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Breeding for Resistance to Diseases in Greengram and Blackgram
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Summary. This review is given on the origin and interrela-
tionship of blackgram and greengram: the symptoms,
mode of transmission, and host range of important diseases,
namely: mungbean yellow mosaic virus, leaf crinkle virus,
leaf curl virus, mosaic mottle virus, Cercospora leaf spot,
powdery mildew, root and stem rots, bacterial leaf spot
and halo blight. The screening for resistance, sources of
resistance, including interspecific hybridization, and in-
duced mutations, as well as the genetics of resistance are
treated along with suggestions for future breeding strate-
gies of these crops.
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Introduction

The genus Vigna comprises 100 to 150 species. Of these,
greengram or mungbean and blackgram or urdbean are the
most widely cultivated. Both of these species were classi-
fied in the genus Phaseolus until Wilczek (1954) created
the new name Vigna radiata (L.) Wilczek for Phaseolus
aureus (L.), greengram and Hepper (1956) gave the new
name Vigna mungo (L.) Hepper for Phaseolus mungo (L.),
blackgram. Methods of differentiation between the genera
Phaseolus and Vigna have been reviewed by Evans (1975)
and Marechal (1975).

Greengram is relatively drought tolerant. It is cultivated in India,
Pakistan, Bangladesh, Srilanka, Thailand, Laos, Kampuchea, Viet-
nam, eastern Malaysia, Southern China and in the relatively dry
eastern parts of Java, (Jain and Mehra 1978). In the recent past it
has been introduced into the eastern and central parts of Africa,
the West Indies and the U.S.A. It is also grown in the Philippines,
Nepal, Taiwan and Indonesia. Blackgram has greater water require-
ments than greengram. It is grown in India, Pakistan, Srilanka and
Burma (Jain and Mehra 1978).

In India, greengram and Blackgram are mainly grown as a
mixture and rarely as pure cultures. The average yields of
the two crops are very low in tropical and sub-tropical
Asia, including India. This is because of inherently low
yielding potential of the varieties and their susceptibility
to diseases. The breeding for resistance to diseases in the
two crops needs to be taken up vigorously to further in-
crease yield. A compilation of existing scanty informa-
tion on resistance breeding is worthwhile. Therefore, in
addition to reviewing the origin and interrelationship of
Vigna radiata and Vigna mungo, information on symp-
toms, host range, mode of transmission of important dis-
eases, screening for resistance, sources of resistance includ-
ing varietal hybridization, interspecific hybridization and
induced mutations is compiled together with the genetics
of resistance of important diseases.

Origin and Interrelationship of Vigna radiata and V.
mungo

According to de Candolle (1884), Vavilov (1926) and Zukovskij
(1962) both greengram and blackgram originate from the Indian
subcontinent. Maximum diversity among related species is limited
to the upper western ghats and deccan hills. A secondary centre of
diversity exists in Bihar (India). The present Monghyr city of Bihar
was once called Muda-giri or the mung hills (De 1976). Singh et al.
(1975) observed variable forms of green- and blackgram j= the
eastern ghats and in the area from Madhya Pradesh (India)\ uth-
wards.

The Vigna sublobata appears to be the most probable progeni-
tor of both V. radiata and V. mungo (Zukovskij 1962) and occurs
wild in India and Indonesia. Natural population of V. sublobata
are supposed to have differentiated during domestication into the
two crop plants V. radiate and V. mungo (Jain and Mehra 1978).
Primitive versions of both V. radiata and V. mungo have been col-
lected by Singh et al. (1975). The greengram has spreading or re-
flexed pods with small hairs, globose seeds and flat hilums. Black-
gram carriers erect or suberect pods with long hairs. Its seeds are
larger, oblong and smooth, with a concave hilum (Rachie and Ro-
berts 1974).
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Symptoms, Host Range and Mode of Transmission of
Important Diseases

Virus diseases

Mungbean Yellow Mosaic Virus  MYMV)

The mungbean yellow mosaic virus is very devastating in
tropical and sub-tropical Asia. In addition to attacking
greengram, it causes considerable losses in soybean and
blackgram (Nene 1969; 1970; 1972; Nariani 1960; Varma
et al., 1973; Grewal 1978). Yield losses up to 100 per cent
have been reported after artificial inoculation (Nair 1971;
Vohra 1976). Rathi and Nene (1974) found the host
range of MYMV to be restricted to species belonging to
the families Leguminosae, Compositae and Gramineae.

Nariani (1960) interconnected yellow mosaic on greengram with a
virus. Nene (1968) named it mungbean yellow mosaic virus. This
virus has also been referred to as yellow mosaic virus (Ahmad and
Harwood 1973 ; Virmani et al. 1976).

The first symptoms appear on young leaves as yellow specks or
spots. The leaf emerging from the apex shows bright yellow patches
interspersed with green areas. In severe cases there is complete
yellowing of the leaves and infected plants are stunted. They bear
few flowers and pods and mature late. Nair et al. (1974) noted
necrotic and yellow mottle in blackgram to be caused by the same
virus. The necrotic mottling is a type of resistant reaction against
MYMV.

The MYMYV is transmitted by whitefly, Bemisia tabaci
Genn. (Nariani 1960; Nene 1972) but not through sap
(Nariani 1960; Nair (1971), seed or soil (Nair 1971). The
whitefly is a very efficient vector, acquiring and inocu-
lating the virus in certain hosts within 10 to 15 minutes.
For 100 per cent transmission, 10 viruliferous flies per
plant are required (Nair 1971; Nene 1973).

Leaf Crinkle Virus

Leaf crinkle virus disease of blackgram was first reported
in 1966 Williams et al. (1968). The infected plants be-
come stunted and develop rugosity and crinkling on af-
fected leaves (Nene 1968; Williams et al. 1968). The inflo-
rescence of the affected plants bears a large number of
small flower buds with thick, dark green sepals giving a
bushy appearance (Grewall 1978). It produces few pods
(Nepe 1968; Williams et al., 1968), a reduction due to
polledd sterility caused by the virus (Narayanaswamy and
Jaganathan 1975).

The virus is seed, sap and aphid (Aphis craccivora, Koch. and A.
gossypii Clov.) transmissible (Nene 1972; Kolte and Nene (1972;
Dhingra 1975). For effective transimission a very short acquisition
feeding period of 30 seconds to two minutes preceded by a pre-
acquisition fasting was found necessary. The host range of leaf
crinkle virus is limited to greengram, blackgram, mothbean and
cowpea (Nene 1972; Kolte and Nene 1975; Grewal 1978). The
virus may cause 62 to 100 per cent losses depending on plant stage
infected (Nene 1972).
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Mosaic Mottle Virus

This disease was described by Shahare and Raychaudhary
(1963). It is characterized by a mosaic and pattern of
broad patches of light and dark green areas and blistering
of leaf blade. Affected plants show reduction in overall
growth, generally interconnected with excessive branching.
In cases of severe infection the whole inflorescence is
changed into leaf-like structures, thereby causing 100 per
cent loss in seed yield (Nene 1972). Shahare and Ray-
chaudhary (1963) described the disease as a mosaic and
Nene (1972) named it mosaic mottle virus. It can be trans-
mitted by juice (Shahare and Raychaudhary 1963), me-
chanically, and by seed (Nene 1972). Host range of the
virus is confined to the family Leguminosae (Shahare and
Raychaudhary 1963; Nariani and Kandaswami 1961; Sri-
vastava et al. 1969; AVRDC 1977).

Leaf Curl Virus

Nene described the symptoms of this disease for the first
time in 1968. The virus is an important potential killer of
plants of blackgram and greengram (Nene 1972). Chlorosis
will develop around veins and their branches near the
margin of the youngest trifoliate leaf (Nene 1968). The
leaf margins are curled downwards, and sometimes rolling
and twisting of young leaves can also be observed. The
infected plants produce few pods which at late infection
might contain small seeds. Transmission proved successful
if performed mechanically or by grafting.

Fungal Diseases

Cercospora Leaf Spot (CLS)

It is cuased by Cercospora canescens Ell. and Mart. and C.
cruenta Sacc. and is one of the most important diseases of
greengram in the Philippines (Welles 1924; Quebral 1978;
Ilag 1978), Bangladesh (Islam 1978), Thailand (Nalam-
pang 1978), Malaysia (Johnson 1970), Nepal (Bharti 1978),
Taiwan (AVRDC 1976), and India (Grewal 1978). The pa-
thogen is seed-borne (Grewal 1978).

Spots develop on infected leaves with a somewhat circular to irreg-
ular shape. The central area will turn tan or gray with reddish
brown or brown to dark brown margins. Lesions vary in size de-
pending on the isolate and the host (Ilag 1978). Rath and Grewal
(1973) observed heavy sporulation at 27°C temperature and 96
per cent ralative humidity. The lesions increase in number and size
during flowering but increase is most rapid at the pod-filling stage,
which in India occurs during September. In susceptible varieties
infection increases rapidly, resulting in premature defoliation. The
size of pods and seeds is reduced and thus also the yield (Grewal
1978). Yield losses up to 47 per cent have been reported during
the warm and wet season (AVRDC 1976).

Powdery Mildew
It is one of the most common diseases in all greengram
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growing areas (Park and Yang 1978). It is servere in Thai-
land (Duangploy 1978), the Philippines (Catedral and
Lantican 1978), and in Taiwan (Legaspi et al., 1978). The
disease is caused by Erysiphae polygoni D.C. It is most
severe during the dry season and practically non-existent
during the wet season. The temperature from 22 to 26°C
and relative humidity from 80 to 88 per cent is favourable
for the development of the disease (Ilag 1978).

The fungus attacks all parts of the plant except roots. The initial
symptoms are faint, slightly dark areas developing over the leaf,
later turning into small, white powdery spots. These spots enlarge,
coalesce and develop into a complete coating by a white to dirty-
white powder consisting of mycelium and conidia. Defoliation
takes place in case of severe infections. Pods are not formed and if
formed they bear subnormal seeds. Yield reduction could range
from 20 to 40 per cent (legaspi et al. 1978).

Root and Stem Rots

In India Rhizoctonia bataticola and R. solani are impor-
tant pathogens which cause rotting of stem and roots of
greengram (Grewal 1978). The fungi attack seedlings at
the ground level forming localised dark green patches.
These coalesce and encircle the whole stem in the case of
infection caused by R. bataticola while red brown patches
are formed in connection with R. solani. The infected
stem will be too weak to support the plant and the young
seedling dies. Ilag (1978) observed rots caused by R. so-
lani but also by Sclerotium rolfsii in the Philippines.

Welles (1924) reported that the host range of R. solani also in-
cludes i.a.. soybean, cowpea, tobacco, peanut, common garden
beans, maize, egg plant and pepper. The basidial form of the fun-
gus is know as Thanatephorus cucumeris (Fr.) Donk and this in-
fects more than 20 host species (Saksena and Dwivedi 1974). Vari-
ous species of Fusarium and Pythium also cause root and stem rot
diseases (Ilag 1978).

Bacterial Diseases

Bacterial Leaf Spot (BLS) and Halo Blight
Bacterial leaf spot is caused by Xanthomonas phaseoli
(Smith) Downson. It was observed on blackgram for the
first time by Rangaswami and Gowda (1963) in India and
on greengram by Fang et al. (1964) in China. The symp-
toms first appear as superficial eruptions which gradually
go deeper in the leaf tissue. Finally, big necrotic areas will
develop with a corky or rough surface. Lesions developed
on petioles are brown, raised and occur singly or in long
streaks (Patel et al. 1972). BLS spreads through seeds (Pa-
tel et al. 1972). Phaseolus vulgaris, P. bracteatus, P. luna-
tus, Dolichos lablab, and Lens esculentum can also be in-
fected by X. phaseoli using artificial inoculations, but the
reaction is not as severe as on greengram (Patel and Jindal
1972).

Halo blight of greengram is caused by Pseudomonas

phaseolicola. 1t produces water-soaked spots surrounded
by a characteristic halo. The organism produces the same
symptom on P. bracteatus, P. alropurpureus, D. lablab, D.
biflorus, and Ficus religiosa (Patel and Jindal 1972).

Breeding for Resistance
Screening for Resistance to Different Diseases

Nene et al. (1972) evaluated germplasm of blackgram and green-
gram for resistance to mungbean yellow mosaic virus. He used
alternatively cultivars as NO. 55, Khargaon-3, or Gwalior-18 in
blackgram and Jalgaon-781 in greengram as susceptible spreaders.
Promising material was reexamined by artificial infection at the
pre-flowering stage by covering the rows with muslin cloth cages
of 60 X 90 X 120 cm dimensions and releasing 300 viruliferous
whiteflies in each cage (Fig. 1). This method was later used by
Shukla (1977) for screening the F, and F, plants. Nene (1972)
suggested use of insect proof transparent plastic pickle pots with
screwcap for the inoculation of individual plants, a technique used
by Shukla (1977) for the inoculation of individual plants of parents
and F,’s (Fig. 2). Virmani et al. (1976) identified resistant sources
to MYMYV by field screening. These varieties also showed resistant/
tolerant reaction under glasshouse conditions. We, at Pantnagar,
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Fig. 1. Iron frame covered with muslin cloth bag for mass-screen-
ing against whitefly transmitted MYMV of greengram and black-
gram

VAL A e PSRN R
Fig. 2. Insect proof transparent pickle pots with screwcap used

for inoculation of individual plants of greengram and blackgram
against whitefly transmitted MYMV



are replicating UL-2 (spreader row for MYMYV) at every 5 to 6
rows in the segregating generations obtained from hybridization or
induced mutation in blackgram as well as in greengram. When all
the plants of the infector row show symptoms of MYMV, the test
material is scored on a 1-9 scale as described by Shukla (1977;
Shukla et al. 1978) for greengram and Singh (1980) for blackgram.
No insecticide is sprayed on the breeding material in order not to
disturb the population increase of the vector (whitefly-Bemisia ta-
baci Genn.). This method has allowed promising lines of black-
gram and greengram resistant to MYMYV to develop.

Screening against leaf crinkle virus is done by rubbing the sap
at primary leaf stage (Nene 1972). To transfer mosaic mottle virus,
Nene (1972) inoculated seedlings mechanically by rubbing the
inoculum, prepared in a sodium phosphate buffer of pH 7.6.

Thakur et al. (1977) found infected dried leaves to be both a
good source of inoculum for Cercospora leaf spot and storable
without loss of virulence in a refrigerator. The inoculum was pre-
pared by soaking and squeezing the infected leaves in water. The
suspension was filtered through muslin cloth and used for spray
inoculations at a concentration of conidia at 500 to 1000/mi on
45 to 50 days old plants.

Infection by powderey mildew is preferably applied by shaking
conidia from heavily infected leaves over young seedlings of the
test material.

For root infecting pathogens (Pythium, Rhizoctonia and Fusa-
rium) diseased soil can be built up by continuous sowing of sus-
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ceptible crops and repeated incorporation of inocula. Screening
against soil-borne diseases on such heavily infected fields is the
method applied in AVRDC (1976).

Screening for bacterial leaf spot is done by inoculating a sus-
pension (10° to 107 cells/ml) of X, phaseoli, prepared in sterile
distilled water and used after 48 hours growth at 30°C. Inocula-
tions are made using rub-inoculation or spraying technique on 25
to 30 days old plants of greengtam (Thakur et al. 1977). The
pathogen was maintained and multiplied on potato-sugar-peptone-
agar and/or yeast-glucose-chalk-agar. Coyne and Schuster (1974)
used the multiple needle puncture method for inoculating the fo-
liage and pods of this pathogen in Phaseolus vulgaris (L.). The bac-
terial suspension contained 10° to 107 cells/ml. Coyne and Schus-
ter (1974) used the same technique for the inoculation of Pseud-
omonas phaseolicola in Phaseolus vulgaris (L.).

Sources of Resistance and Varietal Hybridization

Known sources of resistance to different diseases of green-
gram and blackgram are compiled in Table 1 and 2. Most
of the sources are of Indian origin. Lines carrying multiple
resistance may be utilized in crossing programmes and the
segregating generations may be subjected to screening in

Table 1. Sources of resistance to viral diseases in greengram and blackgram

Mungbean yellow mosaic Virus References
Greengram

Moong No. 54 Varma et al. (1973)

P 364-68,P 36668 Dey and Singh (1974)
15229, ML-1, L 24-2 Gill et al. (1975)
ML-5 Mew et al, (1975)

LM-168, LM-170, LM-214, LM-356, LM-
392, LM404, LM-171, ML-6, 15225,15227

Virmani et al. (1976)

ML-1. ML-3, ML-5, ML-9

Tarai local, L-80, LM 294-1, LM-214
Tarai local

L-24-2-1, 15227

1066, 2779

Hyb. 124, Hyb. 43

Vigna sublobata Pantnagar race A
1-80,11/99,11/395, 16-303-20-3-8

Blackgram

Singh et al. (1977)

Shukla (1977)

Pandya et al. (1977)

Grewal (1978)

Legaspi et al. (1978)

Mishra et al, (1978)

Singh and Ahuja (1977)

Singh and Sharma (1980, unpublished)

T-65,T-67 Srivastava et al. (1969)

UPU-1, UPU-2 Nene (1972)
128,129,133,151,296 Ahmad and Harwood (1973)
Pant U-19, Pant U-26 and Pant U-30 Singh and Singh (1979)
Gwalior, BR-61, 153, NP-21 Singh, Singh and Sharma (1980)
Mosaic mottle virus

Greengram

Hyb45,T-2 Nene (1972)

Blackgram

T-65,T-67 Srivastava et al. (1969)
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Table 2. Sources of resistance to fungal and bacterial diseases in greengram and black-

gram

Cercospora leaf spot References
Greengram.

P-476, P-530, PLM-501 Patel et al. (1972)
Co1l Singh et al. (1974)
15229 Gill et al, (1975)
LM-157, T-2, ML-5, LM-448, ML-3 AVRDC (1976)
ML-4, ML-9, ML-28, ML-29, ML-23

LM-162, 6008-1, 364-68-1, 546-68-1, 554-1  Grewal (1978)

Gujrat 1, BR 1 ML-9, 24-11-23-39-1
CES-2C-1, Suneuna

Singh, and Sharma (1980, unpublished)

Blackgram

4387,3529 AVRDC (1976)
Powdery mildew

Greengram

ML-163, NP-52, LM-6, LM-2, M-606, AVRDC (1976)
LM-156, M-957, C-20139, LM-141, LM-340

29-13-2 Grewal (1978)
2106,2773,2013 Legaspi et al, (1978)

Root and stem rots

Greengram

ML-161, ML-5, ML4, NP-52, LM-8, C35-1
Stab-124, OB 24-1, ML-162
LM-220, MS-938

AVRDC (1976)

Grewal (1978) Vidhyasekaran et al.

(1977
Black gram
3115 AVRDC (1976)
Bacterial blight
Greengram
15229,L 24-2 Gill et al. (1975)
ML-8, ML-10, Jalgaon-781 Chand et al. (1977)

multiple disease nurseries to recover segregants with mul-
tiple resistance.

In greengram, the lines 15229, ML-9. ML-3, ML-5 are
resistant against both CLS and MYMV. ML 4 and LM-162
are resistant to CLS, root and stem rots and NP-5 to root
rots, stem rots and powdery mildew. ML-5 is also resistant
to root and stem rots and 15229 to bacterial blight.

In blackgram, T-65 and T-67.are resistant to MYMV
and mosaic mottle virus.

Interspecific Hybridization

Wide crosses will increase gene pool available in breeding
greengram and blackgram. Crosses between the two spe-

cies, using the former as the female parent, were made by
Sen and Ghosh (1960). The F, seeds were small and
shrunken, and plants from such seeds were weak and semi-
sterile. Plants from backcross progenies were more vigor-
ous but showed 50 to 70 per cent pollen sterility. Boling
and Maltcock (1961) reported 20 per cent seed set in a
cross between greengram and blackgram. While V. radiata
is easily crossable as female to V. mungo, the reciprocal
cross is not successful. The F; hybrid can be backcrossed
to radiata but not to mungo (Jain and Mehra 1978). Major
stable genes for Cercospora leaf spot resistance are being
transferred from blackgram to greengram at AVRDC
(1979). Singh and Ahuja (1977) reported two sympatric
types, A and B of V. sublobata, to be present in the Pant-
nagar and adjoining Tarai areas. The two types were de-



scribed as morphological traits by Arora et al. (1973) and
tested for resistance to MYMV and crossibility behaviour
by Singh and Ahuja (1977). Crosses between the two
types A and B failed. Interspecific crosses between MYMV
susceptible varieties of V. radiata (T-44, Hybrid45 and
‘Pusa Baisakhi’) and V. sublobata Pantnagar type A (resis-
tant to MYMV) were made, and segregants with resistance
to MYMV were recovered (Singh and Ahuja 1977).

The interspecific cross between greengram and rice
bean (Vigna umbellata) has been made using the former as
female parent and with the ambition to transfer genes for
resistance to diseases and pests. The cross proved twice as
successful when an immunosuppressant, E-aminocaproic
acid (EACA) at a concentration of 100 ppm, was sprayed
on the foliage of the seed parent (AVRDC 1976) Baker et
al. (1975) reported that the FACA at the rate of 250 ppm
was found to be optimum for making crosses including
Vigna species. The EACA was injected into the internode
of maternal plants at the pre-meiotic stage of flower devel-
opment.

Induced Mutations

Blackgram and greengram are mostly grown on marginal
lands and it is possible that the genes for higher productiv-
ity could have been lost due to the overriding role of
natural selection. Induced mutations may compensate for
such losses by creating variability for yield, yield compo-
nents, plant type, and resistance to disseases and pests.
Dubinin (1964) reported 7.5 to 30 kilored doses as
critical for V. mungo. Singh and Pandya (1977) studied
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radiosensitivity in V. radiata. The dose levels of 40 to 50
kR were found critical for varieties such as T-44 and ML-26.

A spontaneous mutation for lobed leaf type was ob-
served in greengram by Pokle (1972) and a sterile (Saini
et al. 1974) and giant mutant was artificially induced by
Bhatt et al. (1972). Morphological and chlorophyll muta-
tions were reported to be induced in blackgram by Jana
(1963), Jana and Rao (1974, a, b), Rao and Reddy (1975),
Rao et al. (1975), and Rao and Jana (1976). Increased
variability within treated populations as compared to
control is reported for yield and yield components (Veeras-
wamy et al. 1973; Dahiya 1973; Rajput 1974; Tikoo and
Jain 1974; Shakoor et al. 1978; Singh et al. 1979) and for
number of nodules (Rangaswamy et al. 1973; Oblisami et
al. 1973). The present author started an experiment on
induced mutations in greengram in 1976. The varieties
ML-26 and T-44, susceptible to MYMV, were exposed to
dose of 10, 20, 30, 40, and 50 kR of gamma-rays (Co®-
source). The M, and M; generations were grown in plant
progeny plots. The blackgram cultivar UL-2, highly sus-
ceptible to MYMV, was replicated after each 5 rows in M,
and after each 6 rows in M3 in 1977 and 1978, respective-
ly. Individual plants were selected in M, . Plants and/or
progenies were selected in M3 . During the visual selection,
emphasis was given to higher pods per plant and/or seeds
per pod. Plants/progenies superior for pods per plant and/
or seeds per pod with or without induced resistance to
MYMYV were selected. Eleven progenies superior for pods
per plant and/or seeds per pod were tested in randomized
block design with 3 replications for their yielding ability
and resistance to MYMV (Table 3). The gamma-rays ex-
posure increased variability for yield, yield components

Table 3. The performance of mutant (M, ) progenies as compared to the parental check

varieties

Variety/dose/ Daysof Plant Pods/ Seeds/ 100-seed Yield MYMV
progeny No. maturity height (cm) plant pod weight (g) Kg/ha  score?
ML-26/50/7 77 103.1 25.2 10.1 2.58 16440 5.6
ML-26/50/12 176 87.9 284 9.5 2.82 12215 6.6
ML-26/30/7 78 96.8 294 100 3.21 18055 74
ML-26/20/19 71 70.0 25.3 9.0 267 18140 1.0
ML-26/20/17 75 83.8 23.6 10.1 2.87 17176 3.3
ML-26/20/16 75 78.9 23.8 100 2.88 1519.1 2.1
ML-26/10/4 75 844 27.8 10.1 3.08 1780.0 33
ML-26/10/3 79 815 296 10.1 2.97 19047 2.5
T-44/20/1 73 77.0 24.7 9.8 237 8214 79
T-44/10/1 71 73.8 31.2 9.3 2.32 6972 5.6
T-44/20/44 68 62.9 33.0 9.1 2.83 904.2 64
T-44 (Check) 74 716 259 9.0 3.01 7624 7.1
ML-26 (Check) 80 65.2 240 85 271 11763 5.9

Least significant difference at 5 per cent = 436.0 kg/ha, Coefficient of variation = 19.0

per cent
a

erately resistant; 7 = moderately susceptible and 9 = susceptible

MYMYV reaction was scored on 1-9 scale, where, 1 = immune; 3 = resistant; 5 = mod-
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Fig. 3. An M, mutant plant derived from line ML-26 given 10 kR
dose. The pods emerge outside the leaf canopy and the mutant is
resistant to MYMV

and MYMYV resistance. Shakoor et al. (1977) irradiated 8
varieties of greengram with various doses of gamma-rays.
The screening for resistance to MYMV was done in M,
and 6 recessive mutants resistant to this disease were de-
tected. Some of these were shorter in stature than the
parents.

The Genetics of Resistance to Different Diseases

Yield and yield components are negatively correlated with
degree of MYMV infection. Path-coefficient analysis
shows that infection of greengram by MYMYV exerts a high
indirect effect on yield via decreased seed weight (Singh et
al. 1978). Negative correlation of yield with virus and
mildew score is reported by Yohe and Poehlman (1975).

Susceptibility in greengram to MYMYV is reported to be
dominant over resistance (Shukla 1977; Shukla et al. 1978),
in blackgram (Singh 1980) and the same is found for soy-
beans (Malick 1976; Singh and Malick 1978). In both
crops, two recessive genes were found to be responsible
for resistance. Tolerance against MYMV in greengram
seems, however, only to depend on one recessive gene
(Thakur et al. 1977a). Tolerance, seed colour and maturi-
ty were found to be independently inherited (Singh and
Patel 1977). A digenic recessive inheritance of resistance
has also been observed against bean yellow mosaic virus in
snapbean as well as in interspecific crosses between Phase-
olus vulgaris X P. coccineus (Bagget 1957; Bagget and
Frazier 1957).

The resistance to mosaic mottle virus in greengram is
reported to be controlled by a single dominant gene with
no maternal effect (AVRDC 1977).

A dominant gene for resistance to CLS in greengram is
reported with an independent inheritance in relation to
pigmentation (Thakur et al. 1977 a and b). A gene for
resistance to CLS is also found in Vigna unguiculata (Fery
et al. 1975).

The resistance to powdery mildew in greengram is
controlled by a single dominant gene (AVRDC 1978).

Young seedlings of some resistant cultivars of green-
gram show strong hypersensitive reaction to BLS, a symp-
tom at adult stage changed to a few spots on old leaves
(Patel et al. 1972). Resistance against BLS first appeared
to be monogenic and domipant (Thakur et al. 1977a;
Singh and Patel 1977). Race-specificity was, however,
soon observed (Thakur et al. 1977c) and all possible
crosses were made between the differentiating varieties P-
23, P-10875, PLM-95, and 1.C.-11303-2. F, and F, plants
from the backcrosses were inoculated with 6 races of the
pathogen and the interaction analysed. The results indi-
cated that each resistant differential carried only one gene
for resistance, each showing dominance in inheritance and
nonoverlapping.

Conclusions and Suggestions

Greengram and blackgram are hosts of a number of dis-
eases which cause serious losses. Of the four viral diseases,
MYMYV is the most important and is transmitted by white-
fly. The fungal disease CLS is a problem in all countries
where the two crop species are grown. Powdery mildew is
a problem in cold dry weather. Rhizoctonia is an impor-
tant pathogen causing rotting of roots and stem. Mung-
bean scab (Elsinoe iwatae) and anthracnose (Colletotri-
chum lindemuthianum) are localised to Indonesia and the
Philippines, respectively, and are there very devastating.
Among the bacterial diseases BLS is important.

The natural variability within greengram and black-
gram is incompletely explored and much germplasm re-
mains to be collected and catalogued. Such an ambition
might even be given priority in a breeding programme.

Grown on marginal lands, there are risks for loss of
genes for higher productivity motivating induction of mu-
tations and interspecific hybridization.

The genetic variability available with the breeders
should be better explored by arranging field screening
nurseries under epiphytotic conditions. Favourable envi-
ronments for such test are built up by planting susceptible
spreaders, by spraying fungal/bacterial suspensions or by
growing the material in soil infected by soil-borne diseases.
In the case of race-specific host: parasite interaction, field
screening ought to be complemented by more thorough
analyses in glasshouses under artificial inoculation condi-
tions. It is important that all virulent races are considered
and checked against available genes for resistance in order



to understand how to proceed properly in the breeding
programme.

It is also important to understand whether such a dis-
ease breeding project should proceed entirely analytically
and step by step or if it is economically preferable to try
to combine the efforts into a multiple disease breeding
programme. In the latter case the screening of desirable
segregants can either be made for disease or all together.
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