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Genetics of Resistance in Rice Cultivars, IR20 and Semora Mangga to
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To develop near-isogenic lines with monogenic resistance to bacterial blight (BB) in rice,
a rice differential cultivar, IR20, was analyzed using Japanese and Philippine BB races.
Another rice cultivar, Somora Mangga, identified to be carrying Xa-4° (an allele of Xa-4)
was also studied using Philippine races. Analysis of F2 and F3 populations (from the cross
IR 24/IR20) using Japanese and Philippine races revealed that IR20 has Xg-I and Xg-12 in
addition to Xa-4 which was considered to convey resistance to Japanese race IIIA. The al-
lelism test between IR20 and Java 14 showed that Xe-3 and Xa-4 are very closely linked.
The allele test between Semora Mangga and Java 14 showed that Semora Mangga has
Xa-3, not Xa-4® as reported earlier. Thus, gene symbols Xa-4¢ and Xa-4® are redundant.
The results show that Xa-4 conveys resistance to Japanese races IA, II, IIIA, and V as
well as to Philippine race 1 and moderate resistance to race 4.
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gene.

Introduction

We are developing near-isogenic lines of rice with single genes for resistance to bacterial
blight (BB) caused by Xathomonas campestris pv. oryzae. These lines will be used as inter-
national differentials for identifying races of BB pathogen. For this purpose, we are geneti-
cally analyzing rice cultivars used as BB differentials in Japan and at IRRI. We are using
Japanese and Philippine BB races to determine the nature and numbers of BB resistance
genes in these differentials.

IR20, which is used as a differential at IRRI, to BB races, was first analyzed by Pet-
PiSIT ef al. (1976) by using Philippine race 1. The resistance of IR20, IR22 and IR
1529-680-3 was found to be governed by a single dominant allelic gene which was desig-
nated as Xa-4. Several other cultivars such as Sigadis, Syntha, Hom Tong, Pelita I-1 and
most IRRI-bred cultivars were identified as having Xe-4 (LiBrojo ef al. 1976, OLurowoTE et
al. 1977, Smuu et al. 1979). Lisrojo et al. (1976) analyzed the F, population of a cross be-
tween IR20 and Semora Mangga and did not observe any segregation for susceptibility. Since
Semora Mangga shows resistance at booting and flowering stages, it was thought that
Semora Mangga has a different allele which was designated as Xa-¢° as compared to Xag-4°
of IR20.

In a preliminary experiment, IR20 showed high level of resistance to Japanese races IA,
IB and V, and resistance to Japanese races II, IIIA, IIIB and IV (Ocawa and Yamamoto
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1987). On the other hand, IR20 is resistant to Philippine race 1, moderately resistant to
Philippine race 4, and susceptible to Philippine races 2 and 3 (Ocawa and Yamamoro 1987).
These reactions suggested the possibility that TR20 may have additional genes for resistance
to Japanese races.

Although Semora Mangga is not an IRRI differential, it was reported to have a distinct
allele at Xa-4 locus. Therefore, we included it for genetic analysis along with IR20.

This study is a collaborative research between IRRI and Japan’s Ministry of Agriculture,
Forestry and Fisheries (MAFF).

Materials and Methods

IR20, an IRRI-bred cultivar, was analyzed for resistance to BB using Japanese and Philip-
pine races, while Semora Mangga a cultivar from Indonesia was studied using Philippine
races. The seeds werée obtained from the International Rice Germplasm Center (IRGC) of
IRRI. TR20 was tested for uniformity in plant type, heading date, and resistance to four
Philippine races. One line was selected and then multiplied for this study. Similarly, sever-
al lines of Semora Mangga were evaluated and one line was selected for study. A susceptible
cultivar, IR24, was used as parent in cross for genetic analysis and Kogyoku, Wase Aikoku
3 and Java 14 were used in the allelic tests. The seed sources were described already in
Ocawa et al. (1990a).

Hybrids, IR24/IR20, Java 14/Semora Mangga, Java 14/IR20 and Wase Aikoku 3/IR20 were
analyzed using Philippine races at IRRI, Hybrids, IR24/IR20 and Kogyoku/IR20 and
Kogyoku/IR20 were analyzed using Japanese races at the Tropical Agriculture Research
Center (TARC), Japan. After an analysis of F» population of IR24/IR20 at TARC, F; lines
derived from the F. plants grown in Japan were analyzed at seedling stage at IRRI. The
seedling-stage inoculation was done 28 days after sowing and resistance was evaluated 18
days after inoculation (DAI). 17 seedlings per Fs3 line were inoculated.

For the inoculation of hybrids at TARC, three Japanese races—race IA (isolate T7174),
race IITA (isolate T7133), and race V (isolate H75304)—were used. Four Philippine races—
race 1 (isolate PX061), race 2 (isolate PX086), race 3 (isolate PX079), and race 4 (isolate
PX071)—were used for the inoculation of hybrids at IRRI. For inoculation of F3 seedlings,
only race 1 was used.

The other exmerimental methods were the same as already described in the previous paper
(Ocawa et al. 1990a).

Results

The ten lines of IR20 which we evaluated differed in flowering date and there were some
differences in height. However, their reaction to four Philippine races was identical (Table
1). We selected 7th line for our studies.

Genetics of resistance in IR20 to Japanese and Philippine races

Fo population from the cross IR24/IR20 together with the parents and F; hybrids were
grown and inoculated with four Philippine races 1, 2, 3, and 4 at IRRI. During the inocu-
lation test, the race 1 used (isolate PX061) was slightly weaker in virulence than the other

NII-Electronic Library Service



Genetics of Resistance in Rice Cultivar to Bacterial Blight of Rice

437

Table 1. Headig date and lesion length at flowering stage of IR20 lines in a study of
its resistance to four Philippine BB races. IRRI, 1983

Line No. Heading date!

Lesion length when inoculated with Philippine BB races

1 2 3 4

1 6.19  3.0-5.3 9.6? 9.9-15.2-0.5 7.0-18.3-25.5 3.2-6.6-11.2
2 18 3.7-6.1-10.0 8.0-12.2-17.5 9.5-17.5-26.0 3.5-6.0-10.5
3 17 1.7-4.6- 85 8.5-12.8-18.2 9.0-15.4-22.2 2.66.2- 9.5
4 17 3.05.2-115 7.5-13.6-24.0 10.1-16.6-25.5 3.5-6.7-10.3
5 21 3.05.3- 7.5 6.5-12.4-18.0 8.5-15.9-23.5 3.5-6.1-14.5
6 26 2.0-4.2- 7.0 7.5-12.5-18.2 12.0-18.3-26.0 2.55.8-12.0
7 20 2.7-4.9-10.0 6.0-12.9-18.0 14.2-21.7-33.0 4.4-6.8-11.0
8 26 2.3-5.3-11.0 5.5-14.9-22.3 14.0-22.3-28.0 2.6-5.4- 8.7
9 26 3.0-4.7- 7.6 7.5-15.0-20.0 6.7-20.4-27.5 2.6:6.1- 9.5
10 27 2.0-3.0- 4.0 8.0-11.8-18.0 11.3-18.5-27.0 2.2-3.6- 5.0

D: Heading date is when 50% of plants of each line headed.
2); (Minimum-average-maximum) lesion length (cm) at 14 days after inoculation.

three races. Therefore, the lesion length of the parents and hybrids were scored at 13, 18
and 22 DAI. The lesion lengths of IR24 at 22 DAI and those of Fy plants susceptible to
the other 3 races at 18 were similar (Figs. 1 and 2). The resistance could not be evaluat-
ed clearly by the lesion length of plants of the Fy population after inoculation with race 1
when visually observed at 13 and 18 DAI, but the resistance could be evaluated at 22 DAI.
The plants which stopped to develop the lesion at about 22 DAI were evaluated as resis-
tant, while the plants which continued to develop the lesion after 22 DAI were evaluated
to be susceptible. By this criterion, almost all of the plants evaluated as resistant had shorter
lesions at 22 DAI than those of the plants evaluated as susceptible in visual observation.

On the other hand, the lesion length of the F» plants upon inoculation with race 4
showed continuous distribution while the lesion length of the Fy plants was intermediate be-
tween those of parents. However, plants evaluated to be resistant to race 1 always showed
shorter lesion length with race 4 as compared to lesion length with race 2 and 3. There-
fore, all plants resistant to race 1 were considered resistant or moderately resistant to race
4,

Thus, F2 plants of IR24/IR20 could be separated into two groups: one showing the reac-
tion pattern of IR20 and the other showing susceptibility to all four races. The segregation
ratio of RSSMR (resistant to race 1, moderately resistant to race 4, and susceptible to races
2 and 3) and SSSS (susceptible to races 1, 2, 3, and 4) agreed with a 3:1 ratio
(242RSSMR : 75SSSS, x2=0.304, P:0.5-0.7).

The F, population of IR24/IR20 was also analyzed using Japanese races TA, IITA, and V.
The F; plants showed a continuous distribution in lesion length to Japanese race IITA due
to inoculation at the late maximum to tillering stages. Most of resistant plants in the popu-
lation could be distinguished from susceptible plants by lesion length, but plants having about
6-10cm lesion length could not be classifed clearly. However, the F; population could be

NII-Electronic Library Service



438 0cawa, YaMaMmoTo, KHUSH and MEW

P, 22DAI Race 1

Race 2

80 - i S

- T -

4()[—

20

Race 3

No. of individuals

60 -

40

Race 4

80.. ................

60

¥

201

==

Lesion length (cm)

Fig. 1. Frequency distribution of lesion length of parental, Fi, and F2 populations from the
cross of IR24 (P1)/IR20 (P2) at booting to flowering stages. IRRI, 1983.
R: resistant, S: suspectible.
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Fig. 2. Lesion development of resistant and susceptible plants (to race 1) in the F»
population from the cross IR24 (P1)/IR20 (P2) at booting to flowering stages.
IRRI, 1983.
R: resistant, S: susceptible.

easily classified into resistant and susceptible plants when inoculated with Japanese races IA
and V. As a result, the Fs population segregated into 261HRHR (high resistant to races IA
and V) and 91SS (susceptible to races IA and V) plants. This ratio gave a good fit to 3:1
(#=0.136, P:0.7-0.8).
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After the F2 population of IR24/IR20 was analyzed at TARC, seeds from F: plants were
harvested and sent to IRRI. The Fs lines were grown at IRRI and evaluated for resistance
using Philippine race 1 at seedling stage (28 days after seeding). Among F3 lines, 74 lines
showed homozygous resistance, 122 lines were heterozygous, and 53 showed homozygous sus-
ceptility. Based on the results of the F; analysis, the lesion length of the F» population
scored at TARC are indicated in Fig. 3. The frequency distribution showed that plants resis-
tant to Philippine races 1 and 4 showed shorter lesions than plants susceptible to Japanese
race IITA.

When the Fy population of Kogyokw/IR20 was inoculated with Japanese races IA and V,
there were no susceptible plants. On the other hand upon inoculation with race IIIA, the
F2 population segregated into 185 moderately resistant and 64 susceptible plants. In the
moderately resistant plants, lesion development stopped at 21 DAI while the susceptible plants
showed continuous lesion development. The segregation of this Fs population agreed with
3MR: 1S ratio (x*=0.066, P:0.7-0.8).

Allele test fror resistance genes of Semora Mangga and Java 14

We compared the reaction of Semora Mangga and some other cultivars after inoculation
with 4 Philippine races (Table 2). Semora Mangga showed resistance to all four Philippine
races and the lesion had a browning reaction around it. This reaction of Semora Mangga
was very similar to those of Chugoku 45, Java 14 and Wase Aikoku 3-all having Xa-3
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Fig. 3. Frequency distribution of lesion length of Fs
population from the cross of IR24/IR20 at booting
stage. TARC, 1985.
Upper figure: overall distribution.
Lower figure: two kinds of ditribution based on
F3 analysis (Xa-4: plant carrying Xa-4).
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gene. As previously mentioned, IR20 showed resistance to race 1, moderate resistance to
race 4, but susceptibility to races 2 and 3. These results suggest that Semora Mangga may
have Xa-3, not Xa-4 as reported earlier. To confirm these results, we analyzed hybrids of
Java 14/Semora Mangga.

Semora Mangga showed typical Javanica plant type morphology e.g. long awns, round
grains, and few tillers. These basic characteristics were found in every plant of Semora Mang-
ga. However, the color of the awns, spiklets, and leaves showed slightly plant to plant var-
iation. Therefore, four lines of Semora Mangga selected on the basis of variation in coloration
were used for allele tests with Java 14. }

The four hybrids of Java 14/Semora Mangga were analyzed using four Philippine races.
All the Fy plants showed resistance to all four races with browning reaction around lesions.
Almost all plants of the four F: populations consisting of 331, 314, 324, and 327 plants,
respectively showed lesion lengths below 10cm at 19 DAL Only two plants in race 2 in-
oculation had 10-12cm lesion (Fig. 4). All plants showed browing around the lesions. There-
fore, all plants in the four F; populations were found to be resistant to four Philippine
races.

Allelism test between the resistance genes of IR20 and Java 14

The hybrids of Java 14/IR20 and Wase Aikoku 3/IR20, were analyzed using Philippine
races for the allele tests between two genes for resistance. The F; hybrids of Java 14/IR20
showed resistance with browning reaction to all four Philippine races, though the lesion
lengths with races 2 and 3 were longer than those with races 1 and 4 (Fig. 5). All Fy
plants were resistant to race 1, although the lesion length ranged from 0.2 to 22.0cm. The
lesion length of plants without browning reactions ranged from 0.2 to 14cm, while that of
plants with browning ranged from 0.2 to 22.0cm. These ranges of lesion length are simi-
lar to those of plants having Xa-3 and Xa-4 genes. In this population, 263 RE (resistant
with browning) and 94R (resistant without browning) plants were observed. This segregation

Table 2. Reaction of some cultivars to four Philippine races. IRRI, 1986

Race 1 Race 2 Race 3 Race 4

Cultivar Lesion Reac- Lesion  Reac- Lesion Reac- Lesion Reac-

Length tion length tion length tion length tion
IR 24 (check) 24.7* S 18.5 S 20.6 S 18.4 S
IR 20 1.8 R 13.8 S 14.8 S 74 MR
Semora
Mangga 1.9 RB 0.7 RB 0.7 RB 0.8 RB
Wase Aikoku
3 1.8 RB 0.7 RB 0.6 RB 0.6 RB
Chugoku 45 2.0 RE 1.5 RB 1.1 RB 0.7 RE
Java 14 2.1 RB 1.2 RB 1.0 RB 0.8 RB

*: Average lesion length in cm (3 leaves each of 5 plants) at 14 DAL
R: resistant, RB: resistant with browning around lesion, and S: susceptible.
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Fig. 4. Frequency distribution of lesion length of Fy
population from the cross of Java 14 (P1)/Semora
Mangga (P2) at booting to flowering stages. IRRI,
1986.

agrees with a 3:1 ratio (x3=0.337, P:0.5-0.7). The plants of this population were evalutaed
for resistance to race 4. The lesion length of resistant plants without browning ranged from
0.2 to 1l4cm, while that of resistant plants with browning ranged from 0.2 to 22cm. These
ranges of lesion length also fell within the ranges of plants having Xa-4 and Xea-3, respec-
tively. Thus, 255 plants were classified as resistant with browning and 92 plants were clas-
sified as resistant or moderately resistant without browning. This segregation also agrees with
the 3:1 ratio (xX*=0.424, P:0.5-0.7). The characteristics of leison development in reaction to
races 1 and 4 in the Fy plants were very similar to those observed in plants with Xa-3,
Xa-4.

From their reaction to races 2 and 3, the Fy plants also were separated into two groups,
those with browing and without browning. The lesion length of plants without browning reac-
tion was relatively longer than that of plants with browning. The lesion development of
plants without browning reaction did not stop at 21 DAI. Therefore, plants wihtout brown-
ing reaction around lesions, were classified as susceptible to races 2 and 3. Thus, 262 plants
were resistant with browning (RB) and 94 plants were susceptible to race 2. Similarly, 258
plants were RB and 93 plants were susceptible to race 3. This segregation for resistance to
two races agreed with 3:1 ratio (x*=0.375 and 0.419, respectively, P:0.5-0.7). The reaction
pattern of F» plants to races 1 to 4 was eigher RERBRBRB or RSSR or RSSMR. No plants
with other reaction pattern to races 1 to 4 were observed in the F; populations.
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Fig. 5. Frequency distribution of lesion length of Fy population from the cross of Java
14 (P1)/IR20 (P2) at booting to flowering stages. IRRI, 1984.
RB: resistant browning, R: resistant, and S: susceptible.
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The F2 population of Wase Aikoku 3/IR20 was analyzed using Philippine races 1 and 2,
only, as due to poor tillering the plants of this population could not be inoculated with races
3 and 4. This population showed segregation similar to that of Java 14/IR20. Upon inocu-
lation with race 1, the lesion length of plants without browning reaction ranged from 0.2
to 8cm, while the lesion length of plants with browning reaction reached to 24cm. However,
lesion development in all plants stopped at about 18 DAI. Upon inoculation with race 2, the
lesion length of plants without browning reaction ranged from 10 to 32cm and the lesion
development continued beyond 21 DAI. The lesion length of plants with browning reaction
ranged from 0.2 to 22cm and the lesion development stopped at about 18DAI (Fig. 6). Thus,
all plants were classified as resistant to race 1, but 275 plants were resistant to race 2, and
98 were susceptible. The segregation for resistance to race 2 agrees with the 3:1 ratio
(x*=0.311, P:0.5-0.7). The plants resistant to race 1 could also be separated into 268RB
and 105R plants. Thus the Fs plants were either RBRB or RS, the former with Xa-3 and
the latter with Xa-4 only.

Discussion

IR20 is highly resistant to Japanese races IA and V, but moderately resistant to Japanese
race IITA. An earlier study (Ocawa and Yamamoro 1987) also indicated that IR20 is resis-
tant to Japanese races IA, IB, IIIB, IV and V but the resistance to races IA, IB and V
was higher than that to other races. Hormo ef al. (1981) reported that IR20 was suscepti-
ble to Japanese races II, III and IV, but highly resistant to races I and V. Thus, they
placed IR20 and other IRRI bred cultivars into Kogyoku group of rice cultivars. The allele
test results showed IR20 to have the same gene(s) as Kogyoku. Therefore, it is concluded
that IR20, in addition to Xa-4, also has Xa-1 and Xa-12 (Xa-kg).

The Fg population of IR24/IR20 showed a normal curve for lesion length, while the F»
population of Kogyoku/IR20 segregated to 3MR:1S ratio for resistance to Japanese race
ITITA. An analysis of F3 plants of this cross indicated that plants resistant to Philippine race
1 are highly resistant to Japanese race IIIA than plants susceptible to Philippine race 1.
These results indicate that the same gene confers resistance to Philippne race 1 as well as
to Japanese race IIIA.

IR20 was originally identified by PerrisiT ef al (1977) as having an incompletely dominant
gene for resistance to Philippine race 1 (isolate PX025). They designated this gene as Xa-4.
Furhtermore, they stated that the resistant cultivars released by IRRI up to 1975 (IR20,
IR22, IR26, TIR28, IR29, 1IR30, IR32 and IR34) and by Indonesia (Pelita 1/1) also have the
Xa-4 gene for resistance. Our analysis of the hybrids IR24/IR20 using Philippine race 1 con-
firmed the earlier results. The F; hybrid of IR24/IR20 had lower level of resistance to
race 1 as compared to IR20. Therefore, the Xa-4 gene is an incompletely dominant gene.
Yosumura ef al. (1985) carried out genetic analysis of IR20 using Philippine races 1 and 4.
The result of PerrisiT ef al (1977) regarding resistance to race 1 was confirmed and the
moderate resistance to race 4 (PX071) was found to be a quantitative trait and the broad-
sense heritability was high.

In the analysis of F» populations of the corss IR24/IR20, plants with reaction patterns
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Fig. 6. Frequency distribution for lesion length of F2 population from the cross of
Wase Aikoku 3 (P1)/IR20 (P2) at booting to flowering stages. IRRI, 1985.
RB: resistant with browning, R: resistant, and S: susceptible.

RSSMR and SSSS to Philippine races 1 to 4, only were found. The frequency distribution
of lesion length of moderately resistant and susceptible plants overlapped somewhat but the
distribution was bimodal. Therefore, it is concluded that the Xa-4 confers high resistance to
race 1 as well as moderate resistance to race 4. The analysis of F2 and F3; populations
from the cross Kogyokuw/IR20 indicated that IR20 does not have additional gene for
resistance to Japanese race IIIA.

Rice cultivar Semora Mangga looks like to be susceptible at seedling and maximum tillering
stages but is clearly resistant at booting and flowering stages. IR20 on the other hand is
clearly resistant at all stages. LiBrojo ef al. (1976) did not observe any susceptible plants in
the F2 population of IR20/Semora Mangga. They, therefore, concluded that the genes for
resistance in IR20 and Semora Mangga are allelic but because of differential reaction of the
two cultivars at different growth stages, it was thought that they have different alleles at
Xa-4 locus which were designated as Xe-4¢ (in IR20) and Xa-4° (in Semora Mangga). The
genetic analysis by Lisrojo ef al. (1976) was carried out by using Philippine race 1 only. In
this study, we inoculated Semora Mangga with four Philippine races and its reaction pat-
tern to four races was RRRR which was similar to that of Java 14. Moreover, no suscept-
ible plants were observed in the F: population of the cross Java 14/Semora Mangga. These
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results showed that Semora Mangga has Xu-3 rather than Xa-4 as concluded earlier.

SmouHU et al. (1978, 1979) also reported many cultivars as having Xa-4°. However, their
results were based on the genetic analysis conducted using race 1 only. Our reinvestigation
of these cultivars using four Philippine races showed that the reaction of these cultivars was
identical to that of Java 14 and these cultivars must also have Xa-3 (Ocawa ef al. 1988).
Since recombination between Xa-3 and Xa-4 is not confirmed, these two genes must be very
closely linked.

In conclusion, we can say that in addition to Xa-4, IR20 possesses Xa-I and Xae-12, and
Xa-4 conveys resistance to Japanese races IA, II, IIIA, and V as well as resistance to Philip-
pine races 1 and 3. Semora Mangga like Wase Aikoku 3 and Java 14 has Xa-3 for
resistance. The gene symbols, Xa-4* and Xa-4°, are thus redundant. We have also shown
(Ocawa et al. 1989b) that Xa-6 (Sibau and Kuusu 1978) is identical to Xa-3. In the earlier
studies, only race 1 was used for inoculating the F; and F: populations and thus, the dis-
crepancy arised between results of earlier and present studies. Moreover, in the earlier
studies, plants were inoculated at young seedling stage. We have found that the lesion length
in plants with Xe¢-3 may reach as much as 20cm at 18 DAI If inoculated at seedling stage,
such plants may be classified as susceptible. Thus, the results of present investigation are
more critical because we used four races for analysis and inoculations were carried out at

booting stage when the expression of Xa-3 was clear.
Acknowledgement

The authors wish to express sincere thanks to Messrs. G. A. Busto, Jr. and R.E. Tabien,
Research Assistants to IRRI, for their help and collaboration.

Literature Cited

Horino, O., T.W. Mew, G.S. KuusH and A. Ezuka 1981. Comparison of two differential systems for
distinguishing pathogenic group of Xanthomonas campestris pv. oryzae. Ann. Phytopathol. Soc. Japan
47 :1~14.

LiBrojo, V., H. E. KAUFFMAN and G.S. KaUSH 1976. Genetic analysis of bacterial blight resistance in
four varieties of rice. SABRAO J. 8:105~110.

Ocawa, T. and T. YamMamoTo 1986. Inheritance of resistance to bacterial blight in rice. Rice Genet-
ics : 471 ~480. International Rice Research  Institute, P.0.Box 933, Manila, Philippines.

and 1987. Reaction of rice cultivars resistant to Japanese and Philippine races of
Xanthomonas campestris pv. oryzae. JARQ 21 :138~145.

. G.A. Busto, R.E. TaBiEN and G.S. KHusH 1988. Furhter study of Xa-4° gene rersistant to
bacterial blight of rice. Rice Genet. Newsl. 5:104~106.

. Y. Yamamoro, G.S. Kuust and T. W. Mew 1990a. Genetics of resistance in rice cultivars,
Chugoku 45 and Java 14 to Philippine and Japanese races of bacterial blight pathogen. Japan. J.
Breed. 40 :77~90.

X , and 1990b. Genetics of resistance in rice cultivars, Zenith and
Cempo Selak to Philippine and Japanese races of bacterial blight pathogen. Japan. J. Breed.
40:183~192.
OLUFOWOTE, J. 0., G.S. KHUsH and H. E. KAUFFMAN 1977. Inheritance of resistance to bacterial blight
in rice. Crop Sci. 17 :551~554.
SipHU, G.S. and G.S. KuHusH 1978. Dominance reversal of a bacterial blight resistance gene in some
rice cultivars. Phytopathology 68 :461~463.
, and T.W. Mew 1978. Genetic analysis of bacterial blight resistance in seventy-four

NII-Electronic Library Service



Genetics of Resistance in Rice Cultivar to Bacterial Blight of Rice 447

cultivars of rice. Oryza sativa L. Theor. Appl. Genet. 53:105~111.
, and 1979. Genetic analysis of resistance to bacterial blight in seventy cul-

tivars of rice, Owyza sativa L., from Indonesia. Crop Improv. 6:19~25.

SineH, R.J., G.S. KuusH and T. W. MEw 1983. A new gene for resistance to bacterial blight in rice.
Crop Sci. 23:558~560.

YosHMURA, A., T. OMURs, T.W. MEw and G.S. KHusH 1985. Genetic behavior of resistance to bac-
terial blight in differential rice cultivars in the Philippines. Bull. Inst. Trop. Agric. Kyushu Univ.
8:1~54.

A ih#E IR 20 & OF Semora Mangga N7 4 ) BV EB LU
HZREA 4 BIEERRE L — 2233 2 30 o0 i8R

NI - ot WY - G, S. Kguse? « B #IE?
(VB BENTRE L > 7 —, KR (IEH, T 305
DEBEREIFZERT, P. O. Box933, ==, 74 ) >
M, BRI F—, TEEOCIEH, T 305)

4 AERRRE L — 2 0EBHB L2 RET 200, EBREEETE—2T 2L DERE#HETFRROFTH
HARMAKES L IRRI (EBERITET) & 0®EHIEE L TT- 7, ZORRERETRELZERT 2R3 L
T, HALIRRIOHBIRES 74 ) © Y ERVHAEHEMBREL — X2 HW oM L7z, 46, IRRIHZ
RREIR20 % 74 VEVERVHAEAENBRRE L —XFHW TSI L2, £, IR20 OFD HIEMB KD E
ZF Xa-4 L BXNTH BBBTF Xa-4°%2FH DO L MEINLBEWD 4 X &% Semora Mangga iI22WTd 74 1)
EYBEHEMHRELV - AR TOLE. 74 ) v EVERERBRED 4 DDV —2 % v, IR24/IR20
Fo 2o ir L 72455, [R20 0 FIIERDFRIEPIEEE T Xa-4 1%, V— 2 LICEPMEZRL, v —2 4 1I23PREENIE
Bitk%, RTIEWHELPIC T o/, T4 ) EYERVHAEAERKRLY -2 2BV, EROFRE5 L2
R, IR20 O BEEHYRIEHIERIR F Xo-4 B HAEBERREL — A L CLAMTH 52 E0HLPTH -
7z, F72, IR0 HAEBHEMBEL —RIA, IB, Vit L CEEEIMERLLZZ D5, BEIR20DF,
ZHAEHENFEL A2 HWTHIT L 2#E, IR0BEBEENDE D Xe-1 KU Xa-12 #FiBEL TWwb Z &a°
bhrolz, o T, IRRIHIFIGFEIR201E, 74 ) ErERVIAEAEMKBR LY — AL ¢, EilEET
Xa-1, Xa-4 KU Xa-12 2o L w7,

Semora Mangga I2x L TP 7 4 ) BV EEEMFEV 228 OREL &2 A, ZORINIE Xa
-3 BFEORE4S EFRL Y v 7 No. 14 & X UTWi, T4 bbb, Semora Mangga i3 7 4 YV EVED 4DDL —
ZICEPERRY LR, BWROBESEEL 2, 2z L5, Semora Mangga & ¥ % 7 No. 14 & O#EHLHE
HEHBFORVERERXITIZ L E Lz, 74 VY EHEEMBRE 4L -2 28811 ¢, ¥+ 7 No.14 & Semora
Mangga & D F, 25 L 72#E, o DRBEBIRE—DBEEFICL > TEZOEIUEIFEENTWE Z L2 5
I -7z, - T, Semora Mangga O HIEMFEMEIZ S » 7 No. 14 LR U< Xa-3 1o k> TEEEN T
% L #ER L 72, Semora Mangga O HIERFIETIMERME T Xa-40 ENHAZBEL2ICT 5728, IR20/V %
7 No. 4 D F,%254H L7z s 25, MEEOIEPIERIAT Xa-3 & Xa-4 2Bd THBITHEBE L Tw 5 2 &2
L7z, UEoiERr S, AEMRENEEETRES Xe-4°R U0 Xa-4%3HBENERETH L LRI NG,

NII-Electronic Library Service





