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Abstract 

 

Indiscriminate use of synthetic pesticides has resulted in loss of access to niche markets due to presence of chemical residues in fresh 

vegetable produce. There is need for safe alternatives to synthetic pesticides in management of pests and diseases in horticultural 

production. The objective of this study was to evaluate effectiveness of plant extracts in suppressing growth of plant pathogenic fungi 

in vitro. Mature plant tissue samples were finely blended, extracted with 95% (v/v) ethanol and the extracts were concentrated by 

evaporation under vacuum at 600C to remove the ethanol. Antifungal activity of the extracts was tested by incorporating the extract 

into the culture media onto which fungal pathogens were then cultured. Sensitivity of the fungal pathogens was determined by 

measuring the pathogen colony radial growth of the treatments compared to controls. Extracts from different plants varied in activity, 

with turmeric extracts being the most active. Turmeric extracts inhibited fungal colony radial growth by 30 to 73 % while mint was 

the least active. Alternaria solani was the most susceptible pathogen while Pythium ultimum was the most sensitive to extracts from 

all the plants evaluated.  Fusarium oxysporum f. sp. lycopersici was tolerant to most of the plant extracts tested. Sensitivity of all the 

pathogens tested was found to decrease with the age of the cultures. The study showed that plants extracts contain compounds that 

inhibit growth of plant pathogenic fungi. Such compounds could be exploited as biopesticides to manage plant diseases thereby 

reducing the chemical residues in horticultural production.   

 

Keywords: Botanical pesticides; integrated pest management; pesticide residues; sustainable agriculture. 

 

Introduction 

 

Horticulture industry is an important sector in Kenya as it 

contributes to foreign exchange earnings through exports of 

fresh fruits and vegetables, creation of employment and 

income for small scale growers and provision of raw 

materials for agro-processing industries (Signon, 2015). 

European Union market accounts for up to 80% of Kenya’s 

fruit and vegetable sales and 42% of flower exports (Business 

Daily, 2014).  Growers involved in horticultural production 

have to maintain the market quality standards of their 

produce to be aesthetically acceptable and free from pests and 

diseases by using pest control products that do not leave 

residues on the produce (Business Daily, 2016). Growers of 

fresh produce have previously relied on synthetic pesticides, 

which provide the most convenient way of managing pests 

and diseases (Birech et al., 2006).  The frequent chemical 

sprays on vegetables have resulted in pest resurgence and 

resistance (Stangarlin et al., 2011; Wagnitz, 2014; Srijita, 

2015), build-up of harmful chemicals in the environment and 

adverse effects on non-target organisms, in addition to 

accumulation of pesticides residue on produce (Aktar et al., 

2009; Bhattacharjee and Dey, 2014; Business Daily, 2014; 

Engindeniz et al., 2013; Nderitu et al., 2010). The European 

Union has set the maximum residue limit (MRL) on all food 

products at 0.01mg/kg (European Commission, 2012). The 

presence of pesticide residues resulted in rejection of fresh 

produce in EU market and imposition of up to 10% sampling 

per consignment on all beans and peas in pods exported to the 

EU (European Commission, 2012).  Some of the synthetic 

pesticides have been banned for use in production of fresh 

vegetables in the last five years due to detection of high 

levels of harmful chemical residues. The detection of harmful 

residues resulted in rejection of fresh produce and loss of 

access to European niche markets (The East African, 2015).  

The strict maximum residue level (MRLs) requirements 

resulted in reduced production and loss of trade for small 

holder farmers due to non-compliance (KEPHIS, 2012). 

Therefore, if vegetable farmers are to access the niche EU 

markets and local supermarkets, there is need to search for 

alternative pest and disease management approaches that are 

user friendly and that leave no chemical residues on the 

produce and in the environment.  The most commonly used 

biological pesticides include living organisms, bio-

insecticides, botanicals and compost teas  (Mahajan et al., 

2015; Prasad and Syed, 2010; Ghorbani et al., 2005). 

Biological pesticides used to manage pests and diseases in 

vegetable production include microorganisms such 

Metarhizium anisopliae, Bacillus thuringiensis, Beauveria 

bassiana, Pseudomonas syringae, Pantoea agglomerans, 

Streptomyces lydicus, Bacillus pumilus, Bacillus subtilis, 

Trichoderma harzianum, Trichoderma virens and 

Paecilomyces sp. ( Cawoy et al., 2011)and botanicals such as 

neem (Azadirachtin), pyrethrum, garlic, eucalyptus, turmeric, 
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tobacco, ginger; and essential oils such as nettle oil, thyme 

oil, eucalyptus oil, rue oil, lemon grass oil, tea tree oil; 

compost extracts and Aloe vera (Gurjar et al., 2012; Shiberu 

and Getu,2016; Song et al., 2012).  Pesticides from natural 

sources are non-toxic to humans and the environment, are 

harmless to beneficial insects, are easily degradable, have 

varied modes of action and they are readily available in the 

environment compared to the synthetic chemicals (Charlie, 

2014; Wagnitz, 2014; Mohammed, 2014, Nashwa, 2011).  

The objective of this study was to evaluate the effectiveness 

of extracts from locally available plants in suppressing 

growth of plant pathogenic fungi in vitro. 

 

Results 

 

All the tested plant extracts showed significant (p ≤ 0.05) 

activity against the tested fungal pathogens (Figure 1; Table 

1). The most active extracts were from turmeric (Curcuma 

longa), lemon (Citrus limon), garlic (Allium sativum), pepper 

(Capsicum frutescens), ginger (Zingiber officinale), and 

rosemary (Rosmarinus officinalis) which reduced fungal 

pathogen colony diameter by between 15-50 %. The least 

active plant extracts were from Mexican marigold (Tagetes 

minuta), aloe (Aloe vera), neem (Azadirachta indica) and 

mint (Mentha piperita), which showed a reduction of the 

fungal pathogen colony diameters of less than 10 %, 

compared to the controls. Among the plant extracts, turmeric 

was active on all the tested fungal plant pathogens, reducing 

their colony diameters by up to 72 % on Alternaria solani 

(Table 1). Garlic was most active on Alternaria solani and 

Rhizictonia solani while lemon extracts were more effective 

on Pythium and A. solani. Mexican marigold was only active 

against Pythium ultimum which was also most sensitive to 

most of the other plant extracts. There was variation in the 

activity of the plant extracts during the different stages of 

growth of the fungal pathogens. The tested fungal pathogens 

were most sensitive at the early stages of growth of the 

cultures, with complete inhibition of growth of Alternaria 

solani by turmeric and garlic extracts (Table 2). Growth of 

Alternaria solani cultures was inhibited by extracts from all 

the plant, especially at early stages of growth (Table 2). 

Extracts from turmeric (Curcuma longa) and lemon (Citrus 

limon) showed high activity on both young and old cultures 

of Alternaria, Rhizoctonia, Pythium and Fusarium (Table 2; 

Table 3; Table 4; Table 5). Extracts from lemon (Citrus 

limon) were highly effective in reducing the colony radial 

growth of both young and old cultures of Alternaria solani, 

Pythium ultimum, Fusarium oxysporum f.sp. lycopersici and 

Rhizoctonia solani. Cultures of  Fusarium oxysporum f.sp. 

lycopersici were mainly sensitive  to extracts from turmeric 

(Curcuma longa) and lemon (Citrus limon) at all the fungal 

growth stages (Table 4).  Extracts from ginger (Zingiber 

officinale), rosemary (Rosmarinus officinalis), neem 

(Azadirachta indica)  and aloe (Aloe vera) showed activity 

only on the young cultures of Rhizoctonia solani (Table 5). 

Extract from mint (Mentha piperita) and marigold (Tagetes 

minuta) had no significant effect on Rhizoctonia solani.  Old 

cultures of Rhizoctonia solani were highly tolerant to extracts 

from ginger (Zingiber officinale), rosemary (Rosmarinus 

officinalis), neem (Azadirachta indica), aloe (Aloe vera), 

mint (Mentha piperita) and Mexican marigold (Tagetes 

minuta) (Table 5).  

 

Discussion 

 

The evaluated plant extracts inhibited the mycelial growth of 

the tested tomato fungal pathogens with turmeric (Curcuma 

longa) being the most active. These findings are in agreement 

with those reported by Wongkaew and Sinsiri (2014) who 

found out that ethanolic extracts of turmeric were effective 

against Alternaria alternata, Pythium sp and Fusarium 

oxysporum f.sp. lycopersici. Extracts from turmeric have 

been reported to be effective against Tribolium casteneum, 

Sitophilus granaries and Rhizopertha dominica (Damalas, 

2011). Neem, garlic and ginger extracts have also been 

reported effective against leaf cutting beetles in mangoes and 

maize weevils (Sumitra et al., 2012; Nwachukwu and 

Asawalam, 2014). Chethana et al. (2012) reported that garlic, 

neem and turmeric extract inhibited growth of Alternaria 

porri. In addition, plant extracts from garlic (Allium sativum), 

thorn apple (Datura stramonium), neem (Azadirachta indica) 

and rosemary (Rosmarinus officinalis) have been reported to 

reduce early blight in tomato (Nashwa and Abo-Elyousr, 

2012; Rodino et al., 2014). Goufo et al. (2010) reported 

effectiveness of several plant extracts against late blight of 

tomato  

Among the tested pathogens, Rhizoctonia solani and 

Fusarium oxysporum f.sp. lycopersici were the least 

susceptible to the extracts.  Rodino et al. (2014) reported that 

marigold (Tagetes minuta) extracts were effective in reducing 

the mycelial growth of Rhizoctonia solani while Javaid and 

Rehman (2011) reported that ethyl extracts from neem 

(Azadirachta indica) were very effective in reducing fungal 

growth in vitro. Variation in activity of the evaluated plant 

extracts could be due to method of extraction, extraction 

solvent, nature and origin of the plants (Odhiambo et al. 

2009; Javaid and Rehman, 2011; Mahlo et al., 2013).  The 

effectiveness of plant extracts is also influenced by sensitivity 

of test pathogen strain and concentration of the extract 

(Bandor et al. 2013; Agbenin and Marley, 2012; Brussoti et 

al., 2013). Dabur et al. (2007) reported that water extracts 

were more effective than organic extracts while Bandor et al. 

(2013) reported that use of water in extraction increases the 

amount of impurities and this could impair the quality of 

extracts.  

The observed antimicrobial effect of turmeric could be 

attributed to presence of volatile compounds such as 

flavonoids, alkaloids, saponins, tannins, terpenoids, 

polyphenolics and polyacetate derivatives (Mizubuti et al., 

2007; Javaid and Rehman, 2011; Reddy et al., 2012).  

Different plant families have different bioactive compounds 

including curcuminoids and turmerones, (Damalas, 2011), α- 

and β-phellandrene and limonene, piperitone and 

piperitonone which inhibit spore germination, alter hypha 

modifications and modify the structure of mycelia of fungal 

pathogens (Vidyasagar and Tabassum, 2013). The major 

active compounds are aromatic oils, turmerones and 

curcuminoids (Damalas, 2011; Wongkaew and Sinsiri, 2014). 

These compounds impair growth and development of pests 

through contact and interference with their physiological 

functions (Effiom et al., 2012; Sumitra et al., 2012).  Nature 

and origin of the plants dictate the type and amount of 

bioactive compounds present (Nashwa and Abo-Elyousr, 

2012). The physiology and growth rate of the test fungal 

pathogens also affect the activity of the extracts since some 

microorganisms are fast growers and others have 

sophisticated morphologies (Mizubuti et al., 2007). Different 

concentrations are needed for efficacy from different plant 

extracts and against different pathogens (Javaid and Rehman, 

2011).  

The results of this study showed that plants available in 

local environment is a potential source of active compounds 

that could be exploited for environmentally safe pest control 

products to be used in sustainable agricultural production.  
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Table 1. Percentage inhibition of colony diameter of different tomato plant pathogens cultured on PDA amended with crude plant 

extracts at 8 days after incubation. 

Source of extracts Pythium Alternaria Rhizoctonia Fusarium 

Turmeric  55.6a 72.9a 33.5a 36.7a 

Garlic  20.5de 43.5b 24.7b 8.7d 

Lemon  49.3a 35.0c 14.4c 4.9f 

Pepper  29.3cd 15.9de 35.6a 27.5b 

Ginger 31.5bc 37.9bc 0.0c 4.8ef 

Rosemary  44.7ab 22.4d 0.0c 4.7f 

Neem  14.0e 8.0f 0.0c 7.0de 

Aloe  17.3de 9.3f 0.0c 2.3g 

Mint 20.9de 9.8ef 0.0c 8.5d 

Marigold  45.5ab 11.6ef 0.0c 11.0c 

LSD (p ≤ 0.05) 11.6 6.8 5.5 2.1 

s.e 4.03 2.34 1.91 1.15 

CV (%) 26.7 19.3 38.9 13.8 
Means followed by the same letter(s) within each column do not differ significantly at P ≤ 0.05. LSD - least significant difference, CV - coefficient of variation, s.e - 

standard error (treatments had an equal number of replications).  

 

 

 
Fig 1. Percent reduction in colony diameters of fungal pathogens grown on agar media amended with extracts from different plants.   

 

 

 

Table 2. Percentage inhibition of colony diameter of Alternaria solani cultured on PDA amended with crude plant extracts. 

Source of extracts Days after incubation   

  2 4 6 8 

Turmeric 100.0a 80.4a 78.6a 73.6a 

Garlic 100.0a 70.7a 61.9b 45.0b 

Lemon 75.8b 43.7b 37.5d 36.8c 

Pepper 59.0d 32.1bc 26.8e 18.2e 

Ginger 62.5c 37.8bc 49.4c 39.6c 

Rosemary 53.7e 32.1bc 27.4e 24.6d 

Neem 36.4g 20.5c 15.7f 10.3g 

Aloe 39.2f 20.6c 17.3f 11.8g 

Mint 57.0d 25.0c 15.6f 14.8ef 

Marigold 51.3e 44.6b 18.6f 14.1f 

LSD (P ≤ 0.05) 2.9 19.1 7.7 3.6 

s.e 10.3 8.3 3.0 2.2 

C V (%) 3.4 35.7 16.7 9.5 
Means followed by the same letter(s) within each column do not differ significantly at P ≤ 0.05. LSD - least significant difference, CV - coefficient of variation, s.e - 

standard error (treatments had an equal number of replications). 
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Table 3. Percentage inhibition of colony diameter of Pythium ultimum cultured on PDA amended with crude plant extracts. 

Source of extracts Days after incubation 

  2 4 6 8 

Turmeric 71.9a 70.5a 69.2a 67.4a 

Garlic 45.5e 18.6f 24.7c 28.7c 

Lemon 66.7b 45.3b 36.5b 33.0b 

Pepper 12.5h 2.5i 1.6g 5.9g 

Ginger 59.7c 23.9e 25.6c 27.6c 

Rosemary 49.2d 31.9c 35.8b 37.4c 

Neem 12.5h 4.5h 3.1f 8.5f 

Aloe 31.2f 12.2g 9.2e 5.9f 

Mint 17.7g 2.3i 17.5d 11.4e 

Marigold 46.6e 27.2d 24.4c 23.0d 

LSD P ≤ 0.05) 2.6 1.7 1.7 2.5 

s.e 6.94 4.34 5.65 3.33 

C V (%) 4.8 5.4 5.3 8 
Means followed by the same letter(s) within each column do not differ significantly at P ≤ 0.05. LSD - least significant difference, CV - coefficient of variation, s.e - 

standard error (treatments had an equal number of replications). 

 

 

Table 4. Percentage inhibition of colony diameter of Fusarium oxysporum f.sp. lycopersici cultured on PDA amended with crude 

plant extracts. 

Source of extracts 
Days after incubation 

2 4 6 8 

Turmeric 48.5a 46.7a 48.6a 39.1a 

Garlic 36.8b 16.7c 9.0e 6.6d 

Lemon 32.4b 39.2b 40.3b 31.5b 

Pepper 17.8c 12.5d 2.7dg 3.1def 

Ginger 30.9b 3.3fg 5.6fg 5.4def 

Rosemary 14.7d 8.3e 3.1fg 3.3def 

Neem 8.7e 10.8e 2.8fg 2.7ef 

Aloe 5.8f 14.6cd 6.3ef 4.9def 

Mint 5.7f 4.2fg 16.0d 19.9c 

Marigold 5.7f 12.4d 28.9c 23.2c 

LSD P ≤ 0.05) 6 3.7 4.6 3.3 

s.e  2.93 1.55 2.238 1.834 

C V (%) 22.2 16.5 21.3 18.1 
Means followed by the same letter(s) within each column do not differ significantly at P ≤ 0.05. LSD - least significant difference, CV - coefficient of variation, s.e - 

standard error (treatments had an equal number of replications). 

 

 

Table 5.  Percentage inhibition of colony diameter of Rhizoctonia solani cultured on PDA amended with crude plant extracts. 

Source of extracts Days after incubation 

  2 4 6 8 

Turmeric 82.3a 62.7a 43.8a 36.0a 

Garlic 72.3b 55.6b 37.1b 24.7b 

Lemon 56.4c 45.9c 32.1c 20.0c 

Pepper 57.3c 55.9b 45.6a 35.6a 

Ginger 35.9e 18.6e 5.3e 0.0d 

Rosemary 43.0d 47.4c 14.1d 0.0d 

Neem 42.7d 22.1e 13.5d 0.0d 

Aloe 55.9c 28.5d 13.5d 0.0d 

Mint 10.9f 0.0f 0.0f 0.0d 

Marigold 9.8f 0.0f 0.0f 0.0d 

LSD P ≤ 0.05) 4.1 4.2 4.1 2.1 

s.e  7.53 5.73 6.72 7.64 

C V (%) 6.8 9.6 15.2 13.5 
Means followed by the same letter(s) within each column do not differ significantly at P ≤ 0.05. LSD - least significant difference, CV - coefficient of variation, s.e - 

standard error (treatments had an equal number of replications). 

 

 

Botanical pesticides such as pyrethroids, neem and essential 

oils of higher plants have been shown to be as effective as the 

synthetic chemicals in reducing pest damage and have been 

commercialized.  Botanical pesticides are relatively safe, 

have no effect on non-target organisms, are often effective in 

small quantities, decompose quickly and therefore have less 

residual effects and, therefore, acceptable to consumers 

(Gupta and Dikshit, 2010; Gurjar et al., 2012; Thoeming and 

Poehling, 2006). However, biopesticides have low storage 

stability, are susceptible to environmental conditions and 
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some vary in their efficacy (Gašić and Tanović, 2013). In 

spite of this, the demand for pesticide residue free 

agricultural produce would warrant increased adoption of 

natural-based pesticides.  

 

Materials and methods 

 

Plant materials 

 

Source of antimicrobial extracts included leaves, roots, 

flowers, fruits, rhizomes and cloves of mature plants 

collected from the field or purchased from a local market in 

Nairobi. The plants included turmeric (Curcuma longa) 

rhizomes, garlic (Allium sativum) cloves, ginger (Zingiber 

officinale) rhizomes, rosemary (Rosmarinus officinalis) 

leaves, pepper (Capsicum frutescens) fruits, lemon (Citrus 

limon) fruits, mint (Mentha piperita) leaves, neem 

(Azadirachta indica) leaves, aloe (Aloe vera) leaves and 

Mexican  marigold (Tagetes minuta) flowers. The selection 

of the plants was based on the antimicrobial history from 

published reports by different researchers (Goufo et al., 2010; 

Al-Samarrai et al., 2012). 

 

Extraction of antifungal products from plants  

 

Crude extracts from plant samples were extracted using the 

modified method described by Al-Samarrai et al. (2012). The 

plant samples were washed under running tap water and 

rinsed in distilled water. The plant materials were finely 

blended in sterile distilled water and 100 g of the ground 

material was extracted with 500 ml of 95% ethanol on a 

mechanical shaker for 30 minutes. Plant residues were 

removed by passing the mixture through two layers of cheese 

cloth followed by filtration through Whatman No. 2 filter 

paper. The alcohol in the filtrate was evaporated under 

vacuum in a rotary evaporator at 600C and 10 ml of the 

concentrated extract was stored in a refrigerator at 40C.  

 

Isolation of pathogens and antimicrobial activity assays 

 

Fungal pathogens tested were Alternaria solani, Pythium 

ultimum, Rhizoctonia solani and Fusarium oxysporum f. sp. 

lycopersici. Pathogens were isolated from diseased tomato 

plants, washed under running tap water, cut into 3mm pieces, 

sterilized in 2-3% sodium hypochlorite and rinsed in three 

changes of sterile distilled water. The sterilized plant tissues 

were blot dried and plated on Potato Dextrose Agar (PDA) 

amended with streptomycin antibiotic to suppress growth of 

bacteria and incubated at room temperature (25-280C). The 

isolated fungi were purified by sub-culturing on fresh PDA  

medium. The extracts were tested for antifungal activity by 

poisoned food technique as described by Al-Samarrai et al. 

(2012). Plant extracts were incorporated into molten PDA 

media cooled to 450C at a ratio of 1ml extract to 50ml media 

(v/v).  The molten media containing the extract was 

dispensed into Petri dishes and allowed to set. Agar discs 

(5mm) were cut from 14-day old fungal pathogen cultures 

and plated on the PDA containing the plant extracts. Control 

plates contained PDA medium without extracts. The cultures 

were incubated at room temperature for up to 14 days. 

Diameter of the pathogen colonies was measured at the 

second, fourth, sixth and eighth day after plating and the 

antifungal activity of each extract was determined by 

calculating the reduction in the fungal colony radial growth 

using the following formula: 

% inhibition

=
(Colony diameter without extract − Colony diamter with extract)

Colony diameter without extract  
∗  100 

Data analysis 

 

The experiments were laid out in randomized complete block 

design with the extracts as the treatments and replicated four 

times. The experiment was repeated twice. Data collected 

was subjected to analysis of variance using Genstat® 15th 

Edition software and the means separated using Fischer’s 

Protected LSD at 5% probability level (Steel and Torrie, 

1990).  

 

Conclusion  

 

The study shows that locally available plants have antifungal 

properties which if tapped using appropriate procedures and 

concentrations, could be formulated and availed to farmers as 

pesticides. The inhibition levels reported show that they have 

potential to manage plant pathogens and hence could replace 

pesticides upon formulation.  Comprehensive explorations 

need to be done into the local environments for more plants 

with antimicrobial properties. Their bioactive compounds 

should also be identified and formulated into pesticides 

which are safe for use compared to the synthetic pesticides.  
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