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Types and effects of toxins produced by plant pathogenic fungi Fusarium
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Agriculture and Rural Affairs / College of Pastoral Agriculture Science and Technology,
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Abstract: As a pathogen of many important crops, Fusarium spp. can not only cause serious loss of crop yield and quality,
but also produce a series of toxic secondary metabolites in vitro and in host plants, which called Fusarium toxins. On the one
hand, Fusarium toxins are closely related to the pathogenicity of Fusarium to host plants as virulence factors, on the other
hand, Fusarium toxins cause the decline of livestock production performance and the emergence of related diseases, which in
turn affects the agricultural ecosystem and poses a threat to human health. In view of the influence of Fusarium toxins on
crop production and their toxicity to livestock and human, there has been considerable studies on the types of toxin in cereal
crop after infection caused by Fusarium, nevertheless, there are few studies on the types of toxin in legume forage after
infection caused by Fusarium and the role of toxins in the pathogenicity of Fusarium to legume forage. This study reviewed
the main toxins produced by Fusarium species which commonly cause the diseases of main food and feed crops, and the
effects of these toxins on plants, livestock and humans. The prospect and significance of research on Fusarium toxins in

legume forage were examined.
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Bk JI W (Fusarium spp.) & — 28 3 2 [ HE Y 9 R
FHE, RGeS A2 Y 2 51 B & A RHE 0, M
) TR B RS RN 2K A5 T, ™ B S AR B R ) e

YEVIR = BN BT . I, RHITE (F. graminearum)-

WO TIE (F. culmorum) FIEZHR T (F. avenaceum)
51 L ) /N 2 A g e kAR T IR E P b Ve 5
HER KA A R W /N2 (Triticum aestivum) 771X, A]
RN FE PR R 10%~ 50%" . JUURE FL B T (F.
sporotrichioides). &K 7% %t 7] W « )2 H B JJ (F.
proliferatum) F1 VK [ 8k T) B (F. subglutinans) %5 5|
P T K A S 9 A5 ok A A T R LU b 35 AR
BT NS I T MBS 55 oK (Zea mays) 77
X P, 274k T B (F. oxysporum). 7 i ¥k T (F.
solani)s F&32 B J) W« AW R T (F. equiseti)s ¥ #

BRI (F. semitectum)- FeHFESR A (F. verticillioides)-

ARA BT A = 88k T B (F. tricinctum) %5 5] & 1]
KEMBHWAERERIL, LM BEHEH KD
(Glycine max) 7= X ¥ K4, 7] S K G = EH K

20%~60%"" . ST, BRI (F. acuminatum)-

YNDS SANNE S S PN o YNNI =Yk AN
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XAEY) . K E M NG E 5 A 77 K0T 5T 3,
B TR E R RN RIWAESRENEE 5 T
164 Ry 1k BN A5G SRR R v R U R R R T AT
LD P 1) 8, IR I SR BIE ST PR I 5 B G AE S B ARl
AN AT TR, B ERE ER)E
B 3 AT FE IF 0 S PO & e 12 A B AR 48

1 SRIJEHER M- 4

ik 70 T 5 2 AT 2 MR R R D AR N 8
FrIEEUE BARN AR (R TR 2). SHITEEAN

THEFRAAM PP d R 0 FE A B, B ) B 7R 1R G
TP I 77 A 5 2 00 I R A2 99 R AR RN g 3 A 40 A
HAEF T, BEY ARG S T B A AR
7400 i 1 2 Bk S ) D 1 A
Uk, TR — i 70 AE N TR 35 SRR 0 Ak Y B B
FlRm] GeA7AE 2 5% . BhAh, Bk )W E N T8 9% % 1
IR A AR B 5 N NN i YN
TR R s T RS L, SRR AR ML AR
HH R ) B B 26 AR A IR R i [ N A2 B3R S W
85 2 P AR A W TR DL R AE 0 ol S8 N i i T TR PR
FRELYHEF . k) 6B 2 EBEE %4
3KREBENAEFERZ (PumEREER.RIH
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Table 1 Types of toxins produced by Fusarium species in vivo

VL apis S ity R
Fusarium species Culture medium Toxins
JZHHRITIE F. proliferatum E°K Maize FB,;, MON, BEA

SO IIE F. culmorum /N, FK Wheat, maize

DON, 3-ADON, NIV, ZEA, MON

FHHE I B F. poae

W I8k J1# F. sporotrichioides

ToK, FEK, /K Maize, rice, millet, PSA T-2, HT-2, NEO, DAS, NIV, FX, BEA, ENN-B

T-2, HT-2, T-2 triol, T-2 tetraol, NEO
DAS, DON, ZEA, MON, BEA

ENN-A, ENN-A,, ENN-B, ENN-B,, MON, BEA
DON, ZEA, BEA
FB,, FB,, MON, BEA, FA

EK, FEK Maize, rice, PSA
&K Rice

E K Maize

EoK, FEK Maize, rice

=R F. tricinctum
RIEHETIE F. equiseti
WA FESE TITE F. verticillioides

AVKE F1 8k T F. subglutinans E2K, FEK Maize, rice FB,, FB,, ZEA, MON, BEA, FA
Hh ek J1 & F. solani EK, K Maize, rice, PDA FB,, FB,, MON, FA

RILGETIE F. oxysporum EoK, FEK Maize, rice DON, ENN-A, ENN-A,, ENN-B,, MON, BEA, FA
Mk JTI W F. avenaceum EoK, FEK Maize, rice MON, BEA, ENN-A,, ENN-B, ENN-B,

FARYETIH F. semitectum FoK, XK Maize, rice T-2, DAS, ZEA, MON, BEA

REHRIIH F. graminearum F 2K Maize DAS, DON, 3-ADON, ZEA
ORI @ F. fujikuroi Ek, FEK Maize, rice, PDA FB,, FB,, MON, BEA, FA
BLIRRETI T F. acuminatum FEK Rice T-2, HT-2, NEO, MON, ENN-B

RIMIES % CHR[7-13] ILH . " PDA: DREHEMHIGHFE, PSA: DRYMMEEREFE, " T-2, T-2#%; HT-2, HT-2#%; T-2
triol, T-2=; T-2 tetraol, T-2PUf¥; NEO, Hififi#h /I W HEE: DON, BATEMIIEMEE: 3-ADON, 3- LM /Ii %0 S5 i i ) b AR 0«
15-ADON, 15-Z LM A S Bl ) W RE: NIV, FIBSIJEME: FX, SROJHME: DAS, W #%K: FB: RO W E: FB,, (RO W &B:
FB,, AL H%B,: MON, HEHEJIH%: BEA, HEWEH;: ZEA, T RFEMHE; ENN-A, BERERFEA; ENNs: B#ME R ENN-A;, &
WEHEEA;: ENN-B, BT %B: ENN-B,, BEMHEEEB,: FA, HWIEK: FH.

Table 1 was summarized based on references [7-13] . * PDA: potato dextrose agar medium; PSA: potato sucrose agar medium. ° T-2: T-2 toxin; HT-2:
HT-2 toxin; T-2 triol; T-2 tetraol; NEO: neosolaniol; DON: deoxynivalenol; 3-ADON: 3-acetyldeoxynivalenol; 15-ADON: 15-acetyldeoxynivalenol; NIV:
nivalenol; DAS: diacetoxyscirpenol; FX: fusarenon-X; FB: fumonisins; FB,: fumonisin B;; FB,: fumonisin B,; MON: moniliformin; BEA: beauvericin;
ZEN: zearalenone; ENNs: enniatins; ENN-A: enniatin A; ENN-A,: enniatin A,; ENN-B: enniatin B; ENN-B,: enniatin B;; FA: fusaric acid; this is

applicable for the following tables as well.

(Trichothecium roseum) - 53 &5 15 £ {f) 5. iy £ B 3R
(trichothecin) #2& B 4™ #¢ & I 1) 5. o £ 25 4 2 28 4
Y. H AT O R B 200 Fh # s A B AR R 7 R,
MR A=A L3 AV B Ca D 4 28, ot A 2R
B 2 5 vy 60 55 045 12 7 2 DR L AE DA RL AT B R )2
Gy AT LA AT B S M T 4% 52 60 A g
T4 5 5 2% £ B FE I E 55 3 (diacetoxyscirpenol,
DAS). T-2 & & Ml T-2 & & B A7 49 [HT-2 &
R T-2 = T-2 DUREARE A8k ) i B (neosolaniol,
NEO)]™; B 24 8 vt 760 25 495 ik 8 2 6 BLALIE 55 1 k7
J# BE (nivalenol, NIV). #it JJ B /% B (fusarenon-X,
FX) A1 i %8 25 85 Bk )] B /% B (deoxynivalenol, DON)
Jo 3 2 B A ARG AT AE W [3- £ B 0 A 5 S Bk ) 1R A
fi (3-acetyldeoxynivalenol, 3-ADON) Fl 15- Z i 2
J&5 8 T A BE (15-acetyldeoxynivalenol, 15-ADON))] B4,
2014 4K B E 8 AN Ay 1 F oK b k) R R} o mT A

MWE] AR BRPIRHEG TR, HPiwESTR
N AR s SRl R T el e < - =l
A ZKEH B 28 rum f B0 R R A, R RN 58.5%
H1100%,

22 RSEZE

R 5 TR 2 AE 1988 4F B K B Gelderblom 55 A M
ARSI R EA R, Sy AKA
Hasuom b, Ko ERE AR . KR
HEFR, E5 0T HEL 1SRG FRERLE
Yo RS HEEEZESNA (A Ay As) B (B By
B;)\ C (Cjr Cpn C) P (Pn Py Py) 4 N85I, Hidi B 2%
fR 5 & % (fumonisin B,, FB;; fumonisin B,, FB,;
fumonisin B;, FB3) 76 £ i Ak} o i 93 WP FB,
RTHERBRIRDSEE, KA GIERIIEREAEA
AR D R BB 75%. E K. NEFIKFE (Oryza
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Table 2 Types of toxins produced by Fusarium species in planta

W] Y BR
Fusarium species Host plant Toxins
JZH R IIE F. proliferatum E°K Maize FB,, FB,, BEA

ORI F. culmorum

AT F. poae

PR T F. sporotrichioides

=R F. tricinctum
KIEHR TR F. equiseti

WRFESRTIE F. verticillioides
A AT BE F. subglutinans
BRI F. solani
RIUR T F. oxysporum

/INZE, KZFZ Wheat, barley
M, K3, TK, M

Oat, barley, maize, wheat
/INEE, KZZ Wheat, barley

/INZE, KZFZ Wheat, barley

/J\i’ j(%’ f—‘ﬁgi, %E, E‘%‘
Wheat, barley oat, pea, alfalfa

F 2K Maize
F K Maize

Z#, i Banana, cucumber

HT-2, DON, 3-ADON, NIV, ZEA, BEA, ENN-A
ENN-A,, ENNB, ENNB,

HT-2, DAS, DON, NIV, BEA, ENN-A, ENN-A,
ENN-B, ENN-B,
T-2, HT-2, T-2 tetraol, NEO, DON, 3-ADON, NIV
BEA, ENN-A,, ENN-B, ENN-B,

DON, NIV, BEA, ENN-A, ENN-A,, ENN-B, ENN-B,
NIV, ZEA

DON, FB,, FB,, ZEA
DON, MON, BEA, ZEA

BEA, FA

INEE, RFE, NRE
Wheat, barley, triticale

LR TIHE F. semitectum -

MEWRTIHE F. avenaceum

AEGRIIWH F. graminearum

FEEHRIIW F. fujikuroi -
S0k JIH F. acuminatum /NZE Wheat

/NF, KF Wheat, barley

HT-2, DON, NIV, MON, BEA, ENN-A, ENN-B
ENN-B,

HT-2, DON, 3-ADON, 15-ADON, NIV, ZEA, BEA
ENN-A,, ENN-B, ENN-B,

T-2, HT-2

FOMRIES A CHR[10-11, 14-24] T4

Table 2 was summarized based on references [10-11, 14-24].

sativa) 25 € & RVEEDRLFURL o 2 7] K I E) FB, Y, 7
KD X 2003 45 5R A EARE 3 ALK (YT E
R K FR) 1 R K /N KRG FE b 4R ) 5 R
(RS W &5 SR B OR 3 FIOR &R S R FB R HE R AR
30%~100%,
23 ERFEHEE

& K 7% % ¥ B (zearalenone, ZEA), X R F-2 &
#, T 1962 4F H Stob 55 N MK 25 Hik T 1R 4= G 1)
F kb Ay B AR E, 1966 4, Urry 5% FH R i LR
FT S B AR T T R K AR I R o R
SEH, FOR IR BB 1) o T 20N CigHp0s
o, MR T KM, ERBAEBRWRTZHEET SR
Bl BRI x4 E 2018 45 1 H-6 A E
K /N2 R0k B S k) JEORLRE R L R 1 A
R BB EURL T ZEA K H 5 99.7%; 28 i 4 1
X 2019 4ER H PR R A P SR R ) BRI
R &5 R EOR 2R b b ZBA 1 RN 76%.
ZEA A A7 A ¥ B 6 £ K 75 % B (zearalanone,

ZAN), o-E K75 % [ BE (a-zearalenol, a-ZEL). p-E K
7% B }i ¥ (B-zearalenol, B-ZEL). a-& K 7 % BE (a-
zearalanol, a-ZAL) Fl B-E K 75 7 % (B-zearalanol, S-
ZAL); o-ZEL. f-ZEL. a-ZAL F1 p-ZAL /& ZEA 1£ i
S i 3 A ™, Hob, a-ZEL. -ZEL
& ZEA 7E R A AR

24 BHREIIEZE

B Pk 9k 7] B & (moniliformin, MON) 7£ 1973 4F
1 Cole 5 N M JEK B IH- 4t 5 1 5 K B 7 B 8 U0 4 8
B30, ) 5 B T T R A R R )
72 A L S I B A 2 B T T A A AR g
MON AR IR 4 &, S 1K, 40108 C;HO3R
(R A H 5 Na 5% K), 76 [ 48 7t i & DUa 3k 55087 £6
% RAEAE D, S o L WCOM R E I K /D
KGR K ZFE (Hordeum vulgare) %5 45 W) i 1
AT R E BRI T 2R, K R A 100%,

25 REAERAMBERR
B Bk ff1 B % (enniatins, ENNs) Al (4 {8 & &
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(beauvericin, BEA) ¥ 8 H D-a-#2 5 -5 R 2k 2-%%
-3 FR L TR AN IR B T A B LR RN
B9 R & X B Gaumann %5 A\ 7E 1947 508 i
Fusarium orthoceras var. enniatinum 43 % 1% 3, %
T2 M 4 R A Bk D B BT 2R I 29 F
B ™, Hob, AR b S R
T % /2 ENN-A. ENN-A,. ENN-B I ENN-B,™*”,
SRR 78 T 2R B S T A Y Ak Jo RT R E BH T
(KA Ca™) 1 5 40 i REE3RL 50, AT B 3% 86 B - 72
21 B PAY B TE AR FR R, AR ) R T &
i AIE XA R O 40 i 2R 3 EL A AR i Y. B
AREVREAHRATFET Y. B 2+, F
SR SRS £ R

FUE 1 R E IRT 1969 4 1 Hamill 55 A\ — b
L HU 5 LB R (B (Beauveria bassiana) 1]
et s B EIY, AR T RN CysHsN;Oo,
AR S E, OE TK. BEEREA S BkH
TR 2 AH [F] (1) B 7 Bk 1, Rt B AT — 8 1 40 i
BVE, 0 B AR AT AR IO A T B I
S, 2 T T B MM A% TR A 1) VS 16 A DNA
FrBetk, AN SapmE e, AEH XS RA R
fih 22 M AV, S BUE PR (U NG ), A R
R e 25, (R R 2 AR E T RO 2 A
SE A 72 B A5 900 B A 0 ot e, s g B e
2017 4FK 1L AR 48 AR 98 7E . R AR R oK
Jo G i R B R TS G 0 A A R R R
i P 2 A H 2R s T Ik 87 %

2.6 $EIIEER

PR (fusaricacid, FA) XFRZEIR, HH Yabuta 45
T 1934 535 3% 7 0 9k J1 & (F. hetersporum) B 8 IX
B AR, gETIE R T RN C o H;3NO, B¥E T
Ko #fJ) R BR AR N E A B (Musa nana) F1 % i
(Lycopersicon esculentum) 55 Vi % ¥ W) i 2 993 1) K &
v i B 7S o B B 4 RO, B R ok TR B IR
B E PR S HAE B AN EDRL R o A B LA R
FR, CAHEFTRRIE K, NE REEFEZ BN E
AR R R R s AL

3 WROTEERNEY R

B30 DAY R IR RSV T SR
LR B T A i) R Y R N Eom

58k B Y BUR J18% VI OG5 i 8 0 e
B3R A O T Tris BB 5 BUR 25 Bk T R
FH J61) /N 22 B B0 70 58 2 R AR 3 A e AR AR D &
(1) %6 B FF Bl 70 B TR AR I R OK R ) S B 2R R 4N
8 SN R ST E X (1S RE Y L N aale S NEURE B UK i 53
B D T T bR B0 K R T R A R T T b B ) T
PR B AE DAL fub TR R o A8 3 06 28 0t 40 ) B0
TR, fe S ) BRI A R esynl
() i B ¥ 3 B AR T HX B2 2 (Solanum tuberosum)
P22 H U B0 11, BUA B 52 B ) T R4
H T )5 Frr= A4 B8 1 O B AR K 5
FIIRBE (55 3), o, DON Fil 3-ADON FJ {2 1 ] /)y
52 VB 2 8 1 A KT NIV T 2 40 AR 4
(% B Y T2 T B E N R K &
5 U A Y e TR T R R
FB, 7 5 80 F A - SR B8 T oK %y v A0 3 Al 40 T 1)
Az K5 311 3 R (Cucumis sativus) - F 344 A
J K G HREAE (Gossypium spp.) SIHTH PR sE 887,
BURAE R FEEMNNFEE DZYHERKRZ
30 50 A1 T % 2 B 2R A SR BE ), ST R T
HAEEWHREAR R gEL o, H A EE"
T AR AETY, s R A A T Rk
% 25 5 TR T A0 o) K R B o A A KT R B AR T
T TS I B R A AU A K

4 PRIJTE RN K& AR

V)R BN B T 2R T B0 5 0 R O LR
A R A 2 B R P R L R T
SR NE MRS & B = AEH N LS
MEFTE IR (K 4). BATINAE X TR EERA
v M R AR IR D B R BOK AR E MG AR 2R
B )T 2Bk ) R B X S PRk ) B B R e R I E
AAE 7= 7R B 4R OE -

T2 #F AT G HOEHE D 0 TR 9 A
He g7 S W 0 s S T
BEN T2 4 35 AL 00 00 > 8 7 2 A 2
JE 2 5 2 AT NIV TS U SR R RCIE R
W 3 LA 75 3 g 1) 28 KT, 3 4t kP S A R
FE A4 2 k7. DON W S BRI Bl b 84 E
A k", bk FB, 1 FB, V5 Y& I 1 ) ] 5 5
S I K I 25 G (WP A BT R S
Jiti 7K e R i AR KO SR AR T (FF Bl A ™ EE 4R
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Table 3 Phytotoxic effects of Fusarium toxins

HR YRR W ; BEVERION SR
Toxin Plant material Concentration/(pg-mL ) Toxicity effects Reference
DON N TR 2 0.30~-296.00 LSS [62]
Wheat coleoptile Inhibition of growth
3-ADON /NS R 0.34~338.00 USSR S [62]
Wheat coleoptile Inhibition of growth
NIV N 25.00~150.00 A K [63]
Wheat seedling Inhibition of growth
T2 AN 1.00 AL [64]
Wheat seedling Inhibition of growth
TR HLR 1.00~100.00 ) A [65]
Corn callus Inhibition of growth
FB, Ep I A 0.07~72.10 W 4 ZURE [66]
Tomato leaf Necrosis of leaf tissue
Fsh 0.07~72.10 E/IEHIESN IS [66]
Tomato seedling Inhibition of growth
B Sl 0.07~72.10 ) A [66]
Corn seeding Inhibition of growth
g\ 200.00 Bk [67]
Cucumber seedling Leaf chlorosis
KELH 1000.00 SR AR BE [67]
Soybean seedling Necrotic spot of leaf
MAELh T 500.00 R SR SEBE [67]
Cotton seedling Necrotic spot of leaf
ENN-B INEUTE 10.00~80.00 A [68]
Wheat seedling Inhibition of growth
ENNs L=t 5.00~100.00" HLZE A 4IR30 [69]
Potato tuber Necrosis of tuber tissue
FA L 89.50~179.00 ENEES SN NAE S [70]
Banana plantlet Rhizome and pseudostems discoloration, leaves wilt
FaAE 4 89.50~1432.00 LR Y %2 [71]
Cotton seedling Leaf necrosis
NN 100.00 R (72]
Cucumber seedling Seedlings wilt
e AS 89.50~179.00 e [60]
Tomato seedling Seedlings wilt
ZEA B NI 5.00 ELIDIEERS [73]
Corn embryo Inhibition of growth
MON TR AL 10.00~100.00 ) A [65]
Corn callus Inhibition of growth

P HANTESE T SR E IR BRI AL pg.

* The concentration unit of the toxin applied to each potato slice: pg.

1) LA K P A J V5 34 e 0 T AIBE T B N
K IR B A TR G ) AR AT G BCRE A v ME R
I (MBS e, R 2 i g o
gy AR, A R BB R R AR
SRS @B R E R ERA™N. BMASH
5 R Bk T B AR A GRS PR R 1 G S R AR
BET2 ;3 K R B B G B PR S
BEAG 9 R R PR BN R TR

Ji 22 B R R
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Table 4 Livestock symptoms after Fusarium toxin intake
RR KE B QU Mg RN S 3CHR
Toxin Livestock Toxin source Dosage/(mg-kg ) Time/d Symptoms Reference
T-2 ¥ LR /S 3.20 21 kA [75]
Swine Moldy corn Reduced feed intake
aifh R >4.00 14 B4 [75]
Purified toxin Dermatitis
aditb iR >2.00 21 14 5 Yk [75]
Purified toxin Reduced weight gain
AR >2.00 21 $kfrEd [75]
Purified toxin Reduced feed intake
S iR 0.60" 21 i3 [76]
Lamb Purified toxin Diarrhea
7 - 0.64 20 MmAE. Fads. 458 A B [76]
Cattle Bloody feces, enteritis, abomasal and ruminal ulcers
NIV A AE AR >6.00 20 P E g HEg b [77]
Broiler Purified toxin Reduced feed intake and weight gain
DON I & BN >1.34 21 SRERIRY E R (78]
Swine Moldy corn Reduced feed intake and weight gain
KEEK >11.90 21 AN E [78]
Moldy corn Complete feed refusal
REEK >19.70 21 mg it [78]
Moldy corn Vomiting
FB, b KREERXK 166.00 6 SV SR [79]
Swine Moldy corn Pulmonary edema
PAI R ARESR T] >100.00 21 U5 i 28 gk 2> [79]
Broiler  F. verticillioides Diarrhea and reduced weight gain
aifb# R 125.00 14 A [80]
Purified toxin Death
FB ik L2 9! 45.50" 7 M [79]
Lamb F. verticillioides Death
ZEA ¥ RAEEK >3.00 14 e M 2O [81]
Swine Moldy corn Hyperestrogenism
AR > 60.00 42 AN [82]
Purified toxin Infertility
oy At 250 mg’ - PEUREERL, R [81]
Dairy Purified toxin Reduced milk production and infertility
M AR 12.50 10 HEERRMAET TR [83]
Lamb Purified toxin Reduced ovulation rate and fertility
KA it E R 100.00 21 7R > [81]
Turkey Purified toxin Reduced egg production
MON A S AL # R 27.00 7 4 FBE T [80]
Turkey Purified toxin Reduced weight gain and death
K St 9 100.00 21 JRATECAIY > [84]
Turkey F. fujikuroi Reduced feed intake and weight gain
B i Zex: 9| 100.00 28 R A e [85]
Hen F. fujikuroi Reduced egg production and weight gain
FA bt aifpBR 200 mg’ - Mot [86]
Swine Purified toxin Vomiting

CEEANEEAIE A (RERR ) mgkg ' © FEET IR AR E .

* Intake dosage unit (body weight basis): mg-kgfl. ® Toxins are fed to livestock at one time via gelatin capsules.
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