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Life Cycle Assessment of Winter Wheat —Summer Maize Rotation System in Guanzhong Region of Shaanxi
Province
PENG Xiao—yu, WU Xi~hui, WU Fa-qi’, WANG Xiao—qin, TONG Xiao—gang

College of Natural Resources and Environment, Northwest A&F University, Yangling 712100 China
Abstract Winter wheat —summer maize rotation system is the most common rotation planting system in Guanzhong Region of Shaanxi
Province. In this study, the environmental impacts including energy consumption, land utilization, water utilization, global warming, acidifi—
cation, eutrophication, water toxicity, soil toxicity, and human toxicity of this system were evaluated by using life cycle assessment LCA
on the basis of 1 ton of grain production. The primary data were collected from Fuping County and Yangling District of Guanzhong Region
with different tillage practices. Results indicated that the ecological —environmental impact index was 0.166 9 and 0.378 8 for Fuping and
Yangling, respectively. The dominating potential impact factors on the environment in two locations were different. In Fuping, eutrophication
was the primary factor, whereas water toxicity was the main potential factor in Yangling. In the winter wheat—summer maize rotation system,
eutrophication, water toxicity and acidification were the major risks to the ecological environment, and their impact indexes were respectively
0.078 3, 0.020 2 and 0.016 4 in Fuping, and 0.110 5, 0.214 1 and 0.023 2 in Yangling. Irrational fertilization and excessive insecticide
spray led to the environmental loads in the winter wheat—summer maize rotation system in the Guanzhong Region.
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Table 1 Inputs—outputs of winter wheat—summer maize

LCA rotation system
[9-16]
N /
o LCA
/kg+hm™ 252.89 381.07 229.18 290.91
® /kg+hm™ 135.15 54.08 95.31 25.50
N - /kg-hm™ 47.98 31.16 24.58 19.10
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Figure 1 LCA system boundaries of winter wheat—summer maize rotation system
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4 Table 3 Inventory of life cycle resource utilization of winter wheat—
summer maize rotation system
o
EI=X W.R, 4
/m?et! 1608.72 134754 2008.62 1 670.60
El W, o« o
/m*et! 436295 3 554.60 922.81 769.85
R. x M-t 10599.03 1134552 9926.82 9 131.70
o /kg-t! 29.62 4.15 39.40 6.55
2
Table 2 Normalization values and weights for different 4 3
Impact categories Table 4 Inventory of life cycle pollutant discharges of winter
[t wheat—summer maize rotation system
MJ 2 590 457 0.11
m’a’ 5423 0.14
m’-a’! 8800 0.11
CO/g-t"  541.09 547.03 1 115.12 469.29 44498 914.27
ke COr—eq 6869 0.12
NOJ/g-t' 3571.23 3 896.58 7 467.81 3 184.80 3 139.49 6 324.29
kg SO,—eq 52.26 0.12
SOJ/g-t" 2 686.20 2 913.61 5599.81 2 502.89 2 401.40 4 904.29
kg POi—eq 1.90 0.11
COykg-t™" 114643 1226.66 2 373.09 1021.03 960.71 1981.74
ke 1 4-DCB—eq 4.83 0.12
CHJ/g-t" 3351 31.53 65.04 35.10 21.12 56.22
kg 1 4-DCB-eq 6.11 0.09
N,O/g-t"  446.68 558.42 1005.10 480.18 52836 1 008.54
kg 1 4-DCB-eq 197.21 0.08
NHykg-t"  5.75 8.02 13.77 10.72 11.89 22.61
Pu/g-t" 10.03 9.33 19.36 18.74 16.41 35.15
2 PO /g-t"  48.26 40.43 88.69 60.26 50.12  110.38
71 NOy/g-t" 1349.87 1698.38 3 048.25 1457.58 1 616.62 3 074.20
211 fg-t! 5247 52.72  105.19 103.72 9550  199.22
o lg-t! -470  -1525 -19.95 -148 -36.10 -37.58
3 o N 5. 6 °
N N N N 2.2.1
o It It -
N o N -
2.1.2 13.8% 10.6%
Y N
- o
4 . CO.NO,. 222
S0,.CO, CH, 1t 1t
118% N,O. NH;.P,,.PO¥ . NO; 80.4%
75% N
N 7917.6 m*
o 1692.7 m’,
2.2 2.2.3 N
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Table 5 Life cycle environmental impact potential of winter wheat—summer maize rotation system of Fuping
MJ 9 552.55 9 353.13 3 038.87 21 944.55
/m? — 2 956.26 2 956.26
/m? — 7 917.55 7 917.55
/kg CO—eq 1 246.61 1 003.34 426.52 2 676.47
/kg SO,—eq 4.81 6.12 25.79 36.72
/kg PO —eq 0.48 0.60 5.87 6.95
/kg 1 4-DCB-eq — — 4.17 4.17
/kg 1 4-DCB-eq — — 2.93 2.93
/kg 1 4-DCB-eq — — 0.54 0.54
6 -
Table 6 Life cycle environmental impact potential of winter wheat—summer maize rotation system of Yangling
M)J 7 693.12 9 344.65 2 020.76 19 058.53
/m? — — 3679.21 3679.21
/m? — — 1 692.66 1 692.66
/kg CO—eq 873.73 1 005.50 406.27 2 285.50
/kg SO,—eq 3.38 6.10 42.37 51.85
/kg PO; —eq 0.34 0.64 8.81 9.79
/kg 1 4-DCB-eq — — 44.21 44.21
/kg 1 4-DCB-eq — 0.11 0.11
/kg 1 4-DCB-eq — 1.01 1.01
2 676.5. 2 285.5 kg 14
CO,—eq,
o
159% 17.8%. N 97.8%:
N N 2.2.4
CO,.CH,.N,0 N
° N
S0,.NH;.NO, 1 4-DCB o N
1t 11 4.17.2.93.0.54 kg 1 4-
36.7.51.8 kg SO,—eq. DCB —eq 44.21.0.11.1.01 kg 1 4-
DCB-eq
NH; 149
22.4kg  NH; 38 000 kg 1 4-DCB-eq. -
°
POT P,
NH;.NO;s  NO, It 0.96
1t 6.9.9.8 kg kg 1 4-DCB-eq
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Figure 2 Indexes of life cycle environmental impacts of winter

wheat—summer maize rotation system
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Figure 3 Percent contribution to environmental impacts of winter wheat—summer maize rotation system
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Table 7 Weighted indexes of life cycle environmental impacts of winter wheat—summer maize rotation system

1.82x10™* 0.014 9 0.019 3 9.11x10° 0.0164  0.078 3 0.020 2 8.42x10°  4.30x10°  0.166 9
1.58x10 0.018 5 0.004 1 7.78x10°  0.0232  0.1105 0.214 1 3.11x10*  7.99x10°  0.378 8
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