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Abstract: The effects of different dilution ratios of Highly Active Humic Acid liquid on germination of tomato 

seeds under NaCl stress were studied by using “Jinpeng No.8” as the experimental material. The results showed 

that the NaCl stress had inhibitory effect on tomato seeds germination. Under the 150mmol/L NaCl stress, the 

appropriate concentration of Highly Active Humic Acid liquid could relieve NaCl stress to increase the germination 

energy, germination percentage, germination index, vigor index, radicle length and hypocotyl length of tomato 

seeds and decrease the content of malondialdehyde (MDA) in radicle. The optimal effects were observed when the 

Highly Active Humic Acid liquid was diluted 700 times. 
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Currently, research reports about the mitigation of salt 

(NaCl) stress in tomato seeds are abundant, and they 

propose multiple methods to mitigate the inhibitory 

effect of NaCl stress, including the inoculation of 

halotolerant bacteria, seed priming with gibberellin, 

seed priming with Ca2+, 5-aminolevulinic acid 

pretreatment, pretreatment with different types of 

exogenous polyamines, etc.[1-8] Humic acid, which 

consists of diverse functional groups, exhibits favorable 

physical and biological activity. It can significantly 

improve soil quality, stimulate crop growth and 

development, and enhance crop resistance to stress[9], 

thereby representing a promising direction for the 

development of novel fertilizers in the 21st century. 

The salt tolerance of seeds during the germination stage 

can be reflected from different perspectives by 

indicators such as germination energy, germination 

percentage, germination index and vigor index[5]. 

Malondialdehyde (MDA) is a product of membrane 

lipid peroxidation in the membrane system of plants 

under stressful conditions and serves as an indicator to 

measure the stress resistance of seeds under stress. 

 

This experiment investigated the effects of Highly 

Active Humic Acid liquid pretreatment on 

different germination indicators of tomato seeds 

under NaCl stress. The findings aimed to offer 

insights into the application of Highly Active 

Humic Acid liquid for enhancing seed 

germination and mitigating NaCl stress. 

1. Material and Method 

1.1 Experimental Material 

The experimental material was tomatoes 

(Lycopersicon esculentum Mill.), specifically the 

variety of “Jinpeng No.8”. 

The treatment liquid was Highly Active Humic 

Acid liquid (containing about 21.6g/L total humic 

acid), which was sourced from Xinyi Sumeng 

Fertilizer Co., Ltd. in Jiangsu Province. 

1.2 Experimental Method 

1.2.1 Germination experiment of tomato seeds 

under NaCl stress 

Full and intact tomato seeds of relatively uniform 

size were chosen, sterilized with a 0.2% potassium 

permanganate solution for about 25min, and 

pretreated with distilled water for 6h. In a culture 
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dish lined with double layers of filter paper, 50 

seeds were placed on each layer, added separately 

with 10mL NaCl solution with concentrations of 

50, 150, and 250mmol/L[10], and the distilled 

water served as the control (CK). After the filter 

paper fully absorbed the liquids, the culture dish 

was covered to prevent water evaporation. The 

same process was replicated three times for each 

treatment. The culture dish was then placed in a 

27±1°C thermostatic incubator for germination. 

The germinated tomato seeds were counted from 

Day 2, and the germination standard was defined 

as radicles of tomato seeds breaking the seed coats. 

This process was recorded for 7 consecutive days. 

1.2.2 Germination experiment of tomato seeds 

treated with Highly Active Humic Acid liquid 

under NaCl stress 

The tomato seeds underwent pretreatment with 

Highly Active Humic Acid liquid diluted 500, 600, 

700, 800 and 900 times for 6h, and the distilled 

water served as the control treatment (CK). The 

same process was replicated three times for each 

treatment. Subsequently, 10mL NaCl solution 

with a concentration of 150mmol/L (which had 

been found in a previous experiment to have 

inhibitory effect on tomato seeds, but an excessive 

concentration would be of little guiding 

importance to the experiment) was added in each 

treatment. The germination experiment of tomato 

seeds was conducted using the experimental 

method as instructed in 1.2.1. 

1.3 Measurement Indicators and Method 

Germination Energy (GE) = (number of 

germinated seeds within 4 days/total number of 

experimental seeds) × 100%; 

Germination Percentage (GP) = (number of 

germinated seeds within 7 days/total number of 

experimental seeds) × 100%; 

Germination Index (GI) =∑Gt/Dt (Gt represents 

the number of germinated seeds, and Dt represents 

the number of days when the seeds are 

germinated); 

Vigor Index (VI) = S×GI (S represents the fresh 

weight of seedlings on Day 7 of germination, and 

GI represents germination index). 

Fifteen seedlings were chosen at random from 

each treatment. A ruler was used to measure 

radicle length and hypocotyl length, and a vernier 

caliper was used to measure radicle thickness. The 

thiobarbituric acid method[11] was used to 

determine the MDA content in the radicle, 

measured in μmol/(g·FW). 

1.4 Data Analysis and Statistics 

Excel 2013 and SAS software were used for 

statistics and analysis of the experimental data. 

2. Result Analysis 

2.1 Effects of NaCl Stress on the Germination 

of Tomato Seeds 

The effects of NaCl stress on the germination of 

tomato seeds are shown in Table 1. 

As shown in the table, different concentrations of 

NaCl treatment had different effects on the 

germination of tomato seeds. As the concentration 

of NaCl solution increased, the germination 

energy, germination percentage, germination 

index and vigor index of tomato seeds decreased. 

Specifically, high concentrations (150 and 

250mmol/L) of NaCl stress had significant 

inhibitory effects on the germination energy, 

germination percentage, germination index and 

vigor index of tomato seeds, which was basically 

consistent with the previous research results on 

cucumber [8], wheat [12，13], corn[14] and other crops. 
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Table 1 Effects of NaCl Stress on the Germination of Tomato Seeds 

NaCl Concentration 

(mmol/L) 

Germination 

Percentage (％) 

Germination 

Energy (％) 

Germination 

Index 

Vigor Index 

CK 

50 

93.95a 

90.85a 

96.22a 

93.03a 

20.89a 

16.86b 

0.77a 

0.71a 

150 62.55b 74.40b 10.15b 0.43b 

250 49.17c 55.46c 7.56c 0.35b 

Note: Different lowercase letters in the same column of data indicate significant difference (P<0.05), 

the same below. 

2.2 Effects of Different Dilution Ratios of 

Highly Active Humic Acid liquid on the 

Germination Characteristics of Tomato Seeds 

under NaCl Stress 

The effects of different dilution ratios of Highly 

Active Humic Acid liquid on the germination of 

tomato seeds under 150mmol/L NaCl stress are 

shown in Table 2. 

As shown in the table, except for the 

pretreatment with Highly Active Humic Acid 

liquid diluted 500 and 900 times, other tomato 

seeds undergoing Highly Active Humic Acid 

liquid pretreatment demonstrated germination 

indicators all superior than those of CK. On the 

whole, all of the four germination indicators 

exhibited an initial increase followed by a 

decrease as the dilution ratio of Highly Active 

Humic Acid liquid increased. This trend 

suggested that the appropriate concentration of 

Highly Active Humic Acid liquid could, to some 

extent, mitigate the inhibitory effects of NaCl on 

the germination of tomato seeds. However, an 

excessively low dilution ratio of Highly Active 

Humic Acid liquid may result in 

penetration-induced water loss in tomato seeds, 

thereby affecting their germination. The Highly 

Active Humic Acid liquid diluted 700 times was 

most effective in mitigating NaCl stress, with the 

germination energy, germination percentage, 

germination index and vigor index of tomato 

seeds increasing by 17.03%, 16.17%, 66.11% 

and 65.12% when compared to those of CK, 

respectively. 

Table 2 Effects of Different Dilution Ratios of Highly Active Humic Acid liquid on the 

Germination of Tomato Seeds under 150mmol/L NaCl Stress 

Dilution Ratio of Highly 

Active Humic Acid 

liquid 

Germination 

Energy (%) 

Germination 

Percentage (%) 
Germination Index Vigor Index 

CK 62.55cd 74.40cd 10.15c 0.43bc 

500 51.99d 69.406d 9.87c 0.37c 

600 68.40ab 79.14bc 12.60bc 0.45bc 

700 73.20a 86.43a 16.86a 0.71a 

800 67.15b 82.17ab 14.97ab 0.49b 

900 58.23c 72.43d 11.38c 0.44bc 

2.3 Effects of Different Dilution Ratios of 

Highly Active Humic Acid liquid on the 

Radicle and Hypocotyl Growth of Tomato 

Seeds under NaCl Stress 

The effects of different dilution ratios of Highly 

Active Humic Acid liquid on the radicle and 

hypocotyl lengths of tomato seeds under 

150mmol/L NaCl stress are shown in Figure 1 

and Figure 2, respectively. 

As shown in the figures, the pretreatment with 5 

different concentrations of Highly Active Humic 

Acid liquid was all found to facilitate the radicle 
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and hypocotyl growth of tomato seedlings under 

150mmol/L NaCl stress, and such facilitation 

effect appeared to first increase and then 

decrease as the dilution ratio of the Highly 

Active Humic Acid liquid increased. However, it 

facilitated radicle growth more than hypocotyl 

growth. The most significant effects were 

observed when the Highly Active Humic Acid 

liquid was diluted 700 times, leading to a 

129.33% increase in radicle length and a 34.93% 

increase in hypocotyl length of tomato seedlings. 

These experimental results showed that Highly 

Active Humic Acid liquid can mitigate the 

inhibitory effect of NaCl stress on the growth of 

tomato seedlings and that the optimal mitigation 

effects are achieved by the Highly Active Humic 

Acid liquid diluted 700 times. 

2.4 Effects of Different Dilution Ratios of 

Highly Active Humic Acid liquid on the 

Radicle Thickness of Tomato Seedlings under 

NaCl Stress 

The effects of different dilution ratios of Highly 

Active Humic Acid liquid on the radicle 

thickness of tomato seedlings under 150mmol/L 

NaCl stress are shown in Figure 3. 

As shown in the figure, the thickness of seedling 

radicle showed a significant increase in 

comparison to the CK (except for the Highly 

Active Humic Acid liquid diluted 500 times) 

following the addition of 5 different dilution 

ratios of Highly Active Humic Acid liquid under 

150mmol/L NaCl stress. The seedling radicle 

undergoing pretreatment with Highly Active 

Humic Acid liquid diluted 700 times exhibited 

the greatest thickness, showing a 55% increase 

compared to the CK. This substantially mitigated 

the inhibitory effect of NaCl stress on radicle 

thickness, suggesting that Highly Active Humic 

Acid liquid has the potential to mitigate the 

inhibitory effect of NaCl stress on the growth of 

seedling radicle to some extent and that the 

optimal mitigation effects are achieved by 

Highly Active Humic Acid liquid with an 

appropriate concentration (diluted 700 times). 

 

Figure 1 Effects of Different Dilution Ratios 

of Highly Active Humic Acid liquid on the 

Radicle Length of Tomato Seedlings under 

150mmol/L NaCl Stress 

Note: Different lowercase letters in the figure 

indicate significant differences (P<0.05), the 

same below. 

 

Figure 2 Effects of Different Dilution Ratios 

of Highly Active Humic Acid liquid on the 

Hypocotyl Length of Tomato Seedlings under 

150mmol/L NaCl Stress 

 

Figure 3 Effects of Different Dilution Ratios 

of Highly Active Humic Acid liquid on the 

Radicle Thickness of Tomato Seedlings under 

150mmol/L NaCl Stress 

2.5 Effects of Different Dilution Ratios of 

Highly Active Humic Acid liquid on the MDA 

Contents in Tomato Seedling Radicle under 

NaCl Stress 

The effects of different dilution ratios of Highly 

Active Humic Acid liquid on the MDA contents 
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R
ad

ic
le

 l
en

g
th

 (
cm

) 

Dilution ratio of Highly Active Humic Acid liquid 

H
y

p
o

co
ty

l 
le

n
g
th

 (
cm

) 

Dilution ratio of Highly Active Humic Acid liquid 

R
ad

ic
le

 t
h

ic
k
n

es
s 

(c
m

) 



No.2, 2016 Humic Acid Research Paper 

15 

in tomato seedling radicle under 150mmol/L 

NaCl stress are shown in Figure 4. 

 

Figure 4 Effects of Different Dilution Ratios 

of Highly Active Humic Acid liquid on the 

MDA Contents in Tomato Seedling Radicle 

under 150mmol/L NaCl Stress 

As shown in the figure, the seedlings 

experienced elevated membrane lipid 

peroxidation under NaCl stress, which meant the 

cell membrane system of the seedlings was 

severely damaged to the extent that it had 

inhibited the growth of the seedlings. Upon the 

application of Highly Active Humic Acid liquid, 

the MDA contents in the seedling radicle first 

decreased and then increased as the dilution ratio 

of the applied liquid increased. The lowest MDA 

contents were observed when the seedlings 

underwent pretreatment with Highly Active 

Humic Acid liquid diluted 700 times, exhibiting 

a 45.33% decrease compared to the CK. These 

results showed that Highly Active Humic Acid 

liquid has the potential to protect the cell 

membrane system to some extent and mitigate 

the detrimental effect of NaCl stress on 

germinating seedlings. The optimal mitigation 

effects are achieved by the Highly Active Humic 

Acid liquid diluted 700 times. 

3. Conclusion and Discussion 

Hu Xiaohui et al. contended that exposure to 

NaCl stress led to a significant decrease in the 

germination energy, germination percentage, 

germination index, radicle length and hypocotyl 

length of tomato seeds while the MDA contents 

showed a significant increase[4]. Wang Naiqiang 

et al. contended that NaCl stress could disrupt 

the integrity of cell plasma membrane, resulting 

in reduced cell selective permeability and 

intracellular ion imbalance, which could further 

inhibit the water absorption by the seed embryo 

and the germination of tomato seeds due to 

insufficient intracellular water[6]. In this 

experiment, as the NaCl concentration increased, 

the germination energy, germination percentage, 

germination index and vigor index of tomato 

seeds were gradually decreased. These findings 

were basically consistent with the conclusions of 

previous research. 

Guo Wei et al. found that humic acid 

pretreatment could lead to increased glutathione 

content, reduced reactive oxygen, and lower 

membrane lipid peroxidation, thereby decreasing 

the MDA content[15]. In this experiment, Highly 

Active Humic Acid liquid with different 

concentrations enhanced the salt tolerance of 

tomato seeds, with the optimal effects observed 

when the Highly Active Humic Acid liquid was 

diluted 700 times. 

In conclusion, the appropriate concentration of 

Highly Active Humic Acid liquid can increase 

the germination energy, germination percentage, 

germination index and vigor index of tomato 

seeds, promote their radicle and hypocotyl 

growth, and reduce the MDA content under 

150mmol/L NaCl stress, thereby promoting the 

normal germination and growth of tomato seeds. 

Consequently, applying Highly Active Humic 

Acid liquid pretreatment with an appropriate 

concentration is a viable approach to enhancing 

the salt tolerance of tomato seeds. Nonetheless, 

further research is required to elucidate the 

internal mechanisms through which Highly 

Active Humic Acid liquid promotes the 

germination of tomato seeds. 
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In this test, due to the lack of analysis on the 

quantity of viable bacteria in bacillus 

megaterium, bacillus mucilaginosus and 

azotobacter chroococcum found in the 

post-fermentation medicine residue, which 

means that the number of viable bacteria in the 

medicine residue remains ultimately unclear, it 

remains uncertain if these three bacteria remain 

viable after the fermentation process. Therefore, 

additional testing and analysis are needed. 

References 

[1] Zhou Xuan, Zuo Miao, and Deng Guangtian. 

“Utilization of Yam Diosrenin Industrial Solid 

Waste.” [J]. Journal of Wuhan Institute of 

Technology, 2012, 34(8): 54-57 

[2] Li Fayong, Hu Shibin, Deng Zhiwei, et al. 

“Preliminary Study on Optimization of Enzyme 

Solid- fermentation Conditions and Properties of 

Enzymology by Utilization of Diosgenin Solid 

Waste.” [J]. Acta Agriculturae 

Boreali-occidentalis Sinica, 2007, 16(6): 

277-281 

[3] Hong Xue. “Method and Effect of Fermenting 

Straw Feed with EM Bacteria.” [J]. Prataculture 

& Animal Husbandry, 2010, (5): 48-49 

[4] Liu Ying, Xiao Zundong, and Yang Hengxing. 

“Application of EM Microorganism in Poultry 

and Livestock Excrement Composting.” [J]. 

Environmental Science and Management, 2015, 

40(7): 80-82 

[5] Wang Yongke, Mu Jun, and Hu Shibin. 

“Experimental Research on Wastewater 

Treatment of Diosgenin by Effective Microbial 

Population.” [J]. Acta Agriculturae 

Boreali-occidentalis Sinica, 2006, (3): 220-222 

[6] Ren Rongrong. “The Application of EM in the 

Pretreatment of Saponin Wastewater.” [J]. 

Jiangxi Chemical Industry, 2013, (9): 61-65 

[7] Fang Huazhou, and Zhang Ting. “The 

Production and Process Optimization of Cow 

Dung Bacteria Fertilizer with Nitrogen Fixation, 

Decomposition for Phosphorus and Potassium.” 

[J]. Hubei Agricultural Sciences, 2014, 53(3): 

635-639 

[8] Rao Zhenghua, and Lin Qimei. “Interactions 

between a Bacillus Mucilaginosus, 

Phosphobacteria and A Nitrogen Fixing 

Bacterium.” [J]. Chinese Journal of Ecology, 

2002, 21(2): 71-73 

[9] Cao Huiling, Wang Qi, Hu Qingping, et al. 

“Optimized Technology for Aerobic 

Fermentation of Dairy Manure to Produce 

Bioorganic Fertilizer by Inoculating Compound 

Microbes.” [J]. Transactions of the Chinese 

Society of Agricultural Engineering, 2009, 25(1): 

189-193 

[10] Miao Lihong, Mao Yihua, and Zhu Weiling. 

“Research and Application on the Utilization of 

Diosgenin Solid Waste and Wastewater by 

Composting.” [J]. Hubei Agricultural Sciences, 

2006, 46(2): 218-221 

[11] Miao Lihong, and Han Zhongjin. “Study on 

Microbial Organic Fertilize Made of Diosgenin 

Solid Fertilizemiao.” [J]. Journal of Wuhan 

Polytechnic University, 2007, 26(1): 1-3, 10 

 

(Continued from Page 14) 35-38 

[2] Xue Zhizhong, and Wu Xinmei. “Effect of 

Different GA3 on the Germination of Tomato 

Seed under Salt Stress.” [J]. Northern 

Horticulture, 2011, (15): 59-61 

[3] Hu Xiaohui, Du Lingjuan, and Zou Zhirong. 

“Protective Effects of Pre-socked Seeds with 

SPD on Tomato Seedlings under NaCl Stress.” 

[J]. Acta Ecologica Sinica, 2009, 29(9): 

5153-5157 

[4] Hu Xiaohui, Wang Suping, and Qu Bin. “Effects 

of Spermidine on Seed Germination and 

Seedling Antioxidant System of Tomato under 

NaCl Stress.” [J]. Chinese Journal of Applied 

Ecology, 2009, 20(2): 446-450 

[5] Zhao Yanyan, Hu Xiaohui, Zou Zhirong, et al. 

“Effects of Seed Soaking with Different 

Concentrations of 5-Aminolevulinic Acid on the 



No.2, 2016 Humic Acid Research Paper 

 

Germination of Tomato (Solanum Lycopersicum) 

Seeds under NaCl Stress.” [J]. Acta Ecologica 

Sinica, 2013, 33(1): 62-70 

[6] Wang Naiqiang, Hu Xiaohui, and Li Rui. “The 

Comparison of Alleviative Effects of Different 

Kinds of Exogenous Polyamines on Salt Injury 

of Tomato Seedlings.” [J]. China Vegetables, 

2009, (6): 31-35 

[7] Hu Xiaohui. “Effects of Putrescine on the 

Germination of Tomato Seeds under NaCl 

Stress.” [J]. Journal of Anhui Agricultural 

Sciences, 2009, 37(4): 1432-1433 

[8] Wang Guangyin, Zhou Xiumei, Zhang Jianwei, 

et al. “Effects of Exogenous Ca2+ On Seed 

Germination of Cucumber and Pumpkin under 

NaCl Stress.” [J]. Journal of Zhejiang 

Agricultural Sciences, 2004, (6): 307-309 

[9] Ru Tiejun, and Wang Jiasheng. “Humic Acid 

and the Development of Humic Acid-Containing 

Fertilizer.” [J]. Phosphate & Compound 

Fertilizer, 2007, 22(4): 51-53 

[10] Fan Jing, Huang Mingyuan, and Xu Yanxia. 

“The Effects of Salt Stress on Tomato Seeds 

Germination and Malondidehyde Content in the 

Leaf of the Cultivated Tomato.” [J]. Northern 

Horticulture, 2011, (10): 27-29 

[11] Gao Junfeng. Plant Physiology Experiment 

Guidance. [M]. Beijing: Higher Education Press, 

2006 

[12] Zhu Zhihua, Hu Ronghai, Song Jingzhi, et al. 

“Effect of Salt Stress on Seed Germination of 

Different Wheat Cultivars.” [J]. Crop Variety 

Resources, 1996, (4): 25-29 

[13] Ding Shunhua, Qiu Nianwei, and Yang 

Hongbing, et al. “Physiological Index Selection 

for Salt-tolerance of Wheat.” [J]. Plant 

Physiology Communications, 2001, 37(2): 

98-102 

[14] Chen Xiulan, and Zhao Kefu. “Inhibitory Effect 

of NaCl Stress on Seed Germination of Corn 

and Alleviating Effect of Exogenous Ca2+.” [J]. 

Acta Agriculturae Boreali-Sinica, 1995, 31(5): 

347-349 

[15] Guo Wei, and Wang Qingxiang. “Effects of 

Humic Acid on Activity of Antioxidation 

System in Wheat Root under Salinity-Alkalinity 

Stress.” [J]. Agricultural Research in the Arid 

Areas, 2011, 29(6): 222-226

 


