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ARTICLE INFO ABSTRACT

Botrytis cinerea is one of the most significant plant pathogens globally, causing
extensive damage to fruits and vegetables. Botrycides remain a widely used method of
plant protection; however, the introduction of plant-beneficial bacteria offers a
promising and agroecologically sustainable alternative. The current study evaluated the
effectiveness of plant extracts and rhizobacteria in controlling diseases caused by B.
cinerea in tomatoes. Neem (Azadirachta indica), garlic (Allium sativum), and turmeric
(Curcuma longa) extracts were tested alongside rhizobacterial strains (Bacillus subtilis,
Pseudomonas fluorescens, and Trichoderma harzianum). In vitro experiments showed
that, at a 15% extract concentration, neem and garlic inhibited fungal growth by 78%
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Bacillus subtilis and 72%, respectively, while B. subtilis suppressed mycelial growth by 62%. Synergistic
Turmeric treatments, particularly neem combined with B. subtilis, exhibited the highest inhibition
Garlic zone (22 mm) and an 85% synergy effect. Greenhouse trials demonstrated that neem
Integrated disease extract combined with B. subtilis significantly reduced disease severity, achieving a

disease severity index (DSI) of 1.3 and a 75% disease reduction compared to controls,
which had a DSI of 4.8. Neem extract and B. subtilis alone reduced disease by 52.1% and
58.3%, respectively. The combination of neem extract and B. subtilis proved more
effective in managing grey mold, promoting healthier plants, and providing a potential
chemical-free alternative to fungicides. Further field trials are recommended to develop
scalable, eco-friendly solutions for sustainable tomato disease management.
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INTRODUCTION widely cultivated and consumed vegetables worldwide,
Tomato (Solanum lycopersicum) is one of the most  valued for its nutritional and economic importance
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(FAO, 2022). However, the crop is highly vulnerable to
various diseases, among which gray mold caused by
Botrytis cinerea is one of the most destructive. This
pathogen is notable for its broad host range and its
ability to cause substantial yield losses under favorable
environmental conditions (Williamson et al, 2007;
AlKahtani et al., 2020).
The conventional management of gray mold
predominantly relies on synthetic fungicides. Although
effective, these chemicals pose significant environmental
and health risks and can promote the emergence of
fungicide-resistant strains of B. cinerea (Igbal and
Mukhtar, 2020; Mamiev et al.,, 2020; Almasaudi et al,,
2022). As a result, there is growing interest in eco-
friendly and sustainable disease management strategies.
B. cinerea is classified as a hemibiotrophic fungus due to
its biotrophic phase, during which it colonizes living
plant tissues and derives nutrients from viable plant
cells. However, it is often categorized as a necrotrophic
pathogen because it predominantly Kkills plant tissue to
extract nutrients from dead cells (Agrios, 2005; Fillinger
and Elad, 2016; Ahmed et al.,, 2018).

Plant extracts have gained significant attention as
natural alternatives to synthetic fungicides (Hussain et
al,, 2011; Kayani et al,, 2012; Mukhtar et al.,, 2013a; Igbal
et al, 2014; Saeed et al, 2021). Neem (Azadirachta
indica), garlic (Allium sativum), and turmeric (Curcuma
longa) are well-known for their antimicrobial properties.
Neem extracts contain azadirachtin, a compound with
notable antifungal activity (Bello and Sisterna, 2010;
Goel et al., 2016; Bashir et al.,, 2020). Garlic extract is rich
in allicin, a sulfur-containing compound with broad-
spectrum antimicrobial effects (Gurvinder et al., 2023).
Similarly, curcumin in exhibits potent
antifungal properties, making it a promising candidate
for plant disease control (Hajji-Hedfi et al., 2023).
Rhizobacteria,

turmeric

particularly  Bacillus  subtilis  and
Pseudomonas fluorescens, have demonstrated potential as
biological control agents against various plant pathogens
(Mukhtar et al, 2013b; Saeed et al, 2023; Aziz et al,
2024). These bacteria suppress pathogens through
mechanisms such as producing antifungal compounds,
competing for nutrients, and inducing systemic resistance
in plants (Wang et al.,, 2009; Paz et al., 2018).

The combined use of plant extracts and rhizobacteria
offers a synergistic effect, enhancing disease suppression
while promoting plant growth. This integrated approach

aligns with sustainable agricultural practices by reducing
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reliance on chemical inputs (Azeem et al., 2021).

The present study evaluates the efficacy of selected plant
extracts and rhizobacteria, individually and in
combination, for the integrated management of gray mold
in tomato. By focusing on eco-friendly strategies, this
research contributes to the advancement of sustainable
agricultural practices.

MATERIALS AND METHODS

Plant materials and extracts

The selected plant materials included neem (Azadirachta
indica), garlic (Allium sativum), and turmeric (Curcuma
longa). Fresh neem leaves, garlic bulbs, and turmeric
rhizomes were used to prepare the extracts. The
botanical materials were thoroughly washed and ground
into a fine paste to facilitate the preparation of aqueous
extracts. These extracts were thoroughly stirred and left
for 24 h to allow the active compounds to be extracted.
Pathogenic and rhizobacterial isolates

Identified pathogenic fungal isolates of Botrytis cinerea
and rhizobacterial isolates, including Bacillus subtilis and
Pseudomonas fluorescens, Trichoderma
harzianum, were obtained from the Department of Plant
Pathology, Sindh Agriculture University, Tandojam.
These isolates were used to evaluate their individual and

as well as

synergistic effects on disease suppression.

In vitro efficacy of plant extracts

The antifungal properties of the plant extracts from
neem, garlic, and turmeric were evaluated in vitro
against B. cinerea using the poisoned food technique.
Plates containing potato dextrose agar (PDA) were
supplemented with each plant extract. A 5 mm mycelial
disc of B. cinerea was inoculated onto the plates
containing the treated media, while control plates
without plant extracts were prepared for comparison.
The plates were incubated at 25 + 2°C for 5-7 days to
monitor fungal growth. The percentage inhibition of
mycelial growth relative to the control was calculated,
providing a quantitative measure of the antifungal
efficacy of the plant extracts.

Antagonistic potential of rhizobacteria

A dual culture assay was performed to evaluate the
antifungal potential of B. subtilis, P. fluorescens, and T.
harzianum. PDA plates were inoculated with a mycelial
disc of B. cinerea and streaked with the rhizobacterial
strains alongside the fungal disc. The inoculated plates
were then incubated at 25 + 2°C for 5-7 days to assess
the zone of inhibition.
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Synergistic effects of combined treatments

The synergistic effects of combined treatments involving
plant extracts and rhizobacterial strains against B.
cinerea were evaluated. Plant extract was incorporated
into the media plates, and each rhizobacterial species
was streaked 2 cm away from the central mycelial disc of
B. cinerea on each plate. The plates were incubated at 25
+ 2°C for 5-7 days, and fungal growth was measured in
terms of colony diameter.

Disease assessment under greenhouse conditions
Disease assessment was conducted to evaluate the
effectiveness of the treatments against B. cinerea in
tomato plants under greenhouse conditions. The disease
severity index (DSI) was calculated 14 days after
treatment application to quantify disease progression.
Disease severity was rated on a scale of 0-5, where 0
indicated no symptoms and 5 represented severe

DOI:10.33804/pp.008.04.5528

infection. The DSI was computed using the following
formula:

Y:(disease rating X number of plants in each category)
(total plants X maximum rating)

Statistical analysis

The data were analyzed statistically using ANOVA and

LSD tests (Steel et al., 1997) with the software Statistix 8

(version 8.1).

DSI(%) = x 100

RESULTS

In vitro efficacy of plant extracts

The results showed that all the tested plant extracts,
namely neem, garlic, and turmeric, exhibited inhibition
against mycelial growth; however, their efficacy varied.
Neem extract demonstrated the highest inhibition rate
of 78%, indicating its potent antifungal potential,
followed by garlic extract with a 72% inhibition rate.
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Figure 1. In vitro efficacy of plant extracts on mycelial growth of Botrytis cinerea.

Antagonistic potential of rhizobacteria

B. subtilis exhibited the highest mycelial growth
inhibition, achieving a 62% reduction in fungal
growth and demonstrating the strongest antagonistic
effect. P. fluorescens also
inhibition, with a 54% reduction in mycelial growth,

showed substantial

indicating a moderate antagonistic potential. In
contrast, T. harzianum was the least effective, causing
only a 48% reduction in mycelial growth (Figure 2).
These findings suggest that B. subtilis is the most
effective rhizobacterium for inhibiting the growth of
B. cinerea.
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Figure 2. Antagonistic potential of rhizobacteria against Botrytis cinerea.
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In vitro synergistic effects of combined treatments

The synergistic effects of combined treatments on fungal
growth inhibition were evaluated under in vitro
conditions. The results revealed that combinations of
plant extracts and beneficial microorganisms exhibited
enhanced antifungal activity compared to individual
treatments. In particular, individual treatments with
plant extracts demonstrated moderate to low inhibition
of fungal growth. Among the plant extracts, neem extract

DOI:10.33804/pp.008.04.5528

was the most effective, producing an inhibition zone of
12 mm, which corresponded to a 50% synergistic effect.
The beneficial microorganisms, B. subtilis and P. fluorescens,
also showed notable antifungal activity, with inhibition
zones of 15 mm and 11 mm, corresponding to synergistic
effects of 60% and 45%, respectively. Notably, the
combination of neem extract with B. subtilis exhibited the
highest level of fungal growth inhibition, with an inhibition
zone of 22 mm and an 85% synergistic effect (Figure 3).
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Figure 3. Combined treatment effects on disease inhibition.

Disease control under greenhouse conditions

The lowest disease severity was recorded in plants
treated with the combined application of neem extract
and B. subtilis, with DSI of 1.3 on a 0-5 scale, compared
to 4.8 This integrated
approach significantly improved plant health and
growth, highlighting its potential as a sustainable
alternative to chemical fungicides.

Figures 4 and 5 illustrate the disease severity and
reduction percentages of the treatments evaluated
under greenhouse conditions. The efficacy of treatments

in the untreated controls.

involving plant extracts varied, with neem extract being
the most effective among them, achieving a DSI of 2.3
and a disease reduction of 52.1%. Among microbial
treatments, B. subtilis was highly effective, with a DSI of
2.0 and a disease reduction of 58.3%, indicating
substantial inhibition of fungal growth.

The most significant disease suppression was observed
in the combination of neem extract and B. subtilis,
which resulted in a DSI of 1.3 and a disease reduction
of 75.0%, indicating near-complete control of the
disease.
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Figure 4: Evaluation of disease severity under greenhouse conditions.
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Figure 5. Evaluation of disease reduction under greenhouse conditions.

DISCUSSION

The results of the present study highlight the potential of
integrating plant extracts and rhizobacteria as effective
strategies for managing gray mold caused by B. cinerea
in tomato plants. The in vitro analysis revealed that
neem and garlic extracts were particularly effective,
inhibiting fungal growth by 78% and 72%, respectively.
These findings align with previous research
demonstrating that azadirachtin, a key compound in
neem, possesses antifungal properties, while allicin in
garlic disrupts fungal cell membranes and inhibits spore
germination (Wamani, 2020).

Moreover, the findings of this study are consistent with
earlier research emphasizing the pathogenicity of B.
cinerea on various horticultural crops, including bell
peppers. For instance, Williamson et al. (2007) and
Wamani (2020) identified B. cinerea as a widespread
and highly aggressive pathogen capable of infecting a
broad range of plant hosts, often causing significant
postharvest losses due to gray mold development.
Similarly, the results of this study corroborate these
observations, as all inoculated fruits displayed distinct
symptoms of rot and fungal growth characteristic of B.
cinerea infection.

Similarly, the antagonistic activity of rhizobacteria was
highest in B. subtilis, which reduced fungal growth by up
to 62%. Its efficiency has been attributed to the
production of antifungal compounds, competition for
nutrients, and the systemic induction of resistance in
host plants. These results are consistent with those
previously reported, which highlighted the effectiveness
of B. subtilis as a biocontrol agent against fungal
pathogens (Karthika, 2020; Li et al., 2022).

The synergistic treatment, which combined neem extract
with B. subtilis, resulted in an inhibition zone of 22 mm
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and an 85% synergistic effect in vitro. This suggests a
potential for improved efficacy when combining plant
extracts with rhizobacteria. Similar results were
reported by Orozco-Mosqueda et al. (2023), who
demonstrated that Bacillus species, known for their
broad antifungal activities and plant growth-promoting
properties, have been extensively studied. Moreover,
Jiang et al. (2018) showed that two strains of B.
velezensis, 5YN8 and DSN012, can significantly control
pepper gray mold caused by B. cinerea and promote the
growth of Capsicum frutescens. Their
mechanisms include the production of secondary

biocontrol

metabolites and volatile organic compounds, which
prevent fungal growth and spore
Furthermore, these strains induce plant immunity by
upregulating genes such as NPR1, PR1, PIN2, TIN1, and
peroxidase-related genes.

The results are consistent with prior
highlighting the pathogenic and economically
detrimental impacts of B. cinerea. Although chemical
fungicides are currently in wuse, their harmful
environmental effects, coupled with the cultivation of
resistant fungi, have spurred interest in alternative
practices (Fillinger and Elad, 2016; Ally et al,, 2023). As
an eco-friendly and effective approach, plant-derived
formulations combined with beneficial rhizobacteria can
be used to protect plants.

formation.

research

CONCLUSION

Tomato gray mold disease was effectively controlled
using an integrated approach of neem extract and
Bacillus subtilis. This approach has great potential in
promoting more friendly and
sustainable agricultural practices, rather than relying on
chemical fungicides. There is considerable evidence that

environmentally
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integrating bioactive plant extracts with antifungal
activity and rhizobacteria with antagonistic properties
can significantly reduce disease incidence.

Future studies should focus on scaling these results to
field conditions and investigating the long-term impacts
of these treatments on soil health, crop yield, and
microbial diversity. The development of commercial
formulations of these bioactive combinations could
significantly advance sustainable agriculture by reducing
reliance on chemical fungicides.
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