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Abstract: The present study was conducted to determine the effect of different doses of physical mutagens
i.e. gamma rays and chemical mutagens i.e. ethyl methane sulphonate (MMS) and methyl methane sulphonate
(MMS) in seeds and epicotyls of rough lemon (Citrus jambhiri Lush.) on seed germination, plant regeneration
and growth parameters. For physical mutagenesis seeds were irradiated with different doses of gamma rays (0,
40, 60, 80, 100 and 120 Gy) and different concentrations of chemical mutagens i.e. EMS (0.2, 0.3 and 0.4%), MMS
(0.05, 0.1, 0.2 %). The seeds were germinated on MS basal media liquid as well as solid without mutagens
(control). The epicotyls of in vitro grown 45 day old seedlings of Citrus jambhiri were cut and treated with
different doses of EMS (0, 0.2, 0.3 and 0.4%) and MMS (0.05, 0.1, 0.2 %) in regeneration media (MS+ BAP
0.5mg/lt) for 4 hours at 26°C and 100 rpm, while in control epicotyls were cultured immediately on regeneration
media. Based on the survival and the regeneration potential, 60 Gy were observed to be the optimum mutagenic
dose of gamma rays for 40 seeds. For chemical (EMS and MMS) mutagenesis, 0.2 % each was the most suitable
dose for 45 day old cultures. 
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INTRODUCTION have a long juvenility period and the breeding of which is

in vitro mutagenesis is an important tissue culture of their genetic systems [8]. Although several citrus
technique for fruit crop improvement which provides an rootstocks have been propagated through tissue culture,
opportunity to increase the variability of economically very few reports are available on in vitro multiplication of
important cultivars or used on plants that have high C jambhiri [9]. The availability of an efficient regeneration
productivity potential [1]. in vitro mutagenesis offers the system is also a prerequisite for genetic improvement and
possibility of altering only one or a few traits of a cultivar, genetic resource conservation. The present investigation
while preserving the overall characteristics. In addition, was undertaken to study the effect of chemical and
there is no loss of the mutants, as micropropagules are physical mutagens on percent germination and survival
sub-cultured under sterile conditions [2]. A combination rate of C jambhiri seeds and epicotyls under in vitro
of explant irradiation and in vitro regeneration is most conditions.
effective for manifestation of variants [3]. In mutagenesis,
mutagens viz., physical (gamma rays) and chemicals such MATERIALS AND METHODS
as ethyl methane sulphonate (EMS) and methyl methane
sulphonate (MMS) are most frequently used [4]. Seed Selection and Culturing: The study was conducted

The application of use of physical and chemical in the tissue culture laboratory of Fruit Science
mutagens in the plant tissue culture Bottino [5] showed Department, Punjab Agricultural University and Ludhiana.
that relatively low-doses ionizing irradiation on plants Seeds of rough lemon (Citrus jambhiri Lush.) extracted
accelerated cell proliferation, germination rate, cell growth, from healthy fruits, collected from the orchard of Punjab
enzyme activity, stress resistance and  crop  yields  [6]. Agricultural University, Ludhiana. To maintain the
According to Khan and Roose [7] citrus is a plant that uniformity of seeds with regard to size and living biomass,

restricted by conventional methods due to complication
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they were passed the seeds through a sieve. One hundred Radiation Sensitivity Test: Radiation sensitivity test was
seeds were surface sterilized with 0.1 per cent mercuric conducted on C. jambhiri based on the height increment
chloride for 3 minutes followed by three washing in after three weeks of exposure to the gamma irradiation.
sterilized distilled water under laminar airflow cabinet and The LD  was used to determine the gamma doses that
culturing on MS basal medium (approx 50 ml) containing killed half (50%) of the plantlets. Each treatment was
MS salt solution supplemented with 30g/l of sucrose and replicated four times and the LD  dose was determined
7.5g/l of solidified agar. All the seeds were sieved before from number of seedlings that emerged upto 45 days after
culture to maintain the uniformity of seeds and avoid sowing.
variations in seed size and viability. The germination data were recorded and percent

Gamma Radiation Treatment: The epicotyl explants were
obtained from 45-day old in vitro grown seedlings of
rough lemon (C. jambhiri). For in vitro physical mutation
induction, single dose 3.45 kGy/h gamma rays were used
for irradiation of seeds in different doses i.e. 0, 40, 60, 80,
100 and 120 Gy at Nuclear Research Laboratory, IARI,
New Delhi. The gamma source was Co . The source value60

was 12000Ci. The radiation doses of each radiation
treatment were given in a single exposure.

Mutagen Treatment: For in vitro chemical mutagenesis,
ethyl methane sulphonate (EMS) with 0, 0.2, 0.3 and 0.4%
dose was used on 100 healthy sieved seeds wheaeas,
EMS and methyl methane sulphonate (MMS) were used
on 45 day old cultured epicotyls of 100 cultured seeds of
Citrus jambhiri. The epicotyls of in vitro grown 45 day
old seedlings of Citrus jambhiri were cut and treated with
different doses of EMS (0, 0.2, 0.3 and 0.4%) and MMS
(0.05, 0.1, 0.2 %) in regeneration media (MS+ BAP
0.5mg/lt) for 4 hours at 26°C and 100 rpm, while in control
epicotyls were cultured immediately on regeneration
media. The optimum conditions for growth and
development of the cultures (25±2°C; 16 hours light
period by white fluorescent tubes, light intensity 2000 lux)
were maintained in the growth chamber. The germination
data were recorded after 45 days of sowing and percent
germination was calculated. Seedlings height, internodal
length and length of primary roots were measured in
centimeter using a measuring scale, while number of
leaves was calculated on visual observation basis.

50

50

germination was calculated as under: 

No. of seeds germinated
Per cent germination = ---------------------------------------- x 100

Total number of seeds sown

Seedlings height, internodal length and length of
primary roots was measured in centimeter using a
measuring scale while number of leaves were calculated
on visual observation basis.

Statistical Analysis: The data was analyzed with SAS
V9.2 (SAS Institute, Cary, NC). Critical difference was
used to compare the treatments with each other. The P
value at 0.05 was used to find the significance between
the treatments. Microsoft excel 2010 was used to make the
figures.

RESULTS AND DISCUSSION

Radiation Effect: Citrus has several natural factors as
cause of variability [10]. The radiation sensitivity of
Citrus jambhiri was analyzed by taking into consideration
the physical attributes of irradiated and non-irradiated
seeds after three weeks of irradiation. The seed
germination was highest under control and lowest in 120
Gy doses of gamma rays irradiated seeds. At 40, 60, 80
and 100 Gy gamma radiation, the percent germination
recorded was 80.7 63.9, 49.0 and 23.1, respectively. The
percent germination of the treated plants had shown a
sharp dose rate relationship, which decreased with the
increase in the doses of mutagenic treatments (Table 1).

Table 1: Effect of different doses of gamma radiations (Gy) on seed germination and growth of rough lemon under in vitro conditions

Treatments Germination (%) Plant height (cm) No. of leaves Primary root length (cm)

40 Gy 80.7 3.66 1.15 6.4
60 Gy 63.9 3.37 0.97 6.23
80 Gy 49.0 2.46 0.85 6.08
100 Gy 23.1 0.0 0.0 0.0
120 Gy 19.5 0.0 0.0 0.0
Control 97.3 3.54 1.45 5.7
CD 3.37 0.61 0.38 0.595%
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Percent reduction or stimulation in seed germination of endogenous growth regulators, especially the
might be due to the effect of mutagens on meristematic cytokinins because of breakdown, or lack of synthesis
tissues of the seed. The decrease in the seed germination due to irradiation [22]. However, some investigators have
at higher doses of the mutagens may be attributed to observed inconsistent reports regarding the effect of
disturbances at the cellular level (caused either at irradiation  on  the  physiology  of  the  irradiated  plants
physiological or physical level). Kumar and Mishra [11] [23-26]. Thus, in future prospects the effects of gamma
reported that in okra (Abelmoschus esculentus) irradiation  on  C  jambhiri  could  be  carried  out to
germination percent generally decreased with the enable the  production  of  mutants  with  superior
increasing doses of gamma rays. Reduced germination qualities  to produce vast amounts of important
percentage with increasing doses of gamma radiation has secondary metabolites for better enhancement of
also been reported in Pinus [12], Rye [13] and Chickpea physiological traits.
[14, 15]. Thus, 60 Gy gamma radiations were adjudged as
the optimum dose (LD ) for seed germination. Comparing Mutagens Response of Citrus jambhiri Seeds and50

the plant height, the seedlings of control treatment had a
plant height of 3.54 cm while the gamma irradiated
seedling had a plant height of 3.66, 3.37 and 2.46 cm at 40,
60 and 80 Gy, respectively. At higher doses of gamma
radiation i.e. 100 and 120 Gy however, seeds were
germinated but no plant growth occurred. As far as the
average numbers of leaves born on the seedlings were
counted only 0.85 leaves were born on seeds irradiated
with a dose of 80 Gy gamma radiations as against 2.45 in
the control seedlings. Further, on an average 1.15 and 0.97
numbers of leaves were recorded in 40 and 60 Gy gamma
irradiated seedlings, respectively. In general, number of
shoots and root length decreased with increased dose of
irradiation. in vitro regenerated shoots were also
measured for their primary root length. Gamma rays
drastically reduced the length of roots, shoots, seedlings
and vigor index in J. curcas at higher concentrations.
Several workers in sunflower [16, 17] made similar
observations. The inhibitory effect of mutagens on the
length of seedling was evident from the decrease in the
length of roots and shoots with increasing the dose of
gamma rays. The reduction in the length of roots and
shoots was attributed to the effect of mutagens on the
physiological system [18]. Similar reduction in the length
of roots and shoots arising out of mutagenic treatments
was previously reported in crop plants [19-21]. This
implies that irradiation increases plant sensitivity to
gamma rays, which may be caused by the reduced amount

Epicotyl: The chemical mutagens most useful for mutation
induction in plants belong to the class alkylated agents
like EMS (Ethyl methane sulphonate), DES (Diethyl
sulphate), EI (ethylenimine), ENU (Ethylnitroso urethane),
MNH (methyl nitrosourea) etc. As compared to physical
mutagen, chemical mutagens may give rise to relatively
more number of gene mutations rather than chromosomal
ones [3]. While studying the effect of different doses of
EMS on seed germination and growth of rough lemon
under in vitro conditions, the assessment of LD value50

for chemicals is determined by varying the concentration
and duration of treatment [3]. With the increase in the
level of concentration of EMS the germination per cent
decreased. The per cent germination was 62.9, 60.1 and
58.7 per cent at 0.2%, 0.3% and 0.4% EMS, respectively as
compared to 62.2 per cent under control (Table 2). 

Gradual reduction in germination percent was also
observed with an increase in concentration of mutagen,
reaching more than 50 % lethality at 0.5 % EMS in two
genotypes of tobacco [20]. Similar observations were
recorded for plant height, intermodal length, number of
leaves and primary root length. With the increasing dose
of EMS, the growth of the plants decreased collectively
(Fig 2). The primary root length measured for control
seedlings was 5.8 cm, while the mutated seedlings
measured 6.3, 6.1 and 5.9 cm for 0.2, 0.3 and 0.4%,
respectively. The stimulatory effect was observed in lower
doses of EMS on the length of root, shoot and seedling.

Table 2: Effect of different doses of EMS on seed germination and growth of rough lemon under in vitro conditions

Treatments Per cent germination Plant height Internodal length No. of leaves Primary root length

M  (0.2% EMS) 62.9 7.5 1.89 6.5 6.31

M (0.3% EMS) 60.1 7.0 1.83 6.3 6.12

M  (0.4% EMS) 58.7 6.7 1.79 6.1 5.93

Control 62.2 6.5 1.82 6.3 5.8

CD 0.92 0.40 0.75 0.15 0.455%
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Fig. 1: Effect of EMS doses on epicotyle regeneration under in vitro conditions

Fig. 2: Effect of EMS doses on plant height and internodal length under in vitro conditions

Fig. 3: Effect of different doses of MMS on epicotyls germination.

The hypothetic origin of these stimulations by EMS The different doses of MMS exhibited similar effects
(chemical mutagen) was due to change in cell division as EMS, however, no sprouting/growth was evident at
rates as well as by the activation of growth hormone i.e. 0.2% MMS. The percent regeneration is evident from the
Auxin [27, 28]. Similar studies were also undertaken by figure 3. 
Omar et al. [29] on banana, Bhagwat and Duncan [30]. Perusal of data in Table 4 showed that irrespective of

The  effect  of  chemical  mutations  i.e.  EMS  and the dose of MMS used, the growth parameters were better
MMS on epicotyls of rough lemon from 45 days old in control (Fig 2). 
seedlings showed that 50% regeneration occurred after 90 The number of shoots per epicotyls in control was
days in control treatment while 50% regeneration was 6.9 as against 5.3, 4.6, 4.1cm at 0.05, 0.1 and 0.15 per cent
achieved in EMS mutated epicotyls after 60 days of MMS. Total number of leaves sprouted from the control
culturing (Fig.  1). treatment was 5.77 as against 5.04, 4.87 and 3.92 in 0.05,

Once the regeneration was initiated, there was non- 0.1, 0.15 % MMS treated seedlings respectively (Table 4).
significant difference in the number of shoots and leaves The average length of the shoots recorded was 2.1
emerged per epicotyl. However, the length of shoots was cm for control, 1.98 cm for 0.05% MMS, 1.85 cm for 0.1 %
at par with mutated epicotyls (1.83-1.86) while it was MMS and 1.47cm for 0.15% MMS. No shoot formation
1.76cm in control (Table 3). occurred in the growth media under in vitro conditions.
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Table 3: Effect of different doses of EMS on regeneration and growth of epicotyls of rough lemon under in vitro conditions

Treatments No. of shoots /epicotyl No. of leaves Length of shoot (cm)

M (0.2%EMS) 4.15 5.08 1.871

M (0.3% EMS) 4.14 5.04 1.842

M (0.4% EMS) 4.03 5.01 1.803

Control 4.05 5.06 1.89

CD NS NS 0.365%

Table 4: Effect of different doses of MMS on regeneration and growth of epicotyls rough lemon under in vitro conditions

Treatments No. of shoots /epicotyl No. of leaves Length of shoot (cm)

M  (0.05% MMS) 5.3 5.04 1.981

M (0.1% MMS) 4.6 4.87 1.852

M  (0.15% MMS) 4.1 3.92 1.473

M  (0.2% MMS) 0 - -4

Control 6.9 5.77 2.1

CD 0.55 0.70 0.515%

CONCLUSION 3. Novak,  F.J.   and   A.   Micke,   1987.   In  vitro

The Gamma irradiation did not improve the Citrus developing  countries.  Society  for  the
jambhiri seed germination; however, it caused severe Advancement of Breeding Research in Asia and
reduction in seed germination with increase in irradiation Oceania, 19: 82-85.
dose. Therefore, 60 Gy gamma radiations might be 4. Jain,  S.M.,  2005.  in  vitro  mutagenesis  for
considered as optimum dose (LD ) for seed germination improving  date  palm  (Phoenix  dactylifera  L.),50

because beyond this dose severe injuries were found in Emirates   Journal     of     Food     and   Agriculture,
seedling growth and number of leaves. In case of chemical 24: 400-407.
mutagens (EMS and MMS), the gradual decrease in 5. Bottino, P.J., 1975. The potential of genetic
percent germination was found along with seedling manipulation in plant cell cultures for plant breeding.
growth. In addition, the effect of both EMS and MMS was Radiation Botany, 15: 1-16.
being similar on seed and seedling. The epicotyl response 6. Chakravarty, B. and S. Sen, 2001. Enhancement of
to both EMS and MMS was also observed similar and it regeneration potential and variability by irradiation in
was improved in case of mutagen treatment. cultured   cells   of  Scillaindica.  Biologia Plantarum,
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