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Characteristics of carbon sequestration and methane emission in rice-fish
system

DAI Ranxin, ZHAO Lufeng, TANG Jianjun, ZHANG Taojie, GUO Liang, LUO Qiyue, HU Zhongyuan,
HU Liangliang, CHEN Xin"
(College of Life Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract: Rice-fish systems are unique rice farming systems that coculture rice with fish (in this paper, “fish” refers to a wide range
of aquatic animals including carp, crayfish, shrimp, crabs, and softshell turtles, and others). Studies have shown that the interactions
between rice and fish profoundly change the cycling of C, N, and other elements in paddy ecosystems. Whether and how rice-fish co-

culture affects C sequestration and methane (CH,) emissions are matters of concern. Based on recently published data, we presented a
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review of the properties of soil organic C (SOC) and CH, emissions in rice-fish systems. Compared with that of the rice monoculture
system, the SOC content (0—20 cm soil layer) in the rice-fish system tended to increase. An extra C input due to the feeding and ex-
creta transformation of aquatic animals contributed to the increased SOC in the rice-fish system. CH, emissions from the rice-fish sys-
tem differed greatly among different studies. Some studies have shown that CH, emissions from rice-fish systems (e.g., rice-frog, rice-
crayfish, and rice-carp) are significantly lower than those of rice monoculture systems, whereas some studies have found that the CH,
emissions of rice-fish systems (such as rice-carp) are significantly higher than those of rice monoculture. These differences in CH,
emissions in the rice-fish system could be caused by the type of fish (e.g., carp, crayfish, shrimp, crabs, and softshell turtles), rice
variety, paddy environment, and farming management. To improve our understanding of C sequestration and CH, emissions in the
rice-fish system, more studies and efforts are required. These efforts include i) quantifying the potential of C sequestration and CH,
emissions in rice-fish systems by establishing long-term studies, examining the variation in C sequestration and CH, emissions among
different types of rice-fish systems (e.g., rice-carp, rice-crab, rice-turtle, rice-frog, and rice-crayfish), and outlining the general trends
of C sequestration and CH, emissions in the rice-fish system; ii) understanding the mechanisms by which aquatic animals affect soil C
pools and C cycling in paddy ecosystems and examining whether this changed C cycling would affect CH, emissions; and iii) devel-
opment of a technology package for culturing rice and fish, including breeding or selecting rice varieties that can adapt well to rice-
fish systems and can reduce CH, emissions, optimizing fertilization rates and fertilization methods for rice, optimizing feeding rates
and methods for fish, and optimizing strategies of the straw return rate.

Keywords: Rice-fish system; Aquatic animals; Soil C sequestration; Soil organic C; Methane emission
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Table 1 Effect of rice-fish system on CH, emission in paddy fields
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Yiyang, China 2004 Clay Carassius auratus 14992.5 LYP9 13.77 mg:m *h 10.07 mg'm “h [68]
E %5 H Bt &fE . Wik PRI e .
Yiyang, China 2004 Clay Carassius auratus 14992.5 LYP9 1294 mg'm™h 7.42 mg-m “h [68]
i E 25 B it SmEk. Wyk) P L 2 .
Yiyang, China 2004 Clay Carassius auratus 149925 LYP9 10.63 mg'm “h 451 mg'm “h [68]
P 45 B Rl SEmEE . k) PR 2 21
10. ‘m “-h 4. ‘m h
Yiyang, China 2004 Clay Carassius auratus 14992.5 LYP9 0.35 mg'm 78 mgm [68]
T E % it Sta(E. WTk) PRI T .
Yiyang, China 2004 Clay Carassius auratus 14 992.5 LYP9 4.50 mg'm —h 2.99 mg'm —h [68]
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RFEW, 5& 5K AE RGN, AR R CH,
HE TR PR AR 24.9%, 1 8 A0 B 2006 CH, HE R 38
11.6%; Z55 KA, 3 FiRg H 25 A R IR0 GWP H
IKFEHAE RGAK 6.5%, HARFEFHE A GWP KRS
HAE R G0 AR 18.0%, 1M A 1h B 5C A9 GWP 2 &
20.8%. UL Ak, A5 HF ARG fa B =X 0 R = R MR R
(GHGI) 43 %] 4 i1 9.7% 1 8.8%. Bhattacharyya 25
WF9E T 4 A0 Bt R 0 R 48 CH, HERL B9 520, %
5 7K R PR AR HL, R A0 R G0 R CH, HE il 3% 5
i 26%, G Ao CH, HERCA .35 52 0, A H 57518 3%
W (Cyprinus carpio) CH, WHEBCE e K, L # B
& 25 36%. Datta 251" 75 E[1EE 7R 35 o 18 v 52 H
TR R G HUKFE AR RGN CH, i, 455 5%
WG RGN T 74%~112% 19 CH, $Ei, Frei 25"
T o N7 B R AT A 3R 56 T 5% 28 W, 400 S A A7 16 16 T
T CH, HERL, &4 K 2k Rg A 2 48 CH, HE R
g 499 kg-hm ?, F 11 R G HERL Ry 798~924 kg-hm °,
Bk CH, HE =38 o, if & BUAG 1 2 48 K b ¥ i 4R
WP T B, X AT RE S B0 CH, HE RS I S
z 0 AR LI, RS M SR 4 (Carassius
auratus) "] i 3 AR A KRS A B W A0 ARG H CH, HE
R, AT K R FRAE R GE AT LA HE 12%~16%. Jig
B gy R, RS0 R G0 CH, HERDE B H K
HAERGLIH D 6.4%, (HIEFI & 25 R . XI/hik
R B, R R G R AR T CH, W HEGE =

FHE B R, AR LT R FURS B AT SC 8 CH, 08 HE 15%
Fifi o BRARAR LE IR & KR UEAT T RS 3R 4 0
i, & K AE-4 8 & R4 CH, HEiCR 57K
e AR A B A S 020, T3 1) 25 58 B A B KT
A 2EE NN, IR AP S ] e HE T - AR
A, T A SRR E i g S, i ek
A L IEUE W BT T I PR B A5 A NI 52 0 T CH, 1™
A= S HEK

AN U H I E N A7 3 Z 1)) ¢ T i R 4t
CH, HEBCE W WF 5845 H AR [F] 1 2518, X T RE S5 i
B M RS E (4 ) DU SGR SR R v v
B) A A A RENE . BB, KR SR S
VEPRSE) R K. FH RGEA G HA G 4=, K=
S G X g a6 Ho= A s, BRI 3R
SHEA SR IE . BT R RS k4 CH, HE
i G HESRHE) A T sh i AE B R B AT R Bl
M TR RGN RIK . EIREE AR A
R S5 5 Re .
3.2 CH, BI=% SHERAHL S

CH, HE 2R AT 24348 CH, 74 . ALl
Kzt 3 Ak B, BEITIX 3 Al B 32 B AL
AR A PR 28, % il s v AR R Gl HE SR s Ay
HEE (K 1),

CH, 3222 ™ W ot 81 76 ™ s DR S0 A5 ol
i A AL AT R KRR AR AR RN

KAUZ
Atmosphere
pa | | e | KJ2
Diffusion Ebullition Water layer
I Fr TR P— !
[ch,] b Rt ] I )=

CH;COOH T
Methanogens

WL 59
Methyl group

Methane-oxidizing bacteria Aerobic soil layer

RELIZ

Anaerobic soil layer

E1 FERL CH, ~E5HRMERE

Fig. 1 Production and emission process of CH, in rice-fish system
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%30 %

Y, ZRwE . s MUEMI R DRSS R A
LRI e R G TE 24 T A TR,
R 7 B o TR AR T BRAR A PR RS . A e A A
YEHT, ALY W5 R LR EE CO,, X P A4 5t
& CH, 2By Bk, 7=k CH, 1y 2 22 X Sl e
et 4= EREAE 2 1038 S (2~20 em)'™, {HUAS [v) 1 iy
X DA K - R AT R 2 BT ARl . 72 L3, BR T
7 BT LASE, i FE A T B AR T, BeN AR Y CHL,
ALK CO™, i A A AR — e A AR BE T AT,
E o] AAE R SEAE LR R A b E b A T
IKFERRPRAT M B )R a AR Z, HiGES O, W EHR
K BT R, 7R KRS AR K F = AR 1) CHL, 7R HE
B KA ETZ 60%~94% 4% AL

CH, LA AR S A% (8 A AE T b, (R AR
IR R AR AT, 204 33%~88% 1Y CH,
PASARTE s A7 e R ™ — okt CH, M+ 4
HER B R SA o PP A KRR R 488
3T BEAIALAITO, PBOR — A S BB
Held . b FALBE Y 22 5, CH, FEAN IR i i) +
Herh i B RN ], RIS s e LA
S I 2CHEC CH, o4 #03 B P, 322 & A4 7E CH,
5 A I, AR KRR A K R A RS
KL, ZE M CH, HEGE &P 29 10% v I3 F i
LA Mt s 5™, KRl A SUR B R
i T Bt ) R 2H 20, DA I W KBRS, R IR
Ry KR AR ZR PR A 2% A0S, R CHL HE iR 32 22 DK
Tl LU — iR A S B
3.3 CH, H A& mE R

i H CH, HECE=: 1Y K/ = ZLH T CH, 7= A Al
A Ak SRR A ST L S K RS A T8 R SRR X3
A3t A8 22 B Z R A BRI PR B R, A
KR A PR BT BOKRE SRR L K= s 2R R AE A )
A KAl A B 205
331 IEEPIE

K 7= 3 4 3 A AR K S A Y B AL P R
CH, HE. A& &I, R R G K= shi (1435 5
U T K P B A S (DO) e R 1Y
AL R TR 7 (Bh)S AT g A PR &
BEAS AR (AN) 2B IR, k2 R 3K A9 AR fh 4 %
ARG CH, MHERGE U . 7 B e 1 AR
ot TR 16 1 52 O, VR EE 52, R K . - 3A3%
) O, F iR A CH, P2 AR A i FE H R,
7 FBE B G 48 B ) A8 AR AU R R
W, 24 Eh<—150 mV B}, 7= B o ] 14 3 PE 384 58 ™, CH,

HE i 5 + 18 Eh 5 0% 35 G €, e Ah, 5 Eh
W25 CH, 8 a3 7K 75 3 S 4L SR iz B, 5 m i
& Bh £ [ AL ST 1A = H 958 B 100 305 1
A A BLAR B S T g rh g LR Y A, T
77 B LU LT R R, e IR B4 T
ALV A AR & 2 16 1k 39 v 7= B e o T A 7
CH,™", W3¢ & B CH, HERCE 5 vT s P A DLBR 7 44
TR IE A SE A S R E B T AR B it T gk A
Tt 22 40, N4 5 AR S R 208> CH, A2, X
AJ BB T e B X RS AR R R (NOL NO,)
BRRR B R T S Ak B R = ot TR 3 LR ER T R
(0, BRULLASN, A e R 5% 45 S R B, CH, HEic R
5+ B R A R R, SR
LT i ik 780 3 RS R B IO B B, AT /D CH,
HEHL

KEBIIWEFEIN N, BT oK 7= s 7 7K v 1 3% 36
il K M i, e v I e BRI T K AESR AR, 3K
K s i SR T D, BRAIC T 48 Bh, A il 4
(10 R AR B ™, B 1 7 R A 1 9 v, R 3 i T
CH, M HER™ . K 7= sh¥ i A= P 3k sh & fiff 4 v
[ 52 1 CH, g R R, pesh, e SR fad i T
TR PR A ALY AR, MR S B L
BT A A RCE 3 o, IS i CH, 7= A K H s 2 4k
JBC AR A A B 5N R A L RE A5 8 > CHL HE T,
R AT BE SRR K (R f R G K K — B AE 20~40 cm)
SEUKTER R IE JIRRAR, X CH, (M 5k 55, 175 A
JK R S B A CH, T /0T BRI LA, RK
WA AL CH, DL m A H ) o, faxtk
Hh I i sl W B BCE 2 00 S R SR I TH R, SRR T
CH, 84k A1 CH, HERCR
332 Kig@EM EVFEHSEE

KRG Bl i T SRR 5 A 2 R G 22 S
M) CH, HERL . A7 W58 o, AN [R] AK Re 5 A 0%
IKAEBITE S 2E R AR 5 A 2 e S X RS B CHL
BT A — e FE R R R 3 I 4 o A i A
FAG FOR 5L PR = 7=, S0 2 4 ER H 25 3K i R
1T SR R it . SR T X P Ak AR X TAE B CH,
HEBL 5 R A G — it . BIFIRE NN, K
2N S 7 ol TR TR, PRI I K R e
P2 il CH, ARYHERC . HJ2 Jiang 25" 38 i — & 51
A6 2 B, B8 /K A 10% B AR 9 ml DLy 2b b
KRB AN B4 7.1% B9 CH, HERT . 3 42 PR R K A5 v
77 it ol 8 2 T R AR LB R g e R e SR R
(2 3, ad e Ut O, 1 - HER IR RS, NG i T
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CH, Ak o H 2 33 Fh sl HERCR ek T 1A HLT K
L A A LT T 2.1% B, s s 3k
P> CH, R . 30 52 s O FR B0 R Y
TR 5 7 i PR AT B8 23 FR AR CH, HEL, 3% 2 oA R 45
Az Wy i — B, WSCAR AR B 1 2 i KRR AR R
WA AR AR R S A 2 7 W e T AR CHL 1Y
B SR gk CH, WA, SR, Jiang U
B AIE 5 2R WY, AT AR i 5 ) B v R K R AR R I Bl
WK FE A CH, HECGE a5 b 25 o B R 77 7K A
AP SR FE B2 0.55, B4k B = K F, 37
235 ()5 /0, 30 2ot i v WO 48 0K S CHL sl HE 1) 7
F1AEE A R, [E— S H,

IKFERZRBR T 23l 73 W s e CH, 1Y A i LA
A, i 2338 i W SRR 1R CH, WA fk . WAL RE
Y5 CH, HE il & 5 60R 56, R H R O, fr i
it T CH, A L. BRILLIAL, tfg 22 &30, fg
CH, HE i & 5 MR B L AR K B AAR & £L bR B AR
SN KRR AR FR O B R IR] CH, HEL 22 5 K B
JEPRET, KRG o BERRYE 2 R CH, 1932 finad 72, 7K
FEI 4T BER S CH, HER R 2 AR ST sk R
AT ZRIBAEH, #m CH, M HERL, M R 2K B RS
CH, HEBCEE AR S, /K R 2 A H 1) ShHEL CH, B
F LB Z —, PRI KRS i A % B 25 52 CH, 1Y
HECR:, FRRE T DARRACHERL "™ BRULLASE, T 2% 1
SR K FE AT AR, DO )3 B2 . CH, HET
DRI, 26428 Al K RS 4% 8 e B T KA
PR RE . S RRIRREXT CH, HER A2 B B s %
A G —2518, AL T L M B Tk — 2 it e .
333 KEMIMEES &M

K Bl ) 3 3 Tl A R S H BT A AR S A Y 25 R
MRS H CH, HEik . H aixd FAg i R 50 2 15 2 R AIC
CH, HFHOER A Ge— 4518, X W] B8 57K 7™ sh W0 7k
FRBE MR & (R 1), A K7 sh Y $oik % B it
e, ok 22 B HE Y A 7 e TR R A A 1 B T Bh
) P 182 A FH 9 B 22 S M R B B, 2 30™
FH 8 BT 104 35 P3G, e S 09 CHL 3G . (BB A BF
¥R, CH, BYHRICE 23 Bl /K 7™ 2 W 8t 1 35 i
REAIR 1,

Bhattacharyya %™ BfF 57 3 W #81 () 5 0 X T CH,
HERCA 2552 . 3 AT BEJE B TR R AP 28 A fa 7 K
S R Sty v N B I 17 (1 I e R i B/ S g
W2 B sh W, A7 1 e T3 2 it
23 33 CH, M\ T8 rp i, DA T 368 ok 7K e A ok HF ik
B A, TR RPEE (Catla catla), B Y5208

(Labeo rohita) %5 FZ /3 AAE K . B2, Xf -1
R/, X CH, B R i 2 1 5% i) 5 325 3 i />
Frei % ffF 53 th 2 W, A5 10 2 40 b 100 Bl 2 41 1 mT
RE S XZ RGN A ™ T A B

334 HEEEAR

FE (o) 5 L300 o /KRS — = 39—k A= 4 vy R4
e CH, HEit . A Lk (C/N) J2& 52 ¥ 7K 7K
i -3 CH, £ U S Z IR 2, CH, 1y AL FT Rk 5
C/N S IEAH S, RS FF I B i AR 2 5% i 7K e 1 1
C/N WA B Rt . FEFFIA T, R FF 0 7
HBE R4 T R AR IR, CH, K =4 . 5L
B, K AR R AR 2, S0 O, Fu ik, W be A AL ig
PEAR, P CH, HEAL ST o (F 2 Bifi 35 75 FF 34 B[R]
HeRs, L 3AR 1 0 B ok, KRR R A K & B IE K,
PEiE O, Fr ik, &M T H ke Ak 7 19 35 %, R CH,
HER SRR, KRS H Y CH, HE LAz AR R 2 1
e, AR R, i AUIE AT 8D 30%~50% 1) CH,
HERC"™ AR TR 3R it FH B U A RE AR CH, HE
JBC R 31 e bt FH A IR 4 T U 2D 25%~36% 1
CH, HEBL" 7, it 40 A0 25 5 8+ 58 Eh T %, >
CH, 7=/, fie ik CH, %1k, il > CH, HEg"™. &
Wy B RL BB A% RF 2 ol 1 1, b RS Y CH, HE
HEM BRI LAAR, B meta 43 45 R B, it &
TR B K LA K S Bk B R R )
TR CH, JaHE",

ML EAFFE 45 30T LU, # i R e %t CH, HE
)55 M) = 2 30 o B0 7 B AR R e SR B R A
TG PRI 52 CH, 1977 A 5484k, BRI S, —

T 38 o Sk 7 R o D 4 AL B 2 19 il D kB el TR SRR
5E, {2t CH, W97 A= 2 B 5 55— J7 T ik iy B e 484k
WL £ O, {2 CH, A kit 2.

4 fRE

Fei i 22 45 A HLER AN CH, HE T AR [ Y (4
9% O HUS —Se gk, (0 H AUAS i R 40 - A Pl
T vl REHLEATS AR B BH . i R X CH, HERRE T
P 5E 45 RAFFE R R 22 57, 3X 1T g 5 0 58 b oS i <
. IS BHE XEREARA L, B,
TR A Ut 22 8 11 e 11 45 A i HE JB A F 9 B A A 46 DA
345

1) Fi i 2R S8 AR [ 2 5 CH, HERCRARAE . K 3]
7 W I BIF 5 AR U AR g A B E Y AR Ak
CH, HEBURAE; 8 AL S KRR A P AN R X 38 . AN () A
W AR FERT 2 5 CH, HEOH 22 55
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%305

1 J S S LI BIF T, ) A e R 4 S e
AN CH, HE A LA KL 0 A 3R

2) Fe i A8 S8 - SRR [ 47 A1 CH, HERC P HLER o 7
MR GE5I A K™ 3y, e i 0 ol s HE K R Al R 4
AR AN Bk, R R GE R CH, HERS A7 DB [ 2
S IKAE—IK 7 S ) — LI — A W AR R e .
e, AT 3E 0 5T W R B O R A AR ) Z TR I L e
i e K AR W R R AR, 483 705 U 2 G k3 e I
CH, HER B .

3) i U 7 8 4 SR B 18] A P AR CHL HE I AY 15t
TF AR CH, HER AR 1 7 b 0 Fof 7 128 5 308 ok Ko
F4 T TRD6F s, W1 58 /K A8 55 7K™ sl 5 E AR A T L |
TRPRHFIAE R L A K 08 BEA S A e b
Fr T HOFE AT 4 M 25, gt 3 TR e AR e Y [
IR AR ZR
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