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Screening of antagonistic Trichoderma strains against
Colletotrichum gloeosporioidesin pepper
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1 Engineering Research Center of Edible and Medicinal Fungi of Ministry of Education, Jilin Agricultural University,
Changchun 130118, Jilin, China
2 College of Plant Protection, Jilin Agricultural University, Changchun 130118, Jilin, China

Abstract: Twenty-eight Trichoderma isolates with strong antagonistic abilities and 15 isolates
with moderate antagonistic abilities were screened through dual culture assays. Further screen
using cellophane filtration membrane method resulted in the acquirement of six Trichoderma
strains (104, 393, 424, 402, 451, and 123T) having non-volatile secondary metabolites that
demonstrated potent inhibitory effects against Colletotrichum gloeosporioides, with inhibition
rates exceeding 92%. The inhibition rates of volatile secondary metabolites of Trichoderma
atroviride 424 and T. paratroviride 123T against C. gloeosporioides were 57.12% and 60.43%,
respectively. Pathogenicity evaluations of nine tested Capsicum annuum cultivars revealed high
susceptibility. However, treatment of pepper fruits with needle puncture followed by spraying
with spore suspensions of Trichoderma strains 424 and 123T significantly increased the resistance
to C. gloeosporioides. The spore suspensions of these Trichoderma strains promoted pepper seed
germination and seedling growth. The germination rate of seeds treated with 123T increased from
38.9% to 70.0%. Moreover, pepper seedlings treated with the spore suspensions of 424 and 123T
exhibited significant increases in plant height, root length, stem thickness, fresh weight, and dry
weight, with improvements of 52.5%, 96.0%, 104.0%, 372.0%, and 224.0%, respectively.
Trichoderma strains 424 and 123T highlight the biocontrol potential against C. gloeosporioides
and hopefully can be developed as biological control agents.

Keywords: Colletotrichum gloeosporioides; Trichoderma; antagonistic ability; growth promotion;
biological control
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Antagonistic degree evaluation criteria of Trichoderma

Hhihe

Antagonism capacity

W22 A RRES

Status of mycelial growth

54, KRB SRR3R L 100%

Strong antagonism

Trichoderma mycelium occupies 100% of the Petri dish

i AREEH 22 G PR REFR L 75%-100%

Moderate antagonism

Trichoderma mycelium occupies 75%—100% of the Petri dish

53 KR 5PN IEFE 50%-75%

Weak antagonism

Trichoderma mycelium occupies 50%—75% of the Petri dish

F ARBER 22 D HEIRIL 50% LA T

Absence of antagonism

Trichoderma mycelium occupies less than 50% of the Petri dish
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Table 2 The symptoms and severity caused by the pathogen at the inoculation site

RIRREE FER VRN B

Severity Symptom

T AT TeIEGe

Highly resistant No infection

L INFE B L ABUR S 5%-15%

Moderately resistant Necrotic lesions occupy 5%—15% of the pepper fruit
U IFEIRBE 5 BRI 15%-50%

Susceptible Necrotic lesions occupy 15%—50% of the pepper fruit
o U IRAEH G B i AR S 1) 50% L
Highly susceptible Necrotic lesions occupy more than 50% of the pepper fruit
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Fig. | Dual confrontation culture assays of Trichoderma strains with strong antagonism and Colletotrichum
gloeosporioides. The left side shows Trichoderma strains, and the right side shows C. gloeosporioides.

2378 BEHIEFR



Research paper

22 December 2023, 42(12): 2374-2387

Mycosystema ISSN1672-6472 CN11-5180/Q

BRI ARTRRII T2, A 28 BRoRE XS
A FOR A #5760 BT BRI S BUeE T L BT
989, 99, 104, 110, 123T. 154, 291, 295,
333,342, 393, 402, 417, 421, 424, 449 451,
507, 576, 578, 585, 592, 2A., 2C. T-01, L-1,
XZ9-1 Fl XZ9-4, XFIRERE SR firh, nl DIWEE 3
IR AR A A R AR, LT 22 B A A
i T A K T T o T e A R SR L () S 95 K AIR
il A TR VR b A K AR B 1 A
212 MEKBRIEBEREDTFENAE
E3L7S

HREEE GBS PO AR B B R 74325,
A 15 BRACHE B B FTR A A HLAT op R
PrREJI(E 2), B3R 152, 251, 411, 419,
457, 509, 526, 539, 587-1. 1399, XZ1-3,
XZ1-4, XZ5-5. L-2 f1SQ-7, 43 12 d AYXFiek
BRI 5, R BRI TR 22 5 86 TR B SR L
75%—~100% 25 0], REFE B FLIR I £ A i B 7%
b AR IR R AR K
213 MEKBRINEBEMEDBFHARE
B R

X IR TR 45 5 DL 3, X A AbRof 4%

59 L
2 BAEDFEMENNAER(L)

<

SOV | K

FEK AR R (R RIS TR

L HA B SSHEPURE I AR B MR AL 47 Bk, 1]
39k 64, 116, 145, 153, 156, 174, 175,
176 180, 218, 219, 220, 224, 225, 242, 256,
285,299, 307, 315, 375, 376. 391, 438, 439,
446, 453, 504Y ., 587-2. 588, 593, 1271, 1275,
1276, 1283, 1304, 1428, 3A. 3C., MSL-1,
MSL-3, QZ-1, XZ1-6, XZ1-8, XZ5-2, XZ9-3
I XZ10-3, 23t 12d BYXTIRERE F 000 mT DA gL
| F R AR TR I R 22 o A B SR LAY 50%—
70% , AT -5 R AR A AR R B 3
B AR RACHARR AR 7 B AR R B T 2R
AR BEA
2.14 MWEKBRINEBAIERRENHNAE
E3L73

R U S B S O R B B R EA 70 2,
A 10 BRACEE BT S AR S A AT U RE
FJ1(E 4), B4R 91, 115, 148, 204, 239,
338, 370, 521, 1408 F1 L-3, &4 12 d fox}
IR i 30 R TRTAR P A B A L2718
B R B HEN , KGR ETE /DT HFR L
1) 50%, i3 AR % TR Pk 22l R AR AR o) 4896
VIR TR 7% 7 i o

Fig. 2 Dual confrontation culture assays of Trichoderma strains with moderately antagonism and Colletotrichum
gloeosporioides. The left side shows Trichoderma strains, and the right side shows C. gloeosporioides.
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Fig. 3 Dual confrontation culture assays of Trichoderma strains with weak antagonism and Colletotrichum
gloeosporioides. The left side shows Trichoderma strains, and the right side shows C. gloeosporioides.
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Fig. 4 Dual confrontation culture assays of Trichoderma strains with non-antagonism and Colletotrichum
gloeosporioides. The left side shows Trichoderma strains, and the right side shows C. gloeosporioides.

E 5 ABEIFELMRERG =Y E KRR ZBHHEIER
Fig. 5 Inhibitory effects of non-volatile secondary metabolites of Trichoderma strains on Colletotrichum
gloeosporioides.
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Table 3 Inhibitory effects of non-volatile secondary metabolites of Trichoderma strains on Colletotrichum
gloeosporioides

REERPR WK HAE EHIHES REERRR WIS EAR ElIETES
Trichoderma Colony diameter Inhibition ratio Trichoderma Colony diameter Inhibition ratio
strain (mm) (%) strain (mm) (%)
393 5.00+0a 93.5 110 56.91+0.50mn 25.5
402 5.00+0a 93.5 507 57.61+0.99n 24.6
424 5.00+0a 93.5 578 57.77+0.78n 24.4
451 5.00+0a 93.5 XZ1-3 58.20+£0.45n 239
123T 5.41+0.69a 92.9 XZ9-1 59.08+0.210 22.7
104 7.62+0.61b 90.5 587-1 60.48+0.62pq 20.9
457 8.49+0.27b 90.2 539 60.52+1.26pq 20.8
333 8.57+0.28b 88.8 526 61.16+1.56q 20.0
99 8.83+0.39b 88.4 154 61.65+1.33q 19.3
2C 10.85+0.46¢ 85.8 585 62.14+0.951s 18.7
SQ-7 14.14+0.21d 81.5 417 62.74+1.251s 17.9
L-1 31.01+£2.01de 79.1 592 63.97+0.58st 16.3
XZ1-4 16.39+0.53¢ 78.6 449 64.56+£0.69u 15.5
576 19.68+0.26f 74.2 152 64.74+0.42u 15.3
421 25.01+0.13¢g 67.3 89 65.03+0.73v 15.3
419 28.95+0.4%h 62.1 295 66.24+0.8w 14.9
291 31.48+0.47i 58.8 T-01 66.43+0.79w 13.3
251 35.54+0.69j 53.5 2A 66.94+0.48wx 13.1
1399 44.41+0.49k 41.9 XZ5-5 67.57+0.66x 12.4
509 46.06+0.7k 39.7 XZ9-4 67.83+0.9x 11.6
L-2 51.84+0.371 322 411 68.43+0.32y 8.4
342 55.40+0.61m 27.5 CK 73.24+0.98z

RIS [l NG 5B 2 A4 2522 57 (P<0.05). T[]

There was a significant difference (P<0.05) between groups with different lowercase letters in the same column. The same below.

PTG, RS4RI, e S 6 HRA
5, Bl 393 (T. atroviride) . 402 (T. paratroviride) .
424 (T. atroviride), 451 (T. paratroviride), 123T
(T. paratroviride)®1 104 (T. atroviride), 5 HAth
37 BRAREW LA, X 6 R SRR 25961
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PR AT DA A SR A A R (E 6,
£ 4), REW 424 THIEA LR S AR RO i
I, HINH N 60.43%; Btk 123T Il &K 78
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Fig. 6 Inhibitory effects of volatile secondary
metabolites of Trichoderma strains on Colletotrichum
gloeosporioides.
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Table 4 Inhibitory effects of volatile secondary
metabolites of Trichoderma strains on Colletotrichum
gloeosporioides

AT b T B PES
Trichoderma Colony diameter Inhibition ratio
strain (mm) (%)

424 32.18+1.50a 60.43

123T 34.87+1.35ab 57.12

104 35.43+1.18ab 56.43

402 36.00+0.74ab 55.73

451 36.65+1.80b 54.93

393 38.36+1.02b 52.83

CK 81.32+0.81c

e R 424 72 TR AL BRI R BT
Pk 123T Fil 424 43 HE TR A B IR RS SR AL BRI
CLRBBTVERR AT o X TSR SE AL 3, R TE
123T F1 424 1 FIR G2 PR AL G B 21T
Pt
2.3.2 AREEMHRMIHTIA % R

AN TR A 55 TR 43 A A0 8 T YROKT BB - 11
B ZEROR AN, S AT AL BEA L, T1. T2
5 T3 QbR AR T BRR R R o
T3 Ab AR P/ AT B 3 25 59 (3R 5) . XA

B 7 BKERRZEXRE @IPERR S BUHEITEN
D: /IR E: HEMF: FAMM. G: “IRIRHLM. H: 20220 1

A: LI, B:

THUL. C: FERSHEBRAN.
= DURHE U

Fig. 7 Pathogenicity of Colletotrichum gloeosporioides on different pepper varieties. A: Capsicum annuum
var. annuum. B: C. annuum var. longum. C: C. frutescens. D: C. frutescens. E: C. chinense. F: C. annuum. G: C.

annuum. H: C. annuum. I: C. annuum var. jalapefio.
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Table 5 Effects of different Trichoderma strains on
the germination rate of pepper seeds

Jb 3 KA
Treatment Germination rate (%)
T1(1237) 56.67+0.577b
T2 (424) 52.234+0.882b
. N . s T3 (424+1237) 70.00+0.333a
8 AEARBEAFEFRITLRMAERIPIER
CK 38.90+0.882¢

A: T1 AFI=ARERFE 123T. B: T2 AFI=AZH
PR 424. C: T3 ARHI=AE bR 123T Ml 424 HYIERA
D: XfHH. A

Fig. 8 The protective effects of spore suspensions
of different strains of Trichoderma on Capsicum
annuum. A: Treatment T1=Trichoderma strain 123T.
B: Treatment T2=Trichoderma strain 424. C:

Treatment T3=Trichoderma strain 123T and 424. D:
Control. The same below.

WY &N 38.90%, T1 ALFRFN T2 ZbHLAGFR-F B
KRN 56.67%F1 52.23%; T3 AL Ay BARFT T
W& IR 70%, #5T 31.1%. Hitk, 2 AR
B W O A A TR G A PR WO BARURD - i i R L
A —E e HEE

233 ABENEHMSEEKORHIER

5 KO0 REAL B LU 45, R TR 43 AR A1 B
AL B 1 BRAA  1  TUAR AR A AE 2 22
(1 9). T1. T2 KIS T3 ZbHfK4hH, HA KR
B E X IR, T3 AbF R H B4R R Xt
HEAH T K 3K(F6 6), LA T3 AbFR A BHI AT i bk s
R, HIRSE T2 A1 T1 ARFE, 5% FRALAR A
WA T 53%. 34%7F1 25%; T3 AbFEAY4T R
Ak, X IRBEIN T 96%, T2 fil T1 4bH4351
WY 43%F0 17%; T3 F1 T2 ABAY 22
PRy, SxFRAAEE, AR T 104%F
75%; T2. T1 F T3 ZbIEAF PR A% f 55 53 51 L o) i

9 ARIARBELIEX RSN EARHEBR

Fig. 9 The promotion effects of different Trichoderma strains on the growth of pepper seedlings.
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Table 6 Effects of different Trichoderma strains on the growth of pepper seedlings

yisd| 7N fief T ZHRAZ A<

Treatment Plant height (cm) Fresh weight (g) Dry weight (g) Stem diameter (mm) Root length (cm)
T1 (1237) 15.2+0.374b 0.314+0.012b 0.036+0.006b 0.823+0.145ab 5.4+0.548bc

T2 (424) 16.4+0.245b 0.426+0.014b 0.051+0.004b 1.086+0.038a 6.4+0.894a

T3 (424+123T) 18.6+0.548a 0.670+0.092a 0.076+0.032a 1.264+0.057a 8.6+1.817a

CK 12.2+1.304¢ 0.142+0.013¢ 0.024+0.012¢ 0.619+0.486b 4.6+0.577c
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HALFRARES T 67%. 121%F1 372%, [FEF, T&
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AR, B 2 MR FE T U [EAE TR XAl i 2 A
PEVEVERT, BERS (B 4 1 o b b 7 4 38
T, I H e
3 ik

AT T 2 MOREETR 424 1 123T, 4%
ARG AR B T RER AR B o AHCHBFIERT, TR
LR B Lz42 n] LIRS oA Z R0 R iy # k 1k
A MUY, A T L 0 5% S 2B
ARG 2SR L5 1A B (Rao et al. 2022); V4[5 [
FQOWIFREIM, KEARRGMH KD R
A S ST 95 SRR SO S AL R
Wi; AN, Pascale et al. (2017)iF58 &P, K%
WA R MY T, B ARG BT LA TE 1
AR FE B 43 WA U A A 7 4 R LA T D R A A
K, JE—FEEMBREHLE . [AARE I XEREEA
B 424 FIT RS S 123T H g H H HL AT 45ty
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PR S| T REAER, RS i R
Ji Il

F SR, i FH AR 25 D 16 - BT DL )
6l AE 90955 2 (Sunpapao et al. 2018), HHFRMFFR
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1E A48 BY 195 11 32 451 ) 46 36 A= By il 77 (Travadon
etal. 2023); HMRHEARTEE T76-1 =ik it
BEAT DR el K B0 5 | AR 17 A S B 1 7™ B
F£E (Baiyee et al. 2019b); 1 F A5 i 16 12 7%
WIR AR, I8 AT DU A= S0 B0 1) 7 4E0 e
(Baiyee et al. 2019a); IAh, EERA A F ik
BT AR AT DA A 32 SO 1 9% B TR ) S G (La
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