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Abstract 

The present investigation was conducted to find out water stress tolerance in lucerne cultivars using 

biochemical markers. The lucerne cultivars were grown in pots for 45 days, thereafter water stress was 

imposed by -0.25 MPa PEG-6000 solution. The leaves of control and stressed plants were analyzed for 

osmolytes accumulation and activities of antioxidant enzymes. The stressed leaves showed decline in 

relative water and total chlorophyll content than unstressed. The cultivar Anand-2 recorded the highest 

RLWC (76%), followed by RL-10-01 (75%). Under the stressed condition, the highest total chlorophyll 

content was observed in the cultivar RL-10-01, followed by RL-10-02 with 1.10 mg g-1 FW and 1.05 mg 

g-1 FW, respectively. Overall the osmolytes, proline and glycine betaine were increased under water 

stress condition. Water stressed leaves of cultivars, Anand-2 and RL-10-01 accumulated higher proline 

content of 14.72 and 13.88 μmoles g-1 FW, respectively, whereas glycine betaine accumulated higher in 

Anand-2, followed by RL-10-01 with 24.98 and 22.82 μmoles g-1 FW, respectively. The activities of 

anti-oxidative enzymes, ascorbate peroxidase and superoxide dismutase were higher under water stress. 

The higher ascorbate peroxidase activity of 651.35 and 612.67 ɳmoles ascorbate oxidized mg-1 protein 

min-1 and superoxide dismutase activity of 95.0 and 92.0 units mg-1 protein was recorded by Anand-2 and 

RL-10-01, respectively under water stress condition. The lowest lipid peroxidation rate was observed in 

Anand-2 and RL-10-01, whereas the highest nitrate reductase activity was recorded in Anand-2, followed 

by RL-10-01 with 386.6 and 358.3 ɳmoles NO2
- formed g-1 FW h-1, respectively under water stress 

condition. The biochemical study revealed that cultivars, Anand-2 and RL-10-01 could be used as 

promising donors for inducing drought tolerance characters in breeding programme. 
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Introduction 

Lucerne (Medicago sativa L.) is a fodder crop belongs to family the Leguminoceae. Lucerne 

grown globally over an area of 35 million ha, while 1 million ha in India with productivity of 

60-130 tons ha-1. The major lucern growing states are Punjab, Maharashtra, Uttar Pradesh, 

Gujarat, and Tamil Nadu (Anonymus, 2013) [2]. Lucerne is high quality green feed, having 

high energy, digestibility around 65-72% and high protein content of 12-24%. Benefit of this 

crop is combination of per hectare higher yield with high nutritional quality (Abid et al., 2015) 

[1]. It has deep rooted system, grown as annual or perennial legume. Drought and irregular rain 

fall limits plant growth and production mostly in arid and semi-arid regions. Every year 40% 

of cultivated land is affected by drought. Such water stress induces a disruption of many 

morphological, physiological and metabolic processes which affects photosynthetic rate, 

protein biosynthesis and accumulation of solutes etc. The major plant responses to water stress 

includes changes in stomatal conductance, osmolytes accumulation, and specific gene 

expression. The abscisic acid is major stress hormone accumulate in severe stress conditions, it 

participate in physiological and biochemical processes for survival of plant (Huang et al., 

2000). The consequence of exposure to water stress is the generation of reactive oxygen 

species (ROS), which in turn have a negative oxidative stress effects on cellular structures and 

metabolism. As water and salt stresses occur frequently, plants have developed several 

strategies to cope with these challenges. One of the stress defense mechanisms is activation of 

antioxidant defense system, which includes production of antioxidative enzymes and low-

molecular antioxidants. The enzyme superoxide dismutase (SOD) converts superoxide radicals 

(O2) into hydrogen peroxide (H2O2), POD reduces H2O2 into water using various substrates as 

electron donor, Ascorbate peroxidase (APX) uses ascorbate as an electron donor to reduce 

H2O2 to water, and CAT dismutase’s H2O2 into water and oxygen. Rapid detoxification of both 

O2 and H2O2 is therefore essential to prevent oxidative damage. Numerous studies indicated 

that the activity of antioxidant enzymes is correlated with plant tolerance to abiotic stresses, 

including drought and other stresses. There is also increase in concentration of osmolytes such 

as glycine betaine and proline in response to abiotic stresses for osmotic adjustment.  
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After establishment, lucerne has good drought tolerance 

ability, thus well suited under irregular rainfall; it appears to 

go dormant for extended dry periods. Analysis of lucerne 

growth under drought stress has shown that it respond to 

drought by reduction in shoot and root length, no of basal bud 

and shoot also found to be reduced (Safarnejad et al., 2008) 

[18]. Due to perennial nature of lucerne crop, plant suffers from 

water stress condition many times, which reduces plant 

population and altimetry forage yield. Thus, in the present 

investigation drought stress tolerance mechanism in lucern 

cultivars was studied by evaluating chlorophyll, osmolytes, 

activities of antioxidative enzymes and nitrate reductase under 

water stress condition.  

  

Material and methods  

Seven lucerne cultivars, viz., Anand-2, Anand-3, CO-1, CO-2, 

RL-10-01, RL-10-02 and RL-88 were obtained from different 

locations viz., AAU, Anand, TNAU, Coimbatore and MPKV, 

Rahuri,. The seeds were grown in pots for 45 days containing 

equal quantity of black cotton soil. Thereafter, pots were 

divided into two groups i.e. control and stress. The water 

stress was created by -0.25 MPa PEG-6000 solution for 2 

days. The use of -0.25 MPa PEG-6000 solution had optimized 

before starting the experiment. The leaves of control and 

stressed plants were analyzed two days after the imposing 

water stress. The leaves of control and stressed plants were 

assayed for biochemical parameters viz., osmolytes, proline 

(Bates et al. 1973) [4] and glycine betaine (GB) (Stumf, 1984) 

[19], activities of antioxidative enzymes such as superoxide 

dismutase (SOD) (Dhindsa et al., 1981) [8] and ascorbate 

peroxidase (APX) (Nakano and Asada, 1981) [6]. The relative 

leaf water content (RLWC) (Henderson and Davies, 1990) [12], 

total chlorophyll content (Aron, 1949) [3], lipid peroxidation 

rate (Heath and Packer, 1968) [13] and nitrate reductase activity 

(NR) (Hageman and Hucklesby, 1971) [10]. The data obtained 

was analyzed for statistical significance using Factorial 

Randomized Block Design (Panse and Sukhatme, 1985) [17]. 

 

Results and Discussion 

The data presented in Table 1 showed the effect of -0.5 MPa 

PEG–6000 -induced water stress on RLWC and total 

chlorophyll in the leaves of lucern cultivars. 

 

Relative leaf water content 

The stressed leaves of lucerne showed a considerable decline 

in RLWC over unstressed control in all cultivars. The RLWC 

was ranged from 48.67 to 76 per cent under stressed 

condition. After imposition of water stress, the highest RLWC 

of 76 per cent was recorded by cultivars Anand-2, followed 

by RL-10-01 and RL-88 with 75 and 60 per cent, respectively, 

also the lowest per cent decrease was observed in these 

cultivars over control. Luo et al. (2019) [14] reported decline in 

relative water content (RWC) in the range of 79 to 85 per 

cent, more in roots, followed by stem and leaves of lucerne 

from unstressed to severe water stress. Reduction in RLWC is 

an effect of water deficit in soil. Water deficit negatively 

affect the RWC in leaves of lucerne (Farissi et al., 1913).  

 
Table 1: Effect of PEG-6000 -induced water stress on relative water and total chlorophyll content 

 

Cultivars 

Relative leaf water content (%) Per cent 

decrease 

over control 

Total chlorophyll (mg g-1 FW) Per cent 

decrease 

over control 
Control Stress Control Stress 

Anand-2 90.00 76.00 15.56 1.22 1.01 20.60 

Anand-3 79.92 55.82 30.16 1.45 0.92 57.39 

CO-1 91.49 58.00 36.60 1.42 0.97 46.87 

CO-2 84.18 57.00 32.29 1.25 0.73 70.95 

RL-10-01 91.41 75.00 17.95 1.44 1.10 30.22 

RL-10-02 67.72 48.67 28.14 1.53 1.05 45.87 

RL-88 71.88 60.00 16.53 1.30 0.98 32.35 

Mean 81.90 43.84 25.32 1.37 0.967 43.46 

Range 67.72-91.49 48.67-76.00 15.56-36.60 1.22-1.53 0.73-1.10 20.60-70.95 

 Condition Variety C X V Condition Variety C X V 

SE± 0.972 0.743 2.572 0.011 0.010 0.035 

CD at 5% 2.812 2.148 7.441 0.031 0.022 0.010 

 

Total chlorophyll  

The total chlorophyll content was decreased under PEG -

induced water stress over the control. Total chlorophyll 

content was ranged from 0.73 to 1.10 mg g-1 FW under stress 

condition. The stressed leaves of RL-10-01 recorded the 

highest total chlorophyll content of 1.10, followed by RL-10-

02 and Anand-2 with 1.05 and 1.01 mg g-1 FW, respectively. 

The lowest decrease in total chlorophyll content was 20.6 and 

30.22 per cent observed in Anand-2 and RL-10-01, 

respectively. Similar results reported by Moharramnejad et al. 

(2015) [15] that PEG induced stress significantly decreased 

chlorophyll a, b and total in maize. Damame (2013) [6] 

reported significant decline in Chlorophyll content under 

moisture stress created by PEG or withholding water under 

field condition in sorghum genotypes.  

The data depicted in Table 2 showed the effect of -0.5 MPa 

PEG–6000 -induced water stress on proline and GB 

accumulation and activities of enzymes in the leaves of lucern 

cultivars.  

Proline 

Considerably higher proline content was accumulated under 

stressed than the unstressed condition in all lucerne cultivars. 

The proline content under stressed condition was ranged from 

6.83 to 14.72 μmoles g-1 FW in which cultivar Anand-2 

recorded the highest proline content of 14.72, followed by 

RL-10-01 with 13.88 μmoles g-1 FW, while the cultivar RL-

10-02 recorded lowest proline content. The Anand-2 and RL-

10-01 also recorded the higher per cent increase of 143.57 and 

129.42, respectively over unstressed condition. Luo et al 

(2019) [14] marked that significant increase in proline 

concentration in lucerne leaves from 2.04 to 4.28 µg g-1 FW 

under full water to severe water stress treatment and 

correlated with biomass. Damame et al. (2014) [7] reported 

PEG –induced osmotic stress significantly increased proline 

content in stressed than unstressed sorghum genotypes. 

Moharramnejad et al. (2015) [15] also reported PEG stress 

significantly increased proline content in maize.  

http://www.phytojournal.com/
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Table 2: Effect of PEG-6000 -induced water stress on osmolytes and enzyme activities 

 

Cultivars 

Proline 

(µmoles g-1 FW) 

Per cent 

increase 

over control 

Glycine betaine 

(µmoles g-1 FW) 

Per cent 

increase 

over control 

APX 

(ɳmoles of ascorbate  

oxidized min-1mg-1 protein) 

Per cent 

increase 

over control 
Control Stress Control Stress Control Stress 

Anand-2 6.04 14.72 143.57 8.62 24.98 189.75 343.54 651.35 89.98 

Anand-3 5.57 8.27 48.47 7.50 10.04 33.91 389.57 485.61 18.75 

CO-1 6.66 12.04 80.80 7.52 16.50 119.36 349.70 543.54 33.33 

CO-2 5.67 10.96 93.29 6.13 13.76 124.47 260.09 418.55 60.92 

RL-10-01 6.05 13.88 129.42 7.98 22.82 185.96 341.67 612.67 79.47 

RL-10-02 4.29 6.83 59.21 8.39 13.52 61.14 288.49 514.91 56.25 

RL-88 5.78 11.98 111.49 8.37 22.76 171.95 333.95 568.94 70.36 

Mean 5.58 10.78 92.05 8.07 17.769 118.47 260.09 418.55 45.85 

Range 4.29- 6.66 6.83-14.72 48.47-143.57 6.13- 8.62 10.04-24.98 33.91-189.75 260.09-389.57 418.55-651.35 18.75-89.98 

 Condition Variety C X V Condition Variety C X V Condition Variety C X V 

SE± 0.008 0.006 0.022 0.190 0.145 0.504 0.236 0.180 0.625 

CD at 5% 0.025 0.019 0.065 0.550 0.420 1.456 0.684 0.522 1.808 
 

Cultivars 

Superoxide dismutase activity 

(Units mg-1 protein) 

Per cent 

increase 

over 

control 

MDA (ɳmoles g-1 

FW) 

Per cent 

increase 

over 

control 

In vivo NR activity (ɳmoles NO2
- 

formed hr-1g-1 FW) 

Per cent 

increase 

over 

control 
Control Stress Control Stress Control Stress 

Anand-2 71.44 95.00 32.98 18.00 25.16 39.78 619.68 386.62 37.61 

Anand-3 77.04 85.00 10.34 19.03 33.29 74.92 498.79 176.43 64.63 

CO-1 86.12 90.23 4.78 17.31 32.00 73.31 585.92 194.94 66.73 

CO-2 73.25 82.25 12.29 25.10 40.25 60.38 499.88 246.13 50.76 

RL-10-01 78.20 92.00 17.65 20.15 29.15 44.67 646.91 358.30 44.61 

RL-10-02 84.00 88.89 5.82 23.16 39.35 69.92 437.80 223.26 49.00 

RL-88 76.00 91.21 20.01 21.11 31.15 47.56 510.00 270.09 47.04 

Mean 78.01 89.226 14.84 20.55 32.90 58.64 542.71 265.11 51.48 

Range 71.44-86.12 82.25-95.00 4.78-32.98 
17.31-

25.10 

25.16-

40.25 

39.78-

74.92 
437.80-646.91 176.23-386.62 

37.61-

66.73 

 Condition Variety C X V Condition Variety C X V Condition Variety C X V 

SE± 0.256 0.196 0.678 0.403 0.307 1.065 7.915 6.045 20.942 

CD at 5% 0.741 0.566 1.961 1.164 0.889 3.080 22.894 17.485 60.571 

 

Glycine betaine 

In present study, glycine betaine accumulation in stressed 

lucerne leaves was more than the unstressed control. Under 

stressed condition, GB was ranged from 10.04 to 24.98 

μmoles g-1 FW. The highest GB content under stress was 

recorded in Anand-2 with 24.98, followed by RL-10-01 and 

RL-88 with 22.82 and 22.76 μmoles g-1 FW, respectively. The 

highest per cent increase of 189.75 and 185.96 GB was also 

recorded by Anand-2 and RL-10-01 cultivars, respectively 

over control. Similar results were reported by Damame et al. 

(2014) [7] that PEG induced osmotic stress significantly 

increased glycine betaine content in stressed sorghum 

genotypes than unstressed one. Moharramnejad et al. (2015) 

[15] showed increase in glycine betaine content significantly 

under PEG stress in maize.  

 

Ascorbate peroxidase 

Significantly higher APX activity was observed under water 

stress condition in all lucerne cultivars. The cultivar Anand-2 

recorded the highest APX activity under stressed condition 

with 651.35, followed by RL-10-01 and RL-88 with 612.67 

and 568.94 ɳmoles ascorbate oxidized mg-1 protein min-1, 

respectively. The highest per cent increase over control was 

also recorded in Anand-2 and RL-10-01. The results reported 

by Babkhani et al. (2011) and Wang et al. (2011) [21, 22] 

indicated APX activity was higher under stressed than 

unstressed lucerne cultivars, it was further higher in tolerant 

than susceptible cultivar. Wang et al. (2009) [20] reported 

significantly higher APX activity in tolerant than susceptible 

genotype under PEG and salt stress.  

 

Superoxide dismutase  

The superoxide dismutase activity in stressed lucerne leaves 

was higher than the unstressed control. Under stressed 

condition, SOD activity was ranged from 82.25 to 95.00 units 

mg-1 protein. The cultivar, Anand-2 recorded the highest SOD 

activity of 95.00, followed by RL-10-01 and RL-88 with 

92.00 and 91.21 units mg-1 protein, respectively under 

stressed condition. The highest per cent increase of 32.98 was 

recorded in Anand-2. Similar results were reported by 

Babkhani et al. (2011) that under NaCl salt stress, SOD 

activity found much higher in stressed than unstressed lucerne 

cultivar. Wang et al. (2009) [20] reported higher activity of 

SOD in tolerant than susceptible genotype under PEG and salt 

stress in lucerne genotypes.  

 

Lipid peroxidation  

The lipid peroxidation rate was measured by i.e. 

malondialdehyde (MAD) formed in lucerne leaves. Overall it 

was increased under stress condition. Under stress, MDA 

content was ranged from 25.16 to 40.25 ɳmoles MDA g-1 FW. 

The cultivar Anand-2 recorded the lowest MDA content of 

25.16, followed by RL-10-01 and RL-88 with 29.15 and 

31.15 ɳmoles MDA g-1 FW, respectively under stress 

condition. The lowest per cent increase in MDA was recorded 

in Anand-2 and RL-10-01 cultivars over control. Similar 

result was reported by Farissi et al. (1913) that under water 

stress at 25% field capacity recorded higher values for MDA 

in roots, shoots and leaves of lucerne. Babkhani et al. (2011) 

reported that MDA content was higher under salt stress than 

control and it was increased more than 6 fold. Tolerant 

http://www.phytojournal.com/
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genotypes exhibited lowest percent increase ion MDA than 

susceptible.  

 

In vivo nitrate reductase 

In vivo nitrate reductase activity was found decreased under 

stress condition. Under stressed condition, in vivo NR activity 

was ranged from 176.23 to 386.62 ɳmoles NO2
- formed g-1 

FW h-1. The lucerne cultivar Anand-2 recorded the highest 

activity of 386.62, followed by RL-10-01 with 358.30 ɳmoles 

NO2
- formed g-1 FW h-1, while cultivar Anand-3 recorded the 

lowest NR activity of 176.23 ɳmoles NO2- formed g-1 FW h-1 

under stressed condition. The lowest per cent decrease of 

37.61 in NR activity was recorded in Anand-2. Similar results 

were reported by Yang et al. (2011) [22] that NR activity in 

fresh leaves of irrigated lucerne in the range of 193 to 1293 

ɳmoles NO2
- formed g-1 FW h-1. Farissi et al. (1913) reported 

water stress caused great reduction in NRA as well as nitrate 

content in leaves of lucerne but maintaining adequate level of 

NR activity under stress is an indicator of tolerance nature of 

genotype. 

 

Conclusion 

Under water stress condition, the lucerne cultivar RL-10-01 

recorded the highest total chlorophyll content, while Anand-2 

and RL-10-01 recorded highest RLWC. The cultivars, Anand-

2 and RL-10-01 accumulated higher proline and GB under 

stressed condition. These cultivars also exhibited higher 

antioxidative enzyme activity, lowest lipid peroxidation and 

higher in vivo NR activity under stressed condition. Thus, the 

cultivars, Anand-2 and RL-10-01 appear to have water stress 

tolerant character.  

 

References 

1. Abid M, Mansour E, Bachar K, Ferchichi A. Variation in 

phenological parameters of alfalfa (Medicago sativa L) in 

response to water stress. Microbiol. App. Sci. 2015; 

4:532-540. 

2. Anonymus, 2013. http://agropedia.iitk.ac.in. 

3. Aron DT. Copper enzymes in isolated chloroplast, 

polyphenol oxidase in Beta vulgaris. Plant Physiol. 1949; 

24:1-15. 

4. Bates LS, Waldren RP, Teare ID. Rapid determination of 

free proline for water stress studies. Plant Soil. 1973; 

39:205-207. 

5. Babakhani B, Khavari-Nejad RA, Hassan SR, Fahimi H, 

Saadatmand S. Biochemical responses of Alfalfa 

(Medicago sativa L.) cultivars subjected to NaCl salinity 

stress. Afr. J Biotechnol. 2011; 10:11433-11441. 

6. Damame SV. Biochemical and molecular aspects 

governing drought tolerance in rabi sorghum in 

comparison with existing stay-green genotypes, A Ph.D. 

thesis submitted to the Mahatma Phule Krishi 

Vidyapeeth, Rahuri, Dist. Ahmednagar (M.S.). 2013, 1-

207. 

7. Damame SV, Naik RM, Dalvi US. Effect of PEG 

induced osmotic stress on osmolytes and antioxidative 

enzymes in sorghum seedlings. Indian J Pl. Physiol. 

2014; 19:165-173. 

8. Dhindsa RA, Dhindsa PP, TA. Thorpe, Leaf senescence 

correlation with increase permeability and lipid 

peroxidation and decrease level of superoxide dismutase 

and catalase. J Expt. Bot. 1981; 126:93-101. 

9. Farissi M, Bouizgaren A, Faghire M, Bargaz A, Ghoulam 

C. Agrophysiological and biochemical properties 

associated with adaptation of Medicago sativa 

populations to water deficit. Turk. J Bot. 2013; 37:1166-

1175. 

10. Hageman RH, Huclesbly DP. Nitrate reductase from 

higher plants. Methods Enzymol. 1971; 23:491-493. 

11. Haung J, Hari R, Adam L, Rozawadaoski KL, 

Hammelindl JK, Kellar WA et al. Genetic engineering of 

glycine betaine production enhancing stress tolerance in 

plant. Plant physiol. 2000; 122:747-756. 

12. Henderson JC, Davies FT. Drought accumulation and 

morphology of hybrids indepandant of leaf elemental 

content. New Phytol. 1990; 175:503-510.  

13. Heath RL, Packer L. Photoperoxidation in isolated 

chloroplasts: Kinetics and stoichiometry of fatty acid 

peroxidation. Arch. Biochem. Biophys. 1968; 125:189-

198. 

14. Luo Y, Liu H, Yan G, Li G, Turner NC. Roots of lucerne 

seedlings are more resilient to a water deficit than leaves 

or stems. Agronomy. 2019; 9:123. 

https://doi.org/10.3390/agronomy9030123.  

15. Moharramnejad S, Sofalian O, Valizadeh M, Asgari A, 

Shiri Proline M. glycine betaine, total phenolics and 

pigment contents in response to osmotic stress in maize 

seedlings. J Bio Sci. Biotechnol. 2015; 4(3):313-319. 

16. Nakano Y, Asada K. Hydrogen peroxide is scavenged by 

ascorbate specific peroxidase in spinach chloroplast. 

Plant Cell Physiol. 1981; 22:867-880. 

17. Panse VG, Sukhatme PV. Statistical Methods for 

Agricultural Workers. 4th Ed. ICAR, New Delhi, 1985, 

157-164. 

18. Safarnejad A. Morphological and biochemical response 

to osmotic stress in alfalfa (Medicago sativa L.). Pak. J 

Bot. 2008; 40:735-746. 

19. Stumf DK. Quantification and purification of quarternary 

ammonium compounds from halophyte tissue. Plant 

Physiol. 1984; 75:273-274. 

20. Wang W, Kim Y, Lee H, Kim K, Deng X, Kwak S. 

Analysis of antioxidant enzyme activity during 

germination of alfalfa under salt and drought stresses. 

Plant Physiol and Biochem. 2009; 47:570-577. 

21. Wang X, Wei Z, Liu D, Zhao G. Effects of NaCl and 

silicon on activities of antioxidative enzymes in roots, 

shoots and leaves of alfalfa. Afr. J Biotechnol. 2011; 

10:545-549. 

22. Yang H, Unkovich M AN, Wang X. Symbiotic N2 

fixation and nitrate utilization in irrigated lucerne 

(Medicago sativa) systems. Biol Fertil Soils. 2011; 

47:377-385. 

http://www.phytojournal.com/

