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Dynamic of carbon footprint and its composition for
wheat production based on life cycle assessment
from 2004 to 2013 in Shanxi Province

XUE Jianfu'?, LI Hui', GAO Zhigiang'* , ZHANG Hailin®, DU Tianging'
(1. College of Agriculture, Shanxi Agricultural University, Taigu 030801, China;

2. Key Laboratory of Farming System, Ministry of Agriculture of the People’s Republic of China/

College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract  Based on the National Cost-Benefit Survey for agricultural product from 2004 to 2013 in China, the dynamic of
carbon footprint and its composition for wheat production based on different functional units in the study were assessed
to provide theoretical basis for a low-carbon and cleaner wheat production and climate change mitigation in Shanxi
province. The results showed that GHG emissions in the wheat production process in Shanxi province increased from
3798.5 kg/hm? (CO,-eq) in 2004 to 4 650.5 kg/hm? (CO,-eq) in 2013, with an increasing rate of 74.9 kg/hm?
(CO,-eq) each year. Fertilizers application,soil N,O,and energy consumption from mechanical operation accounted for
>90% of the total GHG emissions in whole wheat production. Carbon footprint at yield-scale for wheat production was
observed with a subtle change trend, however, which at production value-scale, cost-scale, and net-income-scale
decreased gradually since 2004 . Carbon footprint of wheat based on different functional units decreased markedly when

change in soil organic carbon stock was taken into account. Overall, the rational fertilizer management, the promotion of
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multi-functional machinery,and the enhancement of soil organic carbon sequestration could be some potential solutions

to reduce carbon footprint of wheat in Shanxi province.

Keywords climate change; carbon footprint; wheat; profit; Shanxi
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Fig. 1 The system boundary for carbon footprint of wheat in the present study
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Table 1 Greenhouse gas emission factors of

different agricultural inputs

i H e R %

Item Emission factors

FR %/ (kg/kg) (CO,-eq) 2.390 0
Urea
Wk / (kg/kg) (CO,-eq) 0. 648 4
Ammonium bicarbonate
HA AN/ (kg/kg) (CO,-eq) 1.526 0
Others N fertilizers
TR 4 / (kg/kg) (CO,-eq) 2.676 0
Calcium superphosphates
HAbBEAE / (kg/kg) (CO,-eq) 1.631 0
Others P, O; fertilizers
S/ (kg/kg) (CO,-eq) 0.707 9
Potassium chloride
H A AR AE / (kg/kg) (CO,-eq) 0.654 5
Others K, O fertilizers
ZAEE/ (kg/kg) (CO,-eq) 1.772 0
Compound fertilizer
HLARFE 523 / (kg/kg) (CO,-eq)

4.986 6
Diesel oil for machine
122/ (kg/kg) (CO,-eq) 12.440 0
Pesticides
NPT/ (kg/kg) (CO,-eq) 0.576 5
Wheat seed
FEWE A/ (kg/kWh) (CO,-eq) 1.229 0
Electricity for irrigation
78071/ (kg/ (N = H))(COz-eq) 0.860 0

Labor

TE: L ERZHEE TR IE T3 E B 30T kA 1Ak i 2 4 e 3]
SETH AR R L 57 30 7 0 HE B R ) SR i AL

Note: Most of emission factors for different agricultural

inputsare adapted from the Chinese Life Cycle Database,

and the emission factor for labor is adapted from

reference 1151,
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Table 3

Dynamic of greenhouse gases emission in the process of wheat production in Shanxi province from 2004 to 2013

kg/hm?* (CO,-eq)

i H E)y Year
Ttem 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
P /E Mechanical operation
HH1E Tillage 258.8  250.1 265.2 259.0  267.9  260.4 251.4  258.1 287.9  315.4
#EF Sowing 282.3  272.9  289.3  282.6 292.2 284.1 274.3 281.6 314.1  344.1
3k Harvest 295.9  286.0 303.2 296.2 306.3 297.8 287.5 295.2  329.2  360.7
AE B} Fertilizers
HUE N fertilizers 486.7  566.8  607.4  680.2 717.1 617.2 561.0  808.6  823.2  759.3
BAE P fertilizers 1171.9 1249.9 1186.1 1125.4 741.0 866.2 1014.5 987.0 604.5 512.4
BPRE K fertilizers 1.5 2 0.7 0.9
ZIRNN Compound and  179.6  224.5  349.1  402.2  363.9  427.6  456.6  467.2  637.9  758.4
mixed fertilizers
i F Seed 118.0  118.2 125.9  123.7 125.3 136.5 143.2 129.9 137.4  134.6
4e 2 Pesticides 19.9 19.9 19.9 .9 19.9 19.9 19.9 19.9 19.9 19.9
WEWE Trrigation 174.5  174.5 174.5 174.5 174.5 174.5 174.5 174.5 174.5 174.5
25 /1 Labor 87.1 74,4 76.8 2 78.9 60. 6 63.6 66. 3 64.8 64.4
15 N, O #H7% 723.8  861.3  945.1 1032.5 1045.4  953.4 899.8 1213.6 1264.1 1206.8
Soil N, O emission
14} Sum 3798.5 4098.5 4344.0 4472.8 4132.5 4099.0 4 147.3 4 701.9 4 657.5 4 650.5
2.2 LWAEHENEEFHBRETEUIHE #2013 49 14 313. 9 Jo/hm” . IHPGE 7= /NE 1)

2004-—2013 4%, 1117545 /1N A2 14 B Ao g AR ™ i 7
3 247.5~5 260.5 kg/hm” , H SR | R & 4 1
A B R EE] K (] 2C0) . IhPE 4 /)
AR E BB E R R 7 R KB
(& 2(b))-lﬂﬁd\?%ékf%‘]ﬁiﬂ@ﬁ%ﬂﬁﬁﬂ@iJL’(
HFCE 2(c)), i 2004 /) 4 931, 3 Jo/hm* 2814

R I AE 2 9 D AR D A 332 JT/hm’, H
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A AN HAAR 5 /N 32 v R % sh /N S FE — 962, T~
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Fig. 2 Dynamic of the yield (a),production value (b),cost (¢) and net

income (d) for wheat in Shanxi province from 2004 to 2013
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Table 4 The relationship between GHG emission and the yield, production value,

cost,and net income for the wheat production in Shanxi province from 2004 to 2013

Eizk 2 PR P A 5 FI
Index Yield Production value Cost Net income
% SR 0.327 0. 636" 0.763" —0.749"

GHG emission

T« AR BEH LI P<<0.05, »= [LFM B EH LI P<<0.01,

Note: * and * % indicate significant differences at the 0. 05 and 0. 01 probability levels,

respectively.
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