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ABSTRACT : Incidence of stem rot on camation (Dianthus caryophyllus 1.) ranged 11 to 29%
in Namwon and Chongup area during the growing seasons from 1993 to 1994. Among 129
isolates from carnations in Namwon, 77 isolates were identified as Rhizoctonia solani, 38 isolates
were Fusarium oxysporum and 14 isolates were not identified. Among 169 isolates in Chongup,
19 isolates were identified as R. solani, 106 isolates as F. oxysporum and 44 isolates were not
identified. Among 77 isolates of R solani isolated from the specimens of Namwon, 52 isolates
were classified as anastomosis group AG 2-2 by anastomosis test, 14 isolates as AG 2-1 and
11 isolates as AG 4. Among 19 isolates from specimens of Chongup, 14 isolates were classified
as anastomosis group AG 2-2 and 5 isolates as AG 4. Pathogenicity tests revealed that isolates
of F. oxysporum and R.solani AG 2-2 were highly virulent and isolates of R.solani AG 2-1 and

AG 4 were mildly virulent.
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A stem rot which was similar to Fusarium wilt
(7) caused by Fusarium oxysporum was encounted
in carnation fields during a survey of Fusarium wilt.
Stem rot (11), wilt (7,10), root rot (2) and bacterial
stunt (8) has been reported as systemic wilt diseases
of carnation in other countries. Fusarium wilt cau-
sed by F. oxysporium f. sp. dianthi, root rot caused
by F. roseum f. sp. cerealis and stem rot caused
by Rhizoctonia solani was reported on the compen-
dium (11,12) in Korea. Usually Fusarium wilt is
soilborne plant disease that cause serious problems
in carnation but R. solani was more frequently iso-
lated from the stem rot symptoms than F. oxysporum
in Namwon area. Isolates of R solani have been
classified into different three anastomosis groups in
pathogenicity (11). There have been no studies on
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anastomosis grouping for R. solani isolates from ca-
rnation in Korea. In this study, frequency of F. oxy-
sporium and R. solani isolated from diseased stem
of carnation collected from Namwon and Chongup
areas was surveyed and isolates of R solani were
grouped by anastomosis test and their pathogenicity
was investigated.

MATERIALS AND METHODS

Field survey. Carnation fields were surveyed in
Namwon, Chongup during the growing season from
1993 to 1994. An incidence rate of stem rot was
encounted as rate of infected plants and infected
stems were collected for isolation of pathogenic fu-
ngi.

Isolation and identification. Isolation was condu-
cted according to the method of Kim ez al. (1). Nine
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to 16 mm? pieces cut from the diseased carnations
were plated on 2% water agar after surface-sterilizing
with 1% sodium hypochlorite solution for 1min.
Rhizoctonia sp. and Fusarium sp. were -isolated from
the lesion pieces after incubation at 25°C for 1~2
days. The isolates were transfered to potato dextrose
agar (PDA) slants for identification. R. solani was
identified based on the morphological and cultural
characteristics according to the classification of Par-
meter and Whitney (6,9) and F. oxysporum was ide-
ntified according to the method of Nelson er al.
3.

Anastomosis test. All isolates of R solani from
the diseased carnations were tested for anastomosis
grouping. Each isolate was paired with the standard
isolates of R solani AG-1 to AG-8 obtained from
Tokyo University, Japan. Anastomosis test was ac-
complished by method indicated by previous wor-
kers (4,5).

Inoculum. Each isolates of anastomosis groups
AG 2-1, AG 2-2, AG 4 of R solani and F. oxysporum
were used for pathogenicity test to carnation. R. so-
lani isolates were cultured in PDBR medium (100
ml of potato dextrose broth and 38 g of buckwheat
rice) in a 500 ml-flask and isolates of F. oxysporum
were cultured in V-8 juice agar medium at 25~28°C
for 14 days.

Pathogenicity test. Carnation cultivars Desio and
Castellaro were used for pathogenicity test. Inocula-

Table 1. Incidence of stem rot on carnation in fields
at two locations from 1993 to 1994

Location Cultivar Investigated  infection
fields® rate (%)

Namwon Desio A 14

B 19

C 11

D 23

Castellaro A 27

B 19

C 11

Chongup Lawhurella A 13

B 15

Lemina A 11

B 18

Aster 2,000 A 19

Orian A 29

Crana A 21

*Two hundred plants in each field were investigated
in three replicates.

tion to carnation was performed in three replicates
in a greenhouse at 15~30°C. Seedlings of each cul-
tivar were planted in a plastic pot with sterile soil
and cultured for 30 days in the greenhouse. Inocu--
lation to the carnation was performed by putting
20 ¢ of each inoculum (R. solani) and 10 g of shatte-
red F. oxysporum into the pots. The pots inoculated
with R. solani were placed in a vinyl-turnnel (25~30
°C) for 5 days and the pots inoculated with F. oxys-
porum were placed in a greenhouse. Virulence rating
was made 14 days to 30 days after inoculation.

RESULTS

Disease incidence and symptoms. Incidence of
stem rot on camation ranged from 11 to 29% in
the fields at the two locations during the growing
seasons from 1993 to 1994 (Table 1).

Symptoms appeared as a rot of stems and roots
of carnations in the field. The interfascicular paren-
chyma of infected stems discolored to brown and
wilted at early growing stage. The root rot also ap-
peared in the late growing stage. A Fusarium wilt
sign was shown at the host epidemics which caused
by F. oxysporum.

Isolation and anastomosis group. Among 129 iso-
lates from carnations in Namwon, 77 were identified
as R solani, 38 were identified as F. oxysporum while
14 isolates were not identified. Among 169 isolates
in Chongup, 19 were identified as R. solani. 106
as F. oxysporum but 44 isolates were not identified.
R solani was more frequently isolated in Namwon
than Chongup (Table 2).

Among 96 isolates of R solani collected from Na-
mwon, 66 were classified as anastomosis group AG
2-2 by anastomosis test, 14 as AG 2-1 and 16 isola-
tes 'as AG 4. R solani AG 2-2 was more frequently

Table 2. Frequency of fungi isolated from diseased
stems of carnation collected from two locations

Fungi isolated

Location
Rhizoctonia  Fusarium Unidentified
solani oxysporum Sfungt
Namwon 77 38 14
Chongup 19 106 44

Total collected specimens were 129 and 169 from Na-
mwon or Chongup area, respectively. Each denomina-
tors are isolated fungi.



Fig. 1. Symptom of stem rot caused by Rhizoctonia solani (left) or Fusarium oxysporum (right) on carnation (4).
Colony on Potato Dextrose Agar, R solani AG 2-1 (1), AG 2-2 (2) and AG 4 (3). F. oxysporum: macroconidia
(5), chlamydospores (6), macroconidiophores (monophialides) (7), microconidiophore (monophialide) and microco-
nidia (8).

isolated than AG 2-1 and AG 4 in both locations.

Pathogenicity. Symptoms appeared in the infec-
ted carnations by artificial inoculation with R. solani
and F. oxpsporum isolates. Symptoms caused by R
solani was appeared at the stem nearby roots (Fig. 4,
left) and the symptoms caused by F. oxysporium ap-
peared at the upside stem (Fig. 4, right). Pathogeni-

city tests revealed that the isolates of F. oxysporum
and AG 2-2 were highly virulent. Isolates of AG
2-1 and AG 4 were mildly virulent.

DISCUSSION

R solani AG 2-1, AG 2-2, AG 4 and F. oxysporum
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Table 3. Anastomosis groups of Rhizoctonia solani iso-
lates from diseased stems of carnation

Anastomosis group No. of isolates at location

Namwon Chongup
AG 2-1 14 -
AG 22 52 14
AG 4 11 5

were associated with the occurrence of stem and
root rot of carnation. Among the isolates, R solani
was more frequently isolated from the sample sho-
wing a stem rot symptoms in Namwon area, but
F. oxysporum was more frequently isolated in Cho-
ngup. Among the anastomosis groups, AG 2-2 was
most frequently isolated and virulent to carnation.
A stem rot-of carnation caused by R solani has
been one of the important recurring problems in
Hawaii (11) and Fusarium wilt caused by F. oxyspo-
rum has been one of the important recurring prob-
lems in the Netherlands (7). Bacterial stunt and root
rot of carnation caused by Pythium irregulare and
P. aphanidermatum cause serious problems in Japan
(2). It is difficult to distinguish between symptom
of stem rot caused by R solani and symptom of
Fusarium wilt caused by F. oxysporum at late stage.
Tryjillo et al. (11) reported that R solani AG 2-2
was highly pathogenic to carnation, while AG 2-1
and AG 4 were not pathogenic. The present study
revealed that R solani AG 2-2 was most pathogenic
to camation and AG 2-1 and AG 4 were weakly
pathogenic. It is concluded that F. oxysporum was
the major causal fungi to carnation in Chongup
and R solani AG 2-2 was the major causal fungi
of stem rot in Namwon. Susceptibility to R. solani
and F. oxysporum between Dianthus caryophyllus L.
cv. Desio and D. caryophyllus L. cv. Castellaro was
not different. An integrated control method about
stem rot and Fusarium wilt are needed.
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Table 4. Pathogenicity of Fusarium oxysporum isolates
and Rhizoctonia solani 1solates by artificial inoculation
to carnation

Fungus Isolate Virulence of isolates
' on cultivars
inoculated No. -
Desio  Castellaro
F. oxysporum F-1 + +2 +
F-2 ++ ++
F-3 ++ ++
R solani AG 2-1 R-2-1-1 + +
R-2-2-2 + -
R-2-3-3 + +
R solani AG 2-2 R-2-2-1 ++ ++
R-2-2-2 ++ + +
R-2-2-3 ++ ++
R solani AG 4 R4-1 + —-
R4-2 + +
R4-3 + +

*Virulence rating was made 30 days after inoculation.
++: Above 60% of rotted plants, +: 30~59% of rot-
ted plants, —: no symptom.

HEl= F oxysporume] 1064, R solani7} 197F
=gk dARx el B21E R solani TTH5FE
FAEE AR A5 2FFE AG 22, 475 AG
2-1 28 A 11F5E AG 48 F57E9c AR Y
cgRE Ryd 199F F UIFFE AG 228, 5
5= AG 42 7393, AG 2-1& F2HA
ol Hel® F oxysporumx} R solani®) 7} HA}

38 HWYALe F oxypsporum R solani AG 2-
2 AT HYAdE JeIdE, AG 2-13 AG 4=
HUAde] gl AR el

1. Kim, W. G., Cho, W. D. and Lee, Y. H. 1993. Ana-
stomosis groups and pathogenicity of Rhizoctonia
solani isolates from Chinese cabbage. Korean J. Plant
Pathol. 9(3) : 200-205.

2. Kimishima, E., Kobayashi, Y. and Nishio, O. T.
1991. Root rot of carnation caused by Pythium irre-
gulare and P. aphanidermatum. Ann. Phytopath. Soc.
Japan 57 :534-539.

3. Nelson, P. E.,, Toussoun, T. A. and Marasas, W.
F. O. 1983. Fusarium species. The Pennsylvania
State University Press.

4. Ogoshi, A. 1972. Grouping of Rhizoctonia solani
Kuhn with hyphal anastomosis. Ann. Phytopath. Soc.
Japan 38:117-122.



318

5

. Parmeter, J. R. Jr, Sherwood, R. T. and Platt, W.

D. 1969. Anastomosis grouping among isolates of

Thanatephorus cucumeris. Phytopathology . 59 : 1270-12

78.

. Parmeter, J. R, Jr. and Whitney, H. S. 1970. Taxo-

nomy and nomenclature of the imperfect state. In.

Rhizoctonia solani, Biology and Pathology. ed. by J.

R. Parmeter. Jr. pp.7-19. Univ. of California Press,

Berkeley, Los Angeles and London.

. Postma, J. and Rattink, H. 1992. Biological control
of Fusarium wilt of carnation with a nonpathogenic
isolate of Fusarium oxysporum. Can. J. Bot. 70:1199-
1205.

. Saito, T. 1985. Bacterial stunt of carnation caused
by Erwinia chryanthemi pv. dianthicola. Ann. Phyto-
path. Soc. Japan 51 :145-151.

9.

12
13.

FeietaA] 4109 A435, 1994

Sneh, B., Burpee, L. and Ogoshi, A. 1991. Identifi-
cation of Rhizoctonia species. The American Phyto-
pathological Society, St. Paul, Minnesota, USA. pp.
67-74.

. Sparnaaij. L. D. and Demmink, J. F. 1976. Breeding

for resistance to Phialophora cinerescens (Wr.) van
Beyma in glasshouse carnations (Dianthus caryophy-
llus L.). Euphytica 25 :329-338.

. Trujillo, E. E.. Shimabuku, R.. Calvin, C. A. and

Aragaki, M. 1988. Rhizoctonia solani anastomosis
grouping in carnation fields and their pathogenicity
to carnation. Plant disease 72 : 863-865.

shlgsl AR 1989, el 71EATA 66 pp.
A a2yl 1986 Al B 5 5}3
88 pp.



