MR
RETEAQ WP O 22 April 2026, 45(4): 250270 BE4I54R Mycosystema ISSN 1672-6472  CN 11-5180/Q

BR A RR KB T2 1L R iR R RIS I AR B HE it

ZAEYL 8L BN KRR, k- E290 TAMS, o'

1 PO PO 2 i i AR A ST . P OPR 22 8 L AR A 28 R 45 [ S T AR LI A sty PG v Dt AR bR A 2L
BERE AL E P AR 860000

2t EMOLRAF B AR AE SIS ARO[ AR R R 5 SR AR DR AP 80 3, b 100091

3 dbaiAfol A pka= B, dEat 100083

4 P ERE B AT R IR R A S WA R K e = st 100101

W OE: SHEBEAREERMBRAL S E AR, MR GENALREAME, Hik
Wﬂii}*?}mjﬁ BAM, LR EN, U ﬁﬂﬁ17%$é’3i¢’fh1%/ RAER AT TR AL ARIE . RA
LRy BE. BEFFSTAALE >N REBEARITE T, BT FHATEEmHRERAER,
é?é\ﬁ)ﬂ AR de ik e B AR B R R R E A ARG R L AR 5 R R (LA KB R)
A EMR., EREA, RERBAAHLLLEWEILE Fomitopsis subpinicola. 4 B KiF 36 HAE
B, EFAMk M28 i dl Rk, LMK E LN, EFEMNSEKRE Trichoderma
afroharzianum M28 89 3P BVE R 3%, REEARE T. atroviride M49 K Z.. TH K BEER X E W, PT
A MRKRE T THAREQIRBGEIT R R B R A K, HE25%F33%KRET, RLEKNE T. atroviride
M49 &R BIPH EFMRRG. ARIEE T BLO%BEILE F. subpinicola # 53K &R KT SH
BEBANRRE, FFRIThk LA H R E RO RE B RMA, M28), AL SEREGA
By # 7 4R AL T A3 694 1% BB AT .
KR ZRKREAY, SHA, S4DEILE;, KRER, A5 R

[BIA43]
ZENGE, ZgE, XIS, BENIND, sk—18, 2297, FRAK, 2256, 2026. AT A KELEAZ 0 s S5 M b P AR 25 B
. WY, 45(4): 250270

LiJT, Li Y, Liu YZ, Chen GG, Zhang YB, Jiang N, Wang YL, Li JR, 2026. The pathogen causing heart rot of Abies georgei var.
smithii in southeastern Xizang and screening of antagonistic 7richoderma strains. Mycosystema, 45(4): 250270

WHITTHE : FU A A XM TR TR H (SYQ2024-14)s FHGHE A ¥4 [X R 11215 H (XZ2202301JD0001G); P 5 A 45k
FMREE () (533325001); PG R SR AR AR A A 2R P EE A S S U G T RIER A (T Y BS YS-202404)

This work was supported by the Science and Technology Project of Nyingchi City, Xizang Autonomous Region (SYQ2024-14),
the Science and Technology Project of the Department of Science and Technology of Xizang Autonomous Region
(XZ202301JD0001G), the Xizang Agriculture and Animal Husbandry University Doctoral Program in Forestry (Phase I )
(533325001), and the Key Laboratory of Forest Ecology in Xizang Plateau (Xizang Agricultural and Animal Husbandry
University), Ministry of Education (JYBSYS-202404).

*Corresponding author. E-mail: ljrong06@xza.edu.cn

ORCID: LI Jieting (0009-0001-8984-7261)

Received: 2025-09-10; Accepted: 2025-11-16

250270-1



Research paper 22 April 2026, 45(4): 250270  Mycosystema ISSN 1672-6472 CN 11-5180/Q

The pathogen causing heart rot of Abies georgei var. smithii in
southeastern Xizang and screening of antagonistic
Trichoderma strains

LI Jieting', LI Yi', LIU Yuzhuo', CHEN Ganggang', ZHANG Yibo', JIANG Ning?,
WANG Yonglin®, LI Jiangrong"**

1 National Forest Ecosystem Observation & Research Station of Linzhi Xizang, Key Laboratory of Forest Ecology in
Xizang Plateau Affiliated with Ministry of Education, Institute of Xizang Plateau Ecology, Xizang Agricultural and
Animal Husbandry University, Linzhi 860000, Xizang, China

2 Key Laboratory of Forest Protection of National Forestry and Grassland Administration, Ecology and Nature
Conservation Institute, Chinese Academy of Forestry, Beijing 100091, China

3 College of Forestry, Beijing Forestry University, Beijing 100083, China

4 Key Laboratory of Tibetan Plateau Earth System, Environment and Resources, Institute of Tibetan Plateau Research,
Chinese Academy of Sciences, Beijing 100101, China

Abstract: Heart rot disease poses a severe threat to the health of Abies georgei var. smithii forests in
southeastern Xizang. This study aimed at identifying the causal pathogen and screening highly
antagonistic Trichoderma strains as well as evaluating their antifungal activity to provide potential
biocontrol resources for managing this disease. The pathogen was identified through tissue isolation,
morphology observation and molecular phylogenetic analysis. Antagonistic Trichoderma strains were
initially screened using the dual-culture assay, and their inhibitory activity was further evaluated by
assessing both volatile metabolites (via the two-sealed-base- plates method) and non-volatile metabolites
(via the solid dilution method with sterile culture filtrates). Results indicated that the dominant pathogen
infecting living A. georgei var. smithii trees was Fomitopsis subpinicola. In total, 36 Trichoderma strains
were isolated, among which strain M28 exhibited the strongest inhibition in the dual-culture assay.
Assessment of volatile metabolites revealed that Trichoderma afroharzianum M28 had the highest
inhibitory effect, and 7. atroviride M49 was in the next place. Tests with sterile culture filtrates
demonstrated that filtrates of all seven selected Trichoderma strains inhibited the pathogen’s growth at
different tested concentrations. The filtrate of T. atroviride M49 exhibited the strongest inhibitory activity
at concentrations of 25% and 33%. This study confirms F. subpinicola as the causal agent of heartwood
brown rot in A. georgei var. smithii in southeastern Xizang, and highly antagonistic 7richoderma strains
M49 and M28 are excellent candidates of biological control agents.

Keywords: Abies georgei var. smithii; heart rot; Fomitopsis pinicola; Trichoderma spp.; biocontrol agent
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trees (90/90)
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(52/44)
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Fig. 1 Heart rot damage in Abies georgei var. smithii. A:
Distant view of fir forest affected by heart rot; B: Forest gap

formed by heart-rot-killed fallen fir trees; C: Fallen fir tree
killed by heart rot; D-H: Wood-decay fungal fruiting body.
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= :
G)
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2 TG EFLE Fomitopsis subpinicola T7S451E
A B FRIER; B: FXEMHE; C: MTFHFRIE
;s D: ¥59% 3 d; E: Hi3% 9d; F: 20T G-I A
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Fig. 2 Morphological characteristics of Fomitopsis
subpinicola. A: Front view of a fresh basidioma; B:
Hymenophore; C: Front view of a dried basidioma; D:

Culture in 3 days; E: Culture in 9 days; F: Conidia; G—I:
Hyphae. Scale bars: C=1 cm; F-I= 10 um.
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92|
34

944 FP0001

Fomitopsis subpinicola Cui 9836
Fomitopsis pinicola LT 323
{F omitopsis kesivae Cui 16437
Fomitopsis massoniana Cui 11304
- Fomitopsis hengduanensis Cui 16259

100 [ Fomitopsis tianshanensis Cui 16821

41~
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& 3 EF ITS+TEF+RPB2 FHIHMENINEILEERELXE

Fig. 3 Phylogenetic tree of Fomitopsis based on the combined

Fomitopsis durescens O 10796
Fomitopsis subtropica Cui 10578

92 I: Fomitopsis cana Cui 6239
Fomitopsis meliae Dai 10035

Daedalea quercina Dai 12152

B AR C IR R s R RIA M S %>50%
dataset ITS+TEF+RPB2. Strains studied are highlighted in bold.

Bootstrap support values for maximum likelihood (=50%) are shown at the nodes.
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e 55 AN R B B (B R TE T A R iR
EHBL, KGR 44.9%. HHELZ T, 2
H. linzhiense (8] 4F)#1 R. roseus (8] 4G)HIAEFELE
NLZZHA P AR R B An] AT DGR AE , etk 528 F X
WIS, K, F.subpinicola AF1EAEEURE,
SEAHIE ST TR T S B 4 e S AR .

2.5 RERIFSESFHE

REEWH T =8 RANILER 2, M AR:
fEULIE 5, REWEGI6G ., i, A K H S
TEASFHE R 2 (B KA DR 5dE oo
NMDCX0002177).
26 RKEEDTRGFLERE

3 BEAFEI Y 49 PREEUIAREZ RS T DNA $2H,
LN AP 25 AL PRIS7E NCBT sk 7[R Ui
PELEXT, %08 A 36 Mo ARE:, 4 5 FCA A Fh
KRR, R 7 MOAREE R TAE B R AR
PRI 3)o AR B RTS8 58 2 E S E
YRLEEdE .G NMDC (http:/nmde.cn/), KE5J&
RYR AT RIFN 2 AR S5 DR 3
(B Z A A= 5 . NMDCX0002177).
T RPB2 il TEF J¥41, R RIS LA

4 LERFERELEERZIEIR A E: XIE; B-D.#Ffh Fomitopsis subpinicola Kis&: F:3:8h Heterobasidion linzhiense
kis%; G: HFP Rhodofomes roseus #isk; H: BURMEREE:; fRR=1cm

Fig. 4 Symptoms on branches following re-inoculation with the heart rot pathogen. A, E: Control treatment; B-D: Inoculated with
Fomitopsis subpinicola; F: Inoculated with Heterobasidion linzhiense; G: Inoculated with Rhodofomes roseus; H: Pathogenicity

re-isolation. Scale bars=1 cm.

250270-7



Research paper

22 April 2026, 45(4): 250270

Mycosystema ISSN 1672-6472 CN 11-5180/Q

®2 ABREBTTERGE

Table 2 Sporulation and characteristics of Trichoderma species

BT R E{ORI 2N RN RECRS FHTE KB Q
No.  Sporulation Conidial Spore size/pm, n=30 Length/um Width/um Ratio/L/W
morphology
M6  +++ W [EJE Ellipsoidal 3.0-4.0 x2.0-3.0 3.50 2.55 1.37
M25 44+ f#IF Ellipsoidal 3.5-5.5(-6.0) X (2.0-)2.5-4.0(-4.5)  4.29 3.32 1.29
M43 4+ FEERIE Subglobose 3.5-5.5(-6.5) x (3.0-)3.5-5.5(-6.5)  4.78 423 1.13
M28 A+ ITERIE Subglobose (2.5-)3.0-3.5(-4.0) x 2.5-3.0(-3.5)  3.21 2.80 1.15
M4l + FE W% Broadly ellipsoidal ~ 2.5-4.0 x 2.5-3.0 3.06 2.64 1.16
M48  +++ SEWEATE Broadly ellipsoidal ~ 3.0-5.5(-6.0) x (2.0-)2.5-4.5 4.12 3.52 1.17
M49  +++ FEERIE Subglobose 3.5-4.5(-5.0) x (3.0-)3.5-4.5 422 3.83 1.10

T +FR BT ERG; ++ORR R RO RO

Note: +, sparse sporulation; +++, abundant sporulation; ++++, profuse sporulation.

5 REREERBULSHIE Mo: MEIAZE; M25,
M43: JTER AR ; M28: AEUHIGRARE; M4l: 2K
F; M48. M49: REEAE; HrR=10 um

Fig. 5 Colony and microscopic morphological characteristics
of Trichoderma species. M6: T. minutisporum; M25, M43: T.

paraviride; M28: T. afroharzianum; M41: T. polysporum;
M48, M49: T. atroviride. Scale bars=10 pum.

MARGZE TR BRE 6), KMk M28 5 T.
afroharzianum CBS 124620 ¥ H—%, %Rl
100%; M6 5 T. minutisporum G.J.S. 90-82 K
— 37, CFEFEHN 100%; M41 5 T. polysporum CPK
3131 BHh—F, ZFERER 100%; M48, M49 5
T. atroviride CBS142.95 B J—32 , LFFEEH 100%:;
M25 M43 Y T. paraviride YMF 1.04628 % }—37,
RN 100%. ZETEAFEEGR, KRk
M28 Y5 NAEMIME IR AR EE T. afroharzianum; Wk
M6 %5 H/INMEAKEE T. minutisporum; HF ik M41
UENZMAREE T. polysporum; FHIE M48, M49
BB NIRRT T, atroviride; FFE M25. M43
YR R gk AR AL T. paraviride.
2.7 REEMLE IR E AR XTIFEER
MARAS 4B B 49 PREEA AL B AR B TR AR
DL SRR B A2 0 JE 0 98 Vi TR I 21 2% 400 )= AL AT
F. subpinicola JEEAR , | FH PR G IRHE ) A0 7
BMRARBERAFIIRCRIE 7), 49K, A
MR AREE R IEXS F. subpinicola Y3 AT A6 2
JERIREPURCR , Horh M28 , M48 IR ol B
FH (R 3)o ARSI SR 7R, M28 Fl M48 [ 22
T G PR A AR I 2/3, R 55 B R
PAVE, FECHIE AR, 3 PRI FR TR AR R OR BB
FEM, W] LA A 5 s B IE R AT E SR Y, AT RE
XPC SR R AT T AR S A R R 3F
PAUC BRI 7 e I i A K
2.8 AEEZELMRE =0 EREERH

—H= 4l

Bl BE
¥ F. subpinicola 53 ) 5 AR PSR 8 B #4#
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EYER | ARILI

RAEACH =P aE 7 d, IR A
PRI AE R Bt st 1) A8 A S BE S, B AN S PR B A 50
7 KEMERE (A 8). LIRZE R, N
[vi) ol 28 1) A 5 TR 0 R AR 0 %ot 0 5 i I 1)
WHBCRAFE B 2255 . WP 7 REF, M28
F M49 ARE BHE A A 4 22 B0 S5k X 910
W, MRS RN 60.2%F1 57.2%, SBEET
HAB B RE(E 8), M6, M25. M41., M43 il M48
FRE I R T 33.3%-43.4%2 ], HAME
SR B LT B, (H v R R A AE B
EF,

3 AR RS E AT LU L (& 9), X
AR BRI A CKOX BR 4 1E 8 A= 4, M28 il M49
PR PR B R PR I 2 PR R A R R, 42
FhF T PDA £33k AR B KA 90),
MR T _E 85 3R B0 R F. subpinicola JL
TARAK; M6 LMD I RO s,
W) F. subpinicola 18 7% K/NMrF CK 1 M28 4§
I S5 558 A e 22 () o AN ) A T 4 AR
W1 530 B BOR S M28>M49>M48>M25>M43>
M41>M6>CK, i E K &R IR Em B
B SRR F. subpinicola WA K25 Rl #E1 T HF
i #1155 (&1 9D).

2.9 KREFELEIERTOERRERHINEEE

¥ F. subpinicola 53 SR E 5 A AN R e i
KRETH KR EEIEWR 0 PDA EArh, K38 7 d, 1
%7 R, A AREREERE AR, HELORE

*® 3 ABREKRIRERFE

Table 3 Source and characteristics of the Trichoderma isolates

w, HIEL 3-6 d Bk BB, AN[FEWE
(25%. 33%. 50%) K% A BIERAATE 3-6 d
Ja BB RS ILIE 10, SXFREME, A
[V BE Y 7 R R 25 TR Y TG T R BE IR X F
subpinicola Y] HA — M MEIER, B EL
RAEER.

2 % TR VRO Bl 25% () 10A), FRkR AR
B R R BEUE VR P R R 3 TS O IR, X
SRR HA —EIHRER, Br M41 PR
L[] 2 A1 TR 308 T R AR A R 354, R
B R TR VR YA T 23 357 e A 38 s ] 35 o v 2 14
K, 55 3-6 RIMIRL 20%, TE45 6 REMH K
o PPN TR AR, PIRESRTESS 6 RARZ A BEIER
IRA PDA Kigidt O K H M Z M M Bk,
FE— € FEBE b 38 5 T X0 B BA A B0 o A R
M49., M6 Fil M43 (1) & BEIE A R RCR B 598 T
HADARTER, MESCRARBIMEIK ). M49>
M43>M6>M25>M28>M48>M41 , 25% ¥k & 1Y
M49 KBEUER XS F. subpinicola WD BRI Fx
S, TEHS 6 RINMERAE] T 88.76%, FHA(K
W M49 KRS I BB 10T 25 FI 0 RE
FIHAth R AR

2 R RO E g 33%0 (&1 10B), HERkA
B PR RIS MR TR 22 0 2 = TS IR, X
SR EA —E A RIE R, M4l 2B pE AL 3
A ) AER PPTR R B T R R A 3, M6 K EEIE IR
RS 5 RikE s M, Hay M49, M43,

i [l s PN I RL E=ES

No. Species Antagonism level Source Isolation frequency/%
M6 INEAREE T. minutisporum I FSE{K Basidiocarps 2.8

M28 ARG AR EE T. afroharzianum I Wz Bark 2.8

M4l ZHAKRE T. polysporum 11 TF5E1A& Basidiocarps 2.8

M25, M43 RSO AR T. paraviride II Fits Heartwood of trees 389

M48 WRERAREE T. atroviride I 41 Soil 5.6

M49 REEAREE T. atroviride I B Heartwood of trees 2.8

e 19 KRERZEGEREIRM 100%; 19 KEREZSHEN>2/3; M8 AEHZEFM<2/3 H>1/3; V% K&

P22 R 135V g IR 1 100%

Note: Grading scale for antagonistic activity: Grade [ : Trichoderma mycelium occupies 100% of the Petri dish; Grade II:
Trichoderma mycelium covers >2/3 of the plate; Grade III: Trichoderma mycelium occupies <2/3 but >1/3 of the plate; Grade IV:
Trichoderma mycelium covers 1/3 of the plate; Grade V : Pathogen mycelium occupies 100% of the plate.
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100

Trichoderma atroviride CBS 142.95
100 | M49
M48

100 Trichoderma nordicum ACCC 39713
100 ' Trichoderma nigricans CGMCC403 14
96 - Trichoderma obovatum YMF 1.06211
94 Trichoderma paratroviride CBS 136489
100— Trichoderma uncinatum YMF 1.04622
58 Trichoderma heveae COAD2323
100—| Trichoderma subviride HMAS 273761

— Trichoderma adaptatum HMAS 248800
Trichoderma paraviride YMF 1.04628

M25

Trichoderma viride CBS 119325
Trichoderma scalesiae G.1.S. 03-74
Trichoderma paraviridescens CBS 119321
Trichoderma junci CBS 120926

— Trichoderma beijingense HMAS 248804

100 | Trichoderma polysporum CPK 3131

M41

Trichoderma macrofasciculatum ACCC 39712
Trichoderma pruinosum HMAS 247217
Trichoderma sinoluteum HMAS 252868
Trichoderma parapiluliferum CBS 120921
Trichoderma shangrilaense ACCC 39714

100 | Trichoderma minutisporum G.J.S. 90-82

M6

Trichoderma europaeum CBS 121276
Trichoderma lacuwombatense G.J.S. 99-198
Trichoderma alutaceum CBS 120535
Trichoderma piluliferum CBS 120927

100

98 &9

99|

100

100

Trichoderma foliicola Hypo 645
98 Trichoderma lixii CBS 110080
55 Trichoderma anaharzianum YMF 1.00383
Trichoderma lentinulae HMAS 248256
441 | Trichoderma xixiacum HMAS 248253
A0 |- Trichoderma auriculariae JZBQTI1ZIT
61 Trichoderma zeloharzianum YMF 1.00268
Trichoderma notatum JZBQT1Z5
99 ~ 2 Trichoderma harzianum CBS 226.95
100 | Trichoderma afioharzianum CBS 124620
M28
= Trichoderma tongzhouense JZBQT1Z1
— Protocre afarinosa CBS 121551

L— Protocre apallida CBS 299.78

0.04
6 ET TEF+RPB2 IR ABR ARG LK EWN

ABFEER OIS 5 S RAUIRIE SR> 50%

Fig. 6 Phylogenetic tree of Trichoderma species based on the combined dataset TEF+RPB2. Strains studied are highlighted in

bold. Bootstrap support values for maximum likelihood (= 50%) are shown at the nodes.

M25, M28. M48 K I I8 I 411 1 % i Ak #HL Bsf i)
HOmmAR E K, R RIEEH RS 6 KR,
EAROR B 25558 T2 AR IR A AR E 3w, S0

25

BRI B ME IR R M43>M49>M25>M28>
M48>M6>M41, TE 33%MeEE T, M43 K IENEk
BRI TR i P e IR R A

0270-10



FNE F | BEERRKER

ZIL B RRIRE RIS AR

EYER | ARILI

MR TEIE RO BE S 50% 0 (18] 10C),  BR M4l
HE 3 RIFMERZHEEIOL, HARAREGERE K
T VRV X 5 B I 3 A TR P, R 0
WMBLESS 6 K, AR 90%, MEL
FNFFEURAKA N : MA8>M43>M25>M28>M49>
M6>M41,  H IH AT 7R AR v i BT AT 42 3 A

AN TG YRR M4A9 A BEUE WAL = Wk BT B TG
AEFRER 3 K, M25, M41, M43 Fll M49 (1
KEEUEW , TE 33%M AT IR TG PEE, 25%Ik

FERH R R RR(E 11A), M28, M43, M48 i
KU,

R R BEIE R 50%>33%>25%[1

M43

M43 M49

5 7 SUARBESEARKEAZOBERFFREREREINIFERE

M45 M46 M47

-7 RN LM BCR

Fig. 7 Antagonistic effects of putative Trichoderma strains against the heart rot pathogen of Abies georgei var. smithii in

dual-culture assay. A dash “-” indicates no inhibitory effect.
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40 b B .- I

30+ I

RS
Percentage of inhibition/%

0
CK M6 M25 M28 M41 M43 M48 M49

Species
B 8 AEFEFELAMREIIEE AN THIORESR
L (P<0.05); FH
Fig. 8 Inhibition rates of volatile metabolites from

Trichoderma species. Different lowercase letters indicate
statistically significant differences (P<0.05). The same below.

M41

9 KREFZFEL MR EI4D%T Fomitopsis subpinicola BIHIE
BR A PHHNE; B PAOMHINET; C: KREET-
BOHNEIFE; D: F. subpinicola AU FIRETFE

Fig. 9 Inhibitory effects of volatile metabolites from
Trichoderma species against the pathogen. A: Double-plate
assay; B: Frontal view of the double-plate assay; C: Expanded
view of the separated plates of Trichoderma species; D:
Expanded view of the separated plates of F. subpinicola.
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Hisf i)
Time/d

E 10 TEIRENASEABEGREEAIHE A £
INKIEIERARIE ) 25%; B: W 33%; C: WJIEHN 50%
Fig. 10 Inhibitory effects of Trichoderma spp. culture filtrates
at different concentrations against the pathogen. A: 25%
culture filtrate; B: 33% culture filtrate; C: 50% culture
filtrate.
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e
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E 11 T EIFENASELBIRRHREENIIEE A XF3d; B: XflF4d; C: XIF5d; D: X 6d
Fig. 11 Inhibitory effects of Trichoderma spp. culture filtrates at different dual-culture durations. A: Confrontation in 3 d; B:
Confrontation in 4 d; C: Confrontation in 5 d; D: Confrontation in 6 d.

PTG . AbFRES 4-5 KA, Bk M6 F1M49 4,
HAARET R TN IITE S0% J3E I 5L TH s vy
PTEYE, 7E 25% BRSO RAR(E] 1B, 11C),
ARFRES 6 KRBT, 33%MREERT M49 Fl 50% FE 1)
M28 & FEUE WA T 543 3135 2] 90.46%F1 90.60%
FIIEAE, DT 28 AL AL AL B2 (5] 9D).

WiE b B [E] R AR AL, AR RS M28
M49 & TEUE T Ui 2 300 B R d ey X 3 bR
3-6 d B (B 11), M6 METEEERZIAE 50%ik
FEN e, 25%WE TR, 33%MEET ik,
HAR ARG R EEERTE 33%F1 50%A #2485
Fm TS PO BRI AL PR . M43 R R

WP TEEAE 33%A1 S0%HE T, Fom
H R R BEXT M43 IR RCR AN K, A2 A%
W B BEEL I HL, Bl A 3RS (] B3, 25%
e A (11 0) ) AR 85k BEDE VR I R 2 A e BTt
s, {HAE 33%UK I 50%3HE B I AR5 K BEIE R
PIERE S A, MAl MR AL 3 RGETF
Ras, HRE R M43, M48 7E 33%Ik T =8
LM ER S (55 6 Kik 70%-75%), {BTE
50%34 FE B G PR T2 10%—-12%, FR W] Y
AT REA S M43, M48 FRIgFEETEEL [ 3
BN . R M4l FERTA W EE T B4 TR T
E5%, MR RE A AR R TS
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3 Wil
3.1 BRKEALEREREMBERER

AtstiEd IS =50 F%E, 4G 08
o 1 A 25 R A AR R I, WA 2T S )2
LI F. subpinicola 233 A AR K AR 12
O M8 LA BRI TR o 2 I e T TR X
T PRCET R RS ) 2L A sk i A )RR A A A
(Simpson et al. 2024), HAERE T HAEM 4 Ho
X ARRK B2 A T2 53 A i 5 3
WX} F. pinicola B A&REMI2AEITHRH, W
JRTA F. subpinicola J& F 2534 T AR WL IX 4
Fl(Liu et al. 20215 Xu et al. 2025), X 5AHFSE
() 980 2 T L DX M A v R DR, DA
SR X R MBSk E, AT S SR
AR,

S5HEBEME, F. subpinicola 1F & JE H
RE S PR B MR AR P iR, SRR R
)3 BV ] i pARRE 5 BE ) ™ B4 2R (Pandey &
Pitman 2003; Arantes & Goodell 2014), {F4sa
REAVEHZ, 1 O A T A e ST
B EWEER RN A EAESERE, 8w
WALZFLE F. subpinicola, 18 WIAZE
SHHFE H. linzhiense, R HOJERIEAREHE A
A RPN SR, TR AN A S TR R) BB R
H, AT EEIR S & E(Kaya et al. 2022; JEARIL
4 2023), F. subpinicola i 1Z Y IEFMA,
Ao RET Y R LF e K 5| OB IE, B
IR S B ERE TN B, 3l UMOR 250
Gy WT e BB ARBET, T B A2 00 B Al (31 A
T, fEFEMI R X Rt AROR 2544 1
27N C o L R T A S R s T DI 7 e
Bl AR A0 VR, 0T A0RE TR O R R E A R
AL ISP/ T

AR BIRKGIN R F. subpinicola 5.0 &K
B B 5 AH O, H R R TR DU 36 ik o Dt T
BF, &I B A AR B0 P 1] 42252050 b i SO RE AR AN
FEMLAY S KRT BRI T 0 R A S — B
WaE A R BRI R 2, T S =
SAE T B S T A E DLk B B AMR YRk .

Z F. subpinicola BAT 527 . A&
BOTRRRIE, 3RS AR R B IR TR
Yuggar R, HAR YL R BRI T2 A T 2
% T B 1) 45 22 10 0 PR B (R W AR SF 20195
Ara¢ et al. 2021), X} FERWA, Hiit A&
LW R TR, — S R E S B A O
Z, JWHJZH ) “RRIX” BiEEE ST FEAC, N
JR LA e e i i T 2R KR A2 DM
(o —T5F 2024), (HAHTFEM LK
A AT e A BoR ) F Ehiwte, A5
RIHRERER . BOX O IEIRIE AR T
RETs 2 Z R IR VE T, XE AR A 2R
AT e I R E 1 1B A AR FL R AL
IR AR R . SRR ER Y, B
DM . a0k, FFRERE FRCEE R A
JR V3 A2 AR BE T 19 2 4F 4% Y4 3 4 (Sundararaj et
al. 2023), IR ERAFTE R — KPR

gr bR, R SEURIEN & A 2 PR BUR
J1, WA IHAEME R F 1 H. linzhiense 55 1
JET, TSI B BE 148 2 P SUE #5 25 BUH)
Wr, WL ZPIZFLIE F. subpinicola YI1ERE K
A BiHA PR 32 S (Arag et al. 2021; Simpson
et al. 2024; FINISE 2024), HEARESR
258 Hh R[] A A R 55 A B AFAE A 11 B 5
TEESAG e I, BRI, X% e B T R
A 5 5T EL A B X o A )95 D 7 T
B EAE R HAEANR AL T MEUR S, BRst
o 2 R AR ]
3.2 FERAREEXT F. subpinicola HIHNE BE

AW T T 1 X S A K AT AZ 0 B
SRR F. subpinicola BATEHER I ARZER,
FF AL T E R A ) RN K T R P B TR
R

AR IR B, 7 MR B TR Y e 1ok
o B TR s [ e R A AR . HiP RS R 5
T. atroviride M48 FIAEINM X AKEE T. afroharzianum
M28 T2z Kk, fe 2y 7 A T AR R A
2/3, AIBE R I AR IR R AR, AR TSR R
25 8] 55 4 & 324258 71 (Bedine et al. 2020;
Marques et al. 2025). MR AKFE 4 RgE L H AF4E
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VE 5 3000 I o o 22 7 i 5 i L AR e T
(Pandey & Pundhir 2013 ; i# 3CH5%5 2019). AEM
M R AR % 2 i I B AR A I RIE AT, OB
R R EA A E Y, JCH AR 2R
JoT, 22 TT IR D DA 2 B S S A T 4 (H
ARAE 20235 5KIF 2023). AILIPE K [R]Y #E EE
AP I AR EE T9131 AT B R4
MR AR T EMF910 #Re 41 il I B S 61 i 1) A=
1, RIS KA AR A A TE TR
M (Zhou et al. 2020 ; Guzman-Guzman et al.
2023; sKIBEANEE 20245 A5G 2025), X5
AT AR FE T Y 03 BRI R — 8, 12—
FEEE B RINZA R W HA TR RO IR
o A B TR R RS o

TEHE R PRSI, A KRR
U IR TS, BRCRAATE B 22 5 . ARV
WARTE M28 FITRSGE AT MA9 (I AR i
PR AR R A a] B S A R A TR ) o
REA AR RESE . K. RERF 70 KF
W HAR W 7= W) (Siregar et al. 2022), #EHAEE
(2022) B 5%t % I IR 2 R 55 1O 45 R M de 26 Wy Jo
HAT &M E

TER BRI s b, e R s Ak
P2 VA P X R A T D TR (1 12), 100 B
TR TR T P X5 A A 0 Al D T R 22 A R A T
WA W) J5T, (ELAD T A8 SR B o 8 A A 39 e (i) A2
fbo B JAREE M28 FIREE AR M49 764
FEN IR R MR B8R E T. paraviride
M43 FNRLEAREE T. atroviride M48 16 33% I & T
Hahn, ABAE 50%¥K BE G PRl , Rk
Al REVE AR B IO . 2R T
polysporum M41 FIMETEERSS, BRILATH
A FHTAS 259 (Gava & Pinto 2016), {HIEAL
B A LR I TR RE A5 . IRGEREE M49
TE = VR BE N IR ROCRA AR, ] BE 5 4b 3
P (7] S < BOH: 30 7 ) o s 2D B A B R A
0%, PRUMGAR R 07 FH v ot AR T R 2 A e 1 o
WA

ZEANT, TREEAREE M49 FEEMMA X AR
M28 B A B BRI T2 0] 38 7 s 4 S AR

PRI . ARG OREE M28 AR R, fig
PR R I AT A I R R 22 CR NS 2022), IR
ZRORF T AE S0, PUE T (B SCEE SF
2019)0 F-Hxf ey 55 A (9 Bip RV R0
M APIBIR R AL T AR

25% 33% 50%

M43 [

M9 |

12 KEBRARIRE L B2ERYT Fomitopsis subpinicola
AR

Fig. 12 Inhibitory effects of culture filtrates from Trichoderma
species at different concentrations against Fomitopsis subpinicola.
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