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IMPLICATION OF THE INTERNATIONAL RICE BLAST NURSERY DATA
TO THE GENETICS OF RESISTANCEL

ABSTRACT

The lack of a system for describing the types of
host resistance and fungal races is a major problem
in research on rice blast because of the wide
variability of Pyricularia oryzae. A first step
toward developing functional differential varie-
ties is knowledge of the prevailing types of host
resistance. This paper examines the International
Rice Blast Nursery (IRBN) for some primary data

for better understanding of the prevailing types

of host resistance.

Of 397 entries tested in the IRBN in 1976-77, 261
were classified into 10 major types of resistance.
The resistance patterns of groups of varieties
represented by Tetep, Carreon, 0. nivara, Sigadis,
and Dawn clearly discriminated each other based
on reactions at many sites$ however, it was
difficult to distinguish the type of resistance
by Tetep from that by Zenith. Some large groups

1/

of varieties classified on the basis of their
reactions in the Philippines also showed more or
less similar reactions in other countries, strongly
suggesting that such varieties may have a similar

genotype.

The present differentials in the IRBN appear ir-
relevant to the prevailing host resistance patterns.
More functional differentials should be developed
in the IRBN to diversify the types of resistance
sources. Tunctional differentials will permit
identification of the type of resistance of new
IRBN entries.

Segrepations of sister lines within a cross in

the IBBN are indicative of possible genic relations
among the major types of host resistance. A
tentative set of differentials to maintain distinct
races is proposed to facilitate the genetic analy-
sis of blast resistance.

.='By H. Ikehashi, former plant breeder, Plant Breeding Department, International Rice Research Institute,
Los Bafios, Laguna, Philippines. Submitted to the IRRI Research Paper Series Committee August 1978.
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IMPLICATION OF THE INTERNATIONAL RICE BLAST NURSERY DATA
TO THE GENETICS OF RESISTANCE

Rice blast is probably not a major threat in most
of the irrigated rice fields of the tropics.
Although some IRRI varieties, such as IR26 and
IR36, have only moderate blast resistance, they
are widely accepted by Asian farmers.

Special difficulties arise in breeding rices for
blast resistance because of the wide variability

of the causal organism (Ou and Ayad 1968, Ou et al
1970). Significant progress in breeding for resis-
tance will require establishment of methods to
describe races, and a critical study of the

various types of the host plant resistance.

This paper reviews the general nature of differen-
tial varieties, and applies some principles from
the review to analysis of data from the Interna-
tional Rice Blast Nursery (IRBN). I present
suggestions for improvement of the differential
varieties and the LRBN as a base for future work
on the genetics of blast resistance.

A REVIEW OF THE PROBLEM

A set of differential varieties is essential to
an understanding of the diversity of the blast
disease organism, DBefore cxamining the specific
nature of the differentials for blast, it is
necessary to examine their general nature.

Nature of differentials

If two varieties react differently to one fungal
race, the two varieties are differentials. Two
differential varieties can theoretically discri-
minate four types of races. Potentially, 4 dif-
ferential varieties can distinguish 16 races,

and so on. Based on eight varieties of “the
international differentials (Atkins ct al 1967),
all possible blast races (28 = 256) are named by
a number system (Ling and Ou 1969). The greater
the number of varieties used as dif{ferentials,
the greater the number of races that can be
differentiated (Ou et al 1979). 1f a disease
organism varies widely in its infectibility, and
if a large number of varieties must be handled,
the number of races and differential varieties
can easily exceed a manageable limit. It this is
the situation currently faced with blast, how can
this exhaustive interaction between the number of
races and the diffcerentials be overcome?

Some previously proposed national and international
differential varieties have never been used inten-
sively against blast discase, excepl in Japan, and
where the differentials were improved as a fune-
tioning standard (Yamada ct al 1976), Although the
present international differentials have been used

in Taiwan (Wu et al 1976) and India (Veeraraghavan
1975), those and Philippine differentials (Bandong
and Ou 1966) are not very effective (Table 1).

Because the causal organisms vary unpredictably,
any effort to arbitrarily select a set of dif-
ferential varieties to identify races of a causal
organism wiil likely be unsuccessful. Iustead,

a funetional set of “'ifferentials shoutd primarily
be founded on the genotynic divergence of the host
plant. In fact, in a certain area, or in a
certain range of breeding activities, there is a
relatively limited number of resistant genes that
would enahle us to construct a system for dif-
ferentiating causal organisms. When distinct
resistant genes are identified in the host plant,
the causal organism would show a diversity corres-
ponding to that in the host resistance.

Although there has been some work on genetics of
blast resistance in the tropics (Padmanabhan et al
1973, Tepora and Jennings 1966), it has been rather
isolated and has never cystematically searched for
genes in many varietirs. A reason could be that
the work was done betore an extensive survey of
prevailing types of host resistance was made.

The base for further work should be the identifi-
cation of prevailing resistance genotypes that
function in a certain way in a given area. To
determine the prevailing resistance genotypes, a
theorem that has never been consciously applied in
blast resistance work in the tropics should be
used.,

The thcorem

A group of varieties with identical genotype react
to various races uniformly. But their uniform
reaction does not imply that the varicties have

an identical genotype. The varieties would have

a common genotype only when they react uniformly
when exposed to diverse races (Fig. 1).

To apply the theorem a hypothetical isogenotype
group can be composed based on uniform reaction
from primarv data. Fol.owing that the group should
be tested at diverse sices and in different years
to determine whether they react uniformly. If
the group of varieties reacts uniformly, there is
a good possibility that they have an identical
genotype. If not, the group should be re-
classified. A systematic examination such as
this would lead ultimately to the recognition of
some groups of varieties with an identical geno-
type.

In actual trials, however, there is no guarantee
that rice varieties are exposed to sufficiently

3
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Fig. 1. Applicatioa of theorem.

different races to reveal differential reaction.
In many cases, different genotypes show similar
reactions because of the lack of differential
races. Therefore, it is important to establish
an artificial inoculation system with truly
different races.

The number or the magnitude of each of such
isogenetic groups would provide information on
the diversity of the resistant sources and their
stability at various sites. This should be the
start of scientific breeding work. The next step
would be to analyze resistant genes through
hybridization of the different groups.

Use of the Intermationul Rice Blast Nursery data

The IRBN should permit a test of the theorem.
The IRBN should be checked to determine whether
it can satisfy the requirement for determining
major genotypes of blast resistance.

Some limitations in the IRBN data are noted:

e Except for a small number of differentials, the
IRBN entries have been chosen for their resis-
tance at many sites. The primary objective is
identifying resistant sources. Thus, there has
been no attention to the development of diver-
sity in IRBN, and this might have led to the
elimination of entries with resistance at a
limited number of sites.

o Most of the IRBN breeding lines come from [RR1
after confirmation of their resistance at
l.os Bados. Becouse their source of resistance

has been relatively limited, the diversity of
the resistant types might have likewise been
limited.

Not all test siles have given a wide distribu-
tion of scores from resistance to susceptibility,
At some sites, most IRBN entries are often rated
resistant.

Only a limited number of varieties from the
international or other differentials have been
included in IRBN because of difficulties in
increasing their seed.

Resistant breeding lines have not been systema-
tically tested along with their parents.

The IRBN entries for each year are tested with
a limited number of races at about 20 sites,
despite the great geographic divergence
available. This is a serious drawback if one
attempts to compose reasonable differentials
based on the IRBN.

The IRBN data reflect the judgment of many indi-
vidual scientists who take the readings. There
may not be full agreement in use of the rating
system among participating scientists.

Despite these limitatlons, careful analysis of the
IRBN data will be useful for further work. The
following methodology is therefore adopted in data
analysis.

ANALYSIS OF THE IRBN DATA

The IRBN data were sorted and classified for
reaction types among the entries.

1.

In

Only tests with reliable levels of infection
were used (Table 1). The criteria were that
disease scores showed a full range of reactions
from resistance to susceptibility, with a

substantial number of entries in each rank and no

ambiguity in the recording system.

Classification of resistance types was made
primarily on data from the Philippines, with
data from other countries as supporting
evidence.

determining reaction types the following

procedure was followed:

(8]

Entrics showing distinct resistant or suscep-
tible reaction in the four tests in the
Philippines were taken.

Intermediate reactions were used as a secon-
dary ceriterion for entries showing two or three
distinet reactions ot susceptibility or
resistance.,

Entries showing distinet reaction to Philippine
races were used bocause the contrasting results
of tests in Levte and Los Batos indicate dis-
tinet Philippine races.
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Reaction of existing sets of differentials in the International Blast Rice Nursery,

5

Reaction? to blast

Basic criteria

Secondary criteria

Line or variety Philippines Bumbong Lima
IRRI Leyte Malaysia Indonesia  Thailand Nepal Indonesia Colombia

76 '77 '76 77 '76 ‘77 '76 '76 '76 '77 ‘77
U.S. differentials
Zenith 3 1 3 1 3 3 1 1 4 3 1
Lacrosse 9 9 9 - 9 - 3 - 1 -
Caloro 1 - 6 - 6 - 7 - 9 - -
Purple ) .
Straw ) No entries
C15309 8 5 5 1 9 9 3 2 7 2 8
Dular 5 3 6 1 4 4 5 1 4 4 2
NP-125 4 1 5 1 2 - 1 1 1 - -
Raminad Str. 3 4 1 2 1 3 2 3 1 9 3 2
Wagwag 4 - 3 - 1 - 1 1 4 - -
Rexoro
Philippine differentials
Kataktara DA-2 4 4 4 3 5 3 3 1 8 2 1
CI5309 8 5 5 1 9 9 3 2 7 2 8
Choko to 8 8 7 4 9 5 8 2 7 3 4
Co 25 5 7 7 4 8 8 5 6 5 8 2
P1231129 (Wagwag) 4 - 3 - 1 - 1 1 4 - -
Pai-kan-tao 1 - 4 - - - 2 - 6 - -
Peta 7 8 7 8 9 9 9 9 7 7 4
Raminad Str. 3 4 1 2 1 3 2 3 1 9 3 2
Taichung T.C.W.C. 9 9 8 8 9 9 9 9 3 9 -
C18985 (Lacrosse) 9 9 9 - 9 - 3 - 1 - -
CI8970 (Straw) No entry
Khao-teh haeng 17 9 9 8 8 8 9 9 9 3 8
International differentials
Raminad Str. 3 4 1 2 1 3 2 3 ] 9 3 2
Zenith 3 1 3 1 3 3 1 1 4 3 1
NP-125 4 1 5 1 2 - 1 1 1 - -
Usen 5 4 7 6 8 5 8 5 1 5 ]
Dular 5 3 6 1 4 4 5 1 4 4 2
Kanto 51 9 4 7 1 8 6 9 2 6 - 4
Shia-tia-tsao (S) 9 - 5 - 9 - 9 9 9 - -
Caloro L - 6 - 6 - 7 - 9 -

91976 Standard Evaluation System for Rice Scale of 1-9:

9 = 100% of leaf area infected.

Classification of types of resistance

From 397 entries tested both at Los Bafos and
Leyte in 1976 and 1977, 261 entries were classi-
fied into 10 major types (Table 2). Subtypes
were composed for each major group based on
reactions outside the Philippines.

The more or less uniform reactions in the other
tests, of those types classified in the Philip~

1

= none to small brown specks of pinhead size,

pines suggested that each group may have a
similar genotvpe. The fact that sister lines
from the same cross often fell in the same group
also indicated that the grouping reflected some
similarity in genetic background.

Some minor groups had two or more scores of
ambiguous resistance in the Philippines. and
shoved some significant differences within the
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group at other sites. For such groups, further
tests are needed.

Obviously, groups I-IV represent many of IRRI's
resistant lines.

Group I. Among the 397 entries, 81 showed resis-
tance at 4 tests in the Philippines. They are
classified into several subgroups according to the
reactions in other countries.

A group of 49 entries represénted by Tetep is
characterized by overall resistant rea tions in

the testing sites, except in Colombia, where many
lines showed moderate resistance. Some lines
(CIAT-ICA 9, two lines of IR9669, and Ta~poo-cho-z)
were infecced severely outside the Philippines.

Within group I, there is a subgroup similar to the
Tetep subgroup, but distinguished from this sub-
group by the intermediate reaction in Nepal.

Three lines of IR3273 are between these two. This
subgroup, tentatively represented oy Zenith, is
probably not easily separated from Tetep by many
races, although Tetep and Zenith reacted dif-
ferently to other races (Bandong 1965).

The third subgroup can be separated from the Tetep
subgroup by the reaction in Nepal. Carreon, Dissi
Hatif, Ram Tulasi, and probably Raminad Str. 3
(Table 2) seem to have a similar genotype.

The fourth subgroup represented by M302 from Sri
Lanka shows resistance in the Philippines, but
moderate resistance at other sites. A possible
donor of resistance to IR946 (IR4-93-2/H4) is H4
or H105 (through IR4-93-2) from Sri Lanka, where
this type of resistance could have been used.

The last four entries performed similarly in the
Philippines, but clearly differed from the fourth
subgroup in other countries.

Group II. 'Twenty-eight entries are classified in
group II, which has distinct resistance at Los
Bafios but was susceptible in Leyte in 1976.

Although this group seems almost continuously
related to group III, which showed intermediate
reaction in Leyte in 1977, the primary grouping
according to reactions in the Philippines is
accompanied by similar reactions in other countries.
Reactions in Colombia in 1977 indicate some
hetercgeneity in this group.

The major subgroup in group II can be represented
by IR1721-11-5-3-2-3-1, which was derived from
IR24*3/0. nivara. Because IR24 had no resistance
to blast at Los Bafios during the tests, the
resistant genotype could have been introduced from
0. nivara. There is a possibility that this geno-
type can be governed by a single major gene from

0. nivara, because it is unlikely that two or three
genes were simultaneously introduced in the course
of two backcrossings.

The other subgroup revealed clear blast suscep-
tibility in Nepal similar to that of the Carreon
subgroup.

Group IIT. Sixty-seven entries are classified in
group III, which resisted the races at Los Bafos
but was susceptible in Leyte in 1976, and showed
either intermediate reaction (as in subgroup A) or
susceptibility (as in subgroup B) in Leyte in 1977.

Subgroup A is distinguished from the previous
group's 0. nivara types only in respect to inter-
mediate reaction in Leyte in 1977, whereas the

0. nivara type showed generally high level of
resistance there. Hence, this subgroup is
designated as sub-0. nivara type.

Subgroup B, possibly represented by IR34, is
different from subgroup A in terms of clear
susceptibility in Leyte in 1977, and is more
clearly distinguished from subgroup B by
susceptibility in Indonesia.

There are still some heterogeneous reactions in
the entire group, which is clearly evident in
Colombia and partially evident in Thailand and
Nepal with lines IR2823 and IR2053.

Group IV. Group IV seems to be characterized by
distinct resistance only at Los Banos in 1976 and
by lack of significant resistance at o:her sites.
Because it is likely that the resistance of
IR1529-680~-3 came from Sigadis, group IV is called
the Sigadis group. Here the primary classifica-
tion, according to the reactions in the Philippines,
seems to be indicative of almost uniform reactions
at other sites except in Colombia where possibly
some different genes would be functioning. There
are also some ambiguous patterns, some of which
seem similar to those of group III., A closer look
at the relationship between subgroup B and C is
necessary.

Grow V. Group V is represented by Dawn, which
revealed susceptibility at Los Bafios in 1976 but
was resistant or moderately resistant at Leyte.
The fact that this group does not include many
IRRI breeding lines is probably due to the con-
tinued rejection of susceptible lines at Los
Barios.

The first subgroup that can be designated by Dawn
showed similar response to the races in other
countries, indicating a similar background for
this group. Besides, there seem to be at least
two different types with two entries each in this
group. Kanto 51 and Dawn have been proven to
have the Pi-k gene in common (Kiyosawa 1974).

Group VI. Group VI is generally similar to group
V, but may be distinguished by a distinct resis-
tance shown at Los Baflos in 1977, There are no
good entries to represent this group, but due to
the parentage of IR3271 (IR8%3/PK203//IR8/Dawn)

and to the proximity to group IV, this can be named
as the sub-Dawn group. It includes many IRRI
lines, probably because those lines may occasio-
nally show resistance at los Bafios. The four
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Line or variety

Reactionb to blast

Basic criteria

Secondary criteria

Philippines

IRRI

Leyte

Bumbong Lima
Malaysia

Indonesia

Thailand

Nepal

Indonesia Colombia

76

'77

'76

'77

'76

‘77

'76

'76

'76

'77

'77

REACTION TYPE:

A Tetep
CIAT-ICA
CIAT-ICA
CIAT-ICA
CIAT-ICA
CIAT-ICA

= W0 WL -

0

CIAT-ICA 11
CIAT-ICA 12
CIAT-ICA 2

RRRR (I)

44/1433-100-802

1150/0bs 74

152/54

IR1905-P11~29-4-61

IR1905-PP19-
IR1905-PP21~

73-2
73-4

IR3259-PP8-172-6

IR3259-PP8-172-7

IR3259-PP11-
" IR3259-PP1l~
IR3259-PP11-
IR3259-PP18-

182-4
186-4
186-4
821-2

IR3273-289~2~1473

IR3273-342-1-6
IR3273-339-2-~5
IR4547-14-3-1

IR5533-56-1-12

IR5533-55-1-11
IR5533-15-1-1
IR5533~14-1-1
IR5535~13-1-1
IR5533-PP850~1

IR5533-PP855-1
IR5533-PP856-1
IR9559-PP889-1
IR9559-4-1-1

IR9669-PP846-1

1R9669-PP836-1
IR9669-PP830-1
IR1905-81-3-1
IR2546-23-2-2-2
Ciwi/Alupi

Gueotakka

Dissi Hatif (73127)

Ciwine
Campone

IR1416-1-42-2-3-3

IR1416-128-5-8
Secano Do Brazil
Ta-poo-cho=-2z
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Table 2 (continued)

Reactionb to blast

Basic criteria Secondary criteria
Tine or variety Philippines Bumbong Lima
IRRI Leyte Malaysia Indonesia Thailand Nepal Indonesia Colombia
176 Y77 76 '77 '76 Y77 '76 '76 '76 ‘77 '77

REACTION TYPE: RRRR (1)

B  Zenith 3 1 3 1 3 3 1 1 4 3 1
B-72 1 1 1 3 2 2 1 1 5 2 2
IR4547-6-2-3 1 1 1 1 1 2 1 1 4 3 4
IR4547-6-2-4 1 1 1 L 1 2 1 1 4 3 4
IR4547-6-2-5 1 1 1 1 1 2 1 1 5 3 3
IR4547-6-2-6 1 1 1 1 2 2 1 1 4 3 5
IR4547-6-3-2 1 1 1 1 1 2 1 1 4 3 6
Tres Marias 1 1 1 1 2 2 1 1 4 3 1
Washabo 1 1 3 1 2 2 1 ] 4 2 1
Cey svoni 2 1 3 1 2 2 1 1 5 4 1

C Carreon 1 1 1 2 1 2 2 1 6 4 2
Colombia I 1 1 1 2 1 2 2 3 7 3 2
HR6674-4~8-1-2 3 1 3 1 - 2 2 1 7 1 4
CT2011-1 1 1 1 3 3 2 2 1 9 2 1
Colombia II 3 1 3 1 3 2 4 3 8 3 2
Dissi Hatif 3 1 1 1 1 2 2 1 8 3 2
El Gopher 3 1 3 1 2 2 2 1 6 3 5
818-3 BR9 3 1 1 1 3 2 2 1 9 2 7
JKW S20 3 1 1 1 2 2 2 1 7 4 2
Ramgarh 1 3 3 1 4 3 2 1 7 - 5
Ram Tulasi 1 1 3 3 2 1 1 8 3 2
Ram Tulasi (Sel.) 1 1 1 3 2 1 1 7 3 3

D M-302 1 1 3 1 4 2 4 5 1 6 5
T0S2300/7-3-4-10-B1 3 3 2 1 4 2 4 4 2 5 4
IR946-33-2-2-2-2 1 1 1 3 4 5 5 5 5 7 4
IR946-52-2-1-3-3 1 1 1 1 6 6 6 5 2 7 5
H-5 1 1 2 1 4 2 5 3 5 3 5
Leter 08 1 1 3 1 4 2 4 2 4 4 3

E Miscellaneous
Chulweon 1 1 1 1 1 8 9 1 1 5 1 1
Chulweon 3 1 1 1 1 6 9 1 1 3 2 1
74-1407 3 1 3 1 1 2 9 2 3 6 1
Chugoku 31 3 1 2 1 3 2 2 1 7 9 3

REACTION TYPE: RRSR (II)

0. nivara

A 1IR1721-11-5-3-2-3-1 1 1 7 1 5 4 1 1 2 3 5
(Reference IR24) (8 (9 (9 (3 - - (8) (9) - - -
CIAT-ICA 8 1 1 7 3 4 2 1 1 5 3 8
CIAT-1CA 13 1 1 7 1 4 2 1 1 3 3 3
B-2 1 1 6 3 4 2 4 2 1 3 1
IR4547-1-2 1 i 5 1 1 2 1 1 2 5 8
IR4547-20-7 1 1 6 1 4 4 1 1 5 5 4
IR4547-6-1-1 1 1 6 3 3 4 1 1 4 3 3
1R4547-6~1-3 1 1 5 1 4 4 1 1 4 2 4
IR4547~16-3-2 1 1 5 1 4 2 1 1 1 4 7
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Line of variety

Reaction

b

to blast

Basic criteria

Secondary criteria

Philippines

Bumbong Lima

IRRI Leyte Malaysia Indonesia Thailand Nepal Indonesia Colonbia
‘76 '77 '16 ‘77 '7e '77 '76 '76 '76 ‘71 ' 77

REACTION TYPE: RRSR (II)

A TR9660-50-3-1-1 1 1 5 1 3 2 1 1 1 2 4
IR9559-PP871-1 1 1 5 1 4 2 3 1 1 3 4
IR9559-PP870-1 1 1 4 1 2 2 1 1 1 2 3
I1R9559-00889-5-3 1 1 7 4 1 2 1 1 1 3 3
IR2035-255~2-3-2 1 1 6 3 4 2 1 1 2 3 4
I1R2035-290-2-1~ 1 1 7 1 3 3 1 1 5 2 5
IR2035-435-3-2-2-2 1 1 7 3 4 2 1 1 3 3 4
IR2546-31-2-1-2 1 1 7 1 3 2 4 1 1 3 6
IR2588-2-3-3 1 1 8 1 5 2 1 1 . 2 5
I1R2588-5-1-2 1 1 8 1 5 2 1 1 2 5
1R2588-29-3-3 1 1 8 4 4 2 1 1 1 3 4
IR2588-49~-3-3-3 1 1 7 1 4 3 1 1 1 2 2
1R2588-271-4 1 1 7 1 4 2 1 1 5 3 3
I1R2819-70~3~1 1 1 7 1 4 4 4 1 3 5 1
74-5461 . 1 7 1 2 2 3 1 2 3 4
74-5461 (Bl. R. BG34-8) 1 1 6 1 3 1 3 1 5 3 4

B B-24 1 1 7 1 6 4 3 2 7 3 2
74-5499 1 1 5 1 2 4 2 1 9 3 4
74-5507 1 1 6 1 4 4 1 1 9 3 4

REACTION TYPE: RRSM~RRSS (III)

Jub=0. nivara type

A TIR2328-198-1-3 1 1 8 5 4 5 4 3 1 4 8
TR2793-18-5 1 1 8 4 4 2 1 1 1 4 4
IR2793-38~3 1 1 7 4 5 4 3 1 1 4 3
1R2793-83-2 1 1 7 4 5 3 1 1 1 4 3
IR2793-123-1 1 1 8 5 4 2 3 1 1 4 4
IR2798-138-6-2 1 1 7 5 4 - 4 2 2 - -
IR2823-399-5-6 1 1 8 5 4 4 1 1 3 9 3
IR3397-33-3-5 1 1 9 5 4 2 1 1 1 3 1
IR3483-180-2 1 1 7 4 4 4 2 1 6 2 3
IR4227-9-1-6 1 2 7 4 4 3 1 1 4 3 2
IR4227-18-3-2 1 1 8 5 4 2 1 1 1 2 3
[R4427-23-2~3 1 1 8 4 3 4 1 1 3 9 7
IR4227-24-3-1 1 1 8 6 4 4 3 2 1 4 3
IR4227-109-1-3 1 1 8 5 4 4 1 1 1 5 2
IR4227-120-3-2 1 1 8 5 4 4 1 1 1 3 2
IR4227-140-2~1 1 1 8 4 4 4 4 2 1 4 1
IR4227~170-2-1 1 1 8 4 4 3 1 1 1 3 2
IR4227-199-3-2 1 1 8 4 4 4 1 1 1 3 3
IR4227-240-3-2 1 1 9 5 4 1 1 1 1 3 3
IR4427-315-2~3 1 1 7 4 4 2 3 3 1 5 6
I1R4409-28-3 1 1 7 4 4 2 3 2 3 6 4
IR4409-65-3 1 1 7 4 4 2 3 2 4 5 3
IR4409-141-2 1 1 8 5 4 2 3 2 2 4 4
IR4409-145-1 1 t 7 4 4 2 3 2 4 3 6
IR4409-171-1 L 1 8 6 4 3 4 2 4 4 6
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Table 2 (continued)

Reactionb to blast

Basic criteria Secondary criteria [
Line or variety Philippines Bumboug Lima
IRAR1 Leyte Malaysia Indonesia Thailand Nepal Indonesia Colombia
'76 '77 '76 771 '76 '77 '76 '76 '76 '77 '77
IR4409-177-1 1 1 8 4 4 3 4 2 1 3 8
1R4443-271-3 1 1 8 4 4 3 5 2 3 4 6
IR4570-83-3 1 1 7 4 4 2 1 1 1 4 5
IR4625-4-3 1 1 7 4 3 5 1 1 5 5 8
1R4712-32-2 1 1 8 5 4 4 4 1 1 6 2
IR4712-45-2 1 1 9 7 4 4 4 3 5 5 3
IR4722-36-1 1 1 7 4 3 3 1 1 1 4 3
1R4722-163-3 3 1 8 6 6 6 4 9 1 6 4
1R4722-251-4 1 1 7 5 4 4 3 1 1 6 2
IR4722-298-1 1 1 8 5 4 4 1 1 4 3 4
IR4723-76-2 3 1 9 4 4 4 1 2 2 5 3
IR4723-217-3 1 1 8 6 4 4 3 1 1 3 1
IR5311-163-3 1 1 8 6 4 4 3 2 1 6 4
IR5311-295-3 1 1 8 5 4 2 1 1 1 4 3
IR5853-51 1 1 7 6 3 3 1 2 1 7 2
111/1116 1 1 7 5 4 5 3 6 2 2 3
IR2053-521-1-1-2 1 3 7 4 5 4 1 1 6 3 7
IR2053-522-5-4 1 4 8 4 5 2 1 1 5 3 2
IR2055-462-3-2 3 4 8 4 5 3 1 1 1 2 2
IR2058-78-1-3-2-3 1 4 7 4 3 2 1 1 1 3 3
IR29 1 1 8 4 5 4 3 2 4 - 4
IR2061-464-2-4~4~6 1 5 7 4 6 4 3 1 1 4 4
IR2061-522-6-9 1 4 8 4 5 4 4 2 3 5 7
IR2070-414~3-9 1 3 7 5 6 5 4 3 1 7 4
IR2071-586-5-6-3-4 1 1 6 5 8 4 4 3 1 7 7
IR2071~588-3-2-6 1 1 7 4 8 4 4 2 1 7 4
B IR34 1 3 8 8 5 4 7 2 4 4 3
IR28 1 4 8 8 4 4 6 3 7 4 8
IR2061-628-1-6-4-3 1 1 8 7 8 5 3 2 3 6 4
IR3454-80-2-1 1 3 8 8 6 4 7 3 2 5 4
IR3464-203-3-3 1 1 8 8 8 4 6 4 2 6 2
IR3464-217-1-3 1 1 8 8 6 4 6 4 4 4 2
IR3478-4-3-1 1 1 8 7 4 4 6 4 3 5 3
IR4227-28-3-2 1 1 8 8 4 4 6 2 3 5 3
IR4227-164~1~1 1 1 8 9 6 4 6 3 4 6 1
IR4608-6-2 1 1 9 8 4 2 8 2 1 6 8
IR4613-54-5 3 1 9 9 4 4 7 3 2 5 7
IR5257-49-2 1 1 7 7 4 4 4 3 2 6 2
C 1IR2823-101-6-3 1 3 7 4 4 4 6 3 5 5 2
IR2823-295-3-2 1 3 8 4 4 4 6 4 2 3 1
REACTION TYPE: RSSS-RMSS-RSSM (IV)
Sigadis
A 1IR1529-680-3 1 9 8 6 8 4 8 4 1 7 7
BRJ51-26-12 1 7 8 6 4 5 4 2 5 6 6
IR4532-10045-3-2 3 7 8 7 9 6 3 5 1 9 9
IR4534-10102-4~3 1 6 8 7 4 5 5 3 1 9 8
IR9671-8-3-1~1 1 8 8 8 6 4 0 3 4 8 7
IR3449-172-2-1 1 7 9 7 8 5 8 3 4 9 3
IR3454-35-2-1 1 7 8 7 6 4 7 4 4 6 4
IR3464~29~3-1 1 8 8 8 4 4 6 1 1 6 1
IR3464-126-1-3 1 7 8 8 4 4 7 4 3 5 1
IR3464-149-3-2 1 1] 8 8 6 4 8 4 3 7 2
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Table 2 (continued)

Reaction® to blast

Basic criteria Secondary criteria
Line or variety Philippines Bumbong Lima
1RRI Leyte Malaysia Indonesia Thailand Nepal Indonesia Colombia
76 '77  '76 '77 '76 '77 '76 '76 '76 '77 '77

REACTION TYPE: RSSS~RMSS-RSSM (1V)

A IR4432-26~-5 1 7 9 5 6 3 8 4 1 8 6
IR4625-165-6 1 8 9 5 4 4 7 5 3 6 3
IR5311-3-1 1 8 9 7 6 5 6 3 1 9 8
IR3712-2 1 8 9 8 6 4 5 4 3 3 4
IR3179-27 1 8 9 5 6 5 7 6 4 4 8
IR1529-548-1-2 1 9 ] 7 9 5 8 4 7 7
1R9669-22-2-6 1 9 8 4 9 9 9 7 1 7 5

B IR4531-10062-2-2 1 4 8 5 6 6 5 6 1 5 8
IR9671-9-1-8-3 1 4 8 5 4 1 1 1 2 3 3
IR3449-4-2~1 1 5 8 5 4 4 4 2 4 5 2
IR3454-80~-2-1 1 3 8 8 6 4 7 3 2 5 4
IR5311-42-2 1 4 8 6 4 4 4 3 1 9 2

C BRJ51-17-3 1 8 8 4 4 5 3 2 4 9 5
BRJ51-196-2 1 7 8 4 5 5 3 2 4 8 5
IR2071-588-5-4-3 1 7 8 4 4 8 5 3 1 9 7
Milyang 30 1 8 6 4 4 4 1 1 4 9 6

REACTION TYPE: SMRR (V)

Dawm

A Dawn 6 4 1 1 3 2 2 1 6 2 7
Basmati T 3 6 4 3 1 4 3 2 2 5 2 5
C17338-5 6 4 3 1 6 2 2 3 6 3 6
DB-3 7 4 3 1 4 2 2 1 7 3 3
DD-91 6 4 3 1 6 4 2 1 7 3 3
DL-5 6 4 2 1 4 4 1 3 9 4 2
DL-12 6 4 2 1 2 3 2 1 8 4 2
DM-59 6 4 3 1 6 4 2 1 7 4 2
DNJ-129 6 4 3 1 3 2 1 1 8 4 2
Basmati 370 6 4 3 1 4 2 2 1 5 2 7
N 32 6 3 4 1 4 2 3 1 9 3 2
Unblatuzi Valley Sugar Co. 6 4 4 1 2 2 1 1 2 3 8
B 52 6 6 4 3 4 2 1 2 9 3 1
B 65 5 5 4 3 4 4 1 2 4 3 2
BMT 53R 3540 6 4 4 1 4 4 2 2 5 - 5
IR879-18-3-2 6 4 1 4 4 1 1 5 5 4
Ctg 1516 6 5 4 1 6 4 2 1 7 3 2

B RU369-7-2-1-4 7 4 3 1 9 2 4 3 1 6 4
RC10 257-1-8-5-3-2 6 4 4 1 9 3 5 3 1 8 3

C Dular 5 3 6 1 4 4 5 1 4 - 2
Kanto 51 9 4 7 1 8 6 9 2 6 - 4
Reference
IR2070-423-2-5-6 5 4 7 4 4 4 6 3 1 8 4

REACTION TYPE: MR /7 R(M) (VI)

Sub-Dawn

A 1R3271-PP134-68-3-1 6 1 1 1 4 3 1 1 4 3 3
IR3271-758-1481 5 3 3 1 3 2 1 1 5 3 3
IR3271-760-1482 6 1 4 2 4 2 1 1 4 i) 3
1R3271-746-1480 6 1 4 1 4 4 1 1 4 4 4
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Table 2 (continued)

Reaction” to blast

Basic criteria Secondary criteria
Line or variety Philippines Bumbong Lima
IRRI Leyte _ Malaysia  Indonesia Thailand Nepal Indonesia Colombia
76 77 '16 '717 76 77 '76 76 '76 '77 177
B Amol I-82 5 1 6 1 9 9 1 2 2 3 1
IR946-14-3-3-2-3 5 1 6 1 3 4 1 1 5 8 4
IR1544-38-2-2 6 3 6 1 9 4 2 3 1 4 3
Awini 4 1 7 1 4 4 3 1 3 5 3
IR880~47-2-1-2 6 4 7 1 5 4 1 3 1 6 3
IR930-2/1RB22-432 6 1 6 1 6 4 1 1 3 3 4
C IR2793-10-2 6 1 8 5 5 2 1 1 2 2 4
IR2793-80-1 6 1 7 4 4 1 1 1 1 2 3
IR4712-233-2 6 1 6 4 3 4 1 1 5 3 1
D BW246-10 5 1 5 1 3 4 6 7 1 9 5
T0S2513/7-7-16-5-B1 6 1 5 1 7 8 9 3 1 4 5
T0S2578/7-4-2-3-B2 6 1 Jj 1 4 2 9 4 1 6 3
T0S2581/7-4-2-5-2 6 1 3 1 4 3 6 5 3 5 2
REACTION TYPE: RSRR (VII)
T0S2259/7-3-2-9-B2 1 9 4 1 8 7 3 2 7 k] 2
Hang Yi 71 1 6 1 1 4 3 1 4 k] 2 1
Ca 902/B/2/2 1 9 1 1 1 3 2 1 7 5 3
REACTION TYPE: MRSS (VIII)
IR3478-97-2-3 6 1 8 7 4 4 5 2 3 4 3
IR4432~29-6 5 1 8 7 7 4 9 3 1 4 7
IR4432-43-3 5 1 9 8 7 3 7 5 1 7 8
IR4432-52-6-4 5 1 8 8 6 k] 4 5 1 6 8
REACTION TYPE: SSSR (IX)
HR693-123-2-6 5 6 7 1 8 9 k] 3 2 6 7
CI5309 8 5 5 1 9 9 3 2 7 2 8
Chokoto 8 8 7 4 9 5 4 2 7 k] 4
Suweon 264 7 9 8 4 7 9 5 6 8 8 7
REACTION TYPE: SSSS (X)
BRJ51- -2 6 8 8 7 4 7 3 3 4 7 4
IR20 7 7 8 8 4 5 7 3 3 9 6
IR32 7 8 7 5 5 4 7 k] 2 7 4
Taichung T.C.W.C. 9 9 8 8 9 9 9 9 3 9 -
Khao-teh-haeng 17 9 9 8 8 8 9 9 9 K} 8 3
IR1586~1-15~3-2 8 9 9 6 9 9 9 7 4 9 4
IR26 8 8 9 8 9 8 6 8 5 9 8
RP176-2 (74063) 7 8 9 6 9 7 4 7 4 9 9
Peta 7 8 7 8 9 9 9 9 7 7 4
Fanny 9 9 9 9 9 9 9 9 9 9 9

a . . P . .
Encircled figures indicate somewhat unusual score in a given group, b1976 Stuudard Evaluation System for Rice
Scale of 1-9: 1 = none to small brown specks of pinhead size, 9 = about 100% of leaf area infected.



tentative subgroups showed more or less similar
reaction in the Philippines, although there was
still some heterogeneity among the components.
Subgroup D seemed particularly different from
others in respect to the reaction in Indonesia in
1976.

Groups VII, VIII, IX. Groups VII, VIII, and IX
reveal very distinct differences in the Philip-
pines, thus indicating their important role as
differentials. The reactions in other countries
suggest that there would be additional differences
within each group. Only group VIII, which could
be a segregant relating to Group IIIb, revealed
relatively similar reaction outside the Philip-
pines.

Group X. Group X had no significant resistance
in the Philippines in 1976-77. It includes
several varieties that have been nominated as
components of previously proposed differentials.
This implies that the varieties in this group may
show significantly distinguishable reactions at
other sites. However, it would not be easy to
sort the different reactions under present
circumstances in the Philippines.

IMPROVEMENT OF IRBN

A close look into the result of 2 years of IRBN
reveals some interesting aspects of varietal
resistance. For instance, one group of varieties
such as Caireon, Ram Tulasi,and Raminad Str. 3
behaved similarly through many tests, with clear
infection in Nepal, while a group like the Sigadis
group showed a good level of resistance at the
same site despite the generally narrow spectrum of
their resistance.

The above fact is of particular interest. Carreon
has been cited (Ou et al 1971) as a donor of stable
resgigtance on which new pathogenic races would not
likely build up.

The specific reaction of a group of varieties to
certain races, as indicated above, greatly affects
the breeding strategy. If varietal resistance is
not simply measured by a linear scale from stable
resistance to less stable, then diversification
of types of resistance must be an important goal
of each breeding program. Therefore, the present
IRBN should be modified to measure the extent of
specific resistance, in addition to identifying
varieties that show stable resistance at many test
sites.

Bole of the present differentials in IRBN

Earlier differentials in IRBN were of five types
—- those from the United States, Japan, Taiwan,
and the Philippiues, and the international dif-
ferentials. Presently, only three sets (United
States, Philippines, and international) are
included (Table 1), Although each of the
differentials, particularly the international
ones, were established after tests against a
number of races, they do not effectively sort out
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races that have been distinguished by various hosc
reactions in the IRBN in the Philippines.

Of the international differentials, NP125, Dular,
and Kanto 51 (Table 1) show reactions similar to
those of the varieties in Group VI (Table 2).
Raminad Str. 3 behaves like Carreon and Ram Tulasi.
No variety may havé the reaction type of Tetep,
because Zenith is slightly different from Tetep
(Bandong 1965).

Among the Philippine differentials, Kataktara DA-2
and Raminad Str. 3 behaved similarly, indicating
that these two and Carreon and Ram Tulasi are
closely related genotyp2s. None of the differen-
tial varieties seems to represent 0. nivara type
and Sigadis type, which are clearly distinguished
as a major group in the Philippines (Table 2).

The drawback of the presen: differentials in IRBN
can be summarized as follows:

e There is difficulty in increasing their seed
because of their photoperiod-sensitivity or
extremely early flowering, and their iack of
resistance to major pests and diseases.

e There is lack of clear-cut response to the
races, which are able to discriminate present
breeding lines.

e They are irrelevant to presently prevailing
genotypes of host resistance.

Developing differentials in IRBN

D veloping a strategy through which a functional set
of differentials can be found is more imprctant than
fixing some tentative set of differential’.. But if
some rigorois criteria for differentials are to be
adopted as has been done for the latest differentials
in Japan, so that each component should have a single
major gene (Yamada et al 1976), it will be impossible,
at the present level of knowledge, to develop a com-
plete set of international differentials. Tt will

be useful to have a tentative set of differentials,
which are more functional than the present ones.

The principles in choosing the tentative differen-
tials should be different from those used earlier.
The present differentials were selected by testing
a large number of races against a relatively sn.ll
group of varieties. Although many races were iden-
tified there was no close look into the question

of the kind of host resistance prevailing in
breeding programs.

In contrast with the previous approach, the types
of resistance actually working in breeding programs
should first be identified. To represent each of
the tentative groups of host resistance, about 20
varieties or breeding lines can be selected (Table
3). Many races would not clearly be distinguished
by this set of differentials. Some error in the
choice of the entries in Table 3 would also be due
to ambiguous reaction in the blast nurseries.
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Table 3. List of lines or varietics representing cach group,
Reaction! to blast
Entries Basic criteria Secondary ciiteria
IRBY (no.) . bMilippiones Bumbong Lima
entiy no,  Subgroup Line or varicty of cach __IRRI | ~_Malaysia [ndonesia  Thailand  Nepal Indonesia  Colombia
77 proup Yin 17 '70 7 '76 '76 '70 ' '77
1 Major proup (81)
Tetep
146 La IR1905-81-3-1 49 1 1 1 2 2 1 1 1 1 k] k]
Zenith
99 Ib 14347-6-2-5 10 1 1 1 1 1 2 1 1 5 k] k)
Carreon
350 Ic Colombia 1 12 1 1 1 2 1 2 2 k] 7 k] 2
M-302
326 1d 1R946-33-2-2-2-2 6 1 1 1 k] 4 5 5 5 5 7 4
Miscellaneous 4
11 (28)
0, nivara
165 11a IR2588-2-3-13 25 1 1 8 1 5 2 1 1 1 2 5
415 IIb 74-5499 or k) 1 1 5 1 2 4 2 1 9 3 4
416 IIb 74-5507 1 1 6 1 4 4 1 1 9 3 4
111 (67)
169 I1Ia IR2793-18-5 53 1 1 H 4 4 2 1 1 1 4 4
141 I1Ib IR34 12 1 3 8 ] 5 4 7 2 4 4 3
Unclassified 2
v (26)
332 T IR1524'-680-3 17 1 9 a 6 8 4 8 4 1 7 7
192 b 1R3454-80-2~-1 5 1 3 a 8 6 4 7 k] 2 5 4
161 Ve 1R2071-588-5-4-3 4 1 7 8 4 4 a 5 3 1 9 7
v Minor group (21)
353 Va Dawn 17 6 4 1 1 k] 2 2 1 6 2 7
58 Vb Ru 369-7-2-1-4 2 7 4 3 1 9 2 4 3 1 6 4
Miscellaneous 2
V1 an
82 Via IR3271-PP134-68-3-1 4 6 1 1 1 4 3 1 1 4 3 3
333 VIb IR1544-38-2-2 6 6 3 6 1 9 4 2 3 ) 4 3
171 Vic IR2793-80-1 3 6 1 7 4 4 1 1 1 1 2 3
269 Vid BW 246-10 4 5 1 5 1 k] 4 6 7 1 9 5
VIL 3)
60 TOS 2259/7-3-2-9-B2 1 9 4 1 8 7 3 2 7 3 2
293 Hahng Yi 71 1 6 1 1 4 1 4 3 2 1
VILI (4)
230 1R4432-29-6 5 1 8 7 7 4 9 3 1 4 7
IX %)
306 €1 5309 8 5 5 1 9 9 3 2 7 2 8
X 137 1R26 (10) 8 a 9 8 9 8 6 8 5 9 8
Total 261

71976 Standard Evaluation System for Rice scale 1-9:

Formulation of IRBN

Specificity of resistance in the IRBN as shown by
Carreon in Nepal indicates the importance of
selecting entries base * on their pattern of
reaction over many sites rather than on average
resistance. In other words, preservation of
diverse types of resistance can be one of the
objectives of the IRBN. Efforts toward this
objective would makc it possible to identify
types of resistance for all new entries in the
IRBN.

Therefore, it is necessary to include in the IRBN
some entries that represent each of the tentative

1 = none to small brown specks of pinhead size; 9 = about 100% of leaf area infected.

resistant tvpes in Table 2. Because of possible
error in grouping and environmental variation

at each test site, it is desirable that at least
five entries from each group be included. 1If
the five entries representing each of the resis-
tant types behave uniformly for several tests,
one entry from each group can be selected for the
final concise set of differencials. If the five
entries show clear difference among them, or the
group shows ambiguous reactions, the entries
should be further tested for refining.

To identify the type of resistance, the basic
policy for new entries to the IRBN chould be as
follows:



13
15

Fig. 2.

entries showing clearly identical reactions to
one of the known resistant types need not be
tested further;

entries should be retested if they do not show
identical reactions to a known type; and

Zenith ———————
R 67 !
NP-125

Ca 802/u/3/3 _—_j—_T
Carreon |

Ta-poo-cho-z

IR1416-142233 ——
IR1544.238-2.3

IR1544-340-61 ———— |

C46-15

Colombia 111 )
Tadukan I
H-5

Kataktara DA 2

DL-6 ‘
DNJ-129 ————-

DZ-193

El Gopher

Thavalakkannan
Basmati T3

3—
Ctg 1516
DD-91 ]_]——
No. 79

Pl 184675-4 ————
Pusur I
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e entries should be retested if they show
ambiguous reactions.

There should te a secondary policy to handle lines
that show ambiguous reactions or those that
should be recommended for a hybridization program.

JKW S20
Mekeo White

Caloro 7
Colombia 12 —————— 1

Colombia 13 —@™———
Colombia 14 ———@8

Colombia 21 ——————1
Colombia 23 '—}_
Dawn

IR679-86-3-2-2

|R879-24-1-1.4 ——— ’—“
|R879-183-2 —8M8M ¥ ——
IR1544-38-2-2

IR1544.57-1-1 ————— I
1R1544-312-3-3

IR1529-548-1-2

T1 ]
Amritsari HR 22

Chuvanna Modan Ptb 30
D44-1

DNJ-60
A ——
Ramgarh

Sorna Vari ]
T9

Soavina
1R946-33-2-2-2.2 ————

IR946-52-2-1-3-3 ———

L]

Usen 1
Khao-tah-haeng 17 —— ]

Peta |

N —
Shiao-tiao-tso (S)

Chokoto

|
Taichung T.C.W.C.:_L
C1 8985 (Lacrosse) f

Fanny

An example of the numerical classification clustered by taxonomic distance.
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At any rate, the core of formulating the IRBN
consists of two steps:

1. maintaining and refining the representative
lines or varieties from each of the resis-
tance types to develop differentials; and

2. identifying type of resistance for new
entries by the differentials.

This practice can be programmed with a computer
by means of numerical classification. One such
trial is given in Figure 2. This preliminary
trial was, however, not successful because of the
capacity of the computer program and the in-
adequacy of original data.

There is a good possibility that the grouping of the
entries based on Philippine data would be different
from that in other countries. It will not be easy
to develop a rigid system of differentials and to
identify the type of resistance of IRBN entries
against many diverse races and resistant genes in
the world. Use of a comprier should be possible
for such data processing.

One convenient solution is to leave a portion of
IRBN for entries showing specific reactions in
some countries. Or, some regional centers may
add certain entries to reflect the regional
specificity of the resistance type. On the other
hand, if IRRI is to handle primary formulation of
IRBN, then there is a need to test the IRBN at
more sites in the Philippines to facilitate the
initial classifications. The IRBN should also be
further supplemented with laboratory tests of
inoculation of certain races, which may differen-
tiate some groups of resistance that cannot easily
be separated by natural infection, such as those
of Tetep and Zenith.

TMPLICATION OF IRBN DATA FOR GENETICS OF BLAST
RESISTANCE

The four tests of IRBN in the Philippines hLave
distinguished some resistance types; however, 347
of the entries remained unclassified because of
their ambiguous reactions. But the recognition of
these resistance groups provides an initial base
for further genetic analysis of the resistance.

Genetic segregation of the different resistance
types in a cross

Among the IRBN entries are cases where several lines
from one cross were tested. In some crosses (Table
4), it is possible to observe distinct segregation
among sister lines (Ikehashi and Khush 1979).

In the closely related sister lines of IR4547-6

and IR9559-~PP889, there seem to be segregation
between the Tetep group (1) and the 0. nivara group
(I1). The same sort of segregation is found in
IR2546, Further check of this segregation by such
a race, as found in Leyte in 1976, may show that
the difference between the two groups is controlled
by a single gene.

Likewise, at Los Bafios in 1976 segregation between
subgroup II1Ia and group VI was found in IR2793 and
IR4712, but their reactions were fairly uniform at
other sites. This suggests that the difference
between the two is governed by a single gene. How-
ever, there remains the possibility of more than
three types of segregation, which could have been
missed through the selection of resistant types be-
fore testing them in IRBN.

A similar observation is possible regarding the
segregation of IIlb and IV in IR2071 and IR3464,
and that of 1V and IIT in IR5311l.

In other cases, two or three different types of
reactions are found in the crosses, such as IR4432,
IR2823, IR1544, and IR9669.

These observations are extremely important because
they provide a base for further work, which could
analyze genetic relationships among the reaction
types.

A tentative system for search and naming of races
at IRRI

There is a need to form a minimum differential
system to collect and maintain the kind of races
that appeared in the IRBN in 1976-77 and to
distinguish prevailing types of resistance in the
present breeding programs.

The four races that appeared in IRBN in the
Philippines can theoretically be defined with
two varieties (Table 5A). However, two of the
distinct resistant groups that can discriminate
the four are not found in the IRBN data. There-
for2, the five resistant groups indicated in
Table 5B can be used to find and classify the
four races.

With these four races as tentative minimum dif-
ferentials, many genotypes are still not discrimi-
nated. Apparently, the difference among the groups
of Carreon, Tetep, and Zenith cannot be recognized
with these races. Actually, Carreon and Tetep
were usad in IR5533 and IR9559, but the progeny
seems to be close to Tetep in resistance (Table 2).
The recognition of difference among the resistance
donors will enable a breeder to avoid duplicated
use of identical gene(s), to diversify the type

of resistance, and to synthesize different types
of resistances. It is important to search for a
race that may distinguish the differences among

the most resistant varieties and breeding lines.
When such races are found, there will be a need

to find several breeding lines or varieties that
can designate the specific pathogenicity of the
race.

In the absence of such a system, there is no way
of synthesizing different types of resistance.
Moreover, it is likely that different genes are
identified as the same gene in the absence of the
race that may distinguish different genotypes in
the progeny from two resistant parents. Tetep
and Zenith are thus reported to have an identical
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Table 4, Scgregation between different reaction types.

Reaction'® to blast

Basic criteria Secondary criteria
Type Line or variety Philippines Bumbong Lima
IRRI __Leyte Malaysia Indonesia  Thailand  Nepal Indonesia Colombia
76 77 ‘76 771 76 77 '76 '76 '76 '77 ‘77
1 and 11
TRB*6/PK203/4/1R22/Tetep//1R22/0. nivara///1R3265
11 IR4S4T-b-1-) 1 1 6 3 3 4 1 1 4 3 3
? 1R4547-6-1-2 1 1 4 1 1 4 1 1 1 3 3
I 1R4547-6-1-3 1 1 5 1 4 4 1 1 4 2 4
? 1R4547-0-1-3 3 1 4 3 4 4 3 1 2 2 4
1 IR4547-6-2-4 1 1 1 1 1 2 1 1 4 3 4
1 1R4547-6-2-5 1 1 1 1 1 2 1 1 5 3 3
L IR4547-6-2-6 1 1 1 1 2 2 1 1 4 3 5
1IR1416-142-2-3=-3/1R1487-194-3-4
1 1R254h=23-2-2=2 1 1 1 3 2 2 5 1 3 3 6
I IR2546-31-2-1=2 1 1 7 1 3 2 4 1 1 3 6
IR8///1RB*2//1R1904/1R1905
1 IR9559-PP889-1 1 1 3 1 1 2 1 1 1 k] 3
11 1RY559-PP889-5-3 1 1 7 4 3 3 1 1 3 4 5
111a and VI
1R1416-131-5/1R1364-37-3-1//1R1514A-E666
Illa 1R2792-18-5 1 1 8 4 4 2 1 1 1 4 4
Il1a 1R2793~38-5 1 1 7 4 5 4 3 1 1 4 3
I1la IR2793-82-2 1 1 7 4 5 3 1 1 1 4 3
111a IR2793-123-1 1 1 8 5 4 2 3 1 1 4 4
V1 1R2793-10-2 6 1 8 5 5 2 1 1 2 2 3
Vi 1R2793-80-1 6 1 7 4 4 1 1 1 1 2 3
1R1905-72-3-3/1R5//1R2001-213~2
11la IR4712-32-2 1 1 8 5 4 4 4 1 1 6 2
Llia IRG712-45-2 1 1 9 7 4 4 4 3 5 5 3
? IR4712-228-1 3 1 8 4 2 2 1 1 5 4 1
Vi IR4712-233-2 6 1 6 4 3 4 1 1 5 3 1
I{lb and IV
TRIS61-228=-1-2///1R24/ [1R24*%3/C. nivar:
I11b IR)071-588-3-2-6 1 1 7 4 8 4 4 2 1 7 4
|8 [R2071-588-5-4-3 1 7 4 8 4 8 5 3 1 9 7
111b iR2071-588-b-2-8-4 1 1 8 4 9 4 5 k] 1 7 4
18y IR2071-625-1-252 4 6 7 5 4 5 7 4 1 9 6
IR1628-68-3/1R84.-67-i-1-1//1R2061-213
1 IR3464~29-3-1 1 8 8 8 4 4 6 1 1 6 1
v IR3464-126-1-3 1 7 8 8 4 4 7 4 k] 5 1
v {R3404-149-3-2 1 8 8 8 6 4 8 4 3 7 2
LT1b [R3464-203+3~3 1 1 8 8 8 4 6 4 2 6 2
Lilb IR3464-217-1-) 1 1 8 8 6 4 6 4 4 4 2
1R2001-125-3" .R1820-52-2
v IR5311-3-1 1 8 79 6 5 6 9 1’ 9 8
? IR5311-42-2 1 4 8 6 4 4 4 3 1 5 2
4B IR5311-168-3 1 1 8 6 4 4 3 2 1 6 2
[$88 IR5311-295-3 1 1 8 5 4 2 1 1 1 4 3
11tb, 1V, and VIIL
1R2061-125-37/CR94-32
v [R4432-20-5 1 7 9 5 6 3 8 4 1 8 6
ILh IR4432-28-5 1 1 8 5 6 4 7 4 1 7 6
vill IR44632-29-1) 5 1 8 7 7 4 9 3 1 5 7
? [RA432-32-4 3 6 7 5 7 4 8 3 1 5 7
VIt [R4432-38-06 4 1 7 5 6 3 4 3 1 5 8
Vil [RA432-43-3 5 1 9 8 7 3 7 5 1 7 8
vitt {R4432-52-6-4 5 1 a [ 6 3 4 5 1 6 8
? IR4432-103-0-4 4 1 8 9 9 3 7 5 1 7 a

(continued on next page)
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Table 4 (continued)

Reaction” to blast

Basic criteria

Secondary criteria

Type Line or variety Philippines Bumbong Lima

_IRRI Leyte _ Malaysia Indonesia  Thailand Nepal Indonesia  Colombia

7617 Y16 YT T 8 '77 '76 '76 '76 Y77 V77
Double segrepation undetectable in the Philippines
CR94-137 1R1529-680-37//1R24%3/0. nivaral//1R1416-131-5
1R2823~101-6-3 1 3 7 4 4 4 6 3 5 3 1
1R2823-271-4 1 1 7 1 4 2 1 1 5 3 3
1R2823-295-3-2 1 3 8 4 4 4 6 4 2 9 1
1R2823-399-5~6 1 3 8 5 4 4 1 1 3 9 3
1R24/Tetep
TR24 i 8 - 9 - 9 - 8 9 3 - -
Tetep 1 1 4 1 2 1 2 1 1 2 2
IR1544-38-2-2 6 3 6 1 9 4 2 3 1 2 8
IR15%4-57-1-1 5 4 5 1 8 4 3 1 1 2 8
IR1544-181-1-1 1 1 4 4 3 2 1 1 5 3 4
IR1544-238-2-3 4 1 6 4 4 2 1 1 1 3 4
1R1544-312-3-3 4 4 6 1 7 3 3 1 1 4 4
1R1544-340-06-1 1 1 5 4 4 2 4 1 1 2 3
IR1544-414-3~1 5 3 4 1 4 3 3 1 1 3 5
IR8/LR8*2/Carreon )
1R8 8 - ] - 9 - L] 8 3 - -
Carreon 1 1 1 2 1 2 2 1 6 4 2
LRY669-PP830-1 1 1 1 1 1 2 1 1 1 2 4
1R9669-PP836~-1 1 1 1 1 1 2 1 1 1 9 4
IR9669-PP846-1 1 1 3 1 1 2 1 3 1 9 5
1R9669-11823-1 1 1 7 4 2 2 4 1 1 6 4
LR9669-7P827-1 1 4 7 4 4 2 6 3 1 7 4
IR9669-22-2-0 1 9 a 4 9 9 9 7 1 7 5
IR9669-23-12-7 1 4 7 4 2 2 6 1 2 7 4
1RY669-27-4-8 1 4 7 4 k) 2 4 3 k) 5 4

1976 Standard kvaluation System for Rice scale 1-9: 1 =
Eneircled figures indicate somewhal unusual score in a given pronp.

gene or to be allelic (Padmanabhan et al 1973),
although there is evidence that they may have dif-
ferent resistant genes (Bandong 1965).

It is well known that each race would vary in patho-
genicity. However, the extent of the variability

is not yet fully recognized because measuring
variability depends greatly on the nature of dif-
ferentials and the way of defining the variability.
In the absence of distinct difference in the types
of resistance among differentials, the ambiguity of
the reactions could lead to an overestimate of the
variability. One such case in the international
differentials has been reported (Veeraraghavan 1975).

With the tentative minimum differentials proposed
in Table 5B, such ambiguous reaction is expected to
be less frequent as distinctly different resistant
types are adopted in it. There only remains one
danger in misjudging: seed mixture in differential
varieties.

The next step in genetic work is to hybridize among
and within the resistance types. Testing of the
progeny simultaneously against selected races should

none to small hrown specks of pinhead sizeg

9 = about 100% of leaf area infected.

determine genes that differentiate the types of
resistance.

Table 5. Standardization of race nomination for
genetic analysis (tentative).

A. Required varietal reaction to designated 4 races
(A-D) found in IRBN in the Philippines in 1976-77.

Varietal reaction?

b A B C D
Variety IRRI IRRI Leyte Leyte
1976 1977 1976 1977
Va R R S S
Vb R S R S
or Vc S R S R
9 = resistant, S = susceptible. bIR34 can be use-

ful as Va, but there is no variety which serves
clearly as Vb. BW246-10 can be good Vc but its
susceptibility is not distinct.



B. Tentative system of designating the races.
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Varietal reactiond

Race IR1905-81-3-3 IR2588-2-3-3 IR34 IR1529-680-3 IR206
(Tetep) (0. nivara) (?) (Sigadis)
A R R R R S
B R R R S S
D R R S S S
C R S S S S

a

R = resistant, S = susceptiblc. IR34 discriminates A and B from C and D. IR1529-680-3 distinguishes A from

B, and IR2588-2-3-3 distinguishes C trom D. 1R1905-81~3~1 and IR26 are resistant and susceptible checks,

respectively.
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