Mycobiology

Research Note

First Report of Web Blight of Rosemary
(Rosmarinus officinalis) Caused by Rhizoctonia
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Abstract Herein, we report the first occurrence of web blight of rosemary caused by Rhizoctonia solani AG-1-IB in Gangneung,
Gangwon Province, Korea, in August 2014. The leaf tissues of infected rosemary plants were blighted and white mycelial growth
was seen on the stems. The fungus was isolated from diseased leaf tissue and cultured on potato dextrose agar for identification.
The young hyphae had acute angular branching near the distal septum of the multinucleate cells and mature hyphal branches
formed at an approximately 90° angle. This is morphologically identical to R. solani AG-1-IB, as per previous reports. rDNA-ITS
sequences of the fungus were homologous to those of R. solani AG-1-IB isolates in the GenBank database with a similarity
percentage of 99%, thereby confirming the identity of the causative agent of the disease. Pathogenicity of the fungus in rosemary

plants was also confirmed by Koch’s postulates.

Keywords

Rosemary (Rosmarinus officinalis L.), an evergreen, woody,
perennial herb, belongs to the mint family Lamiaceae that
originated from the Mediterranean region. Nowadays, it is
grown in different parts of the world, including Asia,
Europe, and America. The species name is derived from
the Latin word ros (dew) and marinus (sea) which means
“dew of the sea” Rosemary is used fresh or dried; its
essential oils are used as well. It contains significant quantities
of essential oil, which is largely used as an ingredient of
antibacterial, antifungal, and anticancer drugs in traditional
medicine (as a digestive, tonic, astringent, diuretic and
diaphoretic component, etc.), perfumery, and for preparing
pulmonary antiseptics [1].

Rhizoctonia solani Kithn [teleomorph: Thanatephorus
cucumeris (Frank) Donk] is a destructive soil-borne fungal
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pathogen with a worldwide distribution. Many experts have
estimated that this fungus can infect over 142 different species
of plants [2]. Throughout Korea, at least 100 plant species
have been reported as R. solani hosts [3]. This fungus has
been divided into 12 anastomosis groups (AGs) according
to hyphal anastomosis conduct, mycological characteristics,
host range, pathogenicity, and other features [4]. Furthermore,
AG-1 has been subdivided into three subgroups designated
as AG-1-TA, AG-1-IB, and AG-1-IC [5]. R. solani AG-1 IB
is a widely distributed fungus and causes great harm to
many plants. The common symptoms of disease caused by
this fungus are sheath blight, leaf blight, web blight,
damping-off, root rot, head rot, and bottom rot [6, 7]. The
fungus was reported to cause web blight of rosemary in
USA and Italy [8, 9], but has not been reported in Korea
so far. The aim of this research was to identify the causative
agent of the web blight disease observed in rosemary in
Korea, based on mycological characteristics, molecular
phylogenetics, as well as pathogenicity.

Fungal isolation and pathogenicity test. In August
2014, web blight symptoms were observed on rosemary in
Sachunmun, Gangneung, Gangwon Province, Korea (Fig.
1A). Specifically, the leaf tissues were blighted and white
mycelial growth was seen on the stems. Diseased plants
were collected in sterilized plastic polythene bags and sent
to the laboratory for pathogen isolation. Infected plant
parts were cut into small pieces measuring about 1.0~1.5
cm, surface sterilized with 0.1% sodium hypochlorite
(NaOCl) for 1 min, washed thrice with distilled water, and



Fig. 1. A, Diseased rosemary plant showing web blight
symptoms on leaves; B, Rosemary plants inoculated with
Rhizoctonia solani developed web blight symptoms after 14
days of incubation; C, Two-wk-old colony and dark brown
sclerotia of R. solani growing on potato dextrose agar medium;
D, Mycelia showing branching at a 90° angle.; E, Occurrence
of anastomosis (hyphal fusion) (scale bars: D, E = 40 um).

dried with a sterilized filter paper. The small pieces were
then placed in Petri plates containing potato dextrose agar
(PDA) medium (Difco, Detroit, MI, USA) and incubated
at 20 + 2°C for 5 days. To obtain a genetically pure culture,
the hyphal tips from the mycelia grown on the PDA plates
were cut and transferred to fresh PDA plates.

For the pathogenicity test, three fungal mycelial discs
(14-day-old, 6.5 mm in diameter) were placed on the stems
of three young plants (65-day-old) on the soil line and
covered with plastic bags. Three other plants served as
controls where only agar plugs were used. All the plants
were then incubated in a growth chamber (at 28 +2°C,
90% relative humidity). After 14 days, blight symptoms
similar to the original symptoms were seen on inoculated
plants leaves, whereas no symptoms were observed in
control plants. The pathogenicity test was performed twice.
The fungal pathogen was re-isolated from disease lesions
of inoculated plants. The re-isolated pathogen met the
criteria stipulated by Koch’s postulates and exhibited the
same morphological characteristics as those seen in the
original isolates (Fig. 1B). Subsequent to the fungal pathogen
satisfying the criteria stipulated by Koch’s postulates, it was
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recognized as the causal pathogen of web blight of rosemary.

Identification of the AG. Identification of the AG of
the R. solani isolate was carried out on sterilized glass
slides that were coated with 2% water agar medium and
placed in Petri dishes. The mycelia of an AG tester and an
isolate were placed on the two ends of a slide [10]. After
72 hr of incubation at 20 + 2°C, hyphal interactions were
observed under an optical microscope (x20, Olympus BH-
2; Olympus, Tokyo, Japan) and the occurrence of anastomosis
was established when hyphae fused with each other and
exchanged cytoplasm. Tester isolates for AG-1-IA (KACC
40101), AG-1-IB (KACC 40108), and AG-1-IC (KACC
40117) were obtained from Korean Agricultural Culture
Collection (KACC), and the identification of AGs was
performed twice.

DNA extraction, PCR, and sequence analysis for
molecular identification. DNA was extracted from fungal
mycelium by using the cetyltrimethylammonium bromide
method [11]. The primers ITS1 (5“TCCGTAGGTGAAC-
CTGCGC-3) and ITS4 (5-“TCCTCCGCTTATTGATATGC-
3") were used to amplify the internal transcribed spacer
(ITS) and 5.8S rDNA regions [12]. PCR was performed in
a total volume of 25 puL by using 0.5 pL of ANTP, 2.5 units
of Tag DNA polymerase (0.5 uL of 5 U/uL enzyme; Bioneer,
Daejeon, Korea), 2.0 uL of genomic DNA, 2.5 pL of 10x
PCR reaction buffer and 5 pmol/L of each primer (0.5 pL
each). The PCR amplification conditions were as follows:
94°C for 5 min, followed by 35 cycles of 94°C for 35 sec,
52°C for 55 sec, and 72°C for 1 min, with a final extension
step at 72°C for 10 min. The sequence of ITS-5.8S rDNA
was compared with the sequences in the NCBI database
(http://www.ncbi.nlm.nih.gov/BLAST). MEGA5 program
with the neighbor-joining method was used for phylogenetic
analysis of R. solani [13].

Identification and characterization of R. solani. Five
fungal isolates were obtained from the web blight of rosemary.
Since all isolates looked morphologically alike, only one
isolate, namely RWB-3, was examined for identification.
Isolate RWB-3 was identified as R. solani AG-1-IB by
analyzing the morphological features of the isolated fungus
and by carrying out rDNA sequence analysis. We found
that the colony growth rate for the isolated fungus in PDA
ranged from 25.7 to 28.6 mm/day. The fungus produced
a white mycelium when young, but produced a brown
mycelium with dark brown sclerotia after growing on PDA
at 20 £ 2°C for 14 days (Fig. 1C). The hyphae were often
branched at a 90" angle (Fig. 1D). Diameter of the hyphae
ranged from approximately 2.6 um to 8.4 um. The isolate
anastomized only with the tester strain AG-1-IB (Fig. 1E).
Morphological characteristics of the studied isolate are
summarized in Table 1. The ITS arrangement was compared
to the sequences in GenBank database by utilizing the
NCBI BLAST tool. The 718-bp rDNA-ITS arrangement
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Table 1. Comparison of mycological characteristics of the pathogen isolated from disease lesions of rosemary with previously

described characteristics of Rhizoctonia solani

Characteristics Studied isolate R. solani’
Mycelium White, later turning brown Light brown
Branched at 90° angles Often branched at 90° angles
Mostly multinucleate More than two nuclei
Diameter of hyphae (um) 2.6~8.4 3~17.0
Sclerotium Small, irregular Small, irregular
0.4~1.6 mm 1.0~3.0 mm
Dark brown Dark brown to black

‘Described by Parmeter [14].

Rhizoctonia solani isolate RWB-3 (KP202862.1)

47 Thanatephorus cucumeris strain AG1-IB isolate TR-6-2 (JQ692292.1)

Rhizoctonia solani strain AG1-IB (GU585667.1)

99

2Rhizocr‘onia solani strain AG1-IB isolate LDDL05-1 (KF907718.1)
Rhizoctonia solani strain: AG 1-IA (AB122133.1)
891 Rhizoctonia solani strain AG 1-IA (TX089962.1)
75, Colletotrichum gloeosporioides culture collection ICMP:17785 (GU174549.1)
4l Colletotrichum gloeosporioides strain CMUBE1852 (AY266392.1)

Plectosphaerella cucumerina strain CCTU 458 (KC845227.1)

99 |Plectosphaerella cucumerina strainNRRL 20430 (AF176952.1)

A
0.2

Fig. 2. Neighbor-joining phylogenetic tree of Rhizoctonia solani isolate RWB-3 and related species identified by the internal
transcribed spacer gene sequences from the GenBank database. Numbers at the nodes indicate bootstrap values from a test of
1,000 replicates. The scale bar indicates the number of nucleotide substitutions. Evolutionary analyses were conducted using the

MEGAS5 program [13].

showed 99% similarity to sequences from some R. solani
AG-1-IB (teleomorph T. cucumeris) species (accession Nos.
JQ692292.1, GU585667.1, and KF907718.1). The nucleotide
sequence of rDNA-ITS from the isolate has been assigned
GenBank Accession No. KP202862. Thus, R. solani AG-1-
IB was identified as the causative agent of web blight of
rosemary in Korea (Fig. 2). To the best of our knowledge,
this is the first report of web blight of rosemary in Korea.
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