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Effects of biochar on carbon footprint of corn fields in arid regions
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Water Resource Protection and Utilization Key Laboratory, Hohhot 010018, China; 3.Inner Mongolia Water Resources and Hydropower
Survey and Design Institute, Hohhot 010020, China)

Abstract: Agricultural research is now more concerned about the problem of reducing the cumulative greenhouse gas emissions and the
carbon footprint of farmland production systems while maintaining production. This study is based on comparative experiments, applying
different amounts of biochar in corn farmland in the Horgin dune—meadow cascade ecosystem. The biochar amounts were: 0 t*hm™(CK),
15t-hm™?(C15),30 t-hm™?(C30), and 45 t-hm(C45). Observations on the greenhouse gas(CO,, CHy, and N,O) fluxes within a life cycle
of the four treatments, financial costs, and the calculation of the carbon footprint were conducted. The results showed the application of bio-
char would effectively reduce the total greenhouse gas emissions of corn production. Compared with the CK treatment, the cumulative green-
house gas emissions of C15, C30, and C45 decreased by 21.4%, 14.2%, and 16.8%, respectively. The carbon footprint and the per unit out-
put increased significantly with the increase in biochar addition. Compared with the CK treatment, the carbon footprint of C15, C30, and

C45 increased by 73.1%, 149.1%, and 227.8%, respectively. Moreover, the per unit output of the carbon footprint increased by 59.8%,
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121.2%, and 195.9%, respectively. The treatments of C30 and C45 increased corn yield by 4.2% and 2.2%, respectively, in comparison to

that of the C15 treatment, which were both not significant . Therefore, considering the comprehensive economic benefits and environmental

factors, it is recommended 15 t-hm™ biochar be applied to the corn farmland in the Horqin area during production, which will greatly re-

duce the carbon footprint during production while maintaining the increased production.

Keywords : CHy; N2O; carbon footprint; greenhouse gas
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Figure 1 Geographic position and distribution of soil-respiration sampling sites in the research area
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Table 1 Chemical properties of the soil and biochar used

in the experiments
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Table 2 Coefficient of carbon emission of different material for

agricultural production

Hergmi H T SUAHE R 5L SCHR A

Discharge project  Coefficient of greenhouse gas emissions ~ Reference
AIEN 6.38 kg CO,—eq kg™ [21]
WIE P,Os 0.61 kg CO—eq kg™ [22]
HIE K0 0.44 kg CO—eq - kg™ [22]
41 Diesel 2.63 kg COs—eq-kg™! [23]
L BE Electricity 1.14 kg CO,—(kW-h)"! [23]
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Figure 2 Changes in air temperature and rainfall of corn field during the growing season in 2018
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Figure 3 Seasonal variation of soil CHs and N>O fluxes under different treatments of biochar application

R3 ARALETEESHBERNANE ERTERESIBRER(CWP)

Table 3 Cumulative emissions of greenhouse gases , corn yield and comprehensive warming potential (GWP)

under different experimental sets

b e T % S BBUHEEURE Cumulative emissions of greenhouse gases/kghm™ f A B R

Treatment Maize yield/t*hm™ €O, CH, N>O GWP(CO+CHA+N0)/kg*hm™
CK 12.809d 17 479.61a -1.90b 0.39a 17 543.57a
K 13.874c 13777.62d -2.99d 0.29b 13781.17d
€30 14.458a 15056.21b -2.23¢ 0.19¢ 15 035.49b
45 14.188b 14 575.99¢ -0.32a 0.05d 14 582.94c

VE [ FA [l B R AN A AR BRIE) 7E 0.05 K128 5 (25

Note: Different small letters indicate significant differences among treatments at 0.05 level.
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Table 4 Carbon footprint under different experimental sets

falr A A The inputs/kg - hm™ T L3 Carbon footprint/kg CO.—eq-hm™
Agricultural inputs CK Cl15 €30 €45 CK Cl15 €30 €45
559 Diesel 61.5 61.5 61.5 61.5 161.13 161.13 161.13 161.13
HLAE Electricity 7.3 7.3 73 7.3 8.32 8.32 8.32 8.32
AIE(N) 150 150 150 150 957 957 957 957
AR (P0s5) 90 90 90 90 54.9 54.9 54.9 54.9
B (K.0) 90 90 90 90 39.6 39.6 39.6 39.6
H= 41 B Biochar — 15 000 30 000 45 000 — 1001.99 2.003.99 3005.99
CH, -1.90 -2.99 -2.52 -0.32 -47.64 -74.97 -63.23 -8.09
N,0 0.39 0.29 0.16 0.05 118.51 88.42 50.60 16.17
it — — — — 1291.82 2236.39 321231 4235.02
XF 4] CK WP C1S ALFEC30 LbPE C45

1.77% 0,60%

4.24% 245%

42.79%

74.08%

[ 7 % SARHER R B Total greenhouse gas emissions [ 4E7H Diesel

O HLAE Electricity H¥)7% Biochar [ N
& 4 A[E £ 4 Ab 3R TR B 45 N\ X KK F R R 375 B9 SRk

Figure 4 Contribution of agricultural input to the carbon footprint in production system of corn field under different experimental sets
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