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Ahstract

The Manser Archipelago was explored to collect wild Cerainiropis species, which are considered to be a wide
range of gene(s) sources of cultivated Ceratotropis species such as azuki bean and mungbean. During the
exploration, 12 accessions of Vigna nukiuensis and 4 accessions of Il reflexo-pilose were collected. Ewalua-
tion the resistance of these species against the infestation with bruchid beetles was then conducted. Pl rinki-
wensis showed higher levels of resistance against Callosobruchus maculatus (cowpea weewil), while &7
reflexa-pilosa exhibited higher levels of resistance to Ol chinensis (azuki bean weevil) compared with azuki
bean. Therefore, these wild species were considered to be useful gene(s) sources of bruchid resistance for the
breeding of azuld bean. In addition to these wild species, rice bean was found to show extremely high levels
of resistance to both O macuiatus and C. chinensis. Gene(s) transfer from nce bean to aruki bean has not
been successful due to the difficulty of producing interspecific hybrids and stenlity of the hybnds. However,
since V. rulguensis could be crossed with both azuld bean and rice bean, it was considered that ¥ muluensis
could become a bridge species for the incorporation of bruchid resistance gene(s) of rice bean into azuki
bean.
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Vi'grial‘“, Ceratotropis includes 16 species contain-

Introduction ing 5 food legumes, i.e. mungbean (V. radiata),
black gram (V. mungo), rice bean (V. umbellata),

Ceratotropis species are naturally distributed in azuki bean (V. angularis), and moth bean (V.
Asia and therefore they are referred to as Asian aconitifolia)*”. Based on the attempts to produce

This is a report on the results of the collaborative studies undertaken by TARC (Japan) and Chainat FCRC (Thailand),
which were conducted to evaluate a wide range of gene sources for the breeding of food legumes belonging to the subgenus
Ceratotropis.
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interspecific hybrids, it is considered that the
Ceratotropis species form primary and secondary
gene pools and can be utilized for crop improvement
programs' 142028 Our project envisioned to
cover a wide range of genetic sources which include
both cultivated and wild species in Ceratofropis. At
first, local varieties of mungbean, which is an im-
portant food legume throughout Asia, collected from
a wide range of geographical regions were studied
to determine the center of genetic diversity and the
pattern of landrace differentiation®*¥. To date,
however, very few wild species of the subgenus
Ceratotropis have been collected and evaluated'*-'?,
Considering the rapid occurrence of genetic erosion,
it is important to collect and evaluate wild species
within the subgenus Ceratotropis. Therefore, collec-
tion and evaluation of wild Ceratotropis specics were
undertaken both in Thailand and Japan'':?%,
Wild species generally exhibit a wide range of
genetic diversity in terms of agronomic characteris-
tics involving pest and disease resistance, maturity
span, environmental adaptation, and yield potential”.
Wild relatives of cultivated plants are thus considered
to be essential for crop improvement programs. The
wild Ceratotropis species which oceur in Japan con-
sist of V. angularis var. nipponensis, V. nakashimae,
V. riukiuensis, and V. reflexo-pilosa’"®, These are
diploid species (2n=22) except for V. reflexo-pitosa
which is a tetraploid species (2n=44). Geographical
distribution of these species in Japan is as follows.
V. angularis var. nipponensis, which is considered
to be an ancestor of azuki bean ( V. angularis var.
angularis), is distributed from Iwate and Akita
Prefectures (northern part of Honshu Island) to
Kagoshima Pref. (southernmost part of Kyushu
Island). V. nakashimae occurs in Fukuoka,
Nagasaki, and Saga Prefs. (northern part of Kyushu).
V. riukiuensis is restricted to Okinawa Pref., from
Okinawa Island to the Yaeyama Islands, which are
located in the southernmost part of the Okinawa
Pref. V. reflexo-pilosa is found in the areas extend-
ing from Amami-oshima Island (southern part of
Kagoshima Pref., Kyushu) to the Yaeyama Islands
of Okinawa Pref.>”. Among these areas, the Nansei
Archipelago, which includes many islands in
Kagoshima and Okinawa Prefs., has not been ex-
plored systematically for the Ceratotropis species to
identify useful gene sources for crop breeding. These
islands are rich in indigenous flora but under the

223

threat of urbanization. In the present study, an ex-
ploration of wild Ceratotropis species was organized
on these islands, then the evaluation of bruchid
resistance was conducted using the germplasm
collected.

Materials and methods

1) Exploration and description of morphological
characters

A total of six islands, i.e. Ishigaki, Iriomote,
Yonaguni, Okinoerabu, Tokunoshima, and
Tanegashima Islands, on the Nansei Archipelago
were explored from 15 to 27 May, 1989 (Fig. 1). The
Nansei Archipelago extends from the southern tip
of Kyushu to Taiwan, covering a distance of about
1,200 km. The exploration was conducted along
roadsides for the collection of the wild species be-
longing to the subgenus Ceratotropis. The flowers
of the subgenus Cerafotropis species show various
shades of yellow color, but are never purple, violet
or white as often found in other groups of Vigna™.
Therefore, the plants with trifoliate leaves or yellow
flowers were examined for their detailed morphology,
and classified based on the key characters proposed
by Tateishi (1984)*". Seeds were collected wherever
possible.

All the accessions were planted in pots at Chainat
FCRC (15°10’N, 100°15°E), Thailand, and further
examined for the morphological characteristics under
more uniform conditions. Basically, the seed weight
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Fig. 1. Location of the Nansei Archipelago, Japan
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was determined using 100 seeds for each accession,
but sometimes a smaller number of seeds were used
depending on the availability of seeds. Seed length
and seed thickness were measured for 10 seeds with
typical size per each accession. Number of seeds per
pod and pod length were recorded for five pods per
each accession.

2) Test for bruchid resistance

Two species of bruchid beetles, Callosobruchus
chinensis (azuki bean weevil) and C. maculatus
(cowpea weevil) were collected at the mungbean seed
storage house of Chainat FCRC. The insects were
mass-reared in petri dishes (9 cm in diameter) using
cultivated mungbean seeds under laboratory con-
ditions.

For the resistance test, 10 seeds were placed in a
petri dish (9 cm in diameter) with two replications.
The test seeds were infested with two pairs of fresh-
ly emerged bruchid adults and kept in an incubator
which was maintained at 27°C and 70% relative
humidity. The adults were allowed to mate and lay
eggs on the seeds for 2 days, The parental insects
were then removed from the petri dish. Five days
after infestation (DAI), when the eggs became dis-
tinctly visible, the number of eggs laid on sceds was
counted. The petri dish was then placed in an incu-
bator until the onset of adult emergence. When
adults started to emerge the number of adults which
emerged was counted daily until 50 DAIL. The count-
ing was discontinued thereafter to avoid double count
of adults of the second generation. The counted
adults were removed from the petri dish each day.

Results

1) Exploration

Twelve accessions of V. riukivensis and four ac-
cessions of V. reflexo-pilosa were collected during
the exploration (Table 1). Among the 12 accessions
of V. riukivensis, four were collected on Iriomote
Island, and eight on Yonaguni Island. For ¥,
reflexo-pilosa, one accession was collected on
Iriomote Island, two on Yonaguni Island, and one
on Okinoerabu Island. One population of V.
riukiuensis (near Kabira on Ishigaki Island) and four
populations of V., reflexo-pilosa (two populations
near the top of Mt. Ohyama on Okinoerabu Island,
and two populations in the western part of
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Fig. 2. Location of site for collection of V. riukivensis
and V. reflexo-pilosa

Tokunoshima Island) were also found during the ex-
ploration. However, since the plants did not reach
the mature stage, no seeds could be collected at these
sites,

On Iriomote Island, four accessions of V. riukiu-
ensis and one accession of V. reflexo-pilosa were col-
lected (Fig. 2). Among them, three accessions of V,
riukivensis (I-1, 1-2, 1-5) and one accession of V.
reflexo-pitosa (1-4) were collected in the area near
Yonara, in the eastern part of Iriomote Island,
Especially, in the area near the Yonara bridge, a large
number of plants of V. riukiuensis and V. reflexo-
pilosa occurred widely at the edge of pastures along
the roadside and were intermingled. In the Sonai
area, in the western part of Iriomote Island, V.
riukiuensis individuals were found sporadically along
the path to a small hill, which was used for reach-
ing upland fields. The plants were twining on grass-
es. One accession was collected at this site (1-3).

On Yonaguni Island, eight accessions of V. riukiu-
ensis and two accessions of V. reflexo-pilosa were
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Table 1. Collection sites and characteristics of V. riukiuensis and V. reflexo-pilosa
collected on the Nansei Archipelago, Japan
- e Collection loﬂjsccd Seed }Sccd Pod
pecies rejs weight length thickness Seeds/pod  length
name site
(2) (mm) (mm) (em)
V. riukiuensis 1-1 Yonara, Iriomote Is. 1.2 2.4 1.5 5.6 3.6
-2 Yonara, Iriomote Is. 1.1 2.8 2.0 5.2 i3
[-3 Sonai, Iriomote Is, 1.2 2.9 2.2 6.6 34
1-5 Near Yonara bridge, 1.1 2.7 1.9 7.4 4.0
Iriomote Is.
Y-1 1 km W of Sonai, 1.0 2.9 2.1 4.8 3.2
Yonaguni Is.
Y-2 4 km W of Sonai, 1.4 3.0 24 4.8 k|
Yonaguni Is.
Y-3 16 km W of Sonai, 1.0 1 2.0 5.6 3.7
Yonaguni Is.
Y-4-1 2 km NW of Kubura, 1.1 29 2.1 7.0 16
Yonaguni Is.
Y-4-2 2 km NW of Kubura, 1.3 3.0 2.3 7.4 39
Yonaguni Is.
Y-8-1 Azumazaki, Yonaguni Is. 1.0 3.1 2.1 6.8 4.0
Y-8-2 Azumazaki, Yonaguni Is. 1.1 2.8 2.1 4.6 3.0
Y-9 Sanninudai, Yonaguni Is. 1.2 2.9 2.3 - -
Subtotal 12 accessions Average I.1 2.9 2.1 6.0 35
V. reflexo-pilosa I-4 Near Yonara bridge, 1.6 3.3 2.6 - -
Iriomote Is.
Y-S5 3 km W of Kubura, 1.7 3.2 2.4 5.2 3.9
Yonaguni Is.
Y-7 3 km N of Higawa, 1.6 32 2.3 6.6 4.0
Yonaguni ls.
E-1 | km E of Sumiyoshi, 1.4 1.1 2.4 & 23
Okinoerabu Is.
Subtotal 4 accessions Average 1.6 3.2 24 5.9 4.0
Total 16 accessions

* |s.=Island, E=east, NW=northwest, W=west, N=north.

collected (Fig. 2). In open and sunny areas along
roadsides on the northern seacoast to the west of
Sonai, three accessions of V. riukivensis were col-
lected (Y-1, Y-2, Y-3). A large population of V.
riukivensis was found in the area located 2 km north-
east from Kubura. Two accessions were collected
there, one with black-colored mature pods (Y-4-1)
and another with straw-colored mature pods (Y-4-2).
In the eastern part of Yonaguni Island, several popu-
lations of V. riukiuensis were observed in the areas
near Azumazaki and Sanninudai. Three accessions
were collected there (Y-8-1, Y-8-2, Y-9). V. reflexo-
pilosa was found and collected along roadsides in
the areas located 5 km east from Kubura (Y-5), and
3 km north from Higawa (Y-7).

On Okinoerabu Island, a population of V. reflexo-
pifose was found at the site located | km east from
Sumiyoshi (E-1). The plants were still young, but
a few mature pods were collected at this site.

2) Morphological characters

V. rinkiuensis was characterized by glossy orbicu-
lar leaflets with a rounded apex. Stipules of V.
riukivensis were smaller and shorter than those of
V. reflexo-pilosa. The seed morphology of V.
riukiuensis and V. reflexo-pilosa is shown in Plate 1.
Seeds of V. riukiuensis were oblong and the hilum
was linear with a thick rim-aril. Seeds of V. reflexo-
pilosa were short-cylindrical and the hilum was short
with a thin rim-aril. Detailed data of the character-
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Plate 1. Seed morphology of V. riukiuensis
and V. reflexo-pilosa

isties of seed and pod are presented in Table 1. Sced
weight (100-seed weight), seed length, and seed thick-
ness of V. riukiuensis ranged from 1.0 to l.4g
{average=1.1 g), from 2.4 to 3.1 mm (ave.=2.9
mm), and from 1.5 to 2.4 mm (ave.=2.1 mm),
respectively.  The values of the corresponding
parameters for V., reflexo-pifosa ranged from 1.4 to
1.7 g (ave.=1.6 g), from 3.1 to 3.3 mm (ave.=3.2
mm), and from 2.3 to to 2.6 mm (ave.=2.4 mm),
respectively. Average number of seeds per pod was
6.0 in V. riukiuensis, while that in V. reflexo-pilosa
was 5.9, Pod length of V. riukiuensis was shorter
(ave. =3.5 cm) than that of V. reflexo-pilosa (ave. =
4.0 ecm). Pods of V. rivkiuensis were glabrous and
those of V. reflexo-pilosa were glabrous or scabrous.

3) Bruchid resistance

Since V. riukivensis and V. reflexo-pilosa are con-
sidered to be closely related to V. angularis (azuki
bean) and V. wmbellata (rice bean), the levels of
resistance of V. riukiuvensis and V. reflexo-pilosa Lo
C. chinensis and C. maculatus are indicated together
with those of azuki bean and rice bean in Tables
2 and 3.
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Against the infestation by C. chinensis, the acces-
sions of azuki bean were highly susceptible (emer-
gence(%)=56.1, damaged seeds(%)=100.0 on the
average) (Table 2). The accessions of V. riukiven-
sis showed a slightly lower percentage of emergence
(45.4%) and a significantly lower percentage of
damaged seeds (61.4%). V. reflexo-pilosa and rice
bean exhibited significantly higher levels of resistance
(emergence(%)=15.1, damaged seeds{%)= 18.3 for
V. reflexo-pilosa, and emergence (%) = 0.2, damaged
seeds(%)=1.4 for rice bean) compared with azuki
bean. Especially, rice bean showed very high levels
of resistance. Among the seven accessions of rice
bean tested, five showed a complete resistance to C,
chinensis. Although two accessions of rice bean were
found to be infested by C. chinensis, only one adult
managed to emerge from each of these two acces-
sions, showing extremely low emergence percentages
(0.5 and 1.0%, respectively). Furthermore, the emer-
gence was significantly delayed in rice bean
(developmental period=42.5 days) compared with
that in azuki bean (29.4 days).

Against the infestation by C. maculatus, azuki
bean and V. reflexo-pilosa were highly susceptible
(emergence (%) =69.4, damaged sceds(%)= 79.0 for
azuki bean, and emergence(%)=353.7, damaged
seeds (%) =95.0 for V. reflexo-pilosa) (Table 3). V.
riukiuvensis showed significantly higher levels of
resistance to C. maculatus (emergence (%)= 13.4,
damaged seeds (%) =25.5) compared with azuki bean
and V. reflexo-pilosa. Against the infestation by C.
maculatus, all the accessions of rice bean showed
complete resistance (emergence(%)=0.0, damaged
seeds (%) =0.0).

Discussion

Rice bean has been reported to show higher levels
of resistance to C. chinensis compared with azuki
bean'”. Higher levels of resistance of rice bean
against C. chinensis were confirmed (Table 2), and
complete immunity of rice bean against C. macula-
tus was revealed (Table 3) in the present study. In
addition to the resistance against bruchid beetles, rice
bean was reported to show higher levels of resistance
to AMV (azuki bean mosaic virus)'™ and to root-
knot nematode (Meloidogyne javanica)®® compared
with azuki bean. However, since hybrids between
azuki bean and rice bean are very difficult to
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Levels of resistance of V. rinkiuensis, V. reflexo-pilosa, azuki bean (V. angularis)

and rice bean (¥, wmbellaia) against azuki bean weevil (C. chinensis)

:.::;::c Ac::::ion lﬁi:':ld Eggs/rep. Emergence Di:e?f:d Dev;l:l!:;cr:z:mal
(&) (no.) (%) (%) (days)
V. riukivensis 1-2 1.1 11.5a* 57.5a 65.0a 30.3ab
I1-3 1.2 21.5b 43.5a 85.0a 29.1a
1-5 1:1 11.5a 39.0a 65.0a 35.7hb
Y-1 1.0 14.0 ab 61.0a 75.0a 29.2a
Y-2 1.4 16.0 ab 79.0a 85.0a 29.7a
Y-3 1.0 15.0 ab 30.0a 55.0a 31.3ab
Y-4-1 1.1 17.5ab 34.0a 60.0a 30.5 ab
Y-4-2 1.3 13.5 ab 25.0a 30.0a 29.8 ab
Y-8-1 1.0 12.0a 60.0a 70.0a 28.9 ab
Y-8-2 1.1 17.0 ab 23.5a 30.0a 33.1ab
Average 1.1 14.8 a** 45.4b 61.4b il.la
V., reflexo-pilosa I-4 1.6 12.0a 25.0a 20.0a 30.2a
Y-5 1.7 14.0a 10.5a 15.0a 32.0a
Y-7 1.6 15.0a 10.0a 20.0a 29.3a
Average 1.6 13.7a 15.1a 18.3a 30.5a
V. angularis Kyoto dainagon 22.4 37.5b 66.0 abe 100.0a 28.7a
(azuki bean) Omulta 18.5 32.0b 55.0abc 100.0a 28.7a
101 7.8 43.5 be 49.5 abe 100.0a 28.5a
102 6.8 34.00b 345a 100,0a 29.7a
104 Tl 31.5ab 48.0 abe 100.0a 30.3a
105 8.6 30.5 ab 54.5 abe 100.0a 29.24
108 9.8 14.0 a 78.5¢ 100.0a 30.9a
118 10.6 61.0¢ 46.5 ab 100.0a 29.2a
119 11.1 9.0b 55.0abe 100.0a W4a
126 9.8 28.0 ab 73.0be 100.0a 294a
Average 113 35.1b 56.1b 100.0 ¢ 294a
V. umbellata Chainat 9.3 51.5a 0.0a 0.0a -
(rice bean) 070001 4.7 57.0a 0.0a 0.0a -
220001 8.5 67.5a 0.0a 0.0a -
220002 7.3 66.04a 0.5a 5.0a 42.0
220003 6.4 56.0a 1.0a 5.0a 43.0
220004 7.5 48.0 a 0.0a 0.0a -
220005 6.5 68.0a 0.0a 0.0a -
Average 1.2 59.1¢ 0.2a lda 42.5b

Average of two replicates, 10 seeds infested with two pairs of freshly emerged bruchid adults per replicate.
*** Mcan separation was performed by least significant difference at 99% level.

1520 attempts o incorporate useful genes

of rice bean into azuki bean have not been
successful™,  Using the materials collected in this
exploration, it was revealed that V. riukiuensis was
cross-compatible with both azuki bean and rice bean
when crossed as a pollen parent®®. Therefore, it was
suggested that V. riukiuensis could act as a bridge
species between azuki bean and rice bean. It may
be possible to incorporate useful genes from rice

produce

bean to azuki bean through V. riukivensis. Since
V. riukiuensis showed significantly higher levels of
resistance to C. maculatus compared to azuki bean
(Table 3), V. riukivensis itself could also be useful
for improving the levels of resistance of azuki bean
against C. maculatus in addition to the role of genetic
bridge.

V. reflexo-pilosa showed significantly higher levels
of resistance to C, chinensis compared with azuki
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Table 3. Levels of resistance of V. riukiwensis, V. reflexo-pilosa, azuki bean (V. angularis)
and rice bean (V, umbellata) against cowpea weevil (C. maculatus)
= 100-seed Damaged Developmental
Leg::me At:‘c:rs:;on weight Eggs/rep. Emergence conale period
i (@ (no.) (%) (%) (days)
V. riukiuensis I-1 1.2 il.oa* 8.0a 25.0a 39.3a
-2 1.1 18.5a 55a 10.0a 38.0a
1-3 1.2 33.0a 8.0a 30.0a 37.7a
I-5 1.1 15.5a 19.5ab 30.0a 374a
Y-1 1.0 19.0a 16.5ab 35.0ab 328a
Y-2 1.4 19.0a 47.5b 75.0b 33.7a
Y-3 1.0 20.5a 7.0a 10.0a 395a
Y-4-1 1.1 16.0a 3.5a 50a 43.0a
Y-4-2 1.3 235a 4.0a 5.0a 31.0a
¥-8-1 1.0 21.5a 17.5ab 40.0 ab 31.8a
Y-8-2 1.1 19.0a 10.5a 15.0a 38.0a
Average e 21.5 a** 13.4a 25.5b 36.5a
V. reflexo-pilosa -4 1.6 19.0a 47.5a 90.0a 31.2a
Y-5 1.7 16.5a 58.0a 100.0 a 30.3a
Y-7 1.6 18.0a 55.5a 95.0a 31.2a
Average 1.6 17.8a 53.7b 95.0¢c 30.9a
V. angularis Kyoto dainagon 22.4 24.5 abe 69.0 ab 45.0 a 36.0a
(azuki bean) Omuta 18.5 32.5 abed 100.0 b 100.0 a 352a
101 7.8 20.0a 46.0 ab 50.0a 39.6a
102 6.8 43.0 bed 54.5ab 80.0a 383a
104 1.7 35.0 abed 46.5 ab 80.0a 36.2a
105 8.6 23.0ab 26.5a 70,0 a I69a
108 9.8 31.5 abed 94.0b 65.0a Jd.6a
118 10.6 I5.5a 91.5b 100.0 a 32.5a
119 11.1 45.5cd 70.5 ab 100.0 a 354a
126 9.8 47.5d 95.5b 100.0 a 33.2a
Average 11.3 3l8a 69.4b 79.0¢ 358a
V. umbellata Chainat 9.3 53.5a 0.0a 0.0a -
(rice bean) 070001 4.7 58.0a 0.0a 0.0 a -
220001 8.5 58.5a 0.0a 0.0a -
220002 7.3 41.0a 0.0a 0.0a -
220003 6.4 54.5a 0.0a 0.0a -
220004 7.5 45.5a 0.0a 0.0a -
220005 6.5 43.5a 0.0a 0.0a -
Average 1.2 5060 0.0a 0.0a -

Average of two replicates, 10 seeds infested with two pairs of freshly emerged bruchid adults per replicate.
*** Mean separation was performed by least significant difference at 99% level.

bean. However, it is considered to be difficult to
incorporalte resistance genes of V. reflexo-pilosa ta
azuki bean due to the tetraploid nature (2n=44) of
V. reflexo-pilosa. In the subgenus Ceratotropis,
another tetraploid species, V. glabrescens, was also
described'”. V. glabrescens shows a vigorous growth
and has a great potential for high yield of good
quality fodder. In fact, V. glabrescens was cultivated
under the name of **Lentille de Créole’ in Mauritius,

and as a forage crop in Haringhata, West Bengal®.
V. glabrescens exhibits pest and discase resistance,
especially resistance to beanfly ( Ophiomyia phaseoli,
0. centrosematis, Melanagromyza sojae), and has
been used in the mungbean improvement program
at AVRDC in Taiwan®. Since gene transfer from
tetraploid V. glabrescens to diploid mungbean by
means of conventional cross breeding methods was
difficult, hybrids were obtained with the aid of



embryo culture and plans are made to use the back-
cross progenies as bridging materials®.

The wild ancestor of V. glabrescens has not been
identified®. Utilizing the materials collected in the
present study, it was demonstrated that V. reflexo-
pilosa was cross-compatible with V. glabrescens”.
These two species readily produced fertile hybrids
when cross-pollinated with each other. Judging from
the morphological similarities of seeds and primary
leaves, the same ploidy level (2n =44, 4x), and high
level of cross-compatibility, V. reflexo-pilosa seemed
to be a candidate of the wild ancestral form of V.
glabrescens. Considering the close relationship be-
tween V. glabrescens and V. reflexo-pilosa, it is
anticipated that V. reflexo-pilosa also harbors good
genes in the same way as V. glabrescens does. There-
fore, V. reflexo-pilosa could become a source of pest
and disease resistance for the breeding of
Ceratotropis cultigens.

V. reflexo-pilosa has been known to occur only
in Taiwan and the Ryukyus (Okinawa Prefl., the
southernmost islands in Japan). According to
Tateishi®", however, many specimens from Scuth
China (Hainan), Thailand, the Philippines, Indonesia
(Sumatra, Java, Timor), New Guinea, Australia,
New Caledonia, New Hebrides and Fiji, which have
been identified as V. mungo, V. radiata var. sub-
lobaia, or Phaseolus calcaratus (= V. umbellata) may
correspond to V. reflexo-pilosa. If so, a still wider
range of variations can be expected to occur in V.
reflexo-pilosa. Therefore, the geographical area of
exploration of V. reflexo-pilosa should be expanded
to these regions.

References

1}y Ahn, C. S, & Hartmann, R. W, (1978): Interspecific
hybridization among four species of the genus Vigna
Savi. [n Proceedings of the First International Mung-
bean Symposium, AVRDC, Shanhua, Taiwan,
240-246.
Baudoin, 1. P. & Maréchal, R. (1988): Taxonomy and
evolution of genus Vigna. [n Mungbean, Proc. 2nd
Int. Symp. AVRDC, Shanhua, Taiwan, 2-12.
Chen, N. C., Baker, L. R. & Honma, S. (1983): Inter-
specific crossability among four species of Vigna food
legumes. Euphytica, 32, 925-937.
4) Chen, H. K. et al. (1989): Interspecific hybridization
between Vigna radiata (L.) Wilezek and V. glabrescens.
Theor. Appl. Genet., T8, 641-647,

2

—

3

—

229

5) Egawa, Y., Makagahra, M. & Fernandez, G. C. 1.
(1988): Cytological analysis of tetraploid Vigna
glabrescens by interspecific hybridization involving
diploid Asian Vigna species. In Mungbean, Proc. 2nd
Int. Symp. AVRDC, Shanhua, Taiwan, 200-204.
Egawa, Y., Nakagawara, M. & Fernandez, G. C. J.
(1990): Cross compatibility and cytogenetical relation-
ships among Asian Vigna species. [n Bruchids and
legumes: Economics, ecology and coevolution. eds.
Fujii et al., 201-208.
Egawa, Y. et al, (1990): Collection of V. riukiuensis
and V. reflexo-pilosa, wild relatives of adzuki bean on
Iriomote Island, Okinawa Prefecture. Ann. Rep. Plant
Genet. Resour, Explor., 6, 23-30.
Fernandez, G. C. J. & Shanmugasundaram, S. (1988):
The AVRDC mungbean improvement program: The
past, present and future. fn Mungbean, Proc. 2nd Int.
Symp. AVRDC, Shanhua, Taiwan, 58-70.
Harlan, 1. R. (1976): Genetic resources in wild rela-
tives of crops. Crop Science, 16, 329-333.
Hatsushima, S. (1971): Flora of the Ryukyus. Okinawa
Seibutsu Kyoiku Kenkyukai, 318-319 [In Japanese].
Lairungreang, C., Tomooka, M. & Thavarasook, C.
(1991): Collection of Ceratotropis species in northern
Thailand. fn Proc. Mungbean Meeting 90, Trop. Agr.
Res. Cen., 73-86.
12) Lawn, R. J., Williams, R. W. & Imrie, B. C. (1988):
Potential of wild germplasm as a source of tolerance
to environmental stresses in mungbean. fn Mungbean,
Proc. 2nd Int. Symp. AVRDC, Shanhua, Taiwan,
136-145.
Maréchal, R., Mascherpa, J. M. & Stwainer, F. (1978):
Etude taxonomique d'une groupe complexe d'espéces
des genres Phaseolus et Vigna (Papilionaceae) sur la
base de données morphologiques et polliniques, trai-
tées par I'analyse informatique. Boissiera, 28, 1-273.
Miyazaki, 8., Kawakami, J. & Ishikura, N. (1984):
Phylogenetic relationship and classification of Vigna
radiata-mungo complex. JARQ, 17, 225-229.
Ohwi, 1. (1953): Flora of Japan. Shinbundo, Tokyo,
690-691 [In Japanese].
Rashid, K. A., Smartt, J. & Haq, N. (1988): Hybridi-
zation in the genus Vigne. In Mungbean, Proc. 2nd
Int. Symp. AVRDC, Shanhua, Taiwan, 205-214.
17) Sawa, M. & Tan, T. S. (1976): Specific difference of
resistance (o adzuki bean weevil (Callosobruchus
chinensis) in genus Phaseolus. Rep. Tohoku Br. Crop.
Seci. Sec. Jpn., 18, 79-81 [In Japanese].
18) Sawa, M. et al. (1984): On the interspecific hybrid
rice bean ( Vigna calcaratus Roxb.) x adzuki bean (V.
angularis W. F. Wright). 5. On disease resistances and
other characteristics observed in progeny strains. Rep.
Tohoku Br. Crop Sci. Soc. Jpn,, 27, 93-95 [In
Japanese].
Singh, B. V. & Ahuja, M. R. (1977): Phaseolus sub-
lobatus Roxb.: A source of resistance to yellow mosaic
virus for cultivated mung. Indien J. Genel., 37,
130-132.

6

L=ty

7

—

8

—

9

—

10

—

11

—

13

—

14

—

15

—

16

—

19

—



230

20) Siriwardhane, D., Egawa, Y. & Tomooka, N. (1991):
Cross-compatibility of cultivated adzuki bean ( Vigna
angularis) and rice bean ( V. nmbellata) with their wild
relatives. Plant Breed., 107, 320-325.

21) Tateishi, Y. (1984): Contributions to the genus Vigna
(Leguminosae) in Taiwan [. Sei. Rep. Tohoku Univ.
4th ser. (Biology), 38, 335-350.

22) Toida, Y. et al. (1990): Studies on prevention of crop
damage caused by nematodes in Thailand. [fn The fi-
nal report of the cooperative research work between
Thailand and Japan. Trop. Agr. Res. Cen., Japan.

23) Tomooka, N. (1991): Variation, geographical distri-
bution and landrace differentiation of mungbean and
evaluation of its wild relatives in the subgenus Cer-
atotropis.  Tech. Bull. Trop. Agr. Res. Cen., 28.

JARQ 26(3) 1992

24) Tomooka, N. et al. (1991): Geographical distribution
of growth types in mungbean (Vigna radiata (L.)
Wilczek). Jpn. J. Trop. Agr., 35, 213-218.

25) Tomooka, N. et al. (1992): Center of genetic diversi-
ty and dissemination pathways in mungbean deduced
from seed protein electrophoresis,. Theor. Appl. Genet.,
B3, 289-293.

26) Tomooka, N. et al, (1992): Development of bruchid-
resistant mungbean line using wild mungbean germ-
plasm in Thailand. Plant Breed., 109, 60-66.

27) Verdcourt, B. (1970): Studies in the Leguminosae-
Pappilinoideae for the flora of tropical East Africa,
Part 4. Kew Bull., 24, 507-569,

(Received for publication, Feb. 24, 1992)



	26-3-222のコピー
	26-3-223
	26-3-224
	26-3-225
	26-3-226
	26-3-227
	26-3-228
	26-3-229
	26-3-230

