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Abstract

The present study was conducted at department of Genetics, Osmania University, Hyderabad, Telangana, India, during September to
November, 2021 with the blackgram accession- IC-436524 obtained from NBPGR regional centre, Hyderabad, Telangana, India and the
check T9 was collected from ICAR-CRIDA Hyderabad. The present study aimed to estimate the mutagenic sensitivity of black gram acces-
sion- 1C-436524 with Ethyl methane sulfonate. Accordingly, this study checked whether the mutagenic activity has been inherited to the
next generation M2. Data analysis has been performed for the determination of significance in germination percentage, seedling length
(cm), seedling vigor index, root length (cm) and seed survival rate (Day 1 to Day 15) that were observed to be highly significant (p<0.01)
for above characters except root length (cm) for treatments. It clearly indicated that there was adequate amount of variability among
the black gram mutant due to treatments. The collected data for 7" day observed that seed germination percentage was higher at 0.2%
and 0.3% EMS treated mutants and lowest germination percentage was observed in 0.5% EMS treated mutants. Seedling length (cm) was
recorded highest in 0.2% EMS treated mutants and lowest seedling length (cm) was recorded in control. Maximum seedling vigor index
was recorded in 0.2% EMS treated mutants and lowest seedling vigor index was showed for 0.5% EMS treated mutants. Seedling survival
rate data was recorded for 15" day showed higher in 0.2% EMS treated mutants. Data showed EMS has induced mutations during M
generation and inherited to offspring (M, generation).
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1. Introduction urdbean and is the ancient and significant crop because of
its high nutritional quality, sustainability and the ability to fix
atmospheric nitrogen (Gummadala et al., 2022, Gurumurthy
et al., 2019). It is also termed as poor man’s meat due to its
protein value (Kaur and Sharma, 2015). India which is the
largest producer need attentive research to be updated in its
cultivation and export thereby the economic benefits of the
crops can be maintained and uplifted (Yadav et al., 2021). The
most ideal soil for cultivation of black gram crop is well drained
loamy soil with a pH of 6.5—7.8 (Priyanka et al., 2022). In any
crop improvement program variability is the prerequisite. As
the black gram is a self-pollinated crop which is having lesser
variability, hence it is very importance to create variability
by inducing mutagenic agent artificially (Yadav et al., 2021).
Because of the autogamous value, this crop has only little or
no genetic variability. This genetic variability is considered as
a prerequisite for any kind of successful breeding and hence
the occurrence of mutagenic agents for the induction of new
genetic variation is necessary. The mutation breeding is now

Essence of genetic variability present in the germplasm/base
population becomes the main source of success of breeding
program (Kaur et al., 2022, Laskar et al., 2019). Since the
essence lies within the genotypes, deciphering such potential
needs remarkable genetic tools (Rather et al., 2022). Hence,
in crop improvement program, mutation breeding provides
new genetic variability in a shortest possible period of time
as compared to hybridization and selection (Goyal et al.,
2019a, Chakravarti et al., 2017, Devi et al., 2022). The global
demand for the grain legumes especially black gram has been
found to increasingly greatly in the recent years because
of their tremendous nutritional value (Rather et al., 2022).
The researchers seek intense interest to improve the quality
of blackgram particularly in the countries with increased
population growth. This urges the necessary to induce the
genetic variation for constant supply of better yielding and
enhanced varieties to the producer (Gurumurthy et al., 2019).
Blackgram (Vigna mungo L. Hepper) is generally referred as
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intensively popular in recent days and functions as an effective
tool in the supplementation of the prevailing germplasm for
improved cultivation (Gummadala et al., 2022). The basic
steps involved in mutation breeding programme for finding
appropriate treatment dose are lethal dose fixation (LD50). To
obtain effective and useful mutation at high probability lethal
dose (LD50) was used and indicated their importance by many
researchers. The lethal dose (LD50) utilized an assumption
that lower doses of treatment which effect less influence on
the genomic and phenotypic change. Goyal et al. (2019b)
investigated the mutagenic effect in the M2 population of U-30
and T-9 varieties of black gram with EMS (Mistry et al., 2022,
Savant, 2020). These mutants with increased number of parts
and about size were found to be correlated with plant yield and
hence subsequent research has to be carried out with several
clinical parameters. Tamilzharasi et al. (2019a), Tamilzharasi et
al. (2022c) observed various mutation frequencies and span
with different concentration of EMS in the M2 generation of
black gram. The study Tamilzharasi et al. (2021b) founded a
significant correlation between the biological damage in M1
generation with the information provided in the studies the
mutagenic sensitivity can be understand on the surviving
plants (Goyal et al., 2020, Serrat et al., 2014, Ramya et al.,
2014).

2. Materials and Methods

The present study focused on EMS mutation that can modify
the cultivar characteristics. To induce EMS mutation to the
selected black gram variety. To separately harvest the seeds of
M1 plants and to sow in the upcoming plant progeny season.
To raise M2 generation and to estimate the frequency of
mutation in M2 generation.

2.1. Collection of seeds

Black gram seeds of variety 1C-436524 were obtained from
NBPGR regional centre, Hyderabad, Telangana, India.

2.2. Processing of seeds

This research selected 90 healthy and uniform seeds and
soaked in water for duration of 3—4 h. The soaked seeds were
cleaned with a tissue paper and dried.

2.3. Inducing of mutation

The concentration of EMS mutagen has been prepared in the
concentration between 0.2%, 0.3%, 0.4% and 0.5% as per
mutagenesis protocol. Under each concentration of EMS,
fifteen seeds at each concentration were soaked for 6 hours
under rotary shaker at 180 rpm in a room temperature of
27%1°C. For uniform and efficient absorption of EMS, it must
be noted that the volume of EMS solution must be at the
proportion of 10X of seed volume.

2.4. Control

Along with T9, the untreated 15 seeds were kept as control.
The untreated seeds-T9 and EMS treated seeds were being
sown in the Randomized Block Design field during kharif
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season, mid June, 2021 at experimental farm, Department of
Genetics and biotechnology, Osmania University, Hyderabad
(Latitude and longitude coordinates are, 17.418974,
78.526596), Telangana, India. The sowing in field has been
processed with three kinds of replication with the distance of
10x30 cm? between the rows and plants respectively.

2.5. M, population

M, population was evaluated for agronomic and morphological
characters by phenotypical observations which are yield and
yield contributing traits like plant height, branches plant?,
leaves plant?, clusters plant?, pods plant?, seed yield plant?,
100 seed weight, root length plant™ and root nodules plant™.
Plants with high quantitative characters with high yielding in
each row of each concentration were separated and seeds
from those plants were collected. The data was prepared
based on the yield and yield contributing characters.

2.6. M, generation

For raising M, generation total 180 seeds of 30 healthy seeds
from each treatment were collected from high yielding
mutant and control along with T9 and were sown with 10
cmx30 cm distance between plants row! in a field in RBD
(Randomized Block Design) with three replications each along
with control during rabi season, mid September to November,
2021 at experimental farm, Department of Genetics and
biotechnology, Osmania University, Hyderabad (Latitude and
longitude coordinates are, 17.418974, 78.526596), Telangana,
India.

2.7. Parameters

Seedling length (cm), Root length (cm), Seed germination
percentage, Seedling vigor index. The following parameters
were measured and recorded after sowing from 1% day to 15t
day. Seedling survival rate was also determined on 15 day.

2.7.1. Seed germination

The requirements of seed germinations are carefully
considered for optimal plant growth. This process is highly
crucial that influence the quality and crop yield. Seed
germination begins with imbibition of water. As the seed takes
in water, it gets bigger and produces an enzyme that enhances
the metabolic activity in the seed for breaking the endosperm
to provide energy (Dhulgande et al., 2015, Rani et al., 2013).

2.7.2. Seed germination rate

The seed germination rate depends on the genetic composition,
environmental factors and morphological features. The rate of
germination is beneficial for the estimation of the number of
seeds for the provided area or the chosen number of plants.
The germination capacity is denoted as the number of seeds
for complete germination in a population (Zhu et al., 2014).

2.7.3. Seed vigour

The measurement of seed quality with seed variability,
germination rate, germination percentage and the seedling
strength (Rajjou et al., 2012).

021



International Journal of Economic Plants 2023, 10(1):020-026

2.7.4. Survival rate

Survival rate is defined as the percentage of living crop
seedlings against the total number of planted crop seedlings.
The quality of the seed reduces with age and is correlated with
the accumulation of genetic modification.

Survival rate = ( Number of living seedlings)/(Total number of
seedlings)x100......... (1)

3. Results and Discussion

This section provides the results and discussion in detail. The
statistical analysis of the obtained data is processed and the

ANOVA results are depicted below
3.1. Analysis of variance (ANOVA)

Development of desired variants or characters from the
genotype is the basic objective of crop improvement program
to meet the farmer needs and market needs. The ANOVA data
results for seedling length, germination percentage, vigor
index, root length and seed survival rate were observed in
which highly significant (p<0.01) for above characters except
rot length for treatments (Table 1). It clearly indicates that
there is adequate amount of variability among the black gram
mutant due to treatments.

Table 1: Analysis of variance (ANOVA) of black gram mutant under EMS mutagenesis for germination and seedling characters

in M, generation

Source of variations DF MSSQ
Characters

Germination Seedling Root Length Seed Vigor Index Seed Survival

percentage Length (cm) (cm) percentage Rate percentage
Replications 2 39.472 0.125 0.002 1872.889 48.958
Treatments 5 109.153" 15.748™ 0.017 NS 155483.162™" 351.886"
Error 18.755 0.055 0.020 1517.029 47.408
SEd 3.536 0.191 0.115 31.802 5.622
CV (percentage) 5.15 2.48 4.70 4.87 8.35

3.2. Germination percentage

The Mean data of germination percentage, Seedling length,
Root Length (cm), Germination percentage, Seed Vigor Index
percentage, and Seed Survival Rate percentage was depicted
in Table 2 and Figure 1. Seed germination percentage was
recorded highest in 0.2%, 0.3% EMS treated mutants and
control by 88.89% followed by T9 (84.44%), 0.4% EMS treated
mutants (77.78%) and lowest seed germination percentage
was recorded in 0.5% EMS treated mutants (75.56%). The
observation revealed that germination percentage was
higher and maximum in 0.2% EMS treated mutants and 0.3%
EMS treated mutants and gradually decreased in 0.4% EMS
treated mutants, 0.5% EMS treated mutants. The decrease
in seed germination rate may be due to factors like high EMS

dose treatment. The percentage of seed germination was
reduced in EMS treated populations. This is occurred due to
the acute and physiological chromosomal damage (Gaur et
al., 2003, Nawale et al., 2006). Wang et al. (2014) suggested
the reduction in seed germination percentage in high dose
in the cucumber seeds. Further these reductions are caused
due to that the seed absorbs the mutagen that subsequently
reaching the meristem region and impact the germ cell line
(Serrat et al., 2014). Same observation has been reported by
Ariramana et al. (2014), Kumar and Mishra (2004) and Baghery
et al. (2016).

3.3. Seedling length (cm)

Seedling length was recorded highest in 0.2% EMS treated
mutants by 12.63 cm, followed by 0.3% EMS treated mutants

Table 2: Mean performance of seedling characters and germination in the M, blackgram generation

Seedling length  Root length  Germination per- Seed vigor index Seed Survival Rate
(cm) (cm) centage percentage percentage
0.2% mutant 12.63 3.07 88.89 1121.78 95.24
0.3% mutant 11.77 3.07 88.89 1046.00 92.49
0.4% mutant 9.63 2.97 77.78 748.89 80.30
0.5% mutant 7.63 2.97 75.56 577.33 65.00
Control 7.17 2.87 88.89 636.67 82.60
T, 7.97 2.97 84.44 672.67 78.85
w
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Figure 1: Effect of EMS mutagen on Root length (cm) and
Seedling length(cm) in M, generation

by 11.77 cm followed by 0.4% EMS treated mutants by 9.63
cm followed by T, (7.97 cm), 0.5% EMS treated mutants by
7.63 cm and lowest seedling length was recorded in control
by 7.17 cm. Seedling length was highly influenced in lower
concentrated EMS treated seeds when compared to higher
concentrated EMS treated seeds (Figure 2).
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Figure 2: Effect of EMS mutagen on germination % and
Seedling survival % in M, generation

3.4. Seedling vigor index

Seedling vigor index is calculated by germination percentage
multiplying with seedling length. Maximum seedling vigor
index was recorded for 0.2% EMS treated mutants by 1121.78
followed by 0.3% EMS treated seeds by 1046.00 followed
by 0.4% (748.89), T, (672.67), Control (636.67) and lowest
seedling vigor index was recorded for 0.5% EMS treated
mutants by 577.33. This shows that EMS treated seeds at lower
concentration has stimulatory effect on germination rate and
growth of seedling length and root length. High doses treated
seeds showed reduced stimulatory effect. This shows that the
inhibitory effect of EMS with increasing concentration of EMS
treated seeds (Zaka et al., 2004) (Figure 3).

3.5. Seedling survival rate

Seedling survival rate data was recorded on 15% day and
observation revealed that seed survival of plants was recorded
higher at0.2% EMS treated mutants by 95.24% followed
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Figure 3: Effect of EMS mutagen on seedling vigor percentage
in M, generation

by 0.3% EMS treated mutants (92.49%), Control (82.60%),
0.4% EMS treated mutants (80.30%), T, (78.85%) and lowest
observation at 0.5% EMS treated mutants by 65.00%. Data
revealed that seed survival rate decreased with increased
EMS concentrations from 0.2% EMS treated seeds sown to
0.5% EMS treated seeds (Din et al., 2003). Decrease in survival
percent due to mutagenic treatments was also reported by
Dhanavel et al. (2008) in various pulse crops (Figure 4).

3.6. Root length (cm)

Figure 4: Seedling traits in black gram mutant

Root length was recorded highest in 0.2%, 0.3% EMS treated
mutants and control by 3.07 cm followed by T9, 0.4% and
0.5% EMS treated mutants by 2.97 cm and lowest Root length
was recorded in control by 2.87 cm. The observation revealed
that root length character showed no significant change when
compared with other treatments. The decrease in root length
with increased higher dose of EMS resulted non significant.
The decrease in root length due to mutagenic treatment was
similar to earlier reports of Veni et al. (2017) in black gram, in
cluster bean and Chakravarty et al. (2017) in rice (Figure 5).
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Figure 5: Seedling traits in black gram mutant

3.7. Analysis

Induced mutation is one of the best methods to evolve new
cultivars by producing variability at gene level. Lasker et al.
(2019) reported 2832 cultivars, improved through induced
mutagenesis in different crops. Currently, large numbers of
known chemical compounds are able to induce mutations
in both prokaryotic and eukaryotic cells. Despite the large
number of mutagenic compounds, only a small number
has been tested in plants. Among them, there is only a very
restricted group of alkylating agents viz., sodium azide (SA) and
ethyl methane sulfonate (EMS) which produce different side
effects on the genetic structure of treated populations. Among
different chemical mutagens, ethyl methane sulphonate is
reported as the most efficient, effective and powerful mutagen
for generating variations. In plants, EMS usually causes point
mutations but loss of a chromosome segment or deletion
can also occur (Mistry et al., 2022). Motivated by the study,
the present research focused to induce mutation with EMS.

Similar to the research work done by (Savant, 2020) who
studied mutagenic effectiveness and efficiency of gamma rays
in three genotypes of Indian mustard (two local cultivars and
one improved variety), from the results obtained mutagenic
effectiveness was found to be higher at lower doses. It is
observed that in our study also, the mutagenic effect was
found at low concentration. Tamilzharasi et al. (2022) created
variability for significant morphological traits by induced
mutagenesis in the black gram variety using the combination
of EMS and gamma rays. Goyal et al. (2019a) selected and
cultivated mutant traits similar to our study. The study stated
that the furthermore developments in research has to be
established for significant improvement in molecular markers
and for the development of farmer friendly cultivation. Goyal
et al. (2020c) analyzed the efficiency effectiveness of various
combined and individual treatments of EMS and gamma rays
in the M2 generation of black gram.
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Goyal et al. (2019a) analyzed the combined and individual
effects of EMS and gamma rays on several biological
parameters like plant survival, seed germination pollen
fertility, seedling height, in the M1 and M2 generations of
black gram. Devi et al. (2022) conducted an investigation to
provide information on the immediate effect of mutagenesis
on the black gram with different dosage of EMS. The study
would greatly helpful for understanding the stages of mutation
and for cost effective selection of mutagenic agents. EMS
has induced mutations during M, generation and inherited
to offspring (M2 generation). Hence the proposed research
effectively inherited the M2 population with the successful
implementation of EMS mutation.

4. Conclusion

Data showed EMS has induced mutations during M,
generation and inherited to offspring (M, generation). The
results revealed that seed germination percentage, seedling
length, seedling vigor index, seed survival rate and root
length has showed variation at higher doses compared to
lower dose treated EMS seeds in M, generation. The results
can be concluded that the mutant which is treated with 0.2%
EMS was recorded highest germination percentage, seedling
length, seedling vigor index, seed survival rate and root length.

5. Acknowledgement

The present research work is part of Ph.D. thesis work. We
acknowledge the Osmania University, Hyderabad for providing
both field and lab facilities to conduct experiments. We also
acknowledge NBPGR, Regional Centre, Hyderabad and ICAR-
CRIDA Hyderabad for providing seed material of blackgram
germplasm.

6. References

Ariramana, M., Gnanamurthy, S., Dhanavel, D., Bharathi,
T., Murugan, S., 2014. Mutagenic effect on seed
germination, seedling growth and seedling survival of
Pigeon pea (Cajanus cajan (L.) Millsp). International
Letters of Natural Sciences 21, 41-49.

Baghery, M.A., Kazemitabar, S.K., Kenari, R.E., 2016. Effect of
EMS on germination and survival of okra (Abelmoschus
esculentus L.). Biharean Biology 10, 33—-36.

Chakravarti, K.S., Singh, S., Ram, C.N., Vishwakarma, M.K.,
Verma, G.S., 2017. Mutagenic effects of gamma ray
and EMS in M, and M, generations in two traditional
genotypes of aromatic rice (Oryza sativa L.). International
Journal of Agricultural Statistical Sciences 13(2),
537-543.

Devi, M.S., Reddy, D.M., Reddy, V., Reddy, D.L., Sudhakar, P.,
Sofia, S., 2022. Effect of mutagenesis on growth and yield
related traits in blackgram (Vigna mungo (L.) Hepper).
Journal of Research ANGRAU 49(4), 14-29.

Dhanavel, D., Pavadai, P., Mullainathan, L., Mohana, D., Raju,
G., Girija, M., Thilagavathi, C., 2008. Effectiveness and

024



Nayak et al., 2023

efficiency of chemical mutagens in cowpea (Vigna
unguiculata (L.) Walp). African Journal of Biotechnology
7(22), 4116-4117.

Dhulgande, G.S., Ghogare, D.S., Dhale, D.A., 2015. Mutagenic
effect on seed germination, seedling growth and seedling
survival of pea (Pisum sativum L.). International Journal
of Current Research in Biosciences and Plant Biology
2(4), 59-64.

Gaur, S., Singh, M., Rathore, N., Bhati, P.S., Kumar, D., 2003.
Radiobiological responses of cowpea. In: Henry A.
(Ed.). Advances in Arid Legumes Research. Jodhpur,
Indian Arid Legumes Society, Central Arid Zone Research
Institute, 75-78.

Goyal, S., Wani, M.R., Laskar, R.A,, Raina, A., Amin, R., Khan,
S., 2019a. Induction of morphological mutations and
mutant phenotyping in black gram [Vigna mungo
(L.) Hepper] using gamma rays and EMS. Vegetos 32,
464-472.

Goyal, S., Wani, M.R., Laskar, R.A., Raina, A., Khan, S., 2019b.
Evaluacion de la potencia citotdxica y mutagénica de
los rayos gamma y EMS en Vigna mungo L. Hepper.
Biotecnologia Vegetal 19, 193—-204.

Goyal, S., Wani, M.R., Laskar, R.A,, Raina, A., Khan, S., Raina,
A., 2020c. Mutagenic effectiveness and efficiency of
individual and combination treatments of gamma
rays and ethyl methanesulfonate in black gram [Vigna
mungo (L.) Hepper]. Advances in Zoology and Botany
8(3), 163-168.

Gummadala, K.R., Tomar, S., Perli, V.H., Kaushik, M., 2022.
Agronomical performance of black gram (Vigna mungo
L.) in the presence of organic manures and bio-fertilizers
in typic haplustalf, Pharma Innovation 11(6), 1927-1931.

Gurumurthy, S., Sarkar, B., Vanaja, M., Lakshmi, J., Yaday,
S., Maheswari, M., 2019. Morpho-physiological and
biochemical changes in black gram (Vigna mungo L.
Hepper) genotypes under drought stress at flowering
stage. Acta Physiologiae Plantarum 41, 1-14.

Kaur, 1., Sharma, R., 2015. Allelopathic effect of Ageratum
conyzoides L. on protein content of the mungbean (Vigna
radiata L.) plants. Indian Journal of Applied and Pure
Biology 30 (1), 7-10.

Kaur, N., Mittal, R., Sood, V., Soharu, A., 2022. Studies on
induced chlorophyll mutants in black gram (Vigna mungo
L. Hepper). Himachal Journal of Agricultural Research
47, 156-162.

Laskar, R.A., Khan, S., Deb, C.R., Tomlekova, N., Wani, M.R,,
Raina, A., 2019. Lentil (Lens culinaris Medik.): Diversity,
cytogenetics and breeding. In: Al-Khayri, J.M., Jain,
S.M., Johnson, D.V. (Eds.), Advances in Plant Breeding
Strategies 1, 319-369.

Mistry, V., Tiwari, P., Patel, P., Vishwakarma, G.S., Lee, G.J,,
Sharma, A., 2022. Ethyl methane sulfonate and Sodium
azide-mediated chemical and X-ray-mediated physical
mutagenesis positively regulate peroxidase 1 gene

»
&, © 2023 PP House

activity and biosynthesis of antineoplastic vinblastine
in Catharanthus roseus. Plants 11, 2885.

Nawale, S.R., Apte, U.B., Jadhav, B.B., 2006. Effect of
gamma-rays and ethyl methane sulfonate on seed
germination and survival of seedlings in cowpea (Vigna
unguiculata (L.) Walp). Journal of Arid Legumes 3, 102—
105.

Priyanka, M., Devi, K.R., Parimala, K., Anuradha, C., 2022.
Correlation and path coefficient analysis for yield and
yield attributing traits in blackgram (Vigna mungo (L.)
Hepper). International Journal of Environment and
Climate Change 12(11), 344-351.

Rajjou, L., Duval, M., Gallardo, K., Catusse, J., Bally, J., Job,
C., 2012. Seed germination and vigor. Annual Review of
Plant Biology 63, 507-533.

Ramya, B., Nallathambi, G., Ganesh Ram, S., 2014. Effect
of mutagens on M1 population on blackgram (Vigna
mungo L. Hepper). African Journal of Biotechnology
13(8), 951-956.

Rani, M.S., Rao, P., Durga, K.K., Bharathi, V., Bharathi, K., Reddy,
AV., 2013. Induction of dormancy in non-dormant
varieties of groundnut. Journal of Cereals and Oil Seeds
4, 89-93.

Rather, A.A., Natarajan, S., Raza, A., Charagh, S., Javed, T.,
2022. Salicylic acid-induced amelioration of salt stress
by modulating morpho-biochemical attributes and
antioxidant mechanism in black gram (Vigna mungo L.).
Modern Phytomorphology 16, 32—-40.

Savant, K.D., 2020. Mutagenic effectiveness and efficiency in
[Vigna unguiculata (L.) Walp.] variety Phule Phandari
(PP) and VCM-8. Indian Journal of Agricultural Research
1,5.

Serrat, X., Esteban, R., Guibourt, N., Moysset, L., Nogues, S.,
Lalanne, E., 2014. EMS mutagenesis in mature seed-
derived rice calli as a new method for rapidly obtaining
tilling mutant populations. Plant Methods 10, 5.

Tamilzharasi, M., Dharmalingam, K., Venkatesan, T., Jegadeesan,
S., Palaniappan, J., 2022c. Mutagenic effectiveness and
efficiency of gamma rays and combinations with EMS in
the induction of macro mutations in blackgram (Vigna
mungo (L.) Hepper). Applied Radiation and Isotopes
188, 110382.

Tamilzharasi, M., Kumaresan, D., Souframanien, J., Jayamani,
P., 2019a. Study of chlorophyll deficit types through
induced mutagenesis in blackgram (Vigna mungo
L. Hepper). Electronic Journal of Plant Breeding 10,
1471-1476.

Tamilzharasi, M., Kumaresan, D., Thiruvengadam, V.,
Souframanian, J., Jayamani, P., 2021b. Assessment
of mutagenic sensitivity in blackgram variety CO 6.
Electronic Journal of Plant Breeding 12, 413—420.

Veni, K., Vanniarajan, C., Souframanien, J., 2017. Probit
analysis and effect of electron beam and gamma ray in
blackgram (Vigna mungo (L.) Hepper). Electronic Journal

023



International Journal of Economic Plants 2023, 10(1):020-026

of Plant Breeding 8, 950-955. Zhu, Y., Yang, X., Baskin, C.C., Baskin, J.M., Dong, M.,

Wang, Y., Wang, Y., Kai, W., Zhao, B., Chen, P,, Sun, L., Ji, K., Huang, Z., 2014. Effects of amount and frequency of
Li, Q., Dai, S., Sun, Y., Wang, Y., Pei, Y., Leng, P.,, 2014. precipitation and sand burial on seed germination,
Transcriptional regulation of abscisic acid signal core seedling emergence and survival of the dune grass
components during cucumber seed germination and Leymus secalinus in semiarid China. Plant and Soil 374,
under Cu2+, Zn2+, NaCl and simulated acid rain stresses. 399-409.

Plant Physiology and Biochemistry 76, 67—76.

Yadav, A., Singh, G., Yadav, A., Singh, H., Singh, V., Singh, P,,
2021. Screening of black gram genotypes against major
pod borers. Legume Research-An International Journal,
LR-4686.

Zaka, R., Chenal, C., Misset, M.T., 2004. Effect of low doses
of short term gamma irradiation on growth and
development through two generation of Pisum sativum.
Science of total Environment 320, 121-129.

w
2. © 2023 PP House 026



