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Fig. 1. The symptom of yellow leaf of Phalaenopsis and the morphology of causal agent, Fusarium solani. (A) Diseased plant
showed yellowing sheath and leaf and then resulting defoliation (yellow arrow); (B) Symptom of black rot appeared on sheath
and root and then followed by orange-red perithecia production (yellow arrow); (C) Macroconidia (bar= 10 um); (D)
Microconidia (bar= 10 um); (E) False head of conidia born on conidiophore (red arrow) (bar= 40 pm); (F) Chlamydospores
(bar= 10 pum); (G) Orange-red perithecia (pathogen teleomorph, Haematonectria haematococca) contained asci and ascospores

(bar= 50 pum); (H) Ascospores (bar= 10 pm).
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Table 1. The disease surveys of yellow leaf of Phalaenopsis in the fields

[ 1

Location' Code number of Pot size Date of transplanting Days after transplanting Disease
cultivar (in.) incidence (%)
Changhua A4032 2.5 7 Aug., 2010 124 4
A6140 1.5 7 Sep., 2010 93 4
A6255 1.5 3 Nov., 2010 36 0
A6922 1.5 20 Oct., 2010 50 8
A7175 2.5 26 Nov., 2010 13 2
A7176 2.5 26 Nov., 2010 13 3
A7220 2.5 1 Nov., 2010 38 4
A7996 2.5 2 Dec., 2010 7 8
A8107 1.5 7 Sep., 2010 93 9
A8784 2.5 3 Dec., 2010 6 14
Chiayi A1366 2.5 29 Jul., 2010 61 0
A4268 3.5 3 Sep., 2010 27 13
A4285 2.5 7 Jun., 2010 114 23
A4285 3.5 7 Oct., 2009 357 28
A5001 3.5 20 Jun., 2010 102 0
A7175 2.5 27 Jul., 2010 63 5
A7115 2.5 29 Jul., 2010 61 43
A6369 35 5 Oct., 2010 359 59
Tainan 01118 2.5 10 Jun., 2010 182 2
01146 2.5 8 Oct., 2010 62 3
01233 2.5 6 Oct., 2010 64 1
01245 2.5 20 Nov., 2010 19 1
01438 2.5 20 Oct., 2010 50 0
01340 2.5 7 Jul., 2010 155 0
01369 2.5 21 Sep., 2010 79 0
01420 2.5 2 Jul., 2010 160 0
01425 3.5 31 Oct., 2010 39 0

'Disease incidences were surveyed on 30 September, 9 December and 9 December, 2010 in Phalaenopsis cultivation greenhouses

located in Changhua, Chiayi and Tainan, respectively.

*Two thousand plants of each cultivar were investigated.
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Table 2. Field survey of Phalaenopsis Fusarium diseases in Yilan county

Green- Code number of Pot size Disease incidence (%)2

house' cultivar (in.) Yellow leaf Gray spot Black spot

A KC2902 3.5 13 6 27
KC3470 3.5 12 1 2
KC4919 3.5 31 7 13
KC70155 3.5 13 3 14
KC80052 3.5 2 1 10
KC80075 3.5 7 4 14
KC9501 3.5 3 1 7

B KC2927 3.5 2 0 0
KC32 3.5 5 2 0
KC3470-2 3.5 19 0 1
KC3993 3.5 0 0
KC4909 3.5 4 0 24
KC4921 3.5 1 1 0
KC70167 1.5 0 0 0
KC80040 3.5 2 0 0
KC80077 2.5 2 0 0
KC80282 3.5 2 0 9

'Field survey was conducted on 14 January, 2011.

*Two thousand plants of each cultivar of Phalaenopsis were investigated for disease incidence.
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Fig. 2. The symptom of gray spot of Phalaenopsis and morphology of causal agent, Fusarium oxysporum. (A) Round black and
brown spots on leaf with yellowing halo and gray discoloration in lesion center; (B) Round spots joined together to form an
irregularly shaped lesion; (C) Spot lesion appeared on the base of leaf or sheath resulting the infected leaf turn yellow; (D)
Macroconidia (red arrow) and microconidia (yellow arrow); (E) False head of conidia born on conidiophore (red arrow); (F)

Chlamydospores. (bar= 10 um)
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Table 3. Effect of mixed inoculation of Fusarium solani and F. proliferatum on disease development on Phalaenopsis plants'

Disease severity (0-3)

Inoculated on sheath

Inoculated on leaf

Isolates 10° 14 21 10 14 21
CK1 (water) 0.0d* 0.0e 0.0d 0.0e 0.0d 0.0d
CK2 (FSTI agar disc) 1.9a 30a 30a 25a 25a 25a
FSTI 1.0c 1.4 cd 19b 1.5b 1.5bc 1.6 be
F0217-23 1.0c 1.0d 1.0c 1.0cd 1.0c 1.0c
F925L7 1.0c 1.0d 1.0c 1.0cd 1.0c 1.0c
FSTI1 + F0217-23 1.5b 20b 23D 1.5b 1.6b 2.0 ab
FST1 + F925L7 l.l1c 1.3 cd 2.0b 1.3 be 1.3 bc 1.5 bc
F0217-23 + F925L7 1.0c 1.0d 1.0c 1.0 be 1.0c 1.0c
FSTI1 + F0217-23 + F925L7 I.lc 1.8 bc 1.9b 1.5b 1.9b 1.9 be

'"The yellow leaf isolate of Fusarium solani FST1, and the black spot isolates of F. proliferatum F0217-23 and F925L7 isolated from

Phalaenopsis were used as inocula. The spore suspension inoculation was submitted, and each isolate had 1-4 x 10° spores/ml.

The disease severities were assayed on a scale of 0-3: 0= healthy; 1= black rot on inoculated tissue; 2= yellowing leaf; 3= leaf

defoliation.

*Days after inoculation. Eight plants of each treatment were assayed from 21 May to 11 June, 2010.

“Means within a column followed by the same letter are not significantly different at 5% level by LSD test.
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Fig. 3. The symptom of black spot of Phalaenopsis and morphology of causal agent, Fusarium proliferatum. The circular to

irregular-shaped black spots appeared on sheath (A) and leaf (B); (C) In some cultivars, yellow leaves symptom appeared after

sheath infection; (D) Macroconidia (bar= 10 pm); (E) Microconidia form in chains (bar= 20 um); (F) Polyphialides (bar= 10

pm).
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of Fusarium proliferatum caused black spot, N8284 isolate of F. oxysporum caused gray spot and FST1 isolate of F. solani

caused yellow leaf were used as samples. Error bar= 95% confidence interval among temperatures.
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Table 4. Effect of mixed inoculation of Fusarium solani and F. oxysporum isolates on disease development on Phalaenopsis

plants'
Disease severity (0-3)
Inoculated on sheath Inoculated on leaf
Isolates 14° 21 14 21
CK1 (water) 0.5b* 03¢ 0.1d 0.7d
CK2 (FSTI agar disc) 29a 30a 24a 29a
FSTI 1.8a 2.9 ab 2.1ab 2.5ab
N8284 2.1a 30a 1.4 abc 2.3 abe
Fol-07 0.5b 1.8b 1.0c 1.3cd
FST1 + N8284 1.9a 2.6 ab 1.8 abe 29a
FST1 + Fol-07 20a 2.3 ab 1.5 abe 1.6 bed
N8284 + Fol-07 1.8a 2.1 ab 1.1bc 1.3cd
FST1 + N8284 + Fol-07 1.8a 2.0 ab 1.8 abc 2.3abc

'"The yellow leaf isolate of Fusarium solani FST1, and the gray spot isolates of F. oxysporum N8284 isolated from Phalaenopsis and the F.
oxysporum Fol-07 isolate from Paphiopedilum were used as inocula. The spore suspension inoculation was submitted, and each isolate had 1-4 x 10
spores/ml.

’The disease severities were assayed on a scale of 0-3: 0= healthy; 1= black rot on inoculated tissue; 2= yellowing leaf; 3= leaf defoliation.

*Days after inoculation. Eight plants of each treatment were assayed from 6 to 27 August, 2010.

*Means within a column followed by the same letter are not significantly different at 5% level by LSD test.
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Table 5. Effect of mixed inoculation of Fusarium solani, F. proliferatum and F. oxysporum isolates on disease development on

Phalaenopsis plants'

Disease severity (0-3)*

Inoculated at sheath Inoculated at leaf

Isolates 1’ 21 28 11 21 28
CK1 (water) 0.6b* 0.8b 1.0c 0.0c 00c 00c
CK2 (FSTI agar disc) 30a 30a 30a 2.0a 24a 30a
FSTI 24a 2.6a 29a 1.6 ab 2.0ab 2.0ab
F0217-23 1.0b 1.0b 1.3 be 1.0b 1.1b I.1b
N8284 14b 2.6a 26a 1.5 ab 1.6 ab 24a
FST1 +F0217-23 23a 28a 2.8a 1.4 ab 2.1 ab 2.1 ab
FST1 + N8284 14b 25a 3.0a 2.1a 2.1 ab 2.1 ab
F0217-23 + N8284 14b 1.5b 1.6b 1.0b 1.0b 1.0b
FSTI1 + F0217-23 + 24a 30a 3.0a 1.6 ab 2.1 ab 2.1ab
N8284

'The yellow leaf isolate of Fusarium solani FST1, the black spot isolate of F. proliferatum F0217-23 and the gray spot isolate of F.
oxysporum N8284 isolated from Phalaenopsis were used as inocula. The spore suspension inoculation was submitted, and each isolate
had 1-4 x 10’ spores/ml.

The disease severities were assayed on a scale of 0-3: 0= healthy; 1= black rot on inoculated tissue; 2= yellowing leaf; 3= leaf
defoliation.

*Days after inoculation. Eight plants of each treatment were assayed from 19 August to 17 September, 2010.

*Means within a column followed by the same letter are not significantly different at 5% level by LSD test.
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ABSTRACT

Su, J. F.l, Lee, Y. C.l, Chen, C. W.l, Huang, J. H.l, and Hsieh, T. F>3.2012. Field surveys for
Fusarium diseases of Phalaenopsis in Taiwan. Plant Pathol. Bull. 21: 115-130. ('Plant Pathology
Division, Taiwan Agricultural Research Institute, Council of Agriculture, Wefeng, Taichung,
Taiwan, R.O.C.; *Floriculture Research Center, Taiwan Agricultural Research Institute, Council of
Agriculture, GuKeng, YunLin, Taiwan, R.O.C; 3Corresponding author, e-mail:

tthsieh@tari.gov.tw, Fax: +886-5-5820834 )

This study was mainly focused on clarification of different diseases caused by three species
of Fusarium in Phalaenopsis. According to field survey, pathogen isolation, identification and
inoculation, the causal agents of different types of lesions such as yellow leaf, black spot and gray
spot were verified. The pathogen Fusarium solani (teleomorph Haematonectria haematococca)
caused yellow leaf of Phalaenopsis resulting in sheath and root rot, leaf yellowing and defoliation
from sheath. Basal sheath exposed black rot symptom. In some cases, those parts of tissue
displayed piles of orange-red perithecia. The pathogen F. oxysporum caused gray spot of
Phalaenopsis resulting in leaves and sheaths appeared irregular to round dark brown lesion in the
beginning, then lesion surrounded by a yellow halo and middle part of lesion turn gray color. If the
leaf base or sheath of plants is infected by pathogen, the plants will show leaf yellowing symptom.
The pathogen F. proliferatum caused black spot of Phalaenopsis resulting in circular to irregular
shaped black lesions on sheaths and leaves. In some Phalaenopsis cultivars, the leaves turn
yellowish after sheath was infected by this pathogen. For inoculation test, no yellow leaf symptom
appeared on the plants after inoculation of the black spot isolates of F0217-23 and F925L7. But
the tested plants showed yellow leaf symptoms after inoculation of the black spot isolates mixed
with the sheath and root rot isolate of FST1. On the other hand, all test plants showed leaf
yellowing after alone or mixed inoculation by FST1 and gray spot isolate of N8284. In addition,
the inoculated plants showed leaf yellowing after mixed inoculation of the isolates FSTI,
F0217-23 and N8284. But the plants would not appear yellow leaf after mixed inoculation by the
isolates F0217-23 and N8284. The mycelial growth of FST1 isolate was faster than F0217-23 and
N8284 isolates. Mycelial growth rate of FST1 isolate was ranged from 4.8 to 5.3 mm/day, but
F0217-23 and N8284 isolates were ranged from 2.1 to 3.3 mm/day at 24-28 °C. From this study,
the typical symptoms caused by three different species of Fusarium were clearly clarified. It will

be helpful to recognize the confusable symptoms of Phalaenopsis diseases in the field.

Keywords: Phalaenopsis, yellow leaf, black spot, gray spot, Fusarium solani, Haematonectria

haematococca, Fusarium oxysporum, Fusarium proliferatum



