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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
rotation system
e WX
N EERS INE ESPS
ZNE/kg-hm™ 252.89 381.07 229.18 29091

Betby

N /kg - hm™ 135.15 54.08 95.31 25.50
A /kg - hm™ 47.98 31.16 24.58 19.10
4% 2h/kg - hm™ 0.61 0.73 1.04 1.05

Ll /kg - hm™ 152.48 137.88 141.06 45.79
H1/kWh-hm™ 1129.54 1 156.64 429.87 407.00

K /mP hm? 24 407.08 23 353.93 1 630.19 1 540.71
Fpf/kg-hm™ 184.62 30.58 202.69 39.17
Fei/kg-hm™ 6363.46 7 628.85 5 488.85 6 122.50
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Figure 1 LCA system boundaries of winter wheat—summer maize rotation system



B/ BRI 4N KA R RS A LA 811

BF, NH; #2253 M AR AR 249%™, 5 1
B 2845 RN R FE AR 109 & /NE-H |
KAEAE RS NO HE =2 AR AR 1.05%;
AL A (NO-N) I #5 & 2B AL WA 1 109,
HR 4% 56 6 SE PG AT 5%, 56 rp b DR S Uk 2k o
0.7%~3.3% , Ik 2Kk 3 5 1t S it A7 G, A< SC P 7 s DX
R T R E K, IR A& R 8 3.3%1E R
THA AR & i 22 = P o 45 2, A 58
Ko Hb X B SR 20 0.6 kg-hm™? a™, 24 5% BY
Z:7% Van Calker SFPR 45 5 BF 58 rh b A KR KA
- A 25 5% B 15 Yo 93 R AR 256 U B
I 10% 1901 43% . 4% T H 43 i 15 Y (S5 TR LRI
FEWE K AR FHY Cu Zn (Cd \Ph %5 5 43 & % FREE 1)
S, f T 5T B NEREFT AR A5 R
BFRAE RS L W E 28 s s /N RS 2 0E
17 R FEFF AN DS U B TRr Zh A 222 3 K
KFEEHHT N E S S VST MESE S R®SH
W SRS ST R o SR OR B OK B AR R
1.428 61, ALHBSEAS LA 7= R i i n , 3%
iz P Aa e B 240k 341 k™, 42185 A BLFETH
9.84 L2 M-I b =2 19 010.3 kg™,
1.2.3 S2UHPEAY

TE LCA H, MR X E B oM b Bre
KR B7 A () SEMA R T B 8 MR 0 BT R, 52

WEPEHY RN 22 RRAEAL ARIEELL IEGTAY 4 A2
BRAA

1.2.3.1 $mirk

FEM 4328 AR MRS [F] (R B R i 2 A ity o
SIMTBY BEEE LS S I G R A 1) 5 M 2 A
A LA S W EURI A A SR B8 R i PRI . RV
FEZ R IR THFE . UG UEF F AUK PR IR T FE
A A IRBE R AR R AR FREERRIL E R
b MR AR B AN R AN T
1.2.3.2 ¥hEfL

R IR A 2 T R P 5 i 28 8 P S % 5 18 1 7
AR FRAN AT , ST S I R M SRR A o . — S
K S R B TR, B A5 IR 2 R — il
AEASFZ M DR - U A5 455 DR (A AR X i 7k
77, BRI FEE A g i PR 2R 1 RS 5 e v

BRI FE M T B2 2 A i SR B T FE 1 BE DR
WA RE U5 R BT A A A TR

Xof F - A A, R R AR R
SE R bl AR, I AR ™ T3k LA

R R B A RS A ™ TV AR B
B Y i ZRR, DU PR Rl R AKOK S | P i Kk
M R EU A 1.0.04.0.16.,0.1 F1 0.249

XFF K BEIEIEFE AT, AT ORI 2 X (D PE
e sA K BEIE ARG 0, A2 TRV K A T
FE, AT R FH K 1 [ A1, At 5 (B = 52 A
%R 0,

F,=3[Qu)(1-RC,)] (1)
K F, f8 B Y RE BT FE R K BEIR B 5 Qo W5
p BrBOKGEIRIIEFER s RC, o NS p B BOoK BT [RDIk
VR ORI

R SRR R IR R LA
SERE I Y E AR AR L 25 g8y, Hid CO,.CO \CH, N0 1
il 2 M T R0 1.2.25 2981420 5 [ iR
L% it SO, NH; NO, %245 R 5554 1.1.88,
0.7 2|2 & # F1L9 POY P, NH;.NO; \NO, [)>4
T 25U 51 1.3.06.0.33.,0.42,0.13% 45 Huijbregts
ML, 4-DCB AEA S K, 115 T 181 Fiy i (£
$ifi 86 Pl 2 )TE N KA il b 55 5 THI TS AE B3
BRI ARIREE R 2 A 0] LIRS A0 (2) 11

E,=2E, 4 =2[Qu; Er ] (2)
Z—EEEP :Ep@)y‘?/%éﬁxd‘% X ﬁi?&%%%ﬁn@?%{ﬁ;lapw 7"7
55 1 Bl PR X 5 o B AR AR R R M A VAR5 Qi
e 1 R R HERCE  Epo A5 RS0 PR X2
x PSR R A 1 Y 1 R
1.2.3.3 FpifEfk

FRUELLAY H RN AR AL S (45 R M S Y
FEGE— BIAREE T LRSS RN BIFFE R B 3R 858 5
M) JE 7 S 2000 AF {5 N FREE 52 M v 1, wl 2
K34,

Rx = Ep()()/ 5(2000) (3)
KPR, NS x PR R R HEALSE S E, N
55 x PO AEIE R M RFIE AL ZE T 5 S 000 WA ¢ FRVEAE
IR RHEAL 25 SR | B 2000 4 A SR .

R 4 €D AR 22 4 v 4 A0 40 20 22 (2008 —
2020 A, R E AR P20 390 kgea™ 1t
INEEFT T C EOR KRR 5.13 ARITTK
1.2.3.4 BG4,

IS AR — 2 P IIAT 7 , i 2 AN [R5 1)
AR AR, AU AR i S A Y
XIFREEAR 5 R SE MV (A TAE IE o ASBF 3 1 1+ b
B — A SRR R R 2R 7E IR AR O AR
B FE Ay XA A ST R R A A T T



812

YR S ity 34 EFE 4

EIE, ARSI T8 B S E (AR W3 2,
ARG 2 () AT IR T, fem 5 381 AR 2530 058
LR ORI AR B — E R b AT T X 5
AR S i

EI=%(W,R,) (4)
P BTN AR SINE LR SR8 5G W, D5 « IELE
PRI WK 5 R, D927 o TP AR PR T 5 0 b AL
45

R2 AESHMEYMEHNEEESNE
Table 2 Normalization values and weights for different

impact categories

S IRBE 2 T Hfy PRI N e R
REUIHFE MJ 2 590 457 0.11

A Hb B A m?+a’! 5423 0.14
TKBEIIEFE m*ea™ 8800 0.11
SRRASHE kg CO,-eq 6869 0.12
HEER L kg SO—eq 5226 0.12
wHEFR kg POi —eq 1.90 0.11
KRB kg 1,4-DCB-eq 4.83 0.12

+ kg 1,4-DCB-eq 6.11 0.09
NS s kg 1,4-DCB-eq 197.21 0.08
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Table 3 Inventory of life cycle resource utilization of winter wheat—

summer maize rotation system

— (ER 0 ALY
INFE PN INE E¥N
TP /me et 160872 1347.54 200862 1 670.60
KGR m ! 436295 355460 92281 769.85
RE/M 17! 10 599.03 1134552 992682 9 131.70
P Frikgt! 29.62 4.15 39.40 6.55
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Table 4 Inventory of life cycle pollutant discharges of winter
wheat—summer maize rotation system

ERE= Y IX

NES TR M NE Bk T

CO/g-t"  541.09 547.03 1 115.12 469.29 44498 914.27
NOJ/g-t' 3571.23 3 896.58 7 467.81 3 184.80 3 139.49 6 324.29
SOJ/g-t" 2 686.20 2 913.61 5599.81 2 502.89 2 401.40 4 904.29
COykg-t™" 114643 1226.66 2 373.09 1021.03 960.71 1981.74

CHJ/g-t" 3351 31.53 65.04 35.10 21.12 56.22
N,O/g-t"  446.68 558.42 1005.10 480.18 52836 1 008.54

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
POi/g-t"  48.26 40.43 88.69 60.26 50.12  110.38
NOi/g-t" 1349.87 1698.38 3 048.25 1457.58 1616.62 3 074.20
ejlg-v 5247 5272 105.19 103.72 9550  199.22
B4 JElg et -470  -1525 -1995 -148 -36.10 -37.58
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Table 5 Life cycle environmental impact potential of winter wheat—summer maize rotation system of Fuping

A A IREE I 2T AV E RIFFRGE RAERGE Hit

REWHFE/MI 9 552.55 9353.13 3 038.87 21 944.55

A G YA FH/m — — 2 956.26 2 956.26

K BFIEFE — — 7917.55 7917.55

L ERASIE kg COeq 1 246.61 1 003.34 426.52 2 676.47
ISR b /g SO—eq 4.81 6.12 25.79 36.72
B FAk/kg PO —eq 0.48 0.60 5.87 6.95
KA EE kg 1,4-DCB-eq — — 4.17 4.17
41885 /kg 1,4-DCB—eq — — 2.93 2.93
IR #E /g 1,4-DCB-eq — — 0.54 0.54
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Table 6 Life cycle environmental impact potential of winter wheat—summer maize rotation system of Yangling

IR S Y RN RS RFTRG RAERG it

RESHFE/M] 7 693.12 9 344.65 2 020.76 19 058.53

A HB PR — — 3 679.21 3679.21

IK B FE/m — — 1 692.66 1 692.66

L BRI kg CO-eq 873.73 1 005.50 406.27 2 285.50
R E/kg SO—eq 3.38 6.10 42.37 51.85
BT b/kg POy —eq 0.34 0.64 8.81 9.79
IKAABEE/kg 1,4-DCB-eq — — 44.21 44.21
e M/ke 1,4-DCB-eq — — 0.11 0.11
I EE kg 1,4-DCB-eq — — 1.01 1.01

e W b I 5 SUARHE R 23010 2 676.5, 2 285.5 kg
COry-eq. TESNRFE=ATEFR RGE MR KRG
o AR E R G0 A I T AR i) o A A A
Y 15.9%H1 17.8% . & F-ELAR 7 AL AR 4R
AT MHUMFIE 182, I p R AR e I F R A 7 it
7R CO, CH, N0 BRI =AU, 5 aE T4t
VER G BRI FE B0= T

5 RSP BT IR AL 0 I = 225 TR TR AR 9 A =
FARAE YRR R R 7 AR 1) SO, NH; NO,, & F-Fitg
VWA P2 1t ANFER 1t T oK rs A R IR 8 R A Y (L
539 36.7.51.8 kg SO—eq. #ge XA Pt I 3= 22 LUK
it > 3=, S0 it A ARG e, T U Y
NH; #4228 WA it B 2415 149%™, ¥ B tEAAERh
TR 24T 22.4 kg 1Y NH; #ERHEA KA, 0T
AR RGP IR AL TR

WF5E 51 & 8 R T 2% 8 3 POY P,
NH; .\ NO; Fl NO,, & V- iz e B b A= 7 1 v /N2 Fil
Lt BRI S B SR (B 351 R 6.9.9.8 kg
PO —eq, & V10 & EFRABEERAR, 8 200 & 1)

L4, WA r X R FE iz 25, s PP 2
>R P it AT, FLARNE ) 25885 5, 38 B PR 358 52 1)
SRV N 787 3 WO L N R R R I 9 72 =
T IR N 2,295 SE B IR IB A 97.8%.
224 #E

AAN G FEAANE R GEHEE AL IR AR 251 B
AR AR R AR B SRR R Gk
TR MRV B T 8= RO R T L E K
1,4-DCBAEA Y2 T & PRk et etk
FI AT 1 52 i P 40500y 417 .2.93 .0.54 kg 1,4—
DCB—eq, #1435 & 44.21.0.11.,1.01 kg 1,4-
DCB-eq, #& MK AR E R i T &, 2 o
AR P R AR 218 2, B IR IR Y i R
ik 38 000 kg 1,4-DCB-eq. & FA/NE-HEK
FAE R GRS FEARIGA FHAL B 175 X B KA FEAS
WH, FRRAFEFT ARG e — 2 B E 4 i
T RN, M TR 4 8 2 L TIG 0.96
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PG . Mk S E R G0 N T 5 TR A
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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

AEEGEIER] REFUNAE  TIBVTIRAN O OKVTIRINFE  AEEmR O Mfb WEIME KIREME T AMASEE &t
H R 1.82x10™ 0.014 9 0.019 3 9.11x10° 00164 00783  0.0202  842x10°  4.30x10°  0.166 9
LS 1.58x10" 0.018 5 0.004 1 778x10° 00232  0.1105 02141  3.11x10*  7.99x10°  0.378 8
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