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Abstract

Lisianthus (Eustoma grandiflorum) is a flowering ornamental plant used widely in Korea. In
2015, wilting, damping-oft, stunting, and root rot symptoms were observed in lisianthus plants
of Yeoju and Gimhae, Korea. Affected seedlings appeared yellow and showed poor
development of root systems in the field and in nursery boxes. Furthermore, affected plants
were yellow, stunted, and died at approximately 2-3 months after transplanting. Fusarium
species were consistently isolated from the basal stems of diseased plants. Nine isolates were
identified as Fusarium solani based on morphological characteristics. Macroconidia of isolates
were relatively wide, straight-to-slightly curved, and microconidia formed in false heads on
long monophialides. Abundant chlamydospores were produced at the middle or tips of hyphae.
To confirm this identification, a molecular analysis of the translation elongation factor 1 alpha
(TEF) and RNA polymerase II subunit (RPB2) genes was conducted. The sequences of TEF and
RPB2 showed 99.2-99.9% and 98.0-98.1% similarity, respectively, to those of reference F.
solani strains in NCBI GenBank. Pathogenicity was tested using root dipping inoculation of
healthy lisianthus seedlings. Symptoms were observed within 7 days of inoculation only in
inoculated plants. This is the first report of F. solani causing Fusarium root rot on lisianthus in
Korea.
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Fig. 1. Symptoms of Fusarium root rot on lisianthus plants and morphological characteristics of
Fusarium solani. A, typical symptoms of wilting and severe root rot; B~E, seven-day-old
colonies grown on potato dextrose agar of NC15-392 and NC15-433 isolates at 25°C,
respectively (B and D, surface side; C and E, reverse side); F~K, morphology of the two
isolates on carnation leaf agar at 22°C (F and I, microconidia; G and J, chlamydospores; H and
K, macroconidia of NC15-392 and NC15-433 isolates, respectively); L, wilted lisianthus plants
7 days after inoculation (left, control); I, root rot on wilted plant (left, control) (scale bars: F~K
=10 pm).

215 B/t thFig. 1F~1K). ®A8ZA7 2] doli= ule- A, =5}, mono FES] +
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Table 1. Comparison of morphological characteristics between the Korean isolates obtained from infected vascular tissue of
lisianthus and Fusarium solani described previously

Structure® Characteristics .
NC15-392 NC15-433 Fusarium solani

Growth rate (mm/day) 7.1 Fast, 8.6 Fast, 9~10
Aerial mycelium pink, orange white to pink usually rather sparse
Pigmentation orange - variable, cream~buff

Phialides simply branched, simply branched, Monophialides, very long

long monophialides long monophialides
Shape 1- or 2-celled, oval, ellipsoid to 1- or 2-celled, oval, ellipsoid to 1- or 2-celled, oval, ellipsoid to

Micro-conidia

Size (um)

Shape

Macro-conidia

Size (um)

Number of septa

Chlamydospores

subcylindric

12.5 x 4.0

(11.0~14.7 x 3.3~4.7)
Thick-walled, subcylindric, slightly
curved,

with a short and blunt apical and an
indistinctly pedicellate basal cell

452 %57
(42.0~49.3 x 5.4~6.2)
Usually, 3-septate

Usually abundant, globose, singly or
in clusters
9.0~10.3 um

subcylindric

22.6 x5.0

(10.6~26.9 x 4.4~5.6)
Thick-walled, subcylindric, slightly
curved,

with a short and blunt apical and an
indistinctly pedicellate basal cell

39.1 5.2
(35.6~42.0 x 4.8~5.5)

Usually, 3-septate

subcylindric

10 x 3.5

(5~17 x 2.8~5.0)

Thick-walled, subcylindric,
slightly curved,

with a short and blunt apical and
an indistinctly pedicellate basal
cell

36%53
(27~50 x 4.2~6.0)

predominantly, 3-septate

Usually abundant, globose, singly or more or less abundant, smooth-walled

in clusters
7.4~8.3 um

or rough-walled, globose to
subglobose, 6~11 pm

*Growth rate, aerial mycelium and pigmentation were investigated on potato dextrose agar plates incubated in darkness at 25°C for a week. Other structures
were investigated on carnation leaf agar plates incubated in alternating cycles of 12hr near ultra-violet light and 12 hr darkness at 22°C for 2 weeks.
®Fusarium solani described by Gerlach and Nirenberg[10].
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M ;L'AF17B329 i lanif. sp. bitaeNRRL 22141
96 'AF178347. i lanif. sp. bitaeNRRL 22142
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8
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Fig. 2. Phylogenetic tree based on translation elongation factor 1 alpha (A) and RNA
polymerase II second largest subunit (B) gene sequence data for Fusarium solani isolated from
infected lisianthus plants and related species belonging to Fusarium solani species complex.
Sequence data were obtained from the NCBI GenBank database. The tree was generated using
neighbor- joining analysis and Kimura 2-parameter model. Bar represents the number of
nucleotide substitutions per site. (Continued)
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et woba Clade 3
EU329490 Fusarium striatum NRRL 22101
EU329499 Fusarium solemi f. sp. mori NRRL 22230
EU329494 Fusarium solani f. sp. robiniae NRRL 22161
1001 EU329516 Fusarium solani £. sp. robiniae NRRL 22586
100 | EU329506 Fusarium sp. NRRL 22339
EU329491 Fusarium solani f. sp. cucurbitae NRRL 22141
EU329532 Fusarium solemi £. sp. pisi NRRL 22820
100! EU329501 Fusarium solami f. sp. pisi NRRL 22278
EU329515 Fusarium sp. NRRL 22579
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58 FJ240381 Fusarium solani f. sp. batatas NRRL 22402

100 | EU329509 Fusarium solani f. sp. batatas NRRL 22400

EU 320487 Fusarium ambrosium NRRL 20438

76 EU329504 Fusarium sp. NRRL 22354

31 EU329514 Fusarium sp. NRRL 22574
o L sum lade 2
] EU329507 Fusarium sp. NRRL 22395 -

95 EU320533 Fusarium virguliforme NRRL 22825
EL; EU329505 Fusartum sp. NRRL 22387
49 EU329510 Fusarium sp. NRRL 22412
EU329508 Fusartum sp. NRRL 22396

EU320488 Fusarium illudens NRRL 22090 bl d
100 L EU329519 Fsarium sp. NRRL 22632 adel

EU329502 Fusarium staphpieae NRRL 22316

|2
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Fig. 2. (Continued)

w2 AF2 S Wt oF 1,000 bpo] Z7)2 ZZE|QITH16]. 2 A2 Wizard SV Gel &
PCR Clean-up System kit (Promega, San Luis Obispo, CA, USA)Z A5} 1, direct
sequencing= ol 714 E BA-& Aottt EAE A714 D2 Clustal W AL E Qo]
£ ol-gsto] AE5HA L, nucleotide 2] -FAHEE AliFoto] MEGA 6.0 T2 1583 0|86

neighbor-joining'Holl oJsf] A'54~E 2J5ItKFig. 2). O’Donnell[12]-2 o2 7]5=oflA]
B3t 36719] F. solani species complex®} 1 +AES it 072 AFEFH AFE 4+
Potoq o] species complex+=379] clade 2 FFEHTHAL SFITE TS UE o A= 2]
Wl oA oA Be|SF solaniv-2 clade 391 &61H, Za| Lol A B2l F. solanidd-
1 97%9] /a7 d-& UERATEAL SIQITHS]. webA] 2 AtellA= 3671 F. solani species
complex®} Yt ZLefR] B A5 TS A ghsto] TEF XS B4 6t oH, o
(outgroup)= Fusarium staphyleaes W3 02 st} 71 A3} =] Z2kR] Eelat A
clade 3°f| &51%a1, YE O] Z-2kx] Ba|¥-2 {7} 99.2~99.9%, F. solani f. sp. batatas
91=97.6~ 98.0%2] A5AL B F solanin-C 2 5K Fig. 2A). Y] 2}z
of| A Eefet He RS Hwe] 7%, TEF A714¢E 2to]7F 27| Yeh forma specialisE &
A 4= QLo v R F solani species complex 2] E-75H4 zjA )7} H Qslctal sHHTHS].

TEF 37212} 2240 AR5 3671 F. solani species complex % 3171 F-2 tH© 2 RPB2 +
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HH(Fig. lM) AETe FAET] AleA] BelolA g ARt Ay, HE el
Fusariumw] ARZS = 0L, T TolM= 227 9ttt Hotze|zte] ez
A 2ZERYF. solani w70] @EAE AEA| 1 7150l FA = Fdshs HEH A
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ARIe] 25 Fofl B3-S Hehilttal skt 7],

ZeepA= Ao tiefstal, 2 13 50 FHEPE JleH, e, EhbY o'

Table 2. Pathogenicity of Fusarium solani isolates to lisianthus plants by artificial inoculation

Pathogenicity” of tested isolates to lisianthus seedlings

Isolate

Ist test 2nd test
NC15-392 ++ ++
NC15-433
NC15-434
Control - -

++, complete wilting; +, partial wilting with bottom leaves yellowing; —, no symptom.

* Pathogenicity was carried out by inoculation on root dipping method of lisianthus seedlings with 50 mL of spore
suspensions with 1 x 10° spores/mL of three Fusarium isolates. The rate of disease based on the degree of wilting
at 7 days after inoculation.
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