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Abstract: Modern agriculture not only brings high yield of grain but also produces many ecological and environmental
problems , which urges people to turn their attention to traditional agriculture again. Some traditional agricultural systems not
only have outstanding economic, social and cultural values, but also have a variety of important ecological functions, such
as GHG emission reduction. Howev er, there were rarely studies to estimate the carbon sequestration and emission reduction
capacities of traditional agricultural systems and evaluate their environmental impacts throughout their life cycles. Therefore,

the carbon footprint of the rice-fish culture system in Qingtian county, Zhejiang province was measured by life cycle
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assessment based on the data of farmer surveys, and was compared with that of the local rice monoculture system. The
results showed that; (1) the carbon footprints of Qingtian rice-fish culture system and rice monoculture system were 6266.7
kgCO,-eq/hm’ and 7520.0 kgCO,-eq/hm’, respectively, while the carbon footprints of output per unit were 0.12 kgCO,-
eq/yuan and 0.21 kgCO,-eq/yuan, respectively. Compared with the rice monoculture system, the rice-fish culture system
emitted less greenhouse gas, had less environmental impact, and had higher ecological and economic benefits. (2) The
CH, accumulated in the agricultural production was the main source of carbon footprint, and the fertilizer input to
agricultural production materials was the second source of carbon footprint. Feed from agricultural inputs was another
important source of carbon footprint of rice-fish culture system. Quantifying the environmental impact of rice-fish culture
system in Qingtian by carbon footprint method not only enriches the applicable types of carbon footprint in practical

application, but also has reference significance for environmental impact assessment of other traditional agricultural systems.

Key Words: Qingtian rice-fish culture system; carbon footprint; life cycle assessment; environmental impact assessment;
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Fig. 1 Carbon footprint accounting boundary of rice-fish

culture system
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Table 1 GHG emission factors of various agricultural inputs

WiH Hef A 7 HARA TR
Item Emission factor Data source
HLHE Fertilizer AU Nitrogen fertilizer 1.53 kgCO0,-eq/kg CLCD 0.712)
H A HE Compound fertilizer 1.77 kgCO,-eq/ kg CLCD 0.7
424 Pesticide 16.61 kgCO,-eq/kg Ecoinvent 2.2[%]
T Feed /NZE Wheat 1.01 kgCO,-eq/kg g 30
EK Corn 0.79 kgCO,-eq/kg E- i
JRK} Fuel P Gasoline 3.12 kgCO,-eq/kg Lall3)

GHG . iR = <AK Greenhouse gas
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Table 2 The agricultural inputs of different production models

e TRk AR
H e g5 R Fertilizer K2y Feed Fuel
Production model e g4 Pesticide INFE FEk YA

Nitrogen fertilizer Compound fertilizer Wheat Corn Gasoline

ﬁg ) E 181.8 630.6 2.6 220.4 336.1 42.7
Rice-fish culture
IKFEHAE
CRTR A 300.0 891.8 3.1 35.7

Ri(3€ m()n()culture

F 2 T LLE RS A R0 AR G N0 A i 2 A T KA B R G, UK R AR R 5
RN G Y 60% F1 70% . SERGAE S5 #4155 , 76 F f 3 A R RUK R FAE R e b &2 6 I8 1y it ] 1
Py TR (HRRE A R A LB (78% ) W o T /KRB HAAE R SE(75%) .

B TARIEEEA  RE a3 RGN A AR TR R AAE R G, KR A E R G 84%, HHLLZ T,
Feta L 2R G0 VI B A BN KRS B R S8 20% , 33 T B2 R R A f 3 2 o P e WA I o sl 7 o
Frigki , PRI THAR = TKRERAVER P, AEARR AR A T IR R 22 7 503 TR A /N 1RDRE(220.4 ke/
hm? ) AR RE(336.1 kg/hm?) H AR 0 364 R G0 A B8 48 AR = AR HECEAT S,

32 REHARESEHK

(D) TR RIRE A RGEAUKRE AR RGN R R AR ESRH (% 3) . WER3 DT LA
W R R RS IR IR B SR HER R 2058.9 kgCO,-eq/hm? X T /K R BAME R 45 (2200.4 kgCO,-eq/
hm?) B A P= PR 5, R f 34 R GE R AR AE A TR & SR HE ikt B A T /KRS SR R 48, (L
K FE BN R G 68% 3 AR EGF AT AR N 43.2 kgCO,-eq/hm” | BAK T /K R BAAE R 45 (51.5 kgCO,-
eq/hm®) 3 BRRHE AR 2 S MARHE R 55 H KRS AR RGER) 20%  RDRHEE A TR 28 SR HECE W R % 488.1 keCO, -
eq/hm’ ;. 3X SRV AE P2 FORME AT 2B ISR AL

£3 AAEFARRERNEZESEHME/ (kgCO,-eq/hm?)

Table 3 GHG emissions from agricultural production inputs of different production models

ALIE Fertilizer FAHE Feed HEEL Fuel
HFHR AR qam ] » ait
: Al el - Nz ok il i
Production model Nitrogen Compound Pesticide . Total
o C . Wheat Corn Gasoline
fertilizer fertilizer
fEfadt
. 278.2 1116.2 43.2 222.6 265.5 133.2 2058.9
Rice-fish culture
KA 459.0 1578.5 51.5 111.4 2200.4

Rice monoculture

PEREHBEA G % TR AR B % AR A B B4, fE R b A RGerp b Ll 68% , T AE /KA
BAERG S LRIk 93% (B12) . Hoh, BAEHSE S B R % SR AR R e Rt A2 R Ge 7000 4 21 149% 0
54% AEKRE AR RGP NN 21% M1 72% , T UL ACREBAS TAR B % U HR AT 2R, k2,
BORLS oA TERE It A R GE ol 2% F1 6% , TE /KRS HAE RGN 2% 5% , 25 5 AR, R A L T
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Fig.2 Proportion of GHG emissions from agricultural production inputs of rice-fish culture system and rice monoculture system
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LA I Rt R G el e = AR HE R 4207.8 kgCO,-eq/hm®, B B AIKF /K F FRLAE R 55 (5319.6
kgCO,-eq/hm*) , AISERFHHEE N,0 19 CO, HEM Y it i 2 A5 HHEAL CH, 1 CO, HEl X &, fF fa Lk Raey
KT RREHRIERS

T I AR 22 S0 SR — 7 T AR FHERL N, O 1 CO, HET 245 5 A0 HE i it FH 5 U0 RE 56 | T A e 4% A 23
M BA R fa 32 R S0 AR RE e FH = A KRG A E R 529 68% , 5 — 7 il , Fig EHHEAL CH, 1% CO, HEBCS 52k A
ARG st R BT R R RS b i T A TG B, B0 T RS R A S e, i T
CH 38 S K AR S BN & AR RS (3R RS CHL Y COLHEBCS AR TR AE RS

SEARLIN 5, CH, Y COLHER S 2 5 LK, AR f 3 AR R G KRG BRAE R G2 43 ) EE 969% 1T 95% , Xif
Azt i SR HE A EZTTER N, 0 1 CO,HERCS &0 7 b /b # e fa A R e FUK RS BV 2R G2 h AR
7 4% F1 6% , % Az 7 i B = SR HERC STk R T CH, Y CO, HEl S &

F4 AEEFAREFTREZESEHRME (keCO,-eq/hm?)
Table 4 GHG emissions from the field of different production models

R N, O [ CO, Hi 2 CH, ¥ CO, HEHICY A e L A A A
Production model CF N0 CF CH, CFa
fEfad sk Rice-fish culture 183.3 4024.5 4207.8
JKFE BAAE Rice monoculture 283.8 5035.8 5319.6

3.4 fRELISHT

FIFR R (4) T84S B0 F fa A RGERUK RS A R Guhk 2 (3R 5) . Ffadhi: Rgume 2 iy 6266.7
kgCO,-eq/hm* MK T 7K FEEANE 258 (7520.0 kgCO,-eq/hm?) | X BE AT T /K R BAE R G Fe fa 3k R GRS
WA B /)N, ELAT B R B30 2R . 15 T 242 X v KRR A 7 OB A 38 O BAF 5 45 SRR L, BT IXRE A 3 A R 4
ik /2 75 (6266.7 kgCO,-eq/hm*) K T WL 2004—2014 4K FF A ™ (4R 265 2 378 (6627.6 kgCO,-eq/hm®) , {H
1o T4 KRR AL 7= A 3435 S 300 (5804.9 kgCO,-eq/hm’ ) , BIF 5 X /KRG SAAE 2 e ik J 300 [ I 3k 1 4 e Fn i 1
BIFEIKE
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x5 FRAEFHARXBEIL/ (kgCO,-eq/hm?)
Table 5 Carbon footprint of different productin models

RGN RS A Az R R AR R Al A i ST
H )=t Carbon footprint of Carbon footprint Carbon footprint
Production model agricultural inputs in the field of agriculture
CF CFeq CF ygicutiure
FE LA Rice-fish culture 2058.9 4207.8 6266.7
JKFEHAE Rice monoculture 2200.4 5319.6 7520.0

Al A Pk R 3 A% SR A7 BAR Z2 T R I RE I, An%k
7Y P NI P > e it B cn 0k B k%
AR B2 B IR DRGSR G ) mon o momn W
HetEZ 3] —@E e, R, RS SRR T LLE
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FHR R 2 | SHOR th 5 R0 1 SRR 25 UML) 2 ) :‘; '
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(B 3) o R T 75 , 4 2 77 1 BB 2 (1 CHL A ol 4
A AAERS 1 RGeS P 1 H TRk, 400 o5 0l
He 649 Fil 22% , 7K R B4 22 40 B 2 8 thy 3 30 144 A 0 f1g 0
B, R R R R R SR RS R Y T 5 R o R
SAHERCRER S T 5 3K 8% , 1 R 0 36 R4 ) o o
o S ) 20 B3 fTEaLERFEFKEAERGHREITHIK

Fig.3 Composition of carbon footprint of rice-fish culture system

35 $1j?: {E@%Eﬁ and rice monoculture system

i TS i Fe fa e A R MK AR AE R 4
PN ARG G EIEAT T I . 2018 4 4 bR A 1 7 F- Y90 46 0 3.0 J0/kg, 243 FH A A% 4 100.0 J0/ke,
WIEAZ(5) AT LA 3 RS 3k R G FUK RS B R G A P (e 1L (£ 6)

e £ e A 2R 0 0 ZKORE B TR ™ i B K R R R G0 AIR 43 % , PR MRS £ e A 38 G 7Kk e SRS T AR P (B 311K
SR RE A A R e v H 7= 50 318.3 kg/hm®, R M LA REE RGN (H 31830.0 JT/hm?*, HH FHISME fin
TR A, T 0 A 2R G0 P07 T A PP (52323.6 J0/hm?) K B BAPE & 4 (36225.0 J6/hm?) &
449,

®6 MARLERFIKEEERG AN EBRE T

Table 6 Carbon footprint of agricultural output of of rice-fish culture system and rice monoculture system

I H Tttt il R KFEPIER G
Ttem Rice-fish culture system Rice monoculture system
JKAE Rice P4/ (kg/hm?) 6831.2 12075.0
FHE/ (IT/hm? ) 20493.6 36225.0
M i1 Fish 724/ (kg/hm?) 318.3
FE{E/ (J6/hm?) 31830.0
AT AL {H Output per unit area/ ( JG/hm?) 52323.6 36225.0
BT P BR AR CF 0/ (kgCO,-eq/ TE) 0.12 0.21
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MFE 6 T LA Y, R fa A 2R 45 B0 P (E AR L 35N 0.12 kgCO,-eq/ G, 1K T /K R B4E 2248 (0.21 kgCO,-
eq/JG) , X UL ARG fa A R G A= (B o g, it EL B = (I AR HERCE /D ] WL, A KRS B R 4,
Fei At R g0 B T B 2 B Rk e R AR SRS

4 #ig

B GRE S WA T BRI (9 P PR A SO, R P A i ST v X A £ e A R K R B A A
T 2B I HEAT TSR, WS R IR, RS A R G R T 6266.7 kgCO,-eq/hm® | B0 P {E Rk f 325k 0.12
kgCO,-eq/IC , KRG EANE R Gl 12585 K 7520.0 kgCO,-eq/hm? | FL7 P ERR JL 354 0.21 kgCO,-eq/ TG, 57K Fg i
YERGUM L, Fi fa A R G HEO T2 SR T D SREE 2 T/ | A AR 888 T e

Al A i AR R CH R0 2 70 1) 2 2R R, A6 A f 384 3R G MUK RS A 2R 48 1 ik 2 308 v 43 931) o LE
64% 1 67% , AGEHEA I IACIESEE AR5 L 300 126 RV, 7RG fa 3k AE 2 G0 FK ARG SR 2R 48 A ik K2 8 Hh 4331
di b 229% 1 27% , ARGEBA T IR AR A AR RG] — BB IR, B L s 8%, R
Feif A R G0 Tl & SARHE LU KRS A R G, SR T 55 AH DG A 5 25 2R 04 LU A S e 0 A £ e A R 40l T}
FIVERDEMEEA 385 0 1 T I 2 A S R AU (R B, AR AN G R A

A SCH AT S AE T AR P S AR A T2 7 2 8 53T, DA T B Sy S A 2050 S > b el A 7
RGN A 5200 o AP I DREICE AR A A 84 P AT g% 2 30 5 M A A1 1 R 33k A A Sk f)
RN J3—J7 38 e SR 8 7 VAR TR £ e A 3R 0 0 AR 50 ) HEA T 1Ak, 25 T e A2 30 A S B g
i R, o T A AL G ARl R S8 O BREE B i PEAN t 2L AT 15 78 X,

SN, IR 30 7 AR AR Az 7= SRR S AT SR A AE SR BRI . 8 5, ARl A= 7= R i 1 5
BRAg A 22 5, (T I BE PR s AN S B Bl S A B A5 R A — e w25 . 1598, N1 & ) et B 4k
LT B S (R LR R FH A 25 32 S BRAE DU BRI L 340, CHL A N, O HER i i R S AR A 2 v
1, RV AR — A S SO0 BV A, 23 PR S PR 28 R e s Rt I 25

£ 3L Hf ( References)

[ 1] Z=3¢te, XURTR, BIPRSC. ARl SCst = dr . RSO R BT RL. b E RS AR, 2012, 20(6) : 663-667.

[2] Z¢fe, XK, BIPC RS R R SRS, 5FHA, 2010, 32(6) : 1015-1021.

[ 3] MR, WS, BTbE, skrh SEFAES R MGG AR M X A 257K 3 57 /0 r—— DLW T4 35 BB B B8R, 2009, 31(1) .
63-68.

[4] ZEscde, gl st = i 5k . AR RIERME 4R, 2015, 34(1) ; 1-6.

[5] BIPRSC AnrkeE Bl SO ——— o i HE st 7= 2880, SRRk, 2006, 28(4) : 206-208.

[ 6] LiuWW,L WH,LuM C,Fuller A M. Traditional Agroforestry Systems; One Type of Globally Important Agricultural Heritage Systems. Journal of
Resources and Ecology,2014,5(4) :306-313.

[ 7] Drinkwater L E, Wagoner P, Sarrantonio M. Legume-based cropping systems have reduced carbon and nitrogen losses. Nature, 1998, 396(6708) :
262-265.

[ 8] Yuan WL, Cao C G, Wang J P. Economic valuation of gas regulation as a service by rice-duck-fish complex ecosystem. Ecological Economy,
2008, 4(3) : 266-272.

[9] ZhuYY, ChenHR, FanJH, Wang YY, Li Y, Chen J B, FanJ X, Yang S S, Hu L P, Mew T W, Teng P S, Wang Z H, Mundt C C. Genetic
diversity and disease control in rice. Nature, 2000, 406(6797) : 718-722.

[10]  mPZ2, BB, B0, HOERR, AR, R, -9 A4 SR R ERWHE I Ge B M 2 0. A RE | 2006, 39(5) : 968-975.

(1] =AEE, WEst, 207, BE, EU, . Fs e EAER RS CH M N, O 2R S 285 8 WAL P IEALRLEE , 2000,
42(6) : 2052-2060.

[12] Zhang J E, Ouyang Y, Huang Z X, Quan G M. Dynamic emission of CH, from a rice-duck farming ecosystem. Journal of Environmental Protection,
2011, 2(5) : 537-544.

[13] Wiedmann T, Minx J. A definition of ‘ carbon footprint’ //Pertsova C C, ed. Ecological Economics Research Trends. Hauppauge, USA: Nova

http ; //www.ecologica.cn



4370 JAE = 40 4

[14]

[15]
[16]

[17]
[18]

[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]

[32]
[33]

Science Publishers, 2008 1-11
Dubey A, Lal R. Carbon footprint and sustainability of agricultural production systems in Punjab, India, and Ohio, USA. Journal of Crop
Improvement, 2009, 23(4) : 332-350.

EX4, B, TR, BEE, SOREMR. P EDKARAE BRI T, BHERLSE, 2017, 39(4) : 713-722.
Roy P, Nei D, Orikasa T, Xu Q Y, Okadome H, Nakamura N, Shiina T. A review of Life Cycle Assessment (LCA) on some food products.
Journal of Food Engineering, 2009, 90(1) : 1-10
Sah D, Devakumar A S. The carbon footprint of agricultural crop cultivation in India. Carbon Management, 2018, 9(3) . 213-225.
Huang X M, Chen C Q, Qian H'Y, Chen M Z, Deng A X, Zhang J, Zhang W J. Quantification for carbon footprint of agricultural inputs of grains
cultivation in China since 1978. Journal of Cleaner Production, 2016, 142 1629-1637.
XA, EREE, AR, B3 R, SRR A BB S 1 K RS, BREER AR, 2017, 37(3) ¢ 1201-1208.
R, AT, BB R E BT —— LRI f. SRR, 2015, 37(1) : 175-183.
Clavreul J, Butnar I, Rubio V, King H. Intra-and inter-year variability of agricultural carbon footprints-A case study on field-grown tomatoes.
Journal of Cleaner Production, 2017, 158 156-164.
XU dtdh, SRETIRG, i AR/INBHE, BRIEEC. AS [) E I0E 4 of /N 22 - T R AR AR AR AR 2R R G B R R2 IR, o AR A AR, 2017, 28(1)
169-179.
XIHEAR, s, ZE3CAE. Rl R A0 5 0 RS FHOPFFE R 2 10 25 5 B0 2 LT 5T
(1): 164-169.
THAE, 2R, ARARAE, WSS, BRAR, . SRR MR G I IR T X R R RBREE R0, [ AL Al 2241, 2013, 21(3)
308-314.
e, XIS, BRAK, PR, i, JEERE. (RGR t R0 B E . BEddl, 2009, 25(6) : 801-805, 810-810.
ML, BRI, BeTHEt. Rtk RO A RE EAR SRR B ERTTE. AR AR 22 4, 2008, 16(4) : 991-994.
IPCC. Climate Change 2013 The Physical Science Basis: Working Group I Contribution to the Fifth Assessment Report of the Intergovernmental

, 2010, 18

Panel on Climate Change. New York; Cambridge University Press, 2013.
IPCC. 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Volume 4. Agriculture, Forestry and Other Land Use. Hayama: Institute for
Global Environmental Strategies, 2006.

XES, Tk, Mg, fr2F, sk, 228, WSS, . R ar B S5 50 R i dior ik 5SRO, FREERLA4EHR, 2010, 30
(10) ; 2136-2144.

Ecoinvent Database[ EB/OL\]. (2011-05-11) [2016-06-30\]. hitp://www.ecoinvent.ch.

TETT, B, T2, XRER, XI7E, SRIEAR. 3002 08 A B 0 v BN A PR TR T T RO R 22 Az, 2018, 23(2) ¢ 1-10
Lal R. Carbon emission from farm operations. Environment International, 2004, 30(7) ; 981-990.

USRI, WO, ZEREE, WA, BB, PR, RIZESREME I . R IX kS N H—HeT i RS AR AR ACR. T ER
YRS X K], 2013, 34(6): 1-11

http ; //www.ecologica.cn



