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species and their antagonistic effect on the associated fungi of
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Abstract: [Background] Endophytic fungi of pine trees can affect the growth and spread of
Dendroctonus valens and its associated fungi, thus further influencing the invasion of D. valens.
[Objective] To investigate the diversity of endophytic fungi in the hosts of D. valens in
Chifeng, Inner Mongolia in northern China, and to screen strains against its associated fungi for
the control of this destructive forest pest. [Methods] The endophytic fungi in the hosts Pinus
tabuliformis and Pinus sylvestris var. mongolica and potential host Larix gmelinii were explored
by tissue isolation, morphological identification, and ITS sequence analysis, and the
antagonistic strains were screened with the plate confrontation method. [Results] The
endophytic fungi in 19 genera, 18 families, 10 orders, 6 classes, and 2 phyla were identified
from the three pine species. L. gmelinai topped the three species in the number of isolated
strains (39 strains of 12 species in 9 genera), with fungal detection rate of 43.33%, followed by
P. tabuliformis (30 strains of 8 species in 7 genera), with fungal detection rate of 33.33%, and
coming in the third was P. sylvestris var. mongolica (29 strains of 13 species in 10 genera), with
fungal detection rate of 32.22%. The three pine species had no common strains but had the
common genera of Penicillium and Talaromyces. Penicillium dominated the fungi in all three
pine species. The results of plate confrontation indicated that more than 90% of the endophytic
fungi showed stable confrontation against the associated fungi, and the inhibition rate ranged
from 50% to 86%. Particularly, the associated fungi-inhibiting rate of Phialocephala sp. and
Pochonia bulbillosa stood at 93.7%. [Conclusion] The endophytic fungi in the bast of pine trees
have high potential for biocontrol, and Phialocephala sp. and P. bulbillosa have satisfactory
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inhibitory effect on the concomitant fungi of D. valens and can be used for controlling D. valens.
Keywords: Dendroctonus valens; endophytic fungi; associated fungi; diversity; antagonism
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Table 1

The detailed information of associated fungi of Dendroctonus valens for testing

Yyfh Il P H
Species Phylum Class Order

Family Strain Host

RFTWE 27 FFh GenBank %535
GenBank

accession No.

L. procerum Ascomycota Sorvdariomycetes Ophiostomatales Ophiostomataceae YZ10-2-1 P. tabuliformis; MN900621

P. sylvestris var.

mongolica

0. ips Ascomycota Sordariomycetes Ophiostomatales  Ophiostomataceae  YZ5-8-1  P. tabuliformis; MN907679
P. sylvestris var.
mongolica

O. minus Ascomycota Sordariomycetes Ophiostomatales  Ophiostomataceae YZ3-6-1  P. tabuliformis; MN889473

S. polyspora Ascomycota Dothideomycetes Dothideales

Dothioraceae

P. sylvestris var.
mongolica
YZ16-8-3 P. tabuliformis MN900630

B4 ki, X AR K8 0 H A 2D i
20, BAMEREER 3K, RIS
TERFRIE O R 4 mm 2108 K/DEE AR A LA
TEREP ARG 2% 20 mm A0 42 2 Hp A N A= JL R (DA
R 4 mm JCIE ) PDA BUIRHL A XTHEA), FF4R
WE 3 NREIRTER — S HL . MRS A K
AR A o CETHIR IS FRAE T 25 CCRRME 451 T 3%
F%, BRWERIE ARG, il sk 200
ZRNKMOLE, HERLNSR/PNREA: LE A
R Ak, ik E 3N ER,
1.7 HHEAIE

{55 FH B K H K (isolation rate, IR)ZR/N 7
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n), a. b NWHNFEATE B EH A EEE
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[CERSIES 2 e N D NERTPOEAN PN -4
PEAE B RS R 2 5, RIS e ki AT
ZEWH, i SPSS 26.0 AbFRLER, i
GraphPad Prism8 Z: |8 .

2 BRS04

21 ABRKRNEFETEBREFENMIIK
BAEEENDEEE
P ML | R A R 4 )

B2 ER Ay B AT B N AR HA LT 98 Bk, 2B AR E
FFEYFERE, RAHR 79 PRI E R
21 AR B FR, 19 PRI HEE 3] 8 AR Y
JB(ER 2). Hrr, J&EmHPAR) R 2 B n N A 5
MR IR Z, N 39 k12 B, ERER TRy
43.33%, LN B (P>1/5=1/12) /2 Penicillium
pancosmium . JeHLH 55 (P. glabrum)FIZER ik
%% (P. adametzioides); WANIRZ , h 30 ¥k 8 Fir,
BRI K R 33.33%, RN A EIE(P>1/5=1/8)

®2 ABEXNPMEFTENMEEBAEBERNMAER

Table 2 The composition of endophytic fungi in phloem of Dendroctonus valens’ host tree species

S I £ 73 e FE Rk  GenBank
Species Phylum Class Number of strains Strain e e
HHE/N (RN VRIS GenBank
Pinus Pinus sylvestris Larix accession
tabuliformis var. mongholica gmelinii No.
Alternaria sp. Ascomycota  Dothideomycetes — - 2 Z7S81-8-1 MN907644
Chalara sp. Ascomycota  Leotiomycetes - 2 - 7782-4-1 MN901843
Clonostachys rosea Ascomycota  Sordariomycetes 1 - - YS3-5-1 MN889471
Crumenulopsis sp. Ascomycota  Leotiomycetes - 1 - Z7S51-10-1 MN944605
Cytospora leucostoma Ascomycota  Sordariomycetes — - 7755-4-1 MNO907640
Lecanicillium attenuatum Ascomycota  Sordariomycetes — - 3 LYS2-10-3 MN908945
Lecanicillium fusisporum Ascomycota  Sordariomycetes 2 - - YS9-4-1 MN889410
Microsphaeropsis olivacea Ascomycota  Dothideomycetes — - 3 LYS3-2-1 MNO944412
Pachnocybe sp. Basidiomycota Pucciniomycetes — - 3 LYS3-9-2 MN945985
Paraphaeoisaria alabamensis Ascomycota  Eurotiomycetes 4 - - YS8-5-1 MN904499
Penicillium adametzioides Ascomycota  Eurotiomycetes — — - 5 7785-8-1 MN900649
Penicillium cairnsense Ascomycota  Eurotiomycetes — — 2 - 7759-2-1 MNO955601
Penicillium glabrum Ascomycota  Eurotiomycetes 9 - 6 YS4-4-1  MN889443
Penicillium mallochii Ascomycota  Eurotiomycetes — — 2 - 7788-2-3 MN944416
Penicillium oregonense Ascomycota  Eurotiomycetes — — 4 - Z7757-7-2 MNO901160
Penicillium pancosmium Ascomycota  Eurotiomycetes - 6 YS1-5-1  MN889424
Penicillium restrictum Ascomycota  Eurotiomycetes — — 6 - Z7755-6-1 MN900648
Peniophora sp. Basidiomycota Agaricomycetes —— - 3 LYS2-8-3 MN944414
Pezicula sporulosa Ascomycota  Leotiomycetes 2 - - YS7-10-1 MN889445
Phaeomoniella sp. Ascomycota  Eurotiomycetes 1 - 7784-4-1 MN907633
Phialocephala sp. Ascomycota  Leotiomycetes 4 2 - YS2-8-1 MN894145
Pochonia bulbillosa Ascomycota  Sordariomycetes — - 1 LYS2-7-1 MN871512
Pragmopora cf. bacillifera Ascomycota  Leotiomycetes - - 3 7786-8-1 MN900646
Pragmopora cf. piceae Ascomycota  Leotiomycetes - 2 3 7759-9-2 MNO907643
Proliferodiscus earoleucus Ascomycota  Leotiomycetes - 3 - Z7783-6-1 MN901941
Pucciniomycetes sp. Basidiomycota Pucciniomycetes — 1 - 7752-2-1 MN904500
Talaromyces cecidicola Ascomycota  Eurotiomycetes 6 - - YS6-6-1 MN889416
Talaromyces purpurogenus Ascomycota  Eurotiomycetes — — - LYS7-1-2 MN901500
Talaromyces rugulosus Ascomycota  Eurotiomycetes — — 2 — 7752-3-3 MNO901235

—: S EFIRHEARECR N 0

—: The number of strains isolated is 0.
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A EH B (P. glabrum)F Talaromyces cecidicola;
T A - FA B0 K2 7 5 21 A oY AR L TR i e D
HAERZ, 4 29 #k 13 i, HERHRN
32.22%, PRHWAEREE(P>1/5=1/13) 2R RE
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earoleucus . 75 0 F PR 45 R WoR I A Y
AR LTRSS SR AL, TR
H IR AR AR 5 P I 2 e TR

TERPKE b, A SR A AR L AU
I AHHEM, h—-FHkER AR
(Phialocephala sp.); FaT-FAS5EMAMLAE 14
HH RN, I Pragmopora cf. piceae; %W Hi
A 2 NI EA, tfE %
(P. glabrum)F1 P. pancosmium; TiiHFs | B
AT AN B TR RE AT 89 A A LT 8 o U 2 ) Ay
5. 11 #1 9 Fr(E 1)
22 ABRKXNMNEFSEESBREFTEIMIEIK
A E B E R ERER S

BEAIRER 98 MNEERERET 2 1]
6 44 10 H 18 Bt 19 J&, Hh 2 [y HE ]

P. tabuliformis

L. gmelinii

P. sylvestris var. mongolica

1 AKX NETFENMFIR AR EEEMK
FoHHFR

Figure 1 The Venn diagram of endophytic fungi in
three host trees of Dendroctonus valens at species level.

(Ascomycota) M [ ](Basidiomycota); 6 2N
N e E N (Eurotiomycetes) . #E 5%
(Sordariomycetes) . ¥ 17 4 (Leotiomycetes) .
JE HE [ 2N (Dothideomycetes) . i % W 2N
(Pucciniomycetes) #1 4= i 4 (Agaricomycetes) ;
10 H M #t % B H (Eurotiales) . 8] & 7¢ H
(Diaporthales) . B H (Helotiales) . R J [#
H (Hypocreales) . M H-H (Pachnocybales) . £-%¢
#6 H (Phacidiales) . #8515 H (Pleosporales)
21.4% H (Russulales) . P& H (Septobasidiales)
H1 Phaeomoniellales .

WE 2 Fizs, TEHKE b, s is@ B)
F9 N AR LT A OO T BE i B AIR O B A T H
(56.67%)>Z B & H (20.00%)>Phaeomoniellales
(13.33%)>[a] FE5¢ H (10.00%) 5 A& FA B K AR A
WA ELTR (6 H )X 8 i By B | H
(55.17%)> & ¢ 1 B (27.59%)> & 24 & % H
(6.90%)> P& $H # H (3.45%)=Ia] & 5¢ H (3.45%)=
Phaeomoniellales (3.45%); V%M A3 K2 3B N
A ELH (6 B AT 2 B d B B R H
(46.15%)> 5 24 f 1 H (15.38%)> 1% . Jis @ H
(12.82%)> W JE # H (10.26%)> 5 # H H
(7.69%)=41 % H (7.69%)

TEJB K- b, AR B B R A A2 ELTE SRR
F 748 LR (P> 1/S=1/7) 555 % (36.67%)
AR TR (20.00%) 5 R FA ) B2 A Y A A2 2L
FWRET 10 Mg, HRFEEP>1/S=1/10)2F
75 )& (48.28%)F Proliferodiscus (10.34%); J%mT
W N AERERR T 9 MaE, LR EE
(P>1/5=1/9) J& 5 % J& (43.59%) Fl  Pragmopora
(15.38%) (& 3).

TEBAY b, 3 AWEA 2 LA EE
R A TOIRTE S 5 AN SRR A
I AN LA, k&R AR St
WA 1 NI WEE, A Pragmopora;
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P. tabulaeformis  P. sylvestris var. L. gmelinii
mongolica
Host trees
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Figure 2 Distribution of endophytic fungi in three host trees of Dendroctonus valens at order level.
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20 - mm Paraphaeoisaria Welk1# )8 Talaromyces
10 - v 15558 Penicillium
4 P. tabulaeformis P. sylvestris var. L. gmelinii
mongolica
Host trees

B3 ABEXKNEFENMIRBAEERAERKFHSH

Figure 3 Distribution of endophytic fungi in three host trees of Dendroctonus valens at genus level.

AR SN A 1 ANEEE, R A SRR R RN A RS T
IR W . BEFAS RIS MBI RA R 23 ABEXNEIFARFENMALEERMN
WA REE A 3. 6 F15 A& 4), MimE M SHEMELES

2, BREWRKRRZEZ, 2%, BT T AF, gk 3 fon, £LARK/INEE 3 Fhvdg AR
b NZE LR A B R 42.86%, RLIIRR/NEE SREMEIRECS Y SIE Y OARE TN R, TEIT A
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P. tabuliformis

L. gmelinii

P. sylvestris var. mongolica

4 AREXNEFENMTEBRALEREREREK
FomrFEEE

Figure 4 The Venn diagram of endophytic fungi in
three host trees of Dendroctonus valens at genus
level.

W, MR EAR ;I R AR HON Sy 3 R
B, BFNRZ, AR, RUITE 3 FhdF &
HL, 0 Bz 0 PN A T AR S RN R R A3 L A 2 )
J3E 187 A o A8 B v T A e AR 5 T AE ) D B3
DU i S e A B AT

m 4 Pros, RS 5 R A AE B TR A
IPEsRcm, A SRR ARz, T
P55 78 A AL PR SR A, (HERTT L, X
3 AR S A P A TR AR 3 A AT
TN K/ NEEAS A3 F RN A R AR
ZREKR,
24 ABEXRPMNEARFTENARNEEES
HEFERNEKRELER

ARSLEGILME T 29 FhEF F AR H R A
A ELT S 4 FLLRE R/ AR PEAE A B A R
Hi &1 5 ATAL, FE 25 °CRRME &F T, 33 P LIS
T PDA HiF¥ DM AERKERGFIED EER
(F=1234.07, P<0.01), HAEKBARERHR/IMEG

® 3 AEXNENEFTEMMFHEBAEERER
=2k

Table 3  Diversity indices of endophytic fungi
from the phloem of Dendroctonus valens’ different
host trees

aE ZREMEIREL BWSEEIRE R R

Host Shannon-Wiener Evenness  Richness
index (H') index (J) index (R)

HHEA 1.8754 0.853 5 2.058 1

P. tabulaeformis

LSRN 2.405 0 0.951 1 3.002 5

P. sylvestris var.

mongolica

LRI 2.363 3 0.937 6 3.563 7

L. gmelinii

® 4 ABEXNEFEFENMFRBRALEERER
TR

Table 4 Similarity coefficients of endophytic fungi
from the phloem of Dendroctonus valens’ different
host trees

A F A (RN AN

Host P. tabulaeformis P. sylvestris L. gmelinii
var. mongolica

HlHEN 1.000 0 0.050 0 0.1111

P. tabulaeformis

LSRN 0.050 0 1.000 0 0.0417

P. sylvestris var.

mongolica

AR 0.111 1 0.041 7 1.000 0

L. gmelinii

FE(O. minus) [(8.875+0.414) mm/d], A=K/
#I°K Pucciniomycetes sp. [(0.336+0.001) mm/d],
A EROR A B S/ N AR R A R
FEA A R R, BREERS 6 &8 R %5 5E Bl (Alternaria
sp )AL T RAEH T 8 (L. procerum)2E 5 . 2%
Hh(P>0.01), SRR ZF FR AR N A FLA B R
THAEEHA
25 AEXKNMNEARFEMANERERR
HEeEEHERFEIER

A 5T R RO IR VL A TG BV E PR,
T4 KA AR A R AR K R B LT
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Growth rate (mm/d)

B S5 33MERTE 25 CERBEZMY. PDAEFE FHEKIRER

MG 25 7 (P<0.01)

Q 1 0¥ cs\
3 \\\\ e, \\"

R q,

WD 0\\‘ N & ) @ »\\
Q.O\ R % QO\\\&ObQ\w \wq Q 00\\«&@&.\ %
Q- \OQ\\\ Q: ,&.Q

RIRL/ING 7B 3R AT LB K

Figure 5 Growth rates of 33 species of fungi on PDA medium under dark conditions at 25 °C. Different
lowercase letters indicate statistical differences in the growth rates of different fungi (P<0.01).

CINR R/ INEEAE AR B, T BT AR N A B AL
A7 P R A AL, I AAS I 5% 75 52 5 ) S 2
APEARNATE, PR 5 A R A AR
RES, EZIFEMO0, 3, 6. 9dJaHEAMELE
HR (£ 5).

P9 A TR A T A R E 6-8 T
TN, TE 25 CCRARE SRR, TN BORE A ) K2 35
73 B B Bk B 8 ELE (Phialocephala sp.) &
A B BB 00 B B AV SRR AL(P. bulbillosa)Xf 4 Fi
ZINR R/ INEE P A TR A 000 A5 2 R TR
ZE RN, THIEE 85%LL L, i
HAT7E PDA 15373 FEE S 21 fg RK/NEE AR I

FAERAFIR L (B 9). BBR T Pachnocybe sp.
vs. L. procerum. Alternaria sp. vs. O. minus .
P. pancosmium vs. O. minus B} P¥AE L 0] 8 55
A ELR A B 22 k2 A KA, AR I AR N
HH R IRESTE PDA B3t b5 PR A HEE
RS AE H R IR

3 WwE5E&#

AHEIENELLNE /N 2 AL o AR A
FVEAE 25 3 A 3 H 4 254531 98 RN
AEHE, WIEARKER TS T 50
EN 1948, Hirp 79 MR AE HE S EF] 21 A
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*®5 HEHEEEMEER

Table 5 Schedule of associated fungi inoculation

IR RLES 7 LA LR SLES FE AP ] i Fi 1]
Species of fungi Host trees Speed of growth (mm/d)  Interval of inoculation (d)
Alternaria sp. L. gmelinii 4.658+0.22d 0
Chalara sp. P. sylvestris var. mongolica 0.847+0.02k 9
C. rosea P. tabulaeformis 2.617+0.05g 3
Crumenulopsis sp. P. sylvestris var. mongolica 0.448+0.021 9
C. leucostoma P. sylvestris var. mongolica 1.189+0.03j 6
L. attenuatum L. gmelinii 2.071+0.03hi 3
L. fusisporum P. tabulaeformis 2.625+0.02¢g 3
M. olivacea L. gmelini 3.9334+0.05¢ 0
Pachnocybe sp. L. gmelini 1.264+0.18; 6
P. alabamensis P. tabulaeformis 1.313+0.01j 6
P. adametzioides L. gmelini 1.092+0.01jk 6
P. cairnsense P. sylvestris var. mongolica 2.163+0.03 h 3
P. glabrum P. tabulaeformis; L. gmelini 3.333+0.10f 0
P. mallochii P. sylvestris var. mongolica 3.096+0.18f 0
P. oregonense P. sylvestris var. mongolica 1.093+0.02jk 6
P. pancosmium P. tabulaeformis; L. gmelini 2.117+0.07hi 3
P. restrictum P. sylvestris var. mongolica 1.750+0.061 6
Peniophora sp. L. gmelini 0.433+0.021 9
P. sporulosa P. tabulaeformis 1.076+0.02jk 6
Phaeomoniella sp. P. sylvestris var. mongolica 1.497+0.021 6
Phialocephala sp. P. sylvestris var. mongolica 0.529+0.02kl 9
P. bulbillosa L. gmelini 1.130+0.03jk 6
P. cf. bacillifera L. gmelini 0.448+0.01kl 9
P. cf. piceae P. sylvestris var. mongolica; L. gmelini 0.502+0.01kl1 9
P. earoleucus P. sylvestris var. mongolica 1.117+0.02j 6
Pucciniomycetes sp. P. sylvestris var. mongolica 0.336+0.011 9
T. cecidicola P. tabulaeformis 3.044+0.01f 0
T. rugulosus L. gmelini 2.742+0.02¢g 3
T. purpurogenus P. sylvestris var. mongolica 2.238+40.04h 3

AT /NG T REFROR AN ] FU A KR A G722 57:(P<0.01)

Different lowercase letters indicate statistical differences in the growth rates of different fungi (P<0.01).

AR, 19 MRNAERFEAREE M, RET
8 ARG, RN AR M ZAEEE
o TR b, HEIEPenicillium) 5 Fr A N
A B BRI 42.86%, ELZEAS ]2 R Al (1)
PR B, R AL LT AR R/ NEE 3F A
RGN AR LR RIS IR B, SRR A
IS P A B R VR B I P A b 7 5 i N B Y

ZEIRE_g, SR N B R ROk E, T
P 22 B0 M 05 155 (43.33%),  THIAA IR Z(33.33%),
BT AR (32.22%), HAS[E 2 490 K2 5B A
A EEARIERAL, 3 WA B REEIA
PR, DO AE HE A R R A T — 1,
AT g5 AN [R1EF iR R 5T R RN 4 R ) AN [
A EPY, BpANEA SR BN, AU

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2416 A 2 AR Microbiol. China

A4 BE L. procerum B/ NEEIE 1520, ips

100 B3 /MRIETEO. minus ZHZ7EW S. polyspora .
408 = 3 ) b
pab be be b be bey 2
80 - 7 bers ?bgﬁ 4 PRGN N g8l
bl -] d% IR i 5
—_ - . d I ]
53 1N AHN- N ¢ AN 7 ii ki 5 i
s 0l - ENE R . lg - 5
E g " o i 4 5 =% : ]
=2 opEN BN ENENEN AN AN
=l 5 - o - 3y =l 3 5
201781 8 ?: ] 8 = 3 5
0 Se] l\m{ \S\% ’\‘“\;\ .\\“:\.'. 0_5("\ ‘ng 0\(;
T L W L
¥ \ : o - o A,
" 0.% ¢V b ?\\\c\\ )

E 6 MMFEMHALTEENIEXNNEFEEENNFIE AFR/PNEFRERRSME 2E 5 8%
(P<0.01)
Figure 6 Inhibition rates for endophytic fungi in the phloem of Pinus tabulaeformis against associated fungi

of Dendroctonus valens. Different lowercase letters mean inhibitory rates are statistically significant at
P<0.01.
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B 7 EFRHEBNALEEENLEXNNEFEEENIEER  AFR/NES RIS IH A2 5 8%
(P<0.01)
Figure 7 Inhibition rates for endophytic fungi in the phloem of Pinus sylvestris var. mongolica against

associated fungi of Dendroctonus valens. Different lowercase letters mean inhibitory rates are statistically
significant at P<0.01.
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AT T BEL. procerum LA 2 WEHS. polyspora Wi/hEERE (520, ips B3 /NEEFE0. minus

100 ¢ a %
a _f]
b b LAt
80 % b
— b N b beb 8 ¢ be ¢ bgb be
S IN ALM : *;dﬁf.;
- 2 B d
w2 60Fd [ o c7‘~(;C]d cde 8
= = Aol 5 g ]
=0 0 . -
= 3 5 : :
= 2 dl| - -
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B 8 EMMHMESHNEERMAERNNEFEEFENMEER ARG FRERMEELT D
F(P<0.01)

Figure 8 Inhibition rates for endophytic fungi in the phloem of Larix gmelinii against associated fungi of
Dendroctonus valens. Different lowercase letters mean inhibitory rates are statistically significant at P<0.01.

B 9 MARLTERSAEXNNEF#EEENBRBRE Al &R EE S KA & 5005
A2 KRR FLR /N IEST R IR s A3 UKk B R LR S /NI 5Tt iR A4 HSkERIE S 2
R, Bl . Febifl 5T & Xt s B2: SR H/NRIRSERIE; B3 fekiftl 5k /hag
g TSEXTIRE s B4: ARRLHL 5 224 22 7R TR DX IR

Figure 9 Antagonistic effect of endophytic fungi of host tree species and associated fungi of Dendroctonus
valens. Al: Phialocephala sp. vs. Larix procerum; A2: Phialocephala sp. vs. Ophiostoma minus; A3:
Phialocephala sp. vs. Ophiostoma ips; A4: Phialocephala sp. vs. Sydowia polyspora. Bl: Pochonia

bulbillosa vs. Leptographium procerum; B2: Pochonia bulbillosa vs. Ophiostoma minus; B3: Pochonia
bulbillosa vs. Ophiostoma ips; B4: Pochonia bulbillosa vs. Sydowia polyspora.
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P& A o R FLVT A ), 20AR R/ a3
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RVE, B 4N B F TR @ TLTR (Pucciniomycetes sp.)
SRR R BRI 2 — P B —
PN A= ECTRT A 1S ke W W TG LR 15 1Y RE
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