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Resistance and Its Inheritance to Bacterial Blight of IR8 Rice Cultivar Group
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In order to identify the bacterial blight resistance gene of rice cultivar IR8, one of the
rice baceterial blight differentials, a research was carried out under a collaboration between
Ministry of Agriculture, Forestry and Fisheries (MAFF), Japan and International Rice
Research Institute (IRRI), Philippines. Inoculation test using Japanese and Indonesian races
of bacterial blight pathogen, was first carried out with cultivars which are known to show
the reaction pattern similar to that of IR8. The results indicated that cultivars of IR8 reac-
tion pattern showed resistance to Japanese races IB, II, IIIA and V, and Indonesian races
IV and V but susceptibility to Japanese races IA, IIIB and IV. It was found that Japanese
race IV differs pathogenetically from Indonesian race IV. Moreover, there was no differ-
ence between the reaction pattern of Elwee and Heen Dikwee which were considered to
belong to different reaction groups by YAMADA ef al (1979a). The results of gene identifi-
cation by Fg analysis showed that IR8, Elwee and RP9-3 have the same gene for
resistance to Japanese races IB and IIIA. The allelic test between the resistance gene of
IR8, Elwee, and RP9-3, and the resistance gene(s) of Peta and IR944-102-3-2 showed that
Peta and IR944-102-3-2 also have the same gene with IR8 and have another dominant gene
for resistance to Japanese races. This study showed that IR8, Elwee, RP9-3, Peta, and
IR944-102-3-2 have the gene Xa-11 for resistance originally identified by OGAWA and
Yamamoro (1986).

KEY WORDS: Oryza sativa, Xanthomonas campestris pv. oryzae, disease resistance,

resistance gene, bacterial blight.

Introduction

Rice cultivar, IR8 is used as the susceptible check in differential set to identify races of
bacterial blight (BB) pathogen of rice at International Rice Research Institute (IRRI), Philip-
pines. By the comparison study of two differential sets (IRRI and Japanese) for distinguishing
races of BB pathogen, Hormno ef al. (1981) indicated that IR8 was susceptible to Japanese
races I and IV but resistant to races II, III and V. Ocawa (1983) also showed that IR8
was resistant to Japanese races IB, II, IITA and V but susceptible to races IA, IIIB and
IV, and proposed that IR8 is suitable to be added to Japanese differentials. Yamapa ef al.
(1979a) found the several cultivars which showed the reaction patterns of IR8 to Japanese
races, and they grouped the six cultivars into Elwee and Heen Dikwee groups by the dis-
ease index to Japanese race V.

From the genetic analysis of two lines (IR1529-680-3-2 and IR944-102-2-3), Ocawa and
Yamamoro (1986) reported that the reaction pattern similar to that of IR8 in the two lines
is governed by one dominant gene, designated as Xa-1I1 for resistance. Then, from the ex-
amination of pedigree records, it was estimated that the same dominant gene may have been
incorporated into IR1529-680-3-2, IR944-102-2-3 and RP9-3 from Peta through IRS.
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To confirm this hypothesis, the present study was carried out and we also discussed the
grouping of cultivars of IR8 reaction type.

This research was conducted under a collaboration between IRRI and Ministry of Agricul-
ture, Forestry and Fisheries (MAFF), Japan.

Materials and Methods

Thirteen cultivars showing reaction pattern similar to that of IR8 to Japanese BB races,
together with Japanese BB differentials, were tested their reaction to seven standard Japanese
races and two Indonesian races. The original seeds of IR8 used are taken from International
Rice Germplasm Center (IRGC), IRRI. We purified IR8 for uniformity of maturity and mor-
phology before inoculaion by growing ten single plant selection. As the data of Table 1
show, the lesion length of each selection when inoculated with four Philippine races, was
quite similar. Only lines 1, 9 and 10 had slightly longer lesions. The leaves of lines 1, 8
and 10 were slightly longer. Lines 7~10 were somewhat later in maturity. We selected in-
dividual No. 6 for further experimental work. Seeds of the other cultivars used were taken
from National Institute of Agrobiological Resources, Tsukuba, Japan.

The cultivars were inoculated with standard Japanese races, e.g. IA (isolate T7174), IB (iso-
late T7156), II (isolate T7147), IIIA (solate T7133), IIIB (isolate Q6803), IV (isolate H75373)
and V (isolate H75304) under field conditions at Chugoku National Agricultural Experiment
Station (CHUGOKU) in 1979. These cultivars were also inoculated with Indonesian races IV
(isolate X07435) and V (isolated Xo07306) in the isolation greenhouse at Tropical Agriculture
Research Center (TARC), Tsukuba, Japan, in 1985. In the inoculation test with Indonesian
races at TARC, plants of each cultivar were planted in pots (1/5000a, 3 plants per pot), and
-were inoculated at booting stage. In all inoculation tests, six tiller groups of three plants
separated into two tiller groups of each cultivar were prepared and each group was inocu-

Table 1. Heading date and lesion length at floweing stage of IR8 plant for
' uniformity check to inoculation with four Philippine BB races IRRI,

1983
Line Heading Reaction to Philippine race (lesion length in cm)?
date

No- june) 1 2 3 4
1 27 12.3-19.3-25.0  10.0-17.2-30.0 11.4-21.1-30.5 13.5-23.7-28.5
2 95 11.021.6-30.9 8.014.421.8 82-23.827.0 5.2-13.2-19.1
3 26 10.0-18.5282 7.513.819.5 11.6-21.9-30.6 7.5-15.4-31.2
4 25 116215262 6.513.821.1 150-19.926.2 7.9-14.1-21.3
5 25  7.519.0-30.4 _ 8.021.3-30.2  6.1-13.9-20.5
6 25 7.6-18.4-25.0 6.0-14.6-20.5 12.5-21.7-31.1 7.0-14.7-20.7
7 29 13.2-19.0-26.1 6.6-14.3-20.9 7.5-22.2-30.1 9.4-16.5-25.4
8 30 10.0-18.1-26.3 6.2-13.9-20.6  13.8-22.8-33.0 9.5-15.6-30.0
9 30 8.7-19.1-30.0 6.4-16.0-23.0  17.6-25.0-34.6 7.7-20.8-33.5
10 30 11.0-19.428.0 7.515.6-25.0 13.6-22.5:32.0 16.5-23.0-28.9

1) Minimum-average-maximum.
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lated with a single race.

The uppermost fully developed leaves of each plant were cut with scissors wetted with
bacterial suspension about bcm below the tip. The lesion length was measured 14 to 21 days
after inoculation. However, the evaluation of resistance was done continuously for about one
month after inoculation not only by lesion length but also by sympton of the lesion.

For genetic analysis, crosses and F; growing was made at IRRI. The growing of Fy
populations and inoculation tests were done at TARC. The F; populations of the crosses
IR24/IR8, IR24/Elwee, Java 14/IR8, IR8/RP9-3, IR8/Elwee, Elwee/RP9-3, IR8/Peta,
Peta/RP9-3, Elwee/Peta, IR8/IR944-102-3-2 and IR944-102-2-3/Elwee, were inoculated with
Japanese races. IR24 was used as susceptible parent to all the used races.

Other experimental procedures followed were based on the standard methods of the previ-
ous one (Ocawa et al. 1990).

Results and Discussion

1. Reaction of IR8 and other cultivars to Japanese and Indonesian bacterial blight vaces

The reaction of differential cultivars to the BB races, and those of cultivars known to show
similar reaction pattern to IR8 were shown in Table 2. The races were Japanese races IA,
IB, II, IIIA, IIIB, IV and V, and Indonesian races IV and V. Among the races. Japanese
races IA, IB, II and IIIA, and Indonesian races IV and V showed enough virulence to sus-
ceptible check Kinmaze of Japanese differentials which showed over 15cm lesion length at
20 DAI (days after inoculation). Japanese races IIIB and IV were lower virulent to Kinmaze
the lesion length were 7.9cm to the race IIIB and were 9.2 to the race V compared with
the above races. Japanese race V showed the lowest virulence to Kinmaze the lesion length
was 3.4cm among the used races. The low virulence of Japanese race V, compared with
the other standard races had also been reported by earlier studies (Yamapa ef al. 1979a,
1979b, Ocawa and Yamamoro 1987a, 1987b). Therefore, there was a difficulty of evaluation
of the resistance in each rice cultivar to Japanese race V. From this point, we used Indone-
sian race V, which was first designated as race V according to Japanese differential system
of BB races (Yamamoro ef al. 1977).

Each Japanese differential showed similar reaction to each standard race with earlier studies
(Yamamoro et al. 1977, Yamapa et al. 1979a, Ocawa 1983, Ocawa and Yamamoro 1987b), ex-
cept those of Chugoku 45 and Java 14 (evaluated to be moderate in this experiment) to
Japanese race IV, which were caused by the low virulence of the race in this experiment.
Cultivars of IR8 type showed over 8.3cm lesion length and longer or similar lesion length
compared with that of susceptible check Kinmaze to Japanese races IA, IIIB and IV. On
the other hand, these cultivars showed below 7cm lesion length, which was lower or simi-
lar degree in lesion length compared with those of resistance in differentials to Japanese
races IB, IIIA and V, and Indonesian races IV and V. Based on these reactions, cultivars
of IR8 type were evaluated to be resistant reaction to Japanese races IB, II, IIIA and V,
and Indonesian races IV and V, but to be susceptible to Japanese races IA, IIIB, and IV.

Race IV of BB pathogen were named to the group of isolates which showed virulence to
all Japanese differentials by Yamamoto ef al. (1977) using Indonesian isolates, and the group-
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Table 2. Reaction of rice cultivars of IR8 type to Japanese and Indonesian races at booting to flower-
ing stages. CHUGOKU 1979, TARC 1985

Japanese Race Indonesian Race

Cultivar A B I 1A IIIB v \% v %
T7174 T7156 T7147 T7133 Q6803 H75373 H75304 Xo7435 Xo7306

Japanese differentials

Kinmaze 16.2 20.6 18.7 19.3 7.9 9.2 3.4 22.6 19.1
S S S S S S S S
Kogyoku 0.2 0.2 12.4 6.3 7.1 14.8 0.1 14.1 0.2
R R S S S S S R
Te-tep 4.9 3.6 1.7 20.8 23.8 7.3 0.1 5.5 1.6
R R R S S S R R
Chugoku 45 0.9 1.0 1.7 0.5 0.5 3.7 2.4 17.2 13.4
R R R R R M S S
Java 14 0.3 0.4 1.0 0.4 1.8 3.4 0.1 29.4 0.3
R R R R R M S R
IR8 reaction types?
IR2071-636-5-5(F) 10.2 0.6 0.9 1.3 9.3 1.0 1.5
S R R R S R R
Elwee (E) 14.6 1.6 3.5 2.3 37.6 12.0 0.2 2.1 1.3
S R R R S S R R
RP5-12 21.2 2.6 2.2 1.5 18.9 1.7 1.4
S R R R S R R
Java 21.4 3.0 1.0 1.7 22.1 1.1 1.8
S R R R S R R
RP9-3 18.3 1.4 2.4 2.2 26.7 19.8 1.1 3.1 1.9
S R R R S S R R
IR8 26.4 1.8 1.7 2.2 19.2 12.9 0.2 1.2 1.3
S R R R S S R R
1R1414-67-3-2 23.2 1.7 1.3 4.4 17.8 8.3 0.4 2.6 2.1
S R R R S S R R
RP4-10 30.7 3.2 3.7 2.0 20.7 1.6 3.3
S R R R S R R
Heen Dikwee (H)  30.0 2.9 5.8 4.9 23.3 17.9 1.1 2.9 4.2
S R R R S S R R
M304 (H) 15.0 2.9 1.7 3.3 12.5 15.0 1.7 6.8 4.3
S R R R S S R R
Yetlew 32.7 6.5 4.1 5.1 29.7 4.7 4.6
S R R R S R R
Col. No. 8 32.7 6.5 4.1 51 29.7 4.1 4.9
S R R R S R R
M104 (H) 18.5 2.1 2.4 3.0 20.1 23.3 0.4 5.4 5.7
S R R R - S S R R

Upper row: Average lesion length (cm) of 9 leaves (3 leaves x 3 plants).
Lower row: R-resistant, S-susceptible, and M-moderate.
1) E: Cultivar of Elwee group, H: Cultivar of Heen Dikwee group identified YAMADA et al. (1979a).
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ing was followed by Sato ef al (1976) and Horino (1978) using Japanese isolates. At that
time, IR8 was not inoculated with their isolates. In this experiment, cultivars of IR8 type
reaction showed more susceptibility to Japanese race IV than those of Te-tep, Chugoku 45,
while these cultivars showed short lesion length, which was below 6.8cm, to Indonesian race
IV. The Indonesian race IV was more virulent than Japanese race IV. These results indi-
cated that Japanese race IV differs pathogenically from Indonesian race IV.

Yamapa et al. (1979a) set up two new cultivar groups, Elwee and Heen Dikwee in
Japanese differential system for BB race. The cultivars belonged to Elwee and Heen Dik-
wee groups were reported to have similar reaction to Japanese races I, II, III and IV but
different reaction to Japanese race V. They divided the resistance in the used cultivars to
Japanese races V (H75304) by disese index 2 (the index: 0 to 7 by their criterion). A cul-
tivar showed below the index 2 to Japanese race V was classified into Elwee group while
a cultivar showed over the index 2 to the race was classified into Heen Dikwee group. The
highest disease index in Heen Dikwee group was 2.3 in cultivar M304 to Japanese race V.

Our data on the reaction patterns of cultivars of IR8 type showed Elwee and Heen Dik-
wee were resistant to Indonesion race V, wihch was a original race used for inoculation test
by Yamamoto et al (1977) in Indonesia. Moreover, in our studies, cultivars of Heen Dikwee
group did not show clear susceptibility to Japanese race V (Table 2). According to Yama-
pa et al (1979a), the disease index of all cultivars classified Elwee and Heen Dikwee
groups fall between 0.0 and 2.3 while Kinmaze was 4.0 and Wase Aikoku 3 was 3.6 the
two cultivars are susceptible to the race V. From the results of our experiment and the data
of Yamapa ef al. (1979a), cultivars of IR8 reaction type (Elwee and Heen Dikwee groups)
were considered to be resistant to Japanese and Indonesian race V, and not to be divided
into two groups artificially, that is, M304 showed disease index 2.3 in Yamapa et al
(1979a) was considered to be resistant to race V.

Thus, we conclude that cultivars of Elwee and Heen Dikwee groups should be put in the
same group. The little variation between susceptible and resistant cultivars to Japanese race
V reported by Yamapa ef al (1979a) might be caused by the low virulence of the race
while the relatively large difference between the disease index of cultivars of IR8 reaction
type might be caused by the needle-prick inoculation method and the disease index scoring.
Usually, the expansion of lesion after inoculation is faster in the needle-prick inoculation
method than that in the clipping inocultion method for resistance to bacterial blight.

2. Genetic analysis of resistance to bactevial blight in IRS type cultivars

In the previous paper (Ocawa and Yamamoro 1986), we reported genetic analysis of two
breeding lines (IR1529-680-3-2 and IR944-102-2-3) and a cultivar RP9-3 which showed the
reaction pattern similar to that of IR8. The result showed that IR1529-680-3-2 and
IR944-102-2-3 have the same dominant gene as RP9-3. This gene was found to inherit in-
dependently of Xa-1 and Xea-3, and was designated as Xe-I1. From the examination of
pedigree records, it was estimated that the same dominant gene may have been incorporated
into IR944-102-2-3, IR1529-680-3-2, and RP9-3 from Peta through IRS.

To confirm this hypothesis, we analyzed F: populations from three hybrids, IR24/IRS,
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IR24/Elwee and Java 14/IR8. Allelic tests were then carried out using seven hybrids,
IR8/RP9-3, IR8/Peta, IR8/Elwee, Peta/RP9-3, Elwee/Peta, IR8/IR944-102-2-3,
1R944-102-2-3/Elwee.

In genetic analysis of Fz population, the plant that stopped the expansion of lesion length
between 18 to 21 DAI was evaluated resistant, while the plant continuing to develop the
lesion beyond 21 DAI was evaluated susceptible. By this criterion, in the F2 population of
IR24/IR8, 260 plants were evaluated to be resistant to races IB and IIIA, and 88 plants
were evaluated to be susceptible to the both races. This segregation agreed with a 3:1 ratio
(x2=0.015, P=0.9-0.95). The frequency distribution of lesion length at 20 DAI to two BB
races in the Fy population of IR24/IR8 is shown in Fig. 1. Almost all of the plants evalu-
ated to be resistant ranged the lesion length less than 6cm while almost all of plants evalu-
ated to be susceptible ranged the lesion length over 10cm by races IB and IIIA. Few plants
evaluated to be resistant or susceptible ranged the lesion length between 6 to 10cm. These

and

plants were classified the susceptibility by the above mentioned criterion. The result of segre-
gation in the F, population of IR24/IR8 indicated that IR8 has one dominant gene for
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resistance to races IB and IITA.

In the F» population of IR24/Elwee, 235 plants were evaluated to be resistant to races IB
and IITA but susceptible to race IA, and 107 plants showed susceptibility to the three races,
that is, 235 plants showed the reaction type of SRP while 107 plants showed the reaction
type of SSS to races IA, IB and IIIA (R: resistant, S: susceptible). These segregation data
indicated that Elwee also has one dominant gene for resistance to races IB and IIIA,
although the number of the resistant plants was lower than expected for ratio of 3:1
(x?=7.209, P=0.001-0.01). Elwee does not head under natural condition in Japan, so that,
plants of the F: population varied widely the growing stage at the inoculation, which was
done at the one time. Therefore, there was a possibility that some resistant plants were
evaluated to be susceptible becouse of rapid development of lesion in the young growing
stage plant.

The frequency distribution of lesion length in the Fy population of IR24/Elwee is shown
in Fig. 1. The plants evaluated to be resistant from visual observation, ranged the lesion
length below 14cm to races IB and IITA at 20 DAI. The plants evaluated to be suscepti-
ble ranged the lesion length over 10cm at 20 DAI. The susceptibility of each plant ranged
the lesion length from 10cm to 14cm was evaluated by visual observation according to the
above mentioned criterion described already.

In the F; population of Java 14/IR8, 295 plants were resistant to three races IA, IB and
IIIA (RRR), 11 plants were susceptible to race IA but resistant to races IB and IIIA (SRR),
19 plants were resistant to races IA and IB but susceptible to race IIIA (RRS), and 7 plants
were susceptible to the three races (SSS). Java 14 carries two dominant genes, Xa-I and
Xa-3, to Japanese races I and IIIA (Ocawa et al. 1978). Xa-1 conveys resistance to races
IA and IB but susceptibility to IIIA (RRS) while Xa-3 conveys resistance to all the races
(RRR). From the analysis of Fs population of IR24/IR8, the dominant gene of IR8 is con-
sidered to convey resistance to race IB and IIIA but susceptibility to race IA (SRR). The
above segregation agreed well with the ratio of 57RRR :3SRR:3RRS:1SSS (capital letters
from left to right are to races IA, IB and IIIA, R: resistant, S: susceptible) (x*=2.772,
P=03-05), showing segregation of the above mentioned three dominant genes in the popu-
lation.

The frequency distribution of lesion length to each race in the F2 population of
Javal4/IR8 is shown in Fig. 2. As shown in Fig. 2, plants evaluated to be resistant ranged
the lesion length from Ocm to l4cm while plants evaluated to be susceptible showed the
lesion length over 6cm. Plants showed the lesion length between 6cm to l4cm, were evalu-
ated the criterion mentioned already. The F: population segregated 314 resistant and 18
susceptible plants to race IA, and 325 resistant and 7 susceptible plants to race IB, and 306
resistant and 26 susceptible plants to race IIIA, respectively. This segregation ratio fitted
well to ratio of 15:1, 63:1 and 15:1 to races IA, IB and IIIA, respectively. Therefore,
from this segregation, it was confirmed that two dominant genes control for resistance to
races JA and IITA while three dominant genes control for resistance to race IB in the F»
population of Java 14/IRS.

Table 3 shows the results of allelic tests within cultivars of IR8 type. In all the F2 popu-
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Table 3. Genetic segregation of reaction pattern to Japanese BB races in F2 population from
crosses between cultivars grouped in IR8 type reaction

Cross Number of plants for Expected 9

( ) each reaction patternl) Total ratio X P
SRR SSS
IR / RP9-3 362 0 362 1:0 0 1
(SRR) (SRR)
IR8 / Elwee 366 0 366 1:0 .0 1
(SRR) (SRR)
Elwee / RP9-3 355 0 355 1:0 0 1
(SRR) (SRR)
RRR SRR
IR8 / Peta 279 96 375 3:1 0.072 0.7-0.8
(SRR) (RRR)
Peta / RP9-3 276 100 - 376 3:1 0.511 0.3-0.5
(RRR) (SRR)
Elwee / Peta 258 95 353 3:1 0.688 0.3-0.5
(SRR) (RSS)
IR8 / IR944 280 95 375 3:1 0.022 0.8-0.9
(SRR) -102-2-3
(RRR)
1R944-10
2-2-3 | Elwee 289 86 375 3:1 0.854 0.3-0.5

(RRR) (SRR)

1) R:resistant, and S: susceptible; SRR, SSS, RRR, SRR show the susceptibility to Japanese races 1A,
IB and IIIA from left to right in each capital combinations.

2) Reaction pattern of each parent.

Note: Susceptibility was evauated by visual observation and lesion length measurement after inocula-

tion at booting stage at TARC, 1985-1988.

lations of the corsses, IR8/RP9-3, IR8/Elwee, and Elwee/RP9-3, all plants showed resistance
to races IB and IIIA but were susceptible to race ITA from visual observation. The lesion
length of each plant of F2 population of IR8/Elwee was measured at 20 DAI in addition to
visual evaluation for the susceptibility. As shown in Fig. 3, plants evaluated resistant dis-
tributed the lesion length below 4cm while plants evaluated susceptible distributed the le-
sion length over 4cm. The results indicate that the cultivars, IR8, Elwee and RP9-3 carry
the same gene for resistance to race IB and IIIA.

In the Fs populations of IR8/Peta, Peta/RP9-3, Elwee/Peta, IR8/IR944-102-3-2 and
IR944-102-2-3/Elwee, the segregations agreed with a ratio of 3RRR:1SRR (races IA, IB, and
IIIA from left to right) (Table 3, Fig. 4). There was no other reaction type, such as SSS
and SSR. The reaction type of RRR indicates that Peta and IR944-102-3-2 have an addi-
tional gene to the above races (at least to race I) while the reaction type of SRR indicates
that of IR8. These results show that Peta and IR944-102-3-2 have the same dominant gene
for resistance to races IB and IIIA as that was identified in IR8, RP9-3 and Elwee and ad-
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ditional gene for resistance to the race(s). Thus, we can conclude that IR8, Elwee and RP9-3
have Xa-11 reported by Ocawa and Yamamoro (1986). Peta has Xa-11 and another dominant
gene, which needs to be identified for resistance to Japanese race IA, IB and IIIA.
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A 2 AEEMIRE IS 5 IR 8 MiEH P & 2 D ER

ANFESCH® - s WY - G, S, Kause? - B RAEY
(V B BT > 7 —, B (T, T 350 5
2 EEFRATZEAN, P, O, Box 933, ==, 741 E>;
® BN RERRY, EREHRET, T 833)

4 A BERRE Y — A0 EBHBREE RET 500, EHRERETE 2T oBREEBTFRKEZEXRT
BHME L LT, HAE IRRI OH I &R E T ORE 24T > T b, AT, IR8 IOV TSR
WET 5.

A4 Z ##E IR 8 13 IRRI OB RIED—D T, £TD7 4 ) £ PEEIERIRE L — 2Tk L TR %2777 (Table
1. —7%, BAREAEMRE LY —2 1B, II, 1A, ViexL CTHESIEZRTH, v—2 1A, HIB, IVicxL T
M%7 T (Ocawa 1983, OcAwA and YAMAMOTO 1987 b). ABFZETIE £ 7, T IR rREBELKIGH 2R T
REIC, BARERZENFE LY -2 IA, IB, II, IIIA, IIB, IV, VEUA > FA L TEHENBE L —Z 1V, V %
AR CRBI A2 L 72, Lo L, BAEAERIRE L — 2V (H75373) 3MBo#fzes okl (YAMADA ef al,
1979 a, 1979b, Ocawa and YAMAMOTO 1987 a, 1987 b) & [REEICHIO L — 2 & R L TRIEN 5L, Zor—
2K B BEOMEHEOH B FBETSH 72, —F, 4 > FAo TRAERNE L —2 Vi, BEO - 72
2, IRSBADRIGEZ/RT WML, £ THL2RENEEZRL 7 (Table2). Tz, TN bDMMEIL, HARERIER
WEH L — 2 IV I L T3S RIS, A2 FAYTREL—2 VIS L CdIEsE e R L7, fE-C, HAMRE
BHEMFEEL—ZA IV, 4> FRVTEL—AIV ARV —2&3Ww2 T, iy — 2B REDSbrsd 5 &
A L 72,

E 512, YaMADA ef al, (1979 a) DL 72 Elwee #EM O Heen Dikwee HED &L, Z o IR 8 B &R IC &
Fn. Yamapa et al. (1979a) 2 Bﬁ%ﬁﬁé*iﬁ%% V=2 V2R 5 UG 5, = @%@ﬁ% Zo0 EFERE
AT 208, AR TR ZOMPIZ RB S NLd 72, T L DMIERHI BARERL A > P4 2T A ENR
BL— 2 Vicx L Tt ERL 72,

IR 8 T HFEDIEHME D BIEDHT HFES: (Table 3, Figs 1-4), IR 8, Elwee U RP 9-3 (3 UEBHEETF %,
%72, Peta MU IR 944-102-3-2 i3 245 3R & W DEMERIRT L b ) —DOM0EEER T2/ LWL 2.
BElc Ocawa and YAMAMOTO (1986) 12 & 5T RP 9-3 = MM RETFIF Xa-11 S HEEI N, E-T, TNb
DEED IRSHARIGIE Xa-1112 & » THEIN TS LR TE L BEBREE LT IRRIOHFFFE IR 8 iF—
OEMEREERTF Xa-11 #FDZ L 2B LT L7,
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