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Globally, fungal pathogens pose severe threats to stored cereal and tuber crops, 
resulting in substantial losses in economic crops. This study investigated the 
inhibitory activities of aqueous, ethanol, and acetone leaf extracts of Citrus limon L. 
Osbeck against the mycelial growth of Curvularia mebaldsii, Fusarium oxysporum, 
and Penicillium species isolated from spoilt potato tubers retailed within 
supermarkets in Eastern Cape Province, South Africa. Various concentrations (100 
g/L, 50 g/L, and 25 g/L) of the C. limon leaf extracts (aqueous, acetone and ethanol) 
were prepared and (5 mL) amended with potato dextrose agar (oxoid, UK) 
previously inoculated with the 7-day old culture of each fungal isolates before 
incubation at 28 oC. The percentage growth inhibition was determined to evaluate 
the antifungal efficacy of each extract. Aqueous, ethanol and acetone extracts at 
50g/L and 100 g/L displayed 100 % inhibition against all three pathogens except 
Penicillium sp. with 91.0 - 90.97 % inhibition. The ethanol and acetone extracts had 
the most inhibitory effects against F. oxysporum C. mebaldsii. In contrast, the 
aqueous extracts displayed the least effects, though not significantly different 
(p<0.05) across the concentrations. The notable antifungal effects against F. 
oxysporum, a prominent pathogen of post-harvest spoilage of potatoes, suggest the 
potential use of C. limon extracts to enhance the shelf-life of potatoes in 
supermarkets, specifically, and for post-harvest storage in general. 
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INTRODUCTION 

Potato, scientifically known as Solanum tuberosum, is the 

fourth major food crop worldwide, behind wheat, rice, 

and maize (Liu et al., 2020). Belonging to the Solanaceae 

family, this plant originated in Peru, South America 

(Perez et al., 2022). Documented for its vital 

contributions to food, income, and employment in 

developing nations (Jenning et al., 2020), potato holds 

significant importance due to their rich energy content 

and ease of cultivation. This has positioned it as a major 

constituent of urban agriculture, supporting over 800 

million individuals through job creation and food 

security (Jennning et al., 2020). 

Over the years, potatoes have been identified as a staple 

food and serve as good sources of highly digestible 

carbohydrates, dietary fibre, essential vitamins and 

minerals (Zaheer and Akhtar, 2016). In developing 

countries, fresh potatoes are sourced as vegetables for 

healthy growth and development. Potatoes have been 

found to contain potential health-promoting 
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phytocompounds such as phenolic, carotenoids, dietary 

fibre, anthocyanin, and glycoalkaloids, which are 

effective biomolecules against cancer, cholesterol, 

inflammation, obesity diabetic cells (Burgos et al., 2020). 

Due to potato tubers’ relatively high moisture content, 

they are readily prone to soft rots. Soft rot disease of 

potatoes is a serious fungal disease that reduces their 

shelf-life, economic and nutritive values (Pang et al., 

2021; Nisa et al., 2022). These rots negatively impact 

their nutritional and organoleptic qualities and, 

ultimately, their economic importance. According to 

environmentalists, this challenge undermines the 

expansive exploitations of the benefits that potatoes 

offer (Changdrasekara and Kumar, 2016). Past studies 

have demonstrated that moulds such as Fusarium 

species, among others, are the predominant pathogens 

of potato rots globally (Ray and Hammerschmidt, 1998; 

Wharton et al., 2006; Heltoft et al., 2015; Tiwari et al., 

2020; Xue et al., 2023). 

Fungal pathogens contribute to one-third of global 

annual food losses (Ameida et al., 2019). In developing 

countries, fungal diseases are often categorized as 

neglected human diseases due to their threats to human 

health and crop yield. Plant protection against pathogens 

involves producing various secondary metabolites 

playing crucial roles in defense mechanisms against 

pathogenic organisms (Hiruma, 2019). These 

compounds can be classified into constitutive 

compounds in healthy plants and inducible compounds 

synthesized in response to pathogenic attacks (Huang et 

al., 2020). The first category comprises phenols, 

flavonoids, tannins, saponin glycosides, and alkaloids, 

while the second includes phytoalexins and 

phytoanticipins. These bioactive compounds have 

garnered attention for their potential as agents for 

biological pest and disease control. 

A previous report recorded a high presence rate of rots 

in potato tubers sold in supermarkets within the 

Raymond Mhlaba local municipality of the Eastern Cape 

Province, South Africa (Ehiobu et al., 2020). Considering 

the global significance of potato tubers in food industries 

and human health, safeguarding them against pathogens’ 

attacks cannot be overemphasized. While chemical 

fungicides have been applied to fight against fungal 

diseases, they come with ecological toxicity, high costs, 

and resistance development (Sabarwal et al., 2018; Iqbal 

and Mukhtar, 2020). Utilizing biofungicides derived 

from plant sources has emerged as an eco-friendly 

alternative to address this (Iqbal et al., 2014; Shahzaman 

et al., 2015; Shahbaz et al., 2023). This approach involves 

harnessing plant phytochemicals to create affordable 

and nontoxic fungicides (Balestrini et al., 2020). 

According to a study by Zanna et al. (2021), different 

plant extracts have demonstrated efficient in vitro 

antifungal activities against common spoilage fungi. 

Moreover, using plant biomolecules as active bio-

protective agents against rot fungal pathogens in 

potatoes has been recently recommended (Steglinska et 

al., 2023). Thus, this study was designed to investigate 

the in vitro potential antifungal activities of aqueous, 

acetone, and ethanol leaf extracts of C. limon on three 

fungi isolated from potato tubers sold in supermarkets 

within Raymond Mhlaba local municipality of Eastern 

Cape province, South Africa. Focusing on this particular 

geographic environment will provide insights that could 

directly impact provincial potato cultivation and 

contribute to ecologically sound agricultural practices. 

This unique investigation supports the increasing 

demand for innovative approaches that balance crop 

security and environmental conservation. 

 

MATERIALS AND METHODS 

Study area 

The study was conducted during the summer at the 

Antimicrobial Laboratory, Botany Department, 

University of Fort Hare, Alice, South Africa. The 

geographical coordinates of the study area are 30 º 00 N 

to 34º 15’ S and 22º 45’W to 30º 62´ E (Erasto et al., 

2011). 

Source of potato tubers 

Rotten potato tubers were randomly gathered from 

supermarkets in Alice, King Williamstown, and Fort 

Beaufort in the Mhlabas local municipality of the Eastern 

Cape Province, South Africa. The infested tubers were 

placed in sterile polythene bags and transported to the 

laboratory to isolate and identify the pathogens 

associated with their spoilage. 

Collection of plant samples and identification 

Fresh leaves of C. limon (4 kg) were obtained from the 

staff quarters of the University of Fort Hare, Alice 

campus in the Eastern Cape Province, South Africa. The 

fresh leaves were identified as C. limon by a plant 

taxonomist at the University of Fort Hare Botany 

Department. The plant sample was deposited at the 

Botany Department Herbarium, Universities of Fort 

Hare, with voucher number UFH 2019-10-002. 
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Processing of plant sample and extraction procedure 

The method of Onukwuorji et al. (2012) was adopted. 

According to this method, the collected C. limon leaves 

were washed in tap water to remove attached dirt and 

dust particles and dried at 40 °C for 72 hours. The dried 

leaves were pulverized into powder with an industrial 

electric blender (Hamilton Beach commercial HBF500S 

series China). The powdered leaves were stored at -20 

°C. Ethanol, aqueous, and acetone solvents were used for 

extraction, which involved macerating 175 g of plant 

sample in 1 L of each solvent and subjected to 48 hours 

of shaking in a mechanical shaker (Gallenkamp orbital 

shaker). Buchner funnel with Whatman number 1 filter 

paper connected to the vacuum pump was used to filter 

the mixtures of ground plant samples with solvents. The 

aqueous filtrate from the aqueous solvent was chilled at 

-40 oC and later freeze-dried with a freeze dryer (Virti’s 

bench top K). The organic solvent extracts (ethanol and 

acetone) were further concentrated at 45 ºC until dried 

with a rotary evaporator. 

Reconstitution and Standardization extracts 

The stored plant extracts were individually weighed and 

reconstituted using sterile distilled water to create 

concentrations of 25 g/L, 50 g/L, and 100 g/L, following 

previously established procedures (Tijiani et al., 2013; 

Giwa and Akombo, 2016). 

Isolation and identification of fungal pathogens of 

potato rot disease 

The sampled rotted potato tubers were washed under 

running tap water and sliced into tiny bits. With a 

sterilised inoculating needle, the tiny bits of rotted 

potato tuber samples were inoculated onto freshly 

prepared PDA and incubated at an ambient temperature 

of (35oC) for ten days. Pure fungal cultures were 

obtained through successive culturing. The pure cultures 

were characterized by examining their colonial 

morphologies and Methyl blue-stained microscopic 

features, such as the shape and colour of the 

conidiophore, conidia, mycelium, sporangiophore and 

vesicles. The observed characters were compared with 

already identified species using the identification key, as 

reported by Barnett and Hunter (1972). 

Scanning electron microscope (SEM) preparation for 

fungal isolate identity 

A sterile dissection knife was used to carefully extract 

one cm² section of pipe deposition or encrustation from 

the surface matrix of each of the three test samples. Each 

fragment was then immersed in 2.5 % glutaraldehyde in 

cacodylate buffer for 2 hours and rinsed with distilled 

water. Post-fixation was conducted with 2 % osmium 

tetroxide for 1 hour. Subsequently, the post-fixed 

samples were rinsed in distilled water for 15 minutes. 

The rinsed samples were sequentially placed in 50 %, 60 

%, 70 %, 80 %, and 90 % ethanol for 10 minutes each 

and then transferred to 100 % ethanol for 20 minutes. 

The fungal samples were air-dried in a desiccator, 

mounted on an aluminium stub using double-sided 

carbon tape, and sputter-coated with gold/palladium 

(Au/Pd) before being observed under a scanning 

electron microscope (SEM). 

Molecular characterization of fungal isolates 

For DNA extraction, 50 mg of fungal wet weight was re-

suspended in 200μl of an isotonic buffer. To this, 750μl 

of lysis solution was carefully added. The tubes 

containing the wet samples were processed in a bead 

beater with a 2mL tube holder assembly for 3 minutes. 

Cell disruption was also performed for 20 minutes using 

standard bench-top vortexes. After centrifugation at 

10,000 ×g, 400 μl of supernatant was transferred to a 

Zymo-spin filter (Orange top) in a collection tube, 

followed by centrifugation for 1 minute at 7000 ×g. 

Subsequently, 1200 μl of fungal DNA binding buffer was 

added to the filtrate, and 800μl of the resulting mixture 

was transferred to a Zymo-spin column and centrifuged 

at 10,000 ×g for 1 minute. The elution process was 

repeated, and the purified DNA was further subjected to 

genomic DNA extraction using the quick DNA fungal 

mini-prep kit (Zymo Research Catalogue number 

D6005). The Information technology service (ITS) target 

region was amplified using NEB’s quick-load 2× Master 

Mix (Catalogue number M0486) with primers listed in 

Table 1. PCR products were analyzed using a gel and 

purified using the Zymoclean Gel DNA recovery kit 

(Zymo Research Catalogue number D4050). The 

resulting purified fragments were analyzed on the ABI 

3500×1 genetic analyzer (Applied Biosystems, Thermo 

Fisher Scientific), as delineated in Table 1. 

Pathogenicity assay 

To confirm pathogenicity, the assay was done following 

the procedure reported by Gwa and Richard (2018) with 

slight modifications. Healthy potato tubers were washed 

and sterilized with a 5 % sodium hypochlorite solution 

for 30 seconds. Sterilized healthy potato tubers were 

punctured with a 5 mm diameter cork borer to create 

holes for inoculation. A 5-7 day-old culture isolate disc 

was inoculated into one hole, sealed with petroleum 
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jelly. Control tubers received a disc of uninoculated 

potato dextrose agar (PDA). After 14 days of incubation 

at 35°C, tubers were examined for disease symptoms. 

The symptoms observed in the diseased tubers matched 

those of the treated fresh tuber, confirming Koch’s 

postulates.

 

Table 1: ITS Primers Sequences. 

Name of Primer Target Sequences (5’to3’) Reference 

ITS1 Small Sub-Unit TCCGTAGGTGAACCTGCGG (White et al., 1990) 

ITS4 Large Sub-Unit TCCTCCGCTTATTGATATGC (White et al., 1990) 

BLASTN  2231+. 

 

In vitro inhibition assay of plant leaf extract 

The in vitro inhibitory effects of aqueous, acetone, and 

ethanol plant extracts were evaluated on mycelial 

growth using the method of Gwar and Richard (2018). 

This method was initiated by creating four equal 

sections on each plate through the drawing of two 

perpendicular lines at the bottom. The point of 

intersection was indicated as the centre of the plate. The 

plates were amended with 5 mL of plant extracts at 

various concentrations (25 g/L, 50 g/L, 100 g/L), except 

for the control. After that, a 5mm diameter disc cut from 

the periphery of the colony of the pure culture of each 

isolated pathogen pure culture was placed in the centre 

of each dish containing the amended potato dextrose 

agar (PDA) and incubated at 35 °C. The Petri dishes were 

laid out in a completely randomized design and, readings 

were obtained, and the experiment terminated on the 

seventh day. After seven days, the percentage growth 

inhibition (PGI) was calculated using the formula: 

   ( )   
     

   
      

Where DC is the average diameter of the fungi pathogen 

colony in the control plate, and DT is the average 

diameter of the fungi pathogen colony in the treated 

plate. 

Data analysis 

The data from the mycelial growth inhibition assay was 

expressed as a percentage (%). The means of the various 

treatments were compared through a one-way Analysis 

of Variance (ANOVA) with a significance level of 0.05 

between treatments. 

RESULTS 

Colonial morphology and light microscope 

micrograph 

The result of the colonial morphology of the pure 

colonies on PDA and subsequent microscopic 

examination of each stained colony revealed a 

preliminary identity of hyphal structures and spores, 

which are typical of Curvularia mebaldsii, Fusarium 

oxysporum, and bunches of vesicles of Penicillium species 

as shown in Figure 1. 

 

   
Curvularia mebaldsii × 40 Fusarium oxysporum × 40 Penicillium species × 40 

Figure 1: Light microscopic micrographs of the fungal isolates from potato rot disease. 
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Molecular characterization of fungal isolates 

The phylogenetic tree of the three fungal isolates using 

their characterized ITS gene is shown in Figure 2. 

Pathogenicity test 

The results of the pathogenicity test to establish the 

isolates as the causative agent of the observed potato rot 

disease are displayed in Figure 3. The result revealed 

that the inoculated fresh tuber manifested the disease 

symptom of macerated soft tissue with a foul odour. The 

control showed slight tissue maceration due to the 

wounds. 

Pure culture isolates 

Figure 4 shows the pure culture of the disease isolate 

obtained from culturing and subsequent sub-culturing 

of the rot pathogen tuber isolates randomly picked 

from supermarkets across the major studied towns of 

Alice, King Williams and Fort Beaufort in the study 

area.

 

 
Figure 2: Phylogenetic tree of three fungal isolates from potato rot disease. 

 

 
Figure 3: The pathogenicity test results of isolate of potato rot disease incubated at 35ºC for 14 days. 
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Figure 4: Purified cultures of fungal pathogens isolated from potato rot: A= Curvularia mebaldsii; B = Fusarium 

oxysporum; C = Penicillium spp. 

 

In vitro antifungal activity of the extracts 

Figure 5 shows the growth inhibition patterns of three 

fungal isolates from rotten potato tubers using aqueous 

leaf extract of C. limon. At a plant extract concentration 

of 100 g/L, the examined pathogens exhibited 100 % 

inhibition in mycelial growth rate. At 50 g/L, the plant 

extract displayed 100 % inhibition in mycelial growth 

rate for both F. oxysporum and C. malbaldsii and 91 % for 

Penicillium sp. The lowest concentration (25 g/L) 

resulted in 99 %, 89.7 % and 86 % inhibition of mycelial 

growth rate for F. oxysporum, C. malbaldsii and 

Penicillium sp. 

Similarly, the growth inhibition patterns of the three 

fungal pathogens when exposed to acetone extracts of C. 

limon are presented in Figure 6. The highest acetone 

extract concentration (100 g/L) led to 100 % inhibition 

in the mycelial growth rate of the three examined 

pathogens. At a concentration of 50 g/L, a 100 % 

inhibition rate was recorded against the mycelial growth 

of F. oxysporum and C. malbaldsii, while that of 

Penicillium sp. was 91 %. At 2 5g/L acetone extract 

concentration, the antifungal effect percentage against F. 

oxysporum was 91 %, followed by C. malbaldsii (97 %) 

and Penicillium sp. (86%). 

 

 
 

Figure 5: Exposure of 7-day-old cultures of fungal rot disease isolates to aqueous leaf extracts of C. limon at 

concentrations of 25 g/L, 50 g/L, and 100 g/L, with a negative control (no plant extract). 

A B C 

Curvularia 

mebaldsii 

Fusarium 

oxysporum 

Penicillium spp. 

Control 25g/L 50g/L 

 

100g/L 
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Figure 6: Exposure of 7-day-old cultures of fungal rot disease isolates to acetone leaf extracts of C. limon at 

concentrations of 25 g/L, 50 g/L, and 100 g/L, with a negative control (no plant extract). 

 

Regarding the antifungal activity of the ethanol 

extracts of C. limon, a 100 % mycelial growth 

inhibition rate was observed against each of the three 

fungal isolates at an extract concentration of 100 g/L 

(Figure 7). Also, at a concentration of 50g/L, F. 

oxysporum and C. malbaldsii exhibited a 100 % 

inhibition growth rate, while Penicillium sp. mycelial 

growth was reduced by 90.97 %. Finally, at an ethanol 

concentration of 25 g/L, F. oxysporum and C. 

malbaldsii mycelial growth inhibition rates were 

96.52%, while Penicillium sp exhibited 85.57 % 

inhibition in mycelial growth rate. 

 

 
 

Figure 7: Inhibitory pattern of fungal isolates from diseased potato tubers with concentrations of 25 g/L, 50 g/L, and 

100 g/L of ethanol leaf extracts of C. limon with a negative control (no plant extract) after 7 days of incubation at 28ºC. 

 

Figure 8 shows growth inhibition patterns of the three fungal isolates from potato rot disease prevalence in 

Curvularia 

mebaldsii 

Fusarium 

oxysporum 

Penicillium spp. 

Control 25g/L 50g/L 100g/L 

Penicillium spp. 

Fusarium 

oxysporum 

Curvularia 

mebaldsii 

Control 25g/L 50g/L 100g/L 
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supermarkets using aqueous leaf extracts of C. limon. At 

100g/L plant extract concentration, the examined 

pathogens exhibited 100% mycelial growth rate 

inhibition. At 50g/L, plant extract F. oxysporum and 

C.malbaldsii displayed 100% mycelial growth rate 

inhibition, while the growth rate of Penicillium species 

was reduced by 91%. Lastly, at 21g/l concentration of 

the same plant extracts, the mycelial growth of F. 

oxysporum was 99%, followed by C.malbaldsii (897%) 

and Penicillium species (86%). 

Figure 9 shows the growth inhibition patterns of the 

three fungal pathogens isolated from potato rot disease 

prevalence in supermarkets using acetone extracts of C. 

limon. At 100g/L acetone, plant leaf extract shows 100% 

inhibition on the mycelial growth rate of the three 

examined pathogens. At 50g/L concentration, F. 

oxysporum and C. malbaldsii exhibited 100% mycelial 

growth inhibition, while that of Penicillium species was 

reduced to 91%. Lastly, at 25g/L concentration, F. 

oxysporum displayed a mycelial growth rate of 91%, 

followed by C. malbaldsii (97%) and Penicillium species 

(86%).

 

 
Figure 8: Growth inhibition of the three fungal pathogens isolated from rotten potatos using aqueous leaf extracts of C. 

limon (values with different alphabetical letters indicate significant differences at P < 0.05). 

 

 
Figure 9: Growth inhibition of the three fungal pathogens isolated from rotten potatos using acetone leaf extracts of C. 

limon (values with different alphabetical letters indicate significant differences at P < 0.05). 
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Figure 10 shows the growth inhibition patterns of the 

three fungal pathogens isolated from potato rot disease 

prevalence in supermarkets using ethanol extracts of C. 

limon. The three examined potato rot disease pathogens 

displayed 100% mycelial growth inhibition at 100g/L 

plant leaf extract concentration. At 50g/L concentration, 

F. oxysporum and C. malbaldsii exhibited a 100% 

inhibition growth rate, while Penicillium species mycelial 

growth was reduced by 90.97%. Finally, at 25g/L 

concentration, F. oxysporum and C.malbaldsii mycelial 

growth inhibition was 96.52%, while Penicillium species 

exhibited 85.57% mycelial growth rate inhibition.

 

 
Figure 10: Growth inhibition of the three fungal pathogens isolated from rotten potatos using ethanol leaf extracts of 

C. limon (values with different alphabetical letters indicate significant differences at P < 0.05). 

 

DISCUSSION 

All food crops are subject to post-harvest microbial 

spoilage, depending on the intrinsic and extrinsic 

prevailing conditions. Among the readily attacked tuber 

crops is sweet potato, predominantly cultivated in most 

African countries (Singh et al., 2021). The biological 

management of these plant pathogens has continued to 

gain the attention of scientists in recent times (Zaria, 

2014). This study evaluated the antifungal efficacy of 

acetone, aqueous, and ethanol leaf extracts of C. limon on 

three significant pathogens of potato rot diseases. 

The isolates from the potato rot diseases were 

confirmed phenotypically and molecularly as Curvularia 

mebaldsii, Fusarium oxysporum, and Penicillium sp. The 

finding from the pathogenicity test established the 

isolates as the causative agents of the observed potato 

rot disease. The presence of F. oxysporum, Penicillium 

species and C. mebaldsii in this study, therefore, suggests 

that they are responsible for the spoilage of potatoes 

retailed within the supermarket, especially during the 

summer season in Mhlaba local municipality of Eastern 

Cape province, South Africa. The isolation of F. 

oxysporum from potato dry rot disease has also been 

previously studied (Shuping and Eloff, 2017). Also, 

Ibrahim et al. (2014) reported the isolation of Rhizopus 

stolonifer, Aspergillus niger, A. flavus, Penicillium species, 

Mucor racemosus, F. oxysporum and Alternaria alternata 

from rotted Irish potatoes in Sokoto Metropolis, Nigeria. 

Similarly, A. flavus, A. niger, R. stolonifer, Trichoderma 

viride, F. oxysporum, P. digitatum, Cladosporium 

herbarium, and A. ochraceus were associated with the 

deterioration of white variety sweet potato (Ipomoea 

batatas) under different storage structures (Tortoe et al., 

2019). Other studies reported A.s flavus, A. niger, F. 

oxysporum, Geotrichum candidum and R. oryzae were 

obtained from the rotten potato samples from Odisha, 

India (Khatoon et al., 2017). In Uruguay, F. oxysporum 

was reported to occur in sweet potato rot (Ipomoea 

batatas L & Lamb) (Scattolini et al., 2020). It appears 

from previous reports that Fusarium spp. seems to be 

one of the major isolates from rotted potato tubers, 

suggesting that they are majorly responsible for their 

spoilage. Therefore, the presence of F. oxysporum, and 

Penicillium species, agrees with earlier reports that these 
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fungi are majorly associated with the spoilage of potato 

tubers (Lui et al., 2021; Paul et al., 2021; Paul et al., 

2020; Gyasi et al., 2022; Lai et al., 2022). Several species 

of Curvularia have recently been reported from clinical 

samples (Madrid et al., 2014; Marin-Feli et al., 2020), but 

some are well-known for the global spoilage of cereals 

and tuber crops. Previous studies have linked the fungal 

isolates with spoilage of several post-harvested crops, 

leading to global colossal economic losses (Ameida et al., 

2019). Apart from the potential financial losses, the 

phytopathogens isolated from this study have been 

reported to pose serious health risks to consumers of 

infested potatoes and other food crops (Egbuta et al., 

2017). The ailments range from superficial to systemic 

and opportunistic infections in exposed individuals, 

especially the immunocompromised, very young and the 

elderly (Madrid et al., 2014; Egbuta et al., 2017). The 

presence of these isolates is of public health relevance, 

hence the need for proper management of commercial 

potato tubers to avoid public health hazards. 

Environmentalists and researchers have recommended 

using botanicals and other natural plant products for 

pest and disease management to achieve sustainable 

crop production (Lengal et al., 2020; Seepe et al., 2021). 

The findings on the in vitro antifungal effects of C. limon 

leaf extracts probably offer potential choices for 

managing these phytopathogens of potato tubers. This 

study revealed that C. limon leaf extracts significantly 

inhibited the mycelial growth of F. oxysporum, 

Penicillium species and C. mebaldsii. This finding is 

concurrent with previous studies on the in vitro effects 

of plant extracts against bacterial and fungal isolates of 

crops (Ezeonu et al., 2018; Gwa and Richard, 2018; Giwa 

and Akombo, 2016; Ehiobu and Ogu, 2016; Musto et al., 

2014; Raji and Raveendran, 2013). The 100% inhibition 

in mycelial growth rates of F. oxysporum by the aqueous, 

acetone and ethanol extract concentrations at 50 and 

100 g/L is worth noting. This suggests the crude 

extract’s complete suppression of the fungal growth at a 

relatively lower concentration. Fusarium one of the 

major pathogens of post-harvest spoilage of potatoes 

and other crops in different regions of Africa and Asian 

countries (Nsofor et al., 2020; Tiwari et al., 2020; Lui et 

al., 2021; Paul et al., 2021; Paul et al., 2020; Gyasi et al., 

2022; Lai et al., 2022; Ikechi-Nwogu and Nworuka, 

2023). This could have important implications for the 

potential use of aqueous, acetone and ethanol extracts as 

natural alternatives to synthetic fungicides in pre-and 

post-agricultural practices. 

Earlier studies have shown that the fungal isolates were 

susceptible to different plant extracts. According to the 

report by Musto et al. (2014), the aqueous leaf extract of 

Solanum nigrum displayed significant inhibitory activity 

against the mycelial growth of Penicillium digitatum, the 

causal organism of Citrus blue mould. Similarly, aqueous 

Allium sativum extract (Gallic) exhibited high inhibitory 

activity against the mycelial growth of P. digitatum and 

P. italicum. In addition, Zhao et al. (2020) reported that 

tea saponins derived from Camellia sinensis expressed 

potent inhibitory activities against the mycelial growth 

of P. digitatum and P. italicum. Also, aqueous extracts of 

Arenora rubra, a Moroccan plant, demonstrated high 

inhibitory activity against P. italicum, the pathogen of 

Citrus blue mould (Askane et al., 2012). Furthermore, 

Zaria (2014) reported that the aqueous and ethanol 

extracts of five medicinal plant extracts significantly 

inhibited the mycelial growth of Phytophthora infestan, 

the fungal pathogen of late blight diseases of potatoes 

and tomatoes. Our findings agree with earlier reports 

regarding the potential inhibitory effects of aqueous and 

ethanol extracts of C. limon against the isolated 

pathogens of potato rot disease. 

The findings from this study revealed extract 

concentration-dependent mycelial growth inhibition 

patterns. This is in concordance with the reports of 

several studies on the use of medicinal plants for the 

control of fungal diseases in crop plants (Sohail and 

Bani-Hassan, 2018; Ezeonu et al., 2018; Raji and 

Raveendran, 2013; Askane et al., 2012). This indicates 

that the leaf extracts’ active ingredients are likely 

present in various fractions of the extracts in varying 

amounts. The observed variations in the inhibitory 

effects of the aqueous and organic solvents could be 

attributed to the differences in the extracting powers of 

the solvents and probably the extraction techniques. 

Studies have shown that the efficacy of extracting 

solvent from crude plant extracts is directly linked to the 

polarity of the metabolites and the solvent used for the 

extraction, which in turn determines the quality, 

quantity, extracting velocity, inhibitory compounds and 

biosafety (Zhang et al., 2019). The observed antifungal 

activities in this study could be linked to the bioactive 

compounds: alkaloids, saponins, flavonoids and phenolic 

compounds, reported in our previous study (Ehiobu et 

al., 2021). Volatile oil, sabinene, carene, limonene and ß-

ocimene identified in C. limon leaf extract compounds 
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were reported to possess antimicrobial activities against 

pathogenic bacteria (Asker et al., 2020). Other 

antimicrobial phytcompounds reported in C. limon 

extracts were caffeoyl N-Tryptophan, Hydroxycinnmoyl-

O-glucoside acid, Vicenin 2, Eriocitrin, Kaempferol-3-O-

rutinoside, and Quercetin-3-rutinoside (Makni et al., 

2018). 

 

CONCLUSIONS 

The fungal pathogens involved in the potato rot disease 

were isolated, the pure culture recovered, and the 

pathogenicity assay and molecular characterizations 

established the isolates as Fusarium oxysporum, 

Penicillium species and Curvularia mebaldsii. The study 

revealed that the aqueous, acetone and ethanol leaf 

extracts of Citrus limon demonstrated significant in vitro 

inhibitory activity against the investigated pathogens in 

a concentration-related pattern. Therefore, the plant leaf 

could be considered a biofungicide to enhance the shelf-

life of potatoes in supermarkets, specifically, and for 

post-harvest storage in general. Further research on the 

purification of the specific bioactive ingredients and 

investigation of their in vivo activities is recommended. 
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