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The present study was undertaken by using three
different chemical mutagens viz., ethylmethane sulphonate (EMS),
Sodium azide (SA) and hydrazine hydrate (HZ) on mungbean (Vigna
radiata (L.) wilczek). The chief objective of this study was to explore
the possibility of inducing genetic variability for eight quantitative
characters in the two varieties namely, Asha and K-851 of mungbean.
Various other aspects of this current study were: (1) biological
damage in M, generation; (2) meiotic studies; (3) effectiveness and
efficiency of the mutagens; (4) chlorophyll and morphological
mutation frequency and spectrum (5) estimation of mean and genetic
parameters in M, and M, generations and (6) total seed protein content

of high yielding mutants isolated in M, generation.

Biological damage in M, generation increases as the
seed germination, seedling height and pollen fertility decreases with
the increase in concentrations of the mutagens doses. Chromosomal
aberration like univalents ,trivalents, multivalents, bridges laggards
and micronuclei are induced by mutagenic treatments. In M, generation
of both the varieties of mungbean, there is a dose dependency in the
frequency of different types of meiotic abnormalities,is exhibited by

both the mungbean varieties.

Morphological investigation of M, plants exhibit
anomalies occur in cotyledonary and vegetative leaves; and their

frequency was greater at the higher concentrations of mutagens in



both the varieties. In general, SA treatments failed to produce anomaly

in the cotyledonary and vegetative leaves in both the varieties.

A wide spectrum of chlorophyll mutants was obtained
in M, generation. The frequency of chlorophyll mutations was dose
dependent and increased with the mutagen concentrations. EMS
treatments induced the highest frequency of chlorophyll mutations.

This was followed by HZ and SA in both the varieties.

The mutagenic effectiveness as measured by the
percentage of mutated plant progenies divided by the unit dose of
the mutagen was higher at lower doses of the mutagens. HZ was
found to be most effective and the order of the mutagens based
upon effectiveness was HZ > SA > EMS.The mutagenic efficiency
worked out on the basis of seedling injury (Mp/I), pollen sterility
(Mp/S) and meiotic abnormalities (Mp/Me), showed a declining trend
with the increasing concentrations of mutagens. The EMS treatments
were found to be more efficient in comparison to the others mutagens

(SA and HZ) in both the varieties .

A broad range of morphological mutants, exhibiting
altered morphological features, were identified in M, populations.
The highest frequency was noted in the EMS treated population and
lowest with SA, while HZ treatments were intermediate. Compared
to var. Asha the range of such mutants was highest in the var. K-851.
Morphological mutants, showed a negative selection value. However,
a few of them can be improved through selection by eliminating some

of the undesirable characters.



The genetic variability induced by three chemical
mutagens for eight quantitative characters was studied in each
generation. The quantitative parameters studied were, days to
flowering, plant height (cm), days to maturity, number of fertile
branches, number of pods per plant, seeds per pod, 100 seed weight
(g) and total plant yield (g). Means for all the eight quantitative
characters in M, generation remained unchanged in the treated
populations. The coefficient of variation (CV) differed from character
to character and high CV over control was recorded for fertile
branches per plant (55.28 %) and pods per plant (46.88 %). The
mean number of fertile branches, number of pods, seeds per pod,
100 seed weight (g) and total yield of the plant increased in all the
mutagenic treatments with few exceptions. The exceptions occurred
in M, generation, whereas M, generation showed a complete positive

shift.

The genotypic coefficient of variation, heritability
(broad-sense) and the genetic advance (as percentage of mean)
increased in the treated populations. The genetic parameters were
dose independent and varied from trait to trait in M, and M,
generations. High heritability estimates coupled with high genetic
advance occurred for yield and yield components. Estimates of
heritability and genetic advance suggest that the induced polygenic

variability can be utilized in plant improvement programmes.

Certain mutants, much superior to the others in their

performance for seed yield per plant, were evaluated in order to find



out their selection response in M, generation. Increase in the mean
values of yield and yield components was noticed. Estimates of the
genetic parameters for yield and yield components were also recorded

to be higher, suggesting the scope for further selection.

The M, seeds of high yielding mutants were also
analysed for total seed protein content. Various mutants isolated from
the two varieties of the mungbean have exibited considerable range
of variation 1in their toatal seed protein content. The increase in the
mean protein content in some treatments and decrease in others
suggest that mutants with positive and negative effects were induced

in different proportions with various treatments.

At the end 1t can be concluded from the present study,
that the lower concentrations of the mutagens are more effective and
efficient in inducing polygenic variability in the two varieties of
mungbean than the higher doses; the latter induced high genetic

damage via genotoxicity and lethality.
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Chapter-1
INTRODUCTION

Grain legumes, commonly known as pulses,
constitute a group of crops belonging to the family
Leguminosae (alternate name, Fabaceae). Pulses constitute
a major part of the human diet of nearly all sections of
peoples because of their most vital role being either that of
supplying most of the proteins or in balancing the deficiencies
of cereal proteins. Pulses being rich source of proteins (17
to 25 per cent) form an important component in the Indian

diet where most of the population is vegetarian.

Punjab and Haryana which have had the best
record in food grain production are now facing serious soil

health problems and productivity of the soil has now started
to decline. The underground water level in most of the parts
of the country (India) has gone down significantly causing
irrigational and other ecological problems affecting adversely

the food grain production.

The problem of malnutrition associated with the
protein gap is closely related to the shortage of production
of pulses. If the pulse production and the supply is increased
and they are made available to the people, the problem of

malnutrition can be solved to a greater extent.



1.1. Economic Importance

Legumes are next to cereals as a source of food.
They constitute an important part of people's diet. The beans,
peas, soybeans etc. are the sources of high protein rich seeds.
These vegetables proteins are very much essential for

balancing the carbohydrates rich cereals.

Pulses grow easily and mature rapidly. They are
highly nutritious. They supply not only proteins, but also
carbohydrates, fats, vitamins and some minerals. The root of
these plants possesses nodules which contain nitrogen
fixing bacteria. These bacteria fix atmospheric nitrogen and
thereby enhance the fertility of the soil. Mungbean
var. T-44 1s used as grain manuring pulse (Pathak and Singh,
1963), the poor man's meat, are used by the young and old,
the ailing and healthy persons and cooked in a variety of ways,

as good as salads. Mung 1s also used as green manure.

Dried and green stalk and leaves of mungbean
are commonly and extensively used as fodder for cattle. Green
pods are consumed basically as a vegetable. Mungbean is also
eaten as in sprouts condition. It is also recommended as
medicinal diet in case of flatulence and to the sick people.
It is rich in vitamins B and is degraded as a remedy for
beri-beri. Nutritional composition of Mungbean is given in

Table-1.



1.2. Botanical description

Mungbean (Vigna radiata (L.) wilczek) belongs
to the family Leguminosae (Sub-family Papilionaceae).
The plant has tap root, provided with nodules, stem is erect or
suberect, furrowed, branched and green. Leaves are trifoliate,
ovate with large petiole. Inflorescence is axillary raceme. Flowers
are bisexual with papilionaceous corolla, 10 stamens in two
groups [(9)+1], monocarpellary, unilocular and superior ovary.
Immature pods are green, mature pods have either grey or brownish
colour and become round. Seeds are globular, green but sometimes
marbled with yellow brown, purple brown, or black; helium

is white, round and more or less flat. Germination is epigeal;

cotyledons are dirty yellow.
1.3. Distribution and cultivation area

Mungbean is one of the important pulse crop which
1s grown widely in several parts of India. Its cultivation in
Africa is most recent. Mungbean is widely cultivated with a
mixture of crops such as maize, sorghum, cotton, pigeon pea etc.
Mungbean is also cultivated in Pakistan, Sri Lanka, Philippines,
Taiwan, Nepal, Vietnam and Indonesia. Swaminathan er al.
(1970) reported that mungbean occupy a large part of the area
(2.4 million hectares) cultivation in our country, but its
productivity is very low (450 Kg/hect.). The low productivity
is mainly due to unirrigated area and highly succeptible to pests

and diseases such as vellow mosaic virus and powdery mildew.



In India a variety of pulse crops are grown of
which the adaptability of mungbean to adverse conditions gives
it a paramount place in arid and semi-arid tropics. During the
past few years intensive research work has been initiated not
only to improve yield but also quality of mungbean. The breeding

methodology applied to mungbean has been purely conventional.

Mungbean which ranks third to gram and
redgram, is 1mportant pulse crop in Southeast Asia and the
Indian sub-continent. It is recognized as a valuable pulse of
India, cultivated round about 3.04 million hectares and
contributes 12-13 per cent of the total pulse production of
the country. Area, production and yield of mungbean is given

in Table-2.

Mungbean is grown in almost all the states of
India and is cultivated mainly as a kharif (summer season)
crop. It is also grown as a rabi (rainy season) crop in southern
parts of India, where winter 1s fairly mild. Mungbean is a
crop which is grown on different kinds of soils, ranging from
red-laterite soils of south India to black cotton soil of Madhya

Pradesh and sandy soils of Rajasthan.

1.4. Pulse crop production

The production of pulses has not shown a marked
rise over the past few decades. Their output lags woefully
behind the increasing demand consequent to growth both in

population and per capita income. The share of pulses in



total food grain production which was 16.55 per cent
during 1950-51 came down to 7.87 per cent during 1995-96
resulting thereby in a substantial decline in consumption of

pulses in the diet of countrymen (Lal and Prakash, 1996).

The annual production of pulses has fluctuated
in the range of 12-15 million tonnes with a high mark of
15 million tonnes having been achieved in 1995-96. Yield
of pulses is generally low due to adaptation and cultivation
of traditional varieties. Several high yielding, early maturing,
diseases and pest-resistant varieties of pulses have been
developed but they could not be adopted due to lack of
awareness to farmers or the non-availability of seeds. Production

of pulses and total food grains in India 1s given in Table-3.

1.5. Genetic Variability

Mungbean is a self-pollinated crop, mutation breeding
i1s an important source of creating genetic variability. Hence, in-
general, induced mutation provided a modern and fruitful tool
in crop plants for creating genetic variability (Swaminathan,

1969; Gottschalk, 1972; Blixt and Gottschalk, 1975; Khan,
1988).

Success of plant breeding including chemo-
mutagenesis is directly dependent on the genetic variability in the
source population. The major break-through 1n plant breeding was
made when man realized that main source of genetic variability

were 'gene mutation' and recombination.



Today, other sources of genetic vaniability are at our
disposal i.e, direct gene manipulation or gene transfer by the
use of recombinant DNA techniques and somaclonal variation using

tissue culture techniques.

Food Agricultural Organization (FAO) of United

Nations 1s to preserve genetic variability in cultivated plants
and their wild relatives by establishing so called 'gene banks'
The main sources of genetic variability that should be

preserved are :-

*The previously and currently grown commercial
varieties.

*Local populations.

*Special genetic material (mutant, cytoplasmic
sources etc.)

*Breeding materials featuring specific genes
(disease resistance, high protein content etc).
*Polyploids and Aneuoploids.

*Synthetic species hybrid.

*Wild and weedy species.

Well organised institutions are needed for
maintenance of plant materials. Such research institutions
which maintain collections of seeds and vegetative parts are

already established in several countries.



Estimated number of gene bank accession world wide:

Crop Accession Distinct
samples
Pea 20,500 6,500
Mungbean 16,600 7,500
1.6. Mutagenesis

Plant breeding particularly mutagenesis (Physical and
Chemical) is a creative work essential to solving the global problem
of food provision. Its importance is further emphasized by the fact
that permanent increase of yield per unit area is a solution to the

problem of providing food to the rapidly expanding world

population.

The vanations encountered with many of the
agronomic characters such as yield are of continuous type
and have resulted from polygenic interaction with the
environment. Individual gene effects contributing to the
expression of these characters are too small to be recognised
and evaluated separately by the classical methods. One has
to deal with the average effects of genes or genes 'en masse'

and make use of biometrical tools in their analysis such as

character mean, variance etc.

Most of the plant attributes of interest to a plant
breeder are quantitative characters which are controlled by
polygenic interaction. In such situation the efficiency of

selecting the desired mutant is generally lower than for



specific characters which are controlled by a single gene.
Micromutations produce genetic variability in quantitative
characters of the crop plants. Hence, they deserve full
attention of plant-breeders. Such mutations should be
useful for improving quantitative inherited traits (e.g. grain yield)
without disturbing the major part of the genotypic and phenotypic

architecture of crop.

It is well known that a crop plant can be improved
in productivity, resistance to pest and adaptation to
environment when genetic variability for the specific trait
is available in the considered population or species.
The process of breeding crop plants has been successful for
a longtime, because genetic variation already present in the
population had been used, and subsequently further genetic
variation was made available by crossing plants from different
populations, varieties, species and genera. In some cases,
however, for instance in bread wheat, the progress obtained for
productivity has exploited the variability present in nature to
suéh a large extent that only further progress from the classical

methods of breeding becomes more and more difficult (Natarajan

et al.,1958).

The possibility offered by mutagenic agents to
induce new genetic variation is, therefore, of extreme interest.
It might in many cases be the only answer to problems posed
upon the practical aspects to breeder. A mutation event is

indeed very important even when if it has a small effect for



a specific morphological or physiological character, because
it changes the balance established by natural selection in
co-adapted blocks of genes and it, therefore, offers new

situations for natural or artificial selection.

The use of chemical mutagens in agriculture for
improving crop plants presented a new departure from
conventional method. A series of experiments carried out with
various crops has established that chemical mutagens, when
applied to plants, induced mutation in polygenic characters
of different crop plants such as rice (Bateman, 1959); wheat
(Larik,1975; Siddiqui ef al., 1979), mungbean (Khan and
Siddiqui, 1992a;Khan et al.,1994). The natural variability
for yield and its component traits is very narrow in mungbean,
a self fertilized crop. It is a well known fact that the variability is
an essential pre-requisite for any crop improvement programme.
In the recent years there have been a number of attempts to assess
radiation induced genetic variability in quantitative characters of
different crop plants such as peanut (Gregory,1956); soybean
(Rawlings et al., 1958; Williams and Hanway, 1961); barley
(Gaul, 1964); wheat (Scossiroli, 1968; Larik, 1979); oats (Abrams
and Frey. 1964);, sorghum (Ramulu, 1974); rice (Rao and
Siddiq,1977) and mungbean (Rajput, 1974, Khan,1987).

However, very scanty information exists
concerning the influence of chemical mutagens on quantitative
characters in Vigna radiata (L.) wilczek. An attempt has been

made to evaluate quantitative characters in M, M, and M,
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generations following chemo-mutagenesis with ethylmethane

sulphonate (EMS), sodium azide (SA) and Hydrazine hydrate

(HZ) in two varieties of mungbean viz., Asha and K-851. Eight

quantitative characters were studied in different generations.

1.7.

Objectives

The objectives of the present study were:

1.

to study the biological damage in M,
generation.

Cytological studies of M, plants.

to study the frequency and spectrum of
chlorophyll and morphological mutations.
to compare the effectiveness and efficiency of
differentchemical mutagens through various
parameters like seedling injury, pollen sterility
and meiotic aberrations etc.

to determine the component(s) having the
highest contribution to seed yield.

to determine the extent of genetic co-efficient
of variability present in the component(s) and
their possible effect on the scope for
advancement through selection .

to determine the heritability and genetic advance.
to select the desirable mutants with a promise
of improvement of quality of seed and

to study the total seed protein content in the

isolated M, mutants.
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Table 2. Area ( million hects ), production ( million tonnes )
and yield ( Kg./ha) of mungbean in India .

Year Area Production Yield
1987-88 298 1.23 426
1988-89 342 .44 415
1989-90 3.35 1.32 393
1990-91 3.44 1.37 399
1991-92 3.47 1.35 389
1992-93 2.99 1.41 471
1993-94 294 1.23 419
1994-95 3.04 1.17 386

Source:  Director, Indian Institute of Pulses Research , Kanpur.



Table 3. Production of pulses and total food grains in India
(Million Tonnes)
Year Pulses Total food Pulses
as percentage
grains of food grain
1990-91 14.10 176.20 8. 00
1991-92 12.02 168.38 7. 14
1992-93 13.60 180.01 7. 55
1993-94 13.09 182.00 7. 19
1994-95 14.50 185.00 7. 84
1995-96 15.00 190.40 7. 87

Source : Yojana, March, 1996, pp. 32.
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Chapter - 2

EARLIER INVESTIGATIONS

The genus Vigna has attracted attention of many
cytogeneticists and plant breeders due to its great economic
and nutritional value. The importance of genetic variability
for the improvement of crop plants has been completely
realised and considerable information is available on the black
gram (Jana, 1962; Jana and Rao, 1974; Rao and Reddy, 1975;
Kundu, 1980; Kundu and Singh 1982; Deepak et al., 1992;
Singh, 1996), pea (Gottschalk and Kaul, 1973; Kaul,1977,
1980a; Kaul and Garg, 1982; Gottschalk, 1983 and 1988;
Vikas, 1992), and soybean (Upadhyaya and Singh, 1979;
Ghatge and Kadu, 1993; Mehetre er al., 1996).

However, relatively very little attention has been
paid to the species of the genus Vigna in general and to the
mungbean in particular. The review of earlier investigations
on various aspects of the mungbean has been presented

below:

2. GENERAL ACCOUNT

9

Origin '

According to De Candolle (1884), Vavilov
(1926) and Zukovskiji (1962), mungbean originated from the
Indian subcontinent. The maximum diversity among the

related species is limited to the upper Western Ghats and
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Deccan hills. A secondary centre of diversity exists in the
Bihar state. The present Monghyr city of Bihar was once
called Mudagiri for munghills (De,1976). Vigna radiata
var. Sublobata appears to be the most probable progenitor
of both Vigna radiata and V. mungo (Zukovskiji, 1962) and
occurs as a wild cultivar in India and Indonesia (Dana, 1976).
Singh et al. (1975) observed variable forms of mugbean in the
Eastern Ghats and in the areas from Madhya Pradesh (India)

southwards.

De Candolle (1886) stated in his classical
book, "Origin of Cultivated Plants", that P. aureus Roxb.
was commonly cultivated in India and in the Nile valley. The
considerable number of varieties, and the existence of three
different names in the modern languages of India, point to

its cultivation one or two thousand years ago.

In Africa, it is probably recently introduced.
Anglo-Indian botanists agree that it is wild in India. Vavilov
(1926) mentions P. aureus Roxb. originated in Indian
centre of origin of cultivated plants ( exclusively Pakistan) but
including Burma, as well as in the Central Asiatic centre

(Pakistan, Afghanistan, Tadjikistan and Western Tian-Shan).
2.1.2. TAXONOMIC CLASSIFICATION
The taxonomic classification of mungbean was

compiled by Bose (1932). There is great controversy amongst

the taxonomists regarding whether mungbean should be kept
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in the genus Phaseolus or Vigna. Roxburgh (1832) named
mungbean as Phaseolus mungo willd. and the yellow
variety (Sonamung) as P. aureus Roxb. Duthie and Fuller
(1882) also followed the same classification. However, Prain
(1898,1903) had changed the classification and called the
mungbean as Phaseolus radiatus Linn. Bose (1939) referred
to mungbean as P. radiatus Linn. Syn. P. aureus Roxb. The
name of P. aureus for mungbean remained viable until many
taxonomists considered that Asiatic Phaseolus species (Old
world) i1.e. Section ceratotropis should be transformed to the
genus Vigna. Piper (1926) differentiated Phaseolus from
Vigna genus based on keel characteristics (keel is straight and
not laterally coiled) or curved as in Vigna, while it is curved
or coiled in Phaseolus). The criterion for differentiation
between the genera Phaseolus and Vigna have been reviewed
by Evans (1975) and Marechal (1975). Wilczek (1954)

named Vigna radiata (L.) wilczek for Phaseolus aureus

L., the mungbean.

2.1.3. CYTOLOGICAL STUDIES

Karpechenco ( 1925 ) reported the diploid
chromosome number of mungbean as 22 but Rao (1929) found
it to be 24. However, most species are diploid with 2n = 22,
showing that there is a perfect uniformity in chromosome
number of this genus (Grover and Virk,1986; Ignacimuthu
and Babu, 1989a; Ignacimuthu and Sakthivel, 1989). Sinha
and Roy (1979) reported that the wide morphological






