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ABSTRACT: Anthracnose, caused by Colletotrichum sublineolum Henn. ex Sacc. & Trotter, is 
one of the most important sorghum [Sorghum bicolor (L.) Moench] diseases in Brazil. This fun-
gus exhibits conidial dimorphism,  producing either falcate or oval conidia on solid and liquid 
media, respectively. We compared patterns of the initial infection events by these two types 
of conidia on sorghum leaves using light microscopy and scanning electron microscopy. The 
infection events during the first 24 h were similar for both oval and falcate conidia. Globose and 
melanized apressoria were formed at 24 h after inoculation (hai) regardless of the conidia type. 
Dense mycelium and oval conidia developed from germinated falcate conidia at 32 hai. Hyphal 
mass displaying acervuli filled with falcate conidia and surrounded by setae, developed from 
germinated oval conidia at 48 hai. Oval conidia were as capable as falcate conidia of infecting 
sorghum leaves. The inherent ability to grow faster and the easeness with which oval conidia can 
be produced in vitro as compared to falcate, make the former a preferred choice for studies on 
the C. sublineolum-sorghum interaction. It would be instructive to further investigate the potential 
role of the oval conidia in epidemics.
Keywords: Sorghum bicolor, anthracnose, conidial dimorphism, infection biology, secondary 
sporulation

hara, 1975; Panaccione et al., 1989). For this species, fal-
cate conidia are produced blastically from hyphae that 
do not have differentiated conidiogenous cells while oval 
conidia are produced directly from hyphae (Panaccione et 
al., 1989). Souza-Paccola et al. (2003) showed the possibil-
ity of using oval conidia of C. sublineolum for genetic and 
pathogenic studies, especially for isolates that fail to pro-
duce falcate conidia. Typical anthracnose symptoms were 
observed when oval conidia were injected into the leaf 
nervures and stems of sorghum in the greenhouse. Nishi-
hara (1975) reported that inoculation of maize leaves us-
ing suspensions of oval conidia of C. graminicola isolates 
resulted in higher disease intensity compared to suspen-
sions of the falcate conidia. Conversely, such a difference 
was not found in another study which compared these 
two types of conidia (Panaccione et al., 1989). 

Although the infection capacity for the oval conid-
ia has been demonstrated (Souza- Paccola et al., 2003), 
detailed information is lacking about the formation, ger-
mination and penetration events of the oval conidia of 
C. sublineolum in sorghum plants as compared to falcate 
conidia. Therefore, this study aimed to provide novel 
insights into the early stages of infection of sorghum 
leaves by the oval conidia of C. sublineolum. 

Materials and Methods

Falcate and oval conidia production
Two strains of C. sublineolum, BR 204.01 and BR 

85.02 were used in this study. These strains were grown 

1State University of Londrina – Dept. of Agronomy, C.P. 6001 
– 86051-980 – Londrina, PR – Brazil. 
2State University of Londrina – Dept. of General Biology.
 3University of São Paulo/ESALQ – Dept. of Plant Pathology 
and Nematology, C.P. 09 − 13418-900 – Piracicaba, SP – 
Brazil.
4Paranaense University – Lab. of Molecular Biology, C.P. 224 
– 87502-210 – Umuarama, PR – Brazil. 
5Embrapa Maize & Sorghum – Molecular Biochemistry Lab. – 
C.P. 151 – 35701-970 – Sete Lagoas, MG – Brazil. 
*Corresponding author <paccola@uel.br>

Edited by: Emerson Medeiros Del Ponte

Novel insights into the early stages of infection by oval conidia of Colletotrichum 

Ednéia Aparecida de Souza-Paccola1, Cleide Aparecida Bomfeti2, Francisco André Ossamu Tanaka3, Nelson Sidnei Massola 
Junior3, Nelson Barros Colauto4, José Edson Fontes Figueiredo5, Luzia Doretto Paccola-Meirelles1*

Received December 02, 2014
Accepted February 20, 2015

sublineolum

Introduction

Anthracnose, caused by Colletotrichum sublineolum 
Henn. ex Sacc. & Trotter, is one of the most important 
diseases affecting sorghum [Sorghum bicolor (L.) Mo-
ench] crops (Wang et al., 2006; Perumal et al., 2009). 
Symptoms can occur in any aerial part of the plant, and 
result in yield losses in excess of 50 %, depending on 
cultivar, inoculum source, and environmental conditions 
favorable for epidemics (Powell et al., 1977; Casela et 
al., 2001). Disease symptoms are characterized by the 
formation of elliptic and circular lesions, up to 5 mm in 
diameter, with reddish, orangish, dark purple or brown 
edges, depending on the cultivar. Numerous dark-col-
ored acervuli are formed in the center of the lesions and 
a great quantity of conidiophores is produced inside the 
acervuli. Erect, hyaline, aseptate, and falciform shaped 
conidia produced terminally on conidiophores are re-
ferred to as falcate conidia (Sutton, 1980; Warren, 1986). 

A second type of conidia, the oval conidia, was 
found in C. sublineolum (Souza-Paccola et al., 2003). They 
are smaller than falcate conidia, oval to elliptic in shape 
and, although the falcate conidia are more common in 
this species, the oval conidia are easier to produce in 
vitro than the falcate conidia.  The latter are produced in 
solid culture and are light-dependent, whereas the oval 
conidia are produce in liquid culture only and they are 
light-independent.

Both conidia types were observed during an infec-
tion of maize (Zea mays L.) leaves by C. graminicola (Nishi-
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on agar oatmeal culture medium, under continuous fluo-
rescent light (50 µE m−2 s−1) for seven days at 22 ± 3 oC, 
prior to the production of both types of conidia. Falcate 
conidia production was induced after scraping mycelia 
with a sterilized metal blade and incubating under the 
same conditions for seven to ten days. Oval conidia were 
produced in liquid culture (Souza-Paccola et al., 2003). 
Three mycelial discs (each 10-mm in diameter) of each 
strain were transferred to flasks containing 50 mL of 
potato broth medium culture, which were shaken for 
four days under the same incubation conditions. Myce-
lia were filtered through a sterile cheesecloth and oval 
conidia were recovered from the filtered liquid after cen-
trifugation at 6,000 g for 5 min. The pellet containing 
oval conidia was resuspended in 2 mL of a sterile aque-
ous solution with 0.01 % Tween 80. 

Plant production and maintenance 
Plants from a susceptible sorghum cultivar, BR009 

(Casela et al., 2001), were grown in plastic pots (each15-
cm in diameter) containing a mixture of peat, perlite and 
soil (1:2:1) in a greenhouse for 20-25 days in a 12/12 h 
light/dark cycle. 

Oval conidia morphogenesis in vitro
Microscopic slides covered with a thin layer of 

polystyrene polymer (Leite and Nicholson, 1992) were 
used to observe the oval conidia morphogenesis. This 
methodology consisted of immersing the slides in a solu-
tion containing the polymer (90 mm diameter polysty-
rene Petri dish dissolved in 50 mL amyl acetate). After 
drying, the slides received 40 µL of a conidial suspen-
sion (106 oval conidia mL−1). The slides were placed in 
Petri dishes at 22 ± 3 oC and maintained under constant 
fluorescent light (50 µE m−2 s−1) for 2, 4, 8, 10, 12, 16 or 
24 h. The slides were removed from Petri dishes after 
the end of each of the seven incubation times, and were 
covered with coverslips. The developmental stages of 
the oval conidia were observed and photographed under 
a light microscope. 

Conidial germination and infection process on sor-
ghum leaves

Sorghum leaf segments (1 cm2) removed from three-
week-old sorghum plants were sprayed with oval or fal-
cate conidia suspensions (106 conidia mL−1), both from the 
same strain. These segments were incubated in a moist 
chamber at 25 °C and removed at 0, 4, 8, 12, 24, 32 or 48 
h to be fixed for 24 h at 4 oC in a modified Karnovsky fixer 
(2.5 % glutaraldehyde, 2.5 % paraformaldehyde in 0.05 
M cacodylate sodium buffer, pH 7.0 plus 0.001 M CaCl2). 
Five leaf segments were used for each incubation time. 
The leaves were washed three times for 10 min in 0.05 M 
sodium cacodylate buffer (pH 7.2) and fixed for one hour 
with 1 % osmium tetroxide in the same buffer. Next, they 
were washed three times for 10 min in distilled water and 
dehydrated in a grade acetone series (30, 50, 70, 90 % for 
one time and 100 % for three times) for 10 min at each 

concentration. Finally, the leaves were dried to the critical 
point, coated with gold and examined under a scanning 
electron microscope (SEM). Each developmental stage of 
oval conidia was recorded by photography.

Results

Light microscopy analysis of oval conidia formation 
in vitro 

Falcate conidia deposited on polystyrene covered 
slides germinated 2 h after incubation (hai) (data not 
shown). A central transverse septum was formed, and 
one germ tube protruded from the distal extremity from 
the central region of the germinated conidium. At 16 
hai, the elongated germ tubes formed thick and highly 
vacuolated hyphae from which the oval conidia emerged 
from the lateral side and/or distal ends (Figure 1A).

SEM analysis of oval conidia on sorghum leaves 
Results of the SEM analysis corroborated those of 

the light microscopy analysis and provided additional 
information on the initial infection events. The falcate 
conidia (Figure 1B) began germinating on the sorghum 
leaf surface at 4 hai (Figure 1C). Most falcate conidia de-
veloped a transversal septum and emitted a germ tube at 
one of the ends or in the central region, quickly forming 
septa (Figure 1C - 1D). The germ tube underwent differ-
entiation at its free end forming an appressorium at 24 
hai (Figure 1D). A dense mycelium developed on the leaf 
surface from germinated falcate conidia at 32 hai, and 
high density of oval conidia was observed (Figure 1E). 
Oval conidia were produced blastically from the tips of 
conidiogenic hyphae (Figure 2A). A scar is shown on an 
oval conidium edge, a vestige of the detaching region 
from a hypha (Figure 2B). 

Germination and infection of oval conidia
Similar to the falcate, oval conidia increased in size 

after inoculation on the sorghum leaf surface and emit-
ted a single germ tube from its end (Figure 2C) or center 
(Figure 2D) at 4 hai. Also, a single germ tube emerged 
and an appressorium arose at the tip after adherence and 
swelling of hyphae on the leaf surface (Figure 3A to D). 
Neither  penetration of the germ tube nor appressorium 
through the stomata were observed. The penetration 
pore visibly surrounded by a thick ring was observed 
inside the appressorium that became detached from the 
leaf (Figure 3C - D). A mycelial mass containing acervuli 
with protruding setae developed from oval conidia at 48 
hai (Figure 3E - F). Falcate conidia embedded in the mu-
cilage were observed on these acervuli (Figure 3E - F).

Discussion

The infection process of sorghum leaves by the fal-
cate type of conidia was well characterized (Wharton et 
al., 2001). In this study we demonstrated that oval conid-
ia C. sublineolum can be produced from falcate conidia, 
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Figure 1 − Light (A) and Scanning electron micrographs (B to E) of 
Colletotrichum sublineolum conidia on polystyrene covered slides 
(A) and sorghum leaf surface (B to E). A: formation of oval conidia 
(Co) viewed laterally and at the tip of conidiogenic hypha developed 
from falcate conidia at 16 h after incubation. B: non-germinated 
falcate conidia of C. sublineolum over the stomata at 4 h after 
inoculation (hai). C: Falcate conidium (Cf) after 4 h-inoculation, 
showing the formation of the germ tube (Tg) and the septum (S). 
An ungerminated falcate conidium is visible. D: Formation of an 
appressorium (Ap) at the tip of a short germ tube from falcate 
conidia with septum 24 hai. E: Dense mycelium of C. sublineolum 
was formed from falcate conidia at 32 hai on sorghum leaves. 
From dense mycelium, oval conidia were produced and some of 
these initiated the process of germination. Scale bars: 4 (C), 4.5 
(D), 6 (B, E) and 10 (A) µm.

and that this new, or secondary, oval type of conidia is 
capable of infecting sorghum leaves. They were formed 
just following germination of the falcate conidia, and are 
known as microcyclic or precocious conidiation (Smith 
et al., 1981). This characteristic has been reported for 
several fungal species, including Colletotrichum spp. (An-
derson and Smith, 1971; Nishihara, 1975; Slade et al., 
1987; Panaccione et al., 1989; Hanlin, 1994; Leandro et 
al., 2001) and seems to vary with the strain used as well 
as with the growth medium, aeration, temperature, and 
other culture conditions (Lingappa and Lingappa, 1969; 

Smith et al., 1981; Slade et al., 1987; Souza-Paccola et 
al., 2003; Zanette et al., 2009). For the Citrus pathogen, 
Colletotrichum acutatum, secondary conidia are formed 
just after the germination of the appressorium (Zulfiqar 
et al., 1996). 

Nishihara (1975) reported that the oval conidia of 
C. graminicola were more aggressive than the falcate co-
nidia. As the falcate conidia were not found in anthrac-
nose lesions, Nishihara (1975) suggested that they could 
be produced only in vitro. Both falcate and oval conidia 
induce similar symptoms on maize plants (Panaccione et 
al., 1989). In addition, both types of conidia were found 
in diseased leaves regardless of the type of conidia used 
to inoculate the plants (Panaccione et al., 1989). 

The role of oval conidia in the anthracnose disease 
cycle remains unknown. They were described in maize 
foliar lesions, xylem tissue, root epidermal cells and root 
hairs (Panaccione et al., 1989; Venard and Vaillancourt, 
2007; Sukno et al., 2008). Sukno et al. (2008) speculated 
that the oval conidia may represent resting structures, 
which enable the fungus to remain inside the plant tis-
sues in a metabolically inactive state, thereby preventing 
its recognition by the host. Our results clearly demon-
strated the formation of oval conidia of C. sublineolum on 
the foliar superficies, before the penetration of the fun-
gus in the  host tissue, which suggests that oval conidia 
may also contribute to infections. 

Figure 2 − Scanning electron micrographs showing the formation 
and germination of oval conidia (Co) of Colletotrichum sublineolum 
on the sorghum’s leaf surface inoculated with oval (C - D) or 
falcate conidia (A - B). A: Mycelia of C. sublionelum formed from 
falcate conidia showing the formation of oval conidia at the tip 
of a conidiogenous hyphae (H) at 24 h after inoculation (hai). 
B: Oval conidium and the point of separation (scar) of this from 
conidiogenous hyphae. C: Oval conidia germinated at 4 hai. D: 
Oval conidium collapsed after of emerging a long germ tube (Tg) 
at 4 hai. Scale bars: 3 (A, C) and 3.5 (B, D) µm.
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Although the infection process by falcate conidia 
of C. sublineolum in sorghum has been well character-
ized (Wharton and Julian, 1996; Wharton et al., 2001; 
Basavaraju et al., 2009), little was known about the in-
fection process by oval conidia. Germination of the oval 
conidia of C. sublineolum was completed within 4 hai, 
which is the range reported for other species within the 
genus (4-48 hai) (Bailey et al., 1992). Falcate conidia ger-
minate within 9 hai, and a dark brown colored appresso-
rium is formed after 18 h of spore germination (Wharton 
and Julian, 1996). 

Both the oval and the falcate conidia of C. subli-
neolum had similar patterns of pre-penetration and pen-
etration on sorghum leaves, which are characterized by 
globose and melanized appressoria adhered to the leaf 
surface and by the presence of the penetration pore at 
24 hai. These events are critical for successful infection 
and further disease development (Mendgen and Deis-
ing, 1993; Mercure et al., 1994). A fast adhesion of the 
conidia on the maize leaves increases the success of in-
fection (Mercure et al., 1994). The penetration pore is 

surrounded by an appressorial cone for some species of 
Colletotrichum (Xuei et al., 1988; Mould et al., 1991). In 
our study, appressorial cones were not observed, which 
is in agreement with previous reports (Politis and Wheel-
er, 1973; Politis, 1976; Mims, 1991; Latunde-Dada et al., 
1996; Wharton et al., 2001).

In summary, we provided novel insights into the 
morphogenesis of secondary conidia of C. sublineolum, 
the oval type, which showed to be as effective as the 
falcate conidia to infect sorghum. High amounts of in-
oculum of the oval conidia can be obtained in a liquid 
media and the whole process is less cumbersome and 
more efficient than that used to produce inoculum of the 
falcate conidia (Souza-Paccola et al., 2003). 
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