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Carbon Neutrality Analysis of Rice Planting Process Based on Life
Cycle Assessment: A Case Study of Liaoning Province

BAO Hongxu, GAO Yuzhen, DONG Xianbo, LIU Hao, ZENG Shengzuo, SU Dongyue

(School of Environment, Liaoning University, Shenyang 110036, China)

Abstract: To investigate the changing trend of carbon budget during rice cultivation in Liaoning Province, the study
collected data from 2012 to 2021 and used the life cycle assessment (life cycle assessment, LCA) method. The results
indicated that methane (CH,) emissions from rice cultivation comprise the largest portion of the carbon emissions. The
maximum value of CH, emissions was recorded in 2012 at 5.69 Mt CO,-eq, contributing 53.26% of the total carbon
emissions. The annual carbon emission change curve per unit area takes the shape of a downward—opening parabola during
rice cultivation in Liaoning Province. While carbon emission per unit of production, carbon loss per unit area, and carbon
loss per unit of production experience wave—-like variations, on the whole year, it shows a decreasing trend with time. The
process of advancing the carbon neutrality level of rice cultivation in Liaoning Province demonstrates a gradual decrease in
carbon loss from 2012 to 2021, with a positive trend towards achieving environmentally friendly and low—carbon rice
cultivation. To further aid the agricultural "peak carbon dioxide emissions and carbon neutrality" target process, it should

implement low—carbon cultivation technology to effectively sequester carbon, conserve energy and promote advanced,
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environmentally conscious and high—yielding cultivation methods.

Key words: life cycle assessment; rice; carbon emission; carbon budget
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Figure 1 Carbon cycle in rice planting ecosystem
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Table 1 Carbon emission coefficient of main means of production

WA HE R EU( kg COreq-kg™) Bl
Type of carbon source Emission factor Standard source
AL

o . 1.53 CLCD 0.7
Nitrogenous fertilizer

il o
Phosphate fertilizer 1.63 CLCD 0.7
H

Potash fertilizer 0.65 CLCD 0.7
gAe

A

Compound fertilizer 177 CLCD 0.7
Z??i : 12.44 CLCD 0.7
Pesticide

A fE

Agricultural film 22.712 CLCD 0.7
B4y

=M 0.89 CLCD 0.7
Diesel oil

il 977.09 SCk[29]
Irrigation References
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1.4.4 45 @A EER
CE
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o CE /K R E Y A B B AR R AR (Mt CO,~eq); CE, S B2 AR HE i (kg CO,~eq-hm™®);4
IKAEVEWAERE R T A(10* - hm?)
145 HEREZZ
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K - CS A 7K FEVE D Fh AR A A 0 A [ 22 1 (Mt CO,—eq)o
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1.48 3= FHBIK

CN, = C—;V (16)
Ao N, B PRI 2R (kg CO—eq-t); Y K ARRVEWIAE P B (T 1),

2 HERESHM

2.1 KBAEFEEBRERSHEE ST

2012-2021 4F3T T 448 K R R i FEBRHE (L) CO,—eq it), RECE B3 RS fh sy 2, &2), 451
W BOEZ218 T B 3(2012-2013 4F ), /K R P o B A HE RIS 5 F 2012 4F 1 945.74 J7 1 /0 21 2013 4F11)
942.66 J3 t, /R 2 0.33% , 7K G5 Al i AR A sk 2> | [) B 5 T4 0 P A B =2 92 e ik — s B e P e
HEFCUR A 0 BB R 55 2 BB A R B IBI(2013-2014 4F), KA Ao it AR B HE O i i 2013 4E 1Y
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-656- oMok L ok F F R % 55 %

/D ik 8.58 T3 hm?; 5 — 7 1 2013 AF Al e ([51 55 [ B & COC T 4 IR A A A el i bRt i A il AR
AR TR ) 15 25 T B S8 7% LB R R K AR A 7 A B A L B AT B 48 57, 3 T4 /K R R b AR
PRSI BNPLAL, 5 3 B Bo& i 3 1 (2014-2021 4F), A AR o R e HE i £ H 2014 4E 19
929.49 77 tl/L 3 2021 514 896.49 T3 t, IS/ HRE M 0.51% 3% — W BOR SR /K A RE R A 111 2.85 77 hm,
(2 T3 B R 4R v EE IR A A BT R R AR S SRR, N 201 S AR AR ARATR Hh s il AUAE A 245 fifi
FHIAT 8l 5 5  ACREFIAR 245 4 A Bl b Aol A P R T 2t fb % J ARl B HE I 2R 4 AT

2 20122021 FiT FEKBES T EBRIERE

Table 2 Carbon emissions from rice production processes in Liaoning Province from 2012 to 2021

N
5iA ) Year

Item

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

IKFEAE /M CO,—eq)

) 5.69 5.53 4.76 4.66 4.74 4.89 485 5.04 5.17 5.07
Rice growth
=i —
RUE/Mt CO,~eq) 1.67 1.68 1.57 1.49 1.38 1.31 1.26 1.19 1.1 1.02
Nitrogenous fertilizer
BRACAMt CO,-eq) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Phosphate fertilizer
# _
BUIEAML CO,~eq) 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Potash fertilizer
=N _
ELABAML CO~eq) 0.37 0.37 0.32 0.32 0.35 0.37 0.37 0.39 0.40 0.41
Compound fertilizer
ARt CO,—eq) 0.87 0.91 0.91 0.86 0.84 0.77 0.7 0.67 0.68 0.67
Agricultural film
By _
SRIH/M! CO,eq) 0.11 0.10 0.09 0.08 0.08 0.08 0.07 0.07 0.07 0.07
Diesel oil
HEBL/ME CO,eq) 0.27 0.22 0.19 0.18 0.19 0.21 0.2 0.21 0.21 0.21
Irrigate
A —
FEBE/ML CO,~eq) 1.53 1.50 1.31 1.34 1.36 1.4 1.39 1.45 1.49 1.41
Burning
r4 3 —
T“O: JI/ (Mt CO,~eq) 10.68 10.47 9.29 9.05 9.07 9.17 8.97 9.13 9.23 8.96
B AR

(kg CO,~eq-hm™2)

Carbon emissions

17 834.40 18 118.41 18 887.32 19292.70 19 034.84 18 609.12 18 363.96 18 008.76 17 741.35 17 219.20
per unit area

AL BB

(kg CO,—eq-t™)

Carbon emissions per unit
production

232430 2320.52 235140 2247.86 2209.62 217231 214539 2100.27 2067.65 2111.25

1100 —a— [FEL Carbon emission

AR B9 [ Bk 152 B AR P i 5 KR R

.:EQ Ton —o— [ [ 72 Carbon fixation

HB S SRR R A, SRR FIMEY s 100 \
RSRAIF G A AR R R LRI RBER 54l g 7 T
HOMG 5 A R B, 2012-2021 FEIL T K S22
— . B E 800
FERPAE I RO 52 (UL CO,—eq i), KEUR B 4FZE ¢
T3, 16 2), LRI P SBARRCE RS S 70 e
ULo 56 1B BOR 28 TR (2012-2013 45 ), K A ool

s 1 Ny B A
A I B B ] 5 i 2012 4R 11 643.45 J5 i /b 5] B Your

F A5 A N B EL £

20134R 963171 71 S2B BRI FREMCOI3 g 1) 201 5okt Pt et
-2014 ﬁ:‘:)v 7K7Féﬁq’$ﬁﬁﬁﬁi)%ﬁ§5\%ﬂﬂ 2013 ﬁzﬂ’(] BEETER

631.71J3 til D5 2014 4719 553.41 J7 v, i WR N Figure 2 Trends in carbon emission and carbon
12.40% , 1 T FEFF 7 2 57K fF [ ik i EL 3 AE G fixation during rice production in Liaoning Province
M 7K A 4 e T L 92D 2 AN B Bk [ A B U D from 2012 to 2021
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Table 3 Carbon sequestration during rice production in Liaoning Province from 2012 to 2021

VAL T A ) -657-

Ay FE AT E B /(M CO,—eq) 3 R B B /(M CO,—eq) S E /(ML CO,—eq)
Year Carbon sequestration of straw Root carbon sequestration Total carbon sequestration
2012 5.52 0.92 6.43

2013 5.41 0.90 6.32

2014 4.74 0.79 5.53

2015 4.83 0.81 5.64

2016 4.92 0.82 5.75

2017 5.06 0.84 591

2018 5.02 0.84 5.85

2019 5.22 0.87 6.09

2020 5.36 0.90 6.25

2021 5.10 0.85 5.94

B FEFEE 53 H BRSNS T (20142020 4F), AE A I N 2.16% , 7K R #5 Ff i AR % 3% fin
K — I A 1 5 A A SRR A 5 4 B B8 T RN (2020-2021 4F), 13X — i B K R 3
TR GO I, AN sk Fig A 53] i DX 2 380 80 98 5 A6 A it DR AR ), 45 b K e AR R RRICRE R |
KRB R PR AR 2208, DR /KR P B A HE 2020 4FAG BT /b | AR R ik [ 5 B A T /b
22 KBEFEEBRHIMEFEZSW

1 &1 3 AT, 20122021 4R35 T4 KRG A = B A HE R 25 A 4 4 o bl o ph 8 2 RT3 ] 6 F 9 )]
3 PN KRR A A Bl HE A A0 ATl FH R RS B8 0 70 AT 7 48 /K R R ) B HE R o B A 5 , 76 2021 4R 43 31
BB HER Y 56.53% . 16.26% F115.75% , Hirh 2012-2015 4E A5 H BRI 5 BBRHER 13 4E F B, 78
2014 AEBRFECE 5 HIR BT AEfR /N, H 51.22% , e BifEREh 4.76 Mt CO,—eq, 7E 2016-2021 4FF¢ [H ik
HER & BTG I, 2021 AEBRFERCE 4 4.54 Mt CO,—eq. AW B A2 AR (R AE B0 A A 24 it i 7=
Az B HE R 5 Eb AR R 3G (R R Sl B OR B T E R G B — RN SR A0 A B 5T 8V 5

100 [ 55 5¢ Burning
I Tirigate
[ %43 Dicscl oil
4% Agricultural film
[ 14% 24 Pesticide
[_1%& & A8 Compound fertilizer
80 | ’;441 NI Potash fertilizer
[_1##/l Phosphate fertilizer
[ %UIE Nitrogenous fertilizer
[ I/K#E K Rice growth
S
B
g 60 H
3
B
<
=
1o
40 H
20 H
0 1 1 1 1 1 1 1 I 1 1

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
A} Year
B3 20122021 F T FHKBEF I RBEHAMLEHHES St
Figure 3 Proportion of carbon emission structure components in rice production process in Liaoning Province
from 2012 to 2021



-658- oMok L ok F F R % 55 %

FHh Ty, 1L T LM MARFEANE A BARHE 2 A0l 7= i A A% 58 R 2 o) Ul {1, iX — 7
T /K R AR A M A= 7= G Rk HE IR L, Tk DA T 2 Bt 30 7748 A% e K R AR X AR AT A4 24 540
PERCR , PR 75 Bk — 20 B B SRR, kAR 2 A0 i g 12, 2 e Al g R el FH 8%
2.3 KBEFAEEACRHEERTL

FH I 4 R 5 ATAT, 2012-2021 AFAL 748 /K R R ot 2 HP 190 Bz 1 BB HE IO e 48 s vk /b |, 3 kA
e 2 TF 0 T BRI LI AR , T 2015 48 35 K AE 19 292.70 kg CO,—eq-hm™, IR J5 74 sl
/B> 2021 AF A B TR A HE R = A 5T R I N B /MBS 17 219.20 kg CO,—eq-hm ™, A 1L 2015 4F L3
T AR AR Uk 20 W B Ry 10.75% , 156 W1 2021 4E FPAE 1 hm? 2K R 09 — AR Ak B HlE ik i 2O 2015 4E 1Y
89.25%. 1 [&I 5 AIHT,2012-2021 410 748 7K ARE R it A v 9 BT 7= e e HE 5 47 0y 22 I PR A (R
=0.965 4,p<0.01),2012-2014 47 5057 7= it e HE O AR LISE I 32, F 2014 473 2B 5 8 1 9 1 e KA
2 351.40 kg CO,—eq - t', 2015 4F Ji7 B3 ™tk i HE O LA Wk 20 |, 7 2020 4F 35 20 5% J6 ] 9 fe /M L 2
067.65 kg CO,—eq -+t , SR 5 T 2021 AW A KGN0, AF 4008 B2 o0y 1.02% , BB A 4R ISR 1 kg /KR — 4R
ABRFHIE RSB AH HE 2012 4524380 1.02% .

y==1.37%101"42.04x107x~10 131.34x7+1.67x°

y==7.08%10'"+1.05x10%~51 880.26x7+8.56x° 2150
~ 19500F R*=0.937 3,p<0.001 ; R=0.962 3,p<0.001
L ' T 52100
g 219000 &%
&E & E 2050
O g O g
gngSOO» é@:é 2000
T % 000} g
gé E ﬁ* 2 1900
=S 17500 j=p=
" g 1850
17 000 "I), /'5 I\& '5 I6 l\ '% ‘q IQ '\ 1 800 L— L L L L s L L L L
VA ARV AT AN AV Y S A 0V AV AV (YO T AW AN (0
A} Year AEAf} Year
B4 2012-20214F 7 THKBE T2 B ER BE5 20122021 T FHEKBEFITRAMTE
HERF PR RHER R
Figure 4 Inter annual changes in carbon emission Figure 5 Inter annual changes in carbon emission per
per unit area of rice production process in Liaoning unit yield of rice production process in Liaoning
Province from 2012 to 2021 Province from 2012 to 2021
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Figure 6 Inter annual changes in carbon loss per unit Figure 7 Inter annual changes in carbon loss per unit
area of rice production process in Liaoning Province yield of rice production in Liaoning Province
from 2012 to 2021 from 2012 to 2021
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Table 4 Carbon neutrality interannual variation curve of rice production process in Liaoning Province

from 2012 to 2021
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