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Abstract

The present study was aimed to evaluate the effect of gamma irradiation on
green gram through chlorophyll mutation frequency, leaf mutation
frequency, mutagenic effectiveness and efficiency and principal component
analysis. Eight different types of chlorophyll mutants, namely albino, aurea,
striata, tigrina, xantha, chlorina, viridis, xanthaviridis and variegated were
observed at different doses of gamma irradiation in M, generation. Albino
showed the highest frequency percentage (0.229) followed by Viridis (0.163)
and Xantha (0.131) and the highest frequency was noted at 500 Gray (Gy).
Though, chlorophyll mutants can be lethal in nature, they increase genetic
variability and induce new traits. Leaf mutant is another key indicator for
induced mutations that induce leaf morphology changes and the highest
frequency was noted in 500 Gy. Among the mutagenic treatments, the
mutagenic effectiveness shows the maximum at 100 Gy and efficiency shows
at 500 Gy. This indicated that low to moderate doses are more effective for
induced mutation. This was also confirmed by Principal Component Analysis
(PCA) results, which specified that gamma irradiation of 500 Gy indicated
that the first five principal components were attributed to 70.82% total
variability of traits studied. From this, the experimental finding evidently
showed that 500 Gy of gamma irradiation, an optimum dose, resulted in
considerable variation in all the parameters analyzed.

Keywords

Gamma rays, Chlorophyll mutants, effectiveness, efficiency, Principal
component analysis

Introduction

In plant breeding, mutation breeding is a technique in which new crop
varieties with desirable characteristics were created by the use of induced
mutation. It includes high-energy radiation such as a, 3 and y-rays, and
certain chemicals can be employed, which initiate or inhibit the growth and
differentiation of plant cells and organs to cause mutations and generate
genetic variants from which desired mutants can be chosen (1). For the
production of a high level of economically significant metabolites they can
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also modify the physiological characteristics of plants to
create new mutants (2) and it is a persuasive technique for
plant improvement (3). Genetic alterations in any organism
including plants are mostly due to mutation or heritable
changes, which produce new gene variants (4). Both the
study of gene function and genetic diversity can benefit
from mutation. Forward genetic studies (phenotype to the
gene) or reverse genetic studies (gene to phenotype) of
mutants can be used to determine gene function (5). Thus
induced mutagenesis remains a useful technique for
breeders as it is a rapid and inexpensive method for
developing new alleles and phenotypes. In addition, new
techniques will enable the identification of mutant alleles
used in the development of successful mutant cultivars,
shedding light on gene function and agricultural
productivity. Gamma rays as a physical mutagen used to
induce mutation which may cause higher incidence of
genetic mutation in plants (6). It induces different type of
variation as compared to other radiation (7). Gamma
irradiation induces both direct and indirect damage on
plants by changing their DNA structure and promotes the
production of new varieties (8, 9). High yielding mutant
varieties are developed through radiation with improved
quality and are resistant to various stress factors (10). The
fulfillment of mutation breeding mainly depends on choice
of favorable mutants based on phenotypic characters (11).

Green gram is an important legume crop, cultivated
in different agro ecological conditions of India. It is a vital
ingredient of cuisines and is fed on as cooked complete
seed, split grain, flour or as sprouts. It has a rich source of
nutritional protein (24-28%), carbohydrate (59-65%), fiber
(3.5-4.5%), mineral (4%) and ash (4.5-5.5%) (12). It is one
of the widely distributed crops among the vigna species.
Lysine and tryptophan, essential amino acids are mainly
found in the green gram along with other proteins. It is
relatively drought-tolerant and suited to various soil
conditions, relatively drought-tolerant and suited to
various soil conditions with limited irrigation (13). The
green gram seeds were exposed to varying doses of
gamma rays such as 100 Gy, 200 Gy, 300 Gy, 400 Gy, 500 Gy,
600 Gy, 700 Gy and 800 Gy based on the previous studies to
find out the optimum dose. The optimum dose is
determined to minimize the gamma irradiation's negative
effects on seeds and mutation frequency is also high (14).
The finding of chlorophyll and morphological mutants
served as a primary index of induced mutation to generate
the desirable mutants.

The genetic impact of the mutagen can be
indicated with the aid of chlorophyll mutation, the first
vital organic modification in any induced mutation (15).
It is used as a marker in plant breeding for evaluating
the gene action of mutagenic factors. Due to its lethal
nature, it can be used to determine the threshold dose
of mutagen and enhance genetic variability. The
frequency of chlorophyll mutants is a primary index for
estimating the genetic alteration of mutagenic
treatment in plants and also reveals the presence of
viable mutations in mutagen-treated populations. It is
possible that the effect of gamma rays may cause

nuclear gene mutations or chromosomal mutations
which could lead to chlorophyll-deficient mutations
(16). Chl metabolism and its regulation as well as the
identification of gene function depend on chlorophyll
mutations. The decrease in photosynthetic rate may be
attributed to the mutation that occurs in the gene
responsible for their production and based on the color
pattern of leaves chlorophyll mutants were classified
(17). The effectiveness and efficiency of mutagens are
needed for the high frequency of desirable mutations
(18). Mutagenic effectiveness is concerned with the
dose of the mutagen to produce the rate of mutation
(19), whereas efficiency means the rate of mutation
related to damage. Chlorophyll mutants are being used
as the primary index of the mutagenic effectiveness and
efficiency (20). Principal component analysis (PCA) is a
tool used to find out the characteristics which subsidize
the yield and promising dose for maximum yield. It
eliminates the repetition in data sets as morphological
and physiological variations routinely occur. It has a
strong inter correlation in a set of variables and each
component explains percent (%) variation to the total
variability. The first principal component (PC) is the
major contributor to the total variation in the
population followed by succeeding components. The
first 3 principal components are often reflecting the
variation patterns (21). By this identification,
characteristics were done for the selected dose which
could be utilized for crop development.

Thus this study aimed to assess the effect of gamma
irradiation by screening the presence of chlorophyll and
viable mutants, spectrum and frequency of macro
mutations (chlorophyll and morphological mutations) to
evaluate the mutagenic effectiveness and efficiency of
gamma irradiation and principal component analysis to
explain the relationships among the studied traits under all
doses.

Materials and Methods
Seed material and source of mutagen

The dried healthy seeds of green gram variety “Vamban 2”
were obtained from National Pulse Research Centre
(NPRC), Vamban, Pudukkottai, Tamil Nadu, India and
exposed to varying doses of gamma irradiation such as 100
Gy, 200 Gy, 300 Gy, 400 Gy, 500 Gy, 600 Gy, 700 Gy and 800
Gy from Cobalt-60 (Coso) in gamma irradiation chamber at
Bhabha Atomic Research Centre (BARC) Mumbai. The
untreated seeds were used as a control.

Raising of M;and M. generation

After completion of treatment, gamma irradiated seeds
along with untreated seeds as control was sown in the
field as in a randomized block design to rise M1
generation. Standardized agronomic practices such as
irrigation, weeding and plant protection methods were
carried out during the growth period of crop. The bulk
seeds harvested from M;cultural practice were done
during the period.
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Observation of mutants
Chlorophyll mutants

M. generation seedlings were screened for
chlorophyll mutants from seed germination for the first 4
weeks. Viable chlorophyll and morphological mutants
were screened throughout the life span of the plant from
germination to maturity of the crop. Chlorophyll mutants
were classified into various types using the described
method (22, 23).

Total no of chlorophyll mutants
Total no of M2 seedlings observed

Chlorophyll mutation frequency (%) =

Leaf mutants

Mutation frequency of the leaf mutants was
calculated in M, generation using following formula
No of plants with leaf mutant characters

Leaf mutation frequency (%) = X100
quency (%) Total no of plants survived

Mutagenic effectiveness and efficiency

In Mygeneration, the effectiveness and efficiency of
gamma irradiation were calculated using the standard
formula (19) based on the frequency of chlorophyll and
leaf mutants and expressed as a %.

Mutation frequency (2%0)

Mutagenic effectiveness = -
Dose in Gray (Gy)

Mutation frequency (%)

Mutagenic efficiency =
8 i Biological damage in M2 generation

*Biological damage was measured based on seedling
injury (% of reduction in plant height) and lethality (% of
survival reduction/reduction in germination).

Quantitative characteristic and principal component
analysis of M generation

In M, generation, at maturity (75" day) plants from all
the doses with control plants were separately
harvested and the following morphological parameters
such as Plant height (cm), number of branches per
plant, number of leaves per plant, days to first
flowering, days to 50% flowering, number of fruit
cluster per plant, number of pods per plant, number of
seeds per plant, 100 seed weight (gm) and seed yield
per plant were characterized and PCA analysis was
investigated for traits under treated doses by XLSTAT
software.

Result
Frequency and spectrum of chlorophyll mutation

Chlorophyll mutations are the first important biological
alterations induced by the mutagens. It seems to be a
very useful method for evaluating the effect of gamma
irradiation doses in creating genetic variation. It also
called as leaf color mutation or chlorophyll deficiency
mutation. Different types of chlorophyll mutants such
as albino, aurea, striata, tigrina, xantha, chlorina,
viridis, xanthaviridis and variegated were noted in M,
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plant progenies. It was recorded in the field during the
first 15 days at seedling stage and it was grouped into
lethal and viable mutants based on the intensity of
pigmentation. The characteristics of these mutations

el Description
mutants
Seedlings shows white in color because of lacking
Albina chlorophyll and it survives only for few days and it
is a lethal mutant.
Seedling shows yellowish color leaf because of the
Xantha presence of carotenoids and the absence of
chlorophyll. It can survive up to 3-4 leaf stages (8-
10 days) and it is a lethal mutant.
Chlorina Seed.llng s.hows a l!ght green .color leaf and
survives till maturity. It is a viable mutant.
Seedling shows light yellowish-green color
Viridis (viridine green) leaves at starting stages of growth
and it is slow growing. Seedling survived to
maturity and it is viable mutants.
Seedling shows light yellow to dark green color
Xanthaviridis leaves and it survive upto maturity. It is a viable
mutant.
Seedling shows a golden yellow color leaf and it is
Aurea :
aviable mutant.
Striata Seedling ShO.W longltud|n§l§trl_ps of various colors
on their leaves and it is viable mutant.
Tigrina Seedlings show yellow color at the edges of leaves
sometimes green patches are also seen and
survive upto 3-4 weeks.
Variegated Seedling shows yellow, white and green color

stripes on the leaf lamina and it is a viable mutant.

were classified with some modifications:

In the present assessment, the frequency of
chlorophyll mutants was calculated based on the
appearance of chlorophyll mutants on a 900 M2 plant
basis and it was shown in Fig. 1. It shows that the
frequency has been increased with increasing doses
but at the maximum doses it has decreased. The
maximum frequency was observed in 500 Gy (1.553%)
followed by 300 Gy (0.991%) and 400 Gy (0.969%) of
gamma irradiation doses. The least frequency was
recorded at 700 Gy (0.589%). Among the different types
of chlorophyll mutants observed, Albino showed the
highest frequency % (0.229) followed by Viridis (0.163)
and Xantha (0.131) and the frequency was given in
Table 1.
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Table 1. Frequency of chlorophyll mutant spectrum in gamma irradiation treatment of M, generation

Chiorophyll Gamma irradiation n:::::er
mutants Control 100Gy 200 Gy 300 Gy 400 Gy 500 Gy 600 Gy 700Gy 800Gy o
No of plants
. 900 828 825 807 825 837 681 678 624 6105
studied
. 14
Albino - 3 3 1 3 3 1 (0.229)
Aurea - 1 1 2(0.032)
Striata - 1 1 1 1 1 5(0.081)
Tigrina - 2 1 1 4(0.065)
Xantha - 1 1 2 2 1 1 8(0.131)
Chlorina - 1 1 2 1 5(0.081)
- 10
Viridis - 2 2 1 3 1 1 (0.163)
Xanthaviridis - 1 1 1 3(0.049)
Variegated - 1 1 2 1 5(0.081)
Chlorophyll
mutation - 0.845 0.848 0.991 0.969 1.553 0.734 0.589  0.640  0.912
frequency
(%)

Fig. 1. Chlorophyll mutants in M, generation under the effect of gamma irradiation.
A- Control B-Albino C-Aurea D- Striata E- Tigrina F- Xantha G- Chlorina H- Viridis I- Xanthaviridis J- Variegated.

Frequency and spectrum of leaf mutants

Twenty-three types of mutants affecting cotyledonary
leaf (unifoliate, trifoliate primary, quadrifoliate and
penta foliate) and leaf (ovate, bilobed, obcordate,
trifoliate with abnormal, lyrate, ligulate, oblong,
shrinked, pentagon-shaped hooked leaf tip,
mucronate, ovate with two-lobed, deeply lobed, lorate,
subglobose, cuneate, hastate, round shape with deeply
lobed, deltoid with obtuse leaf apex, trifoliate with
unequal leaf) were recorded in M2 generation and it

was shown in Fig. 2 The frequency of theses mutants
shows the highest in 500 Gy (2.38%) and lowest was
observed in 700 Gy (1.02%) and it was shown in the
Table 2.

Effectiveness and efficiency of mutagenic treatment

Mutagenic effectiveness and efficiency determination
can be helpful to select the optimum dose of mutagen.
Among the different doses of gamma irradiation,
mutagenic effectiveness shows a maximum of 100 Gy
(0.030) and a minimum was 800 Gy (0.002). Mutagenic
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Table 2. Frequency of Leaf mutant in M, generation under the effect of gamma irradiation

Gamma irradiation

Leaf mutant
100 Gy 200 Gy 300 Gy 400 Gy 500 Gy 600 Gy 700 Gy 800 Gy
Total number
of plants 828 825 807 825 837 678 681 624
studied
Ovate 1 - 1 - 1 - - 1
Bilobed 2 - - 2 - 2 1 -
Obcordate - 1 - - - - - -
Trifoliate with 1 ) 2 _ 1 1
abnormal
Lyrate 1 1
Ligulate 1 1
Oblong 1 1 1
Shrinked 2 1 2 1
Pentagon
shaped hooked 2 2 1 2 1 1
leaf tip
Mucronate 1 2 1
Ovate with two
lobed 1 1 2 1 1
Deeply lobed 1 1 1
Lorate 1 1
Sub globose 1 2 2 1
Cuneate 1
Unifoliate 1 1
Trlfollate 1 1 1 1 1 1 1
primary
Quardrifoliate 1 1
Penta foliate 1 1 2
Hastate 1
Round shape
with deeply 1 1 2 1 1
lobed
Deltoid with 1 1 1 1 1 1
obtuse leaf apex
Trifoliate with 1 1 5 3 1 1
unequal leaf
Total 18 12 15 10 20 7 7 9
Mutation 2.1 1.45 1.85 1.21 2.38 1.03 1.02 1.44
frequency

effectiveness was more efficacious in lower doses when  induced was more effective in increasing doses of
compared to higher doses because the mutagen gamma irradiation. Mutagenic efficiency was calculated

Plant Science Today, ISSN 2348-1900 (online)



132 VASUDEVAN ET AL

Fig. 2. Leaf mutants in M, generation under the effect of gamma irradiation.

a - Control b - Ovate c - Bilobed d - Obcordate e - Trifoliate with abnormal f - Lyrate g - Ligulate h - Oblong i - Shrinked j - Pentagon shaped hooked leaf tip
k - Mucronate |- Ovate with two lobed m - Deeply lobed n - Lorate o - Sub globose p - Cuneate q - Unifoliate r - Trifoliate primary s - Quardrifoliate t - Penta
foliate u - Hastate v - Round shape with deeply lobed w - Deltoid with obtuse leaf apex x - Trifoliate with unequal leaf.

based on the biological damage caused by seedling
lethality and seedling injury. Efficiency related to
lethality was increased in 500 Gy (0.477) and decreased
in 700 Gy (0.065) and related to injury it showed an
increased value in 100 Gy (0.903) and decreased value
in both 700 and 800 Gy (0.070). It shows that the
moderate dose of gamma irradiation (500 Gy) was more
efficient compared to other doses and this was given in
Table 3.

Table 3. Effectiveness and efficiency of gamma irradiation in M, generation

Quantitative characteristic analysis of M2 generation

In M2 generation, high significant reduction was noted in
800 Gy for all parameters studied and it was given in Fig. 3.
The plants of M2 generation flowered on the 31 day in
control and this was increased with an increased dose in
800 Gy as on the 34" day. This similar trend was also
shown for the days taken for 50 % flowering which was
highest in 800 Gy (43 day) as compared to the control
(45% day). Plant height among the treatments was found to

Survival reduction Height reduction . Effectiveness Efficiency
Mutation frequency
Doses (%) (%) (%) (M) M/Gy
(L) ] M/L M/l

100 Gy 8.00 3.33 3.01 0.030 0.376 0.903
200 Gy 8.33 6.18 2.30 0.011 0.276 0.372
300 Gy 10.33 10.13 2.85 0.009 0.275 0.281
400 Gy 8.33 13.33 1.69 0.004 0.202 0.126
500 Gy 7.00 12.82 3.34 0.006 0.477 0.260
600 Gy 24.33 19.29 1.76 0.002 0.072 0.091
700 Gy 24.66 23.13 1.62 0.003 0.065 0.070
800 Gy 30.66 29.66 2.08 0.002 0.067 0.070
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have a significant difference in 800 Gy (47.66+0.85) as
compared to the control (67.77 + 0.58). The branches per
plant show a reduction in 800 Gy (1.1+0.05) as compared to
the control (1.73 + 0.08). A significant difference was found
in the number of leaves which shows negative effects on
800 Gy (22.8+0.78) as compared to the control (45.9+0.81).
The yield contributing characters such as fruit cluster/
plant (5.70+0.26), pods/plant (20.80+1.13), seeds/plant
(7.27+0.35), 100 seed weight (3.25+0.10) and seed yield/
plant (7.12+0.24) were reduced in 800 Gy as compared to a
number of fruit cluster/plant (17.03+ 0.18), pods/plant
(41.73+ 0.98), seeds/plant (12.20+ 0.15), 100 seed weight
(3.51% 0.03) and seed yield/plant (11.16+ 0.23) of control
plants.

Principal component analysis

In this present study, PCA was performed for variable traits
and traits contributing towards yield in different doses of
gamma irradiation. It reveals that out of eleven, only 6
principal components (PCs) exhibit more than 1.00
eigenvalues and showed 79.03% total variability of traits
studied under 300 Gy followed by 400Gy which shows five
principal components with 74.34% of the total variance, in
200 Gy 5 principal component with 71.56% of the total
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variance and in 500 Gy which exhibits 5 principal
components with 70.82% of the total variability. Based on
the eigenvalue and total variability studies 500 Gy shows a
positive response to yield characters with 5 PCs and it was
given in Fig. 4.

The first component (PC1) shows 22.60 % of the
variation and the traits such as plant height, no of
branches, no of fruit clusters, pod length, no of seeds
per pod, 100 seed weight, days to first flowering and
days to 50 % flowering showed the positive and no of
leaves, no of pods, seed yield per plant shows the
negative one. 14.40% of the variation was explained
by the 2" principal component (PC2) and the highest
value was scored by the variables such as plant
height, no of leaves, no of pods, pod length, no of
seeds per pod, seed yield per plant, days to 1%
flowering and days to 50% flowering whereas lowest
values were seen in no of branches, no of fruit and
100 seed weight. A variance of the 3™ principal
component was 12.48% and the factors loading with
the high score was only in plant height, no of
branches, no of fruit cluster, 100 seed weight and
seed yield per plant showing the positive score and
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100 Gy PC1 PC2 PC3 PC4 PCS PC6 PCT PC§ PCY PCI0  PCII
Eigenvalue 2573 1686 1576 1426 0992 0974 0802 0333 0261 0215  0.d62
Variability (%) 23387 15330 14328 12960 9.016 8857 7288 3.027 2376 1953 1477
Comulative % 23387 38717 53.044 66.005 75021 83878 91167 94.194 96570 98523 100.000
200 Gy PCl  PC2 PC3 PC4 PC5 PC6 PCT PC8 PCY PCl0  PCl
Eigenvalue 2286 1811 1579  LI131 1065 0857 0752 0536 0443 0385  0.155
Variability (%) 20.786 16461 14352 10283 9.681 7791 6836 4874 4025 3499 1413
Cumulative % 20786 37246 51.598 61.881 71562 79.353 86.189 91062 95.087 98.587 100.000
300 Gy PCl PC2 PC3 PC4 PCS PC6 PCT PC8 PCY PCl0 PCll
Eigenvalue 1915 1744 1438 1351 L169 1077 0755 0640 0387 0339 0186
Variability (%) 17405 15853 13.070 12285 10626 9793 6863 5819 3514  3.085  1.687
Comulative % 17405 33258 46329 58614 69239 79.032 85895 OL713 95228 98313 100.000
400 Gy PCT PC2 PC3 PC4 PC5 PC6e PC7T PC§8 PCY PCI0 PCll
Eigenvalue 2815 1553 1411 1218 L176 0811 0698 0522 0346 0300  0.150
Variability (%) 25591 14122 12830 11071 10691 7373 6349 4741 3142 2726 1365
Cumulative % 25591 39.713 52543 63.613 74304 81677 88026 92767 95909 98635 100.000
500 Gy PCl PC2 PC3 PC4 PC5 PC6 PCT PC8 PCY PCl0 PCll
Eigenvalue 2487 1585 1373 1264 1082 0884 0819 0734 038 0230  0.156
Variability (%) 22.605 14.408 12482 11487 9840 8034 7442 6675 3513 2094 1420
Cumulative % 22.605 37.013 49495 60982 70822 78856 86298 92973 96486 98.580 100.000
600 Gy PC1  PC2  PC3 PC4 PCS  PC6  PCT  PCR  PCY  PCI0O PCI
Eigenvalue 2338 1870 1209 L1900 1002 0941 0776 0747 0388 0364 0175
Variability (%) 21.251 17.004 10994 10822 9.106 8555 7053 6788 3523 3313 1591
Cumulative % 21.251 38256 49.250 60072 69.178 77.733 84.786 91574 95.097 98.409 100.000
700 Gy PC1 PC2 PC3 PC4 PCS5 PC6 PCT PC§8 PCY PCl0 PCll
Eigenvalue 2639 1473 1466 1343 0970 0903 0831 0511 0414 0288  0.162
Variability (%) 23.987 13392 13331 12205 8820 8210 7557 4647 3764 2615 1473
Comulative % 23987 37.379 50710 62915 71735 79945 87502 92149 95912 98527 100.000
800 Gy PpCl  pPC2 PC3 PC4 PCS PC6 PCT PC8 PC9 PCI0 PCII
Eigenvalue 2464 1561 1346 1206 L1068 0964 0698 0623 045 0313 0301
Variability (%) 22401 14192 12233 10960 9708 8767 6349 5665 4139 2848 2738
Cumulative % 22401 36.593 48.827 59.786 69.494 78261 84.610 90.275 94414 97.262 100.000

Fig. 4. Eigen values, variability percentage and cumulative percentage for 11 traits under gamma irradiation treatment.

PC1- Plant height , PC2- No of branches, PC3- No of leaves, PC4-No of fruit cluster, PC5- No of pods PC6- Pod length, PC7- No of seeds per pod, PC8-100 seed
weight, PC9- Seed yield per plant, PC10- Days to first flowering PC11-Days to 50% flowering

no of leaves, no of pods, pod length, no of seeds per
pod, days to first flowering and days to 50% flowering
showed the negative score. The 4" PC shows 11.48%
and the traits no of fruit cluster, no of pods, pod
length, no of seeds per pod, 100 seed weight, seed
yield per plant and fays to first flowering shows the
plus value and plant height, no of branches, no of
leaves shows the minus value. The 5% principal
component shows 9.84% with the positive response
of the traits such as plant height, no of leaves, no of
seeds per pod, 100 seed weight, days to first
flowering and negative response with no of branches,
no of fruit cluster, no of pods, pod length, seed yield
per plant, days to 50% flowering. The remaining PCs
explained the 8.03%, 7.44%, 6.67%, 3.51%, 2.09% and
1.42% of total variance individually. Scree plot
corroborates the percentage of variance associated

with each principal component by a graph between
eigenvalue and principal component number and it
was shown in Fig. 5. Biplots were constructed based
on the gamma irradiation doses and quantitative
characters analysis which showed the observed
characters correlation with the particular dose and it
was given in Fig. 6.

Discussion

The selection of the optimum dose of gamma irradiation
can be useful to produce the high frequency of desirable
mutants. It can be done by evaluating the basic alteration
which can be produced by inducing gamma irradiation on
a particular crop. In this study, green gram seeds were
exposed to different doses of gamma irradiation such as
100, 200, 300, 400, 500, 600,700 and 800 Gy. Chlorophyll
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Fig. 5. Scree plot constructed using 11 PCs for gamma irradiation treatment.
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mutants were found almost in all the irradiation doses and
the frequency of chlorophyll mutation was highest in 500
Gy which was supported by the previous study on Zingiber
officinale (24).The appearance of chlorophyll mutants such
as albino, aurea, striata, tigrina, xantha, chlorina, viridis,
xanthaviridis and variegated were found inM2 plant basis
and it accordance with green gram (25-29) and in black
gram (30). The occurrence of chlorophyll-deficient
mutants in the treated gamma irradiation could not
survive for a long period. These mutants are of no
economic value but their frequency was deliberated to
measure the effectiveness and efficiency of induced
mutation by gamma irradiation and also served as a
primary index for evaluating the genetic alteration which
was caused by the mutagens. A wide spectrum of leaf
mutants was found in gamma-irradiated treatment and
has been reported earlier in green gram (31) and in
cowpea (32). The effectiveness and efficiency of mutagens
are important parameters to exploit induced mutagenesis
for crop improvement. The mutagenic effectiveness was
found to be increased in lower doses (100 Gy) and
decreased with increasing doses. The efficiency of gamma
irradiated treatment was high in 500 Gy based on lethality
and in 100 Gy based on the seedling injury and it indicates
less biological damage. Similar results were worked out by
so many workers in Vigna unguiculata L. (33), Pisum
sativum L. (34) in green gram (35), lentil (36) and cluster
bean (37) under physical, chemical and in combination
treatment.

Quantitative characters such as days to 1*
flowering, days to 50% flowering, plant height, number of
branches, number of leaves and yield characters such as
no of fruit clusters, no of pods, pod length, no of seeds per
pod, 100 seed weight, seed yield per plant showed
significant difference among the gamma-irradiated doses.
In this, all the parameters show the decreased content
with increased doses and the maximum was noted in 800
Gy. Due to the disturbance of biochemical pathways, the
flowering may be delayed, which supports the synthesis of
flower-inducing substances (38). Days to 50 % flowering
were delayed in gamma-irradiated seeds when compared
to control and this was reported in cowpea (39) and in
black gram (40). Plant height was used widely as an index
to regulate the genetic effects of physical mutagens, such
as gamma rays and it was reported in black gram (41) and
in green gram (42). It can cause effects on variability in
plant height and based on this selection could be made for
both tall and dwarf varieties (43). The number of branches
reduced might be due to mutagenic treatment like auxin
destruction and chromosomal impairment associated with
physiological changes (44). Similar results of reduction
have been reported in black gram (45) and decreasing
consequence on the number of leaves was reported in
Lepidium sativum (46).

Yield parameters were decreased might be due to
the disturbance in meiosis which was affected by the
frequency of spores and it affects the traits directly. Similar
results have been reported in cowpea (47), black gram
(48), chickpea (49), pigeon pea (50), soybean (51) and in
Sunflower (52). Thus, in this study it revealed that the

reduction of quantitative parameters was prominent in
increased doses. To find out the important trait that
means to assess the useful morphological characters,
principal component analysis is used in this study. From
the quantitative analysis of M2 generation plants, it
showed that the yield component can be used as
consistent criteria to improve the seed yield of green gram
induced by gamma irradiation. This can be proved by PCA
results sketched that the 500 Gy shows the optimum dose
which shows that the first five principal components
attributed to 70.82% total variability of traits studied.
Factors analysis reduced eleven variables into 5 factors
which show the positive as well as negative efforts on the
yield parameters. Similar results were noted for
quantitative characters and qualitative characters (53) and
other reports are on the first 5 components show nearly
79% of the total variation in green gram (54). Therefore, it
was identified that gamma irradiation of 500 Gy resulted in
considerable variation for most of the yield characters
analyzed.

Conclusion

In the present study, it was inferred that there were dose-
dependent changes in all the parameters analyzed. Among
the chlorophyll mutants, albino occurred more frequently,
followed by viridis and xantha and the frequency of
occurrence was highest in 500 Gy as compared to other
doses. Leaf mutant as a part of viable mutant resulted in
gamma irradiation treatment of 500 Gy at the highest
frequency. Mutagenic effectiveness was high at 100 Gy and
efficiency was high at 500 Gy compared to other doses,
and it also indicates that both mutagenic effectiveness and
efficiency levels were high from low to moderate doses.
Based on these results, the quantitative characters of M,
generation were exposed to PCA analysis and 500 Gy
shows a positive correlation with yield characters, with
70.82% of the total variation. From the above findings it
was concluded that among the different doses of gamma
irradiation, 500 Gy was an optimum dose to increase the
genetic variability and economically useful mutants were
segregated into further generations.

Acknowledgements

The authors are thankful to the Department of Science and
Technology for their financial assistance for this work. We
are thankful to Dr. B.K.D. as, SO/G, Shankar Bhujbal, SO/C,
NA & BTD, BARC, Trombay, Mumbai, India for their kind
help in utilizing gamma irradiation. We also thank our
Department of Botany at Periyar University in Salem, Tamil
Nadu, India, for providing laboratory space for doing the
research.

Funding

Ms. V. Soundarya is thankful to the Department of Science
and Technology (DST), New Delhi, India for selecting her as
an INSPIRE Fellow (IF160742) and providing financial
assistance for this study.

https://plantsciencetoday.online


https://plantsciencetoday.online

137

100 Gy 200Gy
4 5
Seed yield per 100 Gy 200Gy
3 Mo of trult plant - 4 ) -
2 clusier 100, 'wwﬁ.hp" ].00 Gy 3 ﬂj{.[!p:l-:
100 Gy < . _
? 1 Yooy Bl hehe” N = 2
- 100 c.:.:l 00 Gy Jw.-f-? 100 Gy "'\.E
ﬁ o - = 2 O e, S0 o frult
= ll-ll-'(-'.\'. . 100 Gy = .'%}'\_‘m‘ler
Ll | - " oo ~&Days to 5080
B Pod length 100 Gy ays o S0%% e i
2 jerBipods. 100 Gy ' Sowariag 1 » fowering
. Plant height ! o I:’:"Ii.";-t ) A 'wang:ﬁtd P00 Gy
- -2 Podlen
3 *100 Gy I = 200 Gy ‘zmq-wd welght
-4 -3
-4 -2 0 2 4 -4 -2 0 2 4
F1(23.39 %) F1(20.79 %)
= Active variables * Active observations = Active variables = Active observations
300Gy 400 Gy
3 w0y A00Cy s
- 3
100 -:Ndw-'ejght Mo ol fruit 4 No ol ;t;-‘d-:pcr
2
3
= 1 E o = Pod length sy
ﬁ 200 Gy ﬁ 2 o “:n:l“!n . .-wu Gy
“ o 31 R e
e - A [
= = 100 5 -‘ d R
- E ]
e g e -
200 G)’ Plant height 1 w00 Do S0 200 Gy
-2 . e Gy P00 ¢ = No of Mgy
Noof leaves,, o m—o m. -2 OO 911 ,\ﬁ!ﬂ 400 Gy
5 3 2 3 plant * 400 Gy
-4 -2 0 2 4 -4 -2 0 2 4
F1(17.41 %) F1(25.59 %)
= Active variables = Active observations = Active variables = Active observations
500Gy 600 Gy
4 Mo of seeds per 5 N;::E::,m
pad
3 Sahivor N Py by
; 600 C w4
2 Na’p’u nie, “';':" m??'*"_m). 3 Seed yield per fAowering
. 20w e oy plags 366 eyl woight
— =00 caoo Gy “*° Pz0 ¢y o sapg0 GY = 2 gl
£ 1 o= = =0 RIGY 500 Epys to 5 . E @00 GyPod length
3 o Mo ofleaves . . . fower | = 1 5006y 600 Gy 3
. C
- <00 {.‘-_\’ 200 Gy - - W‘J‘g“u@e! branches = 0
o -1 500 Gy : i SEAT A fijent E: 1 SO0 Gy No of leaves
fer .
-2 00 Gy sob'Ey 3 b e o of seeds per
Ry - o
-3 00 Gy ’ ! -3
-4 -4
-4 -2 0 2 4 -6 -4 -2 4] 2 4 6
F1(22.60%) F1(21.25 %)
= Active variables = Active observations = Active variables * Active observations
700Gy BO0 Gy
5
Days to 50940 4
4 Mowering = ﬁmjv%
ays te fiest 700 Gy 3 owering
3 Pod lengtiys e - =¥ 200 Gy
2 700 GyNo oPfantheight 2 No of sqailair. Plant height
— . —_ 800 Gy pod 200K T gobiifhseod weight
f 1 & 1 BOOHDL ussm “-". :
0 ] v ® ®oof fruit 0 Gy
2 -+ e C-!'. :l::“:r' H&ﬂ% 500 Gy
= -1 = -
o2 o Seed yleld p
o ol . . Pod length
-3 o of leaves -1 . B0 Gy *s00 Gy
-4 3 S00 Gy - 800 Gy
5 T00 G - s00 Gy & 300 Gy "
B0 Gy ROO Gy
-6 -3 : '
-4 -2 0 2 4 L3 -3 -2 -1 o 1 2 3 4
F1(23.99 %) F1(22.40 %)
= Active variables = Active observations = Active variables = Active observations

Fig. 6. Biplots for all observed parameters assessed in green gram from different doses of gamma rays. Red color indicated the parameters studied and blue

color indicated the different doses of gamma irradiation

Plant Science Today, ISSN 2348-1900 (online)



138 VASUDEVAN ETAL

Authors contributions

Laboratory experiment, analysis of data, interpretation
and statistical analysis was conducted by DAB and VS;
Fieldwork and data collection for VS; composing a
manuscript VS, DAB, AR, SG, KY, GB and BV.

Compliance with ethical standards

Conflict of interest: The authors declare no conflict of
interest.

Ethical issues: None.

References

1.

10.

11.

12.

13.

Van Eenennaam AL, Wells KD, Murray JD. Proposed US
regulation of gene-edited food animals is not fit for purpose.
npj Science of Food, Nature 2019; 3(1): pp. 1-7. https://
doi.org/10.1038/s41538-019-0035-y

Hasbullah NA, Taha RM, Saleh A, Mahmad N. Irradiation
effect on in vitro organogenesis, callus growth and plantlet
development of Gerbera jamesonii. Hortic Bras. 2012; 30:252-
57. https://doi.org/10.1590/51516-89132012000300012

Vardhan PV, Shukla LI. Gamma irradiation of medicinally
important plants and the enhancement of secondary
metabolite production. Int J Radiat Biol. 2017; 93:967-79.
https://doi.org/10.1080/09553002.2017.1344788

San Martin W. Global nitrogen in sustainable development:
four challenges at the Interface of science and policy. Life on
Land, 2021; 485-99. https://doi.org/10.1007/978-3-319-95981-
8_114

Stainier DY, Raz E, Lawson ND, Ekker SC, Burdine RD, Eisen
JS, Ingham PW, Schulte-Merker S, Yelon D, Weinstein BM,
Mullins MC., 2017. Guidelines for morpholino use in zebrafish.
PLOS genetics 13(10) p.e1007000. https://doi.org/10.1371/
journal.pgen.1007000

Jankowicz-Cieslak J, Mba C, Till BJ. Mutagenesis for crop
breeding and functional genomics. In: Biotechnologies for
Plant Mutation Breeding 2017; 3-18. Springer, Cham. https://
doi.org/10.1007/978-3-319-45021-6_1

Patil BM, Rane GM. Gamma radiation induced chlorophyll
mutations in cluster bean (Cyamopsis tetragonoloba (L.)
Taub) var. NCB-12. Int J Allied Pract Res Rev. 2015; 2: 75-85.

Asare AT, Mensah F, Acheampong S, Asare-Bediako E, Armah
J. Effects of gamma irradiation on agromorphological
characteristics of okra (Abelmoschus esculentus L. Moench.).
Advances in Agriculture 2017;2385106 https://
doi.org/10.1155/2017/2385106

Yamaguchi H. Mutation breeding of ornamental plants using
ion beams. Breeding Science. 2018;68(1):71-78. https://
doi.org/10.1270/jsbbs.17086

International Atomic Energy Agency (IAEA)., Mutant variety
database. https://mvd.iaea.org, 2017

Arisha MH, Shah SN, Gong ZH, Jing H, Li C, Zhang HX. Ethyl
methane sulfonate induced mutations in M2 generation and
physiological variations in M1 generation of peppers
(Capsicum annuum L.). Front Plant Sci. 2015; 6:399. https://
doi.org/10.3389/fpls.2015.00399

Kowalewska A. Mung beans nutritional value and recipes.
Feed the future, The U.S. Government global hunger and
food security initiatives. 2018. https://ingenaes.illinois.edu/
wp-content/uploads/INGInfo-Sheet-2018_05-Mungbeans-
nutritional-value-recipes- Kowalewska.pdf

Uzoh IM, Igwe CA, Okebalama CB, Babalola OO. Legume-

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

maize rotation effect on maize productivity and soil fertility
parameters under selected agronomic practices in a sandy
loam soil. Scientific Reports. 2019;9(1):1-9. https://
doi.org/10.1038/s41598-019-43679-5

Ramesh M, Vanniarajan C, Ravikesavan, Eraivan Arutkani
Aiyanathan K, Mahendran PP. 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. 2019; 10(2):957-62. https://
doi.org/10.5958/0975-928X.2019.00123.6
Gustafsson A. Induction of changes in genes and

chromosomes Il. Mutation, environment and evolution. Cold
spring Harbour Symp, Quant. Bio. 1951; 16:263-81. https://
doi.org/10.1101/SQB.1951.016.01.021

Azigwe C, Zoryeku PAD, Asante IK, Oppong-Adjei F. Effect of
gamma irradiation on chlorophyll content in the cowpea
(Vigna unguiculata (L.) Walp). Ghana J. Sci. 2020; 61 (2): 113-
17. https://dx.doi.org/10.4314/gjs.v61i2.11

Matthew P. Johnson; Photosynthesis. Essays Biochem. 2016;
60 (3): 255-73. https://doi.org/10.1042/EBC20160016

Das TR, Misra RC, Sahu PK. Efficiency of mutagenic
treatments in expression of macro and micro mutations in
M2 generation in greengram and its early predictability on
basis of M1 parameters. Environment & Ecology. 2006;24
(2):283-88.

Konzak CF, Nilan RA. Wagner J, Foster RJ. Efficient chemical
mutagenesis. The use of induced mutations in plant breeding
(FAO / IAEA Meeting, Rome). Radiat Bot., (Suppl.) 1965;75:49-
70.

Julia T, Renuka T, Nanita H, Jambhulkar S. Mutagenic
effectiveness and efficiency of gamma rays in Indian mustard
(Brassica juncea L. Czern and Coss) Int J Curr Microbiol Appl
Sci. 2018;7:3376-86. https://doi.org/10.20546/
ijcmas.2018.703.390

Guei RG, Sanni KA, Fawole AFJ. Genetic diversity of rice (O.
sativa L.). Agron Afr. 2005;5:17-28.

Gustafsson A. The mutation system of the chlorophyll
apparatus. Lunds Univ Arsskr. 1940;36:1-40.

Gaul H. Critical analysis of the methods for determining the
mutation frequency after seed treatment with mutates.
Genetic Agrigaria. 1960;12(3, 4):297-318.

Nilesh Pawar, Sandeep Pai, Mansingraj Nimbalkar, Firdose
Kolar, Ghansham Dixit. Induction of chlorophyll mutants in
Zingiber officinale Roscoe by Gamma Rays and EMS. Emir J
Food Agric. 2010; 22 (5): 406-11. http://ffa.uaeu.ac.ae/
ejfa.shtml https://doi.org/10.9755/ejfa.v22i5.4828

Vairam N. Mutation Studies for the improvement of Elite
Unexplored traits in Green gram (Vigna radiata L.) Wilczek).
Phd. (Ag) Thesis, AC and RI. Madurai, 2014.

Rukesh AG, Rahuman MA, Latitia SC, Packiaraj D. Impact of
gamma irradiation induced mutation on morphological and
yield contributing traits of two genotypes of Green gram
(Vigna radiata L.). Journal of Pharmacognosy and
Phytochemistry. 2017; 6(6):1229-34.

Arulsevi S, Suresh S, Dhole VJ. Occurrence of chlorophyll
deficient mutants in the mutated populations of greengram
(Vigna radiata (L.) Wilczek). Electronic Journal of Plant
Breeding. 2019;10(1):303-06. https://doi.org/10.5958/0975-
928X.2019.00038.3

Sanjay Gandhi E, S Umavathi, L Mullainathan. Studies on
induced chlorophyll mutants in green gram (Vigna radiata
(L.) Wilczek). International J of Advanced Res. 2014; 2(2):01-
04.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1038/s41538-019-0035-y
https://doi.org/10.1038/s41538-019-0035-y
https://doi.org/10.1590/S1516-89132012000300012
https://doi.org/10.1080/09553002.2017.1344788
https://doi.org/10.1007/978-3-319-95981-8_114
https://doi.org/10.1007/978-3-319-95981-8_114
https://doi.org/10.1371/journal.pgen.1007000
https://doi.org/10.1371/journal.pgen.1007000
https://doi.org/10.1007/978-3-319-45021-6_1
https://doi.org/10.1007/978-3-319-45021-6_1
https://doi.org/10.1155/2017/2385106
https://doi.org/10.1155/2017/2385106
https://doi.org/10.1270/jsbbs.17086
https://doi.org/10.1270/jsbbs.17086
https://mvd.iaea.org
https://doi.org/10.3389/fpls.2015.00399
https://doi.org/10.3389/fpls.2015.00399
https://ingenaes.illinois.edu/wp-content/uploads/INGInfo-Sheet-2018_05-Mungbeans-nutritional-value-recipes-%20Kowalewska.pdf
https://ingenaes.illinois.edu/wp-content/uploads/INGInfo-Sheet-2018_05-Mungbeans-nutritional-value-recipes-%20Kowalewska.pdf
https://ingenaes.illinois.edu/wp-content/uploads/INGInfo-Sheet-2018_05-Mungbeans-nutritional-value-recipes-%20Kowalewska.pdf
https://doi.org/10.1038/s41598-019-43679-5
https://doi.org/10.1038/s41598-019-43679-5
https://doi.org/10.5958/0975-928X.2019.00123.6
https://doi.org/10.5958/0975-928X.2019.00123.6
https://doi.org/10.1101/SQB.1951.016.01.021
https://doi.org/10.1101/SQB.1951.016.01.021
https://dx.doi.org/10.4314/gjs.v61i2.11
https://doi.org/10.1042/EBC20160016
https://doi.org/10.20546/ijcmas.2018.703.390
https://doi.org/10.20546/ijcmas.2018.703.390
http://ffa.uaeu.ac.ae/ejfa.shtml
http://ffa.uaeu.ac.ae/ejfa.shtml
https://doi.org/10.9755/ejfa.v22i5.4828
https://doi.org/10.5958/0975-928X.2019.00038.3
https://doi.org/10.5958/0975-928X.2019.00038.3

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Kousar Makeen, G Suresh Babu. Mutagenic effectiveness and
efficiency of gamma rays, sodium azide and their synergistic
effects in urd bean (Vigna mungo L.). World Journal of
Agricultural Sciences. 2010;6(2):234-37.

Yogalakshmi S. Induced mutagenesis in black gram [Vigna
mungo (L.). Hepper] for identification of new plant type.
M.Sc. (Ag.) Thesis, Tamil Nadu Agric Univ., Coimbatore, 2013.

Digbijaya Swain, Bhabendra Baisakh, Swapan K Tripathy and
Devraj Lenka. Mutagenic effect of gamma rays, EMS, NG and
their combinations for induction of Chlorophyll and macro-
mutations in mungbean (Vigna radiata (L.) Wilczek) (2019)
Journal of Pharmacognosy and Phytochemistry. 2019;8
(5):2489-95.

Aamir Raina, Rafiul Amin Laskar, Mohammad Rafiq Wani,
Basit Latief Jan, Sajad Ali and Samiullah Khan. Comparative
mutagenic effectiveness and efficiency of gamma rays and
sodium azide in inducing chlorophyll and morphological
mutants of cowpea plants. 2022;11:1322. https://
doi.org/10.3390/plants11101322

Dhanavel D, Pavadai P, Mullainathan L, Mohana D, Raju G,
Girija M. Effectiveness and efficiency of chemical mutagens in
cowpea (Vigna unguiculata (L.) Walp.). African Journal of
Biotechnology. 2008;7:4116-17.

Goverdhan G, Lal GM. Mutagenic effectiveness of gamma rays
in field pea (Pisum sativum L.). Indian Journal of Plant
Sciences. 2013;2(3):73-76.

Wani MR, Dar AR, Tak A, Amin |, Shah NH, Rehman R, Baba
MY, et al. Chemo-induced pod and seed mutants in mung
bean (Vigna radiata (L.) Wilczek). SAARC Journal of
Agriculture. 2017;15:57-67. http://dx.doi.org/10.3329/
sja.v15i2.35161

Laskar RA, Laskar AA, Raina A, Khan S, Younus H. Induced
mutation analysis with biochemical and molecular
characterization of high vyielding lentil mutant lines.
International Journal of Biological Macromolecules.
2018;109:167-79. https://doi.org/10.1016/
j.ijbiomac.2017.12.067

Shinde MS. Induced mutation in Guar (Cyamopsis
tetragonoloba (L.) Taub.). Ph.D. Thesis, University of Pune,
2013.

Veni K, Vanniarajan C, Souframanien J. Effect of gamma rays
on quantitative traits of Urdbean in M, generation. Adva in
Life Sci. 2016;5(6):2066-70.

Girija M, Dhanavel D. Effect of gamma rays on quantitative
traits of cowpea in M; generation. Inter Jour of Res in Biol Sci.
2013;3(2):84-87.

Yasmin K, Arulbalachandran D. Effect of Gamma Rays on
morphological and quantitative traits of Black gram (Vigna
mungo (L.) Hepper) in M1 Generation. Inter Jour Curr Tre in
Res. 2016;4(2):5-12.

Ignacimuthu S, Babu CR. Radio sensitivity of the wild and
cultivated urd and mung beans. Indi J Genet. 1988;48:331-42.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

139

Kumar Y, Mishra VK. Effect of gamma rays and diethyl
sulphate on germination, growth, fertility and yield in green
gram (Vigna radiata (L.) Wilczek). Annu of Agric Res. 1999;20
(2):144-47.

Kumari V, Chaudhary HK, Prasad R, Kumar A, Singh A,
Jambhulkar S. Effect of mutagenesis on germination, growth
and fertility in sesame (Sesamum indicum L.). Annu Res and
Revi in Biol. 2016;10(6):1-9. https://doi.org/10.9734/
ARRB/2016/26983

Ravichandran V, Jaykumar S. Effect of gamma rays on
quantitative traits of sesame (Sesamum indicum L.) in M;
generation. Inter Jour of Adva Res. 2014; 2(8):593-97.

Deepalakshmi AJ, Anandakumar CR. Efficiency and
effectiveness of physical and chemical mutagens in urdbean
(Vigna mungo (L.) Hepper). Madras Agric J 2003;90(7-9):485-
89.

Abdul M, Khan AUR, Ahmad H, Muhammed Z. y irradiation
effects on some growth parameters of Lepidium sativum L.
ARPN Journal of Agricultural and Biological Science. 2010;5
(1):39-42.

Banu MR, Kalamani A, Ashok S, Makesh S. Effect of mutagenic
treatments on quantitative characters in M, generation of
cowpea (Vigna unguiculata (L.) Walp). Adva in Plan Sci.
2005;18 (2):505.

Thilagavathi C, Mullainathan L. Influence of physical and
chemical mutagens on quantitative characters of (Vigna
mungo (L.) Hepper). Inter Multidi Res Jour. 2011; 22;1(1):6-8.

Khan MR, Qureshi AS, Hussain SA, Ibrahim M. Genetic
variability induced by gamma irradiation and its modulation
with gibberellic acid in M, generation of chickpea (Cicer
arietinum (L.)). Pakis Jour of Bot. 2005;37(2):285.

Girija SP, Tambe AB, Apparao BJ. Induction of a Novel, high
yielding Mutant of Pigeon pea. Asi J Exp Biol Sci Spl. 2010;152
-55.

Karthika IR, Subba B. Effect of gamma rays and EMS on two
varieties of soybean. Asi Jour of Biolo Sci. 2006; 5:721-24.
https://doi.org/10.3923/ajps.2006.721.724

Khursheed T, Ansari MY, Shahab D. Studies on the effect of
caffeine on growth and yield parameters in Helianthus
annuus L. variety Modern. 2009.

Tahir A, Ilyas MK, Sardar MM. Selection criteria for yield
potential in a large collection of Vigna radiata (L.) accessions.
Euphytica. 2020;126-38. https://link.springer.com/
article/10.1007/s10681-020-02675-x https://doi.org/10.1007/
$10681-020-02675-x

Thippani S, Eshwari KB, Bramheshwar MV. Genetic
divergence in greengram (Vigna radiata (L.) Wilczek). Journal
of Progressive Agriculture. 2017;4(2):117-19.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.3390/plants11101322
https://doi.org/10.3390/plants11101322
http://dx.doi.org/10.3329/sja.v15i2.35161
http://dx.doi.org/10.3329/sja.v15i2.35161
https://doi.org/10.1016/j.ijbiomac.2017.12.067
https://doi.org/10.1016/j.ijbiomac.2017.12.067
https://doi.org/10.9734/ARRB/2016/26983
https://doi.org/10.9734/ARRB/2016/26983
https://doi.org/10.3923/ajps.2006.721.724
https://link.springer.com/article/10.1007/s10681-020-02675-x
https://link.springer.com/article/10.1007/s10681-020-02675-x
https://doi.org/10.1007/s10681-020-02675-x
https://doi.org/10.1007/s10681-020-02675-x

