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plantations (including FCP, SCP, TCP) were used to explore the causes and mechanisms during successive rotations of
Casuarina equisetifolia plantations. The results indicated that a total of 338,560 effective bacterial 16S TRNA gene ( V4)
sequences were obtained from 3 rhizosphere soil samples, which were assigned to 17,627 OTUs. Alpha diversity indices
( Simpson, Chaol and ACE) revealed that the bacterial communities in the rhizosphere soils decreased with the aggravation
of successive rotations. The observed species and Shannon indices increased first and decreased afterwards. Beta diversity
indices showed that the bacterial community of FCP was significantly different from that of SCP. UPGMA cluster analysis
displayed that there were significant differences between FCP, SCP and TCP. Based on the heat map analysis of the
dominant bacteria at the genus level, there were some differences among the structure of the bacterial communities under the
successive rotations of C. equisetifolia. The relative abundance of Bradyrhizobium in rhizosphere soil increased with the
increase of successive rotations. In contrast, Acidothermus, Rhizomicrobium , Acidibacter, and Bryobacter decreased with the
increasing years of successive rotations. Among them, the relative abundance of Rhizomicrobium, which was related to
nutrient cycling, decreased by 311.49% and 282.16%, and the Acidibacter decreased by 176.07% and 284.54%. We
concluded that the consecutive monoculture problem of C. equisetifolia might be caused by the imbalance of the microbial
community structure in the rhizosphere soil, thereby reducing the forest ecological benefits, and decreasing the biomass and
net productivity. The results have certain significance to illustrate the reasons of consecutive monoculture problem of C.

equisetifolia.
Key Words; Casuarina equisetifolia; consecutive monoculture problem; high-throughput sequencing; bacterial community
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PR, 1 52 380 7 7 32 R A ) R R LA TR I A JRR T K A e MRS ) e R i
FE BRI ART Bt S R A K G0 g T R R R R e G A T AR R i
ARBER , BR [E NAMEAT AT S8 R T RS

BTN, W AR B A2t ) 3R 7 A B F R Y | S S IR BE A A5 %2 i 25
SYERRER . ) BB )7 T, A 22 5 1 A AR A T R 3™ B0 3R 00 R Y R T e, fie
AR ISR AN, BT S BOMR G326 77 07T B ARARBI B8 WA o S A e 8 4 T o 48t IS ) 4 it ke
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1 #MRERFE

1.1 ARSI HENL

TR RE b ek T 8 B2 R W AT D3 0K (118°55'E,24°35'N) | i%bk3 1 Ml I FR 24 433 hm?, Hi kb v [
WA X, IR X E L2 5 R TN, FRAS REAT AR AL, AE3 R 19.8°C , Mo fIGTRL 1°C, H vty =i iR
35°C , AFRE M 1029 mm, 4FZ8 % 1 2000 mm ™ | ZME A A 3 A RREU AR A TR, Hp s —10k
R & MK ( First rotation plantation , FCP) AT 1987 4F | % —{L( Second rotation plantation, SCP ) #&AH T 2011 4=,
%5 =X (Third rotation plantation, TCP ) #ZAH T 2014 4, AN[AAE M A 1 AR B FP FUMCT Al 9k 38 A — 24, 15 AR P
Y9/ B9 B VS 258 ( Koelreuteria elegans ) FliEA AR % F ( Litsea glutinosa (Lour.) C. B. Rob.) , /KT #53) N
BRI (Ageratum conyzoides L.) FYLEF 5 ( Bidens pilosa L.) , TI3EHLYS N XAV 1
1.2 TEERER AR

2018 4F 7 H , T it B2 AR5 9 0 A B 4P bk I B AR b . /E FCP SCP Rl TCP 5257 3 SRR 1
FHIE Y 20 mx20 m SCEGFEMD, AR 3 NEEFE D, 38 0 MR, SREARIREAR R 1 5% T
LU BR R U ST T AR AR R T N R 20 BRI M0AR R AR T AR R, R HTE R R 22
3 B2 L 8T AR RO R B S, RS AR AR b B R MR PR 3 /N BRI SE E B PR
. BT MBS 20 0 ARPR -8R A0 |0y 8, L3045 o i L ERE Sy, AR 2 mm G 265 HoAp
—FAEAE T —80°C VKA , 55— 3B 4% T RE 4°C VKA ARAE T T 2 1 rh il A= Wy 2R
1.3 BRI DNA 28U PCR 94

FIFHIRF & BioFast Soil Genomic DNA Extraction Kit( BioFlux 23], FPE ) 412 BUA R 75 AR b 1 3 {4 9
25 DNA, DNA ¥R 33 Nanodrop YA TI0RE , I FH 1.2% B AR REEEAS FEL IR I DNA A, PRI E R4
& DNA HIEHE KRB R Ing/pl, UUFREGE YLK 4 DNA FHH, R Phusion® High-Fidelity PCR Master
Mix with GC Buffer 17 %0 5 {4 EL/ ( New England Biolabs 23], 25 ) XF 4078 16S rRNA A V4 X419
PG IHA 515F(5'-GTGCCAGCMGCCGCGGTAA-3") 1 806R (5'-GGACTACHVGGGTWTCTAAT-3") %)
K 50 pL PCR ¥ 3R 2 | SO AR 4 :98°C TAE T 1 min ;30 MEFFALHE (98°C , 10 sec;50°C ,30 sec;72°C ,30
sec) ;72°C ,5 min, ¥ 545 2% BrE BRI AL kK I PCR =M1 B . % PCR =¥k 2L Rl R B IEAHE
A BR A FHEAT g 3l Y
1.4 Hdsrar

T AR IR BAR 22 Fast QC B EAT L5 , LA Cutadapt (V1.9.1) 2 £ BR%E 751 ( <200 bp) KAk
[T (g<25)"> , il i3 Mothur J5 3% 5 SILVA $4fs 78 X} 97% A1 B0 3 /9 A7 5% 3] 3 i #5 4F 43 2 BT
( Operational Taxonomic Units,0TUs) ** | WRAEHIFI 43 2M5 B D Fh o 2K 500 Y Fh=F BE AR Pl
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L T
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FHRFH , BRSO A ST 5 R 37618 45, LA 97% Y 7 5 AR UL B (8045 A 207 31 SR 25k 17627 4
OTU, Hii FCP ¥1{E Ky 1905 4~ OTU, SCP ¥J{E Jy 2046 4~ OTU, TCP ¥J{E Ky 1924 4~ OTU, FH M5, 4
98.6% A ZUT N AT R 190 ABAUA 38.68% Lk L A RUT AN AT SRR Jm g, F Bk it 2 mT 42 S e Joir 4k B
PR PP R B 2 15 5 B, I () S W i P g b s BE 0 R 1 AT il B e 37 4 ARk #1) 25000 2%
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Venn 0] DL EDULHEAA S R ACEOR R EAR B+ SEAH R OTU AR 22 S RSN L (&1 2) . 4R
TSR R FE OTU KL, FCP HaE PR OTU (5 & OTU FR A4 9.86% (341) ,SCP 4 ML B
OTU (%5 14.68%(508) ,TCP FHEFEMEANE OTU 5 9.62% (333) . Ib4h, FCP 5 SCP A4 /Y OTU %i& N 292
(8.44%) ,SCP 5 TCP A1 OTU %k 345(9.97%) ,FCP 5 TCP LA 1) OTU & 177(5.12%) , FCP .
SCP \TCP #RFx 3 rh G A 4HTE OTU £y 1464(42.31%)
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Fig. 1 Rarefaction curves of microbial communities in 2E
rhizosphere soils samples of C. equisetifolia Fig.2 Venn diagram of bacterial communities in rhizosphere soil
FCP . %% —1X First rotation plantation; SCP; 5% —.f{ Second rotation of different rotations of C. equisetifolia based on OTUs abundance

plantation;TCP;%E{JC Third rotation plantation

2.2 FERRARREAR PR A A0 R R S5
221 EFARREARPR AN R R Z AT

3 A R S A TR 22 R S WS B, X AR RR AR PR - SR DA R VR W R R RIS A B A TOT
i (eutoff=27075) , 13 1 A1, FEE AR ACEIE I, Chaol F5%L . ACE 55032 X F F% , 1M Observed species
Shannon F8ZUU ZBJE T FH 5 B Ak 35, (H 22 2R 3% (P>0.05) , Simpson 48 BUL-F % H & 421k,
Shannon 85T 7R , RBKETAR PR 4332 SCP (8.874) 4 1A 2 RE AN X 45 57, FCP (8.780) i/, M Chaol #§
BMTRTE  FCP Wyt 45 i ft i (2086.012) ,SCP 72 (2005.244) , TCP A% (2002.447) ,

F1 EBRARERFLEARBEFEEMSHEER

Table 1 Richness and diversity indices of bacterial communities in rhizosphere soils of continuous rotations of C.equisetifolia

pUEZINISE7ES FAIRAL I AR AL Chaol #5%k ACE 153k

Observed species Shannonindex Simpsonindex Chaolindex ACEindex
i;}fﬁ First rotationplantation 1710+24a 8.780+0.037a 0.994:0.000a  2086.012+17.612a  2067.843+47.749%
fiéj;t Second rotation plantation 1844+51a 8.8740.106a 0.993+0.000ab  2005.244+50.941a  2040.062+44.004a
?%FCEP 1)% Third rotation plantation 70106, 8.8000.017a 0.993:0.000b  2002.447:300.693a  1976.025:247.083a

BIIA R TR R 2T IB R E KT (P<0.05,n=3)
i3 Weighted Unifrac BE 2] # Unweighted Unifrac P B R LG4 it [R] 400 Fh 2 AR O A S 2 2 . FCP
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1 SCP Z [A] f) Weighted Unifrac i 2 Al Unweighted
Unifrac 5853524 0.181 F1 0.416,FCP Hl TCP Z [] 53
W14 0.174 1 0.405, SCP F1 TCP Z 7] 43 %k 0.123 #l
0.391,
222 AR KRR AR PR A0 BEVE PCoA i S
UPGMA B4t

FTF OTU BYA R HEH b - S0 B B 7% T2 A8 bR 20 B
( Principal Co-ordinates Analysis, PCoA ) 455 WK 4, &
BE5r 1(PCL) 5 E WS 2(PC2) 43l fift B 78 & 5 26 1
30.32% .22.93% , Wi & R STk %A 53.25%, PC1 4%
FCP W A #E 75 5 SCP  TCP BH . X 23 JF, PC2 ¥4 0 03 06
SCP REGATRE 7 13 FCPTCP ML DCIMIF, UPGMA g3 e st s + e 0 Weighted Unifrac 5573
(Unweighted Pair-group Method with Arithmetic Mean) % #1 Unweighted Unifrac 255
HKrEE W E 5,SCP F1 TCP M TE VS 45 B 4E /) Fig.3  Weighted and unweighted Unifrac distances between
—ANBEIR TS FCP BAETE— I A R S &AM 5B rhizosphere soils samples of different rotations of C.equiseifolia
FCP 5 SCP \TCP —EfEE K2R,
2.2.3  ERARRECHR R A RN R R TE 4 S S5 A AR Ak

TEAIRR BEMLBR - SE40 B 9 T SR ) 10 41T, "H-RFCP - BoRSCP H=RTCE
AR BEMR KA IE B 1] ( Proteobacteria ) (30.27%— TE%JI:A
34.42%) . 2 T B '] ( Acidobacteria ) ( 28. 10%—32. 01 Tep2
21%) JXLE T 1] (Actinobacteria) (14.86%—18.84%) . ng.l FCP3
PEWLBE 1] ( Verrucomicrobia) (3.79%—8.09%) (&l 6) . " e
H % 2 AT A, 78 8 7K 7 L, 3R A& (Acidothermus ) |
Candidatus Solibacter 1% - AR J& 7 J& ( Bradyrhizobium ) .
LR J& ( Rhizomicrobium ) | BR¥T % J& (Acidibacter) 7% SCPI
FFE & (Variibacter) A7 ESFT 1 J& ( Bryobacter ) /AR s + * SCP3
e BEE RS E (> 1%) , Hvh FCP R |
¥ B SRR & (Acidothermus ) |, 1) SCP ' TCP R s + 13 -0.2 -0.1 0 0.1
M1 Candidatus Solibacter X RS . B A 2 1% FRILPCI0032%)
R ACEIE N, AR B 38 IR T (Acidothermus ) FRH 4 EHARERIR MBI PeoA ST
148 ( Rhizomicrobium) . TR AT )& (Acidibacter) A [GFF ~ Fig4 PcoA analysis of bacterial communities from rhizosphere
B ( Bryobacter) 1 HXF 2 o P2 F W8 #A 38 0 P soils of continuous rotations of C.equisetifolia
¥ & (Acidibacter) BARXT 3= BEAE FCP  SCP [ TCP Z [H]
() TR SR R E K- (P<0.05) o SR, 18 A iR TR ( Bradyrhizobium ) HRHXT 4 B2 Bt 4 4k A CEUA 16
XN, Ak, MO RR B AR B 38 i 35 A0 3540 B 7 JB /K7 1B I8 3B e At il DU Y R RR R AR S +
MR BEE AR SE LA T REAE(ET)

FS2 PC2(22.93%)

* SCP2
Il

3 FrE5rig

FYIR AR SR PR E IR A ) - D E v 235 1R - H U ) = F AT AR PR AR A
W EL Y R YR AR S R GRS W TR RS B AL iR IRl o e A
PENE G ARHFAE L iR A AR AR BEAR R AN R R R LA TR T, A5 R AR E
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Fig.5 UPGMA analysis of bacterial communities from rhizosphere soil of continuous rotations of C.equisetifolia

AR R P S A0 R R v ) A S S M R T R R A

b/ A T TR S oty o EEERIT e MR
HEZ:3 @;Hﬁﬁl%u,ﬂtﬁﬁwri%,ﬁi@ﬁ%m Simpson ;BT SEMT] BRI
Chaol \ACE 5 %4 b & % % 18 5 (% 38 i 1 F B, Observed C HETT = ST = BTRET]

" - < AUHIT - eI
species ,Shannon F %5 LSS 5 10 a3 28 1k i # 100

AN—Z) JE R AT B T R A M STOAS F A — B0 AR
2 ARMIREDFR R T, X5 £
SEAN TR REVR 22 REPE T3 T AL AR B, (H 5 28 4B 1 45 Y i
i DGGE S Afridi bt 58 A2 AR B 4 B 40 B A % 1) 45 R A —
B, HEMATRE R R TR TR R 22 5 i 22 51 |
1 S T A DR 2R A O Y 2 R AN — B

2050 BT 3% R A R BOAR PR - 18 40 DA A U 2 R S 4 0
FaZS At 110 6 W1, AR I PR RO R R B L M B e B e N
TENTKF B 1) S A A RS TE W 1] ( Proteobacteria ) , 53
S5 FCP | SCP |, TCP AR By 4 3% 5 40 1 - B2 19 34.42% | .
30.27% .32.34% ,UES: T 22 P 11T 12l E 32 25 AR A Fig.6 The relative abundance of predominant bacteriain
TEREVE (PR3 RE, 5 Bazylinski 557 BB FE A58 — 30, rhigospheric soil samples of continuous rotations of C.
12 A= AR IR TR & ( Bradyrhizobium ) SEF IR o ZZIE BN equisetifolia at the phylum level
— PRI T O T LA A R IR B A R R
BRI B SR S AT 2 A W mT AR R AT 2K, 1 42 ( NH, ) s34 (NH* ) V7 A pR B 2 5 2 A9 45 08 A= [ 500
Fifr 22— AT L A MR TR DA [ SO O VD R BE . AEARHIE ST B 2 3 AR A B 1 i, 18 A AR T
( Bradyrhizobium ) (AN F- FEREZ G N2 132.57% ,244.81% , H. FCP \SCP Wi# 5 TCP 1925 53k b F/KF- (P<
0.05) . HRHRED W 5T KA T RN VR ZREVE TS O E5E— 8, 5 2 M, AR PR 39 b A R 1T
(Acidothermus ) AR50 J& ( Rhizomicrobium ) \FRF¥T 7 J& (Acidibacter) A FRAT T8 ( Bryobacter ) WAH X =E B 5 R [ #4
P, AL T BIRGLEEE ( Rhizomicrobium ) JeAE 1 IERNEH fFwed B2 L) S A pL i B vh R 2R
PEE L GEC7 VN , M & i AR A BB 38 0, MR T B & ( Rhizomicrobium ) W A Xt =F B Bl 2 &K £
311.49%.282.16% , HFCP 5 SCP [ TCP W # [ 22 51k . 2 7K V- (P<0.05) JFRFT B[] T HYBRAT 18 )& (Acidibacter )

0.75 -

025

FAXFE BE Relative abundance

|

Bl6 HHAMARLEASBEETKFRBZER
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Fig.7 Heat map analysis of the main bacteria in rhizospheric soil of continuous rotations of C.equisetifolia at the genus level

F2 EBRARERERIEERKTHAFHERR

Table 2 Information regarding the bacterial community at the genus level inrhizospheric soil of C.equisetifolia under successive rotations

X} FE FE Relative abundance/%

J& Genus
FCP Scp TCP

AR & Acidothermus 5.2841a 2.498h 3.5629h
Candidatus Solibacter 3.7661a 3.7932a 3.9471a
18RI B Bradyrhizobium 1.6103b 2.1348b 3.9421a
WM 8 Rhizomicrobium 3.4669a 1.1130b 1.2287b
FRAT I8 Acidibacter 3.6959a 2.0991b 1.2989¢
KT Variibacter 3.6171a 2.2727b 3.4595ab
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AXT = Relative abundance/%
J& Genus
FCP ScP TCP

5 ECAT T & Bryobacter 2.5793a 1.5328b 1.6707h
A5 [CTE )& Burkholderia 0.8815h 1.3777a 1.7593a
H16 1.2533a 0.7842h 0.7707b
Terracidiphilus 0.7436b 0.9037b 1.2213a
WL H & Actinospica 0.1404b 0.4481b 0.8593a
SeI% G Crossiella 0.2425¢ 0.4087h 0.9701a
AT 8 Geobacter 0.2622h 0.5134ab 0.8199a
IYRFFHR R Mycobacterium 0.4986h 0.5368b 0.8384a
&% 4 LT J& Pseudolabrys 0.3804ab 0.5405a 0.3053b
BETETR Strepomyces 0.2278¢ 0.474h 0.6316a
Bk ¥E)E Edaphobacter 0.4666a 0.0246b 0.0320b
FLAFH R Acidobacterium 0.5392a 0.0813b 0.1305b
IV )E Phenylobacterium 0.4555a 0.1108b 0.0874b
F5 WU TG )& Acidicaldus 0.4925a 0.3533b 0.2979b
W& Clostridium sensu stricto 1 0.3029h 0.4112a 0.3977ab
Mizugakiibacter 0.3817a 0.0111b 0.0037b

BEHIA R FREFR IR 22 58 B FKF (P<0.05,n =3)

S FLA 43 fift R 1 RS R B8 8 [ RR Mk ) I ) A 25 R AR SR o Bt T AR AR R N, IR AT PR
(Acidibacter ) FIARRT 32 BE Bl 2 AR 24 176.07% 284.54% , H. FCP SCP 5 TCP =3 2 ] 122 53k . /K F (P<
0.05) o FHULAT UL ARR B VAR 5 AR PR T IR W RE VR 4540 A8 T olAs . SXRP I 4 vl e 2 i TR &R A2 o
JIT 7 A B TR AR AN 5 | S 1Y), AT S BOR PR A W & A A RS . A B I mT DA 42 l [ 2 sE M AR P 2
PRI RI A K B 7, T AR PRAAE M AR SE B RN A P AR R ) A AR SR g R, AN R
el BRI A 5 25 08 1 RS L A RIS A e T TR ) A K B 38 e, DA (B B AR Y AR ), 1 AR A 1 K
A XA A ST K B, AR B B2 B R X 2 i R ) TR R R A 3 AR P - el A
TR G50 KA

ARHFFEUESE T AR E I PR — AR5 | AR PR AN P R VE 2540 K A T R Mh, R R e A 2 A
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