
1 

 

Supplement of 1 

History of anthropogenic Nitrogen inputs to Cropland (HaNi-Crop): A Harmonized and 2 

Gridded Global Dataset of Crop-Specific Nitrogen Inputs from Synthetic Fertilizer and 3 

Manure 4 

Wensu Hao et al. 5 

Correspondence to: Hanqin Tian (hanqin.tian@bc.edu) 6 

The copyright of individual parts of the supplement might differ from the article license. 7 

 8 



2 

 

Table S1. Global average crop-specific N fertilizer and N manure application amounts (Tg N yr-1) for the 1960s, 9 
1980s, 2000s, and recent decade. 10 

 11 
crop type 1960s 1980s 2000s Recent decade 

barley  
N manure 1.66 2.73 1.26 1.09 
N fertilizer 2.62 6.96 3.02 3.17 

cassava  
N manure 0.03 0.04 0.06 0.07 
N fertilizer 0.02 0.09 0.25 0.3 

cotton  
N manure 0.36 0.44 0.48 0.52 
N fertilizer 0.88 2.78 2.88 3.09 

fruits  
N manure 0.31 0.52 0.91 1.02 
N fertilizer 0.58 2.28 4.46 4.95 

groundnuts  
N manure 0.05 0.07 0.12 0.12 
N fertilizer 0.06 0.33 0.64 0.55 

maize  
N manure 1.88 2.47 3.01 3.96 
N fertilizer 2.85 9.59 14.08 21.38 

millet  
N manure 0.06 0.06 0.05 0.05 
N fertilizer 0.08 0.24 0.29 0.44 

oil palm fruit  
N manure 0.01 0.03 0.08 0.23 
N fertilizer 0.02 0.17 0.61 1.22 

others  
N manure 1.86 1.78 1.86 1.42 
N fertilizer 2.89 6.21 7.54 6.23 

potatoes  
N manure 0.72 0.65 0.46 0.3 
N fertilizer 0.83 1.75 1.44 1.19 

pulses  
N manure 2.07 2.76 3.66 4.29 
N fertilizer 0.76 2.55 2.32 3.32 

rapeseed  
N manure 0.08 0.21 0.39 0.43 
N fertilizer 0.14 0.92 2.07 2.95 

rice  
N manure 0.87 1.39 1.89 2.52 
N fertilizer 1.11 8.43 14.16 17.75 

rye  
N manure 0.51 0.39 0.12 0.08 
N fertilizer 0.56 0.92 0.31 0.27 

sorghum  
N manure 0.16 0.21 0.2 0.16 
N fertilizer 0.35 0.82 0.71 0.74 

soybean  
N manure 0.05 0.15 0.18 0.34 
N fertilizer 0.18 0.63 0.88 1.83 

sugarbeets  
N manure 0.33 0.45 0.21 0.18 
N fertilizer 0.43 1.07 0.51 0.55 

sugarcane  
N manure 0.14 0.24 0.42 0.56 
N fertilizer 0.24 0.88 1.73 2.71 

sunflower  
N manure 0.09 0.16 0.22 0.2 
N fertilizer 0.07 0.48 0.6 0.83 

vegetables  
N manure 0.41 0.61 1.31 1.53 
N fertilizer 0.74 2.58 6.62 7.16 

wheat  
N manure 2.97 3.4 2.88 3.42 
N fertilizer 4.62 14.97 16.4 19.17 
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Figure S1. Comparison of baseline and predicted log-transformed crop-specific N fertilizer application amounts 13 
across the 21 crop groups used for model evaluation. Dashed lines indicate the 1:1 relationship between baseline 14 
and model predictions. The blue lines represent linear regression fits. 15 
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Figure S2. Spearman rank correlations between the 2000 and 2020 baseline fertilizer datasets across all crop 16 
groups. The correlations quantify the consistency of country-level fertilizer intensity hierarchies between the two 17 
baseline years.  18 

 19 
Figure. S3 Temporal trends in cross-country coefficient of variation of manure and N fertilizer application rates 20 
across all 21 crop types. 21 
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22 
Figure S4. Temporal trends in the relative cross-country spread of crop-specific manure and N fertilizer 23 
application rates, measured by the coefficient of variation.  24 
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 25 
Figure S5 Spatial distribution of uncertainties in crop-specific N manure application rates during the 1980s for 26 
all crop groups, quantified as the standard deviation of Monte Carlo ensemble simulations. 27 

 28 
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29 
Figure S6 Spatial distribution of uncertainties in crop-specific N manure application rates during the recent 10 30 
years (2014-2023) for all crop groups, quantified as the standard deviation of Monte Carlo ensemble simulations. 31 
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32 
Figure S7 Spatial distribution of uncertainties in crop-specific N fertilizer application rates during the 1980s for 33 
all crop groups, quantified as the standard deviation of Monte Carlo ensemble simulations averaged over the 34 
decade. 35 
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36 
Figure S8 Spatial distribution of uncertainties in crop-specific N fertilizer application rates during the recent 10 37 
years (2014-2023) for all crop groups, quantified as the standard deviation of Monte Carlo ensemble simulations 38 
averaged over the decade. 39 
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 Figure S9. Spatial comparison of harvested areas for rice, maize, and wheat between this study and previously 40 
published datasets. Panel A shows the estimates from this study. Panel B shows estimates from Adalibieke et al. 41 
(2023). Panel C presents high-resolution remote sensing-based datasets, including rice at 30m resolution (Shen et 42 
al., 2025), the maize at 10m resolution (Li et al., 2026) and winter wheat at 30m resolution (Fu et al., 2025), and. 43 
The rice comparison is based on 2016, whereas the maize and wheat comparisons are based on 2020, all the data 44 
were aggregated to 0.1° × 0.1°. 45 
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46 
Figure S10. Comparisons of the N fertilizer application rates for wheat in different studies in 1960s, 1980s, 2000s 47 
and recent 10 years for wheat. Panels (A1)–(A4) show data in this study. Panels (B1) – (B4) show data from 48 
Adalibieke et al. (2023). Panels (C1) – (C4) show data from Coello et al. (2025). The value indicates the N 49 
fertilizer use rate per hectare of specific crop harvest area. 50 
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 51 
Figure S11. Comparisons of the N fertilizer application rates for maize in different studies in 1960s, 1980s, 2000s 52 
and recent 10 years for maize. Panels (A1)–(A4) show data in this study. Panels (B1) – (B4) show data from 53 
Adalibieke et al. (2023). Panels (C1) – (C4) show data from Coello et al. (2025). The value indicates the N 54 
fertilizer use rate per hectare of specific crop harvest area. 55 
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 56 
Figure S12. Comparisons of the N fertilizer application rates for rice in different studies in 1960s, 1980s, 2000s 57 
and recent 10 years for rice. Panels (A1)–(A4) show data in this study. Panels (B1) – (B4) show data from 58 
Adalibieke et al. (2023). Panels (C1) – (C4) show data from Coello et al. (2025). The value indicates the N 59 
fertilizer use rate per hectare of specific crop harvest area. 60 
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 61 
Figure S13. Comparisons of the N fertilizer application rates for soybean in different studies in 1960s, 1980s, 62 
2000s and recent 10 years for rice. Panels (A1)–(A4) show data in this study. Panels (B1) – (B4) show data from 63 
Adalibieke et al. (2023). Panels (C1) – (C4) show data from Coello et al. (2025). The value indicates the N 64 
fertilizer use rate per hectare of specific crop harvest area. 65 
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 66 
Figure S14. Comparisons of the N fertilizer application rates for oil palm fruit in different studies in 1960s, 1980s, 67 
2000s and recent 10 years for rice. Panels (A1)–(A4) show data in this study. Panels (B1) – (B4) show data from 68 
Adalibieke et al. (2023). Panels (C1) – (C4) show data from Coello et al. (2025). The value indicates the N 69 
fertilizer use rate per hectare of specific crop harvest area. 70 
 71 
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 72 
Figure S15. Comparisons of the manure application rates for wheat and maize in different studies in 1960s, 1980s, 73 
2000s and recent 10 years for wheat and maize. Panels (A1)–(A4) show data in this study. Panels (B1) – 74 
(B4) show data from Adalibieke et al. (2023). The value indicates the manure use rate per hectare of specific crop 75 
harvest. 76 
 77 
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78 
Figure S16. Comparisons of the manure application rates for rice and soybean in different studies in 1960s, 1980s, 79 
2000s and recent 10 years for rice and cotton. Panels (A1)–(A4) show data in this study. Panels (B1) – (B4) show 80 
data from Adalibieke et al. (2023). The value indicates the manure use rate per hectare of specific crop harvest.  81 
 82 



18 

 

References 83 

Adalibieke, W., Cui, X., Cai, H., You, L., and Zhou, F.: Global crop-specific nitrogen fertilization dataset in 1961–84 
2020, Sci. Data, 10, 617, https://doi.org/10.1038/s41597-023-02526-z, 2023. 85 
Fu, Y., Chen, X., Song, C., Huang, X., Dong, J., Peng, Q., and Yuan, W.: High-resolution mapping of global 86 
winter-triticeae crops using a sample-free identification method, Earth Syst. Sci. Data, 17, 95–115, 87 
https://doi.org/10.5194/essd-17-95-2025, 2025. 88 
Li, H., Song, X.-P., Adusei, B., Pickering, J., Lima, A., Poulson, A., Baggett, A., Potapov, P., Khan, A., Zalles, 89 
V., Hernandez-Serna, A., Jantz, S. M., Pickens, A. H., Ortiz-Dominguez, C., Li, X., Kerr, T., Song, Z., 90 
Turubanova, S., Bongwele, E., Kondjo, H. K., Komarova, A., Stehman, S. V., and Hansen, M. C.: An accurate 91 
10-m annual crop map product of maize and soybean across the united states, Earth Syst. Sci. Data, 18, 2227–92 
2249, https://doi.org/10.5194/essd-18-2227-2026, 2026. 93 
Shen, R., Peng, Q., Li, X., Chen, X., and Yuan, W.: CCD-rice: A long-term paddy rice distribution dataset in 94 
China at 30-m resolution, Earth Syst. Sci. Data, 17, 2193–2216, https://doi.org/10.5194/essd-17-2193-2025, 2025. 95 


