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ABSTRACT:

In 2007, a total of 77 isolates of Fusarium spp. were obtained from ear rot symptoms of corns collected

from 5 locations in Gangwon Province, Korea. The fungal isolates were identified based on their morphological
features. Out of the isolates, fifteen isolates were identified as Fusarium verticillioides which formed microconidia
in long chains on monophialides. Four isolates were identified as F. subglutinans which formed microconida only
on false heads. Six isolates were identified as F. graminearum which produced red pigment in PDA culture. Besides
these Fusarium species, F. napiform, E nygamai, and F oxysporum were identified from the rest isolates. To assess
for genetic diversity of the isolates, a random amplified polymorphic DNA(RAPD) technique was carried out using
URP primers. The results from the RAPD analysis showed that the isolates from corn were divided into 6 groups.
These RAPD groups of the Fusarium species corresponded to morphological characters of the Fusarium species.
The phylogenetic analysis of most isolates by DNA sequencing of EF-1a gene corresponded to morphological characters
of the Fusarium species. The results of pathogenicity tests by two inoculation methods revealed that F verticillioides,
E graminearum and E subglutinans are strongly pathogenic to corn stalks.
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S5 (Zea mays Ly= H(Triticum aestivum L.), W
(Oryza sativa L)%} BE0] AlA| 3d] 224 23, ALS,
THUEE ARHH, AuHZ o] Wi, oA o]
Hojd ZrEo|th(EFAE 3T, 2006).

STolle B T/ Wol AstaL lom, s-uet
oA o] WAk P oEE FEFHY, AT
W, AnlE S HEsto] 13711] 9] ®o] dEA =], o]
% Fusariumd®) 23+ WIZ=  Gibberella fujikuroi
(Sawada) Wollenw.ol| €]gt o|APH-SH | Gibberella zeae Sch-
wein (Petch.)oll ©|&F F-23301W, Fusarium moniliforme
L Sheld.ol] &3 €54 H So] Hirwo] rhE=2=
H2)8ts], 2004). WWH 2J=ke] A9, Fusarium verticillioides
(Sacc.) NirenbergS Y| 53511 Fusarium subglutinans (Wol-
lenw. & Reinking) Nelson, Tousson & Marasas®} Fusarium
proliferatum (Matsushima) Nirenberg®] ¥43}= Fusarium
ear rot®} Fusarium graminearum Schwabe’} T2 ¥o]3}
£ Gibberella ear rot? 72313 ) THMunkvold, 2003). ©]
& W HEe S5 TS AL, FEE
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AstAld B of}t Xd5AE Akt QS x &)
E = Ao=Z dA Ath(Sutton, 1982).

FA S5 oA SHAOE RVE F moniliforme=
oJe] 7FA] Fo] EAlsk= 5 A (species complex)= B
R, H EAAESE Ayl dHog Qlete]
THYA N gt N2 A7 A7t AlEEIA Bas
nom, ERHHOE AT E =4 AR U= o
o|th(Seifert et al., 2003). A S5 o APHFHAES F
verticillioidesZ. 24 o™, AN BIE E moniliforme
A= F subglutinans\y F. proliferatum 5°] X350 3}
THMunkvold, 2003).

ol gt S5 o] 2PN SHol tigh o)=o] A= At
ARER o] 85 A9 Azt EAVE 2 5 e MEael
#3+ 93 (Fandohan et al., 2003; Presello et al., 2007;
Torres et al., 2007)2} F2]8F HUFS] 42 O3 &
o] #3+ A+(Danielsen ef al., 1998; Kini et al., 2002)
ol A=A gk, FlollM= 80 dh ZWHA] S
oj2PASH WhAo] ThHZA O T R IEQY, SRl
L2E F moniliforme®] S A B8 Tl ik
AT7E AATHA 5, 1984). 18] oA gt

o,
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Fusarium sporotrichioides Sherbakoff®] T-2 =4xol] 33t A+
(Lee et al,, 1990), T=12F S Al FolA] -2l et Fusarium
9 BAATF(] T, 1994), 2559} HeloA EEe E
graminearum®] AYAeRE S4ol A AFA 5, 1998) 5

2 edsto] Aitete Sl #AE A7 FREHAL
U 2 o) #ojsls Wl tigh £7 Ay vye
A7geltt,

w2 AFeas oA EFAe] U
AN L, Fusarium®-3 Fedto] #3H4 54
s, wElE a7 4 dHdd 4
A ste] o] S oA el

2 BYFGOm, o5 WAYS Hssich

Han 22|
U Ao G4 AT o]2kHgF o] Sl
N

S AEE Ak HddS Feeih BE olike
1% Aot AREFS ARSSt] FRAESH & At
33] AlHate] WA(water agarpii Aol 217datdet. 217 5~7
T bt FECBRE Fusariumd-S ©EAF 228l
PDA(potato dextrose agar)?} SNA(synthetic low nutrient
agar) AFAEIAel &7 WAL, oI5 455 10°COl
Haatas Al ARt

TEE EdEAL

28t Fusariumd-2] 484 5702 PDAHIA|¢} CLA
(carnation leaf agar)a|A] 2 SNAB|A]o)| 2 vjFste] A}
IR ZAPPHS T2 A4S (Gerlach and Nirenberg,
1982; Leslie and Summerell, 2006; Nelson et al., 1983)<]
71520l whet ATt WA 54E 2ARE] flske
FFE A7 5 mm9 cork borerZ 22} PDAHIA] Z|
HEG 5, 5~747F 25°ColA widet & s, +F¢
R A A 2 gLk A FA 0] T 55 ARSI
CLAWIA]:= Fisher 5(1982)2] W o2 ZA|519aL, SNAH)
2)¢] PRS- KH,PO, 1.0 g, KNO; 1.0 g, MgSO,7H,0
0.5g, KC1 0.5 g, glucose 0.2 g, sucrose 0.2 g, agar 23 g,
IN NaOH 0.6 mL, DW 1000 mLo|™, pHS 8~102.%
ZA sl skl ZA|skd ). £8]E viA]o] 5 mm cork
borer® A2 752 XA331e] 20°C2] NUV(near ultra violet)
ofgfol] 12A17H19 9] 2710 Wik &, 25757 E o
FRAEA] Bt A7, AR XA J4 F, B
& % =271, A (phialide)®] FH, F=EAFe] JA A5
5o FeA 545 AT

=2|ZF2| DNA £5 % RAPD 24
RAPD EA4& {3t UZAFE F  proliferatum

1=

NRRL22003, F subglutinans NRRL13588, F verticillioides

dg

ol

NRRL20956< ¥|=F ARS Culture Collectionol|4] o}
AHEEEATE Bl 2 dlE2d52 genomic DNAE 3
Z317] $13X4 &5 PDB(potato dextrose broth)ul|=]<]]
HEeaL, 25°CollA 5~7d7F ARl skt e
AHAIE miracloth® 7 3te] SAAZ ] 3] vifigh $-
A 5(2007)8] WS W33 CTAB-phenol/chloroform
FEHOZ genomic DNAE &3, 20°Cel| HE3HA
Ade] A3t tE. RAPD(random amplified polymorphic
DNARA-E 9lal4] 123572 URP(universal rice primer)
(Kang er al., 2002) oA T4 M=S FSiskA et

= 2R(5'-CCCAGCAACTGATCGCACAC-3 )7 17R
(5'-AATGTGGGCA AGCTGGTGGT-3") primerS AH&-3}11
t}. PCR WESAS 100 ng/zde] template DNAE 3515}
10X Taq buffer, 2mM dNTPs, 10 pmole/z4 primer, 0.5 unit]
Taq DNA polymerase(G&P Co.)& % 3042 A3}
Aot HEEZ AL 95°C 13, 55°C 2%, 72°C 152 359
HHESldom | HEH 07 72°ColA 787} post extension®
2 31991, Tetrad 2 Peltier thermal cycler(Bio-RAD)E A}
43l PCR &5 HAISHS T o]F 1.5% agarose gel
o] 2171%9%53%F & ethidium bromide® G435l UVaolA]
AT FAE 2492 pe-NTSYS software(numerical
taxonomy system; Rohlf, 2000)S A}&-3}o] RAPD 2§
A3t S8 e oW 1, flom 00F st
SIMQUAL®] Al=E AtsAH. o] AlFE o838t
AMD 32 HlgAd o] AlSE 4313l UPGMA (unweighted
pair-group method)E AH&-31%] cluster®2] &1, dendrogram
= Akt

A7 MY & AE 24

Translation elongation factor 1-a(EF-1a) f32ke] &
71E 242 95t O'Donnell 5 (1998b)2] i< 3
3&te], EF-1(5-ATGGGTAAGGAAGACAAGAC-3")3}
EF-2(5-GGAAGTACCAGTGATCATGTT-3") ZZfe|HE
AFE-EFATE PCR ¥H8-912 100 ng/ul2] template DNAS
XE3sle] 10X Taq buffer, 2 mM dNTPs, 10 pmole/z19]
FeF primerd, 0.5 unit®] Taq DNA polymeraseS &%
50 pl2 A28k TE PCR S3%-2 94°C 30%, 50°C 30%,
70°C 90%= 353] WHE3I 3, HEH o2 70°ColA 757+
%3] post extensions AA|SFATE 1.0% agarose geloll
72719953 3~ ethidium bromide® FA3to] UVatallA 22l
319 th SZ % bandE Wizard SV Gel & PCR Clean-Up
System(Promega) kits AH&-5t] A § pGEM-T easy
vector®} ligationdl2Z, heat shock'I'HO 2 FHAZAIA
blue-white screening®] &2 &S] A3 TE Wizard
Plus SV Minipreps (Promega)E ©]-8-3to] At J2A
S| A] plasmidE FZ3+1 3L, ABI 3730 DNA analyzer
(Applied Biosystems)Z sequencings HAISFATH 4%
Q7ML Clustal W 2ZE¢o](Thompson ef al., 1994)=
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o] &3] HE3I T, 97141 nucleotide?] FA=S A4t
SR Al'E5= MEGA 4.0 222138 0]-8-5}¢ neighbor-
joining'g ol ©J3l 2}/ 3Tt

Had 44

S Tt e AR oF 7 71 ST
T ZF1T) 275 IR opAPRE o] &3 HEH
(Jardine and Leslie, 1999)3} XA}3AJo] -g-o]3 CLAW|R]<]
agar blocks ©]&3t HEFHO=R S35t oAM=
33] dsle] B<ES AlAske] FH)3kaL, PDBHIA](5 ml)
7F E0] = test tubeol] 4~5714 Fo] H#sATt. o719
FEHETE st 797 25°CY] 2R ujdste] o]
AN ASDS SHISL, txTe Eatd oS
PDBulj Aol 797t o] FEH|EFH Y. S, agar blockS]
HEdS Axstr] fsted 43 #F5 CLAMA ] §
=3 ]-217_ 20°C2] &-27]o4 NUV(near ultra violet)7} H]
= 2102 WYET, hRTE FRE
HYBHA] ¢S CLA WiAE o238t [ x 1 em 7|2
2} FHlEk ). 77 A A 78 S5 =709

vl—
[e)
o 7ue B FiE Rl 4EAL B ¢

Mo = —W'

be

Y e <5
e Pl

e Wi

ol #3l= Fusarium&Gd9] 54 123

Fojuhe Fis Zeplar s Eo R WEste] Folvh
Agar block'= 1 9 E7]0 221 5, FedEo= 1
FAok. HE 2—r‘ T, 577 F7E ARE e wd

guk 2ol S5kt
Z o D

Fusarium ‘—‘.\- | =22 ¥ ZEA 5M EA|
200750l FAEe] S Auf A HolA oAby
%ol A= —,"—r o2l M (Fig. 1) Fusariumd< £
e, AGER 62.5-100%] #HEES JERIT
Z TR Fusarium?s<t 5 387N 50 i3l CLA, SNA,
PDA HiA|olM o] #3814 5L Abste] 54 A, 1570
T57Y E verticillioidesZ 57303, F subglutinans’t 471,
F. graminearum=} F. proliferatum®] ZY2} 67 58=eH, 1
vboll Fusarium napiforme Marasas, Nelson & Rabie, Fusarium
oxysporum Schlecht, Fusarium nygamai Burgess. & Trimboli
5] BAEAKTable 1-5). E verticillioides= S552]
ortolu} Z7]0] HeHE dol= AR dHA U=,
2420 Fed 5o 2= el A (monophialides)

Fig. 1. Various symptoms of corn ear rot caused by Fusarium spp. collected from the field.

Table 1. Morphological characteristics of Fusarium verticillioides isolated from corn ears

Structure”

Characteristics

Present isolates

Gerlach et al.(1982)

Growth rate (mm/day) 10.7

Aerial mycelium

Abundant, white to cream

12.5-13.3

Generally abundant,
white to buff

Microconidia Shape Clavate with a flattened base, oval Clavate with a flattened base
Size(zm) 6.6-14.9 x2.5-42 4-19 x 1.5-4.5
Slender,
Macroconidia Shape Scarce Slightly falcate or straight
May be difficult to find
Size(um) - 18-73°92-4.3
Phialides Shape Always monophialides, slender Always monophialides, slender
Size(zm) 18.7-29.1 x 2.5-3.0 14-32 x 2.0-3.5
Chlamydospores Absent Absent

*Growth rate and aerial mycelium were investigated on PDA plates incubated in darkness at 25°C for a week. Other structures were investigated
on CLA plates incubated in alternating cycles of 12 h NUV light and 12 h darkness at 22°C for 2 weeks.
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Table 2. Morphological characteristics of Fusarium subglutinans isolated from corn ears

Characteristics
Structure® -
Present isolates Nelson et al.(1983)
Growth rate (mm/day) 9.8 Rapidly
Aerial mycelium Abundant, white to purple White but becomes violet
Microconidia Shape Oval, produced only in false heads Oval, produced only in false heads
Size(um) 7.5-13.7 x2.1-3.5 5-17 x 2-4
Macroconidia Shape Abundant Abundant
P Sickle-shaped to straight Sickle-shaped to straight
Size(um) 31.2-56.2 x 3.7-4.2 24-45 x 3-4.5
Phialides Shape Poly- and monophialides Poly- and monophialides
Chlamydospores Absent Absent

*Growth rate and aerial mycelium were investigated on PDA plates incubated in darkness at 25°C for a week. Other structures were investigated
on CLA plates incubated in alternating cycles of 12 h NUV light and 12 h darkness at 22°C for 2 weeks.

Table 3. Morphological characteristics of Fusarium graminearum isolated from corn ears

Characteristics
Structure® -
Present isolates Gerlach et al.(1982)
Growth rate (mm/day) 11.5 Very fast, 15-16
Aerial mycelium Abundant, white Abundant, whitish with yellow tips
Pigmentation Red Rrather variable, Whltls.h, pinkish, golden yellow,
crimson
Microconidia Shape Absent Absent
Septate Mostly 5-septate Mostly 5- to 6-septate
Macroconidia
Size(um) 60 x 5.1 (50-72.5 x 4.8-5.5) 51 x4.9 (41-60 x 4.3-5.5)
Shape Falcate, long and slender Falcate, long and slender
Phialides Shape Monophialides Monophialides, cylindric
Chlamydospores Absent Usually rather scarce

‘Growth rate, aerial mycelium and pigmentation were investigated on PDA plates incubated in darkness at 25°C for a week. Other structures
were investigated on CLA plates incubated in alternating cycles of 12h NUV light and 12 h darkness at 22°C for 2 weeks.

Table 4. Morphological characteristics of Fusarium proliferatum isolated from corn ears

Characteristics
Structure”
Present isolates Gerlach et al.(1982)
Growth rate (mm/day) 9.5 9.4-10
Aerial mycelium Abundant, white to purple Abundant, white to pinkish buff
Microconidia Shape Oval, clavate with a flattened base Clavate with a flattened base
Size(um) 6.3-12.5 x2.5-3.2 3-16 x 1.2-5.3
Macroconidia Shape Slender, straight Slender, straight
Size(um) - 19-79 x 2.6-5
— Shape Polyphialides Sovr:reymor::n r;‘(i;ggi‘l?i‘:es
Size(um) 17-27 x 2.5-2.7 11-32 x 2.3-3.5
Chlamydospores Absent Absent

*Growth rate and aerial mycelium were investigated on PDA plates incubated in darkness at 25°C for a week. Other structures were investigated
on CLA plates incubated in alternating cycles of 12 h NUV light and 12 h darkness at 22°C for 2 weeks.
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Table 5. Morphological characteristics of Fusarium napiforme isolated from corn ears

Characteristics
Structure® -
Present isolates Marasas et al.(1987)
Growth rate (mm/day) 7.8 6.7-10.7
Aerial mycelium White to purple White

In short chains and in false heads

In short chains and in false heads

Variable in size and shape

Microconidia Shape Obovoid with truncate base, AR . .
. Obovoid with truncate base to fusiform, napi-
Napiform to lemon-shaped
form to lemon-shaped
Size(um) Obovoid : 7.5-10 x 1.7-3.3 Obovoid : 6-20 x 1.5-4.5
A Napiform : 8.3-10 X 5.8-7.5 Napiform : 9-15 X 6.5-10.5
Macroconidia Shape Falcate, slightly curved Falcate, slightly curved
Size(zm) 56.2-66.6 x 2.5-3.7 29-90 x 3.5-5.0
Phialides Shape Monophilalides Monophilalides
Size(zm) 30 x 2.5 14-31 x 1.5-3.0
Chlamydospores Formed slowly Formed slowly

*Growth rate and aerial mycelium were investigated on PDA plates incubated in darkness at 25°C for a week. Other structures were investigated
on CLA plates incubated in alternating cycles of 12 h NUV light and 12 h darkness at 22°C for 2 weeks.
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7 AFEe] AFERAEAE FAste Flolt). o] #
< fumonising AAFel= o2 Q=2 S5 FAMIA]
oM Azet FAZE 3 Aok (Gelderblom et al.,
1988; Miller et al., 1995). F subglutinanse 2823
A7} false headFEITIO 2 A== EAS 7KL U
A2 JNEE= E vericillioides®t TFEET. F
graminearums ¥ MAE JAse 5Ho] oM, F
pseudograminearum, F. crookwellense, F. culmorum> 3
BF o g nizale] &5sh7] gAY, 2] Y 5
o7 FESH, F verticillioidesS}t Tl 0] o|2ta} £7]9
HeHS dodl= Zoe=mw A Uth(Leslie and
Summerell, 2006).

Munkvold(2003)°l &J3}H F graminearumol] 2]t o]
AP SRS o]2ko] EFREHE Wt A A o= -
Y= W, F verticillioides®| ] o] 243 47}
AT oAt FARRF o w7 WAtk ST R K
graminearum®|| 213t O|APHEHLE Med TdRUCR,
Ag7]0] 7ol B 7ol wAo] Alstrhal skt
2 A WFRE H| RS 22 FAo] o]ite] S Yo7
Aoz d#A 9l

F proliferatume F. verticillioides®}t T1'&%] Gibberella
fujikuroi (Sawada) Wollenw. $5gAol &3l= 402
polyphialides Bl 2] 7RIS FASIEZE F verticillioides}
o] 7Fs38lth. F onapiformes 2ZEAEAT @ 9]
AAE AkER JAAEY, &P AFFIAE I
s, ek e =@A] FAEE Aol 54,
dolzE| Tt A w4, 2ok 2 SRl EEE vt
Ao 2 Aol el Foll tisixe= ob4 Bare np
S tH(Leslie and Summerell, 2006).

RAPD £4

URP primer 17R¥} 2R ©]-&3at] 627] 5l thal
RAPD-PCR 2415 A8 A3, ZA o719 2502 1
Folfth 72t aFEE O SAS AR 23 FEE 5
Aol 23 72} URP primerS ©]-&3F RAPD ¥4
7t Al Axete] IF I, ZF 1L 2§ IVE 242 O
ZAdF2 A8 E proliferatum, F. subglutinans, F
verticillioides®t Q4 175 ©o|FoH, 17 V= E
graminearumS-Z. JEVSITH(Fig. 2). ¥HH, 15 113 2%
VI G fujikuroi & S A0 &t #4750 2= o}

o, 250 54s B4 flsiMe At $780]
Zast Zoz AzbEn, 7 5(1999)e) <shH o7 714
A ESE ol o {AAA A+ 7Hetl RAPD
4 W2 DNATEM Y] F44 gFdS drehe
shube] WO B elstAl o-8E L ATkAL siglnh B
g F TN fA3 gRde EAseT ek
W 7]e Fo] stUE deEA A=, Fusarium®2] 6
7N section®ll &3 1635 21AFE U RE o 714
primerE ©]-83}%] RAPD patternS #4935+ A3}, x| =
FejA 5ol o3 ERe dAFT SATHR T,
1999). 53], 715 W7t Wi, WAol Exsh <l
Fusarium=2] 7ol tste] o]k WHE o] &3 oy
7 o] A =E AT

U HRS SR F2a30E 4ol 78 #He

5
5
o
N

o2 F graminearum3}; E. culmorum®] 5714
AFel7] 918l PCR-fingerprinting o] ©]-8-%]1 3 (Miedaner
et al., 2001), 71558 SA N E2S E moniliformeS]
RAPD ¥4 (Kini ef al., 2002)°|u} S50l A E2]3 F
verticillioides®] RAPD -2 (Pamphile and Azebedo, 2002),
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Fig. 2. Dendrogram of Fusarium spp. isolates from corn based on UPGMA cluster analysis in the program pc-NTSYS using genetic
similarities calculated from RAPD-PCR analysis with URP-17R and 2R primers. Fp, Fusarium proliferatum NRRL22003; Fs,
F. subglutinans NRRL13588; Fv, F. verticillioides NRRL20956.

Liseola section®] E3HH Fusariumd-2] @8 4L 93t
RAPD #(Amoah, 1996) 5 Fusariuma3} Z+HE RAPD
AL s A=A

HIIMLEEN

2000 =% E moniliforme= o3 Fo] EAlsl=
TEIA L] Wzl o]%=2 #2o] FEH 543 HEol
FAAE A 54 HEAA Fusariumds] 57l it
A o] A== A THAoki and O'Donnell, 1999; Aoki et al.,
2001; Nirenberg and O'Donnell, 1998; ODonnell et al.,
19982). 53] < =0f 2] 7K 744 v FolA
translation elongation factor 1-o(TEF) XAV} Fusariumdt
o] F7F ol Agsittal B AL ATH(Geiser ef al.,
2004). &7 EAJo] tE 10709 EFFol st
TEF %2} @71MFiAe o8 AlesE 2t 4
I (Fig. 3), F verticillioides® §73%F CF4959} CF449
o5 NCBI 5259 A& F verticillioides (A
™ : Gibberella moniliformis Sheldon)9} 722 Fdo] &
QIFISIAL, F graminearum®.Z ¥ CF535 9A 55
¥ FE graminearum (AIY) G zeae (Schwein.)
Petch)?} 722 Fo2 SRIHAUTE TS CF4932> F
subglutinans=., CF519= F. proliferatum® 2 1% o]
FeA 5390 olal] 8H Aot dAsT. 22y F
napiforme®. AN CF4902 G fujikuroiet &Lt

awo &3N3, Fusarium sp.2 FlEAE  CF527,
CF446, CF452= F proliferatum 159 &3t= 102
YERSIT) oo} Zo] o] JejH Sl o3 84
Fob fzte] A7IER-A AA7t o dAlskes A
o8 yehgon, o r bl 455 e ® ZAls|ok
& 702 dtE

Hald 44

F. verticillioides &2 € PN w5l sl F 7HA]
WS ol&ste] WA ARS FYsidedl, 2 A
E verticillioides, F. subglutinans, E. graminearum ©] *§973
o] 7} Ao 2 YelttH(Table 6). CF519¢F CF527S &
Tl wEh A F xpol7t A eH, duko s
OIPAIZN T AREA] B o] AstA YERd T Begl
=72 73 3.3-6.0mme] RS YERl=H, ol=
FHOE FHE Fo A FES sk FelA dAls
o7 AZIET Silva 5(2007)00 2l8hd oFr=o]
FollX B2t F overticillioides$t F. subglutinans®] ¥
A A visssISlar, 3Rl st = Blssst A
e on, HEA IAsE GA] #do] gle sz
AR O S FFol wet o] A Aozt
dohar stk wEbA ko ® S| 5 E WA
AR S Tt Hwd Jart IS A o= AZE ¢,
Jardine?} Leslie(1999Y= FE verticillioides®t F thapsinum®)
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59

33

CF446
Bi| CF538

CF452
CF527

Fusarium proliferatum AY 337420
ezl Fusarium proliferatum DQO16287
Fusarium proliferatum AY 337418
Fusanum proliferatum AY 337433
—Fusarium proliferatum AY 337426
CF519
Fusarium proliferatum DQO16288
Fusarium proliferatum DQ837697
Fusarium proliferatum EU091072

46

= Fusarnum proliferatum DQO16289

100
37

Fusanum proliferatum DQ854914
Fusarium proliferatum EF452998
;‘Fusarium proliferatumEF452997
Fusarium proliferatum EF452996
— Fusarium proliferatum EF452971
Gibberella fujikuroi AY 337451
53 |CF490
45 Gibberella fujikuroi AY 337452
Fusarium subglutinans AF160289
Fusarium subglutinans AY 337444
CF493
98 |Fusarium subglutinans AY 337443

74 | Fusarium nygamai AF160273

92 | lFusarium nygamai AY 337445

Fusarium nygamai DQB54866
Fusarium napiforme AF160266

59

ag

Gibberella moniliformis EF 152427

sa | Gibberella moniliformis AY 662325

CF495
CF449

Gibberella moniliformis AY 337449

Gibberella moniliformis AF273316
Gibberella moniliformis EF452972
Gibberella moniliformis AF273313

94 | Gibberella moniliformis AF273317

Gibberella moniliformis AF273315
Gibberella moniliformis AF273318
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Fig. 3. Phylogenetic tree of Fusarium spp. isolates from corn ears based on the sequence of the translation elongation factor. The
tree was generated using Neighbour-Joining analysis. The number in each branch indicates bootstrap values obtained after a
bootstrap test with 1000 replications. Marks AY, DQ, EU, EF, AF, AJ and FJ are DNA sequence assession numbers from

NCBI GenBank.
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Table 6. Result of pathogenicity tests of Fusarium spp. isolates from corn by two inoculation methods

Mean lesion length (mm)°

Isolate Fusarium species Experiment 1 Experiment 2
Agar block method Tooth pick method  Agar block method Tooth pick method

CF449 E verticillioides 153 ab 21.7 ab 23.0 ab 28.0 abc
CF495 FE verticillioides 15.7 a 16.0 be 283 a 30.0 ab
CF493 F subglutinans 14.0 ab 29.0 ab 19.3 abc 30.0 ab
CF535 F graminearum 12.7 ab 21.7 ab 22.7 ab 23.5 abc
CF490 F napiforme 13.0 ab 18.3 abc 243 ab 18.3 be
CF483 F napiforme 10.7 abc 19.3 ab 15.0 be 27.3 abc
CF519 F proliferatum 0.0 c 25.0 ab 12.0 c 28.7 ab
CF527 Fusarium sp. 9.0 abc 30.3 a 16.3 be 35.7 a
CF538 Fusarium sp. 153 ab 17.7 abc 20.5 abc 15.7 cd
Control 33 be 5.7 c 0.0 d 6.0 d

* Means followed by the same letters in the columns were not significantly different by DMRT at P = 0.05
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