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Abstract: The 21st century is a century of fisheries. After decades of development, China and the world's aquaculture
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industries have made great contributions to human response to the food crisis. However, the one-sided pursuit of production
by China’s traditional aquaculture industry has led to a gradually deteriorating aquaculture environment and continued
degradation of aquaculture ecosystem. The sustainable development of aquaculture is limited. Nitrogen loss in traditional
paddy fields was also one of the main triggers for agricultural non-point source pollution. The current environmental problems
in China stem from the defects of the evolutionary process of complex ecosystems. To solve the environmental problems, it is
necessary to focus on optimizing the evolutionary process of complex ecosystems. Using the optimized ecological cycling
aquaculture modes, such as integrated aquaculture, can greatly increase the utilization of nutrient substances such as
nitrogen and phosphorus. Integrated farming of rice and fish (IFRF) is a scientific complex ecological mode. IFRF can be
summarized as three models. The first model is a rice-fish symbiosis model which had been gradually developed on the basis
of traditional rice-field fish culture in China, taking the forms of rice-fish, rice-crabs, rice-shrimps and other forms of
farming. The second one is to use rice paddies as wetland for treatment of aquaculture drainage, belonging to a form of off-
site treatment. The third one is a coupled model of rice-fish farming and aquaculture, in particular, in combination with
various forms of aquaculture or with the complex aquaculture system, even with agriculture and animal husbandry system.
The third model is also known as land-based ecological fishery. It has some characteristics of high yield, high quality, and
high ecological sustainability. More researches should be developed on the mechanisms of nutrient balance and recycling
about the organic carbon, nitrogen and phosphorus in this innovative culture model, as well as the overall response
mechanism of the complex ecosystem to external sources of nutrient inputs. In general, drainage is the main pathway of
nitrogen loss in traditional pond aquaculture, and particle adsorption and settlement are the main sink to mitigate
phosphorus in pond culture. Carbon source in the system is mainly consumed through the respiration of fish and other
organisms. The “rice-fish symbiosis-pond complex ecosystem” based on ecological cycling is just a solution to the highly
effective conservation and utilization of the above three categories of nutrients in the ecosystem. Practice has proved that this
composite system had high yield, quality and eco-efficiency, and it was a model for sustainable agricultural development.
Due to the unique ecological circulation mechanism, high resilience, high buffering capacity, and high sustainability, the
innovative complex ecological mode of integrated farming of rice and fish will become a paradigm of China and even of the
world to respond to the degradation of agriculture and aquaculture ecosystems, as well as to solve the eco-environmental

problems in aquaculture, agriculture, and agro-pastoral industries comprehensively and effectively.

Key Words: integrated farming of rice and fish; rice-fishing; combined ecological farming; complex ecological mode

R L7 TP e 2 e T I A G AR TH 77 (0 Y St | 280 I AR R RN W4 TR A A ) 700 592 B 42 T o 14
HARMAR R P 255 % 33 A ) e 2 MV 55 4 M T 12 0 e T 7 K D v 32 R 1 e 2 i 4
PR 27 ke AR e - P A 1 A SR> L 2012 4F VT PG 7K =B AR 3 35 — UK Hh < A a7
BHEE . 2016 ARVLIRA WY BH £ i AT R 2 G Ah 3R " i A~ 241

AAIKRERHIR A ARG A B B A, R A R 32, BT 6 R 23545 A IR A5, DL 1 L 4 e AR
FEVRER BRI A o RS T 255 Fh R A A AR A S BRI TARERR ) ZE B8 A B 1 11 AR08 A5, 2006 4F
TFif R RARGIR AR ARSI o WiTLAE RS R p B e 7= X, A B IR A DT 522013 ARAEffTE B A
TP T R ZE A R IR J I H S 22 o 2016 AR B AL A Wi 25545 Tl 3 7 BOR BRI B, i e i 2545 b
Fede— R AON FTRFSE R R FTRE, 2k R SR ARk b TR B

SCREGIEN] R 255 MR HAT AP A5 MAE 500 , BERE S BUK AR HIALIE A 2hmiie fb , Sl ar (o W%
e AR LR A Fh IR BARE W BRI 2 e — T A A 1 A R AR 2 S B AR R 7 58
B AR SO AT R GE S IR

http ; //www.ecologica.cn



16 1] BOE . R GMaRrR2aE= 5453

1 fEEEaEeTHAER
TG Ra it 236 P I AR T LK) oy S £ e |

FEUR 3 FhEZRA (K1), -

1.1 fHHFM4 —— fEaEH i
T8 FH 7 1 7 o H e R, HTITA5 747 FEL R 7 £ el

HEAELAT 1200 Z24F 1 1, S 4Bk Al SOk =

RIS 1981 AE MR 3k B4R T RS Ak R B : °

YU A A BROR £ I AR T T R 1 K R [ ormns |

7 R0 R G0 AT LAES B A K R A= -t SR A A = [ exwmra ]

SR TR EERAOL ™ eRaRg, | e || ‘

55 KR I P TS Bl (AR R 25 _ [ i |

FHEIRECIE 220 | 25 A 0 F B T3 1o O 38 R R [ ooem ]

[

AR AR B KGR UR, I 0T 7850 R FH £ S KRG
IR RSN R amm s Ml WREATRNINEL
(VBRI SR R ) R PRI e e Tee ah Taming sysems
, : , (a) B FIMRSISEAE  HUR (B ORS f3EAE ; (b) SMb AR

T hF IR I AR G0 2 AL B RIEHIE T B TEE e ke i i, P K P S T UK 5 (o) SRR o
W2 R BOR R SEAE RS RIK = FE9 R GOAMTRE A 1A 2, JErPK 72 F 5 R — o
1.1.1  FEARGOKREA s 1 KR FRAE AR Z YA — ey

VFZ P9 3 Gl 1 RS- SR FE N 2K R P 5 1 52 )
— BB R KRG PR RN, 5 A —Se i ) (R KRS P R AT 2 B R B P A AR R A R
R A — RS R GEA L RS P R AR AR N, R EORE 0 R G OK AR T RE SRR L A R 4R
Y KR -0 28 R GK R P BN & 23 LR 7.9%—8.6% ; TCIS TR FE %5 B tfn] | 240 h s i K e P A
12.5 om M H B R BRI 12

ARl i A 5 S HOK RS KPP FRa s R IR AR iRGE R 5 H R E R A L, R £ kA
RGBT BOE RN I AN HNE S RS IR S B R, A RGEH R M
FEfE R G B 7447 J0/hm” " | FE-f084 Al BE SR bt X /AR Pl SR B R AT e85 2 AR s &
PRGRIK RG-S F2 0 R G P A B S IR K P75 (38,5 v/hm?) |, X AP AE S R O XU AR 7= R e BRI | Y el 75 RE
A I T R, I S LSS, v] AR A0t DX SR R A B A SR8 R g ) 4 S 3R
Bt B 4 M f 2 A0 AR 1 TR, IO A0 2R A 7= A RS 00 S 38 24 A R HE e, Dl D G Rl R I
75 PRI il 5% £ o R ] SR BB i 2 4 G e 7
1.1.2  Fifa R GRS H LR Uit S AP

FH H K AR 5T T T & B K AR - 0 2825 5 FR A R G2 T 2002 4F- 78 B 5% 3 5B Gerua X 388 52 1E 7K ARG AF 7% 3 i
7 T BUS T 3 i35 R LR i it 175 1 2 AE 0.5 h® AR LS T o, 609 FH T FHTA] , 17 9% FH 18 2% Fiits
T4 239 FH T AE A4 37 J0 6 7 e S 100 R bR 2 /R LB AR A0 A0 2 e At e Al T e /K e i L
PRAE ] LA 5 FL AP A (regular planting, RP, F7[A]#E 26 cm) i Fh 55 47 K 220 ML ( border planting, BP)
(BP1 17[H]i#E 36 em, BP2 17[HIE 75 em) S5#X, Hidr BP2 REMSAHAR H PN /K A0 A 7= T oK e T 7t
T ELA A AR AR 7k B, il 3 FE 4 v i I D At & 8 v [ R B R T A 2 =00 S TR
e A A AR FR A AR 7 A R L HE R BN 12,5 em, HTERG BB = T FFAZ7A 5 (0.5 m 9E,0.3 m ) , A Hu T
T 0% f £ 78 vp A0 BF ISR 98 B 15k 25000 F2/hm? | 76 ANt FHAR 25 /)18 00 T n] P2 AR 24 4.4 +/hm’ B 7K RS 24 o 7
B MNIZAE R 2 R G RIS A0E R 4 10781.01 J5 H/hm* 7

http ; //www.ecologica.cn



B
e

5454 2 SO Eire 40 %

1.1.3  FAf ARG RGN

158 iy R ta 3t L R G REAS A SO AT A AR - b e L 3 3 O AR MR DR FP 8 I SRR X S 0 i B
L GeRa th R G e fa = N A Rl R 2 A5 5 Y R A IR AR G0 R B R AR FH K AR K Bk
FUJK F= FRE B FEARELR 0T TR £ 3R P A 2 it FE R A AR, AS [] it A Ak B 2 ] P AT A R 2E A
B4 (N 2P K FE R (20:10:10) (S, K R G 72 e g, 36 W R A B0 /K e P b A B s i ) FE A
FH H e A0 28 0] A B T4 s A G g e

Al T Bl 7 A DT RS 42 I T RE R EOK AR TS L FUK BUEAR , AR AR T 30 0 SC BB B A D B R
Wt 85K DURR) B 3R IR BB AT | LA B R AR A TR Al 3243 i 8 op X (k&1 (2%
Ve 0255 FI IR PR Z B 56T, DU/ K = FR I 37405 e . M AR Rt 2R L R A R TR R &
AR RO S A BIAR T 91.1% \37.0% 1 58.6% , S AN T 2.9% , {EAF 3= iy el A 385 1
T 114.5%, XELE R by b R o B 5 R R AR 204k 3R B0t P SRR A RO vk R R K R
A7 LSS 2 AR A0 VAN B e i 421 L B R AR T 2R 4 roii ok ) £ 7 50, A £ bR 118 7K
R e Fb Bl Y K R R R 1 209 |, # S HEIH) 1 it AE SR8 8 mT R K R e

FOEAEW A KT e R (Had it IR A v] REAT SR AR BB AR, 1 HL S BOR B T5 Ye i R A -
SR R G0 P bl 0 2 T B RV TR 3, R 8 1 A 7 0 R 5 7 HE R R B A v, (U A i 3R
B RV RS A o 2 S B0RE H R Gead i 78 3R i 0 by SE RS 5 A 28 3R F 5 , A% H 38 AL
AR AR R ERR TR R T, A B TR SE KRS TR B O AW, K AR A BE R
P, R R L

IKFG - ISP IR 22 40 v R A0 G HR ve KORE R 28 2 [R) P ) B A B0 S0, 28] DUAR Ry /K
FEXH R MR, BEAh, #hFe bk B R R i T Sl I X K R LA i AR
1.1.4 FfRGEBRGEHR

e 0 R G AT B v B AR A 25 o R L0 7 38 P 2500 o3 A S s AT 60 AW, AR A B A AR W %) 2 B RN
A KA AL IE Oy T ELA BRI O A R R IR A R G P TR A R VR 2 REVE S N X 156
C4IE I S R G, Y ESHIINEINE 2%, RGN EERE = I 3983 DU T 0 A8 I 3 A
TCE MR S5k F 2 [ SO A 1R A 2 38 K 140375 /% 42 ( dissolved oxygen, DO) [ & &, #2717k
AT ST S HL A 5 [RIRE ML, 2t 2 DR PR 28 /KA, X4 AR R e b i 2 1 2 U4 5K Ra 4 A, 52 7K
FERYARY | WA JFRS 500 B A A S R GU/K VR T S 3R 40 A5 B35 R T S RS T b e,
Az PR IR E) 307.5 kg/hm? IR #5772 97 7.0 kg/hm® S HAb B %60 e £ 35 5 14 A 2SR 380 o A A GG
P L T B Bl ) A AR AL R T 1) X G B 22 RN ST BRI B A e 12 R SR T RE M IR Ui
A i ) S B ) S R A AR AR T
1.1.5 Rt R G 25 18 PR HL B 45341 175

e s 5 8 1% B BB 22— S st el o 24 B4 ol PR 5 D00 7 T2 M K il B4 A R R I, S B K Y
B AR TR, SRIZEG BUE 2 (integrated pest management, IPM) & 2510, (£ MR FAE
WIZENT,5% 41% (SRFE) T 1% 17% (ZRIEHS ) BIAC 245t FH 12t 43 ) DA RES FE 30 2 0403 A b i ™ A KU
R R E KRG, SRR R A 0 S 0 R RS ORI g A b B M £0 2K AT BB E LR
IR ] TSR0 o AR SR A P AR A 25 08 P S L R K RS PR A 10 o8 ) R 15,29 1
40.2% , A BGERE X A AR S IREE A B R AR SoKAR SAEAR L, SRS 5% 125 S B0k 24t FH R AR
(23.2%) , FERE 250 0 S A BN IR 550, 26 TR A0 2555 4 s A e 1 455 40%—57% 1

Xof AT = YR £ A A A Il S BRI T U B SR W R A I R B, AR I A 7R R A BT R AR
e — AR R GRS, BN KK 12 B e 4RSS R B OGBS R G IR SS , WAk a2k 3 s il Fn g
MR Rt IRG N S A A K RE R AL 1 38 A T RS p B AR D 58, 8 i 2 R o A B 6l % )

http ; //www.ecologica.cn



16 1] BOE . R GMaRrR2aE= 5455

ANUAT By F B AR AR 7 A, T EL S A Bl sl 20 X 2 5% R4 5 1) 5 i), DA S B AT RS M 2 AR AL R B
HepEtel
1.1.6 FEfa R RS TAHW

R IR 5K RE AR B AR A AT BB K M AR S R G A S i 0 BRBE AT RO B R AR
R E S e (CH,) A (N, O) HERL , IE AT e f 75 58X 3 R o R 2 A AR HE IO 2 i 38 1 =2
A R H ] 2K = SR A AL B A T H CHL R N, O HECR: , FREAK L A 31 48% 56 % , W4/ 578 Rk =
FEIER AR TR TR = SRS HE RO AR 22 RGBS FIRS £ 42 A A A5 R A 2 nT LA
YDA ] CHL, AT N, O HERRL, S0 TR SR 2 A 4 RS B2 B PR R A S5O I . PRI, X P A A 21 R
FHXF RS N2 5 ik e AR L

DA HRAE , % 0 34 0T Ao Rl R S R G FE ) CH HERCRE, Hoh CHL HERCR8 N T 112% , M, a2
TSR DT TR K K R R A (R R Y N, O HERCE: M2 SR SCAE Wris sh i shn b3 & v i AT
BLBR A CH, 7 5 DA BB Vs it S T BE SR K R + B 2R 2 R GE RO i CHL 9 s PR T 658 v 1 3 it S B T
B2 RZ A M A K A AR T T 2 AT 209 N, O B, whil = A S HE I 5, 5 S0 7K R Al i b ke
(78%—81% ) A Lt , AK A + 10 S b B HE ikt 25 58 /&7, Horb CHL BTk 1 58 R AR 40 (91%) . #HJZ, N, O 1% BTk 0|
AHXT AN | FE 7K Bt R e v G He 5K 199%—22% | T AE K R+ fa 28 iy e rp ifE— 2B R 28 9917
1.2 FEELERGER

SALGE RS T 3Rtk e, R A (0 g e AR XA, AT AT 30 AR & R I s Y R SR Rk v
eI KR A P B AR AR B R R SR A S R DN 1986 AF I /K 1T B A TR FH 7 G Y 8 S 56 T
L) 1992 4EIT 7 Ry B4 BAE M SR M i AL R R 21 46.7 hm? LA -, 3] 1993 4EE 35 %) 466.7 hm? LA 17 3
AR Bt 7 S S S AR A S T 2 i R T AR 2 T R AR R A 2R R R T R fr A X
25 KR K7 4 A AT A — UK EE R, U R AT 7 A b T s RS FH % 7 A R A 2 B Ay 7
1.2.1 R SLAE KR AN yeg 8 ) A

o AR B A TR KRG S Rl AN B9 T A K RE SR e A v (88 ) JSES M F B R E B ERRE,
WAL 1 HH 3 BOVL 5 F T ) bl DR KA Al TR IR A SR IR A M E R KA R S
LK R AR R4 R S B AR K O K7 IR T R A T S BT R st
AR R LA g Al A 22 53 357 R B KRS AR ASE 2 1T i S 80™ 1 A9 A A5 RN R ) FBU LA B AN T
FESEMARAY,  Z 5 T XL IAT U SRS BV A R R A A A L, A A A A 1 A A = i o S 3 T 8% —
12%F11 9% ; M (B AR LU 1] 26 5 R0 2k 2 B R AR 25 AR L 43 0388 I T 46%—51% .55%—80% Fl 59%—66% """
AN ) Yo 188 4 18 i 7 8 o /ORGSR R AR RS- B 3R R G BT T KR B R 3.75
HZE 30 HA A Hn ™,
1.2.2  FglEdtfEh LR E ik

e ] 7 ot e 11 - St by R A AR KR %), SR AR FH A 8 A8 T R A 25 F, 3 0 ROk A% (>0.2 mm)
AR 1) B i, BEAIR/INVREAR (<0.002 mm ) S R AR 5 it | =348 pH (AR B0, 306G LB G & =, (F6)
TR RS A AN BTN LR A U A A T KA A B A, DR PR K R
T RTRRSL R T W 2 4R A PRk RN 2 A BILBR Y B e, 0 LR A DL R A U T R
%E[Sl-&?] .

e e/ 2R 5 B SRR R 1 7 R 30 A FH /KRS = 22 S N R B2 (B RT B < AT WA AR ™ A 2R, 3%
% T LK R RN SR T ) 7™ S R R 8 [ S AT 288 8 3 7 088 1) A A P DR 205 E Al 7 4 Acb B SA 3R
FRLLHE D T AR T 3025 . LA % 18 AR NS TR, 0.75 H/m® F T 3558 ) v R B e 5% Rl 34
KRR Al A S B T P AP S B, F= R

http ; //www.ecologica.cn



B
e

5456 2 SO Eire 40 4

1.2.3  FfdtfeoKkfse

Fe B AR AR A K B 0 2 5 BAF R TR AR 7P B DRI 2 S I R 57 8 EH A 77 88 FH (%) s e R T AIR
A8 P RBE bR FH IR 2 ) RS e 30 . R 7 B i SO R K R X A &, E R R, X T
S AR AN AR A A AT 5 A T PRI 25 K I BRSPS i ST AR, S Tl B A 0 v Th i sh i A G
[l i Bk 2 R AR T [ AR 4R
1.2.4 FEILEAERS

R B A S — o AR SRR RS = rh P 2R A T 2 AR 0 o R B AR A R R G — i Y
AERFEH] . WESE R WA FRAE D, A F R U T 52 sh 40 - 19 B2 A1 349 A6 ) 1 700 A 52 Y8 R T 88 1) 48 1 5% )
R

TRABAN R A=, A 88 RN BRI EE %) 7 DA 0 %% B A A ) s R AR AN TR A8 00, 8 R0 Bl 3 vy
T SRR GRS R TR R, R SR RS A 2R R R B R T R
R AL R AR Y KR 43 BE )48 A 2l 9 TGt 3 25 5, 3615 R A6 10, 53 B et FE IR 3l 1)
RSB BE X5/ N T URG FH 5 G2 JEEAV 3 4 B0 b S8 B50R 2% B 348 B B I Y

AR CE AR BAFR TIL T8 ST REE R RN R EEME R R, 67C 45 REW Lt
HEGEE IR A TEDRL DT R B K T 81N 45 SR8 W K 22 B30 B Wy ol 5% 188 1) DR STk B 4 10% 5 RGe i 3 B TR
(Zo 0—2) ALk . hae gl i R fa e ik 28 T /K 22451 b 55 — 2, IR Ui s Ak 155 — 2, 20 Uk ) A
RAIREPIAE T AR E TR
1.2.5 R IbAE w3 e 3

FEHEE SRR A RN A FE I T AE . X A2 R B BRASOCR R4S, AT 5t FH R 500 () R5CR A Y SR 4, bR =A%
B, RRBTBOREE R B BT IA 26.4%—44.3% 17.7%—42.8% , NERH T LIk E] 50% L) 119 15
B PR AR LL R A R R A, R A, A GRS RN A I A R A 1 AR (B4R
At 2 A W B T RRE
1.3 FEIRIAE RGUAE SIS

FEIR AR SR Se it s o Ay A A | T S B T A AR 253 25 XU i) H AT B B YT T X e G
JRZR (TRIFPR/INIRER ) F258 F 2 FEAR A Wb FRE WA SR 4 = AL, Ak 380 280 A8
WR -8 A BT R B R R, R IR AR R — P DL BOK B O 3EAE, AR RS A o0, F8 R0 H SRR R
SMEAAESREMEE, IR R 2 2540 55— A2 B8 A7 200 i 2% B850 /b B B0 i F 4
Bifi 5 AR ML Ao ) A S AR T 2% 8k A RN 22 1 3R B S0/ I 38 A A R S 5 BT B 2 R 4
T RARRUR SRR R AL EA Y Y

R T H5E Y E K RE-/N B ERZEA 2R B (rice-crayfish integrated system, RCIS) AY7K AR AL, Yu 5T 2014 4F 7
A% 2015 4 6 AFENL T (WAL ) LA RCIS Hdg A IE 11 DK TS %L, 458K . pH (H(7.48—
8.68) .NH;-N(0.20—1.09 mg/L) \NO;-N(<0.052 mg/L) FIHL T3 (435—951 mS/cm ) f2& o FC 5 ES R (1 38 FLE
Bl H Z MRAR45 R AR AR 250 A BEAR R AFF-34 50 (total nitrogen, TN) | EV# (total phosphorus, TP) |
5 TRERFEEL ( permanganate index, COD,, ) FH4¢Z a( Chl-a) &5 50 <2.0.25 .10 mg/L 150 mg/m’, Lk
N A REAAAEAR B P K I L DO 7K By SR — S i > 038 7K BT, G i Ak AR BE 7, 348 i i 4L, DA SR b
HAEHES

H [ R 8 KRS - v FQ S IR SR 7H (integrated rice-crayfish culture, IRCC) M K20 T BEAE I, K IH % 22
IRCC 25 FFARAE FH BRI B AR w2 = A F v St TRCCH'™ ) R AR SRR AR 2 B A7 By T (43 IX sk P A 1
)t 5gERe 0

1B B0 LAV DT SR AR b DV & MR H A Xt 4 oY 1 AR IR VRS S A 3 ¥y Ak S 2B o 5
FRAE , DA SRR P e MR % 3545 B AR SRR B T K RS AR A T R 38 A0 ) i 28 AR AR R

http ; //www.ecologica.cn



16 1] BOE . R GMaRrR2aE= 5457

XA FH AR 7 g RS20 5 G o BT AR AR A E R GE bl R VAR MR R AR A i th P ARIR O PR T RS AR A
FY PR R R R xR R A AR SR B R

R AR R AR BB B R T =X A SR B U las e o RS AT AN B+ R 51 b 30 Y o HE il o
AR, AFEALBRAE N, O HER 255 PR AR A4 — B, # 52 BE 3 AR 7 2 R R AR A R R AR B BT N, O HEIHE &
FEARBYRAE , JERT AR AL JHH N, O BB HR MO & LU R B4R BTG, L rh R SR A B #1340 FH + AR 45 1 Ak 3
SRR RN

A DR H /N T iR A BEAE 2SO A B RIS, QR I RIESE B 6 VEA IHSF 1 % /) e AR 40 0 %) P 1
L S R X 07 A g 5 e 2 5] RS PRI S | LCg DA 24 h 9 1.034 mg/L [#% 96 h 4 0.479 mg/L, /INIgHFXF
SR P B K 7234 4E JF ( maximum allowable concentration, MAC) 24 0.106 mg/L"™) | /N R R K R 4h P A 15 4%
R BTS2 M), 1/ B B DR/ N2 X6 KRR ) S v 7 A B RS 7 TS5 W 5 %o 487 B A S s 2 SO A /K e AR Y
i 6 REFIA R 5 ER BN K A R AT AHE P (0 T AE S 1 e T 25 M R P 76 5 ER L A R
L 0005 IO A A JE e L SR AT R R SRy R A KR G A A s 4 ) 2 e T R R

B AEEFE ST REIFIEAERE R (crayfish and rice integrated system of production, CRISP) ity JLAMEEALT) . (1) #2
T 38 KT A A A 2SR AL A R 2K R A 7= S S AR A LI (B4 T e s (2) $R B TN
URFR B AS I AR S TR (3) A i K SORINRUS B A ol AR R A /N T R RS AR B4 FH 0 E 1
—HRAN S (4) FESTRRAR AR AR AR AL

FEUR AR A AR XTI, — 5 T R AR AR e 15 B R e (B A7 A 000 e R SR, 100 8 A0 7K A o A 1)
WG A T LIERE ) W R R AR RAE R E L =R R B IR K IR AR T (B A W] RE S EUK
PR3k BT 9 s 25 00, SIS FIAR 28 13 /b SN FRBE K AR HE B8 | (B2 ] BB JRT SRR A 8 7 A 0 3
S 55 L, HUE R (R TN, (W) A W) 2R R A AR B R AR AR — R AT R = R
BB YR BA AR A BRI % SACHET 22 i R BRI IR T 5 W] I3 A= 28 R Ge i 2 0 2 i O =X
14 REMNES

FRta SRR R B, A AT ol Z R RIR IR A — A vh MR RN E S A SR G AR, 2
ST 2R AT IX SRR SR AR 1 Dy 1), T BB R I e el 2 11 e e v At i Bl | MRS
MR A FREE Y L YROTA] = i I 2 g e T 8 /K R R 7= X, 246 2 B, 7K R R 14 PR 58 2% 1 0 R S
AR, BT EAAEE AL, FTRERY R (1) $EmWFo DR - IR ol 99 A 7 ) PT RE 5 43 B3 /K A FTER
2 4R i R AR 5 (2) BT FURE K 4 S A VR R B S e A T i OB — AR RS I
By B FRAH A D4,

Z S AR IR R SRR A - - R SRR B8 3.04 vhm | HEAAEZK A 7 16.9% . TER-
i -WR R GE T, 50% (4 TR 35 fa AW R FRAE , 55 SRR KRG AR L, e I i 7 23 %1% FERg g ] AT
MRFNEE 14 £8 (Amblypharyngodon mola ) X 7K FI + 3 3243 BUAT SR A T TR B 520, 4 & 1 FR 4% LS [T IF
(7=, RN B IR AR R R RS- IR SR A TR R G, AR DB S 24 o

Gher F258 ( Fi-f-HF RG0) & —NIMFEN RS0, A FE = A E = RIS 12 E IR K IF R 2 38 KRG, I
FL AN BSOS 7, 2 I v v e DX R e o I [ A T S R R R R ) T R AL R R
ARy, rT LSO B P iR B e 4 B iz MU, 38 5 MR A 15 WSO AR 552 B2 [ Y 42 5%
BRI

TS B N AT HLAROY & RS, SRIBCA LAY B — AN SR 2 SR e T 3 1, 0 A £ LA O AR 2 W5 4R
IR UEBA e 0 AR AN SRR R 7, (ER SO S AN K A 1 75 G i/ b X IR V5 Qe SEAH OGN S, B
AWFRER B & T b RGA B TRARARENR A B T2 UM R HF2 ke, (BAEgefEidt ik
B RIS WU 28 T A A | A7 TE e B U LR B RS il /N 7 S IR A BLAR

RZWFFE R, R PRACI A 25K = FR AR A, AN & /K 7™ 35 58 0T LR K i AU i L 320 Fok

http ; //www.ecologica.cn



5458 JAE = 40 4

SERPER I £ G FRATR R A 2t € 2 JR b SR (1 7 1) FNEESR 222 SR AE b o B R AL H A 29 e iRk
FRN TR R R OGN 2, fE 2RI — RN TR RS ™ R R G A B3 1K T4 (L i
T3 TS R AR JR GERNR K 37 58 R GE R4 T A2 A5 R A S IR B % 43 WO R R R T S — A TR 5y ) 122
LA, AT A PR SR K 7 IR FE G B L K B FE K A BT Ml Y MERST , BT FE /K Ak PSS 2 75 2 ) A 36 HL
TE RO K S o g T X AR e e ) R

2 FEH-NESEESHEEN

KATIK =T TR AT R e it A A S5 4 s < R St 3 R A AR S AR SR R Ry
N TG R Gt 85 K AT AR B, B =t 3 A 2 TR IR B T i Bt B IR A HLES 5 T8 U A K 37 8
ARG, RGN SRR K AT A B AL ERAE 7 B AR A e S A R e 1 A O ST R ke bRk e
FRBE FE /K A B PRI XE (A IR T, pR M SRR A8 P K R IR AL A S — Bl T e K ™= 35 4 07 =X, ] o 3R AR TR
A DXt 4 77 B 152 7K B9 A BRI A1) FH e — ol O vk o e T e — T T 2 T 9 RO 5 G () 3, D — T T
SR A T RS Y A PR, A A B BRI N RS TR A e & HE < TE T AT RE L b B AR A RS T, T B
FCHBEE R M AR P R AR SR T BT RS e A AR Y e ARG RN R R A, K I RS T I b %o
&5 %7K H TN B TP (5B R4 W] 3K 77%—93% 87%—96% "> . /Kig EAT i K AL g 11, FI K
Xt & B A KR AT A S B A G & B — A E B 1

X} 12 22 G AR SEBIF 9 35 B v e b SRR TV s o 3 5 3 0 I 170 22 B AL o) AN SR O i . B gE R EH
R FE R R [ 33 5 vl 0 A TR T /K PP ) 3R SR AG I S A RSO R T H R R R S AR T FRIEUK & AT
2 AL Hor 309% LA 1A EVAL . 20% LA bl i vl i 22 BT s ZE K RS A AS 1) 20 & 100, 8 TH X AS [
SR LBRBIRAIR], FRAE K 325 IR T 25 bR 5 B 2R T A0 R KON Y R H R A R4
38 3 A X b 3 FE K R T SR PN &2 VR R A T R SR it 7K A 8 7 3R AR KO, JF 4 Tt 0 vh A i
figt 4, TR ESE O AR PR 0 40 A FE DA (R S5 A R I RE 0 b 398 35 50 1R K TR B I et /K R ) 7 o 3R 43 WRMORT 0—60 em

S v RS A3 A S Y SR R R - A AR S R G B TR SR AR, IR R g
D IRIETS G

3 BALL-HESSESHTERS

WIRTATIA , R FH -t 38 52 A A A 5 3 EL ATt A RN =5 0 b 9 DT B, AT AT LA 4550t o2 A1t 39 7 5 )
15 YL, 25 PR AR T LUSE A O A TS TR (H R - A e A Ak R 5 K R IS AR
A TR < A i A ZR G A IS A K IR — A X b S R T A G AR ST 5T S AT A R

FAvE sy 1A AR RIS R P S A KT MRS b G R G, Bk A Bt B A AR i i g
BRSO R GRS EOKAEIRE A , S 4S Th R 0 22 0] B EL AR 8 , BN RS IR At 3 R A R
BARGAT LM, XYL T KRR (G BEREAE HERBCS ) k=5l (HERCS K B KR ) B4
Tl B MERT, S BRI 2 4 AR S R AT AT B, 78 T R 4 [ Al b T B 45 B 5 KBRS () 4 T A, B T
RAFI A, ACES T RFSRK SRS SR A IR 8T T g 35 IR IR SR b TR AN T fh 375
GRS R A B,

FIHBA Fa i 25 B A IR T PR HERLRE (1) 10% B 5 5 TR, I sl 39 o Jirf 14 4 FE 90 4 sl o 20 17%) FE 358 g
L, 0 R KA IAT 3 T LR G A H v (8 R Y R B N 2] 20% LA L, VA SR 7K T A J 45 Bl 2 e 4% 3 3
I EZE S 2501 .6.7 hm F5 1, 209% 18 FRUOR A VA 38 sl TR AL Btk 3% , 2% f0 7 5 W] 5K 37.5 t/hm*,80%
AT FRUFH AR A (R A0 88 7 iR 225 kg/hm® /N ERIUA 2250 kg/hm?) | P34 60 7= 52 4 7.68—9.30 t/
hm? | BV T AR ™ i e KRB N 7.5 KA /hm? . I 0.27 /22 8BRS % 0.13 /223 AT AR
BANEEE, Bt P R R 1 A2, 3R R AR R AT R LURRR A B AR - E R A A S

http ; //www.ecologica.cn



16 1] BOE . R GMaRrR2aE= 5459

FEHp A LIRS I AL ™ FR 0 2R G v 8 SR SO WIS F A, TR A 5 B 7K A FEOCH] T b 3 57 5 2R SE O A
KMFTE D T A% G 0 S R HEA A A, e T A B0 LB/ N i g T2 TR 2R, B3
R FH A J A A v, ) 29 LB AR ) K I R

K JEUBAEE 3 0 5 A AR AR M B4 S Ji8 5 1) (EOG B T M R R A A RO R S, miiiE
A AEBAO M AR OEBR A PSS 2B SR TR S R R s HOR R A AR S 2R I — > A g La Rk
&, B A H e o T 1 AR 25 R GEA Y F SV BGOSR . BA AR R ST A HLLE IR
B RS RGURIA R T RS R R LG R LE A SR A IR R S A HLBR AR R S B
A BAF IR TR (B R LA - R S A S R G T R R ) SRR BRI

ARG P, HEZK O AL GElt B SR 50 U AY F2 2R G AR IS CBURL ) W B TTC R 2 T 37 5 e ol e G A 2 22
WAL, MBI T2 2Rl A A YRR A FE . 25 T A S PRIA Ay RS L A i 5 AR S R G 1R AR vl
USRI = RZE TR TR A 25 2 G0 B i BCORAS RATR B R T 5 U R A LB 3 i 3 A R G B T i K
RESCE R T INRIFFE RGP AR . P I RHZo8 IR A 2 B A AL 2 WA 8 TR RS AR PS4 G
BURI DT KI5 R 25 R G SN E TR B BB A AL BF S0 AR 7 Y o

21 2R A T 20, [ R SRl 28 a4 B R D NSRS B ah SE AL TR A BT

HREST L BRI, FR KX 7 R TR SR R BRI H AL SR AR S R AR RS RE
RR AN FBOR MY TR TS e 1 B 22— 10 ] 2 iy 4 PRI ) R T A2 A AR S R e AL R

BRI DR A BRI R A, i AT AL S A AR A R G AL I PR IR, R R AR 22 0 S A BR IR R 1 2
(R (A

ST RAF I FRIE A AR A, SEBKO™ SR B B TR EE K R SR IR R L N I B B, LA
B R LR N B IR U AT REZ AU AE X — MROA S N e A IR AR 1 7= T AN 2 HE 1) SRR BRI, D20 %ot
PREETSY FRA MY B PR ANBR U A5 AL S O R T A B T BT AR S R e A B SR Y
A RS HITTEFE T 29 38% A2 BRHI LA J1 (net. primary production, NPP) , A HER ZH K iy
NPP, HRELASE A AEBE NE R 1 IR FI 0 TR 3RS ™ LLHAARZE 5 19 B G A A 25 R G0 Bl
(Z5F FRFH ] e i At S 2R A2 SCRRIEWI XA A T T AR A S REA B K
1o 8 A S A A R — Bl TR SR AN R AR, A SR 5 AR A R G BB AR X D R A B A 2SR AL
i S R GRS e A | TR RN B TS SR A T il A S R GRS G v ks
Uil Al A O A A PRI DR Y SR 5K

22 3L HR ( References)

] RPN, ZERLL, T RERMIEE IR0 NRRE R R IR BRI K, 2016, (10) : 32-35.
] AR, R, FRHGERIRER. B2EFRMM, 1996, (8): 9-9.
[3] 5. RIS S LR AUE RS [ D]. M . MR, 2004
] ERE. SRR TR . TTIVRFZTE, 2016, (4): 48-49.
] IR, Fherh, RER, 70T, THME, SBPEL, XUHTR, FTR, AKE. BI0E R LS MIREoR M PR S & xR, Blf g
i, 2018, (5): 3-5.

[ 6] iR, B, XI5E, @S5, Ml EF IR LIOTR A b ETERE, 2016, 18(3) @ 96-100.
[ 7] ZEIESR. ZHAERUMLEE SRR IR R, ZAe-al, 2017, 23(2/3) : 72-72, 112-112.

[ 8] Mk, EH®. WiTLAMHLERIRI SRS HT. iRl R4, 2018, 59(9) : 1663-1665.

[ 9] Efik 2013 4EFE HLEA RIS ARG B 45 S7ERT LA . REK™, 2013, (12); 13-13.

ZgR . v E RS F 2R G Fh 75 7 Ml R BT SR 6 B S RS TERUN G T, W EK 7, 2016, (11) : 18-19.

FRR. RE ML A R IR AR AL (5 1 FB 4y, @0 T, DK™, 2018, (7): 90-91.

FAEE, MHE, FEIE. F8H AR R KA R A i 7 F LB Wil 2441, 2018, 30(6) : 1016-1021.
A, BREF. fE A RGOl mS G B A T PR . R @R, 2010, 16(9) @ 162-164.

http ; //www.ecologica.cn



5460 JAE = 40 %

[14]
[15]

[16]
[17]
[18]
[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]
[27]

[28]
[29]

[30]
[31]

[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]

[41]

BHESE, WK, FHA, RIOT, RER, MUK, AR IEES RS BRARET 48T, K240, 2014, 38(9) : 1431-1438.
R, VEAE, dRAUR, B, 2R, BB, WS, HaAsC WHLAE fE LA R BURAIEOR BT 5 A A R R Al A
22017, 56(22) . 4217-4220.

RN, BRI, TN, W RS A ROl R G XL R ek B, 2007, (3) : 277-279.

B, W%, MK, BR%, RT, BUNE, FEE. RO RGN KR KA AR, SN, 2010, 38(2) : 73-74.
kA5, R, TR ERE IR AR HE R, KA, 1988, 12(4) : 364-375.

Hu L L, Zhang J, Ren W Z, Guo L, Cheng Y X, Li J Y, Li K X, Zhu Z W, Zhang J E, Luo S M, Cheng L, Tang J J, Chen X. Can the co-
cultivation of rice and fish help sustain rice production? Scientific Reports, 2016, 6. 28728.

LuJ B, Li X. Review of rice-fish-farming systems in China — one of the globally important ingenious agricultural heritage systems ( GIAHS).
Aquaculture, 2006, 260(1/4) : 106-113.

Xie J, HUL L, Tang J J, Wu X, Li NN, Yuan Y G, Yang H S, Zhang J E, Luo S M, Chen X. Ecological mechanisms underlying the
sustainability of the agricultural heritage rice-fish coculture system. Proceedings of the National Academy of Sciences of the United States of
America, 2011, 108(50) : E1381-E1387.

Xie J, Wu Xue, Tang J J, Zhang J E, Luo S M, Chen X. Conservation of traditional rice varieties in a globally important agricultural heritage
system (GIAHS) : rice-fish co-culture. Agricultural Sciences in China, 2011, 10(5) : 754-761.

Frei M, Becker K. Integrated rice-fish culture: coupled production saves resources. Natural Resources Forum, 2005, 29(2) . 135-143.

Ahmed N, Zander K K, Gamett S T. Socioeconomic aspects of rice-fish farming in Bangladesh : opportunities, challenges and production efficiency.
Australian Journal of Agricultural and Resource Economics, 2011, 55(2) : 199-219.

Dey M M, Spielman D J, Haque A B M M, Rahman M S, Valmonte-Santos R. Change and diversity in smallholder rice-fish systems: recent
evidence and policy lessons from Bangladesh. Food Policy, 2013, 43, 108-117.

Ahmed N, Garnett S T. Integrated rice-fish farming in Bangladesh; meeting the challenges of food security. Food Security, 2011, 3(1) ; 81-92.
Dey M M, Prein M. Increased income from seasonally flooded rice fields through community based fish culture in Bangladesh and Vietnam. Plant
Production Science, 2005, 8(3) : 349-353.

Vromant N, Duong L T, Ollevier F. Effect of fish on the yield and yield components of rice in integrated concurrent rice-fish systems. The Journal of
Agricultural Science, 2002, 138(1): 63-71.

Mohanty R K, Verma H N, Brahmanand P S. Performance evaluation of rice-fish integration system in rainfed medium land ecosystem.
Aquaculture, 2004, 230(1/4) . 125-135.

MABE, Db, I, skttt ). ASERE AR Ty KA TR B A a7 i i m. FHE SRR, 2015, (6) @ 19-21, 43-43.

XUHER, skph, ZESCHR. R SR R HAHER U 456 208 LU B SE—— DLW T4 o BB o ). o A kol 2 4l 2010, 18
(1) 164-169.

Ofori J, Abban E K, Otoo E, Wakatsuki T. Rice-fish culture: an option for smallholder Sawah rice farmers of the West African lowlands. Ecological
Engineering, 2005, 24(3) . 233-239.

Mohanty R K, Jena S K, Thakur A K, Patil D U. Impact of high-density stocking and selective harvesting on yield and water productivity of
deepwater rice-fish systems. Agricultural Water Management, 2009, 96(12) : 1844- 1850.

Rothuis A J, Nhan D K, Richter C J J, Ollevier F. Rice with fish culture in the semi-deep waters of the Mekong Delta, Vietnam: interaction of rice
culture and fish husbandry management on fish production. Aquaculture Research, 1998, 29(1) ; 59-66.

Rautaray S K, Dash P C, Sinhababu D P. Tncreasing farm income through rice ( Oryza sativa)-fish based integrated farming system in rainfed
lowlands of Assam. Indian Journal of Agricultural Sciences, 2005, 75(2) : 79-82.

Mustow S E. The effects of shading on phytoplankton photosynthesis in rice-fish fields in Bangladesh. Agriculture, Ecosystems & Environment,
2002, 90(1) . 89-96.

Mishra A, Mohanty R K. Productivity enhancement through rice-fish farming using a two-stage rainwater conservation technique. Agricultural Water
Management, 2004, 67(2) ; 119-131.

Hu L L, Ren W Z, Tang J J, Li N N, Zhang J, Chen X. The productivity of traditional rice-fish co-culture can be increased without increasing
nitrogen loss to the environment. Agriculture, Ecosystems & Environment, 2013, 177 28-34.

Saikia R, Das T, Das D N. Physico-chemical qualities of water in high altitude rice fish farming system of Ziro valley, Arunachal Pradesh, India.
Journal of Environmental Biology, 2015, 36(5): 1153-1159.

Yaro I, Lamai S L, Oladimeji A A. The effect of different fertilizer treatments on water quality parameters in rice-cum-fish culture systems. Journal
of Applied Ichthyology, 2005, 21(5) : 399-405.

Vromant N, Chau N T H. Overall effect of rice biomass and fish on the aquatic ecology of experimental rice plots. Agriculture, Ecosystems &

http ; //www.ecologica.cn



16 1 BT A REWLEA A IRIRE T 5461

[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]

[60]

[61]
[62]

[63]

[64]

[65]

[66]

[67]

[68

[69

[70

[71
[72

[

Environment, 2005, 111(1/4) . 153-165.

Uwimana A, van Dam A A, Irvine K. Effects of conversion of wetlands to rice and fish farming on water quality in valley bottoms of the Migina
catchment, southern Rwanda. Ecological Engineering, 2018, 125; 76-86.

Feng J F, Li F B, Zhou X Y, Xu C C, Fang F P. Nutrient removal ability and economical benefit of a rice-fish co-culture system in aquaculture
pond. Ecological Engineering, 2016, 94, 315-319.

Tsuruta T, Yamaguchi M, Abe S, Iguchi K. Effect of fish in rice-fish culture on the rice yield. Fisheries Science, 2011, 77(1) : 95-106.
BT A SRR UR R AR AT D] BRI Rl ke, 2008.

T, 2R, ATHAE, 915858, BRIR, REERZE. fE5RE f R GEAE 7 0 S XA K AR BRSE Y52 . o [ A 2ol 454, 2013, 21(3) -
308-314.

et A b5 FE MR SR A T A S PR RS A R AR. T A E IR, 2006, 22(7) : 470-472.

BB RO A FRIEHAR BE UL . AR R, 2013, (9) @ 272-272, 276-276.

M 1a) T, 2. R SR A X e B MOR R P i A . RO RLE 2017, 45(12) : 31-33.

Oehme M, Frei M, Razzak M A, Dewan S, Becker K. Studies on nitrogen cycling under different nitrogen inputs in integrated rice-fish culture in
Bangladesh. Nutrient Cycling in Agroecosystems, 2007, 79(2) : 181-191.

Saikia S K, Das D N. Feeding ecology of common carp ( Cyprinus carpio L.) in a rice-fish culture system of the Apatani plateau ( Arunachal
pradesh, India). Aquatic Ecology, 2009, 43(2) : 559-568.

Das D N, Saikia S K, Das A K. Periphyton in rice-fish culture system: a case study from Arunachal pradesh, India. Renewable Agriculture and
Food Systems, 2007, 22(4) : 316-319.

R, WS, T, £, EEN. MOSMEESREIFIAY IR AW 2R 452, 2010, 30(1) : 253-257.
SR, B0, i, Bk, ARIER. BEIAERE I A R GE R B B R R R BRI 3, 2006, 38(6) : 814-819.
R, £FE, EER, BERE, KR MR- 02 5B REHEWRHE. WA, 2003, 1(2) : 105-110.

d’Oultremont T, Gutierrez A P. A multitrophic model of a rice-fish agroecosystem: 1. A tropical fishpond food web. Ecological Modelling, 2002,
156(2/3) ; 123-142.

d"Oultremont T, Gutierrez A P. A multitrophic model of a rice-fish agroecosystem: II. Linking the flooded rice-fishpond systems. Ecological
Modelling, 2002, 155(2/3) : 159-176.

Anyusheva M, Lamers M, La N, Nguyen V V, Streck T. Fate of pesticides in combined paddy rice-fish pond farming systems in northern Vietnam.
Journal of Environmental Quality, 2012, 41(2) : 515-525.

Vromant N, Nhan D K, Chau N T H, Ollevier F. Can fish control planthopper and leafhopper populations in intensive rice culture? Biocontrol
Science and Technology, 2002, 12(6) : 695-703.

MRZEI, JHNIE. i E RN RS A AR PR A AR A AR BON FEUE S T —— L g R RS- O . T - BRI S PR, 2012, 22
(3) . 37-42.

Dwiyana E, Mendoza T C. Determinants of productivity and profitability of rice-fish farming systems. Asia Life Sciences, 2008, 17(1); 21-42.
Berg H, Berg C, Nguyen T T. Integrated rice-fish farming: safeguarding biodiversity and ecosystem services for sustainable food production in the
Mekong Delta. Journal of Sustainable Agriculture, 2012, 36(8) : 859-872.

Berg H, Tam N T. Decreased use of pesticides for increased yields of rice and fish-options for sustainable food production in the Mekong Delta.
Science of the Total Environment, 2018, 619-620: 319-327.

=R, WES, N0, RE, S, TEAT. FENS RS A SRR S R SE CH AN, O IRZ RN K& Bz T4l . shEHOl R, 2009,
42(6) : 2052-2060.

LiuSW,HuZQ, WuS, LiSQ, Li ZF, Zou ] W. Methane and nitrous oxide emissions reduced following conversion of rice paddies to inland
crab-fish aquaculture in southeast China. Environmental Science & Technology, 2016, 50(2) : 633-642.

Yuan W L, Cao C G, Li CF, Zhan M, Cai M L, Wang J P. Methane and nitrous oxide emissions from rice-duck and rice-fish complex ecosystems
and the evaluation of their economic significance. Agricultural Sciences in China, 2009, 8(10) : 1246-1255.

Datta A, Nayak D R, Sinhababu D P, Adhya T K. Methane and nitrous oxide emissions from an integrated rainfed rice-fish farming system of
Eastern India. Agriculture, Ecosystems & Environment, 2009, 129(1/3) ; 228-237.

&, B, DU, RRLER N & DR MAT R R, F MR ARE, 2013, 38(3) : 89-92.

FRZEZIR. ook bk He R I Bl s . AR A5 S, 1988, (S1): 56-56.

INFH . RO SRS S B AR S 7 T m. ShBHb R, 1994, (2) . 49-49.

BREE, T, DA, PRAEE. A2l s 3Rt () 1A e O Tt . SN AL RS, 2010, 38(3) @ 51-55.

i, S, FR. AR REUKRR I B KA . b ERL R, 2014, 47(9) ¢ 1828-1835.

http ; //www.ecologica.cn



5462 JAE = 40 %

[73]
[74]
[75]
[76]
[77]
[78]
[79]
[80]
[81]
[82]
[83]
[84]
[85]
[86]
[87]
[88]
[89]
[90]
[91]

[92]

[93]
[94]

[95]

[96]
[97]

[98]

[99]

[100]

[101]

[102]
[103]

BN, A 3, SRR, MO, JRA Ak i () AR R G TUKAS AL B S AR RO 9T 1L 3 B RN A 1R 5 . VIR AR LR
22004, (4); 14-17.

W, aREEER, WI/NAE ) SN, S, SRk L. REde () SEVE R G TRUKAR L LR S AR Y L RIRIARS VR A RRE S I . T
AR, 2004, (2) : 7-9.

W, TRULER, BRGE, BIANAE ) . R () SRR R G POKRS A IS AU R ST 1L AR T S LR A TR
v B, 2004, (3): 14-17.

BRGE, v, JRUERE, 55, B/NEE, ZEHT ) KRR RV R A A A AR U AR B AR A R A IR R VLSRR R
22007, (5): 167-171.

Xu Q, Wang X L, Xiao B, Hu K L. Rice-crab coculture to sustain cleaner food production in Liaohe River basin, China; an economic and
environmental assessment. Journal of Cleaner Production, 2019, 208 188-198.

Li XD, DongSL, Lei Y Z, Li Y H. The effect of stocking density of Chinese mitten crab Eriocheir sinensis on rice and crab seed yields in rice-crab
culture systems. Aquaculture, 2007, 273(4) ; 487-493.

Wi, TR, S, eI E RGEARK AR L AR FER A AR (. TR RRE, 2013, 40(9) @ 53-57.
W, B, DU, MR, k. R yexs L e e mng s, Wdb4ol B2, 2011, 50(19) : 3948-3952.

Yan Y, Liu M D, Yang D, Zhang W, An H, Wang Y J, Xie H T, Zhang X D. Effect of different rice-crab coculture modes on soil carbohydrates.
Journal of Integrative Agriculture, 2014, 13(3) ; 641-647.

XIS K | FIAR, 2, IR, TR N[ R A A X e A SR AR B AR AR Y 5 . PR BR A R 224, 2012, 43(3) @ 306-310.
GRE, BARTRE, XIRGIK. AR REAEA: P= B2t + A MLTCHUR A IRBL I SE . R A4, 2014, 28(3) : 540-545.

KA. R AL A RS K M O BFFE [ D], L, LIEIEPERE, 2013.

BAR%, TR, S0, PREE, TR0, K%, BEE 30 R R G0E SR % B K R T B 52 i 1 b0l B2, 2010, 49
(7): 1677-1680.

VR, 455, SREMER, WIS, Zedtdr, Ry, TROKTT. FEi () S RS HOK L B E RO AT V. JEALRL S HAR. VIR
flr B, 2004, (5): 11-14.

B, Tk, DM, AEE, BRED, TAOH. ARSI KBRS KR K R R BESE. TLIRRALE%, 2010, (4) .
233-235.

KR, E&, B, FR, 2250, R ERCRE UK UKCE LB 5. AR AR, 2013, 40(14) ; 16-19.

F&, R, DM, ER, T, BRI FRER BRI R T AT ST, #idbAOl R 2011, 50(17) ¢ 3514-3519.

SKRIRBH, BAREE, DiEmM, &, TR, FEIVE RGN S s MR 2. IR R AR, 2014, 23(6) @ 834-841.

g, ER, B0, KA. B ILEXRE HAKRRAS ) 2R . o E A SO 2E iR, 2013, 21(7) - 838-843.

Guo K, Zhao W, Li W K, Zhao Y S, Zhang P, Zhang C. Food web structure and trophic levels in polyculture rice-crab fields. Chinese Journal of
Oceanology and Limnology, 2015, 33(3) : 735-740.

B, FRUR, HEENE. FEH IR B BRAE H 22 R aUR. 7R RE, 2018, (2) : 68-70.

SR, TR, DI0M, EE, TH, WREE, B R 3R R 42 A AR R e g, Bk B4, 2011, 50(8) .
1574-1578.

o, SNA, IRUEERR, VPR, B EAK, TSR, R () VR R G OKRE R A R R AU MBS V. R U R AR R S A F R,
LR, 2004, (6) : 21-26.

MRS, IMIRI, TG00, 3%, BvK, BRWT, B, #IER. FUFLER SRRl RS B, BB, 2013, (21) : 265-266.
RIS, BOPLE, AR, BER, AR, BRE, B, RIF IR A M 2 AR IS 2Rtk i 2 1Al Bl# | 2015,
54(22) ; 5599-5602.

IR S E, RIGK, HIR, Mikrk, XER, BOFE, FRAT, VFEK, 29bk. REIRLL A R 2 B 1 FE SO S 2 T 2.
WHEAO R, 2017, 56(10) ; 1859-1862.

YuJ X, RenY, XuT, Li W, Xiong M T, Zhang T L, Li Z J, Liu J S. Physicochemical water quality parameters in typical rice-crayfish integrated

5

systems (RCIS) in China. International Journal of Agricultural and Biological Engineering, 2018, 11(3) ; 54-60.

LiQM, XuL, XuLJ, Qian Y G, Jiao Y, Bi Y H, Zhang T L, Zhang W, Liu Y J. Influence of consecutive integrated rice-crayfish culture on
phosphorus fertility of paddy soils. Land Degradation & Development, 2018, 29(10) . 3413-3422.

AT, BRStAE, B, R, B, DR, (TR AR S DR AR AR SO A S T R BRI B2 R, 2018, 45
(1) : 96-100.

B . IR IR IR A R S R (R EAT S [ D] BRI bRk, 2017,

VA FEEFALE ARG FE I AN & xR AR HR R [ D] I el k2%, 2018.

http ; //www.ecologica.cn



16 4

BT A REWLEA A IRIRE T 5463

[104]

[105]

[106]

[107]
[108]

[109]

[110]

[111]

[112

[113

[114
[115

[116]

[117]

[118]

[128]

[129]

[130
[131
[132
[133
[134
[135
[136

YuJX, XuEG, LiW, JinSY, Yuan T, LiuJ S, Li Z J, Zhang T L. Acute toxicity of an emerging insecticide Pymetrozine to Procambarus
clarkii associated with rice-crayfish culture (RCIS). International Journal of Environmental Research and Public Health, 2018, 15(5) : 984.
Anastdacio P M, Correia A M, Menino J P. Processes and patterns of plant destruction by crayfish: effects of crayfish size and developmental
stages of rice. Archiv Fur Hydrobiologie, 2005, 162(1) ; 37-51.

Correia A M. Niche breadth and trophic diversity; feeding behaviour of the red swamp crayfish ( Procambarus clarkii) towards environmental
availability of aquatic macroinvertebrates in a rice field (Portugal). Acta Oecologica, 2002, 23(6) : 421-429.

Marques J C. Introducing CRISP-crayfish and rice integrated system of production. Ecological Modelling, 1999, 123(1) ; 1-3.

Anasticio P M, Frias A F, Marques J C. CRISP ( crayfish and rice integrated system of production) ; 1. Modelling rice ( Oryza sativa) growth and
production. Ecological Modelling, 1999, 123(1): 17-28.

Anastéacio P M, Nielsen S N, Marques J C. CRISP ( crayfish and rice integrated system of production) : 2. Modelling crayfish ( Procambarus
clarkii) population dynamics. Ecological Modelling, 1999, 123(1) ; 5-16.

Anasticio P M, Nielsen S N, Frias A F, Marques J C. CRISP ( crayfish and rice integrated system of production) ; 4. Modelling water, algae and
oxygen dynamics. Ecological Modelling, 1999, 123(1) ; 29-40.

Nielsen S N, Anastacio P M, Frias A F, Marques J C. CRISP-crayfish rice integrated system of production. 5. Simulation of nitrogen dynamics.
Ecological Modelling, 1999, 123(1) : 41-52.

RS, VLFE, TEAT, =M, MRAASC. REIRILVER A« XTI R nT RS ok w. R E A A R], 2017, 25(9) ¢ 1245-1253.
BTE, T, L5830 IEK = 5558 nIH54E & R M R P8, Mol {5 85 R, 2016, 31(4) : 264-269.

JATTAR, s, XSO, RN AT IR A SR SRR AT FAR . EIIEST, 2016, 30(6) : 661-665.

Leigh C, Hiep L H, Stewart-Koster B, Vien D M, Van Sang N, Sammut J, Burford M A. Concurrent rice-shrimp-crab farming systems in the
Mekong Delta: are conditions (sub) optimal for crop production and survival? Aquaculture Research, 2017, 48(10) ; 5251-5262.

Mohanty R K, Thakur A K, Ghosh S, Patil D U. Impact of rice-fish-prawn culture on rice-field ecology and productivity. Indian Journal of
Agricultural Sciences, 2010, 80(7) : 597-602.

Amin R, Salauddin M. Effect of inclusion of prawn and mola on water quality and rice production in prawn-fish-rice culture system. Turkish
Journal of Fisheries and Aquatic Sciences, 2008, 8(1) . 15-23.

Rahman S, Barmon B K. Energy productivity and efficiency of the ‘ gher’ ( prawn-fish-rice) farming system in Bangladesh. Energy, 2012, 43
(1) : 293-300.

Ahmed N, Flaherty M S. Opportunities and challenges for the development of prawn farming with fish and rice in southeast Bangladesh: potential
for food security and economic growth. Food Security, 2013, 5(5) : 637-649.

Fbesz, AR, BOC, TRl MR AR A BRC prgT . sl 2013, (6) : 101-103.

VUMK, 1o R —— T L K = 3R & R 0 h Z B 7K™ 244k, 2011, 35(10) : 1595- 1600.

Frneh, REZEA IR 0 K R IR BAFAE NS SRR B Al ReEa . #h &R 2B/, 2007, 7(1) : 71-76.

LANEE. KR R P AR SO G T IR M. BRMR S5 A2, 2006, (2) . 10-21.

a6, ZERUE, RIBE, R FMERGARK IR IE & IR 08 Z 200 B i R . RS2, 2014, 34(16) ; 4480-4487.
BEEEE, TRIRAST, 220 (R AR SRR S AR X AN T IR TS Y AR . P e RO R (3T AL BT |, 2014, (2) : 36-43.
SRIAS, 2R, RIEVE. BGOSR G A TS G B A A T ——LA 53 JH A VLA £ 2 A B 1. RS 28955, 2014, 30(5) .
131-134.

B, XI6E, S, THRME, 220, B, 2B0A A RIS R 55 B 5 K 7= 375 4t €6 % e i AR ——ir V48 3 H 30
FAKHEIEE G IR IR . PR, 2018, (1) 32-35.

WHEZE, Wl JAER, NIBeHr, Dh/RH, iR 20 neA 8 = 2 B K P2 IR R K i Ak ). TR ARl 24, 2018, 34(2) .
340-346.

Ay, R, WO, RI2GE, N, GAIE, A JER UK AR A S RE R S E. Wl AL, 2006, (4): 6-7,
19-19.

R BT VR4 FHHE K S8 b5 S HE K R IR [ D] J8iPH . PHILRMBHE K24, 2006.

XUPGH. W FRIE TS Y S A S TRERE ARPITR [ D], B, matRill R, 2011.

BEBAR, PO, AT, BT, [oba, 24, & TREM/KA LR G HE KaiT80R). Mokl 2016, 46(6) : 72-78.

SRR, BT Al SERAR. N TR R 2 BR LR BRI . VRO AR, 2018, 46(6) : 23-26.

AEEEZE. R N AR e TS e T AN PEREBSE [ DL BTN . TR, 2017,

FERILL, Bpkas. R i el H D X (05 ek rh B A RCR . BRBERLARIESY, 2015, 28(1) : 117-124.

NG, Rk, XU, R, 4T R, R KRN R E SRR A B RN BT . o KRR, 2018, 32

http ; //www.ecologica.cn



5464 SR 40 &

[149]
[150]

[151]
[152]
[153]

[154]

[155]

(5): 509-518.
JHITE, AR, 24T, S P, FE MMt SR A ALK B SORI IBCR TS . BEMEHEK 241, 2011, 30(5) ; 78-81.
AR, SRR, R R T AL B 0 SR AR B AR, IRTTR S 244 FARBHER, 2013, 10(5) : 61-63.
ERU, AR, TR, Dk AR IR 5 bR A IR IR b 9 B RO BT, SREERk 543, 2013, 38(10) : 136-139.
P 5. i M —h % S SR PR K SR I8 FR SR a0, B HAR PRI TE [ D] JAIM . IR, 2017.
R OREM, D, WSS, RIaMk. FRAME B K T RS M i A IR A AT . S AR, 2017, (6) : 135-142.
6 REVE RGO R BIYE & R A S BRI T, FRALS AL, 2018, (10) : 38-39.
BT, T kA& RS B 59, VIR, 2014, (9) : 197-200.
AR, AR, MIE-FE MR A RO PR MEAR 80 E . KILRS¥%R . ARFMAL, 2013, 10(23) : 72-75.
XSCHe, LMy, Brmig, Btk AASIE SE GRS RIS R RE. ASIREL, 2005, 14(4) : 596-600.
FEFEA. iz A HSE T A LI A SRS, PRI RO 2. FBARBIERR, 2005, 20(1) : 35-37, 74-74.
R, MS—IGEH—XIFLE S TR R AR EET 3R 2 R BR AR [ D] F 5 PEIGERY:, 2013,
Troell M, Naylor R L, Metian M, Beveridge M, Tyedmers P H, Folke C, Arrow K J, Barrett S, Crépin A S, Ehrlich P R, Gren A, Kautsky N,
Levin S A, Nyborg K, Osterblom H, Polasky S, Scheffer M, Walker B H, Xepapadeas T, de Zeeuw A. Does aquaculture add resilience to the
global food system? Proceedings of the National Academy of Sciences of the United States of America, 2014, 111(37) : 13257-13263.
mSEE, RS, EIEED. 7kfﬁfiﬁ?%ﬁﬁfﬁ/\ HEEMR. pE LR, 2016, 18(3) : 101-104.
Wbk, i, BERILL, RAERT, TR, WM. KA E BTG AT 4R B 5 T RS — S AR 5 4R IR B AR, Kl
%f}vﬁﬂ 4%, 2013, 32(1) ; 1-8
25, KRR, E A S RGH L BRI EE AT, BTG ATRFLEA R, 2009, 34(2) : 27-29.
FEEP, Ak, VR MR R AR BBCCUPEE . Tl 2005, 26(18) : 49-51.
Zhang K, Xie J, Yu D G, Wang G J, Yu EM, Gong W B, Li Z F, Wang C C, Xia Y. A comparative study on the budget of nitrogen and
phosphorus in polyculture systems of snakehead with bighead carp. Aquaculture, 2018, 483 69-75.
Guo K, Zhao W, Jiang Z Q, Dong S L. A study of organic carbon, nitrogen and phosphorus budget in jellyfish-shellfish-fish-prawn polyculture
ponds. Aquaculture Research, 2017, 48(1) : 68-76.
Running S W. A measurable planetary boundary for the biosphere. Science, 2012, 337(6101) ; 1458-1459.

http ; //www.ecologica.cn



