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Abstract: [Objective] To compare the water environment quality and economic benefits of rice-red crayfish
integrated cultivation model under different stocking densities and traditional rice monocropping model, and
explore the scientific model of rice-red crayfish cultivation in Dongting Lake area. [Method] Using the
method of plot experiment, three treatments were set up: Low density rice-red crayfish treatment with stocking
density of 300 kg-hm™, high density rice-red crayfish treatment with stocking density of 375 kg-hm™ and rice
monocropping treatment. Water samples were collected and their physico-chemical properties were analyzed at
different growth stages of rice. Comprehensive water quality index evaluation method was used to evaluate the
water quality of three models, and the economic benefits of different models were compared. [Result] Total
dissolved solid content, pH, NH, -N content, chemical oxygen demand, and dissolved oxygen content were the
primary five factors affecting water quality changes. At ripening stage, compared to the ditch water of low
density rice-red cayfish theatment, the ditch water of high density rice-red cayfish treatment showed increases of
total N content by 10.5% (P<0.05), total P content by 3.6%, and chemical oxygen demand by 26.2% (P<0.05).
At rice ripening stage, the water quality index of the low density rice-red cayfish treatment reached 0.72,
significantly higher than that of high density rice-red cayfish treatment (P<0.05). The cost and benefit
calculations showed that the integrated rice-crayfish model’s economic benefits were 6—9 times higher than that
of rice monocropping model, and low density rice-red cayfish’s economic benefits were 1.47 times of high
density rice-red cayfish treatment. [ Conclusion] The suitable breeding density of red crayfish can effectively
reduce the pollution of agricultural non-point sources, significantly increase the economic and envrionment

benefits of rice fields, and have a good popularization potential. These findings provide a data support for

6 W]

formulating measures to prevent agricultural non-point source pollution in the Dongting Lake region.
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Table 1 Basic physical-chemical properties of the tested soil

i wi(g'kg") wl(mgkg ")
pH MN HP HK AL AP K
Treatment
Total N Total P Total K Organic matter Available P Available K
FEIR 6.02+0.03  0.97+0.07  0.58+0.02  5.69+0.27 27.50+2.24 2.71£0.76 43.9442.89
Rice-red crayfish
KT A 6.01£0.02  0.98+0.06  0.59+0.01  5.49+0.24 29.80+4.31 2.23+0.50  36.65+2.66

Rice monocropping
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red crayfish model, RCH: Surface water of high density

red crayfish model, RCL-G: Ditch water of low density rice:

RCL: Surface water of low density rice

rice-red crayfish model,

RCH-G: Ditch water of high density rice-red crayfish model, RM: Surface water of rice monocropping model; P1: Tillering stage, P2:

, P4: Flowering stage, P5: Filling stage, P6: Ripening stage; Different lowercase letters above the columns in each figure

Jointing stage, P3: Booting stage

indicate significant differences among different treatments in the same growth period (P<0.05, Duncan’s method).
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Fig. 1 Physico-chemical indicator changes of water under different treatments and in different growth periods of rice
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TE 53 BERA RN R0, = 25 B RO AL B /K fR 8 N
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RN 2 AR A ) B AR T KRR A s = FE AR AR A
KRR S P& EAE KRR B & TR
FERGUR AL KRR, H 35825 5 T % B AR U A 3R
TE7KAE s TE KRG A 2 ARG IR 25 A Fh 5% b BE/K A4
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NO; —N &2 & 11 fros, B s Kk
) NOy —N 5 Tl K g 28 K RS 226 ETHE T
T b TR sh . 2 FhAE R 25 & Fl 37 4 3K A4 1
NO; —N & &= 7E /K8 73 BE A ZARi A 47 16 3 11K
T/KFG HAE, 0 E AREIR 5 1 = T KRS A s A
95 RR AR AL B K AR NO5 —N 5 EE /K R HE 2 1A K,
B T S T R AR AR B . NH, N & = A8k i
Bl 13 Fros e AKFEERAEZK AR ) NH, N & 2 1E K
PAEH B BT 2 FIORBUR LR & Fh R0 B, T 7E /K G
PATHAN & T RN A, HEEm TR
FRGUIR A B 5 7y 25 PS5 R 0IF A HEL R V4 /KB A NH, N
RIEKFE D BER 3 m KRR R, A EEET
IR 25 B TR Ach B 5 vy 88 B A A B /KA ) NH, —N
B AR KRG BAFN A6 K T 5% B AR U Ak 3
5 R AL BRATR VA 7K AR I NH, N & TR A8 5
BRI ZA R R0 I I 2 A P R A
TE /KRG B, 2 FhFEUR AR 2R (1) NH, N & &6 2
EER.
23 EFKFREHNKREERAREERF
231 mAHELE AIER 10 MEbr RS
&R E RN MDS, FEEAT 5o i, 45 R
R 2 . FAH) 4 NMREE>1 W ERS, SATA
AR ERFIEAR LI 72% LA

®2 KEERNERD DGR

Table 2 Principal component analysis results of water indexes

Fehr? =E {43 Principal component SO HE ANHRTFH =
Index I I 111 I\% Norm value Communality
1 -0.361 0.553 -0.175 0.527 6.331 0.744
2 -0.061 -0.257 0.330 0.775 7328 0.780
3 0.939 0.158 0.014 0.148 5.233 0.930
4 0.945 0.138 0.080 0.143 5.262 0.939
5 —0.649 0.487 0.278 0.019 5.254 0.736
6 0.271 0.602 0.191 -0.287 5.219 0.554
7 0.204 —0.042 0.787 0.009 6.265 0.663
8 -0.036 -0.811 -0.059 0.002 5.568 0.663
9 0.252 0.147 -0.657 0.205 5.686 0.559
¥HIEMH Eigenvalue 2.511 1.696 1314 1.046
i EL/% Percent 27.903 18.847 14.599 11.619
ZE 15 EE/% Cumulative percent 27.903 46.749 61.348 72.967

1) 1: pH, 2: AR RAF,3: 5%, 4 G M B EASE,5: ¥NAE,6: BPAF,7: NH, -N4E,8: NO; - N&-%,9: (L%

_
A=E,

1) 1: pH, 2: Dissolved oxygen content, 3: Electrical conductivity, 4: Total dissolved solid content, 5: Total N content, 6: Total P

content, 7: NH,"-N content, 8: NO;-N content, 9: Chemical oxygen demand.
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P<0.05 7K FHHC (Pearson ).

1: pH, 2: Dissolved oxygen content, 3: Electrical conductivity, 4: Total dissolved solid content, 5: Total N content, 6: Total P content, 7: NH, -N content, 8:
NO; -N content, 9: Chemical oxygen demand; “*” indicates significant correlation at P<0.05 (Pearson method).
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Fig. 2 Correlation analysis among all water indexes
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Table 3 Communality and weight of indicators in minimal

data set

Eizg AT ITE &

Index Communality Weight
TR i A 0.939 0.255
Total dissolved solid content
pH 0.744 0.202
NH, -N&&= 0.663 0.180
NH,"-N content
o i A 0.559 0.152
Chemical oxygen demand
HiRE & 0.780 0.212

Dissolved oxygen content

2.3.2 AT HEEKMABHIFN & KT ZACH 42

Xf 3 R AR KR AN [R] A K IR ST AR 7K AR A et 2
AR WQL, &5 R4 3 Pios. ERT 4 AR
1, Ay AR B WQI FFil /K F 28 I S A 3 A2 2
NS . AR B, I LRI Ak PR AR A K AR

WQI 5y, LR KFE AR, (35 B R T b 2 H [
IKAR B AR s FE 31T HA, w5 8 R ARG 0 Ak B P T 7K A4 1)
WQI 5. 25 5 T8 55 5 e R A T B T /K 4 A0 K g
Vs TEZARER, v FE ARG b 21 B TR K AR 1) WQI &
FAR T FoAth bR 7 E IR, I R A A Ak BE 1)
WOQI AR T % LR AL TR, (5 2 3R B 3%, 78
BEAYT, A0 25 G U b T AR VA UK AR ) WQI IA 3]
0.72, W35 5 T i 2 BEAGAR A B AR VA 7K A

24 ZFMEIEN

241 RAGEFL AL G0 IR AR ) R A
8202246 H 14 HZE 10 H 12 H, K% E#
UL R B R R T R K R R KRS R = o
521, 4.35 fi1 6.57 thm, F2{E 7518 18 235, 15 225
122987 yi-hm s BAERIKFE =S5 =HE &,
2 PR 25 4 b IR 155 X P I % B A B KRG 7
P ER S (R 4).

242 uaHBHBEIFFELFE ORBAT 2022 4
7 A 10 HIF G #ER 1, 2022 4F 10 A 9 H &4,
SR 2 d, FREEE AN 91 do 1% 2 B R0 i 2 e
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L.Or ] RCL % RCL-G [[] RCH %% RCH-G [ RM
a
5 7
o
3 =1 a
o > apm a _a a
=2 e b 22,
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£ 5
% 3
=
7
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A K 1] Growth period

RCL: &% 5 RAIFASE 2 FH I K48, RCL-Ge: A% 2 FRUT AR SR 4 /K A%, RCH: 1 % B RGBS 2 FH T /K44, RCH-Ge: o 2 B RIS I v /KA, RME: KA
FAERE T K AR P1: 23 BEWT, P2: K951, P3: Z2A8UL, P4: #7461, P5: MESI, P6: Bt 417 _EJ7 R /NG 5 B3 0l R A AR IR JUIAS 1] Ak 4L 1)
#ZR 53 (P<0.05, Duncan’s i%).

RCL: Surface water of low density rice-red crayfish model, RCL-G: Ditch water of low density rice-red crayfish model, RCH: Surface water of high density
rice-red crayfish model, RCH-G: Ditch water of high density rice-red crayfish model, RM: Surface water of rice monocropping model; P1: Tillering stage, P2:
Jointing stage, P3: Booting stage, P4: Flowering stage, P5: Filling stage, P6: Ripening stage; Different lowercase letters above the columns indicate significant
differences among different treatments in the same growth period (P<0.05, Duncan’s method).

B3 AREIIEURKFEREE KK ERE ST

Fig. 3 Analysis of water quality under different treatments and in different growth periods of rice

F4 3 MLBRKFETESED

Table 4 Rice yield and output value in three treatments

s B BAEEU(10*hm™) EETEYSY TR ) GESE % THiFR &g =, PAAH/(7G-hm )
Number of Total number of Setting Thousand-seed (thm™) Output
Treatment . . . . .
productive ears grains per panicle  percentage weight Yield value
LRC 212.242.7b 119.6£3.4a 80.1+£0.9b 25.6+0.5b 5.21+0.03b 18 235496b
HRC 206.24+2.9¢ 108.3£5.2b 80.3+£0.4b 24.34+0.4c 4.35+0.01c 15 225+82¢
R 230.6+4.4a 121.9£2.92a 85.1+0.3a 28.7+0.4a 6.57+0.20a 22 987+94a

1)LRC: 1% B AG¥F, HRC: 3 % BEAGHF, Re KAG LA ; RASW I AR A 3.5 kg, RAGW I B A5 R % B A5 57 R s A B 71 4
5 9 R R N B T A T AL B ] £ 5 2 (P<0.05, Duncan’si ),

1)LRC: Low density rice-red crayfish, HRC: High density rice-red crayfish, R: Rice monocropping; The rice procurement price is
3.5 yuan-kg ', and its purchase price does not take into account the premium of rice-red crayfish; Different lowercase letters in the

same column indicate significant differences among different treatments (P<0.05, Duncan’s method).

IR b BE FHR = 5 2 0 923 A1 752 kg-hm?, PR x5 2 MHFEERIIE SRAPAEEN 25"
ANELAr B 1.93 Fi11.36, B35 R 5518 79.3% Fl Table S Production index of red crayfish in rice-red crayfish
I, integrated systems of two stocking densities
S1.8%. {165 FE FRHE O 21 B AR P2 72 AR L it °
&ﬁiﬁ%iﬁf% (i% 5) AL[\IE F%/(kghm’z) FKHZH:}/%)\H: ﬁiﬁ%/%
> F QFEAT:—Q*E b 2 (8 () 45 145 5 Treatment  Production  Output-input ratio Survival rate
TR TR AR LS A LRC 923+8a 1.93£0.10a  79.3%0.2a
R 6 P, AR BERN Ry LRGN b B (1 £ B A 7
B4 5124 90 575 F11 73 356 JC -hm2, KIS (F
T k) IR 7= 8 0l e PR 96.3%
AH X’;ﬂ%) Hﬂég;gg F’uiﬂjﬂf R Q" FlNG 5 ko AL 6] £ 5 2 3(P<0.05, e Th).
. Ak 3 g
HI195.8%: ﬁE”LE?%&E HICRUA 21 2 2 UF 5 AN 2L 1)LRC: Low density rice-red crayfish, HRC: High density
BB a0 - rice-red crayfish; Different lowercase letters in the same
243 @GSN 3 MR AT GE HT column indicate significant differences between two treatments
R T HR, BB, (RERE. @RI AKRE R (P<0.05, -test).

HRC 752+8b 1.36+0.10b 51.8+£0.3b

1)LRC: 1& % A4 3T, HRC: & % EAGIT; B 5] 303 )5 69 R
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Table 6 Red crayfish production and output value in rice-red crayfish integrated systems of two stocking densities

72 r/(kg-hm?) Production 72315 H/% Production proportion PEAE/
A N T PN Hk N T NC Mk (t-hm™)
Treatment Small Medium Large Cannon Small Medium Large Cannon Output
green green green head green green green head value
LRC 34.542.6a 412.5#2.5a 270.0£3.5b 205.5+4.3a 3.7 44.7 293 223 90 575+102a
HRC 31.543.5a 282.0+1.7b 310.5t4.1a 127.5+2.8b 4.2 37.5 413 17.0 73 3561390

1) LRC: 155 B AG¥F, HRC: & % BT, D F . P F. K EF R L E a5 A 64.85.100821287T kg5 Bl 5 £ 38 J& 49 R B A

B F A AR £ 57 2 (P<0.05, ).

1) LRC: Low density rice-red crayfish, HRC: High density rice-red crayfish; Small green is priced at 64 yuan-kg ', medium green
85 yuan-kg ', large green 100 yuan-kg ', cannon head 128 yuan kg™'; Different lowercase letters in the same column indicate

significant differences between two treatments (P<0.05, ¢-test).

RT3 MALIBREFBETELY

Table 7 Comparison of economic benefits of three treatments

RE A/ {JclﬂEEEZIX/ Tﬂj@rﬁﬁﬂi/ ﬂF}ﬁEEZIK/ A}Eﬁzli/ Eﬂjiﬂﬁﬁfi\/ 7J<j§;ﬁ{§/ ﬂfﬁﬁ/ .y
AbE (t'hm®)  (Jt-hm?)  (t-hm™)  (t-hm?®) (t-hm?)  (t-hm™®)  (t-hm?)  (Jo-hm?) L,
Treatment Seedling  Fertilizer Feed Shrimp seed Labor Land Rice Red crayfish (7;:;1; )
cost cost cost cost cost rent output output
LRC 500 2920 3578 9000 10 140 9000 18 235 90 575 73 672+198a
HRC 500 2920 4155 12 000 10 140 9000 15225 73 356 49 866+221b
R 500 3504 3000 9000 22 987 6 983+94c¢

1) LRC: {&55 ZA53F, HRC: & 55 B AGIF, R: KAGEAE K B 55 69 R BB 58 kw4 32 9] £ 5 B % (P<0.05, Duncan’si%),
1) LRC: Low density rice-red crayfish, HRC: High density rice-red crayfish, R: Rice monocropping; Different lowercase letters
after the profit data indicate significant differences among treatments (P<0.05, Duncan’s method).

YERIWL RS 3 519 73 672, 49 866 F1 6 983 JG-hm 2,
IG5 R R SR AU B B e o

3 it

31 it
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