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Abstract
Background and Objective: In present situation of variable natural environment and high population, sustainable increase in agricultural
productivity is highest preference. Induced mutagenesis known to be significant tool for generating gene variation without affecting
genomic make up of crop and provide cogent accomplishment in crop improvement programme. This study was aimed to find out the
response of Ethyl Methane Sulphonate (EMS) on Vicia faba with a view to determine the effect of chemical mutagen on biological and
cyto-morphological parameters in M1 generations. Material and Methods: The effect of Ethyl Methane Sulphonate (EMS) was studied
in Vicia faba L (2n = 12). Seeds were subjected to mutagenic treatments with 0.1, 0.25, 0.50 and 0.75% dose of ethyl methane sulphonate
to develop viable variants in M1 generation. Different traits of variant were screened time to time and contrasted with untreated plants.
Statistical analysis viz, mean (X
ð ), Standard Deviation (SD), Coefficient of Variation (CV %) were done to assess the intra and inter-population
(mutagen) variations in different quantitative traits. Results: Three variants viz dwarf (0.75% EMS), tall variant with high yield (0.50% EMS)
and bushy variants with high yield (0.25% EMS) were isolated from the M1 progeny of Vicia faba. Comparative observations were recorded
for bio-physiological damages, morphological variations in shape, height and quantitative traits to assess the genetic response of the
variants plants toward the different concentrations of chemicals. Different cytological anomalies such as univalents, multivalents,
stickiness, laggards, bridges, stray, multinucleate condition were also observed in all variants. Conclusion: The moderate dose of EMS
showed notable diminution in the biological damages while accelerating the rate of desirable high-yielding variants had proved to be
economical. The segregate of the selected variants in future generations will definitely contribute to the improvement of Vica faba
genotype and these variants may be used as valuable breeding stocks for Vicia faba breeding.
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treating a cell with mild doses of the same or even other

INTRODUCTION

chemicals. In crop improvement, chemical mutagenesis is a
Demand on mutation breeding to contribute to

valuable tool and Ethyl Methane Sulphonate (EMS) is a

sustainable global food security and livelihood is increased

powerful mutagen that causes point mutations in the

tremendously in recent times. Several morphological mutants

genomes of plants by producing AT>GC base pair transition.

have been found and utilized in faba bean improvement as

The chemo mutagens obtained from EMS show broad

well as in linkage studies1. It is investigated that legumes

variation in morphological, cytological and yield characters as

generally loose different alleles for high productivity, seed

compared to normal plants12.
From this background idea, the present investigation was

quality, pest and disease resistance during the processes of

undertaken to identify the effect of different concentrations of

adaptation to environmental stress.

Ethyl Methane Sulphonate (EMS) causing maximum

In most of the pulse crops, the variability found is
considerably low due to the self-pollination . To manage this

morphological variants in M1 generation of Vicia faba and to

problem, mutation breeding is one of the most effective and

identify the expression level of induced novel genes or new

important tools to induce desirable variability in different

null alleles of genes concern in the morphogenesis of plant

qualitative and quantitative characters of crop species. Several

and to obtain the feasible morphological mutants in relation

researchers demonstrated that genetic variability for many

to other agronomic traits in the screened M2 faba individuals

desired characters can be successfully induced through

from the progeny of M1 parents

2

mutations and its practical value in plant improvement
MATERIALS AND METHODS

programs has been well established. For enhancing genetic
variability, Seed mutagenesis has been used for yield

A variety of Vicia faba germplasm was obtained from

parameters3,4 and the induction of chlorophyll mutations5 and
6-8

morphological mutations . Mutagenesis is a potent method

IARI New Delhi, India. Fresh aqueous stock solutions of EMS

which has been widely used for improving and enhancing

(1% v/v, respectively) manufactured by Sissco Research

genetic variability of crops and the main advantage of this, to

Laboratories Pvt. Ltd, Mumbai, India, were prepared in

improve one or a few characters without changing the rest of

phosphate buffer at pH 7.0. The pH of the solution was

the genotype.

maintained using buffer tablets (MERCK manufactures,

Vicia faba 2n = 12 (fabaceae) valuable protein-rich food

Mumbai, India). The fresh, healthy and uniform seeds were pre

9

and animal feed in developing countries , native to North

soaked in distilled water for 12 h and then treated with 5

Africa, South West and South Asia and extensively cultivated

different concentration (0.1, 0.25, 0.50, 0.75 and 1.0 %) of stock

else and common breakfast food in Mediterranean region,

solution of Ethyl Methane Sulphonate (EMS) for 12 h with

Middle region, China and Ethiopia. Inspite of protein, V. faba

intermittent shaking at room temperature of 25±2EC. After

contain various types of vitamins, ions like calcium, iron,

treatment, the seeds were thoroughly washed in running tap

magnesium, potassium and phosphorus and are rich in

water for 30 min to remove the excess of mutagen.

tyramine and thus should avoid by those taking monoamine

Thoroughly washed 100 seeds were sown in four replicates of

oxidase inhibitor. Raw broad beans also contain vicine and

each treatment of the mutagen as well untreated seed in

convicine which can induce hemolytic anemia in patients.

earthen pots filled with soil manure and kept in the Net House

Unique defense responses are produced by the plants

of the Department of Botany, Aligarh Muslim University during

when it is subjected to any type of chemical stress (Alkylating

the Rabi season of the year 2013-2014 to raise M1 generation.

agent) to counter balance the effects of that mutagen

In M1 generation, breeding behavior was observed and

aggression for its normal growth and development10. In broad

different agronomic traits viz., plant height, Number of

sense the higher concentrations of various toxic chemicals

branches per plant, pods per plant, seeds per pod, 100 seed

lead to the enhanced stimulatory production of oxidants,

weight and total yield/plant were evaluated. To determine

Reactive Oxygen Species (ROS) in plants which are highly

pollen fertility (%), staining the pollen grain with acetocarmine

reactive, toxic and halt the normal processes in plants like,

and glycerin solution (1:1) and five slides per treatment were

synthesis of proteins, carbohydrates, lipids and DNA ultimately

observed. The pollen grains stained as uniform deep red colors

resulting in oxidative stress11. Biological effects which are

were counted as fertile and others as sterile. For meiotic

induced by moderate doses of mutagens can be decreased by

studies, young flower buds from control as well as variant
21
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plants were selected and also fixed in freshly prepared

(X1  X)2  (X2  X) 2  (X3  X)2
.  (Xn  X)2
SD 
n

Carnoyʼs fluid (absolute alcohol: chloroform: acetic acid in
6:3:1 v/v ratio) for 24 h and preserved in 70% alcohol. Anthers

(4)

from the collected flower buds were squashed in 1%
acetocarmine for staining and made permanent slide through

SD 

an NBA-GAA series, mounted in Canada balsam and dried at

(X1  X)

2

(5)

n 1

45EC. Microphotographs were taken from freshly prepared
slides using a X30 Olympus Research photomicroscope. For

where:

meiotic studies 275 pollen mother cells in control whereas

SD = Standard deviation

268, 272 and 260 pollen mother cells are observed in dwarf

EX = Sum

variant, tall variant with high yield and bushy variant with high

of

all

individual

aberration

i.e., X1+X2+

X3+…………Xn

yield respectively. Total 228 plants were screened in M1 and

X
ð

= Mean of all observation

selected the variants from it, which deviate from the control.

n

= No. of all observation

The treated as well as control populations were carefully
screened for morphological variants s throughout the growth

Coefficient of variation: It measures the relative magnitude

period in M1 generations. Some formulas13 were used for

of variation present in the observations relative to their

calculating germination (%) in M1 and frequency of meiotic

magnitude of arithmetic mean. The following formula was

abnormalities in different plants (variants) of M1 generation13:

applied to compute Coefficient of Variability (CV)13:

Germination (%) 

No.of seed germinated
 100
No. of seed sown

Total no. of abnormal PMC’s
of particular treatment
Frequency of meiotic 
 100
abnormality  % 
Total no. of PMC’s observed
in that particular treatment

(1)

CV 

Standard deviation
 100
Arithmatic mean

(6)

SD
 100
X

(7)

CV 

(2)

RESULTS
Statistical analysis: Statistical analysis, namely, mean (Xð ),

In the present investigation three variants namely (i)

Standard Deviation (SD), Coefficient of Variation (CV %) were

Dwarf, (ii) Tall variant with high yield and (iii) Bushy variant

done to assess the intra and inter-population (mutagen)

with high yield were isolated at 0.75, 0.50 and 0.25%

variations in different quantitative traits. Data collected for

concentration of EMS followed by selection. These plants

quantitative traits in M1 generation were subjected to

were differentiated on the basis of height (cm), flower

statistical analysis in order to assess the extent of induced

morphology, leaf character and yield character (Table 1). The

variation as indicated below:

untreated plant showed normal growth and yield used as
control plant (Fig. 1a). Morphological features of induced

Mean (Xð ): The mean was computed by taking the sum of a

variants are shown in (Fig.1b-d). The Dwarf variant was

number of values (X1, X2, ……… Xn) and dividing by the total

isolated at 0.75% EMS with short internodes, reducing the

number of values (N) involved13, thus:

height as compared to the control (Fig.1b). The tall variant
with high yield was isolated at 0.50% EMS treatment; it

X1  X  X .  X
Mean (X) 
N

had long internodes, enhance the height and yield as

(3)

compared to control (Fig. 1c). The bushy variant with high
yield was

isolated

at 0.25% EMS and had increase

where, X1, X2, X3……………Xn are observations and N is total

number of branches that makes it bushy appearance (Fig. 1d).

number of observations involved.

The plant height, number of branches per plant, number of
pod per plant, number of seeds per pod, 100 seed weight

Standard deviation (SD): The standard deviation was

and total yield of variants were increased in tall variant

calculated by the following formula for each parameter of

with high yield and bushy variant with high yield as

study13:

compare to control plant while it decreased in dwarf variants
22
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(a)

(b)

(c)

(d)

Fig .1(a-d): Morphological variants of Vicia faba selected in M1 generation (a) Control, (b) Dwarf variant, (c) Tall variant with high
yield and (d) Bushy variant with high yield
over control (Table 2). Germination percentage and pollen
fertility was also found to be moderately affected i.e., it
decreased in all variants comparing with control (Table 2).
Meiosis was found to be normal in control (untreated)
plants, which formed 6 bivalents at metaphase I and normal
separation (6:6) in the anaphase I cells (Fig. 2a), while the
meiosis of selected variants exhibited various chromosomal
aberrations. The most common type of abnormalities were
observed such as multivalents at metaphase I, two stray
bivalents at metaphase I, stickiness at anaphase I, bridge with
fragment at anaphase I, laggard at anaphase I and broken
bridge at anaphase I (Fig. 2b-g). Such meiotic abnormalities
were present at all the stages diakinesis through anaphase
and telophase stages of meiosis. In the present investigation
the highest percentage of abnormal pollen mother cells were
found in dwarf variant, followed by tall and bushy variant with
high yield (Table 3).

DISCUSSION
The present study proved beneficial in inducing
morphological variants isolated on selection of M1
generations, including, plant height (tall and dwarf), growth
habits (bushy). In hybridization programmes, the isolated
variants might be useful to plant breeders as a source of many
beneficial genes. In the present study, germination
percentage reduced due to treatment of chemical mutagen
and this reduction may be due to demolition of the activity of
gibberellic acid, following the radiation treatment and
metabolic disruption during germination. The percentage of
germination is inhibited due to interaction between mutagen
and the seed cell system or it may also be due to toxicity of
mutagens followed by mutational changes at genic or
chromosomal level.
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(a)

(b)

(c)

(d)

(e)

(f)

(g)

Fig. 2(a-g): Chromosomal aberration in Vicia faba induced by ethyl methane sulphonate treatment (a) PMC showing
anaphase I (control), (b) PMC showing of multivalents at metaphase, (c) PMC showing two stray bivalents at
metaphase I, (d) PMC showing sticky anaphase I, (e) PMC showing bridge with fragment at anaphase I, (f) PMC
showing laggard at anaphase I and (g) PMC showing broken bridge at anaphase I
Table 1: Exo-morphological features of the selected variants of Vicia faba
Variant
codes

Plant types

Mutagens

A

Control

-

Salient features
Normal plants bearing normal leaves and medium height and white flower with purplish blotches

B

Dwarf variant

0.75% EMS

Plant dwarf as compared to control with short internodes, normal leaf size and flower size

C

Tall variant with high

0.50% EMS

Tall plant with long internodes, normal leaf size and high yield

D

Bushy variant with high yield

0.25% EMS

Bushy plant with more branches, thick stem and high yield

The morphological changes that have been introduced

plants, using various chemical mutagens14. The dwarf variants

in the variants through application of EMS are due to various

with desynaptic behavior of chromosomes exhibited reduce

changes in the structure of chromosomes as varying degree of

plant height, seed yield and high pollen sterility. The reduction

chromosomal anomalies at different meiotic stages have been

in plant height may be ascribed to reduction in number and

observed. The correlation of chromosomal aberrations with

length of internodes which could be the prominence of

morphological changes and other characteristics of plants

reduction in cell length and cell number, changes in

have also been reported by various researchers in different

gibberellic acids15 and mitotic irregularities16 are of the view
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0.00
7.78
7.29
5.71
0
0.74 (2)
1.10 (3)
0.38 (1)
0
0.00 (0)
0.73 (2)
0.00 (0)

potential at the time of flowering and reproductive phase.
Excellence in yield performance and its component

0
0.74 (2)
0.73 (2)
0.76 (2)

characteristics were also contributed by the plant, forming the
optimum angle between leaflets and stems and contributing
to higher photosynthetic efficiency22. Bushy mutant also

0
1.49 (4)
1.10 (3)
0.38 (1)

have been observed by khan et al in chickpea18. The present
investigation exhibits, tall variants in M1 generations which

0
0.74 (2)
0.36 (1)
0.76 (2)

were also observed in blackgram23 and lentil24 using different
mutagens. Many authors have reported that many

0
0.37 (1)
0.73 (2)
1.15 (3)

morphological mutants like tall, dwarf and bushy are
monogenic recessive25.

0
0.37 (1)
0.36 (1)
0.00 (0)

0
1.11 (3)
0.73 (2)
0.38 (1)

0
0.74 (2)
0.36 (1)
0.76 (2)

0
0.74 (2)
0.73 (2)
0.76 (2)

The induced variants were associated with cytological
abnormalities such as univalent, multivalent, bridges laggard,
stickiness, stray, disturbed polarity etc. Univalent formation
was found in all variant but more frequent in dwarf isolated
from the EMS-treated populations. The occurrence of
univalent and multivalent observed in broad bean at
metaphase I26 has also been reported in other plants such as
barley27. The prevalence of univalents may be due to the
induction of structural changes at the chromosome and/or
gene level and this may be responsible for the pairing
disturbance among homologous chromosomes28. Multivalent
formation can be attributed to partial irregular pairing
between more than two chromosomes29. It was postulated to
be consequence of defective functioning of one or two types
of specific non histone proteins involved in chromosome
organization which is needed for chromatid separation and
segregation28 or due to disturbance in cytochemical
reactions30. Stickiness, observed in all variants, may be also due
to damage of peripheral nuclear proteins, especially DNA
topoisomerase II, which might interfere with chromosome
segregation31. Stray chromosomes, at metaphase-I seem to
be caused by spindle dysfunction and clumping of
chromosomes32. The variants such as dwarf, tall and bushy
also showed abnormality like laggard and bridges at anaphase
I/II and telophase I/II. The laggards might be due to the
disruption of spindle organization or due to delayed
terminalization. Bridges with fragments were due to
paracentric inversion, frequently observed in the present
investigation and also have been reported in many other
plants like fenugreek33, in Cichorium34 and in Capsicum35. The
anaphasic bridges might be due to structural changes to

0
0.74 (2)
0.36 (1)
0.38 (1)

Laggards

sunlight reached to all plant parts which increases its sink

0
21
20
15

Laggards Bridge

high yield isolated, however became the advantage that

275
268
272
260

Stickiness

and in Vigna spp21. In the existing study, bushy variant with

0.00
4.08
8.19
5.66

Precocious Stray
Control/variants

several workers in lentil17, blackgram18, chickpea19, grasspea20

0
2
5
3

Frequency
(%)

mutation in rice. Dwarf mutant has also been reported by

65
49
61
53

Telophase I/II
-------------------------------------------Disturbed Multinuc
Bridges
polarity
cond
Anaphase I/II
----------------------------------------Metaphase I/II
-----------------------------------------

Diakinesis
-------------------------Unival
Freq.
Multival
Total No. of
Abn. pollen
mother cell
observed
Total No.
of pollen
mother cells
observed
No. of
variant
plant
Total No.
of M1
plant

that a single dominant mutation controls the dominant dwarf

Control
Dwarf variant
Tall variant with high yield
Bushy variant with high yield

Total % of
Abn. PMCs
Observed

2.74
4.41
4.40
3.72
41.84±1.17
39.64±1.75
42.28±1.63
44.85±1.56
20.30
25.79
23.66
19.42
3.25±0.66
2.83±0.73
3.00±0.71
3.50±0.68
18.75
24.86
21.95
17.50
4.00±0.75
3.66±0.91
4.10±0.90
4.80±0.84
35.35
18.75
14.66
10.90
2.00±0.707
2.08±0.39
2.25±0.33
2.33±0.31
8.530
14.12
13.99
12.55
36.44±3.11
35.41±5.00
38.66±5.13
36.54±4.84
100.00
66.66
80.00
86.66

Table 3: Meiotic abnormalities as observed in the screened variants of Vicia faba L.

Variants

Control
Dwarf variant
Tall variant with high yield
Bushy variant with high yield

No. of branches per plant
---------------------------------X±SD
CV
Plant height (cm)
-----------------------------------X±SD
CV
Germination
(%)

Table 2: Exo-morphological parameters of the selected variants of Vicia faba in M1 generation

No. of pods per plant
----------------------------X±SD
CV

No. of seeds per plant
----------------------------X±SD
CV

100-seeds weight (g)
-----------------------------X±SD
CV
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deficiency and translocation type, some of them surviving
until the late telophase, indicative of their stability. Bridges
observed seem to be due to non-separation of chiasma due to
stickiness. Kumar and Gupta36 reported that gene mutation or
the direct action of a mutagen on the target protein
responsible for chiasmata terminalization during diakinesis at
meiosis-I, causes some structural defects in the protein which
lead to their improper functioning, thus resulting in bridges.
All these factors alone or together have resulted in the
formation of non-viable gametes, which in turn considerably
lower the pollen fertility but not lower enough to affect the
yield37,38.
This study revealed that the significant boost in
correlation between yield components can be achieved
through mutation breeding in faba bean. Overall, it was
elucidated that the isolated variants were genetically of elite
nature compared to the parents. Further, breeding for variant
stability and trait expressivity of the elite phenotypes in the
subsequent generation is recommended and required to
establish novel farmer friendly cultivars.
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