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Abstract: [Objective] To identify the pathogenic fungi of pepper anthracnose and screen the fungicides with
strong inhibitory effects. [Method] The typical leaves and fruits with anthracnose symptoms were collected

from the peppers named ‘Dangwu’ in Huaxi, Guiyang, Guizhou. The pathogen was isolated. Its pathogenicity
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and classification were determined by monospore isolation, Koch’s postulates, and morphological characteristics
combined with multi-locus (ITS, ACT, GAPDH and CHS-1) phylogenetic analysis. The sensitivities of pathogen
to six chemical fungicides and six biological fungicides were investigated by the mycelial growth rate method.

[Result] The pathogen causing pepper ‘Dangwu’ anthracnose in Huaxi was identified as Colletotrichum
scovillei. The indoor fungicide sensitivity test showed that 12 fungicides all had certain inhibitory effect against
C. scovillei. The inhibition effects of 75%(w) trifloxystrobin-tebuconazole WDG, 10%(w) difenoconazole WDG
and 250 g/L pyraclostrobin SC were higher with the ECs, of 0.254, 0.731 and 0.745 mg/L, respectively,
followed by 200 g/L allylisothiocyanate SL, 3% (w) zhongshengmycin WP, 10 g/L phenazine-1-carboxylic acid
SC, 80 g/L ningnanmycin AS, 200 g/L allylisothiocyanate EW and 10 g/L osthol ME with the ECs, of 1.238,
1.307, 1.711, 2.929, 3.175 and 2.191 mg/L, respectively. 10% (w) difenoconazole WDG and 250 g/L
pyraclostrobin SC mixed at the volume ratio of 1 : 4 or 2 3 showed an obvious synergistic effect on inhibiting
the pathogen based on the joint toxicity test and evaluation results. [ Conclusion] This study can provide

references for the field prevention and control of pepper anthracnose using pesticides.
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Table 1 Primers used in this study

HEA 514 SIF (5'-3)

Gene Primer Primer sequence

ITS ITS1™  TCCGTAGGTGAACCTGCGG
ITS4"  TCCTCCGCTTATTGATATGC

ACT  ACT-512F" ATGTGCAAGGCCGGTTTCGC
ACT-783R" TACGAGTCCTTCTGGCCCAT
CHS-1 CHS-79F"" TGGGGCAAGGATGCTTGGAAGAAG
CHS-354R" TGGAAGAACCATCTGTGAGAGTTG
gpd1"”  CAACGGCTTCGGTCGCATTG
gpd2"”  GCCAAGCAGTTGGTTGTGC

GAPDH
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Table 2 Species used for multi-gene phylogeny analysis in this study

s Lz Rss F%'5 GenBank No.
Species Strain No. ITS GAPDH CHS-1 ACT

Colletotrichum acutatum CBS 129921 JQ948380 JQY48711 JQ949041 JQ949701

CBS 129922 JQ948381 JQY48712 JQ949042 JQ949702

C. chrysanthemi IMI 364 540 JQ948273 JQ948603 JQ948934 JQ949594

CBS 126518 JQ948271 JQ948601 JQY48932 JQ949592

C. fioriniae CBS 127600 JQ948308 JQY48638 JQ948969 JQ949629

CBS 127599 JQ948309 JQ948639 JQ948970 JQ949630

C. lupini CBS 109225 NRI111730 JQ948485 JQ948816 JQ949476

CBS 129944 MH865693 JQ948508 JQ948839 JQ949499

C. nymphaeae CBS 129945 MH865694 JQ948531 JQY48862 JQ949522

CBS 129937 MHZ865686 JQY48583 JQ948914 JQ949574

C. paxtonii CBS 502.97 JQ948286 JQ948616 JQ948947 JQ949607

IMI 165753 JQ948285 JQY48615 JQ948946 JQ949606

C. scovillei CBS 126529 NR111737 JQY48597 JQY48928 JQY49588
HGUP LJ169 MW741882 MW751812 MW751811 MW751810

C. simmondsii CBS 294.67 JQ948277 JQ948607 JQY48938 JQ949598

CBS 295.67 JQY48278 JQ948608 JQ948939 JQ949599

C. tamarilloi CBS 129814 JQ948184 JQY48514 JQY48845 JQY49505

CBS 129811 JQY48185 JQY48515 JQ948846 JQ949506

D) FAR K T Ao B AT B W A B
1)The bold fonts show the isolated strain of this study
x3 HIAREFIRBEYRS RERE

Table 3 Fungicides and the contentrations of active ingredients used in this study

AW A RO BRI (mg L) 2R
Fungicide Concentration of active ingredient Type of drug
75% (w)li - JXMEEE WDG 0.075  0.150 0300  0.600 1200  FEEEEFRRES = MK
75% (w) Trifloxystrobin-tebuconazole WDG Methoxycarbamate carbamate+triazol
10% (w) K[k FER M WDG 0.15 0.30 0.60 1.20 2.40 ek
10% (w) Difenoconazole WDG Triazol
250 g/LAE M B i SC 0.15 0.30 0.60 1.20 2.40 Lik=0- 20 LU RS
250 g/L Pyraclostrobin SC Methoxycarbamate carbamate
227 gL # K& SC 37.50  75.00 150.00 300.00 600.00 [iE=S
227 g/L Dithianon SC Quinones
500 g/LIIAE: ME 16.70  33.40 66.80 133.60 267.20 =Mk
500 g/L Propiconazol ME Triazol
250 g/LIRHifiE EC 1400 2800  56.00 112.00 224.00 BAE LR
250 g/L Bromothalonil EC Bromocyanoalkanes
10 g/LIEIRF % ME 0.98 3.91 1563 6250  250.00 TR
10 g/L Osthole ME Plant source
10 g/LHIEEE 5 SC 0.98 391 1563 62.50  250.00 IR
10 g/L Phenazine-1-carboxylic acid SC Microorganism source
80 gL THER AS 098 391 1563 6250 250.00 THAEIR
80 g/L Ningnanmycin AS Microorganism source
3% (w) FAEH % WP 0.98 3.91 1563 6250  250.00 AR
3% (w) Zhongshengmycin WP Microorganism source
200 g/L B SRR Il EW 0.80 1.60 3.20 6.40  12.80 TR
200 g/L Allylisothiocyanate EW Plant source
200 /L5 fim F LA A e SL 0.40 0.80 1.60 3.20 6.40 TR

200 g/L Allylisothiocyanate SL Plant source
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B 1 &tk HGUP LI169 BREME
Fig. 1 Pathogenicity test of HGUP LJ169
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Fig. 2 Morphological characteristics of HGUP LJ169
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24 12 MREFBERRMENE
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fik F BRI WDG 1 250 g/L Atk e Fok 1 Jis SC 4101 18 2%



3 Jo 58 58 SABBURTEL IO 73 Ji 7 125 265 S R 0T 3% TR R B ) 52 435

100 | Colletotrichum acutatum CBS 129921

| Colletotrichum acutatum CBS 129922

Colletotrichum chrysanthemi CBS 126518

100
Colletotrichum chrysanthemi IMI 364540

Colletotrichum scovillei CBS 126529
) [ —
100 HGUP L1169

Colletotrichum nymphaeae CBS 129937

991 Colletotrichum nymphaeae CBS 129945
9471 Colletotrichum paxtonii CBS 502.97

Colletotrichum paxtonii IMI 165753

95 Colletotrichum simmondsii CBS 294.67

100 | cojtetotrichum simmondsii CBS 295.67

og | Colletotrichum lupini CBS 109225

Colletotrichum lupini CBS 129944

[

0.005

99 Colletotrichum tamarilloi CBS 129811

100 | Colletotrichum tamarilloi CBS 129814

PRRFTRIBAEIE RS, 73 LB RN RR (%)
The scale bar shows the genetic distance, and the number on the node shows the Bootstrap support rate (%)
3 ETFITS. ACT. CHS-1. GAPDH EREFFINE* ARG L BN
Fig. 3 Phylogenetic tree of bacterial strains based on ITS, GADPH, CHS-1 and ACT gene sequences

x4 12 FERBEFIXT Colletotrichum scovillei BINHIZIR
Table 4 Inhibitory effects of twelve fungicides against Colletotrichum scovillei

- B D ECsy 95% B 15 FR/ TR R (R)
8 Iﬁ ?TU Regression equation ECs 0{ (mg-L™) Correlation
Fungicide . (mg'L™) 0 imi i
of toxicity 95% confidence limit of ECs coefficient
75% (w5 B - X MEEEWDG y=5.5671+0.9525x  0.254 0.222~0.291 0.9924
75% (w) Trifloxystrobin-tebuconazole WDG
10% (w)ZK Rt IR EWDG y=5.9588+0.8439x  0.731 0.623~0.843 0.9884
10% (w) Difenoconazole WDG
250 g/LIk MK ER BRSC ¥=5.6501+0.576 4x 0.745 0.658~0.843 0.9959
250 g/L Pyraclostrobin SC
227 g/L =& B EESC 227 g/L Dithianon SC y=4.2691+0.9029x  64.490 40.020~103.921 0.9408
500 g/LHFFIEME 500 g/L Propiconazol ME  y=4.3835+0.9116x  47.453 40.574~55.499 0.9912
250 g/LIAHEASEC 250 g/L Bromothalonil EC ~ 1=4.8736+0.4457x  19.218 17.062~21.648 0.9948
10 g/Lg R FZME 10 g/L Osthole ME y=3.5437+1.086 4x 2.191 1.195~4.0156 0.9656
10 g/LHIEE R SC y=3.5916+1.142 1x 1.711 1.418~2.063 0.9956
10 g/L Phenazine-1-carboxylic acid SC
80 g/L' T B§ 5 R AS 80 g/L Ningnanmycin AS ~ y=3.1609+1.253 8x 2.929 1.659~5.171 0.9715
3% (w)H ETH Z WP y=3.6943+1.169 8x 1.307 0.675~2.531 0.9586
3%(w) Zhongshengmycin WP
20 /LRt MR % I e EW y=3.8994+19167x  3.175 3.499~4.022 0.998 1
200 g/L Allylisothiocyanate EW
200 g/L 5B R M N EESL y=4.8799+1.295 5x 1.238 1.027~1.493 0.9906

200 g/L Allylisothiocyanate SL

1) x7 2 AR Z AR, p A s B s Heod A &
1) x: Log value of the agent dose, y: Probability converted form mortality
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B, HECso 258 0.254,0.731 F1 0.745
mg/L; ATk I 6 R AP 2, 200 g/L S iR
JETAEE SL A 3%(w) AR B 28 WP 4101 B RO B
H ECso 434 1.238 A 1.307 mg/L.
25 REAFNHBZREGTE

FHE 5 A0, K 250g/L itk M i R s SC A
10%(w) ik B IR WDG % BBARFA L R 411, 3120
1015213, 104 b A7 VREC FF 0 e 4L 35 R B I
AN, SREW, IEASG N 41,312,101,
2:3 A1 1:4 I, ECso 3%/, HBIE/ANT 2 B 55

) ECsgo 5 FHIC ELZH & 1358 R 405 7114 635.953,
420.795. 125.992. 108.012. 95.836, i H LLIX 5 Ff
JC bt 20 A5 320 A7 VR TEC 350 0 12 R ABUR JHL 9 B B A T U
BRI VE T . FOEE A 401, 3:2 A 101 3L & 2%
KT 120, RILH BB B934 240 ;s Fe b 2:3 0
1:4 I HIL 2 BT 80, /NT 120, I A INfE
Mo AL E, 5 FZFAIRCEL 1, 250 g/L Mk ek A
fig SC M 10%(w) KK WDG R L Ny
4.1 B B FERCEE .

F 5 FEAFRIRM WDG FNMtMERERE SC XT Colletotrichum scovillei B &S H1ER
Table 5 Co-toxicity of the mixed difenoconazole WDG and pyraclostrobin SC to Colletotrichum scovillei
Vi)V o) FEAATTR AR HL(R) ECs 95% ELI5H/ HHRY .
V(Difenoconazole): ~ Regression equation ~ Correlation , (mg'L™) Co-toxicity HR
V(Pyraclostrobin) of toxicity coefficient &) 959 confidence limit of EC5y coefficient Effect
4:1 y=5.1605+0.8151x  0.9969 0.117 0.099~0.137 635.953 18X Synergy
3:2 ¥=5.6904+0.914 1x 0.9964 0.176 0.154~0.201 420.795 W43k Synergy
101 ¥=5.3989+1.717 1x 0.9707 0.586 0.440~0.780 125.992 42 Synergy
2:3 y=5.2299+1.3827x 0.9892 0.682 0.566~0.822 108.012  HHAN Additive effect
1.4 y=5.1727+1.555 1x 0.9895 0.774 0.624~0.962 95.836  HHHN Additive effect

1) x4 25 7 A ST, y b 50 F Ak &

1) x: Log value of the agent dose, y: Probability converted form mortality
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FEC 1 BRABUR T 7E 2238 Hl S 55 Bl = 27 R g
HA SRS 5 CraSEth G &I, 7E o M
DLARIEP . C. scovillei 1= 4% J& K TEFE TR A% Gyt
g, HARmE A FHR LA, e aFE R, ¢
A, 0 FESL = B AN P R — E B s T 2
A AT G, B DTN A AC R X BAUR AR A H C.
scovillei 5| #2, BRI IR 7 1 4y KA A F T A G
SEAE T B E S pE K -

A 5E LA #k HGUP LI169 A#EFRR R H, K
M 2B KEZRIENE T C. scovillei XA 7= H i
FHI 12 PR B 7 BRI . 25 SRR A, PTide FH Y
6 P22 R BEFIKXS C. scovillei YIF L — & I
RO, Horb 75% (w) B3 B JERE WDG. 10%(w) K
fik FH R WDG H1 250 g/L Atk PR K B 18 SC 411 B 2%
SRt (R I LRI 5 B — A 2 o B 7R A A 28R
(R EEGE b, e T 2 BRI LI AS [R]  A0 22 0 B

7, 10%(w) KBk PRI WDG Fll 250 g/L AH Pk
e SC fEAFMAFRRCEL T X C. scovillei 1) A0
YER, 2 Fh 2770 1) 52 Fe A 25 R ey, R iR
AR 401, AT TR — B I BBUR JE 0 H [A) 24
FIHGE « BT IE I 6 F AR P % B 77 (3 P sk A= iR
A BT 3 FPAE ADUR A B 7)) P B — @ B iR
71,200 g/L SR TR A NS SL A 3%(w) AR
7 WP B SR BT s 6 Fh A1 2% 1 771 1 400 B s 2R
BT RS R R B (250 g/L IR i EC).
=IO TR A (500 g/L A ME) FlER S K B 57
(227 g/L —FIEER SC). WL TR C. scovillei
Xof VR B T TR P I A T ) B A, R
K] GE AR = K A X 3 #2455, SEL C scovillei
FEAE T e hitE . KA BRI F [R) AR 2 R R B
AT AE 2 B IR B P A U2 1, R I 1 AR
5 F R TG 25 % A 7R — M R R B R B R 5 AR A
AL, HAFE—E MPUrE a0 25 K i) s
— R EMORE A, TRES S BURE R AP
PE, NFEZRBR A A BB & A, T
PR =42, SR 2570 B8 i o ASHF 9 W] O A
Hh g FH 7 96 OB TR 24 711) 1R 25 AR 24 79 sl e 4 24
FIFE RS
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