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Abstract 

Soybean (Glycine max L.) is one of the most important leguminous 

crops worldwide due to its high protein and oil content. The growth, 

development, and productivity of soybean largely depend on soil fertility 

and the availability of nutrients in the soil solution. Soil solution serves 

as the primary medium through which plants absorb water and essential 

mineral nutrients. This article examines the significance of soil solution 

in soybean growth, nutrient uptake, physiological processes, root 

development, biological nitrogen fixation, and crop productivity. The 

study highlights the relationship between soil solution composition, 

nutrient availability, soil pH, and soybean yield. Maintaining an optimal 

soil solution environment through proper fertilization, irrigation, and soil 

management practices is essential for achieving sustainable soybean 

production. 
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Introduction. Soybean (Glycine max L.) is a strategic agricultural crop 

cultivated in many countries for food, feed, and industrial purposes. The 

increasing demand for plant-based protein has led to a rapid expansion 

of soybean cultivation worldwide. Successful soybean production 

depends on numerous factors, including climate, soil properties, water 

availability, and nutrient management. Among these factors, soil solution 

plays a critical role in plant growth and development. Soil solution is the 

aqueous phase of soil that contains dissolved mineral nutrients, organic 

compounds, and gases available for plant uptake. It acts as a dynamic 

interface between soil particles and plant roots. The concentration and 

composition of soil solution directly influence nutrient availability, root 

growth, microbial activity, and overall plant productivity. Understanding 

the importance of soil solution in soybean cultivation is essential for 

developing effective agronomic practices aimed at maximizing yield and 

improving soil health. 

Literature Review. Numerous studies have emphasized the significance 

of soil solution in crop nutrition and plant development. According to 

Justus von Liebig, plant growth depends largely on the availability of 

mineral nutrients dissolved in soil water. Research conducted by Dennis 

R. Hoagland demonstrated that nutrient ions must be present in soil 

solution before they can be absorbed by plant roots. Studies have shown 

that nutrient mobility and availability are strongly influenced by soil 

moisture, pH, temperature, and microbial activity. Recent investigations 

indicate that soybean requires a balanced supply of nitrogen (N), 

phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), 

and micronutrients such as iron (Fe), zinc (Zn), boron (B), manganese 

(Mn), and molybdenum (Mo). These nutrients are absorbed primarily from 

the soil solution. Researchers have also reported that the effectiveness of 

biological nitrogen fixation in soybean depends on the chemical 

composition of the rhizosphere solution surrounding root nodules. 

Inadequate nutrient concentrations in soil solution may significantly 

reduce nodule formation and nitrogen fixation efficiency. 

Materials and Methods. This study is based on the analysis of scientific 

literature, international research articles, and agronomic reports 

concerning soybean nutrition and soil fertility. Comparative analysis 
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methods were used to evaluate the role of soil solution in soybean growth 

and development under different environmental and soil conditions.The 

research focused on: Soil solution composition; Nutrient availability; Root 

growth dynamics; Nitrogen fixation processes; Yield formation 

mechanisms; Soil pH effects on nutrient uptake. Soybean roots absorb 

nutrients only when they are dissolved in soil water. Soil solution contains 

essential nutrient ions such as: 

Table 1. Soil Solution as a Source of Water and Nutrients 

 

Macronutrients Ionic Form 
 

Macronutrients Ionic Form 
 

Nitrogen 
 

 NO₃⁻, NH₄⁺ 
 

Phosphorus 
 

H₂PO₄⁻, HPO₄²⁻ 
 

Potassium 
 

K⁺ 
 

Calcium 
 

 Ca²⁺ 
 

Magnesium  
 

 Mg²⁺ 
 

 

The concentration of these ions determines nutrient availability for 

soybean plants. Low nutrient concentrations may lead to deficiencies, 

while excessive concentrations can cause toxicity and osmotic stress. 

Influence of Soil Solution on Root Development.A favorable soil 

solution promotes vigorous root growth and greater root surface area. 

Well-developed root systems improve nutrient and water uptake 

efficiency. Soybean roots are particularly sensitive to salinity. Elevated 

salt concentrations increase osmotic pressure in soil solution, making 

water absorption difficult and reducing root growth. 

Table 2. Effect of Soil Solution Conditions on Soybean Root 

Development 

Soil Condition Root Growth 

Optimal nutrient balance Excellent 

Moderate nutrient deficiency Reduced 

High salinity Poor 

Acidic conditions (pH < 5.5) Restricted 
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Soil Solution and Biological Nitrogen Fixation. Soybean establishes a 

symbiotic relationship with nitrogen-fixing bacteria of the genus 

Bradyrhizobium. Root nodules formed by these bacteria convert 

atmospheric nitrogen into plant-available forms. The effectiveness of this 

process depends heavily on soil solution characteristics. Adequate 

phosphorus, molybdenum, cobalt, and calcium concentrations enhance 

nodule formation and nitrogen fixation. Deficiencies of these nutrients 

reduce bacterial activity and consequently decrease soybean productivity. 

Effect of Soil pH on Nutrient Availability Soil pH directly influences nutrient 

solubility in soil solution. 

Table 3. Nutrient Availability at Different Soil pH Levels 

Soil pH Nutrient Availability 

Below 5.5 Low P, Ca, Mg availability 

6.0–7.0 Optimum nutrient availability 

Above 7.5 Reduced Fe, Zn, Mn availability 

Soybean performs best at soil pH values between 6.0 and 7.0, where 

nutrient availability and microbial activity are maximized. 

Impact on Yield Formation.The quality of soil solution significantly 

affects soybean yield components, including: Plant height; Number of 

branches;  Number of pods per plant;  Seed weight; Protein,content; Oil 

content 

Table 4. Relationship Between Soil Solution Quality and Soybean 

Productivity 

Soil Solution Status Yield Potential 

Optimal High 

Moderate deficiency Medium 

Severe deficiency Low 

Saline conditions Very low 

  

Studies indicate that balanced nutrient concentrations in soil solution can 

increase soybean yields by 20–40% compared with nutrient-deficient 

conditions. 

Figure 1. Main growth and developmental stages of soybean 

(Glycine max L.) from seed germination to physiological maturity. 
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Conclusion.Soil solution serves as the primary medium through which 

soybean plants obtain water and essential nutrients. The composition and 

concentration of nutrients in soil solution directly influence root 

development, nutrient uptake, biological nitrogen fixation, physiological 

processes, and yield formation. Optimal soil solution conditions 

characterized by adequate nutrient availability, suitable pH levels, proper 

moisture content, and low salinity promote healthy soybean growth and 

high productivity. Sustainable management practices, including balanced 

fertilization, irrigation management, and soil conservation, are essential 

for maintaining favorable soil solution conditions and achieving stable 

soybean yields. Future research should focus on precision nutrient 

management strategies and the application of modern soil monitoring 

technologies to optimize soil solution characteristics under different 

agroecological conditions. 
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