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FMF (Procambarus clarkii) , iR W8 5 Ffh oy i &
105,
1.2 RIiEIT

I R 5 AN A B, AR AR AR A - MR AR X X
HRZH 7 -8 - R ASE A PR TR ABE e A e A =X K
FH P A 3 b B, A A L i 3R AT . il A
R8I < KR BAE AL (monoculture, CK1) : 1%
A P AR A, AR 5 BE 16 cm X 30 em, B/ 4 Bk
IR FE I A 150 kg/hm?, FEAEE AL BT ke 7: 3. HEE
T3 2R 2 AL G dE WA=, R 1 G AR B ()
H ARG T HASHE K A, 4 s 3 | T 7K 34 R 47 10
cm. F5-HF AR 3 (rice-crayfish coculture, CK2) : /N X
JE B2 6l ), FiA %% % 14 em X 30 em, 7 4 ko
TRAERE R ATt LIS, Bk 5 16 A 30 H A1 7 J 16
H 431t PR 3% 45 F122.5 kg/hm”, A E & BIAA
Jiti AR 24, G2 EE T A B it (] /K A B — B -
5 - R B ST Bl AR 2 (rice-duck-crayfish unit release
model, CRXD) : R HLICHE S, B ICTFHZ FA L 78
FH DU JE) I JE e X T A, 4% P e B A sk R A, At
g R MG T, A5 R OC I EAM ST 1Y HEOK E ORI K
F PR IE R 50 HH K RS — 35 H SO B ST, FE KRS
# 14 d S5 ARG LA 180 H /hm™ () %% & Jilt A Fef FH 524 7
MG RS A o A -G - 0 RS 7 A 2K (rice-duck-cray-
fish “nomadic duck” model, NRXD) : 7£ A1 4P 2 ¥ £t
FH (] 15 5 WG 0 L B3 A i, e K Faddi B 10 d A2
FEARRS L 90 H/hm A %5 B 50 AR HH S A 7 A L4
3 N TTEES 1% T A G 3% 3 X, R -G - R R
HH B 455 5C (rice-duck-crayfish large field block model,
BRXD) : 76 /K R Bk 14 d J5 8 405 L) 180 H/hm* Y
ARG |, B AL 1.6 hm?, 5 78 H ] 5 S
Bl Hor HAE 5 A5 -0 X (CK2) — 3.
1.3 CH,.N,O Hf i i&E £ BN E

RS - SOM G E 2 CHY NLO MR
TR AR TE 14 d PRIAE o A DU 2547 78 180 “CHYRLEE
T A A A E AR IR (FID) 438 CH, B
38 1 R AR A (ECD) A NLO e . #A0Hh
Ui # 300 mL/min FY & 46 & L BR R T 50
mL/min I &0, BIRSUCA I 300 mL/min A9 %5 <o
CH, A1 NLO A HEB0E B AR R A 2 (DI

ac 273
—o X h X % 1
F=p X X " Sy (D

A (D, FASMGHE G, mg/ (m?-h) ; 0 Rbsifitk
BT AURERE  kg/m®s b o RAEAR TR IR 28 /K T8 B4 &5

B, mdC/de 2 RFERR N MR B2 AR L3R O R
PR ORFERA N -2, C

JKAEA B NLO F CH, i SR HE R, R 24
AFAR B4 2R S 1 Y (5 SR A Ik (1] 1] Bt 1 e AR 22
3o,

n

2(FHFi) (2)
Fo=" 5 X (10— ;) X 24

X2, F RN, OFCH, i1 BFHE R, kg/hm?;
(FAF,y) 2 YO AR SR FE S B, mg/ (m*+h)
(L —1;) F2 P U FH 215 SR A Bof 8] (8] B, b e 7R SR A
KEL
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4 BRI W % (global warming potential, GWP)
2 18 Bayer Z 5 gk AT AL 5 T SARHE BOR
(greenhouse gas emission intensity , GHGI) #% I8 Mo-
hanty % 2 AL AR INF

Powr =30 X Ecyy, + 268 X Ex0 (3)

(3, Powprt GWP B4, kgCO,eq/hm?,
7R CH, A5 NoO HFRCR AT 33 o A5 2 300 Y CO, HE
JHCHR: ) 1 UV B s Ec, 72 CH IR 3, Exo 2
NLO BB IR i % SARHERGR B H =0 (4) 1531

Piwr
Iona = g” (4)

2 (4) 1, Ie it GHGI B9 & 4, kgCOLeq/kg,
FORBAL ) CO, it ; Q/&/KAE ™ i, kg/hm*,
1.5 Fik [El = Fn s A AN 3 Rz U 7E

i PRI, 5 2% A SO S L

Ge=G,— G, (5)

KOG, Go G G a3 MRt R &= ik [ 5

HOBRHERCR , kg/hm?, Hor
G, =B X Cy+ B, XC,+A;, XpXdX0.37 (6)

L (6), B2 FAE W it kg/hm*; C J& FE FF
Frgcit, V0 BAEMR R AEY I kg/hm*; C IR & &k
i, %5007 HIEEA VLT AL & kg/hm?; o & HEZ
#,1.15 g/em’; d EBHMEIZ R EE L 20 om; 37 1IE R 50K
{E>40.37,

Gc:GnJ” G (7)
Go=(Cen, X 25+ Cy.0 X 298) X 0.273 (8)
GIZZ((],Q/X@) (9)

(D)~ , Gy W EHHECR G o [EHEHR
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FEIK R LA URE | R4S /N IXECS m® T 52 B
P . N TWCRIFRLIS | e Je 0 4% 25 4% i
P9 i DAL o 0 o, 00 R A T I K . AR A
PKEL R 1400 B RS ER E  RIE 7R RS
X P BEATLERRE 5 45, A o5 KR AR 1 m?, T
B T FRK RS AT RORE , KRR A i AR A Il == il
FEFHLEE[ Y TS-5D(S) % R4 [t R #r .
1.7 HIELESSH

K F IBM SPSS Statistics 26, Excel 2019 X} %% #iz
HEAT AL BRANGE T 53 A, XoF ] — 47 44> ik B ) 7 B
FHLSD ik ft £ E g, iR e R 3N EE
(ISFEME R R . R Origin 2024b 5 4F2: 18, SE-{E
AIbRIEZETE I T IR 220K

2 EREHH

21 FERFEHBEZE

H & 1Al DL, CK1 Ay 52 PR ™ & fi e, i 4 980
kg/hm?, BRXD il CK2 43 Jj tb CK1 fiX 6.51% .
6.40%0 , 25 AL B S R L CK1 5 CRXD \NRXD
BRXD Z [A] fF 7E i % 22 5%, CK2, CRXD.NRXD,
BRXD Z [A] #5485 i % 22 5 0 Bk NRXD 4b, 4% 5
SRR B B 2 ® T CK2, CRXD \NRXD 5 CK1 ##
MEH LR EER., SO TRELEEZESR,
CRXD ,NRXD,BRXD B 45 52 1 g 3% & F CK1,
CK2 (P<<0.05) , 43 %l A8 # CK1 @&  12.98% .,
10.60% . 13.13%, #H #& CK2 & HH 8.92% . 6.62% .
9.06% ; CRXD .NRXD .BRXD F¥ A &4 504 B 341K
F CK1.CK2.
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Table 1 Yields and constituent factors under different models

ROk THLE /g

A1 %088/ (J378/hm”)

I Y,

by ShRie e/ (kg/hm? g R/ (kg/hm?
ArH Grain number Thousand grain Effective panicle Grain filling %KTTT%/( . g/hn) Elbr”g(( g/' m’)
Treatments . . Grain yield Theoretical yield
per panicle weight number percentage
CK1 114+2a 24.8+0.4a 273+4a 67.0+0.8¢c 4 980+66a 5263+£171a
CK2 106 +3b 25.440.5a 274+ 1a 69.5+2.7b 4 661+88b 50834155b
CRXD 114+2a 26.040.3a 219+9¢ 75.74+2.7a 4 708+108b 4912+132b
NRXD 106+=2b 25.840.7a 250+4b 74.1+1.6a 4720£51b 50784-185b
BRXD 114=+2a 25.74+0.7a 241414b 75.84+1.7a 4 656167b 51594-413ab

L ANFING PR IR AR B 22 5% B 3% (P<<0.05) . Al Note: Different lowercase letters indicate significant difference between treat

ments at 0.05 level. The same as follows.
2.2 CH, AN ORHHE

HER 2 AL, A A F BB CK1 Y CH, HECR 5
5 , BRXD By CH, HEjit it £ fik , BRXD . NRXD.
CRXD # % CK1,CK2 & 3 [F# ik , CRXD,NRXD,
BRXD ) CH, HECE A # CK1 ., CK2 43 51| [ A% 28 %
9% . 30% F121% .32% H123% ; A HF B Bt
BRXD # N,O HEAl = e, CK1 1 NLO HEG F A1
BRXD ., NRXD . CRXD # # CK1.CK2 & % 4 /i ,
CRXD NRXD ,BRXD (1) N,O HEit & A48 CK1,CK2
A3 M40 29 % A1 14% .34 % F118% .50% 1 33% .
6 H21 HZE7H 2 HI AR SR A H , U BRXD i N,O
HE R T A Ak BRABE S, LA 45 b B 22 W) CH,
NOZBERELES;TH2HEIH 1 H S HEK
A H i CRXD \NRXD ,BRXD #J CH, HE &2 1 N,O
HEi 5 CKL.CK2 Z B ¥4 8 3% 2 5%, CRXD,
NRXD .BRXD 4b 3 CH, Hl 7 i A8 CK1 . CK2 8.
[ A% , CRXD . NRXD . BRXD &b ¥ N,O HE it & 4 4%
CK1.CK2 @ #8m;9 A 1 HE 10 A 14 H , Bgicak

JE AL CK1 g CH, HF il it 5 H AR AL 3R 1 3 25 5
CRXD NRXD BRXD #b ¥ CH, HEjif & 4% CK1 &
AL, A5 A0 FE NLO HER 22 B o B 2 25 57
23 L2HKLEEHBGCGWPMEESEHMBE
GHGI

B L Al DL, R - - dF AL  (CRXD L NRXD
BRXD) 4> Bk IR 7 4 o 2 KT CK1 1 CK2, CK1 1)
S ER B R TR SR B BRXD (14 4 Bk 1 R 7 SR A%
AN 7] Ab PR 4 Bk OBGOE W 3R B CK1>CK2>
CRXD>NRXD>BRXD, CRXD.NRXD . BRXD #fi
B CK1 43 BIFA% 27.3 % .29.3 % .31.0% , #H4E CK2 43
AR 18.0%.20.2% . 22.2% ; CH, [ 3 IR V&t A
& XL M, CRXD,NRXD , BRXD # # CK1,
CK2 43 5 B A% 28.1% #118.6% . 30.2% #1 20.1% .
32.1% F123.1% 5 45 A0 H NLO (1) 38 35 75 S it B A )
5 CH, M ,CK1,CK2 5 CRXD ,NRXD ,BRXD Z
() A7 7E S 25 25 7, 3P A A A 2 (R 5 25
I BRXD>NRXD>CRXD>CK2>CKl,



2 AT L, CKL A il 2 A0 HE o 3 0
BRXD A9 it = S HE oo B /i ik, CK1.CK2 5
CRXD NRXD ,BEXD Z [MJf#7E . % 2 5% . CRXD,
NRXD .BRXD A9 ifit & AR HE 58 B2 4 8F CK1, 43
B AR 23.2% . 25.3% H1 26.3% ; CRXD, NRXD,
BRXD (14 ik 2 A4 HE B0 B AR 55 CK2 43 3l [ 1K
18.7%.20.9% F121.7%
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Table 2 Total emissions of CH, and N,O during different period kg/hm®
Fhiapst 621HE7H2H TH2HEIALH 9ATHEI014H AR
Farming From June 21 to July 2 From July 2 to Sept.1 From Sept.1 to Oct.14 Total emissions
modelss CH, N,O CH, N,O CH, N,O CH, N,O
CK1 14.40.7a 0.11£0.01b 506+ 5a 0.71£0.02d 110.4==5.7a 0.22£0.10a 628=+12a 1.04=£0.13b
CK2 14.9£0.5a 0.11£0.01b 463+4b 0.80=0.06¢ 76.6£5.9b 0.27£0.06a 555+10b 1.1840.13b
CRXD 15.0£0.6a 0.11£0.01b 371+9¢ 0.96+0.01b 65.4+5.1b 0.28=+0.06a 452+ 14c 1.3420.08a
NRXD 14.60.3a 0.11£0.01b 361=+5¢ 1.0440.04a 62.94+3.7b 0.24£0.11a 43949c 1.392£0.20a
BRXD 15.2+0.5a 0.134+0.01a 356+11c 1.20£0.01a 55.446.3b 0.2440.05a 427+ 17¢ 1.57£0.07a
B S ERIE IR # Global warming potential . 4.0 _f_ b
&L ;
CH 4 V4% CH, warming potential = 35 | e
B Nl()lﬁéi'ﬂr_'n?ﬁ;}?}‘ N,0 warming potential 51 *; VVVV
_ 20000 8 E 30F bl pee
“Z_ 19000 FE a5t |
=3 =7 =
<2 18000 =z
== g
£ & 17000 é o 2:0F Ll L
S 2 16000 HE s
%‘3 %‘3 15000 —‘i _E - L
S E 14000 £t 10|
s 2 13000 o
=~ 12000 Hooosp |
;é[m = 400 E\E ,,,,,,,,,,
= = 300 0.0
2%(.’1 200 CK1 CK2 CRXD NRXD BRXD
100
0 M Farming models
CK2 CRXD NRXD BRXD e
R=]
A7 Farming models B2 AEEXEESEHREE GHGI
B 1 FEED LIk EEGWP Fig.2 GHGI of different models
Fig. 1 GWP of different models 24 WmEEEN

Az Wy R VT Al KR 16 [ B RE D, 3 3
Fin, BRXD B9 it 5 0 fh b O B 2% R
BRXD 9 4= ¥y & ¥ K F H b 4 2, [ 5 AR B
5 5 R BRXD A H A B2 e b E 38 AR ) i 5 AR &R
A R JC W 22 R AN AR S Y A [ AR
e & 257, #H A NRXD>CK2>BRXD>
CKI1>CRXD.
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Table 3 Carbon sequestration of different models

iR b 138 A Y4t/ (kg/hm?) Ho b BB - 2 WA E A/ % R B/ (kg/hm?)
. WARAEYE/(kg/hm?) . ..
Farming Aboveground Aboveground carbon . Carbon content of Soil carbon
. Root biomass .
models biomass content roots sequestration
CK1 8192b 414 1438b 34.6 4.80d
CK2 8216b 41.4 1526b 34.6 10.62b
CRXD 8048b 41.4 1530b 34.6 3.78d
NRXD 8059b 41.4 1498b 34.6 12.07a
BRXD 8720a 414 1664a 34.6 8.66¢

A 4 7] UL, CK A Tl et i e, -5 A
KAE R E 2R R - - P Rl e 2 3
fIlsF CK1.CK2, #H# CK1 A% 37.4 %0, #H%% CK2
FEAR 17.3 %0 ; BRXD B [E i 58 7 5ok, AHEE CK1 34 m

301 kg/hm?*, H: 4y 3 5 CK1, CK2 #] He 22 7 ¥ R
3 Wk PRI RKON e, BRXD M HE CK1 % 2 569
kg/hm?, & # & BRXD>NRXD>CRXD>CK2>
CK1, ik b FAK 58 3 15 m (P<<0.05) .
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Table 4 Carbon neutrality effects of different models kg/hm’
bRt [EeRT Fiie BB AR PS8 i T i 5 ferh Al
Farming models  Indirect carbon emissions Direct carbon emissions Carbon emissions Carbon sequestration Carbon neutral
CK1 1494a 4371a 5 865a 3893b —1972d
CK2 555b 3884b 4439 3940b —499¢
CRXD 555b 3193¢ 3 748¢ 3865b 117b
NRXD 555b 3109¢ 3 664c 3 866b 202b
BRXD 555b 3042¢ 3597¢ 4 194a 597a
3 i ® 3 I TR 3 5 WIS 50 500

AR - LT X KR - A B
SE o HAL ) 32 2208 T8 78 8] A9 3l . — 7 13
IR B A A A A K 5y — T TR 2 AR
498 - oK T SRS H , DT OE AR K R AR R A
B AR R RRICR , e A S B m M R R 1 2
SAL R ORISR - - R 2R A R IR R R
() 7K 8 7 A B K R PR A T R AR, X 5 AT N F
Gy e e T R A 2 PR RS P i R R B AT
SRt AT — BEAIF 5T Ak R - T RS - SR X S
77, EEUE AP IR RE A PR AR B9 37 20 A, ik 2 9
HURE R A TR R KRS 1 7 R R, AR 2R K R
HayE, ARWFIREE R AE -1 - iR AT i 2 R sk
T Ay d T 45 S A0 ORERRAIG, = e P R R, T
fE 0 32 2 R AT A R - AR ORI A -1 - AR X
4y it A T A S T 552 i) 7

WS FR W, R 255 Fh 3 28 NE b it FH 2 7 %
T8 22 B 0 T K BE AR X X B T R RS
CH, HINLO BIHERE 2 ARBFSE s - - iR -4t R
CH, HE i BOK R SR 3 B 3090, s T R
32% , HAERE -9 F 6] CH, FAK & W i, X S5 R1
AWF5E 22— R A FRAR R T TR Y
He B R GRS T RE WS A TG S CH, A 24250,

WSS B, TR -G 2L A A -G - AR AR
TR B NAT HHNLO HERL 33X 5 28 05 45T e RS -
WS g - B A oY a5 R — 3, R A NLO 22
FH A WA FE T A DR SRS AR S 4 S8 s s A VR
TrEAgs, S AR &R A RIRER RS
Koo AT PR -G - NLO HEARICE B35 34,
AT RE S AL« (1) TS 08 B 9 2 ol 38 5 H 48 Ak ad I
F5M AR AR M AR s (2) 9 5 R f HE 4 D) R et
KR A E YA T AL 5 R R AR B TS A A RS

A BRI TR VR AR L 2 AR HE i B T A
e FE R HE TR [ 2 RiE 7 Y B B4 AR AR WF ST &
B, 550K ARG PRAEAR E , R -G - g X 4 ik 1 v v

o - - £ A RIS 4 2R — 3

AR ZE IR 7, e -0 - SRS A Ttk D HE T 7
7 T S 3 T K R SRR AR R - A U
8 -8 - R U B B AR I R AR T T B HE R
AR -1 - A B R HE I 0 8 3 (0 T /K R A A
P -UFAE . e Ah, A -G - R 2 A4 Gk [ 5
TG 2 S, R - - R P A e [ 5
B TR, X 32 A R A =AY 7K
AR A T ARLRR [ B B 22 3k 3 T - R - A
A RAF A IR 77
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Effects of farming models of rice-duck-crayfish on carbon emissions
and carbon sequestration in rice paddy ecosystems

LIU Yintao', WANG Xiaodong', CAO Cougui’, WANG Jinping"*, GU Zemao™*, LIU Juan', JIANG Yang'*

1.College of Plant Science and Technology,Huazhong Agricultural University, Wuhan 430070, China;
2.Shuangshui Shuanglii Institute , Huazhong Agricultural University, Wuhan 430070, China;
3.College of Fisheries , Huazhong Agricultural University, Wuhan 430070, China

Abstract The characteristics of carbon emission and carbon sequestration under different farming
models of rice-duck-crayfish were compared with those under the traditional farming model of single rice
cropping and rice-crayfish farming. The rice variety Huamoxiang 5, the crayfish ( Procambarus clarkii) , and
duck variety Wugin No. 10 were used to conduct a field experiment at the Shuangshui Shuanglii Institute
Base of Huazhong Agricultural University in Jingzhou , Hubei Province. The effects of different farming mod-
els on the methane (CH.) emission, nitrous oxide (N.O) emission, global warming potential (GWP) ,
greenhouse gas emission intensity (GHGI) , and carbon sequestration potential in paddy fields were studied.
The results showed that the CH4 emissions, GWP, and GHGI under the farming model of rice-duck-cray-
fish reduced by 28.1% to 32.1%, 27.0% to 30.7% , 23.0% to 26.7% , while the carbon sequestration in-
creased by 2 089 to 2 569 kg/hm” compared to that under the traditional model of single rice cropping. The
CH 4 emissions, GWP, and GHGI under the farming model of rice-duck-crayfish reduced by 18.6% to
23.1%,17.9% to 22.2% ,and 18.7% to 22.0% , while the carbon sequestration increased by 616 to 1 096
kg/hm?* compared to that under the rice-crayfish farming model. It is indicated that the farming model of
rice-duck-crayfish can reduce carbon emissions and increase the level of carbon neutrality in rice paddy
fields, with the farming model of rice-duck-crayfish in large field blocks having the best effects on the reduc-
tion of emissions and the sequestration of carbon.

Keywords ecological farming of rice-duck-crayfish; integrated farming in paddy field ; carbon emis-
sion; carbon sequestration; CH, emissions; N,O emissions
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