Background Research
Agricultural sustainability is increasingly threatened by soil degradation, particularly salinization, which reduces the productivity of arable land worldwide. Arable land, defined as land suitable for crop cultivation, is a finite resource that continues to decline due to environmental stressors such as salinity accumulation (Food and Agriculture Organization, 2023). Soil salinity affects a significant portion of global cropland and limits plant growth by disrupting water uptake, nutrient balance, and cellular function. As the demand for food production rises, understanding how crops respond to saline environments is essential for maintaining agricultural output.
Salinity stress imposes both osmotic and ionic challenges on plants, reducing their ability to absorb water and leading to toxic accumulation of ions such as sodium (Na⁺) in plant tissues. In barley (Hordeum vulgare), a relatively salt-tolerant cereal crop, tolerance mechanisms include ion compartmentalization, osmotic adjustment, and selective ion transport within root cells (Munns & Tester, 2008). However, the severity of growth inhibition depends not only on salinity level but also on how salinity is distributed within the soil environment.
Recent studies suggest that plants exposed to spatially heterogeneous salinity: where only part of the root system encounters high salt, concentrations may exhibit compensatory growth. This occurs when roots in non-saline zones maintain water and nutrient uptake, partially offsetting stress experienced in saline regions. Differences in ion regulation between tolerant and sensitive barley cultivars further support the idea that root-level responses play a critical role in overall plant performance under salinity stress (Shabala et al., 2023). Additionally, plants may alter growth patterns, allocating more resources to less stressed regions, thereby improving survival and productivity compared to uniformly stressed conditions (Isayenkov & Maathuis, 2019).
Some key definitions. Salinity refers to the concentration of dissolved salts in soil, often measured in decisiemens per meter (dS/m), which influences plant water availability and ion balance. Spatial salinity heterogeneity describes the uneven distribution of salt within the soil, resulting in different stress levels across the root system. Compensatory growth is the ability of a plant to maintain or increase growth in favorable conditions to offset stress experienced in less favorable conditions. Hordeum vulgare, commonly known as barley, is a cereal crop frequently used in salinity studies due to its moderate tolerance to salt stress.
Understanding how barley responds to both uniform and spatially variable salinity is critical for improving crop management in salt-affected soils. This study investigates early growth responses of Hordeum vulgare under non-saline, uniformly saline, and spatially heterogeneous salinity conditions, with a focus on evaluating compensatory growth mechanisms.
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