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ABSTRACT

This study examined the effects of various growth conditions on the mycelial development of two fungal
Pathogens and evaluated the nutritional makeup of the resulting infected pepper fruits. The study investigated
the complex relationships between the nutritional makeup of the host plant and fungus growth. Using a variety
of growth media (potato dextrose agar, carrot dextrose agar, cornmeal agar, oatmeal agar, cauliflower dextrose
agar, and Sabouraud synthetic nutrient), the growth dynamics of two separate fungal pathogens
(Colletotrichum truncatum and Fusarium verticillioides) were investigated. Various growth media had various
effects on mycelia growth. For F. verticillioides, oatmeal, and cornmeal agar showed the maximum mycelia
growth (90 cm) after 7 days in culture, while for C. truncatum, oatmeal agar and cauliflower dextrose agar
produced the same results. In addition, an analysis of the nutritional makeup of pepper fruits infected with the
two pathogens showed changes in proximate compositions, vitamins, minerals, and phytochemicals. Inoculated
pepper fruits exhibited lower levels of ash, carbs, fat and protein, and higher levels of fiber and moisture. While
healthy pepper fruits recorded higher 6.48%, 1.50%, 2.70% and 0.47% of alkaloids, tannin, flavonoid, and
saponin respectively, fruits infected with C. truncatum and F. verticillioides recorded 1.8 and 1.60% alkaloids,
0.81 and 0.50% tannin, 0.59 and 0.40% flavonoid, and 0.26 and 0.36% saponin, respectively. Similar patterns
were observed for vitamin and mineral contents. By providing insights that could affect agricultural practices
and the management of plant diseases, this comparative study advances our understanding of the complex
interactions among fungal pathogens, growth media, and nutritional value of infected plant hosts.
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INTRODUCTION
Pepper is a staple spice in kitchens globally,

crop yield and quality (Obani and Ikotun, 2021).
Plant diseases have the potential to significantly

enjoying widespread popularity across various
cuisines. In 2022, Pepper was the world’s 548th
most-traded product, with a total trade of $ 5.13
billion (Nair, 2022). In addition to having a wide
range of uses, from food additions to medicinal
purposes, they are highly significant socio-
economically (Muhamad et al., 2023). They
comprise a range of essential nutritional elements
such as vitamin A. C. E., b-carotene, folic acid,
microelements, phenolic compounds, protein,
sugars, vitamins, and several bioactive compounds
(Jaiswal et al., 2021). Due to their economic
importance and vulnerability of pepper plants to a
range of fungal infections (Vallejo-Gutiérrez et al.,
2019), the crop was chosen as the host organism in
this study. Fungal infections have a profound effect
on pepper fruit nutritional quality, which affects
both growers and consumers (Majid et a/., 2017). In
contemporary agricultural systems, the dynamic
interplay between fungal diseases and their host
plants remains a critical component in determining

threaten the world's food supply through both
isolated and combined infections. They also
swiftly evade countermeasures like synthetic
pesticides and the cultivation of resistant plants
(Prusky and Sionov, 2021). Peppers are susceptible
to infections by Colletotrichum truncatum which
typically causes antracnose that can affect the
plant at any stage of development and causes
severe yield losses (Zakaria, 2021). Fusarium
verticilloides also remains a major threat in
vegetable production as it has the ability to survive
under extreme weather conditions and as well
produce airborne spores that makes it to occur widely
in the environment (Omotayo and Babalola, 2023).

Fungi, owing to their versatility and resilience,
exhibit diverse growth patterns influenced by an
array of environmental factors. Investigating how
growth media modulate the interaction between
fungal pathogens and pepper plants can provide
valuable insights into the mechanisms underlying
pathogen-host interactions and unveil some potential
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avenues for enhancing crop resilience. Research has
shown that in comparison to conventional media like
Potato Dextrose Agar (PDA), the use of rice and
starch medium can greatly increase fungal growth
(Hazim et al., 2022). In addition, fungi are endemic
in tropical settings, yet vulnerable to changes in land
cover, heat, and drought in arid tropical locations
(Hazim et al., 2022). The development patterns of
fungi, such as polar growth, cell division, and cell
fusion, are influenced by external chemo-attractants
and the local activation of core cell polarity regulators
(Clark-Cotton ef al., 2022). In a similar vein, it was
shown that the mycelium aspect and pigment syn-
thesis of certain fungal species differed depending
on the culture media (Kumakech and Opio, 2023).
In general, the choice of culture media can greatly
influence the growth and development of fungal
pathogens, underscoring the need to understand each
species' specific requirements for optimal
cultivation (Chauhan et al., 2017). The choice of
growth medium is crucial because it affects the
general conditions and nutrient environment that
promote fungal growth (Navarrete-Perea et al.,
2021). Research has been done on the growth
media's ability to promote fungal development and
create antagonistic relationships with plant diseases.
The most successful but also most costly type of
growth media is PDA media (Ningsih et al., 2023).
This work aims to enhance our understanding of
the intricate linkages that regulate plant-fungus
interactions by conducting a comparative exami-
nation of the nutritional composition and mycelial
growth of infected pepper fruits. The findings of this
study could have a practical impact on improving
farming methods, creating focused disease control
plans, and enabling sustainable pepper production in
the face of fungal disease outbreaks. This study
investigates how growing media affects the
development of two distinct fungal pathogen
mycelia and how this affects the nutritional
composition of the fungus-affected pepper fruits.

MATERIALS AND METHODS

Fungal Strain Collection,

Isolation, and Identification

Fruits showing symptomatic sunken lesions dotted
with black circular patches, and those with internal
rots were randomly collected from five different
communities (Nguru, Lejja, Nru, Ede-Obala, and
Ibagwa-Ani) that are predominantly pepper farmers
during the 2021 to 2022 rainy seasons. These
communities are separated from each other by more
than 5 km in Nsukka Local Government Area of
Enugu State, Nigeria. The average annual
temperature during the collection period was 24-27
°C, with maximum temperatures of 34 and 30 °C in
2021 and 2022, respectively. Relative humidity in
2021 ranged from 30-77%, while average relative
humidity was less than 70% in 2022. In 2021, the
rainy seasons spanned from May to October, with

precipitation peaks from August to October. The
collections were made in August in the two years
studied. The mean rainfall amount for the years
studied were 219 and 264 mm, respectively for 2021
and 2022. In each location, three farms were visited
and in each farm three diseased plant samples were
collected, making it a total of nine samples in each
location and 45 diseased fruit samples in all the
locations. In these pepper fields, the fungal
organisms infecting the plants have not been
established. To obtain the fungal isolates, small
tissue fragments from the lesion margins were
disinfected in 1% NaClO for 2 min., washed three
times with sterile water, and placed on potato
dextrose agar (PDA) amended with streptomycin
sulphate (Biosynth Ltd) at 100 ug m™". After 4 days
at 25 °C, colony margins were transferred to fresh
PDA plates and pure cultures were then grown on
PDA and inoculated at 25 °C under 12 h photoperiod
of light and 12 h of darkness which facilitated
sporulation. The sporulating hyphae were identified
under microscope and cultured on PDA plates and
incubated at 25 + 20 °C for a week to obtain pure
single colonies following the single spore technique.
Pure cultures were then stored at 4 °C on PDA slants
for future experiments. The cultural and morpholo-
gical characteristics of all the isolates were identified.

Virulence Test

The ability to cause infection on pepper was
determined. Pepper plants were grown in 81 pots
containing autoclaved potting mix and placed in a
greenhouse section of the Department of Crop
Science, University of Nigeria, Nsukka (25 °C and
85% relative humidity with supplemental light). The
fungal strain of F. verticillioides was cultivated in
the dark at 25 °C for 7 days, and the colony surfaces
were gently scraped with a glass spreader. During
anthesis of already planted pepper plants, the
conidial suspension of F. verticillioides, which was
adjusted to a concentration of 1.0 x 10° conidia mL™
sterile water and 0.01% polysorbate 80 using a
hemocytometer, were inoculated on the styles and
stigmas of 54 pepper plants with a sterilize needle.
The remaining 27 plants served as control. Four
weeks after fruiting, all fruits of both the inoculated
and control plants were harvested. The inoculated
fruits were crushed to check for the presence of
Fusarium symptoms and the diameter of the rot was
taken. On the uninfected pepper fruits, the virulence
of C. truncatum were accessed. Mycelia plugs were
placed on the surface of the fruits over an artificial
wound that facilitated the penetration of the fungus
into the plant tissue. The inoculated fruits were
placed on a moistened filter paper and incubated in
a growth chamber at 25 °C and 85% relative
humidity with a 12-h photo period. After seven days,
the lesion diameter was measured. The 27 pepper
fruits were replicated three times, and this
experiment was repeated twice.
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Analysis of F. verticillioides and

C. truncatum Growth in Different Media

The nutrient media studies were carried out in the
Plant Pathology Laboratory at the University of
Nigeria, Nsukka. Six media were tested to
determine their effect on the growth rate and
sporulation of pathogens. The media include potato
dextrose agar (PDA), carrot dextrose agar (CDA),
Sabouraud agar (SBA), oatmeal agar (OMA),
cornmeal agar (CMA), and cauliflower dextrose
agar (CDA). This experiment was laid out as a
simple Completely randomized design (CRD) with
six treatments, replicated three times.

Preparation of potato dextrose agar

Before media preparation, 70 mL ethanol and 30 mL
of water were mixed thoroughly to clean and
sterilize the environment aseptycally. A 300 g of
potato was washed to remove dirt, peeled and diced
and was boiled for 15 min. in 1.5 litres of distilled
water. The extract was collected through a muslin
cloth and made up to 1.5 litres with distilled water
and boiled. Upon boiling, 20 g of dextrose was
added to the pot, followed by 20 g of agar as the
water boiled. It was continuously stirred to prevent
it from caking. After 5 min., the mixture was brought
down and poured into a conical flask, and sealed to
prevent the nutrient agar from escaping in the form
of steam and prevent contamination before it was
taken for autoclaving. The agar mixture was poured
into uncontaminated Petri dishes.

Carrot dextrose agar

Three hundred (300) g of carrot was washed to
remove dirt, peeled and diced and was boiled for 15
min. in 1.5 litres of distilled water. The extract was
collected through a muslin cloth and made up to 1.5
litres with distilled water and boiled. Upon boiling,
20 g of dextrose was added to the pot, followed by
20 g of agar as the water boiled. It was continuously
stirred to prevent it from caking. After 5 min., the
mixture was brought down and poured into a conical
flask and sealed to prevent the nutrient agar from
escaping in the form of steam and prevent contami-
nation before it was taken for autoclaving. The agar
mixture was poured into uncontaminated Petri dishes.

Oatmeal agar

The oat was cooked for about 15- 30 min. Once
cooked, cheesecloth was used to sieve out the water.
The oat water was poured into a flask and topped up
to 1500 mL with distilled water. The sieved water
was poured into a flask and distilled water was added
to make it up to 1500 mL, the water was poured back
into the pot and boiled. Upon boiling, 20 g of dextrose
was added to the pot, followed by 20 g of agar as the
water boiled. It was continuously stirred to prevent
it from caking. After 5 min., the mixture was brought
down and poured into a conical flask sealing the

mouth to prevent the nutrient agar from escaping in
the form of steam and prevent contamination before
it was taken for autoclaving. The agar mixture was
poured into uncontaminated Petri dishes.

Corn meal agar and Sabouraud dextrose agar
Seventeen (17) g of cornmeal was suspended in 1
litre of distilled water. It was brought to a boil to
dissolve completely. One percent (1%) peptone was
added and sterilized by autoclaving at 121 °C for 15
min. For the Sabouraud dextrose agar, 65 g of
Sabouraud dextrose agar was suspended in 1000 mL
of distilled water. It was heated to boiling to dissolve
the medium completely. This was further sterilized
by autoclaving at 121 °C for 15 min.

Cauliflower dextrose agar

Three hundred (300) g of curds of cauliflower was
washed and diced and was boiled for 15 min. in 1.5
litres of distilled water. The extract was collected
through a muslin cloth and made up to 1.5 litres with
distilled water and boiled. Upon boiling, 20 g of
dextrose was added to the pot, followed by 20 g of
agar as the water boiled. It was continuously stirred
to prevent it from caking. After 5 min., the mixture
was brought down and poured into a conical flask
sealing the mouth to prevent the nutrient agar from
escaping in the form of steam and prevent contami-
nation before it was taken for autoclaving. The agar
mixture was poured into uncontaminated Petri dishes.

Assessment of the Effect of Fungal Pathogens (F.
verticillioides and C. truncatum) on Nutritional
Contents of Pepper Fruits
Uncontaminated peppers (40 fruits divided by two),
which were harvested from the uninoculated
(control) plants, were surface-sterilized and
inoculated with the isolated organisms differently.
Myecelia plug (5 mm in diameter) from a 7-day-old
PDA culture of each isolate (20 in number for each
isolate) were placed on the surface of the fruits over
an artificial wound for easy penetration of the
pathogen, kept moist with a piece of moistened
absorbent cotton and incubated in a growth chamber
at 25 °C under 12-h photoperiod and 85% relative
humidity. After 7 days, the nutrient contents of
infected and uninfected pepper fruits were determined.
Moisture content, total ash, crude protein, crude
fiber, and crude fat (proximate composition) of the
samples were determined according to AOAC (2016).
Utilizable carbohydrate content was calculated by
difference (Manzi et al., 2004). Phytochemical
contents (tannin, flavonoid, and saponin) were
determined by the methods of Silva et al. (2017),
Singh and Kumar (2017), and Gul ef al. (2017).
Vitamin content (A, E, and C) was determined by
the methods of Agostini-Costa et al. (2017) while
mineral contents (Mg, Ca, Fe, Zn, P, Na, K) were
determined by the methods of Khan ez al. (2019).
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Data Analysis

Raw data collected in this study were analyzed
using the GenStat statistical package (12" edition)
and treatment means were separated using Fishers'
least significant difference (F-LSD) at 5%
probability level. GraphPad Prism 5% edition was
used for charts and graphs.

RESULTS

Morphological Characterization

of the Two Fungal Organisms

Out of the 45 infected samples, 18 isolates were
identified as Fusarium spp., while twenty-seven
were identified as Colletotrichum spp. through
microscopic examination of morphological and

cultural characteristics. The isolates grown
exhibited predominant phenotypic observations that
matched the essential characteristics of C. truncatum
and F. verticillioides already described by
Jayawardena et al. (2015), Diaz et al. (2017), and
Leslie and Summerell (2006). Colletotri-
chum isolates all produced similar white to grey
colonies (Figure la) in culture after 7 days of
incubation at 28 °C. The aseptate conidia were
predominantly fusiform (Figure 1b) with both ends
tapered to a point, 2.10-2.80 ym in width and
21.70-22.10 um in length (Table 1). Based on the
morphological ~ characteristics,  twenty-seven
isolates were identified as C. truncatum. Cultures of
F. verticillioides have white mycelia at first (Figure 2),
but they turn pink to violet as they age.

Figure 1: Colony (a) and conidia (b) of C. truncatum 385mm

(a)

Figure 2: Colony (a) and conidia (b) of F. verticillioides 385mm

(b)
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Table 1: Morphological characteristics of Colletotrichum truncatum and Fusarium verticillioides

Species Strain Colony colour Colony texture Conidial length (um) Conidial width (um)
C. truncatum NgF white Cottony 22.30 2.20
C. truncatum Ng.F white Cottony 22.52 2.15
C. truncatum Ng;F white Cottony 21.70 2.00
C. truncatum Ng.F whitish grey Cottony 23.30 2.58
C. truncatum Ngsr whitish grey Cottony 22.80 2.60
C. truncatum NgoF whitish grey Cottony 23.10 2.62
C. truncatum Ng-F whitish brown Fluffy Cotton 21.90 2.72
C. truncatum NgsF whitish brown Fluffy Cotton 22.20 2.69
C. truncatum NgoF whitish brown Fluffy Cotton 22.60 2.80
F. verticillioides 11L,; whitish pink Powdery 40.00 2.40
F. verticillioides 11L, whitish pink Powdery 40.20 2.35
F. verticillioides 11L; whitish pink Powdery 39.50 2.40
F. verticillioides 11L4 Creamy pink Powdery 40.65 2.32
F. verticillioides 11Ls Creamy pink Powdery 40.25 2.30
F. verticillioides 11Ls Creamy pink Powdery 40.52 2.40
F. verticillioides 11L, whitish pink Powdery 38.90 2.35
F. verticillioides 11Lg whitish pink Powdery 38.75 2.40
F. verticillioides 11Ly whitish pink Powdery 39.00 242
C. truncatum Nr; whitish brown Fluffy Cotton 22.50 2.80
C. truncatum Nr, whitish brown Fluffy Cotton 24.35 2.40
C. truncatum Nr3 whitish brown Fluffy Cotton 22.70 2.35
C. truncatum Nry whitish brown Fluffy Cotton 23.00 2.40
C. truncatum Nrs whitish brown Fluffy Cotton 23.90 2.58
C. truncatum Nrs whitish brown Fluffy Cotton 23.00 2.60
C. truncatum Nr, whitish brown Fluffy Cotton 24.50 2.62
C. truncatum Nrg whitish brown Fluffy Cotton 24.20 2.72
C. truncatum Nry whitish brown Fluffy Cotton 25.10 2.40
F. verticillioides EO, whitish pink Powdery 41.20 2.35
F. verticillioides EO, whitish pink Powdery 40.75 2.40
F. verticillioides EO; whitish pink Powdery 40.90 2.40
F. verticillioides EO, whitish pink Powdery 40.50 2.35
F. verticillioides EOs whitish pink Powdery 41.20 2.40
F. verticillioides EOgq whitish pink Powdery 40.25 242
F. verticillioides EO, whitish pink Powdery 40.62 2.35
F. verticillioides EOq whitish pink Powdery 41.43 2.40
F. verticillioides EOy whitish pink Powdery 41.66 2.58
C. truncatum I whitish grey Cottony 23.30 2.58
C. truncatum L whitish grey Cottony 22.80 2.60
C. truncatum 15 whitish grey Cottony 23.10 2.62
C. truncatum L grey Cottony 24.20 2.72
C. truncatum Is grey Cottony 24.50 2.62
C. truncatum Is grey Cottony 24.70 2.72
C. truncatum I; whitish grey Cottony 23.30 2.40
C. truncatum Is whitish grey Cottony 22.80 2.50
C. truncatum Iy whitish grey Cottony 23.10 2.52

Ng - Nguru, 11L - Lejja, Nr - Nru, EO - Ede-Oballa, I - Ibagwa-Ani.
Isolates from Ng, Nr and I are infected with C. fruncatum, while isolates from 11L and EO were infected with F. verticillioides.

Virulence symptoms were observed in samples collected from
The fruits inoculated with C. truncatum showed Lejja and Ede Oballa. The pathogens were reisolated
lesions with a mean diameter of 14 mm (Figure 3a). to confirm Koch’s postulates and to confirm the simi-
Similarly, pepper fruits inoculated with F. verticilli- larity of cultural/microscopic morphology with those
oides revealed rots inside the fruits (Figure 3b). These of'the inoculated Fusarium and Colletotrichum isolates.

ta) (b)

Figure 3: Signs of virulence in fruits inoculated with
(a) C. truncatum and (b) F. verticillioides at 7 days post-inoculation 385mm
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Effect of Different Growth Media on the

Growth of F. verticillioides and C. truncatum
This experiment was carried out to note the
variations in the response of C. truncatum and F.
verticillioides concerning their mycelia growth on
six different nutrient media. One of the pathogens
(C. truncatum) measured significantly ((p < 0.05),
maximum growth (80.50 cm) 7 days after
inoculation on cauliflower dextrose agar followed
by oatmeal agar (79.00 cm), Sabouraud (77.00 cm),
potato dextrose agar (75.00 cm), carrot dextrose agar
(66.83 cm) and corn meal agar (47.50 cm) (Figure
4). F. verticillioides also showed a significant (p <
0.05) variation concerning growth media utilized 8
days after inoculation (Figure 4). While corn meal
agar and oatmeal agar had the highest growth at
85.00 cm each, cauliflower dextrose agar recorded
74.00 cm followed by PDA, carrot, and Sabouraud
(66.00, 65.00, and 55.00 cm, respectively).
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Effect of the Fungal Pathogens on the
Nutritional Content of the Pepper Fruits
The effect of fungal pathogens on the nutritional
composition of pepper fruits is a critical aspect to
explore as it directly impacts both the quality and
safety of the produce. These two fungal pathogens
(C. truncatum and F. verticillioides) influenced
significantly (p < 0.05) the levels of phytochemicals
present in pepper fruits. Pepper fruits that were
infected with C. truncatum and F. verticillioides
recorded, respectively 1.80% and 1.60% alkaloids,
0.81% and 0.50% tannin, 0.59% and 0.40% flavonoid,
and 0.26% and 0.36% saponin (Table 2). Uninfected
control pepper fruits recorded higher phytochemical
contents of 6.48%, 1.50%, 2.70% and 0.47% for
alkaloids, tannin, flavonoid, and saponin, respectively.
Infection of pepper fruits significantly (p < 0.05)
affected the proximate composition of the fruits
(Table 3). The infected fruits with C. truncatum and

E3 NGF 8DAI

et el

B

R R
R

Qe 0e00e]

\'at o
o < X

Figure 4: Effect of media on the mycelia growth of C. truncatum (11L) and F. verticillioides (NGF) at eight days
after inoculation (8 DAI). Carrot: Carrot dextrose agar; Caul: Cauliflower dextrose agar; Corn: Cornmeal dextrose
agar; Oatmeal: Oatmeal dextrose agar; PDA: Potato dextrose agar; SAB: Sabouraud synthetic nutrient.

Table 2: Effect of the inoculated organisms on some phytochemical content of pepper (%)

Alkaloids Tannin Flavonoid Saponin
Control 6.48* 1.50* 2.70* 0.47
C. truncatum 1.85° 0.81° 0.59° 0.26
F. verticillioides 1.60° 0.50¢ 0.40° 0.32
CV% 17.6 10.7 474 28.6
F-LSD (p <0.05) 1.165 0.199 1.165 NS

F-LSD - Fishers least significant difference, NS - non-significant

Table 3: Effect of the inoculated organisms on the proximate composition of pepper (%)

Moisture Ash Crude fiber Fat Protein Carbohydrates
Control 62.70° 1.56% 1.80° 1.44* 3.13° 24.20°
C. truncatum 74.50° 1.47° 4.94 0.16¢ 0.38° 18.58°
F. verticillioides 69.94° 1.75% 3.67° 0.48° 1.46° 23.26*
% CV 1.4 6.3 23.6 8.4 35.0 4.5
F-LSD (p <0.05) 1.998 0.199 1.635 0.117 1.159 1.998

F-LSD - Fishers least significant difference
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F. verticillioides had a higher moisture content
(74.50% and 69.94%, respectively) as compared to the
uninfected pepper which had 62% moisture content.
The trend is the same for crude fiber content where
the infected fruits recorded 4.94 and 3.67 %
respectively and 1.80% for the uninfected.

There is a slight difference between the ash
content of the infected fruits. Pepper infected with
F. verticillioides recorded higher ash content (1.75%)
followed by the uninfected, which recorded 1.56%,
while the pepper infected with C. truncatum had the
least ash content (1.47%). The crude fat content,
protein, and carbohydrate contents of uninfected
pepper were 1.44, 3.13, and 24.20%, respectively.
The fruits infected with C. truncatum had lesser fat
(0.16%), protein (0.38%), and carbohydrates (18.58%)
when compared to those infected with F. verticilli-
oides which recorded 0.48, 1.46, and 23.26% for fat,
protein, and carbohydrates, respectively.

Infection by C. truncatum and F. verticillioides
significantly (p < 0.05) influenced the vitamins A,
C, and E contents of pepper fruits (Table 4). The
uninfected fruits had 6.78, 84.21, and 5.66 mg 100-g™!
of vitamins A, C, and E, respectively, whereas the
fruit infected with C. truncatum recorded 3.26,
42.63, and 2.40 mg 100-g™! of vitamins A, C, and E,
respectively. The fruits infected with F.
verticillioides had 2.78, 51.27, and 1.66 mg 100-g"!
of vitamins A, C, and E, respectively.

The inoculation of C. truncatum and F. verticilli-
oides significantly (p < 0.05) influenced the mineral
content of the fruits (Table 5). Pepper fruits infected
with C. truncatum had a lower Ca (1.70 mg 100-g™"),
Mg (4.81 mg 100-g™"), Na (0.26 mg 100-g™"), K (25.16
mg 100-g7') and Zn (0.11 mg 100-g™") contents as
compared to the fruits infected with F. verticillioides,
which recorded 2.12, 6.32, 1.21, 27.92, and 1.92 mg
100-g7' of Ca, Mg, Na, K, and Zn respectively.
Phosphorus content of fruit infected with C.
truncatum (7.68 mg 100-g™!) was slightly above the
fruit infected with F. verticillioides (5.79 mg 100-g™).
The uninfected pepper recorded 8.39, 12.64, 2.50,
15.68,34.24, and 0.59 mg 100-g~! of Ca, Mg, Na, P,
K, and Zn respectively. The Zn content was not
significant between infected and uninfected fruits.

Table 4: Effect of inoculated organisms on

vitamin contents of pepper fruits
Vitamin A  Vitamin C Vitamin E

(mg100-g") (mgl00-g") (mgl00-g"
Control 6.78* 84.21* 5.66*
C. truncatum 3.26° 42.63° 2.40°
F. verticillioides 2.78° 51.27¢ 1.66°
% CV 234 1.7 30.9
F-LSD (p <0.05) 1998 1.998 1.998

F-LSD - Fishers least significant difference
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DISCUSSION

The study revealed distinct growth patterns of F.
verticillioides and C. truncatum across various
growth media. Each fungal species responded
differently to the composition and nutrient
availability of the media, leading to differential
growth rates and morphological characteristics.

The observed variations in mycelial growth of
the two fungal pathogens across different growth
media highlight the significance of environmental
factors in shaping fungal development. The diversity
in nutrient availability, pH levels, and other
components of the growth media contribute to
distinct patterns of mycelial expansion. The results
shed light on the specific nutrient requirements of F.
verticillioides and C. truncatum during in-vitro
cultivation. Variations in growth performance
across different media suggest varying nutritional
preferences and metabolic capabilities of the fungi,
which may be exploited for targeted interventions or
control strategies. Understanding these variations
provides insights into the specific nutritional
requirements of each fungal species, aiding in the
development of targeted interventions for disease
control. One of the pathogens (C. fruncatum)
measured significant maximum growth 8 days post-
inoculation on cauliflower dextrose agar, oatmeal
agar, Sabouraud, and potato dextrose agar. Carrot
dextrose agar and corn meal agar showed a slower
growth of this organism (66.83 and 47.50 cm
respectively).  The second organism, F.
verticillioides also showed a significant (p < 0.05)
variation in growth media utilized 8 days after
inoculation. Cauliflower dextrose agar, corn meal,
oatmeal agar, and PDA had the highest mycelial
growth, while carrot dextrose agar and Sabouraud
were slower. The choice of growth medium
influenced not only the growth rate but also the
morphology and structural features of the fungal
colonies. Differences in colony size, color, texture,
and sporulation patterns observed on different media
provide insights into the phenotypic plasticity and
adaptive responses of F. verticillioides and C.
truncatum to their environment. The growth
medium can significantly influence the expression
of virulence factors and pathogenicity traits in
fungal pathogens. Understanding how different
media conditions modulate fungal growth and
development is crucial for deciphering the
molecular mechanisms underlying pathogenesis and
host-fungus interactions (Lee et al., 2023).

Table 5: Effect of the inoculated organisms on some mineral contents of pepper (mg 100-g™"

Ca Mg Na P K Fe Zn
Control 8.39° 12.64* 2.50° 15.68* 34.24* 1.25 0.59°
C. truncatum 1.70° 4.81° 0.26° 7.68° 25.16° 1.92 0.11¢
F. verticillioides 2.12° 6.32° 1.21° 5.79° 27.92° 2.72 1.92*
CV% 20.2 12.6 44.1 10.3 34 29.7 9.4
F-LSD (p <0.05) 1.635 1.998 1.165 1.998 1.998 NS 0.164

F-LSD - Fishers least significant difference
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The effect of different growth media on the in-
vitro growth of F. verticillioides and C. truncatum
highlights the intricate relationship between fungal
physiology, nutrient availability, and environmental
factors. These finding were in tandem with the
findings of Mapuranga et al. (2022) where they
examined the infection strategies and pathogenicity
of biotrophic plant pathogens. These insights deepen
our understanding of fungal biology and have practical
implications for agricultural research and disease
management efforts. The study sheds light on the
intricate relationship between fungal pathogens and
their host plants. The observed variations in mycelial
growth and nutritional composition suggest a dynamic
interplay between the fungi and the pepper plants’
defense mechanisms. These findings were also in
consonance with the findings of Adnan et al. (2019),
Umadevi and Anandaraj (2019), and Fu et al. (2021).
Understanding how different growth media influence
these interactions provides crucial information for
developing strategies that bolster plant resistance
and mitigate the impact of fungal infections on crop
yield and quality. Trivedi et al. (2021), Debnath ef al.
(2023), Wahab et al. (2023), and Ahmed et al.
(2023) also confirm that growth media have practical
implications for agricultural practices, emphasizing
the importance of selecting appropriate growth media
to manage fungal diseases effectively. Tailoring growth
conditions to limit the proliferation of specific fungal
pathogens can be a valuable strategy for minimizing
crop losses. Additionally, Pandey et al. (2016) and
He et al. (2016) showed the need for integrated
disease management approaches that consider both
environmental and host factors. This study contributes
to the broader understanding of ecological dynamics
in plant-fungus interactions. It highlights the adapt-
ability of fungal pathogens to different environmental
conditions and emphasizes the need for a holistic
approach to studying these interactions. This know-
ledge can inform ecological models and contribute
to a more comprehensive understanding of how fungi
contribute to ecosystem dynamics (He et al., 2016).

The comparative analysis of nutritional
composition in infected pepper fruits reveals potential
shifts in essential components, such as proximate,
vitamins, minerals, and organic compounds. For
carbohydrates in this study recorded 24.20, 18.00
and 23.26 % for the uninfected, infected with C.
truncatum and F. verticilloides, respectively, whereas
protein was 3.13, 0.38, and 1.46 for uninfected,
infected with C. truncatum, and F. verticilloide. This
is in tandem with the findings of Attiah et al. (2024),
where he recorded a decline in carbohydrates and
protein by 68.18 and 68.17% respectively. These
findings agree with those of Liu ef al. (2022) who
opined that plant fungal infections can alter the
microbial communities in pepper plants, impacting
the proximate composition. They further showed that
fungal pathogens like Penicillium, Cladosporium,
and Fusarium influenced microbial diversity. Wang
et al. (2019) also agreed that plant fungal infection
by Fusarium species can lead to mycotoxin

accumulation in pepper tissues, potentially affecting
the proximate composition of pepper fruit.

Fungal infections may lead to alterations in
nutrient uptake and utilization by the host plant (Liu
et al., 2022; Rad et al., 2022). These changes can
impact the overall nutritional quality of the harvested
fruits, with implications for both food security and
economic considerations. Fungal pathogens can alter
the levels of macronutrients such as carbohydrates,
proteins, and fats in pepper fruits (Knez et al., 2023;
Liet al., 2023). For instance, the infection may lead
to a decrease in carbohydrate content due to the
diversion of nutrients towards fungal growth. Fungal
infections can affect the concentration of essential
micronutrients like vitamins and minerals in pepper
fruits. Some pathogens may deplete certain vitamins,
such as vitamin C, through enzymatic degradation.
Others might disrupt mineral uptake and translocation
within the plant, leading to deficiencies in elements
like calcium, magnesium, or iron. In the findings of
Frimpong et al. (2019), Aspergillus invasion resulted
in the reduction of the levels of essential nutrients
like vitamins and minerals in pepper. The research by
Ragasova et al. (2022) demonstrated that colonization
of pepper roots by beneficial microorganisms, such
as arbuscular mycorrhizal fungi (AMF) and Azospi-
rillum brasilense, can influence the levels of nutrients
in pepper plants. Overall, the interaction between
microorganisms and pepper plants can significantly
affect the nutrient composition of pepper fruit,
emphasizing the importance of understanding and
managing these relationships for optimal plant health
and human nutrition. Fungal pathogens can influence
the levels of phytochemicals present in pepper fruits
(Hosni et al., 2011). These bioactive compounds,
including phenolics, flavonoids, and alkaloids,
contribute to the plant's defense against pathogens
and have potential health benefits for consumers
(Roy et al., 2022). However, their synthesis and
accumulation may be altered in response to fungal
infection, either increasing as part of the plant's
defense response or decreasing due to metabolic
disturbances. From this study, the bioactive
compounds such as flavonoids and alkaloids of healthy
and infected fruits differed significantly. Uninfected
fruits recorded 6.48 and 2.70% for alkaloid and
flavonoid, whereas the fruits infected with C.
truncatum recorded 1.85 and 0.59% for alkaloid and
flavonoids respectively. Meanwhile the fruits
infected with F. verticilloides had 1.60 and 0.40%
for alkaloids and flavonoids. These findings were in
agreement with that of (Kumar et al., 2021) as he
reiterated that fungal infections affected the nutritional
value of pepper fruits. Fungal pathogens can impact
the antioxidant capacity of pepper fruits by altering
the levels of antioxidants such as polyphenols and
carotenoids (Mohammed et al., 2022). Antioxidants
play a crucial role in scavenging free radicals and
preventing oxidative damage in plants and humans.
Therefore, changes in antioxidant activity due to
fungal infection can affect the shelf life and nutritional
value of pepper fruits (Kumar et al., 2021).
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CONCLUSION

The comparative study of the effect of growth media
on mycelia growth of two fungal pathogens provided
insights into the complex dynamics between fungi
and pepper plants. The choice of growth media was
shown to exert a substantial impact on the develop-
ment of pathogens, underscoring the importance of
environmental factors in shaping fungal behaviour.
Moreover, pathogenic infection was found to impact
the nutritional composition of pepper fruits. This
finding highlights the intricate relationship between
fungal infections and nutritional quality of host fruits.
Such insights have implications for both agricultural
practices and food safety, emphasizing the need for
a comprehensive understanding of the environmental
conditions influencing these interactions. By
recognizing the intricate interplay between growth
media, fungal pathogens, and nutritional outcomes
in pepper fruits, we pave the way for more informed
strategies aimed at enhancing both crop yield and
quality in the face of fungal challenges. Following
the standard practice in mycology, oath meal agar
can be recommended in further studies on these
pathogens considered. Infected pepper fruits should
be jettisoned by rural dwellers who think that they
have complete nutrient on infected pepper.
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