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Comprehensive abstract  

Introduction 
Water deficit is the most significant environmental stress that limits plant growth in the world. 

Meanwhile, zinc is recognized as a vital micronutrient that plays a crucial role in the normal growth of 

plants. Its application has been shown to enhance both the quantity and quality of agricultural products 

by increasing the photosynthesis rate, activity of antioxidant enzymes, and some osmolyte compounds 

such as proline. This enhancement can mitigate the adverse effects of environmental stresses, 

including drought. In the present study, the effects of various amounts and methods of zinc application 

were investigated on the activity of antioxidant enzymes as well as the growth and grain yield of maize 

under drought stress conditions. The aim of this experiment was to improve the physiological aspects, 

growth and yield of maize under various droght conditions. 

Materials and methods 
This research was conducted as split-plot in a randomized complete block design with three 

replications in research field of the Faculty of Agriculture, University of Zanjan, Zanjan, Iran, in 2020. 

The maize variety studied in this research was grain maize SC704, belonging to the late-maturing 

group with a growing period of 125 to 135 days. The main factor included drought stress at three 

levels (by applying irrigation at 90%, 60%, and 30% of field capacity) and sub-factor was the rates and 

methods of zinc application at six levels (including no zinc application, soil application of zinc sulfate 

at 10 and 25 kg.ha-1, and foliar application of 5 g.Lit-1 zinc at stem elongation, tassel emergence and 

milking stages. The characteristics evaluated in this study included grain iron, zinc, and phosphorus 

concentrations, the activity of antioxidant enzymes of catalase, ascorbate peroxidase, guaiacol 

peroxidase, and superoxide dismutase, as well as proline content, malondialdehyde content, hydrogen 

peroxide concentration, leaf chlorophyll index, leaf area index, grain yield, and biological yield. Data 

analysis including analysis of variance and comparison of means by least significant difference (LSD) 

test at a probability level of 5% were performed using SAS software version 9.3, and graphs were 

drawn using Excel software. 

Research findings 
The results of the analysis of variance showed that the effect of drought stress and application of 

zinc was significant on all evaluated traits in the SC704 variety. The interaction of zinc × drought stress 

was also significant on all evaluated traits, except grain yield and biological yield. The results showed 
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that drought stress significantly reduced the grain iron, zinc, and phosphorus concentrations, the 

activity of antioxidant enzymes including superoxide dismutase, guaiacol peroxidase, catalase, and 

ascorbate peroxidase, as well as leaf chlorophyll index and leaf area index in the SC704 variety. On 

the other hand, hydrogen peroxide, malondialdehyde, and proline contents increased by 197%, 256% 

and 129%, respectively, with increasing drought stress intensity. In contrast, the application of zinc 

with enhancing these traits, led to decrease in the production of hydrogen peroxide and 

malondialdehyde. Furthermore, drought stress reduced grain yield and biological yield, but zinc 

application especially soil application of 25 kg.ha-1, significantly improved the grain yield and 

biological yield of SC704 variety by 62% and 44%, respectively. 

Conclusion 
The findings of this study showed that drought stress, especially at high intensities, by disrupting 

the absorption of nutrient from the soil, soil, led to a decrease in the concentration of grain elements, 

leaf area index, leaf chlorophyll index, and antioxidant enzyme activities, and an increase in proline 

content. In contrast, the application of zinc, especially its soil application of kg.ha-1, by changing 

(intensifying) the mentioned traits, improved the physiological and morphological aspects and grain 

yield of maize, so that its application under moderate drought stress reduced hydrogen peroxide and 

malondialdehyde contents, and increased proline content and antioxidant enzymes activities. Also, the 

results of this experiment showed that foliar application of zinc was more effective in increasing the 

concentration of grain elements than soil application. 
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Table 1. Results of physical and chemical analysis of the soil sample of the research area 

Soil characteristics Amount (unit) Soil characteristics Amount (unit) 

Available P  9.45 (mg.kg-1) pH 7.86 

Available K  275 (mg.kg-1) Electrical conductivity  1.38 (dS.m-1) 

Available Zn  0.46 (mg.kg-1) CaCO3  374 (mg.kg-1) 

Available S  275 (mg.kg-1) Organic carbon  9.95 (g.kg-1) 

Available Fe  5.16 (mg.kg-1) Total Nitrogen  850 (mg.kg-1) 

Available Cu  1.37 (mg.kg-1) Soil texture Clay loam 
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Table 2. Results of analysis of variance of the effect of Zn application on maize morphophysiological characteristics 

under drought stress conditions 

Mean square 

df Source of variation 
Proline SOD GPX APX CAT 

Grain Fe 

content 

Grain Zn 

content 

Grain P 

content 

2.51 19.57 0.67 0.01 6.35 0.43 0.29 0.00002 2 Replication (R) 

5788.92 ** 63952.30** 16512.06** 29.20** 827026.35** 2005.76** 287.9** 0.04** 2 Drought stress (A) 

2.27 9.32 2.56 0.01 285.66 0.36 0.125 0.00003 4 R × A 

87.51 ** 622.25** 117.41** 0.55** 5548.65** 10.99** 9.79** 0.002** 5 Zn (B) 

77.20 ** 463.39** 94.50** 0.39** 4933.77** 0.79** 0.87* 0.0001** 10 A × B 

3.16 14.78 3.90 0.006 75.96 0.23 0.36 0.00002 30 Error 

3.28 2.21 4.59 3.35 1.46 2.58 4.66 2.10 - CV (%) 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 

  

> 0
�2 -                                                                                                                         $����       Table 2. Continued  

Mean square 
df Source of variation 

Biologycal yield Grain yield MDA H2O2 LAI Chl (SPAD) 

2.19 0.911 189.80 0.118 0.03 4.31 2 Replication (R) 

948.87** 46.264** 115381.02** 102.309** 128.86** 825.14** 2 Drought stress (A) 

0.47 0.304 142.52 0.28 0.03 6.21 4 R × A 

52.96** 8.367** 18701.45** 1.191** 2.47** 31.04** 5 Zn (B) 

7.16 ns 0.335 ns 4089.31** 0.46** 0.49** 5.79** 10 A × B 

6.18 0.487 77.70 0.10 0.08 1.81 30 Error 

14.62 13.30 4.99 6.99 5.72 3.30 - CV (%) 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
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Table 3. Mean comparison of effect of Zn on morphophysiological traits of corn under drought stress 

Leaf area 

index 

Chlorophyl 

index 

(SPAD) 

Proline 

(mg/g FW) 

GPX (Unit 

per mg 

protein) 

CAT (Unit 

per mg 

protein) 

APX (Unit 

per mg 

protein) 

SOD (Unit 

per mg 

protein) 

Grain  Fe 

content 

(mg/g) 

Grain Zn 

content 

(mg/g) 

Grain P 

content 

(mg/g) 

Zn application 

† Drought stress 

6.70 c 43.5 e 35.9 g 35 f 592.33 e 1.97 e 189.33 e 28.57 d 14.73 c 0.252 a No-Zn 90% Field 

capasity 7.87 b 46.8 bc 36.43 g 34.33 f 589.67 e 2.03 e 187.33 e 29.07 cd 16.17 b 0.241 b Soil-10 

8.40 a 51.23 a 36.4 g 35.33 f 582.00 e 2.07 e 189.67 e 29.13 bcd 15.87 b 0.238 b Soil-25 

7.83 b 48.1 b 36.6 g 32.67 f 593.00 e 2.03 e 189.67 e 30.1 a 17.47 a 0.228 c F-shoot 

7.60 b 44.57 c 37.3 g 35 f 587.00 e 2.03 e 186 e 29.87 abc 17.43 a 0.223 c F-tassel 

7.50 b 44.07 de 36.83 g 33 f 577.67 e 1.95 e 187.33 e 29.9 ab 17.4 a 0.223 c F-milk  

3.67 g 40.53 f 40.77 f 65.33 e 703.67 d 2.80 d 200.67 d 15.8 f 10.03 f 0.214 d No-Zn 60% Field 

capasity 5.07 e 43.67 e 60.27 c 79 b 871.00 b 4.03 b 242.67 b 16.53 f 10.97 e 0.204 e Soil-10 

6.20 d 46.47 bcd 66.47 b 95 a 892.33 a 4.73 a 252.67 a 16.6 f 11.7 e 0.199 e Soil-25 

4.77 e 43.6 e 54.37 d 76 bc 863.00 b 4.02 b 240.67 b 19.2 e 13.53 d 0.17 f F-shoot 

4.2 f 42.07 ef 51.5 de 73 dc 795.33 c 3.50 c 211.33 c 19.1 e 13.57 d 0.171 f F-tassel 

4.1 fg 40.7 f 49 e 72.33 d 780.00 c 3.40 c 204 d 19 e 13.2 d 0.166 f F-milk  

2.17 h 33.07 g 71.53 a 18 g 381.33 f 1.21 f 108 f 7.2 h 8.12 h 0.151 g No-Zn 30% Field 

capasity 2.47 h 32.33 g 72.27 a 18.67 g 386.33 f 1.29 f 111.67 f 7.6 h 7.95 h 0.150 g So-10 

2.53 h 34.13 g 72.67 a 19 g 393.33 f 1.31 f 111.33 f 7.1 h 7.84 h 0.152 g So-25 

2.27 h 34.03 g 73 a 18 g 394.67 f 1.30 f 107.67 f 9.43 g 9.06 g 0.134 h F-shoot 

2.23 h 32.77 g 72.8 a 17.33 g 391.33 f 1.24 f 105.67 f 9.5 g 9.07 g 0.135 h F-tassel 

2.2 h 33.4 g 72.33 a 18 g 388.67 f 1.23 f 107.67 f 9.4 g 9.1 g 0.133 h F-milk  

Means followed by the similar letters are not significantly differen by LSD test at 5% probability level. 
† No-Zn, Non-application of Zn; Soil-10 and Soil-25, 10 and 25 kg.ha-1 Zn soil application, respectively; F-shoot, F-tassel and F-milk, foliar application of Zn at shooting, 

tassel emergence and milk stages, respectively. 
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Figure 1. Effec of Zn application on H2O2 under drought conditions. No-Zn, Non-application of Zn; Soil-10 and 

Soil-25, 10 and 25 kg.ha-1 Zn soil application, respectively; F-shoot, F-tassel and F-milk, foliar application of Zn at 

shooting, tassel emergence and milk stages, respectively. 
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Figure 2. Effec of Zn application on malondialdehyde (MDA) under drought stress. No-Zn, Non-application of 

Zn; Soil-10 and Soil-25, 10 and 25 kg.ha-1 Zn soil application, respectively; F-shoot, F-tassel and F-milk, foliar 

application of Zn at shooting, tassel emergence and milk stages, respectively. 
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17.45 b 5.27 b Drought stress at 60% field capasity 
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17.72 bc 5.35 bc Zn foliar application at shooting stage 

15.47 cd 4.73 cd Zn foliar application at tassel emergence stage 

15.18 d 4.57 d Zn foliar application at milk stage  
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