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Abstract 
Irradiated seeds of Phaseolus vulgaris cv. Rajmah using Synchrotron X Ray 
Beam (BL-07) in RRCAT, Indore at doses of 1, 10 and 20 Gy were used to 
raise the seedling and the effects on growth and biochemical constituents in 4 
- 8 days, old seedlings were analyzed. The seed irradiation effect on seedling 
development up to about 4 - 5 days, % germination, seedling length and 
seedling vigor are significantly decreased at 10 and 20 Gy doses with strong 
−ve correlation. Other parameters, like relative water content, electrical con-
ductivity and acid phosphatase activity are also decreased. Decrease in various 
biochemical constituents, like, protein and proline has shown significant reduc-
tion at 10 and 20 Gy and phenol at 1 - 20 Gy. However, peroxidase activity is 
increased at 1 and 10 Gy. Amongst the antioxidant enzymes, only superoxide 
dismutase activity has shown significant increase at 10 and 20 Gy. For seed 
irradiation (1 and 10 Gy) effect on seedling development up to 8 days involv-
ing transfer to hydroponic culture after 4 days, in shoot tissue, decrease in ni-
trate reductase activity and pigment content is observed, while nitrate reductase 
activity in root tissue is increased. The results demonstrate adverse effects on 
growth as well as biochemical constituents along with increased antioxidant 
effect in bean seedlings with irradiation of seeds at high dose of synchrotron 
X radiations. Also the nitrate assimilation and photosynthetic activity are re-
duced in shoot tissue with seed irradiation, however, increased nitrate reduc-
tase activity in roots suggests the involvement of NO signaling. 
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1. Introduction 

Agricultural crops face several challenges in the form of stresses leading to huge 
crop destruction and an overall decrease in the crop yield due to altered gene 
expression and metabolism, changes in growth and physiological processes, etc. 
in the plants. One of the important crop plants is the legume, Phaseolus vulgaris 
(common bean), that is grown for green vegetable and dry seeds. It has high 
protein, starch, dietary fiber and is rich in calcium, phosphorus, iron, selenium, 
molybdenum, thiamine, vitamine B6, folic acid, etc. Also the crop is economical-
ly important, as India is largest producer of dry beans with 10 million hectares 
areas of harvest.  

Abiotic stress is a major global problem limiting crop productivity, as plants 
are being exposed to these in terrestrial environment. Ionising radiation, such as, 
ultraviolet, gamma and x-rays which occurs naturally, is the most hazardous 
stress for all living systems. The significant sources of variation in radiation in-
clude altitude, relative abundance of radioactive isotopes in soils and nuclear ac-
cidents. The effect of nuclear accidents has been reported to affect the growth 
and development of surrounding plants [1]. On exposure to ionizing radiation, 
plants trigger oxidative stress due to generation of reactive oxygen species. The ac-
tivation of scavenging enzymatic machinery may represent essential strategies to 
counteract cell oxidative damage, thus improving plant stress tolerance [2] [3]. 
Exposure to ionizing radiations, such as X-rays and gamma rays, is suggested to 
inflict physicochemical stresses thus affecting growth and physiological modifica-
tions [4]. The effects of ionizing radiation are largely damaging and detrimental 
at high doses. However, some reports provide evidence of a stimulating effect on 
growth when seeds or seedlings are exposed to low-dose ionizing radiation [5]. 
Most of the studies of radiation have been reported with gamma radiation [6] 
[7], a few with X radiations [5] [8], but studies involving synchrotron radiations 
are lacking. Using synchrotron radiations our earlier study has been reported for 
growth retardation effects in bean seedlings [9]. In continuation of this, in the 
present investigation biochemical effects of synchrotron radiations at higher 
doses (10 and 20 Gy) have been analyzed using young (4 - 8 days old) bean 
seedlings. The seeds were exposed to various energies at BL-07, Indus-2 RRCAT, 
Indore for monitoring the effects. 

2. Material and Methods 

Seeds of Phaseolus vulgaris cv. Rajmah purchased from Pahuja Seeds, New Delhi 
were irradiated by using Indus-2 Synchrotron X Ray Beam (BL-07) at RRCAT, 
Indore in the doses 1, 10 and 20 Gy. For seed irradiation total 100 seeds were 
packaged without any overlapping in polythene bag of size 30 mm × 50 mm and 
exposed to x radiations in air and at 25˚C using 6 - 11 keV x-ray energy range. 
Irradiated seeds were surface sterilized with 0.1% HgCl2 for 1 - 2 minutes fol-
lowed by thorough washing with distilled water. To evaluate the effects of irradi-
ation, the seedlings were raised in petri plates for 4 - 5 days in continuous light 
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supplied by fluorescent tubes in Plant Growth Chamber at 25˚C ± 2˚C. Seedlings 
from respective doses were used for analysis of various parameters. Seedling 
length and % germination were analyzed in 4 - 5 days old seedlings to calculate 
the seedling vigor. Relative water content (RWC) and Electrical conductivity 
(EC) were measured respectively, by the method of Barr and Weatherley [10] 
and Wahid et al., [11]. The acid phosphatase activity was extracted and assayed by 
measuring p-nitrophenol (PNP) spectrophotometrically at 410 nm according to 
the method of Prazeres et al. [12]. 

The key biochemical constituents, total protein was measured by the method 
of Lowry et al. [13], proline by the method of Bates et al. [14] and total phenol by 
the method of Bray and Thorpe et al., [15]. For the assay of Guiacol peroxidase 
activity the method of Putter was used [16]. The enzyme of antioxidant sys-
tem, Superoxide Dismutase (SOD), was assayed in terms of reduction of Ni-
troblue Tetrazolium (NBT) according to the method as described by Beau-
champ and Fridovich [17]. Catalase (CAT) activity was assayed spectrophoto-
metrically by monitoring decrease in absorbance at 240 nm according to the 
method of Aebi [18]. Ascorabte peroxidise (APX) activity was determined spec-
trophotometrically by the method of Nakona and Asada [19]. 

In another set of experiments, the petriplate grown 4 - 5 days old seedlings 
were transferred to separate test tubes containing 1/2 strength Hoagland’s nu-
trient medium with 5 mM NH4NO3 and raised under similar conditions for fur-
ther 4 days. In these 8 days old seedlings, in vivo NRA of the root and shoot tis-
sue was assayed based on colorimetric estimation of nitrite by the method of 
Srivastava [20]. The pigments, chlorophyll and carotenoids were extracted from 
the shoot tissue using 80% acetone and estimated spectrophotometrically by 
measuring the absorbance at 470 nm, 646 nm, and 663 nm. The pigment content 
was calculated using the following equations according to the method of Lich-
tenthaler and Welburn [21]. 

Chl a (µg⋅ml−1) = 12.21 (A663) – 2.81 (A646) 

Chl b (µg⋅ml−1) = 20.13 (A646) – 5.03 (A663) 

Total Chlorophyll = Chl a + Chl b 

Caratenoids (µg⋅ml−1) = 1000 (A470) – 3.27 (Chl a) – 104 (Chl b)/229. 

Results expressed are the average values of at least three independent experi-
ments with ± SE. Difference between means obtained was tested by Student’s t 
test at level of significance—*p < 0.05, **p < 0.01, ***p < 0.001. For correlation 
analysis XY scatter charts were prepared and correlation coefficient, R2, values 
are given.  

3. Results and Discussion 

1) Effect of seed irradiation on Growth of 4 - 5 days old bean seedlings 
X ray irradiation (1, 10 and 20 Gy) of bean seeds used for seedling development 

decreased various growth parameters, measured as, Germination %, seedling 
length and seedling vigor in 4 - 5 days old young seedlings. All growth parame-
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ters were decreased with irradiation in dose dependent manner and the decrease 
was significant at higher dose i.e. 10 and 20 Gy (Table 1). The correlation coeffi-
cient (R2) for germination %, seedling length and seedling vigor were 0.95, 0.658, 
0.775, respectively, which showed strong correlation with irradiation dose 
(Table 1). Other parameters used for monitoring growth, RWC and EC, were 
decreased significantly at higher dose i.e. 10 and 20 Gy with the correlation coef-
ficient (R2) for RWC and EC being 0.339 and 0.897, respectively (Table 2). Effect 
of seed irradiation on seedling development analyzed as acid phosphatase activ-
ity was found to be reduced at all the doses tested (Table 2). The observed R2 
value was 0.587, but the effect was nonsignificant. 

2) Effect of seed irradiation on Biochemical Constituents and Antioxidant 
Enzymes of 4 - 5 days old bean seedlings 

The biochemical constituents studied for irradiation effects on seedlings de-
velopment have shown varying effects depending upon the parameter and dose. 
Thus, significant reduction in protein and proline content was observed at 10 
and 20 Gy doses with perfect correlation having R2 values of 0.983 and 0.921, 
respectively (Table 3). The phenol content was reduced significantly at all the 
doses having correlation coefficient value of 0.759 (Table 3). On the other hand, 
the peroxidase activity was increased at 1 and 10 Gy and remained unaffected at 
20 Gy with observed correlation coefficient of 0.193 only (Table 3). Amongst the 
activities of antioxidant enzymes, like, SOD, CAT and APX, the SOD activity 
was not affected at 1 Gy dose but significantly induced at 10 and 20 Gy doses 
(Table 4). Also the strong correlation was observed with R2 value of 0.891. The 
CAT activity remained almost unaffected at all the doses tested, while APX ac-
tivity was increased at 10 and 20 Gy, though nonsignificantly (Table 4). The 
correlation coefficient (R2) for CAT and APX were 0.307 and 0.806, respectively 
(Table 4). 

3) Effect of seed irradiation on key physiological processes of 4 - 5 days old 
bean seedlings 

For analysis of nitrate reductase activity and pigment content, 4 day old 
seedlings were transferred to Hoagland medium with 5 mM NH4NO3 contained 
in test tubes for further 4 days and root and/or shoot tissue was used. Thus in 8  
 
Table 1. Effect of seed irradiation on Germination and Growth parameters in 4 - 5 days 
old bean seedlings. Seedlings were raised from irradiated seeds in petriplates moistened 
with filter paper for 4 - 5 d in continuous light at 25˚C ± 2˚C inside growth chamber. 

Irradiation Dose, Gy Germination, % Seedling Length, cm Seedling Vigor, % G*L 

0 71 ± 4.2 (100) 1.65 ± 0.1 (100) 117 ± 11.7 (100) 

1 63 ± 5.7 (88) 1.32 ± 0.13 (80) 83 ± 12.6 (70) 

10 51 ± 7.7* (71) 0.93 ± 0.12*** (56) 47 ± 12*** (40) 

20 40 ± 7** (56) 0.98 ± 0.16** (59) 39 ± 10.8*** (33) 

R2 0.95 0.685 0.775 

Values relative to control are given in parentheses. Level of significance: *p value < 0.05, **p value < 0.01, 
***p value < 0.001. 
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Table 2. Effect of seed irradiation on RWC, EC and Acid phosphatase activity in 4 - 5 
days old bean seedlings. Seedlings were raised from irradiated seeds in petriplates mois-
tened with filter paper for 4 - 5 d in continuous light at 25˚C ± 2˚C inside growth cham-
ber. 

Irradiation 
Dose, Gy 

Relative Water  
Content, % 

Electrical Conductivity 
X100, μS/cm 

Acid phosphatase, µmoles 
PNP min−1⋅mg−1 protein 

0 85 ± 4 (100) 21 ± 0.5 (100) 4.9 ± 1.4 (100) 

1 75 ± 2 (88) 20 ± 1.0 (95) 3.1 ± 0.6 (63) 

10 79 ± 2 (92) 16 ± 2.0 (76) 2.6 ± 0.4 (53) 

20 74 ± 6 (87) 15 ± 0.6 (71) 2.3 ± 0.5 (46) 

R2 0.33 0.89 0.583 

Values relative to control are given in parentheses. Level of significance: p values non significant. 

 
Table 3. Effect of seed irradiation on Protein, Proline, Phenol content and Peroxidase ac-
tivity in 4 - 5 days old bean seedlings. Seedlings were raised from irradiated seeds in pe-
triplates moistened with filter paper for 4 - 5 d in continuous light at 25˚C ± 2˚C inside 
growth chamber. 

Irradiation 
dose, Gy 

Protein, 
mg⋅g−1 fr wt 

Proline, 
mg⋅g−1 fr wt 

Phenol, 
µg⋅g−1 fr wt 

Peroxidase, ∆A  
min−1⋅g−1 fr wt 

0 60 ± 1.2 (100) 0.71 ± 0.05(100) 1.2 ± 0.04 (100) 0.90 ± 0.22 (100) 

1 53 ± 4.3 (89) 0.70 ± 0.08 (98) 0.9 ± 0.02***(75) 2.1 ± 0.28* (233) 

10 39 ± 3.1*(65) 0.31 ± 0.01***(43) 0.7 ± 0.03***(58) 1.46 ± 0.25 (162) 

20 22 ± 1.4***(37) 0.20 ± 0.01***(28) 0.6 ± 0.038**(50) 0.88 ± 0.28 (98) 

R2 0.983 0.921 0.759 0.193 

Values relative to control are given in parentheses. Level of significance: *p value < 0.05, **p value < 0.01, 
***p value < 0.001. 

 
Table 4. Effect of seed irradiation on Superoxide dismutase, Catalase and Ascorbate pe-
roxidase activity in 4 - 5 days old bean seedlings. Seedlings were raised from irradiated 
seeds in petriplates moistened with filter paper for 4 - 5 d in continuous light at 25˚C ± 
2˚C inside growth chamber. 

Irradiation 
Dose, Gy 

Superoxide dismutase, 
units mg−1 protein 

Catalase, nmoles H2O2  
decomposed min−1⋅mg−1 

protein 

Ascorbate peroxidase,  
nmoles ascorbic acid oxidized 

min−1⋅mg−1 protein 

0 0.083 ± 0.04 (100) 0.0065 ± 0.0006 (100) 0.005 ± 0.0009 (100) 

1 0.05 ± 0.02 (60) 0.007 ± 0.0004 (108) 0.005 ± 0.0005 (100) 

10 0.21 ± 0.02** (253) 0.007 ± 0.0006 (108) 0.006 ± 0.0008 (120) 

20 0.25 ± 0.05* (301) 0.007 ± 0.0007 (108) 0.006 ± 0.001 (120) 

R2 0.891 0.307 0.806 

Values relative to control are given in parentheses. Level of significance: *p value < 0.05, **p value < 0.01. 

 
days old seedlings, the nitrate reductase activity of the root was increased, but 
decreased in the shoot with perfect correlation having R2 = 0.986 and 0.999, re-
spectively (Table 5). The observed effect was significant at 10 Gy in shoot tissue  
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Table 5. Effect of seed irradiation on Nitrate reductase activity in root and shoot, total 
Chlorophyll and Carotenoid content in shoot of 8 days old bean seedlings. Seedlings were 
raised from irradiated seeds in petriplates moistened with filter paper for 4 - 5 d in con-
tinuous light at 25˚C ± 2˚C inside growth chamber and transferred to a 1/2 strength 
Hoagland’s nutrient medium with 5 mM NH4NO3 contained in test tubes for another 4 
days. 

Irradiation dose, 
Gy 

Root NRA, nmoles 
NO2 h−1⋅g−1 fr wt 

Shoot NRA, nmoles 
NO2 h−1⋅g−1 fr wt 

Chlorophyll,  
µg⋅g−1 fr wt 

Carotenoid,  
µg⋅g−1 fr wt 

0 176 ± 47 (100) 174 ± 21 (100) 102 ± 27 (100) 6.9 ± 2.2 (100) 

1 261 ± 57 (148) 169 ± 56 (97) 82 ± 6 (80) 5.6 ± 2.0 (81) 

10 567 ± 214 (322) 98 ± 17* (56) 81 ± 7 (79) 3.9 ± 1.9* (56) 

R2 0.986 0.999 0.372 0.867 

Values relative to control are given in parentheses. Level of significance: *p value < 0.05. 

 
only. For pigment content measured in shoot tissue, total chlorophylls and caro-
tenoid content were reduced at 1 and 10 Gy both and the correlation coefficient 
values were 0.372 and 0.867, respectively (Table 5). The observed effect was sig-
nificant at 10 Gy for carotenoid content only. 

The present study analyses growth, biochemical constituents, antioxidative 
enzymes and key physiological processes in bean seedlings developed from seeds 
irradiated with synchrotron x rays. Plant exposure to ionizing radiations in the 
vicinity of nuclear accidents to influence growth and development has been ob-
served [1]. Using diagnostic doses of x rays accelerated growth of Phsaeolus vul-
garis [5] and increased root length at 0.05 - 15 Gy and leaf wt at low doses in 
date palm [22] have been reported. However, using synchrotron radiations for 
seed exposure at 0.5 - 5 Gy doses retarded growth of bean seedlings resulted [9]. 
In the present system using high doses, 10 and 20 Gy, growth effects were signif-
icantly reduced by irradiation of the seeds used for seedling development. Thus, 
in 4 - 5 days old seedlings, % germination, seedling length and seedling vigour 
are significantly decreased with strong −ve correlation (Table 1). Other growth 
parameters such as, RWC, a measure of water uptake capacity, and EC, related 
to membrane damage are also reduced (Table 2) with a more prominent effect 
for later suggesting an effect on ion leakage due to seed irradiation. The phos-
phate mobilization involving acid phosphatase activity is of importance during 
germination, as it is induced with germination [12] [23]. Decreased activity of 
acid phosphatase in seedlings developed from irradiated seeds (Table 2) indi-
cates an effect on phosphate mobilization.  

Seedling development process being complex depends on a number of bio-
chemical constituent and physiological processes. Amongst the biochemical 
constituents, like, protein and proline have shown significant reduction at high 
doses (Table 3) reflecting reduction in overall metabolic status but increased 
osmotic stress. Proline plays a highly beneficial role in plants exposed to various 
stress conditions by acting as an osmolyte for osmotic adjustment and also by 
stabilizing sub-cellular structures, scavenging free radicals and buffering cellu-
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lar redox potential under stress conditions [24]. With the reduced phenolic 
contents at all the doses tested is indicative of reduced adaptation against en-
vironmental stresses. However, increased peroxidase activity at 1 and 10 Gy 
dose suggests the involvement of oxidative stress due to irradiation. Further, 
enhanced activity of SOD in response to higher doses of irradiation indicates 
requirement for scavenging of high content of superoxide radicals formed under 
high dose of X-ray irradiation. Thus exposure to synchrotron x radiations seems 
to trigger oxidative stress in bean seedlings. The activation of scavenging enzy-
matic machinery may represent essential strategies to counteract cell oxidative 
damage, thus improving plant stress tolerance [2] [3]. 

For seed irradiation (1 and 10 Gy) effect on seedling development up to 8 days 
involving transfer to hydroponic culture after 4 days, nitrate reductase activity 
and pigment content are analysed. Availability of nitrogen is an important factor 
limiting plant growth and development. Nitrate reductase catalyses the first and 
rate-limiting step of nitrate assimilation in fungi, algae and higher plants [25] 
and often limits plant productivity. NRA reflects the overall nitrogen status of 
the plant and high activity may also indicate the involvement of NO signaling. 
Plant pigments are essential molecules that are responsible for harvesting solar 
energy in photosynthetic antenna systems, and for charge separation and elec-
tron transport within reaction centers. Chlorophylls are often measured to assess 
the impact of environmental factors including pollutants, as the pigment content 
is correlated to visual symptoms and also photosynthetic plant productivity. The 
effect of x-ray irradiation on NRA has been reported in an earlier study in leaves 
of bean seedlings [9], but the effects on photosynthetic pigments have not been 
reported yet. Though the increased expression of Ribulose bis phosphate car-
boxylase and decreased expression of poly (ADP-ribose) polymerase in response 
to irradiation of dwarf bean plants by x-radiations has been reported [8]. In the 
present investigation, decrease in nitrate reductase activity and pigment content 
in shoot tissue has resulted (Table 5), that reflects reduced nitrogen status and 
photosynthetic activity of the seedling to limit the growth. However, increased 
nitrate reductase activity in root tissue suggests the involvement of NO stress, as 
NR has been reported to mediate the synthesis of NO [26]. Moreover involve-
ment of NO signaling in response to salinity stress has been suggested in bean 
seedlings based upon reduced growth and increased NRA [27]. 

4. Conclusion 

Biological effects of seed irradiation of Phaseolus vulgaris cv. Rajmah using 
Synchrotron X Ray Beam on seedling development were monitored. Seed irradi-
ation reduced % germination, seedling length, seedling vigor, RWC, EC and acid 
phosphatase activity, indicating an effect on membrane damage and phosphate 
mobilization. Reduction in biochemical constituents, like, protein, proline, and 
phenolic contents reflects reduced metabolic status, increased osmotic stress and 
reduced adaptation against environmental stresses. Increased peroxidase activity 
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and SOD in response to seed irradiation suggest the involvement of oxidative 
stress. Decrease in nitrate reductase activity and pigment content in shoot re-
flects reduced nitrogen status and photosynthetic activity, while, increased ni-
trate reductase activity in root tissue suggests the involvement of NO stress. 
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