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Abstract; Based on the survey data of agricultural and pastoral households in 14 counties/districts of Shandong, Shaanxi,
Shanxi, Ningxia Hui Autonomous Region, Xinjiang Uygur Autonomous Region, Inner Mongolia Autonomous Region,
Heilongjiang, and Hebei province, China from 2019 to 2022, the Life cycle assessment ( LCA) method was applied in this
study. Energy consumption, land use, water resource consumption, global warming, environmental acidification, and
eutrophication of traditional farmland and alfalfa grassland ecosystem were calculated and analyzed to evaluate the
differences in resource input and environmental effects between traditional farmland and alfalfa grassland ecosystems in
Northern China. In this study, LCA method was applied to the environmental impact analysis of two crop production types to
explore the effectiveness of this method in the agricultural environment research and the difference characteristics of resource
input and environmental effects of the traditional farmland and alfalfa grassland ecosystem. The results showed that: (1) the
comprehensive environmental impact index of traditional farmland ecosystem and alfalfa grassland ecosystem were 0.1569
and 0.1269, respectively. The comprehensive environmental effect of alfalfa grassland ecosystem was 19.09% lower than that
of traditional farmland ecosystem, and the degree of environmental friendliness was relatively higher. (2) In the whole study
region, the environmental impact of traditional farmland was higher than that of alfalfa grassland, and the environmental
impact of traditional farmland was significantly different from that of alfalfa grassland, while the overall fluctuation of the
environmental impact was small. In terms of resource consumption, compared with the traditional farmland ecosystem, the
energy consumption, land area, and water resource consumption of alfalfa grassland ecosystem decreased by 31.21%,
43.61%, and 63.43%. In terms of environmental impact, compared with the traditional farmland ecosystem, the climate
warming potential of alfalfa grassland ecosystem decreased by 43.09% , environmental acidification potential decreased by
50.27% , and eutrophication potential decreased by 46.78%. (3) The spatial scale difference of resource utilization and
environmental cost between the traditional farmland and alfalfa grassland ecosystems in northern China was obvious, which
was higher in the west than in the east. (4) In addition, the major types of environmental impacts affecting both ecosystems
were environmental acidification and eutrophication, which were associated with large amounts of fertilizer production,
application, and irrigation power consumption. Therefore, the implementation of formulated fertilization, rational irrigation,
and straw returning was the key to reduce the negative effect of ecological environment on the life cycle of traditional
farmland and alfalfa grassland ecosystem in northern area, and this study proposed a robust methodology contributed to the

sustainable development of grassland ecology in the similar region.

Key Words: resource consumption; environmental impact; life cycle assessment; traditional farmland; alfalfa fields;

Northern China
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RS FOU A A AG AL TR A T Al B2 M2 A Pk o 5 AL BOR SR BERHB S
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FTEREE RN P . AN, Carlson £ & B 2000 454 3R AR MR 2 SARHE S 1994 Mt CO, eq, 5 A MHERL
W45 £ 4.9) %, HAREEW AR T80T I E SR K EHE Venkat! ™ SR AL A JE PR (19 05 12 1L
BT EE T HOR TR T AR AR 7= R G 25 SHEUOR 7K 75 G HEII ; Prechs] 25 (5 FHAE A JE I PEAN 7 vk 9P AG
T VEMRAHFINE/NAZ A 7= 1 A BRAE BV ) o Lucas™™ FFHA: A RIIPPAN O v | BUAE TN 12 FE Y AE A HLR %
ARy 20 TR S MACHERL ; Ulrich ' M I ) RUBE H %, 7 2250 BT T 31 6 45 A0 6 4 i B2 A A
G Xt BT R A S0 5 Dekamin 551 IR EY) (R SEAEKF HISRAT ) 10 FRBE 00 |75 /K i R b ) P
TEOLHEAT T A A ST AL 25 R R WIX = AR B9 PR B ) 20k B TAAE St be Al BF 4R e 8
HL B IS SR R G R R DR T AR R RS RS M R i P X A R PR R G T A
B, KT A E A X 4T FLE A ZE > 1 A RN . A FR ST 24w b £ Gk R A
ARG RO AR S B R VR S B A7 R BT IR I FE AN RS 5w 25 S, SRR B AR
5 AR AR Ty 1), 2D T AT ST wEAf E f h E AE AR G A FH ORI Y A B A 7 R R AR AR IR A
BN PRI 25 25 5

IR T A 35 ) 8 8 A 8 58 T R R B 5 5 0 T (R A S RO AR 2D UL AR 53 0 A% G A FE R 1 7 e bt o
P PR S0 AT A A SR DA | IR AS (] DX VR R 4 A 7 ok 8 b ) SR 2 i PR, A T A RAS ) i
AR B A o AT L AL 7 0 1X 14 AU £ A A58 X R T, LA 2019—2022 SRR EAEY)
FVE 1 A TE x4, A A R P (LCA ) T3k IR D LR PRAS DGR ) 5, (1) X% g RN i 18 R b A
BRGMIEN TR G VPO, W25 1 DR AR 7 b i) T ER 5 i 28 B R OC AR P 385, (2) A
(7] 3t DX AR A2 285 ZR G e A 7 S AR P I BEISTH A L b 7 FHRIK B I5H AR OO A4 R 28 AR R AL R s
EIRA N T EIRAR I IR W 22 5 | Ry itE— 2D 7 L S R I R IR 45 5 AR Ol Dl R B i A 4 1
B SR AR S . AT AT N B R A S R G A P RS PR RO IR S S TR 4R USRS S PR
TES%

1 RS

1.1 WF5E X 3l 5 B0d S R
ARG R AEGeAR AN E T8 WA 25 R G R VR X 38R T G 5 b X B E AT E 1 /0 372X (K 1) , A8
R AR TP E AL Mo X BRE AR A E T A =g O, BARGEE IR (B i LB WS AE T DY) |

B1 HELH XA RXAE

Fig.1 Location of the research sites in the northern China
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BRPGA AT YL P M T S 7 Z IR AR X (BRI F B BF) JBii4eE /R AR (BH T ) A
W17 SHZ) 5 FAR X (JRIETT CF W& DL/RTT HLBE ) BB IR VLA 224kl SH W dt4s (WM CZ kK
FT ZJK) 14 B, $e BRI K Sl F 58 X 40 AR HiL X (424% CF HLBE (SH \ZJK) | PEdb X (4%
CJ.SHZ . YC) fedtHbIX (4% CZ WS DY) Fl# 45 J5 (245 SZ YL HC \BF) . £ A F st iy b 280 R A< A2 o
P E K (86°2'—126°57" E,35°43'—49°14" N) , Fk (8.2— 2442 m) 43 4i # [l 02 o 4R 3516 1936 LK
=7.9—15 C , H Z b X PHIbH X Al DX EE 4 v SR i AR 25 R 0 o8 0 7.15 °CL7.63 °C [ 15.50 C
1545 °C A FIREK RGN 50—800 mm , Hr AR A0 1l X | PG b 1l X | A b i DX 08 - 8 Dt 11 47 35
JKEAY 324 :410.25 mm .330.35 mm ,614.00 mm F1 332.73 mm,

HRAE T LS 5 W X AL Gk AR S R G BN /INEE ORI P 7 b A 25 3R 58k 1 ol
FEH AR PR LS SR AR SR A IZBEHLEIRE Y Tk, ) 14 A B IX AR B0 & RO iF ) 36 | st ] 5 05
K 2019—2022 4%t FA P R ZS AR ], e 2RI /NAE Bk HEZE R 18 A BORE A 261 14
1.2 Adn AP

He A R P (Life Cycle Assessment, LCA) J&—Fhn] HFPEAL 5 R0 AE Y AT I A b A 7= 58 05 0 hn T
2 FN Ve () A P 0 R A R VRS A0 T3 Bt A ( AR 0 B 3 ) o A iy JoD 300 1 8 U 90 6 R = 2 36
B ik AR SR BR 1SO o A A PN I AR R X, BB 4 BB (1) BRSRITLEIE X
(2) A JEAYE B AT (LCT) 5 (3) ZE A JEIASE M DAl (LCIA ) 5 (4) ffREUARH

e HAR ARG E BB, BRI E ST DR RGEh B Ay ik (B BE R B AR AR RS, T
REp7 A= S RGARME A TIRE  JTHE A S % AR A TN i, 32 LCA MR M IERE . 78 LCT BB, Wi ad 72

TR (AR R RS R R ) |, R ARE B RS R R B B b SR T BE B T 5 A i JE B BR B £
., 76 LCIA BB ARYE LCT BBt i SR8 S 40, Al i 7E PR B 5 78 A= i Ja1 300 gk AR 13 B By B, X6 LCI
I LCIA B BeAS H B 2538 A I AT A A0, SRS A A S B e — e

121 RGEHFA

FYEh A ST MR AR IR SR HE B AN AR O ARSI R G A A TR R
AP iR VE AT (4 R AR 7= 4 B AR A B3R ) A 458 AR ol 9 5 A4 7= B BRI FH [ e FH 5 45 2
BBt EZW . (1) AR R B S BRI AR TEREK R T ) AR i TR AR P e e R R
FABEHERL (RIS EHERUKAR) 5 (2) K27 0 L REML CBRVE % Fh EIE it AE 95 B B3R 55 ) 1) % TR
THFERIASE 2 5 (3) ORI (WS kL sl B B R T Rl 75 055 ) A BE IR T AR FIERBE 52 5 (4) &™)
(FREFFAE) b B, ek B35 A B BE iz fnid 72
1.2.2 DIREHA

A AR 1 o0 3 S8 MR TT A ARG T45 S A R | D RE 7 Sk B TR (A2 B ) RN A F
(BRI WA RS RERAAL (FU) BEE N 1 hm?F1 1000 kg FIA BFC A 1 T5 40 HER0E B4 0L 1 hm? Fl 1000
ke 71, [FIBSPEVEA R B T geit 1 B A= Y DAREA T D RE 07 i 3, T ASRIVE I 4 R
1.2.3 HHSHr

ANBIRGE A 0 5 43 R S s 5 1 ol . RV ETRUR A ) S IR AT S o E E R ST R B (hips ./
data.stats.gov.cn/) ;N P01 K, O 5 A & WARPE A A 545 0, b JIE (JRER, DN i) BRIE (i G iR
B BEIREL , LA P,OsTT) AR (EALER BRERET B AR INAR, L K,0 1) (B A EANREAE B N P,0, M1 K,0 1 F
XN RO E WL = e Z MRS /3 A it PG Je 2 (A Bk VB VB AR A0 AR ) UKV REAE
ARG, A2 T 520 PR BIF 0] 46 T ) B 5 S T & e Rkl 3 ) 2 55 HRAE 2 2 Fn 5 1 58 e ek
BT B4 A 2019—2022 AF R SEN B TR A Y S E IR K RV AR R R A T AR MO A, T T Tk
ARG B TE S 224 A R MR S b R 19 A5 7 JE 0, TH S AR R 2555 MR A B(E . ARFRH
A SEH ORI AR A I REFRAL l BT SE— 45 A (hm? ) o [R)I4 rh FE E J7 Hl IX 2019—2022 4R A A KL
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Fr AR T BLIEA T IASUBCR-EI{H, 7 1000 kg MEFEMANE S RO AR S HEECR , I3k 1 FR.

R1 &7 1000 kg REEMFEBENEGERE
Table 1 Life cycle inventory for producing 1000 kg crops and alfalfa

o i - + Ny POy K,0/ wﬁ ?%Wé ‘ S

Region Location Crop Land f ! (kg hm™217") (kg hm2t7") (kg hm™2t7") Pesmfefl Imga['ons Diesel rfe]/,
m (kg hm™t™")  water/m (kg hm™t7")

PSS HLBE INE 287.90 19.68 46.76 8.95 0.22 86.37 31.97

Northeast region B 274.32 14.41 21.22 6.17 1.21 0.00 12.19

SH Tk 23.46 18.23 6.18 6.18 0.06 0.00 1.64

B 41.50 2.52 291 252 0.01 0.00 1.93

CF Tk 106.79 18.85 18.69 15.13 0.31 320.38 7.12

B 112.44 10.26 17.08 10.26 0.19 42.16 4.99

VAL Mk 247.91 14.14 14.14 14.14 1.86 0.00 47.13

B 157.23 11.08 11.08 11.08 1.18 0.00 19.93

PEb X SHZ N 137.93 11.21 33.87 11.21 0.53 331.03 32.07

Northwest region Bk 60.61 7.20 7.27 7.27 0.00 113.64 8.46

=X 50.42 18.22 4.44 3.90 0.03 113.45 4.69

l INFE 101.53 57.82 18.68 18.68 0.06 197.99 23.61

Tk 98.46 30.72 27.47 0.00 0.00 192.00 13.74

HAE 10.08 6.18 6.28 6.78 0.01 12.09 0.94

YC N 148.15 44.41 25.19 14.81 0.33 221.19 12.96

B/ 101.45 30.43 15.22 0.00 0.00 486.96 5.33

EL 60.61 17.89 38.62 6.06 0.23 363.64 2.12

HC N 334.38 41.66 41.67 41.67 0.50 451.41 29.26

Bk 137.50 79.06 27.50 27.50 0.00 123.75 7.22

HAE 109.48 32.84 0.00 0.00 0.16 53.32 3.83

AL X CZ N 29.56 5.84 7.65 5.58 0.02 0.00 9.37

North region B/ S 17.38 3.34 4.04 3.34 0.05 0.00 3.30

ELG 25.34 5.70 2.92 0.00 0.05 0.00 3.21

DY INE 194.66 82.87 34.28 33.22 7.42 467.18 11.70

B/ 115.53 44.12 20.40 18.00 3.15 69.32 5.15

HTE 22.94 20.65 7.41 7.41 0.01 11.47 1.82

WS N 111.39 69.68 27.83 27.80 0.05 267.33 6.69

B/ 46.39 28.82 11.58 11.58 0.02 18.56 2.07

HAE 66.67 46.67 16.67 16.67 0.02 13.33 5.30

HEER SZ E5P/S 102.56 25.85 5.54 5.54 0.02 138.46 6.30

the Loess Plateau HAE 39.19 30.81 3.76 376 0.01 35.27 3.07

YL ES 148.15 26.89 128.22 18.89 0.13 31111 7.44

HAE 27.78 542 25.00 3.54 0.09 31.94 2.18

BF ES 32.96 10.75 20.78 8.03 0.28 86.52 1.09

HAE 77.10 0.00 63.61 23.13 0.08 202.40 7.61

HLBE ;P& DU/R T Hulunber; SH; 224617 Suihua; CF: 7RU&T Chifeng; ZJK: #8511 T Zhangjiakou; CJ: 75T Changji; SHZ: A F 117 Shihezi; YL Hi#kTH Yulin;
CZ: 1M Cangzhou; WS I £ Wenshang; DY : A% T Dongying; SZ: ¥ Shuozhou; YL AfAKT Yulin; HC . #E3EL Huachi;BF ;5 F-& Baofeng

1.3 HEEEmIE

X LUAZ SEAL Ge A O AVE 18 REH A 28 RG22 57 ) 75 S IR BE A1 B2 PPAL & A PR35 I 55 IRTH € 75
G HE R R A1 ER S5 e (4 SR AR, JRVEE— 2 R R LCA 194328 RRIEAL AR AL "™ 3 T3y
Pio BOE, NPIR A S RGN F2A P RHIE 22 5 R SRR RB IR IHAE | T o5 T AR K BEIRIHAE | ke
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WV g2 PRIERRALIE 11 RS J13X 6 IR RS AL 2 L Horh RRIR | b B IR B OK BRI AR 4y
BILLAE™ 1000 kg 140 B RE S ARG | Ll o5 T AR R K2R . ek e i ) ARk 7y S
BT TR S B R 435I CO, S0, (PO, 3k 0 S5 A oAb i R F B2 4 i 2R 8K, TR R R
W, O T RUEASBIFTE Y 14 AW S AE [ — K AT FOAE, 2k — 0 2R AT I 0 NS BR324 S R 058
SN HEEIEATRR AL B 353 b AL 5 i X AL ek RS i B A= 28 R 507 Hh 1000 kg FEMIXS FREE 255
AU

x2 MEMEHHEEESNE

Table 2 Normalization values and weights for different impact categories

SR A iy B b AR
Environmental impact category Unit Reference value Weight Emission and equivalent
coefficient
AEVE Y #E Energy depletion MJ/a 2590457 0.15
+HFIH Land use m? 5423 0.12
JK BRI HE Water depletion m? 8800 0.13
€O, (1)
AERAERE Global warming kg CO, eq 6869 0.12 €O (2)
CH,(21)
N,0 (310)
S0,(1)
78V L kg SO, eq 56.26 0.14 NO,(0.7)
Environmental acidification NH,(1.88)
NH,(0.35)
B 3%1L Eutrophication kg PO, eq 1.88 0.12 NO;-N (0.42)
NO,(0.1)
2 HREHW

2.1 RS HRTE T8 B AR S RS RN R
2.1.1 ARG IR 1 R AR S R G BE VR TH FE

TR BB U5 SR AR 0 A 7 O BRI, R SR ANAR 77 i R 5 BT AR R I RR VR, A5 ek R i 1 R b A=
BARGIRBIRNEAE T E R LT FUR R G MR G A ™ B B, A B VE A 7 A = i R v ) R VR T #E 34 5 AR T it
FEYIAIS, BARRE G LA A 32, & 2 oA, 242 7= 1000 ke MEEVEYITHFERIBEIR R 294.99 M, T 4 =
1000 kg Fi 75 THAERETR N 1922.57 MJ, fEEINAEML T 31.21%,

FE b 75 Hh DX RE IR A A6 19 I 25 Rp A A 3 22 5 (181 2) o AN IR IX R AR P g B TR AR R B 1 4 i I
(4664.81 MJ) >F2dtHh X (4244.83 MJ) >PHdbHIX (3432.89 MJ) > b X (2321.12 MJ) , FHA PG b X 483
) F K BB VA AE (8309.95 MJ) £ 2, ARl X BUE 18 GE R IHAE R B ARt X (2567.94 MJ) > o /5 5 (2203.
35 MJ) >P5dk(1737.13 MJ) > 74t (1296.85 MJ) , HirhAed bl X350 1 A9 18 BB S TH #E (4923.52 M) e 2, T
XA AT AR R IR 0 e KRB, B A B AR S R TR Gk T AE R R G0, HA B 1 B8 IR & e g b
FBEVR 7 4H
2.1.2 R ANE 15 R A A8 R e ) - oA

A R RAL Gk HRTE 5 R AR S R T E S R0 — A E R, &3 RAL A 1000 ke EAE
d 5 HTERL(72.11 m?) FeAE = 1000 kg MEETEY) T L HUTE A (127.87 m?) 2D 43.61% , B H 75 F b AR 25
ARG WAEGAR A S RGN T A T (R R, AN R DX b b R A7 25 5, 52 3] X B A 55 1)
MR (K] 3) o AN X0 AR 0 4 s A AR R A AR b IX (166.52 m?> 8 £ & R (151,11 m?) >4
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B2 ARAMREERASEEEMESREMNRRHERE

Fig.2 Energy depletion potential of traditional cropland and alfalfa grassland systems in different regions

JEHIX (108.02 m*) >EILHLX (85.82 m*) , Hir Z< b X WEAS DL /R B9 /N2 i 3 i B (287,90 m*) fie %2, A
Ivi] X35k i 7 1) = o A T AR SAE AR R], R0 R 2R Jb X (146.37 m?) > 8 + @& 7 (63.39 m*) >Pidb i X
(40.37 m*) >*EJb X (38.31 m*) , HerP R b X R4S DL R E 7 o5 i AR (274.32 m? ) |2,
2.1.3 RGN E T R A 25 R G R K SR IR T FE

I 4 AT AR VR K JR 70 2 E R Lt 57 4, AK WS URTH AR TR 200 179.53 m® , {H 1 7 W I 1l AN 35 ik
s, B /DR P AT HE I, K BRI AR RN 65.65 m®, AN [R] X BUME VR W RE K R SR B A P b b X
(257.13 m*) > + 5 5 (222.25 m®) >HEILHLIX (137.06 m®) >ZALHLIX (101.69 m®) , ForhAE b X ik B 1Y &
KAEIKHE(486.96 m® ) i % . AN[A) XS E 5 FE/K i B B0 M P AU b X (163.06 m® ) > 8 5 )5 (80.73 m®) > 7=t
HIX (10.54 m®) >AEJLHIIX (8.27 m® ), HerP AU b X K B 1B 78 FE/K B (363.64 m? ) Fe %
2.2 ARG HURN 75 B AR 28 R G BREE R I A
221 EGA RN T8 b A 28 RS AT AR HE L T

WF9E R FH 25 R B0 RS BRI 7 AL G A T RIS 7 B i 2k 25 R G0 7 AR IR 28 AR 20 1A 2104.24
kg CO, eq Fl1 1197.43 kg CO, eq( &l 5) , SRAEYIH LL , B 75 Mok 35 /D HEHOE 2 K 43.09% , Bl 906.81 kg
CO, eq, X F B F AR BT AR FAYEDIHRA YRGS DU 182 | IR RE A 5% 10 TF R A AR 7 o A
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3 TRBRESKBSEEEMESREH LR AER

Fig.3 Land use of traditional cropland and alfalfa grassland systems in different regions

FPA R €O, (CH, \N,O IR AU, AL G4 HAE S R R ERE R R TR AE S RS,

ANTA] DRV E AR 00 e AR W v 0 (181 5) R BN VE AL HEIX. (1941.48 kg CO, eq) >B{ T = )5 (2493.80
kg CO, eq) >HEJLHIIX (2234.14 kg CO, eq) >ZRALHLIX (1747.53 kg CO, eq) , b X 478 1Y /N 1 i
SARZEWETE 11 (4096.84 kg CO, eq) e K, AN [m] DXl A b A e 42 B2 1 0 6 30 g A2 Jb Ml X (1823.50 kg
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Fig.4 Water depletion of f traditional cropland and alfalfa grassland systems in different regions

223 g HURE 18w R S R G 0w S SR LT

WFoE s & E SR i 2% 18 5] PO NH, \NO; Hil NO_, & 44« HRT & 15 R4 A= 28 R 447 1000
kg M EVEYIRINE T 7= A ORI 8 R AR (I 7) 435108 52.03 kg PO, eq #127.69 kg PO, eq, B & Hi L4
REWE EFRHEBR LG R ESREA L EE RS RS 46.78%,

ANTa] X Sl VE R 1 T 38 3R A ) R B R B 4R i (65.10 kg PO, eq) >HEJLHIX (61.87 kg PO, eq) >
PU-b X (49.48 kg PO, eq) >ZRJLHLIX (31.68 kg PO, eq) , HrAEIUHLIX 78 /N7 B B SR AL R (130.21 kg
PO, eq) fxim o AN DX E & FE 0 & B SR 0E T HET S AR VEWHRTE, Rt b1X (37.85 kg PO, eq) >H + &
JE(30.82 kg PO, eq) >PHILHLIX (24.55 kg PO, eq) >ZALHIIX (17.54 kg PO eq) , Hri b X0 EAYE 1551
BT HRZ M EEFR(72.54 kg PO, eq) .

2.3 LG FRTE 18 R AR 2 R G0 0 A i S A PR B 5 i 8 5L

ZoAREAR IR AL Gk FEORITE 78 R AR 28 R G 02k R A BE 2 i P8 A 18] 8 b Ak J5 AR b X A%
G AN 15 F b AR S R G IR ER LR A 52 A8 050 1 R 0.1563 1 0.1260 , PG -6 X 1% St 4% FH AT 75 B A
BRI LE G MR R 08 0.1567 1 0.1276 | HEA0HE X A% Ge A TR E 45 LA B R B AR LR A 7

http : //www.ecologica.cn



24 RIGEEL AR JET LCA MR SR -5 S R AR 52800 o B 9157

5 FRMREGZRESEEEMESRENSBEEEEN

Fig.5 Global warming potential of traditional cropland and alfalfa grassland systems in different regions
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Fig.6 Environmental acidification potential of traditional cropland and alfalfa grassland systems in different regions
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Fig.7 Eutrophication potential of traditional cropland and alfalfa grassland systems in different regions
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Fig.8 Life cycle environmental impact index of traditional cropland and alfalfa grassland systems in different regions
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