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Features of Soybean Cultivation Technology in Alkaline and
Saline Soils of Azerbaijan
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Abstract. The article examines the features of soybean yield formation under alkaline and saline soil
conditions in Azerbaijan and proposes approaches for adapting cultivation technology to these
environments. The study is based on the analysis of soil samples collected from a depth of 0-30 cm,
characterized by elevated electrical conductivity (EC 1.12—1.19 dS/m), alkaline soil reaction (pH
8.5-8.7), and excessive concentrations of sodium and chloride ions. It was found that these factors
adversely affect plant water relations, the availability of micronutrients, and the processes of
symbiotic nitrogen fixation. The need for an integrated management approach, including chemical
reclamation, optimization of the water regime, application of organic and mineral fertilizers, and
seed inoculation, is substantiated. The proposed system of measures enhances the efficiency of
soybean cultivation on degraded soils and contributes to stable crop productivity.
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Introduction

Soybean is one of the most promising leguminous crops due to its high protein and oil content, making
it an essential component of feed production systems and global food security. In Azerbaijan,
however, the expansion of soybean cultivation is constrained by several soil-related factors, among
which soil salinity and alkaline reaction are of particular importance (Mommodov & Ismayilov,
2012). These issues are especially prevalent in irrigated areas, where improper water management
and insufficient drainage lead to the accumulation of soluble salts in the root zone (Altay &
Miiftiioglu, 2004).

Alkaline soils with high levels of exchangeable sodium are characterized by unfavorable
physicochemical properties. The deterioration of soil structure, reduced water permeability and
aeration, and decreased nutrient availability significantly limit plant growth and development. These
conditions are particularly critical for soybean, as its productivity largely depends on the activity of
nitrogen-fixing nodule bacteria. Under such stress conditions, the efficiency of this symbiosis
declines sharply, resulting in nitrogen deficiency and reduced yields (Aslanov, 2015).

In this context, the development of adapted soybean cultivation technologies for alkaline and saline
soils is both a scientific and practical priority. Special attention should be given not only to improving
soil agrochemical properties but also to creating favorable conditions for root system development
and effective functioning of symbiotic microorganisms (Mourtzinis et al., 2017).
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Materials and Methods

The study was conducted based on soil samples collected from agricultural plots with an area of 25
ha each. Samples were taken from a depth of 0—30 cm, corresponding to the main root zone of soybean
(Dospekhov, 1985). Laboratory analyses included the determination of soil reaction (pH), electrical
conductivity (EC), and the content of major ions, including sodium (Na*), chloride (CI"), and sulfates
(SO+»).

The results revealed an alkaline soil reaction, with pH values ranging from 8.5 to 8.7, indicating
pronounced alkalinity. Electrical conductivity ranged from 1.12 to 1.19 dS/m, reflecting an elevated
level of soluble salts. In all analyzed samples, sodium and chloride concentrations exceeded
permissible limits, allowing these soils to be classified as saline and prone to further salinization.

Based on the obtained data, a set of agrotechnical and reclamation measures was developed to
mitigate the adverse effects of salinity and alkalinity on soybean growth and development. The
effectiveness of the proposed measures was evaluated in terms of changes in soil agrophysical
properties, improvement of plant nutrition conditions, and potential yield increase.

Table 1
Salinity and alkalinity characteristics of the studied soils
Area EC . ~ Soil
Sample No. (ha) pH (dS/m) cl Na S04 Characteristics
Above Above
1-283471 25 87 1.19 permissible permissible  Elevated Alkaline, saline
level level
Above Above
1-283473 25 85 1.12 permissible permissible  Elevated Alkaline, saline
level level

Results and Discussion

The analysis of the agrochemical properties of the soils demonstrated that the main limiting factor is
not only the presence of salts but also their qualitative composition. Sodium ions exert a destructive
effect on soil structure by causing dispersion of clay particles, which leads to soil compaction. As a
result, water permeability decreases and soil aeration is impaired, negatively affecting soybean root
development.

Under oxygen-deficient conditions, the activity of nitrogen-fixing nodule bacteria is significantly
reduced, leading to decreased biological nitrogen fixation and, consequently, lower crop productivity
(Kubar et al., 2021).

Elevated chloride concentrations increase the osmotic potential of the soil solution, thereby reducing
water availability to plants. As a result, plants may experience physiological drought even under
conditions of sufficient soil moisture. In addition, excessive chloride levels can exert toxic effects,
manifested as leaf burn symptoms and reduced photosynthetic activity (Sahrawat, 2018).

71



Nature & Science International Scientific Journal. 8(3), 2026

Table 2

Effects of salinity factors on soil and soybean
Factor Impact on Soil Impact on Soybean
Na* (Sodiumion)  Soil structure degradation, compaction Suppression of root system development
CI” (Chloride ion) Increased osmotic pressure in soil Leaf burn, reduced photosynthesis
SO4+* (Sulfate ion) Increased salt load in soil Disturbance of water balance
High pH Immobilization of micronutrients Chlorosis, reduced growth

Soil alkalinity significantly affects the availability of micronutrients. Under high pH conditions,
elements such as iron (Fe), zinc (Zn), and manganese (Mn) form insoluble compounds, becoming
unavailable for plant uptake. For soybean, deficiencies of these micronutrients are particularly
critical, as they play essential roles in photosynthesis, respiration, and enzymatic processes (Kafkafi
& Tarchitzky, 2011).

To mitigate these adverse effects, an integrated system of soil reclamation measures is proposed. One
of the key approaches is gypsum application, which promotes the replacement of exchangeable
sodium (Na*) with calcium (Ca?"). This process improves soil structure, enhances water permeability,
and reduces sodium toxicity. The recommended gypsum application rate is 3—5 t/ha, incorporated
into the soil to a depth of 20-25 cm.

Table 3
Soil reclamation treatment variants
Treatment Variant Description
Control No reclamation measures
Variant 1 Gypsum application
Variant 2 Gypsum + sulfur
Variant 3 Gypsum + sulfur + organic matter
Variant 4 Integrated treatment (gypsum + sulfur + organic matter + micronutrients)

An additional component is the application of elemental sulfur, which undergoes biological oxidation
to form sulfuric acid, thereby contributing to a reduction in soil pH. This process enhances the
availability of micronutrients and increases the effectiveness of gypsum application. The
recommended application rate is 300—-500 kg/ha, provided that adequate soil moisture is maintained.

Table 4

Effect of soil reclamation treatments on soybean yield
Variant Yield, c¢/ha Increase vs control
Control 12-15 —
Gypsum 16-18 +3
Gypsum + sulfur 18-20 +5
Gypsum + sulfur + organic matter 20-23 +7
Integrated treatment 23-26 +10

Another important component of the technology is soil leaching, aimed at removing readily soluble
salts from the root zone. For this purpose, irrigation is applied at a rate of 1000—1500 m?3/ha, with the
mandatory presence of an effective drainage system. In the absence of proper drainage, leaching may
lead to secondary salinization (Lithourgidis et al., 2011).
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Table S

Soil reclamation measures and application rates
Measure Rate Timing Effect
Gypsum application 3.5 t/ha Autumn / before Reduction of Na*, improvement of soil

sowing structure

Elemental sulfur 300-500 kg/ha Before sowing Decrease in soil pH
Leaching irrigation 10?1?37}11:00 Before sowing Removal of soluble salts
Organic matter 20-25 t/ha Autumn Improvement of soil structure

application

The fertilizer system must take into account the nutritional characteristics of soybeans. In conditions
of alkaline soils, phosphorous and potash fertilizers, applied in accessible forms, are of particular
importance. At the same time, the use of chlorine-containing fertilizers should be avoided, replacing
them with sulfate forms. Nitrogen is applied in minimal starting doses so as not to inhibit symbiotic
nitrogen fixation (Zamanov, 2017).

Table 6

Fertilizer system for soybean cultivation

Fertilizer type Form Rate Features
Nitrogen N 20-30 kg/ha Starter dose
Phosphorus P-0s 80-120 kg/ha Main nutrient supply
Potassium K2SOs 60-90 kg/ha Chloride-free source
Micronutrients Zn, Fe, B, Mo according to requirement Foliar application

Special attention should be paid to the application of micronutrients such as molybdenum (Mo), boron
(B), zinc (Zn), and iron (Fe). The most effective methods of their application are seed treatment and
foliar feeding, which allow overcoming the limitations associated with high soil pH.

Table 7

Influence of soil pH on micronutrient availability (Fe, Zn, Mn, P)
pH Fe Zn Mn P
6.5-7.0 high high high high
7.5-8.0 medium medium medium decreasing
8.5+ low low low sharply decreases

Inoculation of soybean seeds with specialized strains of nodule bacteria is an essential component of
the technology. This practice ensures the establishment of effective symbiosis and enhances
biological nitrogen fixation, which is a key factor in crop productivity (Dardeniz et al., 2006).

The application of organic fertilizers at a rate of 20—25 t/ha contributes to improving soil structure,
increasing water-holding capacity, and stimulating microbiological activity. This creates favorable
conditions for soybean growth and development even under adverse soil conditions.

Thus, only the integrated application of all these measures can significantly reduce the negative
effects of salinity and alkalinity and create optimal conditions for soybean cultivation (Turhan et al.,
2005).

73



Nature & Science International Scientific Journal. 8(3), 2026

Conclusion

The study demonstrated that alkaline and saline soils exert a complex negative impact on the growth,
development, and productivity of soybean. The main limiting factors include high concentrations of
sodium and chloride, alkaline soil reaction, and deterioration of soil physical properties. The study
demonstrated that effective soybean cultivation under these conditions is possible only through the
implementation of an integrated agrotechnological approach, including chemical reclamation, water
management, optimization of the fertilization system, and the use of biological methods such as seed
inoculation. The practical application of these measures significantly improves soil agrophysical
properties, enhances nutrient availability, and creates favorable conditions for active biological
nitrogen fixation. As a result, soybean productivity increases and the sustainability of agroecosystems
1s ensured.
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