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Abstract: In order to study the effect of melatonin on photosynthetic characteristics of waxy corn 

seedlings at different salt stresses, Runnuo 73 was used as the test material. The seeds and seedlings 

were treated with exogenous melatonin through pot experiments in soils with different salt content. 

The photosynthetic characteristics, chlorophyll and nitrogen content of seedlings were measured at 

the seedling stage. The results showed that compared with the control group, the net photosynthetic 

rate of waxy corn seedlings at the salt concentration of 0.04%, 0.20%, 0.35% and 0.52%, the 

treatment group increased significantly by 16.19%, 29.12%, 36.45% and 38.92%, respectively. 

Compared with the control group, the transpiration rate of waxy corn seedlings in the treatment 

group was significantly increased at 0.20% salt stress, other treatment conditions were increased but 

not significantly. Compared with the control group, the waxy corn seedlings stomatal conductance 

of treatment group significantly increased at 0.04%, 0.20% and 0.35% salt stress, the high-salt 

treatment conditions were increased but did not reach the significant level. Compared with the 

control group, the intercellular CO2 concentration of waxy corn seedlings in the treatment group 

was significantly reduced at 0.20% and 0.35% salt stress. Compared with the control group, the 

chlorophyll content of waxy corn seedlings in the treatment group was significantly increased at 

0.20% and 0.35% salt stress. Compared with the control group, the nitrogen content of waxy corn 

seedlings in the treatment group was significantly increased by 7.7% and 6.5% at 0.20% and 0.35% 

salt stress, respectively. Indicating that melatonin treatment could increase the chlorophyll and 

nitrogen content, improve photosynthetic characteristics at salt stress and increase the salt tolerance 

of waxy corn seedlings.  

1. Introduction 

Corn (Zea mays L.) is the largest food crop in China, and it is also an important feed and 

economic dual use [1]. Therefore, corn has always occupied a high position in the field of 

agricultural planting in China. How to further increase output is a crucial subject of continuous 

research by scholars. With the destruction of the ecological environment, the area of saline-alkali 

land in China has continued to expand, and soil salinization has become an important factor 

restricting the increase in crop yields. The salt tolerance of corn is relatively poor [2]. High soil 

salinity inhibits the emergence of seedlings, obstruct the normal absorption of nutrients and water 

by the roots of plant seedlings [3], reduce the survival rate, destroy the structure of chlorophyll and 

inhibit its photosynthesis, further seriously reduce the yield of corn [4].  

Adversity stresses such as drought and saline-alkali in the external environment are difficult to 

avoid. In the current research on mitigating plant abiotic stress, various plant growth regulators have 

outstanding advantages such as easy absorption, high efficiency and no pollution [5], which is 

consistent with sustainable development strategy. In recent years, based on the requirements of the 
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development of agriculture, scholars have conducted studies on the photosynthetic and 

physiological characteristics of corn seedlings such as jasmonic acid [4], salicylic acid [6], betaine 

[7] and melatonin [8]. The results showed that such exogenous substances have a positive effect on 

improving crop resistance. 

Melatonin (N-acetyl-5-methoxytryptamine, MT) as an animal hormone was first discovered from 

the pineal gland of animals to regulate many physiological activities [9]. It has been found to exist 

in plants in 1993 [10]. Melatonin has the effects of regulating plant root growth [11], promoting 

photosynthesis, increasing seed germination rate [12] and delaying leaf senescence [13]. As a plant 

growth regulator, an appropriate amount of melatonin could alleviate a variety of adversity stresses 

such as drought [14], high temperature [15], low temperature [16], saline-alkali [17]. And it could 

also play a defensive role in various diseases such as rice stripe disease [18], rice blast [19], apple 

spot brown disease [20], banana wilt [21]. The application of exogenous melatonin significantly 

reduces the incidence of plant diseases and significantly improves the disease resistance of plants. 

Current researches mostly focus on ordinary corn. With the rapid development of waxy corn in 

recent years, the growing area of planting has expanding, which has become a new research hotspot. 

Taking waxy corn that has rarely been studied as an example. Test materials to explore the effects of 

melatonin on photosynthetic characteristics of waxy corn seedlings under different salt stresses, to 

provide theoretical basis and technical support for waxy corn planting on saline soil. This study has 

important ecology for the improvement of saline soil significance. 

2. Materials and Methods 

2.1 Test Materials and Processing 

The test material was the waxy corn variety Runnuo 73, which was provided by Zhongtian 

Runnong Technology Co., Ltd. Select uniform seeds, sterilize them with 1% sodium hypochlorite 

solution for 10 minutes, rinse them with clean water. Then soak them with water (control group) 

and 1 mmolL
-1

 melatonin (treatment group) for 12 hours at 20℃. The seeds of the two treatments 

are sown separately in flowerpots with various saline soil as the substrate, 10 holes are sown evenly 

in each pot. Repeat 3 times. The experiment set up 5 increasing salt concentrations of 0.04%, 0.20%, 

0.35%, 0.52% and 0.68%, adjusted with 0, 40, 80, 120 and 160 mmolL
-1

 NaCl solution [22]. 

2.2 Item Measurement and Method  

Chlorophyll content (SPAD value) and nitrogen content (mg/g) were measured with a plant 

nutrition analyzer (TYS-3N); CI-340 ultra-light portable photosynthesis analyzer (CID, USA) 

(CI-340 Hand-Held Photosynthesis System) (USA CID, Inc.)) In the morning when the light is 

good, from 11: 00 to 12: 00, the middle part of the fully expanded leaf of the corn seedling was 

selected to determine the net photosynthetic rate, transpiration rate, stomatal conductance and 

intercellular CO2 concentration.  

2.3 Methods Data Statistics and Analysis 

The DPS7.05 software system Duncan's new multiple range method was used for multiple 

comparative analysis (P<0.05), and Excel 2016 was used for data sorting and plotting. 

3. Results and Analysis 

3.1 The Effect of Melatonin on the Net Photosynthetic Rate and Transpiration Rate of Waxy 

Corn Seedlings under Different Salt Stresses 

As shown in figure 1, control group and treatment group were significantly decreased by 69.15% 

and 72.94% with the increase of soil salt concentration from 0.04% to 0.68%, respectively. 

Indicating that salt stress could significantly inhibit the net photosynthetic rate of waxy corn 

seedlings. In addition, compared with the control group, the net photosynthetic rate of waxy corn 

seedlings at the salt concentration of 0.04%, 0.20%, 0.35% and 0.52%, the treatment group 
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increased significantly by 16.19%, 29.12%, 36.45% and 38.92%, respectively. Indicating that the 

waxy corn seedlings treated with melatonin could enhance its salt tolerance. At the high-salt 

treatment conditions the net photosynthetic rate of waxy corn seedlings was increased but did not 

reach the significant level. 

It can be seen from figure 2 that with the increase of salt concentration, the transpiration rate of 

waxy corn seedlings gradually decreased. Compared with the control group, the transpiration rate of 

waxy corn seedlings was higher in the treatment group. Compared with the control group, the 

transpiration rate of waxy corn seedlings in the treatment group was significantly increased by 

13.33% at 0.20% salt stress, other treatment conditions were increased but not significantly.  

 

Fig 1. Effect of exogenous melatonin(MT) on net photosynthetic rate of waxy corn seedlings under 

different salt concentrations 

Different lower-case letters above the bar mean significant difference at the 0.05 probability leve1, 

the same below 

 

Fig 2. Effect of exogenous melatonin(MT) on transpiration rate of waxy corn seedlings under 

different salt concentrations 

3.2 Effects of Melatonin on Stomatal Conductance and Intercellular CO2 Concentration of 

Waxy Corn Seedlings under Different Salt Stresses 

 

Fig 3. Effect of exogenous melatonin(MT) on stomatal conductance of waxy corn seedlings under 

different salt concentrations 
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Fig 4. Effects of exogenous melatonin(MT) on the intercellular CO2 concentration of waxy corn 

seedlings under different salt concentrations 

According to figure 3, it can be seen that the stomata conductance of waxy corn seedlings in the 

treatment group is higher than that of the control group at each salt concentration. The stomatal 

conductance of the control group waxy corn seedlings decreased with the increase of salt stress, 

while the stomatal conductance of the treatment group waxy corn seedlings increased first and then 

decreased. Compared with the control group, the stomatal conductance of waxy corn seedlings in 

the treatment group reached the highest at 0.20% salt stress, which was significantly increased by 

17.94%. Compared with the control group, the stomatal conductance of waxy corn seedlings 

treatment group was significantly increased by 13.52% at 0.35% salt stress. The stomatal 

conductance of waxy corn seedlings was increased at 0.52% and 0.68% salt stress, but did not reach 

a significant level. 

The intercellular CO2 concentration is opposite to the stomatal conductance. As shown in figure 

4, as the salt stress increased from 0.040% to 0.68%, the intercellular CO2 concentration of waxy 

corn seedlings increased significantly by 53.93%. At the same soil salt stress, the intercellular CO2 

concentration of the treatment group was lower than that of the control group. Compared with the 

control group, the intercellular CO2 concentration of waxy corn seedlings treatment group was 

significantly reduced by 4.20% and 8.09% at 0.20% and 0.35% salt stress. 

3.3 Effects of Melatonin on SPAD Value and Nitrogen Content of Waxy Corn Seedlings under 

Different Salt Stress 

It can be seen from figure 5 that with the increase of soil salt concentration in the treatment 

group, the SPAD value first increased and then decreased. Compared with the control group, the 

SPAD value of waxy corn seedlings in the treatment group at 0.20% and 0.35% the salt stress 

significantly increased by 11.73% and 12.88%, respectively. The SPAD value decreased at 0.52% 

and 0.68% salt stress, but it still increased by 1.57% and 4.61%, respectively, compared with the 

salt stress at 0.04%. 

Figure 6 is similar to figure 5. The nitrogen content of waxy corn seedlings in the treatment 

group increased first and then decreased with the increase in soil salt concentration. Compared with 

the control group, the nitrogen content of waxy corn seedlings in the treatment group was 

significantly increased by 7.7% and 6.5% at 0.20% and 0.35% salt stress, respectively. The nitrogen 

content of waxy corn seedlings in the control group and the treatment group was the same at 0.52% 

salt stress. The above results indicate that melatonin treatment could increase the chlorophyll and 

nitrogen content, improve photosynthetic characteristics at salt stress and increase the salt tolerance 

of waxy corn seedlings. 
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Fig 5. Effect of exogenous melatonin(MT) on SPAD value of waxy corn seedlings under different 

salt concentrations 

 

Fig 6. Effect of exogenous melatonin(MT) on nitrogen content of waxy corn seedlings under 

different salt concentrations 

4. Discussion and Conclusion 

It is inevitable that crops will encounter various environmental stresses during the growth 

process [23]. In order to ensure the yield of crops, it is the most effective method to select and breed 

superior varieties with strong resistance, but the breeding is difficult, and the long breeding cycle is 

also a problem in the research process. Therefore, the application of exogenous substances to 

alleviate the inhibition of crop growth due to environmental stress is currently a better way that can 

be immediately used for production and meets the sustainable development of agriculture which has 

a good development prospect. 

The photosynthesis of crop seedlings is an important factor that affects its own growth and 

development. It is greatly affected by adversity stress, and has a significant impact on yield. Gas 

exchange and CO2 fixation are two important reaction processes in photosynthesis. At salt stress, 

the photosynthetic rate, transpiration rate, and stomatal conductance of corn all decreased, 

destroying the osmotic balance of plant leaves and inhibiting photosynthesis [4]. The results of this 

study indicate that the net photosynthetic rate, transpiration rate and stoma conductance of waxy 

corn seedlings gradually decrease at five different salt stress, while waxy corn treated with 

melatonin had improve the above three indicators at the same salt concentration. The improvement 

effect of exogenous melatonin on corn seedlings at 0.20% and 0.35% salt stress was significantly, it 

reduces the damage of light and mechanism, and relieves salt stress. It is similar to the research 

results of Li Wenyang [24], Wang Mingquan [25]. Besides, the latter also compared different 

resistant and susceptible corn varieties. Salt stress will damage the photosynthetic system, and the 

structure of the photosynthetic system of the strong salt-tolerant inbred line is relatively more stable. 

Han Zhiping also obtained the conclusion that photosynthetic rate, transpiration rate and stomatal 
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conductance all showed a downward trend under salt stress in experiments on watermelon seedlings 

[26]. Contrary to the first three indicators, the intercellular CO2 concentration increases with the 

increase of salt stress. The waxy corn treated with melatonin lower than the control group, which 

also corresponds to a positive response to salt stress. The SPAD value and nitrogen content in waxy 

corn seedlings increased first and then decreased after the application of exogenous melatonin. The 

improvement is significant when the soil salt concentration is 0.20% and 0.35%, the increase was 

not significant under high-salt treatment in the later stage, it may because of the salt that the 

concentration has exceeded the adaptability of waxy corn seedlings. In summary, this study shows 

that salt stress will directly affect the normal photosynthesis and growth of crops. Seed soaking with 

exogenous melatonin can effectively alleviate the damage to waxy corn photosynthesis and normal 

growth caused by excessive salt concentration, thereby improving its growth and salt tolerance. 
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