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Abstract: Fusarium infection of wheat can lead to scab, mycotoxin contamination and yield reduction.
Fusarium is a serious threat to food security. In this study, the Fusarium strains in wheat were isolated and

identified. The three strains N1, N2 and N3 belonged to Fusarium graminearum, Fusarium asiaticum and
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Fusarium culmatum, respectively. The production of zearalenone, vomitoxin and fumonisin by the three

strains was analyzed by toxin-producing gene detection and mycotoxin detection. The results showed that N1

and N3 could produce zearalenone and vomitoxin, but did not produce fumonisin, while N2 did not produce

these three toxins. In this study, ozone and chlorine dioxide were further used for gas fumigation to explore

the effect of gas fumigation on the three strains isolated. By observing the spore morphology, mycelium

length and mycelium morphology, the results showed that chlorine dioxide fumigation could effectively

inhibit the growth of mycelium and spore germination, while ozone could only inhibit spore germination and

had no obvious inhibitory effect on the growth of mycelium.

Key words: Fusarium oxysporum,; virulence; mycotoxin; chlorine dioxide; ozone; fumigation
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FiFe s b, IR INEE &&= (25 mg/L) LABG 1R
PG o Fo R 2 T TR KIS kS BT
PDA I, FSHE SR 0I5 G B K B 2 0h T
PDA I, MR GRS ECE T 28 CRYEEFR
FETHEESR 3~5 Ko 00 B FRTR VR S AL BT Y
PDA “VHr I Hi3%, HERMEA LR
1.2 RKF5EE

0.1%JCIE ik 80: BRIE/AH], WAFI

F3WEHL: KN 295 Knifetec, FossAnalytical;
TR K #5% : HIRAYAMA, HA; Clo, Sk k4=
#%: WAERTE, China; R4 L% : DAHUAN,
China; i F W %% : FEI, 3EHE.,
1.3 REEENEE

Fit 1B Burgess ZU'VHI Nirenberg!! 45 (1% )7
BT A2 %2, ] DNA $2BUR ) £ ( Vazyme
Biotech Co., Ltd) XJ}55%F 25 °C. 7 KIWEREIHEA
RBCEATHREL, ITS XIS e Az AR i
PG ITS1: 5-TCCGTAGGTGAACCTGCGG-3';
ITS4: 5-TCCTCCGCTTATTGATATGC-3"; &%
HE K A F (EF-la) 2 B 5734 51 % . EFL .
5-ATGGGTAAGGAAGACAAGAC-3' ; EF2 :
5'-GGAAGTACCAGTGATCATGTT-3!"*"3 | PCR
(9 1 4K 94 °C 10 min, 55 °CiBk 40,72 °C
FE 1 min, 3 35 MEI, 5 72 °CCLEMH 10 min,
PCR #1452k 1] 50 pL Wik &, HIHL 100 ng i fif
22K 1E ) DNA Bidl, A 2xmix 25 L, EF
WEE 1945 10 uM, FIAINA ddH,0, el AL 50 uL
R ZR . 1.5%B e ML FE 120 v 20 min 5/F T
HLKAG I PCR 43 7= U O 4k 5 B 58 B PCR
TR A8 W AR N A AT o RAS A% T R TE
GenBank $54i R4 ) TR R AR, JEAT HEXT 3T

14 BFHE

FE T A0 F5 0 Bl D TR R 4 A 3 R T R 2T 4
( CMC ) WA F 155, 76 25 °C. 180 rpm/min
MR T R 5 Ko HifR B H2 Miracloth i3
UE AT U8 SRS A B TR IAE 5 000 rpm BB T
B0 15 min, F#2E BVEW, DEEREIIIA 0.1%JCH
7 80, 02 PR R 1970) T e J3 il ok ) & 1f 3k
TR I, AT R R AR E R 10° f T/
2=t
1.5 FBHEEK&EN

PR o BT o TR E R, XA
DON (Tri5). ZEN (PSK)FIl FB (FUMI1)M %8 i 5
R Bt Ao, BTSN 1 s,
PCR 4t 5 FiRMFE, RIVFEFH 94 °C 10 min,
5 MEH 94 °C 40s, 52 °C 45s, 72 °C 1 min, HF
7 3553 :94 °C 40 5,55 °C 455 H172°C 1 min,
RJGTE 72 °CY & 10 min, 42 p{f PCR ;=4
12%Bi e B I e 65, JFWLER
1.6 H|IEBEIMBHRT-FERNAR

TEPE BRI S 8 | ToR R IE A 1 kg &
Ko ANEEFURERAE S, A TC R ACKE 7K 43 17 B 3]
TE 30%, HET 4 CHKFET IR AL
e, WAJE, BL20 g Byi)a IRE 538 5 250 mL
HIE B o BEFER S A EEAE, Sk
KIEHAE 121 °CF K 20 min, BEAHETE N
A5 mL F B 1 B, A 5 mL B K
XTHRA RN 5 mL TCR K FE SR TE 25 °CL60%
AR EE I SRS PR P RS 3R 7 K, R R i AT
TR, fd BB 850 7 BB B AR
It G ah e S YIEEFRAE 50 C LT, 9 F 4 °C

o > L, 15 5. N — e
FOFHIF MEGA 5 #4001, # R R BRI, T, HEHTHEFERII.
x1 BTFRVNHSEENSY
Tablel Primersused to detect virulence genes
ElkZ| P31 (5-3") Ji BR/Mop I EE/°C RREM 278 3Lk
Tri5-F ACTTTCCCACCGAGTATTTT
. 525 53 DON [16]

Tri5-R CAAAAACTGTTGTTCCACTGCC
PSK-F AGATGGCCATGGTGCTTCGTGAT

480 55 ZEN [17]
PSK-R GTGGGCTTCGCTAGACCGTGAGTT
Fum-F GTCGAGTTGTTGACCACTGCG

846 58 FB [18]
Fum-R CGTATCGTCAGCATGATGTAGC
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KB R A P e e R S R A,
6 A5 e T ) R I 5 72 IR GB 5009.111—
2016¢ B & e E AR bR UE B b IR T i)
W S B A e ) 28 ki T, IF
FEAEME R . FF 50 mL dd H,0 IMAZEA 20 g B4 1Y
HOIU  AE 4 COKAR TR ISR, 55 — K AE 25 °C.
200 rpm #55E F #5430 min, BSR4
FRVE] DAk EARIE o K AR 0 B 0 3R By 7 2
GB 5009.209—2016 { &M% EFHRE 2+
TR M ) s, IR
FEPOR A 50 mL. 80%MHEE, MA%EA 20 g £
MAHETE R . FE 4 CCROVKAR IR ISR,
KAE 25 °C. 200 rpm/min B 552F T 44 30 min,
WIESE R A EHRAER iR E PR
1.8 HWMESHVESETER

20 pL 1 FETFROSEERIN T #EE R W
PDA iR o, SR, KA 7 i ks
FRIEE AR ZE RN BE , DI 5 HX 76 7 1
R o A TR LA KNS, B
BUB SR BT AR AE 28 CC N URZERE SR 24 h,
WK R RN E —R, IFdRgR, 3k 2 d
Ja AT

CIO, Wil 2R ClO, SR K A%, B
HR R RS, BRI &SRR 1,

SIS AE—A ok e B b T (B 2), 4
FXt R (CHEZE ) FIACBEA] (A7 ). H
Cl0O, (300 mg/L ) 5 O3 (400 mg/L & 1 400 mg/L )
MK, AbPRA S AEE 30, 60, 90 Al 120 min,
SEEZEFMNHES ORI, 2R

#HA

ERLE

2 BRSEAEEZELERSGRER
Fig.2 Schematic diagram of simple gas fumigation treatment system

SN SRR TR HE P20, S T2 AR
SR I £ R K R v 22230,

A 2ClO,+ H,0 —HCIO, + HCIO; B
30,620,
(HCIO,)( HCIO;) .
clo, — =1.2x107(20°C)

HE: (A) AZ CIO, 23l R A ik i UL v 42 2 10 7 i
A FIER B A, (B) RSB &= i A™
A K

Note: (A) Gaseous ClO, is produced by mixing Solution A

and Solution B as mentioned in the manufacturer's instructions. (B)
Ozone gas is produced by ionizing oxygen in the air.

1 SEEHNEMRRE
Fig.1 Principle of gaseous fumigant generation
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T ML EMRERR (FHB) M & A S 2 4T
(OISO Ey S RURC R E A0 iR

Note: Pink FHB seeds contained more Fusarium spp. while
white seeds contained more Aspergillus spp.

3 BIERHSE

Fig.3 Isolation of Fusarium spp.

S H 43 Y =R AL iR T R R A B 44 N
N1, N2 FIN3, By 7 #i T KRG, 4356 ITS
XJFFI I EFl-o K FHNHTHT. 548 R Bk
AN I L EAo S V5 s o B S PR
(NCBI, MEREIEEF ) fl MLST Hdf 12 i 3 [
HEAT O, S5 R BR S e R 08k ) TR [
M 95%% 100%., M3 ITS F1 EF1-a KK FE 4y 2t
RGN, Z5RFWH, N1 5RAGH ] EAMFE,
N2 5P T ARR, N3 5w A ) A
22 K HBERMBEFLENHRD

X5 B R Y G A G B R AT T
PCR #llf, BEPIZERRMT, WPk N2 A& —Ffh ™

FEE, M N1 A N3 ¥ & EAZ AR E
(PSK ) 1 Tri5 PAFP/™ 5L, RUXLLI24),
TEIE Y 44 F AT By~ ZEN Fl DON, FHHERN
RIKGTEAE 2 FIR. U= RSB,
BRI =R A I FLOA R R AR 3 PR
N1 I N3 fE7EARSIN 42 ZEN 1 DON, {HA7 AR
HEE (FBs), 1 N2 WA X =R R T
AT —Fh o X550 T A 24 5508 R = d 3 R A B
—H, LA, PIRRBEREAE = AR B R SR B 35 3
AR R R S A
2.3 REEZEFIXER I E E KA

F£ PDA I A BB AR 43 BT %F T 43 25 e
1 TR R AR BRI, 235 SR s TR A B Kk AR
AR 30 min J5 0S8 2 H . A 4 11 26
e T AT LA B 5 2 ek ) o A 96 40 M P o A AR
VRN, SRS HIREREIR, i R

£2 APEFETEHESENAESE

Table2 Background content of mycotoxinsin cereal media

ng/kg
J— HH#: &K (£SD)"
DON FBs ZEN
N 136.37+8.70 951.71+£38.30 ND
Tk 23421+1020 1 642.71£50.40 ND
GEES ND 787.67+ 28.50 ND

W a ZAEEMTHE; ND, AAEME RFRIEER ),
Note: a Average of three replicates; ND, not detected (below
detection limit).

®3 AYEREPIBHNRIIENFaE

Table 3 Toigenic capacity of Fusarium isolated in cereal media ng/kg
S HeF HERR (5D
FBs ZEN
N 112.29+7.2 925.37+29.6 ND
A Tk 198.34+8.9 1429.52+46.3 ND
GEES 736.21£22.9 ND
N 5520.6+258.4 930.25+27.3 41 148.0£499.2
N1 /S 33 309.6+492.5 1572.41+43.7 34 103.2+372.1
(R 16 808.4+312.6 802.37+25.2 38 572.1+403.7
INE 143.1+ 8.5 961.37+28.2 ND
N2 /S 212.4249.1 1433.61+44.6 ND
GEES 745.70+32.1 ND
N 47 125.0+£529.1 922.11+£25.4 12 458.2+294.6
N3 PN 7796.7+297.3 1 407.24+43.1 9 663.1+287.3
RS 11 379.0£302.2 792.41+24.7 4.872.7£215.9

T a =AEENTHE; ND, KEMHE (TR ),

Note: a Average of three replicates; ND, not detected (below detection limit).
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23045 20241 B2 Bl < REZE
X B 22 B A VR AR /N B 5), BIMEFE 1 400 mg/L
MR EE TN 25 2 h (FdER R ), WBA Rl
AR . N4 0 O A 45 RS
TREEREE, BE2RE BB 2R 3 15 X0 iR —

24 WHEFENEEZEK

TELH & T, BAE 28 °CFRi 5 36 h Y
ML A R N 5, R T ZE . LRI IR e,
RAEE—BF [ 22 K, SCRas SRk, 0

(

W (A) BB TME N1 WHREMETIES, 240008, REeHE, 9REW, AHBRERK. H o, (B) f1Clo, (C) 4t
BE 30 /34 JE B IR A . R MY AR, 40, P B AR ok o

Note: (A) Microscopic observation of the spore morphology of strain N1, which was sickle-shaped with a smooth surface, hyaline cells
and a distinct septum. The spore morphology was observed after treatment with O3 (B) and ClO; (C) for 30 min. The surface was uneven, the

cells were turbid, and the intracellular septum disappeared.

B4 MHBMFHEL
Fig.4 Inhibition of spore germination

®B)
=0h =0h —
8 Eglslh § 81 =05h 8! =50.5h i
E |=10h g [=910h £ | =10h
S 261 1.5h 2 6! =15h
M : K M
e 24 %4
Kl N KN
|2 HTFI i 2 H_H] " 2J:|I|]
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
(C) ETJ‘I‘ET.I/ d HTHETJ/ d ﬁrﬁj /d

d1.5h

i L BT
Note: (A) Mycelial growth of plates incubated for 4 days after O; fumigation; (B) Measurement of mycelium length during incubation;

(C) Scanning electron microscope observation of N1 mycelium after different times of O; treatment.
5 O:WEZLAEKKHIN
Fig.5 Effect of O3 on mycelial growth
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FEGH o T ClO, M I 224 K HSE MRS O3 AN,
CIO, 75 0.5 h Ji, BZZTEHE T RAY IR hA P

T ZRAFALRE FIZE 40, T 22 BB AL sl St T (] 6).
MEAESE R AR, A A S i T R A B 22 A K

MO ARG R RRIRERER, mek  AURAMEEN.

®
gt =0h 8
g | =805k
8 |=1.0h E 6
i O[=m15h P
§4 §4
&2 ¥,
i
0

=0h

o]

> [=)}

P22 K FE /em

[=]

IE: (A) CIO, ARG PARIESR 4 RIGHZERKER; (B) BRABRT WL, (C) CIo ALHARR S N1 1§

L2 B AL

Note: (A) Mycelial growth of plates incubated for 4 days after ClO, fumigation; (B) Measurement of mycelium length during
incubation; (C) Scanning electron microscope observation of N1 mycelium after different times of ClO, treatment.
Bl 6 ClO,ME£EKIFM
Fig.6 Effect of CIO, on mycelial growth

3 HiE5HiL

TEAME TR, B/ IR 250 1 URE vh 43
BT 3 AR RE, il 4o N1, N2
N3 FIFH PR AR (1TS ) FEPAILEff B+
1-a 5P (EF1-o) #HTRGE LT 50T, B =M
A0 A4 ik ))& ( Fusarium graminearum ).
PN T B ( Fusarium asiaticum ) 17 FF4E 7]
)& (Fusarium culmorum), M4k, #7435
PR B S R e AR SN Be ) o A IR 4
AR Y P R B K FBs AL T S5 FUZ My
M7 BRI DON #1 ZEN, 45 5% - # Wik
CHREREN . BE, BT Clo, Fl Os TER AP
AN [m) 5 52 B 1) R 65 i 0 R AR R AR R AOR . iR

AR A B A I B SRR A A ST i A i
WARFEE AT, 2 780 PR 16 R 7 3% 22
Bt 1 RIGWASIEH . PRGNS B
ZER—F, eI T B B 22 4 K AR
HIATR] o ARy B2 — AL 5 (300 mg/L ) 23 0.5 h,
AT S A T 22 (0 2 K, B R FR R PR
1L R 2 v ke B R4 (1 400 mg/L ) A3 2 h X
22 KPR BAMHIVE R . B2 A KEWE 55
B AR — B, AW B AR Y BT 4

— 5, S BH SRR RS CLO, B 53 Hoxh 2 i 25 1
R A, AR IR R R R
VR, S5REW Clo, s MFmEL AR, %
RET . 7 R ARAT s BN AR T, X = 7k
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WRIT . 25532 B AR — AUk Gt i 2 1 0 T %
RBE, BAEMEEMN: MR BN IR,
SR T EALE W E N 4.5 me/L, W I (E]
40 min, T RAT K 99.99%,

A ClO, BT FHF = HlB & R &
VEPE SR SR e 5 PO, Clo, BEZ8 T A RLR
T AN A IR B R,
HA SN il A7 B R R 2 ™ Ak 2 5% B 2T Y
S8 AFB, AT RS ClO, LB A3 i 3k AR TS
BEIPIT . X XK C1O, 1 FH 85 0 8 2 e =L
HEE M T E X,

i LR, AP REN, SHEHEER
WA A DGR R, AT R R T L A
PE o BT /NG R EEE YY), ClO, SR
FEARVR BE N R A 808 i Bl 0 TR s AR TR
" Clo, ME—Fhi e et a5 5], 1T
PG RERR , IR AR N 45 0 i e 20 ) )
TR 75 P o

SE 3k

[1] BECCARI G, ARELLANO C, COVARELLI L, et al. Effect of
wheat infection timing on Fusarium head blight causal agents
and secondary metabolites in grain[J]. International Journal of
Food Microbiology, 2019, 290: 214-225.

21  RaE, SBAEAR, ARARAR. /NZAREERAT AL IRIE Y = 25k
I KE H5BIRIE, 2022(2):39.

FU J, HAN J D, ZHU X L. The main way of stem rot symptom
development of wheat scab[J]. Barley and Cereal Sciences,
2022(2): 39.

[3] ORTEGA L M, ROMERO L, MOURE C, et al. Effect of moisture
on wheat grains lipid patterns and infection with Fusarium
graminearum[J]. International Journal of Food Microbiology,
2019, 306: 108264.

[4] MURSHED S A A, RIZWAN M, AKBAR, et al. Analysis of the
Aflatoxin M1 contamination in traditional and commercial
cheeses consumed in Yemen[J]. International Journal of Dairy
Technology, 2022, 75(1): 194-200.

[5] CAO L, GUO X, LIN C, et al. Inhibitory effect on spoilage
molds from freshly peeled garlic of ozone treatment[J]. Food
Science and Technology, 7: 4.

[6] CAO S, MENG L, MA C, et al. Effect of ozone treatment on

physicochemical parameters and ethylene biosynthesis inhibition

(7]

(8]

]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

in Guichang kiwifruit[J]. Food Science and Technology, 2022,
42: 64820.

SANTIS D, GARZOLI S, VETTRAINO A M. Effect of gaseous
ozone treatment on the aroma and clove rot by Fusarium
proliferatum during garlic postharvest storage[J]. Heliyon, 2021,
7(4): e06634.

YANG H, ZHENG J, HUANG C, et al. Effects of combined
aqueous chlorine dioxide and chitosan coatings on microbial
growth and quality maintenance of fresh-cut bamboo shoots
(Phyllostachys praecox f. prevernalis.) during storage[J]. Food
and Bioprocess Technology, 2015, 8(5): 1011-1019.

555, B HIE, A, % SR EEN AR E I AR
RECRBEFE[T]. MRS5S, 2015, 28(6): 3.

MA J, JIN R 'Y, ZHENG L, et al. Study on the sterilization of
chlorine dioxide gas on Aspergillus flavus which seeded in
grain[J]. Cereals & Oils, 2015, 28(6): 3.

BURGESS L W, SUMMERELL B A, BULLOCK S, et al.
Laboratory manual for Fusarium research (3rd ed.)[J]. Sydney:
University of Sydney, 1994.

LESLIE J F, SUMMERELL B A. The Fusarium laboratory
manual[J]. Ames: Blackwell, 2006.

O’DONNELL K, KISTLER H C, CIGELNIK E, et al. Multiple
evolutionary origins of the Fungus causing Panama disease of
banana: concordant evidence from nuclear and mitochondrial
gene genealogies[J]. Proceedings of the National Academy of
Sciences of the United States of America, 1998, 95(5): 2044-2049.
WHITE T J, BRUNS T, LEE S, et al. Amplification and direct
sequencing of fungal ribosomal RNA genes for phylogenetics. In
M. A. Innis, D. H. Gelfand, J. J. Sninsky & T. J. White (Eds.),
PCRprotocols: a guide to methods and applications[J]. New York:
Academic Press, 1990: 315-322.

SANG M K, KIM H S, MYUNG I S, et al. Chryseobacterium
kwangjuense sp. nov., isolated from pepper (Capsicum annuum
L.) root[J]. International Journal of Systematic and Evolutionary
Microbiology, 2013, 63(8): 2835-2840.

KUMAR S, STECHER G, LI M, et al. MEGA X: molecular
evolutionary genetics analysis across computing platforms[J].
Molecular Biology and Evolution, 2018, 35(6): 1547-1549.
NIESSEN L, SCHMIDT H, VOGEL R F. The use of tri5 gene
sequences for PCR detection and taxonomy of trichothecene-
producing species in the Fusarium section Sporotrichiella[J].
International Journal of Food Microbiology, 2004, 95(3):
305-319.

LYSOE E, KLEMSDAL S S, BONE K R, et al. The PKS4 gene
of fusarium graminearum is essential for zearalenone
production[J]. Applied and Environmental Microbiology, 2006,
72(6): 3924-3932.

RICHARD B, HAMED A, GARY W, et al. Identification of
select using PCR

fumonisin forming fusarium species

applications of the polyketide synthase gene and its relationship

143



? IBB ST
FEe P marmens

325 2024 F F28H

[19]

[20]

(21]

(23]

[25]

[26]

[27]

(28]

&if:

to fumonisin production in vitro[J]. International Journal of
Molecular Sciences, 2008, 9(4): 554-570.

LING S, WANG R, GU X, et al. Rapid detection of fumonisin
B1 using a colloidal gold immunoassay strip test in corn samples[J].
Toxicon, 2015, 108: 210-215.

SAVI G D, PIACENTINI K C, BITTENCOURT, et al. Ozone
treatment efficiency on Fusarium graminearum and deoxynivalenol
degradation and its effects on whole wheat grains (Triticum
aestivum L.) quality and germination[J]. Journal of Stored
Products Research, 2014, 59: 245-253.

SUN C, ZHU P, J1 J, et al. X. Role of aqueous chlorine dioxide
in controlling the growth of Fusarium graminearum and its
application on contaminated wheat[J]. LWT, 2017, 84: 555-561.
JONES A C, GENSEME R R W, STUBBLEFIELD W A, et al.
Toxicity of ozonated seawater to marine organisms[J].
Environmental Toxicology and Chemistry, 2006, 25(10):
2683-2691.
MA J W, HUANG B S, HSU, et al. Efficacy and safety
evaluation of a chlorine dioxide solution[J]. International Journal
of Environmental Research and Public Health, 2017, 14(3): 329.
SRR, T, B, AF. AR S aE T A A
BT S AR Rk oy FORFR IR I]. PRI, 2017, 43(10):
47-52.

SHI J Y, NING H, XU R, et al. Inhibitory effect on the growth
and aflatoxin-production of Aspergillus flavus by ClO, and its
application in corn of high water content[J]. China Measurement
& Test, 2017, 43(10): 47-52.

Wb, /N, & ROE, A5 SR AR B TR AL
O[T, B TR, 2013, 34(15): 4.
YANG S, BAI X L, JIN R Y, et al. Study on the sterilization of
chlorine dioxide gas on Aspergillus flavus[J]. Science and
Technology of Food Industry, 2013, 34(15): 4.
BHAFAT A, MAHMOUD B S M, LINTON R H, et al. Effect of
chlorine dioxide gas on salmonella enterica inoculated on navel
orange surfaces and its impact on the quality attributes of treated
oranges[J]. Foodborne Pathogens and Disease, 2011, 8(1): 77-85.
E X, LI B, SURBRAMANYAM B. Toxicity of chlorine dioxide
gas to phosphine-susceptible and -resistant adults of five stored
product insect species: influence of temperature and food during
gas exposure[J]. Journal of Economic Entomology, 2018, 111(4):
1947-1957.
YU Y, SHI J, XIE B, et al. Detoxification of aflatoxin Bl in
corn by chlorine dioxide gas[J]. Food Chemistry, 2020, 328:
127121. @

AR WARFIE M (http//lyspkj.ijournal.cn ), H?
I, 77 e R R AR R T AR




