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Abstract: This study compared the differences in water quality, soil fertility, and soil enzyme activity
between the integrated rice-Macrobrachium nip ponense-Eriocheir sinensis co-culture with different stock-
ing densities and the traditional rice monoculture, aiming to provide scientific basis and practical solutions
for constructing an environmentally friendly rice-fish co-culture technology system. With M. nipponense
and E. sinensis as the cultured species, the experimental groups for the rice-M. nipponense-E. sinensis
per co-culture were divided into three groups based on stocking quantity: the low stocking density (L.D)
group (7.0 kg of M. nipponense and 7.5 kg of E. sinensis per experimental field), the medium stocking
density (MD) group (10.0 kg of M. nipponense and 12. 0 kg of E. sinensis per experimental field), and
the high stocking density (HD) group (15. 0 kg of M. nipponense and 18. 0 kg of E. sinensis per experi-
mental field). The rice monoculture (RD)group was set as the control group, with three replicates in each
group. Samples were collected at different growth stages of the rice to investigate the changes in water
quality, soil physicochemical properties, and soil enzyme activities. The results showed that with the
increase of stocking density, the dissolved oxygen content in the water body decreased, while the total
phosphorus, total nitrogen and soil total nitrogen contents all increased. The contents of total nitrogen,
alkali-hydrolyzable nitrogen, total potassium, soil available potassium, and the activities of sucrase, alka-
line phosphatase, alkaline protease and catalase in all experimental groups were significantly higher than
those in the RD group. The results of principal component analysis showed that in the early stage of the
following year’s seedling cultivation, the overall soil fertility score of the MD group was the highest, while
that of the RD group was the lowest. The comprehensive fertility scores ranked in descending order as fol-
lows: MD group, HD group, LD group, and RD group. After one farming cycle, as the amount of breed-
ing and grazing increased, the comprehensive soil fertility showed a trend of increasing first and then
decreasing. Among them, the MD group had the best effect in improving the comprehensive soil fertility.
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ZE T EEZER(p=>0.05); £ S4 ], HD 4B E & T LD, MD, RD 41 (»p<<0.05); S5, S6 i}, HD
HiEE T LD, MD, RD 4H (p<<0.05),

- S B R TR AR A AN Sc BT, BRI 2 - SRk R R R R R T RD 41 (p<<0. 05), 7E S1
#, MDA BFE T LD, HD H(p<<0.05), 7 S2 ], HD H B ¥ & T LD, MD 2H (»<0.05); £ S6 i,
HD 4B %5 T LD, RD 4 (p<<0.05); 7E S3. S4. S5 #. &iXIAH Z I E 2% 5 (p=>0.05),

L A A A B AR B 5d TR . BR ST OIAL R E0 4T s S Ak U S R 8 B TR R AL
(p<<0.05), 7E S1 ¥, RDH B E T LD, MD, HD 4 (p<<0.05); S2 1, MD, HD 41 & # & T LD,
RD 4 (p<C0.05); 7F S3 . K ¥4l B & & T X4 (p<<0.05); 7 S4 ], HD. LD 4 & % & T MD,
RD 4 (p<<0.05); 7£ S5 #1, HD, MDA B # & T LD, RD 4H (p<<0.05); £ S6 #1, LD, MD 4 i 3% &
F HD, RD 41 (p<C0. 05),

2.4 TR AZERIFEN

WAE B 5 B N 2 25 A 15 80, X LD, MD, HD, RD 447 H AR 134 (% 3) . f 3 3 A1, MD,

HD e G153 & T 0.9, k8 T 9% H5Eh5iE, LD, RD 44 F IV %,
#£3 TEEALESTH

LD 2H 505 MD 4 B35 HD 2H B35 RD 4H #.35

W 7E 48 A
HE 73 48 %1 HE 73 48 AT 73 48 8 JIE 73 48 %
N0 S PF M 4R A pH 3.00 3.00 3. 00 1. 00
B/ (g kg ) 0. 96 1. 10 1. 10 0. 82
SR/ (g kg D 1. 08 1. 34 1.35 1.03
W/ (g kg D 0. 36 0.45 0.48 0.48
/(g kg D 1. 04 1. 04 1.08 0.85
Bl A/ (mg « kg™ ) 1.01 1. 20 1. 34 0. 88
HAHE/ (mg + kg ) 0.75 0.81 0.85 0.58
NE 145G a8 0. 87 0.96 0. 99 0. 66
A T S K IV £ I % 1143 IV 4

2.5 TEEEMSTERANEEESH

FEAN R AE SRR . Bl e 09 11 A L3R AE 58 B ) 77 76 1 35 sl 1 38 00 TE AR DG PR sl A DG G R
285 HE AR AR R) Y A OC R B a6 R T 0.3, #E4T KMO Al AR R RR 3ROE B R 50, 459 3 KMO {5
0. 663, ELRFFIFEERIE B2 RS 56 B AR p<<0. 01, FEMCIERE LR FH B A drikit— 20, £EIE NS
- SR PR AE S LA 6
2.6 EmSSW

i3 SPSS BN AN ] Az 25 Al F2 452U R B HERRAE AT 32 20 40 BT o T A5 45 5 4 R AE 1 12 7 22 B3 ik
RILR 4, WG N F 3 5 150 RECGEME LR 5. 758 4 PHAREME > RN EGE 3 4> F s, Hy
ZE TUHRR AT 5 48.199 %, 16. 424 Y M1 13. 470% , RITFTTHERE N 78. 093 %, Ui BHEEICH 1) 3 A~ 32 B4 BE A%
BEAS L ORISR R RS S O, B3R 5 T AR AT B8 1 R R e A AL, AU
TR . RUIE 1 FR S AL, A S RN B2 FRE e E O, pH H T
N I T o1 o e Rl R AN 1 s e N 35S R R R T =N



10 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 48 %
1.0
IR ® 000000000
. 0.8
28| | 082 ® O . . . & . Qo o
28 | 025 038 e @ o @O ° O - o b6
24 [ 047 041 011 ] ‘ ‘ ® - 0 o 0.4
WA | 064 057 028 033 . @ . ‘ . o 0.2
s [ 072 072 0085 062 064 . . ® O o 0
pHIE [ 058 059 -033 o064 037 075 ® 6 0 o 02
WERRREE | 053 045 0072 043 053 067 057 . . @ iy
wHEmE | 056 072 023 0016 063 047 040 041 . °®
0.6
HEMLEmE | 044 041 0041 033 067 049 034 037 048 ‘
-0.8
WiEEEE | 037 028 0062 0.18 -0051 029 030 021 -0.11 -0.52
-1.0
HE 4 [ i 4 i o ol i = =
= W W # ¥ OB = @ & W o
s = pS! R’ iz = e
el e H
% % p<l0.01, » p<T0.05; [B] M RF I, X R AR f A OC 1 ik
6 TERASTEREEEAXESTROE
T4 TEIRSPBEERFETHRE
o : ?/Jilﬁ%‘?lkﬁﬁ S
a1t TR/ Y% Zil sk E/ %
1 5.302 48.199 48.199
2 1. 807 16. 424 64.623
3 1.482 13. 470 78. 093
4 0. 765 6.951 85..045
5 0.591 5.373 90. 417
6 0.372 3. 381 93. 799
7 0. 246 2.236 96. 035
8 0.211 1.918 97.953
9 0. 107 0.973 98. 925
10 0.075 0. 685 99. 610
11 0.043 0. 390 100. 000
2 3—5 N ERSESEET S 3 A ERmEtREARXF L F, Ml F, .
F,=0.170X, +0.164X, +0. 162X, +0.147X, +0. 143X +0. 138X + 0. 129X, +
116X +0.114X, +0.039X,, +0. 034X, (1
F,=0.104X, 4+0.037X, —0.024X, —0.208X, +0.237X: +0.070X; —0. 245X, —
0.303X:+0.225X, +0.423X,, —0. 234X ; (2)
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F,=—0.037X, +0.160X, +0.218X, +0.000X, —0.215X, — 0. 049X, +0. 097X, —
0.311X, —0.227X,+0.370X,, + 0. 507X, (3)

A1F1+/12F2 +A3Fi
F = 4)
AL A, A,

Hi, X.G=1, 2, =, 1) HZ 1T SPSS b b2 J5 09 H R ME I 75 AL A, F A, 43 5 R X R 32 Wi 43 A1
B BTHEE R, AR 48.199% . 16. 424 % FI1 13.470%
5 MBEFEESLEEIRSEHRBER

R A 2 A F R R B
1 2 3 1 2 3

AL 0. 900 0.189 —0.054 0.170 0.104 —0.037
AL 0. 868 0. 066 0.237 0.164 0. 037 0. 160
o8 0. 860 —0. 044 0.323 0. 162 —0.024 0.218
ol fige & 0. 782 —0.375 0. 000 0. 147 —0. 208 0. 000
pH 0. 760 0. 427 —0.309 0.143 0.237 —0.215
ke 122 0.723 0.127 —0.073 0.136 0. 070 —0.049
i 0. 684 —0. 442 0. 144 0.129 —0. 245 0. 097
i A Ak A B 0.616 —0. 548 —0.461 0.116 —0. 303 —0.311
4y 0. 605 0. 406 —0.336 0.114 0.225 —0. 227
Bl M 2 1 il 0. 206 0.765 0. 548 0. 039 0.423 0. 370
e 0.181 —0.423 0.751 0.034 —0.234 0. 507

M 6 fin: 76 S, S04 5 F M & BKK Oy MD 41, HD 41, LD 41, RD 41; 7 S2—S4
W, HHEF EMNEENRK S HD 40, MD 41, RD 41, LD 415 7€ S5 H1, 3 F {5 & SRy HD 41,
MD 41, RD 41, LD 41; 7€ S6 ], T3 F (A M m #MRKK Ry MD 41, HD 41, LD 41, RD 41,

6 SHPEARRKATHIRSSEBIRES

- S1 s2 S3 st S5 s6
Mg
He4 F He4 F He4 F He4 F He4 F He4
LD —0.273 3 —0.117 3 0.220 3 0.110 3 —0.212 4 0.026 3
MD 0.676 1 0. 541 2 0.403 2 0.194 2 —0.001 2 0. 309 1
HD 0.438 2 0.799 1 0.418 1 0.575 1 0.159 1 0.171 2
RD —0.417 4 —0. 459 4 —0.874 4 —0. 870 4 —1.188 3 —0.615 4

3 iS4
3.1 itig

- HEAE Ty R IR O R W A K AR I IR R0 P R 3F bR #mﬁéﬁﬁ, JE 5 AR W A R
B EENE, W RN R RN R VR T SR A S R, XS SR A 0 R
S A AE W AR AR BRI R 2 7 i KRR R K R i%%ﬁ%@*@%%i%i#ﬁ%ﬁ%%ﬁ
J& B A,

TR B e T A e I R AR i s AR B A AR R w2 - ) O
W R S A A W s RS . eI R AR S R G, AR Y R it R Rk R R AL F RN, £
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HE pH MRS SEER . SR E , NSRS SR + 3 pH E7E 6.5 5 7.5 Z AN
itk 3, (KT 6.5 WIRTEEIE, ® T 7.5 itk £, b R HOE FOKRE A FEARR S b, g4
pH EHKZAE6.5~7. 2, NyrptE 38, ixf M4+ 48 pH (HAF 4. 5~5. 4, IR, ULHA RS EREE 25 & PP 55 g
AR R AL . A B LU DTSR R ST R BOKFE A KRB AT BB B R
W S TR HAE bR AT T, FE S2. S3. S4 M, IR FIEA RN T 1.5~2.0, b TEE
B9 S1, S5, S6 M, IS FIEA RS REHMEAT 1.0o~1.5, BTHhEEEE%R, RDUAKLRE Th%ER
. S5 MR FRELZ 2R, ARG RERREIET G FREMBEE, 76 S3 8k R, &5
ARG RRAES B SL M, BT S M &R0 d SRS w0 e T S1 M, SR s S
PR R TR H AR Sy, X 5 Xie NV BFSE AR —B, 7F S2. S4. S5, BB R RN, LA
S I H, T BE S U R ORI R O, A L. A B i 56 41 R
F TR AR, DRSS AR SRR A IR B . B TGN AER R, X5 RG24,
MCET Y L Y S N A R — S s S e S2 3 MK 4l B E LT RD 41, nlfg
JEAE S2 IR A LE G R SR IR RE NS A SO L ek g Ry IR B AR S R R AEIR . A ]
RE Xt BRZH Pl TR AC B R, 78 S2 3 gk G B A A B S . IR A e S = e S6 I HR S B
MD 4% 5 f i BRI R 0 T X R A TR 2 R SRR R R, X - S ) i R T RCR AR TERA
AR R, RELE A R IR IR0 A - U o i TR AR AL, DR R T RE R AR AR R P e T
FEJ7. 7E S3—S5 1, I+ B ML AY & B oo IR 4L, JELIN nT Al 2 R HEE Y A sk A A B R L ARk
B R ERAE 09 o i L B A UV AR . B AR R R RN . RS A HLE A b T, miE 4
WE ., EHCEHLUR AR TRE.

- G I R A T Y T AR AR, TE R R IR N AR R R B OCE WA, W]
AAE o i Bl 0 097 - 398 5 (9 A0 o RS [l A R SR B AE O 2 S B BOR [l ) - SEER BT . DA 5% i) 4 18 il %
PR B AR IE R B, AR [ ROR [ 7 ) S AR A B e L AR 2 SRR T,
et vt 25 45 T 2450 2 1 Wl 3 R v R W NG L Bk R L R AR 1 e DA B Ak U IS (p<<0. 05)
P TR T — R L AL D RE O . B AR AR P LB S B B A R L AT T 4
A7 HUBE E 38 P o i e AR CR R AE T RS S R e MU L A LB . T HLEE A A A
B A AR SR A AR Ve L T Bl AR A A A0 B AR A O LB O AR AR L FE AR S b, e SR R T I
B 2H W TR, 7E S1. S2 M, LD 41 A G Pl R il PR R IR T MDD 4, HD 4 (p<<0. 05), Al fiE
JEAEIKRE Y S1 1 [R] Bf Ab 1 MR 88 1) B R AR I, O P DA B S e T LR M. T B S3 AR, 3 4
TG 20 - RS M IR R, nT AR R LA KRS A K T G . R R — Rl OK R AR K R
TRE M oA A D7 1) SRR, BRI B ALK ORI . X — K R AR S R A ML, AL BRSO, A Rk
DL K O s R A R EYIA S B35 R R AR S . X 4] R S M B W T RD 4L,
FES4. S5, S6 W HD AR E & T LD 41 . RD A, AIBE& /KRG S4 WJa . MR 1 305 2h 5 550 1 1 8 0 i 7%
PP A HID 21 A S 8 0 Bl ol - A (0 I 5 R R, DA 4R v O . e Sk R R Tk
I D — . AT DL A3 i g AR Ak U K RN, A B R A U B E AR DR A S X
M E AR e RN 25 A Fh 3R BESCT L R FH A0 K 47 0T TR 55X B K R B TR T L ot 2kt
8 5 A Ak U B TG VR PR AR R L PR, T R — A0 B F 9T R W R R 5 A Rl 3R ST 4 M AL AU
WAL TKRE AR IR, LI EABS S E kR, EOmmEM R S EARANE
PLI I 56 Ak, 98 A4 i AR, S 0k - ERUIE IR Y B AL AT b R S A7 B 4 e Rk
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B, CO, WeHE . 3675 ey MBk1E )7 A,

- AT % e R MR 0TI DA e L S AL S R AR W P SRR B T LR G AR bR . AR WF T TE A XS
11 350+ 3T I 5 A e AR AR AT A OG0B o R B [R) 48 Bn (B A7 7 — € A SC . Hoad i KMO A E ¢ A
FRERE BRI )5 o 38 A 30T F 0053 400 o 38 5 32 0053 43 BB D 46 48 Br AT R A AR B, BRI 3 A 8,
RIFTTERAN 78. 093 %, KWK 3 A4 F s REEAF AR S e RO R . 1 E R
RO AL AR T AT R R 1 o R A AL, RS Rk s R L R bR A G,
ST R SRR TR ) s 5 2 TR b s A L pH P A R SO T SRR B A B S g
JfL A1 it PE AR B PR OC R s 28 3 A b ik SR A N A R . R 3 Elr 5
SR ARG, IR T - Sl R A 45 K P 5 Tl 02 7 03 e Ak R O W) AR AR R R AR . 3 SRS [ RSB A AN T) ik 7R
A AR ST SR A B A LR B 15 0 SRR AT . BR S5 WIS e AR o i 2 v T R DA R
RS i A= S Fh SR AR 0SS5 R IR AR T
3.2 it

ARWFFELE R RN, FdF B 25 G MR =0 R IE ) B W B 3 THER] . M T RD 4, LD 41, MD 4,
HD 2 3% pH fH ., 2% A 28, 388, 2 AR SRR ET S, LD4, MD4, HD 4
SRR R R GE  BRPE R A . GRPE R L TREORE R Sk SR TR M Y s T X A, b HD
HAE S4 MR 0 25 H RIS PRV (E . RIREEA N IR A R R, MD 4. HD 4 33k [T 9L J1 K-,
BFEMLT LD, RDAHMW N, Zad—A5g AR, Flr 08 s, MD AL 0. 309 £ G133 08 | 4,
TR NS BRI MD 4, HD 4, LD 20, RD 4. £ [ Al 0, AR rhojilc o oAb 7R 1 U7 1+ 3
MR 7 T BAT LS AR

o
(1] ZEW, WRih. ZW. PEBHFEIR L RS [T Ll E#E, 2019, 15(1): 61-65.

(2] B, A4, BEE, 5. HRBR RS G R RSORZ A [T, P EDK™, 202411 . 78-79.

(3] M7, &R, a5, 5. FR00% R B X B IG5 360 4h 0 28 KB ST 05T (1. Wi VL8 v 2% B 2# i (A AR R
SRR . 2005, 24(3): 208-212, 248,

(4] sk, BIRBE T R 2 B T Sk KL A BRAE AR L UL i BREE i RO B ST (D], iR Sl K 2%, 2020 44.

(5] FEEM, 250U, k. MmmItEAERFREAGM R (1], FRE 5K, 2025, 24(4): 52-56.

(6] Z=fhdh, LibE, WAL, % BELANKEAEKSKHEESWRmTFRIER (1] B EER b330, 2024,
46(6): 203-210.

(7] RB=, B, %I, % -0 IR TR H 38 T AR ARRE (1], SRl K%M, 2025, 44(3): 84-90.

(8] &, LIRS TE [M]. dtat. hER B S ML, 2000.

(o] #mih, SHgkH, #e €, 5. WA X & AL Rh A 26 3 e H A58 (U], K £ FEBFFT. 2015, 22(3): 50-55.

[10] E&R, Z@RE, Xk, & KILP IR H AR E A L ma g #n (1] B EES LR P ESD,
2020, 28(11): 1703-1714.

(1170 WGB, 1708, Mk, 5. REURFR 350 A58 X X A5 0 4 HE IR J7 R fs 2 Wy VR S A o sgm (0], R HE2E 4R, 2023, 60(6):
1788-1798.

[12] 3R, Z2uk, T4, 45, 778 A IR B L AR S R b N bR + 38 B8 g B i A (0], PR AR 4], 2022, 35(9) . 2137-
2143.

[13] 3o, Begk, WM, & RHORMEA DR R HS RFRGmER U] #IrRbR, 2009(1) : 57-60.



14 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 48 %
[14] Z=%, T8, B M, % 3T 30 E N KA #h b + 58 pH 2 A8 AL R 4F K (R & [J]. 824, 2021, 58(1):

[15]

(16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]
[24]

[25]

[26]

(27]

[28]

180-190.

TKRFYE, MR, A0V, R AR [T]. A% 4E, 2019, 38(6): 1900-1908.

FRUGAA. W AR AR U AL KRR B A B X AR L AR Ry s (D], . DG RS, 2019: 41-42.
Xie Jian, Wu Xue, Tang Jianjun, et al. Chemical fertilizer reduction and soil fertility maintenance in rice-fish coculture
system [J]. Frontiers of Agriculture in China, 2010, 4(4); 422-429.

Red, WE, ZEM, % FEASEA IR St T RE R 5 [(J]. A, 2020, 37(3):
81-85.

WICHT, B, XK F, . WUFGEMIEX A LR S ME TR Smy#m [J]. K™%, 2021, 45(3) .
453-461.

R, ARG, BRIAE 55, 5. R R SR A SO A L AR I W R KoK R Ry [T, R EEE R,
2014, 45(1); 151-156.

VR, . MR, & GAUEHEX KR 5, $OLE R L 2 AW G EZm [J]. Wil R, 2023,
51(22); 107-113

ZAERE, RFE. T, S5, LS DR Al G 02 S R X 3 A A ML EUIE R A i r [0, b B A A AR = R (R S0, 2024,
32(6): 1033-1042

WA, BOCH, BRuiAE, . L R X M A 7 A R e R 3 A [T, EE R AR, 2018, 24(2)  55-64.
Adetunji A T, Lewu F B, Mulidzi R, et al. The biological activities of B-glucosidase, phosphatase and urease as soil
quality indicators: a review [J]. Journal of Soil Science and Plant Nutrition, 2017, 17(3): 794-807.

Vranova V, Rejsek K, Formanek P. Proteolytic activity in soil: a review [J]. Applied Soil Ecology, 2013, 70. 23-32.
Brockett B F T, Prescott C E. Grayston S J. Soil moisture is the major factor influencing microbial community structure
and enzyme activities across seven biogeoclimatic zones in western Canada [J]. Soil Biology and Biochemistry. 2012,
44(1): 9-20.

Leigh C, Hiep L H. Stewart-Koster B, et al. Concurrent rice-shrimp-crab farming systems in the Mekong Delta: are
conditions (sub) optimal for crop production and survival [J]. Aquaculture Research, 2017, 48(10): 5251-5262.
WEFE, WCH, EHHE, 5. DIRETERAES R . B D ERT R (1], hERZE MR, 2016, 32(4);
171-178.

RERE KW



