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Isolation and identification of Colletotrichum species causing anthracnose

on pepper in Sichuan and the antibacterial activity of capsaicinoids
ZHU Li, LIU Yushan, SHANG Di, ZHANG Jun, ZHANG Weishan, SUN Ting, CAI Chen, ZHONG

Minhan, REN Yali

(Sichuan Academy of Agricultural Specialty Plants, Neijiang 641200, Sichuan, China)

Abstract: To clarify the species composition and dominant pathogens of pepper anthracnose in Sichuan province, and to
investigate the inhibitory effects of capsaicinoids (capsaicin and dihydrocapsaicin)on the growth of the pathogens, provid-
ing a basis for the development of green control strategies, this study collected 16 diseased pepper fruit samples from 11
counties/districts in Sichuan, including Chengdu and Luzhou. The pathogens were isolated via tissue separation, purified
through single-spore isolation, and species identification based on pathogenicity tests, morphological characteristics, and
polygenic phylogenetic analysis. /n vitro toxicity of capsaicinoids was assessed using mycelial growth inhibition assays.
The results showed the pathogens causing pepper anthracnose belonged to three species: Colletotrichum scovillei, Colleto-
trichum truncatum, and Colletotrichum fructicola. Among them, C. scovillei was the dominant species, with an isolation
frequency of 50.00%, and exhibited the strongest pathogenicity across five major cultivated pepper varieties. Certain con-
centrations of capsaicin and dihydrocapsaicin significantly inhibited the mycelial growth across all three pathogens..The
inhibitory effects of the two compounds were similar against the same pathogen but varied among different pathogens.
Specifically, the strongest inhibition was observed against C. truncatum, with ECs, values of 43.48 and 46.89 mg- L' for
capsaicin and dihydrocapsain, respectively, while the weakest inhibition was against C. fructicola. In summary, C. scovil-
lei, C. truncatum, and C. fructicola were identified as the main pathogens causing pepper anthracnose in Sichuan in 2024,

with C. scovillei being dominant species in the sampled areas and demonstrating strong pathogenicity. Capsaicin and dihy-
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drocapsaicin exhibited significant inhibitory activity against these major pathogens, particularly C. truncatum. Given their

natural origin and environmental compatibility, capsaicinoids hold potential as natural additives for developing green pes-

ticides or synergists for chemical pesticides in the control of pepper anthracnose.

Key words: Pepper; Anthracnose; Capsaicin; Dihydrocapsaicin; Antimicrobial activity
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Table 1 Primers used for the identification of the
pathogen causing anthracnose in pepper
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ITS ITS1 TCCGTAGGTGAACCTGCGG
1TS4 TCCTCCGCTTATTGATATGC

GAPDH GDF GCCGTCAACGACCCCTTCATTGA
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CHSI-354R TGGAAGAACCATCTGTGAGAGTTG
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1 SRR RARERIER
Fig. 1 Symptoms of pepper fruit infected by anthracnose
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Table 2 Isolation results of pathogenic bacteria

SRR ek o7 = PRI Y PR Strain type
Source Cultivation pattern Incidence rate/%  No. a b c
AR T HR 8 IX 54 Deyuan, Pidu, Chengdu YR KA Plastic greenhouse 1.25 CDDY 1
AR B R X K % #H You'ai, Pidu, Chengdu & Hb Open field 56.14 CDYA 3 1 1
5 FH 17 H YL E Zhongjiang, Deyang & Open field 1.08 DY 1

‘B 5E 1K 7 B Changning, Yibin & Open field 0.90 YB 1 1
JRAB T 521 11T Chongzhou, Chengdu FARL KM Plastic freenhouse 7.66 CDCZ 2 1
M2 MM IRIX Yucheng, Ya'an %4 Open field 11.66 YA 1
VM T ALK B Xuyong, Luzhou #% 4 Open field 36.02 LZ 1 1
F 5117 & )£ Fushun, Zigong YRR} KA Plastic greenhouse 4.97 7G 2

AR T B # X Xindu, Chengdu YRR} KA Plastic greenhouse 1.08 CDXD 2

2R BH T 3k X, Fucheng, Mianyang #% 4 Open field 17.71 MY 2

LT % Fh B Zizhong, Neijiang % Open field 26.57 77 1

K Total 11 6 5
43 B Isolate rate/% 50.00 27.27  22.73
KN 726 mm - d' (R 3). ¥ a BAEHIE LRI RO, RSN, 75 A= 167 FrE 2K

Fr B VR RS BRI, 9028 ) e L o3 St 7 vy B2 55t
BT = 4E 7R I B (C. scovillei)

B 3 T, b R A B AR REE R I A B VK Bk
[ Y, IE TR B 2 A B ), B vs R IR EAR,
B R AR A, WL B UG 2 /NERGTE
T A0S0, B, BT AN (B 3-A). 4
A AE T RN, SFE B R TR, eI, Bk, R/
$9(20.95-27.61) pmx (2.71~3.66)um (& 3-B) . 4%
A TR R R B A B ANE (K] 3-C~D) .
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1 5 7 5 K /N A (6.66~9.09) pm x <4.94~7.17> um
(] 3-E~G) s Wi AKHEZH 7.79 mm-d' (£ 3).
R4 T 25 22 R AE , AT 9120 % 5 R 7 Sk JH B (C
truncatum) o

1 4 PN, ¢ TR TR R ARe AE 2 3 A 1R Y T [
T, SAETE 2 RIE, IR AE K N A &, 468257
% o R 22 B K B, SR TH] P A A A 1) 96 HE (]
4-A) s o AT AR, Wi, o AR T RN
(13.14~18.00) umx (3.93~6.07) um (& 4-B~C) ; T-%&



%2 de T, DU BRI B 4 B e e S S R 1 5 1 X BT B FT

TE: AL BRI : B~C. 22 L7 T D~F. TR A .
Note: A. Colonial morphology; B-C. Conidiospores; D-F. Appressorium.
B2 CDYA24-1 BHkHASHFIE
Fig. 2 Morphological characteristics of CDYA24-1

®3 3 MRERESHFIES T
Table 3 Morphological characters of three Colletotrichum spp

- ERTIR SRR It 25 a2 A% Wit 5 A (RN St
. Conidia longitudinal Conidia transverse Appressori longitudinal Appressori transverse Colony growth
Species . . . . "
diameter/um diameter/um diameter/um diameter/um rate/(mm-d")
C. scovillei 13.53+1.82 4.65+0.61 7.41+0.98 5.40+0.73 7.26+0.22
C. truncatum 23.81£1.91 3.17+0.28 7.51+0.76 6.28+0.71 7.79+0.27
C. fructicola 16.22+1.18 5.00+0.54 12.80+1.50 6.53+0.84 11.7440.08

A RVEIES B, 20 AT C~D. A T8 E~G. I E L.
Note: A. Colonial morphology; B. Conidiospores; C-D. Acervulus; E-G. Appressorium.
3 CDCZ2-1 Bk ASHFE
Fig. 3 Morphological characteristics of CDCZ2-1
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FERBEBRIR (B 4-D) s 73 EHAREA (B 4-B) s 1
AR B OP B T =K OV E T, i B IR 5, K
/INA(10.30~14.70) umx (5.51~7.98) um (& 4-F~H) ;
A KOEE N 11.74 mm-d' (£ 3). RIEEER
TEAS SRR AE , W15 % 52 1% 18 R O SR A R 1 (C.
Sructicola)

222 ST AHmF L A ITS. GAPDH.
CHS-1 51443 B8 2 B bR 2E4T PCR 97384 /5007

W45 5 NCBI ##5 FE2E 47 Blast J7 41 ELxf , 45 51
R, a BRAE S Cscovillei %t N7 1) [] Y5 14 H%
m,b BBV C. truncatum ¥ N ) [R5 1 B
e RMEMRYE C. fructicola X N7 %) [7) Y5 1 5
e 5 N N R L T Je P R s o R A 1) X
FE 51, ¥ ITS\GAPDH R CHS-1 £ [X [ 41] £ 1k bt
Jei LR SRR ) B AR BE AL B 3 #RR A MEGA 11.0
BUMEZERNRZRKEMNE 5. 4RER,ak

AL WYETEAS s B~C. Bl 7D, 7358 E. 7% F~H. .
Note: A. Colonial morphology; B-C. Conidiospores; D. Perithecium; E. Ascus; F-H. Appressorium.
B4 YA21-1 B ASHHE
Fig. 4 Morphological characteristics of YA21-1
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97\ Colletotrichum acutatum CBS 129925
Colletotrichum acutatum CBS 129921

69| 69, Colletotrichum nymphaeae CBS 100064

Colletotrichum nymphaeae CBS 129945
Colletotrichum scovillei CBS 126530

61|| Colletotrichum scovillei LC8

® CDYA24-1

82| @ MY-2

® ZG-1

98, Colletotrichum rhombiforme CBS 131322
44 Colletotrichum rhombiforme CBS 129953
Colletotrichum johnstonii IMI 357027

BL Colletotrichum johnstonii CBS 128532

Colletotrichum fructicola MYJ054
Colletotrichum fructicola ICMP 18581

100

® [722-12
‘ ® YA21-1

® CDDYI-1
Colletotrichum truncatum GM295
Colletotrichum truncatum CBS 125330

100

90

& 5

® CDCZ2-1
® YB2-1
® L72-3

Colletotrichum vietnamense CBS 125478
100

Colletotrichum vietnamense CBS 125477

HTF ITS .CHS-1. GAPDH EF R B FIFMENRERREKRFL B HUR

Fig. 5 Phylogenetic tree of Colletotrichum strains based on concatenated /7S, CHS-I and GAPDH gene sequences
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MYJ054 F1 C. fructicola ICMP 18581 FE7E 7] —4)
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S8 locyeziOls ems v s VR
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villei~ C. truncatum- C. fructicola il ¥ 2% , X H
B HINE R B0 BB 5 o 5598 2 d Ja K
VI BE 5 S5 0 B A O 91 Bl [ T 28 ARG [ T B
ANHEI T , 20 234 4 30 A O Fe 8L, 36 AR R/ 1
Uy 730, 5 HER C. scovillei FITRPEA K&
P AT (B 6) . 5 6 Rk BE K
N IRBE ELAR RN R 3 B R JEL I BRI R B0 1 2 R
3 (R 4), C. scovillei X 5 /™ BRAR T A B 5218 A%
1195 PE B A% 23 KT C. truncatum F1 C. fructicola,
Y C. scovillei FYBUR 11 W& 52T C. truncatum

Bz -G R NI 221 LA 2 B

Mumashan Erjingtiao  Weiyuan Qixingjiao Chuanjiao 221 Pixian Bendixianjiao

C LOL6 8:z 9 G ¥V Tl s ol % AL
L gV ez LOL6 8=z 9 G ¥
249GV €7 LOLG 82 9 6 ¥F7 Z=13 2 9 6 ¥

8ms 9 § Ve T=l

96 ¥ €T LOL6 822 9GS Ve Tl

6 $EMIRIEE S ERR SRR
Fig. 6 Symptoms of pepper fruit after inoculation with Colletotrichum spp

C. fructicola.
2.3 FMERFEMRERINERR

K B 22 A A AR I E T BB R — &
ARARBROGS 3 s S T B R A B T AN R T
410 B 405 B ) B VA 5 B2 9 F 5 ECso, 45 R R

B« ARG W B0 3 P BABUR TEL 4 B T 22 A K )
I — & I ARIAE R AE A0 SOR A, B 1K
FHEHEZES (B 7. MK 5 1 ECs Al A, B
BP0 — SRR A [R]85 5 B ) 40 4 R AR AL, e
XS I B C. truncatum B3] 8RB 4F , EC 43
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Table 4 Size of the lesion after vaccination mm
ki s il S Ml =% Bz -G JIL 221 W5 AR b 2R B
Strain Erjingtiao Mumashan Erjingtiao Weiyuan Qixingjiao Chuanjiao 221 Pixian Bendixianjiao
C. scovillei 13.25+0.46 a 18.05+0.40 a 15.24+0.55 a 17.62+0.52 a 19.36+0.66 a
C. truncatum 3.64+0.73 b 12.20+0.76 b 2.49+0.40 b 4.13£0.70 ¢ 6.71+£0.26 b
C. fructicola 3.84+0.49 b 1.98+0.21 ¢ 1.89+0.22 ¢ 6.01+0.31b 6.02£0.39 ¢
A RN FRER R AL BRIRIFZE 0.05 /K125 57 B35 o
Note: Different small letters in the same column indicate significant difference at 0.05 level.
C. scovillei C. truncatum C. fructicola C. scovillei C. truncatum C. fructicola
CK
5
10
20
40
60
M PR AL
Dilution multiple BARL Capsaicin A HL Dihydrocapsaicin
Bl 7 BRENEE AN Z SUERHRE X T [ & A 40 S8R
Fig. 7 The antibacterial effects of capsaicin and dihydrocapsaicin on pathogenic bacteria
x5 HRIEENFRMER LY RABUR M
Table 5 Sensitivity of pathogenic bacteria to capsaicin substances
Qb3 Treatment B Pk Strain [5]J575 #2 Regression equation R ECs/(mg-L™")
AR Capsaicin C. scovillei y=1.119 7x+2.607 9 0.992 0 137.14
C. truncatum y=1.672 2x+2.260 5 0.991 5 43.48
C. fructicola y=1.073 1x+2.625 1 0.990 8 163.35
B Dihydrocapsaicin C. scovillei y=1.041 6x+2.720 0 0.990 6 154.50
C. truncatum y=1.579 4x+2.396 5 0.991 3 46.89
C. fructicola y=1.052 3x+2.526 4 0.962 7 224.21
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