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Chemical N-, P2O5- and K2O-fertilizer and irrigation-water inputs and their use efficiencies 

for producing potatoes, wheat and rice 

Average chemical N inputs for rice and wheat were 209 kg ha-1 in 6592 farmers’ rice fields, 

and 210 kg ha-1 in 6940 farmers’ wheat fields, in Chinese main cereal production areas (Chen et 

al., 2014). National average chemical P2O5 and K2O inputs for rice and wheat were 86 and 109 

kg P2O5 ha-1, and 85 and 101 kg K2O ha-1, respectively (Zhang et al., 2008; Li et al., 2010), which 

are summarized based on investigations of more than 7000 farmers. Under conventional 

practices, chemical N-, P2O5- and K2O-fertilizer and irrigation-water use amounts are 167, 112 



 

and 146 kg ha-1 and 970 m3 ha-1 for potatoes (Fig. S1). They are 256, 123 and 87 kg ha-1 and 1940 

m3 ha-1for irrigated winter wheat in the NCP, and 176, 91 and 116 kg ha-1and 3410 m3 ha-1 for 

early rice (Fig. S1).Per unit of area, then, chemical N- and P2O5-fertilizer and irrigation-water 

consumptions for potatoes are lower than those for wheat in the NCP and for early rice, except 

for the P2O5 application amount on early rice; but the chemical K2O-fertilizer of potatoes higher 

than that of wheat and rice. Different inputs and yields lead to large differences in the use 

efficiencies of chemical N-, P2O5- and K2O-fertilizer, and irrigation water per unit of product 

(Table S1). The national mean partial factor productivities of N, P2O5, K2O (PFPN,PFPP2O5and 

PFPK2O,in kilograms of standard grain per kilogram of N, P2O5, and K2O applied) are 33, 41 

(Chen et al., 2014) and 36 kg kg-1 N (Table S1), 58, 97 (Zhang et al., 2008; Li et al., 2010) and 58 

kg kg-1 P2O5, 65, 70 (Zhang et al., 2008; Li et al., 2010)and 39 kg kg-1 K2Ofor wheat, rice and 

potatoes, respectively, in China. And GHG emissions in potato’s production significant lower 

than that of wheat and maize (Kong and Zhu, 2016). We further calculated the PFPN, PFPP2O5, 

PFPK2O and IWUE for early rice across China and winter wheat in the NCP (Fig. S1).They were 

35.8 kg kg-1 N, 57.6 kg kg-1 P2O5, 39.3 kg kg-1 K2O and 3.2 kg m-3 for potatoes, 28.0 kg kg-1 N, 55.5 

kg kg-1 P2O5, 81.9 kg kg-1 K2O and 3.9 kg m-3 for wheat on the NCP, and 43.7 kg kg-1 N, 98.8 kg 

kg-1 P2O5, 68.7 kg kg-1 K2O and 2.7 kg m-3 for early rice. The PFPN for potatoes falls into the range 

between early rice across China and wheat on the NCP. Potatoes have a PFPP2O5similar to wheat, 

and both of them are significantly lower—by about 40%—than that of early rice. The PFPK2O of 

potatoes significantly lower—by about 52% and 36%—than that of winter wheat on the NCP 

and early rice, respectively. The IWUEs of the three crops followed the ranking wheat > potato > 

rice.  

We further analyzed the consumption of chemical N-, P2O5-andK2O-fertilizer and irrigation 

water, and their use efficiencies, in optimized potato management practices, and compared 

them with conventional practices (Table S5 and Fig. S2). The results showed that the optimized-

management chemical N-, P2O5-and K2O-fertilizer applications and irrigation water use 

forpotatoeswere161, 107 and 161 kg ha-1, and 850 m-3 ha-1, respectively. N and P2O5 applications 

similar to conventional practices, while optimized-management K2O application increased by 

10.3% and irrigation water decreased by about 12.4% relative to conventional practices; 

however, potatoes had higher optimized-management PFPN, PFPP2O5, PFPK2O and IWUE values, 



 

increasing by 23.7%, 22.2%, 9.4% and 67.7%, respectively, compared to those of conventional 

ones, because optimized potato yields increased by 26.9%, with similar or slightly higher inputs, 

relative to conventional farming practices. 

The principle of collecting the data for accounting total GHG of different cropping systems 

The principle of collecting soil N2O and CH4 emissions was that they must have been 

measured at least for an entire cropping season in field conditions under local farmers’ 

practices. We defined three types of management as (i) the direct conventional treatment in 

literature, (ii) NPK plus straw treatment in long-term field experiment, (iii) high N treatment 

(close to the local fertilization level) in N gradient field tests. Data describing the test site, initial 

and end time, and the cumulative emissions of N2O and CH4was recorded, and we 

simultaneously collected information on fertilizer input, and the application of irrigation (or 

power use for irrigation), pesticides, fuel, and plastic film, if this was directly reported or 

indirectly reported as CO2-eq emissions from fertilizer, irrigation, pesticides, fuel and film in 

the studies. For the latter situation, the rates of irrigation (or power use for irrigation), fuel 

consumption, pesticides application and plastic film were calculated by the CO2-eq emissions 

divided by the CO2-eq emission parameters of per unit of material consumption in the articles. 

However, only a few studies on soil N2O and CH4 emissions and GWP of crop systems have 

simultaneously reported the rates of irrigation, irrigation power or the electric charge of 

irrigation, fuel consumption and pesticides application (Table S1). The missing values of CO2-

eq emissions from these agronomy managements collected from the associated field results or 

the studies on the carbon footprint of the same cropping systems. 

Electricity consumption has been reported in different forms in the collected literature, e.g., 

it was reported directly; or CO2-eq emissions from the consumed electricity was reported, 

electricity rate was estimated by the CO2-eq emission caused by irrigation divided by the 

strength coefficient of carbon used in literature; or the cost of electricity (yuan ha-1 year-1) was 

reported, and we estimated electricity rate by the cost divided by the average price of electricity 

in China (0.5 yuan kwh-1) (Table S4). Also, the electricity consumption estimated by irrigation 

rate (mm year-1) multiplying with the reviewed mean electricity cost of per unit irrigation rate 

in China (4.3 kwh mm-1) (Table S4). This value fall into the range of 2.1–6.4 kwh mm-1 ha-1 

calculated by the survey data from 366 villages in 11 main groundwater using provinces (Wang 



 

et al., 2012). 

Fossil fuel combustion for farm operations was collected in three methods, e.g., the weight 

of fuel was reported directly (kg ha-1 year-1); or estimated fuel rate by the CO2-eq emission from 

fuel combustion divided by the per unit fuel CO2 emission applied in the literature; or 

calculated by the fuel expenditure on power divided by diesel prices.  

Plastic film used for mulching crops to save water was collected by the direct weight of film 

and paper bags or the weight of CO2-eq from plastic film divided by CO2-eq coefficient of 

plastic film, or estimated by the cost of plastic film dividing by the mean film price (12 yuan 

kg-1) (Yu et al., 2015). 

Calculations of the demand for rice and wheat grain, fertilizer and irrigation-water inputs 

and GHG emissions under different scenarios 

We calculated the demand for rice and wheat grain based on rice and flour consumption and 

the ratios between rice, flour, and the harvest grain in 2012 (Fig. 2 and Table S9). And we 

calculated the total chemical N-, P2O5- and K2O-fertilizer applications on rice, wheat and 

potatoes in 2012 using average inputs (Zhang et al., 2008; Li et al., 2010; Chen et al., 2014) 

multiplied by each sown area from the Chinese Statistical Yearbook (NBSC, 2013). The 

demands for chemical N-, P2O5- and K2O-fertilizers for rice and wheat under the BAU scenario 

were estimated from the predicted rice and wheat consumptions in 2020 divided by the rice 

and wheat consumptions in 2012, multiplied by the total chemical N, P2O5 and K2O inputs for 

rice and wheat in 2012, respectively. The demand for chemical N-, P2O5- and K2O-fertilizers for 

potatoes under the BAU was calculated using the collected per hectare inputs for potatoes 

multiplied by a target sown area of 6.7 million ha. For other scenarios, we first calculated N, 

P2O5 and K2O reductions from substituting rice and wheat with potatoes, divided by the PFPN, 

PFPP2O5, and PFPK2O values for early rice and winter wheat in the NCP. We then subtracted the 

reductions in N, P2O5 and K2O from the total inputs for rice, wheat and potatoes under the BAU.  

The irrigation water for wheat in 2012 was calculated by taking winter wheat area in the NCP 

and winter wheat area across China except for NCP multiplied by irrigation intensity, 

respectively (Table S1 and S2). The same principle was used for estimating irrigation water for 

early, medium and late rice, and potatoes. We calculated irrigation water for potatoes under 

the BAU by multiplying the irrigation intensity with the government’s target of 6.7 million 



 

sown ha in 2020 (MOA, 2016). Irrigation water for wheat production under the BAU in 2020 

was estimated by dividing the demand for wheat in 2020 by the weighted IWUE for wheat, 

which was estimated by IWUE for winter wheat in the NCP multiply with its sown area plus 

IWUE for winter wheat across China except for NCP multiply with its sown area, divide by the 

total sown area of winter wheat across China. The same principle was used for estimating the 

irrigation water input for rice under the different scenarios in 2020. 

The same principle for the calculation of irrigation water consumption was used for 

estimating GHG emissions from rice, winter wheat and potatoes production across China in 

2012 and BAU scenario in 2020. And GHG emissions from rice, winter wheat and potatoes 

under different substitution scenarios were calculated by the total GHG emission of each crop 

subtracting the GHG reduction from substituting potatoes for rice and wheat, divided by the 

GHGI values for early rice across China and winter wheat in the NCP. 

Description of the distributions of early rice, winter wheat and potatoes at county-level 

The study boundaries follow the geographic boundaries of China, 2411 counties are included 

and excluded Taiwan, Hong Kong, and Macao because of limited data availability (Wu et al., 

2014). We first collected the sowing area of different crops at county scale in 2010 based on 

the statistical yearbook in 2011. 2225 counties accounted for 92.3% of the total counties within 

the study boundaries have the data on crop planting, others don’t have due to limited statistical 

yearbook of the prefecture-level city, includes three crops (early rice, winter wheat, and potato). 

Early rice planting area was estimated through the proportions of early, medium, and late rice 

based on provincial statistical yearbook 2011 if there is only total rice planting area in some 

prefecture-level towns. And winter wheat planting area is distinguished by integrating the 

counted wheat area in prefecture-level cities with the types of wheat (spring and winter wheat) 

on province level. Then we obtained county levels’ early rice, winter wheat, and potatoes 

systems and their sowing area. 

At the same time, we have extracted the image data on paddy fields and upland based on a 

30 m × 30 m resolution China’s land use map in 2010 (Wu et al., 2014). The spatial patterns and 

grid numbers of paddy fields and upland at county-level were obtained according to county 

boundaries data associated with the extracted image data on paddy fields and upland. Then 

we have received the spatial patterns of the three cropping systems mentioned in above 



 

according to the spatial patterns of paddy fields and upland on county-level associated with 

county levels’ cropping systems and planting area, and given different color layers for various 

cropping systems (Fig. S1). The principle was winter wheat and potatoes systems completely 

randomized distributed in upland and early rice system utterly randomized distributed in 

paddy fields, as a result of no available information on the distribution of different cropping 

systems at county-level. Thereby, Fig. S1 only represents the possible planting area of early rice, 

winter wheat and potatoes at county-level. 

Description of the error propagation equation of mathematical statistics 

The error propagation equation of mathematical statistics (IPCC, 2001) as the following 

formulae S1 and S2 were used for analyze the uncertainty of the per capita potatoes 

consumption as vegetable plus staple food, national chemical N-, P2O5-, K2O-fertilizer and 

irrigation water inputs, and total GHG emissions. 

 

𝑈௧௢௧௔௟ = ඥ(𝑈ଵ ∙ 𝑥ଵ)ଶ + (𝑈ଶ ∙ 𝑥ଶ)ଶ + ⋯ + (𝑈௡ ∙ 𝑥௡)ଶ𝑥ଵ + 𝑥ଶ + ⋯ 𝑥௡                 (S1) 

 

where Utotal is the combined uncorrelated uncertainty in the sum of the quantities (half the 90% 

confidence interval divided by the total (i.e. mean) and expressed as a percentage); xi and Ui 

are the uncertain quantities and the percentage uncertainties associated with them, respectively, 

including per capita potato-as-vegetable and potato-as-a-staple food consumptions, per unit 

sown area chemical N-, P2O5-, K2O-fertilizer and irrigation water inputs, soil GHG emissions 

and indirect CO2 emissions from agronomic managements and their percentage uncertainties 

for calculating the required per capita potato-as-vegetable and potato-as-a-staple food 

consumptions, under the goals of 30% and 50% of PSF consumption in China’s urban and rural 

areas in 2020, national chemical N-, P2O5-, K2O-fertilizer and irrigation water inputs, and total 

GHG emissions from rice, wheat and potato systems. 

 𝑈௧௢௧௔௟ = ඥ(𝑈ଵଶ + 𝑈ଶଶ + ⋯ + 𝑈௡ଶ)        (S2)  

 



 

where Utotal is the combined uncorrelated uncertainty in the product of the quantities (half the 

90% confidence interval divided by the total and expressed as a percentage); Ui are the 

percentage uncertainties associated with each of the quantities, including percentage 

uncertainties of the population, urbanization rate, the per capita tuber, rice and flour 

consumption, the proportion of potatoes to other tubers, the partial factor productivities of 

chemical N, P2O5, K2O (PFPN, PFPP2O5 and PFPK2O, in kilograms of standard grain per kilogram 

of N, P2O5, and K2O applied), irrigation-water use efficiencies (IWUE), and GHGI for each crop 

for calculating the predicted per capita rice, flour and potatoes consumption, national rice, flour 

and potatoes consumption, chemical N-, P2O5-, K2O-fertilziers and irrigation water inputs, and 

GHG emissions variation driven by the different proportions of potatoes substituting for rice 

and flour. 

 



 

Table S1. CO2-eq emission from N2O and CH4 emissions, irrigation, fuel, pesticides, film and fertilizers input, Chemical N-, P2O5- and K2O fertilizer and irrigation-
water inputs for potatoes, wheat in the North China Plain (NCP), and early rice, and yields of the three crops, and partial factor productivities of fertilizers N (PFPN), 
P2O5 (PFPP2O5), K2O (PFPK2O) and irrigation water production efficiency (IWUE). 

Cropping systems 
/Site 

N2O 
emission 

CH4 
emission 

Irrigation Fuel Pesticides Film N P2O5 K2O Yield  
Standard 
grain* 

PFPN PFPP2O5 PFPK2O IW

kg CO2-eq ha-1 
mm yr-

1/kg CO2-
eq ha-1 

kg CO2-eq ha-1 kg yr-1/kg CO2-eq ha-1 Mg ha-1 
kg kg-1 
N 

kg kg-1 
P2O5 

kg kg-1 
K2O 

k

Potatoes                

Harbin, 
Heilongjiang 

      150/1245 90/136 150/147 34.3 6.9 45.7 76.2 45.7  

Hengshui, Hebei   185/1045 0  712    37.5 7.5    4

Tongxin, Ningxia   0/0    97/805 104/156 60/59 16.3 3.3 34.0 31.7 55.0  

Tongxin, Ningxia       173/1432 25/37 110/107 18.5 3.7 21.4 148.0 33.6  

Shuizhong, 
Liaoning 

      270/2241 150/227 225/221 51.3 10.3 38.1 68.7 45.8  

Wuchuan, Inner 
Mongolia 

522 -27 0/0    90/747 45/68 60/59 11.9 2.4 26.7  53.3  40.0   

Kunming, Yunnan 656      125/1038 75/113 125/123 14.7 2.9 23.2  38.7  23.2   

Wuchuan, Inner 
Mongolia 

139 -19 0/0    90/747 45/68 60/59 19.3 3.9 43.3  86.7  65.0   

Wuchuan, Inner 
Mongolia 

282  135/551    180/1494         



 

Wuchuan, Inner 
Mongolia 

91      130/1079 300/453 208/204 31.7 6.3 48.5  21.0  30.3   

Xincheng, 
Liaoning 

      270/2241 150/227 225/221 43.2 8.6 31.9 57.3 38.2  

Luancheng, Hebei   138/781 73 0           

Liangshan, 
Sichuan 

    145 1425 56/467 56/85 56/55 41.7 8.3 148.2 148.2 148.2  

Hejing, Xinjiang   341/1928 374 147 1995          

Zhangjiakou, 
Hebei 

  97/550 150 304 1351    15.0 3.0  
 

 3

Lanzhou, Gansu   0/0    90/747 210/317 90/88 25.2 5.0 56.0 24.0 56.0  

Wuchuan, Inner 
Mongolia 

  0/0    120/996 120/181 150/147 14.5 2.9 24.2 24.2 19.3  

Wuchuan, Inner 
Mongolia 

  0/0    120/996 120//181 150/147 20.1 4.0 33.5 33.5 26.6  

Dingxi, Gansu   247/1395       20.9 4.2  
 

 1

Dingxi, Gansu   195/1100    60/498 53/80  26.6 5.3 88.7 100.4  4

Minqin, Gansu   290/1638    192/1594 273/412 90/88 54.2 10.8 56.5 39.7 120.0 3

Tongzhou, Beijing   0/0    303/2515 160/242 178/174 24.4 4.9 16.1 30.5 27.5  

Xinxiang, Henan   104/588    169/1403   6.3 1.3 7.5   1

Wuxi, Chongqing       120/996 60/91 180/176 20.3 4.1 33.8 67.7 22.8  



 

Chengkou, 
Chongqing 

      165/1370 120/181 90/88 19.6 3.9 23.8 32.7 43.3  

Xingxiang, Henan   161/910    233/1934 122/184 117/115 21.5 4.3 18.5 35.2 36.8 2

Guyuan, Ningxia   0/0    225/1868 120/181 0/0 26.3 5.3 23.4 43.8   

Leishan, Guizhou       175/1453 204/308 191/187 34.3 6.9 39.2 33.6 36.1  

Tai’an, Shandong       126/1046 66/100 84/82 32.9 6.6 52.2 99.7 78.6  

Dingxi, Gansu   0/0    180/1494 105/159 90/88 13.6 2.7 15.1 25.9 30.0  

Dalateqi, Inner 
Mongolia 

      300/2490 345/521 375/368 25.8 5.2 17.2 15.0 13.9  

Jingtai, Gansu       300/2490 345/521 375/368 35.0 7.0 23.3 20.3 18.7  

Guyuan, Heibei       300/2490 345/521 375/368 32.5 6.5 21.7 18.8 17.3  

Lishui, Zhejiang       80/664 0/0 0/0 16.1 3.2 40.3    

Wuchuan, Inner 
Mongolia 

  120/678    225/1868 81/122 203/199 21.4 4.3 19.0 52.8 21.2 3

Wuchuan, Inner 
Mongolia 

  180/1017    225/1868 81/122 203/199 26.3 5.3 23.4 64.9 26.1 2

Wuchuan, Inner 
Mongolia 

  240/1356    225/1868 81/122 203/199 31.1 6.2 27.6 76.8 30.5 2



 

Weining, Guizhou   0/0       21.6 4.3     

Dingxi, Gansu   0/0    58/481 83/125 0/0 15.8 3.2 54.5 38.1   

Wuchuan, Inner 
Mongolia 

  120/678    150/1245 75/113 270/265 31.4 6.3 41.9 83.7 23.3 5

Wuchuan, Inner 
Mongolia 

  120/678    150/1245 75/113 270/265 27.3 5.5 36.4 72.8 20.4 4

Shenyang, 
Liaoning 

      78/674   46.5 9.3 119.2    

Wuchuan, Inner 
Mongolia 

      143/1187 143/216 227/223 36.8 7.4 51.7 51.7   

Luancheng, Hebei   209/1181    105/872 180/273 130/127 21.4 4.3 40.8 23.8 33.1 2

Yongchun, Fujian       330/2739 165/249 264/259 26.5 5.3 16.1 32.1 20.1  

Qiqihaer, 
Heilongjiang 

  0/0    145/1204 92/139 280/274 28.7 5.7 39.6 62.4 20.4  

Xiangyang, Hubei       465/3860 240/362 225/221 18.0 3.6 7.7 15.0 16.0  

Beibei, Chongqing       69/573 56/85 0/0 20.8 4.2 60.3 74.3   

Beibei, Chongqing       69/573 56/85 0/0 19.9 4.0 57.7 71.1   

Wuchuan, Inner 
Mongolia 

  0/0    95/789 110/166 150/147 8.7 1.7 18.4 15.9 11.3  

Dingxi, Gansu   0/0    60/498 53/80 75/74 26.6 5.3 88.7 100.4 70.7  



 

Wuchuan, Inner 
Mongolia 

  120/678    169/1403 180/272 248/243 31.6 6.3 37.4 35.1 25.4 5

Jinan, Shandong   114/644    113/938 113/171 113/111 35.9 7.2 63.5 63.5 63.7 4

Jiaozhou, 
Shandong 

  267/1508    225/1868 225/340 225/221 44.5 8.9 39.6 39.6 39.6 3

Tai’an, Shandong       150/1245 90/136 210/206 41.4 8.3 55.3 92.2 39.5  

Wuqiao, Hebei   75/424    164/1361 68/103 280/274 19.5 3.9 23.8 57.4 13.9 5

Wuqiao, Hebei   90/508    164/1361 68/103 280/274 19.0 3.8 23.2 55.9 13.6 4

Wuqiao, Hebei   105/593    164/1361 68/103 280/274 18.0 3.6 22.0 52.9 12.9 3

Wuqiao, Hebei   120/678    164/1361 68/103 280/274 17.3 3.5 21.1 50.9 12.5 2

Wuchuan, Inner 
Mongolia 

      150/1245 75/113 270/265 36.7 7.3 48.9 97.9 27.0  

Wuchuan, Inner 
Mongolia 

  0/0    128/1062 45/68 165/162 22.1 4.4 34.5 98.2 26.7  

Wuchuan, Inner 
Mongolia 

  135/763    128/1062 45/68 165/162 31.1 6.2 48.6 138.2 37.6 4

Wuchuan, Inner 
Mongolia 

  270/1525    128/1062 45/68 165/162 33.8 6.8 52.8 150.2 41.2 2

Wuchuan, Inner 
Mongolia 

  0/0       19.1 3.8     

Wuchuan, Inner 
Mongolia 

  0/0    90/747 45/68 60/59 19.2 3.8 42.7 85.3 63.3  

Wuchuan, Inner   0/0    90/747 45/68 60/59 17.1 3.4 38.0 76.0 56.7  



 

Mongolia 

Wuchuan, Inner 
Mongolia 

  0/0    90/747 45/68 60/59 13.9 2.8 30.9 61.8 46.7  

Wuchuan, Inner 
Mongolia 

  0/0    90/747 45/68 60/59 16.2 3.2 36.0 72.0 53.3  

Wuchuan, Inner 
Mongolia 

  360/2034    225/1868 150/227 270/265 31.9 6.4 28.4 42.5 23.7 1

Wuchuan, Inner 
Mongolia 

  180/1017    225/1868 150/227 270/265 34.4 6.9 30.6 45.9 25.6 3

Damaoqi, Inner 
Mongolia 

  202/1141    168/1394 54/82 50/49 15.5 3.1 18.5 57.4 62.0 1

Damaoqi, Inner 
Mongolia 

  202/1141    168/1394 54/82 50/49 17.0 3.4 20.2 63.0 68.0 1

Damaoqi, Inner 
Mongolia 

  202/1141    168/1394 54/82 50/49 14.0 2.8 16.7 51.9 56.0 1

Damaoqi, Inner 
Mongolia 

  202/1141    168/1394 54/82 50/49 11.3 2.3 13.5 41.9 46.0 1

Huining, Gansu   0/0    104/863 72/109 0/0 11.8 2.4 22.7 32.8   

Yulin, Shaanxi   457/2582    165/1370 101/153 113/110 36.5 7.3 44.2 72.3 64.6 1

Yangling, Shaanxi   0/0    149/1237 60/91 271/266 25.1 5.0 33.7 83.7 18.4  

Pengyang, Ningxia   0/0    95/789 68/103 75/74 23.1 4.6 48.6 67.9 61.3  



 

Hunyuan, Shanxi       150/1245 60/91 75/74 32.7 6.5 43.3 108.3 86.7  

Pengyang, Ningxia   0/0       25.9 5.2     

Lanzhou, Gansu   183/1034       36.1 7.2    3

Lanzhou, Gansu   179/1011       30.4 6.1    3

Lanzhou, Gansu   174/983       31.2 6.2    3

Lanzhou, Gansu   171/966       34.2 6.8    4

Changsha, Hunan       248/2058 48/72 161/158 22.3 4.5 18.0 92.9 27.9  

Changsha, Hunan       225/1868 225/340 225/221 33.6 6.7 29.9 29.9 29.8  

Fuzhou, Fujian   0/0    215/1784 146/220  22.1 4.4 20.6 30.3   

Nan’an, Fujian       269/2233 171/258 225/221 22.6 4.5 16.8 26.4 20.0  

Zhangpu, Fujian       225/1868 92/139 225/221 25.2 5.0 22.4 54.8 22.2  

Yunnan province       285/2366 149/225 112/110 19.8 4.0 13.9 26.6 35.7  

Mid-southern 
Areas of Ningxia 

      147/1220 84/127 0/0 29.3 5.9 39.9 69.8   

Xiji, Ningxia   0/0    150/1245 90/136 90/88 8.6 1.7 11.5 19.1 18.8  

Luliang, Yunnan   360/2034    288/2390 162/245 180/176 30.1 6.0 20.9 37.2 33.3 1

Yuanzhou, 
Ningxia 

      142/1179 52/79 3/3       



 

Xiji, Ningxia       173/1436 99/149 0/0       

Guyuan, Ningxia       103/855 40/60 0/0       

Southern 
mountain region, 
Ningxia 

      142/1179 66/100 1/1       

Yanchi, Ningxia   0/0    165/1370 81/122 0/0 38.2 7.6 46.3 94.3   

Guyuan, Ningxia   0/0    225/1868 150/227 270/265 27.1 5.4 24.1 36.1 20.0  

Guyuan, Ningxia   0/0    108/896   28.9 5.8 53.5    

Dingxi, Gansu   0/0    150/1245 105/159 135/132 14.1 2.8 18.8 26.9 20.7  

Zhangxian, Gansu   0/0    120/996 60/91 105/103 35.0 7.0 58.3 116.7 66.7  

Yuzhong, Gansu   0/0    150/1245 150/227 75/74 29.9 6.0 39.9 39.9 80.0  

Dingxi, Gansu   0/0    179/1486 147/222 82/81 35.3 7.1 38.5 46.9 86.6  

Dingxi, Gansu   0/0    104/863 105/159 135/132 14.1 2.8 27.1 26.9 20.7  

Dingxi, Gansu   0/0    180/1494 105/159 60/59       

Dingxi, Gansu   0/0    173/1436 90/136 0/0 21.2 4.2 24.5 47.1   

Nanning, Guangxi       160/1328 150/227 360/353 29.2 5.8 36.3 38.7 16.1  



 

Zhongwei, 
Ningxia 

      249/2067 95/143 120/118 22.5 4.9 19.7 51.6 40.8  

Weining, Guizhou       240/1992 120/181 270/265 20.6 4.1 17.1 34.2 15.2  

Huining, Gansu       180/1494 90/136 120/118 35.4 7.1 39.4 78.9 59.2  

Zhangye, Gansu   214/1209       40.4 8.1    3

China’s average     218           

Shandong 
province 

    551     44.2 8.8     

Xiji, Gansu    53            

Chayouhouqi,  
Inner Mongolia 

   177      31.2 6.2     

Southern of 
Ningxia 

   0            

Guyuan, Ningxia      0          

Hunan province   0/0  215 0          

Wuchuan, Inner 
Mongolia 

    564 324          

Zhangye, Gansu     236 240          

Dehong, Yunnan     326 0          



 

Baotou, Inner 
Mongolia 

    362 1140          

Guyuan, Ningxia     515           

Nanan, Fujian      1140          

Nanan, Fujian      998          

Xiji, Ningxia    219            

Guizhou province    0            

Leishan, Guizhou     77           

Qiannan et al., 
Guizhou 

   0 45 0          

Kunming, Yunnan     0 105           

Zhoucheng, 
Shandong 

   0            

Zhenba, Shaanxi      831          

Mean ± SE# 338±109 -23±6 
97±13/ 
538±74 

80±35 254±47 725±173 
165±7/ 
1370±61 

110±9/ 
166±11 

141±11/ 
140±11 

25.8±1.0 5.2±0.2 35.8±2.3 57.6±3.4 39.3±2.9 3

Winter wheat in NCP               

Dongbeiwang, 
Beijing 

150  199/1124    300/2490         

Dongbeiwang, 192 -21 324/1830    300/2490         



 

Beijing. 

Shangzhuang, 
Beijing 

695 -17 215/1215 138 56  300/2490 160/242 90/88 5.9  19.7 36.9 65.6 2

Yucheng, 
Shandong 

659      210/1743         

Huantai, 
Shandong 

1124  250/1412    270/2241 105/159 105/103       

Huantai, 
Shandong 

442 -26 300/1695    300/2490 120/181 0/0 6.8  22.7 56.7  2

Huantai, 
Shandong 

841  240/1356    270/2241 105/159 60/59 6.1  22.6 58.1 106.7 2

Huantai, 
Shandong 

697 -48     270/2241 105/159 60/59 5.7  21.1 54.3 95.0  

Tai’an, Shandong 659 -21 160/639 278 110  325/2698 150/227 180/176 5.9  18.2 39.3 32.8 3

Tai’an, Shandong 650 -59 160/639 240 113  305/2532 180/272 180/176 6.9  22.6 38.3 38.3 4

Fengqiu, Henan 282      250/2075 75/113 150/147       

Fengqiu, Henan 450      150/1245 75/113 150/147 7.8  52.0 104.0 52.0  

Yongji, Shanxi 702 -20     175/1453 105/159 36/35 5.5  31.4 52.4 152.8  

Yongji, Shanxi 515  216/1220    180/1494 105/159 43/43 6.2  34.4 59.0 144.2 2



 

Baoding, Hebei 110  240/1356    300/2490 90/136 90/88       

Baoding, Hebei 534      300/2490 150/227 180/176 6.1  20.3 40.7 33.9  

Quzhou, Hebei 370 -57 240/1356 185 46   90/136 60/59       

Quzhou, Hebei 351  200/1130    300/2490 90/136 60/59 7.8  26.0 86.7 130.0 3

Wuqiao, Hebei 164 -14 175/990 163 50  150/1245 60/91 124/122       

Quzhou, Hebei 440 -27 194/1096 92 86  300/2490 120/181 100/98 5.4  18.0 45.0 54.0 2

Quzhou, Hebei 294 -19 180/1017    200/1660 120/181 60/59 3.3  16.5 27.5 55.0 1

Luancheng, Hebei 520 -23     400/3320 65/98 0/0       

Henshui, Hebei 498      300/2490 150/227 90/88       

Luancheng, Hebei 414 -35     400/3320 65/98 0/0       

Baoding, Hebei 1157      329/2731         

Wangdu, Hebei 969 -26     165/1370 60/91 60/59       

Haidian, Beijing 609 -19     105/872         

Xinxiang, Henan 316  240/651 349 11  225/1868 150/227 90/88       

Wuqiao, Hebei 557  289/1633 500 10  247/2050 180/273 76/74       

Luancheng, Hebei   262/1555 155 82  245/2034 151/228 39/38 7.2  29.4 47.7 184.6 2



 

Luancheng, Hebei   225/781 159 124  225/1868 113/171 225/221 6.8  30.2 60.2 30.2 3

Handan, Hebei     140     5.7      

Shangqiu, Henan    585 14  309/2565 127/192 50/49 6.5  21.0 51.2 130.0  

Xingzhou, Shanxi   33/142 688 29  107/888 108/163 107/105 3.6  33.6 33.3 33.6  

Guanzhong, 
Shaanxi 

  238/1350 149 5  180/1489 170/257 37/36 6.1  33.9 35.9 164.9 2

Luancheng, Hebei   223/1260       6.3     2

Shandong 
province 

      369/3063         

Hongdong, Shanxi       388/3220 137/207 42/41 6.1  15.7 44.5 145.2  

Dongbeiwang, 
Beijing 

  263/1486    300/2490 180/272 0/0       

Dongbeiwang, 
Beijing 

  315/1780    300/2490 180/272 142/139 6.0  20.0 33.3 42.3 1

Huang-Huai-Hai 
Plain 

  300/1695             

Dongbeiwang, 
Beijing 

      300/2490 103/156 0/0 5.2  17.3 50.5   

North China       281/2332   5.5  18.1    

North China Plain       325/2698   6.7  20.6    



 

Longkou, 
Shandong 

  300/1695    240/1992 105/159 135/132 8.1  33.8 77.1 60.0 2

Huimin, 
Shandong 

      369/3063 120/181 90/88 6.4  17.3 53.3 71.1  

Luancheng, Hebei   290/1638    512/4250 169/255 0/0 7.0  13.7 41.4  2

Wuqiao, Hebei   300/1695    261/2166 135/204 113/111 8.1  31.0 60.0 71.7 2

Tai’an, Shandong   102/576    240/1992 113/171 113/111 9.0  37.5 79.6 79.6 8

Yanzhou, 
Shandong 

  59/333    240/1992 113/171 113/111 7.9  32.9 69.9 69.9  

Tai’an, Shandong   120/678    210/1743 150/227 113/111 9.2  43.8 61.3 81.4 7

Yanzhou, 
Shandong 

  120/678    210/1743 105/159 105/103 8.0  38.1 76.2 76.2 6

Dezhou, 
Shandong 

  150/847    180/1494 150/227 150/147 8.0  44.4 53.3 53.3 5

Yanzhou, 
Shandong 

  180/1017    300/2490 105/159 105/103 7.6  25.3 72.4 72.4 4

Tai’an, Shandong   180/1017    210/1743 120/181 105/103 7.5  35.7 62.5 71.4 4

Tai’an, Shandong   180/1017    210/1743 120/181 105/103 7.6  36.2 63.3 72.3 4

Xinji, Hebei   180/1017    270/2241 150/227 75/74 7.8  28.9 52.0 104.0 4

Dezhou, 
Shandong 

  270/1525    240/1992 150/227 75/74 8.5  35.4 56.7 113.3 3



 

Jiaozuo, Henan   190/1073    257/2133 137/207 53/51 7.1  27.6 51.8 134.0 3

Kaifeng, Henan   0/0    225/1868 90/136  4.3  19.1 47.8   

Quzhou, Hebei   245/1384    300/2490   6.7  22.3   2

Wuqiao, Hebei   225/1271    250/2075 78/118 0/0 7.8  31.2 100.0  3

Yucheng, 
Shandong 

  220/1243    300/2490 300/453 75/74 7.3  24.3 24.3 97.3 3

Zibo, Shandong   0/0    210/1743 150/227 150/147 5.6  26.7 37.3 37.3  

Tai’an, Shandong   0/0    240/1992 113/171 113/111 4.9  20.4 43.4 43.4  

Tai’an, Shandong   180/1017    300/2490 105/159 75/74 6.6  29.3 62.9 88.0 3

Tai’an, Shandong   180/1017    210/1743 150/227 113/111 8.9  42.4 59.3 78.8 4

Yanzhou, 
Shandong 

  120/678    210/1743 150/227 113/111 8.0  38.1 53.3 70.8 6

Yanzhou, 
Shandong 

  99/559    251/2083 158/239 145/142 8.8  35.1 55.7 60.7 8

Yanzhou, 
Shandong 

  73/418    240/1992 150/227 150/147 8.4  35.0 56.0 56.0  

Hongdong, Shanxi       150/1245 60/91 0/0 4.6  20.4 76.7   

Baoding, Hebei       285/2366 120/181 150/147 7.4  32.9 61.7 49.3  



 

Quzhou, Hebei       304/2523   6.4  22.3    

Wuqiao, Hebei   150/847    215/1785 203/307 150/147 8.1  37.7 39.9 54.0 5

Huanghuaihai 
Plain 

      207/1718 115/174 61/60 6.2  33.9 62.5 101.6  

Northern Plateau       130/1079 87/131 16/16 4.3  48.1 53.5 268.8  

Wuqiao, Hebei   300/1695    300/2490 90/159 90/88 6.0  20.0 66.7 66.7 2

Huaiyuan, Anhui       270/2241 120/159 120/118 5.9  26.2 49.2 49.2  

Taian, Shandong   173/977    210/1743 90/136 75/74 7.3  32.4 81.1 97.3 4

Juxi, Anhui       225/1868 105/159 105/103 4.7  20.9 44.8 44.8  

Wuqiao, Hebei   253/1429    158/1311 139/210 113/111 7.4  32.9 53.2 65.5 2

Wuqiao, Hebei   225/1271    240/1992 130/210 120/118 9.0  37.5 69.2 75.0 4

Quzhou, Hebei   170/960    240/1992 80/121 90/88 6.7  27.9 83.8 74.4 3

Linfen, Shanxi   225/1271    157/1307 135/204 75/74 5.5  35.0 40.7 76.0 2

Guanzhong, 
Shaanxi 

      199/1652 142/214 37/36 5.9  26.2 41.5 159.5  

Nanpi, Hebei          6.9      



 

Fengqiu, Henan       250/2075 150/227 105/103 5.2  23.1 34.7 49.5  

Mean ± SE 530±49 -29±4 
194±11/ 
1421±310 

289±49 62±12 0 
256±8/ 
2122±63 

123±5/ 
186±7 

87±6/ 
86±6 

6.6±0.2  28.0±1.1 55.5±2.1 81.9±5.9 3

Early rice                

Yingtan, Jiangxi 464      104/863 180/272 90/88       

Hangzhou, 
Zhejiang 

  454/2566    214/1776 45/68 68/67 5.8  27.1 128.9 85.3 1

Hangzhou, 
Zhejiang 

  528/2985    214/1776 45/68 68/67 5.8  27.1 128.9 85.3 1

Hangzhou, 
Zhejiang 

  550/3106    214/1776 45/68 68/67 5.7  26.6 126.7 83.8 1

Wuhan, Hubei       275/2283 138/204 275/270 8.3  30.2 60.1 30.1  

Beibei, 
Chongqiong 

 5763     125/1038 60/91 75/74       

Jinxian, Jiangxi 229 4790     150/1425 75/113 135/132 7.8  52.0 104.0 57.8  

Jinxian, Jiangxi 304 2633     150/1425 75/113 135/132 8.0  53.3 106.7 59.3  

Jinxian, Jiangxi 793 2038     150/1425 75/113 135/132 8.0  53.3 106.7 59.3  

Taihe, Jiangxi  3558     179/1486         

Taoyuan, Hunan 54 6343     81/672 90/136 85/83 6.3  77.8 70.0 74.1  

Taoyuan, Hunan 18      81/672 90/136 85/83 7.0  86.4 77.8 82.4  



 

Taoyuan, Hunan  698     81/672 90/136 85/83 6.1  75.3 67.8 67.8  

Wangcheng, 
Hunan 

356 4360     75/623 45/68 120/118 5.5  73.3 122.2 45.8  

Changsha, Hunan 268 1921     150/1245 90/136 90/88 5.3  35.3 58.9 58.9  

Changsha, Hunan 440 3812     165/1370 75/113 105/103 7.1  43.0 94.7 67.6  

Changsha, Hunan 136 11328     98/813 76/115 90/88/       

Changsha, Hunan 158 3906     137/1137 137/207 137/134       

Ningxiang, Hunan 18 6308     144/1195 45/68 53/52       

Ningxiang, Hunan 158 3488     240/1992 120/181 120/118 9.5  39.6 79.2 79.2  

Liuyang, Hunan 60 5140     150/1245 30/45 60/59 6.2  41.3 206.7 103.3  

Wuxue, Hubei  12100   39  140/1162 70/106 140/137 5.9  42.1 84.3 42.1  

Baiyun, 
Guangdong 

94 3825     150/1245 45/68 128/125 4.9  32.7 108.9 38.3  

Changsha, Hunan 86 8496     150/1245 90/136 113/111 5.9  39.3 65.6 45.4  

Jinxian, Jiangxi 292 2450     150/1245 75/113 135/132 7.8  52.0 104.0 57.8  

Changsha, Hunan 318 2970     150/1245 120/181 240/235       

Changsha, Hunan 367 1273     150/1245 120/181 240/235       



 

Ningxiang, Hunan 64 6706  401 38  218/1809 68/103 74/73 6.0  27.5 88.2 81.1  

Chongming, 
Shanghai 

312 8806 52/294 293 486  278/2307 74/111 108/106 9.6  34.5 129.7 88.9  

Jiangjin, 
Chongqing 

158 2978 116/554 199 17  225/1868 120/181 75/74 7.7  34.2 64.2 102.7 6

Taoyuan, Hunan   169/955       5.8     3

Jinxian, Jiangxi   350/1977 125 68  90/747 45/68 75/74 8.8  97.8 195.6 117.3 4

Hunan province   218/931 344 201  179/1486 180/272 41/40       

Pingluo, Ningxia   404/2285 504 50  330/2739 75/113  8.8  26.7 117.3  2

Yangzhou/Suzhou, 
Jiangsu 

  284/1605 595 235  269/2224 58/88 55/54 7.6  28.3 131.0 138.2 2

Rugao, Jiangsu   350/1980 376 219           

Average in China     75           

Yanting, Sichuan    147 135           

Taihu lake region   125/705 125 135           

Nanjing, Jiangsu   733/4141    156/1295 180/272 60/59 7.4  47.4 41.1 123.3 1

Gaoyou, Jiangsu   706/3989    310/2573   9.4  30.3   1

Nancang, Jiangxi   82/463    180/1494 68/103 150/147 6.1  33.9 89.7 40.7 7



 

Nancang, Jiangxi   70/395    180/1494 68/103 150/147 6.3  35.0 92.6 42.0 9

Yingtan, Jiangxi   164/926             

Yujiang, Jiangxi   286/1616       5.0     1

Nancang, Jiangxi       210/1743 90/136 180/176 6.7  31.9 74.4 37.2  

Wuhan,Hubei   394/2226             

Shanghai city   349/1972       7.9     2

Jiangsu province   306/1729       7.8     2

Zhejiang province   362/2045       6.9     1

Anhui province   323/1825       6.1     1

Jiangxi province   350/1977       6.3     1

Hubei province   326/1842       8.4     2

Hunan province   321/1814       6.9     2

Jiujiang, Jiangxi   248/1401    225/1867 125/189 158/155 5.2  23.1 41.6 32.9 2

Qianjiang, Hubei       310/2573 75/113 120/118       

Wangcheng,       150/1425 39/59        



 

Hunan 

Chengdu, Sichuan       180/1494 60/91 120/118 8.9  49.4 148.3 74.2  

Beibei, Chongqing       125/1038 60/91 90/88       

Hangzhou, 
Zhejiang 

      210/1743 105/159 135/132 8.3  39.5 79.0 61.5  

Hangzhou, 
Zhejiang 

      210/1743 105/159 135/132 8.6  41.0 81.9 63.7  

Yanting, Sichuan       150/1245 150/227 124/122 6.2  41.3 41.3 50.0  

Yujiang, Jiangxi   282/1591    184/1527 91/137 186/182 8.1  44.0 89.0 43.5 2

Jianyang, Sichuan   630/3358    150/1245 72/109 135/132 8.8  58.7 122.2 65.2 1

Jingmen, Hubei   539/3045    169/1403 90/136 90/88 8.3  49.1 92.2 92.2 1

Nanning, Guangxi       195/1619 54/82 113/111 7.2  36.9 133.3 63.7  

Lianyungang, 
Jiangsu 

  658/3717    225/1868   7.0  31.1   1

Shiyan, Hubei   256/1446       6.0     2

Wuxue,Hubei   294/1661             

Wuxue,Hubei   315/1780             

Mean ± SE 234±39 4820±607 
341±30/ 
1927±204 

311±52 142±38  
176±8/ 
1464±69 

87±5/ 
129±8 

116±7/ 
111±7 

7.1±1.3  43.7±2.7 98.8±6.0 68.7±4.3 2



 

*Standard yield of grain = Yield of potato × 0.2 (Li et al., 2006). 
#Mean± Stand error. 

Table S2. CO2-eq emission from N2O and CH4 emissions, fertilizers input, power for irrigation, fuel in farm operations, pesticide application, and film in winter wheat 
across China except for wheat on the NCP, middle-season rice, and late rice production. 

Cropping systems /Site N2O 
emission 

CH4 
emission 

Fertilizer Irrigatio
n 

Fuel 
Pesticid
e 

Film References 
N P2O5 K2O 

kg CO2-eq ha-1  
Winter wheat across China except for NCP         
Yanting, Sichuan 1897  4150   0    Zhou et al., 2013 
Yanting, Sichuan 2578 5 1245 181 41 0    Jiang, 2005 
Yanting, Sichuan 1224 5 1245 181 41 0    Jiang, 2005 
Suining, Sichuan 736  2324   0  89  Zeng et al., 2012 
Jiangjin, Chongqing 691 239 1494 181 44 0 199 30  Su, 2016 

Jingtang, Sichuan 2321 382    0    Sun, 2007 
Yanting, Sichuan 2891  1245 109 44 0    Jiang et al., 2006 
Nanjing, Jiangsu 3016  1660 68 132 0    Zou et al., 2005b 
Changzhou, Jiangsu   1947 118 0   88  Wang et al., 2009 
Qiyang, Hunan 185  2485 181 117 0    Huang et al., 2011 
Jiading, Shanghai 1422 178 1901 106 0 0    Huang, 2007 
Changshu, Jiangsu 489 20 1743 136 88 0    Zhang et al., 2012d 
Changshu, Jiangsu 2121 220 1494 136 176 0    Ma et al., 2013 
Suzhou, Jiangsu 3793  1585 43 32 0    Yao et al., 2010 
Wuxi, Jiangsu 1452  1494 113 113 0    Yao et al., 2010 
Jiangdu, Jiangsu 1030  2075 118 76 0    Yao et al., 2010 
Yixing, Jiangsu 1463  1992   0    Huang et al., 2011c 
Yangzhou, Suzhou, 
Jiangsu 

  2631 125 81 0 364 47  Yan, 2015 



 

Wenxi, Shanxi   1245 227 147 0    Gao et al., 2015b 
Beibei, Chongqing  -12 1121 91 59     Xiong, 2013 
Yangtze River Delta 716 -13 1868 113 74 0    Yao et al., 2013 
Kunshan, Jiangsu 1103  1868   0    Peng et al., 2013 
Yanjiang, Jiangsu   1992 136 88 713 270 60  Xue et al., 2015 
Chengdu, Sichuan 2259  1359 40 31 0    Gao et al., 2013 
Nanhu, Hubei 1442  1868 181 103 0    Liang et al., 2010 
Chongming, Shanghai 277 -298 1868   0    Zhang et al., 2015a 
Changshu, Jiangsu 609 -5 1743 136 88 0    Zhang et al., 2015c 
Chengdu, Sichuan 832 124 1494 113 74 349 828 36  Yang et al., 2015a,b 
Luoyang, Henan   1121 136 74 0    Li et al., 2006a 
Pingluo, Ningxia   2484 113 15 571 495 42  Zeng, 2013 

Xianyang, Shaanxi   1353 135 102 36 92 10  Wang, 2008 

Chengcheng, Shaanxi   996 136 0 0    Jia, 2012 
Chengcheng, Shaanxi   996 136 0 734    Jia, 2012 
Yili, Xinjiang   1743   2219    Xu et al., 2011 
Awati, Xinjiang   2179 147 44 2219    Tang et al., 2015 
Shaanxi province   1622 192 35 0    Zhao et al., 2013 
Wuwei, Gansu   3030 344 0 2797    Yu et al., 2012 
Tongwei, Gansu   1245 181 0 0    Lan et al., 2016 
Qingyang, Gansu   1992 151 0 0    Zhang, 2017 
The Loess Plateau      0    Wei et al., 2017 
Anningqu, Xinjiang      1525    Feng et al., 2016 
Yangling, Shaanxi   934 170 110 0    Zhang et al., 2017 
Yangling, Shaanxi   1826 136 0 0    Hu et al., 2014 
Weibei, Shaanxi   1643 186 32 0    Zhao et al., 2016 
Guanzhong, Shaanxi   1489 257 36 1350 149 5  Liu et al., 2017 
Mean±SE 1502±200 70±50 1757±93 146±9 58±8 291±104 342±96 45±11   



 

Medium rice           
Hailun, Heilongjiang 167 723 792       Liang et al., 2004 
Hailun, Heilongjiang 179 620 792       Yue et al., 2005 
Sanjiang, Heilongjiang  3213 1568       Xie et al., 2010 
Sanjiang, Heilongjiang 623 2371 498       Hao, 2005 
Anqing, Heilongjiang 229 628 1494   2083    Chang et al., 2010 
Sanjiang, Heilongjiang 796 5200 1245       Chen et al., 2013 
Sanjiang, Heilongjiang 875 7669 498       Wang et al., 2008 
Shenyang, Liaoning  975 1568       Xie et al., 2010 
Shenyang, Liaoning 167 723 792       Liang et al., 2004 
Sanjiang, Heilongjiang 627  498       Chen, 2007 

Anqing, Heilongjiang 426  872       
Wang and Zhang, 
2015 

Beibei, Chongqing 2104 5763 1043 91 88     Zhang, 2011 
Taihu Lake region 230 4367        Yang, 2013b 
Beibei, Chongqing  7167 1121 91 59     Xiong, 2013 
Beibei, Chongqing 2732 5990 2075       Liu, 2013 
Yanting, Sichuan 1484  1245 227 122     Jiang, 2005 
Jingtang, Sichuan 1526 10275 1583       Sun, 2007 
Yingtan, Jiangxi 464  859       Xiong et al., 2002 
Xishuangbanna, Yunnan 1673 4520 1245       Yang, 2007 
Chongming, Shanghai 312 8806 2303   290 292 128  Cao et al., 2014 
Nanjing, Jiangsu 18 1070 1660 91 117     Zhang, 2013a 
Yinchuan, Ningxia   2743   2250 593 50  Zeng et al., 2012 
Jiangjin, Chongqing 407 5435 1868   653 199 17  Su, 2016 
Pingluo, Ningxia   2742 113 28 2285 594 50  Zeng, 2013 
Hunan province   1612 149 124 300 212 48  Lu et al., 2015 
Pingluo, Ningxia      2285 632 50  Zeng, 2013 



 

Wuzhong, Ningxia      9380    Zhu, 2003 
Fujing, Heilongjiang      4687    Fu, 2000 
Jingmen, Hubei      3237    Cheng et al., 2006a 
Jingmen, Hubei      6758    Cheng et al., 2006b 
Anqing, Heilongjiang      4201    Wei, 2010 
Chengdu, Sichuan      5078    Sun, 2010 
Wuxue,Hubei      1828    Yao, 2012 
Haerbin, Heilongjiang      3209    Zhu, 2012 
Baoqing, Heilongjiang      4213    Sun, 2011 
Nanning, Guangxi      7605    Liu, 2012 
Yongji, Jilin      1744    Wang, 2012 
Songnei Plain      3290    Huang et al., 2015 
Shuangyashan,Heilongjian
g 

     2384  64  Hu and Liu, 2012 

Songyuan and Baicheng, 
Jilin 

     892 220 41  Xu, 2011 

Heilongjiang Province       274   Xu et al., 2012 
Yanting, Sichuan       147 135  Li, 2006 
Suzhou, Jiangsu      3314 164 135  Li, 2009 
Nongken, Heilongjiang        48  Hu et al., 2008 
Chongming, Shanghai      1352 68 39  Dong et al., 2014 
Tai Lake Region      705 125 135  Yang, 2013 
Hangzhou, Zhejiang        107  Chen et al., 2015 
Chengdu, Sichuan      782 581 36  Yang et al., 2015a 
Ningxiang, Hunan       337 39  Xue, 2015 
Yugan, Jiangxi       152 208  Yan, 2015 
Mean±SE 711±156 4195±727 1363±132 127±22 90±16 2992±465 306±51 78±13   
Late rice           



 

Yingtan, Jiangxi 122  2291 290 88     Xiong et al., 2002 
Nanjing, Jiangsu 43 990 1660 91 118     Zhang, 2013a 
Chengdu, Sichuan 262  1245 170 59     Xiong, 2006 
Jingtang, Sichuan 2384 3313        Sun, 2007 
Yanting, Sichuan 1132  1245 136 139     Jiang et al., 2006 
Chengdu, Sichuan 685  1245 242 147     Yu et al., 2008 
Yanting, Sichuan 1131 5695 2075 136 35     Zhou et al., 2015 
Yanting, Sichuan 2579 7069 1245 181 40     Jiang, 2005 
Yanting, Sichuan 2115 6500 1245 181 0     Jiang, 2005 
Beibei, Chongqing 1179 2229 1038 91 74     Liu, 2013 
Nanjing, Jiangsu 1577 1183 2515 53 52     Zou et al., 2005a 
Nanjing, Jiangsu 2079  2490 68 88     Zou et al., 2005b 
Jiading, Shanghai 891 3713 2283 106 0     Huang, 2007 
Changshu, Jiangsu 224 9850 1992 181 118     Zhang et al., 2012d 
Changshu, Jiangsu 244 6374 2490 136 118     Ma et al., 2013 
Yixing, Jiangsu 259  1992       Huang et al., 2011c 
Kunshan, Jiangsu 447  2490       Peng et al., 2013 
Chengdu, Sichuan -80  774 23 18     Gao et al., 2013 
Nanhu, Hubei 730  1743 113 118     Liang et al., 2010 
Suzhou, Jiangsu 2763  1585 50 75     Yao et al., 2010 
Wuxi, Jiangsu 937  2075 0 0     Yao et al., 2010 
Jiangdu, Jiangsu 656  2075 136 88     Yao et al., 2010 
Ningxiang, Hunan 41 13316 1195 68 51     Bai et al., 2010 
Yangtze River Delta 534 9353 2075 106 69     Yao et al., 2013 
Ningxiang, Hunan 40 13155 909 68 51     Zhang et al., 2013a 
Liuyang, Hunan 65 6542 1370 45 59     Kong et al., 2013 
Wuxue, Hubei  15000 1162 106 137     Li et al., 2013 
Baiyun, Guangdong 178 6700 1245 68 125     Yi et al., 2014 



 

Changsha, Hunan 331 2655 1061 47 54     Qin et al., 2014 
Jinxian, Jiangxi 431 3378 1494 113 147     Cheng et al., 2014 
Suzhou, Jiangsu   1774 34 41 3314 164 91  Li, 2009 
Changzhou, Jiangsu   2922 160 0   88  Wang et al., 2009 
Taihu Lake region 241 3075 1445   715 21 30  Yang, 2013b 
Jixian, Jiangxi 424 6917 1494 113 147     Shang et al., 2015 
Wangcheng, Hunan 417 26823 1494 68 118     Qin et al., 2006 
Changsha, Hunan 234 7680 1345 60 132     Shi et al., 2011b 
Changsha, Hunan 498 1226 1494 68 110     Qin, 2011 
Changsha, Hunan 60 4701 1434 408 265     Peng et al., 2015 
Taoyuan, Hunan 70 13485 844 0 151     Shang et al., 2011 
Chongming, Shanghai 322 16853 2490       Zhang et al., 2015a 
Changshu, Jiangsu 332 2793 1992 181 118     Zhang et al., 2015c 
Chengdu, Sichuan 161 3238 1494 136 88 571 905 36  Yang et al., 2015a, b 
Jiangjin, Chongqing 379  1868 181 74  199 6  Su, 2016 
Yujiang, Jiangxi      1267 413 326  Xiao et al., 2006 
Yanjiang, Jiangsu   2490 181 118 713 296 219  Xue et al., 2015 
Hunan province   1622 92 76 300 212 48  Lu et al., 2015 
Yangzou/Suzhou, Jiangsu   2233 88 54 1605 468 235  Yan, 2015 
Liling, Hunan        99  Li et al., 2001 
Qianjiang, Hubei   1524 120 24   87  Li et al., 2001 
Hunan, province      538 96   Lu et al., 2015 
South China       250   Xu et al., 2012 
Jiaungsu province       227   Xu et al., 2012 
Xiangyin, Hunan        54  Cheng et al., 2011 
Mean±SE 678±119 7279±1105 1701±78 117±12 85±53 1128±438 296±107 110±44   

Table S3. Irrigation-water intensity, plant area and average yield of early, middle-season and late rice in China. 



 

Period Site 
Irrigation water 
 (m-3 ha-1) 

Plant area  
(× 103ha-1)* 

Average yield  
(Mg ha-1) 

Irrigation water 
production 

efficiency (kg·m-

3) 

 

Early rice Hangzhou, Zhejiang 4542    Cheng, 2001 
 Hangzhou, Zhejiang 5284    Cheng, 2001 
 Hangzhou, Zhejiang 5497    Cheng, 2001 
 Taoyuan, Hunan 3070    Xie et al., 2001 
 Jinxian, Jiangxi 2030    Li et al., 2009c 
 Wujiang, Jiangsu 4060    Li, 2009 
 Hunan province 1750    Huang et al., 2011 
 Gaoyou, Jiangsu 7060    Xue, 2013 
 Shanghai city 3490    Li et al., 2011a 
 Jiangsu province 3060    Li et al., 2011a 
 Zhejiang province 3620    Li et al., 2011a 
 Anhui province 3230    Li et al., 2011a 
 Jiangxi province 3500    Li et al., 2011a 
 Hubei province 3260    Li et al., 2011a 
 Hunan province 3210    Li et al., 2011a 
 Jiujiang, Jiangxi 2480    Zhang et al., 2011b 
 Chongming, Shanghai 520    Cao et al., 2014 
 Yinchuan, Ningxia 4040    Zeng et al., 2012 
 Jingmen, Hubei 11700    Cheng et al., 2006a 
 Jingmen, Hubei 10800    Cheng et al., 2006a 
 Jingmen, Hubei 5390    Cheng et al., 2006b 
 Lianyungang, Jiangsu 6580    Shao et al., 2003 



 

 Shiyan, Hubei 2560    Wang and Liu, 2001 
 Chongming, Shanghai 2430    Dong et al., 2014 
 Wenjiang, Sichuan 10820    Zhang, 2006 
 Yizheng, Jiangsu 9580    Wang, 2003 
 Wuxue,Hubei 3150    Yao, 2011 
 Wuxue,Hubei 2940    Yao, 2011 
 Jianyang, Sichuan 6300    Zhang et al., 2012a 
 Yujiang, Jiangxi 2817    Zhao et al., 2007 
 Yujiang, Jiangxi 2860    Xiao et al., 2006 
 Wuhan,Hubei 3940    Luo et al., 2009 
 Nancang, Jiangxi 820    Huang, 2014 
 Nancang, Jiangxi 700    Huang, 2014 
 Yingtan, Jiangxi 1640    Chen et al., 2000 
 Nanjing, Jiangsu 9580    Qian et al., 2003 
 

Nanjing, Jiangsu 7330    
Chen et al., 2011 
Guo et al., 2010 

 Guilin, Guangxi 1304    Lv et al., 2011 
 Mean± SE 4393±2929     
 Across China  5765 5.8 1.3±0.1  
Medium rice Wujiang, Jiangsu 14000    Li, 2009 
 Nanning, Guangxi 7640    Liu, 2012 
 Nanning, Guangxi 12660    Liu, 2012 
 Qingtongxia, Ningxia 13500    Li et al., 2005 
 Baoqing, Heilongjiang 10002    Sun, 2011 
 Chengdu, Sichuan 8450    Sun, 2010 
 Anqing, Heilongjiang 6992    Wei, 2010 



 

 Fujing, Heilongjiang 7800    Fu, 2000 
 Gannan, Heilingjiang 14190    Wang et al., 2007 
 Yancheng, Jiangsu 12965    Huang et al., 2003 
 Cangping, Beijing 2800    Zhang et al., 2005 
 Cangping, Beijing 4978    Zhao, 2004 
 Cangping, Beijing 2138    Cui et al., 2008 
 Pingluo, Ningxia 20117    Liu et al., 2005 
 Yujiang, Jiangxi 10284    Zhao et al., 2007 
 Anqing, Heilongjiang 6000    Chang et al. , 2010 
 Yongji, Jilin 4135    Wang, 2012 
 Wuhan, Hubei 3900    Ke, 2010 
 Northeast China 7448    Ji et al., 2008a 
 Northeast China 5847    Ji et al., 2008a 
 Northeast China 5046    Ji et al., 2008a 
 Shuangyashan, 

Heilongjiang 
4529    Hu and Liu, 2012 

 Northern of Hubei 9580    Liu et al., 2016 
 Nanjing, Jiangsu 14890    Huang, 2004 
 Nanjing, Jiangsu 8260    Guo et al., 2009 
 Haerbin, Heilongjiang 5340    Zhu, 2012 
 Jingmen, Hubei 3044    Lv et al., 2011 
 Wuxue, Hubei 2740    Liu, 2011 
 Yangzhou, Jiangsu 5565    Xue, 2013 
 Lianyungang, Jiangsu 5080    Xue, 2013 
 Taiyuan, Shanxi 11180    Wang, 2015b 
 Songnen Plain 4980    Huang et al., 2015 



 

 Anqing, Heilongjiang 4246    Zhuang, 2015 
 Mean ± SE 7889±752     
 Across China  18019 7.4 0.9±0.1  
Late rice Nanjing, Jiangsu 5850    Hao et al., 2015 
 Nanjing, Jiangsu 6367    Hao et al., 2015 
 Chongming, Shanghai 2425    Dong et al., 2014 
 Yongzhou, Hunan 1599    Liang et al., 2000 
 Suzhou, Jiangsu 7040    Yin, 2012 
 Yujiang, Jiangxi 7333    Zhao et al., 2007 
 Guilin, Jiangxi 3193    Lv et al., 2011 
 Jinxian, Jiangxi 3540    Li, 2009 
 Hezhou, Guangxi 3120    Chen, 2013 
 Pingluo, Ningxia 4044    Zeng, 2013 
 Fengyang, Anhui 6660    Xiao et al., 2012 
 Kunshan, Jiangsu 7118    Liu et al., 2014 
 Mean ± SE 4587±598     
 Across China  6354 5.9 1.3±0.1  
 Mean of total rice#    1.1±0.1  

※Plant area of different rice from Chinese Agricultural Statistical Yearbook (MOA, 2015). 
#Mean irrigation water use efficiency of total rice = (Early rice yield × early rice sown area + medium rice yield × medium rice sown area + late rice yield × late 
rice sown area)/Total sown area of early, medium, and late rice.

Table S4. Irrigation rate, power consumption, power used per unit of irrigation rate and electricity charges in the Chinese main crop systems in different regions. 

Site Crop systems Irrigation rate 
(mm) 

Power consumption 
(kWh) 

Power used per 
unit of irrigation 
rate (kWh mm-1) 

Electricity charge 
(yuan kWh-1) 

Reference 



 

Shouguang, 
Shandong 

Greenhouse vegetable 1496 4400 2.94  Gao et al., 2009 

Shouguang, 
Shandong 

Greenhouse vegetable 1134 2482 2.45  Fan, 2014 

Tai’an, Shandong Wheat-maize system 240 726 3.03 0.50 Wang, 2013 
Tai’an, Shandong Wheat-maize system 160 384 2.40  Tian, 2014 
Luancheng, Hebei Wheat-maize system 425 1910 4.50  Liang et al., 2009 
Hebei, province / 675 3054 4.52 0.40 Wang, 2010 
Luancheng, Hebei Wheat-maize system 300 867 2.89  Yang, 2015a 
Wuqiao, Hebei Wheat-maize system 300 592 1.97  Wang, 2015 
Quzhou, Hebei Wheat-maize system 278 3233 11.6  Gao et al., 2015 
Beijing, 
Shangzhuang 

Wheat-maize system 215 1385 6.44  Huang et al., 2013 

Quzhou, Hebei Wheat-maize system 240 1892 8.26  Cao, 2015 
Suzhou, Jiangsu Rcie-rapeseed system 1400 5859 4.19 0.45 Li, 2009 
Jinxian, Jiangxi Double rice system 700 2112 3.02 0.80 Li, 2009 
Jinzhong, Shaanxi Spring maize system 140 500 3.57  Duan et al., 2014 
Northeast China Maize system 300 900 3.00  Chang et al., 2010 
Yinchuan, Ningxia Maize system 275 519 1.89  Zeng, 2013 
Zhangye, Gansu Greenhouse vegetable 1206 3400 2.82  Zhao et al., 2006 
Wuwei, Gansu Maize system 390 3068 7.87  Wu, 2014 
Rugao, Jiangsu Rice-wheat system / / / 0.45 Xue et al., 2015 
Mean± SE    4.3±0.2 0.50±0.07  



 

Table S5. CO2-eq emission from N2O and CH4 emissions, and chemical N-, P2O5- and K2O fertilizer (kg CO2-eq ha-1), Chemical N-, P2O5- and K2O fertilizer and irrigation-
water application, yields of potatoes, partial factor productivity of fertilizer N (PFPN), P2O5 (PFPP2O5) and K2O (PFPK2O), and irrigation-water production efficiency 
(IWUE) under optimized potato management practices in China. 

Site 

N2O CH4 N P2O5 K2O Irrigation 
water 
mm/kg CO2-
eq ha-1 

Yield  
Mg 
ha-1 

Standa
rd 
grain※ 

Mg ha-

1 

PFPN 
kg kg-1 
N 

PFPP2O

5 kg kg-

1 P2O5 

PFPK2

O kg 
kg-1 
K2O 

IWU
Ekg 
m-3 

Reference 
kg CO2-eq ha-1 kg ha-1/kg CO2-eq ha-1 

Wuchuan, Inner 

Mongolia 
291 -42 90/747 45/68 60/59 0/0 9.6 1.9 21.1 42.2 31.7  Gao, 2016 

Wuchuan, Inner 

Mongolia 
182 -22 90/747 45/68 60/59 0/0       Gao, 2016 

Kunming, Yunnan 337  68/564 75/113 125/123  13.6 2.7 39.7 36.0 21.6  Zhou et al., 2017 

Wuchuan, Inner 

Mongolia 
118 -19 90/747 45/68 60/59 0/0 16.2 3.2 35.6 71.1 53.3  Wang, 2015a 

Wuchuan, Inner 

Mongolia 
268  90/747   135/763       Wan et al., 2016 

Wuchuan, Inner 

Mongolia 
91  60/498 48/72 108/106  31.7 6.3 105.0 131.3 58.3  Shu et al., 2017 

Xuanwei, Yunnan   141/1170 105/159 199/195  31.8 6.4 45.4 61.0 32.2  Kong et al., 2004 
Taixing, Jiangsu   84/697 45/68 135/132  19.7 3.9 46.4 86.7 28.9  Sun, 2005 
Haiyuan, Ningxia   78/647 48/72 96/94  29.5 5.9 75.6 122.9 61.5  Li et al., 2006 



 

Haiyuan, Ningxia   78/647 48/72 96/94  13.7 2.7 34.6 56.3 28.1  Li et al., 2006 
Wuchuan, Inner 
Mongolia 

  120/996 120/181 150/147  23.1 4.6 38.3 38.3 30.7  Wang et al., 2013a 

Wuxi, Chongqing   120/996 60/91 180/176  21.4 4.3 35.8 71.7 23.9  Lv et al., 2010 
Chengkou, 
Chongqing 

  165/1370 120/181 90/88  21.5 4.3 26.1 35.8 47.8  Lv et al., 2010 

Xinxiang, Henan   233/1934 122/184 117/115 119/672 20.4 4.1 17.6 33.6 35.0 3.4 Huang et al., 2010 
Tai’an, Shandong   118/979 58/88 105/103  35.6 7.1 60.2 122.4 67.6  Liu et al., 2011b 
Tai’an, Shandong   150/1245 90/136 210/206  47.5 9.5 63.3 105.5 45.2  Gao, 2014 
Dalateqi, Inner 
Mongolia 

  180/1494 180//272 225/221  24.5 4.9 27.2 27.2 21.8  Zhang et al., 2005 

Jingtai, Gansu   180/1494 180/272 225/221  33.0 6.6 36.7 36.7 29.3  Zhang et al., 2005 
Guyuan, Hebei   180/1494 180/272 225/221  31.5 6.3 35.0 35.0 28.0  Zhang et al., 2005 
Dingxi, Gansu   60/498 53/80 75/74  44.8 9.0 150.0 169.8 120.0  Qin et al., 2011 
Wuchuan, Inner 
Mongolia 

  150/1245 81/122 203/199 180/1017 25.5 5.1 34.0 63.0 25.1 2.8 Chen et al., 2012 

North of Yinshan, 
Inner Mongolia 

  90/747 90/136  135/763 42.5 8.5 94.4 94.4  6.3 Jing et al., 2012 

Xiangyang, Hubei   108/896 99/149 162/159  20.4 4.1 38.0 41.4 25.3  Yang, 2012 
Wuqiao, Hebei   164/1361 68/103 280/274 120/678 24.9 5.0 30.5 73.5 17.9 4.2 Wang et al., 2013b 
Wuchuan, Inner 
Mongolia 

  97/805 110/166 264/259 0/0 15.8 3.2 33.0 29.1 12.1  Li et al., 2013 

Wuchuan, Inner 
Mongolia 

  165/1370 180/272 248/243 120/678 35.4 7.1 43.0 39.4 28.6 5.9 Qin et al., 2013 

Wuwei, Gansu   135/1121 135/204 180/176 0/0 54.1 10.1 74.8 74.8 56.1  Song et al., 2013 
Pengyang, Ningxia   95/789 68/103 75/74 0/0 29.8 6.0 63.2 88.2 80.0  Li and Hou, 2015 
Qizhou, Shanxi   150/1245 101/153   30.1 6.0 40.0 59.4   Wen et al., 2016 
Changsha, Hunan   248/2017 78/118 161/158  27.2 5.4 21.8 69.2 33.5  Lin et al., 2012 



 

Wuchuan, Inner 
Mongolia 

  233/1934 150/227 265/260  20.6 4.1 17.6 27.3 15.5  Yue et al., 2013 

Lichuan, Hubei   113/938 75/113 120/118  23.9 4.8 42.5 64.0 40.0  Wang et al., 2016b 
Middle and 
southern Ningxia 

  147/1220 84/129 0/0  38.5 7.7 52.4 91.7   Jia et al., 2012 

Wuchuan, Inner 
Mongolia 

  62/515 69/104  0/0 19.7 4.0 64.5 58.0   Zhao et al., 2005 

Luancheng, Hebei   150/1245 105/159 130/127 132/746 26.7 5.3 35.3 50.5 40.8 4.0 Wang et al., 2005a 
Lanzhou, Gansu   83/689 5076 0/0 0/0 15.4 3.1 37.3 62.0   Wang et al., 2005b 
Yongchun, Fujian   330/2739 157/237 223/219  30.3 6.1 18.5 38.9 27.4  Chen, 2007 
Chengde, Hebei   85/706 29/44 114/112 383/2164 27.0 5.4 63.5 186.2 47.4 1.4 Li et al., 2007 

Gaolan, Gansu   185/1536 36/54 0/0 0/0 39.0 7.8 42.2 216.7   Tian et al., 2007 
Lishui, Zhejiang   120/996 80/121 180/176  23.3 4.7 39.2 58.8 26.1  Ma and Guo, 2007 
Minqin, Gansu   192/1594 273/412 108/106 250/1412 66.3 13.3 69.3 48.7 123.1 5.3 Hou et al., 2008 
Dingxi, Gansu   179/1486 147/222 150/147  36.3 7.3 40.8 49.7 48.7  Chen et al., 2008 
Liupanshui, 
Guizhou 

  105/872 65/98 120/118  33.0 6.6 62.9 101.5 55.0  Ji, 2008b 

Minqin, Gansu   192/1594   262/4844 58.3 11.7 60.9   4.5 Wang et al., 2009a 
Damaoqi, Inner 
Mongolia 

  99/822 54/82 50/49 202/1141 37.0 7.4 74.7 137.0 148.0 3.7 Wang et al., 2009b 

Dingxi, Gansu    179/1486 147/222 150/147 90/508 34.2 6.8 38.0 46.3 45.3 7.6 Dou et al., 2009 
Hongmen, Henan   169/1403   85/539 11.7 2.3 13.6   2.7 Li et al., 2009a 
Luliang, Yunnan   288/2390 122/184 180/176 180/1017 36.6 7.3 25.3 59.8 40.6 4.1 Li et al., 2015 
Mountain region of 
Southern Ningxia 

  300/2490 200/302 200/196 50/282 21.0 4.2 14.0 21.0 21.0 8.4 Liao, 2009 

Pengyang, Ningxia      0/0 39.5 7.9     Zhang et al., 2009a 
Pengyang, Ningxia      0/0 47.7 9.5     Zhang et al., 2009a 
Ya’an, Sichuan   150/1245 45/68 135/132  28.2 5.6 37.3 124.4 41.5  Li et al., 2009b 



 

Qujing, Yunnan   150/1245 150/227 256/251  34.8 7.0 46.7 46.7 27.3  Cui et al., 2010 
Dingxi, Gansu   150/1245 105/159 135/132 0/0 20.7 4.1 27.3 39.0 30.4  Gao et al., 2010 
Jianping, Liaoning   105/872 180/272 130/127  34.5 6.9 65.7 38.3 53.1  Liu et al., 2010a 
Dingxi, Gansu   180/1494 75/113 75/74  31.1 6.2 34.4 82.7 82.7  Su et al., 2010 
Dingxi, Gansu   150/1245 120/181 165/162 45/254 49.8 10.0 66.7 83.3 60.6  Liu et al., 2010b 
Huidong, 
Guangdong 

  195/1619 92/139 287/281  46.6 9.3 51.3 101.1 32.4  Chen et al., 2010 

Dingxi, Gansu   58/481 83/125 0/0 18/102 19.2 3.8 65.5 45.8   Zhang et al., 2011a 
Xishui, Guizhou   180/1494 120181 360/353  22.5 4.5 25.0 37.5 12.5  Deng et al., 2011 
Qiqihaer, 
Heilongjiang 

  145/1204 95/43 140/137  35.6 7.1 49.0 74.7 50.7  Ma et al., 2011 

Leishan, Guizhou   240/1992 180/272 270/265  45.1 9.0 37.5 50.0 33.3  Yang, 2011 
Leishan, Guizhou   175/1453 204/308 191/187  44.8 9.0 51.4 44.1 47.1  Yang, 2011 
Dingxi, Gansu   180/1494 105/159 90/88  16.6 3.3 18.3 31.4 36.7  Tan et al., 2011 
Guyuan, Ningxia   63/523 72/109 90/88 0/0 29.5 5.9 93.7 81.9 65.6  Zhou et al., 2011 
Xiapu, Fujian   201/1668 41/62 324/318  34.1 6.8 33.8 165.9 21.0  Huang et al., 2012 
Enping, 
Guangdong 

  195/1619 180/272 240/235  30.9 6.2 31.8 34.4 25.8  Tan et al., 2012 

Wuchuan, Inner 
Mongolia 

  150/1245 75/113 270/265  42.3 8.5 56.7 113.3 31.5  Zhang et al., 2012b 

Taiyuan, Shanxi   135/1121 79/119 150/147 0/0 35.1 7.0 51.9 88.6 46.7  Feng et al., 2012 
Wuming, Guangxi   192/1594 192/290 192/188  25.3 5.1 26.6 26.6 26.6  Tang et al., 2012 
Wuchuan, Inner 
Mongolia 

     56/316 22.0 4.4    7.9 Shen et al., 2012 

Jinan, Shandong   113/938 113171 113/111 89/564 36.4 7.3 64.6 64.6 64.6 8.2 Dong et al., 2013 

Jurong, Jiangsu   180/1494 120/181 230/225  25.9 5.2 28.9 43.3 22.6  
Lei and Wang, 
2013 

Wuchuan, Inner   135/1121 143/216 132/129  41.9 8.4 62.2 58.7 63.6  Liang et al., 2013 



 

Mongolia 
Dingxi, Gansu   150/1245 105/159 135/132 0/0 21.1 4.2 28.0 40.0 31.1  Tang et al., 2013 
Shenyang, 
Liaoning 

  180/1494 144/217 264/259  61.8 12.4 68.9 86.1 47.0  Li et al., 2013 

Wuchuan, Inner 
Mongolia 

  150/1245 75/113 270/265  36.9 7.4 49.3 98.7 27.4  Yang et al., 2013 

Wuchuan, Inner 
Mongolia 

  128/1062 45/68 165/162 135/763 35.0 7.0 54.7 155.6 42.4 5.2 Zhang et al., 2013a 

Wuchuan, Inner 
Mongolia 

  150/1245 60/91 150/147 0/0 29.3 5.9 39.3 98.3 39.3  Chen et al., 2013 

Jiaozhou, 
Shandong 

  112/930 63/95 183/179 101/571 44.6 8.9   48.6 8.9 Zhang et al., 2013c 

Dingxi, Gansu   90/747 90/136 120/118 0/0 16.7 3.3 36.7 36.7 27.5  Zhang et al., 2013b 
Guyuan, Ningxia   225/1868 150/227 270/265 0/0 35.0 7.0 31.1 46.7 25.9  Mai et al., 2014 
Haerbin, 
Heilongjiang 

  180/1494 75/113 180/176  38.1 7.6 42.2 101.3 42.2  Wang et al., 2014 

Wuchuan, Inner 
Mongolia 

  150/1245 75/113 270/265 120678 39.0 7.8 52.0 104.0 28.9 6.5 Xiao, 2014 

Huining, Gansu   104/863 72/109 0/0 0/0 24.7 4.9 47.1 68.1   Xue, et al., 2014 
Dingxi, Gansu   104/863 105/159 135/132 0/0 22.1 4.4 42.3 41.9 32.6  Xia et al., 2014 
Yanchi, Ningxia   165/1370 81/122 0/0  54.1 10.8 65.5 133.3   Zhao et al., 2014 
Boluo, Guangdong   180/1494 135/204 150/147  46.0 9.2 51.1 68.1 61.3  Huang et al., 2014 
Taipushiqi, Inner 
Mongolia 

   90/136   51.2 10.2  113.3   Li et al., 2014 

Luliang, Yunnan   288/2390 162/245 180/176 195/1102 39.7 7.9 27.4 48.8 43.9 4.1 Li et al., 2015 
Guyuan, Ningxia   180/1494 90/136 135/132 0/0 27.4 5.5 30.6 61.1 40.7  Liang et al., 2015 
Qujing, Yunnan   150/1245 90/136 270/265 0/0 32.7 6.5 43.3 72.2 24.1  Yin et al., 2015a 
Qujing, Yunnan   150/1245 90/136 270/265 0/0 12.6 2.5 16.7 27.8 9.3  Yin et al., 2015a 



 

Chayouhongqi, 
Inner Mongloia 

  270/2241 180/272 285/279 375/2119 47.9 9.6 35.6 53.3 33.7 2.6 Xing et al., 2015 

Tongzhou, Beijing    135/204 0/0 140/791 26.1 5.2  38.5  3.7 Feng et al., 2015 

Yulin, Shaanxi   165/1370 101/153 113/111 210/1186 52.3 10.5 63.6 104.0 92.9 5.0 
Wang and Zhang, 
2015 

Cangping, Beijing      318/1797 81.0 16.2    5.1 Wang et al., 2015a 
Pengyang, Ningxia   69/573 69/104 75/74 0/0 40.6 8.1 117.4 117.4 108.0  Hou et al., 2016 
Chayouzhongqi, 
Inner Mongolia 

  300/2490 105/159 165/162 165/932 35.6 7.1 23.7 67.6 43.0 4.3 Duan et al., 2016 

Wuchuan, Inner 
Mongolia 

  210/1743 90/136 165/162 95/537 43.3 8.7 41.4 96.7 52.7 9.2 Duan et al., 2016 

Tongwei, Gansu      0/0 40.8 8.2     Han et al., 2016 
Chengde, Hebei   276/2291 120/181 150/147  37.7 7.5 27.2 62.5 50.0  Shang et al., 2016 
Eerduo, Inner 
Mongolia 

  314/2606 101/153 379/371 128/723 36.7 7.3 23.2 72.3 19.3 5.7 Feng et al., 2016 

Dingxi, Gansu   180/1494 150/227 180/176  22.5 4.6 25.6 30.7 25.6  Chen et al., 2016a 
Jining, Inner 
Mongolia 

  160/1328 110/166 110/108 0/0 19.1 3.8 23.8 34.5 34.5  Mu et al., 2016 

Dingxi, Gansu   169/1403 90/136 0/0 0/0 21.2 4.2 24.9 46.7   Wang et al., 2016a 
Xiangyang, Hubei   180/1494 90/136 150/146  24.0 4.8 26.7 53.3 32.0  Zhang et al., 2016c 
Zhongwei, Ningxia   267/2216 139/210 82/80  30.0 6.0 22.5 43.2 73.2  Wang et al., 2016b 
Weining, Guizhou   240/1992 120/181 270/265  27.3 5.5 22.9 45.8 20.4  Zhang et al., 2017 
Mean ± SE 215±4

1 
-28±7 157±6/1303

±50 
104±5/157
±7 

158±8/155
±8 

81±13/458±7
6 

32.4±1
.2 

6.5±0.2 44.5±2
.3 

70.5±3.
8 

42.3±2
.6 

5.2±0.
4 

 

※ The same as in Table A.1.



 

Table S6. Per capita habitual food intake in 1982, 1992, 2002 and 2012 (g cap.-1 day-1) (Zhai et 
al., 2005; NHFPC, 2015). 

Item 1982 1992 2002 2012 
Urban Rural Urban Rural Urban Rural Urban Rural 

Rice 217.0 217.0 223.1 255.8 156.5 226.0 130.8 222.7 
Flour 218.0 177.0 165.0 189.1 107.8 147.4 134.7 150.4 
Other cereals 24.0 137.0 17.0 40.9 14.4 30.2 15.9 17.6 
Potatoes 66.0 228 46.0 108 31.9 55.7 28.4 42.8 
Beans 6.1 10.0 2.2 4.0 2.3 4.1 2.9 3.7 

 
 
 

Table S7. Proportions of kitchen waste composed of cereals, potatoes and beans (Shi, 2014). 

 
 
 
 
 
 
 
 

Item 
Proportion in kitchen waste (%) 
Mean Range 

Cereals 18 1-27 
Potatoes 5 2-30 
Beans 3 1-4 



 

Table S8. Chemical N-, P2O5- and K2O-feitilizer inputs, irrigation-water consumptions and total GHG for rice, wheat, conventionally grown potatoes (Potato-Con), 
and optimally grown potatoes (Potato-Opt) under different scenarios in 2020, compared with BAU scenario (mean±sd). 

Item Rice Wheat Potato-Con Potato-Opt Total1* 
Relative to 
2012† 

Total2# 
Relative 
to 2012† 

N (Tg)        
2012 6.3±3.2 4.7±1.9 0.9±0.4  11.9±3.7    
BAU 6.0±3.2 5.0±2.2 1.1±0.5  12.1±3.9 0.2±0.05  0.2±0.05 
30S0R+100F 6.0±3.2 4.7±2.1 1.1±0.5 0.9±0.8 11.8±3.9 -0.1±0.02 11.6±3.9 -0.3±0.07 
30S50R+50F 5.9±3.1 4.9±2.1 1.1±0.5 0.9±0.8 11.9±3.8 0.0±0.0 11.7±3.8 -0.2±0.05 
30S100R+0F 5.8±3.0 5.0±2.2 1.1±0.4 0.9±0.8 11.9±3.7 0.0±0.0 11.7±3.8 -0.2±0.05 
50S0R+100F 6.0±3.2 4.3±1.7 1.4±0.9 1.1±1.2 11.7±3.7 -0.2±0.04 11.5±3.8 -0.4±0.09 
50S50R+50F 5.7±3.0 4.7±1.9 1.4±0.9 1.1±1.2 11.8±3.6 -0.1±0.02 11.6±3.7 -0.3±0.07 
50S100R+0F 5.5±2.7 5.0±2.2 1.4±0.9 1.1±1.2 11.9±3.6 0.0±0.0 11.6±3.7 -0.3±0.07 
P2O5 (Tg)        
2012 2.6±0.3 2.4±0.2 0.6±0.3  5.6±0.6    
BAU 2.5±0.5 2.6±0.6 0.7±0.5  5.8±0.9 0.2±0.02  0.2±0.02 
30S0R+100F 2.5±0.5 2.5±0.5 0.7±0.5 0.6±0.6 5.7±0.9 0.1±0.01 5.5±1.0 -0.1±0.01 
30S50R+50F 2.4±0.5 2.5±0.5 0.7±0.5 0.6±0.6 5.7±0.9 0.1±0.02 5.6±1.0 0±0.0 
30S100R+0F 2.4±0.5 2.6±0.6 0.7±0.5 0.6±0.6 5.7±0.9 0.1±0.01 5.6±1.0 0±0.0 
50S0R+100F 2.5±0.5 2.2±0.4 0.9±0.5 0.7±0.7 5.6±0.9 0.0±0.00 5.4±1.0 -0.2±0.02 
50S50R+50F 2.4±0.5 2.4±0.5 0.9±0.6 0.7±0.7 5.7±0.9 0.1±0.01 5.5±1.0 -0.1±0.01 
50S100R+0F 2.2±0.5 2.6±0.6 0.9±0.6 0.7±0.7 5.7±1.0 0.1±0.01 5.6±1.0 0±0.0 
K2O (Tg)         
2012 3.0±0.5 1.9±0.4 0.8±0.6  5.7±0.9    
BAU 2.9±0.7 2.0±0.6 0.9±0.7  5.9±1.2 0.2±0.03  0.2±0.03 



 

30S0R+100F 2.9±0.7 1.9±0.5 0.9±0.7 0.9±1.0 5.8±1.1 0.1±0.01 5.7±1.3 0±0 
30S50R+50F 2.8±0.7 2.0±0.5 0.9±0.7 0.9±1.0 5.8±1.1 0.1±0.01 5.7±1.3 0±0 
30S100R+0F 2.8±0.6 2.0±0.6 0.9±0.7 0.9±1.0 5.7±1.1 0.0±0.0 5.7±1.3 0±0 
50S0R+100F 2.9±0.4 1.8±0.5 1.3±0.9 1.3±1.4 6.0±1.2 0.3±0.04 6.0±1.7 0.3±0.05 
50S50R+50F 2.7±0.6 1.9±0.5 1.3±0.9 1.3±1.4 5.9±1.2 0.2±0.03 6.0±1.7 0.3±0.05 
50S100R+0F 2.6±0.6 2.0±0.6 1.3±0.9 1.3±1.4 5.9±1.2 0.2±0.03 5.9±1.6 0.2±0.03 
Irrigation water (× 109 m3)    
2012 198.3±81.1 35.9±15.5 5.4±0.7  239.6±82.5    
BAU 189.0±85.0 38.3±18.0 6.5±0.8  233.7±86.8 -5.9±1.5  -5.9±1.5 
30S0R+100F 189.0±85.0 36.1±16.1 6.5±0.8 3.9±1.6 231.6±86.5 -8.0±2.0 229.0±86.5 -10.6±2.7 
30S50R+50F 187.1±83.3 37.2±17.0 6.5±0.8 3.9±1.6 230.7±85.0 -8.9±2.2 228.2±85.1 -11.4±2.9 
30S100R+0F 185.2±81.7 38.3±18.0 6.5±0.8 3.9±1.6 229.9±83.6 -9.7±2.4 227.4±83.6 -12.2±3.1 
50S0R+100F 189.0±85.0 33.2±13.9 9.3±2.0 5.7±2.6 231.5±86.1 -8.1±2.1 227.9±86.1 -11.7±3.0 
50S50R+50F 184.5±81.1 35.8±15.8 9.3±2.0 5.7±2.6 229.6±82.7 -10.0±2.5 226.0±82.7 -13.6±3.4 
50S100R+0F 180.1±77.6 38.3±18.0 9.3±2.0 5.7±2.6 227.7±79.7 -11.9±2.9 224.0±79.7 -15.6±3.9 
Total GHG (Gg CO2-eq)        
2012 304.2±87.1 102.8±40.6 20.1±6.4  427.1±96.3    
BAU 289.9±99.1 109.6±43.7 24.2±7.7  423.7±110.4 -3.4±0.6  -3.4±0.6 
30S0R+100F 289.9±96.8 103.6±41.2 24.2±7.7 17.7±13.5 417.7±113.9 -9.4±1.7 413.0±114.9 -14.1±2.5 
30S50R+50F 283.4±94.8 106.6±44.9 24.2±7.7 17.7±13.5 414.2±103.5 -12.9±2.2 409.2±106.4 -17.9±3.1 
30S100R+0F 276.9±90.7 109.6±47.9 24.2±7.7 17.7±13.5 410.7±102.9 -16.4±2.8 405.4±104.1 -21.7±3.7 
50S0R+100F 289.9±99.1 95.6±39.4 34.8±12.6 25.5±19.9 420.3±107.4 -6.8±1.2 410.9±108.5 -16.2±2.8 
50S50R+50F 274.7±85.7 106.1±43.7 34.8±12.6 25.5±19.9 415.6±97.1 -11.5±1.9 406.2±98.3 -20.9±3.5 
50S100R+0F 259.4±81.0 109.6±47.9 34.8±12.6 25.5±19.9 403.8±94.9 -23.3±3.8 394.5±94.6 -32.6±5.4 

* Total1 = Rice + wheat + potato-Con (conventionally grown potatoes).  
# Total2 = Rice + wheat + potato-Opt (optimally grown potatoes).  



 

†Relative to 2012 = Different scenario results minus the values of 2012.



 

Table S9. Energy supply under the different substitution scenarios in 2020, in comparison with 
2012. 

Scenario Energy supply* 

 × 106 cal 

2012 652.5 
BAU / 
30S0R+100F 655.2 
30S50R+50F 655.6 
30S100R+0F 656.8 
50S0R+100F 659.8 
50S50R+50F 660.9 
50S100R+0F 663.1 

*Per unit energy supply of rice, wheat and potato is 3.6 × 106, 3.9 × 106 and 4.5 × 106 cal kg-1, 
respectively (Chen, 2002). 



 

Table S10. Comparison of nutritional components between 35% potato bread and 100% wheat bread, and the nutrition of 35% potato bread (250 g) and 100% wheat 
bread (250 g) (Sun et al., 2015). 

Index 
100% wheat 
bread 

35% potato 
bread 

Nutrient 
Reference 
Values (g) 

Weight 
(%)* 

100% wheat bread (250g) 35% potato bread (250g) 

Provide 
nutrition (g) 

 
 

Ratio 
(%)# 

Nutrient 
supply  
index† 

Provide 
nutrition 
(g) 

Ratio 
(%) 

Nutrien
t supply 
index 

Crude protein (g/100g DW) 13.57±0.02 14.29±0.05 60 7.14 33.9  56.5 0.040 35.7 59.5 0.042 
Crude fiber (g/kg DW) 0.27±0.02 0.71±0.01 25 7.14 0.1  0.4 0.0003 0.2 0.8 0.0005 
Beta carotene (mg/100g 
DW) 

No detection No detection   no‡  no  no no  

VB1 (mg/100g DW) 0.21±0.01 0.26±0.01 1.4 7.14 0.5  37.5 0.027 0.7 46.4 0.033 
VB2 (mg/100g DW) 0.09±0.01 0.12±0.01 1.4 7.14 0.2  16.1 0.011 0.3 21.4 0.015 
VB3 (mg/100g DW) 2.16±0.01 3.87±0.01   no  no  no no  
VC (mg/100g DW) 7.82±0.12 35.52±0.52 100 7.14 19.6  19.6 0.014 88.8 88.8 0.063 
K (mg/100g DW) 342.73±4.51 956.23±1.52 2000 7.14 858.6 42.8 0.031 2390.6 119.5 0.085 
P (mg/100g DW) 125.79±5.21 172.53±2.51 700 7.14 314.5 44.9 0.032 431.3 61.6 0.044 
Mg (mg/100g DW) 33.29±0.23 57.54±0.21 300 7.14 83.2 27.7 0.020 143.9 48.0 0.034 
Ca (mg/100g DW) 31.21±0.17 56.23±2.31 800 7.14 78.0 9.8 0.007 140.6 17.6 0.013 
Te (mg/100g DW) 1.29±0.11 2.15±.05 15 7.14 3.2 21.5 0.015 5.4 35.8 0.026 
Zn (mg/100g DW) 0.90±0.02 0.98±0.11 15 7.14 2.3 15.0 0.011 2.5 16.3 0.012 
Mn (mg/100g DW) 0.43±0.02 0.52±0.01 3 7.14 1.1 35.8 0.026 1.3 43.3 0.031 
Cu (mg/100g DW) 0.12±0.01 0.17±0.01 1.5 7.14 0.3 20.0 0.014 0.4 28.3 0.020 
Se (µg/100g DW) 5.96±0.01 6.03±.01 50 7.14 14.9 29.8 0.021 15.1 30.2 0.022 
As (mg/100g DW) 0.012±0.001 0.012±.002   no no  no no  
Pb (mg/100g DW) No detection No detection   no no  no no  



 

Polyphenol oxidase A416 0.079±0.002 0.129±0.012   no no  no no  
Total phenol (mg/g DW) 1.58±0.03 1.93±0.04   no no  no no  
Antioxidant activity (µg 
Trolox/g DW) 

1542.18±10.23 1726.01±7.12  
 

no no 
 

no no 
 

Reducing sugar (g/100g 
DW) 

2.11±0.02 5.31±0.12  
 

no no 
 

no no 
 

Crude fat (g/kg DW) 12.90±0.30 10.00±0.20 60  3.2 5.3  2.5 4.2  
Na (mg/100g DW) 8.27±0.21 11.67±0.25 2000  20.7 1.0  29.2 1.5  
Total    100   0.269  0.441  

*Weight (%) = 1/16 × 100, 16 is the total number of index which have the detected Nutrient Reference Values.  

#Ratio (%) = Provide nutrition/ Nutrient Reference Values × 100. 

†Nutrient index =Ratio (%)×Weight (%)/10000, which represents the extent of total index close to the Nutrient Reference Values. 

‡no data. 



 

 
Figure S1. Specific distributions of early rice, winter wheat and potato systems at county-level 
across China. NCP-I and NCP-R represent the irrigated- and rainfed-winter wheat in the NCP. 

 

Figure S2. Chemical N-, P2O5- and K2O-fertilizer and irrigation-water consumption and their 
use efficiencies for potatoes, wheat in the North China Plain, and early rice across China.
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Figure S3. Comparison of chemical N-, P2O5-and K2O-fertilizer and irrigation-water 
consumption and their use efficiencies, between conventional (left) and optimized (right) 
potato management practices. 

 

Figure S4. Yields of potato in the top 10 potato-output countries, and average potato yields, 
worldwide. 
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