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Abstract : Grain production can generate huge amount of greenhouse gases through raw material production and energy comsumption,
nitrogen fertilizer amendment and farming machinery operation. Based questionnaire survey of raw material inputs and management of wheat—
maize cropping system in Gaomi, Shandong Province, carbon footprint of grain production was calculated using life cycle assessment
methodology. Carbon footprint per unit area of wheat, maize, and winter wheat—summer maize cropping system were 5 183.33, 3 778.09
kg CO,—eq-hm™ and 8 961.42 kg CO,—eq-hm™, carbon footprint per unit grain yield were 0.69, 0.40 kg CO,—eq-kg™ and 0.53 kg CO,—eq
kg™, carbon footprint per unit net present value were 1.82, 0.40 kg CO,—eq *yuan™ and 0.44 kg CO,—eq*yuan™, respectively. Greenhouse gas
(GHG ) emission of winter wheat—summer maize cropping system mainly came from nitrogen fertilizer production (48.30% ) and nitrogen
fertilizer application (12.04% ), irrigation electricity consumption (12.94% ) and machinery oil consumption (11.20% ). Optimizing the
application of fertilizer, reducing the amount of nitrogen fertilizer and saving water irrigation were important ways to realize the clean
production.
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Figure 1 Carbon footprint accounting system boundary
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Table 1 GHG emission factor of different input sources

ik [ Emission factor

TRz S AAEHER IR Emission source 55 Abbreviation £ Rk Literature

£ /NEFIF Winter wheat seed EF e vheat et 0.40 kg COr-eq-kg™ SCHR[23]
FKFPF Maize seed 3.85 kg CO-eq kg™ SCHR[23]
AN 8.30 kg CO—eq-kg™! CHk[24]a
BT P,O; EFb i 1.63 kg CO,—eq kg™ CLCD v0.7"
BRI K0 EFy itnr 0.65 kg CO—eq kg™ CLCD v0.7"
%557 Herbicide EFeiiae 10.15 kg CO,—eq kg™ Ecoinvent 2.2
Z B3 Pesticide EF o 16.61 kg CO,—eq-kg™ Ecoinvent 2.2
AR Fungicide EF i 10.57 kg CO—eq kg™ Ecoinvent 2.2
L59H Diesel oil EFgeaa 3.10 kg CO—eq kg™ SCHR[21]
H, Electricity EF oy 0.80 kg CO—eq-kWh™ SCHK[21]b
LRGN B NO HERL Direct N;O emission from N fertilizer EF, 2.47x107 kg NJO-N-kg' N LHk[26]c
FEHEHE R )45 N.O HEL EFsy 0.01 kg NO-N-kg"' N SCHRI21]
Indirect N0 emission from N fertilizer volatilization
FAHUIEFE L [ HE: NO HEL EFyoy 0.02 kg NO-N-kg"' N k217
Indirect N,O emission from organic fertilizer volatilization
RALI 4 N0 HEL EF; 7.50x10 kg N,O-N-kg' N SCHR[21]

Indirect N,O emission from N fertilizer leaching and runoff
T a, BUEAE 7 b R 38 S AARHE I 25 X [ AR ) A R e B PRI 30 5 b, o T 3 SR 8 B0 LU 2R 48 T A 19 8 2 DXl L T
R o, FHHIE B2 NoO HE R - BE UM 2 5 2 i B A AE & B S0 Eds

Note:a, GHG emission factor of N fertilizer production based on survey data of a big number of fertilizer plants in China;b, emission factor of eastern Chi—

na;c,based on measured data of Huantai county nearby.

R2 RPME EREFIEPIREFBRN

Table 2 Raw material inputs of grain production

AR A Raw material inputs /NF wheat F 2k maize K INFE -5 FOKFIHI 24 Cropping system
774 Grain yield/kg-hm™ 7 564.02+125.97 9 962.95+228.58 17 616.96+324.32

P Seed/kg-hm™ 153.48+6.46 31.51x0.59 185.00+6.33

AUE N fertilizer/ kghm™ 316.49+12.65 205.03+11.27 521.5+19.87

AR P,0s fertilizer/ kgehm 162.07+5.52 160.97£5.43 323.04+9.92

BAE KO fertilizer/ kg+hm™ 161.55+5.47 160.97£5.43 322.52+9.88

W FHREFF & % Straw input/kg N+-hm™ 66.61£1.10 96.57+2.22 163.19+3.04
FREEH] Herbicide/kg-hm? 0.67+0.14 5.75£0.34 6.42+0.39
ZHU5) Pesticide/kg - hm 1.99+0.19 3.3420.56 5.33+0.64
7] Fungicide/kg-hm™ 2.77+0.69 1.70+0.59 4.471.17

ANy HUAFETH Machinery oil/kg-hm™ 210.47+3.42 113.35+1.64 323.83+4.12

VEEAE Y, Trrigation electricity/ kWh+hm™ 798.87+41.05

651.04+41.56 1 449.90+72.36

kg-hm™ 1 10.79 kg-hm=, M HUAE R T 8%
BIRETEREA , 4 P/ NN KA 7 ok B S X L AE
458 210.47 kg-hm™ 1 113.35 kg -hm™, -7 1%
FEHL R/ 798.87 kWh+hm™ F1 651.04 kWh+hm™?,

P2 EINE BRMANE - F AR &R
S5 IAE (N ) A7 11 059.98 .12 210.99 T +hm™2-
a™ 123 270.97 JG-hm?-a™, HA 28 /NE IRk i 52
H 535148 626.18 J6+hm2-a™' F1 7 714.91 ¢ - hm =2+
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a” ([ 2), 3k 2857 32 R I T 1 3 AT R (42.67 %~
43.57% ) , LSS AT THEFr BHE(21.009%~26.04% )
FE LA -(6.50%~9.61% )45 )5 THi »
2.2 A FEEAZImITM

WREA R K E AR A ST R
13 2 AR o 2 /N2 - F K R G A T AR,
BT 7 g R BRI 1 Bl S 300 43 510 8 961.42 kg
CO,~eq-hm™2.0.53 kg CO,—eq kg™ F1 0.44 kg CO,—eq-
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Figure 2 Economy inputs and outputs of wheat and maize
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FEU N it ) -5 A TR 4 e 0 347 £ i 2 4 O
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Table 3 Carbon footprint per unit area, yield and Npy of wheat and maize production

YEYIZEHY Crop type CFolkg COr-eq-hm™ CFuilkg COr-eq-kg™ CFyw/kg COr—eq -G
/NAZ Wheat 5183.33+£134.06 0.69+0.03 1.82+0.87
E K Maize 3778.09+£130.76 0.40+0.02 0.40+.0.04
S INE-H F AR R Cropping system 8 961.42+224.06 0.530.02 0.440.03

12.33% 1.18%

2.04%

INFZE oK 13.79% 321%

ZNE-HEKR 12.94%

B AT CO, HEL BB CO, HEi B UG N0 HEjik B4 CO, HEL
B OAmmg e co i M HEEE CO, HEBL B IR CO, HE WA O, HEi
SR HRSFE NO, HEi B oo co i B BT CO, HEl

3 AR AP R HE B AR B A 7 B L T AR RS HE Y B STk

Figure 3 Relative contribution of different production processes to the carbon footprint of grain production
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Figure a and b indicate correlation between N fertilizer inputs and carbon footprint per unit area and grain yield, separately.

Circle, triangle and squire refer to wheat,, maize and wheat—maize rotation, respectively. ** Significant at P<0.01
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Figure 4 Correlation between N fertilizer inputs and carbon footprint
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