid-December.
This variety is mcant for the vast areas
immediately cast and north of Bangkok,
where traditional tall, photoperiod-sensitive
varieties are grown in the wet season.

MORPHOLOGICAL STUDIES OF VARIETAL
TOLERANCE FOR COMPLETE SUBMERGENCE
Plant Physiology Department

A series of studies was started to help find the
physiological and morphological basis of sub-
mergence tolerance. Twelve varieties with varying
degrees of submergence tolerance were grown in
trays for 10 days and then submerged completely
in 30 em water for 6 days.

Culm thickness. Tolerant varieties generally
had narrow culms compared to the susceptible var-
ieties. There was, however, no clear varietal trend
in culm thickness: the tolerant varieties generally
had round culms and the susceptible varieties had
slender or flat. The data also showed that the toler-
ant varicties had greater overlapping of leaf
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Susceptible (1R36)

Tolerant { FRI34)

2. Diagram showing the overlapping of the first leaf sheath of
the  tolerant and susceptible rice varieties of 10-day-old seedlings.
IRRI, 1979,

sheaths than the susceptible varieties. The over-
lapping leaf sheaths and the rounder culm provide
strength to the culm (Fig. 2).

Number of vascular bundles. The total number
of vascular bundles in the first and second leaf
sheaths of the different rice seedlings tested did not
show differences between tolerant and susceptible
varieties (Table 3). However, the two tolerant var-
ieties Kurkaruppan and Thavalu 15325 had the
highest number.

The number of vascular bundles per millimeter
of culm width showed high ratios for the tolerant
varicties except FRI3A. The average ratio was
28.1 for the tolerant varieties and 23.3 for the sus-
ceptible entrics. Breakage or collapse of the culm
usually occurs across the longitudinal axis, and the
number of vascular bundles along that axis might be
useful in strengthening the culm.

SCREENING METHOD FOR INTERNODE ELON-
GATION AND NODAIL ROOTING ABILITY

Plunt Physiology Department

An experiment was conducted tu develop a method
for screening nodal rooting ability, to study the
effect of nitrogen application on nodal rooting abil-
ity, and to evaluate the relation between nodal
rooting ability and elongation ability.
Twenty-two varieties or lines and two levels of
nitrogen fertilizer were used. At 42 days after sow-
ing (DS), the plants planted in pots were trans-



Table 3. Plant height and number of vascular bundles in submergence-tolerant and sus-

ceptible rice varieties. IRRI, 1979,

Plant ht {cm) Vascular bundies? (no.)
Variet 6 days
Y Initial ahe‘: Per culm Per' mm
width
treatment

Tolerant
FR13A 21 26 33 24
Kurkaruppan 18 24 42 35
Thavalu 156325 20 24 36 28
Thavalu 15314 26 29 32 28
SML Temerin 23 30 33 27
Nam Sagui 19 21 29 32 26

Av 22 27 35 28
Susceptible
Leb Mue Nahng 111 24 28 33 24
T442:57 20 21 35 23
IR36 20 24 33 24
IRB 20 21 32 23
RD7 21 22 34 22
IR42 21 23 33 24

Av 21 23 33 23

@Based 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, IRR1, 1979,

Av internode length {cm)

Entri
Type ('::(;5 2 g N/pot 6 g N/pot
3_BDS 52DS 60DS 3505 52DS 60DS
Floating rice varieties 12 9 49 61 10 51 64
Semidwarf deepwater 7 0 23 36 0 25 37
rice lines
Traditional nonfloating 3 0 16 24 0 16 29
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 internode 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 internode 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

Khao Med Lek), semidwarf deepwater rice lines,
and nondeepwater rice varieties did not show
internode elongation at 35 DS.

After 10 days in deepwater (52 DS), all rice
varieties showed internode elongation ranging
from 13 c¢cm in FR13A 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 internodes (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 intemode, which was
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already mature, did not elongate much after it was
subjected to deepwater.

At |18 days after treatment (60 DS), Gowai 476
showed the longest internode (79 cm), followed by
Laki 491 and Gowai 84. Among the semidwarf
rice lines, BKN6986-147-2 and T442-57 had the
shortest internode (29 c¢m), which, was however,
longer than that of FR13A (22 ¢cm). The higher
nitrogen level tended to promote internode elonga-
tion.

Plant length increased with increased N level at
every stage of observation. The data indicated a
high correlation between plant length and length of
internodes (r = 0.17*%),

Nodal rooting ability. Nodal roots usually
develop after internode elongation. Three days

after treatment (DAT) or 45 DS, nodal roots were
observed in many varieties such as Gowai 476 and
Habiganj Aman I (Table 5). Most of the nodal
roots were on the first node above the soil surface.
Out of nine rice varieties that showed early inter-
node elongation seven had nodal roots. In succeed-
ing observations, nodal roots occurred in many rice
varieties. However, the varieties that showed ear-
lier elongation had better rooting ability.

Because the elongation needed for tall deepwa-
ter rices to be above the water surface is minimal,
roots were formed earlier. Semidwarf deepwater
rice lines had to elongate first and then form roots.
Except for BKN6986-147-2, they had no roots
even at 18 DAT. Nonfloating wetland varieties
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 roots®

Entry 2g N/pot 6g N/pot
3 10 18 3 10 18
DAT DAT DAT DAT DAT DAT
Floating rice varieties
Birain 392 7 5 X 7 2
Gowai 84 X 7 5 XX 5 3
Gowai 476 XX 5 4 XX 4 1
Habiganj Aman 1 XX 7 3 XX 4 1
Kalimekri 77-5 X 5 4 XX 1 1
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 deepwater rice
BKNG6986-108-2 - 9 9 - 9 8
BKNG6986-108-3 - 9 9 - 9 8
BKNG986-147-2 - 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 nonfloating 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

8DAT = days after treatment (submergence), x = nodal roots visible, xx = nodal roots starting to

elongate.
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also had no roots at 18 DAT (Table 5). Thai tradi-
tional floating rice varieties (Leb Mue Nahng 111,
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 internode elongation and nodal root-
ing ability should follow these steps:

1. 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.
Score elongation ability 10 DAT.
4. Score nodal rooting ability 20 DAT.

W

Rooting ability was scored on a scale of 1 to 9:

1 = 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

Thailund-IRRI Cooperative Deepwarer 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 ht increment
in one week's submergence

22 —0—0
20

oLy L L 0 v )y oy
012 14 16 18 20 22 24 26 28 30 32

Ht {cm) before submergence

3. Height increment of 21-day-old seedlings during submergence,
and initial seedling height of submergence-tolerant (black dots)and
nontolerant (open circles) entries.

height just before submergence, and seedling
height increase during 1 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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Survivat (%)
100
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FRIZA

Kurkaruppan .-~
- Thavaly 15314
Thavalu 15325
60 —
a0 -

P

— Nom Sagui 19 tR38
Khao Dawk Mali 105
20 |- SML Temerin  IR42
BKN6986-108-3
BKN6986-66-2 BKN ?3863—

0 1 1 .
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Depth of submergence (cm)

4. Survival after emergence of a group of 4 submergence-tolerunt
varietics and of a group of 8 varieties without such distinction,
at 4 water depths, IRRI, 1979.

Elongation score
| .

2t~

L1 1 ] 1 ] 1 1 1 1
0 80 100 120 140 160

Shallow-woter plant b1 {cm)

§. Elongation in 90-cm water depth of lines that mature in 130 days
(0) and lines that mature in more than 13) days (@). Elongation
score: | = best elongation response, 9 = poorest clongation, 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. Sexdlings were transplanted at 25
days of age and water was added 45 days after transplanting at
5 cm/day to a maximum level of 85 ecm, Huntra Station,
Thailand, 1979 .,

Spacing ON and 25 kg N and 60 kg N and
{cm) oP 25 kg P/ha 25 kg P/ha
Tiller density (no./m?) at 127 days
25x 12,5 160 160 179
25 x 25 140 137 135
25 x 40 103 95 126
Plant ht {cm) at maturity
25x 12,5 162 159 166
25x 25 157 161 160
25 x 40 153 155 155
Grain yield (t/ha)

25x 125 3.3 3.3 4.0
25x 25 38 3.3 3.8
25 x 40 2.4 29 3.2

Av 3.2 3.2 37

heights in shallow water. Presumably, the

. preflowering stem elongation common to all rices

acts in concert with the water-level-induced elon-
gation 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
not higher than 1 m could be favorable.

FERTILIZER TRIALS
Thailand-IRRI Cooperative Deepwater Project,
Agronomy and Plant Physiology Departments

Effect of fertilizer and spacing on yield of RD17
(Thailund-IRRI  Cooperative  Deepwater  Pro-
ject). RDI7, a newly released variety combining
dwarfing genes with elongating  ability, was
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 resuhs 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’ly on the yield of [R42 under medium deepwater
cultuu V(mlx water depth 40 cm). IRRI, 1979 dry season.

Forms and mode of urea Grain yield”

fertilizer (54 kg N/ha) {t/ha)
No nitrogen 075 ¢
1/2 PU + 1/2 SCU (FG)? 3.07a
SCU (FG) 2.49 ab
1/2 PU + 1/2 SCU (ordinary) 2.09 ab
SCU (ordinary) 2.22 ab
Urea supergranules (1012 ¢m) 3.18a
Prilled urea 1.81 be

"Any 2 means followed by the same letter are not significantly different
from each other at the 5% level, Ppy = prilled urea, SCU = sulfur-coated
urea, FG = forestry grade,

Table 8. Effect of basal nitrogen application on grain yield of
15 rice lines grown in medium deep water, IRR!, 1979 dry
season.

Grain yield {t/ha)

Entry

e Vﬂpﬁ_ 80 kg N/ha Mean
BKN6986-147-2 3.59 4,66 4.13
CiCA 8 4.06 5.26 4,66
IR3880-13-4 3.33 456 3.95
IR4432.52-6-4 3.83 5.52 4,68
IR5629-64-3 3.88 4,59 4,24
IR5825.44-3-P2 3.74 5.35 4,55
1R5857-3-2E-1-1 2,29 3.48 2.89
IR5867-3-2E-1.2 2.82 4.16 3.49
IR6857-3-2E-1-27 2.84 3.75 3.30
IR5857-3-2E-1-33 2.57 4.16 3.37
IR5857-4-1E-1-8 2.84 4.41 3.63
MRC505 ' 4.38 5.01 4.70
N22 3.31 475 4,03
RD7 3.90 4,67 4,29
T442.57 4,26 5.25 4,76

Mean 3.44 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 of closer spacings in deepwater situations.

In shallow water, RD17 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 ~pplication.
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 draincd before
harvest.

Grain yield. Basal 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 squave meter (Table 9).
The positive responses to aitrogen application
ranged from 14% for MRCS505 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
panicles 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 com-
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 components® (av of 15 entries) as affectéd by
basal nitrogen application under medium deep water condition.
IRRL, 1979 dry season.

Yield components —Of‘i W 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) 23.38a 2346 a

2For each component, values followed by the same letter are not sig-
nificantly different at the 5% level,
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Table 10. Agronomic characters (av for 15 rice entries) as af-
feted by bass! nitrogen application under medium deep water
wondition.” (RRY, 1979 dry season.

Character ON 80 kg N/ha
Leaf area index at flowering 18 b 35 a
Tillere per square meter 164 b 24 4
Productive tillers (%) 100 a 95 3
Dry matter production {t/ha)? 735 b 10.46 2
Maturity (days) 107 107

%For sach character, values followed by tiie same letter are not signifi-
cantly ditferent at the 5% level. bA( 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 to
an increase in tiller number and plant length above
the water surface. In both the nitrogen and no nit-
rogen plots, the LAI was relatively low (av of 3.5
in the plot with 80 kg N) compared with previous
results obtained with Peta (about 7) under irrigated
conditions. 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 by
promoting internode elongation, and significantly
increased tiller number before the water level was
increased.

Previous research had shown that grain yields
decreased 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 ranged
from 95% to 100% in plots with and without nit-
fogen application (Table 6). This points to the
importance 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, 979 dry season.

Nitrogen application in medium deepwater rice
increased grain yields primarily by increasing tiller
number per unit area, percentage of effective till-
ers, and plant height, which increases plant survi-
val and LA].

COLLABORATIVE FIELD SCREENING FOR
DROUGHT RESISTANCE AT SEEDLING STAGE

Agronomy Department

Drought is a problem during the early stages of
growth in the deepwater rice areas where seed are
broadcast. Collaborative screening involving Thai-
land, West Africa, West Bengal (India), and IRR]
Was started v ith 17 common entries. Tests at IRRI
(see Drought resistance section of this report)
showed that only KU86 was tolerant of 4-5 bars of
soil moisture tension. A few other rices (mostly
deepwater) had moderate resistance to drought of

—~35 bars. Similar tests at Huntra and Klong Luang
stations, Thailand, failed to yield reliable data
because of soil heterogeneity.
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LOW TEMPERATURE
Plant Physiology and Plant Breeding Departments

Genetic studies on cold tolerance at seedling
stage. Genetic analysis was made for 14 crosses
involving a cold-tolerant cultivar and a susceptible
line. Ten days after sowing of parental lines and
the F, and F, of each cross, seedlings were put in
a cold water (12°C) tank. When the susceptible
parent showed symptoms of cold inju-y (severe
yellowing of leaves), the F, and F, seedlings were
scored for cold tolerance. In all the crosses the F,
seedlings showed tolerance for cold water, indicat-
ing that cold tolerance is a dominant trait. In 1] of
14 crosses, the F, populations segregated in the
ratio of 3 resistant to 1 susceptible to low water
temperature at the seedling stage, indicating sim-
ple monogenic inheritance (Table 1). Crosses bet-
ween Jodo and JC24 indicated that the two lines
have the same gene for cold tolerance,

Breeding. To develop improved germplasm for
low-temperature areas, 121 single and 404 multi-
ple crosses were made during the year and F,
seeds of 72 crosses were distributed to breeders in
6 countries.

Field evaluation of cold-tolerant breeding
materials was continued at Banaue, Philippines, in
collaboration with the Bureau of Plant Industry.
Five F, populations were grown and 822 single-
plant selections were made. A total of 1,178 pedig-

ree lines derived from 50 crosses were evaluated in
a pedigree nursery. All entries in the pedigree nur-
sery were screened for resistance to blast, bacterial
blight, green leafhopper, zinc deficiency, cold
tolerance at seedling stage, and grain quality
characteristics. The promising breeding lines are
listed in Table 2.

At Banaue 1,860 lines and varieties were
screenzd for cold tolerance at the seedling stage;
entries in the International Rice Cold Tolerance
Nursery were screened for tolerance at the seedling
stage, at panicle initiation, and at anthesis.

Rapid generation advance for cold-tolerant
rices. The use of rapid generation advance (RGA)
to accelerate the breeding program on cold toler-
ance started in late 1978. In 1978, 48 crosses
specifically for low-temperature areas such as
India, Nepal, Korea, and the high-altitude areas of
Indonesia and the Philippines were grown through
RGA.

KOREA-IRRI COLLABORATIVE PROJECT
Plant Physiology and Plant Breeding Departments

In 1979, additional temperature-controlled
facilities were built by the Korean Government and
new land was added to the Chuncheon station.
Rice Cold Tolerance Screening Nursery. A
total of 1,620 entries were screened at Chuncheon
for tolerance for low water temperature from the

Table 1. Reaction” of parental lines {Py, P,), and F, and F. seedlings of 14 crosses to
1 F2 1 2

cold temperature. IRRI, 1979.

Cross combination
Py Py

Calrose/IR8866
Calrose/IR30
Calrose/IR5853
JC24/IR30
JC24/IR5853
Jodo/1R8866
Jodo/IR30
Jodo/IR5853
KT31-1/IR8866
KT31-1/IR30
KT31-1/IR5853
Eiko/IR3866
Eiko/IR30
Jodo/JC24

|
|

D DDDVDDDDIDDIDDD D
DOV LVOLLVLLON NV

Reaction to cold temperature

Fy

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

Faseiiio) e
R S Total
380 1M 491 1.4997
656 198 854 1.5004
655 234 889 0.8283
533 114 647 18.7950"°
742 229 9N 1.0384
597 199 796 0.0000
605 172 77 3.3981
519 178 697 0.1076
531 159 690 1.4087
695 256 951 1.8679
640 242 882 2.7952
647 250 897 3.9424°
694 168 862 13.9598°°

1087

1087 -

2R - resistant, § - susceptible,
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Table 2. Characteristics of selected cold-tolerant breeding lines grown at Banaue, Philippines. 1979 dry season,

Designatios Cross

IR6867.452 32
Kr 1h-213-1-4
IR5B96-10-2 11
]7167-33-23
1R7167-33-2513
IR8845-10-3-3
IR9105-42.1-3

China 1039/Kn-15H-361-1-8.6-10

K17-Bk-4-1/IR2053-521-1-1

IR747B2-6/Kn 1b-361-1-8//IR747B2-6/

1R747B2-0/Bagsan daykat//IR2061-213-2-16

IR9107.93-3-3 China 1039/1R2061-213-2//1R2053-521-1-1
IR9202:52.2-2 1R2053-521-1-1/K116//Kn-1b-361-1-8-6-9-1
IR9202:61-1-2 "
IR9202:6-1-2 "
1R9202-21-3-2 "

1R9202-23-2-1-3 "
IR15889-112-3
IR15889-113-3
IR15B89-130-3 ”
RPKN 2 IR8/Jerak

Local

China 1039/IR1561-228-3-3//IR2053-521-1-1

IR3941-37-2/Kn-1b-361-B1k-27-1//IR3941-25-1

Reaction® to

Maturity Ht Amylose e
{days) {cm) (") BB B GLH
136 102 9 1 1 3
136 103 7 1 1 3
136 96 9 1 8 3.
136 93 9 1 8 5
138 102 7 1 1 7
136 13 9 1 4 7
134 114 7 1 4 7
132 99 9 1 1 5
132 99 9 1 1 5
132 101 9 1 1 ]
136 97 9 1 3 3
132 95 9 1 1 3
132 a4 9 1 - S
134 94 7 1 - 3
132 91 9 1 - 3
162 99 7 1 1 -
- 125 7 7 - -

?Standard Evaluation System for Rice: Bacterial blight {BB) — 1 = less than 1%, 7 = 26—60" incidence; blast (B) — 1 = small brown specks of pinkead
size, 8 = 51—75" of leal area infected with typical blast lesions and any 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
" phenotypic acceptability at maturity, growth dura-
tion of 110 days or less, a score of 1 for leaf
yellowing at 42 days after transplanting, panicle
exsertion score of 1, and spikelet fertility of at least
73%, the following entries were selected: Fuji 269,
Wase Toramochi, Somewake, Tatsumi-mochi,
Hwanghaedo, Von Ja 2, SR3049-58-1-5-1,
SR30%-58-1-5-2, SR3054-55-1-2-3, SR3055-
129-3-2-2, C1 11041, and CI 11043. The reactions
of the rest of the entries are available in the IRRI
data bank.
Nitrogen response at different water temper-
atures. An experiment with six varieties examined
varietal response to various levels of nitrogen and

temperature. The plants were transplanted in plots
that received 50, 150, and 200 kg N/ha and sub-
jected to water temperature of either 17 cr 21°C
from tillering to maturity.

With water temperature at 17°C, grain yields
were highest in all cases at 150 kg N/ha (Table 3).
At 21°C, the grain yields were generally higher at
200 kg N/ha, mainly- the result of higher panicle
number per hill.

The importance of nitrogen fertilizer at low
water temperature is shown in the number of tillers
per hill and percentage of increase in tiller number
with increase in nitrogen level (Table 4).

Fertitizer level and low-temperature dam-
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

Collaborjti_vg Cold Tol:;ancg E(Oig;}, ghunght{qp, Korea, _1 979.

G,

Grain yield (t/ha)

" Variety or line 17C
50 150

Josaengtongil 1.70 2.22
Suweon 264 C.40 2.19
Nongback 217 3.5t
Suweon 235 1.94 3.60
Kn-1b-361 2.09 4.07
IR7167-33-2-3 2.76 4.08

21°C
200 50 150 200
1.83 3.75 4,99 5.36
1.87 3.52 4.47 4.43
342 4.35 5.06 6.18
3.58 4.00 5.26 6.23
3.56 3.59 4,76 4.97
393 4.08 5.94 4.76

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 139


http:b361-186.10

‘Table 4. Tiller number per hill of § varieties or lines irrigated with water at 17 or 21°c

and fertilized with 50 or 150 kg N/ha. Korea-IRRI Coll

Chuncheon, Korea, 1979.

aborative ColC Tolerance Project,

17°C 21°c
Variety or line Tiliers {no.) Tiller Tillers (no.) _Tiller
— increase increase
50 150 :v) 50 150 ((vo)
4501
Josaengtongil 9.2 13.4 46 11.8 15.2 29
Suweon 264 1.2 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 1.1 18.2 64
Kn-1b-361 9.1 13.2 45 8.6 121 1
1R7167.33-2.3 10.1 13.2 31 8.5 12.2 44
At maturity
Josaengtongil 7.7 1.0 43 9.4 12.2 30
Suweon 264 5.6 13.7 145 9.2 11.6 26
Nongbaek 75 11.7 56 7.9 9.4 i9
Suweon 235 8.6 135 57 8.8 12.0 36
Kn-1b-361 4.8 8.4 75 6.6 8.9 35
IR7167-33-2-3 8.1 9.8 21 7.0 10.0 43

?Days after transplanting.

Table 5. Discoloration score of Suweon 264 planted with 2 levels of nitrogen, phos-
phorus, silicon, and compost and irrigated with cold water (17°C) at tillering or meiotic
stage. Korea-IRRI Collaborative Cold Tolerance Project, Chuncheon, Korea, 1979.

Discoloratic.: score'

a

100 ky N/ha

200 kg N/ha

Compost L . e
{t/ha) oP 120 kg P/ha oP 120 kg P'ha
3000 0Si 3rnr. i 3000 ; 3000
kg Si/ha kg Si:.-, kg Si/ha kg Si/ha
Tillering 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

9Standard Evaluation System for Rice score: 1 = green, 9 < dead leaves.

temperature damage by application of fertilizer.
The levels used are shown in Table 5. A low temp-
erature (17°C) treatment was given for 10 days at
tillering (30 days after transplanting) or at the meio-
tic stage.

Discoloration scores were obtained after the
low-temperature treatment at the meiotic stage,
after the plants treated at tillering stage had reco-
vered 10 a certain degree. Nevertheless, the higher
nitrogen level resulted in greener leaves. Phos-
phorus, silicon, and compost had little effect on
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protecting the plant from low water temperature at
tillering or at the meiotic stage.

Low water temperature reduced grain yields
more at the meiotic stage than at tillering (Table
6). Higher nitrogen and compost levels resulted in
higher grain yield in all cases, regardless of the
time of low-temperature treatment,

Generally, increased phosphorus and silicon
gave a slight increase in yield regardless of nit-
rogen and compost level. However, the increase
was not statistically significant.



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-IRR!
Collaborative Cold Tolerance Project, Chuncheon, Korea, 1979.

Grain yield (t/ha)

Compost © 100 kg N/ha 200 kg N/ha
{t/ha) oP 120 kg P/ha oP 120 kg P/ha
0Si 3090 0Si 3090 0si 3000 0Si 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 6.03 590 6.15 6.24 6.34 6.45 6.74
Meiotic stage

0 3.78 3.82 385 4.10 3.99 4.07 4,17 4.17

15 4.04 4.15 393 434 4.62 4.52 4.39 4.67

Treatment at the meiotic stage showed that
although addition of compost did not increase
panicle number, there was 2 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

stages. At the meiotic stage, decrease in grain
yields was due to reduction in fenility 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-1b-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-1b-361, which are tall varieties, is above the
cold water level. Suvieon 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 poinis
above the water level. A 1979 experiment checked

Table 7. Effect on grain yield of low water temperature treatments at different growth

stages. Korea-|RRI Collaborative Cold Tolerance Project, Chuncheon, Korea, 1979.

Grain yield {t/ha)

Variety
Tillering Meiotic
Josaengtongil 4.67 3.93
Nongbaek 4.80 an
Towada 4.45 4.23
Suweon 235 5.64 4.91
Suweon 264 4.80 1.55
Leng Kwang 5.05 4.43
Kn-1b-361 4.69 3.92

Heading Ripening Centrol
4.91 5.13 4.92
5.52 5.43 5.17
5.26 5.57 5.53
5.06 6.32 5.57
498 5.64 5.39
5.12 5.19 5.06
4,50 5.04 3.86
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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. 1).

In Gumi and Suweon 235, the effect of low
temperature in increasing sterility percentage at the
reproductive stage was greater in decper 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 was of low water temperature.

Stenlity {%)

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. Continucd
screening for heat-tolerant early-maturing lines
identified 11 promising lines (Table 8). It appears
that a combination of heat tolerance and early
maturity can easily be found in available breeding

materials.

High temperature injury at panicle

€0

Suweon 235 { culm length=42cm )

Gumi  { culm length=68cm}

Towada { cold toleront; culm length =49 cm )

2() —
Auricie© e 1y - 5 40 -5 O + 5 -0 -
distance 15-0 -5 0 +5 +0 I540-5 04540 -5-0 -5 0 +5+0
Water depth 40 cm 20cm 10 cm
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Leng Kwang { culm length =90 cm )

1. Percent sterility of four selected
varieties as affected by water
(17°C) depth and stage of panicle
development. [RRI,1979,

=I5 -10-5 O 4540 Control

Sem



Table 8. Heat-tolerant early-maturing lines. IRRI, 1979,

Days to flowering

Line at IAR)
IR9129.136.2 66
IR9209.26.2 67
1R9209.263.3 70
IR9224-117-2 72
IET 5714 70
IET 5688 60
IET 6187 57
IET 6238 60
IET 4700 7
IET 4701 71
IET 5734

70

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°727°C, 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 was
attributed 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, high
sail 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 to
35°/27°C at heading. Thus, the critical temperature
for white-tipped panicies is higher than that for

Domaged spikelets { %)

25
20— V 3svzrec
® 3ev2rC
0 alvarc
15—
10—
5 i—
0 L_L ! I L !
0 30 40 50 60 70 80 20

First day of 5-day high temperature treatment {days after sowing)

2. Effect of high (day; night) temperature on spikelets. IRRI,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 O. glaberrima and O. sativa, 6 of 25
hybrid lines had anthesis about | hour earlier than
IR36 (Table 9). The peak time (about 40-60% of
flowers opening) for anthesis was 0700-0800 for
0. glaberrima lines, 0900-1000 for the 6 hybrids,
and 1000-1100 for the rest of the hybrids and
IR36. In the Punjab, India, temperatur. in the
morning rises about 3°C/hour or faster, and goes
above 35°C at around 1000 (Fig. 3). With anthesis
before 1000, high-temperature-induced sterility can
be avoided.

Temperature inside the flower- High air tempe-
rature (above 35°C) 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 phytotron, in artificially lighted

Table 9. Origin of 6 hbrid lines with early flowering characteristic. IRRI, 1979,

Designation
1R20959-43
IR20965-11
Yo7
23
-26
IR20971-12

Parents

Oryza glaberrima Acc. No. 102485/3*1R1561-228.3-3
Oryza glaberrima Acc. No. 102550/3" IR 1561.228-3-3
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Temperatue (°C)
45

l
2l

8 24

Time {(h}

3. Diurnal change of air temperature on 2 consecutive daysin June

in the Punjab, India. 1979,

growth cabinets, in the screenhouse, and in fields
at IRRI and at the Regional Rice Research Station,
Punjab Agricultural University, Kapurthala, India.

The temperature inside the flower was 0-1°C
higher than that outside when ambient temperature
was about 30°C and below. When ambient temper-
ature was above 30°C, however, the temperature
inside the flower was lower than that outside (Fig.
4). At an ambient temperature of 40°C, tempera-
ture inside the flower was lower by about 2°C.

Table 10. Effect of air humidity on the temperature differenc
growth cabinet (KG106 SHLD). 1979

VPD 12 mb, RH 79%

Drfference between temperature (°C)
nude ond neor flower

O Field at IRRI

¥ Field ot Kapurthal, India
@ Screenhouse

T Phytotron

00 Growth cobinets

-} 30
Temperature {°C ) near flower

|
35

1
40

4. Effect of air temperature on rice flower temperature, Field
measurements were on clear windless days in flooded plots. 1979,

Temperature drops inside the flower were attri-

buted to increased transpiration. The magnitude of
the temperature decrease observed for the flower
was about the same order as that for leaves, Thus,
environmental conditions such as air humidity may
affect temperature inside the flower through trans-
piration.

Measurements in the artificially lighted cabinet

¢ between ambient air and air inside the flower in an artificially lit

VPD 24 mb, RH 67",

Repl. 1 Repl. 2 ‘Repl. 1 Repl. 2 Repl. 1 Repl. 2
Temperature inside flower {(°C) 32.8 33.4 334 32.7 32.7 32.4
Temperature near flower (°C) 338 34.0 34.2 336 34.6 34.3
Ditference (°C) -1.0 -0.6 -0.8 -09 -1.9 -1.9
avpp = vapor pressure deficit, RH - relative humidity, repl. - repllcalic; T h

Table 11. Effect of shading on fertility of variety BKN6624-
46-2 at high temperature {35°C). IRRI, 1979,

Shading " Fertiliy?
) A(,% e (")
0 86 a

25 71 b

50 66 b

75 e 60 b
?Means followed by a common letter are not significantly different at
the 6% level,
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indicated that temperature drops inside the flower
were greater when ambient air was drier (Table
10). If the cooling effect of transpiration lowers
temperature inside the flower, high-temperature-
induced sterility would be lower under conditions
that favored increased transpiration, provided
ambient air temperature remained the same. A
shading experiment showed that fertility percen-
tage was higher under higher light intensity when
ambient air temperature was the same (Table 11).
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INTERNATIONAL NURSERIES

Dats 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 from 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 [RTP yield and screening
nurseries tested in 1978-79,

Nursery Promising entries

Yield

Irrigated —
Early (IRYN-E) IET4094 (CR156-5021), IR5853-
118-5, IR9093-216-3, IR36,
8541b-Pn-68-5-3-1, MRC603-303

Irrigated —
Medium {IRYN-M) BR51-46-5, IET6073 (RP825),
1R2058-78 (IR46), IR4570-83
(IR48), 1R42, IR5853-162-1-2-3,
BR51-282-8

lrrigated —
Late (IRYN-L) CR1002, CR1009, IET5656
(RP975), RP1064-14-2-2,
IR4625-132-1-2

IR1529-430-3 (IR43), IR9669 Sel.,
IET1444, IR36, IR2035.242-1
(IR45), IR3839-1, B54 1b-Kn-
19-3-4

Upland (URYN)

Biological Stress
IR1905-PP-11-29-4-61, IR3259-
8-172-5, IR4547-2.1-2, 1R4547-
16-1-5, IR9660-00948-1, IR9852-
18-1

Blast {IRBN)

Sheath Blight
(Special Set) IET4699 (RP967-11), IR4422-98-
3-6, Suduwee, Tadukan

ARC11554, BKNBR1031-7-54,
BKNBR1031-41-2-6, DWAS,
Gam Pai 30-12-15, IR8158-44-
2-1, IR8608-298-3-1, Utri Merah,
Utri Rajapan, Pankhari 203,
Habiganj DW8

Tungro {IRTN)

Brown Planthopper
{IRBPHN) PTB33, Sinna Sivappu, Hondara-
wala, Mudu Kiriyal, Suduru
Samba

Gall Midge {IRGMN) BG404-1, W1263, RPW6-17

Stem Borer (Special
Set) 1R 1820-52-2 (vegetative), IR4227-
28-3-2 (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 a
focus on brown planthopper and gall midge.

The fourth tour of 1979 was associated with an
International Rice Research Workshop in the Peo-
ple’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
varicties. 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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TaEI_e 27 1979 International Rice Testing Program publications.

GENERAL REPORT
® 1978 Report of IRTP Activities

FIELDBOOKS
® 1979 Master Fieldhook

NURSERY REPORTS
® Preliminary Reports of 1978 IRTP Nurseries
® 1978 Final Reports

Yield
Irrigated
® [RYN-E (Early)
® IRYN-M (Medium)
¢ IRYN:-L (Late)
Dryiand
® IlURYN

Observational
Irrigated
¢ |RON
® IRARON (Arid regions)

Rainfed stress
® |URON (Uptand)
® IRLRON (Rainfed towland)
® |[RDWON (Deepwater)

Stress screening

® [RSATON (Salinity/Alkalinity)
® |[RCTN (Cold tolerance)

Discases
® IRBN (Blast)
® |RTN (Tungro}

Insects
@ |RBPHN (Brown planthopper)
® |[RGMN (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.
® The performance of entries in yield trials at
various test sites helped classify the genetic
response of rice to different agroclimatic
conditions.
® 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 bLlast 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.
® 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 IN NATIONAL 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. IR36, which is identica) to its
Philippine counterpart, was recommended for both
the dry and wet scasons 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

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 southem 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 Department

The volume of the IRRI crossing program
stabilized at about 5,000 combinations in 1979
(Fig. 1). The number of F, combinations grown
decreased sharply because a fire late in 1978
destroyzd most of the F, 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 (Bph 3 and bph 4) were incorporated

Country where
Parents

given

Sinshwethwe

IR2061-213-2-17

1R833-6//IR1561-149/1R1737

Eurma
- India {Tamil Nadu)

named

IR34 IR2061-213-2-17 IR833-6//IR1561-149/IR1737

1R36 1R2071-625-1-252 IR1561-228//1IR24°4/0. njvaral//CR94-13 India (Orissa)
Rajinder Dhan 201 IR579-97-2-2-1 IR8/Tadukan India (Bihar)
Laxmi IR2061-628-1-5-4-3 IRB33-6//IR1561-149/IR1737 Nepal

Sabitri IR2071-124-6-4 IR1561-228//IR24°4/0. nivaral//CR94-13 Nepal
IR1529 IR1529-680-3-2 IR305-3-17/IR24 Niger

IR48 IR4570-83-3-3 IR1702-74/1R1721-11//1R2055-481 Philippines
IRS0 IR9224-117-2.3-3-2 IR2153-14/I1R28//IR2071-625 Philippines
IR2053 1R2053-206-1-3 IR1416-131/tR22//C4-63 Sudan
IR1529 IR1529-680-3-2 IR305-3-17/1R24 Upper Volta
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Number {thousand }
Crosses accampvished

£ comburations grown

Seed packets

Pedigree /ines grown
aispalched

100

80

60

40

20

ul

1974 7576 77 78 79

1974 75 76 77 78 79

1. Growth of the IRRI Genetic Evalustion and Utilization Pro-
gram, 1974-79.

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
whitekacked planthopper (Whph | and Whph 2)
were also incorporated into an improved plant
type.

Genes for green leathopper resistance from three
accessions of Orvza glaberrima were transterred to
an O. 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
Pib 21 us source of resistance to ragged stunt.

A large number of lines that mature in 90-100
days and have multiple resisztance 0 major discases
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-
ple attributes are listed in Table 2.

A 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. F, 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
of 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 germplasm. Most of the lines listed in
Table 3 have intermediate stature and combine
multiple discase and insect resistance with toler-
ance for several physical or chemical stresses.

Colluborative 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 carly-
generation breeding material is shuttled through
several sites in sequential years. The parents for the
crosses that are sclected through the system are
chosen by the collaborating scientists: the crosses
are made at IRRFand 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.

Reaction” 10 diseases

Reaction? to insects

Amylose Gela- o
Designation Cross Ht cﬁ,rrc;r.{:,: con- tini-  Bace E;"—? o BF;H" biotype
g {cm) {days) tt;nt 2ation Blast rial Tungro stf::]Slv e i . GLH® wePHY
(%) temp blight 1 2 3 B

IR4568-86-1-3-2 IR1702-74-3/1R2061- 112 118 26 L 4 1 3 3 3 9 3 5
464//1R2055-475-2

IR5853-162-1-2-3 Nam Sagui/IR2071-88// 112 118 25 | 1 1 1 1 3 3 9 3
IR2061-214

IR8608-298 IR2061-465-1-5-5/1R36 98 103 26 L 7 1 1 1 3 2 7 3

IR8608-167-2 IR2061-465-1-5-5/1R36 102 100 26 L 4 1 3 1 3 3 7 5

IR9129-209-2-2-2-1 1R28/IR2053-521-1-1// 100 105 22 I 4 1 1 1 3 3 3 3
IR36

IR9224-117-2-3-3-2 IR2153-14-1-6/iR28// 97 105 25 e 6 1 1 1 3 3 5 3
IR36

IR13423-17-1-2-1 IR44/IR2588-132-1-2// m 119 26 L 4 1 1 3 3 3 9 3
IR4417-177-1-4

IR9752-71-3-2 1R28/Kwang Chang Ai/ 91 99 25 L 3 1 1 1 3 3 7 3
IR36

1R13249-109-2-2-1 IR4432-53-3/Ptb 33// 94 107 26 L 1 1 1 3 1 1 1 3
IR36

IR13429-196-1-2-2 1R4432-53-3/Ptb 33// 112 107 25 /L 4 1 1 3 3 3 3 3
IR36

IR13525-43-2-3-1 Ptb 33/IR2153-196-1// 104 119 26 L 4 1 1 3 3 3 3 5
IR36

IR13540-56-3-2-1 Ra.au Heenati/IR2153- 123 119 27 L 3 1 1 1 3 3 3 5
196//I1R2823-399-5-6

IR15314-30-3-1-3 Babawee/IR4432-53-3// 106 119 26 I 3 1 1 3 3 3 3 3
IR2061-628-1-6-4

IR15318-2-2-2-2 Ptb 33/1R3403-267// 113 125 26 /L 1 1 1 1 3 3 5 5
{R36

IR19661-131-1-2 Ptb 33+4/1R3403-267-1 105 121 25 L 4 1 1 1 1 1 1 3

IR19743-25-2-2 1R9129-192-2/iR10176- 104 98 26 L 3 1 1 1 3 3 3
79

IR19743-46-2-3 IR9129-192-2/IR10176- 107 98 25 L 5 1 1 1 3 K} 9 3
79

IR19746-28-2-2 IR9129-192-2/IR10i83-7 100 98 25 L 5 1 1 1 3 3 9 3

#1980 Standard Evalustion System for Rice scafe, bgrown planth - ©Green leathopper. YWhitebacked planthopper.,
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Table 3. Selected rainfed wetland breeding lines that combine multiple disease and insect resistance with tolerance for drought, submergence, and salinity.

Designation Cross (:'n:)
IR4570-83-3-3-2 IR1702-74-/IR1721-11//IR2055-481 115
IR5853-118-5 Nam Sagui/IR2071-88//IR2061-214 107
IR9217-58-2-2 1R2071-588-6/1R2061-213//IR2058-78 126
1R9264-321-3 Mahsuri/2-1R2061-213 133
IR9800-74-1-2 IR2058-78/1R2071-176//IR34 129
1R9852-22.3 IR2562-68/1R2588-48//IR2071-625 118
IR9861-25-1-1 IR5492-3-147/1R5534//IR2070-414 13
IR10168-52-4-2 IR30/Nona Bokra//IR?115-290 108
IR10781-143-2 B8G90-2/1R2863-38 127
IR11418-15.2 IR2863-38/IR2058-78 108
IR13146-41-3 BG90-2/1R34//IR2058-78 132
IR13146-158-1 BG90-2/IR34//1R2058-78 125
IR13419.22-1 lR2863-38/IR2071-586//IR2071-825 95
1R13426-19.2 IR2863-38/Mahsuri//|R2863-38 113
IR14632-2.3 IR2863-38/1R2058-78 122
IR10206-29-2 'R2071-179/SR26B//IR2153-26 116

#1980 Standard evaluation system for rice.

IRRI, 1979,

Growth e _ As,Es?_ra,tjﬂg,,_ e e
dura- Drought Stbmer-  Sali- Bacte- Brown Green  Amylose
tion m,eg_ gence  nity gy rial pl;l:‘lt?opper leat-  content

{days) rance  tole-  tole- blight — __. _OWPe hopper (%)
rance rance 2 3
130 5 5 3 4 1 3 3 3 3 22
118 3 7 4 4 1 3 3 3 3 27
130 3 9 4 3 3 3 3 7 3 26
135 5 5 4 5 1 3 5 7 3 26
130 - 9 — 5 3 3 3 7 1 26
120 5 7 3 1 1 3 3 3 5 26
120 7 - 4 3 1 5 3 3 25
115 - 5 - 8 3 3 9 3 9 26
125 — 9 — 6 1 3 3 3 5 28
113 - 5 - 5 3 1 3 3 5 25
127 5 5 5 5 3 3 7 3 9 25
125 - 7 - 5 3 3 5 3 9 25
1M1 - 7 - 4 3 3 3 3 5 27
126 3 7 3 4 1 3 3 3 3 27
125 - 7 - 4 3 3 3 3 3 26
110 - 7 - 5 1 3 9 3 5 27




Bangladesh
{5 sites)

Philippines bulk populations
(2 sites} _——

bulk selections

West Bengal, India
{2 sites)

2, Schematic representation of international movement of

project. 1979,

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 tha.
IR6115-1-1-1 has consistently yielded more than 4
tha for 3 consecutive years in the trials planted in a
farmer’s field in Batangas Province. This line has
an elastic growth duratio, which enables it to tol-
erate the effect of drought stress. It also has good
recovery ability, and :ius benefited from late rains,
IR6115-1-1-1 has ioderate resistance to blast and
BPH biotypes 1, 2, and 3, and is highly resistant to
bacterial blight.

BREEDING METHODS
Plant Physiology 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 IRR], completed late in
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Thailand
(5 sites)

bulk populations Indonesia

(1 site)

——
bulk selections

Burma
{1 site)

{ materials in IRRI's minfed wetland collaborative

1979, accommodates 205,200 plants/cycle, or a
total of 616,000 plants/year. In 1979, 292,954
plants involving 189 crosses from F, to F; 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 of
the 10 varieties studied. The varieties showed
marked differences in seedling survival at the
S-day-stress treatment (Fig. 3). Those from the
rainfed 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



Seediing survival (%)
100

Badoal 106 Latisail
Chotadiga Surjomukhi
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3. Effect of drought stress for $ 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
have resulted from realistic selection pressures in
situ,

Drought treatment at seedling stage in RGA did
not delay flowering. The plants subjected to
drought stress were shorter than the control plants
by an average 24 cm, the panicles were shorter by
3 cm, grain yield was reduced by 3.5 g/pot, and
sterility increased by 7.8%.

Screening for resistance to bacterial
blight. Som:: varieties with known reactions to bac-

terial blight (BB) were tested at three levels of
nitrogen during RGA to study the feasibility of
screening rices for BB resistance. Table 4 shows
the varieties used and their reaction to two BB
strains.

Lesion development on the varieties at the dif-
ferent levels of inoculum differed. As expected,
IR1545-339-2-2 was resistant to PXO 61 and PXO
86 irrespective of nitrogen level and inoculum
dose. Ch 1039 was susceptible. IR28 showed resis-
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,

Av length (ch) of Iésions due

- R, R e
Expected Av length {cm) of lesions due

Nitrogen Expected
level? Entry e 10PXO 61_ - reaction? S to PXO 86 reaction
100 107t 1072 Mean 100 1077 10°2  Mean
IR28 1.3 1.3 1.2 1.3 R 28 29 2.8 2.8 S
0 IR1545-339-2-2 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 1.8 S 134 9.6 8.7 10.6 S
Mean 5.6 4.7 38 4.8 5.9 4.6 4.3 4.9
IR28 1.5 1.4 1.2 1.4 R 4.7 4.6 3.5 4.3 S
2 IR1545-339-2-2 1.5 1.3 1.3 1.4 R 1.7 1.7 1.4 1.6 R
CH 1039 155 16.7 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 8.3 6.2 7.6
IR28 1.7 1.4 1.2 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 1756 18.3 S
Mean fi.9 6.3 6.1 6.4 9.2 8.5 8.0 8.5
3Grams of ammonium sulfate/box per week, b - resistant, S = susceptible.
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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 & 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 0.4% 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 M, progenies.

IRRI, 1979 wet season.

Panicle
Designation Plfcn;)ht length
{cm)
1R29386-2 151
1R29386-3 145 25.0
1R29386-4 141 23.0
{R29386-5 146 27.5
1R29386-6 144 23.5
1R29386-7 147 27.0
Siyam Halus 147 26.5

24.5

Spikelets
T S Days 1o
No. per Fertility maturity
panicle ()
177 75.8 128
170 78.8 128
157 74.4 128
188 774 128
216 739 128
190 75.2 128
196 76.2 158
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Table 6. Characteristics (mean of 10 observations) of Intan and its Ms. IRRI, 1979 wet

season,
Panicle
Designation Plant ht length
{cm)

e {cm)
IR29385-1 105 25.5
IR29385-2 103 24.5
Intan 133 26.0

Spikelets (no,)  SPikelet

fertili Days to
per panicle e;zn,)ny maturity®
183 78 129
186 75 133
194 79 149

aMaturirv period as observed in M3 seeded on 2 July 1979, The M7 flowered about 100 days from
seeding when seeded on 9 February 1979; thus the maturity period of M2 was about 135 days,

Table 7. Characteristics (av of all plants) of Siyvam Kuning and its mutants a3 observed in M, progenies. IRRI, 1979,

\ Panicle Spikelets Spikelet Plants (no.)
Designation Pl(ir:rt‘)ht T;:I::r)s length per panicle fertility nl‘)aat\;s"ttt; in each M,
’ {cm) {no.) (%) progeny

1R30446-3-61 134 31 24.8 203 91 30-315 16
1R30446-4-2 126 30 243 193 83 300-312 9
1R30446-4-4 128 30 25.2 178 89 298-310 9
IR30446-4-11 129 29 24.3 195 79 295-305 8
IR30446-4-414 130 25 249 212 85 300-310 5
Siyam Kuning 163 25 24.3 220 92 304 -

sterile mutant at a spacing of 10 X 10 c¢m (Table
8). The male-sterile mutant was used extensively
in the hybridization program to build up a compo-
site population for the rainfed wetland breeding
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 1 and genetic factors from Pank-
hari 203 (1970, 1971 annual reports).

About the same time, rice researchers in the
People’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;

® the availability of efficient cytoplasmic-
genetic male-sterile and fertility restorer
lines; and
® 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-

Table 8. Effect of 2 row arr tsand 3 spacings on the
seed set of 1R36 male sterile mutants. IRRI, 1979,

Seed setting (%)

Spacing 1 normal, 2 normal,
1 male sterile 1 male sterile
10x 10cm 31.8 52,0
20x 10cm 20.8 35.0

30x 10cm 15.4 18.6
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sterile lines was tested. To improve outcrossing in
selected male-sterile lines and economize on the
cost of hybrid seed production, setection 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 Amount
Stock solution:
A NH4NO4 4.0 g/liter
KNO4 25.39
CaCl,*2H,0 4449
MySO,* 7HAO 3749
KH,PO, 1.79
B H,3B04 620 mg/liter
MnSO,4° H,0 1680 mg
2nS04°7H,0 662 mg
Kl 83 myg
NaMoO,*2H,0 25mg
CuS0O,4*5H,0 25mg
Cc Thiamine HCI 1 mg/mi
{make fresh stock each week)
D NAA 1 mg/ml|
{adjust pH to 6.0 with KOH, filter
sterilize with millipore system)
E Kinetin 0.3 mg/m1
{filter sterilize with mitlipore
system) {dissolved in 0.1 N KOH)
Na EDTA 0.746 4/200 ml H,0
G FeS0,4°7H,0 0.556 4/200 ml H,0
To make R-2 medium add:
Stock A 100 ml
Stock B 10 ml
Stock C 1ml
Stock F 10 ml
Stock G 10 ml
Inositol 100 my
Sucrose 30¢g
Agar Bg

Adijust 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 mi/liter)

and stock E {1 ml/liter}.

Pour into plates or dispense into sterile tubes or flasks.
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Iubla 10. Performance of varieties and lines with anthers plated on Chaleff’s R-2 medium as of 31 December 1979. IRRI.

Anthers Anthers (%) Callus Plants produced? (no.)
Cultivar plated prodiicing produced?
{no.) callus (total no.) Green Albino

IRS 730 0 0 0 0
IRG 557 0 0 0 0
IR20 1179 0.17 2 0 0
IR24 813 0.49 4 0 0
IR26 799 1.00 17 0 0
IR28 98 0 0 0 0
1IR30 153 0 0 0 0
1R32 476 0 0 0 0
IR34 647 1.08 1" 0 5
1R36 269 0 0 0 0
IR38 899 0.1 1 0 0
IR40 1078 1.21 12+ 0 0
IR42 780 0.13 1 0 0
IR46 872 2.52 36 0 7
1R2797-125-3-2-2.2 808 0.87 18 0 2
IR44 741 1.35 17 0 0
1R4215-27.3-2-2 526 0 0 0 0
1R4422.98-3-6-1 1011 1.17 16 0 0
1R4432-52.6-4 1041 1.73 30 0 1
1R4683-54-2 334 3.30 23 0 1
IR6657-33-2 974 1.03 15 0 1)
IR5853-118-5 434 0.69 3 0 )]
IR8073-65-6-1 753 0.13 3 0 1}
1R9129-200-2-2.2-1 671 0.30 2 0 J
1R9264-324-1 345 2.32 13 1 6
I1R9764-45.-2.2 831 0.60 7 0 0
IR10781-75-3-2 1129 2.04 61 4 0
1R11248-131-3-2-2 788 0 0 0 0
1R13146-41-3 558 1.79 17 0 0
1R13419-113-1 811 1.48 18 0 0
1R13240-39-3 504 0 0 0 0
1R13292.5.3 1093 0.46 10 0 0
IR13426-19.2 660 3.03 43 0 0
2123 1225 0.33 5 0 1
2188 1311 0 0 0 0
Anlong Phnom 481 0.42 2 0 0
Beak Ganges 325 0 0 0 0
BKN BR1031-7-5-4 350 1.14 7 0 1
BRRI Sail 989 0 0 0 0
IET 5656 546 1.10 1 0 0
Mahsuri 585 0.10 1 0 0
Mingdlo 674 3.86 47 4 9
MR10 449 0 0 0 0
RP1064-2-2 617 0.49 3 0 0
Sukamandi 655 0 0 0 0
TN1 847 0.59 7 0 0
Cul. 854 346 0.29 1 0 0
Cul. 956 804 0.62 7 0 0
D66 392 2.55 25 0 7
Double Dwarf 1 2N 0 0 0 0
Double Dwarf 3 488 0 0 0 0
IR520-1-26 1458 3.22 102 0 3
M7 139 13.67 47 0 5
Nongbaek 392 0 0 0 0
Pai-kan-tao 138 10.87 62+ 0 2
Peta 310 0 0 0 0

Continued on next page
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Table 10 {continued) ]

Anthers Anthers (%) Callus Plants produced? {no.)
Cultivar plated producing produced?
{no.} callus (total no.) Green Albino

Suduwee 539 0 0 0 0
Tetep 345 1.16 7 0 3
Zenith 463 0.65 11+ 0 1
Kuatik Putih 648 0.46 3 0 0
Cula 270 6.30 21 0 0
Dudmona Barisail 426 7.04 G5 0 0
Goda Heenati 464 0 0 0 0
Gowa 3813 286 4.20 82+ 0 21
Kui katuppran n 0.27 1 0 0
Leb Mue Nabng 111 1362 1.62 37 0 0
Patnai 23 1019 0 0 0 0
SML Temerin 502 0.60 14 0 0
Sungail 1224 0.16 2 0 0
B22668B-CW-16-2-1 464 1.08 5 0 0
Dumsiah 81 563 1.60 9 0 1
ESD 71 134 0 0 0 0
Leng Kwang 611 0.49 3 0 0
Moosa Tarum 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 5.65 146 + 0 2
Taipei No. 309 222 14.41 120 + 1 57
Pelita 1-1 801 3.50 125 + 0 0

Some cultivars had anthers that produced multiple calluses, i.e., 2 to 40 distinct calluses/anther, The entries marked with a plus sign frequently produced
multiple calluses. “Many of these calluses had not had sufficient time to form plants by 31 December 1979,

.:‘.E,;,

) f 2o

Ve

4. Production of homozygous rice plants by anther culture. Callus is produced by pollen
growing on an anther (left). Haploid plant grows from callus (middle). Haploid and diploid
plants from pollen growing in nursery bed (right). IRRI. 1979,

1979 wet-season hybridization block were
evaluated for their ability to produce callus and
homozygous plants through anther culture.
Anthers were collected at the late boot stage of
growth and plated on Chaleff’'s R-2 medium
(Table 9). Fifty-six of the cultivars produced callus
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from pollen at rates from 0.10 to 14.4% (Table
10). Several cultivars produced from 2 to 40 cal-
luses from different pollen grains in each anther
that produced callus. Sixteen plants produced from
callus of several of the cultivars tested were suc-
cessfully transferred from the tissue culture media



Table 11. Data on rice varieties and hybridizations compited
through the international rice genetic survey. IRRI, 1979,

Data No.
Data file cardls
Older varieties 1086
Widely grown varieties 158
Past-1R8B varietivs 385
Elite breeding fines 219
Crosses in punched cards
Bangladush 2515
Brazil 175
Dominican Republic 276
India 7815
Indonesia 4769
Korea 4204
Pakistan 495
Sti Lanka 559
Thailand 252
Progenitor cards (for all of above) 1949

to soil. Callus and plants at various stages of
development are shown in Figure 4.

INTERNATIONAL RICE GENETIC SURVEY
Office of Information Services und Plant Breeding
Deparnnent

In the international rice genetic survey, the origin
of pre- and post-IR8 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 11
summarizes the data compiled in 1979,
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GERMPLASM BANK

In 1979, 2,233 registered accessions of Oryza
sativa were added to the IRRI germplasm computer
data bank. In addition, the data bank was updated
with all the information on the 38 basic morpho-
agronomic characters of 2,384 accessions and with
the 33,633 records involving 10 GEU traits of
12,322 yecessions. At the end of 1979, the bank
contained 1,448,027 records representing all exist-
ing information on the basic morphoagronomic
characters and the 37 GEU traits of 40,768 acces-
sions.
Activities related to the germplasm data bank
were undertaken in 1979:
® 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.

® 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.

Example
Rules
Wrong Correct
® No special character or blank space should appear as the “"FORTUNA" FORTUNA
1st digit of the name, (J 214) J 214
AAHU AAHU
® No hyphen {-} should appear between coded name and CHINA-22 CHINA 22
the serial number, SLO-17 SLO 17
® For pedigree names, place a hyphen () between the IR9 60 2 IR9-60-2
numbers, A 28/8 A 28-8
ARIMODAN 0.68.3 ARIMODAN 0-68-3
® Use a hyphen {-) to separate different syllables in a TONGIL TONG-IL
Chinese, Korean, or Japanese cultivar, Al NAN TSAO 1 Al‘NAN-TSAQO 1

® Use asterisk (*), instead of exponentials, to indicate
backcross.

® Use slash (/) or stashes 1o indicate crosses instead of the
multiplication sign (x}.

® | eave no space before, after, nor between the slash signs,

@ |f the 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, L0

@ |f the prefix is a name, leave a space between the name
and the number.

® Lcave one space after the period (.}, except when a slash
sign follows it or is used between two consecutive
initials,

® Use Roman numeral only if it is a part of the official
name; otherwise, use arabic figures,

IR242%/0. NIVARA

{P6xBLUE ROSE) xP6

P6 / BLUE ROSE // P6

BKN 6987
BPi76

AUS17

SEL.6

ANDI FROM N. POKHARA

HILL SEL. /88T
U. V. S-.UNBLATUZI

PELITAT2
APARE I-48

IR24+2/0. NIVARA

P6/BLUE ROSE//P6

P6/BLUE ROSE//P6

BKN6987
BP176

AUS 17

SEL. 6

ANDI FROM N. POKHARA

HILL SEL./BBT
U. V.S5.- UNBLATUZ)

PELITAI-2
APARE 1-48
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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 Ik
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 th2 creation and
maintenance of similar data files for parentage
records of crosses made in national breeding prog-
rams. The data for the parentage records con.e
from the International Rice Genetic Survey of the
Office of Information Services.

Testing. Programming continued for the
improvement of the 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 nurseriec
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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FUNGUS DISEASES

Integrated control, Rice blast has never been
effectively controlled with host resistance. Hori-
zontal resistance is not effective or stable when
environmental factors are conducive to epidemics.
Varieties with monogenic resistance initially are
completely protected against blast; they become
susceptible when a new fungus race capable of
attacking them evolves. To capitalize on the ini-
tial freedom from discase conferred by monogenic
resistance, a program of race prediction and gene
rotation was proposed (Fig. 1). Korean rice scien-
tists put such a program in operation for rice blast
and bacterial blight control.

—_—— _

Tt fataryryrgrg
e
lnital vanety

Nex! race
appears

b

Race 4 disappears
or diminishes o
o negligible levet

Py pp p, Py Dlseuse RiRirprary 13 rg fa
Ra:el appeors Vcrlety R released

Race predicrion and gene rotation cannot be
used in disease management pregrams that rely on
horizontal resistance. Horizontal resistance to blast
and sheath blight were evaluated for 1978-79 at
IRRE and found ineflective in intensive cropping
systems without supplemental chemical protec-
tion.

The studies indicated that horizontal resistance
components  that result in reduced leat blast
favored increased neck blast in the high-yiclding
varieties.

Fungicide tests. Spores from pure cultures of
fungus pathogens of rice were used to test the
effect of various fungicide suspensions at different
concentrations on the spore germination of each

Race | drsappears

or diminishes to

neghgible level
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*
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'
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»
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or dimirushes to
negligible level
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Roce 3 appears
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—_c ¢ 37374 4

Vunety Ry released
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

‘

(:é*- broken circle designates presumed fate of P gene in the pathogen population as

disappearing or becoming much reduced in frequency.

1. A proposed rotation of monogenes to control disease. IRRI, 1979,
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pathogen. The number of effective tungicides and
the fungus disease they controlled by suppressing
spore germination were: 13, blast; 24, leaf scald;
16, Cercospora feaf spot; 6, brown spot; 20, sheath
rot; and 6, bakanae (Table 1).

Based on measurement of  growth-inhibition
zones formed around the fungicide suspension-
soaked filter paper dises in PDA spore-seeded or
sclerotial  body-seeded  plates, six  fungicides
showed activities against the blast fungus: two
against the sheath blight, none against Sclerotium
rolfsii, the seedling blight pathogen: two against
bakanae: eight against Cercospora leaf spot: six
against leaf scald; five against sheath rot; and thre :
against the brown spot fungus (Tuable 2).

Chemical control. Blasi. Seed treatments with
CGA 49104 (50% W.P.) at 4 and 8 g/kg seed and
PP389 JF5816 (50% 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 sometimes phytotoxic
at close (10 cm) row spacing. PP389 JF5816 at 40
g/kg had a slight 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 40-g rates in slurry and
dry form 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 sceds (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.

Effective Activity against the pathogenb
Y rate(s)
Chemical ("0 suspension [ eaf scald Sheath rot Clercospora Blast Bakanae Brown spot
range) eaf spot

Homai (80% W.P.) 0.05-0.1 + + + + + +

Vitavax 200 (75" W.P.) 0.025-0.05 + + + + + +

Benlate-T (407 W.P.) 0.05-0.1 + + + + + NT
Chevron 26745 (50" W.P.) 0.025-0.05 + + + + + NT
Vitavax 300 (75% W.P.) 0.025-0.05 + + + + + NT
BAS 3302F (82", W.P.) 0.05-0.1 + + + + NT NT
CGA 49104 (50" W.P.) 0.06-0.24 + n + NT NT +

Chevron 20615 (507% W.P.) 0.025-0.05 + + NT + + NE
Daconil 2787 (75 W.P.) 0.05-0.1 + + + + NT NT
Delsene MX {78% W.P.) 0.05-0.1 + + + + NT NT
Dithane M-45 {80% W.P.} 0.05-0.1 + + + + NT NT
Brestan (60% W.P.} 0.05--0.1 + + + NT NT NT
Difolatan (50% W.P.) 0.05-0.1 + + + NE NT NT
Hinosan {50% E.C.) 0.05-0.1 + + ) + NT NT
Hoe 25986 {75% W.P.) 0.03-0.04 + + + NT NT NT
RH 2161 (2 E.C.) 0.15-0.3 + NT + NT NT +
Top Cop (64.4% F) 0.15-0.3 + + + NE NT NT
Zinc Omadine (48 dispersion)  0.05-0.1 + + + NT NT NT
Benlate OD (50% OD) 0.05-0.1 + NT NT + NE
Fuji-One (40" E.C.) 0.05-0.1 + NT NT + NT NT
Hinasan TCP (36% W.P.) 0.03-0.29 + NT (?) NT NT +#
Kocide 101 (83% W.P.) 0.05-0.1 + + NE NE NT NT
M7007 PB20 (207 W.P.) 0.0625-0.125 + + NE NE NT NT
PP389 JF5816 (50% W.P.) 0.32-0.64 (?) + NE NE NT +

Iprodione {50% W.P.) 0.05-0.1 + NT NT NT NE NE

W.P. = wettable powder, E.C, = emulsifiable concentrate, 0D = oit dispersible, F = flowable, 2+ = Very effective in suppressing

rmination of spores;

NE = not effective; NT = not tested; (?) = inconsistent resuits, At 0.05 10 0.1%. At 0.1 to 0.24%. %At 0.1% only. TAL0.3% only. YAt 0.05 to 0,2%. "At

0.06 to0 0.24%,
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Table 2. Fungicida! activities® of chemical suspensions at various concentrations sgainst growth of the different rice fungus psthogens
in sgar medivm in the lnboutovy. 'R,R_"_ 1979 N

Rice pathogen

Rates (range in % . oo oo o

Chemical ® suspension) Cercos- Leat  Sheath Brown Sheath Sclero-

pora Blast blight Bakanae uum.

leaf spot scald rot spot 9 rolfsli
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 (60% W.P.} 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 + NT NT NT NT NT
Cercobin M (70% W.P.) 0.025-0.1 + NT NT NT NT NT NT NT
Hinosan E.C. {50% E.C.) 0.05-0.1 NT + NT NT NT NT NT NT

24+ = with fungicida! activity against the pathogen; NT = not tested. PW.P = wettable rowder, E.C, = emulsifiable concentrate.

Table 3. Effect, at 3-6 weeks after seeding (WS), of seed treatment with systemic fungicides for leaf blast control in IR442-2-58 grown
in the blast nursery. IRRI, 1979,

Rate Lesions? {no./seedling)
Chemical ¢ (g formula-
tion/kg seed) 3WwWs 4 WS 5WS 6 WS
CGA 49104 (50% W.P.) 8 0.0a 43a 10.5 ab 16.1a
4 0.0a 15.1 ab 26.8 be 448 b
*P389 JF5816 (50% W.P.) 40 0.1a 40a 10.5 ab 127 a
20 22 b 302 b 454 ¢ 67.8 b
Cercobin M (70% W.P.) 40 36.8 ¢ 1401 ¢ 166.3 d 194.2 ¢
20 551 cd 1806 ¢ 2185 d 2496 ¢
Benlate (50% W.P.) 40 471 cod 164.7 ¢ 2223 d 2409 ¢
20 68.1 d 195.7 ¢ 2323 d 246.3 ¢
denlate (60% W.P.)
Slurry 40 549 «cod 1169 ¢ 1429 d 1485 ¢
Slurry 20 782 d 147.3 ¢ 1905 d 2018 ¢
Control {untreated) 0 839 d 2358 ¢ 2640 d 299.7 ¢

SW.P. = wettable powder. Mean of 3 replications; 25 seedtings from each replication were used for disease reading, Means followed by a common letter
are not significantly different at the 5% level,

Table 4. Effect, at 3—8 waeks 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) 3WS 4 WS 5 WS 6 WS 7WS 8wWs
PP389 JF5816 (50% W.P.) 40 0.1a 4.1ab 14.5a 19.6a 23.8a 27.4a
PP389 JF5816 (50% W.P.) 20 06a 115 b 38.0 bc 49.9 ab 69.1 be 81.8 bc
CGA 49104 {50% W.P.) 8 0.0a 26a 14.8 ab 28.3a 44.0 ab 47.7 ab
CGA 49104 (50% W.P.) 4 0.2a 23a 27.1ab 40.7 a 49.5 ab 65.7 b
Cercobin M (70% W.P.) 40 162 ¢ 539 ¢ 809 «cd 102.1 bc 1156 cd 1355 «cd
Cercobin M (70% W.P.) 20 14.1 be 764 ¢ 1304 d 163.0 ¢ 1768 de 2166 de
Benlate {50% W.P.) 40 59 b 585 ¢ 117.8 d 1495 ¢ 1551 de 206.1 de
Benlate (50% W.P.) 20 10.4 be 634 ¢ 1164 4 1541 ¢ 176.0 de 2082 de
Control {untreated) 0 196 ¢ 1107 ¢ 2072 d 2417 ¢ 2697 e 291.3 e

9W.P. = wettable powder, Mean of 3 replications; 25 seedlings from each replication were used for disease reading. Means followed by a common letter
are not significantly different at the 5% level.
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Table 5. Eftect of storing at ordinary room temperature of IR442-2-58 seeds treated with the systemic fungicide CGA 49104 on leaf

biast control on the ssedlings. IRRI, 1979,

Rate

Lesions® (no./seedling] (8 wk after each seeding)
Chemical wlommia . Leson” nosecdling) (8 wiatter cach seeding)
tion/kg seed) owTS TWTS 2WTS 3WTS 4WTS 5WTS 6WTS
CGA 49104 (50% W.P.) 8 42.0 333 6.1 10.5 7.3 19.7 18.4
CGA 49104 (50% W.P.) 4 57.9 41.0 24.4 325 30.8 41.0 42.2
Control {untreated) 0

159.1 122.5

1040 99.6 101.2 100.1 128.8

SW.P. - wetiable powdcr."Mean of 3 replications; 25 seedlings from each replication were used for disease reading, WTS = weeks after treatment and stor-

age.

CGA 49104 at 4 and 8 g and with PP389 at 40 gof
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
IR442 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 leaf blast on IR442 seed-
lings. In another preliminary test, B.a-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.

In preliminary trials with seedlings grown in plas-
tic trays 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

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 Homaij (80%
W.P.), both at | 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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Table 6. Effect of CGA 49104 systemic fungicide on germination of stored CGA 49104-treated 1R442-2-58 seeds sampled immediately after treatment and at weekly intervals there-

after. IRRI, 1979.
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weeks after treatment and storage. Few seedlings from the 8.g rate treatment exhibited

Seed germinationb (%)

4WTS 5 WTS
93.0 90.8 90.8
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Cercobin M (70% W.P.), each applied at 20 g
formulation/kg seed, effectively controlled Cercos-
pora leaf spot on IR20 seedlings 3 weeks after
artificial inoculatio-.

Sclerotium seec ng blight. Predominant com-
mercial rice varie. 2s are not resistant to seedling
blight caused by Sclerotium rolfsii. Tests in 1979
screened seed-protectant fungicides for their ability
to control the disease. Vitavax, alone or combined
with other fungicides, was highly effective (Table
11). 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
with Benlate did not affect the efficacy of control of
S. rolfsii by Vitavax or the control of leaf blast by
Benlate.

Survey of seedbeds for seedling diseases.
Thirty-five seedbeds, mostly of the dapog type in
Laguna Province, were spot checked for seedling
diseases before the dry-season rice crop.

Bakanae was observed in all seedbeds except
two, both of IR36. The disease varied from a few
scattered plants in some beds to about 50% infected
seedlings in a bed of 1R42. Infected varieties
included IR36, IR42, C-4, C-12, and IRB33.
F.akanae occurred in all types of dapog seedbeds —
dapog, regular wetbed, Taka-tak beds, and upland
nursery beds.

In one set of dapog seedbeds Sclerorium seedling
blight was observed. In one bed a brown spot simi-
lar to that caused by §. rolfsii was observed, The
seeds and bases of the seedlings were covered with
bacterial slime. The rotting plants had an odor typi-
cal of a bacterial soft rot.

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
this disease varied from about 1-2% of the seed to
about 30% in spots within a bed.

Ina Taki-tak seedbed, afew seeds had symptoms
typical of the water-mold disease common in
water-seeded rice in the United States. The dead
seeds on the soil surface had coarse mycelium
radiating from the seed surface in a circular pattern.

Specimens of diseased seedlings or rotted seeds
were collected from each bed where disease was
observed for isolation and identification of the
pathogen. However, because bakanae was so com-



Table 7. Effect at 3—6 weeks after seeding (WS) of secd treatment with
cides on leaf blast control on IR442-2.58 grown directly in big clay pots
simulating rice paddy conditions in the screenhouse.

systemic fungi-
with muddy soil
IRRI, 1979,

Rate Lesions? (no./seedling)
Chemical’ {g formula- — e S S

tion/ky secd) 3wWs 4 WS 5WS 6 WS
CGA 49104 (50% W.P.) 8 0 0 0 0
CGA 49104 (50% w.p.) 4 0 0 0 0
PP389 JF5816 (50% W.P.} 40 0 0 0 0.2
Benlate (50% W.P.}) 40 1.7 3.9 7.6 13.8
Cercobin M (70% W.P.) 40 1.4 5.2 12.7 1.3
Control {untreated) 0 6.6 16.8 243 33.6

w.p. = wettable powder. bMuan of 3 replications; 2

disease reading.

Table 8. Effect at 3—8 weeks after see
blast contro! in IR442.2-58 seedlings gr

Rate of application
{g formulation/

ding (WS) of seed treatment with CGA 49104 (50% W.P
own in the blast nursery. IRRI, 1979,
Lesions? (no./seedling)

5WS§S

kg seed) 3 WS 4 WS

32 0 0 0

16 0 0.2 0.5
8 0 0 0.1
4 0 0.1 3.5
2 0.1 0.1 5.7
1 4.5 10.0 25.9
0 (untreated control)  21.5 37.8 445

?Mean of 3 replications; 25 seedlings from each replication

Table 9. Effect at 3—8 wecks after seedin

were used for disease reading,

5 seedlings from each replication were used for

.) at various rates of application on leaf

e Phytotoxic
6 WS 7 WS 8 WS effect

42 7.1 9.2 +
122 20.5 24.1 +
17.0 23.5 28.7 None
21.6 413 46.5 None
30.3 434 50.8 None
63.4 91.8 99.6 None
7.4 90.9 99.7 None

PReduced Percentage germination of treated seeds,

9 {WS) of seed treatment with systemic fungicides on leaf blast control on 1R442-2-58 grown

Lesions® (n. Jseeling)

Rate
Chemicar? {y formulation/

ky seed) 3ws
Hoe 00550 (75% W.P.) 40 0.2
Hoe 00550 (75% W.P.) 20 0.8
Hoe 25986 (75% W.P.) 40 5.3
Hoe 25986 (75% W.P.) 20 7.9
Homai (80% W.P.) 40 10.7
Homai (80% W.P.) 20 10.3
LS 65-255 (50% W.P.) 40 9.2
LS 65-255 (50% W.P.) 20 9.9
Control {untreated) 0 13.3

4 WS 5WS 6 WS 7WS BWS
4.8 12.3 15.9 18.5 19.1
19.2 42.1 55.9 58.8 60.2
68.4 111.8 131.5 139.9 141.3
911 144.4 159.9 168.8 170.9
88.7 138.9 154.9 161.6 164.2
919 148.4 161.5 165.8 167.8
106.5 165.3 179.0 183.8 186.3
102.5 163.1 169.7 175.8 1781
111.8 176.3 193.6 198.8 200.4

WP, - wettable powder, ®Mean of 3 replications; 25 see

mon, samples were collected from selected beds in
the different geographical areas visited.

Bakanae disease infection and yield loss.
Thirty-two sites in Laguna Province were surveyed
for bakanae infection. The infected tillers and the
healthy tillers in IR42 were counted in plots ranging
in area trom 5 to 100 m2. Twenty-five panicles from
healthy plants were picked at random, threshed,

dlings from each replication were used for disease reading,

dried at 14% moisture, and weighed; and the aver-
age yield was calculated. The number of infected
tillers was multiplied by the average weight of 2
g/panicle from healthy IR42 seedlings to determine
the loss and percentage of the yield loss per hectare.
The percentages of tillers infected with the disease
ranged from 0.63 to 12.8% and averaged 3.9%
(Table 13).
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Leaf blade infection® (%}

ystemic fungicides on sheath blight control on 1R1317-392-1-2 grown in plastic trays in the screenhiouse

Table 10. Effect at 3—8 weeks after seeding (WS) of seed treatment with s

and artificially inoculated at 2 WS. IRRI, 1979.

174

Leaf sheath infection® (%)

4 WS

B Ws
227
378
57.6
64.6
483
433
61.2
56.9
51.7
67.3

7WS
128
28.0
240
52.0
457
42.9
52.7
55.6
49.5
56.1

6 WS
9.7
20.2
18.8
52.7
47.3
475
56.3
58.2
52.1
57.2

7.5

5 WS
229
19.1
48.2
50.9
51.8
59.2
62.2
57.7
61.5

4.8

28.8
19.4
55.9
7
59.7
67.4
721
61.6
64.0

4.3

12.6
8.9

36.5
25.6
33.6
55.7
38.5
42.2
28.6

WS
18.2 17.6 6.1 21.0
33.8 36.3 37.0 40.3

3 20.5 235 5.4
421 48.8 48.9 60.7
45.5 42.4 429 419
475 46.2 433 43.3
51.4 46.7 45.0 57.1
53.1 52.4 49.5 53.8
60.1 54.8 55.4 529
55.6 51.56 525 69.0

7.3
375
24.4
48.3
50.0
56.3
56.6
63.9
62.8
60.7

7
5.5

3wWs
2
239
56.7
53.1
66.7
60.7
65.2
729
61.7

kg seed

Rate per
40g
20g
40g
2049
40g
2049

4g
26g

1.2 mi
0

Chemical®

Cercobin M (70% W.P.)
Cercobin M (70% W.P.)
PP389 JF5816 (50% W.P.)
PP389 JF5816 (50% W.P.)
BAS 3050F (75% W.P.)
EL-291 (75% W.P.)

Benlate (50% W.P.)
Benlate (50% W.P.)
RH2161 (24% E.C.)
Control (untreated)
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2?W.P. = wettable powder, E.C. = emulsifiable concentrate. ®Mean of 25 seedlings used for disease reading.

Inoculum potential and disease intensity, Three
methods of bakanae inoculation — seed soaking,
soil infestation, and spraying — were used to
determine the minimum amount of inoculum in the
seeds and in the vicinity of the plant system and also
the reiationship between various inoculum levels of
the pathogen and the intensity of the disease in the
seedlings.

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 in seedlings 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 Gibberellu fujikuroi Saw. at differ-
entinoculum levels (0.5:10, 1:10, 2:10, 3:10, 4:10,
5:10) and incubated 5 days. The minimum amount
of inoculum required to cause bakanae infection
was 0.5:10 (Table 14).

The inoculated seedlings in both sterile and nons-
terile soil were considerably taller than the control
plants. The increased height was attributed to the
gibberellic acid secreted by the organism in the soil.

Data on the number of propagules in the infested
and control soil were taken using Komada’s
medium to ascertain the length of time the fungus
could survive in the soil and cause bakanae infec-
tion in seedlings. The preliminary finding was that
after 45 days the number of propagules was much
smaller than that before planting. Likewise, the
number of infected seedlings in the second crop of
IR9703-41-3-3-1 was reduced remarkably, with
disease infection ranging from 4-14% in infested
sterile and nonsterile soil. The results suggested that
the propagules could not survive longer in the soil.

In aspray experiment, 19 dilutions of the conidial
suspension of the organism, ranging from 1 x 10°
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 5 X 10, and infection varied from 1.3 to
5.6%. There was no direct relationship betwcen
amount of inoculum and the intensity of bakanae
infection.

Effect of temperature on G. fujikuroi Saw. and
plant infection. The breeding lines IR9703-41-



Table 11. Effect of seed-protectant tungicides on Sclerotium seedling blight. IRRI, 1979,

Rate
Treatment”

{mi or g/100 kg

Mean stand® (¢

seeds) Ist seeding  +* 2d seeding 3d seeding
Untreated seed 0" 5 «cde 5 ¢ 15 d
Vitavax 200 500 95a 85a 85 ab
Vitavax 200 1000 90 a 90 a 90ab
Vitavax 300 500 95a 85a 85ab
Vitavax 300 1000 90a 80a 100a
TerraCoat L 205 500 15 «cd 0 ¢ 45 d
TerraCoat L 205 1000 20 ¢ 5 ¢ 55 d
Vitavax (75 W.P.} + 250 + 500 90 a 85a 90 ab

Bentate {50 W.P)

Bentate {50 W.P.) 500 0 e 0 ¢ 15 e
TCMT8 {30 E.C.) 300 55 b 45 b 70 ¢
ISlurry treatment, 4 mi liqud/250 g seed. W.P. = wettable powder, E.C. = emulsifiable concentrate,
"Five rephicates, dell seeded; means followed by a common letter are not significantly ditferent at the
b devel

Tabl