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ABSTRACT

Tomato leaf diseases can be severe, causing defoliation and eventually killing the plant if not properly managed. Estimating disease severity is crucial for disease management and yield loss prediction. Detection and identification of pathogens enable selection of pathogen-free planting materials that are essential for improved yield and quality. The present study identified the pathogens associated with foliar diseases of four tomato varieties, assessed the incidence and severity of these diseases and determined the effect of these foliar diseases on some growth parameters.
Four tomato varieties (Tropimech, Tima, Roma VF and Omu-Aran local) were raised in the nursery and transplanted to Sites A and B on the field. The experimental design was a randomized complete block design with three replicates. Leaves of the tomato plants were observed for foliar disease symptoms. The pathogens associated with the diseases were identified. Data were collected on observed incidence and severity of foliar diseases, plant height, number of leaves and branches at 2, 4 and 6 weeks after transplanting (WAT). Data collected were subjected to analysis of variance using statistical package for social sciences (SPSS) package and means were separated using Duncan multiple range test at 5% probability level.
The identified foliar diseases were early blight (Alternaria solani), bacterial wilt (Ralstonia solanacearum) and curly top (curly top virus). Roma Vf had the highest incidence of early blight (83.4%) at 6 WAT in Site A. At 4 WAT in Site A, Tima had the highest severity of bacterial wilt (3.5), followed by Tropimech (2.5). AT 6 WAT in Site B, the tallest plants was recorded on Roma Vf (28.5cm), followed by Omu-Aran local (27.3cm) and Tropimech (19.5cm) and the lowest number of leaves was recorded on Tima (9.8) in Site A. At 6 WAT in Site B, Roma Vf had the highest number of branches (13.5).
Bacterial wilt was the most severe foliar disease encountered in the study area. Roma VF and Omu-Aran local are recommended for planting in areas where bacterial wilt is widespread while Tima is suitable where early blight is prevalent. Findings from this study can serve as bedrock for breeding and selection of foliar disease resistant tomato varieties.
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CHAPTER ONE
1.0 				          INTRODUCTION
1.1	 Background of the Study
Tomato (Solanum lycopersicum L.) is a commonly cultivated vegetable in the world and belongs to the Solanaceae family (Srinivas et al., 2019). Tomato ranks second after potato both in production and consumption (Singh et al., 2017), and is popularly grown in Nigeria. (Nwosu et al., 2014).
Tomato can be consumed in a variety of ways and are an essential component of a large selection of raw, cooked, and processed foods, as well as various dishes, sauces, salads, and beverages. It is high in vitamins A and C, minerals, dietary fibres, and proteins (Tilahun et al., 2017). Lycopene, a powerful antioxidant present in tomato aids in the prevention of cancer and other cardiovascular diseases such as hypertension (Tilahun et al., 2017, Cheng et al., 2017). 
The global production of tomato is estimated at 177 million tonnes, with 120 million tonnes is produced for fresh markets and 57 million tonnes processed (FAO, 2016). Asia produces 60% of the world's tomato, followed by Europe (13.3 %), Africa (11.1 %), North America (8.7%), Central America and South America (6.6%) (FAOSTAT, 2017). 
[bookmark: _Toc96685965][bookmark: _Toc105485744]1.2	Statement of the problem
In Sub-Sahara Africa, Nigeria is one of the largest tomato producers (Ugonna, Jolaoso, & Onwualu, 2015). Despite its high ranking in global and regional production to meet its needs, the country continues to import tomato (Edeh 2017, Okojie, 2018). Nigeria cultivates tomato on 541,800 hectares of land, yet the average yield is rather low (4 N/T/ha), as opposed to Egypt (38.7 N/T/ha) and South Africa (78.7 N/T/ha), respectively (Latha et al., 2009).
It is stated that due to a shortage of vegetables including tomato during the dry season, it is said that vegetable consumption in developing countries is lower than the Food and Agriculture Organization's recommendation of 206g per day (75kg per year) (Yekinni & Oguntade, 2015; Oyediran, Omoare, Shobowale, & Onabajo, 2020). With an increase in population, tomato demand is up while supply is declining (Tsegay, 2010). To close the supply-demand gap of tomato, Nigeria purchased 105,000 metric tonnes of tomato paste which costs over 16 billion naira. (FAO, 2013). Optimum tomato growth is limited by abiotic and biotic factors. Weeds, pests, and diseases constitute the biotic factors limiting tomato production. Diseases and insects are important factors that greatly limit tomato production (Soro et al., 2009). Tomato is susceptible to several phytopathogenic organisms and insects (Ramyabharathi, Meena, & Raguchander, 2012; Yadeta & Thomma, 2013). There have been reports of more than 20 diseases affecting tomato (Ashqar, Belal, & Abu-Naser, 2018). 
Fungi, bacteria, viruses, and nematodes cause tomato diseases. These pathogens are responsible for considerable yield losses, both in quantity and quality (Adhikari, Oh, & Panthee, 2017).  The major diseases of tomato include bacterial wilt, root-knot nematodes, early and late mildew, Fusarium wilt, and early blight (Adhikari, Oh, & Panthee, 2017). The major bacterial diseases affecting tomato foliage are speck (Pseudomonas syringae), canker (Clavibacter michiganensis), spot (Xanthomonas campestris), and wilt (Ralstonia solanacearum) (Allen, Prior & Hayward, 2005). 
Septoria leaf spot (Septoria lycopersici), early blight (Alternaria solani), Fusarium wilt (Fusarium oxysporum), late blight (Phytophthora infestans), and Verticillium wilt (Verticillium dahlia) are the common fungal diseases of tomato foliage (Sanoubar & Barbanti, 2017). Torrado virus, cucumber mosaic virus, yellow leaf curl virus, curly top virus, pepino mosaic virus, marchitez virus, necrotic spot virus, and chlorosis virus are the most common viral diseases of tomato leaves (Hanssen, Lapidot & Thomma, 2010; Singh, Pan, Bhavana, Srivastava & Seth, 2017).
[bookmark: _Toc96685967][bookmark: _Toc105485745]1.3	Justification for the study
Leaves are an important organ in plants by virtue of their position as the site of photosynthesis, guttation, transportation, transpiration, respiration, and, in some cases, storage and defense (Kumar, Naeem, & Kumar, 2015). Any damage to plant leaf will invariably result in decreased yield, both in quantity and quality (Byjus, 2022). Tomato leaf diseases can be severe, causing irregular growth, discolouration, defoliation and eventually killing the plant if not properly managed (Shijie, Peiyi, & Siping, 2017; Ewekeye & Odebode, 2021). It is therefore vital to prevent plant foliage from infection and infestation. 
Correct identification and characterization of a plant pathogen is a critical step in disease management (Ashqar, Belal, & Abu-Naser., 2018). The ability to detect and identify pathogens enable the selection of pathogen-free plant material that are essential for improved productivity and quality (Ayo-John & Odedara, 2017). Rapid and precise identification is also an important part of any pathogen inspection and survey program (Yerasu et al., 2019). 
Data on disease assessment is crucial to many plant pathology investigations, as quantifying disease incidence and severity are required for characterizing disease dynamics, monitoring epidemics during surveys, understanding and estimating yield losses, comparing phenotypes for disease resistance or susceptibility, and evaluating management strategies such as chemical use and resistant cultivars (Bock, Chiang, & Del Ponte, 2021).
The incidence and severity of plant disease must be assessed in order to determine the diseases geographic distribution and status in a specific location or region. (Gashaw, Alemu, & Tesfaye, 2014). Rapid and precise detection of disease severity will aid in reducing yield losses (Bock, Poole, Parker, & Gottwald, 2010). Leaf spot disease intensity can be evaluated by measuring disease severity, and this criterion can be used to classify varieties into various susceptibility groups. Therefore, estimating disease severity is therefore crucial for disease management, yield loss prediction, and hence, achieving food security (Wang, Sun, & Wang, 2017).
[bookmark: _Toc96685968][bookmark: _Toc105485746]1.4	Objectives of the study
The main aim of this study was to quantify the severity of foliar diseases of tomato and investigate the effect of these diseases on some of its growth parameters in the study sites.
The specific objectives were to:
1. identify the pathogens associated with foliar diseases on four tomato varieties;
2. assess the incidence and severity of foliar diseases on four tomato varieties; and
3. determine the effect of foliar diseases on some growth parameters of these tomato varieties in the study site. 
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[bookmark: _Toc105485748]2.0				LITERATURE REVIEW
2.1 	Origin and Distribution of Tomato
 Tomato (Solanum lycopersicum) originally came from western South America and was domesticated in Central America (Ugonna, Jolaoso, & Onwualu, 2015), because of its relevance and worth, this crop has become widely cultivated. After pepper and onion, tomato is the third most consumed vegetable in Nigeria (Oke, Osilaechuu, Aremu, & Ojediran, 2020). Nigeria is Africa's leading tomato-producing country. (FAO, 2016).
Tomato are one of the most consumed crops and are grown both in gardens and commercially (Tsado, 2016); yet, biotic and abiotic stress limits tomato productivity (Dhaliwal, Jindal, Dhaliwal, Gaikwad, & Sharma 2017). 
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(a) Healthy plant 			(b) Healthy fruit 
Figure 1- Tomato Plant




2.2	Plant and Fruit Description
Tomato belongs to the Solanaceae family, which includes over 3000 species with origins in both the old and new world (Bai & Lindhout, 2007). The growth habit can be either determinate or indeterminate. Determinate tomato plant grows a particular amount of leaves before transitioning its growth to fruit production while indeterminate tomato throughout the growing season, continues to produce new stems and leaves, as well as fruit (Jensen, & Shock, 2009).
2.3 	Uses of Tomato and Nutritional Value
Tomato is produced for its fruit which can be consumed in diverse ways. It is a basic ingredient used in the manufacture of puree pastes, juices, and canned fruit, as well as being combined into chili (Tsado, 2016). The essential nutrients found in tomato are important for human diets and are an excellent source of energy (Mailafiya et al., 2014). 
Minerals, essential amino acids, carbohydrates, dietary fibres, and phosphorus are present in tomato fruit (Table 1). Tomatoes are rich in bioactive components such as carotenoids, flavonoids, tannins, and vitamins (A, C, E, and B) (Martí et al., 2016). It contains lycopene, an essential antioxidant that helps in the prevention of many forms of cancer (Tilahun et al., 2017) and also lowers the risk of cardiovascular conditions like hypertension (Cheng et al., 2017). Vitamin A present in Tomato helps improve vision and prevent night blindness (Ganesan, Rajesh, Solairaj, & Senthilkumar, 2012). 

Table 1: Nutritional Value of tomato per 100g 

	Phytochemicals
	Value/100 g (unit)

	Energy
	74kJ(18kcal)

	Carbohydrates
Sugars
Dietary fibre
	3.9g
2.6g

	Fat
	0.2g

	Protein
	0.9g

	Water
	94.5g

	Magnesium
	11mg (3 %)

	Manganese
	0.114mg (5%)

	Phosphorus
	24mg (3%)

	Potassium
	273mg (5%)

	Lycopene
	2,573µg

	Vitamin A equiv.
	42 µg (5%)

	B carotene
	449 µg (4%)

	Lutein/zeaxanthin
	123mg

	Thiamine
	0.037 mg

	Niacin
	0.594 mg

	Vitamin B6
	0.08 mg

	Vitamin C
	14 mg (17 %)

	Vitamin E
	0.54 mg (4 %)

	Vitamin k
	7.9µg (8%)



Source: Butnariu & Butu (2015)

2.4	Botany
Self-pollination is the most common method of pollination for tomato plants, even then, there is a potential of cross-pollination (Shankara et al., 2005). The inflorescences of tomato plants typically contain six to twelve bisexual blooms with yellow petals (Ochar, 2015).
A tomato plant with tap roots can grow to a height of approximately 50 cm (Akinfasoye, Dotun, & Ajayi, 2011). The glandular stems of tomato plants typically reach a height of 2 to 4 metres (Shankara et al., 2005). 
The primary root of a tomato develops dense lateral and adventitious roots, and it has a strong tap root system that penetrates to a depth of at least 50 cm. It has a robust, uneven, hairy, and smooth stem and can reach heights of up to 2-4 meters. The leaves are oblong and slender, ovate to glandular hair coated. Small pinnate appear between the greater leaves, Spiral arranged in length 15 to 50 cm and in width 10 to 30 cm. 
The bisexual, typical, 1.5–2 cm-diameter blooms are arranged in opposing or between the leaves. The six golden, reflexed sepals of the calyx tube are tiny, persistently hairy, and have a length of up to one cm. When fully developed, the 6 stamens' anthers have a bright yellow colour and have a protruding sterile point surrounding the style. The ovary is exceptional, having 2–9 compartments. 
Self-pollinated in most cases, but cross-pollinated in certain cases, bees and bumblebees are the most significant pollinators. Fruit is a fleshy berry with a diameter of 2-15 cm and a globular to oblate shape; immature fruit is green and hairy. The colour of the fruit can be red or yellow. Usually it is round and smooth. Seeds are kidneys and pears shaped, light brown hairy and the weight of approx. 1000 seeds is between 2.5 and 3.5 g (Dam, Goffau, Jeude, & Naika, 2005).

2.5 	Agronomy

2.5.1	Soil, pH and Climatic Requirements
A variety of soil types can be used to grow tomato, they thrive in productive, deep, medium-textured, sandy loam or loamy soils that have good drainage (UNH, 2018). The ideal soil pH for tomato cultivation is 6.0-7.0 (Hanson, et al., 2001). The table below shows the temperature range for the various tomato stages (Dam, Goffau, Jeude, & Naika, 2005).


Table 2: Tomato Growth Stages and Temperature Requirement 
	Phases
	Temperature (° C)
	
	

	
	Minimum
	Optimum 
	Maximum

	sprouting of seeds
	11
	16-19
	34

	growing of seeds
	18
	21-24
	32

	Fruit set
	18
	20-24
	30

	colour development
	10
	20-24
	30


Source: Butnariu & Butu (2015)

Soil Sterilization and Sowing
Solarization is done to kill soil-borne pathogens and insect pests (Lin, Luther & Hanson 2015). It is a simple, safe, and economical means of sterilizing the soil to produce healthy seedlings. To solarize the soil, water is applied to soften the seedbed. The soil is then covered with plastic sheets for 3 to 4 weeks, and thereafter removed. Seeds are then sown 2-3 days later. After germination, seedlings are regularly sprinkled with water to ensure sufficient moisture for growth (Lin, Luther & Hanson 2015). 

Fertilization
Tomato plants require both micro and macronutrients for growth and development (Rikky, 2011). The nutrients can be supplied as inorganic or organic fertilizer in a balanced composition. Excessive fertilization leads to waste of resources and can contribute to plants being susceptible to pests and diseases (Nosa & Elfarisna, 2013). Tomato crop nutrient requirements are determined by variety, yield, and cultural techniques (Sainju, Dris &Singh 2003).
 Compost, farmyard manure, and poultry dung are just a few of the several types of organic waste. Typically, poultry manure is more effective than farmyard manure, because it enables plants to quickly absorb nutrients, it is a sort of manure that is especially advantageous. Mixing poultry manure with equal amounts of crumbly soil or sand is a nice way to apply it, after sprinkling between the rows, lightly rake or hoe this mixture. It also contains a lot of calcium, which is good for acidic soil (alkaline) (Dam, Goffau, Jeude, & Naika, 2005).
[bookmark: _Toc96685971][bookmark: _Toc105485749]Irrigation
Watering is most important during transplanting, flowering, and fruit development. Irrigation prevents terrible crop losses caused by severe drought. Lack of sufficient water causes stress in tomato which leads to shedding of flowers in young fruit, sun scalding, and fruit dry rot (Georgia, 2009).

2.6	Harvesting 
One of the most perishable fruits is the tomato, which keeps changing even after harvest. Depending on moisture and temperature, it matures quickly, which eventually results in reduced value since the fruit is mushy and wholly unpalatable (Ullah, 2009). Tomato for the market are normally selected at the mature green stage in order to prevent the fruit from turning overripe during shipping and handling, the optimal times to begin to harvest tomato are 90 to 120 days after planting or 45 to 55 days after flowering (Ullah, 2009, Penn, 2019).
2.6.1	 Post-harvest management 
 Farmers aiming for faraway markets, according to Orzolek et al (2006), should harvest their tomato in a matured green stage. This would provide farmers adequate time to get their produce ready for market and reduce harvest-related mechanical injuries. The best temperature ranges for mature green tomatoes to ripen is between 63 and 70 ℉; they will not normally ripen at temperatures above 80 ℉ or below 55 (Penn, 2019). 
Overloading during harvesting might result in the buildup of excessive compressive stresses, fruits found near the bottom of the containers are crushed. (Hurst, 2010). Mechanical injuries as well as the crushing of harvested fruits could be reduced by using smooth-surfaced and shallow containers that avoid overflowing.

2.7	Tomato Production in Nigeria
As at 2017, Nigeria was the fourteenth (14th) largest tomato grower in the world, with approximately 48 million tomato farmers around the country with 1.8 million tonnes of tomato. Nigeria produces 65% of the tomato grown in West Africa (Sunday, Akinfenwa, Falaju, and Alabi, 2018).
The savannah agro-channel zone in Nigeria is the ideal region for growing tomato since it has less pests and diseases that affect them, between the latitudes of 7.50N and 130N, with temperatures ranging from 25°c to 34oC. This includes northern states such as Katsina, Jigawa, Sokoto, Zamfara, Bauchi, Kaduna, Taraba, Gombe, and Kano, as well as southern states such as Kwara, Delta, and Oyo (Agronews, 2016). 

2.8 	Constraints to production
In Nigeria, tomato cultivation is mostly rain fed, meaning that production takes place primarily during the rainy season and that, as a result of inadequate irrigation infrastructure, production is limited during the dry season (Adenuga, Muhammad-Lawal, & Rotimi, 2013). Some of the factors limiting tomato production in Africa are pests and diseases, and foreign imports pose competition (Robinson and Kolavalli 2010). 

Insect pests of tomato
Tomato production is constrained by insect pests, which attack the crop at all phases of development, resulting in lower yields (Kharia, Kumar, & Kumar, 2019). Several insect pests limiting tomato production in Nigeria includes, fruit borer (Helicoverpa armigera), the grasshopper (Zonocerus variegatus), cutworms, horn worms, whiteflies (Bemisia tabaci), leaf hoppers (Amrasca devastans), leaf miners (Liriomyza trifolii), mole crickets (Gryllotalpa spp.), tomato aphids (Myzus persicae), mole crickets, mole crickets, and mole crickets, cotton leafworm (Spodopter Epilachna dedecastigma) (Mailafiya, Degri, Maina, Gadzama, & Galadima, 2014). One of the most destructive tomato pests is Tuta absoluta and, due to its significant crop loss, is regarded as an emerging and dangerous pest (Sylla et al., 2017).	 


2.9. 	Foliar Diseases of Tomato 
2.9.1	Early Blight
Early blight (EB) is a fungal disease caused by Alternaria solani, a deuteromycetous fungus (Ellis and Martin). The necrotrophic fungi (Alternaria solani) was first described by Ellis & Martin. A. brassicicola, A. solani, and A. alternata are the economically important plant pathogens that belong to the genus Alternaria (Agrios, 2005). The thick conidia wall adjusts the fungus to unfavorable environmental conditions (Foolad, Merk, & Ashrafi, 2008). Early blight control has shown to be quite difficult due to the large variety of isolates, the phase of the disease cycle is prolonged, and the wide host range (Chohan, Perveen, Mehmood, Naz, & Akram, 2015). 
Infection symptoms are distinguished by lesions in black and brown (Wolter, Schindele, & Puchta, 2019). It is one of the most damaging diseases, reducing the quality of fruit that may be produced in regions (Adhikari, Oh, & Panthee, 2017). In favorable climates that encourage the spread of disease, the pathogen can affect all parts of a tomato, including the stems, fruits and leaves. By generating sunken lesions and black blotches close to the stem base, the disease also promotes girdling and stunting of the stem (Narendra Babu, Jogaiah, Ito, Kestur Nagaraj, & Tran, 2015). 
[image: Early Blight of Tomato]
Figure 2: Symptom of early blight on tomato leaf
Leaf blight, or EB, is a disease that can severely damage sensitive varieties, resulting in losses of 50–80% when the disease is severe and there is a lot of moisture around (Ravikumar and Garampalli, 2013). Foliage (leaf blight), stems (collar rot), and fruit are all affected by the fungus, with the leaf blight phase being the most devastating.
 Early Blight, which leads to an excessive fall in the value of the fruit profit is found predominantly in wet and sub-tropical areas, is the most detrimental fungal disease of tomato crop (Abdel-Sayed, 2006, Abada, Mostafa, & Hillal, 2008). Sometimes, a yearly loss in tomato production was estimated at 79% because of early blight (Adhikari, Oh, & Panthee, 2017). 
Management of Early Blight
Planting resistant varieties, rotating crops, maintaining good hygiene, managing nutrition, and, most critically, using chemical fungicides are used to manage early blight disease because of their quick impacts (Aslam, Mukhtar, Hussain, & Raheel, 2017; Sarfraz et al., 2018). The use of fungicides is considered to be the most successful technique in early distress reduction, as various works have indicated (Sarfraz et al., 2018). Protective fungicides having a multisite mode of action, such as Mancozeb, and systemic fungicides, such as azoxystrobin are generally utilized worldwide. During the tomato growing season, several rounds of treatment are often needed to obtain a suitable disease management level (Abu-El Samen, Goussous, Jendi, & Makhadmeh, 2015).
Fungicide, however, is expensive, has health hazards, and harms the environment due to concerns about toxicity risks and dangers of its residues, the use of fungicides cannot be seen as a long-term solution. In addition, the production of pathogenic fungi resistance to synthetic pesticides is a major problem that can have a notable impact on the efficacy of chemical fungicides (Chohan, Perveen, Anees, Azeem, & Abid, 2019). By combining with other rather safer alternative processes, the usage of fungicides can be changed into a safer control method (Sarfraz et al., 2018).
The use of a bio-control agent provides an efficient and ecological approach to early blight disease management. Trichoderma species due to their potent mycoparasitic fungal infections, are regarded as efficient control agents and quick development capacity (Chanthini et al., 2018). A Biocontrol agent is an effective and ecological alternative approach for managing early blight.


2.9.2	Septoria Leaf Spot
Septoria leaf spot (Septoria lycopersici) is a fungal disease which causes diseased leaves on a variety of horticultural plants (Verkley, Quaedvlieg, Shin, & Crous, 2013). Septoria leaf spot spreads quickly, defoliating and damaging plants and making them unable to produce fruit (Iannotti, 2021).
Although petioles, stems, and the calyx can also show symptoms, leaves typically do. Early symptoms on elder leaves include little, circular patches (Douglas, 2008). Symptoms develop on the undersides of older leaves towards the plant's base as fairly circular spots, with a dark brown edge and light gray or tan centers, the patches get larger as the disease progresses. If you examine them closely using a microscope, you may see the fungus's fruiting bodies, which resemble dark brown pimple which is one of the signs that distinguishes septoria disease (Iannotti, 2021). 
​ [image: Septoria Leaf Spot | Horticulture and Home Pest News]
Figure 3: symptom of septoria leaf spot on tomato leaf
The frequency of disease on tomato plants can be considerably increased by the confluence of ideal temperatures and significant precipitation, particularly in the summer. Tomato yields may be reduced by more than half when temperatures are higher than 25 °C and leaf wetness lasts longer than 6 hours (Sanoubar & Barbanti, 2017). Symptoms of disease can arise at during the growth of a tomato plant. 
Management of Septoria Leaf Spot
 Septoria leaf spot can be minimized by combining sanitation, cultural, and chemical actions in an integrated disease management program. (Douglas, 2008). Fungicides, crop rotation, plant debris removal, weed control, drip irrigation are some of the disease management approaches. (Cabral, Marouelli, Lage, & Café-Filho, 2013; Becker, 2019). 
Remove weeds from tomato fields and rotate crops that can act as alternate hosts for the disease. Avoid dense plantings, stake plants, and to enhance rapid leaf drying, plant rows parallel to the prevailing wind direction. If practical, avoid overhead irrigation and time irrigations to cease before sunset to avoid prolonged periods of leaf moisture, reduce the amount of leaves that comes into touch with the soil. Avoid working in tomato fields when the foliage is damp to prevent the fungus from spreading from plant to plant (Schwartz & Gent, 2016).
Chemical control by treating the seeds can help prevent seed-borne disease in the field, 0.2% Mancozeb spraying effectively controls the disease. (Pavan Kumar, Raja, & Srinivasulu, 2018). However, it is unsustainable and is being questioned by the public and governmental sectors because to the harm to the environment and human health. There is a possibility of S. lycopersici isolates becoming fungicide resistant (Alves, Fernandes, & Marin, 2008).
2.9.3	Late Blight
One of the most detrimental tomato diseases, late blight (Phytophthora infestans), resulting in substantial loss (20–70%) in economic output of tomato (Foolad, Merk, & Ashrafi, 2008; Nowicki, Foolad, Nowakowska, & Kozik, 2012). P. infestans can reproduce both asexually and sexually, which leads to quick growth, quick outbreaks, and increased genetic variety and survival (Fry 2008). 
On tomato leaves, disease symptoms and indicators begin as vague, water-soaked patches that swiftly progress to light green to brownish-black lesions that c can cover a large portion of the leaf. The disease worsens, causing the foliage to turn yellow, then brown, curl, shrivel, and eventually die (Pavan, Kumar, Raja, & Srinivasulu, 2018).
[image: 68 Tomato Late Blight Stock Photos, Pictures &amp; Royalty-Free Images - iStock]
Figure 4: symptom of late blight on tomato leaf
Management of Late Blight Disease
Use of resistant cultivars, crop rotation, fallowing, removal of weeds from fields, destruction of diseased residues from any previous tomato crop, use of pathogen-free seeds, and use of fungicides are all used to control these diseases (Mizubuti, Junior, & Forbes, 2007; Maerere, et al., 2010).
Complete late blight control is challenging to accomplish, particularly during heavy wet seasons. Conversely, significant amounts of disease reduction could be attained by combining tomato resistant cultivars with foliar fungicide applications (Mengesha, Dejene, Hussien, & Biazin, 2018).

2.9.4	Fusarium Wilt
Fusarium wilt (Fusarium oxysporum) is a soil-borne fungus, yellow patches, and withering, are observed on the lower leaves are signs of the disease (Shankara, 2005). It causes wilting of the oldest leaves, followed by wilting of entire plants that eventually dries out, is especially noticeable during dry and hot weather (Worku & Sahe, 2018).
 Due to the pathogen's particular vascular tissue, leaves on the side of the plant sometimes display significant disease symptoms that differ from those on the opposite side of the plant during the blooming and fruiting stages (Domsch, Gams, & Anderson, 1980). The pathogen enters the plant through the tips of the roots (Sally, Randal, & Richard, 2006).

[image: Fusarium Wilt: Symptoms, Treatment and Control | Planet Natural]
Figure 5: symptom of Fusarium wilt on tomato leaf
Management of Fusarium Wilt 
Fusarium wilt disease is usually treated with chemical fungicides; however, this strategy is frequently ineffective because of pathogen tolerance to harsh environmental conditions, as well as the effects of synthetic pesticides on the environment and people. In recent decades, plant produce or allelochemicals have been proposed as a unique alternative source for combating fungal diseases in metal-stressed environments, as well as having metal remediation potential (Farooq, Bajwa, Cheema, & Cheema, 2013). The use of bioagents shows prospects to be highly efficient in controlling Fusarium wilt disease (Freeman, Zveibil, Vintal, & Maymon, 2002).

2.9.5	Verticillium Wilt
Verticillium wilt disease (Verticillium dahliae) is a soil-borne fungal pathogen. Desiccation extends from the tip to the petiole and first appears on older leaves before spreading to younger leaves. Verticillium wilt causes lower leaves to yellow uniformly and wilt. Younger leaves wilt and die as the disease worsens, leaving only a few healthy leaves at the top of the plant. They're slim and stunted, with little fruits. Younger leaves wilt and die as the disease develops until only a few stable leaves remain at the plant's top. They are stunted and slender, with little fruits (Khaire, Mane, & Pawar, 2021).
[image: Vegetable: Solanaceous, Verticillium Wilt | Center for Agriculture, Food,  and the Environment at UMass Amherst]
Figure 6: symptom of Verticillium wilt on tomato leaf
Management of Verticillium Wilt
Survival of fungus resting structures (microsclerotia) over a long period of time in soil and the wide variety of plants that host this disease make management of Verticillium wilt difficult (Klosterman, Atallah, Vallad, & Subbarao, 2009). Chemicals are commonly used, to improve disease management, minimize chemical use, and improve the soil ecology, fumigants have been employed in combination with non-chemical methods like the use of resistance planting material and bio fumigants (Pecchia, Franceschini, Santori, Vannacci, & Myrta, 2017, Shennan et al., 2017).
Bio-control agents or extracts, as well as organic amendments, can be used in combination, thus improving the biological activity of bacteria and/or their extracts, has resulted in better management of Vertillicium dahliae (Ruano-Rosa & Mercado-Blanco, 2015; Cheng, Li, Peng, Wang, & Zhu, 2020). Anaerobic soil sterilization is a method for preventing the spread of soil-borne diseases before planting, based on organic amendments that can be used to reduce the incidence of Verticillium wilt (Poret-Peterson, Albu, McClean, & Kluepfel, 2019).
2.9.6	Bacteria Spot 
Tomato plants are particularly vulnerable when they are seedlings, as well as right prior to and throughout fruiting (Bliss et al. 1973). Lesions can coalesce under the right environmental conditions, generating big blighted regions on the leaves that cause them to fall out too soon (Schlub et al. 2007).
Although heavy infection might result in defoliation, the main effect of these diseases is a loss in fruit quality. The bacteria can potentially enter a field through contaminated seed or infected transplants. The severity of these diseases is worsened by driving rain and mechanical damage to plants caused by high winds (Kennelly, 2009)
2.9.7	Bacterial Wilt 
Bacterial wilt (Ralstonia solanacearum) is among the most serious diseases, limiting tomato productivity (Huang et al. 2013).  Bacterial wilt is a damaging bacterial disease affecting tomato all over the world. This bacterium can live for years in the soil. Bacterial wilt is characterized by a rapid drooping of the tomato plant, which occurs frequently while the plant is still green, wilted plants eventually die. (Georgia, 2009). 
[image: Bacterial Wilt in Tomato Plants | Today&#39;s Homeowner]
Figure 7:  symptom of bacterial wilt on tomato leaf


2.9.8	Tomato yellow leaf curl virus (TYLCV)
Tomato yellow leaf curl virus (TYLCV) is spread by whiteflies, which can transmit the disease into the field from affected plants in the surrounding area. The symptoms of tomato plants include leaf curling, smaller-than-normal leaves, yellow leaf margins and plant stunting (Blake, 2018). 
Symptoms include stunted growth, and little to no yield can be obtained from tomato plan. Plant symptoms manifest as severely stunted individual plants with significantly decreased leaves that resemble mouse ears. Tomato leaves from infected plants may also show signs of marginal chlorosis. Because this disease is frequently carried in on infected transplants and disseminated by whiteflies, transplant inspection is essential (George, 2009).
[image: Figure 1 from Tomato infectious chlorosis virus — a new clostero-like virus  transmitted byTrialeurodes vaporariorum | Semantic Scholar]
Figure 8: symptom of tomato leaf curl virus on tomato leaf
However, leaf disease is primarily treated with chemical fungicides but due to the rising risk to the environment caused by fungicides, the globe is moving toward more efficient, safe, sustainable, and environmentally friendly plant disease management techniques (Lamichhane et al., 2017).


2.9.9	Curly top virus of tomato
Curly top viruses affect over 300 plant species from 44 families, causing the disease, including tomato. Curly top symptoms begin with light green leaves, up-curling, and vein purpling atop the leaves' undersides. Curly Top disease (CT), a curtovirus family, affects several different types of agricultural crops. CT has historically caused major damage to tomato crops, resulting in significant economic loss (Frantz, Gordillo, Nischwitz, & Compton, 2019).
When plants are infected early in their development, they stop growing and die, typically standing out amid healthy plants nearby.  Curly top stunts and causes plant growth to be deformed, leading to phloem necrosis and hyperplasia as well as crumpling, yellowing, and vein swelling in leaves and distortion (Chen, Brannigan, Clark, & Gilbertson, 2010).

[image: Curly Top On Plants - Information About Curly Top Virus Symptoms]

Figure 9: symptom of curly top virus on tomato leaf
Curly top is a spontaneous and unpredictably occurring; the Curly Top Virus Control Program depends on monitoring leafhopper populations, spray insecticides that specifically target the vector; There are no commercially available tomato varieties that can withstand curly tops, however cultural practices such avoiding planting near foothills or dense plant populations can help (Gilbertson, 2014). 
[bookmark: _Toc96685972]The greatest way to control CTV is through an integrated strategy. The Beet Leaf Hopper (BLH), which spreads from infected weeds to healthy plants each year, should be removed from host plants in nearby areas (Rudig, 2009).


[bookmark: _Toc105485750]2.10   	Review of Methodological Approach 
Abbasi, Al-Dahmani, Sahin, Hoitink, & Miller (2002) investigated on the Effect of Compost Amendments on Disease Severity and Yield of Tomato in Conventional and Organic Production System. The findings of this study back up an earlier possibility that soil amendments with manures can reduce the severity of some plant diseases that occur above ground, despite the fact that compost amendments raised foliar disease symptoms, disease incidence on fruit was minimized in this study.
Arogundade, Balogun, & Fawole (2009) carried out an experiment on In a southern Guinea savannah agro-ecology, the incidence and severity of common viral and fungal diseases of dry season tomato plants were investigated, and it was discovered showed tomato plants grown in the dry season were exposed to fungi and viruses at all stages of development. Stage 1 had the highest rate of viral disease infection (i.e., the seedling/vegetative stage from day 1 to 28 days after transplantation). This may be because leaf curl, the most severe viral disease affecting tomatoes during the dry season when they are being irrigated, is the prevalent viral disease.

Amuji et al., (2012) carried out screening of seven tomato genotypes/lines for fungal disease in the field during the 2011 and 2012 rainy seasons. The findings of this experiment showed that the most common fungal pathogens identified from tomato lines were Fusarium oxysporum and Rhizopus stolonifera as a result, they were considered the localized fungal pathogen limiting tomato production in Nsukka, Nigeria's south-eastern region.

 Terna, Okoro, Bem, Okogbaa, & Waya, (2016) carried out a survey during the wet seasons of 2012 and 2013, the incidence and severity of tomato diseases on farmers' farms in Benue State were investigated. Using the quadrat method to assess the disease incidence, the survey discovered that the disease peaked in July and that symptoms advanced more quickly in 2012. Leaf spots, blights, stem rots, fruit rot, plant wilt, seedling damping-off, yellowing leaves, fungal substance growth on plant bodies, and stunted growth are among the symptoms noticed. In the research location, the severity of tomato disease is very high.




2.11	Features of tomato varieties evaluated
Roma Vf
The Roma tomato is a hybrid species created by crossing the Pan American tomato with the San Marzano paste tomato to the US by Italian immigrants. Roma Tomato are generally disease resistant and have long shelf life. The plants of Roma Vf are determinate and have great leaf cover The fruits are large, plum-shaped and bright red. It is commonly used for paste. It is a cross between 'Roma' variety and 'California Red Top VR 9'. Fusarium wilt and Verticillium wilt resistance is present in Roma (https://www.victoryseeds.com/tomato_roma-vf.html).

Tropimech
Tropimech tomato varieties exhibit determinate growth habits. The fruit is elongated (egg-shaped) in shape, has slightly green shoulder, weighs 90-100g and are firm. The firmness enhances good preservation during transportation. The plants mature in 65 to 70 days after transplanting. The fruits are uniform colour. Fusarium wilt, stem canker, nematodes, and the tomato yellow leaf curl virus are all resistant to this variety. 

Tima
Tima variety is well adapted to the tropics and has a determinate growth habit (https://greenseeds.net/product/tomato-tima/). The plant height varies from 45-90cm (https://davesgarden.com/guides/pf/go/115458/#b). The plant parts are poisonous if ingested. The fruits are elongated, cylindrical and weighs 90-100g. The fruit is red in colour, firm and has a good shelf life. It is used fresh or for salad. It can also be preserved in cans. Fruits mature in 70-75 days after transplanting.

2.12 	Gap Identified
There is a paucity of data on disease incidence and severity on commonly cultivated tomato varieties, particularly in Nigeria.

[bookmark: _Toc105485751][bookmark: _Toc524667512][bookmark: _Toc96685973]CHAPTER THREE
[bookmark: _Toc105485752]3.0				MATERIALS AND METHODS
[bookmark: _Toc96685974][bookmark: _Toc105485753]3.1	Description of the experimental site
The research was carried at Landmark University's Teaching and Research Farm Omu-Aran, Kwara State, Nigeria. Omu-Aran is located at latitude of 80.9'N and longitude of 50'61 E, in the derived savanna ecological zone. Experiment was conducted in two locations (Sites A and B) between December and February, the area’s annual rainfall ranges from 600 -1,500mm, with peaks in June. The humidity varies from 50% in the dry season to around 85% in the rainy season.
[bookmark: _Toc96685975][bookmark: _Toc105485754]3.2	Source of materials, curing of poultry manure and soil sterilization
Four varieties of tomato were used for this study: two (Tropimech and Tima) were sourced from Technisem (a certified seed company in Ilorin) and Omu-Aran local from the open market in Omu-Aran, and Roma VF from National Horticultural Research Institute (NIHORT), Ibadan, Nigeria.
 Poultry manure was collected from Landmark University's Teaching and Research Farm's Animal Section, Omu-Aran. The manure was cured by keeping under shade exposing it to the air and incorporated into the soil for two weeks to allow mineralization. The soil was sterilized in the soil sterilizer for 30 minutes at 120°C and 15psi, and then air-dried for 72 hours (Kolawole, Haastrup & Olabiyi, 2018) to kill soil-borne pathogens and insect pests that may be present in the soil. 
3.3	Nursery Operation
Seeds of the four varieties of tomato were raised in polythene bags in the screen-house for 3 weeks. The seedling was watered the early hours of the day and late at night to ensure appropriate moisture for growth. 
3.4	Land Preparation, transplanting and experimental design
A land area of 22 m2 was cleared manually, and partitioned into 12 beds at each site, with each bed measuring 1m x 1m with 0.5m alley in between beds, tomato seedlings were transplanted at spacing of 0.5 x 0.75m.
The cured poultry manure was applied to the soil during site preparation at 20t/ha (Adekiya et al., 2017). The experiment was laid in a randomized complete block design (RCBD) with 4 replications.
After three weeks, seedlings were transplanted to the field. The seedlings were hardened a week before transplanting by reducing water application, but 12-14 hours before being removed, they were thoroughly watered again to minimize excessive root damage. Transplanting was done during the cool hours of the day, and each seedling was planted with a ball of earth to protect the roots. The plants were watered immediately after transplanting. Weeding and staking manually were carried out as required.  Watering was done twice a day, in the morning and in the evening, under natural infection conditions, the plants were exposed to foliar pathogens.


3.5	Field layout: 
	Rep 1
	Rep 2
	Rep 3

	V1
	V3
	V4

	V2
	V1
	V3

	V3
	V4
	V2

	V4
	V3
	V1




V1: Roma VF    
V2: Tima
V3: Tropimech
V4: Omu-Aran Local 


3.6	Data Collection 
Starting from one week after transplanting, the leaves of the plants were observed for symptoms of foliar diseases. Using visual observation the data collected was deployed to calculate disease incidence (DI) and severity (DS). Brown paper envelopes were used to collect infected leaf samples, labelled accordingly and taken to Nigeria Agricultural Quarantine Service, Ibadan (NAQS) and the International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, for pathogen identification. 
3.6.1	Disease incidence assessment
[bookmark: _Toc96685978]Percentage disease incidence was calculated using the formula:
% Disease Incidence =  
3.6.2	Disease severity assessment
For early blight disease, severity was assessed on a scale of 0-5 according to Rahmatzai et al., (2017):
	0 = 
	No symptom on the leaf

	1 =
	< 10% of leaf surface area

	2 =
	11-25% of foliage of plants covered with symptom

	3 =
	Symptoms coalesced on the leaves, covering 25-50% surface area 

	4 =
	51-75% area of the plant’s leaves, fruits and stems with the symptom.

	5 =
	<75% area of plant part with disease symptom.



The severity of bacterial wilt was evaluated using a 5 rating scale (Tiwari, Mehta, Singh, & Tiwari, 2012) as below:

	Score
	Infection (%)
	Reaction

	0 =
	0
	Highly resistant

	1 =
	1-10
	Resistant

	2 =
	11-25
	Moderately resistant

	3 =
	26-50
	Moderately susceptible

	4 =
	51-75
	Susceptible

	5 =
	76-100
	Highly susceptible




For curly top virus, severity was assessed based on the rating scale of (Montazeri, Shams-Bakhsh, Mahmoudi, & Rajabi, 2016) as tabulated below:

	Score
	Symptoms on leaf

	1 =
	No visible symptoms

	2 =
	The leaf thickens and the veins clear.

	3 =
	2–3 leaves margins are curling, and there is a mild vein swelling and crumpling..

	4 =
	4–5 leaves margins are curling, and there is a minor vein swelling and crumpling..

	5 =
	Majority of leaves exhibit mild vein swelling, crumpling, and curling..

	6 =
	Most leaves have slight vein swelling, crumpling, and curling.

	7 =
	Most leaves have moderate vein swelling and crumpling, as well as severe leaf curling.

	8 =
	Severe stunting, swollen and crumpled veins on most leaves, and curled leaf margins




3.6.3 	Plant growth parameters

Data were collected on the following growth parameters of tomato at two, four, and six weeks after transplanting:
(i)  Plant height: Plant height (cm) was measured from the ground to the tip of the growth point using a meter rule. 
(ii)  Number of leaves: The number of leaves was counted and recorded. 
(iii)  Number of branches: The number of branches was counted and recorded.
3.6.4	Pathogen Isolation and Identification
Fungal and bacterial isolations were carried out according to Rashid, Sijam, Awla, Saud, & Kadir (2016): The infected parts of leaves were cut into little 3 mm diameter pieces, along with some healthy-looking parts. The small pieces were rinsed with sterile water and surface sterilized with 10% NaOCl for 30 to 60 seconds before being blotted to dry on sterile paper. Three pieces were placed aseptically on Petri dishes with Potato Dextrose Agar (PDA) medium after drying. After that, the inoculated Petri dishes were labeled and incubated at 25°C for 5 days to allow the fungus to multiply. Fungal identifications were based primarily on colony characterization and examination using a compound microscope with a magnification of 40X (Aneja, 2004).
For bacterial isolation, infected plant samples were placed in tiny test tubes and soaked in 2 mL of sterilized distilled water for an hour. The tubes were agitated in a vortex mixer to obtain turbid bacterial suspensions. Loopfuls of the aqueous solution were streaked over Nutrient Agar (NA) and cultured at 30 ° C for two days, on NA plates, different colonies were streaked. This procedure was repeated until pure bacterial cultures with uniform colony morphology were formed. The colony was observed on a stereomicroscope.

   3.7     Data Analysis
Data collected were subjected to analysis of variance (ANOVA) using the SPSS package, and means were separated using Duncan multiple range (DMRT) at a probability level of 5%.



CHAPTER FOUR
4.0				RESULT AND DISCUSSION
4.1	Identified pathogens
The foliar diseases observed in this study are early blight, bacterial wilt and curly top virus and the identified pathogens attributable are Alternaria solani, Ralstonia solanacearum and curly top virus, respectively.
4.1.0 	Characteristic symptoms of early blight as noticed on the field 
Early blight symptoms were visible on the leaves, appearing as irregular brown leaf lesions with dark edges on the affected leaves. Concentric rings with lesions were noticed on the field, as well as necrosis of the damaged leaf part. These symptoms are synonymous with the biology of A. solani (Adhikari, Oh, & Panthee, 2017).
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(a): Infected tomato plant 		    (b) Infected tomato leaf
Fig 10: Symptoms of early blight observed on the field

4.1.1	 Early blight Disease Identification and Morphological Characterization

On potato dextrose agar (PDA) the fungus (Alternaria solani) produced profuse mycelial growth. The mycelium was initially hyaline, became grey-brownish, multi-celled, septate, and irregularly branching. Hyphae were thin (2.84 m in diameter), narrow, and hyaline in the early stages of growth, but they thickened slightly (4.42 m in diameter) as they matured.
[image: ] [image: ]
 (a): fungus culture 				(b): fungus profuse mycelial growth
Plate1: Alternaria solani culture at plating and after growth
Microscopic description
Conidiophores can appear alone or in groups of two to six, and can be long or short, they were pale olivaceous to olivaceous-brown in color, straight or curved, geniculate, swollen at the apex, and had terminal scars indicating the place of conidia attachment. On conidiophores, conidia were born in chains of ten or more, they were obclavate to fully ellipsoidal, muriform with a tapering apex and 1 to 3 longitudinal and 2-10 transverse septa, and varied in color from light olivaceous to dark brown and varied in shape from obclavate to largely ellipsoidal, muriform with a tapering apex and 1 to 3 longitudinal and 2-10 transverse septa.
 [image: U:\Formal Desk top\Total doc\Alternaria spores\DSC00627.JPG]
Plate 2: microscopic description of the fungus

4.1.2	Characteristic symptoms of bacterial wilt as observed on the field
Symptoms observed on infected plants on the field showed wilting even while the plants were still green (Figure 11a). 
[image: ]
(a) Wilted plant				
Figure 11: Symptoms of bacterial wilt observed in the field
A cross section of an affected stem revealed brown vascular tissue discolouration (Figure 13b). The freshly cut stem at the plant base immersed in water also showed a stream of white slimy substance, which is a strong indicator of the presence of Ralstonia solanacearum (causative organism of tomato bacterial wilt) in the vascular tissue.
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				(b) cross-section of infected stem
Figure 11: Symptoms of bacterial wilt observed on the field
4.1.3	 Characteristic symptoms of curly top virus as observed on the field
Infected tomato plants on the field had a bumpy feel, showed stunted and deformed growth, leaves were curled and deformed, and showed light green to yellow discolouration.
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Figure 12: Symptoms of curly top observed on the experimental field

4.2	Disease Incidence
4.2.1	Early blight Incidence 
The incidence of early blight on the four tomato varieties is presented in Figure 13. In Site A at 2 and 4 WAT, there was no significant difference in the disease incidence among the four tomato varieties. At 6WAT, Roma Vf (83.4%) had the highest incidence of early blight; however, this was not statistically different from Tropimech (58.4%). The lowest incidence was recorded on Omu-Aran Local (41.7%) and Roma Vf (41.7%).
The results in Site B shows that at 2 WAT, the highest disease incidence was observed in Roma Vf (50%), followed by Tima (25.0%) and Tropimech (16.7%), all of which were not significantly (P<0.05) different. The lowest incidence (8.3%) of early blight was recorded in Omu-Aran Local. At 4WAT, the highest disease incidence was observed in Roma Vf (75.0%), followed by Tropimech (41.6%), both of which were not significantly (P<0.05) different. The lowest incidence was observed on Tima (25.0%) and Omu Aran Local (25.0%). At 6WAT, the highest disease incidence was observed in Roma Vf (100.0%) and Omu-Aran Local (100.0%), followed by Tropimech (58.3%), all of which were not significantly (P<0.05) different.  The lowest early blight incidence was recorded in Tima (50.0%).
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Bars marked with different letters shows means are significantly different at 0.05 level of probability using DMRT. Vertical bars show standard error.
Fig 13: Early blight Disease incidence at Site A and Site B



4.2.2	 Bacterial Wilt Incidence 

The incidence of bacterial wilt on the four tomato varieties is presented in Figure 14. 1 At 2WAT in Site A, the highest disease incidence was recorded on Tima (66.7%) and was significantly (P<0.05) higher than Tropimech (33.3%), Roma Vf (8.3%) and Omu-Aran Local (8.3%), all of which were statistically similar. At 4 WAT, Tima had the highest bacterial wilt incidence (91.7%), followed by Tropimech (58.4%). The lowest disease incidence was recorded on Omu-Aran Local (16.7%) and Roma Vf (8.3%). At 6WAT, the highest disease incidence was observed in Tima and Tropimech (100.0) both of which were not significantly (P<0.05) different. The lowest disease incidence (41.6%) was recorded on Roma Vf and Omu-Aran Local.
In Site B at 2 WAT, there was no significant (P<0.05) difference in the disease incidence of the varieties. At 4WAT, the highest disease incidence was recorded on Tima (75.0%) which was significantly (P<0.05) higher than Omu-Aran Local (58.3%) and Tropimech (50.0%). Roma Vf had the lowest incidence (16.7%). At 6WAT the highest disease incidence was recorded on Tima (91.7%), followed by Omu-aran Local (83.3%) and Tropimech (75.0%) which were not significantly (P<0.05) different. The lowest disease incidence score was recorded on Roma Vf (41.7%). 
[image: ]
Bars marked with different letters shows means are significantly different at 0.05 level of probability using DMRT. Vertical bars show standard error.
Fig 14: Bacterial wilt incidence at Site A and Site B


4.2.3	 Curly top virus Incidence 
 The incidence of curly top virus is presented in Figure 15 below. There was no significant difference (P<0.05) in disease incidence among all the tomato varieties at 2,4, and 6 WAT in both Site A and B.
[image: ]

Bars marked with different letters shows means are significantly different at 0.05 level of probability using DMRT. Vertical bars show standard error.
Figure 15: Curly top incidence at Site A and Site B



4.3	Disease Severity

4.3.1	Early blight severity 

The severity of early blight on the four tomato varieties is presented in Figure 16. In Site A at 2WAT, there was no significant (P<0.05) difference in disease severity among the four varieties with Roma having the highest value (1.3) and Omu-Aran local the lowest (0.3. At 4WAT, Roma Vf had the highest severity (2.5) which was not significantly (P<0.05) different from Tima (1.3) and Tropimech (1.3). The lowest early blight severity (0.5) was recorded on Omu-Aran Local. At 6WAT, the highest disease severity (3.0) was recorded on Roma Vf and was significantly (P<0.05) higher than Tropimech (1.8), Tima (1.5) and Omu-Aran Local (1.5), all of which were not significantly (P<0.05) different.
In Site B at 2 WAT, there was no significant difference (P<0.05) in early blight severity among the four tomato varieties. At 4WAT, the highest disease severity (1.8) was recorded on Roma Vf and was significantly higher than Tropimech (0.8), Tima (0.8) and Omu-Aran Local (0.5), all of which were not significantly (P<0.05) different. AT 6WAT, the highest disease severity was observed in Roma Vf (3.0) and was significantly (P<0.05) higher than Tropimech (1.3), Omu-Aran Local (1.3) and Tima (1.0).
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Bars marked with different letters shows means are significantly different at 0.05 level of probability using DMRT. Vertical bars show standard errora

Figure 16: Early Blight Severity at Site A and 

4.3.2	Bacterial wilt severity
The severity of bacterial wilt on the four tomato varieties is presented in Figure 17. At 2 WAT in Site A, the highest disease severity (2.8) was recorded in Tima and was not significantly (P<0.05) different from Tropimech (2.0). The lowest severity was observed in Omu-Aran Local and Roma Vf, both of which were not significantly (P<0.05) different. At 4 WAT, Tima had the highest severity of bacterial wilt (3.5), followed Tropimech (2.5), both of which were not significantly (P<0.05) different.  The lowest disease severity was recorded in Omu-Aran Local (1.3) and Roma Vf (0.5), both of which were not significantly (P<0.05) different. At 6 WAT, Tima had a significantly (P<0.05) higher severity (4.8) than the other varieties. There was no significant difference in bacterial wilt severity among Tropimech (2.8), Omu-Aran Local (2.5) and Roma Vf (2.0). 
In Site B at 2 WAT, there was no significant (P<0.05) difference in disease severity among the four tomato varieties. At 4 WAT, Tima had a significantly (P<0.05) higher severity (3.8) than the other varieties. There was no significant difference in bacterial wilt severity among Tropimech (1.8), Omu-Aran Local (1.5) and Roma Vf (0.8). At 6 WAT, Tima had the highest severity (5.0), followed by Tropimech (3.3), both of which were not significantly (P<0.05) different. Omu-Aran Local (2.3) and Roma Vf (2.0) had the lowest severity of bacterial wilt, both of which were not significantly (P<0.05) different.
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Bars marked with different letters shows means are significantly different at 0.05 level of probability using DMRT. Vertical bars show standard error

Figure 17: Bacterial wilt Severity at Site A and Site 























4.3.3	Curly top  virus Severity
The severity of curly top virus is presented in Figure 18 below. There was no significant difference (P<0.05) in disease severity among all the tomato varieties at 2,4, and 6 WAT in both Site A and B.
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Bars marked with different letters shows means are significantly different at 0.05 level of probability using DMRT. Vertical bars show standard error
Figure 18: Curly top severity at Site A and Site B



4.4 	Response of four tomato varieties to some growth parameters
4.4.1	Plant height of four tomato varieties as influenced by foliar diseases
The effect of foliar diseases on the four tomato varieties is presented in Table 3. In Site A at 2 WAT, the tallest tomato plants were observed in Tropimech (16.8cm), Omu-Aran Local (16.0cm) and Roma Vf (13.3cm), all of which were not significantly (P<0.05) different. The shortest plant (9.8cm) were recorded in Tima. At 4 WAT, the highest plant height was observed in Omu-Aran Local (21.9cm), followed by Tropimech (21.5cm) and Roma Vf (19.4cm), all of which were not significantly (P<0.05) different. The lowest plant height (14cm) was recorded in Tima. Similar result trend was recorded at 6 WAT. 
The results in Site B shows that at 2 WAT, the highest plant height was observed in Omu-Aran Local (15.4 cm), followed by Roma Vf (15.3 cm) and Tropimech (11.9 cm), all of which were not significantly (P < 0.05) different. The lowest plant height (9.0cm) was recorded on Tima. A similar result was recorded at 4 WAT.  AT 6 WAT, the highest plant height was recorded in Roma Vf (28.5cm), followed by Omu-Aran Local (27.3cm) and Tropimech (19.5cm), all of which were statistically similar. The lowest plant height (18.5cm) was recorded on Tima.



Table 3: Plant height (cm) of four tomato varieties as influenced by foliar diseases
	
Treatment
	
2 WAT
	SITE A
4 WAT
	
6 WAT
	
2 WAT
	SITE B 
4 WAT
	
6 WAT 

	Roma Vf
	13.3a
	19.4ab
	28.0ab
	15.3a
	18.0a
	28.5a

	Tima
	9.8b
	14.0b
	18.6b
	9.0b
	12.9b
	18.5b

	Tropimech
	16.8a
	21.5a
	31.1a
	11.9ab
	16.5ab
	19.5b

	Omu-Aran Local
	16.0a
	21.9a
	35.3a
	15.4a
	18.6a
	27.3a



Means in a column followed by the same letter(s) do not differ significantly at 0.05 level of probability according to Duncan Multiple Range Test (DMRT)



4.4.2 Number of leaves of four tomato varieties as influenced by foliar diseases
The effect of foliar diseases on the number of leaves is presented in Table 4 below. In Site A, at 2 WAT, Roma Vf had the highest number of leaves (23.8) of tomato, and was statistically similar to the Omu-Aran Local (22.3) and Tropimech (17.8). The lowest number of leaves was recorded om Tima (9.8). At 4 WAT, Omu-Aran Local had the highest number of leaves (34.5) followed by Roma Vf (32.8) and Tropimech (29.3) all of which were not significantly (P < 0.05) different. The lowest number (14.8) of leaves was recorded on Tima. A similar result trend was observed at 6WAT.
In Site B at 2 WAT, the highest number of leaves was recorded on Roma Vf (23.8) and was not significantly (P<0.05) different to Omu-Aran Local (22.3) and Tropimech (17.8).  Tima (9.8) had the lowest number of leaves according to the table below. At 4 WAT and 6 WAT, Omu-Aran Local had the highest number of leaves and was statistically similar to Tropimech and Roma VF. The lowest number of leaves was recorded in Tima.

Table 4: Number of leaves of four tomato varieties as influenced by foliar diseases
	Treatment
	
	SITE A
 
	
	
	SITE B

	

	
	2 WAT
	4 WAT
	6 WAT
	2 WAT
	4 WAT
	6 WAT

	Roma Vf
	23.8a
	32.8a
	71.8a
	23.8a
	32.8a
	71.8a

	Tima
	9.8b
	14.8b
	22.0b
	9.8b
	14.8b
	22.0b

	Tropimech
	17.8ab
	29.3ab
	51.3ab
	17.8ab
	29.3ab
	51.3ab

	Omu-Aran Local
	22.3a
	34.5a
	78.8a
	22.3a
	34.5a
	78.8a


Means in a column followed by the same letter(s) do not differ significantly at 0.05% level of probability according to Duncan Multiple Range Test (DMRT)




4.4.3 Number of branches of four tomato varieties as influenced by foliar diseases
At Site A, the number of branches of four tomato varieties is shown in table 5 below. At 2WAT the highest number of branches was recorded in Omu-Aran Local (6.5) and was not significantly (P<0.05) different to Tropimech (5.8) and Roma VF (5.5). The lowest number of branches was recorded in Tima (3.5).  At 2 WAT, the highest number of branches was observed in Omu-Aran Local and was statistically (P<0.05) similar to Roma Vf (9.0) and Tropimech (8.8). The lowest number of branches was recorded in Tima (6.5). Similar results trend observed in 2WAT was recorded at 6WAT.
 In Site B at 2 WAT in the table 6 below, Roma Vf (5.3) had the highest number of branches and was statistically similar to Tropimech (4.3) and Omu-Aran Local (4.3). The lowest number of branches was recorded in Tima (3.0). At 4 WAT Omu-Aran Local (6.8) and Roma Vf (6.8) had the same number of branches which was recorded to be the highest and was not significantly (P<0.05) different to both Tima (5.0) and Tropimech (5.5). At 6 WAT, Roma Vf (13.5) had the highest number of branches and was not significantly (P<0.05) different to Omu-Aran Local (10.8). The lowest number of branches was recorded in Tima (8.0) and Tropimech (7.3), both of which were not significantly (P<0.05) different. 

Table 5: Number of branches of four tomato varieties as influenced by foliar diseases
	
	
	SITE A

	
	
	SITE B

	

	Treatment

	2 WAT
 
	4 WAT

	 
6 WAT

	2 WAT

	
4WAT

	6 WAT

	Roma Vf
	5.5a
	9.0ab
	13.5a
	5.3a
	6.8a
	13.5a

	Tima
	3.5b
	6.5b
	8.3b
	 3.0b
	5.0a
	8.0b

	Tropimech
	5.8a
	8.8ab
	14.3a
	4.3ab
	5.5a
	7.3b

	Omu-Aran Local
	6.5a
	10.3a
	16.5a
	4.3ab
	6.8a
	10.8ab


Means in a column followed by the same letter(s) do not differ significantly at 0.05 level of probability according to Duncan Multiple Range Test (DMRT).

4.5      Meteorological data 

Table 6: Meteorological data recorded for the research area
 
	
	Wind-speed
(km/hr)
	Temperature  (°C)
	Relative humidity (%)
	Rainfall (mm)
	Solar radiation (hrs/day)

	December
	1.5
	25.2
	52.5
	0
	185.2

	January
	2.4
	24.9
	37.6
	0
	175.4

	February
	2.5
	26.7
	44.7
	0
	196.8




4.6 	Discussion
Tomato is susceptible to several devastating diseases that affects the crop at various stages of development. The current study examined the incidence and severity of tomato foliar diseases as well as the influence of these foliar diseases on some growth parameters. The study also identified the pathogens associated with these foliar diseases. A sound understanding of the impact of meteorological parameters on disease progression is a prerequisite for developing an effective disease management strategy.
The foliar diseases observed in this study are early blight, bacterial wilt and curly top virus and the identified pathogens attributable are Alternaria solani, Ralstonia solanacearum and curly top virus, respectively. Fusarium wilt caused by Fusarium oxysporum and soft rot incited by Rhizopus stolonifera were identified in a study conducted by Amuji et al (2012), the authors affirmed that this were the most endemic pathogens limiting tomato production in Nsukka, south-eastern Nigeria. A related research carried out by Ewekeye & Odebode (2021), identified leaf spots, chlorosis, and wilting as symptoms of foliar diseases of tomato in Ogun State, Nigeria. Previous research carried out by Opoku, Kwoseh, Gyasi, & Moses (2021) also documented early blight on tomato plants. 
Findings from this study showed that the four tomato varieties (Roma Vf, Tima, Tropimech and Omu-Aran Local) are susceptible to foliar diseases. However, the varieties varied in the degree of susceptibility to these diseases. Roma Vf had the highest incidence and severity of early blight; Tima had the highest incidence and severity of bacterial wilt while Omu-Aran Local had the highest incidence and severity of curly top virus. Variations in pedigree of cultivars, varieties, genotypes or accessions could have influence on resistance or susceptibility to pathogens. Our result corroborates the findings of Mtui, Maerere, Sibuga, & Bennett, (2015) that varying tomato varieties to differ in susceptibility infection by pathogens. 
The incidence and severity of these foliar diseases increased with tomato growth stages among the varieties evaluated. This observation supports previous research that reported a positive correlation between early blight disease and tomato plant age (Mailem & Singh, 2018). Similar findings were observed by Yerasu et al. (2019), that disease expression in seedlings and older plants varied. 
Adhikari et al. (2017) reported that majority of cultivated tomato are susceptible to early blight whereas a few are resistant. This demonstrates varietal differences to early blight pathogen. Roma Vf was moderately susceptible to early blight in accordance with the classification table of Rahmatzai et al. (2017).
Temperature and humidity have been proven to influence early blight development (He, Yang, Huang, Qing, & Sun Xc, 2012; Riaz, Chohan, & Abid, 2021).  Devi, Singh, Tombisana Devi, & Tampakleima Chanu, (2017), identified a strong positive relation between tomato early blight disease severity and some abiotic factors (temperature and relative humidity), the authors established temperature range of 28-30°C and relative humidity of 68- 94% as optimum for A. solani. 
The temperature of the Teaching and Research Farm during the period of study varied from 25.2 -26.7oC while A. solani is known to thrive best from 28-30°C (Roy et al., 2019). This could have therefore accounted for the low severity of early blight recorded. Observation from the current study disagrees with the findings of Saha and Das (2013), that no significant correlation existed between A. solani and temperature in four tomato varieties (BSS 494, Patharkuchi, EG 294and ARTH 128). However, our result is in agreement with the work of Chothani, Kapadiya, Acharya, & Bhaliya (2017) which reported the effect of temperature on disease severity. 
The relative humidity of the Teaching and Research Farm during the research ranged between 45- 53%. Watering during the growth of tomato could have triggered the dissemination of the spores of A. solani pathogen to the lower leaves, thereby initiating and spreading the disease. Moisture promotes A. solani sporulation, thereby aggravating disease severity, (van der Waals et al., 2003), found that A. solani was spread by rain splash.
Ralstonia solanacearum (bacterial wilt pathogen) has an extremely wide host range, with tomato being highly susceptible.  Tima had the lowest number of functional leaves as a result of the high incidence and severity of bacterial wilt. The severity of bacterial wilt disease increased because R. solanacearum is a soil-borne pathogen and the regular watering during the growing season favoured disease development and symptom expression. This is consistent with the result of Garrity, Bell, & Lilburn (2004) who reported that favourable environmental factors promote disease manifestation and has a major impact on pathogen survival and proliferation. The temperature of the experimental site appears to favour the survival of R. solanacearum. This is in agreement with the observation of Singh, Yadav, Sinha, & Choudhary (2014) that bacterial wilt incidence increased within temperature range of 25 to 35 °C.  
Curly top virus disease incidence and severity on four tomato varieties were low at the two experimental locations. Curly top virus is transmitted by the beet leafhoppers as insect vector and plants in the Amaranthaceae family are the preferred hosts (Koike & Gilbertson, 2010), as opposed to Solanaceae to which tomato belongs. In addition, the population of this insect was low during the growing season since the environmental condition was not favourable for the reproduction of the insect. Thus, the low relative humidity that prevailed during the experiment could have accounted for the reduced incidence of curly top virus. Agrilife, (2020) identified a link between curly top incidence and relative humidity; the incidence of curly top decreases with relative humidity above 50%, and severe under relative humidity below 35%. Furthermore, beet leafhopper visits are likely to be limited by high humidity (Agrilife, 2020).
Tomato height, number of leaves and branches were affected by the disease complex. According to this study, Roma VF and Omu-Aran Local produced the best growth in terms of height, number of leaves, and branches. Tima tomato plants had the shortest heights, number of leaves, and number of branches, which can explain by the high incidence and severity of bacterial wilt recorded on this variety.
4.7 	Findings
Under natural field conditions, bacteria wilt, early blight, and curly top virus were reported in the study area. The diseases were identified in the field based on the symptoms that were observed on the leaves. For correct identification, infected leaf samples were collected, and the % disease incidence and severity for each disease were calculated. Roma Vf had the highest early blight disease incidence and severity, Tima had the highest Bacterial wilt incidence and severity, and Omu-Aran Local had the highest Curly top virus incidence and severity.
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CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1	SUMMARY
The present study examined the incidence and severity of foliar diseases on four tomato varieties and identified the pathogens associated with these foliar diseases. The study also investigated the influence of the foliar diseases on some growth parameters of tomato varieties namely Tropimech, Tima, Roma VF and Omu-Aran local. The experiment was laid in a randomized complete block design with three replicates. One week after transplanting, leaves of the tomato plants were observed for symptoms of foliar diseases. The pathogens associated with the diseases were identified. Data were collected on incidence and severity of foliar diseases observed, plant height, number of leaves and number of branches of tomato at 2, 4 and 6 weeks after transplanting (WAT). 
The foliar diseases identified were early blight (Alternaria solani), bacterial wilt (Ralstonia solanacearum) and curly top (curly top virus). Results show that Roma Vf had the highest incidence of early blight (83.4%) at 6 WAT in Site A. At 6 WAT, the highest disease incidence was observed in Roma Vf (100.0%) and Omu-Aran Local (100.0%), followed by Tropimech (58.3%), all of which were not significantly (P<0.05) differ amongst the varieties.  The lowest early blight incidence was recorded in Tima (50.0%).
At 4 WAT in Site A, Tima had the highest severity of bacterial wilt (3.5), followed by Tropimech (2.5). AT 6 WAT in Site B, the highest plant height was recorded on Roma Vf (28.5cm), followed by Omu-Aran local (27.3cm) and Tropimech (19.5cm). The lowest number of leaves was recorded on Tima (9.8) in Site A. At 6 WAT in Site B, Roma Vf had the highest number of branches (13.5).

5.2	 CONCLUSIONS
Early blight (Alternaria solani), bacterial wilt (Ralstonia solanacearum) and curly top (curly top virus) were the identified foliar diseases of tomato in the study location. Bacterial wilt was however, the most severe, causing considerable damage to tomato foliage.
 



5.2 	RECOMMENDATIONS
Roma Vf and Omu-Aran local tomato varieties are recommended for planting in areas where bacterial wilt is prevalent while Tima is suitable where early blight epidemic occurs. Roma Vf and Tima are recommended for planting in areas with outbreak of curly top virus disease. Findings from this study can serve as foundation for breeding and selection of foliar disease resistant tomato varieties.
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