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ABSTRACT

Fusarium cotton wilt (FW) is one of the most economically devastating cotton diseases worldwide and the threatening
agent of this disease is Fusarium oxysporum f.sp. vasinfectum (FOV). This study aimed to add more information
towards the isolation and identification of F. oxysporum f. sp. vasinfectum (FOV), which could probably be responsible
for the wilting of their corresponding host, Gossypium hirsutum. Roots samples were collected from plants showing
typical symptoms of wilting from three different regions (Kasur, Faisalabad, Multan) of province Punjab, Pakistan. For
further analysis, samples were immediately transported to the microbiology laboratory of Government College
University Faisalabad, Pakistan (GCUF). After surface sterilization of root, each cut piece (5 mm) of the root was
inoculated on Potato Dextrose Agar (PDA) media and incubated at 25°C+2 °C for 7 days. The different obtained
collonies were identified using the standard microbiological techniques such as macro-morphological, microscopic,
and Polymerase Chain Reaction (PCR). The pathogenicity test was also performed in the greenhouse for confirmation
of Koch'’s postulate. This test showed that plants infected with FOV start wilting and yellowing of leaves which
confirmed that FOV was linked with cotton wilt and responsible for significant economic loss. Good agricultural
practices and proper management of FOV will permit the production of healthy seedlings and subsequently aid in the
improvement in cotton yield.
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INTRODUCTION

Fusarium oxysporum is the most common cosmopolitan
soil-borne pathogen that known for their ability to cause
wilt disease in a wide variety of plant species such as
cotton, tomato, and chickpea and cause severe damage
and yield losses (Constantin et al., 2019; El-Hassan and
Gowen, 2006; Gopalakrishnan et al, 2011; Van Der Does
et al, 2008). Fusarium has several formal species (f.sp.)
like Fusarium oxysporum f.sp. cubense (Foc) and F.
oxysporum f.sp. vasinfectum (FOV) affecting specific hosts
such as in banana and cotton (Gossypium hirsutum L.)
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respectively. Fusarium oxysporum f.sp. vasinfectum (FOV)
is an important disease affecting agents, nearly all cotton-
growing regions of the world, and reduced cotton yield to
intolerable levels (Seo et al, 2020). Many other species of
Fusarium are also linked with roots of cotton but their
role as pathogen is still not clear (Asif et al,, 2023). FOV
morphologically identical pathogenic, nonpathogenic and
even beneficial strains. In Pakistan F. oxysporum f. sp.
vasinfectum has been reported as a pathogen of the
largest Kharif cotton crop which is grown on 12% of total
cultivated area and causing serious economic loss under
favorable environmental conditions (Rajput et al, 2006).

F. oxysporum is an ascomycetes widespread pathogen
with a parasitic phase in the plant and can also persist
in the soil or debris as a saprophytic phase for many
years in dormant form producing chlamydospores
(Bennett, 2012; Zhang et al, 1996). The hyphae of
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these vascular fungi can enter the root by penetrating
directly through the cortical root cells or via wounds
(Agbaglo et al, 2020; Hillocks et al, 2000). Moreover,
F. oxysporum f. sp. vasinfectum (FOV) can be
transmitted by contaminated shoes, knives, vehicles,
and infected seeds (Hillocks et al, 2002). After the
invasion, F. oxysporum f. sp. vasinfectum (FOV) enters
the vascular tissues of plants and subsequently
colonizes in the xylem. In an attempt to limit vessel
colonization the host induces different defense
responses, which include the production of gels, gums,
and tyloses (Pietro et al, 2003). These compounds
block the vessels, thereby compromising the plant’s
ability to transport water, result induce the typical
wilting symptoms such as severe foliage wilting,
drying, withering of older leaves, stunting of plants,
discoloration (orange to brown) of the plant crown,
and eventually plants become malformed and die
(Fang et al, 2012; Halpern et al,, 2018).

F. oxysporum f. sp. vasinfectum is the most destructive
and still uncontrollable vascular pathogen of cotton
that can infect plants at any stage of growth, and found
to be more lethal in the cold environment at a mean
temperature of about 23°C (Cianchetta et al, 2015).
Therefore, the long moon soon season of Pakistan is
more prone for this pathogen. F. oxysporum f. sp.
vasinfectum can persist in the soil for many years by
making chlamydospores or conidia. Therefore, it is
difficult to completely eradicated F. oxysporum f. sp.
vasinfectum from the soil (Davis et al, 2006; Lamia et
al, 2017; Merrouche et al, 2017). Currently, there are
no effective strategy available for control of Fusarium
disease. However, integrated management practices
like resistant cultivars, cultural technique, chemical
control, crop rotation, and biocontrol agents are the
most effective strategies used to control F. oxysporum
f.sp. vasinfectum and every technique has its own value
(Asif et al, 2020; Jiménez et al, 2011; Maitlo et al.,
2014).

F. oxysporum f. sp. vasinfectum is one of the most
prevalent and notorious pathogens of cotton plants
causing massive damages in open fields and even in
the greenhouse. This incite the urgency to identify the
fungus to better understand and develop proper
spite of legitimacy,
commonly preferred method wused to identify
Fusarium oxysporum are macro and microscopic
features. But these methods are time consuming and

control measures. In most
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limited  accuracy. Therefore, recently @ PCR
amplification method based on the nucleotide
sequence getting attention due to maximum validity
(Singha et al, 2016). Therefore, the objective of this
study was isolation and identification of fungus
associated with cotton wilt, which is one of the main
crops of Pakistan,
pathogenicity using Koch's postulate and endorse
adequate control measure.

MATERIALS AND METHODS

Study area: The whole study was performed at the
Department of Microbiology, Government College
University Faisalabad, Pakistan (GCUF), and the
Cotton Research Station, Ayub Agricultural Research
Institute Faisalabad, Pakistan.

Sample collection: From each field of cotton plants,
two to three roots samples at various stages of plant
growth were collected characterized with visible wilt
symptoms. Root samples were shipped overnight to
the Laboratory of Microbiology Department of GCUF,
and stored at 4°C until further processed. A total of
300 samples were collected from fields of three
districts; Kasur, Multan, and Faisalabad of province
Punjab, Pakistan. Necessary information like sampling
date, location, row spacing, and cotton growth stage
were mentioned on these paper bags.

Isolation of fungal pathogen: For the isolation of
Fusarium, root sections were rinsed with tap water to
remove dust particles and soaked in 1% sodium
hypochlorite for surface sterilization. After surface
sterilization, samples were again washed twice with

economic and verifies its

distilled water to remove toxic effect of sodium
hypochlorite. After that, roots were cut into 1-2 cm
long sections by using sterilized scissors. These air-
dried sections were inoculated to Petri plates
containing Potato Dextrose Agar (PDA) media (Difco,
USA). The PDA growth medium was supplemented
with streptomycin sulfate (300 mg/L) and incubated
for 7 days at 2592C+22C. After visible mycelial growth,
the hyphal tips from the advancing mycelium were
taken and transferred into the culture slants
containing PDA purification,
identification, and maintenance of pure culture. For

medium for

sub-culture fresh plates of PDA were prepared,
distinct fungi colonies from primary cultures were cut
out using a sterile scalpel and then transferred to the
fresh PDA plates to obtain pure cultures. Inoculated
plates were sealed with parafilm wax and incubated at
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room temperature 25 °C+2 °C in the dark for 7 days.
To obtain the pure culture of F. oxysporum f. sp.
vasinfectum, a single colony was picked and cultured
again and again using a single spore culture technique
attainment of single
Morphological identification was performed according
to Leslie and Summerell (2006) .

Characterization and identification of the filamentous
fungus: Different standard microbiological techniques like
macro-morphological, microscopic, and polymerase chain
reactions were used for the identification of pure cultures
of the pathogen fungi F. oxysporum f. sp. vasinfectum.
Macro-morphological characterization: For
macroscopic observation, the cultural appearances
(colony texture, color, reverse plate texture, margin,
form, elevation, and hyphae) were observed on PDA.
Colony color was confirmed using the Methuen
handbook of the color chart (Kornerup et al, 1978). A
laboratory manual and a pictorial atlas for
identification of fungi by Watanabe (2010) were
equally used in the description of colony morphology
(Ghosh et al, 2018).

Microscopic morphology identification: The
microscopic features of the fungus isolate such as spore
type (microconidia, macroconidia, chlamydospores),
spore length, septum, and hyphal type were observed
through slide culture test and lactophenol cotton blue
staining method (Mailafia et al, 2017)

Lactophenol cotton blue staining: Lactophenol cotton
blue solution was prepared. A fragment of a fungal
isolate was placed on a grease-free clean slide using a

unless pure  culture.

sterile inoculating needle. The fragment of a fungal
isolate was finely spread on the glass slide with a teasing
needle. lactophenol cotton blue solution (2-3 drops) was
put on the glass slide and then left for a few seconds to
completely absorb and spread the stain on mycelium. To
eliminate air bubbles, we gently placed a coverslip on
mycelium with little pressure. Then the slide was
examined under the light microscope to record the type
of spore, hyphae, and other special structures using an
objective lens first with 40X and then with 100X. The
isolates were identified following the description of
Oyeleke and Manga (2008).

Slide culture test: Put a small piece of potato dextrose
agar with a sterile inoculating loop on a clean, sterile,
grease-free glass slide. Then a fragment of a mycelium
was placed on the slide containing a piece of PDA with
an inoculating needle and a coverslip was placed in

105

DOI: 10.33866/phytopathol.035.01.0855

such a way to allow aeration. Then the slide was
incubated for seven days at 25°C *2°C in a closed
sterile petri dish, a sterile soaked filter paper was
placed in the bottom of the petri dish for moisture.
Afterwards, stained with 1-2 drops lactophenol cotton
blue dye. Light microscopy was used to detect spore,
hyphae and other special structures using the objective
lens, first with 40X and then 100X. (Samuel et al,
2016).

Identification by PCR: Extraction of DNA was
performed using the Genomic DNA Purification Kit
(Thermo Scientific ®) according to the manufacturer’s
instructions from isolated FOV. A total volume of 25uL
of PCR mixture was carried out for target gene
amplification using universal primers (ITS1 forward
TCCGTAGGTGAACCTGCGG; ITS4 reverse
TCCTCCGCTTATTGATATGC) studied by (Moricca et al,
1998) following the condition of 942C for 1min., 502C
for 1min. and a final extension at 722C for 3min.
Pathogenicity test: A pathogenicity test was carried out
to confirm isolated fungi that were responsible for the
spoilage of cotton plants. For this purpose, a pot
experiment was carried out for the pathogenicity test.
Fresh and disease free cotton seeds were soaked for 3
mint in H2S04 for surface sterilization. Then rinsed
thoroughly three time with distilled water and sown in
autoclave sterilized soil. At the 3-4 leaflets stage, a 5 mm
mycelial plug of 7 days old pathogen culture was
inoculated at two opposite corners of the pot. The disease
symptoms were recorded after 30 days of inoculation.
Uninoculated (UI) control was also maintained. The plants
were watered regularly on alternate days to keep plant
healthy (Aslam et al, 2019). The fungi were later re-
isolated from the infected cotton plants and compared
with the initial isolates.

RESULTS

Isolation of F. oxysporum f.sp vasinfectum: In the
current study, total 300 samples were collected from
various fields of selected district of Punjab, Pakistan.
Morphological identification: After 7 days of incubation
at a temperature of 25 + 2°C, the isolated pathogen show
white cotton appearance with fluffy growth which turn
pink or purple on the back of the Petri plate containing
with Potato Dextrose Agar (PDA) medium (Figure 1). The
colony diameter of the pathogen ranged from 8-8.5 cm.
Macro-morphological study exhibited that F. oxysporum
f.sp vasinfectum showed highly variable growth on PDA
medium with delicate, slightly lobed or smooth , margins.
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Figure 1. Colony morphology of FOV on PDA after 7 days of incubation at 25°C+2 °C. Whitish cottony appearance from
the front view of Petri plate (A&B), while yellowish appearance from the reverse view of Petri plate (C).

Microscopic identification: The microscopic
examination of F. oxysporum f.sp vasinfectum under light
microscope at 100X revealed three kinds of spores.
Numerous micro and macroconidia were observed on
PDA. Microconidia produced on
monophialides singly, with zero to one septate and oval
to renal shaped (Figure 2A). The microconidia size
ranged from 13.2-4.3 and 2.50-4.50 micrometers.
Macroconidia were crescent-shaped, large spores with

were short

size range 20.27-40.50 and 5.00-6.75 pm. Macroconidia
usually divided into three to five different cells, falcate to
almost straight, thin-walled, both ends almost pointed
and in some cases slightly curved (Figure 2B).
Macroconidia were produced in sporodochia as well as
on normal hyphae. The Chlamydospores appeared in the
spherical or elliptical form on a 3-6 week-old fungus
culture. They produced in terminal or intercalary chains
with size ranged 18.7-18.2 x 20.3-18.9 pm (Figure 2C).

Figure 2. Micro-morphological presentation of FOV after 7 days of incubation at 25°C£2°C on PDA showed 3 kinds of
spores (A) Microconidia (B) Macroconidia (C) Chlamydospores

PCR detection: PCR analysis was conducted for the proper
identification of the F. oxysporum. The internal transcribed
spacer (ITS) region of the Fusarium isolate was amplified
using universal primers ITS1 and ITS4. After agarose gel
electrophoresis of the PCR amplified DNA, it was observed

that the selected primer pair exclusively amplified the
expected 18S rDNA band of 453 bp size and results
demonstrated that in test samples afore-mentioned gene
was dramatically amplified which validated its purification
and identification (Figure 3).

<«—— 453 bp

Figure 3. PCR using universal primers ITS1 and ITS4. M line indicates the molecular weight marker, Lane 8 is a positive control,
and Lane 1, 2,4, 5, 6, 7 are samples. 453 base pair is the target gene. Samples were run on 1.5% agarose gel.
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Pathogenicity test: During pot assay, Fusarium wilt
infected plants exhibited yellowing, drying, and drooping of
leaves and plants showed stunted growth (Figure 4A)
compared to Ul Control plant labeled as Healthy plant
(Figure 4B). As the disease progressed, the plant exhibited

DOI: 10.33866/phytopathol.035.01.0855

drying and wilting on the 20t day after inoculation. The re-
isolation fungus from the roots of wilted cotton plants
confirmed that it is the same starting strains that were used
to prepare initial inoculums and allowed us to establish a
causative relationship between isolates and the disease.

Figure 4. Pathogenicity assay in-vivo models: (A); In pot assay, healthy uninoculated (UI) plant was used as control
(B); whereas, sterilized cotton seeds were sown in sterilized soil and 7 mm mycelial plug of the FOV was
given at 3-4 leaflets stage, showed the wilt symptoms and also labeled as an infected plant.

DISCUSSION

Cotton is economically a major crop and considers as a
lifeline role in the world economy. Pakistan is the 4th
largest producer of cotton and nearly 60 % of its
overseas earnings were produced from cotton products.
The most cotton grown area in Pakistan are Province
Punjab and Sindh. Like other major crops, pest
contributes 10-30 % annual cotton loss worldwide
(Tarazi et al, 2020). There are more than 60 diseases
that reduce the yield of cotton but Fusarium wilt is one
of the most important diseases. F. oxysporum has been
found as a notorious pathogen of Fusarium cotton wilt
worldwide. In the current study, fungus isolated and
identified from roots of wilted cotton plants, suggesting
that F. oxysporum f.sp vasinfectum is a causative agent of
cotton wilt and responsible for the significant loss of
cotton yield. These findings were congruent with many
previous studies also reported that F. oxysporum f.sp
vasinfectum is accountable for fusarium cotton wilt (Da
Silva et al, 2019; Li et al, 2017; Okungbowa and Shittu
2012; Zhu et al, 2020). F. oxysporum f.sp vasinfectum
invades the roots and stems tissues, blocking the water-
conducting channels and causing leaves to turn yellow,
dry, and eventually plant (Farias et al,, 2019).

In current study macro-morphological study showed
white cotton appearance with fluffy growth of F.
oxysporum f.sp vasinfectum on PDA medium. While pink
or purple colour was observed on the reverse side of the
Petri plate. F. oxysporum f.sp vasinfectum showed highly
variable growth on PDA medium (Mohammed et al,
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2016). The colony diameter of the pathogen ranged from
8-8.5 cm on the seven days of inoculation in PDA
medium. Isolates from different areas slightly showed
variation in their growth which is compatible with one
previous study. All these features also corresponded to
the critical morphological features of F. oxysporum
species cited by Leslie and Summerell (2006). Amini and
Sidovich (2010) reported white cottony to pink often
with purple color of mycelium.

The observations of F. oxysporum f.sp vasinfectum under
light microscope at 100X revealed three kinds of spores.
Microconidia with mean size ranged from 13.2-4.3 and
2.50 - 4.50 micrometers with zero to one septate and oval
to renal shaped. Macroconidia were crescent-shaped,
large spores, both ends almost pointed with 3-5 septate
and size range 20.27 - 40.50 and 5.00 - 6.75 pm. The
Chlamydospores appeared in the spherical or elliptical
form with size ranged 18.7-18.2 x 20.3-18.9 pm. These
finding also compatible with (AL-Taae et al, 2019; Amini
and Sidovich 2010) who proved microconidia were oval
shaped with zero septate and macroconidia were curve or
straight with 3-5 septate. Chlamydospore was smooth and
rough walled and no sexual stage was observed in
isolates. Altaf et al. (2014) also highlighted that micro-
conidia were oval shaped with 2 cells. These findings
were also seemed to be similar with previous research
and characteristics correspond to Fusarium oxysporum
(Summerell et al, 2003).

Sometimes, it was not easy to discriminate Fusarium
species on the base of microscopic or morphological
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features (Gupta et al, 2010). Therefore, PCR analysis
was conducted for the proper identification of the F.
oxysporum. The internal transcribed spacer (ITS) region
of the Fusarium isolate was amplified using universal
primers ITS1 and ITS4. After agarose gel electrophoresis
of the PCR amplified DNA, it was observed that the
selected primer pair exclusively amplified the expected
18S rDNA band of 453 bp size and results demonstrated
that in test samples
dramatically amplified compared to the negative control
which validated its purification and identification.
Morrica et al. (1998) also identified the F. oxysporum
f.sp. vasinfectum by PCR. (AL-Taae et al. (2019) also used
a universal primer (ITS1 & ITS4) and identified F.
oxysporum by PCR method.

In pathogenicity assay, F. oxysporum f.sp. vasinfectum
showed wilt symptoms after inoculation like drying and
drooping of leaves with stunted growth compared to Ul
Control plant. The re-isolation of fungus from roots of
wilted cotton plants confirmed the causative
relationship between isolate and the disease. These
finding proved Koch's postulates. These outcomes are
compatible with numerous previous studies (Al-Taae et
al, 2019; Berruezo et al, 2018; Poletto et al, 2020). Zhu
et al. (2020) also performed pathogenicity test of F.
oxysporum and found it virulence against its
corresponding host. Amini and Sidovich (2010) also
carried out pathogenicity test of F. oxysporum and
appeared symptoms were recorded after 15 days of
inoculation.

CONCLUSION

From the findings of this study, it is concluded that F.
oxysporum f.sp. vasinfectum is a pathogen of cotton wilt

afore-mentioned gene was

and responsible for huge economic loss worldwide.

Early detection of FOV will help proper management and

permit the production of healthy seedlings. The healthy

seedlings will guarantee a large-scale production of

cotton.
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