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Abstract: To elucidate the differences in inter-root bacterial communities of Aquilaria sinensis, and to explore the cor-
relation with soil physicochemical properties, we used the high-throughput sequencing technology and bioinformat-
ics-related tools to analyze the composition and multi-characteristics of the inter-root soil bacterial community of A.
sinensis. In three cultivation sites in Hainan province (Wenshan village, Haikou city, Dongguang farm, Lingao, and
Baolun farm, Ledong), and combined with redundancy analysis to correlate the inter-root soil physicochemical proper-
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ties with the bacterial community. The results showed that a total of 7 944 402 sequences belonging to 51 phyla,151
orders, 380 families, 637 families, 1296 genera and 2649 species were obtained among the sites; the variability of bac-
terial community and diversity of A. sinensis in the sample sites was not significant, and there were significant differ-
ences among the sample sites. The richness and diversity of inter-root soil bacteria in the sites were as follows:
LDJX>LDWIJ>LGWI>LGJX>WSWJ>WSJX. In terms of community structure, the Ledong sample site differed sig-
nificantly from the Wenshan and Lingao sample sites in terms of community structure.at the phylum level, the dominant
bacterial phyla in Ledong were Planctomycetota, Chloroflexi, and Verrucomicrobiota; the dominant populations in
Wenshan and Lingao were Firmicutes, Bacteroidota, and Proteobacteria. At the genus level, the dominant genera in
Wenshan and Lingao were Bacteroides, uncultured bacterium_f Muribaculaceae, and Faecalibacterium; the dominant
genera in Ledong were the unidentified genus (g_uncultured_f Gemmataceae) genus, Candidatus Udaeobacter, and
Bacteroides. The RDA analysis revealed that the inter-rhizosphere soil bacterial community of A. sinensis was affected
by soil physicochemical factors with some differences among different sites. Total phosphorus was significantly and
negatively correlated with bacterial population differences and diversity, and pH was significantly and positively corre-
lated with bacterial population differences and diversity.The results are valuable for studying the interactions of in-
ter-root microorganisms of A. sinensis, and have certain guiding significance for the development of Hainan incense

industry.
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P FTECRRREYS , JF B0 28 1 ok i O S4B e 2 A
TR, 3 DG RERES, FHAMEIEE
SIATAE S TP DT IR IE R (agarospirol ) , Z5 53R &
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J& ( Penicillium polonicum) [EGLR i i .

KT HARTEFACHIBE >, Folpf 20
Wit T AN T B/ E AR, a8 T
SEEWE AT M LEEh KETRA . .
PRMEITR &R, 4PRERY, BERTS
SiHmRREY), Kb R R e gs | itk
B S DI FEYE o R R A OC . Hh
F5 A P T 285 7 IR A 5 PR BE DR T 1 6 R AT
THH5E, 25 R RGOSR S R
pH. MG AEE . £ U0 3 B2k + D0 F



578

A AR NTRVRE M AR A 5 7 IS AR B e S 2R TR T 45 R 25 S 5 L PR A ORH DGR T 5T 1491

)4 AR (RS . )RR, RRSE.
Mg ) 1) ek SRS R AT, SRR
B, ARG X — 12 e s 7 0
# (P<0.05) .
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Tab. 1 Sampling plot and sample information
Horesh RS LA MR e

Sampling  Sample Longitude/ Alti- Soil

site code latitude tude/m  pattern

RA&R LD 18.62°N, 109.05°E 209 G+ e

gl WS 19.75°N, 110.33°E 15 iNAR:

[fy=n LG 19.80°N, 109.58°E 98 UIYAR:
1.2 A&

1.2.1 2¥EHERE RIS T 2021 4 12 A
23 H, RH “S” BRI, 3R 1 PTERm 3
AE R B 18 A5, o a5/ AR 25 4y
B9 S8, B9 AS S FRAMIRA G Y58 3 4,
HORAE 18 I AARTARBR RS, DIBRZW, 151
MR, SREE 6~12cm WIMIAR R, BEMER, Ik
WA FEAR L 3 STHARIR R IE &b, o
2 mm §iiJ5 F-80 C BB KA _ A, — 7 H
T A R V% = T AT, AR T
&M, FE I ACYE B AT .

122 k¥ pae  HEWERGNESS
g BV R AT ) e vk, Hod
pH M E X pH it ( DELTA 320) ; AHLFRH

HRRWAREE; 2AKRHIIREZRE; WA
KBS 0 s R RER F m AR AR L
A R R ] NaHCO; 12 88 - FH BT L0 a1k 5 s
KRR TH
123 3z DNA #BZM A K CTAB
1208 25 b IX R 7 25 7 i S AR s S A A
FEAHEAT S DNA (4 HC, I 38 2o B i b e e v
VKA DNA $REUm i, [0 R 225
% DNA #EA7E R, Xt 16S rRNA 3 [H
V3~V4 @A X R Bl ¥ (341F 5'-CCTACGG-
GNGGCWGCAG-3") il ( 805R 5'-GACTACHVG-
GGTATCTAATCC-3 ) #47 PCR ¥"1 . PCR )i
Z&: 12.5 pL Phusion Hot start flex 2X Master
Mix, IER514¥) 2.5 ul, FEF L DNA 50 ng, il
A ddH,0 % K2 P % 2k 25 LI PCR 2 B 461 -
98 C 40s; 98 C 10s; 54 °C 30s, 35 MEH;
72 °C 10 min, FAHEA 3 NEE, PCR 1™
Yyt 2% BhNE A B R L vk #EAT AR . SR
AMPure XT beads [l &, *f4lifb)5 ) PCR
P f# FH Agilent Bioanalyzer 2100 ( Agilent, CA,
USA ) #l Illumina ( Kapa Biosciences, Woburn, MA,
USA ) WS iR G Tl S i SOV
JERTE 2 nmol/L LA F . BB RsiRE AL,
I e e DU P s F AR, U TR S, 48 NaOH 281K
FAEEIEAT F ML ; 5 F NovaSeq 6000 U 7 {LHEA T
2x150 bp AT , #1177 4 NovaSeq 6000 SP
Reagent Kit (500 cycles),
1.3 #HEIE

fii  Cutadapt (v1.9 ) FRA4XHI 745 2 Y raw
reads #EA T U8 ; f FH Fqtrim BAFE75 190 7 5 Y
Pl 5 5Bk, BAAEE I YT E
Reads; it Vsearch (v2.3.4) #ff, HESX A
Bl 5 BT Y reads HEATHRE 15 20 PR 5 1 R
clean reads; F:T15FM ASV ( feature ) £ 5
F=F B R 1T Alpha ZHE% 5317 Al Beta Z £
53T RH Excel. DPS, SPSS 20.0 ki1
BRI S 5B, FIIA Canoco 5 #FITAR 53
Br RIEAL EAe bR S AR RS 1Y C R

2 ZBRESW
21 WRETEEBLERSHT

XF 3 ASANTRIRE L AR B 25 75 i e AR P 14
SINTREE, 3 AREES M R EICR T R
WEES, M2 nIA, RREFELZE, IS
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BE AR ATRCRL AR O T B B TR
Sy, BATHUR A R 5, W 47.00( 2505 )
5507 (CRER) | SOGB4 & kR,
BT R E R . W —RE P, ek
HOo S5 B SR T4, SR A
LB AR S TR, RARKRLE

B RE TR 3 M R,
145 pH JEFE Ky 4.12~5.48, 1 = BUEAK K g LDIX
(IRHR454E ) > LDWI (URAEARZEE ) >LGIX (I
45 ) >WSIX (TIN5 ) >LGWI (i AR 4s
) >WSWI ( IR E ) , SRR pH
e, HRglEE . el (F£2)

K2 TRFMEAAREEENEMELEERBEUMER

Tab. 2 Basic physicochemical properties of inter-root soil in different locations of A. sinensis

FEmA s oH AL K e HRA A R TR

Sample code NOM/(g-kg™) TN/(g-kg™) TP/(g-'kg™") AN/(mg-kg")  AP/(mgkg')  AK/(mgkg)
LDJX 5.48+0.74 18.30+1.79° 0.49+0.009° 0.64+0.08° 46.28+3.37° 0.72+00.1° 138.74+4.31°
LDWJ 5.13+0.21% 23.30+4.45° 0.48+0.002° 0.72+0.06° 48.61+0.67° 0.84+0.13° 90.26+3.00%
WSIX 4.33£0.15™¢  25.80+5.04° 0.45+0.006° 2.83+0.26° 40.83+2.33° 0.89=0. 08° 132.87+£21.17°
WSWJ 4.12+0.23¢ 13.70+1.05" 0.42+0.007° 3.95£0.37° 20.61+1.78¢ 0.08+0.01¢ 120.19+10.48"
LGJX 4.85£0.12"  47.00£9.68" 0.76£0.009° 0.85+0.19° 67.67=1.17° 8.49+0.34° 64.87+4.30°
LGWJ 421£0.36%  55.17+15.77°  0.82+0.0059° 0.73+0.05¢ 68.06+5.26 7.62+0.23° 174.10+32.15°

T FSEER G A /NG 5 B3R m A PR 22 53 3% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).

22 WMETEAREEFEE. SHEMEMERE
®

X 18 A4~ 3R AR H Tllumina Miseq 1=y &1
JPIG, AEIE A RUTHNSECh 8763911 4%,
FHAR R )P 8 A 15 2T 1 7 944 402
%, VK EEZ N 252.8 bp, 18 A HEEMEALIT
H . OTU %t M ZREMEFE /N, & 2bE i SO R B
TR N 98%, T AR LA 781 1K H Ak
RS, AU FPE5 RAEAE 7840 ML 3 MR R
F LS AT EARPR H R IR B . HARFR
b 3 A AR e FE AR W3R 3, X) Simpson 541
Chaol #8%. R Z M ( phylogenetic diversity,
PD ) #3584k . Shannnon FEE L AT, HARTE
S5 B H S MR B e A B T B e B AR IR R
LDJX>LDWIJ>LGWI>LGIX>WSWI>WSJX;
AFREHEE T AR R Z A 22 R ER, KRR
90 B = RN 2R R TSI ANl & . X LR [R]
—REHL DY, SRR GG A A TR 22 25 R R
Ao SCUL I R ] 25 7 A LU 25 A e AR B 1 3
ARSI RE TN BT, R A 2575 1T H
SEIEME N BEEEE
23 RERTEMAFBRLEMIIKELSE

A3E 3 B R R TR S5 A 45 A R AR PR
- B AN TR B VR SRR IE I T 0, S5 R AL E
AN OTUs 3t 26 097 4%, 43)@F 51 41, 151

X3 AEEMAARELEENERFELEAR
Alpha S 1T
Tab. 3 Analysis of Alpha diversity of rhizosphere soil
bacterial in different planting areas of A. sinensis

Simpson Shannnon

i LB Chéf)l b

. - PD 5%
- W s JEM 8
B . PD_whol
Sample OTU Chaol Simpson Shannnon ¢ tree
codes S index index index -
LDJX 8029  9918.000 0.999 11.832 323.428
LDWIJ 6930  8958.000 0.998 11.584 314.344
WSJX 819 776.000 0.949 6.208 53.105
WSWIJ 856 847.333 0.949 6.081 39.794
LGJX 892 798.667 0.976 7.236 48.764
LGWI 1174 903.333 0.977 7.361 45.931

44, 380 1N H, 637 EE, 1296 1ME, 2649 4>
Flve LUF A3 B RORTTH IR, FE IR
G54, TETTKOE b, AHXT 35 BE A 1R 1 0 il A JE-
B (7 ( Firmicutes, 16.11%, 15.96%) . FFH ]
( Bacteroidota, 13.28%, 14.35% ) . ZIE &[]
( Proteobacteria, 4.12%, 3.92% ) . FE ]
( Planctomycetota, 3.35%, 3.67% ) . PEi 1]
( Verrucomicrobiota, 2.71%, 3.35% ) . kA I]
( Actinobacteriota, 3.52%, 2.29% ) . FEAF R[]
( Acidobacteriota, 2.21%, 2.15% ) . Z#EHEI]
( Chloroflexi, 1.63%, 1.44% ) F i i #F B ']
( Desulfobacterota, 0.55%, 0.50% ) , KSFERE]
( Myxococcota, 0.45%, 0.38% ) . MK 1 a4,
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JEEER ] ( Firmicutes ) Ml & . SIS — L 3
KBE, FESIHN 2527% . 22.26%F1 24.51% .
27.41%, HAWHCHGE T AT ( Bacteroidota )
I & 1] ( Proteobacteria ) . ¥ UiF ] ( Plan-
ctomycetota ) FIPEFLEE ] ( Verrucomicrobiota ) ;
SRR — L H A TE ] AP W 1] ( Planctomy-
cetota) , N 47.36%, 51.81%, SRZRHLIX HABAL
P T RER S 1] ( Chloroflexi ) . JE i B ']

( Verrucomicrobiota ) . H{ZE & '] ( Actinobac-
teriota ) AIZEFZ 1] ( Proteobacteria ) . AFZE # 1,
ANFIREHIE], AT S5 A1 AR B 40 R V% A
EES R—FEHN, FRFSEFTE AR PR
HHELREES.

1.00 L Other

® Myxococcota

m Desulfobacterota
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m Actinobacteriota

m Verrucomicrobiota
Planctomycetota
Proteobacteria

W Bacteroidota

® Firmicutes
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FHXTEEBE Relative abundance

& & §F O

\9 & Ve VG Q
4% Samples name

B1 MKkFHBHEZEARENEETL

Fig. 1 Relative abundance of bacterial community
composition at phylum level

24 WREIEAEHEERKTHNEETH
ANTR) AR B PR AR b 235 5 i I B AR B = 18 40
B 2K 2 Frs, i BEE 4L AT
PoRh FREAS [ AR U A E B R T SRS, R BLAT
)& (Bacteroides, 3.73%, 11.61%) . 2+ H &

( Faecalibacterium, 1.98%, 5.85% ) , uncultured_

bacterium_f Muribaculaceae ( 1.48%, 4.63% ) ,

Candidatus_Udaeobacter (0.78%, 2.70% ) , A
)& (g_uncultured_f__Gemmataceae, 0.86%,

2.64% ), RHisE)& (g_norank f__Lachnospiraceae,
0.81%, 2.34% ) , EIREJE (Lachnospira 0.75%,
2.22%) , P IRKJE ( Roseburia, 0.57%, 1.73% ) ,
E ¥R (Megamonas, 0.31%, 1.05%) , L
FFHJE (Lactobacillus, 0.19%, 0.92% ) AHA
FLEAAE R RIEP AR E . AR Hb A
8 I N AR 1D i w1 e ) s ey N G R ]

=
=3
S

M Other
m Lactobaciltus

B Megamonas
M Roseburia

0.

B Lachnospira

m g_norank_f Lachnospiraceae
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2 BAKFAEREZHEAREXNFETN
Fig. 2 Relative abundance of bacterial community compo-
sition at genus level

Z5, 1ERIFOKF U EE (Bacteroides) i
I = ASCILAE AT &8, 4338 22.17% . 17.86%
F122.57%.30.53%.g_uncultured f Gemmataceae
JE R AR AR LS AN T I - BEE N (10.40%, 10.71% )5
Horb R EE UL 8 AR = B2 2 T4
25 RERITIEME Bata ZIFHESHH

X 25 R 1 2 Ak A% 4 B ( principal coordi-
nate analysis, PCoA ) & ¥, SCIL Il =R A
T A5G AR bR T IR B A5 BCA AL, (HAR AR
Ml 1 AR A 45 7 T S AR B 1 S A R 45 R 5 e
SCIIAE AR b 22 S0k, 1 B RIS 3t P 485 38 i
JRZRAKR (K 3) , (EA[EE R 225 2 2%

0.6
®
041
X
§ 02+ *LD
e *LG
> °WS
S of
-4 o=
°
02} o
LN
206 04 02 0 0.2 0.4

PCoA1[63.69 %]

B3 AEFHMAREEETIERER
TIEMEBEE PCoA 44
Fig. 3 PCoA analysis of inter-root soil bacterial
communities of A. sinensis at different locations

26 WIERTEAFRHSHEEEHNSLEEL
FEHRHY Pearson 83X 44T
2 4 [, pH Y Shannnon #§%{. Simpson
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B4, Chaol 5%, PD FEEUEM W E EAIE (P<
0.01); 25 Shannon $5%X. Simpson 5 £t 2 i
FHMK (P<0.01), 5 Chaol #5%(. PD $8%(&
BERAX (P<0.05); AZEES PD fE%a b %
ARG, R pH. 285 AT hR X IR F
R P 38 3 2L 20 B R0 = B RN 2 R 1 52 I L
WE,

R4 TRAFBAREEFENEREIEARSHENES
TEBAERRAR ST

Tab. 4 Correlation analysis between bacterial diversity
and physicochemical properties

Shannon#§  Simpson

O \, o Chaol #5%1 PD 8%k
lnjiacz{ors Shffnon Si_n?j?on ?rtl;:; PD_t\:;I;ole
index index -

pH 0.690™ 0.592" 0.672" 0.656"
Ak 4 -0.115 -0.159 -0.078 —0.082
N -0.635"  -0.696" -0.512"  -0.492"
AR —0.165 0.177 —0.354 —0.380
A 0.138 0.400 —0.055 -0.078
R -0.277 0.086 ~0.464 -0.488"
B LG -0.251 0.041 —0.417 —0.436

T TFOR B EASE(P<0.05), TRRIE EHISE(P<0.01),
Note: " indicates significant correlation (P<0.05), " indicates
extremely significant correlation (P<0.01).

27 HEBELEMSIERERFHNTRS
# ( RDA)

FA A b R R S+ 338 40 1 B KRR S
PRAEPE B TUAR /00T (RDA ) Z55RHEF WK 4,
OISR R B — SRR SR T b0 4 A X
T3 25 WO RE LU 53300 R 93.86% i1 4.46%, — &t
fit B 98.32% 0 22784k o - HEFRAL 1 -5 4n TR A
7% RDA 7R, SRARHLIX 37 b IR+ 1%
W5 5580 2 A HbIX B, pH X AR AR Al 52 )
BK, pHHEA (TN) . A%#E (AP) | ALK

(OM) | AKA (AN) BIFMXKER; STBIEH
I"] ( Proteobacteria ) | 77 [ ] ( Planctomycetota ) .
P 1] ( Verrucomicrobiota ) . Jil £k B[]

( Actinobacteriota ) . Z¢Z F [ ] ( Chloroflexi ) .
FEEREE ] ( Myxococcota ) 5 i 1IEAHSE; TP (4
Wl ) Xl e RN SC LR b SR R AR, 4
5 pH. A . ANA . AREEE NG, 5ERE
Hil] (Firmicutes ) . ffFH ] ( Bacteroidota ) &
WEAHSE, 58] (Proteobacteria ) . YRR

( Planctomycetota ) . JEIHF# [ ]( Verrucomicrobiota ),

] ( Actinobacteriota ) . Z8Z5 ] ( Chlo-
roflexi ) . Myxococcota & FfAHK

l4r e LDIX
o LDWIX

N a WSIX
e 4 WSWIX

- = LGJX
o LGWIX

S Acidobacteriota
e® Proteobacteria

Firmicutes

RDA2 4.46%

)= Chloroflexi.
Méxococcota

Bacteroidota " Plancfomycetota
oPp ctinobacteriota
oM Desulfobacterota o Verrucomicrobiota

A_P A
TN AN

~14E. l ,

-1.6 0 1.6

RDA1 93.86%

4 AEHMBAELEENERELEAE ]S ERH
ES T EBEAERN TR
Fig. 4 Redundancy analysis of rhizosphere soil bacteria

taxonomic communities and soil phylum taxa I and chemical
indexes of A. sinensis at different locations

3 itig

3 AR ] R 7 25 TS AR PR - RN &
FEME R PRI R . SR ZR> I >3, X 3R
TEMR PR AL AP REZ IR A K, SR ARFE
TR VIR R, HALIY , R, Bk,
MR B . S AR bR, iR R s 3C
Ly A0 o A A ¥ R L B A PR L3, FEFR i 22
MRRE R, BEREV-2% . HEDU R BE R R AT BB 2 52
B REPER B T Hoh, g ptagle
X S50 T L1 I A 2 XU B bR R I 42
KJUBE NSRS IR ( PLFA ) J5 B IF45 4 T ek i
JREGWEI , HRZE AR TR S M RIS Y 5
M), 5 SRR BBV W 2 R T - U W IR 4
Fy, (EANTE A T 2, kSR
PO RS A . T RS A T 4libk B — 3 VR3S ok b +-
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