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Abstract

Objective: In the context of Xinjiang's arid climate, water scarcity, and soil salinization, this study focuses
on the problems of water and fertilizer resource waste, reduced cotton yield and quality, and deteriorating
ecological environment caused by unreasonable irrigation and fertilization systems. Taking the saline-alkali
cotton fields in the Shihezi Farming Area in northern Xinjiang as the research object, this study explores the
impact of spatially separated regulation of water, fertilizer, and salt on the distribution of soil water, fertilizer,
and salt, as well as the growth and development of cotton, its yield and quality. The purpose of this study is
to explore the optimal irrigation and fertilization strategies suitable for the rational regulation of water,
fertilizer, and salt in in Xinjiang's saline-alkali cotton fields, providing theoretical and technical guidance for
improving water resource utilization efficiency, alleviating soil salinization, achieving spatial separation of
water, fertilizer, and salt in the cotton root zone, and promoting the sustainable development of Xinjiang's
cotton industry.

Methods: Two factors, irrigation volume and fertilization timing, were set up in the experiment. According
to the distribution of irrigation time, three fertilization timing methods were set: T1 (1/2N-1/2W), T2 (1/4W-
1/2N-1/4W), and T3 (3/8W-1/2N-1/8W). Three levels of irrigation volume during the growth period were
set: W1 (3000 m3/hm2), W2 (3750 m3/hm2), and W3 (4500 m3/hm2). A total of nine treatments were
established, namely TIW1, TIW2, TIW3, T2W1, T2W2, T2W3, T3WI, T3W2, and T3W3, with three
replicates for each treatment. By setting different irrigation volumes and fertilization methods, the soil
environmental indicators, cotton morphological indicators, cotton root characteristics, and cotton yield and
quality indicators under these conditions were measured and analyzed. The aim was to explore the regulatory
effects of irrigation volume and fertilization methods on soil water, fertilizer, and salt, as well as their
influences on cotton growth and development, yield formation, and quality improvement. The study
identified the optimal fertilization period and appropriate irrigation volume during the cotton growth period.
The main conclusions drawn are as follows.

Conclusion:

(1) The spatial and temporal distribution rules of soil moisture, nitrogen and salt are obviously regulated by
water supply level and fertilization modes. It is found that the average soil water content in the 0-100 c¢m soil
layer of each experimental treatment increases notably as the irrigation amount rises. Specifically, in each
growth period, the average soil water content follows the order of W3 > W2 > W1. The moisture content
reached its peak at the flowering and boll-forming stage, and the soil moisture content in some layers of W3
exceeded the field capacity. The greater the irrigation volume, the stronger the salt leaching effect. At the
seedling stage, the surface soil salt content was higher in W1 and W2 due to the smaller irrigation volume.
From the bud stage to the flowering and boll-forming stage, W2 and W3 promoted the migration of salt to
the deep layer. At the boll opening stage, W2 could stabilize the salt content in the root zone. The order of
soil moisture content was W3 > W2 > W1, and the upper layer salt content was W3 < W2 < W1, while the
deep layer salt content was W1 < W2 < W3. The W2T2 treatment had the best water and salt coordination
regulation effect, while the salt was prone to remain in the W1 treatment and the W3 treatment was prone to
cause water saturation and nitrogen loss. With consistent irrigation water supply, postponing the fertilization
period helps maintain nitrogen substances in the root soil layer, and the overall nitrogen content ranks as T2 >



T1>T3. The W2T2 treatment could reduce the deep leaching of nitrogen. Under the same fertilization regime,
the total soil nitrogen content showed a decreasing trend as irrigation volume increased, with the specific
order of W1 > W2 > W3, Under W1 and W2 treatments, the total nitrogen was mainly distributed in the 0-
40 cm layer, while under W3, it was distributed below 40 cm. The T2 treatment could increase the total
nitrogen content in the 20-40 cm root zone, but had little effect on salt. The W2T2 treatment could promote
the formation of low-salt and high-fertilizer characteristics in the root zone and achieve efficient partitioning
of fertilizer and salt.

(2) Under different irrigation volumes and fertilization methods, the plant height, stem diameter, leaf area
index and biomass accumulation rose initially and declined gradually throughout the growing stage. The
irrigation volume had a significant impact on the growth indicators of cotton. With identical fertilization
practices, cotton vegetative traits including plant height, stem width, LAI and aerial biomass followed the
order W2 > W3 > W1 alongside rising irrigation amounts. Under uniform fertilization measures, cotton
above-ground growth traits including plant height, stem thickness, LAI and aerial biomass ranked T2 > T1 >
T3 with delayed fertilization schedules. The results indicated that the W2T2 treatment had a more significant
impact on the aboveground morphological indicators of cotton.

(3) The cotton root system is almost entirely concentrated in the 0-30 cm soil layer, and as the soil depth
increases, the proportion of root length in each 10 cm soil layer decreases successively. When fertilization
conditions remained unchanged, most root-related traits presented an upward tendency as irrigation supply
rose from W1 to W2, including total root length, root surface area, root volume, mean root diameter and
underground biomass. However, when the irrigation amount further increases to W3, the above root system
characteristic parameters generally decrease. This indicates that a moderate increase in irrigation amount can
promote the elongation, thickening, and biomass accumulation of cotton roots, which is beneficial for the
absorption of water and nutrients by the root system. When the irrigation amount is consistent, applying
nitrogen fertilizer in the first half of the irrigation time (T1) is conducive to increasing the root length of the
entire root, while applying nitrogen fertilizer in the middle half of the irrigation time (T2) is conducive to
increasing the root surface area, average root diameter, root volume, and root dry weight. In addition,
principal component analysis was used to conduct mathematical statistical analysis on five root system
indicators, namely root length, root surface area, root volume, root dry weight, and average root diameter.
The results show that the W2T2 treatment has the best root system regulation effect, followed by the W2T3
treatment, while the W1T1 treatment has the lowest comprehensive score of the root system and the poorest
regulation effect.

(4) Under different irrigation water volumes and fertilization methods, the number of bolls per plant, the
weight of each boll, and the seed cotton yield of cotton all increased in the order of W2 > W3 > W1; when
the fertilization methods were the same, the number of bolls per plant, the weight of each boll, the seed cotton
yield, and the quality indicators almost all decreased in the order of T2 > T1 > T3 as the fertilization time
was postponed; the yield of the W2T2 treatment was significantly higher than that of the other treatments. At
the same time, the water use efficiency (WUE) and irrigation water use efficiency (IWUE) of the W2T2
treatment were significantly higher than those of the other treatments. Therefore, this combination of
irrigation water volume and fertilization method can provide theoretical support for achieving water-saving,
salt-controlling, and high-yield production in the local area.

Key words: Subsurface drip irrigation; Irrigation water volume; Fertilization method; Water use efficien
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