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Table S1. SO2, PO4, and CO2 emission factors per kg of product/substance for soybean + wheat in Argentina.
	Argentina

	
	
	wheat
	soybean

	
	
	Emission Factor (EF)

	Process
	Unit
	AP
	EP
	GWP
	AP
	EP
	GWP

	
	
	kgSO2eq
	kgPO4eq
	kgCO2eq
	kgSO2eq
	kgPO4eq
	kgCO2eq

	PRE-PLANTING
	
	
	
	
	
	
	

	input
	
	
	
	
	
	
	

	Seed
	kg ha–1
	-
	-
	1.30E-01
	-
	-
	2.50E-01

	MAP
	kg ha–1
	3.80E-02
	1.06E-01
	3.05E-01
	3.80E-02
	1.06E-01
	3.50E-01

	Manganese
	kg ha–1
	1.90E-02
	3.90E-02
	4.77E-01
	1.90E-02
	3.90E-02
	4.51E+00

	Boron
	kg ha–1
	4.00E-02
	2.83E-04
	7.96E+00
	4.00E-02
	2.83E-04
	7.96E+00

	Gypsum
	kg ha–1
	1.12E-04
	9.67E-07
	1.41E-01
	1.12E-04
	9.67E-07
	1.41E-01

	PLANTING
	
	
	
	
	
	
	

	Nitrogen (N)
	kg ha–1
	1.88E+00
	2.37E-01
	2.11E+00
	1.88E+00
	2.37E-01
	2.11E+00

	Phosphorus (P)
	kg ha–1
	3.30E-02
	7.29E+00
	1.40E-01
	3.30E-02
	7.29E+00
	1.40E-01

	Potassium (K)
	kg ha–1
	2.00E-03
	1.00E-03
	7.10E-01
	2.00E-03
	1.00E-03
	7.10E-01

	KCl
	kg ha–1
	2.00E-03
	1.00E-03
	7.10E-01
	2.00E-03
	1.00E-03
	7.10E-01

	Zinc
	kg ha–1
	7.32E-03
	1.25E-03
	4.40E-01
	7.32E-03
	1.25E-03
	4.40E-01

	Urea
	kg ha–1
	1.88E+00
	2.37E-01
	2.00E-01
	1.88E+00
	2.37E-01
	2.00E-01

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	CULTIVATION
	
	
	
	
	
	
	

	Fungicide
	L ha–1
	1.68E-03
	1.56E-04
	1.21E+01
	9.74E-04
	4.22E-05
	8.14E+00

	Herbicide
	L ha–1
	2.40E-02
	2.50E-02
	1.70E+00
	2.40E-02
	2.50E-02
	2.60E+00

	Insecticide
	L ha–1
	9.74E-04
	4.22E-05
	1.17E+01
	9.74E-04
	4.22E-05
	1.17E+01

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	-
	-
	-

	Water
	m3 ha–1
	-
	-
	1.40E-01
	-
	-
	-

	HARVESTING
	
	
	
	
	
	
	

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	Output
	
	
	
	
	
	
	

	Production
	kg ha–1
	2.30E+03
	2.63E+03


Adapted from IPCC (2006), Audsley et al. (2009), Juraske et al. (2011), Suárez et al. (2016), Fořt et al. (2018), Pereira et al. (2019), Lee et al. (2020), Câmara-Salim et al. (2021), Wu et al. (2021), Tsalidis. (2022), Türkbay et al. (2022), Andreasi Bassi et al. (2023), Yang et al. (2024).

Table S2. SO2, PO4, and CO2 emission factors per kg of product/substance for soybean + maize in Brazil.
	Brazil

	
	
	soybean
	maize

	
	
	Emission Factor (EF)

	Process
	Unit
	AP
	EP
	GWP
	AP
	EP
	GWP

	
	
	kgSO2eq
	kgPO4eq
	kgCO2eq
	kgSO2eq
	kgPO4eq
	kgCO2eq

	PRE-PLANTING
	
	
	
	
	
	
	

	input
	
	
	
	
	
	
	

	Har. and Lev.
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	-
	-
	-

	Seed
	kg ha–1
	-
	-
	2.50E-01
	-
	-
	1.05E+00

	Fungicide
	L ha–1
	-
	-
	-
	1.68E-03
	1.56E-04
	1.21E+01

	Insecticide
	L ha–1
	-
	-
	-
	1.50E-04
	3.40E-04
	4.20E+00

	Adjuvant
	L ha–1
	1.80E-02
	6.00E-04
	3.40E-01
	-
	-
	-

	Limestone
	kg ha–1
	8.12E-05
	1.39E-05
	1.00E-02
	8.12E-05
	1.39E-05
	1.00E-02

	Gypsum
	kg ha–1
	-
	-
	-
	1.12E-04
	9.67E-07
	1.41E-01

	PLANTING
	
	
	
	
	
	
	

	Nitrogen (N)
	kg ha–1
	1.88E+00
	2.37E-01
	2.11E+00
	1.88E+00
	2.37E-01
	2.11E+00

	Phosphorus (P)
	kg ha–1
	3.30E-02
	7.29E+00
	1.40E-01
	3.30E-02
	7.29E+00
	1.40E-01

	Potassium (K)
	kg ha–1
	2.00E-03
	1.00E-03
	7.10E-01
	2.00E-03
	1.00E-03
	7.10E-01

	Urea
	kg ha–1
	-
	-
	-
	1.88E+00
	2.37E-01
	2.00E-01

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	CULTIVATION
	
	
	
	
	
	
	

	Fungicide
	L ha–1
	9.74E-04
	4.22E-05
	8.14E+00
	-
	-
	-

	Herbicide
	L ha–1
	2.40E-02
	2.50E-02
	1.70E+00
	2.40E-02
	2.50E-02
	1.70E+00

	Insecticide
	L ha–1
	9.74E-04
	4.22E-05
	1.17E+01
	9.74E-4
	4.22E-05
	1.17E+01

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	Water
	m3 ha–1
	-
	-
	1.40E-01
	-
	-
	1.40E-01

	HARVESTING
	
	
	
	
	
	
	

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	Output
	
	
	
	
	
	
	

	Production
	kg ha–1
	3.20E+03
	5.49E+03


Adapted from Macedo et al. (2008), Salami et al. (2010), Ekman et al. (2011), Juraske et al. (2011), Jayasundara et al. (2014), Suárez et al. (2016), Kim et al. (2017), Lee et al. (2020), Cardozo et al. (2021), Fořt et al. (2021), Simões et al. (2021), Tsalidis. (2022), Andreasi Bassi et al. (2023), Machado et al. (2025). 

Table S3. SO2, PO4, and CO2 emission factors per kg of product/substance for soybean + wheat in Brazil.
	Brazil

	
	
	soybean
	wheat

	
	
	Emission Factor (EF)

	Process
	Unit
	AP
	EP
	GWP
	AP
	EP
	GWP

	
	
	kgSO2eq
	kgPO4eq
	kgCO2eq
	kgSO2eq
	kgPO4eq
	kgCO2eq

	PRE-PLANTING
	
	
	
	
	
	
	

	input
	
	
	
	
	
	
	

	Har. and Lev.
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	-
	-
	-

	Seed
	kg ha–1
	-
	-
	2.50E-01
	-
	-
	1.30E-01

	Adjuvant
	L ha–1
	1.80E-02
	6.00E-04
	3.40E-01
	-
	-
	-

	Limestone
	kg ha–1
	8.12E-05
	1.39E-05
	1.00E-02
	-
	-
	-

	PLANTING
	
	
	
	
	
	
	

	Nitrogen (N)
	kg ha–1
	1.88E+00
	2.37E-01
	2.11E+00
	1.88E+00
	2.37E-01
	2.11E+00

	Phosphorus (P)
	kg ha–1
	3.30E-02
	7.29E+00
	1.40E-01
	3.30E-02
	7.29E+00
	1.40E-01

	Potassium (K)
	kg ha–1
	2.00E-03
	1.00E-03
	7.10E-01
	2.00E-03
	1.00E-03
	7.10E-01

	Urea
	kg ha–1
	-
	-
	-
	1.88E+00
	2.37E-01
	2.00E-01

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	CULTIVATION
	
	
	
	
	
	
	

	Fungicide
	L ha–1
	9.74E-04
	4.22E-05
	8.14E+00
	9.74E-04
	4.22E-05
	8.14E+00

	Herbicide
	L ha–1
	2.40E-02
	2.50E-02
	1.70E+00
	2.40E-02
	2.50E-02
	1.70E+00

	Insecticide
	L ha–1
	9.74E-04
	4.22E-05
	1.17E+01
	9.74E-04
	4.22E-05
	1.17E+01

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	Water
	m3 ha–1
	-
	-
	1.40E-01
	-
	-
	1.40E-01

	HARVESTING
	
	
	
	
	
	
	

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	Output
	
	
	
	
	
	
	

	Production
	kg ha–1
	3.20E+03
	2.87E+03


Adapted from Macedo et al. (2008), Salami et al. (2010), Ekman et al. (2011), Juraske et al. (2011), Suárez et al. (2016), Kim et al. (2017), Lee et al. (2020), Cardozo et al. (2021), Fořt et al. (2021), Simões et al. (2021), Tsalidis. (2022), Andreasi Bassi et al. (2023), Machado et al. (2025).

Table S4. SO2, PO4, and CO2 emission factors per kg of product/substance for cotton + maize in Brazil.
	Brazil

	
	
	cotton
	maize

	
	
	Emission Factor (EF)

	Process
	Unit
	AP
	EP
	GWP
	AP
	EP
	GWP

	
	
	kgSO2eq
	kgPO4eq
	kgCO2eq
	kgSO2eq
	kgPO4eq
	kgCO2eq

	PRE-PLANTING
	
	
	
	
	
	
	

	input
	
	
	
	
	
	
	

	Har. and Lev.
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	-
	-
	-

	Seed
	kg ha–1
	-
	-
	6.50E-01
	-
	-
	1.05E+00

	Fungicide
	L ha–1
	-
	-
	-
	1.68E-03
	1.56E-04
	1.21E+01

	Insecticide
	L ha–1
	-
	-
	-
	1.50E-04
	3.40E-04
	4.20E+00

	Limestone
	kg ha–1
	8.12E-05
	1.39E-05
	1.00E-02
	8.12E-05
	1.39E-05
	1.00E-02

	Gypsum
	kg ha–1
	1.12E-04
	9.67E-07
	1.41E-01
	1.12E-04
	9.67E-07
	1.41E-01

	PLANTING
	
	
	
	
	
	
	

	Nitrogen (N)
	kg ha–1
	1.88E+00
	2.37E-01
	2.11E+00
	1.88E+00
	2.37E-01
	2.11E+00

	Phosphorus (P)
	kg ha–1
	3.30E-02
	7.29E+00
	1.40E-01
	3.30E-02
	7.29E+00
	1.40E-01

	Potassium (K)
	kg ha–1
	2.00E-03
	1.00E-03
	7.10E-01
	2.00E-03
	1.00E-03
	7.10E-01

	Urea
	kg ha–1
	-
	-
	-
	1.88E+00
	2.37E-01
	2.00E-01

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	CULTIVATION
	
	
	
	
	
	
	

	Fungicide
	L ha–1
	1.68E-03
	1.56E-04
	1.21E+01
	-
	-
	-

	Herbicide
	L ha–1
	4.10E-02
	5.80E-02
	1.89E+01
	2.40E-02
	2.50E-02
	1.70E+00

	Insecticide
	L ha–1
	9.74E-04
	4.22E-05
	1.17E+01
	9.74E-04
	4.22E-05
	1.17E+01

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	Water
	m3 ha–1
	-
	-
	1.40E-01
	-
	-
	1.40E-01

	HARVESTING
	
	
	
	
	
	
	

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	Output
	
	
	
	
	
	
	

	Production
	kg ha–1
	4.58E+03
	5.49E+03


Adapted from Macedo et al. (2008), Salami et al. (2010), Ekman et al. (2011), Juraske et al. (2011), Jayasundara et al. (2014), Suárez et al. (2016), Kim et al. (2017), Lee et al. (2020), Cardozo et al. (2021), Fořt et al. (2021), Simões et al. (2021), Tsalidis. (2022), Andreasi Bassi et al. (2023), Machado et al. (2025). 


Table S5. CO2 emission factors per kg of product/substance for monoculture wheat, maize, and cotton in China.
	China

	
	
	wheat
	maize
	cotton

	
	
	Emission Factor (EF)

	Process
	Unit
	AP
	EP
	GWP
	AP
	EP
	GWP
	AP
	EP
	GWP

	
	
	kgSO2eq
	kgPO4eq
	kgCO2eq
	kgSO2eq
	kgPO4eq
	kgCO2eq
	kgSO2eq
	kgPO4eq
	kgCO2eq

	PRE-PLANTING
	
	
	
	
	
	
	
	
	
	

	input
	
	
	
	
	
	
	
	
	
	

	Seed
	kg ha–1
	-
	-
	1.30E-01
	-
	-
	1.05E+00
	-
	-
	6.50E-01

	PLANTING
	
	
	
	
	
	
	
	
	
	

	Nitrogen (N)
	kg ha–1
	1.88E+00
	2.37E-01
	2.11E+00
	1.88E+00
	2.37E-01
	2.11E+00
	1.88E+00
	2.37E-01
	2.11E+00

	Phosphorus (P)
	kg ha–1
	3.30E-02
	7.29E+00
	1.40E-01
	3.30E-02
	7.29E+00
	1.40E-01
	3.30E-02
	7.29E+00
	1.40E-01

	Potassium (K)
	kg ha–1
	2.00E-03
	1.00E-03
	7.10E-01
	2.00E-03
	1.00E-03
	7.10E-01
	2.00E-03
	1.00E-03
	7.10E-01

	DAP
	kg ha–1
	-
	-
	-
	-
	-
	-
	1.00E-02
	5.00E-03
	1.40E-01

	Urea
	kg ha–1
	-
	-
	-
	-
	-
	-
	1.88E+00
	2.37E-01
	2.00E-01

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	CULTIVATION
	
	
	
	
	
	
	
	
	
	

	Fungicide
	L ha–1
	2.73E-02
	1.22E-03
	8.00E+00
	2.73E-02
	1.22E-03
	8.00E+00
	2.73E-02
	1.22E-03
	2.76E+01

	Herbicide
	L ha–1
	2.80E-02
	3.20E-02
	2.24E+01
	2.80E-02
	3.20E-02
	3.80E+00
	4.10E-02
	5.80E-02
	8.00E+00

	Insecticide
	L ha–1
	9.74E-04
	4.22E-05
	1.17E+01
	9.74E-04
	4.22E-05
	1.17E+01
	9.74E-04
	4.22E-05
	1.17E+01

	Pesticide
	L ha–1
	2.80E-02
	3.20E-02
	3.80E+00
	2.80E-02
	3.20E-02
	3.80E+00
	2.80E-02
	3.20E-02
	3.80E+00

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	Water
	m3 ha–1
	-
	-
	1.40E-01
	-
	-
	1.40E-01
	-
	-
	1.40E-01

	Electricity
	kwh ha–1
	8.16E-03
	7.20E-04
	1.31E+00
	8.16E-03
	7.20E-04
	1.31E+00
	8.16E-03
	7.20E-04
	1.31E+00

	HARVESTING
	
	
	
	
	
	
	
	
	
	

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	Output
	
	
	
	
	
	
	
	
	
	

	Production
	kg ha–1
	7.21E+03
	7,746.00
	5.06E+03


Adpated from Audsley et al. (2009), Salami et al. (2010), Juraske et al. (2011), Jayasundara et al. (2014), Kim et al. (2017), Milousi et al. (2019), Lee et al. (2020), Wang et al. (2020), Hosseini et al. (2022), Andreasie et al. (2023), Owsianiak et al. (2023), Yang et al., 2024.
Table S6. SO2, PO4, and CO2 emission factors per kg of product/substance for monoculture soybean and maize in the USA.
	USA

	
	
	soybean
	maize

	
	
	Emission Factor (EF)

	Process
	Unit
	AP
	EP
	GWP
	AP
	EP
	GWP

	
	
	kgSO2eq
	kgPO4eq
	kgCO2eq
	kgSO2eq
	kgPO4eq
	kgCO2eq

	PRE-PLANTING
	
	
	
	
	
	
	

	input
	
	
	
	
	
	
	

	Seed
	kg ha–1
	8.12E-05
	-
	2.50E-01
	8.12E-05
	-
	1.15E+00

	Limestone
	kg ha–1
	-
	1.39E-05
	1.00E-02
	-
	1.39E-05
	1.00E-02

	PLANTING
	
	
	
	
	
	
	

	Nitrogen (N)
	kg ha–1
	1.88E+00
	2.37E-01
	2.11E+00
	1.88E+00
	2.37E-01
	2.11E+00

	Phosphorus (P)
	kg ha–1
	3.30E-02
	7.29E+00
	1.40E-01
	3.30E-02
	7.29E+00
	1.40E-01

	Potassium (K)
	kg ha–1
	2.00E-03
	1.00E-03
	7.10E-01
	2.00E-03
	1.00E-03
	7.10E-01

	Urea
	kg ha–1
	1.88E+00
	2.37E-01
	2.00E-01
	1.88E+00
	2.37E-01
	2.00E-01

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	CULTIVATION
	
	
	
	
	
	
	

	Fungicide
	L ha–1
	4.10E-02
	1.56E-04
	1.21E+01
	1.68E-03
	1.56E-04
	1.21E+01

	Herbicide
	L ha–1
	9.74E-04
	5.80E-02
	1.89E+01
	4.10E-02
	5.80E-02
	1.89E+01

	Insecticide
	L ha–1
	2.80E-02
	4.22E-05
	1.17E+01
	9.74E-04
	4.22E-05
	1.17E+01

	Pesticide
	L ha–1
	6.00E-03
	3.20E-02
	3.80E+00
	2.80E-02
	3.20E-02
	3.80E+00

	Diesel
	L ha–1
	-
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	Water
	m3 ha–1
	1.13E-03
	-
	1.40E-01
	-
	-
	1.40E-01

	Electricity
	kwh ha–1
	-
	1.54E-05
	7.21E-01
	1.13E-03
	1.54E-05
	7.21E-01

	HARVESTING
	
	
	
	
	
	
	

	Diesel
	L ha–1
	6.00E-03
	1.00E-03
	4.45E+00
	6.00E-03
	1.00E-03
	4.45E+00

	Output
	
	
	
	
	
	
	

	Production
	kg ha–1
	2.34E+03
	7.12E+03


Adapted from IPCC (2006), Audsley et al. (2009), Salami et al. (2010), Juraske et al. (2011), Jayasundara et al. (2014), Kim et al. (2017), Lee et al. (2020), Hosseini et al. (2022), Tsalidis et al. (2022), West et al. (2022), Andreasi Bassi et al. (2023).

Table S7. Characterization factors per PDF/m2 eq e time (years) for models of agriculture.
	Agricultural Systems
	LUtrans
	LUocc 
	time (years)

	
	PDF/m2eq
	

	Argentina
	soybean + wheat
	1.14E-13
	1.52E-11
	0.912

	Brazil
	soybean + maize
	2.45E-13
	1.52E-11
	0.912

	
	soybean + wheat
	2.45E-13
	1.99E-11
	0.912

	
	cotton + maize
	2.45E-13
	1.99E-11
	0.912

	China
	wheat
	1.70E-13
	2.91E-11
	0.667

	
	maize
	1.70E-13
	2.91E-11
	0.500

	
	cotton
	1.70E-13
	2.91E-11
	0.417

	USA
	soybean
	8.43E-14
	2.31E-11
	0.583

	
	maize
	8.43E-14
	2.31E-11
	0.583


Adapted from Chaudhary and Brooks. (2018), Jayasundara et al. (2014).

Table S8. Values ​​of variation in soil organic carbon (∆SOC) and initial soil organic carbon (SOC0).
	Agricultural Systems
	ΔSOC
	SOC0

	
	tC ha⁻¹ yr⁻¹

	Argentina (wheat + soybean
	-0.145
	43.0

	Brazil (soybean + maize)
	-0.165
	62.1

	Brazil (soybean + wheat)
	-0.145
	50.6

	Brazil (cotton + maize)
	-0.170
	80.0

	China (wheat)
	-0.100
	35.0

	China (maize)
	-0.140
	40.0

	China (cotton)
	-0.200
	50.0

	USA (soybean)
	-0.190
	80.0

	USA (maize)
	-0.140
	90.0


[bookmark: _Hlk203938950][bookmark: _Hlk206162430]Adapted from Dieckow et al. (2009), Assad et al. (2013), Wang et al. (2015), Corbeels et al. (2016), Villarino et al. (2018), Adhikari et al. (2019), Nicolas et al. (2022).
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Argentina  

  wheat  soybean  

  Emission Factor (EF)  

Process  Unit  AP  EP  GWP  AP  EP  GWP  

  kgSO 2 eq  kgPO 4 eq  kgCO 2 eq  kgSO 2 eq  kgPO 4 eq  kgCO 2 eq  

PRE - PLANTING         

input         

Seed  kg ha – 1  -  -  1.30E - 01  -  -  2.50E - 01  

MAP  kg ha – 1  3.80E - 02  1.06E - 01  3.05E - 01  3.80E - 02  1.06E - 01  3.50E - 01  

Manganese  kg ha – 1  1.90E - 02  3.90E - 02  4.77E - 01  1.90E - 02  3.90E - 02  4.51E+00  

Boron  kg ha – 1  4.00E - 02  2.83E - 04  7.96E+00  4.00E - 02  2.83E - 04  7.96E+00  

Gypsum  kg ha – 1  1.12E - 04  9.67E - 07  1.41E - 01  1.12E - 04  9.67E - 07  1.41E - 01  

PLANTING         

Nitrogen (N)  kg ha – 1  1.88E+00  2.37E - 01  2.11E+00  1.88E+00  2.37E - 01  2.11E+00  

Phosphorus (P)  kg ha – 1  3.30E - 02  7.29E+00  1.40E - 01  3.30E - 02  7.29E+00  1.40E - 01  

