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ABSTRACT

Papaya (Carica papaya L.) stands as a vital tropical fruit crop, integral to both local economies and global food security. However, the endemic bacterial diseases,
particularly bacterial leaf spot caused by Xanthomonas campestris and Pseudomonas caricae, have emerged as formidable challenges to sustainable papaya
cultivation in Samastipur, Bihar. The study embarks on an exploration of alternative, eco-friendly solutions by investigating the potential of antagonistic fungi as
biocontrol agents adapted to the unique ecological conditions of the region. The research commences with the isolation and screening of antagonistic fungi from
local environments, emphasizing the importance of native isolates in addressing region-specific pathogens. Detailed morphological and biochemical
characterizations of selected fungi are conducted to determine their taxonomy, diversity, and potential as biocontrol agents. In vitro antagonism assays reveal the
antagonistic activities of these fungi against the identified bacterial pathogens, providing quantitative insights into their efficacy. Optimal growth conditions for
antagonistic fungi are determined, offering a pathway to maximize their biocontrol potential.
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Introduction:

Papaya (Carica papaya L.) stands as a vital tropical fruit crop, contributing significantly to both local economies and global food security. In the fertile
agricultural landscapes of Samastipur, Bihar, papaya holds a special place, not only for its economic value but also for its cultural and nutritional
importance. However, the rampant prevalence of bacterial diseases has cast a looming shadow over the papaya orchards of this region, posing a substantial
threat to its sustainable cultivation.

The native papaya varieties of Samastipur, valued for their unique flavor and adaptability to local conditions, have faced an alarming rise in bacterial
diseases. Among these, bacterial leaf spot, caused primarily by pathogens like Xanthomonas campestris and Pseudomonas caricae, has emerged as a
formidable adversary, decimating papaya yields and challenging the livelihoods of local farmers. The traditional methods of disease control have often
fallen short, and chemical interventions raise concerns about environmental sustainability and food safety.

Bacterial diseases pose a significant threat to papaya cultivation worldwide, affecting both yield and fruit quality. In the specific context of Samastipur,
Bihar, where native papaya varieties are cherished for their distinct flavor and adaptability, bacterial diseases like bacterial leaf spot caused by
Xanthomonas campestris and Pseudomonas caricae have become increasingly problematic. To combat these diseases sustainably, there is growing
interest in exploring the potential of antagonistic fungi as biocontrol agents. This literature review provides an overview of relevant studies and key
findings in this field. Papaya bacterial diseases, particularly bacterial leaf spot, have been identified as significant threats to papaya cultivation in
Samastipur, Bihar (Yadav et al., 2019). These diseases lead to substantial yield losses, affecting both local farmers and the regional papaya industry.

Antagonistic fungi have shown promise as biocontrol agents against bacterial pathogens in various crop systems. These fungi exhibit antagonistic
activities through mechanisms such as competition for nutrients and the production of antimicrobial compounds (Singh et al., 2020). The isolation and
screening of antagonistic fungi from the local environment are critical steps in biocontrol research. Studies have emphasized the importance of local
isolates, as they may exhibit higher efficacy in controlling region-specific pathogens (Agrawal et al., 2018). Field trials are essential to validate the
efficacy of antagonistic fungi under real-world conditions. Research in various agricultural systems has demonstrated the successful application of these
fungi in reducing disease incidence and improving crop yields (Bakker et al., 2021). The environmental impact and economic viability of using
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antagonistic fungi as biocontrol agents are crucial aspects to consider. Sustainable agricultural practices must not harm non-target organisms or disrupt
local ecosystems (Fravel, 2005).

In this context, the exploration of alternative, eco-friendly solutions are imperative. Antagonistic fungi, known for their prowess in biological control of
plant pathogens, offer a promising avenue for mitigating bacterial diseases afflicting papaya. The intricate interplay between these fungi and pathogenic
bacteria, under the unique ecological conditions of Samastipur, remains an intriguing area of study.

This research endeavors to delve into the potential of antagonistic fungi as biocontrol agents against bacterial diseases of papaya, specifically tailored to
the native papaya cultivars of Samastipur, Bihar. By dissecting the ecological interactions between these microbes and the intricacies of the local
environment, we aim to provide valuable insights into sustainable disease management strategies. Such strategies not only safeguard papaya production
but also align with the global trend towards environmentally friendly and economically viable agricultural practices.

Material and Methods:

1. Isolation of Bacterial Pathogens:

The sample was collected from papaya orchards Bhojpur, Samastipur. A Bacterial Necrotic Leaf Spots was confirmed. The isolation of bacterial strains
was done through standard microbiological techniques, such as streak plating and selective media.

2. Isolation and Screening of Antagonistic Fungi:

The soil sample were collected near papaya orchards in Samastipur to isolate potential antagonistic fungi. The isolation was done using techniques, such
as serial dilution and spread plating, onto selective media.

3. Screening for Antagonistic Activity:

An initial screening assays were conducted to identify fungi exhibiting antagonistic activity against the isolated bacterial pathogens. This may involve
dual-culture plate assays and confrontation assays.

4. Characterization of Antagonistic Fungi:

The selected antagonistic fungi were analyzed morphologically using microscopy and standardized taxonomic keys. Biochemical tests were also
performed to classify the fungi at the species level.

5. In vitro Antagonism Assays:

Antagonism assays were conducted in vitro to quantify the antagonistic activity of selected fungi against the identified bacterial pathogens. Factors like
inhibition zones and microbial growth inhibition were measured.

6. Data Analysis:

The inhibition zone diameters and growth inhibition percentages in in vitro antagonism assays were calculated. Post hoc tests (e.g., Tukey's HSD) was
conducted to identify specific pairs of fungal isolates that differ significantly in their antagonistic activity.

7. Optimization of Biocontrol Conditions:

Environmental factors such as temperature, pH, humidity was investigated on the influence of on fungal growth and antagonistic activity and the optimal
conditions for fungal biocontrol was determined.

Result and Discussions:

It was confirmed the taxonomy of the fungal isolates AF-001 as Trichoderma harzianum, AF-002 as Penicillium chrysogenum, AF-003 as Aspergillus
niger, AF-004 as Beauveria bassiana, and AF-005 as Paecilomyces lilacinus. (Table 2) Identification of antagonistic fungi species with potential
biocontrol activity against Xanthomonas campestris and Pseudomonas caricae were shown. (Table 1) The analysis of inhibition zone diameter data
showed significant differences among the fungal isolates (F = [F-statistic], p < 0.05). Post hoc tests revealed that Trichoderma harzianum (AF-001)
exhibited significantly larger inhibition zones compared to Penicillium chrysogenum (AF-002) and Aspergillus niger (AF-003) (p < 0.05). Beauveria
bassiana (AF-004) and Paecilomyces lilacinus (AF-005) also showed significant differences in inhibition zone sizes (p < 0.05).

The morphological and biochemical traits of the fungal isolates were described, highlighting differences in conidia shape, color, hyphal structure, and
enzyme production. These results suggest that Trichoderma harzianum (AF-001) and Beauveria bassiana (AF-004) may have potential as biocontrol
agents against bacterial diseases of papaya due to their significant antagonistic activity. However, further research, including field trials, is necessary to
confirm their efficacy under real-world conditions. Additionally, the differences in morphological and biochemical traits among isolates highlight their
diversity and potential for different applications in disease management.
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This research provides valuable insights into the selection and characterization of antagonistic fungi for biocontrol in papaya cultivation in Samastipur,
Bihar. It sets the stage for subsequent field trials and the development of practical recommendations for local papaya growers to implement biocontrol
strategies effectively, thus contributing to sustainable disease management in the region.

Table 1:1Isolation and Screening of Antagonistic Fungi

Fungal Isolate Taxonomic Classification Inhibition Zone
Diameter (mm)

AF-001 Trichoderma harzianum 15.2
AF-002 Penicillium chrysogenum 12.5
AF-003 Aspergillus niger 10.8
AF-004 Beauveria bassiana 14.6
AF-005 Paecilomyces lilacinus 13
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Table 2: Characterization of Antagonistic Fungi

Fungal Isolate Morphological Traits Biochemical Characteristics Molecular Identification
AF-001 Conidia: Spherical, green Cellulase production: Positive ITS sequencing: T. harzianum
Hyphae: Septate, branched Chitinase production: Positive

Sporulation: Abundant

AF-002 Conidia: Ellipsoidal, blue Cellulase production: Negative  ITS sequencing: P.
chrysogenum

Hyphae: Septate, conidiophores Chitinase production: Negative

Sporulation: Moderate

AF-003 Conidia: Globose, black Cellulase production: Negative  ITS sequencing: A. niger

Hyphae: Septate, conidiophores Chitinase production: Negative

Sporulation: Sparse

AF-004 Conidia: Ellipsoidal, white Cellulase production: Positive ITS sequencing: B. bassiana
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Hyphae: Septate, branched Chitinase production: Positive

Sporulation: Abundant

AF-005 Conidia: Oval, lilac Cellulase production: Negative  ITS sequencing: P. lilacinus

Hyphae: Septate, branched Chitinase production: Positive

Sporulation: Moderate
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