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Abstract A severe outbreak of southern blight dis-
ease of China aster was observed during the post
rainy season (September–November 2015) in the
Mysore and Mandya Districts of Karnataka, Southern
India. The disease incidence ranged between 12 and
47%. The typical disease symptoms include water-
soaked lesions on leaves, stems and on the lower
stem surfaces followed by quick wilting of the whole
plant with abundant production of sclerotia near the
stem-soil interface. The associated fungal pathogen
was isolated on potato dextrose agar (PDA) medium,
on which numerous reddish-brown sclerotia were
seen. A total of 26 fungal isolates were isolated and
studied for the mycelial compatibility. Isolate SrCCM
1 was used for pathogenicity analysis. The results of
the study showed that, there was no variation among
the isolates tested. Molecular identification of the
pathogen by ITS-rDNA sequences of S. rolfsii
showed 100% similarity with reference sequences.
Based on the cultural, morphological and molecular
characteristics, the fungal pathogen was identified as
Sclerotium rolfsii Sacc. (Sexual morph: Athelia rolfsii
(Curzi) C.C. Tu & Kimbr). Pathogenicity tests were

performed on healthy leaves, roots and stems. Typi-
cal disease symptoms on leaves, stems and roots were
evident after 5, 8 and 10 days of post-inoculation.
Sclerotium rolfsii is known to cause diseases in eco-
nomically important crop plants. However, no reports
are available on the occurrence of S. rolfsii on China
aster in India.
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China aster (Callistephus chinensis (Linn.) Nees) is
one of the most important floriculture crops grown in
most parts of the world. It is cultivated owing its
market preference and attractive longer shelf life of
cut flowers (Navalinskien et al. 2005). In Karnataka
it was cultivated in 2194 ha, with a production of
20,646 mt during 2009 (Anon. 2009). Recent obser-
vation revealed that as the cultivation area increases,
the incidence of diseases also increased. The impor-
tant diseases known to affect C. chinensis include
Fusarium wilt (Fusarium oxysporum f. sp. callistephi
(Beach) Snyder & Hansen), Gray mold (Botrytis
cinerea Pers.), leaf spot (Stemphylium callistephi Ba-
ker & Davis) and root rots (Pythium sp. and
Phytophthora sp.) (Anon. 2014). Association of
16SrII-D group phytoplasma with virescence and
phyllody of China aster has been reported from South
Korea and India (Win et al. 2011; Mahadevakumar
et al. 2017a). Owing to a recent outbreak of southern
blight disease on C. chinensis , the present
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investigation was undertaken to evaluate the disease
incidence and the identification of pathogen based on
morphological, cultural and molecular analysis.

Disease incidence

The study was carried out in southern region of Karna-
taka. A rowing field survey was conducted in major
China aster growing regions of Mysore and Mandya
Districts during 2014–2015. China aster plants associated
with sclerotial fungus causing foot rot, leaf blight and
stem blight symptoms were found in a total of 72 fields
out of 160 fields studied (approx. 45 ha). Disease inci-
dence was estimated in two regions by selecting 12 fields
randomly in each region. In each field, the disease inci-
dence was determined by the number of plants infected

for every 100 plants examined (Mahadevakumar et al.
2017b). The disease incidence (%) was found maximum
in Doddamaragowdanahally region (47.25 ± 6.29 SD)
and minimum in Krishnarajasagara region (12.08 ± 2.57
SD). The disease symptoms initiated with the appearance
of water-soaked lesions at the point of infection followed
by the appearance of mycelial strands with small globoid
sclerotia of varied size (Fig. 1a–e). The disease symp-
toms were severe during high humid and rainy periods
than in rest of the seasons.

Isolation of the fungal pathogen

Associated fungal pathogens from the infected plant
samples (n = 20) were isolated on potato dextrose agar
(PDA) medium amended with chloramphenicol

Fig. 1 Southern blight disease on China aster: aDiseased China aster; bWilt symptoms; c& dMycelial cords on the stem during early and
later stages of disease development; e Death of China aster plant due to foot rot disease
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(100 mg/L). The fungal colonies were sub-cultured and
their colony morphology, number of sclerotia, mycelial
compatibility grouping, pathogenicity and molecular
identification were performed. The associated fungal
pathogen was consistently isolated from all the symp-
tomatic samples. The fungal colonies showed character-
istic dense, aerial, fluffy, whitish, cottony mycelia with
globoid sclerotia after 12–15 days of inoculation. Scle-
rotia measured 0.5–2.5 mm in diameter and were whit-
ish in the beginning and turned to brownish on maturity
(Fig. 2a–b). The number of sclerotia per plate ranged
from 288 to 350 (mean 329 ± 16, n = 8). Based on the
morphological and cultural characteristics, the fungal
pathogen was identified as Sclerotium rolfsii Sacc.

(Sexual morph: Athelia rolfsii (Curzi) C.C. Tu &
Kimbr.) (Saccardo 1931; Mordue 1974; Punja et al.
1982). The morphological features that differentiated
S. rolfsii from Sclerotium delphinii Welch. were the
fluffy nature of mycelia; abundant sclerotia (>300 to
400/plate) and smaller size (2–3 mm) of sclerotia
(S t evans 1931 ; Pun ja and Damian i 1996 ;
Mahadevakumar and Janardhana 2016).

Molecular identification

The genomic DNA was isolated by CTAB method
(Zhang et al. 1998; Mahadevakumar and Janardhana

Fig. 2 Sclerotium rolfsii on culture media andmycelial compatibility: a& b Pure culture of Sclerotium rolfsii grown on PDAmedium; c& d
Mycelial compatibility of S. rolfsii isolates paired on PDA medium
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2016). The ITS-rDNA region was amplified employing
ITS1-ITS4 primers (White et al. 1990). The PCR was
performed using Thermocycler (Advanced Primus 25,
Peqlab, Germany). An expected amplicon size of 550–
600 bp was detected on 1.5% agarose gel. The PCR
products were purified and sequenced using an
AB3730xI DNA analyser (Applied Biosystems, Foster

City, CA, USA) from both the directions. The sequences
obtained were aligned with ITS sequences retrieved
from GenBank. The nucleotide blast analysis of se-
quence revealed, 100% homology with reference se-
quences of S. rolfsii (AB075298.1, AB075299.1 and
JF966208.1). A phylogenetic tree constructed using
Neighbour-Joining (NJ) method showed that the

Fig. 3 Detached leaf and stem assay: a & b Assay showing the growth of S. rolfsii after 4 dpi; b Stem blight symptoms developed after 5
dpi; c Detached stem assay showing typical stem blight; d Typical collar rot symptoms after 2 and 4 dpi (*DPI-days of post inoculation)
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sequences grouped into a single clade along with refer-
ence sequence of S. rolfsii (JN241567.1, JF966208.1,
KP412465.1, KP412464.1, AB075298.1, AB075299.1)
and rooted to Sclerotium cepivorum (FJ460433.1) with
1000 boot strap replications (Fig. 4). A total of six DNA
sequences from the present study were deposited in
GenBank (KY640622 to KY640627).

Mycelial compatibility grouping

Mycelial compatibility grouping (MCG) among 26 iso-
lates of the fungal pathogen was performed by placing
mycelial discs (5 mm diam) from the edge of an actively
growing fungal isolates and transferred onto a Petri dish
containing PDA medium and incubated for seven days
at room temperature (Le et al. 2012; Xei et al. 2014).
The MCG studies revealed that all the tested isolates
were compatible with each other and there was no clear
barrage zone formation (Fig. 2c–d).

Pathogenicity studies

Detached healthy leaves (100), cut stems (100) and
roots (30) of China aster were washed with running
tap water and used for challenge inoculation under
in-vitro conditions. The leaves stem and roots were

inoculated by placing mature sclerotia on the sur-
face of leaves, stem and roots. Inoculated stems,
leaves and roots were incubated in a moist cham-
ber for seven days at 26 ± 2 °C. Samples inoculated
with sterile water served as control. In another set
of experiment, 30-days-old china aster seedlings
(30) were inoculated with 15-days-old S. rolfsii
(SrCCM 1) by wrapping 10 sclerotia around the
stem near stem-soil interface. The China aster seed-
lings inoculated only with sterile water were con-
sidered as control. The appearance of southern
blight symptoms on seedlings was recorded after
five days-post-inoculation period.

The detached leaf and stem assay produced typ-
ical symptoms after 4–5 days post-inoculation pe-
riod with an incidence of 80% and 78% (mean
lesion length of 2.47 ± 0.34 cm and 1.93 ±
0.12 cm), respectively (Fig. 3). Healthy seedlings
inoculated with the fungal pathogen showed typical
symptoms after 8–10 days post-inoculation with an
incidence of 73.3% (mean lesion length 1.06 ±
0.06 cm). No such disease symptoms were ob-
served on water inoculated seedlings. The fungal
pathogen was isolated from the inoculated plants
and its identity was reconfirmed based on cultural
and morphological features (Fig. 4).

Sclerotium rolfsii is a potent fungal pathogen causing
diseases on a wide variety of plants, including cereals,

JF966208.1 Athelia rolfsii KACC:45155

KY640623.1 Athelia rolfsii SrCAMKS12

JN241567.1 Sclerotium delphinii isolate CBS221.46

KP412465.1 Athelia rolfsii isolate SrPnMKS2

KP412464.1 Athelia rolfsii isolate SrPnMKS1

AB075298.1 Athelia rolfsii 63T108

AB075299.1 Athelia rolfsii OT5

KY640622.1 Athelia rolfsii SrCAMKS11

KY640625.1 Athelia rolfsii SrCAMKS14

KY640624.1 Athelia rolfsii SrCAMKS13

KP412469.1 Athelia rolfsii isolate SrPvMKS2

KP412466.1 Athelia rolfsii isolate SrPnMKS3

KY640627.1 Athelia rolfsii SrCAMKS16

KY640626.1 Athelia rolfsii SrCAMKS15

JN241565.1 Athelia rolfsii isolate 1112

KJ578732.1 Athelia rolfsii isolate CN16

KJ578734.1 Athelia rolfsii isolate CN20

KJ578733.1 Athelia rolfsii isolate CN18

KJ578735.1 Athelia rolfsii isolate CN22

KJ578737.1 Athelia rolfsii isolate CN38

KJ578736.1 Athelia rolfsii isolate CN36

KC292637.1 Athelia rolfsii strain SclerotiumSr3

KC293992.1 Athelia rolfsii isolate BeanScRs1

KF002510.1 Athelia rolfsii isolate BeanScRS1

FJ460433.1 Sclerotium cepivorum voucher NKI 286

0.05

Fig. 4 Phylogenetic tree
constructed for ITS region of
S. rolfsii (Athelia rolfsii) isolates
byNeighbour Joiningmethod and
the tree was rooted with
S. cepivorum. Tamura-Nei Sub-
stitution model and nearest
neighbour-interchange search op-
tions with 1000 bootstrap repli-
cates were used
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vegetables, fruits, ornamentals and turfs at various
stages of their growth and development (Aycock 1966;
Punja 1985; Mullen 2001). The disease caused by this
fungus is generally referred to as foot rot, southern
blight or southern stem blight. The pathogen is also
known to infect seedlings, herbaceous plants, woody
plants, fleshy roots, bulbs, and fruits (Mullen 2001).
The most important crop plants associated with southern
blight and leaf spot disease include southern blight of
common bean (Phaseolus vulgaris Linn.), leaf spot of
Indian Jasmine (Jasminium multiflorum (Burm. f) An-
drews), boll rot of cotton (Gossypium hirsutum L.), fruit
rot of pumpkin (Cucurbita maxima Duchesne) and
southern blight of wild coffee (Psychotria nervosa
Sw.) (Mahadevakumar e t a l . 2015a , b , c ;
Mahadevakumar and Janardhana 2015, 2016). The
pathogen is soil-borne and the inoculum persists in the
soil for 2–3 years and responsible to cause new infection
when the crop comes up in the next season (Aycock
1966; Punja 1985; Smith et al. 1989).
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