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Abstract: To reveal the characteristics of rhizosphere bacterial communities of endangered plant Abies
ziyuanensis L. K. Fu et S. L. Mo, the composition and diversity of rhizosphere bacterial communities of A.
ziyuanensis of Shenbaotang, Sanjiaohutang, and Wenxicun populations in Guangxi Yinzhu Laoshan
National Nature Reserve for Abies ziyuanensis were investigated by using high-throughput sequencing
technology, and their important soil influencing factors were analyzed by combining with soil
physicochemical indexes. The results show that a total of 26 053 bacterial operational taxonomic units
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(OTUs) are obtained from the soil samples of the three populations, belonging to 1 592 genera; the

common OTU number is 4 746, and the common genus number is 656 of the three populations. The

dominant bacterial phyla of the rhizosphere bacterial communities of A. ziyuanensis are Acidobacteriota,

Proteobacteria, and Actinobacteriota, and the dominant bacterial genera are norank_Subgroup_2, norank _

Acidobacteriales, and norank _ Xanthobacteraceae. The diversity analysis result shows that there are

evident differences in rhizosphere bacterial community among different populations, and Wenxicun

population shows a clear separation from the other two populations. The pH value, total nitrogen content,
organic carbon content, available phosphorus content, and available potassium content in rhizosphere soil
of Wenxicun population are significantly (P<0.05) higher than those of Shenbaotang and Sanjiaohutang
populations, while the available nitrogen content and ammonium nitrogen content are significantly lower
than those of the other two populations. The redundancy analysis result shows that the ammonium nitrogen
content, organic carbon content, and available phosphorus content in rhizosphere soil are dominant soil
factors influencing the rhizosphere bacterial community structure of A. ziyuanensis. The correlation analysis
result shows that the pH value, total nitrogen content, available nitrogen content, ammonium nitrogen
content, nitrate nitrogen content, organic carbon content and available phosphorus content in rhizophere
soil of A. ziyuanensis have significant or extremely significant ( P<0.01) influences on relative abundance
of some rhizosphere bacterial phyla. The comprehensive analysis results show that different A. ziyuanensis

populations possess unique rhizosphere bacterial communities; the growth of A. ziyuanensis of Wenxicun

population may be affected by the imbalance of nitrogen forms in rhizosphere soil, therefore, ammonium

nitrogen fertilizer can be appropriately applied to improve the growth conditions of A. ziyuanensis in future

conservation and management.

Key words: Abies ziyuanensis L. K. Fu et S. L. Mo; rhizosphere bacterium; soil physicochemical

property

FVRE K2 (Abies ziyuanensis L. K. Fu et S. L. Mo)
ZAEL (Pinaceae ) 3 #2 I8 (Abies Mill.) H ¢ Fv K| [
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SR oA T A ) U2 A ) mPE A
ST e AR 9 OR P R 3 A B R xR
P& AR AP X 3 A BE PRV A2 R AR PR 4 TR 2R 17 L
B IPEE G I BT, SRR PR A R VR 454 5



36 N7/ I AR SRS A

33 4%

TR 5C AR TR A ST AR B 40 1 A4 22 RE R
Vi Al A8 SR R TR, DAY 7 W DRV A AR s A R
VAL D — DR TR A B PR P RCR SR A PR
22

1 B9 RBEARAE 5T 7 %

1.1 HAREXER

DA PG BT ELAR AT 2 LU DR DX N R S 30 | = A 1)
R SCER 3 A0 18 3 ASBEIRTAZ T 2R B 500
G0 T B IX (AR Z 11032427~ 110°3506"
Jb4h 26°15'05"~26°19'15") v T B PR E AL, 2 %R
VARSI 5 S RIS AR AR 7 il 1 b ST b4ty 2 XL
DX AR PRS0 13.1 C Bl UR-11.9 C i<
1k 34.0 °CAEREKEE 2 065 mm , 44525 SOMIXHT B
85% %, HH MR RECL THEA 1 754 ~1 822 m
Z ), KRR AR A 5 ~ 37 em, B A BN ETAT
Franch.) ., 2 i #& ( Eurya
semiserrulata Hung T. Chang) FlH X ( Quercus glauca
Thunb. ) 2H Ji /9 %5 bR 3t 5 = #f 0 I Fh B 2 T 18 4k
1731 ~1 940 mZ[A]  FEARNIAE N 3~26 cm, EEES
NEIAT BB AL HY ( Rhododendron latoucheae Franch.)
FIAAT ( Schima superba Gardner et Champ. ) 2H i A% %
ARl SCRFSFIREALA 5 Bk BT IR AZ , HLHFHROAR X L
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( Houpoea officinalis (Rehd. et E. H. Wils.) N. H. Xia
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CWGCAG-3") H1 805R (5’ ~GACTACHVGGGTATCTA
ATCC-3"), PCR e WAk & BA TR 30 pL, 17 2x
Hieff® Robust PCR Master Mix 15 pL,341F F1805R 4%
1 wL,DNA #i#R 10~20 ng, TR KM E AT, PCR 2
I SAERTT 195 °C FUAEPE 3 min;94 °C 7820 s .20 °C
1B k20 s.72 CIHEM 30 5,5 PDMEFF ;72 CHEfH 5 min;
10 CIRFF. ¥4 PCR =¥ 50 B 4lifb J5 4T DNA SO
Fy 8 I 58 B e 3 T
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Jidas, 25 B R v o e AR A AL | O AR AR B B T
(10 bp) X R 5t DX A7 88T 5 o B 455 A R E
BEFE (N) A3 58 1Y reads , I XK 2% 1 10 ¢ 91 4T
MR TR L ITIR PR G I, ZREA HE
(RS fd ] Usearch B4 4% IR 97 9% AHAUPE XS E H
2P 5175 25 E 570 (operational taxonomic unit,
OTU) 2 fE R L b L itk & 4K, 15 3 OTU 4R
RITPIN; B Jm BT A AL 3 e 2 OTU AR 7
A, i S AERIT IR TE 97% LA E /741, A
OTU A%,

FIF EXCEL 2010 1 R 3.6.0 3317 4cd b 71
Kol &, AR Qiime BAFHHEEARXS 252, F ] Mothur
1.43.0 #3155 Shannon $5%% | Chao $5%k , ACE 454
1 Simpson T840 % o ZHEEFREL, FIT R 3.6.0 3K {4
#J vengan f12 | 3L T Bray-Curtis F 25 B9 9F & o £ 4
R ( nonmetric multidimensional scaling, NMDS) 8 Z
FEPER T RAGEDE | JF R ] Adonis pRECH 17356 T 22
SR Z 0T 22508, 2T OTU 7KK SR HITUAR A0
(redundancy analysis, RDA ) 7% 3 H 1 338 2 4k 4 o %
PRIRVR AR TS AR PR S5 M52, ] SPSS
19.0 BRAXF AN [R) T RE 200 T 2 Bl ik A7 B DR 3R T 22 0
(one-way ANOVA) F1 2 & i (/N & 22804 )
FFRH] Pearson AH OC 5 B0k A6 50 9% IR V2 A2 AR PR+ 4%
PR 5T 55 40 B 1T (CREOOE = BE R 10) A X = B2 19 41
Ktk

2 HERFH

2.1 FEAZRRAREARS

2.1.1 MAFLERHH M35 AR RIS A
HRASUFHNECH 2 204 789 (SF-HIHEANKE A 850UF
GIBCH 62 994)  HgE I = £R I E AN SCIE A R REAYSE
WA ROFIVET 9k 58 756 .53 474 104 264, &
AR 0P 5 3 (P<0.05) Z T s
= FAEAE AR SO T R I TE 99%
DL, R 35 A - AR A RE IS 1 T 3 A K
T AT AR TR | LS W YRV AZAR B 9 v ) 40 B RV
fFE.

2.1.2 OTU # =447 Z5R (K1) BoR .8 ffs
IR 97% 7 SWARAIME K I 3 A4S BE TR AZ R AR
PR -4 v 3L 4R 15 26 053 N4 OTU, SR JE T 67 1]
194 44 459 H 781 B} 1 592 J& . #5238 . = Ff 1 38 F0

SCIE R FPEE B OTU %543 51 o 14 304, 14 860 F
12 738, Hir 3 AN FPRERE A OTU %530l 4 074,
4 556H16 320, 43 i i OTU 01 15.64% 17.49% Fi
24.27%, 3 MAEEIEA OTU ¥k 4 746, i OTU %4
i 18.21% .,

2.1.3 BEEoa SR (E2) BoR. MESE =M
T3 R0 SV A o R 8 05 72 A2 AR o 4 R S S 40 i)k
14101 417 F1 738, 3 AFPREILA JRHE K 656,

T ESanjiachutang

4556
(17.49%)

4685 873
(17.98%) (3.35%)

4074 6320

: 799
15.64% 24.279
( %) (3.06%) ( %)

F 52 Shenbaotang  STE | Wenxicun

S I E O 5 S OTU 409 U] The percentages in parentheses are
the proportions of the total OTU number.

B 1 AE#HEZFELEIRRAE OTU BENH
Fig. 1 Analysis on OTU numbers of rhizosphere bacteria of Abies
ziyuanensis L. K. Fu et S. L. Mo in different populations

i ESanjiachutang

116
(7.29%)

621 24

(3901%)‘(1.51%)

117 42

0 16 0
(7.35%) 88 (2.64%)

i “EH#iShenbaotang SCEM Wenxicun

FES R E SN & EBJE B LB The percentages in parentheses are the

proportions of the total genus number.

B2 AEFMEFZFCEREERELESN
Fig. 2 Analysis on genera numbers of rhizosphere bacteria of Abies
ziyuanensis L. K. Fu et S. L. Mo in different populations
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>
« <
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O: #15JE Shenbaotang; W: = ffi W Sanjiaohutang; M: SCEA Wenxicun. [RIAAET EWAR/NG FHRFRFE—H T8 ) 7EA R R 225 B34

(P<0.05) Different lowercases above columns of the same group indicate the significant differences ( P<0.05) between different populations of the same

bacterial

phylum (genus).
B3 FAEMBEZELERRAREI](A)FE(B)KFHENEESN

Fig. 3 Analysis on relative abundance at phylum (A) and genus (B) levels of rhizosphere bacteria of Abies ziyuanensis
L. K. Fu et S. L. Mo in different populations
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FETTKSF (1B 3-A) b, IR AZARBR AN i 1
P T (AR FE RS R 3) R T E T
(Acidobacteriota) (#HXf + £30.06% ~ 34.60% ) &I
11 ( Proteobacteria ) ( FHXF 32 B£32.45% ~32.97% ) Fil
T2 B 1] ( Actinobacteriota ) ( #H % £ & 6.19% ~
9.94%) ; FEG T (MR FEERT 19%) JiFwEHIT]
( Planctomycetota) ( FXT 3 BE5.24% ~6.72% ) eI
I"]( Verrucomicrobiota ) (FAX} & 5.16% ~5.40% ) 2%
R ( Chloroflexi ) (FHX £ H3.09% ~5.21% ) AUFT
B 1] ( Bacteroidota ) ( #H %} = BE 1.45% ~ 2.04%) .
WPS—-2 (HH X F ¥ 1.40% ~ 2.23% ) , B Bk & 1]
( Myxococcota ) ( FIXFJE 1.27% ~1.66%)

TEIR/KF- (B 3~ B) I, B AZ AR B 20 5 19 10
PV m (AR BEHE24 1T 3) 24 norank _Subgroup_2 (#H
XTHEE 8.69% ~ 18.31%) . norank _Acidobacteriales ( #H
ST 4.21% ~ 8.30% ) Fl norank _ Xanthobacteraceae
(XS 4.59% ~6.35% ) 5 FZE1A & (AHXEF K
F 1%) M norank _ Elsterales ( A X} 3= & 3.66% ~
6.49%) . Candidatus _ Solibacter ( A3 %} & B 3.12% ~
5.32%) EFRFT B ( Acidibacter) (FHXF 3 HE2.45% ~
5.11%) . unclassified _ Xanthobacteraceae ( #H % 3= &
2.64% ~3.82%) INFRTH & ( Acidothermus) (A8 % 4 JiF
2.65% ~ 5.40% ) . norank _ Gemmataceae ( #H X} F &
2.46% ~2.72%) FUIAT & ( Roseiarcus ) (A% 4 JiF
1.70% ~2.17%) . & BE4F 14 & ( Bryobacter ) ( FHX) 32 2
1.59% ~2.69% ) . Candidatus _ Udaeobacter ( #H X} 3 &
1.33%~2.22%) norank_WPS—2 (FI%t FJ¥ 1.41% ~
2.23%) ,

3 38 AT DL A [ R 5 P A2 AR s - 49 40 AT
FHXTEREAAAEZE R . TR IKE b 2R TR 7
SERPRE AR 2 B T SR AR i I T 17
SCEARE ARG B2 3 T = A WA W
I VRIS AS TR | TAE = A W) 58 AR B AR O 2 2 B 35 s T
SCERTFPHE ; WPS—2 75 SCE R R RE 0y AR 3= 2 1 25
o TR IR AR AR RE . TEIRKF bW
% )& .norank_ WPS-2 norank_Acidobacteriales & FT 7
J& I norank_Micropepsaceae 7E SCIE A Ff (14 A7 X 3
B 2 T S B A = A5 I8 R OBE, T norank _
Elsterales Fll norank_Subgroup_2 W7 SCE R FhE ) AH
X FEE R FEMKT B A 2 A Fh #E; norank _
Xanthobacteraceae T f 52 3 Ff#F A9 AH X 3= B 10 3 5
T =MGEF R

2.2 ZRESHIRRAEBE SRS

X B IR AZARBR AN PRV AT o ZREMESTHT , 25
RO ) BoR 3 AFPEEGE IR 12 A By 20 0 RE VK 119
Shannon F8 41 Simpson $8 %% 2% 5% N 8.3, SCIE A Fh
HEAY Chao U ACE $5 %0t 2 5 T M 5 5 F0 = #f
R

B RN R (B 4) WoR - SCEAT R B R
VO R AR B 20 A REF 4 15 4 52 30 R = 3 W0 30 R T AR o 4
BEREYE W B3B8 (B J1{H°M 0.144 8, R*=0.156 0, P<
0.05) .

x1 AEAMBRBEATZRGAFEEN o SHEESHTY
Table 1 « diversity analysis of rhizosphere bacterial communities of
Abies ziyuanensis L. K. Fu et S. L. Mo in different populations')

FhEE Shannon #5 %%

Population Shannon index

Chao 5%k
Chao index

P Shenbaotang 5.88+0.44a 3499.43+1 360.55b
= f15YE Sanjiachutang 6.09+0.53a 3 476.66+1 496.82h
SCEFT Wenxicun 6.27£0.21a 4 796.19+378.08a
P ACE 8% Simpson 54X
Population ACE index Simpson index

0.011+0.003a
0.009+0.004a
0.008+0.001a

#1E # Shenbaotang 3 632.72+1 408.79b
=115 Sanjiachutang 3 576.57+1 527.72b
SR Wenxicun 4 971.67+380.56a

D EIF A 5] /N B Rk R 7R LR A R R ] 22 5 W% (P <0.05)
Different lowercases in the same column indicate the significant
differences ( P<0.05) between different populations.

1.0

NMDS 2

-1.0 ! L !
Z1.0 -05 0.0 05 1.0
NMDS 1

®. 11 F % Shenbaotang; A — ffi I} J# Sanjiaohutang; M. SR F
Wenxicun. NMDS; JEJE £ 4 R & Nonmetric multidimensional scaling.
IR R 95% B AKX ] The ellipses are 95% confidence intervals.

B4 FEFMBEZRCERERHARIEEN B SHEMESH
Fig. 4 B diversity analysis of rhizosphere bacterial community of
Abies ziyuanensis L. K. Fu et S. L. Mo in different populations
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2.3 AREMBFFCHIRER L EEL RS
SRR 2) W SCEN MR PR £ 58 pH

(SRS AP S i A R A A

B3 (P<0.05) & 0 52 0 R0 = A 0 S AR, T 2

®2 AEMBEREALZRIRLTIEELMER(XSD)Y

RO MBS RS W AR T 00 2 ARk =
TSR AEAR B S ) BB R T 93 40 2 A A
A 5 PR EAR B 1 A BB S R R R R T
SCERBIEE

Table 2 Physicochemical properties of rhizosphere soil of Abies ziyuanensis L. K. Fu et S. L. Mo in different populations ( X+SD) !

Fitl¥ Population pH TN/(g-kg™') AN/(mg-kg™') NH{-N/(mg-kg™') NO3-N/(mg-kg')  0OC/(g-kg™)
#l15E 3E Shenbaotang 4.30+0.20b 5.57+1.10b  285.60+66.64a 31.07+13.14a 5.01£6.22a 72.71£17.91b
ZfAWIYE Sanjiachutang  4.38+0.18b 5.38+1.91b  279.88+114.84a 30.90+12.61a 8.74+11.31a 64.15+15.34h
SCE T Wenxicun 4.77+0.18a 8.34+0.90a 189.20+29.27h 0.15+0.00b 6.82+1.93a 133.40+17.74a
Fh#% Population TP/ (g - kg™") AP/(mg - kg™!) TK/ (g« keg™) AK/(mg + kg™") W/ %
#1523 Shenbaotang 0.44+0.29b 3.44+1.99h 22.27+4.14a 95.73+15.88b 40.54%9.51ab
= ff1i51 Y% Sanjiaohutang 0.7120.57ab 4.66+6.15h 17.55+3.95h 80.80+19.90b 48.83+15.91a
SCEA Wenxicun 1.08+0.40a 15.74+2.60a 24.64+2.07a 164.58+57.56a 32.60+7.70b
PN,

D' pH: pH & pH value; TN &% & Total nitrogen content; AN: AL

EANE]

& Available nitrogen content; NH} -N: # % & & Ammonium nitrogen

content; NO3-N: 7252 & 2 Nitrate nitrogen content; OC AL S Organic carbon content; TP . S 1 Total phosphorus content; AP . HRk
521 Available phosphorus content; TK: BV & Total potassium content; AK: RS A Available potassium content; W &K i Water
content. [A]F]FA[E]/NG FhEF R EA G B A 22 5 2 ( P<0.05) Different lowercases in the same column indicate the significant differences ( P<

0.05) between different populations.

2.4 TEEAEHRMNEEASMRRAEEENZM
2.4.1 TAHSH(RDA) Z5HE (K5 f1E3) BN,
2 SR T AR PR L A R VS A S0 69.17%
Horb 85 T Bl 5Tk R M 58.58%, &5 11 il stk R o
10.59% , SCEFFREE-S #5235 R — ff1 0 5 R E 1) £
HEREAS B 5843 B | 28 B SCB A FE B8 U5 2 A2 1 AR B 20
WREE SIS 70 2 AP AR B 22 5, A4 R
A DT 4% 4 ST AL 5 B Xt 400 B RE 9 B S e R B T R
FIMRUCHA RS 1 AR S R EAASE A
R E i BAS & pH (H BB S  HUA S B O
BAEGE KR B A, i BSA SR AL
T S R RO A B S AT 2 Sl B A OE (R >0.40,
P<0.01) , WX 3 4>+ 3 AL T8 b 2 52 i B J5 e 42
HR o 41 B 75 254 1) B 2L IR 7

242 AMEESH T IEHALYEF S A T A
FEMY) Pearson AP AT A R (E 6) Wos AT
AT R SN A A A W IR A G WPS—2 A X
F A PR R R R A IR ARG, 58
R S TR AR DG AR T TR T TR 32 3 5 s AR
e 4 S GO G s IO TR T AR T S AR i
MR G EE R EAME IFEREIMETFEES
pH {5 1 3 IE ARG ; BRAT 11 1 IAH R = B S S A &
WO, DA 25 R SR A R 40 B R R
e s S U A A R R AT

iy

i

Axis 1T (10.59%)

Axis T (58.58%)

®. i E I Shenbaotang; A. — £ 1) Sanjiaohutang; M. S K
Wenxicun. &5 91 E 4800 5k The percentages in parentheses are the

contribution rates.

pH: pH {H pH value; TN &% % & Total nitrogen content; AN HRLE
P Available nitrogen content; NHj - N. £ & & &% # Ammonium
nitrogen content; NO3-N: AR S & Nitrate nitrogen content; OC: H
BBk 7 & Organic carbon content; TP, & #f ¥ & Total phosphorus
content; AP. A8 % & Available phosphorus content; TK. JG# &
Total potassium content; AK: 5 #{#f % & Available potassium content;

W #7/Kix Water content.

E5 ARMEBHFFSHUREAREZENS R EEBUERNT

RHT(RDA)
Fig. 5 Redundancy analysis ( RDA ) of rhizosphere bacterial

community structure and rhizosphere soil physicochemical properties
of Abies ziyuanensis L. K. Fu et S. L. Mo in different populations
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R3 RERTEELIERET RS (RDA) B 2 M G
Table 3 Loadings of rhizosphere soil physicochemical indexes in the
first two axis of redundancy analysis ( RDA)

AR AR

Soil physicochemical Loading in each axis R? P
index"” Axis T Axis I

pH 09394  -03428 02639 0.005
N 08842  -0.4670 03481 0.002
AN ~0.9579 02872 0.1674 0.040
NH;-N -0.9777 02099 04270 0.001
NO3-N ~0.0313  -0.9995 0.1366 0.105
oc 09929  -0.1190 05416 0.001
TP 07769  -0.6296 0.2494 0.015
AP 08331  -05531 0.5926 0.001
TK 09698 02440 0.1218 0.123
AK 09925  -0.1226 03534  0.004
W -0.9946 01034 0.1319 0.087

D pH: pH i pH value; TN: B % & & Total nitrogen content; AN: i
A & i Available nitrogen content; NH} - N. # &% & & &=

Ammonium nitrogen content; NO3 —N: A A & 4t Nitrate nitrogen

content; OC; VR IR s Organic carbon content; TP RS
Total phosphorus content; AP: 47 % #% ¥ & Available phosphorus
content; TK: A4 & & Total potassium content; AK; 7 %4 & &
Available potassium content; W 77K it Water content.

SR
Chloroflexi
AFETT

Bacteroidota

WPS-2
TG
Proteobacteria
WERTET]
Actinobacteriota
TR
Planctomycetota
WA |
Acidobacteriota
RERET
Myxococcota
P

Verrucomicrobiota

O
|

EP
%

 —r—
-06 00 0.6
MK Z%L  Correlation coefficient

pH: pH {E pH value; TN 5% % & Total nitrogen content; AN HZ{HA
i Available nitrogen content; NH} — N 25 A & & Ammonium
nitrogen content; NO3-N: A A & & Nitrate nitrogen content; OC: H
MLk & = Organic carbon content; TP, B S i Total phosphorus
content; AP . A& % i Available phosphorus content; TK. AL#f &
Total potassium content; AK: R 2B Available potassium content;
W. % /K& Water content. * ; P<0.05; = ; P<0.01.

Be6 HELIZREIERNLIERSRERAETHE FEER Pearson
XS

Fig. 6  Pearson correlation analysis of rhizosphere soil physico-
chemical indexes and relative abundance of rhizosphere bacterial
phyla of Abies ziyuanensis L. K. Fu et S. L. Mo
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X BEUR Y AZ AR B 20 B 2K 1Y 23 A A B, A
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AT IR AR PR A SR A SR B A
[Ff%, 3&F Bray—Curtis 52 1) NMDS 8 £+ #T1
WA BRI 25 5, AN [ R0 A AR B 20 T 2354 22 5 B



42 N7/ I AR SRS A

33 4%

., HYIREIE AR R o3 MW R P AR PR AR W R Vs
L USSR A AT A B E R KT
M E DRI 25K L REIAR R 50 I 5 AR PR
Yo AR AR AN T A AT = T EL
P 1 E AR b S T A2 1 A L REAS B 4
Hb3E R IREE 0 3 AR I A KRB R
), BB 2 BT A B R A A S SR A R ER
BERRIE A X AN [ (4 R R BRI 9 B¢
IRV IZERIE L T 2% F MR AR PR A0 TR
32 RFERURERLEELERES

AHHFE A [RIFPE SRV A2 AR PR - S 2 Ak
FAFAE R 22 5, SCEA AR PR 319 pH 2
R AP AR R A R
e TR SR = A WA T A A AR
FE N AR TS M, X R RE S R ] AY T4k 22
SRR G TP 52 8 10 = AR i B A | SO A
FRRE AT I, HAR R A A e b i 300 5 2 1Y
BRI T g Ah SO AN R AR B A 3 v
A LT A = AR SRS =
Wi TREME , RUVSE CEMN TR RN AL E T
H BRI E Y B R CT BEZ B TR, B A
ST BAERSOR T EE AR Z —, U H
SETERRME LR b A AL 2 B, B S R 2
MR ZE RN FZORIE , FEHSA S SRR
FEMRIR BT A el A A . X b
TIERFICSMA T ] GEBR ] T 3R A2 X AR
AT SR I, TEA R XS SR R RE B IRV AZ B4 AN
EHLTAET AR — 26 N\ T fide i, AP Ak 1
FRoTRBL
3.3 RBEREREEARZNTERIEF

VESR WA Py G S, SRR 2 5 e - 3 R A
WZE I EEE R T, AP RS A S E AR
B3t 5 A B 5 2 W B L AZ AR B I 4 T
A BN, X 5 3 pH (H | BVBE 7 i R
B B R 21 HE ( Castanopsis hystrix: Hook. f. et
Thomson ex A. DC.) — 5 B #5 ( Pinus massoniana
Lamb. ) 1R ASHRAR B - 498 200 B B 5 245 1 1) 32 2 - 4
PR Y R 3 AU i RS R pH (RS
W AEA ( Zanthoxylum bungeanum Maxim. ) H2 Fr 21 T8 #f
VA S T - A R Y OR TR, AL, AN A
YUK BRI DA T 45 40 1 32 8550 ) R FA A K 22
S, 3X T BE 5T TR AR IR AR OC

- SR A S A0 TR 1] AT A X B A S
SPRT R  RIEA RS B A S E A VRS R
ARG AR E A S =M pH E7] 2
FRM TRV A2 AR PR A R A X F2 B, T4 pH fH E
FEAT L P TR A T AR R TR P
R E PR R AR, 7 B3I A G A b A i
BRI b oA s A R RS R MR
BB R LS A WPS-2 AYARRT B B A A
TR SR VRS BT T A =F R B A G
BUAR B A R P it S R TR ) A ARG = B 35 6 A+
Koo TSR] B TxF A 1 v 1% 5% 43t 47 RT3 v i
AN, BP0 T AR T EOR TR AZ AR
PRan BB VE 25 F AR (b P B 7, X T BB R £
e 3R AR A RE i T ARPR 20 TR 1 35 R i
77 S5ORR o 41 T B 25 4 A AR AR Y R, R R
GV R AR RS B b o7 T 55 18 SR A B,
R AN [ P B 6 RV A2 %) AR s 200 B R 9 R i R RO
) W A = B w4 7 RAER. 7/ R i O B w210
PEIRFIAZOFI A

SE Lk

(1] ZEREEE. hiE 5 MR IR A S W LT[ D], dbat. db
SRl R, 2013: 10-11.

[2] skEFR. REASEEBEHH SFRRENE[D]. dbat: Jea
Mol K2, 2009: 95-97.

[3] TANG S Q, DAIW J, LI M S, et al. Genetic diversity of relictual
and endangered plant Abies ziyuanensis ( Pinaceae ) revealed by
AFLP and SSR markers[ J]. Genetica, 2008, 133; 21-30.

[4] SMITH K P, GOODMAN R M. Host variation for interactions with
beneficial plant-associated microbes [ J ]. Annual Review of
Phytopathology, 1999, 37. 473-491.

[5] YAOH, HE Z, WILSON M J, et al. Microbial biomass and
community structure in a sequence of soils with increasing fertility
and changing land use[ J]. Microbial Ecology, 2000, 40, 223-237.

[6] DONG L L, XU J, FENG G Q, et al. Soil bacterial and fungal
community dynamics in relation to Panax notoginseng death rate in a
continuous cropping system [ J ]. Scientific Reports, 2016, 6:
31802.

[7] 5k #, BREA, A ¥k, & Z0EXESEE R 2 TR
B - 3SR W FIERE MR EAR [ D). T E P EZE B Ak,
2016, 23(10) : 95-99.

[8] /Mg, BT, XITFH], &5 RESHRBRE MRS XS
TIFRAFCME [T ], ARALAR R A= 24, 2023, 51(10): 92~
97, 105.

[9] ZUPPINGER-DINGLEY D, SCHMID B, PETERMANN J S, et al.

Selection for niche differentiation in plant communities increases



Fo

RAER, A5 PCARY IRV AL RPR AN R RV R ik S L 2 - s i X1 20 Ar 43

[10]

[11]

[14]

[18]

[19]

[20]

[21]

[22]

biodiversity effects[ J]. Nature, 2014, 515(7525) ; 108-111.
BERENDSEN R L, PIETERSE C M J, BAKKER P A H M. The
rhizosphere microbiome and plant health [ J]. Trends in Plant
Science, 2012, 17(8) : 478-486.

LUT, KE M J, LAVOIE M, et al. Rhizosphere microorganisms
can influence the timing of plant flowering[ J]. Microbiome, 2018,
6: 231.

EE, TR, ROR, AR Y A K PER
HERELJ]. WIRE R4, 2023, 10(4) : 120-128.
BB X I, B, A KA LR S I TR R
I AFIE SR R [J]. A AR, 2015, 35(19):
6557-6565.

ALMEIDA L C O, SANTOS H L, NOGUEIRA C H D C, et al.
Plant growth-promoting bacteria enhance survival, growth, and
nutritional content of sugarcane propagated through pre-sprouted
seedlings under water deficit[ J]. Agriculture, 2024, 14. 189.
BRI AZ BRI X LT ]. PR, 2001(3) : 34
B E SETAEY - WA AR R TN RE A LA A2
WEAEBEIRA D], Eilg . SRR, 2022, 25-27.
FUKRER, AL, KRR, F WY RN L T AR AR BR AR
FRE SRR S5 S RE 0 M [ U], MW 224, 2022, 57 (4):
457-467.

TANG H M, XIAO X P, LI C, et al. Microbial carbon source
utilization in rice rhizosphere and nonrhizosphere soils with short-
term manure N input rate in paddy field[ J]. Scientific Reports,
2020, 10. 6487.

XU J, ZHANG Y Z, ZHANG P F, et al. The structure and
function of the global citrus rhizosphere microbiome [ J]. Nature
Communications, 2018, 9. 4894.

WARD N L, CHALLACOMBE ] F, JANSSEN P H, et al. Three
genomes from the phylum Acidobacteria provide insight into the
lifestyles of these microorganisms in soils [ J ]. Applied and
Environmental Microbiology, 2009, 75(7) : 2046-2056.
PR, X E, X, S BATAIAR IR Y R
TRARLMT]. 23R, 2022, 59(6) : 1704-1717.
iKOBE, DR, BUINE, A TR SRR I R B R 4B i
YEXSZM N TR - e RS AOSE I [T ], IR K222 4R

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[34]

(BE%M) , 2019, 54(1) : 36-46.

M, BIRIE, [LET, & EEBARLR - AR
168 rDNA-PCR-DGGE 37 [ J]. " AR A 24, 2018,
20(2): 39-47.

LIU L L, HUANG X Q, ZHANG ] B, et al. Deciphering the
relative importance of soil and plant traits on the development of
rhizosphere microbial communities [ J ]. Soil Biology and
Biochemistry, 2020, 148. 107909.

SINGH R P, JHA P N. The PGPR Stenotrophomonas maltophilia
SBP-9 augments resistance against biotic and abiotic stress in wheat
plants[ J]. Frontiers in Microbiology, 2017, 8. 1945.

LIU HW, BRETTELL L E, QIU Z G, et al. Microbiome-mediated
stress resistance in plants[ J]. Trends in Plant Science, 2020, 25
(8): 733-743.

ZERERE, IRJeTE, B M, AF IR ARIE LR BCE I S AR
R Z R [ J]. HLYBE0R 5 3R B 244, 2023, 32
(6): 59-66.

ook, & W, T2, B ORRNERH R L E AR
RER O LA BT[], PEAEAR A BE 2R, 2019, 34(4) .
26-35.

OB, 200, WS, & RIS TR T R L
e S E M A BRI R R )], HEke:, 2008, 37
(6): 572-580.

X BORK. AR A X 2 R RS B R A BIL R AT 5 0k
[J]. H#EB2E, 2016, 52(6) : 799-809.

EOE, R HER, ST IUERLLE - B R ANR AR
MRS ]. Bk, 2021, 40(6) : 1343-1356.
e, A7 R, K W, AR RIRIARIE AEASUAR B £ 338 fb
B SRR A R A [, b bk# Besr e, 2023, 38
(4): 156-165.

WIEGAND S, JOGLER M, JOGLER C. On the maverick
Planctomycetes [ J ]. FEMS Microbiology Reviews, 2018, 42.
739-760.

BAY S K, DONG X Y, BRADLEY J A, et al. Trace gas oxidizers
are widespread and active members of soil microbial communities

[J]. Nature Microbiology, 2021, 6. 246—256.
(R ZER)





