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Abstract

Objective: In view of the increasing soil salinization, water scarcity, and constraints on cotton production
in Xinjiang, research on the amelioration and efficient utilization of saline soils is of great significance for
promoting sustainable agricultural development. Taking cotton, a representative crop in Xinjiang, as the
research object, this study systematically investigated the effects of different initial soil salinity levels and
water-deficit regimes on cotton growth and development, photosynthetic physiological characteristics, yield
formation, and fiber quality under drip irrigation conditions. The aim was to clarify the response
characteristics and regulatory mechanisms of drip-irrigated cotton under combined water and salt stress, and
to determine the suitable range and optimal mode of water—salt regulation, so as to provide a theoretical basis
and technical support for drip-irrigated cotton cultivation, efficient water—salt resource utilization, and stable,
high-quality cotton production in saline soils of Xinjiang.

Methods: A pot experiment was conducted in an artificial climate chamber to simulate typical saline soil
conditions in Xinjiang. Seven initial soil salinity levels (2, 4, 6, 8, 12, 16, and 20 g-kg™) and three soil
moisture levels (80%, 60%, and 40% of field capacity) were established, resulting in 21 treatments with three
replicates each. Soil water and salt contents, total nitrogen, organic carbon, cotton physiological and growth
traits, photosynthetic fluorescence characteristics, yield components, and fiber quality parameters were
systematically measured. By analyzing the relationships between soil environmental changes and cotton
responses under different treatments, the effects of water and salt stress on cotton growth, yield formation,
and quality variation were elucidated.

Results: Water deficit significantly reduced soil moisture content, while salt accumulation was mainly
concentrated in the 0—10 cm surface layer. The interaction between salinity and water deficit had significant
effects on soil water—salt distribution. Cotton growth traits, including plant height, stem diameter, and leaf
area index, were significantly inhibited with increasing soil salinity and water deficit. Net photosynthetic rate
(Pn), transpiration rate (Tr), and stomatal conductance (Gs) all decreased with intensified water and salt stress,
whereas intercellular CO2 concentration (Ci) showed an increasing trend. Maximum quantum yield of PSII
(Fv/Fm) and PSII potential activity (Fv/Fo) gradually declined during the growth period, while non-
photochemical quenching (NPQt) increased. Under water and salt stress, cotton yield and fiber quality
decreased significantly. When soil salinity exceeded 12 g-kg™, boll number per plant, boll weight, fiber length,
and fiber strength were markedly reduced. Path analysis showed that harvest biomass had the greatest direct
effect on yield (direct path coefficient = 0.53), whereas leaf area index had the greatest indirect effect (0.99).
Initial soil salinity exerted the greatest direct negative effect on the fiber quality index (FQI) (—0.66),

indicating that salinity was a major limiting factor for cotton quality. Principal component analysis and



entropy weight-TOPSIS evaluation consistently identified the SIW1 treatment as the optimal water—salt
combination. Regression analysis showed that both initial soil salinity and water-deficit level had extremely
significant effects on cotton yield and quality index (P < 0.01). The optimal comprehensive benefit was
achieved when the initial soil salinity ranged from 2.00 to 6.82 g-kg™ and soil moisture was maintained at
60.29%-80% of field capacity.

Conclusion: A water—salt coordinated regulation mode for drip-irrigated cotton was established with the
core strategy of “salt control, water conservation, source stabilization, boll promotion, yield improvement,
and quality enhancement.” By rationally regulating soil salinity and irrigation intensity, the root-zone water—
salt environment of cotton can be improved, leaf area formation and dry matter accumulation can be enhanced,
and the allocation of photosynthates to reproductive organs can be promoted, thereby achieving the
coordinated improvement of yield and fiber quality. Under the conditions of this study, the SIW1 treatment
showed the best comprehensive performance and was identified as the optimal water—salt combination. The
suitable regulation range was an initial soil salinity of 2.00-6.82 g-kg™ and a soil moisture content of
60.29%—-80% of field capacity. This technical mode can provide theoretical support and practical guidance
for precision irrigation, stable yield improvement, and sustainable development of drip-irrigated cotton
cultivation in saline regions.

Key words: water and salt stress; cotton growth; yield and quality; saline soil; sustainable agriculture
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