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ABSTRACT: Pea plants cv. Master B was grown in pots Experment to 
investigate the effect of selenium (Se) and salicylic acid (SA) as antioxidants 
in relation to drought stress. The experimental treatments included three 
water regem levels; 100% of field capacity control (W0); 60% of field capacity 
(W1) and 40% of field capacity (W2) and two antioxidants such as Se (0.6 mM) 
and SA (0.5 mM ). The growth, physiological and chemical composition as 
well as yield of pea plants were determined. The drought had decreases in 
plant height, root length, leaf area, root / shoot ratio and produced less dry 
matter as compared with the control plants (W0). Relative water content 
(RWC), water use efficiency (WUE), pressure potential, enzymes activity, total 
soluble sugars, total free amino acid and K were decreased in droughted 
plants. Supplementary Se and SA ameliorated the negative effect of drought 
on the previous parameter. Membrane permeability in leaves increased under 
water stress and this increase was adversed with Se and SA treatments. Total 
weight of green pods, average number of green pods and weight of seeds / 
plant were increased in the plants treated with Se and SA than those under 
drought stress(W1 and W2 )  
Key Words: Drought, Antioxidant, selenium, salcilylic acid, , peroxidase, 
catalase, compatible osmolyte, yield.  
 

INTRODUCTION  
Irrigation is the most important factor affecting the production and quality of 

plant. However, at present time , there is a crltical balance between water  
requirements and water consumption, thus water saving is becoming a decisive 
factor for agricultural expansion. Water requirements is the water needed for 
raising a crop in a given period of time field conditions. It includes consumptive 
use and other economically unavoidable losses. 

Researches have shown that drought has many adverse impacts on plant 
growth parameters (Xu et al., 2007). Drought stress also significantly inhibited the 
biomass accumulation of wheat seedlings (Xiaoqin et al., 2009). Exposure plants 
to drought stress substantially decrease leaf water potential (ψw), relative water 
contents (RWC) and transpiration rate with associated increase in leaf 
temperature (Halder and Burrage, 2003). Drought stress produces changes in 
photosynthetic pigments (Loggini et al., 1999), damages photosynthetic 
apparatus (Fu and Huang, 2001) and decreases the activities of calvin cycle 
enzymes (Monakhova and Chernyadev, 2004).  
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Selenium (Se) has been recognized as an essential trace element for plant 
based on its presence in antioxidative defence system (Djanaguiraman et al., 
2005) and hormone balance (Pallud et al., 1997). Selenium exerts as a beneficial 
on growth and stress tolerance of plants by enhancing their oxidative 
capacity (Xue and Hartikainen, 2000 and Kong et al., 2005). Selenium 
increases plant resistance against oxidative stress caused by free oxygen 
radicals. Recently it has been shown that selenium has ability to regulate the 
water status of plants under drought conditions (Kuznetsov et al., 2003). 
Application of Se up to 50 ppm in soybean increased the yield by preventing 
chlorophyll degradation and maintaining longer leaf area duration 
(Djanaguiraman, et al., 2005). 

Salicylic acid (SA) plays an important role in a biotic tolerance, and 
considerable interest has been focused on SA because of increased 
antioxidant enzymes which induce a protective effect on plant under stress 
(Horvath et al., 2007). Plants treated with SA before stress reduced the 
damage effect of water stress on the cell membrane in the leaves and 
increased proline levels (Senaratna et al., 2000). SA also improved the 
protoplasmic drought tolerance (Abreu et al., 2008). In this connection, 
Khodary (2004) reported increased chlorophyll and carotenoids contents in 
maize plants by SA application.  

The objective of this study was to investigate the beneficial effect of Se 
and SA to increase the antioxidative capacity of plants grown under drought 
and to counteract senescence related oxidative system to improve the 
growth and yield of stressed plants.  
 

MATERIALS AND METHODS 
Two pots experiments were conducted in greenhouse at the Experimental 
Station Farm, Faculty of Agriculture, Minufiya University during the winter 
seasons of 2007/2008 and 2008/2009. Pea plants cv. Master-B  were planted in 
October 21st in plastic pots (25 cm diameter). Seven kilogram loamy soil was 
weighed for each pot. Some physical and chemical properties of soil used 
were determined according to Jackson (1967). The particles size distribution 
of the studied soil were sand (8.1%), salt (42.20%) and clay (49.7%). Also this 
soil characterized by pH (7.76), EC (1.45 dsm-1), contents (meq/100g soil) of 
soluble cations i.e. Ca P

2+
P (4.40), Mg P

2+
P (2.32), NaP

+
P (6.32) and K P

+
P (1.41) and the 

content of soluble anions as meq/100g soil was HCOR-3R (2.53), ClP

- 
P(6.41) and 

SOR4RP

2-
P (5.51). Six seeds / pot were sown onto the upper layer of soil and 

covered with thin layer of sand soil. Pots were arranged in six replicates 
randomized block design. After twenty one day seedlings were thinned to 
four seedlings per pot. 

All pots were fertilized with calcium super-phosphate (15.5%P2O5) at the 
rate of 200 Kg/fed.(1.4 g/pot) before sowing. Nitrogen and potassium fertilizer 
in amount equivalent to 100 Kg/fed, ammonium nitrate (33.5 %N) at the rate of 
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0.7 g/pot and 100 g/pot potassium sulphate (48 % K2O) at the rate of 0.7 g/pot 
at various growth stages represent 30 and 60 days after sowing.  
 
The plants were subjected to one of nine treatments: 
 (1) 100 % of field capacity  (100% of F.C (W0)),  
 (2) 100% of F.C + Se (W0 + Se), 
 (3) 100% of F.C + SA (W0 + SA),   
 (4) 60%  of F.C (W1),  
 (5) 60% of F.C + Se (W1 + Se), 
 (6) 60% of F.C+ SA (W1 + SA), 
 (7) 40% of F.C (W2),  
 (8) 40% of F.C. + Se (W2 + Se)  
 (9) 40% of F.C+SA (W2 + SA). 

Se (0.6mM) was added as sodium selenite (Na2SeO3) (Djanaguiraman et 
al., 2005) and SA (0.5 mM) (Senaratna et al., 2000).Se and SA were sprayed 
twice at 30 and 45 days after sowing.  Tween 20 was added to the spraying 
solution at 0.5 % as a surfactant. 

Plant samples were successively taken randomly from every treatment at 
75 days after sowing. Three plants were taken out carefully from each pot, 
and the following data were recorded. 

 
1- Growth characters: growth characters such as plant height, root 

length, roots and shoots dry matter, roots / shoots ratio and leaf area were 
determined. Water used efficiency (WUE) was calculated as described by 
Raeini-Sarjaz et al. (1998). 

2- Water relations: leaf water potential (Ψw) using the modified dye 
method of Marathe (1989). Osmotic potential (Ψπ): values of total soluble 
solids of the cell sap were obtained from the pressed sap using an Abbe 
Reflectometer and osmotic potential values were calculated by using 
special tables according to the method described by Gosev (1960). Leaf 
pressure potential (Ψp) was calculated from the relationship: Ψw = Ψπ + 
Ψp, assuming leaf matrix potential was zero (Nobel, 1991). Relative water 
content (RWC) was calculated by the equation of Larcher  (1995):  

RWC = [(Wt – Wd) / (Wf – Wd)] × 100, 
Where, Wt: turgid weight, Wf: fresh weight and Wd: dry weight of leaves.  
Membrane integrity:To indicate the extent of membrane damage in tissues 

subjected to moisture measurements on the leakage of solutes, 
absorption at Ultraviolet Wavelength 273 nm was determined following the 
method of Leopold et al. (1981).  

 
3- Chemical composition: (A) Photosynthetic pigments was estimated in 

fresh leaves as described by Witham et al. (1971). 
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 (B):Antioxidant Enzymes Activity: Peroxidase activity in O.D./g fresh 
weight after 2 min. was measured in pea fresh leaves using the method 
described by Fehrman and Dimond (1967). Phenoloxidase activity in O.D. / 
g fresh weight after 45 min. was determined in fresh leaf samples was 
extracted by the method of Broesh (1954). 

     Catalase activity was estimated according to Samantary (2002) and 
expressed as µM H2O2 reduced mg-1 protein min-1.Glutathione peroxidase 
activity was measured by a modification method of Flohe and Gunzler 
(1984) and expressed as µM mg-1 protein min-1.  

4- Compatible Osmolytes: Proline, total soluble sugars, total free amino 
acids concentration were estimated according to the methods described 
by Bates et al. (1973),  Dubois et al. (1956) and Rosen (1957) respectively. 
K+ was determined as mentioned by A.O.A.C (1990). 

5- Yield and its components: At harvest time (about 110 days after 
sowing). The following parameters were recorded: Average number of 
green pods/plant, total weight of green pods/plant and weight of 
seeds/plant 

     All Data were statistically analyzed using a CO-STAT-C NOVA program. 
Statistically different groups were determined by Duncan’s Test (p < 0.05) 
and calculated according to Duncan (1955) and Gomez and Gomez (1984). 

 
RESULTS AND DISCUSSION 
1. Growth characters:  

Exposure pea plants to water stress led to decreases in plant height, root 
length, root and shoot dry matter. W2 treatment was more effective in 
reducing previous parameters (Table 1). Se application significantly 
increased the shoot growth in term of previous parameters which increased 
by 32, 95, 39 and 64%, respectively in W1+Se treatment compared with W0. 
Moreover, SA treatments also recorded similar results as Se treatment.  

Drought stress especially at W2 significantly reduced leaf area (LA) by 
25.1%, whereas W1+Se treatment significantly increased it by 23% as 
compared with W0 in the first season. Moreover, W2+Se and/or W2+SA 
treatments significantly increased LA by 37 and 27% compared with the 
droughted plants (W2) in the first season. The growth stimulating effect by Se 
may be related to its antioxidanive function as demonstrated by diminished 
lipid peroxidation, H2O2 and superoxide radical production, and higher 
contents of chlorophyll a, b and total chlorophyll than the control 
(Djanaguiraman et al., 2005). The combination between drought stress and Se 
supply significantly increased root activity. This indicated that Se supply 
further increased the resistance of wheat seedlings to drought stress 
(Xiaoqin et al., 2009) addition of SA significantly alleviated the plant growth 
inhibition (Bai et al., 2009) 
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Table (1): Effect of selenium and salicylic acid on some growth characters of pea 
plants grown under drought stress during two seasons (2007/2008 and 
2008/2009).  

        Characters 
  
 Treatments 

Plant height 
(cm) 

Root length 
(cm) 

Root dry 
matter (g)/p 

Shoot dry 
matter (g)/p 

Root / shoot 
ratio 

Leaf Area  
(cm2/p) 

 2007 / 2008 season  
W0 
W0+Se 
W0+SA 

31.67cd 
36.00bc 
35.00bc 

3.17c 
3.67b 
3.83b 

0.057c 
0.070b 
0.067b 

1.06c 
1.49b 
1.52b 

0.054 
0.047 
0.044 

347.2d 
380.5bc 
397.2ab 

W1 
W1 + Se 
W1 + SA 

28.00d 
41.67a 
39.67ab 

3.07c 
6.17a 
6.00a 

0.040d 
0.079a 
0.097a 

0.90c 
1.74a 
1.59ab 

0.044 
0.045 
0.061 

300.9e 
427.4a 
420.8a 

W2 
W2 + Se 
W2 + SA 

22.00e 
35.33bc 
31.44cd 

2.83c 
3.67b 
2.83c 

0.020d 
0.050c 
0.050c 

0.60d 
1.06c 
1.04c 

0.033 
0.047 
0.048 

260.0f 
357.2cd 
330.3de 

 2008 / 2009 season  
W0 
W0+Se 
W0+SA 

26.33c 
28.33bc 
29.67ab 

3.33c 
4.27b 
4.00b 

0.047de 
0.060c 
0.060c 

1.07d 
1.56b 
1.37c 

0.044 
0.038 
0.044 

396.8c 
460.0b 
446.9b 

W1 
W1 + Se 
W1 + SA 

22.00d 
32.33a 
31.00ab 

2.00d 
5.77a 
5.93a 

0.040e 
0.123a 
0.113b 

0.95d 
1.75a 
1.57b 

0.042 
0.070 
0.072 

350.7d 
487.0a 
478.7a 

W2 
W2 + Se 
W2 + SA 

20.33d 
25.67c 
23.00d 

1.50d 
3.67c 
3.90c 

0.030f 
0.057cd 
0.050cde 

0.65e 
1.00d 
1.07d 

0.046 
0.057 
0.047 

300.5e 
392.5c 
377.3c 

Means followed by the same letter within each column are not significantly different according 
to Duncan's Multiple Range Test (P≤0.05). 
W0 = 100% Field capacity (control)              W1= 60% Field capacity            W2= 40% Field 
capacity 
Se= Selenium (0.6 mM)                                  SA= Salicylic acid (0.5 mM )        
 

Water stress decreased root / shoot ratio and the protective effect of Se 
and SA against water stress was shown by the greater root/shoot ration of 
treated plants under water stress. The highest significant values recorded 
with W1 + SA followed by W1 + Se in both seasons. Szepesi et al. (2005) show 
that, SA substantially improved tomato growth under salt stress conditions. 
Sakhabutdinova et al. (2003) showed that, SA treatment completely prevented 
stress induced declines in the concentration of IAA and cytokinens in 
seedlings and reduced accumulation of ABA, which might be a prerequisite 
for acceleration of growth.  
 

Water use efficiency (WUE): 
High drought level (W2) showed a significant decline in WUE (23%) 

compared with W0 (Table 2). Se and SA treatments caused a significant 
increase in WUE compared with droughted plants (W1 and W2) The greatest 
increase in WUE was observed with W1+Se (25 and 39%) and W1 +SA (16 and 
24%) compared with W0 in the first and second seasons, respectively. These 
data are confrmed by Rajasekaran and Blake (1999). 
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2- Water relations:  
Pea plants treated with Se and SA showed an enhancing plant tolerance to 

drought stress as evidenced by the greater relative water content 
(RWC),osmotic potential (OP), leaf water potential( LWP) and lower 
membrane integrity, so its adverse drought effect is less (Table 2).  
 
Table (2): Effect of selenium and salicylic acid on water use efficiency and water 

relations of pea plants grown under drought stress during two seasons 
(2007/2008 and 2008/2009).  

       Characters 
 
 Treatments 

RWC (%) 
Leaf water 
potential 

(Ψw)-Mpa 

Osmotic 
potential 

(Ψπ)-Mpa 

Pressure 
potential  
Ψp - Mpa 

MI (%) 
WUE  g Dr.wt. 
kg -1 H2o. day -

1 
 2007 / 2008 season  
W0 
W0+Se 
W0+SA 

71.84d 
80.01c 
75.90c 

1.50e 
1.86e 
2.30c 

6.26b 
6.13b 
6.10b 

4.76a 
4.27a 
3.80b 

74.90b 
65.72c 
66.93c 

1.58cd 
1.67b 
1.67b 

W1 
W1 + Se 
W1 + SA 

65.55d 
88.63a 
85.30b 

4.82b 
2.90d 
2.50d 

7.16a 
6.54b 
6.10b 

2.34c 
3.64b 
3.60b 

79.66a 
55.06d 
58.20d 

1.69d 
1.97a 
1.83a 

W2 
W2 + Se 
W2 + SA 

57.49e 
75.18c 
73.90d 

5.95a 
3.50c 
3.00c 

7.72a 
6.95b 
6.90b 

1.77d 
3.45b 
3.90b 

82.86a 
67.83c 
69.99c 

1.22d 
1.69b 
1.64b 

 2008 / 2009 season  
W0 
W0+Se 
W0+SA 

76.85c 
82.81b 
81.32b 

1.62f 
1.75f 
2.20e 

5.79b 
5.90b 
5.85b 

4.17a 
4.15a 
3.65b 

70.08b 
63.21b 
65.42b 

1.59d 
1.78c 
1.75c 

W1 
W1 + Se 
W1 + SA 

70.28d 
88.19a 
86.40a 

4.91b 
2.85d 
2.10e 

6.50a 
6.10b 
5.95b 

1.59d 
3.25b 
2.85c 

80.14a 
49.25c 
54.51c 

1.66c 
2.21a 
1.97b 

W2 
W2 + Se 
W2 + SA 

60.45e 
75.99c 
76.34c 

5.91a 
3.60c 
2.80d 

6.90a 
6.50a 
6.20a 

0.99e 
2.90c 
3.40b 

83.03a 
55.01c 
68.14b 

1.33e 
1.65c 
1.66c 

Means followed by the same letter within each column are not significantly different according 
to Duncan's Multiple Range  Test (P≤0.05). 
 
W0 = 100% Field capacity (control)        W1= 60% Field capacity                  W2= 40% Field 
capacity 
Se= Selenium (0.6 mM)                            SA= Salicylic acid (0.5 mM )              
 

To regarding RWC, the highest data were recorded under W1 with Se and 
SA. Whereas, RWC decreased with increasing drought but Se and SA 
increased it under drought conditions in both seasons.  

Leaf water potential (Ψw) decreased with increasing water stress (more 
negative). Application Se and SA under drought recorded highest Ψw. The 
same trend was observed in osmotic potential (Ψπ), meanwhile the pressure 
potential (Ψp) decreased with increasing water stress and the maximum 
value was recorded with Se under the control and followed by SA. 
Application Se and SA under water stress recorded a good water status 
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compared with stressed plants alone (Germ, 2008). Se application improved 
water relations in plant. The strong correlation between plant water relation 
components had the accumulation of compatible solutes (GB and Free 
proline) under drought indicated the involvement of compatible solutes with 
the maintenance of Ψw, Ψp and improved leaf water status under drought 
(Farooq et al., 2009). 

The increased water potential values in SA treatment under ionic and non-
ionic osmotic stress suggest that accumulation of inorganic or organic 
osmolytes makes the surplus of water uptake possible as it can also be seen 
from the increase in RWC (Szepesi et al., 2005). Recently it has been shown 
that Se has the ability to regulate water status of plants under drought 
condition, Se causes enhance water relation in wheat tissues (Kuznetsov et 
al., 2003 and Djanaguiraman et al., 2005) they cited that Se caused a higher 
Ψw in leaves, that could enable higher transpiration rate.  

The interesting data was membrane integrity which was highest and 
increased in membrane leakage under W2 compared with W0. A shift in 
phospholipid concentration could explain membrane damage because 
drought increased lipids peroxidation results from the formation of free 
radicals (O-

2 , H2O2 and / or OH-) which destabilize chloroplast, mitochondrial 
and / or microsomal membranes. Moreover, plants treated with Se and SA 
under drought stress recorded minimum membrane leakage which was the 
best results. Se applications helped to maintain membrane integrity under 
drought degrees, which were the most effective compounds in reducing 
leakage by 30.9(W1+Se) and 18%(W2 +Se) compared to droughted plants (W1 
and W2), respectively in the first season and the same trend was observed in 
the second season. These results are in agreement with Farooq et al. (2009) 
and Rajasekaran and Blake (1999).  
 

3- Chemical compostion: 
 (A):Photosynthetic pigments:  

Data in Table (3) recorded a highly significant reduction in chl. a + b and 
carotenoids in pea leaves grown under drought stress. These reductions in 
the first season were 14.5 and 50.7% of chl. a+b, 12.2 and 20.1% of 
carotenoids under W1 and W2, respectively compared with W0. A maximum 
values of chl. a + b were recorded with Se and/or SA treated plants especially 
with W1 and the increases under W2 were 60 and 56%, respectively compared 
with W2 only. These results are in agreement with those obtained by Grem 
(2008) on potato. The increased chlorophyll content by SA and Se treated 
plants might be attributed to efficient scavenging of ROS by oxidase and 
glutathione peroxidase or otherwise, they would have destroyed the 
chlorophyll pigments (Thomas et al., 2001). SA application in drought 
stressed wheat increased the photosynthetic pigments and carboxylase 
activity of Rubisco (Singh and Usha 2003) 
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Table (3): Effect of selenium and salicylic acid on photosynthetic pigments, 
proline, total soluble sugars, total free amino acid  and potassium of 
pea leaves grown under drought stress during two seasons 
(2007/2008 and 2008/2009).  

        Characters 
 
 Treatments 

Chl. a + b 
mg/g dwt 

Carotenoids 
mg/g dwt 

Proline µg  
g-1 dwt 

Total soluble 
sugar  

mg/g dwt 

Total free 
amino acid 
(mg/g dwt) 

K (%) 

 2007 / 2008 season  
W0 
W0+Se 
W0+SA 

2.21c 
2.31c 
2.65b 

1.39c 
1.50b 
1.28d 

318.9d 
330.8d 
325.8d 

16.44c 
20.00b 
22.00b 

25.72bc 
28.63abc 
29.8abc 

2.45c 
2.81b 
2.96b 

W1 
W1 + Se 
W1 + SA 

1.89d 
2.63b 
2.96a 

1.22d 
1.57b 
1.68a 

360.8c 
390.4b 
400.8b 

15.76e 
26.90a 
25.99a 

20.78c 
39.12a 
37.12ab 

2.00e 
3.44a 
3.22a 

W2 
W2 + Se 
W2 + SA 

1.09f 
1.74e 
1.70e 

1.11e 
1.18e 
1.37c 

440.5b 
460.8a 
480.5a 

12.88e 
16.44c 
16.22c 

19.68c 
25.64bc 
22.76abc 

1.32f 
1.99d 
1.84d 

 2008 / 2009 season  
W0 
W0+Se 
W0+SA 

2.91c 
3.04c 
3.65b 

1.60c 
1.71b 
1.71b 

340.6ef 
350.4e 
355.9e 

21.22c 
24.58b 
26.38b 

29.75bcd 
34.88bc 
34.73bc 

2.38c 
2.67b 
2.77ab 

W1 
W1 + Se 
W1 + SA 

2.29d 
3.49b 
3.96a 

1.30e 
2.23a 
2.54a 

380.9d 
410.9c 
420.4c 

20.18c 
30.00a 
30.40a 

28.25bcd 
47.90a 
43.08ab 

2.25c 
2.99a 
2.98a 

W2 
W2 + Se 
W2 + SA 

2.08e 
2.75bc 
2.67 bc 

1.16d 
1.64c 
1.64c 

450.6b 
490.3a 
500.4a 

15.80e 
23.52b 
22.60bb 

18.38e 
25.13cde 
23.44de 

1.22e 
1.69d 
1.60d 

Means followed by the same letter within each column are not significantly different according 
to Duncan's Multiple Range  Test (P≤0.05). 
W0 = 100% Field capacity (control)        W1= 60% Field capacity                  W2= 40% Field 
capacity 
Se= Selenium (0.6 mM)                            SA= Salicylic acid (0.5 mM )              
 

(B):Antioxidant Enzymes activity:  
Regarding to the activity of peroxidase, phenoloxidase, catalase and 

glutathione peroxidase (Figs.1,2,3 and 4), W2 decreased the activity of 
previous enzymes.These values recorded 24, 23, 28 and 33% in the first 
season respoctivelly, compared with control. Significant increase in the 
activity of peroxidase, phenoloxidase catalase and glutathione peroxidase 
was seen by Se and SA treatments over control or drought stress. Generally, 
W1 +Se followed by W1+SA recorded the highest values for all studied 
enzymes. Exogenous Se and SA application led to increases in antioxidant 
capacity (Ananieva et al., 2002), and stimulate enzymes activities in plant 
cells (Fazeli et al., 2007) because of enhanced accumulation of hydrogen 
peroxide under such conditions (Rao et al., 1997 and Janda et al., 2003), it is 
known that water and salt stress induced the generation of reactive oxygen 
species (ROS) in plants (Polle, 1997 and Borsani et al., 2001). It is possible 
that Se and SA promotes scavenging of produced H2O2 through increased 
glutathione peroxidase activity and consequently, reduces the need for their 
scavenger ROS (Djanaguiraman et al.,  2005 and Shakirova, 2007). It is 
possible that the presently observed induction of such enzymes by SA and 
Se can explain the improvement of pea plants growth under water stress 
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(Djanaguiraman et al., 2005 ,Rios et al., 2009 and Horvath et al., 2007 ). 

 
Figure (1): Effect of Selenium and Salicylic acid on Peroxidase of pea plants 

grown under drought stress during season 2008/2009. 
Means followed by the same letter within each column are not significantly different according 
to Duncan's Multiple Range  Test (P≤0.05). 
W0 = 100% Field capacity (control)        W1= 60% Field capacity                  W2= 40% Field 
capacity 
Se= Selenium  (0.6 mM)                           SA= Salicylic acid (0.5 mM )              

 

 
Figure (2): Effect of Selenium and Salicylic acid on Phenoloxidase of pea 

plants grown under drought stress during season 2008/2009. 
Means followed by the same letter within each column are not significantly different according 
to Duncan's Multiple Range  Test (P≤0.05). 
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W0 = 100% Field capacity (control)        W1= 60% Field capacity                  W2= 40% Field 
capacity 
Se= Selenium  (0.6 mM)                           SA= Salicylic acid (0.5 mM )              

 
Figure (3): Effect of Selenium and Salicylic acid on Catalase of pea plants 

grown under drought stress during season 2008/2009. 
Means followed by the same letter within each column are not significantly different according 
to Duncan's Multiple Range  Test (P≤0.05). 
W0 = 100% Field capacity (control)        W1= 60% Field capacity                  W2= 40% Field 
capacity 
Se= Selenium  (0.6 mM)                       SA= Salicylic acid (0.5 mM ) 

 

 
Figure (4) : Effect of Selenium and Salicylic acid on Glutathione Peroxidase of 

pea plants grown under drought stress during season 2008/2009.  
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Means followed by the same letter within each column are not significantly different according 
to Duncan's Multiple Range  Test (P≤0.05). 
W0 = 100% Field capacity (control)        W1= 60% Field capacity                  W2= 40% Field 
capacity 
Se= Selenium  (0.6 mM)                           SA= Salicylic acid (0.5 mM )              
 
4- Compatible osmolytes (proline, total soluble sugars, total free 

amino acids and K+): 
Proline concentration was significantly increased under water stress. 

Meanwhile, SA and Se treated plants recorded a highly increases in proline 
concentration compared with untreated plants especially under W1 and W2 
levels (Table 3). The protective role of proline against water stress in higher 
plants is widely recognized by Farooq et al., (2009). Moreover, total soluble 
sugars, total free amino acid and K+ content (Table 3) significantly decreased 
under W2 treatment, meanwhile Se and SA treated plants under drought had 
significant induction compared the droughted plants. The accumulation of 
these previous osmolytes seems to correlate with greater tolerance against 
stress. Drought tolerance in rice was well associated with the accumulation 
of compatible solutes (leaf GB and free proline), maintenance of tissue water 
protential and enhanced potency of antioxidant system, which improved the 
integrity of cellular membranes and facilitated the rice plant to sustain 
photosynthesis and general metabolism (Farooq et al., 2009 and Xiaoqin et 
al., 2009)  
 
5- Yield and its components:  

Drought had a significant reduction on average number of green pods and 
weight of green pods as well as weight of seeds / plant (Table 4). The highest 
reduction recorded with W2 treatment. The highest yield recorded with W1 + 
Se followed by W1 + SA. The same trend was observed in both seasons.  

These results call for further studies of the role of Se and SA in protecting 
plants against drought stress. However, they clearly indicated that Se and SA 
may exert a beneficial role in plants under stress and thus, they support the 
finding of Germ (2008) that Se and SA defend plants subjected to drought. 
Even if the present study provided some support for the Se and SA induced 
antioxidatives enzymes activities which explain the enhanced antioxidatives 
capacity and stimulated growth with good water relations which reflected 
higher yield of pea droughted plants. 

Finally, it can be concluded from this work that adding Se and SA as foliar 
application on pea plants grown under water stress can show a better 
performance with good yield and its quality by enhancing the antioxidant 
defense system in leaves of pea plants. 
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Table (4): Effect of selenium and salicylic acid on total weight of green pods, 

average number of green pods and weight of seeds of pea plants 
grown under drought stress during two seasons (2007/2008 and 
2008/2009).  

                                               Characters 
Treatments 

Total weight of 
green pods  

(g/plant) 

Average number 
of green pods / 

plant 
Weight of seeds/ plant 

 2007/2008 season 
W0 
W0+Se 
W0+SA 

5.47c 
6.27c 
5.97c 

3.53d 
3.90c 
3.90c 

3.33cd 
4.01cd 
3.40cd 

W1 
W1 + Se 
W1 + SA 

4.00d 
8.75a 
7.50b 

3.00e 
5.24a 
4.83b 

3.00d 
7.44a 
5.43b 

W2 
W2 + Se 
W2 + SA 

3.74d 
5.61c 
5.64c 

2.93e 
3.97c 
3.63d 

2.20e 
4.31c 
3.37cd 

 2008/2009 season 
W0 
W0+Se 
W0+SA 

6.29c 
6.98c 
7.21c 

4.00d 
4.97c 
4.77c 

4.31e 
5.04d 
5.45c 

W1 
W1 + Se 
W1 + SA 

4.00e 
9.39a 
8.48b 

3.40e 
6.40a 
5.17b 

4.00f 
7.58a 
6.66b 

W2 
W2 + Se 
W2 + SA 

3.25f 
6.30d 
7.10c 

3.20f 
3.83d 
3.60e 

2.60g 
5.41c 
4.60e 

Means followed by the same letter within each column are not significantly different according 
to Duncan's Multiple Range  Test (P≤0.05).   
W0 = 100% Field capacity (control)        W1= 60% Field capacity           W2= 40% Field capacity 
Se= Selenium (0.6 mM)                            SA= Salicylic acid (0.5 mM )              
 
REFERENCES  
Abreu, M. Elizabeth and S. Munneé-Bosch (2008). Salicylic acid may be 

involved in the regulation of drought-induced leaf senescence in 
perennials. A case study in field grown Salvia afficinalis L. plants. Environ 
Expt. Bot., 64: 105 – 112. 

Ananieva, E. A.; V. S.  Alexieva and L. P. Popova (2002). Treatment with 
salicylic acid decreases the effects of paraquate on photosynthesis, J. 
Plant Physiol., 159: 685 – 693. 

A.O.A.C. (1990). Official Methods of Analysis of the Association of Official 
Analytical Chemists. 15th Ed. Vol. L.: pp. 47 – 57. 

Bai, T.; Li Cuiying; M. Fengwang; S. Huairui and H. Mingyu (2009). Exogenous 
salicylic acid alleviates growth inhibition and oxidative stress induced by 

 
 

464 



 
 
 
 
 

Tolerance of pea plants to drought stress in relation to………………… 

Hypoxia stress in Malus robusta Rehd. J. Plant Growth Regul., 28: 358 – 
366. 

Bates, L. S.; R. P. Waldren and I. D. Teare (1973). Rapid determination of free 
proline under water stress studies. Plant and Soil, 39: 205 – 207. 

Borsani, O.; V. Valpuesta and M. A. Botella (2001). Evidence for a role of 
salicylic acid in the oxidative damage generated by NaCl and osmotic 
stress in Arabidopsis seedlings. Plant Physiol., 126: 1024 – 1030.  

Broesh, S. (1954). Colorimetric assay of phenoloxidase. Bull. Soc. Chem. 
Biol., 36: 711 – 713. 

Djanaguiraman, M.; D. Durga Devi; AK. Shanker; J. Annie Sheeba and U. 
Bangarusamy (2005). Selenium an antioxidative protectant in soybean 
during senescence. Plant and Soil, 272: 77 – 86. 

Dubois, M.; A. Gilles; J. K. Hamelton; P. A. Robers and P. A. Smith (1956). A 
colorimetric method for determination of sugar and related substances. 
Annal. Chem., 28: 350-356. 

Duncan, D. B. (1955). Multiple range and multiple F-test Biometrics, 11:142. 
Farooq, M. S.; M. A. Basra; A. Wahid; N. Ahmad and B. A. Saleem (2009). 

Improving the drought tolerance in rice (Oryza sativa L.) by exogenous 
application of salicylic acid. J. Agronomy and Crop Science, 195: 237 – 
246. 

Fazeli, F. M.; Ghorbanli and V. Niknam (2007). Effect of drought on biomass, 
protein content, lipid peroxidation and antioxidant enzymes in two sesame 
cultivars. Biol. Plant, 51: 98 – 103. 

Fehrman, H. and A. E. Dimond (1967). Peroxidase activity and phytophthora 
resistance in different organs of the potato. Plant Pathology, 57: 69 – 72. 

Flohe, L. and W. A. Gunzler (1984). Assay of glutathione peroxidase. In 
methods in Enzymology. Ed. L. Packer, 105: 114 – 121. Academic Press. 
New York. 

Fu, J. and B. Huang (2001). Involvement of antioxidants and lipid 
peroxidation in the adaptation of two cool-season grasses to localized 
drought stress. Environ. Exp. Bot., 45: 105 – 112. 

Germ, M. (2008). The response of two potato cultivars on combined effects of 
selenium and drought. Acta Agriculture Slovenica, 91 (1): 121 – 137. 

Gomez, K. A. and A. A. Gomez (1984). Statistical procedures of Agricultural 
Research. Second Ed. Wielly inter Science publ., John Wiley and Sons . 
New York, pp. 357-423 

Gosev, N. A. (1960). Some methods in studying plant water relation. 
Leningrad Acad. of Science, NSSR. 

Halder, K. P. and S. W. Burrage (2003). Drought stress effects on water 
relations of rice grown in nutrient film technique. Pak. J. Bio., Sci., 6: 441 – 
444. 

Horvath, E.; G. Szalai and T. Janda (2007). Induction of a biotic stress 

 
 

465 



 
 
 
 
 

Sabah M. A. El-Gamal and Mervat E. Sorial  

tolerance by salicylic acid signaling. J. Plant Growth Regul., 26: 290 – 300. 
Jackson, M. L. (1967). Soil Chemical Analysis. PP. 183-192. Prentice-Hall, Inc. 

Englewood Cliffs, N.J. Constable and Con Ltd., London. 
Janda, T.; G. Szalai; K. Rios-Gonzalez; O. Veisz and E. Paldi (2003). 

Comparative study of frost tolerance and antioxidant activity in cereals. 
Plant Sci., 164: 301 – 306. 

Khodary, S. E. A. (2004). Effect of salicylic acid on the growth, 
photosynthesis and carbohydrate metabolism in salt-stressed maize 
plants. J. Agric. Biol., 6: 5 – 8. 

Kong, L., M. Wang and D. Bi (2005). Selenium modulates the activities of 
antioxidant enzymes, osmotic homeostasis and promotes the growth of 
sorrel seedlings under salt stress. Plant growth regulation, 45: 155 – 163. 

Kuznetsov, V. V.; V. P. Kholodova; V. V. Kuznetsov and B. A. Yagodin (2003). 
Selenium regulates the water status of plants exposed to drought. Doki. 
Biol. Sci., 390: 266 – 268. 

Larcher, W. (1995). Plant water relations. In “Physiological plant Ecology”. 3rd 
ed. Springer, Berlin, pp. 215 – 275. 

Leopold, A. G.; M. E. Musgraveand and K. M. Williams (1981). Solute leakage, 
resulting from leaf desiccation. Plant Physiol., 68: 1222 – 1225. 

Loggini, B.; A. Scartazza; E. Brugnoli and F. Navari-Izzo (1999). Antioxidative 
defense system, pigment composition and photosynthetic efficiency in 
two wheat cultivars subjected to drought. Plant Physiol., 119: 1091 – 1099. 

Marathe, R. P. (1989). Physiological investigations into the differences in survival 
of finger millet (Fleucine caracana L. Gaerth.) and soybean (Glycine max L. 
Mervil) subjected to moisture stress. M.Sc. Thesis, Univ. Agric. Sci., 
Bangalore, India.  

Monakhova, O. F. and I. I. Chernyadev (2004). Effects of cytokinin 
preparations on the stability of the photosynthetic apparatus of two wheat 
cultivars experiencing water deficiency. Appl. Biochem. Microbiol., 40: 659 
– 667. 

Nobel, P. S. (1991). Physiochemical and environmental plant physiology, New 
York: Academic Press.  

Pallud, S.; M. A. Ramauge; J. M. Gavael; W. Croteau; M. Pierre; F. Courtin and 
D. Ls Germain (1997). Expression of type II iodythyronine deiodinase in 
cultured rat astrocytes is selenium-dependent. J. Biochem. Chem., 272: 18104 
– 18110.  

Polle, A. (1997). Defense against photo-oxidative damage in plants. In JG 
scandalios, Ed., Oxidative stress and Molecular Biology of Antioxidant 
Defenses. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY., 
pp. 623 – 666. 

Raeini-Sarjaz, M.; N. M. Barthakur; N. P. Arnold and P. J. H. Jones (1998). 
Water stress, water use efficiency, carbon isotope discrimination and leaf 
gas exchange relationships of the bush bean. J. Agron. Crop. Sci., 180: 

 
 

466 



 
 
 
 
 

Tolerance of pea plants to drought stress in relation to………………… 

173 – 179. 
Rajasekaran, L. R. and T. J. Blake (1999). New plant growth regulators protect 

photosynthesis and enhance growth under drought of jack pine seedlings. 
J. Plant Growth Regul., 18: 175 – 181. 

Rao, M. V.; G. Paliyath; D. P. Ormrod; D. P. Murr and C. B. Watkins (1997). 
Influence of salicylic acid on H2O2 production, oxidative stress and H2O2-
metabolizing enzymes: Salicylic acid-mediated oxidative damage requires 
H2O2. Plant Phsyiol., 115: 137 – 149. 

Rios, J. J.; B. Blasco; L. M. Cervilla; M. A. Rosales; Sanchez-Rodriguez, L. 
Romero and J. M. Ruiz (2009). Production and detoxification of H2O2 in 
lettuce plants exposed to selenium. Ann. Appl. Biol., 154: 107 – 116. 

Rosen, H. (1957). A modified ninhydrin colourimetric analysis for acid 
nitrogen. Arch. Biochem. Biophys., 67: 10 – 15. 

Sakhabutdinova, A. R.; D. R. Fatkhutdinova; M. V. Bezrukova and F. M. 
Shakirova (2003). Salicylic acid prevents damaging action of stress factors 
on wheat plants. Bulg. J. Physiol., pp. 314 – 319. 

Samantary, S. (2002). Biochemical responses of Cr-tolerant and Cr-sensitive 
mung bean cultivars grown on varying levels of chromium. Chemosphere., 
47: 1065 – 1072. 

Senaratna, T.; D. Tuochell; T. Bunn and K. Dixon (2000). Acetyl salicylic acid 
(Aspirin) and salicylic acid induce multiple stress tolerance in bean and 
tomato plants. Plant Growth Regul, 30: 157 – 161. 

Shakirova, F. M. (2007). Role of hormonal system in the manifestation of 
growth promoting and anti-stress action of salicylic acid. A plant 
hormone, pp. 69 – 89. 

Singh, B, and K. Usha (2003): salicylic acid induced physiological and 
biochemical changes in wheat seedlings under water stress. Plant growth 
Regul. 39,137-141. 

Szepesi, A.; J. Csiszar; S. Bajkan; K. Gemes and F. Horvath (2005). Role of 
salicylic acid pre-treatment on the acclimation of tomato plants to salt- 
and osmotic stress. Acta Biologica szegediensis, 49: 123 – 125. 

Thomas, H.; H. Ougham and S. Herkensteiner (2001). Recent advances in the 
cell biology of chlorophyll catabolism, Adv. Bot. Res,. 35: 1 – 52. 

Witham, F. H.; D. F. Blaydes and P. M. Devlin (1971). Experiments in plant 
physiology. pp. 55 – 58, Van Nosland Reinhold Co., New York.  

Xiaoqin, Y.; C. Jianzhon and W. Guangyin (2009). Effects of drought stress 
and selenium supply on growth and physiological characteristics of wheat 
seedlings. Acta Physiol. Plant, 31: 1031 – 1036. 

Xu, H.; Dk Biswas; WD Li, S. B. Chen; L. Zhang; G. M. Jiang and Y. G. Li 
(2007). Photosynthesis and yield responses of ozone-polluted winter 
wheat to drought. Photosynthetica, 45: 582 – 588. 

Xue, T. and H. Hartikainen (2000). Association of antioxidative enzymes with 

 
 

467 



 
 
 
 
 

Sabah M. A. El-Gamal and Mervat E. Sorial  

the synergistic effect of selenium and UV irradiation in enhancing plant 
growth. Agric. Food Sci., Finland, 9: 177 – 186. 

 
 

ضادات باستخدام موعلاقة ذلك نباتات البسلة لظروف الجفاف  تحمل
 الاكسدة

 مرفت ادوار سوریال -الجمل  احمد صباح محمد
 قسم النبات الزراعى ـ  شبین الكوم  ـ  جامعة المنوفیة

 الملخص العربي
البسـلة صـنف ماسـتر بـى تحـت ظـروف الصـوبة خـلال الموسـم الشـتوى لعـامى  بذورتم زراعة 

و ٦٠) ورنـة كمقا % (١٠٠تحت ثلاث مستویات مـن الجفـاف  ٢٠٠٨/٢٠٠٩و  ٢٠٠٧/٢٠٠٨
واجرى هذا البحث بمزرعة كلیـة الزراعـة ـ جامعـة المنوفیـة وذلـك لدراسـة  % من السعة الحقلیة٤٠

ــأثیر اســتخدام الــرش  ــل الاضــرار   للأكســدةك كمضــادات ییلوحــامض السلســ بالســلنیومت علــى تقلی
انـت اهـم الناتجة من الجفاف على النمو و العلاقات المائیة و الصفات الكیماویة و المحصـول  وك

 النتائج المتحصل علیها كالتالى :
للجـذور * ادى التعرض للجفاف الى نقص معنوى فى طول النبات وطول الجذور و الوزن الجاف 

ات یــــدو الكاروتین تفیلاو الكلــــور  تركیــــز الســــاق ومســــاحة الاوراق وایضــــا نقــــص معنــــوى فــــىو 
ــة و الاحمــاض الامینیــة بینمــا حــدث العكــسو  فــى محتــوى الاوراق مــن  الســكریات الكلیــة الذائب

 البرولین
والضغط  دى تعرض نباتات البسلة لمعاملات الجفاف الى نقص معنوى فى محتوى الماء النسبىأ*

الاسموزى وكـذلك الضـغط المـائى لـلاوراق الخضـراء بینمـا حـدث العكـس بالنسـبة لنفاذیـة الجـدر 
 بنباتات المقارنةارنة الخلویة حیث ادى الجفاف لارتفاع هذة النسبة ارتفاعاً معنویاً مق

وعــددها  الخضــراءمـن جهــة اخــرى ادت معــاملات الجفـاف الــى نقــص معنــوى فـى وزن القــرون 
  بنباتات المقارنة.ووزن البذور للنبات مقارنة 

(تحـت ظـروف الجفـاف) السلسـیلیك وحـامض السـلنیوم مـن  اوضحت الدراسة انة بإستخدام كلاً 
ــى تحســن واضــح فــى صــفات النمــو الخضــر  ــة ى ادى ال ( محتــوى المــاء النســبى والعلاقــات المائی
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و المحصـول. كـذلك  والصبغات و السكریات الذائبة و الاحمـاض الامینیـةوالضغط المائى للاوراق) 
كسیدیزــــ و البیر الـــى زیـــادة فـــى نشـــاط الانزیمـــات (السلســـیلیك وحـــامض بالســـلنیوم ادت المعاملـــة 

وعنصر البوتاسیم مقارنـة بمعـاملات الاجهـاد  كسیدیز)و ون بیر یوالفینول كسیدیز والكتالیز والجلوتاث
 المائى منفردة

 تحـت ظـروف الجفـافالسلسیلیك او حمض بالسلنیوم ان المعاملة  وجد هذه الدراسةوخلاصة  
المحصـول وذلـك بتحسـن واضـح فـى كـذلك لنبـات و ل الخضـریة صـفاتالفـى واضـح الى تحسن  أدى

زیادة فـى نشـاط انزیمـات الاكسـدة التـى ربمـا تحمـى  ایضاً ة استخدام الماء و اءالعلاقات المائیة وكف
 التى تتكون تحت ظروف الجفاف الشقوق الحرهالنبات من 
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Peroxidase o.D/g fwt after 2 min-1. 
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