


In-vitro Antifungal Efficacy of Neem leaf (Azadirachta indica) and Garlic (Allium sativum) Extracts against Phytopathogenic Fungi of Watermelon in Dutse, Jigawa State-Nigeria
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ABSTRACT
	Watermelon (Citrullus lanatus) is a widely cultivated fruit crop in Dutse, Jigawa State, Nigeria, valued for its nutritional and economic importance. However, its production faces increasing challenges from fungal infections that cause significant pre and post-harvest losses. This study aimed to isolate and identify fungal pathogens associated with infected watermelon fruits and to evaluate the antifungal effects of neem (Azadirachta indica) and garlic (Allium sativum) extracts. Infected fruit samples were collected from three major markets in Dutse and analyzed using standard isolation and morphological techniques. Aspergillus niger was the sole fungal pathogen identified. Methanolic extracts of neem leaves and garlic bulbs were prepared and screened for phytochemicals, revealing the presence of alkaloids, saponins, terpenoids, and flavonoids. Antifungal activity was assessed at concentrations of 5, 10, and 15 mg/mL using the agar well diffusion method. Both extracts showed concentration-dependent inhibition of A. niger, with inhibition zones of 55.50 mm (neem) and 52.80 mm (garlic) at 15 mg/mL. Minimum inhibitory concentration (MIC) tests showed that garlic inhibited fungal growth at 5 mg/mL, while neem required at least 10 mg/mL. The results confirm that both extracts possess strong antifungal properties, with neem being more effective at higher concentrations and garlic at lower ones. Neem and garlic extracts are recommended as affordable, eco-friendly alternatives to synthetic fungicides for managing watermelon fungal pathogens. Further research is suggested on formulation development, field application, and mechanisms of action to support their use in sustainable agriculture.
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1. INTRODUCTION

Watermelon (Citrullus lanatus), a member of the Cucurbitaceae family, is an economically significant fruit crop cultivated extensively in tropical and subtropical regions, including Nigeria. It is valued for its high water content, rich nutritional profile particularly vitamins A and C, lycopene, and potassium and its role in income generation for smallholder farmers across northern Nigeria (Adebayo et al., 2017; USDA, 2020). Watermelon fruit contained about 93 % water, 6% sugar and small amounts of proteins, fats, minerals, and vitamins (Dudareva et al., 2004 and Namdari et al., 2011). Just like most fruits, watermelon fruit supplies some nutritional substances such as minerals and vitamins required in daily human diet for a healthy growth and development (Ewekeye et al., 2013). It is believed to be helpful in the control of blood pressure and probably stroke as it contains potassium, many studies have suggested that increasing consumption of plant foods like watermelon decrease the risk of obesity and overall mortality, diabetes and heart diseases (Afsah-Hejri et al., 2013).  Nigeria is one of the leading producers of watermelon in sub-Saharan Africa, with states like Kano, Katsina, and Jigawa being major production hubs (FAO, 2020). Despite its growing popularity, watermelon cultivation is increasingly constrained by biotic stresses, most notably fungal diseases, which significantly reduce fruit yield and postharvest quality (Adebayo et al., 2017). Pathogenic fungi such as Fusarium oxysporum f. sp. niveum, Aspergillus niger, Alternaria alternata, and Colletotrichum gloeosporioides have been reported to cause devastating diseases including Fusarium wilt, anthracnose, leaf spot, and fruit rot (Akande et al., 2017; Wang et al., 2018). These pathogens are prevalent in warm, humid climates like those found in the Dutse metropolis, where conducive environmental and cultural practices often exacerbate disease incidence (Gao et al., 2019; Ojo et al., 2020). Fusarium wilt, in particular, poses a major threat to watermelon production due to its soil-borne nature, long survival in the soil, and difficulty of management. The fungus invades plant roots, colonizes xylem vessels, and ultimately causes vascular blockage leading to wilting and death (Huang et al., 2019). Similarly, Aspergillus spp. are notorious for their postharvest effects, causing black molds that not only reduce marketability but may also produce mycotoxins harmful to human health (Mishra and Tiwari, 2011).	Comment by USER: 
Conventional management strategies largely rely on synthetic fungicides; however, their indiscriminate use has led to several ecological and public health concerns. These include the development of resistant fungal strains, environmental contamination, and residual toxicity in food products (Akinmoladun et al., 2014; Singh et al., 2018). As a result, researchers and farmers are turning toward alternative, eco-friendly disease control options. Among the promising alternatives are plant based extracts with natural antifungal properties. Azadirachta indica (neem) and Allium sativum (garlic) have been widely studied for their bioactive compounds such as azadirachtin, allicin, and quercetin, which exhibit potent antimicrobial effects (Govindachari, 1998; Kumar, 2019). Neem has been shown to inhibit fungal pathogens like Fusarium, Alternaria, and Aspergillus spp., while garlic is particularly effective against Botrytis cinerea, Penicillium spp., and various Fusarium strains (Sharma et al., 2011). These botanicals are biodegradable, affordable, locally available, and pose minimal risk to non-target organisms making them ideal candidates for sustainable disease management in smallholder farming systems. This study was carried out to provide scientifically grounded, environmentally sustainable options for managing fungal diseases in watermelon cultivation, thereby improving yield, quality, and farmer livelihoods.

2. MATERIALS AND METHODS

2.1 Study Area
This experiment was conducted in Botany laboratory, Department of Plant Biology, Federal University Dutse (FUD), located in Dutse metropolis, Jigawa State, Nigeria. Dutse is located at Sudan Savannah which is located at an elevation of 75m above mean sea level in Jigawa State Nigeria, which lies between the coordinates 11° 42ʹ 49.22ʺ N latitude and 9° 22ʹ 07ʺ E longitude. Dutse has a total land area of approximately 1,023 square kilometers.
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Figure 1: Map of the Study Area

Source: Federal University Dutse GIS Lab (2025).

2.1 Sampling of Infected Plant Material 
The technique of Adegbite et al. (2017) was adopted for diseased plant sample collection, a total of nine (9) visibly infected watermelon (Citrullus lanatus) fruits showing characteristics symptoms such as Soft rot, water-soaked patches, Surface mold growth, sour odor from rotting fruit and fruit cracking were purposively collected from three local markets (Hakimi street, Dutse new market and Laraba market) in Dutse metropolis, ensuring a diverse representation of infected plant. Samples were placed in sterile polyethylene bags and transported to botany laboratory for further use.	Comment by USER: Your sample (watermelon) is not identify/ autheticated?	Comment by USER: This method is not sufficient enough to isolate and identify a typical pathogenic fungi. Biochemical test need to have consolidate this test and probable backed up with a molecular characterization to autheticate the pathogenic isolate.

2.3 Isolation and Identification of Fungal Pathogen
The work area was first surface sterilized using 70% ethanol and cotton wool, the infected plant part was surface sterilized and disinfested with 75% ethanol for 1 minute and then in 1% sodium hypochlorite for 1 minute for further disinfection, followed by rinsing in sterile water to remove residual disinfectants and then blot dry on sterile filter paper to remove excess moisture (Hou et al., 2014).  A portion of the plant material (approximately 5 mm) was excised from the lesions using sterile surgical blades and plated using petri dish on commercial preparations of Potato Dextrose Agar (PDA) (Difco, Detroit) amended with Streptomycin Sulphate (1.5 g/L) to inhibit bacteria and rose bengal (0.0025 g/L of agar) to restrict fast-growing fungi, prepared plates were sealed, labeled and Incubate at 26°C for 7 days in darkness to promote fungal growth. After incubation, fungal colonies emerged from lesions, Sub- culturing was performed to obtain pure cultures by using a sterile needle, hyphal tips and single spores from colony edges were picked and transferred into a fresh PDA plates and incubate again at 26°C until pure cultures are obtained. The cultures were morphologically characterized based on colour, texture, form, elevation, margin and mycelial and conidial characteristics (formation, type of fruiting bodies, shapes, colour, and size). Slide culture technique was employed to grow the purified isolate on block of PDA for microscopic identifications (Prakash, 2014). Referencing was done using Fungal Atlases (Barnett and Hunter, 2000; Watanabe, 2002; Ellis et al., 2007).
2.4 Pathogenicity Test 
A Fresh watermelon fruit was rinsed with distilled water and sterilized with 70 % ethanol. With the aid of sterile cork borer, 4 mm diameter cylindrical holes were dug into the healthy watermelon fruits and the plugs were pulled out. About 4 mm diameter mycelia disc of the  pure fungal isolates was introduced into the hole dug on  the watermelon fruit by placing it at the bottom of the  hole. The plugs were then carefully replaced and the wounded area sealed up with wax to prevent contamination by other organisms. The inoculated fruits were incubated at room temperature (280C) for 5 days. The inoculated watermelon fruits were eventually observed for rot development.

2.5 Collection and Preparation of Plant Extracts
Fresh leaves of Azadirachta indica (neem) were collected from the vicinity of Federal University Dutse, Jigawa State, Nigeria, while Allium sativum (garlic) bulbs were purchased from Yantifa Market in Dutse, the plant materials were thoroughly washed with distilled water to remove soil particles and surface contaminants. Neem leaves were separated from the stems and both plant materials were air-dried under shade at room temperature until completely dry. Once dried, the neem leaves and garlic cloves were pulverized into fine powder using an electric blender (Model: CML-7962804) and stored in airtight containers until further use. For extraction, 50 grams of the powdered A. indica leaves and A. sativum bulbs were each soaked separately in 500 mL of methanol for 72 hours with intermittent shaking. The mixtures were subsequently filtered using muslin cloth and re-filtered through Whatman No. 1 filter paper to obtain a clear filtrate. The filtrates were concentrated using a rotary evaporator at 40°C and further dried in an oven set at 40°C for three days to obtain the crude extracts. Stock solutions were then prepared by dissolving 0.1 g of the dried crude extract in 1 mL of Dimethyl Sulfoxide (DMSO) to achieve a final concentration of 100 mg/mL. Dimethyl Sulfoxide (DMSO) was used as a solvent for reconstituting the methanolic crude extracts. Three different concentrations were prepared for each extract Azadirachta indica and Allium sativum at 5 mg/mL, 10 mg/mL, and 15 mg/mL, respectively, the solutions were stored in sterilized bottles at refrigerated conditions until used (Al-Hindi et al., 2011)	Comment by USER: The said plant were not identify/autheticated. The vourcher number of the said plant must be quoted for a work of this magnitude.	Comment by USER: recast
2.6 Phytochemical Screening of Extracts	Comment by USER: Quantifying this identified secondary metabolite will have further strenghtend the work since the paper tried to advanced its study toward in-vitro antifungi activities. This will help in recognising the characteristics secondary metabolotes responsible for the fungistatic/fungicidal .
The methanolic crude extracts of Azadirachta indica (neem) and Allium sativum (garlic) were subjected to qualitative phytochemical screening to identify the presence of key secondary metabolites. The tests were performed following the standard methods described by (Tizhe, et al. 2019).
2.7 In-Vitro Antifungal Bioassay (In-Vitro Assay)	Comment by USER: The antifungi bioassay is not comprehensively done neither is it sustantive enough. Whereas the  zone of inhibition and MIC (fungistatic) was carried out the paper fails to provide information with regards to MFC (Minimum fungicidal concentration). 
Following the procedure of Romanazzi et al. (2012), different concentrations of Azadirachta indica (neem) and Allium sativum (garlic) extracts 0% (control), 5%, 10%, and 15% were separately incorporated into molten Potato Dextrose Agar (PDA) medium. The mixture was thoroughly stirred and poured into sterile Petri dishes. The plates were allowed to solidify for approximately 15–20 minutes before inoculation. To guide inoculation, two perpendicular lines were drawn beneath each Petri dish using a permanent marker to bisect the plate into quadrants. A 5 mm diameter cork borer was used to cut mycelial discs from the actively growing margin of 7-day-old pure cultures of each fungal isolate. Each disc was carefully placed at the center of the prepared agar plates using an ejector attached to the cork borer. The inoculated fungal disc was placed upside down to ensure direct contact between the mycelium and the agar surface, enhancing fungal-extract interaction. Control plates (0% extract) containing plain PDA without any plant extract were also inoculated similarly. All treatments were arranged in a completely randomized design (CRD) in a 4 × 1 factorial arrangement (four concentrations per extract) with three replicates per treatment. In total, 26 watermelon fruit isolates were tested. The inoculated Petri plates were incubated at 28 ± 2 °C for 7 days. Observations on fungal growth inhibition were recorded at the end of the incubation period.
2.8 Determination of Minimum Inhibitory Concentration (MIC)
The Minimum Inhibitory Concentration (MIC) of the methanolic extracts of Azadirachta indica (neem) and Allium sativum (garlic) against the fungal isolates was determined using the macro broth dilution method, as described by (Tizhe, et al. 2019). A series of two-fold serial dilutions of each extract were prepared in sterile test tubes using Potato Dextrose Broth (PDB) to obtain final concentrations ranging from 2.5 mg/mL to 15 mg/mL. Each test tube was inoculated with a standardized spore suspension of the test fungus. The inoculated tubes were then incubated at ambient room temperature (approximately 28 ± 2 °C) for 5 to 7 days. After the incubation period, each tube was visually inspected for turbidity or fungal growth. Tubes that showed no visible growth (clear suspension) were considered to have positive antifungal activity, indicating complete inhibition of the test fungus. The MIC was recorded as the lowest concentration of the plant extract that completely inhibited visible growth of the organism (Tizhe, et al. 2019).
2.9 Statistical Analysis
Data obtained from the in-vitro antifungal assays were analyzed using Analysis of Variance (ANOVA). Mean separation was performed using Least Significant Difference (LSD) at a 5% level of significance (P < 0.05). All analyses were conducted using SPSS version 20.0. 

3. results and discussion
3.1 results
3.1.1 Isolation and Identification of Fungal Pathogen
Fungal isolation from the infected parts of watermelon revealed distinctive macroscopic and microscopic features. Based on the colony characteristics and microscopic observations, the isolated fungal organism was presumptively identified as aspergillus niger. The macromorphological and micromorphological features of the isolate are summarized in table 1.
Table 1: Morphological Characteristics of the Test Organism (Aspergillus niger) Isolated from Infected Watermelon
	Source
	Macromorphology
	Micromorphology
	Organism

	Infected part of watermelon
	White fluffy mycelial mat with black sporangia upon further incubation
	Septate hyphae observed; dark conidial heads with radiating chains
	Aspergillus niger



3.1.2 Phytochemical Composition of Neem Leaf and Garlic Extracts
The qualitative phytochemical analysis of the neem (Azadirachta indica) and garlic (Allium sativum) extracts revealed the presence of several bioactive compounds known for their antimicrobial properties. The results are summarized in table 2, showing the comparative presence or absence of key phytochemicals in both extracts.
Table 2: Phytochemical Constituents Detected in Neem and Garlic Extracts
	Phytochemical
	Appearance in Neem Extract
	Appearance in Garlic Extract

	Phenol
	+
	–

	Flavonoid
	–
	+

	Saponin
	++
	+

	Tannin
	–
	–

	Alkaloid
	+ +
	+

	Terpenoid
	+
	+


Key: ‘+’ = Present, ‘–’ = Not detected
3.1.3 Susceptibility Profiles of Neem Leaf (Azadirachta indica) and Garlic (Allium sativum) Extracts at Varying Concentrations against Aspergillus niger
Figure 2 presents the antifungal susceptibility test results of neem (Azadirachta indica) and garlic (Allium sativum) extracts against Aspergillus niger. The zones of inhibition observed at varying concentrations are illustrated using mean plots, box plots, and heatmaps. These results highlight the inhibitory potential of the plant extracts.
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Figure 2: Antifungal activity of neem and garlic extracts on Aspergillus niger. Mean zone of inhibition (mm) of extracts on A. niger (a, d), box plot (b, e) and heatmap (c, f) showing the distributions.
3.1.4 In-Vitro Antifungal Activity of Neem Leaf and Garlic Extracts on the Zone of Inhibition of Aspergillus niger
Table 3 shows the mean zones of inhibition (in millimeters) produced by varying concentrations (5, 10, and 15 mg/mL) of Azadirachta indica (neem) leaf extract and Allium sativum (garlic) extract against Aspergillus niger.
Table 3: Effect of Different Concentrations of Neem Leaf and Garlic 
Extracts on the Zone of Inhibition of Aspergillus niger (mm)
	
	Zone of Inhibition (mm)

	Concentration (mg/mL)
	Neem Leaf Extract
	Garlic Extract

	Control
	0.00±0.00ᵉ
	0.00±0.00ᵉ

	5
	41.60±6.40ᵈ
	42.50±6.50ᶜ

	10
	49.70±7.00ᶜ
	46.3±6.80ᵇ

	15
	55.50±7.40ᵇ
	52.8±7.20ᵇ

	Positive Control
	83.00±9.10ᵃ
	79.0±8.80ᵃ

	LSD (p ≤ 0.05)
	3.01
	2.40


Means with the same letter(s) along a treatment column are not significantly 
different at p ≤ 0.05 using the least significant difference (LSD)

3.1.5 Minimum Inhibitory Concentration of Neem Leaf and Garlic Extracts against Aspergillus niger
Table 4 below presents the results of the Minimum Inhibitory Concentration (MIC) assay carried out to evaluate the antifungal activity of neem (Azadirachta indica) leaf and garlic (Allium sativum) extracts against Aspergillus niger.
Table 4: Determination of Minimum Inhibitory Concentration 
(MIC) of Neem Leaf and Garlic Extracts against Aspergillus niger
	
	MIC

	Concentration (mg/mL)
	Neem Leaf Extract
	Garlic Extract

	5
	-
	+

	10
	+
	++

	15
	++
	++

	Negative Control
	-
	-

	Positive Control
	+
	+


Key: ++ = MIC Value (Minimum concentration at which no fungal growth was observed)
         + = MIC Positive (No fungal growth observed) 
         – = MIC Negative (Fungal growth observed)
3.2 Discussion
3.2.1 Isolation and Identification of Fungal Pathogen
This study successfully isolated and identified Aspergillus niger from diseased watermelon fruits collected from three local markets (Hakimi street, Dutse new market and Laraba market) in Dutse metropolis. The pathogen was observed to possess the following characteristic features: a smooth and colorless conidiosphores, the mycelium body was filamentous and dark brown conidial head containing a dark brown spores and is well known causal agents of serious pre and post-harvest diseases in watermelon and other cucurbit crops (Adebayo et al., 2017; Wang et al., 2018). The presence of this fungal specie of Aspergillus as the only fungi associated with rotten watermelon fruit from these markets could be attributed to the sufficient sugary flavor of the watermelon fruit which favour their growth (Tizhe et al., 2019). The temperature of the study area could also be another contributing factor to the presence and spoilage caused by these species of Aspergillus as similarly reported by Dudareva et al. (2004) who attributed the spoilage of watermelon fruit and other fruits to high temperature of the region which according to them favour fungal growth. Isolation of Aspergillus niger from rotten watermelon fruits was similarly reported by Adegbite et al. (2017) and Mishra and Tiwari (2011), who documented these fungi as major contributors to fruit rot and leaf spot in watermelon. Its prevalence in this study supports previous observations that warm, moist environments such as Dutse provide optimal conditions for its proliferation (Huang et al., 2019; Ogunjobi et al., 2018).

3.2.2 Phytochemical Composition of Neem and Garlic Extracts
The qualitative phytochemical screening of the methanolic leaf extract of Neem leaf (Azadirachta indica) and Garlic (Allium sativum) showed the presence of most of the compounds for which the extract was screened for. These compounds include: alkaloid, terpenoids, and Saponin (Table 2). Their presence in the extract of Neem leaf (Azadirachta indica) and Garlic (Allium sativum) justified its antifungal effect as terpenoids and especially alkaloid were reported to be active compounds in plants responsible for protection against microbial infection in both plants and animals (Reichard, 2013). The inability of the other compounds to be detected might be attributed to the insignificant quantity of the compound in the extract, the method of extraction or the solvent used for the extraction of the phytochemical constituents. Similar situation was reported by Ndamitso et al. (2013) and Tizhe et al. (2015).
3.2.3 Antifungal Activity of Neem and Garlic Extracts against Aspergillus niger
Figure 2 illustrates the antifungal efficacy of Neem (Azadirachta indica) and Garlic (Allium sativum) extracts against Aspergillus niger, a common postharvest fungal pathogen. The figure comprises six subplots (A–F), which include bar charts (A, D), box plots (B, E), and heatmaps (C, F), each offering different insights into the performance of the extracts at varying concentrations.
3.2.4 Mean Zone of Inhibition (Bar Charts - A and D)
Subfigures A and D display the mean zones of inhibition (in millimeters) caused by Neem and Garlic extracts, respectively, across a range of concentrations. A clear dose-dependent relationship is observed in both extracts. As the concentration increases, the mean diameter of inhibition zones also increases, indicating enhanced antifungal activity. For both extracts, no inhibitory effect is observed in the control group (0 mg/mL), whereas the highest concentrations produce the widest inhibition zones. This suggests that bioactive constituents in Neem and Garlic possess potent antifungal properties, with their effectiveness directly correlated with dosage. This is consistent with findings by Vinodkumar et al. (2017), who reported that the structural complexity of fungal cell walls and spore resilience may influence susceptibility to plant derived compounds.
3.2.5 Distribution and Variability (Box Plots - B and E)
Box plots B (Neem) and E (Garlic) provide additional information on the variability and distribution of the antifungal activity at each concentration. The median values confirm the trends seen in the bar charts, but the interquartile ranges and presence of any outliers also offer insight into consistency. Neem extract shows slightly wider boxes at certain concentrations, suggesting a bit more variability compared to Garlic. However, both extracts demonstrate consistent performance at higher concentrations, where antifungal activity appears to stabilize. This consistency at high doses is a promising indication for potential formulation into antifungal agents.
3.2.6 Heatmap Visualization (C and F)
Heatmaps C and F visually represent the intensity of antifungal activity, with color gradients reflecting the magnitude of the inhibition zones. Warmer colors (e.g., deep red or orange) are associated with stronger activity, predominantly seen at higher concentrations of both extracts. Conversely, cooler colors (e.g., blue) dominate the control and low concentration levels. The heatmaps reinforce the quantitative data, offering a quick comparative visualization of potency across treatments. Notably, Garlic extract (F) might show slightly more intense colors at mid-range concentrations, suggesting that it may begin exerting significant antifungal effects at slightly lower doses than Neem.
3.2.7 Comparative Efficacy of Neem and Garlic Extracts
Taken together, the figure highlights that both Neem and Garlic extracts are effective antifungal agents against A. niger, with a positive correlation between concentration and inhibition zone diameter. Although both extracts are effective, subtle differences exist in their performance profiles. Garlic appears to exert noticeable antifungal activity even at lower concentrations, whereas Neem demonstrates a more pronounced effect at higher doses. This could be attributed to differences in phytochemical composition; Garlic is known for its rich content of allicin, a sulfur-containing compound with strong antimicrobial properties, while Neem contains a mixture of azadirachtin, nimbin, and other terpenoids.
3.2.8 Zone of Inhibition as a Measure of Antifungal Efficacy
The antifungal activity of both extracts was quantified using the zone of inhibition assay. At all concentrations tested (5, 10, and 15 mg/mL), both neem and garlic extracts exhibited inhibitory effects against A. niger, although their potencies varied with concentration. For neem leaf extract, the inhibition zones increased steadily with concentration, from 41.60 ± 6.40 mm at 5 mg/mL to 55.50 ± 7.40 mm at 15 mg/mL. A similar trend was observed for garlic extract, which produced inhibition zones of 42.50 ± 6.50 mm at 5 mg/mL and 52.80 ± 7.20 mm at 15 mg/mL. Notably, while garlic performed slightly better at the lowest concentration tested, neem extract showed a higher zone of inhibition at the highest concentration, suggesting a potentially stronger dose dependent response. This finding is supported by Kumar et al. (2019) and Singh et al. (2018), who reported that neem contains potent antifungal compounds which disrupt fungal cell membrane and inhibit spore germination. The positive control, a commercial antifungal agent produced the largest zones of inhibition (83.00 ± 9.10 mm for neem and 79.00 ± 8.80 mm for garlic), as expected. The negative control yielded no inhibition (0.00 ± 0.00 mm), confirming that the observed effects were due to the bioactive components in the plant extracts. While both extracts were effective, neem extract slightly outperformed garlic in most cases, in agreement with comparative studies conducted by Singh et al. (2018), who found neem more effective than garlic against Fusarium and Aspergillus spp.
3.2.9 Minimum Inhibitory Concentration (MIC) Assessment
To further validate the efficacy of neem and garlic extracts, a Minimum Inhibitory Concentration (MIC) test was conducted to identify the lowest concentration capable of completely inhibiting fungal growth. As shown in Table 4, garlic extract demonstrated inhibitory activity beginning at 5 mg/mL, indicating its potent antifungal constituents. By contrast, neem extract only began to inhibit fungal growth at 10 mg/mL, with stronger inhibition observed at 15 mg/mL. This finding is in line with reports by Akinmoladun et al. (2014). The results of this study further reinforce the viability of integrating plant extracts into sustainable agricultural practices. Neem and garlic are readily available, biodegradable, and pose minimal ecological risks, unlike conventional fungicides that contribute to environmental degradation, pathogen resistance, and food toxicity (Maji et al., 2021; Akinmoladun et al., 2014). Their successful use here supports their potential as components in Integrated Pest Management (IPM) strategies for watermelon and other horticultural crops.

4. Conclusion

This study provides evidence that both Azadirachta indica and Allium sativum extracts possess significant antifungal activity against Aspergillus niger, with effectiveness varying by concentration. Garlic demonstrated superior efficacy at lower concentrations, while neem extract was more potent at higher doses. These findings highlight the potential application of these plant extracts as natural antifungal agents, especially in food preservation, postharvest management, and possibly even clinical settings.
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