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550025

. LR Pinus massoniana X445 E LT 2 LA W AR AN A URAESF AR AR S 288, BT
REKPIMERR (ectomycorrhiza, ECM) H VA & BRI Z 5, #ul H a7 MABHu . A5
DAY B AA A AR R A R AR B 4l B SR T A RL, SREEZ R &R, FIH TR LA-S BIR R 40 i R E
WAL, R TTCHEMER ZIE /1, FIH 1ons5™XL F 4 %R £ ELE DNA 3738 1 [X 3k 47 e i & 00
TR 5 ARG AL e R R SR R MR K ECM L EHEVE (A OC R o 45 R WM B 40 1 1R AR R A 2
FEREZER, BUETHEMRRSKE., RO AL 5 XEULAR R G 5SS 5 A 4
4 16%—44%. I FF 1S ECM E 1 FP oI AT 7> Jy 44 A~ OTUs, SRJE 2715499 H 13 81 15 J& . ECM
HWEBEE A, NERTIELE B Sphaerosporella N5 BAAAF RIS LGN HA R, EEESVIAEH 9
ECM ELTE T i LIk 95.59%, {HLE4 A4 4T ECM BLH TP AL 5 60.43%, [l 42 A2 6T IH-4h 1 ECM L
B P S )& Rhizopogon tH 5 E B E LG, N 16.43%. ECM EEHEEE Z R4 RE R, SREM4A
WA 4 shannon ZFEMETER. Chao 1 5 Ace £ E EIREUN L E m T 2WIEM ).
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Community structure characteristics of ectomycorrhizal
fungi in different leaf type seedlings of Pinus massoniana

TU Jing-Jing WU Feng®  SUN Xue-Guang  WANG Hao-Yun  SHI Chang-Shuang

Institute for Forest Resources and Environment of Guizhou, Key Laboratory of Forest Cultivation in Plateau Mountain of

Guizhou Province, College of Forestry, Guizhou University, Guiyang, Guizhou 550025, China

Abstract: There are two variations of one-year-old Pinus massoniana seedlings, one with primary
needles and another with secondary needles. However, it is still poorly understood that whether
there are variations in root morphology and ectomycorrhiza (ECM) fungal community between
these seedlings. In this study, the seedlings’ roots of the two variants were collected to analyze
root morphology by WANSHEN LA-S system and measure root activity by TTC method, and DNA
ITS regions of the fungi in roots were sequenced with lonS5™XL platform. The results showed
that there were significant differences in the root system of the seedlings. The total root length,
surface area, volume, number of branching, and root activity of the seedlings with secondary
needles were 16% to 44% higher than those of the seedlings with primary needles. The DNA
sequences of ECM fungi were classified into 44 OTUs belonging to 2 phyla, 5 classes, 9 orders, 13
families, and 15 genera. Sphaerosporella was dominant genera, reaching 95.59% of total genera
in the seedlings with primary needles, and 60.43% in the seedlings with secondary needles.
Rhizopogon also occupied a higher proportion (16.43%) of ECM fungi in the seedlings with
secondary needles. Shannon diversity index, Chao 1, and Ace abundance index of ECM fungi of
the seedlings with secondary needles were significantly higher than those of the seedlings with
primary needles.

Key words: ectomycorrhiza, Pinus massoniana, seedling morphology, root characteristics,

amplicon sequencing

AhETE MR Cectomycorrhiza, ECM) EL
e I T AIE T AR AR ZS R g ) EE B R
#r, B 5 RZHETHREZ R ECM (Smith &
Read 2008). ECM H. il i 5 A I T8 2. 2
WG IR A AE TR 22 55 4540 5 1 AR YT itk
Ak, HREYRRS LIBEAEE (Smith
& Read 2008; Turjaman et al. 2011), {E#t1E
FAEY XS IR TR R IR, $EETE
Y X5 K& N (Lang et al. 2013;
Velmala et al. 2014; Patterson et al. 2019).
G S ECM BB s A A, 15

TR CEAE R Wiz ik BIRE, v ECM
g A KSR T Bk (Walker et al. 2003) .
ECM HF 518 FHEYR R 2 A7/ |
1EH, ECM LB TE S MR & T Rl
2, SRR ERASKE, (RHER
SCE AR IS E R 3 I AT SE AR R K B
(Barker et al. 1998; Smith & Read 2008).
[FII, 18 FHAAR R <5l 4 ECM E im0 5
Mz EREES, X ECM EL B B VA 45 0 7 A 5
Wi, G A ECM AR 28 AT aE i LA AR 2R 70 idd
IR R A B Se I [R] 22 46 (Lang et al.
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2013; Akatsuki & Makita 2020)-

T RBFE R I, 18 F AL AL
FA 2520 ECM [FTE UL K ECM HL B #F
45K (Velmala et al. 2014; Lamit et al.
2016; Patterson et al. 2019). 15 33 K B /E
MAREKAES B ER, 2% ECM HEFE#
W SE P HE HH 2 (Korkama et al. 2006),
AR AW EEIE S ECM AT £
FEME, MIMiEE ECM EEBRE M IIRE 2 A
P, YEh0fE EREM IR RBGE /1 (Lang et
al. 2013; Velmala et al. 2014). [FiFf, HT
ECM HEHEAFEFR 18], %16 EH R APk
FI i SRWAH BT A A (Lamit et al. 2016), 41
FHEYH LI KR AT R, H
WA ECM FEE 2 240, Flan, K
12 Picea abies W, i AE T X R 5184 A
ZAEL, o B AR, 52X
REAEMERWAN ECM HRH ZHEMEHE
H, WREAN G X HBIEAENRRES

(Korkama et al. 2006; Hamberg et al. 2018 ).
Patterson et al. (2019) I KB, JHFEN
Pinus edulis PUF A A& E#E KT
PR MY, BIE R R ECM HEHK 21+
PR o T B A il i A A AR AR )
TIRRERE R, M BB AR R R RS N
AR R TR BT ECM 1L BETE S B R
WL 5 2 AR, X TELERA AR
WHE =T, IRABARE I -ECM LR I I
A AR P 3 AL ) 28 O E

I, B FA Pinus massoniana E. A IE N
s AR A TE SRR, RIRIE R TT
Ly X 38 AR ST B b Al f D 3 8 MY A B A (T
SANAE 2006). FE TR RM . AN TAR
Je KRR FL 45 R W, HoXF ECM L ik
BIL M, ATEEE (BFEK 1989).
WA RTIAR T I, S R A4
B 57 4> 1 B 4 %] 4 Cprimary needle
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seedling, PNS). 4R 4I'M (secondary
needle seedling, SNS) FifhAE S 2KAL, Hrp
M REAYIAM, FEEENRAELH M. 1M
taJ& Pinus PSRRI/ MA K B 3 EdFE N

PRI, BEAE T R N R A
KRR 42 BB By AR, AW
A IR A R B IR AR, A R
KR AM, BMCEA; REE T, BIRGE
B _E BT LR R, Gl 2-5 M1 REE
] A} 25 e 18 4 A 9 B T2 2 40 B A 9 =5 B AR
JEAH 1978). DL, RANRE
RNV =Y IN IR 20 e WAL =P
BEZTYRRRE (FHIE% 2019). £
R, O KEMAF N LHER ECM H
Xof By AN G AR AE L EE 5 T, IESE T ECM %)
M s R, EYESERIIsEEST
REEFR R AR (Esoss 1995; B
JN&E 2015; FILFHEE 20200, XLEHTA
SERBTLEMRYS ECM HEAELE ZEN
PR HAEZ, EIRWR D R4 As 52k
B R A T AR, R e AR R AR
KU ECM HEME A IRIE . NI,

AW I UL FEAA M A ) AR IR AR ET
20 HG 0T G, X PR R B 4l AR & DL AL
ECM HEHFHRHEEATH T, BEMHY
FERA T AR R AR R A Y e ECM FL A
HEE sz, LURIRA 9T S A -ECM
FLEA B3 AE ML S R 3

1 Mr5E
1.1 HmRXESLE

A FE AR AR R YR T BN B B A T
L Ak B X E R AN RO ) F [
(db 46 26°169'-26°170", % 4 107°623'-
107°624"). XA RApEHLP 1.5 A F T [T F
THHTARBRE M. 2017 4F 3 AJK, F 0.5%
e B PR A TRON M #EAT I EE, 7E 30-40C
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TR/KIEM 30-48h, £ 1% H e AT &M B
M. BHiRwNLYMERE (B 8cm,
K 10em), FEJ5T R ¥l N 5 R AA bR iR
HRREEFUREM R, BRI B w5
B R PP O TR E B (2001) A
(5 AT . 2017 4F 11 H, ECE BN
KARFERT PNS F1 SNS PHFHIS A 21 F
5o BEFRAERTIBENLPRIE 5 bR, ZTEHWK
MR, IS AR AT A R 1 AN EY
HE, BT ILHBHERGEH T EEEN
Jrs BRI R 3 AN A ER . [FR,
PP R ALBRLE 5 MRS, &iE KT
VeIG s W4T AR ZE 45 AT, R4
TR E BN R TR RS TR
€ R R FRENLPRIE 5 RS, &
TEKMYE S, BRI 73 ) R AR
FFHR R 73005
1.2 AR RSB RIEIRNE
KEMNHERR, &2EF)J5KH Epson
HrHAROGRIR ZEME, FIA IR LAS
TR ZR 534 R gent B EEAT 0 Hr, REUR
REKE., REA. BB BB B
DA 53 XS 250 AR 235 77 1 e R &
=R FE IR M (TTC) ¥, HIE TTC frifk
Hi 25 ; BRI A i 0.5g, 32T 0.4% TTC
WA IR 2 pP R A (RFRLE 1:1) 1,
f£ 37°C FHEARIR 1-2h J&5 32 B N B BR {52 11
KL, AR — 25 [HEe8; R, Ha
R TR TTF, SR E e E
B K 485nm R Lh, LA RIS AR S IR
WG SE, ERRMEMZE, R TTC IR E, &
J& Z WAL A 5 B0 (2008) Firidk 77kt
HIRRIE T
1.3 REH RE DNA IZEUR I 187N F
A CTAB VAT FF i DNA $2EL, i
1%t JI W e Js i ARG ) L o 2 o AR B 5 1)
FE[R2H DNA SNt , 8 H 7 Barcode H. &%

Hp O ITS2 X B AR HERE 5+ 51 4 1TS3-2024F

(5'-GCATCGATGAAGAACGCAGC-3') Az ITS4-
2409R (5'-TCCTCCGCTTATTGATATGC-3") HAT
PCR "3 AR ¥ PCR P W¥k £ HEAT 55 B TR A,
RS EEH 2%EE MR BBk 4tk PCR
Y, AR EIYIRIR. Ak B bR gk . fEH
Thermo fisher 1] lon Plus Fragment Library Kit
48 rxns BRI EIAT SOE I, MR
IS EL I Qubit & AN SCERT G4 5, A
Fi Thermo fisher ] 1onS5™XL 34T _EHLIE .
1.4 RS

M P IR e E s 2 s . LBRikE T3

J5, 143 Clean Reads T /5% . #IH
Uparse #f}: (Uparse v7.0.1001, http://drive5.
com/uparse/) %I A Clean Reads it
ITHRIE, BRIALL 97%1—2tE Cidentity) ¥
A %3N OTUs (operational taxonomic
units). F Qiime #f4 (Version 1.9.1) H [
Blast J5v£ Chttp://qiime.org/scripts/assign_
taxonomy.html) 5 Unit £4 % Chttps://unite.
ut.ee/ VLT OTUs AR 7 51| I Py RBE 0 BT
FEEF. 11 N B, B BENDEKF
GH SRR AL A7 X 5 SR AR AL
K =97%, MR PR 25 L 25 R AH
BUERAT 90%—97%2 8], NI % %€ 2| J& 7KF o
A BT A FEAR IR R 45 A OTUs 1
A5 R, #E— P15 Unifrac #52 (unweighted
unifrac), & UPGMA F#. FIH Qiime
A (Version 1.9.1) 75 Simpson. Shannon
M Chao 1 S5 Z LR %, RIH SPSS 22.0 ¥
PERAT Gt o0 i, NRBRSLAEA ¢ R it AT
7 5w o A

2 R 55T
2.1 DRMEMATNEMRERE KSH

7 Tl 2 T )y e AR AR 2R K 2 O e A
W 1o EUEAM AR IR Kl
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*1 DEMAMERGHRRAEKSY

Table 1 Root morphological parameters of the Pinus massoniana seedlings

AR K R IR (A SER 24 WRE 7 X RARWE )
Types Length (cm)  Surface area (cm?)  Volume (cm?) Linking number  Tips Branch number Activity (ug/g)
PNS 81.6x10.6b  225.2+23.0b 83.5+9.7b 332+22b 354+18b 82.6%6.0b 13.5#1.1b
SNS 101.3+10.5a 289.9+26.9a 112.4+9.7a 435+39a 411+21a 119.3%#4.3a 18.6+1.2 a

v FVARFRRREREZE (P<0.05) . PNS: &HJEM; SNS: A4, F 3

Note: Different letters in the same column indicate significant difference (P<0.05). PNS: Primary needle seedling; SNS: Secondary

needle seedling. Table 3 is the same.

R R ARRE S N T 2]
Artghnn, Hd o XHREEER K, 18
44%, MRREIEEMEL &N, KA 16%,
HABAR R dE SR AT 24%-35% 2 [A] .
t fde f 4 AR, MRS R RAEK
SR 2 e 3818 B 2 /K- (P<0.05) 0 AT,
WA HMIRRE IR EES T2
WIS, REVIEMLET 1.4 £5.
22 BMFER

P AN T Ay B AR ARSIy 45 R AR 2.
24 JFi 1% J5 BT 13 Clean reads, fF Raw reads
BT EE B 20 A 92.3% A1 96.5% . - FEAR
Clean reads £ 97%M)—E P47 FRF R
J&, HA PNS FEASFH35R1E 357.3 4> OTUs,
SNS FEASF- 13515 369.7 4~ OTUs.

MEFEA R, B AL H — e 0 = 1 2
P, guitHaetaEn otu $E, MEmiRe il
4 (B 1. X7 HF51iA5%) 30 000 %L L,
SR ML AP, 3R B A =
AH, R E AT RE S FEA OTUs 13 21
SEREAE . B &R AT UPGMA R

*2 MEFERgt

Table 2 Statistics of sequencing results

TR, WRRERIA T 3 N ERE
FEf o BN —28, R 70 0 P AR S 1Y
R R BRI A ZER (B 2.
2.3 UFFETS ECM EFE4H K

B & RN 7 B3 OTUs Ak SCRRHERR JE
ECM FL1H, 2L3R45 44 4> OTUs, Hi1 13 4~ OTUs
LEFRL HAR 31 4> OTUs e B J& &
PLR K. %3] ECM RN 2175
M9 H 13 % 15 J&. #HF K] Basidiomycota
B 17.53%, TR ] Ascomycota (5 L
N 82.47% . Basidiomycota H AN H < FH 4N
Agaricomycetes, il Ascomycota TL& 4 N4
N B % N
Eurotiomycetes. £ # 44 Leotiomycetes Fl13
5% B 4N Sordariomycetes , 2> ) &5 i% 1] )
98.03%-1.24%-.0.64%#1 0.09% . Agaricomycetes
BFG 6 MR, FERMOKE R v B AK
UCNBT K ERE Atheliaceae (13.23%). # [
%l Thelephoraceae (2.25% ) . Zii I§ # &l
Rhizopogonaceae ( 1.52% ) . % 7% <= F}
Inocybaceae (0.38%). FL.-H# £} Suillaceae

Pezizomycetes .

2R J5 e K R ET A MR R oTU ¥ &
Seedling types Raw reads Clean reads Effective rate (%) Number of OTUs
PNS 86 770.0+674.9 80 097.0+36.4 92.3% 357.3%22.5

SNS 58 516.7+3 994.0 56 449.7+4 387.9 96.5% 369.7+33.3
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1 BEAYMERZ%

Fig. 1 Rarefaction curve of samples.

(0.14%) FNZ2JiE A} Cortinariaceae (0.02%)-
Ascomycota [1] 4 NWILELE 7 AR} AR
Y/ s SR o = = = | (A Ry S < A P

Leotiomycetes (Unidentified, 4% & $| k144,
X ERE, 0.46%). FEIEEFl Helotiaceae
(0.07%)~ P FE T £} Hypocreaceae (0.05% )+
J& 2 7Kl Diaporthaceae (0.02%) #1441 %}
Pezizaceae (0.01%). {EJE/K-F- L, FAXI=FE
G H21% AN 5 AN, RO /NER 5 R 8
Sphaerosporella ( 89.19% ) . Zil I§ H J&
Rhizopogon (3.11%) . Cenococcum (2.08%)
Rl K BE JB Amphinema (1.86%) FIH 2 H &
Tomentella (1.22%) -
24ECM ERE S HMMFEEEIRY
KPR BIZN AR & ECM HL R AE 97%
— U B ) Shannon 8%, Simpson 1§
#(. Chao 1 ¥R ACE REGHIT ST, &
WoRBR AR EN, AR AR R

ECM H 1 [¥) Shannon #5%{.Chao 1 Fll ACE &
HPH)REBETEYAENE (K3,

Pyronemataceae ( 80.83% ) . K [4] % I &}
Elaphomycetaceae (1.02% ). Incertae sedis

M Ascomycota

M Basidiomycota
[ Zygomycota

O Glomeromycota
@ Chytridiomycota
[J Other

PNS-1

PNS-2

PNS-3

SNS-1

SNS-2

SNS-3

§ . . T T T
Unweighted unifrac distance 0 0.25 05 0.75 1

Relative abundance in phylum level

0 005 0.1 0.15 0.2

2 ET unweighted unifrac BEEESHY UPGMA B340 &I A M9 B FEAS P 17K P L A ROR NS =2 5 23

A [

Fig. 2 UPGMA clustering tree based on unweighted unifrac distance. The relative abundance distribution of

species at the phylum level is on the right of the figure.

*3 DEMYEMNEEREESHMEMFEEIEY

Table 3 Diversity and richness index of ectomycorrhizal fungi in Pinus massoniana seedlings

4R A BFARIFH AR Chao 1 8% ACE 153K
Seedling types Shannon index Simpson index Chao 1 index ACE index
PNS 3.69+0.43 b 0.33+0.05 a 78.24%£2.55 b 77.18#3.11b
SNS 5.57+0.34 a 0.22+0.04 b 90.65+2.31 a 93.92+2.87 a

B4R 129
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2.5 ECM EERFELAM

TEJE K- b, IFEIL) T ECM 1
B R AT £ 7 PIMH AL ECM 11
& OTU I H 75 EEHERR K WL 3, Horp4x4)
A4 AR SERE N Sphaerosporella, 8
Xt 3 FEIA 95.59%, HAK N Cenococcum(2.15% )+
Amphinema (0.82% ) Fll Meliniomyces (0.71%);
Sphaerosporella [F)H} 178 75 4 R AR EF 4011
WG E, (EAX 3 R 60.43%. kA4
40 TR, Rhizopogon FRAENS = B HE4 55
=, N 16.43%, TARX FEEGE 1%18H
Amphinema (6.50%). Tomentella (4.46% )-
Meliniomyces (2.01% ) Cenococcum (1.76% )
‘K22 ¥ J& Pyronema (1.50%) LAKFAHTE
J& Suillus (1.44% ). PAFHZETY A HAT ] ECM
H B OTUs A4 26 1, VHJ@T: Sphaerosporella-.
Rhizopogon . Cenococcum . Amphinema -
Tomentella . Meliniomyces . X &
Thelephora- Inocybe FELH J& Peziza. PiFHZS
R L ECM B8 WK 4, JLE RS
1 J& N Sphaerosporella (89.19% ) « Rhizopogon

® 100 ==m B Thelephora
2 % %% H Diaporthe
= &£ 80t ) [ Suillus
e § ~ood B Peziza
= E B Hypocrea
HE gt B Cortinarius
g B Inocybe
o
&8 & Scutellinia
w401 i Pyronema
= O
H 5 B Cenococcum
E £ Meliniomyces
g 200 & Tomentella
O v
a B8 Amphinema
@
P 0 1 ]
. PNS SNS
P44

Sample name

3 FRIMEDEMSE eEcM ERFESEAR (B
KD

Fig. 3 Community of ECM fungi in different leaf types
of Pinus massoniana seedlings (generic level).

130 EER

(3.11%) - Cenococcum (2.08% ) - Amphinema
(1.86%) #ll Tomentella (1.22%) -
3 Wik

AW T By RS A AR B 4 B AR
RKE., KRR BREZE ST 204 M%)
H, RUFE IR AR MIEEE K. kA4
Rt R E o N E 2, otk
BHIEN T = 16% 1 44%, H 7 5351k 3|
BE Ko BLAME R 5 SR e iR 278 TR IR
W R SRR, 7 XEkE, A
WS AR T E FR P R TR (5 5%
2019), KA RAE 40 FIAR R R
M. LRI, AR D R A
L RS P FR 4SS AR T By
RIEA . ElEHRRIERE R AR
A, AW RIE TIHEMZESR.

AHFFERA TS WFFTTiE, EPFEAL)
HIHR R _EILKH 44 > ECM HH OTUs, JEH T
WA 2E ], HH Ll Pyronemataceae.
Rhizopogonaceae . Elaphomycetaceae .
Atheliaceae #1 Thelephoraceae NIL#Fl. H
Ry A ECM LB REIE AT 78 2o, e ECM
FE BEVR B 4 %5 £} Russulaceae FLA- T
B A} Suillaceae. L%}l Lycoperdaceae il
Thelephoraceae %540 %, H.H Lycoperdaceae
FEAE N 4R L%, Thelephoraceae N
KR KA B HL kL, Suillaceae Al
Russulaceae i {77t T & B TH ECM
HEF (BRZEKR 1989; Huang et al. 2012;
2 20165 HJHEEE 2019). AWK
WA OTU VB2 Suillaceae 1 Suillus J&, 18
HEFAEHAK. B 57X, Pyronematacea
Al 5 Pinus tabuliformis Carr.JERAME R
R (EEMERM 2013), Pyronemataceae
¥ Sphaerosporella 7=#%J& Quercus
ECM FH LA E B (Marta et al. 2019;
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x4 MBECM EFE OTUREARSE S HIER
Table 4 The classification and distribution of dominant ECM fungal OTUs

PR Hart e Hort % oTUs At IR AL
Dominant families  Percentage (%) Dominant genera Percentage (%) Dominant OTUs Percentage (%) Distribution
Pyronemataceae 89.47 Sphaerosporella  89.19 OTU_5 (32.26%) 66.16 PNS, SNS
OTU_37 (4.35%) 8.93 PNS, SNS
OTU_143 (3.39%) 6.97 PNS, SNS
OTU_370(1.46%) 3.01 PNS, SNS
OTU_351 (1.42%) 2.92 PNS, SNS
OTU_580 (0.46%) 0.95 PNS, SNS
OTU_417 (0.09%) 0.18 PNS, SNS
OTU_530 (0.03%) 0.07 PNS, SNS
Pyronema 0.28 OTU_78 (0.14%) 0.28 SNS
Rhizopogonaceae 3.13 Rhizopogon 3.11 OTU_179 (1.52%) 3.11 PNS, SNS
Elaphomycetaceae 2.09 Cenococcum 2.08 OTU_16 (1.01%) 2.08 PNS, SNS
Atheliaceae 1.87 Amphinema 1.86 OTU_4 (0.82%) 1.67 PNS, SNS
OTU_299 (0.08%) 0.19 PNS, SNS
Thelephoraceae 1.22 Tomentella 1.22 OTU_394 (0.28%) 0.56 PNS, SNS
OTU_340 (0.19%) 0.39 PNS, SNS
OTU_573 (0.07%) 0.14 SNS
OTU_455 (0.06%) 0.13 SNS

E: M oTU A EHITES T EIRAZ1Z OTU £ 8/ ECM B TH OTU it o5 41

Note: The number in brackets behind the dominant OTU name is its percentage in the total number of ECM fungal OTUs.

Mrak et al. 2019). JTIARFFEIESE, EFIH S
FEA . HEITES Pinus radiata ZEKA & 4 H 5 3

% J& Lactarius AT B R A RS E
Sphaerosporella 7& & % 5256 15 44 1) 32 £ &
(222255 20200 AWEFTHT HH 1 %)) i kR
TLEMREINER, EANTEMFGT, K
I Sphaerosporella TEWFIZE 41T ECM F
W S 4T %, R Sphaerosporella 5 1
AN BT ISR AR 08, W5 T A B
. A, Rhizopogon 5w A B SR
J1 (3222525 2020), 241K Pinus koraiensis
FIE-F¥A Pinus sylvestris var. Mongolica 1L

#ECM (FRK1L%E 2018; HHINLE 2020),
AW T RAA I I ECM BB H Rhizopogon
W5 H—E ], R RS ERTE AT .
£ D BRI MRS ) ECM B R

V& b, BSR Sphaerosporella (5 45X 3
1B LA 4540 A - 4 ORI 4 U2 B i 4l VAR
£ ECM H ARV BT G B A — . K
i fE S ) A S B ECM BB VR TR X R
FEi& 95.59%, Ml £E 4= Ik AL & it 4 H ALK
60.43%. LA, AHIAMHIT ECM HREHE
o, FEXTEEEIRT Sphaerosporella AR IR
Cenococcum~ Amphinema F1 Meliniomyces, {H
WA Cenococcum AN F= FEE I 1%; 14
AR 41T ECM BT Y Rhizopogon
WG R LLE], FXFE A 16.43%, [H]
5} Amphinema. Tomentella. Meliniomyces-
Cenococcum. Pyronema VLI Suillus [IAH%
FREEXIET 1%. WA S ECM H 1 OTU
W2 AEE. T8 R R, SRR
ARAET A ECM BT B TE 2 FE AN
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FEEMEEN S T2V AN Y. FiRd
REWH, GREMYFEEEFRLEYEN. 2R
AEE AR B Z AR R ) ECM LR BV
M E2UHE TIHERZER . EaE RN
LW, RE ECM R 518 FEYIEER
Ja, fEfEdt e A KT R I DI
FIAB A, (H ECM E TR A R4 Fh 2 8] 2=
TEEGERER . WaAEKEE. BRI ERE
A, PR A TR KIS AR 5
W R 257 (Velmala et al. 2014;
Smith et al. 2015; Ning et al. 2020) , I
Amphinema J&XT A 42 Picea glauca %1t I
G WECHEER], 1M Thelephora terrestris
R G 52 (Smith et al. 2015) o 3t
— I FEIESE, AN[FEIFR ECM 5B P 43 i
FERIVE M Z IR K, ECM BRI BRI ZE R
SEDLER ER BE 7 b (Maillard et al.
2018; Ning et al. 2020) . T4k, FhigH
W EUESE AN AE IR IR 2 PRt 2
s fE YA, W ECM B 2 A ER$E
= AR HE RN = A2 . BRI WL B¢ Fagus
sylvatica SEMRAR &I 77 53 IR, R k%))
£ K (Korkama et al. 2006; Kipfer et al. 2012;
Hazard et al. 2017; Kohler et al. 2018) . i
R ZH B B A N A IR AR I A R
K EMPLRERINE L (EiFia%s 2018,
2019) , MRS ERYEREA ECM H
H A Z M S 9 K 2 AR B I A
[RIAH R HE 6
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