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Introduction. 

Water scarcity is one of the major environmental constraints limiting 

agricultural production, particularly in regions where crop cultivation depends 

strongly on irrigation. Soybean (Glycine max (L.) Merr.) is sensitive to inadequate 

water availability, and drought can substantially affect plant growth, physiological 

processes, and yield formation. Under water deficit, the root system becomes 

particularly important because it determines the plant’s ability to explore the soil 

profile and acquire available water and nutrients. 

The root system is a key component of soybean adaptation to water deficit. 

Root length, root biomass, root volume, root branching, and root-to-shoot ratio are 

among the important traits associated with water acquisition and drought adaptation. 

Xiong et al. (2021) reported that root system architecture plays a central role in the 

acquisition of water and nutrients under water-limited conditions and emphasized 

the importance of root traits in improving soybean drought tolerance. 

Water deficit can substantially modify soybean root growth and biomass 

allocation. Kunert et al. (2016) showed that drought affects soybean root 

architecture, including root depth, branching density, and root angle, while changes 

in root biomass allocation may contribute to plant adaptation to water stress. The 

authors also emphasized the importance of evaluating root and nodule traits when 

assessing drought responses in soybean. 

The development of the root system is also influenced by genotype. Variability 

among soybean genotypes in root length, root dry weight, and root-to-shoot ratio 

has been documented, with genotypes possessing more developed root systems 

generally showing greater capacity for water acquisition under water-limited 

conditions (Meena et al., 2019). Field and controlled-environment studies have 
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demonstrated that root characteristics can contribute to differences in soybean 

performance under drought conditions. 

Irrigation is another important factor regulating soybean root development. In 

a three-year field experiment involving 200 soybean genotypes, Nakamura et al. 

(2023) found that irrigation significantly affected root growth and development, 

with most root traits, including root dry weight, total root length, and root volume, 

showing improvement under irrigated conditions. The study also demonstrated 

considerable genetic variation in root responses to irrigation, indicating that soybean 

genotypes differ in their capacity to modify root development according to water 

availability. 

Recent field research further confirms the interaction between soybean 

genotype and irrigation regime in determining root characteristics. A three-year 

study conducted under semi-arid conditions showed that irrigation increased total 

root length, root surface area, and root volume in different soybean varieties, while 

the magnitude of the response differed between genotypes. These findings 

demonstrate that both water availability and varietal characteristics should be 

considered when evaluating soybean root development under contrasting irrigation 

conditions. 

In this context, the use of water-saving irrigation technologies is particularly 

important for soybean production in water-limited agricultural regions. Drip 

irrigation can provide water directly to the soil near the plant root zone, allowing 

more controlled water application and creating favorable conditions for root 

development while reducing unnecessary water losses. Therefore, evaluating root 

system formation under water-saving irrigation methods is important for identifying 

soybean varieties capable of maintaining effective root development under limited 

water resources. 

The aim of this study was to evaluate the formation and development of the 

root system in different soybean varieties grown under water-saving irrigation 

conditions and to compare their root characteristics under drip and furrow  

irrigation. 

Materials and methods 

The study was conducted at the experimental field of the Ingichka Fiber Cotton 

Research Institute, Termiz district, Surkhandarya region, Uzbekistan. Four soybean 

(Glycine max (L.) Merr.) varieties—Nafis, Madad, Orzu, and Sevinch—were 

studied under two irrigation methods: drip and furrow irrigation. The field 

experiment was conducted in three replications, with treatments arranged  

randomly. 
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Fig. 1. Root systems of soybean varieties grown under different irrigation methods 

 

The main root length was determined by carefully excavating representative 

plants from the accounting rows to preserve the root system. The roots were gently 

washed to remove adhering soil, and the main root length was measured from the 

root collar to the tip of the primary root using a ruler. The results were expressed as 

cm plant⁻¹. The obtained data were compared between irrigation methods and 

among soybean varieties. Statistical processing of the experimental data was 

performed according to the method of Dospekhov (1985). 

Results and discussion 

The results showed that the irrigation method had a clear effect on the 

formation of the main root in all studied soybean varieties. The main root length was 

consistently higher under furrow irrigation than under drip irrigation. Under drip 

irrigation, the main root length ranged from 23.7 ± 0.5 cm plant⁻¹ in Orzu to 35.4 ± 

0.3 cm plant⁻¹ in Nafis, whereas under furrow irrigation it ranged from 28.4 ± 0.4 

cm plant⁻¹ in Orzu to 40.7 ± 0.8 cm plant⁻¹ in Nafis. 

Among the studied varieties, Nafis had the longest main root under both 

irrigation methods, followed by Madad, Sevinch and Orzu. Under furrow irrigation, 

the main root length of Nafis was 40.7 cm plant⁻¹, which was 5.4 cm greater than 

that of Madad, 6.6 cm greater than Sevinch, and 12.3 cm greater than Orzu. This 

indicates considerable varietal differences in root development. 

The difference between irrigation methods was 5.3 cm in Nafis, 5.4 cm in 

Madad, 4.7 cm in Orzu, and 5.6 cm in Sevinch. The adaptability coefficient ranged 

from −14.97% in Nafis to −19.83% in Orzu. The negative values reflect the greater 

main root length observed under furrow irrigation compared with drip irrigation.  
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Fig. 2. Main root length of soybean varieties under different irrigation methods 

 

The smallest difference was recorded in Nafis, while the greatest relative difference 

was observed in Orzu. 

On average, the main root length across the four varieties was 29.85 cm plant⁻¹ 

under drip irrigation and 35.10 cm plant⁻¹ under furrow irrigation. Thus, under the 

conditions of this experiment, furrow irrigation was associated with a longer main 

root in all four soybean varieties, while the response magnitude differed among 

genotypes. These results indicate that root development in soybean is influenced not 

only by the irrigation method but also by varietal characteristics. 

The results showed clear varietal differences in main root length under both 

irrigation methods. Nafis had the longest main root, reaching 35.4 cm plant⁻¹ under 

drip irrigation and 40.7 cm plant⁻¹ under furrow irrigation, whereas Orzu showed 

the shortest values, at 23.7 and 28.4 cm plant⁻¹, respectively. Similar varietal 

differences in soybean root development were reported by Fenta et al. (2014), who 

found distinct differences in root architecture and rooting depth among soybean 

cultivars under field conditions. 

In our study, furrow irrigation resulted in longer main roots in all four varieties, 

with increases of 5.3–5.6 cm plant⁻¹ compared with drip irrigation. This agrees with 

the findings of Bui et al. (2022), who demonstrated that irrigation significantly 

influenced soybean root development and that the response varied among 

genotypes. Thus, our results confirm that both soybean genotype and irrigation 

method play an important role in determining root development. 
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Conclusion 

The study demonstrated clear varietal differences in main root length under 

both irrigation methods. Nafis showed the longest main root (35.4 cm plant⁻¹ under 

drip irrigation and 40.7 cm plant⁻¹ under furrow irrigation), while Orzu had the 

shortest (23.7 and 28.4 cm plant⁻¹, respectively). In all four soybean varieties, the 

main root was longer under furrow irrigation than under drip irrigation. Thus, the 

formation of the soybean main root was influenced by both varietal characteristics 

and irrigation method. 
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