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Abstract 

Salicylic acid (AS) may modulate several physiological and biochemical processes in plants, and may contribute to improve 

crop yield. The present study evaluated the physiological and biochemical mechanisms through which exogenous salicyclic 

acid (SA) mitigates fluconozole fungicide stress in maize. The experiments conducted to the biochemical effect of salicyclic 

acid and fluconozole in maize by pot culture method. Every 30 days interval to evaluate the aminoacid, carbohydrate, protein 

and reducing sugar content in treated pots. The maximum aminoacid content recorded in pot 2 (Foliar spray of Salicyclic acid 

and Fluconozole @ 20mg/L) 90 days interval as 97.39±0.06mg/kg and carbohydrates, protein and reducing sugar are recorded 

in pot 3 (Foliar spray of Salicyclic acid and Fluconozole @ 30mg/L) than compared to control. 
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Introduction 

Maize (Zea mays L.) is the third most important cereal crop 

after wheat and rice all over the world (Sleper and 

Poehlman, 2006) [25]. There are five species of genus Zea 

and only 1 species “mays” is cultivated, remaining species 

are wild grasses (Ellenskog staam et al., 2007). Maize is 

consumed directly as food at different growth stages (baby 

corn to mature grain) (Australian Government, 2008) [1]. It 

provides bulk of raw materials for the livestock and many 

agro-allied industries in the world (Bello et al., 2010; 

Randjelovic et al., 2011) [3, 22]. It is a major source of food 

for both human and animals through the year (Xu et al., 

2004) [29]. The environmental stresses such as drought, 

temperature, salinity, air pollution, heavy metals, pesticides 

and soil pH are major limiting factors in crop production 

because, they affects almost all plant functions (Hernandez 

et al., 2001) [13].  

It contains Vitamins A, B, E and also some important 

nutrients for metabolism (Orhun, 2013) [21]. In maize seed 

the carbohydrate is present in high amount than the other 

chemical components. In carbohydrate the amount of starch 

is 72 to 73 percent in the maize kernel and the amount of 

other carbohydrates such as glucose, sucrose and fructose 

are 1 to 3 percent in the maize kernel (FAO., 1993; Iken et 

al., 2002; Barikmo et al., 2004; Orhun, 2013) [9, 16, 2, 

21].Salicylic acid (SA) is a phenolic compound resulting 

from the secondary metabolism (Hayat et al., 2010) [12], 

present in vegetable tissues (Raskin, 1992) [23]. Salicylic 

acid regulates plant growth and may increase crop yield, 

when low concentrations are supply exogenously (Rivas San 

Vicente and Plasencia, 2011) [24]. This compound may 

increase length, weight, perimeter, and root area (Gutierrez 

Coronado et al., 1998; Larque Saavedra et al., 2010) [11], 

may modify its morphology (Echevarria Machado et al., 

2007) [6], and may also increase stalk’s fresh and dry 

biomass (Villanueva Couoh et al., 2009) [28], while 

improving the nutrient status of the plant (Khan et al., 2010) 
[18].  

The fungicides play a major role in the management of the 

plant diseases. The fungicides were always in the attention 

of scientists, regardless of their origin, concentration or 

usage are toxic both for the environment and human health, 

causing controversy and discussion worldwide for years 

(Horotan and Oancea, 2013) [14].  

Some fungicides inhibit respiration in the mitochondria by 

blocking electron transport chain in complex III 

(cytochrome bc1 complex) (Venancio et al., 2003) [27]. 

Fungicide often leads to serious environmental problems, 

including human health. Therefore it is necessary to 

minimize the chemicals used to control plant disease 

(Chourasiya et al., 2014) [4]. 

 

Materials and Methods 

Collection of Zea mays seed 

For the present investigation, seeds of Zea mays were 

procured from Department of Agricultural Thanjavur, 

Tamilnadu, India. Collected seeds are identical in size and 

shape was segregated manually by visual appearance. The 

collected seeds were washed and surface sterilized into of 

0.1% HgCl2 for 10 minutes and three times rinsed into 

sterile distilled water. 

 

Collection of chemicals 

Salicyclic acid chemical were purchased from Techno 

Scientific, Thanjavur and fluconozole fungicide was 

collected from local market, Thanjavur. 
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Pot culture experiments 

The pot culture experiments was carried out Indian Biotrack 

Research Institute, Thanjavur, Tamilnadu, India 

 

Treatment combination  

T1-Control  

T2-Foliar spray of Salicyclic acid and Fluconozole @ 

10mg/L 

T3-Foliar spray of Salicyclic acid and Fluconozole @ 

20mg/L 

T4-Foliar spray of Salicyclic acid and Fluconozole @ 

30mg/L 

 

Estimation of total carbohydrate (Dubois et al., 1956) [5] 

100 mg of sample were taken in a boiling tube. Then 

hydrolysed by keeping it in a boiling water bath for three 

hours with 5 ml of 2.5N HCl and cooled in room 

temperature. It was neutralized with solid sodium carbonate 

until effervescence ceased. The volume was made up to 100 

ml and centrifuged. Then collected the supernatant and 1ml 

aliquot was taken for analysis. The standards were prepared 

by taking 0.2 ml to 1 ml of working standards. All tubes 

were made up to 1 ml with distilled water and 4 ml anthrone 

reagent was added to all the tubes. A blank were prepared 

without sample and same quantity of reagents were added. 

Then boiled for 8minutes following cooled rapidly and the 

development of green colour were read at 630nm. A 

standard graph was prepared and the amount of 

carbohydrate present in the sample was calculated. 

 

Estimation of total protein (Lowry et al., 1951) [19] 

100 mg of fresh leaves were treated with reagent A and 

centrifuged at 10,000 x g for 10 minutes. The resulting 

pellet were suspended in copper alkaline reagent and boiled 

for 30 minutes. Then cooled and centrifuged to eliminate 

light scattering materials. The supernatant were made up to 

a known volume. To the 0.1 ml of supernatant add 0.9 ml of 

distilled water then 5 ml of alkaline reagent (i.e., 2% 

alkaline Na2CO3 and CuSO4
-Na-K tartrate solution) were 

added and allowed to stand for 10 minutes at room 

temperature. Finally 0.5 ml of Folin’s phenol reagent was 

added. The absorbance was measured after 30 minutes at 

660 nm in spectronic 20 against blank. The amount of 

proteins was calculated with a standard graph prepared by 

using Bovine Serum Albumin. 

 

Estimation of total amino acids (Jayaraman, 1981) [17] 

100 mg of fresh leaves were homogenized with 80 % 

ethanol in a pestle and mortar. The homogenate were 

centrifuged at 5000 x g and the clear supernatant was made 

up to a known volume. From this 1 ml were pipette out in to 

a test tube and diluted with 4 ml distilled water. To this 1 ml 

of ninhydrin reagent were added and kept in boiling water 

bath for 15 minutes. Then the test tubes were cooled and 1 

ml of 50 % ethanol was added. The purple colour 

development was measured in spectronic 20 at 540 nm. 

Standard graph were made using a mixture of glycine. 

 

Estimation of reducing sugar  

100 mg of fresh leaves were homogenized with 80 % 

ethanol in a pestle and mortar. The homogenate were 

centrifuged at 5000 x g and the clear supernatant was made 

up to a known volume. From this 1 ml were pipette out in to 

a test tube and 1ml of 0.05 M acetate buffer (pH 4, 8) and 

mixed. Added 3 mL DNS reagent to all the test tubes and 

mixed well. Place the tubes in boiling water for 5 minutes. 

Cool the tubes to room temperature and measure the 

absorbance at 540 nm. 

 

Result and Discussion 

In the present investigation, the treated plant were harvested 

in every interval of 30, 60 and 90th days and analyzed for 

biochemcial and mineral contents. The maximum amount of 

aminoacid (92.25±0.06, 95.85±0.06 and 97.39±0.06 

mg/100g), carbohydrates (84.04±0.00, 86.02±0.00 and 

90.36±0.56mg/100g), protein (85.65±0.03, 89.18±0.03 and 

92.32±0.06mg/100g) and reducing sugar (74.05±0.36, 

76.32±0.33 and 83.63±0.33mg/100g) was measured in T3 

(Foliar spray of Salicyclic acid and Fluconozole @ 20mg/L) 

of 30, 60 and 90th day intervals than compared to other 

treatment (Table 1). The number of days increasing the 

biochemical content also increasing order. It might be due to 

salicylic acid stimulation of physiological processes that 

were reflected on improving vegetative growth that 

followed by active translocation of the photosynthesis 

products from source to sink in maize. This finding was 

agreement with the results of Hussain et al. (2009) [15]. 

Somayyeh Bayat and Ali Sepehri (2012) [26] suggested that 

the exogenous application of SA and Paclobutrazol (PBZ) 

may reduce adverse effects of drought in maize. During this 

study, spraying of SA showed profound influence on seed 

yield. Applying low concentrations of salicyclic acid to 

increases the yield and quality of pepper (Capsicum 

annuum), (Capsicum chinense), tomato (Solanum 

lycopersicum), cucumber (Cucumis sativus), and papaya 

(Carica papaya) (Martin Mex et al., 2013) [20]. Salicylic 

Acid on Physiological Indices and Defense Mechanisms of 

Maize (Zea Mays L. Giza 2) Stressed with Cadmium (El 

Dakak and Hassan, 2020) [7]. 

 
Table 1: Analysis of biochemical parameters treated and untreated maize plants 

 

Different treatment Days 
Quantity (mg/kg) 

Amino acid Carbohydrates Protein Reducing Sugar 

T1 

30 45.01±0.29 85.56±0.00 85.61±0.56 63.12±0.33 

60 48.21±0.33 89.12±0.01 96.54±0.56 65.20±0.56 

90 50.06±0.33 92.31±0.08 99.81±0.88 71.35±0.56 

T2 

30 90.03±0.65 90.03±0.33 91.85±0.33 75.12±0.08 

60 92.45±0.89 94.10±0.33 95.03±0.33 79.65±0.08 

90 96.63±0.30 99.03±0.45 97.59±0.88 81.36±0.08 

T3 

30 92.25±0.06 84.04±0.00 85.65±0.03 74.05±0.36 

60 95.85±0.06 86.02±0.00 89.18±0.03 76.32±0.33 

90 97.39±0.06 90.36±0.56 92.32±0.06 83.63±0.33 

T4 

30 52.05±0.57 76.63±0.59 79.63±0.33 69.06±0.45 

60 59.62±0.57 83.21±0.50 81.02±0.33 71.26±0.49 

90 64.10±0.88 87.25±0.33 86.56±0.56 79.03±0.88 

http://www.botanyjournals.com/
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The values are expressed in terms of (Mean ± Standard 

deviation) 

T1-Control, T2-Foliar spray of Salicyclic acid and 

Fluconozole @ 10mg/L, T3-Foliar spray of Salicyclic acid 

and Fluconozole @ 20mg/L, T4-Foliar spray of Salicyclic 

acid and Fluconozole @ 30mg/L 
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