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Abstract. This study explored the effects of drought stress on the growth and characteristics physiological 

of different maize varieties. Three maize varieties with different levels of drought tolerance (strong drought 

tolerance JQ707, medium drought tolerance ND19 and weak drought tolerance FD16) were selected as test 

crops in a plot experiment while artificial rain shelters were used to control moisture and drought stress. This 

study was carried out under different degrees of drought stress at the ear stage of maize (Normal water 

supply, CK; mild drought stress, C1; moderate drought stress, C2; severe drought stress, C3). The results 

show that drought stress will significantly affect the growth and physiological characteristics of maize 

tassels. Among them, the anti-oxidant enzyme activity and the content of osmotic adjustment substances in 

the maize tassels of JQ707 reach the peak value at C2 treatment, which is used to resist the phenomenon of 

plant water shortage. The anti-oxidant system and osmotic adjustment ability of FD16 maize tassels were 

poor, and the external morphological structure was also relatively short. This study also found that 

appropriate stress is beneficial to promote the growth and development of maize tassels and the 

physiological reaction process. The conclusions of experiment can provide a certain theoretical basis for 

drought resistance and yield of maize planting in Northeast China. 
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Introduction 

Crop growth and development will be limited by environmental factors, such as 

drought is considered to be one of the important factors (Fathi and Barari, 2016). Maize 

(Zea mays L.) is not only one of the most widely planted crops in the world, but also an 

important food crop and economic crop in China. Northeast China is the main maize 

producing area in China. In recent years, the trend of drought in Northeast China became 

more and more serious, which poses a serious threat to maize yield (Yang et al., 2015; 

Zhang et al., 2011; Fu et al., 2020). The growth cycle of maize can be divided into 

seedling stage, ear stage, and flowering stage. The ear stage is the key period of maize 

water demand, and water deficit in this period will affect maize yield to a great extent (Jia 

et al., 2020; Li et al., 2019). As an important reproductive organ of maize, the 

development of tassel is closely related to the yield of maize. The tassels of a different 

maize varieties showed different adaptability to different arid environments, it is 

specifically reflected in the morphological structure and physiological function of tassels 

(Xu et al., 2012; Gage et al., 2018). Under drought stress, maize tassels will adapt to 
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drought stress through changes in morphology, antioxidant enzymes and osmotic 

regulation substances accumulation. The development of tassels plays an important role in 

coordinating the development of male and female tassels, even increasing grain yield in 

maize (Abdoul et al., 2016; Li et al., 2020). Drought stress will cause the maize tassels to 

become smaller, and the tassels will be drawn out slowly or even unable to be drawn out 

(Song et al., 2005). A large number of studies have been done on the effects of drought 

stress on the physiological characteristics of maize (Zhuang, 2007; Zhang et al., 2012; 

Liu, 2020; Gill and Tuteja, 2010). For example, maize plants would produce a large 

number of reactive oxygen species after drought stress (Fathi and Barari, 2016). Reactive 

oxygen molecules are prone to disrupt the balance of the cell’s internal environment. Its 

excessive presence will lead to lipid reaction of the cell membrane and destroy the 

structure of protein and enzyme on the cell membrane (Dumanović et al., 2021). To avoid 

the disturbance of the internal cell environment caused by excessive drought, maize will 

produce a series of defense mechanisms (Sayadi et al., 2016; Zhao, 2016). The 

antioxidant system enzymes played a positive role in eliminating excessive oxygen free 

radicals (Guo et al., 2018); under drought stress, the presence of soluble protein, proline 

and soluble sugar could maintain the balance of intracellular osmotic pressure and 

improve the stress resistance of crops, which also play a key role in resisting adversity 

stress (Tahereh et al., 2011; Blum, 2017; Liu et al., 2011). Therefore, it is of great 

significance to explore the influence mechanism of different degrees of drought stress on 

the tassel of different maize varieties. 

At present, many studies have demonstrated the effects of drought stress on the growth 

and physiological traits of maize, most of them, however, only discuss the effects on the 

growth morphology of maize plants and the physiological characteristics of ear leaves, 

there are few types of researches on the morphological and physiological characteristics 

of maize tassels. Therefore, to explore and clarify the effects of curing on tassel growth 

and physiological characteristics of different maize varieties, this experiment selected 

three different maize varieties for comparison at the same time and analyzed the 

morphology and structure of male panicle of different maize varieties, as well as the 

enzyme activity of the antioxidant system, the content of osmotic regulating substances 

and the content of malondialdehyde by setting different degrees of drought stress. It will 

provide a certain theoretical basis for drought resistance and yield protection of maize in 

Northeast China. 

Materials and methods 

Experimental design 

The research was conducted in the Qiqihar Branch of Heilongjiang Academy of 

Agricultural Sciences, China (47°17’33”N, 123°43’20”E) (Fig. 1A). Details of climatic 

conditions of the maize growth cycle are shown in Figure 1B. The general situation of 

the test site and the growth of maize in the test are shown in Figure 2. The tested soil 

was chernozem and the basic characteristics of the soil (0-20 cm) were as follows: pH, 

7.82; organic matter, 26.1 g·kg-1; available nitrogen, 102 g·kg-1; available phosphorus 

15.9 mg·kg-1; available potassium, 130 mg·kg-1. 

The tested crop was the three varieties of maize: Jinqing 707 (JQ707) with strong 

drought tolerance, Nendan 19 (ND19) with medium drought tolerance, and Fudan 16 

(FD16) with weak drought tolerance. A total of 12 plots were set up in the experiment, 

each with an area of 12 m2 (4 m × 3 m). In order to simulate natural drought conditions, 
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open the mobile rain-proof shelter in rainy days to control soil moisture, and close the 

shelter in sunny days to make maize photosynthesis normally. 

The experiment was conducted in maize period different degrees of drought stress, set 

up to deal with four different moisture gradient, normal water supply as control (CK, keep 

the soil moisture content is more than 80% of field capacity), mild drought stress (C1, 

keep the soil moisture maintained at 70%-80% of field capacity), moderate drought stress 

(C2, keep the soil moisture maintained at 60%-70% of field capacity) and severe drought 

stress (C3, keep the soil moisture maintained at 50%-60% of field capacity). During the 

stress period, a soil moisture content analyzer (Instrument model: TZS-1K-G) was used to 

regularly detect the soil moisture content, and water was supplemented according to the 

measured moisture content to ensure that the soil moisture content during the stress period 

was within the set soil moisture content range. A one-time application of fertilizer 30 kg, 

N: P: K = 22:14:6. Each treatment was repeated three times with a normal water supply as 

control (CK), and each repeat contains three maize plants. 
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Figure 1. Experimental location and climatic conditions of maize growth cycle 

 

 

  

Figure 2. Overview of the test site and the growth of maize in the test 

 

 

Determination of morphological index in tassel of maize 

Tassel size = tassel spindle length + average branch length × branching number. 

Spindle length of tassel was measured with a tape measure. The spindle diameter is 

measured with a vernier caliper. Dry matter weight was determined by the drying 

method. 
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Determination of physiological index in tassel of maize 

The enzyme activities of the antioxidant system were detected by the ELISA 

detection kit. Weigh 1 g tassel sample, cut it into pieces, put it into a mortar, add 10 ml 

PBS buffer solution and grind it fully, after centrifugation at 4000 r·min-1 for 15 min, 

and then take the supernatant. The enzymatic activities of SOD, CAT, and POD in a 

tassel of maize were determined by an enzymatic plate analyzer. The content of proline 

was determined by sulfosalicylic acid method; Soluble sugar content was determined by 

anthrone colorimetry; Soluble protein content was determined by coomassie bright blue 

method; The content of malondialdehyde was determined by thiobarbituric acid 

method; The methods were based on Zou (2003). 

 

Data analysis 

All data were produced using Microsoft Excel 2016 software. The experimental data 

are all used SPSS 21.0 software for one-way statistical analysis of variance, and Origin 

2018 software for plotting. 

Results 

Effects of drought stress on morphological traits in tassel of different maize varieties 

To explore the effect of drought stress on the morphological structure of the tassel of 

different maize varieties, the following analysis from four aspects were made: tassel 

size, spindle length, spindle diameter, and dry matter weight (Table 1). 

 
Table 1. Effects of drought stress on the morphological structure of tassels of different maize 

varieties 

Treatment Maize variety 
Tassel size 

(cm) 

Spindle length 

(cm) 

Coarse spindle 

(mm) 

Tassel dry 

weight (g) 

CK 

JQ707 188.17 ± 8.61a 38.67 ± 3.06a 6.00 ± 0.50a 3.09 ± 0.08a 

ND19 187.70 ± 13.79a 35.67 ± 2.52a 5.93 ± 0.81a 3.14 ± 0.13a 

FD16 156.60 ± 7.86b 35.33 ± 1.53a 6.30 ± 0.82a 2.98 ± 0.06a 

C1 

JQ707 179.33 ± 10.68a 35.19 ± 0.76a 4.83 ± 0.76a 3.23 ± 0.22a 

ND19 178.79 ± 8.28a 31.33 ± 2.93a 5.17 ± 0.29a 3.21 ± 0.08a 

FD16 143.68 ± 12.71b 32.17 ± 0.76a 4.83 ± 0.29a 3.03 ± 0.02b 

C2 

JQ707 163.42 ± 3.85a 35.05 ± 0.93a 5.00 ± 0.87a 2.53 ± 0.02a 

ND19 153.91 ± 12.06a 31.17 ± 0.76b 4.37 ± 0.71a 3.02 ± 0.03a 

FD16 121.81 ± 6.10b 31.51 ± 0.77b 4.50 ± 0.50a 2.21 ± 0.27a 

C3 

JQ707 148.36 ± 7.29a 34.83 ± 0.76a 4.67 ± 0.76a 2.28 ± 0.02a 

ND19 137.23 ± 12.97a 31.23 ± 0.71b 4.43 ± 0.81a 2.89 ± 0.12a 

FD16 111.37 ± 13.86b 29.50 ± 0.50c 4.13 ± 1.21a 1.89 ± 0.08a 

Data in the table are mean ± standard deviation, and different lowercase letters after data in the same 

column indicate significant difference (P < 0.05) 

 

 

As can be seen from Table 1, with the increase of drought stress, the tassel size of 

different maize varieties decreased to different degrees, tassel spindle length, and 

diameter of tassel spindle shortened to different degrees, and the effects of drought on 
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different varieties were different. Among all the drought stress treatments, JQ707 was 

the least affected. Under normal water supply, the tassel size of FD16 was smaller than 

that of JQ707 and ND19, but there was no significant difference in the length and 

diameter of its main axis. Under severe drought stress, the tassel size, spindle length and 

spindle diameter of the tested maize varieties were the lowest values relative to CK. The 

main shaft length of the tassel of JQ707, ND19, and FD16 was shortened by 11.02%, 

14.22%, and 19.76%, and the main shaft diameter of the tassel was reduced by 28.48%, 

33.86%, and 52.54%, respectively. 

With the increase of drought stress, the dry matter weight of different maize tassels 

showed a trend of first increasing and then decreasing. Mild drought stress can promote 

the accumulation of dry matter in tassels. Compared with CK, the dry matter weight of 

JQ707, ND19, and FD16 increased by 4.33%, 2.18%, and 1.65%, respectively. 

Moderate and severe drought stress was not conducive to dry matter accumulation in the 

tassels of maize. The dry matter weight of the three varieties of maize decreased 

compared with that of CK. The dry matter accumulation was the order of 

ND19 > JQ707 > FD16. 

 

Effects of drought stress on physiological characteristics of different maize varieties 

Effects of drought stress on enzyme activity of antioxidant system and malondialdehyde 

content in tassel of different maize varieties 

To investigate the effects of drought stress on the contents of antioxidant enzymes 

and MDA in a different tassel of maize, the following analysis was conducted: as 

shown in Figure 2A, there was no significant difference in SOD content of tassel 

under different drought stress, but SOD had a higher content in tassels. The SOD 

content in the tassels of the weak drought-tolerant variety FD16 can be maintained 

above 800 U·g-1, and the content of strong drought-tolerant variety JQ707 and 

medium drought-tolerant variety ND19 can be maintained above 1000 U·g-1. This 

indicates that SOD plays an important role in the tassel of maize, and its role is to 

decompose excessive O2 · - in the body so as to prevent the subsequent formation of 

hydrogen peroxide and hydroxyl radicals. The change of SOD content can also 

indicate that its secretion level did not change significantly with the degree of drought. 

The enzyme activity of FD16 was the highest under moderate drought stress, which 

was 22.95% higher than that of CK, and its activity returned to the level of CK under 

severe drought stress. Under moderate drought stress, the enzyme activities of JQ707 

and ND19 were 29.38% and 22.80%, which were higher than those of CK, 

respectively, and under severe drought stress, the enzyme activities were also 9.67% 

and 6.66%, which were also higher than those of CK, respectively. Therefore, we can 

see the difference of SOD activity in tassel between drought-tolerant maize and 

drought-resistant maize under drought conditions. 

As shown in Figure 2B and C, the activity change trend of CAT and POD is 

different from SOD. The activities of CAT and POD were significantly affected by 

drought stress. The overall trend of CAT is that the enzyme activity reaches its peak 

under moderate drought stress and decreased under severe drought stress. Under mild 

and moderate drought stress, the most significant change was CAT in JQ707 and 

ND19, the CAT secretion of them was more than twice that CK treatment, and under 

severe drought stress, it was also increased by 38.45% and 35.92%, respectively. 

However, for the weak drought-tolerant variety FD16, the changes in CAT activity in 
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its tassels are not significant. The activity of SOD under mild drought stress was 

36.04% higher than that of CK, while its secretion volume under severe drought stress 

was not significantly different from that of CK. The reason why the content of CAT in 

the tassels changes so significantly was probably due to the excessive formation of 

superoxide free radicals in the tassel cells under drought conditions and the secretion 

of SOD did not change much. Therefore, excessive oxygen free radicals will induce 

the production of H2O2, and the maize tassels will secrete excessive CAT to eliminate 

H2O2. The POD exists in the CAT enzyme body, the secretion of CAT increased and 

POD also increased, and the mode of action of POD was to use hydrogen peroxide as 

the electron acceptor to catalyze the oxidation of the substrate, thereby, removing 

harmful substances produced in plants due to adversity, such as hydrogen peroxide, 

oxidized phenols, and amines. This also indirectly explained the drought tolerance of 

the three maize varieties. 

 

  

  

Figure 2. Effects of drought stress on the activities of antioxidant enzymes (SOD, POD and 

CAT) and MDA content in tassels of different maize varieties. The error column shown in the 

figure is the positive and negative deviation of the standard deviation of antioxidant enzyme 

data of different maize tassels under the same drought treatment. Capital English letters 

represent the significant difference of antioxidant enzyme activity between different drought 

stress treatments under the same maize variety, and small letters represent the significant 

difference of antioxidant enzyme activity data of different maize tassels under the same drought 

stress treatment 

 

 

As shown in Figure 2D, the content of MDA increased significantly with the 

increase of drought. The growth rates of JQ707, ND19, and FD16 were 11.8%, 11.1%, 

and 15.2%, respectively. Under severe drought stress, the MDA content in the tassels of 

the three maize varieties all reached a peak. The MDA content of FD16 increased by 

35.16% compared with CK under severe drought stress, and the secretion of FD16 
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increased significantly compared with JQ707 and ND19. This was because the secretion 

of SOD, CAT, and POD in the tassel of FD16 returned to a low level under severe 

drought stress, unable to decompose too many harmful substances, resulting in a sharp 

increase in MDA content, while the changing trend of JQ707 and ND19 was less 

obvious. Since MDA can be used as a criterion for judging the degree of cell damage, 

the change in its content can show the stress resistance of maize ears, which also proves 

to a certain extent that these two maize varieties, JQ707 and ND19, have strong 

resistance to stress. 

 

Effects of drought stress on the content of osmotic regulating substances in tassel of 

different maize varieties 

In order to explore the effect of drought stress on the osmotic mechanism of different 

maize tassels, the following analysis was conducted: as shown in Figure 3A, the specific 

expression of Pro secretion in a tassel of maize was as follows: the growth rate of Pro in 

tassels of JQ707 and FD16 was higher under mild drought, which increased by 20.8% 

and 17.73% compared with CK, respectively, and slightly lower at moderate levels, 

while the changing trend of ND19 was opposite to the two. Under severe drought stress, 

the secretion rate of Pro in the three maize tassels all decreased, but the secretion of 

JQ707 was still the highest among the three. The reason was probably that the 

regulation mechanism of proline in different maize tassels was different under mild and 

moderate drought. JQ707 and FD16 had higher Pro secretion in the early drought 

period. These maize varieties paid more attention to osmotic pressure regulation in the 

early drought period so that they could pass through the middle drought period 

smoothly, while ND19 paid more attention to the regulation in the middle drought 

period. Under severe drought, ND19 and FD16 increased tassel cell damage and 

decreased Pro secretion, but the Pro secretion of JQ707 did not decrease but increased, 

which proved its strong drought resistance to a certain extent. 

As shown in Figure 3B, under mild and moderate drought stress, the accumulation of 

SP in the tassels of the three varieties increased rapidly, and the secretion growth rate 

reached 60%, 37%, and 32%, respectively, while under severe drought, the secretion 

rate of the three varieties all decreased. Although the SP secretion rate in FD16 tassels 

under severe drought exceeded 20%, the SP content in tassels was only 5.67 mg·g-1, 

which was the same as that of JQ707 under mild drought. This also proved the reason 

for the strong drought resistance of JQ707. 

As shown in Figure 3C, the change of SS content in tassels also increased with the 

increase of drought degree, but there was no significant difference among the 

treatments. Compared with JQ707 and ND19, the secretion rate of SS in tassels of 

FD16 was always low, and its highest content was only 3.35 mg·g-1, which was 

equivalent to the content of JQ707 and ND19 under mild and moderate drought, 

indicating that the secretion ability of SS in maize tassel of FD16 was poor. Under 

mild drought, SS accumulation in male panicles of ND19 was higher, but under 

moderate and severe drought, SS secretion rate in male panicles of ND19 was 

significantly reduced, which indicated that SS regulation ability of ND19 was stronger 

under mild drought. For all treatments, the accumulation of SS in the tassels of JQ707 

was at a higher level. Under severe drought stress, the SS secretion rate in the tassels 

was 3-4 times higher than that of ND19 and FD16, and the SS content in the tassels 

could reach 4.22 mg·g-1. This showed that JQ707 SS had a strong secretion ability and 

good stress resistance. 
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Figure 3. Effect of drought stress on osmotic adjustment substances (Pro, SP and SS) in tassels 

of different maize varieties. The error column shown in the figure is the positive and negative 

deviation of the standard deviation of osmotic adjustment substances data of different maize 

tassels under the same drought treatment. Capital English letters represent the same maize 

variety, and the contents of osmotic adjustment substances in different drought stress treatments 

are significantly different, while small letters represent the same drought stress treatment, and 

the contents of osmotic adjustment substances in different maize tassels are significantly 

different 

Discussion 

In this experiment, the poor performance of weak drought-tolerant varieties was due 

to the poor secretion ability of antioxidant enzymes compared with the other two 

varieties, and during severe drought, the antioxidant system enzymes in the tassels 

cannot be excessively secreted, their secretions return to normal levels, unable to 

eliminate the excessive harmful substances produced in the tassels. Medium drought-

tolerant varieties have higher antioxidant system enzyme activity than weak drought-

tolerant varieties, which can decompose excessive oxygen free radicals and harmful 

substances in the tassels to improve the stress resistance of the tassels. In all treatments, 

the strong drought-tolerant varieties have higher secretion of antioxidant system 

enzymes and strong cell activity, and the tassels have strong stress resistance and 

perform well under drought stress. Previous studies in other plants have also found that 

drought-tolerant plant varieties have a strong antioxidant enzyme system to effectively 

control the content of active oxygen in the body (Hou et al., 2018; Zhang et al., 2018; 

Xu et al., 2014). 

The possible mechanism of the antioxidant system in maize tassels as shown in 

Figure 4A: under drought conditions, maize cells will lose water, then it will produce a 
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large number of reactive oxygen molecules. These oxygen free radicals can cause 

oxidative damage to the cell membrane, induce its lipidation, and produce a large 

amount of malondialdehyde (MDA). A large number of reactive oxygen species and 

MDA could change the fluidity and permeability of cell membranes. Finally, damage 

the structure and function of cells. This excessive damage encourages the endocrine of 

the maize tassel to secrete antioxidant system enzymes (such as SOD, POD, and CAT) 

to eliminate this side effect. For example, SOD eliminates O2·-in the cell, thereby 

generating H2O and O2, which can avoid subsequent oxidation reactions. The POD and 

CAT mainly eliminate the H2O2 molecules in the maize tassel and also produce water 

and O2, reducing the active oxygen content in the tassels to a balanced state, and the 

water and oxygen produced will be used by the tassels, which can compensate to a 

certain extent. In this way, the damage caused by drought can be compensated, and then 

the resistance of tassels can be enhanced. 

Combined with the analysis of the mechanism of osmotic adjustment, the reason for 

the poor performance of weak drought-tolerant varieties under drought conditions is that 

the secretion ability of tassel osmotic adjustment substances is reduced and the overall 

content is less. Compared with the weak drought tolerant varieties, the osmotic 

adjustment ability of the medium drought-tolerant tassel was stronger, and the osmotic 

adjustment substance content in the tassel increased significantly under mild and 

moderate drought, but the secretion rate decreased under severe drought. The reason for 

strong drought-tolerance of tassel of maize may be that: (1) In the early period of 

drought, the internal osmotic adjustment substance accumulation in the tassel is 

sufficient, so the secretion rate in the later period was slow; (2) Due to severe drought, 

the cells lose water and their activity decreases, resulting in a decrease in the secretion 

rate of osmotic substances. 

In this study, the change of osmotic adjustment substance content and the changing 

trend of antioxidant system enzymes are basically the same. This indicates that osmotic 

regulation can protect the enzyme activity that is beneficial to the removal of active 

oxygen under drought conditions, which is basically consistent with the results of 

previous studies (Xu et al., 2014). 

The possible mechanism of osmotic adjustment in maize tassels is shown in 

Figure 4B: under drought conditions, maize cannot normally absorb water from the soil 

and lose water, which leads to the inconsistency of osmotic pressure inside and outside 

the cell and further leads to cell shrinkage and activity reduction. Under this condition, a 

large number of osmotic adjustment substances (such as pro, SS, and SP) will be 

secreted and accumulated inside the tassel, so as to reduce the cell water potential and 

maintain the same osmotic pressure inside and outside the cell. Finally, the tassel can 

grow normally and complete the late pollination. 

Although maize tassels can improve their drought resistance by secreting 

antioxidant enzymes and osmotic adjustment substances, the peroxidation and 

osmotic imbalance caused by drought still have a serious impact on the external 

morphological structure of maize tassels. The results showed that the ability of 

antioxidant system enzyme and osmotic adjustment substance secretion of weak 

drought-tolerance maize tassel was weak, and its stress resistance was poor. 

Therefore, compared with the other two kinds of drought-tolerant maize, the 

development of weak drought tolerant maize tassels is slower, and the length of 

tassels and the number of branches are shortened most significantly. This is similar to 

the previous results (Jia et al., 2019). 
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Figure 4. Schematic diagram of physiological function in maize under drought stress. (A) 

Schematic diagram of the physiological effects of antioxidant system enzymes and 

malondialdehyde in maize ears under drought. (B) Schematic diagram of the physiological 

effects of osmotic adjustment substances in maize ears under drought 

 

 

In conclusion, from the analysis of drought degree, appropriate drought is conducive 

to the normal development of maize tassels, and can promote the secretion of 

antioxidant enzymes and osmotic adjustment substances. However, excessive drought 

or prolonged drought stress are not conducive to the development of tassels, which will 

cause excessive accumulation of harmful substances in maize tassels and irreversible 

damage to maize tassels. From the analysis of drought tolerance of maize varieties, 
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under drought stress, the internal physiological response of maize tassels with strong 

drought tolerance will be more active to resist the harmful substances produced by 

drought stress. The maize varieties with weak drought tolerance not only have weak 

internal physiological response of tassels, but also have a greater impact on the external 

morphological structure. 

Conclusion 

The study found that drought stress would seriously affect the growth and 

physiological characteristics of maize tassels. The results showed that the strong 

drought-tolerant varieties had a strong antioxidant enzyme system and osmotic 

adjustment ability. The changes of antioxidant enzyme activity and osmotic adjustment 

substance content in tassel were consistent, which indicated that osmotic adjustment 

could coordinate the protective enzyme activity to a certain extent. Under severe 

drought conditions, there was a negative correlation between the activity of antioxidant 

enzymes and the content of MDA, which indicated that MDA in tassels would destroy 

the stability of membrane structure and hinder the secretion of antioxidant enzymes. 

Maize tassel is an important reproductive organ of maize. Therefore, this study suggests 

that drought tolerant varieties suitable for local climate should be selected in the process 

of maize planting, and appropriate drought stress can be carried out. In maize breeding, 

we can consider increasing the density of SOD regulatory genes in maize to improve the 

drought resistance of maize. 
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