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Abstract 
Maize (Zea maize) is the 3rd most important cereal world in the world following wheat, rice. It is grown 

mainly in the semi- arid areas of the tropics and subtropics. Rice (Oryza sativa) is one of the main staples 

in the world and is cultivated mainly in Asia, Africa, and Latin America. The exogenous application of 

sodium nitroprusside (SNP), a NO donor, significantly alleviated the oxidative damage of salinity in 

seedlings of rice enhanced the seedlings growth and increased the dry weight of maize seedlings. Paddy 

& maize plants on exogenous nitric oxide under saline conditions with respect to time of application. 

Sodium nitroprusside (SNP), as nitric oxide (NO) source, was applied on the leaves by spray before, 

simultaneously, or after the initiation of saline stress (in 50,100,150 M). This red colour sodium nitro 

prusside dissolved in water to give solution containing the free complex dianion [Fe(CN)5 NO]-2. The 

exogenous application of sodium nitroprusside (SNP), a NO donor, significantly alleviated the oxidative 

damage of salinity in seedlings of rice results may be indicate that salinity and/or SNP causes increase in 

activity of antioxidant enzymes, such as ascorbate peroxidase, peroxidase, H2O2 and as well as leaf 

content of proline, chlorophyll content (chlorophyll a & chlorophyll b), Carotenoid as comparison to 

control. The application of SNP simultaneously or after exposure of plants to stress conditions, would be 

helpful for increasing plant tolerance under salt stress condition. In this research paper we are mainly 

focused on antioxident activity. 
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Introduction 
Abiotic stresses will remain a challenge to the environment to the natural environment and 

agriculture. Soil salinity is a major factor that limits the yield of agricultural crops, 

jeopardizing the capacity of agriculture to sustain the burgeoning human population increase 

(T. J. Flowers, 2004; R Munns & Tester, 2008; Parida & Das, 2005) [3, 10, 11]. 

Salinity stress negatively impacts agricultural yields throughout the world, affecting 

production, whether for subsistence or economic gain. At present, about 20 % of the world’s 

cultivated land and approximately half of all irrigated land and 2.1 % of the dry agriculture 

land is affected by salinity (FAO, 2000) [1]. Salinization is spreading more rapidly in irrigated 

lands because of inappropriate management of irrigation and drainage. Moreover, rain, 

cyclones and wind add NaCl to coastal agricultural lands (FAO, 2008) [2]. Maize (Zea mays L.) 

is the important cereal crop, providing basic food and oil for human cosumption, as well as 

feed for livestock throughout the world, but this crop is normally submissive to salt stress. 

Maize, a plant with a C4 metabolism, is also classified as moderately sensitive to salinity 

(Katerji et al., 1994) [7]. Salinity-induced crop yield reduction takes place due to a number of 

physiological and biochemical disfunctions in plants grown under salinity stress, which have 

been listed in a number of comprehensive reviews (Kaya et al., 2013) [8]. Salinity is considered 

to be a major abiotic stress affecting germination, seedling growth, and crop production in arid 

and semi-arid regions (Yohannes and Abraha, 2013) [16]. The effects of salt stress on rice are 

highly dependent on plant phenology: young seedlings and plants at the flowering stage appear 

to be the most sensitive while tillering plants are less sensitive (Heenan, Lewin and 

McCaffery, 1988; Lutts, Kinet and Bouharmont, 1995) [4, 9]. Salinity applied at the seedling 

stage frequently induces premature senescence of leaves (Sahu and Mishra, 1987; Yeo et al., 

1991) [12, 15]. 

Nitric oxide (NO) is a small, highly diffusible gas and a ubiquitous bioactive molecule. Its 

chemical properties make NO a versatile signal molecule that functions through interactions 

with cellular targets via either redox or additive chemistry. It was found to regulate the 

expression of mitogen activated protein (MAP) kinases, pathogenesis related protein (PR-1), 

which are proteins involved in programmed cell death and plant-pathogen responses and can  



 

~ 267 ~ 

Journal of Pharmacognosy and Phytochemistry 

counteract other phenomena such as cell death, ion leakage, 

and DNA fragmentation. It was reported to counteract the 

toxicity of ROS generated by diquat or paraquat (PQ) in 

potato and rice. (Gou et al., 2008). Scientific progress is made 

not only through discoveries and construction of new theories 

but also through the development of new technologies. Life 

science is not an exception. In a half-century, biochemistry 

and molecular biology have established many technologies 

and methodologies that enable us to investigate biomolecules 

including proteins, lipids, and nucleic acids. Nitric oxide 

(NO) exhibits unique characteristics contrary to these 

conventional biomolecules: it is simple, small, ubiquitous, and 

unstable. However, despite the potential significance of NO in 

the physiological functions of plants fundamental progress in 

this field has not matched our expectations. The serious 

confusion regarding the identity of NO-producing enzymes in 

the 2000s is emblematic of the difficulties NO research has 

posed to the field of plant biology. Some confusion might be 

due to misinterpretation of results obtained by different 

techniques. Based on our experience with NO measurements, 

we present here a practical guide on the choice of technique 

for measuring NO from plant materials. 

The protective effect of NO in stressed roots may be at least 

partly due to the stimulation of SOD activity or direct 

scavenging of the superoxide anion. And NO was found to 

increase accumulation of ABA. ABA accumulation is one of 

the most important responses of a plant to water stress and it 

plays a key role in stomatal closure and water maintenance of 

plants under osmotic stress. (Gou et al., 2008). 

Proline has been proposed to act as a compatible solute that 

adjusts the osmotic potential in the cytoplasm. Thus, proline 

can be used as a metabolic marker in relation to stress. High 

salinity may cause morphological and physiological changes 

which include ion toxicity, osmotic stress, nutrient deficiency 

and oxidative stress, ultimately leading to loss in crop yield 
[3]. Ion toxicity results are due to replacement of K+ with Na+ 

ions and interaction of Na+ and Cl− ions with proteins and 

amino acids. While significant changes in water potential due 

to applied stress can lead to osmotic stress, decreased levels 

of photosynthesis can lead to nutrient deficiency [4]. Reactive 

oxygen species (ROS) generated under oxidative stress at 

dangerous levels are detrimental to cellular components, like 

membrane lipids, proteins, and nucleic acids [5]. A number of 

plant species have evolved antioxidant defense mechanisms to 

combat the devastating effects of oxidative stress. The ability 

to tolerate salinity by plants is often related to qualitative and 

quantitative changes in antioxidant systems. ROS defense 

mechanism encompasses enzymatic and non-enzymatic 

components. Enzymatic ROS-scavenging system includes 

peroxidases (POX), catalase (CAT), superoxide dismutase 

(SOD), and glutathione reductase (GR), while the non-

enzymatic components include ascorbic acid (ASC) and 

reduced glutathione (GSH). Elevated levels of H2O2 and 

malondialdehyde (MDA) reflect altered balance in ROS 

production and detoxification. Salinity induced osmotic stress 

is also countered by plants through metabolic adjustments, 

such as synthesis of osmoprotectant like proline (Naik and 

Devaraj 2016) [5]. 

 

Materials and methods 

The materials used and the methods adopted in the present 

study entitled “Effect of Sodium Nitro Prusside on Paddy and 

Maize under Different levels of Salt Stress. ” are as follows: 

 

Experimental site: The pot experiment was conducted during 

late Rabi, 2016 at terrace of Department of Biological 

Sciences, SHIATS, Allahabad. 

 

Experimental materials: Seeds each of Paddy (C3) and 

Maize (C4) were procured from SHIATS, Allahabad and 

University of Agriculture Science, Karnataka.  

 

Layout and design: The experiment consisted of 2 crops and 

2 varieties under each crop with eight treatments laid out in a 

factorial randomized block design. 

 

2.3 Experimental Details 
Number of Treatments:-     08 

Number of Crops:-      02 

Number of varieties under each crop:-  02 

Number of Replication:-     03 

Number of Pots:-      96 

Season:-         Late Rabi 

Date of sowing:-       01-03-2016 

The seeds were sown in the Polybags of 18 cm diameter with 

5 kilograms of soil in each pot. The treatments of NaCl was 

applied to the soil and 100µl of SNP was sprayed 4 times with 

a week interval, then leaf samples were collected at 60 DAS 

for biochemical analysis.  

 

Treatments Details 

 

Sl. No Treatments Dose 

1 T1 Control 

2 T2 50mM NaCl 

3 T3 100mM NaCl 

4 T4 150mM NaCl 

5 T5 100 µM SNP 

6 T6 50 mM NaCl + 100 µM SNP 

7 T7 100 mM NaCl + 100 µM SNP 

8 T8 150 mM NaCl with 100 µM SNP 

 

Determination of Proline 
Proline content was determined by the method adopted by 

Bates et al (1973). 0.5g of flesh leaf sample was homogenized 

in 10ml of 3 percent aqueous sulphosalicylic acid and the 

homogenate was filtered using what man’s No 1 filter paper. 

Two ml filtrate was taken in a test tube and 2ml of acid 

ninhydrin and 2ml of glacial acetic acid was added. This was 

allowed to react for 1 hour at 1000c in a boiling water bath. 

The reaction was terminated by placing the tube in an ice box. 

6ml of toluene was added to the reaction mixture. The 

chromophore containing toluene was separated and 

absorbance was recorded at 520nm wavelength using toluene 

as blank. 

It is calculated by the formula,  

[(μg proline /ml X ml toluene)/ 115.5 μg/μmole] / [(g 

sample)/5] = μmoles Proline/g of fresh weight. 

 

Peroxidase determination 

 Phosphate buffer 100 mM  

 Solution A: - contains 6.8 g of KH2PO4 in 500 ml of 

distilled water. 

 Solution B: - contains 8.71g of K2HPO4 in 500 ml of 

distilled water. 

 Phosphate buffer was prepared by mixing 87 ml of 

solution A and 15 ml of solution B. And the pH was set 

to 6.1.  

 H2O2 (12 mM) 

 It was prepared by dissolving 124µl of 30% H2O2 (30 ml 

H2O2 in 70 ml DW) in distilled water where the final 
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volume was made up to 100 ml. 

 Guaicol (96mM) 

 It was prepared by dissolving 1075 µl of guaicol in 

distilled water, where the final volume was made up to 

100 ml. 

 

Procedure  
The reaction mixture was prepared by adding 1.0 ml of 

phosphate buffer, 0.5 ml of guaicol, and 0.5 ml of H2O2, 0.1 

ml of crude enzyme extract and 0.9 ml of distilled water. And 

the absorbance was measured at 470 nm. 

 

Total antioxidant activity 

It is determined by adopting the method given by Shimoda et 

al., (1992). 

Leaf extract was mixed with 2 ml of methanol and 2 ml of 

solution containing 1, 1-diphenyl-2-pieryl hydrazyl (DPPH) 

and left for 30 min in dark. And the absorbance was recorded 

at 517 nm. After that absorbance of leaf extract only with 

methanol was recorded at 517 nm likewise leaf extract only 

with DPPH was also recorded. The total antioxidant activity 

was calculated by using the formulae given below. 

 

   (Ai-Aj) 

DPPH activity = [1-] ×100 

Ac 

Where  

Ai is absorbance of extract + DPPH 

Aj is absorbance of extract + Methanol 

Ac is absorbance of extract + Methanol + DPPH 

 

Hydrogen Peroxide (H2O2) 

To estimate the hydrogen peroxide content the method given 

by Velikovo et al., (2000) was used in this present 

investigation. 

500 mg of leaf tissue was homogenated with 5.0 ml of 

Trichloro Acetic acid (TCA) and cooled immediately in ice 

bath. Then it is centrifuzed at 12000 g for 15 min and the 

supernatant was collected. 0.5 ml of supernatant was 

transferred to test tube and 0.5 ml of 10 mM phosphate buffer 

(pH 7.0) and 1.0 ml of potassium iodide (1M) were added. 

After the addition the solution was mixed vigorously and the 

absorbance was recorded at 390 nm.  

H2O2 content was determined by using an extinction 

coefficient (E) of 0.28µ m-1 cm -1 and expressed as n mol g-1 

fw. 

 

Result and discussion 

1.) The data presented in the table 1 show the effect of sodium 

nitro prusside on Proline content recorded of paddy and maize 

under different levels of salt stress. The results revealed that 

the Seed test wt. of paddy variety 1 and maize variety1 was 

highly affected at 100mM NaCl treatment, with the 

percentage reduction of 10.90% and 9.56% respectively. 

When both paddy and maize were compared, highest 

reduction was found in paddy crop.  

 
Table 1: Effect of Sodium Nitro Prusside on Proline Content (µ moles/g fw) of Paddy and Maize under Different levels of salt Stress. 

 

 
Paddy Maize 

Treatment swarna sub-1 BP7-5204 Macca-3 P-3546 

Control T1 0.07 0.08 0.08 0.07 

50 mM NaCl T2 0.10 0.11 0.10 0.10 

100 mM NaCl T3 0.11 0.11 0.11 0.11 

150 mM NaCl T4 0.11 0.12 0.12 0.12 

100 µM SNP T5 0.08 0.08 0.08 0.08 

50 mM NaCl with 100 µM SNP T6 0.11 0.11 0.12 0.12 

100 mM NaCl with 100 µM SNP T7 0.12 0.12 0.12 0.12 

150 mM NaClwith 100 µM SNP T8 0.12 0.13 0.13 0.13 

CV 4.4 4.4 5.9 5.8 

SEM 0.003 0.003 0.003 0.003 

CD5% 0.008 0.009 0.009 0.009 

 

2.) The data presented in the table 2 show the effect of sodium 

nitro prusside on Peroxides Activity recorded of paddy and 

maize under different levels of salt stress. The results revealed 

that the Seed test wt. of paddy variety 1 and maize variety1 

was highly affected at 50mM NaCl treatment, with the 

percentage reduction of 8.28% and 8.18% respectively. When 

both paddy and maize were compared, highest reduction was 

found in paddy crop.  

 
Table 2: Effect of nitric oxide on peroxidase activity (µmol H202 /mint./mg fw) of paddy and maize under different levels of salt stress. 

 

 
Paddy Maize 

Treatment swarna sub-1 BP7-5204 Macca-3 P-3546 

Control T1 0.14 0.14 0.15 0.14 

50 mM NaCl T2 0.16 0.17 0.17 0.17 

100 mM NaCl T3 0.19 0.19 0.19 0.19 

150 mM NaCl T4 0.21 0.2 0.21 0.21 

100 µM SNP T5 0.15 0.15 0.15 0.15 

50 mM NaCl with 100 µM SNP T6 0.18 0.19 0.18 0.18 

100 mM NaCl with 100 µM SNP T7 0.19 0.20 0.20 0.20 

150 mM NaClwith 100 µM SNP T8 0.22 0.22 0.22 0.22 

CV 1.87 1.89 2.88 2.80 

SEM 0.002 0.002 0.003 0.003 

CD5% 0.006 0.006 0.008 0.008 
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3.) The data presented in the table 3 show the effect of sodium 

nitro prusside on total antioxidants activity recorded of paddy 

and maize under different levels of salt stress. The results 

revealed that the Seed test wt. of paddy variety 1 and maize 

variety1 was highly affected at 50mM NaCl treatment, with 

the percentage reduction of 28.34% and 28.33% respectively. 

When both paddy and maize were compared, highest 

reduction was found in paddy crop.  

 
Table 3: Effect of nitric oxide on total antioxidant activity (µmol H202 /mint./mg fw) of paddy and maize under different levels of salt stress. 

 

 
Paddy Maize 

Treatment swarna sub-1 BP7-5204 Macca-3 P-3546 

Control T1 6.0 6.0 6.0 6.0 

50 mM NaCl T2 7.1 7.1 7.1 7.1 

100 mM NaCl T3 8.1 8.1 8.1 8.1 

150 mM NaCl T4 9.1 9.1 9.1 9.1 

100 µM SNP T5 6.0 6.0 6.0 6.0 

50 mM NaCl with 100 µM SNP T6 9.1 9.1 9.1 9.1 

100 mM NaCl with 100 µM SNP T7 9.1 9.1 9.1 9.1 

150 mM NaClwith 100 µM SNP T8 10.1 10.1 10.1 10.1 

CV 1.45 1.43 1.5 1.45 

SEM 0.068 0.066 0.07 0.068 

CD5% 0.203 0.199 0.209 0.203 

 
4.) The data presented in the table 4 show the effect of sodium 

nitro prusside on total antioxidants activity recorded of paddy 

and maize under different levels of salt stress. The results 

revealed that the Seed test wt. of paddy variety 1 and maize 

variety1 was highly affected at 50mM NaCl treatment, with 

the percentage reduction of 28.34% and 28.33% respectively. 

When both paddy and maize were compared, highest 

reduction was found in paddy crop.  
 

Table 4: Effect of nitric oxide on hydrogen peroxide (µmol H202 /mint./mg fw) of paddy and maize under different levels of salt stress. 
 

 
Paddy Maize 

Treatment swarna sub-1 BP7-5204 Macca-3 P-3546 

Control T1 0.10 0.10 0.09 0.09 

50 mM NaCl T2 0.14 0.14 0.13 0.13 

100 mM NaCl T3 0.15 0.15 0.13 0.14 

150 mM NaCl T4 0.18 0.17 0.16 0.16 

100 µM SNP T5 0.09 0.09 0.07 0.08 

50 mM NaCl with 100 µM SNP T6 0.11 0.11 0.09 0.10 

100 mM NaCl with 100 µM SNP T7 0.12 0.11 0.10 0.11 

150 mM NaClwith 100 µM SNP T8 0.13 0.13 0.11 0.12 

CV 5.03 4.82 6.36 6.66 

SEM 0.003 0.003 0.004 0.004 

CD5% 0.01 0.01 0.012 0.012 

 

Summary and conclusion 

Proline Content (µ moles/g fw): The percentage response of 

nitric oxide was found highest on Maize genotype Macca-3 at 

50 mM NaCl with 100 µM SNP, and reduction also found on 

this genotype at 100 µM SNP.  

 

Peroxidase activity (µmol H202 /mint./mg fw): The 

percentage response of nitric oxide was found highest on 

Paddy genotype BP7-5204 at 50 mM NaCl with 100 µM 

SNP, and highest reduction found on Maize genotype Macca-

3 at 100 µM SNP. 

 

Total Antioxidant activity (µmol H202 /mint./mg fw): The 

percentage response of nitric oxide was found highest on 

Paddy genotype BP7-5204 at 50 mM NaCl with 100 µM SNP 

and lowest response found on both Paddy genotype swarna 

sub-1 and BP7-5204 at 100 µM SNP. 

 

Hydrogen Peroxide (µmol H202 /mint./mg fw): The 

percentage response of Nitric Oxide was good on Paddy 

genotype swarna sub-1 at 100 µM SNP and lowest response 

on Maize genotype Macca-3 at 150 mM NaClwith 100 µM 

SNP. 
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