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WIPEOY, A SR RIVE R R AL AR HE I R 22 5%, 25
F RIS /INAE A R 1 R D 3 SRR A AR D
HOR, LA SEBURCE I ™ | 3R 23 BT U e AR T
BT AR Bt — 2 IR

1 MRS Ik

1.1 RIS HbaE R
2014—20164F 1€ P A1 46 o5 FF i (0] 5 7 3%

B, AR mEARN KRR S SR H T /&
IR e (25° 077 N, 102° 45" E) , 4F
BIR15 °C, AFEFEKR 186 mm, 4FEHH HEAT%L
2200 h, fH/NE R nF42, BEHEBEKRT;
Bii: mm A R T4 5 = m Rl Ko 5050 5
(23° 32’ N, 102° 02’ E) , EFHiR14.7 C,
AEFEIKET 040 mm, X HIERE2 617.4 h,
MR/ NE N FS2, WO AN ERKR G K 1
FEAR AR L1,

#1 i HREAREBAMR

Table 1 Basic physical and chemical properties of the soil

B . A HLIT A AL AR A
P
Test site OM/(g-kg™) Alkalytic N/(mg-kg™')  Available P/(mg-kg™) Readily available K/(mg-kg™")
A 6.65 29.50 175.9 16.44 105.9
7.18 35.05 80.02 16.97 146.0

1.2 RIIET

PN 56 0 Y SR FH B AL X 2 15 . B /N EE
H&EGREAE (1) . DMERE (MW) | &G HRAE
(MB) =FFpiami=, EE3K, FHLHES, AL
5 S /NXEA20 m* (5 mx 4 m) , B S/ X
HA32.4m’ (54mx6m) .

HELICRE IR (464 gkg™) | il w2
5 (140 g-kg™') . BEREN (500 gkg™') , HEHEY
HHERE MG AL R, BEAE (P,Os: A 75 kg-hm™;
B 90 kg-hm™) FAA (K,0: A 75 kg-hm™; B
90 kg-hm™ ) 4x¥BfE AILAEA , ZE (N: A 225
kg-hm™; B 180 kg-hm™) 7E/N& 4K 17 10138 AL —
W, B 1, RAEHLE, &SRS
B, BWAA112.5 kg-hm™, B#90 kg-hm™,

i 0 i B AR R R A T IE K A R
1.3 HRRESHH

FE/INFE 1) AR B S0 s 1 X R AT 0 =, 4
TN XA T R, WOk ZRS, 1T
JBRAE, 0 A AR B [RIVE /N AR R
1.4 S aBABTENSHEE

ABFFELIE=1 000 kg/NAE PR B 3L fig
JG, WRGEEL L IR/ N JER R A 77 2/ N A W i
TR BT FE AR AL SR HE i . A9 LRy 7
ARG T ARG (BIE . %89k W) A= F/h 224k
B CBiMb . RRC . VEWE . UK ) 45 B0 g U

M AE = FTE AR, AEFER AL A . REY
il 3 5 FTTE 2 2 0 SR kR . AR S A R R AR
I AR A SR B A A8 S B e U i BE ST
R W97 R AR B 2 B RS i A AR R R BORN
A A VE R B, M Brentrup MlKusters > BT
FELE T E N, O BELEE MR 45 R R B, T I
A1 000 kg B /NAZ 7 i JUT I AR 1Y E 12k FH LA R
G, 25648 MR =l FH L R vh i 2R 58 5%
W A, IR AR/ B R BT R Ak AR i A D
W, IR SR BEAT R AL RIbR AL AL 3,
— R E R O B R R B AT NG
i, S3r BAE /N 22 B AR /N 22 00 B 458 52 i) D 92 %
IR

AT R P R T T S AR ) AN
TR, ALY (RIS Seul . WJr) I
FESIT 7= 1 10 R Ak SR HE IO PR R AR 2R 46 b B4 2R
JELANH, FINO JE 3 HERC R iR 3 R .
1.5 H\LIBS 04

i 5 B HE i Microsoft Excel 20073 3 ji5
FHSPSS 20.07E0.05 /K V317 HL A & 7 22 70 i
( ANOVA) 511417 .

Tt M hE e (LER ) 4 [F]— A F v g o g o o
DL B AR AR B U 25 5 45 1R 0 B4 B i 4 1Y LE
R, HRA R RE A TR R3S e R, A
/(1
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&2 BEMENERMA~E (1000 kg) ¥FRHBEA

Table 2 Input inventory per unit area of intercropped and monocropped wheat

N P,0, K,O TR K W] Seih 12
Ab Fi Treatment ! 1 ! s ] 1 1
/(kg-t) /(kgt) /(kg't) Water/(m'-t") Electricity /(kW-t") Diesel oil /(kg-t") Pesticide /(kg-t™)
MW  63.74 21.25 21.25 212.5 84.99 0 0
2015 (A)
1% 52.82 17.61 17.61 176.1 70.42 0 0
MW  53.44 17.81 17.81 197.9 79.10 0 0
2016 (A)
W 48.18 16.06 16.06 178.4 71.31 0 0
MW 43.3 21.67 21.67 288.9 126.4 4.09 0
2015 (B)
W 30.97 15.48 15.48 206.4 90.31 2.92 0
MW  34.34 17.16 17.16 286.2 109.7 0.95 0
2016 (B)
W 29.09 14.54 14.54 242.4 92.92 0.81 0

W MWAIRE AR/, IWARRTIE/NZ . T F Note: MW indicate monocropped wheat, IW indicate intercropped wheat. The

same below

R3 RE (KRR, . B MRERLGEHISO, NHFNOHE ™ 7 )

Table 3 SOy, NH; and NOy emissions of agricultural materials (fertilizer, diesel oil, electricity) and farming system [57,22]

N P,0O; K,O 23 Diesel oil i, 71Electricity
SO 31.90 7.609 1.576 1.155 1.682
. . NH, 2.739 - - - -
Agricultural materials system
NOy 35.40 4.618 6.208 1.789 2.788
RIER G NH; 230.0 - - - -
Farming system NOy 0.580 - - - -

T P B AT A R AR R g kW, AR AL

emissions is g-kW™' for electrity input, g-kg™" for others

LER=(Y,/ Y1)+ (Yie/ Yiup) (1)
K, Y MY a0 SRR IR B AR b /N e
By, A LAZAE M LE AR b i i ) T AR LG 1]
B kg hm ™5 Y, Y, 20 BIAC 2 B /N 3 A
TR, kg-hm”, FHLERKT 1, BIZREIVER
+- R AR TR
WHE F2 R 3M I o BT 45 3, X BB AR
1 000 kgf A7 = it it I AR AR BT kA T35, 15
HBAL P2 RSO . NHSRINOHER R, R A R
(I
M (SOy) = (YA4ixBi) x107° (2)
M (NH,) = (Fx230+Y4ixBi) x10° (3)
M (NOy) = (Fx0.58+Y4ixBi) x10° (4)
o, MR R SRR R, kgt AR
AR T AR AL, kgt BRI IR
Yy okt B 1 AR, g kg PR IRII AR BT
Bl FREA AR EZEHE, kgt 230FRK

AR HER R B 3 Fyg- kg™ Note: The unit of SOy, NH; and NOy

ER G A ZE UNHJE X HE r HE R 5, 0.58%
RAFVINOJERHM R =8, #hihgkg™,
HERL R A0S BB T R a1 2 BRI 9 SR L
Brentrup FlKusters * ' BBFFE 5 BT

P85 R AL R AE Al Ab B 32 2 LIS O, Bk
HERIR ALY (SOyx) . & (NHy) FIARELY
(NOy ) X FBE 6 fif ook s T3 A — B0k, Hif
SOLME R MR ik i) FE v AR S 2w 7, HoAh R 1k
AR A Y i R EOER TR B A X T SO, M MRS R 1L
MV, THREAXAE
E (SO,) =SOy x 1+NH, x 1.88+NOy x 0.7 (5)
K, ERWEAEREY AR IR S5 R, 138 SO
ST SO, M5 R 8, 1.88FK /RNH, M X T SO,AY 4
WA, 0.7FRRNOMXFSO M Y& R4, M5
RES WP TR AR

T Ak T2 2 U0 BH W A R R A ) AR RN,
SRR ME R, TH RS RAE AR Y 25 5
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TECTAR 25 G A B IR AL A TE R 5L, 115 X 1
X AT P2k e ) LR, TR AL T

R=E/S (6)

EI=R x W (7)

Kb, RAWIETEIREL L mbn L 25 R Soh A

i, ZHER T O R; BB,

BEINACE 26 s W R A, 2 B E W
25 LOVRIF S b i G2 TN AR B

SCH R EE R 22 ) (EMP ), RAE[RIE

INZE AR TR N IR R e, TR AR

EMP= (El,, - El,, ) /El,, (8)

KX, ELHRIWE/NZ W AREE R (E ; EL,, 0 PAE

/N I 5 A

7000
OMW mIW
6000
a a
L5000 b b
= c
2 4000 -
3 3000 -
~
w2000 |
#H
1000
0 1
2015(A) 2016(A)

TG AN Test sites and years

2z R

2.1 NERZEENFTEME

F )il 3R ], /N2 A o TR b 4 o T AR
e (ED) , KBS THZWEES RS 5
BME/ANZE R LG, ATRES S RIE/NZE P2 520 1S4 il
201640 B4 17 20.58%4110.93% ( P<0.05) ,
B HEME R 15.76% ; Bik 56 55 ARG 50 i 3
—H, BN BN T 38.62%F118.04%
(P<0.05) , FHHaiE-~28.33%, W6 5 (1 [a]
VE/INZZ 77 P G MR R 22.04% o

A, BW A B LMY 5 ILLERYI KT, 25k
1.10. 1.07. 1.08F11.09, HA B WMARIVE= 2

7000 OMW, BIW a

6000 - b
T oso0f ¢
=
2 4000 -
s
3 3000 [
>
I 2000
e

1000 |-

0 1
2015(B) 2016(B)

AL 5 FIEE 47 Test sites and years

T ARF/ING PR RAS R ARy LR/ 22 18] i 25 534 510,05 .35 7K F- . R TRl Note: Values followed by different lowercase letters mean

significant difference between treatments different in year and between treatments in cropping pattern at the 0.05 level. The same below
B B e AN Y

Fig. 1 Yield of intercropped and monocropped wheat

2.2 BEMENRBIREIRIERE

A BB TR /N2 BE TR R A A i Y
AANFFEE R (£4) o AT P AR

S 17.25%F19.70% , Bik Ky 5 0% 0 AF 5 I 45 531
H26.96%F122.49% , Hodr, Bt 5 5 H B A Y [A]
VE/NAZ B R 4R 3] T B F K.

®4 TREILESEENZHRERIER

Table 4 Energy consumption of intercropped and monocropped wheat/(MJ-t™")

T 5 FIAE ) Test sites and years

Iw

2015(A)
2016(A)
2015(B)

2016(B)

6 972 £ 584.1aA
5812 +56.08aA
5127 +£265.7bA

4622 +£401.9cA

5769 +260.3aA
5248 +25.68bB
3744 £ 341.4cB

3582 +78.50cB

e AR (RN GRS [ 447 2 ) ) 22 5 15 500,05 8 K, AT AR [ RS 5 REA R BRI 2 1] 19 22 57 i 300,05 1 35 7K P

Note: Values followed by different lowercase letters in the same column mean significant difference between treatments in years and

different uppercase in the same row mean significant difference between treatments in cropping pattern at the 0.05 level
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2.3 BEMENEER S AHER
I8 5 TR VE /N2 9SOy . NH, AN Oy FHE i
AR AR (B2) o SHRAEMLL,
AN TRVAE Gy T TAIE /N 22 B9 SO B MR 3 51 M 17.25%
9.68% . 26.02%F116.72%, VYK T17.42%;

NH, > MK T17.25% . 9.85% . 26.96% Al
16.65% , M T17.68%; NOIT HIFEML T
17.25% . 9.69% . 27.71%HM16.64% , FHFFEKT
17.82%, B%2016(A)4k, AW R3] T W 2 M
Z5.

o7 18,
i OMWEIW a = OMWHE IW 350 -2 OMW BIW
257 515 T
g = b b 2 280 [ |b b b
2 4L b = = bc
é % 12 - C 5. d ¢
§ 3¢ g g 210 d
O>< d d § 91 de =
A d d - e S
B 2 Z S 140 -
= 6 Z
s 18 mlmﬁ
=1t = = 070 |
@) x 3F jern
% o %
o
0 1 1 1 Z O H | y y Z. 000 L | 1 1
D D N N D D 3
& & & & AR RENAREIN & & & &
M M M A N M A

TRIG SURIAEAR Test sites and years

%2

PRIG SUFAEA) Test sites and years
HEVE /N B (1000 kg ) B9SOy. NH,FINO, AR

TRIE BURIAE {7 Test sites and years

Fig. 2 SOy, NH; and NOy emissions in per unit area of intercropped and monocropped wheat

MRS, A BM s EIVE/NAE B RS R Ak Ay
TIE A 25 JE A4 T %0 7 9 SR b 38 5 B /N A2 A
L, ASTRVAE AR (9 A /N 22 SO R AIE A 45 S A B4 43
FIEAR T 17.25% . 9.05% . 26.83 %H116.65%, F

IR T 17.45%, 15:2016(A)4h, Hoflab 3R] 15 1k
P TWEEES. HPA BFA, LBRELRE
VRN, BRALSRNHLIE G el K, APy
$185.75% , BiiF-H°476.89%,

x5 REMENEESERERCBEFELER

Table 5 Characterization of life cycle assessment (LCA) acidification of intercropped and monocropped wheat

AL AR SO, B F
Qb3 . e
SO, equivalent value of acidification gases
Treatment
SOy/(kg-t™) NH,/(kg-t™") NO,/(kg-t™) 41t Total/(kg-t™)
2015(A) MW 2.54+0.21c 27.97 £2.34a 2.11+0.18a 32.61 £2.73a
W 2.10+0.10d 23.14 £ 1.04b 1.74 £ 0.08b 26.99 +1.21b
2016(A) MW 2.12£0.03d 23.37 +0.28b 1.76 £ 0.02b 27.25 +0.24b
Iw 1.92+0.01d 21.07 £ 0.09b 1.59 £ 0.007bc 24.57 £0.12b
2015(B) MW 4.89+0.08a 18.62 + 0.96¢ 1.74 £ 0.06b 2526 £ 1.11b
W 3.62+0.13b 13.60 + 1.24de 1.26 +0.11d 18.48 + 1.49¢cd
2016(B) MW 2.36 £ 0.05¢ 15.37 £ 0.36d 1.46 £ 0.03¢ 19.19 £ 0.45¢
Iw 1.96 £ 0.07d 12.81 £ 0.41e 1.22 £ 0.04d 15.99 +0.52d

e WSS R ING FARAR A R ARy A0 5 ) A 22 0] 1) 22 5734 510,05 42 3 7K SF- Note: Values followed by different lowercase letters

in the same column mean significant difference between treatments different in years and between treatments in cropping pattern at the

0.05 level
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2.4 BE{ENEIEER X ITMN

ARG T, [RIE/NEE B RE IR TH FE A A SR R 1k
MR BOYR MR T e B (R6) . HHE
INERALG, RRAREG B TR/ N2 e U I FEA R 5 e 4
BT IR T17.25% . 9.70% . 26.96%4122.49%, V-
BIRAI T 18.59%; IR fbda 8o bk 17 17.25%
9.05% . 26.83%116.65%, FIIFFMLT17.45%, B
2016(A), HAAFRRIAIER] T 0 M2 R

ARHEFE R, AR AN BEAE R TR Ay S R B T
AR mIRZER N (£7) 0 ALK AW
A VRV FE D 22 W ) ARSI (E R 13.36% , IR TR
Ak 22 0 1 BIME N 13.35% , B3 5010943 51
13.02%M21.78% , Wi/~ i 19 BB U5 14 #E AR 85
R AL 22 18 1 V- A 53 901 2 18.96 % F117.40% . H:
T LB B0 AT I 2 v O B R, 2015(B) YA
B S i

*6 BEENEEGEHMNSINER

Table 6 Weighting of intercropped and monocropped wheat LCA

REIMAE (RS I8 450)

B (AR S 2R 40

SIS Energy consumption ( Weighed impact index ) Acidification ( Weighed impact index )
Impact factor
MW Iw MW w
2015(A) 0.000 40aA 0.000 33aB 0.087 4aA 0.072 3aB
2016(A) 0.000 34bA 0.000 30aA 0.072 5bA 0.065 9aB
2015(B) 0.000 30bA 0.000 22bB 0.067 7bA 0.049 5abB
2016(B) 0.000 27bA 0.000 21bB 0.051 4cA 0.042 8bB

e FSIARNG PR A R AR 0y Z 8 9 28 57 15 200,05 8 % KF, [T AN RRS 3 REAQ B8] £ 2 8] A9 25 57 35 00,05 42 35 7K

*F- Note: Values followed by different lowercase letters in the same column mean significant difference between treatments different in

years and different uppercase in the same row mean significant difference between treatments in cropping pattern at the 0.05 level

®7 EMENEE SRR ERERD

Table 7 Potentials of wheat and faba bean intercropping mitigating environmental impact in wheat LCA

W F Impact factor 2015(A)

2016(A)

2015(B) 2016(B)

17.01% + 5.2%ab
17.01% + 5.2%b

AEVR I #E Energy consumption
WL Acidification

9.69% = 1.3%b
9.04% = 1.2%c

27.04% + 2.9%a
26.89% + 2.7%a

22.12% + 8.5%a
16.66% + 0.74%b

e FATARVNG FRACRA RO [ 1Y 22 57 15 50.05 18 2 7K F Note: Values followed by different lowercase letters in the same

row mean significant difference between treatments different in years at the 0.05 level

3 i i

3.1 MERZEMEE YN

W2 RY], SRR AL, AR
FAER T, dd Ak A MR 7E i) [R) A0 23 1] F 0 2
FETL, RRUS A S5CHE m BE R R H 23 R0 FA AL T RO 2 7
WP AR S R R, MR R R e N
B, FHIIEEAR 722.04%, HAFAEG K L H
Mk (LER) ¥RTF1, UiBIME/INE Ge A 2
HEAEPRERL BB R, X 50T G HRE S
(P g O 2 BT A R R B T ARG — L
Mo X EERFNEARAR GRMA R T, fEWRE

9530 b AR AR RIZBUAR 2% B K PR EE b B AN 3 B 2
6], (2 SEVE R A WO R 220, = SR
PR 4 A 0 181 R RE A DA [ AR ) AR AR B 4y B 1L A o
AR, R AE AR RIS SR 2% 1R 1 i Hk 31
o AR, TR R BRIV RN . A
ABETE, T R i A R R AR ok
FRECOA S ) SRR IR R A A b, BRI TRV AE
IR BUR L SR IR R m A, D a] R
PR —E R S A
3.2 [EMERDER L SR HER Y A SN

N IR AL OO f )™ I P R —
WK M % 2 4 KRR ST R
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FEXT T 2 N OHE B BIF T v R B, it 2R 2t 11
B RO T EN,Om B R X T
TR AE R BN, S B R R B R
ARG T e s (HRRR Z R R, Bk
IR BB KGR L Rk
R A R F ALY HERL, IR IR EE R .
ARICGETLCAN MBI ZE R b, 5RE/NEH
Eb, TRIVE/INZZ (1 BE VR T 6 RRR 1L S AR HE S 40 391 °F- 1
WD T 18.59%H17.45%, SOy, NH,FINO RIS,
AR 98> T17.42% . 17.68%HM117.82%, e,
NH, ZE BB i 5 8] T80% A2 A By Lt ], X —
T U BT AR 0 AR A R 4 it FH 9 ZUIE DANH R 5K
Kaide, MIMNE T AR R, 55— I
4 7% T TR VE A 32 ) R A A0 HE ORI A 25 A B 1T
MR BR P, W T R /N 22 R 6% b 3 SR R LU
NH, S SMIE 0, R SR X R R W
WCSCRI AR H T B S 4 TR 7t R AR A 45 U
e, XAIREE R THER Y G, SRMEMME
Wy LA KR ) AR R EAERE N 1 VR /N A2 R 4y
R, g TR IREL, RS SRR/ R 4R ]
2 (14 ] Fsf 5 e T 2 A AR HE e v 9 TR

JH 2 F A X I T ok AN K ] B B 5T 4
REW, NOHE s E ZHE L2~ 1.7 kgt
R IRE] T3.0 kgt B IRMES PO BRT 45 R R
WY, 7EEKR/KEEAEARFR T, HIEIN,O R HER = 7E
10.2 ~ 16.0 kg-hm 22 [0], X 5405545 5 p b+
1.7~3.0 kgt F110.4 ~ 10.9 kg-hm 38 Fl 4 1 A& &
Y HERCR R T — W — b, DI A= i JE 1)
P T LA — i A 8 A g e sz e P ) %) 552 o 25
B, A 2 gE B ORI/ ]
VEUR &R P BN, OHE AN 42.2 ~ 5.6 kg-hm™, X 7]
A e I L R A D B it A e 5 R R i
BT RSS2 B 25, Iz HATA X/NERET
[ /R R 22 T SO« NH A5 W2 A6 A Ay F [h] e S5
HM AR RGRE, Wik, AB5EF—2—Jrmal
38 28 T ) S 7 A DA Rt 2 SR R R, e I g
— A5 U I [ VR /N 22 B I 858 5 i vk 77 AR [ A i 7
e LI, 55— 5 T R G M BTN A
VR 6T AU R ks SR HE ORI A 4 %
REMWBCFIH = # Z BRI R , RABRTT A
VERIDLH . 4T AR DBFFE R 22 ) 1 g
HEAT RO IR RIS 25, B R AR

WRE RO R, N, 2 — 2P R
YAe LR R AL R P 0, X Sy s v B ]
VB 77 B AL Al W A SR ) A 25 000 L B
A8 7~ [ 7 0 B8 PR e S8OR T AR B A 4 i ML BEAT
HEE L

4 4

PRSI0 e (R /N2 11 7= S s B S 3
VISR 22.04% 5 [RIVE 535 BEAR T RE IR T FE AR
A HERL, SOy NH,FINOZ MR 1k <44 -
Y0y s> T 17.42% . 17.68%F17.82% , #7344
JNT TRIMAE/INZZ (A SE M I R s T, RIS T
) AR L

R

[ 1] Vires W, Dobbertin M H, Solberg S, et al. Impacts
of acid deposition, ozone exposure and weather
conditions on forest ecosystems in Europe: An
overview. Plant and Soil, 2014, 380 (1) : 1—45

[ 2] wvan Breemen N, Driscoll C T, Mulder J. Acidic
deposition and internal proton sources in acidification
of soils and waters. Nature, 1984, 307 (5952) :
599—604

[ 3] GuolJH, Liu X J, Zhang Y, et al. Significant
acidification in major Chinese croplands. Science,
2010, 327 (5968) : 1008—1010

[ 4] from, Wisodk, 23, & ARILPEORRE A -
it 5% 5 A= A SR A R B2 e SR A . REERLAE L 2018, 39
(5) : 2480—2488
XuQ, HuK L, LiJ, etal. Life cycle environmental
inpact assessment on different modes of greenhouse
vegetable production in the North China Plain (In
Chinese ) . Environmental Science, 2018, 39 (5) :
2480—2488

[ 5] Brentrup F, Kusters J. Environmental impact
assessment of agricultural production systems using the
life cycle assessment methodology II . The application
to N fertilizer use in winter wheat production system.
European Journal of Agronomy, 2004, 20 (3) :
265—279

6] EBH, g, g, S Rl e KR4
A WA el SRR AR, 2009, 28 (2) -
420—424
Wang M X, Xia X F, LiuJ G, et al. Life cycle

assessment of high-yielding rice in Taihu Region (In

http: //pedologica. issas. ac. cn



1266 + E o iR 56 &
Chinese ) . Journal of Agro-Environment Science, [15]  skiidm, AN, E2X%HE. F & A RAEXEEEL
2009, 28 (2) : 420—424 TR MR IR . AR, 2016, 53 (6) -

[ 7] #Jg. ETLCARTREIRAON FRELR W WA I7 ik 80 5 1497—1505
SCUERFZE. Lo hEgRl K%, 2009 Zhang Y N, Li X G, Wang X X. Effects of
Liang L. Environmental impact assessment of circular intercropping of Atractylodes lancea in monocultured
agriculture based on life cycle assessment: Methods peanut fields on soil nematode community ( In
and case studies (In Chinese) . Beijing: China Chinese ) . Acta Pedologica Sinica, 2016, 53 (6) :
Agricultural University, 2009 1497—1505

[ 8 ] Boulard T, Raeppel C, Brun R, et al. Environmental [16] EFZ, ME, BH. ANREGUE/NE ST & G 1E
impact of greenhouse tomato production in France. X /N KRR AL R A S i sg . R GE A, 2012,
Agronomy for Sustainable Development, 2011, 31 43 (2) : 466—471
(4) : 757—777 Wang Y'Y, Zheng Y, Tang L. Effects of intercropping

[ 9] ZBaAE. MR BEE A 7 RGKIE . ARZGHA KA with different resistant wheat varieties and faba bean

%S (1) AR RO db st P ERAL RS, 2016 on available nutrient content in the rhizospere ( In

Guo J H. Inputs of irrigation water, fertilizers, Chinese ) . Chinese Journal of Soil Science, 2012, 43
pesticides to and life cycle assessment of environmental (2) : 466—471
impacts from typical greenhouse vegetable production [17] SR, Kbk, SR, % AR AR I+
systems in China (In Chinese) . Beijing: China HORZE MM sT ke, HHEE i, 2015, 46 (6) :
Agricultural University, 2016 1529—1536

[10]  silsde. A4/ N -5 K e m ot = 00 A A B Ma X L, Zhu Q L, Zhao S L, et al. Reasearch
PR, dbat: HrEg R, 2012 progess of nitrogen leaching in grain field under
Gong T T. Life cycle assessment of wheat-maize different cropping patterns (In Chinese ) . Chinese
rotation system for high yield and high efficiency Journal of Soil Science, 2015, 46 (6) : 1529—1536
in Quzhou County ( In Chinese ) . Beijing: China [18] JHZ#, &My, FAWE, % WEmASHERS
Agricultural University, 2012 XA T Hi DX R OK VAR N, OHE Y 52w v [ AR 2

(1] 3, BRBUR, MR, % RIUTELNE-H T K A4, 2015, 23 (12) @ 1529—1535
e 2 e A i U R B RS WP Al PRI 2R Tang Y L, Guan A M, Zhou X Y, et al. Effect of
2009, 28 (8) : 1773—1776 reduced N application and soybean intercropping on
Liang L, Chen Y Q, Gao W S, et al. Life cycle soil N,O emission in sweet corn fields in South China
environmental impact assessment in winter wheat- (In Chinese ) . Chinese Journal of Eco-Agriculture,
summer maize system in North China Plain (In 2015, 23 (12) : 1529—1535
Chinese ) . Journal of Agro-Environment Science, [19]  XUMEGE. it 0%k T K 1814 B 5 ik 2 <O HE R Y 5%
2009, 28 (8) : 1773—1776 W S B 22 HORO RS, 2012

[12] LiL, SunJH, Zhou L L, et al. Diversity enhances Liu H J. The effect and mechanism of Nitrogen on
agricultural productivity via rhizosphere phosphorus farmland greenhouse gas emissions of corn inter
facilitation on phosphorus-deficient soils. Proceedings planting peas (In Chinese) . Lanzhou: Gansu
of the National Academy of Sciences of the United Agricultural University, 2012
States of America, 2007, 27 (104) : 11192—11196 [20]  BEURME, FEMS, mrem, . fedb-F s oK/ R EE

(13 ] Mikdn, 2%E, TEW, 4. Pt biEgniE A R SRHER R R SR B BT P E ROl R
XIAE 8 A ) A0 A 2T ) s . A 22Ed, 2015, 20 (4) @ 66—74
2016, 53 (4) : 951—962 Huang J X, Sui P, Gao W S, et al. Effect of maize-
Liu X R, Bao X G, Wang Z G, et al. Effects of soybean intercropping on greenhouse gas emission
continuous intercropping on crop productivity and and the assessment of net greenhouse gas balance in
chemical properties of soil fertility in orthic antrosols North China Plain (In Chinese) . Journal of China
(In Chinese ) . Acta Pedologica Sinica, 2016, 53 Agricultural University, 2015, 20 (4) : 66—
(4) : 951—962 74

[14] ZhuYY, ChenHR, FanJH, et al. Genetic diversity [21] #=w&, F@#®, £5, % WaEiia 5 KG9 mEXT

and disease control in rice. Letters to Nature, 2000,

406 (6797) : 718—722

R T M 2 SO HE R B S . o [ AR S AR AR
2013, 21 (11) : 1318—1327

http: //pedologica. issas. ac. cn



53] FERIRAE . FETLCASMT Y IAIVE/ N2 LS Al AR 1267
Zhang Y, Wang J W, Wang L, et al. Effect of (3) : 499—503
low nitrogen application and soybean intercrop on [26] JAJe, Jedtsm, BH, 5. Lib R N OHE I Y
soil greenhouse gas emission of sugarcane field ( In R A T, Al TR AR, 2017, 33 (2)
Chinese ) . Chinese Journal of Eco-Agriculture, 155—161
2013, 21 (11) : 1318—1327 Zhou L, Long G Q, Tang L, et al. Analysis on N
[22] BBF, skt /INA2- EORBAE R R R WIRLGAE application rates considering yield and N,O emission in
PRI 5. dbat: T ER R REE, 2006 potato production (In Chinese ) . Transactions of the
203—205 Chinese Society of Agricultural Engineering, 2017,
Chen X P, Zhang F S. Theory and practice of nutrient 33 (2) : 155—161
resources integrated management wheat maize rotation [27] X=F, #=, H3CF, F. A S K B AEXT R
system (In Chinese ) . Beijing: China Agricultural A 52, A2 4, 2015, 26 (3) -
University Press, 2006: 203—205 817—2825
[23] Ghanbari A, Dahmardeh M, Siahsar B A, et al. LiuY, ZhangY, Yang W T, et al. Effects of reduced
Effect of maize ( Zea mays L. ) - cowpea ( Vigna nitrogen application and soybean intercropping on
unguiculata L. ) intercropping on light distribution, nitrogen balance of sugarcane field ( In Chinese ) .
soil temperature and soil moisture in arid environment. Chinese Journal of Applied Ecology, 2015, 26
Journal of Food Agriculture and Environment, 2010, (3): 817—825
8 (1) : 102—108 (28] WM, ol HHe, A /A2 S AR XTAR PR R e
[24] WHER, 28, IhELF, 5 T Mo bax) s e /357|¢ fRBIThREZ REME R E . L3224, 2015, 52 (4) .
TEa 11 e R MBSO - e 25 B B SR K L PR 926—933
2005, 19 (3) : 13—16 Hu G B, Dong K, Dong Y, et al. Effects of
Ye Y L, Li L, Sun J H, et al. Effect of root intercropping of wheat and faba bean on diversity of
separation on plant nitrogen uptake and soil nitrate metabolic function of rhizosphere fungal community
nitrogen residual in faba bean/ maize intercropping ( In (In Chinese ) . Acta Pedologica Sinica, 2015, 52
Chinese ) . Journal of Soil and Water Conservation, (4) : 926—933
2005, 19 (3) : 13—16 (291 AxE, H, Jedusk, & AEEKFET AR EX
[25] H¥EF, UM, BR, & K&/ & E R THAE e S A B RN S AL U E RO RS R BB,
IRV X VR 7= e FH R F2 BB RS 22 A % 2016, 37 (8) : 3229—3236
iz, 2011, 31 (3) : 499—503 Li Y, Zhou L, Long G Q, et al. Effect of Different

Xiao J X, Tang L, Zheng Y, et al. Effects of N level
on yield of crops, N absorption and accumulation of
barley in barley and faba bean intercropping system

(In Chinese ) . Journal of Triticeae Crops, 2011, 31

nitrogen rates on the nitrification potential and
abundance of ammonia-oxidizer in intercropping maize
2016,

soils ( In Chinese ) . Environmental Science,

37 (8) : 3229—3236
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This study was to comprehensively analyze effects of wheat and faba bean intercropping

in wheat fields on environmental acidification and yield of the crops. Two two-year field experiments,

(A and B), were carried out and analysis of the results of the experiments done for effects of wheat and

faba bean intercropping on crop yield, energy consumption and environmental acidification based on LCA

(life cycle assessment) by comparison. Results showed that in the two experimental fields, intercropped
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wheat was significantly of 22.04% higher than mono-cropped one in yield on average with land equivalent
ratio (LER) being higher than 1, showing obvious intercropping advantage. Compared with monocropped
wheat, intercropped wheat decreased by 18.59% and 17.45% in energy consumption and environmental
acidification index, respectively, and by 17.42%, 17.68% and 17.82% in emission of SOy, NH; and NOy,
respectively, and hence was 18.96% and 17.45% higher in potential of mitigating the environmental impact
of energy consumption and environmental acidification of wheat cultivation. In conclusion, wheat and faba
bean intercropping can significantly increase yield of the wheat and reduce emission of acidified gases,
which are obvious intercropping advantages.

Key words Wheat and faba bean intercropped; Wheat yield; Environmental acidification potential;

Acidified gas emission; Life cycle assessment (LCA)
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