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ABSTRACT

The purpose of this study was to characterize fungal species causing leaf spot of spinach
(Spinacia oleracea L.) and anthracnose of chilli (Capsicum annuum L.). Fungi induced diseases
are one of the biotic factors causing a decline in yields and overall quality of spinach and chilli.
Both spinach and chilli are widely consumed crops worldwide, with India ranking among the top
nine countries in terms of spinach production and the world's largest producer, consumer and
exporter of chillies. In this work, infected spinach leaves and chilli fruit samples were collected
from markets in Ajmer (Rajasthan); morphological features characterization was performed.
Results showed six different genera of fungal pathogens isolated from spinach and chilli, viz.
Phoma, Cladosporium, Stemphylium, Cercospora, Alternaria from spinach leaves and
Colletotrichum from chilli, belonging to seven fungal species. Using the most recent
identification keys and micro-morphological and macro-morphological criteria, the isolated
fungi were identified down to the genus and species level. Numerous fungal species have been
linked to spinach leaf spot and chilli anthracnose, according to the study, and can cause a range
of disease symptoms.

Keywords: Leaf spot, Spinacia oleracea L., Capsicum annuum L., Anthracnose, Fungal
pathogens.

INTRODUCTION
Spinach (Spinacia oleracea L.) is one of the
most crucial leafy vegetables belonging to the
family Chenopodiaceae. It is widely grown
worldwide, notably in India, and is indigenous
to South-West and Central Asia (Roughani &
Miri, 2019). In many Indian states, including

Uttar Pradesh, West Bengal, Maharashtra,
Rajasthan, Punjab, Haryana and Gujarat, it is
grown for commercial use (Meena et al.,
2016). A good source of PB-carotene, lutein,
vitamin A, C, K, iron, magnesium, manganese,
and calcium, spinach also contains a lot of
oxalates (Dhaliwal, 2017).
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There are a number of fungi that cause spinach
leaf spot (Correll et al., 1994), such as
Cercospora leaf spot (Cercospora beticola
Sacc.), Alternaria leaf spot (Alternaria
alternata (Fr.) Keissl.), Cladosporium leaf
spot (Cladosporium variabile (Cooke) G.A. de
Vries), Stemphylium leaf spot (Stemphylium
botryosum Wallr.), and Phoma leaf spot
(Phoma betae A.B. Frank). Leaf spots have
become the main obstacle to spinach
production, limiting productivity and overall
quality and ultimately impacting growers and
seed producers' financial systems (Shane &
Teng, 1992; Marraiki et al., 2012; Agrios,
2005).

Chilli  (Capsicum annuum L.) is
another economic crop that is consumed
widely throughout the world (Poulos, 1992),
and anthracnose is a serious production
limitation that causes significant economic
losses globally (Pakdeevaraporn et al., 2005).
A broad variety of economically valuable
crops are susceptible to anthracnose infections,
caused by species of the ascomycetes fungus
Colletotrichum (Bailey & Jeger, 1992).

The present study was conducted at
Microbiology and Plant Pathology Laboratory,
Department of Botany, Samrat Prithviraj
Chauhan Government College, Ajmer, during
August-November 2024 on diseases of some
so far studied fungal species associated with
leaf spot of spinach and anthracnose of chilli

to comprehend the relevance of these fungal
diseases and the need for crop protection. The
current study focused on isolation,
identification and morphological
characterization of various pathogenic fungal
genus/ species causing leaf spot of spinach and
anthracnose of chilli.

MATERIALS AND METHODS
Isolation and Morphological
Characterization
Leaves of spinach and chilli fruit infected with
dark fungi were collected from local markets
in Ajmer, Rajasthan, during August-November
2024. Using the baiting plate method, the
mycobiota associated with infected spinach
leaves and chilli fruit was estimated as
described by Christensen (1963) and employed
by Abdel Hafez et al. (1987, 1993). In the
baiting plate method, firstly, the collected
infected samples were carefully washed under
running water to get rid of any dust or debris.
Then, after being cut into 10mm diameter
pieces, the samples were dried between sterile
filter paper. The PDA plate was finally
inoculated with four segments.

Following five days of incubation at
28°C, the growing fungi were counted and
morphologically characterized using macro
and microscopic characteristics on PDA
medium according to Ellis (1971), Clements
and Shear (1954).
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Table 1. Fungal counts and per cent occurrences of species isolated from infected spinach leaves and chilli
fruit with the baiting plate method in PDA medium at 28°C for 4-5 days
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RESULTS
Fungal Pathogens Causing Leaf Spot of
Spinach and Anthracnose of Chilli
Thirty samples of infected leaves of spinach
and two samples of chilli fruit were collected
from different markets in Ajmer (Rajasthan).
Seven fungal species were isolated from the
samples on PDA medium at 28°C. Using the
baiting plate method, fungal species were
obtained from the samples. The fungal total
count in the baiting plate method was 100/120
segments in Spinacia oleracea and 8/8 in
Capsicum annuum. Five genera comprised a
total of five species were collected from thirty
samples of  Spinacia oleracea viz.
Cladosporium variabile, Stemphylium
botryosum, Phoma betae, Alternaria alternata,
Cercospora beticola and one genera
comprised a total of two species were
collected from two samples of Capsicum
annuum  viz. Colletotrichum sp.1 and
Colletotrichum sp 2. With a count of 36/120
segments, Cladosporium variabile was the
most prevalent species according to the baiting
plate method. The highest count was estimated
in sample no. 4,5,6,9,12,14,23,27,29, and 30.
With a count of 27/120 segments,
Stemphylium botryosum came in second in the
baiting plate method, while sample no.3 had
the highest value.
Morphological Characterization of Fungal
Species
The colony morphology (colour, texture) and
morphological features (conidia shape, size,
septum and hyphae) as mentioned in relevant
scientific literature describing key
morphological characteristics available served
as the foundation for the identification of
different fungal species from the isolates.
Fungal species were identified by employing a
compound microscope at 10X and 40X
magnification with the following standard
manuals [Ellis (1971), Clements and Shear
(1954)].

The morpho-cultural characteristics of
six fungal pathogens associated with leaf spot
of spinach and anthracnose of chilli are:
Alternaria alternata
The Alternaria alternata colony on PDA
medium first showed light greyish green
mycelial development and later on, black in

Copyright © March-April, 2025; IJPAB
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colour. Flat elevation, rough topography, light
yellow edge, green colour pigment on the
reversed side of the petri dish, and regular
growth were the characteristics of the colony.
Conidia are multicelled, muriform to
ellipsoidal, olivaceous to dark brown in colour
and range in size from 42.7-48.4umx9.9-
14.8um, with 1-3 longitudinal and 5-6
transverse septation (Figure 1).

Cercospora beticola

The test pathogen, Cercospora beticola,
generated cottony aerial mycelium with
creamy white to mild yellow mycelial
development that later became pale pinkish to
light grey. Regular development, light
yellowish to brown reverse pigment, white
edge, elevated elevation and smooth
topography were the colony defining features.
Conidia had a filiform shape, were straight to
slightly curved, colourless with 2-13 septation,
and were 46-52umx4.3-6.1um (Figure 2).
Stemphylium botryosum

At first, the Stemphylium botryosum colony on
PDA media showed white mycelial
development, which eventually turned brown
to dark brown. The colony of Stemphylium
botryosum exhibited consistent growth, dark
brown on the inverse side of the petri dish,
rough topography and flat elevation. Conidia
are globose, holoblastic, solitary, pale to mid
brown in colour, with 3-7 transverse and 1-3
longitudinal septa. They measure 33-
35umx24-26um (Figure 3).

Cladosporium variabile

Colonies of Cladosporium variabile were
effuse, velvety and olive green, with white and
regular margins. Reverse colour olivaceous
black. Aerial hyphae was tortuous and spirally
coiled. Conidia shape oblong, rounded at the
ends, ellipsoidal or subglobose. The size of
conidia was 5-30pum(length)x 3-13um (width)
and 0-1 septum was found. Conidiophore
width 1.517-6.308um (Figure 4).

Phoma betae

The colonies had a greenish grey colouring
and a powdery or velvety texture and spread.
Phoma species can be distinguished from other
dematiaceous fungi by their genus-specific
morphological traits, which include
chlamydospores (for some species only),
conidia and pycnidial conidiomata (fruiting
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structures that serve as a mechanism of

disseminating conidia).

Large,

round to

pyriform, olivaceous black asexual fruiting
structures, pycnidia, range in diameter from
70-100pm. They have one or more surface
apertures from which the conidia are released.

The conidia are unicellular,

hyaline and

ellipsoidal to cylindrical, aseptate (Figure 5).

Colletotrichum sp.1

On

PDA medium,
Colletotrichum

sp.1

colonies

the morphology of
was

pale

yellowish white with thin, scanty white aerial
mycelia. The reverse side of the colony was

white.

Ind. J. Pure App. Biosci. (2025) 13(2), 1-10
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morphology

under

the

microscope revealed long cylindrical conidia
with slightly rounded ends, with the presence
of one globule in the center, and measured 12-
24.2x3.8-7.3um in size (mean 16.5x5.5um)

(Figure 6).
Colletotrichum sp. 2
On PDA medium,

conidia with dimensions

4.9um (Figure 7).

the morphology of
Colletotrichum sp.2 colonies was pale grey to
dark grey. The reverse side was dark brown.
Conidial morphology revealed falcate shaped

18.8-29.87x2.7-

Table 2. Morphological and cultural characteristics of different groups of fungal pathogens associated

with leaf spot of spinach and anthracnose of chilli on PDA medium at 28°C for 4-5 days.

Characteristics | Alternaria Cercospora Stemphylium Cladosporium Phoma Colletotrichum Colletotrichum

alternata beticola botryosum variabile betae spp. 1 spp. 2
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. . Cr_eamy white to Whitish color .

Light greyish mild yellow, later which eventuall Olive green, Greenish Pale yellowish Pale grey to

Color brown, later on became pale Y white and regular € ¥ arey
L : turned brown to . grey white dark grey
on black color pinkish to light margins
dark brown
grey

Regular,
Texture floccose Regular, fluffy, Velvety to Effuse, velvety Powdery or Thin, scanty Thick, cottony

(woolly or cottony cottony velvety

cottony)
Reverse Green color g(ril\m’mh o Dark brown Olivaceous black Dark brown | White Dark brown
Conidia

Oblong, rounded - R
. - . ' Ellipsoidal Long cylindrical

Shape Ml_mfo_rm to F|I|f_orm, straight Globose at gnds_, to with slightly Falcate

ellipsoidal to slightly curved ellipsoidal or R

cylindrical rounded ends
subglobose

Size 42.7-48.4pmx 46-52pum x 4.3- 46.4-57pum x 7.8- 4.126-5.468um 12-24.2umx 3.8- 18.8- 29.87umx

9.9-14.8pum 6.1um 17.8 pm x1.517-4.098um 7.3um 2.7-4.9um

1-3

longitudinal 3-7 transverse and
Septum and 5-6 2-13 1-3 longitudinal 0-1 Aseptate Aseptate Aseptate

transverse

DISCUSSION This study agreed with the description

In this study, seven species were isolated, viz.

Phoma

betae,

Cladosporium

variabile,

Stemphylium botryosum, Cercospora beticola,
and Alternaria alternata from spinach and two

Colletotrichum species from chilli

were

identified by morphological methods, and the
most common species in the count were
Cladosporium variabile and Stemphylium
botryosum. Our result has been in agreement
with Correll et al. (1994), who estimated that
there are various fungi that can infect spinach

and cause

leaf spot

disease,

such as

Cercospora leaf spot (Cercospora beticola),

Alternaria
Cladosporium

leaf
leaf

macrocarpum)
(Colletotrichum dematium f. sp. Spinaciae).
Copyright © March-April, 2025; IJPAB

spot

(Alternaria
spot
and

sp.),

(Cladosporium
anthracnose

obtained by du Toit and Derie (2001), who

identified

Stemphylium

botryosum

and

Cladosporium variabile as the principal
pathogens causing leaf spot of spinach seed

crops

morphological
Alternaria alternata

al., 2019;

western
and cultural

Kuarer

Washington.
characters of

The

in this study were
consistent with those reported by previous
researchers (Marrarkai et al., 2012; Aslam et

et al,

2019).

The

morphological and cultural characteristics of
Cercospora beticola are comparable to those
described by previous researchers (Vistal,
1933; Forsyth et al., 1963; Esh & Moghaieb,
2011; Mukhtar et al., 2019). Stemphylium
botryosum morphological and cultural traits

resemble

those

described

by previous
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researchers (Koike et al., 2001; Hernandez-
Perez & du Toit, 2006). Previous researchers
Hernandez-Perez and du Toit (2006) described
the morphological and cultural characteristics
of Cladosporium variabile, which are
comparable with our findings, while those of
Phoma betae resembled Bassimba (2014),
Seyyedi and Amirmijani (2017).
Morphological and cultural characteristics of
Colletotrichum sp. isolated from chilli were as
per the observations made by Liu et al. (2016).
Leaf spot of spinach, caused by various fungal
pathogens, which are identified
morphologically, with unique and relatively
stable colonies, could be easily distinguished.
However, anthracnose of chilli, caused by
Colletotrichum, has complex species, and in
addition to morphological characterization,
molecular identification is required to
discriminate between closely related species.
Despite the fact that fungal infections
in healthy people are still rare, new research

Figure 1. Alternaria alternata- assemblages (a-c), colony growth on PDA at 5 days after incubation
(d), scale bars=10um.

Copyright © March-April, 2025; IJPAB
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indicates that temperature change and
antibiotic resistance may be contributing to an
increase in sporadic occurrences (Fisher et al.,
2022; WHO, 2022). Immunocompromised
individuals are at an increased risk of
developing severe fungal infections, despite
the fact that the majority of fungal species are
essential for the production of antibiotics, food
fermentation, and other biotechnological
applications (Bongomin et al., 2020; &
Kowalski et al., 2022). Evaluation of
environmental fungi potential to produce
mycotoxin is essential for risk assessment and
the citation of focused public health (Eskola et
al., 2020; & Vila-Donat et al., 2024).
Improved workplace safety precautions are
necessary because agricultural  workers,
especially those who handle crops or soil, are
exposed to fungal infections and mycotoxins at
the workplace (Oliveira et al., 2023; &
Richardson et al., 2021).
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lages (a-c), colony rowth on PDA at 5 days after
incubation (d), scale bars=10um.

’ B
Figure 3. Stemphylium botryosum- assemblages (a-c), colony growth on PDA at 5 days after
incubation (d), scale bars=10um.

Figure 4. Cladosporium variabile- assemblages (a-b), colony growth in PDA at 5 days after
incubation (c), scale bars=20um.

Figure 5. Phoma betae- pycnidium with septate hyphae (a), conidia protruding out }rom pycnidia
(b), colony growth on PDA at 5 days after incubation (c), scale bars=100pum.

Copyright © March-April, 2025; IJPAB 6
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Figure 6. Colletotrichum sp.- conidia (a-b), colony growth on PDA at 5 days after incubation
(c), scale bars=10um.

Figure 7. Colletotrichum sp.- conidia (a-b), colony growth on PDA at 5 days after incubation
(c), scale bars=10um.

Figure 8. Leaf spot of spinach caused by (a) Alternaria alernata, (b) Stemphylium botryosum, (c)
Cercospora beticola, (d) Phoma betae, (e) Cladosporium variabile; Anthracnose of chilli caused
by (f,g) Colletotrichum sp.

Copyright © March-April, 2025; IJPAB 7
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CONCLUSION
Growing spinach and chilli is common around
the world, and it is critical to keep them free of
diseases like spinach leaf spot and chilli
anthracnose. A deep learning based method
has been used in this study to identify several
phytopathogenic fungi that cause spinach leaf
spot and chilli anthracnose. ldentification of
fungal pathogens found in different plants can
be aided by the distinctive traits and
assemblages found in this study. Isolation and
identification of different groups of fungal
pathogens associated with leaf spot of spinach
and anthracnose of chilli revealed the
prevalence of economically significant fungal
species, highlighting both agricultural and
public health concerns. Also, the study
provided precise differentiation between
fungal species associated with leaf spot of
spinach and anthracnose of chilli, using
traditional morphological identification. In
future, other aspects focusing on fungicidal
activities against leaf spot of spinach and
anthracnose of chilli caused by the identified
fungal pathogens should be addressed to
ensure prevention of disease incidence and
maintain the overall quality.
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