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Abstract

Mutation breeding plays a vital role as a source of genetic diversity to im-
prove plant growth and development. Green gram (Vigna radiata (L.) R.
Wilczek) “Vamban 2” variety was selected for this investigation. The doses
applied to the healthy seeds of green gram were 100 Gy, 200 Gy, 300 Gy,
400 Gy, 500 Gy, 600 Gy, 700 Gy and 800 Gy and non-treated seeds were
kept as control throughout this study. A lethal dose (LD50) was observed
at 500 Gy, whereas seedling length, fresh and dry weight decreased as the
applied doses increased while compared to the control. Irradiated seed-
lings showed a decreased content of chlorophyll a compared to Chloro-
phyll b and increased carotenoid content compared to the control. Bio-
chemical characteristics such as reducing sugar, starch, protein, amino
acid and proline content were increased and noted maximum at 800 Gy.
Antioxidants and lipid peroxidation (MDA) increased gradually along with
increasing doses. FTIR analysis exhibited maximum functional groups at
600 Gy and ESR data showed ample hyperfine range of structure at
500 Gy, 600 Gy and 700 Gy. This investigation found considerable altera-
tions in morphology, photosynthetic pigment, biochemical characteris-
tics and antioxidant analyses, which suggest an idea to select an appro-
priate dose of gamma irradiation in green gram for successive breeding
programme.

Keywords

Green gram, gamma rays, antioxidant, biochemical characteristics, photosynthet-
ic pigments

Introduction

Green gram (Vigna radiate (L.) R. Wilczek), commonly known as mung
bean is one of the major pulse crops containing 26 % of protein, 51 % of
carbohydrates and 7 % of other elements (1). It is India's third most cru-
cial pulse crop after the chickpea and pigeon pea (2). It is a self-
pollinating legume crop with a short life span and provides lysine rich
seed protein compared to many cereals (3). Since it is a highly self-
pollinated crop, the natural crossing face limitations in producing new
genetic combinations spontaneously. Also, it is cultivated mainly under

Plant Science Today, ISSN 2348-1900 (online)


http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.14719/pst.2141
http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.2141&domain=horizonepublishing.com
http://www.horizonepublishing.com/
https://doi.org/10.14719/pst.2141
mailto:arul78bot@gmail.com

290 VASUDEVAN ET AL

rain-fed and poor soils conditions (4) that led to genetic
erosion and reduction in genetic variation over the years
(5). The available natural variation in green gram is insuffi-
cient to achieve the required improvement to get appro-
priate yield potential. Reports and information on natural
mutations in mung bean are scanty (6), and it requires in-
duced mutagenesis to achieve variations in the develop-
ment of novel traits. Generation of variations in crop varie-
ties is the vital step in the plant breeding programmes to
select the best performing genotypes by employing differ-
ent screening methods. Gamma irradiation is a proven
mutagen to generate genetic variation at the genome level
to confer the genotypic and phenotypic variations in crop
plants which is the base for crop improvement pro-
grammes (7). Gamma rays penetrate the cells and tissues
and produce ROS species, consequently inducing muta-
tions in seeds and other plant materials (8). Gamma irradi-
ation can modulate the photosynthetic process and bio-
chemical characteristics by producing these free radicals,
resulting in increased growth and seed yield. Of 3402 mu-
tants, 2581 were generated using physical mutagens, 1646
were produced using gamma rays and 39 green gram vari-
eties were released (https://nucleus.iaea.org/sites/mvd/
SitePages/Search.aspx). These novel varieties adapt
quickly to agro-climatic and environmental circumstances
(9). Thus, the present study was focused on evaluating the
effect of gamma irradiation in 7th day seedlings of green
gram on morphophysiological characteristics, biochemical
and antioxidant potential for optimizing a desirable dose
for developing novel variations in green gram.

Materials and Methods
Seed samples and mutagenic treatments

Green gram variety “Vamban 2” seeds were selected and
obtained from National Pulses Research Centre Vamban,
Pudukkottai, Tamil Nadu. Co® as a source of gamma irra-
diation was utilized from Bhabha Atomic Research Centre
(BARC), Trombay, Mumbai. Healthy, dry and well-matured
seeds covered with blotting paper were treated with vari-
ous doses of gamma rays (Gray - Gy) at 100 Gy, 200 Gy,
300 Gy, 400 Gy, 500 Gy, 600 Gy, 700 Gy and 800 Gy and un-
treated seeds were used as a control for this investigation.
The uncertainty range of about 1-3 Gy/sec was observed as
an average measurement of radiation. The gamma cham-
ber and Fricke dosimetry system were calibrated for
applied doses in line adhering to the guidelines of the In-
ternational Atomic Energy Agency. To obtain 7t day seed-
lings of green gram, irradiated seeds along with control
were grown in Petri plates (15 seeds /petri plate) under
laboratory conditions.

Germination %

Irradiated seeds along with control were kept for germina-
tion in petri plates with 2 layers of absorbent cotton cov-
ered with filter paper. The germination % was recorded on
5% day.

No of seeds germinated

Seed ination (%) = X100
eed germination (%) Total no of seeds kept for germination

Lethal dose 50% (LD so) was calculated based on germina-
tion %.

Morphological parameter analysis

Ten randomly selected seedlings were used to measure
the shoot and root length from each dose along with con-
trol on 7" day. Then, seedlings were separated into shoots
and roots to weigh the fresh weight after initial measure-
ment. Dry weight was measured after being stored in a hot
air oven (Scientec - India) over a period of 24 hrs at 80 °C.

Photosynthetic pigment analysis

In gamma irradiated seedlings, the chlorophyll parameters
were analyzed using the acetone method (10) and carote-
noid content (11). Fresh young leaves of about 200 mg
were grounded with 10 ml of 80% acetone and centrifuge
(Remi R 24) at 800 rpm for 10 min. After centrifugation, a
clear supernatant was obtained for analysis of photosyn-
thetic pigments. The absorbance/ optical density (OD) was
read at 663, 645 and 480 nm in UV spectrophotometer
(SL159, Elico, Hyderabad, India ) against 80 % acetone as a
blank. The outcomes were interpreted as mg/g fresh
weight of leaf. The following formula was used for the esti-
mation.

Chlorophyll ‘@’ = (12.7*A663) - (2.69*A645)
Chlorophyll ‘b’ = (22.9*A645) - (4.68*A663)
Carotenoids = A480 + (0.114* A663) - (0.638 * A645)

*A663, A645 and A480 are absorbance at 663,645 and
480 nm in the UV spectrophotometer respectively.

Biochemical analysis
Reducing sugar

A 200 mg of fresh shoot, root and leaf samples were macer-
ated with 10 mL of 80% ethanol and centrifuged (Remi R
24 - India) at 800 rpm for 15 mins. The supernatant was
saved by re-extraction of the residues and utilized for the
measurements. For estimation, 1 mL of the extract was
mixed with 1 mL of reagent C (prepare by mixing copper
sulphate and copper tartrate solution (25:1v/v) and incu-
bated for 20 mins at 100 °C in a boiling water bath (Sunbim
(India)). Then, 1mL of arsenomolybdate reagent was add-
ed after the mixture had been cooled. A final amount of 20
mL was made up by adding distilled water. The green col-
our complex was detected and it was read at 520 nm in the
UV spectrophotometer (SL159, Elico, Hyderabad, India).
The sugar content of the sample was calculated from the
standard graph using glucose and it was expressed in mg/g
fresh weight (12).

Starch

Starch content was estimated using the Clegg (1965) meth-
od (13). A soluble sugar extract was prepared by mixing it
with 6.5 mL of 52% perchloric acid (PCA) solution, 5 mL of
distilled water, and heated at 80°C for 30 min in a water
bath (Sunbim-India). The homogenate was centrifuged
(Remi R 24- India) at 800 rpm for 15 mins. The supernatant
was kept and utilized for the estimation of starch. From
the supernatant, 1 mL of the extract was taken and mixed
with 10 mL of the anthrone reagent and it was diluted with
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5 mL of deionized water. The sample was heated in a
boiling water bath at 100°C for 10 min. Absorbance was
read at 630 nm in a spectrophotometer and the content
was expressed in mg/g fresh weight.

Protein

The protein content was estimated according to standard
procedure (14). A 500 mg of the fresh shoot, root and leaf
tissue were ground with 20 mL of 20 % Trichloroacetic acid
(TCA) in a pestle and mortar. The homogenate was spun at
800 rpm for 15 min in a centrifuge (Remi R 24- India). The
supernatant was made up to 10 mL with 0.1N NaOH and
used for the estimation of protein content. The blue colour
complex was read against the blank (reagent without ex-
tract) at 640 nm in a UV spectrophotometer (SL159, Elico,
Hyderabad, India). Bovine serum albumin was used as a
standard graph to calculate protein content. It was ex-
pressed in mg/g fresh weight.

Amino acid

The free amino acid was estimated according to stand-
ard procedure (15). A 500 mg of plant tissue was taken
and homogenized with 10 mL of 80 % boiling ethanol.
The extract was centrifuged (Remi R 24 - India) at 800
rpm for 15 min and the supernatant was made up to 10
mL with 80 % ethanol. For estimation, 1 mL of extract
was taken and neutralized with 0.1N NaOH and methyl
red indicator and then 1 mL of Ninhydrin reagent was
added and it was incubated at 65 °C for 20 mins in boil-
ing water bath (Sunbim-India). When cooled, the ex-
tract was transferred into a 2 mL cuvette and the ab-
sorbance was read at 570 nm in a UV Spectrophotome-
ter (SL159, Elico, Hyderabad, India). The free amino
acid was expressed in mg/g fresh weight.

Proline

Proline was extracted and estimated (16). A 500 mg of
frozen plant material was ground with 10 mL of 3 %
aqueous sulphosalicylic acid in a pestle and mortar.
The homogenate was spun at 800 rpm for 10 mins in a
centrifuge (Remi R 24). The extract was used for the
estimation of proline. The estimation was done by mix-
ing the 2 mL of an extract with 2 mL of ninhydrin and 2
mL of glacial acetic acid. It was incubated at 100°C for 1
hr in a heating mantle (Sunbeam- India) and it was
cooled by keeping it in an ice bath. Finally, 4 ml of tolu-
ene was added and the absorbance was read at 520 nm
in the UV spectrophotometer (SL159, Elico, Hyderabad,
India) using the reagent as a blank. The proline content
was determined from the standard graph and ex-
pressed in mg/g fresh weight.

Lipid peroxidation

Lipid peroxidation can be estimated (19) by detecting
the malondialdehyde (MDA) concentration at 532 nm.
Utilizing an extinction value of 155 mM* cm?, it was
calculated. For extraction 0.1g of leaf tissues were ho-
mogenized with 0.5 mL of trichloroacetic acid (TCA)
(W/V) and it was centrifuged (Remi R 24) at 15000 rpm
for 10 mins. The supernatant was collected and mixed
with 1.5 mL of 0.5% of Thiobarbituric acid (TBA) diluted
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in 20 % TCA. It was incubated in a water bath at 95 °C
for 25 min and then cooled by an ice bath. The absorb-
ance was measured at 532 and 600 nm in the UV Spec-
trophotometer (SL159, Elico, Hyderabad, India). MDA
concentration was calculated using Lambert beer law
with an extinction coefficient of 155 mMZcm™. Results
are presented as MDA g/FW.

Enzymatic antioxidant activity

Catalase activity was measured (17) and Peroxidase by
Machly and Chance (18). The extraction buffer consists of a
50 mM phosphate buffer (pH 7.0). Plant material was ho-
mogenized in 5 mL of extraction buffer and centrifuge
(Remi R 24) at 4000 rpm for 20 min. For estimation, 2.6 mL
of 50 mM potassium phosphate buffer, 0.4 mL of 15 mM
H.0, and 0.04 mL of enzyme extract made up the assay
combination for catalase. Monitoring the disappearance of
H,0, at 240 nm allowed for the determination. The peroxi-
dase assay combination for estimation consisted of 2 mL
of 0.1 N phosphate buffer, 1 mL of 0.01 M pyrogallol, 1 mL
of 0.005 M H,0, and 0.5 mL of enzyme extract. The absorb-
ance of crude extract was measured at 420 nm in a UV-
Spectrophotometer (SL159, Elico, Hyderabad, India).
Units/mg protein was used to express the enzyme activity.

Electronic spin resonance (ESR) analysis

In order to find the ROS species, gamma-irradiated green
gram seed samples were placed in ESR quartz tubes along
with control. The ESR spectra were recorded at room tem-
perature with the Bruker Biospin EMX spectrometer oper-
ating at X-band (9.1 GHz). ESR spectra were observed with
microwave power of 5mW, amplitude of 2.5 G and receive
gain of 2x10* at modulation frequency of 9.1 GHz. The vari-
ations in the steady state of the relative concentration of
the paramagnetic species generated at different absorbed
doses were obtained. The signal's intensity was calculated
as the peak and reported as arbitrary units per kg of sam-
ple weight (AU/mg) was analyzed at Indian Institute of
Technology, Mumbai, India.

Fourier transforms infrared spectroscopic (FTIR) analysis

Using gamma-irradiated samples of mung bean seed pow-
der, Fourier Transform Infrared Spectroscopy (FTIR) was
performed to identify the functional groups characteristic
peaks of biological components. Using the potassium bro-
mide (kBr) pellet method, the spectra of samples that had
and had not been exposed to radiation were obtained. The

peaks were found between 4000-400 cm™ at room temper-
ature. FTIR analysis was done at Archbishop Casimir In-
strumentation Center (ACIC), St. Joseph's College, Tiruchi-
rappalli, Tamil Nadu, India.

Data analysis

Analysis of the sample was done seven days after germina-
tion of seedlings. Results are given as the mean + standard
error. Experimental data were statistically assessed using
one-way analysis of variance. The correlation was tested
with Dennett's test at a 5% level of probability (P < 0.05),
and the correlation was examined using IBM SPSS Statis-
tics 21 software.

Plant Science Today, ISSN 2348-1900 (online)



292 VASUDEVAN ET AL

Results (a)

Germination %

Gamma irradiated green gram seeds showed highest re-
duction of seed germination in 800 Gy (27%). Based on the
seed germination % on the 7t day the LD50 values were
fixed at 500 Gy and it means that 50 % of plants would be |
dead after the exposure of seeds to gamma irradiation — h—
(Fig. 1a) - =
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Fig. 1a. Effect of gamma irradiation on seed germination.
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caused the maximum reduction of seedling length (4.86)
as compared to the control (16.26). Studying the fresh and
dry weight (g) of shoots (S), roots (R) and leaves (L) reveals
that weight decreased with increasing doses as compared
to the control. When compared to the control seedlings (S:
0.094; R: 0.032; L: 0.067), 800 Gy showed a decrease in fresh
weight (S: 0.063; R: 0.006; L: 0.011). The dry weight was
also measured in the seedlings and 800Gy showed the de-
creased value (shoot: 0.005, root: 0.002 and leaf: 0.002) as

compared to the control (S: 0.017; R: 0.008; L: 0.013) (Fig.
2). Gamma Rays doses

0.06 0.08

Fresh weight (Root)
] .u.ilm
|ﬂ}“
&
|
|
| |
| |
|
| |
||

000 002

|

. |
/TS

, I
| B
{I=
ro

|

https://plantsciencetoday.online


https://plantsciencetoday.online

293

a -| | () content. It was observed that 800 Gy (1.689) increased ca-
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Photosynthetic pigment analysis

Chlorophyll estimation is one of the key criteria in deter-
mining yield capacity. Irradiated seedlings showed a signif-
icantly lower amount of the photosynthetic pigments and
a steady increase in carotenoid content as compared to
the control. Chlorophyll “a” was reduced maximum at 800
Gy (0.216) when compared to control (0.978). Chlorophyll
“b” was more when compared to chlorophyll "a" and less
when compared to the control. The greatest reduction was
recorded at 800 Gy (0.249) as compared to the control
(0.562). Gamma radiation treatment improved carotenoid

Fig. 3. Photosynthetic parameter analysis. a) Chlorophylla b) Chlorophyllb
¢) Carotenoid Boxplot followed by the same letter is not different at the 1%
level of significance based on Dun-can’s Multiple Range Test. T1- Control, T2-
T9 - Doses from 100 Gy - 800 Gy.

Biochemical analysis

Depending on the dosages of gamma irradiation, the bio-
chemical composition of the seedlings exhibited some
variations with increased doses of irradiation up to 600 Gy.
When compared to the control, the effect of gamma irradi-
ation on the reducing sugar, starch, protein, and amino
acid content was increased. Increased irradiation dose
resulted in increased sugar content when compared to
control (S: 0.821; R: 0.464; L: 0.542), it exhibited maximum
content at 600Gy (S: 1.084; R: 1.080; L: 1.008). The average
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starch content was recorded in 600 Gy (S: 2.422; R: 1.458;
L: 1.087), which was higher than in the control (S: 1.829;
R: 1.398; L: 0.478). The protein content was boosted in
600 Gy (S: 3.594; R: 2.999;L: 3.721) as compared with con-
trol (S: 2.488; R: 2.396; L: 2.079)(Fig. 4a). An increase in
gamma irradiation dose led to an increase in amino acid
content in comparison to control (S: 0.743; R: 0.705;
L: 0.456), it displayed the maximum value in 600Gy
(S: 0.829; R: 0.826; L: 0.792). Proline exhibited more con-
tent in 600 Gy (S: 1.572, R: 1.398, L: 1.387) than in control
(S: 1.518, R: 1.324, L: 1.324). MDA content in leaf tissues
subjected to gamma irradiation caused a linear increase
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Enzymatic antioxidant activity

Under the growth conditions of this experiment, CAT and
POD activity were increased with increased doses. CAT
activity recorded the maximum level in 800 Gy (S: 2.740; R:
2.721; L: 2.809) compared to control (S: 2.571; R: 2.345; L:
2.166). POD activity showed a significant increase in 800 Gy
(S: 7.103; R: 6.829; L: 6.567) than control seedlings (S:
3.156; R: 3.062; L: 3.177) (Fig. 5.)
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Correlation coefficient analysis

Through correlation, characteristics suchas ~ morpholo-
gy, photosynthetic pigments and antioxidants are clearly
analyzed. Positive character correlation is thought to be
advantageous in this analysis, while negative character
correlation is thought to cause delays in the recovery of
these combinations. Gamma radiation and various seed-
ling characteristics exhibited a strong association with

each other. Except for carotenoid concentration and anti-
oxidant enzymes like catalase and peroxidase activity, al-
most all of the characters had positive correlations and the
chlorophyll parameter, which denotes chlorophyll "a," had
a strong positive association. Since antioxidant enzymes
like catalase and peroxidase function as ROS scavengers to
shield seedlings from harm, their activity was highly nega-
tively connected with morphological traits. The biochemi-
cal components had a highly substantial and positive asso-
ciation with one another, according to the Pearson corre-
lation coefficient. The significant information was depicted
in Supplementary Tables 1 and 2 for morphology and bio-
chemical content respectively.

ESR analysis of gamma irradiated samples

Asingle signal was observed in the ESR spectra of all irradi-
ated and non-irradiated green gram samples. The g-value
was set at 2.000 + 0.005 for an irradiated plant sample. In
the case of irradiated plant samples, the intensity of sig-
nals was increased with increased doses. The peak intensi-
ty was higher in 800 Gy as compared to the control.
Gamma irradiated green gram powder provided the typi-
cal spectrum of a central signal with a g factor of 2.005.
The spectrum of irradiated seed powder is exemplified in
Fig. 6.
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Fig. 6. ESR spectroscopy analysis of gamma irradiated and control of green
gram seed sample. X-band ESR spectrum of control and different dose of
gamma irradiated green gram seeds using 100-KHz modulation frequency,
microwave power 5 mW. Circles are indicating ESR spectrum of peaks with g-
value 2.00.

FTIR spectroscopy analysis of gamma irradiated samples

The FTIR spectrum of gamma irradiated presented a num-
ber of peaks between 4000- 400 cm® due to various
stretching bands of biomolecules such as proteins, amino
acids, lipids, carbohydrates and various fingerprint
regions. The FTIR spectrum showed a broad spectrum in
both irradiated and non-irradiated (control) green gram
samples. The peak came in the range between
3712-2839 cm, such as 3305 cm, 2928 cmin the control
and 3458 cm?, 3366 cm® 3343 cm?and 3308 cmlin
irradiated samples consigned to hydroxyl compounds.
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Peaks obtained in 2922 cm?, 2926 cm™ 2928 cm™ 2929 cm*!
and 2931 cm™ mainly characterized C-H extending vibra-
tion by lipids. The peaks at 1650 cm™, 1644 cm!, 1546 cm’,
1545 cm?, 1542 cm™ and 1540 cmin irradiated samples as
amino acids and also indicated the presence of the aro-
matic compounds.

The bands that appeared between 1500-1100 cm™
were found to be the presence of the carbonyl group, and
the peaks obtained between 1200-900 cm?, 922-770 cm
and 1300-600 cm™ attributed to the presence of polysac-
charides which represents the carbohydrates. Absorption
bands between 400-560 cm™and peaks at 530 cm?,
529 cm?, 440 cm™ and 439 cmwere found to be the pres-
ence of halogen compounds, which also specified the
presence of starch molecules. From FTIR analysis, signifi-
cant changes have been recorded in the functional groups
when green gram seeds were subjected to gamma irradia-
tion. The occurrence of these compounds revealed the
presences of protein, amino acid, carbohydrates and
starch. Lipids and transmittance % of these characteristics
was represented in Fig. 7.

120,00 @
100,00
'-é £0.00
£ 60,00
E control
E 40,00
20.00
.00 -
4] 1000 2000 3000 4000 5000
Wavelength em-1
12004 )
100,00
f BO.00
£ so.00
=]
-1 —_— 100 Gy
E 4000
20.00
0.00 -
L] 1000 200 3000 A00H 000
\V.l‘-&lfhﬂh cm-1
120
5]
100
2
« B0
]
"
= #
E — 200 Gy
E 40
20
o
L] 10040 2004 3000 4000 000
Wavelengih cm-1
120
()
100
&
w B0
-
3
= &b
F
B —_— 300 Gy
[E 40
20

1] 1000 2000 3000
Wavelength em-1

A0 S0

297

1200
{ed
100
&
. B0
]
o
E 60
=
8 —_—00 Gy
E 40
0
o
o 1000 2000 3000 4000 SO
Wavelength em-1
120 (5}
100
ES
e 30
&
”
= 60
[
g — 500 Gy
4
’E 0
20
0
0 1000 2000 3000 4000 2000
Wavelength em-1
120
&
100
‘; 50
=
= 60
=
= L — G0 Gy
E 40
20
0
o 1000 il 3O Bl S04H
Wavelength em-1
120 ]
100
Ea
e B30
1
-
= 60
-
E — 700 Gy
& 4
20
0
1] 10040 2000 3000 4000 S000
Wavelength cm-1
120
®
100
ES
o 50
H
=~
= 60
2
) — 800Gy
= 40
-
20
0
0 1000 2000 3000 4000 2000

Wavelength cm-1

Fig. 7. FTIR analysis of biochemical component of gamma irradiated green
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Discussion

In this study gamma irradiated green gram seeds of 100
Gy, 200 Gy, 300 Gy, 400 Gy, 500 Gy, 600 Gy, 700 Gy and
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800 Gy doses were grown in petri plates and morphology
parameters were observed on Tth day. Reduction in seed
germination was observed due to the disturbance at the
cellular level caused in meristematic tissue of the radical/
plumule or by chromosomal damage (20). Similar inhibi-
tory effects were reported in Vigna mungo (21) and Pisum
sativum (22). The study findings also showed that a higher
dose of gamma radiation was sufficient to reduce the root
percentage while not exceeding in length. It resulted in
deteriorated cell division in the meristem and decreased
the moisture content of seeds (23). Rising doses resulted in
a decrease in seedling length, which was revealed in green
gram (24), chickpea (25) groundnut (26) and paddy (27).
A reduction in the weight of seedlings was also noted in
this study, and the similarity was seen in crops such as rice
(28), Lepidium sativum (29) and Vigna sesquipedalis (30).
Chlorophyll separation from its protein complex through
de-phytolization can gradually reduce the chlorophyll con-
tent after gamma irradiation treatment. A dose-dependent
significant variation in chlorophyll a and b content was
discovered, and chlorophyll b was less abundant than
chlorophyll a (31). The limitation of photosynthetic activity
can be done by destroying the chlorophyll molecules (32,
33). Biosynthesis or degradation of chlorophyll b’s precur-
sors causes its breakdown rather than chlorophyll a
inhibiting gamma irradiation on seedlings increased chlo-
rophyllase activity, promoted chlorophyll deprivation and
decreased photosynthetic activity (34). In this study, carot-
enoid concentrations were increased by 800 Gy. According
to one report (35), carotenoid levels increased at the same
level of irradiation, whereas chlorophyll a and b were
essentially insensitive to it. Carotenoids are crucial for pro-
tecting chlorophyll from oxidative damage and scavenging
free radicals in light (36). Studies of correlation can be
used to identify features and highlight the scope and con-
straints of choosing desirable traits. It assesses the interre-
lationships between the characteristics, and all of them
had positive correlations with one another, except carote-
noids.

The biochemical investigation showed the benefi-
cial effect on seedlings of gamma irradiation treatment,
which produces free radicals (37). Plant cells evolve a
defense mechanism against gamma radiation (38). In-
creases in biochemical traits, including sugar and starch
content were observed in 600 Gy, and a similar effect was
shown in lupine (39). At 800 Gy, the protein content was
enhanced. Gamma-irradiation responses to protein syn-
thesis can result in the breakdown of protein molecules
into free amino acids (40).

High irradiation doses provide high chemical ex-
tractability by creating a disulfide bond between polypep-
tide chains, which has an impact on accumulation and
conforms to the presence of low molecular weight pro-
teins (41). The same outcome was attained with soybean
seeds (42). The generation of free radicals may contribute
to the alteration in amino acid by gamma irradiation. The
findings of irradiated soy flour (43), sesame (44) and mung
bean (45) were in agreement with findings made in this
study. Proline functions as an osmoregulatory system to

protect enzyme structure and activity against stress. It
lessened the in vitro enzyme denaturation brought on by
different stresses (46). The outcome displays increased
proline content in wheat (47), Allium sativum (48) and Ter-
minalia arjuna (49), all of which have considerably favora-
ble correlations with one another.

Gamma radiation promotes the synthesis of anti-
oxidant enzymes, enhances the production of ROS and
can also alter several environmental stresses (50, 51).
Catalase, peroxidase and lipid peroxidation activities
showed the highest production at 800 Gy. Catalase ac-
tivity was controlled by the radiation exposures during
the developmental phase (52) and it reduced the dam-
age caused by irradiation (53). It was stimulated by irra-
diation at 5 kGy in  Vicia faba L. (54) and also seen in
two rice cultivar seeds at irradiation of 200 Gy (55). Pe-
roxidase is more effective than catalase due to its pro-
tective action in removing H:0, (56). Comparable re-
sults were observed in Phaseolus vulgaris (57) and Triti-
cum aestivum (58). Free radicals like O, and H,0;accu-
mulation by gamma radiation distressed the system for
removing them and caused lipid peroxidation. Different
MDA concentrations were used as a marker for the oxi-
dation of cell membranes brought on by stress. When
plant cells were damaged and free radicals were pro-
duced, the MDA content increased. The MDA concentra-
tion was increased when the plant cells were injured by
the production of free radicals (59). A study found that
the enhanced content was present in chickpeas, Zizania
latifolia (60), soybean (61) and rice (62). The intensity of
band produced by ESR signals was gradually increased
in higher doses of gamma irradiation. It reacted rapidly
with almost all the structural and functional molecules.
ROS species produced by radiation may acted as stress
signal and triggered the production of antioxidants.

FTIR analysis is a technique used to explore the
biochemical compounds and functional groups that
were obtained in irradiated samples. In Coca seeds (63)
and in rice seedlings (64), the peak ranged between
3712-2839 cm, such as 3305 cm™and 2928 cmin con-
trol and 3458, 3366, 3343and 3308 cmin irradiated
samples were consigned to hydroxyl compounds. It was
declared that the vibration caused by lipids comes un-
der the range between 3000-2800 cm™ (2922, 2926,
2928, 2929,and 2931 cm?) (65). According to one re-
port the maximum intensity obtained at 1650, 1644,
1546, 1545, 1542 and 1540 cmin irradiated samples
were comprised of amino acids and amide | and amide
Il bands of protein absorption (66). The metabolites
such as carbohydrates were screened in the peaks ob-
tained between 1200-900 cm, 922-770 cm™® and 1300-
600 cm(67) and the presence of starch molecules was
shown between 400-560 cm?such as 530, 529, 440 and
439 cm™ (68). Thus, from the above findings, it could be
concluded that  gamma irradiation had a significant
effect on morphology and biochemical and antioxidant
activities. Among the doses, 600 Gy showed incredible
changes and the bargain was obtained at 800 Gy.
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Conclusion

In this study, gamma irradiated green gram seeds revealed
an increased values of morphological characteristics such
as germination %, plant height, fresh and dry mass at upto
500 Gy and gradually decreased with higher doses. Chloro-
phyll a and b showed decreased value due to chloroplast
damage, but carotenoids which served as antioxidants
were increased based on the free radical production de-
tected by ESR spectroscopy. Biochemical characteristics
such as reducing sugar, starch, protein, amino acids and
proline content were increased with increased doses and
their frequencies were identified by FTIR. As a result, this
study, suggests that lower doses of gamma irradiation
could be employed to create novel genotype with desired
features for crop development.
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