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ABSTRACT 

 The synthesis of osmolytes is the first order of defense compounds under stress 

conditions, as they act as signaling molecules for the synthesis of antioxidants, which behave 

as osmoprotectants or compatible solutes and offer resistance against various abiotic stress 

conditions. The antioxidants like proline, glycine betaine and phenols increased in M2, M3 

generation and in mutants of horsegram (Macrotyloma uniflorum (Lam. Verdc) cv. Dapoli-

Kulthi-1due to higher doses/concs. of GR, EMS and their combinations. The biosynthesis, 

accumulation and transportation of proline had a major role in determination of growth 

response of plants towards the imposed stress. Phenolic contents were enhanced in M2, M3 as 

well as in all the mutants obtained. The proline, glycine betaine and phenols were highest in 

400Gy, 300Gy +0.5%EMS and 200Gy +0.3%EMS.  
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INTRODUCTION 

 Pulses, which are next to cereals, are important protein rich crops of the world. The 

major pulses of the world are peas, beans, gram, mungbeans, urdbeans and cowpeas while the 

minor ones include like horsegram (hulga/kulthi) [1]. Horsegram is a drought tolerant crop 

but receives low priority in cropping system and soil types. At present there are no 

recommended varieties. Farmer sows their won seed and harvest very poor yields. The types 

they grow are of long duration, susceptible to disease and pests [2]. It is one of the important 

early domesticated and enriched nutritious crop cultivated mainly in hot, dry and tropical 

countries in a post-rainy season, where the seeds are parched and then eaten after boiling or 

frying, either whole or as a meal.  

 Legume improvement by conventional breeding methods has limitations mainly due 

to the insects-pests interference, for which no source of resistance is available [3]. A 

paradigm shift is necessary in research agenda, technology generation and dissemination to 

improve pulse productivity and economic returns for reshaping the fortune of marginal and 

sub-marginal farmers, mostly depending on these crops for their livelihood. Some of the key 

issues which need to be addressed for improving productivity and returns from pulse are low 

genetic potential, low and unstable yields, huge post harvest losses and poor transfer and 

adoption of improved technology [1]. 
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 Mutagens may cause genetic changes in an organism, break the linkage and many 

new promising traits for the improvement of the crop plants are available [4]. Radiation 

induced genetic variability in crop plants is a valuable resource from which plant breeders 

can select and combine different desired characteristics to produce better crop plants. The 

desirable traits which have been bred through induced mutations include high yield, grain 

quality, early maturity, disease and pest resistance, improved plant type and abiotic stress 

resistance [5]. 

 

MATERIALS AND METHODS 

The authentic seeds of horsegram (Macrotyloma uniflorum (Lam.) Verdc) cv. Dapoli 

Kulthi-1 were obtained from Head, Department of Botany, College of Agriculture, Dr. 

Balasaheb Savant Konkan Krishi Vidyapeeth, Dapoli, Dist-Ratnagiri (M.S.) India.  Gamma 

rays, ethyl methane sulphonate (EMS) and their combinations were employed in present 

study for the treatments of seeds of horsegram. Gamma radiation from 
60

Co source fixed in 

the gamma cell 200 installed at Bhabha Automic Research Center (BARC), Trombay, 

Mumbai (MS) was used in the present work. Healthy, dry and uniform seeds of horsegram 

with moisture content of 10-12 % were treated with 100, 200, 300 and 400Gy.  Ethyl 

methane sulphonate (Sigma chemical Co. Ltd. USA) was used for the seed treatment of 

horsegram. Various concentrations of EMS (0.2% to 0.5%) were prepared in 0.1M phosphate 

buffer pH-7.0. Selected seeds were soaked in distilled water for 10 hours and the wet seeds 

were treated with different concentrations of EMS (such as 0.2, 0.3, 0.4 and 0.5% v/v) for 

four hours. For combination treatments the gamma irradiated seeds were treated with 

different concentrations of EMS. The untreated seeds served as control. The seeds treated 

with various concentrations of EMS were washed thoroughly with tap water for two hours to 

terminate the reaction of chemical mutagen and to leach out the residual chemicals. The 

treated seeds (675) from each treatment were used for raising M1 generation in field. Present 

investigation was carried out at Department of Botany, University of Pune, Pune- 411 007 

(M.S.). All the experiments were carried out in triplicate following RBD design. The distance 

between two rows and two plants was 30 X 15 cm and the distance between two adjacent 

plots was one meter. The seeds of individually harvested M1 plants were sown in the 

experimental field to raise M2 generation in separate rows.  

The treated as well as control plants were screened for Antooxidants such as proline, 

glycine betaine and phenols to study the induced variability. From each replication and 

treatment including control 20 plants were randomly selected for recording data on different 

antioxidants in M2 generations. All the surviving M2 plants were harvested individually and 

seeds of single plant from each treatment were kept separately for raising M3 generation. 

Observations on antioxidants in M3 generation were similar to that of M2..  

Antioxidants  

Proline: Proline content was estimated by using [6] method.  1g of dry leaf samples (shade 

dried) were homogenized separately in10 ml of 3% aqueous sulphosalicylic acid and then 

homogenate was filtered through Whatman No.1 filter paper. The filtrate (2 ml) was taken in 

a test tube and to this 2 ml of glacial acetic acid and 2 ml of acid ninhydrin was added. The 

reaction mixture was kept in boiling water bath for 1 hour, after that the reaction was 

terminated by placing the tubes in ice bath. To this 4 ml of toluene was added and it was 

vigorously shaken for 20-30 seconds. After some time the upper toluene layer was separated 

and kept at room temperature. The red colour developed was measured at 520 nm on UV-
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visible spectrophotometer (Shimadzu-1601). Standard proline at the conc. of 100-μg ml
-1 

was 

used to prepare the standard curve. 

Glycine betaine: Glycine betaine was estimated by using [7] method. 100mg dry leaf, 

material was incubated in 20 ml of 1 N H2SO4 for 18 hrs. at 25
o
C and the suspension was 

centrifuged at 2000 rpm for10 min. The reaction mixture of 0.25 ml supernatant and 0.75 ml     

1N H2SO4 was reacted with cold KII2 reagent in test tube. The well-mixed content of the 

tubes were cooled to 0
o
C by keeping them in ice bath for two hours. These tubes were 

centrifuged again. 10ml of ethylene dichloride was added to the precipitate in each tube and 

the absorbance was recorded at 365 nm on UV-visible spectrophotometer (Shimadzu-1601). 

Glycine betaine concentration was calculated from calibration curve of 100 g ml
-1

 betaine 

(Sigma make).  

Phenols: Total phenolics in the leaf samples were estimated as per the method of [8]. 1g 

shade dried leaf samples were homogenized separately in 10 ml of 80 % alcohol. The extracts 

were condensed on hot water bath to approximately 1ml and centrifuged at 5000 rpm for 15 

min, volume of the supernatant was adjusted to 10 ml with distilled water.  From the 

supernatant 0.2 ml aliquot was used for estimation and the blue colour developed in reaction 

mixture after addition of folin-phenol reagent was read at 650 nm on UV-visible 

spectrophotometer (Shimadzu-1601).  Tannic acid at the concentration of 100 g ml
-1

 was 

used to prepare the standard curve. 

STATISTICAL ANALYSIS  

 The data were summarized as the means of three replicates with standard deviation 

as the measures of variability. One-way ANOVA test was performed to determine significant 

differences due to various treatments. Fisher’s LSD (Least significant difference) was used as 

post hoc test to as certain significant differences among treatments at p= 0.05. Statistical 

analysis and graphical data presentations were carried out by using Sigma stat (ver.3.5). 

RESULTS AND DISCUSSION 

Antioxidants 

Proline : The changes in content of proline due to GR, EMS and their combinations indicated 

increase as compared to control. Similar pattern was recorded in M3 generation (Table- 1)  

Glycine betaine : The changes in content of glycine betaine due to various mutagenic 

treatments (Table- 1) clearly showed considerable increase in the level of GB over control. 

Data pertaining to GB in M3 generation (Table-1) showed trend similar to that of M2 

generation. 

Phenols : The phenolic contents were +vely influenced by all mutagenic treatments (Table-1) 

Highest increase in phenolic content was noted in combination treatment 200Gy + 0.3%EMS. 

It was followed by 200Gy + 0.2%EMS, 100Gy and 100Gy + 0.3%EMS. In M3 generation 

(Table- 1) phenols showed similar trend like that of M2 generation.  

 The antioxidants like proline, glycine betaine and phenols were accumulated in 

horsegram treated with mutagens like GR and EMS at higher concentrations indicating that 

application of these dose/ concs. might be stressful (Table-1). 

 Environmental stresses (salinity, drought, heat/cold, light and other hostile conditions) 

may trigger in plants the oxidative stress, generating the formation of reactive oxygen species 
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(ROS), leading to cellular damage and metabolic disorders [9]. These ROS are scavenged by 

antioxidants like proline, GB and polyphenols. The antioxidant enzymes like POD, SOD also 

play active role in scavenging of ROS. The level of accumulation of antioxidants and 

stimulated activity of antioxidants enzyme clearly indicate the stress tolerance ability of 

plant. Hence their assessment is pivotal one.  

Proline: Proline was accumulated in mutagen treated plants of horsegram and the level of 

accumulation increased with the dose/ concs. of mutagens (Table- 1). The lower or higher 

contents of proline in plants indicate its assessment level. The biosynthesis, accumulation and 

transportation of proline had a major role in determination of growth response of plants 

towards the imposed stress [10].The increased or decreased level of proline usually correlated 

with the magnitude of abiotic stress, which there by govern the physiological status, growth 

and yield of the plants [11].  

The results indicated that proline contents were significantly increased in all the 

mutants, which can act as an osmotic adjuster [12], stabilizer of subcellular structures [13], 

and scavenger of free radical [14, 15]. It also plays an important role in osmoregulation in 

maintenance of turgor. Proline protects all the cellular functions against free radicals under 

oxidative stress conditions[16]. The enhanced proline contents in some mutants of horsegram 

might be playing the same role(s) 

Glycine betaine : GB accumulated in the horsegram treated with different doses/ concs. of 

GR, EMS and GR + EMS (Table- 1). The accumulation increased with increasing dose/ 

concs. GB accumulates in various plants under different stress conditions and serves as an 

osmolyte by lowering the osmotic potential of the cell and prevents the movement of water 

from the cell to outside. Thus it helps to prevent the denaturation of macromolecules like 

proteins and many enzymes. [17, 18] reported similar trend for GB under abiotic stress 

conditions. The increased level of GB protects the cellular proteins, enzymes, cell organelles 

and membranes against stress injury[19]. The increase in GB in mutagen of horsegram may 

be playing similar role. 

The results of present investigation on glycine betaine had shown significant increase 

in GB accumulation in horsegram mutants. The higher GB content in mutants may serve as 

stress tolerant agent. The research workers like [20, 21, 17, 18] proposed that GB has 

important role in stabilization of PSII and its recovery, which help in photosynthesis 

improvement of which governs yield.  

Phenols : The phenolic contents were positively influenced by all mutagenic treatments 

(Table-1). Phenols accumulated in the horsegram treated with different doses/ concs. of GR, 

EMS and GR + EMS. The accumulation of phenols increased in all treatments except few. 

The secondary metabolites like phenols indicate intensity of stress and act as defense 

compound in plants during biotic and abiotic stresses. They have a very profound effect on 

seed germination, growth, development and metabolic functioning of plants. Their ecological 

impact is highly complex and has a predominant role in ecophysiological investigations [22]. 

The enhanced phenolic contents may help to the plants in defense against abiotic stress 

conditions. 

Almost all the mutants showed increase in phenols. Polyphenols in the mutants were 

enhanced which may be helpful for them in self defense and protection during stress 

condition. A Polyphenols also have ability to eliminate reactive oxygen species and to 

function as metal chelators [23]. The accumulation of polyphenols in horsegram mutants may 

be playing similar role.  
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CONCLUSION 

The antioxidants like proline, glycine betaine and phenols increased in M2, M3 and in 

mutants of horsegram due to higher doses/concs. of GR, EMS and their 

combinations.Osmolytes act as signaling molecules for the synthesis of antioxidants, which 

behave as osmoprotectants and offer resistance against various abiotic stress conditions.  
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Table 1. Effect of mutagens on antioxidants in M2 and M3 generation of horsegram   

               cv. Dapoli-Kulthi-1. 

Data are means of three replicates ± standard deviation. Significant difference due to treatments was assessed by 

Fisher’s LSD as a post-hoc test. 

Treatments 

M2 generation M3 generation 

Proline 

(µmol g-1 ) 
Dwt. 

Glycine 

betaine 
(mg g-1) 

Phenols 
(mg g-1) 

Proline 

(µmol g-1 ) 
Dwt. 

Glycine 

betaine 
(mg g-1) 

Phenols 
(mg g-1) 

Control 6.58±0.26 0.41±0.02 7.75±0.31 6.89±0.34 0.43±0.02 12.04±0.60 

100Gy 6.61±0.33 0.43±0.02 15.90±0.80 6.97±0.49 0.48±0.03 11.28±0.79 

200 6.75±0.47 0.46±0.03 14.80±1.04 6.98±0.21 0.48±0.01 10.45±0.31 

300 6.79±0.20 0.45±0.01 13.70±0.41 7.05±0.42 0.59±0.04 10.30±0.62 

400 6.86±0.41 0.53±0.03 13.23±0.79 6.71±0.40 0.44±0.03 10.03±0.60 

0.2% EMS 6.36±0.38 0.43±0.03 15.02±0.90 6.88±0.28 0.49±0.02 10.06±0.40 

0.3  6.73±0.27 0.45±0.02 12.76±0.51 6.81±0.48 0.51±0.04 8.17±0.57 

0.4  6.59±0.46 0.46±0.03 10.60±0.74 7.09±0.21 0.52±0.02 7.27±0.22 

0.5  7.08±0.21 0.49±0.01 9.21±0.28 6.75±0.34 0.51±0.03 6.94±0.35 

100Gy + 0.2 % 

EMS 
6.26±0.31 0.47±0.02 8.77±0.44 6.86±0.21 0.52±0.02 11.42±0.34 

100 + 0.3  6.49±0.19 0.45±0.01 15.10±0.45 6.91±0.41 0.55±0.03 8.30±0.50 

100 + 0.4  6.64±0.40 0.53±0.03 10.79±0.65 6.97±0.49 0.59±0.04 10.39±0.73 

100 + 0.5  6.89±0.48 0.55±0.04 13.80±0.97 6.87±0.27 0.42±0.02 12.43±0.50 

200 + 0.2  6.66±0.27 0.41±0.02 16.15±0.65 6.96±0.35 0.48±0.02 12.72±0.64 

200 + 0.3  6.71±0.34 0.47±0.02 16.25±0.81 6.97±0.49 0.45±0.03 11.22±0.79 

200 + 0.4  6.82±0.48 0.43±0.03 14.29±1.00 7.01±0.21 0.59±0.02 6.97±0.21 

200 + 0.5  7.08±0.21 0.56±0.02 8.59±0.26 6.89±0.34 0.46±0.02 4.89±0.24 

300 + 0.2  6.85±0.34 0.47±0.02 5.61±0.28 6.93±0.42 0.46±0.03 5.46±0.33 

300 + 0.3  6.80±0.41 0.46±0.03 5.89±0.35 7.04±0.28 0.58±0.02 9.19±0.37 

300 + 0.4  7.40±0.30 0.61±0.02 11.84±0.47 7.13±0.21 0.66±0.02 7.35±0.22 

300 + 0.5  7.60±0.23 0.63±0.02 8.03±0.24 6.98±0.49 0.53±0.04 7.00±0.49 

400 + 0.2  6.61±0.46 0.49±0.03 8.15±0.57 7.17±0.43 0.57±0.03 7.37±0.44 

400 + 0.3  6.96±0.42 0.53±0.03 8.57±0.51 7.19±0.36 0.62±0.03 5.72±0.29 

400 + 0.4  7.17±0.36 0.54±0.03 6.70±0.33 7.25±0.29 0.67±0.03 6.56±0.26 

400 + 0.5  7.69±0.31 0.59±0.02 9.30±0.37 0.30 0.02 0.39 

SEM± 0.29 0.02 0.50 0.40 21.53 70.02 

F-value 2.91 17.77 92.90 0.99 <0.001 <0.001 

P-value <0.001 <0.001 <0.001 0.58 0.04 0.76 

LSD0.05 0.58 0.04 0.98 6.89±0.34 0.43±0.02 12.04±0.60 


