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Abstract: Soil salinization is a global problem and an important factor affecting agricultural 
production and ecological environment. The salinized land area accounts for about 65.8% of the 
total land area in Tianjin. The maize variety "Jinnuo 72" was used as material, and pot culture 
method was adopted to explore the effects of trehalose on physiological characteristics of waxy 
maize under 0.04%, 0.20%, 0.35%, 0.53% and 0.68% soil salt content. The results showed that the 
treatment group compared with control group SOD activity significantly increased by 4.81%, 
5.83%, 7.03% and 10.28% at 0.04%, 0.20%, 0.35% and 0.52% salt concentration, respectively. 
POD activity in treatment group compared with control group was significantly increased by 
30.86% at 0.35% salt concentration. Under five different salt concentration, CAT activity 
significantly increased by 6.11%, 5.81%, 7.22%, 13.98% and 14.70%, respectively. MDA content 
in treatment group was significantly decreased compared with control group by 55.40%, 67.39%, 
51.31% and 29.67% at 0.20%, 0.35%, 0.52% and 0.68% salt, respectively. The soluble sugar 
treatment group significantly increased compared with the control group at five salt concentration. 
The proline and soluble protein significantly increased compared with the control group at 0.20%, 
0.35% and 0.52% salt concentration. Results showed that trehalose could increase the activity of 
antioxidant enzymes, effectively reduce the peroxidation of lipid membrane and regulate the 
content of osmotic substances in waxy maize seedlings, so as to improve the salt resistance of waxy 
maize seedlings. 

1. Introduction 

Soil salinization, as an abiotic stress, is one of the important factors affecting agricultural 
production and ecological environment and has become a global problem. According to the data, 
salinized land occupies more than 3 600×104 million hm2, and its occupied area shows a trend of 
continuous expansion [1]. Salinization land area accounts for about 65.8% of the total land area in 
Tianjin [2]. Long-term accumulation of salt in soil will cause salt damage to crops, which could be 
divided into primary salt damage and secondary salt damage according to different ways of salt ion 
action [3]. Soil salinization is an important factor affecting crop production, which restricts the 
development of China agricultural level to a certain extent. It is of great historical significance to 
study and breed salt-tolerant crop varieties. 

Waxy maize is a subspecies of Maize genus, also known as waxy maize because of its dull and 
waxy grain appearance [4]. It is sticky, waxy, fragrant, fine and soft, rich in starch, water-soluble 
polysaccharide and a variety of vitamins, rich in nutrients, and higher in protein, lysine and 
tryptophan compared with ordinary maize [5]. The salt tolerance of maize is at medium level and it 
is very sensitive to salt concentration. When salt concentration exceeds 0.0017mol/L NaCl, 
physiological metabolism of maize is inhibited, crop yield is affected, and plant death is seriously 
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caused [6-9]. Under the condition of high salt concentration, plants regulate high salt stress by 
means of salt expelling, dilute salt and salt rejection and maintain their own growth and 
development [10]. It has important nutritional and commercial value to study the salt-tolerant 
mechanism of waxy maize and to select high yield and good quality crop varieties. 

Trehalose, as a non-reducing disaccharide molecule widely existing in plants, plays an important 
role in effectively maintaining osmotic pressure, protective membrane structure and cleaning 
reactive oxygen species in plants under abiotic stress such as drought, salt stress and temperature 
[11-13]. Trehalose accumulation could protect crops in response to salt stress. Exogenous trehalose 
could effectively improve the antioxidant enzyme activity of melon seedlings under salt stress [14], 
significantly improve the photosynthesis of tomato leaves [15], promote the accumulation of 
effective components in licorice seedlings and alleviate the damage of salt injury to licorice [16]. 
There have been previous studies on maize, but there are few reports on the mechanism of 
exogenous trehalose to alleviate salt stress on waxy maize. This paper studied the changes of 
physiological characteristics of waxy maize seedlings under salt stress by applying trehalose 
exogenously to the maize variety "Jinnuo 72", and provided theoretical and technical basis for the 
rational cultivation of waxy maize. 

2. Materials and Methods 

2.1 Experimental Materials 
The variety of maize is Jinnuo 72, provided by Tianjin Zhongtian Runnong Technology Co., Ltd. 

2.2 Experimental Method  
The maize seeds with 1% sodium hypochlorite disinfection for 10min, distilled water rinse clean. 

The seeds of control group and treatment group were soaked with distilled water and 1mmol·L-1 
trehalose for 12h, respectively. Seeds of the two treatments were sown in different pots with salt 
content in soil as substrate, and 10 holes were sown evenly in each pot. Soil concentrations with 
different salt contents were 0.04%, 0.20%, 0.35%, 0.53% and 0.68%, respectively, which were 
adjusted with 0, 40, 80, 120 and 160mmol·L-1 NaCl solutions, respectively. Each treatment was 
repeated three times. The activities of SOD, POD and CAT, the contents of MDA, proline, soluble 
sugar and soluble protein in the leaves were determined when the seedlings grew to 10cm. 

2.3 Determine items and Measurement Methods 
The activity of superoxide dismutase (SOD) was determined by hydroxylamine method. The 

activity of peroxidase (POD) was determined by guaiacol method. Catalase (CAT) activity was 
determined by visible light method. The content of malondialdehyde (MDA) was determined by 
TBA method. Soluble protein content was determined by Coomassie bright blue G-250 staining 
method. The content of soluble sugar was determined by anthrone colorimetry. The content of 
proline was determined by colorimetric method. (Kit: Nanjing Jiancheng Reagent Company). 

2.4 Data Processing 
Data processing and draw graphs were performed by using Excel 2013, and data statistical 

analysis was used by SPSS 18 software. 

3. Results and Analysis 

3.1 Effects of Trehalose on Activities of SOD, POD and CAT in Waxy Maize Seedlings under 
Different Salt Stress 

SOD, POD and CAT could reflect the physiological and metabolic status in plants as well as the 
regulation and adaptability to the external environment. As can be seen from below figures, the 
activities of SOD, POD and CAT in the control group gradually decreased with the increase of salt 
content concentration. As can be seen from Fig 1, SOD activity in the treatment group was 

2021 International Conference on Society Science (ICoSS2021)

211



significantly increased by 4.81%, 5.83%, 7.03% and 10.28% compared with the control group when 
salt content was 0.04%, 0.20%, 0.35% and 0.52%, respectively. When the salt content was 0.68%, 
compared with the control group, there was an increasing trend with an increase of 1.62%, but it 
was not significantly. As can be seen from Fig 2 and Fig 3, POD and CAT activities in the 
treatment group were increased compared with the control group under five different salt 
concentration conditions. POD activities increased by 9.04%, 14.27%, 30.86%, 16.46% and 
18.98%, respectively. When salt content was 0.35%, Compared with the control group, the POD 
activity of treatment group showed the largest increasing trend. CAT activity significantly increased 
by 6.11%, 5.81%, 7.22%, 13.98% and 14.70%, respectively. It could be seen that under different 
salt concentration conditions, the activities of SOD, POD and CAT in the treatment group all 
increased, indicating that trehalose could improve the activity of antioxidant enzymes, which is 
beneficial to the physiological metabolic response of waxy maize and improve salt tolerance. 
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Fig 1. SOD activity in maize leaves under different NaCl concentrations 

Different lower-case letters above the bar mean significant difference at the 0.05 probability leve1, 
the same below. 
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Fig 2. POD activity in maize leaves under different NaCl concentrations 

2021 International Conference on Society Science (ICoSS2021)

212



b
c

e

g

i

a

b

d

f

h

0.04 0.20 0.35 0.52 0.68
0.00

0.50

1.00

1.50

2.00

2.50

3.00
ck trehalose treatment

soil salt content (%)

C
A

T 
ac

tiv
ity

 (U
/m

gp
ro

t)

 
Fig 3. CAT activity in maize leaves under different NaCl concentrations 

3.2 Effects of Trehalose on MDA Content in Waxy Maize Seedlings under Different Salt 
Stress 

As can be seen from Fig. 4, the MDA content of waxy maize seedlings in the treatment group 
and the control group increased significantly with the increase of salt content. When the salt content 
was 0.20%, 0.35%, 0.52% and 0.68%, the MDA content in the treatment group was significantly 
lower than that in the control group. The content of MDA decreased by 55.40%, 67.39%, 51.31% 
and 29.67%, respectively. Under the concentration condition of salt content of 0.35%, MDA content 
decreased most significantly. Results showed that the content of MDA in waxy maize seedlings was 
reduced by exogenous trehalose, which prevent lipid membrane peroxidation and reduce salt stress 
damage. 

d e f
c d e c d

b

a

e f f f

c

b

0.04 0.20 0.35 0.52 0.68
0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

ck trehalose treatment

soil salt content (%)

M
D

A
 c

on
te

nt
 (n

m
ol

/m
gp

ro
t)

 
Fig 4. MDA content in maize leaves under different NaCl concentrations 

3.3 Effects of Trehalose on Contents of Proline, Soluble Sugar and Soluble Protein in Waxy 
Maize Seedlings under Different Salt Stress 

As shown in the below figures, compared with the control group, the contents of soluble sugar in 
the treatment group significantly increased under different salt stress conditions, the contents of 
proline and soluble protein in the treatment group significantly increased under 0.20%, 0.35%, 
0.52% salt stress conditions. In the low salt concentration condition of 0.04%, the proline content 
was decreased by 5.12% compared with the control group, but not significantly (Fig.5). Compared 
with the control group, the content of soluble sugar in the treatment group was significantly 
increased by 10.12%, 9.16%, 16.58%, 6.88% and 11.65%, respectively, under different salt 
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concentrations (Fig.6). Compared with the control group, the soluble protein content in treatment 
group was significantly increased by 22.69%, 36.83% and 26.19% at salt concentrations of 0.20%, 
0.35% and 0.52, respectively. The soluble protein in the treatment group was increased compared 
with the control group under 0.04% and 0.68% salt content, but it was not significantly (Fig.7). 
Results showed that exogenous trehalose could improve the salt resistance of waxy maize from 
plant osmotic regulation. 
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Fig 5. Proline content in maize leaves under different NaCl concentrations 
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Fig 6. Soluble sugar content in maize leaves under different NaCl concentrations 
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Fig 7. Soluble protein content in maize leaves under different NaCl concentrations 
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4. Discussion and Conclusions 

Studies on the direct damage of plant cell membrane caused by salt stress have proved that the 
change of membrane physical state of lipid membrane is the reason for the initial response of plants 
to osmotic stress [17]. In order to prevent injury of reactive oxygen species (ROS) to cell 
membrane, SOD, POD and CAT are involved in the scavenging of ROS in plants to maintain a low 
level of ROS in plants and inhibit its accumulation in plants [18]. In this study, the activities of 
SOD, POD and CAT in the control group of waxy maize seedlings decreased with the increase of 
soil salt content. Exogenous trehalose was applied to effectively improve the scavenging capacity of 
reactive oxygen species in the plant, significantly alleviate the inhibition effect of salt stress on the 
activities of these three enzymes, and the activities of SOD, POD and CAT were maintained at a 
high level. 

MDA content is an important index to measure the degree of membrane lipid damage, and the 
higher the content, the greater the damage to the membrane [19, 20]. Many studies have shown that 
under salt stress, exogenous application of appropriate concentration of trehalose can significantly 
reduce MDA content in rice [21] and wheat [22] seedling, which is consistent with the trend of this 
study. Salt stress results in the waxy maize seedling MDA content, membrane relative permeability 
increases and the biological membrane damage. Applying appropriate concentration of trehalose 
could effectively reduce the cytoplasmic membrane permeability and inhibit the accumulation of 
MDA. It may be due to the strong dewatering effect of trehalose [23], could protect the integrity of 
the biofilm structure under salt stress, so as to alleviate the damage of ROS to membrane lipids. 

Proline, soluble sugar and soluble protein as osmotic regulation substances increased 
significantly under salt stress. Showed that waxy maize seedling damage to the cell membrane 
system under salt stress, cell by increasing the content of osmoregulation substance to maintain low 
osmotic potential, to prevent the loss of too much water in the cells, the results are consistent with 
the research results of Wang Peng et al. [24]. The accumulation of osmotic regulatory substances is 
conducive to improving the water-holding and water-absorbing capacity of cells [25]. Exogenous 
trehalose enhances the salt resistance of plants, alleviating the physiological development inhibition 
of plants subjected to salt injury [26]. 

In conclusion, under different salt concentration conditions, exogenous trehalose treatment of 
waxy maize seedling, SOD, POD and CAT as antioxidant enzymes, the activities of these enzymes 
significantly increased, and MDA content decreased. The contents of proline, soluble sugar and 
soluble protease as osmotic regulatory substances were increased. All of them effectively alleviated 
the damage caused by salt stress on waxy maize seedlings, improved the physiological metabolic 
response of plants, protected the stability and safety of biofilm system, maintained the osmotic 
potential of leaves, and provided favourable external environmental conditions for the growth of 
waxy maize. 

Acknowledgements 

Tianjin Agricultural Scientific and technological Achievement transformation Project 
(202101090), National Green fertilizer industry technology system project (CARS-22). 

References 

[1] Yang Jinsong. (2008) The Development Process and Prospect of Saline Soil Research in 
China[J]. Acta Pedologica Sinica, (05):837-845. (in Chinese) 

[2] Wang Hongying. (2014) Soil Salinization and Its Effect on the Distribution of Soil Carbonate 
and Organic Carbon in Tianjin[D]. Tianjin Normal University. (in Chinese) 

[3] Chen Yongkuai, Wang Tao, Liao Shuilan, Huang Yuyan, Kang Yuxin. (2019) Effects of Stress 
and Growth Regulators on Crop Stress Resistance[J]. Jiangsu Agricultural Sciences, 47(23):68-72. 
(in Chinese) 

2021 International Conference on Society Science (ICoSS2021)

215



[4] Liu Shuanglu, Sun Yizhen, Hao Shuishui, Su Zhifang, Wang Haiwei, Cui Chao. (2021) 
Breeding of a New Waxy Maize Variety Henuo 101[J]. China Vegetables, (03):102-105. (in 
Chinese) 

[5] Na Ya, Tao Ya, Qu Hui, Ge Gentu, Sun Qizhong, Wang Jiating. (2020) Waxy and the Maize 
Storage Effect Research[J]. China's feed, (05):75-78. (in Chinese) 

[6] Sun Xianling, Xu Yuanchao, Li,Mu Chunhua, Liu Xia. (2016) Regulation Mechanism Research 
Progress of Maize Resistant to Salt Stress[J]. Journal of Shandong Agricultural Science, 
13(11):157-163. (in Chinese) 

[7] Dong Shuting, Zhang Jiwang. (2008) Establishment of Modern Maize Industrial Technology 
System and Speed up the Development of Maize Production[J]. Journal of Maize Science, (04):18-
20+25. (in Chinese) 

[8] Zhang Yongfeng, Yin Bo. (2008) Research Progress on Salt Tolerance of Maize[J]. Journal of 
Maize Science, 16(06):83-85. (in Chinese) 

[9] Nie Lili, Zhang Yue, Liu Zhongqi. (2008) Plant Physiology and Physiology[J]. Tianjin 
Agricultural Sciences, (01):6-9. (in Chinese) 

[10] Parrott W. A., Hoffman L. M., Hildebrand D. F., Williams E. G., Collins G. B.. (1989) 
Recovery of Primary Transformants of Soybean[J]. Plant Cell Reports, 7(08):615-617. 

[11] Chen Suli, Peng Yu, Zhou Hua, Yu Bo, Dong Yanjun, Teng Sheng. (2014) Plants Trehalose 
Metabolism and Trehalose-6-phosphate Signal Research Progress[J]. Journal of Plant Physiology, 
50(03):233-242. (in Chinese) 

[12] Ye Yuxiu, Lu Dalei, Wang Feibing, Chen Xinhong, Qi Mingyang, He Run, Lu Weiping. 
(2020) Effects of Exogenous Trehalose on Physiological Characteristics of Waxy Maize Seedlings 
under Drought Stress[J]. Journal of Maize Science, 28(03):80-86. (in Chinese) 

[13] Wang Wenjing, Zhang Yue, Yu Mingfang, Wang Pengtao. (2020) Trehalose Adjust the 
Research Progress of Plant Response to Abiotic Stress[J]. Journal of Molecular Plant Breeding, 
17(10):3433-3440. (in Chinese) 

[14] Zhang Jincheng. (2019) Melon Kind of Calcineurin B Subunit Protein CmCBL1 and CmCBL3 
Functions in Plant Salt Stress Analysis[D]. Shanghai Jiaotong University. (in Chinese) 

[15] Li Hui, Li Defang, Deng Yong, Pan Gen, Chen Anguo, Zhao Lining, Tang Huijuan. (2020) 
Molecular Cloning and Expression Analysis of hcTPPJ Gene, a Key Enzyme in the Biosynthesis of 
Trehalose in Kenaf[J]. Journal of Crops, 46(12):1914-1922. (in Chinese) 

[16] Liu Fuzhi, Wang Ning. (2020) Effects of Exogenous Trehalose on Growth and Total 
Flavonoids Content of Glycyrrhiza Sinensis Seedlings under NaCl Stress[J]. Chinese Traditional 
and Herbal Medicine, 51(24):6345-6353. (in Chinese) 

[17] Weihong Liu, David J. Fairbairn, Rob J. Reid, Daniel P. Schachtman. (2001) Characterization 
of Two HKT1 Homologues from Eucalyptus Camaldulensis That Display Intrinsic Osmosensing 
Capability[J]. Journal of Plant Physiology, (127): 283-294. (in Chinese) 

[18] Zhang Mengru, Yang Yumei, Cheng Yunxiu, Zhou Tao, Duan Xiaoyan. (2014) Plant and its 
Effects and Harm of Reactive Oxygen Species[J]. Journal of Northwest Plants, (09):1916-1926. (in 
Chinese) 

[19] Wang Yong, Qian Jingping, Chai Shu, Zhang Ran. (2019) Effects of Cadmium Stress on 
Growth and Physiological Metabolism of Early Maturing Grasses in Grassland[J]. Journal of 
Nuclear Agricultural Sciences, 33(01):176-186. (in Chinese) 

[20] Wang Zhaichao, Kong Leilei, Li Meijuan, Tang Xiangru, Du Yaodong, Wang Hua. (2015) 
Tillering Stage Control Water Treatment Effect on Yield and Physiological Characteristics of Super 

2021 International Conference on Society Science (ICoSS2021)

216

http://www.baidu.com/link?url=NmZtTKMNV7gmBbEn1PGNx_vbxWGq57z_WqiM9u83NSYb-vt1aOVbE9g-zDPo__VHFWXV0WB9zm1jVtQ8GsrnZShv8eE6zVpF_B2WrKuTzIUK4A5B7iTHBorCxeMnVrtiiEfXc2ddJL2EIw2bkVsKw2gNC6m3TgVcBRHKd3Y_Hku-8tuT0b3q6cmnL8anZpBD
http://www.baidu.com/link?url=Vu-PIuUV6ollJKUNf6rDKHW0fAAqipWnguyf9_lYQ0eJ2TSLt3DwfPqoYSaA8nwISbe1EkwyBFePzs4jMiICDcZ-27_2faJi46KYre9y7jWSP9zPMp26PljxePX6A8l1Bue46osSWY98dMeR2pf316x8bNi0vv50t-OVLUd0Dbc7k1LUS9qN7ICbZbn-y0GQ
http://www.baidu.com/link?url=WuoubC3xsaXlTMti0Iu9TbsY8yrS3zONOgW1z2zHKkovtpZeGv3avbkYnpg9MWYcgVbAO9xSU6QVKt-M-KgBgYIi7z2Z-DmUAkEABAsvnaKI44GhjgwspDvLjlY9Mp4G1T-WduRXImMHMQZs85FVR-Q5xjMOJVy3SeBlM1Tk0xNNpKbaN2ZW21ERorJ7EUgMTMnGHmA5XnuDCjN8l-66KK


Rice[J]. North China Agriculture, 30(05):146-152. (in Chinese) 

[21] Goddijn OJM., Verwoerd T. C., Voogd E., Krutwagen RWHH., de Graff PTHM., Poels J., van 
Dun K., Ponstein A. S., Damm B., Pen J.. (1997) Inhibition of Trehalose Activity Enhances 
Trehalose Accumulation in Transgenic Plants[J]. Plant Physiology, 113(01): 181-190. 

[22] Garcia A. B., Engler JdA., Iyer S., Gerats T., Van Montagu M., Caplan A. B.. (1997) Effects of 
Osmoprotectants upon NaCl Stress in Rice[J]. Plant Physiology, 115(01):159-169. 

[23] Sun Hanqing, Tao Hongxia, Song Xuena, Guo Yanping, Zhao Zhengyang. (2019) Effects of 
Drought Induced Trehalose and Abscisic Acid on Apple Quality[J]. Acta Agriculturae Boreali-
occidentalis Sinica, 28(02):204-212. (in Chinese) 

[24] Wang Peng, Wang Tiebing, Wang Rui, Yan Rui, Shi Zhen, Chang Qiaoling, Wang Fang. 
(2021) Effects of Exogenous 5-aminolevulinic Acid on Physiological Characteristics and 
Antioxidant Enzyme Expression of Maize Seedlings under Drought Stress[J]. Agricultural Research 
in the Arid Areas, 39(01):75-81. (in Chinese) 

[25] Peng Lixin, Li Dequan, Shu Huairui. (2002) Plant Osmotic Regulation under Osmotic 
Stress[J]. Tianjin Agricultural Sciences, (01):40-43. (in Chinese) 

[26] Xie Hong, Yang Lan, Li Zhongguang. (2011) Proline in Plants to Abiotic Stress the Role of 
Patience Formation[J]. Journal of Biotechnology, (02):23-27+60. (in Chinese) 

 

2021 International Conference on Society Science (ICoSS2021)

217




