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About this report

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

YIELD PERFORMANCE AND NITROGEN RESPONSE OF RICE
VARIETIES AND SELECTIONS

Agronomy Department

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

Identification and evaluation (Plant Pathology).

This report makes reference to three fundamental types of rice culture. Dryland
(upland) culture means rice grown without irrigation in unbunded fields. Rainfed
paddy culture means rice grown without irrigation but in fields that are bunded to
impound water. Irrigated culture means rice grown with irrigation in bunded fields.
The adjectives dryland (instead of upland) and wetland (instead of lowland) describe
rice and rice-growing soils.

Pedigrees are indicated by a slant bar (/) rather than by the multiplication sign (X).
For example, IR32 X IR34 is written IR32/IR34. The sequence of crosses is
indicated by the number of slant bars. (IR32 X IR34) X TKMS is written
IR32/IR34//TKMS6. The fourth and further crosses are designated /4/, /5/,and so
on. Backcrosses are indicated by a superscript numeral.

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

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

A single asterisk (*) means different at the 5% level of significance, and a double
asterisk (*¥) means significantly different at the 19 level.

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

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

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

“What about the other three?”

That was the question in our Research Highlights for 1975. We asked the question
becausea look at the 10 years of intensive rice research that had followed the release
of IR8 pointed to those with irrigation — only one in four rice farmers — as the main
beneficiaries of the new rice technology.

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

‘What have we achieved for him in the last 5 years?

1t is clear, most of all to the scientist, that there can be no yearly “breakthroughs”
in rice research. There have been and there will continue to be, however, outstanding
new rices released to farmers, some of which allow the disadvantaged rainfed farmer
to double, even triple, his rice production per hectare.

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

® IR 36, the rice now most widely grown by the Philippine rice farmers, most of
whom do not enjoy assured irrigation. IR36 (IR2071-625-1) was named and
released by the Philippine Seed Board in 1976. Its early maturity and multiple
pest resistance made it an easy favorite of farmers in both irrigated and rainfed
areas. To the rainfed farmers IR36 brought the chance to grow a crop in the
short period when good rains were certain. If the rains failed for short periods,
IR36 could stand moisture stress and then bounce back when rains returned.
IR36 — with its good harvests from both irrigated and rainfed fields — wasa
mainstay in putting Philippine rice production at the point of exportable
surplus in 1979, and enabling it to continue exporting subsequently.

IR42, named in the Philippines in 1977, has been outstanding on farms with
adverse soils. IR42 (IR2071-586-5-6-3) gives high yields in fields with low
nitrogen fertility, has moderate tolerance for zinc and phosphorus deficiencies,
and resists most of the major rice pests (Table 1). Many farmers among “the
other three” of 1975 got in IR42 a rice that could double their yields. One IRRI
soil scientist called YR42 “the answer to the poor rice farmer’s prayers.”

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

RD17and RD19, released in 1979 by Thailand’s Department of Agriculture for
farmers in areas with medium-deep water (0.5-1 m depth). These first high
yielding modern varieties developed speciaily for flood-prone areas were the
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Table 1. The resistance of IR42 to pests and otheradverse iti rk with thatof

IR8, 11 years earlier.”
Adverse factor . IR8 IR42
Diseases
Blast MR R
Bacterial bhight s MR
Grassy stunt s R
Tungro S R
Ragged stunt S R
Insects
Green leafhopper R MR
Brown planthopper s R
Stem borer MS MR
Nutrient deficiencies
Nitrogen MS R
Phosphorus MR MR
Zinc ] MR
tron s MR
Soll toxicities
Salnity MR MR
Alkaltnity S MR
Iron toxicity S MR
Boron toxicity MR MR
Peat soi} problems MS MR
Drought s MR
Submergence S MR
R= , MR = resistant, MS = §=

- product of a Thailand-IRRI Collaborative Deepwater Rice Project. Their full
impact is yet to befelt, but there are indications elsewhere in this report of their
potential — they were the only rices to survive ina Philippine area subjected to
deep flooding in 1980 and yields of RD19 were exceptionally high in deepwater
fertilizer trials at IRRL

® Varieties and lines with drought resistance and good yield in dryland fields.

IR43 yielded 4.6 t/ha in a Filipino dryland farmer’s field during the 1980 wet
season; IR5931-110-1 had yields of 3.9 t/ha in the same field. Both rices held
high ratings in 10 trials in 5 countries for the 1980 International Upland Rice
Yield Nursery of the International Rice Testing Program. A sister line to IR43
was released as IR1529 in several African and Latin American countries.

® IR cold-tolerant lines with yields higher than 6 t/ha. IR15889-32-1 yielded 7.9

t/ha in Korean cold tolerance tests. Several IR9202 lines had yields in the 5-7
t/ha range in cold areas of Korea and the Philippines.

® Several with tolerance for adverse-soil conditions — salinity, alkalinity, iron

toxicity, and boron, phosphorus, and zinc deficiency. A growing list of IR
varieties and lines ‘shows these tolerances.

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

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

Progress beyond varieties.

‘We believe that it may well be time to start talking about the potential to hit “two out
of three” rather than the “three out of four” that-are missed by the new rice
technology. Table 2 suppOrts that belief.

Better life for more farmers

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

These developments of improved varieties for nonirrigated farms and of methods
to intensify crop production in rainfed areas represent real achievements — ones that
have already contributed significantly to a better life for many farmers among “the
other three.”

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

Table 2. Human support capacity of rice area in South and Southeast Asia, by character of cultivation in
1980.7 Rices such as IR36, IR42, IR43, IR50, IR52, and RD17 and RD 19 provide higher and more
stable yield for farmers in the rainfed and dryland argas.

Area Mean yeld Support capacity

Rice land type {000 ha) {t/ha) {no. of persons)
Deepwater (> 1 m) 5,308 1.0 24,150,000
Irngated 28,984 38 497,720,000
Shallow rainfed (0-30 cm) 30,248 18 247,930,000
Intermediate rainfed {30 cm-1 m) 11,547 1.2 63,100,000
Oryland 11,568 09 46,230,000
Total 87,645 879,130,000,

2Adapted from a table prepared by Dr. R. E. Huke, IRRI visiting scientist, 1980

Table 3. Thes: ising imp: ieti d lines from the Genetic Evaluation Utilization program
waere identified as tolsrant of dif through idwide testing in the International Rice
Testing Program, 1980.

Excess or deficit moisture

Rainfed dryland IR43, IR45, IRGE69 Sel., IR2061-522-6-9, IR3B39-1, IR36
Rainfed wetland IR48, IRB2, IR4819-77-3-2, IR4829-89-2
Medwum deepwater® RD17,. RD19
Problem soils
Alkalinity :IR43, IR46, IR2053-436-1-2, IR4227-28-3-2, IR9846-256-3
Salinity IR42, IR4595-4-1-15, IR2307-247-2-2-3, IR2153-26-3, IR4630-22-3-
3-2, IR4563-52-1
Temperature
Cold IR8866-30-1-4, IR3941-25-1, IR13045-182-5, IR15924-265-3
Hot 1R2006-P12-12-2-2, IR1561-228-3-3

2From the Thaland-IRRI Collaborative Deepwater Project.
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the lives of the less as well as the more advantaged farmers:

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

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

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

4 IRRI ANNUAL REPORT FOR 1980
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FIELD COLLECTION

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

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

® the identification of ecoedaphic environments

peculiar to the area visited,

® the training of local extension and research

staff on methods of collection,

® the recording of characteristics of varieties in

the field and their specific uses or special fea-
tures, and

® a recording of the types of crop culture prac-

ticed in the remote areas and the development
of a picture of the varietal diversity of local
rices.

Table 1 summarizes collection activitiesin Asian
countries from 1971 through 1980,

INSTITUTIONAL EXCHANGES

Many institutions of the world continued to dep-
osit duplicate samples of their collections at IRRI.
During 1980, IRRI received a total of 5,152 sam-
ples. The major donors were:
¢ Indian institutions such as Gujarat Agricultu-
ral University, M. P. Rice Research Institute,
All-India Coordinated Rice Improvement Pro-
ject, ICAR Research Complex at Shillong,
Bihar State Agricultural Research Institute,
Indian Agricultural Research Institute, Re-
gional Rice Research Station at Kapurthala,
and N. D. University of Agriculture and
Technology: total of 665 samples.
® Institut de Recherches Agronomiques Tropi-
cales et des Cultures Vivrieres (IRAT) France:
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1,001 samples collected from Cameroon, Ivory
Coast, Malagasy, Mali, Senegal, Tanzania,
Chad.

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

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

o Rice Division of Thailand: 210 local rices.

® Bangladesh Rice Research Institute: 139 trans-
planted aman and boro rices.

® Agricultural Science Research Institute of
Vietnam: 134 local rices.

® Maros Branch of the Central Research Insti-
tute for Agriculture, Indonesia: 83 local varie-
ties.

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

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

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

Table 1. Indi Tice | with 1RRI's direct
or indirect participation in 14 collab ing Asian i
1971-80.
Indigenous varieties
collected (no.)
with [RRI's
Country Years Direct Indirect
partici-  partict-
pation patton
Bangladesh  1973-80 2451 2,793
Bhutan 1976-76 — 121
Burma 1973-74, 1976, 1980 225 406
India 1876, 197880 — 4,828
Indonesia 1972-76, 1978-80 5,103 4,633
Kampuchea 1973 280 —
Laos 1972-73 —_ 899
Malaysta 1973-79 — 972
Nepal 197172, 1979-80 — 968
Pakistan 1987273, 1976, 1979 — 772
Philippines  1973-76, 1977-80 510 187
Sii Lanka 1972, 1975-76, 1978-80 1,675 550
Thaland 1973, 1975-76, 1978-80 — 2,524
Vietnam 197275 108 650
Total 10,352 22,086

“Partial estimate based on seed samples received by IRRI



SEED INCREASE, REJUVENATION, AND
DISTRIBUTION

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

In November, 2,248 plots were planted for initial
seed increase of strongly photoperiod-sensitive
accessions. About 1,000 short rows were also
grown for seed increase of exotic varieties, mutants,
genetic testers, O. glaberrima strains, and wild spe-
cies in different plantings.

The supply of seeds to rice researchers continued
to be a principal service of the germplasm bank:
4,142 rice samples of Asian and African rices, wild
taxa, and genetic testers were furnished to 198
researchers in many countries. Within IRR129,734
samples of Asian rices and 733 samples of other
species and genetic testers were provided to GEU
scientists (Table 2). Although the total number of
seed samples distributed was about average for the
last 2 years, the number of requests has shown a
steady increase during the last decade.

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

INVENTORY, CHARACTERIZATION, AND DATA
PROCESSING

At theend of 1980, the IRRI germplasm bank had
53,431 registered accessions of O. sativa, 2,278
accessions of Q. 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 morpho-
agronomic characters; another 7,347 have been
completely characterized in the field, but labora-

Table 2. Progress of the IRRI Genetic Resources Program in
the preservation and distribution of seed of Oryza sativa cul-
tivars, 1973-80.

Distinct

accessions In Samples distributed” {no.)

Year an|
{no) inside IRRI  National programs

1973 24,162 8,275 (66) 9,777 (95)
1974 26,818 20,498 (108) 2,603 (83)
1975 30,332 22,155 (151) 4,043 (150)
1976 34,229 40,200 (194) 4,819 (137)
1977 36,956 50,354 (196) 4,126 (148)
1978 40,768 31,941 (182) 7.316 (142}
1979 47,743 26,694 (268) 3,260 {157)
1980 53,431% 29,734 (337} 3,659 (156)

“Numbers in parentheses indicate the number of seed requests
processed. *About 3,167 recently received seed samples are yet
to be regi d; 6,986 and 4,428 nonvi-
able seed samples were removed from the registry during
1973-80,

tory measurements on 8 remaining items have not
been recorded. Among the O. glaberrima popula-
tions, 785 have been completely characterized.
About 364 strains of wild taxa have been character-
ized. Computerized programs have been developed
for the three rice categories.

LONG-TERM AND MEDIUM-TERM SEED PACKING
AND STORAGE

A new system of seed drying and packing was
perfected for safe seed preservation in subfreezing
long-term storage (-10° C, 25-35% relative humid-
ity [RHJ). Another set of packed seeds was placed
in medium-term storage (2-3° C, 35-45% RH), and
a third set was deposited in the National Seed
Storage Laboratory of the United States.

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

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

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

© many samples contained a mixture of different

types;

® many accessions were unadapted, or suscepti-

bleto local pests, and seed yields were low; and

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 7
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® thorough seed cleaning and roguing were
needed to remove diseased or poorly deve-
loped seeds and to reduce varietal mixtures in
the harvested crop. This operation has further
decreased the quantity of seed available for
canning.

MONITORING VIABILITY OF STORED SEED

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

Among thousands of accessions kept in the
short-term storeroom (20° * 1°C, 50-60% RH),
3-year-old seeds varied greatly in their viability.
The indica and javanica varieties kept their viabil-
ity above 809, but Chinese varieties of the Keng
type have lost theirs.

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

TRAINING OF GENETIC STOCK OFFICERS

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

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

INTERNATIONAL AND INTERINSTITUTIONAL
COLLABORATION

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

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

Agronomy Department

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

IRRI. Table 1 shows the performance of some of
the IR varieties and some promising selections at'
different nitrogen levels. During the dry season, a
new breeding line — IR13423-17-1-2-1 — and
IR44 yielded more than 7 t/ha at 150 kg N/ha,
outyielding all other entries. IR17491-5-4-3-3
yielded 6.4 t/ha at 60 kg N/ha, almost 7 t/ ha at 90
kg N/ha and with 4.2 t/ha outyielded all other
entries in plots without fertilizer nitrogen.
IR15318-2-2-2-2, 1R 36,IR42, IR46, and IR48 gave
high nitrogen responses at 90 and 120 kg N/ha.

During the wet season, IR52 outyielded all other
varieties and lines at 60 and 90 kg N/ha. IR42,
IR19743-25-2-2, IR19746-28-2-2-3, and IR15538-
338-1-2-3 gave grain yields of almost 4.5 t/ ha at 60
and 90 kg N/ha.

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

tions in Maligaya, Bicol, and Visayas (Tables 2-9).
During the dry season, the highest yield of 8.5
t/ha was obtained at Maligaya from IR52at 180 kg
N/ha. IR48, IR50, IR19661-131-1-2, IR19743-25-
2-2, and IR13429-196-1-2-1 also yielded well. At
150 kg N/ha IR42 gave the highest yield of 8.1
t/ha. Most new breeding lines responded well to
high rates of applied nitrogen in the dry season.

In Bicol, IR15318-2-2:2 and IR9129-209-2-2-2
responded well to 60-90 kg applied nitrogen/ ha.
They also outyielded the other entries in plots
without fertilizer nitrogen.

In the Visayas, yield responses to applied nitro-
gen were rather low because of inadequate irriga-
tion. IR15318-2-2-2, IR42, and IR54 yielded al-
most 6.0 t/ha at 120 kg N/ha. At zero fertilizer
nitrogen, IR42 and IR15318-2-2-2 had similar
yields of more than 4.0 t/ha, whereas other varie-
ties and lines had maximum yields of similar mag-
nitude at 120 kg N/ha.

At Maligaya and Bicol, wet season yield re-
sponses to applied nitrogen were low because of
heavy rainfall and typhoons during the later stage
of the rice crop; hence, lodging was heavy in plots
with high fertilizer nitrogen. IR42 and IR54, how-
ever, yielded about 4.0 t/ha at zero fertilizer nitro-

Table 1. Yield of IRRI varieties and promising lines at 5 levels of nitrogen¢ in irrigated plots at IRRI, 1980,

Dry season Wet season
Yield® {t/ha} Yield® {t/ha)
Variety or line Matunty Okg 60kg 90kg 120kg 150kg Maturity Okg 30kg 60kg 90kg 120 kg
{days) N/ha N/ha- N/ha N/ha  N/ha (days) WN/ha N/ha N/ha N/ha N/ha

IR8 130 0.7 19 1.8 1.9 23 134 1.2 15 1.6 1.8 18
IR20 121 2.2 3.9 39 50 44 124 24 28 37 36 3.7
IR36 112 33 63 6.1 64 6.6 106 29 35 3.9 44 43
1R42 133 34 438 5.0 6.5 6.7 134 31 37 45 44 38
IR44 128 2.7 52 60 73 7.3 134 27 34 36 38 3.6
IR46 121 38 58 6.0 6.3 63 — - - — — —
IR48 130 28 6.0 64 6.6 6.7 134 28 34 40 37 38
IRS0 m 3.5 6.6 62 6.2 8.5 104 2.8 34 39 41 43
IR52 116 28 53 62 63 87 87 33 40 46 4.6 4.6

122 38 5.5 6.5 63 6.6 124 3.0 35 38 38 2.8
1R9128-209-2-2-2-3 112 27 49 5.9 8.5 69 108 28 35 38 44 41
1R13423-17-1-2-1 124 3.2 53 6.7 7.2 7.2 128 EN| 4.1 44 40 4.0
1R13429-109-2-2-1 111 2.9 4.9 56 6.1 6.1 11 3.2 33 39 44 41
1R13429-196-1-20 . 107 2.8 54 5.8 6.0 62 110 33 38 44 a4 4.5
IR13525-43-2-31 107 3.0 52 5.6 6.0 6.1 118 33 4.1 41 4.8 4.6
IR13540-56-3-2-1 115 2.8 5.5 63 6.4 741 124 30 4.1 3.5 4.4 46
IR15318-2-2-2-2 126 34 59 6.8 6.9 6.6 124 28 47 36 44 4.0
IR19661-131-1-2 126 26 4.9 6.5 6.4 6.6 132 29 37 36 39 4.0
IR18728-5-1-1 101 25 50 5.3 54 5.6 132 31 36 34 37 35
[R19743-25-2-2 109 2.9 57 6.0 6.2 6.6 100 28 38 40 4.5 42
IR19746-28-2-2-3 108 2.7 5.5 6.8 5.8 6.1 98 29 37 45 47 4.2
Peta {traditional check) 136 23 386 42 4.0 3.6 138 1.7 14 12 15 1.6

“Av of 3 rephcations Each treatment includes 30 kg N/ha topdressed at panicle mitation n the dry season and 10 kg N/ha
topdmﬁed at panicle initiation in the wet season. *For comparing variety means at the same N-rate, LSD {§%) = 0.6 t/ha, LSD {1%)
8t
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Table 2. Yield of IR varieties and promising lines at 6 levels of ni < IRRI-BPI C i i at Mali Rice
Research and Training Center, Philippines, 1880 dry season.
Yield® {t/ha)
Variety or line Maturity 0 60 90 120 150 180
(days) kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha

IR8 136 31 5.1 85 6.2 6.8 63
IR20 19 32 5.8 71 8.7 68 6.8
IR36 m 3.5 59 87 6.0 74 65
IR42 133 3.7 58 7.9 69 8.1 7.1
IR48 136 37 6.0 6.6 6.8 77 76
IR50 110 3.0 5.9 7.1 6.6 6.9 76
IR52 119 33 5.6 7.0 77 75 85
IR54 129 32 60 7.3 77 76 72
(R9129-209-2-2-2 mnm 27 53 6.5 8.0 71 72
1R13429-109-2-21 11 33 55 6.8 6.1 7.0 68
IR13429-196-1-2-1 111 35 58 64 6.3 74 7.4
IR1352543-3-2-1 m 33 53 57 72 76 68
IR15314-30-3-1-3 129 28 4.0 55 58 6.2 64
1R15318-2-2-2 108 32 44 58 5.8 63 7.2
IR19661-131-1-2 129 36 6.2 6.2 74 7.9 7.7
IR19743-26-2-2 109 34 57 6.6 7.0 6.9 75
IR19746-28-2-2 109 3.6 63 73 6.9 7.0 7.0
Peta {traditional check) 136 33 48 55 54 46 36

<Av of 3 replications. Each treatment, except 0 kg N/ha, includes 30 kg N/hatopdressed at panicle initiation. *For comparing variety
ha.

means at the same N-rate, LSD {5%) = 1.1 t/ha, LSD (1%) = 14 t

Table3. Yield of IR varieties and promising lines at 6 levels of ni 2 1RRI-BP1 C: ive E: atBicol Rice and Com
Experiment Station, Philippines, 1980 dry season.
Yield® (t/ha}
Variety or line Maturity 0 60 90 120 150 180
{days} kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha

IR8 128 2.6 38 3.1 2.3 36 16
IR20 14 27 5.1 6.5 5.1 54 5.2
1R36 109 30 5.5 60 5.6 45 54
1R42 125 33 55 57 42 46 5.0
1R48 126 3.8 4.9 53 43 48 55
IR50 109 36 54 64 53 54 5.7
iR52 M2 36 6.1 6.1 55 57 47
IR54 LT 35 6.7 5.6 53 5.7 5.1
{R9129-209-2-2-2 106 3.2 5.0 58 6.6 6.1 5.9
IR13429-109-2-2-1 108 33 4.6 55 53 47 55
IR13429-196-1-2-1 108 36 5.4 59 6.1 5.7 48
IR13525-43-3-2-1 109 37 63 586 5.6 5.1 4.9
IR16314-30-3-1-3 124 33 3.9 48 5.0 a7 5.0
IR16318-2-2-2 124 4.5 6.4 6.4 6.6 53 37
(R19661-131-1-2 122 44 58 6.7 6.2 6.5 6.0
IR19743-25-2-2 104 4.0 44 5.1 53 5.6 6.3
1R19746-28-2-2 103 37 6.7 5.2 45 4.9 5.6
Peta {traditional check) 132 35 28 38 28 28 15
2Av of 3 replications. Each treatment, except 0 kg N/ha, in kg N/hatopd d at panicle initiation, *For comparing variety

means at the same N-rate, LSD (5%} = 1.2 t/ha, LSD (1%) = 1.9 t/ha

gen, IR19661-131-1-2 and IR13423-10-2-3 pro-
duced grain yields of 5 t/ha despite the adverse
weather conditions at ripening stage of the crop.
Farmer’s field. Six varieties and two promising
breeding lines were evaluated for yield-in the dry
season, and four varieties and four breeding lines
were tested during the wet season (Table 10). All
except IR showed a positive response to increas-

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

During the wet season, IR36 yielded almost 6.0
t/ha with 40 kg N/ ha. IR42, IR13429-196-1-2, and
IR 19661-131-1-2 yielded well at the same nitrogen

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 11



Table 4. Yield of IR varieties and promising lines at 6 levels of = IRRI-BPI Coopi E: at Visayas Rice
Experiment Station, Philippines, 1980 dry season.
Yield? (t/ha)

Variety or line Maturity 0 60 ] 120 150 180

(days) kgN/ha  kgN/ha  kgN/ha  kgN/ha  kgN/ha kg N/ha
IR8 129 35 38 4.5 48 47 42
IR20 18 35 38 53 43 37 34
IR36 109 28 38 4.4 4.8 44 42
IR42 131 44 47 5.1 55 56 4.9
[R48 132 37 4.8 5.2 5.1 50 48
IR50 108 33 5.0 53 5.0 4.6 4.0
IR52 116 3.2 41 44 50 45 4.0
IR54 119 34 4.6 52 61 57 6.6
IR9129-209-2-2-2 108 33 3.9 4.3 48 4.3 42
1R13429-109-2-2-1 107 29 43 43 38 37 34
IR13429-196-1-2-1 108 2.7 35 4.2 4.5 4.2 36
IR13525-43-3-2-1 116 2.6 40 5.2 43 43 4.1
IR15314-30-3-1-3 119 32 3.8 4.0 4.6 42 40
IR15318-2-2-2 127 41 4.8 5.1 5.6 55 54
IR19743-25-2-2 109 34 44 4.5 44 4.1 38
IR19746-28-2-2 104 32 43 45 44 4.2 38
Peta {traditional check) 134 3.3 42 43 4.1 3.8 34
9Av of 3 replications. Each treatment, except 0 kg N/ha, includes 30 kg N/bha topdi d at panicle ini For variety
means at the same N-rate, LSD {5%) = 0.9 t/ha, LSD (1%) = 1.2 t/ha.
Table 5. Yield of IR varieties and promising lines at 6 levels of nii “ [RRI-BPI Ci i at i Rice
Research and Training Center, Bicol Rice and Corn i i d Vit Rice E: il i il 1980dry
seasof.

Yield® {t/ha)

Variety or line Maturity 90 120 150 180

(days) kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha
IR8 130 31 42 47 44 5.0 4.1
1R20 117 32 5.0 6.3 54 53 5.1
IR36 110 3.0 5.1 8.7 55 54 53
IR42 130 38 63 6.3 56 6.1 57
n48 131 3.7 5.2 57 6.6 5.9 6.0
IR50 109 33 54 6.3 5.6 56 58
IR52 116 34 5.3 5.8 6.0 59 87
iR54 122 34 54 60 63 6.4 6.0
IR9129-209-2-2-2 109 3.1 47 5.6 6.5 58 58
1R13429-109-2-2-1 109 3.2 4.8. 5.5 5.1 5.1 52
iR13429-196-1-2-1 109 33 4.9 55 57 6.8 6.3
IR13525-43-3-2-1 112 3.2 52 55 5.7 5.8 53
IR15314-30-3-1-3 124 31 3.8 4.8 5.1 5.0 52
{R16318-2-2-2 120 3.9 52 5.8 60 57 54
IR19661-131-1-2 125 38 57 6.2 64 67 6.3
IR19743-25-2-2 107 3.6 48 54 5.6 5.5 5.9
(R19746-28-2-2 105 3.5 54 57 53 53 5.4
Peta (traditional check) 134 34 41 45 37 38 3.0

“Av of 3 repiications and 3 sites. Each treatment, excspt 0 k N/ha, includes 30 kg N/ha topdressed at panicle initiation. *For
/ha.

comparing variety means at the same N-rate, LSD (5%) =

level.

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

IRRI The breeding lines IR9217-58-2-2 and
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t/ha, LSD (1%) = 1.0t

IR14632-22-3 yielded 4.5t/ ha at 60 kg N/ha. IR42,
IR46, and IR48 gave similar yields. Increasing ni-
trogen from 60 to 120 kg/ha did not increase the
yields of most varieties and lines (Table 11).
Farmer’s field. IR48 gave the highest yield (5.0
t/ha)at 80 kg N/ha. At the same N level, IR42 and
1R 14632-22-3 yielded 4.2 t/ha and 4.4 t/ ha. At 40



Table 6. Yield of IR varieties and promising lines at 6 levels of ni 9 IRRI-BPI C: i il at igaya Rice
Research and Training Center, Philippines, 1980 wet season.

Av of 3 replications, Each treatment, except 0 kg N/ha, includes 20 kg N/ha topdressed at panicle initiation °Forcompanng variety
means at the same N-rate, LSD (5%) = 08 t/ha, LSD (1%) = 14 t/ha.

- Yield® {t/ha)
| Varisty or line Maturity 0 30 60 %0 120 150
B {days} kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha
[ 1R8 122 2.9 39 3.7 4.1 3.9 3.2
A 1R20 122 35 37 34 36 3.2 22
IR36 108 38 41 43 4.7 40 42
. IR42 130 39 49 4.9 52 45 53
! IR50 108 37 4.6 44 5.1 39 31
IR54 122 3.8 50 4.6 5.0 4.0 3.9
y {R9129-209-2-2-2 102 33 42 44 48 42 45
" IR9752-71-3-2 97 3.1 37 4.1 43 4.3 42
. IR13423-10-2-3 122 38 50 5.0 47 43 32
i 1R13428-108-2-2-1 108 38 44 4.2 41 34 33
[R13429-196-1-20 108 36 45 4.3 4.7 53 42
' IR13429-299-2-1-3 109 37 4.0 4.2 4.7 4.2 34
1R13525-43. 1 118 35 45 44 27 38 286
| 1R17494-32-1-1-3 126 38 48 46 47 45 34
IR19661-131-1-2 126 37 4.6 49 55 51 34
] IR19735-5-2-32 97 3.2 37 36 40 38 41
{ {R19743-25-2-2 97 33 4.4 39 41 43 39
H Peta {traditional check} 130 2.9 30 29 21 2.1 22
l Mean 35 43 42 43 41 37

Table 7. Yield of IRvarieties and promising lines at 6 levels of ni: “1RRI-BPI Ci i i at Bicol Rice and Corn
Experiment Station, Philippines, 1980 wet season.
3
Yield® {t/ha)
Viriety or fine Maturity 0 30 60 S0 120 150
A (days) kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha
/
iR8 17 2.0 25 26 25 22 2.1
IR20 118 26 4.6 3.2 32 3.1 24
IR36 105 3.7 45 50 44 35 27
IR42 121 27 33 35 27 38 26
IRS0 102 a2 4.9 4,9 45 3.9 3.1
R54 13 42 5.0 36 27 3.0 20
IR9129-209-2-2-2 98 3.1 48 53 34 34 4.1
1R9752-71-3-2 95 3.2 4.1 5.0 4.1 4.1 42
1R13423-10-2-3 n7 4.2 44 4.1 3.8 33 23
1R13429-109-2-2-1 103 34 4.1 48 34 35 34
IR13429-196-1-20 102 37 48 44 38 27 3.8
1R13429-299-2-1-3 103 38 5.0 4.0 43 45 42
IR13525-43. 1 112 42 4.7 48 38 28 23
N IR17494-32-1-1-3 123 4.2 4.2 3.9 27 26 24
- {R19661-131-1-2 117 4.0 52 47 31 33 28
- 1R19735-5-2-3-2 95 37 4.1 48 a8 4.1 3.9
IR19743-26-2-2 96 3.2 4.2 42 3.8 34 29
Peta (traditional check} 134 14 1.3 13 1.1 0.9 13
Mean 34 4.2 a1 34 3.2 2.9
=Av of 3 replications. Each treatment, except 0 kg N/ha, includes 20 kg N/ha topd d at panicle i ion. *For ing variety

means at the same N-rate, LSD (6%) = 1.1 t/ha, LSD (1%) = 1 4 t/ha.

: kg N/ha, IR48 produced the highest yield of 4.6 1R42 without fertilizer nitrogen. IR42 was com-
f t/ha. Increasing the level of applied nitrogen pared with four other modern varieties without
N further did not lead to any increases in grain yield. fertilizer nitrogen. The data (Fig. 1) from 4 sites
Inadequate rainfall resuited in frequent drying of over 5 consecutive years (1976-80) raise the possi-
the field and low yields even at high nitrogen rates bility of identifying rices that are efficient users of
N (Table 12). soil nitrogen.

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 13



Table 8, Yield of IR varisties and promising lines at 8 levels of ni “ IRRI-BP1 C ive Experi; at Visayas Rice
Experiment Station, Philippines, 1980 waet season.
Yield® {t/ha)
Variety or line Maturity 0 30 60 920 120 150
(days) kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha

IR8 124 3.9 46 47 43 3.8 3.7
IR20 124 43 5.0 5.0 44 4.2 38
iR36 106 38 4.9 4.9 52 52 53
{R42 137 3.2 5.1 52 48 44 44
RS0 106 4.1 5.0 6.1 56 55 55
IR54 121 4.2 46 48 4.9 486 45
IR9128-209-2-2-2 106 4.3 5.0 5.1 4.6 44 44
IR9752-71-3-2 102 3.0 4.0 45 4.6 45 43
IR13423-10-2-3 124 43 48 51 6.0 45 4.1
IR13429-109-2-2-1 106 38 48 5.0 4.3 4.0 38
IR13429-196-1-20 106 33 4.0 46 4.9 52 4.9
1R13429-299-2-1-3 108 38 5.2 5.5 57 65 54
iR13525-43-2-3-1 i1 43 52 5.2 5.1 48 48
IR17494-32-1-1-3-2 124 35 4.1 48 42 42 43
IR19661-131-1-2 124 37 42 4.4 50 4.8 47
IR19735-5-2-3-2 102 3.6 4.1 5.0 50 5.0 43
{R19743-25-22 102 35 4.2 47 51 5.2 48
Peta {traditional check) 137 35 38 3.2 32 3.0 20

Mean 38 46 4.9 48 47 44
2Av of 3 replications Each treatment, except Okg N. 0 kg Nma di at panicle initiation. °For variety
means at the same N-rate, LSD (5%) = 09 tlha, LSD (1%) = 1 2z
Table 9. Yield of IR variaties and promising lines at 6 levals of ni < IRRI-BP C: "at Rice

Research and Training Centar, Bicol Rice and Corn Experiment Station, and Visayas Rice Exparlment Station, Philippines, 1980

wet season.
Yield® {t/ha}
Variety or line Maturity 0 30 60 80 120 150
(days) kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha

IR8 121 2.9 37 37 38 33 3.0
IR20 121 35 44 38 3.7 35 2.8
IR36 107 38 45 4.8 4.7 4.2 4.1
1R42 129 33 44 4.5 4.2 4.2 4.1
1R50 105 4.0 48 51 5.0 4.4 3.9
iR54 119 4.1 4.9 43 42 3.9 35
IR9128-208-2-2-2 108 3.6 46 49 42 4.0 43
IR9752-71-3-2 %8 34 3.8 45 44 43 42
IR13423-10-2-3 21 4.1 a7 a7 4.5 4.0 3.2
IR13429-109-2-2-1 106 3.7 44 47 3.9 3.6 34
{R13429-196-1-20 105 35 44 44 44 44 43
IR13429-299-2-1-3 107 38 47 4.5 4.9 5.1 43
1R1352543-2-3-1 17 4.0 4.8 4.8 3.9 38 32
IR17494-32-1-1-3 124 38 44 44 3.8 37 34
IR19661-131-1-2 122 38 47 4.6 45 44 37
IR19735-5-2-3-2 98 35 40 44 4.6 43 41
1R19743-25-2-2 98 33 42 43 44 43 39
Peta (traditional check) 134 2.6 27 25 2.1 2.0 18

Mean 13 3.6 43 44 42 4.0 37

“Av of 3 replications and 3 sites. Each treatment, except 0 kg N/ha, includes 20 kg N/ha topdressed at panicle initiation. *For
comparing variety means at the same N-rate, LSD {5%) =.0.7 t/ha, LSD {1%) = 0.7 t/ha.

YIELD POTENTIAL OF HYBRID RICE
Plant Breeding and Plant Physiology Departments.

Hydrid rice research at IRRI in 1980 explored.
potentials and problems of this breeding approach.
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Four replicated yield trials during the wet season

. used 143 hybrids, their parents, and the commer-

cial varieties IR36 and IR42. The results indicated
that even in the tropics there:is substantial hetero-
beltiosis for yield in some specific hybrid combina-
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Table 10. Yield of IR varieties and promising lines at 4 levels of nitrogen® on an irrigated farm, Laguna, Philippines, 1980 dry and

wet seasons.

Dry season Wet season
Yield® {t/ha) Yield® {t/ha)

Variety or line M y Maturity

(days) 0 50 1 150 (days) o 40 80 120

kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha

IR8 125 2.5 36 47 38 — — -— — —
IR36 106 39 44 53 6.1 11 37 5.6 54 53
IR42 125 34 54 56 66 128 4.2 48 4.6 4.9
IR50 105 43 55 8.0 8.2 m 36 43 52 47
1R52 110 4.1 55 48 6.5 — — — — —
IR54 110 37 a7 70 6.9 123 37 39 37 237
IR9752-71-3-2 — — —_ _— — 133 2.2 39 47 32
IR13429-196-1-2 106 34 44 4.6 57 145 3.6 5.1 54 4.8
[R18661-131-2 126 34 39 3.6 56 145 39 51 37 37
IR19735-52-3-2 — —_ —_ —_— — 142 31 3.0 39 40
“Av of 3 rephications Each treatment, except 0 kg N/ha, i des 20 ki in both seasons *For

N/ha
comparing variety means at the same N-rate in the dry season, LSD (5°n)

(5%) = 1.0 t/ha, LSD {1%) = 14 t/ha

Table 11. Yield of IR varieties and promising lines at 5 levels of nitrogen® on rainfed farms, IRRI,-1980 wet season.

0.8t/ha, LSD (1 %) = 1 1 t/ha, in the wet season, LSD

Yield® {t/ha)
Variety or.ine Maturity 0 30 60 Q0 120
{days) kg N/ha kg N/ha kg N/ha kg N/ha kg N/ha
IR42 140 25 3.0 38 37 4.1
IR46 124 26 4.1 37 4.1 43
IR48 140 2.1 30 43 38 4.0
IR62 118 15 24 29 2.9 38
IR9217-58-2-2 133 27 3.9 4.5 42 45
IR9852-22-3 140 26 33 37 42 41
R1314641-3 133 27 37 42 42 36
IR13149-3-2-2 140 2.6 35 4.2 38 4.0
IR13358-85-1-3 140 23 33 4.0 36 37
IR13365-25-3-3 140 21 33 37 3.7 3.7
1R13419-113-1 133 24 33 3.6 4.3 4.1
IR14632-22-3 140 27 37 45 4.0 43
“Av of 3 replications Eachtreatment, except 0 kg N/ha, includes 20 kg N/ha top atpanicle For variety

means at each N-rate, LSD (5%) = 0.6 t/ha,

'8

D (1%) = 0.8 t/ha.

Table 12. Yieli of IR variaties and promising lines at4 levels of nitrogen® in a rainfed farmer’s field, Laguna, Philippines, 1990 wet

season.
Yield® {t/ha)
Variety or Maturity 0 a0 80 120
line (days) kg N/ha kg N/ha kg N/ha kg N/ha
IR42 145 2.9 42 42 4.0
IR46 133 38 41 3.1 26
iR48 142 39 46 5.0 34
IR52 123 3.0 4.0 26 2.1
IRG217-68-2-2 133 34 37 3.8 3.9
|IR13358-85-1-3 145 39 4.2 25 3.0
IR13365-253-3-2 145 3.0 38 38 38
IR14632-22-3 142 33 41 44 34
Mean 34 4.1 37 33
ludes 20 kg N/hatop d at panicle initiation. ®For comparing variety

sAv of 3 replications. Each treatment, excagt 0k
means at each N-rate, LSD (5%) = 0.8 /I

a, L D(1% ) =12 t/ha.

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM
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L Yields of TR42 and other high yielding varieties wathout
fertilizer nitrogen at IRRI, Maligaya, Bicol, and Visayas, Phi-
lippines, during the 1976-80 cropping seasons.

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

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

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

GROWTH DURATION

Plant Breeding Department

During 1980, a large number of entries with a
growth duration of less than 100 days were evalu-
ated in replicated yield trials. Of 368 entries, 97
(26.3%) during the dry season and 78 (21.19%)
during the wet season matured in less than 100
days. Many yielded as well as, or slightly better
than, IR 36 although they matured 8-13 days earlier
(Table 15). Their productivity per day, however,
was considerably higher than that of IR36.

RATOONING ABILITY AND STEM
CARBOHYDRATES

Plant Breeding Department

The changes in carbohydrate concentration in the
bases of the stem and their relevance to ratoon

" management were evaluated in four varieties (IR36,

[R36 and IR42, and parents. JRRI, 1980 wet

Table 13. Yields of promising hybrids compared to yields of
season. )

% increase over

Days to
Hybrid flowering Yield Better
{t/ha) IR36 1R42 parent?
[R11248-242-3-2*/IR15323-4-2-1-3 91 5.9 69 22 35
IR11248/IR15496-219-2-3 83 5.8 65 19 —_
IR11248*/IR19672-18-3 <] 55 57 14 25
1R11248*/IR15324-117-3-2-2 90 54 54 12 23
IR10154-23-3-3/IR54* 79 5.6 21 20 50
(R747B2-6-3/IR54* 81 55 18 17 48
IR10154-23-3-3/iR2797-105* 81 5.0 8 7 31
1R11248-242-3-2/IRS828-41-2-1* 89 54 22 60 28
V20A/IR50* 71 5.2 29 25 28
Zhen Shan 97A/IR54* 91 52 28 24 60

“The better parent is indicated by an asterisk { * ) in the hybrid cross.
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Table 14. Yield and agronomic characteristics of some F, hybrids compared to those of their parents and commercial varieties.
IRRI, 1980 wet season.

Lodging (%) at growth

stages®
Hybrid or variety Yield Growth duration Height
(t/ha) (days) {em) 4 6 T 9
Hybrids

97A/IR54 5.2 121 126 0 0 0 75
V20A/IR50 5.2 101 118 0 0 15 95
V20A/IR54 4.6 120 125 0 0 0 5
V20A/IR40 4.9 119 117 0 0 0 5
V20A/IR28 4.0 102 117 0 0 0 85

Mean 48 113 21 0 0 3 53

Parents

IR54 33 127 121 15 25 40 100
IR50 4.1 105 117 0 0 95 100
IR28 35 105 121 0 0 50 100
978 27 97 112 0 0 0 0
V20B 25 99 110 0 0 0 0

Mean 3.2 107 116 3 ] 37 60

Commercial varieties

IR36 4.1 113 102 0 35 100 100
IR42 42 135 118 0 0 0 100

Mean 4.1 124 110 0 18 50 100

%4 = pooting, 6 = 50% fiowering, 7 = dough, 9 = maturity.

100Q-grain wt (g)
24

Yield (g/m2)
600

B

40+ - w p
10} | i ?, 50 g
o NN B . %= o
S ~ = N 2 ‘é -
S8 8 8 G Eg 8

2. Some agronomic and physiological characteristics of hybrids compared with those of their parents and commercial variety IR 36,
IRRL. 1980.
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Table 15. Yield of sarly-maturing entries in the replicated yield trials grown at IRRI during the 1980 dry and wet seasons.

Dry season Wet season
Growth
Selection Cross duration  Yield Yield per Yield Yield per
(days) {t/ha) field day® (t/ha) field day
(kg) (kg)
IR9752-71-3-2 IR28/Kwang Chang Ai//IR36 99 5.70 75.0 433 56.8
IR9729-67-3 BG34-8/IR28//IR36 10 5.54 70.8 364 46.6
IR15429-268-1-2-1 74-5461/IR36//IR747B2-6 99 5.25 69.0 4.5 59.3
IR19728-6-3-2-2-3 IR8608-298///IR747B2-6/Ai-nan Tsao 1// 100 5.18 67.2 4.00 51.9
IR747B2-6
IR19743-25-2-2-3-1 IR9129-192-2///1R747B2-6/29 Lu 1// 98 4.74 63.2 4.09 54.4
IR74782-6
IR19743-46-2-3-3-2 IR9129-192-2///IR747B2-6/29 Lu 1// 99 4.98 65.3 3.82 50.1
IR747B2-6
IR19746-28-2-2-3 IR9128-192///IR747B2-6/Kwang Chang Ai// 99 5.14 67.5 3.95 51.8
IR747B2-6
IR19774-23-2-2-1-3 IR9698-26-3///IR747B2-6/29 Lu 1// 95 4.55 63.1 423 56.4
IR747B2-6
IR19819-31-2-3-1-1 IR9715-4///IR747B2-6/29 Lu 1//IR747B2-6 95 485 67.2 3.89 54.0
IR36 IR1561-228-1-2/IR1737///CR93-14 108 5.76 63.8 3.83 47.5

“23 days in the field.

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

All varieties showed a rapid decrease in carbo-
hydrate concentration after anthesis, but the rate of
decrease varied among them. The differences were
partly due to environment. Mingolo had the high-
est carbohydrate concentration under both plant-
ing schedules. Differences between stem sections
were apparent at anthesis only, with the lower
section (0.0-7.5 cm) showing higher carbohydrate
concentration. Carbohydrate concentration at har-
vest was significantly correlated with ratoon tiller-
ing (r = 0.26) when the number of ratoon tillers was
expressed as percent of main crop tillers. However,
the correlation was nonsignificant (r = 0.08) when
the actual number of ratoon tillers was used.
Ratoon flowering time was also significantly corre-
lated (r=0.29) with carbohydrate concentration at
harvest.

GENETICS OF RATOONING ABILITY
Plant Breeding Department

The F: and F: plants of two crosses (IR36/2196
and IR46/2196) and the F; of three crosses (Min-
golo/IR36, IR36/1R46, and IR46/2123) were eval-
uated to test the possibility of breeding to improve
ratooning ability. Evaluation in the F; was done
under a competitive environment (20 X 20-cm spac-
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ing and 10-cm main crop cutting height) to study
the effectiveness of early generation selection. The
ratooning ability of 405 F: lines (135/cross) was
evaluated using a 15-cm cutting height to deter-
mine the nature of the genetic variability and pos-
sible phenotypic and genotypic associations of
selected traits influencing ratooning ability, ex-
pressed as ratoon tiller number and ratoon flower-
ing time.

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

Heritability estimates in the F; plants for ratoon
tiller number (4° = 0.28) and ratoon flowering time
(h" = 0.56) were found to be entirely due to additive
genetic effects. None of the main crop traits meas-
ured (tiller number, flowering time, plant height,
and grain yield) was significantly associated with
ratoon tiller number. However, grain yield was
significantly associated with ratoon flowering time
(r, = 0.24, r, = 0.33). Ratoon tiller number and
ratoon flowering time were negatively correlated
(r,=—0.20, r, =— 0.37).




~ e

Selection for slow senescence and late ratoon
flowering is recommended far ratoon improve-
ment,

SOURCES OF SEMIDWARFISM
Plant Breeding Department

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

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

RELATION BETWEEN JAVANICA RICES AND
TRADITIONAL DRYLAND VARIETIES

Plant Breeding Department

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

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

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

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

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

Selection of lines with intermediate amylose con-
tent and intermediate gelatinization temperature
continued. The proportion of lines with interme-
diate amylose content in advanced-generation
materials increased greatly. In most of the crosses
during 1980 at least one parent had intermediate
amylose content. The parents were mainly lines
with improved plant type and multiple disease and
insect resistance. Some, such as IR4215-301-2-2-6
and IR9129-209-2-2-2, inherit intermediate amy-
lose content from C4-63, whereas IR48 and IR4570-
124-3-2-2 inherit this trait from BPI-121-407.
1R 9129-209-2-2-2 was evaluated in advanced yield
trials as a possible intermediate-amylose variety.

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

STORAGE AND MILLING
Chemistry and Plant Breeding Departments

Quality of rough rice (Chemistry and Plant Breed-
ing). Preliminary experiments studied the physical
properties of 1979 dry and wet season crops of IR8
and 10 more recent varieties — IR36-IR52 —
harvested 25-38 days after flowering (DF). The
hull ranged from 19.4% for IR36 to 24.0%for IR42
(mean 21.9%). Green grains ranged from 5 to 44%
of brown rice (mean 14.9%). The percentage of
green grains was lowest for IR42 and highest for
IR48. Kett whiteness readings of brown rice
ranged from 19 to 25%.

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

For six panicles, grain moisture content ranged
from 19 to 57%for IR8, 21 to 719 for IR36, 16 to
539 for IR42, and 16 to 649% for H4. The mean
moisture content of grains in the same primary
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branch of the panicle had these ranges: 28-42%
for IR8, 27-47% for IR36, 20-37% for IR42, and
25-33% for H4. The lower branches had higher
grain moisture content. The actual weight percent-
ages of immature or green grains at 21 DF were
24.9 (IR8), 28.2 (IR36), 19.7 (IR42), and 9.8 (H4).

The moisture distribution among primary
branches in the panicle of 3 photoperiod-insensitive
and 1 photoperiod-sensitive BKN6986 lines (6 pan-~
icles at 21 DF) was 25-30% moisture for BKN6986-
20, 21-329% for BKN6986-27, 20-27% for BKN6986-
71, and 23-27% for BKN6986-147-2 (RD19, photo-
period sensitive). Ranges of moisture contents
among individual -grains were 18-40%, 16-41%,
15-339%, and 15-32%, respectively. Per’centag&s of
green grains were 10.4, 10.4, 0, and o

Yellow grains (Chemistry). Yellowing of the
endosperm has been observed in the wet-season
crop of IR36 in Central Luzon, Philippines, par-
ticularly with delay in drying of the threshed crop.
One milled sample obtained through the National
Grains Authority had 70% yellow grains. Compar-
isons indicated that'most of the yellow grains were
whole, but the white grains had a high percentage
of brokens. One-hour alkali spreading tests revealed
that the yellow grains were not gelatinized (par-
boiled). They had higher final gelatinization temper-
ature (GT) — 75.5° vs 72.5° C —than white grains.
They also had harder raw grain by the Wig-L-Bug
amalgamator (62 vs 529 retained by 80-mesh sieve
after 40 seconds grinding) and higher Kiya break-
ing hardness (6.2 vs 4.8 kg/mm’). The two grain
types had identical amylose contents (28.4%) and
cooked rice Instron hardness (8 kg). A rough rice
sample with 100% yellow grains had only 6% via-
bility, the embryos were dark, and the milled rice
was almost all brokens, suggesting prior contact
with water. The yellow color turned to tan on
storage.

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


http:rices.in

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

No loss of precision results from direct reporting
of absorbance at 400 nm, instead of expressingasa
percentage of brown rice absorbance; absorbance
ranged from 2.16 to 3.11 for brown rice and from
0.27 (87.5%) to 0.98 (68.5%) for well-milled rice.
The parboiled brown-rice sample had the highest
pigment absorbance, followed closely by IR36.
Bran removal of 10% by weight corresponded to
absorbance of 0.4 to 1.0, pigment removal of 57-
849, and May-Grinwald values of 0-16% bran
surface. A major drawback of the May-Grunwald
method using planimetry was the tediousness of
measuring the bran area.

VARIETY PREFERENCE TESTS AND SURVEYS
Chemistry Department

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

Consumer ranking showed low preference for

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

The tests confirmed the preference for low-
amylose over intermediate-amylose cooked rice
(Table 1). IR24 was well-liked, but the Korean
variety Milyang 23 got a slightly better rating. The
results suggest that japonica rices may find accep-
tance in tropical Asia because of their acceptable
cooked rice texture. Their grains elongate and
approach indica rice in length of cooked grain.

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

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

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

Philippines at Los Banos, and IRRI, 1880.

Gel Length- Boiled
Mean preference Amylose consist- Alkali width 100- rice
Sample name score® (% dry  Protein ency spreading ratio grain hardness
basis} (%) {mm} value wt {kg)
Raw Boiled N {g}
Thurty panelists
IR24 031a 0.74 a 16.0 8.0 75 7.0 3.0 20 5.1
IR43 0.61a 026 b 16.6 9.8 58 7.0 33 18 54
IR2071-137-5 —-034 b 023 ¢ 128 9.4 82 36 27 14 5.2
C171-136 -024 b -028 ¢ 22.6 8.8 438 48 28 18 6.6
1R9128-209-2 —034 b -049 ¢ 224 105 40 5.0 32 1.7 72
Forty panelists
Milyang 23 039a 0412 176 8.9 80 7.0 24 1.9 5.0
IR24 0.57 a 022a 17.0 92 67 68 3.0 18 57
Early Tongil -071 ¢ 013a 188 94 56 7.0 2.2 17 52
-026 b -034 b 176 8.0 61 6.9 30 2.0 5.1
IR2071-137-5 002 b —042 b 16.7 10.0 40 35 27 13 6.7

%Based on 1st = 1.16, 2d = 0.50, 3d == 0,4th = —0.50, and 5th = —1.16. Separation of mean scores within the same set by Duncan’s

multiple range test at the 5% level.
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Table 2 Mean Pfaf&fﬂnﬁe scores {in order of decreasing preference for rice cake) by 40 consumers i a village at Lemery,

of 5 raw, waxy* milled rices and rice cakes prepared with coconut milk Institute of Human

Ecology, Umvemty of the Fhlhppmes at Los Baiios, and IRRI, 1980.

Boiled Amylo-

Mean preference Neutral gel Length-  100-grain rice Cake graph

Sample name score® Protein consistency width hardness® hardness?  consist-
{%) {mm) ratio (@) {kg) {kg) ency”
Rawrice  Cake {BU})

Iri344 012ab 029a 8.7 69 22 18 37 18 85
UPL-Ri-1 003ab 0.06ab 8.2 46 25 22 3.2 1.4 30
Malagkit 0172 -005ab 71 77 17 18 44 29 165

Sungsong

R29 —-027 b -0123b 80 55 3.0 15 3.8 22 170
IR833-6-1 -0.05ab —0.16 b 8.5 48 27 21 42 18 60

aAmylose content 1.4-1.8% dry basis. Alkali spreading values 6.4-7.0.?Based on 1st = 1.16,2d = 0.50,3d = 0,4th = —0.50, and 5th=
—1.18. Separation of mean scores within the same set by Duncan’s multiple range test atthe 5% level. Rice cooker method “From

cake actually panel-tested ©12% pastes.

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

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

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

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

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

Indonesian rices. Two crops of two bulu and
two indica rices from Indonesia were characterized
for physicochemical properties, together with 18
other varieties grown in Indonesia and 3 B2791b-
MR lines grown at IRRI. Nineteen of them had
been organoleptically assessed at Central Research
Institute for Agriculture (CRIA), Sukamandi, for
taste, texture, and aroma.

Among 11 bulu (javanica) varieties, 8 had the
characteristic intermediate amylose, 2 had high
amylose (Jedah and Kencana Muara), and 1 had
low (Mandolin). Most of them had low GT and

Table 3. Mean preference scores by 30 GEU trainees and IRR! employees® and properties of 5 raw and cooked rices. Institute of
Human Ecology, University of the Philippines at.Los Baitos, and 1RRI, 1980

Cooked rice
Gel
Mean preference Amylose consist- Alkali Whiteness  Grain  Hard-  Sticki-
Vanety or score® (% dry Protemn ency spreading of raw length  ness ness
Itne name basis) (%) {mm) value rice {mm) (kg) (gcm)
Raw Cooked
IR43 028 a 0.10 a 16.6 9.8 58 7.0 38 6.8 62 186
IR48 —013a 021a 23.3 84 38 7.0 4 73 82 135
IR9129-209-2 0.07ab -002a 22.4 105 40 5.0 38 8.6 63 122
IR32 0.07ab —023a 28.2 8.1 100 a7 40 64 10.8 108
IR42 -028b -010a 28.7 84 32 7.0 38 57 103 94

25 Bangladeshis, 6 Chinese, 1 Dominican, 4 Filipinos, 2 Indonesians, 1 Indan, 1 Korean, 1

1
Paklstanl 1Sinhalese, 2 SriLankans, and 3 Thais, *Based on preference score of 1st=1.16, 2d 050, 3d 0 4th=—0.50, andS!h*

-1.1
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Table 4. Range of milled-rice properties of country samples. IRRI, 1980

Source Sample no. Protein (%) Amylose type® GT type® Gel type®
Bangladesh 9 7.3- 98 H>1 LL>H S>MH
Chile 4 83-103 1 L s
Egypt* 10 57- 7.8 L LH L S>M
El Salvador 7 6.8-10.8 I>H L>1 S>M,H
india 10 87-11.2 H>1 I>L S H>M
Indonesta
Bulu " 5.0-10.7 I>LH L>1>H M, S>H
Tall indica 7 61-109 I>H 1 M, S, H
Semidwarf indica 6 8.0- 96 I>H 1>L S>M
Nigeria 28 6.2-10.7 H>1 L>t H>M,S
Pakistan
Dokri fine 7 65- 8.9 1 I>L H>M
coarse 12 6.0- 96 H>1 L>1 H>S8 M
Punjab? fine 17 . 73-108 1>H L>1 H>M
coarse 1 78124 H>1 L>1 H>M
Phibppines
Waxy 7 67- 87 waxy L>H S
Nonwaxy 7 73-89 I>H i>LH M>S

“H = high, >25%; | = intermediate, 20-25%; and L = low, <20%. *Gelatinization temperature {GT) type based on alkali spreading
value L = low, 6-7; | = intermediate, 4-5; H = high, 2-3 *Gel consistency S = soft, 61-100 mm; M = medium, 40-60 mm; H = hard,

27-40 mm “Manly selections.

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

Stickiness (81-196 g-cm) and hardness (5.6-8.2
kg) of cooked rice overlapped among the javanicas
and indicas. Organoleptic tests at CRIA showed
that samples with medium to good rating for taste,
texture, and aroma of cooked rice had interme-
diate amylose. Amylograph setback and consis-
tency were higher for high-amylose milled rices
than for intermediate and low types.

Amongstarches prepared from Indonesian milled
rices, alkali viscogram peak viscosity of 29 pastes
was higher for high-amylose starches (138-180 cps)
than for low-amylose starches (94-118 cps). Gel
consistency of starch was hard (<40 mm) for all
high-amylose samples.

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

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

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

The Dokri fine rices all had intermediate amy-
lose content and hard gel consistency, but Basmati
370 had medium consistency (Table 4). Most had
intermediate GT. The coarse rices had interme-
diate to high amylose contents. The elongation of
cooked fine and coarse rices presoaked for 30 min-
utes and boiled for 10 minutes were compared. The
elongation ratios of the two groups overlapped.
Some Basmati rices had extremely soft cooked
rices. Grain elongation may have contributed to
lower bulk density of cooked rice during the extru-
sion step of hardness assay. Among the coarse
varieties, the IR8 sample was softer than the IRRI
6 sample.

The Pakistani fine varieties showed extremely
harder gels for their intermediate-amylose types.
GT of the five varieties was higher in the Dokri
samples than in the Punjab samples as earlier
noted (Annual report for [971).

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

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

INTERNATIONAL COOPERATIVE TESTS
ON METHODS

Chemistry Department

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

The scoring methods for alkali digestibility of
milledricein 1.1, 1.4, and 1.79% KOH by Little and
coworkers and by Bhattacharya were compared in
a 1979 international cooperative test involving 11
laboratories and 5 samples differing in GT. The
data indicated that results by both methods were
comparable, and 1.7% KOH gave, the best varietal
differentiation among the KOH levels used. Major
sources of variation were variety, KOH concentra-
tion, and scoring method. Use of different KOH
concentrations affected the scores of the three
samples of intermediate-alkali reaction.

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

rice flours.
The data on hardness or stickiness, or both, of

10 cooked milled rices were analyzed using various
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instrument methods that had been developed spe-
cifically for national samples. The rices represented
the range of rice texture and were cooked in excess
water in 11 laboratories. Instrument indexes for
hardness and stickiness of cooked rice generally
were more sensitive than the corresponding scores
by a laboratory panel of 5 in discriminatingamong
the 10 samples. Variation among samples ac-
counted for 60.5-99.5% (mean 92.1%) of the total
variation for instrument hardness as against 48.9%
for panel score for hardness. Corresponding values
for stickiness were 91.8-98.6% (mean 95.39%) for
instrument methods and 64.2% for panel score.

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

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

FACTORS THAT AFFECT COOKED RICE QUALITY
Chemistry Department

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



cooker method.

The water contents of 10 cooked rices used in the
international cooperative test on cooked rice tex-
ture were compared. Rices cooked in excess water
had 70.5-75.8% water content (mean 73.7%), and
rices cooked in the electric cooker had 59.5-70.4%
(mean 66.0%). Mean cooked rice hardness in the
excess-water method was 3.95 kg compared to 5.62
kg in the cooker method. Stickiness values were
also lower. When water-rice ratio was adjusted to
the calculated constant ratio of 2.46 to achieve
73.7% water content, 4 rices representing the amy-
lose types achieved 73.5-73.6% water content and a
mean hardness of 3.85 kg, compared to 73.2-75.8%
water content and mean hardness of 3.65 kg for
rices cooked in excess water. Hardness values cor-
responded better to amylose types in the revised
cooker method (range 2.2-5.8 kg) than in the
excess water method (2.7-4.7 kg).

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

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

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

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

Molecular weight (M W) estimation of rice amy-
lopectins by sedimentation coefficient, (Sy.)using
the analytical ultracentrifuge confirmed the higher
MW of the two high GT waxy starches (RD4 1878
and C441-1 188 S) compared to that of four other
low-GT waxy starches (RD2 16 S, Malagkit Sung-
song 105 S,IR29 116 S, and UPL-Ri-1126S). The
results with nonwaxy rices were not as clear-cut.
Amylopectins of two Korean rices had simuilar Sy,
values (20-22 S) although Tongil had a harder
starch and milled-rice gel than Jinheung (Annual
report for 1979). For four high-amylose IR rices,
S, values were 42 S (IR5), 54 S (IR8), 67 S
(IR32),and 90 S (IR42). IR5 and IR32 are soft-gel
rices and IR8 and IR42 are hard-gel rices, so that
the relationship was not strictly related to MW.

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

The less efficient extraction of starch and its
fractions from starch granules of high-amylose
rices with hard gel consistency compared to that
from rices with soft gel was confirmed (Table 5).
Amylopectin (calculated by difference) was less
water soluble than amylose and the ratio of solubil-
ity was higher than that for amylose for the two gel
types. Gel filtration of whole starch and starch
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Table 5. Extractability in boiling water of starch, in, and from high-: lose rice starch les differing in
gel i and inizati {GT). IRR, 1980.
Gel Final Extractability (%) in 100°C water of

Sample consistency GT

name (mm) {°C) Starch Amylopectin Amylose
IR5 0 73 310 7 86
IR8 32 65 16.5 2 51
IR32 85 74 374 10 =100
iR42 30 85 187 B 2 61

soluble in boiling water confirmed the lower solu-
bility of amylopectin of IR8 than of IRS (Fig. 1).
The amylopectin peak was also past the void
volume (V/ % > 1) peak for IRS5 reflecting a MW
lower than that for IR8. Actual amylopectin Sx,,
values were 42 S (IR5) and 54 S (IR8) for whole
starch, and 24 S (IR32) and 18 S (IR42) for soluble
starch. Thus, the starch iodine blue test at 100°C
also measures the difference in extractable low-
MW amylopectin of high-amylose starches, in
addition to soluble amylose.

Further study on the phosphorus (P) fraction of

Relative corbohydrate content

Whole starch
o——s R8
o=——= IRS

S

Starch soluble in boiling H20

] [
1 2 3
v/, Sepharose CL—28

1. Molecular weight fractionation on Sepharose CL-2B of
whole and hot-water-soluble fractions of IR8 and- IR5 rice
starch. IRRI, 1980.
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eight rice starches differing in amylose content and
GT was undertaken with chemists at Kagoshima
University, Japan. P was lowest for waxy starch,
which was largely accounted for by 6-phospho-
glucose residue in the starch. Such glucose ester
accounted for 0.2-0.7 pmol P/g. Since P content
was higher for nonwaxy rices at 4.5-10.4 umol/gin
starches containing 3.9-9.2 umol/g choline, 75-
899 of the starch P was probably phosphate or
choline phospholipids. The choline content was
similar in IR5 and IR8 high-amylose starches dif-
fering in gel consistency and GT. Because butanol
defatting, which removed 80% of the fat, reduced P
content of starch to 509%, residual P must be more

“ tightly bound to starch.

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

Cold water (40°C) soluble preparations from
eight milled rices differing in grain elongation ratio
during cooking (1.4-2.1) and in amylose content
(1.5-28.29) were destarched by salivary a-amylase
(Annual report for 1979) and were obtained in
0.1-0.8% recovery. Their ‘major neutral sugars
were either arabinose and galactose, glucose, or
galactose plus xylose, mannose, fucose, and rham-
nose. Hot water (80°C) preparation from IR36
milled rice was mainly glucan.

‘Water-soluble starch-free extracts from defatted
IR 32 true bran and embryo had glucose, galactose,
and arabinose as principal neutral sugars together
with mannose.

Water-insoluble destarched milled-rice prepara-
tions from the 8 milled rices were recovered in
0.3-0.7% yield and with less variable sugar compo-
sition. Major neutral sugars were xylose, arabi-
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nose, mannose and glucose, and lesser amounts of
galactose and rhamnose and trace of fucose. The
protein content.of preparations was variable and
the protein was either high (5-8%) or low (1-2%)
lysine. Hydroxyproline was not a major amino
acid component of the protein, contrary to reports
by other workers.

Comparison of various fractionation schemes
on IR36 preparation showed that a 109 fraction
was soluble in hot 0.25% ammonium oxalate,
probably representing pectin. The 0.5 N KOH sol-
vent did not extract all the pentosans (arabinose
and xylose); more were extracted with 427 N
KOH. Mannans required the 6 N NaOH solvent.
The residue of 6 N NaOH extraction was mainly
glucan, representing cellulose. DEAE-Sephacel
was ineffective for DEAE-cellulose borate fractio-
nation of these preparations as it poorly adsorbed
the polysaccharides.

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

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

Table 6 Effect of B: ylase t on ing ability
of IR29 starch (amylopectin}, as indexed by a gel consistency
test. IRRI, 1980.

Gel consistency” {mm)

Treatment -
Starch  B-linit dextrin
None 91 97
Palmitic acid (1 mg) 47 98
Carboxymethyl cellulose (2 mg) 85 98

100 mg [R29 starch or mit dextrin/1.6 m! water and 0.7 ml
95% ethanol

degradation of organic substances.

Becanse complexing with hydrophobic com-
pounds such as palmitic acid has been principally
reported with amylose, of which IR29 starch has
only 1.5%, an attempt was made to determine the
nature of the complexing involved with IR29 amy-
lopectin. Treatment of IR29 starch with 8-amylase
to reduce its outer chains to 2 or 3 glucose units
made the residual B-limit dextrin incapable of
complexing with palmitic acid and carboxymethyl
cellulose (Table 6). The results suggest that the
amylopectin portion involved in complexing are
the outer chains, about 12 glucose units or about 2
helices of 6 glucose units each.

Seven waxy rices with gel consistency of 76-92
mm (mean 81.4 mm) were washed with cold water.
The washed gels hardened to 62-85 mm (mean 69. 1
mm). Interestingly, defatting the same flours with
95% ethanol had a similar hardening effect on
their gel values (60 to 76 mm, mean 69.3 mm).

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

Starch complexing with minor rice constituents.
American chemists reported that water-soluble
cell-wall polysaccharides of mlled rice and bran
affect Amylograph peak viscosity and viscosity on
cooling to 50°C of milled rices pastes. Total 65°-
70° C or 80° C water-soluble extracts were prepared
from 2 waxy and nonwaxy rices and fractionated
by extraction of lipids with refluxing 95% ethanol.
Thelipid fractions increased IR29 starch gel viscos-
ity. For the nonlipid fraction, the waxy extracts
softened the IR29 starch gel but the nonwaxy
extracts hardened it. Since total lipids extracted
with water-saturated butanol from IR36 milled
rice had a softening effect on IR29 starch gel, the
water-extracted lipids probably differ in composi-
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tion from the total lipids of milled rice.
Starch-fiee preparations were used for confir-
matory tests. Preliminary studies showed that
undefatted cold-water-soluble, starch-free extracts
from 8 milled rices either hardened or had no effect
on the consistency of gelat 1-3 mg levels. UPL-Ri-~
1 cold-water-soluble preparation (40%lipid) had a
similar hardening effect on IR29 starch gel with
(0.6 mg) or without (1 mg) defatting with 95%
ethanol. Hot-water-soluble nonstarch polysaccha-
rides from UPL-Ri-1 and Malagkit Sungsong
waxy milled rices tended to soften IR29 starch
consistency, whereas the hot-water-soluble frac-
tion from IR36 and IR32 had a slightly hardening
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effect. .

In contrast, both cold- and hot-water-soluble
fractions from IR32 bran hardened IR29 starch
gel.

With water-insoluble nonstarch preparations,
no general trend was noted for the eight rices. They
either had no effect on, hardened, or softened IR29
starch gel at 1-3 mg, and only a small fraction
probably dissolved and complexed with the starch.
An insoluble cell-wall fraction was noted for all
samples. In contrast, water-insoluble IR32 bran
cell wall had a softening effect even at (.2 mg/ 100
mg IR29 starch gel.
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EVALUATING BREEDING MATERIALS FOR
DISEASE RESISTANCE

Plant Pathology Department

Muitiple disease resistance. Screening of the GEU
varieties and elite lines for resistance to fungal,
bacterial, and viral diseases of rice continued in

1980. The reactions of the entries'to the different
diseases studied varied from susceptible to resistant
(Table 1). Some varieties were resistant to one
disease, the majority to 24 diseases, and a few to
5-8 diseases.

Blast resistance. A total of 87,676 rices from
different sources were screened for blast resistance

Table 1. Disease of Genetic and Utili; elite lines and varieties. IRRI, 1980,
Reaction? to given disease®
Entry

Bl LS¢ SR shB CLS ShR BS BK BB RTV GSV RSV
IR8 S S R M-MS M MS R S MS-s S R S
IR36 s S S M-MS M M MR R-S M-S S I-R S
IR42 M-S M S M MR-S  M-MR R S M-S S I-R S
IR43 S M — M — — M-S — M-S S R S
IR44 M-S S s M M-MS  M-MR MR MS-S M-R S R -8
IR45 M-S — — — MS — — MS S R s
iR46 S M —_ M R MR — R M-S S R S
iR48 S M R M MR-R MR-R MR R-S MS-MR IS R I-8
IR50 S S S M-MS MR-MS M-MR S MR-MS M-S 1 R I-s
IR52 S 3 S M MSs M s S MS-S I R IS
IR54 S s S M R M S MR M-R 1 R S
IR2071-685-3-54 S s — M MS MR - R M-S S R s
IR2987-13-1 S M s M M MS R S M-S S R s
IR3518-96-2-2-2 s S s M R M V8 s MS-8 S R s
IR3646-8-1-2 s R S M R M MR S MS-§ s R S
1R3839-1 M-S s $ MS mMs M R S M-S I-S R S
IR3858-6 S M s M M MS MS S M-S -8 R S
IR3880-10 S S S M M MS MR MS-S M-S IS R S
IR3880-13-7 S s S MSs MR M Vs s M-R-S $ R )
IR3880-29 S S S M R M S s M-S S R s
1R4432-28-5 s S R M R MR Vs S M-S S R s
IR4568-86-1-3-2 s S s M-MR R M vs S MR-R s R 1
IR5179-2 S s — M M MS R S MS-MR s R s
IR5260-1 s s S M MSs MS MR MR-S M-R S R s
IR5440-1-1-3 M-R s S M-Ms MS-R M R MS-S M-S I1-S R E
IR5716-18-1 S M ) M-MS MS-R Ms R s MS-§ i-s R s
IR5853-118-5 M-S R —  M-MS Vs M —_ s M-S S R i
IR5853-162-1-2-3 M-S R — M MS M — R M-R i R s
IR5853-213-6-1 R — M-MR M R — S M-S R R s
IR5929-12-3 M-R S S M-MS MS-R M MS s M-S I-s R S
IR5931-110-1 M-R M S Ms MR M MR S M-8 s R s
IR5982-7-6-1 S S 3 M-MS MS M R S MS-R s R S
IR59983-13-1-2 s S — M MS — — S S S R S
1R16023-10-1-1 M-R M S M M M Vs R-S M-S S R s
IR6115-1-1-1 M-S - —  M-MS MS M — MR M-S S R s
iR7790-18-1-2 M M 8 M-MS  M-MR Ms Vs S M-s s R S
IR8073-65-6-1 S M s M-MS MR M R MS-S M-S S R S
IR8192-31-2-1-2 S - — M MR M — MR M-S I R s
IR8192-166-2-2-3 S —_ — M R M — S M-S ] R S
IR8192-200-3-3-1 s R 5 M-MS MS M-R Vs MS-S M-S I R I-S
IR8608-189-2-2-1 s R s M-MS M M s s M-S | R s
1R8608-298-3-1-1 S M ] M-MS MR-R M-R MR S M-S I R !
IR9128-209-2-2-2 S s s M MR M- — S M-S s R S
1R9129-209-2-2-2 s M S M-MS R R s S M-R s R I
IR9209-181-3-5 S R S M R MR Vs S M-R 1 | S
IR9217-58-2-2 S M M M-MS MR-R M-MR VS 5 M-S S R -8
|IR9224-140-3-2-2 S — — M MS M — R M-S I R |
IR9264-321-3 s S M M R MR Vs s M-S-R | R S
IR8411-5-33 s M 8 M MS-MR M-MS VS MS M-S-R ] R I8
IR9669 selection S M s M R M R s M- K] R S
IR9708-51-1-2 S M s M M R R S M-S-R R R S
|R9728-67-3 S S s M MR MR Vs MR M-S-R I R S
IRS752-71-3-2 M-S S S M-MR MR M MR MS M-S I R S
IR9761-19-1 S M S M MS M MR MR M-S I R |
IR9763-11-2-2 s M S MSs R M S Ms M-R I R |
IR9763-11-2-2-3 S - - M R MR — R M-S-R i R 1
CONTINUED ON OPPOSITE PAGE
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. Table 1 continued

Reaction® to given disease®

Entry
Bl LSe SR ShB CLs ShR BS BK BB RTV GSV RSV
1R9764-45-2-2 S M ) M R M-MR s R-S M-SR s R I
1R9808-8-2 S M —_ M MS M — R-S M-S I R |
1R9809-8-2 $ — S M R MR MR s M-S I R |
tR9828-91-2-3 S M s M M MR VS S M-S-R S R S
IR8846-215-3 s R s M MS M s MR-S M-S S R I-s
IR9852-22-3 s M s M M-MS M MR MR-R M-S s R I
IRS861-25-1-1 S - — M MR M — Ms M-S )i R I
1R11248-83-3-2-1 S — — M R M — S MR-S-R s R I
IR13146-41-3 S M R M-MS vs R MR MS-S M-S s R I
IR13149-3-2-2 S R R M M-vs MRR MR MS-s M-S ] R S
- 1R13149-19-1 S R S M-MS  M-VS MR MR R-S M-S R R S
IR13149-43-2 s R S M R MR-R S S M-S:R R R s
2 IR13149-71-32 S S s M M-MS MR MR ) M-8 R R S
N IR13240-10-1-3-2 M-S-R — — M M M — R M-S S R S
IR13240-83-1 S -— -~ M M MR - R M-s S R S
IR13299-96-2-2 S —_ — M vs —_ — MS M-S S R S
o IR13358-85-1-3 S s S M MS M Vs s M-S S R I
1R13365-253-2-2 £ S S M M M R S M-S S R 1
IR13419-113-1 S M S M-MR  M-MS MR R R M-S-R s R 1
IR13423-10-2-3 S M S M-MS MS R MS S MS-R S R I
1R13423-17-1-2-1 s M S M-MS MS-R MR R MR-MS M- I-s R I-s
. IR13426-19-2 S S ) M M-MR MR Vs MS-R M-S-R S R I-S
IR13427-40-2-3-3 R M s M M-MR MR R R M-SR I-R R I-R
IR13429-109-2-2-1 R S s M MS-R MR MR MR M-S I R I-R
IR13428-196-1-2-1 M-5 —_ - M M-S —_ — S M-S i R S
I1R13429-196-1-20 S S ] M MS-R MR MR R M-S-R 1 R |
IR13429-299-2-1-3 S S S M R R S M-S R R R
- IR13525-43-2-3-1 S s S m MS-R MR MR MS-R M-S IS SR I-R
IR13540-66-3-2-1 S s S R M R s M-R I R R
- IR14632-2-3 S -_ — M R — — R M-S s R 1
‘ IR14632-22-3 S R S M-MS R MR VS MR-S M-S-R S R i1
IR14753-120-3 s R S M-MS  MR-R R MR MR-S MS-MR S R S
IR15314-30-3-1-3 M-5 R s M MS-M M MR MS M-S-R ) R s
IR15314-43-2-33 M s S M-MS R MR MR MS M-S-R I R R
f IR16318-2-2-2-2 M-s — - M R —_ —_ MS — 1 R I
. IR16318-2-2-2-2 3 M s M MR MR S MR M-S s R R
IR15496-219-2-3-2 s S ) M R Vs R M-R I R !
IR15529-256-1 M-5 M ] M-Ms M-R M Vs R-8 M-S -8 1 |
IR15538-338-1-2-3 $ M s M MR MR L] S M-S S R S
IR15675-98-1-2-5 R s s M Ms MR Vs S M-s S R |
IR17491-64-33 s — — M R —_— —_ ) M-S-R I R s
IR17494-32-1-1-3 S R S M-MS MR MR MR s M-R I R i
IR17494-32-3-1-1 S —_ — M M —_ —_ MR M-R I R 1
1R19657-90-3-3-2 s S M M-MS R R $ S MS-MR | R 1
IR19660-131-3-3-3 S R S M MR R R R M-S-R I R I
N IR19661-131-1-2 M-S R R M-MS  M-MR R R R-S MS-MR IR R R
IR19661-364-1-2-3 S R R M MR MR VS 8 M-S-R 1 R R
|IR19672-140-2-3 s R S M R R Vs R M-S ] R 1
|IR19728-9:3-2-3 $ R S M-MS MR M R S M-R i R |
1R18729-5-111 R — s MS Ms — -_— 8 M-SR | R s
1R19729-5-1-1-3 R R - M MS MR Vs Ms M-S-R | R I
IR19735-5-2-3-2 R M S M VS M Vs R M-S-R S R ]
IR19743-25-22 S — — M MS — — Ms M-S 1 R S
IR19743-25-2-2-3 S R S M MR M R R M-S | R |
IR19743-40-3-3-2 8 — s M-MS MR M s MS M-S 1 R |
IR19743-46-2-3-3 S - — Ms VS —_ MR M-S -8 R -8
IR1974346-2-3-3 S —_ — M MS Vs Vs s M-S ! R 1
! IR19746-28-2-2 S-R - MS Vs —_ s M-S 1 R 1
‘ IR19746-28-2-2-3 s — — M M MR R MR M-S S R i
H IR18769-29-2-13 R — - M R MR MS S M-S-R S R | .
; IR19762-2-3-3 R — i M Ms R S R M-S-R S R |
BR51-282-8 S -_ - M R M MR S MS-MR s R s
ET1444 s —_— — M MR MS R s M-S S R s
N M= d: it to mod Ty | = inter V8§ = very susceptible, and R = resistant.

Reactions separated by a dash indicate a'range of reactions intwo or more;ests. B} = blast,LSc = leafscald, SR = stem rot, ShB =
sheath blight, CLS = Cercospora leaf spot, ShR = sheath rot, BS = brown spot, BK = bakanae, BB = bacterial blight, RTV = rice
tungro virus, GSV = grassy stunt virus, and RSV = ragged stunt virus.
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Table 2, ¥ of ing for blast

IRRI, 1980.

Source of entries

Number with given blast reaction

Elite breeding lines®

Germplasm bank?

Pedigree nursery ines

Hybridization biock®

Observational yield trial”

Replicated yield trial®

Nigerian lines

Korean lines

Dryland breeding lines

International nurseries
International Rice Blast Nursery®
International Rice And Regions Observational Nursery®
International Rice Observational Nursery
International Rainfed Lowland Rice Observational Nursery
International Upland Rice Observational Nursery
I ional Rice Cold T Nursery

Total
Percent

16 26 191
94 558 1,289
9,724 10,056 51,236
13: 54 581
212 1,036 2,094
69 205 835

15 4 0
192 309 5,514

3 23 603

149 67 276
22 73 294

16 22 292

8 13 204

3 9 79

23 13 183
11,531 12,468 63,677
132 142 726

“Tested 2-3 times.

in IRRI blast nurseries. The entries’ reactions var~
ied from resistant to susceptible (Table 2). Some of
the varieties and lines with a consistently high level
of resistance were Carreon, Tetep, Dissi Hatif,
5709, 5712, 5717, 5720, 5721, OS6, IR1416-128-5-
8, IR1905-PP11-29-4-61, IR1905-81-3-1, IR4547-
6-2-5, IR4547-6-2-61, IR4547-14-3-1, IR5533-15-
1-1, and IR9559-PP870-1.

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

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

Highly susceptible varieties were IR19053-198-1-2-
1-2, IR19735-41-3-21, JR21048-53-2, IR21178-26-
1, GH33, and IR19728-2-2-2-2-2.

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

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

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

Number with given disease reaction®

Source
HR R MR Ms s HS
Replicated yield trial 40 3 57 48 163 10
Elite varieties and breeding lines 15 4 16 11 35 3
JHybridization block 196 18 4 61 52 4
Observational yield trial 0 0 0 4 30 6
Total 251 25 114 122 280 23
Percent 31 341 411 6.0 3441 28

2HR = highly resistant {lesion 0-1 0 em), R = resistant {lesion 1.01-2.0 cm), MR = moderately resistant (lesion 2.01-3.0 cm), MS =
mo)derately susceptible (lesion3,01-4.0cm), S = susceptible (lesion 4.01-6.0 cm), HS = highly susceptible {iesion greater than 6 0
cm).

34 IRRIANNUAL REPORT FOR 1980



Table4. Disease of IRRI breeding lines and

{CLS), sheath rot (ShR), and brown spot {BS). IRRI, 1980,

for to sheath blight {ShB), Cercospora leaf spot

Disease reaction®

Entry

ShB CLS ShR BS
1R8 MMMMMS M MS R
IR36 MMM MS MS MM MM MR
IR42 MMMMM MS MR M MR R
IR43 M
IR44 MMMM MS M M MR MR
1R45 MS
IRd6 MM R MR
IR48 MM R MR R MR MR
{R50 M MS MS MR M MR S
{R52 M Ms M S
IR54 M R M S
IR2071-685-3-5-4-3 MMMM MS MR
1R2987-13-1 M M mMS R
{R3518-96-2-2-2 M R M VS
IR3646-8-1-2 MMM R M MR
IR3839-1 MS MS MS M R
IR3858-6 M M MS MS
IR3880-10 M M MS MR
IR3880-13-7 Ms MR M Vs
IR3880-29 M R ™M E
IR4432-28-5 MMM R MR Vs
|R4568-86-1-3-2 MMMRMM R M vs
IR5179-2 M MS MS R
IR5260-1 MM MS MS Ms MR
IR5440-1-1-3 MMSMM MS R MM R
IR5716-18-1 M MS MS MR MS R
IR5853-118-5 MMMSMM VS M
IR5853-162-1-2-3 MMM Ms M
IR5853-213-6-1 MMRMM M R
IR5929-12-3 MMS MSR M MS
IR5331-110-1 Ms MR M MR
IR5982-7-6-1 M MS MS M R
IR5983-13-1-2 MM MS
IR6023-10-1-1 MMMM MM MM Vs
IR6115-1-1-1 MSMM MS M
IR7790-18-1-2 M MS MR M MS Vs
1R8073-65-6-1 MMSMMM MR MR MSM R
IR8192-31-2-1-2 MM MR M
IR8192-166-2-2-3 MM R M
1R8192-200-3-3-1~1 MMSMM MS MS MR Vs
|IR8608-189-2-2-1-3 MSMMM MM M S
IR8608-298-3-1-1-2 MM MS M MR R MR MR
IR9128-209-2-2-2 MMM MR M
IR9128-209-2-2-2-3 MEMM R R S
IR8209-181-3-5 MM R MR Vs
IR9217-58-2-2 MMMMS MRR M MR Vs
1R9224-140-3-2-2-3 M MSs M
IR9264-321-3 MM R MR Vs
IR9411-5-93 MM MS MR MSM vs
IR9669 Selection M R M R
IR9708-51-1-2 MM M R R
IR9729-67-3 MM MR MR Vs
IR9752-71-3-2 MMRM MR M MR
IR9761-19-1 MM MS M MR
IR9763-11-22 MS RR M s
IR9763-11-2-2-3 M R MR
IR9764-45-2-2 MMMM R MR M S
1R9808-9-2 MMM Ms M
IR9808-9-2 M R MR MR
1R9828-91-2-3 MMM M MR vs
CONTINUED ON NEXT PAGE
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Table 4 continued

Disease reaction®

36 IRRI ANNUAL REPORT FOR 1980

Entry
She CcLs ShR BS
1R9846-215-3 MMMM MS MS MM s
IR9852-22-3 MMMM MS M MM MR
IR8861-25-1-1 MMM MR M
IR11248-83-3-2-1-3 M R M
1R13146-41-3 MMMMMS VS Vs RR MR
JR13149-3-2-2 MMMMM VS M R MR MR
IR13148-18-1 MMSMM VEM MR MR MR
iR13149-43-2 MMMMM RR R MR S
IR13149-71-3-2 MMM MS M MR MR MR
IR13240-10-3-2 M M M
IR13240-83-1 MM M MR
IR13299-96-2-2 M Vs
IR13358-85-1-3 MMMMM Ms M V'
IR13365-253-2-2 MMM M M R
IR13419-113-1 MMM MR MS M MR R
iR13423-10-2-3 MS M Ms R MS
IR13423-17-1-2-1 MMSM MSR MR R
+ IR13426-19-2 MMMMM MR M MR Vs
IR13427-40-2-3-3 MM MSR MR R
IR13429-109-2-2-1 MM MSR MR MR
iR13429-196-1-20 M MS R MR MR
IR13429-196-1-2-1 M Ms
IR13429-299-2-1-3 M R R S
IR13525-43-2-3-1 MM MSR MR MR
IR13540-56-3-2-1 MM R M R
IR14632-2-3 MM R
1R14632-22-3 MMsSM RR MR Vs
1R14763-120-3 MMSMM MR R RR MR
IR16314-30-3-1-3 MMM MS M M MR
IR15314-43-2-3-3 MSMM R MR MR
IR15318-2-2-2-2 MMM R
IR15318-2-2-2-2-2 M MR MR S
IR15496-219-2-3-2 MMM R R VS
IR15529-256-1 MMSMM MR M VS
IR15538-338-1-2-3 MMM MR MR Vs
IR15675-98-1-2-5 M Ms MR vs
IR17491-54-33 MM R
IR17494-32-1-1-3-2 MMSMM MR MR MR
IR17484-32. MM M
IR19657-90-3-3-2 MSMM R R s
IR19660-131-3-3-3 MM MR R R
IR19661-131-1-2 M MS M MR R R
IR19661-363-1-2-3 MMM MR MR VS
IR19672-140-2-3 MM R R Vs
IR19728-9-3-2-3 MMS MR M R
IR19729-5-1-1 MsS Ms MS
IR19729-5-1-1-3 MM M MR VS
IR19735-5-2-3-2 MM Vs M Vs
IR19743-25-2-2 MM MS
IR19743-25-2-2-3 MM MR M R
IR18743-40-3-3-2 M MS MR M s
IR19743-46-2-3 Ms Vs
IR19743-46-2-3-3 MM mMS Vs Vs
IR18746-28-2-2 MS Vs
IR19746-28-2-2-3 MM M MR R
IR19759-29-2-1-3 MM R MR MS
IR19762-2-3-3 MMM Ms R S
BR51-282-8 M R M MR
IET1444 MM MR Ms R
<R = resistant, MR = ly resi M= MS = B bl VS = very ib
More than one rating per disease indicates variation in reaction.

b
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Table 5. Summary of sheath blight screening. IRRI, 1980.

Entries {no.} with given disease reaction®

Source Entries
(no.) MR M MS s Vs
Elite breeding lines 158 0 1] 130 28 0 0
Wetland:

Replicated yield trial 1150 0 33 963 152 0

Observational yield trial 923 ) 22 813 75 9 4
Dryland: )

Replicated yield trial 140 0 20 17 3 [ 1]
Hybridization block 696 0 12 650 32 2 0
Rice/sorghum crosses 4 0 0 4 0 0 0
Germplasm bank 1368 Q 10 131 43 4 0

Confirmation test
Elite breeding lines 0 5 2 0 0
Wetland:

Replicated yield trial 39 0 o 35 0

Qbservational yield trial 35 0 0 30 5 s} 0
Dryland:

Replicated yield trial 3 0 0 3 0 [1] 0

Observational yield trial 195 0 1] 195 [/} o [1]
Germplasm bank 49 0 4 45 0 0 0
Crowley Disease nursery 3 0 1 2 0 0 0
Hybridization blogk 1 0 1 10 0 0 [}

Total 4781 0 103 4313 344 17 4
Percent 0 2.1 90.2 7.2 04 0.1
R = resi MR = mod ly resi M = mod MS = | le, S = VS =very

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

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

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

0m+2m-...+9m)
N
where » = number of tillers in indicated class, and
N = total number of tillers sampled.
To evaluate more entries, 122 accessions from
the germplasm bank were scored in the field using

DI =

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

The resistant entries were IR8, IR48, IR4432-28-
5, IR13146-41-3, IR19661-131-1-2, and IR19661-
364-1-2-3 — all from elite varieties and breeding
lines. Some of those found susceptible were IR50,
IR5929-12-3, IR9808-9-2, IR9828-91-2-3, ARC
14719, and ARC13811.

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

The field reactions — based on the Standard
Evaluation System for Rice (SES) — of 30,627
entries to tungro disease in pedigree nurseries were
recorded. The incidence of the disease was en-
hanced by transplanting 599,000 TN1 seedlings
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inoculated with eggs laid by viruliferous insects
produced by the propagation method described in”
1979 (Annual report for 1979).

Tungro disease in the nurseries was confirmed
by sampling infected plants that served as virus
sources for 1,905 virus-free green leafhoppers. The
infectivity of the insects was tested by daily serial
transmission on TN1 seedlings.

SOURCES OF RESISTANCE
Plant Pathology and Plant Breeding Departments

Ydentification and evaluation (Plant Pathology). A
total of 2,102 entries from the germplasm collec-
Table 6. Field of rlce 1 with2

strains of Xanthomonas oryzae by the ¢lipping method. Philip-
pines, 1980 wet seasan,

Entry? {no.}
Disease
reaction® PXO0 61 PX0O 83
MT FL MT FL
1 373 485 315 532
3 433 354 227 266
5 166 134 162 Ell
7 79 38 324 149
8 0 0 23 13

aScored by 1980 Standard Evaluation System for Rice. *The test
for PXO 61 was done at IRRI; that for PX0 83 at Maligaya Rice
Research and Tralnln? Center, Nuava Ecija, Philippines, inocu-
lds{?n at maximum tillering stage (MT}) and at flowering stage

Table-8. Entries from the Rice O )|
Nursery and Interatlonal Rainfed Lowland Rice Observational
Nursery ing kresek when in
the fleld after in a bacteri

of about 10° cells/ml for 30 minutes. IRR], 1980 wet season.

Kresek® (%)

Entries (no.)

<10 23
11-25 53
26-50 7
51-76 4
76-100 50

Total 238

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

tion previously identified with various degrees of
resistance to bacterial blight werg further evaluated
at IRRI with strain PXO 61 and at the Maligaya
Rice Research and Training Center with strain
PXO 83 (Table6). Different disease reactions in
the same accession were often observed. Confirma-
tion tests based on single-plant hills suggested that
there was segregation of those entries. Selection
was made and the reactionto PXO 61 at IRRT and
PXO 83 at Maligaya Rice Research Training Cen-
ter was further confirmed (Table 7).

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

Table 7. Result of further evaluation and selection of rices from the IRRI i ing diverse ial blight
reactions® in the Philippines, 1980,
Reaction at
iRRI Country of Reaction —_—_—
Varniety acc. no. origin at IRR! IRR! MRRTC
(PX0 61) (PXO 83)

Lua Ro 24147-2 Vietnam 1 3 7

-b 7 5 7
Chianung Sen Yu 6 26856-a China 1 1 7

- 7 7 7
Aus 76 28938-a Bangladesh 1 1 1

R 7 5 5
Boway AG 1-54 30664-a Incha 1 1 5

-b 7 7 5
Kada Chopa 34954-a India 1 1 1

-b 7 7 7
Khamar 349%4-2 India 1 1 3

-b 7 7 3
Shete Bhado 35152-a India 1 3 3

-b 7 7 3
Thalanayar 1 35200-a India 1 1 7

- 7 5 5
BW 2494 36753-a India 1 3 7

-b 7 5 7

eScored by 1980 Standard Evaluation System for Rice.
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Table 9. Entrles from the fonal Rice Ob Nursery fess than 10% kresek development when trans-
planted in the field after seedling ina fal fon of about 10° cells/ml for 30 minutes. IRRI, 1980 wet
season.
Entry Designation Origin Leaf blight
no, {cross) PXO0 61 {%)
8 BR40-39-1-3 {IR140-165-3-3/IR8) Bangladesh 5
10 BR109-74-2-2-2 ({IR20/IR44) Bangladesh 1
16 BW 242-5-5-2 (BW 173/IR747-B2-6-3) Sri Lanka 7
38 IR8608-188-2-2-1-3 {IR2061-465-1-5-5/IR2071-625-1) IRRI 1
124 1R19743-46-2-2-3 (IR9129-192-2-3/IR10176-79) IRRI 1
129 IR19774-42-1 {IR9698-26-3/IR10176-79) IRRI 1
231 B2850B-51-2-2 (B541B-KN-91-3-1/IR2071-154-1-2) Indonesia 1
262 1R9224-223-2-2-2-1 {IR2153-14-1-6-2//IR28//IR2070-625-1) IRRI 1
264 IR9736-16-1-2 {CO 37/IR1058-78-1-3//IR2058-78-1-3} IRR} 1
267 IR11248-83-3-2-1-3 {IR2071-586-5-6-3/IR2415-49-6-12) IRRI 1
292 Kau 1734-2 {I[ET7104) (Triveni/IR1539) india 1
303 OR 59-6 (T 90/IR8//Hema) India 1
305 OR 131-3-1 (IET6661) (590/IR8//CR57-49) India 3
308 Rajendra Dhan 201 India 5
31 RNR 29692 India 6
324 R8-1-6-1-3-1-1 {IR22/Sigadis) India 3

Table 10. Entries from International Reinfed Lowland Rice Observatlonal Nursery showing less than 10% kresek development
in

when transplanted in the fleld after seedling

of about 10° cells/ml for 30 minutes, IRRI,

1980 wet season.

Entry Designation Leaf blight
no. {cross) Origin PX0 61 (%}
26 IR13168 143-1 {Cauvery/IR36//IR2071-625-1-252} IRRI 1
56 117-2 Philippines 1
53 C1SB {Intan/BPI-76-1) Philippines 5
67 CR 1023 (Pankaj/Jaganath) India 5

134 IR13146-179 (BGS0-2/IR34//IR2058-78-1-3-2-3} IRRI 1

178 Kau 1925 {Jyothy/IR2153) India 3

183 Kau 2011 (Jaya/IR2058//Mahsuri) India 1

190 Kau 2039 (Jaya/IR2071//Mahsuri) India 5

showed less than 109 kresek in the field (Tables 8,
9, and 10); however, their leaf blight reaction to
strain PXO 61 was varied.

Utilization of resistance sources (Plant Pathol-
ogy and Plant Breeding). Seven genes for resist-
ance to bacterial blight from 60 different varieties
are used in the breeding program. In addition, 84
varieties with different resistance to the disease
serve as sources of resistance (Table 11). Thirty-six
of the resistance donors carried Xa 4, which is in
about 55% of 33,898 crosses (Table 12), Two allelic
genes are at the Xa 4 locus: Xa 4 and Xa 4°. The
resistance expression conditioned by Xa 4 is func-
tional to bacterial strain PXO 61 or to strains in
pathotype I in the Philippines at both vegetative
and reproductive stages, while resistance by Xa 4°
is functional to that strain only at the reproductive
stage. The second largest group (about 9%) of 19
resistance donors involved in the crossing program

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

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

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

Gene and variety Acc.no  Ongin Gene and variety Acc. no.  Origin
Xa 3 Rante 18609  Indonesia
Wase Aikoku 525 Japan Rathu Heenati 15608 Sri Lanka
Xa 4o Sengedsi 182;3 :ngonssia
" emadja ndonesia
@ o irdia Sintawati 18863 Indonesia
Nam Sagui 19 11462  Thailand X35
Pehta 111 14560 Indonesta ARC 5756 20200 India
Pelita 1/2 14561 Indonesia Aus 32 28895  Bangladesh
Sigadis 6525 Indonesia Aus 251 29043 B gl h
Taothabi 13746 India s anglades|
TKMS 237 India Aus 44}9 29208 Bangladesh
Gui Do 19745 Korea Bagerl 18193 Rangladesh
epal
Pakheng 30154 Laos Chinsurah Boro f 11484 India
Xa 4® DD 48 8620 Bangladesh
Bajang 17183 Indonesia Dhanal 3396 Surinam
Beak Ganggap 17253 Indonesia 8593  Pakistan
Bulu Putth 17350  Indonesia Dular 636  India
Bulu Sampang 17352 Indonesia DV2g 8816 Bangladesh
Camor 17366 Indonesia DVi139 8870 Bangladesh
Gropak Gede 17687  Indonesia DZ192 8518  Bangladesh
Kentajana 9224 Indonesia Hashikalmi 3397 Surinam
Ketan Bajong 17830 Indonesia Kaliboro 600 29367 Bangladesh
Ketan Bas 17834  ([ndonesia Kele 25881 Bangladesh
ﬁatan gondal 17857 Indonesia xa 8 Xa 7
etan Gondopuro 17859 Indonesta “
Ketan Pandan 17932 Indonesia g@g ggig gzzg:zg:z:
Ketan Temon 17967  Indonesia 9
Lenggang Genuk Bulu 18119 Indonesia Xa 6
Padi Tomat 18408  Indonesia Zenith 131 UsA
Palotan Melati 18426 Indonesia M. Sungsong 38794 Philippines
;a]re Djerah 18458  Indonesta X8 8
ulo Banrakaja 20073 Indonesia
Pulut Bandsa Kaya 27381 Indonesia Pl23112¢ s UsA
Pulut Bongo 27397 Indonesia xa 9
24621 Indonésia Sateng 30193 Laos

Pulut Kemandi

ance, but remained stable on rice with specific
resistance.

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

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

Donor

Gene for varieties Crosses Frequency”
resistance (no.} {no.) %)
Xa 3 1 49 0.14
Xa 4 36 18,676 54.80
xa b 19 3,099 9.16
Xa 6 1 883 2,60
Xa.7 1 95 0.28
xa 8 1 3 0.09
xa 9 1 1 0.3
Unknown 84 1,688 4.97

Total 114 24,394 72.07

*Based on a total of 33,898 crosses
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good differential variety. It separates the group II
bacterial strains into pathotypes II and IIL It is
resistant to pathotype II but susceptible to I, III,
and IV. Further investigation of the response of
Cas 209 to the representative strains in the four
pathotypes was made during 1980. Infectivity of
strain PXO 86 (of pathotype II) to Cas 209 was
remarkably different from that of PXO 61 (),

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

IRRI cross no. Cross Genes involved
IR44758 TKM 6/BJ1 Xa 4/xa 5

1R49858 IR22//M S./BJ1  Xa 4//Xa 6/xa §
IR9623 DZ192/TKM & xa 5/Xa 4

I1R10950 IR30/Zenith Xa 4/Xa 6

1R14093 DV85/IR28 xa8 Xa7/Xad
IR28875 DVBS/IR36//IR36 xa 5, Xa 7/Xa 4//Xa 4

RECNPAENEY
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Tablo14. Different known genes for ial bli i PXO 79(11I),and PXO 71 (IV) at erther seedling or
usedin inRRY's 9 1980. maximum tillering stage (Fig. 1).
Crosses Comparison of the strain’s EDso (the effective
Combination B EFCR s
of genes Number _ Frequency” (%) dose to cause Sq% Posmve mfecpon) at‘2 g.rowth
stages — early tillering and maximum tillering —
oo g 2 oo indicated that PXO 86, which was avirulent to Cas
Xad, x5 698 2,873 209, caused no visible infection at those stages 7
§: f,: )é':fmg 22; ;:10;3 c!ays after inoculation. At. 14 days after inoculz%—
Xa 5 Xa6 20 0.082 tion, the cell number required to cause 50% posi-
xa 5, Xa 7 2 0.008 e i ion di
Xa 4 xa & Cas 208 ] 0.004 nve.mfectlorsx differed from tha.t of the three gother
Xad xa 5 Xa7 35 0144 strains by 10°-fold at early seedling stage to 10°-fold
R o 2 b at maximun tillering (Table 16). The discase score
Total 1078 4435 initiated on Cas 209 by PXO 86 at 1.5 X 10° cells

was 1.3. PXO 61 at 1.92 X 10° cells gave a disease
score of 8.7, PXO 71 at 1.82 X 10° cells gave 8.6,

20f 24,307 crosses having genes for bactenal bight resistance.

Table 15. Respanse of rices with specific and adult plant resi to tal blight to i tum sources of h
oryzae strain PXO 61 generated within the plant population and from a foreign source. IRRI, 1980 wet season.

Disease sevenity® (11-89)

Variety Type of Inoculum within Foreign inoculum
resistance
ET MT FL ET MT FL

IR20 Specific® 22+ 22 26+ 16 M= 0 2916 39=* 3 36x5
IR50 Specific 22 13 2% 3 6= 3 36 =18 25 3 17+3
IRg44 Adult plant 55+ 0 39x 8 28+ § 56+ 2 8=+ 5 72 x4
IR1695 Adult plant 28 =21 41 =10 24+ 3 58 = 10 64 =12 67+9
Cempo Selak Unknown 3%x 6 448+ 4 32x14 68 = 20 61+ 3 721
“When i source d within plots, 4 hills of the variety were inoculated at tillering stage, disease atearly tillering
(ET) was scored 14 days after, then at maximum tillering (MT) and flowering (FL) stages. Border rows of IR8 were inoculated to
provide inoculum from foreign source. I i! to PXO 6 ible to PXO 61 at ive stage.

infection (probif)

10

PXO 6/ FXO 86 X079 o7
s -
%r=0430 + 07826 X @ wseiTess+oses2 X 8 15711209 + 06953 X 8

sl % =17685 + 03637 X

4l

J5s = 26679+03689.X A =125+ 06388 X
2| mmumma Seeding siage
— Maximum tillenng
stage
Y S E TR I N | YT I N T NN TR N ) IPPY HS Y I A L 111
o' 4 3 8 0 4 6 8 o 4 6 8 0 4 6 8
Dose (log Xcells/ml)

1. Response of Cas 209 to i ity of 4 strains of Xant# oryzae (PXO0 61, PXO 86, PXO 79, and PXO 71 for pathotypes I, I1,

111, and IV) at different dosages. The mfection was scored at 14 days after moculation. IRRI, 1980.
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Table 16. EDy, “of the different strains on variety Cas 209 at 2
growth stages, 14 days after inoculation. IRR!, 1980.

EDyg, {cells/ml)

Strain
dling stage tillering
stage
PX0 61 27 x 108 5.12 x 10°
PX0 71 2.9 x 108 1.6 X 10%
PXO 79 2.9 x 10° 6.08 x 10%
PXO 86 646 x 10° 6.74 X 10%

agffective dose to produce 50% infection.

Table 17. Rating of Cas 209, a differential rice variety, for the
virulence of Xanthomonas oryzae based on infection initiated
at different inoculum densitles. IRRI, 1980,

Rating® {1 to 9) at inoculum density?

Strain (celis/ml) of

x10' x10* x10° x10¢  x10°% x10°
PX0 61 0.1 1.9 27 8.3 82 87
PXO 71 0.1 1.2 3.3 8.7 85 8.6
PX0O 79 0.2 2.6 1.8 4.4 8.0 7.9
PXO 86 0 0 0 05 0.7 1.3

aMean of 3 replications. Scored by 1980 Standard Evaluation
System for Rice. By a factor of 1.92 for PXQ 61, 1.82 forPXO 71,
1.8 for PXO 79, and 1.51 for PXO 86.

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

Infectivity of pathotypes 1, 11, and IN (Plan:
Pathology). As previously reported (Annual reports
for 1978, 1979), resistance of the differential varie-

Posttive fection (%)

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

The EDsp based on cell numbers in the inoculum
suggests that the range of bacterial cell numbers
among the strains varied according to plant age
(Tables 18, 19, and 20). On IR8, the EDsp values of
pathotype I strains were different among strains at
maximum tillering but similar at the flowering
stage. In contrast the EDso values for pathotype I11
differed at the flowering stage but were simifar at
maximum tillering. Variation in EDso was noted
among pathotype II strains at both maximum til-
lering and flowering stages. The results further
confirmed the variation in virulence of strains in
each pathotype according to rice susceptible to
them. Strain virulence appeared to be independent
of plant age if a variety’s resistance was matched.

Sources of resistance to rice viruses (Plant
Pathology). Several sources of resistance to rice
virus diseases were identified. ARC11554 (IRRI
acc. no. 21473) consistently showed a low percent-
age of tungro infection in 46'tests involving inocu-
lations of 1,138 seedlings. In addition to Ptb 21,

100 Ry
Meximurn Wenng . Tillering
80— -
L]
°
60— f— v
v
L]
sl * A0 86 L, .
07 v
% v A079 Voo
o o0&
20, o %
v
(¥ o x ®
ool 1 1 ! Ve, ! 1 1
o 1 3 5 7 90 1 3 5 7 9

Bactenal blight score

2. Correlation of positive infection induced by strains PXO 61, PXO 86, PXO 79, and PXO 71 at
different dosages at 2 growth stages of Cas 209. IRRI, 1980.
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Table 18. of i fon of positive infection® and chall
oryzae on IR8 at 2 growth stages. IRRI, 1980.

doses of strains in

group | of X

EDys?
Strain Intersection (a) Slope {b)
Cells® {no./ml) 95% fiducial limit
Maxmmum tillering
PXO 52 —1.768093 1.180829 54 x10%a 4,0 X 10° — 7.2 X 10%
PXO 61 ~1.485948 1.123830 59 x10°a 2.6 xX10°-13 x 10°
PX0 80 ~—1.034755 1.143748 1.9%x10° b 4.5 X 10 - 7.5 X 10%
PX0Q 84 ~1.448995 1.176264 3.1 x 10°ab 1.0 X 10° — 94 X 10°
PXO 85 —0.863743 1.002507 71 %X 10%a 5.2 x 10° — 9.6 x 10°
Flowering stage

PXO 52 —~0.694486 1.030680 33x 10%a 53 x 10* =23 x 10°
PX0 61 —0.589263 1.011782 33x10°a 1.0 X 10° — 1.2 X 10°
PX0 80 0.490349 0.855707 1.9 % 10%a 3.6 %10t - 9.1 x 10°
PX0Q 84 ~0.195718 1.013959 13 x10°2 3.3 X 10! - 4.7 x 10°
PXO 85 ~0.853099 1.029445 48 %X 10%a 1.7 X 10% — 1.5 % 108

aScored at 14 days after inoculation, *Based on bacterlalcell numberinthe i { P of EDy,s atthe same
stage by Duncan’s multiple range test at 5% level.
Table 19. i of of pasitive and dosss of strains in group If of
oryzae on IR36 at 2 growth stages. IRRI, 1980.
EDy®

Strain Intersaction {a} Slops (b)

Calls® {no./ml} 95% fiduclal limit

Meximum tlller/ng
PX0 63 —1.283629 1.193854 (£ ] 14 X 10° — 24 x 10%
PXO 78 0.778038 0.864323 77 x 10‘ d 654 X 10* - 1.1 x 108
PX0 82 0.124390 0.913277 22 % 10° be 9.1 x 10* — 4.9 X 108
PX0O 83 —0.844036 1.026088 49x10°a 24 % 10° — 1.0 X 108
PXO 86 —0.290847 0.948272 3.8 x 10° ab 2.7 X 10°— 52 x 10°
Flowering stage
PXO 63 —1.216844 1.091421 4.9 X 10° ab 3.6 X 105 - 6.8 x 10°
PXO 78 —1.018771 1029397 7.0 X 10% ab 52 x 10° - 96 x 10°
PX0 82 ~1.534185 1.169987 38x10° b 1.3 % 105 — 1.1 x 108
PXO 83 —0.154857 0922782 3.9x10° b 70 % 104 — 18 x 108
PXO 86 0.216349 0.780476 13x10%a 25 % 10° - 67 X 108
°Scored at 14 days after inoculation. *Based on bacterial cell number inthe I of EDg,s at the same
stage by Duncan’s multiple range test at 5% | evel,
Table 20. of I ion of positive infection® and chall dosss of strains in virul group [k of h
oryzae on IR36 at 2 growth stages. IRRI, 1980.
EDy®

Strain Intersection (a} Slope (b)

Cells® {no./ml} 95% fiducial limit

Maximum tlllenng
PX0 22 =0.172836 0.852449 1.2 X 10%a 2.5 X 10— 47 x 108
PX0 79 1.113828 0.711859 29x%x10%a 6.5 % 10 — 1.0 x 10¢
PX0 81 —0.288778 0.975468 2.6 x 10°a 55 x 10* — 1.1 x 10°
PXO 87 0.923749 0.680078 81%X10%°a 1.6 X 10° = 3.3 x 108
“PXO 88 1.481207 0.648439 26X 10%a 1.4 X 10* - 14 x 10¢
Flowering stage

PX0 22 —0.841707 0.981978 8x10° b 78 x 10" — 6.2 x 10°
PX0 78 —1378009 1.063168 9 gx10% b 4.6 X 105 — 2.0 x 108
PX0 81 0.043882 0.867777 51x10° b —_ —
PX0 87 ~2.754767 1110812 95 x10%a 7.2 X 10 - 1.3 X 107
PXO 88 —1363441 1.092269 6.7 xX10° b 32 x10°—14 x 10°

%Scored at 14 days after inoculation *Based on bactenalcell numberinthe i l
stage by Duncan'’s multiple range test at 5% level.

of EDyys atthe same
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Table21. Rice vari with oy f d

and their reaction to brown planthopper (BPH) biotypesin

mass screening in the greanhouse IRRI, 19&)

Seedlings Reaction® to BPH
YP
Vartety IRRI Tests Inoculated Infected

ace. no. (no.) {no., (%) 1 2 3
Balaratawee 15524 14 287 20 R R S
Hathili 15195 18 349 16 R ‘R s
Hathili 15200 14 307 13 R R s
Hondarawala 502 12705 10 228 19 R R R
Molagu Samba 15222 10 184 15 R R s
Murungakagan 101 12072 10 248 19 R R s
Ptb 18 11052 14 352 22 R R s
Ptb 21 6113 76 1476 16 R R R
Sudurvi 3476 10 219 26 R S R

“Reactions are from the Master List of Germplasm Collection, IRRL.

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

Varietal resistance to ragged stunt may not
always be a result of resistance to the ragged stunt
vector, the brown planthopper. Andaragahewewa,
ARC5757, ARCS5785, Bakia, Co 10, Lekam
Samba, Malalwariyan, Sulai, Su Yai 20, and
WCI1259 showed more than 60% ragged stunt
infection after inoculation, but were listed as re-
sistant to at least two biotypes of the brown
planthopper.

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

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

INTERNATIONAL COLLABORATION
Plant Pathology Department

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

Table22. ion of and Phillppin of. h oryzae todifferential rice varleties of Japan and IRRI.®
Reaction®
Japanese pathotype® Philippine pathotype?
Differential Gene for
variety resistance T7174  T7147 17133 H75373 H75304 PXO 61 PX0 8 PXO079 PXO71
o {n i1} (v} v) U} mn {n) (v}
Japanese
Kinmaze None 7.0 7.0 6.8 7.0 6.6 6.7 64 6.7 6.9
Kogyoku Xa1 03 6.7 7.0 6.6 0.1 8.9 66 64 6.9
Tetep Xa1,Xa2 0.0 0.2 6.6 66 0.0 48 6.3 6.0 4.9
Wase Aikoku 3 Xa3 1.0 0.7 0.2 6.7 5.1 0.9 0.5 0.8 03
Java 14 Xa 1, Xa 3, Xa kg 0.0 2.0 1.3 8.1 0.1 07 04 2.0 1.2
IRRI
IR8 ? 63 1.2 19 6.5 141 6.6 64 8.2 59
IR20 Xa 4 0.0 23 3.9 45 0.0 1.8 63 7.0 3.0
IR1545-339 xab5 15 2.0 2.0 14 1.8 1.9 2.0 17 5.8
DVv8s xa5 Xa7 0.0 2.0 1.8 1.9 0.0 15 15 18 18
Cas 208 ? 6.5 6.8 7.0 7.0 3.1 60 0.0 638 6.8
Cempo Selak ? 17 12 0.1 6.0 6.1 1.6 1.2 26 31
e|noculation of flag leaf *Based on a scale of 0 to 7. The path group is indit d in after each isolate, “Data

recorded in Japan. “Data recorded in the Philippines,
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were separately inoculated onto 20 varieties and

DISEASE RESISTANCE STUDIES

elite breeding lines. Seeds were soaked in spore

Plant Pathology and Plant Breeding

Departments

suspension for 4 days. The germinating seeds were

planted in trays and placed on benches outside the

greenhouse. Disease reactions were recorded at

Determination of pathogenic races of Fusarium

weekly intervals beginning 1 week after planting.

moniliforme (Plant Pathology). To determine if

The percentage of infected seedlings of each cul-

races of Fusarium moniliforme exist, 56 isolates

Sheldon that causes bakanae disease. IRRI, 1980.

1t usarium

t056i

of rice diff i

Table 23.

Reaction®

L-E-E-Ly-€0L6HI
€-G12-9p86Hl
L-61-6pLELY!
€-2¢-2586H|
-E-E-ovissHl
Z-LE-80886H|
€-£-2-61-88/64I
1-€-2¥-¥8L6HI
C-Z-LLI-E9L6H!
€-Lp-1926YI
C-1-2-T-LSP-6T16Y!
£-2-2-991-2618Y!
2-1-81-06LLH|
T8-09LLH)
8eHl

St

bl

eydl

ggdl

cedl

Fusarium 1solate

-1, P-16, P-16(A),
M-9(A), M-14(8B,), SFV-7,

-1, I8, I-10(B)Bb-1,

000000 ROOOCOMO - rOOMNMNNMNMTNONOCONIINILLTOMOIDO
00000 ONOOrOO00OVOrOOONNMRRYIVV-CFOSONOVNOTOMNNNG
OO0 rONrOO00RMMMOONYTTNONNONOONNNNBOOW—ON®
OO0 O0O0OrOO0OrCOo0ONMANCrOYMrOMN-rNOrOOARYONNNYTOTT®
OO0 CCOOOOrOrOoMONNONNMOMNNYTNCOODONDNYTRYIIrONND D
00O OrMOO 000000 OrOMMErNONM =000 MNINMMNOE-NOB®
COrOCOMOONOOO - rODOOYMrANMITMMONCOAYTETNTIWr-rNr-OOO
0000 OMOO~O00ONTOrOMNYTMO— NN -—OOARVLABMNTITNDDD
ONOCOOCOrOCOCONOCNOOOONOrNrNrOOCONNNNTONRNO - —®
OO0 00RrO0ROMMONOTNNMNMON—COOOAIMMMNTIONOWDM®
0O COrODO00OCORO00O00OYYTONNMANYT - OROONNYTNMINO—ITDHA
00000000000 OOYTNNTrOTMITMINITOO~ONANWORNNINDD
00000 OMr N~ OO TMNrNODNORNNMMNTNOONONOINON-ODNS
COO0DOMNrrOOOoOMODOOOONAMMUNIANNT-—ONANMMNONSTTNO
000000 ONTrONMOOTrOMNOIMOITIINOOCONNOIOMO~N®O D
00000000000 -000000ONrrdONCO0CONIMrrNNO—rONN =
000000000000 rOr000YONO OO0 000Nr~Or000000Y
0000000000000 YEMNrrrdRNOrINNNNOCOONNOIMNO~OONGD
0000000000 RO0O00OO0ONANMANNTrrrr—OOWIIT-rOMN®D

OO0 0000000000000 00000O000O O rmrrrmrrr=NN®

3 g c = g 58 .
I 245 mwmw 2258 §%¢f%39y Toln zTIE meMs
hIad -9 P P - - -y -
PR TR PP LR TR A SR T T

2Scored by 1980 Standard Evaluation System for Rice.
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tivar was computed and used as criterion for eva-
luating varietal reactions to each of the 56 isolates.
Disease reaction was scored on a scale of 0 to 9.

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

From the 20 cultivars and lines tested, 8 differen-
tial varieties were selected. The various isolates
were classified into pathogenic races, with the reac-
tions of the different cultivars as criterion. Reac-
tions R and MR were considered as resistant and
all other reactions were considered susceptible.
The race number was standardized by predesignat-
ing the pathogenicity patterns of all the theoretical
race numbers, following the international Stand-
ard Evaluation System for Rice scale for Pyricula-
ria oryzae. On the basis of the reactions of 8 differ-
entials, the 56 isolates were classified into 9 race
groups (Table 24). The most virulent race FA-1 has
3 isolates and the least virulent race FI-1-includes
31 isolates. The races of F. moniliforme identified
in the Philippines can be compared with races
occurring in other countries by using the same set
of differential varieties. The isolates had a mean
virulence index (VI) of 6.9 based on the reaction of
20 varieties and lines. Most of the isolates were
nonpathogenic, with a VI of 1.

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

Japanese races (Table 25). Based on pathogenicity,
the prevailing races were R-102 (13 isolates), R-100
(12), R-002 (11), R-103 (9), and R-003 (6).

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

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

Nep+3Ny+5Ns

Total number of tests (V)

where R=0-2, M =34, and S = 59.
Low average disease reaction values indicate re-
sistance and high average disease reaction values

1980.

Table 24. Races of Fusarium moniliforme in the Philippines.

Race®

FA1 FA$5 FAS1 FB-1 FB-9 FB33 FBS7 FC-1 FC3 FC7 FC13 FC21 FC22 FD8 FD-12 FE-1 FES FF4 FG- FH FI1

" variety
Reaction®
R4 s s S R R R R R R R R R R R R R R R R R R
R4S s R . R s s 5 s R R R R R R R R R R R R R R
1R36 s 8 s s s R R s S S S S s R R R R R R R R
IR38 s s R s s s R s s s s R R s S R R R R R R
1R9703-41-3:
3-1 s S s S R s R s S S R s s S R S s R R R R
IR77604-8-2 S S S s s S s S s R R R R R S s R S R R R
2 s s s s s s s S R R s S s R R S R R s R R
IR7790-181-2 S s s S s s S s s s s s R R R s R R s $ R
Isolates fno )
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 2 2 3
Virulence index
69 63 43 57 38 55 3% 45 35 33 29 58 37 24 28 36 15 12 23 16 10

*R = resistant S = susceptible
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Table 25. Races of Pyricularia oryzae Identifled by new Japanese differentials. IRRI, 1980,

Reaction® of isolates to each differential variety

Shin  Aichi Ishikare Kanto  Tsuyu- Fukuni- Yashiro Pi No. Toride
Isolates (no.) 2 Asahi  shiroke 51 ake shiki mochi 4
{PFKe, 1) (Prra, 2) (P, 4) {Pi-K, 10) {P-m, 20) (Pi-Z, 40) (Pi-ta, 100) {(PF-ta, 200) {Pi-Z*, 400} Race no.

19 R R 000
001
002
003
004
010
014
016
021
022
023
032
100
102
103
104
106
107
110
112
122
127
132
136
137
200
202
212
232
236
301
302
303
400
401
403
407
423
433
500
502
503
507
547
603
633
701
702
703
707
742
743
747

-

B e e L R T T Uy VOV VS O SV P ~ 1~ SN SN

BODONINONNNNINNNNVNININIIIIINITINIIINITINININTNIDD VDGO DN
DNONOLOINOVOONOITNNOVIINVINOBNNIVNNNVANIONINNIONDNINIITONID
NVDVIIDTIDNNIIRIINIIIITIDIGIXXNDNNVNDITNNNDIIVIDIDNN NI DD
VDI DTIDINATTDDINDIIDIDAIDNNOITIDINODNANDIIIDITIINNNNIDNNDIND R
NINTITIIIDINIIII NI NIV T DI I NI I DI DI LI IIIDNINNNDINDN LD INNTDDD
NROVODOITONANNDIDDIIDINNBNITIIIDIITINAONNNDBNONOONNITITIITDIITIIITIR
DONUNNNONONDONNNNNNOIINDIIVIIDITINDIDN DRIV VDD XNN0DD D0

DIV IVDDNXIIIITINIDIIIIITIDONNAIINNDOITINNIIIDDINIIDNWWN IO
NV OVONITITIIXNIITCONVENANITIIIIDIVDNIIIIIDIIINIINDDNIT VD

Total 159

°R = resi 8= i The specific gene and code number are given in parentheses after the
variety's name.

connote susceptibility. The number of tests for the tries (Table 26). However, none of the selected Iines

varieties in the IRBN ranged from 43 to 133. Many were resistant to blast in all the countries where
of the lines consistently exhibited higher percent- they were tested.
ages of resistant reactions to blast in many coun- The 1980 results showed low average disease
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Table 26. Blast of sel

lines,

donars, and other varieties in IRBN tests, 1980.

No.  Designation or variety

Total no

Number of tests in different
disease scales

A

g
tested o 1 2 3 4 5 6 7 8 9 disease
reaction
1 IR6533-PP854-1, 1086 ° 9 58 21 8 5 0 2 2 0 0 1.632
IR8%/Carreon//Tetep
2  IR3259-PP5-160-1, 39 1 22 8 3 1 3 0 o 1 0 1.897
1R8*/Tetep
3  IR5533-P855-1, 79 4 44 18 7 2 1 2 1 [V 1.684
IR8%/Carreon//Tetep
4 IR1905-PP11-294-61, 123 5 67 286 12 8 1 1 3 o 0 1781
IR8/Tetep
5 IR9660-50-3-1-1, 78 5 46 14 6 4 1 0 1 1 ] 1641
IR8¢/IR3260
6 Tetep 136 11 70 30 183 4 4 1 3 ] ] 1706
7 IR1905-81-3-1, 103 7 5 22 8 4 1 1 o ] 1] 1.524
IR8/Tetep
8 IR9660-00951-1, 40 4 23 6 2 2 2 1} 4] 1 [ 1.675
IR8¢/IR3260
9 IR5533-PP856-1, 78 6 40 16 1 2 0 1 1 1 0 1718
IRB“/Carreon//T atep
10  IR4547-14-31 78 2 42 18 7 6 Q 1 1 [ 4] 1.769
IRS‘IPKZO3//IR4477///IR3266
11 IR9669-PP830-1 40 4 19 8 5 2 2 0 0 0 0 1.700
IRB’ICarreon
12 IR5533-15-1-1, 77 2 37 21 10 4 1 1] 2 0 4] 1870
IR83/Carreon//Tetep
13  1R3259-PP18-821-2, 76 4 43 13 10 1 [} 0 o 1 4] 1671
IR83/Tetep
14 IR9559-4-1-1, 79 2 43 16 g 5 2 1 o 0 1 1.861
IRS’//IR1904IIR1905
15 IR4547-16-3: 59 0 37 12 5 4 1 Q 0 ] ] 1.644
IF{B‘IPKZOE/IIR4477I/IIR3265
16 IR9669-PP846-1, 112 7 50 23 19 8 3 1 1 0 1] 1902
IR8%/Carreon
17 IR5533-56-1-12, 136 9 68 30 10 10 5 2 2 0 0 1831
IR8?/Carreon//Tetep
18  IR3273-342-1-6, 80 5 41 15 8 Q 1 0 0 1 0 1.800
IR8¢/PK203
19  IR3271-760-1482, 76 4 33 16 13 7 0 2 0 0 1 2,013
IR84/PK203//Dawn
20 IR9559-PP870-1, 12 2 57 28 17 6 3 1 2 1 ] 1.973
IR8%//IR1904/IR1905
21 IR1905-PP19-73-2, 78 § 43 18 8 4 2 0 1 0 0 1.667
iR8/T etep
22 IR4547-16 63 0 33 185 7 6 2 0 0 0 0 1.873
lRB‘/PKZOS//IW77///IR3265
23 Carre 137 5§ 60 44 12 8 4 2 2 Q Q 1912
24 IR3259 PP11 -1824, 39 5 22 5 5 1] 1 0 o ] 1 1.564
IR8%/Tetep
25 IR5533-13-1-1, 77 2 4 17 9 3 4 0 0 0 0 1.740
IR8%/Carreon//Tetep
28 IR4547-6-13 76 4 35 12 7 14 3 0 0 1 0 2.092
27 IR4547-6-24 76 4 41 13 7 8 1 0 1 0 1 1855
28 IR4547-6-32 1M 5 54 26 16 5 3 1 ] 4] 1 1838
29 1R4547-16-3-2 79 4 41 15 5 8§ 3 o 2 0 0 1.911
30 IR4547-6-2-6 73 3 4 10 7 8 0 0 0 0 1 1726
31  IR5533-15-1-11, 79 5 43 14 N 3 3 ] 0 o 0 1.658
IR8%/Carreon//Tetep
32 IR4547-6-2-5 132 9 63 26 15 5 6 6 0 1 1 1.992
33 IR4472-53-10-8-1-2, 24 0 15 4 3 1 1 1] 0 0 0 1708
IR88/Dawn
34 IR3273-289-2-1473, 112 4 41 25 13 21 5§ 2 ©0 1 0 2313
IR8°/PK203
35 IR9669-PPB36-1, 77 4 43 15 8 3 2 1 0 0 1 1.740
IR8%/Carreon .
36 IR1909-1-3-3, 62 0 32 16 7 3 83 1 0 0 0 1.903
IR8*/Dawn
37 1R4547-10180-20-7, 109 4 46 20 16 10 9 3 0 [} 1 2.257

IR8¢/PK203//IR4477///IR3265
CONTINUED ON OPPOSITE PAGE
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Table 26 continued

Number of tests in different
disease scales

No.  Designation or variety Total no. Average

tested 0o 1 2 3 4 5 6 7 8 9 disease

) reaction
38 IR9559-3-1-1, 79 1 32 15 13 10 5 2 1 o 0 2.342

IR8%//IR1904/IR1905

39  Dawn 108 5 34 22 18 8 6 6 4 0 3 2689
40 Kataktara DA-2 124 5 28 20 24 21 10 7 5 1 3 3.113
41 KTH17 130 3 11 12 15 8 22 6 14 12 27 5.348
42 Kung-Shan-Wu-Shen-Ken 32 1 1 ] 2 0 2 0 6 3 17 7375
43 Fanny a0 0 2 0 3 2 4 3 5 9 52 7.000
44 B0 127 1 0 4 2 12 17 31 29 14 17 6000
45 Taichung TCW.C 84 0 1 1 10 5 8 16 9 19 15 6.000

reaction for IR5533-PP854-1, IR3259-PP5-160-1,
IR5533-PP855-1, IR1905-PP11-29-4-61, and
TR9960-50-3-1-1, indicating that they have a broad
spectrum of resistance. Those lines have outranked
Tetep, Carreon, Dawn, and Kataktara (donor par-
ents) in resistance to blast.

Inheritance of resistance to blast (Plant Breeding

and Plant Pathology). Fifteen cross-combinations
and their parents were used to determine the mode
of inheritance of resistance to blast. Seedlings of
the Fy, Fz, and parents were grown to early tillering
before the tillers were inoculated separately with
three isolates of Pyricularia oryzae. The isolates
were 141 (IB-45), I-43 (IH-1), and PO6-6 (ID-16).

Table 27. Reaction® of F, and F; plants to race 1B-45 {I-41). IRRI, 1980.

Observed ratio

Fy F. Expected
.Cross ratio for F, X P
R S Total R S Total
{R1905-81-3-1 {R)/
1R3259-PP5-160-1 (R) 50 [ 50 223 o 223 1:0
1R1905-81-3-1 {R)/
IR3269-PP8-172-7 (R} 5 0 5 240 0 240 1:0
IR1905-81-3-1 (R)/
Pai-kan-tao (S} 42 0 42 274 120 3 4519 0111 0.70-0.50
IR1905-81-3-1 (R)/ -
1R442-2-58 (S) 37 0 37 679 482 1161 87 235 0.25-0.10
iR1905-81-3-1 {R)/
IR8 (S 37 L] 37 398 275 674 97 238 0.25-0.10
IR3259-PP8-172-7 (R)/
1R3259-PP5-160-1 (R) 6 0 8 218 ] 218 1:0
IR3259-PP8-172-7 (R}
/Pai-kan-tao (S) 44 [} 44 194 70 264 45:19 1272 050025
iR3259-PP8-172-7 (R)
/IR442-2-58 (S) 46 1] 46 655 505 1160 97 0.164  0.75-0.50
IR3259-PP8-172-
7 (R)/IR8 (S) 5 0 5 100 73 173 97 0.169  0.75-050
IR3259-PP8-172-
7 {R)/Peta {S) 5 0 3 35 27 62 97 0.001 0.95-0.90
1R3259-PP5-160-1 (R)
/Pai-kan-tao (S) 21 0 2] 216 83 299 45:18 0532 0.50-0.25
Pai-kan-tao (S)/
|IR442-2-58 (S} 0 13 13 0 774 774 0:1
Par-kan-tao {S)/Peta (S) 1) 1 11 0 337 337 0:1
1R442-2-58 (S)/Peta (S) 0 26 26 0 228 228 0:1
Peta (S)/Nongbaek {S) 0 8 ] 0 190 180 0:1

9R = resistant, S = susceptible.
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Table 28. Reaction® of F, and F; plants to race IH-1 (I-43). IRRI, 1980.

Observed ratio

F, R Expected
Cross - ratio for
R s Total R 8 Total Fy X2 P
1R1905-81-3-1 {R)/IR3259-

PP5-160-1 (R} 50 0 50 168 0 166 1.0
IR1905-81-3-1 (R}/IR3259-

PP8-172-7 (R} 5 0 5 230 0 230 1:0
iR1905-81-3-1 (R}/Pai-kan-

tao (R 51 ] 51 207 24 231 57:7 0.071  090-0.75
IR1905-81-3-1 {R}/IR442-

2-58 (S) 46 0 46 566 178 745 3:1 0376 075050
iR1905-81-3-1 (R}/IR8 (S} 44 0 44 330 1M1 441 3:1 0.006  0.95-0.90
IR3259-PP8-172-7 (R})/

IR3258-PP5-160-1 (R) 5 3] 5 245 0 245 1:0
IR3259-PP8-172-7 (R}

Parkan-tao (R) 0 53 130 13 143 67:7 0500 0.50-025
IR3258-PP8-172-7 (R)/

IR442-2-58 (S} 66 0 66 628 198 826 31 0466  0.50-025
IR3259-PP8-172-7 (R)/

IR8 (S} 5 0 5 140 35 175 31 233 025-0.10
IR3269-PP8-172-7 (R)/

Peta (S) 6 0 6 50 15 85 31 0.128 0.50-025
IR3259-PP5-160-1 (R)/

Pai-kan-tao (R) 38 o 38 184 27 221 §7:7 0371 0.75-0.50
Pai-kan-tao (R)/IR442-

2-58 (S) 13 0 13 458 333 791 97 0876 050-0.25
Pai-kan-tao (R)/Peta (S) 9 0 8 230 156 386 9:7 1745  0.250.10
IR442-2-58 {S)/Peta (S} 0 27 27 0 185 185 0:1
Peta (S)/Nongbaek {S) 0 5 5 o 200 200 0.1
°R = resistant, 8 = susceptible.

Table 29. Reaction® of F, and F, plants to race ID-16 {I-PO8-6). IRRI, 1980.
Observed ratio
Fy Fa Expected
Cross ratto for
R s Total R S Total F, X P
IR1905-81-3-1 (R}/IR3259-

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

PP8-172-7 (R} 5 Q 5 176 19 195 577 0285 075-0.50
IR1905-81-31 (R}/Par-

kan-tao (S} 27 0 27 64 23 87 3.1 0.095 0.90-0.76
1R1905-81-3-1 {R)/

IR442-2-58 (S} 25 ] 25 143 49 192 3:1 0.027  0290-0.75
IR1905-81-3-1 {R)/IR8 (S) 28 0 28 103 37 140 31 0152 075-050
IR3258-PP8-172-7 (R)/

IR3259-PP5-160-1 (R) 5 ] 5 275 33 308 57.7 0.015  0.95-0.90
1R3259-PP8-172-7 (R}/ :

Pai-kan-tao (S) 31 0 31 43 3 74 97 0103  0.75-0.50
IR3259-PP8-172-7 (R})/

IR442-2-58 (S) 36 [] 36 128 96 224 9.7 0.072  0.90-0.75
IR3258-PP8-172-7 (R)/

IR8 (S) 6 0 ] 115 85 200 97 0.126  075-0.50
IR3259-PP8-172-7 (R)/

Peta (S) 5 0 ] 30 27 57 97 0303 075-050
IR3259-PP5-160-1 (R)/

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

1R442-2-58 (S) 0 156 15 0 85 85 0:1
Par-kan-tao (S)/Peta (S} o 15 15 0 87 87 0:1
1R442-2-58 (S)/Peta (S) 0 22 22 0 69 89 0.1
Peta {S)/Nongbaek (S} 0 5 5 0 174 174 0:1

“R = resistant, S = susceptible.

50 IRRI ANNUAL REPORT FOR 1980



Pai-kan-tao, IR442-2-58, IR8, Peta, and Nong-
back were susceptible to isolate 141, which is
designated as race IB-45. IR1905-81-3-1, IR3259-
PP5-160-1, and IR3250-PP8-172-7 were resistant.
The F: plants from the eight cross-combinations
between resistant and susceptible parents gave re-
sistant reactions, while cross-combinations between
susceptible parents yielded susceptible reactions
(Table27). Thesegregation for disease resistance in
crosses between resistant parents and susceptible
parents were in close agreement with the simple
monohybrid ratio of 3 resistant to 1 susceptible.
However, in F» of the cross-combination of
1R3259-PP8-172-7/1R442-2-58 the segregation ra~
tio was 9:7. The reactions of the F; and segregation
ratio of the F» showed that resistance was domi-
nant over susceptibility.

The reactions of the parents, Fi, and F; of the
different cross-combinations to isolate 1-43 (Race
IH-1) are summarized in Table 28. The F; plants of
the resistant and susceptible crosses were resistant.

The F» populations of five cross combinations
inoculated with race IH-1 gave simple Mendelian
segregation ratios of 3 resistant to 1 susceptible. In
cross-combinations of Pai-kan-tao/IR442-2-58
and Pai-kan-tao/ Peta, ratios of 9:7 were obtained.
In cross-combinations involving resistant parents,
all the F, were resistant. The results suggested that
resistance is dominant over susceptibility.

Thesegregation of the F» in four cross-combina-~
tions in response to isolate PO6-6 (race ID-16)
conformed closely with the Mendelian ratio of 3
resistant to 1 susceptible (Table 29). However, in
combinations IR1905-81-3-1/IR3259-PP8-172-7
and IR3259-PPg8-172-7/IR442-2-58, ratios of 57
resistant to 7 susceptible and 9 resistant to 7 suscep-
tible were obtained, respectively. The F> popula-
tions from cross-combinations of susceptible par-
ents were susceptible to the race, and F» of resistant
parents were all resistant. The results again indicate
that resistance to blast is dominant over sus-
ceptibility.
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SOURCES OF RESISTANCE
FEntomology and Plant Breeding Departments

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

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

deadhearts were counted 1 week after infestation.
Resistance was detected in the 2-week-old seed-
lings but was higher in 4-week-old seedlings (Table
2).

NATURE AND CAUSES OF RESISTANCE
Entomology and Chemistry Departments

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

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

brown planthopper biotype 2 in greenhouse and field tests.
IRRI, 1980.%

Fiel
. RRI Greenhouse test? !ezg
. Varlety acc —_———
Table 1 Number of i d no Standard Modified darr!age
and selected for resistance at IRRI through 1980, rating
Accessions (1o | Manchet 36322 MR R R
Insect ¥
Tested Selected For retesting Kencana 36756 MR R MR
Brown planthopper Sudurvi 305 3475 S R R
Biotype 1 32,298 280 329 Utri Rajapan 16684 S R R
2 9,652 200 176 Alewee 36218 S R R
3 9,399 215 117 Maharathkundawee 36480 s R MR
Whitebacked planthopper 26,833 267 414 Sudhubalawee 8900 S R MR
Green leafhopper 35,290 1,155 386 Tibiwewa 11969 s R R
2Zigzag leathopper 1,959 401 186 Heenukkuluma 11978 s R MR
Yeltow stem borer 18,000 39 23 Bata Suduwee 31368 S R R
Striped stem borer 15,000 21 — IR46 32695 S R R
Whorl maggot 40,000 5 — Heenmurunga 31408 S R R
Leaf folder 2,683 11 21 Kalubalawee 36264 S MR R
Kokkali 36463 s R R
Japan wee 15605 S R MR
Table 2. ion of a ible (S) and a resistant (R) var- 5::\',';';?“ : iggg g m: erzR
ety to ysllovltllesstgm borer, by the seediing bulk test. IRRI Bogor 8 4657 s s s
] K 31419 S MR S
Row spacing lem) Deadhearts®(%) 11974 s MR s
XOF0 (S 1820 (R] Sinna Sivappu
Rexoro (S) IR (R} $/R (R check) 1544 R A R
ASD7 (R check) 6303 R R -
Two-week-old IR26 (S check) 30413 s s s
45 97.3 522 19 TN1 (S check) 105 S S S
5.0 87.9 392 2.2 “Damage was rated when 90% of the susceptible check (IR26)
60 767 460 17 plants were killed or attained an average damage ratmg of 80
R=resistant, MR = Stand-
Four-week-old ard seedling bulk test d pumn 12 nsects on each
4.5 580 18 49 seediing of 6-day-old plants and scaring damage at 14 days after
50 568 167 36 (D) The modified test y putting
60 480 118 41 3.5 insects on each seedling of 10 day -old plants and scaring the

2Q0bserved 7 days after infestation
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1. Field resistance to brown planthopper detected in the green-
house by the modified seedling bulk test (SBT). IRRI, 1980.

as Mudgo, IR46, Utri Rajapan, and Triveni, which
are susceptible to biotype 2 in the standard green-
house screening but have field resistance, were
identified as MR by the modified technique (Fig.
1).

Nature of moderate resistance to the brown
planthopper. Compared with resistant and sus-
ceptible varieties, MR varieties allow an interme-
diate amount of BPH feeding and population
growth (Fig. 2). It was evident that resistance levels
were similar on 30-, 45-, and 60-day-old plants.
Therefore, field resistance to the BPH cannot be
considered mature plant resistance.

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

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

ble in seedling screening, it showed lower insect
feeding activity. The population growth technique
was a useful tool for detecting moderate levels of
resistance in IR46 and Utri Rajapan (Fig. 5).
Because population growth and feeding studies
are difficult to conduct, a modification of the
commonly used seedling bulk screening technique
was tested. Decreasing the number of insects and
infesting older plants allowed detection of the
moderate level of resistance in Triveni (Fig. 6, 7).
Tolerance as a component in the moderate res-
istance of Triveni. In screenhouse studies Triveni
had less damage and was able to survive and pro-
duce grain despite a brown planthopper popula-
tion equal to that on susceptible TN1 (Table 4).
In a field study vield reduction in Triveni was
significantly less than in TN1 when the variety was
infested with an initial population of 200 or 400
brown planthoppers/ hill (Table 5). The ability of
Triveni to tolerate high insect density at 3 plant
ages from 35 to 75 days after transplanting is indi-

Honeydew spots. (mm?)
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o Resistant Moderafely Suscaptibie
resiston!
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2. Brown planthopper feeding activity as indicated by area of
honeydew excretion spots on filter paper, and population
growth of the brown planthopper on resistant, moderately re-
sistant, and susceptible varieties at 3 plant ages. IRRI green-
house, 1980
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3. Feedingactivity indicated by area of honeydew spots from the
excretion of 5 3-day-old brown planthopper females in 24
hours, and population growth based on number of brown
planthoppers per cage at 26 days after infestation with 5 pairs of
3-day-old adults. Results are means for 30-, 45-, and 60-day-old
plants. IRRI greenhouse, 1980.

Triveni

Z
=

cated in Table 6. Where TN1 yield reduction was
almost 100%, yield reduction in Triveni was only
40-50%. Triveni was able to produce a high percent-
age of productive tillers despite insect infestation,
but productive tillers in TN1 were reduced to
about 80% (Table 7).

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

Biochemical factors for resistance to brown
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4. Feeding activity as indicated by area of honeydew spots from
the excretion of 5 3-day-old biotype 2 brown planthopper adult
females feeding on 30-, 45-, and 60-day-old plants for 24 hours.
Sinna Sivappu is highly resistant, IR26and TN | are susceptible,
and IR46 and Utri Rajapan moderately resistant to biotype 2.
IRRI greenhouse, 1980.
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S. Population growth, based on number of brown planthopper
Nilaparvata lugens per cage, at 26 days after 5 pairs of 3-day-old
adults were caged on 30-, 45-, and 60-day-old plants. Sinna
Sivappu is highly resistant, IR26 and TN are susceptible, and
IR46and Utri Rajapan moderately resistant to biotype 2. IRRI
greenhouse, 1980.

planthopper (Entomology and Chemistry). Honey-
dew collected from biotype 2 brown planthoppers
feeding on susceptible IR24 and resistant IR26
plants had comparable levels of soluble protein
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6. Damage ratings of 8-day-old seedlings of rice varieties when
infested with 15 brown planthopper nymphs/scedling. IRRI
greenhouse, 1980. 1= slight damage, 9 all plants dead

(0.33 mg/ mland 0.30 mg/ml) and free aminoacids
(1.0mg/mland 1.2 mg/ml). Glutamicand aspartic
acids were the major amino acids in both samples.
The honeydew from insects feeding on IR24 had
more aspartic acid and less serine, carnosine, and
sarcosine, However, total sugar (principally su-
crose) was twice as much in IR24 (1.3 mg glucose
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7. Damage ratings of 1 1-day-old seedlings of rice varieties when
infested with 5 brown planthopper nymphs/seeding. IRRI
greenhouse, 1980. 1= slight damage, 9 = all plants dead

Table 4. Rating of plant d: dueto I rice
varisties TN1 and Triveni in the scresnhouse. IRRI 1980
Plantage M. Iugensb Damage .
(D7) {no Zhill) rating® Plant condition
™I

15 5 1.0 Healthy

30 12 756 Yellowish and stunted

45 92 80 Hopperburned'

60 —_ 90 —

Trivent

15 3 10 Healthy

30 35 24 Lower leaves yellowish

45 81 4.1 Yeliowish

60 11 7.5 Yellowish and stunted®

®Days after transplanting, 2Avof 15hills ‘095 1-9scale: 1 =no
damage, 9 all plants dead. Av of 60 hills. “Hopperburned =no
recovery “Insect on the plants,
The plants recovered and gramn was preduced

/ml) than in IR26 (0.7 mg/ml) despite the similar-

ity in sugar content of their leaf sheath diffusates.
Crude steam distillates from TR24 and IR26

plants were recovered in 0.008% yield from IR24

Table 5. Damage rating and yield reduction in varieties TN1
and Triven at different levels of brown planthopper Nifapar-
vata lugens infestation in the field ® IRRI, 1979.

N lugens Damage rating® Yield reduction®(%)

{no/mil)  TN1  Triveni TN1  Triven_ Difference
400 88a 70a 99 44a 54**
200 72a 54 b B55b  26ab 29%*
100 70a 62 b 30 ¢ 20b 10ns

®Means of 10hills Separation of meansin a columnby Duncan’s
multiple range testat the 5%level =no damage, 9=allplants
dead

“Yield reduction =
yield of noni hills —yield of infested hilis
yield of noninfested hills

Table 6. Inssct population, damage ratings, and yield reduc-
tion pf rice vanieties TN and Triven as affected by feeding of
the brown planthopper Ni/aparvata lugens at 3 plant growth
stages.? [RRI, 1979.

Plant age N, lugens Yield
{days after Variety? [::Z':gce population  reduction®
tr 9 {no /bl %)
35 TN1 84a 529a 97a
Triveni 86a 516a 41a
55 TN 86a 548a 99a
Triveni 72ab 436a 40 b
75 TN1 84a 396a 84a
Trivent 57 b 209a 62 b
Check (no TN 10 ¢ 4 -
insects) Triven 10 ¢ 0 —

2Means of 10 replications Separation of means in a column by
Duncan'’s multiple range test at the 5% level Each replication
initially infested with 400 first- and second-stage nymphs at
g|ven3)lant ages N lugens were counted 6 weeks after infesta-
tion is heck, Tnveniisa resistant
vanety cDarnage rating taken 1 week before harvest: 1 = no
damage, 9 =all plants dead “Recorded at 6 weeks after plant
i Yield red when d to the check.
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Table 7. Dry matter production, tillernumber, and percentage of productive tillers of rice varieties TN'1 and Triveni asaffected by

feeding of the brown

Nilaparvata lugens at 3 plant growth stages.” IRRI, 1979.

Productive

Plant age Dry matter (g/hilly Tillers {no.) tillers (%)
on ™1 Teiveni ™1 Trivern N1 Trwent
35 95 b 129a 14 b 9b 14 b Ela
55 60 b 133a 12 b 12ab 7b 48a
75 94 b 132a 15 b 10 b 15 b 76a
Check {no 320a 187a 22a 16a 73a 58a

nsects})

2Means of 10hillsin a cage under field conditions, infested with 400 third-and fourth-stage nymphs The insects were removed after 6
weeks 'Separation of means 1n a column by Duncan’s multiple range test at the 5% level.

and 0.006% from IR26. Both resulted in more
than 509% mortality of brown planthoppers within
24 hours.

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

Although IR varieties have not been bred for
whitebacked planthopper resistance, evaluation of
IR5-IR54 using the seedling screening method
indicated distinct differences among the varieties.

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

Table 8. Amount of 14C in rice seedlings and in honeydew
excreted by Mifaparvata lugens feeding onrice seedlings IRRI,
79.

14, Reduction in
Amount of 1%C? (CPM) net €O, uptake®
Honeydew Plant® (%)
w1
Healthy 3.45a 1426 ¢ —
Damaged 074 b 377 d 74
Triveni
Healthy 273a 6033a —
Damaged 0.12 b 26.85 b 56

2CPM =counts per munute. Separation of meang ina columq?y
Duncan’s multiple range test at the 5% level Amaunt of
taken up by rice seedlings as total amount in plant, insect body,
and honeydew

Reduction in net CO, uptake =

CPM in healthy seedling ~CPM in
CPM in healthy seedling

seedling

X100
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with Glh 2, GIh 3, and Glh 5 were the most resist-
ant as indicated by the population growth study.

Virulence of Philippine green leafhopper cul-
tures. GLH collected at 15 sites throughout the
Philippines were tested to determine the presence
of biotypes in field populations. Although the cul-
tures differed in virulence there was no distinct
evidence of Philippine GLH biotypes that are sig-
nificantly more virulent than the IRRI greenhouse
culture, which is maintained on susceptible TN1
(Fig. 10).

INHERITANCE OF RESISTANCE TO THE
WHITEBACKED PLANTHOPPER

Plant Breeding and Entomology Departments

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

WBPH (na)

1-N22 (iszpn )

400 [— 2-ARCIOZ39 (Htph 2)

3-RE0S-IT-3 01t

4= WCRAD (iph 141
eidied

Honeydew spot (mm?}
718,

]

320
| 5~ Colombo (Weph 24/
6Tl
240
160
80
0 [ 23 45 6 ° 1 2 3 4 5 6
Variety

8. Population growth and feeding activity of whitebacked
planthopper (WBPH) Sogatella furci ifera on varieties having
genes for resistance. In the populauon growth study, 5 3-day—
old adults were placed onp d 30
days after infestation, In the feedmg mte study, 5 3-day-old
adults were caged overmight on 30-day-old plants over bromo-
cresol green-treated filter papers IRRI, 1980.
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Table 9. Whitet i i ana
{yzed for new genes for IRRL 1980.

Varety IRRI ace. no Country of origin
ADR52 40638 India
T1471 53427 India
Cheriya Chittari 53424 India
Chempan 53421 Incha
Chemparampands 53422 india
Chenninayakan 53423 Indta
T1426 53426 India
Ptb 12 53430 India
Ti421 53425 India
Podiwi-A8 15201 Sri Lanka
ARC6650 53429 india
Pth 19 53431 Indra
ARCE564 53428 India
ARC14342A 42898 India

were crossed with susceptible variety TN1 and the
Fi, F2, Fs progenies were analyzed to determine the
mode of inheritance. Twelve Fi progenies were
resistant, indicating resistance governed by domi-
nant genes (Table 10). However, F; progenies of
TNI1/Podiwi-A8 and TN1/ARC6650 were sus-
ceptible, indicating that recessive genes convey re-
sistance in those two varieties. The F» populations
from the crosses of TN1 with 12 varieties segre-
gated in a ratio of 3 resistant to 1 susceptible,
showing that a single dominant gene governs re-
sistance in each variety. The F populations from
the TN crosses with Podiwi-A8 and ARC6650
segregated in a ratio of 1 resistant to 3 susceptible,
showing resistance conveyed by a single recessive
gene. The Fs populations from all crosses con-
firmed the conclusions drawn from the F; data.
The F; data agreed with the ratio 1:2:1 (resistant:
segregating:susceptible) expected for monogenic
control of resistance.

Eggs (no/5 females)
350

o
Population growth {no /5 femoles} at 30 DI

450 [
300}~
200~

0
CR ')
S8« 8 o3 d
£28 2 gi83z¢

<

& GhS  GIN7

! Gh3
Gn2  gha  omé

9, Relative levels of resistance of rice vaneties having genes for
resistance to the green leafhopper Survival percentage 1s of
first-instar nymphs at 15 days after plant infestation Popula-
tion growth at 30 days after infestation (DI) resulted from 5
pairs of 3-day-old adults placed on 30-day-old plants IRRI,
1980

Table 10 ion? to whi lanthapperof Fy, Fy, and Fy from f resi: i vith TN1. IRRI,
1880, N
C £ F, seedlings F families
ross ! Rimo)  Sgmo) X231 X213 A(w)  Segino) _ Sino) _ Xe121

TN1/ADR52 R 710 218 1.13 32 87 34 292
TN1/T1471 R 734 269 1.77 42 82 30 252
TN1/Cheriya Chittari R 663 _ 243 203 35 69 31 0.30
TN1/Chempan R 77 268 258 22 62 26 207
TN1/Chemparampandi R 660 247 24 32 86 35 248
TN1/Chenminayakan R 7 281 164 32 85 37 1.99
TN1/T1426 R 647 235 1.69 3 88 35 335
TN1/Pth 12 R 643 242 280 32 82 40 1.48
TN1/T1421 R 844 245 366 35 88 31 335
TN1/Podiwi-A8 s 174 596 — 248 39 83 32 1.56
TN1/ARCE650 $ 208 533 — 375 33 80 41 1086
TN1/Ptb 19 R 675 221 232 31 83 40 199
TN1/ARCE564 R 787 242 268 40 83 31 1.89
TN1/ARC14342A R 707 259 232 34 80 40 070

“R =resistant, S =susceptible, Seg =segregatng.
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10. C: ive virul of 15 green leafh colonies on 5 rice varieties, based on seedlng bulk test, nymphal survival, honeydew

excretion, and population growth DI = days after infestation. IRRI, 1980

The 14 varieties were crossed with IR13475-7-
3-2, whichis homozygous for Whph I. Asexpected
all the Fi progenies were resistant (Table 11). The
F; populations of IR13475-7-3-2/ Podiwi-A8 and
IR13475-7-3-2] ARC6650 segregated in a ratio of
13 resistant to 3 susceptible, showing that the
recessive genes for resistance in Podiwi-A8 and
ARC6650 segregate independently of Whph 1.

Table 11. ? to whiteb
IR13475-7-3-2. IRRI, 1980.

The F; populations from the remaining 12 crosses
segregated in aratio of 15 resistant to 1 susceptible,
indicating that the dominant genes for resistance in
the test varieties segregate independently of Whph
1. The F; families of all crosses segregated ina ratio
of 7 resistant to 8 segregating to 1 susceptible
confirming the conclusions drawn from the F:
data,

of Fq. F,, and F; populations from the crosses of resistant cuitivars with

o e Fa Fy families
ross ! Rfno) Sino) X2151 X2133 R(o) Seg(no) S(o) X27.81

IR13475-7-3-2/ADR52 R 823 68 309 69 80 5 238
IR13475-7-3-2/T1471 R 873 84 1043 64 79 1 042
IR13475-7-3-2/Chenya Chittari R 864 72 332 69 73 12 083
IR13475-7-3-2/Chempan R 899 71 189 66 75 13 126
IR13475-7-3-2/Chemparampandi R 955 75 187 72 74 8 0.71
IR13475-7-3-2/Chenminayakan R 931 49 261 74 7 9 1.16
IR13475-7-3-2/T1426 R 890 72 320 68 76 10 003
IR13475-7-3-2/Pth 12 R 851 70 287 63 81 10 051
IR13475-7-3-2/T1421 R 962 80 362 68 74 12 071
1R13475-7-3-2/Podiwi-A8 R 907 216 — 017 60 84 10 146
IR13475-7-3-2/ARC6650 R 568 114 - 185 60 86 8 213
IR13475-7-3-2/Ptb 19 R 886 69 1.55 70 73 7 103
IR13475-7-3-2/ARC6564 R 979 79 270 59 82 13 256
IR13475-7-3-2/ARC14342A R _ 839 66 168 63 79 12 092
R= , S = Seg = 9
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Table 12, ion? to whitebacked
IR30659-1. IRRI, 1980.

of Fy, F,, and F3 populations from the crosses of resistant cultivars with

¢ E Fy Fg families
rose ' Rio) Sio) X151 X2133  Rino) Segino) Sino) X2781

IR30659-1/ADR52 R 859 69 248 74 &7 13 3.13
IR30659-1/T1471 R 988 a3 1.07 67 75 12 064
IR30659-1/Cheriya Chittan R 827 5 —_ 154 [¢] 0 —

IR30659-1/Chempan R 894 7 — 148 0 0 0

IR30659-1/Chemparampand R 915 78 437 73 70 10 112
IR30659-1/Chenminayakan R 822 66 213 72 75 7 108
1R30659-1/T1426 R 852 63 274 60 83 11 147
IR30659-1/Pth 12 R 688 36 202 59 82 13 255
IR30658-1/T1421 R 725 61 306 64 77 12 075
IR30659-1/Podiwi-A8 R 816 179 —_ 329 54 74 10 125
IR30659-1/ARCE650 R 817 211 — 221 7 68 13 244
IR30659-1/Ptb 19 R 775 47 2.46 74 70 10 130
IR30669-1/ARCE6564 R 953 60 250 62 80 10 054
IR30689-1/ARC14342A R 893 77 472 60 82 L 12 1.72

2R =resistant, S =susceptible, Seqg =segregating.

The varieties were also crossed with IR30659-1,
which is homozygous for Whph 2. The F progen-
ies were resistant. The ¥ populations from the
crosses of IR30659-1 with ADR52, T1471, Chempa-
rampandi, Chenninayakan, T1426, Ptb 12, T1421,

- Ptb 19, ARC6564, and ARC14342A segregated in
a ratio of 15 resistant to 1 susceptible (Table 12).
The data indicate an independent segregation of
two dominant genes. The F; families of these
crosses showed a good fit to the segregation ratio
of 7 resistant to 8 segregating to 1 susceptible. The
data confirm the conclusions from F data that the
test varieties have single dominant genes that are
nonallelic to Whph 2.

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

Table 13, Summary of information on genes forresistance to

in test rice 1RRI, 1980.
Resistance
Vaniety Nature of resistance gene

ADR52 Monogenic, dominant Wbph 3
T1471 Monogenic, dommant ?
Chenya Chittari Monogenic, dominant Whph 2
Chemj M 11 Wbph 2
ch i i i ?
ch i ?
T1426 Monogenic, dominant ?
Ptb 12 Monogenic, dominant ?
T1427 Monogenic, domnant ?
Podiwi-A8 Monogenic, recessive wbph 4
ARCB650 Monogenic, recessive ?
Ptb 19 Monogenic, dorinant ?
ARC6564 Monegenic, dominant ?
ARC14342A M il ?

have Wbph 2 for resistance. The F> progenies from
the crosses of IR30659-1 with Podiwi-A8 and
ARC6650 showed a segregation ratio of 13 resist-
ant to 3 susceptible and F; families segregated ina
ratio of 7 resistant to 8 segregating to 1 susceptible.
The data indicate that the recessive genes of
Podiwi-A8 and ARC6650 segregate independently
of Whph 2.

The results show that single dominant genes in
each of 12 varieties are nonallelic to Whph 1.
However, Cheriya Chittari and Chempan have
Whph 2 (Table 13). Dominant genes in the remain-
ing 10 are different from Whph 1 and Wbph 2. By
the international rules for gene nomenclature, the
dominant gene of ADRS2is designated as Whph
3. Allele tests between Whph 3 and dominant
genes of nine other varieties should be made to
determine whether they possess Whph 3 or differ-
ent genes. The recessive genes of Podiwi-A8 and
ARC6650 segregate independently of Whph I and
Whph 2. The recessive gene of Podiwi-A8 is desig-
nated whph 4. Allele tests between wbph 4 and the
recessive gene of ARC6650 should also be made.

BIOCHEMICAL EVIDENCE FOR FEEDING SITES OF
GREEN LEAFHOPPER

Entomology Department

Semiquantitative biochemical analyses by paper
chromatography-densitometry and pH determina-
tions of honeydew excreted by Nephotettix vires-
cens {Distant) feeding on rice plants revealed a
much higher free amino compound and sugar con-
centrations in excreted honeydew from the sus-
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Table 14. Estimated concentrations (ug/ 10 ugl} of free amino compounds in sap exudatesand i in baslc oracidic honeydew of

scens, from (TNT)and {ASD7 and Pankhari 203) rice p ratios.”
IRRI, 1980 %
TN1 ASD7 Pankhari 203
Free amino Concen {pg/10 pgl)in Concen (pg/10 pgl) iIn Concn (ug/10 pghyin
compound Honey dew Basic honey- Honeydew Honeydew Honeydew
Sap Acidc  Bastc dew: sap Sap {Acidic) sap Sap (Acidic)
Alanine 02 r 04 20 03 o1 03 03 —
Arginine 05 - 10 20 05 tr 04 10 tr
Asparagine 2.7 tr 37 14 26 1.4 04 19 —_
Aspartic acid 03 05 486 163 07 02 06 05 0.1
Glutanmine 23 05 23 1.0 22 0.4 03 22 06
Glutamicacid 03 14 120 400 14 0.9 0.8 10 08
Glycine 02 tr 05 25 02 01 0.5 02 tr
ILE + PHE® 13 \ 16 12 21 02 02 22 -
Serine 08 02 18 20 20 03 02 1.2 01
Threonine 03 tr 04 13 05 01 02 04 r
Tyrosine 02 tr 05 25 04 tr 05 05 —
Valine 07 0.2 11 1.6 11 03 03 11 03
Total 98 28 297 140 40 125 19
Honeydew sap 03 30 0.3 02
?Mean of 4-10 readings per value for sap and honeydew on TN1 and ASD7 _mean of 1-9 readings for sap, and 1- 6 readmgs for
honeydew on Pankhari 203 The §6-0 70, that for 51.7. %r
=detected in trace amount, — = not detected °A mlxture of nsoleucme and phenylalanine was used as a standard in the contro!

chromatograms The samples probably contained these and leucine

ceptible variety TNI than from resistant ASD7 or
Pankhari 203 (Table 14). Furthermore, sap exu-
dates from the three varieties, presumed to be
mainly from the xylem, as well as honeydew
excreted on the resistant varieties were acidic, but
honeydew from TNI was predominantly basic
(Table 15). Phloem sap in herbaceous plants usu-
ally gives an alkaline reaction, but xylem sap is
acidic. Because phloem sap contains much higher
concentrations of sugars and free amino acids than
xylem sap, the biochemical evidence strongly sug-
gests that N. virescens is primarily a xylem feeder
on the resistant plants tested, but is a phloem
feeder on susceptible TN1.

MORPHOLOGICAL VARIATIONS AMONG BROWN
PLANTHOPPER BIOTYPES

Entomology Department

Identification of brown planthopper biotypes is
based principally on the differential reactions of
the host rice varieties to the pest or on host-
mediated, differential behavioral and physiologi~
cal responses of the pest. An in-depth evaluation
of morphological and morphometric differences
among BPH biotypes 1, 2, and 3, emphasizing
body parts possessing receptors, was made in 1980.

One hundred adults each of biotypes 1,2, and 3
(maintained at IRRI for 6-10 years as stock cul-
tures on TN1, Mudgo, and ASD7) were examined.
About 109 morphological characters of the ros-

;ae?:o;le:fux Wrescen:ff:t;::l; on leaves g;os'ﬂ::;p.uble {TI Ntfl‘; trum (including mandibular stylets), legs, and

e by pH i IASD7 or Par mr‘{, 203) tioe as indi- antennae were measured and examined separately

Perrod (h) Honeydew samples in both sexes and both morphs — macropterous

of insect N1 ASD7  Pankhan 203 male, macropterous female, brachypterous male,
°:’:2:;:'§;“ Acidic Basic Basic Acidic Acidic and brachypterous female (Table 16).

fno} fno) (%) (no) {no) Multiple discriminant analysis was used to dif-

o5 - S s 2 ferentiate the three biotypes based on the available

23 46 2 4 20 12 morphological and morphometric data. Wilks’

3:2 ;? ,12 33 32 }i Stepwise method was followed in the selection of

5-7 18 33 65 6 1 certain independent variables on each discrimina-

Tmz]z-z:t 1;: 12: . 1238 ;iﬂ tif)n. Discriminant analyses to .c]assify the three

samples biotypes were run on the combined characters of

?0One sample was basic
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Table 16 Codes used in morphometric evaluation of rostral,
leg, and antennal characters of hiotypes 1, 2, and 3 of adult
Nilaparvata lugens. IRRI, 1980

Code Str their morphometr Code Str therr pl 1C
Rostrum Antenna
Setae of ultimate rostral segment (no) AL55 1st antennal segment (length in g}
RL1 1st anterocentral setae AL56 2d antennal segment (length in g}
RL2 1st anterolateral setae Pegs of sensorta of 2d antennal segment (no )
RL3 1st posterolateral setae AL57 & AR57 1st anterodorsal sensonium of leftand
RL4 1st posterocentral setae right antennae
RLS 2d posterocentral setae AL58 & AR58 2d anterodorsal sensorium of left and right
RLE 2d posterolateral setae antennae
RL7 2d anterolateral setae AL59 & ARGS9 3d anterodorsal sensonium of left and right
RL8 2d anterocentral setae antennae
RLS & RR9 Teeth of left and right sides of second rostral ALBO & ARBO 1st dorsocentral sensorium of left and
graove (no } night antennae
RL1O Ultimate rostral segment (UR) {length in z} ALB1 & AR61 2d darsocentral sensorium of left and right
RL11 Penultimate rostral segment {PR} {length 1n z} antennae
RL12 & RR12  Anterocentral setae of left and night sides of AL62 & ARG2 3d dorsocentral sensorium of left and night
PR {no.} antennae
RL13 PR {length 1n #}/UR (length in g} ALE3 & AR63 4th dorsocentral sensorium of left and
RL14 UR (length 1n }/3d hind tarsus {length in g} night antennae
RL15 & RR16  Teeth of left and right mandibular stylets (no ) AL64 & AR64 5th dorsocentral sensorium of left and
night antennae
Leg — foretarsus ALSG5 & AR65 1st posteradorsal sensorium of left and
ht antennae
Setae of 3d subsegment of tarsus (no ) ng
LL16 & LR16 1st dorsocentral setae of left and night tars ALB6 & ARGE 5‘;‘5:):;1‘:“:‘2:31 sensorum of left and
LL17 & LR17 2d dorsocentral setae of left and nght tarsi
LLI8&LR18  anterodorsal setae of left and right tarsi ALE7 & ARB7 ?l‘; Jostere ‘:1";:3[ sensorium of left and
LL1S & LR19 posterodorsal setae of left and night tarsi .
LL20 & LR20 anteroventral setae of left and right tarsi AL6B & ARGS :‘Ig[‘_li":“g:::;sa' sensorium of left and
LL27 & LR21 posteroventral setae of left and right tarsi
LL22 Dorsal plate {length 1n g} ALB9 & AR69 :izthgzzsr:;aer::zr;(ral sensorium of left and
LL23 Tarsal membrane {length in z)
LL24 Unguitractor plate (length m g AL70 & AR70 Zd:osterovemral sensornum of left and
LL25 &LL26  Claw (max length and max width 1n s} nght antennae  left and righ
LL27 Claw {length n g)/claw (width n ) AL71 & AR71 :::::)nvaeemral sensorium of left and right
LL2:
8 3d subsegment of foretarsus (length 1n u) AL72 & AR72 ventrocentral sensorium of left and nght
antennae

Leg — mudtarsus
Setae of 3d subsegment of tarsus

LL29 & LR29 1st dorsocentral setae of left and right tarsi
LL30 & LR30 2d dorsocentral setae of left and right tars:
11.31 & LR31 anterodorsal setae of left and night tarst
LL32 & LR32 posterodorsa! setae of left and right tarsi
L33 & LR33 anteroventral setae of left and right tarsi
LL34 & LR34 posteroventral setae of left and right tarst
LL35 Dorsal plate {length 1n g}

LL36 Tarsal membrane {length n z}

LL37 Unguitractor plate {length in p)

LL38 & LL3Y  Claw {max length and max width in g}

LL40 Claw {length in g)/claw {width 1n g}

LL41 23d subsegment of midtarsus (length 1n g}

Leg — hund tarsus
Setae of 3d subsegment of tarsus (no )

LL42 & LR42 1st dorsocentral setae of left and right tarsi
LE43 & LR43 2d dorsacentral setae of left and right tars
LL44 & LR44 anterodorsal setae of left and right tarsi
LL45 & LR45 posterodorsal setae of left and right tars:
LL46 & LR46 anteroventral setae of left and right tarsi
LL47 & LR47 posteroventral setae of left and right tarsi
148 Dorsal plate {length in )

LL49 _ Tarsal membrane {length in g)

LL50 Unguitractor plate flength in )

LL51 & LL52 Claw {max length and max width in g}
LL53 Claw (length in g)/claw (width in g}
LL54 3d subsegment of hind tarsus {length in g}

AL73&AR73  Sensona of 2d antennal segment of left and
right antennae (total no.}

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

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

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

Discriminant analyses were performed using
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Table 17 Discri power of adult rostral, leg, and 1 in classifying bi 1. 2, and 3 of Nilaparvata lugens IRR). 1980.7

Var- Macropterous male " Macropterous female " Brachypterous male - Brachypterous female "
at[zlets"d Mean value gxlxl\ki:da Mean value IYz\a’:lkbsda Mean value LV::u(bsda Mean value IYaY’r:Tbsda
selecte 81 82 B3 81 B2 83 81 82 B3 B1 82 B3
LR32 40 31 35 0456
LL20 47 4.8 41 0.276
L1z 39 37 39 0167
ARB7 85 92 103 0083
AR71 29 100 107 0069 97 102 102 0000
RL1 87 87 93 0036
LL32 37 3.2 35 0026 35 34 35 0000
LR20 4.6 45 44 0000 48 43 46 0017 44 44 41 0000
LR47 48 48 51 0012
RL13 106 107 106 Q009 120 107 106 0,000 108 108 104 0015
LR44 41 a1 41 0007 48 42 41 0400
LL44 a1 45 42 0005
ALB7 83 89 80 0003
RL4 70 7.7 63 0002
LR31 35 33 36 0001
LL21 44 44 44 0001
LR34 44 43 43 0000
LL45 42 38 40 0000 42 42 42 0000 45 43 43 0000
LL16 4.7 51 4.8 0000 49 49 42 0.350
LL52 270 29.0 270 0000 240 280 240 0000
AL62 86 8.5 8.4 0000 85 92 88 0000
AL71 103 101 1Mo 0.000
RL6 56 79 67 0.000 72 75 76 0000
LL50 5920 2780 2780 0015 .
LL54 4.6 40 42 0000
LR18 34 3.1 3.4 0000
RL2 90 99 2.1 0000
LR30 38 38 41 0.000
ARB2 80 8.4 80 0000
RLS 56 68 6.2 0000 62 76 62 0,043
ARB1 85 89 87 0000
Luig 31 34 33 0000 34 33 32 0001
ARG5S 91 88 8.8 0000
ALB8 81 86 8.2 0000
LL42 60 61 5.9 0000
RL7 99 104 9.9 0000
AL73 16.5 167 17.7 0000
LL28 191.2 1918 2013 0.000
RL8 83 2.3 77 0000 87 85 20 0000
AR73 162 163 16.7 0000 162 163 167 0000
ARS8 85 86 85 0000 85 86 84 0000
LL46 41 3.9 41 0000
L4g 1920 1820 1680 0576
ALBO 85 98 86 0285
LL30 36 35 39 0166
ALB1 838 89 97 0124
AR72 96 104 106 0084

CONTINUED ON OPPOSITE PAGE
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Table 17 continued

ARG4 65 62 61 0.056
LL22 8% 85 7.7 0068 78 88 89 0039
LL25 736 702 733 0022
ALG3 67 75 6.9 0000 7.2 81 78 0009
RL14 094 092 083 0005
L33 46 45 48 0002
AL5S 258 184 145 0000
LR19 34 35 3.2 0000
LR46 46 43 45 0.000
LE35 180 189 206 0000
LL53 1.98 223 226 0000
RL10 2190 2410 2260 0585
LL34 a2 40 43 0199
AL5S 77 66 67 0120
AL5T 500 560 530 0023
AL72 78 91 80 0013
LL41 1020 1100 1040 0006
AR72 98 102 96 Q004
ALSS, 2890 3030 3060 0002
AR63 72 70 64 0001
AR73 . 162 163 167 0000
ALEB 65 6.6 70 0000
RL12 202 213 208 0000
L1126 610 850 640 0000
Macropterous fnale? female? Brachvpterous mate? Brachypterous female?

F1 F2 F1 F2 F1 F2 Fl F2
Eigenvalue 64123 97 16076,35 1258.04 57507 3426 62 581,19 2171 67 340 39
Variance (%) 800 200 690 31.0 860 140 860 140
Cumulative % 800 1000 690 1000 860 1000 860 1000
Canonecal correlation 0999 0999 0999 0999 0999 0.999 0.999 0998
Final Wilks'Lambda 0000 0000 0000 0002 0000 0,002 0000 0000
Chi-square 32206 154,96 21591 101 70 23210 10187 21627 9333
Significance 0000 0000 0000 0000 0000 0000 0.000 0000
Degrees of freedom 46 22 46 22 46 22 45 22

981 =biotype 1, B2 =biotype 2, B3 =biotype 3 Mean values for variables RL10, RL14, LL22, L1 25, LL28, L35, LL41, LL48, 1 L50, AL51, LL52, LL55, and LL56 are ln‘/t, variables RL13,
F1

RL14, and LL.53 are ratios, mean values of other variables represent number of setae, sensoria, etc  “All Wilks’ Lambda values are significant at below 0 5% level

function 1, F2 =disciminant function 2

= discriminant
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11. Discnminant scores of three bxotypes of Nilaparvata lugens
based on rostral, leg, and ! of b

females, The bers indicate biotype d
(*) indicates a group centroid. IRRI, 1980.

the astensk

Wilks’ stepwise selection method. When all the
morphological characters of the rostrum, legs, and
antennae of each of the forms of both sexes were
combined and run together, a significant degree of
discrimination among BPH biotypes was achieved
(Table 17). The scatter diagrams based on the
computed discriminant scores of the three biotypes
strongly revealed a high degree of segregation,
indicating distinct populations. For example, Fig-
ure 11 illustrates the discriminant scores of BPH
biotypes 1, 2, and 3 based on rostral, leg, and
antennal characters of brachyterous females. The
group centroids of the three biotypes are evidently
separated.

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

Table 18.F i group ip of bi 4, 2, and 3 of Milaparvata Jugens based onrostral, leg, and antennal characters
of and males and females. JRRI, 1980.
Variables Variables in Vaniance (%) Group (%)
[;ztta Group® Az:ls'cfrat';:ﬁ},er entered the function accounted for by cases correctly
P {no}) (no.) Function 1 Function 2 identified
1 Rostral, MAC male 16 9 94 8 97
| 2 Rostral, MAC female 16 9 71 29 90
3 Rostral, BRAC male 16 3 79 21 73
4 Rostral, BRA'C female 16 9 78 22 87
1 Leg, MAC male 57 25 93 7 100
It 2 Leg, MAC female 57 25 85 15 100
3 Leg, BRAC male 52 25 94 [ 100
4 Leg, BRAC female 57 24 98 1 100
1 Antennal, MAC male 36 19 67 33 100
m 2 Antennal, MAC female 36 17 28 2 100
3 Antennal, BRAC male 36 24 87 13 100
4 Antennal, BRAC female 36 22 79 21 100
1 Rostral *+leg + 109 23 80 20 100
antennal, MAC male
W 2 Rostral +leg + 108 23 69 31 100
antennal, MAC female
3 Rostral +leg + 109 23 86 14 100
antennal, BRAC male
4 Rostral +ieg + 109 23 86 14 100
antennal, BRAC female
SEach group comprised 10 mdividuals for each of biotypes 1, 2, and 3 MAC , BRAC =
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EVALUATION TRIALS
Plant Breeding, Statistics, and Chemistry
Departments

Yield trials (Plant Breeding, Statistics, and Chem-
istry). Brown-rice protein continued to be highly
correlated with rough rice yield in rainfed and
irrigated replicated yield trials. Similar trends were
observed in previous irrigated trials, except in 1977
(Table 1).

In the 1980 rainfed trial, the correlation coeffi-
cient was -0.27** (n = 185) in the dry season and
-0.32** (n=186) in the wet season. IR36 continued
to have higher protein but lower yield than IR42in
alltrials. Some lines had 2 percentage points higher
protein than IR42 but similar yields particularly in
the irrigated trials,

In the dry-season irrigated replicated yield trials,
only TR13429-287-3 had higher protein content
but similar yields compared to IR36 and IR42, but
seven lines had higher protein content than IR36 in
the wet season (Table 2). Only IR13429-287-3 had
yields comparable to those of the check varieties
and higher protein content in both seasons. Five
lines had either comparable protein or lower yield
than the check varieties in the dry-season crop; no

Table 1. Brown-rice protein content and its

coefficiants with rough rice yiald in irril

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

In 1979, IR13429-287-3 had protein (11.0%) and
yield (4.30 t/ha) comparable to those of IR36 in
the wet season (10.8% protein and 4.16 t/ha), and
had as low protein (8.2 vs 8.5% for IR36) but lower
yield (5.84 t/ha vs 6.89 t/ha for IR36) in the dry
season. The performance of this line will be
checked in 1981.

High-protein parents (Plant Breeding and Chem-
istry). From 938 viable high-protein entries selected
from the germplasm bank with these characteris-
tics — maturity >>100 days, indica type, low spike-
let sterility, dry-season brown rice protein =11%
and: wet season protein 2=12%, and 1000-grain
weight 2220 g — 41 were selected based on 1979 wet
season protein data. They were planted in a repli-
cated yield trial in the 1980 wet season. Tungro
infestation caused low yields of all entries including
the four checks. Rough rice yield ranged from 0.04
to 1.42 t/ha (mean 0.41 t/ha) and brown rice
protein from 9.5 to 13.7% (mean 11.8%). The
correlation coefficient between the two grain prop-
erties was -0.12 (n/=41). The protein values for the
1980 crop were significantly correlated with those
for the 1979 crop (r = 0.52%*, n=41).

yield trials. IRRI, 1973-80.

Dry season Wet season
Year Entries Brown-rice protein {¥) r Entries Brown-tics protein (¥} r
{no.) Range Mean {no) Range Mean

1973 232 6.7- 9.6 7.9 -0.36" 184 86-13.9 1086 -024*
1974 416 68-110 82 =0.13* 370 7.3-11.3 8.8 047"
1975 301 6.9-108 86 ~0.50** 278 8.4:11.2 8.8 036"
1976 370 57- 9.7 7.3 ~0.24* 416 5.7-100 7.6 -0.15%
1977 324 5.8- 9.1 7.4 002 278 6.1-114 9.3 -0.03
1878 361 §4-104 82 -022% - - - =
1979 370 6.7-11.1 83 -0.60** 369 82-125 102 ~0.33%
1980 369 72123 9.6 =0.59* 369 69-152 101 ~0.44**

Table 2. Brown-tice protein {BRP) and rough rics yield of 7 selected lines with higher protein but similar yields compared tocheck
varieties IR36 and IR42 in either dry or wat saason. JRRI, 1980.

i Dry season? Wet season

Selection Parents BRP Yield BRP Yield

(%) {t/ha) (%) {t/ha}
IR9752-1-2 IR28/Kwang-chang-a1//IR36 106 5.46] 115 4.26
IR9752-71-3 1R28/Kwang-chang-ai//IR36 [10.2 5.70} 121 433
1R13429-287-3 IR4432-53-33/Ptb 33//IR36 12 5.93 11.8 378
IR15429-268-1 74-5461/IR2071-625-1//IR74782-6-3 1103 5.25] 117 451
IR19198-9-2 IR747B2-6-3/IET 5446//IR36 b —b 1.8 428
IR19722-9-1 IRB608-167///IR747B2/Kwang-chang-ai//IR74782 [11.9 488] 123 435
IR19735-5-2 IR9129-77-1///I1R74782-6-3/29 Lu 1//IR74782 1o 561] 116 438
R36° * IR1661-228-1//iR24%/0. nivara//CR94-13 10.8 5.71 1.4 377
IR42° IR1561-228-1/IR1737//CR94-13 9.0 6.32 10.3 4.30

®The brackets { Jindicate either no advantage over check varigties in yield and protein content, or lower yiald. bProtein and yield data
not availlable °Mean of 4 sats in dry season and 3 1n wat season, in which the 7 lines were included.
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Table 3. Brown-rice protein content and rough rice yield of 5
high-protein varieties from the germplasm bank, of 4 check
samples, and of all 41 entries.? IRR], 1980 wet season.

Brown-rice Rough
__protemn (%) __ nce yield,
Variety or hne 1979 1980 1980 wet
wet wet season
season _ season {t/ha)
ASD8 (Acc. No. 4894) 16.2 126 112
ASDB (Acc.'No. 6393) 15.8 1.5 118
Colio 13.0 1.3 101
Jappine tung kungo 133 120 132
Pl 183175-1 14.4 125 142
IR36 19 106 23
IR42 107 108 178
IR480-5-9 — 1.2 048
IR2135-38-3 — 104 0.35
LSD (0 05) 13 0.39
Coefficient of variation (%) 58 42.2

“Mean of 2 replications for 1980 wet season and unreplicated
data for 1979 wet season.

Susceptibility of the high-protein varieties to
diseases and insects continues to complicate the
estimation of their yield potential at IRRI. Yield
reductions due to pests have been shown to result
in higher percentage of grain protein. The five
varieties that yielded more than 1 t/ha and with
protein content as high as that of IR480-5-9 are
listed in Table 3. Two samples with more than 13%
protein — Gidej 113 and Fai-yao-zai — had yields
of only 0.17 and 0.23 t/ha.

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

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

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

PROTEIN DIGESTIBILITY AND RETENTION
Chemistry Department

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

Table 4. Properties and nltrogan balance of IR32 brown,
undermilled, and milled rice in growing rats and preschool
chlldren Natmnal Institute of Ammal Science, Copenhagen,
y. Foad and Nutri-

tmn Insti Manila; and 1RRI, 1980.
- Under- o
o ol Mied
rice

Nutrient content

Protein (% N X 6 25} 87 85 83

Lysine {g/16g N} 38 36 36

Crude fat {%) 23 15 07

Crude ash (%} 0.8 06 04

Crude fiber (%} 0.7 05 02

Dietary fiber (%) 26 18 08

Total phosphorus {%) 0.14 0.14 oo0s8

Phytin phosphorus (%) 006 0.05 0.02

N-balance in § growing rats®

True digestibility (%) 96906 97.2+07 984*05

Biological value (%)~ 68.9%1.1 69.7%13 67506

Net protein utili- 66810 67.7*1.0 664104

zation (%)

N-halance in 6 preschool childrer??

Apparent absorption 674£39 70032 70449
(% of intake}

Apparent retention
{% of ntake)

“Mean + standard deviation. 2250 mg N/kg body weight daily,
2/3fromnice and 1/8 from casein. For casein 1, dietary nitrogen
was 80 9% absorbed and 33.4% retained; for casein 2, nitrogen
was 79 9% absorbed and 34.1% retained. Rice diets were given
in randomized order to each child

361£37 37.3£62 3691561
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In view of the importance of rice in the diets of
tropical Asia (it contributes 58% calories and over
439, protein in the Filipino diet according to the
1978 nationwide survey), a cooperative study was
undertaken to check the protein and energy avail-
ability in IR32 brown, undermilled, and milled rice
for growing rats and preschool children. Bran-
polish removal from brown rice was 5% and 9% by
weight for the two milled samples.

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

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

trogen intake of 200 mg/ kg body weight are under
way.

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

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

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

The higher BV and NPU of IR8 milled-rice

Table 5. Properties and nitrogen balance of brown and milled pi and rices in rats.
Institute of Animal Science, C Denmark, and IRRI, 1980.
Perurutong H4 IR32 IR8
Brown rice
Gramn property
lor Purple Red Light tan Light tan
Methanol-soluble phenolics 0.62 025 001 002
(% as catechin)
Protein (% N X 6 25) 83 80 87 80
Lysine {g/16 g N} 3.8 37 38 39
Nitrogen balance in 5 rats®
True digestibility (%) 72418 830+08 969+05 97.1£05
Biological value (%) 81.6+12 803%15 68.9%1.1 727+08
Net protein utiization {%) 591 £03 66.6 09 66710 70609
Milled rice
Grain property
Methanol-soluble phenolics 007 005 001 0.02
{% as catechin)
Mitrogen balance in 5 rats®
True digestibility (%) 975%10 99.2£07 98410 962 +0 45
Brological value (%) 68412 657+08° 67514 731£08%
Net protein_utilization (%) 66.7+1.3 652£08° 66.4%12 703£07%

#Mean = standard deviation 2Another sample of the same vartety. 1972 data
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protein were probably not due to the lower final
gelatinization temperature (GT) of its starch
(67°C vs 76°C for H4 and IR32, and 78 C for
Perurutong). Other low-GT milled rices in earlier
studies did not necessarily have higher BV and
NPU.

Poorly digested cooked-rice protein. The major
poorly digested protein of cooked milled rice with
molecular weight (MW) 16000 subunit was further
characterized (Annual report for 1979). Pepsin-
treated cooked IR480-5-9 milled-rice protein bod-
ies and fecal protein had properties closer to the
70% isopropanol-0.6% 8 mercaptoethanol soluble
(prolamin-like) fraction of rice glutelin than to the
whole MW 16000 subunit of glutelin. This prolamin-
like fraction also has MW 16000 and constitutes at
least 5% of glutelin. Its amino acid pattern is sim-
ilar to that of poorly digested protemns such as 1%
lysine and 4% cysteine and methionine. Isoelectric
focusing in disc gels showed that the undigested
protein soluble in 8 M urea has 6 bands with
isoelectric points (pI) at pH 4.9, 5.1, 6.1, 7.0, 7.3,
and 7.4. The prolamin-like fraction of glutelin had
polypeptides with pl at pH 4.9, 6.1, 7.0, 7.3, and
7.4. In contrast, the unfractionated MW 16000
subunit of glutelin had higher lysine content (2.69%)
and two major polypeptides soluble in 8§ M urea
with pI of 7.1 and 7.5, plus 11 minor bands (2 with
pI >7.5, 3 with pl at 7.1-7.5, and 6 with pl at
5.1-7.1) indicating its greater complexity.

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

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

OTHER NUTRIENTS

Chemisty, Agronomy, and Plant Physiology Depart-
ments

Distribution of elements in rough rice (Chemistry
and Agronomy). Distribution of selected elements
in rough rice in milling fractions was determined in
IR8 and IR36 rices grown'in the 1979 dry and wet
seasons at JRRI. Rice is a major source of these
elements in Asiandiets. Brown rice (77.4% by wt of
IR8 rough rice and 79.8% for IR36) accounted for
90% of rough rice nitrogen in IR8 and 94% in
IR36, 1009 of rough rice phosphorus, 76-77% of
rough rice potassium, 95-100% of magnesium, and
70% of calcium in the two rices, Among the five
microelements of rough rice, 1009 of zinc, 46-64%
of copper, sodium, and manganese, and 21-23% of
iron were retained in brown rice.

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

Brown rice oils (Plant Physiology and Chemis-
try). Earlier work suggested the brown rice oil
extracted with petroleum ether from indica rice
had less polyunsaturated fatty acids (linoleic plus
linolenic) than oil'ffom japonica rice from grains
produced at IRRI. Confirmatory analysis, how-
ever, showed overlapping values of 36-41% poly-
unsaturated acids in total fatty acids (mean 38%)
for 4 indica oil samples, 379 for 1 javanica oil
sample, and 40% for 1japonica oil sample. Ranges
of fatty acid composition for the 6 rices were 16-
2195 palmitic, 1-2% stearic, 38-449 oleic, 34-3995
linoleic, and 1-2% linolenic acid of the total fatty
acids.
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HYBRIDIZATION AND SELECTION .
Plant Breeding Department

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

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

Twenty-seven F» bulk populations were grown
in rainfed-wetland plots in both seasons and 279 F>
plants were selected.

Breeding efforts were-directed to incorporate
resistance to tungro, grassy stunt, sheath blight,

and to several insect pests into a drought-resistant

background.

VARIETAL SCREENING
Agronomy and Plant Breeding Departments

Field screening rices for drought resistance (4Agro-
nomy). Tests for drought resistance at IRRI dur-
ing the dry season consisted of selections from
previous years’ tests (233 entries); 1979 wet and
1980 dry season elite lines, irrigated and rainfed
wetland replicated and observational yield trials,
pedigree nurseries and hybridization blocks (3,481);
1979 wet season dryland replicated and observa-
tional yield trials (99); 1979 and 1980 International
Rice Testing Program materials (657); germplasm
bank (45); and miscellaneous selections {25).
Therices were seeded on dry granular soilon 17
January 1980 and sprinkler-irrigated every 3-6
days until 3 March (30 days from full seedling
emergence), at which time irrigation was stopped.
An 18-mm rain on 9 March and a typhoon at the
end of March brought 100 mm of rainfall over a
period of 4 days. That relieved soil moisture stress,
which was in the range of 0.8 to 1.5 bars soil
moisture tension (SMT). Another drying period
followed. At SMT of 1-2 bars (14 April), the
entries were individually scored for drought resist-
ance-using the Standard Evaluation System for
Rice (SES) where 1 = no to slight effects of soil
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moisture stress and 9 = all plants apparently dead.
Two rices, Salumpikit and TR442-2-58, were used
as drought-resistant checks, and IR20and IRAT 9
were used as drought-susceptible checks. Scorings
were also done at 4-5 bars SMT (18 April) and 8-10
bars SMT (22 April). After scoring at 8-10 bars
SMT, the soil moisture stress was relieved by 2
sprinkler irrigations and drought recovery was
scored 20 May by SES (1 = 90% of plants fully
recovered and 9 = no plants fully recovered).

Because rains relieved the early soil moisture
stress, many entries were in the reproductive stage
when scored. Some accessions, especially those
from China (composed of 8§ rice-sorghum hybrids),
were already maturing at 1-2 bars SMT. Only 28
entries-had SES scores of 3 or better at 8-10 bars
SMT (Table I). Of those, 6 were in the reproduc-
tive stage. Salumpikit and IR442-2-58 had drought
scores of 5 and 6 at 8-10 bars SMT and IR20 and
IRAT 9 both scored 8.

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

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

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

Of entries from the germplasm collection, the
majority of which are the ARC (Assam Rice Col-
lection) accessions from India, 9% had a score of 4
or less during vegetative growth. ARCI4101,
ARC14108 and ARC14123 were found to have
moderate resistance to drought at the reproductive
stage.

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



Table 1. Promising drought- resistant tices in field screening. IRRI, 1980 dry season.”

1st scoring

(14 Apr}
1-2 bars

Designation Origin

2d scoring
(18 Apr}
4-5 bars

3d scoring
(22 Apr}

Recovery
8-10 bars

score?
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7]
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1

GS oT

IR45 (IR2035-242-1)
IR3258-P5-160-1
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IR7790-18-1-2
IR8098-194-2.
IR8103-120-3-A,
IR8235-184
IR9266-124
IR9669 selection
IR9782-111-2-1-2
1R9862-19-2
1R9852-22-3
1R9852-53-2
IR10206-29-2
IR11288-B-B-288-1
IR11287-170-3-2
IR13148-23-2
IR13149-71-3-2-3
IR13676-18-2-3-1
IR16718-28-2-2
1R16821-73-2
IR15849-132-3-3
IR17076-61-1
BKN6G986-147-2 (RD19)
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Nigeria
Liberia
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Table 2. Entries and i lections in field
of rices for drought resistance at vegetative stage from 1975
to 1980 dry season, IRR]

v Entries Outstanding selecions®
il (no) No Percentage
1975 1003 32 319
1876 1016 6 0.50
1977 4118 51 1.24
1978 4757 43 090
1979 3897 145 372
1980 4540 169 372

?Drought tolerance score comparable to or better than that of
[R442-2-68 and Salumpikit at 10 bars soil moisture tension
{SMT), except In 1979 test which was at 5 bars

erately susceptible to drought at the reproductive
stage.

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

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

from the 1975 Standard Evaluation System for Rice (SES) bBased

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

Lines found to be moderately resistant to drought
at the reproductive stage of growth were IR8235-
196-3-2, IR9129-320-3-3-3, 1R9224-223-2-2-2-1,
1R9698-16-3-3-2, IR9830-27-2-3, and IR21335-29.
They were also entered in the 1980 wet season
hybridization block and are being used in crosses.
Those lines are resistant to several insect pests and
have good yield potentials.

Drought screening in the greenhouse (Agron-
omy). A special greenhouse screening facility for
drought resistance was used from 1976 until the
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Table 3. Outstanding selections for drought resi at ive stage s field i and their possible source of
i IRRI, 1977-1980 dry seasons.

Drought score”
Ongin 1877 1978 1979 1980
4bars 10bars Sbars 10bars Sbars 5bars  10Qbars

Passible source

Designation of resistance

IR5953-118-5 {IR62)  Nam Sagui 19 3 3 1 3 3 5 6
IR8098-194-2 Aus 12 2 3 3 7 3 2 3
IR8103-120-3 Aus 197 3 3 1 1 3 3 3
IR9669 selection Carreon 4 4 1 3 1 3 3
IR5624-110-2 Khao Dawk Mal 105 - — 1 3 3 3 3
IR8234-174-3 Nam Sagui 19 —_ - 2 3 3 4 5
IR9995-96-2 Nam Sagu 19 — - 1 3 3 4 5
Nam Sagui 19 Thailand 7 7 3 7 3 5 7
Carreon Phihppines 3 3 3 5 3 — —_
Leb Mue Nahng 111 Thatland 3 3 2 4 3 4 6
Khao Dawk Mali 105 Thailand 3 6 3 6 3 5 7
IR442-2-58 Leb Mue Nahng 111 4 5 1 5 3 4 6
Salumpikit Philippines 4 5 1 4 3 4 5
IRAT 8 Ivory Coast 7 8 6 9 7 7 8
IR20 7 8 5 8 5 [:] 8

?Based on 1975 Standard Evaluation System for Rice A dash indicates ho test Soil moisture tension ranged from 4 to 10 bars.

Table 4. Summary of drought resistance scores of 3,157 vaneties and lines grown in rainfed-dryland fields, IRRL. 1980 dry
season.

Stage Entries Entries (no } with decimal® scores of

Type of entry scored (no.) 12 3 4 L] 6 7 8 2
1,783 7 156 683 830 101 []

Reproductive 1017 3 16 19 186 68 715
Dryland breeding nurseries Vegetative 571 7 10 84 326 132 10 2

Reproductive 118 1 1 1 17 6 92
Wetland breeding nurseries Vegetative 559 7 54 235 241 22

Reproductive 80 1 1 10 15 53
International nursery entries Vegetative 198 1 10 53 104 27 3

Reproductive 32 1 5 7 19
Heat-tolerant lines Vegetative 44 1 14 21 8

Reproductive 26 3 3 2 18
Rice-sorghum hybrid Vegetative 2 1 1

Reproductive 4 1 3

2Decimal score for vegetative stage based on 1 =plant has no or shght leaf rolling, remains green with few leaf tips drying and no
stunting; to 8 =tube-like leaf rolling, all leaves dried, and severe stunting Reproductive stage score based on 1 =no heading delay, full
panicle exsertion, normal panicle size, 91-100% spikelet ferulity, mostly well-filled grain 2nd shight leaf rolling, to 9 =half-exserted
panicle, panicle size reduced by half, 0-10% spikelet fertility, mostly empty grain, and tight {eaf rolling or no headmg until after
moisture is replenished

3
Table 5. Summary of drought resistance scores of 914 varieties and ines grown under rainfed-wetland culture and rated at 2
growth stages, 1280 dry season, IRR], Plant Breeding Department.

Stage Ent Entnies {no.) with d 12 f Entries {no )
Type of entry scorged 8‘:75 {no) cama _ score o not headed
12 3 4 5 6 7 8 g atend of test
Lines in collaborative Vegetative 83 6 23 12 6 7 8 1
rainfed-wetland trials Reproductive 50 1 1 4 8 11 25 13
Lines inrephcated rainfed-  Vegetative 200 5 21 69 55 20 19 11
wetland yield tnal Reproductive 166 5 4 10 23 43 3 78 34
Lines for rngated culture Vegetative 400 5 95 155 113 23 3 6
in yield nal Rep 394 1 1 12 30 58 155 28 109 6
international Rainfed Low-  Vegetative 251 i 65 % 31 1 8 24 1
land Rice Observational  Reproductive 221 3 8 8 22 46 3 13 30

Nursery entries

?Decimal score for vegetative stage based on 1 =plant has no or shight leaf rolling, remams green with few leaf tips drying and no
stunting, to 9 =tube-like leaf rolling, 2il leavesdried and severe stunting Reproductive stage score based on 1 =no headng delay, full
panicle exsertion, normal panicle size, 91-100% sprkelet fertility, mostly well-filled gram, and slight leaf rolling, to 8 =half-exserted
panicle, panicle size reduced by haif, 0-10% spiketet fertlity, mostly empty grain, and tight leaf rolling or no heading until after
moisture 1s replenished
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1. Distribution of the 4,187 entries screened at the IRR1 drought
screening greenhouse, 1976-80.
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2. Distribution by drought score of the 4,187 entries tested for
the period 1976-80 at the IRRI drought screening greenhouse.

end of 1980. Of 4,187 entries tested, 2,435 were
germplasm bank accessions. Figures 1 and 2 illus-
trate the number of entries successfully screened
each year and the frequency of entries falling in
each of the SES scores 1 to 9. The entries that
scored 1 are generally from dryland ecological

backgrounds. Some of those that scored 2 and 3
are from wetland environments, and others are
hybrids. Table 6 lists selected entries that had 3 or
more replications and scores of 2.0 to 3.0 as a
representative sample.

DROUGHT RESISTANCE IN RAINFED
DRYLAND RICE

Agronomy and Plant Breeding Deparimenis

Dryland rice yield test (4gronomy). The 1980 wet
season dryland rice yield test consisted of the 27
entries in the 1980 International Upland Rice Yield
Nursery; 36 selections from the 1977, 1978, and
1979 field drought screenings; 10 entries from the
1979 yield test; and 8 other rices, including tradi-
tional and other varieties used as checks in field
drought screenings.

The test was conducted at IRRI, in two Batan-
gas farmers’ fields, and at two Philippine Bureau of
Plant Industry (BPI) experiment stations. Two
seedings (1-month interval) were made at IRRI
and at the Batangas sites to determine the effect of
delayed seeding on dryland rice. The first seeding
above and the only seeding at the BPI stations
coincided with the start of the planting season in
each area.

Table 6. Selected entries with scores” of 2.0 to 3.0. IRRI,
1980.

Entry Score + SE
IAC1131 20 05
Holamaldiga 20 05
IRAT10 20 0.5
Ram Kajara 20 00
IR7777-7-1-1 20 04
IRAT13 22 0.6
IR5853-118-5 2.3 03
Maleba L 23 03
Sikodok 23 03
TR1 23 03
Naung Tu 25 15
BR166-2B-8 25 1.5
IRATE 25 05
IR3260-P91-100 25 05
Gogo Putih 30 04
CR141-3138-2-234 30 0.0
CR410-1-3-4 30 0.5
Dacca 14 30 0.5
pD118 30 0.0
Dova H 30 0.0
ARC11430C 30 0.0
IAC5544 30 056
Intan 30 00
PNB77-1 30 00
Nam Sagui 19 30 05
Paedi Kalibungga 30 00
1021 (Guatemala) 30 00
IRB608-79-3-2 30 00

*Scores are the mean of 3 or more replications (* SE)
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Daily rainfall (mm) and solar radiation (g
cal/cm’ daily) were monitored at all sites. Soil
moisture tension (SMT) in centibars (cb) was
recorded at IRRI and the two Batangas sites. Fig-
ure 3 shows SMT for 3 sites and rainfall for all
sites. The rainfall in 4 of the 5 test sites (Ilagan was
the exception) was relatively high for June-October
1980. The distribution, however, was erratic. A
2-week dry spell at IRRI and Cuenca in late July
and early August caused the SMT to rise above 50

Weekly rainfoll (mm) Soil moisture tension (cb)
300

3. Weekly rainfall and number (on bars) of rainy days per week
at 5 Philippine sites for dryland rice yield trials, with corre-
sponding soil moisture tension at IRRI and 2 Batangas sites.
1980 wet season.
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cb for a period of from 7 to 9 days. SMT at IRRI
was above 80 cb for 7 days.

The limited rainfall at Ilagan caused prolonged
soil moisture stresses, various degrees of wilting
and leaf desiccation, and delayed and nonuniform
heading.

Solar radiation data for IRRI and the Batangas
sites are seen in Figure 4.

For comparison with standard varieties of vary-
ing growth durations, the entries were grouped into
the early-maturing and the medium- and late-
maturing, consisting of 39 and 42 entries including
check varieties.

Fourteen of the early-maturing rices are pres-
ented in Table 7. Twelve performed better than
IR 36 and M 148, the early-maturing checks. Yields
of 17 medium- and late-maturing rices are in Table
8. IR43, IR9560-2-6-3-1, and IR9669 Sel were ear-
lier identified as tolerant of imposed soil moisture
stresses of 5 and 10 bars SMT during dry season
drought screenings. Another six from the list in
Table 8 were drought-resistant selections, indicat-
ing that high yield potential can be incorporated
into drought-resistant varieties.

Solor radiation (kcal /em? per week )

3 38 B, s 38 B B

=]

8

ol 0
b s ———— sl ——— Aug ——— Sep ——+—Oct —

4. Solar radiation and weekly rainfall at IRR1 and two Batangas
(Philippines) sites used in dryland rice yield trials. Numbers on
bars are rainy days per week. 1980 wet season.




Table 7. Grain yield of early-maturing rices in dryland yield trials at 4 Philippine sites®. 1980 wet season.

Grain yield (t/ha)

Designation IRRI Santo Tomas Cuenca La Granja Mo
3 Jun 23 May 25 Jun 15 May 20 Jun 10 Jun -

IR5931-110-1 29 a6 36 45 35 39 38
B733C-167-3-2 28 49 32 46 33 as 38
IR9782-111-2-1-2 25 47 40 5.0 30 26 36
IR5716-18-1 22 38 29 41 31 34 a3
IR5929-12-3 19 37 30 39 28 36 32
IR2061-522-6-9 21 a1 350 34 29 3.2 32
IET4094 (CR156-5021-207) 26 ag 23 41 33 33 32
KMP34 19 40 26 35 3z 38 32
IR7473-118-2-2-3 2.1 41 23 36 30 32 31
IRBOBG-48-2 17 39 27 33 35 37 31
IR8608-3-2-2-3 24 37 34° 32 31 29 31
IR9828-36.3 1.7 40 28 a7 31 33 31
IR36 (check) 22 33 23 35 28 32 29
M1-48 (check) 14 22 10 23 23 33 21

®llagan data not included because of crop failure; Santo Tomas and Cuenca had 2 seedings each. * and ** indicate significantly

different from IR36 (check) at 5% and 1% levels.

Table 8. Grain yield of medium- and late-maturing rices in dryland yield trials at 4 Philippine sites®. 1980 wet season.

Grain yield (t/ha)

Designation IRRI Santo Tomas Cuenca La Granja o
3 Jun 23 May 25 Jun 15 May 20 Jun 10 Jun -

IR43 28 4.9 3.4 5.0* s 36 39
IR9560-2-6-3-1 2.5 4.5 3.9 43 3.9 26 36
IR9669 selection .3 4.7 3.0** 39 3.9 29 35
C171-136 28" 4.5 2 44 3.68* 38 35
B2433B-KN-10-1-1-1 2.3 35 2.2° 5.6 37 28 34
Gama 318 26** 38 2.5 44 3.6* 38 34
IRB098-41-3 280 4.5 290 4.4 29 22 3.3
IR9101-124-1 2.1= 41" 3.0 42 30 3 33
IET1785 2.8 4.6 28 36 3.2 29 23
KN96 3.2* 38 1.8 3.8 33 39 33
IR5643-178-1 1.9 +3.5 3.0 44 28 3.7 3.2
IR5677-22-5-2 2.4 4.3 2.6 41 3.8* 27 32
IR9995-96-2 2.3 34 vt i 4.9* 33 27 3.2
IR52 ate 38 19 43 32 32 31
B448-50-2-2-5-1-1 22 42 20° 46 30 26 3.1
C166-135 1.8 4.0* 1.9 43 3.0 3.5 31
IR45 20 27 3% 38 3.2 29 30
C22 (check) 1.6 3.2 1.1 40 3.0 39 28

®llagan data not included because of crop failure; Santo Tomas and Cuenca had 2 seedings each.

different from C22 (check) at 5% and 1% levels.

Yield data for the two seedings at Santo Tomas
and Cuenca indicate a generally lower yield in later
seedings (Table 7, 8) because of reduced tillering
and shorter panicles. Soil moisture stress in early
August coincided with the active vegetative stage of
the second seeding at both sites. In addition, dis-
ease pressure was heavier on the later seeded crops.
Expected favorable effects of the solar radiation on
the later seeded rices were masked by the combina-
tion of soil moisture stress and disease pressures.

A summary of agronomic characteristics for
entries reported in Tables 7 and 8 is given in Table
9.

Drought at Ilagan delayed heading and, conse-

* and ** indicate significantly

quently, maturity of all the entries. Rices that had
better scores than the drought-resistant checks
IR442-2-58 and Salumpikit were IR9560-2-6-3-1,
IR9995-96-2 (both identified earlier at IRRI as
drought resistant), and M 1-48.

A review of the yield trials since 1976 showed
that IR43, IR2061-522-6-9, IR9669 Sel, and Gama
318 were consistently among the highest yielders
(Table 10).

Field evaluation of promising dryland lines
(Plant Breeding). Eighty varieties and lines were
evaluated in a farmer’s field in Batangas Province,
on a fertile, wet site at IRRI, and on a well-drained,
low-soil-fertility site at IRRI.
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Table 9. Summary of grain yield and other agronomic characteristics of early-, medium-, and late-maturing rices in dryland yield
trials at IRRI, Santo Tomas, Cuenca, and La Granja, Philippines. 1980 wet season.

Av

. y grain Growth duration (DS*) Pank Panicles .

Designation yield Mee—n Retcs (:::l : {no./m3) Important diseases®
(t/ha)
Early-maturing
IR5931-110-1 38 117 111-132 101 263 Bl, LSm, ShB
B733C-167-3-2 38 120 114134 109 257 LSm, NBLS, ShB
IR9782-111-2-1-2 36 114 109-126 76 314 BI, LSm, NBLS, ShB
IR5716-18-1 33 122 112-143 92 244 LSc, NBLS, ShB
IR6929-12-3 3.2 115 105-131 107 213 LSm, NBLS, ShB
IR2061-522-6-9 32 116 109-130 95 268 Bl, LSc, NBLS, ShB
IET4084 (CR156-5021-207) 3.2 120 112-133 82 258 Bl, NBLS, ShB
KMP34 3.2 116 107-132 82 267 LSm, NBLS, ShB
IR7473-118-2-2-3 3.1 118 110-136 90 226 LSm, NBLS, ShB
IRBOB5-48-2 3.1 122 117-138 88 242 LSc, NBLS, ShB
IRB608-3-2-2-3 3.1 112 106-126 82 247 LSm, NBLS, ShB
IR9828-36-3 3.1 116 109-130 74 267 LSm, NBLS, ShB
IR36 (check) 29 114 108-131 69 273 Bl, LSc, NBLS, ShB
M1-48 (check) 2.1 121 114-132 118 161 ShB
Medium- and late-maturing

IR43 39 126 117-142 82 254 NBLS, ShB
IR9560-2-6-3-1 36 131 124-151 81 251 LSc, LSm, NLBS, ShB
IR9669 selection 35 132 124-149 82 233 BS, LSc, LSm, NBLS, ShB8
C171-136 35 126 119141 109 222 NBLS, ShB
B2433B-KN-10-1-1-1 34 136 129-154 104 257 Bl, LSc, ShB
Gama 318 34 129 123-145 95 251 BI, NBLS, ShB
IRB098-41-3 33 129 123-142 93 24 LSc, LSm, NBLS, ShB
IR9101-124-1 33 124 115141 80 260 NBLS, ShB
IET1785 33 127 122-143 79 270 LSm, NBLS, ShB
KN96 33 128 123-147 105 24 BIl, LSc, NBLS, ShB
IR5643-178-1 32 126 119-145 B2 240 LSc, LSm, ShB
IR5677-22-5-2 3.2 132 124-146 84 252 BI, LSc, NBLS, ShB
IR9995-96-2 3.2 132 122147 9N 233 BS, NBLS, ShB
IR52 31 124 120-134 920 261 BI, LSm, NBLS, ShB
B44B-50-2-2-5-1-1 3.1 133 125-154 87 222 Bl, LSc, ShB
C166-135 3.1 128 124-143 11 209 LSc, ShB
IR45 3.0 130 122-147 80 272 LSc, NBLS, ShB
C22 (check) 28 126 117-143 117 205 B, LSc, ShB

2DS =days after seeding. *BL =leafblast, LSc =leaf scald, LSm =leaf smut, NBLS =narrow brown leaf spot, ShB =sheath blight, BS =

brown spot.

Table 10. Grain yield of rices that performed well forat least 2
years in wet season dryland yield tests at 4-5 Philippine sites.

Grain yield? (t/ha)
1977 1978 1979 1980

Entry

Early-maturing rices

IR2061-522-6-9 35 3.2 23 3.2
IR6716-18-1 — - 2.3 33
IR7473-118-2-2-3 - — 20 31
IR9828-36-3 — — 20 31
B733C-167-3-2 — 32 25 38
IET4094 (CR166-6021-207) — 33 23 32
IR386 (check) 36 35 1.9 29
M1-48 (check) 22 28 1.7 21
Medium- and late-maturing rices
IR43 386 33 28 39
IR52 — 35 25 3.1
IR9560-2-6-3-1 — — 32 36
IR9669 selection 35 36 32 35
C166-135 - — 26 31
Gama 318 35 34 28 34
IET1785 — 3.2 26 33
C22 (check) 34 28 2.2 28

?A dash (—) means not tested.
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There was no serious drought spell throughout
the crop season in the farmer’s field at Batangas.
However, severe lodging caused by typhoons at
ripening and a high incidence of sheath blight
lowered the yield of the susceptible entries. Leaf
folders also damaged some entries.

The highest yields obtained at Batangas were
from IR6115-1-1-1, C1064-5, and IR43 (Table 11).
The coefficient of variation was computed at
18.8% and the average site yield was 2.8 t/ ha.

Of three agronomic traits, the number of days
from seeding to maturity was positively correlated
with grain yield (r = 0.28**), while plant height was
negatively correlated (r = -0.41**). Late-maturing
lines lodged heavily because of a series of heavy
downpours at the flowering-to-ripening stage of
120- to 130-day-old varieties. Panicle number did
not appear to affect the yielding ability of the varie-



Table 11. Grain yield and other agronomic traits of selected
lines grown at a farmer’s field, Santo Tomas, Batangas Pro-
vince, Philippines, 1980 wet season.

Table 12. Grain yield and other agronomic traits of selected
lines grown at a well-drained and low-fertility site at IRRI,
1980 wet season.

Vi Plant ht Panicles Maturity Grain yield

fcm) (no.) (days) {t/ha)
IR3179-25-3-4 m 36 120 * 36 ¢
IR3839-1 90 40 109 38abc
IR3858-6 124 34 121 35 ¢
IR3880-10 120 38 120 34 ¢
IR3880-17 125 39 118 37 be
IR5420-1-1-2 17 40 116 36 ¢
IR5873-9-1 128 38 120 34 ¢
IR6873-13-2 123 35 118 34 ¢
IR6929-12-3 106 37 113 34 ¢
IR5931-110-1 107 36 114 3.9abc
IR6931-113-1 122 34 118 3.8 abc
IRE982-7-6-1 88 39 120 38 ¢
IR6023-10-1-1 130 37 120 34 ¢
IR6115-1-1-1 95 38 120 4.0 abc
IR9669 selection 92 40 126 3.8abc
C1064-5 114 32 120 45ab
IR36 (check) 70 45 110 20 d
IR43 (check) 88 38 123 46a

ties (r = 0.31**) at this site.

The crop grown on the fertile, wet site at IRRI
received evenly distributed rainfall from seeding to
harvest and had no serious drought spell. Adverse
weather in October caused severe lodging in almost
all the plots. High incidences of sheath blight and
leaf folder were noted, especially in the middle of
the field. The highest yield obtained was only 3.0
t/ha from C1064-5, the lowest was 0.5 t/ha from
IR 12740-24-1. The average yield was 1.7 t/ha and
the coefficient of variation was 23.9%, the highest
among the three test sites.

Correlation coefficients showed that plant height
was negatively correlated (r = <44**) with yield,
and panicle number was positively correlated (r =
0.48**). Growth duration was not significantly
correlated with yield (r = — 0.05 ns).

At the well-drained, low-fertility site at IRRI,
the crop suffered from moisture stress at 60-70 days
after seeding, which coincided with the panicle
initiation stage of the early- and medium-maturing
entries. A 7-day dry spell during the last week of
September affected the ripening and heading stage
of the late and very-late entries.

The yield ranged from 0.08 t/ ha to 2.5t/ ha with
an average yield of 1.3 t/ha. The coefficient of
variation was 19.3%. Table 12 shows the grain yield
and three other agronomic traits of selected lines
and varieties. The highest yielders were IR6115-1-1
and C1064-5. IR36, IR45, and IR9669 selection,
which were slightly affected by the early short dry
spells, recovered and produced a yield higher than

Plant Pani- Matu-

Variety or line ht cles rity Gr(atnnh:nrld
fcm) (o)  (DS") ’
IR36 (check) 61 45 120 20abc
IR43 (check) 79 40 122 20abc
IR45 (check) 77 44 129 1.5 cde
IR3839-1 81 46 115 2.1 ab
IR5931-110-1 a5 43 118 1.9 bed
IR6931-113-1 102 48 118 1.5 bcde
IR6023-10-1-1 96 42 122 L3 de
IR6115-1-1-1 90 40 123 25a
IR9669 selection 84 44 126 2.0 abc
IR12740-24-1 128 33 145 058 f
C1064-5 94 35 118 25a
Kinandang Patong 144 34 120 11 e
(check)

“Days after seeding.

that of the traditional upland variety Kinandang
Patong, but their heading was markedly delayed.
Other high yielding lines, which also have high
levels of drought resistance and recovery ability,
generally gave higher yields without delay in head-
ing or maturity, or both —IR3839-1, IR5931-110-
1, and IR6115-1-1-1.

Correlation coefficients showed that panicle
number was positively correlated with yield (r =
0.62**), but plant height and yield were negatively
correlated (r = — 0.38**). No correlation (r =
0.07 ns) was observed between growth duration
and grain yield.

Analysis of variance for each test site showed
highly significant variation among varieties and
lines for the four characters studied (plant height,
panicle number per unit area, number of days to
maturity, and grain yield). Variances among sites
were heterogeneous for three characters, but plant
height showed independent response at each site.
Figure 5 shows some selected lines representing the
different yield responses of the entries at different
test sites. The new IR lines showed a higher yield
potential and more stable yields than the named
varieties, mainly because of the high levels of
drought resistance being incorporated. Rainfall
varied from 1,184 mm at the well-drained site to
1,221 mm at the wet, fertile site at IRRI farm, and
1,396 mm in the farmer’s field in Batangas.

DROUGHT RESISTANCE IN RAINFED WETLAND
Agronomy, Plant Breeding, and Irrigation Water
Management Departments

Rainfed wetland yield nursery for drought-prone
areas (Agronomy). A rainfed wetland yield nursery
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5. Yield performance of selected varieties and lines across 3 sites,
dryland culture, 1980 wet season.

of selected entries from the Genetic Evaluation and
Utilization (GEU) program and International Rice
Testing Program (IRTP) was first grown at
Guimba, Nueva Ecija, in 1979. In 1980 other sites
at Liloan (Cebu) and Oton (lloilo) were added.
Crop management practices included 60-30-30 kg
NPK/ha added basally. Insect and disease inci-
dence were minimal, but at Guimba the leaf folder
and whorl maggot occurred at the vegetative stage.
Hand weeding was done as needed. Crop weather
was favorable at all sites.

In 1980 the free water level in the paddy above
the hardpan was measured. In addition, the free
water level below the paddy was recorded. Figures
6-8 give an indication of the soil water conditions
and show the three hydrologically related variables
rainfall, soil matric potential, and free water level at
the sites. At Guimba, both short-term water def-
icits such as those that occurred 16-27 October and
the soil drying and decline of free water levels after
the final storm of the monsoon season about 5
November are well illustrated (Fig. 6). Table 13
shows the yield at these sites for the 32 entries and
IR8, which was the farmer’s variety at Liloan. At
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6. Soil matric potential (15-cm and 30-cm soil depth), water
level in paddy (piezometer at 20 cm) and below the paddy
(piezometer at 100 cm), and rainfall at the 3 rainfed wetland
areas where the rainfed wetland yield nursery for drought-prone
areas was grown in the 1980 wet season, Guimba, Nueva Ecija,
Philippines.

Liloan and Oton, water did not appear to be limit-
ing and rainfed yields were relatively high. Guimba
also experienced a rather well-distributed rainfall
and high water level conditions except at the end of
the season. As previously reported the higher yields
for Guimba were associated with the very early
maturity groups.

Evaluation of rice yield under two water regimes
(Plant Breeding and Irrigation Water Manage-
ment). Yield performance of 20 IRRI lines, 4
Indonesian varieties and lines, 14 breeding lines
from Thailand, and 2 Philippine varieties was
tested under two water regimes at 3 sites — IRRI,
and Gapan and Guimba, Nueva Ecija province.
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7. Soil matric potential (15-cm and 30-cm soil depth), water
level in paddy (piezometer at 20 cm) and below the paddy
(piezometer at 100 cm), and rainfall at the 3 rainfed wetland
areas where the rainfed wetland yield nursery for drought-prone
areas was grown in the 1980 wet season, Oton, lloilo, Philip-
pines.

Gapan data are not included because, although the
crop had no visible moisture stress, many suscepti-
ble entries were damaged by tungro.

IRRI. The IRRI trial was transplanted 29 July
in a rainfed-wetland area and in an irrigated area.
Total rainfall from transplanting to harvest was
1,161.6 mm. Short dry spells of 4-5 days occurred
during the last week of September and the second
week of October, which coincided with the heading
time of the early-maturing entries but no pro-
nounced symptoms of crop moisture stress were
observed.

The highest yields obtained from the rainfed
plots were 4.3 and 4.8 t/ ha from IR9217-58-2 and
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8. Soil matric potential (15-cm and 30-cm soil depth), water
level in paddy (piezometer at 20 cm) and below the paddy
(piezometer at 100 cm), and rainfall at the 3 rainfed areas where
the rainfed wetland yield nursery for drought-prone areas was
grown in the 1980 wet season, Liloan, Cebu, Philippines,

IR13149-19-1. The mean yield from the rainfed test
was 2.8 t/ha. Light infection of about 10-15% of
rice tungro virus slightly affected the yields of sus-
ceptible plants, especially the breeding lines from
Thailand.

Analysis of variance of plant height, panicle
number, number of days to head, and grain yield
showed highly significant variation among varie-
ties grown in rainfed plots.

In the fully irrigated plots, the highest yield
obtained was 5.4 t/ha from IR9852-22-3. The
mean yield of the irrigated plots was 3.5 t/ ha.

A highly significant correlation coefficient
between the yield of rainfed plots and the yield of
irrigated plots was obtained (0.83**). The coeffi-
cient of variation was 20.4% for rainfed plots and
16.69% for the irrigated plots.

Among the varieties that had no significant yield
difference between the two water regimes were
IR52(3.7vs 3.91/ha), IR4432-28-5 (3.6 vs 3.9t/ ha),
IR9217-58-2-2 (4.3 vs 4.6 t/ ha), and IR13149-19-1
(4.8 vs 4.2 t/ ha).
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Table 13. Grain yield of 33 entries in the rainfed wetland yield
lloilo; Liloan, Cebu, Philippines, 1980.

y for drought-prone areas: Guimba, Nueva Ecija; Oton,

Grain yield® (t/ha)

: Rank
e Wosgoriey Guimba Oton Liloan (across 3 sites)
IR5853-198-1-2 E 3343 238 hijkim 424 abedefg 8
IR4707-14-3-1 E 3.22ab 2.74 efghijki 339 cdefg 1
IR5629-64-3 E 298 abc 3.23 cdefgh 4.00 abcdefg 5
IR54 E 2.96 abc 275 efghijki 4.26 abedef 2
IR9129-192-2 VE 2.79 abed 413ab 497 ab 1
IR4707-140-1-3 E 2.74 abcde 293 efghij 3.02 efg 19
IR14753-72-1 E 2.69 abedef 309 cdefghi 4.18 abedefg 16
IR2823-103-5-1 M 263 bedef 3.15 cdefgh 4.19 abedefg 9
IR4570-83-3-3-2 E 260 bedef 085 p 346 cdefg 30
IR7149.35-2-3-2 VE 2,60 bedef 413ab 328 defg 6
IR43 E 239 cdefg 254 ghijkim 4.08 abcdefg 16
IR2307-437-1-2 E 2.38 cdefg 267 fahijkl 3.97 abcdefg 16
IR52 E 233 cdefgh 3.35 bedefg 4.75 abc 4
IR9209-26-2 VE 230 cdefgh 3.83 abed 4.69 abed 3
MR7 E 2.18  defghi 2556 ghijkim 4.06 abcdefg 18
IR13426-19-2 E 210  defghij 1.90 Imn 374 bedefg 25
IR9129-161-2 VE 209 defghijk 3.51 abedef 5243 : 2
IET1444 E 2.06 efghijk 3.90 abc 3.99 abcdefg 12
IR36 E 200 fghijkl 3.21 cdefgh 4 .43 abcde 14
IR3304-23 E 1.87 ghijkl 226 ijkimn 282 fg 29
IR3941-25-1 E 1.81 ghijkim 392abc 4,12 abedefg 13
IR26 E 1.79 ghijkim 305 defghij 347 cdefg 24
IR9764-45-2-2 E 1.73 ghijkim 097 P 453 abed 28
IR5931-81-1-1 E 1N ghijkim 221 jkimn 286 fg 31
IR5931-110-1 E 1.63 hijklmn 259 ghijkim 4.41 abcde 21
Gama 318 M 1.54 ijklmn 204 kimn 3.87 abedefg 26
IR3858-6 E 1.45 jklmnop 3.58 abede 3.88 abedefg 17
B2039C-Kn-7-2-5-3-1 M 1.38 kimnop 259 ghijkim 4.48 abcde 22
BG35-2 VE 1.29 Imnop 425a 279 g 23
IR5716-45-1 E 1.16 mnp 298 efghijk 335 cdefg 27
IR5440-1-1-3 E 0.99 np 167 np 293 fg 32
IR7790-18-1-2 VE 0.83 1.81 mn 282 fg 33
IR8 M 2.88 fg 20

?E = early, VE =very early, M = medium. Separation of means in a column by Duncan’s multiple range test at the 5% lavel,

IR13149-19-1 produced more panicles in rainfed
plots than in the irrigated plots. Panicle number
was positively and significantly correlated with
yield under both water regimes (Table 14). A signif-
icant negative correlation between yield and plant
height and between yield and the number of days to
head was also observed in both water regimes.

Guimba, Nueva Ecija. Most rice fields at Guimba
are rainfed. The experimental site was on high
ground and the irrigated treatment was not flooded
at all times because of pump failure. The irrigated
field had dry periods in 28 September-5 October,
and 15-27 October, but there was no visible sign of
moisture stress among the entries because there
were light rains at those periods. The highest yield
was 5.6 t/ ha from IR46; the lowest yield was 3.1
t/ha from Intan and IR3351-38-3-1.

Figure 9 shows the weekly rainfall distribution,
evaporation, depth of water table, and stress days
at the rainfed Guimba site. There was a series of dry
spells from 21 September to 23 October. The water
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Table 14. Correlation coefficients of 3 plant characters with
yield of 40 varieties at 2 water regimes at 2 sites. Philippines,
1980,

Correlation coefficient

Site, Yield and Yield and
water regime Yield and panicle no. of days
plant ht no. to heading
IRRI farm
Rainfed -.66** 50" =43
Irrigated BOP AF -23
Guimba, Nueva Ecija
Rainfed - 55" 52" -39
Irrigated -42** .25% =50

table remained at the 35-50 cm depth. Light show-
ers fell when the crop was 70-98 days old. Most
entries showed visible symptoms of moisture stress.
At maturity, IR30, IR34, IR36, IR5420-1-1-2, and
Nam Sagui 19 lodged because the basal leaves and
culms dried up. The yield of IR 36, which recovered
quickly after light showers, was not seriously
reduced.
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9. Daily rainfall distribution, daily evaporation, water table
depth, and stress days at the farmer’s rainfed-wetland field,
Guimba, Nueva Ecjja, Phulippines, 1980 wet season.

The highest yields obtained from the rainfed
field was 3.9 t/ha from B1141C-KN-43-1-8; the
lowest was 0.9 t/ha from BKN7130-1132-1. The
check varieties BPI-76 (n.s.) and Intan yielded 2.4
and 14 t/ha. Intan was severely affected by
drought but recovered when the rains came during
the last week of October. Its heading was uneven
and maturity was delayed, however.

Table 15 shows the grain yield and three agro-
nomic traits of selected varieties and lines at the
drought-prone site of Guimba.

Among the better performers, IR46 gave a more
stable yield across 3 sites, producing 3.8, 4.0, and

3.1 t/ha at IRRI, -Gapan, and Guimba.

The correlation coefficient between yields of
rainfed and of irrigated plots was highly significant.
Panicle number was positively correlated with
yield at the rainfed plot but no significant correla-
tion was observed at the irrigated plot (Table 14).
Shorter plant height and earlier heading were sig-
nificantly correlated with higher yields.

ROOT STUDIES

Agronomy, Plant Breeding, and Plant Physiology
Departments

Inheritance of root characteristics in aeroponic cul-
ture (Plant Breeding and Agronomy). In past field
experiments, the length, thickness, and number of
roots were shown to be associated with drought
resistance and recovery ability. In 1980 a new aero-
ponics system was used to investigate the inherit~
ance of different components of the root systems
and their relationships with the aboveground
shoots in a number of crosses involving tall~
dryland and semidwarf-wetland varieties. Rice
seedlings were symmetrically spaced on the lid of
an aeroponics tank and the roots were suspended
in the air. Water and nutrients were continuously
supplied in a uniform mist inside the tank.

Diallel analysis of an eight-parent set of crosses
showed that the Fy plants frequently excelled the
deep-rooted dryland parents in maximum root
length. Three dryland varieties had an excess of
dominant alleles for deep roots, and one dryland
and one semidwarf carried an excess of recessive
alleles for long roots (Fig. 10). On the other hand,
crosses involving the shallow-rooted variety TR20
showed the predominance of shallow roots con-
trolled by an excess of dominant alleles present in
IR20. .

Root thickness was measured at three positions
on the thick roots, and the data from three sam-
pling sites were generally positively correlated.
Thickness of the root tips appeared to be the signif-
icant element in varietal differences. Again, many
F plants showed a predominance of roots that
were thinner than those of the thin-rooted semi-
dwarf parents. An excess of dominant alleles con-
trolled thin roots of IR20, IR841-67-1,and MGL-2.
Only one African variety, OS4, contained domi-
nant alleles for its thick root tips. In the two other
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ic traits of

Table 15. Grainyield and other

2water

1980 wet season.”

drought-prone Guimba, Nueva Ecija,

) Rainfed rice Yietd® {t/ha)}

Vanefy or ne Plant ht cm) Panicles {no.) Days to heading Rainfed Irrigated |
IR36 84 14 79 302ns 487ns
IR46 92 14 88 309ns 5.62*
1R48 100 10 103 283ns 369ns

94 14 82 3.13ns 466ns
IR9852-22-3 94 12 88 3.15ns 4.41ns
IR13146-41-3 92 11 90 309ns 4.18ns
iR13426-19-2 88 13 88 334ns 407ns
B1141C-KN-43-1-8 103 12 87 395ns 414ns
KKN7409-SRN-245-2 102 13 84 316ns 3.34¢
SPR7421-3-1-2 92 12 86 3.02ns 372ns
KKN7205-39-3-SKN-1-1 107 11 87 302ns 4.28ns
BPI-76 {nonsensitive check) 116 8 86 244 3.97
Intan_{check) 126 10 108 144 308
“A}/of 2replicati b i ydifferentfrom BPI-76 the 5% level. “Fromone observation
only.

dryland parents, Moroberekan and 20A, recessive
alleles controlled thick root tips (Fig. 11).

The semidwarfs generally have more roots than
the dryland varieties. Most of the F\ plants sur-
passed the semidwarfs in root number, indicating
an overdominance of high root number. Highroot
number was controlled by dominant alleles in two
parents: IR8 and the Indian dryland variety MGL-
2. Low root number may be due to recessive alleles
inthreedryland varieties and to dominant alleles in
one semidwarf.

In terms of dry weight of roots, the Fi plants
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10. Standardized deviation graph between Yr (parental mea-
surement) and Wr= Vr (order of domi of root

frequently surpassed the heavy-rooted parents.
Among different parents, high root weight was
controlled by recessive alleles in three parents (IR8,
IR480-5-9-3, and MGL-2) and by dominant alleles
in two African dryland varieties (Moroberekan
and 20A).

Amongthe Fi populations, root length was posi-
tively correlated with plant height and root thick-
ness, Root thickness was positively correlated with
plant height, dry weight of the roots, and root-to-
shoot-weight ratio. Root number was positively
correlated with tiller number, and the dry weight of
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11. Standardized deviation graph between Yr (parental mea-

length in an eight-parent dialiel cross. IRRI, 1980,
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)and Wr+ Vr (order of dominance) of root thlck:ness
(tip) in an eight-parent dialle] cross. IRRI, 1980.
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roots and shoots. However, there was no correla-
tion between root number and root length, root
number and plant height, and root number and
thickness.

Heritability estimates (in the narrow sense) were
moderately high for root length (0.61) and for
root-tip thickness (0.62) and moderately low for
root number (0.44) and root weight (0.43). On the
other hand, theestimates were high for plant height
at 50 days after seeding (0.75), and moderately high
for root-to-shoot-weight ratio (0.53) and tiller
number (0.63).

The distribution of ¥, plants in three crosses
indicated that the prospects for obtaining F: plants
with long and many roots (Fig. 12) are better than
those for very thick roots (Fig. 13).

These findings may partly explain the difficulty
in recombining deep and thick roots with a moder-
ate number of roots in semidwarf-dryland crosses
when deep and thick roots were controlled by var-
ious combinations of dominant and recessive
alleles in different parents. Association of traits
appeared to be mostly in the undesired directions.
Moreover, Fy partial sterility, restricted F, segrega-
tion, and aberrant recombination of other traits in
such wide crosses was noted.

Effect of pH on root growth (Plant Physiology).
Effect of pH on root growth of 5 varieties was
studied in solution culture. Root elongation was
extremely impaired at pH 3.0; no varietal differ-
ence was observed (Fig. 14). Within a pH range of
from 3.5 to 6.0, root lengths were not much
affected by pH. A slight reduction in root length at
pH 6.0 was attributed to possible iron deficiency
because chlorosis was observed in leaves.

Comparison of three screening techniques for
aluminum toxicity tolerance (Plant Physiology).
Among available screening techniques for toler-
ance for aluminum toxicity — relative root length,
root regrowth, and hematoxylin staining — relative
root length technique was the simplest and most
reliable. Seedlings were grown in culture solution
with and without aluminum (30 ppm) for 2 weeks.
Relative root length (ratio of root length at 0 ppm
Al to that at 30 ppm Al) was taken as a measure of
aluminum toxicity tolerance. Ratios were greater
than 0.85 for tolerant varieties, less than 0.60 for
susceptible varieties, and between 0.60 and 0.85 for
intermediate varieties. When tolerant varieties are

Plants {no.)
80

Root fength {em)

12. Distribution and means of parents and F1 and F: plants by
maximum root length classes in the cross of 0S4 (Py) by IR8
{P2). Solid horizontal lines show the range of parents and F,
plants about the means (dotted circles). IRRI, 1980.

Plants {na)
70

60—

50—

I T N N
— AQF__

]

F2
ol L l I —_— 1 1 L
0230 0380 0530 0680 0830 0980 [800 1950 2105
Root-ip thickness {mm})

13, Distribution and means of parents and F and F; plants by
root-tip thickness classes in the cross of 0S4 (P1) by IR8 (P2).
Solid horizontal lines show the range of parents and F, plants
about the means (dotted circles). IRRI, 1980
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Mazimum root length {em) Table 16 toxicity of 70 based
20 on relative root length. IRRL. 1980.
l_ Varieties with given reaction to aluminum toxicity
Mook Tolerant
16— onolayo Agulha Ardito Bombilla
Amarelao Batataes C4-63
L Bengue Bosque Sel 693 Cera 4
Blssbonnet 50 Bico Branco Canairo Acc No 3307 Cica 4
ey Bluebonnet 50 Canairo Acc No. 10753 RS
2= Cateto Catibao Dourado IR8
R24 Catito Dourado Daiila IR20
= Colombia | Dawk Mah IR22
cl2o11 Huk Do IR26
8- C12012 IR24 IR28
1R20 Ci2013 IR36 1R29
Dourado Agullia IR48 IR30
r E426 1R52 IR32
IAC-1 IR442-2-58 IR34
a4 1AC-3 Khao Lo IR38
1AC-9 Mantoya IR40
= ICA-162 Moroberekan 1R42
Iguape Catito Palawan IR43
obqp—1 1 ! ! ) ! Perola IR44
0 3 4 5 3 7 M1-48 Secano IR45
H 0s4 Starbonnet IR46
P 0s6 Succa IR50
14. Effect of pH on root elongation of 5 varieties grown in ‘;:‘;;:Pmcoce 208
culture solution IRRI, 1980 Tres Meses

to be screened, visual comparison of roots facili~
tates screening; measurement of root length is not
necessary.

The root regrowth technique required two mea-
surements of root length and was tedious.

The hematoxylin staining technique, used suc-
cessfully in wheat, is simple and fast but when
applied to rice it does not give a clear separation
between tolerant and susceptible varieties. Exami-
nation of stained root segments under a micro-
scope gave a much better separation but was
time-consuming.

Aluminum toxicity-tolerant and susceptible var-
ieties (Plant Physiology). The tolerance of 70 varie-
ties for aluminum toxicity was tested by the relative
root length technique (Table 16). Most dryland
varfeties are tolerant of aluminum toxicity, and
wetland varieties are susceptible. Thus, deep root-
ing habit and aluminum tolerance appear to be
interrelated.

Histochemical technique for diagnosis of alumi-
num toxicity (Plant Physiology). A typical and
consistent symptom of aluminum toxicity in rice i
impaired root growth indicated by shortened root
axis, less branching, and brittle root material.
Leaves do not normally show any specific symp-
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toms. Impaired root growth, however, is not
always caused by aluminum toxicity. Thus, some
direct means by which aluminum toxicity can be
diagnosed — soil pH, exchangeable aluminum,
and percent aluminum saturation — are com-
monly used. Species and varietal differences in
aluminum tolerance, however, make it difficult to
identify aluminum toxicity for a particular soil
based on soil analysis alone.

Histochernical examination of the root tip region
of the rice plant gave a clear indication of alumi-
num toxicity. A cross section of the near-tip region
of a root was stained by hematoxylin and exam;
ined under a microscope. Blue stains in cortical
cells indicated aluminum deposition. Aluminum
deposition coincided with significant reductions in
root growth by high levels of aluminum. The
results indicate that histochemical examination of
root cross sections can be used to diagnose alumi-
num toxicity in growing crops.

Relation between soil analysis and plant tests for
aluminum toxicity (Plant Physiology). Eight acid
soils were collected from the Philippines, Thailand,
and Brazil. Among them, three had high percen-
tages of aluminum saturation. There was good
agreement in aluminum saturation (%) between
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Table 17. Relati

soil analysis and plant tests? for

toxicity of tice-g soils. IRRI, 1980.

Soil oH Exchangeable Al Al saturation Root growth Histochemical
{meq/100 g soil) {%) 1est test
Adtuyon, Philippines 50 14 - - -
Bantug, Philippines 47 0.7 4 - -
Luisiana, Philippines 45 04 3 - -
Mahnao, Philipptnes 35 7.7 64 + +
Camaca, Brazil 44 6.0 81 + +
Klong Luang, Thailand 4.7 07 3 - -
Muang, Thalland 5.5 o1 1 - -
Ongkarak, Thaitand 34 92 49 + +

®The negative sign implies normal root growth and negative response to hematoxylin test; the plus sign indtcates highly impaired root

growth and positive response to hematoxylin test

root growth tests in the glasshouse and the histo-
chemical test using hematoxylin (Table 17).

Luisiana soil of the Philippines is often sus-
pected of being aluminum toxic but examination,
indicated it is low in aluminum saturation (%),
negative in root growth and histochemical tests,
and not aluminum toxic. In Thailand, deepwater
rice is sown and grown for about 2 months in
dryland soils. Acid sulfate soils are considered
aluminum toxic under those conditions, A preli-
minary study indicated that only Ongkarak soil
(pH 3.4) is aluminum toxic.

SOIL-PLANT-WATER RELATIONSHIPS
Agronomy Department

Drought tolerance under limited rooting depth.
Testing for drought tolerance at shallow rooting
depth and the ability to recover from drought stress
was continued in the greenhouse.

A total of 105 entries (GEU elite lines and
selected entries from the previous season’s test)
were evaluated for drought tolerance at the vegeta-
tive stage. Three entries, including the indicator
plant Leb Mue Nahng, were seeded into dry soil in
steel drums with effective rooting depth of 45 cm.
Thesoil in the drums was watered regularly until 30
days after seeding, then the soil was allowed to dry
naturally. As soon as Leb Mue Nahng was appar-
ently dead from moisture stress the entries were
scored for drought tolerance, the soil was sampled
for moisture content, and the plants were rewa-
tered. Recovery ability was scored 3 weeks later.

The average soil moisture contents for both sea-
sons were 8.2 and 12.7% at 20- and 30-cm soil
depths. Table 18 shows the entries that performed
better than Leb Mue Nahng (the tolerant check)
and their corresponding drought tolerance and

Table 18. Drought tolerance ratings at vegetative stage, and
drought recovery scores of promising GEU elite hines and
selected entries. IRRI h 1980 dry season.
Drought Drought
tolerance recovery
rating® rating?

Varety or Iine

Khao Dawk Mal

Ketan Cere

PN 677-2

IR16318-2-2-2-2
IR8192-31-2-1-2

Chungta 312 Hao + Binastian
IR3839-1

IR4568-86-1-3-2

Nam Sagui

Cauvery-

IR14632-22-3

IR9852-22-3

1R5928-12-3
IR8192-166-2-2-3

Leb Mue Nahng (tolerant check)

#Scored with the 1976 Standard Evaluation System for Rice

CREONNNNIODO MG
CODUVRWWNNIN = = =

recovery scores during the dry season screening.

Among the entries tested in the wet season,
IR 14753-120-3, IR13540-56-3-2-1, and IR9729-67-3
showed relatively high levels of drought tolerance
and good recovery (Table 19). Two IR9209 lines
also appeared promising. IR9411-5-3-3, IR13426-
19-2, and IR6023-10-1-1, which were apparently
dead, were able to recover; IAC5544 which had a
better drought score of 7 performed almost as well
when rewatered. Results indicate that the degree of
drought recovery is independent of the ability to
resist drought.

Measurement of leaf water potentials of rice.
Comparisons of rice leaf water potentials by iso-
piestic psychrometer, Merrill soil psychrometer
(single junction, #75-1), dew-point method, and
pressure chamber were made to identify the most
reliable technique for future research. Pressure
chamber measurements were highly correlated (r=
0.98**) with those of the isopiestic psychrometer, a
method considered accurate f6r measuring tissue
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Table 19 Drought tolerance ratings at vegetative stage, and
drought recovery scores of promising GEU elite lines and
entrigs. IRRI 1980 wet season.
Drought
recovery
rating®

Drought
tolerance
ratung?®

Variety or line

IR14753-120-3
IR13540-56-3-2-1
IR9728-67-3

IR9209-181-3-5
IR19769-29-2-1-3
IR9764-45-2-2
IR13429-299-2-1-3
IR9411-5-3-3
Cauvery

IET1444
IR9852-22-3
IR13426-19-2
IAC5544
IR6023-10-1-1

Leb Mue Nahng (tolerant check)

2Scored with the 1976 Standard Evaluation System for Rice.

DONOONDORDOTD N D~~~
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water potentials (Fig. 15a). Agreement between the
Merrill psychrometer and the pressure chamber
was poor with correlation coefficient » = 0.80**,
the lowest among 4 comparisons (Fig. 15b). Pres-
sure chamber values were less positive than dew-

\eof water potentil {bars), ksopestc:

point determinations at leaf water potentials >~8
bars and the opposite trend was true at potentials
<—8 bars (Fig. 15c). Comparison of the Shardakov
dye method and pressure chamber gave the best
agreement with the second highest correlation
coefficient (r = 0.94**) and the data falling on the
1:1 line (Fig. 15d).

The sampling variance of the pressure chamber:
readings was the lowest (& = 0.12) and that of the
Merrill psychrometer (s* = 8.2) was the highest
among the five methods used to measure leaf water
potentials of fully turgid leaves (Table 20). The
Merrill psychrometer gave the lowest mean (X =
~7.3) leaf water potential of fully hydrated leaves.

It was concluded that the pressure chamber pro-
vides reliable estimates of leaf water potential of
rice.

Use of a line source sprinkler system to evaluate
drought response of rices at various nitrogen fertil-
ity levels. Drought response of rice at various nit-
rogen fertility levels was studied with a line source
sprinkler system. Treatments consisted of seven
Ievels of water application, four cultivars, and three
nitrogen rates replicated four times. Each subplot
(14X 3 m) was subdivided into 7 consecutive indi-
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Tabfe 20. Table of means, sampling variances (s°), and coeffi-

CV)for: water meas-
urements on fully hydrated leaves.? IRRI, 1980,
Method n  Mean {bars) 52 CV (%)
Mernll psychrometer 14 =73 ¢ 820 ¢ 392
Pressure chamber 13 -1.0a 0.12a 34.5
Shardakov method 8 -280b 086 b 337
Wescor psychrometer 6 35 0b 087 b 265

Isopiestic psychrometer 4 386 b 0.58 b 214

2Separation of values In a column by Duncan’s multiple range
test at the 5% level.

vidual plots or positions of 8 rows each (positions
1, 2, ... 7) where position 1 received the highest
application rate and 7 the lowest. The center of
each plot was 1 to 13 m from the line source sprin-
kler at 2-m increments starting from the nearest
plot.

IR20, IR36, IRS2, and Kinandang Patong were
hand-drilled in 25-cm rows parallel to the sprinkler
line at the rate of 100 kg/ha for IR20, and at arate
adjusted to give about equal seed numbers for the
other cultivars. Nitrogen at 0, 60, and 120 kg/ha
was basally applied at seeding together with 30 kg
each of P,Os and K.O/ha.

Four sets of sprinklers spaced 12,2 m apart were
used to establish the seedlings to day 34. Starting
on day 40, irrigation was with a single sprinkler line
(6.1 m between sprinklers) to give variable water
supply across the plats. Water applied at each
irrigation schedule was measured from several sets
of catch cans installed at specific places in the field.
Tensiometers and neutron access tubes were also
installed to monitor soil water changes at different
soil depths.

Leaf water potential by pressure chamber tech-
nique, visual scoring for degree of leaf rolling and
drought tolerance, and measurements of “other
parameters were done at desired growth stages.
Grain yield and dry matter production were sam-
pled from the four middle rows of each plot.

Test results. A linear decrease in water supply
farther from the line (Fig. 16) permitted visual
evaluation of some traits at a particular irrigation
level. The amount of water applied to control plots
(1 mfrom the sprinkler line) was adequate (Fig. 17)
and was necessary to minimize horizontal seepage

except in case of too much rain. Inadequate water
could have resulted in water stress in the control
plots.

Visual scores on the degree of leaf rolling and
drought tolerance showed that water stress was

Total water applied (mm)
900

Day 04 (before switching to
full srrigation }
700 |~
500 —
L7
v,
e,
300 [~ Sunn,
.b.....
“Day 34 (before switching 1o iine
100~ source sprinkler }
S| I} 1 I ] 1 ]
%" s 5 7 e n B

Distancs (m ) from sprinkler line

16. Total water applied (including rainfall) measured at differ-
ent distances from a line source sprinkler. IRRI, 1980 dry
season.

Water {mm)

¥

* " emRamfal

Irrigation opplied
g0} tocontrof pidts

Upland pan
evoporation

40—

1 T
0 21 42 63 84 105 126
Days from sowing

17. Weekly rainfall, pan evaporation (upland farm), and maxi-
mum irrigation applied to control plots by a line source
sprinkler. IRRI, 1980 dry season.

more evident in the three positions farthest from
the sprinkler line. The effect of drought stress was
least on Kinandang Patong and greatest on IR20
(Table 21). Increasing the nitrogen level from zero
to 60 and 120 kg N/ha increased the degree of
water stress especially in plots farthest from the
sprinkler line.

Measurement of leaf water potential (LWP) on
day 64 showed that the application of 120 kg N/ ha

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 91



scores IRRI, 1980 dry season.

Table 21. Effect of

itrogen level and water applied on leaf rolling and drought

Leaf rolling score?

Drought tolerance score®

Nttrogen Distance {m}
applied from the IR20 IR36 IR52 Kinandang Mean JR20 IR36 IR52  Kinandang  Mean
{kg/ha) sprinkler line Patong Patong
o] 1 10 10 10 10 10 10 10 1 10 1.0
5 1.0 10 1.0 1.0 10 13 13 1.3 10 1.2
9 185 18 1.8 1.3 15 20 23 20 18 20
13 30 25 28 2.3 27 30 28 30 20 27
80 1 10 1.0 10 10 10 1.0 10 10 10 10
5 10 1.0 10 10 10 1.3 10 10 10 1.1
9 20 20 20 18 20 23 23 23 15 21
13 38 33 30 23 31 38 35 30 20 31
120 1 10 1.0 10 10 10 1.0 10 10 10 10
5 1.0 1.0 10 10 10 1.0 10 10 10 10
9 25 23 25 18 23 28 25 28 1.8 25
13 4.5 3.8 43 28 39 4.8 35 45 23 38
Mean 19 1.8 1.9 15 21 1.8 20 15

2Based on scale of 1-5: 1 =no rolling, 5

Tabls 22. Effect of nitrogen leve! and distance from the
line on leaf water potal IRR1, 1880 dry season.
Leaf water potential? {bars})
atindicated distance from sprinkler line

Nitrogen apphed

(ka/ma) 3m 7m 11m
Q -137a -163a -180 b
60 -134a -152a =220ab
120 -13.8a -17 2a -23.1a

®Av of 4 varieties. Separation of means in a column by Duncan’s
multiple range test at the 5% level

Table 23. Leaf water of 4 varietiesat nitro-
gen levels and at a distance of 11 m from the sprinkler line.
1RRI, 1980 dry season.

Leaf water 2 (bars)
Variety [ 60 kg 120 kg
N/ha N/ha
IR20 —230a -303a -280a
iR36 —215ab 216 b =23 4ab
IR52 -170ab -194 b -236ab
Ki Patong -146 b -169 b =163 b

2Separation of means by Duncan’s multiple range test at the 5%
level.

decreased LWP when the distance from the sprink-
ler line was 11 m (Table 22). At all levels of N,
Kinandang Patong significantly gave higher LWP
than IR20 (Table 23). IR36, IR52, and Kinandang
Patong were not significantly different although
Kinandang Patong had the highest numerical
value.

There was a curvilinear increase in the number
of days to heading and a linear decrease in plant
height with increase in the distance from the
sprinkler line (Fig. 18, 19). Total dry matter pro-
duction at harvest was also affected (Fig. 20). The
effect on Kinandang Patong was less pronounced
perhaps because water stress had little effect on
that variety.
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=tghtly rolled ®Scared with the 1980 Standard Evaluation System for Rice.
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RS2 2
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Distance (m} from spnnkler ine

18. Effect of distance from the sprinkler line on days to heading
of 4 vaneties (mean of 3 nitrogen levels). IRRI, 1980 dry season

The yield-water-fertilizer relationships of the
four cultivars revealed different production surfa-
ces (Fig. 21, 22). The following equation provided a
good fit in predicting the yield for various combi-
nations of water and fertilizer applied:

2 2
Y=a+bN+ bW+ bs N+ ba W’ + bsNW

were P= grain yield (g/ m’), N= nitrogen level (kg
N/ha), and W=water applied (mm). The multiple
correlation coefficients were highly significant for
all cultivars tested.

Predicted maximum yields of 562, 802, and 837



TS e T T T

Plant ht {cm)
140

Kﬂlnandung Patong
y=I332-185)

73-098%% n=7
120 -

v
.\.?'-/o\'\.'

L F=691-103X
L 7=-0.93%%, n=7
0 -:l i [ 1 | 1 1
ol 3 5 7 9 ] 13

Distance {m} from sprinkler line

19. Plant height at harvest of 4 rice varieties at different dis-
tances from a hine source spnnkler (mean of 3 nitrogen levels).
IRRI, 1980 dry season
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20. Total dry matter production at harvest of 4 rice varieties at
different distances from a hine source sprinkler (mean of 3
nitrogen levels). IRRI, 1980 dry season

g/ m” were obtained with IR20, IR36, and IR52 at
120 kg N/ha and with 850 mm water. Kinandang
Patong attained a maximum yield of 342 g/m” at
60 kg N/ ha with the same amount of water applied.
However, with no N fertilizer application, Kinan-
dang Patong gave the highest predicted yield of255
g/m’ with 550 mm water; its yields at 0 kg N/ha
were almost constant irrespective of water applied.

IR36 f=-23014201 ¥ +6 T9W-00199/ 2000412+ 000346 N W
R=092%%,n=21

—— IR20 /' —I779-462 M+ 556 W-0024/°2-00035 W21 001004 M

R3092%% n=21

R36
R=092**

800

400

Grain yield {g/m2)

.21. Response surfaces of IR29 and IR36 varieties at different
water and nitrogen levels IRRI, 1980 dry season,

4
7
R=089%% n=21
—_— g Patong #- +077]
R=092**, n=2t

RS2
R=089%%

_lic?mrg*

=052 **

Bran yield {g/m?)

22. Response surfaces of IR52 and Kinandang Patong varieties
at different water and nitrogen levels IRRI, 1980 dry season.
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At a combination of 120 kg N/ha and 550 mm
water, IR36 was superior to the other cultivars.

The line source sprinkler system proved useful in
assessing the effects of different moisture levels on
rices with various plant types. Although main
moisture effect could not be tested statistically
because of systematic arrangement of water treat-
ments, interactions between several variables could
be evaluated. )

Line source sprinkler experiments at reproduc-
tive stage. Water stress at flowering stage. The 1979
annual report indicated the great sensitivity of the
flowering stage of rice to water stress. That report
also gave an initial evaluation of the line source
sprinkler (LSS) system as a drought-screening
method. During the 1980 dry season the use of the
LSS system at the flowering stage was investigated.

The study was initiated with particular attention
to quantifying the soil, plant, and atmospheric
conditions during the stress period. The LSS was
used to create a gradient of soil moisture just before
flowering. The maximum water application (near
the line) decreased progressively to a dry-farming
condition (15 m from the line). Eight plot positions
(8 = wettest, near the sprinkler; and 1= driest, far
from the sprinklers) were sampled across the gra-
dient. Irrigation was sufficient in the wetter posi-
tions+(8.and 7), and they are omitted in the follow-
ing section.

The 15-day cumulative evapotranspiration (ET)
values of 14 cm at irrigation level 6 and 13 cm at
level 5 resulted in similar yield of 5 t/ha (Fig. 23).
Those ET values were 209%and 15% more than pan
evaporation, respectively. However, yield reduc-
tions of 8 to 81% (levels 4 to 1) were obtained when
ET values were 6 to 279% less thaf pan evaporation,
respectively, indicating sensitivity of the flowering
phase to water stress. Figure 24 shows that grain
yield is linearly related to evapotranspiration, and
spikelet sterility strongly influenced grain yield
when optimum ET requirement was not met.

Flowering and other growth processes are di-
rectly controlled by plant water status, which is a
result of both atmospheric evaporative demand
and soil water stress. The midday leaf water poten-
tial under 6 irrigation levels decreased from -9 to
-25 bars on 22 April (Fig. 25), a trend similar to that
of ET and grain yield in Figure 23. Due to higher
irradiance and vapor pressure deficit on 22 April,
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23, Evapotranspiration (applied water plus depletion assuming
negligible drainage and upward flow) and grain yield of IR36
under six wrngation levels. Pan E refers to total evaporation
dunng the treatment period 8-23 April. IRRI, 1980 dry season.

leaf water potentials for levels 6 and 5 were slightly
more negative than those of 9 April. However, for
levels 4 to 1 increased differences in leaf water
potential between the two dates is an indication of
the intensity of water stress due to reduced capacity
to rehydrate during the dark period when evapora-
tive demand was low.

Root length density of IR36 decreased exponen-
tially with depth (Fig. 26). Of the total root length
density in the 75-cm soil profile, 70 to 80% was
found in the upper 30-cm soil layer. Available soil
water in the 90-cm profile is the water potential in
the profile plus water applied. For levels4to I, itis
worth noting that 60 to 70% of the total water
extraction occurred in the upper 30-cm soil layer.
Evidently, as the surface layers dried, additional
water uptake in the subsoil depended on the por-
tion of the root system in that layer. As illustrated
in level 1 (Fig. 27), depth and density could play a
major role in further uptake that could reduce
stress at a very sensitive growth stage. Further
increase in root length density occurred between
flowering and crop maturity. The ihcrease in root
density was greateFinlevels 3 to 1 where the plants
experienced a relatively higher degree of stress.
Since stress-induced sterility reduced the produc-
tivity of the spikelets, assimilates could have been
rechanneled for further root growth. For levels 6
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24. Relationship between grain yield and evapotranspiration,
and grain yield and sterility of IR36. IRR1, 1980.

and 5, the green leaf area index dropped from 5to 3
because of senescence; the reduction from 5 to 1.2
(Fig. 28) was due to the confounding effect of water
stress. The drop in green leaf area index paralleled
the decline in leaf water potential in Figure 25.

Effect of water stress on panicle emergence.
Water stress of varying intensity was created across
six plots using a continuously variable water appli-
cation method (line source sprinkler) at the head-
ing and flowering stages of IR 36 rice. The objective
was to investigate the effect of water stress on
panicle exsertion rate and final exsertion percen-
tage of the panicles, and the relation of those
parameters to spikelet sterility and yield.

Water stress reduced the rate of panicle exser-
tion; however, the reduction was not significant
because the water stress experienced by the plants
on 14 April or during the early flowering period
was slight (—5 to =7 bars)(Fig. 29). Reduction of
panicle growth was significant when moderate
water stress (-7 to -12 bars) occurred at the maxi-
mum flowering period (17 Apr). Figure 29 shows
that the effect of water stress on panicle exsertion
rate was influenced by the growth stage of the
plants. Late panicles were observed to have lower
growth rates even at stress levels of -5 to -7 bars.
Panicle exsertion was also inhibited, but not signif-
icantly, at late flowering stage (22 Apr).

The rate of panicle exsertion affected the degree
of final exsertion, which, in turn, contributed to
spikelet sterility. Panicles with extremely low exser-
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25, Trends in diurnal leaf water potential of IR36 under the highest soil moisture content at level 6

to the lowest at level 1. IRRI, 1980.
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26. Volumetric moisture content and root length density of IR36 at various depths under 6 irrigation levels. IRRI,

1980.

tion rates were the least exserted at maturity (Fig.
30).

This study has shown that one potential cause of
spikelet sterility in rice is poor panicle exsertion.
Water stress of varying intensity affected the steril-
ity of rice by causing poor panicle exsertion. Poorly
exserted panicles were associated with as high as

Root length density (cm /cm®) Crop water extraction (mm)
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27. Root length at harvest, cumulative water extraction beyond
the range of available water in the upper 45 cm soil, and
extraction within the range of available water in the subsoil.
IRRI, 1980.

28. Green leaf area index, percentage of reduction in plant parts,
and percentage of increase in root length density under 6 irriga-
tion levels for IR36. IRRI, 1980.
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29. The effect of water stress on panicle exsertion rate in IR36.
IRRI, 1980 dry season.
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31. Percentage of spikelet sterility attributed to poor panicle
exsertion in IR36. IRRI, 1980 dry season.

20%, 30%, and 60% sterility when stress occurred
at early, maximum, and late flowering stages (Fig.
31).

Effect of water stress on nitrogen uptake and
yield. A field trial similar to that reported in the
1979 annual report estimated the nitrogen uptake
and yield of rice in simulated rainfed wetlands.
Fertilizer rates (0, 45, 90, and 135 kg N/ha) as in
1979 were applied, but water-deficit (stress days)
treatments were reduced by 5 days in each water
regime (scheduled at 0, 10, 20, and 40 stress days)
because of rains in March 1980. Data points were
therefore fitted into a regression to estimate the
effects on yield and nitrogen uptake based on 0, 5,
15, and 35 actual stress days. As in the previous
experiment at Santa Rosa, Laguna, seepage from
flooded treatments to stress plots were minimized
by plastic sheets buried 40 cm deep.

Regression analysis on nitrogen uptake and
yield is shown in Figure 32. In general, the yield
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32. Grain yield as a function of nitrogen uptake. DT=days after
transplanting. Philippines, 1980.

Block 418 RRI
F=3759-0466.6 + 06035~
003X %
#2=096™ (n=16)
7 Santa Rosa
/=42 226-0990X+ 023745
RZ=073™ (n=16)

N uptake (kg/ha) 60 DT
3

33, Multiple linear regression showing the combined effects of
stress days and applied nitrogen on nitrogen uptake of rice. DT
= days after transplanting. Philippines, 1980.

was higher at IRRI(1980) than at the Santa Rosa
site (1979). For both sites, however, use of data
points in the regression showed that yield was
greatly influenced by the nitrogen uptake of rice.
Figure 33 shows the multiple linear regression on
nitrogen uptake as a function of water stress and
nitrogen applied in the two sites and years.
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The response of nitrogen uptake to the com-
bined effects of water stress and applied nitrogen
was linear. Nitrogen uptake was affected by increas-
ing water stress, but a more severe result was
observed at Santa Rosa. The magnitude of the
stress at IRRI was very much less than that
observed in Santa Rosa. The water table depth for
the duration of stress treatments in both places is
shown in Figure 34. In the IRRI wetland field, the
water table depth and upward movement of water
from it are within the root zone. Thus, even after
the crop experienced 35 stress days, nitrogen
uptake and yield were still relatively high.

Multiple regression on the effect of stress days
and applied nitrogen on yield is shown in Figure
35. Grain yield was affected by the number of stress
days and applied nitrogen at both sites. But water
table depth at a site can significantly influence the
yield response to the combined effects of water
stress and applied nitrogen.

Transpiration rate and nutrient uptake of rice.
A greenhouse experiment determined the effect of
water stress on nutrient uptake of IR36. Pregermi-
nated seeds were sown in plastic containers (32 cm
X 24 cm X 10 cm). Nitrogen [(NHs)(SOx)], phos-
phorus (solophos), and potassium (muriate of
potash) were added at a rate of 200:30:30/1-ha
furrow slice. Twenty-eight days after seeding, all
containers were covered with polyethylene sheets.
Water was withheld from the stress treatment, but
the control treatment received water daily.

Figure 36 illustrates transpiration rate and total
nitrogen, phosphorus, and potassium uptake dur-
ing the 18-day treatment period. The transpiration
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34. Water table depth throughout the stress period at 2 Philip-
pine sites, 1980.




37 Santa Rosa: ¥ = 2 4760-002764+ 00227 X0~
k QO0II7 X X2+ 0000080,
RZ=094"* (n=18)
RRI /= 340-00281+ 00MOB.X,
RZ=083% (n=16)

Grain yield (1/ha)

35. Multiple regression showing the combined effects of stress
days and applied nitrogen on grain yield at 2 Philippine sites,
1980.

rate of water-stressed plants was significantly lower
(by as much as 60%) than that of the control plants
on the | 1th day. The stressed plants accumulated
nitrogen, phosphorus, and potassium more slowly
than the well-watered plants. Toward the end of

Transpiration rate (q/dmz per day)

the stress period, uptake of the nutrients was only
about 60 to 70% of that by the control plants.

As the soil dries, nutrient availability diminishes.
Transpiration and nutrient availability are factors
that could affect nutrient uptake at low soil mois-

ture content and, consequently, the response to
drought.

IRRI-INDIA COLLABORATIVE OBSERVATIONAL
TRIAL

Plant Breeding and Agronomy Departments

A collaborative drought resistance observational
trial with India was planted during the 1980 wet
season. Twenty-two entries were grown in a soil of
low fertility and good drainage at IRRI.

Table 24 shows the yield and agronomic traits of
the 22 entries. Correlation coefficients showed a
positive significant correlation (r = 0.48) between
plant height and yield, although the value was
rather low. Panicle number was not significantly
correlated with yield (r = —0.33 ns). The highest
yielders did not necessarily have the highest panicle
number per unit area.

A significant negative correlation between num-
ber of days to full head and yield (r = -0.52) and
between percentage of spikelet sterility and yield (r
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36. Transpiration rate and total nitrogen, phosphorus, and potassium uptake of IR 36 rice during

the 18-day stress period. IRRI, 1980 dry season.
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Table 24. Yield and other agronomic traits of 22 varieties and lines grown at IRRI, 1980 wet season.

Spikelet

: ‘ Plant ht Panicles Days to 100-grain wt Yield*
Variety or line fcm) {no./m’) heading smi;';" ig) (t/ha)
CRM-13-3241 56.5 280 55 375 1.6 1.16 be
CR-214-J5-52-102 53.2 259 82 419 1.6 044 ef
D6-2-2 120.2 154 74 294 28 098 cd
Bala 726 184 63 214 1.7 1.16 be
CR222 MW 10 64.7 214 78 409 22 0.62 def
Annapurna 64.7 270 n 584 20 0.49 ef
CR245-1 105.9 202 60 25.2 1.9 1.14 be
OR165-28-14-B 66.3 175 69 415 19 060 def
IAC25 104.6 94 70 26.6 27 0.62 def
KS109 67.4 182 70 46.5 24 0.51 ef
IR12787-3 84.3 161 94 459 2.0 0.81 cde
MR262 66.9 23N 77 505 1.8 0.34 f
N22 106.9 21 61 105 1.8 1.66a
Kalakari 104.2 141 63 124 29 1.87a
Brown Gora 116.0 158 68 10.7 27 1.49ab
OR165-18-1 70.2 187 61 414 20 0.61 def
Black Gora 1195 1486 66 6.6 29 1.70a
IR10001-1-2 105.1 163 95 1886 1.9 0.70 def
CO13 121.0 170 83 476 20 052 ef
IR6115-1-1-1 556.3 258 85 48.1 1.9 0.64 def
CR143-2-2 B1.3 146 68 166 21 167a
OR165-85-12 66.2 202 65 29.5 1.8 109 ¢

“Separation of means by Duncan's multiple range test at the 5% level.

= {).86**) was observed.

The crop experienced a series of moisture stress
from 18 September to 17 October, the longest of
which was about 9 days. Occasional rains fell during
this period. The crop was about 64 days from
seeding at the start of stress. Some entries that
headed during this period had high spikelet sterility.

Among the entries that did not show any sign of
stress and had high spikelet fertility were Kalakari,
Black Gora, N22, IAC25, Brown Gora, and Bala.
They headed during the dry period despite the
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stress. Indian breeders reported earlier that those
varieties had higher levels of drought resistance at
reproductive growth stage. Their deep root system
enabled them to use available soil moisture at
deeper soil horizons.

No significant correlation was obtained between
100-grain weight and yield.

Kalakari, Black Gora, N22, and CR 143-2-2 were
the highest yielders with 1.6-1.9 t/ha. The lowest
yield (0.3 t/ha) was from MR262 of India.
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http:IMPLICATIONS.OF

The main activities in 1980 were screening for soil
toxicities and nutrient efficiency, breeding for salt
and alkali tolerance, testing of promising rices in
farmers’ fields, and identification of breeding lines
and multiple stress tolerance.

Table 1 summarizes the results of the 1980
screening tests. Most of the 3,211 rices that gave
tolerant scores came from the salt tolerance hybrid-
ization program.

SALINITY
Soil Chemistry Department

Mass screening. Of the 8,462 rices screened, 3,068
were rated as tolerant. Outstanding among them
were 17 from the world collection, IR46, IR52,
IR54, IR4563-52-1 (a drought-tolerant line), and
18 hybrids, which had one of the salt-tolerant rices
Pokkali, Nona Bokra, or IR2153-26-3 as a parent.
Yield trials. In a dry season field test of 28 rices
on an artificial saline soil with an EC. (electrical
conductivity of the saturation extract) of 8.4
mS/cm, the yields ranged from 0.9 t/ha for IR1561-
228-3t0 2.6 t/ha for IR13646-2, a progeny of Nona
Bokra. Salt tolerance conferred a yield advantage
of about 2 t/ha. IR46, IR5657-33-2, IR9860-56-1,
and TR13426-19 yielded more than 2 t/ha. In the
wet season the EC. was 7.3 mS/cm and the yields
ranged from 1.4t/ba for IR48to 3.1 t/ha for IR52.
Promising salt-tolerant rices were tested in
farmers’ fields representative of a wide range of
soil, ¢limatic, and hydrological conditions. The
yields with salient environmental conditions are
given in Table 2 and the mean yields in Table 3.
Four salt-tolerant hybrids gave yields exceeding
2.5 t/ha, averaged for the environmental condi-
tions in 8 Philippine farmers’ fields on coastal

Table 1. Summary of screening tests for adverse soil toler-
ance. IRRI, 1980.

Varieties (no )
Screened  Tolerant
Sahnity 8462 3068
Alkalinity 2035 24
Peat soil 27 4
Acid sulfate soil 583 43
Alurminum and manganese 15 5
toxicities
Phosphorus deficiency 670 39
Zinc deficiency 527 16
iron deficiency 86 12
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saline soils, in the wet and dry seasons.

IRSATON at IRRI. Of 73 rices tested in the
1980 wet season on an artificial saline soil with an
EC. of 8§ mS/cm, 19 were rated as tolerant. Among
them were IR42, IR52, and five rices from the salt
tolerance hybridization program.

Varietal reactions to increasing salt concentra-
tion. Greenhouse and field experiments in 1980
studied the effects of increasing salt concentration
on the growth, yield, and mineral nutrition of four
rices.

Beyond a threshold salt concentration, growth
and yield decreased according to the equation

Y= 100- B(EC.— A)

where Y= relative yield, EC. = electrical conductiv-
ity of the saturation extract, A = threshold salinity
inmS/cm, and B= percentage of yield decrease per
unit of EC, beyond A. The values of A and Binthe
greenhouse experiment follow:

Rice A(mS/cm) B (@)
1R28 25 132
IR34 25 113
IR42 5.0 8.1
IR9884-54 25 77

Inthefield experiment, A forall4 varieties was 5.0
mS/cm and B values were 6.0, 6.1, 2.5, and 5.5 for
IR28, IR34, IR42, and IR9884-54-3.

Yield reduction caused by increasing salt con-
centration was least in IR42 (Table 4). The yield
decrease with increasing salinity was in the order
IR28>>IR34> IR9884-54-3>> IR42. IR42 gave the
highest yield at all salt concentrations.

The four varieties differed markedly in their
capacity to absorb nutrients under salt stress. In-
creasing the salt concentration depressed the con-
centrations of potassium and calcium in the straw
and the K-Na and K-Ca ratios. IR42, the most
tolerant variety, had a higher K-Na ratio than any
other variety. Increasing salinity increased the con-
centration of sodium and chloride in the plants, but
the effect was Jeast in IR42. Apparently IR42hasa
salt-exclusion mechanism.

ALKALINITY
Soil Chemistry Department

Mass screening. Sixteen out of 1,962 rices screened
in the greenhouse were found to have alkali toler-



Table2 Summary of tests of 12 varieties and lines on coastal saline soils in farmers’ fields in the Philippines, 1980 dry and wet
seasons

Soil Yield
Salt EC Soil organic Other range Best
Site source (mS/em) pH content soil problems {t/na)  vylelders Remarks
{%}
Dry season
Lubao, Creek 14 6.9 17 —_— - — Intrusion of strongly
Pampanga saline water killed the
plants
Mexico, River 17 7.0 0.7 Zinc deficiency 1.04.3 IR10168-3 Plants were harvested
Pampanga before high sahnity.
Samal, Creek 43 6.5 15 — 0.94.4 IRSO Salinity was low
Bataan IR9884-54
. 1R10206-29
Taal, River 486 71 14 Zinc deficiency — — Frequent deep flood-
Batangas Boron toxicity ing.
Sinacaban Seepage 76 44 4.0 iron toxicity 1.6-39 IR4630-22 Rains depressed
Misamis 1R5657-33 salinity but tlingro
Occidental 1R4432-28-5  reduced yields
Wet season
Cebu, Cebu Creek 74 39 Zinc deficiency 45-6.6 [R9884-54 Low salinity.
Boron toxicity IR42
Minalin, Creek 9.2 58 16 Zinc deficiency 083.6 [R9884-54 Rains depressed
Pampanga salinity
Bani, Creek 80 61 08 — 1126 IR5657-33 Drought depressed
Pangasinan IR52, IR42, growth.
IR9884-54
o i y of the extract
Table 3. Summary of 1980 yield trials on Philippine coastal IRSATON at IRRI. IR46 and 4 IR lines were
saline soils. among the 8 rices that gave tolerant scores ina test
Yield (t/ha) of 73 rices on an artificial sodic soil.
Vanety or line Tnals —
no) Range X
IR36 5 0922 17 ACID SULFATE SOIL CONDITIONS
IR50 3 1844 2.9 i i
{haga2.28 M leaa b Soil Chemistry Department )
1R4595-4 5 0.5-1.6 11 . ' . .
1R4630-22 4 1439 21 The main nutritional disorder of wetland rice on
IRS657-33 4 2037 25 i ilsisi icity. Rices were scored
IRoosa.ca 3 T1an 33 acid sulfate soils is iron toxicity.
IR10167-87 4 1032 2.8
IR10206-29 5 184.0 24 Table 4. Effect of 5 salt concentrations on the yield of rices at
IR2058-78 4 16-24. 18 1RRI, 1980 dry season,
Grain yield? {t/ha)
Salt EC.®
added (mS/cm) [R28 IR34 IR42  IRg884-
. . . % 543
ance. IR36 and two hybrids with alkali-tolerant i
Pokkali as one parent were among them. 0 08 47ab 53a 64ab 57 b
. . . . 0.1 49 49a 54a 66a 6.1a
Yield trials. Of 21 alkali-tolerant rices tested on 02 77 43 b 45 b 61 be 48 ¢
an artificial sodic soil (pH 8.6, SAR 20), IR36, 03 97 87 ¢ 39 ¢ 57 ¢ 47 «cod
04 1.0 33 d 34 d 87 ¢ 43 d

IR38,IR52, and YR9715-7-2 had Standard Evalua-

H H eElectrical conductivity in the saturation extract, 1 wk after salt
tion SyStem for Rice (SES) scores of less than 3.5 addition. *Separation of means in a column by Duncan’s multi-

and yields higher than 3 t/ha. ple range test at the 5% level.
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in greenhouse and field mass-screening tests, and
the performance of promising rices was observed
in field yield trials on a Sulfaquept with an aerobic
pH of 3.5.

Greenhouse screening. A total of 320 rices were
screened in the greenhouse. They included elite
lines and some hybrids from Mahsuri (an iron-
toxicity tolerant variety) and IR5657-33-2 (a salt-
tolerant line). Fifty were rated as tolerant.

Field screening. Of 190 lines tested in the field, 25
were tolerant. Iron toxicity in the wet season was
severe, and of 73 rices tested only TR29385-1-1,
IR29385-1-12, and IR29385-1-13 gave tolerant
scores.
~ Yield trials. Yield trials confirmed that plant
growth was poorer in the wet season than in the dry
(Table 5) and that tolerant rices gave higher yields
than the sensitive ones at two sites with acid sulfate

Table 5. influence of season on the performance of 6 rices on
an acid sulfate soil, Malinao, Albay, Philippines, 1980.

Grain yield {t/ha)

Designation Dry Wet
season season
IR36 5.2 25
iR42 5.9 3.6
iR44 6.3 29
iR46 6.4 33
1R52 54 36
IR4683-54-2 6.7 36
Mean 6.0 3.2

Table 6. Perfarmance of 15 rices at 2 sites on an acid sulfate
soil, Malinao, Albay, Philippines, 1980 wet season.

Grain yield®*{t/ha)

Designation
Site 1 Site 2

IR54 392 28 abc
IR48 36ab 2.7 abced
IR4683-54 3.6ab 3.1ab
IR42 3.6 ab 32a
iR52 3.6 ab 24 abed
iR13149-43 36ab 27 abed
IR2797-105-2 34ab 2.0 cde

33 abc 2.2 abede
IR44 2.9 abed 2.9 abe
IR20 28 abed 18 de
IR36 25 bede 2.1 bede
IR50 24 bede 2.0 cde
IR13168-143-1 2.0 cde 15 e
IR8 1.8 de o . f
1R9129-136-2 14 e 185 e

“Separation of means in a column by Duncan’s multiple range
test at the 5% level.
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soil (Table 6). The marked yield reduction in the
wet season was due to severe iron toxicity induced
by strong soil acidification during the dry spell
preceding the wet season planting.

Tolerant IR46, IR4683-54-2, and IR1349-43-2
yielded more than 6 t/ha in the dry season and
more than 3.3 t/ha in the wet season without lime,
the usual amendment, Tolerance for iron toxicity
conferred a yield advantage of about 2 t/ha over
varieties that lacked the trait.

Varietal reactions to soil amendments, To ascer-
tain whether varietal tolerance could be a partial
substitute for soil amendments, the effects of lime
(5 t/ha) and manganese dioxide (100 kg/ha) on
iron toxicity symptoms and yield of IR26 and IR43
were studied in a replicated factorial experiment on
an acid sulfate soil at Malinao, Albay, in the 1980
dry season.

On the basis of iron toxicity symptoms at4 and 8
weeks after transplanting, the best treatment was
1R43 (a moderately tolerant variety) with lime and
manganese dioxide; the poorest was IR26 (a sus-
ceptible variety) without soil amendment (Table 7).
On the basis of grain yield, the best treatment had
IR43 and manganese dioxide with or without lime.
The poorest had IR26 without soil amendment.
1R43 showed a response of 2.2 t/ha to manganese
dioxide alone. IR26 gave a response of 1.2t/hato
lime. IR43 produced 6.2 t/ ha with only manganese
dioxide, but IR26 with both soil amendments pro-
duced only 4.8 t/ha.

Varietal tolerance may be a substitute for lime
on acid sulfate soils,

PEAT SOIL PROBLEMS
Soil Chemistry Department

Rice on peat soils shows zinc deficiency symptoms.
On such a soil (pH 5.4, 0.M. 46%, available Zn 0.3
mg/ kg soil) at Famy, Laguna, Philippines, 27 rices

that were tested in a replicated experiment in the:

1980 dry season differed in performance with and
without zinc in the presence of N-P-K fertilizer.
IR28, a moderately susceptible variety, yielded 0.9
t/ha; IR34 and IR8192-31-2 (both zinc-deficiency
tolerant) yielded 2.6 and 2.4 t/ ha without zinc.

If grain yield in the absence of zinc stress (i.e. in
the presence of applied zinc) is a criterion of toler-
ance for the peat soil conditions of the experimen-



Table7. Effects of lime and manganese dioxide on the severity of iron toxicity symp

4 and 8 weeks ing, and

on grain yield of 2 rice varieties on an acid sulfate sail. Malinao, Albay, Philippines, 1980 dry season.®

Treatment Iron toxicity score®
Yield

Lime Manganese Variety 4 wk 8 wk (t/ha)

dioxide
No No IR26 58 d 6.0a 36 d
No Yes IR26 48 «cd 52ab 39 d
No No IR43 48 cod 5.5 ab 4.0 cd
No Yes IR43 35 ab 42 be 62a
Yes No IR26 52 cd 58a 43 «od
Yes Yes IR26 4.2 be 4.8 ab 48 bc
Yes No IR43 3.5 ab 42 be 63 b
Yes Yes R43 30a 40 ¢ 6.2 a

“Separation ofmeans ina column by Duncan’s multiple range test at the 5% level. *Scored by the 1980 Standard Evaluation System

for Rice.

tal site, then IR42 and IR8192-31-2, each with a
yield of 3t/ha, may be considered the most tolerant
of the 27 varieties tested.

Inasimilar test of 10 varieties on an organic soil
(pH 5.2, O.M. 20.6%, available Zn 0.2 mg/kg) at
Morong, Rizal, 8 responded positively to added
zine, 4 of them significantly. The yields of IR8192-
31-2 (2.9 t/ha) and IR34 (2.5 t/ha) without zinc,
confirmed their tolerance for zinc deficiency on
peat soils. In the presence of zinc, the highest
yielders — IR54 with 3.4 t/ha and IR8192-31-2
with 3.1 t/ha — showed their tolerance for excess
organic matter.

The zinc-efficient rices IR34, IR42, IR54,
IR5983-13-1, and TR8192-31-2 performed best on
peat soils. They had a yield advantage of 1.5 to 2.0
t/ha over zinc-sensitive modern varieties.

BORON TOXICITY
Soil Chemistry Department

Of 25 rices tested on a boron-toxicsoil in the green-
house, the following were found tolerant on'the
basis of symptoms and grain yield: IR5716-18-1,
IR9129-209-2, IR8608-189-2, IR9764-45-2,
BR51-282-8.

In solution culture IR8, IR20, IR26, IR42, and
IR46 showed toxicity symptoms at 2.5 mg boron/
Titer in the medium, but only IR36 and IR46 suf-
fered a significant yield reduction.

On a boron-toxic soil in the 1980 dry season,
IR50 scored 2.9 by the 1980 Standard Evaluation
System for Rice and yielded 6.1 t/ha. IR54 scored
4.5 and yielded 5.6 t/ha.

ZINC EFFICIENCY
Soil Chemistry Department

Mass screening. Of 527 rices tested in 1980 on a
zinc-deficient soil (pH 7.0, organic C 4.9%, availa-
ble Zn 0.1 mg/kg soil) in a farmer’s field, 16 had
tolerant scores. Among them were IR34 and IR54.

Yield trials. Selected rices were grown to matur-
ity with and without zinc in a replicated experiment
in the field'used for the mass screening. Amongthe
IR varieties, IR54 gave the highest yield: 4.5.t/ha
with zinc and 4.4 t/ha without zinc. IR5 gave the
lowest yield (2.3 t/ ha) without zinc and the highest
response to zinc (1.4 t/ha). IR8192-31-2, a tolerant
line, yielded 4.4 t/ha without zinc, but IR5983-13-
1, a sensitive line, yielded 2.3 t/ha. The wet season
yield trial was damaged by floods, insects, and
virus diseases. Despite that, IR 54 and IR8192-31-2
yielded 2.6 and 2.7 t/ha without zine, compared
with 1.8 t/ha for IR5983-13-1.

Varieties with tolerance for zinc deficiency
yielded 1to 1.5t/ha more than varieties that lack it.
Tolerant IR34 maintained its superiority to sensi-
tive IR26 in different soil and weather conditions
(Table 8).

PHOSPHORUS EFFICIENCY
Soil Chemistry Department
Varietal differences in phosphorus efficiency were

studied by mass screening in the greenhouse and
yield trials with and without phosphate fertilizer on

.a phosphorus-deficient Tropaquult.

Mass screening, Of the 570 rices tested in culture
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Table 8. Parformance of sensitive IR26 and tolerant IR34 on
zinc-deficient soils at 4 Philippine sites® in 2 seasons, 1980,

Grain yield (t/ha)

Desig- Dry season Wet season
nation Mean
Bay Gen. Morong Bay Gen. Famy
Santos Santos

IR26 31 0.8 20 24 00 20 172
R34 43 23 25 20 22 26 2862

9Soil properties:

Organic carbon Available zinc
(%)

Site pH (mg/kg)
Bay 7.0 4.9 0.1
Gen. Santos 7.9 38 0.1
Moraong 5.2 11.8 0.2
Famy 54 264 03

solution, 34 were rated phosphorus efficient, Nine
were 1980 elite lines.

Yield trials, Thirty-one rices were grown with
and without 25 kg P/ha as single superphosphate
in the 1980 dry and wet seasons.

In the dry season, IR40, IR48, IR52, IR54, and
IR$129-209 gave yields exceeding 4 t/ha without
phosphate fertilizer and produced a mean response
of only 7.5% when phosphate was added. In the
wet season, despite insect damage, tungro, and
typhoons, IR40, IR52, IR54, and IR9129-209
maintained their superiority over the others with
yields of 2.7 to 3.5 t/ha. IR6115-1-1 was the poor-
est performer in both seasons (Table 9).

Phosphorus-efficient modern rices enjoyed a

Table 9. F of rices on a
deficient Tropaquult at IRRI, in the 1980 dry and wet seasons.
Dry season Wet season
b
Yield Rank Yield Rank
{t/ha) {t/ha)
IR54 47 1 27 6
IR52 4.6 2 3.1 2
IR48 4.2 3 21 22
IR40 4.1 4 28 5
[R9129-209-2 4.0 7 35 1
iR5 29 25 1.6 27
IR6115-1-1 22 31 15 31

yield advantage of about 1.5 t/ha over inefficient
modern rices on the phosphorus-deficient Trop-
aquult.

AEROBIC SOIL CONDITIONS
Soil Chemistry Department

Dryland rice suffers from aluminum and manga-~
nese toxicities on acid soils and from iron defi-
ciency on neutral and alkaline soils. To observe
varietal reactions to those stresses, 15 selected rices
were grown in a replicated yield trial on Luisiana
clay (pH 4.9, organic C 2.5%, total N 0.22%),
Maahas clay (pH 6.5, organic C 2.0%, total N
0.129), and Maahas clay limed to a pH of 7.5. The
soils were fertilized with 50 kg N/ha and 25 kg
P/ha. The seeds were dry-sown at a seeding rate of
3 g/m in furrows 20 cm apart in 3-m X 4-m plots
replicated 3 times. The plots were irrigated when

Table 10. Grain yield of 15 selected rices on 3 dryland soils. IRRI, 1980 dry season.

Grain vield® {t/ha)
Designation Luisiana Maahas Limed Maahas Mean
clay clay clay

IR36 54 ab 4.1a 1.6 abc 3.70
IR43 5.2 ab 3 4 abcd 3.3 abe 3.97
IR45 45 abed 27 def 30abc 340

55a 3.9ab 2.9 abc 4.10
IR1750-F5B-5 42 cde 3.0 cde 15 be 2.90
IR1754-F5B-22 53 ab 3.6 cde 3.6ab 470
1R2061-522-6 5.2 ab 3.0 cde 37a 3.97
IR2061-628-6 4.7 abed 33 bed 2.6 abc 3.53
IR3839-1 4.7 abed 33 bed 15 be 3.17
|IR3880-29 4.8 abc 29 gde 22 abe 330
IR5179-2 35 e 3.0 ode 2.2 abe 2.90
IR8072-31 3.9 de 24 ef 13 ¢ 253
IR8085-48 45 bed 2.0 f 0.0 d 217
1ET 1444 35 ¢ 29 cde 3.0 abe 3.13
M1-48 35 ¢ 24 ef 14 ¢ 243

Mean 456 306 225

“Separation of means in a column by Duncan’s multiple range test at the 5% level,
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necessary. The plants were scored visually on gen-
eral appearance and foliar symptoms 8 and 12
weeks after sowing.

The main foliar symptoms were manganese tox-
icity on the strongly acid soil and iron deficiency on
the limed Maahas clay. On Maahas clay no clear
symptoms of a nutritional disorder were discern-
ible.

Table 10 shows striking soil and varietal influ-
ence on grain yield. The mean yield decreased as
soil pH increased. Within a soil there were marked
varietal differences, and there were variety X soil
interactions. IR43, IR52, IR1754-F5B-22, and
IR2061-522-6 did uniformly well on all three soils.
IR36 and IR8085-48 fared well on the strongly acid
soil but poorly on the alkaline soil. The poorest
performer was M1-48, apparently because of its
poor plant type.

Several IR rices can yield more than 3 t/ha on
irrigated acid dryland soils.

NITROGEN DEFICIENCY
Soil Chemistry Department

Three rice varieties were grown on Maahas clay
(pH 6.6, total N 0.16%) in 16-liter pots in the
presence of 0, 50, 100, 150, 200, and 250 mg N/kg
soil as urea, 25 mg P/kg soil as triple superphos-
phate, and 50 mg K./ kg soil in the 1980 dry season.

Figures 1, 2, and 3 indicate that H4 (a tall tradi-
tional variety) was the best producer of straw and

Grain yield (g/pot}
120

20

Steaw yield (g/pot)
250

1 1 1]
o 50 100 150 200 250
Nitrogen {ma/kg sod)

2. Straw yield as a function of mitrogen level .IRRI, 1980 dry
season *

totaldry matter at all levels of nitrogen and the best
grain producer from 0 to 150 mg N/ kg soil. But the
modern varieties IR42 and IR48, although not

TOM yeld {g/pot}

50—

0 1

1 ] 1 [l
0 200

50 100 150 250
Nitrogen (mg/kg soil}

Q

1. Grain yield as a function of nitrogen level IRRI, 1980 dry
season.

1
o 50 100 150 200 250
Nitrogen {mg/kg soil}

3. Total dry matter (TDM) yield as a function of nitrogen level.
IRRI, 1980 dry season.
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Gram yield {g/pot)
€0

Straw yield (g/pot)
80

4

Add;edi _potossmm {mg/kg soil)

0 1
¢} 25 50 kG 100

Added potassium {mg/kg sol)

4. Effect of increasing potassium levels on a straw and grain yield of rice on a potassium-

defictent soil. IRRI, 1980 wet season

high dry matter producers, yielded more grain than
H4 at the highest level of nitrogen. IR48 produced
more total dry matter than IR42 at all nitrogen
levels. .

Grain yield was a highly significant quadratic
function of the nitrogen level for all three varieties,
but the coefficients differed as seen below:

Variety Regression R

He  §=353+04639X— 000918 X  1.00%

1IR42  ¥'=309+0.3407X - .000234 Xt 0.99%

IR48  ¥=30.7+0.3636X - .00025 X* 1,00%*
POTASSIUM EFFICIENCY

Soil Chemistry Department

Potassium deficiency is widespread in soils of the
Philippine provinces of Zambales and Nueva
Ecija, but on some soils rice does not respond to
potassium fertilizer because of potassium fixation
by vermiculite and beidellite. On such soils potassium-
efficient rices may be useful.

To observe varietal reactions to potassium defi-
ciency, 23 rices were grown in the greenhouse on a
potassium-deficient soil (pH 7.0, exch;ngeable K
0.7 mmol/ kg) in the presence of adequate amounts
of nitrogen and phosphorus fertilizers. The plants
were screened visually 2 weeks after transplanting,
Of the 10 IRRI varieties tested, IR45, IR48, and
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IRS54 showed no deficiency symptoms.

To study varietal differences in efficiency of pot-
assium use, four modern rices were grown on a
potassium-deficient soil (pH 6.0, exchangeable K
0.3 mmol/kg) in the presence of 0, 25, 100, and 150
mg K/kg of added potassium and with adequate
nitrogen-and phosphorus in the greenhouse.

Figure 4 shows that IR42 was a more efficient
user of potassium for straw production at low
potassium levels than IR36, but the opposite'was
true for grain production. Efficiency of potassium
use for grain production was in the order IR46>
IR36> IR42.

PRACTICAL IMPLICATIONS OF ADVERSE SOILS
TOLERANCE'IN RICE

Soil Chemistry Department

Mass screening and yield trials have revealed the
existence of striking varietal differences in toler-
ance for soil toxicities and nutrient deficiencies.
Some tolerant rices are hybrids generated for spe-
cific problems such as salinity and alkalinity. Most
tolerant rices are IR varieties or IR lines that have
good agronomic characteristics and pest resist-
ance. Tolerance for an adverse soil condition
confers on a cultivar a yield advantage of 1-2 t/ha.
Some of the 1980 findings are summarized in Table
11. Use of modern soil-stress-tolerant varieties with



R

Table 11. Performance of some tolerant and itive IR vari on ded p: soils. 1980 dry and wet seasons.”
Tolerant Sensitive
Problem Designation Yield Designation Yield Differ-
{t/ha) (t/ha) ence
Salinity IR42 33 1R26 14 19
Alkalinity IR36 33 {R45 13 2.0
Acid sulfate soil IR486, IR42 3.6 IR26 1.2 24
Peat soil IR42 3.0 IR28 141 1.9
Phosphorus deficiency IR54 37 IR36 26 1.1
Zinc deficiency IR34 26 1R26 17 0.8

%Yield data are averages for soils and seasons.

good cultural practices can lead to yields of 34
t/ha on adverse soils without costly soil amend-
ments.

BREEDING FOR ADVERSE SOILS TOLERANCE
Plant Breeding Department

Breeding for adverse soils tolerance continued with
the objective of transferring tolerance to breeding
lines with high yield potential and other desirable
characteristics. Tolerance for salinity and-alkalin-
ity received priority. Early-generation and ad-
vanced breeding lines were screened for tolerance
for salinity (4,000) and alkalinity (1,200). Advanced-
generation breeding lines were screened addition-
ally for tolerance for iron toxicity, potassinm defi-
ciency, and zinc deficiency to identify those with

multiple stress tolerance,

More than 3,000 entries were screened for mul-
tiple stress tolerance (Table 12).

More than 3,700 advanced-generation breeding
lines ranging from Fs through Fs were grown; 54
lines were promoted for yield testing and more
than 650 lines were advanced for further selection.

A number of crosses with diverse tolerance sour-
ces for different adverse soil stresses were made.
The tolerance sources were hybridized with IR36
(male sterile) to permit the formation of intermat-
ing composite populations. Recurrent selection
practiced on such composites grown under increas-
ing levels of adverse soil stresses could favor the
accumulation of genes for tolerance, leading even-
tually to enhanced levels of stress tolerance.

Table 12. Sources of breedi: ¥ for for adverse soil stresses. IRRI, 1980.
No. from each source?
Stresses Total
HB PN RYT oYT GEU {no.}
elite
Salinity - 3985 — 49 — 4034
Alkalinity — 86 - hnd bt 86
Iron toxicity — 288 — - — 288
Phosphorus deficiency — 83 — — - 83
Zinc deficiency — 50 - — — 50
Salinity and zinc deficiency - — — 789 — 788
Salinity and alkahnity — — 1200 — — 1200
Salinity, alkalinity, and zinc deficiency 375 - — — - 375
Salinity, iron toxicity, and phosphorus deficiency _ 183 —_ —_ 183
Salinity, iron toxicity, phosphorus 610 — — 610
deficiency, and zinc deficiency
Salinity, alkahnity, iron toxicity, —_ — 163 163
phosphorus deficiency, and zinc
deficiency
Grand total — - - — —_ 7861

2HB = hybridization block, PN = pedigree nurseries, RYT = replicated yield trial, OYT = observational yield trial, GEU = Genetic

Evaluation and Utilization,
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BREEDING PROGRAM AT IRRI
Plant Breeding and Plant Physiology Departments

More than 11,700 rainfed-wetland breeding lines
and varieties were screened for submergence toler-
ance. Crosses numbering 740 were made with
rainfed wetland rice and the F; planted during the
wet season.

Plants selected in 1980 screening were multiplied
and retested, From 1978-79 screening, 132 lines
were selected for seed increase, grain yield, and
plant type evaluation. The best of those lines will
be added to the International Rice Deep Water
Observational Nursery.

Among the varieties tested for submergence
tolerance, 39 came from the tidal swamp rice col-
lection of Ecuador. No variety had elongation abil-
ity, but Brasilero, Cafuringa I, Chato Rayado, and
Donato were highly tolerant of submergence.

Elongation ability of 4,271 lines and varieties
was also tested and 92 lines from 1978-79 screening
were selected for seed increase.

EFFECT OF WATER LEVELS ON TILLERING
Plant Physiology Department

Tillering of 4 rice varieties with different plant
types and-elongation abilities was studied at 5
water levels 20, 30, and 40 days after sowing (DS).

Tiller number increased with time to a certain
point, and then decreased. The maximum tillering
stage of the 4 rice varieties was about 50 DS (Fig.
1). IR36 showed earliest tiller emergence and had
the most tillers per pot. The faster rate of primary
tiller production resulted in a faster rate of secon-
dary and tertiary tiller production.

Deep water reduces tiller number but the modi-
fication of tiller production is not clearly under-
stood. Deep water significantly reduced the tiller
number of all varieties except Leb Mue Nahng 111
(LMN 111).

At 20 DS, generally considered to be the active
tillering stage, deep water delayed the production
of primary tillers, which, in turn, resulted in the
production of less secondary tillers. At 1040 cm
depths, no tertiary tillers were produced and at
30-40 cm depths no secondary tillers were pro-
duced. Similar results were obtained when water
treatment was started at 30 and 40 DS. For crop
production a 10-cm water depth can be used as a
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1. Tiller number per pot at different growth stages of 4 rice
varieties subjected to 5 water levels at 20 days after sowing. The
arrow marks the start of the watert IRRIgreenh

1980.

critical water level for IR36; Leuang Pratew 123
(LPT 123), and RD19.

Seedling age and tiller reduction, Regardless of
the variety, younger seedlings were more affected
by deep water (40 cm) than older seedlings (Fig. 2).
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2. Thller reduction of 4 rice varieties subjected to 40-cm water
depth at 20, 30, and 40 days after sowing The arrows mark the
start of the water treatment. IRRI greenhouse, 1980.
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3. Plant height of LMN 111, RD19, and 1R36 at
levels. IRRI greenhouse, 1980.

However, at 20-cm water depth, tiller number per
pot 80 DS was similar in the plants that were
treated at 20, 30, and 40 DS.

The advantage of using older seedlings is clear at
the 40-cm water depth. IR36 had almost no surviv-
ing tillers when the 40-cm water treatment was
started at 20 DS, but when treatment started at 40
DS the reduction was only 50%. The advantage of
older plants at the time of increase in water depth
was also apparent in RD19.

Occurrence of nodal tillers. Nodal tillering was
observed in LMN 111 and RD19; there was some
in IR36 but none in LPT 123. Nodal tillering was
noted as early as 30 days after water treatment at
20, 30, and 40 cm water. However, deeper water
seemed to produce more nodal tillers. The varieties
with nodal tillering ability tended to have better
nodal rooting ability.

Importance of internode elongation. Internode
elongation was poor in IR36. IR36 plants were
flowering at 80 DS and the elongated internodes
were part of the flowering process.

LMN 111 had good elongation ability. In RD19
elongation occurred only if necessary for survival;
in LMN 111, it occurred when the plants were
above the water level.

The semidwarf characteristic of IR36 remained
the same in medium-deep water (3040 cm) when
only plant height above the water level was consi-
dered (Fig. 3). Similarly, RD19 remained interme-

80 days after sowing as affected by 5 water

diate in plant height. LMN 111 was tall regardless
of the water depth.

The treatments clearly showed that plants with
intermediate height and elongation ability make a
good plant type for medium-deep water.

SUBMERGENCE TOLERANCE
Plant Physiology and Plant Breeding Departments

In tests at different times, at different sites, and by
different workers, FRI3A, Kurkaruppan, and a
few other traditional rice varieties exhibited a high
degree of submergence tolerance, thus suggesting
that the trait is gene controlled.

In a study to find optimum seedling age and
submergence duration for genotypicdifferentiation
of varieties, 9 treatment combinations involving
seedlingages of 5,7, and 9 daysand also 5, 7,and 9
days of submergence were used in greenhouse
tanks. The treatment combination of 7-day-old
seedlings submerged for 7 days was found to be the
most effective for maximizing genotypic variance
(Table 1). However, the treatment combinations 7-
or 9-day-old seedlings submerged for 9 days
appeared to be more effective in differentiating
entries showing above average tolerance, thus sug-
gesting the necessity of longer submergence period
in screening of pedigree lines in breeding pro-
grams. The study also confirmed earlier results
with Kurkaruppan, FR13A, and Thavalu (Acc.
15314).
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Table 1. Mean survival percentage in 8 rice varieties under 9 different seedling age-submergence duration combinations.” IRRI,

1980.
Survival (%)

Overall
Variety 55 57 59 75 77 7-8 9-5 97 9.9 mean
IRS 960sb 835ab 700 b 585 b 265 b 45 cd 875ab 45 b 00 b 479
IR38 525 ¢ 400 ¢ 1B0 cd 460 b 45 bc 00 d575 bc 45 b 00 b 248
IR42 795 bc 505 bc 45 d 85 c 00 ¢ 30 c¢cd55 c 00 b 00 b 218
IR3464-75-1-1 77.0 bc 465 ¢ 340 bc 460 b 125 bc 0.0 d 7158bc 170 b 0.0 b 339
RD19 640 c¢ 545 bc 375 be 545 b 170 bc 0.0 d 92.0 ab 85 b 00 b 36.9
Thavalu 100.0a 1000a 10002 960a 730a 200 bc 67.0abc 585a 00 b 68.3
FR13A 96.0ab 755abc 630 b 100.0a 795a 505 b B88.0ab 59.0a 80 b 68.9
Kurkaruppan 740 bc 910a 630 b 1000a 920a 875a 95.5 a 785a 545a B81.8
Overall mean 79.9 67.7 48.8 63.7 38.0 21.0 76.0 29.0 8.0 48.0

“The first of 2 numbers joined by a hyphen indicates seedling age; the second is number of days of submergence. "Av of 2
replications. Separation of means in a column by Duncan’s multiple range test at the 5% level.

High submergence tolerance in FRI3A was
further indicated from another study in which 10-
day-old seedlings of FR13A and IR42 were sub-
merged for durations from 5 to 10 days. Around
509 of 1R42 seedlings died after being submerged
for 6 days. In FR13A 509 dead seedlings occurred
at 8 days.

A total of 28 F, seedlings plus 8 parents consti-
tuting an 8 X 8 half diallel set were studied. Ten-
day-old seedlings were raised separately in clay
pots and submerged for 8 days in 30 cm water ina

5=094 + QI7

Gy
3

vr
4. Array variance ( Vr) - covariance ( Wr) graph inan 8 X 8 diallel

cross for rice submergence tolerance (scored on a 1-9 scale).
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greenhouse tank. The F, seedlings involving
FRI3A and Kurkaruppan showed submergence
tolerance equal to or higher than that of their
respective tolerant parents. That indicates toler-
ance was dominant over susceptibility.

The array of variance and covariance indicated
the highest concentration of dominant alleles in
FRI13A, followed by FR43B and Kurkaruppan.
RDI19, IR34, and IR42 showed concentration of
recessive alleles in that order (Fig. 4). The wide
distance between dominant and recessive groups
along the regression line suggests possible invol-
vement of one or more major genes.

Both general combining ability and specific
combining ability effects were highly significant.
However, general combining ability (indicating
additive gene action) was more important than
specific combining ability (indicating nonadditive
effects). This observation suggests high possibility
of recovering recombinants having adequate level
of submergence tolerance in the homozygous state.

Three components — by, b2, and bs — of the
nonadditive effects were highly significant. The
significance of b, which indicates unidirectional
dominance, showed that population dominance
was manifested as a simple difference between the
average of F) progenies and average of their par-
ents. The presence of gene asymmetry (b:) indi-
cated that parents made different contributions to
their progenies in respect of genes displaying dom-
inance. The significance of »: showed that not all
crosses had significant deviation from the midpar-
ent and indicated possible epistatic action.

Another study of the inheritance of submer-
gence tolerance analyzed the segregation pattern
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and estimated the genetic parameters of the crosses
involving FR13A, Kurkaruppan, Thavalu (Acc.
15314), Goda Heenati, IR36, and B2433b-Kn-10-
I-1-1. Tests in the greenhouse submerged 10-day-
old seedlings in a tank for 7 days at a depth of 30
cm above the soil. Water temperature was kept
constant at 30°C and the light intensity 400 lux at
the tray level.

Segregation analyses indicated that at least three
dominant genes were involved in control of toler-
ance for submergence. Two had duplicate gene
action, and the third was complementary to any of
the first two. Estimation of the genetic parameters
showed that additive and nonadditive gene effects
were important in the inheritance of submergence
tolerance. Dominance and nonallelic interactions
were present in all the crosses analyzed, and nonal-
lelic interactions were mostly of the duplicate type.
Estimates of broad sense heritability were low to
moderate, indicating that a large portion of the
phenotypic variance was due to nongenetic effects.

Another study used the crosses Khao Dawk
Mali/IR42 and Thavalu 15314/ IR42. The mode
of segregation for submergence tolerance at seed-
ling stage of the F, population, based on percent-
age of survival of 10-day-old seedlings submerged
for 7 days, indicated the dominant nature of sub-
mergence tolerance. Tolerance seems to have
resulted from the complementary gene action of
two independent loci.

EFFECT OF NITROGEN LEVEL AND SEEDLINGS
PER HILL ON YIELD

Plant Physiology Department

To investigate the effect of basal nitrogen and
number of seedlings per hill on tillering ability and
yield performance of IR42 in medium-deep water,
20-day-old seedlings were transplanted with 0, 40,
80, and 120 kg N/ha at the rate of 2, 5, and 10
seedlings/hill. Water level at 30 days after trans-
planting (DT) was increased at the rate of 5
cm/day and was kept at 50 cm until full flowering.

An earlier study had shown that nitrogen fertil-
izer increased the grain vield of rice in deep water.
The increase was associated with an increase in
tiller number before water depth rose. The result
was greater plant height and more panicles at
harvest. In 1980, both basal nitrogen application
and increased number of seedlings per hill resulted

Table 2. Grain yield of IR42 grown in medium-deep (50 cm)
water as affected by 4 levels of nitrogen fertilizer and number
of seedlings per hill. IRRI, 1380 wet season.

Grain yield (t/ha)

Nitrogen level
(kg/ha) 2 seed- 5seed- 10 seed- Mean"
lings/hill  lings/hill  lings/hill
0 245 274 3.13 277 b
40 an 333 3.65 3.36 ab
80 3.67 3.82 3.96 3B8l1a
120 383 3.96 n 390 a
Mean® 327 b 346ab 3668

*“Separation of means in a column or row by Duncan’s multiple
range test at the 5% level.

in more tillers per unit area and in taller plants,
which produced more crop canopy above the
water, higher leaf area index, more dry matter, and
ultimately higher grain yield.

Generally, grain yields increased with increase in
nitrogen level and increase in seedlings per hill
(Table 2). The advantage of using more seedlings
per hill was clear in plots without or with low levels
of nitrogen fertilizer (40 kg N/ ha), but not so clear
in plots with high levels of nitrogen fertilizer. The
results imply that the effect of basal nitrogen fertil-
izer application can be achieved, to a certain
extent, by increasing the number of seedlings per
hill.

VARIETAL DIFFERENCE IN NITROGEN UPTAKE
AND UTILIZATION

Plant Physiology Department

A study with 10 varieties of diverse plant types
elucidated the phenomenon of nitrogen uptake
and utilization in relation to water depths and
nitrogen level. Nitrogen levels were 2 and 6 g
ammonium sulfate in each pot with 4 kg soil. The
water levels were 30 cm (medium-deep) and 110 cm
(deep).

Three types of plant-height response were evi-
dent in the varieties tested (Fig. 5). Type A, which
includes the traditional tall floating rice varieties
such as Kalar Harsall, LMN 111, and Chenab Sel.
64-117, showed a marked difference in plant height
with higher nitrogen level in both medium-deep
and deep water. At flowering the plant parts above
the water ranged from 120 to 130 cm in medium-
deep water and 50 to 130 cm in deep water.

Type B response is shown by improved deep-
water rice lines such as RD19, BKN6986-167, and
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Kaior BKNGI86 IR442-2
Horsall -167 -58

5. Variation in plant height due to low and high nitrogen levels
at medium-deep (30 cm) and deep (110 cm) water levels. The
plant types are the traditional tall Kalar Harsall (A), improved
BKN6986-167 (B), and modern intermediate tall IR442-2-58
(C).

BR223-B-38. Plant height increased with increase
in nitrogen level but not as much as in Type A.

Type C response was typified by IR442-2-58,
B1050-Mr-18-2, and IR42. Those intermediate-
height varieties have poor elongation ability. Addi-
tion of nitrogen gave only a small increase in plant
height. The plant parts above the medium-deep
water ranged from 70 to 110 cm, the optimum
range under irrigated conditions. But in deep
water, Type C was barely above water (10 cm), and
additional nitrogen increased plant height but not
sufficiently.

Varietal difference in nitrogen uptake and pro-
duction of basal tillers before water treatment is
seen in Figure 6. Varieties with high nitrogen
uptake also had a high number of basal tillers.
Improved varieties, such as IR42, IR442-2-58,
B1050-Mr-18-2, BR223-B-38,and RD19, had high
nitrogen uptake and high number of basal tillers at
both nitrogen levels. The traditional varieties not
only had poor ability to absorb nitrogen, they also
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had poor tillering ability. Habiganj Aman I, how-
ever, showed a different and better response in
terms of tiller production and nitrogen uptake.

The results show that the basal tiller number in
deepwater rice culture may be increased by increas-
ing basal nitrogen and selecting varieties with not |
only high tillering ability but also ability to absorb |
nitrogen. Examples are B1050-Mr-18-2, IR42, ‘
RDI19, BR223-B-38, and Habiganj Aman 1. Such
high tillering ability and nitrogen uptake were gen-
erally still apparent at flowering in medium-deep |
water, but the relationship changed in deep water
— Kalar Harsall and Habiganj Aman 1, which
have greater elongation ability, gave the highest
number of basal tillers. Although LMN 111 had
relatively good elongation ability, it had the poor-
est tillering ability.

In medium-deep water, varieties planted with
low nitrogen level did not produce any nodal
tillers. But at high nitrogen, nodal tillers were pro-
duced in some entries. In deep water, Kalar Har-
sall, LMN 111, and IR442-2-58 had a good number
(5 to 9) of nodal tillers, especially at high nitrogen
(Table 3). Some entries either failed to produce any
nodal tiller or produced few (1-3) even at high 1
nitrogen. Generally high nitrogen increased nodal
tillers and nodal rooting.

S am——
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6. Relationship between nitrogen (N) uptake and basal tillers
per plant of 10 entries at low and high N levels before water
treatment. IRRI, 1980.




Table3. Production of nodal tillers and nodal roots of 9 entries
in deep water {110 cm) at low (2i) and high {6N) nitrogen
lavels at flowering. IRRI, 1979 wet season.

Nodal tillers
Entry {no.}

Nodal
roots {no.)

Nodal
root wt {g)

2N 8N 2N 6N 2N 6N

Kalar Harsall 0 5 98 119 36 144

Habiganj 1 1 68 68 56 57
Aman |

Leb Mue 0 9 167 210 52 204
Nahng 1l

Chenab Sel 2 2 25 53 0.9 22
64-117

B1050-Mr-18-2 Q 0 61 100 04 1.9

BR223-B-38 0 1 98 102 23 95

RD18 [ 3 87 118 11 63

BKN6986-167 1 3 107 156 08 53

IR442-2-58 0 5 10 17 01 0.5
Av 04 3.2 79 105 22 74

The traditional types tended to produce more
nodal roots than theimproved types. Amongthe im-
proved types, BR223-B-38, RD19, and BKN6986-
167 had good nodal rooting ability in terms of
nodal root weight and number but high nitrogen
failed to increase number or weight of nodal roots
in either traditional (Habiganj Aman I), improved
(B1050-Mr-18-2), or modern types (IR442-2-58).
Hence, varietal difference in nodal rooting ability is
vivid in all types of entries tested.

Varietal difference in nodal tillering ability was
also distinct. Except in Kalar Harsall and
LMN 111, higher nodal tillering did not lead to
higher nodal rooting. Among the improved as well
as modern entries, some had poor nodal tillering
ability but high nodal rooting ability or vice versa.
Wider screening for these two attributes may lead

to the selection of varieties with higher nodal tiller-
ing and nodal rooting ability, which may be
recombined in breeding for wider adaptability for
deep water.

Higher nitrogen consistently increased grain
yield in all entries because of increased panicle
number and spikelet number per panicle (Table 4).
Among the varieties, Kalar Harsall, RD19, and
BKN6986-167 had significantly higher grain yield
than BR223-B-38 at high nitrogen, in medium-deep
water. Kalar Harsall had the lowest yield at low
nitrogen in medium-deep water. Variety X nitro-
gen interactions were not, however, significantly
different in deep water. The increased yields of .
RD19 and BKN6986-167 with high nitrogen at
both medium-deep and deep water were due to their
increased panicle number and-number of spikelets
per panicle, which resulted in higher panicle
weight, and consequently higher harvest index
(HI). In a controlled experiment, mgher HI may be
used as a selection criterion for higher yield poten-
tial. The higher HI is related to the type B plant
height response.

UPTAKE THROUGH NODAL ROOTS AND
DISTRIBUTION OF "*N-TAGGED AMMONIUM

Plant Physiology Department

A study with "*N, determined absorption of nitro-
gen through the upper nodal roots and its distribu-
tion in a deepwater rice plant. Two 20-day-old
seedlings of Kalar Harsall, a deepwater variety,
were transplanted as 1 hill ina pot containing 3 kg
Maahas soil basally supplied with 2 g ammonium

Table 4. Grain weight, panicle number, number of spikelets per panicle, and harvest index of some entries® in medium-deep {30
em) and deep (110 cm) water at low {2N) and high {6N) nitrogen levels/plant® IRRI, 1973 wet season.

Grain wt (g} Panicle no. No spikelets per panicle Harvest index
Entry
2N 6N 2N &N 2N 8N 2N 6N
Medm-deep water
Kalar Harsall 9 d 24a 8 «cd 12 ab 57 f 95 cd 026 025
BR223-B-38 10 cd 20 b 9 ¢ 13 ab 75 e 98 e 0.22 0.23
RD19 12 cod 26a 7 «cd 14a 98 ¢ 120 b 031 043
BKN6986-167 13 ¢ 27a 8 d 11 be 90 d 130 a 0.35 0.26
Deep water

Kalar Harsall 18a 28a 14 bed 18a 74 f 120 b 0.39 021
BR223-B-38 14 a 26 a 12 cd 17 ab 75 f 77 of 029 0.21
RD19 18a 32a 7 f 16abc 104 d 110 cod 038 037
BKNG6986-167 18 a 3la 10 cdef 13 cde 116 be 138a 035 023

sSome entries damaged by disease or typhoons at maturity were discarded, *Separation of means in a column and under each
water candition by Duncan’s multiple range test at the 1% level CV (%) for grain weight, panicle number, and number of spikelets
per panicle were 4, 12, and 4 in medium-deep water and 8, 15, and 4 in deep water.
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7. Setup of the "N treatment using Kalar Harsall that has
elongated and has been induced to “knee up.”

sulfate, The plants were subjected to increasing
water depth for 6-7 weeks to induce internode
elongation and nodal root development and then
allowed  to “knee-up” on a galvanized iron tray
containing 100 liters of water (Fig. 7). The soil in
the pot remained flooded throughout the experi-
ment but the pot was completely separate from the
nodal root region submerged in the tray. Tagged
"N ammonium sulfate was added to the tray. The
nodal roots of some plants were excised as soon as
they appeared, and another set of plants had their
nodal roots intact and undisturbed.

Table 5 shows the amount of tagged N in differ-
ent plant parts 3 and 96 days after fertilizer applica-
tion in the nodal root region. The percentage of N
uptake, "N activity, was considerably greater in
the nodal roots than in the other plant parts, sug-
gesting nodal roots as the active sites for absorp-
tion of available nitrégen, Translocation of ab-
sorbed nitrogen was rapid. At 3 days after treat-
ment, a large amount of '°N was in the culm and
green leaves, which were not submerged in the °N
solution. Even the basal roots in the soil contained
some "*N.

Accumulation of N progressively increased

Table 5. Uptake and di:

with the growth of the rice plant, and with the
increasing absorption of total nitrogen. *N con-
tributed 29 and 43% of the total nitrogen absorbed
after 5 and 10 days of N addition. At flowering
(96 days after treatment), the amount of “N
total nitrogen uptake had increased to 53%. Most
of the N remained in the culms.

Among the plant parts, the nodal roots exhi-
bited the highest percentage of '*N activity at the
initial stages, but subsequently the new nodal
tillers, green leaves, and panicles became the prim-
ary sink of °N.

The amount of "N absorbed from the nodal

root region was reflected in the dry matter weight

of the rice plant. At flowering, the dry matter
weight of the different plant parts and their total
were remarkably higher in the "N plants than in
the control plants. The presence of relatively
greater amount of available nitrogen in the tray
resulted in the greater number of late developed
nodal and basal tillers.

Application of *N in the nodal root region
increased basal root mass and absorption of soil
nitrogen. The amount of nitrogen from the soil was
377 mg/plant in the N treatment and 310
mg/plant in the control.

The removal of most of the nodal roots caused
considerable decline in the absorption of “N.
Absorption was only 33% of the total nitrogen
uptake as against 60% in the intact treatment. With
intact roots "N contributed as much as 72% of the
total nitrogen in the grains, but cutting the nodal
roots reduced the amount to 32%. The removal of
most of the nodal roots reduced total "*N absorp-
tion by 396 mg/ plant and the total nitrogen uptake
by 456 mg/ plant, thus reducing dry matter weight
by 19.9 g/plant.

The results demonstrated the importance for

d in the upper nadal root region of Kalar Harsall. IRRI, 1980.

of tagged ni )

3 days after N treatment

96 days after treatment

Dry wt Tagged N Tagged N/ Dry wt Tagged N Tagged N/

Plant parts {g) uptake total N (g uptake total N
{mg) (%) (mg} {%)
Culm + leaves 40.8 73 21 60.9 264 53
New nodal tillers 0.0 0 0 78 62 55
Basal roots 47 3 8 58 6 16
Nodal roots 04 4 66 8.9 43 59
Panicle 64 50 61
Total 45.7 80 21 89.8 425 53
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Table 6. Segregation of ratooning ability, IRRI, 1980.

Non-
Generation Cross Ratoon ratoon Ratio * P-value
Fa Kalar Harsall/ 55 121 1:3 3.67 010 — 050
Mingolo
Fy CNL231-B-B/ 430 1365 13 1.04 0.50 — 0.30
Pankaj

deepwater rice of the upper nodal roots in the
absorption of nutrients from the floodwater. The
importance of nodal rooting ability in screening
for such a plant trait is clearly indicated.

DEEPWATER RICE WITH RATOONING ABILITY
Plant Physiology and Plant Breeding Departments

In some deepwater areas, there is a possibility of
growing photoperiod-sensitive varieties in the dry
season for harvest in April and followed by a
ratoon crop. With the onset of the monsoon, the
ratoon crop should grow vigorously and tolerate
varying degrees of submergence from July to Sep-
tember. It could then be harvested in November.

Breeding for rice with ratooning ability. A var-
iety for such areas should be photoperiod sensitive,
cold tolerant, and responsive to fertilizer, It should
have good ratooning ability with some degree of
drought and submergence tolerance or elongation
ability. Furthermore, the ratoon crop should pos-
sess resistance to virus diseases.

That plant type was studied by a single cross of
Kalar Harsall, a photoperiod-sensitive deepwater
rice with elongation ability, and Mingolo, a good
ratooning variety. Another single cross of CNL231-
B-B, which is suitable for waterlogged areas, and
Pankaj, with good ratooning ability, was made to
combine good ratooning ability with submergence
tolerance. The Fi, F», and F; populations were
grown by rapid generation advance and allowed to
ratoon. Ratooning ability was scored as good,
moderate, low, and no ratoon 15 days after
harvest.

The ratooning ability of F> and F; populations
varied with growth duration. The late-maturing
segregants had greatest ratooning ability and a
high correlation value {r = 0.962**) was obtained
between F» and Fs ratooning ability classified
according to growth duration. The elongation abil-
ity of Kalar Harsall, the F; bulk population, and

the ratoons show that the hybrid bad distinctly
better elongation ability than the elongating parent
both at early seedling stage and as ratoon plants.

Ratooning ability appeared recessive mono-
genic to nonratooning ability (Table 6). Selection
for ratooning ability early in a breeding program is
suggested.

EFFECTS OF GROWTH DURATION AND LIGHT
INTENSITY ON RATOONING

Plant Physiology Department

Photoperiod-sensitive BP1-76 was grown in 16
hours photoperiod after which the plants were
transferred to 10 hours photoperiod. The ability to
ratoon was negatively correlated with the growth
duration of the main plant (- = — 0.99**). The
percentage of plants that produced ratoon tillers
decreased from 100 to 0 as the growth duration
increased from 117 to 177 days (Table 7). The
shorter-duration plants produced ratoons on every
plant and more ratoons per hill (Table 8). They
also initiated ratoons earlier. Ratoons from the

Table 7. Number of BPI-76 plants that produced ratoons. IRRI,
1980.

Plants {no}
Growth d

{days after sowing} Produced
Total ratoons

117 5 5

137 5 4

157 4 2

177 5 0

Table 8. Number of ratoon tillers produced per treatment dur-
ing the first 3 weeks after main crop harvest. IRR), 1980,

Ratoon tillers (ho )

Growth di
(days after sowing) 1wk 2wk 3wk
17 9 11 14
137 7 8 10
157 2 4 5
177 0 0 0
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younger plants grew taller than those from the
older plants.

Total carbohydrate content in ratoon plants was
significantly correlated with growth duration {r =
0.88**), The total carbohydrate contents of the
177-day and the 157-day main plant stubble (37
and 419) were significantly different from those of
the 137- and 117-day plants (26 and 19%). How-
ever, the nitrogen content of the main plant stubble
was negatively correlated with growth duration (»
= 0.98*%). The 117-day plants gave the highest
value of 0.76% nitrogen, and the 177-day plants
gave the lowest — 0.26% nitrogen.

Two types of ratoon tillers were observed. Basal
ratoon tillers originated from the soil surface, and
upper nodal ratoon tillers originated from S to 15
cm above the soil surface. BPI-76 had more basal
ratoon tillers than upper nodal ratoon tillers
regardless of growth duration.

Because there was a 48.4% reduction in total
carbohydrate of the 117-day plants compared with
the 177-day ones, the observed 100% regeneration
in the former could not be attributed to the accum-
ulated carbohydrate in the stubble. Regeneration,
then, in the short-duration plants {117 and 137
days) may be largely due to the high nitrogen con-
tent of the stubbles.

. Light intensity. Mingolo, a variety known for
good ratooning ability, was grown under 10 hours
photoperiod until heading. At 5 days after panicle
exsertion, one lot was shaded 49%, and another lot
66%. A third lot was left unshaded. At 30 days after
flowering, the plants were cut at 15 cm above the
soil surface and left to ratoon.

Low light intensity during ripening did not
affect the ability of the main plants to produce
ratoon tillers (Table 9). Earliest production of
ratoon tillers was apparent in the unshaded plants.

Ratoon tillers produced were 68.0, 62.0, and
55.5% of the main crop tillers for 0, 49, and 66%
shading. The height of the ratoon plants was not
affected by shading of the main crop.

Carbohydrate content of the main plant stubble
was negatively correlated with degree of shading,
and was highest at no shading and lowest at 66%
shading. The nitrogen content of the main plant
stubble was independent of shading.

The ratoon yield of plants with 499 shading did
not differ significantly from that of the unshaded
plants (Table 10). But, ratoon yield with 66% shad-
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Table 9. Ratoon fon in Mingolo subj diffe
degrees of shading at flowering to harvest IRRI, 1980.
" Yield
No, of tillers® (g/plant)
T
{% shading} 1 2 3 Harvest Main Ratoon
wk  wk  wk plant  plant
0 6a 6a 9a 7a 328a 119a
49 4ab 4ab 7ab 62 356a 120a
66 3b3b4ab 6a 332a 79 b

“Separation of means in a column by Duncan’s multiple range
test, 5% level.

Table 10. Grain yield of main and ratoon plants of Mingolo
subjected to different degrees of shading from flowering to
harvest of the main crop. IRRI, 1980.

Yield® {g/plant}

T
{% shading)

Main plant Ratoon plant
0 3275a 1184 a
49 36.58 a 12.02a
66 3323 a 788 b

%Separation of means 1n a column by Duncan’s multiple range
test, 5% level.

ing was significantly lower.

Number of panicles per hill in the ratoon crop
did not sigruficantly differ among the three treat-
ments although panicle number tended to be
higher with no or less shading. The 66% shading
produced more unfilled spikelets in.the ratoon
crop than did the 0 and 49%. The 100-grain weight
was not affected by shading of the main plant.

As in BPI-76, more ratoon tillers in Mingolo
regenerated from the base than from the node,
irrespective of shading treatment. The basal tillers
outyielded the upper nodal tillers by 26.8%, show-
ing the importance of selecting varieties for higher
basal tillers.

FERTILIZER TRIALS
Agronomy Department

Increasing fertilizer nitrogen efficiency in deep-
water rice. The first international trial on nitrogen
fertilizer efficiency for deepwater rice was planted
at IRRI during the 1980 wet season. Soil analysis is
reported in Table 11; analysis of floodwater is in
Table 12.

RD19 did not show any'significant increase in
grain yield with either 29 or 58 kg N/ ha. However,

o



Table 11. Analysis of soil in deepwater tank 1. IRRI, 1980 wet
season

Soil property Analysis
pH 68
Organic matter (%) 1.94
Total nitrogen (%} 0.12
Exchangeable potassium (mg/100 g) 1.29
Available phosphorus (ppm} 12.0
Cation exchange capacity 40.0
Particle size

Clay (%) 39

Siit (%) 32

Sand (%) 29
Texture Clay loam
Taxonomic classification Alfisol

foliar application of urea near the panicle initiation
stage did not show any special advantage over all
urea fertilizer applied as a basal dose (Table 13).

The most significant result was that RDI9 elon-
gated to 200 cm and produced 300 panicles/ m.
Both factors favor high grain yield under flooding
regimes of 51 to 100 cm deep water.

Increasing fertilizer nitrogen efficiency in medium-
deepwater rice. In the second International Net-
work on Soil Fertility and Fertilizer Evaluation for
Rice (INSFFER) ftrial, IR42 was planted in
medium-deep water with maximum water depth of
50 cm during the dry season.

Regardless of nitrogen source, application of
fertilizer nitrogen increased grain yield by 1-3 t/ha
(Table 14).

At 54 kg N/ha, deep placement of urea super-
granules gave significantly higher grain yield than
bruadcast-incorporated prilled urea or sulfur-

Table 12. of pH, i i (NH,—N) and i of in rice
tank 1 after fertilizer appllcation 1RRI, 1980 wet season.
At basal fertilizer application At foliar spraying 57 DBPI®
Days after
fertihzer pH Temperature NH~N  Urea-N pH Temperature NH—Ne Urea-N
appiication {=C) {ppm) {ppm) °C} {ppm} {ppm)
1 63 26 045 1.31 8.6 22 nil 157
2 =83 32 060 0.06 88 21 nil 0.67
3 86 33 043 0.06 8.8 21 nil il
4 64 31 0.20 0.06 88 22 nil nil
5 64 35 027 0.06 8.9 20 nil nil
] 6.6 27 0.28 0.18 9.0 20 nil nil
7 77 36 043 0.31 8.8 20 nil 0.36
8 7.2 27 070 032 87 19 nil 0.18
8 72 28 0.56 040 85 19 nil 0.84

eAv of 8 plots, 4 samples/plot. *DBPI =

days before panicle initiation. ‘Ranging from 021 to 0.30 ppm N

Table 13. Grain yield and some agronomic characteristics? of RD18 as affected by forms of nitrogen fertilizers and methods of
application in deep water {100 cm desp}. IRRI, 1980 wet season.

Grain  Plant Plant ht Tiller count Tiller count Panicle count Panicle Unfilled 100-
Nitrogen fertilizer yield ht{cm} {cm)at (no/m? {no./m? {no./m?  length grans grain
treatment {t/ha} 30DT harvest 30DT  atharvest atharvest {cm) (%) wtlg)
No fertilizer nitrogen 3.7ab 76 b 200a 189 b 300 ab 235 bc 24a 21a 33ab
29 kg Niba
Urea supergranule placed 3.7ab 82a 186 a 198 ab 245 b 191 ¢ 26a 29a 32ab
10-12 cm deep
58 kg Niha
Prilled urea® 40a 80ab 197a 210ab 3252 300 a 25a 22a 32ab
Sulfur-coated urea® 38ab 82a 181a 216 ab 267 ab 221 be 26a 23a 31 b
1/2 prilled urea + 1/2 36a8b 83a 186a 2468 290 ab 220 be 26a 2ta 33a
sulfur-coated urea®
2/3 prilled urea® + 1/3 urea 40a 8la 186 a 213 ab 308 ab 261 ab 26 a 25a 33ab
folhar spray at 5-7 DBPI°
2/3 sulfur-coated urea® + 34ab 84a 202 a 195 b 302 ab 267 ab 26a 25a 3.2ab
1/3 urea folar spray at 5-7 DBPI°
Urea supergranule placed 3. 82a 193 a 231 ab 260 ab 202 be 25a 24a 32ab

10-12 e deep

“Separation of means in a column by Duncan’s multiple range test at the 5% level. Av of 4 replications "Broadcast and
incorporated. “DBPI = days before panicle initiation. Urea solution was applied 73 days after transplanting.
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Table 14. Mean grain yield of IR42 grown in 50-cm water, with various sources® and rates of nitrogen application. IRRI, 1980 dry

season.®
Treatment .
Grain yield Nitragen content

Form Rate {kg/ha} (t/ha) {%) in straw
No nitrogen — 13 f 064 cd
Prilled urea 54 kg N/ha 26 e 050 d
Sulfur-coated urea 54 kg N/ha 3.2 de 045 e
Urea supergranule 64 kg N/ha 4.0 be 052 de
Prilled urea 108 kg N/ha 43 abc 053 de
Sulfur-coated urea 108 kg N/ha 4.5 ab 056 de
Urea supergranule 108 kg N/ha 42 abe 082 b
Prilled urea 162 kg N/ha 48a 0.57 de
Sulfur-coated urea ' 162 kg N/ha 42 abe 0.79 Be
Urea supergranuie 162 kg N/ha 36 cd 1.05 a

“Broadcast and incorporated at planting, except urea supergranule, which was deep-placed at 10-12 ¢cm soil depth. oAy of 3
replications/ Separation of means at the same rate by Duncan’s multiple range test at the 5% | evel.

coated urea. IR42 did not respond to a rate lugher
than 54 kg N/ha. Infact, deep placement of super-
granules at 162 kg N/ha caused excessive lodging
and significantly reduced the grain yield.

Plant height, and tiller and panicle numbers
increased with increased nitrogen rates, but differ-
ences in these traits were not significant among
nitrogen sources.

Nitrogen uptake. With deep placement of urea
supergranules, nitrogen content in straw was con-
siderably higher at 108 and 162 kg N/ha than at 54
kg N/ha. The increased content caused lodging,
and no grain yield advantage was recorded in that
treatment beyond 54 kg N/ha (Table 14).

In the 1980 wet season, complete soil analysis
was made in the medium-deepwater experimental
area (Table 15). Grain yield response to added
nitrogen was significant for IR42 for all sources
and rates of nitrogen fertilizers except one (Table
16).

Considerable lodging occurred in plots with
deep-placed urea supergranules at 58 kg N/ha and

Table 15. Analysis of soil in medium-d rice experi-
mental area. IRRI, 1980 wet season.
Soil property Analysis
pH, 1:1 without water 6.2
Organic matter (%) 1.88
Total nitrogen {%) 0.1
CEC (meq/100 g) 36.0
Exchangeable potassium (meq/100 g} 69
Available phosphorus {ppm) 110
Particle size

Clay (%) 34

Silt (%) 30

Sand (%) 36
Texture Clay loam
Taxonomic classification Alfisol
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yield mcrease from 29 to 58 kg N/ha in that treat-
ment was not significant.

Application of azolla as source of supplemental
nitrogen in deepwater rice. A wet season experi-
ment with azolla had water depth gradually raised
to 100 cm and maintained at that level until matur-
ity. Fresh azolla was moculated in designated plots
at the rate of 500 g/m’ immediately after trans-
planting RD19. Azolla was allowed to grow for 1
month before incorporation into the soil. Follow-
ing that, the water leve] was increased 5 cm/day.

Inorganic nitrogen rates used were 0, 29, and 58
kg N/ha. The azolla application did not improve
grain yields more than inorganic fertilizer nitrogen
did (Table 17). Without azolla, slow-release sulfur-
coated urea (SCU) at 58 kg N/ha significantly
increased yield over 0 or 29 kg N/ha with the
highest yield of 5.2 t/ ha. If increase in water level is
gradual, grain yields of 5 t/ ha can be obtained with
modern varieties like RD19.

BREEDING PROGRAM IN THAILAND
Thailand-IRRI Cooperative Deepwater Project

Performance of RD19in various yield trials, RD19
showed its potential in yield trials, and in farmers’
fields (Table 18). The 3.9 t/ha at K67 was attained
in a flood that peaked at 120 cm.

Average panicles per square meter calculated for
10 sites were 168 for RD19 and 112 for LMN 111.
The lowest advantage of RD19 over LMN 111 was
at low yield levels, which occurred where both
entries were subjected to excessive flooding, or
where RD19 had greater plant length.
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Table 16. Mean grain yield and some agronomic characteristics of IR42 as affected by sources of nitrogen fertilizer and methads
of application under medium water depth {50 ecm}. IRRI, 1980 wet season.®

Grain Tiller Panicle Unfilled
Nitrogen fertilizer treatment® yield count {no./m?) count {no./m?) grains
{t/na) at harvest at harvest {%)
No fertilizer nitrogen 6 d | 183 ¢ 181 ¢ 13a
29 kg N/ha
Urea supergranule placed 10-12 cm deep 24 be 226 ab 203 ab 13a
58 kg N/ha
Prilled urea, broadcast and incorporated 2.9 ab 261 a 228 a 10 ab
Sulf ted urea {SCU), and 34a 234 ab 214 ab 10 ab
incorporated
1/2 prilled urea + 1/2 SCU, broadcast and 29ab 254 2 222 ab 7 b
incorporated
2/3 prilled urea broadcast and incorporated 21 cd 226 ab 212 ab 12 ab
+ 1/3 urea foliar spray at 5-7 DBPI
2/3 SCU broadcast and incorporated + 27 be 194 be 174 be 11 ab
1/3 urea foliar spray at 5-7 DBP!
Urea supergranule placed 10-12 cm deep 27 be 268 a 223 ab 8 b

sSeparation of means in each column by Duncan’s multiple range test at the 5% leve! Av of 4 replications. *DBP! = days before
panicle initiation; urea solution was applied 55 days after transplanting 20-day-old seedlings.

Table 17. Mean grain yield of RD19 as affected by rates and
forms of urea, with and without azolla in deep water {100 cm
max water depth). IRRI, 1980 wet season.

Treatment Grain yield {t/ha}®

N rate With Without

N form {kg/ha) azolla azolla

No nitrogen 0 33 ¢ 34 b

Prilled urea 29 42 b 33 b

Suifur-coated urea 29 36 ¢ 40 b

Supergranules 29 37 be 35 b

Prilled urea 58 39 ¢ 33 b
Sulfur-coated urea 58 47a 52a

Supergranules 68 44 b 4.0 b

eAv of 3 replications Separation of means in a column by
Duncan’s multiple range test at the §% level,

Hybridization. Two hundred and sixty-nine
crosses were made at the Bangkhen and Huntra
Experiment Stations — 116 for elongation ability,
76 for submergence tolerance, 35 for combined
elongation ability and submergence tolerance, and

12 for other purposes. Of the crosses, 190 had one
or more photoperiod-sensitive parents and of
those 69 had one or more glutinous parents.

Promising lines. A number of lines offer deep-
water protection in improved plant types, and thus
are suitable for either testing, possible release, or
use as breeding materials, They include:

© [R8234-0T-9-2, a result of the cross Nam
Sagui 19/IR1721-11-6-3/ /IR2061-213-2-16. It
has semidwarf intermediate plant type, mod-
erate resistance to submergence, resistance to
bacterial blight, brown planthopper biotype 1,
and ragged stunt.
BKNFR76045-35-1, from the cross BKN6987-
92-2/Rayada #7. It is only 100 cm tall, but
elongates and survives floods as deep as 175
cm. It has some submergence tolerance at
peak flood levels, and secondary flush of
nodal tillers as the water recedes. It is pho-
toperiod sensitive and is recommended mostly

Table 18. Performance ofRD19 and Leb Mue Nahng 111 in tests at 14 sites, including 4 in farmers’ fislds, Thailand, 1980.%

Site codes

SPR K67 CNT KLG HTA PSL

PJR KLG PJR KSR HTA Wwn® Ant* Nnk

Grain yield (tlha)
RD19 43 3.9 38 36 34 34 28 27 27 23 23 22 21
LMN 111 4.0 285 32 33 24 20 22 20 20 15 2.5 24 23 1.8
Plant length fem]
RD19 115 — 147 123 142 143 - 131 163 112 148 173 158 —
LMN 111 182 - 230 - 178 214 213 — 227 196 178 220 247 164 -

“Dash indicates data not recorded *Farmer field tests
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for crossing.

& SPR7233-1-24-2-2-2-3, from Leb Mue Nahng
111/C4-63, is a photoperiod-sensitive line
with good elongation ability. It is recom-
mended for medium-deep floating rice areas.
IR11185-R-07, from IR2070-414/LMN 111is
amedium-tall floating rice type that survives a
180-cm flood without damage.
DWCTI56-1-2-0-1, a semidwarf type with
elongation ability. It is insensitive to photope-
riod, resistant to bacterial blight, shows little
ragged stunt damage, and is susceptible to
brown planthopper biotype 1.
BKNFR76035-106-01, from IR4427-70-6/
RD19//BKN6987-52-1. It is a photoperiod-
sensitive semidwarf line. It has resistance to
brown planthopper biotype 1 and to ragged
stunt, good elongation for 100-cm flood, and
is glutinous.

SPR7282-2-0-7, from HTAI1645/NSR6515-
27. It is a photoperiod-sensitive floating rice
type, moderately susceptible to bacterial blight
and resistant to ragged stunt.
SPR7265-0-0-1-1-2, from Seua Lahk/ Sigadis,
is a late-maturing, medium-stature, deepwater
rice for moderate water depths. It has good
resistance to ragged stunt.
HTA7406-115-0-0-4, from RD7//RD1/KP32
is a medium-stature line with good elongation
and good resistance to ragged stunt,

Screening for elongation ability and submer-
gence tolerance. In 1980 3,321 pedigree lines, 536
yield trial and observation nursery entries, 85 Fz
populations, and 118 genetic stock entries, includ-
ing the IRDWON, were screened for elongation
ability. About 3,500 surviving F: plants and 4,000
surviving pedigree lines were selected for seed
increase.

In addition 1,134 pedigree lines, 239 yield trial
and observation nursery entries, 151 F: popula-
tions, and 128 genetic stock entries, including the
IRDWON, were screened for submergence toler-
ance. From F, populations, about 5,000 surviving
plants and 300 lines that showed good survival
were transplanted.

Combining elongation ability with flash flood
tolerance. Elongation ability and flash flood sub-
mergence tolerance may be needed in the same
variety. To study the implications of such combi-~
nation, crosses were made between elongating
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Table 19. Survival of six F, i bjected to dif
excess water situations, Thailand-IRRI C ive Deep
Project, 1880
Survival (%)
F.p

Flash flood Elongation Elongation
at30 days- at 30 days (survivors of

flash flood)

BKNE986-108/FR13A 90 12 26
DWCT156/FR13A 93 21 31
SPR7297-405/FR13A 87 12 16
BKN6988-52/FR13A 71 34 34
DWCT134/FR13A 86 12 21
BKN6986-161/FR13A 79 4 21

Av 84 16 25

improved lnes (mostly semidwarf) and the
submergence-tolerant variety FRI3A. F: popula-
tions were assigned to 3 treatments at 30 days after
sowing — 10 days of flash flood, slowly rising
water (3-5 cm/day), and flash flood followed by
slowly rising water from day 54 to day 84. Survival
percentages (Table 19) indicate that tolerance for
temporary flash floods can combine with ability to
elongate in gradually rising water. Verification
started with F; progenies of plants surviving each
treatment,

Establishing the limits of submergence toler-
ance. Khao Dawk Mali 105, a popular, tall, tradi-
tional variety of Northeast Thailand with little
tolerance for temporary submergence; FRI3A, a
variety from Orissa, India, with outstanding sub-
mergence tolerance; and IR8234-0T-9-2, a semi-
dwarf promising line with significant submergence
tolerance, but not as good as FR13A, were used to
predict the potential of submergence-tolerant mate-
rials now being developed.

Seedlings were transplanted in a tank for 3 con-
secutive weeks. The tank was flooded and tempor-
arily drained at 5, 14, and 21 days after flooding,
just long enough to transplant sample plants into
pots for recovery away from the tank.

In general, submergence survival was positively
correlated with age of seedlings at submergence,
and was negatively correlated with duration of
submergence. FR13A did well in almost all com-
binations of treatments, with 509 survival deemed
acceptable. IR8234-0T-9-2 survived short-
duration flooding of 120 cm depth. Khao Dawk
Mali 105 showed, lack of tolerance for every
treatment.

In another test, the ability to withstand a 10-day



b

P e T T Iy

-

Table 20. Sub survival of 2
ing schedules: 10, 5, and 0 days before fluod Thmland IRR1
Caaperative Deepwater Project, 1880

Submergence survival {%)

Variety
10 5 4]
KDML 10 12 19
FR13A a1 93 g1

Tahle 21. Number of 15-day-old plants before water-lsvel
increase and survival percentage when water reached 100-cm
depth for 3 parents and 2 F, populations. Thailand-IRR]
Cooperative Deepwater Project, 1980,

Plants (no } at Survival (%) at

Entry 15 days of age 100-cm depth
T442-57 | . — \ 857 0.0
Pin Gaew 56 404 0.0
Habiganj Aman 8 879 88
T442-57/Habiganj 8¢ 4528 27
Pin Gaew 56/

Habigan) 8% 2124 10.5

“And its reciprocal.

110-cm-deep flash flood shortly after transplanting
time was assessed for Khao Dawk Mali 105 and
FRI3A. The results are in Table 20.

Selection for ability to elongate at early seedling
age. To successfully elongate with rising water,
floating rice usually must attain a minimum seed-
ling age of about 6 weeks. Some floating rices from
Bangladesh are able to elongate at the early age of
15 days. To get elongation at this early seedling age
inariceacceptable for Thailand, F; populations of
Habiganj Aman 8/Pin Gaew 56 and Habiganj

Aman 8/T442-57 were tested with 5 cm/day flood-
ing increments starting at 15 days after seeding.
The survival percentages are in Table 21. The low
survival percentage for Habiganj Aman 8 is be-
lieved partly a consequence of not allowing time
for Jagging plants to reach the surface by maintain-
ing the 100-cm water level for several days. The
recovery of early elongating types from both
hybrids was adequate.

Genetics of elongation ability of floating rice.
The parents, F\, ¥, and both backcrosses of a
cross between Sigadis, a tall traditional Indonesian
variety, and LMN 111, a Thai floating rice, were
observed. Ten-day-old seedlings were planted ina
deepwater pond. The water level was increased at 5
cm/day, starting 30 days after transplanting, until
the water level reached 175 cm.

Table 22 gives the distribution of the maximum
water depths at which plants were still partly above
the water. From the Fy and the backeross to Siga-
dis, it is evident that an essential gene for elonga-
tion ability is recessive.

The Fi also shows a genotype not expressed by
either parent. In view of the low segregation of the
nonelongating phenotype in the F, this gene must
be additional to the recessive one.

The implication of these findings for plant
breeding is that one can expect an immediate rec-
overy of around 25% of floating types in an F,.
Recovery of floating types from backcrosses or
topcrosses to a nonfloating variety would be low or
none.

Table 22. Water-level intervals at which various {%) of the were yed. Thailand-IRRI Cooperative
Deepwater Project, 1880.
Percent of population
Populations
85 cm 85-115 cm 115-145 cm 145-1756 cm 176 cm

Leb Mue Nahng 111 0 0 0 3 97
Sigadis 42 54 ] 4 0
F; Leb Mue Nahng/Sigadis m 22 1 56 [}
Backcross Fy 0 3 0 19 78

F,/Leb Mue Nahng
Backeross F; 8 75 10 2 5

Fy/Sigadis
F, Leb Mue Nahng/Sigadis 1 8 22 32 37
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LOW TEMPERATURE
Plant Physiology and Plant Breeding Depart-
ments and International Rice Testing Program

Breeding. At Banaue, Philippines, 16 F> popula-
tions were grown. Six populations gave 942 plant
selections and 10 were bulked for rapid generation
advance (RGA). Advanced lines (1,427) were also
grown and 1,279 individual selections were made
from them. All the lines planted at Banaue were
tested for blast resistance at IRRI, and 223 lines
that showed resistance were tested for cold toler-
ance at Chuncheon, Korea. From that test, 77 lines
that showed cold tolerance were nominated for the
International Rice Cold Tolerance Nursery
(IRCTN).

Thirty-six of 102 selected breeding lines grown

Table 1. Ch istics of

at Banaue had more than 5 t grain yield/ha; 12
lines yielded 5.8 t/ha or higher (Table 1), Most of
the high yielding lines at Banaue had poor pheno-
typic acceptability at Chuncheon.

From an observational yield trial in Banaue, 76
lines that showed blast resistance were tested in the
cold tolerance nursery at Chuncheon and 35 were
selected for nomination to the IRCTN.

‘When planted in Banaue, the high grain yielders
among the highly cold-tolerant lines were all
intermediate in plant height (Table 2). All the
crosses had Kn-1b-361 as the cold-tolerant parent.
It is intermediate in plant height with relatively
wide leaves.

Rapid generation advance for cold-tolerant rice.
The RGA program processed more than 500,000
plants (involving 287 crosses) in 1980. Five RGA

g lines grown at Banaue, Hugao, Philippines, 1980 dry season.

Phenotypic
acceptability®
Designation and cross —_—
Banaue Chuncheon flower

Days to Height

IR8866-30-3-1-4 2 8 n7
K78-12/IR2053-362-1-4

IR9202-5-2-2-2 2 7 109
1R2053-521-1-1/K116//
Kn-1b-361

{R15579-1353 1 7 109
K28-76-B-1/Kn-1b-214//
Kn-1b-214

IR8866-48-3 3 7 118
K78-12/IR2053-362-1-4

IR8866-30-3-1-4-2 2 8 18
K78-13/IR2063-362-14

IR13045-175-1 1 7 115
IR3941-25-1/IR1416-131-5//
Kn-1b-361

IR7167-33-2-3-3-1-3-2 2 7 109
China 1039/Kn-1b-361-Bik
1R9202-25-3-1 1 5 110
I1R2053-521-1-1/K116//

Kn-1b-361

IR7167-16-1-2-1-2 3 g 109
China 1038/Kn-1b-361-1-8-6-10

IRS202-21-3-2 2 7 115
1R2053-521-1-1/K116//
Kn-1b-361

IR9202-334-2 2 7 113
IR2063-521-1-1/K116//

Kn-1b-361
IR13045-104-1 3 7 108

IR3941-25-1/IR1416-131-5//
Kn-1b-361

Grain Grain quality®
stenlity —————— ' Yield
{cm) (%) Amylose Alkali Gel {t/ha}
consistency

80 20 7 7 3 77
83 19 9 6 1 7.3
107 3 9 7 1 6.8
79 11 L] 7 1 65
74 14 8 7 1 64
118 7 8 7 5 63
96 4 ] 7 3 8.1
108 6 9 5 5 60
18 8 9 7 5 6.0
103 22 8 7 5 59
109 6 9 6 3 59
109 18 9 7 3 58

“In cold water nursery with 17°C irngation‘water at Chuncheon, under natural conditions at Banaue. Scored by the 1980 Standard
SES.

“Evaluation System for Rice (SES) 2Scored by 1980
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Table 2. Ch i of sel cold-tolerant breedi

ing lines grown at Banaue, Hfugso, Philippines, 1980 dry season,

Grain

Designation and cross Days to Height sterility Yield

flower fom) (%) {t/ha)
IR131554-1 i 107 13 3 55
BG90-2/Kn-1b-361//Kn-1b-361 - -
1Rg202-22-3-2 ’ 113 105 6 49
IR2053-521-1-1/K116//Kn-1b-361
IR15889-180-3 109 106 . ) 16 49
IR3941-39-2/Kn-1b-361
IR15889-112-3 108 10 13 48
IR3941-37-2/Kn-1b-361
IR9202-26-1-2-2 108 103 14 48
IR2053-521-1-1/K116//Kn-1b-361
IR13047-68-2 112 122 A7 46
IR4405-115-1/I1R1846-300-1//Kn-1b-361
IR13045-76-2 108 104 3 44
1R3841-25-1/IR1416-131-5//Kn-1b-361
IR15888-113-3 106 108 28 4.0

1R3941-37-2/Kn-1b-361//IR3941-25-1

bulk materials were included in the 1980 IRCTN.
In Chuncheon, 23 RGA crosses were planted and
individual plants were selected from 18 crosses.

Research on improving RGA methods, espe-
cially screening techniques, was started in 1980.

Selection for cold tolerance at seedling stage.
The possibility of RGA screening for cold toler-
ance at the seedling stage of segregating F3 maté-
rials was studied in IR20654 (K78-13/IR5908-125-
1) and TR22553 (Fujisaka 5/Kn-1b-361-1-8-6-9).
Ten days after seeds were sown, the plants were
subjected to 12° C cold water for 10 days and then
scored for leaf yellowing; a score of 1 was best and
9 indicated almost dead or dead plants.

A number of F; plants had a score of 1 to 3 (4%
in IR22553 and 149 in IR20654). Removal of the
susceptible lines (score of 7 to 9) eliminated 87%
and 589 of the Fs plants in the two crosses studied.
Cold water treatment at seedling stage generally
delayed heading date but the delay was relatively
short.

Selection for earliness. Delayed heading, or long
growth duration, is a major effect of low tempera-
ture. With long growth duration. the rice plant
initiates its panicle late (when temperatures are
low). Late panicle initiation causes degenerate spi-

kelets and sterility. Sterility also results when
temperatures are low at flowering time.

Selection of Fz plants that flower in 70 days or
less reduced the population of IR22553 by 31%
and that of IR20654 by 12%. Selection for earliness
(< 70days) in Fz of IR22553 resulted in 94% of the
F; population with growth duration of less than 70
days. For the IR20654 F; population it was 84%.
These high values justify an early selection (at Fz)
for short growth duration.

Selection for earliness, however, does not select
for cold tolerance at seedling stage. If selection for
earliness is made at Fz, a minimum population of
about 2,000 plants should be maintained so that Fs
selections for cold tolerance at the seedling stage
can be made.

Difference in leaf color and seedling height
between cold-tolerant and susceptible varieties.
Subjecting the 10-day-old seedlings to 12°C cold
water showed that the tolerant varieties (group A)
had green leaves after 5 days of cold water treat-
ment. Group B had green leaves until 4 days and
groups C, D, and E had green leaves until 3 days
(Fig. 1). The change in color from green to yellow

‘to brown was rapid for the susceptible varieties

(groups C, D, and E) and most plants died after 10
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1. Change inleaf color of varieties from different cold tolerance
groups during treatment at 12° C water. Leaf color scores are by
Standard Evaluation System for Rice, 1980, IRR1, 1980,

days. Seedlings from groups A and B had green
leaves after 10 days.

Measurement of plant height — from the base
of the plant to the highest portion of the plant that
remained green or alive — on a different set of
plants treated 10 days in cold water -at 12°C
showed that the susceptible groups generally had
taller seedlings (20 cm) than the tolerant groups (12
to 15 cm) even before treatment (Fig. 2). The sus-
ceptible groups were mostly indica types.

After the plants were removed from the cold
water, the increase in height was most rapid in
group A. Group B, which had light-green leaves,
recovered from treatment after only 3 days; groups
C, D, and E showed no recovery after 3 days and
most plants in group E eventually died.

These patterns in plant growth or plant height
substantiated the earlier suggested grouping based
on color that separated those with a score of 1 and
3 from those with a score of 5, 7, and 9.

A detailed observation of some representative
varieties showed further the complex response of
varieties to low water temperature in terms of dis-
coloration. Seedlings were subjected to low water.
temperature at the 2-leaf stage (second leaf fully
expanded and the third leaf just coming out). Each

130 IRRI ANNUAL REPORT FOR 1980

leaf was scored on the degree of yellowing as the
low water temperature treatment progressed.
Group A showed no yellowing of any leaves; group
Bshowed yellowing on the second leaf but became
greenagain when returned to normal temperature,

The susceptible groups C, D, and E showed
yellowing first in the second leaf; the more suscept-
ible the plant, the earlier the yellowing of the
second leaf or the destruction of the chloroplast.
Continuous low water temperature affected the
rapidly growing third leaf and, eventually, even the
fully mature first leaf in groups D and E was also
affected. In group C the third leaf recovered from
yellowing when the plant was transferred to nor-
mal temperature; 1n group D the second and third
leaves did not recover but remained alive; in group
E the leaves died prematurely.

Adaptability of rice cultivars to different tem-
perature patterns. The adaptability of the different
varieties to low-temperature areas may depend
upon the stage at which the low temperature
occurs. This thesis was tested with 32 rice varieties
of diverse origin (Table 3).

Height {cm )

v
25 Before Treatment peniod After \‘

10 A4 {tolerant)

20
15 t
o
5 & (tolerant)
¢ {suscephble}
m‘

£ (suscepitdie)
= 1 |
2 6 10 4 18 22 26
Days from sowing
2. Height of representative varieties from different cold toler-
ance groups before, during, and after treatment at 12°C water.
IRRI, 1980.
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Table 3. Varieties, origin, growth duratian, and latitude of otigin, and varietal totests for p ity to
patterns. IRRI, 1980.
Reaction®

Designation Ongm Days to Latitude

maturity of origin ES SS TS PD FS
3558 Po River Valley, ltaly 17 45°N ] 5 8 7 7
Shin 2 Fukuoka, Japan 18 35 7 4 8 3 4
Norin 36 Fukuoka, Japan 111 35 9 4 7 9 8
Gunek 1 Fukuoka, Japan 110 35 9 5 8 7 8
Tachi-ki~ Fukuoda, Japan 123 35 7 3 9 9 6

kokoku-mochi
Hukjo 97 Fukuoka, Japan 111 35 7 4 9 ] 8
Fujisaka 5 Konosu, Japan 101 35 3 4 5 3 4
Cl 5481 Yangtze River Valley, China 112 30 5 2 8 1 8
Tihoju Yangtze River Valley, China 104 30 9 5 1 5 7
Yan-shon 1 Yangtze River Valley, China 108 30 9 5 7 9 8
B575A1-264-6 Yangtze River Valley, China 18 30 5 3 8 7 8
B573A4-20-6 Yangtze Rwer Valley, China 118 30 3 2 7 7 7
Vercel Pelotas, Brazil 122 30 5 5 6 9 4
ADT 19 Bihar, Inda 100 25 8 5 5 g 6
T36 Bihar, India 113 25 9 6 7 g 7
Vary Lava 16 Madagascar 113 25 3 3 6 5 5
DB1 Dacca, Bangladesh 119 25 7 7 8 3 5
Chenlun Taichung, China 110 25 1 3 6 9 8
(Hen-li} 55

Ming-Hoo-Tsao-Tao Taichung, China 101 25 1 3 8 3 6
No-tku 1716 Taichung, China 17 25 89 4 8 3 9
Taichung 65 Taichung, China 131 25 9 3 — 1 4
Tainan Tainan, China 114 23 5 3 7 3 &
RDR 2 Cuttack, India 113 20 7 5 6 9 7
PTB 26 Cuttack, India 124 20 9 5 5 5 8
IR8 Laguna, Phulippines 124 15 7 g 8 9 7
AB-10-43 Sri Lanka 107 7 9 7 5 9 6
BG707 Sri Lanka 110 7 7 6 8 — 8
BG708 Sri Lanka 110 7 7 5 8 - —
BG695 $ri Lanka 110 7 3 5 8 1 9
BO 14 Bogor, Indonesta 110 7°S 9 9 9 9 9
BO 16 Bogor, Indonesia 110 7 9 8 8 — 9§
Leter Bogor, Indonesia 130 7 7 3 9 3 7

9ES = early seedling stage, 8S = seedling stage, TS = transplanting stage, PD = panicle development stage, FS = flowering stage.
Score of 1 = good tolerance, 9 = poor tolerance or dead A dash means no data recorded.

Cold tolerance and latitude. Only cold tolerance
at the seedling stage (SS) was significantly corre-
lated with the latitude of origin of the variety.
Varieties from high-latitude areas generally had
high tolerance for low temperature at SS.

At early seedling stage (ES), which is essentially
the first 10 days of growth of the rice plant, there
was no correlation between tolerance and latitude
(Table 3). At that stage the nursery in some areas is
usually protected from low temperature.

The varieties were generally poor in cold toler-
ance at the transplanting stage. Cold tolerance at
panicle development stage and at anthesis showed
no correlation with the latitudinal origin of the
varieties. Generally, most varieties had poor cold
tolerance at anthesis.

Temperature patterns. Six types of temperature
patterns exist in selected rice-growing areas (Fig.
3).

e Type I — continuously high temperature
(CHT). In CHT areas in the tropics, the mean
temperature fluctuates little throughout the
year. The average temperature is relatively
high and low temperature is not a problem.

® Type II — continuously moderate tempera-
ture (CMT). There is little variation in tem-
perature in CMT areas, but the average is less
than 25° C. In those areas, maximum tempera-
tares below 21° C can occur and cause sterility
at flowering. Minimum temperature below
17°C can also occur during panicle initiation
and cause sterility and reduce number of
spikelets.

e Type III — high-low-high temperature
(HLHT). In HLHT areas where a winter rice
crop is sown, the low-temperature problem
occurs during the tillering stage. The maxi-
mum temperature at sowing in November or
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3. Different temperature patterns in selected nce-growing areas
(World Weather Records 1974, and World Weather Handbook
1963).

December is relatively high (26°-28°C) but
dips to 12°-14°C minimum temperature at
active tillering stage (Jan-Feb). Subsequently,
if the growth duration is relatively long, no
low-temperature problem is encountered, but
a very early-maturing variety may suffer from
low temperature at panicle initiation.

© Type IV — low-high temperature (LHT). In
subtropical LHT areas two cropping seasons
are possible, The first crop sown in January-
early April and harvested May-July has a low-
temperature problem at sowing, but not at
other stages if it is very early-maturing.

® Type V— high-low temperature (HLT), With
the HLT pattern the problem is mainly low
temperature at panicle development and an-
thesis.
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® Type VI — low-high-low temperature
(LHLT). In LHLT areas, low temperatureisa
problem at early growth stages and at repro-
ductive and ripening stages. The shorter the
growing season, the greater is the problem at
late growth stages. At the tillering stage, low
temperature is generally not a problem.

On the basis of the varieties’ cold tolerance reac-
tion at different growth stages, varietal cold toler-
ance for the six temperature patterns (Fig. 3) can be
identified,

For an effective breeding program for cold tol-
erance, the temperature pattern of the different
problem areas must be known. Areas of similar
temperature patterns must be grouped so that
breeding, international collaboration, and ex-
change of breeding materials can be more mean-
ingful. The temperature patterns show that in
many areas, it is necessary to breed for high cold
tolerance only at certain specific stages.

Cold-tolerant varieties from China. Eleven var-
ieties with best cold tolerance at 4 growth stages
were selected from 1,474 Chinese varijeties in the
IRRI germplasm bank. Early seedling stage toler-
ance was tested at 5° C, seedling stage at 12°C, and
panicle development and flowering stages at 15°C.

All entries were sinica varieties except Hung
Chao Lu Yuand Ai Yeh Lu. The agronomic char-
acteristics among the sinica varieties selected were
not greatly different. Fi-Lai-Feng had a long
maturity period but was resistant to bacterial
blight, Chu Cheng had the highest 1,000-grain
weight. Most of the varieties did not have disease
and insect resistance.

Korea-IRRI Coliaborative Project. The Korea-
IRRI Collaborative Project completed its third
year.

Observational yield trial. One hundred entries
that performed best in the cold tolerance nursery
were tested for the first time in Korea under natu-
ral conditions, Many gave high yields. The best
entries in terms of yield were:

China 988 681 t/ha
IR7167-33 645
1R9202-5-2-2 6.60
1R9202-6-1-1 6.51
1R9202-10-2-1-11 685
IR9202-10-2-1-5-1 6.30
IR156368-3 730
IR15889-32-1 7.89
Shoa-nan-tsan 645
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4. Relationship between phenotypic acceptability and grain
yield in the observational yield trial at Chuncheon, Korea.
Acceptability scores are by Standard Evaluation System for
Rice, 1980.

SR3044-78-3 7.30

SR4079-4-2 6.30

IR crosses were predominant among the top
yielders. Most of the IR crosses included Kn-lb-
361 from Indonesia. The IR9202 cross, with four
promising lines, included IR2053-521-1-1/
K116/ /Kn-Ib-361-1-8-6-9-1.

None of the top yielders had a phenotypicaccep-
tability score of 1 because plant height and non-
lodging were important criteria in scoring. Many
entries had poor phenotypic acceptability but high
yield (Fig. 4). Phenotypic acceptability might have
been low because more weight was given to short
stature in Korea where high levels of nitrogen are
used.

Rice cold tolerance screening nursery. A total of
1,397 entries were screened for cold water toler-
ance from the vegetative stage to maturity. Each
13.5-m row entry had 17°C water at the source,
and 27° C water at the outlet.

Based on excellent phenotypic acceptability at
maturity, growth duration of less than 120 days, a
score of | to 3 for leaf yellowing, a panicle exser-
tion score of 1 to 5, and spikelet fertility of at least
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84% at the outlet, the following entries were
selected:

Cheoulwon 29 SR3001-48-5-3
SR3054-55-1-24 SR4095-53-1-2
SR3044-1-160-2 SR5204-39-2-1
SR3044-78-3 SR5204-39-5-3

Date-of-planting experimeni. The three plant-
ing dates of the IRCTN at Chuncheon provided
excellent opportunities for the selection of entries
with tolerance for low air temperature at the flow-
ering stage. Most of the entries with cold tolerance
at the flowering stage were from Korea. Of the
entries that flowered late, the most tolerant were
Anna, Silewah, and Suweon 258, which flowered
between 12 and 14 September at 11.9° C average
minimum temperature. No entries that flowered
after 14 September had more than 50% spikelet
fertility.

HIGH TEMPERATURE
Plant Physiology and Plant Breeding Departments

High-temperature tolerance of IR varieties. Spi-
kelet fertility of IR varieties at 35°C ranged from
17% for IR46 to 749% for IR36 (Table 4). Next to
IR36 in heat tolerance are IR8, IR20, IR24, and
IR50.

High-temperature tolerance of some cold-
tolerant varieties. The heat tolerance of eight cold-
tolerant varieties was tested (Table 5). All were
highly susceptible to high temperature at anthesis.

Table4. Hightemperaturetolerance of IR varieties. IRRI, 1880.

Fertility (%)
Variety at 35°C
IRS 19
IR8 66
IR20 67
IR22 39
IR24 62
IR26 58
IR28 50
IR29 42
IR30 27
IR32 48
IR34 39
IR36 74
IR38 37
IR40 48
IR42 62
IR43 46
IR44 36
IR45 47
IR46 17
IR48 47
IRS0 67
N22 (tolerant check) 84
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Table 5. High temperature tolerance of some cold-tolerant
varieties at anthesis. IRRI, 1980.

Variety Fertility (%)
at 35°C
c-21 0
Dourado Agullia 0
Leng Kwang 0
Pratao 0
Silewah 0
Somewake 18
Sorachi 27
Thangone 1
BKN6624-46-2 (susceptible 9
check)
C4-63G (susceptible check) 1
N22 (tolerant check) 76

Phytotron vs field testing. Phytotron screening
for heat tolerance is normally 35° C or 38°C for 8
hours from 0900 to 1700 hours. The temperature
regime in the phytotron differs from that in the
field in the duration of high temperature and
temperature-rise pattern. Correlation of phytotron
results with those obtained in the field was checked
in 1980.

Data from Mishkab Rice Station, Iraq, and
Imperial Valley Station, California, USA, indicate
that varieties screened at 35° Cin the phytotron are
also tolerant of high temperature-induced sterility
in the field. At the Imperial Valley Station, most
lines identified as heat tolerant in the phytotron
had 70-909% spikelet fertility while the US varieties
Lebonnet and Starbonnet recorded only 53 and
19% spikelet fertility.

Genetics of high-temperature tolerance. A dial-
lel cross experiment in the phytotron determined
the combining ability of six lines with tolerance for
high temperature-induced sterility at anthesis. The
treated plants were subjected to 38°/27°C for 10
days during anthesis, and the control plants were
kept under a 29° /21°C temperature regime. A
heat tolerance index was calculated by dividing the
fertility percentage at 38°/27°C by the fertility
percentage at 29° /21°C for each genotype. Gen-
eral and specific combining abilities for this index
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were highly significant. The tolerant lines N22,
IR2006-P12-12-2-2, and IET4658 (UPR96-1-1-1)
had general combining abilities of 6.80, 4.08, and
3.02. The susceptible lines IR28, IR 1561-228-3-3,
and IR52 had general combining abilities of -3.40,
-4.92, and -5.58.

The number of pollen grains shed on the stigma
was measured for the six parents and two Fi
hybrids. Stigmas with more than 100 pollen grains
were scored as 100. Tolerant lines shed more pollen
grains on the stigma under both temperature
regimes (Fig. 5). Observed pollen shedding for five
of the parental genotypes growing in the field dur-
ing the wet season at IRRI corresponded well with
phytotron results. It appears that heat-tolerant
genotypes are characterized by the ability to shed a
large amount of pollen on the stigma under various
environmental conditions. This trait allows them
to compensate for reduced pollen growth under

high temperature.

Pollen grains. (no. /stigma) Fertiity (%)

00— [l Foien groins per stigma 29%21°C |
' Pollen grains per stigma 38%27°C | 35
m= %, fertility ot 38%27°C

R2008 WN22 ET4658 iEfTecSA/ mea/ SEl W28 Rz
IS8l F, RSER

5. The number of pollen grains shed on the stigma for 6 parental
genotypes and 2 F, hybrids is closely associated with percentage
of fertility under high temperature. The data indicate that heat-
tolerant lines shed a large amount of pollen on the stigma at
both high temperature (38° / 27° C) and the control (29° / 21°C).
IRRI, 1980.
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INTERNATIONAL NURSERIES

During 1980, 1,060 sets of 22 types of trials
(nursery screening sets and collaborative research
sets) were dispatched to 60 countries in the Interna-
tional Rice Testing network.

The results of more than 500 trials conducted in
1979-80 for the various nurseries were analyzed
and reported. Further progress was made in ana-
lyzing the yield trial results on a regional basis so
that scientists can quickly see which varieties are
broadly adapted to their region or country.

Entries from the 1979-80 International Rice
Testing Program (IRTP) trials with the highest
yield performance across many sites, high pheno-
typic acceptability scores in various target envir-
onments, and with the best resistance to various
stresses are listed in Table 1.

LINKAGES WITH NATIONAL PROGRAMS

To develop and maintain effective linkages among
national programs and between IRRI and the
national programs, emphasis during the past year

was placed on participation in national monitoring
tours. In such tours, national and IRTP scientists
observe the major rice-growing areas in a given
country and the national and IRTP trials intended
to identify varieties for those areas. The discussions
and observations during such tours enccurage the
selection of appropriate trials and the proper eva-
tuation and use of the breeding and test materials.

IRRI scientists participated in national varietal
improvement tours in Sri Lanka and in the Indian
State of Karnataka. They also participated in two
national monitoring tours in Indonesia, one focus-
ing on the GEU activities on the main island of
Java and the other one focusing on tidal swamp
areas of Kalimantan. Two tours were also held in
China to become acquainted with the early and
late season crop. ’

In addition to the several national monitoring
tours, two regional and two problem-oriented
monitoring ‘tours were conducted. One regional
tour focused on activities in Central America and
Panama. Rice scientists from all countries in the
region visited Guatemala, Honduras, Nicaragua,
Costa Rica, and Panama. In West Africa, a small

Table 1. The following promising entries from the 1979-80 IRTP trials had good yield performance across many sites, high
phenotypic scores in target environments, or resistance to specific stresses.

Nursery

Promising entries

YIELD (yield performance across many environments)

IRYN (Early)
IRYN {Medium}

IRYN {Late}
IURYN

IR386, IRS0, RS2, B1014b-Pn-18-1-4, B2360-6-7-1-4, BR51-54-2

BR51-282-8, RP825-24-7-1, CR261-7039-236, IR4422-98-3-6-1, IR42, IR54,
Crca 8

CR1006, CR1009, RP1064-14-2-2, IET5656
UPL Ri-5, IR8669 Sel., IR45, BG35-2, IR2061-522-6-9

OBSERVATIONAL {ph p
IRON (irrigated)

IURON ({upland)
IRLRON f{iainfed lowland)
IRDWON (deep water)

STRESS (resistance to specific stresses)
IRCTN {cold)

IRSATON ({salimty & alkalinity)
* Salinity

* Alkalinity

# Both salimity and alkalnity
IRBN {blast}

IRTN {tungro)

IRBPHN {brown planthopper}
IRGMN (gall midge}

In target

IR9859-45-2, IR7963-87-3-3, IR4422-480-2, IRB073-231-3-3, IR13415-8-3

€894-21, C732-14, C424-2, KNg6, MRC172-9, Salumpikit, C22, Gama 318,
IR3880-28, IR9575 Sel., BPI76 (NS), BG35-2, IRE929-12-3

|IR4215-301-2-2-6, IR4819-77-3-2, IR14632-181-1, IR147563-49-2, IR14753-
66-3, IR14753-133-2, Nam Sagui

BKN7022-6-4, BKN6986-147-2, BKN6986-173-5, BKN6986-108-3, BR118-
3B-17, Chenab Sel, 64-117, CN539, Sitpwa, Saran Krahan

JC99, Jodo, Stejaree 45, China 1039, Ahgukdo, Dadajo, Fup 102, Shin-ei,
IR579 ES38-PLP1B, IR2298 PLPB-3-19, K31-163-3, K332, Eiko

IR4595-4-1-15, [R43
IR11418-19-2-3
Getu, CSR1, CSR2, CSR3, Pokkalt

Carreon, Tetep, IR1416-128-5-8, 5458 {Colombia), 5470 (Colombia}
ARC10342, DWASB, ARC13804, BKNBR1031-7-5-4, Utri Rajapan, Utri Merah
IR13427-45-2, IR13427-60-1, [R17496-2-25-1

BG12-1, BKNBR1008-21, CR199-1, W1263, BG275
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group of scientists visited Sierra Leone, Ivory
Coast, and Nigeria to look at the national, West
African Rice Development Association, and IRTP
trials.

The two problem-area-related monitoring tours
looked at rainfed rice in Thailand and Burma and
the cold and blast problems of the hill areas of
India and Nepal. After the scientists observed the
vast rainfed areas of Northeast Thailand and
Burma, they unanimously agreed that the breeding
effort on rainfed rice must be intensified. The hill
areas of India and Nepal call for strong local breed-
g and testing programs to identify the varieties
needed for the many sites with specific environ-
mental conditions.

PUBLICATIONS

IRTP continued to publish the various nursery
reports as well as recommendations coming from
monitoring tours and workshops. During 1980,
the following publications were printed and dis-
patched to cooperators.
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GENERAL REPORT
® 1979 Report of IRTP Activities
NURSERY REPORTS

1979 Final Reports
Yield
Lowland
® IRYN-E (Early)
* IRYN-M (Medium)
® IRYN-L (Late)

Upland
» [URYN

General Observational
¢ JRON
*» IRARON (And Regions)

Physico-Chemical Stress
* JURON (Upland)
* IRLRON (Rainfed Lowland)
© IRDWON (Deep Water)
¢ IRSATON (Salnity/ Alkalimty)
® IRCTN (Cold Tolerance)

Biological Stress
Diseases
© IRBN (Blast)
® IRTN (Tungro)
Insects
® [RBPHN (Brown Planthopper)
* IRGMN (Gall Midge)

FIELDBOOK
* 1980 Master Fieldbook
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EXCHANGE OF GERMPLASM
Plant Breeding Department

Special requests for 8,240 seed packets of improved
breeding lines and varieties were filled in 1980. The
International Rice Testing Program (IRTP) pro-
vided another 68,769 packets of the best GEU lines
and varieties to national programs. Collaborative
research with several national programs continued.

The germplasm bank provided 4,142 seed sam-
ples to 156 rice researchers in foreign countries. An
increasing proportion of the seed requests was
related to adverse soils, deep water, or low temper-
ature. A similar trend was indicated in the number
of requests made by GEU scientists of IRRI.

IRRI LINES NAMED IN NATIONAL PROGRAMS
Plant Breeding Department

Ten varieties from nine IRRI lines were named in
national programs in 1980 (Table 1). That brought
the number of named national varieties from IRRI
sources to 85. Eleven varieties named directly by
IRRI before 1975 bring the grand total to 96.

® IR52, released in the Philippines as a rainfed
rice, matures in 115 days. It hasa good level of
drought tolerance.

® JR54, released in the Philippines for irrigated
rice culture, has multiple resistance to major
diseases and insects and matures in 120 days.

& Semeru, a short-growth-duration variety (110
days) released in Indonesia, is resistant to bio~
type 2 of brown planthopper present in Indo-
nesia.

® NN6A, which is identical to Semeru, was
named in Vietnam.

® NN3B, released in Vietnam, is a medium-
growth-duration variety suitable for the
Mekong delta.

® NN2B, refeased in Vietnam, is tolerant of acid .
sulfate soils and has multiple resistance to
major diseases and insects.

® NN7A is a short-growth-duration variety (105

. days) recommended for the Mekong delta of
Vietnam.

& TR26, identical to its Philippine counterpart, is
grown in the single-crop areas of northern .
Kiangsu, Hupeh, and Anhwei provinces,
China. It is also the restorer parent of the F;
hybrid varieties planted in China.
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Table 1. 1RRI lines named as varieties in different countries in
1980,

Variety name IRRI line Country where
given named
IR52 (R5853-118-5 Philippines
IR54 IR5863-162-1-2-3 Philippines
Semeru I1R2307-247-2-2-3 Indonesia
NNBA 1R2307-247-2-2-3 Vietnam
NN3B IR2797-115-3 Vietnam
NNzB IR2823-399-5-6 Vietnam
NN7A IR9129-192-2-3-5 Vietnam
IR26 IR1541-102-7 China
IR28 IR2061-214-3-8-2 China
32 Xuan 5 IR1561-228-3-3 China

o IR28, identical to its Philippine counterpart, is
recommended for the second crop in Hunan
province, China.

® 32 Xuan § is a multiple disease- and insect-
resistant line recommended for the second
crop in Hunan province, China.

*

BREEDING OPERATIONS
Plant Breeding Department

Crossing activity was at a level of 4,018 crosses
(Fig. 1). The number of F> combinations grown
increased sharply to 1,422, which was an all-time
high. The number of pedigree lines grown in-
creased to a record high of 109,675. Number of
seed packets dispatched dropped off slightly be-
cause IRTP discontinued or reduced the size of
some nurseries.

Irrigated rice. Numerous breeding lines for irri-
gated rice culture were tested and-promising mate-
rials identified. Some of the outstanding lines are
listed in Table 2. IR9752-71-3-2, IR19743-25-2-2-
3-1, and IR19746-28-2-2-3 have a growth duration
of less than 100 days and yield potential compara-
ble to that of IR36. IR9129-209-2-2-2-3 has high
yield potential, intermediate amylose content, and
intermediate gelatinization temperature.

IR13429-109-2-2-1 and IR13429-799-1-3-1 are
early-maturing lines with muitiple disease and
insect resistance. These two lines are resistant to
three biotypes of brown planthopper in the Philip-
pines. IR13525-43-2-3-1-3-2 and IR17494-32-1-1-
3-2 are also resistant to those biotypes in the Phi-
lippines. TR15314-43-2-3-3 inherits resistance to
three biotypes of brown planthopper from Baba-
wee.

IR13423-10-2-3 and IR13423-17-1-2-1 are mul-
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tiple resistance lines that inherit tungro resistance
from Pankhari 203.

Rainfed wetland rice. For rainfed wetland rice in
Asia emphasis was on an international collabora-
tive network.

During 1980 scientists in Thailand, Burma,
Bangladesh, and India were active in this network.
Exchange of early generation seed was limited
because of difficulties in exporting seed from many
network countries. Where seed was successfully
exchanged, the performance of the materials was
disappointing.

In Northeast Thailand pedigree nurseries were
grown at four sites. The nurseries were composed
of materials selected in the previous generation
from sites in the Philippines, Burma, India, and
Thailand. Within a given cross the material selected
in Thailand was superior in appearance. In most
cases the material from other countries was unsuit-
able for selection. It was decided to restrict ex-
change of early generation seed to more specific
areas, such as within Northeast Thailand, and to
confine international exchange mostly to F> bulks
distributed each year by IRRI.

Dry-seeded rice. All IRRI promising, early-
maturing advanced lines were evaluated for dry-
seeding as a wetland rainfed crop. The materials
were seeded 6 June in 25-X 5-m plots. The trial was
affected by drought in the vegetative stage but
moisture was adequate prior to flowering and
through maturity. A severe infestation of sheath
blight at the flowering stage seriously reduced
yields of some entries. No entry was significantly
superior to IR36 and among those of comparable
performance, none matured earlier (Table 3).

Table 2. Some i breeding lines with multipl suitable for irri d wetland cuiture. [RRI, 1980.
Reaction® to
Growth Amylose
Designation Cross dura- con- Bac- Green BPH®
tion tent Blast terial Tungro Grassy leaf- Dbiotypes
(days) {%) bhight stunt  hopper —————
2 3
1RB192-200-3-3-1-1  IR2070-747-6/IR2055-219// 120 26 6 1 3 1 3 3 3 7
(R2061-213
IR§752-71-3-2 IR28/Kwang Chang Ai//IR36 99 25 2 1 3 1 3 3 3 7
IR9129-208-2-2-2-3  IR28/IR2053-521-1//IR36 108 22 7 1 3 1 3 3 37
1R13429-109-2-2-1 1R4432-53/Ptb 33//IR36 108 25 2 1 3 1 3 3 3 3
IR13429-299-2-1-3-1 |R4432-53/Ptb 33//IR36 107 26 4 1 3 1 3 3 3 3
IR13423-10-2-3 IR44/IR2588-132//IR4417-177-1 118 27 4 1 3 1 1 337
IR13423-17-1-2-1 IR44/IR2588-132//IR4417-177-1 121 27 6 1 3 1 1 3 36
IR13525-43-2-3-1- Ptb 33/IR30//IR36 118 27 4 1 3 1 1 11 3
3-2
IR15314-43-2-3-3 Babawee/IR4432-63//IR2061-628 122 26 3 1 3 1 3 3 3 3
IR17494-32-1-1-3-2  Rathu Heenati/3*IR3403-267-1 125 25 5 1 3 1 1 13 3
IR19743-25-2-2-3-1  IR9129-192-2///IR747B2-6/29 93 25 5 1 3 1 3 338
Lu 1//IR747B2-6
IR19746-28-2-2-3 IR9129-192///IR747B2-6/Kwang 99 25 1 1 3 1 1 339

Chang-Ai//IR747B2-6

2Scoring based on the 1980 Standard Evaluation System for Rice. “Brown planthopper.
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Table 3. Yisld and maturity of selected 1RRI breeding lines
evaluated for dry seeding. IRRI, 1980 wet season

Yield Maturity

Designation Cross {t/ha) {DS?)
IR2307-247-2-2 CR94-13/ 32 13
IR1561-228
1R9093-216-3 73-1196/ 35 110
{R30//IR36
IR8703-41-3-3 ADT 4/2*IR36 3.2 107
IR9752-1-2-1 IR28/Kwang 33 114
Chang Ai//IR36
IR9752-222-3-2  IR28/Kwang 34 105
Chang Ai//IR36
IR18599-68-1 IRAT 10/IR46 32 105
IR21018-97-1 BG 348/ 32 115
IET 5085//IR36
IR36 (check) 32 105
LSD (.05) 0.6

2Days after seeding.

Rainfed dryland rice, A substantial number of
breeding lines that have moderate to high levels of
drought resistance, improved yielding ability, and
moderate degrees of pest resistance were evaluated
at three sites: a farmer’s field in Batangas province,
the upland farm of IRRI, and a well-drained and
low-soil-fertility site at IRREL

A promising line with multiple attributes,
IR6115-1-1 (from the cross IR1529-680-3/ Moro-
berekan) continued to yield more than 4 t/ha (4
consecutive years) in a farmer’s field in Batangas
provinge, It has a high level of resistance to bacte-
rial blight.

TR5931-110, from the cross MRC-172/IR 1544-
30-6/ /IR4520-76-90, is also early maturing, has
good drought recovery ability, and consistently
yielded nearly 4 t/ha in Batangas.

IR6023-10-1, from the cross BPI-76*¥9/ Dawn/
LAC 23, has medium-early maturity (120 days)
and good drought recovery ability. It has blast
resistance and tolerance for phosphorus deficiency.

A number of the breeding lines selected from
dryland nurseries have been widely tested in sev-
eral national programs and in IRTP nurseries.
Sixteen are currently included in the Philippine
Seed Board trials. IR3880-13-7, from the cross
1R841-67/C22-51/ [ Pelita 1-2/IR1541-76, has
shown superior performance in past years and was
in seed multiplication and final testing during the
1980 wet season.

Collaborative work with other workers was
expanded in drought-prone areas such as India,
Brazil, and Nigeria by exchdnging and evaluating
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advanced breeding lines. Nine single crosses were
made for EMBRAPA (Brazil), 4 single crosses for
TITA (Nigeria), and 125 single crosses for Indian
rice breeders in drought-prone areas.

BREEDING METHODS

Plant Breeding, Plant Pathology, and Plant Phy-
siology Departments

Although most IRRI breeding materjals are han-
dled through the conventional pedigree method of
breeding, work with other breeding methods conti-
nued.

Rapid generation advance. In 1980 more than
500,000 plants involving 287 crosses were sown in
rapid generation advance (RGA). The list of coop-
erating countries expanded to include Thailand,
India, Sri Lanka, Japan, Bangladesh, Nigeria,
Korea, Burma, Malaysia, and Indonesia. Research
onimproving RGA methods, especially the screen-
ing techniques, continued.

Crosses processed through RGA were sent to
cooperators, and many crosses were planted in the
field for evaluation and selection. Five RGA bulk
materials were included in the 1980 International
Rice Cold Tolerance Nursery and 11 in the 1980
International Rice Deepwater Observational Nurs-
ery. The Korea-IRRI Collaborative Project in-
cluded 23 RGA entries.

Selection for cold tolerance at seedling stage.
The possibility of screening during RGA for cold
tolerance at the seedling-stage of segregating Fs
materials was studied with IR20654 (K78-13/
IR5908-125-1) and IR22553 (Fujisaka 5/Kn-ib-
361-1-8-6-9).

Ten days after sowing, plants were subjected to
12° C water for 10 days and scored for leaf yellow-
ing (a score of 1 was best; 9 meant almost dead or
dead).

A number of F3 plants — 4% in IR22553 and
14% in IR20654 — scored 1-3. Removal of the
susceptible lines (score 7-9) eliminated 87 and 58%
of the F plants in the two crosses, and increased
the available greenhouse space for use within 30
days after sowing. Cold water treatment at seedling
stage generally delayed heading date but the delay
was relatively short.

Selection for earliness. An experiment with-the
preceding two crosses evaluated selection for earli-



ness during RGA. Selection of F: plants that flo-
wered in 70 days or less resulted in a 319 reduction
of the population for IR22553 and 12% for
IR20654. Selection for earliness (< 70 days) in F;
showed a growth duration of less than 70 days in
94% of the F; population of IR22553 and 84%; of
IR20654 F; population. These high values justify
early selection (at F;) for short growth duration.

Selection for earliness, however, did not select
for cold tolerance at seedling stage. With selection
for earliness made at F», a population of about
2,000 plants is the minimum for F; selection for
cold tolerance at seedling stage.

Selection for plant height. Plants grown at low
temperature are shorter than those grown at higher
temperature. Selection for optimum plant height
of cold-tolerant lines during RGA was studied
using the given crosses. Heights of individual
plants in different generations (F:-F:) were meas-
ured.

Although the correlations among the genera-
tions were highly significant because of the large
number involved, the values were low and showed
that selection for plant height should not be done
during RGA.

Submergence tolerance screening. The possibil-
ity of screening for submergence tolerance during
RGA was tested with nine rice varieties, including
both susceptible and resistant types. The study
showed that screening for submergence tolerance
at seedling stage during RGA is possible. Most of
the susceptible lines were eliminated and the head-
ing date of the tolerant varieties was not greatly
affected.

Mutation breeding. Ethyleneimine-derived
mutants of Siyam Halus and Siyam Kuning were
grown for the first time in the tidal swamps of
South Kalimantan, Indonesia, the origin of their
parent cultivars. Preliminary observations were
promising (Fig. 2), but most of the mutants unex-
pectedly matured later than the Siyam Kuning
check. This finding will be further investigated in
1981 using several planting dates.

Hybrid rice. Hybrid rice studies were on male
sterility and fertility restoration systems, which are
essential to develop hybrids, and on methods by
which satisfactory seed set can be obtained on male
sterile lines through natural outcrossing to pro-
duce bulk quantities of hybrid seed.

Male sterility and fertility restoration in rice.

CORE IR TR

2. Contrasting heights and leaf habits of Sivam Kuning and several of its mutant derivatives. Kalimantan, Indonesia, 1980.
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Table 4. Cytosterile lines collected and maintained at IRRI, 1980.

Cytoplasm
Line Origin source Maintainer Remarks
Zhen Shan 97A China O. sativa f. Zhen Shan 97 Dwarf indica, highly stable for pollen
spontanea sterility
(WA)
V20A China 0. sativa f. V20 Dwarfindica, highly stable for pollen
spontanea sterility
(WA)
Er-Jiu-Nan 1A China O. sativa f. Er-Jiu-Nan 1 Dwarf indica, highly stable for pollen
spontanea sterility
(WA)
V41A China O. sativa f. V41 Good stigma exsertion
spontanea
(WA)
Yar-Ai-Zhao A China Gambiaca Yar-Ai-Zhao Semidwarf not stable for pollen
sterility
Gang-yi-ya- China Gambiaca Gang-yi-ya- Semidwarf not stable for pollen
Ai Zhao Ai Zhao sterility
Birco USA Birco Calrose, Caloro, Not stable for pollen sterility, poorly
Colusa, ESD 7-3 adaptable in the tropics
MS 517A Korea 0. nivara Wx 126-12-21 Not stable for pollen sterility
MS 519A Korea 0. nivara IR24 Appears to possess functional steril-
ity
P 203A IRRI TN1 Pankhari 203 Tall, photoperiod sensitive, some-
what unstable for pollen sterility
BT MS Japan Chinsurah Taikchung 65 Obtained from China in F; of a cross
Boro Il of BT MS with a restorer
Wu 10A China Chinsurah Wu 10 Introduced from Hunan Academy of
Boro Il Agricultural Sciences

Three additional cytosterile lines from China were
introduced during 1980, thereby increasing the col-
lection of cytosterile lines maintained at IRRI to 12
(Table 4). These lines are derived from six cyto-
plasmic sources. The cytogenetic relationship
among them is not clear.

Four of the cytosterile lines — V20A, V41A,
Zhen Shan 97A, and Er-Jiu-Nan 1A, all derived
fram Oryza sativa f. spontanea WA cytoplasm —
were stable for nearly complete pollen sterility.
Those lines, however, do not possess the required
resistance to major diseases and insects, which is
essential for their adaptation to tropical condi-
tions. Therefore, their cytosterility was transferred
into improved lines possessing the required disease
and insect resistance.

By using the test cross method 14 improved
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breeding lines from IRRI, India, Taiwan, and
Korea (Table 5), which maintained the sterility of
WA male sterile lines, were identified. Some of
them possess multiple disease and insect resistance.
Backcrossing to the improved maintainer lines has
started and 1-3 backcrosses were made. But 3-5
additional backcrosses may be required before
stable male sterile lines that possess WA cytoplasm
and nuclear genes of the improved maintainer lines
are developed.

By test crossing with WA male sterile lines, 24
effective restorer lines originating from IRRI and
India were identified (Table 6). Some of those
restorer lines possess dominant genes for disease
and insect resistance, which can be incorporated
into the hybrid varieties. One such restorer line
(IR54) was used in China for developing experi-




Table 5. Maintainers for WA cytoplasmic male sterile system
identified at IRRI, 1980.

Table 6. Effective restorer lines for WA cytosterility system as
identified at IRRI, 1980.

Line or variety Origin Line or variety Origin
IR74782-6-3 IRRI IR26 IRRI
IR9859-45-2-3 IRRI IR28 IRRI
IR10154-23-33 IRAI IR36 IRRI
IR10176-24-6-2 IRRI IR42 IRRI
IR10179-2-3-1 IRRI IR46 IRRI
IR19657-87-3-3 IRRI IRS0 IRRI
IR19795-17-3-2 IRRI IR54 IRRI
IET4728 India IR2307-247-2-2-3 IRRI
IET5324 India IR2797-105-2-2-3 IRRI
IET5425 India IR9093-211-6 IRAI
Suweon #105 Korea IR9703-41-3-3-1 IRRI
Jikkoku Seranai 52-37 Korea IR9708-51-1-2 IRRI
Whecheon Yukdo Korea IR9715-74-3 IRRI
C 652159/Milyang F, 1295 Taiwan, IR98652-39-2 IRRI

China IR13188-9 IRRI

IR13420-6-3-3-1 IRRI

IR13525-118-3-2-2 IRRI

IR13526-41-1-2 IRRI

: IR165723-45-3-2 IRRI

mental hybrids. IR17494-32-2 IRRI
During a search for new sources of cytoplasm :gﬁ‘;’g‘" :23::
that induces male sterility, evidence that Oryza IET5103 india
glaberrima cytoplasm may also include male steril- Suweon #161 Korea

ity was obtained.
Natural outcrossing on male sterile lines. Natu-

ral outcrossing of two cytosterile lines — Zhen
Shan97A and V20A — was studied duringthedry
season. Average seed set (mean 8-10 plants)
through natural outcrossing varied from 1 to 28%,
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3. Variability among selected rice varieties and breeding lines in floral traits influencing outcrossing.

IRRI, 1980.
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depending on the cytosterile line, direction of
planting, and distance from the pollen source.
Some individual plants gave as high as 35-45%
seed set. Effect of distance from the pollinator was



less pronounced in the plot oriented south-west,
which was across the direction of wind. In that
orientation the average seed set of male sterile
plants 30-110 cm away from the pollen source was
229, That seed set was attained without clipping of
flag leaves and supplemental pollination as prac-
ticed in China.

Variability in floral traits exists among rice var-
ieties (Fig. 3). Further increase in seed set on male
sterile lines should be possible by selection and
breeding of male sterile lines possessing well-
developed and exserted stigma, and longer dura-
tion of opening of florets; and restorer lines pos-
sessing large anthers and long filaments, which
would encourage cross pollination.

TISSUE CULTURE
Plant Breeding Department

A series of experiments that were started in 1979 to
evaluate the application of anther culture for varie-
tal improvement were continued. Eighty-five rice
varieties were cultured and classified as high, low,
and medium producers of callus and green plants
(Table 7). Based on identification of varieties that
performed well in a modified Linsmaer & Skoog’s
medium (Annual report for 1979) under specific
environmental conditions, studies to compare dif-
ferent media and media components were initiated.

In experiments, primarily with Taipei 309, media
commonly used in tissue culture were evaluated
with different hormones and hormone combina-
tions. The studies led to identification of two modi-
fied Gamborg’s media (J-19 and E-24) that pro-
duced a high efficiency in callus and green plant
regeneration.

Fifty percent of the anthers plated on J-19
medium developed into highly embryogenic cal-
luses. When these were transferred to fresh J-19
medium, plant regeneration efficiency was 40% of

Table 7. Rice varieties classified as high, medium, and low
producers of callus and green plants. IRRI, 1980.

High Medium Low
Taipei 309 IR30 IR20
Minehikari IR40 IR38
BGS0-2 Moosa Tarum IR8
Taipei 177 Taichung 65 IR36
Nong Baek Pelita -1 IR28

Mingolo BR51-91
Sathra 278
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the anthers plated. Of the anthers plated in the
E-24 medium, 22% developed multiple callus
masses. When these were transferred to J-19
medium, 53% efficiency of green plant regenera-
tion based on the number of anthers plated was
observed.

Studies of agronomic characteristics among the
anther culture-derived plants started. All 46 anther
culture-derived plants of Taipei 309 chosen at ran-
dom were shorter than the mother plant whose
height is 134 cm. Of the recovered plants, 67.3%
were 91-100 cm in height. Sterility was 0-73%.
Among the plants, 509 were haploids, 309 auto-
diploids, and 20% triploids and tetraploids.

INTERNATIONAL RICE GENETIC SURVEY

Office of Information Services, Plant Breeding,
International Rice Testing Program, and Statistics
Departments

The computerization of the complete genetic an-
cestry of about 36,000 hybridizations made in
national rice improvement programs, 500 post-
IRB varieties, and 1,100 older varieties began in
1980. The data are being incorporated into the
present History of IRRI Crosses (1-30,000) com-
puter program to make it an international rice
genetic ancestry program.

Source of semidwarfism. The sources of semi-
dwarfism were traced in a sample of 370 improved
post-IR8 varieties released in 36 countries. Seventy-
four percent of the new varieties were semidwarfs.
A third of the semidwarfs were IRRI lines or
varieties that national programs released to
farmers; the others were developed in national
programs (Fig. 4).

About 40% of the locally developed semidwarfs
were direct progeny of IR8 and 229, were direct
progeny of Taichung Native 1 (TN1). But 21% of
the local semidwarfs were progeny of semidwarfs
that national programs had developed earlier.

Of the second-generation semidwarf parents,
47% were direct progeny of TNI and 16% were
progeny of still earlier crosses with local semi-
dwarfs. Half of the third-generation local semi-
dwarfs were progeny of TNI and 17% were pro-
geny of IR8 (Fig. 4).

Cross analysis. The rice cultivars that Asian
plant breeders crossed from 1965 to 1975 in India,
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Korea, Bangladesh, Indonesia, Philippines, Sri as a parent was matched by a corresponding
Lanka, and Thailand were compared based on decline in its appearance as progeny among new
data on the genetic composition of 202 improved varieties released. IR8 was seldom used as a parent
rice varieties developed locally and released to by 1975, but it was a parent of 249 of the varieties
farmers 5 years later (1970-80) in the same coun- released from that time until 1980.
tries. Varieties were selected from crosses of TNI,
TNI1 was used in 229, of the crosses analyzed for IR8, and other semidwarfs at a greater frequency
1965-67, and appeared as a parent of 40% of the than they were used as parents. But progeny of
new varieties released in the same countries by locally developed semidwarfs appeared as varieties
1970 (Fig. 5). The subsequent decline of TN1’s use at a lower rate than they were used as parents.
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GERMPLASM BANK
Statistics and Plant Breeding Departments

‘With the addition of 6,797 newly registered acces-
sions of O. sativa, the IRRI germplasm computer
data bank contained a total of 47,565 accessions by
the end of 1980. Twenty-eight thousand two
hundred and eighty-six accessions have complete
information on the 38 basic morphoagronomic
characters (Annual report for 1976), 32,101 acces-
sions have complete information on 30field charac-
ters, and all have varying numbers of information
onthe 35 GEU traits(Table 1). Seventy-five percent
of the accessions in the IRRI germplasm bank are
of indica type and more than 77%are from coun-

tries in South and Southeast Asja (Table 2).

A separate computer data file for the wild spe-
cies of Oryza was created. The file contains 3,793
accessions, each with data on 85 traits.

The implementation of the computer-based seed
inventory system, developed and tested in 1977,
began in mid-1980 when seed stocks were trans-
ferred to standard-size aluminum cans. Informa-
tion stored in the seed inventory computer file,
both for seed inflow and seed outflow, consists of
storage type, crop season and year of seed harvest,
date processed, and amount of seed. Information
on seed outflow includes the destination of the
-seeds. By the end of 1980, the seed inventory com-
puter file contained 13,374 records of 4,458 acces-

Table1. Number of accessions inthe IRRI germplasm computer data bank that have information on each of the GEU traits as of 31

December 1880.
Accessions Accessions
GEU trait {no.) GEU trait . {no.}
Bacterial leaf blight 21,406 Amylose 17,669
Blast 19,132 Gelatinization temp 14,854
Sheath blight 17,787 Drought
Rice tungro virus 9,047 Seedling vigor 13,831
Grassy stunt virus 6,340 Rate of recovery
Brown planthopper After 1st stress 6,846
Biotype 1 21,685 After 2d stress 7,574
Bfotype 2 4,122 Fleld resistance
Biotype 3 5,908 Early vegetative 8,513
GrP:an leafhopper 16,046 Late vegetative 12,413
Striped stem borer Reproductive 6,230
Deadhearts 6,870 Freld tolerance (34 bars) 1121
Whiteheads 1,677 Freld tolerance (8-10 bars) 758
Yellow stem borer Rate of recovery from 9-10 bars 760
Deadhearts 3,869 Greenhouse screening 396
Whiteheads 2,603 Problem sail
Rice whorl maggot 19,115 * Alkalinity 879
Whitebacked planthopper 28,406 Salinity 883
Brown rice protein Zinc 553
Dry season crop 17,587 Elongation 849
Wet season crop 13,631 Flood tolerance 4,229
Cold tolerance 2,205

Table 2. Frequency of rice cultivar types in IRRI's germplasm bank, by region of origin and by variety group. 1980.

Cultivars {no.)

Region of ongin Percent of
Hybrid Indica Japonica Javanica Unknown Total total
Africa 22 1,671 90 131 848 2,662 5.8
East Asia 18 1478 2,100 3 781 4,381 g2
Europe 3 40 228 n - 80 372 0.8
North America 20 654 198~ 0 131 1,003 2.1
Oceania 1 71 15 4 8 99 0.2
South & Central America 26 519 342 13 229 1,129 24
South Asia 253 7,856, 237 : 437 9,666 18,449 388
Southeast Asia 401 8,797 234 2,023 6,922 18377 38.6
Southwest Asia 0 42 17 1 100 160 0.3
Others N 220 126 4 582 933 2.0
Total 745 21,249 3,587 2,627 18,357 47,565 1000
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sions. The system is used to monitor the movement
of seed stocks and to provide instant information
on the current status and location of the seed
stocks for each accession. Such information is
necessary not only for seed distribution, which is
the principal service of the germplasm bank, but
also for seed rejuvenation.

BREEDING AND TESTING
Statistics and Plant Breeding Departments

With the rapid increase in the number of crosses
made at JRRI and the increasing number of
requests for information on the parentage of the
crosses, a computer file on the parentage of IR
crosses was created in 1976. In 1980, the 4,621 IR
crosses made during the year were added to thefile,
bringing the total to 33,898 crosses.

The first volume of the compact version of the
Parentage of IRRI crosses, including IR1-
IR30,000, was produced and distributed to rice
researchers. This version replaces the bulky series
of 10,000 crosses each, produced in 1978.

The integration and close linkage between the
history-of-IR-cross system and the testing and
evaluation operations, initiated for the 1980 nur-
series, made it possible for the names of the parents
of each new cross to be automatically retrieved
from the respective nursery files. This feature has
greatly minimized the labor required, the trans-
cribing errors, and subsequent delays in the input-
ting of information into the history-of-IR—cross
file.

In 1980, the history-of-IR-cross file was put to
another use: the retrieval of crosses whose ancestry
satisfies a given set of requirements. An example of
the output is a list of all IR crosses with at least four
ancestors that are resistant to bacterial leaf blight
(Table 3).

Efforts to expand the history-of-IR-cross sys-
tem to cover rice crosses made in the various
national programs continued in 1980, with empha-
sis given to the accumulation of information, the
creation of the history-of-non-IR-cross data files,
and the modification of the existing programs soas
to support the non-IR crosses. Records of parent-

Table3. Listof IR crosses with at least 4 ancestors coming from the prescribed set of 15 varieties® known to have different genes

for bacterisl leaf blight. IRRI, 1980.

Ancestor No. of
combination crosses IR cross no
2,12,13,14 1 27110
4, 8,13,14 1 33644
5 7,13,14 1 33206
5, 8,13, 14 2 28231 33419
5 9,11, 14 1 19253
5,11,13, 14 1 23898
5,12,13, 14 6 27306 33033 33060 33422 33423 33649
8, 9,11,14 1 24817 .
7, 813,14 3 23933 32824 33444
7, 9,11, 14 5 16958 20285 22960 24746 24758
7,12,13,14 3 19588 32827 33624
7.13,14,15 1 18311 M
8, 9,11,14 21 20279 20281 21324 21351 22433 23904-23910 23912
23913 24616 24618 24743 24748 26922 26923 26930
8, 9,13,14 3 23825 23856 23934
8, 9,14,15 1 23848
8,12,13,14 29 25887 27315 27327 28114 28179 28204 32837 32839 32841 32847-32854
33047 33049 33050 33051 33062 33251 33304 33385 33493 33505 33648 33671
9,11,13,14 18 16956 16956 18119 189417-18419 20266 20273 20282 21284 21415 21416 22959
- 24621 24754 24759 26906 28971
10,12, 13,14 1 27078
10,13, 14, 15 4 16777 27077 27085 27092
11,12, 13,14 2 26904 28970
4, 8,12,13,14 1 33670
5 8,12,13,14 2 28202 33421
6, 8,12,13,14 1 28119
7, 8 911,14 1 23311
7, 9,11,13,14 1 24755
8, 9,11,13, 14 2 24324 24615
9,11,12,13, 14 2 26907 26915

US 32,2 = AUS 81,3 = BASHFUL, 4 = BEAK GANGGAS, 5 = BGS0-2, 6 = BJ1, 7 = DZ192, 8= NAM SA-GUI19,9 = PELITAI-1,

10 = PELITA 12, 11 = POKKALI, 12 = R. HEENATI, 13 = SIGADIS, 14 = TKMS6, 16 = ZENITH
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age of more than 17,000 crosses made in 16
national breeding programs are currently in the
file.

INTERNATIONAL RICE TESTING PROGRAM
Statistics Department and International Rice Test-
ing Program

Data for the International Rice Cold Tolerance
Nursery (IRCTN) were computerized in 1980.
That brought to 14 the number of nurseries for
which data for crop years from 1976 to 1979 are
stored in computer files (Table 4). The files allow
for instant retrieval of desired information.

In addition to the Generalized IRTP Informa-
tion Retrieval System (Phase I) completed in 1979,
a specific computer program for retrieving data
from any of the stress nurseries (IRBPHN, IRBN,

etc.), based on a prescribed set of sites and crop
years, was developed. This facilitates the examina-
tion of variability of reactions to a given stress
across sites or years, or both.

A master file of IRTP entries was created. The
fileincludes not only entries tested in at least one of
the IRTP nurseries but also entries nominated by
the IRTP cooperators although not yet included in
a nursery. The IRTP master file consists of a 5-
digit IRTP number, which uniquely identifies each
rice variety or line ever nominated for inclusion in
one or more IRTP nurseries, followed by the
entry’s name, cross and origin, and a specification
of its nomination status. Rapid identification of
entries nominated by the IRTP cooperators but
not yet tested in any nursery is necessary for
nursery composition.

Table 4. International Rice Testing Program nurseries that have been computerized® by the end of 1980.

Years (no ) for

Nursery name LD. which data are in
computer files
Intérnational Rice Yield Nursery-Early IRYN-E 4
International Rice Yield Nursery-Medium IRYN-M 4
International Rice Yield Nursery-Late IRYN-L 3
International Upland Rice Yield Nursery IURYN 4
International Rice Observational Nursery IRON 4
International Rice Cold Tolerance Nursery IRCTN 2
Internattonai Upland Rice Observational Nursery IURON 4
International Rainfed Lowland Rice Observational IRLRON 2
Nursery
International Rice Blast Nursery [RBN 4
International Rice Tungro Nursery IRTN 4
International Rice Sheath Bhght Nursery IRSHBN 2
I ional Rice Brown F Nursery IRBPHN 4
International Rice Stem Borer Nursery IRSBN 2
International Rice Gall Midge Nursery IRGMN 4

“Both for data processing {1 e , statistical analysis and summary tables) and storage and retrieval purposes
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BLAST

Seed treatment. Seed treatment with systemic
fungicides at various rates were tested (Table 1). In
one test, Tricyclazole at therates of 1,2, and 4 g
formulation/ kg seeds produced slight to moderate
leaf blast control. The lowest seed germination
percentage obtained from 4 g Tricyclazole in the

first test could not beattributed mainly to the toxic
effect of the chemical as shown in the second test.
All tested rates of thiophanate-methyl exhibited
moderate blast control.

Seed treatment with four systemic fungicides
confirmed that CGA 49104 and PP389 JF5816 are
the best seed-treatment fungicides for leaf blast
control (Table 2). CGA 49104 at 8 and 4 g and

Table 1. Leatblast control with ic fungicides as seed for IR442-2-58and seed i when were
exposed to Pyricularia oryzae in the blast nursery. IRRI, 1980.
Rate Blast lesions” {no /seedhing} Seed
Cherical g ]
kg seed) 3WS 4Ws 5WS B8WS 7Ws 8wWs (%) 1 WS
Test 1 -

Tricyclazole (75% WP) 4 194 66.9 645 78.2 84,8 881 664

2 252 66.1 703 900 926 973 828

1 244 73.0 76.1 921 103 0 1041 792
Thiophanate-methy! 32 283 67.9 703 811 889 909 80.4
{70% WP) 16 325 71.6 755 91.8 982 1017 748

8 407 80.0 829 943 106.7 1091 800
No chemical 0 40.7 89.0 1113 1262 1348 138 ¢ 804
{untreated seeds)

Test2

Thiophanate-methyl 32 163 526 652 678 69,7 888
{70% WP) 18 142 558 768 800 818 88.8

8 186 770 903 1027 1051 888
Tricyclazole (75% WP) 4 5.4 63.0 904 104 9 1117 856

2 106 8356 1110 1226 127 0 84.8

1 154 998 1368 1421 1444 860
No chemical 0 204 930 1172 1229 1266 884

{untreated seeds)

“Mean of 25 seedlings used for disease readings WS = weeks after seeding

Table 2. Leaf blast contro! in IR442-2-58 seedlings exposed to Pyricularia oryzae in the blast nursery when seeds were treated

with systemic fungicides [RRI, 1980

Rate Blast testons” {no /seedling}
Chemical {g for =
kg seed) 3wWs a4Ws 5 WS 6 WS 7WS 8Ws
Test 1
PP389 JF5816 (50% WP) 40 . 00 00 00 0o 00 co
20 00 0.0 00 00 00 04
CGA 49104 {50% WP) 8 00 00 0.0 00 00 0.0
4 0.0 00 0.0 00 00 12
Benomyl {50% WP} 40 0.0 00 00 0.3 0.3 19
20 co 02 07 1.4 28 84
Thiophanate-methyl {70% WP) 40 00 12 12 13 22 47
20 14 44 6.9 85 126 158
No chemical {untreated seeds) 0 48 17.6 232 283 328 383
Test2

CGA 49104 {50% WP) 8 00 00 (1] 0.0 0.0 0o
4 00 1.4 18 18 18 18
PP389 JF5816 (50% WP) 40 00 0.0 0.0 00 22 24
20 00 03 20 20 55 7.6
Thiophanate-methyt {70% WP} 40 07 4.8 7.6 11.1 16.7 18.3
20 27 13.9 15.9 160 249 273
Benomyl {(50% WP) 40 9.8 154 168 197 256 299
20 1.9 243 27.3 287 368 408
No chemical (untreated seeds) [ 12,6 244 388 42.7 79.7 102.5

“Mean of 25 seedlings used for disease readings WS = weeks after seeding
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Table 3. Leaf blast control with fungicide sprays on seedlings exposed to Pyriculana oryzae in the blast nursery " IRRI, 1980

Rate (kg or liters
P ton/

Blast lesions® {no /seedling}

Chemical

ha per application)

3Ws 4 WS 5WS 6 WS 7WS 8WS

CGA 49104 (50% WP) 1.0
Tneyclazole {75% WP) 07
Benomyl {50% WP} 10
PP389 JF5816 (50% WP) 1.0
Thiophanate-methy! {70% WP) 10
Edifenphos TCP (35% WP} 1.0
Edifenphos (50% EC) 10
No chemical {unsprayed seedlings) 0.0

0.0 0.0 oo 01 01 01
11 15 15 18 20 25
04 04 13 32 50 62
6.6 132 1486 178 189 200

28 190 42.0 72.9 834 860

95 288 44.5 795 843 892
1.8 226 6§37 88.8 106 4 1087
108 394 71.9 11189 119.3 1232

"Thglflrst spray was applied 2 weeks after seeding (WS) and 2 subsequent applications were made at 1-week intervals Sprayed

were grown in plastic trays

inthe blast nursery “Mean of 25 IR442-2-58 seedlings used for disease readings. Seedlings

Table 4. Leaf blast contro! with fungicide sprays on rice seedlings “ {RRI, 1980,

Rate (kg or liters
P on/

Blast lesions” {no /seedling)

Chemical
ha per application)

3ws 4 Ws 5 WS 6 WS 7WS 8ws

CGA 49104 (50% WP)

PP389 JF5816 (50% WP}
Tncyclazole (75% WP}

Edifenphos TCP {35% WP)
Benomyl (50% WP)
Thiophanate-methyl (70% WP}
Edifenphos {50% EC)

Triphenyltin acetate {60% WP)

No chemical (unsprayed seedhngs)

Smoouoaa
coocoo~NOoOo

e
=3

19.1 23.6 242 246 263 266
222 361 441 464 472 48.0
189 371 47.8 485 493 50.2
216 338 425 44.2 499 51.9
31.0 476 54,2 606 631 659
31.9 530 680 734 76.6 797
237 49.9 695 755 78.2 808
332 605 748 827 %61 1007
34.7 65.2 857 955 1055 1102

“The first spray was applied 2 weeks after seeding (WS} and 2 subssquent applications were made at 1-week intervals Plots were
located in the blast nursery. “Mean of 3 replications of IR442-2-58 From each rephcation, 25 seedlings were used for disease

readings

PP389 JF5816 at 40 and 20 geffectively controlled
leaf blast. Benomyl and thiophanate-methyl were
also effective.

Foliar sprays. Foliar spray tests of systemic and
nonsystemic fungicides confirmed CGA 49104 at
1.0 kg formulation/ha as most effective for leaf
blast control(Table 3, 4). Other effective chemicals
were Tricyclazole at 0.7 kg, and PP389 JF5816 and
benomyl, each at 1.0 kg.

Soil freatment. In soil treatment tests of sys-
temic granular fungicides CGA 49104 (5% G) at
the rates of 3 and 6 g formulation/m’ was out-
standing (Table 5). Other systemic granular fungi-
cides that gave effective leaf blast control were
Oryzemate (8% G), IBP (17% G), and Fuji-One
(12% G) at 2and 4 g.

A test of the effect of different nitrogen levels on
the efficacy of CGA 49104 (5% G) for leaf blast
control showed excellent control at 600 and 300 kg

formulation/ha and effective control at the low
rate of 50 kg/ha at nitrogen levels ranging from
120 to 480 kg N/ha (Table 6).

Areplicated trial of the granular systemics in the
blast nursery confirmed the outstanding perform-
ance of CGA 49104 (5% G) (Table 7). Fuji-One at 4
and 2 g, and IBP and Oryzemate, eachat 6and 3 g,
showed moderately effective leaf blast control.

SHEATH BLIGHT

Seed treatment. Tests of seed treatment with sys-
temic fungicides indicated benomyl at 40 g formu-~
lation/kgseed to be most effective for sheath blight
control in seedlings (Table 8).

Foliar sprays. A foliar spray test in the green~
house showed triphenyltin acetate (60% WP) at 1.0
kg formulation/ha per application to be effective
for sheath blight control in seedlings (Table 9).
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Table 5 Leaf blast control with granular as soil
Blast lesions® {no /seedling)
Chemical Rate (g
formulation/m?) 3Ws 4 WS 5WS 6WS 7WS 8 WS
Test 1
CGA 49104 (5% G) [ 00 0.0 0.0 0.0 00 0.0
3 00 0.0 00 00 0.0 00
Oryzemate (8% G) 6 04 1.2 31 34 4.7 47
3 21 3.6 40 4.5 5.7 85
IBP {17% G) [ 0.0 2.0 34 52 6.3 139
3 2,9 5.9 75 87 108 14.0
Fuji-One {12% G) 4 14 237 286 292 308 31.5
2 102 24.2 29.6 33.2 348 365
No chemical {untreated soil} 0 141 51.0 761 886 933 961
Test 2
CGA 49104 (5% G} 6 00 0.0 00 00 08 27
3 0.0 0.0 03 03 25 52
Oryzemate (8% G) 6 09 44 77 7.7 184 19.5
3 05 88 146 15.1 411 478
Fuji-One {12% G} 4 0.6 1.3 168 168 28.1 303
2 24 180 266 271 3786 456
No chemical (untreated soil} 0 4.2 255 352 42.1 60.5 617

dedin dsoilin

to grow inside the greenhouse The seedlings were

“Five rows ofIR442-2-58

exposed to Pyriciilaria oryzae in the blast nursery 2 weeks after seedmg (WS) *Mean of 26 seedlings used for disease readmgs. _

Table 6. Effect of mtragsn fertifizer levels on the efficacy of granular systemic fungicide CGA 49104 (5% G) for leaf btast control

when d to Py oryzae in the blast nursery.” IRRI, 1980.
Rate (kg Nitrogen Blast lesions? (no./seedling)
formulation/ levels =~ -
ha) {kg N/ha} 3ws 4 WS 5WS 6 WS 7Ws 8wWs
600 120 0 ] ¢ 0 0 0
240 0 1] 0 0 [} 0
380 o} 0 (1] 0 Q 0
480 0 1] 1] [} [¢] 0
300 120 0 ] ] 0 0 1]
240 0 0 [ 4 0 [
360 o] 0 ] ] 05 0.5
480 0 Q 0 0 64 6.4
50 120 4] ] Q 0 02 02
240 0 0 0 ] 75 75
360 0 [ 0 0 89 8.5
480 0 0 0 0 11 1n7
0 120 ] 35 188 326 374 398
240 02 6.7 259 391 480 523
360 04 9.5 3341 5389 753 814
480 10 133 473 67.4 852 %09

“IR442-2-58 seedlings grown in plastnc cups contatning treated and untreated solls were exposed in the blast nursery 2 weeks after

Tom gacl

were used for disease readings

seeding {WS). ®Mean of 3

Likewise chlorothalonil (75% WP) at 1 kg/ha and
validamyein A (3% solution)-at 2 liters/ha. were
also effective.

In a field test of benomyl at the rate of 1.0 kg
formulation/ha, all plots showed effective sheath
blight control on naturally infected IR36 plants
grown at different levels of nitrogen fertilizer
(Table 10). Sheath blight infection was higher in
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plots with higher nitrogen levels.

In a field trial of 19 fungicides used as foliar
sprays for sheath blight control, NTN 19701 (25%
WP) applied at the rate of 1.5 kg formulation/ha
per application was effective, as were validamycin
A at 2 liters/ha, iprodione at 2 kg/ha, and triphe-
nyltin acetate at 0.6 kg/ha (Table 11).
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Table 7. Leaf blast control with granular as soil in the blast nursery.” IRRI, 1980
Blast lesions® {no /seedhng)
Chemical Rate {g
formulation/m?) 3ws 4Ws 5WS 6 WS 7WS 8Ws
CGA 49104 (5% G} 6 00 05 2.1 3.7 55 6.7
3 00 63 182 226 257 286
Fup-One {12% G} 4 30.9 663 836 958 1016 1051
2 345 7ns 96.1 109.0 116.0 118.9
IBP {17% G) 6 227 68.0 887 985 1045 11356
3 28.1 787 972 110.1 1174 120.4
Oryzemate {8% G) 8 22.0 740 93.7 1044 1093 1138
3 299 824 115.1 126.1 132.6 1354
No chemical {untreated soil) 0 402 835 128.0 149.7 1685 177.4
“IR442-2-58 was seeded in 10-row plots (0 5 X 1.0m/plot) at the rate of59 seeds/0 5-mrowi th
fungicides to the soil. "Mean of 3 From each were used for dlsease readlngs WS = weeks
after seeding.
Table 8. Sheath blight cantrol with ic fungicides d% seed for rice i [ lated 3 weeks after seeding.
IRRI, 1980.
Rate {g or ml Infection” (%}
Chemical ion/
kg seeds) 4 WS 5 WS 6 WS 7Ws
Benomyl (50% WP) 40.0 0.0 1.6 79 7.1
200 76 164 253 , 258
Thiophanate-methyl {70% WP} 40.0 4.4 . 138 293 297
20.0 232 214 33.7 334
PP389 JF5816 {50% WP} 400 17.7 224 30.6 29.9
200 45.1 41.0 37.0 34.6
RH-2161 (2% EC) 06 331 353 315 329
Mebenil (75% WP) 40 637 509 42.9 42.4
2.0 423 581 505 488
Tnicyclazole (76% WP} 26 463 445 409 459
No chemical {untreated seeds) 00 54,1 61.1 567 63.7
“Mean ofleaf sheath and leaf blade if f3r From each repli 25 were used for disease readings
Table 9. Sheath blight control with fungicide sprays for dlil artificially lated 1 to 2 days after the first spray
application.” 1RRI, 1980.
Rate (kg or hter Infection® (%)
Chemical /ha
per application) 4WS 5WS BWS 7WS B8WS 9WS

Triphenyltin acetate {60% WP)
Chiorothalonil (75% WP}
Validamycin A (3% solution)

Zinc Omadine (48% dispersion)
No chemical {unsprayed seedlings}

ON
coood

79 17 24 22 17 56

3.5 11.8 115 130 1.5 18
186 84 10.1 13.2 137 13.8
427 67.1 654 649 656 62.7
41.7 508 479 528 509 50.9

“The first spray was apphed 3 weeks after seeding (WS), and 2 subsequent applications were made at 1-week intervals “Mean of
leaf sheaths and leaf blades of 25 IR1317-392-1-2 seedlings used for disease readings. The seedlings were grown in plastic trays.

BAKANAE

Yield loss in rice due to bakanae. A 1979 survey of
32 sites in Laguna province showed the percentage
of rice tillers infected with bakanae discase ranged
from 0.60 to 12.8%. There was a positive correla-

tion between percentage of infection and percent-
age yield loss.

A 1980 pot experiment in the greenhouse deter-
mined death or recovery from bakanae, and yield
loss caused by the disease at disease incidences
ranging from 10 to 100%. Death of seedlings

CONTROL AND MANAGEMENT OF RICE PESTS 157



Table 10. Sheath blight control with benomyl fungicide sprays
on IR36 in the field. IRR, 1980.

Sheath blight disease

Treatment rating”
{av kg N/ha)
Sprayed Unsprayed Mean
plants plants
18.3 3.0 5.1 a1
32.0 3.1 5.6 44
32.3 21 69 4.0
483 21 62 42
50.0 35 6.2 49
655 3 6 64 5.0
67.0 61 4.7
75.0 4 0 64 52

“Mean of 4 replications, each replication with 8-m? plots Ten

hulls picked at random from each plot were used for disease

Raadmg and rated by the 1980 Standard Evaluation System for
1ce.

tended to increase at 10 to 80% initial disease
incidence, but decreased at 90 and 100% (Table
12). Seedling recovery increased as initial disease
incidence increased.

The loss in 1,000-grain weight ranged from 2.3
to 11.8%. Actual yield loss ranged from 2.8 to
43.7%, based on the yield from healthy plants
(Table 13). There was a positive correlation be-
tween percentage of disease incidence and percent-
age of yield loss. The correlation coefficient (¥)
was (.9681 for yield from plants from seeds treated

with benomyl, 0.9597 for plants from seeds treated
with benomyl and weekly sprays of benomy! until
maturity, and 0.9606 for plants from seeds treated
with benomyl and weekly sprays of Homai.

Degree of bakanae seed infection. A study com~
pared direct seeding and 18 hours water-soaking of
seeds harvested from fields naturally infected with
bakanae. More seedlings exhibited abnormal elon-
gation when seeds were soaked before seeding
(Table 14). This indicates that evaluation of fungi-
cides as presprouting treatment (18- to 24-hour
soaking of naturally infected seeds) is suitable.

Artificial field inoculations with Fusarium mon-
iliforme. Bakanae fungus spore suspensions were
used to inoculate at flowering IR42 plants grown
from naturally infected seeds. Infection of har-
vested seed increased from 2.6% to 18.09% (Table
15).

Two weekly sprays of benomyl 509% WP at 1.0
kg formulation/ha per application before inocula-
tion resulted in fewer infected seeds than in the
inoculated unsprayed plots (Table 16). However, a
higher seed infection was obtained from inocu-
lated plots sprayed twice after plant inoculation.

Presprouting treatment of naturally infected
seeds. JR40 and IR42 seeds purchased from
farmers with bakanae-infected fields were soaked

Table 11. Sheath blight control with fungicide sprays in the field.” IRRI, 1980.

Rate {kg or liter

Chemical

formulation/
ha per application}

Disease
contro! {%)

Sheath blight
disease rating®

NTN 19701 {25% WP)
Validamycin A (3% solution)
Iprodione {50% WP)
Triphenyltin acetate (60% WP)
BTS 40542 (40% EC,
Hoe 00662 (47.5% WP}
Ditalimfos {(50% WP}
Chevron 26745 (50% WP)
PH50-98 {20% wt/vol)
CGA 64250 (25% EC)
Chevron 20615 {50% WP}
Pyrazophos {30% EC)
Hoe 25986 {75% WP)

1 500 {40.4%
Top Cop (54 4% flowable}
Benomyl {(50% WP}
Hoe 00663 (62.5% dispersion)
Dowco 444 (72.1% EC)
WL-28325
No chemical {unsprayed plants)

1.5 1.8 513
2.0 23 41.0
2.0 23 410
06 24 38.5
20 29 25.6
04 3.0 231
10 3.0 231
0.5 30 231
30 3.2 18.0
10 32 18.0
05 33 154
3.0 34 128
08 34 128
40 34 128
4.0 3.5 103
10 3.6 77
03 37 5.1
08 38 2.6
1.0 38 26
oo 3.9 -

“The first spray was applied when pamcle:were about 2 5 cm, and the second or last, 3 weeks later at about 80 to 90% heading. The

plants were

Il culture of the sheath biight fungus 1 to 2 d:

ays_after the first spray

>n. “Mean of 5 ications of IR442-2.58, each replication with an 11 2-m? plot From each plot 10 hills picked at random

were scored by the 1980 Standard Evaluation System for Rice
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Table 12, Recovery.or death of bakanae-infected IR42 seed-
lings with different initial disease incidences.” IRRI, 1980.

Imitial disease Avofdead Av of seedlings

that

(%) (%) (%)

10 28 55.0

20 53 60.0

30 586 63.4

40 8.0 688

50 8.2 690

60 8.7 70.8

70 82 765

80 10.9 781

90 7.1 80.6

100 5.9 880
None (seeds treated 1]

with benomyl)

None (seeds treated 0

with benomyl! and
seedlings sprayed with
benomyl)
None (seeds treated 0
with benomyl and
seedlings sprayed with
Homai)

“Av of 5 replications

for 24 hours in benomyl suspension and then incu-
bated in moist jute sacks for 48 hours. The pre-
sprouted seed was sown in dapog beds and infected
seedlings were counted 10 and 14 days after
seeding.

The test showed that although the two varieties
differed in degree of seed infection, benomyl at a
concentration of 2.0 g formulation/liter suspen-
sion for seed soaking was effective in controlling
bakanae in both (Table 17).

Benomyl-treated and untreated seedlings of

Table 13. Yield losses {1,000-grain weight and actual yield) in
relation to bakanae disease incidence “ 1RRI, 1980.

Loss in Loss in
Tritial 1,000-grain grain yield
disease wt (%) pot {%)
3

XK XL XM XK XL XM
10 23 51 27 28 184 184
20 41 63 45 91 237 236
30 44 73 48 159 294 293
40 47 76 51 161 295 296
50 5.4 82 58 180 312 311
60 54 74 58 21.9 345 344
70 62 89 65 233 356 356
80 61 89 65 234 408 407
920 62 93 69 317 426 426
100 9.1 118 95 329 437 436

“Av of 5 replications XK = av loss based on plants from seeds
treated with benomyl; XL = av loss based on plants with
benomyl seed treatment and sprayed weekly with benomyl
until matunty, XM = av loss based on plants with benomyl
seed treatment and sprayed weekly with Homai until maturity.

both varieties were planted in a split-plot experi~
mental design and 2 weekly benomyl sprays were
applied. The plants grown from benomyl-treated
seeds of both varieties exhibited less than 1%
infected hills; those from the untreated seeds had
12 to 18% infection in IR40 and 21 to 29% infec-
tion in IR42 (Table 18). The 2 weekly benomyl
sprays did not significantly reduce the number of
infected hills.

In similar tests of benomyl used at three concen-
trations for soaking naturally infected IR42 seeds
obtained from two sources, the initial and repeated
(second) use of each concentration and suspension
showed effective bakanae control in the dapog
beds (Table 19). At 10 days after seeding the 3
concentrations exhibited slight differences in num-
ber of infected seedlings.

Three chemicals besides benomyl were tested at
2.0 and 1.0 g formulation/liter suspension as pre-
sprouting treatment: benomyl-thiram (40% WP),
thiophanate-methyl-thiram (80% WP), and thio-
phanate-methyl (70% WP) gave effective bakanae

Table 14, Ci of2planting used indetermin-
ing the degree of seed infection with " ift in
terms of | el i i from

naturally infected IR42 seeds. IRR’I, ;980.

Infected seedlings” (no )
Planting method

Rep.1 Rep 2 Rep 3 Mean

Direct seeding of 120 83 101 103
seeds in plastic
trays containing
soil
Soaking seeds in 174 155 218 1827
tap water for 18
hours before seed-
ing in plastic
trays with soil

“Counted 15 days after seeding, from seedlings grown from
150 g seeds/replcation Rep. = replication.

Table 15. Indidence of bakanae-infected seeds after artificial
field inoculations with Fusarrum monififorme spore suspen-
sion.” IRRL, 1880.

Seeds with
Treatment Fusarium moniliforme® (%)
Uninoculated 26
Inoculated 180

“Plants grown from benomyl-treated (presprouting treatment)
and untreated naturally infected IR42 seeds were inoculated 3
times at 2- to 3-day intervals at the time the flowers opened.
“Mean of 8 i From eachr ion, 100 seeds were
used in determining the number of infected seeds using Koma-
da's selective medium for Fusanum spp in the laboratory.
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Table 16. Degree of infection of seed harvested from IR42 plants” i I; with f and sprayed with
benomyl 50% WP in the field. IRRI, 1980
Rate of benomyl
Treatment {kg formulation/ ‘Seeds with .
ha per application} Fusarium moniliforme® (%)

Uninoculated + 2 sprays i0 2.0
Uninoculated, unsprayed 00 33
Inoculated + 2 sprays before inoculation 10 11.8
Inoculated, unsprayed 0.0 163
Inoculated + 2 sprays after inoculation 1.0 198
“Plants grown from benomyl-treated { )and d lly nfected seeds were Inoculated 3 imes at 2-
to 3-day intervals at the.time the flowers opened. ®Mean of 4 From each seeds were used in

determining the number of infected seeds using Komada's selective medium for Fusarum spp in the laboratory

Table 17. Bak control withb
as presprouting treatment.” IRRI, 1980,

50% WP

infected seedlings {no )

Concn
{g formulation/
liter suspension}

10 days after
seeding®

14 days after
seeding®

AT;st varety. IR40
20

20 441
00 42.9 1716
Test vanety: IR42
20 16 1392
00 166 9 5868

“12 0 kg seeds/variety were soaked for 24 hours, sncubated in
morst jute sacks for 48 hours until they sprouted, and finally
seeded in dapog beds *Ab I only
Mean of 10 sample portions of dapog bed, each portion
measunng 025 X 075 m (01875 m?) “Abnormally elongated
seedlings’and those with foot rot Mean of 10 sample portions
of dapog bed, each portion nieasuring 035 x 03 m (0,105 m?).

control in naturally infected IR40 seeds (Table 20).
A similar test with naturally infected IR42
(Table 21) ¢onfirmed the results on bakanae con-

trol with benomyl, benomyl-thiram, thiophanate-
methyl-thiram, and thiophanate-methyl. TCMTB
(65% WP) and thiabendazole (45 wt/vol),eachat 1g
concentration, also showed effective bakanae con-
trol 10 and 14 days after seeding of treated seeds.
Further tests using naturally infected IR42 seeds
showed effective bakanae control at 8 and 14 days
after seeding with benomylat 2, 1, and 0.5 g formu-
lation/liter suspension, and thiophanate-methyl-
thiram and thiophanate-methyl, each at 2 and 1
g/liter (Table 22). The high concentrations of each
fungicide showed better and effective bakanae
control than the low ones.

The same chemical suspensions were saved and
used to soak.another batch of naturally infected
IR42 seeds a week later. Similar results were
obtained indicating that the chemical suspensions
from benomyl, thiophanate-methyl-thiram, -and

Table 18, Bak ntrol with y150% WP as ing and faliar spray treatments for naturally infected
IR42 seeds and plants.” IRRI, 1980 -
Rate of
Conen benomyl sprays Bakanae-infected hills® {%)
{g formulation/ {kg for ion/ Grain yield”
liter suspension) ha per application) 1 MT 2 MT 3MT (t/ha)
Test variety. I1R40
2.0 10 X 01 01 598
20 0.0 02 05 05 5.66
00 10 135 181 184 536
00 00 125 171 i7¢ 481
Test variety. IR42
20 10 - » 04 07 503
20 00 01 . 03 03 4,78
0.0 1.0 273 29.1 293 414
0.0 o0 210 257 264 396

“12 0 kg seeds/variety were soaked for 24 hours and incubated in moist jute sacks for 48 hours until they sprouted. The sprouted
seeds were seeded’in dapog beds and transplanted in the field 10 days after. “Mean of 8 replitations, each replication with 625
at 129

hills/25-m* plot. MT = months after “Mean of 8

content, each with 16-m*

harvested area
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Table19 Bakanae control with benomyl50% WP suspensions
i f

Table 21. Bakanae contral with systemic fungicide suspen-

as for infected IR42 seeds.” sions as p: for lly infected IR42
IRRI, 1980. seeds.” IRRI, 1980.
Infected seedlings” Conen
Concn {no./dapog bed) {g orml Infected
{g/formulation per Chemical formulation/ seedlings®
liter suspension} inital use Second use Iiter {no)
of benomyl of the same suspension}
suspensions” benomyl
suspensions” Per 0.44 m* dapog bed"
Benomyl (50% WP} 1.0 3.0
2.0 4 7- Thiophanate-methyl- 1.0 30
1.0 6 3 thiram {80% WP)
05 4 7 Benomyl-thiram 10 .78
00 1197 2,950 {40% WP)
Thi thyl 10 85
“Seeds at 4 kg/concentration were soaked 1n benomyl suspen- {70% WP)
stons and water for 24 hours The treated and untreated seeds TCMTB (65% WP) 1.0 380
were Incubated in most jute sacks for 48 hours When they Thiabendazole 10 430
sprouted, they were seeded in dapog beds withan area 0f1.76 o
m* {08 X 22m} "Seedlings with abnormal elongation symp- {45% wt/vol}
toms only, 10 days after seeding “Naturally infected IR42 seeds PP389 JF5816 10 2045
bought from a farmer at Masapang, Victoria, Laguna "Natur- {50% WP}
ally infected IR42 seeds from Agncultural Engineering Depart- No chemical 00 295.8
ment field planting at IRRI. The same benomy! 1 { seeds)
used for soaking IR42 seeds from Masapang were used to treat
the IRR! seeds. Per 022 m* dapog bed”
Benomy! {50% WP) 10 635
Thiophanate-methyl- 1.0 773
o
Table 20. Bakanae control with systemic fungicide suspen- Té;\/:?ér}ég%ﬁwvg) 10 127.0
sions as i for infected 1R40 Benomylthiram 1.0 131.8
seeds. IRRI, 1980 - 140% WP)
= ¥ 148.8
Concn Infected Th(;o&acvapt;a methy! o
(g for ings” Th 1.0 199.8
Chemical liter {no/150 g 45% wt/vol)
suspension} seeds) PP389 JF5816 10 3058
o
Benomyl {(50% WP) ? g 1; Nést?h/;n\?i’:a)l 00 4063
Benomythiram 20 13 {untreated seeds)
(40% WP} 10 18 1 0 kg seeds/replication were soaked for 24 hours, incubated
Thiophanate-methyl- 20 20 n moist jute sacks for 48 hours until they sprouted, and finally
thiram (80% WP} 1.0 13 seeded in dapog beds “Seedhings with normal elongation
Thiophanate-methyl| 20 14 symptoms“only, 10 days after seeding. Mean of 4 replications.
{70% WP} 1.0 15 A % and fﬂl;cose I/vnt{lof:sotemg
No chemical 0.0 57 counted 14 days after seeding. Mean of 4 replications, eac!

{untreated seeds)

"150 g seeds/treatment were soaked for 18 hours, iIncubated 1n
moist jute sacks for 48 hours until they sprouted, and then
seeded in plastic trays containing soil “Seedlings with abnor-
mal elongation symptoms only, counted 16 days after seeding

thiophanate-methyl can be effectively used twiceto
treat seeds.

CERCOSPORA LEAF SPOT

Foliar sprays. Nine fungicide samples were tested
as foliar sprays to control Cercospora leaf spot.
Five rows of M1 273 plants were sprayed 3 times at
weekly intervals starting 3 weeks after sceding. The
test plants were inoculated 1 day after the first
spray application.

replication with 022 m? {(0.55 x 0.4 m) dapog bed

Benomyl, benomyl-thiram, thiophanate-methy),
thiabendazole, and PP296 JF7168, each applied at
the rate of 1.0 k formulation/ha per application
gave effective Cercospora leaf spot control 3 weeks
after inoculation (Table 23). PP296 JF7168 was
phytotoxic.

EFFECT OF TEMPERATURE ON SPORULATION BY
FUSARIUM MONILIFORME IN PLANTS

The effect of 6 constant and 13 fluctuating temper-
atures on sporulation by Fusarium moniliforme in
plants was studied. Among the constant tempera-
tures sporulation appeared to be maximum be-
tween 30°-35°C, indicating a range favorable or
optimum for sporulation of the fungus (Fig. 1).
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Table 22. Bakanae contro} with systemic fungicide suspen-
sions as i for lly infected IR42
seeds.” IRRI, 1980.

Congn

{g formulation/ Infected

Chemical liter seedlings
suspension) {no)

Per 044 m* dapog bed®
Benomyl (50% WP) 2.0 0.0
10 03
05 10
Thiophanate-methyl- 2.0 03
thiram (80% WP} 10 03
Thiophanate-methyl 20 03
{70% WP} 10 18
No chemical 00 4728
{untreated seeds)
Per 022 m* dapog bed*®

Benomyl (50% WP} 20 253
1.0 355
0.5 443
Thiophanate-methyt 2.0 288
(70% WP) 1.0 588
Thiophanate-methyl- 20 340
thiram {80% WP) 1.0 523
No chemical 0.0 5350

{untreated seeds)

“1.0 kg seeds/replication were soaked for 24 hours, incubated
n moist jute sacks for 48 hours until seeds sprouted, and then
seeded in dapog beds *Seedlings with abnormal elongation
symptoms only, 8 days after seeding Mean of 4 replications,
each rephcation with 1.1 X 04 m dapog bed. <Mean of4 replica-
tions, each replication with 0.55 x 0.4 m dapog bed. Abnor-
mally elongated seedlings and those with foot rot, counted 14
days after seeding

The maximum number of spores was found at
fluctuating day and night temperatures of 35°/
25°C, followed by 35°/20°C, 40° /25°C, 40°/
20°C, and 35° /30°C (Fig, 2).

Sporulation capacity (X 20,000)
150

30%30°C 35%35°C
O

100 2525°C

50 20%20°C

15%15°C

[}

1. Effect of constant temperatures on sporulation of Gibberella
JSigikuroi Saw. in rice plants IRRI, 1980,

DETACHED-LEAF METHOD OF FUNGICIDE BIOAS-
SAY FOR SHEATH BLIGHT

The spore germination test and the measurement
of inhibition zones of mycelial growth are imprac-
tical for testing fungicide efficacy against Rhizoc-
tonia solani. A laboratory technique which used
detached leaves of a susceptible rice line was tested.

In a preliminary test, flag leaves of IR1487-372-
1-1 were cut about 17 cm from the tip and soaked
in tap water for a few minutes. The cut leaves were
grouped into six: the first five groups were sprayed
separately with a chemical, and the sixth served as
control. The leaves were sprayed until runoff, then

lated M1273 plants in the greenhouse.” IRRI, 1980

Table23. Cercosporaleafspotcontrol with i prays on artificially i

Rate (kg or hter

Chemical formulation/ Cercospora leaf spot Phytotoxic
ha per apphcation) disease rating® effect

Benomyl {50% WP) 10 1.0 None ~
Benomyl-thiram (40% WP) 10 1.0 None
Thiophanate-methyl {70% WP) 1.0 1.0 None
Thiabendazole (45% flowable} 1.0 10 None

PP296 JF7168 {12.5% wt/vol) 10 1.0 Phytotoxic"
MB953 (50% WP) 10 60 None
PP389 JF5816 (50% WP) 1.0 80 None
Galben (25% WP) 10 90 None
NTN 19701 {25% WP} 1.0 20 None
No cherical (unsprayed plants) 00 90 None

“Five rows of plants per plastic tray were sprayed 3 times at weekly intervals. The first spray was at 3 weeks after seeding “Mean of
3 replications, each replication with 5 rows of plants per tray Scored by the 1980 Standard Evaluation System for Rice. “Stunted
plants with more tillers than the normal plants 3 wk after inoculation.
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Sporutation capacity {X 20,000)

300

2501-

200~

50~

o]

35%10°C

2, Effect of fluctuating temperatures on sporulation of Gibberella fujikuroi Saw. in

rice plants, IRRI, 1980,

arranged at random in porcelain trays lined with
moist paper towels. The test was rephcated four
times with two leaves in each treatment. Each leaf
was inoculated in the middle with a'sclerotial body
of R. solani (R-57). After inoculation the trays
were covered tightly with aluminum foil and incu-
bated at room temperature for 4 days. :
Chemicals tested with the technique were ipro-
dione, validamycin, NTN 19701, Hoe 00662, and
triphenyltin acetate. Iprodione and validamycin,
which had shown satisfactory control in field tests,
afforded effective control by suppressing lesion
development on inoculated leaves (Table 24).

AMENDMENTS TO ACROCYLINDRIUM ORYZAE
SPORE SUSPENSION FOR INDUCING SHEATH ROT

Spraying a spore suspension is a rapid and practi-
cal inoculation technique for most foliar fungus
diseases. Experiments in 1980 sought to improve
the technique for use with sheath rot.

Seedlings of IR1487-372-1-1 (susceptible breed-
ing line) were grown (3 seedlings/ pot) in the phyto-
tron and transferred to the greenhouse after 10
weeks. The test plants were divided.into two lots.
One lot was treated with silicon.carbide powder
(600 grit carborundum) before inoculation, and

of sheath blight lesions on IR1487-372-1-1:4 days after inoculation.” IRRI,

Table 24, Effect of sprays on
1880,
Av percentage of leaf area infected {cm*}
Chemical Rate®

{ppm product} Rep. 1 Rep 2 Rep. 3 Rep 4 Mean
Iprodione {50% WP} - 500 088 0 048 3.68 126
Validamycin A {3% solution) 1000 0 1.12 1.0 377 147
NTN 19701 (26% WP} 500 423 134 592 2,23 343
Hoe 00662 (47.5% WP} 200 475 938 473 2.70 540
Triphenyltin acetate (60% WP) 300 5.87 559 444 9.34 631
No chemical {unsprayed, —_ 1147 1418 11.87 16.97 13.57

“Inoculated with sclerotia Rep. = replication. “Based on standard recommendation.
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Table25 Sheathrotinf asi d by various d on carb dum-treated and plants. IRRI, 1980
Sheath rot infection (%)
Carborundum-treated Untreated
t
Treatment Infected Infected Infected Infected
plants tillers plants tillers
25% nutrient solution 0 0 8 0
50% nutnent solution 0 0 b g
76% nutrient solution 0 0
25% beef extract-peptone solution 83.3 28.5 0 0
50% beef extract-peptone solution 333 103 16.6 2.2
0.125% agar 166 14 g 0
0.5% gelatin 0 0 0
0.1% Tween 20 [polyoxyethylene (20) 83 08 0 0
sorbitan monolaurate] v

Distilled water 83 1.0 0 1]

0 0 0 ]

Uninoculated

the other was left untreated. The powder was
mixed with water (1 g/ 100 ml) and sprayed on the
plants from the boot to the flag leaf. Each Jot was
further subdivided into 10 groups of 4 pots each to
accommodate subplot treatments — 25, 50, and
75% nutrient solution, 25 and 50% beef extract-
peptone solution, 0.125% agar, 0.5% gelatin, 0.1%
Tween 20 [polyoxyethylene (20) sorbitan mono-
laurate], distilled water, and uninoculated.

Spores of Acrocylindrium oryzae from 1-week-
old cultures were dislodged and suspended in the
various solutions as inoculant. Inoculated plants
remained in the greenhouse until sheath rot symp-
toms developed.

A spore suspension in 25% beef extract-peptone
solution was the best effective subplot treatment:
83.3% of the carborundum-treated plants and 28.5
of the tillers/ plant exhibited sheath rot symptoms
(Table 25). Sheath rot appeared 2 weeks after
inoculation, and became more severe with time.
‘Wounding of the plants with carborundum before
inoculation greatly increased disease development.

ECOLOGY OF THANATEPHORUS CUCUMERIS AND
CULTURAL CONTROL OF SHEATH BLIGHT

‘Weed hosts. The basidial stage of the rice sheath
blight pathogen Thanatephorus cucumeris was
observed frequently on rice in rainfed wetland and
dryland fields at IRRI. It was also noted on Paspa-
lum distichum in a rainfed wetland field, but was
not seen in irrigated wetland rice.

Many weed species have been reported as hosts
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of T. cucumeris (Table 26). In addition, three spe-
cies of Cyperus — C. compactus, C. ferax, and C.
kyllingia — in a fallow field after rainfed wetland
rice were found infected with T0 cucumeris. This
could be the first observation of these weeds natu-
rally infected by the rice sheath blight pathogen
(Table 27).

Effect of land preparation and herbicides on
sheath blight. When a fallow and a preemergence
herbicide for grassy weeds were applied, the
number of sclerotia of T. cucumeris was less than
in plots not treated with herbicides (Table 28).
Recovery of the fungus from rice debris 1 week
after harvest was also less. The sheath blight inci-
dence was lower in fields where land preparation
was 4 weeks before transplanting than in fields
prepared 2 weeks before transplanting (Table 29).
The mean. incidence and severity of sheath blight
infection that was not closely related to application
of herbicides for grassy weeds was perhaps due to
infection of Monochoria vaginalis, which was also
a’host of the pathogen.

Saprophytic colonization and infectivity. Com-
petitive saprophytic colonization of rice straws in
soil infected with the sheath blight pathogen was
influenced by submergence, whether the soil was
from a wetland or dryland rice field (Fig. 3). The
rate of colonization in dryland soil was consider-
ably higher than in wetland soil when theinoculum
level was below 50%. Infectivity of the rice straw
being colonized by the pathogen was lower in

“wetland, suggesting that the inoculum potential of
the pathogen was affected by submergence.



Table 26. Weed species identified and reported to be hosts of Thanatepharus cucumeris, the rice sheath blight pathogen in Asia,

1980.
Weed species Family IRRI Taiwan Bangla- India
desh
Alternanthera sessilis Amaranthaceae + + =
Andropagon asper Poaceae -~ — +
Chiloris sp. Poaceae + - . =
Cleome rutidosperma Capparidaceae + - =
Cynodon dactylon Poaceae + + +
Cyperus compactus Cyperaceae + = =
C. difformis Cyperaceae = + 2 >
C. ferax Cyperaceae + = s =
C. kyllingia Cyperaceae + = = -
C. pilosus Cyperaceae - = i
Cyperus sp. Cyperaceaa L - = e
Digitaria sp. Poaceae + = - =
Echinochloa colona Poaceae + = -
F. crus-galli var. Poaceae - + = =
B8ustro-japonensis
E. crus-galli var. candata Poaceae - - -
E. crus-galli ssp. Poaceae - - - -
hispidula
E. glabrescens Poaceae +* = -
E. stagnina Poaceae + - = gS
Eclipta prostrata Asteraceae + = =
Eichhornia crassipes Pontederiaceae = = + =
Eleusine indica Poaceae - = + -
Eriochloa procera Poaceae = = = +
Fimbristylis littoralis Cyperaceae = + = =
Hydrocotyle formosana Apiaceae - + v =
Hymenache pseudo- Poaceae - = -
interrupta
Imperata cylindrica Poaceae + = i o
Leersia hexandra Poaceae - - + &
Leptochioa chinensis Poaceae - + - -
Lindernia procumbens Scrophulariaceae - + - -
Lobelia chinensis Campanulaceae - - - -
Ludwiglia peploides Onagraceae g + - =
spp. stipulacea
Marsilea minuta Marsileaceae - + - -
Monochoria vaginalis Pontederiaceae + + = =
Panicum repens Poaceae - + E
Paspalidium flavidum Poaceae + - = —
Paspalum conjugatum Poaceae - g - =
P. distichum Poaceae + = - =
Rotala indica Lythraceae = ¥ - -
Rottboellia exaltata Poaceae + = = =
Scirpus juncoides Cyperaceae - + — -
Setaria sp. Poaceae » — -

Microbes and survival of the sheath blight path-
ogen. Microbial decomposition of rice straw affects
the survival of the sheath blight pathogen. A Tri-

Table 27. Weed species found as host of Thanatephorus
cucumeris in rainfed wetland rice fields. IRRI, 1980.

Weed species Natural infection
Cyperus compactus Retz. -
C. ferax Rich. +
C. kyllingia +
Echinochioa stagnina B
Imperata cylindrica +
Alternanthera sessilis +

"In the field ditches.

choderma sp. isolated from a dryland rice field was
found to decompose rice straw.

Rice straw infested with Trichoderma alone
became dark in color 2 weeks after incubation, an
indication of decomposition (Fig. 4). With T.
cucumeris alone as inoculant, only 40% of the
straw pieces became dark-colored after 16 weeks of
incubation. A mixture of the two organisms
caused 100% decomposition of straw 16 weeks
after incubation.

The microbial decomposition of rice straw
greatly affected the survival of the sheath blight
pathogen (Fig. 4). When Trichoderma and T.

CONTROL AND MANAGEMENT OF RICE PESTS 165



Table 28. Recovery of Thanatephorus cucumeris from plant residues (<5 mm in size) in wetland irrigated fields where fallow and
preemargence herbicides were applied before planting of IR36. IRRI, 1980.

Recovery (%) Sclerotia® (no.)
Treatment
At harvest 1 wk after Total Viable
harvest

No herbicide 6.4 M.z 24 1n
With herbicide

Fallow (none) 54 9.7 19 9

Preemergence (X-150)

Fallow (glyphosate) 35 74 5 0

Preemergence (none)

Fallow (glyphosate) 44 58 2 2

Preemergence (X-150)

“Per liter of surface soil.

Table 29, Effect of herbicides and land preparation on incidence and severity of rice sheath blight disease in wetland irrigated rice
(IR36). IRRI, 1980 wet season.

Sheath blight” Monochoria infection”
Land preparation Sclerotia®  Yield
Treatment” (wk before Incidence  Severity index (no.) (t/ha) No. Sheath blight
transplanting) (%) (0-100) incidence (%)
No herbicide 2 a1 23 85 ) 79 12
3 40 18 152 3.1 44 9
4 31 11 24 3.6 79 7
Fallow (glyphosate) 2 39 24 61 2.9 127 25
Preemergence (none) 3 35 18 56 28 i 16
4 N 13 34 31 N 18
Fallow (none) 2 48 18 58 37 52 6
Preemergence (X-150) 3 38 17 113 38 114 5
4 27 14 16 39 53 6
Fallow (glyphosate) 2 48 21 82 36 105 6
Preemergence (X-150) 3 35 19 54 3.6 184 9
4 24 15 31 4.0 136 6

“Herbicides for graminaceous weeds. “Mean of 25 hills/plot. “Infection after transplanting. “Damaged by rats.

cucumeris were mixed together with the rice straw, isms, either singly or in combination, was not sig-
recovery of the sheath blight pathogen was reduced nificantly different (Fig. 5). The Trichoderma sp.
to 20% at 2 weeks after incubation. Rice straw appeared to be highly competitive, and with a
weight loss due to colonization by the two organ- cellulolysis adequacy index higher than that of T.

Colonization and infectivity (%)

100 N \C}oQ
§ Dry-dry §

80 \‘ 80b§
I .
N\ \

. |\ -
Y \ s

w0 N N N N
N N N N

2 YN S N N
N N N N

100 %0 50 10 00 %0 S0 10 Oloososoto o0 90 S0 ©

Level (%) of inoculum in the system Level (%) of inoculum in the system
3. Saprophytic colonization by Thanatephorus cucumeris, the rice sheath blight pathogen, and infectivity of rice straw buried in soil of

wetland and dryland origin. Wet-dry = wetland soil, dryland condition; wet-wet = wetland soil, submergence condition; drydry=
dryland soil, dryland condition; dry-wet = dryland soil, submergence condition. IRR1, 1980.
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Strow pieces (%) that
produced dark pigment Recovery of Tcucumens (%)
100

Mixture of WM,

4, Effect of Trichoderma sp. isolated from dryland rice field on
rice straw decomposition and on saprophytic survival of the
sheath blight pathogen Thanatephorus cucumeris. IRR1, 1980.

cucumeris and other rice fungal pathogens (Table
30).

Survival of T. cucumeris was betterin a dryland
than in a wetland soil where sclerotia were often
colonized by saprophytic bacteria in paddy water.
Bacteria isolated from sclerotia collected in a
paddy wetland field inhibited the mycelium growth
in vitro (Table 31).

FIELD EPIDEMIOLOGY OF RICE TUNGRO

Studies on the epidemiology of rice tungro disease
in 37 farmers’ fields in Luzon continued. From
November 1979 to October 1980, the incidence of
tungro disease on different varieties at various

Table 30. Cellulolysis adequacy index (CAl) of Thanatephorus
cucumeris and other rice disease pathogens, and of
Trichoderma sp., a soil saprophytic fungus, on filter paper.
IRAI, 1980.

Rate of
% loss linear
Organism of filter growth  CAl
wit® {mm/day)
Rhynchosporium oryzae 10.33 19.6 053
T. cucumeris from
Dryland rice 2581 47.8 0.54
Wetland rice 27.54 51.0 0.54
Monochoria 3433 423 0.81
Sclerotium roifsii 23.33 204 1.14
from rice
Fusarium moniliforme 16.00 11.0 1.45
Trichoderma sp. from
dryland rice field 31.00 103 am

Weight loss (%)
100

0 1 I I 1 L
2 4 6 8 10 12 4 L3

Incubation (wk)

5. The weight (wet) loss of rice straw being colonized by Tricho-
derma sp. and the rice sheath blight pathogen Thanatephorus
cucumeris at different durations of incubation as compared to
rice straw that was not infested by any of the two organisms.
IRRI, 1980.

growth stages was observed. A total of 558 collec-
tions of tungro vectors (Nephotettix virescens, N.
nigropictus, and Recilia dorsalis) was made to
determine the population density of the vectors.
The infectivity of 5,349 vectors collected from the
fields was determined by seedling infection.

The results revealed that tungro incidence,
number of tungro vectors per collection, and per-
centage of infective insects varied among months,
provinces, types of field, and rice cultivars (Table
32). The highest tungro incidence was found in
November 1979, the lowest in February 1980. The
number of tungro vectors was highest in November

Table 31. Inhibition of Thanatephorus cucumeris mycelium
growth by bacteria isolated from its sclerotia in irrigated rice
fields. IRRI, 1980.

Bacterial Inhibition area”
isolate {mm in diam)
In-b4 325=0
In-b-5 258 =14
In-b-3 185+ 35
In-b-9 142 = 08
In-b-7 1132 11

“Based on control, 7 weeks after incubation.

“Mean of 3 replications.
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Table 32. Tungro incidence and tungro vectors in 37 study fields in Luzon, Philippines, 1979-80.

Tungro Tungro vectors®
Observa- Inci- Coliec Infec-
tions Fields dence tions Av per 10 Tested tive
(no.) (%) (%) (no.) sweeps (no.) (no.) (%)

Month
November 74 254 5.75 44 77 704 241
December 74 123 3.53 43 14 370 0.81
January 93 54 0.36 60 05 163 0.00
February 74 0.0 0.00 40 1.2 120 0.00
March 74 52 0.09 45 3.7 247 1.21
April 92 10.7 081 50 6.8 563 0.00
May 74 9.5 0.72 48 341 429 0.23
June 74 87 0.87 58 7.0 812 0.25
July 93 36 0.0 55 6.8 904 0.00
August 74 18 0.01 39 28 335 0.00
September 88 141 0.03 51 5.0 484 0.00
October 78 17.6 0.15 25 37 218 0.00
Province
Bulacan 260 86 046 169 6.7 2169 0.09
Laguna 208 13.6 0.72 114 26 840 0.36
Nueva Ecija 130 5.1 0.02 83 73 1133 0.09
Pampanga 156 145 5.76 103 1.1 420 452
Tarlac 208 7.0 0.01 89 2.5 787 0.13
Type of field
Seedbed 50 0.0 0.00 49 10.0 860 0.00
Paddy 443 74 0.18 202 28 1227 0.16
Stubble 213 16.4 2.2 213 6.1 a2 0.75
Idie 256 0.0 0.00 94 0.1 a1 0.00
Rice cultivar
Ci 3 100.0 15.00 3 27 32 18.76
2 9 100.0 52.22 9 8.2 180 7.22
IR34 1 0.0 0.00 6 22 51 0.00
IR36 487 5.7 0.13 315 35 3118 0.13
IR42 57 17.5 0.02 39 7.2 589 0.51
IR44 106 85 0.03 72 10.5 1092 0.00
IR46 3 0.0 0.00 1 0.0 0 0.00
IR247 8 0.0 0.00 5 26 52 0.00
IR2307 11 0.0 0.00 7 12.0 110 0.00
Muslim var. 1 81.8 10.94 7 2.9 84 0.00

"The vectors are Nephotettix virescens, N. nigropictus, and Recilia dorsalis.

and lowest in January. The infective insects were
found in November, December, March, May, and
June, but the highest percentage was in November.

The tungro incidence was higher in study fields
in Pampanga than in other provinces. Stubble
fields had higher tungro incidence and higher per-
centage of infective insects. However, the number
of tungro vectors in seedbeds was higher than that
in fields at other growth stages of the plants.

Rice varieties C21 and C1 had higher tungro
incidence than other rice cultivars in the study
fields.

The results again indicated that the incidence of
tungro disease in the wet season crop was affected
by the vectors’ population and percentage of infec-
tive insects (as indication of virus sources) in April
to June (Table 33). The period from April to June
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was before and after seedbed and field prepara-
tion, seedbeds with rice seedlings, and fields with
newly transplanted rice plants. Consequently, the
data collected in early stages of the rice crop could
be used as criteria for forecasting the incidence of
tungro disease.

RICE TUNGRO VIRUS COLLABORATION

A RTV (rice tungro virus) Collaboration Project,
launched in 1978 with the main objective of deter-
mining the possible causes of variation in varietal
reaction to tungro disease, continued in 1980. The
project had collaborators at:

® AICRIP (All India Coordinated Rice Im-

provement Project), Rajendranagar, India;
® BRRI (Bangladesh Rice Research Institute),




Table 33. Tungro vectors in study fields from April to June and incidence of rice tungro disease from June to October in Luzon.

IRRI, 1973-80.
Tungro vectors” (Apr-Jun) Tungro (Jun-Oct)
Collec- Observa- Inci-
Year tions Av/10 Tested Infec- tions Fields dence
(no.) sweeps (no.) {no.) tive (%) (no.) (%) (%)
1973 68 58 1028 0.00 151 1" 0.60
1974 166 1.0 2425 1.77 244 45 2.38
1975 181 98 3319 0.69 234 72 332
1976 145 3.9 2244 0.18 267 25 0.33
1977 172 3.0 1578 0.00 235 17 0.03
1978 170 23 1844 0.00 241 0 0.00
1979 162 33 1782 034 234 18 2.011
1980 156 5.8 1804 0.7 203 " 0.06

“The vectors are Nephotettix virescens, N. nigropictus, and Recilia dorsalis. "Rice fields with only a few tungro-infected plants were
excluded. “The Philippine Government launched a green leafhopper control program in the area in July and August. “95% was due
to the occurrence of the disease on varieties C1 and C21 in 3 study fields.

Joydebpur, Bangladesh;

¢ CRRI(Central Rice Research Institute), Cut-

tack, India;
e LPPM (Lembaga Penelitian Pertanian
Maros), Sulawesi, Indonesia; and

e RPB (Rice Pathology Branch, Division of
Plant Pathology and Microbiology, Depart-
ment of Agriculture), Bangkhen, Thailand.

The data on tungro transmission and seedling
infection for 10 varieties contributed by the colla-
borators were used to evaluate the susceptibility of
the varieties to tungro and also to differentiate
strains of RTV,

Varietal reaction to tungro vector. The life span
of tungro-viruliferous N. virescens was not identi-
cal in a sample, among rice varieties, among sites,
between the tests made in 2 years, and between
sexes. However, when the average life span of the

tungro vector was used as a criterion, the reaction
of rice varieties could be arbitrarily grouped into
resistani, intermediate, and susceptible as shown in
Table 34. The grouping revealed that a rice variety
resistant at a site might not always be resistant at
other sites. For instance, Ptb 18 was resistant at all
sites except at AICRIP, where it was intermediate.
Only TNI showed a similar reaction at all sites.
Difference in biotypes of tungro vector. A col-
ony of the tungro vector can build up its “adapta-
bility” to Pankhari 203 when the insects are reared
continuously on Pankhari 203 in the greenhouse
(Annual report 1969). Green leafthoppers collected
in fields at IRRI, Pila, and La Trinidad survived
much longer on IR8 than insects reared in the
greenhouse (Annual report for 1970). Therefore,
differentiating biotypes merely on the basis of the
life span of the tungro vector on a rice variety may

Table 34, Reactions of 10 rice varieties to tungro-viruliferous Nephotettix virescens and to tungro virus at 6 sites”, on the basis of

an arbitrary classification system, 1980.

Reaction” to vector (letter on left) and to virus (right)

Variety

AICRIP BRRI CRRI IRRI LPPM RPB
Ambemohar 159 IS S- Ss S8 Si I
Gam Pai 30-12-15 Ri - RI Rl L} I
Habiganj DW8 sS = SR SR SR Sl
IR26 SS S- SS S8 SS RI
IR34 1] - RI RI Ri S8
Kataribhog 1S - SR St Sl SS
Latisail IS S- SS SS SS Rl
Pankhari 203 ] — Si IR IR Ri
Ptb 18 IS R- RR Ri RR RI
TN1 SS S- SS SS S5 SS

“AICRIP = All India Coordinated Rice Improvement Project, Rajendranagar, india; BRRI = Bangladesh Rice Research Institute,
Joydebpur, Bangladesh; CRRI = Central Rice Research Institute, Cuttack, India; LPPM = Lembaga Penelitian Pertanian Maros,
Sulawesi, Indonesia; RPB = Rice Pathology Branch, Division of Plant Pathology and Microbiology, Department of Agriculture,
Bangkhen, Thailand. *R, |, S, and a { - ) indicate resistant, intermediate, susceptible, and data not available.
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Table 35. Possible combinations® of rice varieties to be used for differentiating biotypes of Nephotettix virescens at 6 sites.”

Ambemohar Gam Pai Habiganj IR26 IR34 Kataribhog

Variet

A aBcCilmrR aBcCilmrR aBcCilmrR aBcCilmrR aBcCilmrR aBcCilmrR
Gam Pai IILLLLLSs
IR26 SsSSSSSLL
IR34 ILLLLLLSS LLLLLLLSS
Kataribhog SISSSSSSS
Latisail SsSSSSSLL sSSSSSSLL
Pankhari s-lLLLI- S-SSSssl- I-gsLLLL- I-sILLL s-SSSsSL-
Ptb 18 ILLLLLLLL JLLLLLLLL =ILissLLL
TN1 'slissssSS sssSlisss sSssllliL
“Land | = longer life span; S and s = shorter life span. Capitals mean significantly different at the 1% levelwhen_ the life span of the
insect on the varieties listed on the top are compared with those on the varieties listed on the side. The equal sign ( = ) means the
same life span; a dash (-) means data not available. Underlines indicate differences between sites. “a = AICRIP, India; B= BRRI,
Bangladesh; ¢, C = CRRI, India: i, | = IRRI; m = LPPM, Indonesia; r, R = RPB, Thailand. Small letters referto 1978 data, capital letters
to 1979 data.

not be reliable. However, the difference in life span
of the tungro vector between two varieties tested
under the same condition can serve as criterion for
differentiating biotypes among colonies at one or
more sites. For instance, the average life span of
the tungro vector on IR 34 was significantly longer
at the 1% level than on IR26 at the Thailand site
while the reverse was true at the five other sites
(Table 35). The tungro vector apparently has dif-
ferent biotypes. The biotype of the tungro vector at

RPB differed from the biotypes at the other sites.
In some cases, more than one set of two varieties

are essential for the differentiation. For instance,
IR34 and Ptb 18 as well as IR26 and Pankhari 203
would be needed to differentiate the insect biotype
at LPPM from the biotypes at IRRI and other
sites.

Varietal reaction to tungro virus. Based on per-
centage of infective insects, average retention
period, percentage of infected seedlings, number of
infected seedlings per insect, and number of in-
fected seedlings per infective insect, the 10 rice
varieties were arbitrarily grouped into resistant,
intermediate, and susceptible as shown in Table
34. The grouping revealed that Gam Pai 30-12-15
was intermediate and TN1 was susceptible at all
five sites. The reactions of the eight other varieties
differed among the five sites. Ambemohar 159,
IR26, IR34, and Latisail were either susceptible or
intermediate. Habiganj DW8, Kataribhog, and
Ptb 18 were susceptible, intermediate, or resistant.
Pankhari 203 was either intermediate or resistant
in the five sites.

Tungro transmission. The tungro virus-vector
interaction has been categorized as transitory. The
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average retention period of tungro virus by N.
virescens is generally less than 2 days unless the
temperature is low and only a low percentage of
the insects retain infectivity for 5 days. This was
confirmed by the fact that less than 19 of the

Infected seedlings (%)
80

F CRRY 1978-79

= IRRI 1978-79

(1598 5%30)
40
o LPPM 1978
20 b (798 2807)
0
60— RFB (978
| (372 973)
40._
20—
9 I~ 2 & .4 5 I 2 5 48

Days offer acquisition feeding

6. Seedlings infected by tungro-viruliferous Nephotettix vires-
cens at different sites showing the retention of insects” infectivity
after acquisition feeding when tested by daily serial transmission
for 5 days. Numbers in parentheses indicate number of insects
tested (left) and number of seedlings inoculated (nght). 1980.




Table 36. Reactions of 6 varieties to Nephotettix virescens and
to rice tungro virus at 5 sites, 1980.

Reaction” to vector
(letter on left) and to
rice tungro virus (right)

Variety

AICRIP  CRRI IRRI LPPM RPB
Habiganj DW8 SS SR SR SR —
IR26 SS SS S5 SS Rl
IR34 Il RI RI Rl SS
Kataribhog 5] SR — — S8
Latisail IS SS SS SS Rl
Ptb 18 IS RR - RR -

“R, |, and S indicate resistant, intermediate, and susceptible,
Underlines indicate remarkably different from the others. A
dash (—) means no data available.

insects tested retained their infectivity 5 days at
AICRIP,CRRIL IRRI, and LPPM (Fig. 6). Butat
RPB, 4.3% and 27.6% of the insects remained
infective for 5 daysin 1978 and 1979. The retention
periods of the virus by the tungro vector at RPB
were unusually long, particularly in the test con-
ducted in 1979. The reason remains obscure but it
indicated a difference in tungro transmission be-
tween RPB and the four other sites.

Possible tungro strains. The reactions of IR26
and Latisail were intermediate at RPB but suscept-
ible at the other sites. Similarly, IR34 was suscept-
ible at RPB but intermediate at other sites (Table
36). It suggests that the tungro strain at RPB dif-
fered from the strains at other sites. The differences
in varietal reaction to RTV appeared to be corre-
lated with the degree of resistance to tungro vector
of the varieties at those sites and those varieties

may not properly differentiate the RTV strain at
RPB from the strains at other sites. Ptb 18, which
showed different reactions to RTV, might be a
proper differential for differentiating the RTV
strains at AICRIP from those at CRRI and
LPPM.

Habiganj DW8 was susceptible to the tungro
vector at AICRIP, CRRI, IRRI, LPPM, and
RPB and was resistant to the tungro virus at
CRRI, IRRI, and LPPM, but not at AICRIP.
Consequently, Habiganj DW8 could be used for
differentiating the RTV strain at AICRIP from
those at CRRI, IRRI, and LPPM, particularly
from those at CRRI where it did not become
infected in 1978 and 1979 tests. Kataribhog showed
susceptible reaction to the tungro vector at CRRI
and RPB, but was resistant to tungro virus at
CRRI but not at RPB. Therefore, this variety
could be used to differentiate RTV strains at CRRI
and RPB.

LIGHT-TRAPPING OF RICE VIRUS VECTORS

The weekly collection of rice virus vectors at IRRI
by light from 1700 until 2 hours after sunset con-
tinued. The infectivity of a portion of the trapped
vectors was determined by daily serial transmission
tests. Although the number of virus vectors trapped
varied from time to time, the vectors were trapped
by light in each month throughout the year (Table
37). Among the species of tungro vectors, the ratio
was 31:21:45 for N. virescens:N. nigropictus:R.

Table 37. Average number of rice virus vectors collected by light trap” at IRRI and percentage of infective insects of various

viruses. 1979-80,
Insects (no./trap) Infective insects (%)

Month Tungro Brown plant- Grassy Ragged

vectors” hopper Tungro stunt stunt
Nov 1979 149 147 0.29 0 11.19
Dec 37 81 0 0 15.38
Jan 1980 128 56 0.31 0 6.29
Feb 28 9 0 0 9.68
Mar 341 341 0.84 0.65 13.64
Apr 390 3686 1.05 0.33 9.75
May 459 822 1.16 0 18.45
Jun 233 122 0.76 0.%0 13.12
Jul 399 223 1.18 (1] 7.34
Aug 1982 2450 0.76 0 5.14
Sep 4288 2615 0.18 0.3 2.19
Oct 1005 621 0.72 0 8.86

“From 1700 until 2 hours after sunset every Tuesday "Nephotettix virescens, N. nigropictus, and Recilia dorsalis. The ratio among
45,

the 3 species for the whole period was 34:21:
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dorsalis. However, the infective insects were 1.50%
of N. virescens, 0.069% of N. nigropictus, and 0.17%
of R. dorsalis. The overall incidence of tungro
disease at IRRI was low.

In each month, 2-18% of the trapped brown
planthoppers were ragged stunt infective. The
overall incidence of ragged stunt disease was rated
as moderate. Incidence of grassy stunt disease was
rated at trace; the percentage of grassy stunt infec-
tive insects was also low.

IDENTITY OF RICE RAGGED STUNT

Rice ragged stunt disease is known to occur in
China, India, Indonesia, Japan, Malaysia, Philip-
pines, Sri Lanka, and Thailand. Specimens were
collected in some countries and sent to the Labora-
torio di Fitovirologia Applicata del Consiglio
Nazionale delle Ricerche, Italy, for identity studies.
The laboratory prepared antiserum against rice
ragged stunt virus from the Philippines and devel-
oped an immunoelectron microscopy decoration
test for determining specificity of the reaction
between antiserum and virus. The reacting subviral
particles had dark haloes of antibody and negative
stain, whereas nonreacting particles were paler,
with sharp borders under an electron microscope
(Fig. 7). The specimens collected in China, India,
Indonesia, and Thailand had symptoms similar to
those of ragged stunt disease in the Philippines and
also similar morphology of virus particles. Fur-
thermore, they showed positive serological reac-
tion with the antiserum against rice ragged stunt
virus in the Philippines. Consequently, the disease
in those countries are similar, if not identical.

CAUSAL AGENT OF RICE GRASSY STUNT

The causal agent of rice grassy stunt disease was
assumed to be a virus 70 nm in diameter (Annual
report 1965), but without support of bioassay stu-
dies; and by a microplasma-like organism (Annual
report 1968).

Diseased plants were sent to Hokkaido Univer-
sity for study in 1980. Diseased rice leaves, and
abdomens and salivary glands of viruliferous
brown planthoppers were fixed and embedded in
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7. Immunoelectron microscopy decoration test applied to artifi-
cial mixtures of subviral particles of rice ragged stunt virus
(RRSV, arrow) and maize rough dwarf virus (MRDV) deco-
rated with RRSV antiserum (A) and MRDV antiserum (B).
Reacting particles have dark haloes of antibody and negative
stain; nonreacting particles are paler, with sharp borders. Bar=
100 nm.

epoxy resin, cut by an ultramicrotome and double
stained in 20 uranyl acetate and lead citrate. The
electron micrographs of the cells of diseased rice
leaves revealed small isometric particles about 20
nm in diameter, scattering or accumulating within
cytoplasm of phloem cells. Particles of the same
shape and size were also found in cells of fat body
and trachea of the viruliferous insects.

When the partially purified virus preparation
was injected into abdomens of healthy nymphs of
the brown planthopper, the insects became infec-
tive. Thus, the bioassay studies confirmed the
infectivity of the virus particles.

On the other hand, symptoms of the diseased
plants were not suppressed by treatments of chlo-
ramphenicol sodium succinate, oxytetracycline
hydrochloride, potassium penicillin G, sulfisomi-
din, and tetracycline hydrochloride. Hence, the
causal agent of the disease was not likely to be
mycoplasma-like organism, Chlamydia, or Ricket-
tsia.
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TAXONOMY OF SPIDERS

Work to clarify the role of spidersin rice insect pest
regulation continued. A survey in 17 Philippine
areas from 1977 to 1980 revealed 51 species com-
prising 34 genera under 16 families. Forty-two spe~
cies, belonging to 33 genera under 16 families, were
new in Philippine records, and 17 species, 15 gen-
era, and 1 family were new.to the Asian checklist.
The three main rice environments and the spider
species dominant there were:
e dryland — Tetragnatha mandibulata,
T. javana, Oxyopes javanus, and the araneids;
o rainfed wetland — T javana, Lycosa pseu-
doannuiata, Callitrichia formosana, Araneus
inustus, and Argiope catenulata; and
e irrigated wetland — C. formosana and L.
pseudoannulata.

INSECT REARING

Greenhouse rearing of the zigzag leathopper is
extremely difficult during the rainy season because
of the high incidence of the fungus Metarhizium

anisopliae. Fungicides were tested for control of
the fungus without adverse effect on the leaf-
hopper. Dithane M-45, benomyl, fungitox, and
BAS 3050 F had no effect on the leafhoppers or the
hatchability of the eggs and all except BAS 3050 F
were highly effective in controlling the fungus.

INSECTICIDE EVALUATION

Insectary studies. Coded and commercial insecti-
cides were evaluated in the insectary against the
brown planthopper .(BPH), whitebacked plant-
hopper (WBPH), and green leafhopper (GLH).
Contact toxicity. Insecticides were used with a
Potter’s spray tower to determine their activity as a
contact poison. Compounds with activity against
BPH and GLH are given in Table 1; those active
against the BPH, GLH, and WBPH are in Table 2.
New compounds causing high mortality ¢=80%)
were M 9918, dioxacarb, RH 0308, RH 0994
(Table 1), and UC 54229 and RP 32861 (Table 2).
UC 54229 was effective against the three hopper
species.and the yellow stem borer in field trials.
NNI 750, an insect growth regulator, killed

Table 1. Contact toxicity ofinsecticides applied at 0.075%¢ witha Potter’s spray tower against the brown planthopper and green

leafhopper IRRI insectary, 1980.

Mortality? (%}
Treatment Brown planthopper Green leafhopper
1HT 4 HT 24 HT 48 HT THT 4HT 24 HT 48 HT
Test 1
M 9918 20 OE 90 a Ya 99 a 100 a 80 a 8 b 100 a 100 a
Carbofuran 12 F 69 b 70 be 84 «cod 95 a 79a 83 b 98 a 98 a
Dioxacarb 58 b 79 b 89 bc %da’ 1 ¢ 99a 100 a 100 a
M 10604 20 OE 4 c 65 ¢ 74 de 74 b 76 ab 79 b 100 a 100a
UC 27867 50 WP 25 d 45 d 59 e 76 b 9 cd 83 b. 100a 100 a
RH 0308 4 EC ] e 16 e %ab 95 a 5 cde i1 ¢ 100a 100
RH 0994 4 EC 5 ef 20 e 97ab 97 a 4 def 6 ¢ 88 b 100 a
Methidathion 40% EC 4 ef 19 e 23 f 54 ¢ 61 b 8 b 100a 100 a
Methiocarb 50 WP 1 ef 9 e 21 f 3 ¢ 1 ef 14 ¢ &8 ¢ 55 b
Control 0 f 0 f 1 5 d 0 i 0 d 5 d 8 ¢
Test2

Carbofuran 12 F 85a 90a 96a 99 a 100 a 100 a 100 a
A-41286 48 EC 5 b 14 b 29 b 4 b 0 b 0b 23 ¢ 80 b
U-56295 85 WP 1b 4 ¢ 8 cde 14 cdef 0 b 0b 0 d 15 def
Agrotin 300 1b 1 ¢ 4 de 21 «cd 0b 0b 3 d 25 od
Trichlorfon 95 SP 1b 1 ¢ 10 od 29 be 0b 0 b 3 d 21 cde
Dioxathion 96 EC 0 b 1 ¢ 15 ¢ 38 b 0b 0 b 63 b 70 b
U-57770 85 WP 0 b 0 ¢ 4 de 10 ef 0 b 1b 5 d 26 cd
UBI-WAB9-1265 50 WP 0b 0 ¢ 1 e 6 f 0b 0 b 3 d 28 ¢
SAN 285 AD 76 WP 0 b 1T ¢ 4  de 21 cd 0b 0 b 3 d 13 def
SAN 2401 74 WP 0 b 1 ¢ 6 cde 19 cde 0 b ¢ b -0 d 8 f
Control 0b 4 c 8 cde 1 def 0 b 3 b 4 d n ef

%0.75 kg a.i. In 1,000 Iiters water/ha. Area is based on surface area of the petri dish in which the insects were sprayed.?Separation of
means in a column and for each test by Duncan’s multiple range test at the 5% level. HT = hours after treatment
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20.76 kg a.i./ha in 1,000 liters water/ha, Area is based on surface area of the petri dish in which the insects were sprayed. *Separation of means in a column by Duncan’s

Table 2. Contact toxicity of insecticides applied at 0.075%° with a Potter's spray tower against the brown

planthopper. IRRI insectary, 1980.

UC 54229 100 Tech,
Permethnin 10 EC
Carbofuran 12 F

RP 32861 20 EC

UC SF-140% F
EXP 5494 25 EC
Perthane 45 EC
UC/MP 19779 48 EC

mu

nymphs at the molting stage. It was effective
against BPH, GLH (Table 3), and WBPH (Table
4) at rates of 0.25 kg a.i./ha.

Foliar sprays. NNI 750 was evaluated as a foliar
spray. Asin the contact toxicity study, low rates of
0.25 kg a.i./ha provided 100% control of WBPH,
BPH, and GLH (Table 4, 5).

Commercial and coded compounds effective
against BPH, GLH, and WBPH are given in
Tables 6 and 7. RH 0994, M 9918, methiocarb, RH
0308, UC 27867, and M 10604 were effective
against both BPH and GLH (Table 6), and UC
54229 and UCSF-1 were effective against BPH,
GLH, and WBPH (Table 7).

Table3. Contact toxicity of different rates of the insect growth
regulator NNI 750 25 WP when applied on nymphs of the
brown planthopper and the green leafhopper with a Potter's
spray tower. IRRI insectary, 1980.

Mortality® (%)

T
and rate Brown Green
(kg a.i./ha) fanth.

1 DAT 3 DAT 6 DAT 1 DAT 3 DAT 6 DAT

Carbofuran 12 F

075 96a 100a 100a S4a 9%a 99a
NNI 750

1.00 14 b 63 ¢ 95a 11 b 75 b %a

0.75 20 b 63 ¢ 9%a 8 bc73 b 90 be

050 16 b 8 b 99a 10 bc83 b 95ab

0.38 9b 71 ¢ 98a 8 bc83 b 9ab

025 1 b 8 b 96a 3 c76 b 86 ¢
Control 3 ¢ 5 d 9bdbc8 c10 d

2Separation of means in a column by Duncan’s multiple range
test at the 5% level. DAT = days after treatment

Table4, Effect of 3 rates of NNI 750 on whitebacked ptanthop-
per nymphs when applied to insects with a Potter’s spray
tower or applied on plants as foliar spray.® IRRl insectary, 1980,

Potter's
Treatment spray tower Foliar spray
and rate
(kg a./ha) 1 DAT 3DAT 6DAT 2DC 4DC 6DC

Mortality® (%)

Carbofuran 12 F
0.75 100a 100a 100a 66a 8a 100a

NNI 750
025 25 b 76 b 99a39 b6i b 96a
0.50 18 bc 71 bc 100238 b 48 ¢ 9%a
100 1 ¢ 58 ¢ 9a30 b45 ¢ 100a
Control 1 d 1 d10 b1 ¢c4 d 5b
Exuviae in control (%)
26 80 95 N 39 98

“DAT = days after treatment, DC = days after caging. *Separa-
tion of means in a column by Duncan’s multiple range test at
the 5% level
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Table 5. Effect of different rates of NNI 750 25% WP applied as
foliar spray on mortality of brown planthopper and green
leathopper nymphs. IRRI insectary, 1980.

Mortality® (%}

Treatment

and rate . Brf:wn ' Gi[ee"
{kg a.i /ha)
2DC 4DC 6DC 2DC 4DC sDC

Carbofuran 12 F

075 40a 41 b 100a 688a 68a 100a
NNI 750 25 WP

1.00 56a 71a 100a 11 o B53ab 98a

0.75 43a 46 b 100a 6 bcd49 b 100a

0.50 41a 50 b 100a 11 b 54ab 100a

038 50a 54 b 1002 6 bcS50ab 99a

0.25 44a 50 b 100a 8 bc39 b 100a
Control 3b3 c1Mb1l c4 ¢c 8650

sSeparation of means in a column by Duncan’s multiple range
test at the 5% level DC = days after caging on plants.

A microencapsulated formulation (slow-release)
of methyl parathion (Penncap M) provided longer
residual activity than the EC formulation (Table 8).

Previous field studies indicated that Perthane is
equally effective at spray volumes ranging from
200 to 1,000 liters/ha. In a 1980 insectary study,
Perthane gave equal control at volumes of 250,
500, and 1,000 liters/ ha, but the residual activity of
carbofuran and UC 54229 was greater at the higher
volumes (Table 9).

Root-zone application. To identify insecticides
that can be applied into the root zone with a row
marker-injector and mechanical transplanter, tests
of insecticides continued. Although not as effective
as carbofuran for BPH control, UC 54229 and
UCSF-1 were promising (Table 10).

Three rates of carbofuran were applied in the
root zone and insect mortality and feeding activity

compared at 5-day intervals (Table 11). Although
there was substantial feeding at all rates, plants
with the 0.75 and 0.50 kg a.i./ ha showed less feed-
ing than the control for as long as 40 days after
treatment.

Field studies. Insecticides were field tested
against yellow stem borer, caseworm, and BPH.

Yellow stem borer. Insecticides were tested as
foliar spray and as granules applied to paddy water
at the Maligaya Rice Research and Training Cen-
ter, Philippines. As foliar spray (Table 12) many
insecticides commonly recommended for stem
borer control in Asia gave poor control. The com-
bination chlorpyrifos + BPMC was most effective
in preventing deadhearts. None of the insectjcides
was effective in preventing whiteheads.

Of the granular formulations, carbofuran was
most effective in preventing deadhearts (Table 13).
Again, no insecticide prevented whiteheads.

Caseworm. Few insecticide trials have been

conducted against the caseworm because of the
pest’s uneven distribution in the field. Insects were
reared in the greenhouse and field plots were hand
infested with 4 second-instar larvae/hill. Each plot
was enclosed with a plastic sheet to prevent inter-
plot movement of larvae and sprayed 1 day after
larval infestation. All insecticides decreased leaf
damage by the caseworm (Table 14).

When plants and paddy water were removed
from the field and insects separately exposed to
them in the greenhouse, most of the insecticides
provided >80% control (Table 15)..These studies
indicate that when caseworms move with irrigation
water to low-lying fields, plants in those fields will

Table 6. Knockdown and residual effects of compounds applied as 0075% {0.75 kg a.i./ha in 1,000 liters water) foliar spray

against the brown and green

IRRI insectary, 1980.

Mortality® (%)

Treatment Brown planthopper Green leafhopper

1DAT 5DAT 10 DAT 15 DAT 20 DAT 1DAT 5DAT 10DAT 15DAT 20 DAT
Carbofuran 12 F 100 a 9% a 83a 4 b 31 b 1002 100a 9a 45 b 84 be
RH 0994 4 EC 99 a 74 b 65ab 39 b 31 b 1002 100a 70 ¢ 44 b 15 e
M 8918 20 OE 99a 100a 75 a 78a 69 a 100a 100a 90 ab 100a 93 ab
Methiocarb 50 WP 99 a 78 b 64ab 26 bc 15 bec 1002 100a 93 ab 63 b 30 d
RH 0308 4 EC 98 a 71 be 61 b 40 b 14 bc 100a 99ab 79 bec 69 b 6 ¢
UC 27867 50 WP 8638 73 b 4 ¢ 9 ¢ 15 bc 1002 1002 46 d % ¢ & of
M 10604 20 OE 91ab 81 b 48 b 45 b 16 bc 100a 100a 89 ab 56 b 9 a
Methidathion 40% EC 93ab 61 be 21 ¢ 1 ¢ 4 ¢ 10a 99ab 44 d 19 ¢ 6 ef
Dioxacarb 50% WP 84 b 48 ¢ 25 ¢ 10 ¢ 18 bc 1002 83ab 35 d 19 ¢ 4 ef
Control 8 ¢ 5 d 10 ¢ 13 ¢ 1 bc 9b 3 ¢ 4 e 14 ¢ 0 f

aSeparation of means in a column by Duncan’s multiple range test at the 5% | evel. DAT = days after treatment.
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[

1

4 be
14a

1

4 abe

10 be 6 b
65a 38a
d 8 bc 8 b
4 bc 4 b
4 bc 4 b
0 b

8 b

d 9bc14 b
d 5 bc 8b
1 ¢ 4b

d

cd 11 b
days aftertreatment, when insects were placed on treated plants, Mortality was

ed 12 b

and
Whitebacked planthopper

15 DAT 20 DAT 1DAT §&DAT 10 DAT 15 DAT 20 DAT

76a
91a
5
20 be
38 b

¢ 100a
100 a
¢ 100 a
96 a
Pa

c
c

green |

11
78a
2
2
4

29 be

10 DAT

49 ab
9

24
2

Green leathopper
62 a

Mortality? (%}

c

5 DAT

95 a
9a
66 b
90 a
50
74 b

&

1
22

1

1 DAT
cd

12 be
d

100 a
100 a
97a
96 a
92a
9a
24 b

9

1

9 be
11 be
c

8 bed 11 be
14 be

cd 19 ab
9 bcd 22 abe
5 bed 38a
11 abed 14 be
d 5

2

10 abed 5 be
1

aer
29 b
61a 26a
14 abc
35 b
cd 35 b
19 ab
d32 b
ced 2 ¢
sSeparation of means ina column by Duncan’s multiple rangetest at the 5% level. DAT

ed 29 b
recorded 48 hours after insects were placed on treated plants,

Brown planthopper
5 DAT 10 DAT 15 DAT 20 DAT

58a
39 ab
21 be 26 b
41 ab
16
d 25 bc 29 b
de 21 bc 32 b
e 16
e 6
e 9

c
¢

1 DAT

91 be

100 a
99 ab
88
85
31
20
19
15

20EC
UC/MP 197779 48 EC 46

EXP 5494 25 EC

NNI 750 25 WP

Table7. Evaluation of insecticides applied as foliar spray at 0.75 kg a.l./ha against adults of the brown pi;

IRAI insectary, 1980.
Treatment
Carbofuran 12 F
Permethnn 10 EC
UC 54229 100 Tech.
UCSF-140 F
Pirimiphos methy!
+ carbophenothion
RP 32861 20 EC
Control

be protected if an insecticide has been sprayed a
few days before.

Ovicidal activity. Insecticides were evaluated for
their ability to kill BPH and caseworm eggs.

Brown planthopper. Twelve insecticides were
tested in the insectary for ovicidal activity against
the BPH. Carbaryl, azinphos ethyl, and four coded
compounds were highly active (Table 16).

Caseworm. Insecticides were tested as foliar
spray and granules in the field and insectary. Inthe
field trial, 1-day-old eggs on cut leaves were placed
on the water surface and the plots sprayed with
insecticides. Azinphos ethy! was the most effective
ovicide, causing 90% mortality (Table 17). Nine
insecticides were applied to 1- or 3-day-old eggs in
petri dishes with water and kept in a headhouse
room. Triazophos, malathion, and BPMC were
effective against both egg ages (Table 17).

Eggs of 3ages (1, 2, and 3 days) were exposed for
24 hours to 3 granular insecticides in water in the
headhouse. Carbofuran and diazinon provided the
most effective control of eggs at all ages (Table 18).

Slow-release formulations. The search continued
for formulations that extend the residual activity of
insecticides. Two lignin-based formulations were
compared with carbofuran. The formulations did
not significantly differ when tested against the
BPH. For GLH, CLFCI5 and CLFC45 were sim-
ilar to carbofuran 3 Gat 0.5and 0.25kga.i./ha, but
increased mortality at 0.12 kg a.i./ha.

Insect growth regulator. NNI 750, which was
effective at low rates in insectary tests, was tested
for field control of BPH. Foliar sprays were
applied 30 and 40 days after transplanting (DT). At
30 DT, NNI 750 at 0.125 kg a.i./ha was more
effective than BPMC at 0.75 kg a.i./ha at 5 days
after treatment (DAT). At 40 DT, the 0.5 kg a.i.
NNI750/ha was more effective than 0.75 kg a.i./ha
rate of BPMCat 5 DAT. The 0.75 kga.i./ harate of
NNI 750 still caused 45% mortality at 10 DT, but
BPMC at the same rate caused only 10% mortality
(Table 19).

Resist: to insecticides. Insect cultures col-
lected at four sites in the Philippines were com-
pared with the IRRI greenhouse culture to deter-
mine whether the Philippine cultures had developed
resistance to acephate, methyl parathion, MIPC,
or monogcrotophos (Table 20). The Palayan culture
had resistance to acephate and methyl parathion
(1.32- and 2.02-fold), and the Santa Maria culture
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Table8. Comparative study of the residual activity of foliar sprays of 2 ions of methyl ion (Penncap M and methyl
parathion EC) against the brown arfd\gI'Een ! 1RRI i y, 1980.

Mortality® (%}

Treatment® Brown planthopper Green leathopper

1DAT & DAT 10 DAT 15 DAT 20 DAT 25 DAT 1DAT 5DAT 10 DAT 15 DAT 20 DAT 25 DAT

Carbofuran 12 F 100a 86a 95a 90 a 26a 33a 100a 100a 100a 1002 69a 83 a

Penncap M 25EC 100 a 76a 60 b 31 b 13a 21ab 100a 93a 98 a 9a 40 b 36 b

Methy| parathion 8 b 31 b1 ¢ 16 bc 11a 15ab 100a 717b 20b 28b 6 ¢ 1 ¢
50 EC

Control 1 ¢ 10b 3 ¢ 6 ¢ Wa 10 b 8Sb 11 ¢ 8b 10b 9 ¢ 9 ¢

ainsecticides were applied atthe rate of0.75 kg a.i./ha *Separation of means in a column by Duncan’s multiple range test atthe 5%
level DAT = days after treatment, when insects were placed on treated plants. Mortality readings were taken 48 hours after insects
were placed on treated plants.

Table 9. Mortality of the brown planthopper as affected by volume of sprays applied at 0 75 kg a i /ha. IRR! insectary, 1980.

Insecticide Mortality® (%) Insecticide Monrtality? (%)
and volume and volume
(ters/ha 1DAT 5DAT 10DAT 15 DAT 20 DAT {liters/ha) 1DAT BDAT 10DAT 15DAT 20 DAT

Carbofuran 12 F UC 54229 100 Tech.
1000 100

100 2 98a 9la 65a 233 0 99a 100a 92a 59a 28a

500 100 2 99a 93a 70 a 28a 500 100 a 99a 8a -45ab 10a

250 953 43 b 23 b 13 b 5 b 250 98a 8 b 63 b 26 b 10a
Perthane 45 EC Control

1000 100 a 9%8a 4ba 24 ab 6a 1000 8a Ma 9a 9a 4a

500 98a ga 4dsa 34a 9a 500 13a 10a 10a 6a 1-a

250 100a %4a 4d6a 1 b 5a 250 14a MNa ta 4a 5a
Monaocrotophos 30 EC

1000 ab 39a 18a 15a 6a

500 96 a 3Ba 162 9a 3a

250 86 b 34a 10a 6a 3a

_ Separation of means in a column under each insecticide by Duncan’s multiple range test at the 5% level DAT = days after
|r}sectlcide treatment, when insects were placed on plants Mortality readings were taken 48 hours after insects were placed on
plants.

‘Table 10. Evaluation of insecticides applied at 1.0 kg a.i./hain the root zone for brown dgreer control.
IRRI insectary, 1880 e
Mortality® (%)
Treatment Brown planthopper Green leafhopper

1 DAT 5DAT 10 DAT 15DAT 20DAT 1DAT 5DAT 10DAT 15 DAT 20 DAT

Carbofuran 12 F 100 a 100 a 86 a 83a 13a 100a 100a 84a 8a 86a

UC 584229 100% Tech 76 b 48 b 8 b 48 0b 1a 99 a 88a 71 b 68a 71a

UC SF-140F 680 b 66 b 10 b 21 be 3a 99 a 8a 53 b 75a 64 a

Pirimiphos methyf + 10 ¢ 10 ¢ 1 b 26 he la 4 b 6§b 8 ¢ 14 b 0b
carbophenothion 20 EC

EXP 5494 25 EC 0 ¢ 9 ¢ 4 b 1 d 1a 3 b 6b 8 ¢ 1 ¢ 3b

Control 10 ¢ 6 ¢ 4b 9 cd 5.a 1b 4b 1 ¢ 10 b 1hb

2Separation of means in a colurnn by Duncan’s multiple range test at the 5% level DAT = days aftertreatment, when insects were
placed on treated plants. Mortality readings were taken 48 hours after insects were placed on plants.
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Table 11. Residual activity of 3 carbofuran rates applied in the root zone for control of the green leafhopper and their effect on
insect feeding as indicated by area of honeydew spot on filter paper.” IRRI insectary, 1980.

insect mortality (%) Honeydew spot (mm?)
Days after
treatment 0.75 kg 050 kg 025kg Control 0.75 kg 050kg ~ 025kg Control
a.i/ha aL/ha a. /ha at/ha a.l./ha ai/ha
1 90 a 33 b 38 b 0 ¢ 106 b 172 b 262 b 625 a
5 100 a 98a b 0 ¢ 60 b 91 b 205 b 540 a
10 100 a 100 a 100 a 0 b 4 b 46 b 652 b 623 a
18 100 a 100 a 78 b 0 ¢ 34 b 37 b 136 b 626 a
20 95 a 9%Ba 70 b [ 46 b 60 b 117 b 637 a
25 S0 a 50 b 20 b 0 ¢ ns ¢ 43 ¢ 736 b 978 a
30 80 a 48 b 13 ¢ [N 173 b 256 b 593 a 669 a
35 68a 40 b 10 ¢ 3 ¢ 177 b 338 b 652 a 641 a
40 652 25 b 3 ¢ 3 ¢ 210 b 3%4 b 733a 641 a
45 30a 5ab 0 b 0b 438 b 874 a 1078 a 904 a

“Separation of means in a row by Duncan’s multiple range test at the 5% level

Table 12. ion of ial i Tci applied on 1R23 as foliar spray for yellow stem borer control. Maligaya Rice
Research and Training Center, Philippines, 1980
Whiteheads® Whiteheads®
Deadhearts® (%) {%) Deadhearts® (%) (%)
T T
20DT 40 DT 115 OT 2007 40 DT 115 DT

Endosulfan 35 EC 9.7abc 149 bed 26 b Carbophenothion 40 EC 99 abc 17 0 abed 4.4 ab
Phosphamidon 50 EC ~ 10.7 abe 7.7 e 3.3ab Dimethoate 40 EC 122 abc  16.7 abed 52ab
Diazinon 20 EC 10.56 abc  15.8 abed 28 b Metalkamate 23 EC 113 abc 153 abed 673
Mongcrotophos 16.8EC 73 bc 128 cd 32ab Annphos ethyl40 EC  11.1abe 111 de 25 b
Chlorpynfos + BPMC 6.9 ¢ 28 f 48ab Fenthion 50 EC 98abc 126 cd 36ab

31.5EC Phosmet 50 WP 10.9abc 197 ab 4.9 ab
Methomy! 19.8 EC 134 abc 17 O abed 30ab B. thuringiensis 10.2abc 181 abc 56 ab
BPMC 50 EC 144 a 14,6 bed 5.2 ab Control 13.1 ab 226a 3.9ab
Fenitrothion 30 EC 11.1abc 121  cde 4.6 ab

“Allinsecticides were applicaat0 75kg a i /ha except 8. thuringiensis, which was applied at 0.4 kg formulation (600 1U/mg) per ha.
Insectcides were applied at 10, 25, 45, 60, and 75 DT. ®Av of 4 replications Separation of meansin a column by Dunean’s multiple
range test at the 5% level DT = days after transplanting

Table 13. i

of gi of for yellow stem borer control on variety IR29, Maligaya
Rice Research and Training Center, Philippines, 1980.

Deadhearts® {%)

Treatment® Rate i b (%)
{kg a.i./ha} 20 DT 40 DT 115 DT
Carbofuran 3 G (SI) 1.0 14 be 0.2 e 37a
Carbofuran 3 G 1.0 1.0 be 07 e 30a
Gamma BHC + carbaryl 6 + 6 G 1.0 35ab 1186 b 46a
Diazinon 5 G 1.0 06 ¢ 54 cod 428
Gamma BHC + MIPC6 + 4 G 1.0 1.9 be 72 bc - 508
Carbofuran 3 G 1.5 03 ¢ 0.1 e 32a
Gamma BHC + carbaryi8 + 8 G 1.5 56a 59 cd 34a
Diazinon 5 G 15 09 ¢ 35 d 44 a
Gamma BHC + MIPC6 +4 G 15 47a 56 cd 30a
Controi — 61a 18.0a 38a

“All treatments were applied to paddy water, except one treatment of carbofuran, which was soil incorporated (S} before
transplanting Insecticides were applied at 10, 25, 45, 60, and 75 days after transplanting {DT). *Av of4 replications. Separation of
means in a column by Duncan’s multiple range test at the 5% level,
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Table 14. Effect of foliar insecticides on plant damage from
rice caseworm larvae IRRI, 1980,

Tillers (%) with cut leaves®

Table 16. Ovicidal activity of insecticides applied as foliar
spray at 0.75 kg a.i./ha on plants containing 1-day-old eggs of
brown planthopper. IRRI insectary, 1980,

Treatment® Ti Hatched eggs® {%)
0DS 10 DS

UC 54228 100 Tech. Oa
Azinphos ethyl 40 EC 7a 2a FMC 35001 20 EC 1a
Triazophos 40 EC 8a 2a UCSF-140F 3a
Malathion 57 EC 8a 2a UC 27867 50 WP 3a
MIPC 50 WP 9a 3a Carbaryl 85 WP 3a
Chlorpyrifos 40 EC Sa 3a Azinphos ethyl 40 EC 4a
Carbary! 85 WP 8a 3a Propoxur 20 EC 78 b
Endosulfan 35 EC 8a 3a Decamethrin 25 EC 78 b
BPMC 50 WP 9a 3a NNI 750 25 WP 80 b
Phosphamidon 50 EC 8a 2a Diazinon 20 EC 84 ¢
Diazinon 20 EC i1 a 3a BHC 26 WP 97 ¢
MTMC 50 WP 7a 7b Chlorpyrifos 40 EC 9% ¢
Control 8a 7 ¢ Control 9% ¢

%Insecticides were applied at 0.75 kg a 1./ha 15 days aftertrans-
planting ?Av of4 replications. Separation of meansina column
by Duncan’s multiple range test at the 5% level. DS = days after
spraying.

Table 15. Effect on caseworm larval mortality of foliar insec-
ticides applied to rice plants, paddy water, or both. IRRI, 1980.

2Av of 4 replications. Separation of means by Duncan‘s multi-
ple range test at the 5% level

Table 17. Ovicidal activity of insecticides applied as-foliar
spray against the rice caseworm.® IRRI, 1980.

Larval mortality® {%)
48 h after treatment

Plants and Plants  Paddy water
Insecticide® paddy water sprayed®  sprayed?
sprayed

MIPC 50 WP 100 a 100 a 100 a
Diazinon 20 EC 100 a 97 ab 100a
Azinphos ethy! 100 a 90 ab 100 a

40 EC
Chlorpynfos 40 EC 100 a 97 ab 95 ab
BPMC 50 WP 100 a 92 ab 95 ab
Malathion 57 EC 100 a 92 ab 85 ab
Carbary| 85 WP 100 a 95 ab 75 be
Endosulfan 35 EC 100 a 68 ¢ 85 ab
Phosphamidon 50 EC 95a 82 bc 80 bc
MTMC 50 WP 85 a 63 ¢ 55 ¢

Mean 98 88 88

sApphed at 075 kg a1 /ha, 15 days after transpianting *Cor-
rected using Abbott’s formula. Ten second-instar larvae/repli-
cation {one cage),"Separation of means 1n a column by Dun-
can’s multiple range test at the 5% level “Av of 4 replications
4Av of 2 replications.

had a 1.36-fold resistance to acephate. It was evi-
dent that resistance to insecticides tested was not a
problem for farmers in the areas sampled.

Insecticide-induced BPH resurgence. Insecti-
cides were field-tested to identify those that induce
BPH resurgence. Rates of resurgence-inducing
insecticides were compared to determine their
effect on level of resurgence. The effect of-the level
of varietal resistance to the BPH on the level of
resurgence was also determined.
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Mortality® (%) of eggs
exposed for 24 h
at indicated age

Insecticide®
1 day
- 3days,at

Field? Headhouse headhouse®
Azinphos ethyl 40 EC 90 a — —
Diazinon 20 EC 78 ab 95 a 20 cd
Triazophos 40 EC 68 abe 94a 88 a
Malathion 57 EC 44 abc 84 a 99 a
BPMC 50 WP 33 be 9% a 91ab
Phosphamidon 50 EC 31 be 19 b 12 d
Carbaryl 85 WP 28 be — —
Endosulfan 35 EC 29 be - -
MTMC 50 WP 21 ¢ 41 b 99 a
MIPC 50 WP 12 ¢ 91a 76 b
Carbophenothion 40 EC _ 98 a 41 c
Ethuon 40 EC — 96 a 71 b
“100 eggs/r %400 ppm ‘of means m a

column by Duncan’s multiple range test at the 5% level. A dash

idicates no test Mortality readings adjusted with Abbott's

formula. “Applied ?t 075 kg a.i./ha on water surface, Av of 2
il “Av of 3 i

Table 18. Ovicidal activity of insecticides applied as granules
in paddy water against the rice caseworm. IRRI, 1980.

Mortality® (%) of eggs
exposed for 24 h
at indicated age

1 day 2 days 3 days
Carbofuran 3 G 100 a 100 a 97 a
Diazinon 6 G 9% a 99a 8 b
y-BHC6 G 52 b 31 b 8 b

apppled at 0,75 kg a.i /ha (375 ppm). ®Av of 3 replications (100
eggs/replication). Separation of means in a column by Dun-
can’s multiple range test at the 5% level.



Table 19. Mortality of 3d-instar nymphs of the brown plant-
hopper on IR22 plants treated with NNI 750 and BPMC. IRRI,
1980 wet season.

Treatment Mortality® (%)
and rate
{kg a.i./ha} Spray at 30 DT Spray at40 DT
5 days after treatment

NNI 750

0.125 83a 21 b

0.250 85a 34 b

0500 93 a 553

0750 %5a 68 a
BPMC

0750 1b 30 b
Control 0 b 8 ¢

10 days after treatment

NNI 750

0.125 20 a 9 ¢

0250 18a 20 be

0.500 18 a 28 b

0.750 18a 45 a
BPMC

0.750 0 b 10 ¢
Control 0 b 0 d

sSeparation of means in a column under the same days after
treatment by Duncan’s muitiple range test at the 5% level, DT =
days after transplanting.

Identification of resurgence-inducing insecti-
cides. Insecticides used for rice insect control in
Asia were tested for BPH resurgence activity.
Important BPH predators were also monitored.
Nine insecticides significantly reduced BPH
numbers, but propoxur and ethylan (Perthane)
gave the most consistent and effective control. Six-
teen insecticides caused resurgence (Table 21). Des-
truction of predators by the insecticides did not
appear to be a major cause for resurgence.
Although decamethrin, a resurgence-inducing

insecticide significantly decreased the spider and C.
lividipennis populations, quinalphos, which is
another resurgence-inducing insecticide, did not
adversely affect the predator species (Table 22).
Chlorpyrifos + BPMC, which did not cause resur-
gence, significantly reduced the spider and-C. /iv-
idipennis population to below that of the control.
Insecticide rates and resurgence. Three field tests
determined the effect of insecticide rates on BPH
resurgence. Observations were also made on the
number of predators in the various treatments.
The first test had foliar sprays of 2 rates each of
decamethrin, diazinon, and FMC 35001 at 34, 49,
and 64 DT. The high rate of decamethrin and low
rate of FMC 35001 caused the highest levels of
resurgence, but there was no significant difference
between the BPH populations in the two diazinon
rates (Table 23). There was no distinct rate effect on
populations of C. lividipennis. Populations were
equally depressed by all-treatments at 37 DT, but
populations at the high rate of FMC 35001 were
lower than that at thelow rate at 52, 63,and 67 DT.
The high rate of decamethrin had lower spider and
M. atrolineata populations than the low rate. The
high rate of FMC 35001 had the lowest M. atroli-
neata population after applicationsat 37and 52DT.
In the second test, three rates of carbofuran
granules and FMC 35001 sprays caused similar
levels of resurgence, and all rates of Perthane
sprays provided equal BPH control (Table 24). C.
lividipennis populations were equally depressed by
all rates of the three insecticides. Spider and M.
atrolineata numbers were low and equal in ail

Table 20, Levei of of field: green cultures to insecticides, based on LCy, values.” IRRI insectary,
1980.
Level of resistance®
Source of Philippine
cuiture Acephate Methyl MiPC Monocrotophos
parathion®
Palayan, Isabela 1.32% 2 02* 0.86 084
Santa Maria, Pangasinan 1.36* 111 0.28 0.62
Rosales, Pangasinan 0.95 112 028 053
Pura, Tarlac 1.00 1.24 052 055

a1y, = lethalconcentration inkg a../haappliedin a Potter's spray tower to kill 60% ofthe insect popuiation. *Level of resistance =
LC;, of field-collected culture

LCy of greenhouse culture

A resistance ratio >1.00 indicates that level of resistance in the field culture is greater than that in the greenhouse culture The
asterisk indicates field-collected cultures with a significantly higher LC;, than the greenhouse culture at the 5% level “Penncap M

formulation.
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Table 21, Effect of insecticides on the brown planthopper {BPH) in 5 tests at IRRI, 1979-80.

Brown planthopper® (av no./hill)

Treatment® Hopper-
First treatment Second treatment Third treatment Last b(;r;\
o
Before After Before After Before After
Test 1
‘tAzinphos ethyl 40 EC 14 ab 26a 29ab 49a 21.5 ab 772 2 209.2 a 0a
+Quinalphos 25 EC 18ab 1.7 ab 52 ab 3.7 be 21.0 ab 645a 2415a Oa
Chlorfenvinphos 20 EC 20ab 1.7 ab 42ab 5.5 abc 13.1 ab 391 a 99,9 ab 0a
ttCarbofuran 12 F 18ab 03 ¢ 37ab 16 d 6.9 b 51 b 294 ¢ 0a
Diazinon 20 EC 1.1 ab 1.1 abe 4.2 ab 4.8 abe 284 ab 417 a 88.9 ab O0a
1Phenthoate 50 EC 1.5 ab 1.2ab 62a 88a 304 a 512 a 2737 a 0a
Fenthion 50 EC 23a 1.1 abe 44 ab 4.4 abe 15.6 ab 38.71a 138.8 ab O0a
+FMC 35001 20 EC 1.0 ab 03 ¢ 23 b 46 cd 14.9 ab 56 b 133.7 be Qa
+Methomyl 19.8 EC 11ab 24a 5.8 ab 9.9ab 26.0 ab 878a 418.9a 0a
+1Ethylan 45 EC 04 b 04 be 29ab 15 d 79 b 22 b 124 d Oa
Control 0.8 ab 33a 4.4 ab 5.5 abc 15.8 ab 851 a 453 bc 0a
Test 2
Cartap4 G 6.9a 6.6 be 179.3 ab 657 b 185 b 196 ¢ 1132 b Oa
+Diazinon 5 G 9.1a 183 a 3094 a 2561 a 54.0 ab 3586 a 25448 a 100 b
+lsazophos 3 G 62a 46 ¢ 3085a 2558 a 68,0 ab 8616 a 2814.0 2 100 b
Carbaryl + BHC 4/4 G 85a 13.1 ab 748 b 664 b 284 ab 84 ¢ 452 b 5a
tCarbofuran 3 G 104 a 8.0ab 2622a 1419a 54.2 a 772 b 26954 a 80 b
Control 9.0a 114 ab 2157 a 40.0 b 36.2 ab 148 bc 76.6 Oa
Test 3
+Tetrachlorvinphos 75 WP 1913 75.4 ab 43.6 ab 451 a 7225a 1244.9 2 3614 b 12 d
+BHC 20 EC 238 a 83 ¢ 84 ¢ 140 b 130.8 be 304 of 407 c ] f
+Methy| parathion 50 EC 30.0a 93.9a 43.3 ab 333a 4199ab 1110.7 ab 814.8 ab 65 b
‘tMonocrotophos 16.8 EC 278a 436 ab 259 b 18.5 ab 3993 ab 442.6 bed 658 ¢ 2 of
tPyndaphenthion 76 WP 322a 514 ab 35.9ab 31.5ab 955.2 a 1012.3 ab 3635 b 2 ¢
1Cyanofenphos 40 EC 213a 79.5 ab §9.3 a 397 a 9%78a 1244.3 ab 1787.5a 9a
Carbary! 80 EC 16.6 a 313 b 212 b 12.3 ab 225.0 be 353.6 bc 613 ¢ 0
‘+Ethylan 45 EC 204 a 08 d 40 d 16 ¢ 306 d 11.0 f 251 ¢ 0 f
Control 203 a 82.0 ab 8.0 cd 123 ab 76.0 cd 69.7 de 250 ¢ 0 £
Test 4
‘+HBPMC 50 EC 1094 a 71a 3828a 466.2 be 500.0 e¢d 269.4 abc 267.2 cd 12 cde
MIPC 50 WP 69.0 ab 163 a 3554 a 12415 abe 748.6 abc 3106 abc 629.1 abed 25 cod
+Carbophenothion 48 EC 559ab 11.0a 507.0 a 612.9 be 623.3 bed 2367 abe 445.2 abe 3 ¢
HMTMC 30 EC 396 ab 74a 450.9 a 39%.1 ¢ 2860 d 172 ¢ 107.0 d 2 ]
Phosphamidon 50 EC 177 b 87a 231.2a 856.5 abc 701.1 abc 439,0 ab 536.9 abe 14 cde
+Endosulfan 35 EC 294ab 128a 3434 a 6174 be 6405 bed 267.3 be 283.2 bed 1 [
+Tnazophos 40 EC 64.7 ab 128 a 487.0a 1762.7 ab 1578.6 2 844,92 12035 a 78 b
‘+Decamethrin 31 EC 34.1 ab 81a 3424 a 1452.2 ab 1304.0 ab 8688 a 11629a 100 a
Control 32.0 ab 17.3a 3266 a 2502.2 a 445.9 cod 428.9 abc 2174 bed 10 cde

CONTINUED ON OPPOSITE PAGE



Hopper -
burn
(%)

be

Last
sampling
199.2 be
178.7

After
799.0 ab
814.7 ab

Third treatment

Before
391.1 bed

10235 b

de

Brown planthopper® (av no./hill)
After
Test5
1860.9 abc
920.5

Second treatment

Before
471.6 ab

B033 a

After

506 a
382 a

First treatment

Before

B1.2a
51.0a

Treatmem”
MTMC 32 EC

Table 21. Effect of insecticides on the brown planthopper (BPH) in 5 tests at IRRI, 1979-80.
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below that in the untreated check in sampﬁs taken 2 days after 1 or more applications. *In a

iple range test at the 5% level.

ulation

ficantly larger BPH population than in untreated check
f
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ficantly reduced
separation of means by Duncan’s mu

3

ingle dagger (t) indicates the insecticide caused a si

ggers (+) indicate the insecticide signi

column and for each test

“A s
da:

treatments.

In the third test, three rates of isazophos gra-
nules in paddy water and methomyl sprays were
compared. Both compounds caused resurgence.
The lower rates of isazophos caused the highest
levels of resurgence, but there was no difference in
resurgence among the rates of methomyl (Table
25). Populations of C. lividipennis, spiders, and M.
atrolineata were low and no difference in effect of
rates on the population was observed.

Level of BPH resistance and resurgence. Tliree
rice varieties (IR29, IR40, and 1R42) respectively
susceptible, moderately resistant, and resistant to
BPH in the Philippines were treated in the field
with decamethrin, which is known to cause resur-
gence. BPH populations increased to a signifi-
cantly higher level in the treated plots than in
untreated checks, but the degree of resurgence var-
ied among varieties. The maximum population

H30; KO0
"OOJ:' B Cortrol o a&l |
T ¥ Treakd %
600 - ¢ Treatment date ¢ »
i D | %
&

|
e

34 3B
Days after transplanting

1. Brown planthopper populations in decamethrin-treated and
untreated field plots of a susceptible (IR29), a moderately resist-
ant(IR40), and a resistant (IR42) rice variety. Asterisks indicate
populations significantly higher than those on the untreated
control at the 5% level. IRRI, 1980.
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Table 22. Comparison of predator numbers and the av no. of prey/predator in insecticide-treated and untreated plots.” Los Baiios, Laguna, Philippines, 1980.

21!

- Spiders Microvelia atrolineata Cyrtorhinus lividipennis
& Treatment Av no. of BPH/ Av no. of BPH/ Av no. of BPH/
; Av no./hill® spider Av no./hill* Microvelia Av no./hill® Cyrtorhinus
é After After After After After After
r?-' treat- Last treat- Last treat- Last treat- Last treat- Last treat- Last
= ments sample ments sample ments sample ments sample  ments sample ments  sample
m
3 Test 1
z Azinphos ethyl 40 EC 0.9 ab 20 e Ba 114 a 09 bed 62a Ba 63 a 0.1ab 06 ab 431 a 963 a
- Quinalphos 25 EC 1.0 ab 2.2 be 23 ab 105 ab 3.1 ab 237 a 16 b 20 ab <01 ab 1.2 ab B44 a 428 ab
3 Chlorfenvinphos 20 EC 1.0 ab 2.9 abc 15 ab 36 cd 36a 86 a 5 b 22 ab 0.lab 03ab 256 a 150 b
= Carbofuran 12 F 07 b 27 © 4 b 14 d 18abed 12.0a 2 b 6 b <0lab 01ab 53 a 100 b
o Diazinon 20 EC 1.1 ab 23 be 16 ab 48 cd 33ab 247 a 8 b 14 b <01 b 25ab 509 a 206 b
g Phenthoate 50 EC 1.1 ab 480 21 ab 56 bcd 2.0abc 30.2a 11 b 26 ab 0Ol1ab 47a 500 a 98 b
Fenthion 50 EC 1.0 ab 2.5 abe 15 ab 58 bcd 33 ab 243 a 9 b 3ab <01 ab 14 ab 439 a 58 b
FMC 35001 20 EC 07 b 3.7 abc 5 b 27 cd 05 d 13.0a 8 b 9 b <01ab 01 b 163 a 1672 a
Methomyl 19.8 EC 0.9 ab 44 ab 36a 80 abc 4.2 ab 18.1 a 13 b 36 ab 0.1 ab 1.9 ab 399 a 173 b
Ethylan 45 EC 0.8 ab 25 be 2 b 9 d 0.7 cd 176a 2 b 7b <01 b 0.3 ab 9a 41 b
Control 12a 2.5 abc 27 a 17 d 42 a 6.9a 12 b 27 ab 01a 1.5 ab 457 a 149 b
Test 2
Canap 4 G 1.9 ab 1.8 ab 15 ¢ 28 b 01 ¢ 03 ¢ 232ab 197 bc 21a 7.2 13 b 7 b
Diazinon 5 G 23 a 3.1 ab 65 b 527 a 19a 2.2 abc 98 b @82ab 238 14.0a 80 b 96 b
Isazophos 3 G 16 b 2.4 ab 137 a 630 a 0.9 ab 25ab 474 a 701 a 00 b 99a 1611 a 173 b
Carbary! + BHC 4/4 G 1.9 ab 13 b 14 ¢ 24 b 06 b 03 ¢ M1 b 61 ¢ 25a 34 b 14 b 15 b
Carbofuran 3 G 20ab 34a 31 bc 472a 18a 40a 40 b 358 abc 03 b 22 b 428 b 692 a
Control 15 b 1.8 ab 13 ¢ 21 b 03 be 04 bc 68 b 82 ¢ 338 48 b M1 b 8 b
Test 3
Tetrachlorvinphos 75 WP 15a 28a 293 ab 40 b 08 cd 12a 592 a 318 be 1.0 bc 05ab 729ab 762 b
BHC 20 EC 03 d 08 b 87 ab 55 b 0.5 d 19a 4 b 76 c 15 b 13a 12 b 47 b
Methy! parathion 50 EC 1.3 ab 34a 310 ab 300 b 2.6 ab 0.9a 200 b M3 a 03 cd 08ab 21208b 1158 b
Monocrotophos 16.8 EC 05 cd 068 b 535 a 92 b 38a 19a 3 b 14 ¢ 0.1 d 0.1 ¢ 1982 ab 362 b
Pyridaphention 75 WP 1.1 ab 23 a 346 ab 156 b 38a 108 a 13 b 174 ¢ 0.2 d 05 bec 1646 ab 2121 b
Cyanofenphos 40 EC 1.0 ab 22a 452 ab 1040 a 39a 27 a 141 b 914 ab 02 d 03 be 3660 a 5877 a
Carbary| 80 WP 0.9 abc 1.6 ab 195 ab 51 b 2.2 abc 30a 128 b 41 c 0.2 d 02 be 1010 ab 259 b
Ethylan 45 EC 0.7 be 08 b B ] 35 b 06 d 12a 1T b 4 c 04 cd 03 be 32 b 9 b
Control 14 ab 1.7 ab 45 ab 6 b 09 bed 21a 1 b 24 ¢ 52a 1.2 ab "M b 30 b
Test 4°
BPMC 50 EC 0.7 ab 0.6 ab 365 b 337 b 3.0ab 0.1a 101 b 1696 ¢ 06 bc 15 770 bc 165 a
MIPC 50 WP 0.7 ab 0.6 ab 779 b 799 b 22abc <01a 292 b 9825 a 05 bc 16a 1130 bc 290 a
Carbophenothion 48 EC 0.6 ab 0.5 ab 511 b 1120 b 15abed <01 a 311 b 7650 b 03 bc 20a 940 bc 316 a
MTMC 30 EC 0.6 ab 05 ab 457 b 94 b 09 cd <01a 38 b — 02 bc 04a 904 bc 257 a
Phosphamidon 50 EC 0.7 ab 11a 642 b 582 b B6ila <01a 126 b — 02 bc 16a 8862 ab 353 a
Endosulfan 35 EC 0.4 abc 0.5 ab 633 b 440 b 08 bed <01 a 324 b 1322 d 05 bc 14 770 bc 356 a
Triazophos 40 EC 0.5 ab 04 ab 1904 b 3711 b 0.5 d <01a 335 a — 01 ¢ 31as 13052 a 727 a
Decamethrin 31 EC 03 «© 02 b 6632a 10443 a 1.0 bed <01a 1734 ab — 08 b 22 a 2094 bc 57 a
Control 08 a 08 a 1131 b 286 b 14 bed <01a 1070 ab — 44 a 23a 273 ¢ 100a
CONTINUED ON OPPOSITE PAGE




Av no. of BPH/

Cyrtorhinus
Last
sample
161 b
97 b

After

treat-
ments
681 a

2165 a

Last

Cyrtorhinus lividipennis
sample

Av no./hill®

treat-

After
ments

Av no. of BPH/
Microvelia
After
treat- Last
sample
145 a

92 ab
253 ab 260 a

Last
sample ments
07 a

Microvelia atrolineata
35a

Av no./hill*
o

Test 5

94 bcd126a
79 bed 32

After
treat-

ments

spider
Last
sample

Av no. of BPH/

Spiders
After
Last treat-
sample ments
654 ab
590 abc

1.4 ab
14 ab

Av no./hill*
After
treat-
d

ments

1.4 abc
1.0

Treatment

Table 22. Comparison of predator numbers and the av no. of prey/predator in insecticide-treated and untreated plots.” Los Banos, Laguna, Philippines, 1980.
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*Dash indicates no M. atrolineata were collected.

total no. of hills sampled

no. after treatment 1 + 2 + 3

“Saparation of means in a column by Duncan’s multiple range test at the 5% level. BPH = brown planthopper. *Av no./hill after treatments

increases in the treated plots compared to the
checks were 74x for IR29, 40x for IR40, and 5x for
IR42 (Fig.1). Decamethrin was toxic to predators
(Fig. 2-4) and this reduction of natural enemies
may have contributed to BPH resurgence. How-
ever, the differences between BPH populations in
treated and untreated plots within varieties were
larger than differences in predator numbers, sug-
gesting that other factors were also involved.

Resurgence-inducing insecticides and plant
chemistry. Because resurgence may be a host-
plant-mediated phenomenon, the effects of resurgence-
inducing insecticides on the nutritional adequacy
of the rice plant for BPH was studied.

Potted seedlings of BPH-susceptible TN1 and
BPH-resistant IR36 rices were sprayed with 0.04%
methyl parathion, 0.002% decamethrin, or 0.04%
Perthane at 10, 20, and 30 DT. Plants in the control
were sprayed with water only. Forty days after the
last spraying, leaf and leaf sheath tissue were
sampled and analyzed for changes in levels of car-
bohydrates and nitrogen, chemicals that constitute
the major dietary source for BPH.

TN plants treated with decamethrin, a resurgence-

Spiders (na/hill)
20 [ m chex
= i Treated R2g
15~ | § Treatment date
o ¢ !
05| 3
. ‘

40

o
T L |

-

-

2. Spider populations in decamethrin-treated and untreated
ficld plots of a susceptible (IR29). a moderately resistant{ IR40).
and a resistamt (1R42) rice variety. Asterisks indicate popula-
tions significantly lower than those on the untreated control at
the 55 level. IRRI, 1980.
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Table 23. Effect of insecticide and rate of application on number of brown planthopper and its predators on IR29.” IRRI, 1980 dry

season.
st application 2d application 3d application
Treatment and rate 34DT 49 DT 64 DT “L;.;tle 1
(kg 8../ha) Before After Before After Before After 83 DT
3307 37DT 48 DT 52 DT 63 DT 67 DT
Brown planthoppers (no./hill}
Decamethrin 20 EC
0.04 125.8 ab 3145a 1,6345a 1,071.0 ab 15,079.0 a 14,326.2 a 2,1515a
0.002 852 ab 3158 a 28918a 782.5 ab 40340 b 4,037.0 ab 7315 b
Diazinon 20 EC
1.0 74.5 ab 3722 a 2,0265 a 761.0 ab 40842 b 4,792.2 ab 2300 b
0.2 103.0 ab 9128 a 1,412 a 969.0 ab 3,0105 b 1,0148 be 114.2 be
FMC 35001 20 EC
1.0 1648 a 40.0 b 3392a 402 ¢ 2,475 b 5105 ¢ 194.2 be
0.2 105.0 ab 822 b 14495 a 1,654.0 a 37275 b 618.8 be 285.0 b
Control 528 b 3685 a 91383 170.2 be 3298 ¢ 69.8 d 276 ¢
Cyrtorhinus lividipennis (no./hill)
Decamethrin 20 EC
0.04 322a 10 b 228Ba 2 ¢ 104.0a 352 b 8482 a
0.002 305a i5 b 532 a 98 ¢ 1502 a 842 a 3335 b
Diazinon 20 EC
1.0 238 22 b 3288 125 ¢ 2322 a 135 b 192.5 ab
0.2 258 a 28 b 448 a 27.0 ab 351.0a 845a 845 be
FMC 35001 20 EC
1.0 335a 1.0 b 292 a 1.2 d 412 b 105 b 2138 ab
0.2 262a 25 b 55.0 a 14.0 be 1985 a 775a 915 be
Control 19.0a 280a 825a 625a 1318a 162 b 9.0 ¢
Spiders (no. thifi)
Decamethrin 20 EC
0.04 105 a 05 ¢ 22 ¢ 15 b 50 b 9.0a 80 b ’
0.002 58 a 2.0 abe 48 ¢ 4.8 ab 10.0a 572 a 16.0 a
Diazinon 20 EC
1.0 B8 a 3.5 abc 9.2 ab 5.2 ab 5.8 ab 118a 195a
0.2 B2a 42 ab 6.2 ab 10.2 a 158 a 205 a 13.0 ab
FMC 35001 20 EC
1.0 95a 1.0 bec 6.8 ab 2.5 ab 6.2 ab 102a 185a
0.2 B8 a 3.2 abc 128 a 9.0a 168 a 135a 12.0 ab
Control 90a 67 a 11.0a 62 a 15.2 a 17.2a 185a
Microvelia atrolineata (no. /hill)
Decamethrin 20 EC
0.04 925a 4.7 bc 142 b 102 ¢ 212 b 175 b 76.2 a
0.002 39.0a 128 be 782 b 562.5 ab 742 a 58.2 ab 572 a
Diazinon 20 EC
1.0 302 a 7.8 abe 1832 a 3445 a 882 a 80.2 ab 725a
02 555 a 16.2 abe 2315a 260.2 ab 58.2 ab 57.5 ab 598 a
FMC 35001 20 EC
1.0 332a 50 ¢ 107.2 a 45.0 be 442 ab 225 ab 588 a
0.2 37.0a 129.0 ab 2188 a 6215 a 808 a 55.0 ab 45.2 a
Control 198 a 1712 a 1045 a 654.0a 905 a 85.2 a 425a

"Separation of means in a column and underthe pest and each predator by Duncan’s multiple range test at the 5% level. DT = days

after transplanting.
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Table 24. Effect of insecticide and rate of application on number of brown planthopper and its predators on IR29.7 IRRI, 1980 wet
season.
1st application 2d application 3d application
Treatment and rate 35DT 50 DT 65 DT Last
(kg a.i./ha) sample
Before After Before After Before After 78 DT
34DT 37DT 43 DT 52 DT 64 DT 67 DT
Brown planthoppers (no./hill)
Carbofuran 3 G
36 a 9 be 201 a 135 ab 37 abe 55 be 453 a
05 23a 7 be 132 ab 81 ab 18 be 46 bc 268 a
0.25 3Ma 28 a 132 a 211 a 57 a 146 ab 154 a
FMC 35001 20 EC
1.0 79 a 15 ab 132 a 61 b 1 e 122 ‘& 779 a
0.5 102 a 16 ab 125 a 166 ab 3 de 378 a 927 a
0.25 100 a 23a 156 a 189 a 3 de 379a 839 a
Perthane 45 EC
1.0 46 a 1 4 ¢ T ¢ 3 ¢ 0 e 1
05 93 a 4 cd b ¢ 1T € 35 ab 2 de 37 b
0.25 102 a 4 d 8 ¢ A - 52 a 1 de 1M1 b
Control 37a 21 ab 21 be 46 b 6 cd 4 d 14
Cyrtorhinus lividipennis (no./hill}
Carbofuran 3 G
1.0 6 ab 0 c 3ab 0 cd 5a 0 ¢ 1 de
05 6 ab 1 be 2 b 0 bed 2 ab D & 1 de
0.25 6 ab 1 be 3ab 1 be 3a Da 7 ab
FMC 35001 20 EC
1.0 3. b 0 be 3ab 0 cd DR = 0 be 4 cd
0.5 Ba D bc 3 ab 1 be 0 c 0 abc 6 bc
0.25 11a 1b 4 ab 1b e Da 20 a
Parthane 45 EC
1.0 6 ab 1b 4a 0 d 2 ab 0 ¢ 0 e
0.5 Ma 5a 3 ab 1 bed 2 ab 0 be 1 de
0.25 11a 43 3 ab 1 bed 2a 0 be 1 de
Control 5 ab 6a 4 ab 5a 1 be 0 ab 2 cd
Spiders (no./hill)
Carbofuran 3 G
1.0 1a ) ] < 1a 1 b 1a 1ab 2a
0.5 1a 1ab 1a 1b 1a 1ab Ja
025 1a 1ab 1a 1ab 1a 2ab 5a
FMC 35001 20 EC
1.0 1a 0 b 1a 1 b 2a 1 b 28
05 1a 0 b 1a 1b 2a 2a 3a
0.25 1a 1ab 1a 1b 1a 2 ab 3a
Perthane 45 EC
1.0 1a 1ab 1a 1ab 1a 1ab 2a
05 1a 1ab 1a 1 b 1a 1ab 2a
025 1a 1a 1a 1 ab 1a 1 ab 2a
Control 1a 1a 1a 2a 2a 2a 4a
Microvelia atrolineata (no./hill)
Carbofuran 3 G
1.0 6 ab 9 abc 9 abc 2 abc 1a 2 ab 20 ab
0.5 6a 4 bed 2 ¢ 1 be 1ab 2a 32 ab
025 4 ab 1Ma 2 be 4a 1ab 3a 28 ab
FMC 35001 20 EC
1.0 2 b 1 d 13 ab 2 abc 0 b 0 b 19 ab
0.5 5 ab 2 abcd 5 abc 2 abe 0 ab 1ab 23 ab
0.25 6 ab 8 ab 14 a 3ab 0 ab 1ab 53 a
Perthane 45 EC
1.0 2 ab 1 cd 5 abc 0 d 0 ab 1ab 1 d
0.5 7 ab 4 abed 14 a 1 cd 1a 1ab 2 d
025 5 ab 2 abed 5 abc 2 be 1ab 1ab 4 ¢
Control 3 ab 4 abed 3 be 4 ab 1 ab 1ab 8 be

“Separation of means in a column and under the pest and each predator by Duncan’s multiple range test at the 5% level. Identical
numbers may be followed by different letters because of rounding. DT = days after transplanting.
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Table 25. Effect of insecticide and rate of application on number of brown planthopper and its predators on IR29.° IRRI, 1980 wet

1st application

2d application

3d application

Treatment and rate 25 DT 40 DT 60 DT Last
(kg a.i./ha) sample
Before After Before After Before After 70 DT
24 DT 28DT 3/DT 40T 59 DT 63 DT
Brown planthoppers (no./hill)
Isazophos 3 G
1.8 5a 2a 63 a 70 1098 a 519 b 332 be
0.5 7a 1a 70 a 19a 1515 a 1024 a 701 ab
0.25 5a 2a 83 a 12 ab 697 a 1030 a B57 a
Methomyl 20 EC
1.5 5a 2a 50 a 13 ab 1143 a 890 a 1187 a
0.5 5a 3a 69 a 20 a 957 a 1056 a 532 ab
0.25 6a 2a Ma 12 ab 1119 a 1006 a 1195 ab
Control 4a 2a 25 a 11 ab 165 b 399 ab 133 ¢
Cyrtorhinus lividipennis® (no. /hill)
Isazophos 3 G
15 3a 0 b 3a 0 b 7 ab 1 bed 9 b
05 3a 0 ab 4a 0b MMa 13a 17 ab
0.25 3a 1 ab S5a 1 b Ba 2 b 21a
Methomyl 20 EC
18 4a 0 b 4a 0b 5ab 0 d 12 ab
05 2a 1 b 4a 0 b 5ab 0 cd 14 ab
0.25 3a 0 b 5a 0b 6 ab 2 bo 23 a
Control 2a 1a 4a 3a 4 b 12a 10 ab
Spiders® (no. /hill)
Isazophos 3 G
1.5 1a 0a 1a 0 ¢ 4 c 2 d 5 b
0.5 1a Oa 1a 1 b 6 abe 4 ¢ 7 ab
0.25 1a 1a 2a 1 be 5 bc 3 cd MMa
Methomy! 20 EC
1.5 1a Da 1a 1 be 6 abc 4 be 7 ab
0.5 1a Oa 2a 1 ab Ba 9a 6 ab
0.25 1a Da 1a 2a 7 ab B ab 12a
Control 1a 3a 1ab 6 abc 10a 14 a
Microvelia atrolineata (no./hill)
Isazophos 3 G
1.5 2a Oa 4 ab Oa 1a Da Oa
05 2a 1a 1W0a 1a Oa Oa Oa
0.25 1a Oa 6 ab 1a Oa 2a 2a
Methomyl 20 EC
1.5 1a 1a 4 ab 1a Oa Da Oa
05 1a 1a 6 ab 1a 1a 1a Oa
0.25 1a 1a 4 ab 1a Da Da 1a
Control 1a 1a 3 b 3a Oa 1a Oa

“Separation of means in a column and under the pest and each predator by Duncan’s multiple range test at the 5% level. DT = days
after transplanting. *Identical numbers may be followed by different letters because of rounding.

inducing insecticide, had the highest level of free
amino nitrogen in the leaf sheath tissue. Next high-
est was the level in leaf sheath tissue of plants
treated with methyl parathion or water. Leaf
sheath tissue of plants sprayed with Perthane, an
insecticide that does not cause resurgence, had sig-
nificantly less free amino nitrogen than that in the
corresponding tissue of decamethrin-treated plants.
The carbohydrate-nitrogen ratio (C:N) of the solu-
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ble constituents was lowest in the decamethrin-
treated TN plants, followed by that in the methyl
parathion-treated, water-treated, and Perthane-
treated plants. Increased feeding rate of BPH on
plants treated with resurgence-causing insecticides
may be attributed to this optimization of C:N.,
Changes in levels of starch, sugars, and total
nitrogen in leaf and leaf sheath tissues of insecticide-
treated and control plants were indistinguishable.




Table 26. Effect of the addition of a spreader-binder (Triton CS-7)" to foliar sprays of MIPC on insect control in IR29. IRRI, 1980 wet
season.

Insect controf

Nileparvata lugens

control (%)
Treatment and rate Whorl Dead- Ragged Hopper
(kg a.i./ha) maggot hearts stunt 2d appli- 3d appli- burned
ratings® (%) virus (%) cation cation plants
35 DT 60 DT 60 DT 50 DT 65 DT (%)
0.75 MIPC 6 b 37a 49 a 43 20 90 a
0.75 MIPC + Triton CS-7 6 b 40a 46 a 45 51 43 b
0.50 MIPC 6 b 42a 45 45 0 20 ©
0.50 MIPC + Triton CS-7 6 b 29a 41 a 68 35 33 be
Control 8a 31a 47 a — — 38 be

“Applied at 1 liter/ha in a spray solution of 300 liters/ha. *Separation of means in a column

Duncan's multiple range test at the

5% level. DT = days after transplanting. “Based on the 1980 Standard Evaluation System for Rice.

IR36 plants treated with decamethrin had only a
marginal increase in the level of free amino nitro-
gen and a correspondingly low C:N. Changes in
IR36 plants, however, were not as dramatic as in
TNI plants.

Insecticide application methods. Insecticide appli-
cation methods were tested for increased residual
activity of insecticides. A spreader-binder was

M atrolineate (no/hill)

2

L= M Check e l
— & Treated

10~ | Treotment dote

34 @ 53 60
Doys affer transplanting

15 19 23

3. Microvelia atrolineata populations in decamethrin-treated
and untreated field plots of a susceptible (IR29), a moderately
resistant (IR40), and a resistant (IR42) rice variety. Asterisks
indicate populations significantly lower than those on the
untreated control at the 5% level. IRRI, 1980.

added to the spray solution to increase deposit on
the plants and two root-zone applicators devel-
oped by IRRI engineers were tested.
Spreader-binder in foliar sprays. Triton CS-7
added to a spray solution of MIPC at two rates did
not distinctly increase the level of insect controlina
wet season experiment (Table 26). Hopperburn
was higher in the 0.75 kg a.i. MIPC/ ha rate than in

C lividperns (no/hill)

W Check
& Treated
4 Treotment date

R29

17]'77]1']

= fen Bl B 2o o e

v R42

o &
I T S e G

33 38 49 )
Days affer tronsplonting

5 19 23

4. Cyriorhinus lividipennis populations in decamethrin-treated
and untreated field plots of a susceptible (IR29), a moderately
resistant (IR40), and a resistant (IR42) rice variety. Asterisks
indicate populations significantly different from those on the
untreated control at the 5% level. IRRI, 1980.
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Table 27. Effect of method of carbofuran application on insect control on IR22.” Victoria, Laguna, Philippines, 1980 dry season.
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S. Mortality of the green leafhopper 48 hours after caging on
IR22 plants treated with 0.5 kg a.i. carbofuran/ ha by different
methods of application. Victoria, Laguna, Philippines, 1980 dry
season.

the control.

Rooi-zone application. A row marker-applicator
and mechanical transplanter were compared with
commonly practiced methods of insecticide appli-
cation. Spot injection of 0.5 kg a.i. carbofuran/ ha
before transplanting provided excellent control of
whorl maggot, tungro virus, and stem borer (Table
27). Good control of tungro virus with the spot
injector and the soil incorporation treatment was
due to good GLH control as indicated by mortality
of caged insects (Fig. 5).

In another test, granules and a flowable formula-
tion were applied to seedlings | day before trans-
planting with the mechanical transplanter. The
granular formulation provided slightly better con-
trol of GLH than the flowable formulation (Table
28, 29).

Because of the effectiveness of spot injection of
carbofuran, minimum effective rates were deter-
mined in comparison with soil incorporation.
Although yields were low because of a typhoon, 0.2
kg a.i./ ha significantly increased yield (Table 30).
Mortality readings on caged GLH indicated effec-
tive control up to 28 DT for rates of 0.5 t0 0.3. The
low rate of 0.2 kg a.i./ ha caused 70% mortality at
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Table 28. Comparison of methods of applying carbofuran for rice insect control on IR22." IRRI, 1980 wet season.
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21 DT (Table 31).

Seedbed application of insecticide to control
tungro virus. GLH transmits tungro virus in the
seedbed. Carbofuran was applied to the seedbed by
5 methods, and the seedbed was infested with viru-
liferous hoppers 11 days after seeding. All treat-
ments significantly decreased tungro infection
(Table 32).

Preplanting and posiplanting field application
of insecticide. Preplanting and postplanting treat-
ments with 0.75 kg a.i. carbofuran/ha were com-
pared for control of BPH, GLH, and tungro virus
(Table 33). Most effective were spot injection as a
preplanting treatment and capsule in the root zone
applied postplanting.

Timing of sprays for BPH control. Studies con-
tinued to determine the best timing of insecticide
application for BPH control (Table 34). Yield was
highest in plots sprayed once when hoppers were in
the second generation or when hopper populations
reached 20-30/ hill.

PLANT EXTRACTS FOR INSECT CONTROL

Neem cake blended with urea for BPH manage-
ment. Urea mixed with 10% neem cake (wt/wt),
209% neem cake (wt/wt), and 133 ml neem oil/ kg
urea (vol/wt) was applied to BPH-susceptible
IR1917-3-17 at rates of 60 kg N/ha at seedling
stage, 30 kg N/ha at maximum tillering, and 30 kg
N/ha at panicle initiation. Control plots received
urea only.

BPH nymphs and adults and their predators
were counted weekly on 20 hills/plot in each
treatment, and daily insect counts were made for 5
successive days after each fertilizer application.
The incidence of grassy stunt, ragged stunt, tungro,
and other plant pests was also recorded.

Trials in both crop seasons showed that 20%
neem cake gave significantly higher yields than
urea only (Table 35). The incidence of virus dis-
eases was generally lower in the neem cake-treated
plots. Other pests and predators were not affected
by neem cake at the concentrations tested.

Greenhouse trials indicated that the BPH popu-
lation increase on potted TNI plants with neem
cake-blended urea basally applied was not as high
as that on plants treated with urea only.

Effects of neem oil on leaf folder. Neem oil is an
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Table 29. Effect of method of carbofuran application on mortality of green leafhopper (GLH) on IR22. IRRI, 1980 wet season.

GLH mortality* (%) at indicated days after transplanting

Treatment®

6 14 21 28 36 49
Row marker-injector 100 a 100 a 87 ab QB a 29 ab 13 ab
Mechanical transplanter- F* 100 a 93 ab 70 b 34 be 4 b 0 b
Mechanical transplanter- G* 96 a 57 be 93 ab 66 be 29 ab 0b
Soil incorporation 97 a 77 abc 80 ab 68 ab 33a 27 a
Paddy water broadcast 100 a 77 abc 100 a 42 be 13 ab Oa
Foliar spray 100 a 8 ¢ 87 ab 27 & 4 b 0 b

“Mortality readings were taken 48 hours after insects were caged on plants. All treatments received one application of carbofuran
at 0.5 kg a.i./ha before transplanting, except paddy water broadcast and foliar spray treatment, which received 2 applications of 0.5
kg ai./ha 6 and 16 days after transplanting. “Separation of means in a column by Duncan’s multiple range test at the 5% level.
Observed monrtality percentages were adjusted with Abbott’s formula, “Flowable formulation applied to the seedbed 1 day before
transplanting. “Granular formulation applied to the seedbed 1 day before transplanting.

effective repellent, feeding deterrent, and oviposi-
tion and embryo inhibitor (1979 annual report).
Neem oil effects on leaf folder (LF) development
were studied in 1980.

Ten 5th-instar larvae were placed in a filter-
paper-lined petri dish containing 10 leaf cuts (each
7.5 cm long) from TNI plants that had been
sprayed with 12, 25, or 50% emulsified neem oil. In
the control, larvae were confined on leaf cuts from
plants sprayed with 1.66% detergent solution. Lar-
vae were examined daily and the leaf cuts were
replaced when necessary. Developmental abnor-
malities and mortality of insects were recorded
daily.

In another test, batches of 10 freshly collected,
Sth-instar larvae were topically treated with a neem
oil-acetone solution at a dosage of 5, 20, or 50 ug
neem oil/larva. In the control, larvae were sim-
ilarly treated with acetone only. The larvae were
then confined on moist-filter-paper-lined petri
dishes containing 10 leaf cuts of TN1 plants.

Larvae confined on leaf cuts treated with =129
neem oil showed pronounced aberrations of behav-
ior and form and increased mortality during
metamorphosis (Table 36, Fig. 6). Some larvae
ceased feeding, became shrunken and dark, and
died. Others failed to fold the leaves before pupa-
tion; a few developed into larval-pupal monstrosi-
ties. Moths emerging from apparently normal-
looking pupae often had poorly developed or
twisted wings and occasionally failed to emerge
from the pupal case. In the control, mortality dur-
ing metamorphosis was low and a significantly
high percentage of normal, healthy moths emerged.

Topical application of low doses of neem oil

192 IRRI ANNUAL REPORT FOR 1980

6. Selected examples of developmental abnormalities of the leaf
roller when Sth-instar larvae were confined on leal cuts from
rice plants sprayed with 12, 25, or 509 neem oil in 3 passes of the
ultralow-volume applicator. The control plants were sprayed
with 1.66% detergent-water solution. a) Larval-pupal monstros-
ity with larval cuticle patches, head capsule, and thoracic legs;
posterior half of body has pupal charactenstics. b) Moth with
narrow and twisted forewings. ¢) Moth unable to emerge from
pupal case. d) Control: normal moth with fully developed and
expanded wings. IRRI, 1980.
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Table 30. Comparison of rates of carbofuran spot-injected in the root zone of IR22 rice plants for control of rice pests.’ Victoria, Laguna, Philippines, 1980 wet season.

Control of pests at indicated DT

Rivula nr Stemn
atimeta borer
Whorl maggot  larvae Green leafhoppers Brown planthoppers dead- Tungro Grain
damage’ (no./10 (no./10 sweeps) (no./20 hills) hearts virus yield
Treatment —— hills) (%) (%) {t/ha)

(kg a.i./ha) 20DT 30DT 23DT 20DT 28DT 36DT 41DT 48DT 29DT 35DT 41 DT 49DT 56 DT 63DT 70DT 58DT 86DT

Carbofuran
05 0 ¢ 0 ¢ 18abc 2a 7ab 13 b 31a 16 ¢ 3a 34a 228a 9a 27a 7 b 1288 Da 2 ¢ 28a
04 0 .0 & T be S 3 b 13 b 39a 20 bc 3a 19a 778a 118a 28a 12ab 100a 1a 1 ¢ 29a
0.3 0. & 1 h 14 bc 2a Bab 16ab 3Ba 32abc 4a 30a 365a 74a 33a 17ab 142a 1a 20 bc 25ab
0.2 0 ¢ 2 b 28 ab 1a 10ab 21ab 61a 42abc Ba 39a 367a 202a 58a 25a 162 a 1a 10 bc 2.5ab
0.1 2 b 5a 38a 1a 13a 32a 63a 60a 4a 26a 412a 106a 34a 19ab 266a 1a 47 ab 1.7 cd
0.6 (S 1 ¢ 1b 208bc 2 a Ba 24ab 47a 44abc 5a 32a 4578 123a 40a 14ab 13Ba Oa 40ab 21 be

Control 4a 5a 13 @ 1a 9a 31ab 77a S4ab 3a 33a 154a BBa 3Ba 17ab 223a 0a 74a 14 d

“Separation of means ina column by Duncan’'s multiple range test at the 5% level. DT = days after transplanting. “125 liters/ha of the insecticide solution (flowable
formulation in water) was spot injected in the root zone with a row marker-injector before transplanting. Each hill received 0.5 ml of the solution. The standard treated
check was soil incorporation (Sl), ane day before transplanting, of a granular formulation (3 G). “Based on the 1980 Standard Evaluation System for Rice
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on IR22. Victoria, Laguna, Philippines, 1980 wet season.

Table 31. Effect of rate of carbofuran applied in the root zone with a row marker-injector on mortality of green leafhopper (GLH)

Carbofuran rate”

GLH mortality” (%) at indicated days after transplanting

(kg a.i./ha)

7

14

21

28 36 48

0.5 80 a 77 ab
04 100 a 100 a

03 79 a 67 b
0.2 100 a 93 ab
0.1 93 a 83 ab
0.5 (Sl) 100 a 90 ab

100 a 80 a 27 ab 7a
100 a 83 a 45 a 3a
9 a 87 a 21 ab 10a
90 a 53 ab 27 ab 10 a
70 a 37 b 3 b 0a
87 a 87 a 49 a 23 a

“A row marker-injector was used to spot-inject different rates of carbofuran flowable formulation. A total volume of 125 liters/ha

was injectedin the root zone. Each hill received 0.5 ml of the sclution. *Separation of means in a column by Duncan’s multiple range
test at the 5% level. Values shown were adjusted with Abbott’s formula to compensate for mortalities in the control. Morta lity
readings were taken 48 hours after insects were caged on plants. “Carbofuran 3 G was soil-incorporated with a power tiller one day

before transplanting.

(Table 38). With increase in the concentration of
the extract, a corresponding decrease in nymphal
growth was recorded. The feeding deterrent activ-
ity of the extract was reflected in the reduced
amount of honeydew excreted by brachypterous
females caged on TNI plants sprayed with the
extract (Table 39). The ovipositional response of
gravid females was also strongly deterred on the
extract-sprayed rice plants. However, the hatcha-
bility of the eggs laid inside the plant tissues was not
affected (Table 40).

Rice blast. The growth rate of Pyricularia oryzae
(isolate T27) on nutrient agar plates containing the
indigenous plant extract was determined (Fig. 8).
Fungal growth at 10 ppm concentration of the
extract was similar to that in the control, interme-
diate at 100 ppm, and nil at 1,000 ppm. The spore
count at 9 days after inoculation was highest in the
control and in agar plates treated with 10 ppm of
the extract but significantly less at 100 ppm; at

Table 32. Effect of method of carbofuran application in the
seedbed on percentage of rice tungro virus-infected plants in
the field. IRRI, 1980.

Infected hills® (%)

Treatment® 30DT
Soil incorporation before sowing 2530 b
Broadcast at sowing 3279 b
Seed soak before sowing 3820 b
Foliar spray at 10 and 17 DS 39.08 b
Broadcast at 10 DS 4255 b
Control 84,28

“All applications were made once at 0.75 kg a.i./ha, except for

foliar spray which was sprayed twice — 10 and 17 days after

sowing (DS). "Viruliferous green leathopper adults were

released on the seedbed at 11 DS. DT = days after transplant-

;_)rll,g ISe;:u? ration of means by Duncan’s multiple range test at the
o level
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1,000 ppm, there was total inhibition of sporula-
tion and death of the fungus.

Nonrice insects. Topical application of extremely
low doses of the extract on mango blossom leaf-
hopper caused significantly high mortality and all
insects died at the dose of =10 ug/insect.

Topical application of low doses of the extract
caused significantly high mortality of cotton aphid.
Mortality remained high even when the aphids

Growth (mm)
40

1000 ppm

Il / | L | L L

0 2 3 4 B 6 i 8 9 (O 12
Days (no) after inoculation

8. Growth rate of the blast pathogen (isolate T27) on nutrient
agar plates containing the extract of an indigenous plant. IRRI,
1980.




Tungro
virus  Yield
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ed 29a
d 11
d 28a
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00
00

32
56 a 52
2 b 67 bed 12 b
4 b 74
60a 38
cd 2 b 8%ab
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22 27
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12 be
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d 2
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c 4
<

17
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5

99 a
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b
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98 a
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¢
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90 b
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c
c
c
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b
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1
2
47 a
1
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7a
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77a
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“Just before transplanting. “Insecticide was applied 5 days after transplanting.
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22
93 a
19 b
19 b
93
5
3

17
96 a
20 b
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99 a
16 b
5 ¢

¢
d 48 h after

BPH mortality (%)
12

98 a
50 b
48 b
100 a
36 b
18

c
d

88 b
84 b
100 a
66
46

100 a

c

95 a
87 ab
84 bc
78 be
87 ab
78

Spot injection
Soil incorpora-
tion
Seediing soak
Broadcast
Folar spray
Control

Capsule

Table 33. Effect of method of carbofuran application on control of brown planthopper (BPH) and green leafhopper {GLH) on IR22.” IRRI, 1980 wet season.
“Separation of means in a column by Duncan's multiple range test at the 5% level All treatments at 0.75 kg a 1 /ha *The numbers Indicate days after treatment with

carbofuran Insect mortality was

Treatment”
Preplanting?
Postplanting®

were caged on bouquets of cotton leaves sprayed
with small quantities of the extract.

In choice tests, extreme repellency of the extract
to the red cotton bugs was manifested by almost
total avoidance of the extract-treated cotton seeds
and almost exclusive feeding on untreated seeds by
fourth-instar nymphs. Developmental abnormali-
ties such as adultoids retaining nymphal characters
to varying degrees or supernumerary instars
resulted when late-instar nymphs were topically
treated with the extract. A few died on different
days after application without completely emerg-
ing from the old cuticle. Vapor of the extract from
treated cottonwool pads, kept in the bottom com-
partment of a test chamber, disrupted the normal
growth and development of first-instar nymphs
that were caged in the upper compartment.

The cowpea weevil had a significantly higher
mortality than the control even at the lowest dose
(1 pgfinsect) tested. The weevil’s ovipositional
response and hatchability of eggs were greatly
reduced on mungbean seed treated with the extract
at 2220 mg/500 seed. Hatchability was reduced
further if the extract was sprayed directly on weevil
eggs.

High doses of the extract were required to cause
any appreciable mortality of adults of thelaboratory-
reared, local housefly. However, in tests of choice,
oviposition by gravid flies was significantly lower
onextract-treated substrates than on the untreated
control.

On local strains of Aedes aegypti and Culex
quinquefasciatus mosquitoes the extract applied at
250 p1g/ 10 mil water in a 5-cm-diam dish reduced
the hatchability of A. aegypti eggs laid singly.
Hatchability of C. quinquefasciatus eggs, which
stick together and form rafts, was not affected even
at high doses. Mortality of C. quinquefasciatus
larvae emerging from eggs in the extract-treated
water, or transferred directly to it from the stock
culture, was high.

Gas chromatographic analysis of the extract has
shown that it has s&ven or ejght major constituents.
Theirisolation and identification are in progress, in
collaboration with chemists at the International
Centre of Insect Physiology and Ecology, Nairobi,
Kenya. The important fractions will be evaluated
for their biological effects on various insect and
disease pests and beneficial organisms.
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Table34 Timing of BPMC spray for effective brown planthopper (BPH} control.” Victoria, Laguna, Philippines, 1980 dry season.

BPHe {no./hull} at days after s Grain
Treatment® yield
30 37 44 51 57 65 72 79 87 {t/ha)
Spray first-generation 12a 317a 013 b2697a 1643a 537 bc 8.08 cd 923a 606a 357ab
BPH {43 DT)

Spray second-generation 44a 233a 863a 2083a 963ab 1222ab 350 d 2307 b 1703 b 461a
BPH (72 D'

Spray when BPH av 2030/ 19a 577a 1083a 27.07a 080 c 1043ab 7.83 bed 572 ¢ 937 b4d8ab

S;I;ly(svshgr?EPH av3040/ 15a 4.00a 7.97a 215a 1757a 1337ab 3413ab 49 ¢ 90 b3.05 b

Spt:'!a"y(z'/ghel?r-:’)BPH av >40/ 35a 3.17a 11.73a 15.17a 1470a 2033a 4447a 865 bc 1023 b 369 ab

Spr:'la"y(ge?;r)m days 15a 047 b 833a 013 b 637 b 263 c 1880abcd 443 ¢ 610 b424ab
{20, 34, 48, 62, 76 DT)

“Separation of means ina column by Duncan’s multiple rangetest atthe 5% lével.bAllt done ap ionof 750 g
a... BPMC/ha as fohiar spray in 300 li ter, except cak whichwas§ 14-day intervals starting 20
days after transplanting (DT) <Populations of hoppers were mduced by 6 foliar sprays of 10 g a.. . Decis/ha at 10-day intervals.

by tapping 20 rand selected hills per and visually the hoppersthatfellonthe

water surface.

Table 35. Pest infestation and yield in rice fields treated with urea formulations containing neem cake and neem oil. IRRI,
1979-80.7

Whorl maggot Pest incidence {%)
Treatment?® damage rating® Rice bugs Yeld
{1-9 scale) Grassy Ragged Tungro Dead- White- {no./m?) {t/ha)
stunt stunt hearts heads
Dry season
10% NC + urea 7 ta 20 b 102 32a 03a 02a 200a
20% NC + urea 7 Oa 18 b 3a 26a 04a 02a 280 b
NO + urea 7 12 b 9a 29 b 28a 02a 0.0a 210a
(133 mi/kg urea)
Urea {120 kg N} 7 20 b 15 ab 27 b 32a 06a 01a 1.80a
Wet season
10% NC + urea 7 5a 0a 26a 06a 08a 05a 314 be
20% NC + urea 7 4a 3a 23 a 06a 07a 02a 353 ¢
NO + urea 7 8a 1a 24a 03a 08a 03a 292 ab
{133 ml/kg urea)
Urea {120 kg N) 7 15a 5a 26 a 04 a 05a 08a 249 a
2|R1917-3-17, a BPH-susceptible selection, was planted in 11- x 20-m plots; each ion of

means by Duncan’s multiple range test at.the 5% level *Neem cake {NC) and neem onl (NO) were b[ended wnh urea before
applications. Split application of different urea formulations at 60, 30, 30 N was made at seedling, maximunm tillering, and panicle
Initiation stages. ‘Based on the 1980 Standard Evaluation System for Rice

Table 36, Effect on development of the Sth-instar larvae of Table 37. Effects of topical apphcatmn of neem oil on

Cnaphalocrocis medinalis offered leaf cuts from TN1 rice of Sth-instar C: is larvae.
plants sprayed with neem oil. IRRI, 1980. JRRI, 1880.°
Neem oil concn® Abnormal or dead insects® Dose Abnormal or dead insects®
(%} (%) (ug/tarva} (%)

0 (1.66% detergent) 350a 0 {control}* 30.0a
12 912 b 5 467 ab
25 962 b 20 707 b
50 975 b 50 767 b
"Sprayed|n3passeswnhan Itral I 2Avof ion of means by Duncan s multlple range test at the

a ion Abl 1 insects incl 5% level. Av of 3

Iarval -pupal, pupal adult, and adult monstrosities; the remain- 3 passes with an ultralow- volume apphcator “Treated with 02
ing insects emerged as apparently normal moths Separation ul acetone.

of means by Duncan’s multiple range test at the 5% level.
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Table 38. Growth of first-instar brown planthopper nymphs caged on TN1 seedlings grown in soil or water treated with an
80.

indigenous plant extract.” IRRI insectary, 19

Growth on seedlings in soil treated

Growth on seedlings in water

with extract treated with extract”
Quantity of extract
incorporated Nymps Growth Growth Nymphs Growth Growth
(mg/9-cm-diam pot) becoming period index‘ becoming peniod index”
adults (%) {days) adults {%} (days)
0 {control}* 100 a 178a 564 a 82 a 153 a 538 a
1 72 b 17.9a 4.03 b 73a 156a 467 a
5 20 ¢ 178a 113 ¢ 65 ab 15.6a 416 a
10 14 d 148a 077 ¢ 70 a 162 a 465a
20 0 e 0 b 000 d 35 b 157a 220 b
50 — — —_— 10 ¢ 161a 129 b

“Separation of means in a column by Duncan’s multiple range test at the 5% level Av of 4

10
*Seedlings were kept dipped in 30 ml water containing the desired quantity of extract during the expenment G rowth index =

nymphs becoming adults {%)

“Treated with acetone
growth period (days)

SEX PHEROMONES

Research on sex pheromones in collaboration with
the Tropical Products Institute, London, UK,
continued.

Development of pheromone traps. A large water
surface is important in obtaining high catches in
pheromone traps, but two small traps may be more
economical and practical than one large trap.
Water-oil traps, 60 cm in diameter, with 50 pg of
attractant in a rubber septum caught only twice as
many male moths of the leaf folder Craphalocrocis
medinalis as a smaller water-oil trap, 20 ¢cm in
diameter.

Monitoring pest behavior with traps. The trend
in sex-pheromone trap catches of male rice leaf
folders was similar to that of leaf folder infestation
and damage. Light trap catches did not show the

Table 39. Quantitv of h by

brown planthopper (blotype 1) females caged on TN1 plants
sprayed with an indigenous plant extract IRRI laboratoty,
1980.

Honeydew"
Quantity of extract (mg/female in
sprayed {mg/plant} 24 h)
0 {control) 54.97 a
1 4054 b
5 3139 b
10 870 ¢
20 846 ¢
50 245 ¢

“Separation of means by Duncan’s multiple range test at the
5% level Av of 8 replications. Honeydew on 1-month-old TN1
plants was collected n parafilm membrane sachets and
weighed on a microbalance *Sprayed with acetone

same trend (Fig. 9), which indicated that phero-
mone traps may be helpful in timing insecticide
treatments.

In 1979 (1979 annual report), similar trap-
infestation data were obtained for the striped rice
borer Chilo suppressalis, using pheromone traps
suitable for that species. Ina 1980 field trial, striped
borer control with one spray 1 week after the peak
in trap catches was as good as with two prophylac-
tic granular-insecticide applications.

BIOLOGICAL CONTROL
Insects parasitic on spiders. The natural enemies of

spiders that are natural enemies of rice insect pests

Table 40. Ovi) of brown and
egg hatchability on TN1 plants sprayed with an indigenous
plant extract “ IRRI insectary, 1980.

Quantty of extract Eggs laid” Eggs
sprayed {mg/5 (no /10 females hatched"
tillers per pot} in 24 h) (%)

0 {control}® 313 a 95a
1 232 ab 91a
5 174 b 93 a
10 155 be 92 a
20 9 ¢ 90 a
50 12 d 98 a

“Separation of means in a column by Duncan’s muitiple range
test at the 5% level Av of 5 rephcations, 10 gravid
females/replication ‘Based on number of nymphs that
emerged up to 12 days after ovipositron on 1-month-old TN1
plants; unhatched eggs were counted by dissecting the plant
tissue. ‘Eggs hatched {%) =

eggs hatched ({no.)

X 100. “Sprayed with acetone
eggs laid (total no)
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9. Comparison of rice leaf folder density and damage on rice variety IR29 and moth catches in sex-p

traps. IRRI, 1980 wet season.

were found to be mainiy parasites of eggs and
larvae. Egg sacs obtained from laboratory colonies
of 18 spider species were exposed in rice fields. The
resulting parasitization was low (Table 41). Two
sphecid wasps (Sceliphron madraspatanum con-
spicillatum and Chalybion bengalense) were the
main predatory species aside from the spiders
themselves, which are probably their own worst
enemies.

Insects parasitic on hoppers. In farmers’ fields
near IRRI, hopper parasitization was usually
higher than 30% and often higher than 40%. Both
dryinids and strepsipterans attacked BPH and
WBPH, but the most common parasites of GLH
were pipunculids with strepsipterans of lesser
importance.

Parasites of eggs. The most common parasite of
WBPH eggs was Anagrus flaveolus. Parasitization
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of field-collected eggs averaged 8-9%, but on
laboratory-reared eggs placed in rice fields at
IRRI, parasitization averaged 26% in wetland
fields and 19% in dryland.

Parasites of nymphs and adults. The most com-
mon parasites of WBPH nymphs and adults at
IRRI were Pseudogonatopus nudus and P. flavi-
femur, family Dryinidae. Strong fluctuations in
parasitization over time occurred, but the average
was only 8%.

Insects parasitic on leaf folders. Parasites of
eggs. Only one parasite of leaf folder eggs was
found — Trichogramma sp. Egg parasitization
appears to be a minor mortality factor.

Parasites of larvae and pupae. Many parasite

species, almost all in the order Hymenoptera, were
found to attack leaf folder larvae. A few species
emerged from the host pupae. But despite the

and light

3
b



Table 41. F of ization and

on spider egg masses. IRRI, November 1979-March 1980.

Egg Parastti-
Spider Parasites masses zation
{no.) (%}
ARGIOPIDAE
Argrope catenulata Pierretia litsingeri 252 1
{Doleschall) Shinonaga and Barrion
Ichneumonidae sp. 1
Strepsimalius yasumatsui Momoi
Araneus inustus (L Koch) Baieus and Idris 186 1
Neoscona theist (Walck.} Baieus sp. 200 1
CLUBIONIDAE
Clubidna japonicole Baieus sp. 200 25
Boes. et Str.
LYCOSIDAE
Arctosa fanetscheki Buchnar None 106 0
Lycosa pseudoannulata None 250 [1]
Boes. et Str.
Pardosa birmanica (Thorell) None 108 0
MICRYPHANTIDAE
Callitrichia formosana Oi Strepsimallus yasumatsui Momoi 200 10
OXYOPIDAE
Oxyopes javanus (Thorell) Caenopimpla arealis (Cushman) 210 18
? ldris”
SALTICIDAE
? Bianor sp. Pompilidae (= Pepsinag) 2 50
TETRAGNATHIDAE
Dyschiriognatha sp. None 25 0
Leucauge decorata (Blackwall) None 10 0
Tetragnatha japonica Undet. Ichneumonidae {3 spp.) 200 13
Boes. et Str.
7. javana (Thoreli) None 200 0
T. mandibulata Walck. None 70 0
T.sp.D None 86 0
T. virescens Okuma Undet. Braconidae 59 3
THOMISIDAE
Thomisus cherapunjeus Undet, Braconidae 200 1

numerous parasite species, parasitization averaged
only 149, with braconids accounting for 50% of
that.

Insect diseases. Fungal pathogens of hoppers.
Control of BPH with fungi was investigated in
collaboration with the Boyce Thompson Institute
for Plant Research, Ithaca, New York, USA. Des-
pite problems in formulation, the project aims to
develop microbial insecticides from entomopath-
ogenic fungi.

Diseased hoppers were collected in the Philip-
pines, Malaysia, and Thailand, and the diseases
cultured and biocassayed for pathogenicity against
the major hopper species. Exotic fungal strains and
species were also imported and bioassayed. Infec-
tion-of exposed hoppers usually reached 10-30%.
In a preliminary trial two species, Entomophthora

virulenta and Metarhizium anisopliae, were app-
lied with sprayers to a BPH-infested rice crop.
Initially more than 50% of the BPH became
infected with a pathogen.

Microbial control with Bacillus thuringiensis. A
commercial formulation of Bacillus thuringiensis
(BT), called Bactospeine, was shown in 1979 to be
very toxicto leaf folder and caseworm larvae (1979
annual report). A local form of Bactospeine, called
Backie, was found to be very toxic in 1980; almost
all leaf folders died in 2 days and nearly all case-
worms in 3 days. Similar results were obtained with
a sprayable brand called Dipel.

In a field trial, Bactospeine and Dipel were
sprayed weekly in separate plots throughout the
leaf folder infestation period. A low level of infesta-
tion was obtained in the trial, but at 94 DT, the
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level of leaf folder damage in the BT treatments
(1.7%) was significantly lower than that in the con-
trol (2.8%). Further tests at higher infestation levels
are needed.

Predators of hoppers. Bugs. Cyrtorhinus lividi-
pennis is a predator primarily of hopper eggs (1979
annual report). Its capability to survive without
prey eggs was tested inan insectary where different
foods were offered to newly emerged bugs. In all
cases, the relative humidity was high. The presence
of free water in a cage did not affect survival.
Survival on potted plants was only slightly better
than that with no food, demonstrating that C.
lividipennis is not a rice feeder. BPH eggs exposed
on cut pieces of leaf sheath were not as good a food
as