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Fig. S1. The vegetable yield under different water and nitrogen fertilizer treatments in 2022. Mean values are shown with standard error (n = 3). Different lowercase letters indicate significant differences among treatments (p < 0.05). Control: high irrigation with no N fertilizer; FP: high irrigation with high chemical nitrogen fertilizer consisted with local farmer practices; N0: reduced irrigation with no chemical nitrogen fertilizer; N1: reduced irrigation with low chemical nitrogen fertilizer; N2: reduced irrigation with middle chemical nitrogen fertilizer; N3: reduced irrigation with high chemical nitrogen fertilizer. 
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[bookmark: _Hlk203399334]Fig. S2. Changes in soil physicochemical properties under different water and nitrogen fertilizer treatments. Mean values are shown with standard error (n = 3). Different lowercase letters indicate significant differences among treatments (p < 0.05).  Abbreviations: EC, electrical conductivity; AK, available potassium; TK, total potassium; TP, available phosphorus. Other abbreviations are given in Fig. S1.
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[bookmark: _Hlk203399436]Fig. S3. The total microbial necromass carbon (MNC) (a), bacterial necromass carbon (BNC) (b), and fungal necromass C (FNC) (c) under different water and nitrogen fertilizer treatments. Mean values are shown with standard error (n = 3). Different lowercase letters indicate significant differences among treatments (p < 0.05). Other abbreviations are given in Fig. S1.
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[bookmark: _Hlk203399466][bookmark: OLE_LINK2]Fig. S4. The Vmax and Km of extracellular β-xylosidase (BX; a, c), cellobiohydrolase (CBH; b, d) under different water and nitrogen fertilizer treatments. Mean values are shown with standard error (n = 3). Different lowercase letters indicate significant differences among treatments (p < 0.05). Vmax represents the enzyme's maximum catalytic velocity under saturated substrate conditions, while Km denotes the substrate concentration at half-maximal reaction rate. Other abbreviations are given in Fig. S1.
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[bookmark: _Hlk203463307][bookmark: _Hlk214034071]Fig. S5. The correlations among bulk soil properties, microbial community structure and root biomass, enzyme kinetics and FNC/SOC, MNC/SOC, BNC/SOC. Abbreviations: NAG, nitrogen-acetyl-glucosaminidase; TC, total carbon; TN, total nitrogen; F/B, the ratio of fungal to bacterial; NO3--N, nitrate; BG, β-glucosidase; PLFAs, phospholipid fatty acids; AP, available phosphorus; LAP, leucine aminopeptidase; NAG, nitrogen-acetyl-glucosaminidase; SOC, soil organic carbon. Other abbreviations are given in Figs. S1-S4.
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