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ABSTRACT

Wilted soybean plants were collected from soybeans cultivation fields in Korea from 2014 to
2016. Fusarium spp., Colletotrichum spp., Rhizoctonia spp., Macrophomina sp., Phytophthora
spp., and Calonectria ilicicola were obtained from the infected samples. Out of these,
Fusarium spp. were the dominant species (79.1%). In total, 53 isolates were identified as

'.) F. solani species complex, F. oxysporum species complex, F. graminearum species complex,
R and F. fujikuroi species complex based on mycological characteristics. Sequence typing
aodates analysis was conducted using translation elongation factor 1 alpha (TEF) to confirm the

identification of isolates. All isolates were identified as F. solani, F. oxysporum, F. commune,

a OPEN ACCESS F. asiaticum, and F. fujikuroi based on phylogenetic analysis of TEF sequences. Pathogenicity

PISSN : 0253-651X of 44 isolates was tested on three cultivars of soybean using the root dip inoculation
eISSN : 2383-5249 . . o

method. Out of 5 Fusarium species, only F. asiaticum could not cause the symptoms or be
Kor. J. Mycol. 2020 September, 48(3): 297-312 weak. Ten isolates were selected based on pathogenic characters and species identification

https.//doi.org/10.4489/KJM.20200029 . . . . . .
psi/fdoiorg/ / to investigate the host range and screen soybean cultivars for resistance. Fusarium solani,

F. oxysporum, and F. commune were aggressive only to soybean, and F. fujikuroi was
aggressive to kidney bean, yellow cowpea, black cowpea, adzuki bean as well as soybean.
All 13 Korean soybean cultivars were susceptible to F. commune and F. fujikuroi. Out of 13
cultivars, cv. Janggi, cv. Poongsannamul, and cv. Socheongja were resistant to Fusarium wilt,
while cv. Hwanggeumol and Chamol were susceptible to Fusarium wilt.
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A3t 5 2718 AAste] 23 iR (water agar, WA)O!l X)/8511Tt 3-59 &, Al 5 Aol M =}
hd 752 |7 o 2 hEsto] HEH 72 £(Genus) E0lA 57851, ©] F Fusariumt
2 wxzzt Beoiglth 4 BelH da= RSP ElA] (potato dextrose agar, PDA) AFHEIZ]o]]

Fusarium E2|252| ZeHH £4 ZA

Tz} 225t Fusariumt-2] w512 £/9-2 PDA B A| 2} camation leaf agar (CLA) B A], synthetic
low nutrient agar (SNA) Hj Z|of] B Foto] ZAFSIITE PDA HIA[ol| M o] HAMYSE L, 7]5A
E4 9 A4 P4 5 uidE EAITSNA, CLA HiA| ol M o] i BAJZALe] mofat 57), A E
BEAS] FAd -7, B 9 7] B & EhEARe] 4 77, A (phialide)o] FE 5]
2 £/d2 o] AFA=9] 7|20l wheh RAFSHIATH13,14].
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Fusarium T2=2| DNA == U g7 |ME &M

S} Belst 537) FusariumT5+2] genomic DNAS F&517| 9J5to] ZH22] #3+E potato
dextrose broth (PDB) | &]0]] 25}, 25°CollA] 5UZF BiFSHITE FARIE- 172] miracloth 2 3]
Fsto] 2 AR =, 57 akafisto] Choi 511512 BHH 22 genomic DNAS FZ5FaL, 20°C
of] HytstrH A} Adol] ARSI

DNA G714 E 242 0'Donnell 5{16]2] B2 1151 translation elongation factor 1 alpha
(TEF) S22 o2 AAJ5I3ITE PCR 22 9J5}H0] EFI/EF2 Zato| S ARE3HITH16].
PCR HF2-8-2 100 ng-uL"2] template DNAS- 285107 10X Tag buffer, 2 mM dNTPs, 10 pmole-uL"
o] alo|mA, 0.5 unit] Taq DNA polymeraseS 7 50 L= THERITE PCR 2702 94°C, 45%,
58°C,45%,72°C, 1222 F 35 cycleS HHEo10] 343 H, S-EH WEE- 1% agarose geloll 7%
5ot E5IQITH PCR AHE-2 Wizard SV Gel & PCR Clean-up System kit (Promega, San Luis Obispo,
CA, USAYE ARg-sto] JAI8H 2, direct sequencings &3l A714F& 2ASIIATE 241 714
E-& Clustal W 2L EQ|0}E 0]-85}o] AHsIAL, A7 A B FALEE ZAlhFeto] MEGA 6.0 =
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NRRL25097 (JF740724), F. oxysporum % 53 A|= F. subglutinanas NRRL22016 (HM057336), F.
fisjikuroi & B3tA|= F. oxysporum £ sp. dianthi ATCC 64922 (AY337416)2 tiAY0 2 3t
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commune Z} 19-2E Adlslo] 7|Z2Holol 2 T2 AP AL S ZASIITE 7|2 o] A}
+ HigT2 Zaboto] ol &b AT, 4 22, &5 ﬂi?%’—, sSERs. Y
o2 SIIT T3 ulofl A AHl FQ F EF 1371 tid e
A =5 AT dld B2 BT, 83, 14T, 71T %’& =35, 24, 3

4= N5 % tYF2 AREsIiH: 7&—?% flol 7123k
SV AT SUTH AL AL ST, WA R EAIS 2AI7HO 2 Sglom, Hh T 2t
A AFEQL A]5}E

HAE V5] 04 scale®] HHY 2] 4(disease index) = LFERH $ICHFig. 1). 2y

Disease Disease blsease Disease
Index 1 Index 2 Index 3 Index 4

Fig. 1. Disease index of Fusarium wilt in legume and maize plants. 0, no symptom; 1, necrosis of less than 20% of root tissue and discoloration
of the vascular; 2, 21-50% necrosis of root tissue and discoloration of the vascular; 3, more than 51% necrosis of root tissue and discoloration/
necrosis of the vascular; 4, complete necrosis of root tissue and plants death.
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Aol AlE5 SVl TEE|Q oM, 2| H 2 Al :27of| et ¥ A== 2lo] 7} UUTE &
5] 20159 S EiQke] 57 b ol A= 2|11 oF 70%9] Y T-8-2 LERIT thE-= A4S 57 o]
SRl 7of|A] 9¥73 IL27]0 ¥ Sl UEftoH, 719 makir SA4M 0 2 WAL 277
A AFRIE A B S8 UL, Bie] Ago] BASHA U A= 3432 B3It Fig 2). ©]
O} -2 A5S 3/30] U= FollA Z 67709 XS Eel$H 23, Fusarium spp., Colletotrichum spp.,

Rhizoctonia spp., Macrophomina sp., Phytophthora spp. 2 Calonectria ilicicola -5-°] 2|12, o] Z

Fusariuma-2 & 53712 79.1%2] B &2 ZAFE AHFig. 3). Al &0l W} Fusarium spa 2 2] ==
A9 ot 2472 o] FAlol| 2] = 7] = 5h Tk

Fig. 2. Various symptoms of wilted soybean plants in the fields. A, Chungnam Taean; B, Chungnam Hongseong; C, Gyeongbuk Mungyeong; D,
Jeonnam Haenam.

Phytophthora spp,

Fusarium spp.

Rhizoctonia sp
4.5%
Macrophomina

4.5%
Calonectria ilicicola

1.5%

Fig. 3. Genus level-frequency of fungal strains isolated from wilted soybean plants in the fields during 2014-2016.
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solani® ZAVE| QT 237] T3 BIE F solan NRRL25100 259} 3F 120 2 29171 0]3 Sof|A]
ol & do7|= Aoz AR F solani F FA ol £oh= the Sk B 2= At
(Fig 4A). °|2h= 22| E oxysporum & S A0l &3t = 714D 24 Aok, 2A| 3719 252
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solani, F. oxysporum, F. commune, E. asiaticum, . fijikuroi 5 & 5 591 71 0 2 ZRI%| i}

Table 1. Identification of Fusarium isolates collected from wilted soybean plants based on mycological characteristics.

Fusarium sp?cies _ : Mycgl(?gical characteristics” — Number of isolates
complex Macroconidia Microconidia Chlamydospores Conidiophore
FsSC Wide, straight, Oval, ellipsoid, Present, globose, single, ~ Long monophialides 23 (44.2%)
stout robust reniform, fusiform in pairs or chain
(5-7 septate) (0-2 septate)
FoSC Straight to slightly Oval, ellipsoid, Present, intercalary Short monophialides 21 (40.4%)
curved,slender kidney shaped or terminal
(3-5 septate) (0 septate)
FgSC Slender, thick-walled, Absent Scarce - 5(9.6%)
curved to straight
(5 septate)
FfSC Slender, medium length Clavate with a flattened Absent Mainly monophialides, 4(7.7%)
with no curvature base,false heads and chains often polyphialides
(3-5 septate) (0-1 septate)
Total 53

“FsSC: F. solani species complex; FoSC: F. oxysporum species complex; FgSC: F. graminearum species complex; FfSC: Fusarium fujikuroi species complex.
® Mycological characteristics were investigated on camation leaf agar (CLA) and synthetic low nutrient agar (SNA) medium incubated in alternating cycles of
12 h near ultraviolet (NUV) light and 12 h darkness at 25°C for 2 weeks.
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73 NC15416
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NC14307
NC15419 Group |
53INC16493
NC16495
NC16497
NC16498
~NC15385
NC15400
Tincis396
_81f|" NC15408
56| NC15411
NC15401
J* NC15399
— AF178344 Fusarium solani f. sp. batatas NRRL 22402
AF178357 Fusarium solani f. sp. glycines NRRL 22825
° AY220192 Fusarium virguliforme NRRL31040
AF178356 Fusarium solani f. sp. glycines NRRL 22823
99 AY220187 Fusarium phaseoli NRRL31156
59| AY220170 Fusarium tucumaniae NRRL31085
74 AY220171 Fusarium tucumaniae NRRL31086
JF740724 Fusarium oxysporum NRRL 25097

v

NC15394
® NC15398
NC15386
NC14337
NC14336
NC14329
INC15415
NC15418
NC15402 Group |
NC15404
NC15406
NC14328
NC15417
FJ985276 Fusarium oxysporum f. sp. vasinfectum NRRL 22557
FJ985274 Fusarium oxysporum f. sp. tracheiphilum NRRL 22554
_I' NCl15414
NC16496
— FJ985273 Fusarium oxysporum f. sp. raphani NRRL 22553
NC15395

NC15405
‘{NC15409 Group Il
HMO057335 Fusarium oxysporum f. sp. lycopersici OSU451

FJ985264 Fusarium oxysporum NRRL 1943
HMO057337 Fusarium foetens NRRL 31852
—  HMO057339 Fusarium redolens NRRL 31075

HMO057340 Fusarium hostae NRRL 29889

NC15397
NC15412
NC16490
HMO057338 Fusarium commune NRRL 28387
HMO057341 Fusarium commune NRRL 22903
HMO057336 Fusarium subglutinans NRRL 22016

Group llI

—
0.01

Fig. 4. Phylogenetic trees of Fusarium species obtained from wilted soybeans plants in Korea. The trees were generated using Neighbor-Joining
analysis of translation elongation factor lalpha (TEF) gene sequences. The number in each branch indicates supporting values obtained after a
bootstrap test with 1,000 replications. The scale bar represents 0.05 and 0.01 nucleotide substitution per site, respectively. (A), Fusarium solani
species complex; (B), F. oxysporum species complex; (C), F. graminearum species complex; (D), F. fiyikuroi species complex.
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(@]

NC14330
NC14331
NC14332
NC14333
NC14334
EF428585 Fusarium asiaticum NRRL 28307
EF428591 Gibberella zeae NRRL 29149
EF428645 Fusarium boothii NRRL 34301
JF740867 Gibberella zeae NRRL 52799

Group |

EF428586 Fusarium meridionale NRRL 28435
EF428592 Fusarium pseudograminearum NRRL 29329

0.01

(D)

JF740724 Fusarium oxysporum NRRL 25097

AF160279 Fusarium fujikuroi NRRL13566

IN092354 Fusarium fujikuroi M1150
NC15407

Group |
NC14319

NC15403

NC15410
KX656208 Fusarium proliferatum NRRL 31860
991KX656210 Fusarium proliferatum NRRL 31866

'—AY337449 Fusarium verticillioides FRC M5331

100 LAY337450 Fusarium verticillioides FRC M1325

AY 337416 Fusarium oxysporum f. sp. dianthi ATCC 64922

A
0.01

Fig. 4 (continued). Phylogenetic trees of Fusarium species obtained from wilted soybeans plants in Korea. The trees were generated using
Neighbor-Joining analysis of translation elongation factor 1alpha (TEF) gene sequences. The number in each branch indicates supporting values
obtained after a bootstrap test with 1,000 replications. The scale bar represents 0.05 and 0.01 nucleotide substitution per site, respectively. (A),
Fusarium solani species complex; (B), E. oxysporum species complex; (C), F. graminearum species complex; (D), F. fujikuroi species complex.
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0x
o
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0% 59N Fusriom 8% 3 447) F78 V0 2 1)) T E50] i 98 S 4
oF A}, -2 Foll Lotk ol uet Y/ Tt thE Ao ® FANE I TH(Table 3). EY
22, 995, B3 5 vhe) B0 B 4s o)o] o[ 4EEE el iAo ZHsict
31 WHE] = w55= F solani 235, F. oxysporum 5S¢, F. commune 15, F. fujikuroi 2551l 2
7| EZ0)| A o]EF-& 40% O)/2! = E solani 155, F. oxysporum 2752 UERGTE o] S F

asiaticum 57} 5= 371 T FF L7l tish HLdo] YA rjnjet Ao = Yt o] 7]

9] 2A1SE B3 A AlFelE Al
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Table 3. Pathogenicity of Fusarium species collected from wilted soybeans in three soybean cultivars by artificial inoculation.

. Tsolate Percent of diseased seedlings (7o)
Taegwang ‘Wooram Daewon

Fusarium solani species complex

E solani NC14307 200 100.0 56.7
NC14335 16.7 50.0 0.0
NCI15385 0.0 0.0 6.7
NC15387 400 0.0 6.7
NC15388 80.0 133 0.0
NCI15390 400 80.0 80.0
NC15396 400 0.0 6.7
NC15399 400 100.0 533
NC15400 0.0 167 6.7
NC15401 0.0 400 0.0
NC15408 200 200 0.0
NC15411 400 6.7 0.0
NC15413 0.0 400 0.0
NC15416 0.0 0.0 26.7
NC15419 26.7 0.0 10.7

Fusarium oxysporum species complex

FE oxysporum NC14328 0.0 26.7 83
NC14329 100 100 66.7
NC14336 200 66.7 26.7
NC14337 100.0 100.0 80.0
NC15386 60.0 400 0.0
NC1539%4 0.0 6.7 0.0
NCI15395 133 533 200
NCI15398 26.7 20.0 20.0
NC15402 100.0 100.0 40.0
NC15404 400 133 40.0
NC15406 0.0 0.0 200
NC15409 400 100.0 533
NC15414 60.0 0.0 0.0
NC15415 0.0 6.7 400
NC15417 200 0.0 60.0
NC15418 0.0 100.0 200

E commune NC15397 60.0 66.7 533
NC15412 200 0.0 16.7
NC16490 0.0 6.7 400

Fusarium graminearum species complex

E asiaticum NC14330 0.0 0.0 0.0
NC14331 0.0 0.0 0.0
NC14332 0.0 6.7 0.0
NC14333 6.7 0.0 200
NC14334 0.0 0.0 0.0

Fusarium fiyjikuroi species complex

E fujikuroi NC14319 66.7 60.0 60.0
NC15403 100.0 60.0 80.0
NC15407 80.0 0.0 200
NC15410 0.0 0.0 400

Control 0.0 0.0 0.0
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BHY Fusarium 232| 7|FH?| X E5 MLd
—:8'—01]/\1 S Fusarium2] 814, §-40 4, B Yshy E/44-5 Jra{sto] A 10709 EHJL‘?"‘
S5 Table 41| 7|&51AT) o] & EFFE o|-85t0] Fate} sH2atof| &5h= 971A] =2
o2 713 QS AR A3 E solani, F. oxysporum, F. commune2] 25 5= & (cv. EH-‘JU—)

o]e]o] Za} A&7} & 4240) B2 2 07| 2] U9kt (Table 5). BHH E fujikuroi NC14319 5= EH
LESH|Esto] R, FEET SEHI Ul wo) A| 58 W B e =ARS L ERY O
5] BT, AT, Bolle AVGRE 2s] A7 Aro] At e S YERl oY %‘%
1}, 2E2H, FFols e do7A] Etrh

ol& EHE%L 137H S AuiESel St 55 A/ e vlugt A Hdg, 25, 2
227, W3s. tds & 7l 52 55 RE dFolM e dozlon, e&bs, dEsae
7H ool M= 1 é O 7| A] FUAL, Bl g2 FF-F-2 27l w5l HAF 38 = 37] ool o
3l S o)A e, FAUET2 7 i, A7 %A 7 o] S
A B Lo 7)A] LTt (Table 6). =, F solani®} E oxysporum2 220] w2t A =7} th2 4
Urebd B, F commune-2 25 FE0l4 03~3.09] HHA S YEFIIL F. fujikuroie 25 &
Zol|A 2.04.02] HYA| = LERTE F5 HE2 B F oxysporum NC15409 w55 v B A]
471052 WY o] 7 2RI, F. fujikuroi NC14319= Bt T 2|71 3,60 2 71 B4 o]
et = YERT: o]ef o] 10712] thEwE vl o' A 52 e 2t 1371
T ES T 7T, FANET, A2 Het WA 47} 03-04%A] Fusarium A0l O
o 23 TS AR Kol FF2 5 W52 Bt WA 7 2424 7P A

Table 4. List of pathogenic Fusarium isolates selected to investigate the host range and cultivar
resistance of soybean.

Species complex”  Species Isolate Region Pathogenicity
FsSC FE solani NC14307 Chungnam Taean ++
FE solani NC15388 Chungnam Taean +
F solani NC15399 Chungnam Taean =+
FE solani NC15390 Chungnam Taean ++
FoSC FE oxysporum NC14329 Jeonbuk Jeonju ++
E oxysporum NC14337 Jeonbuk Jeonju ++
F oxysporum NC15406 Chungnam Cheongyang +H
FE oxysporum NC15409 Chungnam Hongseong +
FE commune NC15397 Chungnam Taean ++
FfSC FE fujikuroi NC14319 Jeonnam Haenam +

* FsSC: E solani species complex; FoSC: F. oxysporum species complex; FfSC: Fusarium fujikuroi
species complex.
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k-
L=

&2 AFolM= FUl T Al 2RI AlES /82 ARstaL, ¥ +2I5to] Fusarium spp.,
Colletotrichum spp., Rhizoctonia spp., Macrophomina sp., Phytophthora spp., Calonectria ilicicola”} A&
S Z/do] FoIsh= Zlo & AL Q1AL ] F Fusarium spp.atO] 79.1%% 71 %@Zolo] 3ol
AT AlES 3730 e AlEolA PR 1372 wo] Eef= gl o, thtg 24379 o
O] E/kloﬂ __'_E]E]O-h:]- ]7/\% = o]/\l—_,] _,J—;Lo] ETS‘]—ZJQE 7'(]013]. 7~]]_,]- ?:_]_l?__‘?_ H/Ho] 7}
&k to] o7 2= e A Ei$— AEct 20161 7YRE 108744 7] 344, A 29 9] A
5 /8= UeUiE 3= A5t d= 221 23, Phomopsis sp.7t 7H Bol 2231,
Colletotrichum spp., Macrophomina phaseolina <=0 2 22| %131, Fusariumv-2 A5 22| A] &
S A0z tEht & At ZiRehs ZFol 7k AT 7). ol= AlR AR A e] Zole} 201612
2 Az 71FE wiEel 2o g Az $hH, FatollAl= 37 A ollM T 87 HE
15970 A &5 =745to] 137119] Be g w v a2 2t 21, 26712 o] FAlol 2]
Hokar s, £2] QI == Phytophthora sojae, Phomopsis longicolla, F. equiseti, Rhizoctonia solani,
F. virguliforme <=2 % 2] =]}l 0H, o] = £2] X|q9] S Hth= F K 7] 2folof w2t 2]
HlEof Zpo] 7} QUTFAL SHATH18]. ol= & AtollA 24 F7-2] o] FAlol E2lH At LA

St & AolM = T2 Aleg 5/480] UEiths s 2710 2AKI7] w2l Hlkzof
€ Zpol7t e Aoz A7 webA fejuEte] F9, s 7|9 AlES SAle =
Fusariums-0] T3l o 4 9lom, e F S A7 = A 55 Aigsto] Bt &2 ¥l
T2 HYs| AR E Q7 Qle Ao g et

HEfA, v F4 E/J 2} TEF (translation elongation factor 1 alpha) -2} G7| LA ZAHE 7|
Hro 2 B Aol A B2l Fusariumv-2 573 A3 F solani 23w, E. oxysporum 187+, F.
commune 375, E asiaticum 555, F. fujikuroi 4vt5-2 ZAFEI AT 20148 5] 20158744 =+
Sichuan’g 37112 A Hof|A] Z2] 3t Fusarium+ 7871 55 578 A3}, & 9719] Fol Z2] = Utk
sk om, Be] Bl = F equiseti, . oxysporum, F. graminearum, E. proliferatum, E, solani, F. commune,
F. vetticillioides, F. avenaceum, F. fiiikuroi <=9 2 LFERGHTHO]. 7HUtt} QERRISo|A] 37 27 &
g3t fARRE AollA= g7le] Fol ERlE| =T, F oxysporum®] E2|¥1 =7t H55] =R E
equiseti, F. tricinctum, F. graminearum F. solani - TFE T2 10% 1| 7He] H|&5h =20 2 Fa]&| ot

[10]. ©]=F South Dakota A|2}2] 749, & 11307 FF= E5}to] 54 23 E graminearum®] §1
=7} 51%, F. acuminatum©] 30%, E virguliforme, F. commune-= 2% °|5t2 22| =|31tH19]. £3] E
gramincarm®] 2] W=7} & A 3 2] 120 2 Wo|up S4ng Afey] thRoleln o
A F grmineanim©] 23} S44] 72 UF0)7] thgol WAEo] ol 91 o] Fol 4
& F= Holek 5i3ich FelURIOINE 22 E guminearunro] 3 B4 o] Bofghria

TS T12], 22 30 A EA RPN BE ] 210 2 22 ApHfshs vl &o] Solu
917] W0l A 419 T R BUElYo] BRE A0 2 A2HEILY, olg} 2o] T ASS
3! 52| 2R of] ¥hofShe Fusarumt-2 IS ThY5HH, o]= 5 AlfHl S0l wheh JakS 1]
2ol & Hde ZARIL Hew] £4S mfelstal Qle Ao mi- F- a5tk & 4= Qlck

|
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T, 2 Aol B Fusriund-S B2, S22, T3] WEelol BUA 2HE 4
A3t F solani= 20% (315, E oxysporum2 37.5% (675F), F. commune-2 33.3% (1+5), F.
ﬁyzkurm— 50% ()7} 2EZ o|Aol| A 40%0)A+2] o] F8-S UERA 1L, F asiaticum S B YA
o] §1Au v|n|SFATE. Farias@} Griffin [201: 2 A 504 22|3HF oxysporume /22 &
NP 31 W 41%Ko] 1S Yo FATHIL SHHA, HUAdE #3ol| ©J5f L o)z} Acka
oL, Okello 5191 2= & Ul w8 W d 9] fo]7} o 2ttt 51%1=t], o] = 2
A Aatet YxJoh= A o & wETh F Sichuan Aol A 2] 3t Fusarium+2] W4 4%
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xg

201495 2016E7HA] U] 3 Al ZoNA AlES S4S Hole ARl M2 22
St A3}, Fusarium spp., Colletotrichum spp., Rhizoctonia spp., Macrophomina sp., Phytophthora spp.,
Calonectria ilicicola” } 22 | 111, Fusarium+°] 79.1%= 7P ol E2|=] it 537H2] Fusarium
& w8HA E/Jo) oJal| 54t A2} E solani, . oxysporum, F. graminearum, E. fujikuroi ‘- 47}
o] & &3t A|(species complex)Z 5= ACE A7 |MEEAS 53 F 545 5N translation
elongation factor 1 alpha (TEF) 37212} 29| & Al5-2X5t A} E solani, E. oxysporum, F. commune,
F, asiaticum, F. fujikuroi 5 5522 SFQI%| Ut} 4471 Fusariumv-5+2] BY/dS &Rlst| 95t
Ty EZS Ao 2 o4 Y| HESH 731_,,]- F asiaticumS Y4 o] QAU nju)sk Ao &2 v
Efstt}. /o] e 107 #75 Adsto] 7|5 915 2ARE 23} E solani, F. oxysporum, F.

commune<> 3°l|7H ¥ J’“O] AL E fijikuroi= 5, '35, Geis, SoFa 2 ol e
S Eoﬂl_‘,]- ok 1370 B B5E o2 A AAS 4385 23 E commune™} F. fujikuroi=

= Fso S %Qii':} 715, FNIET, 27252 Fusarium©] 2J3 Al S5 Bl 24
11"%“3 o] AL UBN, FEEF, Fes 2 AT 5o EUH I

O.L_.
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