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ABSTRACT - The present study was aimed at evaluating the effects of progressive and continuous abiotic stress 
conditions on four varieties of Glycine max. L. In order to emphasize the main effects of different continuous stress 
conditions on physiological and biochemical changes in Glycine max. L, pot experiments were carried out. After 
germination, seedlings were well watered until two complete weeks, then the plants were subjected to one week of 
heavy metal treatment (50µM) followed by one week of salinity treatment (150mM) and finally left for drought treatment 
for a week. Several parameters known as indicators of plant status were monitored which include plant shoot length, 
root length, protein, chlorophyll, soluble carbohydrates, ascorbic acid, proline and glycine betaine levels. However 
significant changes were observed in physiological parameters and decrease in total chlorophyll, protein and starch. 
Apart from that, there was a significant increase in sugars, proline and glycine betaine levels as a consequence of 
stress induced to plants. This fact reveals the inefficient osmotic adjustment as a consequence of continuous stress 
applied to the plants.  
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1. INTRODUCTION: 
  An extensive loss to the agricultural 
productivity worldwide is mainly caused due to 
abiotic stress conditions. Stress conditions such as 
salinity, heavy metals, high/low temperatures, pH 
and drought have been individually the subject of 
intense research. But, in the fields, the crops 
routinely encounter a combination of different 
abiotic stress conditions [1]. Major problem 
encountered by many agriculturally important 
crops, is the combination of drought and other 
stresses, such as heat or salinity [2]. It is clear from 
the recent studies, that the physiological, 
biochemical, molecular and metabolic responses of 
plants individually to each of these different 
stresses is completely different to that of 
combination of stresses [1]. 
Plant cells adopt many strategies in response to 
different abiotic stress conditions such as salinity, 
drought, cold, heat and excessive osmotic pressure.  
 
To resist to all these abiotic stress conditions, cells 
adopt themselves by undergoing different 
mechanisms including changes in morphological 

and developmental pattern as well as physico-
biochemical processes. Adaptation to stress is 
associated with metabolic adjustments which lead 
to the accumulation of several organic solutes and 
osmolytes. Osmolytes such as proline, Glycine 
betaine, sugars, polyols and amino acids are 
synthesized in response to continuous stress 
conditions [3].  
 Salinity or heavy metal stress might pose a 
problem to plants when compared with drought 
because enhanced transpiration could result in 
enhanced uptake of salt or heavy metal. Thus these 
conditions generate oxidative stress due to an 
increase in the levels of reactive oxygen species 
(ROS) within subcellular compartments. ROS 
include the superoxide radical (O2-), hydrogen 
peroxide (H2O2), and the hydroxyl radical (OH-), 
all of which affect mainly lipids, proteins, 
carbohydrates, and nucleic acids [4]. ROS are also 
known to damage cell membranes by inducing 
lipid peroxidation, causing membrane damage, 
and inactivation of enzymes and alteration of DNA 
activity [5]. Under steady state conditions, the ROS 
molecules are scavenged by various antioxidative 
defense mechanisms. The equilibrium between the 
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production and the scavenging of ROS may be 
perturbed by various abiotic stress factors such as 
heavy metals, salinity, heat, cold and drought.  The 
major example of antagonism between different 
abiotic stresses is drought and heavy metal stress, 
which exaggerate the effects of each other [6]. The 
simultaneous exposure of crops to different abiotic 
stress conditions will result in the coactivation of 
different stress response pathways. Those might 
have a synergistic and antagonistic relationships 
between different pathways exist. Tolerance to a 
combination of different stresses is likely to be 
complex trait involving multiple pathways and 
cross talk between different sensors and signal 
transduction pathways. Many plant species 
naturally accumulate protein, proline and Glycine 
betaine as major organic osmolytes when subjected 
to different abiotic stresses. These compounds play 
an adaptive role in mediating osmotic adjustment 
and protecting sub cellular structures in stressed 
plants [7]. Thus, different approaches have been 
contemplated to increase the concentrations of 
these compounds in plants grown under stress 
conditions to increase their stress tolerance. 

 Soybean is an important economical, 
nutritive and medicinal plant. However, the yield 
of this plant is reduced due to stress conditions in 
the soil. Therefore, reduction in plant growth 
under stress conditions could be an outcome of 
altered hormonal balance. Moreover it presents the 
possibility of using the carbohydrates as energy 
source under severe stress conditions. When 
compared to other tropical legumes, such as Vigna 
unguiculata and Phaseolus vulgaris,  Soyabean is 
considered to be a sensitive species to the several 
abiotic stress conditions [8, 9, 10]. Hence, for the 
enhanced tolerance of crops and plants to 
combined stress conditions, it is important to 
bridge the gap between molecular, physiological 
and metabolic aspects of stress combination. In the 
present study, attention has been focused to 
investigate the impact of salinity, heavy metal and 
drought continuously on physiological and 
biochemical attributes of Glycine max. L. 
 
2. MATERIALS AND METHODS: 
2.1 Plant material and growth conditions: 
 The certified seeds of Glycine max.L were 
collected from Regional Agricultural Research 
Station (RARS), Adilabad, Andhra Pradesh, India. 
The four varieties of Soyabean used for the present 
study are Basar, DSB-20, JS-335 and JS-93.05. The 
seeds were surface sterilized with commercial 
bleach 0.1% HgCl2 solution for 5 min and washed 

thoroughly three times with distilled water. The 
seeds were propagated in clay pots containing air-
dried black soil and vermicompost with 70:30 ratio 
respectively. Seeds of all the four bean cultivars 
were sown in this soil medium and were 
maintained under natural photoperiod and then 
watered regularly.  
 
2.2 Treatments and Sample Collection: 

Germination was observed on 3rd day 
from the day of sowing of seeds. The plants were 
grown normally by supplying water regularly for 
14 days. Based on the preliminary experiment 
results, 50µM lead acetate, 150mM NaCl were 
selected as the heavy metal and saline stress 
concentrations respectively for subsequent 
experiment. The experimental design used was 
carried out at randomized scheme, with 2 regimes 
(stress and control). The 14 days old Soya plants 
were first subjected to heavy metal treatment for 7 
days followed by salinity treatment for 7 days and 
finally left for drought treatment for 7 days. 
Simultaneously, Controls were maintained by 
regular watering throughout the period. After 35 
days seedlings were harvested, washed with 
double distilled water, plotted and used for the 
following measurements. Triplicates were 
maintained for all the experiments performed in 
the study. The samples can be stored at -80ºc for 
further use. 
 
2.3 Morphological Parameters: 

The plants were removed carefully with 
root system and washed thoroughly. 10-15 
plantlets from each treatment were taken at 
random; the shoots length (cm) and roots length 
(cm) per plant were measured by meter scale. 
Immediately the plants were weighed for fresh 
weight, Plants were dried in oven by setting at low 
heat (100°C) over night. Then plants were cooled in 
a dry environment. After the complication of 
cooling, the plants were weighed for dry weight.  
 
2.4 Biochemical Analysis: 

Shoots were taken, 500 mg of both control 
and stressed leaves were taken, washed 
thoroughly with tap water followed by distilled 
water and blotted to dry in between filter paper 
folds. The midribs of leaf samples were removed, 
cut into bits and macerated with respective buffers 
for all biochemical experiments. For protein 
estimation, the leaves were homogenized using 
70% (v/v) ethyl alcohol and precipitated by adding 
20% (w/v) trichloroacetic acid. The precipitate was 
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then dissolved in 1% (w/v) sodium hydroxide 
(NaOH) solution. Quantitative estimation of 
protein was done employing the method of Lowry 
et al. [11].Photosynthetic pigments such as 
chlorophyll a, chlorophyll b and total chlorophylls 
were extracted and estimated adopting the 
methods described by Arnon [12]. The estimation 
of total soluble sugars in leaves were determined 
by the method of Dubois et al. [13] and total starch 
content by method of Mc Cready et al., [14]. 
Ascorbic acid was estimated by colorimetric 
method of Sadasivam and Manickam [15]. Proline 
was determined according to the method of Bates 
et al. [16] and Glycine betaine was estimated by the 
method of Barak and Tuma [17].  

 
2.5 Statistical Analysis: 

All the Experiments were carried out in 
triplicates and mean of three values was 
calculated. The standard errors were calculated for 
each point, as well as in the results were applied 
the variance analysis (ANOVA) and were 
compared by the T- test at the (P≤0.05) significance 
level using the software SPSS. 

 
3. RESULTS AND DISCUSSION: 
 
3.1 Physiological Alterations: 
 After the exposure of plantlets to three 
different successive abiotic stress conditions, well 
defined morphological changes were observed in 
all four Glycine max.L. varieties studied in the 
experiment. The growth rate and height of the 
plant was observed to be decreased slowly with 
the increasing time period of stress treatment. 
Continuous abiotic stress treatments significantly 
(P≤0.05) decreased shoot and root length when 
compared to those plantlets grown under control 
conditions (Table 1). Shoot length was reduced in 
all cultivars at the end of all three abiotic stress 
treatments. Basar displayed 55.22% shoot length 
reduction over the control (100%), while the 
reduction percentage was 42.86% in DSB-20, 
55.38% in JS-335 and 43.10% in JS-93.05 when 
compared with the control plants. On the other 
hand, root length was retarded in all cultivars of 
soyabean. Root length showed more pronounced 
decrease in Basar (60%) compared to other three 
varieties DSB-20 (52.38%), JS-93.05 (33.33%) and JS-
335 (21.43%). Number of roots was also observed 
to be decreased. The fresh weight of plant 
decreased by 67.53% in Basar, 70.97% in DSB-20, 
72.36% in JS-335 and 59.35% in JS-93.05. Similarly, 
with respect to decrease in dry weight of plant it 

was 74.16%, 70.79%, 75.32 % and 73.74 % in Basar, 
DSB-20, JS-335 and JS-93.05 respectively. In all the 
physiological parameters studied, shoot length, 
plant fresh and dry weights were found to be 
highly decreased in JS-335, whereas root length 
was found to be greatly decreased in Basar 
(Supplementary data provided). 

The reduction in the plant height, fresh 
weight and dry weight may be attributed to the 
water deficiency in the soil. During 
photosynthesis, water losses occur through 
stomatal mechanism and the water assimilation 
rate is negatively affecting during drought stress 
[18]. The significant decrease in plant height may 
also be due to change in the concentrations of 
available elements and nutrients in the soil, which 
thereby disturbs the carbohydrate metabolism.  

The root growth is a strategy used by the 
plants to capture water in substrate under water 
deficit conditions, in which the growth and 
development of plant depends on the cell turgor. 
Shoot and root growth has also been considered as 
a very sensitive indicator to combined stress 
conditions. Heavy metals, high salts have been 
shown to cause many morphological, physiological 
and biochemical changes in plants, such as growth 
inhibition [19]. The inhibitory action of excess 
concentrations of NaCl and lead in shoots and 
roots may be due to reduction in cell division, and 
toxic effect of salt and heavy metal on 
photosynthesis. These contributed to the 
retardation of normal growth demonstrated that, 
higher concentrations of salt and heavy metal 
along with water deficit decreased the growth, 
fresh and dry matter production. 
 
3.2 Biochemical Alterations: 
3.2.1 Total Protein Content: 
 Total protein content decreased due to 
abiotic stress conditions. Two soyabean cultivars 
exhibited decline in the total protein content 
whereas other two varieties showed slight increase 
(Fig 1). Basar and JS-335 showed increase in the 
protein content by 32.63% and 21.10% respectively. 
DSB-20 and JS-93.05 showed reduction by 10.76% 
and 2.28% respectively. The reduction in the total 
soluble proteins showed in the plants under stress 
is due to probable increase of the protease enzyme 
activity, which promotes the breakdown of the 
proteins and consequently decreases the protein 
amount present in the plant under abiotic stress 
conditions [20]. Under inadequate conditions, the 
plants activate the pathway of proteins 
breakdown, and use the proteins for the synthesis 
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of nitrogen compounds as amino acids that might 
accelerate the plant osmotic adjustment [21]. 
Similar results on reduction in the proteins were 
found by Ramos et al. [22] investigating the effects 
of the water stress in Phaseolus vulgaris.  

 
Fig.1. Total protein content and Ascorbic acid 
content in four cultivars of Glycine max.L during 
stress conditions when compared to control plants 
 
3.2.2. Chlorophyll Content: 

From the data in (Table.2), it is clear that 
abiotic stress treatments caused significant 
reduction (P≤0.005) in the content of Chlorophyll a, 
chlorophyll b and total chlorophyll in all Glycine 
max.L cultivars studied. In Basar, Chl a, chl b and 
total chlorophyll decreased by 3.49%, 12.78% and 
7.31% respectively with respect to control plants 
(100%). Whereas in DSB-20, the decrease was 
66.21% for chl a, 85.82% for chl b and 66.57% for 
total chlorophyll levels. JS-335 showed a decrease 
of 26.75% in chl a, 22.71% in chl b and 15.81% in 
total chlorophyll. In JS-93.05, chl a, chl b and total 
chlorophyll contents decreased by 56.1%, 64.57% 
and 40.62% respectively with respect to controls. 
The reduction in chlorophyll content may be 
characterized as a means to reduce photooxidation 
threat. Similar results were obtained by Thalooth et 
al., [23] which demonstrated that the limiting of 
water supply diminish the chl a, chl b and total 
chlorophyll content in the leaves of Vigna radiata 
at any stage of plant development. The same study 
explained this decrease may be due to the decrease 
of magnesium that is one of the principal 
chlorophyll constituents. It was also revealed that 
this can be attributed to the high level of 
chlorophyll degradation more than to its 
biosynthesis limitation under water stress 
conditions [24]. 
 
3.2.3 Total sugars and starch: 
 In all Glycine max.L cultivars studied, 
stressed plants showed a higher soluble sugar 
content with respect to control plants. Total soluble 
sugars increased by 14.67% in Basar, 11.17% in 

DSB-20, 8.42% in JS-335 and 9.30% in JS-
93.05(Fig.2). Highest increase of soluble sugars was 
found in Basar. Earlier studies also indicate that, an 
increase of soluble sugars is accompanied with 
increased activity of acid invertase and sucrose 
synthesis. In addition to the role of sugars in 
osmoregulation, the soluble sugars allow the 
plants to maximize carbohydrates storage reserves 
to support basal metabolism under stressed 
environment [25].  
 The total starch contents were decreased 
in stressed plants by 1.02%, 39.94%, 8.88% and 
1.82% in Basar, DSB-20, JS-335 and JS-93.05 
respectively when compared to control plants (fig 
2). The increase and decrease carbohydrates levels 
in plants under stress conditions occur due the two 
biochemical events that simultaneously happen in 
plants under these conditions. The starch pathway 
is the main, because the starch is degraded, which 
is promoted by the amylase action [26]. Besides 
this, the sucrose pathway is also disturbed, because 
the sucrose suffers from invertase enzyme actions 
and there by liberates hexoses that may be utilized 
in anabolic or catabolic processes and if not used 
they may contribute to the reducing carbohydrates 
accumulation [27]. There are several reports on 
carbohydrate accumulation during various abiotic 
stresses in the temperate grasses and cereals where 
long term carbohydrate storage occurs during 
reproductive development [28]. Accumulation of 
sugars in different parts of plants is enhanced in 
response to the variety of environmental stresses 

 
Fig.2. Total soluble sugars & starch in four 
cultivars of Glycine max.L during stress conditions 
when compared to control plants 
 
3.2.4 Ascorbic acid content: 
 The ascorbic acid content was increased in 
all cultivars of soyabean studied.  When compared 
to control plants, stressed plants showed an 
increase of 19.38% in Basar, 34.54% in DSB-20 and 
11.59% in JS-93.05 (Fig 1). Whereas, JS-335 showed 
decreased ascorbic acid content by 4.68%. Ascorbic 
acid (Vit C) is a water soluble antioxidant which 
acts as scavenger of ROS to prevent or at least 
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alleviate deleterious effects caused by ROS. It plays 
an important role in minimizing the damage 
caused by oxidative processes. Decreased 
ascorbate content under heavy metal stress has 
been observed in the roots and nodules of Glycine 
max.L [29]. 
 
3.2.5 Proline and Glycine betaine: 
 The most interesting observation made 
during the study was drastic increase in the proline 
and glycine betaine contents in all the soyabean 
varieties studied in the experiment. It clearly 
shows significant increase (P≤0.05) in the 
accumulation of proline and glycine betaine in all 
stressed plants. The percentage of proline content 
was significantly higher by 57.56% in Basar, 74.19% 
in DSB-20, 41.84% in JS-355 and 46.58% in JS-93.05 
when compared to controls. The proline level was 
significantly increased in DSB-20 and this 
accumulation is a response characteristic of plants 
under abiotic stresses, which it works as osmotic 
adjustor and reduces the negative effects in the 
plants under adverse conditions, besides of this, it 
promotes higher resistance in cells under these 
circumstances. In higher plants, proline is 
considered to play an important role in defense 
mechanism of stressed cells providing carbon, 
nitrogen and energy source after stress by 
degradation [30]. Earlier studies reported that 
stressed cells have lower protein synthesizing 
capacity increasing lipid and carbohydrate 
metabolism. Similar results on the proline 
accumulation in plants under water deficiency 
were showed by Sarkar et al.  [31] working with 
cultivars of Triticum aestivum and Costa [32] 
studying Vigna unguiculata. 

Glycine betaine is the principle solute in 
highly salt tolerant found in plants under stress 
conditions. In the present study, Glycine betaine 
content increased with increase in continuous 
stress conditions (Fig. 3). In Basar, it was increased 
by 28.15%, in DSB-20 by 28.07 %, in JS-335 by 
33.33% and in JS-93.05 by 29.55% with reference 
the controls studied. Among all cultivars, JS-335 
showed highest increase in Glycine betaine 
content. Glycine betaine and proline increase the 
cytoplasmic volume and free water content and 
permit cell proliferation under unfavorable 
conditions [33]. However glycine betaine preserves 
thylakoid and plasma membrane integrity when 
exposed to adverse conditions [34].  

 
Fig.3 Proline & Glycine betaine content in four 
cultivars of Glycine max.L during stress conditions 
when compared to control plants 
 
4. CONCLUSION:  
 The effect of stress of salinity (NaCl), 
heavy metal (Lead acetate) and drought 
successively on four Glycine max L. cultivars 
showed, reduction in shoot and root lengths, plant 
fresh and dry weights and chlorophyll a, 
chlorophyll b and Total chlorophyll. However, 
total protein content was observed to be 
fluctuating which showed increased in two 
varieties (Basar & JS-335) whereas decreased in the 
other two varieties (DSB20 & JS-93.05). While 
significant increase in soluble sugars, production 
of proline and glycine betaine was observed in all 
soyabean varieties studied. These beneficial 
properties indicate that, adaptation of plants to 
stress conditions can be characterized by the 
accumulation of osmolytes like carbohydrates, 
proline and glycine betaine. 

From the results obtained in the present 
investigation, it could be concluded that, JS-335 
showed better response to stress conditions 
studied followed by Basar, DSB-20 and JS-93.05 
respectively. All the biochemical parameters 
studied, may serve as important biochemical 
markers for stress tolerance trait in plants. These 
types of continuous abiotic stress impose 
considerable constraints on crop production, 
thereby affect agricultural productivity. This 
preliminary study may pave way for further 
investigation to improve our understanding of the 
effect of combined stress on biochemical 
parameters during plant growth and to select a 
plant variety having high tolerance to these stress 
conditions. Some stress responsive enzymes are 
activated during stress conditions, such enzymes 
and their corresponding genes may be 
manipulated at molecular level and thereby stress 
tolerant plants for combined or continuous abiotic 
stress conditions are produced.  
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Table 1.  Shoots length, Roots Length , Plant Fresh weight  & Plant Dry weight in  four Glycine max.L cultivars grown under continuous abiotic   
stress conditions for 21 days. 
 

Glycine max.L 
Cultivars 

 
Shoot Length 

 

 
Root Length 

 
Plant Fresh 

 Wt 
Plant Dry 

 Wt 

 Control 
(Cms) 

Stressed 
(Cms) 

Per 
Diff 
(%) 

Control 
(Cms) 

Stressed 
(Cms) 

Per 
Diff 
(%) 

Control 
(gms) 

Stressed 
(gms) 

Per 
Diff 
(%) 

Control 
(gms) 

Stressed 
(gms) 

Per 
Diff 
(%) 

BASAR 67±1.54 30±1.47 55.22 25±3.11 10±2.13 60.00 11.15 3.62 67.53 9.83 2.54 74.16 

DSB – 20 49±1.43 28±1.41 42.86 21±2.34 10±1.45 52.38 8.75 2.54 70.97 6.71 1.96 70.79 

JS – 335 65±1.25 29±1.53 55.38 14±2.61 11±3.02 21.43 10.71 2.96 72.36 8.63 2.13 75.32 

JS – 93.05 58±2.07 33±1.73 43.10 18±3.05 12±2.21 33.33 11.98 4.87 59.35 10.51 2.76 73.74 

 
Table 2.  Chlorophyll a ( Chl a ) , Chlorophyllba ( Chl b )  & Total Chlorophyll ( Chl ) in  shoots of four Glycine max.L cultivars grown under 
continuous abiotic  stress conditions for 21 days. 
 

Glycine 
max.L 

Cultivers 

CONTROL STRESSED 

Chl a ( mg g-1 f.w) Chl b ( mg g-1 f.w) Total Chl ( mg 
g-1 f.w) Chl a ( mg g-1 f.w) Chl b ( mg g-1 f.w) Total Chl ( mg g-1 f.w) 

BASAR 206.91±0.13 175.52±0.12 287.368±0.17 199.69±0.24(3.49) 153.088±0.18(12.78) 266.35±0.13(7.31) 

DSB – 20 240.07±0.16 392.36±0.17 484.97±0.23 81.13±0.18(66.21) 55.62±0.15(85.82) 162.11±0.18(66.57) 

JS – 395 223.45±0.21 200.32±0.09 311.86±0.14 163.67±0.12(26.75) 154.82±0.2(22.71) 262.54±0.17(15.81) 

JS – 
93.05 201.17±0.18 170.316±0.36 281.88±0.19 88.31±0.07(56.1) 60.349±0.12(64.57) 167.38±0.23(40.62) 
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Supplementary Data 

 

 

 Morphological changes in four varieties of Glycine max L after treatment for 35 days. 

 

Control and treated plants of Glycine max L. varieties after treatment for 35 days under 

stress conditions 
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