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ABSTRACT 
 

Water deficit and salt stresses possess serious threats for agricultural crops in terms of survival and sustainable 

food production.  Drought stress occurs when the available soil water gets reduced. Besides this, atmospheric 

condition may also cause excess loss of water by means of transpiration and evaporation. The general 

complexity underlying drought is often aggravated under conditions of erratic and unpredictable rainfall and by 

the occurrence of high temperature, high levels of solar radiation and poor soil characteristics. Breeding 

programme for obtaining drought tolerant varieties of mungbean needs deep knowledge of seedling growth 

characters. Keeping this view in mind, this present experiment was carried out to study the effect of drought 

stress on seedling growth of eighteen genotypes of mungbean and to rank them on the basis of their tolerance. 

The drought stress was imposed using a solution of polyethylene glycol PEG-6000 creating an osmotic potential 

of -1.5 MPa. A control set containing distilled water was also prepared for comparison with the treated ones. All 

the genotypes exhibited significant reduction in length and fresh weight of the seedling under drought stress in 

the present experiment. The genotypes also recorded significant decrease in total dry weight under drought 

stress. There was genotypic variation in respect of decrease. On the basis of relative performance of the 

genotypes under drought stress for seedling characters, four most tolerant (Pusa 1131, Meha, Pusa 9531 and 

NVL 638) and four most susceptible genotypes (Pusa 1172, IPM 9901-10, IPM 9901-6 and Pusa 1132) were 

identified. 
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INTRODUCTION 

  

Plants are frequently exposed to different types 

of stress, viz., drought, low temperature, salinity, 

flooding, heat, heavy metal toxicity etc. 

Generally, drought stress occurs when the 

available water in soil is reduced and 

atmospheric condition cause continuous loss of 

water by transpiration and evaporation. Water 

deficit and salt stresses are global issues to 

ensure survival of agricultural crops and 

sustainable food production (Jaleel et al 2009, 

Singh and Singh 2015). Of the total cultivated 

area of 1600 million hectares in the world, about  
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1300 million hectares (80 per cent) are rainfed 

(FAO 2011). Although rainfed agriculture 

produces about 60 per cent of global crop output 

in a wide variety of production systems, but the 

areas under this system is very much prone to 

drought stress due to erratic and skewed 

distribution of rainfall. On an average, around 

28% of the geographical area of India is 

vulnerable to drought (Samra 2004).  Drought 

results in reduction of water content diminished 

leaf water potential and turgor loss, closure of 

stomata and limitation of gas exchange. Severe 

water stress may result in arrest of 

photosynthesis, gross disruption of metabolism 

and cell structure and eventually the cessation of 

enzyme catalyzed reaction and death of plant 

(Smirnoff 1993, Jaleel et al 2008c).   
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Plant responses to drought stress are very 

complex as stress itself involves various 

climatic, edaphic and agronomic factors, 

frequently complicated by major variation in 

timing of occurrence, duration and intensity as 

well as stage of crop growth. The general 

complexity of drought is often aggravated under 

conditions of erratic and unpredictable rainfall 

and by the occurrence of high temperature, high 

levels of solar radiation and poor soil 

characteristics. Moreover, all the stages of plant 

growth are not equally sensitive to drought 

stress. The germination and early seedling stage 

and the grain filling stage are often considered 

as most critical stages that are sensitive to 

drought stress. A key to progress towards 

breeding for better crop varieties under drought 

stress is to understand the biochemical, 

physiological and molecular machinery that are 

induced under such stress. Thus, it is essential to 

study the physiological and biochemical changes 

that are triggered in a plant when it is subjected 

to drought stress.  
 

Mungbean [Vigna radiata (L.) Wilczek] is an 

important leguminous species and is among the 

most important pulse crops in subtropical zones 

of the word.  It is considered as one of the cheap 

sources of dietary proteins in our country. The 

seeds contain 22-28 % protein, 60-65 % 

carbohydrates, 1-1.5 % fat, 3.5-4.5 % fibres and 

4.5-5.5% ash (Mohamed, Kramany 2005). 

Mungbean is also characterized by its ability to 

improve the physical, chemical and biological 

properties of soil. It can also increase the soil 

fertility through biological nitrogen fixation 

from atmosphere.   
 

The growth and productivity of mungbean in 

arid and semi-arid regions is often affected 

adversely by drought stress. Different 

developmental stages of this crop are sensitive to 

moisture stress. So far some research works 

have already been carried out on the effect of 

drought stress on morpho-physiological and 

biochemical characteristics of mungbean (Kumar 

and Singh 1991, Naidu et al 2001, Dutta,  

 

Bera 2007, Allahmoradi et al 2011, Uddin et al 

2013, Ranawake et al 2011, Aslam et al 2013) 

But there is dearth of information regarding the 

physiology of drought tolerance at early seedling 

stage in this crop.  

 

MATERIALS AND METHODS 
  

Seeds of 18 genotypes (Pusa 9531, Pusa 031, 

Pusa Vishal, SML 1205, IPM 9901-6, Meha, 

Pusa 032, Pant Mung 2, SML 1194, NDM 11-

15, IPM 2K 14-9, Pant Mung 5, Pusa 1131, Pusa 

1132, NVL 638, IPM 9901-10, CZMK-1 and 

Pusa 1172) genotypes were identified and used 

in the experiment. The seeds were collected 

from Dr. Rajib Nath, Professor, Department of 

Agronomy Bidhan Chandra Krishi 

Viswavidyalaya, Mohanpur, Nadia. For 

screening of genotypes for drought tolerance at 

germination and early seedling growth stage, 

moisture stress was imposed in the laboratory 

using solution of polyethylene glycol 6000 

(PEG-6000). The empirical formula for 

calculating osmotic potential (s) given by 

Michel and Kaufmann (1973) as follows: 

  

s = -(1.18 × 10-2) C – (1.18 × 10-4) C2 + (2.67 × 

10-4) CT + (8.39 × 10-7) C2T 

 

Where,  s = Osmotic potential (in bars)  

C = Concentration of PEG 6000 (g kg-1 H2O)  

T = Temperature (C)  
 

Using the table of Michel and Kaufmann (1973) 

a solution was prepared by dissolving 

appropriate amount of PEG 6000 in distilled 

water to create an osmotic potential of -1.5 MPa.  

Seeds of 18 genotypes of mungbean were 

surface sterilized with 0.1% HgCl2 (w/v) for 2 

minutes followed by thorough washing in 

distilled water. Twelve seeds were arranged in a 

row over a glass plate (20  30 cm) lined with 

blotting paper separately. The whole set was 

then placed in a transparent polythene bag 

containing 70 ml of PEG solution. The seedlings 

were allowed to develop for 10 days under 

indoor laboratory conditions of bright diffused 
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light, 70-80% relative humidity (R.H.) and at a 

temperature range of 28±10C. Surface sterilized  

seeds treated similarly with glass distilled water 

served as control.  Three replicates were 

maintained in all cases including control. Ten 

days old seedlings were removed from the glass 

plate for the following growth parameters. 

RLWC was estimated as per Perez et al 2002. 

Proline content was determined in the leaf 

sample as per the method of Mohanty and 

Sridhar 1982. The level of lipid peroxidation 

was measured in terms of thiobarbituric acid 

reactive substances (TBARS) content, a product 

of lipid peroxidation following the method of 

Heath and Packer 1968. Relative injury 

percentage of leaf membrane was measured in 

terms of leaf electrolyte leakage following the 

method of Blum 1981. The mean data in all the 

cases were subjected to statistical analysis 

following completely randomized design (CRD) 

using INDOSTAT version 7.1 software. 
 

RESULTS AND DISCUSSION 
 

Further research work was carried out on four 

most tolerant and most susceptible genotypes 

identified in the present experiment in respect of 

few physiological and biochemical characters to 

have an idea about the physiological basis of 

drought tolerance in these genotypes of 

mungbean. The relative leaf water content 

(RLWC) of the tolerant and susceptible 

genotypes was determined under control and 

PEG treatment to study the extent of osmotic 

shock under moisture stress condition (Table 1 

and Figure 1).  The statistical analysis revealed 

highly significant differences for treatments, 

genotypes as well as treatment x genotype 

interaction. The mean values for RLWC in the 

eight genotypes varied from 81.481 % to 

85.635% and under unstressed control and from 

59.782% to 72.041% under PEG treatment. The 

RLWC decreased substantially in all the 

genotypes under PEG treatment indicating the 

adverse effect of moisture stress on leaf water 

balance. The results corroborated the early 

reports of Deka 2000, Sairam, Srivastava 2001, 

Das et al 2005, Keyvan 2010, Razzaq et al 2013, 

who observed decrease in relative water content 

in leaves of different crops under drought stress. 

However, in the present experiment, the four 

tolerant genotypes registered an average of 

11.59% to 22.24% decrease in RLWC, while the 

four susceptible genotypes had a decrease of 

RLWC ranging from 25.84% to 29.22% under 

drought stress. This indicated greater osmotic 

shock in the susceptible genotypes when they 

were subjected to PEG treatment. Of the eight 

genotypes, Pusa 1131 recorded minimum 

decrease in RLWC (11.59%) and was least 

affected, while IPM 9901-6 had the maximum 

decrease in RLWC showing extreme 

susceptibility.  

Under osmotic stress, an important metabolic 

event that occurs in plants is the accumulation of 

osmotically active compounds called 

‘osmolytes’ which help in osmotic adjustment. 

The amino acid proline is considered to be an 

important osmolyte that accumulates in plants 

under desiccation. Other than as an osmolyte, 

proline is now considered as a non-enzymatic 

antioxidant which can mitigate the adverse 

effects of reactive oxygen species (ROS) in 

microbes, animals and plants (Chen and 

Dickman 2005). The data on leaf proline in eight 

mungbean genotypes under control and PEG 

treatment has been presented in Table 1 and 

Figure 2. Statistical analysis revealed that the 

treatments, genotypes and treatment x genotype 

interaction showed highly significant differences 

for this character.  Perusal of the data revealed 

that all the eight genotypes registered sharp 

increase in leaf proline under drought stress. The 

genotype Pusa 9531 had the highest content of 

leaf proline (2454.770 µM g-1 fresh weight) 

under stress and it registered a 15.40-fold 

increase over control. It was followed by Pusa 

1131 (2120.110 µM g-1 fresh weight) which 

recorded 16.47-fold increase over control. In 

general, the four tolerant genotypes indicated a 

10.09 to 16.47-fold increase of proline content 

under drought treatment over control, while the 

corresponding increase in case of susceptible 

genotypes was 4.54 to 8.80-fold over that of 

control.
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Table 1 Effect of drought stress on relative leaf water content (RLWC), relative injury (RI %) lipid 

peroxidation and proline content in the leaves of eight mungbean genotypes. 

Genotypes RLWC RI% Lipid peroxidationa Prolineb 

Control Treatment Control Treatment Control Treatment Control Treatment 

Pusa 1131 81.481 72.041 
(-11.59) 

27.820 36.388 
(30.80) 

10.346 16.403 
(58.54) 

128.755 2120.110 
(1546.62) 

Meha 82.882 71.090 
(-14.23) 

26.549 42.228 
(59.06) 

14.132 19.936 
(41.07) 

127.477 1754.794 
(1276.56) 

Pusa 9531 81.678 63.636 
(-22.09) 

30.730 44.456 
(44.67) 

12.113 16.403 
(35.42) 

159.411 2454.770 
(1439.90) 

NVL 638 84.615 65.625 
(-22.24) 

27.570 42.036 
(52.47) 

11.356 16.907 
(48.88) 

144.082 1454.081 
(909.20) 

Pusa 1132 84.508 61.548 
(-27.17) 

22.224 54.834 
(146.73) 

14.637 24.478 
(67.23) 

156.856 1380.536 
(780.13) 

IPM 9901-10 85.635 62.745 
(-26.73) 

25.158 65.019 
(158.44) 

17.412 32.049 
(84.06) 

128.755 1119.861 
(769.76) 

IPM 9901-6 84.460 59.782 
(-29.22) 

26.963 63.787 
(136.57) 

12.618 23.216 
(83.99) 

186.234 1075.255 
(477.37) 

Pusa 1172 82.597 61.252 
(-25.84) 

27.382 65.342 
(138.63) 

18.674 38.358 
(105.41) 

253.933 1151.895 
(353.62) 

 S.E. m(±) C.D. 5% S.E. 
m(±) 

C.D. 5% S.E. 
m(±) 

C.D. 5% S.E. 
m(±) 

C.D. 5% 

Treatment (T) 0.5490 1.5815 0.2628 0.7569 0.2983 0.8593 0.6337 1.8254 
Genotypes (G) 1.0980 3.1630 0.5255 1.5139 0.5966 1.7186 1.2673 3.6508 
T x G  1.5528 4.4731 0.7432 2.1409 0.8437 2.4305 1.7923 5.1630 

 

Data in parentheses indicate percent increase (+) or decrease (-) over control 

aData expressed as micro mol of TBARS content g-1 fresh weight. 
bData expressed as micro mol g-1 fresh weight. 

 

Thus, the tolerant genotypes in the present 

experiment showed greater tendency of osmotic 

adjustment through accumulation of proline as 

osmolyte. Earlier, Vajrabhaya et al 2001, 

reported higher increase of proline in drought 

tolerant lines of rice as compared to susceptible 

lines. Induction of proline accumulation by 

drought stress was also reported in different 

crops  by Deka (2000), Naidu et al 2001, Phutela 

et al 2003, Wang et al 2004, Turkan et al 2005, 

Moussa, Abdel- Aziz 2008, Shashikala, Godara 

2011.  

 

The extent of leaf membrane damage under 

stress was measured by determining the level of 

lipid peroxidation estimated in terms of 

concentration of thiobarbituric acid-reactive 

substances (TBARS) and by electrolyte leakage 

expressed as relative injury % (RI). Lipid 

peroxidation (LPO) refers to the 

oxidative degradation of lipids. It results when 

polyunsaturated fatty acids (PUFA) in 

membrane undergo oxidation by hydroxyl 

radicals and singlet oxygen, giving rise to 

complex mixtures of lipid hydroperoxides.  

 

The statistical analysis indicated that the 

treatments, genotypes as well as treatment x 

genotype interaction had highly significant 

differences for both TBARS content and relative 

injury % in the present experiment (Table 1). In 

general, all the eight genotypes showed higher 

content of TBARS in their leaves under drought 

stress than unstressed control indicating 

oxidative stress-induced membrane damage. The 

observed increase in TBARS concentration in 

stressed plants might indicate extensive lipid 

peroxidation of cell membrane components 

caused by ROS generated by the oxidative 

stress.   

 

The range of increase in the four tolerant 

genotypes varied from 35.42% to 58.54% over 

control while the corresponding increase in the 

four susceptible genotypes ranged from 67.23% 

to 105.41% over control. Thus, the comparative 

analysis indicated the greater membrane damage 

in the susceptible genotypes. Among the eight 

genotypes, Pusa 9531 showed the minimum 

change of TBARS content in its leaf and was 

thus, least affected under oxidative stress. On the 
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contrary, Pusa 1172 suffered most adversely 

under drought stress and registered the highest 

increase in TBARS content over control. Earlier 

Sairam and Srivastava 2001, Zhang et al 2005, 

Dutta and Bera 2007, Moussa and Abdel-Aziz 

2008, Rahbarian et al 2011, Sharifi et al 2012 

observed cultivar differences in respect of 

membrane damage and lipid peroxidation under 

moisture stress in different crops. The extent of 

lipid peroxidation was found to be negatively 

associated with the drought tolerance.    

 

The trend of lipid peroxidation under drought 

stress was also reflected in the relative injury 

percentage (RI%) in the leaves of the genotypes 

(Table 1, Figure 3, 4).  

 

 
Figure 1 Percent increase or decrease in RLWC 

content of mungbean genotypes under drought stress. 
 

 
 

Figure 2 Percent increase or decrease in proline 

content of mungbean genotypes under drought stress. 
 

 
 

Figure 3 Per cent increase or decrease in RI% of 

mungbean genotypes under drought stress. 
 

 
 

Figure 4 Percent increase or decrease in lipid 

peroxidation content of mungbean genotypes under 

drought stress. 

 

The percentage of relative injury was a 

manifestation of membrane stability. The eight 

genotypes exhibited considerable increase in 

RI% under drought stress in comparison with the 

control condition. This indicated impairment of 

membrane integrity and structure as well as 

membrane leakage as a consequence of stress. 

The increase in relative injury % was much 

higher in the four susceptible genotypes as 

compared to the tolerant ones. The susceptible 

genotypes recorded 136.57% to 158.44% 

increase in relative injury under PEG treatment   

over control while the corresponding values in 

tolerant genotypes varied from 30.80% to 

59.06%.  Use of membrane stability index as a 

criterion for discriminating the tolerance 

potential of plant genotypes under drought was 

reported earlier by Sairam and Srivastava 2001, 

Tas 2007, Rahbarian et al 2011. 
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