8" International Anatolian Agriculture, Food, Environment and Biology Congress
TARGID 2026

ID: 649

Antifungal Activity of Methanolic Leaf Extract of Gmelina arborea Roxb. ex Sm.
Against Fusarium oxysporum Schltdl Causing Damping -Off Disease

Muhammed, H.M.%, Danazumi, 1.B.2, Bello, H.?, Yahaya, A2, Stephen, D.Y* and Muhammad, H.H?

!Department of Biology, Ibrahim Badamasi Babangida University, Lapai, Niger State
2Department of Botany, Ahmadu Bello University, Zaria, Kaduna State, Nigeria

Abstract

Fusarium oxysporum, the causal agent of damping-off disease, is a destructive soilborne pathogen that
significantly reduces seedling establishment and crop yield. Although synthetic fungicides remain effective in
controlling this pathogen, their continuous and excessive use has led to challenges such as resistance development,
environmental pollution, and health hazards. In this study, the antifungal activity of methanolic leaf extract of
Gmelina arborea Roxb. ex Sm. was evaluated against F. oxysporum causing damping off disease. Fresh leaves of
Gmelina arborea were collected, authenticated, dried, and extracted using 70% methanol by maceration. Pure
strains of Fusarium oxysporum were obtained and identified from Mycology Laboratory, Department of Crop
protection, Ahmadu Bello University, Zaria. Phytochemical screening of Gmelina arborea leaf extract revealed
the presence of alkaloids, flavonoids, phenols, tannins, saponins, terpenoids, steroids, and cardiac glycosides,
while anthraquinones were absent. Quantitative analysis showed high levels of flavonoids (125.41 mg/g) and
phenols (124.98 mg/g), both known for their antimicrobial activity. The antifungal effect of the extract was tested
in vitro by incorporating graded concentrations (5—25 mg/mL) into potato dextrose agar and monitoring mycelial
growth inhibition. Results demonstrated a concentration-dependent effect, with maximum inhibition (68.3%)
observed at 20 mg/mL. Interestingly, inhibition decreased at 25 mg/mL (54.9%), possibly due to antagonistic
interactions at higher concentrations. These findings demonstrate that G. arborea possesses promising antifungal
potential against F. oxysporum. The presence of bioactive phytochemicals, particularly flavonoids and phenols,
likely accounts for the observed inhibitory effects. Therefore, the extract could serve as a natural alternative to
synthetic fungicides in the management of damping-off disease.
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Introduction

Fungal pathogens are among the most significant biological threats to global food production (Anand and
Rajeshkumar, 2022). One such pathogen is Fusarium oxysporum, a soilborne ascomycete fungus responsible for
a variety of plant diseases, including damping-off, root rot, wilt, and vascular discoloration in crops such as tomato
(Solanum lycopersicum), okra (Abelmoschus esculentus), beans (Phaseolus spp.), spinach (Spinacia oleracea),
and many others (Haruna et al., 2024). Among these diseases, damping-off is particularly notorious in nurseries
and early crop stages, where it causes the rapid wilting and collapse of seedlings, leading to poor crop
establishment and severe yield losses (Delai et al., 2024). A wide range of crops are susceptible to damping-off
disease, especially during the seedling stage include tomato, cabbage (Brassica oleracea) (Pagoch et al., 2015)
lettuce (Lactuca sativa), carrot (Daucus carota), pepper (Capsicum spp.), onion (Allium cepa), cucumber (Cucumis
sativus), okra, spinach, melon (Cucumis melo), eggplant (Solanum melongena), maize (Zea mays), and soybean
(Glycine max) (Agrios, 2005; Lamichhane et al., 2017). These crops are especially vulnerable under conditions of
high humidity, waterlogged soil, and poor aeration, which favour the growth and spread of damping-off pathogens
such as Fusarium spp., Pythium spp., and Rhizoctonia solani (Lamichhaneet al., 2017).

Damping-off caused by Fusarium oxysporum is prevalent in warm and moist soil environments, conditions common
in tropical and subtropical regions. The pathogen can survive in soil and plant debris for long periods as chlamydospores,
which are highly resistant to environmental stress (Admas and Kebede, 2024).). When seedlings are infected with F.
oxysporum, the fungus colonizes the root cortex and vascular tissues, causing root decay, vascular browning, and wilting
that often result in seedling death within days of germination ( Sanogo and Ji, 2021).

Damping-off disease signific-antly impacts crop production worldwide, especially in nurseries and early crop
stages, by causing rapid seedling decay and death, leading to poor crop establishment and reduced yields. Globally,
this disease is responsible for substantial economic losses in vegetable, cereal, and ornamental crop production,
particularly under high humidity and poor soil drainage conditions (Lamichhane et al., 2017). In Nigeria, damping-
off is a major constraint in both subsistence and commercial farming, affecting crops such as tomato, pepper, okra,
and leafy vegetables. Its prevalence is heightened by the country’s tropical climate, characterized by warm
temperatures and frequent rainfall, which create ideal conditions for damping-off pathogens like Fusarium
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oxysporum, Pythium spp., and Rhizoctonia solani (Pathak, (2023); Aigbe et al., 2017). Farmers often suffer
seedling losses in nurseries, resulting in increased costs for replanting and delayed crop cycles, thereby threatening
food security and income.

Chemical fungicides such as benomyl and carbendazim have been traditionally employed to manage F.
oxysporum-induced damping-off disease. However, over-reliance on these chemicals has resulted in resistance
development in pathogen populations, environmental degradation, and toxicity to non-target organisms (Yoon et
al., 2022). There is an increasing call for sustainable and eco-friendly alternatives to synthetic fungicides.

Plant-based extracts have emerged as promising alternatives because they are biodegradable, cost-effective,
and environmentally safe. Medicinal plants, in particular, are rich in bioactive compounds such as flavonoids,
tannins, alkaloids, and phenols, which have shown strong antimicrobial properties (Omotunde et al., 2025). One
such plant is Gmelina arborea is a fast-growing tree belonging to the family Lamiaceae. Traditionally used in
herbal medicine across Africa and Asia, Gmelina arborea has been reported to possess antifungal, antibacterial,
antioxidant, and anti-inflammatory properties (Nwachukwu et al., 2022; Aliyu et al., 2023). While preliminary
studies have confirmed the antimicrobial potential of G. arborea, its antifungal efficacy against Fusarium
oxysporum, particularly in relation to damping-off disease, remains underexplored.

This research is aim to fill that gap by providing scientific evidence on the efficacy of methanolic G. arborea
leaf extract as a natural alternative to synthetic fungicides against Fusarium oxysporum causing damping off
disease of crops.

Materials and Methods

Study Area

The study was carried out in the Department of Pharmacognosy and Drug Development, and Department of
Microbiology, Ahmadu Bello University, Zaria, Kaduna State, Nigeria. Zaria is located between latitude 11°09°N,
longitude 7°42’E at an altitude of 686 meters above sea level.

Sample Collection of Gmelina arborea Plant and the Fungal Pathogen

The leaves of Gmelina arborea were collected from the Botanical garden of Ahmadu Bello University, Zaria,
and authenticated in the herbarium of the Department of Botany, Ahmadu Bello University, Zaria. Pure strains of
Fusarium oxysporumwere obtained and identified from Mycology Laboratory, Department of Crop protection,
Ahmadu Bello University, Zaria.

Preparation of Extract of Leaves of Gmelina Arborea

This was done using maceration method (Ayoola et al., 2008). 56g of the sample was weighed using an
electronic balance (Atom model), ground into powder with a laboratory blender (Chins, 2.00 RPM), and dissolved
in 70% methanol in an aspirator bottle. After 72 hours of extraction, the supernatant was decanted into a beaker,
then transferred to a rotary evaporator (Haulolph) to remove the methanol solvent, leaving the extracted oil. The
purified oil was collected and stored in a sealed bottle for further analysis.

Quantitative and Qualitative Phytochemical Screening of Gmelina arborea

Determination of Total Phenolic Content (TPC)

Estimation of total phenol content was measured spectrophotometrically by Folin—Ciocalteu colorimetric
method, using Gallic acid as the standard .The total phenol was determined with the help of standard cure prepared
from pure phenolic standard (Gallic acid) ( Alhakmani et al., 2013; Nikolaeva et al., 2022).

Determination of Total Flavonoid Content (TFC)

The total flavonoid content (TFC) was determined using the aluminium chloride colorimetric assay (Farooq
et al.,2021).

Determination of Total Alkaloid Content (TAC)

Total Alkaloid Content was quantified by spectrophotometric method. This method was based on the reaction
between alkaloid and bromocresol green (BCG). (Pourahadi, et al., 2019).

Determination of Tannin Content
The tannins were determined by Folin - Ciocalteu method. The tannin content was expressed in terms of mg
of GAE /g of extract (Koleva et al., 2021).

Determination of Saponins Content
Total saponins was determined in accordance to the method of Ajiboye et al. (2020).

Determination of Anthraquinone Content
Anthraquinone content was determined by the method of Enin et al. (2021).
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Determination of Cardiac Glycoside Content
The Cardiac Glycoside was determined by the method of Onyekachi (2021).

Determination of Terpenoid Content
The terpenoid content was determined by the method of Kajal and Singh, (2019).

Determination of Steroid Content
Steroid content was estimated using the method as described by Malik (2017).

Determination of Total Carbohydrate Content
The phenol-sulfuric acid was determined by the method of Nielsen (2024).

Evaluating The Antifungal Activity of Gmelina arborea Extracts Against Fusarium oxysporum

A pure culture of Fusarium oxysporum was obtained from the Mycology Laboratory, Department of Crop
Protection, Ahmadu Bello University, Zaria. The culture was sub-cultured on fresh Potato Dextrose Agar (PDA)
and incubated at 27°C for 7 days to obtain actively growing mycelia suitable for inoculation. The already-prepared
methanolic extract of Gmelina arborea was incorporated into molten PDA medium at different concentrations
(5mg/mL, 10 mg/mL, 15 mg/mL, 20mg/mL and 25 mg/mL). Appropriate volumes of the extract were mixed with
PDA cooled to 45-50°C, ensuring even distribution. 25 mL of each amended medium was poured into sterile Petri
dishes. After the media solidified, each Petri dish was inoculated at the center with a 2 mm mycelial disc taken
from the edge of a 7-day-old culture of P. colocasiae. The plates were sealed with parafilm to prevent
contamination and incubated at 27°C for 7 days.

Data Collection
Fungal growth was monitored daily by measuring colony diameter in two perpendicular directions. The extent
of inhibition was determined by comparing treated plates with control plates. The percentage of mycelial growth
inhibition was calculated using the formula:
Percent Inhibition (%) = C—T/C x 100
Where:
e C = colony diameter in control plate (mm)
e T =colony diameter in treatment plate (mm)

Experimental Design And Statistical Analysis

One way ANOVA was used to determine the effect of different concentrations of the extract on the growth
inhibition of Fusarium oxysporum. Where significant difference is observed between the treatments. Means were
separated using least significant difference (LSD). All analysis were performed using SPSS at p<0.005 level of
significance.

Results

Qualitative Phytochemical Analysis Screening
The qualitative phytochemical analysis of Gmelina arobrea extracts shows the presence of nine phytochemicals
including, Alkaloids, Tannins, Saponins, Flavonoids, Terpenoids, Steroids, Phenols, Cardiac Glycosides and
Carbohydrates. The results also show that Anthraquinones are absent in Gmelina arboreaextracts (Table 1).

Table 1: Phytochemical compounds present in the methanolic leaf extract of Gmelina arborea

S/No Phytoconstituents Test Inference
1 Alkaloids Dragendorff test +
2 Cardiac Glycosides Keller-Kiliani test +
3 Saponins Frothing test +
4 Phenolic compounds Lead acetate test +
5 Tannins Ferric Chloride test +
6 Steroids Salkowiski test +
7 Carbohydrates Molisch test +
8 Flavonoids Shinoda test 4
9 Terpeniods Liebermann Burchard test +
10 Anthraguinones Bontragers test -

Keys; + PRESENT, ABSENT
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Quantitative Phytochemical Screening of the Extract

Quantitative phytochemical screening showed the quantity of phytochemicals associated with the methanolic
solution of Gmelina arborea. It was found out the methanolic extract has the highest phytochemical content in
Flavonoids 125.41mg/g.

Table 2: Quantitative phytochemical compounds present in the methanolic leaf extract of Gmelina arborea

S/IN CONSTITUENT Gmelina arborea(mg/g)
1 Alkaloids 12.02

2 Flavonoids 125.41

3 Saponins 22.21

4 Phenolic compounds 124.98

5 Tannins 85.87

Table 3: Effect of different concentrations of methanolic leaf extract of Gmelina arborea on percentage mycelial
growth inhibition of Fusarium oxysporum

Concentration (mg/ml) Inhibition (%)
Control 26.3x12.2c

5 46.8 + 19.6b
10 49.6 +6.3b

15 53.6 + 10.7ba
20 68.3 +17.3a
25 54.9 + 2.6ba

Data are expressed as mean + standard deviation. Means that share the same subscript letter are not significantly
different from each other, as determined by one-way ANOVA followed by Duncan’s Multiple Range Test
(DMRT) at p> 0.05.

Discussion

The present study revealed that Gmelina arborea leaves contain a wide range of phytochemicals, including
alkaloids, flavonoids, phenolic compounds, tannins, saponins, terpenoids, steroids, and cardiac glycosides, while
anthraquinones were absent. The high levels of flavonoids and phenolic compounds are of particular significance,
as these metabolites are well known for their antioxidant and antifungal properties. Their abundance may be
explained by the plant’s defensive metabolic strategies, since secondary metabolites are often synthesized in
response to environmental stress, herbivory, or pathogen attack. Methanol, the extraction solvent used in this study,
is particularly effective at solubilizing flavonoids and phenolics, which may account for their prominence in the
extract.

These findings corroborates with Musa (2022), who reported the presence of alkaloids, flavonoids, tannins,
and saponins in G. arborea leaves, similarly, Seepe et al. (2021) confirmed the presence of flavonoids, phenolic
compounds, and cardiac glycosides. However, the absence of anthraquinones contrasts with Singh et al. (2020),
who reported their presence in the bark, suggesting differences due to plant part, solvent, or ecological factors.

The antifungal assays further supports the role of these phytochemicals, with G. arborea extracts producing
concentration-dependent inhibition of Fusarium oxysporum. Inhibition increased steadily with increased extract
concentration and peaked at 20 mg/ml, but declined at 25 mg/ml, showing that higher concentrations did not always
enhance activity. Similarly, non-linear responses have been reported by Seepe et al., (2021; Musa (2022) in plant-
based antifungal studies, where inhibition decreases at high concentrations due to antagonistic phytochemical
interactions or reduced solubility of bioactive compounds. Recent studies have reported comparable patterns.
Gutierrez et al., (2017), demonstrated that high concentrations of plant compounds initially suppressed bacterial
growth but subsequently permitted recovery. Similarly, investigations on Gmelina arborea have shown that its
extracts exert strong antibacterial effects at lower concentrations, yet the inhibitory activity tends to stabilize as
concentrations increase (Singh and Mijakovic, 2022).

This study found that Gmelina arborea has strong inhibitory effects that increase with concentration before
stabilizing, showing its potential as a natural source of therapeutic compounds. These effects highlight the
importance of its phytochemicals, which act together in complex ways, and support its role as a promising
alternative to synthetic drugs for managing microbial activity and related health issues.

The significant inhibitory effects of G. arborea align with reports of other flavonoid- and tannin-rich plant
extracts showing strong antifungal activity. The findings of this study are consistent with those of Adedire et al.
(2021), who examined the biocontrol potential of Gmelina arborea wood shavings against cassava root-rot
pathogens, including Fusarium oxysporum. Their results revealed that aqueous extracts of the plant significantly

194

TURSTEP

Turkish Science and Technology Publishing (TURSTEP)
www.turstep.com.tr



8" International Anatolian Agriculture, Food, Environment and Biology Congress
TARGID 2026

suppressed fungal mycelial growth, achieving inhibition rates exceeding 80% at effective concentrations. This
aligns with the present study, which also demonstrated strong inhibitory activity of G. arborea extracts against
Fusarium oxysporum. Although different plant parts and extract types were used, both studies collectively
reinforce the antifungal potential of G. arborea and validate its role as a natural source of bioactive compounds
for managing fungal pathogens as reported by (Adedire et al., 2023).

The study indicates that Gmelina arborea leaf extracts possess strong antifungal activity against Fusarium
oxysporum. This effect is likely due to the presence of phenolics and saponins, which interfere with fungal
metabolism, inhibit spore germination, and weaken cell wall proteins. Similar antifungal effects were observed in
Azadirachta indica (Ali et al., 2025), Allium sativum (Hari et al., 2025), Glycyrrhiza glabra (Redondo-Blanco et
al.,2020), Medicago sativa all of which demonstrate that phytochemical content is central to inhibiting fungal
growth, supporting the findings of Chen et al. (2025).

This study also indicates that Gmelina arborea leaf extracts demonstrate strong antifungal activity against
Fusarium oxysporum, which is likely due to the synergistic action of flavonoids, phenols, tannins, and saponins,
which work together to inhibit fungal growth. Previous studies support this finding, Shitu and Aliyu (2024) linking
these metabolites in ethanolic leaf extracts to strong antimicrobial effects.

Conclusion

The study demonstrated that the methanolic leaf extract of Gmelina arborea possesses significant antifungal
activity against Fusarium oxysporum. Phytochemical analysis revealed high levels of flavonoids (125.41 mg/g)
and phenolics (124.98 mg/g), which likely contributed to the inhibitory effect.

The extract achieved the highest growth inhibition of 68.3% at 20 mg/mL, followed by 54.9% at 25 mg/mL,
while the control recorded the lowest inhibition of 26.3%. Notably, the inhibition percentage did not consistently
increase with concentration, as inhibition at 25 mg/mL was lower than at 20 mg/mL. This suggests that beyond a
certain threshold, higher concentrations may not proportionally enhance antifungal activity, possibly due to
saturation or antagonistic effects within the extract.

References

Adedire, D. E., Owoeye, T. E., Farinu, O. M., Ogundipe, W. F., & Adedire, O. M. (2023). Management of Fusarium Wilt
Disease of Maize (Zea mays L.) with Selected Antimycotic Plant Extracts and Inhibitory Bacillus Strains. Current
Microbiology, 80(6), 204.

Adedire, O. M., Oduwaye, O. F., & Fashola, O. O. (2021). Biocontrol of cassava root-rot mycopathogens with antimicrobial
extracts of wood shavings. Journal of Crop Improvement, 35(5), 745-761.

Admas, A. M., & Kebede, L. (2024). Effects of Fusarium Diseases on Forest Nursery and Its Controlling Mechanisms. In
Fusarium-Recent Studies. IntechOpen.

Agrios, G. N. (2005). Plant pathology (5th ed.). San Diego, CA: Elsevier Academic Press.

Aigbe, S. O., Osemwegie, O. O., and Ikotun, T. (2017). Seedling diseases of vegetables in Nigeria: Distribution, incidence and
management. International Journal of Agricultural Research and Review, 5(3), 275-282.

Ajiboye, A. E., Sadiq, S. O., & Adedayo, M. R. (2020). Antimicrobial activity and phytochemical screening of Adansonia
digitata stem bark extract on some clinical isolates. Ife Journal of Science, 22(2), 035-044.

Alhakmani, F., Kumar, S., and Khan, S. A. (2013). Estimation of total phenolic content, in-vitro antioxidant and anti-
inflammatory activity of flowers of Moringa oleifera. Asian Pacific Journal of Tropical Biomedicine, 3(8), 623-627.
https://doi.org/10.1016/S2221-1691(13)60126-4

Ali, Z., Al-Qurashi, A. D., & Abo-Elyousr, K. A. (2025). Harnessing Plant Power: A Review of Green-Biosynthesized Silver
Nanoparticles for Improving Orange Postharvest Quality and Green Mold Resistance. Journal of King Abdulaziz
University: Meteorology, Environment & Arid Land Agriculture Sciences, 34(1).

Aliyu, A., Ibrahim, H., and Musa, S. (2023). Phytochemical screening and antimicrobial activity of Gmelina arborea extracts.
African Journal of Biotechnology, 22(2), 95-104. https://doi.org/10.5897/AJB2022.17725

Anand, G., & Rajeshkumar, K. C. (2022). Challenges and threats posed by plant pathogenic fungi on agricultural productivity
and economy. In Fungal diversity, ecology and control management (pp. 483-493). Singapore: Springer Nature
Singapore.

Chen, X., Ren, T., Mei, D., Wei, X., Guo, Y., Li, Y., ... & Song, Q. (2025). Infection of various Medicago sativa varieties by
Ascochyta medicaginicola triggers the synthesis of defensive secondary metabolites and their antifungal mechanisms.
Journal of Agricultural and Food Chemistry, 73(11), 6711-6723.

Delai, C., Muhae-Ud-Din, G., Abid, R., Tian, T., Liu, R., Xiong, Y., ... & Ghorbani, A. (2024). A comprehensive review of
integrated management strategies for damping-off disease in chili. Frontiers in Microbiology, 15, 1479957.

Enin, G. N., Shaibu, S. E., Ujah, G. A, Ibu, R. O., & Inangha, P. G. (2021). Phytochemical and Nutritive Composition of
Uvariachamae P. Beauv. Leaves, Stem Bark and Root Bark. ChemSearch Journal, 12(1), 9-14.

Faroog, M., Ahmad, R., Shahzad, M., Sajjad, Y., Hassan, A., Shah, M. M., ... & Khan, S. A. (2021). Differential variations in
total flavonoid content and antioxidant enzymes activities in pea under different salt and drought stresses. Scientia
Horticulturae, 287, 110258.

Gutierrez, S., Moran, A., Martinez-Blanco, H., Ferrero, M. A., & Rodriguez-Aparicio, L. B. (2017). The usefulness of non-
toxic plant metabolites in the control of bacterial proliferation. Probiotics and antimicrobial proteins, 9(3), 323-333.

195

TURSTEP

Turkish Science and Technology Publishing (TURSTEP)
www.turstep.com.tr



8" International Anatolian Agriculture, Food, Environment and Biology Congress
TARGID 2026

Hari, A., Echchgadda, G., Benjelloun, M., Lahmamsi, H., Belabess, Z., Laasli, S. E., ... & Lahlali, R. (2025). Sustainable plant-
based control strategies for late blight disease of potato. CABI Reviews, 20(1), 0001.

Haruna, S. G., Yahuza, L., & Tijjani, I. (2024). Management of Fusarium wilt of tomato (Fusarium oxysporum f. sp. lycopersici)
and related soil-borne diseases using eco-friendly methods: a review. Asian J. Res. Crop Sci, 9(1), 154-168.

Kajal, A., & Singh, R. (2019). Coriandrum sativum seeds extract mitigate progression of diabetic nephropathy in experimental
rats via AGEs inhibition. PloS one, 14(3), e0213147.

Koleva, P., Tsanova-Savova, S., Paneva, S., Velikov, S., & Savova, Z. (2021). Polyphenols content of selected medical plants
and food supplements present at Bulgarian market. Pharmacia, 68, 819-826.

Lamichhane, J. R., Venturi, V., and Mendes, R. (2017). Future prospects of microbiome-mediated plant disease suppression.
Frontiers in Plant Science, 8, 1610. https://doi.org/10.3389/fpls.2017.01610

Malik, S. K. (2017). Qualtitative and quantitative estimation of terpenoid contents in some important plants of Punjab, Pakistan.
Pakistan Journal of Science, 69(2).

Musa, A. (2022). Phytochemical composition and antifungal activity of Gmelina arborea leaf extracts. Nigerian Journal of
Plant Science, 45(3), 56-64.

Nielsen, S. S. (2024). Total carbohydrate by phenol-sulfuric acid method. In Nielsen's Food Analysis Laboratory Manual (pp.
147-151). Cham: Springer International Publishing.

Nikolaeva, T. N., Lapshin, P. V., & Zagoskina, N. V. (2022). Method for determining the total content of phenolic compounds
in plant extracts with Folin—Denis reagent and Folin—Ciocalteu reagent: Modification and comparison. Russian Journal
of Bioorganic Chemistry, 48(7), 1519-1525.

Nwachukwu, C. U., Onyema, V., and Umeh, C. N. (2022). Ethnobotanical and pharmacological importance of Gmelina
arborea Roxb. Journal of Medicinal Plants Studies, 10(5), 122-128.

Omotunde, O., Abiodun, O., Ojo, A., & Gurgur, E. (2025). Methanolic Bark Extract Of Bridelia Ferruginea: Phytochemicals,
Antioxidant Potentials And Spectroscopic Characterization. Fudma Journal Of Sciences, 9(12), 376-384.

Onyekachi, O. (2021). Proximate and Anti-Nutrient Composition of the Stem Bark of Ogirisi (Newbouldia leavis) Plant. Asian
Research Journal of Current Science, 3(1), 51-63.

Pagoch, K., Srivastava, J. N., & Singh, A. K. (2015). Damping-off disease of seedlings in Solanaceous vegetables: current
status and disease management. In Recent advances in the diagnosis and management of plant diseases (pp. 35-46).
New Delhi: Springer India.

Pathak, R. (2023). Plant protection. In Genetics, Physiology and Cultivation of Moth Bean, Cowpea and Horse Gram (pp. 99-
124). Singapore: Springer Nature Singapore.

Pourahadi, A., Farahani, A., Hosseiny Davarani, S. S., Nojavan, S., & Tashakori, C. (2019). Developing a miniaturized setup
for in-tube simultaneous determination of three alkaloids using electromembrane extraction in combination with
ultraviolet spectrophotometry. Journal of separation science, 42(19), 3126-3133.

Redondo-Blanco, S., Fernandez, J., Lopez-lbanez, S., Miguelez, E. M., Villar, C. J., & Lombo, F. (2020). Plant phytochemicals
in food preservation: Antifungal bioactivity: A review. Journal of food protection, 83(1), 163-171.

Sanogo, S., and Ji, P. (2021). Epidemiology and management of Fusarium oxysporum in vegetable crops. Horticultural Plant
Journal, 7(6), 499-513. https://doi.org/10.1016/j.hpj.2021.07.006

Seepe, H. A., Mofokeng, M. A., and Mphahlele, R. R. (2021). Phytochemical screening and biological activities of Gmelina
arborea extracts. South African Journal of Botany, 137, 120-128. https://doi.org/10.1016/j.sajb.2020.12.018

Shitu, S., & Aliyu, M. Y. (2024). Antibacterial activity and toxicity profile of ethanolic leave and stem bark extract of Gmelina
arborea (Verbenaceae) on wistar albino rat. International Journal of Health Research and Physical Study.

Singh, P., & Mijakovic, I. (2022). Antibacterial effect of silver nanoparticles is stronger if the production host and the targeted
pathogen are closely related. Biomedicines, 10(3), 628.

Singh, R., Yadav, P., and Gupta, V. (2020). Phytochemical screening of Gmelina arborea bark and its pharmacological
potential. Journal of Medicinal Plants Research, 14(7), 295-301. https://doi.org/10.5897/JMPR2020.7004

Yoon, M. Y., Cha, B., and Kim, J. C. (2022). Recent trends in plant disease management using biological control agents. Plant
Pathology Journal, 38(1), 1-15. https://doi.org/10.5423/PPJ.0A.12.2021.0174

196

TURSTEP

Turkish Science and Technology Publishing (TURSTEP)
www.turstep.com.tr



