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The present study investigates the frequency and spectrum of morphological mutations induced by gamma rays, sodium azide (SA),
and ethyl methanesulfonate (EMS) in the M2 generation of two chickpea (Cicer arietinum L.) varieties, Vishal and JAKI-9218. Seeds
of both varieties were treated with each mutagen, and the resulting M2 populations were systematically screened for macromutations.
A diverse array of morphological mutants was identified, including tall, dwarf, bushy, prostrate, one-sided branching, narrow-leaved,
broad-leaved, open-flowered, early maturing, and chlorophyll-deficient types. The mutation frequency and spectrum varied notably
between the two varieties and among the different mutagen treatments, indicating both genotype-dependent mutagenic response and
trait-specific mutagenic efficiency. These findings highlight the effectiveness of gamma rays, SA, and EMS in inducing useful genetic
variability in chickpea and demonstrate their potential application in crop improvement programs.
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Morphological characterization is a foundational tool in
plant breeding and genetic research, involving the systematic
assessment of observable traits to identify and classify
genotypes. It plays a vital role in detecting genetic variation
and mutations within crop populations, thereby supporting
both taxonomic classification and the improvement of
economically important traits. In chickpea (Cicer arietinum
L.), morphological traits serve as key indicators for
distinguishing varieties and understanding the genetic basis
of agronomic characteristics. As noted by Singh and Dahiya
(1974), morphological analysis also offers valuable insights
into phylogeny, illuminating the evolutionary development
and functional relevance of specific traits across genotypes.
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Beyond its taxonomic applications, morphological
characterization is integral to practical breeding programs.
It enables the identification and selection of superior
individuals based on desirable traits, facilitates the
assessment of genetic diversity, and complements molecular
approaches such as marker-assisted selection. In particular,
the evaluation of yield-related traits is crucial for developing
high-yielding cultivars. At the local level, morphological
traits help guide the selection of varieties suited to specific
agro-climatic conditions, while globally, they contribute to
germplasm conservation, the assessment of genetic diversity,
and the development of climate-resilient cultivars—thereby
promoting food security and sustainable agriculture.

Induced mutagenesis, employing physical and chemical
mutagens, has emerged as an effective strategy for creating
genetic variability and novel allelic combinations. Gamma
rays, a commonly used physical mutagen, along with
chemical mutagens such as ethyl methanesulfonate (EMS)
and sodium azide (SA), have demonstrated high efficiency
in inducing mutations and generating phenotypic diversity



in a wide range of crops (Borkar and More, 2010 and Koche
and Saha 2024).

In this context, the present study was undertaken to induce
genetic variability in two chickpea varieties, Vishal and
JAKI-9218, through treatment with gamma rays, EMS,
and SA. The objective was to generate and characterize
morphological mutants in the M2 generation, with the aim
of identifying useful variants for potential incorporation
into chickpea improvement programs.

Seeds of two chickpea (Cicer arietinum L.) cultivars, Vishal
and JAKI-9218, were obtained from the Pulse Research
Station, Dr. Panjabrao Deshmukh Krishi Vidyapeeth
(PDKYV), Akola, Maharashtra. Uniform, dry, and healthy
seeds with 10-12% moisture content were selected for
mutagenic treatments. For physical mutagenesis, seeds were
exposed to gamma radiation (Co-60) at doses of 100, 200,
300, and 400 Gy using the gamma irradiation facility at
the Central Instrumentation Facility, Rashtrasant Tukadoji
Mabharaj Nagpur University, Nagpur.

For chemical mutagenesis, seeds were pre-soaked in
distilled water for 10 hours and then treated with ethyl
methanesulfonate (EMS) and sodium azide (SA) at
concentrations of 0.1%, 0.2%, and 0.3% for 4 hours under

controlled laboratory conditions. Post-treatment, seeds were
thoroughly washed under running tap water for one hour
to neutralize residual chemicals. Each treatment consisted
of 320 seeds. Treated and control (untreated) seeds were
sown in a randomized block design (RBD) with a spacing
of 15 cm between plants and 30 cm between rows to raise
the M1 generation. Individual M1 plants were harvested
separately, and their seeds were used to establish the M2
generation at the experimental field in Jaipur village, Taluka
Sengaon, District Hingoli, Maharashtra.

In the M2 generation, plants were systematically screened
for morphological mutations. Observations were recorded
on five key traits: plant height (cm), growth habit,
leaf morphology, branching pattern, and chlorophyll
abnormalities. Mutation frequency was calculated, and
the collected data were subjected to appropriate statistical
analysis to evaluate the significance of induced variation.

The morphological mutants were observed and studied in
various traits i.e. plant height mutants, growth habit mutants,
leaves variant mutants, flower mutants, Pod size mutants,
chlorophyll mutants. After recording the total number of
mutants from each dose, their values were reported in the
form of their frequency per mutagen.

Table 1.1 Effect of mutagens on the frequency of Morphological mutants in M2 generation of Chickpea variety Vishal

Mutagens & Total Plants | PHM GHM LVM
Dose/Conc. | observed

100 Gy 437 0.1163 0.16 0.09
200 Gy 428 0.1861 0.18 0.13
300 Gy 425 0.2326 0.11 0.13
400 Gy 418 0.2559 0.13 0.11
S.A.0.1% 436 0.0465 0.06 0.06
S.A.0.2% 431 0.1628 0.04 0.06
S.A.0.3% 427 0.2093 0.04 0.09
EMS 0.1% 435 0.1395 0.11 0.09
EMS 0.2% 432 0.2093 0.09 0.13
EMS 0.3% 429 0.2559 0.11 0.09
Total 4298 1.8147 1.09 1.04

Frequency of Morphological Mutants: The frequency of
the morphological mutants in the Gamma rays of variety
Vishal is reported from range 8.01%, 10.75%, 10.35% and
12.92% at 100 Gy, 200 Gy, 300 Gy and 400 Gy respectively
while in variety Jaki it ranges from 5.62%, 7.89%, 9.64% and
10.82% at the same doses respectively. In SA the frequency
in Variety Vishal ranges from 10.78%, 15.78% and 16.63%

FLM PM CLM Freq. (%)
of Total
Morpho.
Mutants
0.18 0.06979 0.18 8.01
0.16 0.11633 0.27 10.75
0.13 0.06979 0.32 10.35
0.23 0.13959 0.37 12.92
0.67 0.06979 0.16 10.78
1.04 0.06979 0.18 15.78
0.93 0.11633 0.25 16.63
0.37 0.09306 0.20 10.11
0.44 0.11633 0.27 12.73
0.44 0.09306 0.30 13.05
4.63 0.95393 2.56 12.10

at 0.1%, 0.2% and 0.3% concentration respectively while in
Jaki the values are range from 7.32%, 10.75% and 11.71% at
.1%, 0.2% and 0.3% concentration respectively. The values
of morphological mutant frequency were recorded in EMS
treatment reveals that in variety Vishal it ranges between
10.11% to 13.05% at 0.1% to 0.3% concentration, but in
variety Jaki the values ranged from 9.81% to 17.85% at
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0.1% to 0.3%. The frequency of morphological mutants in
both varieties show increasing order as the concentration
or doses of treatments increases. The largest values were

reported from variety Vishal (12.10%) as compared to
variety Jaki (10.64%) (Table 1.1, 1.2).

Table 1.2: Effect of mutagens on the frequency of Morphological mutants in M2 generation of Chickpea variety Jaki.

Mutagens & |Total Plants | PHM GHM LVM
Dose/Conc. | observed

100 Gy 427 0.0951 0.11 0.06
200 Gy 418 0.1189 0.06 0.09
300 Gy 415 0.1903 0.06 0.11
400 Gy 416 0.2379 0.09 0.13
S.A.0.1% 437 0.0475 0.06 0.06
S.A.0.2% 428 0.0951 0.06 0.09
S.A.0.3% 427 0.0713 0.09 0.06
EMS 0.1% 418 0.1189 0.06 0.11
EMS 0.2% 407 0.1665 0.09 0.09
EMS 0.3% 409 0.2855 0.09 0.06
Total 4202 1.4278 0.83 0.93

FLM PM CLM Freq. (%)
of Total
Morpho.
Mutants
0.09 0.07140 0.11 5.62
0.16 0.09520 0.23 7.89
0.23 0.07140 0.25 9.64
0.20 0.09520 0.27 10.82
0.39 0.04760 0.11 7.32
0.55 0.04760 0.21 10.75
0.55 0.09520 0.27 11.71
0.34 0.07140 0.23 9.81
0.72 0.09520 0.32 15.48
0.81 0.04760 0.39 17.85
4.09 0.71394 2.44 10.64

Abbreviations used: PHM: Plant height mutants, GHM: Growth habit mutants, LVM: Leaves variant mutant, FLM: Flower mutant,
PM: Pod mutants, CLM: Chlorophyll mutants, TMM: Total morphological mutants.

Figure A: Frequency of Morphological mutants screened
from the M2 Population of Mungbean [C. arietinum L.,
Var- Vijay and Jaki
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Plant height mutants: The average plant height in control
plants of both the selected varieties is ranges from 35
cm to 40 cm. The plant height mutants were reported at
maturity in two chickpea varieties (Vishal and Jaki) when
pods were fully developed. The average height of tall
mutants in Variety Vishal is observed to be 71 cm to 76 cm.
while in Jaki the height ranges from 65 cm to 71 cm. The
average height in dwarf plants in variety Vishal was found
in between 10.00 cm to 20 cm. while in Jaki it ranges from
08 cmto 18 cm.

Atotal of 78 plant height mutants were reported from variety
Vishal, among these 36 (46.15%) were tall and 42 (53.85%)
were dwarf, while in variety Jaki total of 60 plant height
mutants were reported, among these 25 (41.67%) were tall
and 35 (58.33%) were dwarf (Fig. 1-2).

Growth habit mutants: In M2 generation of Chickpea five
types of growth habit mutants were reported from both
the selected varieties. Growth habit type mutants include;
Bushy, Prostrate, Erect, spreading and one- sided branching.

Frequency of growth habit mutants: The frequency of
growth habit mutants in both varieties, Vishal and Jaki,
was variable in values. In a variety Vishal of Gamma ray
treatments, frequency at 100 Gy to 400 Gy is recorded to be
0.16 %, 0.18%, 0.11% and 0.11% subsequently. In variety
Jaki the values were ranges from 0.09%, 0.13%, 0.13% and
0.11% at 100 Gy to 400 Gy doses of Gamma ray, 0.06%,
0.06%,0.09% at 0.1% to 0.3% doses of SA subsequently
while 0.09%, 0.13%, 0.09% at 0.1% to 0.3% of EMS doses
subsequently (Fig. 3-6).

Leaves variant mutants: Leave Variant mutants also
contribute in the spectrum of total morphological mutants
which were isolated from M2 Population of Chickpea from
both the varieties. The overall frequency of leaves Variant
mutants in variety Vishal (1.04%) was observed more in
value than variety Jaki (0.93%). A total four types of leaf
variants mutants were reported from M2 population of
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Chickpea from both the selected varieties i.e. broad leaves
mutants, narrow leaves mutants, altered leaf structure
mutants and elongated rachis mutants (Fig. 7-10).

Table 1.3: Frequency of different morphological mutants

isolated in M2 generation of Chickpea variety Vishal and

Jaki.
Mutant Var. | Freq.in | Var.| Freq.in
Type Vishal| Var. Vishal Jaki| Var. Jaki
Tall 36 0.84 25 0.59
Dwarf 42 0.98 35 0.83
Bushy, Compact 10 0.23 05 0.12
Prostrate 04 0.09 04 0.10
Erect 17 0.40 08 0.19
Spreading 12 0.28 15 0.36
1-Sided branching 04 0.09 04 0.10
Broad-leaved 11 0.26 19 0.45
Small, narrow leaved 16 0.37 10 0.24
Altered Leaf Str. 10 0.23 07 0.17
Elongated Rachis 07 0.16 04 0.10
Violet/Peach colour
flower 07 0.16 05 0.12
Abnormal flower 115 2.68 62 1.48
Non-flowering,
vegetative 47 1.09 85 2.02
Early flowering 16 0.37 14 0.33
Late flowering 14 0.33 10 0.24
Small pod 16 0.37 10 0.24
Bold pod 25 0.58 20 0.48
Albina 15 0.35 10 0.24
Xantha 22 0.51 27 0.64
Chlorina 22 0.51 17 0.40
Viridis 18 0.42 21 0.50
Tigrina 33 0.77 30 0.71
Total 520 12.10 | 447 | 10.64

Flower mutants: Flowers are the reproductive structure
of any plant, which affects the overall yield of crops. The
changes in the flower structure were observed in both the
selected varieties of Chickpea. From the progeny of M2
generation, five kinds of flower mutants were recorded
i.e. Flower Colour, Abnormal flower, Non-flowering,
Early flower and late flowering mutants. Cumulatively,
the frequency of flower mutants was represented from
each selected variety of Chickpea. The highest frequency
(4.63%) was reported from variety Vishal as compared to
variety Jaki (4.09%) (Fig.11-18).

Pod size mutants: Pod size is a remarkable trait that
effects on yield of plant. As compared to pods of Control,
significant variations occur in the pod size in some mutant
plants. Pod size mutants were reported from different doses
of both the selected varieties of chickpea. The size of pods
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corresponded to the size of leaflets. The larger the leaflet
size more bolder the pod size whereas smaller the leaflet
size in smaller pod size. The frequency of total pod mutants
from variety Vishal (0.95393) was higher as compared to
Jaki (0.71394) (Fig. 19-24).

Chlorophyll mutants: Chlorophyll mutants are more
common in mutational breeding program. Alternation in
the pigments may occurs due to change in gene sequence
caused by mutations. In Chickpea leaf colour were changed
in mutants of different doses. Different kinds of chlorophyll
mutants were reported from both selected varieties of
chickpea. Isolated Chlorophyll mutants include; Albina,
Xantha, Chlorina, Viridis and Tigrina. The frequency of
total chlorophyll mutants from variety Vishal was analysed
as 2.56% whereas frequency was 2.44% from variety Jaki.
In variety Vishal the highest number (16) of chlorophyll
mutants were reported from 400 Gy dose and lowest number
(7) was reported from S.A. 0.1% dose. Among all identified
chlorophyll mutants from every dose, the highest number
(33) was reported from Tigrina types while lowest number
(15) from Alibina (Fig. 25-29).

Figure 1:

Plants from Control Population

AN
Fig.1 Tall mutant (Vishal Gy-300)

Fig.2 Dwarf mutants
(Jaki Gy-100)

Jaki Control (M2)

Vishal Control (M2)

Figure 2:

Growth habit mutants

Fig.3 Bushy mutant ; Fig.6 1-sided branch
(Jaki Gy 100) mutant (Vishal Gy (Taki Gy 200) mutant

300 (Jaki SA 0.3%)

The present study successfully demonstrated the
effectiveness of gamma rays, ethyl methanesulfonate
(EMS), and sodium azide (SA) in inducing a broad spectrum
of morphological mutations in the M2 generation of
chickpea (Cicer arietinum L.) cultivars Vishal and JAKI-
9218.
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Figure 3:

characteristics, pod size, and chlorophyll pigmentation—
traits of agronomic importance in chickpea improvement.

Leaves variant mutants

WY RN
Fig.9 Altered leaf
architecture (Vishal
EMS 0.3%)

o A
Fig.10.Elongated
rachis (Jaki EMS

0.1%)

Fig.7. Broad leaves
(Jaki EMS 0.1%)

Fig.8 Narrow leaf
mutant (Jaki SA 0.3%)

Figure 4:

Flower mutants

Fig.11 Flower in Fig.14 Dark purple
Vishal Control Jaki Control ~ Flower Mutant, Jaki;  colour Flower mutant,
SA0.3% Jaki; SA0.2%
Figure 5:

. Fig.15 Abnormal Fig.17 Early flowering ~ Fig.18 Late flowering

Fig 16
opened flower mutant  Nonflowering/Veg. mutant (Vishal Gy-100)  mutant (Jaki EMS
Jaki EMS 0.3% mutant 0.1%)
(Jaki Gy-200)
Figure 6:
Pod Size mutants

Fig.19 Small pods ~ Fig.20 Medium Size pods Fig.21 Bold pods
(Vishal Gy-100) (Vishal-Control) (Vishal Gy-400)

<

The induced variability affected several traits, including
plant height, growth habit, leaf morphology, floral

Figure 7:

o v )
Fig22 Smallpods ~ Fig.23 Medium Size pods
(Jaki Gy-100) (Jaki -Control)

Fig.24 Bold pods
(Jaki Gy-200)

A clear dose-dependent relationship was observed in most
traits, with higher concentrations of mutagens generally
resulting in increased mutation frequencies. In cultivar
Vishal, the highest frequency of morphological mutations
was recorded at 0.3% SA, while in JAKI-9218, the highest
mutation frequency was induced by 0.3% EMS. Conversely,
the lowest mutation rates were recorded at 100 Gy gamma
radiation in both varieties, suggesting that the effectiveness
of mutagens is both dose- and genotype-dependent. These
findings align with earlier reports of genotypic differences in
mutagenic sensitivity (Lal & Mishra, 2006; Khan & Goyal,
2009; Lavanya et al., 2011).

Tall mutants were predominantly observed at higher doses
of gamma rays and SA in Vishal, and across 100-300 Gy
gamma ray treatments in JAKI-9218. These increases in
plant height are likely attributed to enhanced internodal
elongation, as reported in previous studies on black gram,
lentil, and sesame (Jana, 1963; Sudharani, 1990; Begum et
al., 1995). In contrast, dwarf mutants were more frequent
under SA and EMS treatments in Vishal and showed a
dose-dependent increase under gamma radiation in JAKI-
9218. Dwarfism may be due to impaired cell division
and elongation caused by mutagen-induced disruptions,
consistent with findings by Sonavane (2000) and Dahiya
et al. (1984).

Leaf morphological mutants, including broad, narrow,
elongated rachis, and altered leaf structures, were observed
in both varieties. These anomalies may be the result of
chromosomal aberrations or reduced mitotic activity
induced by mutagenic stress, as noted by Wani and Anis
(2008). Variants in growth habit—such as bushy, prostrate,
erect, spreading, and one-sided branching—were detected
across treatments, with bushy types being most frequent
at the lowest gamma dose (100 Gy). The inconsistent
distribution of these mutants suggests polygenic control and
complex genetic interactions influencing plant architecture,
similar to brachytic mutants reported by Gaur et al. (2008).

Floral mutants, including early and late flowering, non-
flowering, and aberrant floral forms, were more prevalent
under higher doses of EMS and SA in JAKI-9218. No clear
dose-response trend was observed in Vishal, indicating
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genotype-specific floral sensitivity. Similar mutagen-
induced floral alterations have been documented in legumes
(Sonavane, 2000; Kulthe, 2003). Pod size mutations showed
variable trends: small pod types were frequent at lower
mutagen doses, while bold pod mutants appeared more
commonly at higher doses. These observations corroborate
findings in urdbean and chickpea by More (2004), Wani
and Anis (2008) and Bogawar et al., (2017). Chlorophyll-
deficient mutants—such as albina, xantha, chlorina, viridis,
and tigrina—exhibited a clear dose-dependent increase
across all treatments, with JAKI-9218 recording higher
frequencies than Vishal. These mutants, which reflect
disruptions in the chlorophyll biosynthesis pathway, are
widely recognized as sensitive indicators of mutagenic
effects (Sarkar & Kundagrami, 2018; Ahir et al., 2023).

Overall, the results indicate that chemical mutagens,
particularly EMS and SA, were more effective than gamma
rays in inducing morphological variability. The observed
genotypic differences in mutation frequencies and spectra
emphasize the need to consider varietal responses in
mutation breeding. These findings reinforce the utility
of induced mutagenesis as a valuable tool for generating
genetic variability, which can be harnessed for chickpea
improvement through the selection of desirable mutants in
subsequent generations.

CONCLUSION

This study demonstrated that induced mutagenesis using
gamma rays, EMS, and sodium azide effectively generated
a broad spectrum of morphological mutations in chickpea
(Cicer arietinum L.). Significant variability was observed
in key agronomic traits, including plant height, growth
habit, leaf morphology, floral structure, pod size, and
chlorophyll pigmentation. Among the two cultivars, JAKI-
9218 exhibited greater sensitivity to mutagenic treatments
than Vishal, with the highest mutation frequencies recorded
at 0.3% EMS and 0.3% SA. While gamma irradiation
was comparatively less effective, it still produced useful
mutations at moderate doses. The morphological mutants
obtained—especially those influencing plant architecture
and yield-related characteristics—hold considerable
potential for use in chickpea improvement programs.
Further evaluation and selection of promising lines could
facilitate the development of superior chickpea varieties
with improved agronomic performance, genetic diversity,
and adaptability to diverse agro-climatic conditions.
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