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2R, X, F. ENRRES, REBELE R FIROIZHRASA A PSA Ao £ h3ZHK.
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Identification, herbicidal activity, and selectivity of Fusarium
tricinctum DT-08C

CHENG Haiyang, CHENG Liang*, ZHU Haixia, LI Juan, WEI Youhai, GUO Qingyun

Scientific Observing and Experimental Station of Crop Pests in Xining, Ministry of Agriculture and Rural Affairs,
Key Laboratory of Agricultural Integrated Pest Management of Qinghai Province, Institute of Plant Protection,
Academy of Agricultural and Forestry Sciences, Qinghai University, Xining 810016, Qinghai, China

Abstract: [Background] Galium spurium, one of the main noxious weeds in crop fields, is
mainly controlled by chemicals, which causes serious harm to the human body and the
environment. Microbial herbicides with precise targets and environmental safety have practical
significance for agricultural modernization. [Objective] To screen out the non-polluting and
harmless strains with strong weed-controlling activities and provide new strain resources for the
development of microbial herbicides. [Methods] The strains were isolated and purified by
tissue culture method. The herbicidal activity and selectivity of the isolate were determined by
the spore suspension method. Internal transcribed spacer (ITS) and EF-1/EF-2 gene sequencing
was used to identify the isolate. The phylogenetic tree was constructed in MEGA 7.0 to reveal
the phylogenetic relationship of the strain. Finally, the environmental conditions suitable for
growth and sporulation of the strain were analyzed based on colony diameter and mycelial dry
weight combined with blood cell counting. [Results] A strain DT-08C was isolated and
identified as Fusarium paeoniae. The incidence rate of DT-08C infection in G. spurium reached
47.22%-93.93%, and the strain was safe to broad bean, pea, maize, Chinese cabbage, tomato,
cucumber, and pepper. The optimum media for colony growth and sporulation of DT-08C was
PSA and OA, respectively. [Conclusion] F. paeoniae DT-08C is highly pathogenic to G.
spurium but safe to broad bean, pea, maize, Chinese cabbage, tomato, cucumber, and pepper,
and it has wide adaptability to the environment. The results provide strain resources for the
further field application.

Keywords: Fusarium paeoniae; weeds; herbicidal activity; crop safety; biological characteristics;
biocontrol

JEP(Galium spurium) kg o LR R —
SELERIAAEY), AP ER . Al S,
SRR EEE M MY, SFTAZY, HA R
ff s THIP IR . BORSE R EE, R T
FREHN . HRE . PSR S, R AR
H . TOKH, Sz FREEH k3 b E 5
kA 2 —B) E RS B BT LA AL 4B
B, AR R B KR AR A AR

T BRROR AR B H BRI, AR 25
i H T ™ A PSR R, % A\ S fa R s ™
SR A A B 3 LA R AR R —
o MR HON IR e FCER B A, X
R JEa O A AR HA B B

i 71 TR (Fusarium) B T 2% 51 B B v 6 458
J, Toth 5 3 % A0 H )G R, T
e JE M 1.0x10°4~/mL F) F. sporotrichioides it
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T4 LA /i (Asclepias syriaca), 1% B TG
P 6] X5 4E 75 JE 05 ) Ay B AT B0 1 A P B
e Punjal® MK dfl T A 1.0x10°4~/mL ) F.
proliferatum $% %} - KX bk (Cannabis sativa)t# #
I, fEtR S d I HHBIEE NS, 8d JFARHiHZE.
Collins “FPHE LTS 1.0x10° >/mL # F.
species P F A K 6 JA I AL 72 (Panicum
virgatum)fE ik 7 d J5, HoAE BRF- 220 i T ARk )
42.5%,  [7] Bsf % MR B b 1 i A A 0 A
A, A B R IR A B 15.4%42.6% .
Motlagh! 3¢ B 47 10°4~/mL %) F. equiseti {11
AT 2-3 A 7K B Echinochloa oryzicola)
witG B E R A, A RBUERIET
Nazer ZEUHEHEE Ky 1x10°-1x10" 4~/mL Y F.
oxysporum i - $%£ Fl F 4 k¢ 51 24 (Orobanche
aegyptiaca) , I i 73 B 51 24 1 A4 ) i @ 35 B AR
58%. 74b, TEGRIITR A B UCAE A PR ]
Jrifl, F.tricinctum 7= A (3 3 4-50 60K H AR
Xof S R R L 4 5 (Bromus tector um) i1 i & il
JURZF Ay T AT R I A Li 0
HiE F. proliferatum AR A ACIE P 1E M R
100 pg/mL B, X SB i (Amaranthus retroflexus)
MR K 3 R G5 83% . Anteyi 2 U7 iH
F. exometabolites Y7 = — & Tk L ik T 1 44 T
(diacetoxyscirpenol, DAS)7EHE A 1-100 pumol/L
I, sea il 15484 (Sriga hermonthica)
SOPL USRI 2

I i D438 ) I~ 258k 71 7 (F. paeoniae)
X SRR ) B B REAIF S . DR, ASBIF SR LUK
PR BF X%, Al F. paeoniae 4355 Ik
DT-08C XoJ 4 B 5 9 5% 55356 1 B Xof A ) 1) £ 4
PE, B AE R FF R BT I 1A P o ) 4 AL T A

1 S

1.1 ##
1.1l #&m

EjFE(Alcea rosea)fHAM 7 REE T H AT
TH, S5 EE T 4 CORAFREH . 245 Fh+
FEIRIICRAE T 09 T VRV T AR WL S 5
i o VEYIRD G T R AL A R
1.1.2 HEHFE

JK B G B 57 3 (water agar medium, WA): 35
fE 20.0 g/L; Eh%% 28 % W3R 55 9% 2L (potato
DR
200.0, #i%HE 20.0, BllE 20.05 SHEREREABA
B3z #2%k (potato saccharose agar medium, PSA)
(g/L): THER%E 200.0, HEHE 20.0, Ffli 20.0; 7
# F K375 (oatmeal agar medium, OA) (g/L):
M F 30,0, BAE 20.05 FORMBUG R I 5
(cornmal agar medium, CA) (g/L): E>K¥;330.0,
Bilig 20.0; LR FEHE(Czapek dox agar medium,
Czapek) (g/L): NaNO; 3.00, KH,PO, 1.00,
MgSO, 0.50, KCI 0.50, FeSO, 0.01, Jif
30.00, AR 20.00; FLAFEA B B 5 AR A

(Richard’s synthetic agar medium, Richard)
(g/L) : KNO; 10.00, KH,PO, 5.00, MgSO,

2.50, FeCl;0.02, i 20.00.
1.1.3  FZERFIFLEE

75% kG . 3% NaClO, Tween-80, |V [H
AR RA TR w] s FLA DNA 4 B0
&, ETAY TBREE R ARAE . fEil
B, T RIS RBH A R AR ER R
Gitw, Dl ERE R A BR A
1.2 REEMSBEEL

B4 25 EU AT B S A e i, e R LR
BAASREE, AR ) IR 2% (e g A8 Sk ) D
BUNR(5 mmx5 mm)ZH 800, RIRTE 2%
NaClO Fl 75%iPiAg iR 30 s, HuhfEHICH

dextrose agar medium, PDA) (g/L):
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K 3k, R PDA K533 |, 28 °ClHIE
Fig% 35 d, g BRI Ak bR, WA
7 DT-08C.,
1.3 RERBFRZRGEE

B> B Ak DT-08C 3T L #8% 3T U 1
(®=8 mm), HEFT PSA B, T 25 °Ck
Jil 16 h:8 h (L:D)&AMF FXE3R 7 d )5, HKFH
P LR P S R JE TR B T, ISIE T
KZE 10 mL, PR )5 il A+ 2B
1.4 SR B EUm SR

SR AW B T A e, T 75%T8
FEEFEAL R, MR I E TSN 9 em REFRINL
W, OB 25 CCRESR 7 d IS R4 B TR AR A TR
it b, DA PSA RiFREHONZS FAXTRRAL, 42
UG I A8 IR EE(25+1) °C. AHRHEE (relative
humidity, RH) 60%+10%Fr5: T35 7 d, M
SCHR[16]09 5 s HE T A 0 e R s oL, f kb
HEE 3 K. 1 K JoW; 2 K O<RBEHIH
<1/3; 3 Z: 1B<RHER<1/2; 4 . 12<0%
BEMRL<2/3; 5 9. 23<RBEmiA<,
1.5 REZFHIAIE MK

T HDE 3G Al 1% NaClO 7 #:4b
M, B AHE 20 b, FRIEKE 4-6 M
B, DL 30 mL/AREZRa EAT W55 H A (R R
10*#1F/mL, % 0.5 mL Tween-80), =% X HaZH
PLVE KN 0.5 mL Tween-80, ##P)5 & TiRE
(25+1) °C. HIXHEEE(RH) 60%+10%3R55 T 5555
7d, WEIFICRAER I RIRIE DL . S ESCHER[17]
S BTSN I i e N TSR S TSN e e 4 & 1 e N
WMo 1% ToR; 2% 0B AN<1/4; 3%%:
VASRBEAR<1/25 4 Z: 12<RBETH<3/4;
59%: 34BN,
1.6 EHEF DT-08C 18T 2 F®3TIEH
TR IR 2 2R B UM E

W53 B bR DT-08C 1755 15 IR0 i 6 3 4y
AR E 3.92x10' . 3.92x10% ., 3.92x10° F

3.92x10* fllF/mL, XF 4% BRI A 5 I % 2R
BiR e . JrikME 1.5,
1.7 {E¥RE&METEN

SRS IR EY A TS o AP A, R
WERS EICER[17]. 1 S JOREE, 0<IRIh 15
<5, FHNU4(no symptom, NS); 2 2. 0<
FRBETRAL<1/4, SRTETEE<10, SR NRMIT
v (lightly susceptible, LS); 3 2. 1/4<JiHE i
<1/2, 10<¥5 1% 35 B <50, 2 9% v 25 3%
(moderately susceptible, MS); 4 2. 1/2<JiEE I
FR<3/4, W51 48 $0>50 , %5 9% g /™ & &R
(severely susceptible, SS).
1.8 REEHEE
1.8.1 EEFLETE

B B HE R DT-08C BT PSA Rgi 3t
(25+1) °C. SEJEIH 16 h:8 h (L:D) &M F 535 7d
&, 7% SCER8) ML R V5 TE S 454, X Hik
IR %E,
1.82 HDTFEYFERE

BB HEibk DT-08C 7 PSA Rigdkvh+
(25+£1)°C. M 16 h:8 h (L:D)&FFRiFE 7d
Je, R BII 22, R E T DNA ##
BOR 7 2 BOH L N4 DNA, ff 51 4 %t
ITS1/ITS4 Il EF-1/EF-2 (& DY 4> B AR LA
LM N S S [R]BR X (internal transcribed spacer,
ITS) Fl#fe JJ B 5% 5% 4 ff [ -7 (EF-1a, EF-1/EF-2)
RIS . 519 A T A TR (R By
HIRAFEA . PCR W AZRQ25 pl): 2xPCR
Master Mix 12.5 uL, . FFs14#(10 umol/L)%
1.0 uL, DNA i#(50 ng/uL) 1.0 uL, ddH,O #Me
25 pL. PCR JZhi4f4: 95 °C 5 min; 94 °C
30s, 57°C30s, 72°C90s, 30 MEH; 72°C
10 min, PCR FEHIZ 1.0%35 I HHEE I o 1k K
W, WCEERE SR B A T A TR EE) B A
BN EII R, ARAS 0 P 5 54 T BLAST [A) M e
Xf, i MEGA 7.0 /ISR EAME R G K
B, bootstrap K IR ELA 1 000 IK .
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Table 1 Information of primers used in this study
A Gk il TR
Gene Primer Sequence (5'—3") Product size (bp)
ITS ITSI TCCGTAGGTGAACCTGCGG 536
ITS4 TCCTCCGCTTATTGATATGC
EF EF-1 ATGGGTAAGGAGGACAAGA 704
EF-2 CGGAAGTACCAGTGATCATG
1.9 HEHRIEMERFEAR 1.3, HabFE g 3 kPl
1.9.1 EFENEFLEKNFRENZIN 1.94 RBEMELEKIMSHENZN

53 B R E DT-08C 73 5l #Rh T iR 7 Fdk
FeHE, BRI EER 1120 F 25 cClEEE:IF
7d, JAWERR R A58 ke g e,
IFAMICR MBS, 228 B 53] 50 °C
MA PR, B K E R AR
S ERTTE, 14 d e s, e ik
[ 1.3, MAMER 3 K,

1.9.2 BEMNELEKMFHRENENT

B0 B B R DT-08C 2R T PSA B IR 5L, B
T 5-40 cCRyfEIRIEFAA T, 7 d JFWE R E
7y SR, KRR TR iR
b, KR 14 dJRIEH g, e ik
1.3, FRAbHER 3 kP,

1.9.3 #0%5 pH M E LA KFFRE RN

FIH HC1 #1 NaOH % #(0.1 mol/L)BL i %] 4R
pH {E 4 3.0-12.0 f) PSA 5 %L, F 7d MR
HHEAR; S ERTE, BRERER THE R
Bt b, B3R 14 d e g, JrikmE

Wtk DT-08C WHHEM T PSA HiFR1LH
e BERNE BB AE 24 hERE . 24 h MBS
12 h YGHR/12 h BBHS . 24 h BEOGATAbIR . 24 h &
SATAEISAE T, 25 °C¥s3: 7 d 5 liEhn RR
LT3 SO R I HAg s S ERTTL,
W R Tl iR gk, 25°CHEk 14d )5
e i, REANEE R 3R,

1.10  HEE

FIH SPSS 18.0 x4 Fil Duncan FGHi & Mk 25

DA TR ST o A N 22 57 S 2 PEAS 3

2 EREM

21 BAEMREHREMENESR

/Y Eitk DT-DYLC. DT-XRKA . DT-YSBI,
DT-QKBDO004A 1 DT-14A2 43 AR 7 d J5 (36 2),
FERERAI 2R B, RIEEESTRIN 31.70%
27.60%. 24.34%. 30.68%7F128.59%, WH 2 %

R2 EHROBERIERIRBBIAM F2mE

Table 2 Disease incidence of seven isolated strains detached leaves of Galium spurium

[l % A= AR o B T X VS

Strain No. Leaf area (cm?) Canker area (sz) Disease incidence (%)
DT-DYLC 6.34 2.01 31.70+1.66¢
DT-XRKA 6.63 1.83 27.60+1.85d
DT-YSBI 6.78 1.65 24.34+0.83¢
DT-QKBDO004A 6.16 1.89 30.68+1.59¢

DT-08C 6.55 4.18 63.82+1.32a
DT-14A2 6.19 1.77 28.59+1.98d
DT-04A2 6.39 2.88 45.07+0.95b

CK 6.88 0.00

B J P I EAR R, A F/NG P RN HA B35 25 5(P<0.05). T IH
Data were presented as mean+standard error, data with different lowercase letters indicated significant difference (P<0.05). The
same below.
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ST HE M DT-08C 42F0 )5, FEP i s i
PG BE , HEAP IR R KWFEN 63.82%,
RN 4 Ho ST HIE DT-04A2 05, &R
WAL A 22, R B,
RGEH 45.07%, R 3 9.
22 BREZHBY

I3 BBt B Hifk DT-DYLC, DT-14A2 Al
DT-04A2 R F2P2M 7 dJ5 (Bl 1), MEkkZE
MG, AR, AR, 3/4 DL ERY
MR BB, W 75.00% ., 79.89%
#179.73%. DT-YSBI1 Wijifi 7 d J&, AHbEM 2

B, A EAETRABL, KRN 27.78%.
DT-QKBDO04A Mijifi 7 d J& , #4r25m T4k, 1/2
DL R BB, RERRAE K Z BB, &R
K 63.89%.DT-08C Fl DT-XRKA 43 B¢t 7 d
J AR 3/4 DA_E R At B ERE , AERR A E
FORRCRIIE,, R IIE 88.22%7F 84.78%

TR DT-08C 5 DT-14A2, DT-04A2.
DT-DYLC. DT-QKBD004A . DT-YSB1 T ¥kAY
RIRZE . ST BB E O L, 25 5%
(P<0.05) (& 3)o ik Hi X 4 B s S0 M dpc g 1)
Sy B AR DT-08C.

1 tHSBEHRETEIFRNERRBERIRBUFE  A: Fk DT-DYLC. B: FEkk DT-XRKA. C:
HiFk DT-YSB1. D: Eitk DT-QKBDO04A. E: [#tk DT-08C. F: Htk DT-14A2. G: Fkk DT-04A2. H: X}

Figure 1

Pathogenicity of seven isolated strains to living potting of Galium spurium. A: Strain DT-DYLC. B:

Strain DT-XRKA. C: Strain DT-YSBI1. D: Strain DT-QKBDO004A. E: Strain DT-08C. F: Strain DT-14A2. G:

Strain DT-04A2. H: Control.

R3 LHROBRERETRIZRXEIRIRAIBE 7

Table 3 Pathogenicity of spore suspensions of seven isolated strains to Galium spurium

R G 5 RIH 9o T4 4 fif 7 fief 1 55550

Strain No. Disease incidence (%)  Disease index Fresh weight (g) Fresh weight efficiency (%)
DT-08C 88.22+2.21a 94.454+3.23a 1.92+1.24¢ 87.90£1.87a

DT-XRKA 84.78+2.78a 88.19+3.56a 2.26x1.87¢ 85.76+1.38a

DT-14A2 79.89+3.27b 61.81+1.47b 2.92+2.66e 81.60+3.12b

DT-04A2 79.73+£1.39b 40.97+4.76¢ 3.18+2.58de 79.95+£2.52b

DT-DYLC 75.004£3.69bc 39.58+3.57cd 4.38+3.77d 72.38+2.77¢
DT-QKBDO004A 63.89+1.78¢ 30.56+4.32d 6.26+2.41c¢ 60.58+4.88d

DT-YSBI 27.78+2.64d 11.80+2.43¢ 11.82+3.72b 25.55+2.55¢

CK 15.87+1.37a
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2.3 AERE DT-08C HHkF&E:Z&x
BB B RBRE AR 2

Wtk DT-08C fiFEI2| 7 d J5(K 2,
% 4), 3.92x10* #1F/mL e L0 TR A RE T AT R
RIRENE, KRR THIET:, K%, N
% 8 B0 i R 7 204 ik 93.93% . 90.32 Al
89.69%. 3.92x10" ffIF/mL ¥ EEALFRAAE R R
T RIBEITAT, KW N TE TR BRI EE BR800
WA 47.22%. 45.43 1 41.19%, 3.92x10" ffF-/mL
AEBRI K ATETE B EEE RS 107, 10
10 Ab AL, 225 53 (P<0.05).
24 HEE DI-08C M ARENR SN

W R 3.92x10* #F/mL I #& DT-08C
I I AR T EY 7 d JR (& 3, 3R 5),
WAL BT K, 3. o, #NFIBUR

RIGHRFIRIEIE BN 0, L% NS; i
iy /N2 RS AR AR I e A R R BE A AT
R RN 1 48 205 Bl 9.45% . 7.67
9.33%. 6.43, LAEFHN LS; BEFhn e
gy P ARG, RBERACR 1/4-172, KR
RN 31.56%F1 35.71%, LR AN MS; B
Fh AT S B ™, BRI ARIS 1/2-3/4, Kk
R R T8 B0 65.83%F1 51.60, 2444
g SS.
25 NEEMRHLEESE
251 WEFLETHER

Iy ES TR RR DT-08C 76 PSA Bi3i KL g% 7d
G, WM, wihaa, EITFREED
GHEAENEG, HEENTRE 4A). WL
i, ECEMAUR(E 4B). RELMA AT

B 2 SBEEHK DT-08C FRIAREMFEZRNEMRMBFEEZIWEEME 7 d)

Do ™ L .

A: XIHE. B:

3.92x10* #8F/mL. C: 3.92x10° #8F/mL. D: 3.92x10*#F/mL. E: 3.92x10" 1 F/mL

Figure 2 Effect of different concentrations of spore suspensions from strain DT-08C on Galium spurium (7 d
after inoculation). A: Control. B: 3.92x10* spores/mL. C: 3.92x10° spores/mL. D: 3.92x10” spores/mL. E:

3.92x10" spores/mL.

R4 EMSBEK DT-08C R8T 2IF KA X JETRIR I H %

Table 4 Pathogenicity of different spore suspension concentration of strain DT-08C to Galium spurium

W R o T 415 £ fief fief 7 754

Concentration (spores/mL) Disease incidence (%)  Disease index Fresh weight (g) Fresh weight efficiency (%)
3.92x10* 93.93+3.12a 90.32+1.33a 1.54+1.77d 89.69+0.44a

3.92x10° 78.45+1.32b 68.55+0.89b 4.60+1.21cd 69.28+4.22b

3.92x107 63.13+4.18¢ 60.39+£1.37b 5.93+2.62¢ 60.33£2.12b

3.92x10' 47.22+2.44d 45.43+1.65¢ 8.80+1.35b 41.19+1.56¢

CK 14.96+1.43a

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FRIVESS: 43 BBk DT-08C HI%s 5 L HBR B IS TR EY 1) 22 4 1 4901

B3 HEEH DI-08C BFRZRIMMEMREMMIFM  A: WK HLRS 5 (&, Ml £, T
[[).B: &G HFIE . C: B FJFH 224 5. D: INEHHE38S . E: HHREEL 185 .F: £KEFE
517%5°.G: HWH 65 . H: FAiME 368 5. 1 N rhfk 551 §E3RHE 15 K. B
45 L. HhHEH2S

Figure 3 Effect of strain DT-08C spore suspension on crop safety. A: Brassica napus ‘Qingza 5’ from control
(left) and treatment (right). The same below. B: Vicia faba ‘Qinghai 9°. C: Pisum sativum ‘Caoyuan 224’. D:
Triticum aestivum ‘Qingchun 38°. E: Hordeum vulgare ‘Kunlun 18°. F: Zea mays ‘Qingyu 517°. G: Brassia
campestris ‘Zhebai 6°. H: Solanum lycopersicum ‘Boyu 368°. I Cucumis sativus ‘Zhongnong 5°. J: Spinacia
oleracea ‘Huabo 1°. K: Capsicum annuum ‘Zhongjiao 4’. L: Raphanus sativus ‘Chunbai 2.

£ 40-70 um, & 8—12 um, KRR, A€, 2
BeILIR(E 4C), ML ZRHE, K558 0
BRI %0 S Bk ] TR & (Fusarium) .
252 NFENMFLTEER

PCR 9 #{44k1% DT-08C B £ rDNA ITS J751)
FNEF-1/EF-2 JEH 741, K553 718 536 bp #1704 bp,
GenBank #5543 0Q777148 F1 0Q779190,

58S R OP699815.1, OP699813.1, OP699812.1
FI OP699811.1 AT II IR ARG K T W RIEESN
[f]—/> 3 (&l 5A). BT EF-1/EF-2 LR FIR RS
REITEEREY], 4y bk DT-08C 5E5k5H
OP715608.1 . OP715607.1 11 OP715606.1 FIA 245k
JIFERF R4 32(E 5B). 2o Fkk DT-08C
YE NSRRI, A AT 2RI DT-08C.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4902 A 2 AR Microbiol. China

R 5 FE#k DT-08C 18 F 2 F R IEM & mF iR 15 B =2

Table 5 Effect of strain DT-08C spore suspension on the disease incidence and disease index of crop

{4 e it 15 4 RIS
Crops Disease incidence (%) Disease index Safety grade
IM3E F 44 5 5 Brassic anapus ‘Qingza 5’ 65.83 51.60 SS
/NFE T F 38 5 Triticum aestivum ‘Qingchun 38° 9.45 7.67 LS
HHEA 18 5 Hordeum vulgare ‘Kunlun 18° 9.33 6.43 LS
A H 9 9 5 Viciafaba ‘Qinghai 9° 0.00 0.00 NS
i 5 ¥R 224 5 Pisum sativum ‘Caoyuan 224° 0.00 0.00 NS
K E 517 2 Zea mays ‘Qingyu 517° 0.00 0.00 NS
3 #iH 6 5 Brassia campestris ‘Zhebai 6’ 0.00 0.00 NS
FHitHE 368 Solanum lycopersicum ‘Boyu 368’ 0.00 0.00 NS
N H4R 55 Cucumissativus ‘Zhongnong 5° 0.00 0.00 NS
3R AETIE 1 5 Spinacia oleracea ‘Huabo 1° 31.56 29.85 MS

L P L 4 5 Capsicum annuum ‘Zhongjiao 4° 0.00 0.00 NS
¥ N 2 5 Raphanus sativus ‘Chunbai 2’ 35.71 36.68 MS

B4 HEFEHK DT-08C BESHE A: W% B: BB C: HERT
Figure 4 Morphological characteristics of isolated strain DT-08C. A: Colony. B: Conidiophore. C: Conidium.

2.6 S EE DT-08C AW F 4514
2.6.1 EFEMEZLERKINFRENEZ LGS
SEWIEEEMPE L TELG A (E 6,
Bl 7), DIKBERERE R EAE X B, T 25 °CHY
fEIREEFRAA TG SR 7 d 5, #HAY 6 AhdEsRIt
X VA BRI 22 T 3 HA AR B 52
M LA FORM R IR IS B R, ik
65.32 mm, HFE2Z T HEEM, #0.023 g; HK
e A iR 5L . PDA Ml PSA RigREE FRYTE

PSA BRI RHE HAME L TERE S TH
ks 3R 3L, Rt PSA 55383 AT 254k )] @
DT-08C B Bk I 22 A= K 1) e il 45 97 2

ME 8 FIUL, YA T H i B, W
PR e T A R R A, K F
6.08x10° ff1F/mL; HUK/Z7E PDA Hil PSA }i7 Sk
BrrBcREZ, 351 3.98x10° 1 F/mL Al
3.87x10° f1F/mL; K FKRENE . EXKB.
Czapek fl Richard #5 5 5& b Pl im0 Al

EHEAE K, WIEERS Mk 58.63, 58.55 F
56.47 mm, 22T H )71 PSA 557 3L A
il PDA }igidem, 5 0.047 go %8 EARR, 1

IR BB IR AR, Xk e I 2 E
IR B AR AR . SRR AT H
DT-08C AYfzid Hifr 3 M alie e Fr i gr 2k .
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A Fusarium paeoniae 206H (OP699815.1)

Strain DT-08C (0Q777148)

Fusarium paeoniae 144H (OP699813.1)
100 Fusarium paeoniae 132H (OP699812.1)
Fusarium paeoniae 7TH (OP699811.1)

Fusarium nurragi CBS 393.96 (NR_159860.1)

Fusarium cicatricum CBS 125549 (NR _174640.1)
99 [ Fusarium abutilonis NRRL 66737 (NR_182409.1)

75 Fusarium buharicum CBS 178.35 (NR_173416.1)

Fusarium zanthoxyli NRRL 66285 (NR_175776.1)

99

o6 99 [Fusarium burgessii CBS 125537 (NR_172292.1)
Fusarium algeriense NRRL 66647 (MF120477.1)

100 —— Fusarium hostae NRRL 29888 F (MT435066.1)
Fusarium phyllophilum NRRL 13617 (NR_182426.1)
95 Fusarium hechiense CGMCC 3.20824 (NR _182846.1)
89 ' Fusarium elaeagni CGMCC 3.20822 (NR_182845.1)

93

0.005 0

Strain DT-08C (0Q779190)
100 | Fusarium paeoniae 196H (OP715608.1)

Fusarium paeoniae 144H (OP715607.1)
Fusarium paeoniae 132H (OP715606.1)

99

| Fusarium avenaceum CBS 408.86 (MW928836.1)

100 L Fusarium reticulatum CBS 473.76 (MW928841.2)
100 Fusarium juglandicola UBOCC-A-119001 (MZ078243.1)
100 L Fusarium aconidiale UBOCC-A-109005 (MZ078246.1)

Fusarium nurragi CBS 393.96 (MW928840.1)

Fusarium austroafiicanum NRRL 53441 (MH742686.1)

—— Fusarium sterilihyphosum NRRL 25623 (MN193869.1)

100

Fusarium guttiforme CBS:409.97 (MT010999.1)

—
0.020

B 5 ETF rDNAITS [F%I(A)#0 EF-1/EF-2 (B)E E F 5| LIS E 2 WER 2 B E#% DT-08C R EHHEXE
MHRGZEABR  FE5H0)F 510K GenBank B 5455 40 % EAEUFARFEZ 4> 1Y bootstrap {H ;
b R IR AL I

Figure 5 Phylogenetic tree of isolated strain DT-08C and related species constructed by neighbor-joining
analyses based on the rDNA ITS (A) and EF-1/EF-2 (B) genes sequences. The serial number in brackets
represents the GenBank accession number. The number on the branch point indicates the bootstrap value of the
branch. The ruler represents evolutionary distances.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4904 A E Microbiol. China
80r Colony diameter oMycelial dry weight ]| 0.08 _ 80
B b b A 3 2
b = = a
E 60fcq ¢ de 0.06 £ % 60
— a 6
T M- 2 2
.g 40} 0.04 _g‘
o b C b =
E‘ bc %
S 20r 0.02 o
o >
0 0 &,
X > n I I I d
&Yv QQYV QCJYV QYv (}SZV CJ(\?Q@ @é{b& 0 € i Z
Media 7P T W ot &
6 REHEFEII 2541 E DT-08C Bt K Media
M ARREVNEFEZOR 0.05 KV F2REE. TH
Figure 6 The mycelium growth of Fusarium 8 FREEEE FH 5] R DI-0SC B=H S

paeoniae DT-08C grown on different medium. Data
with different lowercase letters indicated significant
difference at 0.05 level. The same below.

Bl7 A75%TIE DT-08C AR REFE FMEL
K A KBUEREIREE. B: PDA K JREE. C: PSA
FiFedk. D: e HiFRAE E: FRMEIRIL. F.
Czapek }557#3E. G: Richard K53¢ 5k

Figure 7 Mycelial growth of Fusarium paeoniae
DT-08C grown on different medium. A: Water agar
medium. B: Potato dextrose agar medium. C: Potato
saccharose agar medium. D: Oatmeal agar medium.

E: Cornmal agar medium. F: Czapek medium. G:
Richard’s synthetic agar medium.

Figure 8 Spore production of Fusarium paeoniae
DT-08C grown on different medium.

BENMELERKNTRENF LR
K 9 firn, DT-08C 7E 5-40 °CHYTEHMA
T A K, MR R 30 °CH A& DT-08C 1%
HEMEZ THERYBE G THMLIRA, B3
60.15 mm 71 0.054 g. M4EEM T & T 30 °C
W, WK ERMELZ T ESSEIK. 4R
&R 35 °CH MR AE K Z BB, WA
M2 T EA 510 31.44 mm 1 0.024 g, FHIA]
2k 1 DT-08C 1y fpeidi AE KL 30 °C,

2.6.2

0 . . . 10.08
—e—Colony diameter —=Mycelial dry weight

E 60 b4 006 2
£ ¢ b 2 =
© £ Nt =
o . .y
5 10 15 20 25 30 35 40
Temperature (°C)
9 REXATAYRIIE DT-08C HLEKAF N
Figure 9 The mycelium growth of Fusarium

paeoniae DT-08C grown on different temperature.
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WE 10 fos, M EETE 5-30 °CZIA]ET,
Bl o L P 2R T R, TR O T R T K
MR EAE 25-30 °CHE PR R K, 4 ik
6.55x10° #1F/mL Hl 6.59x10° 1 F/mL; ZJ5
Wil R O TR, R R A R N Y
W B2 N 40 °CHF AR AT AR AR A ML F L, A
1.24x10° 8 F /mL . &% 3 % W A5 25 9 )] 1
DT-08C Y fidi  fl it B2 ok 25-30 °C.,
2.6.3 IEFEVE pH MELEKIEBREN
A RS

WK 11 i, DT-08C 1E5 35 ) A
pH 3.0-12.0 A AK, X146 pH 7.0 B

80

yores/mL)
[
S

Spor

5 10 15 20 25 30 35 40
Temperature (°C)

10 FRIRENATZRIIE DT-08C R~ E
Figure 10 Spore production of Fusarium paeoniae
DT-08C grown at different temperature.

0.08
—e—Colony diameter Mycelial dry weight s
) b @ &0
£ 60 ~. 4 0.06 £
5 &b Ak f B

3.0 40 5.0 6.0 7.0 8.0 9.0 10.011.012.0 0
pH
11 $BEFENE pH FHMA AR IIE DT-08C
H Lt KEE
Figure 11  The mycelium growth of Fusarium
paeoniae DT-08C grown at different initial pH.

HEMBE £ TEEKRK, /705 63.18 mm Fl
0.053 g YW1k pHAETH R BRI, F22EK
HARFR 22 T EY 2L, 49045 pH 12.0 B
VK HAC T 22 T30 9P 2 35.75 mm 1 0.024 g,
A DL SRR IR pH 7.0 HIE AT 25k T T
DT-08C TR # v M AE K .

mE 12 Fros, #itG pH 3.0-12.0 JuH A
DT-08C WHRIZ A7, EAFWILG pH {EXT
DT-08C " fll it A & W& . 4¥I4h pH 7.0 I}
PR OR, ik 6.68x10° 8 F/mL; 4 ¥)th
pH>7.0 B Al R 40046 pH 12.0 BF™ 41
R H T HAR A, A 0.6x10" i F/mL. 45
RRWAT 258k 1T DT-08C Myfeid r= w4k pH
fHl 7.0,
264 REMELERNFERENEING

mE 13 iR, JEIEAEXT DT-08C F bk
22 KB R . YGRS 24 hok
WIS, PAVE AR RN 22 T EH 1 8 35 5 1 Hopth b
FRZH, 3k 72.51 mm 1 0.064 g; SGHE SN
24 h EATLEHET, W HARME2Z TEEK
ik, M 45.55mmH10.026 g. 25K FAATZL5E ]
P DT-08C s idi A= KOG IR 2544 0 24 hoGHRARFE

80 -

60

40 -

20

Sporulation (x10* spores/mL)

0 1 1 1 1 1 1 1
30 40 5.0 6.0 7.0 80 9.0 10.0 11.0 12.0
pH

12 RE#4E pH B2 28R T DT-08C BIF~f=
Figure 12 Spore production of Fusarium paeoniae
DT-08C grown at different initial pH.
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WnE 14 s, DT-08C HRE 32 YGRS
MR OISR 24 h BICATRI 24 h E0O0
KU, BRRIP=fmiok, 439k 6.81x10°f1F/mL
M6.73x10° i F/mL. 436U5 K 24 h HCREIS, B

80 4 ) . ... 10.08
mColony diameter o Mycelial dry weight
a b -
—_ 50
g 60+ 10.06 =
g . } £
5 G d 2
2 b =
.g 40 c 10.04 5
s g ¢ | =
g 2
20 0.02 2
S =
0 X NS X 3 3 0
SN R
D:Q b:&‘ ,\:Q B NS
v v NN ¥ S
'\\‘?}\ N o
QS v 2
N L.
[lumination

13 RRFHMNALRIIE DT-08C HEE K
abA )

Figure 13 The mycelium growth of Fusarium
paeoniae DT-08C under different illumination.

80 -

Sporulation (x10* spores/mL)
N P (=)
S S S (e
T T T
h@
o
[

3 NS NS X X

S S

b:ﬂ\ b:ﬁ\ ,.»\\ B N
v v N SF 0&
=3 > <
A v »
N
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14 AREEFEMZZA%RIIE DT-08C HIF-RE
Figure 14 Spore production of Fusarium paeoniae
DT-08C under different illumination.

RGP G, H2.21x10°#iF/mL., 45H83%
BAAS 259k JJ T DT-08C AYHcE =GR 24 h
HOETFD 24 h 250K AbFE

3 WwE5&E#

HRT, 8 e i B A7 OSSR R i . 4%
ik [0 el e il R S RUIIE 4 £ R A Ak 2= B R R Oy
P20 (B 2 B R A K ol R o B T
F) R B8 R B a2 A S ) R, DXL I R A A 28 1l
A= ) B 500 K B B VR 0 H TAD R Bk € 8 B
HETAF ST I 0 o A5 DL BORE Tt Sy 75 o
P4, AT BRGr B Rk I L AR — MR LA R
Bl v 1RO TR DT-08C, X % i i) fi = B 4
k5] 89.69%.

I R 1A% 32 TR AR 118 42 4 PR AR 208 e 2 A o
ARG 2 A E AR AR, Bk DT-08C
WSE N 3.92x10* #F/mL AT LLAE LLRE Sk
IR/ G . i G M EKREEY HAA
B T W) NN = 0 6 e e e o ) I )
BAENNER, /INEZ L AR BESEAN A N G E A

e 1 T JE B A A SR LT RN BUR iR A
R, R RAeEKE )Tz oA SR B RR
FZ—, AlZYE 100 ZFEF EMEY), BHREY
M IEH R4k e, slRmMZEE LT, B
i TR 22 R B R i D TR RN 2R 285G R4
% J) 1§ (F. graminearum) . — £k %k J] I (F.
tricinctum) . HZkHR 7T 5 (F. moniliforme) . fHEZZ
ik 71 (F. avenaceum) 1751 i /] 2 (F. solani)
N DA | /= i1 U VA =X 7 oAy
R, BAHNE ST B RE DT-08C HATZ5HiTTA

TLTR B B0 A TR Sl I IR BE 25 T A g
Sl A FE , AR R4 B B
I, BB 0 B TR R I AR ) 2 e PR A R 8 T 0T b
RAETERI ATV 7o A I LU 3% B4R AR
22 T H RN, TR BB FR AL . B R
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G pH. i R BE A5 A 25 TR X AT 2k T
DT-08C WKW, 45BN, ~j2HT]
P DT-08C 7£ PSA K537 S th i 15 EAR F TR 22 T
2 m FHALRE SR, Frid PSA B3R EATE
B JITR DT-08C H 224 K I Fadi 15373 fodi A
KIREEN 30 °C; & EEMRA K PIG pH
$73.0-12.0, HIEWIHE pH 7.0, 7] ULk
EAATZHR )W DT-08C Rk E A K 298
U5 24 hOBREAL AT, Fdl B DT-08C IF K I 22
AR PRI R B, A28k DT-08C 7EHE
& R R i A R, RN PDA B
LA PSA BEFRAE ;s d5od il By 25-30 °C; i
i) I pHAE N 7.05 Fi 7 OGRS 24 h
MSEKT RN 24 h 26T

A 5 TR Y 3 il 5 B AR 97 TR R R —
KA WFTE e, TR B AE By 1 A F Kk A 7
W2 BN G ZRIREE AR P AR5 e 45
B R X B bk DT-08C 4 LE B VG R 1F
17 TV, HIE T i — 2 A B ARAE S A2 B
R AT T, A 2 7 70 AR 8 A o N A 25K
AR
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