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Abstract : In response to the severe incidence and management challenges of strawberry anthracnose, this study
targeted Colletotrichum siamense, the pathogen responsible for the disease.We used dual culture and sealed-plate assays
to screen for the effective biocontrol Trichoderma strain HB 23422, which exhibited strong antagonistic activity against
strawberry anthracnose,and was identified based on morphological characteristics and molecular biology as Trichoderma
asperellum. On PDA plates, HB 23422 exhibited a strong inhibitory effect on Colletotrichum siamense CM9, with an
inhibition rate of more than 74.55%. Vitro leaf experiments and pot experiments showed that the spore suspension of this
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strain could effectively reduce the incidence of strawberry anthracnose. The strain HB 23422 grows rapidly, produces
abundant spores, and has excellent disease control efficacy, indicating its potential for development as microbial pesticide
for environment friendly control of strawberry anthracnose.
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Fig.1 Morphological characteristics of Trichoderma strain HB 23422
2.2 AKREEH HB 23422 D FEWFLE
AREEHIBR HB 23422 {970 T4 W i PCR 9 8 HBORAG ITS H1 RPB JEH 51 (W 2) , 5351k
566 bp F1 1 090 bp, #238JF4 % GenBank B % , it 4 55 O H1 HL G HE PR 20 19 L oxF , 45 2R 7R TR Pk HB 23422
52K T Trichoderma asperelloides BA e M VIR RS R, M TN ARG L E AL 8T
RGEREW 4 R FGIESE T # Ak HB 23422 J8 TRBHE A

Trichoderma paraviridescens strain Hypo 372(KC285730)

Trichoderma neosinense strain G.J.S. 94-11(KJ665624)
Trichodermaviridarium strain S136(KC285728)

Trichoderma subviride strain 8658(KU529142)

Trvichoderma atroviride strain CBS 142.95(MH862505)

Trichoderma ovalisporum strain DIS TOA(AY380897)

Trichoderma insigne(MH183185)

o7 — Trichoderma yunnanense strain CBS 121219(KJ842148)

100| _r 23422
'L Tvichoderma asperelloides strain GIS 04-111(GU198281)

Trichoderma foliicola strain Hypo 645 voucher WU 31611(JQ685876)

] —I: Trichoderma lacuwomb culture CBS: 112266 strain G.J.S. 99-198(KJ665547)
bl

Trichoderma atlanticum strain CBS 120632(FJ860781)

Trichoderma rubi culture CBS: 127380 strain S146(OR829783)

) Trichoderma hainanense voucher HMAS:248837(NR. 154568)
100) | Trichoderma lentinulae strain CGMCC 3.19847(MN605867)
0.01 190 1+ ichodermaxiiacum strain CGMCC 3.19697(MNG0S874)

12 L ITS il TRPB SN P8 & I AR ER bk HB 23422 REE KA
Fig.2  Phylogenetic tree of Trichoderma strain HB 23422 constructed based oncombined ITS and TRPB gene sequences
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AR TS CMO, 35 IH AR TR 22 BERE BH L I TR AR 4 . WP SE 50 ] LA R BT HB 23422 T A &
AT CM9 A= HAT B B AMBIRCR , JIHIZRILEE 2~ 3, HB 23422-CM9 AR il 2R 4174.55% , HB 23422
FEAE O K TR CMO A IRL R R 65.00%

PAE AR CK(CM9)

K3 REEHIR HB 23422 XA CMO IR A T PO IR %)
Fig.3 Inhibition of Trichoderma strain HB 23422 on pathogenic bacterium CM9 (dual culture assay)

HB 23422-CM9 CK(CM9)

[l 4 RFEZFERE HB 23422 ¥ & MY O TR A CM9 Ayl /E A ARk )
Fig.4 Inhibition of volatile compounds of Trichoderma strain HB 23422 on pathogenic bacterium CM9( sealed-plate assay)

2 WBE HB 23422 1T 7142 FITAROXH IRF 5 XoF 5 B T ) 4 i 2%

Table 2 Colony radius of strain HB 23422 and its inhibition rate against pathogenic bacteria in a dual culture assay

[/ SR X IR TR 5 42/ em SEAR SRRV A ] 2%/ %
HB 23422 1.12+0.02" 74.55
CK 4.40+0.01"

T ARSESONE FREROR 22 53 B P (P<0.05) .

3 TEMR HB 23422 BT VR AR A AR F1172 00 e v B4 40 )

Table 3 Colony radius of strain HB 23422 and its inhibition rate against pathogenic bacteria in a sealed-plate assay

R SRR FIE TS 42/ em SRR 2R %
HB 23422 1.96+0.05" 65.00
CK 5.60+0.08" _

T AR FBESNE FRESR 2 5 15 P (P<0.05) .
2.4 KREEH HB 23422 AFEREIMIFLELE R
AR SR FH BRI ifE— 2B ASE T HB 23422 X8 L B CM9 (I BHARCR . WIEl 5 FiR , 7R % ik
JE P CMO {2 YL BREI Ry Bl SR (0 28 I o) DU J] &2 4E  HeAh , S RRER A 38 237 AR BB T 224k . HB 23422
TR AN T CMO 5 R AR AN R R 6 - RO 8 2 I B 4 1 T S AN A [T, B 2 A 4t
FEIU 1x10° cfu/mL, HX B 5 P B PP i 5 2] T (86.10+1.56) % (P<0.05) , B2 41 N H:Fh4tl 7B



1x107 cfu/mL , HX 3 B 5 JH B A A ) 583K 21 1 (90.10+1.58) % (P<0.05)

BeRl K% R 41CK BI1-F:Ffl 7 B B2-Hfl il B
1x10° ¢fu/mL 1x107 ¢fu/mL

Fl5 B A i Y CM9 I M
Fig.5 Effect of spore suspension on the activity of CM9 on strawberry leaves

25 EHAHRRER

AT T HB 23422 XF CM9 REAEHRAAN 1Y A BT RCR (BRI R B WK 4) . 18l 6 7R HB
23422 20 B AR HIER B R 0 A2 B I P o HG v R A B R A I Y BT IR RN 60.61%
W TR B A ST N, HB 2342246 T3 i -CM9 AZbFRZH 1) R A AR AR T P8 50 2 — 4%, i B A CM9 ff1F
BT BRI TR B N T, FF R FAT ) R AR R K S 0 SRR G R L B R T BAh,
AT EE T AN [) Ab B 38 25 A P R R B AR 5 P R e 17 O, 3 2 J T T 15 | 1) 785 o L X e g A
SRR YL BE AR 2 25 PN ) ZE A1, DA Y 30 7 B Fsf [ () 4 B 25 A8 P 200, 785 25050 FH I 1A 1 A 0 U o
WL KB, CMO AbFRZH () S AE 253 L 2850 2748 ARS8 HB 23422-CM9 Ab B4 f) B 45 2535 B0 AT IR 4 % o e
MR, CK WG AKX R A K A CM9 R4,

F4 BRI A

Table 4 Experimental data for potted plants

Ak RIEH/ % BR 5/ em fif /g RIREEL R/ %

CK — 13.39+0.55°  6.09+0.37 ** — —

CM9 92.31 — 1.28+0.17 © 84.62 —
HB 23422-CM9 36.36 15.38=1.18 *  5.29+0.46" 41.82 60.61

R NG FEEFRIR P<0.05 K25 .

(a) T HRAF T A [ AL B AL FERER GG 3 793 55 By 5 1 R v () A [F] 4 B 2 B A s R )
. CK (77K) ;@CK (CM9) ; @HB 23422-CM9 1§ £
K6 #akilyssR

Fig.6  Results of the pot experiment
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J& , T2 T A P — 25 R SR IV ER =K 2 AW ik R G i 5 S, U AR AT — bk m
YU RE IR IEIR B9 25 Bl A0 K B ( Trichoderma asperelloides ) T8 #& HB 23422 SZI6G 3% BH | 12 b Ak X 48 2 7% JEL T8
( Colletotrichum siamense) CM9 HF-HXFURFHI ] R 15 74.55% , 4% K W) A 1R 2R N 65.00% , BRI | S 56 H
1107 efu/mLAL TR REN ] 4 Rk 90.43% , FAAPIRCH 60.61% , 3 LT H AR HE

X RIS ) AW ST IR , REARE A AT R 05 308 Ao AR Y012 2% 28 R A8, B3 s vk 4 Sl B0 11 LAY 1y
DAHIGBE . 75 18 B AT P e 3 b ) 20 0k SRS g el R D0 R AR DRI | AR S5 o A 5 1 R i 1
SR AL AR AR 4 7 20 RERER AR HEA T4, s [ X A 2O BB R X 2 TR R % B L4 e BE BT 1 S
kA U, X —BUGHR ARKEL  25 R AT BRI 5 S Bl 5k B S PR AR T Y sl | B e i
JETE M2, A5 BISEPUEA YA BAD A REA SO E bk s, Hle B2k 5 ot 0 A SR EE
HEP A AL BREFAET BT S P MU TR FEA [RIC B S 46 07 2R SR e TR AR . S04
a7, Y-30 55 CM3 L 2: 10 LU IR -G R & B R B L s TR R , KT RO R ik 59.46% , X —
FEWNE R 7 | 25 HAT T I & BT B3R T TR RE ), 265 6 ORI SN AL

AT BRI 5 AR A B, W B 2R R O T A AT R A (ELAS R BR T R S e
TR TESRAR b EAT 0 D TR AR 5 AR SZ A SRR IR B B M), o S T A G sh AN [R5 B AR 7 ] e A 4
BT I, T AR 1 9 T BETR AT A ol 2 0y 5 4 S A D R 5 2 A I R AR 5 5 R K 1, T R A ok
A RE PR K BE IR Bl 2 T ) S R s T B R PR I il 3 B R, BRSO T, BEXT R B
X BE R, A R A SR, a) DU I AR S A T A < 10 R AR A R R B A R LU B AR SR
B GBI 2 R R AT IR AL B HEER AR MU T 5 I AR R 1 7K 2 FUE SRR
TR B AR SR A DTG 5 B B 2RI 2, S A A I B 7 B O

AHIEFER B T 2R IRALATE NS B AE AN SR, D 8 1) A= B BT A S it o0 Ml LA R M ey
A R I TR B R DI REWE TS A0 AR RE . ST 75 S T8 1 77 P TR AR 1 A 2 o) B iy ol A A o o)
B AERST; [R) I 7 A AR S 2% LS E I T A S 2 BERE 1. A REAE LR Ty 1 U HE T | TR
Bk HB 23422 el B AL A AR 25 RO A B 0 IR, HE Sl B b [ A A AR 29 A Y, O g 7l 8 AT
SRk S
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