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AR LU ) TR AE A B D B A B SR (CA) LAy AR R R B, B VE A KR 4.37 mmvd; 76 R [8] Y [ 1A A0 i
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Biological characteristics and fungicides screening in vitro of Fusarium zanthoxyli, the pathogen

causing stem canker in prickly ash

ZHONG Siyu JIAO Jiahui ZHAOLe TANG Junjie LI Peigin®
( College of Forestry, Northwest A & F University, Yangling 712100, China )

Abstract: Stem canker, caused by Fusarium zanthoxyli X. Zhou, T. Aoki, O'Donnell & Z.M. Cao, seriously affects the growth
and yield of prickly ash. This study aims to explore the biological characteristics of F. zanthoxyli and screen the effective
fungicides, thereby providing a theoretical basis for the prevention and control for stem canker of prickly ash. The results showed
that the growth rate of F. zanthoxyli was the fastest on carrot agar(CA), with a colony growth rate of 4.37 mm/d. F. zanthoxyli
mainly produced microconidia in different solid and liquid media, and the optimal growth temperature for F. zanthoxyli was 25°C.
Three light treatments did not significantly affect the colony growth rate, but the full dark treatment is conducive to the spore
production of the F. zanthoxyli in the CA liquid medium. The virulence of 17 fungicides against F. zanthoxyli was determined by
colony growth rate method. Among biofungicides, 3% polyoxin exhibited the most pronounced antifungal activity, with an EC;,
value of 0.28 mg/L. For single-component chemical fungicides, 50% carbendazim, 10% difenoconazole and 50% thiophanate-
methyl demonstrated superior efficacy, recording ECy, values of 0.61, 1.02 and 2.90 mg/L, respectively. Regarding formulated
chemical fungicides, 72% cymoxanil-mancozeb and 30% pyraclostrobin-tebuconazole showed notable inhibitory effects, with ECs,
values of 1.23 and 1.44 mg/L in sequence.
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i ST A AR RO 70 T B0 AR W S R R T R A O 43

W 21 50k 21 0 19 T P BB 1A 28 1 B B O S R4,
1990) o A2 = BB, B b AR AR 2 2 B
T H 5 M) AR AR 7 R R BT R

3 B A BT B 55 P D D B R T 1992 4F Hh T S
85 (1992) %7€, MR P8 25 4 R AL, K HL 3 N 1
B IR AR IR B Gibberella pulicaris( Fries) Sacc., H:JG
TR B B %5 58 0 45 i K Uik JITE Fusarium sambucinum
Fuckel.. Zhou %5 (2016) i@ iz X & [l B ¥ . Hf . vy
LU AR FIRT b 45 A8 AR T 7™ X0 T 8 TR A 28 22 R AIE
K H: ITS tDNA, TEFI, RPBI Fl RPB2 3£ A )3 51l 43 #r
ICIR T 4385 H AL T 9 04 2 A9k 1w e g i, B4
MUk J1 B F. zanthoxyli X. Zhou, T. Aoki, O'Donnell & Z.
M. Cao Flli% S8k J] Wi F. continuum X. Zhou, T. Aoki, K.
O'Donnell &Z.M. Cao. F: i, 2EHUHE JT T 19 43 B 45 %
M 65.8%, FHL 43 A AERE PG . H R AL PG S L 2 P
g JE TR 5 3 ik T BRI 3 B R RALCR 13.2%, FEEE Sy
A 78 1 AR5 R BB DA T 9 43 B8 Bl R iR T T .
HHT, X T A6 AT B TR % O 5 A= W 2 R, A R
T M L7 AR DL T T R N R D A A R
Z RGN . TERIG T, AU H R b X 5] E 18 R
TIE ) =24k J1 1 F. tricinctum( Corda) Sacc. it 47 T
AR E B IE (CEx A, 2018), 1Ak 2# B iR
75 LA F (8] 22 96 FH 25 2 35 R 25 R0l 3 WA A R,
ACHE B2 VG I8 AU RN H A Bl e 55 b B A T 20 B2 R R
HH B 2% (S80S, 1992) o PR IL, AR B 90 356 4 43 5 0
R (e B ACABUR D TR, A BT LR S [ 5 R R L WREE
Jt BEAL B R 0 TR VAR A R L O A AR ) A R
FEWSE 17 Fh 235 T 500 % 26 B T TR 08 0 1 28R Sl B
B AG BT JE G 4 A B BE AL, X T LR B AR Bl T
Rk e A w8 L,

IR S

1.1 ##
L1l #XsmRH

A6 WU 70 TR TR AR R R T P b AR AR B K A P
FRMRAE W) R IR BRI SR RN R Ry B R SE 0 &
KA 43 B T Bk 5 55 GCA_025919635.1, B fk 5
i FZ001) . JA—80°C A% il vk A8 rh B¢ B ok, H2 T
T, 4% 22 257 725 B8 BUIR (potato dextrose agar, PDA) 1% 3% 3
I, F25°C mE G AL B 3R 5~7 d, WAL RE SR 2~3 K, PR AT
#H o
112 ¥HA

B 10 Fb Rl SR 5L o #8 D iR B AR
(carrot agar, CA) FIIK 5 % & W 3 B 5 7% 5 (synthetic

nutrient-poor agar, SNA)Z % Krishna % (2018) %) il £
J7 %5 V8 i 2 T Bl 5 77 % (V8 juice agar, VBA) . £
K ¥ BiR 5 3% 3£ (cornmeal agar, CMA) | % 5k
15 7% 3 (oatmeal agar, OA) Fl Th 4 25 4 45 b B g 45 37
3L (potato dextrose agar, PDA) 2% Thomas % (2017) ¥
7 ) £ B IR TR B 3% 2 (nutrient agar, NA) 2% X
N A6 27 (2024) 19 7 35 i 455 FR WY 2L 2F 4 3R B B )l
15 7% 3£ (CMC Agar, CMCA) 3 % Zhang % (2022) i) J7
Dol o Y - M - AEABT W B 1 5 2 (potato-
dextrose-Zanthoxylum bungeanum agar, PDZA) ¥ il £ J5
N M 200 g Th AR VRS R B, VIR T em® 19 /N B
K= TS, BN 6 g SRR (%) 35 & A6 AR 34 20 min,
FHRUZ 20 Aji 52t 8 AR A D, FEAA 20 g #1255 Bl 1 20 g
B, 258 FKE A E 1000 mL. A B IR 1
% H (Zanthoxylum bungeanum agar, ZA) W) £ )73 4 -
K i AEBEUH A 100 g BIFRE, Tl oK 203 20 min, FIRUZ
20 A o R AT DR, FE IS BRI 20 g, S BTk
JE A A 1000 mLo il 28 b AR AR B 5 R DN R S
BERRTE A7, ARSI BL 24 PR 3 B A 8 DT M IA 8 57
4 (carrot broth, CB) | K7 % & B K 14 15 77 2 (synthetic
nutrient-poor broth, SNB) . V8 i 3% 1 & {4 5 7% 5L (V8
juice broth, V8B) . & >K B ¥ 14 1 7% 3L (cornmeal broth,
CMB) . M F W 1A K5 3% 3t (oatmeal broth, OB) . &4
BE A % OB W IR 1% 3% 3 (potato dextrose broth, PDB) .
IR I WK B 3% 2 (nutrient broth, NB) | ¥ H B &F
Y 2 BN IR B 3% 3L (CMC broth, CMCB) | T 44 2 -
R 28 B -8 U VRO R B 37 3 (potato-dextrose-Zantho-
xylum bungeanum broth, PDZB) . £ # J1 & & 1A 85 3%
3 (Zanthoxylum bungeanum broth, ZB) . T A 1% 7% 3
BB SE S, 4 121°C @ 2R K G % H .
113 K@ A

PR R AL 17 R, Horb, AR MR BN N 3%
ZYiRFE MR R (WP, LR AT AR A
FRZS W) o 5% & 7 B ] %5 P4 W0 (SL, mAT B v P AR
YR ER R A E) L 0.4% M K+ R AT PEWT (SL, 4
BB EYRE AR A 0.3% w2 i FL i (EC,
W v B A MR A FR 2 | ) L 0.5% /)N BE 1 A 7 5
(SC, W B AR A R A B— b7 R
1 50% 2 W R AL RV R ] (WP, Jb 50 O g e Bl 4
WA R A L 10% 4 Bt 35 e 7K 75 JOR ] (WG,
VLR AE R AL A BR A A . 50% W2 Bt T R A& i 51
(SC, BV A% Z B AE MR A BRAA W) L 25% I B
FLth (EC, B PE A5 15 AR 9 B 22 A R R L 25% itk g
Tk BT P 2K 0 1) (SC, Ll AR E Ak A= W BB A BR A A )
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29% £ B A5 7K (AS, B2 )% 5 B R 257 IR 53 4F
N D) BBE AR 2E A TR 72% F6 IR < 4 R T
B 7 (WP, Jb ot i R AR BRI A R AR ) L 30%
Mg Tk o 13 M B2 Bk VR R (SC) L 30% I Mk« 2 TR R I
F(SC, TNV A5 R AL A B Al ) . 40% Mg ik »
I R B V7 R (SC, YL 75 WS S AE M BB A R A
Al 6% PRIk« 22 T R B VRS (SC, U I JR B A PR
o)) L 12% NG B e = R 2Lk CEC, pU I R B A
FRAFD .
1.2 EMETNEFIENNE

MAKEFE 10 d (14 46 AU T T B TR 3D 2, T E R AT
LS RAELZ A HAZ N 5 mm B B 22 e bEA, B
22 Y53 e TR AR B 37 B E i e (B2 9 em) o
AL PR3 AN, T 25°C B3 15d. RAITF2X
0 B T 7K B4R (Liet al, 2020) , T35 3 v& AR K 5

W& HER (D) = (D+D,) /2 (1)

X, DN SRR B ELAR, D, 5Ky 1 2R B
HZ.
1.3 EMEBEITEMNFRENE
131 EkEHRA LW FHhE

T B 7% S B P RN 7 mL G K, G B A A
BRURIKUE N A, KA A ok ik B, T8
A% W B 20 pL, ) FH 5 38 O A 56 R R I Bk T 0
MM e =, REWEI M EY¥EL, 40 E
STE R TSI 3 IR
132 RUAKBHFE LY FHT

SR 1.2 189 7 i il 2% A6 BUlR U0 TR B 22 e, N TR 22
He o B R T ST 30 mL AR [ 1R B 9% i A B B =
FI (= AR EL R 100 mL) , 5CE T8 R IR & 1
FEAF T 25°C, 150 v/min & F TR % 15 d. A 4b
PURE 3 E A . TR W AR W 20 pL, A 1135 3 O
2 0 B A ER T RIOBOU 28 e 7 A IR i
E3INAEYFES, B EE A DM T M7
3
14 EMEITENREEMMES

FEF 13 S8 A5 R, K B AE Bk J) TR #E CB.
V8B Hl PDZB ¥ {4 15 5% B vh 7 40 7 4L £, 1 7E SNB
TR B 37 5 b T A 0 D, BRI BE B CAL VBAL
PDZA 1 SNA 4 Fift 15 5% 3 43 Bt 46 Bk 70 T 1 It 5 3
NEVE o SR 1.2 089 J7 1 A AL MU O TR T 22 B K T
22 Loy B FD T 4 B R RS 35 38 P e R T 15, 204
25,30 F135°C £ PR E R 154, B3 AEE,
Fb 5 A6 MU T B 1S () 3 3 A BT ) B A K TR
=i

1.5 EMEITEXRISEENNE

PEHES 14 MR By 4 Rl R 8L, SR 1.2 (9 5 k1l
B AL ] TR DA 22 B, TR 22 By S5 R T 4 D E A
B g B e, OB T 25°C &0 T IR E 3 RO IR Ab
PHEE, 23 00k 4 B AL B 4 g A HEORTOY IR 5 R 5
BAbFE (12 h eI/ 12 0 BES), B3 AESR,
AU ] B AE 4 B RE 3R 5L TS TG IR Ak B 4% 1
TR AR R R R A
1.6 ZE N REF L

SR FH A VA R Rk (Be 1] 45, 2022) T 5E k3 5%
TR 300 X 4 BEUSHE 0 T 1 41 TR T e, AR i RS TR R B4 T
FH AN TR) F 375 790 46 o o 2 7 790 T 2 ARV, 5 B S AN
JEVR B, Hoh, 3% Z 905 % WP Hl 50% £ 1 R WP 1Y
52 e 2N 0.1, 0.2, 0.4, 0.8 Fl 1.6 mg/L; 5% & /7 iy
SL. 25% Jif& Bk EC., 25% ik M ik 14 i SC A1 29% A1 i
AR AS I 2 MR 1.5, 3.0, 6.0, 12.0 1 24.0 mg/L;
0.4% W JK ¥ F SL 9l 5 ¥ £ 4 3.0, 6.0, 12.0, 24.0
F148.0 mg/L; 0.3% ¢ 2 B EC Al 12% Ji§ B4 » = W i
EC {14 ] 5 ¥ B Ry 7.5, 15.0. 30.0, 60.0 1 120.0 mg/L;
0.5% /INBEGH SC 1Y M 22 ¥k B2 2 12.5, 25.0, 50.0, 100.0
F11200.0 mg/L; 50% H FL B3 B R SC. 30% Ji Mk« 2 TR R
SC. 40% Mk ik « F 4 2 SC Fl1 6% Pk« £ 1 & SC [yl
FEME A 1.0, 2.0, 4.0, 8.0 Al 16.0 mg/L; 10% 7 fik H
M WG, 72% 78 Ik « 5 BF WP Fll 30% M ik o 1 mae it
SC I %€ e £ ok 0.2, 0.4, 0.8, 1.6 A1 3.2 mg/L. 434l
A5 AS [ v BE B4 24 590 FH 22 pm 9 6 B8 98 Sk 1F 17 3 O Bk
W, B9 EmMASSEXEFERHNE
50~60°C ) PDA K 72 3 b IR 5 )5 I A H 428 9 cm
1 G B 855 7% L0, o B3R 90V B ) 2 R 3R 3, DA
TN JC R 7K (Y PDA K5 57 FEAE gk BR, BT A AL 388 ik E
3AEE L EFNE BNE IR Y E AR 25°C THIR T RS
K g%, 15 d Ja R H 57 28 UL I 4 i VR B AR, TR
il

HE (%) = (Rexk-R) /| (Reg=Ry) x100 (2)

X, R HE X BB EEAEE LE, RN
24 ) 4 P B 5 i TR Y TR VR EL AR, R N WD IR R DF
7o A X R A AL A A DR AR Ry, oA 24 A% Uk
(X BB Sy B AR 5 x, N7 B O MU g5 R, TR R
24 XF A6 MUAR I 5 B Y A S0 H R (effective medium

concentration, ECy,) o
2 555

21 EWMRIVEEFIESH
AE AR Bl ) AR 10 Bl [ R B 5RO RE AR K
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Pl REF A A BUIR I R R AR W) 2 A R TR 2 PN 7 2 45

(Kl 1A). 7 CA, V8A, CMA, OA. PDZA Fil ZA ;3%
B b, A ABUSR T B T AR R R T B E 22 S T
ik K Ry 3.74~4.37 mmy/d, H AR CA B 3R A
VR A K P, S 2 A KR R 437 mm/d; 7E SNA
NA. PDA il CMCA #53% 5 I, TE AU 7T 18 18 7% A K
A K 2.08~3.61 mm/d, H: 1 7E CMC-Na 35 5% 2 T
K R, A KA 2.08 mm/d(&] 1B) .
22 EMERINEHNBESH

TE 10 Fofr [ (AR 1A 1 5 oh 3 ) 85 9% 15 d i, 4k

FBUSR 7T B A [ A R 3% 5 P i 7= 48 i (0.1x10°~1.8 x10°
A~ /mL) /b F 8 A8 35 3 vp i PR A A (5.1x10°~25.6 x
10°4~/mL) . HHr, 78 CA, OA. SNA F1 PDZA [ A% 3¢
Fer, AE B JT B 7 AR R R4 AR AT L 28.7% .
28.2%. 50.0% F1 6.4%, HAa ¥ R/ NG A5, A=A
JEIE LT 7F VSA, CMA, NA, PDA Fll ZA [ &8s 37 3
PRI 0 TR Y R A N A A AN AR R
G A A0 F REESE 96 F 5 7 CMCA [ R 35 32 3 v, R
23 0¥ 77 £ (81 2A) o 1E V8B, CMB Hl NB & {4 5%

A
B 6.0
o a a b abc
T oas ab !
E s ] abe I I c be l
=
7% 1 d |
2 S 3.0 J
) e e
oz [
R
O 15F
"
0 1 1 1 1 1 1 1 1 1 I
CA VS8A CMA OA SNA NA PDA PDZA ZA CMCA
AN
Medium type

B1 EHEITHEE 10 MEFERE FNEERSMERKEE

Fig. 1

Colony morphology and growth rate of F. zanthoxyli on ten solid media

E: A WRIES(05 d); B WK A KER . AR/NGFEFRIREREHE, P<0.05, TR,

Notes: A. Colony morphology (15 d); B. Colony growth rate. Different lowercase letters indicated significant differences at a level of P <0.05. The same as below.
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B2 EHEITEERREFE LN=RER
Fig.2 Sporulation of F. zanthoxyli on different type of media
A AEARRI R FRH A 197 715 (15 d); B, AR RV 3R 3 (17 fl i (15 d) o
Notes: A. Number of spores on different solid media (15 d); B. Number of spores of on different liquid media (15 d).
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%2%

Fi 3 rp, TR MU T B AR AL A AR AT 1 E 43 )
H2.3%. 6.3% F1 20.0%, A3 R /N 4y A AL, N
PR A R I AR T AR B SR A, T AR N
Gy AT, R AR RS A A R B A T (] 2B) o
23 EMERINERREGEEESH

3 43 BT A6 AR ) B AR R IR A AR Y TR R
ARG O, K IBAE 25°C 451 T 1R 75 A K R fe b, H

A

SNA

CA

PDZA

V8A

B 6.0 -

SNA CA PDZA V8A
g o4sh
g g 4.5 a
5 2elle e
A |- ne
i’%} gl) 3.0 d d d s
M g f " TRl €
#H 3 g . g
wS 15 L85 e z
= i h ii
0 I
15 20 25 30 35
HAIE/C
Temperature

HI7E CA. V8A. PDZA Hil SNA [ {4 15 % 5 F 4 I 1y
PV A K R 4000 3.30. 3.38. 3.84 1 3.16 mm/d, 4
WY 25°C J2& 5 b il B2 A5 00 b Tl 9 A Y B il IR 5 E
15, 20 1 30°C 45 14 F W & A K H R 301, i 7E 35C
KM T HEE LT AREA K (B 3A. B) . A, iR & B
TE 15~30°C &1 T , AL LSk ) I AE CB R A 5 57 5 vh
FEALEL L, PR 0.5 x10°~2.1 x10° 4~ /mL( & 3C) .

C 10.0
SNB CB PDZB V8B

~ L a
2 8 7.5 .
E L
=% sof
=2
2k
Hz 251 b b

I I C cd =

ellee e e e 4 f eec fgeg
0 - = - = - s i = o ]
15 20 25 30 35
R/ C
Temperature

B3 MRNEERRRERE THEREKER
Fig. 3 Colony growth of F. zanthoxyli at different temperatures

TE: A BIES (15 d); B B A KEA; C =it (15d)
Notes: A. Colony morphology (15 d); B. Colony growth rate; C. Number of spores (15 d).

24 TEWERIEMXREHES T

i 2 43 AT AL AR U TR AE N [ IR AR T I TR 7
ARG O, S AR BRI JT TR TE 4 W AR B A A AN
O M 5 B A R AL PR (12 h G IE/12 h B ) 3 il R [
B G BR AL PR B RB A K (K1 4A) o fF SNA, CA. PDZA
[ 44 B 77 B b, FE BRI 70 BRTE 3 RO IR 1R I TR

AR R TT T W 22 R, A KN 4.13~4.53 mm/d
([El 4B); T 7 V8A [ {4 35 3% H v, 6 U8k JT TR 75 4=
A TR G IR 5 B 52 A B 2 ROl IR 5 T AR K e,
B 7% A K R 43 B 3.87 Fi1 3.85 mm/d. 7 3 Fh AR [
JEHA AR, AEARE T A CB W AR K 37 3 v (1 72
oM 3.53 x10°~8.12 x10° 4~ /mL, 34 & % £ F i [7) ¢ 1R



55 4 31 Pl REF A A BUIR I R R AR W) 2 A R TR 2 PN 7 2 47

A SNA CA

L
D
L/D
B 6.0 -
SNA CA PDZA VBA
a
~ L a @ a @ a a a a
SeMrtade  Ladd A
E g I I
E s
!
& 530
Mg
# 2
BO
w15 F
0
L D L/D
JeIEH
Photoperiod

PDZA VBA

C 10.0
SNB CB PDZB V8B
a
I ®
75+ I
o3
=
22
=% 50} ¢
E]@H £ d L
5 I
L2z :
25+ T
g g f g f
O = = = x — " o )
L D L/D
AL
Photoperiod

B4 EHERITAERRABEGTHEEERER
Fig. 4 Colony growth of F. zanthoxyli at different lighting conditions
TE: A HTEIBEA (15 d); B VR AERKGHTR; C. P filit, L. WAL, D: W50 FE; L/D: 12 h JEA8/12 h T4,
Notes: A. Colony morphology (15 d); B. Colony growth rate; C. Number of spores. L stands for full light treatment; D. stands for full dark treatment; L/D stands for

12 h light and 12 h dark alternating treatment.

AbFE R 7E SNB. PDZB Fil V8B ¥ 1A 15 7 3 v 1) 7= 4 B
AEMUSE ] 1 7E PDZB AR RS R b e R Rz, N
1.98 x10°~7.47 x10° 4~ /mL, ifii £ SNB Fl V8B £ 7% % s
B P f A, AR 0.10 x10°~0.31 x10° 4~/mL( & 4C)
25 WEINEZENREFMELER

B 17 S TR 590 6 26 BUHIR 0 TR I TR VR AR K
FIH AR R BE I (3 1) o o, AR
WA, 3% Z B R WP I B AE i, ECy, fH N
0.28 mg/L; o —fk2E R E R, 50% £ B 2 WP [ )
B VE s, L BCy 14 0.61 mg/L, 10% 7 fik F 25

WG il 50% H 3 i i R SC Ik 2, H ECy, 1H 73 % A
1.02 F1 2.90 mg/L; & Be £k 24 3 1 71, 72% 76 Ik« 4 BF
WP 1 30% M ik« 13 Wk Fis SC 1249 41 B4 3% ME e i, L BC,,
B394 1.23 71 1.44 mg/L.
3 it

PR B AE HBUBIR ) B 10 25 0 2 e P X 4 s L BOR AL
B PRI AT R A LA B i) A o B S OR m HL B
B, AW, 6 HEE JTIBI7E CA. VBA. CMA, OA,
PDZA F1 ZA 6 Fl “ ZHRIFE- S A ILA” W HRE LA
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F1 HAREFIEREDERINEE
Tab.1 Antifungal activity of the tested fungicides against F. zanthoxyli

255

Fungicides

3%Z 4185 & T 18 M ¥ 7 3% Polyoxin WP

5% Jr B A ¥ 14 W3] 5% Carvacrol SL

0.4%1E IR T 2 AT ¥ 4 1 571 0.4% Osthole SL

0.3%% Z: i L 11 0.3% Matrine EC

0.5%/)° B 8 & 7% 771 0.5% Berberine SC

50%% T 2% 7] W M B 1 50% Carbendazim WP

10% ik ! 77 18 7K 43 #80KE 37 10% Difenoconazole WG

50% 3 B 1R R 2 77 7 50% Thiophanate-methyl SC

2591 T M 31,9 25% Myclobutanil EC

25%Nit M ik TR i & 77 7 25% Pyraclostrobin SC

29%£1 B A 7 7K 77 29% Lime sulfur AS

72%37% Wk « % %% T ¥ 1 8 39 72% Cymoxanil-Mancozeb WP
309 M i « 13 1k it B 77 751 30% Pyraclostrobin Tebuconazole SC
30% )% M « £ T 7 & 7F 71 30% Tebuconazole Carbendazim SC
40% M ik « B i R Bk 7% 7] 40% Pyraclostrobin Thiophanate-Methyl SC
6%IM M « £ T 7 % IF 77 6% Prothioconazole Carbendazim SC
12%1E T8 * = Wk il 7L 7 12% Myclobutanil Triadimefon EC

B 07 HH K R EL A 2 Tk

Toxicity equation Correlation coefficient ECs, /( mg~L")
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»=1.603 7x+2.206 4 0.967 0 42.46
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