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CHAPTER ONE 

INTRODUCTION 

1.1  Background of the problem  

Tomato (Solanum lycopersicum L.) is an essentail source of vitamins to consumers and income 

to the farming communities worldwide. The tomato plant is grown for its fruit for the fresh 

market and processing into pastes, pulps, juices, powders and ketchup (Rao et al., 2020). In 

Tanzania, tomato is majorly grown for its commercial benefits as a source of livelihood to the 

farmers and those involved in its value chain (Mutayoba & Ngaruko, 2018; Mwatawala et al., 

2019). The high yearly tonnage in tomato production of about 627 788 tonnes (Food and 

Agriculture Organization Corporate Statistical Database [FAOSTAT], 2020) makes the crop 

quite important and its health paramount. Throughout its growth span, tomato is attacked by 

different insect pests and diseases while in the field among them, fungal pathogens (Chidege 

et al., 2016; Bais et al., 2019; Shenge et al., 2020; Verma et al., 2020). Phytopathogenic fungi 

infect all parts of the tomato plants viz. seed, seedlings, leaves, stems, fruits and roots with 

reports of up to 100% crop loss under severe conditions (Bhalerao et al., 2019). Some of the 

fungal pathogens affecting tomato include species of Alternaria, Phytophthora, 

Colletotrichum, Fusarium, Rhizoctonia, Pythium, Botrytis, Septoria, Ascochyta, among others 

(Wonkaew & Sinsiri, 2014; Rahmatzai et al., 2017; Ghazal et al., 2019; Rao et al., 2020).  

Diseases caused by pathogens, fungi included, reduce the quality and quantity of tomato fruits 

which further affects the marketability of the produce. For decades, farmers have relied on 

chemical pesticides for pest and disease management due to their effectiveness, quick knock 

down effects, applicability, availability and spread of information from one farming 

community to another (Sen et al., 2020). A wide range of chemical pesticides have been 

developed to manage different crop pests such as insects, bacteria, viruses, fungi and 

nematodes. Despite the worthy reasons for using synthetic pesticides, these chemicals have 

undesirable effects on humans, environment and other beneficial living organisms (Kariathi et 

al., 2017; Li et al., 2020). Misuse and overuse of chemical pesticides has also been cited as a 

barrier to international trade due to presence of toxic chemical residues in fresh agricultural 

produce intended for export (Dinham, 2003; Kussaga et al., 2014). The cry for safe food, a 

healthy population and a safe environment has attracted diverse views on the corrective 
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antifungal properties of these spices have also been reported elsewhere against a myriad of 

pathogens affecting various crops. 

The properties that make the aforementioned plants candidates for consideration is due to their 

biochemical composition. The secondary metabolites present in those plants are responsible 

for the antifungal properties exhibited against important pathogens (Vidyasagar & Tabassum, 

2013). Several studies have reported the biochemical profiles of some of the study plants herein 

and others have reported their antifungal activity (Kapoor et al., 2008; Bhuiyan et al., 2010; 

Hameed et al., 2016; Wang et al., 2019). This study seeks to link the antifungal activity of the 

study plants with the presence of biochemical compounds to point out their possible mode of 

action.  

Botanical preparations have been used to treat seeds against seedborne pathogens. This is an 

important utilization of plant extracts because despite the effort taken by governments and 

private seed companies to ensure the presence of a formal seed system, some farmers still 

utilize informal seed sources (Muthoni & Nyamongo, 2008). With the concerns surrounding 

use of chemicals in agricultural systems, having alternatives to seed treatment is imperative. 

Botanical preparations have been used as seed treatments on a number crops such as tomato 

(Mbega et al., 2012), wheat (Mahal & Akter, 2019), sorghum (Masum et al., 2009), cabbage 

(Wolf et al., 2008), pea (Chandel & Kumar, 2017), cauliflower (Findura et al., 2020), cotton, 

barley (Ahmad et al., 2016) and cowpea (Akinbude & Ikotun, 2008) among others. Examples 

of plants used as seed dressers include garlic, ginger, black pepper, lemongrass, moringa, neem, 

clove, garden quinine, cumin, cedar, onions, bel leaf, turmeric and cinnamon. However, there 

has been reports that that despite the remarkable effect of plant extracts in seed dressing, some 

plants have toxic effects on the seeds and may interfere with germination and overall seed 

transition into seedlings. This is because of the presence of secondary metabolites which, at 

varied concentrations, may either stimulate or hinder germination of seed (Siddiqui, 2007; Han 

et al., 2008; Wolf et al., 2008; Shabana et al., 2017). The current study sought to investigate 

the effects of plant extracts from spices on the germination of tomato seeds.  

Plant extracts have also been used as foliar sprays against a wide range of diseases caused by 

different phytopathogens (Zaker, 2016). In tomato production, plant extracts have been used 

against foliar diseases such as blights, spots and rots (Ganie et al., 2013; Rizwana, 2016; 

Ngegba et al., 2018). Some of the plants used as foliar sprays against fungal diseases of plants 

include garlic, clove, thyme, tea tree, rosemary, cinnamon, neem, moringa, lemon, turmeric 
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and pepper (Mohsan et al., 2017; Anjum et al., 2019; Khan et al., 2019; Wang et al., 2019; 

Najdabbasi et al., 2020). In the management of soil borne diseases affecting tomato, plant 

extracts have also been reported effective. Most soil borne fungal pathogens cause damping 

off, wilts and root rots in tomato and they include species of Pythium, Fusarium, Rhizoctonia, 

Alternaria and Verticillium (Yeole et al., 2016; Testen & Miller, 2017).  Some spice plants 

have shown fungistatic and fungicidal activities against all these and other soilborne fungal 

pathogens. Examples of such plants include clove, cinnamon and black pepper (Aziz et al., 

2012; Shukla & Dwivedi, 2012; Yoon et al., 2013; Estrada-Cano et al., 2017). Tomato is 

affected by selected fungal pathogens postharvest for instance species of Alternaria, 

Phytophthora, Geotrichum and Colletotrichum (Devi et al., 2016; Ahmed et al., 2017).  There 

are plenty of plant extracts that have been reported effective against postharvest fungal 

pathogens of tomato. Antifungal extracts effective against postharvest fungi affecting tomato 

include those from cinnamon, clove, black pepper, turmeric and cardamom (Oros & Kállai, 

2019). 

Despite the vast number of publications emanating from research related to plant extracts 

(Isman & Grieneisen, 2014), there remains a shortage of commercial plant-based fungicides in 

the market of biopesticides. Review reports have attributed this gap to absence of enough data 

on chemical composition, efficacy and toxicity of plant extracts and positive checks especially 

for field experiments (Isman & Grieneisen, 2014). Information on the exact compounds 

responsible for antifungal activity in selected plants or their mode of action against pathogens 

is another challenge in commercializing plant-based fungicides. Despite these challenges, 

several botanical fungicides have been successfully registered for use in developed countries 

(Zaker, 2016). The commercially available botanical fungicides do not contain one active 

ingredient, but several compounds or even plant extracts or essential oils from several plants. 

The combination aspect of plant bioactive compounds into one product is likely to offer higher 

efficacy of the resultant botanical fungicides due to the synergistic effect (Eloff et al., 2017). 

Moreover, the product is likely to have diverse modes of action and the target pathogens will 

never develop resistance against the product because the compound combinations do not exist 

in nature (Oliveira et al., 2018). This study focused on the independent antifungal activity of 

plant extracts from spices and their combinations, their biochemical profiles and efficacy 

against important fungal diseases of tomato under in vitro and field conditions.  
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1.2  Statement of the problem  

Tomato is affected by a wide range of fungal diseases with blights being of utmost importance. 

Blights of tomato continue to be a challenge for every tomato farmer and the diseases are 

mostly managed by use of chemical fungicides. However, use of chemical pesticides for 

disease management has detrimental ripple effects such as killing non-target organisms. 

Synthetic pesticides also pollute the environment due to accumulation of constituent 

compounds which take lengthy time to degrade. Accumulation of chemical compounds in the 

food produce is a health hazard and causes chronic poisoning to the consumer. A number of 

effective fungicides is required for one planting season of tomato for management of diseases, 

which further increases the cost of production. There is a concern surrounding food safety, 

especially vegetables and fruits, regarding presence of chemical residues which calls for 

alternative but effective crop protection strategies. Botanical extracts have the potential to fill 

that gap but they have to fulfil the requirements of efficacy and stability especially under field 

conditions. There exist botanical fungicides in the market, though minimal, and all of them can 

only be imported from the developed countries and are therefore expensive.  

1.3  Rationale of the study  

One of the alternative crop protection strategies to synthetic chemicals is use of natural 

products either from plants or microflora. Plants selected for this study are used as spices and 

as medicine to treat diverse human ailments. The property that makes the spices medicinal is 

what was being explored in the current study against important fungal pathogens of tomato. 

Extracts derived from these plants and used as pesticides have been proven effective against 

plant pathogens with notable success. A botanical fungicide will benefit a lot of small holder 

tomato farmers since it will reduce the excessive use of chemicals and the challenges associated 

with them. Extracts prepared from spices have little to no toxicity effects to the user or end 

consumer because they are already used as food additives and their biodegradability is also 

swift. The spices used in this study are also reliably produced in Tanzania which guarantees 

availability of resource materials for development of a botanical fungicide further creating an 

extra market for spice farmers.  
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1.4  Research objectives  

1.4.1  Broad objective  

To develop a broad-spectrum botanical fungicide from selected spices against major fungal 

diseases of tomato.  

1.4.2 Specific objectives  

(i) To establish medicinal and pesticidal value of ginger and turmeric in major growing 

regions in Northern and Eastern Tanzania. 

(ii) To evaluate the antifungal effect of extracts from spices on tomato pathogens in vitro. 

(iii) To identify bioactive compounds in spice extracts.  

(iv) To evaluate efficacy of the botanical extracts on blight diseases of tomato under field 

conditions. 

1.5  Hypotheses  

(i) Medicinal and pesticidal value of turmeric and ginger is well known in Northern and 

Eastern Tanzania.  

(ii) Spice extracts have antifungal properties against tomato pathogens.  

(iii) Spices contain bioactive compounds with antifungal effect.  

(iv) Spice extracts are efficacious against blight diseases of tomato.  

1.6  Significance of the study  

The study established that farmers in Tanzania are aware of botanical pesticides and they may 

be open to adopting them upon proof of efficacy. Some farmers have actually used ginger 

powder as a postharvest treatment for stored grains. This is a baseline for introducing botanical 

pesticides into the Tanzanian market, especially because the study plants are well known and 

already in use as spices and medicine. The plants selected for the study are all grown in 

Tanzania and have high antifungal activity on four of the most important fungal pathogens of 

tomato.  
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1.7  Delineanation of the study 

Following are delineations of the current study: 

(i) An ethnobotanical survey was carried out in selected Districts in Northern and Eastern 

Tanzania to establish the medicinal and pesticidal value of ginger and turmeric and also 

with an aim to evaluate the awareness of farmers on the use of botanical pesticides 

especially in Same District. During the survey, more spices were collected intended for 

antifungal evaluation against important phytopathogenic fungi. The level of awareness 

found among farmers producing ginger is enough to introduce a botanical fungicide 

developed from the spice they are readily producing and using for medicinal purposes. 

This activity was however carried out in two regions and would have been more 

representative of Tanzania as a whole if more regions were involved in the study.  

(ii) Extracts prepared from the collected spices were tested for antifungal activity against 

important fungal pathogens in vitro and blight diseases of tomato under field conditions. 

Some spices inhibited growth of all the fungal pathogens 100% due to presence of 

bioactive compounds with high antifungal activity. Under field conditions the 

antifungal activity was reduced due to harsh environmental and disease factors, a 

circumstance that can be improved by formulating the highly inhibitory extracts in 

order to increase their stability and persistence.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1  Importance of tomatoes 

Tomato is a fruit belonging to the solanaceous family of crops, utilized as a vegetable for its 

nutritional and economic benefits. The fruits of tomato are used fresh in salads, cuisines and 

gravy or processed into paste, creams, juices, ketchup, powder and pulp (Rao et al., 2020; 

Verma et al., 2020). In Tanzania, tomato is grown extensively throughout the country due to 

the favourable climatic and topographic conditions that favour its production (Mtui et al., 

2010). Tomato farming is a source of income and supports the livelihoods of those participating 

in its value chain (Mwangi et al., 2020). However, production of tomatoes in many African 

countries is still below potential due to major challenges such as insect pests and diseases.  

2.2  Plant health challenges in tomato production 

Tomato is affected by a number of insect pests and diseases while in the field as well as 

postharvest. Among the diseases that affect tomato under field conditions, those caused by 

fungi are the majority leading to severe losses (Sanoubar & Barbanti, 2017). Species of fungi 

belonging to different genera such as Phytophthora, Pythium, Fusarium, Alternaria, 

Rhizoctonia, Colletotrichum cause various diseases on tomato leaves, stems, fruits and roots 

(Bais et al., 2019; Bhalerao et al., 2019). Each genus of fungi consists of various species, all 

of which cause diseases with similar symptoms in plants. Species of Fusarium that affect 

tomato are majorly F. oxysporum and F. solani. Fusarium oxysporum f. sp. lycopersici is the 

pathogen responsible for fusarium wilt in tomatoes contributing to about 80% of crop loss 

under favourable climatic conditions (Chougule & Andoji, 2016; Nefzi et al., 2016; Rao et al., 

2020). The fusarium wilt pathogen is soilborne and it attacks tomatoes planted in the field as 

well as protected environments such as greenhouses (Timofte et al., 2018).  In the absence of 

a suitable host, Fusarium oxysporum f. sp. lycopersici survives in the soil and on plant debris 

until a favourable host is available. The wilt pathogen enters the plant through the root and 

invades the vascular system hindering uptake of water and the brown vascular tissue is visible 

upon cutting the stem at the base (Timofte et al., 2018). The fusarium wilt symptoms in tomato 

are distinguished by yellowing on one side of the plant starting from the older leaves which 

wilt, dry and then defoliate.  This wilt phytopathogen majorly reproduces by means of spores, 
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disseminated by wind, water or attachments and once they land on appropriate hosts, 

germination and infection of late bight begins (Agrios, 2005). Late blight of tomato is majorly 

managed by frequent applications of synthetic contact and systemic fungicides. Fungal species 

of Trichoderma and Aureobasidium have the potential to inhibit growth of P. infestans 

(Difrancesco et al., 2017; García-Núñez et al., 2017). Bacterial species of Bacillus and 

Pseudomonas also have antagonistic effect towards the late blight pathogen (Caulier et al., 

2018). Plant extracts have also shown activity against P. infestans but commercial products in 

the region are still missing in the market (Han et al., 2018; Najdabbasi et al., 2020).  

The genus Alternaria has a wide host range and therefore causes massive damage on various 

crops including tomato (Agrios, 2005). In tomato, Alternaria causes a number of diseases but 

the major concern is early blight caused by Alternaria solani distinguished by its dark to black 

mycelia, septate hyphae with pear-shaped conidiophores (Mihaescu et al., 2021). Early blight 

is noticeable on leaves, stems and fruits of tomato and symptoms are visible at early stages of 

growth through fruiting. On foliage, early blight is characterized by dark spots surrounded by 

chlorotic regions which become necrotic lesions as the infection progresses (Bais et al., 2019) 

while on fruits it is exhibited as dark velvety sunken regions on the stem end which begin as 

spots and enlarge as the infection advances (Agrios, 2005). Early blight is first manifested on 

the older leaves of tomato and as the disease intensifies, the young emerging leaves get 

infected. The disease is better managed by cultural practices, planting resistant varieties and 

frequent application of targeted fungicides (Verma et al., 2020). There are a number of plant 

extracts and biocontrol agents with antifungal activity against A. solani. Bacteria species of 

Bacillus, Staphylococcus and Pseudomonas have inhibited the growth of the early blight 

pathogen (Joseph et al., 2017; Chanthini et al., 2018). Fungal antagonists of genus 

Trichoderma and Penicillium have also shown antagonistic activity against A. solani (Devi et 

al., 2017; Ragupathi et al., 2020). Several plants contain bioactive compounds that slow or 

completely deter the growth of A. solani and consequently, development of early blight (Yeole 

et al., 2004; Castro et al., 2017; Amsaraj & Prasad, 2020). However, formulated products of 

plant origin designated for management of early blight disease in tomato are yet to be 

commercialized especially in sub-Saharan Africa.   

2.3  Conventional approaches in tomato protection  

Farmers rely on synthetic pesticides to manage the different insect pests and diseases that affect 

tomato throughout the production period (Majeed et al., 2011). This reliance on chemical 
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pesticides is out of the believe that high quality of a produce cannot be achieved without 

application of several pesticides.  Farmers therefore apply pesticides indiscriminately as long 

as the chemicals will eradicate insect pests and diseases from their fields. Synthetic pesticides 

are relied upon since they are readily available, have varied modes of action, are easy to apply 

and have a quick knock down effect (Sumitra et al., 2012; Engindeniz et al., 2013). However, 

pesticides are also non-biodegradable, retain residues in the produce, pollute the environment 

and are toxic to humans, natural environment, and beneficial organisms in addition to being 

very expensive (Mizubuti et al., 2007; Mishra et al., 2015; Srijita, 2015). Despite being aware 

of the negative effects associated with chemical pesticides farmers sometimes apply them for 

pest management and production of aesthetically acceptable produce (Karianthi et al., 2017). 

In some instances, farmers do not necessarily follow guidelines on safe use of pesticides 

regarding dilution ratios, pre-harvest intervals, and use of appropriate gear during application 

or disposal of chemical containers (Damalas & Koutroubas, 2015). 

2.4  New developments and consumer requirements in horticultural production  

There has been a rising awareness regarding safety of food produce from production, 

postharvest handling, processing, transportation and consumption (Kussaga et al., 2014; Nain 

et al., 2020). Much of this is majorly associated with fruits and vegetables due to the fact they 

are mostly consumed fresh. Produce contamination by harmful microorganisms and presence 

of high residues of chemicals used to manage pests and diseases are the major causes of 

concerns surrounding food safety and by far, international trade of fruits and vegetables 

(Martinez & Poole, 2004). Farmers from developing states have had to deal with stringent 

requirements of sanitary and phytosanitary measures in order to access the lucrative markets 

of fresh fruits and vegetables offered by the developed nations. With most retailer organizations 

in the European countries demanding zero pesticide residues from the suppliers of fruits and 

vegetables, some farmers have had to opt out of the export market. Other farmers have been 

forced to subscribe to traceability systems and to private standards developed by major fruit 

and vegetable retailers as well as adopt organic farming (Martinez & Poole, 2004). Most of the 

fruits and vegetables are grown in open fields where an assortment of insect pests and diseases 

occur.  

Farmers have mostly relied on pesticides to manage the pests and diseases and sometimes due 

to ignorance, lack of training or even misled advise by pesticide dealers, end up applying the 

chemicals injudiciously leading to presence of high residues in the produce (Dinham, 2003; 
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Karianthi et al., 2017). Presence of chemical residues above the permitted limits and traces of 

banned pesticides on the vegetables and fruits are grounds for interception, rejection and 

barring of access to international markets (Mwangi, 2013). Subscription to integrated crop 

management strategies, adoption of good agricultural practices, compliance to sanitary and 

phytosanitary requirements, and adoption of indigenous pest and disease management 

strategies are among the many combinations of options that the fruits and vegetable farmers 

have in order to access and thrive in the lucrative import markets (Kussaga et al., 2014; Zahid 

et al., 2016; Nain et al., 2020). In order to motivate the suppliers, consumers in the lucrative 

markets have offered to pay more for organically produced food (Nain et al., 2020). There is 

therefore hope for farmers who are willing to adopt safer methods of fruit and vegetable 

production targeted for international lucrative markets (Srijita, 2015; Nain et al., 2020).  

2.5  Alternative pest management approaches in tomato crop protection 

Given the high number of insect pests and diseases found in tomato fields, one pest 

management strategy is definitely not sufficient to offer protection against the biotic factors.  

A number of pest and crop management strategies is required to raise a healthy crop in a natural 

environment. The concept of multifaceted pest and disease management strategies seeks to 

interfere with pest activities, improve resilience of plants against pests or manipulate the 

environment to disfavour thriving of pests (Mizubuti et al., 2007). The plant genetic 

constitution may also be manipulated in order for the plant to withstand or deter pest attack 

(Bruggen et al., 2015). Planting seeds that are free of or resistant to diseases is one of the pests 

and disease management strategy. Scientists have explored breeding as a way of improving 

resistance of crops towards diseases through genetic manipulation (Gutierrez et al., 2016; 

Hickey et al., 2017). Notable success has been reported in plants such as wheat, barley, chilli, 

cocoa, tomato and potato (Ridzuan et al., 2018; Armstrong et al., 2019; Bais et al., 2019).  

Some pests are quite sophisticated in morphology and physiology and therefore more 

complicated to handle compared to others thus calling for increased effort in their management. 

For instance, bacterial wilt caused by Ralstonia solanacearum is a disease that affects a wide 

range of crops especially in family Solanaceae where tomato belongs. Due to the devastating 

nature of the disease, bacterial wilt is only managed using a number of strategies. In Ethiopia, 

for example, combined strategies such as field sanitation, crop rotation, destruction of volunteer 

plants, intercropping, use of resistant varieties, planting disease free materials and use of 

biocontrol agents are used to manage bacterial wilt in tomato fields (Guchi, 2015).  
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Cultural practices have also been adopted to contribute in the management of crop pests and 

diseases and improvement of crop yield. Intercropping leeks (Allium ampeloprasum) with 

clover (Trifolium spp) reduced the severity of leak rust (Puccinia allii) and infestation by onion 

thrips (Thrips tabaci). There has been reported a significant reduction in blast of rice in fields 

where rice was intercropped with other crops as opposed to monocultured plots (Han et al., 

2016). According to Gomez-Rodriguez et al. (2003) intercropping tomato plants with marigold 

(Tagetes erecta) reduced early blight (Alternaria solani) through allelopathic effects of 

marigold on the pathogen, alteration of microclimate at the canopy level and provision of a 

physical barrier deterring the spread of conidia. Zhang et al. (2019) reported reduced disease 

incidence in wheat when intercropped with faba bean (Vicia faba) and recommended that the 

practise is not sufficient on its own but better off as an IPM component.  

The environment is filled with organisms belonging to different levels of the food chain and 

their interrelationships have been tapped for crop protection. Some organisms are predators 

and the concept of predation has been explored as a crop protection strategy with notable 

success. Classical biological control has been utilized especially against insect pests using 

parasitoids and predators and in other cases pathogens (Kenis et al., 2017). A predatory mite, 

Neoseiulus longispinosus, was reported to effectively reduce mite infestation by two-spotted 

spider mite (Tetranychus urticae) under glass house and laboratory conditions on okra plants 

(Rao et al., 2017). Powell and Pickett (2003) explored the response of aphids to sex 

pheromones and aphid plant-induced plant volatiles and reported that female aphid parasitoids 

responded to sex pheromones acting as kairomones and thus could be used for parasitization 

of aphid populations. The study concluded that pheromones could be used to induce plant 

defence by deterring colonization by aphids and attracting parasitoids and predators (Powell & 

Pickett, 2003). Semiochemicals have been effectively employed in management of insect pests 

in crop fields. Chermiti and Abbes (2012) reported population dependent reduction of tomato 

leaf miner, Tuta absoluta, using an IPM based sex pheromone dispenser. Sarles et al. (2015) 

reckoned that semiochemicals are important for host fruit location and reproduction of fruit 

flies. Therefore, use of kairomones, sex and mating pheromones as well as host-marking 

pheromones could be used to attract and kill emerging individuals and reduce oviposition 

especially in fruit flies (Tephritidae spp).  

Natural environment also harbours microorganisms that exhibit antagonism towards other 

species through predation, parasitism and competition. Antagonism is important in microbial 
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interactions and has been used in development of biocontrol agents for management of 

important plant pathogens (Aw & Hue, 2017). Endophytic bacteria comprising 

Stenotrophomonas maltophilia, Bacillus subtilis and Pseudomonas aeruginosa have shown 

antagonism against Rhizoctonia solani, Fusarium oxysporum, Erwinia carotovora and Pythium 

ultimum under laboratory conditions. Effectiveness in antagonism is attributed to presence of 

bioactive compounds in the endophytic bacteria which are an important factor in biological 

control (Selim et al., 2016). Metarhizium spp has been widely utilized as an entomopathogenic 

fungi in management of insect pest with tabled success (Aw & Hue, 2017). Selected 

Trichoderma spp have also shown antagonistic activity towards many bacterial and fungal 

plant pathogens and has been formulated and commercialized.  

Extracts from compost contain bioactive compounds and microorganisms which if tapped 

could improve plant growth and yield as well as plant health. Foliar sprays and soil drenching 

with compost teas increased commercial yield of kohlrabi (Brassica oleracea) and lettuce 

(Lactuca sativa) significantly (Pane et al., 2014). Compost tea used as a foliar spray and poultry 

litter extracts as a soil drench, reduced the incidence of late blight of tomato and potato under 

field conditions with a good economic feasibility (Islam et al., 2013). Compost tea and poultry 

litter also reduced the incidence of bacterial wilt (Ralstonia solanacearum) of brinjals 

(Solanum melongena) when used as a soil drench (Islam et al., 2014).  

Plants also contain bioactive compounds which have been extensively explored for crop 

protection purposes. Plants such as neem (Azadirachta indica) and garlic (Allium sativum) have 

been commercialized as insecticides, effective against a wide range of insect pests (Infonet 

Biovision, 2018). Some plants are utilized as either extracts or essential oils which contain a 

variety of compounds with anti-pest properties. Garlic and ginger are utilised for their essential 

oils against a range of pests and pathogens (Koundal et al., 2018). Neem (Azadirachta indica), 

moringa (Moringa oleifera) and tephrosia (Tephrosia vogelii) have been reported to have 

insecticidal properties and used to manage a number of insects attacking different crops with 

notable success (Alao et al., 2018; Mikami et al., 2018; Seifi et al., 2018). The bioactive 

compounds in some plants may also have repellence effects without necessarily killing the 

insects (Babu et al., 2018). Anti-pest compounds in plants may also interfere with physiological 

activity of insects thereby reducing their infestation ability (Hamada et al., 2018).  Plant 

compounds are also effective against nematodes and affect their infestation capability by 

inhibiting hatchability of second stage juveniles and eggs eventually reducing nematode 
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Fusarium guttiforme and were as effective as the fungicide used as positive control in reducing 

pineapple fusariosis in situ (Sales et al., 2016). According to an in vitro study by Mahajan et 

al. (2015), extracts of turmeric (Curcuma longa) led to morphological changes and interruption 

of the cytoplasmic membrane of Staphylococcus aureus which makes the plant a great source 

of antimicrobial compounds for pathogen management. Botanical pesticides are incorporable 

in integrated pest, disease and crop management programs since their effectiveness has been 

reported against insects, nematodes, bacteria, fungi and viruses that affect crops (Lengai et al., 

2020).  

2.7  Plants with antifungal properties   

Plants belong to different families, a classification which dictates the types and amounts of 

bioactive compounds present in those plants. Plants within the same family may contain 

different types of bioactive compounds and in varying quantities (Vidyasagar & Tabassum, 

2013). This translates to difference in activity against a variance of microorganisms in human, 

plant and animal species. Plants belonging to the same family may also have related compounds 

and with slightly difference in concentrations thus delivering similar antimicrobial activity 

(Karim et al., 2017).  Some groups of compounds present in plants that exhibit antimicrobial 

properties include ketones, aldehydes, phenolics, tannins, terpenes, terpenoids, quinones, 

alkaloids, saponins, steroids, alcohols, flavonoids and quinones (Mizubuti et al., 2007).  

Studies have shown potential of some plants to manage plant pathogenic fungi through 

different modes of action. Clove (Syzygium aromaticum) belonging to family Myrtaceae, 

repressed growth of Penicillium digitatum, causal agent of citrus green mould, by suppressing 

spore germination and germ tube elongation of the fungus. The study evaluated encapsulation 

of clove essential oil in order to improve its antifungal activity (Wang et al., 2017). When used 

in combination with mustard (Brassica nigra) belonging to family Brassicaceae, a synergistic 

effect was reported in both essential oils towards reducing the effects of Botrytis cinerea, 

causing grey mould in strawberry (Aguilar-Gonz´alez et al., 2015). Microencapsulation of 

essential oils from clove (Eugenia caryophyllata) and Mexican oregano (Lippia berlandien), 

of family Lamiaceae, proved effective against Fusarium oxysporum (Estrada-Cano et al., 

2017).  

Plants belonging to family mealiaceae have shown antifungal potential against important plant 

pathogenic fungi. When combined with synthetic fungicides and biocontrol agents, neem 



17 
 

(Azadirachta indica) was reported effective in managing Alternaria carthami, causal agent of 

leaf spot of safflower. In that study, neem oil was also combined with essential oil of castor 

(Ricinus communis) of family Euphorbiaceae (Gayanthri & Rao, 2017). Neem was also used 

as a seed coating agent in a study involving moringa (Moringa olifera) of family Moringaceae, 

and was reported effective in improving pathological and horticultural aspects of rough lemon 

seeds (Jaskani et al., 2018).   

Essential oil of ginger (Zingiber officinale) of family Zingiberaceae, was reported effective 

against a number of pathogens causing rot diseases of ginseng (Panax ginseng). Effectiveness 

of ginger essential oil was tested against Alternaria panax, Botrytis cinereal, Cylindrocarpon 

destructuns, Fusarium oxysporum, Sclerotinia sclerotiorum and Sclerotinia nivaurus (Hussein 

& Joo 2018). In a study involving basil (Ocimum gratissimum), family Lamiaceae and lemon 

grass (Cymbopogon citratus), family Poaceae, ginger was also reported to suppress rot causing 

fungi of soursop fruit. The rotting fungi included Rhizoctonia spp, Penicillium spp and 

Botrydiplopodia theobromae (Okigbo et al., 2018). Chen et al. (2018) also reported 

effectiveness of ginger in managing rot diseases of harvested olive fruits caused by 

Pestalotiopsis microspora. The effects of ginger oleoresin on the pathogen included damaged 

plasma membrane and mycelia, distorted and shrivelled spores with degradation of unsaturated 

fatty acids.  According to Choudhury et al. (2017), ginger in combination with Clerodendrum 

infortunatum, family Lamiaceae and Polyalthia longifolia, family Annonaceae, inhibited radial 

growth of Rhizoctoia solani and Colletotrichum musae causing sheath blight of rice and 

anthracnose of bean respectively.   

Turmeric (Curcuma spp) belongs to family Zingiberaceae, like ginger, but with different 

bioactive constituents. Fu et al. (2018) reported curative effects of turmeric extracts on 

cucumber against Podosphaera xanthii which causes powdery mildew in cucurbits. Turmeric 

has also been reported effective against Fusarium spp (Akter et al., 2018).   Synergistic effects 

were reported by Ghosh (2018) between turmeric and Ixora coccinea of family Rubiaceae 

against Botrytis cinerea.  

Cinnamon belongs to family Luaraceae whose secondary metabolites include aldehydes, mono 

and sesquiterpenes, aromatics, esters, alcohols and ketones (Yu et al., 2020). Sohrabi et al. 

(2017) reported that the major compounds reported in cinnamon essential oil were trans- 

cinnamaldehyde and cinnamaldehyde diethyl acetal.  Methanolic extracts of cinnamon bark 

was reported to contain a major compound cinnamaldehyde which is responsible for the 
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antimicrobial effect of the plant (Wang et al., 2005; Hameed et al., 2016). One of the 

derivatives of cinnamaldehyde has been reported active against Phytophthora infestans by 

Mackrill et al. (2020) who suggested that it could be used as a fungicide due to its activity and 

limited toxicity. The differences observed in the activity of cinnamon against various fungal 

pathogens may be attributed to geographical locations, varieties and environmental factors (Li 

et al., 2013). Some of the reviewed plants or their parts, have been commercialized into 

botanical fungicides especially in developed countries (Zaker, 2016).  

2.8  Mode of action of botanical pesticides 

Plants in different families contain varied bioactive compounds which affect wide ranged 

microorganisms in diverse ways. Plant compounds with antifungal properties may inhibit the 

growth of the entire fungus, hinder spore germination and sporulation, disrupt the cell 

membrane and also distort the morphology of the fungal pathogen. Understanding the mode of 

action of botanical pesticides is essential in developing a crop protection product since it spells 

effectiveness. Juniperus procera of family Cupressaceae and Avicennia lunata of family 

Acantheceae reduced the nucleic acid of Curvularia lunata, causal agent of leaf blight of rice. 

The compounds found in the two plants blocked synthesis of curvulalic acid and lunatin 

(Abdel-Ghany et al., 2015). 

Cumin (Cuminum cyminum) seed extracts belonging to family Apiaceae act on fungal plant 

pathogen by increasing permeability of the cell membrane, reducing and swelling the branches 

of mycelia. These effects are as a result of the cuminic acid which also improve defence 

mechanisms of plants against fungal infections (Wang et al., 2017). Mexican marigold (Tagetes 

erecta) of family Asteraceae, kills cells of fungal pathogens an activity attributed to the 

presence of flavonoids which also distort the mycelia structure and cell physiology of the 

fungus. In addition, the compounds in the marigold improve the resistance of plants against 

fungal pathogens (Du et al., 2017). Ethanolic extracts of tola (Parastrephia lepidophylla) 

induced swelling of conidia and hindered conidial germination in a research that concluded the 

most likely mode of action is disrupting the plasma membrane (Ruiz et al., 2015). Terpenes 

found in a number of plants causes deformation of fungal mycelia as well as increased 

permeability of the fungal cell membrane (Gao et al., 2018).  

Ginger oleoresin derived from ginger (Zingiber officinale) of family Zingiberaceae inhibits 

growth of fungal pathogens, spore germination, increases permeability of the fungal cell and 
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parts of the world (Ntalli & Menkissoglu-Spiroudi, 2011; Oyedokun et al., 2011, Barbosa et 

al., 2013).  

Fungal pathogens have caused great losses in crops since time immemorial. Fungal diseases 

are usually managed by use of synthetic chemical pesticides with notable success. Some pests 

such as Phytophthora infestans affect a wide range of crops and is mainly managed by use of 

a number of fungicides for successful containment (Mizubuti et al., 2007). Little has been 

achieved towards commercializing botanical fungicides especially in Sub-Saharan Africa. The 

available products made from plant essential oils are available in developed countries and they 

have been made from plants such as giant knotweed, thyme, rosemary, neem, cottonseed, dill, 

caraway seeds and garlic (Zaker, 2016).  

2.10  Approaches to development of pesticides from plants  

2.10.1 Sample collection and preparation  

Whole plants or parts such as leaves, roots, fruits, barks, stems, nodes, rhizomes, cloves, seeds, 

peels, buds, husks and flowers are usually sought after and can be obtained from the growing 

regions or bought at specific markets (Gul & Bakht, 2013; Azwanida, 2015: Hadi et al., 2016; 

Akter et al., 2018). The plants and plant parts are then carried in appropriate packaging and 

gathered at a location that is suitable for further processing such as research laboratories. 

Samples are cleaned in running water and rinsed to remove foreign matter and dirt. They are 

then dried, preferably under shade to avoid photodegradation of bioactive compounds, or in 

ovens at regulated temperatures (Golshani & Sharifzadeh, 2013). In experiments involving 

solvents, the samples are ground into powder to increase the surface area for extraction and 

kept in opaque containers or khaki papers and free of moisture (Massiha et al., 2012). 

2.10.2  Sample extraction 

According to Silva et al. (2016), an idyllic extraction method should yield quality extracts, 

should be reliably fast and the extracts and the solvent should be easily separable. While 

choosing an extraction method, the motivating factor should be among others, targeted yield 

and phytochemical composition of the plant used (Azwanida, 2015). There are conventional 

and modern extraction methods and all of them depend on operating principles such as choice 

of solvent, solvent-particle ratio, use of co-solvents, environmental safety, temperature, 

pressure, plant matrix, polarity of solvents, human toxicity, extraction process and financial 
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feasibility (Azmir et al., 2013). Traditional extraction methods include Soxhlet and maceration 

while modern methods include but not limited to microwave assisted extraction, ultra-sound 

assisted extraction and supercritical fluid extraction (Azwanida, 2015). Each of these methods 

has advantages that make them suitable and demerits that have led to development of new 

techniques. Soxhlet for example, is one of the oldest methods of extraction and it works better 

with reduced solvent volumes. An extraction involving huge volumes of solvents may therefore 

not rely on Soxhlet method. Moreover, when not monitored, it could lead to flammable 

explosions since it depends on heating the solvent in use (Azwanida, 2015). Maceration 

operates on a principle similar to Soxhlet but can accommodate large volumes of solvent and 

plant samples in litres and kilograms respectively. Powdered plant samples are soaked in the 

solvent for a given period of time with constant stirring. This is to enhance extraction by 

maximizing the solvent solute interaction (Rwizana, 2016; Hadi et al., 2016) and for 

maceration choice of solvent, temperature and pH are vital. The disadvantage associated with 

maceration is the large amounts of organic wastes that need to be disposed after extraction 

(Azwanida, 2015).  

Modern methods of extraction are improvements of the traditional methods and they seek to 

maximize yield components of the extraction within a short time, minimal solvent volumes 

while still maintaining human and environmental safety and guaranteed sustainability (Silva et 

al., 2016).  For instance, supercritical fluid extraction relies on concepts of using safe solvents, 

solvents with different physiochemical properties, non-injurious aspect of carbon(iv) oxide and 

delivery of a solvent free extract (Silva et al., 2016). This method also prevents the extracts 

from atmospheric oxidation. While these techniques prove to be effective, they are also 

associated with costs that may not be met by small and medium enterprises (Awouafack et al., 

2013). 

2.10.3  Evaluation of the efficacy of botanical pesticides in vitro and in vivo  

There are different methods of testing for efficacy of botanical pesticides under laboratory 

conditions. Each of those techniques aim at achieving the highest level of activity and with 

precision. Such techniques include poisoned food, disc diffusion and agar well diffusion. While 

using the agar well diffusion method the growth medium is allowed to molten on plates and 

the test pathogen plated on it. Wells are made of a certain diameter onto the medium and a 

known amount of extract are placed into the wells. After incubation, the extracts diffuse into 

the medium and their effectiveness is determined by the growth inhibition zones established 
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compared to the control treatments. This method is used for both bacteria and fungi (Golshani 

& Sharifzadeh, 2013; Muthii et al., 2014).  

Disk diffusion assay involves asceptically preparing discs, usually from filter papers, to a 

uniform size and a known amount of the extracts poured onto each disc and are allowed to dry 

off. The plates are inoculated with the intended pathogen for 18 to 24 h before the discs are 

introduced while working with bacteria. The discs are placed on top of the media in equidistant 

positions depending on the number of treatments being evaluated together with the controls. 

When working with fungi, a known size of a mycelia growth of 8 to14 days is placed at the 

centre of the plate while the disks are placed at four equidistance locations. The control for 

fungi is either plates of fungi without discs or the discs are soaked in solvent used for the 

extraction. Effectiveness of the extracts is determined by measuring the inhibition zones around 

the discs compared to those of the control (Thiruppathi et al., 2010). This method is also 

commonly used in clinical trials for pharmaceutical products (Balouiri et al., 2016).  

Poisoned food assay involves incorporating the extracts into the growth medium. A known 

weight of extracts is added into a known amount of growth medium and swirled to mix 

thoroughly before being poured into a plate. The mixture is allowed to set and then the test 

pathogen is inoculated at the centre of the plate. Agar plugs of bacteria cultures are used from 

a 24 to 48 h old culture while mycelia growth of a fungal pathogen used is usually 8 to14 days 

old. Control plates are usually pathogens grown on media with no extracts or with solvents 

only. Effectiveness is determined by calculating the percentage inhibition of growth by the 

treatments compared to the control plates (Al-Samarrai et al., 2013). 

Field experiments involving plant extracts are done in comparison to already commercialized 

botanical pesticides and synthetic chemical pesticides in order to evaluate the efficacy of the 

proposed product. The efficacy trials are conducted in one or several regions and over a number 

of seasons, involving one or several crops depending on the target pathogen(s). The product 

concentrations that are reportedly effecitve are then formulated and further trials are done till 

an optimum product is achieved (Zhao et al., 2015; Lengai et al., 2017). The final product is 

presented to the relevant body for registration accompanied by efficacy data.  

2.10.4  Identification of bioactive compounds in spice extracts  

Bioactive compounds in plants may be isolated, purified and identified for the purposes of 

understanding modes of action or formulaton. Among the many techniques available for 
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Figure 1: Steps in production and evaluation of different types of biopesticides (Lengai & 
Muthomi, 2018) 
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were chopped into chips and spread out on khaki bags to dry under shade over two weeks 

(Golshani & Sharifzadeh, 2013). After drying, the dried ginger and turmeric chips were ground 

into powder and packed into khaki bags. Powder of each sample was soaked in 97% ethanol at 

the rate of 0.5 kg: 1.5 L amber glass bottles with constant shaking. The ethanol powder mixture 

was filtered through two layers of cheese cloth followed by Whatman No.1 filter paper. The 

ethanol in the filtrate was evaporated using a rotary evaporator (Heidolph) at 40°C. Extraction 

was done three times with evaporation of ethanol after every 72 h. The resultant ethanolic 

extracts were divided into three portions, one part for antifungal tests, one for fractionation and 

biochemical analysis and the other for field experiments. Dried samples of black pepper, clove, 

cinnamon, cardamom and lemongrass obtained during the survey were ground into powder and 

extracted in ethanol as aforementioned.  

3.2.2  Isolation of fungal pathogens  

Plant pathogenic fungi of interest were Alternaria solani, Phytophthora infestans, Fusarium 

oxysporum and Pythium ultimum, all affecting tomato plants on foliage, fruit or roots. Pure 

cultures of Alternaria, Pythium and Fusarium were obtained from the Plant Pathology 

Laboratory, University of Nairobi, while P. infestans was isolated from infected tomato 

samples. Cultures of Fusarium, Alternaria and Pythium were maintained on Potato Dextrose 

Agar (PDA) (Nashwa & Abo-Elyousr, 2012) while Phytophthora was maintained on decoction 

media. Procedures by Trione (1974) were modified to make decoction media by blending 200 

g of young tomato seedlings in 500 mL of sterile distilled water. The tomato blend was filtered 

through cheese cloth and the filtrate topped to one litre with sterile distilled water followed by 

adding 39 g of PDA. The tomato blend and PDA solution was sterilized by autoclaving for 15 

minutes at 121°C then allowed to cool to about 45°C before isolation and sub-culturing of P. 

infestans.  

3.2.3  Bioassay of ethanolic extracts against fungal pathogens of tomato in vitro 

Poisoned food technique was adopted for these bioassays and was carried out following 

modified procedures described by Muthomi et al. (2017). Preliminary experiments were 

conducted to arrive to an appropriate concentration of the extracts and also to rule out the 

antifungal activity of ethanol against the pathogens. A stock solution was prepared by adding 

10 g of the extracts into 10 mL of ethanol. One hundred microlitres of the stock solution was 

further added to nine hundred microlitres of ethanol.  Five hundred microlitres of that solution 
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3.3  Determination of the bioactive compounds in the crude extracts 

3.3.1  Solvent fractionation of ethanolic spice extracts  

Based on activity from the first stage of bioassays, in activity 3.2, four spice extracts were 

identified as most active against the tested fungal pathogens of tomato.  These four spices, 

clove, black pepper, ginger and turmeric were considered for solvent fractionation. Sequential 

fractionation was adopted using three solvents as described by Fentahun et al. (2017) with 

suitable modifications. Five grams of each of the extracts were dissolved in 30 mL of distilled 

water in a separating funnel and shook to allow mixing. To the aqueous mixture, 30 mL of n-

hexane were added and shook to allow dissolving of compounds, then allowed to settle for 

separation based on polarity and tapped out. This was done three times and was repeated using 

dichloromethane (DCM) and ethyl acetate. The solvents in the different fractions were 

evaporated under vacuum using a rotary evaporator. Four ethanolic extracts portioned in three 

solvents yielded 12 fractions.   

3.3.2  Bioassay of solvent fractions of ethanolic spice extracts against Phytophthora 

infestans  

For each of the 12 extracts fractions, 50 µl was amended with 15ml of decoction media and 

swirled to allow proper incorporation. The media was then poured into Petri plates in four 

replicates and allowed to set. Using a 3 mm cork borer, a mycelium plug of P. infestans was 

scooped from seven-day old cultures and placed centrally onto the Petri plates. The media for 

positive control was incorporated with a fungicide, Ridomil Gold® (metalaxyl-M 40 g/kg and 

mancozeb 640 g/kg) while the media for negative control had no amendment. The plates were 

labelled and sealed and maintained at room temperature (25 - 27°C). Radial growth of the 

pathogen was recorded after every two days until 20 days after incubation. This data was used 

to compute the inhibition capacity of the fractions as aforementioned in activity 3.2.  

3.3.3  Gas Chromatography-Mass Spectrometry (GC-MS) analysis of solvent fractions  

One milligram of each of the 12 fractions was weighed and put into Eppendorf tubes. One 

millilitre of the respective solvents was added into the different tubes, vortexed for 10 seconds 

and filtered through a plug fitted with a filter paper followed by laboratory grade anhydrous 

sodium sulfate (Fisher Scientific) to keep the samples water free. The formula C1V1=C2V2 was 

used to determine the concentration of the final solutions for analysis. The starting 
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Figure 3:  Percent of farmers using different types of inputs to grow turmeric and ginger 

in Same District at the time of the study  

Intercropping one row of ginger with two rows of the legume crops also improves the nutrition 

status of the soil system where ginger was grown (Nwaogu & Muogbo, 2015). Ginger 

intercropped with maize and legume crops also has high economic returns as reported by 

Chapagain et al. (2018). Under agroforestry system, ginger was also reported to yield more and 

better rhizomes when intercropped with jatropha and sapota (Pandey et al., 2017).  In the 

current study turmeric was rarely grown in the study districts. This explains the findings by 

Maerere (2014) who reported that less than one tonne of turmeric is exported from Tanzania 

per year. The respondents reported that turmeric used to be widely grown before the 

introduction of ginger, which has multiple uses and higher market demand. It was nevertheless 

observed that few farmers were again considering planting turmeric. 

4.1.3  Trade of ginger and turmeric 

Ginger was sold in all the sampled markets and it was the most common rhizome in the study 

districts with 100% availability in Lushoto, Moshi and Same.  Turmeric was only available in 

some markets and in few districts. Less than 17% of the traders in Muheza, Tanga and Korogwe 

Districts sold a combination of ginger and turmeric. About 5.5% of traders in Muheza District 

exclusively sold turmeric (Fig. 4). Between 55 and 90% of the traders in Korogwe District sold 

fresh ginger rhizomes at the time of the survey. Processed ginger and turmeric were sold as 

either dried chips or powder. Chipping and drying of the ginger rhizomes were done at the farm 

while grinding was done in a processing factory.  The high sale of fresh rhizomes is related to 
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their uses such as spices and medicine (Fig. 5). There was a distribution of both retailers and 

wholesalers in the sampled markets. Most of the customers in all districts, except Same, were 

retailers. Traders in Moshi, Korogwe and Lushoto had 100% retail customers. Muheza, Tanga 

and Same had a mixture of both retailers and wholesalers. Same District had the highest number 

of wholesalers and very few of retailers. This is because Same is a region of massive production 

of ginger. The small number of retailers in Same District could be explained by availability of 

ginger in almost every household in the district (Fig. 6). In all districts except Korogwe, ginger 

and turmeric were sold in company of other spices such as clove, cardamom, black pepper, 

cinnamon and garlic.  Across all districts, the spices, vegetables and fruits were sold in the 

same market place with only 17.6% of traders in Muheza selling turmeric and or ginger only. 

In Lushoto and Same Districts, there were no fruits sold and in Korogwe only 11.2% sold 

ginger at the time of the study (Fig. 7).  

 

 
Figure 4: Percentage of traders selling turmeric and ginger in six districts in Northern 

and Eastern Tanzania 
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Figure 5: Percentage of traders selling fresh and processed turmeric and ginger in six 

districts in Northern and Eastern Tanzania 

 

 
Figure 6:  Percentage of retailers and wholesalers involved in purchase of turmeric and 

ginger in six districts in Northern and Eastern Tanzania 
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Figure 7: Percentage of traders selling other plant products alongside ginger and 

turmeric in six districts in Northern and Eastern Tanzania 

It was observed that ginger and turmeric are always available in the market throughout the year. 

The prices however change according to time of the year and season (Mmasa, 2017). During 

harvesting, prices fall to about 0.3 dollars and could go up to 3 dollars per kilo of fresh rhizomes 

during the planting season. The prices at the harvesting season are usually determined by 

middlemen who buy the produce in large quantities and sell later at higher prices. Therefore, 

farmers do not benefit fully and have no say in the prices of their produce (Khanal, 2018). 

Augustino (2017) attributed the involvement of middlemen to failure of operations of the 

ginger factory in Same District. According to the interviewed ginger farmers, when the factory 

was operational, they sold their produce at better prices.  The consideration of ginger and 

turmeric as sources of pesticides would hence create an alternative market for farmers and 

therefore a better income. There would be no conflict in the uses of these plants since they are 

always available in the markets. A recommendation by Maerere (2014) to enhance marketing 

of spices in Tanzania would be met by this alternative market of botanical pesticides. This 

would not only widen the market for such plants but also increase the income for the farmer. 

Other plants with essential oils have been considered for non-food uses with notable success 

and effectiveness (Isman et al., 2011; Upadhyay, 2017). Therefore, spice plants in the current 

study may also be considered for pesticidal use for sustainable crop protection.  
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4.1.4  Utilization of ginger and turmeric  

According to the interviewed sellers of turmeric and ginger, all the customers used the plants 

as spices with a certainty of 65-88%. Muheza District registered the highest usage of the study 

plants as spices. They accounted that the plants were used to spice tea, meats, vegetables and 

cereal meals. Turmeric and ginger were also used for medicinal purposes such as treating 

coughs, flu and skin wounds. Those using turmeric exclusively (3.7%) also had a beauty option 

added to their uses and this was common in areas where turmeric is grown. About 11% users 

in Muheza, Tanga and Korogwe Districts utilized the plants as spices, medicine and for beauty. 

High recognition of the plants as both spice and medicine, especially ginger, was registered in 

Lushoto District.  Tanga District registered spice, medicinal and beauty uses of turmeric and 

ginger. This is explained by the fact that these and other plants are majorly produced in those 

regions (Table 2). All participating traders of ginger and turmeric used the plants as spices. 

Other participants used turmeric and ginger as a combination of spice and medicine. In all 

districts except Lushoto, between 70-94% of the participants used ginger as a spice. The rest 

of the respondents used the plants both as spices and medicine. The medicinal use of the plants 

was higher in Lushoto with over 65% adding the spice aspect (Table 2). All the users who 

participated in the study used the plants as spices. Between 66-88% of the user participants 

across all districts used ginger and turmeric as spices with Korogwe and Same Districts 

registering 100%. A few of the participants also used the plants as medicine especially in Moshi 

and Tanga Districts. Those using turmeric added the beauty aspect to their uses as registered 

among participants in Moshi and Tanga Districts. There was no registration on medicinal use 

of the study plants in Korogwe and Same Districts among users (Table 2). 

These uses of spices reported in the current study have been reported elsewhere especially in 

Asia, where these plants originated from (Dubey, 2017). Other reported benefits of ginger 

include improving digestion, blood circulation, lowering cholesterol and also contain 

antimicrobial properties (Al-Awwadi, 2017; Zadeh & Kor, 2014). Some respondents claimed 

that ginger was used to improve libido as substantiated by Yadav et al. (2016) who reported 

that intake of about 15 g of ginger daily could lead to increased testosterone levels. Turmeric 

is widely used as a beauty product (Krup et al. 2013) and in the study region it was applied on 

brides on their wedding days.  
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Table 2:  Percentage of participants utilizing ginger and turmeric as spice, medicine and 
beauty in selected districts in Northern and Eastern Tanzania 

District Spice Spice and medicine 
Spice, medicine, 

beauty 
Total 

Customers  

Muheza 88.9 0.0 11.1 100.0 

Lushoto  66.7 33.3 0.0 100.0 

Moshi 85.7 14.3 0.0 100.0 

Tanga 70.4 18.5 11.1 100.0 

Korogwe 77.8 11.1 11.1 100.0 

Same 80.0 20.0 0.0 100.0 

Trader participants 

Muheza 94.1 5.9 0.0 100.0 

Lushoto  33.3 66.7 0.0 100.0 

Moshi 89.5 10.5 0.0 100.0 

Tanga 88.9 11.1 0.0 100.0 

Korogwe 77.8 22.2 0.0 100.0 

Same 70.0 30.0 0.0 100.0 

User participants 

Moshi 88.8 5.6 5.6 100.0 

Korogwe 100.0 0.0 0.0 100.0 

Same 100.0 0.0 0.0 100.0 

Tanga 66.7 22.2 11.1 100.0 

 

4.1.5  Awareness on medicinal and pesticidal value of ginger and turmeric 

About 59% of the interviewed farmers in Same District registered awareness on the medicinal 

value of ginger and turmeric at the time of the study. Ginger was majorly used to manage 

respiratory infections such as flu and coughs and it was used in combination with other plants 

such as lemon and garlic. Turmeric was used for healing skin related infection, wounds, and 

ulcers.   About 13.5% of the interviewed farmers were aware of botanical pesticides and have 

used farm preparations from plants such as neem, moringa, Mexican sunflower and tephrosia 

to manage pests and diseases that affect vegetables on their farms. A negligible percent of the 

farmers had used ginger as an insecticide to manage postharvest insect pests of maize and beans 
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Table 3:  Farmers awareness on the medicinal and pesticidal value of ginger and 
turmeric and   botanical pesticides in Same District 

Question Category 
Percent of 

participants 
Observations 

Awareness on 

medicinal value 

Yes 

No 

59.5 

40.5 

Ginger used to treat flu, cough and chest 

infections. Turmeric was used for skin 

related infections, wounds and ulcers. 

    

Awareness on 

pesticidal value  

Yes 

No 

2.7 

97.3 

Ginger was used as an insecticide to 

manage post-harvest pests of beans and 

maize 

    

Awareness on 

botanical 

pesticides  

Yes 

No 

13.5 

86.5 

Farmers used farm preparations from 

plants such as neem, Mexican sunflower, 

moringa and tephrosia as insecticides 

 

Table 4: Percentage of traders and consumers aware of the medicinal value of turmeric 
and ginger in Northern and Eastern Tanzania 

District Yes No Unsure  Total 

Traders  

Muheza 23.5 11.8 64.7 100.0 

Lushoto 66.7 0.0 33.3 100.0 

Moshi 42.9 57.1 0.0 100.0 

Tanga 31.8 18.2 50.0 100.0 

Korogwe 42.9 57.1 0.0 100.0 

Same  60.0 40.0 0.0 100.0 

Users  

Moshi  61.1 38.9 0.0 100.0 

Korogwe 100.0 0.0 0.0 100.0 

Same 80.0 20.0 0.0 100.0 

Tanga  88.9 11.1 0.0 100.0 
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Figure 9: Susceptibility of fungal pathogens of tomato to various crude spice extracts and 

a commercial fungicide at 10 days after incubation 

4.2.2  Activity of spice extracts against Alternaria solani  

All the tested ethanolic spice extracts had an inhibition activity against the early blight 

pathogen, Alternaria solani throughout the experimental period. Five ethanolic extracts had an 

over 50% growth inhibition from 2 DAI. Clove, black pepper and turmeric extracts were the 

most effective with inhibitions and their activity was similar to that of the chemical fungicide, 

Ridomil Gold® (metalaxyl-M 40 g/kg and mancozeb 640 g/kg). Among the tested extracts, 

those from cinnamon and lemongrass were the least effective. Extracts from cardamom and 

ginger were averagely active against the early blight pathogen. The activity of the crude 

extracts increased between 4 to 8 DAI and then decreased from 10 to 20 DAI at a steady rate. 

Clove extracts maintained a high level of activity throughout the experiment period followed 

by black pepper and turmeric (Table 5). In the repeat experiment, the trend remained similar 

with clove extract leading in activity throughout the experimental period. However, black 

pepper and turmeric inhibited the growth of A. solani with an average activity of about 50%. 

Cinnamon and ginger remained less active with growth inhibitions of below 20% compared to 

the positive and negative controls. At some point between 10 and 20 DAI, the pathogen outgrew 

the extracts leading to negative inhibitions (Fig. 10, Table 6).  
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Figure 10:  In vitro activity of crude spice extracts against Alternaria solani at eight days 
after incubation.  (1- clove, 2- black pepper, 3- ginger, 4- non peeled turmeric, 
5- cardamom, 6- peeled turmeric, 7- cinnamon), 8- lemongrass), 9-negative 
control







50 
 

In the current study, clove was superiorly active in inhibiting the growth of Alternaria solani 

by up to 100% as at 20 DAI. This observation is consistent with findings by Sarfraz et al. 

(2018) who reported complete inhibition of A. solani by methanolic extracts of clove. The 

findings in this study however differ with those reported by Rahmatzai et al. (2017) who 

reported moderate activity of clove oil against A. solani. The differences may be due to 

susceptibility of the pathogen, quality of the extracts or concentration of the bioactive 

compouinds in clove subject to cultivar and geographical location where it was grown. Clove 

has been widely reported to inhibit growth of other species of Alternaria. Castro et al. (2017) 

reported superior activity of clove against Alternaria alternata that causes postharvest 

infections in the dragon fruit (Hylocereus undatus).  According to Gadhi et al. (2020), clove 

essential oil was effective in inhibiting the growth of A. alternata causing alternaria leaf blight 

in chickpea (Cicer arietinum) by about 70%. Complete inhibition of growth in Alternaria spp 

has further been reported by Sanit (2016) who reported 100% effectiveness of clove extracts 

against species that cause dirty panicle disease in rice. Other species of Alternaria reported to 

be susceptible to clove, its oil or subsequent compounds include A. porri and A. citrii (Pawar 

& Thaker, 2007; Combrinck et al., 2011).  

Black pepper extracts inhibited the growth of Alternaria solani by between 39 and 66% in the 

present study. Such activity has been reported by Yadav et al. (2019) where black pepper 

extracts reduced the growth of Alternaria brassicae causal agent of alternaria blight. Pattnaik 

et al. (2012) reported a reduced activity of about 29% against A. solani and a reduced incidence 

of alternaria canker by about 41% compared to the untreated control.  Black pepper was 

interestingly reported to promote the growth of A. ochroleuca, an activity attributed to ability 

of the pathogen to detoxify the allelochemicals present in the extracts, allowing the pathogen 

to flourish (Shafique et al., 2018).  

The findings in this study indicate that turmeric extract inhibited growth of Alternaria solani 

by between 42 and 66%. Similar level of activity has been reported by Amsaraj and Prasad 

(2020) who stated that methanolic extracts of turmeric inhibited growth of A. solani by about 

73% in a poisoned food technique experiment. Rex et al. (2019) reported a growth inhibition 

of about 89% and deterred conidial germination of about 91% in A. solani by water extracts of 

turmeric. Antifungal activity of turmeric has been reported widely on various crops affected by 

different species of Alternaria.  Pipliwal et al. (2017) reported an inhibition of about 70% in 

A. burnsii, the causal agent of blight in cumin (Cuminum cyminum) by water extracts of 
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turmeric. Pun et al. (2020) reported a growth inhibition of about 63% in A. alternata the causal 

agent of leaf spot of cabbage (Brassica oleraceae var. capitata) by a 10% concentration of 

fresh turmeric extracted in water.  Effect of turmeric on the growth of A. alternata was also 

reported in niger (Gizotia abyssinica), brinjals (Solanum melongena), and tomatoes (Solanum 

lycopersicum) (Wongkaew & Sinsiri, 2014; Nagaraju et al., 2020; Shingne et al., 2020). Other 

species of Alternaria reported to show susceptibility to turmeric are A. porri and A. brassicicola 

(Suwitchayanon & Kunasakdakul, 2009; Chethana et al., 2012). In contrast to the high 

inhibition activity reported in this and other studies, Nagaraju et al. (2020) and Shingne et al. 

(2020) reported a reduced activity of turmeric extracts of 44 and 54% against A. alternata 

respectively.  

Ethanolic extract of cinnamon was not as effective in reducing the growth of Alternaria solani, 

registering an inhibition capacity of 35.9% at four days after incubation. This finding is highly 

contrasted by Yeole et al. (2014) who reported 100% inhibition of A. solani by hexane and 

methanolic extracts of Cinnamomum zeylanicum. Such superior activity is also supported by 

Mishra et al. (2018) who reported complete inhibition of A. solani by cinnamon in a hanging 

drop technique experiment. Bahraminejad et al. (2016) attributed the superior activity of 

cinnamon against Alternaria solani to presence of major compounds found in the bark of the 

plant such as cinnamaldehyde and linalool. Superior activity of cinnamon in inhibiting growth 

of Alternaria spp was further reported by Castro et al. (2017). A study report by Rahmatzai et 

al. (2017) indicated similar findings as those in the present study of cinnamon only inhibiting 

growth of A. solani by up to 21.6%.  

Cardamom extracts inhibited the growth of Alternaria solani by between 3 and 55% in the 

current study. Sarfraz et al. (2018) however, reported complete growth inhibition of A. solani 

by cardamom extracts. Shafique et al. (2017) reported an antifungal activity of about 80% by 

cardamom extracts against Alternaria ochroleuca the causal agent of alternaria leaf spot 

disease in money plant (Epipremnum aureum). In the present study cardamom also stimulated 

growth of A. solani by about 1.4%. This could be attributed to the ability of the pathogen to 

neutralize the allelochemicals in the cardamom extract thus allowing the pathogen to grow as 

explained by Shafique et al. (2017). Cardamom belongs to family Zingiberaceae and the 

bioactive compounds present in cardamom seeds include 1,8, cineole and constituents of 

terpineol, germacrene, trans-sabinene, bicyclo-germacrene, delta-carene, linalool, nerolidol, 

ocimenyl among others (Joshi et al., 2017; Ashokkumar et al., 2019).  
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Lemongrass was least active in suppressing the growth of A. solani in this study and in some 

cases, it was seen to promote growth. This activity of growth promotion was previously 

reported by Tzortzakis and Economakis (2007). However, Sen et al (2020) reported a higher 

activity of about 48% of lemongrass against A. solani in poisoned food technique experiment 

involving water extracts of Cymbopogon citratus. Lemongrass essential oil was reported to 

inhibit growth of Alternaria alternata by about 54% in a dose dependent poisoned food 

technique experiment (Moh et al., 2020).  The activity of lemongrass is majorly attributed to 

presence of major compound, citral and according to Wang et al. (2019), this compound 

inhibits growth of fungi, hinders mycotoxin production, disrupts cell integrity of the fungus 

and destroys the spores. Lemongrass belongs to family Poaceae and studies have listed 

compounds such as citral, geranyl, geranial, geraniol and myrcene to be consistently present in 

cardamoms (Ali et al., 2017; Fokom et al., 2019).  

In the present study, ginger extracts inhibited growth of Alternaria solani by between 31 and 

60% over 20 DAI. Naik et al. (2020) similarly reported a growth inhibition of about 54% in 

Alternaria solani by ginger acetone extracts in a poisoned food technique experiment.  The 

range of activity reported in this study also agrees with findings reported by Verma et al. (2020) 

and Rao et al. (2020). Mugao et al. (2020) reported an activity of about 47% while Muthomi 

et al (2017) reported an activity of about 37% on A. solani by ginger extracts in poisoned food 

technique experiments. Bhalerao et al. (2019) however, reported a higher inhibition of about 

79% on A. solani by ginger extracts. According to Rex et al. (2019) ginger extracts inhibited 

the growth of Alternaria solani by up to 68.5% and germination of conidia by up to 75.5%. 

Activity of ginger has further been reported on other species of Alternaria. Rathore et al. (2018) 

reported a growth inhibition activity of about 49% in Alternaria tenuissima, causing alternaria 

leaf blight in pigeon pea, by ginger extracts. At a concentration of 10%, ginger extracts 

inhibited the growth of Alternaria burnsii, causal agent of blight in cumin (Cuminum cyminum) 

by up to 62.7% (Pipliwal et al., 2017). In a poisoned food technique experiment, Pun et al. 

(2020) also reported a growth inhibition of about 63.7% by ginger extracts against Alternaria 

brassicicola, causal agent for alternaria leaf spot of cabbage (Brassica oleraceae).  

Alternaria species have been reported to withstand effect of chemicals and plant extracts by 

producing mycotoxins that hinder their antifungal activity (Pero et al., 1973; Thomma et al., 

2003). According to Shafique et al. (2018) species of Alternaria produce chemicals that 

neutralize alleopathic effects of the plant extracts which increases the chances for the pathogen 
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to continue thriving. Therefore, the activity of plant extracts reported in the current study of 

plant extracts to completely inhibit the growth of A. solani is an indication of its ability to 

manage the pathogen effectively.   

4.2.3  Activity of spice extracts against Fusarium oxysporum f.sp. lycopersici  

All the tested spice extracts had a growth inhibition effect on the wilt pathogen. The activity 

seemed to decrease over time with reduced effect towards 30 DAI. Both turmeric extracts were 

highly effective against the pathogen with over 70% inhibition for the first 12 DAI and up to 

40% at the end of the experiment. Extracts from clove and black pepper followed in activity 

with a similar trend of decreasing activity over time. Cinnamon, cardamom and lemongrass 

extracts were averagely effective starting at about 50% inhibition at 2 DAI and zero percent at 

30 DAI. The activity of Ridomil Gold® (metalaxyl-M 40 g/kg and mancozeb 640 g/kg), the 

positive control, was above average, starting at 60% at 2 DAI and showing no growth inhibition 

activity at all at 20 DAI. Clove, black pepper, turmeric and ginger extracts were more effective 

than the positive control in inhibiting the growth of Fusarium oxysporum f. sp lycopersici 

(Table 7, Fig. 11).  In the repeat experiment, clove extract completely inhibited the growth of 

the phytopathogen until 16 DAI and then by up to 90% until 20 DAI. Extracts from turmeric 

and ginger remained averagely active while Ridomil Gold® (metalaxyl-M 40 g/kg and 

mancozeb 640 g/kg) remained less active in inhibiting the growth of Fusarium oxysporum f. 

sp lycopersici. Cinnamon and lemon grass extracts were least active inhibiting the growth of 

the wilt pathogen by about 20% between 12 and 20 DAI. Effects of cinnamon on the growth 

of the pathogen ceased at 18 DAI (Table 8). These comparisons were drawn from the negative 

control. Turmeric, black pepper and clove visibly inhibited the characteristic pink pigmentation 

in Fusarium while ginger, lemon grass, cinnamon and cardamon allowed for higher 

pigmentation. These observations were made in comparison with the negative control (Fig. 12).   
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Figure 11: In vitro activity of crude spice extracts against Fusarium oxysporum f. sp. 
lycopersici at eight days after incubation. (1- peeled turmeric, 2- non peeled 
turmeric, 3- black pepper, 4- clove, 5- ginger, 6- lemongrass, 7- cardamom, 
8- cinnamon, 9-negative control)  

 

 

 

 
Figure 12: Activity of crude spice extracts on pigmentation of Fusarium oxysporum f. sp. 

lycopersici at eight days after incubation.  (1-non-peeled turmeric, 2- peeled 
turmeric, 3- black pepper, 4- ginger, 5- clove, 6-lemongrass, 7- cardamom, 8- 
cinnamon, 9- negative control) 
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Table 7: Percentage inhibition of colony diameter of Fusarium oxysporum f. sp lycopersici cultured on media amended with crude spice 
extracts, experiment 1 

Treatments 
Days after incubation  

2   4   6   8   10   12   14   16   18   20   Mean   

Clove 72.62 a 72.3 ab 69.61 ab 67.86 bc 65.67 b 65 cd 58.33 cd 52.78 bc 47.5 cd 41.7 cd 61.33 cd 

Black pepper 69.05 ab 70.27 ab 70.1 ab 69.05 abc 67 ab 67.5 bc 61.94 bc 57.78 ab 51.67 bc 48.3 bc 63.27 bc 

Ginger 63.1 bc 63.51 bc 61.76 bc 62.3 c 57.33 c 60 d 53.33 d 47.22 c 39.72 d 33.3 d 54.16 d 

Turmeric 1 70.24 ab 75 a 75.49 a 75.4 a 74.67 a 75 a 71.11 a 67.5 a 63.89 a 58.6 a 70.69 a 

Turmeric 2 72.62 a 75.68 a 74.02 ab 74.6 ab 74 a 73.61 ab 69.17 ab 65 a 60.28 ab 55.6 ab 69.45 ab 

Cardamon 63.1 bc 54.05 de 50 cd 49.21 d 45 de 45.83 e 37.5 e 30.28 d 23.61 e 16.9 e 41.55 e 

Cinammon 55.95 c 49.32 e 44.61 d 44.05 d 39.67 e 41.67 e 33.33 e 26.39 d 20.56 e 133.3 e 36.89 e 

Lemongrass 59.52 c 54.73 cde 51.96 cd 51.19 d 48.33 d 48.89 e 41.39 e 33.89 d 28.61 e 21.7 e 44.02 e 

Ridomil 60.71 c 60.81 cd 42.16 d 28.17 e 23.67 f 23.89 f 13.61 f 5.28 e 2.78 f 0.0 f 26.11 f 
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