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T2 B AN SR AR = B AR TR (TR B, 2021), ©K
RIS R FRI AL, 2020 4FEFRAE AR
2.562 6 x 10° hm®, =ik 325.39 J7 to St F
FHLG, FERAZEA R R AT 3 E b RUK SRR A %, BA
B3 AR AR RS o TRIAS, ad KA FIK AR sl i B R
A SR T 2R I R G PR (B P A4, 2020),

A A R PR (life cycle assessment, LCA)J&—Fl
FHF PP 7™ i L R 55 80 R Go e FLAE A A A JE I A v 7
R 7, B N T b S, 8
7 i B R 55 R4S IR FR AR s iR AT AR, T BT
fif Az P A R TP R — NI XS IR BE I , AT R 2K
IRBE 2 i e AR o T A R A O vk AR e
P IARBE S PR B B . AR, 3 10 4R E
TN T K FRAE AR, WA R VAL K A
I PR PR R 5 ) d5 AT AKX B9 U7 % Z — (Biermann et al,
2019), FUHMIR FERET K= FHMA G T RE
i P A A A R DI R B R, 40 B b 47 (Pangasianodon
hypophthal mus)#: 241k 3% 5 (Bosma et al, 2011)4 J& Kk
¥y £ (Oncor hynchus tshawytscha) i i £k 77 4 1) PR 85
S (McGrath et al, 2015). HF /K= 3258 & 2% 1 i 3
I, R YR, WAL AT L BK T S
T fEDBEAE 7 L RS RIS | DXl 5 4 3R Y LA
(Hou et al, 2022), W58 3T LCA 5HritHh 7 HbE
471 (Coilia mystus) F1% | f1(Oreochromis niloticus) 1) 4
77 st R DA R p 3 A0 LA Y T B (Avadi et al,
2020) . T i (Oncorhynchus mykiss) A [i] 3% 7 A5 2 1)
LCA F3Ar iR, T AR PR K S5 A A5 X0 0 5558 1) 52 i)
NT T AR KR A TR (PR RE, 2011), 55
Z5(2022)0 1 LCA 2 HUASREER A ERIK R 50 2 Fppid
K ek, 250K, FUFHAER X R a2 L
PEF KRG A . AR A B 7K 7= 3% 5 AR i ] 109 0 o
(LCO¥dE e, C L T 21 YFh RS R iR =E <
A& RABEHERL A KR 7K D £ oo A AR HEAL AN T
7% (Gephart et al, 2021), AL, 7EK™=F25E A A 8 1
o, EDBMIERE | R DL R R B A AR A K T FE RIS
Y HE i A5 5 PR ) B R K (Song et al, 2019;
Parker, 2018; Dullah et al, 2020),

AR, HATAMFR 2R AE TR
rn FHPEAS [A) SR FEAR T O PRIE 52 0], 1710 %o gt Jalk
K= FEFE ML X AR B S i () PR A i . R, A
IF 5T LA VL 3 3 P 7 vt 33 5 9 RS T 20 5 P TR AR =X
FRF G, BRITIX 2 MR DL AR AR P | B AR A
FEFH I R X IR (R, RIS, o3 A ol PR R M 1)
FENZER, DU RT3 S8R 7 77 58 52 5 58 U8 A AL
. B 2w AL AL SR p A R AL I, S Sl

IK = FEFE MY A RREE K SR R R 2 At
1 MRS
11 AEFE

AWFFEAE R BB E 20 /K P2 FE58 W o,
B3G5 DR LR A PRI SR 15 St s 3R
FEZC WIS fE] A 2017—2019 4E . ABFFE
Tt 25 A A SR I 5 TRV i) T Al 2
AIHBIX o 2% W s AT L WL 1, W s 322 HE S N
AT FRFEZE R RN A P B AR M, F B AR SR A A
. FRIHELFP . FRAHE L . B o AR
MR | H R K AR o ZESREE I KK R
HEK , FRAEES R GG TR K HE B o REAFTE T AT 7
BEA5 R I KRS FR R o it G A BB R,
SR SR A T AR S PR B TR

1.2 HRF*

1.21 A& B BFN B AR E 69 # T WIL/INN
VLI IK 7™ FEAE T 26 A R PR FR AR i 2 i, JF L
2 PR IR A A /N . ABIF S iR K
FEIE AL A R PPN RS A ULE 1o ARk 7= it #R T
FEHL T . HEROE S5 i 5 i R AR AR T AR
RAK R 5 7K = SR 3o B 0 22 v BB R A T 1 TH ALY 4045
15 301, B8 v B A= A JR 913 Al 85000 2 (Chinese Life Cycle
Database, CLCD)7r, HLJJAE ™ HFEAL A RETEIT )
SPFHER A RS e s SR R rh e K AR A
ARSI o I T ARG G 19 2 Al £ (BX BT
FEFH AT AR PRI s, PRI, FRAE ) Y SR Al i
W HSREAT R 7 ahas i DA G R B AR AR IR R
G ANASTI G ) A= A S5 AR S L
122 A B IE EHERR AW B 32
308 o 0L M ) ) 2 ) A AR Sl 3 R A AR S A
S IR AR K L ANHEK, FREE S RS HE
oK (B AN M TRL A 1RRE, o i fRE B2
SRR T HAEHUR AL R 2R SRR N T A%
M, HRPRMER AR, AME AL, Tor JITHAE,

R AR 7 KA 8 5 R e B N A HE Tl = A 9R 57
FE I ]S Y W HE T i o R ER A AP IR R — R LIRS A
F . TR IR, S T — K. FRAE
PRI 29 5 A Fg T AL 10%, SR8 T FE/K B3 U5 LS
PRITFE KA

FRpid RErf, CHy HF AR S Xu 55 (2022)4%1H
A, AT

CH,4 Emission = emission factor x area x day
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Tab.1 Basic information of monitoring points
FRIRE I 5 2 R HesTID=R EFSN FRIEAR B
Breeding model Name of monitoring sites  Information of monitoring sites Breeding information
R FA R TP AW € A 31°07'N, 117°22E, 2 hm’, FRSE L PG JRELHE Procambarus clarkia
st AL AL TR, A THR
Integrated T 2 LR A0 B b 30°24'N, 112°26'E, 6 hn’, HFETECRZEUR P. clarkia
rice-fish TCHEENL, AT AW
farming TR0k IR B IR A MR 30°19'N, 103°38'E, 10 hn?’, EFHEE Cyprinus carpio, FEHCHN Cyprinus auratus
WEFE L JeHIENL, AT AR
A5 PN DX A A BH b B A 27°33'N, 106°44'E, 15 hm?, FAFEME C. carpio
Hodh ToHEEMNL, A TR
FRIT T T ) gl A 30°49'N, 112°12E, 2.8 hn’, PR 53 [CJRZENF P. clarkia
AR TeHEENL, N TR
wEFER R IR 30°09'N, 116°56E, 15 hn’, JRFE 148 Ctenopharyngodon idellus FIfif Aristichthys nobilis
Pond culture 90 BIEEHLA 30 BHAHAL
ZEMNTIT IR AR 32°35'N, 120°01'E, 0.7 hn’, FHE C.iddlus, FEFLHE Hypophthal michthys molitrix
i it 6 HHIEHLI 1 A AL
LGRS 33°15'N, 120°37°E, 4 hm’, F 5 H 4 Carassius auratus gibelio, F5EE H. molitrix
AR 7 18 SHEHLAN | 5 B FIsfi A. nobilis
R i 2% R R 28°16'N, 113°0E, 5 hn?, F A C.idellus, FEELHE H. molitrix
A B 7 22 GHEHLA 10 S EHL
TIN5 30°12'N, 112°03'E, 0.7 hn’, FF i Fifh Pelteobagrus fulvidraco, T H. molitrix £

TLIR AR S A R A R

b SRR K T SR AR
Ll SR

v R A S R
BHARAT
BT A A ™ SR 5H
A ER

WK B BRI

KR I- 545

AU R X K™
Ll Gt

40 P 30 A A 7 ol %
It A1 R A F

2% B B 2% K 7 IRl
Ll a
AR S
SKHEIX T

9 HISHLAN 2 BRUHHL
33°11'N, 119°16'E, 1.2 hn??,
7 BHGENLAN 2 B

30°52'N, 121°23'E, 0.43 hm?,

6 HIEENLIN TR
30°56'N, 121°07’E, 0.5hm’,
5 BHIENLR 3 B AL
30°44'N, 114°48'E, 0.8 hn’,
5 SHEENLI 2 B HHEL
30°24'N, 115°03'E, 0.7 hm’,
3 BHENL 1 BHIEL
30°21N, 112°13'E, 8 hm?,
10 BIEENLAT 5 SRAEHL
31°15'N, 118°49'E, 1 hm?,

5 BRENUR TR
28°45'N, 116°01'E, 1.33 hm?,
12 BHENLIN 1 SFEBL
27°56'N, 107°06'E, 2 hm?,
10 SN 8 BHEAL
30°29'N, 103°45'E, 4.5 hm?,
20 I 17 BRI

fifi A. nobilis

FFEHE A C.iddlus, LAk Megalobrama amblycephala.,
il C. auratus FIfE H. molitrix

PFAFE FLANEXT IR Penaeus vannamei

HLFEH k45 M. amblycephala
FEFEEFA P fulvidraco, FAFCHE H. molitrix A6l A. nobilis

FF% 4 C.idellus, FEMCEE H. molitrix, # A. nobilis Fil
il C. auratus
F:F: L85 M. amblycephala, &%t C. idellus

FFE AL FLSE Eriocheir sinensis, &I ITF Macrobranchium
nipponense, % Sniperca chuatsi
FFEifn C.idelus, TRIEEE H. molitrix A A. nobilis

T35 C. carpio, #5ECHY C. auratus, %iff C. idellus Ffif
H. molitrix

K B Micropterus salmoides, R F:6E H. molitrix il
fif§ A. nobilis

WK

Fresh water

|_Feed supply

BB

Breeding process

CWALE A
Power supply

K1
Fig.1

FRRE T Y T
Weight gain of
cultured products

1SRRI

Pollution emission

KT IR A i R PR R G

LCA system boundary of aquaculture

L, emission factor iy B ET AR E: K ) CH, HEJilE:,
area NFRFH XIAYE RN, day MFRFEHREL, FEiasi &R
FRALC R I SR A CH, HE 20518 1.62
F12.90 kg CHy/(hm*-d).,

N,O WIHEE S % Ma %5(2018) 08 98, D

TR 0.54% 0 B A (TN 8 NLO HElm K<, 1
=R/N R

N,O Emission = Feed x concenty X emission factor
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A, Feed HHEMAYEELF, concenty a1 EA
B &, emission factor & N,O fE A+,
AWFFE VRS 1t K= IR0 7= i B 5 TR

7, 2 Fhsa = R g0 A N B A= i R T B L3R 2,
mF 2 Pn, WA TEGREER . HKkE., HEg
AR &, b EE R REKERIEE  mIRK
Heem S/ . BB S s A, 1 RS CH,
I N,O .

1.23 A& RABPwFN KRR EAE
TRAK AL 988 . R, Wy AR = i I R e Sk
RER . DRI, ASWFFHE /K 98 U5 TH #E (water use, WU)FI
RE VR #E (energy use, EUVE M PEMNF8FR . HLAN, F75H
FEIKHERL 5 15 AR & B SR A, R B 3 7K 38k i) 3445
) (B A 55, 2020), FRFHE b HHE L CHy AN

N,O, [FEf, B s m AR =S
i, JHEREE R Z SO, NOL FIl NH; SR BHEL
HE R W . PG, AR WS OB SR AT
(eutrophication potential, EP). 4=EK7E B #(global
warming potential, GWP) il fig fk ¥ #\ (acidification
potential, AP){E Jy BREE S M PEAN 6 5

T AR 1N 7 A Y IR E 5 A 2 55 R N I 5 (2019)
I Pelletier 45(2007)AYBIFST . HL I3 L1 4 AH S 3 £
H eBalance k{4 N & 9 CLCD %u¥& )% . | FH eBalance
AP AT AR, RS B W DN A5 %) PR 5 e VA 25
o KRR AL ny 4 R AT B AL JOmACRb B, 1 kb
BONF 2 S RFE A5 o SEMEAL AL FRES, JERE(E R
A ER NI PRIF 0 P (R (Sleeswijk et al, 2008), L £
S H BRI (2019) W &4

F 2 2R 2017—2019 £ [8) &y B B B AL P2 B (T KA 1t FRFE L ) B T S BN AN H CF B (E+hR e %)
Tab.2 Average input and output per unit of production (weight gain of 1 ton of farmed product)
over the life cycle from 2017 to 2019 of two models (Mean+SD)

i H FEH AL Breeding model
Items FE a2 & 3% Integrated rice-fish farming L IEFEFE Pond culture
i Input
Tl Fry/kg 142+44 176+38
JH7K Water use/m’ 770+£168 2 0934580
FHH Electricity use /(kW/h) 1 264+340
1Ak} Feed/kg 958+325 1 603+342
i Output
K= 3 E Product weight gain/kg 1 000 1 000
% % Ammonia nitrogen/kg 0.78+0.20 1.77+0.74
JLA Total nitrogen/kg 2.51+0.45 7.65+1.23
J M Total phosphorus/kg 1.14+0.31 0.94+0.25
H %€ Methane/kg 87.14+1.94 54.09+17.34
N,O/kg 0.24+0.09 0.40+0.09
124 ##®EHtE4 AR N RES

PrifE 2% (MeantSD), J-#i ] SPSS25.0 Geit#k Xt 2 4
52X ) R B 52 e 45 SR 3 4T Wilcoxon Bk FIAG K, P<0.05
Ay 22 57 3

2 ZBRERW
21 HwBEAHITEMER

FIF eBalance #X {4 A4, JEXF 2 PR =CAE 2017
—2019 4F[a] ) FRFE 16 sh AT A= o R W52 ma pE A, 45
WILEE 3. 2 Fraese s =00 A an B PR 25 31 R

R0 25 A A A 20 IR 55 10 45 T2 i (EU . GWP AP,
EP Al WU)RK T b P2

2.2 EREAFAIMBLEG LR

W 2 R AR A 0 A A SR DTN 4 SR AT o
FERUIMABTAY , THREEE R AT REH, 2R E 4,
HLE A PR A BIN A EU. GWP, AP, EP
WU LA B IR BE 52 Wi 48 45088 W 3/ T i 95 32 5l
(P<0.05) H1F/K/=F200 I FE ., 2 FFRFEALCH WU
Xof PR A 5 e 49 37 g T LA A B R A P A L B WU L
Hh, TE 2 FhFRFEAL SR A 7 T, EP 2K

B2, BU SR/ MR IR
2.3 INMERINIEREI TR S
2 FpFRFEAR A I AR PP A A (PRHAE R L HR
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JIHERE) T R P SR AR DTk M NZE 5 EUL. GWP. AP il EP W oilkm T3t #2, (5 WU

Fin . FRZEA P e, Aa ity REER TR B FEE, hIEsRmEAEF, EU,

L HER AT LA Z AT, A& T MLy FIF g e GWP . AP il EP th £ ZORE T iRDBHMIE R o 2 Fh IR A AR
H 2 S nl AL, REsE AR FREaT, MR Y R, RS RS BP MTTERR S T 40%.

&3 2M#EsL 2017—2019 £F (A K A& A AR O G5 SR (EEARAT 1 ¢ FREH G 3G 1) CF 24 {Hbn 1 22)
Tab.3 LCA results of the two models for the period 2017—2019 (weight gain of 1 ton of farmed product) (Mean+SD)

FEFH BEIRIHFE EERAF RV R b v 34 B KGR THFE
Breeding model EU/(10*MJ)  GWP/(10°kg CO»-eq) AP/(kg SO,-eq)  EP/(kg PO3 -eq) WU/(10° kg)

Y 4o AN
Feiif 55 3 A 7 6.01£1.05 8.09+1.61° 35.94+6.29° 12.06£3.17* 7.89+1.72°

Integrated rice-fish farming
Wi 554 Pond culture 11.37+2.01° 12.04+2.27° 65.06+5.98° 18.60+3.92° 21.29+5.84°
e [FFVEERE LA R E R 4L A7 7E 18 3 22 55(P<0.05), T Al

Note: Data in each column with different superscripts are significantly different (P<0.05). The same below.

&4 2MIEK 20172019 £ 8 TR #0078 (B 56 AL FNASOT Al UG B9 248 R CF I (HEbRifE %)
Tab.4 Results of the benchmarking and weighted assessment of the environmental impact potential
between the two models from 2017 to 2019 (Mean+SD)

FRIERL RERNAE  RRURBS MR EEIREE KBRS R A
Breeding model EU GWP AP EP wu TEII
Fafa2i 5 M SR

L . 0.003+£0.001*  0.141+0.032*  0.096+0.019*  0.770+0.226* 11.650+2.544*  12.660+2.532°
Integrated rice-fish farming

W FEFH Pond culture 0.007+0.001° 0.210+0.040° 0.174+0.017° 1.187+0.259° 31.453+8.630° 33.031+8.658"

R5 2WFEENEN R IMEZ I TR

Tab.5 Contribution rate (CR) of each stage of two breeding models to environmental impact

REURTHAE  AEEREME RN REFRMEE KRN SIETEER

FRAEAR BiH EU GWP AP EP WU TEII

Breeding Pr(;ject . . . BTk e e

model EU DTk GWP DTSR AP DTSR EP % WU D¢ TEII DS
CR/% CR/% CR/% CR/% CR/%

CR/%
v fAMitR; - 0.003  100.00 0.098 69.21 0.096 100.00 0.414 53.80 0.280 2.39 0.891 7.04
AFhg Feed
Integrated supply

rice-fish FirEt e 0.000 0.00 0.043 30.79 0.000 0.00 0.356 46.20 11.370 97.61 11.769 92.96
farming

Breeding

stage

At 0.003 100.00 0.141 100.00 0.096 100.00 0.770 100.00 11.650 100.00 12.660 100.00
In total

ISR B it 0.001 11.81 0.017 7.87 0.014 7.93 0.021 1.78  0.053 0.17 0.106 0.32
Pond culture Power
supply
TRt 0.006  88.19 0.168  80.12 0.160  92.07 0.686 57.81 0.497 1.58 1.517 4.59
Feed
supply
Fhat e 0.000 0.00 0.025 12.01 0.000 0.00 0.480 40.41 30.903 98.25 31.408 95.09
Breeding
stage
At 0.007 100.00 0.210 100.00 0.174 100.00 1.187 100.00 31.453 100.00 33.031 100.00
Total
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3 it FEMLFRIA, X LE AR bR A AR 25 5 Fh R = P AIG Tt 3
TR, BF ST R R, FEiLE A Fh AR P

AT TTTRIR N 20 AN Wi 5 (4 7K 7= 5251 2 RHERC R 2 IR 1 32.81%, vEEZ M T

G, EE ST A5 R LR A R R R R SR A AR U A
H5reERE s, IR 2l 5K T, 48T 2 FhgE
FARL XA BT sZ M . FETFAEm I EN Bas, 2 Fh
FEFEAL A AR FR AR 52 i 42 T WU LEP Fil GWP,
T K P2 FE 00 R, WU g BREE m i 2 E 48
bro HUR, K= %5 s oK A 3l i 2 R sk v i HE
W, G nl KRG & B SR E S, 2020), I,
EP BIA N PR AR R ) E s bR — o LA,
K77 SR A 1 BEHERC CH, AT NL,O 453 %8 S fK (Fang et al,
2022), K= FREE B HL D7 AR B) B HE O & A
I, GWP MM aREEszm 3z B e bR FRE L
2N XTI (Penaeus vannamei)ft) 2 F 35 s AR =k B
HIRBSE W88 K /MK S WU, EP. GWP. AP
EU (BRINIFSE, 2019), Hrp, fhyEFRGEAA WU, EP
1 GWP 25 SRR 90%, [RIEE, 78 RZE6EK)
2 PR AEAR S LB 58 b 2 B, FRBE S i DA s EIRAK
UCH EP. GWP. AP Fl EU (EZR4E, 2014), 25l
AWFFER) LCA 45 R WIR, ISR MR 25 5 PP 3%
Hh A PR R A B KB/ IMERIR S WU L EP. GWP,
AP #1 EU, Hrp, WU, EP il GWP 5§ 99%LL |, &
B VLRI, K= SRR BRIEFE R & K RSN, i
i ZE S K PR B R IR AL A A ER AR R R

B ER AR SR AR L, Wt S5 WA FR 50
RO R A SR A A T AR R0 55 o T A an F AR 19
AN TR SRR (T2 2 Ry B — SR X B 58 A 52 il 2 i 2
JFJR(ZE#f, 2016), Biermann Z£(2019)fF%% W, fif
(Cyprinus carpio)f HLA X% WU, GWP, R
THAELL S L B R S s IR TR SR Al AR K . LK
PUfiE(Salmo salar) AR FRFH AR A B, 4 77 GH 5
3 I 5% 1 R A T i R U K 5R 5E A K (Ayer et al,
2009), AHFIEH, A EITEM AE SRR, FEiaLE
A IR 2 PRI RE T8 bR B PR B 52 1 5 £ 1K
Tt EFRTE A, RGO LE & Fh IR A T A Ui A
Bts o FERTZEA PR, LA FH AR TK
TR TR, 2020), FRART BA TN I 7w
M. Xu SFQ022)WFFE B~ , A BB e A 23 bt
FEHAY GWP A 1 525 kg CO,-eq [4%1] 901 kg CO,-eq.
e FH A P i shAE ) | 5 HURN 2% B 55 AR PERL AT LR
A N TR A (B I AE, 2023), M B A AR
B PR B e HE S R GWP ., AP Fll EP,
T RMF AR A PR R I, 20T 1 EU.GWP
1 EP R TR B R (Xu et al, 2022). [AIEEHL, AHT

Fefa 2 A PR X, 28 HE B 3845 nT AR A A At
PR FEMMCRI T, AHES T3t 3 55 w] LAl 75 e )
Heik, oK & E Rk,

K7 FEEEA A R A, TDRHEERY | FE T AR N SR
B 3 TR A BE A 52 0 AEAE VA S 19 25 57 o X R R A A 7R
ARG S AR ER 3 A P NE AV €78 K it ANV E S S
5 (Cortes et al, 2021), Naylor Z£(2021)I\ K, fAELXF
FRBE 3 TS G 5K SR R TG Y 90% LA T
KPGPEfE SR FE P, GWP. AP #l EU 5Tk 252
PR TFARHIE R (90% LA 1), EP kIR T 5758 B Bt
FEEHMIL S (Pelletier et al, 2009), Sherry 25£(2020)#
FEARIESE, fARMEEN & GWP F1 AP I EZ kI, 5
PERAL, AWFIELE R, TRRHMIER 7E 2 Fh AR
A AT EUL. GWP, AP fil EP A 5T#k R a K
XTERVG EF 38 FPAE AL IRIR I 0 A A R PR i 5
FU, WU 1 EP Y £ 2Ok 2 77 58 1 #2 (Cortes et al,
2021), SEFEFE ALy RN T 58 &30, EP 1Y £ 2
K VB 2 352 58 10 2 (Biermann et al, 2019), AWF5E RN,
2 FpaEs A p SR A o A R W WU AT EP. LAk,
A MLANBHHL S B A T IHFE R 7, Bk,
JIHER A K IR A A SR PR S R R R
7] firi (Perca fluviatili S) i ¥ 7K F3 5 4% 2 1Y A= iy B 30
H A RN FE RN EU, GWP Hll AP (Cooney et al,
2021). KPGFEEEDE PR K 55 58 19 26 A J8 B PEAN I 5T 4
7~, AP, GWP, EP fll EU 2R JEF H 71 {1 (Song
et al, 2019), AR, AN FE M EU,
GWP il AP, A[a]FFE A4S B BOS FRE (1) 5% e AN
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Two Aquaculture Modelsin the Yangtze River Basin
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Abstract With the rapid development of aquaculture in China in recent decades, the country now
faces environmental problems, such as high energy consumption and severe environmental pollution. The
Yangtze River Basin is the most important area for freshwater aquaculture production in China,
accounting for more than half of the total production. The environmental issues induced by aquaculture
have received widespread consideration in this area. However, the freshwater farming-induced
environmental issues in the Yangtze River Basin were rarely evaluated in prior research. Life cycle
assessment (LCA) is a valid tool for assessing environmental impacts and resources and is widely
deployed in the industrial sector. It can quantify the impact of a product or service on different
environmental indicators at various stages of the production process, thereby aiding in the identification of
the best measures to reduce environmental impacts. The LCA is more effective than traditional
environmental impact assessment methods; thus, it has been gradually applied in other fields, such as
agriculture and aquaculture, in recent years. In aquaculture, LCA has been used to evaluate the
environmental impact of various farming models or species in a laboratory setting. However, little
attention has been paid to large-scale systems, such as the Yangtze River Basin. The two most important
farming models in China are the pond farming model and the integrated rice-fish farming model. Among
them, the integrated rice-fish farming model is regarded as environmentally friendly and an important step
towards realizing the sustainable development of aquaculture in terms of the efficient utilization of water
and land resources. Therefore, in this study, the environmental effects of pond farming and integrated
rice-fish farming models were investigated in the Yangtze River Basin using the LCA method. A total of
20 monitoring points were established in the Yangtze River Basin, including 5 for integrated rice-fish
farming and 15 for pond culture. In the integrated rice-fish farming model, the life cycle consists of two
stages: Feed supply and breeding. In pond culture, the life cycle consists of three stages: Feed supply,
power supply, and breeding. We analyzed the values of energy use (EU), global warming potential (GWP),
acidification potential (AP), eutrophication potential (EP), and water use (WU) in the pond farming and
integrated rice-fish farming models using the LCA method, assessed the contribution rate of each phase
for environmental indices, and compared the environmental impact of the two farming models. In order to
establish the inputs and outputs of an aquaculture system, experimental measurements and surveys were
conducted to collect data. The collected data mainly included feed consumption, electricity consumption,
water consumption, total phosphorus and total nitrogen emissions, and greenhouse gas (CH4 and N,O)
emissions. The data were analyzed by the LCA software eBalance. In this study, the weight gain of 1 ton
of aquaculture products served as the functional unit, and the results were standardized and evaluated in

order to compare the environmental impacts of various impact indicators. The results showed that the
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standardized and weighted evaluation values of WU, EP, GWP, AP, and EU in the integrated rice-fish
farming model were 11.650, 0.770, 0.141, 0.096, and 0.003, respectively, and the total environmental
impact indicator was 12.660. In the pond farming model, the values of WU, EP, GWP, AP, and EU were
31.453, 1.187, 0.210, 0.174, and 0.007, respectively, and the total environmental impact indicator was
33.031. The environmental impacts of integrated rice-fish farming were lower than those of pond farming.
The contribution rate analysis of the three stages of the life cycle to environmental impact showed that the
contribution rates of EU, GWP, and AP in the feed supply stage were higher than those in the power
supply and breeding stages. EP was primarily associated with the feed supply stage and pollutant
discharge stages of the breeding process, and WU was principally concentrated on the breeding stage.
Overall, the LCA results showed that the integrated rice-fish farming model had a more environmentally
friendly effect than the pond farming model, which indicates that the Yangtze River Basin has
considerable development potential. WU was the most influential environmental impact indicator and the
main restriction factor in aquaculture; it was mainly associated with the breeding stage. Therefore,
moderately increasing stocking density was an effective strategy for reducing water resource consumption
and improving water resource utilization rates. In addition to WU, the main environmental impact index
of the pond culture model and integrated rice-fish farming models comprised EP, followed by GWP, AP,
and EU. The contribution rate analyses of the two models showed that the aquaculture-induced
environmental impacts could be mitigated by improving feed production technology, establishing accurate
feeding technologies, applying advanced effluent water treatment technologies, and appropriately
increasing stocking density in the Yangtze River Basin. In summary, in this study, we compared the
environmental impacts between the pond culture and integrated rice-fish farming models in the Yangtze
River Basin using the LCA method. In addition, we analyzed the differences between environmental
impacts at different production stages. These data served as a reference for the sustainable development
and optimization of aquaculture in the Yangtze River Basin.

Key words Integrated rice-fish farming; Pond culture; Life cycle assessment; Environmental impact
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