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Abstract 

 

Salinity stress has been proved to have detrimental effects to plant growth and development. This experiment investigated the 

effects of alanine (AL, 2 mM) and sorbitol (SB, 1.5%) on soybean growth in salt-affected soil. Four treatments were set: control, AL, 

SB, AL+SB. Results demonstrated that both AL and SB had positive effects, especially the combined application of AL+SB exhibited 

largest mitigation effects to salt stress. Under this treatment, the plant height (54.79%), stem dry weight (22.62%), leaf dry weight 

(30.54%) and root dry weight (20.08%) increased significantly compared to the control. In addition, the contents of chlorophyll a, 

chlorophyll b, and total chlorophyll were enhanced by 17.00%, 100.00%, and 45.60%, respectively, while the electrolyte leakage 

reduced by 23.06%, suggesting improved membrane stability. Furthermore, the treatment promoted the accumulation of K+ and Ca2+ 

in leaves and stems. SOD, POD, CAT and APX activities were significantly reduced in this treatment, suggesting a lower oxidative 

burden. The findings underline that application of 2 mM alanine and 1.5% sorbitol as well as their combination is a potential integrated 

strategy for enhancing soybean growth, photosynthesis, and stress resilience in saline soils. 
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Introduction 

 

Soil salinity is the second most significant cause of land 

degradation after soil erosion, posing a major challenge to 

global agriculture (Huang et al., 2024). It reduces the arable 

land and reduced agricultural productivity, contributing to a 

10–25% loss in food production and expanding 

desertification across nearly 1 billion hectares worldwide 

(Ashraf & Chen, 2023). Salinity stress disrupts plant growth 

by inducing osmotic stress, ion toxicity, and nutrient 

imbalances, all of which impair cellular functions and hinder 

photosynthesis. This damage weakens plant membranes and 

triggers the production of reactive oxygen species (ROS), 

further exacerbating stress-related harm (Kaya et al., 2023). 

Effective management of soil salinity is essential for 

maintaining arable land and ensuring sustainable agricultural 

output to meet the food demands of a growing global 

population (Saeed et al., 2023). 

Sorbitol acts as an osmo protectant and a translocatable 

carbohydrate, enhancing plant growth and soil health 

(Pleyerová et al., 2022). It helps maintain cellular water 

balance, stabilizes membranes, and protects plants from 

oxidative stress, leading to improved photosynthesis and 

biomass production (Liang et al., 2012). Additionally, 

sorbitol facilitates nutrient transport, particularly in phloem 

loading and unloading, ensuring efficient distribution of 

essential elements (Li et al., 2023). In the soil, sorbitol 

promotes microbial activity by serving as an energy source 

for beneficial microbes, which enhance nutrient cycling and 

organic matter decomposition. This dual role of sorbitol in 

plant physiology and soil ecosystem improvement makes it 

a valuable tool for sustainable agriculture (Yu et al., 2023). 

Alanine plays a vital role in enhancing plant growth 

and soil health by serving as a key metabolite in nitrogen 

assimilation and stress response pathways (Alfosea-Simón 

et al., 2020). It facilitates nitrogen transport between plant 

tissues, promoting protein synthesis and cell division, 

which contribute to increased biomass accumulation. 

Alanine also supports root development by improving 

nutrient uptake efficiency, particularly for essential 

elements like potassium and calcium (Tiong et al., 2021; 

Parthasarathy et al., 2019). In the soil, Alanine serves as a 

carbon and nitrogen source for beneficial microbes, 

stimulating microbial activity that enhances nutrient 

cycling (Agrawal et al., 2024). This microbial interaction 

improves soil fertility, structure, and overall plant 

resilience against environmental stresses. 

Soybean (Glycine max), originated from China with 

over 5000 years history, is one of the most important 

economic crops in China. However, salt stress constitutes 

the major restriction for soybean yield. As a typical 

moderate salt resistant plant, soybean growth will be 

substantially hindered when the salt concentration is over 

5.0 dS/m (Munns &Tester, 2008). Zhang et al., (2025) 

found that, under NaCl stress, the soybean seedlings 

exhibited significant shorter plant height and stem diameter, 

lower chlorophyll contents, whereas much more reactive 

oxygen species (ROS) such as O2
.-and H2O2 (Zhang et al., 

2025). The current study plans to explore the potential of 

alanine and sorbitol to mitigate the salt stress on soybean 

plants. The hypothesis is that applying alanine and sorbitol 

combined as an amendment could mitigate the adverse 

effects of salt stress on soybean, potentially enhancing their 

growth and productivity. By addressing this knowledge gap 
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and proposing an environmentally friendly solution to 

mitigate the adverse impacts of salt-affected soil on 

soybean cultivation, this study contributes to the broader 

goal of ecosystem and crop preservation. 

 

Material and Methods 

 

Experimental design: A pot experiment was carried out in 

the research area of Anhui Science and Technology 

University. Commercial soybean seeds were purchased from 

a Chinese local verified seed supplier. Seeds were cleaned 

with 75% ethanol and deionized water after being sterilized 

with a 5% NaClO solution. In pots with 30 kg of soil, ten 

seeds were sown, and five uniformly grown seedlings were 

kept alive by thinning. Routine water and fertilizer 

management were carried out for soybean seedlings. To 

ascertain the physio-chemical characteristics of the soil, a 

random sample was collected from the study region (Table 

1). The following were the properties of the soil:  

 

Table 1 Soil physio-chemical properties. 

Parameter Value Unit 

ECe 7.33* dS/m 

pH 8.08 – 

Total nitrogen 0.02 % 

Soil organic matter 0.47 % 

Extractable potassium 121 µg/g 

Available phosphorus 6.22 µg/g 

Exchangeable sodium (ENa) 112 µg/g 

Texture Clay loam – 
*Showing moderate salt stress. Values represent the mean of 

three technical replicates from a composite soil sample 

 

Treatments: Four foliar spray treatments (control, 2 mM 

AL, 1.5% SB, and 2 mM AL + 1.5% SB) in 3 replications. 

Two sprays were made after four weeks of germination, 

with a 15-day gap in each foliar.  

 

Plant height and dry biomass: Plant height was measured 

using an analytical balance. Samples were subjected to an 

oven at 65°C for 72 hours to measure the dry biomass of 

leaves, stems and roots.  

 

Chlorophyll contents: Utilizing Arnon's method (Arnon, 

1949), we extracted the chlorophyll from fresh leaves using 

an 95% ethanol, and we measured absorbance at 665/649 nm.  

 

Antioxidants: SOD, POD, CAT and APX detection were 

conducted according to the typical methods (Dhindsa, 1982; 

Hori, 1997; Aebi, 1984;Nakano & Asada, 1981). 

 

Electrolyte leakage: In this study, test tubes filled with 20 

milliliters of deionized water were filled with uniform leaf 

segments that had been taken from a steel cylinder. An EC 

meter that had been previously calibrated was used to 

assess the initial electrical conductivity (EC1) after a 24-

hour incubation period at 25°C. The final electrical 

conductivity (EC2) was measured after a 20-minute 

immersion in a 100°C water bath (Lutts et al., 1997).  

Electrolyte Leakage (%) = (EC1 / EC2) × 100 

 

Nutrients analysis: The samples were collected and 

digested for measurement of K and Ca contents, using a 

flame photomete method(Donald & Hanson,1998). Briefly, 

oven-dried soybean leaf and stem samples (0.1 g of 

powdered dry material) were digested using a H₂SO₄-H₂O₂ 

mixture. The digestion was carried out until the solution 

became clear and colorless, after which the digests were 

cooled and quantitatively transferred to volumetric flasks. 

For K determination, the diluted digest was aspirated 

directly into a flame photometer operated in flame 

emission mode, with measurements taken at a wavelength 

of 766.5 nm. For Ca determination, lanthanum chloride 

(LaCl₃) was added to both standards and samples at a final 

concentration of 0.1–0.5% (w/v) as a releasing agent. All 

samples and standards were measured in triplicate, and 

instrument stability was monitored by repeated analysis of 

quality control standards after every 10 sample readings. 

 

Statistical analysis 

 

The data was managed using Microsoft Excel software. 

A two-way analysis of variance (ANOVA) was performed 

with treatment (four levels: control, AL, SB, AL+SB) as a 

fixed factor and block (three replicates) as a random factor. 

Mean comparisons were conducted using Tukey’s honestly 

significant difference (HSD) test at p<0.05. 

 

Results  

 

Plant height, and stem/leaf/root dry biomass: After 

adding 2mM AL, 1.5% SB, and 2mM AL+1.5% SB,  a 

significant increase in plant height (46.78%, 20.45%, and 

54.79%), stem dry biomass (17.67%, 10.84%, and 22.62%), 

root dry biomass (17.39%, 5.29%, and 30.54%) and leaf 

dry biomass (14.16%, 5.06%, and 20.89%) was observed 

in comparison to the control.  (Fig. 1A, B, C, and D). 

 

Photosynthesis pigments and electrolyte leakage: 

Adding 2mM AL, 1.5 SB, and 2mM AL+1.5% SB 

treatment caused a significant increase in chlorophyll a 

(11.40%, 8.30%, and 17.00%), chlorophyll b (90.82%, 

48.03%, and 100%), total chlorophyll (36.22%, 20.72%, 

and 45.60%), and showed decrease in electrolyte leakage 

(9.63%, 4.14%, and 23.06%) compared to the control. (Fig. 

2A, B, C, and D). 

 

K+ and Ca2+ contents of leaf and stem: As shown in Fig. 

3, adding 2mM AL, 1.5% SB, and 2mM AL+1.5% SB 

demonstrated a rise in leaf K (28.82%, 20.27%, and 

47.11%), leaf Ca (72.66%, 33.68%, and 96.71%), stem K 

(16.40%, 7.82%, and 33.15%), and stem Ca (17.01%, 

12.50%, and 21.47%) respectively over the control.  

 

Activities of SOD, POD, CAT and APX: Applying 2mM 

AL, 1.5% SB, and 2mM AL+1.5% SB caused decrease in 

SOD activities (19.42%, 9.30%, and 33.50%), POD 

activities(29.14%, 6.60%, and 48.16%), CAT activities 

(23.45%, 4.06%, and 32.64%), and APX activities 

(20.09%, 11.84%, and 25.17%) over the control (Fig. 4A, 

B, C, and D). 
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Fig. 1. Effects of each treatment on plant height (A), stem dry 

biomass (B), root dry biomass(C) and leaf dry biomass(D). The 

bars represent the mean of three replicates with standard error and 

the different letters on the bars represented significance at p≤0.05. 

Same as below. 

 

 
 

Fig. 2. Effects of each treatment on chlorophyll a (A), chlorophyll 

b (B), total chlorophyll (C), and electrolyte leakage (D) of soybean. 

 
 

Fig. 3. Effects of each treatment on leaf K (A), leaf Ca (B), stem 

K (C), and stem Ca (D) of soybean.  

 

 
 

Fig. 4. Effects of each treatment on peroxidase (POD) (A), 

superoxide dismutase (SOD) (B), catalase (CAT) (C), and 

ascorbate peroxidase (APX) (D) of soybean. 
 

Discussion  
 

The experiment evaluated the individual or combined 

mitigation effects of alanine (AL) and sorbitol (SB) on 

soybean under salinity stress. The results revealed that the 

application of AL, SB exhibited positive influences, which is 

consisted with previous findings (Liu et al., 2024; Khaliq et 

al., 2023). However, according to the present findings, 2 mM 

AL+1.5% SB displayed significant combination impacts, 

promoting plant growth and nutrient uptake, enhancing 

biomass production, and reducing oxidative damage. 
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Plants need the essential amino acid alanine for 
multiple metabolic processes. It is vital for coping with 
stress while assimilating nitrogen into the system (Lea & 
Miflin, 1977). This metabolic intermediate enables the 
exchange of carbon and nitrogen substances between the 
different organs of the plant(Parthasarathy et al., 2019). 
The continuous loop between different parts of the plant 
helps to maintain energy stability as well as establish 
metabolic equilibrium, especially during environmental 
stress. Through osmotic adjustment alanine helps plants 
hold more water for the maintenance of their cellular 
structure (Alfosea-Simón et al., 2020). Protein synthesis 
starts through alanine functioning as a precursor agent that 
drives cell development and tissue growth as shown in the 
results of increased plant height and biomass accumulation 
(Pena-Soler et al., 2014). Alanine is involved in the 
synthesis of membrane transporters and ATP-dependent 
ion channels. Enhanced nitrogen assimilation and protein 
synthesis likely promote the expression and activity of K+ 
and Ca2+ transporters at the root plasma membrane. 
Additionally, alanine may contribute to energy (ATP) 
supply via the TCA cycle, supporting active ion uptake 
(Tiong et al., 2021; Ma et al., 2025). 

Sorbitol functions as an osmoprotectant, protecting 
plant cell structures under stress (Williamson et al., 2002). 
The osmotic pressure regulation function of sorbitol in 
cells enables them to manage water equilibrium that 
reduces the effects of drought and salinity stress. Plants use 
sorbitol to benefit their energy production and carbon 
distribution system through carbohydrate transport and 
energy supply functions (Ochoa-Gómez & Roncal, 2017). 
Plants benefit from better phloem loading and unloading 
abilities that sorbitol provides to enhance nutrient and 
assimilate transport which leads to healthier plant growth. 
The protective effect of sorbitol on chloroplast membranes 
and photosynthetic pigments seems to cause increased 
chlorophyll content in plants (Lo Bianco et al., 2000; Issa 
et al., 2020). Sorbitol also exhibits antioxidant properties 
which protect plants against reactive oxygen species 
through limiting their accumulation levels (Hsu & Kao, 
2003). Lower ROS levels reduce the need for enzymatic 
detoxification because they led to lower activities of SOD, 
POD, CAT, and APX antioxidant enzymes. 
 

Conclusions 

 

In present experiment, combined effects of 2mM alanine 

and 1.5% sorbitol showed the greatest improvement in the 

physiological attributes, photosynthetic efficiency, nutrient 

assimilation and regulated antioxidant activity of soybean 

plants in salt-affected soil. It is recommended that 2mM 

AL+1.5% SB should be applied to achieve better soybean 

growth in salt-affected pot soil. However, more investigations 

at the field level are suggested to explore in future researches.  
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