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Abstract: Pinus tabuliformis and Pinus sylvestris var. mongolica are important afforestation
species with different geographical distributions in China. The West Mountain of Beijing is the
suitable area for the growth of Pinus tabuliformis, but is the southern extremity of distribution of
P. sylvestris var. mongolica, therefore it is an ideal research site to explore the driving role of tree
species in the construction of microbial community in soil-plant continuum. In this study,
high-throughput sequencing technology was used to obtain the composition of microbial
communities in several parts of the soil-plant continuum of plantations of P. tabuliformis and P.
sylvestris var. mongolica in West Mountain of Beijing. The role of species factors in the
construction of soil-plant continuum microbial community of these two pine trees was explored,
and the physicochemical properties of soil closely related to soil microorganisms were further
studied. The results showed that the difference of alpha diversity of microbial community in
soil-plant continuum between the two pine was mainly reflected in bulk soil and rhizosphere soil.
The beta diversity analysis showed that the bacterial community composition in needle was not
significant difference between the two pine, while the microbial community composition in other
parts of tree was different between the two pine. Tree species had the highest explanation for the
variance of soil and rhizosphere microbial community composition, while the lowest explanation
for the variance of needle microbial community composition, in other words, tree species played a
larger role in the construction of soil and rhizosphere microbial community, but a smaller role in
the construction of needle endophytic microbial community. The network structure of bacterial
communities in the same part of tree was more complex in P. tabuliformis than in P. sylvestris
var. mongolica, but the fungal network had less differences between the two pines. Abundant
microbial groups in the tissues and soil of P. tabuliformis and P. sylvestris var. mongolica were
found. At class level, the relative abundance greater than 5% was considered as dominant class.
Seven bacterial classes, Alphaproteobacteria, Betaproteobacteria, Actinobacteria, Thermoleophilia,
Gammaproteobacteria, Bacilli, and Clostridia, and seven fungal classes, Agaricomycetes,
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Leotiomycetes, Sordariomycetes, Eurotiomycetes, Dothideomycetes, Mortierellomycetes, and
Pezizomycetes, were recognized. Significant differences in soil physicochemical properties, €.g.
available phosphorus (AP), pH and available kalium (AK), were found between the plantations of
P. tabuliformis and P. sylvestris var. mongolica, and these properties effect soil microbial
diversity and composition between the two pines. In addition, alkali-hydrolyzed nitrogen (AHN)
was also significantly correlated with the composition of the bacterial community. The results
demonstrate the interactions between pines and microorganisms and the mechanism of microbial
community construction, and provide reference data on microbial community in pine plantations
in northern China.

Keywords: Pinus tabuliformis; Pinus sylvestris var. mongolica; microbial community; soil-plant

continuum; soil physicochemical properties
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5-GCTGCGTTCTTCATCGATGC-3) . 4 14 & %
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dNTPs (2.5 mmol/L) 2 pL,
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1} . Alphaproteobacteria, Betaproteobacteria #
Actinobacteria £ K FHR A it H B DL A2
AN £ 0 H AL 40 23 51 A Alphaproteobacteria
(75.3%) . Clostridia (7.9%)#1 Betaproteobacteria
(6.0%) , F& + M F o B A BN
Alphaproteobacteria, FHXTZ AT 81.7%; JHAA
WHH AU 29 Betaproteobacteria (71.5%) .
Alphaproteobacteria (12.5%). Gammaproteobacteria
(10%) 5 B 7 B T o 0 % 40 N
Alphaproteobacteria (44.7%). Betaproteobacteria
(26.5%) M Actinobacteria (13.0%); HEHFHIEH
2Xfy Alphaproteobacteria (JHFA: 22.3%, ¥
FA: 30.4%). Betaproteobacteria (JH#A: 16.0%,
FfHn: 7.6%). Actinobacteria (JH#S: 24.2%,
1 FHn . 40.7%)F1 Gammaproteobacteria (JHF :
22.0%, FETHY: 8.4%); MBS L UL H 40 A 20
"1 Alphaproteobacteria (JH#A: 31.6%, HEFHa:
26.2%) . Betaproteobacteria (JHiFs 20.5%, fi¥
F: 21.5%). Actinobacteria (JH#S: 19.5%, &
FHy: 20.6%). Gammaproteobacteria (JH A :
8.3%, FifHs: 8.8%)A Thermoleophilia (JHIH :
9.3%, FiF#y: 10.9%); 3L a4k
Alphaproteobacteria (VA4 : 24.2%, &7
26.1%). Betaproteobacteria (JH#A: 7.8%, &1
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Fig. I A comparison of alpha diversity of microbial communities in different parts of Pinus tabuliformis and
P. sylvestris var. mongolica. A: Bacteria. B: Fungi. PtL: Needle sample of P. tabuliformis; PsL: Needle sample
of P. sylvestris var. mongolica; PtT: Trunk sample of P. tabuliformis; PsT: Trunk sample of P. sylvestris var.
mongolica; PtR: Root sample of P. tabuliformis; PsR: Root sample of P. sylvestris var. mongolica; PtRhiS:
Rhizosphere soil sample of P. tabuliformis; PsRhiS: Rhizosphere soil sample of P. sylvestris var. mongolica;

PtBS: Bulk soil sample of P. tabuliformis;, PsBS: Bulk soil sample of P. sylvestris var. mongolica. *P<0.05,
**P<0.01, ***P<0.001. The same below.
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Fig. 2 Beta diversity of microbial communities in different parts of Pinus tabuliformis and P. sylvestris var.

mongolica. A: Bacteria. B: Fungi.
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Table 1 Permutational multivariate ANOVA analysis based on Bray-Curtis distance matrices implemented to
partition sources of variation for bacterial and fungal communities in leaves, trunks, roots, rhizosphere soil and

bulk soil
HivE A GE-23 F R P
Community Compartment Varience source
Y £ R Fl Species 2.46 0.08 0.112
Bacteria Needle 7= Residual 0.92
S Total 1.00
T P Flr Species 4.92 0.15 0.002
Trunk % 2% Residual 0.85
JEA Total 1.00
Iy FiFh Species 3.13 0.10 0.001
Root 2% Residual 0.90
JEAT Total 1.00
MR+ b Species 5.30 0.16 0.001
Rhizosphere soil 2% Residual 0.84
SN Total 1.00
3% Wb Species 3.75 0.12 0.001
Bulk siol % 2% Residual 0.88
JEVF Total 1.00
=R Ft W Fl Species 1.76 0.06 0.020
Fungi Needle %% Residual 0.94
Sl Total 1.00
Cinn P Fl Species 2.40 0.08 0.008
Trunk %% 7= Residual 0.92
Sl Total 1.00
iR FFh Species 2.09 0.07 0.005
Root % 2% Residual 0.93
S Total 1.00
bR+ i Species 3.48 0.11 0.001
Rhizosphere soil 7= Residual 0.89
S Total 1.00
115 P Fl Species 3.44 0.11 0.001
Bulk soil 574 Residual 0.89
JEF Total 1.00

WA 999 FHES A9V I M geit i & 1k

Statistical significance was computed based on sequential sums of squares from 999 permutations.

FA: 11.7%). Actinobacteria (JHI#5: 19.6%, #i
T#5: 19.3%). Thermoleophilia (JHI#: 25.1%,
BTy : 19.4%)F1 Bacilli (A : 6.3%, &1
Wy 6.5%).

PN 2 B R T 1% 0@ 2 O 3JE, il

P FRE F-FAFE S8 AKCF- LR B — S R i AL
PP ALY, AR BR R B e AR LR AL
P AR, MELHMEE S EELT T
70%. FEFHA AN SR L [F] O S A0 TR ok
Agrobacterium (It : 2.3%, FETFHA: 1.4%).
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e
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- : a

T
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5 Total edges: 21 Total edges: 57 Total edges: 158 Total edges: 449 Total edges: 604
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Fig. 3 Ecological network of microbial communities in different parts of soil-plant continuum of Pinus
tabuliformis and P. sylvestris var. mongolica. A: Bacteria. B: Fungi.
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Fig. 4 The microbial taxonomic composition of different part of Pinus tabuliformis and P. sylvestris var.
mongolica at class level. The top 11 taxonomic groups of total abundance in all samples are showed. A:

Bacteria. B: Fungi.

Bradyrhizobium (JHi#s: 2.8%, ff#s: 1.3%),

AR s HAb i #JE  Ther modesul fobium
(5.8%). Pseudorhodoplanes (2.3%)#1 Aquabacterium
(2.1%), FaFingrnt b JE N Rubrobacter
(1.3%); T rhLEE# AR & Robbsia (JH

Wy: 27.5%, fETHY: 9.7%). Paraburkholderia
(s : 17.3%, FEFHS: 6.8%)F1 Caballeronia
GRS : 20.2%, FEFHA: 3.9%), THAAR T
i) 3@ 5 Rhodanobacter (5.4%). Pseudomonas
(3.4%). Masslia (2.4%) 5 Pandoraea (1.5%), Fx
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Fig. 5 Dominant microorganisms of Pinus tabuliformis and P. sylvestris var. mongolica at genus level.

Bacteria. B

2052 EFIR

: Fungi.



Research paper

22 October 2023, 42(10): 2041-2062

Mycosystema ISSN1672-6472 CN11-5180/Q

TR T e H AP #5417 J& O Bradyrhizobium
(3.3%) . Agrobacterium (2.8%) .
(2.0%) . Sphingomonas (1.8%) . Pseudorhodoplanes
(1.7%) . Bosea (1.7%) . Rubrobacter (1.6%) .
Baekduia (1.5%) . Pseudonocardia (1.5%) .
Brevundimonas (1.4%). Methylobacterium (1.4%) &
A S 5] G A Jm
Sreptomyces (A : 7.6%, FiFHy: 8.0%).
Actinoplanes (THI#5: 4.7%, T4 : 7.2%).
Bradyrhizobium (VA : 2.5%, BT 3.4%).
Pseudomonas (il : 13.6%, HETHy: 3.0%).
Paraburkholderia (7 #5 : 2.4% , #& F ¥4 -
2.3%). Mycobacterium (HFs: 2.2%, FaTH:
1.8%) #1 Baekduia (VHI#A: 1.1%, ¥
1.1%), JHARAR AP Ad E 35 40 )8 2 Rhizobium
(4.3%). Flavobacterium (4.1%). Rhodanobacter
(3.9%). ldeonella (2.1%). Variovorax (1.9%).
Micropepsis (1.7%). Janthinobacterium (1.7%).

Amycolatopsis

Aquabacterium (1.3%) ;

Massilia (1.3%). Nonomuraea (1.0%)#1 Devosia
(1.0%) , 45 F #5 #i v HoAth fL #5 J8  Frankia
(4.3%). Actinophytocola (3.6%). Micromonospora
(2.4%). Nannocystaceae (2.2%). Amycolatopsis
(1.2%) }% Actinomadura (1.0%); #br + rh A [H
YA 4m e & N Paraburkholderia GHIFL: 8.3%,
T4y : 8.6%). Pseudomonas (JHIAA: 3.5%,
BEFHy: 5.5%). Baekduia (iHifh: 4.0%, HET
FA: 4.6%). Bradyrhizobium (VA : 5.3%, #&
THY: 3.5%). Conexibacter (HFs: 2.3%, Fif
FA: 3.5%). Microvirga (W#y: 2.3%, &+
FA: 3.1%). Mesorhizobium (JH#s: 3.0%, #&T
FiA: 2.8%). Variovorax (JHFA: 3.0%, FEF#A:
2.2%) . Arthrobacter (VHI#A: 1.1%, #E-FH5:
2.0%) . Nocardioides (ii#5: 2.7%, F&FH:
1.8%) . Reyranella (ififr: 1.5%, #
1.6%) . SQreptomyces (VAL : 2.2%, HiF .
1.5%). Mycobacterium JH#s: 1.6%, FEF#s:

1.5%). Pseudorhodoplanes (iifi#s: 1.3%, Fi¥
FA: 1.5%). Caballeronia (i#y: 1.8%, #1
Fy: 1.5%). Sphingomonas (ifi#A: 1.1%, #&E+
¥A: 1.4%). Pseudonocardia (H#A: 1.0%, #4
THE: 1.1%) % Rhizobium GHFS: 2.6%, FETHs.
1.1%) , JHASHL PR £ A OE 8 S Micropepsis
(1.8%) . Rhodanaobacter (1.6%) . Jatrophihabitans
(1.4%) .
(1.1%) . Flavobacterium (1.1%) 1 Luteitalea
(1.0%); 3R L [E L H 404 &8 o Baekduia (3
FA: 9.5%, fFH#y: 8.5%). Conexibacter (jHi
FA: 7.0%, HETFHS: 5.9%). Microvirga (Jif
Py: 3.9%, BETFA: 4.4%). Bacillus (AL
2.9%, FETHY: 3.2%). Bradyrhizobium (i
3.3%, FET#S: 3.0%). Paraburkholderia (JHIF :
2.1%, FEFHr: 2.6%). Pseudorhodoplanes (i
Fy: 1.4%, FETHS: 2.0%). Mesorhizobium (i
Fa: 1.2%, fFHy: 1.8%). Reyranella (JHA%A :
1.6%, HEFHy: 1.5%). Gemmatirosa (JH#s :
1.4%, FEF#S: 1.5%). Mycobacterium (JHf
1.6%, FiT#: 1.4%). Sreptomyces (i#x
1.6%, FEF#S: 1.3%). Paenibacillus (Jii#s
1.5%, #F#: 1.3%). Rhodoplanes (i#2 :
1.2%, 4. 1.2%). Thermoleophilum (Ji
P 2.5%, FRFHN: 1.2%) 8 Frankia (JHAA :
1.5%, FEFHA: 1.1%), JHAS 3 A 3 A
J&>} Patulibacter (1.2%). Luteitalea (1.1%), ¥
b+ HEH AR F A1 T4 & o Blastococcus (1.2%) .
Nocardioides (1.2%)#1 Sphingomonas (1.1%).
TR FIRE i - S -MROR i SL 1R LR A 7 4L
A1 13 4517 36 40 97 A~ H 211 R} 404 N Js 2
).
Dothideomycetes £ K 2 B0 i 2 WAV
# 49, Eurotiomycetes 7EFRARFR 1 Z MR 73
FEm LR, Agaricomycetes 7EM . HRPR
+ A L4, Mortierellomycetes TEAR

Phenylobacterium (1.2%) . Ideonella

Leotiomycetes .  Sordariomycetes 7l
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P )& A7 AL R A 50%, T A A At R A6
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F: 1.5%) WA LRI, s b g i
£ 4% Armillaria (5.3%). Phanerochaete (3.1%).
Vishniacozyma (3.0%) . Leucosporidium (1.3%)#1
Punctularia (1.2%), #&F e H L3R ic
& Yunnanensis (4.5%) . Penicillium (3.0%) .
Paraphaeosphaeria (2.4%) . Parengyodontium
(1.2%). Cosmospora (1.1%); A 7 NEHM T
2 PRI T AT S, Penicillium (T
Py 32.2%, FEFAL: 16.1%) LA IEHEE,
TSR T L3 & £ fUFE Botryotinia (6.2%).
Trichoderma (5.1%) % Paraphaeosphaeria (2.7%),
R TP L3 B i 345 Talaromyces (12.1%)
Lambertella (6.6%)F1 Diplodia (2.2%). AR
BA 7T M ZERT 1% IHE, A
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il 1 # J& & Oidiodendron (3.7%) . Mycena
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Amphinema (1.8%); 2 FFARIHR BR 1 FhAH R 4G
B A . Mortierella (AL : 22.4%, fTHA:
11.9%) . llyonectria (ili#A: 5.8%, H&F#4:
6.6%) . Trechispora (JMith: 4.8%, &FH:
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2.5%) , b AR BR o O fh fE B8 R
Solicoccozyma (1.1%), Fa T FAHR Br A A HAb AL
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23%, FEFHy: 1.8%)F1 llyonectria (JH #4 -
1.9%, FEFRA: 1.5%), kA T IEML AT 8 i
fuf# Cordyceps (2.5%). Oidiodendron (2.0%).
Sagenomella (1.6%). Gamsia (1.5%) & Tricholoma
(1.0%) , & L3 5w R iE 4
Marasmiellus (2.6%) . Humicola (1.6%) .

5 22 TA), XAV A A S ) 1
BEFLIF o pH. B AK. AR AP FITS
R AHN (£ 3). 3B o B S
ZWRRERER 31.2%, H A —HAsE — 5o
WA AR 11.16%F1 5.86%M0 7 22(K 7B), W&
SN I FL B R IR 0 AR o pHL R

Metarhizium (1.6%)#1 Xenopolyscytalum (1.1%). B AK FIA R0 AP (% 3).
2.5 TIEBACMRATIEMEDEEAE "1 s
3 i

XM

TR SRR 2 AR AR S
AT, FRATE X 2 Hebk i 35 20 4k 1
JEEAT TIE , &8, 2 ki
R AP AN AK Bl pH B B #2555 2).
AR AT B S R A R AP, fR T
FivbActb ELAT B 1 1 ek R SESCR AK IR 55199 pHL

[l U1 43 Ar 45 SR R B A 3L AP (R=0.17,
P<0.05). &M AK(R=0.25, P<0.01)F1 pH
(R=0.36, P<0.001)5 4 &R YAhF &
HARZHFLMNEXRE 6A); HAM AK
(R=0.12, P<0.05), pH (R=0.24, P<0.01)F/1.i
A TN (R=0.12, P<0.05)5 +3E A F SR
A BE LR (E 6B).

18 FHOUAR A3 AT 3 B Ak o 40 0l o B
SRR B, 25 R, Rk
Jo T LASR R AN TR BEVE 19T 2258 28.5%, i HE
J L5 — B R S 3 3 1) T AR 11.47 %11 4.5%

®"2 OMMTIE TR HIRIBAME R

Y 25 A LR E A IR R
MORER AL, HA AR B 1A 1 20 o
(Beckers et al. 2017; Wei et al. 2021), Tiij[H]—#p
57 FE A [R) Fh A 40 (0] 3 £F 7E 2% 5 (Darcy et al.
2020; Medeiros et al. 2021), AR T3
S BN JE AN A A, HARIE RS G
2, AP HAEYRED o Z2F0E0E DB
ZREE(E 2) B a KW, FEAH [R5 B 1 )
PIASRE AR, PRAARE B . 0 AR ARPR
A R A S A A ke H A R 25 R TR
TR AL, PT DLAR Fl ) 22 S W AR Sl b JB AR AE L
MR 3% BE AR Z2 AT A AL A [R] Y A P
%, b, WP TE SRR PR B Y v
P R R I TR R A IR S E T, x4t
A A AR e A ) SR S P B 55

PLEGLAE VISR TT BE X MROR A 2 p 1
I, X HL, 255 M SCHIFFE 4 B XF #8430 A d A=

Table 2 Soil physicochemical properties in plantations of Pinus tabuliformis and P. sylvestris var. mongolica
in West Mountain of Beijing

g T FEFH P{H
Soil property P. tabuliformis P. sylvestris var. mongolica P-value
s AP (mg/kg) 16.84+15.68 3.18+0.79 0.019%
LA AK (g/kg) 0.11+0.02 0.13+0.02 0.037*
pH 5.71£0.34 6.21£0.24 0.000%**
A% AHN (g/kg) 116.27+14.94 122.43+22.25 0.567
2% TN (%) 0.1120.01 0.11+0.03 0.412
HHLEK OC (%) 1.28+0.21 1.25+0.38 0.412

*P<0.05, ***P<0.001.

EMFR 2055



S MBE 2= /b A WSHE#APInus tabuliformiskitE F#AP. sylvestris var. mongolica A T#A+1E-#kK...... it

A Group e PtBS e PsBS
AP HAPAK pH
S #p00s 3300 7 #kp<0.01 #4#P<(.001
2—,
5000 (42 g7 5000 | el o R=036_ * o
4500 |Ba ta® 2000 Tek 7,
i P ® 4500 r ‘:‘ . © *° %
4000 | - ° <2
® Lo 4000 |, * . 4000 + Y ..
3500 | . ° 3500 | ® . ..
7 3000p 3000 p o 3000 o
- 0 10 20 30 40 0.08 0.10 0.12 0.14 0.16 50 55 60 6.5
we
A i A AHN EAETN AHlpOC
ey o L] e p L] ® .
5000 « * 5000 f, e° ° 5000 F, ee ® *®
L ] ' ) .. ‘ ) . L ] s .-
4500 =T e, 4500 | *°_ o . 4500 | == . =
[ ) L )
L ] L ] L ]
4000 f, .. . 4000 f, .. . 4000 Fy .
L ] L ] L ]
3500 L 3500 F  ® e 3500+ ®e
*P>0.05 *P>0.05 *P>0.05
3000 | . _ 3000 s . 3000 | . ‘
75100 125 150 0.075 0.100 0.125 0.150 08 12 16 20
e
Value
B Group e PtBS e PsBS
HEBEAP A AK pH
’ #P>0.05 ¥P<0.05  o® 700 wxpeg 01 oo
600 | % 600 R=Q.12 60| E=024 e
& °%. ., 'sq .
500 | 500 | I
‘i . ° ..' e 1 500 *es ;
400 e | a00fe, ., 400, % T
o ° ° ° ° Ce L4
300 | 300 | 300
L] ° ° °
i 3 . . 200 | ‘ ‘ ,
b £ 0 10 20 30 40 0.08 0.10 0.12 0.14 0.16 50 55 60 65
.2 :
A Bt AHN BATN A HLEKOC
oo 700 | P—
L J g © Y
600 600 |
© .. ° L] [ ] 600 oo ® ° [ .: ° o
L] ) L4 =
500 . ,
° s S0 e . 500 R .
> s - ¥
400 s s 400 "o % 40017 e
“e ° 0~ #P<0.05 ° e
300 . #P>0.05 300 '. R=0.12 300 | . *P>0.05
. N S 200 - ‘ .- .
75 100 125 150 0.075 0.100 0.125 0.150 08 12 16 2.0
fit
Value

Ele TRMBUMRSHMEVEEOMESTEMNEMRETSH A HE. B: K
Fig. 6 Linear regression analysis of soil physicochemical properties and alpha diversity of microbial
community. A: Bacteria. B: Fungi.

2056 EHPIFR



Research paper

22 October 2023, 42(10): 2041-2062

Mycosystema ISSN1672-6472 CN11-5180/Q

A
Permutation test P-value: 0.001
AIlN: oc
0.5 AK TN
— »' ]
$ ‘+ o °
" 3
< o Ve o Group
g 00F-----7 o2 “IT T % T 77 ePtBS
® 9 @ PsBS
@ hd : ®
05t PH ‘I.
: AP
1 L | |
-1.0 —-0.5 0.0 0.5
RDAT [11.47%]
B .
Permutation test P-value: 0.001
I
I
1.0t |
®
—_ I
g, I
g 05 AHN | o Group
bl I
g oS |emas
' e} S
R — o S
PH '3’ AP
®
1 TN
0.5} :
1

*II.O *(1).5 0.0 UI.S
RDAT [11.16%]
7 TREBAMRSIRMEVREESNN
RDA 41  A: 405 B: &
Fig. 7 Redundancy analysis of microbial

community structures and soil physicochemical
properties. A: Bacteria. B: Fungi.

*® 3 TREAMRSHEMEESMEX LN

Envfit 138
Table 3 Envfit test of correlation between soil
physicochemical properties and microbial
community structure
e 2y g1 A
Soil properties Bacteria Fungi

R P R P
3 AP 0.634  0.001 0.283  0.019
HRHE AK 0.387  0.002 0.221  0.050
pH 0.695 0.001 0.695 0.001
BfE A AHN 0.297 0.012 0.164 0.106
HBA TN 0.137 0.147 0.013 0.833
ALK OC 0.161  0.107 0.018  0.749

WRBE AT VIS Frmrh R RSN EE N
Cenangium (] 5), Cenangium A FHi(Kowalski
1993)7E N 114 Z2 Pl b bt (il 3 1 i v oy 2 B 35 4
TR, MEFMEsEER TR, AW E
M(Lee etal. 2014), 4555 Wang et al. (2019)1
W5 &3 Penicillium J&F1 Trichoderma J& 1Y .
LR A AR 1 A BT o L3 e (B 5),
Wang et al. (2019)BFFE A T Z Pt R T
M4, Penicillium #1 Trichoder ma & BT ilF 25 19
8 AR b Sy d5e 3 A LA . Penicillium
il Trichoder ma & 14 B 127 349 LA 5 K 114 A 28503 7k
TE R S I 858 o T 12 A7 (Torres-Cruz et al.
2018; Tandon et al. 2020), Trichoderma Jg [/ EL
TR RE 08 380 o0 8 A ) £ B AN B i | SO AR
PURE J7 .k f i Dl & 04 ) 5% 8 (Harman
et al. 2004; Druzhinina et al. 2011) T AE FEFE
Y1 K (Yedidia et al. 2001). AR TR BE
FAN A TR AR B TR A T R R AR AL AR A, ACBIE 5T
TE 3 MRBR  HEAAR rh R O S B T A
BAAMEEAE, 40 Tomentella, Amphinema,
Tuber . Tricholoma. Acephala % (/& 5), H+
Acephala Ja& 1Y 4t AT 62 k£ i 2R AT B A
A DSE ZH i —(Griinig et al. 2008), DSE HE
WAL AN VS B A0 B4k (Monica et al. 2015;
Surono & Narisawa 2017), 5 Blifg FAE YW IR
e Z 4534 (Newsham 2011),

YNBE Him, AR Agrobacterium FE A
HJ 1 & Bradyrhizobium A iHiAA FIES T4 6
th g LRI DA AR R R (B 5), AAT 1R i 1) e
BB TE 2 AR AEY) 5 | R TS TR AR A
Py x5 s S BEPLEIWE R AL AL (Tiwari et al.
2022), LATH BN TR EAE AL Bz 0N
FHRE K R (Liu et al. 2022). 184 HIRH 8 LA
BA 5 SR IA T BEEA [ N, G877 AR
ZH 2T 18] 44 (Parker 2015), SR, 184N HE
WEAFTETAE G RHEY) T (Rouws et al. 2014).,
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2 R ECE AR A AR 2R . AHT
SE 2 A I R Rl AR L AR PR A g e
FIPEEE A (448 A MR IR P Bk AR 7 AR AR
+ 3 5 = S A7 (VanInsberghe et al. 2015).
Paraburkholderia 7ETHFAFIRE AR T, HL. 2
i 0 A rh B R LA T R (K 5), iR
Paraburkholderia J& H) A 4 32 250 A 7E - 380
Y (Gao et al. 2018), FEill 2R 13 (Gao
et al. 2018; Wilhelm et al. 2020), tHZ2MHRFr1
TR H LA, Paraburkholderia J& 4 7 H A 2
AR ) A A R G AR AT AR P AR AR AR
YA /) E J1 (Vandamme et al. 2007; Esmaeel
et al. 2018), FEM RPN TR E PIER B
FH(E 2% 2020), Caballeronia i FiiE
AT o — L3 E Rl 2 iR
R (B 5), %8 A RE % A TR R ol
Leptoglossus occidentalis [ i i 7 (Ohbayashi
et al. 2022), BITEMAE 28 4 5 R
AR AR Sr . Pseudomonas g AR AHITAR
brA-vr L sJE (& 5), iZJE G s GE RE S
W IEh Ry SME R AR Laccaria A= /7 FiLE
£ (Deveau et al. 2007),

B AR A5 I 2 1 T BEnT AR Bh 3R AT T AR R
Z I W REVR N IR A B O R A5 4, JE 2 A
2 FRA R 25 A AL A TR A L BRI Vi ) A A
2, FRATRICT M2 Z g (Bl 3). 7E AR
A BRAL B LA A V% T AR YA AR A ]
HERE, — I —8x SRS T IR
ORUE, B 2 FlRA R R % 200 T A= 25 R 2% 3
B R /N = O S Sy N R G ) e s D 130 2
MR A, AR
B0 PR IA R &2 AR P i R Fa 8 M (Yuan et al.
2021), A MFITHE H M2 & 8 B REAE D sE T
YIRS BESR BE (Jiao et al. 2021), HAEM %
A 2%, AR T A ThRE 2R Rt
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2 FFAR RIS T AN B T I 22 5%, Xk
VI PR S 448 T 7R R A A el EL A A [ B B 5y
P2 RE, 20 DA REVR 1A A2 1 M ) e B4
FHBK E %8 K (Wang et al. 2013), 11 FEHLE FEXTE
AT TR V% 114 R 42 5 W) B 58 (Lekberg et al. 2012;
Powell et al. 2015),

- BRI A 5T 52 A RN A 5 ) 4 TR R Y
(Michaela et al. 2015; Castafio et al. 2018; &
WI%E 2022), £tk EA REDIAMELL R . T
Py 2 0 AN 0 S i R 1 AR A CFE ) e S
2000), AMFFTIA T 2 HARLBIMAA AR THA A
AR, 2 Bkt HA A R] - 82 R S 2 A
B 3Z 35 MR o R LA A3 25 A5 M, +358 pHL.
AW AP MBS AK SRR T E 2
SR 2). HHgERALME Y A IR £
FEPE . E T 2 ORI 8 TR DS Y 2 J3 (X 52
& 2022). AMFIEH, HEAEE AP S5
WYREEERIN AL LR, £ pH 5+
20 R RN L D ) B R R SR B T
KF, X5 Wang et al. (2022)% 4 45 - 5434
PRI A OCOE SR 25 R 3G . B ISR TN
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