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Growth of fungi is affected by carbon and nitrogen availability in nutrient sources, as well as exposure to
light, which provides environmental cues to the fungi. The morphology of fungal colonies is also known to be
affected by these factors. This study aims to investigate the impact of carbon and nitrogen sources on
colony growth and morphology of Colletotrichum capsici under different photoperiods. High carbon and low
nitrogen levels provided by potato extract and dextrose caused enhanced fungal growth in vitro under
continuous light exposure and continuous dark photoperiod. However, slower growth was observed when
C. capsici was grown under alternate light-dark regime. Exposure to light caused the colony to have a thick
elevated appearance with a pale yellow colour whereas the dark grown colony appeared white. The growth
rate was slowest under continuous dark regime in oat meal extract which is a nitrogen rich nutrient source,
whereas both continuous light and alternate light-dark photoperiods showed better growth. Interestingly,
continuous dark photoperiod caused higher growth in malt extract having high contents of both carbon and
nitrogen in contrast to growth under continuous light and alternate light-dark regimes. The colonies on both
oat extract and malt extract were thin, compact and pink in colour under all photoperiods.
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INTRODUCTION

Selection of suitable culture conditions is crucial
for studying fungal growth. Earlier studies have
shown that hyphal growth of microfungi is
affected by several physical and chemical factors
(Devi et al., 2018).  Macroelements like C, O, H,
N, S and P are required for the synthesis of the
four major biomolecules while Ca, Mg and Fe are
important ions used for serving important cellular
functions whereas microelements like Mn, Zn,
CO, Mo, Ni and Cu act as cofactors for various
enzymes (Basu et al. 2015).

Fungi has been shown to possess an adaptable
system which helps the organism to adjust to its
changing environment and maintain homeostasis
(Blechert et al. 2023). One of the chief factors
that affect fungal growth is availability of carbon
and nitrogen in nutrient sources. Conventionally,
fungi are grown in natural and/or synthetic media
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containing high amounts of carbohydrates,
nitrogen at pH 5-6 at temperatures ranging
between 15-37 ºC (Basu et al. 2015). Natural
media derived from commonly available materials
like potato dextrose, corn meal etc. are easy to
prepare and also economical (Basu et al. 2015).

Besides carbon and nitrogen availabilities,
another fundamental environmental factor that
influences fungal growth is light regimes.
Investigations on Botrytis cinerea have
documented how light regulates its
morphogenesis and conidiation (Schumacher,
2017; Brandhoff et al. 2017). Its role in regulating
morphology of fungal colonies and production of
reproductive structures has been reported in
Neurospora crassa, Aspergillus nidulans,
Phycomyces blakesleeanus (Yu et al. 2018).
Light has been shown to negatively affect mating
and haploid fruit body formation in the pathogenic
fungus Cryptococcus neoformans (Idnurm et al.
2015).  Previous researches from our lab have
shown that radial growth of Rhizoctonia solani
as well as germination of sclerotia was notably
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affected by altered light regimes along with
variations in carbon and nitrogen availability in
nutrient sources (Saha et al. 2022).

Colletotrichum capsici is a destructive
phytopathogenic fungus that causes anthracnose
in chilli resulting in devastating agricultural losses
worldwide (Mishra et al. 2018). Inspite of being
an economically important phytopathogen, there
is a lack of detailed research on the effect of
nutrient sources in conjunction with different
photoperiodic conditions on the mycelial growth
of C. capsici. Thus, in this present study we
wanted to study how nutrient sources and
photoperiods impact the morphology and radial
growth of C. capsici colony.

MATERIALS AND METHODS

Fungal material

Pure culture of Colletotrichum capsici (Syd.)
Butler & Bisby was obtained from MTCC (strain
9691).

Culture and maintenance of fungus

The original fungal sample of C. capsici was sub-
cultured on potato dextrose agar (PDA) medium
and incubated at 280C in incubator. The culture
was maintained by sub-culturing under similar
conditions and kept in 40C for storage.

Experimental set up

C. capsici was grown in three nutrient media with
varying carbon and nitrogen contents viz. agar
supplemented with potato and dextrose having
low nitrogen and high carbon (potato dextrose
agar, PDA), agar supplemented with malt extract
having high nitrogen and high carbon (malt extract
agar, MEA) and agar supplemented with oat
extract having high nitrogen and low carbon (oat
meal extract, OMA). The fungal cultures were
subjected to three different photoperiodic regimes
viz. 12 hrs light and 12 hrs dark periods (12/12LD),
24 hrs dark period (24DD) (with very brief
exposure to light under 5 minutes for photography)
and 24 hrs continuous light period (24LL).

Timing of onset of growth from inoculum

Mycelial discs ( 3 mm size) were taken as
inoculum from the growing edges of 7-day old C.

capsici culture and placed on each type of
medium and incubated under the chosen
photoperiods i.e. 24LL, 12/12LD and 24DD for 2
hours post inoculation (hpi), 3hpi and 5hpi. Hyphal
initiation from the mycelial disc was observed
under a compound microscope (Zeiss Winkel
161971) and the average length of the growing
hyphae was measured with ocular micrometer
and stage micrometer.

Measurement of C. capsici colony growth

Growth of C. capsici under different growth
conditions was determined by measuring the
colony diameter up to 7days. Data was recorded
and photographs were taken at 0, 3, 5 and 7 days
post inoculation (dpi). Colony diameter was
measured and graphically expressed.

Statistical Analysis

The analysis of all experimental data was done
according to our previous publication (Chowdhury
et al. 2017). All analyses were performed as three
independent experiments with at least three
replicates in each and the values were
represented as the mean ± SD.

RESULTS AND DISCUSSION

Time of commencement of growth of colony

The growth of C. capsici hyphae initiated early at
2 hpi when potato extract with dextrose containing
high carbon and low nitrogen was used under both
24LL and 24DD photoperiods (with very brief
exposure to light, under 5 minutes for
photography)  (Fig.1 A,B). At 2 hpi the average
hyphal length was 54µm under 24LL and 45.1 µm
under 24DD conditions, which was significantly
higher than other nutrient sources.  Nitrogen-rich
oat meal extract delayed the commencement of
hyphal growth upto 3hpi under both 24LL and
24DD photoperiods (average hyphal length at 3hpi
was 30.1 µm and 47.8 µm respectively). When
malt extract rich in both carbon and nitrogen, was
used, 24DD induced early growth at 2hpi (29.1
µm) in contrast to 24LL lacking new growth (Fig.1
A,B).

Rapid hyphal extension in filamentous fungi is
mediated by transport of growth promoting cell
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wall modifying enzymes, membranes and
proteins that enable hyphal growth on solid
substratum (Steinberg et al. 2017). Blechert et
al. (2023) showed that inorganic nitrogen sources
and high concentrations of amino acids inhibit
growth of Trichophyton rubrum. Similar inhibition
was observed in our study where nitrogen-rich
oat meal extract delayed the growth of C. capsici
colony significantly. Limited nitrogen availability
triggers rapid mycelial extension and increases
fungal biomass production in soil fungi whereas
high amounts of nitrogen deterred growth
(Camenzind et al. 2020). This is in agreement

Fig. 1. Comparison of commencement of hyphal growth of
Colletotrichum capsici under different culture conditions during
the initial hours. (A) Rate of growth under continuous light re-
gime (24LL). (B) Rate of growth under dark regime (24DD) with
very brief exposure to light.  Bars represent mean ± SD of three
independent experiments with three replicates.

Fig.2.  Morphology of Colletotrichum capsici colony on high
carbon and low nitrogen nutrient source from potato and dextrose
(PDA Media), under different photoperiodic conditions. (A-C)
under continuous light (24LL), (D-F) under alternate light-dark
cycle (12/12LD), (G-I) under dark cycle (24DD). (J) Comparison
of growth under different light regimes showing similar rates
upto 5dpi; subsequently significantly lesser growth under 12/
12LD from 5dpi till the end of experiment. Bars represent mean ±
SD of three independent experiments with three replicates. Scale
= 5cm.

Fig. 3. Morphology of Colletotrichum capsici colony on low
carbon and high nitrogen nutrient source from Oatmeal (OMA
Media), under different photoperiodic conditions. (A-C) under
continuous light (24LL), (D-F) under alternate light-dark cycle
(12/12LD), (G-I) under dark cycle (24DD). (J) Comparison of
growth under different light regimes showing almost similar
growth rate up to 3dpi; subsequently showing growth was
plateaued out for 24DD at 5dpi in contrast to the other two
experimental sets. Bars represent mean ± SD of  three
independent experiments with three replicates. Scale = 5cm.

Fig. 4: Morphology of Colletotrichum capsici colony on high
carbon and high nitrogen nutrient source from Malt extract (MEA
Media), under different photoperiodic conditions. (A-C) under
continuous light (24LL), (D-F) under alternate light-dark cycle
(12/12LD), (G-I) under dark cycle (24DD). (J) Comparison of
growth under different light regime showing similar rate of growth
up to 5dpi; subsequently showing significant difference amongst
the experimental sets at 7dpi. Bars represent mean ± SD of three
independent experiments with three replicates. Scale= 5cm.

Fig.5. Comparison of growth of Colletotrichum capsici under
different culture conditions. (A) Rate of growth under continuous
light regime. (B) Rate of growth under alternate light-dark cycle.
(C) Rate of growth under dark regime. Bars represent mean ±
SD of three independent experiments with three replicates.
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with our observations where potato dextrose
containing high carbon and low nitrogen
supported the fastest hyphal elongation, followed
by malt extract which had high carbon and
nitrogen contents while nitrogen-rich oat meal
showed the most delayed response under the
chosen photoperiods.

Morphology of C. capsici colony is influenced
by nutrient sources and photoperiodic
conditions

In this study, when potato dextrose was used as
nutrient source, the colony showed an overall
thick, elevated and cottony texture. It had pale
yellow colour and thick feathery texture when
exposed to 24LL but the dark grown 24DD colony
appeared white. Interestingly, the colony
subjected to 12/12LD photoperiod showed
alternate concentric rings that corresponded to
the alternate light and dark cycles (Fig.2 A-I). When
C. capsici was grown on oat meal under the
chosen photoperiods, the colonies were thin, flat,
light pink in colour at the centre, while the edges
having younger hyphae appeared white (Fig. 3 A-
I). Similar morphology was observed on malt
extract which produced flat, thin and dark pink
coloured colonies with entire, translucent white
margins (Fig. 4 A-I).

Fungi can be characterized based on their colony
characteristics and growth rate along with
morphology of mycelia, conidia and appressoria
and the findings were shown to conform to the
phylogenetic analyses by Liu et al. (2016). When
T. rubrum was grown on potato and dextrose, it
enhanced pigment formation and conidia
development (Basu et al. 2015). The morphology
of fungal colonies in vitro vary significantly
depending upon the carbon and nitrogen
availability. Our findings are in agreement with the
previous studies stating that dist inct
morphological differences are produced due to
variation in carbon and nitrogen contents in the
growth medium in several types of fungi (Devi et
al. 2018; Moura et al. 2020; Gwon et al. 2022).

Influence of  different ratios of carbon,
nitrogen and photoperiodic conditions on
growth of C. capsici

The growth of C. capsici was maximum on potato
extract and dextrose having higher carbon and

lower nitrogen content (Fig. 2 A-I and 5 A-C). Under
24LL, at 3dpi the colony diameter was 3.9cm
which was significantly greater than the colonies
grown under 12/12LD (3.1cm) and 24DD
(3.0cm). However, after 5dpi, the rate of growth
under 12/12LD failed to increase significantly
(Fig.2F). Significantly smaller colonies were
produced on carbon-deficit and nitrogen-rich oat
meal under all photoperiods (Fig.3 A-I and 5 A-
C). At 3 dpi all three cultures grew slowly having
colony diameters 1.9 cm -2.0 cm (Fig. 3 A, D, G).
Interestingly, C. capsici colony plateaued out after
5dpi under 24DD in contrast to the other
experimental set ups (Fig. 3 H, I, J). Conversely,
after 5dpi, 24DD showed maximum mycelial
growth on malt extract (Fig. 4 A-I and 5 A-C).
Although at 3dpi, all three cultures showed similar
rates of growth (2.0cm, 2.4cm and 2.6cm for 24LL,
12/12LD and 24DD respectively), growth was
slow for 12/12LD and 24LL even after 5dpi (Fig. 4
A-I, J). It is noteworthy to mention that under 12/
12LD conditions, the differences between
different nutrient conditions were minimal
(Fig.5B). Fungi depend largely on the availability
of carbon, nitrogen, phosphorus, sulphur etc. in
its surroundings (Blechert et al. 2023).  Higher
radial growth of Metarhizium anisopliae colony
and highest virulence of its conidia was shown to
be induced by C:N ratio of 35:1 while other ratios
reduced radial growth and virulence (Shah et al.,
2005). Studies have also shown that variation in
nutrient sources cause differential growth of
Fusarium (Westphal et al. 2021) and
Magnaporthe oryzae triticum (Ashrafi et al. 2021).
Filamentous fungi are capable of sensing visible
light to regulate hyphal growth, reproduction,
mitigation of stress and maintenance of circadian
clock (Schumacher, 2017). Exposure to light has
been shown to regulate production of secondary
metabolites in some Fusarium species (Westphal
et al. 2021). Similarly, mycelial development is
affected by light in Aspergillus nidulans and
Trichoderma atroviride (Yu et al., 2019). The
differential effect of exposure to different
photoperiodic regimes in our study is in
accordance with studies on Botrytis sp.,
(Brandhoff et al. 2017; Schumacher. 2017), R.
solani (Koley et al. 2019; Mandal et al. 2019; Saha
et al. 2022).
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CONCLUSION

From our present study, it may be concluded that
high carbon: nitrogen ratio under continuous light
is the most favourable condition for the most
proliferative growth of C. capsici in vitro. It was
also observed that growth of C. capsici was least
favoured by potato and dextrose extract under 12/
12LD, oat meal extract under 24DD and malt
extract under 24LL. Lastly, alternate light-dark
regime showed the minimal distinction among the
three nutrient sources. Comprehensive
information on the two chief parameters affecting
growth in vitro may serve as a useful tool for
further studies to determine the underlying
mechanisms pertaining to pathogenicity of C.
capsici. Further research in this field is required
to conclusively interpret the relationship between
the culture conditions of the fungus and its
virulence and extended viability.
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