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MR 273 m®, A EE P9 % G A 1 T AR
27m’, AMUBIKAE, FEFHIE L9E1.0m, JETE0.7 m,
0.5 m, BRFKRESN, REHRE IR AEK GRS
520 dGR 3 J) A 1002 10 gZe A7 HY 44 Fit
(Cyprinus carpio)o FEAIKAE A B (B At FH A4 24
H A WK A I L AR5 7E5.0~10.0 cm, KT 4H
OH JEAT RS, i FFI A iy D 4 A 5% ) 7K e i o« 48
A7, BRIEIFE 20 emx20 cm, 10H 25 H #E47 7K 5
Wkl CKA5RCHLFT i R4 S JE AR, it FH 2k
0.225 kg/ m*, K AFFIAE FT— Mt -

1 XWHHETRE
FEERIL/EE: RC;. RC,w RCy: FEHIH/EM: CK;. CK,. CKj
Fig. 1 Schematic diagram of experimental terraces

Rice-carp co-culture terrace: RC,, RC,, RCs; carp monoculture terrace:
CK,, CK,, CK;
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58, WGBS ENEY, 2508
B kRE S B —d, HLsd, Bk, BT
SDNA#REL,

1.4 KR EIRIBACME BN E

2k D AL M Y - SRR AR Ik BN
RFHBE , e p HAE I 2 R FH 1R 0 J52 3% 366 vl
L, A HLET R R R — B R VA TR AL
L, TN E R YL E Rk, TPl E R H]
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R, OB E SR R R BN R S — P B P L
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1.5 #HAREZEDNAREL. PCRY 1 XM

HWIEE.Z.N.A." soilid /1] £ (Omega Bio-tek,
Norcross, GA, U.S.) Ui B #E47 B DNAH %,
DNA ¥ B F01 40 2 F] i NanoDrop 20003 17 41,
FILFH 1%50¢ B W 68 1 rL Uk K I DNASR IO 58 5
338F (5'-ACTCCTACGGGAGGCAGCAG-3")Fl
806R (5'-GGACTACH VG GG TW TCTAAT-3)
ST V3~VAT] A4S X AT PCRY 1Y, 7 HIFE )P
95 °CHIAE 3 min; 95 °CZAEE30's, 55 °Cik k30
s, 72°CIEfHi30s, 27PMEFF; 72 CCALE(H 10 min
(PCRIX: ABI GeneAmp"® 9700%), #"# 1A 2 H20
uL: 4 puL 5xFastPfuZZ s . 2 pL 2.5 mmol/L
dNTPs. 0.8 puL5[4#)(5 umol/L). 0.4 pL FastPfuZf
48 ; 10 ng DNABIAR

57 FH 2% 3 B A 8 e LU PCR™ 91, F
AxyPrep DNA Gel Extraction Kit (Axygen Biosciences,
Union City, CA, USA) #E474lift., Tris-HCIFER ,
2%t g Al B 0 FEL VK R o 1) FH QuantiFluor™-ST
(Promega, USA) 47 | . 45 1lumina
MiSeq¥- 15 (Illumina, SanDiego, USA)fp i #5 /FE #1L
FEAG A0S (943 F Bt S PE 2x30009 SCHE . 14
HSCELTE. O Y FIRHEk; O gk
i L BRIE Sk A3 R B @RI HIPCRY 1Y i 4T

PERBAR 1 B A @A E, 724 L EEDNA
A Bt o Al luminaZy & () Miseq PE300 - 5 #E 17
Wy (b5 AR BE 2R BR S | o

1.6 TSR

J 4 I 3 48 Trimmomatic 514 i 4
il FIFLASHER (4 #E 15 PF 4% . D& 50 bphy
F, R g 0 e F 4 I 20 bp, B H
T i o7 B AR R S u T A R A, Z R R
% 5 4 5 K BE IR T 50 bp U FE 81 s QAR 35 8 B il
Heoverlap, Wi ¥ AT P, PHERT overlap
Z Il KAB LR K02, KEFR KT 10bp; O
P2 77 %) & B W5 3 Y barcode 1 5 | 904 8 5 3k 0 &=
FFAFEA, barcodeFF K HHVCES, 514 fL 4270
FERRETC, RBRAEAERIRIRILR T3 . 3T HHUPARSE
AT, AR 97 % M AR AL X PP 31 #E 4T OTU SR 26,
IFAE R IR L AR b L R R B AR A AR . R
RDPX 4§ 25 7 S #EAT W)l 73 2R TE RS, HEXT Silva$l
P (SSU123), B8 Hxt B N 70%. 5 H 4 45
FRAEVE R . A W 22 R R B S 2 R A
X 3 B 1) 22 73z H Canoco 4. 583647 5087 o

2 4R

21 MWHEXTHMREELRBAMR

Xof 1 A AR X R A A B AR R AT T
WE, HhACR B, 2R 2 1] Fef B 4 138 2 A 1
AR R (1), HCKAAA L, RCH +IEMA
ML . BVA. BB EA LR bR A A BT REAR, H
HipH . BV I R 1Y 6 A5 35 R AR (P<0.05),
DR % 8 4 R O AR RS I, R A 51 AR T RS —
R AER A G R G B WA o
22 FHEATHRSEENFERE XL
RBRaEmHRES

T A X BT A B S0 AT AL B, SRR
I P B RIS R 7 510, 33 ER AR B L3RR T

F1 BHRATHEATREBLMER
Tab.1 Soil properties of paddy field in two models
iseibee) AR /(mg/ke) AR /(mg/kg) KEMEE/(mgke) HB#i(mgkg) SEAgkeg) HEH/(mgkg) — AHLT/(gke)
treatment pH NH; -N NO; -N hydrolysis N total P total N available P soil organic carbon
CKS  5.23+0.17"° 11.64+2.18" 1.93+0.49° 225.39+33.83" 649.72450.44"  1.44+0.04° 11.66+8.86" 46.14+1.42°
RCS  4.89+0.04° 8.30+0.33" 1.15+0.38° 181.06+22.15° 430.64+41.47°  1.32+0.15° 4.2240.97° 44.61+1.89°

VE: CKS.FEH HAER)Z 541, RCSFEHIILIER)Z 54l ; AR 7RG 7R B3 % 7(P<0.05); T

Notes: CKS. surface soils of CK group; RCS. surface soils of RC group; the different letters mean that there are statistically significant differences

between groups(P<0.05); the same below
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2033 016555 K4 16S rDNAJF A, B REA = 1R 1
HROFHIEH H21 268~146 7795, A BUF I
S B R437 bpo KT P SR AT 97 % AH ALK
FOTURI 43 H- P Fh i B, mT 4445 6991~0TU,
SENSANTT . 128104 . 2490 H . 4784 F}
989N . 19924 Fl

X £ FEA R T 1% B 3B T TR AT 40 BT %
W, FERERI K IARCW T, FEERT1%
M4 64>, Hov 4 Xt 0 B v 1 2 2 2 AR L B 1)
(Proteobacteria, 63.11%). Ji{Z& T | ](Actinobacteria,
12.94%) . JEEEEE ] (Firmicutes, 8.88%); 7EH.Fg
B KA (CKW) T F B2 R T 1% 1A 84>, Hirp
BIE T 17(50.53%) . L BE11(20.19%) ., JERETR
IT(14.37%) 5 P 4 XL S b A7, DA o o 7 4 =X
7k1$tiﬂﬁ;ifﬂ£%ﬁt$§\%ﬁ$#ﬁlﬁ], #5 A AR T T
T R JERERT](K12).

Efra@%/J/E*%iﬁ%Ei%(RCS)EP, FREK
TI%METTA N, 535 AETEHE11(29.87%) .

1.0 ~

0.8 -

RS ES
relative abundance
>
N
T

o
~
T

02

2372514 1] (Chloroflexi, 25.13%). HMZEHI1(11.04%).
JEBETR [7(9.21%) . BRFT 1 ['](Acidobacteria,
8.65%). PUFTF ] (Bacteroidetes, 3.14%). filfk
B2 7€ 1§ ] (Nitrospirae, 2.36%). (Aminicenantes,
1.78%) . WRHER ] (Spirochaetae, 1.06%); 1E .
A RZE L HCKS)PEERTI1%ETA
94, Ayl AR IE B TT(43.10%) . AT
(16.36%). L5 B 11(12.32%) . FRFTH11(7.90%) .
JERETE1(6.35%) . WATTE1(3.12%) . fiFffL IR iE
B11(2.10%). FEME T(Verrucomicrobia,
2.08%). ¥F% &l ](Planctomycetes, 1.75%)., 27}
B A R R 2 LD, FERT 1% IR

W A R m%zeﬁq:wz*@“n 2 B
T, R ET] . BRI SR E AR
LR, RCQEEP L 11(29.87%) . R

(11.04%)F B 53 5 i Z K T CK4 (43.10% .
16.36%)(P<0.05) (%13); MLt H1(25.13%). J&
BETA17(9.21%)F 4 ) . 3 & T CK41(12.32% .

I 1gnavibacteriae
I Saccharibacteria
I Parcubacteria
I Aminicenantes
M Planctomycetes
- Spirochaetae

I Verrucomicrobia
- Nitrospirae

Il Cyanobacteria
- Bacteroidetes

Ac1d0bacter1a

[ Chloroflexi
Il Actinobacteria
- Firmicutes

Il Proteobacteria
B il others

RCW KW CKSR

ﬁ- i

samples

RCSR

B2 BMRATHEMHARSENFE
CKSR. i M HfE AR L 341 : RCSR. RESRSEfE AR L34 : CKW. 78 A PR 4L: RCW. RS SEf K 201 RCL % 8 3% 1 8 fy i

4, TR

Fig. 2 Relative abundances of the dominant phyla in paddy field under rice-carp co-culture and rice monoculture models

CKSR. rhizosphere soils of CK group; RCSR. rhizosphere soils of RC group; CKW. water of CK group; RCW. water of RC group; RCI. carp intestinal

of RC group; the same below
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(@)
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Fig. 3 Differences of relative abundance of microbiota at the phylum level in

rice-carp co-culture and carp monoculture models

(a) surface soils; (b) rhizosphere soils

6.35%)(P<0.05),

FERE LR R R L RCSR), F
KF1I%WEITAE 104, 05 728 W 1]
(37.85%) . L2 I1(21.31%) . BRAFH& ]
(8.61%) . HUFFEHI11(6.75%) . ML 1(4.37%).
JERETE](4.23%) . HALIRBERR1(3.05%) . BRiE
EH17(2.72%). (Aminicenantes, 1.73%).
(Ignavibacteriales, 1.43%); 7EHRFRFHIAMR R 1
(CKSR)H, FERF1%MEITH 114, 5k
TILBI1(40.3%) . S 1(12.57%) . BFFHEI]
(9.22%) . MRFFIHI17(8.83%) . W 11(7.73%).
JEBEFE11(4.92%) . fEALIRBE TR 11(3.60%) . MR JiE
REETT(2.91%) . TEBETT(2.02%) . 340 &
(Cyanobacteria, 1.15%). (Ignavibacteriales,
1.15%) PR R FRAHE AR R 38, B
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M BB RS, W KR A K Bl , TE
WA i 22 57 (1%14).
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1500 ¢
1000 ¢

500 ¢

o
o
o
— &
=

FEEY
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AbPRH
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B4 AMEXTREDHSHEYE

P o AN [R] 7 B AR 2R AL B4 1) A7 7 IR 35 22 57 (P<0.05)

Fig. 4 Diversity index in paddy field in two models

Different letters in the figure represent significant differences between treatment groups (P<0.05)

R i VB9 HR 28 (RCSR) Iz %6 J2 (RCS) Fl A H
HVEAR R (CKSR) S 3K J2 (CKS) T 41 e b
R AT AT L T S AR 97 % i AH AL
TEFH)5 10900TUH, A2 6351 0TU N4 4k
FHZH A FOTU, [ M OTURYS1.58%, LEAMAE Y
PS4 A5 76 45 2 Z [ B A b (81 5) . [ 4l
EHMEIAOTUSEH , Hh WP =/0oTU
1, RCSRERCSH I EHHERZ, A3 63511k

R R 2 R CKS

TR R 3840 RCSR

5 FAMHEATRELIEMKIEREAZOTU Venn[F
Fig. 5 Statistical result of OTU of samples CKS, RCS,
CKSR and RCSR
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AOTU, TMCKSRMCKSH, HAOTUN3 2611,
WA T 374 OTU, X Ul B, 38 i i £ 7 5
AT BH S i e 962 MR R 4 R TR S T o

Kb A B 2 4 Fh 2 R Y 334 FE A NMDS -
weighted/P#T Al & i, Wil . FREEKE . RZE L
R R LAY I B, MR AR Y
AR R REE i (El6), HstressfH
J90.041<0.05, FBH o #7 45 B B WA AR &
P, BESE AR E R, A EEA IR
AR 2Z S, MREZS KR TN ZESR,
Hop R fE R R ESR, AR —IK,

24 FHEATLIREREFRBRSLIRIER
Sl -k sP S

XA R R B SRR R
AREEFWEITRASIAL, KT E D
1Y IR S 48 T & (Anaerolineaceae _norank)(E44H + 3
FE P B A F AR s, WA R E
(P<0.05), H:AFRCS. CKS. RCSR. CKSR# MHH
Xt A I 9.22%+2.15% . 1.58%+0.57% . 9.43%+
2.94%. 4.91%+2.71%(#%2), TERCEZ LHEH,
Aminicenantes_p _norank. Chloroflexi p unclassified
Clostridium_sensu_stricto 1. Clostridium_sensu_
stricto 12, Syntrophaceae_f norank. Gemmatimona-
daceae_f noranki# J& WX F FE 1 2 5 T CK4A
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Fig. 6 Difference of bacterial communities in water,

sediment and intestine samples between rice-carp co-

culture and rice monoculture based on NMDS analysis

(P<0.05),
Chloroflexi p unclassified. Gemmatimonadaceae
S norank i J& W AEXT - BEAEAR R LI i 3
T CKA(P<0.05). RCEEAMR A I rp 77 A
I & Sideroxydans, HTEM ZR 39 &5 A 4 X4
¥, BEE T CKAL(P<0.05), )2 H1Eh 34
PETH (Methylocystaceae _f unclassified). 5 (0 FF H
(Xanthobacteraceae f norank). i 4lTH
(Cyanobacteria_c_norank) . {6 5.1l % (Xanthomon-

H¥Aminicenantes p norank.

adales_Incertae_Sedis f norank)%%f%ﬁﬁ%ﬁ?
CKH41(P<0.05); M, LR -8 H L f 4%
ET@HT%‘EKJ*HXQ‘EEEEBE%&E%CK?E(RO.OS)O
BB RIS, RBZEHERR LR
R Z AN F R 2 5 W TR R

P 10F EE 2 TR 58 H S+
AL M TR Y A8 AL SORDATUAY 0 BT, I e 7
HWENTZE R, 4R BN, mr2Hr A
(KRR {5 53571 0.965110.019, AP (<0.536 6). pH
(—0.761 4), TP (-0.910 5). HN(-0.659 6). NHj -
N(-0.721 0). NO3-N(—0.542 3)FE 57k T4 —HE
FRh, 2N R S IR OC R B BRUE T A
98.4% (K 7)., W M1, M2, M3, M4, M5,
M6FIpH, TP, AP, HN. NH;-N. NO;-Nfi
X5 M7. M8, M9. MI10FIpH. TP, AP. HN.
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Tab.2  Percentages of rhizosphere and surface soils difference represents genera in two models %
i . WA T ROSEEARR AL AR e
species name RCS CKS RCSR CKSR

Anaerolineaceae_norank 9.2242.15 1.58+0.57 9.43+2.94 4.9142.71
Aminicenantes_p_norank 1.79+0.45 0.10+0.03 1.72+0.57 0.38+0.33
Chloroflexi _p_unclassified 1.65+0.17 0.17+0.03 1.25+0.39 0.20+0.14
Clostridium_sensu_stricto 1 1.42+0.30 0.94+0.12 0.50+0.30 0.70+0.37
Clostridium_sensu_stricto 12 1.09+0.23 0.50+0.11 0.55+0.30 0.33+0.13
Syntrophaceae_f norank 0.96+0.22 0.50+0.13 1.11+0.45 0.88+0.21
Gemmatimonadaceae_f norank 0.28+0.12 0.13+0.04 0.36+0.13 0.15+0.03
Methylocystaceae_f unclassified 3.4240.33 7.12+1.02 1.67+0.73 3.63+1.37
Xanthobacteraceae_f norank 2.64+0.59 4.29+0.70 1.14+0.59 2.63+0.91
Xanthomonadales_Incertae_Sedis_f norank 0.51+0.08 1.344+0.16 0.48+0.21 0.71+0.39
Cyanobacteria_c_norank 0.48+0.12 0.87+0.23 0.75+0.36 0.66+0.23
Sideroxydans 0 0 4.27+6.40 0.37+0.21
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Fig. 7 RDA ordination biplot of ten major genera and
soil environmental factors
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Microbial community structure of the rice-carp
co-culture systems in Hani Terraces

NIE Zhijuan', LI Feifan’>, ZHAO Wenwu®, XU Gangchun', LIUBo ',
WANG Yuyu', SHAO Nailing', HU Jiawen', XU Pao"

(1. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214128, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. National Fisheries Technical Extension Center, China Society of Fisheries, Beijing 100125, China)

Abstract: This study was conducted to explore the ecological advantages in the rice-fish co-culture systems in
Hani Terrace. High-throughput sequencing technique was used to analyse the bacterial diversity of water, surface
soil, root soil and carp intestine (16S rDNA) between rice-carp co-culture (RC) and rice-monoculture (CK) models.
The results showed that Proteobacteria, Actinomycetes, Firmicutes, Chlorobacteria, Acidobacteria, Bacteroidetes,
Nitrospira and Bacteroidetes were the dominant phyla of the rice-fish co-culture systems. Compared with CK
group, the relative abundance of Chlorobacteria and Firmicutes in RC surface soil significantly increased, and the
significantly increased genera mainly included Anaerolineaceae norank, Aminicenantes_p norank,
Chloroflexi p unclassified, Clostridium _sensu_stricto 1, Clostridium _sensu_stricto 12,
Syntrophaceae f norank, Gemmatimonadaceae f norank. The relative abundance of Chlorobacteria in root soil
was significantly increased in RC group compared with CK group, and the significantly increased genera included
Anaerolineaceae_norank, Sideroxydans, Aminicenantes _p _norank, Chloroflexi p unclassified,
Gemmatimonadaceae_f norank . The dominant phyla of intestine bacterial communities in RC group were
Firmicutes and Proteobacteria, and the relative abundance of Firmicutes was 58.59%. The pH, total nitrogen,
ammonia-N, nitrate-N, hydrolysis nitrogen, total phosphorus, available phosphorus and soil organic carbon
contents were lower in the surface soil of RC group than the CK group, and the pH, total P and available P were
significantly reduced. Sobs and PD indexes of bacteria in surface and root soil of RC group were also increased,
and these two indexes were significantly increased in the surface soil of RC group. In brief, the introduction of fish
to rice farming ecosystems changed the physico-chemical properties and bacterial community structure of surface
soils, and also affected the microbiota community structure of root soil and fish intestine to a certain extent. Our
preliminary results provide microbial ecological evidences for the advantages of rice-carp co-culture over rice
monoculture system.

Key words: Hani Terraces; the rice-carp co-culture systems; microbial community structure; high-throughput
sequencing
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