BREEDING RICE VARIETIES RESISTANT TO BLAST
DISEASE CAUSED BY PIRICULARIA ORYZZ CAV.

I. Selection of Resistant Varieties from Genetic Stock
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Received May 28, 1959
(Communicated by Dr. K. Ramiab, F.A.sc.)

INTRODUCTION

A PROGRAMME of selecting rice varieties resistant to blast disease (Piricularia
oryzee Cav.) was initiated at the Central Rice Resecarch Institute in 1948.
In carrying out the tests for resistance, methods were standardised for bring-
ing about artificial infection, scoring infection and classifying the varieties
into different susceptibility groups. The procedures adopted in these tests
and the results obtained in the first phase of the programme completed in
1955, are presented below. )

MATERIALS AND METHODS

Out of the collection of genetic stock maintained at this Institute, which
consisted of over two thousand types in 1948, four hundred and seventy types
were taken up for the tests. These were mostly improved varieties released
for cultivation by various rice research stations in India and also a few foreign
varietes.

The method of testing consisted of a series of screening tests in the seed-
ling stage under artificial infection, followed by rigorous tests in the field
under conditions favourable for blast development. In addition, all these
types were also observed for their reaction to the natural infection of blast
at seedling, post-transplanting and flowering stages in maintenance plots.

Artificial infection in the seedling stage—A unit of twenty-five seedlings
was raised for each variety in five small pots of 6 inches diameter, using nor-
mal field soil mixed with a small amount of well rotten farm-yard manure.
When the seedlings were 25-30 days old, ammonium sulphate to give approxi-
mately 401b. of nitrogen per acre was applied to the pots. Within a week
the seedlings begin growing vigorously with leaves turning dark-green when
they are considered ready for artificial infection. In the first artificial infec-
tion test carried out in 1949, an isolate of the fungus obtained from
Coimbatore was used. In the subsequent years, an isolate from the Institute
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farm was used. No evidence for the existence of specialisation in patho-
genecity was obtained in an infection experiment carried out in 1949 with

isolates of the pathogen from different centres, Coimbatore, Wynad, Cuttack
and Delhi (Padmanabhan, 1953 q).

The spore suspension was prepared from a culture of the fungus in oat
meal agar containing thiamine (0-25 mg. in 1000 ml.) and biotin (0-015 mg.
in 1000 ml.) and incubated at about 25°C. for 7-12 days. The suspension
was prepared with sterile water or a solution of gelatine 0-25% plus sodium
oleate 0-05%; (Anderson and Henry, 1946). The seedling leaves were first

wetted with water from a sprayer, and then sprayed with spore supension to
run-off by using Devilibis atomiser.

For carrying out artificial infection, the pots were first arranged in com-
pact blocks of 400 each, each block being covered all round with a wet cloth
curtain suspended from a wooden frame about 6 feet high to provide the
humid chamber conditions. The infection was carried out after sunset, and
the seedlings were kept enclosed in the wet cloth chamber till about 8 A.M.
the next morning. These precautions were taken to ensure contact of the
leaves with water for as long a period as possible, as contact with water for
a minimum period of 6-10 hours has been found to be necessary for estab-
lishment of infection by Piricularia oryze (Hemmi and Abe, 1931; Anderson

et al., 1947). During the period of incubation, the temperature ranged from
25-27° C. within the enclosure of the cloth curtain,

Index for the type of spots Index for the number of spots

Just reddish flecks
B. Minute .reddish spots showing no differ- I 1-3 spofé per leaf
~ entiation into distinct zones I 4-15 spots per leaf

I Above 15 spots per leaf

C. Ci_rcu],a.r spots about 2}3 mm. in diameter
with a central ashy zone and a dark pur-
- plish brown margin - o .

D. Broadly spinale-shaped spots only slightly
.7 " longer than broad, 3-5 mm. in diamster

E. Large distinct .spindle-shaped spots .with

- a central ashy zone and marginal zones

© 3-5mm. broad and up to several centi-

- metres in length~ -~ - - :
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The first sign of infection could be seen on the seedling leaves after
48 hours in some varieties, and within about a week the spots attained their
maximum development. The leaf spots varied in size from small minute
flecks to large spindle-shaped spots. The number of spots also showed some
variation. Therefore, in scoring for infection, the extent of development of
the individual spots as well as the number of spots which developed on a
leaf were taken into consideration. Accordingly, a score card was devised
as follows (Fig. 1).

With the help of the above score card the infection observed on the most
heavily infected leaf in each seedling was scored as “II D “IC>, etc.
Then the observed infection score was converted to a numer1ca1 scale as
follows :—

Numerical value for the Numerical value for the

type of spot number of spot
A 1 1 2
B 2 i 5
C 4 m 10
D 8
E 16

“The product of the two values for the type of spots and their number
was taken as the numerical score. For example, if the infection score of
a leaf was II Cor IIID, the correspondmg numerlcal score was 5><4 20

or 10><8 = 80.

Further in the case of very heavy infection seen on some susceptlble .
types, an additional weightage was given for the leaf area-tqtally destroyed,
and.a numerical value allotted to the percentage of leaf area destroyed, as._
below, ‘was added to the. numerlcal score, of the leaf,

BN,

3(% of leaf area destroyed | 1‘0' e
| 50% of leaf area destroyed . ... . ...20. ... .7
- 759, of leaf area destroyed = - .ol 300 0 oLl

The whole leaf totally‘de‘strOyed' S 40 B
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The average infection score of the variety was arrived at by totalling the indi-
vidual infection scores of the seedlings and dividing the total by the number
of infected seedlings.

In the seedling infection tests, the varieties which received an infection
score of 10 and above or which had any “D ™ or “E” type of spots were
classed as belonging to the susceptible groups in the seedling stage.

Field tests—The field tests were carried out for three successive years
with the varieties carried forward from the screening tests, i.e., varieties which
had emerged as resistant both frcm the seedling tests and the type mainte-
nance plots in the field. In each successive field tests, only the varieties
which were resistant in the previous tests were included.

The seedbeds were sown in the first week of July. When the seedlings
were three weeks old, ammonium sulphate was applied to the beds at the rate
of 401b. N per acre. Observations on disease incidence in the beds were
taken at the time of uprooting of the seedlings in the first week of August.

The seedlings were transplanted in a well prepared puddle. Green
manure and farm-yard manure were applied as a basal dressing to give about
201b. N per acre. Three to four weeks after transplanting, ammonium
sulphate was applied at the rate of 401b. N per acre.

In the first field test carried out in the year 1953-54, the test varieties were
transplanted in two rows of 20 feet each, with a spacing of 6 inches between
the rows and 6 inches between the plants in the row. In subsequent tests,
cach variety was transplanted in five rows of 20 feet each, with one foot of
space between the rows and 6inches between the plants in the row. The
wide spacing between the rows was found useful for taking observations.
A row of the highly susceptible variety Co. 13 was planted on either side of
the test variety. Each variety was replicated twice. The total number of
plants tested for each variety was 160 in the first test and 400 in subsequent
tests: ‘
 Observations on the disease development in the field were taken twice
in the season the first on the foliar infection at the rapid tillering phase and
the second on neck and nodal infection at the time of the harvest of the
variety. For leaf infection, the most heavily infected leaf in each plant was
scored. At the time of harvest, the number of plants which had developed
neck infection and nodal infection, and the number of healthy and infected
tillers in each of the affected plants were noted. From the data the per-

centage of plants which had developed neck and nodal infection was cal-
culated.
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As blast appears under Cuttack conditions both in the seedbeds and in
the transplanted crop in the tillering phase during the second crop season,
also (January-April) the reaction of the test varieties to the disease in the

second crop season also was studied more or less on the same lines as in the
first season.

The criteria adopted for classification of the varieties were as follows :

Very resistant - .. Leaf-infection score less than 10, ‘C’, ‘D", *E’
spots absent, neck-infection less than one per
cent.

Resistant .. Leaf-infection score less than 10, *C’ spots seen

very rarely, ‘D’ and ‘E’ spots absent, neck-
infection one to five per cent.

Moderately resistant .. Leaf-infection score less than 10, ¢ C’ spots com-
mon, ‘D’ and ‘E’ spots absent, neck-infection
six to ten per cent.

Moderately susceptible ~Leaf-infection score less than 20, ‘ E’ spots absent
neck-infection eleven to twenty per cent.

Susceptible .. Leaf-infection score above 20, ‘D’ and ‘E’ spots
common, neck-infection more than twenty per
cent. |

RESULTS

On the basis of their reaction in the artificial infection tests in 1949,
1950 and 1951 and their field reaction in the type maintenance plots during
1948-53, three hundred and eighty-seven test varieties were: eliminated as sus-
ceptible. In the field tests carried out during 1953-54, 1954-55 and 1955-56,
five varieties were finally selected as resistant and sixteen as moderately resis-
tant. The names of the selected varieties are given below.

Resistant .. BlI.1, CO. 4, S. 67, SM. 6 and SM.9
‘Moderately resistant .. ADT. 12, AKP. 8, AKP.9, AS.2, BAM.; 4, CH. 55,
- C0.25, CO. 26, CP. 6, CP.9, H.755, MTU.S5,
Mugad-249, PTB. 10, S. 624, and SM. 8.

Out of the selected varieties, CO. 4, CO.25 and CO. 26 have already
been selected as resistant to blast by the Department of Agriculture, Madras,
and Mugad-249 selected by the Department of Agriculture, Bombay. The
reaction of the two varieties, PTB. 10 and S. 624 was found to be somewhat
variable in some seasons being moderately susceptible or susceptible to leaf-
infection or neck-infection. .

The list of varieties tested and their classification into different relative
susceptibility groups are presented in Table I, :
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DisCUSSION

In these tests artificial infection was used for rapid screening of the
varieties at the seedling stage, but the final selection for resistance was based
upon the reaction of the varieties in the field at the seedling, post-transplanting
and neck emergence stages under conditions very favourable for the deve-
lopment of the disease. There were occasionally some varieties which were
resistant at one stage and susceptible at another, but this differential reaction
needs further careful study and confirmation. For practical purposes, it
is clearly preferable to select varieties which are resistant at all stages when
such varieties are available.

In the field tests, maximum advantage was taken of the prevailing climatic
conditions at Cuttack to make the tests as rigorous as possible. Two factors,
viz., date of planting and age of the host have a definite relation to the degree
of development of blast in the field (Padmanabhan and Ganguly, 1953, 1954).

As regards the age of the host, maximum leaf-infection was seen on-

45-50 days old plants, when they were in the vigorous tillering phase follow-

ing transplanting. By delaying the planting up to the middle of 'August'
during the Kharif season and upto the end of January in the spring season,.

very heavy infection of blast could be obtained.

Since the level of nitrogenous fertilization also profoundly alters the
reaction of rice varieties to blast (Krishnaswamy, 1952; Padmanabhan,
1953 b; Ganguly et al., 1954), it was considered necessary to standardise
the level of nitrogerious fertilization in these tests against blast. In the pre-

sent study the level was fixed at 40-601b. N per acre as this level has been

found to be the most economic N level for optimum yield response in rice

throughout India. Besides at higher levels many a poteatially good yielding
variety which is not likely to develop the uisease under conaitions in which '

it will be cultivated in India will get eliminated.

cor it ma e e

"Elimination of useful types is also likely to occur if the art1ﬁc1al infec-

tion tests are carr1ed out under lower temperature conditions than those-

likely to be met with in the piains of . Indla since temperature influences the

reaction of rice to blast through its effect on nutrient absorption and wutifiza-

tion -(Hashioka, 1950). - .Conversely, varieties selected as resistant at tempera-
ture ranges common in the plains of India may not behave as resistant if they
are grown under cooler temperatures. In fact, the performance of some
of the varieties selected as resistant to blast in the present study in more than
forty rice research centres in India during the years 1955-58 has confirmed
that most of these varieties are not resistant to_the disease in. lacallnes Sltll-
ated at “higher elevauons ‘where cooler temperatures prevall
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How far the varieties selested as resistant and moderately resist ant to
blast at Cuttack would be useful in different parts of India is being studied

by the States in their rice research centres. The results will be published
separately. ‘
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