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Abstract: The symbiotic characteristics of early stage fungi associated with native and exotic
pines were explored. Axenically germinated seedlings of native (Pinus yunnanensis and P.
armandii) and exotic (P. greggii and P. maximartinensis) pines were inoculated with spore
suspension of Suillus luteus, S. phylopictus and Laccaria vinaceoavellanea in the culture room.
Six months later, S. luteus and S. phylopictus ectomycorrhizae were successfully produced on all
four tested tree species, and P. armandii showed good receptivity to both Suillus species.
However, L. vinaceoavellanea ectomycorrhizae were only found in P. greggii and P.
maximartinensis, with a low colonization rate of 14.3%. This is the first report about these ten
mycorrhizal combinations, and the mycorrhizae synthesized by the same fungi morphologically
and anatomically showed similar characters in all tested tree species. Plant growth affected by
these three fungi varied with tree species, and the plant growth of exotic pines was much faster
than that of native pines. Although the colonization rate of the Suillus species on P. armandii was
the highest, their effects on host growth were not significant. This study suggests that spore
inoculation is an economical and effective method to study the mycorrhizal synthesis of early
stage fungi such as Suillus and Laccaria species. There were differences between native and
exotic pines in mycorrhizal formation with early stage fungi, as well as the effects of formed
mycorrhizae on host plant growth.
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A= R HR B (ectomycorrhizal fungi, EMF)J&
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TR HAN Pinus elliottii . 5E9AN P. radiata %5
HAYIF . VFZ EMF #FRE S AN AR IR iiAh A
PR, B 1 LA JHF T I S A2 I T S S B
WAZ HAEmAT I ER IR, Lz mAssl
WA IR Lactarius spp. section Deliciosi . B
Tuber spp.55(Wang 2012; Wang et al. 2019, 2020;
Wu et al. 2019; {55 2021).

W FLAIF R Suillus Iuteus (L.) Roussel
18 B A4 P S. phylopictus Rui Zhang et al F17F
ZIM5 B Laccaria vinaceoavellanea Hongo J&FX[H
VYR T3 b DR B AR T, o DL TR AR B
FITRACHR T (AL R4 2021), HApaim & 2
J& T AL A SR, M5 1 EE R, SR
FE AR AT LA o BT, BN T ELA R
IBESE Z 8 b T e FAEP AR AR X ES R
15 Yl ) 7 N A B P T Sy T
(Colpaert et al. 2004, 2011; Krznaric et al. 2009;
R4 2015; Peng et al. 20215 FHRJIFIAR 4
T 2021), EPBr I, Yamada et al. (2001a, 2001b)
X EARNFLA T S. granulatus 558 P. densiflora
YRR B TR AR TE A DL i R AT T R4
B . SR, FEFH EMF SHAMR LA Rk
MRECAR G ARG Tl AR A N TR
B E)AF I AF S 20 R

AWFFETE TR E AL 2 B (2 FE A A AR
WA ) R =5 P8 B ) 2 AL (P. greggii F1 P
maximartinensis), [AIEfGEBCELAFHF RS . MBS R

(1) 3 FhSEHH EMF, el 26000 T A -4
Ty TR G A, 3 AR U RO
o5 8 RN AR R BON BT, BRI EMF
SRR S AR R, DA R IR L AR
AREIFp . R B TR O F) e it

H
HLj[go

1 AR5 r®E

1.1 RBu it

I UG = AN P. yunnanensis, E1L
¥5 P. armandii \P. greggii Fll P. maximartinensis
4 FPRS, Hoh a AR ILAARD 7RI T =5
P. greggii il P. maximartinensis P I8 T 274
o TAFFERAET 4 CF &M HE R
¥ 2L A S, luteus FGE R EL A OS.
phylopictus >k H 2= B VR EIHE ILASARTT , T 21 8 g
L. vinaceoavellanea Wi T EHHXRIZET ., HE
BT A BEIEA T SR AT IR (18T 1), ZeBR 7Sk
AT, HH 75%CEHITIHA, AT
SEJEHSY 4 C A
1.2 EEFEM

FEAS R -2 S T 5 R T R K I
1E 4 CUKFETHE 48 h, SAJEH 30% H,0, lH 7
5-10 min; JEJRACHEMARRE BZ | RTvb AR AR L
(2:2:1, &FLEL), 121 °C. 0.15 MPa K5 2 ¥k, 0]
BB 2 d B 1 h, JEFTAERZ pH E R 5.5; H4iH
BE B YRl BE TS A K R A e (R

1 =ZMNEEREFE TS A BIFUEITE; B: JREIFE; C: WAE. Hr=2cm

Fig. 1
vinaceoavellanea. Bars=2 cm.

Fruiting bodies of three ectomycorrhizal fungi. A: Suillus luteus; B: S. phylopictus; C: Laccaria
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B RO 1 MRS A AL PR 35— i 2%
o BCELAEME . W T2 S W&
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JewK
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Il ] i 3 T L O 2R A K VB U, FREAT DNA
$HFH ITS1F (5'-CTGGTCATTTAGAGGAAGT
AA-3)F1 ITS4 (5-TCCTCCGCTTATTGATATG
C-3NGI ¥ AT MR DNA ITS X I8 Y 4 3
(White et al. 1990; Gardes & Bruns 1993), §/ 1
i Be J5 A 7 41 L BioEdit 4i%E, 7 NCBI
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S E 4% % GenBank.,
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HeAh 6 A5 R A T AR
WHIE BUS , ST A RARE A RHE SR | il
ST IR B 47 IR fif 7 A - I 3 T
BT, SRATFSRR Y LT U b3, 58
OGRS L iR
FHARE
1.5 BEREEMONARKE S

6 A, IR ERG BRI R ER
B B ) 2 =T 18 DA AR RS T AR 5/ A g A v
SRER) , IR Murat (2015)19 7 B % B AR 12 4y
RIATEAL

FERIJEEE 2.4 F0 6 A H 43 500 A T PR 5
F¥ 1 Excel #EA 7508 A0 BN 34T o
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2.1 ERERIFER

Rl 6 NG, M FRFLA B R R B 2L AR
WA 315 4 PSSR B T RAR (B 2), T £
AN PAFR SN P. greggii F1 P. maximartinensis
TERL T B 3A, 3B), SAHIIATCEARTE .

BB L 1, HAhPishrl b s S
PSRRI E R R, ARG R 245E 100%,
HARYLRE IR 70%-90%, HU AR, 439
50 PR LA TR R B LA T TR B L 32
H 88.9%H 66.7%, HS5WIFFLAFINEA 77.8%
T R YL R B I8 70%-90%., F4h, 3 Fii,
WIS 4 DRFDE EARE DR AT,
A R II R IK 81.6%, B L1 85 B 5 4 FhbATE
B TR MR B O B 25, TR G R T A
14.3%, HEARHPIFIRA I ARIE IR, 55k
WFh P. greggii 1 P. maximartinensis T i AR
A 1 BRA 4 tk, 1RGFED510 40%-50%7F
1%-10%. XT BB LA AR AT S A AR, Jr
AR A A R B HA A TR AT G
22 PFEELER

A5 BT -SRI A H RIS Y ITS
JF51 ) £ F] GenBank, M 3 filt EMF P34k
JEHY ITS 55153 5115 GenBank H (%8 BRFL A T
(MH878756.1). JE & FL4- I (MK188416.1)F!
WL (MWS77310. ) EA 100%. 99.54%F1
100% AR . MABIARZLAE IR S s . A&
IW#S . P. greggii Ml P. maximartinensis J& 18,/ P&
W IRTER ITS F415 GenBank FP#ERFL A AT
S % %5 (MH878756.1) 4> M EL A 100% .
100% . 99.69%F1 99.84%FHMIIE s M J% Bz FL 4 T
PR 5 4 FIAATE B R AR AR AR 1 TTS 1791 5 1% Kz 3.
A4 R 2 2% 5 91 (MK 188436.1) 14 J8 7 H 100%4H
RLPE s DTS Z1 055 % 5 [l S PR RI AT 18 ) DR AR AR A
[ ITS J¥41'5 GenBank Hoip§Lr i e 2% 7 4|
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2 HMHIAFIES 4 HREREROES A-D: B FHRES 4 FIRERERIES. A: =/
¥y; B: fBILHKSY; C: Pinus greggii; D: Pinus maximartinensis. B-H: FERFLAHFH Y 4 FdATE AR A9
& E: =ty F: fRILMY; G: Pinus greggii; H: Pinus maximartinensis. H5/X=0.5 mm

Fig. 2 The morphology of mycorrhiza formed by two species of Suillus and four kinds of pine. A—D: The
morphology of mycorrhiza formed by Suillus luteus and four kinds of pine. A: Pinus yunanensis; B: P.
armandii; C: P. greggii; D: P. maximartinensis. E-H: The morphology of mycorrhiza formed by Suillus
phylopictus and four kinds of pine. E: P. yunanensis; F: P. armandii; G: P. greggii; H: P. maximartinensis.

Bars=0.5 mm.

(MW577309. )} HA 100% AR A (-A1F
TE GenBank " AEFP SRR ITS JF415
W2 2,
2.3 EIREWA T HIFT

[l Fh EMF 5 4 BRI B0 TRAR T 2545 A+
L AR IRFLA B 4 FIFATE B0 R AR 2 B 2 1Y
TCIREOMR, W22, A IME R 2 TR R
45 (& 2A-2D), HWEJE 10-16 um, HE5|E%,
FE 7 J2 240 it ) B A BH S A G A5 EC I (18] 3C)5 IR
RS 4 FAATE s B AR ISR 2 B B
PSR, B IR, a2k, A AME
W22 IR 45 (K 2E-2H), BHEE 16-23 pm,
HEG K%, 76 Bz J2% 40 R (Rl B AT B S ) e 355 £ )
(&l 3D) ; TG 21 05 15 5 P A S ISR A TR 1 A R AR S —
SCIRECIHIR, WL a6, AIMERZ, TRR
4Z5K(E 3A, 3B), WEJRE 10-15 pm, HEE%,
FE R 2 20 B [ B A B A 0 35 G (18] 3E).
24 MEEKYN

PR R i A A K BB bR, SRR 3 Fb

EMF BEGE 2 = BR AR LLAA S HoAtL 3 Fh AL A A% =
(F 4), EAFRHG IR ES
Fe b 1 e LA I TR BE L R 2 R A B AR
(P<0.01), fHXFIHA 3 Fas r bk & JC 2 5,
e R PR FLAR I 2T 5 B S e B iR v P
greggii (P<0.01, P<0.01)#1 P. maximartinensis
(0.01<P<0.05, P<0.01)fkke, X} =R FIfE
INFARR R RS B35 . 734h, HeRh 3 Ff EMF
XA L R AR 1 24 I S 25 52 T

TESERNGER 2 H 58 4 HRIES 6 H 435I &
iR FEFP IS 2B AR N 4 Bk i s R AR B4 L
Kl 5. RS, ARHIAN (R FIREILAL)
FR) P e D . o T 0 R T PR g 0o R v ) 22
SN R 4TI, AR HPA AR EERD K
RINGE, 2 FhAPHIAA AR A o)l R I
R 308 0 2 M IR A e, i AT e e 1y
RIS AR 3 A EMF 2R X0 4 1
FAFIAPRIAESS 2-4 55 4-6 J KFREmL
T—E. ML XS P. greggii 17£55 24 J
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3 GROHEESEMRERNERAN 3 M ECM WERERISZEHE A, B: WLIE S 2 FARE
. A: Pinus greggii; B: P. maximartinensis, #nR=2 mm. C-E: 3 F' ECM By EARfEHIZEH. C: #IFFL
AR S = AR AR DI s D REFLVAIFE S AR AR DI ; B WLLNTE S P. greggii i)
I, MT: & HN: BFFRRM, $3R=20 pm

Fig. 3 Morphology of mycorrhiza of Laccaria vinaceoavellanea associated with two pine and anatomical
structure of mycorrhizae of three ECM. A, B: L. vinaceoavellanea mycorrhizal morphology associated with two
pine. A: Pinus greggii; B: P. maximartinensis, bars=2 mm. C—E: Anatomical structure of mycorrhizae on P.
yunnanensis roots colonized by three ECM fungi. C: Ectomycorrhiza cross-sections of Suillus luteus with P.
yunanaensis; D: Ectomycorrhiza cross-sections of S. phylopictus associated with P. yunanaensis, E:
Ectomycorrhiza cross-sections of L. vinaceoavellanea associated with P. greggii; MT: Matle; HN: Hartig net,
bars=20 pum.

x1 =ZHEHEESAMMINSRIAEAENERERE
Table 1 Mycorrhizal colonization rates of different combinations of 3 early stage fungi with native and exotic
pine species

RFh WPRFL IR FE RSP EAR )

Tree species Suillus luteus Suillus phylopictus Laccaria vinaceoavellanea
/ARG /ARG /R /ARG
High/moderate/low/no High/moderate/low/no High/moderate/low/no

PAEEEV 7/0/1/1 0/1/5/3 0/0/0/9

Pinus yunnanensis

RIS 9/0/0/0 9/0/0/0 0/0/0/9

P. armandii

P. greggii 5/1/1/1 0/0/2/4 0/1/0/8

P. maximartinensis 0/0/6/3 0/0/2/7 0/0/4/4

T WRARTET . AR AR 70%-90%/ AR AR 40%-50%/ AR YRR 1%-10%/ToH
Note: “High/moderate/low/no”: High mycorrhizal colonization rate, 70%-90%/moderate mycorrhizal colonization rate,

40%—-50%/low mycorrhizal colonization rate, 1%—-10%/no mycorrhiza.
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2 AMRFEMFABRTFT GenBank FHY ITS F31S
Table 2 ITS sequence deposited in GenBank determined in this study
2Bl (ET i) PR R LA B T2
Sequence source Suillus luteus Suillus phylopictus Laccaria vinaceoavellanea
R LS OL314626 OL314631 OL314636
Fruiting body
PAYEEL N OL314627 OL314632 NA
Pinus yunanensis
B 0L314628 OL314633 NA
P. armandii
P. greggii OL314629 OL314634 OL314637
P. maximartinesis OL314630 OL314635 OL314638
7 O k%
“[ BCK % %
60l B S. luteus
T @ S. phylopictus l *
5 50} ML vinaceoavellanea |_|
5 1
Iz 5 4.0+ wk
ﬁ =
& 30t
=)
5 20+t
o
0.0 :
PY PA PG PM
ffFp
Tree species

4
*0.01<P<0.05, **P<0.01

= EMF 3t 4 Mind

S1:eEAl)

*RUIAIE EMF Hefh 5 500 BB i 19 1 2 v 2 5

Fig. 4 Effects of three EMF inoculation on seedling height of four species of Pinus. * Indicates significant
difference between the treatment and control of the same tree species. * 0.01<P<0.05, ** P<0.01. PY: Pinus
yunnanensis; PA: P. armandii; PG: P. greggii; PM: P. maximartinensis.

KA 4-6 A&, {HX] P. maximartinensis [t
KFGERTESR 24 A 4-6 HILF—B (EHS
EREME, BN EEXT P. maximartinensis
eSS 2-4 F 55 46 K P EA AT [H, B

BT R

3tk

DA LA JFF B 005 B 1 T AR I R 22

KR 2258, AT B UAGE ] FH AT hl
I 2 R AT 5 4 R A RIS RAL LUK
ZLMERE S 2 FPOMRANIT AR, TR AY 10 Fh i
MG B RAE o BRI, [)— EMF
TR A [ Pl I T AR BT AR AE T 285 A0t o1 i

EHEAEEARRIE, XA EMF 8847
PERYSZ I, [RIFERY LG kK 472 Huang er al.
(2021 )Xﬂ RE R HEHL T Tuber pseudohymalayense
SR E EE MR SR, R & A R b
EMF 5[] — M U AR, TS8R AR,

HE 22 AR ZER], X 25 0] R
FEMRIESEERBELESE . B, At
RIEER FME T HRBMILF T EERESYS
Yamada et al. (2001a) B 225 R A B B AR AR
SARARL, 151 U HE 45 (2019a) 7E B 1R 21 9 AL
FIHFEERE S ER BE, Xl e AR A KR
SRR T Y BEA AN [ T B A I AR A A 055 P
HWIEZE S Rodviguez-Gutiérrez et al. (2019)H L.
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trichodermophora TR P. fluorescens 1 P.
montezumae HAFHIREAARLL, WK YA —
JE R TE 22, B 5 HA EMF 28HEE B AR
ZERVEOR , X AT e A [R] B ) 15245 22 5 BT 28
Tk, 3 ECM (1 TR AR i i R 5 R A AR
YA M B J2 A0 1) E i BH 0 e e G, AL TR
EJREEAAE—E 1225 (K 3C-3E),

FLA I SaRHEY) LR | Be S 1E R
PRI E R A S NS P. massoniana ., Fi
F ¥y P. sylvestris var. mongolica . il #x P.
tabuliformis . 73K P. densiflora FI3E[E Y P.
ponderosa (Lu et al. 2016; % J7#15% 2019a,
2019b; Gonthier et al. 2019; Zhang et al. 2019),
H R, 38R UL OG T 12 B LA JHF T R £ 1055 7 T A
(4 IE o 7EF 7 7 12 R LA I 32 A KA AR
LLIAASE FLEFAN T, TR 138 5 DU A 0 s 2=

AT RE AR R R S AR (8L R 48 2021),
AHIFGY S BRI 21085 1 5 VR o R A BE IS T
FLAR TR 5 R AR iR 14 5% A B R (B AR A
B ), X AT ARSI T i A
FLAR B P AR R A 06, 3 A AR 1 AR
SR 3t EMF A BERR 3R AL T K85

ZHU 5T EMF REAE kg A A KA
FRorOUHIE PR, [RIE iR RERG s 1E A Heis
P (Colpaert et al. 2011; Yin et al. 2017 ; Shinde et
al. 2018; Tedersoo & Bahram 2019), AWF5E &
AN[E] EMF X A4 K R EE A e G Bk
ZE5t, B AR KRR , AR HbAR Ry
R, AR FRUARX B, JEHIR P. greggii,
X F W] EMF Al e X} o i b HA 31 35 22 1 1
M, RTER AR Rt fE g, EMF W izfEh—
ANEENEH G 5 SR LA IR R S AR

A B
1.6 3.0
1.4
E 12 g 2.5
= 1 = 20
fE 5 0.8 | M S 15
£2 o6} 2
5 04¢F g
= o2t ~ 05
0.0 : ' 0 : :
2019-11-6 2020-1-6 2020-3-6 2019-11-6 2020-1-6 2020-3-6
- H W W H W
Measurement date Measurement date
C D — CK
6 50 ¢
5 45t —— S. luteus
5 Z 40}
Z 4 &35 1 —e— S. phylopictus
_E e £ 3.0 /
EE B3 e 28 —— L. vinaceoavellanea
& = / S 20
g 2 g 15
= =z 1.0
0.5
1 1 0 L )
2019-11-6 2020-1-6 2020-3-6 2019-11-6 2020-1-6 2020-3-6
) B H Y B H B
Measurement date Measurement date
5 =% EMF #MEX 4 MIRESHSTUMEM  A-D: 4 MiatkmrshS21k. A IIHS; B:

FANY; C: Pinus greggii; D: P. maximartinensis

Fig. 5 Effects of three EMF on the dynamic change of seedling height of four species of Pinus. A-D:
Dynamic change of seedling height of four species of Pinus. A: P. armandii; B: P. yunnanensis; C: P. greggii;
D: P. maximartinensis.
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RN . P. greggii Ml P. maximartinensis 1
K EXR IS B2 (T e,
HE P55 PR L A BT T TR R0 R0) TR AR DL R i, X
AT RE S AR LA Y AR AR B 0 ) ST O o 4
i EMF 2 N JE A HRA B R gl 8 = T
HRZH, TAMRFAET 4 5 A R B AR R B
XEWREAR LIAFIINRIAE S EMF JE R AR Y
I IE) A REAFAE A 22 57 o F ST AAERE R 6 I e
HEAT T RARSRAE 18 A KRN LSO B AT
T A I R A, PRLHCTIC TR  BR AR TE B
TR 0 i = AR A P S S0 S5 Rl S i A
Pr, W EIFRIE— L RIRADT ST .

AW FE I8 I 5 R G T e PR AR A
I B 2F B TR £ 05 S AN A TR AR, 5 T 22 b
AR 2 1 IR R4S, b 3 i EMF #§
HA—EMEHME, A fedtsE Erai,
X R FARY AR AL & AR 7 & ] EMF 19 TR
Rt Ty IR AR

Bt RS EEF Jesus Pérez-Moreno 4% 2 X3 A4
FadeF, ¥ EAFE LAY HRATIEIE R e
AR B E A, ¥ BAF IR AL B BT 3 14
PRI AT Ao B Lo B A SR
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