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Abstract: Walnut anthracnose, caused by Colletotrichum species, poses a severe threat to wal-
nut production in Chongqing, China. It has occurred frequently in recent years, causing symp-
toms of leaf necrosis, fruit rot and branch cankers, and resulted serious economic losses. To i-
dentify dominant pathogens and screen effective fungicides, 95 trains were isolated from 93 dis-
eased samples collected from 14 regions of Chongging. Morphological characterization, molecu-
lar identification, and multigene (ITS-ACT-GAPDH-Tub2-CAL ) phylogenetic analysis con-
firmed that the predominant pathogens are Colletotrichum nym phaeae and Colletotrichum
gloeosporioides. In vitro toxicity assays with 10 fungicides revealed that carbendazim (benzimid-
azole) exhibited the highest inhibition effect against C. gloeosporioides (EC;,=0.056 pg/ml),
while boscalid (nicotinamide) showed the highest activity against C. nymphaeae (EC;, =0.015
pg/mL) and the targeted drug screening strategy was proposed, which provided a scientific ba-
sis for the precise prevention and control of regional diseases and drug resistance management.
The results of study revealed that walnut anthracnose in Chongqing is primarily caused by the
combined infection of C. nymphaeae and C. gloeosporioides. A targeted fungicide selection
strategy was proposed, providing a scientific basis for precise regional disease management and
resistance governance.

Key words: Juglans regia; anthracnose; pathogen identification; Colletotrichum nym phaeae ;

Colletotrichum gloeosporioides; fungicide screening
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1 #MBERE
1.1 R
2022 4F 4 A 2023 4F 7 A EEKILR X ST E L MR A RIE, mHE . B
POKE BV R FIE . BN, B, AR B XREER R 14 A A% B R A X R
A, RS SRR 1 B L 2. LS i GI B A U BE 50 o B 4% (I 42 T2 8 B8 ) TS
SR MG ™ E L, HBAB o B0 3k 93 . 0 SRR AR L b BOREIRERAE T . B REARE T
4 CUKFRAE .
10 Fp LR 25 00 A A0 s Ak TAH R A A . BRZ WA M 0.2 md/L &8 % g 5
AR T 24 35 LA PA D 9 At TG B8 10 mg/ L BRI, JF DLR R K B B AR B ik BE AR (3R D,

F1 HRAAFNER

ES

HEi 28 7 Py 5 F X e R FABL Y
i H 0
WE Tk 1 98.00 CisHiCLN, O IR o e 24 0 il P A
ZWR 97.30 Co HoN; O, AT DR s 24 FHA 22528, M40 5 2
L R R 97.58 Ci: HiiN, 0, S, ESIUNLES THe A 225724, Ml 40 5 24
IR Tk B A s 95.00 Ci Hy CLLN; O TS 10 551 248 L RS0
P 7 AT 97.00 Cys Hy, CIN, O =mE 30 441 200 B REEIE 1K
T e L 97.00 CuHisCLN; OS S 0441 200 Je RO 1K
¥ T T 96.00 CoH, F3 N, O, FF 42 B D9 47 TR TR 2% 03] 2R AR (1 P I 4
ik P i 97.00 Cis Hio NO, FH 4 B D9 07 TR TR 2% I 44 A7 4 104 OoF 12 1
% A T 96.00 Cy Hir N3 O FF G035 TR 945 T R 2% 0 ) 2 A 1 P R A
L e ik T4 i 98.03 Ciy HisCIN; O, FF 42 5 D9 47 TR TR 2% 0 3] 2R AR (1 P W 4

1.2 FEESB4US5%E
1.2.1 mREA S B A

R HIZHE o B A TR IR 3 B R K ) DIBBOR {@sc b 2 (5 mm X 5 mm) ,
WRAEH 75 % L BE15 ) AT 5% NaClO( min) 2 HiH 5 . 285 B G KEZE 0k 3 WK, BT )5 %5
T A A A IR (PDA B 3R 3 b 76 25 CHBE FRIIR 3~7 d. R B 22 2% 3 Uk B 32 o
AT AL, R — YR .

1.2.2  ymm &

2 FE o G 0]k A BRAZ BRI B ] 7090 S BEREIE B . R JCEE K bk, nEAR AL
FENRE 0 KRR AR . TFEAE K IA A b, A fi)fs . B3 5 mm PDA YR, 1F R
FpR 22 5, X HRZL 4 FhJC B PDA B, R AR e 25 °C T T emE sc B 4598 (12 h/12 hy . #2 6
7 dJE . VARG SO I 5t
1.2.3 BEFERZ

aifb R bRTE PDA Ki g3k b, BT 25 CREE &AM TR R 5 d A,

Fr 8L WLEE 8 25 Can it

o, R . 2 SRR AE R AR K ) SOOMERAE (N A= 0 FIE S . B E M A . PR s AE) , JF
EEDiSTabT
1.24 HFAEMmFEE

K IBREACKG FR R Uy B T 22, A CTAB 242 it DNA. DUSE BRI 7k DNA
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B, 13 N IR % 8] FR X (Internal Transcribed Spacer, ITS) . 598 % H (Calmodulin, CAL) .
H i - 3-BE iR Bt & i (Glyceraldehyde-3-phosphate Dehydrogenase, GAPDH) . B-1 % & H (3~
tubulin, Tub2) . L& H (Actin, ACTEN HArIENH, #47 PCR Y CR 20, J Y4k
TAY TR CEE) By A RA S F S . i 1] NCBI BLAST WX #Efr 01 0 % . T
BRIF S, JF 6 H MEGA 11.0 #AF# 3 Z 3 (I TS-ACT-GAPDH-Tub2-CAL) Rk R B R &
B BLBE PR o3 B SR FH QB 2 1k (NTD . 22 Bk B & 0 B ) R FH e RALAR 28 (ML, Bootstrap = 1
000),

x2 SEERZRESWAASIMEFIER

N 3149 JF31(57—3") BAGRE/C  KE/bp ZHERE
ITS ITS1 TCCGTAGGTGAACCTGCGG 55 650 [13]
1TS4 TCCTCCGCTTATTGATATGC
CAL CL1C GAATTCAAGGAGGCCTTCTC 54 700 [14]
CL2C CTTCTGCATCATGAGCTGGAC
GAPDH GDF GCCGTCAACGACCCCTTCATTGA 62 250 [15]
GDR GGGTGGAGTCGTACTTGAGCATGT
Tub2 T1 GGTAACCAAATCGGTGCTGCTTTC 55 750 [16]
T2 ACCCTCAGTGTAGTGACCCTTGGC
ACT ACT-512F ATGTGCAAGGCCGGTTTCGC 55 300 [17]
ACT-783R TACGAGTCCTTCTGGCCCAT

1.3 ENGFIFE

SR FH AT 22 A= K i 238 30 ) 7 A 3 24 700 % P Bk 00 B 00 o B KR BRI R T I R v (2 TR
R 0.2 mol/L HCL % f#) . Fiifil 10 mg/L B . FH KK ERBEZE 0.1~100 pg/mL, ¥
2 PDA 55925 (9 mL PDA +1 mL 58O B R 5 mm BEJE. 78 25 C B KT 5
27 do RT3 R K HA, THRMER,

TR R (V) = GEFIN IR H A2 — B4 HA /GERI IR H A2 —5 mm) X100%,
1.4 HELHEBSSITZ0H

ARG A= Wy e T 2 WE 2 1 3% B 90 187 2R 5% 4 o JL Sl O 5 o B 0T B0 AT I I 43 B,
SPSS 27 #il GraphPad Prism 8 {4, AR Z A JLARAE A P AL bR Ve B2 (9 X5 BIOh B Ak e, 11
FAEAG B (y=azx+b) . HXRER) BADHI kB ECsofE . T IFH 28 B 0 R 6E 7

2 H#RE5H5MH

2.1 ERW R RERER

FET [0 8] e B, 2 S0 ] S O BE AT i o B X, 0 40 Ikt 2 3 T s M 0 4 e, )
Bl A R o (0 1] BRE AT I R R AR TR R R BEE R, S B R R . RIS
DE T A] LR LT 22 Aoy AR A T e R BEZE O T R . BE A KT R s i ik B 6
RERIE . P G R URAE . R N R TR . B O R BE R S R A RS .
AR W 9 0 AR AT A (] 1) o 28T BRI BER IO FR @ R 2k By KOE s JE U BE  Jis 301 9
PEY BT . SRR R TR R BR YY) T RE A BROF v (181 1h) o SRSE B e BEA U] S 4
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BORSCBMAS BTG . i FE RYE BB H =0 P R BN, RIS ELFNMEE 1o,
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a. AR

o R

B 1 &R AR R A K

22 FEEMNSBALER

W R A s A L5088 S PDA BigRalifl, JLRAS 95 BRE R4 B . AR K R
PR L%, R I TR R AR — B, 5 — Rl 3R A DL PO AURS DR R L R S B )
BTZL1-4 AR, LB 5] 25 ¥k, itk 26.32%; 58 Fh 2 A DUk 11 B g 004 1L S B o 19 0 18
Y CGWF-6-10 UK, i3] 32 ¥k, 51X 33.68%.
23 HREUHENEER

Wk BTZL1-4, CGWF-6-10 # Rk it F 5 . 7645 1 AbJE B b 8148 €5, 301 5% UR 4R 60093 3
o3 A 2 I SO HE S R 5 40 AR 6L LA RS S A e B0 R B (L 2) . AR DGR
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Bk . AE o BEAL 73 7 BRI B R 2 B R

b.EERBTZL1-4

c. HHECGWF-6-10

B2 ABEAE T R R R

24 HERLETEHER

Wk BTZL1-4 78 PDA P-4 b 55320, BEVE IE S K A 6 2R 6, T TE W42 A] D[R] O
FOORE R, TR EREE S, FPERTCER MiREOaEMtie., IARLES, BKAA,
BOH HEER, MZOR. AR, R ECRE, SFH AR BRI (12.79£1.000 mm/d. K
7 2 JAJG . WA T 9L B WY BUR (L fE 1AL B S 76 N EE BT AR i Ak . SR 2 S PR T A
IR AW LE R, P FRRI D, BRELEW, b AW /BT, MR,
B, —Umpl B, R . OB, H—ANER ., KN (12.5~15.0) pm X (5.0~7.5) pm,
KWL /W)=2.4, SAEMFEEESMAREE, S0 X6, KEA—. W5 RS RIE
AN HLI G B o K 8 IR IR 5 TSR 2 AT DA G5 A 96 1 — g 7 o L BB,
B (& 3)
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N2 B AR HEIE T . BT L 40 0 F R A S T
B3 B BTZL1-4 6% 4542

Wk CGWE-6-10 7E PDA V-4 b 35 5% W B8 & 1E 1 52 0K 11 €0 1 T80 R T8 A7 3 =5 48 IR 1 /)
FIf. RAERLFES, BRAG, BEABCE, 2R, AN, A RKEREE, LK
AN (6.76£2.10) mm/d, BiFE 7 dJ5. WD B AT, BEJS T BRI 4 A
b, AR R REREE, B AERLES, P THRED, BRELEY, Ui HA 5
W s oA fE B, MREDE . B, —umEER, 5 —um Bl MR, Bk, KA A3.7~
17.5) pm X (5.0~6.3) pm, KIEH(L/W)=2.9, /SAEMFHEEEBE, L& TR, ST,
B B 52 30 DR SO DN A T o K 8 R K 6, R, ZEA AT 3 A 6 1Y — it 58T i
v, #wI LA, T, KEAR—E D,

Toum

bty

A2 T AT RO TR I I . P75 0 . 42 R TR A T T
A4 Bk CGWE-6-10 #97 & 45 42

25 DFEYFLETEHER

Bk BTZL1-4 f1 CGWF-6-10 43 | #47 ITS. ACT. CAL . GAPDH . Tub2 3N 914
AP . BLAST FEEXTE5 R 2R . WAk BTZL1-4 5% JH & (Colletotrichum gloeosporioides)
17 51 — BRI 99 %, 1 B Ak CGWF-6-10 5 B 3% i< JH B8 (Colletotrichum nym phaeae) B J¥
G| — R T 99% . RIE“ITS-ACT-GAPDH-Tub2-CAL” 3L #E47 HEEE, I MEGA
1.0 ARG R BEW . ZRKRY, Wik BTZL1-4 5 C. gloeosporioides TRAETER —3, &
¥k CGWF-6-10 55 C. nymphaeae BHAER— 3 (F 5,
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C ICMP:17821

Colletotrichum gloeosporioides CBS:95397
BTZL-1-4
Colletotrichum viniferum yg1

Colletotrichum fructicola CBS:125397

Colletotrichum siamense ICMP:18121

a9 — Colletotrichum camelfiae LC1364

I Colietotrichum boninense CBS:123755

w

Colletotrichum KarstiLF316

Colletotrichum liriopes BS:119444

I_ Colletotrichum godetiae CBS:131332
8 IL

Colletotrichum johnstonii CBS:128532

100 Colletotrichum nymphaeae FM-HJ-53
#[ Colletotrichum nymphaeae IMI:360928
76|
CGWF-6-10

Colletotrichum brevi umCBS 129957
I ViSport

W Coetotrichum liacningense AUOS4

R ia coleosporiiCBS 131763

B5 ATFTITS, ACT,GAPDH, Tub2 # CAL ARBELFINN LR EZ%EFTH

26 ENHFIFRLER

T P25 S 7% o A 25 JEL T R R 342 5 L TR X BE TR PR Y . 2 TR L TP R R R L ORI BRI | TN
TR EE M . S . B A L T TR L R TR R e e TR X 10 AR RS B R A RRURRE A TR ] R
T 75 JEL T X 4 I R s 2 25 TR 7] 22 T R R PR RS T R I BURR B B . ECso fB 43 51 90.056 pg/mL
F11.564 pg/ml, T X5 HY A2 J5 R s 19 TR 248 004 5 1 1 o T AT 7R R T T DU) e I E B vk o S R JE
TR GT AR T fe 25 7% AT 91 WE T AT Y R A O DR e 25 1 2 T R SR I AR R I U . EC, fE 40 R
0.015 pg/mLA10.250 pg/ml, — WS 5% TR 5 PN A T 8 1) 900 T 208 SRt 3 4 5 SR - 0 FPY A 25 TS
12 T 2 19 T3 AT T R T T R B e Pk (3R 3D

R3 BAFMERLER

2] _ Hs*c%ﬂw?ﬁ% : ; _ ﬂﬁ&ﬁ;’%{ﬁ% : §
S YrGI) Sy R? ECs/(pg * mL ™) 5 A7 1)) 7 A R? ECs,/(pg » mL™")
BEREIEN:  vy=0.261 82—1.119 7 0.783 6 125.292 y=0.0570 6x-+0.068 8 0.987 8 0.015
ZWR y=0.632 22 +1.020 0 0.881 7 0.056 y=0.165 22+0.100 3 0.929 6 0.250
FELMMER  y=1503 9r—0.350 4 0.914 6 1.564 y=0.634 20 —0.636 7 0.812 4 8.101
FEBEFERBE  y=0.849 1x—1.139 9 0.810 3 25.990 y=0.595 9x—0.445 4 0.736 4 8.485
BRI y=1.149 7 —1.390 2 0.841 9 11.290 y=0.559 9 —0.126 7 0.962 9 1.661
P e e y=1.089 7x—0.757 0 0.991 9 4,565 y=1.142 7x—0.785 9 0.823 9 7.297
Ji5 B e y=0.380 1x—1.221 5 0.900 4 3 707.000 y=0.310 62 —1.590 4 0.885 5 45 650.000
Pk A1 P y=0.595 7x—0.717 2 0.799 2 1 245.000 y=0.079 9x—0.510 8 0.92 2 6 1 215.000
W 4 il y=0.209 9x—0.857 5 0.875 0 9 488.000 y=0.206 1x—0.179 8 0.779 2 7 157.000

MEmREEEEE  vy=0.919 50 —0.683 2 0.978 5 6.315 y=0.725 9r—1.194 2 0.984 9 44,370
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3 SR

AR 5T L5 5] A A Ak AL I IR 45 1 A 56 T Colletotrichum & 9 JF B AR Y FEAE (14 2 18 —
O, o REE b AR T A L HE R R B ST AR R L X — & Ry ()P IS W R
M7 HARSE . B S E MRS Z RN R G LT T, BB E P A% Bk S IR Y T SR
J A B S 7 JEL B (Colletotrichum nym phaeae) FE A8 5 JH 1 (Colletotrichum gloeosporioides)
HG v B I TR ) 03 1 R A . A R S BETEHGE T R C. gloeos porioides S 3 BN JEUR A
A ESY . WA, C. nymphaeae 1E 9% B 5 9 AR . T 2021 4876 2 R F 1 Ok 94
T, IR 2022 A IR B OB A R Ak R SRS 9 L X B Colletotrichum nym-
phaeae T 1T P g X N7 T AR RO RN RE . W AR 5 8 BRI 22 55 09 A 2% 1 LA B2 A% Bk o A
F8 o AT J 4 O

e RS E vk b ARG RN T8 — ITS WK E W RRYE. T REREEN ITS ¥
1) ) 5 5 v HLRBR] 25 SN, ARBESESE S ACT . CAL . GAPDH Ml Tub2 JE[H, My T £ 3
ARG E W IR E 4T T R X 3 BORE B, A5 S e 25 ST v af . 3X — SR M oy B2 = B0
5 R BAE A RS 23 AR T R HE T A BORRESE , JUILIE T HL A i R AR R T B ) A e
R

b2 B VAR 6 25 R R . 22 TH A R I R M8 ) X i 0 7% JEL T o I T R e R T i 24 ) o e 5
W JH T 2% P B SR R G P, ECs {20 A 0.056 pg/mL 1 0.015 pg/ml, % 5 725 I B
1 35 1% 15 50 B2 24 004 R R A 1 22 S 3 DDA QT (A TR M S, R R 1A 2 CJR) O 2 O ok
FOEENMMAEABRT TEZHA, X 2R 5 WG E AT HEBEYENEL I ZHRAD
FRtEA G, L E WA, S RE N ER . SBOEM B b2 2R . A
1T F SBT3 AR P 3 (ANCAE SR B 2% A 1 0 i ) I EG A it 14 PR 2 P i G A 11 ) T g L
B E R AR B AR RO, X — I T L R 2 0K 5 i — 2 B UE Y B2y MR A T A SRR
JISE 6, ¢ AL VAT IR 32 e L T %o P 4 R T 94 TR T 215 2% T R0 Can Jg T R R AT D R B D W e, L
JI5E 6 ¢ AFL TR 6T R R A 3R 0 e M A A b B 5 A 25 S I PR M DX B — ARt S 2
FR 049 245 1 s R VAR O

SO ARG A EE DR AZ Bk R SRS 1 B P SR AL T S R, (A TAEA R MR BE A R, 1T
Al A 4 1T AR 98 B D TIT A% Mk o SRR 09 DL B ) 2R L AN, 20 0 % 0045 B A S NIRRT KT, AR
T 9% A AT KRS %) B () 3 6 o PR L 52 o B 0 1T R 32 0 Ak il 24 P AL 26 IR RS i . 24 591 1Y)
FE [0 250 55 AN BE 25 P LB A 5 10— 25 DA . AR OR B9 Tl A B KR AC i, 09 4 T M 1 A A% Wk i
o 97 JAE A 1) 43 A 19 O O 3 A FE T 6 56 UE D O R 2 R B Bl TR AR . S RIE , TR AT S
JE TR B BT 25 PEAIL R o o R B TR R 1 I A B A B SRR . A, TR R EEA B A SR D X
b2 25 700 A ARG K A B S B AT R 4 1 e A

S 3k
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