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Abstract

Object: Korla fragrant pear (Pyrus sinkiangensis yu) is a key industry for developing the local economy in
Xinjiang. However, there remains ambiguity regarding the selection of irrigation quotas and emitter
discharge rates for dwarf close-planting cultivation systems, while winter/spring irrigation practices during
the non-growth period, primarily guided by empirical experience, often lead to water resource wastage. This
study aims to investigate the effects of irrigation quotas and emitter discharge on soil habitat characteristics
in the root zone of fragrant pear trees. Additionally, by analyzing the variation patterns of soil water, heat,
and salt, we seek to identify appropriate leaching quotas for non-growth period winter/spring irrigation. The
findings will provide a theoretical basis for establishing a full-cycle water-salt regulation irrigation model in
saline-alkali fragrant pear orchards in Southern Xinjiang.

Methods: This study was conducted from April 2022 to September 2023 and September 2023 to April 2024
in a typical saline-alkali fragrant pear orchard in Korla City, Xinjiang, encompassing two years of surface
drip irrigation experiments and one year of winter/spring irrigation experiments during the non-growth period.
The subjects were 7-year-old young fragrant pear trees. During the growth period, a completely randomized
trial was designed with three emitter discharge rates (2, 3, and 4 L/h) and three irrigation quotas (3750, 5250,
and 6750 m3*-hm™2). For the non-growth period, a completely randomized trial was implemented with three
winter irrigation quotas (2100, 2850, and 3600 m*-hm) and three spring irrigation quotas (0, 750, and 1500
m?-hm2). Based on experimental results, the study analyzed changes in soil environmental factors mediated
by exogenous irrigation and their critical impacts on fragrant pear root growth using random forest and partial
least squares path modeling (PLS-PM), incorporating soil physicochemical properties, nutrient levels,
enzyme activity, and pear growth indicators. Optimal irrigation quotas and emitter discharge rates during the
growth period were selected with fruit yield and quality as evaluation criteria. Furthermore, the study
elucidated the dynamics of soil water, temperature, salinity, and ion distribution under winter/spring irrigation
to determine preferred leaching quotas, ultimately aiming to establish a full-cycle water-salt regulation
irrigation model.

Results: (1) Root excavation revealed that the dense root layer of fragrant pear trees was distributed within
the 0-80 cm soil depth. Under the same emitter discharge rate, increasing the irrigation quota elevated soil
moisture content in the 0—40 cm shallow root zone and 40-80 cm deep root zone by 3.14%—8.48% and
2.69%—6.84%, respectively. Concurrently, electrical conductivity (EC) and pH in the 0—40 cm layer
decreased by an average of 12.32% and 1.61%, while reductions of 7.96% and 2.80% were observed in the
40-80 cm layer. Moderate increases in irrigation quotas significantly enhanced soil nutrient content and
enzyme activity. Random forest and partial least squares path modeling (PLS-PM) demonstrated that

exogenous irrigation practices mediated changes in soil environmental factors, thereby driving root trait



modifications.

(2) Irrigation quota was the dominant factor affecting growth indicators during the growth period.
Increased irrigation quotas significantly promoted growth parameters: new shoots, leaf area, fruit transverse
diameter, and fruit longitudinal diameter increased by averages of 8.43%, 6.25%, 7.14%, and 5.90%,
respectively. Higher irrigation quotas improved fruit shape index, single-fruit weight, soluble solids, soluble
sugars, sugar-acid ratio, solid-acid ratio, and vitamin C, while reducing peel hardness, core diameter, and
titratable acidity. Maximum values for income, net profit, and output-input ratio occurred under the W3E3
treatment, achieving a 40.14% yield increase, an average profit increase of 39,900 yuan-hm2, and a 37.87%
rise in output-input ratio, though water productivity decreased by 22.82% on average.

(3) Winter/spring irrigation during the non-growth period enhanced salt leaching and pH reduction in
saline-alkali pear orchard soil profiles as leaching quotas increased, with winter irrigation exhibiting
sustained effects on soil salinity and alkalinity. CI- and Na® were the ions most affected by irrigation
treatments. Winter/spring irrigation reduced the soil CROSS index, mitigating risks of Na*-induced soil
particle dispersion and structural destabilization. Soil temperature fluctuations were most pronounced in the
0-20 cm layer. The soil freezing index (FI) decreased with higher winter irrigation quotas, while the thawing
index (TI) increased with larger irrigation volumes.

Conclusion: Based on experimental results and the Entropy Weight-TOPSIS comprehensive evaluation
model, the full-cycle water-salt regulation irrigation model combining a growth-period irrigation quota of
6750 m*-hm™ with a 4 L/h emitter discharge rate, along with non-growth period winter and spring irrigation
quotas of 3600 m*-hm and 1500 m*-hm2, respectively, demonstrated optimal comprehensive performance.
Winter/spring irrigation during the non-growth period played a dominant role throughout the complete
growth cycle of fragrant pear trees, while surface drip irrigation during the growth period ensured basic water
supply for fruit development and maintained suitable soil habitat conditions in the root zone.

Key words: Full-cycle irrigation; Irrigation quotas; emitter discharge rates; environmental factors; Korla

fragrant pear
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