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Abstract 

The effect of salicylic acid (SA) sprayed in three concentrations viz., 0.5 mM, 1.0mM and 3.0mM on the antioxidative 
system comprising of antioxidative enzymes [catalase (CAT), peroxidase (POD), ascorbate peroxidase (APX), 
glutathione reductase (GR) and super oxide dismutase (SOD)] as well as antioxidants like ascorbate (ASA) and reduced 
glutathione (GSH) were analyzed in two varieties of cotton (Gossypium herbaceum L.) viz., Bt- cotton and non-Bt plants 
grown in the semi-arid tropics of Nizamabad. The soil in Nizamabad district is saline and black soil wherein the plants 
usually experience drought and saline stresses. Application of all three concentrations of SA positively increased the 
activities of all the enzymes (catalase (CAT), ascorbate peroxidase (APX), glutathione reductase (GR) and super oxide 
dismutase (SOD) in the two varieties of cotton compared to untreated control plants except peroxidase (POD) enzyme 
activity which was found decreased. Further SA was found to increase the contents of ascorbate (ASA) as well as reduced 
glutathione (GSH). The Bt-cotton variety showed better performance over non-Bt varieties. SA at 3.0 mM conc. was 
found most effective in increasing enzymes as well as  antioxidants in both cotton varieties over 1.0mM, 0.5 mM and 
untreated controls. The promotion of enzyme contents as well as antioxidants in both cotton varieties is an indicator 
that SA mitigated the negative effect of the semi-arid soil conditions of Nizamabad district. 
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1. Introduction

Salicylic acid is (SA) is an endogenous growth regulator of phenolic nature, which participates in the regulation of 
physiological processes in plants [1, 2]. Plant growth regulators (PGRs) have an important role to play in mediating 
plant responses to abiotic stresses. SA plays a major role in the regulation of plant growth, development, and interaction 
with other organisms and defense responses to environmental stresses [3]. Salicylic acid (SA) acts as endogenous signal 
molecule that participates in the regulation of physiological processes in plants [4,7]. Many researchers clarified several 
beneficial effects of SA under abiotic stress conditions such as; can it play a significant role in plant water relations [5, 
6], photosynthesis, growth rate and stomatal regulation [8], as well as ion uptake and transport [24] and membrane 
permeability [9].  

Nizamabad district experiences a tropical dry and wet season with most of the rainfall in June to October. It usually 
experiences erratic rain fall. The soil is saline land black soil which is deep loamy to clay loam, moderately drained, 
neutral to alkaline in nature. The reduction of growth of many plants by salinity and drought usually effects on dry 
matter production, ionic relations, metabolic variations, physiological processes, water contents. The semi-arid 
condition directly poses a threat to the overall yield of the plants as they usually experience drought and saline stresses. 
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Cotton (Gossypium herbaceum L.) is a commercially grown crop throughout India and is very responsive to 
environmental changes. Cotton is a fiber, oil and protein yielding crop grown in various parts of Telangana State of India. 
The ever changing environment is posing a severe threat on the growth and yield of cotton crop. The employment of 
growth promoting substances has been extensively used to enhance growth of cotton. The present study is focused on 
the effect of a plant growth regulator, salicylic acid on the antioxidative system of two varieties of cotton (Bt and non 
Bt) grown in semi-arid tropics of Nizamabad District of Telangana State in India. 

2. Material and methods 

Cotton (Gossypium herbaceum L.) seeds of Bt (NCS -863 Bt-2) and non-Bt (NCS 108-sunny) was procured from 
Nuziveedu Seed company Private Ltd., Gundlapochampally, Medchal, Rangareddy, Telangana State, India. Salicylic acid 
(SD–fine) was procured from Dwarakmai Enterprise, Hyderabad, Telangana State, India.  

2.1. Growth of Cotton Varieties  

The field was ploughed and levelled by garden workers in Botanical Garden, Telangana University. Individual plot (5 X 
4 m) was prepared. The plot was uniformly mixed with 20 kg compost. The plants were grown in field (5m X 4m) length 
and width containing fresh sieved red soil mixed with well rotten farm yard manure in the ratio of soil. The seeds of 
cotton [Bt (NCS -863 Bt-2) and non-Bt (NCS 108-sunny)] were surface sterilized with 0.5% (v/v) sodium hypo chlorate 
and washed thoroughly with several changes of sterile distilled water. They were soaked for 24 h in sodium chloride 
supplemented and rhizobium inoculum. 20 seeds of Bt and non-Bt varieties were sown in each row keeping a gap of 
about 45cm X 40cm between each row in the field which was supplemented with farmyard manure. On the 7th day after 
the germination, only 15-16 healthy plants were retained in the soil.  

SA was supplied to the plants as foliar spray at three different concentration levels viz., 0.5 mM, 1.0 mM and 3.0 mM on 
40th, 50thand 60th day (from the day of sowing). The extraction of enzymes was done at 4°C. Five grams of freshly plucked 
cotton leaves were macerated in a mortar using a pestle with 0.1 M phosphate buffer pH = 7 for around fifteen minutes 
employing a magnetic stirrer. This homogenate was carefully filtered through Whatman No.41 filter paper and then 
centrifuged for twenty minutes at 2,500 rpm in a Remi - Refrigiratory Cooling Centrifuge and used for assaying CAT, 
POD and PPO activities.  

2.1.1. Catalase (E.C. 1.11.1.6.) 

CAT activity was assayed by the method of Aebi [10]. The reaction mixture contained enzyme extract, hydrogen 
peroxide and phosphate buffer (pH = 7). The reaction was stopped by adding conc. sulphuric acid and the residual 
hydrogen peroxide was titrated with potassium permanganate. The activity was calculated by the following formula: 

C = 25/2 × 0.0017 × v/w 

where w = fresh weight of tissue in g, v = difference in the titre value between the blank and the sample. 

2.1.2. Peroxidase (1.11.1.7) 

POD activity was assayed by adopting the method of Kar and Mishra [11]. The assay mixture for POD activity contained 
phosphate buffer (pH = 7), pyragallol, hydrogen peroxide and enzyme extract. After incubation, the reaction was 
stopped by adding conc. sulphuric acid. The amount of purpurogallin formed was estimated by measuring the 
absorbance at 420 nm. 

2.2. Ascorbate peroxidase activity (apx: e.c 1.11.11). 

0.5 g of Fresh cotton leaves were macerated in a mortar using a pestle in 50 mM Tris-hydrochloric acid (pH 7.5) by 
adding 40 mM phenyl methyl sulfonyl fluoride (PMSF, 0.2 mM EDTA and 2% (w/v) polyvinyl pyropyrolidone (PVPP). 
This extract was then centrifuged for twenty minutes at 15,000 X g. The supernatant was used for assaying the ascorbate 
peroxidase enzyme.  

Ascorbate peroxidase (APX) activity in cotton leaves was determined following the procedure given by Nakano and 
Asada [13]. The reaction mixture comprised of 1.5 ml of 50 mM sodium phosphate buffer (pH 7), 0.2 mM EDTA, 0.5 ml 
of 0.5 mM ascorbic acid, 0.5 ml 0.5 mM hydrogen peroxide and 0.5 ml of enzyme extract. The activity of APX was 
measured as the decrease in absorbance at 290 nm for one minute. The amount of ascorbic acid oxidized was estimated 
from the extinction coefficient of 2.6 mM-1cm-1. Lowry et al. (1951) was used to measure the amount of protein present 
in the enzyme extract. 
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2.3. Superoxide dismutase (E.C. 1.15.1.1.) 

One gram of the leaf material was homogenized in 5ml of 50 mM phosphate buffer (pH= 7.0) containing 1% poly vinyl 
pyrrolidine. The homogenate was filtered and centrifuged at 15000 × g for 10 min. The supernatant obtained was used 
as the enzyme extract. All steps in the preparation of the enzyme extract were carried at 0-4°C. An aliquot of 0.1ml was 
used for the determination of protein content by using Lowry et al. [12] method. The activity of superoxide dismutase 
(SOD) was assayed by measuring its ability to inhibit the photochemical reduction of nitro blue tetrazolium (NBT) as 
per the procedure of Beauchamp and Fridovich [14]. The absorption was measured at 560nm under the above 
conditions. The increase in the absorbance in the absence of the enzyme was taken as 100% and 50% of the inhibited 
activity was taken equivalent to one unit of SOD activity. SOD activity was expressed as U/mg protein. 

2.4. Glutathione reductase (E.C. 1.6.4.2) 

The extraction and assay for glutathione reductase (GR) in sorghum leaves was carried out according to Smith et al. 
[15]. One gram of leaf material was homogenized with a mortar and pestle using 5ml of 0.1 M potassium phosphate 
buffer (pH=7.5) containing 0.5 mM EDTA. The brie was filtered through cheese cloth and the filtrate was centrifuged for 
10 min for 20,000 × g. The supernatant was used as enzyme extract. An aliquot of 0.1ml was used for the determination 
of protein content by using Lowry et al. [12] method. The increase in the absorbance at 415 nm was continuously 
monitored for 5 min. The rate of the enzyme activity was calculated using standard curve prepared by known amounts 
of glutathione. GR activity was expressed as µmoles of reduced DTNB/min/mg protein. 

2.5. Estimation of ascorbic acid (AsA) 

The content of ascorbic acid (AsA) was estimated following Hodges et al. [16] method. 0.2 Grams of Fresh cotton leaves 
were macerated in a mortar using a pestle with 5 ml of 5% (v/v) m-phosphoric acid. This homogenate was centrifuged 
for around fifteen minutes at 12,000 X g. The reaction mixture for estimation of ascorbic acid (AsA) consisted of 0.1 ml 
supernatant, 0.5 ml of 100 mM potassium dihydrogen phosphate buffer (pH 7.4) in 5 mM EDTA and 0.2 ml of ddH2O 
which were mixed and allowed to stand at room temperature for fifteen minutes. 0.8 ml 10% (w/ v) trichloroacetic acid, 
0.8 ml 44% (v/v) o-phosphoric acid, 0.8 ml a, a´-dipyridyl in 70% (v/v) ethyl alcohol and 0.4 ml 30 g l-1 ferric chloride 
were added one by one and thoroughly mixed and incubated for 40 ºC  for 1 hr. The optical density (O.D.) of the mixture 
at measured at 525 nm.  

2.6. Estimation of reduced glutathione (GSH) 

The amount of reduced glutathione (GSH) was determined adopting Hissin and Hilf [17] method. One gram of cotton 
leaf material was macerated in a mortar using a pestle with 10 ml phosphate-EDTA  (0.1M sodium phosphate -0.005M 
EDTA; pH 8.2) and then centrifuged for thirty minutes at 25,000 x g and 40 0C.  The reaction mixture for estimation of 
GSH comprised of 450 µl of cold phosphate EDTA buffer (pH=8), 50 µl of supernatant and mixed thoroughly. Then, 
aliquots of 25 and 50 µl was taken into 5 ml test tube and made up to 100 µl with cold glass distilled water. 1.8 ml of 
phosphate EDTA buffer (1.8 ml) was added to the test tube and mixed. 100 µl of freshly prepared O-phthalaldehyde 
(OPT: 5 mg OPT/ 5ml in distilled methyl alcohol) solution was added and mixed thoroughly. This mixture was allowed 
to stand at room temperature around 250C for fifteen minutes. The fluorescence was measured at an excitation and 
emission wavelength of 350 and 420 nm using JASCO, FP-750 Spectroflourimeter. GSH Standard (1 mg of GSH was 
dissolved in 5 ml of ice cold 0.1M sodium phosphate -0.005M EDTA (pH = 8) which was diluted to 10 ml using buffer 
and stored at 4°C which were run simultaneously. The standard range was around 0.4-2µg. 

The values were presented as mean ± S.E. of 5 replicates 

3. Results 

The effect of 0.5 mM, 1.0mM and 3.0 mM of SA on the catalase(CAT) activity in the leaves of two varieties of cotton (Bt 
and non Bt) grown in semi-arid tropics of Nizamabad is shown in Table 1. Exogenous application of SA at three 
concentrations caused substantial increase in the levels of catalase activity in cotton plants. 3.0mM conc. of SA 
particularly proved to be highly efficient in accounting highest levels of catalase activity over 1.0mM and 0.5mM as well 
as control plants.  

The effect of 0.5 mM, 1.0mM and 3.0 mM of SA on the content of peroxidase (POD)activity in the leaves of two varieties 
of cotton (Bt and non Bt) grown in semi-arid tropics of Nizamabad is shown in Table 1. Exogenous application of SA at 
three concentrations caused substantial decrease in the levels of peroxidase activity in cotton plants. 3.0mM conc. of SA 
particularly proved to be poorly efficient in accounting lowest levels of peroxidase activity over 1.0mM and 0.5mM as 
well as control plants.  
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Table 1 Effect of salicylic acid (SA) on the antioxidative enzymes of two varieties of cotton (Bt and non Bt) plants grown 
in semi-arid tropics of Nizamabad 

Varieties  Treatments  Catalase 

(CAT) 

(Enzyme 
Units) 

Peroxidase 
(POD) 
(Enzyme 
Units) 

Ascorbate 
Peroxidase 
(APX)(ASA/mg-
1/min/protein)* 

Glutathione 
Reductase(GR) 
DTNB/min/mg/ 

protein)* 

Superoxide 
Dismutase  

(SOD)(U/mg 
protein )* 

Non Bt- 
cotton 

 

0.5 mM SA 25.20 ± 1.11 0.598 ± 0.03 0.694 ± 0.02 24.90 ± 0.42  11.20 ± 0. 42 

1.0 mM SA 26.71 ± 0.75 0.572 ± 0.06 0.737 ± 0.03 26.30 ± 0.28 13.20 ± 0.28 

3.0 mM SA 27.86 ± 0.78 

 

0.494 ± 0.07 0.837 ± 0.04 21.10 ± 0.54 14.80 ± 2.46 

Control  23.50 ± 0.23 0.699 ± 0.08 0.681 ± 0.05 28.60 ± 0.32 9.40 ± 2.38 

Bt cotton 0.5 mM SA 24.39 ±  0.29 0.501 ± 0.08 0.688 ± 0.03 22.60 ± 0.92 

 

10.40 ± 2.08 

1.0 mM SA 25.90 ± 0.84 0.489 ± 0.08 0.724 ± 0.07 24.70 ± 0.81 

 

12.20 ± 1.80 

3.0 mM SA 26.70 ± 0.61 0.473 ± 0.04 0.784 ± 0.05 27.50 ± 0.072 

 

13.80 ± 1.56 

Control  21.80  ± 0.45 

 

0.548 ± 0.09 0.578  ± 0.04 19.90 ± 0.81 

 

8.83 ± 1.28 

The values were presented as mean ± S.E. of 5 replicates. 

 

The influence of SA on the activity of ascorbate peroxidase (APX) in the leaves of two varieties of cotton (Bt and non Bt) 
grown in semi-arid tropics of Nizamabad cotton plants is shown in Table 1. The exogenous application of SA more 
increased the ascorbate peroxidase activity.3.0mM conc. of SA was caused which an enhancement of over 1.0mM and 
0.5mM as well as control plants.  

The effect of SA on glutathione reductase activity content in the leaves of both the varieties of cotton (Bt and non Bt) 
grown in semi-arid tropics of Nizamabad control is shown in Table 1. Supplementation of SA to cotton plants as foliar 
spray registered good improvement of glutathione reductase activity compared to untreated plants. Among all the three 
concentrations utilized, the effect of 3.0mM was marginally more effective than 1.0mM and 0.5mM as well as control 
plants. 

The study on the role of salicylic acid (SA) on the superoxide dismutase activity of two varieties of cotton (Bt and non 
Bt) grown in semi-arid tropics of Nizamabad cotton plants is shown in Table 1. The results obtained in the present study 
clearly indicate substantial increase in the superoxide dismutase activity of cotton plants. All the three concentrations 
of SA viz., 0.5mM, 1.0 mM and 3.0 mM increased in the superoxide dismutase activity of both the Bt and non-Bt varieties 
of cotton plants grown in semi-arid soils of Nizamabad over control plants. SA at 3.0mM was found most effective in 
substantial increase in the superoxide dismutase activity compared to the other two concentrations as well as control 
plants.  

The effect of SA on both antioxidants like ascorbic acid (AsA) and reduced glutathione (GSH)  contents in the leaves of 
both the varieties of cotton (Bt and non Bt) grown in semi-arid tropics of Nizamabad control is shown in Table 2. 
Supplementation of SA to cotton plants as foliar spray registered good improvement of both antioxidants like ascorbic 
acid (AsA) and reduced glutathione (GSH) contents compared to untreated plants. Among all the three concentrations 
utilized, the effect of 3.0mM was marginally more effective than 1.0mM and 0.5mM as well as control plants in both 
antioxidants like ascorbic acid (AsA) and reduced glutathione (GSH). 
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Table 2Effect of salicylic acid (SA) on the antioxidants of two varieties of cotton (Bt and non Bt) plants grown in semi-
arid tropics of Nizamabad 

Varieties  Treatments  Ascorbate (ASA) 

(mg g-1fr.wt.) 

Reduced 
Glutathione (GSH) 

(mg g-1fr.wt.) 

Non Bt- 
cotton 

 

0.5 mM SA 686 ± 9.57 21.30 ± 1.01 

1.0 mM SA 724 ± 11.37 22.8 ± 2.21 

3.0 mM SA 784 ± 11.37 24.7 ± 1.08 

Control  634 ± 11.75 19.04 ± 2.24 

Bt cotton 0.5 mM SA 678 ±  12.61 22.10 ± 3.43 

1.0 mM SA 794 ± 10.45 24.70 ± 1.21 

3.0 mM SA 778 ± 10.98 26.10 ± 3.37 

Control  634  ± 11.75 

 

20.08 ± 1.24 

The values were presented as mean ± S.E. of 5 replicates. 

4.  Discussion  

The role of SA in positively monitoring the antioxidant system in plants subjected to various abiotic stresses like salt, 
water deficit conditions usually result in formation of Reactive Oxygen Species (ROS) like superoxide radicals , hydroxyl 
radicals, hydrogen peroxide etc. cause oxidative stress [18]. PGRs usually reduce/deactivate the ROS by activating the 
antioxidants, antioxidative enzymes etc. and exogenous application of SA enhanced the efficiency of antioxidant system 
in plants [19].  

Noreen et al. [20] also found that exogenous foliar applied SA enhanced antioxidant capacity in salt stressed sunflower. 
Treatment with SA induced salt tolerance by increased induction of antioxidant enzymes and decreased H2O2 content 
[21]. He and Zhu [22] observed that alleviation of NaCl toxicity by SA was related to decreased Na contents, increased 
K and Mg levels in shoots and roots and increased SOD, CAT, GPX and DHAR activities as well AsA and glutathione levels. 
Exogenous application of SA as foliar spray mitigated salt stress in Brassica juncea L. increased CAT, POD and SOD 
activities [23] and application of SA reduced peroxidase activity in Ocimum basilicum L. [24].  

Ascorbic acid/Ascorbate (AsA) is reported to be the main component of the ascorbate - glutathione cycle [25]. 
Glutathione is present as reduced GSH and is an integral part of the antioxidative system of the plants [26]. The 
enzymatic role of GR is mainly to reduce the substrate GSSG (oxidized form) to the reduced GSH in plants subjected to 
oxidative stress and it is an established fact that GSH plays a key role in salt tolerance and its availability is influenced 
both by assimilation and PGRs action which was reported in earlier studies [27]. 

5. Conclusion 

The present study reveals that application of SA to Bt and non-Bt varieties of cotton plants grown in semi-arid soils of 
Nizamabad cotton plants as foliar spray was found to be very profound in increasing the CAT, APX, SOD, GR activities 
but decreasing POD activity in both the varieties (Bt and non Bt) of cotton though the effect was more in Bt- cotton 
grown in semi- arid tropics of Nizamabad. 

The soils of Nizamabad are saline and dry in nature inhibiting the growth of plants. The foliar treatment of SA in Bt and 
non-Bt cotton plants was reflected with increased catalase activity (CAT) and reduced peroxidase (POD) activity. 
Though catalase and peroxidase possess similar prosthetic group (iron porphyrin), it is not clear why the activity of 
these two oxidizing enzymes showed different trends to each other.  The exogenous application of SA –treatment to Bt 
cotton and non –Bt cotton plants grown in the semi-arid tropical region of Nizamabad exhibited increased glutathione 
reductase (GR), ascorbate peroxidase (APX) and superoxide dismutase(SOD) activities. The present study gives an 
insight that application of SA overcame the negative effect of the semi-arid conditions of the soil (reflected in the control 
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plants) and promoted the antioxidative enzyme activities of both Bt and non-Bt varieties of cotton though the effect was 
more pronounced in Bt variety. 
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