55 46 55 2 10 S & 7 i Vol.46,No.2
2026 4F 1 H ACTA ECOLOGICA SINICA Jan.,2026

DOI: 10.20103/j.5txb.202502230377
TR MR, B/ R G BT, IR RIS R S B T R S5 PRI S AR A L) AR A5 241, 2026,46(2) :861-875.

Xu C, Dong J L, QiuX C, HanZ Y, Wei Z Y, Yang J.The investigation of soil-water bacterial communities’ structural traits and building processes in co-

culture systems of rice and crab.Acta Ecologica Sinica,2026,46(2) :861-875.

BEL LT KAFERFEUSIELAZIE

e BLEFEMKR ERNEDT OBE REFEF M R’
| TERELARSKF TR, 811 750021

2 THERZAMR R, 8] 750021

3 T E B AR XA IR AL 4RI 750000

TEE MR —Fh a5 A KRR i 55 Tl 4 5 10 AR SR AR S AN B RV A A R Re A 7= A R, R 9T RE
iR AR TAEFE 2022 4F 4 1 2 8 A HEAT , A v 38 a0 ) 5 R 647 000 3 4o PR A 2 B AR AT A T S R K AR A 14 200 1 % &5
¥, 25 G AR B 2 e RO AT 715 B 2 REE it VR AR A AR AN AT 0T (RDA ), R 4 R RE 7 ) S A7 A58 o T JHL 4 2 5t
P, A5 R ILVE T IRAN B RETE 1Y E B R AR T KRN ER 5 AR TE B T ( Proteobacteria ) 7 8 RIK AR X 3 BE e i
BB, AT, B ZFEME R LR KR A RS Y LU R o £ 5, ZE T PR (NCM) 4387 71, ZK AR 40 5
TR AR MR, AL R, KRN B RETE NCM AR R34 0.619.0.629 F1 0.633, - HERETE R*H 43514 0.638
0.569 F1 0.424, RDA /-#r8 , AKRANBRAH NS B 25 KR | S AR IR AR TR 50 Bl Al RNl 36 ¢, AN F I S5 A 5%
B pH 28 Z AR MBI, PINER T REIE RS b K AN BT R LR, S U4k T K A P b H X T 243t
— R

SRR RO IL A AN TR 5 rh ARSI B AL AL

The investigation of soil-water bacterial communities’ structural traits and

building processes in co-culture systems of rice and crab
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Abstract ; Bacterial communities are crucial to the productivity and ecosystem services of rice-crab co-culture, an ecological
agricultural strategy that blends rice and crab farming. The study’s sample was gathered between April and August of 2022.
The bacterial community structure in soil and water samples from the paddy field was examined tilizing omics approaches
and high-throughput sequencing technologies. To investigate the bacterial communities’ coexistence patterns and assembly
processes, a combination of non-metric multidimensional scaling (NMDS) , B-diversity decomposition, community ecology
models, and redundancy analysis (RDA) was employed. Proteobacteria were the most prevalent phylum in hoth soil and
water, according to the results, which also demonstrated that the soil bacterial community was more diverse and rich than
the water bacterial community. The bacterial communities’ B-diversity decomposition revealed that turnover mechanisms
were predominant in both soil and water. Water bacterial communities showed a greater reliance on migration, with more

noticeable stochastic processes, according to the neutral community model (NCM). The NCM model yielded R* values of
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0.619, 0.629, and 0.633 for bacterial communities in water and 0.638, 0.569, and 0.424 for bacterial communities in soil.
According to RDA analysis, the relative abundance of soil bacteria was correlated with available phosphorus ( AP), Ph,
total potassium (TK) , ammonia nitrogen ( NH;-N), and total phosphorus (TP) , whereas the relative abundance of water
bacteria was primarily correlated with water temperature ( WT) , chemical oxygen demand (COD,, ), alkalinity (ALK),
nitrate nitrogen ( NO,-N) , and electrical conductivity (EC). This work offers scientific proof for improving management and
encouraging its adoption in the northwest by illuminating the principles behind the formation of soil and water bacterial

populations in rice-crab co-culture systems.
Key Words: rice crab co-cultivation; bacterial community; neutral model ; community building mechanism
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WT(12.05%) ,ALK(10.9%) .COD(5.93%) NO,-N(4.51% ) F1 EC (1.25% ) , & Fx 8] K FAF F % 40 6 e v 45
FARRZ MR 22 B0 . WT H ALK 3 [ Xt 20 587 B % 45 #0 i  J3 o K (15.48%) 1, ok 4» 51 h . WT, ALK Al
EC(-6.21%) ,WT F1 EC(5.89%) ., &7 rdacca 74T R BIITE 5 Pk K 7] LUF# R 34.6% , WT H1 ALK X 4
PRV Z5 A I 52 I B8 K, 48 RDA 43 Br R BH 5 /S48 45 A9 A X B ZEPEHE T IR A AP (6.02%) . NH;,-N
(3.6%) \TK(1.09%) TP (0.93% ) il pH (0.78%) ., X i & b [6] AH EAE FH X 20 7 B 75 45 F A 2 il 22 B . AP
NH;-N 1 TP e [r] XeH 20 B R v 45 A A B FE J K (5.45% ) 27 k43 5912k - AP (NHL;-N Al TK(2.21% ) , TK H1 pH
(2.02%)

3 Tt

31 HE o 2R RIS T

THEAME AR o ZREPEFEE( Chaol \Faith_pd , Shannon F1 Simpson ) /&5 T /K (A4l B 7%, 3X 7l BE 15 7K 4K
A S A S IR ET AL S R A A K S RIS R A G . KIRZS ) 32 BIRERT IR A8k A2
ARAR LA B ANRTE e B RE I 5 BOK T A B 25 A8 Ak, S IR K ARG AR R 2 F 4 kst SR ) T K A
AR e AR E MR A1, U R TR IR A A AVE IR W ST A I U R 1y mT RE T I A ) AR A A5, AT R
R FPEE R MAh KR L H Z RIS, Aol AT | R W F1YS Yed 4 ok 26 R 38 ] BB S BUK IR & &
FRAk, SR S A R TR 54 TR IR M B S e R SRRk RIS R G245 Bk o 2 AT 6 5| A A= W5 HILAE
P IS 3G 0R T AR BR - SBR K A 15 400 Tl 1% P R = A0 BT |, AR e A S R B v %) S i AL (TS TR R 18
JEAARERR G . T3 T A HLY AR 53 B 20 T T 7 S AL B 22 0078 ORI 2 2 (], SRS i b R
B R A MU SRR T RS A RE R, A B T AN B R ZREME R EMET L 5K IR
o, A DL AR LS O AR E AN T IR i BN AR T A R AR R 2 AR IR 3
SEM T AR S TS 22 o R M R B B, A A TR [ AR W AR Z2 AL R AR W 1] A BRI T, A SR
RAFLBR A A B i T 2 [ R, A B T RS R ORI 4Ry . 7R R AR RE S TE A DL R A IR
SRR A 2P TR R

Mantel test 738721, DO H1 SAL 1E5 pH Al TK Z [ BeA7 35 AOCHE (RS HAM ML ey W8 1k, &
SR LA T~ (40 pH TP TN \NH-N SOM %5 ) 5 HIEANERETE Y o ZFEPE R EAOC, K502 Chaol $8E05 2
T BRAR R T4 S, 40 pH  TDS (TN NH;-N TP I AP, XEW HIEMEREN EEEMRERT 2R
Z 3N A LI RS R A ALY BBEE SRR LS pH SRR T P 1 A A B A R ) A
ﬁéﬁi,ﬁﬁTﬁfé%#@E@%%}“ﬂ » SR, NO,-N Fl TK 5 Chaol Faith_pd ,Shannon F1 Simpson $§ %3 7C . %
P ATRE AR B NO,-N A AR, 1M TK 7 B AR X SR 15 5 ik Bl a1 A8 L AS AR K, PR LR i 5 TS 2 R
TRECR L W
3.2 ZHTAHE TR LN M SRR

TE IR AZTE BT ] ( Proteobacteria ) % BE Y5 &, 3X AT BEJE R ZARTE T 1 AT )2 B A= 23 i e
REMSAE R R IRBE 25 N AAE S KA 2 B B I BT 1 R TR T ( Actinobacteriota ) |, 7 398 b U] 2 401
FFTE T ( Bacteroidetes ) o HUPE 1T 322 5 73 L R I A A= 0 AR OG | ZE 7K A4 i mT B 1R F 43 i A AL
PN KR A RE A F w0 PR TIE R N EE B H S 5 UL o R - SR R
M EAE, IUAE e i = B s o AR i A T T TR RO T TR T e T X KR iR T2 S
AN MG KRR IS IR B RE A G . TR AN R M rh EZ R A 73 BRI AT SR T, JF
3 3 [ U S M K AR R B FRAG IR o PR T T K A i i) =E B mT RE S A K I h 2 5/ ML o A
WA B 4 b AR A O T - S PR3 v UV AT 68 phy 1 A 2 0 ) 5 S A 3k 27 25 R 1 22 5, R BODE il 1 2
WA, ST VRBEAT T e AR b 0 BEAR T 12358, 3 AT e 5 W A PR rh i W AL~ S 0 A A 2
DIREM 22 A5 5 A WFIT RIS TR | T e K AR B AR Ak i fe) gy 4 o e 1) I DB B8 1) 6 7K A4
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AR B T BB 5 K AR Y B S PR B8 K T e Ve AR 1) 2 S G, B b ol TR BRI B, AR AT T T Y
FRER R Zhu SV LI 5 | K X R S A0 B IR ) R T 43 M 2R B, R A K A R LB R AR
Hh BB SR DR AN, DU vh AU E R0 T A & W i D RE LA BT 58 5 AR S 1% G /K e AR RS R A
5 7 ( Cyanobacteria) F= 81 /5y | 75 &4 Hg | A F BB 0T AE XU

IRV NMDS & (5] 3) rh o s i i A e PERILG BE (IR S (BRI R 8 , R WK A2 T4 1
&I NAEAR R A 0 Z BAAAE 35 25 5 HAA 2 IR 22 S BEAR . AKARA ) 2 B A Ik 15 G 45 AR
PRI 22 (2 ), 30K 426 PR 38T R S BOK B AR A, 306 T 52 MR K A v (4 A RV 4540 % o 1 P R /K st AR S5l
S BE S BUK IR I E FR Y T 8RR BIRAE 6 A X T RS2 /K (A P N R RE v 25 5 i i 28 i 0 0 b
TIEAMGE R (K 3) 45 R BRI Z 180 22 R BOK R AR A2 5 X0y o XA IR AT RE R R iy
B A E AW R R HOKAREE N 52 2% HLS A48, HIERA ALY & & pH R 0 SE R R BB 22
1878 A R W RS T REAE SRS H Oy R B AR A AL, AN, IR AR T 2 iR
EHFEREE 5 B, X T BB A 45 - M G WA v 00 R S I 22 R AL A A2 % S OB Vi T Y 22 S B SE o
NMDS #EAT X 43 [l 398 v 4 4 R RE V% 11T BB e , ELRH % BRI A4S | 3 P Bk 24 M s R A )
SFAE KA AR AR R 1R Y T S S A TR RV [ 1) 2 S M N S o R B NMIDS ST K (X 45

B ZRENEIR T PRI AR S BLGE WP 5 0 2 5 B8 22 5 0 DR I Jo e R B I PR AN I Tl B 48 Wy Ao )
AR IR EPE WL TREVE A B e 22 5, H— DS 25— R i 74 Ik th Yyl g AR BEAL 252k
FE 0 NE 3 (1 B ZREE i 2 TR - EAN R 1 B (= TR IR AN BEVE . X T RS VRN —A a7
PRIAS R G0, A B 2P 8 s A2 R A A0 - HERRsE s B oA o o 1 A A 7 vk, 4
NI ) B LA A B 1) 2 Rk 02 33 PR 38 A AN ) A0 TR BEF B AL T B 2 (A 2 i) A ST AR i
THEIE NIRRT BT R SR A, AR RIS AR B AT DAAE 24 AN R A GO i A K R
BB XA A PP R0 2 D) SR R A AN B R 0 SR T S S 2 T
e Iy TR NE YR = AW
3.3 AR

ST U TR RE R A AL , A5 RO A5 O TR AIMERAR 1 I 40 TR R 5 A AL 1) S B oA 0 1 RS TR B R
AXH T 200 T % R AL ) ) S0 () SR B IS 0 e . AR ST e B b PR R T AL AT 204 . 4 SRR /K A4 4
WHETS 4 .6 JH 8 B R (RN FE T 454 SEIMAT & b MR Br v sh 258 oy 58, vl DL 3 12 7%
FBEDL FERARRE 7 KRG BEE I N, (R R TR0 % /KRR 5T AT RE BRI L, 40 B8 =2 ) 1)
23 (A3 AT R 5] HRE VR A B B s e, 7E4 H .6 A8 H /KIRAN R NV, (2 20 3 i ] 4
W3, 3% RYIAEH A3 5 460 B AP 8 7 A 1 W50, 8 H Y N MBS, AT REJE B T 5 KK
F18) i 2 R SR ) SRR N RGE AR TR AL AN 1, DT S B0 v O 0 o = B RN 7 — 2ok, 7E LI
WRRE T R? (E AN N, (B E AL R TS Sh A2 W 15 T MR B . 3R LIRAN A REVR 7E 4 H i b
FERIAE VR A BN TR 5 BRI AT & NCM BERY, X AR KON TE 4 H, SRR R B 5], W)
P Z IR IE RSB R A %, LTS 52 B AN s /N, DR DL VR Z5 A o R 21 0 6 AR 8 H R® (HB T
Kok, BT I& (0 2540 1B AR AR SN S 2% 3 AT e TR N ) RS | 03 v 0 AR 2SR 8 R R N RV 254 1Y) 52
Wi T 5, el 6 AR 8 Bl - 3ERREE A2 1k, Wy Rh ) A AR ELAE HIZR A5 S 2, S BOR e k A5 Al 2R 1
TN 2 S T AR RENLEERY . 7 R RN N (R RRT RS SZ I, W R T Y A
AP TR HORERS ) A, e i A R R T AR A A 2R S R R T, R A PR 3
G b OGRS XS - HEREE (S5 T O 52 4 RS | RIS T GRT S AR R R AL AR KR4
PRREAE R I R (ERN N, (R K R S AR TR R Sl B, TV 2054 (P B AL JE 88 s Zeng 4517 IF ST R
BEAL AR IR W A R P A e b o E R RIEANREIE 1Y R (E8 0 T B, W3R W]+ I R B 7R AR TR
AR FTREL T 13K AE AL, WPl B AL Ik 72 0 5 10 328 W el 553 , T 22 190 PR 396 9% PR 3 R ) [ AH A T
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A S i, SEEE S A N E 2R
3.4 BT TR KB R O SR Sh L

RDA 70A 2B, WT 2 RZm K AR 40 A RE I 25 i e BB 7, WT fERE T 32.1% 728 55, STk B 3K 48.
8% , i THAME T, WT B2 Py i A % Ba M RAE R R . WT A T e 38 5 el 2k P 1
PR RVEGE , ST B 25007 . ALK X /KR4I T VA (52 M 3 ALK BB IR KR (1 pHL, 1T 5%
i KA R B B A AP ANTE B, RIS COD,, 2 B0 20 B8 AF 6T = 8 1 B B85 X 7, Tong 257 BIFST K WS
B IRERFEEL(COD,,, ) X /K VA GH BRI 7 285 48 S e i B W 35 152, EC RN NO,-N 55 Rl F- XK AR 7 45
PR R 180N e W B A T 5 /KR 40 TR R E 7 0 ¢ AR R 55, BRIk 73 1 ] £ S i /K A v ) 2k 9 R
K BRI AR LR T4 S5 F OV I A BR , AT g 525 et IR 7 3 [0 FH A B o B0 o B A S g 7
3 AP XF AN RIS S S B KRR T 8.6% 7R S, SRR FL A 30.29% , W IR R LRy
FICRZ — B W R E D AR KRR ™ WA & SR A S (R S S A TR A IS 1) B, B
VERLLAL, pH X 3N EBEVR R AN BB R T 6.2% AR S, 4 pH PLRER MR W 0 AR K FREE
ARIF] pH 2T B YR BESE A AT RERROR AR 7S B sk 1 18 2 X A A 0 A A K 7 A S T I s 428
JE77, Btk pH X+ R0 TRV 1) AR R A — 5, A S X 4 SRV A A R ) A/ X R TR
AIREXS AR W AR KA — R BRI AE SR T BT REIF A R E PR R

WT 5 ALK BB RIE X 20 B A v 45 F 10 i 08 188 0 K (15.48% ), 3 3% FH /K IR AN JE 174 Bip [l A FH % /K A
YRR OSSP ) T EEAE T AR RN 2 [F P T KR B A W s b A Rt | AT BE XTI P ) A R R
BEEAPENE T WT 5 ALK 5 EC (IPMRIVEF (-6.21% ) 268 K 5 B8R F R, 53R = 2 i 13 [ 4 1 AT
XN RETE T AR B 2R RS SR A I AT RE X B Gl A W AR 7 7 A P AR R A O A A
WT 5 EC BIHMREIVE I (5.89% ) M, /K TR L 53R 2 (8] () P [RIVE FH AT P4 25 K 5, ml BE & i T r 3%
SRR Y B S RE A OC RE RIS, AP NHS-N 5 TP i BRIV T (5.45% ) 32 B X 26 ] 7 Ik
BN X A AR I8 S5 A BT R s, A U T A K OGS 3R R | X BB R T AT Rl o A RS
W B RS R RS 454 . AP NH;-N A1 TK B FRIMEF (2.21%) , TK 55 pH B9 FEIVEF (2.02% ) 5881,
M AN E RN T R AR SRR S5 A — 2 TR RDA 438 2% B EEAR DR [] B4 b 1) 476 FH
S0 A A T 45 R T 5 T R B PR ) B

4 #ip

(1) AN REE 0 5 B R 2 RE & TR B RS s LK AN RETE 19 o 28 M 48 B0h 0K ik
Simpson T840 5 BALFEARBIAAEAE 25 5 KAR WT 5004 o ZHEMERE B 2 B AH G, pH ALK SAL,
EC Fll NO;-N 55 PU4H o ZAEMEFEA0 S IEAR ¢, 33k 45 4, pH \NO,-N Fil TK 504 o ZEEPEFE S
EIGAHE, pH  TDS | TN \NH;-N NO,-N TP Fil AP 504 o ZFEPEFE RIS RIIEFA R,

(2) 78 /K AN BEE S5 H TP S TE BT ( Proteobacteria ) #5 by 95 1 210 B E 74 11 32 B2 A7, 20 B PP AR 6] =F B
TR T = BE AR, AT - e b AR = FE R BT o LA BIAE 97.1%—98.1% Fl 84.4%—87.3% 5 1- 1%
A TS I FI A AR 22 57 LK AR TR R, HLAFAE B B 2 I EVE S5 i 8 fb, B K R b R G405 £ 5
HA

(3) KRN TR BEVE B4 A T AR R 4 .6 .8 TS (1 BEAIL R 2 20 3 5 | AR REATL I A% ) VR FH 8 55 5 +
S b AT RS R BEA LAk T2 0 5 e B U8

(4) TERE B ILAE + KRS KRG T REVR 4510 A8 L 252 WT ALK, COD,, Fll NO,-N Z8 3K 3), +
AN EBEE LS AR L EEZ AP NH-N 20, FLSX S8 R[] B B R S e ma VR 2544
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