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Abstract

Anthracnose caused by Colletotrichum truncatum is a major constraint in soybean (Glycine max (L.) Merrill) production. The
understanding of the pathogen's cultural behaviour is essential for isolation and management protocols. The growth and
cultural characteristics of pathogen were evaluated on 12 solid and corresponding liquid media, both synthetic and non
synthetic media. Among the solid media, the maximum mycelial growth was recorded on potato dextrose agar (PDA) with a
mean colony diameter of 90.00 mm, while Asthana and Hawker's agar recorded the minimum growth (60.00 mm). Excellent
sporulation (++++) was observed on malt extract agar, whereas poor sporulation (+) was observed on host leaf extract agar and
no sporulation was observed on V-8 juice agar despite the medium supporting relatively good mycelial growth of 80.00 mm.
In liquid media, V-8 juice broth produced the highest dry mycelial biomass (297.43 mg) and minimum dry mycelial weight
was observed in water sucrose broth (11.25 mg). Excellent sporulation (++++) was observed in malt extract broth and potato
dextrose broth. No sporulation was observed in Asthana and Hawker's broth, carrot broth, carrot dextrose broth, Czapek Dox
broth, host leaf extract broth, Richard's broth, Sabouraud's broth and V-8 juice broth. The results indicate that medium
composition strongly influences both the vegetative and reproductive phases of the pathogen and that biomass accumulation
and sporulation are not always favoured by the same medium offering a practical basis for selecting media for inoculum
multiplication in future anthracnose research.
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Introduction not only between species but also between isolates of the
Soybean (Glycine max (L.) Merrill), belonging to the family same species, depending on the nutritional and physical
Leguminaceae (subfamily Papilionaceae), is native to China composition of the medium on which they are grown (Xiang
and was introduced into Indian agriculture during the 1970s et al., 2014; Asalkar et al., 2019) [ 23 Accurate
- 80s (Andole, 1984) . Recognized globally as a major characterization of these cultural attributes is fundamental to
oilseed and protein crop, it is valued for its high protein pathogen identification, isolate comparison and the
content (~38 per cent), oil (~18 per cent) and diverse standardization of protocols for the mass multiplication of
industrial applications ranging from biodiesel and inoculum required for pathogenicity assays, virulence
biodegradable plastics to soy based food products (Chauhan screening and the evaluation of host resistance and
and Joshi, 2005; Shin et al., 2015) [ 191 Despite its management options (Kulkarni and Raja, 2019; Roja et al.,
economic importance, soybean production is constrained by 2022) 15 181 Since the nutrient composition of a medium
biotic stresses, particularly fungal diseases, which account directly governs the mycelial growth and sporulation
for 6 - 8 per cent of the total 12 - 20 per cent yield loss efficiency of the pathogen, identification of the most
attributed to biotic factors (Mittal et al., 1993) 1. Among suitable medium is a prerequisite for raising healthy,
these, anthracnose caused by Colletotrichum truncatum, is sporulating cultures for further experimentation (Andrews
one of the most destructive, with yield losses ranging from and Nordheim, 1987; Harshitha et al., 2022) [ °1. However,
16 to 100 per cent (Sinclair, 1992) 2. First reported from information on the comparative performance of
Korea in 1917, the disease affects the crop from flowering Colletotrichum spp. across a wide range of synthetic and
through pod - filling stages, causing brown lesions on stems, non synthetic solid and liquid media remains fragmented,
pods and petioles, premature drying and shriveled, with different studies reporting varying optimum media
discoloured seed with reduced germination (Khan and depending on the host and geographic origin of the isolate
Sinclair, 1992; Sinclair and Backman, 1989 [2 2. (Kumar et al., 2022; Khare et al., 2025) [13 161 Keeping this
Chandrasekaran and Rajappan, 2002) €. Seed infection in view, the present investigation was undertaken to study
levels of up to 70 per cent have been reported under the cultural characteristics and growth behaviour of C.
favourable warm, humid conditions (Agam et al., 2019) [, truncatum on 12 different solid and liquid media, so as to
The genus Colletotrichum is taxonomically complex and identify the media best suited for optimum vegetative
morpho culturally variable, with growth rate, colony colour, growth as well as sporulation of the pathogen.

texture, margin and sporulation capacity differing widely,
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Material and methods
1. Cultural characterization
1.1 Growth characteristics on solid media
The growth and cultural characters of Colletotrichum
truncatum were studied on the following 12 different
synthetic and non synthetic solid media.

List 1: Different solid media

Synthetic media Non-synthetic media

Asthana and Hawker's agar Carrot agar

Czapek Dox agar Carrot dextrose agar

Richard's agar Host leaf extract agar

Sabouraud's agar Malt extract agar

V-8 juice agar Oat meal agar

Water sucrose agar Potato dextrose agar

The composition of the above media was obtained from the
Ainsworth and Bisby's Dictionary of the Fungi by
Hawksworth et al. (1983) 9. All the media were sterilized
to carry out the study. About 20 ml of each medium was
poured into 90 mm Petri plates. Such Petri plates were
inoculated with a 5 mm disc cut from the periphery of an
actively growing 7 - 9 day old culture of the fungus under
aseptic conditions and incubated at 27 + 1°C. Each
treatment was replicated thrice and observations were taken
once the fungus covered the complete Petri plate in any one
of the media. The colony diameter (mm), colony colour,
growth pattern, type of margin, colony shape, colony texture
and sporulation were recorded and sporulation was graded
as follows.

List 2: Scoring and grading of sporulation

Description
Sl. No. | Score Grade (conidia/microscopic field, 10X)
1| 4t Excelle_nt > 150
sporulation

2 +++ |Good sporulation 101 - 150

3 ++ | Fair sporulation 51-100

4 + |Poor sporulation <50

5 - No sporulation -

1.2 Growth characteristics on liquid media

The composition and preparation of the different liquid
media were the same as for the solid media, except that agar
was not added. About 20 ml of each liquid medium was
added to 100 ml conical flasks, which were then sterilized at
1.10 kg / cm? pressure for 20 minutes. The flasks were
inoculated with 5 mm mycelial discs obtained from the
periphery of a 10 day old culture and incubated at 27 + 1°C
for 15 days. Each treatment was replicated three times. Dry
mycelial weight and sporulation in each treatment were
recorded as described earlier. The different synthetic and
non synthetic liquid media used in the experiment are given
below.

List 3: Different liquid media

Synthetic media Non-synthetic media

Asthana and Hawker's broth Carrot broth

Czapek Dox broth Carrot dextrose broth

Richard's broth Host leaf extract broth

Sabouraud's broth Malt extract broth

V-8 juice broth Oat meal broth

Water sucrose broth Potato dextrose broth
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Results and discussion

For cultural characterization of the pathogen, isolate C-1
was selected and cultured on 12 different solid and liquid
media to assess its growth behaviour and cultural variability
under different nutritional conditions. Observations were
recorded for parameters such as colony growth, colour,
texture, pigmentation, sporulation and other characteristic
features on solid media, while dry mycelial weight and
sporulation were noted in liquid media. The results of these
evaluations are presented below.

1. Growth characteristics of Colletotrichum truncatum
on solid media

The growth and sporulation of C. truncatum was evaluated
on 12 different solid media and variation was observed in
mean colony diameter and sporulation among the media
tested. The maximum mycelial growth was recorded on
potato dextrose agar (PDA) with a mean colony diameter of
90.00 mm, which was statistically superior to malt extract
agar (80.33 mm) and statistically on par with carrot dextrose
agar (80.00 mm) and V-8 juice agar (80.00 mm). The
minimum colony diameter was recorded on Asthana and
Hawker's agar (60.00 mm), followed by host leaf extract
agar (62.33 mm) (Table 1, Fig. 1, Plate 1). Sporulation also
varied markedly with the culture medium. Excellent
sporulation (++++) was observed on malt extract agar, oat
meal agar, PDA and Richard's agar. Good sporulation (+++)
was recorded on Asthana and Hawker's agar, carrot agar,
carrot dextrose agar, Sabouraud's agar and water sucrose
agar. Czapek Dox agar supported moderate sporulation
(++), whereas poor sporulation (+) was observed on host
leaf extract agar and no sporulation was observed on V-8
juice agar despite the medium supporting relatively good
mycelial growth of 80.00 mm (Table 1).

The variation in radial growth of Colletotrichum isolates
observed on different culture media in the present
investigation was in agreement with Harshitha et al. (2022)
®1 who reported considerable differences in the mycelial
growth of C. truncatum on different solid media, with radial
growth ranging from 38.00 to 90.00 mm, maximum growth
of 90.00 mm on Czapek Dox agar and minimum growth of
38.00 mm on Czapek's malt agar. The present findings are
also comparable with Kumar et al. (2022) [*61, who evaluated
eight solid media for the growth of C. gloeosporioides and
recorded maximum radial growth of 90.00 mm on both
Richard's synthetic agar and PDA, followed by Czapek Dox
agar (89.00 mm) and oat meal agar (88.00 mm), whereas
potato carrot agar recorded the minimum growth of 72.50
mm. Shivakumar et al. (2016) 2! demonstrated considerable
variation in the sporulation of C. gloeosporioides on
different solid media, with maximum conidial production
recorded on Richard's agar (7.25 x 10* conidia ml™),
followed by PDA (6.72 x 10* conidia ml™") and Asthana and
Hawker's agar (3.90 x 10* conidia ml™), whereas host leaf
extract agar recorded 2.62 x 10* conidia ml™. Asalkar et al.
(2019) ™ found that Richard's agar supported maximum
growth (90 mm) with excellent sporulation, followed by
PDA (88.83 mm) and Czapek's Malt Agar (88.40 mm) and
observed that colony colour and sporulation varied with the
culture medium. The variation in mycelial growth of
Colletotrichum spp. on different solid media indicated the
influence of the nutritional composition of the medium on
fungal growth. Potato dextrose agar recorded the maximum
mycelial growth, with a mean colony diameter of 90.00 mm,



which may be attributed to the readily available nutrients
and carbohydrate source present in the medium.

The cultural characteristics of the colonies also differed
among the media. Colonies were predominantly white on
Asthana and Hawker's agar, carrot agar, carrot dextrose
agar, Czapek Dox agar, host leaf extract agar, malt extract
agar, potato dextrose agar, Sabouraud's agar and water
sucrose agar, whereas creamy white colonies were observed
on oat meal agar, Richard's agar and V-8 juice agar. Regular
colony shape with circular growth was the most common
pattern, observed on Asthana and Hawker's agar, carrot
dextrose agar, Czapek Dox agar, malt extract agar, oat meal
agar, potato dextrose agar, Sabouraud's agar and V-8 juice
agar, whereas irregular colonies with feathery growth were
observed on carrot agar, host leaf extract agar, Richard's
agar and water sucrose agar. Colony margins were mostly
serrated, found on Asthana and Hawker's agar, carrot agar,
carrot dextrose agar, Czapek Dox agar, host leaf extract
agar, malt extract agar, Richard's agar, Sabouraud's agar, V-
8 juice agar and water sucrose agar media, while smooth
margins were observed on oat meal agar and PDA. Colony
texture varied from appressed and fluffy to scanty
depending on the medium, appressed growth was recorded
on Asthana and Hawker's agar, carrot dextrose agar, malt
extract agar, oat meal agar, Richard's agar, V-8 juice agar
and water sucrose agar, fluffy growth was observed on
carrot agar, Czapek Dox agar, PDA and Sabouraud's agar,
and host leaf extract agar produced a scanty colony texture
(Table 2, Plate 2).

Similarly, Xiang et al. (2014) reported that
Colletotrichum truncatum exhibited significantly faster
radial growth on soymilk dextrose agar than on PDA.
Kumar et al. (2022) 061 reported that C. truncatum on
soybean leaf extract agar recorded the maximum myecelial
growth (85.10 mm), followed by corn meal agar (83.13 mm)
and PDA (81.33 mm). Joshi et al. (2024) U reported
considerable variation in the growth and sporulation of C.
capsici on 12 different media, with the highest growth
recorded on red chilli dextrose agar (90.00 mm), followed
by carrot dextrose agar and potato carrot agar; the colonies
also differed in colour, texture and margin across the media,
and excellent sporulation was observed on PDA, carrot
dextrose agar, potato carrot agar and red chilli dextrose agar,
indicating that the culture medium strongly influenced both
growth and sporulation of the pathogen.

[23]

2. Growth characteristics of Colletotrichum truncatum
on liguid media
The influence of 12 different liquid media on dry mycelial
weight and sporulation of C. truncatum was evaluated and
considerable variation was observed among the media. The
maximum dry mycelial weight was recorded in V-8 juice
broth (297.43 mg), which was statistically superior to
Czapek Dox broth (208.97 mg), followed by potato dextrose
broth (198.51 mg) and malt extract broth (183.06 mg),
which differed statistically from each other. The minimum
dry mycelial weight was observed in water sucrose broth
(11.25 mg), which differed statistically from oat meal broth
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(27.33 mg), followed by Asthana and Hawker's broth (50.60
mg) (Table 10, Fig. 4, Plate 11). Variation was also noticed
in sporulation among the liquid media. Excellent sporulation
(++++) was observed in malt extract broth and potato
dextrose broth. Oat meal broth recorded good sporulation
(+++), whereas water sucrose broth showed moderate
sporulation (++). No sporulation was observed in Asthana
and Hawker's broth, carrot broth, carrot dextrose broth,
Czapek Dox broth, host leaf extract broth, Richard's broth,
Sabouraud's broth and V-8 juice broth (Fig. 2, Table 3, Plate
2).

Similar variation was reported by Ekbote et al. (1997) @,
who observed maximum growth of Colletotrichum
truncatum after 12 days of incubation in potato dextrose
broth, whereas Kulkarni (2009) "1 reported a progressive
increase in dry mycelial weight from the third day, reaching
maximum biomass around the 15 " day. Andrews and
Nordheim (1987) B! found that the type and nutritional
concentration of the culture medium markedly influenced
spore production of C. gloeosporioides, among 11 media
tested, V-8 juice was the most suitable for high sporulation,
with an organic nutrient concentration of approximately 6
mg / ml providing a favourable combination of high conidial
production and low mycelial biomass, though in the present
study V-8 juice broth failed to sporulate. Cascino et al.
(1990) BI found that increasing the concentration of V-8
juice from 5 to 40 per cent increased C. gloeosporioides
mycelial production and delayed the initiation of
sporulation, with cultures at concentrations above 10 per
cent V-8 attaining a maximum spore concentration of
approximately 0.80 mg / ml, corresponding to about 107 -
108 spores / ml.

It was observed that V-8 juice broth produced the highest
dry mycelial biomass (297.43 mg) but failed to produce
sporulation, whereas malt extract broth and potato dextrose
broth produced excellent sporulation with comparatively
lower dry mycelial weights of 183.06 and 198.51 mg,
respectively. Thus, the medium most favourable for
vegetative biomass production was not necessarily the most
favourable for reproductive development.

Table 1: Mycelial growth and sporulation of Colletotrichum
truncatum on different solid media

S| Mean colony
' Media diameter Sporulation
No.
(mm)
1 Asthana and Hawker’s 60.00% et
agar
2 Carrot agar 66.33 +++
3 Carrot dextrose agar 80.00 +++
4 Czapek Dox agar 73.67 ++
5 Host leaf extract agar 62.33 +
6 Malt extract agar 80.33 ++++
7 Oat meal agar 65.67 +4+++
8 Potato dextrose agar 90.00 ++++
9 Richard’s agar 69.33 ++++
10 Sabouraud’s agar 78.00 +++
11 V-8 juice agar 80.00 -
12 Water sucrose agar 77.00 +++
S.Em. + 0.29
C.D.at1% 1.17

* Mean of three replications
++++ Excellent sporulation; +++ Good sporulation;
sporulation; + Poor  sporulation; - no

++ Moderate
sporulation



Table 2: Cultural characteristics of Colletotrichum truncatum on different solid media

Sl. No. Name of the media Colony shape | Growth pattern | Colony colour | Colony margin | Colony texture
1 Asthana and Hawker’s agar Regular Circular White Serrated Appressed
2 Carrot agar Irregular Feathery White Serrated Fluffy
3 Carrot dextrose agar Regular Circular White Serrated Appressed
4 Czapek Dox agar Regular Circular White Serrated Fluffy
5 Host leaf extract agar Irregular Feathery White Serrated Scanty
6 Malt extract agar Regular Circular White Serrated Appressed
7 Oat meal agar Regular Circular Dull white Smooth Appressed
8 Potato dextrose agar Regular Circular White Smooth Fluffy
9 Richard’s agar Irregular Feathery Dull white Serrated Appressed
10 Sabouraud’s agar Regular Circular White Serrated Fluffy
11 V-8 juice agar Regular Circular Dull white Serrated Appressed
12 Water sucrose agar Regular Feathery White Serrated Appressed

Table 3: Dry mycelial weight and sporulation of Colletotrichum truncatum on different liquid media
Sl. No. Media Dry mycelial weight (mg) Sporulation
1 Asthana and Hawkers broth 50.60* -
2 Carrot broth 124.07 -
3 Carrot dextrose broth 143.89 -
4 Czapek Dox broth 208.97 -
5 Host leaf extract broth 110.78 -
6 Malt extract broth 183.06 ++++
7 Oat meal broth 27.33 +++
8 Potato dextrose broth 198.51 +H++
9 Richard’s broth 88.19 -
10 Sabouraud’s broth 152.57 -
11 V-8 juice broth 297.43 -
12 Water sucrose broth 11.25 ++
S.Em. 0.68
C.D.atl% 2.69

* Mean of three replications ++++ Excellent sporulation; +++ Good sporulation; ++ Moderate sporulation; + Poor sporulation; - sporulation
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Fig 1: Mycelial growth of Colletotrichum truncatum on different solid media
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Plate 2: Growth of Colletotrichum truncatum on different liquid media

Conclusion

Potato dextrose agar was the most suitable for both mycelial
growth (90.00 mm) and excellent sporulation of
Colletotrichum truncatum, while Asthana and Hawker's
agar supported the least growth (60.00 mm). In liquid
media, V-8 juice broth produced the maximum mycelial
biomass (297.43 mg) but failed to sporulate, whereas malt
extract broth (183.06 mg) and potato dextrose broth (198.51
mg), despite comparatively lower biomass, favoured
excellent sporulation. This confirms that the nutrient
composition of the medium differentially governs vegetative
growth and reproductive development in the pathogen and
that media optimal for biomass accumulation are not
necessarily optimal for spore production.
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