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ABSTRACT 

 

      Limited water supply severely limits crop productivity and the expansion of crop cultivation worldwide. Plants can react and adjust to 
water stress by shifting their cellular metabolism and invoking various defense mechanism, and acquired stress tolerance in plants is often 

a result of various stress – response mechanisms that act  coordinately or synergistically to avert cell damage and to reestablish cellular 

homeostasis. Metabolic adaptation via the de – novo synthesis of proline is often regarded as a basic strategy for the protection and 

survival of plants under drought stress. A pot experiment was conducted at wire house of the National Research Centre, Dokki,  Giza, 

Egypt to elucidate the effect of foliar treatment with proline (0,5 and 10mM as P0, P1 and P2, respectively) on growth, some physiological 

and biochemical attributes of faba bean (Vicia faba L.) plants under different irrigation intervals (4, 8 and 12 days). Drought stress was 
applied 21 days after sowing along the period of the experiment. Plant samples were collected after 65 days from sowing. Results showed 

that increasing water stress duration induced reduction in all growth parameters (plant height, number of leaves and shoot dry 

weights/plant) compared with those of the untreated unstressed plants. Prolonged drought stress led to increases in the enzymatic (APX & 
GR) and non enzymatic (ASA, GSH, total phenols) levels, reactive oxygen species (O2

͘- & H2O2), Lipid peroxidation and electrolyte 

leakage. Special attention was paid to the effect of proline treatments on drought stressed faba bean that stimulates plant drought tolerance 

via improving growth parameters, enzymatic and non enzymatic levels were mainly increased significantly as well as inducing (O2
͘-) 

radical scavenging activity and H2O2 scavenging activity than that of the plants imposed to drought stress without proline supplementation. 

This study proved that exogenous treatment of plants with proline can modulate the reactive oxygen species levels, decrease MDA, EL 

contents and increase plant tolerance to drought – induced oxidative stress.  
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INTRODUCTION 

 

Under both natural and agricultural conditions 

plants are often exposed to various environmental 

stresses [91]. Drought is the most severe abiotic 

stress factor limiting plant growth and crop 

production [67]. Limited water supply is the major 

environmental constraint in productivity of crop and 

medicinal plants [65]. Also [15] showed that the 

number of stems per plants and plants dry weights 

were negatively related to water stress in Eragrostis 

curvula.  

Drought is one of the major causes of crop loss 

worldwide reducing average yields for most major 

crop plants by more than 50%  [11, 86]. Although a 

high soil water potential throughout the growing 

season is necessary to maintain unimpaired crop 

growth and high economic yield, the imposition of 

some stress by longer irrigation intervals, higher 

moisture depletion or skipping irrigation during the 

early vegetative or during maturation could still 

attain similar economic yields as well as saving 

irrigation water and improving water use efficiency 

[83]. Dehydration of tissue also inhibits the 
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photochemical activities and decreases the activities 

of enzymes in the Calvin cycle [51].    

It breaks down the balance between the 

productions of reactive oxygen species (ROS) and 

the antioxidant defense system causing the 

accumulation of ROS which induces oxidative stress 

to protein, membrane Lipids and disruption of DNA 

strands [22].  

A common consequence of exposure to drought 

stress is the accelerated production of ROS such as 

singlet oxygen (1O2), superoxide (O2
͘-
) hydrogen 

peroxide (H2O2) and the hydroxyl radical (.OH) in 

the different subcellular organelles of plants, 

restricted entry of CO2 in the leaves during drought 

stress, limits CO2 fixation and accelerates the 

photorespiratory pathway and finally leads to 

excessive H2O2 accumulation in the peroxisome [16].  

It has been estimated that under drought stress 

more than 70% of total H2O2 accumulation is due to 

photorespiration [56]. Therefore, the level of ROS 

should be judiciously regulated in plants through the 

coordination of ROS production and ROS 

scavenging systems to manage oxidative damage and 

simultaneously regulate signaling events [68].  

Plants can protect themselves against oxidative 

stress damage by antioxidant defense systems 

including enzymatic and non-enzymatic antioxidant 

compounds [48]. However, antioxidant enzymes 

such as superoxide dismutase (SOD), glutathione 

reductase (GR), Catalase (CAT), ascorbate 

peroxidase (APX) and peroxidase (POX) and non 

enzymatic antioxidants such as ascorbic acid (ASA), 

glutathione (GSH), -tochopherol, phenolic 

compounds, alkaloids, non protein amino acids play 

a key role in scavenging those activated species [20].  

Recently, it has been demonstrated that over-

accumulation of methylglyoxal (GM) in plants is a 

general stress response [84]. MG is a typical  - 

Oxoaldehydes which forms as a by – product of 

several metabolic pathways, e.g. glycolysis, Lipid 

Peroxidation and Oxidative degradation of glucose 

and glycated proteins. It is toxic to plant cells, 

causing inhibition of cell proliferation, degradation 

of proteins and inactivation of antioxidant defense 

systems and as a consequence disrupts cellular 

functions [29]. Methylglyoxal accumulates in plant 

cells during normal physiological processes like 

photosynthesis, however, its levels vividly elevated 

under various a biotic stresses [24]. [71] reported that 

MG accumulated in chloroplasts during the day time 

from triose phosphates, needs to be controlled by 

detoxification mechanisms, otherwise it will catalyse 

the photoreduction of O2 to O2
͘-
 at photosystem 1 and 

the increase in O2
͘-
  production during photosynthesis 

further aggravates oxidative damage to plant cells. 

Therefore, in order to survive under stressful 

conditions plants must up-regulate MG detoxification 

process to avoid cellular damage and also to keep 

steady state pace in different plant physiological 

processes. Glyl Catalyzes the formation of S-D- 

Lactoylglutathione (SLG) from the hemithoacetal 

formed nonenzymatically form MG and GSH to 

improve stress tolerance [27].       

A common physiological strategy adopted by 

higher plants to compel with the adverse effects of a 

biotic stresses, including drought stress is the de-

novo synthesis of large quantities of osmolytes, low 

– molecular weight organic compounds, exceedingly 

water soluble that are non-toxic at millimolar 

concentration, including proline, glycinebetaine, 

trehalose and others [80, 85]. Recent proteomic, 

genomic and metabolic studies have demonstrated 

that the function of proline is not as straight forward 

as initially believed.  

Research studies on plants, especially those on 

proline synthesis and catabolic gene expression have 

demonstrated that the proline produced under 

stressful conditions can act as a compatible solute in 

osmotic adjustment, a free radical scavenger, a metal 

chelator, an activator of detoxification pathways, a 

cell redox balancer, a cytosolic pH buffer, a source of 

energy, nitrogen and carbon, a stabilizer for 

subcellular structures and membranes including 

photosystem II (PS II) or act as signaling molecule 

[75, 80]. Another important function of proline is 

that it forms a hydration shell around delicate 

proteins and averts their degradation under stressful 

conditions. Recently, numerous studies on plants 

have demonstrated the possible mechanisms of 

proline induced oxidative stress tolerance in plants 

could be by enhancing ROS detoxification system 

[33, 34, 52].  

Faba bean (Vicia faba L.) is an important food 

crop in Egypt grown in winter season. It is a good 

source of protein for human food, and animal feeding 

which contains most of the necessary amino acids for 

human and animal nutrition and low sulphur amino 

acids concentrations. 

Therefore, the prime objective of this study is to 

investigate the effects of exogenous proline on 

growth and to asses several key components of ROS 

and to explore the possible biochemical mechanisms 

of oxidative stress tolerance in faba bean plant grown 

under drought stress.  
 

Materials and Methods 
 

Studied factors 

Irrigation intervals  

The following three irrigation intervals were 

applied throughout the entire growth period of the 

crop: 

IR1=Irrigation every 4 days. 

IR2= Irrigation every 8 days.         

IR3= Irrigation every 12 days.       

These irrigation intervals were applied 21 days 

after planting. 
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Proline treatments: 

The following proline concentrations were used 

during the experiment: 

P0= untreated plants (control treatment). 

P1= sprayed with 5 mM proline. 

P2= sprayed with 10 mM proline. 

 

Planting and growth conditions: 

A pot experiment was carried out at the   

greenhouse of the National Research Center, Dokki, 

Egypt during the winter season of 2013/2014. Seeds 

were provided from the Agricultural Research 

Center, Giza, Egypt and directly sown on the 15th of 

November in earthenware pots of 40 cm diameter 

filled with 15 kg of clay loam soil. Plants were then 

thinned to two plants /pot at 10 days after sowing. 

The mechanical and chemical analyses of the soil 

were determined according to the standard method 

described by [44] and results are shown in Table 1. 

All pots received a recommended doses of N, P and 

K fertilizers, namely 6 g calcium super phosphate 

(15.5% P2O5), 1.5 g potassium sulphate (48% K2O) 

and 1.5 g ammonium nitrate (33.5% N), which was 

added immediately before sowing. Seeds were 

regularly irrigated with tap water for 20 days; then 

the different irrigation intervals were established 

every 4, 8 and 12 days. All pots were weighted on a 

beam balance before and during the irrigation, to 

determine the degree of depletion in the soil moisture 

content and the calculating amount of water was 

added. The general principal stated by [10] was used 

for the water treatments application. The three 

exogenous proline treatments and all possible 

combinations between them were tested. Each of 

these treatments was sprayed twice during the plant’s 

life: the first after 40 days from sowing and the 

second time two weeks later. Foliar sprays were 

applied always early in the morning. 

 

Experimental design: 

This experiment included 9 treatments which 

included all combinations between three irrigations 

intervals (IR1, IR2, and IR3) and three exogenous 

proline treatments (P0, P1 and P2). Treatments were 

arranged in a split plot design with six replicates 

each, and different irrigations intervals were assigned 

at random in the main plots, while sub-plots were 

devoted to the different exogenous proline 

treatments. However, the statistical analysis of the 

experiment was done as described in the randomized 

complete plot design. 

 
Table 1: Physical, hydro-physical and chemical properties of the soil. 

Sand (%) Silt (%) Clay (%) Textural class 
25.80 36.00 38.00 Clay loam 

F.C. (%) W.P. (%) A.W. (%) H.C. (cm/h  ) B.D. (g/cm3) 
31.01 16.20 14.81 1.19 1.10 

pH 
EC 

(dSm-1) 
Soluble cations (mole  L

-1) Soluble anions (mole L-1) 

7.70 0.60 
Ca++ Mg++ Na+ K+ Cl– CO3

-- HCO3
– SO4

-- 

1.11 0.88 2.20 1.48 0.75 2.14 1.14 1.65 

 

Samples collection: 

     At 65 days from sowing the plants were sampled 

at random to estimate the following characters: plant 

height (cm), number of leaves/plant and shoot dry 

weight (g) and for Biochemical measurements in 

leaves. 

 

Biochemical measurements: 

Enzymatic and non enzymatic antioxidants 

measurements: 

     Extraction of the antioxidant enzymes Ascorbate 

peroxidase (APX) and glutathione reductase (GR) 

were determined as 5g of frozen leaves tissues were 

homogenized in prechilled mortar in presence of 10 

ml of 50 mM potassium phosphate buffer (pH7) with 

1% (W/V) insoluble polyvinyl pyrolidone (PVP) and 

0.1 mM EDTA. The extraction procedures were 

repeated twice and supernatants were pooled, raised 

to a certain volume, referred as crude enzyme 

extract, all operations were carried out at -4ºC for 

further analysis. The activity of APX (EC1.11.1.11) 

was determined according to [54]. One unit of APX 

was defined as the amount of enzyme that breaks 

down 1µ mol of ascorbate per min. and GR activity 

(EC 1.6.4.2) was determined according to [89]. One 

unit of GR was defined as the amount of enzyme that 

decreases 1A340 per min. Ascorbic acid (AsA) 

content was assayed as described by [38]. Reduced 

glutathione (GSH) was measured with Ellman’s 

reagent according to [76].Total phenolic compound 

contents were determined by the colourimetric 

method of folin-Denis as described by [17]. A 

calibration curve of pyrogallol was prepared, and the 

results were expressed as mg Pyr (Pyrogallol). 

 

Oxidative damage measurements and scavenging:  

Determination of the generated superoxide 

radical (O2-͘) was based on the reduction of nitro blue 

tetrazolium (NBT) according to the method 

described by [19]. The generated hydrogen peroxide 

(H2O2) content was measured according to [37].Lipid 

peroxidation was determined by measuring 

Malondialdehyde (MDA) contant as described by 

[18] and leakage of electrolyte measurements 

according to [23]. Superoxide radical (O2͘-) 

scavenging activity was determined as described by 

[9] and modified by [36]. Ascorbic acid was used as 

a positive control compound. Hydrogen peroxide 

(H2O2) scavenging activity was determined as 
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described by [69]. Ascorbic acid was used as a 

positive control compound.   

 

Statistical analyses: 

The collected data were subjected to the 

statistical analysis of variance using the normal (F) 

test and means were evaluated by using Least 

Significant Difference (LSD) test at the 5% level 

according to [79]. 

 

Results and Discussion 

 

Growth characters:  

Results in Table 2 indicated that all studied 

growth characters were significantly affected by the 

duration of irrigation intervals. By increasing the 

severity and duration of drought from IR1 to IR2 

shoot length showed significant reduction, Such 

reduction in shoot length in response to drought may 

be due to either decrease in cell elongation, cell 

turgor, cell volume and eventually cell growth   [ 8 ]. 

Similar results were obtained by [77, 41].  

Data obtained in Table 2 indicated also that there 

was an inverse relationship between increasing the 

length of irrigation intervals and the number of 

leaves formed on plants. The significant reduction in 

leaf number in response to stress can be attributed to 

enhancement of leaf abscission due to hormonal 

imbalance which arose from increase of ABA and 

decreased IAA levels in stressed plants [87]. 

Confirmed results were obtained by [42, 41]. 

Increasing irrigation intervals showed significant 

reduction in dry weights of shoots of faba bean plants 

(Table 2). The decrease in both fresh and dry weights 

of stressed plants revealed the influence of water on 

stimulating and regulating the photosynthetic 

enzymes which thus influenced both the dry matter 

production and the fresh weights [3]. These results 

were consistent with those of [41, 49]. 

These results are also in harmony with [4, 35] 

where extension of irrigation to 21 and 28 days 

reduced the foliage fresh weight/ plant, although the 

foliage dry weight and root diameter were not 

significantly affected by irrigation augmentation 

whereas root length was seriously affected and 

showed a clear reduction. Also, [1] reported that 

plant growth parameters of common bean (shoot and 

root length, fresh and dry weights of shoots and 

roots) decreased significantly with increasing 

drought stress as compared to control plants, 

Moreover, [39] when studied growth parameters. 

(Plant height, root length, number of green leaves, 

root diameter, Root fresh wt, foliage wt, total fresh 

wt, root dry wt., foliage dry wt. and total dry wt.) 

found significant effects by irrigation treatments 

which increased significantly by increasing irrigation 

amount from 1132 up to 2106 m
3
/ fed/ season. The 

dehydration process during drought is characterized 

by fundamental changes in water relations, 

biochemical and physiological processes, membrane 

structure and ultra structure of sub cellular organelles 

[88].  

Foliar application with proline with the two 

levels (5 or 10m M) recorded significant increments 

in growth parameters compared with untreated 

control or drought stressed control without 

supplementation. The increases in growth characters 

caused by low and moderate proline concentrations 

compared with control plants might be due to 

increase in proline accumulation, which not only 

protects enzymes, 3D structures of proteins and 

organelle membranes, but it also supplies energy for 

growth and survival thereby helping the plant to 

tolerate stress [29, 7]. These findings of the present 

study are similar to some studies in which it has been 

shown that exogenous application of proline 

alleviates the adverse effects of water stress on the 

growth of rice [40], Zea mays [64] and garden cress 

[41]. 

 

Changes in enzymatic (APX, GR) and non enzymatic 

antioxidants (AsA, GSH, total phenolic compounds) 

levels: 

1. Changes in enzymematic antioxidant activities  

The data in Table (3) revealed that the faba bean 

tolerant cultivar G843 Show relatively higher 

activities of the enzymes ascorbate peroxidase (APX) 

and glutathione reductase (GR). As drought level 

increased, significant increases in the enzyme 

activities obtained. Similar results were obtained in 

tolerant cultivars by other researchers in respect to 

drought or salinity stress [74, 58]. On contrast, a 

decrease in GR Activity in response to drought stress 

was observed in sensitive cultivars of tomato [72] 

and maize [14]. However; reduction in APX & GR 

activities in mustard seedlings under drought stress is 

also one of the most important factors for 

susceptibility to drought stress [31].  

Apx is a primary enzyme of the ASA – GSH 

cycle that suppresses the accumulation of H2O2 in 

most cellular compartments by catalyzing the 

conversion of H2O2 to water. APX has a high affinity 

for H2O2 than CAT and POX and it may have a more 

crucial role in the management of ROS stress or may 

be responsible for the fine modulation of ROS 

signaling.  

However, proline application on drought 

stressed faba bean plants had higher significant 

increments in APX activity as compared to drought 

Stressed or well – watered controls. The obtained 

results came in parallel with those of [34] on mung 

bean and [31] on mustard plant. In addition, [28] 

reported that exogenous proline supplementation in 

salt – stressed rice Seedlings maintained higher APX 

activities compared to salt – stressed alone and in salt 

tolerant BRRIdhan 54 the activity was always higher 

than in salt sensitive cv BRRI dhan 49. In the same 

line, [29] on tobacco Bright yellow – 2 and [33] on 

mung bean.  
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These obtained results suggest that exogenous 

proline treatments (5& 10mM) could contribute to 

detoxifying H2O2 by enhancing APX activity under 

drought stress and a strict control of H2O2 level for 

intracellular signaling. These results suggested that 

proline play an important role in AsA recycling 

while the turnover rate of ascrobate oxidation and 

reduction via ASA – GSH cycle was not efficient 

under drought stress conditions.  

  

 
Table 2: Vegetative growth characters of faba bean plants as affected by irrigation regimes, proline treatments and their interaction.  

Irrigation treats. Proline levels Plant height (cm) No. of  leaves/ plant Shoot dry matter (g) 

IR1 P0 

P1 

P2 

61.50 

63.00 

64.67 

12.00 

13.33 

13.67 

2.65 

3.00 

3.12 

Mean  63.06 13.00 2.92 

IR2 P0 

P1 

P2 

50.20 

57.33 

58.00 

11.00 

12.33 

12.67 

2.01 

2.48 

2.70 

Mean  55.18 12.00 2.40 

IR3 P0 

P1 

P2 

47.17 

54.67 

55.33 

9.67 

11.33 

11.67 

1.71 

2.00 

2.20 

Mean  52.39 10.89 1.97 

Mean values of  P P0 

P1 

P2 

52.96 

58.33 

59.33 

10.89 

12.33 

12.67 

2.12 

2.49 

2.67 

L.S.D. at   0.05 I 

P 

IxP 

1.31 

2.20 

3.82 

0.80 

0.93 

1.61 

0.08 

0.03 

0.06 

IR1=Irrigation every 4 days.              IR2= Irrigation every 8 days.           IR3= Irrigation every 12 days. 
P0 = 0 mM proline (control).             P1= 5 mM proline.                             P2= 10 mM proline. 

 

Table 3: Influence of interaction between irrigation regimes and proline levels on enzymatic and non enzymatic antioxidants contents in 

faba bean plants. 

 

 
 

Irrigation treats. 

 

 
 

Proline levels 

Enzymatic Non enzymatic 

APX 
µmol/g FW 

 

GR 
nmol/g FW 

 

ASA 
µmol/g FW 

 

GSH 
µmol/g FW 

 

Phenols 

mg pyr/ g FW 

 

IR1 
 

P0 0.80 292.51 7.40 4.16 1.87 

P1 1.50 321.54 7.70 4.60 1.97 

P2 1.73 361.73 7.91 5.02 2.06 

IR2 

P0 1.21 348.34 7.60 5.10 2.32 

P1 1.82 462.21 8.31 6.40 2.43 

P2 2.05 481.98 8.90 6.89 2.50 

IR3 

P0 1.41 392.99 8.31 5.93 2.49 

P1 2.11 493.47 10.31 6.81 2.61 

P2 3.26 506.87 11.70 7.43 2.60 

L.S.D. at 0.05 

I 0.073 17.18 0.103 0.275 0.159 

P 0.073 21.14 0.113 0.254 0.080 

IxP 0.126 36.62 0.195 NS 0.138 

IR1=Irrigation every 4 days.              IR2= Irrigation every 8 days.           IR3= Irrigation every 12 days. 
P0 = 0 mM proline (control).             P1= 5 mM proline.                             P2= 10 mM proline. 
 

     CR is one of the vital components of AsA – GSH 

pathways, is primarily responsible for the 

regeneration of GSH from GSSG using NADPH as a 

reducing equivalent. This enzyme plays an important 

role by maintaining the reduced status of GSH and 

AsA pools and proper GSH/GSSG ratio that is more 

decisive in determining plant resistance to abiotic 

and biotic stresses than in the actual GSH content 

[34]. The elevated level of GR might increase the 

ratio of NADP+ to NADPH and thereby increase the 

availability of NADP+ to accept electrons from the 

photosynthetic electron transport chain. Under these 

circumstances; the rate of electron flow to O2 is 

reduced and this reduces the formation of (O2
͘-
) and 

the metal catalyzed formation of 
.
OH, through the 

Haber – Weiss reaction [32].  

     In the present study, the antioxidant enzymes 

APX & GR activities were significantly increased 

after exogenous application of proline on faba bean 

plants at 10mM followed by 5mM; this may 

contribute advantages to faba bean plants to perform 

better in various aspects of growth and metabolism. 

Our results coincided with [31] on mustard plants 

pre-treated with proline, significant increases in APX 

& GR activities were obtained compared with 

drought stressed treatment and speculated the 

inhibition or the insufficient of GR as a major factor 

responsible for the rapid increase in the GSSG in 

drought stressed seedlings, which was attributed to 

significant decrease in GSH/GSSG ratio. It was 

observed that stress – tolerant plants tended to have 

high activities of GR [61]. Additionally, over 

expression of GR increased antioxidant activity and 

improved tolerance to oxidative stress [61, 2, 58, 57]. 

Our results showed slight increase in GR activity 

under drought stress conditions but the increase in 
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GR activity is not high enough to protect the over 

accumulation of GSSG which was attributed to 

significant decrease in the GSH/GSSG ratio in case 

of drought-stressed plants without proline 

supplementation. However, proline treatments 

especially the highest used concentration (10mM) 

had higher GR activity which contributes to the 

maintenance of higher GSH/GSSG ratio and GSH 

level and is used by DHAR and other GSH-

dependent enzymes involved in the antioxidant 

defense and glyoxalase systems [33] therefore, the 

insufficient of GR was a major factor responsible for 

the rapid increase in the GSSG in drought stressed 

faba bean plants. Whereas, a relatively high 

GSH/GSSG ratio maintained by proline 

supplementation could help to protect plants from 

drought induced oxidative stress.  
 

 

2. Changes in non enzymatic antioxidants contents:  

It is evident that drought stress caused 

significant increases in ascorbic acid, glutathione and 

total phenolic compounds contents in leaves of faba 

bean plants cv. Giza 483 as compared to control 

plants (Table 3).  

These results are in harmony with those obtained 

by [5] who found that the tolerant Alba variety 

Catharantlus roseus showed high levels of ascorbic 

acid content when compared to the rosea variety 

under drought stress. Also, [27] found that the GSH 

Content in rape seed seedlings increased with 

increasing drought stress. Moreover, [31] mentioned 

that under drought stress, a significant increase 

(34%) in AsA pool and (1.94-fold) significant 

increase in GSH pool in Mustard (Brassica Juncea 

L.) plants in response to drought stress as compared 

to control. In addition, [49] reported that drought 

stress caused significant increases in the non 

enzymatic antioxidants (ascorbic acid,  -tocopherol 

and glutathione) contents in shoots of soybean plants 

cv. Giza 22 and 111 as compared to control plants.  

Ascorbate and glutathione are two important 

antioxidants of the antioxidant defense systems, 

which scavenge ROS under oxidative conditions and 

in turn protect the biomembranes from oxidation 

[63].  

In plant cells, AsA is involved in the protection 

of a wide range of cellular compartments against 

oxidative attacks due to its ultra crucial ability to 

function as a donor of electrons in a broad range of 

enzymatic and non–enzymatic reactions [55].  

     AsA possesses the ability to directly scavenge 

ROS and assists the detoxification from H2O2 

through its reduction via the AsA – GSH cycle. 

Higher levels of endogenous AsA in plants are 

necessary to offset oxidative stress in addition to 

regulating other plant metabolic processes [78].  

GSH is one of the major non-protein thiols and 

crucial metabolites found abundantly in all cell 

compartments of plants. The chemical reactivity and 

high water solubility of the thiol group of GSH make 

it particularly suitable to serve a broad range of 

biochemical functions to protect plants against 

oxidative stress. Its pivotal role as an antioxidant 

derives from the fact that GSH participates in the 

AsA – GSH cycle as the reducing agent of DHAR, 

while it also possesses the ability to protect the 

integrity of the cellular plasma membrane by 

maintaining  - tocopherol and Zeaxanthine in the 

reduced state as well as protecting proteins from 

denaturation caused by oxidation of protein thiol 

groups [62]. In addition, GSH exerts its antioxidant 

ability through the direct ROS scavenging as well as 

by acting as the substrate of GPX, GST and Gly1 

enzymes that participate in removal of ROS, MG and 

endogenous toxic compounds.  

 The property of GSH is of great biologic 

importance since it allows fine- tuning of the cellular 

redox environment under normal conditions and 

upon onset of stress. GSH level is increased under 

stressful conditions, and such an increase gives the 

ability to cells to counteract the oxidation of GSH 

and provokes alteration of gene expression of 

different pathways directly or through interplay with 

regulatory protein and / or transcription factors and 

orchestrated activation of genes encoding enzymes 

related to GSH metabolism [73].  

 However, exogenous proline treatments 

(5&10mM) on faba bean plants gave significant 

increases in AsA, GSH contents when interactive 

with drought – stressed plants and non-significant 

increases when interactive with well watered plants 

as compared to the untreated well watered control. In 

this respect, [31]  surprisingly found that proline pre-

treated on the sensitive drought stressed mustard 

plant recorded decrements in AsA or GSH contents 

as compared to the seedlings subjected to drought 

stress. However, [28] found that exogenous proline 

on rice salt – stressed plants increased AsA content 

only at the highest level (300 mM) Nacl and 

increments in GSH content were observed at any 

level of salt stress.  

 In our obtained results, proline might play a 

significant role in maintaining higher GSH level 

either through efficient recycling or by modulating 

higher GSH synthesis [50].  

 Where AsA is regenerated via GSH dependent 

DHAR because MDHAR activity is limited due to 

the unavailability of NADPH under oxidative 

conditions [6].  

  Higher plants manifest a unique capability to 

synthesize nonenzymatic secondary metabolites, 

such as phenolics, which have an anti-oxidative role 

in scavenging ROS [90]. The synthesis and release of 

phenolic compounds are induced by various biotic 

and abiotic stress factors.  

 Table (3) shows that total phenolic 

concentrations were significantly increased under 

drought stress compared with control plants. These 

data are in a good agreement with those obtained by 

[49] on soybean. It is well known that, phenolic 
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compounds play a key role as protective components 

of plant cells. The potential activity of phenolics to 

act as an antioxidant is mainly due to their properties 

to act as hydrogen donators reducing agents and 

quenchers of singlet oxygen [89]. In this regard, 

phenolic contents protect cells from potential 

oxidative damage, increase the stability of cell 

membranes [12] and mitigate salinity stress injuries 

[43]. The accumulation of phenolic compounds in 

response to abiotic stress would be attributed to the 

activation of phenylalanine – ammonia lyase (PAL) 

enzyme [66, 60]. Where drought stress reduces 

growth, so the carbon fixed during photosynthesis 

could be used to from secondary metabolites 

"Phenolics" [26]. Foliar proline application increased 

total phenol of drought stressed or well watered 

controls as compared to the untreated controls. These 

results came in parallel with [81] working on faba 

bean under salinity stress. 

 

Changes in oxidative damage:  
 

     As shown in table (4) drought stress significantly 

increased the accumulation of O2
͘-
 & H2O2 and MDA 

& EL in leaves of faba bean plants as compared to 

the control. The obtained results are in accordance 

with [82] on wheat, [39] on fodder beat who found 

accumulation of MDA under drought stress which 

led to leakage of electrolytes. However, O2
͘-
 could be 

raised under different types of stresses [46, 21, 36]. 

Moreover, [27, 49] found significant increases in 

H2O2 and MDA in rapeseed and soybean plants 

respectively under drought stress as corapared to 

control plants. 

 
Table 4: Influence of interaction between irrigation regimes and proline levels on oxidative damage in faba   
               bean plants. 

Irrigation treats. 
 

Proline levels 

O2
͘- 

A680/g FW 

H2O2 

µmol/g FW 

MDA 

µmol/g FW 

EL 

% 

 
IR1 

 

P0 0.31 8.20 9.26 59.11 

P1 0.30 8.00 8.20 56.35 

P2 0.30 7.93 7.85 55.20 

IR2 

P0 1.92 12.50 13.06 68.02 

P1 1.64 11.11 11.73 64.05 

P2 1.28 9.36 10.42 61.46 

IR3 

P0 2.07 14.70 15.51 75.56 

P1 1.71 12.10 13.69 70.41 

P2 1.35 10.30 11.50 68.34 

L.S.D. at  0.05 

I 0.073 0.370 0.338 2.689 

P 0.080 0.366 0.315 1.636 

IxP 0.138 0.634 0.545 2.834 

IR1=Irrigation every 4 days.              IR2= Irrigation every 8 days.           IR3= Irrigation every 12 days. 

P0 = 0 mM proline (control).               P1= 5 mM proline.                           P2= 10 mM proline. 
 

Drought affects not only water relations, but also 

induces stomatal closure and decreases the 

photosynthetic rate and growth [91]. Closure of 

stomata decease CO2 concentration in leaf mesophyll 

tissue and results in an accumulation of NADPH. 

Under such conditions, where NADP is a limiting 

factor, oxygen acts as an alternate acceptor of 

electrons from thylakoid electron transport chain, 

resulting in the formation of superoxide radical (O2
͘-
) 

[13]. Superoxide radical and its reduction product 

H2O2 are potentially toxic compounds, and can also 

combine by the Haber – weiss reaction to from the 

highly toxic hydroxyl radical (
.
OH) [70]. Lipid 

peroxidation was the first type of oxidative damage. 

Its overall effects were to decrease membrane 

fluidity, increase leakiness of the membrane and 

damage membrane proteins, enzymes and ion 

channels [61, 2, 57, 60, 59]. The increase of MDA 

content indicates that the bulk oxidative lipid 

metabolism in leaves was enhanced by drought, 

suggesting a relationship between drought and 

oxidative stress [53].  

 However, foliar spray with proline treatments (5, 

10mM) significantly reduced the different oxidative 

damages ( 2



O ,H2O2, MDA & EL), the response 

reached the maximum at 10mM when compared to 

drought – stressed and well watered plants. Our 

obtained results are in parallel with [31], the level of 

H2O2 & MDA contents increased up to about 2 fold 

under drought stress in Mustard plants, while proline 

pre-treated drought – stressed control markedly 

lowered these increments as compared to the 

corresponding controls. Also, [28] found that rice 

seedlings supplemented with proline could maintain 

the level of H2O2 & MDA significantly lower 

compaed to the seedlings exposed to salt stress 

without supplementation.  

 Generally, increase in lipid peroxidation level in 

faba bean plants exposed to water stress and 

consequently high levels of Electrolyte leakage 

shows that the enzyme activities might have not been 

enough to prevent the peroxidation of memrane 

lipids caused by severe drought stress (12 days 

interval), that it has been reported that cell membrane 

stability is an indicator of drought tolerance [70]. i.e. 

there were inadequate activities of the studied 

antioxidant enzymes activities to scavenge ROS 

produced in faba bean plant under drought and to 

some extent proline might act as protectant under 

water stress conditions. 
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Super oxide anion radical scavenging and Hydrogen 

peroxide scavenging activities: 

 The exposure of faba bean plants to drought 

stress (Figs. 1 and 2) resulted in an obvious increase 

in superoxide anion radical scavenging as well as 

hydrogen peroxide scavenging, the response is 

directly proportional with increasing  drought stress 

level. In this respect, Ibrahim et al. [36] found that 

exposure of wheat leaves to UV-B irradiation or heat 

stress resulted in a more pronounced increase in 

superoxide anion radical scavenging in tolerant cv 

Tritichum aestivum than in the susceptible cv 

Triticum durum and prolonged exposure of the wheat 

plants to heat or UV-B stress resulted in a significant 

reduction in the rate of subsequent superoxide anion 

radical scavenging activity. These results are also 

supported by [46]. 

 Superoxide is biologically important since it can 

be decomposed to from stronger oxidative species 

such as singlet oxygen and hydroxyl radicals, which 

are very harmful to the cellular components in a 

biological system [45]. Superoxide anions are the 

most common free radicals in vivo and are generated 

in a variety of biological systems, either by 

autoxidation processes or by enzymes. Superoxide 

anions can damage biomacromolecules directly or 

indirectly by forming hydrogen peroxide, hydroxyl 

radical, peroxylnitrile, or singlet oxygen during 

pathophysiologic events [47]. It can inactivate a few 

enzymes directly, usually by oxidation of essential 

thiol groups. Hydrogen peroxide can cross biological 

membranes rapidly, once inside the cell, it can react 

with Fe
2+

 and Cu
2+

 ions to form cytotoxic hydroxyl 

radical [25].  

 However, the enhancement of super oxide anion 

radical or hydrogen peroxide scavenging activities in 

response to drought and further enhancement in 

response to proline revealed and ascertained the 

occurrence of an oxidative stress that catalyzes the 

production of reactive oxygen species, consequently 

accumulating and resulting in several damages which 

are judged by the criteria and behaviors of the 

different antioxidants or by other meaning through 

enzymatic (APX, GR) and non enzymatic (ASA, GR, 

total phenols) antioxidants. The overproduction of 

ROS resulted by oxidative stress would be engaged 

different pathways of the antioxidant system for their 

removal where better protection by the osmolyte 

proline led to low level of plant damages in this 

investigation. 

 In Conclusion, faba bean plants grown under 

water stress and foliar treated with proline could 

alleviate the harmful impacts of prolonged drought 

through the enhancement of the protective 

parameters such as enzymatic and non enzymatic 

antioxidants. This could suggest that the protection 

mechanism had helped the plants to increase their 

tolerance against water stress, through mainly the 

decrease in free radical (ROS) damge symptoms 

leading to intercellular osmotic adjustment. 
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L.S.D. at 0.05     I = 1.40      P = 1.49     IxP = 2.59 

AsA (positive control) = 91.16 % 

Fig. 1: Influence of interaction between irrigation regimes and proline levels on super oxide anion radical     

      scavenging activity at (150µg/m) in faba bean plants. 

 
Fig. 2: Influence of interaction between irrigation regimes and proline levels on   hydrogen peroxide scavenging 

     activity at (150µg/m) in faba bean plants. 
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