B 2 IR 2026,43(5): 1262-1274

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20250451

IR E AR IR E L E YR A5 i ik
BXALRESFLE BLBPALONELE A RENLE BT

CHL T8 R A 3 T S8 =5 « P BHAOME R A R 22 B8, TEBH 1108665 230 748 S Hu R BRATF 78 T
I RARH 1220005 K FEBYD BT & & B LG, bR 100038)

1 LB YD RS 2505755 J5 18 b 28 S A 25 R 08 ok HH v e 4 1 Bl s 24 791 L SR R R 2L 8143 B9 1055
VR TR BEAT 43 8, I3 I A D U SR IE 5 A4 T A5 SRR RN 22 IR (ITS VEF-1a. 2 RPB) I & L L4 T R B M 450
o3 JE AT 5 SR FH B DR 2 B VR AT 998 D T ) 2 S R S I 10 AL S 25700 AT 3 N3 0 , R4 & BRI PPN 25
TR 4 RO L2 R 1A 2 4k ) 5 (Fusarium proliferatum) 72 2 Hu > RS 2205955 R B - 55038 B9 R 8 8 22 4 K 1 1%
TR AL DLRER A RRIR L B A N B Y PDA 5973, 28 °C.pH=9.0. &5 22 £ (12 h Y6 118/12 h HBIS) ; £eid Bl 777
A B IR SR 2 LA SRR S B R L TR REIR B N A R 9 BRI PSA 5773, 28 °C pH=5.0- JEHEAC B (12 h B /12 h B
). Z N 270 EE 70 45 SR 3R I, 98 %% Mk Bl i (14 401 1 A0SR de 4F ECS(,{Eﬁo 070 9 mg-mL"; 25 #k B B s 45 R0,
50% i BT 156 7K 43 BIORL 77 9 B 45 8O R 5 18 310 76.0% K5I8 )2 H i T TR A2 10 7= 48 s B 1l P 7 P D e 285 97 i 14
Tk ] T A0 MR I T LA DA i oA 280 7 4% R T = 24 71 o

SERRIA) VP B R B S s AR R 7 e

FE 5 2S:5793.6 XHEIREE A X E S :1009-9980(2026)05-1262-13

Identification, biological characteristics and fungicide screening of the

pathogen causing sea buckthorn stem wilt
XU Wenjie', GE Sufen’, GAO Yan’, HAN Yanfeng', LU Shunguang’, LIANG Yue’, ZHANG Dongwef’,

XIA Bo"

('Liaoning Key Laboratory of Plant Pathology/College of Plant Protection, Shenyang Agricultural University, Shenyang 110866, Liao-
ning, China;, °Liaoning Institute of Dryland Agriculture and Forestry, Chaoyang 122000, Liaoning, China, *Sea Buckthorn Development
and Management Center, Ministry of Water Resourse, Beijing 100038, China)

Abstract: [Objective] From 2020 to 2024, a highly destructive disease was investigated in sea buck-
thorn plantations in Chaoyang City, Liaoning Province, China. The affected plants exhibited severe
symptoms, including massive leaf fall, branch dieback, and eventual death. Given the significant impact
of this disease on sea buckthorn production, this study was designed to identify the pathogen species
causing stem wilt, determine its biological characteristics, and screen for effective and safe fungicides.
The findings of this study are expected to contribute to the development of sustainable and effective
management strategies for this disease. [Methods] Typical symptomatic sea buckthorn branches and
roots were collected from affected plantations. The pathogen was isolated using the tissue isolation
method, and the pathogenicity of the purified strains was verified by the back-joining method according
to Koch’s rules. After single-spore purification, the pathogenic strains were cultured on SNA medium
for 10 days. The colony morphology and color were meticulously observed and recorded. The size and
morphological characteristics of conidia were measured using a light microscope to characterize the

pathogen’ s morphology. Molecular identification was carried out using PCR amplification with fungal
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universal primers ITS1/ITS4 and Fusarium-specific primers RPB2 and EF-1a. The sequencing results
were analyzed using BLAST on NCBI, and phylogenetic trees were constructed using MEGA 7.0 soft-
ware to confirm the identity of the pathogen. The biological characteristics of the pathogen were studied
by evaluating its growth on different media, carbon sources, nitrogen sources, temperatures, light condi-
tions, and pH levels. This comprehensive assessment aimed to understand the optimal conditions for the
pathogen’s growth and sporulation. In vitro efficacy of 10 fungicides was determined using the myceli-
al growth rate method. Based on the results, five effective fungicides were selected for pot experiments
to evaluate their control efficacy under controlled conditions. This step aimed to identify effective fungi-
cides that could potentially be used in field applications to manage the disease effectively. [Results]
The pathogen isolation and preliminary morphological identification revealed that the strain X28 was
highly pathogenic. Inoculation experiments showed that symptoms closely resembled those observed in
the field. Morphological observations of the strain X28 on SNA medium revealed white colonies with
abundant aerial mycelium and yellow pigment on the reverse. Macroconidia were slightly curved with
three distinct septa, while microconidia were colorless, oval or ellipsoidal, and with 0 - 2 septa. Molecu-
lar identification confirmed the pathogen as Fusarium proliferatum. The results of biological character-
istic showed that the optimal conditions for mycelial growth were PDA medium with sucrose as the car-
bon source and peptone as the nitrogen source, at 28 °C, pH 9.0, and under alternating light and dark
conditions (12 h light/12 h darkness). The optimal carbon source for sporulation of the pathogen was
fructose, and the optimal nitrogen sources were yeast extract and peptone. Light treatment and pH had
minimal effects on spore production of the pathogen. The toxicity of the ten fungicides testing on F. pro-
liferatum showed that these fungicides exhibited inhibitory effects on the pathogen, and 98% kresoxim-
methyl showed the strongest inhibitory effect (ECs,= 0.070 9 mg - L"), followed by 97% tebuconazole
(ECs=0.261 9 mg-L"). Pot experiments demonstrated that the incidence rate of inoculated plants treat-
ed with five fungicides was significantly lower than the control. The lowest incidence rates were ob-
served with 80% tebuconazole WG and 50% kresoxim- methyl WG, at 25% and 20%, respectively.
These treatments also showed the lowest disease indices (21.7% and 18.3%) and the highest control effi-
cacies (71.6% and 76%). The findings suggest that both kresoxim-methyl and tebuconazole are highly ef-
fective in controlling F. proliferatum. [Conclusion] This study identified £, proliferatum as the pathogen
causing sea buckthorn wilt in Chaoyang City, Liaoning Province. The 50% kresoxim-methyl WG dem-
onstrated the best control efficacy among the tested fungicides. The detailed investigation of the patho-
gen’ s biological characteristics and the screening of effective fungicides provide practical support for
the field control of sea buckthorn wilt. Future research should focus on large-scale field trials to validate
the long-term efficacy and safety of these fungicides. Additionally, exploring integrated management
strategies, including cultural practices and biological control agents, could further enhance the control of
sea buckthorn wilt. This comprehensive approach will be important for the sustainable management of
sea buckthorn plantations and the mitigation of economic losses caused by this destructive disease.

Key words: Sea buckthorn; Fusarium proliferatum; ldentification; Biological characteristics; Toxicity

test

¥V ik (Hippophae rhamnoides L.) J& W %l T %} WKIRRERE AEAFY . LAk, VDl B A Has i [ 4 PRk
(Elaeagnaceae) ¥V il J& (Hippophae) , /& —Fh 2 & A 77, Be i J8 i R 3 AR R Gl s 0t KRB B AED)
VEWHBEA, T2 oA T B AN AL SE P . VD i € BE 1% [RIN, YA A BB A FANME, fERK
AIRGRIVIRIE N BE ), (s 2 TR B A %M T NI YNBSS Tk N 1 - R E



1264 3 i

S 4

43 %

B 2200 RME TR 5AEYTE YR B IR
B AL JE AR 2 KRB HT 517

AR, B A VD ORI R T AR AN BT 384, % kb
WO R AT IR o PEARIE , 72 A BRZ A VD A
T DX SR el o, A% R I o ) T2 B0 3 S A 2
ZREIRAZ G VDA AR , v 25 A AR R
BT HESAENFRGAH, BOREE RA L I
BEOPREIR . 2 FE R4 RAHLIE 2, S
AR AT, T2 H BRI AR U AE KR B A
RUo Pkl 22 0 4K 1 R A 5 50 1 B 8 (Verticilli-
um) i) B & (Fsarium) 3 )5 12 G4 3 JA
W LRI, KA L B (Verticillium dahliae) F1 5 1
KW (Verticillium albo-atrum) 1% 4% 5 E000 Bl H L
R AL 2R HE AR B i TR , AE R
S 2 IR PR VD TRRE 5t o, ) B R B0 LR
FFHA M H AT, K2 B XV Wik 2 05 A ¢
BRI EE 2R TIRAKT . CEMIE v B
2993 AH < Bk 70 B AL HE R 5 Bk 70 R (Fusarium gra-
minearum) K3 2L 8k J) T (Fusarium roseum) 92 f Hit
JIWE (Fusarium oxysporum) R4 AR T) T (Fusar-
ium sambucinum) 55 , R IX L8 LB 0TV R B09 1
i AR AT B — WS AE B R AR R T
(Fusarium sporotrichioides) & 5| {2 22 JE VL4 A1 H
B VDR 20 B R B . 2023 4F, B EE A3
FUR I, P A5 T B8 42 L T B0 T 2t VD TR, 25
I B R AR

A A SR Y A R, 753 T 48 RA BE T IRV R AR
FEHLH I T KV IR 2 FE T I AR, I H A
(RIPD BRRG Z o RER o ASHIF 5088 1 50) FH ) YD i 2295
IR I8 5 0 R A, AT 1 S B (1) 4 B AN
SE ~ BUR 1 Je E AT ) S R R E o [F]INE, A 10
Fh 2R BRI REAT 72 B 10 5E , JF e B Y 4R 2%
T 25 70T e 298 95 0l , LA AL T sA H
iy DX VDI 2 9 () BT 4 SR S B R

1 MR

1.1 RHERERBREES S

E 2020—2024 F i A R I, 10 7 4 B T
VORI 1 5~8 A AR AR B I K IR VD I A e
W vw OKFERYD BT & B B b0 5 HED B T A% T
ity 70 Bz 0 A 4 1 B RRE R, 8 D MRS O T P AR
FE 5 BAERDIRIRGE B VD R R 2 R 4

B R B A, REEMRAEIE . AR5
i DR L 2R PR D R 2% R0 B A A T T 4 50
VKA H 5 50 SR Bt A I3 D TR AR R RE R 2R AT 1 5%
FIMEE o

1.2 REEMNEE

12,1 BREGD B BERERTD B R
i FHZE K e R T, AR TG B T#E TIEG
rh, B SR ORABSCBY ) 0 AR U 2% AR ot 35 3% 8 A 1)
A R AL, BRELZ) 4 mmx4 mm FRE 221, % H
BT 75% B EE 30 s, TC KT E T4 s,
W H I N 5% NaClOs i i IR ¥ 3 min, 6 /KIS HE
3 A3 FH K B R AR A R TH K 3 J5 5 TN PDA
Fr R, 25 CCREJE1E 77 3~5 do Fif K B V&
J&i » SR FH B o B v A T Al AL 7R,

122 RBRABOREAN SRR ZAREF ALK
HEATSUREI 2 o« PR B 1 AR AR 8 R I R R D R
b AP T (I 728 2 b AR AR T BT B () 5 A 44
B BARRARAE T2 2.5 kg KA HHEME AN, ER
S5IK. BF3~4 dBEE L UK, Hoa g IR EERK 28
FEW o 1A H JE R 0 B iR 1 5 A K, 48 75%
LEEXT VD R ZE R AT 7, R ) AE T 4
R A A8 0.5 em 3T L 8% K 5 flo i Ak 33
FEEVE R R E RN 0.5 em (G, MigeEf 0k,
FH e st T B 7K ) ot R A 7 A R . DA
PDA 15 7% 5 AE oot BR, 5 300 %2 v ik 1) % 0 1
B R Y B S R s R M K
PRAEE O 5 S B VIR s 2143, 64T 3 S 4
(1) 770 B8 A 5 5 DA SE OB IR U 38 4F , 7 ¥ (R
1.2.1.

123 mRANTBEFLE T fIHSNAKFRECE
T, PRBED 25 oCHE il 5 7= B A Al Ak )5 (1) 209 1, 20
10 d J5 W52 I KW IE TR AP . P =3
22T BN 1 288K, T Eclipse Ci-L ot
R CHAR R, B T UK 100~400 £ , W52
R0 53 A AR I TR SR AE W 5E 43 AR A1 KD,
45 H R 4 E TR0 DR B 4 5 A O R AT W)
W E,

124 RRANSTAEAMFER ELBRMANEN
P TE I A E AN S mm O K R OHE T2
BB AR R B PDO W, B E DR, BIRSHE
BEHN25°C 110 r-min', IR 1: 7% 5 d ), K E JEAR
ik ERE IR, WA T 22 TR PP 3 IR, e &2



%5 TROCAS , 55 « VD IRAG 20003 S 0 45 5 P~ R AN 245 70 i 1265

50 mL B0 H, THRTHLH RT3 ho 75 i B 2 A
“H DNA [ $2 B 7% 2 18 0 11 6k [R] 2 BR g e 42 1K)
ECET, B U A, 20 °CIRIE&H -

P FH LR FH 5190 ITS1/ITS4 ik T T 45 S 1 5
Y)RPB2 f1 EF-1a(3K D #ET PCR ¥4, PCR ¥4 f
A [AIZ % CHR[20-21]. HL10 uL PCR 24T 1.4%35
JE R SE I FL K EAI , R R R ik & Bl AR T
AW A F (KB T . 7ENCBI R0 7 45 Rk 47
BLAST Lt , 48 AU 14 2 = 1 5 1, -l MEGE 7.0
AR R B () R G R B W AT 40T o

*=1 EERSIMFY

Table 1 Genes and primer sequences

EIR/ RS S

Primer name Primer sequence

ITS1 TCCGTAGGTGAACCTGCGG
1TS4 TCCTCCGCTTATTGATATGC
EF-1H ATGGGTAAGGAAGACAAGAC
EF-2T GGAAGTACCAGTGATCATGTT-
RPB2-7cF ATGGGYAARCAAGCYATGGG-
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Table 2 The fungicides and test concentration
Bl A7 oy ] Jo VA EE B
Reagent Manufacturer Concentration/(mg-L")
95%JE M WHLARA B A IR A F 0.031 3.0.062 5.0.125 0,0.250 0.0.500 0
95% Epoxiconazole Zhejiang Heben Pesticide & Chemicals Co., Ltd
97%J I Ml T3S AL B A PR ) 0.003 9.0.015 6.0.062 5.0.250 0.1
97% Tebuconazole Jiangsu Sword Agrochemicals Co., Ltd
98 Mik A ik 1 ZIEF ZIRALID AR A 0.156 0.0.625 0.2.500-10.40

98% Pyraclostrobin

98.5% Ji A Al
98.5% Procymidone

Adama Anpon (Jiangsu) Co., Ltd

WL RSB A PR
Zhejiang Heben Pesticide & Chemical

3.125.12.500.50.100.200
s Co., Ltd

98l I P flc R AL B A PR A 10.20.30.40.50
98% Boscalid Shanghai Heben-Eastsun Medicaments Co., Ltd
986t T i LSRR A IR ] 0.03125.,0.125 0.0.5.2.8
98% kresoxim-methyl Jiangsu Corechem Chemicals Co., Ltd
96% 1 7 Bl i HIRE NIRRT 0.018 1,0.312 5,1.250 0.5.20
96% Coumoxystrobin Jilin Bada Pesticide Co., Ltd
98%#HE R A RS LI AH RA 3.75.7.50.15.30.60
98% Carboxin Adama Huifeng (Jiangsu) Co., Ltd
95% LML TLISRRHME A PR ] 0.031 3.0.125 0.0.250 0.0.500 0.1
95% Hexaconazole Jiangsu Laike Chemicals Co., Ltd.
98%% 1 LHIITHEE R A7 0.1,0.2,0.4.0.8.1.6
98% Carbendazim Jiangsu Rotam Chemicals Co., Ltd
x3 ZFXEHER T
Table 3 The chemical agents were used for pot experiment

gl Pl A RN B EVR I
Reagent Formulation Content of active ingredient ~ Manufacturer
% 1 R Carbendazim K73 BRI 90% BHERA AT IR F)

Water Dispersible Granule(WG) Shanghai Heben-Eastsun Medicaments Co., Ltd
J&5 % ] Procymidone KT KL 80% Bt SR 2 AR AT BR A =)

Water Dispersible Granule(WG) Shaanxi Meibang Pharmaceutical Group Co., Ltd
Ik 1 Fi Kresoxim-methyl 7K 43 B 71 50% IR & S AR A IR AW

Water Dispersible Granule(WG) Shandong Furunshi Biotechnology Co., Ltd
ST Tebuconazole IK AT B 7 80% M RAZATIRAF]

Water Dispersible Granule(WG) Shanghai Heben-Eastsun Medicaments Co., Ltd
TRIAME Epoxiconazole Fah 75¢g-L" B RED R CLHD AR A A

Emulsifiable Concentrate (EC)

BASEF Plant Protection (Jiangsu) Co., Ltd

BT IREEMR 2, B 2 HEAR 500 mL (1500 530,20 d
JE AT SR 2 IREEAR a2 . R PP 25 FRIALEE 10 7,3 IR
AT, 2 (AR BRI . T 28 2 it 24 )5 20 d
VAR R B T TR A

I3 5 73 AR S BR R 5 1 0 2, Vb ik
FRETCTG s 1 4, VoW 1/3 B 2% B B4k 2235 5 2
LW B3~12 H sk BB B f 258, Bl sk b
HE R T B B 5 3 R, DR 1/2~3/4 K Ak B B
o B T VK SO B A R 54 ), YD 3/4 LA
AR AR TR A TR A 5 5 ), AR D i BIKs
%t o

/4 GO 1B/ v = TS - =2V N o S M e B

R

95 15 8 2 =X CR-Z0i B B0 R S5 40/ G 2
RO R = KR SR %1005

R ZR Yo=K R IR T 2 S AR E < 100 5

B17 18 R/ %o = OR HE X 93 155 T 0 — Ab 3 X 0 1

B0 /T R X5 17 45 202100

1.5 HESH

K SPSS 26.0 A4 %} 1 56 £ 4#5 12 1T Probit 47
AT, VAR5 R B 7R B A AR B (ECso) B 7T 1
A5 FREER RS IR, ) FH AR 5 e B4l a3k
1T #7243 1 (one-way ANOVA) , % 53 i #
K3 (P<<0.05)
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A H RS 2 SRR KA II BT A SE T, FE
X A AR A R RN o VD RAE IR JE Y
B A 1A FH D AR B A B Sk IR AR
SRFE B 1-B) , SRAE 2% 7 S i) L S A, AELAR 7T REAE
12 JE RSO T (] 1-C) 0 7™ H IR R0 AR Ak
JH 25 S5 M AT ) A 5 S B A €8 AR (I 1

& .t

AL IRV RE SR AR RS B, BOW IR BB 5 C. B v B W EERR AR AU 5 D. B0 0 RS SRR

A. Vascular tissue of diseased seabuckthorn branches; B. Phloem of diseased seabuckthorn; C. Whole plant dieback at the late stage of infection;

D. Cross-section of the stem base of diseased seabuckthorn.

B 1 s ZE RS EIEAER

Fig.1 Field symptoms of sea buckthorn stem wilt

D), HAREE 5~6 SR D WRAE AR AT ™ 2

22 OB ERBERENEE

22,1 S HWAE RN N R BT R,
BRATF R R VR R — SR E R, F B X28 Dy i 7Y
IREER . QIR w7 S S RID e )5, ik
A7 Al 57 5 d ARER bR X28, B Ak
TRAE AR AT TG AR SR RN . M) 7~9 d PR R AR
Jr TR AN S BB ARER 1L 28 B AR RIEAR

(E2-B), 5 14 K& Kwmt FFaa B Rt AL 7
(BE2-C) , H2F9 20 d #8531 2% H BR324 (1) SR
R 295 E IR (P 2-D) , 5 H ] AR R IR 70 IR e IR
FERAAL e MR REARAS SR A RS A 70 J5 1 P40 9
SR e RIS S5 B TR S — 2

222 BT EFE R Pk X28 /£ PDA K
FEE PRAE KRERER LR A GBEE, S
PAERAARYIE. BB N WS R, #k

A KSR BED BECCKD s B. X28 $56Fl 7 d JG i 1 R HRSE : C. X28 $6Fh 14 d G IRAE: D. X28 #2fh 20 d JE AR AAAE
A. Healthy sea buckthorn was not inoculated(CK); B. Leaf mottled Chlorosis on the 7th day after inoculation with X28;C. Leaf edge necrosis on

the 14th day after inoculation with X28;D. Branches wilt and died on the 20th day after inoculation with X28.

2 mEEHETEE
Fig. 2 Pathogenicity identification of the pathogens
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X28 FEAE R AT Horp, KB AR 70 7 I8k
il , 2 B 3 A IR R R, b g AN 20 i
B, P i 24 L e, ELA R R RR B R RS A B, RN
H(39.2+7.8) umx (4.3+0.8) um, i s N R
7ot A O [ % SR [ Y, ToRR L, K/ (7.3+
3.4)umx(3.1+£0.9)um(E 3) . LWL %€, 1% R

N Fusarium proliferatum .

X9, 51 ITS RPB2.EF-1a § 3K 15 () H B K &
5354 527 bp~ 1005 bp F1648 bp. 15 315 (13 K
b #2 %% % GenBank ¥ 1 FE , ¥ 5 5 4 B A
PV938939.MZ614611 F1MZ164979. [di , £ NCBI
4 34T BLAST LU X, DL A. gaisen N AMEE, HE T
Ak (ND , i I MEGA 7.0 @ 2 RN ARG R B
BCE 4D o S5 R L], W Fk X28 5 Fusarium pro-

223 T AMFER  AUREMKX28 BT 45 liferatum SRAE ) — 4 3. BRI, 45 & W BR TR 45 22 A

A SPARIE B V& RFAE s B. PR VA RHE ; C. B 22, LBl )R=100 pm; D~E. 43 A fF 48, LB =10 pm; F. KA A4, LU =10 pm;
G. /NG A7 A =10 pm.,
A.Characteristics of F. proliferatum colonies on PDA plates; B. Characteristics of F. proliferatum colony observed from the bottom of a PDA plate;
C. Characteristics of mycelia of F. proliferatum, bar=100 pm; D-E. Conidiophore, bar=10 pm; F. Macroconidia, bar=10 um; G. Microconidia, bar=10 um.
3 EHEREIENEHESEHE

Fig. 3 Morphological characteristics of Fusarium proliferatum

JEAEAU1E CBS217.76 Fusarium proliferatum CBS217.76
JZA:HEAIE CBS480.96 Fusarium proliferatum CBS480.96
FUFIRBEAE LC13653 Fusarium verticillioides 1.C13653
JE SRR LC13823 Fusarium commune LC13823

% Sk IE R E GMBCC1039 Fusarium rhinolophi GMBCC1039
RIUFRAE TW11005 Fusarium oxysporum JW11005
RIGRFERE LC13766 Fusarium oxysporum LC13766
A TR CBS130385 Fusarium toxicum CBS130385
100 AR HRI CBS107.07 Fusarium equiseti CBS107.07
97 RIKHE CBS307.94 Fusarium equiseti CBS307.94

2 H 4 1E CBS189.34 Fusarium sublunatum CBS189.34
T TR B KG411 Fusarium gamsii KG411
Tool— ML RS KGA431 Fusarium avenaceum KG431

41— =LA LC13819 Fusarium tricinctum LC13819
AR BERS T CBS118488 Alternaria gaisen CBS118488

7
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Fig. 4 Phylogenetic tree constructed based on ITS. RPB2and EF-1o gene sequences



55

TROCAS , 55 « VD IRAG 20003 S 0 45 5 P~ R AN 245 70 i

1269

Gy AN AT, B SR T A8 R BE T D R 2
Jp3 173 S5 o N J2 R ) B (Fusarium proliferatum) o
2.3 JRIEHE E proliferatum W) F 45 1%

23.1 R ELIENF proliferatum B 4 £ K F=
Freedn  JEHRIIEAE T ME TR R

A 97
g 8§ r 2 a
5 m = ab ab ab
5 71 r — c = = c
g T T
g 6
o
£
S
@ 37
mo2
R |
i i
0 1 1 1 1 1
PDA PSA PMA OMA CMA Czapek WA

ENGIE = e

Different medium treatments

ANRVNG FRFRIRTE P<0.05 /KFEFEE .

et

Spore production/(x1E+0.6-mL™")
o

e, (AN )35 R R AL RG22 28 K ™=l 2 (1) 52 )
ZER i E . WIETEPDAREFREE FINA K it , 78
WA F1 OMA 15 7% 35 b A4 Kl B i 2218 (| 5-A) s 1
PSA B 75 =i ok, W3 m T At 6 P %
HE THE WA B 775 B PA A1 (K 5-B)

—_ —_
B (o) 3] (=3 Nl
(=] (=] (=] (=] [=]
T T T
o

[N
S

Ilan.

PMA OMA CMA Czapek WA
AN B R B AL T

Different medium treatments

(=]

PDA  PSA

R

Different small letters indicate significant difference at P<<0.05. The same below.

&5

PEHEFEAIEX E HRTIEE 25 K (A) K/~ E (B) IS/

Fig. 5 Effect of different medium treatments on mycelial growth (A) and spore production(B) of Fusarium proliferatum

232 IBRE R F proliferatum B 42 A& K Fa
Fiagi#ca JZHPRTIREALE 15~35 °)CYalE N5 hE
A K, 7 28 CCH 1 22 A= Kl B e i, 7 25,30 °CHy
R E 15.35 °CIF A K 2818, T #E 5 °CH1 10 °CH

A 8 ¢ a
g Tr b B
s > c
g or d =
Est =
el
2 4 r
<
S 3t f e
N g
o h
fil 1t
3|
0 D P I T B T I
5 10 15 20 25 28 30 35
A[A)EE Different temperature/°C
& 6

JUPAAAK, HA IR A B R 22 7 2 2 (& 6-AD 5 £
15~35 °Cu [ A I RE ™ 181, 1£ 28 °CINf 7™ i & f K,
2 1 T HARR FE AL B (K 6-B) .

233 BRI FE proliferatum B 4 £ K F=

60 r

S

50 t
40 t b

30

7

Spore production/(x1E+0.6 -mL™)

C

Il

35

20

10

h

0

d
f €
Nl
10 15 20 25 28 30

N[ ¥ Different temperature/°C

5

TEIREALEN R LRI EELZE K (A) R ~1EE (B)HIF/NT

Fig. 6 Effect of different temperature treatments on mycelial growth (A) and spore production (B) of Fusarium proliferatum

FRg e ANEDGHRAT T E H kT 0w 22
ARKMPHENEHAEREER. ELBTE
(12 WG IE/12 h BRI 261 20 B 1 1 iR 22 26 K
R, H = gk B o ME (B D

234 AREEFRAEpHRENFE  proliferatum @ %
A Kfe F I F MR vh IR pH=3~11 G N 1
AEIE W AR I =AM T . 2 pH=9 B, B 22 A= Kl

JE R R s 24 pH=4~7 Ibf T 22 A2 Al FEALPR , HL % b
[F)JC  72 5s M pH=3 N B 2 AL K 4218, 5 HoAh kb
SRR (E8-A). Y pH=4~7 =& e, H
o pH=5 I 7= B K, 3 T A AR T Y
pH=3 F1 pH>8 I} , 7 ff1 i i 2 [EAIK (& 8-BD o

2.3.5 IRl e R A JOR A& IR Fusarium  prolifera-
tum B LA KAe FJo s 89 Rivh N Czapek 5773



1270 B % R F43%
A 75 - B . 7 r
L b a B a
E 7.0 b al s él 6 | b =
5 65| o ] - c ——
1 S 5+ —
o L
L il L
2 50 W8
8 £ 3t
Rl 45 2 5
40 | g 7
Ry 2 1L
w35t 2
wn
30 1 1 ) O 1 1 )
4 B A 12 h 5 12 h OB 4 I AL 12 h PEHE 12 h 6

Continuous darkness Continuous light 12 h darkness /12 h light
AR Different light

&7 AREFHE

Continuous darkness Continuous light 12 h darkness /12 h light
AR Different light

RALIER BRI E R 24 K (A) R~ E (B)RIF N

Fig. 7 Effect of different light treatments on mycelial growth (A) and spore production (B) of Fusarium proliferatum

A g . a
57_ %ia&;bab ab =

E 1N F

5 - c
g T d
%S'e

>

g4

Q

O 3

Nal

£o

S

i

0 Ll L L L L L L i I
3 4 5 6 7 8 9 100 11

AN[F] pH Different pH

7t

Spore production/(x1E+0.7 -mL™)

| =x

be c

3 4 5 6 7 8 9 10 11

AN[F] pH Different pH

El8 [ pH AIEXELRITEE L% K (A) K~ E (B)HIF M
Fig. 8 Effect of different pH treatments on mycelial growth (A) and spore production (B) of Fusarium proliferatum

A AS R e R0 s i o T 22 K R R I R
Mo P ARAE 6 A AR IR K 8 Fh Sl &R g

Koo DA AT AT 51k S o B AN 1 22 A4 A 2 o
PR, DASE 2B N i I 1 22 A A P e 1 5 2 DR
N BRI A B R 3k B RCR I dF HZE R B

A S a 2y
S 7t = c c =
= d = =
2 6} = c
g
5 ST
2 4t
o
St
g 2t
o
b
®| o, . . . . . . .
3 ¢ & S &
X«@\%Z% Q@% N Fe & K & ©
W & S
A % NI

AIE##R)R Different carbon
B9 ARIIFEIEX R LRI
Fig. 9

7

(B9 FE4RE R B RHR SRR TR
e b 22 AR e R, 7 DAH 2R O R
BrRdk bR 2RI e H 2 B U RHR
BRIV (R Oy B E R 7 A B AU, ANaNOs
RUE P R b, BT H A R A (E10) .

o~ 25 ¢
E a
o 20 | —
=]
&
BT b
A C
£ 10 |
Q
S e d
2 5F g I—I f
o
[
aniniee |_| [
[75]
’@%} & \°%© ‘?%’Z%O& & %\*‘ &
NG > S K ‘XS'fzr
& S AR VR RN R5\
G % )ﬂ%@ E6\»/‘\{‘3‘% \
)& %ég o R 0\

A BR Different carbon
BaEK(A) R=HEEB) N

Effect of different carbon source treatments on mycelial growth (A) and spore production (B) of Fusarium proliferatum



S TROUAS 55 VDI, 22009 973 ) B 25 0 2B ) 2 R 1 N 2 5 s e 1271
A - B ~ _
g Z | b a a a T_‘ 6 a b
= d c =2 5] = g ] _
84,19 4 A/ d 4 d e 2T c
2 ™ =) pey == S
R o4t ‘ d
T st i X ¢
= < 3 £ f
S 4 r =g
G .8
O 3 r o 2t g
g o, | ~§
1 2 1 r
31T o ﬂ
’HE[O L L L L ./. L .\L'. ao P I P I L P I VIR I T I
O O Lol FR & © 2 O O & LB & & &
%*b QO” @-% \Qeﬁ@ @@“’0\ o @\*O © @ Q,\” & zﬁ\&QQ@ @@'@0\%& @\*O ¢
% é\ %% %&c}@ @" @ gx < /%’i“?‘

%0 ,é,y@ *éb %@'
A[FAIEJAE Different nitrogen source

RS %70 4@‘1’ )6‘/@'
AR Different nitrogen source

E 10 FRIFRLENEHRIIEELZE K (A) R~ BE(B)HIF/T

Fig. 10 Effect of different nitrogen source treatments on mycelial growth (A) and spore production (B)

of Fusarium proliferatum

24 VERERREERNGTIFIERBRGI

241 FAGBF B FATFHMWELSERERCEE
4, 10 AR T 70 B PR X28 TR 224 K B
AN TR R EE PRI A A T o 98 %% Mk 1 156 411 1 5 14 A
ECs {85 0.070 9 mg-L"; 97% /% MEFE IR 2, ECso fE N
0.261 9 mg-L"';98%% I & 15 98% M ML) ECso HL
43979 0.373 mg - L $u04667mg L', BRI — &
AN e f1 . IR 25550 EC o (B AR X AL , X7 iR

PRI ()0 ] 25 SR80 R 5 LR 25 791 1) ECoso L I AF T
B R PR VA PR AR R 5S 5 A 98 %0 ot TR Mk P40 B
TSR 55, ECsofH =ik 27.557 3 mg- L.

242 BRI HAEERGGEERE EREENH
B 70 58 R IV 5 FhR B, 33— 0 e ot
PRS2 ) MR R . & SPR RIS,
FEET03 55 B 0D TR AR 1) R0 28 51300 TR 25 B A1
(F5). Horr,80% MRz 7K 7 HCki 71« S0% ik B fis 7K

x4 10 MEANELBRIVEEASTHNERLER

Table 4 Toxicity measurement results of 10 original fungicides to F. proliferatum

#57) Fungicide #7181 )9 77 F% Toxicity regression equation ECs/(mg-L™") R

98% itk B 1 98% kresoxim-methyl ¥=5.310 3+0.270 Ox 0.070 9 0.9749
97%% M 97% tebuconazole Y=5.528 5+0.908 3x 0.2619 0.991 4
98%% 1 K 98% carbendazim ¥=5.792 6+1.850 5x 0.3730 0.982 3
98%FHINH: 98% epoxiconazole Y=5.408 0+1.232 7x 0.466 7 0.9977
98.5%J5 57 F1] 98.5% procymidone Y=3.799 6+0.712 2x 1.6855 0.9513
95% CLMEE 95% hexaconazole Y=4.769 2+0.534 Ox 27057 0.973 1
98% Mtk M ik B i 98% pyraclostrobin Y=4.556 6+0.991 5x 2.800 3 0.9733
96% 1 Fr i 96% coumoxystrobin Y=4.679 2+0.287 4x 13.064 8 0.990 1
98%24%5 R 98% carboxin Y=2.563 6+2.167 6x 13304 3 0.992 6
98%ME 17 B JlZ 98% boscalid ¥=0.780 4+2.929 8x 27.5573 0.996 0

R"S S MREFERLCIER S BRAEZEHRFTIAHR
Table 5 The effect of 5 fungicides on sea buckthorn stem wilt

277 % FK Reagent I Incidence rate/% Jri T 1R 2L Disease index B 2R Control effect/%
90%% B R 90% Carbendazim 35.0+5.0 ab 31.3+6.7b 59.1

80% ML 80% Tebuconazole 25.0+2.9a 21.7433 a 71.6

50%[it I 50% Kresoxim-methyl 20.0+2.9 a 18.3+23 a 76.0

75 g- LI 75% Epoxiconazole 35.0+5.8 ab 26.7+4.7 ab 65.0

80% &% 7 F1| 80% Procymidone 45.0+5.8 b 28.3+3.0 ab 62.9

CK (7K water) 85.0+7.6 ¢ 76.3+4.8 ¢ —

FEAF/NG FRERR P<0.05 ZREE.

Note: Different small letters indicate significant difference at P<<0.05.
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