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Induced Genetic Variability for Quantitative Traits in Pigeonpea
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ABSTRACT
Seeds of two pigeonpea varieties namely BDN 708 and BSMR 853 were treated with Gamma rays, ethyl methane sulphonate (EMS)
and Sodium azide (SA). The treated as well as control plant populations were screened to study the induced variability for quantitative
characters. Positive shift in mean values for number of primary branches per plant was observed except 0.10% EMS in variety BSMR
853 and BDN 708 in M2 generation. The effect of all the mutagenic treatments on pods per plant revealed statistically significant
negative as well as positive shifts in mean values in BSMR 853 in M2 and M3 generations.

Key words: EMS, Gamma rays, Pigeonpea, Sodium azide.

INTRODUCTION
Mutation breeding has played significant role in improving
legumes. The greatest challenge for legume researchers is
to enhance the economic competitiveness of legumes by
improving their intrinsic yield potential, their adaptation to
niches available in various cropping systems, enhancing
their end-use quality for diversified uses and reducing their
susceptibility to a host of biotic/ abiotic stresses that prevent
the full realization of yield potential and cause yield instability
(Saxena, 2005). Rakesh Kumar et al., (2017) analysed ratio
of gca/sca variance was less than unity which indicated the
preponderance of non- additive gene action in pigeon pea.
Ramchander et al., (2015) investigated the effects of gamma
rays on two quality rice varieties and were found linear
reduction with increase in dose or concentration of
mutagens. Singh and Sinha (2010) were used mutagen EMS
to determine effectiveness in pre-soaking range using
M1seedling traits in finger millet. The pigeonpea botanically
known as Cajanus cajan (L.) Millsp. (2n = 22) belongs to
family Fabaceae. Pigeonpea is an important pulse crop of
Asia and Africa. It is the fourth most important pulse crop in
the world with almost all production coming from the
developing countries. Pigeonpea is also commonly known
as red gram, arhar, congo red, gandul, gunga pea and no
eye pea.

MATERIALS AND METHODS
Dry and healthy seeds of the two varieties of pigeonpea,
namely BDN 708 and BSMR 853 were obtained from the
Agricultural Research Station of Marathwada Agriculture
University, Parbhani, M.S. India). Three hundred seeds were
taken for each replicate from both the varieties for physical
as well as chemical mutagenic treatment. The seeds were
sealed in polythene bags and exposed to 05kR, 10kR and
15kR doses of Gamma rays were applied from Co60, 1000
curie source of the gamma irradiation unit of Government
Institute of Science, Aurangabad. (M.S.), India. The dose
rate was 24,578 rads per hour.

Healthy and uniform seeds of both the  pigeonpea
varieties Amol (BDN-708) and Vaishali (BSMR- 853) were
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presoaked in distilled water for 6 hours. Such presoaked
seeds were later immersed in the mutagenic solution for 5
hours with regular shaking. Seeds soaked in distilled water
for 12 hours served as control. The different concentrations
used for chemical mutagenic treatment were 0.05%, 0.10%,
0.15% for EMS and 0.010%, 0.015%, 0.020% for SA,
respectively. Seeds of each treatment were sown in the field
following randomized block design (RBD) with three replications
along with control for raising the M1 generation. The seeds of
all plants from each treatment in M1 generation were harvested
separately. They were used for raising M2 generation on plant
to a row basis. The seeds of the harvested pods from all
treatment and mutants of M2 generation of pigeonpea were
sown in the field as M3 generation.

The treated as well as control plant populations were
screened to study the induced variability for quantitative
characters. From each replication and treatment including
control, plants were randomly selected for recording data
on different quantitative characters in both the M2 and M3
generations.

RESULTS AND DISCUSSION
Data obtained on induction of genetic variability in various
yield contributing characters like days to flowering, number
of primary branches, days to pod maturity, plant height,
number of pods per plant, number of seeds per pod and
hundred seed weight in both the varieties of pigeonpea was
recorded and analysed statistically (Table 1, 2, 3 and 4).
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A thorough statistical analysis was carried out by computing
the mean, standard error and coefficient of variation using
standard formulae. The shift in means and variance were
also studied to assess the amount of induced variability due
to mutagenic treatments.

Days to flowering
 It was observed that in all the treated plants, the period for
days to flowering was slightly earlier than the control. This
feature was quite evident at the three mutagens in both the
varieties in M2 and M3 generations. In M2 generation the
maximum earliness in days to flowering could be seen at
05 kR dose in variety BDN 708 and at 0.020% SA treatment
in variety BSMR 853. The negative shift in mean values was
observed in majority of the treatments. In M3 generation,
the maximum earliness in days to flowering could be seen
at 0.010% SA and 0.10% EMS treatment in both the varieties
BDN 708 and BSMR 853 of pigeonpea, respectively. Lower
concentrations/doses of the mutagens induced early
flowering in M2 generation in variety BDN 708. Similar results
were also observed by Khan and Veeraswamy (1974), Brij
and Pandya (1986) and Micke et al. (1990). EMS treatment
was found to be most effective in inducing early flowering
followed by Gamma rays. Result obtained was in
confirmation with results of Rao et al. (1984), Biradar (2004),
Shinde (2007) in pigeonpea. An early flowering feature has
been obtained by Jana (1963) in black gram. Chowta and
Dnyansagar (1974) reported delay in flowering in plants
raised from irradiated and EMS treated seeds of
Chlorophytum. The reports of delayed flowering with
increasing concentrations of mutagenic treatments have
been made by Bhatia and Swaminathan (1962), Chary
(1983), Tyagi and Gupta (1991), Gaikwad (2002) and Savant
(2008).

Number of primary branches per plant
Positive shift in mean values for number of primary branches
per plant was observed except 0.10% EMS in BSMR 853
and BDN 708 in M2 generation. Mean value shifted in
negative direction in M3 generation except at 05 kR and 15kR
Gamma ray doses in variety BDN 708 and a maximum
negative shift in mean values was recorded at 0.05% EMS
treatment in variety BSMR 853 of pigeonpea.

 In the present investigation, treatments of EMS and
SA exerted inhibitory effect on branches per plant than lower
treatments. The Gamma rays showed promotary effect on
branches per plant. Similar results were obtained by Khan
and Veeraswamy (1974) in pigeonpea and Tambe (2009) in
soybean, Aher et al. (2006) and Chandirakala and
Subbaraman (2010) reported high magnitude of heterosis
for primary branches in pigeonpea.

Days to pod maturity
Days to maturity in control were 162.63 (BDN 708) and
164.37 (BSMR 853) in M 2 generation. W hile in M3
generation, the values were 169.07 and 181.80 in BDN 708
and BSMR 853, respectively. In M2 generation all treatments

have shown statistically significant negative shift in mean
values in BSMR 853 except 0.015% concentration of SA.
The 0.015% and 0.020 % concentration of SA treatment
and 15 kR dose of Gamma rays showed positive shift in
mean in variety BDN 708 in M2 generation. It was observed
that, days taken to maturity were shifted in almost negative
directions as compared to respective controls.
Concentrations of EMS treatments revealed promotary effect
on days taken to maturity. Similar significant induced
variance for days taken to maturity was reported by Gregory
(1961), Brock (1965), Paul and Bajpai (2000) in pigeonpea
and Tambe (2009) in soybean. Early maturing feature was
recorded by Azam et al. (2001) in rice, Ravikesavan et al.
(2001) in pigeonpea.

Plant height
It was observed that all the mutagenic treatments employed
in the present study succeeded in affecting the plant height
in both the varieties of pigeonpea in M2 and M3 generations.
A decline in mean height of plants could be seen in majority
of the concentrations/doses of mutagens in both the
varieties. The mean values in regard to plant height
demonstrated shift towards negative direction in M 2
generation in both the varieties except 0.015 % and 0.020%
concentrations of SA and 15kR dose in variety BSMR 853.
In M3 generation, the negative shift in mean was seen in all
the mutagenic treatments in both the varieties except BSMR
853 at 15 kR dose of Gamma rays.

Mutagenic treatments employed in the present study
succeeded in affecting the plant height in both varieties of
pigeonpea in M2 and M3 generations.  Similar increase in
mean plant height was reported by Barshile and Apparao
(2006) in chickpea at 20mM concentration of Sodium azide.
Aher et al.(2006), Phad et al. (2009) and Chandirakala and
Subbaraman (2010) observed good amount of heterosis for
this character in pigeonpea. Greater variance for the
character was also recorded by Nadarajan et al. (1983) in
M2 generation. Decrease in plant height as a result of
mutagenic treatments was reported by several workers like
Khan and Wani (2006) in mungbean, Bolbhat and Dhumal
(2009) in  Horse gram Evans and Sparrow (1961) correlated
the reduction in height with the chromosomal injury, genetic
change or both.

Number of pods per plant
The number of pods per plant is a significant feature
responsible for the high yielding character of plant. It looked
evident from the pertinent observation that an increase in
the mean number of pods per plant could be observed at all
the treatments of SA and Gamma rays in M2 generation of
variety BDN 708 except lower concentration of EMS and 15
kR dose of Gamma rays in variety BSMR 853. The highest
positive shift in mean value was recorded at 0.015% SA
treatment in BDN 708 in M2 generation.

The effect of all the mutagenic treatments on pods per
plant revealed negative as well as positive shift in mean
values in BSMR 853 in M2 and M3 generations in most of
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the mutagenic treatments. In the present study, EMS and
Gamma ray treatments produced more number of pods per
plant over control except their highest concentration /doses.
Singh (1973) also noticed increased performance of number
of pods in 5kR and 10kR doses. However, Chary and Bhalla
(1988) and Nadarajan et al., (1983) recorded reduced
number of pods per plant in M2 of treated seeds with
mutagen. Decrease in heterosis was recorded earlier by
Chandirakala and Subbaraman (2010). However, increased
heterosis was observed by Aher et al. (2006). Similar
decrease in pod number was also observed by Rao et al.,
(1983), Barshile et al., (2009), Chaudhary and Sharma
(1984) and Singh and Yadav (1991). The observed decrease
in number of pods in M2 population has been attributed to
the increased pollen sterility (Shivraj et al., 1962). There
was an increase in the number of pods per plant with some
exceptions. This was supported by Hakande (1992) in
winged bean and Savant (2008) in sesame.

Number of seeds per pod
It is evident from the pertinent observations that statistically
significant increase in mean values for number of seeds per
plant could be observed in all mutagenic treatments at lower
concentration /dose in variety BDN 708 in M2 generation. 0.05
% concentration of EMS treatment recorded highest positive
shift in mean in variety BDN 708 of pigeonpea in M2
generation. While variety BSMR 853 showed flexible trend in
seeds per pod in M2 and M3 generations.

Hundred seeds weight
The treatments of EMS, SA and Gamma rays succeeded in
inducing variability regarding weight of hundred seeds. The
range of shift in mean values was mostly positive for all the
mutagenic treatments in both the varieties in M2 generation.
In control the mean of hundred seed weight was 11.98 gm
and 11.56 gm in variety BDN 708 and BSMR-853 in M2
generation, while the same was 11.84 gm and 11.31 gm in
variety BDN 708 and BSMR 853 in M 3 generation,
respectively. In M3 generation, all the mutagenic treatments
have shown negative shift in mean values except for 0.15%
EMS and 10 kR Gamma rays in variety BDN 708 and also
in variety BSMR 853 with lower concentrations of SA,
respectively.

Results obtained for number of seeds per pod and
hundred seed weight indicated positive as well as negative
shift in mean for all mutagenic treatments in both the varieties
in M2 and M3 generations. Similar observations were also
made by Chary (1983), Vandana and Dubey (1990), Rayyan
(1995), Gunasekaran et al. (1998) and Shinde (2007).
Increase in hundred seeds weight as a result of treatment
with mutagen has been reported by Pawar et al., (1979),
Singh (1973), Biradar (2004), while decrease in hundred
seed weight was reported by Dahiya (1977).

CONCLUSION
Mutation breeding has become an alternative to conventional
breeding with the sole objective of developing better cultivars

of economically important crops. Virtually all economically
important characters with which plant breeder has to deal
are polygenic in nature and the genotype for these
characters cannot be directly measured being highly
modified by environment. These polygenic characters
governed by a large number of independent genes are also
called metric traits as they can be studied only through
biometrical investigation. The inductions of micromutations
in polygenic systems controlling the quantitative characters
are important for crop improvement.
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