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[bookmark: _Hlk168337385]2.1 C use efficiency analysis
Microbial CUE was determined based on measuring the incorporation of 18O from 18O-labeled H2O into microbial DNA and C losses by respiration (Spohn et al., 2016). Briefly, four replicates of 500 mg soil pre-incubated for 3 weeks were added in 2 mL vials. 18O-labeled H2O (97.0 atom% 18O; Shanghai Research Institute of Chemical Industry Co., Ltd.) was added to half of the replicates to adjust 20.0 atom% 18O in the final soil water and the other half of replicates was added the same volume of non-labeled H2O as natural abundance control. In parallel, 10 g of the pre-incubated soil was added into 100 mL containers, and the same procedure of adding non-labeled H2O was also conducted to determine basal microbial respiration. Then, the open vials were transferred into 50 mL incubation containers and sealed, and incubated at 25 °C. After 24 hours of incubation, the 20 mL gas was taken from each 100 mL container and transferred to a pre-evacuated 12 mL vacuum bottle. The CO2 concentration was analyzed by gas chromatography (Agilent 7890A; Agilent Technologies, USA). When the gas samples were collected, the vials were sealed and put into liquid N2 to freeze the soils, and then stored at –80 ℃ until DNA extraction. 
DNA was extracted from soils with 18O-labeled and non-labeled H2O addition using a DNA extraction kit (FastDNA™ Spin kit for soil; MP). The DNA concentration was determined by a NanoDrop 1000 spectrophotometer (Thermo Scientific, USA). 50 μL of DNA extracts were weighed and dried in silver capsules at 60 ℃. Then, the 18O abundance was quantified by an isotope ratio mass spectrometer (MAT253) coupled with an elemental analyzer (FLASH 2000, Thermo Fisher Scientific, USA).
The newly produced DNA amount was calculated as follows:

Where CDNA represents the concentration of DNA extracted from soil (μg g−1 dry soil); δ18Osample represents 18O abundance of DNA in a labeled sample; δ18Ocontrol represents 18O abundance of DNA in an unlabeled sample; δ18OH2O represents 18O abundance in the final soil water (20.0 atom%).
The newly produced MBC amount (MBCproduced) was calculated as follows:

Where MBCtotal represents the microbial biomass C of the soil sample.
The microbial growth rate (CGrowth; ng C g−1 h−1) was calculated using the following equation:

Where M represents the mass of the soil as the equivalent of dry weight; 24 represents the incubation time in hours. 
The microbial respiration rate (CRespiration, ng C g−1 h−1) was calculated as follows:

Where C and C0 represent the CO2 concentrations (ppm) of the treated and control samples, respectively. M represents the molecular mass of C (12 g mol−1); V represents the volume of the head-space in a vial (mL); Vm represents the standard molar volume of an ideal gas (L mol−1); DW represents the dry mass of soil (g); 273 represents the absolute temperature (K) at the standard atmospheric pressure; 298 represents the incubation temperature (K); and t represents the incubation time (h).
The microbial CUE was calculated by the following equation:

2.2 Soil chemical properties analysis
[bookmark: OLE_LINK228][bookmark: OLE_LINK269][bookmark: OLE_LINK270][bookmark: OLE_LINK37][bookmark: OLE_LINK44][bookmark: OLE_LINK48][bookmark: OLE_LINK49]Soil pH was measured at the soil-to-distilled water ratio of 1:2.5 (w/v) using a pH meter (YSI Inc., USA). SOC were determined using an elemental analyzer (Vario EL III, Elementer, Germany). At the end of the SOC analysis, the undecomposed straw was removed by the sodium polytungstate (SPT) extraction of 1.65 g cm–3, and measured SOC content. Fed, Feo and Fep were extracted using a solution of dithionite-citrate-bicarbonate, a solution of ammonium oxalate-oxalic acid, and a solution of sodium-pyrophosphate solution, respectively (Weiss et al., 2003, 2005).
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Fig. S1 Schematic distribution of micro-plot field
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Fig. S2 The yield of corn in upland and rice in paddy soils under granulated straw incorporation with or without nutrients supplement. Different color lowercase letters indicate differences across treatments within one land-use type (p < 0.05), while different black uppercase letters indicate differences between upland and paddy soil within one certain treatment (p < 0.05).
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Fig. S3 Free (a), amorphous (b), and complexed (c) Fe oxides in infertile upland and paddy under granulated straw incorporation with or without nutrients supplement. Different color lowercase letters indicate differences across treatments within one land-use type (p < 0.05), while different black uppercase letters indicate differences between upland and paddy soil within one certain treatment (p < 0.05).
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Fig. S4 Soil pH in infertile upland and paddy under granulated straw incorporation with or without nutrients supplement. Different color lowercase letters indicate differences across treatments within one land-use type (p < 0.05), while different black uppercase letters indicate differences between upland and paddy soil within one certain treatment (p < 0.05).
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