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Abstract

Fusarium oxysporium was isolated and identified as a pathogenic organism causing wilt of eggplant in an experiment conducted at Uyo, Akwa Ibom State. Water and
ethanol leaf extracts of Senna alata, Azadirachta indica and Moringa oleifera were evaluated against the wilt causing fungus both in vitro and in vivo. The water and
ethanol leaf extracts of plant materials inhibited the mycelial radial growth of the pathogen in culture though to varying degrees and concentration dependent with
50 % concentration recording the highest inhibitory effect. The mean inhibitory effect of the plant extracts against the growth of the fungus in culture was more with
ethanol extracts than water extracts with ethanol extracts of A. indica having the highest and significant (p < 0.05) inhibitory effect (92.05%) followed by ethanol
extract of M. oleifera (85.62%) which was not significantly (p < 0.05) different with ethanol extract of S. alata (85.26%). The water and ethanol extracts of the plant
materials had reduced significantly (p < 0.05) the wilt development and spread in eggplant when compared with the control experiment treated with only water and
ethanol respectively indicating the presence of fungitoxic compounds in the extracts of the plant materials. The plant extracts were extracting solvent and concentration
dependent with ethanol and 50% concentration recording the lowest disease incidence and severity. At average, ethanol and water extracts of A. indica had the lowest
disease incidence of 44. 05 % and 51.29% and severity of 3.07 and 3.34 respectively. This was followed by S. alata ethanol extract (48.54 % and 3.09) and water
extracts (54.30% and 3.73) and M. oleifera ethanol extract (50.52% and 3.41) and water extract (56.85% and 3.94) for disease incidence and severity respectively.
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Introduction : Eggplant (Solanum melongena, L.) a native of
India is a popular vegetable crop that grows in the tropics and
subtropics, often cultivated as annual crop (Schippers, 2002). It is of
different varieties grown mainly for its immature edible fruits of
different sizes and colours (Lewis, 2005). It contains water (90.6g),
energy (135KJ), protein (1.5g), fats (0.1g), carbohydrate (7.29),
fibre (2.0g), calcium (28mg), phosphorus (47mg), iron (1.59),
riboflavin (0.06mg), niacin (0.8mg), and ascorbic acid (8mg)
(Grubben & Denton, 2004; Udoh et al.,2005). In  Nigeria, it is
grown for its nutritional and economic values and one of the most
profitable crops produced recording an annual yield of 26 — 27 tons
of fruit per hectare valued at N675, 000.00 (Maranzu & Wokocha,
2010). Its production is on the increase and the quest for its increase
in production is often constrained by edaphic and biotic factors.
Pests and diseases constitute major biotic factors militating against
increased production of this crop especially during the dry season
when it commands higher prices (Maranzu & Wokocha, 2010).
Various types of diseases including those caused by fungi,
nematodes, bacteria and virus have been associated with losses in
yield, income and fruit quality of eggplant (EImer and McGoven,
2023). Some of these diseases include; late blight which is a highly
devastating disease caused by Phytophthora infestans, early blight
caused by Alternaria solanisorium, powdery mildew caused by
Oidium lycopersici, Fusarium wilt caused by Fusarium oxysporum,
damping off disease caused by several Pythium spp., Verticillium

wilt caused by Verticillium dahlia and anthracnose caused by
Colletotrichum acutatum (Attia et. al 2022; Serfraz et .al 2021;
Aumentado et. al., 2024; Arora et.al. 2021; Tomah et. al., 2023).
The use of synthetic fungicides has been found to enhance
production and increase fruit yield of the crop. However, their
application in plant disease control has been reported to cause
environmental pollution and disruption of the ecosystem
(Amadioha, 2001, 2004). Application of high doses and continuous
application of synthetic pesticides affects beneficial organisms and
produces resistant strains of pathogenic organisms (Kumar et al.,
2024). The concern over indiscriminate use of these synthetic
chemicals on the environment and biodiversity has led to sourcing
for alternatives such as botanicals that are effective, ecologically
safe and cost effective for the resource poor farmer (Amadioha and
Enyiukwu, 2019). Such pesticide alternatives derived from readily
available plant materials could be cost effective and sustainable
(Hernandez-Moreno, et. al., 2013; Shenge, 2002). Several extracts
of plant origin have been used to control disease-causing organisms
in plant both in the field (Kumar et .al, 2024); Okereke & Wokocha,
2010), and in storage (Amadioha 2001, 2004, 2012; Markson, et. al.,
2014). The evaluation the fungicidal potentials of ethanol and water
leaf extracts of Senna alata (candle bush), Moringa oleifera (drum
stick), and Azadirachta indica (Neem plant) in the control of
eggplant wilt disease in the field is presented in this paper.
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Materials and Method: Location of Site: The Green house and
laboratory experiments were carried out at University of Uyo, Uyo,
Akwa lbom state, Nigeria. Uyo lies within the humid tropical
rainforest zone of Southern Nigeria and located within latitude 5°03’
N, longitude 07°56 E and an altitude of 38 m above sea level. The
area has an annual rainfall of 2,500 mm and monthly sunshine of
3.14 hours and mean annual temperature of 28°C and annual relative
humidity of 79 % and evaporation rate of 2.6 cm? (Uniuyo, 2008).
The rainfall pattern of Uyo is bimodal. Rain usually starts in March
and ends in November with a short period of relative moisture stress
in August, traditionally referred to as “August break”. The
temperature is generally high in the months of February through
April (Udoh et. al., 2005).

Source of Materials: Egg plant seeds were obtained from
University of Uyo Teaching and Research Farm. The leaves of the
test plats; Senna alata, Azadirachta indica and Moringa oleifera
were obtained from the University community.
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Isolation of Pathogenic Organism: Culture Medium: The culture
medium used was Potato Dextrose Agar (PDA). The medium was
prepared by adding 39 g of PDA in one litre of distilled water in
1000 ml conical flask and then sterilized in an autoclave at 121°C
for 15 minutes. The medium was allowed to cool (40° C) and
dispensed (25ml) in sterile Petri dishes and allowed to solidify
before use (Amadioha and Enyiukwu 2019).

Isolation: Collected eggplant leaves with typical wilt symptom were
thoroughly washed under running tap water, surface sterilized in
0.01 % sodium hypochlorite solution for 10 minutes and rinsed with
changes of sterile distilled water and then cut into 5 mm pieces. The
pieces were plated out on potato dextrose agar (PDA) culture
medium and incubated at 37°C for seven days. Pure cultures were
obtained by sub-culturing three times on fresh PDA medium. Pure
cultures of the isolates were maintained in McCartney bottles in an
incubator until required.

Pathogenicity Test and Identification of Pathogen: This
experiment was conducted in the green house with eggplant seeds
planted in a pot and the pathogenicity test was conducted on the
seedlings four weeks after planting in line with the Koch’s postulates
as describe by Altinok and Can (2010). Spore suspension (1x10°
spores/100 ml of distilled water) of the isolates were prepared and
used to spray-inoculate the seedlings to run off. A control
experiment was set up by inoculating some seedling with sterile
distilled water or ethanol only without spores. The isolates that
caused the disease symptom were re-isolated and compared with the
original culture. Those that caused wilt disease and resemble the
original cultures were regarded as pathogens and identified by
observation under a compound binocular microscope for their
growth and sporulation and identified using fungal atlas by Barnet
and Hunter (1999).

Preparation of Plant Extracts and Application: The plant
materials (Table 1) were thoroughly washed in running tap water
and rinsed with distilled water, air-dried in the laboratory and
pounded in a mortar with pestle to form paste. Water and ethanol
leaf extracts of the test plant materials were obtained by infusing
separately 10g, 20g, 30g, 40g, and 509 paste of each test plant in 100
ml of sterile distilled water or ethanol in 250 ml conical flask and
thoroughly stirred using sterile glass rod and left for 24hours to
allow for extraction of the active ingredients before it was filtered
into 500 ml flask using four-fold cheesecloth as described by
Okereke and Wokocha (2006). These preparations represented 10
%, 20 %, 30 %, 40 % and 50 % concentrations of water or ethanol
leaf extract of respective test plants. Application of plant extracts
commenced two weeks after transplanting (2WAT) in the screen
ouse with hand atomizer and was done fourth nightly until the
experiment was concluded.
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Effect of Plant Extract on Mycelial Radial Growth of Pathogen
in Culture (In vitro Experiment) : Method of Amadioha and Obi
(2012) was used to evaluate the antifungal effects of the test plants
against fungal growth in vitro. This involved creating a four equal
sector on each Petri dish by drawing two perpendicular lines at the
bottom of the plate with the point of intersection as the centre of
plate. This was done before dispensing the PDA medium (25 ml)
into each of the plates. Water and ethanol leaf extract of the plant
materials (0.1ml) was each separately introduced into each Petri
dishes containing the culture medium (PDA) and evenly spread to
form thin film on the solidified medium. A disc (4 mm diameter) of
the pure culture of the pathogen was placed on the PDA extract
medium at the centre of the Petri dish. Control experiments
contained PDA culture medium and sterile distilled water (0.1ml)
without plant extract. The inoculated plates were incubated at room
temperature (27°C) and radial growth measured with metre rule after
the growth in the control experiment had reached the edge of the
plate. Fungi toxicity was determined as percentage of fungal colony
inhibited according to Amadioha (2003, 2004) and Wokocha and
Okereke (2006).

Fungal growth inhibition (%) = e

Where DC = Average diameter of colony in control experiment

DT= Average diameter of fungal colony with extract treatment

The extract was also rated for their inhibitory effect using the scale
below;

0% inhibition - Not effective

0-25% « - Slightly effective
26-50% - Effective
51-75% - Moderately effective

76% -100% “ - Highly effective

Effect of Plant Extract on Incidence and Severity of Wilt
Disease on Eggplant (In vivo Experiment): The effect of the
water and ethanol leaf extracts of the plant materials on disease
incidence and severity on eggplant in the green house was
conducted by spraying the seedlings at 2WAP with respective
extracts before spray inoculating the spore suspension of the
pathogen (10 x10° spores/100ml distilled water) two days after.
The disease incidence and severity were collected 10 weeks after
application of extracts of the plant materials. The disease incidence
was estimated by counting the number of plants infected within
the infected plants and expressing the figure as a percentage of the
total number of plants inoculated.

DC — DT

Disease incidence and severity were assessed according to
Amadioha (2004).

Disease incidence (%) = Number of plants infected X 100
Total number of plants assessed 1

Disease severity was recorded on a 0-5 scale (Amadioha and
Kenkwo, 2019)

0 = No visible disease symptoms

1 =1-20 % of leaves infected

2 =21 - 40% of leaves infected

3 =41 - 60% of leaves infected

4 =61 -80% of leaves infected

5 =81 - 100% of the leaves infected

Data Collection: The following growth parameters were collected
from five (5) sample plants at 2 weeks intervals

i Plant height (cm): Measured from the base
of the plant to the apex of the terminal leaf bud using
measuring tape.

il Number of leaves: This was obtained by
counting the number of leaves per sampled plant.

iii. Plant girth (cm): Measured by the use of
venire caliper.
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Data Analysis: The experiment was conducted in a Randomized
Complete Block Design (RCBD) with three replicates. Data
collected were subjected to the Analysis of VVariance (ANOVA) and
means were separated using least significance difference (LSD) at 5
% probability level. Results: Pathogenic Organism: Pathogenicity
test showed Fusarium oxysporium (Plate 1) as the major organism
causing wilt of eggplant. F. oxysporum recorded the highest disease
incidence and frequency of occurrence, indicating its dominance in
the fungal population associated with wilt of eggplant in the field.
Eggplants inoculated with the pathogen showed Fusarium wilt
symptom which often began with dropping of leaf petioles.
Sometimes a single branch may wilt before the rest of the plant. This
wilting often started with the lower leaves quickly progressing up to
the plant until the whole plant collapses. The entire plant may be
killed before it reaches maturity (Plate 2).

Effect of water leaf extract on mycelia radial growth of
Fusarium oxysporium in culture: The fungitoxicity of different
concentrations of water leaf extract (Table 1) indicated that the
biopesticidal potential increased with extract concentration such that
the higher the extract concentration, the higher the mycelial radial
growth inhibition with 50% concentration recording the highest
mycelial radial growth inhibition. There were no significant (p <
0.05) differences on the effect of the plant materials on the mycelial
radial growth inhibition of the pathogen in culture at 50%
concentration. At 30% concentration, A. indica had a significant
effect on percentage mycelial radial growth inhibition of F.
oxysporium (80.60%) compared to M. oleifera and S. alata with
68.50% and 67.92% inhibition respectively. The highest mean
percentage mycelial radial growth inhibition of 78.89% was
recorded with A. indica followed by M. oleifera (70.25%) and S.
alata (69.98 %) and this was significant (p < 0.05) (Table 2).

Effect of ethanol leaf extract concentration on the mycelia
radial growth of Fusarium oxysporium in culture: The effect of
ethanol leaf extract concentration of S. alata, M. oleifera and A.
indica on growth of F. oxysporim in vitro is shown in Table 2. The
fungitoxic potentials of ethanol extracts of the test plant materials
increased with extract concentration and inhibited the mycelial
radial growth of the pathogen to varying degrees with 50% extract
concentration recording the highest mycelial radial growth
inhabitation of 95.24%, 85.61% and 85.26% for A. indica, M.
oleifera and S. alata respectively. The effect of the mean extract
concentrations of the plant materials showed that A. indica had the
highest (90.05%) and significant (p < 0.05) inhibitory effect of the
mycelial radial growth of the pathogen compared with M. oleifera
(85.61%) and S. alata (85.26%) that had no significant (p < 0.05)
difference.

Effect of water and ethanol leaf extract on the mycelia radial
growth of Fusarium oxysporium in Culture: The inhibition of the
mycelial radial growth of the wilt causing fungus in culture by both
water and ethanol leaf extracts of the test plant materials were to
varying degrees and concentration dependent, increasing with
increase in concentration with 50 % concentration recording the
highest inhibitory effect (Table 3). The ethanol extracts of the plant
materials had significant (p < 0.05) mycelial radial growth inhibition
of the pathogen at 50% when compared with the water extracts.
Ethanol extract of A. indica recorded the highest inhibitory effect of
the pathogen (95.24%) followed by ethanol extract of S. alata
(93.83%) and M. oleifera (92.63%) at 50% concentration. The
average inhibitory effects of the concentration of the plant materials
on mycelial radial growth of the fungus was more with ethanol
extracts than water extracts with ethanol extracts of A. indica having
the highest and significant (p < 0.05) inhibitory effect (92.05%)
followed by M. oleifera (85.62%) which was not significantly (p <
0.05) different with ethanol extract of S. alata (85.26%).

Effect of water and ethanol plant extracts on disease incidence
and severity by Fusarium oxysporium in eggplant: The effect of
water and ethanol leaf extracts of the test plants on disease
development and spread in eggplant by the pathogenic organism is
shown in Table 4. Both the water and ethanol extracts of the plant
materials reduced significantly (p < 0.05) the wilt development and
spread in eggplant when compared with the control experiment
treated with only water and ethanol respectively indicating the
presence of fungitoxic compounds in the extracts of the plant
materials. The plant extracts were concentration dependent with
50% concentration recording the lowest disease incidence and
severity. Plant materials extracted with ethanol were relatively more
effective than water extracts in reducing the disease development
and spread in eggplant. At average, ethanol and water extracts of A.
indica had the lowest disease incidence of 44. 05 % and 51.29% and
severity of 3.07 and 3.34 respectively. This was followed by S. alata
ethanol extract (48.54 % and 3.09) and water extracts (54.30% and
3.73) and M. oleifera ethanol extract (50.52% and 3.41) and water
extract (56.85% and 3.94) for disease incidence and severity
respectively.

Discussion: Fusarium oxysporum was identified as the causal
agent of eggplant wilt, a devastating disease that significantly
impacts eggplant production worldwide (Kumar et al., 2024). This
pathogen infects eggplant producing toxins that disrupt the plant's
vascular system and cause wilt symptoms (Elmer & McGovern,
2023; Kumar et. al., 2023; 2025) that starts with the lower leaves
quickly progressing up to the plant until the whole plant collapses,
making it a significant constraint in eggplant production worldwide
(Ji et. al., 2022). Water and ethanol leaf extracts of S. alata , A.
indica and M. oleifera inhibited the growth of the test fungus both
in vitro and in vivo indicating that their extracts contain fungitoxic
potential against eggplant wilt, which is in agreement with earlier
reports of several researchers on different pathogenic organisms
(Okigbo et. al, 2009). Also, the presence of phytochemicals which
are anti-microbial, could be responsible for the antifungal properties
of the plant extracts (lwu, 2003). The efficacy of the extracts
differed with plant material, solvent of extraction and concentration.
Both ethanol and water extracts of the test plants were highly
effective against the mycelia radial growth of the pathogen in culture
corroborating the findings of Siva et. al. (2008) and Iwu (2003) on
antifungal study of plant extracts. The mycelial radial growth
inhibition of F. oxysporum in culture by water and ethanol leaf
extracts of the test plant materials was to varying degrees and
concentration dependent, increasing with increase in concentration
with 50 % concentration recording the highest inhibitory effect.
Ethanol extracts at 50% concentration had significantly (p < 0.05)
higher mycelial radial growth inhibition than water extracts, with
ethanol extracts of A. indica having the highest and significant (p <
0.05) inhibitory effect (92.05%) followed by M. oleifera (85.62%)
which was not significantly (p < 0.05) different with ethanol extract
of S. alata (85.26%). The disease incidence and severity in eggplant
by the pathogen were significantly (p < 0.05) reduced by water and
ethanol leaf extracts of the test plants when compared with the
control experiment indicating the presence of fungitoxic compounds
in the extracts of the plant materials. The extracts were
concentration dependent with 50% concentration recording the
lowest disease incidence and severity and ethanol extracts were
relatively more effective than water extracts in reducing the disease
development and spread in eggplant. Ethanol extracts of A. indica
had the lowest disease incidence and severity followed by S. alata
and M. oleifera when compared to water extracts. The higher
fungitoxicity of ethanol extracts than aqueous extracts in reducing
mycelia radial growth of the pathogen in culture and disease
development and spread in eggplant by the pathogen may be due to
differences in solvent of extraction with ethanol extracting more
active compounds in test plants than water as extracting solvent

Review on the Challenges and Prospects of the Bacterial Diseases of the CURCUBITACEAE Family

25



(Amadioha, 2004; Amadioha and Kenkwo, 2019). It may also be
due to differences in susceptibility of the pathogenic organism to
different concentrations of the plant extracts which agrees with the
findings of some workers (Onifade, 2002; Amadioha, 2001;
Amadioha and Enyukwu, 2019). The presence of bioactive
ingredients had been reported to produce resistance to plants against
bacteria and fungi which may explain the antifungal activity of
extracts of test plants that suppressed the growth of the pathogen
both in culture and eggplant. Neem contain a wide range of bioactive
compounds including Azadirachtin which is the main antifungal and
antifeedant and other biotic compounds, Nimbin, Salanin,
Flavonoids, Tannins and Polyphenols acting as antioxidant (Akter
et.al., 2021). The significant reduction in disease incidence and
severity by A. indica (Neem) extract in this study could be due to
these bioactive compounds that reinforced cell wall structure, which
contributed to stem thickening and prevention of stem shrinkage and
xylem blockage due to Fusarium infection (Sangoyomi et.al., 2009).
Fusarium causes early senescence and abscission and the
Azadirachta leaf extract may have suppressed the fungus, reducing
toxin accumulation in plant tissues thereby promoting leaf retention
and new shoot growth by minimizing pathogen stress (Sangoyomi
et.al., 2009). Agbenin and Marley (2006) investigation on the effect
of A. indica (Neem) aqueous extracts on Fusarium wilt disease
revealed that the percentage of disease incidence was reduced to the
level of 25.5% - 27.8% after 6 weeks of infection and that crude
extracts of neem (A. indica) at concentrations ranging from 5% to
30% of the material in 100ml Potato Dextrose Agar inhibited
mycelia growth of Fusarium oxysporium at various levels . Senna
alata is rich in bioactive phytochemicals including anthraquinones,
flavonoids, terpenoids, phenols, saponins and tannings
(Pamulaparthi et. al., 2024) which have antimicrobial, anti-
inflammatory, antioxidant properties and growth promoting
properties, making S. alata extract a promising biocontrol and
biostimulant agent (Chavez et. al., 2025) against a variety of
bacteria and fungi (Ashfag & Yousaf, 2022). Tannins and
Flavonoid, some of the active ingredients in the plant extract have
been reported to boost resistance to fungi infection and reduces leaf
drop (Alshehri et. al., 2022). Also, S. alata extract treatment have
been reported to relieve pathogen induced stress in plant vascular
system and improve water and nutrient transport which helps to
restore vertical growth (Okigbo and Mmeka, 2006). Moringa
oleifera extracts contain compounds that can inhibit the growth of
microorganisms (Riyadi et al.,2022), stimulate plant defense
mechanisms (Ali et al., 2022), and protect plants from oxidative
stress caused by pathogens (Albalawi, et al., 2022). Moringa leaf
extract enhances photosynthesis and nutrient up take thereby
boosting plant vigour even under biotic stress. It has been explored
for its potential as a biopesticide since its extracts contain
insecticidal, fungicidal, and bactericidal properties, making it a
promising alternative to synthetic pesticides (Ishaq et al., 2023; Ali,
2025). Its extract have been found to be effective against various
insect pests (Alao et al., 2025; Osman & Elsobki, 2019; Ngegba et
al., 2022), inhibit fungal growth and reducing the severity of fungal
diseases caused by Fusarium, Rhizoctonia, and Sclerotium, (Alam
& ElI-Nuby, 2022; Ishag et al., 2023; Alao et al., 2025). The
findings of this study has shown that both ethanol and water extracts
of S. alata, M. oleifera and A. indica inhibited the mycelial radial
growth of F. oxysporium in vitro and reducing the disease incidence
and severity in eggplant indicating the presence of antifungal
properties in their extracts that could be exploited as an alternative
or complimentary to synthetic chemicals in control of fungal
pathogens of eggplant. The use of the extract of these plants in
controlling eggplant diseases could offer several advantages,
including being environmentally friendly (Khairy et al., 2021; Siva
et al., 2008).), cost-effective (Akhtar et al., 2024), and multipurpose
(Islam et al., 2021; 2023). making them a sustainable option for
eggplant disease control by resource poor farmers and increase food
production in Nigeria.

References

Agbenin, O. N., & Marley, P. S. (2006). In-vitro assay of some plant extracts
against Fusarium oxysporum f. sp. lycopersici causal agent of tomato wilt.
Journal of plant protection research, 46(3), 215-220.

Akhtar, H., Usman, M., Binyamin, R., Hameed, A., Arshad, S. F., Aslam,
H. M. U., & Shahid, M. S. (2024). Traditional Strategies and Cutting-Edge
Technologies Used for Plant Disease Management: A Comprehensive
Overview. Agronomy, 14(9), 2175 - 2183.

Akter, N., Islam, M. R., Hossain, M. B., Islam, M. N., Chowdhury, S. R.,
Hoque, S., & Tasnin, R. (2021). Management of Wilt Complex of Eggplant
(Solanum melongena L.) Caused by Fusarium oxysporum, Ralstonia
solanacearum and Meloidogyne spp. American Journal of Plant Sciences,
12(7), 1155-1171.

Alam, E. A.,, & EI-Nuby, A. S. (2022). Phytochemical and nematicidal
screening on some extracts of different plant parts of Egyptian Moringa
oleifera L. Pakistan Journal of Phytopathology, 34(2). 310 — 318.

Alao, F. O., Olagunju, E. A., Olaniran, O. A., Adebayo, T. A., & Yusuf, S.
Y. (2025). Laboratory evaluation of Moringa oleifera and Jatropha curcas
extracts on adult housefly (Musca domestica L.). Journal of Zoonotic
Diseases, 9(1), 690-696.

Albalawi, M. A., Abdelaziz, A. M., Attia, M. S., Saied, E., Elganzory, H.
H., & Hashem, A. H. (2022). Mycosynthesis of silica nanoparticles using
Aspergillus niger: control of Alternaria solani causing early blight disease,
induction of innate immunity and reducing of oxidative stress in eggplant.
Antioxidants, 11(12), 23 - 29.

Ali, F. Q. (2025). The Inhibiting Impact of extracts of medicinal plants as
natural fungicide on the growth of Phytopathogenic fungi. Catrina: The
International Journal of Environmental Sciences, 5: 1-10.

Ali, M., Ahmad, H., Amin, B., Atif, M. J., & Cheng, Z. (2022). Induce
defense response of DADS in eggplants during the biotrophic phase of
Verticillium dahliae. BMC Plant Biology, 22(1), 172 - 178.

Alshehri, M. M., Quispe, C., Herrera-Bravo, J., Sharifi-Rad, J., Tutuncu, S.,
Aydar, E. F., ... & Cho, W. C. (2022). A Review of Recent Studies on the
Antioxidant and Anti-Infectious Properties of Senna Plants. Oxidative
Medicine and Cellular Longevity, 2022(1), 6025 - 6034.

Altiok, H. H., & Can, C. (2010). Characterization of Fusarium oxysporum
f. sp. melongenae isolates from eggplant in Turkey by pathogenicity, VCG
and RAPD analysis. Phytoparasitica, 38, 149-157.

Amadioha, A. C. (2001). Fungitoxic effects of some leaf extracts against
Rhizopus oryzae causing tuber rot of potato. Archives of Phytopathology &
Plant Protection, 33(6), 499-507.

Amadioha, A. C. (2003) Evaluation of some plant leaf extracts against
Collectotrichum lindemuthianmum in cowpea. Acta Phytopathologica 38,
259-265.

Amadioha, A. C. (2004) Control of black rot of potato caused by Rhizotonia
using some plant leaf extracts.Plant Archives of Phytopathology and
protection, 37:111 -117

Amadioha, A. C. (2012) Reducing food losses through sustainable methods
of plant disease management: An imperative for actualization for food
security in Nigeria. 13" inaugural lecture, Michael Okpara University of
Agriculture, Umudike, June 20, 2012.

Amadioha, A. C., & Enyiukwu, D. N. (2019). Alterations of
biochemical composition of leaf and stem of cowpea (Vigna
unguiculata L. Walp.) by Colletotrichum destructivum O’Gara in
Nigeria. J Exp Agric Intl, 33(2): 1-7.

Amadioha, A. C., Kenkwo, P. C. (2019). Phytochemical Composition of
Aqueous and Ethanolic Leaf Extracts of Piper guineense, Cassia alata,
Tagetes erecta and Ocimum graticimum” Journal of Pharmaceutical
Research International 26 (3):, 1-8

Review on the Challenges and Prospects of the Bacterial Diseases of the CURCUBITACEAE Family

26



Arora, H., Sharma, A., Sharma, S., Haron, F. F., Gafur, A., Sayyed, R. Z.,
& Datta, R. (2021). Pythium damping-off and root rot of Capsicum annuum
L.: impacts, diagnosis, and management. Microorganisms, 9(4), 823 - 829.

Ashfag, M. H., & Yousaf, M. (2022). Antifungal Activity of Senna alata—
A Review. Asian Journal of Pharmaceutical Research, 12(4), 307-311.

Attia, M. S., Hashem, A. H., Badawy, A. A., & Abdelaziz, A. M.
(2022). Biocontrol of early blight disease of eggplant using
endophytic Aspergillus terreus: improving plant immunological,
physiological and antifungal activities. Botanical Studies, 63(1), 26
-32.

Aumentado, H. D., Aguilar, C. H., & Balendres, M. A. (2024).
Natural infection of Podosphaera xanthii on Solanum melongena
and tolerance of two eggplant genotypes to powdery mildew. Indian
Phytopathology, 76(4), 1099-1105.

Bernett, H. L. and Hunter, B.B (1999) Illustrated Genera of imperfect fungi
14" edition. The America phytopathological society St. Paul, Minniesota,
USA 218p.

Chéavez, H., Alvarado, A., Tasayco-Yataco, N., Pérez, M. P., Garcfa,
J. A, Bendezd, M. R, & Loja-Herrera, B. (2025). Anti-
inflammatory effect of the total flavonoid content of the
hydroalcoholic extract of the leaves of Senna alata (L.) Roxb. inan
experimental model of acute inflammation. J Pharm Pharmacogn,
13(2), 444-458.

Elmer, W., & McGovern, R. J. (2023). Diseases of Eggplant. In Handbook
of Vegetable and Herb Diseases (pp. 1-53). Cham: Springer International
Publishing.

Grubben, G. J. H., & Denton, O. A. (2004). Plant Resources of Tropical
Africa 2. Vegetables. PROTA Foundation, Wageningen, Netherlands.
Backhuys Publishers, Leiden, Netherlands/CTA, Wageningen, Netherlands,
61, 108-108.

Hanaa, R. F., Abdou, Z. A., Salama, D. A, lbrahim, M. A., & Sror, H. A.
M. (2011). Effect of neem and willow aqueous extracts on Fusarium wilt
disease in tomato seedlings: Induction of antioxidant defensive enzymes.
Annals of Agricultural Sciences, 56(1), 1-7.

Hernandez-Moreno, D., Soffers, A. E., Falke, H. E., Rietjens, I. M., & Murk,
A. J. (2013). Consumer and farmer safety evaluation of application of
botanical pesticides in black pepper crop protection. Food and chemical
toxicology, 56, 483-490.

Ishag, H., Usmani, M. M., Akhtar, A., Sultan, A., Jatoi, G. H., Ali, U, ... &
Iftikhar, S. (2023). Antifungal exploitation of fungicides and plant extracts
against Fusarium oxysporum f. Sp. melongenae causing Fusarium wilt of
eggplant. Pakistan Journal of Biotechnology, 20(01), 59-67.

Islam, S., Ali, M., Banerjee, A., Shah, M. H., Rahman, S. S., Ahammad, F.,
& Hossain, A. (2023). Moringa oleifera under Stressful Conditions. In
Medicinal Plant Responses to Stressful Conditions (pp. 201-222). CRC Press.

Islam, Z., Islam, S. R., Hossen, F., Mahtab-ul-Islam, K., Hasan, M. R., &
Karim, R. (2021). Moringa oleifera is a prominent source of nutrients with
potential health benefits. International Journal of Food Science, 2021(1): 662
- 726.

Iwu M.(2003) Handbooks of African medical plants . CRC Press, Boca
Ration, F.L.

Ji, T., Guo, X., Wu, F., Wei, M., Li, J,, Ji, P., & Yang, F. (2022). Proper
irrigation amount for eggplant cultivation in a solar greenhouse improved
plant growth, fruit quality and yield by influencing the soil microbial
community and rhizosphere environment. Frontiers in Microbiology, 13, 981
- 988.

Khairy, D., Refaei, A., & Mostafa, F. (2021). Management of Meloidogyne
incognita infecting eggplant using Moringa extracts, Vermicompost, and two
commercial bio-products. Egyptian Journal of Agronematology, 20(1), 1-16.

Kumar, A. P., Ranjan, J. K., Tomar, B. S., Lata, S., Singh, J., Mishra, G. P. &
Gayacharan. (2025). Phenotypic Reaction of Cultivated and Wild Brinjal
Genotypes to Fusarium wilt under Sick Plot and Atrtificially Inoculated Pot
Conditions. Journal of Phytopathology, 173(1), 70-78.

Kumar, B. A., Kumar, S., Singh, A. P., Pandey, A. K., Kumar, P., & Singh,
B. K. (2017). Evaluation of glycoalkaloid and phyto-chemical present in
grafted and non-grafted eggplant genotypes. Int. J. Pure Appl. Biosci, 5(4),
683-688.

Kumar, R., Khan, A., Singh, P., Singh, A., & Srivastava, A. (2024). Fusarium
Infection of Eggplant: Disease Cycle and Management Strategies. In
Molecular Dynamics of Plant Stress and its Management (pp. 281-306).
Singapore: Springer Nature Singapore.

Lewis, M. B. (2013). Roads and the reproductive ecology of Hesperidanthus
suffrutescens, an endangered shrub. Utah State University.

Maranzu, O.J. and Wokocha, R.C. (2010). Studies on the Fusarium Wilt of
Egg Plant Solanium gilo Raddio Caused by Fusarium oxysporum F. sp.
melongenae in Am. J. Sci. Ind. Res., 4(5): 429-437

Markson, A. A., Omosun, G., Umana, E. J., Madonagu, R. E., Amadioha, A.
C., & Udo, S. E. (2014). Differential response of Solanum tuberosum L. and
Ipomea batatas L. to three pathogens. International Journal of Natural
Sciences, 2(1), 40-51.

Ngegba, P. M., Cui, G., Khalid, M. Z., & Zhong, G. (2022). Use of Botanical
Pesticides in Agriculture as an Alternative to Synthetic Pesticides. Agriculture
2022, 12, 600-609.

Okereke, V. C., & Wokocha, R. C. (2010). Effects of some tropical plant
extracts, Trichoderma harzianum and captan on the damping-off disease of
tomato induced by Sclerotium rolfsii. Agricultural Journal, 1(2), 52-54.

Okigbo R.N.and Odunkwe C.N (2009) Occurrence and control of fungal rot
pathogens of yam (Dioscoria rotundata port) with leaf extracts of
Chromolena odorata, Carica papaya and Aspilia Africana, Nigeria J. Mycol.,
2 (1):154 — 165.

Onifade A. K. (2002). Antifungal effect of Azadirachta indica A. Juss.
extracts on Collectotricum lindemathianum. Glo J. pure and Applied Sci. 6(3):
423 -428.

Osman, A. M., & Elsobki, A. E. (2019). Insecticidal activity and chemical
composition of Moringa oleifera extract against the leguminous aphid, Aphis
craccivora Koch on broad bean plants. Journal of plant protection and
pathology, 10(12), 567-571.

Pamulaparthi, A., Prathap, V. R., & Nanna, R. (2024). Bioactive Components
in Senna alata L. Roxb. In In Vitro Propagation and Secondary Metabolite
Production from Medicinal Plants: Current Trends (Part 2) (pp. 1-14).
Bentham Science Publishers.

Riyadi, F. M., Prajitno, A., Fadjar, M., Syaifurrisal, A., & Fauziyyah, A. I.
(2021). Potential of Moringa oleifera) leaf extract to inhibit the growth of
pathogenic bacteria Edwardsiella tarda. Journal of Aquaculture and Fish
Health, 10(3), 321.

Sangoyomi T. E., Ekpo E. J. A, Asiedu R. (2009) Fungitoxic effects and
attributes of Allium Sativa and Occimum gratismum extracts on Fusarium
solani, the causal agent of yam (Dioscorca rofundata poir) rot diseases. Nig.
J. of Mycol., 2(1): 166 — 167.

Schippers R.R. (2002). African indigenous Vegetables, an overview of the
cultivated species.

Serfraz, S., Sharma, V., Maumus, F., Aubriot, X., Geering, A. D., &
Teycheney, P. Y. (2021). Insertion of badnaviral DNA in the late blight
resistance gene (R1a) of brinjal eggplant (Solanum melongena). Frontiers
in Plant Science, 12, 683 - 687.

Shenge, K. C. (2002). Evaluation of plant extracts for the control bacterial
blight of cotton induced by Xanthomonas compestric PV. Malvacearum
(Smith) Dye. M. Sc Thesis Almadu Bello University Zaria 79.

Review on the Challenges and Prospects of the Bacterial Diseases of the CURCUBITACEAE Family

27



Siva N.; Ganesan S., Banumathy N., and Mythychelian (2008). Antifungal
effects of leaf extracts of some medicinal plants against Fugarium Oxysporum
causing wilt disease of Solanum melogema L. Ethnobotanical leaf lets 12:156-
163.

Tomah, A. A., Alamer, I. S. A, Khattak, A. A., Ahmed, T., Hatamleh, A. A.,
Al-Dosary, M. A., & Li, B. (2023). Potential of Trichoderma virens HZA14
in controlling Verticillium Wilt disease of eggplant and analysis of its genes
responsible for microsclerotial degradation. Plants, 12(21), 3761 - 3768.

Table 1: Plant materials used

Udoh, D. Ndon, B.A Asuquo P.E and Ndaeyo, N.U (2005) Crop Production
Techniques for the Tropics, Concept Publication Limited, Lagos, Nigeria
ppp.232.

Uniuyo, (2008). Department of Geography and Regional Planning, University
of Uyo, Uyo. Nigeria.

Botanical Name Common Name Part used
Senna alata Candle bush Leaves
Azadirachta indica Neem Plant Leaves
Moringa oleifera Drum stick Leaves

Plate 1: Pure culture of Fusarium oxysporium.
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Plate 2: Fusariun wilt. Eggplants inoculated with Fusarium oxysporium

Table 1: Effects of Water Extracts on Mycelia Radial Growth of Fusarium oxysporium in Culture

Mycelia Radial growth inhibition (%) and extract concentration (%)

Plant Extracts 10 20 30 40 50 Mean
Senna alata 55.25 67.58 67.92 72.58 86.58 69.98
Moringa oleifera 60.65 65.48 68.50 74.33 82.30 70.25
Azadirachta indica 69.05 75.98 80.60 84.22 84.59 78.89
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LSD (p<0.05) 11.57 6.21 9.82 439 6.94 7.79
Data are means of three replicates in two separate experiments
Table 2: Effect of ethanol extract concentration on mycelial radial growth of Fusarium oxysporium in culture.
growth inhibition (%) and extract concentration (%)
Plant Extracts 10 20 30 40 50 Mean
Senna alata 80.65 81.33 81.48 89.00 93.83 85.26
Moringa oleifera 75.75 82.23 85.15 92.30 92.63 85.61
Azadirachta indica 80.53 98.39 90.95 95.14 95.24 92.05
LSD (p<0.05) 8.33 5.27 7.30 4.61 213 5.53
Data are means of three replicates in two separate experiments
Table 3: Effect of water and ethanol extract concentration on mycelial radial growth of Fusarium oxysporium in culture.
growth inhibition (%) and extract concentration (%)
Plant Extracts 10 20 30 40 50 Mean
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Senna alata

Ethanol 80.65 81.33 81.48 89.00 93.83 85.26
Water 55.25 67.58 67.92 72.58 86.58 69.98
Moringa oleifera
Ethanol 75.75 82.23 85.15 92.30 92.63 85.61
Water 60.65 65.48 68.50 74.33 82.30 70.25
Azadirachta indica
Ethanol 80.53 98.39 90.95 95.14 95.24 92.05
Water 69.05 75.98 80.60 84.22 84.59 78.89
LSD (p<0.05) 9.95 5.74 8.56 4.50 454 6.66

Data are means of three replicates in two separate experiments

Table 4: Effect of water and ethanol extract concentration on Fusarium wilt incidence and severity in eggplant.

Extract concentration (%) and Disease Incidence (IN) (%) and Severity (SE)
Plant Extracts 10 20 30 40 50 Mean
IN SE IN SE IN SE IN IN SE
IN SE
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Senna alata

Ethanol 56.63 3.30 51.85  3.45 51.14 3.18 4335 325 39.63 2.4 4854  3.09

Water 61.25 4.12 57.58  3.51 53.92  3.89 52.18  3.87 4658  3.26 5430 3.73

Control:

Ethanol alone 92.58  5.00 9130  5.00 91.15 5.00 90.41  5.00 89.25  5.00 90.94  5.00

Water alone 100 5.00 100 5.00 100  5.00 100 5.00 100 5.00 100 5.00

Moringa

oleifera Ethanol

Water 5725 371 5323 3.65 5218 3.4 4930 334 4063 321 5052 341

Control: 6265 4.12 6048 452 5850 3.71 5433 376 4830  3.57 56.85  3.94

Ethanol alone

Water alone 92.58 5.00 9130  5.00 91.15  5.00 9041  5.00 89.25  5.00 90.94  5.00
100 5.00 100  5.00 100 5.00 100 5.00 100 5.00 100 5.00

Azadirachta indica

Ethanol

Water

Control:

Ethanol alone 50.53 3.24 4839  3.20 4595 3.24 4014 3.12 3524 256 44.05  3.07

Water alone 59.05  3.12 55.98  3.05 50.60  3.65 4622  3.65 4459 324 5129 334
92.58 5.00 9130  5.00 91.15  5.00 0041 5.00 8925  5.00 90.94  5.00
100 5.00 100 5.00 100 5.00 100 5.00 100 5.00 100 5.00

LSD (p<0.05) 8.75 4.54 7.58 4.56 354 534 6.66

Data are means of three replicates in two separate experiments
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