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A TG TR AR X BT RAEER FR I NS AR X R b 2k 14 B X R O JEBTECE |, 15 A i
WIFAY (Life cycle assessment, LCA) Jyik o v [l 6 5 AL Gk TR E 4 Rt AR 25 R 98 4 4= i S 30T 1 RE VROV 6 | 3t R /K 96 9
THAE R ISR 5 B SR /R R B IR FE RS W AT 0 . 5 LCA T 6 T T W 26 41 A= 7 B $R 58 52 0 73
e IRFEZ T TEAEAO PRI ST TR A AT R L S A GEAR FH R 4 B A 25 R G PEIR B A TP 800 09 2 S R E . S5 SRR
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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 Hebel 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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TTEREERON VA, BN, Carlson A=101 RFR 2000 AFEABRAR FR 28 SR HE SRl 1994 Mt CO, eq, 5 A MHEL
(4.5 £ 4.9) % , AR EW AR T80T IR E SR K AEHEI Venkat! ™ SR AL A JE PR (1977 12 1
BT EE T A T KT AR AR 7 2R G 2 SCHERUR K 75 Y HE L ; Prechs] 25" ff FH AL i JE 00300 7 904G
T VGBAFN /N A P2 ) A ERAR I T 77, Lucas'™ AR @ VIR ik, RS T 0N 12 FhiEd 6 A HLA%
GE Ry 2 AT A SMARHERL ; Ulrich ™' MK B IR)RBE HE %, i 8250 1 Hi -t 6 4F B4l 8 4 i B b A
55 %o PRI K B 50 s Dekamin 551X GHUTIEMEY) (KT 240K SN ) (Y PRBERZ 0 |5 /K R -+ b R
TEOLHEAT T A A EAPEAL | 25 SR B = AR 9 2R 85% 52 ) 32 2ok | FAUIE | S B be A Mk B 1 e ik
L, PR AORIFSE 5 B R AL SRR b W U5 T FE R PR B3R AU R Lo 2 X A A PR K N O T RN
[ S e E B P T = 15 S VAR 1 ¥ € ) [ S - ki e B Al 5 e s o S R S | NE R e
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RN R 2 22 52

RS i A 235 40 18 5 A T D58 T R B35 52 1 T ) A 5 4G AR /D UL A 53 6 A% G A FERI 17 7 e o
AR PREE S A A 72 i RTINS [] DX A MR A i 2B 7™ o B b %) R 2252 ma 25 4 AU [R)
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Fig.1 Location of the research sites in the northern China
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BRVG A AR YL ILPG W T Sz 7 B IR AR X (BRI F B BF) JBrdea /R AR (& G A
WP SHZ) NS AIEIX (JRIET CF WS IL/R T HLBE) B Jp T4 224k SH At (I INTH CZ 3k %
F ZIK) 14 I, #e BASRARE K Sl 58 X 40 AR L i IX (f24% CF HLBE (SH \ZJK) | P4t IX (4%
CJ.SHZ.YC) AEdtH X (G045 CZ WS DY) Fl#E 5 )5t (245 SZ YL \HC \BF) . & IR 14 1 JH R <A A8 1
5 FE R (86°2'—126°57" E,35°43'—49°14" N) | MK (8.2— 2442 m) 234 G )12 . 4F S B N
=7.9—15 °C , AP RIbH X PUAtH X AEdb i X R + 5 B A 4R 2 R4 Bl . 7.15 °C \7.63 °C . 15.50 C
H1'5.45 °C ;PR REK 8 R 50—800 mm , FErb AR b X | PU At dth DX | A8 b b DXORT 88 - &g St ) 41 1
KP4 :410.25 mm 330.35 mm 614.00 mm Fi1 332.73 mm,

HRAE TR Z5 IR T IX AR G AR S R G E 2N/ N FOK G T H | 7 B A= 25 3R 458k 1 1 il
T, R EREES AR RS BN 77 | 100 14 A B IX AR 40P & ORI A [l 4 s 8] 759 55
h2019—2022 4F, W FAR R RE LS AN ], Se 3R BUN /NAE | FoK JHEZE RN ET T B SRR AR Sy 261 17
1.2 Adn AP

He A EIHHPEAT ( Life Cycle Assessment, LCA) J&— AP o] F-F -l 3 A e DRG0l A= 7= e I8 Al n Tk
FEENVEYy H () A 77 i A DL AR 5 N T2 i B (AR 5 B 8028 ) B> A= i J) 10 %) 9 0 #E ™ A 24
B Rk AR ST BRSO it A A A VA A0 R e S, A 4 B (1) BERRFIRE R E X
(2) A R B A AT (LCT) 5 (3) AR A R M PPAl (LCIA ) 5 (4) fiR A il

1E HER G LB, IR T DIRESA R G A A vk B B B B AR A S L T
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F R CAn R Rk (R A A i B RHE R ), R AR B AR AN BB B b S ) R R B AR i A 3 A 5 £
1, 76 LCIA BB ARYE LCI By Bead i AR S0, Al i 7e PR B 5  , 76 A= oi Jo] 3UA ik R 136 BA B B, X6 LCL
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RGuih P LT WP R AR B AR HE I ARG AR I RGN R B T AR R
AR B VR AE 18 0 F R AR 7= A B CONIB P B ISCER ) A 4 AR b 9% U5 A= 77 B B R R T i P 5 4 3
BB, FEWS . (1) JEMRH R IRE R B Ao R EEIEZK H T ) BRI 0 T AR 7 v ) 5 R FE
FEREEHE (BIRA  RIERUKRAR) 5 (2) AR Z1 P R (BFE 3EFP R i AE 5 B3 B IR 55 ) B e R
THFE RIS SR 5 (3) WOARIA T (U kLBl R B IR T R el 55 056 ) A BE IR T AR FIERBE 520 5 (4) &I ™= )
(TEFFEEY RbTE AR AR AW B Bz it 7
1.2.2 Thfgsd

AT B EZE IS HR T ORG24 SR A vERR | D RE SR A B TR (A B LA 7
(FENE) , WA B DIRERANL (FU) BERE N 1 hm F1 1000 kg, A BIFEA TS H V5 4 HERGE B350 1 hm? F1 1000
kg i, [RIA 7R A ) B fh Gt 1 BAAE A Y ABER T SO RE A7 A T T A RIVE M B 45 i
1.2.3 HHROHr

AW FE e FH I BE / h 9 R B e 57T R e . R m AUk A SRS b E R R S8R B (hips /7
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ARG, A2 R R G b i B2 s S H &t ORE 1 ) 2 5 HEE 2 2 R 5 B 5 % e fnek
Wi A AR 2019—2022 AF [ SE T B T AR Y 5 IR K SR T AR R R A T AR IR, BT E bR
ARG B TG S 224 A R R AR S b R 1 A5 7 JE 0, TH AR NE R 2 AE MR A BI(E . AR FRH
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e A T REA T I ASUBC- 34 (6L, 4257 1000 kg ARELFEPIATEN S 10 IHAE S HERCR , I3k 1 o,

R1 EF1000 kg REEDTMEENESEARFR
Table 1 Life cycle inventory for producing 1000 kg crops and alfalfa

K i 9 + 3 Ny P.0y K,0/ ZU’J «ka% ‘ S

Region Location Gop ™ g b ) (kg b2 ) (kg e/ mition Diesel fuel
m (kg hm™1™")  water/m (kg hm™217")

s LIES HLBE INE 287.90 19.68 46.76 8.95 0.22 86.37 31.97

Northeast region X 274.32 14.41 21.22 6.17 1.21 0.00 12.19

SH ES 23.46 18.23 6.18 6.18 0.06 0.00 1.64

B 41.50 2.52 2.91 2.52 0.01 0.00 1.93

CF EXS 106.79 18.85 18.69 15.13 0.31 320.38 7.12

X 112.44 10.26 17.08 10.26 0.19 42.16 4.99

ZJK Mk 247.91 14.14 14.14 14.14 1.86 0.00 47.13

LG 157.23 11.08 11.08 11.08 1.18 0.00 19.93

[UiE[&:L1% SHZ. INE 137.93 11.21 33.87 11.21 0.53 331.03 32.07

Northwest region Tk 60.61 7.20 7.2 7.27 0.00 113.64 8.46

X 50.42 18.22 4.44 3.90 0.03 113.45 4.69

Cl N 101.53 57.82 18.68 18.68 0.06 197.99 23.61

ESV/N 98.46 30.72 27.47 0.00 0.00 192.00 13.74

ELG 10.08 6.18 6.28 6.78 0.01 12.09 0.94

YC INGE 148.15 44.41 25.19 14.81 0.33 21.19 12.96

£k 101.45 30.43 15.22 0.00 0.00 486.96 5.33

HAE 60.61 17.89 38.62 6.06 0.23 363.64 2.12

HC INE 334.38 41.66 41.67 41.67 0.50 451.41 29.26

Tk 137.50 79.06 27.50 27.50 0.00 12375 7.22

LG 109.48 32.84 0.00 0.00 0.16 53.32 3.83

X CZ INE 29.56 5.84 7.65 5.58 0.02 0.00 9.37

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

ELS 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

£k 115.53 44.12 20.40 18.00 3.15 69.32 5.15

HAE 22.94 20.65 7.41 7.41 0.01 11.47 1.82

WS INE 111.39 69.68 27.83 27.80 0.05 267.33 6.69

X 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

E+ER Sz Tk 102.56 25.85 5.54 5.54 0.02 138.46 6.30

the Loess Plateau G 39.19 30.81 3.76 3.76 0.01 35.27 3.07

YL 5 S 148.15 26.89 128.22 18.89 0.13 31111 7.44

HAE 27.78 5.42 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 ;"4 DR 17 Hulunber; SH; 2461 Suihua; CF: 7RI Chifeng; ZJK 3K 11T Zhangjiakou; CJ; B 75T Changji; SHZ : 13 Tl Shihezi; YL: Mi#KT7 Yuling
CZ. M Cangzhou;WS;‘&Lg Wenshang;DY;}J{ﬁ'ﬁf Dongying; SZ .M Shuozhou; YL ARAKT Yulin HC . #E3b-H: Huachi;BF; 5 F 5 Baofeng

1.3 BSR4

X LUAZ AL Ge A AV E A8 RE A 28 R GE IR ) 22 S ) 75 S IR BE A1 B2 PPAL & A PR 5 I 55 IRTH A€ 75
YL HE R BT S8 PR BT R (4 SR AE, SRV — 2 R . R LCA M40 28 RRIEAL AR AL 3 25315y
Bio BOE, NPIA A S RGN 2 A RHIE 22 5 R IR PRRB IR M AE | T 5 T AR K BEIRIHAE | ks
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WV 112 PRERRALTE 0" R E SR Ty 6 SRR ALY Horh RE YR L b b B IR KK BRI AR 4y
BILLAES™ 1000 kg MEYIRORE I AR | b dth o T RS T K iR . RIS N ) (BRIRE IR AL ) i
BT TR S B P 435I CO, S0, (PO, R 3EE ) 454 oAb i R F 22 4y e R 8K, TR RS
S, O T ORUEABEFERY 14 AW G AE ] — K E AT A, Bk — 20 % T NS89 R 5wl o A D 3085
SN HEEIEA TR AL B S5 b AL 5 i X AL ek FRTE i B A= 28 R 507 H 1000 kg FEMIXS BRSO 255
LA

x2 MEHMEHHNEEESNE

Table 2 Normalization values and weights for different impact categories

IREE R fy PR AL W HREE
Environmental impact category Unit Reference value Weight Emission and equivalent
coefficient
AEVRIEHE Energy depletion MJ/a 2590457 0.15
T A Land use m? 5423 0.12
KRV AE Water depletion m’ 8800 0.13
CO,(1)
42 BREWE Global warming kg CO, eq 6869 0.12 €O (2)
CH,(21)
N,0 (310)
S0,(1)
Wk kg SO, eq 56.26 0.14 NO,(0.7)
Environmental acidification NH;(1.88)
NH,(0.35)
& B34k Eutrophication kg PO, eq 1.88 0.12 NO;-N (0.42)
NO,(0.1)
2 H#REHW

2.1 fEGR AN 78 B A S RGO RN FEIT M
2.1.1 ARG RS 5 F AR S R G BE R TH FE

IR E RE VTR AN AR B8 A5 7 5 S AT, TR N A 77 o B 75 B TH AR K A RB IR, 1% Ge 4R R i 78 B hb Ak
BRGRIREVRIEAE 2 R AETE R R G B2 A 77 B B, B VR R E 78 A b 78 b R RE IR S AE 38 5 A T it
FH#EVIAIOC , HARREE LA S 32, fr & 2 a1, A2 7= 1000 ke MEEVEYITEFERIRETR h 294.99 MT, 1fii A= =
1000 kg Fi & IHAEREYR A 1922.57 MJ, BEVRINAER /D T 31.21%.,

F R AL T 1l DCRE PR TH G A I 25 R R A AR 35 22 5 (81 2) o A ) XA A i T AE 2 30 D B v it
(4664.81 MJ) >#2dtHh[X (4244.83 MJ) >PGdbHIX (3432.89 MJ) > b X (2321.12 MJ) , FHoHr g b [X A8 3
) E K BE LI AE (8309.95 MJ) % . ANIF| X I 75 e ft T AE R I A AR AL HIX ( 2567.94 MJ) > #5 + 5 i (2203.
35 MJ)>P§dE(1737.13 MJ) >Z:46(1296.85 MJ) , HAEJb M IX 3 b I T F5 RE LV AE (4923.52 M) ik %, T
XA A IR I 75 SR B, B A8 H b A B RGBTSR MA S RS, HATH & 0 3R e b
FIRETR T4H
2.1.2 ARG RS 5 R A 8 R e i)+ b A

MR RAR Ge g RS 18 FE A S R G TR L5 B — DB B, i & 3 ATH, A7 1000 kg H A& 1Y
Ftth AR (72,11 m®) HEAE ™ 1000 kg MEEAEY) B MR (127.87 m?) 2> 43.61% , Ui BH 1 45 S A 245
ARG WAL A S R G T A T i B R A, AN [R] DX ) b b ) A7 22 5, 32 3] DXl A B 1)
MR (K 3) . ANRIXIAR EAED % R AR RIS AR I HLIX (166.52 m* > B £ & JF(151.11 m*) >P4
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Fig.2 Energy depletion potential of traditional cropland and alfalfa grassland systems in different regions

JEHIX (108.02 m*) >TEJLHIX (85.82 m*) , Hirh < b st X WEAS DL JR B9 /N2 i L3t i AL (287,90 m*) fe &, A
I7] D3 1 7 1) R R T ARHE T S VR AR R], SR BN AR I X (146.37 m?) > ¥ 4 & 51 (63.39 m?) >PHJbH X
(40.37 m*) >HEJLHIIX (38.31 m®) , HeA AR AL X IRAE DUJR B4 B 7 o5 T AR (274.32 m?) | 22,
2.1.3 RGN E T R 38 R G K SR IR T FE

I 4 ATAT AR EVEDE I K UR 70 2 E R R0t 57 4, K WS TR AR IR 200 179.53 m® , {H 7 W T 1 A 3 ik
B, R e PR AT HE I, K IR A AL 65.65 m®, AN [A] X U £ 1 By R K I VY b M X
(257.13 m*) >+ 5 5 (222.25 m®) >HJLHLIX (137.06 m®) >ZILHLIX (101.69 m?) , FHerhAE AL X Kk B 1Y &
KA/ (486.96 m*) w2 . ANIF] XI5 75 FE /K B R 0 R P JL HELIX (163.06 m®) > B + & 5 (80.73 m*) > At
HuIX (10.54 m*) >AEALHIIX (8.27 m*) o rfrAdb i XK & i B 16 #E /K 1 (363.64 m ) I %
2.2 fEGUAR RN E 78 o A 25 2R 40 AR BE R IR DA
221 EGAH RN T w28 R G AT SR HE L U]

WF9E K FH 25 R B0 5 RS BRI 7, AL G A T RIS 7 el 2E 25 R G0 7 A IR 28 SR 20 1K 2104.24
kg CO, eq Fl 1197.43 kg CO, eq( &l 5) , SARAEYIAE LL, B F Fhs -2 /0 HEOR % <4k 43.09% , B 906.81 kg
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Fig.3 Land use of traditional cropland and alfalfa grassland systems in different regions

FEAE K CO, CH, \N,O SRS SR, i G GRS RGN SRR 80E TR AES RS,

AN TR X S A AR ) A AR B 7 (1 5) R PE AL HLIX. (1941.48 kg CO, eq) > + 55 (2493.80
kg CO, eq) >EJLHIIX (2234.14 kg CO, eq) >ZRILHBIX (1747.53 kg CO, eq) , HrPAEAbH X 258 1) /N2 3 A
ARSIV 71 (4096.84 kg CO, eq) TR, AN [ X Ik 1 75 b AR 16 2 A0 20 0% 95 ) 6 B R AE b ML X (1823.50 kg
CO, eq) > T =R (1164.59 kg CO, eq) >ZRILHLIX (923.245 kg CO, eq) >PulLH1IX (878.37 kg CO, eq) , Hrh
AL b DXV N 1) 18 1 1 B SR AR B 17 (2385.15 kg €O, eq) XK,
2.2.2  ARGEA RN 75 5 A 25 R G0 IR IR B R Ak T30

M1 6 AT AB5E 4 T FIE 75 55 A 28 RG22 1000 kg A9 FIE 78 77 A 1Y 36 58 R Ak V5 1820 90 Ky
1835.37 kg SO, eq F1912.67 kg SO, eq, S EVEYIALL , B 18 A2 20/ DHEIL 50.27% (922.70 kg SO, eq) .
AN TR X AR A E D A A S R AL T8 R B 3 £ 5 )50 2089.17 kg SO, eq) >PEILHBIX (1836.41 kg SO, eq) >4E
JEHBIX (1939.44 kg SO, eq) >Z<AbHh[X (1476.45 kg SO, eq) , HiP A& X 50 1 A/ 22 3t Bl Y 3458 R 1L 78
(3305.60 kg SO, eq) fc K, AAN[m] DX 5 R () SRS RR A T 0 2R L A8t b X (1178.30 kg SO, eq) > BT 75
JHBIX (968.09 kg SO, eq) >PHILHLIX (754.77 kg SO, eq) >AALHLIX (749.50 kg SO, eq) , HehAEAbHl X M ()

B T R PR R AU 17 (2246.80 kg SO, eq) T K,
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R P B R & E IR Y T 2% E] PO NH, (NO; M1 NO_, £ 404 H A 75 b A= 28 R 484 7 1000
kg MRLEVEW AT fs 7 AL WA B B B AR AIE (&1 7) 435112 52.03 kg PO, eq F127.69 kg PO, eq, B 1 HEHIAE
REME BEFRUEBAR ERR I AERREA T R AR RS 46.78%

AT X S VYRR ) T 8 SR AT D R B B 1R (65.10 kg PO, eq) >HEJLHLIX (61.87 kg PO, eq) >
PadLHIX (49.48 kg PO, eq) >AILHLIX (31.68 kg PO, eq) , Hi b IX 478 B /NE B FRALFRRE (130.21 kg
PO, eq) fiimi o AN[A] DXIUE A& R 09w 8 SR8 R SR VEWARTE] R0 1X (37.85 kg PO, eq) >B{ + 1
Ji1(30.82 kg PO, eq) >PHILHLIX (24.55 kg PO, eq) >ZAJLHLIX (17.54 kg PO, eq) , HArAedt st X e i E 15 51
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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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