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Table S1 The basal information of organic fertilizers for experiment 
	Items
	Total nutrients (g kg‒1)
	pH
	EC
(mS cm‒1)
	GI
(%)

	
	Nitrogen 
	Phosphorus 
	Potassium 
	
	
	

	OF
	17.8
	9.8
	43.2
	8.9
	3.7
	74.6

	BC-OF
	18.6
	9.4
	44.0
	8.9
	2.8
	78.5

	BC+DCD-OF
	20.0
	9.7
	42.0
	8.9
	3.2
	90.0


Note: OF: conventional organic fertilizer; BC-OF: modified organic fertilizer with 15% biochar (BC); BC+DCD-OF: modified organic fertilizer with 15% BC and 0.5% dicyandiamide (DCD). Data was from our previous composting projects (Huang et al., 2024a; 2024b).
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Table S2 Inorganic nitrogen (N) fertilizer (urea) application rate per crop growth cycle
	Cropping season
	Fertilization period
	CKU
[bookmark: OLE_LINK1](kg N ha‒1)
	OF
(kg N ha‒1)
	BC-OF
(kg N ha‒1)
	BC+DCD-OF
(kg N ha‒1)

	2022
Rice
season
	BF
	72
	50.4
	50.4
	50.4

	
	SF1
	72
	50.4
	50.4
	50.4

	
	SF2
	96
	67.2
	67.2
	67.2

	
	Total
	240
	168
	168
	168

	2023
Wheat season
	BF
	72
	50.4
	50.4
	50.4

	
	SF
	108
	75.6
	75.6
	75.6

	
	Total
	180
	126
	126
	126

	2023
Rice
season
	BF
	144
	100.8
	100.8
	100.8

	
	SF
	96
	67.2
	67.2
	67.2

	
	Total
	240
	168
	168
	168

	2024
Wheat season
	BF
	72
	50.4
	50.4
	50.4

	
	SF
	108
	75.6
	75.6
	75.6

	
	Total
	180
	126
	126
	126


Note: OF: conventional organic fertilizer; BC-OF: modified organic fertilizer with 15% biochar (BC); BC+DCD-OF: modified organic fertilizer with 15% BC and 0.5% dicyandiamide (DCD). The BF, SF1, and SF2 refer to the basal, the first, and the second supplementary N fertilization periods, respectively (same below).
Table S3 Amount of phosphate (P) and potassium (K) fertilizers applied into per crop growth cycle
	Type of fertilizers
	Fertilization periods
	CKU
	OF
	BC-OF
	BC+DCD-OF

	Calcium superphosphate
[bookmark: OLE_LINK2][bookmark: OLE_LINK3](kg P2O5 ha‒1)
	2022 Rice BF
	96
	96
	96
	96

	
	2023 Wheat BF
	72
	72
	72
	72

	
	2023 Rice BF
	96
	96
	96
	96

	
	2024 Wheat BF
	72
	72
	72
	72

	Potassium chloride
(kg K2O ha‒1)
	2022 Rice BF
	192
	192
	192
	192

	
	2022 Wheat BF
	144
	144
	144
	144

	
	2023 Rice BF
	192
	192
	192
	192

	
	2023 Wheat BF
	144
	144
	144
	144


Note: All phosphorus (P) and potash (K) fertilizers are applied at the BF period, without subsequent supplementation of P and K fertilizers during other crop growing period. 


Table S4 Average value of expenditure and income of potential economic benefit from rice-wheat rotation
	Rice/Wheat
	Average of prices for each parameter (RMB ha‒1)
	OF
	BC-OF
	BC+DCD-OF

	Cost
	Cost of organic fertilizer
	753.7/753.7
	1135.7/1135.7
	1244.4/1244.4

	
	Labor cost per spread manure
	529.3/529.3
	529.3/529.3
	529.3/529.3

	
	Total cost of miscellaneous expenses
	4599/4599
	4599/4599
	4599/4599

	Potential Benefit
	Difference in sum of Ecost+Hcost compared to CKU
	‒24.3/-30.8
	13.0/38.1
	437.5/183.3

	
	Organic or Biochar-based food benefits
	14116.0/9874.8
	21111.8/13802.6
	34528.5/13421.1

	
	Benefits from reduced urea usage
	446.1/334.6
	446.1/334.6
	446.1/334.6


Note: For calculations of Ecost, Hcost, labor cost per fertilizer spreading and total miscellaneous expenses according to the literature of Gao et al. (2024).
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Table S5 Parametric prices for calculating economic and ecological potential benefits
	Items
	Price
	Reference

	Chicken manure
	￥409 (RMB t‒1)
	Average market price

	Wheat straw
	￥565 (RMB t‒1)
	Average market price

	Biochar (BC)
	￥2200 (RMB t‒1)
	Manufacturers average price

	Dicyandiamide (DCD)
	￥14500 (RMB t‒1)
	Manufacturers average price

	Urea
	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]￥2850 (RMB t‒1)
	Manufacturers average price

	Ordinary rice
	￥4 (RMB kg‒1)
	Average market price

	Organic rice
	￥7 (RMB kg‒1)
	Average market price

	BC-based rice
	￥8 (RMB kg‒1)
	Average market price

	Common wheat
	￥3 (RMB kg‒1)
	Average market price

	Organic wheat
	￥5 (RMB kg‒1)
	Average market price

	BC-based wheat
	￥6 (RMB kg‒1)
	Average market price




Figure S1. Representative images of the rice–wheat rotation system from 2022 to 2024.
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