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Highlights 1 

 Irradiating flowering plants with Gamma (γ) rays produces mutants that are tolerant to 2 

abiotic stress.  3 

 Several doses of γ radiation (100-800 Gy) were applied to green gram seeds in the 60Co γ 4 

chamber.  5 

 Changes in morphology with decreased levels were observed under ESR Spectroscopy.  6 

 Seedlings exposed to γ radiation had fewer photosynthetic pigments (chlorophyll a & b) 7 

and increased amounts of carotenoids.  8 

 Antioxidant enzymes were increased in irradiated seedlings which act as free radical 9 

scavengers.  10 
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2 

Abstract 21 

One of the key sources of genetic variability that is ultimately used in the plant 22 

development program is mutations. In order to improve crops, mutagens are used, and mutants 23 

have been obtained from induced mutations. Gamma irradiation is one of the mutagens that 24 

helps to quantify the frequency and patterns of alterations in particular plants. In this present 25 

study, the gamma irradiation effect was investigated by germination study and physiological 26 

characteristics of green gram. Seeds were exposed to a gamma source (CO60) at doses ranging 27 

from 100, 200, 300, 400, 500, 600, 700, and 800, with a non-irradiated sample as a control. 28 

Our results show that the germination percentages as well as morphological parameters of 29 

seedlings (root length, shoot length, fresh weight, and dry weight) decreased with increasing 30 

irradiation doses. These findings were confirmed by ESR spectroscopy with the g-factor at 31 

2.000 ± 0.005. The photosynthetic pigments such as chlorophyll a and b were decreased in 32 

irradiated seedlings compared to control, where carotenoid content was increased. Biochemical 33 

content such as protein, amino acid, reducing sugar, starch and proline content was increased 34 

with increasing doses and it was concerned with various stretching bands analyzed by FTIR 35 

analysis. MDA content was increased with increasing doses by the production of free radicals. 36 

Antioxidant enzymes such as catalase and peroxidase were increased in irradiated seedlings, 37 

which act as free radical scavengers. These results suggested that there had been up to 600 Gy 38 

significant changes in morphology, photosynthetic pigment, biochemistry, and antioxidant 39 

analyses.   40 

Keywords: Antioxidant; Biochemical Characteristics; ESR; FTIR; Gamma rays; 41 

Photosynthetic Pigments 42 
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1. Introduction 43 

Plant breeders can improve desirable features by using various mutagenic agents and 44 

molecular tools in traditional breeding by mutation breeding, which is a sensible and alluring 45 

alternative source [1]. Radiation or chemical mutagens are used to increase crop species 46 

variability [2] by changing a small number of genes to preserve the genetic background [3]. 47 

Out of 3402 mutants, 2581 were generated using physical mutagens, whereas 1646 were 48 

produced using gamma rays, and 39 green gram varieties were released 49 

(https://nucleus.iaea.org/sites/mvd/SitePages/Search.aspx). Induced mutagenesis by gamma-50 

irradiation is a fast and generally minimal expense way to deal with lead novel varieties with 51 

expected qualities, in contrast with traditional reproducing rehearses in designated crops. It is 52 

one of the most widely utilized physical mutagens and is effectively used in numerous crops, 53 

including sugarcane [4], barley [5], common bean [6] and fenugreek [7]. Gamma irradiation is 54 

a form of electromagnetic wave that has a high penetration capacity into molecules and can 55 

achieve ionization of the seed material by eliminating its electrons [8]. Gamma ray emitters are 56 

generated by humans using Co60 cells, which are often designed for industrial uses and 57 

considered an artificial source of radiation [8]. Exposure of seeds to gamma irradiation leads 58 

to mutagenic changes and enters the cells and tissues with high penetration before undergoing 59 

drastic changes. These changes can be strengthened as a direct physical result of gamma 60 

irradiation on DNA or as a result of reactive O2 species being produced. It can interact with 61 

DNA, cellular components and biomolecules, which causes ionization, changes in the way that 62 

proteins and enzymes work, and other metabolic alterations [1,9]. Radiation-induced DNA 63 

changes in plant seeds can be a potential source of variation in offspring. 64 

https://paperpile.com/c/SnpPFG/8bO7
https://paperpile.com/c/SnpPFG/Wfs7
https://paperpile.com/c/SnpPFG/RtO4
https://nucleus.iaea.org/sites/mvd/SitePages/Search.aspx
https://paperpile.com/c/SnpPFG/CIFX
https://paperpile.com/c/SnpPFG/WrY5
https://paperpile.com/c/SnpPFG/UyjD
https://paperpile.com/c/SnpPFG/82DU
https://paperpile.com/c/SnpPFG/3OHx
https://paperpile.com/c/SnpPFG/3OHx
https://paperpile.com/c/SnpPFG/KyWC+8bO7
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Irradiated seeds are reliant on DNA repair and gene rearrangement, which can cause 65 

aberrations in germination, morphology, and growth as well as produce mutant progeny, and 66 

these mutant progenies disrupt the enzymatic process and the metabolic pathway of the plant 67 

[10]. It is well known that gamma irradiation at lower doses induces and enhances plant 68 

development characteristics [11]. Germination and growth responses of plants to gamma 69 

irradiation typically rely on the radiation dosage quantity, exposure duration, and plant [12]. It 70 

has an impact on biomolecules, increasing the number of antioxidant enzymes and cellular 71 

membrane permeability potentials [13]. It can also be used to alter the physiological and 72 

biochemical characteristics [14], to produce free radicals [15], and to alter the seed yield [16]. 73 

The influence of gamma irradiation can modulate the photosynthetic process to increase growth 74 

[11, 17].  75 

According to research, gamma radiation causes oxidative stress by producing excessive 76 

levels of reactive oxygen species (ROS), including superoxide radicals (O2-), hydroxyl radicals 77 

(OH-), and hydrogen peroxide (H2O2) [18], which disrupts the cellular metabolism. 78 

Antioxidants are assumed to be a substance that can slow down, stop, or prevent the oxidation 79 

process, scavenge oxygen, and add hydrogen atoms to the structure of free radicals [19]. 80 

Gamma rays can be employed for basic research in functional genomics and gene discovery as 81 

well as for creating new mutant types employing local germplasm augmentation. These novel 82 

varieties are easily adaptable in a short amount of time to various agro-climatic and growing 83 

circumstances as well as environments with scarce resources [20]. Gamma radiation is 84 

recognized to have an impact on plant development as well as improvements in cytology, 85 

biochemistry, and morphological alterations in cells and tissues.  86 

https://paperpile.com/c/SnpPFG/N0my
https://paperpile.com/c/SnpPFG/IKRB
https://paperpile.com/c/SnpPFG/pTie
https://paperpile.com/c/SnpPFG/PXKt
https://paperpile.com/c/SnpPFG/rCUw
https://paperpile.com/c/SnpPFG/yMeg
https://paperpile.com/c/SnpPFG/tcOv
https://paperpile.com/c/SnpPFG/IKRB+HCfm
https://paperpile.com/c/SnpPFG/UCoN
https://paperpile.com/c/SnpPFG/5lTB
https://paperpile.com/c/SnpPFG/2P6O
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Green gram (Vigna radiata (L.) R. Wilczek) is a significant protein supplement crop in 87 

subtropical regions of the world. It is also a common short duration crop on the Indian 88 

subcontinent and comprises 26 % of protein, 51 % of carbohydrates, and 7 % of other elements 89 

[21]. In order to enhance and differentiate crops, it is imperative to provide a broad spectrum 90 

of variants through hybridization, recombination, mutation, and selection [22, 23]. Induced 91 

mutation is the best choice for the process of hybridization. Recombinant mutation and 92 

selection may achieve the most important requirements for effective crop development to give 93 

the spectrum of variants and to regenerate and restore the genetic variety in green gram [24]. 94 

Thus, to break the yield plateau in greengram, a suitable variety must be created in today’s 95 

intended environment. 96 

2. Materials and methods  97 

2.1. Seed samples and irradiation treatments  98 

 The genuine seeds of the vamban-2 variety of green gram (Vigna radiata (L.) R. 99 

Wilczek) were obtained from the National Pulses Research Centre in Vamban, Pudukkottai, 100 

Tamil Nadu, India.  In the current investigation, gamma rays were used to treat green gram 101 

seeds.  Irradiation from the 60Co Source fixed in the gamma cell 5000 installed at the Bhabha 102 

Atomic Research Centre (BARC), Trombay, Mumbai, was used in the present work. Green 103 

gram Var. Vamban-2 seeds that were healthy, dry, and uniform were subjected to treatments 104 

of 100, 200, 300, 400, 500, 600, 700, and 800 Gy. As a control, untreated seeds were used. 500 105 

seeds were utilized for each treatment. 106 

2.2.Morphological parameters 107 

https://paperpile.com/c/SnpPFG/6CN5
https://paperpile.com/c/SnpPFG/UMPm+IBw0
https://paperpile.com/c/SnpPFG/7x2u


 

 

 

 

 

6 

 

 

 

 

The shoot and root length will be measured in ten randomly selected seedlings from each 108 

dose along with control on the 7th day. The point of the root-stem transition region was taken 109 

as the total root length. The length between the stem tip and the point of the root stem transition 110 

region was taken as the stem length. The root length and the stem length were expressed in 111 

centimeters (cm) per plant. The seventh-day seedlings were separated into shoots and roots. 112 

The fresh weight of plants was determined by using an electronic balance, and the value was 113 

expressed in grams. They were kept in a hot air oven at 80 °C for 24 hours. After 24 hours, the 114 

dry weight of the shoot and root were weighed and recorded.  115 

2.3.Photosynthetic pigment analysis 116 

In gamma irradiated seedlings, the chlorophyll parameters were analyzed by using the 117 

acetone method [25] and carotenoid content [26]. The green, healthy, and young leaves were 118 

taken after 7 days of planting in the Petri dish with regular watering. Every sample was weighed 119 

out at approximately 0.2 g, and it was grounded with 10 ml of 80% acetone in a mortar and 120 

pestle. All the chlorophyll extracts were put into the centrifuge tube and centrifuged at 800 rpm 121 

for 10 minutes in the cooling centrifuge. The homogenate was re- extracted with 80% acetone 122 

until the green color disappeared in the residue. The clear supernatant after centrifugation was 123 

used for analysis of the content of chlorophyll a, chlorophyll b, and carotenoids. 2 ml of extract 124 

was transferred into a cuvette and the absorbance/ optical density (OD) was read at 663, 645 125 

and 480 nm for chlorophyll a, chlorophyll b and carotenoids in a spectrophotometer against 80 126 

% acetone as a blank. The outcomes were interpreted as milligrams per gram of fresh leaf 127 

weight. 128 

2.4.Biochemical analysis 129 

https://paperpile.com/c/SnpPFG/3F0W
https://paperpile.com/c/SnpPFG/kic9


 

 

 

 

 

7 

 

 

 

 

2.4.1. Reducing sugar  130 

Reducing sugar was estimated according to the method [27]. Two hundred mg of fresh 131 

shoot, root and leaf tissue were ground with 10 ml of 80 % ethanol and the homogenate was 132 

spun at 800 rpm for 15 mts in centrifuge at 20℃. The supernatant was saved and the residue 133 

was re-extracted with boiling 80 % ethanol and the supernatant was pooled. The ethanol was 134 

evaporated from the supernatant and an aliquot of 20 ml was made up with distilled water. The 135 

extract was used for the estimation of sugar. All the reagents without extract were used as 136 

blanks. A volume of 1 ml of fresh copper reagent and 1 ml of extract (prepared by mixing 137 

copper tartrate solution and copper sulfate solution (25:1 v/v) were added. The mixture was 138 

heated in a marble covered test tube in a boiling water bath for 20 minutes, then 1 ml of 139 

arsenomolybdate reagent was added after the mixture had been cooled. The final volume is 140 

made up of 20ml of distilled water. The green color complex was read at 520 nm in a 141 

spectrophotometer against the blank (reagent without extract). The sugar content of the sugar 142 

was calculated from the standard graph using glucose. It was expressed in mg/g fresh weight 143 

basic. 144 

2.4.2. Starch  145 

 Starch content was estimated using the earlier described method [28]. Soluble sugar 146 

extraction was taken. To the residue, 5 ml of distilled water was added and 6.5 ml of 52 % of 147 

perchloric acetic acid was also added, stirred well and heated at 80 °C in a water bath for 30 148 

minutes. Then 20 ml of distilled water was added and centrifuged at 800 rpm for 15 minutes, 149 

and the supernatant was saved. The residue was re-extracted and the supernatant was pooled 150 

and made up to 10 mL with distilled water. The extract was filtered through Whatman No.1 151 

https://paperpile.com/c/SnpPFG/tHlo
https://paperpile.com/c/SnpPFG/dZDd
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filter paper and used for the estimation of starch. Ten ml of cold anthrone reagent was added 152 

with 1ml of perchloric acid (PCA) extract and it was diluted with 5ml of deionised water. The 153 

test tube was heated for 10 minutes at 100 °C in a boiling water bath. The test tube was cooled 154 

rapidly, and absorbance was read at 630 nm in a spectrophotometer. All the reagents without 155 

extract were used as blanks. Starch content was calculated by multiplying glucose equivalents 156 

with the conversion factor 0.9. It was expressed in mg/g fresh weight basic. 157 

2.4.3. Protein 158 

The protein was estimated according to the standard method [29]. Five hundred 159 

milligrams of fresh plant tissue were ground with 20ml of 20 % trichloroacetic acid (TCA) in 160 

a pestle and mortar. The homogenate was spun at 800 rpm for 15 minutes in a centrifuge. After 161 

centrifugation, the supernatant was discarded and the pellet was saved. 5ml of 0.1N sodium 162 

hydroxide (NaOH) was added to the pellet to solubilize the protein, and the aliquot was spun 163 

again at 800rpm for 15 min. Finally, the supernatant was made up to 10ml with 0.1N NaOH 164 

and used for the estimation of protein content. 0.5 ml of extract was taken in a clean test tube, 165 

in which 5 ml of reagent-D and 1 ml of folin phenol were added and kept at room temperature 166 

for 10 minutes. The blue color complex was read against the blank (reagent without extract) at 167 

640 nm in a spectrophotometer (systronics). Bovine serum albumin was used as a standard 168 

graph to calculate protein content. It was expressed in mg/g fresh weight basic. 169 

2.4.4. Amino acid 170 

The free amino acid was estimated according to the earlier method [30]. 500 mg of 171 

plant tissue was taken and homogenized with 10ml of 80 % boiling ethanol. The extract was 172 

centrifuged at 800 rpm for 15 min and the supernatant was made up to 10 ml with 80 % ethanol 173 

https://paperpile.com/c/SnpPFG/pH5B
https://paperpile.com/c/SnpPFG/wjeL
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used for the estimation of free amino acids. One ml of ethanol extract was taken in a 25ml test 174 

tube and neutralized with 0.1N NaOH using methyl red. To this, 1 mL of Ninhydrin reagent 175 

was added. The contents were boiled in a boiling water bath for 20 minutes, and then 5ml of 176 

diluting reagent was added, cooled and made up to 25ml with distilled water. The absorbance 177 

was read at 570 nm in a spectrophotometer. It was expressed in mg/g fresh weight basic. 178 

2.5. Antioxidant enzyme activity 179 

Total CAT activity was measured [31]. The technique described by [32] was used to carry 180 

out POD activity. Plant material was collected and frozen at -80o C. The extraction buffer 181 

consists of a 50mM phosphate buffer (pH 7.0). Plant material was homogenized in 5 ml of 182 

extraction buffer and centrifuged at 4000 rpm for 20 min. The supernatant was used for enzyme 183 

assay, and 2.6 ml of 50 mM potassium phosphate buffer and 0.4 ml of 15 mM hydrogen 184 

peroxide (H2O2) were added to it. The absorbance of crude extract was measured with UV- 185 

Spectrophotometer. Units/mg protein unit was used to express the enzyme activity as units/mg 186 

of protein. 187 

2.6. Proline content 188 

 Proline was extracted and estimated according to the earlier reported protocol [33]. Five 189 

hundred mg of frozen plant material was ground with 10 ml of 3 % aqueous sulphosalicylic 190 

acid in a pestle and mortar. The homogenate was filtered through Whatman No.1 filter paper. 191 

The residue was re-extracted and pooled, and the aliquot was made up to 20 ml with aqueous 192 

sulphosalicylic acid. The extract was used for the estimation of proline. Two ml of acid 193 

ninhydrin and two ml of glacial acetic acid were allowed to react with two ml of proline extract. 194 

The mixture was incubated for 1 hour at 100°C in a boiling water bath. Then the test tube was 195 

https://paperpile.com/c/SnpPFG/bTDy
https://paperpile.com/c/SnpPFG/H7xO
https://paperpile.com/c/SnpPFG/nys5
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transferred to an ice bath to terminate the reaction. After that, 4 ml of toluene was added and 196 

mixed for 30 seconds, and the toluene containing chromophore was separated from the aqueous 197 

phase by using a funnel.  The absorbance was read at 520 nm in the spectrophotometer without 198 

using reagent as a blank. The proline content was determined from the standard graph with a 199 

series of prolines and expressed in mg per gm of fresh weight. 200 

2.7. Lipid peroxidation 201 

Lipid peroxidation can be estimated by the standard method [34] by detecting the 202 

malondialdehyde (MDA) concentration at 532 nm. In the extraction buffer of 0.1 M potassium 203 

phosphate, samples were homogenized. A tube holding 1 ml of 20 % TCA and 0.5 % TBA 204 

received 2 ml of enzyme solution and it was centrifuged for 10 minutes at 14000 rpm after 30 205 

minutes of heating at 95 °C. Utilizing an extinction value of 155 mM-1 cm-1, it was calculated. 206 

2.8. Electronic spin Resonance (ESR) analysis  207 

 Gamma-irradiated green gram seed samples were placed in ESR quartz tubes in order 208 

to register paramagnetic species. ESR spectra were recorded at room temperature with the 209 

Bruker Biospin EMX spectrometer operating at X-band (9.1 GHz). The ESR parameters were 210 

set at 100-KHz modulation frequency, microwave power of 5 mW, modulation amplitude of 211 

2.5 G, sweep time of 4 min, and receiver gain of 2 x 104. The variations in the steady state of 212 

the relative concentration of the paramagnetic species generated at different absorbed doses 213 

were obtained. The signal's intensity was calculated as the peak and reported as arbitrary units 214 

per kilogram of sample weight (AU/mg). 215 

2.9. Fourier  transform infrared spectroscopic (FTIR) analysis 216 

https://paperpile.com/c/SnpPFG/VOx5


 

 

 

 

 

11 

 

 

 

 

 Using gamma-irradiated samples of mung bean seed powder, Fourier Transform 217 

Infrared Spectroscopy (FTIR) was performed to identify the characteristic peaks of biological 218 

components. Using the potassium bromide (kBr) pellet method, the spectra of samples that had 219 

and had not been exposed to radiation were obtained. The spectra were collected between 4000- 220 

400 cm-1 at room temperature. 221 

2.10. Data analysis 222 

 Analysis of the sample was done seven days after germination. Results are given as the 223 

mean ± standard error. To discover differences in the average of all parameters between the 224 

irradiated samples, experimental data were statistically assessed using one-way analysis of 225 

variance. The correlation was tested with Dennett's test at a 5% level of probability (P < 0.05), 226 

and the correlation was examined using IBM SPSS Statistics 21 software. 227 

3. Results  228 

3.1. Morphological analysis of gamma irradiated seedlings 229 

 Seedlings grown from irradiated seeds exhibit a significant reduction in length. Gamma 230 

ray doses of 100, 200, 300, 400, and 500 Gy were used to measure the increased seedling 231 

length; dosages of 600, 700, and 800 Gy caused a dramatic drop, as seen in Fig. 1 and 2. Gamma 232 

radiation exposure caused the maximum reduction of seedling length (4.86) in 800 Gy as 233 

compared to control (16.26). Studying the fresh and dried weight (g) of shoots, roots, and leaves 234 

reveals that weight decreases with increasing doses as compared to control. When compared 235 

to control seedlings (shoot: 0.094; root: 0.032; leaf: 0.067), 800 Gy showed a decrease in fresh 236 

weight (shoot: 0.063; root: 0.006; leaf: 0.011). The dry weight was also measured in the 237 
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seedlings and 800Gy showed the decreased value (shoot: 0.005, root: 0.002, and leaf: 0.002) 238 

as compared to control (shoot: 0.017; root: 0.008; leaf: 0.013) and it was shown in Fig.2. 239 

3.2. Photosynthetic parameter analysis  240 

Gamma irradiation showed a significantly lower amount of the photosynthetic pigments 241 

such as chl a and b content and an increase in the carotenoid content as compared to control, 242 

which makes chlorophyll estimation one of the key criteria in determining production capacity. 243 

Chlorophyll "a" content is reduced at 800 Gy (0.216) when compared to control (0.978). 244 

Chlorophyll "b" content was increased when compared to chlorophyll "a" and decreased when 245 

compared to the control. The greatest reduction known as the maximum reduction was in 800 246 

Gy (0.249) as compared to control (0.562). Gamma radiation treatment improves carotenoid 247 

content. It was observed in 800 Gy (1.689) an increased content as compared to control (1.229) 248 

and this was shown in Fig.3. 249 

3.3. Biochemical analysis  250 

 Depending on the dosages of gamma radiation, the biochemical composition of the 251 

seedlings displayed some variations with increased doses of irradiation up to 600 Gy. 252 

When compared to control, the effect of gamma radiation on the decreasing sugar, 253 

starch, protein, and amino acid content was increased. Increased irradiation dose resulted in 254 

greater sugar content reduction. When compared to the control (shoot: 0.821; root: 0.464; leaf: 255 

0.542), it demonstrates the increased content at 600Gy (shoot: 1.084; root: 1.080; leaf: 1.008). 256 

The average starch content performance was in 600 Gy (shoot: 2.422; root: 1.458; leaf: 1.087), 257 

which was higher than in control (shoot: 1.829; root: 1.398; leaf: 0.478). The protein content 258 

showed the biggest difference, and it was boosted by 600 Gy (shoot: 3.594; root: 2.999; leaf: 259 
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3.721) as compared with control (shoot: 2.488; root: 2.396; leaf: 2.079). An increase in gamma 260 

irradiation dose led to an increase in amino acid content. In comparison to control (shoot: 0.743; 261 

root: 0.705; root: 0.456), it displays the maximum value in 600Gy (shoot: 0.829; root: 0.826; 262 

leaf: 0.792). Proline displays more content in 600 Gy (shoot: 1.572, root: 1.398, leaf: 1.387) 263 

than the control (shoot: 1.518, root: 1.324, leaf: 1.324). MDA content in leaf tissues subjected 264 

to gamma irradiation caused a linear increase and reached the highest level at 800 Gy (0.638) 265 

as compared to control leaf (0.243) and denoted in Fig.4. 266 

3.4. Enzymatic antioxidant 267 

 Under the growth conditions of this experiment, CAT and POD activity were increased 268 

with increased doses (800Gy). CAT activity in seedlings treated with 800 Gy gamma 269 

irradiation was increased in shoot: 2.740; root: 2.721; leaf: 2.809 versus shoot: 2.571; root: 270 

2.345; leaf: 2.166 in control plants. POD activity showed an important increase in response to 271 

gamma irradiation. In 800 Gy of gamma irradiation, there was more inflation in shoot: 7.103; 272 

root: 6.829 and in leaf: 6.567 than that observed in control plants (shoot: 3.156; root: 3.062; 273 

leaf: 3.177) and it was represented in Fig. 5. 274 

3.5. Correlation coefficient analysis 275 

 Through correlation, characteristics related to morphology, photosynthetic processes, 276 

antioxidants, and metabolic pathways are clearly shown. Positive character correlation is 277 

thought to be advantageous in this analysis, while negative character correlation is thought to 278 

cause delays in the recovery of these combinations. Gamma radiation and various seedling 279 

characteristics exhibited a strong association with each other. Except for carotenoid 280 

concentration and antioxidant enzymes like catalase and peroxidase activity, almost all of the 281 

characters had positive correlations, and the chlorophyll parameter, which denotes chlorophyll 282 
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"a," has a strong positive association. Since antioxidant enzymes like catalase and peroxidase 283 

function as ROS scavengers to shield seedlings from harm, their activity is highly negatively 284 

connected with morphological traits. The biochemical components have a highly substantial 285 

and positive association with one another, according to the Pearson correlation coefficient. The 286 

significant information was displayed in Tables 1 & 2 for morphology and biochemical content, 287 

respectively. 288 

3.6. ESR analysis of gamma irradiated samples 289 

A single signal is observed in the ESR spectra of all irradiated and non-irradiated green 290 

gram samples. The g-value was set at 2.000 ± 0.005 for an irradiated plant sample. In the case 291 

of irradiated plant samples, the intensity of signals was increased with increased doses. Gamma 292 

irradiated green gram powder provides the typical spectrum of a central signal   with a g factor 293 

of 2.005. The spectrum of irradiated seed powder was exemplified in Fig.6. 294 

3.7. FTIR spectroscopy analysis of gamma irradiated samples  295 

The FTIR spectrum of gamma irradiated presents a number of peaks between 4000- 296 

400 cm-1are due to various stretching bands of biomolecules such as proteins, amino acids, 297 

lipids, carbohydrates, and various fingerprint regions. The FTIR spectrum shows a broad 298 

spectrum in both irradiated and non-irradiated (control) green gram samples. The peak comes 299 

in the range between 3712-2839 cm-1 such as 3305 cm-1, 2928 cm-1 in control and 3458 cm-1, 300 

3366 cm-1, 3343 cm-1 and 3308 cm-1 in irradiated samples consigned to hydroxyl compounds. 301 

Peaks obtained in 2922 cm-1, 2926 cm-1 2928 cm-1 2929 cm-1 and 2931 cm-1 mainly 302 

characterize C-H extending vibration by lipids. The peaks at  1650 cm-1, 1644 cm-1, 1546 cm-303 

1, 1545 cm-1, 1542 cm-1 and 1540 cm-1 in irradiated samples as amino acids. The bands that 304 

appeared between 1500-1100 cm-1 were of the fingerprint region, and the peaks obtained 305 
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between 1200-900 cm-1, 922-770 cm-1 and 1300-600 cm-1 attributed to the presence of 306 

carbohydrates. Absorption bands were shown between 400-560 cm-1 and peaks such as 530 cm-307 

1, 529 cm-1, 440 cm-1 and 439 cm-1 were specified with the presence of starch molecules and 308 

the transmittance percentage of these biochemical characteristics was represented in Fig.7. 309 

4. Discussion 310 

Gamma irradiated green gram seeds such as 100, 200, 300, 400, 500, 600, 700 & 800 311 

Gy doses were sown and morphology parameters such as seedling length, fresh weight and dry 312 

weight were observed on the 7th day. The results of the study demonstrated that gamma 313 

radiation is sufficient to reduce the root percentage while not exceeding in length, and at higher 314 

doses of gamma irradiation, shoot and root length were decreased. It resulted in deteriorated 315 

mitotic activity in meristematic tissues and decreased the moisture content of seeds [35]. Rising 316 

doses resulted in a decrease in seedling length, which was demonstrated in green gram [36], in 317 

chickpea [37], in groundnut [38] and in paddy [39] (Fig.1). A reduction in fresh weight and dry 318 

weight of seedlings was also noted in this study, and the similarity was seen in crops such as 319 

rice [40], in Lepidium sativum [41], and in Vigna unguiculata [42]. Reduction of water content 320 

as a result of gamma radiation can cause a decrease in biomass production [43] [41] (Fig. 2). 321 

This was confirmed by ESR Spectroscopy, as shown in Fig 6. The release of chlorophyll from 322 

its protein complex through de-phytolization can gradually reduce the chlorophyll content after 323 

gamma irradiation treatment. For gamma-irradiated and control seedlings, a dose-dependent 324 

significant variation in chlorophyll a and b content was discovered, and chlorophyll b was less 325 

abundant than chlorophyll a. [44] Gamma rays are known to destroy chlorophyll molecules 326 

and limit the rate of photosynthetic activity  [45,46].  According to [14], the destruction of 327 

chlorophyll b rather than chlorophyll a is due to its biosynthesis or degradation of its precursors. 328 
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Inhibiting gamma irradiation on seedlings increased chlorophyllase activity, promoted 329 

chlorophyll deprivation, and ultimately decreased photosynthetic activity [47]. In this study, 330 

carotenoid concentrations were increased by 800 Gy (Fig.3). According to [48], carotenoid 331 

levels increased at the same level of irradiation, whereas chlorophyll a and b are essentially 332 

insensitive to it. Carotenoids are crucial for protecting chlorophyll from oxidative damage and 333 

scavenging free radicals in light [49]. Studies of correlation can be used to identify features 334 

and to highlight the scope and constraints of choosing desirable traits. It assesses the 335 

interrelationships between the characteristics, and all of them had positive correlations with 336 

one another, except carotenoids, as was shown in Table 1. 337 

The biochemical investigation showed the beneficial effect on seedlings of gamma 338 

irradiation treatment, which produces free radicals [50]. Plant cells evolve a defense 339 

mechanism against gamma radiation [20] [51]. Increases in biochemical traits including sugar 340 

and starch content were seen in 600 Gy, and a similar effect was shown in lupine [52]. At 800 341 

Gy, the protein content was enhanced. Gamma-irradiation responses to protein synthesis can 342 

result in the breakdown of protein molecules into free amino acids [53]. 343 

High irradiation doses provide high chemical extractability by creating a disulfide bond 344 

between polypeptide chains, which has an impact on the accumulation and conformation of 345 

low molecular weight proteins [54]. The same outcome was attained with soybean seeds [55]. 346 

Gamma radiation-induced changes in amino acid content may be caused by the production of 347 

free radicals. The findings of irradiated soy flour [56], sesame [57], and mung bean [58] were 348 

in agreement with this conclusion (Fig.4). Proline functions as an osmoregulatory system to 349 

protect enzyme structure and activity against stress. It lessened the in vitro enzyme denaturation 350 

brought on by different stresses [59]. The outcome displays increased proline content in wheat 351 
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[60], Allium sativum [61], and Terminalia arjuna [62], all of which have considerably favorable 352 

correlations with one another and are depicted in Table 2. 353 

Different doses of gamma radiation encourage the synthesis of antioxidant enzymes, 354 

enhance the production of ROS, and can also alter several environmental stresses [63] [64]. 355 

Catalase, peroxidase, and lipid peroxidation activities show the highest production at 800 Gy. 356 

Catalase activity was controlled by the radiation exposures during the developmental phase 357 

[65], and it reduced the damage caused by irradiation [66]. It was stimulated by irradiation at 358 

5k Gy in Vicia faba L. [67] and also seen in two rice cultivar seeds at irradiation of 200 Gy 359 

[68]. Cellular function depends on peroxidase activity, which might change in response to 360 

gamma radiation. Peroxidase is more effective than catalase due to its protective action in 361 

removing H2O2, peroxides, and particularly lipid hydrogen peroxides [69]. Similar results were 362 

observed in Phaseolus vulgaris [70] and Triticum aestivum [71]. Gamma radiation may cause 363 

an accumulation of free radicals like O2 and H2O2, which would distress the system for 364 

removing them and cause lipid peroxidation. Different MDA concentrations were used as a 365 

marker for the oxidation of cell membranes brought on by stress [72] (Fig.4). When plant cells 366 

were damaged and free radicals were produced, the MDA content increased. The MDA 367 

concentration was increased when the plant cells were injured by the production of free radicals 368 

[51]. A study found that the enhanced content was present in chickpea, in Zizania latifolia [73], 369 

in soybean [74], and in rice [75]. 370 

The FTIR spectroscopic analysis showed the broad spectrum of irradiated and non -371 

irradiated (Control) green gram samples. Coca seeds [76] and rice seedlings [77], the peak 372 

ranged between 3712-2839 cm-1 such as 3305 cm-1, 2928 cm-1 in control, and 3458, 3366, 3343, 373 

and 3308 cm-1 in irradiated samples, were assigned to hydroxyl compounds. Souza et al. [78] 374 
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declares that the vibration caused by lipids comes under the range between 3000-2800 cm-1 375 

(2922, 2926, 2928, 2929, and 2931 cm-1).  376 

The maximum intensity was obtained at 1650, 1644, 1546, 1545, 1542, and 1540 cm-1 377 

in irradiated samples and it comprises amino acids and protein absorption bands, including 378 

amide I and amide II bands that are mainly traced between 1660-1600 cm-1, 1585-1481 cm-1 379 

and 1551-1460 cm-1 [79]. Fingerprint regions appeared between 1500-1100 cm-1 and the bands 380 

such as 1404, 1403, 1402, 1245, 1241, 1154 and 1153 cm-1 exhibited its presence. The 381 

metabolites such as carbohydrates were screened in the peaks obtained between 1200-900 cm-382 

1, 922-770 cm-1 and 1300-600 cm-1 ([80]), and the presence of starch molecules was shown 383 

between 400-560 cm-1 such as 530, 529, 440 and 439 cm-1 [81]. Thus, FTIR analysis is a 384 

technique used to explore the biochemical compounds and functional groups that were obtained 385 

in irradiated samples. From the above findings, it could be concluded that λ-irradiation has a 386 

significant effect on morphology and biochemical and antioxidant activities. In the doses, 600 387 

Gy shows the incredible changes, and the bargain was obtained at 800 Gy, as shown in Figure 388 

7. From this, up to 600 Gy, the plants show restorative effects on green gram plants.  389 

Conclusion 390 

 In summary, the above finding suggests that there is a significant change in germination 391 

percentage and morphological characteristics such as plant height, shoot and root length, and 392 

fresh and dry mass, which suggest decreased content. Photosynthetic pigments like chlorophyll 393 

a and b show decreased value due to chloroplast damage, but carotenoids show increased 394 

content because they act as antioxidants. Biochemical characteristics such as reducing sugar, 395 

starch, protein, amino acids, and proline content were increased with increased doses. This was 396 
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confirmed by ESR and FTIR techniques, which show the changes occurred due to gamma 397 

irradiation. 398 
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Figure 1. Effect of gamma irradiation on seedling at 7th day 
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Figure 2 Morphological analysis of gamma irradiated seedlings 

Figure 3. Photosynthetic parameter analysis 



Figure 4. Biochemical parameter analysis in shoot, root & leaf: Reducing sugar (a-c), Starch (d-f), Protein (g-i),   Aminoacid (j-l), 

Proline (m-o) and Lipid peroxidation (p)  



Figure 5. Enzymatic antioxidant activity: Catalase (a-c) and Peroxidase (d-f) 



Figure 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 2.005 



Figure 7. FTIR analysis of biochemical component of gamma irradiated green gram seed powder: a) Control; b) 100 Gy; c) 200 Gy;  

d) 300 Gy; e) 400 Gy; f) 500 Gy; g) 600Gy; h) 700 Gy; i) 800 Gy. *Spectral range between 4000 – 400 cm-1 for different doses of

gamma irradiation
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