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62) kg/hm®, AT AEHE iy T4 i A s ) i A AL
RO R R R R A U T CHL AR
Liu 2000 v [ 45 g 35090 S8 SR v 0 NLO IS %
M, HMRECE R IR I E] NoO Y HE R & AT ik
4217 kg/hm’ . FEEEIAERR, TR HBHE . it
FE RS SR IN, A HE Ok R = AU
Wang 251 1 it HO RS 88 AR TR = 0K, & IUAg
oA MRS R ER S CH, 2 HE, H N0 B
THHER B 2 % . Khoshnevisan 251X i A [A]

EEET: H5e(2001-), J, WL AE, BHE 5 0 B 52 sl W) 3% 0 AR 5% . E-mail: 2226325425@qq.com
BEESE: & HL, BIEE, P07 8 e s 5 A4 A %%, E-mail: yfsun@shou.edu.cn



514 o il K B 2

%3248

FrHE % W ST UL, AT R A 2 R ROR, HE Ak
CH, B2, 1M N,O HEGE D . B 2 5 hAe
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1.1 W 5FEEIE

ARSLEGTF 2023 4 4 A& 9 AELHAmET
FELYATEEL A A D R R UL (34°3/54"N, 118°4'60"E)
TR, ZHIXE F B IR RR X, AR R
142 °C, EXHEAKE 910 mm, 4E4 H IR %L
2291 h,

SIS E WA 1 PR, AR YEFRIE(PC) A
P SRR U (RO FR AR A X, F b A5E 5 5
=AEME , PC A=A AHAR Y AR g 3R
FEMLE, AR 60 m, FE 135 m, RN 14,
W BB R BR 3 m RO SR B (Elodea
canadensis), KN ARFFIE 1.20 m A4, BFF
2023 4F 4 HRA, Bk 41(10.00+1.40) g, BE
2599 0.75 ind/m>, 4 HE7H, BK T4 16 h /&
A 5 WL ] 4 W A R (VT 95 A e R R AT BR A 7D,
MR R AR E ) 2.5%~4.0%, TERHE H Bk
ol 32%; 8 A M vk, KK A
19.8%, MR N MEIKER 5%~6%, Hik
PR AR KA BB 5 A KAFOLIE R
RC 4136 B = B AH 4B H K /N 5 3l 3% — S0 A5 4% 1
(P PC 4 B LR IH B2 50 m), SRR B0 a] . BEA%
5% 5 R s R R —2, 6 AR RAA
T ARy SR KRS, BREG A9 RIEE 2928 30 cm.,
M KRR TE 30 em 2247, DUJE B3R A K IR ZY
S 1.20 m, FEGH ()R] AR M ARDRL A s K B
5t 3 TR AR PR — B P D SR AR A U S it
FEHAIE FHACRL, HTF 9 AR . IRES
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Fig. 1 Schematic diagrams of greenhouse gas sampling
sites in the experimental areas of pond culture mode (a)

and coupled rice-crab culture mode (b)
The green points represent the sampling sites.
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Fig. 2 Structure schematic for static greenhouse
gas sampling box

CHs 5 N,O YR E i GC-14B SAH (%
{%(Shimadzu Co, LTD, Japan)[F]ifil %, 3585
PRHEiGE B Rk ARG
THEA AT

F:pxhx(z—fx273/(273+T)

b, FRRSMHIGE S, #0728 mg/(m*h); p
JEARHEIRS TR L, BN kg/m’; h A,
BN SR my dC/de RRBEFR N SRR B AR (L2, TR
KAE L R ORFER N TR, BN C . IE
EARR SR AR AR AR, EARRSAEMNK
SHEATKIR  NLO [ 54 S pg/(m®-h), CH, 1Y BA07
& mg/(m*h).

A ERIE R 7 (global warming potential, GWP)
A R A TR AR BB R R AR AR, RR
— B BFIRL PN, A I 5 AR A HE B A Bk R R
HOR X T CO, i BB BN, LA 20 452 i R
R, 1 kg CHy BBGTRAN S 1 kg CO, Y 28 1,
1M 1 kg NoO (3G RN & 1 kg CO, 1 265 %5, 1T
(RN W (I

GWP = 0CHj x 28 + ®N,0 x 265

X, oCHy F/n CHy HERE, ©N,O F7R N,O
() HE
1.3 KIMEEFRESNE

R AT = SR AY A R A T 5 K TS b,
AL JE T R pH I P 5 4 X K 5
X (PH200, MR AR AR A ], ),
5 ik S KL T SR P 8 48 X R b 2 A B AR
(HQ30d, M /Awl, M), b R AL
MI5E (AR8212+, ArFANEE, HE),

SR REFRZZ) 10 ecm BEAY/KEE, A 500 mL

IR (HT 636—2012), WAEZS A (NOL-N)fif
FH N-(1-283%)- 2 Z e 53 606 B 7R D 22 (GB 7493 —
87), & A (NH3-N) i /K 4 R 12 1l 52 (HT 536—
2009), G (TP) FH4H R 4 43 ot 0% B 5 %2 (GB
11893—87), filf 7% &l (NO3-N) fii F 4% 1A Ji 325 I 7
(GB 7480—87), Bilah(POI ) HRE4H % /3G
P (GB/T 6913—2023), EifhFRERTER(CODM,)
A FH R 1 o R 0 7250 5 (GB 11892—89)
1.4 HEBESH

Fr G KdE 3448 Excel 2018 F1 Origin 2024 %%
PR BRI, A5 R DL 3 R R 1 T4 {E+
PrRifE2E (x £SD) #n o f# ] SPSS 17.0 3R 4% £ s
HEATIE R0, R Pearson #HIE/Mrikgiit
A3 MR & SARHEGE &5 5 T A OCE R,
i FH 22 5038 25 G [0 U3 43 B i i & SR HE G E
B EEHREN T

2 #R59H

21 KRIERMTHRFE

P KR A F], 75 20~34 CZI[A] 3 3l
(Kl 3a), #hE M, RC HiEshT 0.25~0.46,6 H 7
Hixer, 8 H 7 HEK; PC A8 F-F4, 7F 0.21~0.31
B, 7 A 27 Hiers, 9 A 27 HEAKE 3b). &
FEf JF A, RC 4H7E 133~209 mV #3h, 7 H 17
Hixrm, 8 A 7 HiEfK; PC HBLIERY 122~
169 mV, Gk RC 45T PC 41Kl 3c). mithfRER
SR, PIHEETHEE, RC 40 2.67~5.65 mg/L,
PC 4}y 2.37~5.3 mg/L (&l 3d)., pH, PC Z15256 1
67 T RC 4H, 7E 8.52~9.26 H#a#fa &, RC 47E
8.01~8.51 [H P AP A2 (K 3e), W4, RC 41
BT 5.5~7.5 mg/L, PC HIH%E T RC 4, 1
8.0~10.0 mg/L, ¥J{H }(9.00+0.82) mg/L (/& 31).

S TH, RC HRZEGERTR 0.15~1.02 mg/L,
e fH7E 8 H 26 H, &AR{EFE 9 27 H; PC 41
Hy A LG R 0.17~0.83 mg/L, Fxim{EAE 7 H 17
H, SAKETE 8 H 7 H(E 4a). A i, RC4
B S EIEE 1.15~4.13 mg/L, ®EEE 8 H
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Fig. 3 Temporal trends in water temperature, salinity, redox potential, permanganate index,
pH and dissolved oxygen during pond culture and rice-crab co-culture experiments
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Fig. 4 Trends of total phosphorus, total nitrogen, ammonia nitrogen, nitrate nitrogen, phosphate, and nitrite nitrogen
in the water column during pond culture and coupled rice-crab culture experiments
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7 H; PC 1A% 3075 BBl R 0.60~3.95 mg/L, fiz i fi
e 7 H 27 H (& 4b), @A J5 M, RC Hr-FHMEH
(0.80+0.12) mg/L, PC £H°4(0.30+0.02) mg/L (/& 4c).
AR DT, RC HMZEALIEE 0.34~1.90 mg/L,
e EAE 9 16 H, SARMEAE 9 27 H; PC4MY
JEFIN 0.43~1.40 mg/L, Hm{EN 8 H 7 H, &K
B4 9 H 16 H (& 4d), BEfRE:J5 1, RC 41/
{H4(0.15+0.06) mg/L, PC £t 4(0.15+£0.06) mg/L
(K 4e), WA ZS A7 1, RC 4B I Sh9E M 0.005~
0.046 mg/L, PC 2% 0.004~0.031 mg/L, TiiiZE1k
ESFARL, T IR S (E 46) .
2.2 CH4 %0 N,O HER B = 41

b 3 S RS L AE CH, HERGE B A& Sa
FroR, PORRR 33 B AR DL i AR AR fa A, Bk

—=— FEEEILAE coupled rice-crab culture (RC)

[a —e— 3325 pond culture (PC)

a0t
T 35t
=
B S 30r
E3-IP
Eé"g 20
p g
%5 15+
5 10t

5_

0

NOHFBUE #/(ug'm2h)

AT A AT AT A T A W WP I I S
B ARNIPSE AR PR P!
K% H #/d sampling date

MoN S ETHE TR AL, PC 4l CH, 21k
U FEI7E 0.85~23.83 mg/(m*h), “F¥I{H K (11.35+
1.23) mg/(m*-h), 7& 8 H it AHEM 4, 8 H
17 Hik#|f Mg, RC 4l CH, Z2fLIEFBI7E 1.32~
39.50 mg/(m*-h), VY18 M (13.69+1.42) mg/(m*h),
8 HHE AHER S, mesvgthBiAE 8 A 26 H.

b IE SRR RIRS 2 N,O HEBGE AN Sb
fii7n, PC HEEA S R A/NT RC 4,
PC A ¥IME H(30.52+2.46) pg/(m*-h), RC HI4{E N
(85.41+5.78) pg/(m*-h)., WL AL AAIR, 4K
seig P sh)E IR 8 A 26 Hik ()5 FF%.PC
TR I, AR 55.67 pg/(m”h)E
AN, RC AR MFINET SR, K85
I 126.90 pg/(m*h)J5 HE T,

—=— FFMBILHE coupled rice-crab culture (RC)

[ —® HiEFH pond culture (PC)
140}

160
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—

(=3
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o0
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A A N AN AN AN oN
S A AN AV R > oD o oY
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Fig. 5 Emission fluxes of CHy (a) and N,O (b) from river crab pond culture and rice-crab co-culture modes

23 WEEFHHEXESTAZmE TS5
b I 5 R A A A A O = AR HEGE
5B T AR S R WA 6a iR o TE
0.05 MEAE/KFT, MWIEFRI N,O HEjlH & 5
AR . KIBER2EEEMHX, SRAZERERN
O, CHy B MK E B EIEME, 5
SE R B E NG, e ILERL R AR HE
WO 5 B A OGRS M A R aniE eb i
TN R SR NLO HEBH 5 5 E A L KR 2
I 2 IE A0 & (P<0.05), CH, HEjilE & 5 ik 2
Bt 2 IE AH 56 (P<0.01) . Sk BH B 2R 5% X 7 X
ol 35 5% = TR % AR HE I £ 5 ) 199 BT KRR

R 2 IC LM% A5 113 43 B vk ST B A A
Ji #e:

Y i YE o =—40.413+2.106X xu—3.102X s

Y Y N 0=—18.762+14.637X sen

Y P oy =1.759+29.664X

Y FEME \ 0=—33.899+54.364X wivet3.442X ki

ZICENEZ L WIH S e 45 R R B, il 3R g
CH, -l 32 32 /K I LB 19 5 i (R°=0.786,
P<0.01), N,O Hk e ik 32 2 i 75 L 1 3% 1 (R2=
0.584, P<0.01), FAMEILARHI CH, HEMCE F 2 %
MBI S (R?=0.308, P<0.01), N,O HEjjih 5
Z BRI KR 59 B0 (R*=0.586, P<0.01).
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a ¥4 DOC | b ¥4 DOC 0.80
EFF salinity | ¥ salinity I 0.60
FHLFREETE S CODy, [ TRALFRER TR S CODyy,
E AL A redox potential | _ E AR R HLAL redox potential 40.40
pH pH
A NH;-N S5 NH;-N 10.20
JKiE water temperature | * 7K water temperature lo
HAZE NO-N L * AR NO;-N
WHHZSE NO;-N | TSR NO;-N 1-0.20
HETNE * MATN
SBETP | Mg TP {-0.40
Bmath POT | , . A POT - ~0.60
PCyy0 PCy, RCyy0 RCy, '

6 IR TE (a) F A B A (b) B 2l 3 M HROE fE -5 BRI5E TR 1 AR DG 20 A
* KR B M 56 (P<0.05); **FR it BB A E(P<0.01). PC: MiyHF#%E; RC: R/l 53270,
Fig. 6 Correlation analysis of greenhouse gas emission fluxes with environmental factors
in pond culture (a) and rice-crab co-culture (b) modes
* represents significant correlation (P<0.05) and ** indicates highly significant correlation (£<0.01).
PC: pond culture mode; RC: rice-crab culture mode.

24 BRESGERITHINERIERER

P Rh IR AR R = SR HE RS Ran 2k 1 PR,
PR LR NLO HECE: W38 R T b IS 7R 41 (P<
0.05), i5%0(2.3240.13) kg/hm?, 5 M 3EFR 58 AH L,
e LA S CH, HERE N 18.60% . 5 Fef Mg AL A
PR HE, s SRS 4 BRI IR SR D 21.81%.

F1 PAHFAEEABRESERITHNERIGEEE
Tab.1 Cumulative greenhouse gas emissions and
warming potential of the two farming models

N0 it CHs Bl Lppnupgsy
HEs i/ HEsi/ (t/hm?)
(kg/hm?) (kg/hm?) global
N,O cumulative CH, cumulative ~ Warming
emission emission potential
Rty 2.32+0.13 444.99+59.31 13.07+1.62
coupled rice-
crab culture
Tt IE FE 5 0.83+0.04 375.19+£35.95 10.73+1.16

pond culture

3 it
31 W#IERX CHs 5 NO HiiE SHFE R Hig
B

WIE I8 CH, HeoE 7% 8 A ZHife T
SRR, e S A e e SR R T G B, DR
DR AT RE S 30 IR SR AT A AR 22, A T S K A
PRI L M R B, [ A T I R Ve Bl Ak 1
(OB s Ay FR g ol TR AL 7S R R A R R A
8 A ZBSLIRLEH, WIEIRAH CH, HENGHE /N T A5

AR, ATAEE T KR B AR WA, 3Em T
CH, 7E/K VAR, TS 5 MoK e 4[]
W, AR B2 = R ety e s e, A
LTt CH, HEAI iR = 06 s IR TR R 1 8 H

e LR ) CH, HEGHE AR Tk 4 5L 5
FIHE TR, 758 H 26 H AR IE{H (& 5a).
B G2 AR O 1o XA AR AR R CH, HECR 1 B
FALFM, FEFIAE CH, HE & & g B 7E 8—9
A, SRS ZER -2, I FhE S i AN
AT B S R A VR A S A /K R AR PR 1 254 rh
WA H LM AR A KA, CHy ML 3 3 KR
F1 226 30 0 A e BRI LT, SR A 2 v R T 0
WK RS SRA R 7= B ey R B A ™= A2 CHL 19 5%
RIS B IR B A TR, IR SR R IR
mF, ALl CH, By 77 A Ao

SRR, M SR NLO HE G
R AHFE AL E(E Sb), k3] 5
B —2, (HER B/ FREILER S, XrlEER
H b PE AR RECER, TR A2 1 NLO 7E B THHE
B3 723 I AR R A TH RE, TR K T K,
N,O 7=k 5 RE R b, THFER AP, Beah,
f JL VRS T a9 I A5 25 52 i A AT BLE)
FITCHLE R B i, DT[] 42 52 ) i == SR HE L .
Ma 25021 [ 5 55 B 008 3 A 01 RHEZK 39T 69 NLO 3l
i, RBbYEHEK G N,O HE S 200 L. 54
s asie—2.
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FEM Y NoO RAEMAEMERT, E4FA 3
B R MRS AL AR EFRBE R 0 S RS AR IR 2
R AL AR Sy T D e C L RUIR ) A A
FH NoO AW 1) KA HERC . AR 52 5045 528 N,O
M8 H it AHER = W, RREmA~ 1, ATRESE
T 8—10 H, A LA s B K R F 7 A
ARZS, S HORS - EUE PR B AR A M R B 5 7 i
B, A AL A SRS AR R AT, B A IR
AR UERUE IR T, TSR NLO I HERTS
B4, Zhou PRI T IR IE T 13X — WL

ATl b DX ) S S . 3SR RK % JRCIR
D23 B R AN [R) SR A AR X Y 3 RV 34 . A 9T e
LA BRI IR 44 (13.07£1.62) t/hm?,
T Wang % gk a i POy seib 4E 1, Al fig & A
Sy JHL ST 060 o R M A S G T b IR [ R, R
WK BOFREE T RO = AR DT N 4 R
TRV A D th I R A 4 ROV TR T R (10,73
1.16) t/hm?, #H AR T 17.91%,
N,O FI CHy HEA 3 51 2 F M8 IL AR 11 35.78% A1
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Abstract: Pond culture and rice-crab co-culture are currently the two main culture modes for the Chinese mitten
crab (Eriocheir sinensis) in China. Due to the large differences in the aquaculture environments of paddy fields
and ponds, there may be significant differences in greenhouse gas (GHG) emissions and their influencing factors.
Therefore, research on the differences in GHG emissions under different culture modes is urgently needed. In this
experiment, the pond culture and rice-crab co-culture modes were used as the research objects, and CH, and N,O
emission fluxes were collected and measured using a static box-gas chromatography method, along with the
related environmental factors, at 10-day intervals between 9:00 a.m. and 11:00 a.m. on sunny days from June 7 to
September 27, 2023, with a view to exploring the characteristics of the GHG emissions and their influencing
factors under the two modes of aquaculture. Based on the results, the integrated warming potential of the two
modes of river crab culture was calculated. The results showed that N,O emission in the rice-crab co-culture mode
was 2.8 times higher than that in the pond culture, with a fluctuation range of 34.94—126.90 pg/(m*-h) and a mean
value of (85.41+5.78) pug/(m*-h), whereas CH, emission was 1.19 times higher than that in the pond culture, with a
fluctuation range of 1.32-39.50 pg/(m”-h) and a mean value of (13.69+1.42) pg/(m*-h). The Global Warming
Potentials (GWPs) of pond culture and rice-crab cultivation were (10.73+1.16) t/hm” and (13.07+1.62) t/hm?,
respectively, and the emission peaks of both modes occurred during the high temperature period of August.
Multiple stepwise regression showed that the CH, emission in the pond culture mode was mainly affected by water
temperature and total nitrogen (TN), while the N,O emission was mainly affected by nitrate nitrogen (NO;3-N); the
CH,4 emission in rice-crab culture mode was mainly affected by total phosphorus (TP) content, while the N,O
emission was mainly affected by dissolved oxygen (DO) and water temperature. In summary, the rice-crab
cropping mode significantly increased the GHG emissions and GWP of CH, and N,O during the cultivation of the
Chinese mitten crab, probably due to the fact that the GHG emissions under the rice-crab cropping mode were
mainly caused by the rice emissions, and that there was a huge space for GHG emission reduction in the rice-crab
cropping mode. This study provides data support for greenhouse gas emission of Chinese mitten crab under different
culture modes as well as a theoretical basis for the promotion and demonstration of rice-crab co-culture mode.
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