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Abstract-Fungal pathogens exert a profound influence on agricultural productivity, contributing
substantially to crop losses during germination, vegetative growth, and post-harvest storage. Among these,
species of Fusarium are recognized as some of the most pervasive and destructive phytopathogens, causing
diseases such as rhizome rot and vascular wilt, which markedly diminish crop yield and quality. The impact
of fungal infections is particularly severe during the germination phase, where they compromise seed
viability, reduce stand establishment, and ultimately impair overall productivity. Conventional management
strategies relying on synthetic fungicides, although effective, are increasingly associated with environmental
hazards, pathogen resistance, and adverse effects on beneficial soil microbiota. Consequently, there is a
pressing need to develop eco-friendly and sustainable alternatives for fungal disease management. In this
context, the present investigation evaluates the antifungal efficacy of Tridax procumbens extracts, a readily
available medicinal plant species, against pathogenic Fusarium spp. isolated from infected ginger crops in
agricultural fields. Extracts were prepared from T. procumbens collected from the Melghat forest region, and
their bioactivity was assessed using agar-based in vitro antifungal assays. Results demonstrated a
pronounced inhibitory effect on fungal growth, with ethanolic extracts exhibiting the highest suppressive
potential, followed by aqueous extracts. The application of such bioactive plant-derived formulations as seed
treatments offers a promising strategy for mitigating fungal infections during germination while
safeguarding soil microbial communities. The results findings highlight T. procumbens’ potential as a
sustainable bio-control agent, helping to increase crop establishment along with productivity in the
production of ginger.

INTRODUCTION

Agriculture faces numerous challenges in the
twenty-first century, including climate change’s
greater consequences, long-lasting droughts, and
pests that are more difficult to eradicate. The
United Nations estimates that two billion more
people will join the world’s population in the next
three decades. This growing population will
demand increased agricultural activity and a
deliberate transition to more sustainable farming
practices to meet their food needs. As a constantly
growing population has led to an increase in food
demand, synthetic pesticides have been developed
and extensively utilized for the control of
agricultural pests and diseases (Lengai et al., 2020).

The ultimate aim of agricultural research during the
20" century was to increase crop yields, not to
develop natural pesticides that are environmentally
friendly and support sustainable food production
(Raja, 2014). Natural plant-based products became
less popular as a result, which flipped the trend. The
re-evaluation of natural alternatives comes as the
employment of synthetically prepared pest control
agents is identified as a significant risk to both
human well-being and the environment (Nikkhah et
al., 2017). The presence of fungicide residues in food
and their detrimental effects on non-target
ecosystems are significant issues. Furthermore, the
increasing use of fungicides in developing nations
presents another serious concern (Pande et al., 2006).

Organic food is becoming more and more
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popular these days due to plant-based insecticides.
This is primarily because consumers are becoming
more aware of, and concerned about, the presence of
harmful synthetic pesticide residues in their food,
leading to a greater demand for safer options
(Karaca et al., 2017; Mishra et al., 2018). A lot of
attention is being paid to natural compounds
because of their low harm to living things and
environmental safety. They are considered valuable
resources for creating new fungicides and could
potentially replace synthetic versions with effective
natural alternatives (Martinez, 2012). Medicinal
plants are a crucial resource, and India is unique in
the world because of its long history of using
traditional plant-based treatment. Research indicates
that the active compounds derived from medicinal
and aromatic plants exhibit lower phytotoxicity
(Yoon et al., 2013). Their volatile nature and systemic
action, combined with their ready biodegradability,
make them a noteworthy group. The methanolic
extract of Tridax procumbens, up to 1% concentration,
exhibited significant antifungal activity to inhibit
plant pathogenic fungal species, including
Pyricularia oryzae, Helminthosporium oryzae, and
Rhizoctonia solani. The leaf extracts rich in flavonoid
derivatives show more inhibition of the plant-
infecting fungi (Acharya and Srivastava, 2010). The
common weed Tridax is indigenous to tropical
America and has a broad distribution across tropical
Africa, Australia, and Asia (Policegoudra et al.,
2014). It is found in India, including Andhra
Pradesh, Maharashtra, Madhya Pradesh, and
Chhattisgarh, and is also widespread throughout
the Indo-Pak region. This plant is a species
ofAsteraceae family, and well known to possess
therapeutic potentials. The genus name ‘Tridax’
indicates the presence of three lobes in its ray
flowers. The species ‘procumbens’ describes the
plant’s prostrate, trailing growth pattern of its stems.
The plant is widely referred to as ‘coat buttons” or
‘Mexican daisy’ in English, owing to its flower’s
appearance. Kambarmodi, Tantani (Marathi), Gaddi
chamanthi (Telugu), Jayanthi (Ayurvedic),
Vettukkaaya-thalai (Siddha/Tamil), and Akala
kohadi (folk) are some of its regional names
(Dattaray, 2022; Maldhure et al., 2017). The plant has
been well known for its traditional medicinal values
since ancient times and is used for various
significant activities. It possesses bioactive
compounds that exhibit antimicrobial activities
against multiple microorganisms. It shows a wide
spectrum of inhibitory actions against Gram-

negative and Gram-positive bacteria, such as E. coli,
V. cholera, B. subtilis, B. cereus, and S. aureus. Although
it exhibits inhibitory activity against some of the
fungi, like A.niger, A. fumigatus, and C. albicans
(Sarkar et al., 2016).

This plant treats a variety of ailments like
diarrhea, malaria, cough, asthma, boils,
stomachache, toothache, mucosal inflammation,
stomach pain, and skin infection, and also reduces
blood pressure. To stop bleeding, the leaf juice is
administered to wounds. This species is also used to
treat gastrointestinal and respiratory conditions.
(Ikewuchi et al., 2015). Scientific research has
demonstrated that the leaf extract has a number of
advantageous qualities. It has hepatoprotective,
anti-anemic, anticoagulant, analgesic,
hypocholesterolemic, antifungal, and insect-
repelling properties. Leaves of Tridax procumbens
rich-in numerous bioactive substances, like
carotenoids, saponins, alkaloids, tannins, and
flavonoids (Sophia et al., 2022).

Fungi are the significant plant pathogens, causing
up to 14% of the annual loss of crops. This
significant impact on crops makes fungal diseases a
primary obstacle to global food security and
sustainable agriculture. Consequently, they lower
overall productivity along with harvest yields,
adversely influencing the global economy (Anand
and Rajeshkumar, 2022). Over 19,000 different
fungal species are known to cause plant diseases
worldwide (Jain et al., 2019). Numerous plant
diseases, such as leaf spots, rots, and blights, are
brought on by these fungi. They also cause powdery
mildew, identifiable by a white, powdery coating on
leaves and stems, and rust, characterized by rust
colored pustules on leaves and stems (Jiang, 2024).
Furthermore, they also cause conditions like
damping-off and dieback (Knogge, 1996). Although
various agents cause infections in crop plants, fungal
pathogens are particularly impactful (Doehlemann
et al., 2017). Phytopathogenic fungi have caused
widespread destruction throughout agricultural
history, leading to significant societal and economic
consequences. These fungal epidemics are primarily
due to plant pathogens, especially species found
within the phyla Ascomycota and Basidiomycota
(Knogge, 1996). Plant pathogens have evolved
specific strategies to invade plants and acquire the
necessary nutrients for their growth and
development (Horbach et al., 2011). They
consistently lead to substantial annual reductions in
crop yields, establishing fungal pathogens as a
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major economic concern in agriculture
(Doehlemann et al., 2017). Plant extracts of T.
procumbens and Lantana camara have significant
potential to control seed mycoflora responsible for
the constraint of seed viability. The tannins,
flavonoids, alkaloids, and saponins present in the
extracts of T. procumbens exhibit control of the
mycoflora of the seeds. The mycelial inhibition
increases as the extract concentration rises (Olubiyi
et al., 2020). The buckwheat crop can be damaged by
the root rot disease caused by the fungus Rhizoctonia
solani, which leads to significant loss of productivity.
The plant extracts of T. procumbens show significant
fungicidal potential up to 88% at a 500-ppm
concentration (Pathak et al., 2020). The free
flavonoids and sterols of the plant T. procumbens
completely inhibit the germination of the spores of
Fusarium oxysporum, which can be a sustainable
approach for the development of fungicidal
formulations (Sharma and Kumar, 2009).

The present investigation could lead to the
emergence of new, natural antifungal agents from
Tridax procumbens. These substances may offer a
sustainable way to mitigate agricultural infections
brought on by fungi that infect crops while also
combating the growing issues of environmental
pollution by synthetic fungicides.

MATERIALS AND METHODS

Collection of plant material and processing

Tridax procumbens plants were obtained from various
locations of the Melghat forest, Amravati, India,
with prior permission of Maharashtra State
Biodiversity Board (MSBB), Nagpur. Upon
collection, using tap water, the plants were carefully
cleaned, all infected parts were discarded. The
separated leaves were allowed to dry in the shade &
finely powdered to be used for the further
procedure for extraction.

Extraction of Tridax procumbens

The plant’s ethanolic extract was produced by cold
maceration method. In this method, 50g plant
powder combined with 300 ml of EtOH (95%), the
mixture was kept at room temperature for 24 hours
at 90 rpm on a rotary shaker. Afterward, mixture
was filtered using sterile Whatman's filter paper no.
1. The filtrate was evaporated to obtain a
concentrated ethanolic extract of Tridax procumbens.
The obtained residue was again combined with
ethanol and maintained on a rotating shaker for 24

hours and filtered. This procedure was repeated 3
times to obtain a colorless extract. After obtaining
the complete extract, solvent was evaporated till the
dried extract obtained, and the dried extract was
stored for later use at 4°C.

Isolation of fungi from infected ginger

Ginger rhizomes infected with fungi were collected
from agricultural fields. Ginger was gently cleaned
to remove soil while preserving visible traces of
fungal growth. Fungi from ginger were inoculated
on Potato Dextrose Agar and incubated at 27 °C for
seven days. Following initial incubation, different
fungal isolates from the resulting mixed cultures
were sub-cultured onto fresh PDA plates to obtain
pure fungal isolates, and they were preserved in
Sabouraud Dextrose Broth for subsequent
experimental use. Morphological characterization of
the isolated fungi was done by staining with
lactophenol cotton blue.

Antifungal evaluation by the poisoned food
method

In vitro antifungal activity of Tridax procumbens was
evaluated by using the poisoned food technique.
Different concentrations (2 mg/ml, 4 mg/ml, 6 mg/
ml, 8 mg/ml, 10 mg/ml) of the plant extract were
prepared and mixed with sterile molten PDA media
under aseptic conditions and permitted to become
solid. Discs were made using sterile Whatman'’s
filter paper No. 1 and were sterilized in a UV light
biosafety chamber and then dipped into an
inoculum of fungal mycelium. The prepared discs
were then placed in the PDA containing the plant
extract. Incubation was done for seven days at 27 °C.
After incubation, these plates were compared to a
control plate (without plant extract) to observe any
inhibition of fungal growth.

In vivo evaluation of antifungal activity by the pot
culture method

In vivo antifungal activity of Tridax procumbens was
evaluated by using the pot culture method. Firstly,
fresh and healthy ginger rhizomes were collected.
Some of them were coated overnight with different
concentrations of plant extract, considered an
experimental treatment, while others were coated
with synthetic fungicide, blue copper hydroxide,
which serves as a standard. The ginger rhizome,
without any treatment, was used as a control.
Subsequently, all of these treated gingers, including
the control, were inoculated with isolated fungal
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inoculum and sown in tyndalized soil. Finally, the
growth of the plants was observed and recorded
accordingly.

RESULTS AND DISCUSSION

The ginger infecting fungi were isolated on PDA
plates, which grew white over the media, and then
microscopic examination was done by lactophenol
cotton blue staining, in which fungal structures
similar to the Fusarium sp. were observed, similar to
the findings of Harsha et al. (2021), who performed
the morphological and microscopical as well as
molecular characterization of Fusarium rot disease-
causing fungi.

Fig. 1 a) Isolation and 1 b) Morphological identification
of Fusarium spp.

Antifungal activity of Tridax procumbens
(Poisoned food technique)

The fungicidal potential of Tridax procumbens plant
extracts was evaluated by means of observing

fungal growth at different concentrations. After
providing the optimal conditions for the growth of
fungi and comparing with the control plate, the
fungal growth was observed on the control plate
and at an initial concentration of 2 mg/ml, but no
growth was there at the concentrations of 4 mg/ml,
6 mg/ml, 8 mg/ml, and 10 mg/ml. This indicates
total inhibition of fungal growth by bioactive-rich
extract of Tridax procumbens. The study by Ramaiah
et al. (2015) revealed that plant extract has antifungal
properties, where the spore germination as well as
growth of Fusarium was inhibited. Similar results of
fungal inhibition have been found in the present
study. Manjamalai et al. (2014) found that the plant
extracts of T. procumbens inhibit the growth of
Aspergillus spp. Hereby, the present study also
revealed the inhibition of fungi by the extracts of
Tridax procumbens.

In vivo evaluation of antifungal activity (pot
culture method)

In the pot culture method, the antifungal activity
was evaluated by observing the growth of plants at
an interval of weeks. It was observed that the
concentrations 1 mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml
and the control did not inhibit the fungal activity, so
after 4 weeks, there was no growth of plants. While
at concentrations of 5 mg/ml, 6 mg/ml, 7 mg/ml,
8mg/ml, 9 mg/ml, 10 mg/ml,and Standard, they
showed a potential inhibitory effect against the
fungi and an increase in the height of plants after 4
weeks (Table 1).

Fig. 2. Antifungal activity of extracts of Tridax procumbens at different concentrations, with compare to control and
Standard [(a) 2 mg/ml, (b) 4 mg/m], (c) 6 mg/ml, (d) 8 mg/ml, (e) 10 mg/ml, (f) standard and (g) control] against
isolated Fusarium spp.
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Table 1. Growth analysis of ginger plants after a uniform
interval of time

Concentration Time interval Growth and
(In weeks) Height Leaves

Control 4 No Growth -

1 mg/ml

2 mg/ml

3 mg/ml

4 mg/ml

5 mg/ml 4 Bud formation -
5 2.8 cm -
6 3.2 cm 1

6 mg/ml 4 Bud formation -
5 3 cm -
6 3.4 cm 2

7 mg/ml 4 Bud formation -
5 3.1 cm 1
6 3.5 cm 2

8 mg/ml 4 Bud formation -
5 3.2 cm 1
6 3.5 cm 2

9 mg/ml 2 Bud formation -
3 3.3 cm 2
4 3.6 cm 2

10 mg/ml 4 Bud formation -
5 3.5 cm 2
6 3.8 cm 3

Standard 4 Bud formation -
5 3.4 cm 1
6 3.7 cm 2

CONCLUSION

The present investigation indicates that Tridax
procumbens demonstrates significant antifungal
activity against the fungi responsible for Fusarium-
rot in ginger. The examined ethanolic extracts
demonstrated better plant health and increased
suppression of fungal growth and development.
Higher amounts of ethanolic extracts were shown to
be the most beneficial, demonstrating improved
plant health and inhibitory activity against isolated
Fusarium sp. The bioactive components are
responsible for the antifungal action, exhibiting their
viability as a secure, cost-effective, and
environmentally sustainable substitute for chemical
fungicides. To reduce crop losses and manage the
Fusarium rot disease.
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