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Abstract 

Occurrence of stress in a plant’s natural environment is very often and obvious. Previous 

exposure to mild environmental stress allows a plant to adjust more efficiently with severe 

stress conditions. Here we have shown that pre-exposure to drought stress induces 

acclimation in mung bean (Vigna radiata (L.) Wilczek) seedlings. We studied the response 

in 4 day old seedlings. Mild water stress was (-0.25 MPa) applied to the seedlings at their 

earlier stages using polyethylene glycol-6000 solution for acclimatization. Acclimated 

seedlings were found to perform better to maintain their physiological steady state under 

stress. Thus acclimated seedlings maintained higher relative water content (RWC), levels of 

Chlorophyll a and b as well as total chlorophyll compared to control seedlings and this was 

maintained after exposure to PEG-induced water stress (-0.5 MPa). Protein content though 

was same in both acclimated as well as control seedlings, increased upon stress, increase 

being higher in the former. Content of malondialdehyde (MDA), indication of lipid 

peroxidation, while increased in control seedlings, declined significantly in acclimated 

seedlings upon exposure to stress. Present work suggests that repeated exposure to PEG-

induced mild water stress induces acclimatization to drought stress through metabolic 

regulation. 
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Introduction 
The natural environment for plants is mostly composed of a complex set of unfavourable growth 

conditions. A report of FAO (2007) stated that only 3.5% of the global land area is not affected 

by some environmental constraints (Cramer et al., 2011). Drought or soil water deficit is a 

major threat for agriculture nowadays. Unless the stress is lethal, plants keep adjusting with the 

limiting environmental conditions. In nature gradual onset of stress enable plants to play more 

strategically than sudden appearance of stress. Plants can acclimatize themselves in mild stress 

conditions and keeps a sort of ‘stress imprint’ to perform better under severe stress conditions 

(Waltera et al., 2013). Establishment of laboratory conditions that mimic field conditions will 

help us to understand the mechanism of stress acclimation which finely tunes the balance 

between stress responses and developmental processes. 

Among the key physiological processes, photosynthesis is adversely affected by water 

deficit. The effects can be direct, as due to decreased CO2 availability caused by diffusion 

limitations through the stomata and the mesophyll (Flexas et al., 2004, 2007) or the alterations 

of photosynthetic metabolism (Lawlor and Cornic, 2002) or they can arise as secondary effects, 

such as oxidative stress. Drought also adversely impacts membrane integrity, pigment content, 

water relations of plants (Benjamin and Nielsen, 2006; Praba et al., 2009). A significant number 

of genes controlled at the transcriptional level are induced by drought (Cazares et al., 2011). 

Plant acclimation to drought stabilizes crop performance (Chaves et al., 2009) and this has put 



Sahu and Kar / Acclimatization by PEG enhances drought tolerance 

Journal of Theoretical and Experimental Biology (ISSN: 0972-9720), 12 (1 and 2): 01-06, 2016 

2 
 

on a greater importance to the study of acclimation mechanisms. One of the food legumes, 

Vigna radiata (L.) Wilczek, is agriculturally very important as a rotation crop and also serves as 

a major source of proteins in Asian countries. Various aspects including physiological, 

biochemical and growth responses of legumes under different abiotic stress conditions have 

been extensively studied (Hafeez et al., 1988; Zayed and Zeid 1998; Pinheiro et al., 2004; 

Rashid et al., 2004; Sumithra et al., 2006; Saleh et al., 2007; Jaleel et al., 2009; Manavalan      

et al., 2009). However, the mechanism of natural stress acclimation, particularly towards water 

deficit (drought condition) usually imposed gradually under field condition, is still poorly 

understood.    

Present work was, therefore, designed to understand the tolerance via acclimation of 

Vigna radiata (L.) Wilczek seedlings through repeated exposure to mild stress simulated by 

PEG solution (-0.25 MPa) at earlier stage of development and then to monitor subsequently 

their performance at higher level of stress (-0.5MPa). 

 

Materials and Methods 
 

Plant Material and Growth Conditions 
Seeds of Vigna radiata (L.) Wilczek var B1 were used for the present experiments. Prior to 

germination, seeds were first surface sterilized with 1% sodium hypochlorite (NaOCl) solution 

for 5 minutes and rinsed thoroughly with distilled water. Germination was carried out in Petri 

dishes on Whatman No.1 filter paper soaked in distilled water and kept in a seed germinator in 

dark condition under controlled temperature (30±2°C). Germinated seeds were then maintained 

in 16h:8h (Light:Dark) cycle at 30±2°C temperature and 150 µmol m
-2

 s
-1

 irradiance for their 

growth. 

 

Pretreatment for Acclimatization and Experimental Setup  
Seedlings were acclimatized to drought stress through repeated exposure to PEG-6000 solution 

(-0.25 MPa). Eighteen hour germinated seeds were subjected to drought stress simulated by 

PEG-6000 solution (-0.25 MPa) for consecutive 3 days (Day1, Day 2 and Day 3) for a duration 

of 5 h daily. Control seeds were not treated with PEG solution and maintained on moist filter 

paper. On Day 4 seedlings were analyzed for different parameters. Experiments were carried out 

taking the whole seedlings. Control and acclimatized seedlings were analyzed before and after 

exposure to PEG-induced stress (-0.5MPa) for 30 min to assess their altered physiology under 

stress. 

 

Measurement of Relative Water Content (RWC) 
Relative water content (RWC) of whole seedlings was measured following the method of 

Weatherly (1950) by using the formula, RWC (%) = (fresh weight – dry weight)/ (turgid weight 

– dry weight) x 100. Fresh weight of seedlings was taken and then the same seedlings were kept 

in water for 4 h to gain turgidity. After recording the turgid weight seedlings were dried in a hot 

air oven at 80°C for 72 h and dry weight was taken.  

 

Assay of Chlorophyll and Protein Content 
For estimation of chlorophyll content (Chl a and Chl b), seedlings were extracted with 80% 

acetone and centrifuged at 5000 rpm for 10 min. Supernatants were taken and absorbance was 

measured at 663 nm and 645 nm using a UV-VIS Spectrophotometer (Systronics, India). 

Amount of chlorophyll was calculated using the absorbance coefficient following the method of 

Arnon (1949) and was expressed as mg g 
-1

 fresh weight. Protein content of the seedlings was 

determined following the method of Lowry et al. (1951) using Folin-Ciocalteu’s phenol reagent. 

For determination of protein, pellets from chlorophyll extraction were digested with 2 ml 1(N) 

NaOH for 1 hour at 80°C. After digestion they were centrifuged at 5000 rpm for 10 min. 1 ml of 

the diluted supernatant was then mixed with 1 ml of Reagent A (10% sodium carbonate in 0.5 

(N) NaOH, 1% copper sulphate and 2% sodium potassium tartarate in the ratio of 20:1:1) and 

0.5 ml of Reagent B (Folin Phenol Reagent diluted to 1:2 with water). Absorbance of the blue 
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colour developed after the reaction was measured at 650 nm and the protein content was 

expressed as mg g 
-1

 fresh weight. 

 

Determination of Lipid Peroxidation 
Lipid peroxidation was estimated spectrophotometrically following the method of Heath and 

Packer (1968). Plant tissue was homogenized in 5% trichloroacetic acid (TCA) and the 

homogenate was centrifuged at 12000 rpm for 15 min. Supernatant was mixed with 0.5% 

thiobarbituric acid (TBA) in 20% TCA. Solution was heated at 95
o
C for 30 min and to terminate 

the reaction it was incubated on ice for 5 minutes. Malondialdehyde (MDA), a lipid 

peroxidation product, reacted with thiobarbituric acid giving rise to a light pink colour. After 

centrifugation at 3000 rpm for 2 min absorbance of this coloured complex was measured at 532 

nm and 600 nm. MDA content was calculated using an extinction coefficient of 155 mM cm
-1

 

and expressed as µmol g 
-1

 fresh weight. 

Results 

Relative Water Content 
At the end of 4 days incubation acclimated seedlings showed higher RWC (93.93%) than the 

control (91.98%) in seedlings before exposure to water stress. After imposition of stress (-0.5 

MPa) for 30 min water retention capacity remains the same (93.93%) in case of acclimated 

seedlings, while in control seedlings initial RWC value (91.98%) somewhat declined (90.84%) 

(Fig. 1). 

 

Figure 1: Percentage of relative water content of acclimated seedlings compared with control seedlings 

before and after imposition to PEG-induced water stress (-0.5MPa). SE shown as vertical bars. 

 

Chlorophyll and Protein Content 
Changes in the chlorophyll content (Chl a and Chl b) in acclimated and control seedlings of     

V. radiata were depicted in Fig. 2. Acclimated 4-day seedlings contained initially an increased 

level (almost 20-25% over control) of both chlorophyll a (Fig. 2A) and chlorophyll b (Fig. 2B) 

before stress compared to the control. Following exposure to PEG-induced water stress             

(-0.5 MPa), however, chlorophyll content decreased, more prominently in acclimated seedlings. 

Similar trend was noticed also in the total chlorophyll content (Fig. 2C). 

In the above experimental set up protein content was also monitored in acclimated and 

control seedlings after 4 days of incubation (Fig. 2D). Before exposure to water stress both 

acclimated and control seedlings contained more or less the same amount of proteins (around 

18.8 mg/g FW). After exposure to water stress (-0.5 MPa) protein level increased significantly 

and such increase was more in case of acclimated seedlings than in the control sets.  

 

MDA Content 
To monitor the extent of lipid peroxidation, MDA content was assessed in control and 

acclimated seedlings before stress and after stress, data on which was presented in Fig. 3. At the 

end of 4 days of incubation there was no marked difference in MDA level between acclimated 

(48.21 µmole/g FW) and control seedlings (49.47 µmole/g FW) prior to stress. However, after 

PEG-induced water stress (-0.5 MPa) was imposed, MDA content of control seedlings 

somewhat increased (50.84 µmole/g FW) while the same declined remarkably (41.6 µmole/g 

FW) in case of acclimated seedlings. 
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Figure 2: Comparison of control and acclimated seedlings before and after imposition to PEG-induced 

water stress (-0.5MPa) in respect of chlorophyll a (A), chlorophyll b (B), total chlorophyll (C), and 

protein (D) content. SE shown as vertical bars. 

 

 
Figure 3. Content of MDA control and acclimated seedlings before and after imposition to PEG-induced 

water stress (-0.5MPa). SE shown as vertical bars.  

 

Discussion 
 

It has been established that acclimated seedlings have advantages over the non acclimated ones 

under severe stress conditions (Beckers and Conrath, 2007). In the present work it has been 

shown that the state of acclimation can be achieved through repeated exposure to mild stress 

condition (-0.25 MPa) induced by PEG solution in mung bean seedlings.  Considering the 

physiological consequence of drought stress, RWC is the most appropriate measure of plant 

water status. As an adaptive strategy, plants maintain high water status in stressed condition by 

enhancing water absorption or reducing evapo-transpiration (Nguyen et al., 2007; Carmo-Silva 

et al., 2012). One of the major ways to endure drought by maintaining turgor pressure is mainly 

through synthesis of osmolytes or compatible solutes (Blum et al., 1999; Sekmen et al., 2014). 

Acclimated seedlings have shown better water retention capacity than control seedlings even 

under stress (induced by PEG -0.5 MPa) in terms of RWC percentage which is a primary 

positive sign of better physiological status, such as leaf turgor, growth, stomatal conductance, 

transpiration, photosynthesis and respiration (Kramer and Boyer, 1995). Concerning the total 

chlorophyll (chlorophyll a+b) content, acclimated seedlings have maintained higher level of 

chlorophyll (both Chl a and b) when compared to the control. Thus, acclimated seedlings 

appeared to have improved drought tolerance in terms of chlorophyll level reflecting that they 

are well prepared for ‘upcoming’ stress. This is possible that repeated exposure to short term 
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mild water stress induced chlorophyll synthesis via some unknown signaling pathway. 

Interestingly, after imposition of water stress, acclimated seedlings have lost more chlorophyll 

than the control seedlings. This may be due to their investment of carbon skeleton into the 

antioxidative and photoprotective defence systems, as was reported earlier (Sircelj et al., 2005). 

Indeed, Polle and Rennenberg (1992) have reported that light capture potential (chlorophyll 

concentrations) generally decreases with increasing stress levels while concentrations of 

protective compounds tend to increase, although many seemingly contradictory reports are also 

found in the literature.  

Metabolic changes due to stress are correlated with the protein content of the plants, 

which may again vary from species to species.  In the present study initial protein content of the 

acclimated seedlings of V. radiata did not vary much from control sets, although there might 

have been certain variation in the protein profile that warrants further research. However, upon 

imposition of water stress (-0.5 MPa) protein content increased in both the cases, increase being 

more in acclimated seedlings, which may indicate synthesis of different stress inducible proteins 

and antioxidative enzymes. The exact molecular mechanism of such ‘conditioning’ is not 

completely known but it is speculated that sensitization was associated with accumulation of 

signaling proteins. Conrath et al. (2006) have reported that subsequent exposure to abiotic 

stresses amplify signal transduction and lead to more rapid or more intense activation of defense 

responses. So it is likely that proteins related to defense against stress accumulate upon 

consecutive exposure to mild stress leading to acclimation.  

Membranes are the important targets and sites for initiation of cellular damages for 

stress-induced injuries. Levels of MDA, a secondary byproduct of lipid peroxidation, indicate 

the degree of membrane damage under drought stress (Zhang and Kirkham 1996; Guo et al. 

2006). We observed a marginal increase in MDA content in control seedlings that indicates 

membrane injuries under water stress. On the contrary, level of MDA declined remarkably in 

case of acclimated seedlings that reflects their tolerance to drought stress. It may be speculated 

that the antioxidative system is induced to be upregulated in response to repeated exposure to 

mild stress resulting in reduced membrane damage due to lipid peroxidation.    

From the present study it is clear that repeated exposure to PEG induced mild stress     

(-0.25 MPa) ‘conditioned’ the acclimated seedlings to perform better under higher stress           

(-0.5MPa) simulated by PEG which was reflected in the levels of different metabolites related to 

stress responses. 
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