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Carbon footprint analysis of traditional rice and organic rice planting sys-
tems based on life cycle assessment method: a case study in Yixing area in
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Abstract: Rice is the most important food crop, and is also one of the major sources for greenhouse gas emission. This
study focused on the traditional and organic rice cultivation in Yixing of Jiangsu province of China as the research object. The
functional units were 1 kg rice yield and 1 hm’ rice area, and the life cycle assessment method was used to calculate the green-
house gas emission potential of agricultural inputs, land preparation, transplanting, field production, and harvesting processes.
The results showed that the greenhouse gas emission during traditional rice cultivation in Yixing of Jiangsu province was higher
than that during organic rice cultivation. Under different functional units, CH, contributed the most to greenhouse gas emission in

both traditional and organic rice systems. When the functional

1HFS B # - 2024-12-13 unit was 1 kg of rice, the proportions of CH, emissions from
E&WE LA LA B FRIHTFEE T H [ CX(23)1036] the field were 91.82% and 91.86%, respectively. In addition,
YEBRIN: TF 4 (2000-) , %, TR M, BiRF55 4 BFFE 07 1) scenario simulation results indicated that compared to retur-
HELE — AL R G A%, (Tel) 17851973620; ning 100% of straw to the field, the potential for CH, and
( E-mail ) zixiwww@ 126.com N,O emissions decreased during traditional rice cultivation.
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decreased as the proportion of cow manure application increased. The results in this study may provide a certain reference basis

for carbon accounting in the process of rice planting and rice straw utilization in Jiangsu province.
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Fig.1 System boundary of conventional and organic rice production
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Table 1 Agricultural inputs and yields per unit area (1 hm?) and

per unit yield (1 kg) of conventional and organic rice

fE5 K F8 HHLKFE
e AR R R R
(kg/hm®) (g/'kg) (kg/hm*)  (g/kg)
i+ 75.0 5.0 75.0 10.0
A 63.2 42 - -
e 63.2 4.2 - -
BRAE 63.2 42 - -
JRE 473.3 31.6 - -
AL - - 7 500.0 1 000.0
el 18.9 1.3 9.5 1.3
I5 F051] 9.8 0.7 - -
AU 2.6 0.2 - -
R 1.5 0.1 - -
(R s 7 500.0 - 3 750.0 -
FEFF =it 7 500.0 500.0 3 750.0 500.0

T SEHECR T )T 2% 2006 4EHK G [
HURF AR A& 1] 22 123 (TIPCC) B KR = Uik
HHAEm . HER 2% 5 A0S AU HT A
SCHR, W3R 2 iz, BT BRFER A8 HOR) R Y
HEBCA F (EF) BUH 5048 % Ecoinvent 2.2; A AE B
JE BT S EF HUCA RS CLCD 0.7, JKFERS
=R A b 1 1735
%2 REBAWBESHAHET
Table 2 Greenhouse gas emission factors for agricultural inputs

HE A 1

T = AR IR (ke/kg, CO,-eq) E= PN
KT 1.84 [11]
e 1.53 [11]
il 1.63 [11]
A A 0.65 [11]
JRZ 2.39 [12]
AL 0.11 [13]
5] 10.15 [11]
A HUH| 16.61 [11]
Nl 10.57 [11]
Seim 0.89 [11]
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Hb GHG, 3R JF AR Hi A 1R & A
JiltiE (kg, CO,-eq) ; W, KRR JEMBHE & (1) 5D, KR
s e (km) s EF 28R 7 ¢ R Az il 7
[0.140 2 kg/(t - km) ,CO,-eq] .

3 R RHIE i R ORI PR R A
B AL A iz i ok, A AR B R A 2
Mo, B 2N
*3 EMPHMEERIEHER K

Table 3 Raw material information, transportation distance and
frequency
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K, By, 8 H CH, HE R (8650 CO,-eq) 5
EF Jtefiti 5 i CH HERCR B kg/ (hm® - d) ]3¢
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N 4 FIE7R V100 BT 24 b DX BN 1o LR B3 =
AL S8 KRS I T & AR HE R 43 29 023.0
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e 1% BRLASE T AR BN 7 e HE = 43 31 6 150.0
kg/hm? (CO,-eq) 13 265.9 g/kg(CO,-eq) . KFi:

PR = A R A ) Tl = AR HE O K 24 7R B
LG R R RS WG] R R HE TR
A I R = AR, B CH, HEBOR:
KR A i S T 2 AR HE R e R sk . B 5K
FEFPAE 2R 48 Hr, BRL{S7 T REURT B A7 7™ £ 119 FHL ] CHL, HE
R i o R G R SR HE R Y 58. 43%
91.82%, & M Hts A ¥& B¢ 19 N,O HE B & 4 ) o
16.92%H1 3. 12% ; A HL/K R F ke 22 45 Hp | B A7 1 AR
FLEAA =2 1 (B] CH HERCE 7000 b R G RR =S
IRHERCE 1Y 67. 70% F1 91. 86% , A4 HLAE jiti JH & B 1Y
CO, HERCE 25 5 13, 419%F1 3. 37%
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Table 4 Greenhouse gas emissions and proportions of conventional rice and organic rice per unit area and per unit yield

1G5 K FE HHUKRE
eSS RAmBYERCE e RGoeIHEREE G BRmBWERE G RROTEHRRE i
(kg/hm? ,COy-eq) (%) (g&/kg,CO,-eq) (%)  (kg/hm?,C0,-eq) (%) (g/kg,CO,-eq) (%)
¥ €O, 138.0 1.53 9.2 0.28 138.0 2.24 18.4 0.56
AN co, 96.7 1.07 6.4 0.20 - - - -
WAL CO, 103.0 1.14 6.9 0.21 - - - -
BE co, 41.1 0.46 2.7 0.08 - - - -
JRZ Co, 1131.2 12.54 9.5 2.83 - - - N
HHLIE Co, - - - - 825.0 13.41 110.0 3.37
FRE5H] CO, 99.6 1.10 6.6 0.20 - - - -
x5 Co, 43.6 0.48 2.9 0.09 - - - -
AR CO, 15.9 0.18 1.1 0.03 - - - -
RAHLFE CO, 16.8 0.19 1.1 0.03 8.4 0.14 2.2 0.07
isfkEih Co, 10.1 0.11 0.7 0.02 38.5 0.63 5.13 0.16
AN N,0 1526.8 16.92 101.8 3.12 - - - -
A HUIEHEH N,O - - - - 685.3 11.14 91.4 2.80
N,O Hil& 184.9 2.05 12.3 0.38 137.1 2.23 18.3 0.56
N, O ik 343.5 3.81 22.9 0.70 154.2 2.51 20.6 0.63
K H CH, 5271.8 58.43 2999.9 91.82 4163.5 67.70 2 999.9 91.86
SR E A 9 023.0 3 267.0 6 150.0 3265.9

22 ARSEAH TRBREFBRESENHLE
4

AT TR R 1S = T AR
SIEEARB( AT B AN B 2 B ) 1 K R RS AT 4 it
BRI, R 5 R AR IR, 1R 58
PR FIA LR AR 2T A KRS R AT L= AR

4% 9K 0. 114 kg/kg ( CO,-eq) F1 0. 058 kg/kg
(CO,-eq) , 70 ML AL G KRG FIA HLK ARG BR <
TRHEOE P 3. 5% M 1. 8% ; ¥ IR R 40 I, 15 42
T A DR AR =X ) /KRS A AT IR 2 A HE O
90 2. 035 kg/kg(CO,-eq) , LU AEGIRREMA
PUK R A B HE R 3 1. 65 1.
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Table 5 Greenhouse gas emissions per unit yield of conventional rice and organic rice under different distributions

ZE AL k43 S KR
285 — — SR E S AH
TEHF (kg/kg,CO,-eq) T (kg/kg,CO,z-eq)  FEFF(kg/kg,CO,-eq) A (kg/kg,CO,-eq) (ke/kg,CO,-eq)
e KRG 0.114 3.153 2.035 1.232 3.267
HHLKFE 0.058 3.208 2.035 1.231 3.266
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Fig.2 The proportion of emissions of various greenhouse gases in conventional and organic rice production per unit area and per unit yield
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FH 232 (4 93 /0 W = SO HE R AR, AR X T A5 #F
100% 34 H , # FF 52 42 85 H (A %R 0) fH 0L,
T CH, HEBOEAFIN, OHEBOE A/ | 1 A e R =
SARHECERIE D 33% , CO, HEMUR A FEAAAE
25 ARABHEBERAZGETRESEHMESRN
TS HT

AWFFEH AT T A 3838 s o8 2R
REFEMIE LT A HLACRE P A 2o 2 k2 RO 1

10 000.0

5000.01 ! !
.
0 100 60 30 0

ANFIFEFFIL IR (%)
O e, O 5T A, m 510k

HFigE (kg/hm?,CO,-eq)

BN TR G KRG IR 2= S

B3 AEBEFEHERTAMERERZKEEFHBESEH
HME

Fig.3 Greenhouse gas emissions from conventional rice pro-

duction per unit area under different straw returning

rates
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Fig.4 Greenhouse gas emissions of organic rice per unit area and per unit yield under different cow manure substitution rates for chicken

manure
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