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Abstract To explore the long-term trend of soil quality changes in farmland under different crop rotation patterns
and their effects on alleviating drought stress, four long-term (2016-2022) fixed location rotation models, spring
wheat-potato (R;), spring wheat-potato-rape (R,), spring wheat-rape (R;), and continuous spring wheat (C,),
were established on the western slope of the Great Khingan Mountains. Two water treatments, normal moisture
(NC) and drought stress (HC), were designed, resulting in a total of eight treatments. In order of crop rotation,
spring wheat ‘Longmai 36° was planted in all rotation models in 2022. The soil physicochemical properties,
enzyme activities, microbial biomass, and wheat yield under different treatments were determined, and the
response of soil quality indicators under different rotation systems to drought stress, and the mitigation effects
were analyzed. The results showed that: In terms of soil properties, under both water treatments, R,, R, and
R, had significantly higher soil moisture content, total porosity, organic matter, alkali-hydrolyzed nitrogen, total
phosphorus, available phosphorus, total potassium, available potassium, sucrase, alkaline phosphatase, and
microbial biomass phosphorus than those of C, (P<<0.05). Compared with NC, the variation amplitudes of soil
physicochemical properties, enzyme activities, and microbial indicators in R;, R, and R; under HC were all
smaller than those in C;. Among which, R, showed the best mitigation effect on available phosphorus content
and catalase activity under drought stress, with mitigation values of 66. 27% and 13. 27%, respectively. R, had
the best mitigation effect on soil moisture content, available potassium, and sucrase activity under drought stress,
with values of 3.77%, 50.38%, and 44.99%, respectively. R; had the highest mitigation effect on alkaline
phosphatase activity under drought stress, reaching 57.29%. Under both NC and HC conditions, the soil quality
index (SQD of R;, R, and R; was all significantly higher than that of C, (P<C0. 05), with no significant differences
among R, R, and R;. In terms of yield, under both water treatments, the yield differences among R;, R, and
R, were not significant, but were all significantly higher than that of C, (P<<0.05). Under HC, the yields of C,,
R,, R, and R; decreased by 24.13%, 12.95%, 16.59%, and 18.98%, respectively, compared with NC, with
R, showing the best drought mitigation effect (46.33%). The yield of spring wheat shows a significant positive
correlation with soil physical properties such as mass water content and total porosity, soil nutrient indicators
including organic matter content and available nitrogen, soil enzyme activities like sucrase and alkaline
phosphatase, as well as soil microbial biomass phosphorus. In conclusion, spring wheat-potato (R,), spring
wheat-potato-rape (R,), spring wheat-rape (R;) rotation patterns can significantly improve the quality of farmland
soil arable land in the western foothills of the Great Khingan Mountains, thereby alleviate the limitations of water
and nutrient use by spring wheat under drought, and significantly increase spring wheat yield. R; and R, have
better effects on alleviating drought stress.

Keywords drought stress; crop rotation mode; spring wheat; soil quality; yield
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Fig.3 Soil quality moisture content (a),bulk density (b), and porosity (¢) in spring wheat fields under different treatments
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Fig. 6 Total nitrogen (a) and alkaline hydrolysable nitrogen (b) content in spring wheat field soil under different treatments
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Fig. 10 The content of soil microbial biomass carbon (a), microbial biomass nitrogen (b) and microbial biomass phosphorus (¢)
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SMC, soil mass water content; BD, bulk density of soil; TPOR, total porosity of soil; SOM, soil organic matter; TN, total nitrogen; AN,
alkaline hdrolysable nitrogen; TP, total phosphorus; AP, available phosphorus; TK, total potassium; AK, available potassium; SUC, sucrase
activity; ALP, alkaline phosphatase activity; URE, urease activity; CAT, catalase activity; MBC, microbial biomass carbon; MBN, microbial
biomass nitrogen; MBP, microbial biomass phosphorus; Y, Yield.
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Fig. 12 The correlation between soil quality indicators and their relationship with crop yield
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