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ABSTRACT 
 

In this study, the effects of 100 ppm of salicylic acid, citric acid and proline on some of 
morphological traits, chlorophyll content, antioxidant enzymes activities and isozyme pattern were 
investigated in fenugreek seedling under salinity stress using different concentrations of  NaCl (0, 
1000, 2000 and 3000 ppm) during germination stage. The results showed that a significant decreasing 
of germination percentage, shoot length, seedling dry weight, seedling vigor and chlorophyll content 
with the increasing NaCl concentration. The pretreatment of seeds with salicylic acid, citric acid and 
proline caused to increase in germination percentage, seedling dry weight, shoot length, seedling 
vigor and chlorophyll content compared to control. The activities of catalase, proline dehydrogenase 
and ascorbate oxidase enzymes dramatically increased due to salinity stress. But the highest values of 
catalase and proline dehydrogenase were observed with citric acid and proline, respectively at 2000 
ppm NaCl. Whereas, the highest value of ascorbate oxidase was found with salicylic acid at 3000 ppm 
NaCl. Increasing activities of antioxidant enzymes may be led to increase in tolerance to salinity 
stress. Furthermore, pretreatment with salicylic acid, citric acid and proline led to appear new 
isozymes bands which may be a good indicator for salt tolerance mechanism. Finally, it could be 
concluded that pretreatment of seeds with 100 ppm salicylic acid, citric acid and proline as soaking 
markedly reduced the harmful effects of salinity stress and also improved all the measured 
parameters. 
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Introduction 
 

Fenugreek (Trigonella foenum graecum L.) is an annual legume which is extensively cultivated 
in most regions of the world for its medicinal value (Petropoulos, 2002). A wide range of medicinal 
properties has been attributed to fenugreek such as wound healing, enhanced lactation in weaning 
mothers, anti-diabetic, anti-hyperthyroidism, anticancer, antioxidant, antipyretic, antimicrobial, anti-
sterility, anti-allergy and anti-inflammatory effects (Acharya et al., 2008 and Krishnaswamy, 2008). 
The production of fenugreek crop is affected by environmental stress such as: drought, salinity, 
chilling and heat (Almansouri et al., 2001). Salinity is the major a biotic stress and significant factor 
affecting crop production all over the world and especially in arid and semi-arid region (Khajeh et al., 
2003). According to FAO, more than 800 million hectares of world`s agricultural land are seriously 
affected by salinity (Munns and Tester, 2008). Seed germination is one of the most important phases 
in the life cycle of plant and is highly responsive to existing environment (Kuriakose and Prasad, 
2008). Somani (2007) reported that seed germination and seedling growth are a critical phase as the 
ability of a crop plant to germinate and establish seedlings frequently become a limiting factor in crop 
production. Salt induces reduction in photosynthesis depends on decrease in chlorophyll contents, leaf 
area, net photosynthetic rate, stomatal conductance, and substomatal CO2 concentrations (Sabir et al., 
2009). Reduction in chlorophyll pigments and photosynthesis activity on fenugreek growth under sea-
water stress were recorded by Haroun (2002). Accumulation of salts in the growth medium induces 
the formation of toxic reactive oxygen species (ROS) including singlet oxygen and superoxide and 
hydroxyl radical. These reactive oxygen species injured chloroplasts and mitochondria by damaging 
their cellular structure. Plants have developed some protection mechanisms against the harmful effects 
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of ROS and to alleviate their deleterious effects. To keep the levels of active oxygen species under 
control, plants generates non-enzymatic and enzymatic antioxidant systems to protect cells against the 
harmful effects of ROS (Mittler, 2002). Antioxidant enzymes such as superoxide dismutase, catalase 
and peroxidase are among the major antioxidant defence systems of plants. Catalase and peroxidases 
catalyze the breakdown of H2O2 (Asada et al., 1994). Shalata et al. (2001) showed that salt tolerant 
species increase the activities of their antioxidant enzymes in response to salt treatment. Increasing of 
catalase activity is closely related to salt tolerance of many plants as reported in various researches 
(De Azevedo Neto et al., 2006 and Koca et al., 2007). Isozymes are helpful biochemical markers 
reflecting changes in metabolic activities, corresponding to molecular events associated with growth 
and development or stress tolerance (Pramanik et al., 1996). 

Application of pretreatment such as salicylic acid and ascorbic acid of seeds may enhance 
germination under salt stress by neutralizing the excessive super oxide radical or singlet oxygen. 
Salicylic acid has been reported to ameliorate the adverse effects of salinity by improving the 
functioning of the photosynthetic pigments and antioxidative enzymes (Larkindale and Knight, 2002 
and Idrees et al., 2010, 2011). Citric acid is one of the tricarboxylic acid intermediates, which serves 
as the source of carbon skeleton and cellular energy, which are utilized in the respiratory cycle and 
other biochemical pathways (Da Silva, 2003). Citric acid as a vital organic acid has been reported to 
be closely related with heavy metal stress tolerance (Gao et al., 2010) and salinity stress (Sun and 
Hong, 2011). Demir and Kocacaliskan (2002) reported that application of proline alleviated salinity 
stress in bean seedlings. Also, applied osmoregulators (Proline and Glycinebetain) increased growth 
characters including plant height, shoot and root dry weight in canola plants (Khattab and Afifi, 
2009). 

The aim of this work was to assess the effects of salicylic acid, citric acid and proline on some of 
seedling growth and total chlorophyll content as well as on some of antioxidant enzymes activities in 
fenugreek seedling under salinity stress by NaCl. 

 
Materials and Methods 

 
Plant material and treatments: 

 
Fenugreek, Trigonella foenum graecum L, cv. Giza-30, was obtained from the Legume Crops 

Research Department of the Agriculture Research Center, Giza, Egypt. This study was done in ARC 
(Agric. Research Center) and Biochemistry department labs, faculty of Agriculture, Al-Azhar 
University. Seeds were sterilized by immersion in 0.5% sodium hypochlorite (NaOCl) solution for 5 
min and then washed with fresh water, followed by distilled water to remove any NaOCl residue. 
 
Application of antioxidants:  
 

After washing, the seeds were soaked for 24 h at room temperature in distilled water or 100 ppm 
each salicylic acid, citric acid and proline before sowing in NaCl solutions. 
 
Germination and growth conditions:  

 
Germination trials were carried out in 15 cm Petri dishes containing a layer of Whatman’s filter 

paper sterilized with distilled water or saline solution of sodium chloride (NaCl) treatment. Four salt 
stresses (0, 1000, 2000 and 3000 ppm NaCl) on fenugreek seeds. Three replications were sown in 
Petri dishes on filter paper beds and each treatment contained 50 pure seeds, then irrigated with 10 ml 
solution of respective treatment and incubated in growth chamber at 20±2 °C for 14 days. Seed 
germination was observed daily with fresh salt solution added to the Petri dishes as necessary to 
maintain moisture levels. Germination percentage was calculated using the formula outlined by 
Krishnasamy and Seshu (1990). Seedling shoots and roots lengths of ten randomly selected seedlings 
were measured after 14 days of germination test (ISTA, 1999).The dry weights of that seedling were 
determined after drying to aconstant weight in a hot air oven at 85 oC for 12 h (Krishnasamy and 
Seshu, 1990). 
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Biochemical analysis: 
 
Determination of chlorophyll: 

 
The chlorophyll content of the seedling leaves was measured using the spectrophotometric 

method described by Hipkins and Baker (1986). Briefly, 3 mL of 100% methanol were added to 
approximately 50 mg of the plant leaf tissue contained in 5 mL vials covered with aluminum foil. The 
darkened vials containing the tissue were stored at 23oC for 2 h, the contents were mixed, the 
methanol fraction was decanted, and the absorbance of the decanted methanol was measured at 650 
and 665 nm in a Spectronic Gensys spectrophotomer (Thermo Scientific, Barrington, IL). Total 
chlorophyll was calculated using the formula: Chlorophyll (μg/mL) = 25.8 × A650 + 4.0 × A665 and 
then converted into mg chlorophyll/g plant tissue. 

 
Extraction of antioxidant enzymes:- 

 
Enzymes were extracted from 0.5 g leaf samples homogenized in a pre-chilled pestle and mortar 

containing ice cold 0.1 M phosphate buffer (pH 7.5) and 0.5 mM EDTA. Each homogenate was 
transferred to centrifuge tubes and centrifuged at 4°C in a Sorval model T21 (Thermo Scientific, 
Waltham, MA) refrigerated centrifuge for 15 min at 10000 rpm. The supernatant was decanted and 
used for measuring enzyme activity assays (Esfandiari et al., 2007). 
 
Enzymes activity assay:- 
 
Catalase activity: 

 
Catalase activity was determined according to the method used by Aebi (1984) in which the 

disappearance of H2O2 in a reaction mixture containing 0.3 mL 3% H2O2, 2.5 mL of 0.05 M 
phosphate buffer (pH 7), and 2.5 mL of plant extract was monitored by the decrease in absorbance at 
240 nm. 
 
Ascorbic oxidase activity: 

 
Ascorbate oxidase activity was assayed at 25oC by following the decreasing in absorbance of the 

reaction mixture at 265 nm using previously described spectrophotometer. The reaction mixture 
consisted of 0.05 M potassium phosphate buffer (pH 7.0), 0.5 mM EDTA, 0.002% metaphosphoric 
acid, 0.15 mM L-ascorbic acid, and enzyme solution in a final volume of 3.0 mL according to the 
method of Oberbacher and Vines (1963).  
 
Proline dehydrogenase activity: 

 
Proline dehydrogenase was assayed by following NADP+ reduction at 340 nm in a 0.15 M 

Na2CO3–HCl buffer (pH 10.3) containing 15 mM L-proline and 1.5 mM NADP+ (Ruiz et al., 2002). 
 

Isozymes electrophoresis: 
 
Isozymes of esterase, peroxidase and catalase associated with antioxidants seed treatment and 

with the salt stress were separated via 8% native polyacrylamide gel electrophoresis (Native-PAGE) 
using the procedures outline by Wendel and Weeden (1989). The isozymes were extracted from five 
seedling leaves using an extraction buffer (1:3, w:v, tissue:buffer) consisting of 0.61 g of 50 mM Tris-
HCl buffer, pH 7.5 (containing 5 mL of 5% glycerol, 100 μL of 14 mM mercaptoethanol made to 100 
mL. Each sample was vortexed for 15 sec and centrifugedat 10000 rpm for 10 min in a refrigerated 
centrifuge (Model 5280, Eppendorf, Inc., Hauppauge, NY). The supernatant was stored at -18 oC until 
the isozymes were separated on the gel and then stained overnight in the dark at 37 oC, following the 
procedure of Jonathan and Wendel (1990). As shown in (Table 1). The stained isozyme gels were 
washed three times with water and then placed in a fixative solution 9 parts ethanol and 11 parts 
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glacial acetic acid for 24 hr. After removing from the fixative solution, the gels were rinsed twice with 
water and then scanned using a Gel Doc-2001 gel documentation system (Bio-Rad Laboratories, Inc., 
Hercules, CA). The densitometric scanning of the bands was done in three directions (length, width, 
and intensity) to ensure full recognition of each band. Accordingly, relative amounts were quantified 
and scored. The Rf values and approximate molecular weights were used to determine the position of 
the protein bands (Vishwanath et al., 2011). 

 
Table 1: The isozyme staining solutions. 

Isozyme Staining solution 
 
Esterase 

100 mM Na3PO4, pH 6 
α-Naphthyl acetate, 
Fast blue RR salt  

 
Peroxidase 

α-sodium acetate, (1 M, pH 4.7) 
Acetic acid 
3,3,5,5- tetramethyl benzidine (TBMZ) 
0.30 % H2O2 

 
Catalase 

α- Na-thiosulfate 60 mM 
H2O2 3% 
β- KI 90 mM 
Acetic acid  

 

Statistical analysis: 
 
Randomized Complete block design analysis for all data obtained was carried out and 

differences between means were calculated using L.S.D test according to Steel and Torrie (1980). 
 
Results and Discussion 
 
Effect of salicylic acid, citric acid and proline on germination and growth parameters of 
fenugreek under salinity stress: 

 
The effect of different levels of NaCl, on fenugreek seeds soaked 24 h in 100 ppm of salicylic 

acid, citric acid and proline on seed germination and growth parameters is presented in Table (2). 
Salinity stress by NaCl caused a significant reduction in germination percentage, shoot length, 
Seedling dry weight and seedling vigor compared to control.  On the contrary, root length increased 
by increasing salinity stress that may be the reason of insignificant differences found in seedling 
length. Maximum reduction in percentage of germination was observed (60%) at 3000 ppm NaCl. 
Salinity inhibition of plant growth is the result of osmotic and ionic effects, so, the different plant 
species have developed different mechanisms to cope with these effects (Munns, 2002). 

On the other hand, pretreatment of seeds with salicylic acid, citric acid and proline as soaking 
markedly reduced the harmful effects of salinity stress and also improved the measured parameters 
significantly. Pretreatment of seeds with salicylic acid under saline condition caused significant 
increase in germination percentage from 60% to 74% at 3000 ppm, in addition, increasing of seedling 
dry weight from 304 mg to 375 mg by salicylic acid at 3000 ppm. Salicylic acid and citric acid are the 
compounds that able to decrease harmful effects of salinity stress on germination and seedling growth. 
These results are in agreement with Khodary (2004) and Pasandipour et al. (2012) found that salinity 
stress caused reduction in germination and seedling growth of fenugreek. Seeds primed with various 
concentrations of salicylic acid proved to be effective in salinity tolerance at the germination stage of 
fenugreek. Data presented in the same table showed that the highest value of germination percentage 
(96%) was found with citric acid under normal conditions. Furthermore, seedling dry weight 
increased from 381 mg to 501 mg with citric acid at 2000 ppm NaCl (Table 2). These results are in 
line with those obtained by Sun and Hong (2011) reported that exogenous citric acid significantly 
increased internal citric acid concentration in plant tissues and improved plant growth and stress 
tolerance during exposure to salinity stress. As shown in Table (2) application of seeds with proline 
lead to significant increasing seedling dry weight from 381 mg to 556 mg at 2000 ppm. Moreover, the 
highest value of shoot length (6.4 cm) was recorded at 1000 ppm with application of proline, while 
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the lowest value of shoot length (4.5 cm) was found at 3000 ppm. The present findings agree with 
those of Ehsanpour and Fatahian (2003) reported that exogenous application of proline to culture 
medium subjected to salinity stress resulted in an increase in dry weight and also increased the free 
proline content in callus cells of alfalfa (Medicago sativa). Also, Khattab and Afifi (2009) noticed that 
applied proline could partially counteract the harmful effect of salinity stress on growth, yield and 
biochemical constituents of canola plant. 

 
Table 2: Effect of salicylic acid, citric acid and proline on germination percentage   and growth parameters of 

fenugreek under salinity stress 
Salinity 
(NaCl 
ppm) 

Treatments 
(100 ppm) 

 
Germination 

% 

Shoot 
length 
(cm) 

Root 
length 
(cm) 

Seedling 
length 
(cm) 

Seedling 
dry weight     

(mg) 

Seedling 
vigor 
index 

 
Control 

Control 93 5.7 5.2 10.9 440 1007 
Salicylic acid 95 6.0 5.3 11.3 667 1076 
Citric acid 96 5.8 5.0 10.8 490 1039 
Proline  95 5.8 6.0 11.8 545 1124 

 
1000  

Control 76 5.0 7.7 12.7 422 962 
Salicylic acid 85 6.2 5.2 11.5 539 977 
Citric acid 81 5.3 7.0 12.3 475 998 
Proline 82 6.4 6.0 12.3 434 1011 

 
2000  

Control 68 4.9 6.3 11.2 381 758 
Salicylic acid 77 6.2 5.2 11.4 435 873 
Citric acid 81 6.0 6.5 12.5 501 1012 
Proline 75 5.8 5.2 11.0 556 825 

 
3000 

Control 60 4.5 6.0 10.5 304 630 
Salicylic acid 74 4.7 6.2 10.9 375 802 
Citric acid 78 5.2 5.8 11.0 319 858 
Proline 72 5.7 5.3 11.0 338 792 

L.S.D5%  2.6 0.4 0.8 N.S 40.8 88.9 
 

 
Effect of salicylic acid, citric acid and proline on chlorophyll content and enzyme activity in 
seedling leaves of fenugreek under salinity stress: 

 
Table (3) showed that salinity stress by NaCl caused reduction in total chlorophyll content of 

fenugreek seedling leaves. Pretreatment with salicylic acid, citric acid and proline led to increase in 
total chlorophyll content compared to control. The higher content was observed with pretreatment of 
citric acid (0.619 mg/g F.W) at 1000 ppm, which was insignificantly different with soaking seeds in 
citric acid at control (603 mg/g F.W). Chlorophyll degradation could occur during salt stress due to 
high proteolytic activity (Munne et al., 1999). For example, it was reported that NaCl mild stress 
stimulates chlorophyllase activity (Santos, 2004). However, seeds soaking with salicylic acid, citric 
acid and proline reduced effects of salt on total chlorophyll content except pretreatment by citric acid 
at the highest salinity. Application of compounds enhanced net photosynthetic rate which could be 
due to improving the functional state of the photosynthetic machinery in plants either by the 
mobilization of internal tissue nitrate or by chlorophyll biosynthesis (Shi et al., 2006). These obtained 
results are in agreement with those obtained by El-Tohamy et al. (2013) who found that application of 
citric acid increased total chlorophyll content in bean plants under stress. Also, Ghasemzadeh and 
Jaafar (2013) reported that foliar application of salicylic acid enhanced biomass production, 
photosynthetic pigments and photosynthetic process.  

Also, data presented in Table (3) showed that the activity of enzymes such as catalase, proline 
dehydrogenase and ascorbate oxidase dramatically increased with increasing salt stress. For example, 
ascorbate oxidase increased from (20 U/mg F.W) under control to (38 U/mg F.W) at 3000 ppm NaCl. 
Pretreatment of seeds with salicylic acid, citric acid and proline caused a significant increasing in the 
three enzyme activities. The highest values of catalase (27 U/mg F.W) and proline dehydrogenase (29 
U/mg F.W) were observed with citric acid and proline respectively, at 2000 ppm NaCl. While, the 
highest value of ascorbate oxidase (48 U/mg F.W) was found with salicylic acid at 3000 ppm NaCl. 
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The results showed that increased activity of enzymes plays an important protective role in the ROS 
scavenging process and the active involvement of this enzyme is related, at least in part, to salt-
induced oxidative stress tolerance in fenugreek seedling. These results are in agreement with the 
results by Yusuf et al. (2008) found that application of salicylic acid led to enhance the activities of 
enzymes. Also, Ebrahimian and Bybordi (2012) found that salicylic acid enhanced catalase activity 
under salinity of sunflower. Sun and Hong (2011) found that exogenous citric acid or proline enhance 
saline stress tolerance in the halophyte Leymus chinensis (Trin.) by improving photosynthesis and 
relative growth rate and increasing activities of enzymes. 

 
Table 3: Effect of salicylic acid, citric acid and proline on total chlorophyll content and enzyme activity in 

seedling leaves of fenugreek under salinity stress 

Salinity 
(NaCl ppm) 

Treatments 
(100 ppm) 

Total 
Chlorophyll 
(mg/g F.W) 

Catalase 
(U/mg F.W) 

Proline 
dehydrogenase 

(U/mg F.W) 

Ascorbate 
oxidase 

(U/mg F.W) 

 
Control 

Control 0.429 10 11 20 
Salicylic acid 0.580 14 15 28 
Citric acid 0.603 16 19 20 
Proline 0.522 18 20 14 

 
1000 

Control 0.369 10 10 14 
Salicylic acid 0.425 23 19 24 
Citric acid 0.619 14 18 36 
Proline 0.486 20 27 16 

 
2000 

Control 0.285 12 13 30 
Salicylic acid 0.456 25 18 40 
Citric acid 0.531 27 17 38 
Proline 0.473 25 29 32 

 
3000 

Control 0.278 16 19 38 
Salicylic acid 0.305 22 21 48 
Citric acid 0.249 17 15 22 
Proline 0.423 23 26 40 

L.S.D 5%  0.025 2.5 2.3 5.6 
 

 
Expression of isozymes: 

 
Expression of Esterase, Peroxides and Catalase isozymes was detected in leaves of fenugreek 

seedling, which were pretreated with salicylic acid, citric acid and proline then exposed to salinity 
stress by NaCl. As showed in Table (4) changes in the number of bands and the values of Rf pattern 
of isozymes, which appeared in salinity stress conditions after pretreatment it by different kinds of 
antioxidant compared with a control conditions. 

 
1- Esterase isozymes: 

 
One isozyme band at Rf 0.210 was found in all of treatments. However, at control pretreatment 

of seeds by Salicylic acid, citric acid and proline showed new isozymes at Rf 0.335 and 0.667. The 
last band recorded under 1000, 2000 and 3000 ppm salinity stress for the three antioxidant used. 
While, a new isozyme bands were appeared in some treatments and disappear in the other. For 
instance, pretreatments by salicylic acid at 1000, 2000 and 3000 ppm salinity were appeared at Rf 
0.394. While, at the same value of Rf bands were absence in the rest of treatments. Also, 
pretreatments of proline were appeared isozyme band Rf 0.423 at 2000 and 3000 ppm as well as 
isozyme of Rf 0.541 under 1000 and 2000 ppm, While it was missing in the rest of pretreatments 
(Table 4). 
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2- Peroxidase isozymes: 
 
In the same way, isozyme band at Rf 0.152 was found under the control and 1000 ppm salt stress 

but not found in 2000 and 3000 ppm. Pretreatment with proline at 1000, 2000 and 3000 ppm induced 
specific isozyme bands at Rf 0.254 and 0.385. Also, pretreatments by the three antioxidant isozymes 
bands at Rf 0.203 were recorded under three salinity stress. Consequently, the band at Rf 0.407 were 
found only under 1000 ppm. However, under 3000 ppm salinity stress the three antioxidant showed 
band at Rf 0.163. Pretreatment by salicylic acid showed the same band under 1000 and 2000 ppm 
Salinity (Table 4). 

 
3- Catalase isozymes: 

 
Seedling pretreatment by salicylic acid, citric acid and proline showed catalase isozymes band at 

Rf 0.212 under normal and 1000 ppm salinity stress. That band also found due to salicylic acid 
pretreatment under 2000 and 3000 ppm. Pretreatment with salicylic had specific isozyme band at Rf 
0.265 under 2000 and 3000 ppm while, disappear in the other treatments. Isozyme band of Rf 0.311 
was found in pretreatment with salicylic acid and proline at 1000 and 3000 ppm, but not found in the 
rest of treatment. In addition, citric acid and proline had a specific catalase isozyme bands in 1000 and 
2000 ppm at Rf 0.360 (Table 4). 
 
Table 4: Expression of esterase, peroxidase and catalase isozymes detected in leaves of fenugreek seedling 

pretreated by salicylic acid, citric acid and proline under salinity stress   

 
Rf of 

visible 
bands 

Control 1000 ppm NaCl 2000 ppm NaCl 3000 ppm NaCl 

C
on
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o

l 

S
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C
it

ri
c 

P
ro

li
n

e 

C
on

tr
o

l 

S
al

ic
yl

ic
 

C
it

ri
c 

P
ro

li
n

e 

C
on

tr
o

l 

S
al

ic
yl

ic
 

C
it

ri
c 

P
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C
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l 

S
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C
it

ri
c 

P
ro
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n

e 

Esterase isozyme 

0.210 + + + + + + + + + + + + + + + + 

0.335 - + + + - - - - - - - - - - - - 

0.394 - - - - - + - - - + - - - + - - 

0.423 - - - - - - - - - - - + - - - + 

0.541 - - - - - - - + - - - + - - - - 

0.667 - + + + - + + + - + + + - + + + 

Peroxidase isozymes 

0.152 + + + + + + + + + - - - + - - - 

0.163 + + - - - + - - - + - - - + + + 

0.203 - - - - - + + + - + + + - + + + 

0.254 - - - - - - - + - - - + - - - + 

0.385 - - - - - - - + - - - + - - - + 

0.407 - - - - - + + + - - - - - - - - 

Catalase isozymes 
 0.212 + + + + - + + + - + - - - + - - 

0.265 - - - - - - - - - + - - - + - - 

0.311 - - - - - + - + - - - - - + - + 

0.360 - - - - - - + + - - + + - - - - 

   Rf = retention factor           band present = +           band absent = - 
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The expression pattern of these isozymes varies in different tissues of healthy plants and is 
developmentally influenced by environmental factors (Passardi et al., 2005). These results indicated 
that application of pretreatment with salicylic acid, citric acid and proline led to appear new isozymes 
bands which may be a good indicator for salt tolerance mechanism. Generally, the induction of new 
isozymes is considered to play an important role in the cellular defense against oxidative stress, 
caused by salt stress. These results are in harmony with the findings of (Hassanein, 1999). Also, 
Sreenivasulu et al. (1999) reported that high peroxidase isozyme activity was detected in salt tolerant 
cultivar compared to salt sensitive cultivar of foxtail millet. 
 

Conclusion 
 
In conclusion, present study showed that salinity stress by NaCl caused reduction in all 

germination percentage, seedling growth and biochemical attributes. Pretreatment of seeds with 100 
ppm salicylic acid, citric acid and proline as 24 h soaking before exposed to salinity stress markedly 
reduced the harmful effects of salinity stress. 
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