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MG, 5 T K- I R A VE R I RS BRI A T 497 kg CO,-eq/hm? 775 -6 A b AL ASS X A ok o2 308 32 R JR T FR 6 ( CH,, ), ek
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Comparison of carbon footprint between spring maize-late rice and early rice-late
rice cropping system
JIANG Zhenhui, YANG Xu, LIU Yizhen, LIN Jingdong, WU Yangxiaoying, YANG Jingping "

Institute of Environment Pollution Control and Treatment, College of Environment and Resource Science, Zhejiang University, Hangzhou 310058, China

Abstract; Quantifying the carbon footprint of crop production can help provide a theoretical basis to mitigate greenhouse gas
emissions in agro-ecosystem. In this study, the life cycle assessment was used to assess the carbon footprint of two cropping
systems (early rice-late rice continuous cropping system and spring maize-late rice rotation systems) and quantitatively
analyze the relative contribution of various carbon sources in grain production in paddy field of Southern China. The results
showed that the spring maize-late rice rotation reduced the carbon emissions per unit area by 6724 kg CO,-eq/hm” and the
carbon footprint per unit yield by 0.56 kg CO,-eq/kg compared with the continuous cropping of early rice-late rice. The
carbon emissions from the production of spring maize were less 6228 kg CO,-eq/hm’ than in early rice. The carbon
emissions of late rice in spring maize-late rice rotation system were decreased by 497 kg CO,-eq/hm’, when compared with
that in early rice-late rice system. The main components of carbon footprint in the early rice-late rice planting system were

derived from the carbon emission of methane (CH,) from paddy field (9776kg CO,-eq/hm’, 54.8%) , nitrogen fertilizer
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production and application (2871 kg CO,-eq/hm*, 16.1%) , and electricity consumption (2849 kg CO,-eq/hm*, 16.0% ).
While the main part of carbon footprint came from the carbon emission of CH,(4442 kg CO,-eq/hm*, 40.0%) , nitrogen
fertilizer production and application (2871 kg CO,-eq/hm’*, 25.8%) , and electricity consumption ( 1508 kg CO,-eq/hm’,
13.6% ) in the spring maize-late rice rotation system. The composition of carbon footprint of late rice in this system were
similar to that in the spring maize-late rice system. However, the main part of carbon footprints of spring maize were mainly
derived from the carbon emission of nitrogen fertilizer production and application (1435 CO,-eq/hm*, 50.1%) , nitrous
oxide (579 kg CO,-eq/hm*, 20.2%) , and CH,(378 CO,-eq/hm*, 13.2%). Meanwhile, compared with the yield of late
rice (6333 kg/hm”) in early rice - late rice cropping system, the yield of late rice (7271 kg/hm®) was increased in the
spring maize-late rice rotation system. Accordingly, introducing spring maize-late rice rotation system is conducive to

improving rice paddy productivity and mitigating carbon emission and carbon footprint in continuous rice systems.

Key Words: paddy-upland rotation; rice continuous cropping; carbon footprint; methane; nitrogen fertilizer
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Table 1 GHG emission factors and applicate rate of various agricultural inputs

AR Agricultural inputs
{ﬁ%%%ﬁkﬁbﬁ{ﬁ ﬂkﬁk/‘?ﬁ EYie 3l g AR Application rate
Emission gas source Emission factor Factor source Unit Ek ISR o 6 A5

Maize Early rice Late rice
AIE N 6.38 kg CO,-eq/kg CLCD v0.7 kg/hm? 225 225 225
AL P, 0 0.44 kg CO,-eq/kg CLCD v0.7 kg/hm? 47 41 41
#IAE K, 0 0.61 kg CO,-eq/kg CLCD v0.7 kg/hm? 75 47 47
449 Diesel oil 2.63 kg CO,-eq/L CLCD v0.7 L/hm? 106 178 178
H1 77 Electricity 1.12 kg CO,-eq/kwh CLCD v0.7 kwh/hm? 0 1198 1346
A2 Pesticide 18.00 kg CO,-eq/kg Ecoinvent 2.2 kg/hm? 7 13 15

1.4.2 CH, I N,O &2 A &
TSR (CH, AN, O) SRV SA A TE AL (Agilent 7890A , H [ F-7 ) Kl . 4K 5 MR 35 5 42 45 21 14 DU A~ < A
FEAR(0,10,20 30 min ) (43 B A T2 M 1] USRS 70 00 S04 5 38 A RE AR fr e JBE 15 K838 7E 285 T 38 SR R i
RN AR BRI R
padCmtV A, omb (2)
di di dt  R(T +273.15)
Hor F & CH, B8N, O BYHEGE R (mg/m*/min) ,dC/dt & 40 580 NI 2 SRR BE AR AE % m 2SR 43
THE(g/mol) , P IEREIR(Pa) , H SEH SR B (m) |, T RSN (C) R AR K (Y 8.134
g/mol/k) ,273.15 JELEXFIREE (K) .
e SRR IR 2 A (CHL, AT N, O) BR AL B A 3K (3) 8841,
. F, x 1440 x D,
Eczaxzi(lo—o) (3)
L E, B F KRR CH,F N,0 1 CO,HEBCY 5 (kg CO,-eq/hm?) 5o ARV ERE WA 2 BRAZ 2 19 &
$0.CH,(34) Fl N,0(298) ") | FJ& CH, 5 N,0 45 i YCHURER ] BEHEHOHE % (mg/m?/h) s Di 245 § WHISH i-1
VRSRARE 22 ] R 5 6] B ( day ) ; 1440 2434 (min ) #6424 K (day ) B9 20 17100 J mg/m> 555 ke/hm? )
L5 RAEYIBR 2 IAL 7
R HBNLAE ) P il /R T (kg CO,-eq/kg) PP, RIVRE B 28 46 A 7 4 T 5 6 K SOK RS - S 35000 B HE i
L HEARITR,
it + szo + EC,L,4
CF, = v (4)
2E
Yy,

CF, (5)

http ; //www.ecologica.cn



21 4 SRR A A TR A - A A i 1 S ) LK 5

K, CF 35 R (Ff B AR BUKAR) fEAE KB 75 (kg CO,-eq/kg FFRL™ ) s Ey o Al By, A2 TEHE CH, HI
N,O REHEHERFEH AL CO,-eq(kg CO,-eq/hm®) 5 Y 48 2 4F £ K BKAE A9 AF K= 5 (kg/hm?) 3 CF, 45 &
K— MR Bl i — R R A L B R 3T (kg CO,-eq/kg FFRL™ 6 ) |, X E 48 3 T K- R ol e — B AR A =X BT A
= SUAHE AT (kg CO,-eq/hm?) 5 XY, T K- il A - R RS LI A R 7™ 1t T (kg/hm? )
1.6  HdEmr

K H Excel 2013 A% £ G HEA T4 BE , B OriginPro 9.4 #X X BdE dE1T42 A ,

2 HRE5SH
2.1 PR T

5 RRE- e A i HE L (17848 kg CO,-eq/hm®) A, & T K- FE FE AR B X R AIRARFE X 6724 kg CO,-eq/
hm? ; K L RAE D HEL 6229 kg CO,-eq/hm? 5 5 7R - M AR X b g A e HETSOME L | B K- R 4 VAR e
% T M RERRFETL 497 kg CO,-eq/hm*(F 2) .

®2 BER-BBEEREMER-KBRERZNEZSEHMMAMHE S/ (kg COy-eq/hm*)

Table 2 Composition of greenhouse gas emissions from early rice-late rice continuous cropping mode and maize-rice rotation system

BRI [HE22
LS (R7ES BHRL Direct emission Tndirect emission
Cropping syt frop e fulemsor Uon N0 N RO, KO Wl mh &S
FUR- W R 9091 5186 379 1436 18.0 28.7 468 1342 234
Early rice-late rice [ 8756 4590 438 1436 18.0 28.7 468 1508 270
L 17848 9776 818 2871 36.1 5713 936 2849 504
& K- HEK 2868 378 579 1435 20.7 45.8 279 0 126
Spring maize- late rice [ 8260 4064 467 1435 18.0 28.7 468 1507 270
ERty QU 11123 4442 1047 2871 38.7 74.4 747 1507 396

2.2 PIRIRMEAL AR A2 0

TR -WE AR AR A B AL 7B H 1.32 kg CO,-eq/ kg FPRL™ i, R FOR-EAE R /1452 5X(0.86 kg CO,-eq/
kg) 5 0.56 kg CO,-eq/kg PRIt # T RAYHRAL L (0.50 CO,-eq/ kg FPRL™ hib ) B REHIBR LI (1.27 CO,-
eq/kg ¥R k) FEAIR 0.77 CO,-eq/kg Kbtk b T WM 2 e AL 300 1 5, 78 6K - RS XA T e
FEBR JE T 0.24 CO,-eq/kg FFRL™ it (% 3) , RN ZAEEE S T MR 5 (14.8%)

£3 ER-BBEERSEMEX-KBRIERFNRE T

Table 3 Carbon footprint of early rice-late rice continuous cropping and spring maize-late rice rotation system

RES i 3
(kg CO,-eq/hm?) (kg CO,-eq/kg)

- A Ryt 7140 9091 1.27
Early rice-late rice WA 6333 8756 1.38
FL - A 13479 17848 1.32

FEK-HAE HTEK 5694 2864 0.50
Spring maize-late rice WA 7271 8260 1.14
B E K- 12965 11123 0.86

2.3 PR AR 1 Btk A S
PR - e AR AP AR A A Bl 30 2 BORYE T CH, AU S R v T I AR R R HEC . 78 A - e AR A A &
v, CH, BIRRHEI A 9776 kg CO,-eq/hm*(54.8% ) , FALRIBRHE N 2871 kg CO,-eq/hm*(16.1% ) , HEWEHE )
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THFEMIBRHERL R 2849 kg CO,-eq/hm*(16.0% ) , F7- A5 F1HGRAF 1 e A2 320 24 A 155 0 -5 70 8- W e A6 i 2 320 4 B
(K1),

B FR-BR R AR A 2 300 S R CH, U A IE i ) T AR R B HE A . A2 2=, CH, 1 RRHE
L 4442 kg CO,-eq/hm*(39.9% ) , BAEHIBRFHERL A 2871 kg CO,-eq/hm*(25.81% ) , HEIME R, F1 T AE RO BRFHERT N
1508 kg CO,-eq/hm*(13.6% ) , WEAE AHk /2 328 20 B A% 00 5 7 K- R = Ay i JE S0 AR AL, (LR X T4 Bk
MM, Hobk 2 38 F B A AUIE ,N,0 Fil CH, . F E KR NERHE N 1435 CO,-eq/hm’®(50.1%) ,N,O Ik
HECH 579 kg CO,-eq/hm*(20.2% ) , CH, It HEICH 378 CO,-eq/hm*(13.2%) (& 1),

A Wi R
2.82%

2.57% 3.08%

14.76%

5.15%
0.32%

0.20%

5.25%,
52.42% 0.32%

57.04% 54.77%

15.79%

4.17%

4.58%

BEXK WL B ER-Weks
327% 3.56%

0,739 44% 13.19%

1.60%

L //u—
0-72% 39.94%

20.23%

50.13% 5.66% 9.41%
Och, N0 [N EEP0; W KO0 W S B sem [ Sewh

E1 RRE-BEEENEEX-BREEEEXNBRITRE

Fig.1 Source of carbon footprint of early rice-late rice continuous cropping and spring maize—late rice rotation system

3 itig

AW 5T ELRE FI0G RS A B 2 35 N 1.14—1.38 kg CO,-eq/kg PR = (55 3), X 5 B AWF 5T 45 4 A0
A2 X ST B 5T B B TR VT R U X KRS BB LT R 1.34 kg CO,-eq/kg #FHE 7 i ; Cheng %51 F]
FHE G850 & PR R K R O E 28 £ 5850 1.36 kg CO,-eq/kg KPR, (2 AWFSE B F KR 2 555
fI&TF Cheng 55" ARFFTZESE, AT AE 2209 B F 450808 19 K VR, 38 G030 A0 5 S0, ARl A3 A R HE TR 7 DA S ke 2
R TIEN 2R . B TR R K AR RS - R AR U T 0.56 kg CO,-eq/kg, X W EPIEA
WA . EZH N TR S B K AR S SAHE AR, b 4% CH ARHRBORHE R H ) i) IH A
(FEF F PRI 78 2 A T K (75 % FOR JCTEHEEE ) o Cheng 451" 45 AR B T K A= 7= A B 2 S AR F/K
Fit, A A FORFIRR A T3 A A e & R, 5 KRB AOKFERIS B AR 2D 100 Mt CO,-eq HERL, 1t
HbF EOK-Me AR i T R P o, LR R - WA AR AR 1 7 B R 14.8% . AT RERY R RUE FE A K
KA A A S S AN T AR G A , S BOAE o  JEA AILJB o0 A ) S R b X AT Bl AR 0 4 4
T B, B T R RS R R R A e L s e R Sh MK, S5 i B e 7 B G — S S B
F2 ) REHTORZAN R TR AT SE (HE P O 30 80 A O & A 2 (P>
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0.05, B A TESCH R ) A2 B R SR 327 SR = 14 J5 PR 75 2 TR A 8 5 L 1
FH = e B AL 2 Sk 3 2B 2 R B 3SR A AR S R R 5 T — 2B ST, ARBIF ST 45 R 2 B A - e A =X
B HERL , LA FOK-BEAE B 205 60.5% , [] B F A - R A =™ 1 0 ) (13473 kg/hm?) FL AR £ OK-BR R AR =X
(12965 kg/hm*) 15 4.00% , FZLHFFAMFIE B F T K= AL (5694 kg/hm?) | JEFA 2 07T 1) 5 b
Hi b R 77 DX, FORA KRR R, HE TP AR AL R, BB A R E B A T A 2)
ARBIRFE ) K R OR DR AL, 7R A 58 4 AV S 4 KR AR F AP KT KRR R /N
PR A AN R A K A O R AN SR AR R ZHEKAR T LA A R OK- B B A T
fRAIRE 53 A0 BFSE Wm A TR RS , 6 B K -BR RS rT LA i 6 I 9 05 R SR ™ v i T DU R &2
TREE L I, 28 EBRATIA AN TR RS I VAR 20 T K- R A VAR LA (IR e HE L 5 0 SR R A
FA TR

55 FURS - A T A MRS AE 1L, 38 FOR-Me AR A X AR T I RS CHL, AR, 7T B2 R o 3 E K A iR i 1
FHEAHURRAE AL S EOT MRS SE R S R, RIS R S R M A CH, AR g
KT REH CH, WHERL, BeAh , Xt F PR RS = K R I 55, CHL S 7K R A U B B HE Al 1) 32 2 B 43, %o
T SARAY BT R N 49.2%—57.0% (8 1) 3% 5 Xue S5V BFFR 2L, ASBIFFE 45 52 W0 A T B9 CH, HEK
X T DK AR P s R 2R G, AR IR AR IR T LAAT R/ DA T CH HERC, R A ] LA b
TR TR YO BSORTI T FH /A H: 20T DT Ol /0 SR 614 e, ) RE VR T RE AN CHL HERE . 41, S GEHHERI L, Sk nT L
T ERARRE I CH, R | TRl it AT s AL S B RE TR TS AE .

BB K-BR R A VERR X 0 75 R AL 300 38 PR | RUNE 5 LR 1 s 328 T o5 1 L A K, B T 50% (& 1)
Cheng %03 i [ 5 G0 BOUE IR T 20N it FH 7= 2 A9 Bk JE 328 o 8 R0 A 1 0 A 7 A ik 258 53.1%—57.3% .,
ST [ [ PRI | Yan 256000 % B3R [ UI0 5 2 0 38 28 SR HER o5 VR4 26 7 A B 2 44.29%—T79.6% , 52
U PR RUIE A = i el A 5 R T AR MY BB R, D3 A0, R RIEAVE Y i A 7 D0 A A it FH R i RUIE DT
BRI S R 2= SR HE O X e . A g S I D SRR A it D e R B v 2R %) ) 2R S PR AR A
YA re i R T S RTAE . AR, AE R I H T R AR 0 4 BT 5T i i B AT A it FH AN 4 v
FUBF 3ok SR T 2R S8 O Ihs L 75 2 — TR 8 SR B fAT 45, H TR E R4S T Tk 25 I ol 4 25 7= g
A T 30 BT K Bl 1B e U A ™ T2 BRI RUIE 5 R A R & SR HE TS — T4 T 2 A R it
Zhang 25 38 i R0 & BN S RO AR 77 SR T ) T 25 A K A A7 /D RO 5 [ 1 3 2 SR HE Y 20.0%—
63.7% ,F1 24 F 102—357 Tg CO,-eq, U5 [F UM A 55 HE i 32 %8 (6.38 kg CO,-eq/kg N) [ 31 3 [ (1) /K
(3.87 kg CO,-eq/kg N) , A FIAE A AR BRHE AR FEAIK 1130 kg CO,-eq/hm® Bk 2 7R FEAIK 8.38% (A5 - M ks
B Tl 8.71% (B FOK-BRFEHI) .

g5 b SOKRREAEA L A EOK - AR e VR n] AR R e i S e [] ] it vy W A ) 7 i, S —
A WS AR, 59 A0, U UIE A 7 e AR %) B RS AR 7 G R oA Ao e v SR P e e T PR M
T RS e A2 30 178 D B R s

AT G ST A 2 B PAS2050 il IZAREI AN FE i A HLER AR (5 | B A RRHERL . SR, 4 H
ARG SR IR BRI, Lu A5 IR T 3R AR I YRR B R R 101 Te/a, A 24 FAb A R ik
HERCE 13.3% , 2% 58 3 - e [ 47 o] G 350201 2 M HE ORI ARk 2 30 > | - A8 fb S 75 I i A 6 7
FRAE 7= SR L 0 () TR T B — 2T, T R BT T R M — B AR 1 A, B EOR-M AR X nT DU £
SRR Ak IRRHERL > o AR R R AL, AR E A TR - AR AR S A B HE T RE S T X i 2
BEINATE S AN 2 1 . A ANt ABF 58 A i R SR = SR AL T A O 1 it , A r e b XA
T R OR-BR R A T B AR

4 #Hig
(1) LRS- A A R 5 B T FRBRHERK K 17848 kg CO,-eq/hm?® , B 7= H Al Bk /R 75 1.32 kg CO,-eq/
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kg s 7 E K- AR A VR 2 45 B T ARBRHETCN 11123 kg CO,-eq/hm? , BAAE P25 B /23854 0.86 kg CO,-eq/kg.
SR F KBRS YRR 2R = B v 7 FL R R - R % AR AR 20T 3.84% , (R PR - W A 4 AR A U HE D L
FOR-BR R A ER R 60.5%

(2) ARG ARG E R G B A P B 58 FE 2ok A TAREH CH, I HEIL (54.8% ) ; & K- RERAER S
R A B 2 FE 2ok H T CH, MBRHEIL (39.9%) o (ER, 35 FOKAE 7 it /2 30 32 28k B /NS A9 A8 7 Rt
FH(50.1%) .

(3) F F K- AE R VR A 2R M VE A FH v e HE Al 10— b P A B =X
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