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7 OE: BEER—MRE. SRINESLVFFE, SR IR N RS H L 5 A W TR 45 1 5 T REARFAIE (1)
S S IR B T AT SR E . Dk, TS DUKFERAE (RMD FIFEESILAE (RT) ALEERUFE H 38 AR T R
K H Tlumina (&8 S HE AR 5347 L 58 4H B AN S B R IR S5 46 1078 4k, PRI LI BN ORGP B TR TR R A DG ik o 45
SRR DR ILIEB U LA LR (Soil Organic Matter, SOMD ., &4 (Total Potassium, TK) .« Tllf# % ( Alkali-hydrolyzale
Nitrogen, AN). %1 (Available Phosphorus, AP) FI# 4T (Available Potassium, AK) &2 R FE 5 T 17.82%- 15.15%.
13.80%. 37.37%#H1 21.57% (P<0.05). 2) FEEIMERR EIRE 7 HRARHEN T EE, U8 7V EmiEssn. 3
YEA LI AL H 1] (Proteobacteria) FR AT [] (Acidobacteriota) . E 1 T # ] (Ascomycota) F1% 255 1]
(Rozellomycota) FAXTFEENHIBEINT 6.42%. 1.16%- 0.44%F1 2.96%, EEIH TR (Basidiomycota) A%t & FEAK
T 0.22%. 3) SLERMLE TR, FEESAERIIN T AR Y2 o i, R PR RSB, R T R
VI L E IR, IR T REVE R AR HAERRAK T R ACEY M T S A, (RIS 7 OEA AR Y, SR TR
YIE IR A1E. 4) TURHT (Redundancy Analysis, RDA) £, HHEEHUR . 480 R1EE RS B2 S gl i B EVR 45
M) EEIA G T, R AR R S R R R R R S AR R T SR, RBEIMER R T
REFEH IR Sy, SURLIERE YRR, JHRE TIEMEE R, AREMBER R R TR S IR
b2 PR A R A AR T B R AR
KRR 1 A REEAE; BRI
doi: 10.11975/j.issn.1002-6819.2022.24.011
FhESES: 51543 SCERFRERD: A

HOE, mERK, B, F. BHIRHEDRENBEMERANMASFE]. R TIEFR, 2022, 38 (24) : 102-109.
doi: 10.11975/j.issn.1002-6819.2022.24.011 http://www.tcsae.org

Xiao Liting, Yang Huilin, Lai Zheng, et al. Response characteristics of soil microbial communities in paddy fields to rice-turtle
integrated system[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2022, 38(24):

SCEHRES: 1002-6819(2022)-24-0102-08

102-109. (in Chinese with English abstract) doi: 10.11975/;.issn.1002-6819.2022.24.011

0 3 &

KRG P AR BN D - R A RIE . ARk,
BE/KREMELIAR AR, AR H oy R A g i A U fa
RAACAE AR FFRIR A RS N, S ECR RS R
GRS E TENFF S E AR, LA g, 2
PEPEATRE A o7 o (55 P DA, I R R R oK ot i o
R EZRHE 2 —P. BB, dAT KRS s s i
IR A RAI, AL VEAREET AR .

e U LA R — RORE K RS IR B 5 7K SR BE AT 45 A 1
WA IR, BOIEP O ESRO K SEKHTT
B, Hor, RE - ARG B 2R &l % vh 25 BT PR
Kz —. W IR 5K FEA AR,

Wk H e 2022-09-26 BT HIA: 2022-12-12

EEWH: BxERRFIEESTHE (42167006, 32260016); 1754 HLF 5
R ATE (2022JXDZKIKY05)

TE#F I B, BT o s .

Email: xiaolt014726@163.com

KIBEMES: WifdE, Wt 292, MLASH, JRrronehtEsss
VG A% . Email: jianminfei0914@163.com

http://www.tcsae.org

Vi) 5 R 2% B S A D A AERE, KR LUK 110 B P AR
VAR AT HUAEAHIS R £ — i A 4 50, X Rl
WAL A B AR S PR AR OGRS KRS FRAR R,
WD TR RAMER R, ST AN, ARSI
S =HAEPSLERRA, AT CFERR. B R”
P RO, 22 ER S R I, AR LA - 5 ML R
FRE B B BN T 13.6%A0 17.6%; {5 FER &L 3,
FER LA LI B8 A8 % (Average Well Color
Development, AWCD) 7E 0~25 1 25~50 cm 1+ JZ 15
IKFE AR B3R T 16.1%A1 76.9%.
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FEUO, A T AR R A R S5 S T REARFAE
IS . AHE T ARE RO R, BB
i AR AR A B AL BN A A& O R
LI A A A S TR R it — 5 BRIk
O Rt P IR AB K A SR R A AR

1 RS

1.1 R mRE

PRI TV 74 4 1 T A4 Y DX B AR A K R AT 5
FHFEAT (E116°417, N28°37') , iZh)E T I Hvi i i
FRAE, RS, LT LE, EFHBKE
1778.8 mm, P HIEKR % 17384 h, £EH257d. H
SR - SRR Ak 1 5 0L SCHR[ 117

HAASS T 2019 4F 6 H IR, RABHLHEGE T, &
BAKFEHRAE (RMD) FIREEILIE (RT) 2 MbFE, #AbEE 3
ANEH, L6 R, SHHERZ) 1000 m?, FHEkE
SRR A28 o KRG AR T /KRR R AT HERE — 1K (6 H
6 H) , MEfEE A N 120.0 kg/hm*, P,0s22.0 kg/hm® #1 K,0
35.0 kg/hm’. T 6 H 15 HRABARIGFREAKRE, KRGS
EAE s, BRIAEEA 18 emx25 ecm, T 10 H 12 HUZEIKAE.
IR R R B B ARt FH B B AR S 2 AR %%
LK R AR . KFREREARSE 15 d Z2Aa T 3 AN
FHHORRE A 200 g/ R [ AE%s 300 K, AR AR T
) 3%~ 5% MBS AR Rk A BC AR o PR
AbFRAEBEAN IR ARG A K A B B AN Ak 25 RN 2 R 7

T 2019 5 6 H—2021 4 10 A AT H )€ 705,
BEEKFEIR G A AT ), 4200 — 4 4% L k)
BEATFIAE . 2021 4F 10 H 4T LIERE AR AR, MR AL T
FEM RS, IR B S SRR T
R iR, &MYl S R« F EUREE” A1 “R1E7
SRAERE AR B3, R 3 1 IR S R RS )S
At s =, —HrE T80 'C, HF 13 DNA (1
PRI A BART . BB 0 A T R A
JFR PRI 5E o
1.2 HEBUMRNE

+HEHHLE (Soil Organic Matter, SOM) il 5 K
ARk, 4% (Total Nitrogen, TN) 2 K H
YLk, B (Alkali-hydrolyzale Nitrogen, AN) Jlj5E
KRy #k, 4B (Total Phosphorus, TP) Fli#RY
f% (Available Phosphorus, AP) %K HHEPLILL A%,
4=l (Total potassium, TK ) F1i5 X4 ( Available potassium,
AKD 52 R KA,
1.3 TIEMSMEYE DNA IZEL. g @EEnF

K H Foregene 35 [K2H DNA $2 B 7 & R A4S

) FEEURE B LRI 4L DNA,  1%35 g A ke e Kok il
DNA $EHUF &5 T-20 CUKAEIRTE, S8R50

DAL IR HREXE ) DNA Atk KM A barcode ]
FrE5 4 338F (5-ACTCCTACGGGAGGCAGCA-3")
A1 806R (5-GGACTACHVGGGTWTCTAAT-3") #1441
16S rRNA ] V3+V4 X, F| A 51 % ITSIF
(5-CTTGGTCATTTAGAGGAAGTAA-3") 1 ITS2 (5-
GCTGCGTTCTTCATCGATGC-3") # #ELH ) ITS1 [X..
SKFH 50 uL PCR #344K 2. DNA B0 1 uL, 1EXI514
% 1 uL (10mM) , DreamTaqTM Green PCR Master Mix
(2x) 25 uL, DNA Hikg 10 ng. § % H: 95 CHidE
P 3 min, 95 CAME30s, 55 ‘CiB°K 1 min, 72 °CEfH
1 min, 3% 30 NMEF, &5 72 CIHEMH 10 mint', 1%
JEBE&E F VKA PCR 7847 )5, KA EZN.A. ® Gel
Extraction Kit (Omega) i5fl& T4k 5 55 =IRFE,
R EEREEMRHEARAFIEATEE, FIH Miseq
PE250 “F-&5 (£ Ilumina A &) #4707 .
1.4 HIEAIE

K Usearch %%} Reads 7£ 97% 8L A T &
2%, P55 EE BT (Operational Taxonomic Units,
OTUs) ; KM QUME K AFAE AR 40 SR E s
ER, RGBS SHIVIFEIE A E, 2T & KPR %
JAERTE ;SR QUME2 #44, X#E & Alpha ZFE1%TE
ORI A Fa Bt 2R3 AT VP45 SR AT IBM SPSS Statistics
21 HHAT R R T 208 (One-way ANOVA) Flig /i %
Z5#7% (Least Significance Difference, LSD) &5+ 3 #
PO 7 FI5 AP Alpha 2 FEEFREUN Z 7 B8 FH
http://huttenhower.sph.harvard.edu/galaxy 3k % %43 257K
- b B 3 ZE S B SRR AT S 1t 400 0 A (Linear
discriminant analysis Effect Size, LEfSe) ; KM R 4.2.0
1 “psych” AL J@ /K E A5 5T Spearman A%
PE R BGAT I 25047, Gephi 0.9.2 BT RAE Y3
MGtk e B RABINAEY = F&
(https://www.omicstudio.cn/index ) #3173 FEAL K+ 5434
EVNETUA T (Redundancy Analysis, RDA)

2 FER5S55H

2.1 FEEREXTIEBAMREN

1 ok, FEESERIEm TR H LIRS
. SKEHREML, BEXENLIBEIR S E
(SOM) . SigE (TK) WA S = (AN) - A%
BiorE (AP) AIEAE S & (AK) ¥EEE T/KREAAE
T 3E(P<0.05), 73 Al E T AR 17.82%15.15%-13.80%-
37.37%1 21.57%.

R1 TELCEIRBUER S

Table 1 Analysis of soil physical and chemical properties with different treatments

4bFE Treatment SOM/(g-kg!)  TNAg'kg") TPAgkg') TKAgkg') AN/(mgkg') AP/(mgkg')  AK/(mgkg")
JKFEHAE Rice Monoculture (RM) 19.59+1.32b 0.70+£0.11a  0.54+0.07a  1.65+0.09b  117.20£2.69b  26.18+3.06b 91.45+7.89b
T8 JL4E Rice-Turtle Integrated (RT) 23.08+1.55a  1.04+£0.34a  0.56£0.02a  1.90+0.03a  133.37£2.75a  35.96+3.07a  111.18+5.17a

7E: SOM: HHLFG; TN: 4% TP: &M TK: 2H; AN: MR AP: HABE: AK: B, ARE/NGFREORAFRLMREZRRE (P<0.05) o FHE.
Note: SOM: soil organic matter; TN: total nitrogen; TP: total phosphorus. TK: total potassium; AN: alkali-hydrolyzale nitrogen; AP: available phosphorus; AK: available
potassium. Values with different lowercase letters are significantly different among different treatments at the 0.05 level. Same as below.
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Fig.1 Shannon index curves of soil bacteria and
fungi communities

2 AARFEACHL R 3R OTUSs 4B - 340 B
VR, KABRAEAISEAE LA OTUs 52 037, F¢F
OTUs 43728 5 A 54; HBEHEEVE S, KAGHRAEFILAE 118
FA5 OTUs v 981, K545 OTUs 435N 52 A1 168 A4k
HRI L IERE Y Alpha 2 FEMEFRELUNGR 2 PR 5KFE
TEMLL, FEMsL/E(E L3405 ACE $8%(. Chao f8%K.
Simpson &% Shannon 853 425 T 2.53%. 1.98%.
1.01%H1 1.76%; +TIREEHVE ACE 5%, Chao 5%
Shannon 80345 T 7.70%- 7.90%F1 4.89%. Hrh,
e AR AL PR 1) T H R B ACE F5 2001 Chao $E%0E
T AlEd (P<0.05)

RM RT RM RT
5 2037 54 52 981 168
a. 4l b. HH
a. Bacteria b. Fungi

B2 tEmifeAHAEREELH

Fig.2 Venn diagrams of soil bacteria and fungi communities

*x2 TIEMEMEERSE Alpha ZHFEERSH
Table 2  Alpha diversity index of soil bacterial and fungi

communities
- " "
R M ACEJH  Chaot gy Smpson AL Shamnon JiK
Gene Treatment ACE index  Chaol index Lmpson nannon
index index
16S RM 1923.69438.60a 1946.89+£30.72a 0.99+0.0022a  9.10+0.45a
RNA  RT 197242446642 1985.50441.16a 1.00£0.001 50 9.26+0.25a
ITs RM 816.96+14.99b 822.52+22.76b  0.98+0.002 2a 7.16+0.11a
RNA RT 879.89+18.10a 887.48+23.73a 0.98+0.0165a  7.51+0.80a

2.3 FEEHEN HIEMAESE SRR

AN Fh AR 10 A FE - SB2 1R1 FN B BR V1 1P AR
FRETHT 10% R A an1E 3 fis. 11K L, 4
BEV% FEE LW 1] (Proteobacteria )+ & 4 B 1]
(Acidobacteriota) + Jifiii &[] (Desulfobacterota) 2 B
I'] (Crenarchaeota) MZEZS B[] (Chloroflexi) A3, AHXT
FRE N 25.37%~31.79%. 11.31%~12.47%- 9.13%~
12.81%- 4.42%~10.88%71 5.19%~6.98%; HEHEELIT
HHE[] (Ascomycota)  fHF B[] (Basidiomycota) %
241171 (Rozellomycota) « Az | ] (Chytridiomycota) F1
#5177 (Mortierellomycota) A 32, X = B 73 5l N
43.19%~43.63%~ 17.01%~17.23%~ 9.34% ~12.30%
3.75%~6.27%F1 4.16%~5.41%. S/KFERIERAALL,
VERL R IR AL TE 1 [T (Proteobacteria) + B2
FFHE ] (Acidobacteriota) FIZEZ B[] (Chloroflexi) AHXt
EESRMBIMT 642%. 1.16%F 1.79%, i i ']
(Desulfobacterota) FIRTE ] (Crenarchaeota) FHXJ
I RIFEAK T 3.68%F1 6.46%; HHH THEH ] (Ascomycota)
P (Rozellomycota) FXTFFEHIIEINT 0.44%
M 296% , #H T B ] ( Basidiomycota ) « az [ []
(Chytridiomycota) FI#HEF1] (Mortierellomycota) FHX
FRESRIFET 0.22%- 2.52%F1 1.26%.

ARl P A A H L A MR VR 2 AR AR 22
HE—DiEid 2641553 (Linear discriminant analysis Effect
Size, LEfSe) i€ &K E&ALERA (0] A W3 72 5
RIEEIA e Hoakas K/ (B 4) o WA 1AL E4T LEfSe
SITRIAN, AR IR R kD TS g i 22 S
Y (Linear Discriminant Analysis, LDA =3.0, P<0.05) .
WK 4a s, AT N By B BKE R
6 FhAA B3EZERIIVFMEE (P<0.05) o Hr, /KFEHR
EHHH 4 MEEEEEWYM, oA
g unclassified Bacteroidetes vadinHA17 . f Bacteroidetes
vadinHA17 . #8LAF B 1] ( Bacteroidota ) 1 it it B 2K
(Desulfobacteria) ; FEAEZHHA 2 MNEE E LR, 735
HNANFEEL (Rhodanobacteraceae) I £ Oxalobacteraceae.
Wik 4b fios, EREBEETT. N By B EKEEER
L9 MEA BE ZRIPAME R (P<0.05) o Hrr, KFEHR
TEHA 6 NREEELMYIFN, 730N A S FE B M 75 20
(c_unclassified Mortierellomycota) 7 4 2% 94 it 2 Al
( f unclassified Mortierellomycota ) . 2 Jig¢ & i & &
( Clonostachys )  f Cyphellaceae « A 73 2 ) %% iy %5 )&
(g_unclassified Mortierellomycota ) 17K 43 5 ¥ 4% Hfd 5 H
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(o_unclassified Mortierellomycota) , A 3 MR
BN M, 40 R EE S 4 (Leotiomycetes )
{ Herpotrichiellaceae 1 o_Thelebolales.
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RS ES) QRele_ﬁive abundance/%
(=]

(=1
(=}

RM RT RM RT
#F fr Sample it Sample
a. 4 b. FH
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Fig.3 Relative abundance of bacterial and fungi communities in
soil samples at the phylum level

2.4 FEEXREWNHIEMEINEILLENTM

b2 T I A A A X 4 o TR PR 2R R R
VIBEVE R DG &R, /KRG B AN LA T 858 o (1 200 1 A
FLEBEVR AT A T 5 BRI A P 2% o At B e A T
g, KAERAE IS 126 N SR 3 738 k3L, Hirp
IEAAE 55.03%, HMI5% 44.97%, “FHIEEHCH 0.995,
WERAL 3.069, “FHYEIEE 59.333 (] 5a) ; FE¥St/E+
A 141 AN AR 3973 408, HAPIEMIE 53.64%,
AR 46.36%, “F¥IRFEECH 0.996, Ptk 3.591, 1
VBB 55844 (B 5b) o REARREEIL/ER N T 3540
PREVE M 2 S 2 B, ok T 4l BEVE R B R . E
AL, KFERAERE 72 AT 5 841 %id, H
HHIERIDE 56.72%, 7RS% 43.28%, “FHE5% 0.985,
ik, 3.49, FHEME 23.361 (K 5¢) ; MmEgI/EL
HEALE 69 AT AT 968 25k, HopIEARSR 69.94%, fiAH
% 30.06%, “FHITE%L 0,988, Pk 0.843, FHyiEiE
fE 28.058 (K& 5d) . REAFGEILAERN T LB RE
FURE RN, S8 F] R B R BB R %, ELAE IEAH ELAR
F R E 3G 0 .

*
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~—_
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Fig.4 Bacterial and fungi communities biomarkers based on
Linear Discriminant Analysis (LDA)
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Fig.5 Model diagram of bacterial and fungi communities co-occurrence network in soil samples
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2.5 TEMEVRESHERTFEMNEEXR
FIATCR M (RDA) i — PRI 4 38 BEAL 4 Jog ot
TAIBER AR5 . Wi 6a BT, AT B AT
AR bR HE T R 92.93%, RIS 4
(RDA1 #1 RDA2) 437l 81.03%H1 11.90%, SOM. TK
A AK Fr ] IR B R VR S5 M sE R, e S B
(Chloroflexi) « JitZkH ] (Actinobacteriota) S |
(Proteobacteria) LA |1 (Verrucomicrobiota) 5 1-3%
FATEBEIEMK, WHFFEIT (Bacteroidota) AHXTFFE
513 AP, SOM M TK & &2 5 F MK (P<0.05) .
WK 6b FraN, B VA A AT P R A o5 e HE T R AR
fE) 78.30%, ZE—HI%E %l (RDAL Fl RDA2) 43l
56.48%7%1 21.82%, TK. AP Fl AK &%t - H A HEVA
ghft sz, HAP Az 1] (Chytridiomycota) AHX =5
g2 AKX, FEET (Ascomycota)
XT3 AK F1 AP & & IEAHSS PR 58,

2 . ‘RM
‘RT

RDA2 (11.90%)

(=

- 0
RDAI (81.03%)
a. 4HEE

a. Bacteria

<

RDA2 (21.82%)

—

-1 0 1
RDAI (56.48%)

b. HA
b. Fungi

A6 mEfAARELENEIIRE T TR
Fig.6 RDA analysis of bacterial and fungi communities structure
and environmental variables

3 i i
3.1 FEEHEXTHIRIBAM FRAYSIN

3R A AR T B o R ANV I S
FEIRAR, WRVEYAE KT E IR R B SRR,
A HLTAE i & 1 3897 00 A RS TR AR B ) 2 A
T RAEERK. 2R IS ANEL B S S TR u R
HEEERM, KRR, BERERERS T L%
AP SR (P<0.05) , X555k LSR8 25

JRP EEAFE: 1) FEMs LR b R B SR (E I HE N TR
TIEAPUACEL, T EIEAL Ty 20 FEH AR A AR,
T LS B ) ER B I R R 2 R A, TR AR KR
W T AN R, fEREANR R, E)
ARt g, R B, S E IR TR R N
R AE R IEH A KR B AT, RAEHEPIL,
FEIR AR & T RIS 2B A AR S A
P&, AR REHMM. Bt fEd, B
T ) B 2 AT . ERESICAT B 2R E s, (et
TR ANF SRS, REES N, 5
T T A AR AT S R R R R IR s RIS 1
Hete 25k B 7E L3R, OB & — 2 MRE D AE
Fr5y, AR SRR P iE B 04 [R5 T 3SR 4
W, SR E T REA GRS R, AW TR
M43 pH {7 3.91~3.97 2 [0, J&TEMEIE. Mk
W, BRYETIERE YIRS RS Z R, FEHEY
B HAeEIRIU R, AR TR RN %4 R ORI 2,
IRl L ] DA% REAE A= 7 w3 i FH A A R0 A B A A 25
75 SR BRI 3 pH AE, (2 4EFE(E A R T 1397
YRR B, R R A R SR
3.2 FHEIIENLIEMEMIRE

TIEMAMR L EAES RGN EEA 2 —, 21E
BRI IS e R s M E B R Y. R X
MERMES RGN, KFEARRE 77 =00 A8 2 52 e - 13
EEDN I 2 REVE B VE 450 o XS B8 TR B, el il
WA T LEMEMEE R, HREREPIREL, iR
LR T LA R B VR 2 AR . AW, AR
1L AE M EE TR Alpha 2 FEETREOY & T 5 0E L%,
KPAFEEIER S T LB E N FE 2R
P, X5 X E 84 AR S5 W AL 45 R — 3. AR TE 3
T HE, MBS e it T I E R AR
B, HEER T RIEESME, AR TRED N AKEE, 3
MiEm TN EEM 2. 54, et &a
F K AE Y 2 i HE M FE N B 3 B R, 5+
BRI EAER, 3D O TR 2 R
O V& 4 1

ATCEE T BRAT B RS 25 1 145y - 39 4 1 0 24
Wi AT, AR IR BRI Mgt
T TN EE RN T 6.42% 1.16%F1 1.79%. 48
TEHE 1R —FIEE IR, 1A MUY AL 3k 1 4 1) A2
KRB, HIEAR AR S 2N RS T L
AR, et T HAEKEM, AR TERENM:
FRAT A IR A — 21 ] 3 e S50 A e o2 A 1 sk 088 AR AL 40 ke Ak

BRI EE R, M R EAE LRSS R
AP R B S, XRS5 HREH PR
[ 1358 pH {ELARBE T BRAT B 10 A8 K B0, o AR 2 B 1
I, A TRk R A BRUR I A AR DG SR
AMKEE AR LG RIA B A 4k, R Rg B SR R
HEYCEER T, (RERHAEKKE. A5,
FEBE T /KRG SR L3 b R G BRE BA B, AR = AR 3L
PR3 A B2 AR, X 5 ASHIE e R oAE o 32 B 4 PR —
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Response characteristics of soil microbial communities in paddy fields to

rice-turtle integrated system
Xiao Liting®, Yang Huilin!, Lai Zheng'?, Lai Sheng!, Ni Caiying®, Chen Xiaoling®*, Jian Minfei!**
(1. College of Life Science, Jiangxi Normal University, Nanchang 330022, China; 2. College of Geography and Environment, Jiangxi

Normal University, Nanchang 330022, China; 3. State Key Laboratory of Information Engineering in Surveying, Mapping and Remote
Sensing, Wuhan University, Wuhan 430079, China)

Abstract: Rice-turtle integrated system refers to a green, efficient and ecological breeding technology in modern agriculture.
In the multiple species coexistence system, the turtles take the field pests and weeds as the food, while the rice absorbs the
residues and excrement as the organic fertilizers in the paddy fields. Among them, the soil microorganisms can greatly
contribute to the biodiversity of ecosystem functions and nutrient cycling in agroecosystems. However, only a few studies were
focused on the effects of rice-turtle mixed cropping on the soil microbial community structure and functional characteristics,
together with the driving factors. In this study, a systematic analysis was implemented to determine the response characteristics
of soil bacterial-fungal community structure and diversity to the rice cultivation system using Illumina high-throughput
sequencing. The correlation analysis was also obtained between soil physical/chemical properties and microbial community
structure. The results showed that: 1) The Rice-Turtle Integrated system (RT) was beneficial to promote the soil nutrient
contents and fertility. Specifically, the contents of Soil Organic Matter (SOM), Total Potassium (TK), Alkali-hydrolyzed
Nitrogen (AN), Available Phosphorus (AP), and Available Potassium (AK) in the soil significantly increased by 17.82%,
15.15%, 13.80%, 37.37%, and 21.57% under the RT (P<0.05), compared with the Rice Monoculture system (RM). 2) The soil
microbial richness and diversity were improved to change the microbial community structure in the RT. In the soil bacterial
community, the Abundance-based coverage estimators (ACE), Chaol, Simpson, and Shannon indexes increased by 2.53%,
1.98%, 1.01%, and 1.76%, respectively. In the fungal community, the ACE, Chaol, and Shannon indexes increased by 7.70%,
7.90%, and 4.89%, respectively. At the same time, the relative abundance of Proteobacteria, Acidobacteriota, Chloroflexi,
Ascomycota, and Rozellomycota increased by 6.42%, 1.16%, 1.79%, 0.44%, and 2.96%, respectively. By contrast, the
abundance of Desulfobacterota, Crenarchaeota, Basidiomycota, Chytridiomycota, and Mortierellomycota decreased by 3.68%,
6.46%, 0.22%, 2.52%, and 1.26%, respectively. 3) Microbial molecular ecological networks were used to intuitively
demonstrate the complex ecological interactions among microorganisms and their responses to environmental changes. The
topological structure, modularity, and network composition were then selected to better reflect the relationship between the
microbial community and the niche functions. The network analysis showed that the co-cropping system was strengthened the
relationship between communities, leading to the high complexity of microbial network with the total number of nodes and
edges, the average clustering number, as well as the modularity of bacterial microbial network. Nevertheless, the number of
nodes decreased in the fungal microbial network, whereas there was an increase in the number of edges and positive
interacting microorganisms, indicating the enhanced collaboration among microorganisms. 4) The redundancy analysis showed
that the different soil physical and chemical properties posed the different effects on the dominant genera of microbial
communities. The contents of SOM, TK, and AK were the main environmental factors on the bacterial community structure,
whereas, the TK, AK, and AP contents were dominated the fungi community. In conclusion, the rice-turtle integrated system
can be expected to enhance the soil fertility, the soil microbial community, the microbial richness, and the closer relationship
between microbial communities. This finding can also provide an important scientific basis to explore the reasonable
cultivation mode in paddy fields.

Keywords: soils; microbiome; rice-turtle integrated system; community characteristics
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