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Abstract 
The present study investigated the gamma ray sensitivity of two sesame (Sesamum indicum L.) varieties viz., SVPR1 
and TMV7 irradiated with five different doses from 250 Gy to 450 Gy at 50 Gy intervals. Germination percentage, 
root and shoot length, pollen fertility (%) decreased gradually and observed a dose dependent relationship with an 
increase in dosage of gamma rays. Survival percentage recorded irregular decreasing trend with upsurge in survival 
rate at certain doses. SVPR1 showed a pronounced maximum reduction in germination percentage (37.5%) than 
TMV7 (40.05) at 450 Gy, whereas survival percentage of TMV7 (20.02%) and SVPR1 (19.5%) was drastically reduced 
at 250 Gy itself. At a higher dose of 450 Gy, root (3.08) and shoot (3.03) length of seedlings of SVPR1 were greatly 
inhibited. Pollen fertility percentage showed a linear reduction irrespective of the genotypes, and maximum reduction 
was rear at 450 Gy in SVPR1 (62.76%) was recorded. LD50 values that showed 50% reduction in biological parameters 
differed between TMV7 and SVPR1. Based on all the biological parameters studied, the mutagen sensitivity of SVPR1 
is higher than TMV7. The overall considerations on M1 generation effects showed that SVPR1 were highly sensitive 
to gamma rays. 
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IntRoductIon
Sesame (Sesamum indicum L, 2n = 26) or gingelly is 
one of the ancient oil seed crop, belongs to the family 
Pedaliaceae. Sesamum mainly grown for the oil extraction 
and edible purpose holds 48 to 55 % and 20 to 28 % of oil 
and protein content (Pathak et al.,2014). Sesame seed oil 
has phenomenal antioxidant function due to the presence 
of sesamin, sesaminol, sesamolinol which resist oxidation 
and increases the shelf life period. Sesame seeds are 
highly recommended in traditional medicines due to 
its nutritive and curative properties. It has antioxidant 
and anti-carcinogenic agents that drastically increased 
its health benefits which assist in cardiovascular 
disease, liver protection and tumor prevention  
(Cheng et al., 2006). However, India has low productivity 
in sesame due to lack of high yielding varieties and 

availability of narrow germplasm. Development of superior 
desirable genotypes foster higher productivity and it 
can be achieved easily through induced mutagenesis. 
Mutation is a sudden heritable change in the nucleotide 
sequence of a gene (Chahal et al., 2002). Mutation 
breeding provides scope for the creation of variability and 
followed by the selection of desirable genotypes. Physical 
mutagens such as X-rays, gamma rays, thermal neutrons 
and fast neutrons accounts for 89 % of mutant varieties 
whereas gamma rays alone holds 60 % of the varieties  
(Kharkwal,  2000). Mutation breeding helps in the 
reconstruction of plant ideotype with incorporation 
of one or two desirable traits in well adopted 
varieties and induction of disease resistant traits  
(Swaminathan, 1961).
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Use of gamma rays, ionizing radiation highly penetrate 
biological tissues and react with water molecules to 
produce free radicals which in turn disrupts the H-bond 
between complementary base pair in double helix DNA. 
Mutagen sensitivity is estimated through percentage of 
seed germination, seedling injury, survival percentage, 
pollen fertility and chromosomal aberrations (Kivi, 1965). 
Radiation tolerance or mutagen sensitivity also differ 
between species and even among genotypes within a 
species (Sparrow, 1966). It is inevitable to determine the 
appropriate doses for each genotype to induce artificial 
mutagenesis with least biological damage. Therefore, 
the present study investigated the mutagen sensitivity of 
Gamma rays in two popular sesame varieties TMV7 and 
SVPR1 in the M1 generation. 

MAtERIALS And MEthodS
The experiment was carried out during Kharif season 
(June – Sept) of 2019-20 at ‘D-block’ farm, Department 
of  Plant Breeding and Genetics, Agricultural College and 
Research Institute, Killikulam, Vallanad Tuticorin Dt, Tamil 
Nadu. The soil is red lateritic with pH: 6.8 and EC: 0.05 
dSm-1 , and sub-tropical monsoon climate with relative 
humidity of 60-80%. 

Plant Materials
Seeds of two commercial growing sesamum cultivars 
TMV7 and SVPR1 were obtained from Oilseeds Research 
Station, Tindivanam and Cotton Research Station, 
Srivilliputtur, Tamil Nadu Agricultural University 

Gamma Irradiation
A quantity of 2g per dosage of uniform, healthy and 
dry seeds with 9 % moisture content of two varieties of 
sesame viz., TMV7 and SVPR1 were exposed to  gamma 
irradiation  at different doses  (250,300, 350, 400, 450 Gy)  
using Cobalt-60 (60Co) gamma source installed at Indira 
Gandhi Centre for Atomic Research (IGCAR), Kalpakkam, 
Chennai, Tamil Nadu. The irradiated seeds were sown in 
the field along with control (non - treated) seeds within 24 
hours of treatment. 

Field Study
Irradiated seeds (M0) along with the controls (non-
irradiated) were sown in the field in a randomized block 
design with three replications keeping plant to plant and 
row to row distance of 10 and 30 cm, respectively during 
Kharif 2019. Four to five capsules of each M1 plants against 
all the treatments were collected separately at maturity to 
raise the M2 generation. All the agronomic practices and 
plant protection measures were taken throughout the 
entire experiment as per the crop production guidelines. 
In the M1 generation various biological parameters and 
several other quantitative traits were measured to assess 
the effect of gamma rays. 

Studies on Biological Injury:
Mutagen sensitivity was estimated with the help of 

biological injury and measured in terms of germination 
percentage on 15 DAS, survival percentage followed by 
root and shoot length measurement on 30 DAS whereas 
pollen fertility was measured at the flowering stage.

Germination percentage
Germination index observed from radicle emergence to 
15 DAS by counting the number of seeds germinated 
and the percentage of germination was calculated as 
follows:-
                                No. of seeds germinated
Germination % =   -------------------------------------- X 100
                   Total no. of seeds sown

Root and Shoot Length 
Shoot length measured from cotyledonary node to the 
shoot tip and root length from cotyledonary node to 
primary root tip on 30DAS and expressed in cm.

Survival Percentage
The plant survival rate was calculated as the percentage 
of plants survived at the time of harvesting. Survival 
percentage is the reflection of lethality of each dose of 
mutagenic treatment. 
                         No. of plants survived
Plant Survival (%) =     ---------------------------------- X 100
            Total no. of seeds sown

Pollen Fertility
Randomly selected flowers from 10 plants per treatment 
were collected and flowers were dissected with the help 
of needle and forceps. Pollen grains were smeared in 
the glass slide and mounted on a compound microscope 
after staining using 0.5 % potassium iodide (KI) solution 
(Baker and Baker 1979) and counted for five microscopic 
fields. Regularly shaped and stained pollen grains were 
considered as fertile, whereas the unstained and empty 
ones as sterile.
            No. of stained pollen
Pollen Fertility %   = ------------------------------------- X 100
        Total no. of pollen in a microscopic field

RESuLtS And dIScuSSIonS
The term radio sensitivity implies a quantity of dose, 
that produces recognizable effects of radiation on 
the biological materials exposed (Van Harten, 1998). 
Therefore, the biological effects and relative mutagen 
sensitivity in the context of similarities and dissimilarities 
of the sesame genotypes TMV7 and SVPR1 in regard to 
radiation sensitivity were investigated.

The germination percentage of mutated seeds ranged 
from 80.0% (250Gy) to 40.0% (450 Gy) for TMV7 and 
from 72.5% (250Gy) to 37.5% (450 Gy) for SVPR 1. 
Significant reduction in germination per cent was exhibited 
by both TMV7 (86.49 to 43.24 %) and SVPR1 (87.88 to 
45.45 %). However, the highest percentage of reduction 
in seed germination was observed at 450 Gy (56.76%) 
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of TMV7 and 54.55% for SVPR1 respectively (table 1). 
Seed germination percentage decreased linearly with an 
increase in dose of gamma rays in both the genotypes. 
At 400 Gy greater than 50% reduction in germination was 
observed for SVPR1 (51.52%) was in TMV7 at 450 Gy. 
Response of the genotypes for the dose which causes 
50% reduction in seed germination percentage was 
different because of their genetic background (Fig 1). 
The works of Emrani et al., 2011; Anbarasan et al., 2013; 
Anbarasan et al., 2015, Kumari et al., 2016 in various 

sesame genotypes observed a dose dependent reduction 
in germination percentage. Gamma rays interfere 
with metabolic process of the mutated seeds causing 
physiological changes coupled with chromosomal damage 
leads to inhibitory effect on seed germination (SJODIN, 
1962 and Sinha  and Godward,1972). The results are 
in agreement with Sangle et al., (2011) in pigeon pea;  
Bhat et al., (2011) in chick pea; Gowthami et al., (2017) 
in rice; Ramesh et al.,(2019) in barnyard millet  and  
Datir et al., (2007) in horse gram.

Table.1 Effect of gamma rays on seed germination percentage, root length and shoot length, pollen fertility 
percentage and survival percentage expressed as percent reduction.

Variety dose

Germination %
(15 dAS)

Root length
(cm)

Shoot length
(cm) Pollen fertility % Survival %

(30 dAS)

Mean ± SE
(%)

Per cent 
over 

control

Mean ± SE Per cent 
over 

control

Mean ± SE Per cent 
over 

control

Mean ± SE
(%)

Per cent 
over 

control

Mean ± SE
(%)

Per cent 
over 

control

tMV7

control 92.5±0.3 0.00 12.69±0.65 0.00 10.79±0.28 0.00 96.96±0.28 0.00 92.5±0.3 0.00
250 Gy 80.0±3.7 13.51 8.30±0.28 34.59 9.81±0.37 9.08 84.49±6.60 5.91 20.0±2.2 78.38
300 Gy 77.5±2.5 16.22 7.70±0.24 39.32 8.83±0.425 18.21 71.88±2.23 25.87 27.5±3.7 70.27
350 Gy 65.0±4.8 29.73 6.22±0.083 51.01 6.98±0.26 35.28 61.4±2.95 36.67 27.0±1.0 70.81
400 Gy 47.5±1.7 48.65 5.10±0.55 59.81 5.53±0.315 48.80 60.33±2.33 37.78 21.0±1.8 77.30
450 Gy 40.0±5.0 56.76 4.40±0.41 65.33 5.78±0.5 46.48 44.3±1.60 54.31 10.5±2.1 88.65

SVPR1

control 82.5±0.1 0.00 9.76±0.67 0.00 9.11±0.3 0.00 96.6±0.49 0.00 82.5±0.1 0.00
250 Gy 72.5±3.5 12.12 5.61±0.16 42.52 8.66±0.24 4.94 65.72±8.12 31.97 19.5±1.5 76.36
300 Gy 57.5±2.4 30.30 5.29±0.162 45.82 7.20±0.415 20.97 46.19±5.82 52.18 16.0±1.2 80.61
350 Gy 42.5±2.5 48.48 3.82±0.343 60.89 6.12±0.52 32.86 43.09±6.13 55.39 26.5±0.9 67.88
400 Gy 40.0±4.8 51.52 4.08±0.37 58.25 5.88±0.285 35.51 41.55±9.38 56.99 10.0±1.0 87.88
450 Gy 37.5±2.5 54.55 3.08±0.313 68.49 3.03±0.027 66.79 35.97±7.39 62.76 4.00±1.6 95.15

Fig.1 Effect of gamma rays on seed germination (A) and Survival percentage (B
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The length of the root decreased gradually from 8.30 cm 
(250Gy) to 4.40 cm (450 Gy) for TMV7 and from 5.61cm 
(250 Gy) to 3.08 cm (450 Gy) for SVPR1. Similarly, shoot 
length decreased from 9.81 cm  to 5.78 cm  and 8.66 cm 
to 3.03 cm  for TMV7 and SVPR1 respectively (table 1). 
Effect of gamma rays on root and shoot length showed 
a negative dose dependent relationship. Root length of 
SVPR1 observed a drastic reduction at 250 Gy (5.61 
cm) whereas TMV7 showed gradual reduction at 250 Gy 

(8.30 cm.). However, at 400 Gy SVPR1 (4.08) observed 
uptrend in root length whereas TMV7 showed a dose 
dependent reduction. At 350 Gy, TMV7 recorded 51.01% 
reduction whereas SVPR1 observed 45.82% and 60.89 
% reduction in root length at 300 and 350 Gy respectively. 
In case of shoot length a gradual reduction in both the 
genotypes was observed and at 450 Gy significant 
reduction of 66.79% (SVPR1) and 46.78 % (TMV7) was 
observed (Fig 2).

Fig.2 Effect of Gamma rays on root and shoot length at 30 days old seedlings of TMV7 (A) and SVPR1 (B)

The dose that causes 50% reduction in root length was 
lower than the dose required for 50% reduction in shoot 
length. This indicate that root region of both the genotypes 
was prone to more biological damage than the shoot., 
Significant differences between varieties were found in 
both root and shoot length due to their difference in radio 
sensitivity. SVPR1 observed significant root and shoot 
length reduction than TMV7 (Fig 3). Similar results were 
reported by Pradhan et al., (2019); Raja Ramadoss et al., 
(2014) and Anbarasan et al., (2015) for a dose dependent 
relationship for root length, shoot length and seedling 
height of m1 generation.

Percentage of pollen fertility decreased linearly from 
84.49 (250Gy) to 44.3 % (450 Gy) for TMV7 and in 
case of SVPR1 it decreased from 65.72 % to 35.97%. 

Per cent reduction of fertile pollen grains was highest 
at 450 Gy of SVPR1 (62.76%) than TMV7 (54.31%) 
(table1). As like that of germination percentage, fertility 
percentage of pollen grains decreased gradually and 
recorded dose dependent reduction in both the varieties. 
The dose required to cause 50 % reduction of pollen  
fertility was completely different for the two genotypes. 
At 300 Gy SVPR1 showed 52.18% reduction in pollen 
fertility whereas TMV7 recorded 54.31% reduction at  
450 Gy (Fig 3). The results are in agreement with the 
works done by Kumar et al., 2013; Kumari et al., 2016  
and Pradhan  and  Paul, 2019. Irrespective of the  
mutagen dose TMV7 produced more fertile grians 
showing least effect of gamma rays whereas SVPR1 
recorded less pollen fertility and stand as radio sensitive 
genotype. 
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Fig. 3 Effect of different doses of gamma rays on pollen grains
Note: Reduction in pollen fertility (normal and stained round pollen to the shrivelled and unstained irregular shaped pollen grains.

Survival percentage decreased significantly at 450 
Gy (10.5%) for TMV7 and 4.0% for SVPR1. At 350 
Gy of SVPR1 (26.5 %) and 300 Gy of TMV7 (27.5 %) 
showed an uptrend in reduction of plant survival than 
the remaining doses. Highest percentage of reduction 
in seedling survival was recorded at 450 Gy of SVPR1 
(95.15 %) and TMV7 (88.65 %) (table 1, Fig 1). The 
effect of gamma rays highly pronounced in plant survival 
rate for both the genotypes under study. The lowest 
reduction in survival percentage was observed at 300 Gy 
for TMV7 (70.27 %) and 350 Gy for SVPR1 (67.88 %). 
Contrasting to that of germination percentage, root and 
shoot length, and pollen fertiliy %, survival percentage 
observed non linear reduction agaisnt the dose of gamma 
rays. The above results were contrary to the earlier works 
done by Pradhan and Paul, 2019; Kumari et al., 2016 and 
Boureima et al., 2009 in sesame in which they observed 
a steady decrease in survival rate with an increasing dose 
of mutagen. In terms of survival rate SVPR1 was found to 
be more radiosensitive than TMV7.

From the study, variety TMV7 showed high germination 
percentage, survival (%) pollen fertility (%), root and shoot 
length in all the treatments than SVPR1. Root length 
reduced drastically than shoot length irrespective of the 
genotypes. Root system appeared to be more sensitive 
than shoot. The pollen fertility and plant growth showed 
a linear fashion of reduction with increase in dosage of 
mutagens, in both the varieties. Gamma rays has proven 
to be a possible and more efficient mutagen to induce 
essential economic mutations in TMV 7. The results 
also suggest that the lower doses or concentrations of 

mutagen are more effective and efficient than the higher 
doses to exploit desirable mutants.

AcKnowLEdGEMEnt
Authors are grateful to Indira Gandhi Centre for Atomic 
Research (IGCAR), Kalpakkam, Chennai, Tamil Nadu for 
providing necessary lab facilities for irradiating sesame 
varieties.

REFEREncES 

Anbarasan, K., Rajendran, R. and Sivalingam, D. 2015. 
Studies on the Mutagenic Effectiveness and 
Efficiency of Gamma Rays, EMS and Combined 
Treatment in Sesame (Sesamum indicum L.) var. 
TMV3.Res. J. Pharm. Biol. Chem. Sci., 6(4): 589-
595. 

Anbarasan, K., Sivalingam, D., Rajendran, R., Anbazhagan, 
M. and Chidambaram, A. 2013. Studies on the 
mutagenic effect of EMS on seed germination and 
seedling characters of Sesame (Sesamum indicum 
L.) Var. T MV3. Int. J. Res. Biol. Sci., 3(1): 68-70. 

Baker, H. G. and Baker, I. 1979. Starch in angiosperm pollen 
grains and its evolutionary significance. Amer. J. 
Bot., 66(5): 591-600. [Cross Ref]

Bhat, M. U. D., Khan, S. and Kozgar, M. I. 2011. Research 
Note Studies on induced mutations in chickpea 
(Cicer arietinum L.) I. Responses of the mutagenic 
treatments in m1 biological parameters. Electron. 
J. Plant. Breed., 2(3): 422-424.

https://doi.org/10.1002/j.1537-2197.1979.tb06262.x


EJPB

1133https://doi.org/10.37992/2020.1104.182 

                                           Parthasarathi et al.,  

Boureima, S., Diouf, M., Silme, R. S., Diop, T., Van Damme, 
P., and Cagirgan, M. İ. 2009. Radiosensitivity of 
African sesame cultivars to gamma-rays. Turk. J. 
Field. Crops., 14(2): 181-190

Chahal, GS. and Gosal, SS. 2002. Principles and Procedures 
of Plant Breeding. Alpha Science International Ltd., 
Oxford, p. 399-412.

Cheng, F.C., Jinn, T.R., Hou, R. C. and Tzen, J. T. 2006. 
Neuroprotective effects of sesamin and sesamolin 
on gerbil brain in cerebral ischemia. Int. J. Biomed. 
Sci., 2(3): 284. 

Datir, S., Dhumal, K. and Pandey, R. 2007. Gamma radiation 
and EMS induced variation in seed germination and 
plant survival in horsegram (Macrotyloma uniflorum 
(Lam.) Verdc). J. Arid Legumes., 4(1): 15-17. 

Emrani, S., Arzani, A. and Saeidi, G. 2011. Seed viability, 
germination and seedling growth of canola (Brassica 
napus L.) as influenced by chemical mutagens. Afri. 
J. Biotechnol., 10(59) :12602-12613. [Cross Ref]

Gowthami, R., Vanniarajan, C., Souframanien, J., & Pillai, 
M. A. 2017. Research Article Comparison of 
radiosensitivity of two rice (Oryza sativa L.) 
varieties to gamma rays and electron beam in M1 
generation. Electron. J. Plant. Breed., 8(3): 732-
741. [Cross Ref]

Kharkwal, M. 2000. Induced mutations in chickpea (Cicer 
arietinum L.) IV. Types of macromutations induced. 
Indian. J. Genet. Plant. Breed., 60(3): 305-320. 

Kivi, E. I. 1965. Some aspects of sterility effect of radiation on 
the basis of a gamma and X-ray treated barley. In: 
The Use of Induced Mutations in Plant, FAO/IAEA, 
Vienna, 131-158. 

Kumar, G. and Srivastava, N. 2013. Efficiency and 
Effectiveness of Gamma Rays and Sodium Azide 
in Sesbania cannabina Poir. Cytologia., 78(1): 81-
90. [Cross Ref]

Kumari, V., Chaudhary, H. K., Prasad, R., Kumar, A., Singh, 
A., Jambhulkar, S. and Sanju, S. 2016. Effect of 
Mutagenesis on Germination, Growth and Fertility 
in Sesame (Sesamum indicum L.). Annu. Res. Rev. 
Biol., p. 1-9. [Cross Ref]

Pathak, N., Rai, A., Kumari, R. and Bhat, K. 2014. Value 
addition in sesame: A perspective on bioactive 
components for enhancing utility and profitability. 
Pharmacogn. Rev., 8(16): 147. [Cross Ref]

Pradhan, M. and Paul, A. 2019. Study on Radio Sensitivity of 
Gamma Rays on Different Genotypes of Sesame 
(Sesamum indicum). Int. J. Curr. Microbiol. Appl. 
Sci., 8:1334-1343. [Cross Ref]

RajaRamadoss, Bharathi Ganesamurthy, K., Angappan, 
K. and Gunasekaran, M. 2014. Mutagenic 
effectiveness and efficiency of gamma rays in 
sesame (Sesamum indicum L.). Glob. J. Mol. Sci., 
9(1): 01-06. 

Ramesh, M., Vanniarajan, C., Aiyanathan, K. and Mahendran, 
P. P. 2019. Determination of lethal dose and effect 
of EMS and gamma ray on germination percentage 
and seedling parameters in barnyard millet variety 
Co (Kv) 2. Electron. J. Plant. Breed.,  10(2): 957-
962. [Cross Ref]

Sangle, S. M., Mahamune, S. E., Kharat, S. and Kothekar, 
V. 2011. Effect of mutagenisis on germination and 
pollen sterility in pigeonpea. Biosci. Discov. J., 2: 
127-130. 

Sinha, S. S. N. and Godward, M. B. E. 1972. Radiation 
studies in Lens culinaris meiosis: Abnormalities 
induced due to gamma radiation and its 
consequences. Cytologia, 37(4): 685-695.  
[Cross Ref]

Sjodin, J. 1962. Some observations in X1 and X2 of Vicia 
faba L, after treatment with different mutagens. 
Hereditas, 48(4): 565

Sparrow, A. 1966. Plant growth stimulation by ionizing 
radiation. Effects of low doses of ionizing radiations 
on crop plants. IAEA Tech. Rep. Ser., 64: 12-15. 

Swaminathan, M.S. 1961. Evaluation of the use of induced 
micro and macro mutations in breeding of polyploid 
crop plants. Paper presented at the Symposium on 
Application of Nuclear Energy to Agriculture.

Van Harten, A. M. 1998. Mutation breeding: theory and 
practical applications: Cambridge University 
Press.

https://doi.org/10.5897/AJB11.329
https://doi.org/10.5958/0975-928X.2017.00111.9
https://doi.org/10.1508/cytologia.78.81
https://doi.org/10.9734/ARRB/2016/26983 
https://doi.org/10.4103/0973-7847.134249
https://doi.org/10.20546/ijcmas.2019.803.158
https://doi.org/10.5958/0975-928X.2019.00123.6
https://doi.org/10.1508/cytologia.37.685

