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FE: WS T ARRIK I3 X KAl A a8 v 87 FUPR S5 HE Tk 4 52 ) A KR B SO it R P L7 A R
£ 2002—2016 4F 15 a [A] A TG EE B R FPAR F2 Ata AE A IR R - R E8HE L b R AR KL B 8, R TS
IR % 1] 7 9 AN 22 AR M AR GE /) DNDC( denitrification-decomposition) 5878 A1 AR (AR DL 5 2 , #6440 T oK A 4 ied
P rh K i AL A2 LT CO,NH; 1 N, O HE ik K iR h bk e o, A1) AR i F S04 05 ST oK A 1K
TN W U AR AR HE R 1) RE R0, My FE R 1 /K e RS IR 6 5 PRBE HE Y 5€ 2, 48 1 AN [m] Fae /K A 2L )
AL AR A . AR (1) B AL T 300~ 600 mm 2 )i, FEK b5 CO, R AR H b U
N, O HERCE: 52 225 TEARSC( P<0. 05) , 5 NH; #5 AR5 0 35 S DG ( P<0. 05) 5 ( 2) AFFE/K R T 560 mm( E/K4F)
ZAFT FORFIE 4 B PR BRI 25 G 35 KA 0. 19~0. 20, 47K 380~ 560 mm( F-7KAF) 2501 T R BT 25
B 0. 17~0. 27 AFRK AR T 380 mm( Ri7KAR) Z50F T PRSI LESAEEUE 0. 3 LLE AR K AR K
bR 3 A T BRI ) S WA AR VAR K AR SRR MR KA (3) BB S SRR A K /N T 380 mm i, 75 it IE
AT M RE RS I I 98 HER, PR ZR G AR B 2 0. 2 LU ZEJCHE AR AF R 5 AT s
L5 210~315 kg * hm ™, FREEREIHLZE S BT FRAR 2 0. 2~0. 3, P2 1 BRI JE 0 3. 15%; ~F- /K AF it A ki /0 31 Jit
TERL L) 80% ~ 85% I}, 7 1 TG M 35 ok, (HERBE RO 5 A o 3l % 2800 T 45 SR A RE RN FE RN PR BT R 1 15 P
IRAETURROG o K3 FORPIA A R PR BT R M B0, 27K I 26 AR S8 AL I, PR )™ i BB R AL /)N , 25K 7y
PEERA LIS RPAL ™ o (I ELXT ERBERENA TH i o FEAG K AR DO HEE A% 1 (1 3t DX T8 e e, JIGHE I 2% 11 14 3t DXl
AN B AEP KA I A A f AT AR AR TR K AR A X BB I S A 5 -
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Life Cycle Assessment of the Maize Production Under Different Water Conditions. WU Jin-bo', ZHANG Wu-
pingz@ , WANG Guofang', BU Yu=shan', JIA Ruosnan', ZHANG Xi', ZHANG Xiao-hong' ( 1. College of Resources and
Environment, Shanxi Agricultural University, Jinzhong 030801, China; 2. College of Software, Shanxi Agricultural Uni—
versity, Jinzhong 030801, China)

Abstract: For assessing the impacts of different water conditions on maize yield and environmental emissions of maize pro—
duction, and for identifying the corresponding improvement measures, the meteorological data, and the data of
fertilization, irrigation, soil properties as well as the development of maize growth were all collected in Taigu County,
Shanxi Province from 2002 to 2016. The emissions of CO,, NH,;, N,O and nitrate leaching during the period of maize
growing season with changing amounts of rainfall and fertilization were simulated by using the DNDC model. The life cycle
assessment approach was applied to quantitatively evaluate the impact of maize growth on the resource use and environmen—
tal emissions; Then the relationships between rainfall and the resource consumption and emission were analyzed, and the
reasonable amounts of fertilization and irrigation under different rainfall patterns were recommended. ( 1) When the rainfall
ranged from 300 mm to 600 mm, the rainfall was positively correlated with the emissions of CO,, nitrate leaching and NH,

volatilization ( P<0.05) , while it was negatively correlated with N,O emission. ( 2) When the rainfall was above 560 mm,
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namely abundant rainfall year, the comprehensive impact factor in the whole process of maize production ranged from 0. 19

to 0. 20, it was in the range of 0. 17-0. 27 in normal year with the rainfall from 380 to 560 mm, while it was 0.3 in dry

year with the rainfall below 380 mm, respectively. The whole process of maize production had much high impacts on the

environment in the dry year, followed by the normal year and abundant rainfall year. ( 3) The results of numerical simula—

tion indicate that when the rainfall was below 380 mm and fertilization rate was fixed, with the increasing of the irrigation

amounts, the yield was increased and the environmental emission was reduced, and the comprehensive impact factor de—

clined to less than 0. 2. Under rainfed conditions, the comprehensive impact factor will fall to 0. 2—0. 3 and the yield was

2

only decreased by 3. 15% when the fertilization rate was reduced to 210-315 kg * hm™"; In the normal year, if the fertili-

zation rate was decreased by 15% to 20% , the yield did not drop remarkably, but the impact on the environment was re—

duced obviously. Global warming potential, eutrophication potential , energy consumption and land use were correlated with

the annual rainfall patterns. Irrigation has a great influence on the environment in the whole process of maize production.

The sufficient irrigation led to high yield and less environmental impact, while the shortage of water resulted in low yield

and much more environmental impact. Therefore, it is suggested to increase the amount of irrigation in dry years, and to

decrease fertilization rate to reduce the environmental impact of maize production in rainfed areas.

Key words: life cycle assessment; denitrification-decomposition ( DNDC) model; maize; water condition

PEAER Al I $ A FTHFEZ ARG o, (rpAg A
B AN AR A 5 — Uk A5 B a4 8 Hh Al
TSR I R R B R . 2017 AR P g —
5 SR R AHE A A 25 M0 25 A0 M A, SR
HEA TG 07 3 A T FR R SR )

H HTA S AE Py HE O 21 58 52 i E AN (B9 2
HIRZ, Hod A 4y B W PE A (life cycle assessment,
LCA) & N HI T 35 558 52 wa P74 5k i 2 1 — Fo 7
W HRHTIZ o LCA Rl s S R A
23 AR BT HE, 4 R PR AR i M — @ A T
PAFEE R I, AT T2 PEM EY A K N
TEFBCE T FRBE R o SR AT B
s A HE RO AR 4R O A F 9 AT G2 R S b i
RECTE AL 3 28 SCH g g — &R 4
TR 1R W AR T JE] B RS AT A H A R 25
SR RS FH 0 5 0 0, R B AL A
NIy I3, A GE TR DN e g — K 1) PR G HR ik, il
PR AR VRIS, R B0k 48 ARl © A BT b T e
A 5 AR O HE R R MOl T B AS th 2 L i
A7 SR 7K AR B AR W A R AR A Tt S R i
SO, S EOTO 45 R A B E M ] e 2 39 s R
WIRHA — RSB S BB & Y AR Y
PR IR, TR D5 £ 5 7 A A A
I FH L o A 25 fi S BOAS S Ak T 28 5 B AU 25 R 0
TEA BEAT B35 G A Y AR KPR BT RN 25 2R

DALY 48 R 45 B 54 E K 8 ), 1 DNDC
( denitrification-decomposition) %K {448 A1 X5 /E 4y A=
SRR TR, A 1 0 1 HE B R S R HE i
FEA: A S PEAN v 58 40 25 TE R K B X AR R
SO, ST AR TR K 4 5 U I ER BE HE R i 5 22

PRSI AT SR PR T, LU SR AE SR 5 A
B AL 5, Dy ik B PR A 28 P R A XU WY -
FRBERLEHAE -

1 #R5FE

1.1 DNDC 45
L1.1 MRS

DNDC # AR — MR RO A= R G ik FTA
LE WP HBER AL 2 5 R B T B AL L A 1 L g
Fo B A g A 2 B R R T A AR B 4 R
AR RIVERFEAS R IR 58 T & A B9 4k 5 Ony
1938 — 250 7= B HER SR 25 . IR BIRLAE [E N 15
R N R R R T — R
YEW K - JERER k AE s A — RS A AR R X 2R
BEB520 . DNDC RS fy 9 R/ 4. 56 1 3640
ALHE A RAE Y A KR A P 3 i 3 A
TR, A AE IR S K (A% 8 AE RN
S Bl ML A HE PRI A 1 ( - PN B L K 43 TR B
JE R AR T HL A DL KA SR Ak 2R I e BE RS ) o
55 2 WL AE B AR BB A R A 3
ASFAR AL, DL A B8 PR B 4% 8 X A W T Bh 1Y s
Moy, THEAT ) - + 58 & 48 b — 4 Ak ( CO,)
(CH,) . & ( NH;) . &L A ( N,0) Ff1—H L A
(NO) HEjift. DNDC L 7 H i 5% FH f) o 50K B 4 2
22 AR 2 1) 25 Bk D) B 5 46 3 i 5 7 A
2z 7 7Y . DNDC A8 — 3 4R 7 LA AR 25
OR 2y PA - R A ) R AL 2406 34 22 8] A A7 42
1.1.2  ERUBE S UE

FE [F)—4F i AN [A] 1 B K IR X VR A K
HEBCHEA T &, (B2 i T 32 2T B, #E 2R N 19



©1398 - 2 SRR

S AT L A

535 %

TBR e SR P R 15 a B G8dE,
P LA B 6 4825 i) 7 B 7 3, 35 3 40 BRIOR Y
R T B e AR AL B AR, RS RS R A R K
i H e R H AT IR S 329 XU N v 38
5 AR TEREL P A BT AT 0 2 254 I F BB
IR KB 25 A T B AR BESE IX R T 4t
X, bHem TR IR D) .

F1 MIRXTEHEHOYERE
Table 1 Basic physical properties of soil profile in experi—

mental area

WI¥ /em /(g em™) 5 w( FhKD) /%
0~10 1.315 04 12. 10

>10~ 20 1.483 51 12. 00

>20 ~ 40 1. 488 01 10. 20

>40 ~ 60 1.417 82 10. 00

>60 ~ 80 1.359 91 17.10

A VS PR A0 5 2R U5 T 0 A IR B 7 XY
)G A, PR A4 5 T KR A —AF — 3l o DR
W2 REAFE 4 A 28 HAl)S ok a2 10 A 3 H
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&SN
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W o LCA e b S FE A 102 1R 4 DI
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VP MAE 9 JE0REIT SR B ) A K i 4 Ak 30 4 5t
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1SO 14040 fA Z b5k HFTIEM i 4045 H b7 g X
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Table 2 Conversion criteria of different agricultural production processes
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Table 3 Standardized weighted impact value settings

A — —
e oy ﬁﬁ@ﬁﬁ% fw
REUR TN FE MJ 2 590 457 0.15
ERAE kgCO,-eq 6 869 0.18
WL kgSO,-eq 56. 14 0. 20
wESR PO,% —q 10.7 0.18
+ i 5 m? 934. 84 0.15
IRKHE I m’ 479 0.14

1.2.4 ST

A AR PREERE WA AT AR AL RN A AL B, oK 3A
SER AL O — AR ERS B 45 B R X I B
SR AR RN, X PRI 52 M 5 R ) 1 0 T LAAE A 7™ i

1

107 4=1.276 743 110.9

R*=0.973 9 .

B (y) / (t+ hm?)

8 9 10 11
FzBR7E (x) / (1 hm?)

B A= i JE1 U A SR80 BE VR A  JEURD R AT
T PO T 3 $2 AR it St — 25 PR

2 HREHSH

2.1 DNDC #&EIfE 2R

K 2 3L A S (5 R L A
ZEHLIE 1. X} 20022016 4F K4 B F KA Kk
FTREAL, AT LAAS A W 7 2R K 3 T o 4 HE i D e
FEEE, AR AR R S %, BULS B AE 1 R
9 114.37 kg * hm ™ A0 45 5 5 S0B5 7 A
o AT RIIOUE 5 S b I A5 ) 4 198 3% 2 0 R F
FTAF AT B 205 SR 2 B, 75 1 W 300 o9 400 0L 8 e %
Bl S SRR BE W B L R FH T4t A /K T
FiREB S HREMHFOAE XS, 18
JE DR B o, A % AR W 25 0 3 B Y
RELRSFE P, B0 (B A S B A AR 4 25 5o (H
BRIA BERT e R R?) 3551 0.925 5, 503K
THERSHARL(E D) .
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1
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Fig.1 Relationships between the measured and simulated values of maize yield and surface temperature
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Table 4 Average emissions under different precipitation

types based on DNDC model
VRBEHEBII / (kg + hm™?)

Fl
AR 0, ik NH, R N0
KA 1004, 495 10. 417 37.66" 0.320**
SEIKAE 1015.103%%  11.62*F 32.37%* 0.323**
FIKE  1017.2177 11.80** 31.70%* 0.365**

* PR BE(P<0.05) , *x FoRZEFW W E( P<0.01) .

I3 4 T TR R R R AR R, R A KB B
WE R MR R AR . AR TR K BB CO,
HERCE: =T A 3 28 K AR CO, HEBCE IR T-F K
ARRIAEARAR, AR AR E 7 1% F1 1. 2% , Rl K AR fi R
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Fig. 2 Relationship between different annual precipitation and environmental assessment indicators potentiality
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Fig. 4 Comprehensive index of maize yield and
environmental impact under different irrigation
amounts in 2008 and 2010
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Fig. 5 Maize yield and environmental impact

index in dry year after fertilizer reduction
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