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Effects of rice-crayfish coculture on rice yield and food security

NI Mingli', DENG Kai’, ZHANG Wenyu', SHANG Yonggqing', WEI Feng', YUAN Pengli’, LI Zhun', FAN Dan’,
CAO Cougui', WANG Jinping'~
(1. College of Plant Science and Technology, Huazhong Agricultural University, Wuhan 430070, China; 2. Hubei Agricultural Ecological En-
vironment Protection Station, Wuhan 430070, China; 3. College of Agriculture, Guangxi University, Nanning 530000, China)

Abstract: Rice-crayfish coculture (RC) refers to an integrated agriculture mode that combines crayfish breeding and rice planting.
This mode has developed rapidly in China in recent years owing to its high economic benefits. The effect of large-scale promotion of
RC on grain yield has attracted attention. Thus, to explore whether the large-scale popularization of RC has an adverse simultaneous
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impact on local rice yield and total grain yield, the influence of the proportion of cultivation ditches on rice yield was analyzed, the
development status of RC in different regions was compared, and whether RC is suitable for further promotion was investigated. This
study analyzed the impact of the RC mode on rice yield through long-term positioning experiments, household surveys in different
ecological areas, and statistical yearbook data from Hubei Province over the past 10 years. The results showed the following: 1) RC
expanded the area, increased the total yield, and improved farmer enthusiasm for planting rice. There was a significant positive correl-
ation between the RC mode planting area and the rice planting area. The rice-planting area in Qianjiang City, Jingzhou City, and
Hubei Province increased by 77.77%, 16.23%, and 12.20%, respectively, and the total rice yield increased by 68.12%, 16.61%, and
20.49%, respectively, in recent 10 years. Simultaneously, the summer grain (wheat) yield in Hubei Province had remained stable over
the last 10 years. 2) The average proportion of cultivation ditches of crayfish (G) in the Hubei RC-producing area was 13.42%, and G
affects rice yield to a certain extent. Without considering G, the rice yield, when using the RC mode, increased by 17.63% compared
to that of traditional rice monoculture. When G<<10%, the RC rice yield was slightly lower than that of traditional rice monoculture,
but the difference was not significant. However, under the conditions of 10%<G<20% and G=20%, rice yield significantly de-
creased by 18.19% and 34.81%, respectively. 3) There are advantages and disadvantages in RC development areas. The yields of rice
and crayfish in Jianghan Plain and the plain along the river in eastern Hubei were better than those on the hills of central and northern
Hubei. Previous research results showed that RC can stabilize the yield of rice under appropriate G conditions. Simultaneously, ow-
ing to the high economic effect of RC, an increasing number of farmers have joined the industry in recent years, which has promoted
an increase in the total yield of rice in the regions. However, there are obvious regional adaptability differences in RC. Only in ad-
vantageous regions can give full play to their role in stabilizing grain yield and increasing efficiency. Therefore, the field engineering
construction associated with the RC mode should be standardized according to G<10%, and adhering to the development of RC
mode according to local conditions can maintain rice and crayfish income and food security, which is an important guarantee for the
sustainable and healthy development of the rice-crayfish industry in China.

Keywords: Rice-crayfish coculture mode; Rice yield; Proportion of cultivation ditches; Food security
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Table 1 Rice planting areas and total yields in the main rice-crayfish producing areas of Hubei Province in recent 10 years
i VT Qianjiang F#1H Jingzhou 14t Hubei
Year IKAE AR TR KRR JKAE B i KA AR KRR B

Rice area (x10°hm®) Total rice yield (t) Rice area (x10” hm®) Total rice yield (t) Rice area (x10 hm’) Total rice yield (t)

2010 33.06 288 400 391.89 3221318 2038.17 15578 100
2011 30.62 314 127 393.09 3102 753 2036.17 16 169 100
2012 34.97 346 665 413.88 3162473 2017.88 16 513 800
2013 38.03 369 481 423.75 3276 548 2101.15 16 766 358
2014 40.29 381463 433.82 3340 781 2143.95 17 294 700
2015 36.37 365 252 431.80 3403 470 2188.46 18 106 900
2016 35.20 310897 419.00 3016499 2130.97 16935179
2017 59.06 504 400 485.07 3931 806 2368.07 19 271 639
2018 60.55 515700 483.06 3970237 2390.99 19 656 224
2019 58.77 484 848 455.51 3756 414 2286.75 18 770 598

BAERIET (BB RFS4E% ) (2011—2020), Date sources is Hubei Rural Statistical Yearbook (2011-2020).
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Table 2 Summer grain areas and total summer grain yields in the main rice-crayfish producing areas of Hubei Province in recent 10
years
YT Qianjiang 9N Jingzhou Wt Hubei
AP ERLER T SRR HRLUR b DR P,
Year Summer grain Total yield of summer Summer grain Total yield of summer Summer grain Total yield of summer
area (x10°hm’) grain (t) area (<10’ hm’) grain (t) area (x10°hm’) grain (t)

2010 28.56 91 420 122.08 404 488 1253.75 4206 200

2011 29.99 108 052 128.10 409 527 1321.33 4258300

2012 36.83 111472 134.56 428 365 1363.19 4474 400

2013 30.09 113 704 136.05 476 100 1400.60 5010 000

2014 29.96 110 600 135.79 474 600 1389.92 5056 000

2015 29.94 104 200 136.29 450 400 1380.85 5044 500

2016 30.31 106 100 138.04 458 800 1392.93 5086 650

2017 30.63 103 942 184.77 532398 1348.50 4 882 443

2018 29.99 87700 175.76 530 898 1304.26 4675956

2019 28.25 84 617 171.17 522 094 1266.50 4569 991

BHEARIET CGdbE RN GETE% ) (2011—2020), Date sources is Hubei Rural Statistical Yearbook (2011-2020).
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Table 3 Rice yield in each year of long-term rice-crayfish experimental site thm

AERR REAFF IR (NS FRAEIA) REUFFH IR (5 FRIAA) e HT B

Year Rice-crayfish (excluding culture ditch) Rice-crayfish (including culture ditch) Rice-monoculture
2016 9.65+0.83a 7.61+0.74c 8.23+1.89b

2017 8.43+0.92a 6.64+0.88c 6.94:+0.97b

2018 9.51+1.01a 7.49+1.03¢c 8.02+1.21b

2019 9.09+1.31a 7.16+1.46¢ 7.99+0.87b

2020 6.56+1.17a 5.13+1.33¢ 5.56+0.47b

[RIFT AR ING A 3R /n AN R A BRIE] #E P<0.05 /K F-25 57 1. 35, 202047 7= fn (PR A9 3 22 J R & 22 [ R AU 520 . Different lowercase letters in the same
line indicate significant differences at P<0.05 level. The main reason for the low output in 2020 is the continuous rainfall.

=4 2018 FJL BB T XKFEFV N AT E

-2

Table 4 Rice and crayfish yields in the rice-crayfish producing areas of Hubei Province in 2018 thm
X JKAEF= 4 Rice yield NI B
Region FEUFFNFR H Rice-crayfish &4 HL/EH Rice monoculture Crayfish yield
SEAUFIF 5 Plain along the river in East Hubei 6.72+1.32a 7.02+1.41a 1.3240.70
#8r b FEB% Hills in Central and North Hubei 4.83+1.34b 7.37+1.24a 1.36+0.77
VIIXFJE Jianghan Plain 6.12+1.54b 7.66+1.61a 2.2340.97

145N ) - B R 2 53 L 35 (P<0.05), KA = i A & FRAA VA AR A5 1 N (M SEBR7™ ik, FRAATA 5 AR SRRV I SRep b el | VLCP 543
410.05%. 25.63%7H117.03%, Different letters in the same line indicate significant differences at P<0.05 level. Rice yield refers to the actual yield under the
condition of including the area of culture ditch. The proportion of aquaculture ditches in the plain along the river in East Hubei, the hills of Central and North

Hubei and the Jianghan Plain is 10.05%, 25.63% and 17.03%, respectively.

WAL ARG IR 3 7= X RIS 5 R 13.42%.
FehhE b H (G) Sk RErE R 2 A 5 BE T E (K 4A),

[ G XK i re B g i i 2% (K 4B). AR G Z1H]
KB EEZSHE 5 10%<G<20% il G=20% 1H

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

1298 HhE A SR R (P ) 2022

%30 %

e, G<10% 2% 4 & K &5 7= &t 2 5 & 15.97% F
45.51% (P<0.05), 51& 4 f% H ¥.4/E (CK) Ml H, G<
10%. 10%<G<20% Fll G=20% 5514 T 7K F = e [ A%
443514 0.38 thm >, 1.34 thm > Fl 2.56 thm °, /= &
AR EL 23 30 5.21% ., 18.19% Fl1 34.81%, Hiff G<
10% 550, KFE ™5 CK 25 A 3.

—_
[\
1

; A . — R=0.39, P<0.01

£ 10} . o G=<10%

& g $°, . = 10%<G<20%

= 8¢ o o _= . e G=20%

=

8 o

&~

o 4T .

5 ool * *

=

* L . . . .
0 10 20 30 40

—_

O =N WA WU IO
T T T T T T T T

JKAE =5 Rice yield (t-hm™2)

CK G=<10% 10%<G<20% G=20%
F5H 8 & HE Proportion of culture ditch

4 FEANFRFREFFEALLS] (G) SKFEFEXER (A)
ARFFEALLBITKFEE =& (B)
Fig. 4 Relationship between proportion of culture ditch (G)
and rice yield (A) and rice yield under different propor-
tions of culture ditch (B) of the rice-crayfish field

3 #Fit5ie
3.1 FEATRFPFR K AR R0

ABIF 5T e W A AR A A A 22 % 5 B VA 5 W)
T, SR G AEAH LK RS B 0 17.63%. JF Hix
BB 34 A HIRE A% VR # M IR FE VA N 10% B 8 B
B A R . H R Y IR L AE 10% 3 20% Z
] . I 20% B, A A B R A ] JC v R
VA T ECPT R R i 7 i AR, T BOK RS O™ B
A3 B FEAR 18.19% il 34.81%. [RIF, 8 BF 4440 27,
TG A8 R I 2 B 7 X IR o L Y(EN 13.42%.
Hu 265 33 13 7 10 22 40 OB 9 A5 B AR IR 4538 1 e
FETE 10% LA P, [R] A 7K 7 2l 9y 45 i 7 Fed R B 25 24
) BB Z B, AN 23 S BOKRE 980
32 FEIMFENREREENRE

FE MR o — 2 B AR i T /K R e v AR 3
K, 0T KRG R, 7RSSR L IR B (/)

255 A v L BRI FE I . 2019 A AF HR A S
TR 4048 e T T AR A 1/5, B 25 R AR A R4 2 0
sk, v VLT ORI A A K RS RO DR R 2 B
77.77% F1 12.20% . MR I 10 4F R 2 i 40 0E
LERTRLE Y, BRAS ARG A1 (2016 4F . 2019 4F), 7K
SRR IR IR R, A B R R AR
22016 T M 2 BT Wyt #, (EX L 2010 4EHRA W
R8T, IF HE R B R R, 2 7RI M 1
XHEIN 40.21%, EEJEKATREAT : 1) 3G A & R IR
ol % 190 b, DX A AR K 9% U5 730, AR AVE W) e i L IX 3R
AN IE M, EAG SR AT R BN A R L 2) A5
U AR AT A I BF RN, S| T R A A
P R A MY 35 4 B AR AR A R AT oM, DT LR AR
TEYI L . P8 AR TREH . TEHIT2A M A
JRARERTR ,  A R M B Y AR 7=, (R R gk R
FRAS e A AL 35 DX HE ), R BB A7 A6 R R 7™ i 11
AU o A HIE B b R SR RR AR FP R, A5 R T4 R T BE
Hiu () R FH 36, (12 A b 215 TR 1) 5 R £ FH b 1) 7 A2 2
AR B R AR R AR A -
33 FEIMTMAARGEMEBMHES

FEARFP SR AEA R IR R B B 2 5. Bk
A G A8 S ) b X SR B, e I o 7 A X 5 2R T L
PR VTDCE IR BRIl bR X AR 2 R R
YLD J5 1l DX A Ay f W % JR e R o 7 1) b X, Hh
214 isf R S [0 465 #4118 S 008 56 35, e IR b 77 1 9
U AR 17.63%, 3 & T hn i, T BOK R ™ 5 AR
Wi S 9 P VLT D DX R MR P S A DG AR HE R T 1 3
R TERE, KR PR BT T . SR b bk X, H
TFARAEAR, K5 SR DI RE R 55, R AR SR AR i
IR T — 5 AN E P, il 2 /N IR AR i A K7
K, FRFEIA L Ik 25.63%, R KRG B3 . Hitk
PLY LAY B AR IREE S0 22 DR i i) o K R i
A R R R B PEA . AESR b Fefg
Hb DX 2 500 A PR, 2 7 R A 3R Y KO T 2
E— 2L BIE
4 TEEMIE A REIN
4.1 REEXFEF~E, AibHELZRBIMER

Shy PR I it L KRG ™ o, IO ™A e HRFR B VA o L
R L 10% MArERAT #2255 %k o
10% A4 T fa] 152 5 360 119 5 B8 0R AT T R BE R A 17 5
B, TS 2 AR S [R] X8R A B R AR A L 2 AR
F 25 5, S BRAH L A AE R AR 5 07 =X, 64T AH R A H [
SERMIEE . X T RABRAS I B L KRR E AR

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

5 8 3]

A5 I T 252 R R A 7 X KRR 7 RO B 28 4 Y 52 ) 1299

T B IX, AR 58 3 ) R R AR S T T e b
X S K GEURAS =5 A X, DU AT SR AR A B =, &
JRAFUR VR B/ N e MR IR A B A
42 BFEAKELR, HENBEHMFR "L ARIEK
AL
Bt 5 e o 72 1T RS R AS BT K, T e R
S U A SR A v, R A SRR T
T KR SRl % . R 25 WL i &1
O e N S 3 N e i BN R L A B
P 7 e A= 7 AL EL R e ™ il 455 15 4%, HE Bl AR T
ML AL RIS AL 4 i, 49 G BRARAR M 9 22 Je ol
43 BHRRFEAR, BAEESRREMMAE
P AL K AE AN R AR SRR L TR,
IR FF R ARE A 1Y [, @4“%7]@)(@”*‘”%**?%
AR R, A =gt KR sk @/ NEER, fiibAg H
,uﬂi‘“ F*’Jﬁﬁ“ﬁﬂfH+”Eﬁﬁ:"ﬂ°i—tﬂ1_unﬁ??ifh’§ﬁ
INF, S BEAK R AN AR i B OE B, 35 B KRS
ﬂ@i?iWﬂﬁiﬁﬂ}t%/wmo

£k References

[1] FOLEY J A, RAMANKUTTY N, BRAUMAN K A, et al.
Solutions for a cultivated planet[J]. Nature, 2011, 478(7369):
337-342

[2] TILMAN D. Global environmental impacts of agricultural
expansion: the need for sustainable and efficient practices[J].
Proceedings of the National Academy of Sciences of the United
States of America, 1999, 96(11): 5995-6000

[3] TILMAN D, CASSMAN K G, MATSON P A, et al
Agricultural sustainability and intensive production practices[J].
Nature, 2002, 418(6898): 671-677

[4] DEKNOCK A, DE TROYER N, HOUBRAKEN M, et al.
Distribution of agricultural pesticides in the freshwater
environment of the Guayas River Basin (Ecuador)[J]. Science of
the Total Environment, 2019, 646: 996—1008

[5] AHMED N, WARD J D, SAINT C P. Can integrated aqua-

«

culture-agriculture (IAA) produce “more crop per drop” ?[J].
Food Security, 2014, 6(6): 767-779

[6] NAYLOR R, STEINFELD H, FALCON W, et al. Losing the
links between livestock and land[J]. Science, 2005, 310(5754):
1621-1622

(7] #Azsse. Aol A= prfh ] B 20K A A8 RS RE[D).
jt;—‘a, 2014

HU L L. Ecosystem functioning of facilitation between co-

BN Wi

cultured species[D] Hangzhou: Zhejiang University, 2014
[8] Timik, TWE=, BLEW % WHLZEEFFRES AR E
BR] EPHZE £, 2019, 35(8): 46-51
WANG Q S, WANG X Y, HANG Y H, et al. Combination
modes and ecological effects of planting-breeding ecosystem in
rice field[J]. Chinese Agricultural Science Bulletin, 2019, 35(8):
4651

[9] FEwRPK, Bk, BB, S R AR IR SRR

IR FEIRTSE, 2017, 31(6): 607612
LONG B Q, CHEN C, HUANG H, et al. Analysis on the
development status and prospect of ecological breeding in
paddy field[J]. Crop Research, 2017, 31(6): 607-612

[10] RET7, k&1, Wik, 4. 3T s s T o
ARBFFE[T]. P EAFE R, 2014, 30(33): 51-55
WU M F, ZHANG J, CHEN X, et al. Practical technology for
improving rice-fish co-culture system[J]. Chinese Agricultural
Science Bulletin, 2014, 30(33): 51-55

[11] B, H4, w5, 55 FEUR A SRR LR 800 i 5% ik
JR. FEMIZaE, 2021(2): 22-27
ZHAO K C, MA J, YE Y, et al. Research advance on the
comprehensive effects of ecological farming of rice and
shrimp[J]. Crops, 2021(2): 22-27

[12] XUHAR, ZERigk, BREFS. @ RFEAFA A2 0] AR
HifE e, 2008, 35(1):21-23
LIU Q G, L1Y S, CHEN L S. Ecological culture of red swamp
crayfish  Procambarus clarkii[J]. Fisheries Science &
Technology Information, 2008, 35(1): 21-23

[13] 2028, skiEfh, MR, 5. /DNRIFsLE& R TG it
SB[, & BT 59T &, 2019, 40(3): 213-219
QUAN Q G, ZHANG Z W, CHEN M, et al. Research progress
on comprehensive utilization of crayfish[J]. Food Research and
Development, 2019, 40(3): 213-219

[14] AEZKPHEAME Sk, HEKF2, EDK = wE 5
T2, E AN ER Ok & S (2021 N]. H I R,
2021-06-21
National Aquatic Technology Promotion Station, China
Fisheries Society, China Fisheries Circulation and Processing
Association. China crayfish industry development report
(2021)[N]. Chinese Journal of Fishery, 2021-06-21

[15] ¥nEs, T3, ¥, 55 MIRERR stk Kol
i 8L R R K ﬂlﬁ [J]- rh B AR Ak 2= e, 2017, 2509):
1245-1253
CAO C G, JIANG Y, WANG J P, et al. “Dual character” of rice-
crayfish culture and strategies for its sustainable develop-
ment[J]. Chinese Journal of Eco-Agriculture, 2017, 25(9):
1245-1253

[16] ¥FHE, BIHFH, PMRE, 4. RUFHAEREIT s R[],
E AR F4], 2022, 24(2): 160-168
XUH,ZHAO Y Y, SUN DY, et al. Progress in integrated rice-
crayfish farming system[J]. Journal of Agricultural Science and
Technology, 2022, 24(2): 160—168

[17] ZHANG J, HU L L, REN W Z, et al. Rice-soft shell turtle
coculture effects on yield and its environment[J]. Agriculture,
Ecosystems & Environment, 2016, 224: 116—122

(18] Z=mlgh, FIK, ®Est, & FIFIMERGTOKRRER X
FRAFMMOH FEFFIE I 5B M R[], A8l K224 40,
2020, 39(2): 8-16
LIL N, YAN L L, CAO C G, et al. Effects of straw returning
and crayfish feeding on rice growth and nutrient uptake in rice-
crayfish ecosystem[J]. Journal of Huazhong Agricultural
University, 2020, 39(2): 8-16

[19] HOU J, WANG X L, XU Q, et al. Rice-crayfish systems are not

http://www.ecoagri.ac.cn


https://doi.org/10.1038/nature10452
https://doi.org/10.1073/pnas.96.11.5995
https://doi.org/10.1073/pnas.96.11.5995
https://doi.org/10.1038/nature01014
https://doi.org/10.1016/j.scitotenv.2018.07.185
https://doi.org/10.1016/j.scitotenv.2018.07.185
https://doi.org/10.1007/s12571-014-0394-9
https://doi.org/10.1126/science.1117856
https://doi.org/10.11924/j.issn.1000-6850.casb18040052
https://doi.org/10.11924/j.issn.1000-6850.casb18040052
https://doi.org/10.11924/j.issn.1000-6850.2014-1374
https://doi.org/10.11924/j.issn.1000-6850.2014-1374
https://doi.org/10.11924/j.issn.1000-6850.2014-1374
https://doi.org/10.3969/j.issn.1001-1994.2008.01.011
https://doi.org/10.3969/j.issn.1001-1994.2008.01.011
https://doi.org/10.3969/j.issn.1001-1994.2008.01.011
https://doi.org/10.3969/j.issn.1001-1994.2008.01.011
https://doi.org/10.3969/j.issn.1005-6521.2019.03.038
https://doi.org/10.3969/j.issn.1005-6521.2019.03.038
https://doi.org/10.3969/j.issn.1005-6521.2019.03.038
https://doi.org/10.1038/nature10452
https://doi.org/10.1073/pnas.96.11.5995
https://doi.org/10.1073/pnas.96.11.5995
https://doi.org/10.1038/nature01014
https://doi.org/10.1016/j.scitotenv.2018.07.185
https://doi.org/10.1016/j.scitotenv.2018.07.185
https://doi.org/10.1007/s12571-014-0394-9
https://doi.org/10.1126/science.1117856
https://doi.org/10.11924/j.issn.1000-6850.casb18040052
https://doi.org/10.11924/j.issn.1000-6850.casb18040052
https://doi.org/10.11924/j.issn.1000-6850.2014-1374
https://doi.org/10.11924/j.issn.1000-6850.2014-1374
https://doi.org/10.11924/j.issn.1000-6850.2014-1374
https://doi.org/10.3969/j.issn.1001-1994.2008.01.011
https://doi.org/10.3969/j.issn.1001-1994.2008.01.011
https://doi.org/10.3969/j.issn.1001-1994.2008.01.011
https://doi.org/10.3969/j.issn.1001-1994.2008.01.011
https://doi.org/10.3969/j.issn.1005-6521.2019.03.038
https://doi.org/10.3969/j.issn.1005-6521.2019.03.038
https://doi.org/10.3969/j.issn.1005-6521.2019.03.038
http://www.ecoagri.ac.cn

1300

AR RO 24k (R 3EC) 2022

#
3
B

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

a Panacea for sustaining cleaner food production[J]. Environ-
mental Science and Pollution Research International, 2021,
28(18): 22913-22926

AR T8 KRR REIRIA KRS | o PR IR A R G
SEFREE A TR F[D]. #: HM R, 2021

SONG S L. Effects of water depth in paddy field on the growth
and key environmental factors of rice and crayfish in rice-
crayfish intergrowth[D]. Yangzhou: Yangzhou University, 2021
W, FEAMG, PRatER, S REFES ARSI RE
WRBERE ) B AE 7 S L= B )], SN Rk ol 58
FRERRD), 2021, 42(1): 98-104

YAO Y, TANG J P, CHEN J D, et al. Effects of rice-shrimp co-
cultivation and density on material production and yield of good
eating quality Japonica rice[J]. Journal of Yangzhou University
(Agricultural and Life Science Edition), 2021, 42(1): 98—104
FEAEM, WEAOAR, wEOGHH, SE. 3RS A AR SRR N R
KT, P KT R, SN R ol S5
ARFAR), 2018, 39(3): 70-74

KOU X M, XIE C L, HAN G M, et al. The effects of three
different ecological farming patterns on rice quality, yield and
economic benefit[J]. Journal of Yangzhou University (Agricul-
tural and Life Science Edition), 2018, 39(3): 70-74

HOU J, STYLES D, CAO Y X, et al. The sustainability of rice-
crayfish coculture systems: a mini review of evidence from
Jianghan Plain in China[J]. Journal of the Science of Food and
Agriculture, 2021, 101(9): 3843-3853

RE, P, BRIK, . RERGTARIRR B BRIRAMEICR
B 2 55 3 4 0 M (0. T B AR 2SRk 22 i, 2010, 18(5):
995-999

WU X, XIE J, CHEN X, et al. Edge effect of trench-pond
pattern on rice grain and economic benefit in rice-fish co-
culture[J]. Chinese Journal of Eco-Agriculture, 2010, 18(5):
995-999

R, BRRK, Wisest, S RaSEA SR i R
S K Ao VrA SERYHERA LN FAD). FR K=, 2021(4): 58-61
TANG J J, CHEN X, HU L L, et al. The analysis on the design
of field ditches, and the estimation and application of the
maximum allowable width of field ditches in rice-fish culture
system[J]. China Fisheries, 2021(4): 58—61

XIE J, HU L L, TANG J J, et al. Ecological mechanisms
underlying the sustainability of the agricultural heritage rice-fish
coculture system[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2011, 108(50):
E1381-E1387

KHUMAIROH U, LANTINGA E A, SCHULTE R P O, et al.
Complex rice systems to improve rice yield and yield stability in
the face of variable weather conditions[J]. Scientific Reports,
2018, 8: 14746

S, B, BREE % E204E ARSI RALKREAE T
SRR RSZ R[], A SR, 2015, 26(1): 249-259
HOU W J, GENG T, CHEN Q, et al. Impacts of climate
warming on growth period and yield of rice in Northeast China

during recent two decades[J]. Chinese Journal of Applied

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

Ecology, 2015, 26(1): 249-259

WPHEAS, AROCHE, GRS, S5 Sohil s 25 K R 7
FER WA R m )], A48 JR SR 2R, 2015, 21(1):
12-22

HU Y J, ZHU D W, XING Z P, et al. Modifying nitrogen
fertilization ratio to increase the yield and nitrogen uptake of
super Japonica rice[J]. Journal of Plant Nutrition and Fertilizer,
2015, 21(1): 1222

WHEMh, EVIE, BEE, F ARKEMESKERFRIE
BB, G ERAA MR ). folk TR, 2015,
31(10): 132-141

XU G W, WANG H Z, ZHAI Z H, et al. Effect of water and
nitrogen coupling on root morphology and physiology, yield and
nutrition utilization for rice[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2015, 31(10): 132—141
R k. AR A R 7 i A U R FH R A 5 e B A AL
Tl ABTFED]. L Rl R, 2016

CHEN Y T. Effects cultivation patterns on rice yield and
nitrogen use efficiency and its mechanisms[D]. Wuhan:
Huazhong Agricultural University, 2016

GUO L, HU L L, ZHAO L F, et al. Coupling rice with fish for
sustainable yields and soil fertility in China[J]. Rice Science,
2020, 27(3): 175-179

JKEE, RAAIT. CHRRE AR O E OR A A RS e BT
7 FET AL A VE T IR PR I]. AR, 2021,
60(23): 201204

ZHANG Y, WU X B. Research on the impact of the “crayfish-

rice cultivation” model on national food security: based on a

survey in Qianjiang City, Hubei Province[J]. Hubei Agricultural
Sciences, 2021, 60(23): 201-204

AT, W5, kg, & B TRIFERR K RELS
A TR WAL RN, 2017, 56(24): 4711-4713
WANG B F, YANG Z Y, ZHANG Z S, et al. Green production
technology of rice based on rice-shrimp farming model[J].
Hubei Agricultural Sciences, 2017, 56(24): 4711-4713

BRAASC, TLFE, AT, . WHUE IR R IUR 5 X
ST AR ARAL R A2, 2020, 39(2): 1-7

CHEN S W, JIANG Y, WANG J P, et al. Situation and
countermeasures of integrated rice-crayfish farming in Hubei
Province[J]. Journal of Huazhong Agricultural University, 2020,
39(2): 1-7

HU L L, ZHANG J, REN W Z, et al. Can the co-cultivation of
rice and fish help sustain rice production?[J]. Scientific Reports,
2016, 6: 28728

A X R R Al A 3. SC/T 1135.1—2017, RELEE
FpFRE AL — AR 43 @S], b mt: ol i s,
2018.

Ministry of Agriculture and Rural Affairs of the people’s
of China. SC/T 11351 —2017,

Specifications for Integrated Farming of Rice and Aquaculture

Republic Technical

Animal-part | : General Principle[S]. Beijing: China Agriculture
Press, 2018

http://www.ecoagri.ac.cn


https://doi.org/10.1007/s11356-021-12345-7
https://doi.org/10.1007/s11356-021-12345-7
https://doi.org/10.1007/s11356-021-12345-7
https://doi.org/10.1002/jsfa.11019
https://doi.org/10.1002/jsfa.11019
https://doi.org/10.3724/SP.J.1011.2010.00995
https://doi.org/10.3724/SP.J.1011.2010.00995
https://doi.org/10.1038/s41598-018-32915-z
https://doi.org/10.11674/zwyf.2015.0102
https://doi.org/10.11674/zwyf.2015.0102
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.1016/j.rsci.2020.04.001
https://doi.org/10.1038/srep28728
https://doi.org/10.1007/s11356-021-12345-7
https://doi.org/10.1007/s11356-021-12345-7
https://doi.org/10.1007/s11356-021-12345-7
https://doi.org/10.1002/jsfa.11019
https://doi.org/10.1002/jsfa.11019
https://doi.org/10.3724/SP.J.1011.2010.00995
https://doi.org/10.3724/SP.J.1011.2010.00995
https://doi.org/10.1038/s41598-018-32915-z
https://doi.org/10.11674/zwyf.2015.0102
https://doi.org/10.11674/zwyf.2015.0102
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.1016/j.rsci.2020.04.001
https://doi.org/10.1038/srep28728
https://doi.org/10.1007/s11356-021-12345-7
https://doi.org/10.1007/s11356-021-12345-7
https://doi.org/10.1007/s11356-021-12345-7
https://doi.org/10.1002/jsfa.11019
https://doi.org/10.1002/jsfa.11019
https://doi.org/10.3724/SP.J.1011.2010.00995
https://doi.org/10.3724/SP.J.1011.2010.00995
https://doi.org/10.1038/s41598-018-32915-z
https://doi.org/10.11674/zwyf.2015.0102
https://doi.org/10.11674/zwyf.2015.0102
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.1016/j.rsci.2020.04.001
https://doi.org/10.1038/srep28728
https://doi.org/10.1007/s11356-021-12345-7
https://doi.org/10.1007/s11356-021-12345-7
https://doi.org/10.1007/s11356-021-12345-7
https://doi.org/10.1002/jsfa.11019
https://doi.org/10.1002/jsfa.11019
https://doi.org/10.3724/SP.J.1011.2010.00995
https://doi.org/10.3724/SP.J.1011.2010.00995
https://doi.org/10.1038/s41598-018-32915-z
https://doi.org/10.11674/zwyf.2015.0102
https://doi.org/10.11674/zwyf.2015.0102
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.1016/j.rsci.2020.04.001
https://doi.org/10.1038/srep28728
https://doi.org/10.11674/zwyf.2015.0102
https://doi.org/10.11674/zwyf.2015.0102
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.11975/j.issn.1002-6819.2015.10.018
https://doi.org/10.1016/j.rsci.2020.04.001
https://doi.org/10.1038/srep28728
http://www.ecoagri.ac.cn

	1 研究方法
	1.1 统计年鉴数据获取
	1.2 多年定位试验
	1.3 农户调查数据获取
	1.4 数据分析

	2 结果与分析
	2.1 统计数据分析
	2.1.1 稻虾产业发展现状
	2.1.2 稻虾种养对水稻种植面积与产量的影响
	2.1.3 稻虾主产区夏粮面积与产量

	2.2 定位试验分析
	2.3 调研数据分析

	3 结论与讨论
	3.1 稻虾种养对水稻单产的影响
	3.2 稻虾种养对粮食总产量的影响
	3.3 稻虾种养发展存在地域性差异

	4 稻虾种养发展建议
	4.1 保障水稻产量, 因地制宜发展稻虾模式
	4.2 坚持集约化发展, 推动稻田种养产业的规模化和机械化
	4.3 坚持优质、绿色发展, 提升稻渔产品质量和品牌

	参考文献

