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Identification, Biological Characterization, and Fungicide Screening for Pathogen Causing

Leaf Blight in Epimedium

YUAN Ci', JIANG Jiamin', QI Junsheng'?, XIAO Zhi’en', YI Ziyuan', YING Tianhao', LIU Ming'’,
YIN Fugiang"*
(1. College of Biology and Food Engineering, Chongqing Sanxia University of Science and Technology ,
Chonggqing 404020, China; 2. Green Cultivation and Deep Processing of Genuine Medicinal Materials in
Three Gorges Reservoir Area, Chongqing Engineering Laboratory, Chongging 404020, China)

[Abstract] Objective; To identify the pathogen species responsible of Epimedium leaf blight in Wanzhou, Chongqing,
investigate its biological characteristics, and screen effective fungicides, thereby providing a theoretical basis for disease control in
production. Methods: The pathogen was isolated through the tissue isolation method. Pathogenicity was verified according to
Koch's postulates. The pathogen was identified based on morphological observation and multi-gene phylogenetic analysis. The
biological characterization of the pathogen and fungicide screening were conducted based on the mycelial growth rate method.
Results: The pathogen formed circular colonies, with sparse gray-brown mycelia in the center and dense white mycelia at the edge.
Multi-gene phylogenetic analysis showed that the pathogen clustered in the same clade as Diaporthe hongkongensis, with a support
rate of 100%. This result, combined with morphological characteristics, identified the pathogen causing the leaf blight of
Epimedium in Wanzhou District of Chongqing as D. hongkongensis. The mycelia grew the fastest in the corn meal agar, potato
dextrose agar, and oatmeal agar with soluble starch as the carbon source and peptone as the nitrogen source at 28 °C, light-dark
alternation and total darkness, and pH 6.0. Among the six chemical fungicides, prochloraz 45% ME had the best inhibitory effect,
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with an median effective concentration(EC,,) of 0.040 mg-L"'. Among the five biological fungicides, tetramycin 0.3% AS had the
best inhibitory effect, with an EC,, of 0.819 mg-L"'. Conclusion: This study is the first to report that D. hongkongensis causes the

leaf blight of Epimedium. Chemical fungicides such as 45% prochloraz and biological fungicides such as 0.3% tetramycin have

strong inhibitory effects on D. hongkongensis.

[Keywords] Epimedium; Diaporthe; leaf blight; biological characteristics; fungicide screening

% F %€ (Epimedium sagittatum) 7y /) BE B 7% =F
R Z AL A Y), AR =ROu R
K EE G 256, DL A2 M CH ORIk
T 2020 4F pR QA N R IE AR ZG L) R
TR AT R A WA E A~C A £ i R
KA EY K ZhE 2 W A Yo SE o B A
PR m] BLH 3R 97 28 KR DG & & B i
AV ARG . AR VEEETSHE REFHEK,
NN E i NIRRT NI TS o S I L A
FEM 2548 77 a5 BT O R

FURT, O 4 38 /9 28 26 280 3 A mh Al s e )
o MR ZE T ORI B O A L o, A R R
W ER 9 T R ) — SR R E R I R M R B 2, )
JH J& (Colletotrichum spp.)"'"™ | [a] W 5% J&
(Diaporthe spp.)'"* BEA% 11 )& (Alternaria spp.) " .
Nothophoma J& " FII 3 [ i 1 )& (Sydowia)" 7 ¥ 1] 17
YL AT ) i S SO A o

S A8 RS e 0 0 I R B A A R il 2
HEBEH, 5 & A 3 3O 2 e R
We 52 °F Alternaria alternata® . 20234 fEE KT H
N DX 2 7 A b e 3 — b i e, R R
i R 40%~50% 5 15 15 BOAT ik 47, T BOE F 42 4 5
TR AR . % ) 0T B S TR AR AN R
o BE e B TP ) SO A TR IR A AL %A
B, BRI 2K A AMER, A A
v, o R 5 SR i & B A AN R AN BE B
S B S R 2 o A B O SR 4R EL A B R I AR
i R BV S A I A3 e I TR, O T o i TR
A7 22 W 5 R M 2 FAT 80K T 7 32 DA 460 1Y
| BT M I 2 A e o i T SIS O OB
PR RICR R4 1 Ak 2 25 TR R R AR 0 R TR, A GBI
g5 OB it — 0 R AR AR S O R
R AR 2 B R S
1w
1.1 BEalA R 2023 4 78 3 KT T M X R 48 A
3 11 (30°40.2'N; 108°40.8 ' E ) >R £ HLAT I il g 4
RUREAR (0 0 A 40 BRE SRR HE R B A TR
PR EEAE HT T I 1 0 1 . SR VE FAE @ AR T
R =R E R AE A ) PR B S & R AR L, I B

. 2 .

o 1 I ol

1.2 IR AR CRDE IR 55 5 ) A (R
o B 2 S O B RO B B 7R S R S 4 W 3
B F2 H (PDA) (S #8 BE M B IR 55 95 2L (PSA) 4
[KEF SR I (CDA) A% M3 IE(CA) L B KR 3R
i g2 3 (CMA) (e 2 AR K5 32 5L (OA) K I B 5 7%
FE(WA) ST B 57 3L (BA) .

1.3 RS K ik 7] SW-CI-IFD BB & THE &
(I 96 BR 3E B2 7 25 AT BR A &) 5 S9 Series %I 1 1 5%
(78 Pk R A A ) ;s BXM-30R i JE 2805 K B A% (1
VAR W g 25 4 1 3 A BR A ) ) s HPX-80 789 /A fk 1
TR (g BRIE B Y7 FR A BRA F] ) s MA-96 BRI &
fifg % =X 52 B (PCR) AR M Al 25 2 W 4 R A IR A
A ) s TG16-W'S BU I 37 5 3 2500 A1 G R W S Bk 22 A
A PR FE ) s DYY-7C 8 H B (db 50 — A= R
AR ) ;2015F382-32 B g iy 7 K F- [ | g
TR 2E AL ES (IR M) il A PR A ] 5 HSY-26 B i
A TR K VR AR (R BRI BT AR A FR A ) s BC-
210KGM A = I ¥ A6 (& I8 356 /Y H vk A8 A R 2
Al) . BifRaER R (AR IR sh W 25k A R A
A) L fIb 4520250103 ) ; DNA 42 HUis 7] & . PCR Master
Mix(2x) .ddH,O[ KARAE LR (A6 50 ) A R AL it
543528 DP305 K 1071 .R0581 ] ; Jo 7K % %45 0 3 i
BB RAEY B R A RS 0
G0212 .EQ1001) ; Z I . =S W e IR AR BN 5 2
FEL 7™ 43 BT 400 5 6 A 2 % TR 700 R S R A ) A% T R DL 3R
1.%2,

2 FHik

2.1 FEMEA 20234 HH 5 s R EAE T
-5 Tl R R b X VR S R 0 A 3 RO I AR B
HEATURAT o W98 G o bR I 0 9, T BE 5 1 9%,
7 B 1A L 7 A A I R TR 0~10% 52 2%, 9 B4 1] AL
i AN R T AR 11%~25% ;3 9%, s B T AL L Ak A
A B 26%~50% 5 4 9%, 5 BE 1 B S ik R
T AR EY 50% LI E o

2.2 R S

22,0 R4y B i fb gl 2l o Bkt
RSO A . EEOR RN e @ sc A A2,
T F AR TI B 5 mmx5 mm WA 7E 75% 2
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Table 1 Chemical fungicides and relevant concentrations
2% 2R T 7 7 AR Elin=s AT R B /mg - L-1
Dk itz 45%ME TR0 125 A Ak B 03 A R4 ) 20231211MEOIX.R  0.225.0.113.0.056.0.029.0.014
WWE 5 - 1 T T 30%SC TIN5 A A T A A7 BR 2 7] 20240111SCO1X.R 0.600.,0.300,0.150.,0.075.0.038
% E Il 20%SC B e AL T A FRA 20230806 0.200,0.100.,0.025,0.013.,0.003
LR 2PN 30%WP TR A5 AR AL I 0 A FRA W 20240114WP01X.B  2.000.1.000,0.250.,0.128 .0.064
ATk - PR 10%WG BRI A5 AR ALy A B W 20231127WG01X.R  10.000,5.000,1.250,0.320.,0.160
ST + N 400 g/LSC A H A v P A R W P1018292N1 40.000,20.000,10.040,5.000,1.280
T ME HRCELH, SC oM E PR, WP Sy il 3@ PR K57, WG b 7Kk 43 Hick 571
F2 EPREFNRBXRESE
Table 2 Biological fungicides and relevant concentrations
A A 7 A AR it AT Vi BE B /mg - L7
lLiFEN 0.3%AS 10T RORHE Y TR BRA A 20240516 1.500.0.750,0.384 ,0.192,0.096
IER T R 1%EW A 52 T DR A RO BR A W) 20240410 2.000.1.000.0.500,0.256 .0.128
AR 3%WP RN AW B2 B A BR2S W 20231101WPO1X.B 90.000.45.000,22.500.,5.760 ,2.880
IR 25 3 1%SC WAL KAL) TREAT BRA ] 20240902 80.000.,40.000.,20.000,10.000.,5.100
EZIR LSS 10%WP H AR ] 25 Bk X 2 4k 202402151830 100.000.50.000,25.200,12.800,6.400

T AS K EW K FLA, WP S AT IR MR 1, SC A L 17 5]

B I 3 30 s, 5% AR G4 4L 31 3 min, 43 5 FH G
KGR 3 WG B IO T M IR AC L R T4
HAVHRFEE B 5 50 mg- L4 % R 1 PDA K5 J5 3L
[f], 25 °C B MG 45 {4 ™ 1H i 5 3% 2~3 d.
2.2.2 BURHENE R A AR L X R R R R
PRt R HE AT O P R . B 57 K A R R A
R, 75% BN 5 TS K sk o FH KRR 4
T AR b R 2 ke A7 2F A B B SR S mm T B
B P T A0 05 AL, B2 P S5 IR BRI T PDA K 7% 3L X
WA AL PE 3 R A

T Pl IS AR RR I R IO 85 3% A TP s I 9 8
7 (25 °C, FH X B 80% ) , 5 B i 5 JF WL 580 3 &
A B o RS B R R [ A [
2.2.1 75 5 BRI A B R DR T o A o B AR A R i
TR 5 2 Ak — 380, U0 AT ) 4 A TR bk Ok i SR
i 9 ) B0 T -
223 JEEFYEE KN R E R KRR T PDA 85
I b, 25 °CH T B 3% 60 d, ML B0 3% 1 V% B S 4%
fEIEHEATF 8 . i F % 2% B 5UB% (Olymeus, BX51)
SR TR 22 6T R A AR R A OF I A R
(n=50) , 2 H(HEHEEFM) 5CPHAEH
AR R R
224 SrTAYE%E (A DNA R BOL T & 52
WU 22 /K h () DNA . 43 50 51 0 18 % 5) ] B IXC

(ITS) 1/ITS4. TEF1-728F/TEF1-986R . Bt2a/Bi2b .
CAL-228F/CAL-2Rd %} T B Hf B A% A A 5 Sk ] iy X
J¥ 4 (rDNA-ITS) | #1544t (K - (tef1-a) B-TH5E
1 (B-tubulin) F1 45 i 4 FH (Calmodulin) & ] i# 174"
W4, PCRY" BT 519 )7 51 W, 4% 32", PCRY"
2 MK R 20 wL, H  2xTag Master Mix
10 wL . DNA £ #z 2 wL . L F #5191 4% 0.3 L Al
ddH,0 7.4 pL. PCR XN &7 WL 4. ¥ 3 =4
1% Byt B A B e L K A T 5 A% J5 L B AR AR TR
(1) e 0 A BR 2 m) A7 00 % o W) 4 SR o 47
BLAST [R5 Lo X 43 87, T 232 [ 51 488 08 I3 47
A3 bR E T B F 51, 7E MEGA11.0 T HEZ1 87 4] %% 5%
PhyloSuite 4% {f: #% ITS-TEFI-TUB-CAL JIil J¥- 5 Bt ,
MEGAT11.0 % {4 £z K L 4R 1 (maximum likelihood
method) I R4 L B W, L (HI E 1 000K, &
BT FH 0 9105 535 DL 344 ks R R an A e

2.3 REEAEYSAREE S mm RREITLE AR
F% 4 d 19 I T B 8 0 S AR IBUBA D K TR D 43 4
(i RN R = 7 N /-3 N [ B e NI ) s B N
IF] Al T FTAS TR) 08 0 A A R SRR KR R
5.d, R 528 ORI e T TR B . BT A A B
3R AN H AR L3 5. SE 8 B s BT SPSS
26.0 A7 G Hr , P<0.05 M E R A Gt L, H
Origin 2022 7 .
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Table 3 Primers for molecular identification
B2 R K& /bp GIE B Fr3(5'-3") AL EU A
ITS 558 ITS1 TCCGTAGGTGAACCTGCGG 19
ITS4 TCCTCCGCTTATTGATATGC 20
TEF1 345 728F CATCCAGAAGTTCGAGAAGG 20
986R TACTTGAAGGAACCCTTACC 20
TUB 484 Bt2a GGTAACCAAATCGGTGCTGCTTTC 24
Bt2b ACCCTCAGTGTAGTGACCCTTGGC 24
CAL 717 228F GAGTTCAAGGAGGCCTTCTCCC 22
2Rd TGRTCNGCCTCDCGGATCATCTC 23

*4 EHBEPCRYMEREEFR

Table 4 Parameter for genes PCR reaction procedure

FEH 725 o kB B ) AR GRS R /) I A R )
ITS 94 °C,5 min 94 °CAE M 455,55 °CiR k 45 5,72 °CHEf# 1 min, 357 7 72 °C, 10 min
TEF1 94 °C,5 min 94 °CA: 1 46 5,55 °CiR K 46 5,72 °CHEfi 1 min, 38 F 72 °C,10 min
TUB 94 °C,3 min 94 °CAZ 14 315,55 °CiR & 30 5,72 °CHEf# | min, 357 72 °C,10 min
cAL 94 °C, 5 min 94 °CAE M 46 5,55 °Cil K 46 5,72 °CHEfH 1 min, 351§ FF 72 °C, 10 min
K5 EMFHENLERHG
Table 5 Treatment conditions for biological characteristics
M A B 2% A
Kigesk HEJ%5 93 PDA .PSA .CDA .CMA .BA .CA .OA fl WA
WEEE/SC 5.10.15.20,25.28.30.35 °C
S 24 h & 24 h & 2RI OGS ¥ (12 hot i 12 h 2B S)
pH 5.0.6.0.7.0.8.0,9.0.10.0.11.0,12.0
3/ CDA B 35 56 g BL Al 15 75 Bk o A5k 0 4 28 Wl SRR 2 2l UM LT o e U 2 e TR o) AR [ i 0 100 5% 5 A I R
Czapek 15 37 3 %] Fg
A CDA B J5 JE N RERIIE R 55 o LASE A B9 28 PR BREE 1 R L H &R P8 R 3% (Urea) B4 i IR B, A1 IS ) 08 A9 315 97 8k
ANl R A1 ) Czapek 55 37 5& kX B
24 FNRWAIGE SR 2ZERKERD, PG 3 BRESW

6 Filt A 2 2 TR 7R A0S ol A= 2 % R D X T T ) 0 R
T Pk o 25 A 27 2% TR R R A= 0 2% TR ) 4 TR Tk R
Tofs B FH TG T K A UK TEE ) B O AR R R A R R K
3WREH . TER NG R EAR K 5 mm 19 E D
W TR 22 THT B R BT & R T R A PDASE A G DUR
B2 5] 1 PDA B 3 B4R S XF B 25 °CHH i 15 57
5do R 28 O E T T B AR TR A R B
VA o TR 22 A K AT o R

£ Excel 2010 A4 Hhef: 245 550 e B ik 505 by i A
B, 30 B R LR AE B YA AR, 15 B 45 2% R 1 2
31l T B AR OC R AL (r) o I ] SPSS 26.0 44

A B JE A ) AR OB R B (BC, ) o
. 4 .

3.0 RN H R A EER TN, R
AR Z A TES, K3 6—8 A M Em ki,
P2 TH B 2 R 40%~50% % I 48 BT 1k 47, %
A A FE B AE i A, R
F IR 2 A A €5 B DU i B s BRE T R] SR K
0 K I W, Bl G R Y K A X I A P
S RO R Rl I T QU S Rk
Wi 2R, OF e & Bnt B o DL s R
ok

3.2 TR AR ORI O T TR S

3.2.1 R JETE 4B S EOR M E SR K o i
oo B 80 A Bk L AL 3R VE IR A L 4 B R 4
MR 55% .20% Fl 25% . K 2l A J5 1Y 3 Tl i bk 42 A
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TR EFEN SR Td)E M sl
55% e PR 09 I R AR AR €0 B, 0 3 v () S A
Z ORIk, 5 R] R R Y RE R AR A i X
FRCZH R S B0 28 o % 42 A B i AT AR A
U E 5 D T A R — B, 2 WY R R Ol R A
Ik 9 B B0 AT o DL 394 iR BRI A

322 EEFEE WIEEIE, U E 220 58K
Mo I SRR 22 R A, 25 °CHE IR S d SR W K 1L
FAlIK 8.0 ecm. W 75 A5 IE ML S EA —3
60 d J& A A (5 5 8 8 SR M B0 7R 1% % i 3% 1 5
RO 2R EKE I SR E JE AL A6
BN AT A . PR SR R R AR 6
E R ] I R N v 2 < 7 W o O S R L 7
A E 23 A A5, 23 90 ol B AL 3 A 56 1 o B 3
AT BRI EMTEN 2R HSL, (Kx
95 )(14.849~26.594) pymx(4.13~1.29) wm,FY¥{H N
(19.091+2.314) pmx(2.156+0.712) wm, n=50; a &I
AR AN L E B R IE MR B AR, (4.695~
9.302) pmx (4.079~1.442) pwm, ¥ ¥ {f K (7.037+
1.059) pwmx(2.404+0.61) pm,n=50. UL}E 5% H R fff
PAIIR I

323 S FAEWFEE XA K YYHL0 A
YYH15 $#2 HU DNA J5 #E 47 PCR ™35 /5, il 7y 45 2
FE NCBI %t b T A8 [R] 8 4 55 1 75 510 R 56 43 45 =X
WK T, 64T 50 ¥ R G R F 40 Hr il R 4k
45 A ITS-TEF1-TUB-CAL Z i j5 3 R B 7 R
4 % B W , YYHI0 Ml YYHIS 5 Diaporthe
hongkongensis(CBS115448 ,HT-1) R h— %, 3ZF %
H100%. 45 G TRAFLE T 0w 2307 N X EE
ZE IR R B BU R SR A D. hongkongensis., VL1
58 1 R BEE AL B

3.3 PR MRGG A T A A R

330 X LAERKMEmN  EE KSR
Bh IR BE | A R 0 BN B AR I R HE 7 I %
It I D. hongkongensis [# 22 " P B TE ELAR 490 0
71.83.70.33.68.17 mm, =& Z F LG22 X, H
3 T AL AR VR WA KRR LA
K, EKBW D. hongkongensis T8 22 7 K e il B 57 3
3 CMA . PDA il OA K; 3% Jk . UL 3% 58 5 JR B
ok

332 OB X W Z A& K p R m IR X
D. hongkongensis [ 22 "4 5 W i 35, el B~ 5 °C
f B 22 AN MK, 10~15 °C R AR K 2218, 28 °C R I £
K bR B VR AR 76.55 mm, IR B 7E 28~35 °CHY,

W5 HR B A /N, £ D. hongkongensis 1 22 4
OB IE R 28 °C o L3 5 HR W BRI A

3.3.3 DGR 22 AR KRR A IR S8
B SR D. hongkongensis W 2274 K38, 1R V&
B S 50 74.13 mm A1 73.17 mm, 2B K R 2% 7
ANEE MM AM T B EE HAR N 6633 mm, 5
O W 28 B Tl A BRI AR 25 R W 3 (P<0.05) . R W]
D. hongkongensis T8 22 = K 5 35 O BEIR B3 Oy G G 28
ARG o UL SR R R

334 pHXHEZEKMFZM D. hongkongensis 1
pH 2} 5.0~12.0 BB A= 4, Hirp pH o 6.0 B 1R 22 4= K
e, VK EAR R 48.00 mm, 2 3 = T A pH £ 1F
TR ER ;pH N 5.0 5/ F 24K ig, wiv
B HR21.40 mm, F£W D. hongkongensis T8 22 K
Y Fe il pH A 6.0 UL 5 4 iR B B4 et

335 WkIEX WL AEKMWF W D. hongkongensis
ERRIE AT TE R B SR 2 L RSB EN, B E ST
HAB BRI, 9% AR 9 45.83 mm, vk & 20
APHE UM LB R R R A O RRIR A AR L
22 AN . KW D. hongkongensis T8 22 M K fig 38 ik
DA R AT S VEVE N o UL S SRR BRIk R

33.6 AVEXWLEKMFEW  D. hongkongensis
TERUE R AR R B R 0 b 22 AR KRR BV
#87453.02 mm; Hok O A4 R H 2R R AL
MABAMRENERKREE , HEALRMNH
1537 mm, 5 H M A I 2 5 % E XA BN
Czapek 37 % 2 b, W 2 A4 K . £ W
D. hongkongensis W 22 4= & f 3 A I8 0 188 1
L 5 HE RSCRRS hnRA L

3.4 A IR O ik

340 AWML b AR B T EC, (H H
KEN/IMEIR R 400 g- L 5w 1 - 13 ME P2 SC>10% A ik -
HER I WG>30% [ I - 22 16 R WP>20% % [ fi§ SC>
30% WE Bt - 1% NG SC>45% bk ff ik ME., H b 45%
K &6 Jfiz ME 3% B 2R e 9 , EC,, M 0.040 mg- L', #
M D. hongkongensis XF At 7% T 7] 45% WK & ik ME
IO ey o DL G o8 R B4 R

342 AEYARNE AW RER T, EC, HH
RENIMKK N 10% 2 55 K WP>1% HI %5 % SC>
3% AR T R WP>1% i K T 2 EW>0.3% U % R
AS. FH 1 0.3% DUE R AS A AR &5k ,EC,, N
0.819 mg-L"', FW D. hongkongensis %f A ¥ 7 1 71
0.3% VU % 2 AS B T 5 o UL 3 5 G RRRE
ok
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4 it

A YA S 43 B A B T R HE R T M X
F RO OKY W M M W R T A Diaporthe
hongkongensis , X J& D. hongkongensis 5| 7% £ 7E T
A 08 IR E

D. hongkongensis 7 F % 1 | '] (Ascomycota) 2§
5¢ 7 2X (Sordariomycetes ) [1] J& 5% H ( Diaporthales ) [i1]
& 5¢ Bl (Diapoithaceae) ] Ji& 5¢ J& (Diaporthe) H.
W, GOMES %57 fie 4] 78 & s A1 A SR 5 1 R I
Oy B M E  RTgEA KGR R A A R
TG N ZE IR AR Y SR E

K F D. hongkongensis "= W) 2% R VE I 58 0 A 4l
B AR S5 R ] D. hongkongensis B 5 i 15 3% 3
HEKRB BRI (CMA) | T84 245 4 W Bl g 55
I3 (PDA) A& AR H5 F2 B (OA) IR B 28 °C
5 22 B AN 4 SRS, pH oA 6.0, B IR R T V5 4 E # L A
T Ay R 2 1 R I B 2278 K Je bt . CHEN 26 B9 &
AR BE A T 0% R & D. hongkongensis 1) fe A4 42 K IR
JEh 30 °C , {H P OFE E M AN e N R
D. hongkongensis 7t 28 °C# 224 K , X W BE 5
A EARG NAFFREREA L., KRR, H
22 4 AR BEAE 5~35 °C 5 B SN P R Ay 3
15 28 CCI IR B WEAH P = 22 38 78 i LMK T A,
3X — A R R JEE ) N7 AR AE 5 E DU 28 B Y kA
MEREVSG MR EZETES BMEKRT &
BWNE AR R —8 Hikslm kM.

A2 25 W RIAE G T 2 T Rl s L e
KA EN R ECA N . TEAME R
R RN F K8, D. hongkongensis X} 45% WK i JIi
ME f & Ji £ % (EC,, <1 mg-L") . B f Jli
(prochloraz) #% B X 4l i , f Boots 24 /l H+ & (3
BayerCorpScience) ™', J& T i B 2= ¥ & B AW il 741
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