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Abstract 
Drought is a recurrent phenomenon in many of the countries. Moisture stress during 
seedling stage is very critical in determining the establishment of the crop and its 
further development and yield. Identifying drought tolerance mechanism and 
physiological markers of drought susceptibility is this crop during seedling stress 
would be useful tool in future genetic manipulation programme to establish drought 
tolerance in this crop. Thus the present study aimed for quickly identifying reliable 
physiological markers for drought susceptibility through evaluation of physiological 
and biochemical changes in leaves of two contrasting mungbean (Vigna radiata L. 
Wilczek) cultivars i.e. K 851 (drought tolerant) and PDM 84-139 (drought suscepti-
ble) during seedling development. A range of four external water potentials (i.e. −1.0, 
−2.0, −3.0 and −4.0 bars), besides glass distilled water as control (0.0 bar), was used. 
Parameters like leaf area, relative leaf water content, chlorophyll content, chlorophyll 
stability indices in both the cultivars were decreased with the increasing magnitude 
of stress. By and large phenols and ascorbic acid content were increased with the 
stress level but the trend was not consistent. A steady rise in proline, hydrogen pe-
roxide content and lipid peroxidation was found with water stress. Out of two culti-
vars tested, drought tolerant cultivar K 851 was better in leaf water balance and 
higher accumulation of phenols, proline and ascorbic acid than PDM 84-139. The 
correlation study indicated lipid peroxidation and H2O2 content as valuable physio-
logical markers for screening of drought susceptibility.  
 

Keywords 
Leaf, Lipid Peroxidation, Mungbean, Physiological Markers, Water Stress 

How to cite this paper: Dutta, P., Bando-
padhyay, P. and Bera, A.K. (2016) Identifi-
cation of Leaf Based Physiological Markers 
for Drought Susceptibility during Early Seedl-
ing Development of Mungbean. American 
Journal of Plant Sciences, 7, 1921-1936.  
http://dx.doi.org/10.4236/ajps.2016.714176  
 
Received: July 30, 2016 
Accepted: September 27, 2016 
Published: September 30, 2016 
 
Copyright © 2016 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/ 

   
Open Access

http://www.scirp.org/journal/ajps
http://dx.doi.org/10.4236/ajps.2016.714176
http://www.scirp.org
http://dx.doi.org/10.4236/ajps.2016.714176
http://creativecommons.org/licenses/by/4.0/


P. Dutta et al. 
 

1922 

1. Introduction 

The abiotic stresses such as drought, low or high temperature, salinity, flooding, shade 
or high light levels, inorganic nutrient imbalance, man-made toxic compounds and 
oxidative stress [1] cause losses worth hundreds of million dollars each year due to re-
duction in crop productivity and crop failure. Among the environmental stress water 
stress is the second contributor of yield reduction after disease [2]. Water is required in 
a number of physical, physiological and biochemical processes of the plant. Water 
stress is the most widely operative stress that causes heavy loss in productivity of crops 
every year. In general, drought stress induces an array of morphological, physiological, 
biochemical, and molecular responses associated with growth, development, and eco-
nomic yield of a crop [3].  

Seedling growth that determines the crop establishment and stands in the field is 
considered to be most critical for raising a successful agricultural crop, as they deter-
mine the crop stand density and establishment of the resultant crop, especially under 
abiotic stresses [4].  

Among the pulse crops, Mungbean (Vigna radiata L. Wilczek) has a special impor-
tance of intensive crop production due to its short growth period. It is predominantly 
cultivated as rainfed crop under Indian context and as a result, the crop has become 
sudden victim of drought at various phases of growth and development. The crop is 
potentially useful for improving cropping pattern as it can be grown as a cash crop due 
to its rapid growth and early maturing characteristics. Drought problems for mung-
beans are worsening with the rapid expansion of water stressed areas of the world in-
cluding 3 billion people by 2030 [5]. Crop yield of mungbean is more dependent on an 
adequate supply of water than any other single environmental factor [6]. Therefore, 
cultivation of drought-tolerant mungbean varieties plays a vital role in the future re-
search. The physiological screening and the cultivar identification are establishing 
theoretical and practical foundation for drought-tolerant breeding of mungbean.  

Leaves are the most sensitive part of plant to drought and at the same time, they are 
the most essential organ for the manufacture of food. Drought stress leads to water def-
icit in leaf tissues, thus affecting many physiological processes with ultimate conse-
quences on the growth and development of the plant. Changes in morpho-physiological 
parameters like leaf rolling, reduction in leaf area, stomatal closure, decreased stomatal 
conductance, reduced chlorophyll content, limited internal CO2 concentration, reduced 
photosynthesis [7] and metabloic parameters like changes in solute concentration, lipid 
peroxidation, glutathione and ascorbate levels are very critical, and have been reported 
to be involved in either tolerance and/or avoidance under water stress [8] [9]. Though 
chlorophyll fluorescence had been used an indicator parameter for assessment of 
drought survival in recent times but there was no association between chlorophyll fluo-
rescence and yield under drought stress [10]. Drought tolerance is seen in almost all 
plants but its extend varies from species to species and even within species [11]. Breed-
ers instinctively look for new sources of variations when attempting to improve plants, 
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but tolerance to drought stress is very complex, due to the intricate of the interactions 
between stress factors and various molecular, biochemical and physiological phenome-
na affecting plant growth [12].  

Current insight indicates that tolerance of plants to drought involves multifaceted 
physiological paradigms with great variation of stress tolerance at intra-specific and in-
ter-specific levels leading to difficulties in identifying single criteria which could effec-
tively be used as selection target. Rather it would be most meaningful, if physiological 
and biochemical stress markers for individual species are determined since most of the 
above indices have limited application for selection of drought tolerance at early growth 
stages [13]. Hence, present study of comparative account of morpho-physiological pa-
rameters and biochemical constituents in leaves of two contrasting mungbean cultivars 
would identify the basic causes of drought injury and probable mechanism behind the 
tolerance to water stress. The correlation analyses among the various parameters would 
be worthy to quickly identify leaf based reliable physiological markers for drought sus-
ceptibility, and the generated information would be handy in future genetic manipula-
tion programme to establish drought tolerance in this crop.  

2. Materials and Methods 
2.1. Seed Materials  

Mungbean (Vigna radiata L. Wilczek) cultivars, K 851 (drought tolerant) and PDM 
84-139 (drought susceptible) were selected from a laboratory screening [14] with six-
teen mungbean cultivars collected from the Project Coordinator, All Indian Coordi-
nated Research Project on MULLaRP, Indian Institute of Pulses Research, Kalyanpur, 
Kanpur, U.P., India. Seeds of uniform size were surface sterilized with 0.1% (w/v) 
HgCl2 for two minutes and then washed thoroughly with glass distilled water. A range 
of four external water potentials (viz. −1.0, −2.0, −3.0 and −4.0 bars) were prepared by 
using polyethylene glycol (PEG) 6000 as per methods of Michel and Kaufmann [15]. 

2.2. Seedling Development 

Surface sterilized seeds of mungbean cultivars were soaked in different PEG solutions 
separately for five hours. Pre-soaked seeds were then allowed to develop seedlings in 
respective PEG solutions for six days under in-door laboratory conditions following 
standard glass plate technique [16]. Surface sterilized seeds treated similarly with glass 
distilled water served as control (0.0). All observations were recorded from six-day-old 
seedlings, as they survive better up to six days under this cultural condition utilizing 
cotyledonary reserve food materials, and beyond which seedlings enter into senescence. 
On sixth day, seedlings were removed from glass plate under respective solutions, and 
leaves were separated and the following morpho-physiological and biochemical studies 
were conducted with randomized primary leaf samples from the treated and control 
seedlings of the two cultivars. For dry weight whole seedlings were taken separately 
from another set of experiment and then dried in a hot air oven at 80˚C ± 2˚C for 72 
hours. Tolerance index was calculated as per formula given by by Maiti et al. [17].  
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2.3. Measuring Leaf Area and Stomatal Parameters 

Paired primary leaves from six days old seedlings were collected. Leaf area was deter-
mined by using a mm graph paper. By counting the number of large, medium and 
small squares, the total area of the individual primary leaf was determined. Upper and 
lower epidermal layers were peeled off from 6 days old primary leaf whose area was al-
ready drawn over graph paper. The epidermal peels were stained with 0.1% saffranin 
from which stomatal frequency and stomatal index were determined with the help of 
Karlzeiss microscope. Stomatal frequency was determined as equal to number of sto-
mata per sq·cm. of leaf area. Stomatal index was calculated as per formula S/(S + E) × 
100; where, S = Number of stomata per unit area, E = Number of epidermal cells in the 
same unit area. 

2.4. Determination of RWLC 

Relative leaf water content (RLWC), defined as water content of tissue as a percentage 
of that of the fully turgid tissue. Fresh leaf samples were cut into small pieces and their 
fresh weight was taken. Subsequently, they were immersed in double distilled water at 
28˚C ± 1˚C for four hours and their turgid weight was recorded. These leaves were then 
dried at 80˚C ± 1˚C in a hot air oven for 48 hours and dry weight was taken. RLWC 
was determined by employing the formula given by Barrs and Weatherley [18].  

2.5. Chlorophyll Content and Chlorophyll Stability Index (CSI) 

Chlorophylls were extracted by 80% (v/v) acetone following percolation method of 
Hiscox and Israelstam [19] and determined spectrophotometrically at wavelengths 645 
nm and 663 nm, after the chlorophyll extraction had been completed as indicated by 
discoloration of leaf samples and the amount of chlorophyll a, chlorophyll b and total 
chlorophyll were calculated according to Arnon’s [20] formula. Chlorophyll stability 
index was estimated according the formula given by Sairam [21].  

2.6. Malondialdehyde Content (Lipid Peroxidation) 

The level of lipid peroxidation was measured following the thiobarbituric acid (TBA) 
test which determines malondialdehyde (MDA) as an end product of lipid peroxidation 
[22]. Freshly harvested seedling sample (0.5 g) was homogenized in 4 ml of 1% tri-
chloroacetic acid (TCA). The homogenate was centrifuged at 10,000 rpm for 10 min. 
The supernatant was added to 1.0 ml of 0.5% (w:v) thiobarbituric acid (TBA) in 20% 
TCA. The mixture was incubated at 95˚C for 30 min and then quickly cooled in an ice 
bath. After centrifugation at 10,000 rpm for 10 min, the absorbance of the supernatant 
was recorded at 532 nm using a UV-VIS spectrophotometer. The value for non-specific 
absorption at 600 nm was subtracted from the value recorded at 532 nm. The MDA- 
TBA complex (pink pigment) content was calculated using its extinction coefficient of 
155 mM−1 cm−1 and expressed as nmol (MDA) g−1 fresh weight. 

2.7. Proline Content 

Proline content in the leaf was estimated according to the method of Bates et al. [23] 
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(1973). The leaf samples were homogenized with 3% sulphosalicylic acid and centri-
fuged at 10,000 rpm for 15 minutes. Two ml of the extract were mixed with 2 ml glacial 
acetic acid and 2 ml ninhydrin solution. The mixture was heated in a boiling water bath 
for one hour and the reaction was terminated by placing the mixture tube in ice bath. 
Four ml of toluene was added to each tube, shaken well and the absorbance of the se-
parated toluene layer was read at 520 nm in a Spectronic 20 Genesys spectrophotometer 
and proline content (µg∙g−1 fresh weight) was determined using a standard curve ob-
tained with known concentrations of proline.  

2.8. Total Phenol Content 

Total phenol was extracted through homogenizing 100 mg leaf samples with 20 ml me-
thanol, transferring the homogenate to 100 ml conical flask, refluxing on boiling water 
bath for 30 min and centrifuging at 10,000 rpm for 15 minutes followed by cooling. 
Total phenol content in the extract was determined according to Swain and Hillis [24]. 
The solution absorbency was determined after reaction with Folin-Denis reagent and 
addition of 2 ml saturated Na2CO3 at 650 nm in a Spectronic 20 Genesys spectropho-
tometer. Total phenol content was estimated in catechol equivalent comparing with a 
standard curve obtained with catechol. 

2.9. Ascorbic Acid Content 

Ascorbic acid was isolated by extraction with 6% trichloroacetic acid from 100 mg leaf 
tissue, following the method described by Mukherjee and Choudhuri [25]. Four ml of 
the extract was mixed with 2 ml of 2% (w/v) 2, 4 dinitrophenylhydrazine, followed by 
the addition of 1 drop of 10% (w/v) thiourea solution (in 70% ethanol). The mixture 
was boiled for 15 minutes in a water bath and after cooling at room temperature, 5 ml 
of 80% (v/v) H2SO4 was added to the mixture at 0˚C. The absorbance of the solution 
containing the hydrazine complex was read at 530 rpm in a Spectronic 20 Genesys 
spectrophotometer. The concentration of ascorbic acid was calculated from a standard 
curve prepared with known concentrations of ascorbic acid.  

2.10. Hydrogen Peroxide  

Hydrogen peroxide (H2O2) was estimated with titanium reagent as described by Tera-
nishi et al. [26]. Plant sample (0.5 g) was homogenized in 10 ml of cold acetone. The 
homogenate was filtered through Whatman No. 1 filter paper. To the filtrate, 4 ml of 
titanium reagent was added, followed by addition of 5 ml ammonium solution to preci-
pitate the peroxide-titanium complex. The reaction mixture was centrifuged at 10,000 
rpm for 10 minutes. Supernatant was discarded and the precipitate was dissolved in 10 
ml of 2 M H2SO4. It was re-centrifuged to remove the undisclosed material and absor-
bance was recorded at 415 nm against a reagent blank. The concentration of hydrogen 
peroxide (H2O2) was determined by referring to a standard curve made from known 
concentrations of H2O2. 

All morho-physiological and biochemical parameters were expressed as the means of 
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three replicates and significant differences between treatments were analyzed using 
analysis of variance (ANOVA) following the method as described by Panse and Suk-
hatme [27]. All the statistical analyses were done by using XLSTAT. For correlation 
analysis, the index values (viz. tolerance index, chlorophyll stability index) under con-
trol were considered as 1.00 since index was the ratio of treatment value to respective 
control value for a particular cultivar. 

3. Results and Discussion 

Data presented in Table 1 revealed that seedling growth in terms of fresh and dry 
weight of different parts of the seedlings of both K-851 and PDM-84-139 declined with 
increasing moisture stresses in most of the cases with little exception in root dry weight 
at some of the tested external water potentials in case of K-851. Out of the two cultivars, 
K-851 was found to be least affected in terms dry weight of seedling by decreasing ex-
ternal water potential than PDM-84-139. Adverse effects of water stress on fresh and 
dry weight of seedling might be due to lower dry matter partitioning between cotyle-
dons and embryonic axis under simulated water stress conditions during seedling  
 
Table 1. Changes in dry weight (data expressed as mg seedling−1) of leaf, stem and root of six 
days old seedlings of two mungbean cultivars grown under different water potentials.  

Cultivars Water potentials (bars) Leaf Stem Root Total dry weight 

K-851 

0.0 4.3 12.8 3.4 20.5 

−1.0 
3.9 

−(9.30) 
11.7 

−(8.59) 
4.6 

+(35.2) 
20.2 

−(1.46) 

–2.0 
4.0 

−(6.97) 
12.4 

−(3.12) 
3.6 

+(5.88) 
20 

−(2.44) 

–3.0 
4.3 

−(0.00) 
10.6 

−(17.2) 
3.3 

−(2.94) 
18.2 

−(11.2) 

–4.0 
3.0 

−(30.2) 
9.0 

−(29.7) 
3.7 

+(8.82) 
15.7 

−(23.4) 

PDM 84-139 

0.0 4.6 10.4 3.6 18.6 

–1.0 
3.8 

−(17.3) 
9.6 

−(7.69) 
3.2 

−(11.1) 
16.6 

−(10.7) 

–2.0 
3.6 

−(21.7) 
9.8 

−(5.77) 
3.0 

−(16.7) 
16.4 

−(11.8) 

–3.0 
3.4 

−(26.1) 
8.4 

−(19.2) 
3.3 

−(8.33) 
15.1 

−(18.8) 

–4.0 
2.4 

−(47.8) 
6.8 

−(34.6) 
3.2 

−(11.1) 
12.4 

−(33.3) 

Variety (V) 
S.Em (±) 0.0049 0.0099 0.0260 0.0418 

C.D. (5%) 0.0145 0.0289 0.077 0.123 

Treatment (T) 
S.Em (±) 0.0079 0.0160 0.0401 0.0661 

C.D. (5%) 0.0233 0.0472 0.118 0.196 

Interaction 
(V × T) 

S.Em (±) 0.0113 0.0229 0.0575 0.0937 

C.D. (5%) 0.0334 0.0676 0.170 0.277 

Data in parentheses indicate per cent increase (+) or decrease (−) over control. 
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growth. Thakur and Rai [28] reported a significant decline in fresh and dry weight of 
maize seedlings with decreasing external moisture potential. This was further con-
firmed by Baalbaki et al. [29] in wheat and De et al. [30] in two Vigna species. Maxi-
mum value of drought tolerance index was found in cv. K-851 in comparison to cv. 
PDM 84-139 under any of the respective water potential (Figure 1). The findings of 
significant variability among the cultivars in respect of tolerance indices coincide with 
the reports of Maiti et al. [17].  

Leaf area was found to decline with increasing moisture stress in both the mungbean 
cultivars (Table 2). The cultivar K 851 showed higher leaf area as compared to PDM 
84-139 in all the external water potentials tested. Although a higher percentage of re-
duction in leaf area over control in K 851 in comparison to PDM 84-139 under mod  
 
Table 2. Effect of different moisture stresses on leaf area (cm2), relative leaf water content (%), 
stomatal frequency and stomatal index and of six days old seedlings of two mungbean cultivars.  

Cultivars 

Water potentials 
(bars) 

Leaf area  
(cm2) RLWC  

(%) 

Stomatal frequency Stomatal index 

  Upper Lower Upper Lower 

K-851 

0.0 
2.320 

- 
76.38 

28.728 
(5.358) 

45.144 
(6.718) 

25.51 
(5.050) 

29.55 
(5.436) 

–1.0 
1.433 

−38.23* 
76.00 

22.700 
(4.762) 

33.748 
(5.808) 

17.55 
(4.188) 

28.21 
(5.311) 

–2.0 
0.843 

−63.60* 
73.40 

25.075 
(5.006) 

34.199 
(5.847) 

20.21 
(4.495) 

30.69 
(5.540) 

–3.0 
0.738 

−68.19* 
66.10 

24.624 
(4.899) 

25.075 
(5.006) 

23.02 
(4.797) 

28.27 
(5.317) 

–4.0 
0.505 

−78.23* 
61.81 

23.707 
(4.867) 

21.887 
(4.676) 

20.34 
(4.509) 

28.48 
(5.336) 

PDM-84-139 

0.0 
1.218 

- 
74.56 

26.908 
(5.186) 

30.547 
(5.526) 

21.77 
(4.665) 

25.26 
(5.025) 

–1.0 
0.805 

−33.91* 
70.59 

30.096 
(5.485) 

28.728 
(5.358) 

25.36 
(5.035) 

29.44 
(5.425) 

–2.0 
0.513 

−57.88* 
70.00 

20.971 
(4.577) 

26.908 
(5.186) 

21.13 
(4.535) 

31.79 
(5.638) 

–3.0 
0.328 

−73.07* 
60.78 

20.971 
(4.577) 

25.540 
(5.0520 

18.73 
(4.327) 

31.34 
(5.598) 

–4.0 
0.255 

−79.06* 
57.69 

20.068 
(4.477) 

26.443 
(5.141) 

18.15 
(4.259) 

31.76 
(5.635) 

Variety 
(V) 

S.Em (±) 0.0219 0.6145 0.0452 0.0388 0.266 0.0203 

C.D. (5%) 0.065 1.816 n.s. 0.115 n.s. 0.060 

Treatment 
(T) 

S.Em (±) 0.0347 0.9716 0.0714 0.0614 0.0420 0.0320 

C.D. (5%) 0.102 2.872 0.211 0.181 0.124 0.095 

Interaction 
(V × T) 

S.Em (±) 0.0491 1.3741 0.1010 0.0868 0.0594 0.0453 

C.D. (5%) 0.145 n.s. 0.298 0.256 0.175 0.134 

Asterisked (*) data indicate per cent increase (+) or decrease (−) over control, and data in parentheses indicate 
square root transformed values, n.s. Non significant. 
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Figure 1. Tolerance indices (±SD of three replicates) of K-851 (drought tolerant) & PDM-84-139 
(drought susceptible) under different moisture stresses. 
 
erate moisture stresses (i.e. −1.0 and −2.0 bars) was noticed, but at higher moisture 
stresses (i.e. −3.0 and −4.0 bars) PDM 84-139 was found to have higher reduction in 
leaf area over control than K 851. The decrease in leaf area with increasing moisture 
stresses might be attributed to less elongation and enlargement of cells coupled with 
lower photosynthetic activity [31]. It is because, leaf area manifests function of cell ex-
pansion, which is again depended upon turgidity of cells. Many researchers reported 
that water stress treatment brought about significant reduction in leaf area develop-
ment [32] [33]. Higher leaf area of K 851 under various water potential treatments than 
PDM 84-139 indicated comparatively higher tolerance level of K 851 to water stress 
conditions. Lower value of stomatal frequency in K-851 compared to other cultivar 
with respective and increasing magnitude of water stress might indicate its better inhe-
rent compliance to resist the stress situation.  

At particular water potential, higher RLWC is an indication of drought tolerance 
through osmoregulation. Drought resistant plants are likely to be less sensitive to 
changes in external water potential with a relatively small decrease in relative water 
content than plants which are more susceptible to drought [34].  

It is evident from Table 2 that relative leaf water content (RLWC) of both cultivars 
decreased significantly over control as the external water potential was lowered. How-
ever, the cultivar K 851 showed higher RLWC in comparison to the cultivar PDM 
84-139 in control as well as in all of the given external water potential treatments. Per-
cent reduction in RLWC over control was found to be more in PDM 84-139 than K 
851. Thus higher RLWC of K 851 at a particular level of water stress indicated that K 
851 had more tolerance to drought than PDM 84-139. The differences in RLWC be-
tween the two cultivars might be attributed to the differences in their survival under 
drought stress conditions [32]. 

Stomatal frequency or the number of stomata per unit leaf area for upper as well as 
lower surface of leaves was also found to decrease along with the decreasing moisture 
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potential for both the varieties (Table 2). The cultivar K-851 was found to contain 
higher stomatal frequency in most of the cases compared to PDM-84-139. However the 
stomatal index of primary leaf of 6 days old mungbean seedling of both varieties did 
not follow any pattern with increase in moisture stress. It was evident that K-851 main-
tained a lower stomatal index values in the lower surface of leaf at highest level of 
moisture stress than PDM 84-139. 

A steady decreasing pattern in chlorophyll a, chlorophyll b and total chlorophyll 
contents with the increasing moisture stresses in both the cultivars was noticed (Table 
3). It was further observed that total chlorophyll content of two cultivars differed sig-
nificantly from each other and the cultivar K 851 was found to have higher levels of 
chlorophyll at all the water potential treatments than PDM 84-139. It is evident from 
the data that water stress increased chlorophyll a/b ratio in both the cultivars and K 851 
was found to maintain lower chlorophyll a/b ratio than PDM 84-139 at all the external 
water potentials tested. The results also revealed that chlorophyll stability index (CSI) 
declined with lowering external water potential in the cultivars. Out of the two cultivars 
tested, K 851 was observed to have greater CSI values as compared to PDM 84-139 at all 
the moisture potential treatments. The decrease in total chlorophyll contents could be 
typical symptom under drought stress and it may be attributed to the destruct- 
 
Table 3. Changes in chlorophyll-a, chlorophyll-b, total chlorophyll, chlorophyll-a/b ratio and 
chlorophyll stability index (CSI) in the 6 days old seedlings of two mungbean cultivars grown 
under different osmotic potentials (data expressed as mg g−1 fresh weight). 

Cultivars Water potentials (bars) Chl-a Chl-b Total chl Chl-a/b CSI 

K-851 

0.0 1.965 0.791 2.755 2.484 – 

–1.0 1.925 0.721 2.644 2.674 0.959 

–2.0 1.863 0.719 2.583 2.591 0.937 

–3.0 1.618 0.594 2.212 2.723 0.802 

–4.0 1.399 0.512 1.851 2.732 0.671 

PDM-84-139 

0.0 1.431 0.504 1.935 2.839 – 

–1.0 1.296 0.445 1.741 2.912 0.899 

–2.0 1.165 0.379 1.544 3.074 0.797 

–3.0 0.967 0.310 1.227 3.119 0.634 

–4.0 0.798 0.251 1.049 3.179 0.542 

Variety 
(V) 

S.Em (±) 0.0168 0.0054 0.0119 0.0810 0.0029 

C.D. (5%) 0.050 0.0160 0.035 0.240 0.0087 

Treatment 
(T) 

S.Em (±) 0.0265 0.0086 0.0189 0.1283 0.0041 

C.D. (5%) 0.078 0.0254 0.056 n.s. 0.0122 

Interaction 
(V × T) 

S.Em (±) 0.0375 0.0121 0.0267 0.1814 0.0058 

C.D. (5%) n.s. 0.0358 0.079 n.s. 0.0174 

n.s.—Non significant. 
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tion of fine structure of the chloroplasts and/or instability of the pigment protein com-
plex [9]. It might also be due to increase in chlorophyllase activity under water stress 
conditions [35]. The results of decreasing chlorophyll content with the rise in osmotic 
stress were observed earlier [36] [37]. Higher chlorophyll content in K 851 than PDM 
84 - 139 under osmotic stress conditions might be due to differences in their tolerance 
level [38]. Increasing chlorophyll a/b ratio under water stress might be attributed to 
lower destruction of chlorophyll a than chlorophyll b under such stress. Decreasing 
chlorophyll stability index (CSI) with increasing stresses might be due to premature 
senescence of leaves [39]. Higher values of CSI in K 851 in comparison to PDM 84-139 
indicated the comparatively higher tolerance of K 851 to drought which again might 
have bearing on photosynthesis and ultimately producing higher yield. 

Data presented in Table 4 showed that proline content increased with decreasing 
water potential at all stages of observation irrespective of cultivars tested. The results 
indicated that phenols content increased with increasing stress levels in both the culti-
vars. The data also revealed that phenol content in K 851 was higher than PDM 84-139 
particularly at later stages. The cultivar K 851 was found to maintain relatively higher  
 
Table 4. Ascorbic acid (mg∙g−1 fresh weight), phenol (mg∙g−1 fresh weight), proline (μg∙g−1 fresh 
weight), MDA (nmol∙g−1 fresh weight) and H2O2 (μmol∙g−1 fresh weight) content in leaves of 6 
days old mungbean seedlings grown under different water potentials. 

Cultivars 
Water potentials 

(bars) 
Ascorbic  

acid 
Phenol Proline MDA content H2O2 

K- 851 

0.0 2.00 1.900 114 142.78 2.72 

–1.0 1.85 2.450 202 256.55 3.89 

–2.0 1.52 2.571 567 345.67 4.25 

–3.0 1.36 3.100 685 363.17 4.62 

–4.0 1.08 3.000 743 368.46 6.18 

PDM-84-139 

0.0 2.00 1.650 47 150.91 2.59 

–1.0 1.84 2.138 77 272.16 4.51 

–2.0 1.44 2.225 144 386.78 5.26 

–3.0 1.16 2.857 187 418.34 6.38 

–4.0 0.82 2.642 252 465.55 6.93 

Variety (V) 
S.Em (±) 0.0096 0.0092 1.8511 2.2467 0.0173 

C.D. (5%) 0.028 0.0272 5.471 6.641 0.051 

Treatment (T) 
S.Em (±) 0.0152 0.0146 2.9269 3.5524 0.0274 

C.D. (5%) 0.045 0.0432 8.651 10.450 0.081 

Interaction (V × T) 
S.Em (±) 0.0214 0.0206 4.1392 5.0238 0.0387 

C.D. (5%) 0.063 n.s. 12.234 14.849 0.114 

n.s.—Non significant. 
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proline as well as phenol content as compared to PDM 84-139 in respective water po-
tential treatments and stages of seedling development. The findings of higher proline 
accumulation in K 851 than PDM 84-139 might indicate the differences in their surviv-
al under drought stress conditions as proline is considered to be involved in adaptation 
mechanisms under drought stress. Apart from their osmoregulatory role, proline has 
protective function for enzymes in the cytoplasm through binding water to the proteins 
and thus maintaining their hydration. Proline accumulation in stressed plants was re-
ported by Naidu et al. [32] and Anaytullah et al. [40]. Furthermore, Sivakumar et al. 
[41] reported that proline could be used as biochemical marker for drought tolerance. 

Ascorbic acid contents in both the cultivars were decreased with increasing moisture 
stress (Table 4). K 851 was found to have higher ascorbic acid content as compared to 
PDM 84-139 in most of the cases under respective water potential treatments. Hydro-
gen peroxide (H2O2) contents were found to increase in both cultivars with decreasing 
moisture potentials (Table 4). When cultivars were compared, higher accumulation of 
H2O2 was observed in PDM-84-139. The decline in ascorbic acid content due to water 
stress might be ascribed to a rise in ascorbic acid oxidase activity, which causes oxida-
tion of ascorbic acid. The decline in ascorbic acid content might also be correlated with 
increase in hydrogen peroxide content under water stress [42], since ascorbic acid is 
associated with hydrogen peroxide scavenging via ascorbate peroxidase-glutathione 
reductase linked reactions. Water stress induced reduction in ascorbic acid content was 
reported by Sairam and Srivastava [43] in wheat, where it was also noticed that ascorbic 
acid content in tolerant genotypes of wheat was higher than susceptible ones under wa-
ter stress. 

It was found that MDA content followed an increasing trend under increasing mag-
nitude of water stress in both cultivars (Table 4). However, the increase in MDA con-
tent was found to be higher in PDM-84-139 compared to K-851 in all the cases. Toxic 
active oxygen species determine metabolic alternations in cellular membrane system as 
a consequence of the peroxidation of the lipid layer of the membrane [44]. Increased li-
pid peroxidation as a result of oxidative stress and consequently cell membrane injury 
were reported by various workers [43] [45].  

Increase in phenolic content could be due to increase in phenylalanine-ammonia- 
lyase (PAL) activity during water stress, as PAL is the key enzyme involved in the syn-
thesis of phenolic compounds via phenylpropanoid pathway [46]. Higher accumulation 
of phenols in K 851 suggests its function as better cellular adaptive mechanism for pre-
venting sub-cellular damages during stress. Accumulation of phenol in plants under 
biotic and abiotic stresses constitutes a part of cellular solutes and provides a reducing 
environment to the system [47]. But present study clearly indicates that phenols may 
play an adaptive role under stress but it would not be considered as major factor for to-
lerance. 

Correlation Analysis 

Simple correlation analysis among the various physiological and biochemical parame-
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ters in mungbean under water stress revealed positive correlation of tolerance index 
(TI) with ascorbic acid, CSI, leaf area, RLWC, stomatal frequency (lower) and negative 
correlation with MDA content and hydrogen peroxide content (Table 5). Higher cor-
relation value of TI with both CSI and RLWC proves that CSI and RLWC play very 
important function to impart tolerance through sustaining chlorophyll status and leaf 
water balance, respectively under water stress [32] [38]. The most prominent finding 
was the negative correlation between phenol content and tolerance index. The MDA 
(lipid peroxidation) and H2O2 content have strikingly shown maximum numbers of 
significant association in the correlation analysis. Hence the present study clearly indi-
cates that free radical mediated lipid peroxidation as the central cause of drought in-
jury. Bor et al. [48] reported that lipid peroxidation might be considered as an indicator 
of the extent of oxidative damage under stress. Drought stress affects many physiologi-
cal processes of plants due to accumulation of reactive oxygen species (ROS) like supe-
roxide radical (O.−), hydrogen peroxide (H2O2), hydroxyl radical (OH.−) etc. [49]. To-
lerances to drought stress in plants have also been reported to be associated with an in-
crease in activity of antioxidant system to protect against ROS mediated damages [50]. 
These two leaf parameters might be effective physiological indicators for screening of 
drought susceptibility.  

 
Table 5. Simple correlation matrix (Pearson) among different morpho-physiological and biochemical parameters in leaves of mungbean 
under different moisture potentials. 

Parameters 
Parameters 

Tolerance 
Index 

Ascorbic  
acid 

Phenol Proline MDA CSI 
Leaf  
area 

RLWC 
Stomatal frequency Stomatal index 

H2O2 

Upper Lower Upper Lower 

Tolerance Index 1             

Ascorbic acid 0.937** 1            

Phenol −0.650* −0.773** 1           

Proline −0.392 −0.502 0.789** 1          

MDA content −0.790** −0.931** 0.771** 0.427 1         

CSI 0.956** 0.958** −0.676* −0.298 −0.879** 1        

Leaf area 0.712* 0.812** −0.603 −0.323 −0.884** 0.799** 1       

RLWC 0.951** 0.937** −0.693* −0.354 −0.834** 0.980** 0.804** 1      

St
om

at
al

  
fr

eq
ue

nc
y Upper 0.619 0.746* −0.536 −0.182 −0.771** 0.712* 0.619 0.600 1     

Lower 0.672* 0.697* −0.611 −0.402 −0.713* 0.714* 0.905** 0.752* 0.504 1    

St
om

at
al

 i 
nd

ex
 Upper 0.448 0.542 −0.428 −0.156 −0.553 0.487 0.478 0.396 0.848 0.376 1   

Lower −0.413 −0.564 0.325 −0.016 0.694* −0.552 −0.422 −0.440 −0.503 −0.085 −0.232 1  

H2O2 −0.901** −0.943** 0.718** 0.330 0.938** −0.963** −0.854*
* 

−0.925** −0.716* −0.734* −0.528 0.643* 1 

Data marked as (*) and (**) are significant at p < 0.05 and p < 0.01 respectively. Where, MDA = malondialdehyde content, CSI = chlorophyll stability index, RLWC = 
relative leaf water content, H2O2= hydrogen peroxide content. 
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4. Conclusion 

Lack of accurate screening indicator is a limiting factor to develop drought tolerant 
mungbean cultivars and also a constraint for mungbean productivity. Though several 
researchers have been in constant research in identifying several physiological markers 
and incorporating them through breeding in several cultivars, success is very meagre as 
most of these traits involve multifaceted physiological paradigms. Water stress has an 
adverse effect on morph-physiological characters of leaves of this crop. However, the 
magnitude of growth retardation and injury caused by water stress vary significantly 
among the cultivars. K 851 showed greater tolerance to drought which seemed to be 
due to better leaf water balance, chlorophyll stability as well as higher accumulation of 
proline, phenols and potent antioxidant like ascorbic acid. From the correlation study, 
it is concluded that lipid peroxidation and H2O2 content might be considered as potent 
physiological markers for drought response study in mungbean at its early seedling 
stage. The genotype with drought tolerance traits may be used in future genetic ma-
nipulation programmes to establish drought tolerance in this crop. 
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