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Abstract

The current study on diversity of associated fungi was conducted during 2022-2023 at
Agriculture field, Baba Farid College, Bathinda, Punjab. Different samples of vegetable crops
i.e. cabbage, brinjal, tomato, radish and spinach was collected. The isolation and identification of
fungi from collected samples was conducted at Plant Pathology Laboratory, Baba Farid College
using standard blotter paper and Agar plate methods. The results revealed that total thirteen
fungal species belongs to 8 fungal genera were isolated and identified. Maximum 10 fungi were
identified in Cabbage followed by Brinjal (09), Tomato (7), Spinach (5) and Radish (4),
respectively. The percent incidence of fungal species was also recorded on both blotter paper and
agar plate method. The result ranges from 0 to 58.3+2.60 (blotter paper) and 0 to 56.6+4.05 (agar
plate) respectively. The highest colonization frequency percentage was recorded in Fusarium
oxysporum (58.3£2.60; 56.6+4.05), followed by Aspergillus flavus (50.3+1.85; 47.3+£2.02) using
both methods respectively. Therefore this study will helps during further studies on identification
of proper control measures against isolated fungi in vegetable crops.

Article Info

Received: 12 July 2024
Accepted: 22 August 2024
Available Online: 20 September 2024

Keywords

Fungi, Diversity, Colonization

frequency, Vegetables.

Introduction
year.
Vegetables are the good source of proteins, vitamins,

large varieties of vegetables are cultivated throughout the

minerals and dietary fibers which defend human from
many diseases. It is premier nutrient of healthy diet
provides anti-aging, anti-carcinogenic, antidiabetics,
anti-obesity and antioxidants benefits (Mechchate et al.,
2022; Soundararajan et al., 2018; Luyao et al, 2022;
Shetty et al., 2013).

This nutrient values awareness increases the demands of
vegetables which increases its cultivation manifolds
(Rawal and Ansari, 2020). The diversified agro climatic
zones of Punjab are favourable for the production of
vegetables (Thind and Mahal, 2021). In Bathinda, Punjab
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However, vegetable cultivation is facing huge loss from
the diseases. Around 40-60 percent regional and seasonal
losses in vegetable is reported due to pests and diseases
(Tripathi et al., 2024).

Many fungi such as Alternaria alternata, A. citri,
Aspergillus  niger, A. flavus, Aspergillus sp.,
Cladosporium cladosporioides, Drechslera australeinsis,
Fusarium sp., Geotrichum candidum, Penicillium sp.,
Phytophthora capsici and Rhizopus stolonifer are
responsible for deterioration (alteration in texture, taste,
appearance) of vegetables during the growing season
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(Udoh et al., 2015; Fatima et al., 2009). These fungi
cause various diseases in vegetable crops (chilli, brinjal,
okra, tomato and spinach).

These pathogens able to produce mycotoxins such as
trichothecenes, aflatoxins, fumonisins, ochratoxin A,
patulin and zearalenone which causes serious health
consequences in humans and animals (Umereweneza et
al., 2018). These mycotoxins, not only causing
productive and economic losses but also could lead to a
serious risk for human and animal consumption
(Montanari et al., 2016).

The globally around 1.3 billion metric tons food wastage
recorded annually which is one-third of global food
production due to mycotoxin (Mesterhazy et al., 2020).

Therefore, the proper identification is must needed for
planning corrective measures. Hence, this motivates to
conduct current study for identification and isolation of
fungi associated with the diseased vegetables collected
from Bathinda using two different techniques.

Materials and Methods

The present study was conducted at Baba Farid College,
Bathinda, Punjab during 2022-2023.

Collection and Isolation of fungal samples

The infected vegetable plants were collected from the
agricultural field, Baba Farid College, Bathinda region
during the period of September 2022 to January 2023.
Total five infected samples for each vegetable were
collected randomly from the field.

These collected infected samples were then cut into
small pieces (1.5 to 2 cm). Surface sterilized these cut
infected samples with 1% sodium hypochloride (NaOCl)
solution for 5 min, followed by several rinses in sterile
distilled water and dried on filter paper (Al-Jaradi et al.,
2018).

Method for growth and sporulation of associated
fungi

Blotter Paper Method
Above samples were then sterilized in 1% NaOCI

solution, washed in double distilled water for 5-7 min
and dried properly. For isolation of fungi, blotter paper
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moistened in distilled water were placed on 9 cm
sterilized petri plates.

Each petri plates were consists of previously sterilized
three infected small pieces. These petri plates were then
incubated at 22 + 2°C for 7 days under alternating cycle
of 12 hours fluorescent light and constant darkness. Each
experiment was repeated thrice having five petri plates in
each trial (Ishtiaq et al., 2015).

Agar Plate Method

For the isolation of different fungi, Potato dextrose agar
(PDA) media was used in this method. Each petri plates
were consists of previously prepared three infected small
pieces. These petri plates were then incubated at 22 +
2°C for 7 days under alternating cycle of 12 hours
fluorescent light and constant darkness. Each experiment
was repeated thrice having five petri plates in each trial.

Identification of fungi

After 7 days of incubation blotter Paper and PDA petri
plates were examined under stereo-binocular microscope
for fungi growth. The isolated mycoflora were sub-
cultured by single spore technique (Noman et al., 2018)
on PDA slants and observed for fungal growth.

Further identification of fungi was done with the help of
literature given by several authors using characteristics
of hyphae, sporangia, sporangiophores, conidia,
conidiophores, growth pattern, colony texture, colour and
growth rate of the colonies (Pedro et al., 2009; Chéavez
and Kohli, 2013).

Colonization rate

The fungi % colonization frequency was recorded and
calculated using below formula on both Blotter paper
and PDA method (Chougule and Andoji, 2015).

Rate of colonization (%)
Number of pieces colonized
by single fungus
X100

Total number of pieces used

The statistical analysis was carried out for each
observation using MS-Excel and MVM statistical
software.
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Results and Discussion

Dry Inspection of Collected Vegetable Infected
Samples

The samples from five different vegetable samples
(cabbage, brinjal, tomato, radish, and spinach) were
collected from the agricultural field, Baba Farid College,
Bathinda.

These samples were then visually examined. The visual
symptoms identified as rot, tissue discolouration, wilt,
different types of spots, and moulds (Fig 1).

Isolation and Identification of pathogen

Many diseases caused by different types of fungi are
difficult to predict, detect and diagnose under visually
examination. Mycoflora associated with five selected
types of vegetables was further investigated using
standard blotter paper and agar plate method.

The culture of 8 fungal genera i.e. Alternaria alternate,
Aspergillus sp., Bipolaris sarokiniana, Cochliobolus
lunatus, Fusarium oxXysporum, Penicillium
chrysogenium, Rhizopus stolnifer and Epicoccum nigrum
was grown on PDA media (Fig 2).

The sub-cultured of the above selected fungi was done
by using single spore technique on PDA slants which
leads to growth of Alternaria alternata, Aspergillus
flavus,  Aspergillus  niger, Aspergillus fumigates,
Bipolaris sarokiniana, Cochliobolus lunatus, Penicillium

chrysogenium, Rhizopus stolnifer and Epicoccum
nigrum.
The further identification was done by using

characteristics of hyphae, sporangia, sporangiophores,
conidia, conidiophores, growth pattern, colony texture,
and colour (Table 1)

The results revealed that total thirteen fungal species
belongs to 8 fungal genera were isolated and identified.
Maximum 10 fungi were identified in Cabbage followed
by Brinjal (09), Tomato (7), Spinach (5) and Radish (4),
respectively (Table 2)
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Colonization rate

The results also revealed that the maximum percentage
colonization frequency was recorded in Fusarium
oxysporum (58.3£2.60; 56.6+4.05), followed by
Aspergillus flavus (50.3+1.85; 47.3£2.02) using both
method in spinach.

Colonization rate of Rhizopus stolnifer in tomato
(34.33+1.45; 33.0+1.73), Aspergillus niger in brinjal
(29.3+£1.76; 30.0+£2.64 and Bipolaris sorokiniana in
spinach (29.3+1.76; 30.0+2.64) were predominant on
blotter and agar plate method respectively (Table 3).

Many researchers worked on identification of fungus
from vegetables. Klape¢ er al., (2018) examined
vegetables and rhizosphere soil and identified 61 species
of filamentous fungi belongs to genus Penicillium (12),
Fusarium (4), and 2 species each to the genera:
Aspergillus, Cladosporium and Trichoderma.

Similarly in 2021, Klape¢ et al., 2021 identified 40
fungal species from vegetables, of which 38 are
classified as potentially pathogenic for humans. In India
Pandey et al., (2011) also reported the brown spot
disease caused by Curvularia lunata infecting Indian
spinach. Thiglagam et al., (2018) isolated and identified
Alternariaspp (Tomato early blight), Fusarium
oxysporum (Fusarium wilt), Fusarium solani (daming off
and root rot), Aspergillus flavus (Ear rot) and
Collectotricumspp (Anthracnose).

Sucianto and Abbas (2021) identified seven fungal
species i.e. Colletotrichum sp., Fusarium sp., Alternaria
sp., Septoria sp., Cercospora sp., Botryodiplodia sp., and
Nigrospora sp. at polyculture farms in Serang Village.

Chougule and Andoji (2015) in Sangli district of
Maharashtra state identified total 10 different species of
endophytic fungi. He also reported the maximum
frequency of Alternaria alternata (17.03%) followed by
Aspergillus niger (15.04%), Aspergillus flavus (13.03)
and Mucor species (12%). Similarly Sylvia et al., (2010)
isolate and identified six fungi from the soil of organic
vegetable plantation which includes Aspergillus sp.,
Gliocladium sp., and Rhizoctonia sp.
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Table.1 Characterises used for identification of fungi isolated from the vegetables

Isolated Species Name
Alternaria alternata

Aspergillus flavus

Aspergillus niger

Aspergillus fumigatus

Cochliobolus lunatus

Bipolaris sarokiniana

Fusarium oxysporum

Rhizopus stolnifer

Penicillium chrysogenum

Epicoccum nigrum

Identification Characteristics
-Conidia are pale brown, ovoid or ellipsoidal, with
smooth-walled present singly or in acropetal
chains.
-It is have both transverse and longitudinal
septations.
-Yellowish to olive colour, globose shape with thin
walled conidia.
-Non-pigmented, unbranded and thick walled
conidiophores.

-Conidial head biseriate and radiate
-Conidia in chains/ detached and dispersed.

-Conidia green spiked covering its surface
-Conidia are in chains andbasipetal

-Greyish-white and floccose mycelia.
-Conidia were loosely arranged on conidiophores.

-Mycelial growth is dark olive-brown to greyish.
- Conidia are olive-brown and elliptical with 6 to 9
cells.

-White cottony and dark-purplespores were oval to
ellipsoid/ kidney shaped.

-Chlamydospores spherical to oval, smooth or
rough walled, located at the terminal or intercalary
in the hyphae.

- spores are present singly or doubly, sometimes in
clusters or in chains.

-Sporongia globose or sub globose with flattened
base.

-Colour of sporangia is white at first and then
turned black

-Sporongiophores are smooth walled, non-septate,
light brown, long and arising in group.
-Sporongiophore is irregular round, elongated,
brownish black streaked

-Broom-shaped stipes with several linear round
spores on top

-Colonies grow with strong yellow to orange
brown colour

-Black and spherical sporodochia

-Conidia are pyriform to globose with funnel-
shaped base
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Reference used
Hamed (2016) also reported the presence
of transverse and longitudinal septation in
A. alternate under microscopic study

Okayo et al., (2020) also reported the
globose shaped conidia ranging between
250pum - 450 pm in diameter with
presence of thin walls and rough texture.
They also mentioned the presence of
unbranched conidiophore which is non-
septate, rough, and hyaline in A. flavus.
In year 2005, McClenny; Noor and
Zakaria (2017) also reported the presence
of bi-seriate conidial head, radiate and
conidia in chains or detached and
dispersed in A. niger.

Afzal et al, (2013) also reported the
same characteristics of A. fumigatus

Louis et al., (2013) also reported the
same morphological characteristics of C.
lunatus.

Biswas and Das (2018) also reported the
same result on PDA.Abo-Ghazala et al.,
(2019) reported the conidiophores size 6—
10 x 110220 um with 6-11 septa.

Khan et al., (2021) reported the presence
of oval to kidney shaped, tapering, and
septate in three cells spores. Yee et al.,
(2020) reported the presence of oval to
spherical spores with rough to smooth
wall located terminally or intercalary in
the hyphae.

Kwon et al., 2001 also reported the same
morphological characteristics of R.
stolnifer isolated from tomato.

Abastabar et al., (2016) and Li et al,
(2023) also reported the same
characteristics for P. chrysogenum
Christovaand Slavov 2021 also isolated
this E. nigrum and reported the presence
of yellow to orange mycelium.
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Table.2 List of fungi isolated and identified from vegetable crops

Brassica oleraceavarcapitata

Cabbage

Name of Fungi

Fusarium oxysporum

Alternaria alternate
Aspergillus flavus
Cochliobolus lunatus

Penicillium chrysogenium

Solanum melongena

Raphanussativus

Brinjal

Radish

Fusarium oxysporum
Alternaria alternate
Aspergillus flavus
Bipolaris sorokiniana

Epicoccum nigrum
Rhizopus stolnifer
Aspergillus niger

Aspergillus fumigates

Fusarium oxysporum

Alternaria alternate

Spinaciaoleracea

Spinach

Fusarium oxysporum

Aspergillus fumigates

I

Bipolaris sorokiniana
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Table.3 % colonization frequency on infected vegetable samples detected by both Blotter paper and Agar plate
methods

Name of the Fungi Blotter method (%) Agar plate method (%)

Vegetable-Name

Cochliobolus lunatus 18.6+0.88 17.620.88
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Figure.1 Dry Inspection of Collected vegetable infected samples

0
a. Cabbage alternaria leaf spot i. Tomato white fruit mould

b. Cabbage alternaria fruit spot j. Tomato cercospora fruit spot
c. Cabbage black fruit rot k. Tomato anthracnose fruit spot
d. Brinjal leaf wilt 1. Radish alternaria leaf spot

e. Brinjal soft fruit rot m. Radish white rust

f. Brinjal cercospora leaf spot n. Spinach leaf spot

g. Tomato fruit spot 0. Spinach leaf anthracnose

h. Tomato fruit blight p. Spinach leaf cercospora
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Figure.2 Microbiota growth on PDA media of isolated fungi

A. niger §

-~

Plate 1 Plate 2 Plate 3 Plgte 4
v
Plate 5 Plate 6 Plate 7 Plate 8

Plate 1: Alternaria alternate; Plate 2: Aspergillus flavus; Plate 3: Aspergillus niger;
Plate 4: Penicillium spp. Plate 5: Bipolaris sarokiniana; Plate 6: Cochliobolus lunatus;
Plate 7: Fusarium oxysporum;; Plate 8: Rhizopus stolnifer

Conclusion

The pathogenic fungi species associated with vegetable
spoilage are of economical and public health. Different
genus of fungi were isolated and identified from different
types of diseased vegetables. This study provides
information about different fungi isolated and identified
from vegetables which are most demanded in Punjab.
These fungi not only cause damage to plant but also due
to release of mycotoxin inedible for living organism
including humans. The first step in diseases control is
proper identification of the causal organism. Hence, this
present finding is significant and beneficial to
researchers as well as grower for development of proper
management products and strategies to control these
diseases in field.
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