FRAE L]

DOI;10.13878/].cnki. jnuist.2022.01.011

HEOMESD IR ARE sk

TSR Y B AR TRE 150 25 B SRR 5

HE

LA ARER B SR, A B
HEI2REMAEFBRETHFHETILE MR,
THILHREZ M AR R AT RRILE R
BR A B &, K AR P FARYE. A R A A4 R
BN (LCA) A Him 254 1990—2019 K45 |
WNE ER KEAEES FAEHE T RER
TR HEA R B R AT R B AR 4 A A R B
B AT MRAHwE . EREN 30 F
IHABEEMEMAE TSR ERRTETEA
B BAs @A LT 2 LA R R B AR A
B RIE (1% kg (CO,-eq) -kg™' ) KA 5 &
A E(1.74)>K4(1.36) >4 %(0.99) > =
K (0.81)>K 2(0.64) A s RIEM R T 45
W CH, #k (54.43%) A= LRI (20. 65%) 5
ARAG A AR AT Bk OR FAR A 5 TT R BAK.L 3
hE ER KEfHEMRT, RRARTHABL
TR AR BGAS Y ANEEANF L
N, O HEsk , AL 557 8k b & 400N R AR 5 A7
FW AT RIE R R AN EALE R R
BRI IR A R IR ) B E LB s SR B AR
My A FE R IAT X 0 R R HE R RN
ARERE S @A AT , AR RLEES
K.
KA

BRI B EA, R RS, A
& B R R AT

FEHES X820.3
XHEFRERS A

W FBHE 2021-12-15
REME LA SKAA T H (INH
B-061) ; A5 B TR K51 AA T sha 3
(2018:038)
fEERBN
SRABLT 2 WA WE ST 1) R PR BE T e
PEHIHLIE S 45 R .20191212029@ nuist.edu.cn
Beatve GEIEVER ), B, W+, 802, 5
5 ] F PR 32 jlfan@ nuist.edu.cn

| MRFRTREKSE WERl%E TR%ERE/
TTIRAE RS FREE W I 5 95 e 4 i o B AR
FUE M B/ R 5 4 & H R Y )
AHTHL, B AT, 210044

2 MARERTERY BT, BEa,210044

3 MR TEAYE MAREYE, M,
210044

0 58

RN ARERAAEAR A 1 55 e 45 25 10T 2009 4F 11 H 25 H
FE T #) 2020 A4 [ HLA7 E N A BV CO, HERCE 2 2005 4F R BE
40% ~ 45% (%) 5 br. ] 2019 4%, o [ Bk HE R FE #2005 4 B AR
48. 1% AL AT RETE 5 — WK BE R T 2% LU 3K 15. 3%, 37 —4F 58 i3k
EXFAMR I 2020 4F H bR, OS5 FGHE ) B Rk s HE DTk i 2
(A R %, BB G .. 2020 4F 9 A 22 H, IS g e £+
FRBA E RS — ARSI A R EZ PG, 48 b BRI 3 & B A
H =Tk B SR ECE A ) AR I , CO, HERUI 4+ 2030 4T
TR ENEAA , 8% 14 B 2060 4 Fif 52 BLAR oA . 3X — 2 E R O 3R E
XA SR AR R R BRI T Jr 1 4R 5| BRI T A A bR
A TR DR R 0 A SR L TR A L B R A SR A S ks WAl T R
FIAERR TR, g BV P26 L3R T IPCC 55 T YT R 45 22 B 4R b T 0
FARHERL BRI SRR A 24% T 40l B e (CH,) il
AALTW A (N,0) HEBCR 43 5 2Bk A CH, FT N, O HEBCR Y 52% il
849% " SALGERRHERAT VAT T A ), 4Rl A B LA Bk Y5 R e Y1 XL
JE AR SRIEHE TAE R KA A

HRiT, Al 2 RE G 2 1 AR 98 IR 24 o 5% 5 = A 73 1 Lo Pk A
RRABAR M2 A R i J 1 b SRR A% il K 0 A S — ol L2 4 T A £
il NZEIE BRI 7= A 52 W 0 e 2 AT B A T A, e
A PR 2 (LCA) A H ik A A2 8 A kL
DA A0 2 DA [ o 8 A8 b 7= ik HIE R Al J2 320 ) R T g 1 A Gk
5%.Sanz-Cobena %5 FLA A M T N [ 87 B it T A b i3 == S A HE K
W7, 5 AR R KEEE R A R AE P A AT kb 509% 9 N, O HERL,
A HERERALAEAAL AT LA D 20% 9 N,O HEHL, i 7] DU & /e 7
TG AR R N 2R XA B FE T A 5T B i £2. Cheng 25¢ 32
R G HEBARTAG T3 1993—2007 4F A & VE W A= K 05 230, &
P14 A7 () LR E AR VR AR P e HE R RS 119. 5 M, EY B0 TR
FRBR 5K 0. 78 £0. 08 t( CO,-eq) ~hm ™, B P2 Fa ik S 75 K 0. 11+
0.01 t(CO,-eq) kg™ Yan 217 DI AR 1 IX N BF 58 X 4, i ad 4R
F Il IR A S T R E R AR B E Y AR R, KRS N R
K =M AE Py A T R 328 5331 6. 0+0. 1.,3.0+0.2 Fl 2.3+
0.1 t(CO,-eq) ~hm™ ; HL{7 = & /& 78 43 51k 0. 8+0. 02,0. 66+0. 03



B AR 25 2 O ERRRERD ,2022,14(1) 1110119

Journal of Nanjing University of Information Science & Technology ( Natural Science Edition) ,2022,14(1) :110-119

F10.33+0. 02 kg( CO,-eq) kg ' BRTT, KT KA )
Al A A2 35 B 25 AR Ak B AR DAl A B ST IR AR 2.

AR SCR A A T (LCA) J5 A @R AE )
A PR R ST AR ALY | ARl 28 B 2K P 57 4 [ 5
ZVTIRE AR SE XSRS e A P R R R
HDTERR K IIK R /NAE | Bk KRN 5 FP AR
YIFFREAFIE. 2T LCA 4 8 i i 2 38 FAN A5 28 X VT
A 1990—2019 4F 5 Fh Yy 4 Az i J8 013 2 o ik
HERCRE B IEA T4 HT F 9T B 24 . 1) FIH LCA %
AMZEILI KRS /NE | FoK R G HIEE 5 FifE
WAz 7 i JE 300 B CAR) B, R R U VR P A 7 it AR
TS IR iR HE UG B, LR VIR ARl A 7 E
VR THFE S A PR 52 ) (1) T B4 4 5 2) R LCA Jy
PATEILIE 1990—2019 4k 23l i 5 sh 2528 1k
BEXHE R £ 1 SRR AR YT BEUHE R e, 25 & A
[l i Ml B3 A R A8 B it P DR HE VS g, B R R TR
B EEAEY A TR R i BRI B R SR 0 K
JRFE PSR AK .

1 XL

YL b Ak ] K il 2R A 0 Vg b IX (300457 ~
35°08'N,116°21" ~ 121°56'E) , 44 (5 #u i 2 10. 72
J7 km*. 1990—2019 4 &4 B K =R 1 036.7
(736.6~1398.5) mm, & FHEEHT 7] W FAay 19 1o
PEAME LI FEALFEAC L Febg 4 S J5 S8 £ 1
FK I 430 = KRR I 9 224, 1 k™) 1L
] AR K, R SR T ALY 40, 72% , KRS
w2, b e T AR 36. 03%. ) + % )2 H AL
BB BT 10(5~15) g-kg™ , A
S3ECR 1(0.6~5) g-kg™ s KR+ RZ TR B
KB 18(15.2~28.4) g-kg ™', AR
B4 0.8(0.8~1.65) g-kg ™.

AP TE ALH 1990 41 6 836.79%10° hm®
FEARZE 2019 4E14 4 205. 40x10° hm? ' 1990 4EVT. 95
EWERTE N 3230.8 7 t(54E7.24%)
2019 A A B Bk F] 3 706.2 J7 v (5 A H
5.58%) ;448 A AL it F 1 B 1990 4F 1y 221. 8
T e EEINE] 2019 4R/ 286.2 1 132019 4E44 T E
VEWIZ S WAL 3k 86% , AV LA 3h 17 1 1990
4E(K) 2 005 J7 kW _ETHE] 2019 4 5 114 T3 kW'

2 HREHE

2.1 HEKIE
T 30 AFEYTIRARAE Wy 3% A FUAE I(E A 7 756 %

111

10° hm?, Hobok R /NAE ok R ERIEE 5 FifEd
SRR AR N 5 543%10° hm?, (5 R AW B3E
PRI R 71% , PRIEAR SCLIOK RS /A2 oK R TG
TR S FVEY) MBI ST T G 3R 9% Hoie J 38 B P sl 2528
b B AR A P A B2 B A B £ ZA AR AR AE R T
25 JRAE ARALEL HEBERE A T AR AR, o
VLI ARRE b7 By T AR ok 1 4 AR 7™
ARWCEETERHC Gy A2 JIRAL R B A T AR TR E
FL 3 3 4 AR AR BRI AR Ty AR
E AT S ) U T AR, P B L
TS ) 1O 5% b T AEURI 7= R A T R AR BILELAH 56
ZH051 H A ALE B 25 (hitps: // nongjitong. com/ ) . 7K
Fi INZE EOK R ANHEE 5 FVE DA 0 B A HE Tk
PP 80E 3 2R JE T Ecoinvent 3085221 A S
FICWR(E ).

2.2 LCA &o#f

ARICHE Crop. LCA RS Y SLRH A HT IR A
TR AR R AR A B LA 1 kg VR = B A
1 hm® YEYIHE R T BN D RE BT . R G0 A 10 A A
AN AR D 2K 58 AL 4 B, 8 0 B AL R Rl A
AL Tl A2 SRR ARBLELSE) A A4
VE(CBHE B R0 AR EE k) 16 ol = AR HE
UL, LA Al Az 7= B8 U5 T KB R A R B
SR I EZEE A P N R I R R 1 .
2.3 HBETITHE

Al A 7 b AR vl 3 SRR AL TR B HE
JHCRR] S22 HE . B e HE AL 5 B | 3% b it I 45 Ak
FE VAT R PRI AR  EEFE L AR = AR
Jiti FH EUIE 5 2 i 4 T N, O HE il 0 e T i . 1)
FEHERAFE AR B, (LR Fh T R 2555 Atk
77 32 i e AR A IR AR, H R A AR R
5 R AR E SR HE L AR A Crop. LCA BEAY 1
B SR S, Hoh 4 4 N, O HECRIAE B CH, HE
T HE R P T2k (48 SR = ST 5 2 R
) O T BT A DX A 4 (L, AR R v LA
AT

1) TP AR == SMHEIL .

Feipu = 2 (D, X EF) (1)
(D) D, 5§ PR SR, SR ke
hm ™% kWh - hm™; EF, J255 @ P 58 7 i 19 HE ik
T BRI kg kg B kg G F RN A
R T ARRHERCEAN , B R kg (CO,-eq) <hm ™.



SRALLL 45 195048 T BEARAE IR I 308 30 25 M HA U 5.

112 ZHANG Chuanhong, et al.Carbon footprint dynamics and composition assessment of major crops production in Jiangsu province.
F1 REBNBHRMETF
Table 1 Greenhouse gas emission factors for agricultual inputs kg-kg_I
KVERA M —— : LAk :
co, CH, N,O co NH, NO, S0, voC PM
JKFERF Ecoinvent 3.8 1.70E-2  1.07E-2  3.05E-4  0.00E+0  2.64E-3  4.28E-4  3.64E-4  5.13E-5  3.77E-5
INERIT Ecoinvent 3.8 9.88E-3  1.08E-3  1.72E-5  1.73E-2  1.95E-3  1.89E-4  3.72E-4  5.21E-5  3.82E-5
EKFPF  Ecoinvent 3.8  4.42E-2  1.06E-3  4.75E-4  1.68E-2  4.35E-3  9.97E-5  3.67E-4  5.17E-5  3.79E-5
KEAT  Ecoinvent 3.8 4.58E+0  1.06E-3  7.14E-4  1.68E-2  7.09E-5  1.50E-4  3.67E-4  5.17E-5  3.79E-5
AT Ecoinvent 3.8  1.43E-2  1.52E-3  1.16E-3  2.81E-2  2.92E-3  2.44E-4  4.89E-4  6.16E-5  4.49E-5
FM(JRZE) Ecoinvent 3.8 3.80E-2  6.83E-3  1.16E-3  1.90E-3  1.67E-4  4.30E-4  6.35E-4  5.44E-4  1.67E-3
BENE(P,05) Ecoinvent 3.8 1.10E-1  1.47E2  1.13E-4  4.24E-2  1.02E-4  2.80E-3  8.14E-2  4.08E-4  6.45E-3
HE(K,0) Ecoinvent 3.8 7.53E-2  9.40E-4  3.05E-4  1.89E-3  0.00E+0  7.58E-4  2.40E-4  4.11E-5  3.20E-5
BE# 3] Ecoinvent 3.8 3.06E-1  2.50E-2  1.44E-4  4.14E-1  1.74E-4  1.67E-2  9.38E-3  6.47E-4  6.00E-4
AW Ecoinvent 3.6 1.68E-1  1.81E-2  1.02E-4  2.49E-1  2.52E-4  6.71E-3  6.24E-3  4.64E-4  4.01E-4
ZHH  Ecoinvent 3.6  4.93E-1  7.19E-5  2.99E-4  8.21E-5  0.00E+0  6.55E-3  3.60E-2  1.24E-3  1.21E-3
Sl Ecoinvent 3.8 6.79E+0  7.08E-4  2.35E-4  2.37E-3  1.45E-5  8.20E-3  3.73E-2  7.09E-3  5.97E-4
Il Ecoinvent 3.8 1.39E+0  3.94E-2  3.55E-5  0.00E+0 0.00E+0  7.16E-2  2.60E-4  1.45E-2  5.39E-2
JEHE SCHR[14]  2.03E+1  3.94E-2  6.15E-5  3.76E-2  0.00E+0  3.69E-2  4.10E-2  1.03E-1 1. 65E-3
RIS Ecoinvent 3.7.1 2.81E-6  1.77E-4  3.62E-5  1.89E-4  0.00E+0  2.17E-3  6.00E-5  8.17E-7  3.00E-6
#RBHH Ecoinvent 3.7.1 9.27E-2  9.06E-4  2.43E-4  2.21E-3  0.00E+0  8.27E-3  3.95E-2  1.89E-2  5.20E-4
B A=  Ecoinvent 3.7.1 1.36E-1  5.63E-6  5.23E-6  2.56E-4  8.72E-7  1.70E-3  4.40E-5  9.35E-5  2.14E-4
HUMIZH  Ecoinvent 3.7.1 2.76E-1  4.21E-4  2.74E-3  2.56E-4  8.72E-7  1.15E-3  1.96E-4  4.70E-5  4.00E-5
% Ecoinvent 3.7.1 6.27E-2  5.45E-3  4.06E-5  1.68E-3  0.00E+0  2.12E-5  2.69E-3  2.91E-4  4.47E-5
BB Ecoinvent 3.7.1 3.02E+0  4.32E-3  1.63E-5  6.85E-4  0.00E+0  3.59E-3  4.44E-3  6.06E-3  4.83E-4
R4 Ecoinvent 3.7.1 1.36E-1  5.63E-6  5.23E-6  2.56E-4  8.60E-7  1.70E-3  4.40E-5  9.35E-5  2.14E-4
Seh-R%4  Ecoinvent 3.7.1 1.40E-4  3.40E-9  5.00E-9  2.01E-7 0.00E+0  9.97E-7  3.08E-8  6.90E-8  1.92E-8
BRAZHT  Ecoinvent 3.7.1 2.09E-2  8.66E-7  6.66E-7  1.05E-4  1.33E-7  3.66E-4  3.99E-6  3.37E-5  2.64E-5
BAZEHM  Ecoinvent 3.7.1 5.05E-3  7.94E-8  2.57E-7  4.16E-6  6.47E-7  1.05E-4  7.01E-5  3.89E-6  3.00E-6
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Fig. 2 Variations of carbon footprints per unit yield of

five crops production in Jiangsu during 1990-2019
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Fig. 3  Variations of carbon footprints per unit area of

five crops production in Jiangsu during 1990-2019
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Abstract Jiangsu is a major agricultural province and grain producing area.The comprehensive accounting of the
temporal dynamics and composition of carbon footprint of major crops could provide decision-making basis for envi-
ronmental management and green development of the agricultural sector in Jiangsu province.In this paper, Life Cycle
Assessment (LCA) was used to calculate the carbon emission intensity of rice,wheat, maize ,soybean and rapeseed
production processes in Jiangsu province during 1990 — 2019, and the temporal dynamics, composition and
influencing factors of carbon footprints of these crops were analyzed.The results showed that the carbon footprint per
unit yield of major crops in Jiangsu province decreased but the carbon footprint per unit area increased in recent 30
years.The carbon footprint per unit yield for different crops showed as rapeseed (1.74 kg( CO,-eq) +kg™') > rice
(1.36 kg(CO,-eq) kg™ ) > wheat (0.99 kg( CO,-eq) -kg™') > maize (0. 81 kg(CO,-eq) -kg™") > soybean (0. 64
kg CO,-eq kg™") .For the composition of carbon footprint, CH, emission (54.43%) and chemical fertilizer input
(20.65% ) were the two major sources for rice production,while chemical fertilizer input and soil N,O emission are
the most important sources for wheat, maize , soybean and rapeseed production. Random forest analysis showed that
the variation of seed, nitrogen fertilizer and agricultural machinery input were the main driving factors for the intera-
nnual change of carbon footprints for different crops. Therefore, it is necessary to take targeted emission reduction
strategies for different crop production and adjust agricultural inputs and process management in order to promote
the green and efficient development of agriculture.
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carbon footprint ; temporal variation ;major crops;life cycle assessment ( LCA) ;composition analysis



