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Abstract 
Corynespora cassiicola threatens soybean and cotton production in Brazil. The objective of this study was to 
evaluate cultural and morphological aspects of C. cassiicola isolated from soybean and cotton of different 
Brazilian regions, in culture media. The isolates were grown in PDA (Potato Dextrose Agar) and V8 juice agar 
media. The characteristics evaluated were: color, aspect, and growth rate of mycelia, as well as production and 
dimension of conidia, and number of septa per conidium. Culture media and isolates were compared using the 
Kruskal-Wallis or Tukey’s test at 5% significance level. The mycelia of the isolates were predominantly dark 
gray and light brown. C. cassiicola isolates grew better in V8 juice agar medium, presenting a higher mycelial 
growth rate. In PDA medium, the production of conidia was higher in isolates from cotton, compared with 
soybean isolates. There was great variation in the production of conidia in V8 juice agar medium, regardless of 
the host origin. Conidia length and width varied for isolate and culture medium. The isolates of C. cassiicola 
coming from cotton presented a higher number of septa per conidium when grown in PDA medium. The 
morphological aspects of C. cassiicola vary depending on the host of origin and the culture medium. 

Keywords: conidia production, mycelial growth, target spot, V8 juice agar medium, PDA medium 

1. Introduction 
The fungus Corynespora cassiicola Berk. & M. A. Curtis (Wei, 1950), present in countries with tropical and 
subtropical climates, causes diseases in more than 530 plant species belonging to 400 different genera (Farr et al., 
2019). This fungus has a wide range of economically important hosts including soybean (Glycine max) (Seaman 
et al., 1965) cotton (Gossypium hirsutum) (Fulmer et al., 2012), common bean (Phaseolus vulgaris) (Mendes et 
al., 1998), papaya (Carica papaya) (Qi et al., 2011), cucumber (Cucumis sativum) (Cutrim & Silva, 2003), 
pepper (Capsicum annuum) (Shimomoto, 2008) rubber tree (Hevea brasiliensis) (Qi et al., 2011), and tomato 
(Lycopersicon esculentum) (Lopes & Ávila, 2005).  

Severe epidemics of Corynespora cassiicola have been recorded in the USA, Brazil, and Argentina, where 
soybean and cotton are grown in crop rotation (Galbieri et al., 2014), leading to an increasing incidence of target 
spot in the last harvests of these crops (Sumabat et al., 2018; Godoy et al., 2020).  

C. cassiicola causes a disease in soybean known as target spot, affecting leaves, stems, pods, and seeds (Almeida 
et al., 2005). In the leaves, the lesions appear as brown spots with yellow halos, evolving from light to dark 
brown necrotic patches of up to 2 centimeters in diameter surrounded by chlorotic halos (Snow & Berggren, 
1989). The severely affected leaves fall prematurely (Sinclair & Backman, 1989).  

The fungus survives in debris, soybean seeds, and fallow fields for up to two years. It forms survival structures 
called chlamydospores (Almeida et al., 2001; Godoy et al., 2014) that are specialized structures resistant to 
adverse environmental conditions, acting as resting spores (Gould, 2010; Kimati et al., 1995). 
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2.2 Pathogen Isolation, Purification, Identification, and Cultivation 

Soybean and cotton leaf segments (3 mm in diameter) containing lesions were subjected to superficial 
disinfestation in 70% alcohol for 30 seconds and 2% sodium hypochlorite for 1 minute, followed by washes in 
sterile distilled water. The tissues were distributed in V8 juice agar culture medium and maintained at 25±1 ºC 
and 12/12 h light-dark photoperiod for pathogen isolation.  

After four days, the mycelial growth of the fungus was observed and identified using the key of the genus C. 
cassiicola proposed by (Ellis, 1957). Then, the mycelium of each isolate was subcultured in V8 juice agar, and, 
subsequently, a monosporic culture was performed in agar-water medium (Fernandez, 1993). Each isolate was 
stored at ±4 ºC using the method proposed by Castellani (Figueiredo, 1967).  

Eight isolates of C. cassiicola species were obtained from soybean plants, named ISO S-soybean and cotton 
plants as ISO C-cotton, from the states of Paraná (PR), Mato Grosso (MT) and Goiás (GO) (Table 1). For a more 
detailed identification of the isolates, in addition to morphological characterization described here, a 
pathogenicity test was also performed. All isolates studied here underwent pathogenicity tests in different crops, 
and soybean and cotton (data not yet published) were pathogenic. 

 

Table 1. Code, year, and location of collection and plant host species of Corynespora cassiicola isolates used in 
cultural and morphological analyses 

Code Year Location Host plant species 
ISO 1 S 2018 Goiânia-GO 

Glycine max L. 

ISO 2 S 2018 Arapongas-PR 

ISO 3 S 2018 Sorriso-MT 

ISO 4 S 2019 Londrina-PR 

ISO 11 S 2018 Diamantino-MT 

ISO 1 C 2018 Sertanópolis-PR 

Gossypium hirsutum L. ISO 2 C 2019 Jataizinho-PR 

ISO 3 C 2019 Porecatu-PR 

 

Mycelial discs of 5 mm in diameter were removed from the edges of the colonies after five days of growth and 
transferred to the center of Petri dishes (Ø = 9 cm) containing Potato Dextrose Agar (PDA: 200 g L-1 potato 
extract, 20 g L-1 dextrose, 17 g L-1 agar) and V8 juice agar (V8: 5 g L-1 Calcium carbonate, 340 mL V8 juice, 34 
g L-1 agar). The dishes were sealed with Parafilm® and maintained at 25±1 ºC and 12/12 h light-dark 
photoperiod for 72 hours. After this period, the evaluations were performed. 

2.3 Evaluations 

The variables evaluated were: color, aspect, and growth rate of mycelia, as well as production, length, width of 
conidia, and number of septa per conidium. The necessary evaluations to calculate the mycelial growth rate were 
performed from three to eleven days after incubation. The other evaluations were carried out 12 days after 
incubation. 

Colony color was characterized following the color annotation system of Munsell Color Company (1975). The 
dishes containing PDA and V8 juice agar culture media were analyzed for colony pigmentation hue at both sides 
(front and back). The isolates were also evaluated for mycelium type: plane, aerial, or aerial cottony (Snow & 
Berggren, 1989). 

The daily rate of isolates mycelial growth was established by measuring the colony in two orthogonal directions, 
at 3, 5, 7, 9, and 11 days after incubation. The measurements were completed when the colony grew all over the 
Petri dish in one of the treatments (11 D.A.I.). However, the 9 D.A.I. evaluation was used to calculate the daily 
growth rate, since, at 11 D.A.I., mycelial growth may have been limited and could have interfered with the 
results. The daily rate (mm d-1) was calculated by the average diameter of the two diametrically opposed 
measurements subtracted from Ø 0.5 mm (initial disc) and divided by 9 (evaluation days). 

For conidia production, 10 mL of distilled water was added to each plate and the fungal colonies were scraped 
with a soft bristle brush. The concentration of the conidia suspension (conidia mL-1) was determined in a 
Neubauer chamber under a microscope at 100x magnification. The counting was performed five times for each 
repetition, and the average number was used to define the final amount of conidia. 
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Conidia width and length (µm) and number of septa were determined by evaluating 50 conidia of the fungal 
suspension described above. The structures were observed under optical microscopy (100×), photographed, and 
subjected to the digital image processing and analysis software ImageJ version 1.32j (Wayne Rasband National 
Institute of Health, USA) (Rasband, 2012). 

2.4 Experimental Design and Statistical Analysis 

The experimente was conducted using a completely randomized design in a 2 × 8 factorial scheme (two culture 
media x eight C. cassiicola isolates) with five repetitions. The experimental unit consisted of a plate. 

For the variables mycelial growth rate, conidia production, and average number of septa per conidium, the 
comparison between culture media within each isolate of C. cassiicola was performed by the non-parametric 
Mann-Whitney test. The comparison of isolates within each culture medium was performed using the 
Kruskal-Wallis test, at a significance level of 5% using the BioEstat 5.0 software. 

The variables conidia length and width were subjected to analysis of variance (ANOVA), followed by the mean 
comparison Tukey’s test at 5% significance level, comparing culture media and C. cassiicola isolates in a 
factorial scheme. The software used was SISVAR. 

3. Results 
3.1 Colony Pigmentation and Appearance 

Great variation was observed in the pigmentation of the eight C. cassiicola isolates grown in PDA and V8 juice 
agar culture media (Table 2 and Figure 2).  

At the superior part (front) of the dishes containing V8 juice agar medium, the mycelial pigmentation of the 
isolates varied from gray to olivaceous, while at the inferior part (back) of the dishes, light brown was the 
predominant color for all isolates (Figure 2). In PDA medium, mycelial pigmentation varied from gray to white 
at the front of the dishes and from brown to black at the back of the dishes (Figure 2).  

In general, the mycelial color of C. cassiicola isolates was predominantly dark gray and light brown, at the front 
and back of the plates, respectively. 

Regardless of the culture medium, the mycelial aspect of the isolates from cotton was plane, while, for soybean 
isolates, the mycelial aspect was aerial cottony. The only exception was the ISO 1S isolate, which proved to be 
plane when grown in both culture media (Table 2). 
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3.2 Mycelial Growth Rate 

The mycelial growth rate (mm d-1) varied from 5.40 to 8.82 mm d-1 among the eight isolates of C. cassiicola 
(Table 2). The highest mycelial growth rate occurred for isolates grown in V8 juice agar produc, with 8.40 to 
8.82 mm d-1, while the values ranged from 5.40 to 7.30 mm d-1 in PDA produc. 

Mycelium of C. cassiicola isolates grew at production rates in PDA, with the highest growth rates observed for 
ISO 3C and ISO 1C, presenting 7.30 and 7.14 mm d-1, respectively. The lowest growth rates occurred for the 
isolates ISO 4S, ISO 11S, and ISO 3S, with 6.35, 6.00, and 5.40 mm d-1, respectively. Whereas for the V8 juice 
agar culture produc, no significant differences were detected regarding the mycelial growth rate of C. cassiicola 
isolates (Table 2). 

3.3 Conidia Production 

The performance of conidia production in the different culture media varied according to the plant host origin of 
the isolates (Table 2). No difference was observed in the production of conidia between the culture media when 
the isolates came from cotton plants (ISO 1C, ISO 2C, and ISO 3C). Whereas regarding C. cassiicola isolates 
from soybean plants, conidia production was higher for the ISO 2S, ISO 4S, and ISO 11S isolates in V8 juice 
agar medium (64.00, 99.13, and 107.38, respectively), compared with the PDA medium (23.88, 36.00, and 38.00, 
respectively) (Table 2).  

In general, the production of conidia in PDA medium was higher in isolates from cotton, with 88.50 to 90.63 
conidia mL-1, compared to soybean isolates, ranging from 19.13 to 43.13 conidia mL-1.  

When the isolates were cultivated in V8 juice agar medium, the highest number of conidia was produced by the 
isolates ISO 11S, ISO 4S, ISO 2C, and ISO 1C, producing from 107.38 to 85.00 conidia mL-1, in relation to ISO 
3S and ISO 1S, with 49.38 and 22.88 conidia mL-1, respectively (Table 2).  

 

Table 2. Colony cultural and morphological aspects, growth rate, conidia production, conidia length and width, and 
number of septa in eight isolates of Corynespora cassiicola (C. c.) obtained from cotton and soybean and grown in 
PDA and V8 juice agar (V8) culture media after 12 days of incubation at 25±1 ºC and 12/12 h photoperiod. 

Culture 

media 
Host plant  

Isolate  

C. c. 

Colony color 
Mycelium  

aspect 

Growth  

rate  

(mm/day)

Conidia  

production 

mL-1 

Conidia  Septa number 

Front Back Length Width 
 

Minimum Maximum Mean 

PDA 

Gossypium  

hirsutum 

ISO 1C Dark gray Black Plane 7.14 B1 a2 88.50 A ab 52.36 A a 6.88 A b  0 7 2.62 A ab

ISO 2C Dark gray Black Plane 7.04 B ab 89.00 A ab 53.43 A a 7.04 A b  0 11 2.52 A ab

ISO 3C Dark gray Black Plane 7.30 B a 90.63 A a 47.70 A ab 6.65 A b  0 10 2.14 A ab

Glycine max 

ISO 1S White Brown Plane 6.95 B abc 19.13 A d 49.78 A a 7.32 A ab  0 9 2.60 A a

ISO 2S Dark gray Black Aerial cottony 7.01 B abc 24.88 B cd 30.78 A c 8.06 A ab  0 5 1.12 A c

ISO 3S Light gray Light brown Aerial cottony 5.40 B d 43.13 A bc 31.42 B c 7.05 A ab  0 6 1.26 A c

ISO 4S Gray/Brown Light brown Aerial cottony 6.35 B bcd 36.00 B cd 33.65 A c 6.32 B b  0 3 1.22 B c

ISO 11S Dark gray Light brown Aerial cottony 6.00 B cd 38.00 B cd 35.19 A bc 6.69 B b  0 7 1.78 A bc

V8 

Gossypium 

hirsutum 

ISO 1C Light gray Light brown Plane 8.40 A1 a2 85.00 A ab 41.31 B a 6.86 A b  0 8 2.10 A bc

ISO 2C Light gray Light brown Plane 8.48 A a 89.88 A ab 49.88 A a 7.55 A ab  0 8 3.04 A a

ISO 3C Light gray Light brown Plane 8.73 A a 75.00 A bc 44.71 A a 6.82 A b  0 7 2.16 A ab

Glycine max 

ISO 1S Gray Light brown Aerial cottony 8.82 A a 22.88 A d 40.05 B a 7.24 A ab  0 4 1.24 B cd

ISO 2S Dark gray Light brown Aerial cottony 8.67 A a 64.00 A bcd 26.35 A b 6.75 B b  0 4 0.92 A d

ISO 3S Olivaceous Light brown Aerial cottony 8.40 A a 49.38 A cd 43.92 A a 7.28 A ab  0 10 2.06 A ab

ISO 4S Dark gray Light brown Aerial cottony 8.47 A a 99.13 A ab 37.89 A ab 7.99 A a  0 9 2.14 A ab

ISO 11S Dark gray Light brown Aerial cottony 8.52 A a 107.38 A a 38.98 A ab 7.65 A ab  0 7 2.14 A ab

Note. 1 Means followed by capital letters in the column compare culture media within each isolate of C. cassiicola, 
different letters indicate significant difference (α = 5%) by the Mann-Whitney test. 
2 Means followed by lowercase letters in the column compare isolates of C. cassiicola within each culture 
medium, indicating significant difference (α = 5%) by the Kruskal-Wallis test.  

 

3.4 Conidia Dimensions 

In the two culture media tested, all isolates produced conidia and their length and width were determined. 
However, there was an interaction between culture medium and isolates of C. cassiicola (Table 2). The isolates 
ISO 1C (52.36 µm) and ISO 1S (49.78 µm) showed greater lengths of conidia produced in the PDA medium, 
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No difference was found between the culture media tested regarding the average number of septa per conidium 
of C. cassiicola isolates from cotton plants (Table 2). However, differences were observed for isolates from 
soybean. ISO 1S had the highest average number of septa per conidium when grown in PDA medium, with 2.60 
septa per conidium, compared with 1.24 septa per conidium in the V8 juice agar medium.  

The opposite occurred for ISO 4S, with the highest average number of 2.14 septa per conidium in V8 juice agar 
medium, compared with PDA medium, where it produced 1.22 septa per conidium. The other isolates did not 
differ in terms of culture medium and average number of septa per conidium. 

When grown in PDA medium, the average number of septa per conidium was higher for the ISO 3C, ISO 2C, 
ISO 1S, and ISO 1C isolates, ranging from 2.14 to 2.62. Whereas ISO 2S, ISO 4S, and ISO 3S presented 1.12 to 
1.26 septa per conidium.  

When isolates were cultivated in V8 juice agar medium, the highest average number of septa per conidium was 
observed for the isolates ISO 4S, ISO 11S, ISO 3C, and ISO 2C, with 2.14 to 3.04 septa per conidium, while the 
lowest average values were found for ISO 1S and ISO 2S, which presented 1.24 and 0.92 septa per conidium, 
respectively (Table 2). 

4. Discussion 
Similarities were observed in the characteristics of the eight isolates by the description of (Ellis & Holliday, 
1971a), indicating that they belong to the species C. cassiicola. The study of fungi characteristics and 
morphological variations plays an important role in taxonomy and can assist in the identification of many 
pathogenic species (Mushrif, 2006). 

In the present study, no variation was observed for characteristics related to the development of isolates from 
cotton; however, a great variation occurred for isolates from soybean. These results indicate that the host plant of 
the pathogen influences its developmental characteristics. These data corroborate previous studies, which 
described variations in color, texture, and dimensions of conidia between isolates of C. cassiicola from the same 
or different hosts and regions (Darmono et al., 1996; Spencer & Walters, 1969). 

Qi et al. (2011) and Sousa et al. (2014) studied C. cassiicola isolates from soybean grown in PDA medium and 
also found variations in texture, ranging from fine to thick, and colony color, being white to light brown, 
red-brown, dark brown, dark gray, or black.  

Probably, the variability among isolates from soybean can be attributed to the older interaction between C. 
cassiicola and soybean plants compared with cotton plants (Almeida et al., 1976; Fulmer et al., 2012). This 
longer time of interaction, together with the presence of diverse soybean cultivars in different regions of Brazil, 
may have resulted in greater selection pressure for C. cassiicola pathotypes. However, further studies should be 
carried out to elucidate this hypothesis, using a greater number of isolates from soybean and cotton plants. It is 
worth mentioning that the variability of phytopathogens is related to the occurrence of some mechanisms of 
genetic recombination (Kaufmann, Weidemann, & Peres, 2003).  

The mycelial growth rate of C. cassiicola in other culture media was recorded from 5.7 to 10.0 mm d-1 for 
different isolates (Oliveira et al., 2007; Nghia et al., 2008). In this study, a lower mycelial growth rate was found 
for all isolates grown in PDA medium, ranging from 5.40 to 7.30 mm d-1, when compared with the values of 8.40 
to 8.82 mm d-1 in V8 juice agar medium. 

Almeida et al. (1994) and Muliterno de Melo (2009) also found that different isolates of C. cassiicola develop 
slowly in PDA culture medium, forming dark shaded mycelium with color from gray to olive black. The authors 
relate the slower mycelial growth with the source of nutrients to which the isolate has access and the use of 
nutrients in each culture medium. 

Although the PDA medium is frequently used for studies with different fungi (Diener, 1952) warns that the 
development of some fungi may be impaired by it, proposing the use of a culture medium with industrialized 
juice (Juice V8) composed of eight vegetables, rich in vitamins A, C, and E, fiber, and minerals. This culture 
medium provided higher rates of mycelial growth in the present study. 

For fungi cultivation in vitro, the choice of the medium must be based on nutrients and physico-chemical 
conditions that are indispensable for the development of the pathogen. In addition to temperature and brightness, 
the composition of the culture medium determines the quality and quantity of mycelial growth (Carnaúba et al., 
2007). 

Griffin (1993) reported that each isolate has a metabolizes nutrients at different speeds depending on the culture 
medium, leading to the synthesis of other molecules or products that influence the fungus growth in the medium. 
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There is no ideal culture medium that is suitable for all pathogens, and it is necessary to compare media for 
growth and spore formation for each pathogen studied (Gava, 2002). 

No differences were found in the production of conidia between the culture media when the isolates came from 
cotton plants. However, soybean-derived isolates reached the highest conidia production in the V8 juice agar 
medium, corroborating the results of (Almeida et al., 1976). 

The higher production of spores in phytopathogens may be related to the medium in which it was grown 
(Carnaúba et al., 2007). For some phytopathogenic fungi, (Diener, 1952) recommends the use of a medium 
containing V8 juice in order to increase the production of conidia. As previously mentioned, this medium is rich 
in vitamins and minerals, which may partially justify the results found in this study since the PDA medium 
contains less concentration of vitamins and minerals. 

Conidia length and width of the different isolates obtained in this study ranged from 26.35 to 53.36 μm and from 
6.65 to 8.06 μm, respectively. The number of septa varied from 0 to 11 septa per conidium. These dimensions 
and number of septa are in accordance with the lower and upper limits proposed by Ellis (1971a) for the species 
description. 

Qi et al. (2011) also observed a difference in the conidia dimensions of C. cassiicola, with length from 10 to 277 
μm, width from 1.3 to 17.1 μm, and number of septa from 0 to 18 per conidium. For the same pathogen, 
(Teramoto, 2008) obtained dimensions from 46.1 to 110.9 µm for length, from 5.3 to 8.2 µm for width, and 1 to 
15 for septa number. In studies with soybean isolates, (Ferreira, 2012) observed lengths of 20 to 300 µm, width 
of 7 to 15 µm, and number of septa varying from 1 to 22. Muliterno de Melo (2009) found conidia sizes from 8 
at 280 µm, with an average of 10 to 150 µm. 

The dimensions of conidia length and width as well as the number of septa obtained in this study showed less 
variation compared with the results brought in the literature. It can be seen that the values described by each 
author vary; these differences may be related to the origin of the isolates, such as host plant and geographical 
location, handling techniques, humidity of the environment in which they are grown, and the culture medium 
(Gasparotto & Pereira, 2012; Sousa & Bentes, 2014; Darmono et al., 1996; Spencer & Walters, 1969). Sousa and 
Bentes (2014) also reported that in natural conditions with high humidity, conidiophores and conidia are 
generally long and sharp. 

The knowledge of how the chemical composition of the culture media physiologically influence the pathogen C. 
cassiicola, affecting the morphological, growth, and production characteristics of conidia is essential to 
determine which culture medium allows the multiplication of the pathogen more efficiently under in vitro 
conditions (Bogo et al., 2008). 
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