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Abstract: [ Objective] Little or no research has been done on the carbon footprint and economic benefits of different
rice planting patterns at the provincial level. Thus, a systematic analysis of the carbon footprint and economic
benefits of different rice planting patterns is of great significance for carbon emission reduction of rice production
and the development of low-carbon agriculture. [ Method] Based on the survey data of rice farming in Jiangsu
Province, the carbon footprint and economic benefits of different rice planting patterns in Jiangsu Province were
quantitatively analyzed by using the life cycle assessment method. [Result] The results showed that from 2016 to
2020, the carbon footprint per unit area, the carbon footprint per unit yield, and the carbon footprint per unit value
were 11.28-14.39 t-hm2, 1.30-1.52 kg-kg™* and 0.49-0.58 kg-yuan, respectively. The carbon footprint per unit area,
per unit yield and per unit output value of different rice production and planting patterns were in order of broadcasted
seeding rice or manual transplanting rice, mechanical transplanting rice, direct seeding rice. The carbon footprint
per unit area of mechanical transplanting rice and manual transplanting rice production showed a decreased trend
with the increase of years. Also, the carbon footprint per unit yield of mechanical transplanting rice, manual
transplanting rice, and direct seeding rice production showed a decreased trend with the increase of years. Methane
emissions from rice fields accounted for the largest proportion, followed by carbon footprints caused by nitrogen
fertilization, nitrous oxide emissions from rice fields and carbon footprints caused by irrigation electricity. Nitrogen
fertilizer and irrigation electricity were the main driving factors affecting the regional differences in the carbon
footprint of different rice planting patterns. The total income of different rice planting patterns was between
2.51x10%- 2.75% 10% yuan-hm?, the resource input cost was 1.88x 103 - 1.99 X 10% yuan-hm, the carbon emission
cost was 0.20 X 108 - 0.25x 108 yuan-hm, and the net income (Nl-coz) considering carbon emissions was 0.39 X 10°
- 0.64 X102 yuan-hm2. The Nl.coz of mechanical transplanting rice was lower than that of manual transplanting rice,
broadcasted seeding rice and direct seeding rice. This was mainly caused by the higher total income and the lower
resource input cost and carbon emission cost of mechanical transplanting rice. [ Conclusion] In conclusion, direct
seeding rice was the lowest carbon emission rice planting pattern. Considering the carbon emission and economic
benefits, machinal transplanting rice was superior to manual transplanting rice, direct seeding rice and broadcasted
seeding rice.

Key words: Rice; Planting patterns; Carbon footprint; Economic benefits; Life cycle assessment
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Table 1 The planting area and CH, emission coefficients of different rice planting patterns in the main regions of Jiangsu Province

B K FS FHiKAE HARKFE PR K
Mechanical transplanting rice Manual transplanting rice Direct seedling rice Broadcasted seedling rice
X i3k ) BRI €S H e R R 5 BRI R B H e HER R 5
) Wi City A EIA A ERA FEAEAR FERh T
Region CH,4 emission CH, emission CH, emission CH, emission
Planting area Planting area Planting area Planting area
coefficients coefficients coefficients coefficients
/(10% hm?) /(10% hm?) /(10% hm?) /(10% hm?)
I(kg hm2) /(kg hm2) I(kg hm2) I(kg hm2)
M Nanjing 58.13 232.62 14.80 253.10 10.51 164.64 0.00 253.10
e #1 Suzhou 54.23 240.85 0.00 262.05 8.75 170.46 0.00 262.05
Southern T8 Wuxi 20.93 248.71 0.00 270.61 19.39 176.03 0.00 270.61
Jiangsu -
M Changzhou 48.33 251.70 2.34 273.86 7.01 178.15 0.00 273.86
FHYT. Zhenjiang 57.81 260.30 3.93 283.21 9.31 184.23 0.00 283.21
o Z& M Taizhou 146.41 242.30 12.80 263.63 18.81 171.49 7.09 263.63
Central #JM Yangzhou 133.53 248.35 12.42 270.21 44.93 175.77 1.10 270.21
Jiangsu .
F4i# Nantong 116.41 270.39 3.17 294.19 40.51 191.37 11.45 294.19
#JM Xuzhou 63.26 245.40 87.68 267.00 12.11 173.69 0.58 267.00
Sk %2 Huaian 103.75 245.67 87.19 267.29 63.25 173.87 2.09 267.29
Northern EhI® Yancheng 198.57 251.00 24.37 273.09 156.17 177.65 1291 273.09
Jiangsu [
%z Lianyungang 78.75 254.22 32.25 276.60 53.07 179.92 34.17 276.60
fEiE Sugian 81.49 244.01 89.01 265.49 37.84 172.70 0.20 265.49
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Fig. 1 The dynamic change of carbon footprint per unit area of different rice planting patterns

2016—2020 AR /K FERRAE 7 XT38 B B i e 328 AN K B/ VR T 47K A B Ak
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T 77 AL P A BB L I TE 2016—2018 FFARMEANK, 2019 AFIA B & KMEH, 2019 FFEHLEEH. F
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Fig. 2 The dynamic change of carbon footprint per unit yield of different rice planting patterns
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Fig. 3 The dynamic change of carbon footprint per unit output value of different rice planting patterns
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2.2 JIHARIKFEME S R Bk B TR

T R = SR EHHE (CHa AT N2OD 7 /KRS AR 72 b A2 328 1) EL 5135 67.9% ~ 70.3%,
o CHa HEBON S — KHER, 5 /KRS ZE = Bk 2 28 ) L ilik 53.1% ~ 64.9%, NoO HEfl 5
IKFEAE P B R I I LA 5.4% ~ 9.8%. AR HEN T EUMIBR B 2 5 7K AF A 77 Sk A2 328 1) EL
%14 29.7% ~ 37.0%. TERFFHANH, FALEH FE6K ST 5 HIA 17.1% ~ 21.3%, HiKN
TEEWE FH H RO LB SE T 5 BB S 728 |5 EE I 5.7% ~ 7.1%F11 2.3% ~ 4.4%, Ff . WEAE. SRR,
PR N D157 3 T B R 7 EL N e IFIE 7730 s CHa HER & 7K R AR 7= Sl /2 28 11 L
B KB IME O TG KRG . SRR RE . MUIEKRE . BEA% KRS NoO HEB S KRG 7 MR e
TE T ELB MR B INME O B KRS MUK RS IOBKAS . FafkRE; Z0HE R S8 2
T8 o5 KRR A = s R T8 () P AR B IMK UCH BB KRG UG KRG B AE . FAEKHE;
JEE L FH P 5] RS AR R o RORE A P A T P AR MK BN VR LR KR T4 /K R B LA
IKFE S POAI KT s MUBRSE T 5|6 (AR A 328 o5 7K RS AR 7 S A 2 1 B A1) AR 1) /N IR ML A 7K e
ELRKRE . WBKRE . FHEKRE (B 4) .
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Fig. 4 The percentage of carbon footprint components of different rice planting patterns
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Fig. 5 The relationship between carbon footprint per unit area and agricultural inputs under different rice planting patterns
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the purchase of agricultural input and GHG emissions. The unit of data in the figure is 103 yuan-hm2.
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Fig. 6 Analysis of the economic benefits of different rice planting patterns
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HAr, fEEZE. Xk, BHRE A KRR TR T 2 50, gkl o G 02im it 4y
BT o 2 B AR AR R L Eh 215 Y, 2016—2020 4R Jk K As A 77 B 7 T AR AR /2 328 11.15
thm2, KRG A P B SE 75 1.36 kg kgte ASHIFFT Hh /K AG AR 7= B THD RR B e 328 1 By
FEARLRR AL 108 5 5K A 4T SR B U 45 AT . 1T £ 4 EEBUE T 2004—2014 K FEAE =A% 4
THEE, BT R EKREA PR ORI, 45 RR VLR KR A FE AL T AR N 7.41 thmr
2, Yan STk P A 16 EEYDAE PR R 2R AR B, YL IR KRG AR 7 B A P R AR 2R
0.80 ~ 0.84 kg-kg™t. [ B 5IME T 0 KT Pt X R sV E R 2 b R 0, KA
AL FEERR RN 0.50 kgrkgte MILAME T RAE, 22 TE /4 B /KREAE = e
IEFER, b T KRG A BT AR B A2 328 11.81 thm2, B B £ 75 0.95 kg-kgt. #
BB PN A T 2004—2013 4 7R b =48 /KRG AL P2 i R 7545 2 463 kg-hm2, X1 78 Fl
¢TI BT A8 KRB AL PR I8 A T 2 B, SRV AR /KRG AE 7= B AS T VB 2 27352 1 895
kg-hm2. AR 7 4h 5 57 NI R KRG AL =k R I8 — 58 22 57« 1 22 57 1) B R T R e F 9
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G HE R BOE IR B KR 25 R o B R B RO 7 R BN R B
JET-rp [ A= JE B %R i (CLCD) il Ecoinvent 2.2 24 22, H AR HER R 505 79 1.534
1.63 1 0.65 kg kgt, 1A 7T -R A 7030 T R HE HE 2R B B S 2 [ S A T R 4
A AR A 1 A PP AR = SR R B, LR B BIEHERCR B 7,76, 2.33 #i10.66
kg kgte E LB T 2B T NoO (R E . TSR], g B FIRR 2 M i 70 HA I
TR 2R, RFEFEFGH CHa Fl N2O 55 BLEEIR 2 1. 2L B S5 IS12E fa T /KR A =i ik
FEFIIN T3k FE (RS 2 328, CH. HERCE 2 i ik B xR a0 I a2

KT KFEFHE 7 ARG H CHa F1 N2O HERUIIT 7T O A $RIEL19, SR AN [RI Fi Al
T3 RO KRG LE P2k A2 08 BRI AL 880/ . Hang S8R Liu ZE0SI R AR B, S /KFEAH B,
FAE/KFERIN CHa HEL PR N2O HER, (H 3 2 5 A B, BER/KREEZE K CHaHERL
T2 E 0 NLO HERG. T 10 NBHRL9), XA R K AEFAE 77 5K CHa AT N2O HEBCR B AT
BIE, MITE XIS EARIUAN R K FERAE 77 20 CHa A1 N2O 22 5, a3 B8 4 i e Pt [X 35
JUE EASFIZR ARG 7 2B 2 R I 22 57 o AHIF TR B, YL [RIK R Ffote 75 = oA TR AR ik A2
7N 11.28 ~ 14.39 t hm2, 7P AL iy 1.30 ~ 1.52 kg kg, BN F={ERE A 0.49 ~
0.58 kg yuan'™, BN IR AR E BT 7= B B AL 2B RN BT = (L A2 728 MK B/ i e 7K
A FAE KRG FUEKRG . BEAR/KTE. 2016—2020 “ENAE . T /K RE By i AR e 728 52 T B
B IRAEA NS, 20152019 VLA KFERL 2 R ECA R I R . FER
DRI F 2015 AR b AR A 350 S it Ao A it FH B 3G K AT B LUK, Y75 RE SR HE I A A sk B 186 20 T
P, SEBUALREASE F S B R B 4R “ X087 o AR B R Givh Jm 3, 2020 AEVT IR0 e it F &
R AT T AR it FH B 43 99 9 280.75 <103 t AT 1.385.12 kg hm2, % 2015 4E 73 il 4% 10.17%
F1 7,999, ARAEIRA T AR, Y25 /KRG B0 =B A 4y )36 i 2 38 s, R A UG A4
KRG AT = B B A2 855 BT T AR R A A — 3, R R 3A . ARIKFEMAE 7 U Ehr
FEAERR AL IEAE 2016—2018 EARIL AN K, 1E 2019 FETFEfcME, 2020 EE3E R, XAl R
RGP HAEERR AR AT G IWLAR/KFE B, 2016—2018 ERF A R A =B HA K,
2019 FERGA BT =TS8 T P 6.06%, 2020 4EFEA P~ 5 B = 4F-T- a8 1 7.54%,
AERT 2 PR BEAST AR e A 20 A s [) AR A FE /N T HRE S P B ) A IR B2, 3X 323K 2019 4F 47
FEAE R R I, T 2020 A B PR R B . R HH CH. HEBOR IRt A 5 35 ik A2 128
ST RS AL AR AR OE B E R R . WRAB AT 4T, /KRS CHa FESE WK BMK IO T4
IKFEEHMBROKRE . WL KRS . BERR/KAE: SRR FEEUIEIE A & (323.93kg hm?) & T ALK
75 (312.30 kg hm2) FIEIE/KFG (312.51kg hm2) , FIHE K. HUE ARG L 2K TRk
FHiKRG. 25 LR, FEAFEREZAEMEN T, EFKREME T e BN R REE 7
X, GEFBEAREE. LR SR, PURKRBIRT Fih. BRIk,
3.2 FKFEFPHE 77 = X5 F Bk B iR A AR ] 2R B9S2 0

FEH CHa HERSUR ARG A P21 i 28 1 2 BEA RO Ay G o KR A 7= i /2 328 LL A8 1 18 50%
PL L, DRI B AR R AE PR R 2, B AR PR CHa HETM . X6 DU KRR R 5 2k A 28 40
MR, FEH CHa HER G /KR A =k 2 728 1 e B vy, FLAEN 53.1% ~ 64.9%, AWF7T4s
REFRPBENRT TR (65%) AHIE, (HiE Tk 5502 (54%) i Yan S50 45
T E A ELRE 5 I (77%) , 1X S57KFEA = CHa HUR I8 AELIE BRI 5 T77 5%
BTN AR, Fo4f. HUEKREA 7 CHa HERE Y B 5 T B AR /K R0, AHf 5, ASFIK
TR 2 CHa HEBOS LR BUNFKRE . IBOKRS . HUEKREZ 780, e T EiEK
o ELAR/KATIR > CHa HERT J5 IR 2 2 57K A0 8 A OC, FIA% 3R IR FRAE KRS AR, B
FEAG H 3 — MR FRR RS, XA R T B A AR R A, XFBERES & 1EE
LRSI, BRI K ARRIT CH, P24 1%t CHa S8 AL A A, AT CHA F
JREERO, H KRG AR TEIRHE CHa 4[R]30 N2O HEjikle-10. 261, AR F R, EAFFEH N.O
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Hel 5 SR 9.8%, T AL FHAMBUKRG . KRBA AR ERANT, BRIEEANS
BB LD R T 17.3% ~ 21.3%, Hoth AL TR B R IS I TRk RO, R SRR
IKFERRE 7 2k 2 28 1) B IR B R R o A 45 SR i A 4 S A AT 9 45 SR A o IR it A
SCMARGH CHa B2 A B SRR - A BRVE N 1) Meta 20 Mt 7045 R BT, BRAS AR L,
ERMER CFE 79 kg hm2) 10 CH, HEAL, 7 100 ~ 200 kg hm2 jifi RS E P, HEZ6 CHa
He s R B2, PR EREE CFE 249 kg hm2) N2 S8 CH, HE R R, 4R
T AR A T AR EE , IR AN R KR R 7 =XRE FH P il S o 314 kg hm2, s it
FEIEHREH CH, HEARS29T, Ak, S ARSI T R H 3k 2 28 o A 20t A AUIE &
DA BRHEU ) F B 2 — o BT AL AR = s R & ot A i E S LR Tk
HOHIF B MR A S0 5 R, DA ARG & DL A0 b 575 b 45 45 S8 o A 1) 55
W, FIERI ARG R, AR08 A AR, WA f = 2R BORRHRR S KR AR
FEBRHERL 5.7% ~ 7.1%, TEAR BEFEN A FE L FH R =25 [R5 A2 S50 ek i JE 328 P BT R S UK S5
N R PR I 5 AN, SRR KRG AL Pl 2 72 v R fE i B 35.7%, = AL AR
(19.4%) F%E (15.4%) o FEXT T BAIT, VLIREILOUBRAO RS, HOU HEML A0 75 R i
/Ny ANTAIR D T HE B FH FEL S BSOSl Ik AR 7K 433 B AN B T 4 P AR P = 2 1Y
T JE TR I BE P ARG FH CH HER . AH EE AV /K VR, [ BRCE I« YA VR 50 /K VRt g =X
FEH CHa HEBUR T % 32.9% ~ 88.79%00, i #4% A8 FH L3 I8 <OIRBL AR UF, O Br& Tt A,
] T 3 CHa 7742, f23ET CHa HIAAALEY, AT B CHa HERR; 3155 HH + J5 3 1)
FEBE,  [FIREATA 20> CHa HERA,
3.3 FREIKFEME R REFHEI

XFFAE T 5, 48T A A P8 AT T 75 SR BAHE i A% Co B AR VR A =AML
IR BAE P ED PTG B, BRI E SR SEHBOI AR, £ E 5 G PR AR 7 bt
ROGEAR T, Tt N TEFIREHRNEA, 20T IRESEHTCS SIS . ik,
FORTE I PP B 2R G 28 JEAZ B RIS i A5G S 2 F RSB . MU s S B IR 43 N AR 1Y)
FFEERE, KRBT R A A 2.51X10% ~ 2.75X 103 yuan hm2, HIEHRN KA N
1.88X10° ~ 1.95x10° yuan hm?, H AR KFE A0S Semr, RN RAR . MBHE
TBUSAS ) FFE AN [FRAE 7 s RRFE U8 A A 0.20X 108~ 0.25 X 103 yuan hm2, b B kK
FEIBRAEBUR A TAR, FRH TR KT o 195038 A5 & RRHETBUBAS BV IS 3 R BN TRCA)
MUK FE . WRKFE . TR, BREKRE. ZEAEEHT T YL 20112014 FA[F KRG
Pl 7 A a5, PR R A s e s, WU KRB 2, FHfKREsE =, BE#/KER
Ko WAL ARG T2 R EA—B, MEAFLHE AR S B . Fk,
AN SRR, ELARKFE R BRI KB R A 7 2 25 A 2 BRI R 250 34k, HLAd
IKFE T FAEAKRE . B AR A B KRS .
3.4 JIHKIEME S RE =R BMK ZEBEEMLL

I AT G RT3 KRG 7= X o YLIR KRR R AR A K BMK A TR AL HLIX | 75
X FRma X o ALK FE AN B KRG EZE A T A5 R AR b IX o ANHIF 70 R 0 B # /K FE 7
[ (A AR R ) AN T = S S /v O (S W= I 2=~ [ = 11 6 2% L0 = e W P s e X T
KA ZEM GO T, 25 HR AN IR0 1S B R e BRI X 3800 24 38 K Ag B AR, DAFEAIK
FEAE BRI . ST S, TLI5 /KRG BB P T G 2 R R, 120 TVLoR B KRt —
R, WKFERAIIEA AR ARG FEF SRR, KHEE A Y AR R =06
FRBRFNAEL S P (R RS 8 e« 44 55 55 7™ 41301, i T i LR R B S AR e . A ER 9%
B, AWAEEAR. BIEKERE, REREEE Y RSB AR A S LR, AT
B KRG AR AE =T AL KRR A 7= B TR AR A2 128 K BIMK U 5 X L bt
X TR dhlX o X 575 oh RN Rkt X 4 e RS B CH. HEBCR AN RUIE G B 5% . Jhrp it
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HXFEH CHy PIIHEAREGE T, JRE B2V R BESATRZEFE, Jhh Ay
JEHb X () /N P B W S v A R R X, B ) /N FE RS FT AL R BURE 2R CHa HES R 3 el
BEAh, FREHLX E 2018 EIT R B R ERE A AR AR RE LUK, R . FE4R AR e /R R AR
B R, X AR AR AR B A KRG AT (RS F A B S R TR 22 A0 R, MM FRE T
FEZE CH4 HEBCRR, F5 AN T bt X A5 e 11 B A7 TR R i A 23855 P A DX S v A e R
5o ARYEARFFAVEEE, Jrdb. J5 R e XORS FH P2t 40 i 324,93, 314.66 A1l
299.05 kg hm2. [k, FRdb A o XL KRS B 25 FE AR AL IR B D B &, F%
B R IZE . Al MKFEF A Ff 8 RS T LR A3 N i B L i B AR . =11
HoKRE A ARBRIRHERAR . BRI, AR B K BBk JskHEE 75140

4 % i

AR FER P AL A BVEAR 757252 B A WYL 95 K R A [V R 7 2 A2 TR sl 45 B FeAi o A
[ SR = W W R VAT 20 /T 7 =K VATl (=B /18 ) = R ARG (£ R QA0 2 9 oS T E71 G0 8
Fe AN FA4d K RE = T UG KRS, B3R K REE B/ o DR, BB /KRS A2 BN B A K R A =K
ANTRI KRG AL 7= A 77 5B 28 v o LB K R CH HERS,  FLUOR BUIRE F 5 3 2
. FEHT NoO HERURIFER . S EImAL T . ARFFNF,  FEAFE L B KR AR
PR TR R I BB IKB R H . SR A BN AR 8E, MUFKREIL T 4. BRI e
IKHE
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