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                                                        ABSTRACT 

Early blight (EB) caused by Alternaria solani is ranked as one of the most important 

tomato diseases in Kenya and farmers predominantly rely on synthetic fungicides to 

control it. However, there have been reports about the declining efficacy of some 

fungicides against EB control. This study was carried out to (i) determine the 

occurrence, importance and current management practices for tomato EB in 

Kirinyaga, Kajiado and Kiambu counties, Kenya; (ii) characterize Alternaria solani 

tomato isolates from the selected counties by morphological features and sensitivity 

to two commonly used fungicide groups and (iii) determine occurrence and spatial 

distribution of resistance-associated mutations in A. solani isolates from the three 

counties. A baseline survey was carried out in 175 tomato fields in Kirinyaga (n=58), 

Kajiado (77) and Kiambu (40) counties, data was collected using semi-structured 

questionnaires and field observation. Tomato shoots showing typical EB symptoms 

were collected from surveyed fields (one per field) and carried to Kenyatta University 

Pathology Laboratory, where a total of 96 A. solani isolates were isolated. Results 

indicate that EB was highly prevalent (75-91%) in all regions and all farmers were 

controlling it by fungicide application. A total of 40 fungicide products, representing 

20 active compounds, with varying resistance risk levels, were in use against EB. 

Most farmers (83%) were applying the fungicides at higher than the recommended 

doses. Most farmers (81%) reported declines in effectiveness of fungicides, 

especially strobilurins and triazoles. The Alternaria solani isolates were 

characterized based on cultural features, conidial morphology and sensitivity to two 

fungicides; azoxystrobin (a strobilurin) and difenoconazole (a triazole) in vitro by 

poisoned food technique.  One way analysis of variance revealed that colony and 

conidial parameters of isolates did not differ significantly (at α=0.05) across the study 

counties. Isolates were considered resistant to the fungicide whenever their % 

Mycelial Growth Inhibition (%MGI) at manufacturer’s recommended dosage was 

below 50% and sensitive when above 50%. While all isolates were susceptible to 

Difenoconazole, majority of them (64%) were resistant to Azoxystrobin. Locations 

significantly differed in regard to sensitivity of isolates to fungicides with Kajiado 

and Kirinyaga isolates being least sensitive to Azoxystrobin and Difenoconazole, 

respectively. To determine the genetic basis of Azoxystrobin resistance, the 

cytochrome b gene (in all isolates) was PCR amplified, sequenced and analyzed for 

resistance-associated mutations at amino acid positions 129, 137 and 143. The F129L 

mutation was present in all Azoxystrobin resistant isolates plus 10 susceptible ones 

with MGI values close to the 50% threshold. Kajiado county had the highest 

percentage of mutated isolates (96.8%), followed by Kirinyaga (70%) and lastly 

Kiambu (40%). These findings indicate that Kenya’s A. solani populations have 

developed resistance to some fungicides by mutation. The study recommends that 

anti-fungicide resistance strategies should be applied, for more effective management 

of tomato early blight.  
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                                    CHAPTER ONE: INTRODUCTION 

1.1 Background   

Tomato (Solanum lycopersicum L.), is among the world’s most important crops 

in terms of production, consumption, and trade. It belongs to family Solanaceae 

with origins in South America (Bai and Lindhout, 2007). In sub-Saharan Africa 

(SSA), tomato is extensively grown as a food and cash crop and contributes 

significantly to nutrition, employment, and income generation (Malherebe and 

Marais, 2015). According to FAOSTAT (2020), Kenya is among the leading 

tomato-producing countries in SSA, with an annual production of 599,458 

tonnes. The crop accounts for about 7% of horticulture and 14% of vegetable 

production in the country (Mwangi et al., 2015).  

 

Despite its importance, tomato yields in Kenya have been declining due to many 

constraints. Early blight (EB) caused by Alternaria solani (Ellis and Martin) 

Sorauer is among the most significant tomato diseases in Kenya (Mugao et al., 

2020; Matumwabirhi, 2020; Mwangi et al., 2015). Together, early blight and 

late blight (Phytophthora infestans (Mont.) de Bary) are estimated to cause 

95.6% of all pre-harvest yield losses in Kenya’s tomato yields (Waiganjo et al., 

2006). Brownish black lesions form on aerial parts of EB-affected plants and as 

these expand, plants lose more and more of their photosynthetic surface area 

(Foolad et al., 2008), ultimately producing smaller, often lesioned fruits that 

fetch a low market value.  
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Management of early blight has remained a challenge especially among 

smallholder farmers in Kenya (Matumwabirhi, 2020). There has been an 

increasing tendency by farmers to rely on fungicides as the main method of 

control, mostly for its high efficacy at early blight control. According to 

Waiganjo et al. (2006), the highest pesticide use during tomato production in 

Kenya is for control of Early and Late blights with up to 40 applications per 

cropping season. The registered fungicides against EB in Kenya include 

multisite actors, Quinone outside inhibitors (QoIs), Demethylation inhibitors 

(DHIs) and Succinate dehydrogenase inhibitor (SDHI) fungicides. However, 

there has been a growing concern from farmers about the declining efficacy of 

some of the fungicides at controlling early blight (PCPB, 2005; 2019), and this 

is complicating EB management. 

1.2 Statement of the problem 

Control of tomato early blight in Kenya, is currently affected by declines in 

efficacy of some fungicides. According to farmers, this challenge is making 

tomato production expensive since they have to apply fungicides at doses higher 

than those recommended by manufacturers (PCPB, 2019). Also, the intensive 

use of fungicides is harmful to human and environmental health, and impacts 

negatively on the quality of harvested fruits for human consumption (Jørgensen 

et al., 2017; Ishii et al., 2009; Hardwick et al., 2001). 

 

In other tomato growing countries where such fungicide efficacy declines have 

been faced, research usually confirms development of resistance in A. solani 

isolates to available fungicides (Metz et al., 2019; Nottensteiner et al., 2019; 
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Leiminger et al., 2016). Resistance development in A. solani especially to single-

site fungicides has emerged as a major challenge in many tomato growing areas 

globally. Many authors have posited that as A. solani interacts with fungicides 

over time, its genome undergoes certain mutations in the genes targeted by 

fungicides (Samen et al., 2016; Gudmestad et al., 2013; Rosenzweig et al., 2008; 

Pasche and Gudmestad, 2008). As a result, successive A. solani generations are 

becoming increasingly less sensitive to many fungicides being used globally 

(FRAC 2021; Rossi et al., 2020; Weber and Hahn 2019; Ishii and Hollomon, 

2015; Ktiller and Scheinpflug, 1987).  

 

Examples of resistance-associated mutations that have been reported in 

Alternaria solani include G143A, F129L, G137R in cyt b gene that confer 

resistance to strobilurins (Fernández-Ortuño et al., 2008; Grasso et al., 2006; 

Pasche et al., 2005) and SdhC-H134Q, SdhB-H278Y, and SdhC-H134R in Sdh 

genes for SDHI fungicides (Mostafanezhad et al., 2021; Metz et al., 2019; 

Mallik et al., 2014). 

 

A closer look at Kenya’s tomato production systems reveals presence of many 

factors that would enable faster establishment and spread of mutant Alternaria 

solani biotypes if they emerged. For instance, most available fungicides in the 

country have been in continuous use for more than 20 years (PCPB, 2019) and 

the warm humid conditions in most tomato growing areas create favorable 

conditions for A. solani to complete many infection cycles in single cropping 

seasons (C. Kinyanjui (PCPB), personal communication, March 29, 2021). This 
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is complexed by lack of resistant tomato varieties and small land portions which 

make it difficult for farmers to have sufficient fallows or rotations between 

cropping seasons (Mwangi et al., 2015). 

 

1.3 Justification of the study 

Despite farmers’ complaints about declines in efficacy of some early blight 

fungicides (PCPB, 2005, 2019), little is known about the sensitivity of Kenya’s 

Alternaria solani populations to fungicides being used in the country. 

Consequently, there is no empirical evidence to underpin regulations or 

recommendations for managing fungicide resistance. Hence, the declining 

efficacy of fungicides has largely been attributed to inappropriate use by farmers.  

 

With Alternaria’s proven ability to develop resistance across many fungicide 

groups (Avenot et al., 2016; Chowdhary et al., 2013, Karaoglanidis and 

Thanassoulopoulos, 2003), efficacy declines could spread to many classes of 

fungicides, making tomato production very difficult. 

 

It is therefore important to determine the sensitivity of Alternaria solani isolates 

on tomato to the commonly used fungicides so that fungicide resistant strains are 

detected early and management options adjusted at the earliest opportunity 

(Lucas, 2017; Hobbelen et al., 2014), before they enter more difficult selection 

phases.  
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1.4 Objectives 

1.4.1 General objective 

To enhance sustainable production of tomato Solanum lycopersicum L. in Kenya 

through effective management of early blight caused by Alternaria solani. 

1.4.2 Specific objectives 

i. To determine the occurrence, importance and current management 

practices for tomato early blight in Kajiado, Kiambu and Kirinyaga 

counties, Kenya 

ii. To characterize Alternaria solani isolates from the selected counties by 

cultural characteristics, morphological features and sensitivity to two 

commonly used fungicide groups 

iii. To determine occurrence and spatial distribution of mutations associated 

with fungicide resistance among A. solani isolates in the selected 

counties 

 

1.5 Research hypotheses 

i. Early blight is among the most important tomato diseases in Kajiado, 

Kiambu and Kirinyaga counties and is managed by varying practices  

ii. Alternaria solani tomato isolates from Kajiado, Kiambu and Kirinyaga 

counties vary significantly in terms of cultural features, morphological 

features and sensitivity to commonly used fungicide groups 

iii. Mutations associated with fungicide resistance are present in Alternaria 

solani populations from Kajiado, Kiambu and Kirinyaga counties but are 

distributed unevenly across the three counties 
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1.6 Conceptual framework 

 

Figure 1.1: Conceptual framework 

 

1.7 Significance of the study 

This study has generated data on the current status and management of tomato 

early blight in Kirinyaga, Kiambu and Kajiado Counties of Kenya. Isolates of its 

causal agent, Alternaria solani have been characterized morphologically and by 

sensitivity to two fungicide groups (strobilurins and triazoles), that were reported 

to be least effective by farmers. The Cytochrome b gene which encodes for 
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Azoxystrobin target protein (cytochrome bc1 complex) has also been sequenced 

in all isolates and studied to identify mutations associated with Azoxystrobin 

resistance. The recommendations from this study will provide an informed basis 

for practitioners in crop protection for example fungicide manufacturers, 

farmers, pesticide regulators and scientists in formulating effective EB control 

options while countering the development of resistance.  
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CHAPTER TWO: LITERATURE REVIEW 

2.1 Origin and nomenclature of tomato 

Tomato, Solanum lycopersicum L., is a vegetable crop, with origins in western 

South America (Ecuador, Peru, and Chile) (Kimura and Sinha, 2008; Bai and 

Lindhout, 2007). It is believed that conquistadors from Europe were the first to 

domesticate tomato in Central America in the 16th century (Kimura and Sinha, 

2008). Since then, Europeans distributed tomato in Europe and their colonies in 

the Middle East, Asia and Africa, including Kenya in 1933 (Atherton and 

Rudich, 1986). Today, tomato is among the most cultivated vegetables globally, 

with an annual production of over 120 million tons (FAOSTAT, 2020). 

 

Tomato was initially placed in genus the Solanum as Solanum lycopersicum 

(lyco - “wolf,” and persicum - “peach”) by Linnaeus (1753). At that time, many 

people still thought that tomato was poisonous. This however changed when 

Miller (1754) formed a new genus, Lycopersicon, in which he assigned tomato 

and other edible species. The new name for tomato hence became Lycopersicon 

esculentum Mill. (esculentum meaning “edible”). However, this name was later 

found to breach the International Code of Botanical Nomenclature hence the 

original name, Solanum lycopersicum per Linneus has been retained (Darwin et 

al., 2003; Spooner et al., 2005). 

 

The family where tomato belongs (Solanaceae) is among the largest in Kingdom 

Plantae (Kimura and Sinha, 2008).  Many species in this family are important 

commercially, for example potato Solanum tuberosum L., eggplant Solanum 
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melongena L., chili pepper Capsicum annum L., Capsicum frutescens L., 

Capsicum chinense L.), tobacco Nicotiana tabacum L., night shade Atropa 

belladonna L., mandrake Mandragora officinarum L., and ornamentals such as 

petunia Petunia hybrida L. (Sharma et al., 2019; Kimura and Sinha, 2008). The 

presence of many commercially important plants in the family Solanaceae, 

makes tomato important as a model plant species (Kimura and Sinha, 2008). 

 

2.2 Importance of tomato  

2.3 Tomato production in Kenya 

Tomato growing is believed to have started in Kenya in 1933 (Atherton and 

Rudich 1986). Today, the crop is one of the most cultivated vegetables, grown 

by both smallholder and medium-scale farmers (Infonet-biovision, 2021). 

According to FAOSTAT (2020), tomato accounts for 38% of the total vegetable 

production and 7% of horticultural production in Kenya. The major tomato 

growing counties in Kenya are Kirinyaga, Migori, Narok, Kajiado, Meru, 

Kiambu, Nakuru, Taita Taveta, Bungoma, Trans Nzoia (Table 2.1). Continuous 

tomato production in these counties has been enabled by availability of the 

optimal agro-ecological conditions required by the crop (Table 2.2). 

 

 

 

 

 

 



10 

 

Table 2.1: Tomato production data for the top ten tomato producing 

counties in Kenya  

County Harvested Area /Ha Production 

/MT 

 Value (Ksh)  

Kirinyaga 3,128 (14.3%) 54,185 (13.2%)    2,323,140,000  

Migori 2,123 (9.7%) 32,568 (7.9%)   192,994,000  

Narok 1,561 (7.1%) 20,744 (5.1%)   596,402,394  

Kajiado 1,452 (6.6%) 42,789 (10.4%)     1,612,592,000  

Meru 1,050 (4.8%) 9,951 (2.4%)   322,565,018  

Kiambu 965 (4.4%) 9,132 (2.2%)   327,305,000  

Nakuru 946 (4.3%) 15,179 (3.7%)   491,697,047  

Taita Taveta 830 (3.8%) 38,026 (9.3%)     1,157,692,000  

Bungoma 811 (3.7%) 21,305 (5.2%)   951,330,000  

Trans Nzoia 733 (3.3%) 18,660 (4.6%)   638,237,500  

National total 21,921 410,033   14,101,322,811 

The figures in parentheses are percentages of national harvested area and   production 

(Source: MoALF data, 2020) 

Table 2.2: Agro-ecological requirements for tomato production 

Altitude 0 – 2,000 metres above sea level 

Temperature The optimum temperature range is 20 – 25 oC (day) 15 – 17oC 

(night). Warm humid conditions are favorable for development of 

many tomato pests and diseases (Tran, 2005). 

Rainfall Over 600 mm of rainfall annually. In dry areas, this may be 

supplemented with irrigation to maintain field moisture at around 

60% (Tran, 2005). However, water logging should be avoided as it 

favours bacterial wilt (Nuruddin, 2001) and fruit rot (Jones, 1999)  

Soils Well drained sandy, loam, and clay loam soils, pH range 6.0 – 7.5. If 

the pH is less than 5.5, plant disorders such as blossom-end-rot can 

occur (Hanson et al., 2001) 

Nutrients Due to their rapid growth and a long production period, tomatoes 

have high requirements of nutrients. For instance, to produce 1 ton 

of fruits the crop requires 1.36 - 3.63 kg N, 0.23 - 1.36 kg P, 2.27 - 

5.45 kg K (Peet, 2008) 
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Spacing Green house: 2 rows per bed (1 m wide); 40  cm between plants 

Open field: One row per bed (1 m wide); 40 cm between plants 

(Hanson et al., 2001) 

 

2.4 Tomato production systems in Kenya 

Tomatoes are grown either in open fields or greenhouses. Open field cultivation 

is the most popular tomato production system in Kenya and accounts for 95% of 

tomato produced in the country (Sigei et al., 2014).   The varieties grown in open 

fields (determinate varieties) include Rio grande, Eden and Cal J among others. 

 

In contrast, greenhouse farming is a relatively new production system in Kenya 

and accounts for only 5% of tomato produced (Sigei et al., 2014).  The varieties 

grown in green houses (indeterminate) include Anna F1, Prostar F1and Chonto 

F1 are grown under greenhouse conditions (Kanyua, 2018; Monsanto, 2017). 

According to Makunike (2007), one greenhouse tomato plant has a potential of 

giving up to 60 kg in its full cycle. Hence, greenhouse production is a promising 

technology for increasing tomato production in Kenya, if the adoption levels can 

increase. 

 

2.5 Constraints to tomato production in Kenya 

Tomato production in Kenya is constrained by many biotic and abiotic factors. 

2.5.1 Abiotic constraints  

These can be categorized as production-related and institutional-related 

constraints.  Production-related constraints include inadequate capital and land, 

unreliability of rainfall in production areas, insufficiency of knowledge on 
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tomato production and declines in soil fertility among others (Sigei et al., 2014).  

On the other hand, institutional related constraints include poor post-harvest 

technologies that hasten perishability and price fluctuations (Mwangi et al., 

2015, Sigei et al., 2014).  

2.5.2 Biotic constraints  

Arthropod pests and diseases are considered the main challenges for tomato 

farming in Kenya (Ochilo et al., 2019; Singh et al., 2014; Waiganjo et al., 2006). 

The most devastating tomato pests in Kenya include leaf miner moth Tuta 

absoluta Meyrick (Lepidoptera : Gelechiidae), whiteflies Bemisia tabaci 

Gennadius (Hemiptera : Aleyrodidae), African bollworm Helicoverpa armigera 

Hϋbner (Lepidoptera : Noctuidae), western flower thrips Frankliniella 

occidentalis Pergande (Thysanoptera : Thripidae), Red spider mites Tetranychus 

spp, Cutworms Agrotis spp,  and Vegetable leaf miner, Liriomyza sativae 

Blanchard (Diptera : Agromyzidae) (Wakil et al., 2017; Gacheri, 2016).  

On the other hand, the most significant tomato diseases in terms of yield loss 

caused include early blight (Alternaria solani), late blight (Phytophthora 

infestans), powdery mildew (Oidium lycopersici Cooke and Massee), fusarium 

wilt (Fusarium oxysporum f.sp lycopersici (Sacc.) Snyder and Hans), bacterial 

wilt (Ralstonia solanacearum E.F. Smith), root-knot nematodes (Meloidogyne 

spp.), tomato yellow leaf curl virus and tomato spotted wilt virus (Infonet-

biovision, 2021; Mwangi et al., 2015; Singh et al., 2014; Kariuki et al., 2010). 

Such diseases reduce tomato yield quality and quantity resulting in loss of 

income (Goufo et al., 2008; Mizubuti et al., 2007). Early and late bllights are 

considered the most critical tomato diseases in Kenya and have been estimated 
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to cause 95.6% pre-harvest yield losses (HCDA, 2017; Waiganjo et al., 2006).  

 

2.6 Description of tomato early blight  

Early blight (EB) is a major foliar disease of tomato (Solanum lycopersicum) 

and potato (Solanum tuberosum) (Rotem, 1994).  Early blight symptoms in 

tomato include leaf blight, collar rots and fruit rot. Leaf blight is the most 

destructive stage of early blight infection (Rotem, 1994). Small dark patches 

appear first, then grow into brown-black lesions with concentric rings encircled 

by yellow halos (Fig. 2.1). Spores may then appear at the center of lesions, giving 

them a dark fuzzy appearance (Neils et al., 2015).  

 

As EB progresses, the rate of photosynthesis declines, the size, and quality of 

fruits reduce, leading to significant yield losses (Foolad et al., 2008). In the fields 

where farmers delay to control the disease, complete defoliation of plants can 

occur leading to yield losses as high as 79%. According to Yadav and Dabbas 

(2012), a 1% increase in EB severity reduces tomato yields by up to 1.4%. 
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 (a) (b) 

Figure 2.1: (a) Tomato shoot affected by Early blight in a Kenyan field (b) Conidia of 

Alternaria solani which are the pathogen’s infectious agents 

                                                                          (Source: Andrew Nuwamanya) 

 

2.7 Aetiology of early blight causal agent, Alternaria solani 

When early blight was first reported on tomatoes in 1892, there was great 

controversy about its causal agent (Chester, 1892). Galloway (1891) had 

associated the pathogenic fungus, Macrosporium solani (originally described by 

Ellis and Martin (1882)) with the disease but later an Alternaria species was also 

isolated from the lesions (Van der waals et al., 2001). This Alternaria species 

bore spores that closely resembled those of M. solani, the only difference was 

that Alternaria spores were borne in chains while those of M. solani were borne 

singly (Van der waals et al., 2001). This controversy was however resolved by 

Jones and Grout (1897) who isolated the two species from early blight lesions. 

One species was found to be pathogenic and was re-named Alternaria solani 

while the other, a saprophytic one was named Alternaria fasciculata (Cook and 

Ellis) Jones and Grout and later, Alternaria alternata (Fr: Fr.) Keissl). 
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2.8 Classification and morphological features for Alternaria solani  

Alternaria solani is classified under Kingdom fungi, Eukaryota domain, Class 

dothideomycetes, order Hyphales and Family pleosporaceae (Ghafri et al., 2019; 

Lawrence et al., 2016). Alternaria solani hyphae are branched, septate, light 

brown turning darker at maturity. Its conidiophores, are borne individually but 

seldom in small groups, septated, flexuous or straight, dark in color, 50-90 μm 

in diameter (Ganie et al., 2013). 

  

According to Simmons (2007), A. solani conidia are usually pale to olivaceous-

brown, borne singly or in short chains. Conidia shapes vary from ellipsoidal to 

obclavate, 75-350 long and 20-30 µm wide at the broadest part and usually have 

6–19 transverse and 0–8 longitudinal septa. Beaks are usually present in most 

conidia and measure about one-half to double the length of the conidium, septate, 

hyaline to pale brown and 5–9 µm in diameter (Meena et al., 2017; Simmons, 

2007).                                                                 

 

According to Fry (2007), the genus Alternaria contains about 299 species of 

which A. solani is the most destructive to tomato globally. Based on the 

observation that Early blight was more prevalent in early maturing cultivars, 

Jones et al., (1993) suggested the name ‘early blight’. This has enabled scientists 

to distinguish it from late blight which apparently, is more severe in late-

maturing cultivars. 
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2.9 Infection and disease cycle of tomato early blight 

The infection cycle begins when Alternaria solani spores land on a susceptible 

plant surface (Figure 2.2). Under moist warm conditions, the spores germinate 

to form a germ tube, which then develops an appresorium, that later penetrates 

the epidermis. Rotem (1994) reported that a temperature of 10-35oC is required 

for germination of spores. Alternaria solani can also gain entry into plant tissues 

through stomata, wounds on the stem, and then cause disease (Kemmitt, 2002).  

 

It has been reported that A. solani invades tissues of tomato plants by producing 

enzymes that degrade cell walls. The pathogen also produces toxins to kill host 

cells and make their content available (Gulzar et al., 2018). Alternaria solani 

also secretes two enzymes extracellularly; a serine protease and metalloprotease 

that may be involved in its pathogenicity (Chandrasekaran et al., 2016; 

Chandrasekaran et al., 2014). Depending on cultivar susceptibility, leaf age and 

environmental conditions, symptoms may appear within a week after infection 

(Kemmitt, 2002). 

 

Little is known about the molecular basis of A. solani infection. However, A. 

solani has been reported to secrete some phytotoxic compounds such as 

alternaric acid, alternariol, altersolanol A, solanapyrone A, B, C among others 

(Anderson et al., 2008; Montemurro et al., 1992). Alternaric acid and 

solanapyrones are known to induce necrosis and chlorotic symptoms (Adhikari 

et al., 2017) but the contribution of other metabolites in disease development is 

not well documented.  
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Alternaria solani is a polycyclic pathogen as many infection cycles are possible 

in a single cropping season (Shuman, 1995). Primary infections on new tomato 

crops are caused by overwintering inoculum which can remain infective in 

uncultivated soil for 5–8 months (Pscheidt, 1985). The pathogen overwinters as 

mycelia, chlamydospores or conidia in soil (Pelletier, 1988; Shuman, 1995). 

Alternaria solani has also been reported to overwinter in other crops of family 

Solanaceae (Patterson, 1991; Basu, 1971).  

 

On infected plants, sporulation occurs at temperatures between 5-30 °C, 

(Pscheidt, 1985) with the heaviest sporulation occurring after rain or dew. Spore 

production is initiated by daylight and accumulate over a 7–14-day period (Bashi 

and Rotem, 1975). Conidia are dispersed by rain splash and/or wind to the lower 

leaves of the plant where they germinate and infect (Rotem, 1994).  
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Figure 2.2. Disease cycle of early blight in tomato and potato (Adhikari et al., 2017) 

2.10 Cultural, morphological and genetic variability of Alternaria solani 

Many studies have reported high degrees of variability in Alternaria solani 

isolates basing on cultural, morphological, and genetic features.  A. solani 

Isolates are usually highly variable even when they are collected from a single 

lesion (Kumar et al., 2017) or field (Leiminger et al., 2016). 

 

The cultural characteristics that have been used to characterize A. solani include 

colony color, diameter, nature of margin and colony zonation (Nikam et al., 

2015; Marak et al., 2014; Woudenberg et al., 2014; Naik et al., 2010). Various 

colors (ranging from creamy yellow, brown-black to olivaceous brown) have 
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been described among Alternaria solani isolates (Chohan et al., 2015; Nikam et 

al., 2015; Marak et al., 2014). Alternaria solani cultures have been described to 

have concentric zonations or lack them while margins could either be regular 

(roughly circular) or irregular (Nikam et al., 2015; Marak et al., 2014). Kaul and 

Saxena (1988) grouped A. solani isolates into four discrete classes based on 

colony characteristics on Potato Dextrose Agar (PDA).  

 

For morphological characterization, most studies use features of the conidia (A. 

solani’s infectious agent). Such features include conidia shape, length, and 

width, number of septa, presence or absence of beaks, the structure of 

conidiophores among others (Meena et al., 2017; Loganathan et al., 2016; 

Nikam et al., 2015; Perez and Martinez, 2015; Marak et al., 2014; Woudenberg 

et al., 2014; Naik et al., 2010). According to Loganathan et al., (2016), conidia 

and beak lengths in Alternaria solani are significantly variable and can be used 

for characterization of the pathogen.  

 

Genetically, most studies have characterized Alternaria solani using genes like 

ITS (Kumar et al., 2017; Lourenço et al., 2009), 18SrRNA (Al Husnain and 

AlKahtani, 2019; Ismail et al., 2016; Loganathan et al., 2016). Usually, high 

genetic dissimilarity among isolates is obtained even when isolates are collected 

from the same field or lesion (Kumar et al., 2017; Leiminger et al., 2016). 
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2.11 Management practices for Early blight 

Management of tomato early blight is challenging because of its causal agent, 

Alternaria solani has a polycyclic life cycle and can form a large number of 

infective strains (Adhikari et al., 2017). Nevertheless, there are three methods 

used for early blight control globally, namely; cultural methods, host resistance 

and fungicide application.  

 

The most common cultural practices used for managing tomato early blight 

include field sanitation, rotating tomatoes with non-host crops and planting 

pathogen-free seeds. Furthermore, maintenance of plant vigor through adequate 

application of nitrogen and phosphorus has been reported to significantly reduce 

early blight severity (Li, 2012; Chaerani and Voorrips, 2006). However, cultural 

practices have not been effective in managing early blight because of the 

pathogen’s soil-borne nature and ability to evolve into many infective strains 

(Foolad et al., 2008). 

 

Use of host plant resistance has not been exploited satisfactorily, since only a 

few tomato varieties (“Plum Dandy”, “Mountain Magic”, “Mountain Merit” and 

“Mountain Supreme”) are tolerant to early blight (Adhikari et al., 2017). This is 

even complicated by the fact that EB resistant accessions do not perform well in 

terms of yield and consumers’ preference (Yadav and Dabbas, 2012). Therefore, 

the tomato breeding for early blight resistance has largely stayed at trial level, 

with the developed accessions not available in most tomato growing countries, 
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Kenya inclusive. Consequently, early blight control has largely relied on regular 

application of synthetic fungicides (Foolad et al., 2008).  

 

Globally, the most commonly used fungicide groups against EB include multi-

site enzyme inhibitors (such as Mancozeb, Zineb Propineb and copper salts), 

strobilurins (such as Azoxystrobin, pyraclostrobin and trifloxystrobin), 

Demethylation inhibitors (such as tebuconazole, difenoconazole, propiconazole) 

and Succinate dehydrogenase inhibitors for example boscalid (Mishra, 2012). 

These are manufactured by different companies and so they come under different 

trade names. Some formulations contain single active ingredients while others 

are mixed. Most globally available fungicides are registered for use in Kenya 

(PCPB, 2019). 

 

2.12 Fungicide sensitivity in Alternaria solani 

Many studies have reported variability of sensitivity to fungicides among 

Alternaria solani isolates. Samen et al. (2016) reported that 46.7 % of A. solani 

tomato isolates in Jordan valley, Israel had low sensitivity to Mancozeb, while 

53.3% were less sensitive to Chlorothalonil. Shi et al. (2015) reported that 54 % 

of the A. solani tomato isolates from Shanxi province China showed high 

resistance to Boscalid. Mphahlele et al. (2018) reported high variability in 

among A. solani isolates from Limpopo province, South Africa in sensitivity to 

chlorothalonil, copper oxychloride and mancozeb with variations affected 

significantly by pathogen isolate, area of collection and fungicide tested. 
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It is postulated that consistent exposure to similar or closely related fungitoxic 

compounds drives a selection process in A. solani populations, giving rise to 

higher frequencies of resistant strains (Gudmestad et al., 2013; Karaoglanidis et 

al., 2011; Rosenzweig et al., 2008). The resistance mechanisms proposed 

include mutations in genes encoding target proteins, over expression of target 

genes and fungicide effluxes (Table 2.3). 

 

In particular, resistance develops faster in Alternaria solani against single-site 

fungicides since they target only one gene/stage in the fungal biochemical 

pathway (FRAC, 2021). This means that mutation of even a single nucleotide 

could modify the target site, making it difficult for the fungicide to effectively 

control the target disease. 

 

Table 2.3: Confirmed fungal resistance mechanisms to commonly used 

fungicide groups 

Fungicide group Example of 

active 

compounds 

Mode of action Possible resistance mechanisms 

Multisite enzyme 

inhibitors 

Mancozeb, 

Zineb, Cu2+salts 

Chlorothalonil, 

Cymoxanil, 

pyrimethanil, 

Carbendazim, 

cyprodinil 

Inhibits DNA and 

RNA synthesis, 

affecting cell 

division and cellular 

metabolism. 

-Fungicide efflux and 

detoxification (Yang et al., 2019) 

Strobilurins  Azoxystrobin, 

trifloxystrobin, 

pyraclostrobin 

Inhibits 

mitochondrial 

respiration at the Qo 

site of cytochrome b, 

part of the 

cytochrome bc1 

complex (Complex 

III), preventing spore 

-Mutations in cyt b gene 

(Fernández-Ortuño et al., 2008)

  

-Induction of alternative, 

respiratory pathway sustained by 

alternative oxidase (Wood and 

Hollomon, 2003) 
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germination and 

mycelial growth  

-Efflux of fungicides by ABC or 

MFS transporters (Andrade et al., 

2000; Roohparvar et al., 2007)  

Demethylation 

inhibitors 

Tebuconazole, 

Difenoconazole, 

Propiconazole 

Inhibits C14-

demethylation during 

ergosterol 

biosynthesis 

- Mutations of the Cyp51 gene 

leading to decrease in affinity of 

DMIs for their target site 

- Overexpression of the Cyp51 

gene leading to raised levels of 

sterol 14α-demethylase  

-Up-regulation of ABC or MFS 

transporters to increase efflux  

(Leroux and Walker, 2013) 

Succinate 

dehydrogenase 

inhibitors 

Boscalid, 

Fluopyram, 

Penthiopyrad, 

Fluxapyroxad 

Inhibits the activity 

of mitochondrial 

Complex 

II(succinate 

dehydrogenase) and 

thus respiration in 

fungal cells 

Mutations in Sdh genes (Avenot et 

al., 2008; Ishii et al., 2008) 

 

2.13 Effect of mutations on sensitivity of pathogenic fungi to fungicides 

As a mode of action, fungicides usually bind to active sites of one or a few 

proteins in the fungal biochemical pathway inhibiting key physiological or 

biochemical processes (Table 2.3). For example, strobilurins bind to the Qo site 

of cytochrome bc1 protein in the mitochondria, inhibiting fungal respiration 

(Fernández-Ortuño et al., 2008), while demethylation inhibitors bind to sterol 

14α-demethylase protein, inhibiting sterol biosynthesis (Leroux and Walker, 

2013). 

 

When mutations occur in fungal DNA, the nucleotide sequences in certain loci 

change which often results into modification of fungicide target sites in encoded 

proteins (Fernández-Ortuño et al., 2008). For example, for strobilurin 

fungicides, a change from sequence GGT to GCT at position 143 in the fungal 
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Cyt b gene is known to result into G143A amino acid substitution (Alanine 

substituting Glycine at position 143) (Banno et al., 2009; Ishii, 2009). The 

G143A-mutated-cytochrome-bc1-proteins have altered Qo sites and strobilurin 

fungicides can no longer bind on them. Therefore, fungal biotypes with such a 

mutation lose sensitivity to the fungicide (Figure 2.4).  

 

Fungal biotypes with resistance mutations tend to be selected for whenever 

farmers apply the fungicide that they are resistant to, and so they continue 

accumulating in the fungal populations over time in case of continuous 

application of that fungicide (FRAC, 2021; Brent and Hollomon, 2007). A time 

then reaches when the fungicide can no longer suppress the fungus and manage 

the disease effectively. The time it takes from emergence of resistant pathogen 

strains to noticeable fungicide efficacy declines depends on various factors, in 

particular fungicide doses, spray frequency and rotations (Brent and Hollomon, 

2007; Genet et al., 2006; Kable and Jeffery, 1980), and whether alternative 

disease control methods are applied, e.g., host plant resistance and cultural 

methods (Fry, 2007).  

 
Figure 2.33. Illustration of fungicide resistance emergence and development 

(Adapted from Deising et al., 2008) 
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Examples of mutations reported to cause fungicide resistance in Alternaria 

diseases in some tomato-growing areas of the world are summarized in Table 

2.4. Some fungicide sensitivity assays with Alternaria solani in Africa such as 

Mphahlele et al. (2018) (Limpopo, South Africa) have confirmed existence of 

resistant strains, but none have carried out molecular assays to detect any 

associated mutations.   This is one of the knowledge gaps that this study intended 

to fill.
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Table 2.4: Examples of resistance-associated mutations reported in Alternaria spp. 

 

 

Fungicide group Mutations Pathogen (host crop) Countries Authors 

Strobilurins G143A, 

G137R, 

G143S, F129L 

in Cyt b gene 

Alternaria solani (Potato, tomato) 

A. alternata (Potato, tomato), A. 

tenuissima (Pistachio) and A. 

arborescens (Pistachio),   

 

USA, Germany 

Belgium, 

Sweden, Greece, 

Poland, South 

Africa 

Nottensteiner et al., 2019; Malandrakis et 

al., 2018; Landschoot et al., 2017; Duba et 

al., 2017; Odilbekov et al., 2016; Dube, 

2014;  Fairchild et al., 2013; Pasche et   al., 

2005  

Demethylation 

inhibitors 

F120L,Y131H 

K715R, 

Y781C, 

D1140G.  

T1628A in 

cyp51 gene 

Alternaria alternata (Paris root) China Sun et al., 2021 

Succinate 

dehydrogenase 

inhibitors 

H278R, 

H278Y, 

H134R, 

H133R in Sdh 

genes 

Alternaria solani (Potato) Netherlands, 

Belgium, 

Germany and 

Great Britain 

Mostafanezhad, et al., 2021; Derpmann and 

Mehl, 2019;  Metz et al., 2019; Mallik et al., 

2014 
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                  CHAPTER THREE:  MATERIALS AND METHODS 

3.1 Study area 

This study was conducted in three major tomato growing areas in Kenya, 

representing three counties in Central and Rift valley regions (Figure 3. 1). These 

were: Mwea East in Kirinyaga County, Kabete in Kiambu County, and 

Loitokitok in Kajiado County.  

 

Mwea East is classified among humid agroclimatic zones of Kenya (Braun, 

1982). Located at the foothills of Mt. Kenya in central region, the area receives 

bimodal rainfall, ranging between 1212 – 2146 mm annually, while temperature 

varies between 8 -30oC (Jaetzold and Schmidt, 1983). Coupled with fertile 

vertisols in most areas, such conditions enable production of a wide variety of 

crops all year round, which has made Mwea a food basket of Kenya (Nguetti et 

al., 2018). The challenge, however, is that Mwea’s warm humid conditions are 

also conducive for the infection process by many fungal pathogens, thus many 

diseases including Early blight are usually common and severe in such areas 

(Upadhyay et al., 2019; Runno-Paurson et al., 2015; Kemmitt, 2002).  

 

Kabete is another significant tomato-growing area in Central Kenya. Over the 

years, many greenhouses have been erected in the area (Karume, 2015) that 

produce a variety of short maturing horticultural crops for the attractive market 

in the neighboring Nairobi metropolitan. This part of Kiambu County has been 

classified as semi-humid agro-climatic zone (Sombroek et al., 1982). This area 
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receives bimodal rainfall ranging between 600-2000mm annually while the 

temperature is between 18-22oC. 

 

Loitokitok sub-county in Kajiado county lies on the foothills of Mt. Kilimanjaro 

in the southern region of Kenya, bordering Tanzania. Average annual rainfall 

ranges between 475 – 750mm while temperatures are between 12-27oC (Jaetzold 

and Schmidt, 1983). Classified as a semi-arid ACZ, the sub-county consists of 

few areas with water availability surrounded by expansive dry grasslands. 

Tomato production there is dominated by smallholder farmers who must irrigate 

their fields all year round. A combination of warm conditions and intense 

irrigation in Loitokitok favors a wide range of tomato diseases including Early 

blight (Mantecón 2007). 

 
Figure 3.1: Map of Kenya showing location of study sites  

(Developed using the  .mapdata package in R) 
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3.2 Sampling technique  

The number of tomato fields to survey in each study site was determined using 

the formula by Yamane (1967) (Equation 1). 

𝑛 =
𝑁

1 + 𝑁(𝑒)2
… … … … … … … … … … … . (1) 

 Where, 

n= sample size,  

N = Number of tomato fields in a selected sub-county according to the County 

Agriculture Office (Mwea east 70, Kiambu 50 and Kajiado 100) 

e = level of precision or sampling error (0.05).  

 

After determining the number of fields required in each area, fields were selected 

systematically along predetermined routes at 1 km intervals. In exceptional cases 

where there was no field available, the nearest tomato field was sampled. In total, 

175 tomato fields were sampled; 58 in Mwea east, 77 in Loitokitok and 40 in 

Kabete. 

3.3 Occurrence, importance, and management practices for early blight 

3.3.1 Farmer’s interviews and field visits 

The questionnaire used (Appendix 3) had been pre-tested among ten tomato 

farmers in Thika, Kiambu County and validated. The questions (both open-

ended and semi-structured) were programmed in Open Data Kit (ODK) software 

for electronic recording and automated transmission of data (Hartung et al., 

2010). The ODK Collect v1.16.0 app was downloaded from Google play store 
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(https://play.google.com/store/apps/details?id=com.lexi.android, Accessed 31st 

January 2021).  

 

Approval to conduct this research was obtained from Kenyatta University 

Graduate School (Appendix 1), and National Council of Science, Technology 

and Innovation, Kenya (Appendix 2). Verbal consent was obtained from 

participants before interview 

 

Data recorded included age, gender, and experience of the respondent in tomato 

production, area under tomato, number of cropping cycles per year, varieties 

grown, irrigation methods, prevalent pests and diseases and EB management 

practices including fungicide application procedures. Global Positioning System 

(GPS) coordinates were also taken from the central-most point of each field 

visited using the ODK Collect v1.16.0 app. 

 

In assessing EB importance, respondents were asked to rate prevalent pests and 

diseases in terms of yield loss caused, on a 1-4 scale (developed for this study) 

where 1 represented low yield loss (<10%), 2-moderate (11-20%), 3-high (21%-

30%) and 4 -very high yield loss (>40%). Respondents were also asked to state 

the EB control strategies used on their farms. Fungicide users were asked to 

identify each product by its trade name, dosage and frequency of sprays, and to 

rank their effectiveness on a three-level scale, i.e., low (1), moderate (2) or high 

(3). Resistance risk classes for active compounds in fungicide products were 

https://play.google.com/store/apps/details?id=com.lexi.android
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obtained from Fungicide Resistance Action Committee (FRAC) website; 

https://www.frac.info. 

 

3.4 Isolation and characterization of Alternaria solani 

3.4.1 Collection of diseased tomato samples 

In fields where early blight was prevalent, one tomato shoot having typical EB 

symptoms was collected. Samples were placed in labeled zip-lock bags and kept 

in a cool box for transport to the Pathology laboratory at Kenyatta University. In 

total, 144 samples were collected, 53 from Mwea east (Kirinyaga county), 

Kabete (Kiambu county n=30) and Loitokitok (Kajiado county, 61). 

 

3.4.2 Preparation of culture media (PDA) 

Culture media was prepared according to Ainsworth (1961) under sterile 

conditions in a laminar flow cabinet.  Thirty-nine grams of Potato Dextrose Agar 

(PDA) were dissolved in 1,000 ml of distilled water and autoclaved at 121oC for 

15 min. Autoclaved PDA media was allowed to cool to 45oC and amended with 

tetracycline to inhibit bacterial growth (Rioux et al., 2014). Approximately 20 

milliliters of amended PDA was dispensed in 9 mm diameter petri plates and left 

to set overnight. 

 

3.4.3 Isolation of Alternaria spp 

Isolation of Alternaria spp from diseased tomato samples was carried out 

following a modified version of the protocol by Schulz et al. (1993). Infected 

leaves were surface sterilized in 1% Sodium hypochlorite for 3 minutes and 

https://www.frac.info/
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rinsed three times in sterile distilled water. Using a sterilized scalpel, three 

squares of ~ 5 mm2 were cut from advancing edges of lesions and blotted dry 

using sterile filter paper. The sections were then plated on Potato dextrose agar 

(PDA) media, the petri plates sealed, and kept at 25°C in an electronic incubator 

for 5 days. 

 

Only colonies that had creamy yellow, brown-black to olivaceous brown 

mycelia, which are characteristic of A. solani were subcultured (Chohan et al., 

2015). Using a sterilized inoculating needle, small sections of mycelial growth 

were cut from margins of such cultures and plated onto freshly prepared PDA, 

and incubated at 25oC. Sub culturing continued until when pure cultures were 

obtained. 

  

3.4.4 Preparation of single spore isolates 

This was done on three-week old isolates using the single spore isolation method 

(Choi et al., 1999).  Using a fine inoculating needle, one conidium per isolate 

was picked from each isolate (under a research microscope) and transferred onto 

freshly prepared PDA medium amended with 0.2% streptomycin sulfate.  

Inoculated petri plates were incubated at 25oC for 5 days. Cultures from such 

petri plates were kept in PDA slants at 4oC and maintained by routine sub-

culturing.  All other characterization work was done using the single spore 

cultures. 
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3.4.5 Cultural characterization of isolates 

Potato Dextrose Agar (PDA) media was prepared according to Ainsworth (1961) 

and amended with 0.1 g/l tetracyclin (antibiotic) at 500C.  Twenty-milliliter 

volumes of PDA was dispensed into sterile 90 mm diameter petri plates. After 

setting, 5mm mycelial discs were cut from 7-day old Alternaria solani cultures 

and inoculated at the center of each petri plate. Three replicate plates were 

prepared for each isolate and incubated at 25ºC for 9 days, after which the 

cultural characteristics (colony diameter, color, nature of margin and colony 

zonation) were observed and recorded (Marak et al., 2014).  

 

3.4.6 Morphological characterization of the fungi 

Morphological characterization of Alternaria solani was done based on 

previously reported methods (Nikam et al., 2015; Marak et al., 2014, Kumar et 

al., 2017). Using a sterile scalpel blade, small sections of hyphal tips in 14-day-

old cultures were ‘brushed’ onto a 2000 µL drop of sterile distilled water, on a 

microscope slide. Such slides were examined under a Zeiss - Primo Star 

microscope fitted with an AxioCam ERC 5s camera at magnification X40. The 

features studied included conidial parameters (such as shape, length (µm), and 

width (µm)) and number of septa. For isolates with beaked conidia, the beak 

length (µm) and number of beak septa were recorded.  

 

All length and width measurements were done on five randomly selected 

conidia, for each isolate using an ocular micrometer. Morphological 

identification was later confirmed by pathogenicity tests (Section 3.4.7) and PCR 
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based methods (Section 3.5.3) using Alternaria solani Cyt b specific primers 

(Edin, 2012).  

 

3.4.7 Pathogenicity tests on Alternaria solani isolates 

To determine if the Alternaria solani isolates were pathogenic to tomato, a total 

of 20 randomly selected isolates were tested for pathogenicity on seedlings 

(Cultivar Riogrande). These tests were conducted under greenhouse conditions 

in pot experiments. Conidial suspensions were prepared from isolates by 

“flooding” four-week-old cultures with distilled water. The harvested conidial 

suspensions were visualized under a light microscope (magnification X40) and 

re-constituted to a density of ~105 spores per milliliter (Stammler et al., 2014) 

using a hemocytometer slide.            

 

Certified Riogrande seeds were originally planted in seedling trays containing 

autoclaved peat moss media at 25oC and relative humidity 60% in a seed 

germinator. After germination, the seedlings were transferred to natural sunlight 

for 2 weeks (for hardening), after which they were transplanted into 4000 m3 

pots containing sterilized vermicompost media (Fig. 3.2). Using a hand sprayer, 

the conidial suspension from each isolate was inoculated onto leaves of three-

week-old seedlings (3 replicates per isolate). For the control experiment, 

seedlings were sprayed with sterile distilled water.  

 

For optimal growth, Diammonium phosphate fertilizer was applied as per the 

manufacturer’s instructions (15g per pot weekly). The plants were regularly 
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monitored after every 2–3 days for EB symptoms and severity. Leaves showing 

typical early blight symptoms were collected from infected plants, two weeks 

after inoculation and the pathogen re-isolated from them to complete Koch’s 

postulates (as described in Section 4.2.3).  

 
Figure 3.2: Two-week old tomato plants at the start of the pathogenicity 

experiment 

3.4.8 Evaluation of sensitivity of Alternaria solani isolates to commonly 

used fungicides 

3.4.8.1 Selection of fungicides for evaluation  

Two commercially formulated fungicides, Score® and Ortiva® were chosen to 

represent the fungicide groups reported by farmers as being the least effective at 

controlling tomato early blight (Section 4.1.9.2). Both are registered in Kenya 

the by Pesticides Control Products Board (PCPB). 

 

Ortiva® is a contact and systemic fungicide registered for control of a broad 

range of fungal pathogens in various crops in Kenya. It is formulated as a soluble 

concentrate with a composition of 250g/l Azoxystrobin. The active ingredient 

Azoxystrobin belongs to Quinone outside inhibitor/ strobilurin group of 

fungicides and is known to inhibit respiration of fungi by binding to the Qo site 
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of cytochrome bc1 complex in the mitochondria (Fernández-Ortuño et al., 

2008). According to the FRAC (2021), Azoxystrobin is ranked as 11 meaning 

that the risk of pathogens developing resistance to it is high. 

 

Score® is a broad-spectrum systemic fungicide registered for preventive and 

curative control of many foliar diseases in vegetables and ornamentals. The 

available commercial formulation in Kenya is an emulsifiable concentrate 

containing 250g/l Difenoconazole, a demethylation inhibitor (DMI) fungicide 

that has been available in the world market since 1996. Difenoconazole functions 

by inhibiting the biosynthesis of sterol, a key component in fungal cell 

membranes (Leroux and Walker, 2013). Its FRAC resistance risk rank is 

3/medium. 

 

3.4.8.2 Determination of fungicide concentrations 

Manufacturers’ recommended doses indicated on the fungicide labels were used 

to determine the concentrations evaluated in this study. For each of the 

fungicides, the concentrations were prepared as follows; the recommended rate 

(1ml/l for both Score® and Ortiva®), the recommended rate x1.5 (1.5ml for both) 

and twice the recommended rate (2ml/l for both). Dosages were converted from 

milliliters of fungicide per liter to milligrams of active ingredient per liter of 

PDA media (Fig. 3.3) to determine the working concentrations of active 

ingredients.    
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Azoxystrobin (Ortiva®)                  Difenoconazole (Score®) 

 
Figure 3.3: Calculations for conversion of manufacturer’s dosage from 

milliliters of fungicide per liter to milligrams of active ingredient per liter of 

PDA media for the two tested fungicides 

 

3.4.8.3 Evaluation of fungicide sensitivity among A. solani isolates 

The poisoned food technique (Dhingra and Sinclair, 1985) was used for assaying 

fungicide sensitivity of Alternaria solani isolates.  Potato Dextrose Agar media 

was prepared as described in section 3.4.2 and left to cool to 50oC after which it 

was amended with fungicides, appropriately to achieve the required 

concentrations (0.25mg a.i/ml, 0.375mg a.i /ml and 0.5mg a.i/ml). This was 

followed by addition of 0.1mg of Salicylhydroxamic acid (SHAM) per liter of 

amended PDA to prevent the alternative oxidase pathway in A. solani 

(Rosenzweig et al., 2008). The amended PDA was then placed on a rotary shaker 

to mix thoroughly and cool to room temperature. Three replicate plates were 

prepared for each isolate per fungicide concentration and each plate received 

twenty-milliliters of volumes of amended media. In control plates, PDA media 

(with no fungicide) was dispensed. 

Manufacturer’s recommendation= 1ml/l  

         Meaning 1 ml Ortiva® per 1 l of water 

1litre (or 1000ml) of Ortiva® contains 250g    

   of Azoxystrobin 

Hence 

1ml of Ortiva® contained =
250

1000
 = 0.25g of 

Azoxystrobin 

 To prepare 1ml/litre of Ortiva® in PDA  

1 litre of PDA should contain 0.25g of     

                                  Azoxystrobin 

1ml of PDA media contained 
0.25

1000
𝑔 of     

                                     Azoxystrobin 

                                   = 0.00025g or 0.25mg 

 

  

Manufacturer’s recommendation= 1ml/1 

    Meaning 1 ml Score® per 1 l of water 

1litre (or 1000ml) of Score® contains 250g of 

           difenoconazole 

Hence 

1ml of Score® contained =
250

1000
 = 0.25g of 

difenoconazole 

To prepare 1ml/litre of Ortiva® in PDA media 

1 litre of PDA should contain 0.25g of       

                                      difenoconazole 

1ml of PDA media contained 
0.25

1000
𝑔 of    

                                      difenoconazole 

                                       = 0.00025g or 0.25mg 
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Using a cork borer, 5.0-mm-diameter mycelial plugs were cut from margins of 

9-day old A. solani cultures and transferred to the center of media in each petri 

plate with the mycelial side facing down. Three replicate plates per isolate were 

prepared for each fungicide concentration and arranged in a completely 

randomized design in an incubator at 27°C. After 7 days, the diameter of A. 

solani colony in each plate (in millimeters) was measured in two perpendicular 

planes (Samen et al., 2016) and the average taken. 

   

The percentage mycelial growth inhibition (%MGI) for each isolate at each 

fungicide concentration was then determined using the formula below (Equation 

2).  

%MGI = (1 − (
𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑦 𝑜𝑛 𝑓𝑢𝑛𝑔𝑖𝑐𝑖𝑑𝑒 𝑎𝑚𝑚𝑒𝑛𝑑𝑒𝑑 𝑝𝑙𝑎𝑡𝑒

𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑦 𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑝𝑙𝑎𝑡𝑒
))𝑋 100….….. (2) 

(Shi et al., 2015) 

This experiment was performed twice. 

 

The manufacturer’s recommended dosage (MRD) was taken as a discriminatory 

dose for determining the sensitivity status of isolates. Isolates were considered 

resistant to the fungicide whenever their % MGI at manufacturer’s 

recommended dosage was below 50% and sensitive when above 50% (Ishii et 

al., 2009). 
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3.5 Detection of mutations associated with Azoxystrobin resistance  

3.5.1 DNA extraction from A. solani isolates 

DNA was extracted from pure mycelial cultures following a modified version of 

the protocol by Löffler et al. (1997). Using a sterile toothpick, a small lump of 

mycelia was transferred into a 2000 µL microcentrifuge tube followed by 400 µl 

of lysis buffer [400mM Tris-HCl, pH 8.0, 60mM EDTA, pH 8.0, 150mM NaCl, 

1% sodium dodecyl sulfate, 2%Polyvinyl pyrrolidone, 1% β-mercaptoethanol]. 

The tube was then kept in a freezer until the contents froze. Using a sterile 

toothpick, the mycelia was crushed to a fine paste, the tubes incubated in a water 

bath at 65oC for 20 minutes after which an equal volume of chloroform: Isoamyl 

alcohol (24:1) was added.  The tubes were then gently inverted 20 times for 

thorough mixing followed by centrifuging (13,200 rpm) for 5 minutes at 4oC. 

The resulting supernatant was transferred to a new tube followed by adding equal 

amounts of ice-cold 100% ethanol and gentle mixing. The tube was then span at 

13,200 rpm for 10 minutes and the supernatant discarded. The resultant DNA 

pellet was washed with 300 µl of 70% ethanol after which it was span at 10,000 

rpm for 1 minute and the supernatant discarded. The DNA pellet was air-dried 

and dissolved in 50 µl of 1 x Tris-EDTA, pH 8.0.  

3.5.2 Determination of DNA quality  

The quality of DNA was determined by agarose gel electrophoresis. Agarose gel 

(1%) was prepared by adding 1g of agarose powder into 100ml of 1x TAE buffer 

and boiling the mixture (in an oven) to dissolve well.  The mixture was then 

poured into a casting tray fitted with a comb and left to solidify.  Using a 

micropipette, 1.5μl volumes of 1KB DNA marker (size standard) and DNA 
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isolates were separately mixed with a gel loading buffer (2 μL SYBR Green and 

2 μL Ethidium bromide) and loaded into wells of the solidified gel. An electric 

voltage of 100 volts was connected to the gel for 30 minutes to facilitate the 

migration of the DNA through the gel. The gels were then visualized under a UV 

transilluminator (Innis et al., 2012).  

 

3.5.3 PCR and sequencing of the Cyt b gene 

From in vitro tests, it was evident that while all isolates were sensitive to 

Difenoconazole, majority of them (64%) were resistant to Azoxystrobin (Section 

4.2.4.1). Hence, to establish the cause of resistance to Azoxystrobin, the cyt b 

gene that codes for synthesis of the cytochrome bc1 complex (the Azoxystrobin 

target protein) (Musso et al., 2020) was amplified and studied in all isolates. 

 

Alternaria solani specific Cyt b primers (5’-GCTGCTTTAGCACTAATGCAC-

3’(forward) and 5’-CAGAAGGTATCATTCTGGCAC-3’ (reverse), designed 

using Eurofins design tool (https://www.eurofins.com/genomic-services/our-

services/dna-rna-oligonucleotides/) and sourced from Macrogen Inc, 

Netherlands, were used to amplify the Cytochrome b region of rDNA in the 

isolates (Edin, 2012).  

 

PCR reaction volumes of 30 µL contained 15 µL of Taq DNA polymerase, 1.5 

µL of 10 µm/µL forward primer, 1.5 µL of 10 µm/µL reverse primer, 2.0 µL 

template DNA and 10 µL nuclease-free water. Polymerase Chain Reaction 

(PCR) was conducted in a gradient thermal cycler (Applied Biosystems), and 

https://www.eurofins.com/genomic-services/our-services/dna-rna-oligonucleotides/
https://www.eurofins.com/genomic-services/our-services/dna-rna-oligonucleotides/
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involved four stages; an initial denaturation at 94oC for 5 min, 25 cycles of 

extension at 94oC for 1 min, annealing at 58oC for 1 min, and lastly stabilization 

at 72oC for 5min.  

 

3.5.4 Gel electrophoresis of PCR products 

Agarose gel was prepared as described in section 3.5.2. Two microliter (μL) 

volumes of each PCR product and 1KB DNA marker (size standard) were 

separately mixed with gel loading buffer (2 μL SYBR Green and 2 μL Ethidium 

bromide). Stained mixtures were loaded into wells of the solidified gel 

suspended in 1x TAE buffer. An electric voltage of 100 volts was then connected 

to the gel for 30 minutes to facilitate the migration of the amplified PCR 

products. Formed DNA bands were visualized under UV light (Innis et al., 2012) 

upon which clear bands confirmed both the amplification and A. solani 

identification (Edin, 2012). 

 

3.5.5 Cleaning of PCR products 

PCR products were cleaned by ethanol precipitation method (Green and 

Sambrook et al., 2016). The products were transferred to fresh 1500 µL tubes 

followed by adding 5 µL of 3M sodium acetate and 150 µL of 100% ethanol. 

Tube contents were vortexed to mix thoroughly and left to precipitate at -20oC 

overnight. This was followed by centrifuging the tube contents at 13000rpm at 

4oC for 30 minutes. Resultant DNA pellets were washed twice with 500 µL ice-

cold 75% ethanol, spinning at 4oC for 10 min each time. Ethanol was then 

discarded and the pellet span at top speed for 10 seconds. The pellet was then 
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left to air dry after which it was re-suspended in 20 µL nuclease-free water and 

sent to Macrogen Inc. (Amsterdam, Netherlands) for Sanger sequencing. 

 

3.5.6 Bioinformatics analysis 

The sequencing quality of reads was assessed using Bioedit® software. Raw 

sequences were trimmed to remove overlapping sections (noise) from the 

chromatograms. To support morphological and PCR identification of isolates, 

trimmed DNA sequences were blasted using blastn tool 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastnandPAGE_TYPE=

BlastSearchandLINK_LOC=blasthome)  in the GenBank database for similarity 

with published Alternaria solani sequences. At this stage, phylogenetic analysis 

was conducted on sequences to establish if there was genetic relationship 

between Azoxystrobin resistant and susceptible isolates. The phylogenetic tree 

was constructed in MEGA7 package (Tamura et al., 2021), using neighbor 

joining method based on Tamura-3- model (Tamura and Nei, 1993). The 

bootstrap consensus tree was inferred from 1000 replicates. 

 

The DNA sequences were then translated into amino acid sequences using 

NCBI’s blastx tool 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastxandPAGE_TYPE=

BlastSearchandBLAST_SPEC=andLINK_LOC=blasttabandLAST_PAGE=bla

stn).  

 

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastx&PAGE_TYPE=BlastSearch&BLAST_SPEC=&LINK_LOC=blasttab&LAST_PAGE=blastn
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastx&PAGE_TYPE=BlastSearch&BLAST_SPEC=&LINK_LOC=blasttab&LAST_PAGE=blastn
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastx&PAGE_TYPE=BlastSearch&BLAST_SPEC=&LINK_LOC=blasttab&LAST_PAGE=blastn
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To identify resistance-associated mutations, the obtained amino acid sequences 

were aligned using NCBI’s constraint based alignment tool at 

https://www.ncbi.nlm.nih.gov/tools/cobalt/re_cobalt.cgi. Amino acid positions 

129, 137 and 143 where mutations associated with Azoxystrobin resistance have 

been reported (Table 2.4) were analyzed.  

 

3.5.7 Data analysis 

Survey data was downloaded as a Microsoft Excel spreadsheet (from ODK) and 

exported into Statistical Package for Social Sciences (SPSS) version 23.0. Data 

on categorical variables such as gender and education level was expressed by 

frequencies and percentages while One way analysis of variance was carried out 

to compare study sites on selected quantitative variables. To determine 

relationships between some variables Spearman's correlation test was used. 

 

Data on cultural and morphological features was originally entered into a 

Microsoft Excel spreadsheet and imported into Genstat® statistical software 

version 21. Descriptive data such as colony colors and nature of margins was 

summarized in form of frequencies and percentages of all isolates characterized 

while quantitative variables (such as colony diameters and conidia lengths) were 

subjected to analysis by one-way ANOVA.      

 

Data on in-vitro sensitivity to fungicides was analyzed in R statistical software. 

A generalized linear model function involving Tukey's Honestly Significant 

Difference (HSD) tests (at α=0.05) was used to statistically compare mean 
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colony diameter and % Mycelial Growth inhibition (MGI) with four factors 

(county, isolates, fungicide and fungicide concentrations). 

 

To analyze the effect of observed mutations on azoxystrobin sensitivity, one-

way ANOVA was carried out between means of % MGI values in mutated and 

wild (un-mutated) isolates. This analysis was also done between colony 

diameters to determine the effect of mutations on physiological fitness of the 

isolates. A map of Kenya, showing the spatial distribution of Azoxystrobin 

resistant isolates and resistance-associated mutations in the surveyed counties 

was constructed using the .mapdata package in R. 
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                                           CHAPTER FOUR: RESULTS 

4.1 Occurrence, importance and management practices against tomato 

early blight 

 

4.1.1 Demographic characteristics of farmers 

Males constituted most farmers interviewed in the three study sites (Mwea east 

84%, Kabete 65% and Loitokitok 93%). Majority of farmers were aged 31 - 50 

years (Mwea east 81%, Kabete 92% and Loitokitok 87%). All farmers had 

attained some formal education i.e. Primary (39%), secondary (51%) and tertiary 

(18%).  Farmers’ experience in tomato production varied from 1 to 40 years, the 

overall average being 9.4 years (Table 4.1) 

Table 4.1.  Selected characteristics of tomato farmers interviewed in Mwea 

east, Kabete and Loitokitok subcounties, Kenya, January- April 2021 

  *Standard deviation. Means with different letters across rows are significantly 

different. Tukey’s Honestly Significant Difference test at P ≤ 0.05 

 

Characteristics Mwea east 

(n=58) 

Kabete 

(n=40) 

Loitokitok 

(n=77) 

Overall 

(n=175) 

Gender (% 

respondents) 

    

Male 84.5  65.0  93.5  84.0  

Female 15.5  35.0   6.5  16.0  

Age (% respondents)     

20-30 years 6.9  2.5  9.1  6.8  

31-40 years 44.8  37.5  58.4  49.1  

41-50 years 36.2  55.0  28.6  37.1 

>50 years 12.1  5.0  3.9  9  

Formal education (% 

respondents) 

    

Primary 37.9  25.0  46.8  38.8  

Secondary 44.8  72.5  44.1  50.9  

Tertiary 17.2  2.5  9.1 10.3  

Av. tomato growing 

experience  

(years± SD*) 

10.4±5.2a 7.4±2.3b 9.6±4.8c 9.4±4.1 
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4.1.2 Characteristics of the tomato fields  

The studied farm characteristics varied significantly (P values < 0.05) across 

counties (Table 4.2).  Loitokitok had the highest average tomato acreage (1.9 ha) 

followed by Mwea east (1.5ha) and lastly, Kabete (0.6 ha). On majority of the 

fields (81%), tomatoes were grown under open field conditions. Greenhouses 

were only common in Kabete accounting for 80% of all tomato farms surveyed 

there. The average estimated tomato yield was highest in Kabete (11.7 tons/ha) 

and lowest in Loitokitok (6.9tons/ha). Farmers’ estimated yield was significantly 

higher (P-value 0.041) under greenhouse production than in open fields.  

Table 4.2. Characteristics of tomato fields surveyed in Mwea east, Kabete 

and Loitokitok subcounties, January-April 2021 

Characteristics Mwea east Kabete Loitokitok Overall  
(n=58) (n=40) (n=77) n=175 

Av. farm size/ha ±SD 2.0±3.2b 1.0±0.4ab 2.3±1.9a 1.75±2.5 

Av.  tomato acreage /ha±SD 1.5±2.2ab 0.6±0.2b 1.9±1.1a 1.33±1.7 

Estimated tomato yield* 

(ton/ha±SD) 

7.1±1.6ab 11.7±2.7a 6.9±4.5b 8.57±2.8 

Production system (% fields) 
    

Green house 1.7  80.0  0.0 18.2 

Open field 98.3  20.0  100.0  81.1 

Cropping pattern (% fields) 
    

Monocrop 63.7  77.5  75.3  72  

Intercrop 36.2  22.5  24.7  28  

Irrigation method (% fields) 
    

Drip 1.7  75.0  3.9  19.4  

Furrow 93.1  12.5  84.4  70.8 

Sprinkler 0.0 12.5  6.5  5.8  

Others (watering can, 

diversion channels) 

5.2  0.0 5.2  4.0 

*Farmers estimated yield in terms of number of ‘crates’ or ‘Forwards’ harvested.   Crates are 

wooden square containers with a capacity of 60-80Kg. ‘Forwards’ are trucks used to transport 

tomatoes to the market and each could carry an estimated 2 tonnes of tomatoes.  SD- Standard 

deviation. Means with similar letters across rows are not significantly different. Tukey’s 

Honestly Significant Difference test at P ≤ 0.05 
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Tomatoes were grown as a monocrop on majority (72%) of the fields surveyed. 

Intercropping was practiced most in Mwea east and Loitokitok (21% and 19% 

of fields respectively) and least in Kabete (9% of fields). The commonest 

intercrop crops included maize, beans and green pepper. All farms visited 

practiced some form of irrigation. Majority of farmers (71%) used furrow, 19% 

drip and 9% sprinkler irrigation. In Mwea east and Loitokitok, other forms of 

irrigation were used for example watering cans and diversion channels on fields 

neighboring streams. These were observed on only 4% of the surveyed fields.  

 

4.1.3 Farmers’ knowledge and perception of early blight  

A total of five major tomato diseases and four insect pests were present on at 

least 20% of the surveyed fields (Table 4.3). Early blight (85% of fields) was the 

most prevalent disease, followed by late blight (83%). Most farmers could 

identify EB as “Baridi” (Swahili word for cold), an indication that they 

associated it with cold weather. Blights (early and late) were also the highest 

ranked diseases in terms of yield loss caused. Early blight prevalence and overall 

yield loss rank were significantly highest in Mwea east and lowest in Kabete (P 

value 0.03).  

 

Other major diseases identified in the fields included Bacterial wilt (48%), 

Fungal wilts (21%), and viral diseases (37%). The observed viral disease 

symptoms resembled those of Tomato Common Mosaic Virus (TCMV), Tomato 

Spotted Wilt Virus (TSWV) and Tomato Yellow Leaf Curl Virus (TYLCV).  

The major pests in the fields were tomato leaf miner (90%), thrips (53%), spider 
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mites (54%) and whiteflies (56%).  Blights and tomato leaf miner were the 

highest ranked biotic constraints (average overall ranks above 3).  
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                                   Table 4.3: Prevalence and farmer’s ranking of major biotic constraints to tomato production in Mwea east, Kabete and  

   Loitokitok subcounties, Kenya, January - April 2021 

 a Farmer’s ranking in terms of yield loss caused (1-4) where 1 low (<10%), 2 Moderate (20-29%), 3 High (30-40%), 4 Very high (>40%). b Multiple answers possible 

TSWV – Tomato Spotted Wilt Virus, TCMV – Tomato Chlorotic Mottle Virus, TYLCV – Tomato Yellow Leaf Curl Virus 

      Mwea east                         Kabete                       Loitokitok                        Overall 

                      Ranka        Ranka                      Ranka                      Ranka 

Diseasesb Scientific name                                               % fields (x±SEM)        % fields (x±SEM)       % fields (x±SEM)       % fields          (x±SEM) 

Early blight Alternaria solani 91.4 3.5± 0.09 75.0 2.4 ±0.16 90.9 3.1±0.09 85.2 3.1±0.08 

Late blight Phytophthora infestans 87.9 3.3± 0.08 68.5 2.2± 0.14 80.5 3.5±0.06 80.6 3.2±0.06 

Bacterial wilt Ralstonia solanacearum 60.3 1.2± 0.06 94.3 2.1± 0.15 22.1 1.5±0.20 48.0 1.3±0.06 

Fungal wilts Fusarium spp.,Verticillum spp, 19.0 1.2± 0.12 25.7 1.1± 0.07 19.5 1.4±0.13 20.6 1.5±0.13 

Viral diseases  TSWV, TCMV, TYLCV 34.5 1.2± 0.12 34.2 1.3± 0.09 40.3 1.8±0.07 37.1 1.4±0.06 

Pestsb          

Leaf miners Tuta absoluta 93.1 2.5± 0.16 94.3 3.1 ±0.12 93.5 3.9±0.04 89.8 3.1±0.07 

Thrips Thrips tabaci 87.9 2.2± 0.12 60.0 1.8 ±0.11 28.6 1.2±0.17 53.1 1.8±0.08 

Red spider mites Tetranychus evansi 58.6 2.4± 0.15 40.0 1.1 ±0.06 62.3 1.4±0.11 54.2 1.4±0.12 

Whiteflies Bemisia tabaci 51.7 2.4± 0.07 80.0 1.8± 0.09 53.2 2.2±0.12 55.9 1.5±0.07 
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4.1.4 Tomato varieties cultivated  

A total of 19 tomato varieties were being grown on surveyed fields. Forty five 

percent of farmers grew one variety while the rest grew more than one. Anna F1 

and Zara F1 were popular in Kabete while Big rock F1 and DRD F1 were 

dominant in Loitokitok (Fig. 4.1a). The most popular varieties in Mwea east 

were Terminator F1, Big rock F1 and Ansal F1. Whereas all these are improved 

varieties, their resistance/susceptibility to early blight could not be ascertained 

as this information was not found on their seed packs and neither was it available 

in any literature.  

 

Among the reasons for choice of cultivars, yield (78%) was the most frequently 

mentioned (Figure 4.1 b). Other factors included longevity of harvesting period 

(40%), size of fruits (23%), shelf life of fruits (22%), water stress tolerance 

(16%) and price of seedlings (15%). Resistance to pests and diseases was only 

considered by 19% of the farmers interviewed. Only 4 farmers (representing 2% 

of total) had their own nurseries so on most fields, the seedlings had been 

purchased from commercial nurseries.  
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Figure 4.1: (a) Main tomato varieties grown in the surveyed sub-counties (b) 

Factors influencing farmers’ preference of varieties 

 

Majority of farmers (66%) could grow tomatoes for more than two cropping 

cycles on the same fields per year. Considering that the average tomato season 

in Kenya is 4-5 months, this means that many farmers in surveyed areas could 

plant a new crop in the same field immediately after harvesting the old one.  

Some fields had been under continuous tomato production for more than 10 

years without any fallow periods or rotation with any other crop. Since all 

farmers could practice some form of irrigation, tomato production on most fields 

could be undertaken all year round without defined periods for planting or 

harvest. 

 

4.1.5 Control methods used against early blight 

All farmers used synthetic fungicides for management of early blight. Although 

common cultural practices that can supplement EB control (such as weeding, 

pruning, and staking) were observed on most farms, only 10% of the farmers 

could associate these with disease management. Biological control methods 
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involving use of fungal antagonists (still on trial) were observed on only two 

farms, one in Kabete and another in Mwea east. Only 7% of the farmers 

interviewed had knowledge on integrated disease management. 

 

4.1.6 Composition and resistance risk of fungicides used 

A total of 40 fungicide products representing 20 active compounds were in use 

against early blight (Table 4.4). Of these, 24 contained single active compounds 

while 16 were mixtures. Active compounds represented 6 chemical groups/ 

modes of action. Mancozeb (present in 38% of the fungicides) was the most 

common active compound. Other common active compounds were propineb, 

cymoxanil, chlorothalonil, azoles, carbendazim and Azoxystrobin. Most active 

compounds (70%) fell in FRAC resistance risk categories above ‘Low’. 
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Table 4.4: Fungicide products used in the surveyed subcounties, their active 

compounds and FRAC Resistance risk codes 

Fungicide            Active compound(s)                FRAC Resistance risk*   

 product                                                                               (Code/meaning) 

Ridomil Gold® Metalaxyl + Mancozeb (4/High) + (M3/Low) 

Milraz® Propineb + cymoxanil (M3/Low) + (27/Low to medium) 

Oshothane® Mancozeb M3/Low 

Mistress® Cymoxanil+ Mancozeb (27/Low to Medium) + (M3/Low) 

Agromax® Cymoxanil+ Mancozeb (27/Low to Medium) + (M3/Low) 

Ortiva® Azoxystrobin 11 (High) 

Milthane 

Super® 

Mancozeb M3/Low) 

Antracol® Propineb M3/Low) 

Victory® Metalaxyl+ Mancozeb (4/High) + (M3/Low) 

Score® Difenoconazole 3 (Medium) 

Linkmil® Mancozeb+ Metalaxyl (4/High) + (M3/Low) 

Bayfidan® Triadimenol 3/Medium 

Classic® Tebuconazole     3 /Medium 

Daconil® Chlorothalonil M5 /Low 

Funguran® Copper hydroxide M1/Low 

Wetsulf® Sulfur M2/Low 

Goldazim® Carbendazim 1/High 

Cover® Azoxystrobin+ 

Propiconazole 

(11/High) + (3/Medium) 

Isacop® Copper oxychloride M1/Low 

Greencop® Copper oxychloride M1/Low 

Blue Shield® Copper hydroxide M1/Low 

Ivory® Mancozeb M3/Low 

Penncozeb® Mancozeb M3/Low 

Equation Pro® Cymoxanil M3/Low 

Bayleton® Femoxadone Unclassified 

Komesha® Cymoxanil+ Propineb (27/Low to medium) + (M3/Low) 
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*FRAC=Fungicide Resistance Action Committee. The risk codes were obtained 

from their website https://www.frac.info 
 

4.1.7 Farmers’ preference for fungicide products  

Farmers’ preference for fungicide products differed significantly across study 

sites (Table 4.5). The most commonly used brand names were Ridomil Gold® 

(Metalaxyl+Mancozeb) (66% of fields), Milraz® (Propineb + cymoxanil) (29%) 

and Oshothane® (Mancozeb) (21% of fields) (Table 5). Price of the fungicide 

(72%), prevailing weather (70%) and perception on efficacy (67%) were the 

Absolute® Azoxystrobin + 

Difenoconazole  

+ Hexaconazole 

(11/High) + (3/Medium) + 

(3/Medium) 

Rodazim® Carbendazim 1/High 

Trinity Gold® Copper oxychloride+ 

Cymoxanil+ Mancozeb 

(M1/Low) + (27/Low) + (M3/Low) 

Nordox® Copper M1/Low 

Volar MZ® Dimethomorph + 

Mancozeb 

(40/Low to medium) + (M3/Low) 

Azoxystop® Azoxystrobin + 

Difenoconazole 

(11/High) + (3/Medium) 

Nativo® Trifloxystrobin + 

Tebuconazole 

(11/High) + (3/Medium) 

Ranson® Carbendazim+ 

Triadimefon 

(1/High) + (3/Medium) 

Mixanil® Cymoxanil+ 

Chlorothalonil 

(27/Low to Medium) + (M5/Low) 

Farmerzeb® Mancozeb M3/Low 

Z-Force® Mancozeb M3/Low 

Stargem® Mancozeb M3/Low 

Tajiri® Mancozeb+ Cymoxanil (M3/Low) + (27/ Low to Medium) 

Top Guard® Thiophanate methyl 1/High 

https://www.frac.info/
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major factors influencing the choice of fungicides. With exception of Ridomil 

Gold®, the effectiveness ranking of fungicide products did not differ 

significantly (at α=0.05) across study sites. Ridomil Gold® (overall rank 2.1) and 

Milraz® (2.2) were ranked as the most effective but also the most expensive.  

 

Most farmers believed that severity of Early blight could get higher during cold 

weeks so during such times, more farmers would apply the products perceived 

to be most effective (Ridomil Gold® and Milraz®). During warmer periods, the 

brands perceived to be less effective were applied more. In Loitokitok, which is 

at the border between Kenya and Tanzania, there was a general perception that 

fungicides purchased from Tanzania were more effective than those sold in 

Kenya even when the active compounds and/or brand names were similar. Most 

farmers interviewed (81%) viewed chemical control of Early blight using 

available fungicides as moderately effective, only 19% ranked it as highly 

effective. 
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                      Table 4.5: Major fungicide products used by tomato farmers in Mwea east, Kabete and Loitokitok subcounties, Kenya in  

  January -April, 2021 

 

 

 

 

 

 

 

 

aMultiple answers allowed. bFarmers’ ranking on effectiveness of the fungicide where 1=low, 2=Moderate, 3=High  cP value for  fungicide products at α=0.05, dP value for 

Farmer’s ranking at α=0.05 

 

 
           Mwea east                       Kabete                        Loitokitok                     Overall  

    
 
                                                                      Rank

b  
                          Rank

 b  
                            Rank

 b  
                           Rank

 b
 

   Brand name
a
                         % fields          (x±SEM)   % fields    (x±SEM )    %fields     (x±SEM)     % fields    (x ±SEM)   P value

c
   P value

d 

Ridomil Gold® 81.0 2.5± 0.09 94.3 2.4 ±0.16 41.6 2.2± 0.14 66.2 2.1±0.08 0.044 0.048 

Milraz® 55.2 2.3± 0.08 42.9 2.2± 0.14 3.9 2.1± 0.15 28.5 2.2±0.06 0.039 0.052 

Oshothane® 31.0 2.2± 0.06 40.0 2.1± 0.15 5.2 1.1± 0.07 20.5 1.8±0.06 0.043 0.061 

Mistress® 32.8 1.2± 0.12 31.4 1.1± 0.07 3.9 1.3± 0.09 20.0 1.5±0.13 0.048 0.068 

Agromax® 10.3 1.2± 0.12 5.7 1.3± 0.09 29.9 1.5± 0.16 17.7 1.4±0.06 0.043 0.087 

Milthane Super® 8.6 1.1± 0.16 20.0 1.2± 0.09 6.5 2.2± 0.12 10.3 1.1±0.13 0.047 0.075 

Antracol® 6.9 1.2± 0.12 15.0 1.3± 0.09 18.8 1.5± 0.16 14.3 1.3±0.06 0.043 0.087 

Ortiva® 8.6 1.0± 0.09 5.7 1.1± 0.19 25.0 1.0± 0.05 15.4 1.0±0.06 0.043 0.087 

Score® 6.9 1.0± 0.13 20.0 1.2± 0.07 12.5 1.3± 0.17 12.0 1.1±0.13 0.047 0.075 
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4.1.8 Fungicide dosages and spray interval  

On majority of the fields (83%), farmers reported that they were not following 

the manufacturers’ recommendations on fungicide dosages and spray intervals. 

Most applied higher than recommended dosages of especially the cheaper 

fungicides, in attempt to increase their effectiveness.  

 

Price (90%), weather (74%) and perceived effectiveness (67%) were the major 

factors influencing spray dosages and intervals. Higher dosages were applied 

during colder weeks than on warmer ones. Overall, the average dosages for the 

more costly fungicides (i.e Ridomil Gold® (Metalaxyl+Mancozeb) and Milraz® 

(Propineb+Cymoxanil) were lower than those recommended on labels while 

those for less expensive ones were much higher. An example is Mistress® 

(Cymoxanil+ Mancozeb), a low-cost locally manufactured fungicide whose 

average dosage was double the manufacturer’s recommendation. Similarly, the 

spray intervals were shorter for low-cost fungicides than for the more expensive 

ones. Comparatively, the fungicide dosages were lowest and spray intervals 

longest in Kabete. Loitokitok had the highest fungicide dosages and shortest 

spray intervals (Figure 4.2).
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 Figure 4.2: Farmers’ application rates for 6 most commonly used fungicide products against Early blight 

relative to manufacturer’s recommended levels (indicated by dotted lines)  
(a) Average farmers’ spray dosages (b) Average farmers’ spray intervals. Farmers’ dosages were calculated from responses on 

volume of fungicide per Knapsack pump(16-20l) or mixing drum (320-800l). 
c
Farmers’ spray intervals were calculated from 

responses on number of sprays per week or month. 
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Advice on choice of fungicides, spray dosage and intervals, timing of application 

was sought mostly from fellow farmers (72%), agrochemical shops (49%), 

visiting agronomists (28%) or other sources (11%). 

 

4.1.9 Timing of fungicide application 

On most fields in Mwea east (91%) and Loitokitok (78%), fungicide application 

typically started from the first week after transplanting (Table 4.6). In Kabete, 

the first fungicide application would occur much later, especially in greenhouses. 

Most farmers (74%) applied fungicides as a preventive measure for early blight, 

only few (22%) waited until appearance of the first symptoms. In some   

greenhouses in Kabete (n=8; 5% of total), farmers reported to only apply 

fungicides whenever the weather turned cold. 

Table 4.6: Decision factors on fungicide application among interviewed 

tomato farmers in Mwea east, Kabete and Loitokitok subcounties, Kenya, 

January – April 2021   

 Mwea east Kabete Loitokitok Overall 

1.What informs decision to 

start applying fungicides? %  

    

Cold weather - 20  - 4.6  

First symptoms 17.2  50.0  10.4  21.7  

Prevention 82.8  30.0  89.6  73.7  

2.When after planting does 

the first fungicide 

application occur? (% 

farmers) 

    

In the first week 91.3  12.5  77.9  67.4  

In the first 2 weeks 8.6  25.0  22.1  18.2  

In the first one month - 62.5  - 14.3  

3.Factors for choice of 

fungicide* (% farmers) 

    

Price 72.4  65.7  75.3  72.4  

Weather 86.2  54.2  64.9  70.0  

Effectiveness 63.7  71.4  67.5  67.0  

*Multiple answers allowed 
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4.1.9.2 Farmers perception on declining efficacy of fungicides 

Most farmers (142 out of 175 or 81%) had experienced declines in efficacy 

observed of at least one fungicide product during early blight management 

(Table 4.7). Loitokitok had the highest proportion of such farmers (92%), 

followed by Mwea east (88%) and lastly Kabete (50%). To a typical farmer, 

declining efficacy meant that early blight disease had gained resistance to the 

fungicides (Figure 4.3)   

 

A total of 25 fungicide products were reported to have declined in efficacy 

against early blight. Such products contained mostly single-site active 

compounds for example Azoxystrobin (60% of the mentioned fungicide 

products), difenoconazole (20%) and tebuconazole (20%). This declining 

efficacy of fungicides was attributed most to development of resistance in early 

blight disease (71% of the farmers), counterfeit fungicides (31%), and climate 

change (19%).  

Table 4.7: Perceptions of tomato farmers on declining efficacy of some 

fungicides in Mwea east, Kabete and Loitokitok subcounties, Kenya 

Farmers who had observed 

declining efficacy of at least one 

fungicide (% farmers) 

Loitokitok 92.2 

Mwea east 87.9 

Kabete 50.0 

Major a.i s in fungicide products 

reported to have declined efficacy 

against EBa b (% products) 

Azoxystrobin 60 

Tebunoconazole 20 

Difenoconazole 24 

Trifloxystrobin 20 

Reasons for declining efficacy of 

fungicidesb (% farmers) 

Resistance 71.4 

Counterfeit fungicides 31.4 

Climate change 18.8 

Didn’t know 24.0 

a.i –Active ingredient. a-Some mentioned fungicides contained more than one 

active ingredient. b-Multiple answers possible. Figures in parentheses indicate 

frequencies  
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Figure 4.3. Typical farmer’s understanding of fungicide resistance.  
Even when the farmer had applied the fungicide (as visible in a), early blight lesions kept 

expanding leading to rejection of such fruits by buyers. Approximately 30% of all harvested 

fruits were being discarded at this grading site in Mwea east, Kirinyaga County, Kenya (b). 

 

4.2 Characterization of Alternaria solani isolates  

4.2.1 Cultural characterization of Alternaria solani isolates 

On the 5th day after culturing, a total of 122 isolates had creamy white to green 

colors characteristic of Alternaria. These were sub-cultured and characterized 

but only 96 of these were later confirmed as Alternaria solani by PCR (Section 

3.5.4). Thirty-five confirmed isolates were from Kirinyaga, Kiambu 30 and 

Kajiado 31. 

 

In culture, the fungus grew as profuse mycelia on PDA. At first, the mycelia was 

hyaline but later turned gray to brown, septate and branching irregularly, as it 

grew. Isolates did not differ significantly (at α=0.05) in studied cultural 

characteristics across the selected counties (Table 4.8 and Appendix 4). Isolate 
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KYG24 from Kirinyaga had the highest recorded colony diameter at 85mm 

while KJD18 from Kajiado had the lowest colony diameter at 65.5mm.  

 

Regarding color, most colonies (45 of 96 or 45%) were greenish-white, 22 were 

creamish-white, 10 green and 1 grey.  On reverse plate, most colonies were 

pigmented creamish white (49 out of 96), greenish-brown (42) and brown (5). 

About half (55.2%) of the isolates had irregular margins and majority (62.5%) 

of isolates had concentric zonation (Figure 4.4).  

Table 4.8: Summary of cultural characteristics of Alternaria solani isolates 

from Kirinyaga, Kiambu and Kajiado counties, Kenya 

Characteristic Kirinyaga 

n=35 

Kiambu 

n=30 

Kajiado 

n=31 

Overall 

n=96 

Colony diameter (mm ± SD)  78.60 ± 8.81a 75.09 ± 7.62ab 76.68± 8.58b 74.77 ± 7.59 

Range/mm 66.0-85.0 66.5-83.5 65.5-84.0   

Colony colour (Top) %          

Green 17.1  26.7  45.2  29.2  

Creamish white  45.7 6.7  12.9  22.9  

Greenish white  37.1 63.3  41.9  46.9  

Grey 00 3.3  00 1.0  

Pigmentation (down) %          

Brown 2.8  66.7 6.4  5.2  

Creamish white 60.0  33.3 58.1  51.0  

Greenish brown 37.1  60  35.5  43.8  

Nature of margin (%)         

Irregular 85.7  33.3  74.2  55.2  

Regular 14.3  66.7  25.8  44.8  

Colony zonation (%)         

Concentric zonation 40.0  86.7  64.5  62.5  

No zonation 60.0  13.3  35.5  37.5  

SD- Standard deviation. Means with similar letters in rows are not significantly 

different. Tukey’s Honestly Significant Difference test at P ≤ 0.05 
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Figure 4.4: Nine-day cultures for some isolates. Picture A represents one of the 

infected tomato leaves from which Alternaria solani was isolated 

 

4.2.2 Morphological characteristics of isolates 

A total of 117 isolates had morphological features that matched those of 

Alternaria solani described by Simmons (2007). However, only 96 of these were 

confirmed as A. solani by molecular methods. In the early stages, hyphae were 

thin (diameter 2.5-2.8µm), hyaline but thickened slightly (4.41-4.44µm 

diameter) with age.  

 

Conidiophores were 200-230 μm long, flexuous or straight, and were either 

solitary in many isolates or in small groups in a few others. At apices, 

conidiophores enlarged slightly with scars indicating points of conidia 

attachment. Conidia were pale to olivaceous-brown, borne singly or in short 
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chains, on conidiophores. They were straight, or slightly flexuous tapering to a 

beak in some isolates or flat-ended in some others.  

 

Conidia lengths ranged from 16.72 – 20.48 μm (Mean 18.46, St. dev. 3.83) while 

widths were between 11.87-12.13 μm (mean 11.44, St. dev.2.2) (Table 4.9 and 

Appendix 4). Three conidia shapes were identified; ellipsoidal (54%), obclavate 

(35%), obvoid (10%). All conidia had at least 2 transverse septations (range 2-

5). Majority (69.8% or 67 of all isolates) had longitudinal septa in their conidia, 

ranging from 1 - 3. Only 56% (or 56 isolates) had beaked conidia. Beak lengths 

ranged from 19.7 – 6.8 μm (Mean 10.9, St. dev. 3.8) while the number of beak 

septa varied from 1-4 (Figure 4.5). Chlamydospores were formed in old cultures 

(older than 2 months) of A. solani. These were dark brown in color, thick walled 

and round to oval in shape.  
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Table 4.9: Morphological characteristics of Alternaria solani isolates collected from Kirinyaga, Kiambu and Kajiado counties, 

Kenya 

Characteristic Kirinyaga (n=35) Kiambu (n=30) Kajiado (n=31) Overall (n=96) 

Conidia shape (% isolates)         

Ellipsoidal 68.5  40  51.6 54.2  

Obclavate 28.6  33.3 45.7 35.4  

Obvoid 2.9  26.7 3.2  10.4  

Beaks on conidia (% isolates)     

Isolates with beaked conidia 60 60  48.4 56.3  

Isolates without beaked conidia 40 40  51.6  43.7  

Conidia dimensions     

Av. length(μm ± SD) 20.48±3.81a 16.72 ±2.34b 18.00±2.38b 18.44±3.29  

Av. width (μm ± SD) 11.87±1.89b 11.22±1.96a 12.13±1.77a 11.78±2.24 

Av. beak length(μm± SD) 10.26±3.85b 13.99±3.62a 8.98±1.51c 10.97±2.76 

Septations          

No. of transverse septa (range) 2-5 2-5 2-5 2-5 

No. of longitudinal septa (range) 0-2 0-2 0-2 0-2 

No. of beak septa (range) 0-2 0-2 0-2 0-2 

*Means followed by similar letters in rows are not significantly different. Tukey’s Honestly Significant Difference test at P ≤ 0.05
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Figure 4.5: Conidial features of some isolates at medium power (X40) 

 

4.2.3 Pathogenicity tests for Alternaria solani isolates 

Symptoms started appearing 3 days after spraying the A. solani inoculations. 

Brown, irregular spots (2-4 mm in diameter) with concentric zonations at the 

center, appeared on leaves (Figure 4.6). In some cases, the spots enlarged in size 

reaching up to 10mm in diameter in the second week after inoculation 

 

Re-isolated cultures from infected leaves had close similarity with inoculated 

isolates in terms of cultural and morphological features. This confirmed the 

pathogenicity of tested Alternaria solani isolates on tomato as per Koch’s 

postulates.  
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Figure 4.6: Results of the pathogenicity test. A-Early blight lesions on tomato 

leaves. B- Re-isolated Alternaria solani isolate 

 

4.2.4 Sensitivity of Alternaria solani isolates to two commonly used 

fungicide groups 

4.2.4.1 Sensitivity at Manufacturer’s recommended dosage (MRD) 

(0.25mg a.i/L) 

At this dosage, both azoxystrobin and difenoconazole significantly reduced 

colony diameter in all isolates (p<0.05) compared to the control (without 

fungicide). However, difenoconazole was more effective at inhibiting colony 

growth (lower %MGI values, at α=0.05) than azoxystrobin for all isolates 

(Figure 4.7). All isolates were sensitive to difenoconazole at this dosage with 

%MGI values above the 50% threshold (range 54.44-96.5%). The most 

insensitive isolate to Difenoconazole (M24) was from a field in Kirinyaga where 

tomato had been grown continuously for 10 years. At this field, difenoconazole 

and other triazoles had been in use for only 5 years. 

 

Most isolates (62 out of 96, or 64.6%) were resistant to Azoxystrobin at MRD. 

Isolate KJD6 from Kajiado demonstrated the highest resistance to Azoxystrobin 

(MG1 15.44%). This isolate was obtained from a field where the farmer had 

A B 
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abandoned Azoxystrobin usage, after experiencing great declines in 

effectiveness against early blight.    

 

Site significantly influenced the sensitivity of isolates to the fungicides tested. 

Mean comparison tests between average %MGI values at MRD (α=0.05), 

revealed that Kirinyaga isolates were the least sensitive to difenoconazole while 

Kiambu isolates were the most sensitive to the fungicide. For Azoxystrobin, 

Kajiado isolates were the least sensitive, followed Kirinyaga ones and lastly, 

those from Kiambu (Figure 4.8). Kajiado county accounted for the majority of 

azoxystrobin-resistant isolates (47%), followed by Kirinyaga (35%) and lastly 

Kiambu. 

 
Figure 4.7: Seven day old cultures for three isolates at manufacturer’s 

recommended dosage compared with the control for two fungicides, 

(Azoxystrobin and Difenoconazole) 
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Figure 4.8: Sensitivity of Alternaria solani isolates from three study sites in 

Kenya to fungicides (Azoxystrobin and Difenoconazole) at Manufacturer’s 

recommended dosage. Isolates with % MGI <50% at this dosage were 

considered resistant to the fungicide. 

 

4.2.3.2 Sensitivity at other dosage levels 

Increase in fungicide concentration significantly increased the sensitivity (by 

increasing % MGI) of all isolates to the fungicides tested. Mycelial growth 

inhibition was however site-dependent, with Kajiado isolates having the lowest 

sensitivity to Azoxystrobin (at α=0.05) (Figure 4.9). Kirinyaga and Kiambu 

isolates did not differ significantly in sensitivity to azoxystrobin at all dosages 

(α=0.05). At 0.5mg a.i ml-1 (double the manufacturer’s recommendation), 12 

isolates were still resistant to Azoxystrobin with, isolate KJD32 from Kajiado 

County (MGI 33.5%), being the most resistant.  

 

Difenoconazole was more effective than azoxystrobin at inhibiting mycelial 

growth at all doses and as was the case for Azoxystrobin, site affected the 
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sensitivity of isolates to Difenoconazole. Kirinyaga isolates were the least 

sensitive at all difenoconazole concentrations followed by Kajiado and lastly 

Kiambu. Percent MGI for Kiambu and Kajiado isolates did not differ 

significantly at 0.25 mg/ml and 0.375 mg/ml difenoconazole concentrations 

(α=0.05).  

 

At double the manufacturer’s recommended dosage, isolates did not 

significantly differ by site in sensitivity to difenoconazole.  Isolate KYG19 (% 

MGI 62.5) had was the least sensitive at this dosage. 

 

 

Figure 4.9: Sensitivity of Alternaria solani isolates to Azoxystrobin and 

Difenoconazole at different concentrations  
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4.3 Detection of resistance-associated mutations in the cyt b gene 

4.3.1 PCR results and confirmation of Alternaria solani identity  

The two primer pairs amplified an ~ 450 bp fragment of cyt b gene in each A. 

solani isolate (Figure 4.10). Ninety-six trimmed DNA sequences, ~ 210 bp long 

(Appendix 7), were obtained (Kirinyaga (n=35), Kiambu (30) and Kajiado (31)). 

In the NCBI database, sequences showed high percent similarities (98-99.5%) 

with Alternaria solani accession numbers DQ209285.1 and DQ209284.1. This 

served as the final confirmatory step for Alternaria solani. 

 
Figure 4.10: PCR products of cyt b region of A. solani isolates KJD01-12  

 C, Negative control 
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4.3.2 Phylogenetic analysis 

During phylogenetic analysis, it was expected that isolates would cluster 

according to sensitivity levels to Azoxystrobin. However, this did not happen as 

many isolates clustered randomly (Fig. 4.11). This observation was attributed to 

random nucleotide substitutions in the DNA sequences which were not 

necessarily associated with sensitivity to azoxystrobin.     

 

Figure 4.11: Phylogenetic analysis of Alternaria solani isolates based on alignment of 

their Cyt b sequences. The consensus tree was constructed by Neighbour joining method 

based on the Tamura 3 model in MEGA7. Bootstrap values calculated on 1000 

replicates are indicated in the branches. 
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4.3.4 Multiple sequence alignment (MSA) of sequences  

From Blastx, the obtained sequences were ~50 amino acids long, covering 

positions 110 -170 of the Alternaria solani Cyt b gene in most of the sequences. 

Positions where Azoxystrobin resistance mutations have been reported (129, 137 

and 143) were present in all sequences hence they were sufficient for MSA. 

Therefore, the sequences were aligned against the wild cyt b gene sequence 

(Accession number ABB5714.1) obtained from the NCBI database. MSA 

revealed that F129L mutation (Leucine replacing Phenylalanine at amino 

position 129) was present in majority (75%) of isolates. F129L was detected in 

all azoxystrobin resistant isolates and 10 isolates with % MGI values slightly 

above 50% threshold (Fig. 4.12).  

 

At positions 137 and 143, some isolates had certain random amino acid 

substitutions (for example Serine replacing Glycine) but these were somewhat 

random and their presence did not correlate significantly with Azoxystrobin 

sensitivity. Other mutations for example G137R (Arginine substituting Glycine 

at amino acid position 137) and G143A (Alanine substituting Glycine at position 

143) that have been associated with Azoxystrobin resistance in other tomato 

growing areas were not present in the analyzed sequences.  
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Seq_ID 
ABB54714.1 

KJD01* 

KJD02* 

KJD03* 

KJD04* 

KJD05* 

KJD06* 

KJD07* 

KJD08* 
KJD09* 

KJD10* 

 

 KMB02 

KMB03* 

KMB04* 

KMB05 

KMB06* 

KMB07* 

KMB08* 

KMB09 

KMB10* 

KMB11* 

 

KYG01* 

KYG02* 

KYG06* 

KYG07* 

KYG08* 

KYG09* 

KYG10 

KYG11* 

KYG13* 

KYG10* 

 Figure 4.12: Multiple Sequence Alignment of amino acid sequences for the first 10 Alternaria solani isolates from each county. Sequence IDs with asterick (*) 

indicate isolates with F129L mutation. ABB5714.1 –Reference A. solani sequence from NCBI database. Isolate IDs KYG-Kirinyaga, KMB-Kiambu, KJD-Kajiado 
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4.3.3 Effect of F129L mutation on mycelial growth and sensitivity of 

isolates to Azoxystrobin 

Isolates were sorted by colony diameter, % mycelial growth inhibition and 

amino acid present at position 129. Seventy-two isolates (or 75% of all) had 

F129L mutation while 24 lacked it. All Azoxystrobin resistant isolates and 10 

others with near-threshold percent mycelial growth inhibition had the F129L 

mutation. One-way ANOVA revealed that F129L mutants were significantly 

less sensitive to Azoxystrobin (lower % MGI values) than wild isolates at all 

azoxystrobin concentrations (Table 4.10).  

 

In control plates (no fungicide), F129L mutants grew significantly slower than 

the un-mutated isolates. However, this was not the case in Azoxystrobin 

amended plates, wherein the wild isolates grew significantly faster than F129L 

mutants (Table 4.10) 

Table 4.10: Comparison of mean % mycelial growth inhibition and colony 

diameter for F129L mutants and non-mutated isolates at varying 

azoxystrobin concentrations 

 

Treatment* 

          Mean Percent Mycelial Growth inhibition 

F129L mutants 

        (n=72) 

Wild strains 

     (n=24) 

P value 

0.25mg/ml 35.09 ± 1.14b 70.07±2.58a 0.011 

0.375mg/ml 47.61 ± 1.29b 75.72 ±2.08a 0.014 

0.5mg/ml 57.40± 1.38b 80.15±1.61a 0.047 

                            Mean colony diameter(mm) 

0mg/ml (Control) 44.48±1.99b 69.5 ±1.17a 0.039 

0.25mg/ml 56.16 ± 0.86a 37.66±1.81b 0.011 

0.375mg/ml 34.74±1.52a 28.37±1.14b 0.041 

0.5mg/ml 27.39±1.74a 18.22±0.94b 0.033 

*Means followed by similar letters in rows are not significantly different. Tukey’s 

Honestly Significant Difference test at P ≤ 0.05 
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4.3.4 Spatial distribution of Azoxystrobin resistant isolates and F129L 

mutation by county 

Kajiado had the highest number of isolates with F129L mutation (30 or 96.8%), 

followed by Kirinyaga (25 or 71%) and lastly Kiambu with 14 (47%) (Figure 

4.13).  

 

Figure 4.13: Map of Kenya showing distribution of Azoxystrobin resistant 

isolates and F129L mutants in the studied counties. The number of Alternaria 

solani isolates characterized per county is indicated in parentheses after county 

name.  

 

 

➢  
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                                        CHAPTER 5: DISCUSSION 

5.1 Occurrence, importance and management practices for Early blight 

5.1.1 Demographic characteristics of tomato farmers  

The results revealed that males constituted the majority of tomato farmers across 

the three counties under study. This is consistent with findings from related 

studies done in Kenya (Ochilo, 2019; Nguetti et al., 2018; Mwangi et al., 2015), 

Tanzania (Angelina, 2014) and in Nigeria (Usman and Bakari, 2013). The male 

dominance has been attributed to the fact that more males than females tend to 

own and control the use of key production factors (such as land and capital) in 

most communities in Kenya (Ochilo, 2019; Barasa et al., 2019; Mwangi et al., 

2015) and Africa (Anang et al., 2013; Usman and Bakari, 2013). Therefore, since 

tomato production is a capital-intensive process, it was not surprising, that more 

males than females were involved in tomato growing in all the three studied 

counties. 

 

Majority of the tomato farmers interviewed were aged between 31-50 years. This 

is consistent with findings from previous studies involving tomato farmers in 

Kenya (Barasa, et al., 2019; Angelina, 2014; Nguetti et al., 2018). The finding 

however contrasts with Mwangi et al. (2015) and Anang et al. (2013), who 

reported dominance of a younger age group (21-40 years). The age group 31-50 

years has been described as one where people tend to have more access to 

important factors of production like land and capital. The fact that all of them 

had attained some level of formal education is important since this has been 

associated with better understanding of aspects of disease control at farm level 
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(Barasa et al., 2019; Awan et al., 2012). However, the findings from this study 

did not show significant correlation between the level of education and early 

blight control, for example, with regard to conformity to manufacturer’s 

recommended spray dosages. This therefore underscores a need for regular 

training of farmers on up-to-date EB management strategies regardless of 

farmers’ education level. 

 

5.1.2 Characteristics of tomato fields in studied counties 

The findings showed that respondents owned small farm sizes ranging from 

1.0ha in Kiambu to 2.3 ha in Kajiado. These land ownership patterns can be 

attributed to the high population density in the surveyed counties (KNBS, 2019).  

According to Mwangi et al. (2015), land size limits application of important 

disease management practices for example crop rotation and fallowing. It was 

therefore not surprising that tomato was grown for up to 3 times per year 

(without rotations) on majority of the fields. Considering that an average tomato 

season takes ~ 4 months, it means that there was always a tomato crop in the 

fields and/or neighboring ones throughout the year. Once fungicide-resistant A. 

solani individuals evolve in such fields, they can multiply quickly from inocula 

transferred across successive seasons (Abuley et al., 2019; Fry, 2007). This is 

further complicated by the fact that tomato was grown as a monocrop on most 

of the fields, hence there were no non-host barriers that would impede the spread 

of fungicide-resistant strains. 
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5.1.3 Occurrence and importance of early blight 

The high yield loss associated with EB in Kirinyaga County can be attributed to 

the humid conditions experienced there in most times of the year that favour the 

disease (Runno-Paurson et al., 2015, Upadhyay et al., 2019; Kemmitt, 2002). In 

Kajiado (a warmer area), the fact that fields were irrigated all year round (in 

combination with the warm climate) could have contributed to a high EB 

severity (Mantecón, 2007) and consequently, high yield losses reported by 

farmers.  In Kiambu, the low yield loss was attributed to dominance of 

greenhouse tomato production in the county, which has been linked with low 

severity of EB (Gullino et al., 2020; Hanan et al., 1978). 

5.1.4 Management practices employed against Early blight  

This study established that farmers in all the studied counties were relying on 

synthetic fungicides as the main method for EB control, confirming previous 

reports (Mwangi et al., 2015; Nyankanga et al., 2004). More to that, Early blight-

resistant tomato varieties were not yet available in surveyed areas; regardless of 

the yield losses, EB was causing in the fields. It is therefore important for tomato 

breeders in Kenya, to consider incorporating EB resistance traits in the 

accessions being developed which will provide a viable control alternative, now 

that declines in fungicide efficacy are being experienced.  

 

The fact that cultural practices with potential to reduce EB severity were 

evidenced on most of the fields (even if only a few farmers could associate these 

with disease control) provides a promising strategy to supplement control of 

fungicide-resistant strains in the fields. For example, majority of farmers had 
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planted certified, pathogen-free seed/seedlings, most fields had been weeded and 

fertilizers were being applied on most of the fields. According to FRAC (2021), 

such practices reduce the agronomic risk for resistance development and 

establishment. Hence these should be promoted in Kenya. 

 

The active compounds in most commonly used fungicide products against EB 

represented only six chemical groups and six modes of action. This is a low 

number of chemical groups used when compared to those registered for EB 

control in the country (PCPB, 2019). This could be attributed to the fact that 

advice on fungicide use was obtained most from fellow farmers and agrovet 

shops, hence only the locally availed and/or well-known fungicides were the 

ones being applied. With A. solani’s proven ability to develop cross resistance 

across fungicide classes (Avenot et al., 2016; Chowdhary et al., 2013; 

Karaoglanidis and Thanassoulopoulos, 2003), the narrow diversity of modes of 

action among the fungicides used presented a high resistance risk for the 

pathogen and could complicate the management of resistant strains in future. 

Sensitizing farmers about the need to increase the diversity of fungicides applied 

and rotating them regularly may help to address this challenge.  

 

Most farmers indicated that they were not adhering to manufacturer’s 

recommendations on fungicide dosages and spray intervals. This may be 

attributed to the fact that most farmers had adopted a quantity driven approach 

(not quality driven) as evidenced by their choices on cultivars grown, number of 

cropping cycles per year among others. As reported by Udimal et al. (2022), 
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such farmers tend to hold the belief that reduction in pesticide application leads 

to yield reduction hence pay less attention to recommended pesticide use 

practices.  As postulated in other studies (Jørgensen et al., 2017; Ishii, 2006), 

this tendency among farmers becomes worse whenever they experience declines 

in efficacy of pesticides and increase in severity of the targeted pest/pathogen. 

 

The higher spray dosages in Kajiado can be attributed to high EB prevalence in 

the county, favored in part by the warm climate and also the fact that farmers 

could access fungicides more cheaply in neighboring Tanzania. Over dosage of 

fungicides has been shown to favor establishment of fungicide-resistant 

individuals among pathogens (Brent and Hollomon, 2007; Genet et al., 2006; 

Kable and Jeffery, 1980).  In Kiambu, the long spray intervals are explained by 

the low disease intensity under greenhouse production. 

 

Without alternative control options, there is a potential for fungicide resistant A. 

solani strains to multiply quickly in such fields and overwhelm tomato 

production. Coupled with wide deviations from the recommended spray 

frequencies for most fungicides, this presents a high risk for resistance 

development.   

 

5.1.5 Farmers’ perceptions on declining efficacy of fungicides 

Majority of farmers interviewed had observed declines in performance of at least 

one fungicide, and could attribute this to resistance development by the 

pathogen. However, they were not employing any resistance management 
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strategies. This lack of attention by farmers on resistance management can be 

explained by their ignorance of anti-resistance strategies and increases the risk 

since they continue with the same practices that promote resistance. Strategies 

for example alternating available fungicide products, if incorporated in an 

integrated EB management programme can delay/slow down fungicide 

resistance (Hobbelen et al., 2013; LaMondia, 2001), making EB control more 

efficient and sustainable. 

 

Most fungicides reported to have declining efficacy contained active compounds 

with single site mode of action such as strobilurins and azoles, which is coherent 

with literature (Odilbekov et al., 2019; He et al., 2019; Rosenzweig et al., 2008). 

Resistance develops faster for single-site fungicides since they target only one 

gene/stage in the fungal biochemical pathway (FRAC 2021). This means that 

even mutation of a single nucleotide is enough to modify the target site, making 

it difficult for the fungicide to effectively suppress pathogen populations. 

 

5.2 Characterization of Alternaria solani isolates by cultural and 

morphological features, and fungicide sensitivity  

 

5.2.1 Cultural and morphological features  

The observed cultural features in isolated Alternaria solani matched with those 

reported in previous studies (Nikam et al., 2015; Naik et al., 2010). Isolates were 

highly diverse in terms of colony diameter, color and zonation patterns.  

However, although they are useful for initial screening, cultural features may be 
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affected by other factors for example culture media used and incubation 

temperature, and this limits their utility.  

 

The recorded morphological features satisfactorily identified the isolates as 

Alternaria solani as has been described in previous studies (Nagrale et al., 2013; 

Ramjegathesh and Ebenezar, 2012; Simmons 2007). However, in contrast with 

Loganathan et al. (2016), the finding in this study is that, the measured conidia 

and beak lengths did not vary significantly among the isolates and so it would 

be difficult to use them for characterization of Alternaria solani by counties of 

origin in Kenya. 

  

5.2.3 Sensitivity of A. solani isolates to Azoxystrobin and Difenoconazole 

5.2.3.1 Sensitivity of A. solani isolates to Difenoconazole (representing 

triazoles) 

The results in the present study demonstrate that there was wide variation in 

sensitivity of Alternaria solani isolates from the three counties to 

Difenoconazole. Even though all isolates were susceptible to Difenoconazole, a 

significant number (10.4%) had low sensitivity (% MGI values between 50-

60%) at discriminatory dosage. This suggests that resistance mechanisms against 

Difenoconazole (and/or other triazoles) could be already developing in the 

Alternaria solani populations. Regulation of triazole use through adherence to 

recommended doses and spray intervals would therefore be important at this 

early stage, to slow down the process of resistance development (FRAC, 2021; 

Jørgensen, 2015). Further studies should also be carried out specifically to 

analyze the cyp51 gene (the triazole target gene) for occurrence and/or 
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prevalence of any mutations that have been associated with difenoconazole 

resistance in Alternaria populations in other areas like China (Sun et al., 2021). 

The fact that no resistant isolates were detected at the 50% MGI threshold, may 

be attributed to limitations of the methodology used. Therefore, I recommend 

that future sensitivity assays with azoles on Alternaria solani in Kenya should 

consider alternative techniques such as % germination inhibition (for spores) and 

regression of % MGI to determine EC50 values for isolates (requires at least 5 

fungicide concentrations).    

 

5.2.3.2 Sensitivity of A. solani isolates to Azoxystrobin (representing 

strobilurins) 

The data in the present study indicates that resistance has developed in 

Alternaria solani populations from the three counties to Azoxystrobin with 75% 

of the isolates resistant at the manufacturer’s recommended dosage. Isolates with 

MGI values as low as 33% could be identified at double the manufacturer’s 

recommended dosage. This means that it would be difficult to achieve desired 

early blight control by spraying Azoxystrobin-containing fungicides even if 

farmers were to increase the dosage. According to PCPB (2021), Azoxystrobin 

fungicides have been continually used in Kenya for 23 years, which is much 

more time than it has taken to develop resistance in other countries. For example, 

in the USA, resistance developed just 2 years after Azoxystrobin introduction 

(Pasche et al., 2005). 

 

The finding that A. solani isolates have lost sensitivity to Azoxystrobin in-vitro 

is consistent with farmers’ observation of declining efficacy of this class of 
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fungicides at EB control. There is, therefore, a need to strictly regulate the usage 

of Azoxystrobin (and other strobilurins) for EB control and if possible, suspend 

them especially in an area like Kajiado where 28 out of the sampled 31 isolates 

were resistant. 

 

5.3. Occurrence and spatial distribution of mutations associated with in 

Alternaria solani resistance to fungicides  

 

5.3.1 Occurance of resistance-associated mutations  

Through sequence analysis of the cyt b gene in all isolates, it was confirmed that 

the F129L mutation (Leucine substituting Phenylalanine at amino acid position 

129) was present in the Alternaria solani populations in the three counties 

showing resistance to Azoxystrobin. This is the first report of azoxystrobin 

resistance-associated mutations in any plant pathogen in Kenya. However, 

similar findings have been reported in other tomato growing countries e.g 

Germany (Leiminger et al., 2016), Sweden (Odilbekov et al., 2019) and USA 

(Pasche et al., 2005).  

 

Pasche et al. (2005) reported that F129L mutations cause meager losses in 

Azoxystrobin sensitivity. However, in contrast, in the current study this mutation 

was detected in highly resistant isolates with MGI values as low as 22.5%. This 

finding, when combined with the observation that some isolates with MGI values 

in the range of 50-65% had F129L mutation, while other lacked the mutation 

suggests that other resistance mechanisms could be contributing to Azoxystrobin 

resistance in Kenya’s A. solani populations.  Future studies may therefore 

explore other causes of fungicide resistance such as transporter-mediated 
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fungicide effluxes as reported by Andrade et al. (2000) and Roohparvar et al. 

(2007). 

 

5.3.2 Fitness costs for F129L mutants  

The results in this study indicate that wild A. solani isolates grew significantly 

faster in vitro than F129L mutated ones in absence of the fungicide. This 

indicates that F129L mutants are less fit than wild isolates in absence of 

Azoxystrobin. Hence, it is likely that if Azoxystrobin fungicides were suspended 

for some time, the wild Azoxystrobin susceptible isolates would re-establish 

faster than mutated ones, as has been demonstrated in post-harvest fungi by 

Bradshaw et al., (2021). However, the length of such a waiting time for 

Alternaria solani remains to be determined and verified experimentally. 

 

5.3.3 Spatial distribution of F129L mutations in study counties 

Data in this study indicates that Kajiado county had the highest proportion of 

F129L mutated isolates at 96.8%. This finding is coherent with fungicide use 

practices in the area.  the survey (Section 4.1.8), it was established that farmers 

in Kajiado were applying the highest doses of most fungicides (Azoxystrobin 

inclusive), which could be causing faster selection of F129L mutated isolates, 

causing them to dominate in the county’s Alternaria solani populations. 

 

The finding that Kiambu county had a relatively lower proportion (47%) of 

F129L mutated isolates may be attributed to the relatively lower Azoxystrobin 
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dosages applied, considering the low EB yield loss perception since tomato 

production in the county is majorly done in greenhouses.  
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          CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

1. Survey data indicated that Early blight (EB) was among the most 

prevalent and highest ranked (in terms of yield loss caused) biotic 

constraints to tomato production in the surveyed counties and was 

managed mainly by application of synthetic fungicides; however, the 

fungicide use practices did not take into account the risk of Alternaria 

solani developing resistance to the fungicides. 

 

2. Alternaria solani isolates from the studied counties did not differ 

significantly by cultural and morphological features. However, they 

were highly variable in sensitivity to Azoxystrobin and Difenoconazole 

fungicides with majority of them resistant to Azoxystrobin.  

 

3. The F129L mutation (Amino acid Leucine substituting Phenylalanine at 

position 129) in the cytochrome b gene, was detected in all azoxystrobin 

resistant A. solani isolates; this mutation was unevenly distributed across 

the study counties; Kajiado county had the highest proportion of F129L 

mutated isolates followed by Kirinyaga and lastly Kiambu. 
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6.2 Recommendations 

1. Stakeholders in pesticide regulation should ensure that farmers are 

adequately trained on resistance management strategies for example 

fungicide rotations, adherence to manufacturers’ recommendations on 

dosage and spray intervals and fallows between cropping cycles.  

 

2. Use of azoxystrobin and other strobilurin based fungicides should be 

suspended in the main tomato production regions to allow re-

establishment of susceptible individuals in Alternaria solani 

populations.  

 

3. Future studies should investigate other possible fungicide resistance 

mechanisms in Alternaria for example fungicide effluxes and target 

gene overexpressions.  

  



90 

 

REFERENCES 

Abuley, I. K., Nielsen, B. J. and Hansen, H. H. (2019). The influence of crop       

 rotation on the onset of early  blight (Alternaria solani). Journal of 

 Phytopathology, 167(1):35-40. 

Adhikari, P., Oh, Y. and Panthee, D. R. (2017). Current status of early blight 

 resistance in    tomato: An Update. International Journal of Science, 

 18 - 20; doi:10.3390/ijMs18102019F 

Ainsworth, G. C. (1961). Ainsworth and Bisby's Dictionary of the Fungi. Fifth 

Edition. - C.M.I., Kew, England. 547 

Al Husnain, L. and AlKahtani, M. (2019). Molecular heterogeneity in the 18s 

 DNA gene of Alternaria sp. and Fusarium sp. producing mycotoxins in 

 rice and maize grains. Saudi journal of biological sciences, 26(2):368-

 372. 

Anang, B. T., Zulkarnain, A. Z. and Yusif, S. (2013). Production constraints and 

 measures to enhance the competitiveness of tomato  industry in Wenchi 

 Municipal District of Ghana.  American Journal of Experimental   

Agriculture, 3(4):824-838.  

Anderson, B., Dongo, A. and Pryor, B. M. (2008). Secondary metabolite 

profiling of Alternaria dauci, A. porri, A. solani, and A. tomatophila. 

Mycological Research, 112:241-250. 

Andrade A.C., del Sorbo, G. Van Nistelrooy J.G.M. and de Waard, M.A., (2000). 

The  ABC transporter AtrB from Aspergillus nidulans mediates 

 resistance to all major classes of fungicides and natural toxic compounds.   

Microbiology 146:1987-1997 

Angelina, W. M. (2014). Assessment of socio-economic and institutional factors 

influencing tomato productivity amongst smallholder farmers: a case 

study of Musoma Municipality, Tanzania. MSc. Thesis. Sokoine 

University of Agriculture, Morogoro, Tanzania. 

Atherton, J.G. and Rudich, J. (1986). The tomato crop: A scientific 

 basis for improvement. 10-15. Chapman and Hall, London. 

Avenot H. F., Sellam, A., Karaoglanidis, G., and Michailides, T. J. (2008).               

Characterization of Mutations in the iron-sulphur subunit of              

succinate dehydrogenase correlating with boscalid resistance in            

Alternaria alternata from California pistachio. Phytopathology         

98:736-742 

Avenot, H. F., Solorio, C., Morgan, D. P., and Michailides, T. J. (2016).    

 Sensitivity and cross-resistance patterns to demethylation inhibiting 

 fungicides in California populations of Alternaria alternata 

 pathogenic on pistachio. Crop Protection, 88:72-78. 

Awan, S. M., Hussain, A., Abbas, T. and Karamu, R. (2012). Assessment of         

 production Practices of small scale farm holders of tomato in 

 Bagrote Valley, CKNP region of Gilgit-Baltistan, Pakistan. Acta 

 Agriculture Slovenica, 99(2):191-199. 

Bai, Y. and Lindhout, P. (2007). Domestication and breeding of tomatoes: What 

 have we gained and what can we gain in the future? Annals of Botany    

 100:1085-1094. 



91 

 

Banno, S., Yamashita, K., Fukumori, F., Okada, K., Uekusa, H., Takagaki, M. 

  and Fujimura, M. (2009). Characterization of QoI resistance in Botrytis 

 cinerea and identification of two types of mitochondrial cytochrome b 

 gene. Plant Pathology, 58(1):120-129. 

Barasa, M.W., Gathu, R.K., Mwangi, M., and Wanjohi, J.W. (2019). In-vitro   

 Efficacy of Native Entomopathogenic Fungi against Western

 Flower Thrips Frankliniella Occidentalis (Pergande) of Tomato in 

 Kenya. Journal of Natural Sciences Research, 9(12) doi: 

 10.7176/JNSR 

Bashi, E. and Rotem, J. (1975). Effect of light on sporulation of Alternaria porri 

 f. sp. solani and of Stemphylium botryosum f. sp. lycopersici in 

 vivo. Phytoparasitica, 3(1):63-67. 

Basu, P. (1971). Existence of chlamydospores of Alternaria porri f. sp. 

 solani. Phytopathology, 61:1347-1350. 

Bradshaw, M., Bartholomew, H. P., Hendricks, D., Maust, A., and Jurick II,  

        W. (2021). An analysis of postharvest fungal pathogens reveals 

        temporal-spatial and host-pathogen associations with fungicide 

        resistance related mutations. Phytopathology, (ja):20-21. 

Braun, H. M. H. (1982). Agroclimatic zones of Kenya. In Proceedings of the 

 Kenya National Seminar on Agroforestry, 12-22 November 

 1980 (139). Peace Corps Information Collection and  Exchange. 

Brent, K. J., and Hollomon, D. W. (2007). Fungicide resistance in crop 

 pathogens: how can it be managed? (48). International Group of 

 National Associations of Manufacturers of Agrochemical Products) 

 viewpoints on harmonization of pesticide registration requirements 

 Brussels: Belgium. 

Chandrasekaran, M., Chandrasekar, R., Sa, T. and Sathiyabama, M. (2014). 

 Serine protease identification (in vitro) and molecular structure 

 predictions (in silico) from a phytopathogenic fungus, Alternaria 

 solani. Journal of basic microbiology, 54(S1):210-S218. 

Chandrasekaran, M., Chandrasekar, R., Chun, S. C., and Sathiyabama, M. 

 (2016).  Isolation, characterization and molecular three-

 dimensional  structural predictions of metalloprotease from a 

 phytopathogenic  fungus, Alternaria solani (Ell. and Mart.) 

 Sor. Journal of bioscience and bioengineering, 122(2):131-139. 

Chaerani, R. and Voorrips, R. E. (2006). Tomato early blight (Alternaria 

 solani):  the pathogen, genetics, and breeding for 

 resistance. Journal of  general plant pathology, 72(6):335-347. 

Chaudhary, P., Sharma, A., Singh, B. and Nagpal, A. K. (2018). Bioactivities 

 of  phytochemicals present in tomato. Journal of food science and 

 technology, 55(8):2833-2849. 

Chohan, S., Perveen, R., Abid, M., Naz, M. S. and Akram, N. (2015). Morpho-

 physiological studies management and screening of tomato 

 germplasm against Alternaria solani the causal agent of tomato early 

 blight. International Journal of Agriculture and Biology, 17(1):5 

Chester F. D. (1892). Diseases of the round potato and their treatment. Annual 

 Report of the Delaware College Agricultural Experimental Station 

 5:67–70. 

https://scholar.google.com/scholar?oi=bibs&cluster=647742918769759371&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=647742918769759371&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=647742918769759371&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=647742918769759371&btnI=1&hl=en


92 

 

Choi, Y. W., Hyde, K. D. and Ho, W. H. (1999). Single spore isolation of 

 fungi. Fungal diversity 3:29–38. 

Chowdhary, A., Kathuria, S., Xu, J. and Meis, J. F. (2013). Emergence of azole-   

 resistant Aspergillus fumigatus strains due to agricultural azole 

 use creates an increasing threat to human health. PLoS 

 Pathogens, 9(10):e1003633. 

Darwin, S. C., Knapp, S. and Peralta, I. E. (2003). Taxonomy of tomatoes in the 

Galápagos Islands: native and introduced species of Solanum section 

Lycopersicon (Solanaceae). Systematics and Biodiversity, 1(1):29-

53. 

Deising, H. B., Reimann, S. and Pascholati, S. F. (2008). Mechanisms and 

significance of fungicide resistance. Brazilian Journal of 

Microbiology, 39:286-295. 

Derpmann, J. and Mehl, A. (2019, May). SDHI crossresistance pattern of 

Alternaria solani field mutants and consequences for early blight 

control. In WUR Special Report of the 17th Euroblight Workshop. 

York, UK. 87-96. 

Dhingra, O.D. and Sinclair, J.B. (1985). Basic Plant Pathology Methods. Boca                 

Raton, FL: CRC Press. 10-12 

Duba, A., Goriewa, K., Wachowska, U. and Wiwart, M. (2018). Alternaria 

alternata (Fr.) Keissl with mutation G143A in the Cyt b gene is the 

source of a difficult-to-control allergen. Environmental Science and 

Pollution Research, 25(1):469-478. 

Dube, J. P. (2014). Characterization of Alternaria alternata isolates causing 

brown spot of potatoes in South Africa, Doctoral dissertation, 

University of Pretoria, Pretoria, South Africa. 

Edin, E. (2012). Species specific primers for identification of Alternaria solani, 

in combination with analysis of the F129L substitution associates 

with loss of sensitivity toward strobilurins. Crop Protection, 38:72-

73. 

Espinosa‐Juárez, J. V., Colado‐Velázquez, J. I., Mailloux‐Salinas, P., Medina‐

Contreras, J. M. L., Correa‐López, P. V., Gómez‐Viquez, N. L. and 

Bravo, G. (2017). Beneficial effects of lipidic extracts of saladette 

tomato pomace and Serenoa repens on prostate and bladder health 

in obese male Wistar rats. Journal of the Science of Food and 

Agriculture, 97(13):4451-4458. 

Fairchild, K. L., Miles, T. D. and Wharton, P. S. (2013). Assessing fungicide 

resistance in populations of Alternaria in Idaho potato fields. Crop 

Protection, 49:31-39. 

FAOSTAT, (2020). (Food and Agriculture Organisation, United Nations). 

statistics database.  Rome, Italy, http://www.fao.org/faostat/. 

Accessed  June 24, 2021.  

Fentik, D. A. (2017). Review on genetics and breeding of tomato (Lycopersicon 

esculentum Mill). Advances in crop Science and Technology, 5(5): 

1- 6.  

Fernández-Ortuño, D., Torés, J. A., De Vicente, A. and Pérez-García, A. (2008). 

Mechanisms of resistance to QoI fungicides in phytopathogenic 

fungi. International Microbiology, 11(1):1. 

http://www.fao.org/faostat/.%20Accessed
http://www.fao.org/faostat/.%20Accessed


93 

 

Foolad, M., Merk, H. and Ashrafi, H. (2008). Genetics, genomics and breeding 

for late blight and early blight resistance in tomato. Plant Science, 

27:75-107.  

FRAC (Fungicide Resistance Action Committee), (2021). website 

https://www.frac.info Accessed on 13th June 2021 

Fry, W. E. (2007). The canon of potato science: 10. Late blight and early 

blight. Potato Research, 50(3):243-245. 

Galloway, B. T. (1891). The new potato disease. Garden and Field, Adelaide, 

Australia 16:158. 

Gacheri, V. K. (2016). Effects of coloured agronets in the management of tomato 

(Solanum lycopersicum L.) pests and tomato yield in Kenya. MSc. 

Thesis. Kenyatta University, Nairobi, Kenya. 

Ganie, S. A., Ghani, M. Y., Nissar, Q. and U-Rehman, S. (2013). Bio-efficacy 

of plant extracts  and  bio-control agents against Alternaria   

solani. African Journal of Microbiology  Research,7:4397-

4402. 

Genet, J. L., Jaworska, G. and Deparis, F. (2006). Effect of dose rate and 

mixtures     of fungicides on selection for QoI resistance in 

populations of  Plasmopara viticola. Pest Management 

Science 62(2):188-194. 

Ghafri, A., Maharachchikumbura, S., Hyde D., Al-Saady N. Al-Saady M. 

 (2019). A new section and a new species of Alternaria encountered 

 from Oman. Phytotaxa, 405(6):279-289 

Goufo, P., Mofor, C. T., Fontem, D. A. and Ngnokam, D. (2008). High efficacy 

of extracts of Cameroon plants against tomato late blight 

disease. Agronomy for sustainable development, 28(4):567-573. 

Grasso, V., Palermo, S., Sierotzki, H., Garibaldi, A., and Gisi, U. (2006). 

Cytochrome b gene structure and consequences for resistance to Qo 

inhibitor fungicides in plant pathogens. Pest Management Science 

62(6):465-472. 

Green, M. R., and Sambrook, J. (2016). Precipitation of DNA with ethanol. Cold 

Spring Harbor Protocols, 2016(12):5-7. 

Gudmestad, N. C., S. Arabiat, S., Pasche, J. S. and Miller, J. S. (2013). 

Prevalence and impact of SDHI fungicide resistance in Alternaria 

solani. Plant Disease. 97:952-960. 

Gullino, M. L., Albajes, R., and Nicot, P. C. (2020). Integrated pest and disease 

management in greenhouse crops (Vol. 9). Springer Nature. 

Gulzar, N., Ali, S., Shah, M. A. and Kamili, A. N. (2021). Silicon 

supplementation improves early blight resistance in Lycopersicon 

esculentum Mill. by modulating the expression of defense-related 

genes and antioxidant enzymes.  Biotechnology, 11(5):1-13. 

Hanan, J. J., Holley, W. D. and Goldsberry, K. L. (1978). Insect and disease 

control. In Greenhouse Management, 351-410. Springer,  

                   Berlin, Heidelberg. 

Hanson, P., Chen, J.T., Kuo, C.G., Morris, R. and Opena, R.T. (2001). Tomato 

Production.http://www.avrdc.org//tomato/production/0LC4climate.

html. Accessed 10th August 2021. 

https://www.frac.info/


94 

 

Hardwick, N. V., Jones, D. R. and Slough, J. E. (2001). Factors affecting   

 diseases of winter wheat in England and Wales, 1989–98. Plant 

 Pathology, 50(4):453-462. 

Hartung, C., Lerer, A., Anokwa, Y., Tseng, C., Brunette, W. and Borriello, G. 

(2010, December). Open data kit: tools to build information services 

for developing regions. In Proceedings of the 4th ACM/IEEE 

International conference on information and communication 

technologies and development, 1-12 

Hazewindus, M., Haenen, G. R., Weseler, A. R. and Bast, A. (2014). Protection 

against chemotaxis in the anti-inflammatory effect of bioactives 

from tomato ketchup. PLoS One, 9(12):e114387. 

HCDA (Horticultural Crops Development Authority) (2018). Horticulture 

validated report. http://www.hcda.or.ke/. Accessed on 21/08/2021. 

HCDA (Horticultural Development Authority) (2017). Horticultural crop 

production report, Nairobi, Kenya http://www.hcda.or.ke/. Accessed 

on 21/08/2021. 

He, M. H., Wang, Y. P., Wu, E., Shen, L. L., Yang, L. N., Wang, T. and Zhan, 

J. (2019). Constraining  evolution of Alternaria alternata 

resistance to a demethylation inhibitor (DMI) fungicide 

difenoconazole. Frontiers in microbiology, 10:1609. 

Hobbelen, P. H. F., Paveley, N. D., Oliver, R. P. and Van den Bosch, F. (2013). 

The usefulness of fungicide mixtures and alternation for delaying the 

selection for resistance in populations of Mycosphaerella 

graminicola  on winter wheat: a modeling analysis. 

Phytopathology, 103(7):690-707. 

Hobbelen, P. H., Paveley, N. D. and van den Bosch, F. (2014). The emergence 

 of resistance to fungicides. PLoS One, 9(3):e91910. 

Innis, M. A., Gelfand, D. H., Sninsky, J. J. and White, T. J. (2012). PCR 

protocols: A guide to methods and applications. Academic press. 

Ishii, H., and Hollomon, D. W. (2015). Fungicide resistance in plant       

 pathogens. Tokyo: Springer, 10:77-84. 

Ishii, H., Fountaine, J., Chung, W. H., Kansako, M., Nishimura, K., Takahashi,   

K. and Oshima, M. (2009). Characterisation of QoI‐resistant field 

isolates of Botrytis cinerea from citrus and 

strawberry. PestManagement Science, 65(8):916-922. 

Ishii, H. (2006). Impact of fungicide resistance in plant pathogens on crop 

disease control and agricultural environment. Japan Agricultural 

Research Quarterly: JARQ, 40(3):205-211. 

Infonet-biovision(2021).Tomatoes, 

http://www.infonetbiovision.org/default/ct/80/pests/diseases. 

Accessed  on 20/7/2021. 

Ismail, A. W. A., Sidkey, N. M., Arafa, R. A., Fathy, R. M. and El-Batal, A. I. 

(2016). Evaluation of in vitro antifungal activity of silver and 

selenium  nanoparticles against Alternaria solani caused early 

blight disease on  potato. Biotechnology Journal International, 1-

11. 

Jaetzold R. and Schmidt H. (1983). Farm Management Handbook of Kenya, 

 Ministry of Agriculture, Nairobi, Kenya 

http://www.hcda.or.ke/


95 

 

Jones, J. W., Kenig, A., and Vallejos, C. E. (1999). Reduced state–variable 

 tomato growth model. Transactions of the ASAE, 42(1):255. 

Jørgensen, L. N., Van den Bosch, F., Oliver, R. P., Heick, T. M. and Paveley, 

 N. D. (2017). Targeting fungicide inputs according to need. Annual 

 review of phytopathology, 55:181-203. 

Kable, P. F. and Jeffery, H. (1980). Selection for tolerance in organisms exposed 

to sprays of biocide mixtures: a theoretical 

model. Phytopathology, 70(8):10-12. 

Kanyua, S. I. (2018). Evaluation of grafting technology for management of 

 Bacterial wilt (Ralstonia solanacearum) of tomato (Solanum 

 lycopersicum L.). MSc. Thesis. Kenyatta University, Nairobi Kenya. 

Karaoglanidis G.S., Luo Y. and Michailides T.J. (2011). Competitive ability and 

fitness of Alternaria alternata isolates resistant to QoI fungicides. 

Plant Disease 95:178–182 

Karaoglanidis, G. S. and Thanassoulopoulos, C.C. (2003). Cross-resistance 

patterns among sterol biosynthesis  inhibiting fungicides 

(SBIs) in Cercospora beticola. European  Journal of Plant 

Pathology, 109(9): 929-934. 

Karume, J. (2015, August 23rd), Farmers in Kenya's Kiambu County reap big   

from greenhouse project, The Saturday Standard : Kenya. 

https://www.standardmedia.co.ke/kenya/article/2000173891/farmer

sin-kenyas-kiambu-county-reap-big-from-greenhouse-project. 

Kaul, A.K. and Saxena, H.K. (1988). Physiological specialization in Alternaria 

solani causing early blight of tomato. Indian Journal of Mycology 

18: 128-132. 

Kariuki, G. M., Kariuki, F. W., Birgen, J. K. and Gathaara, V. (2010, 

September). Participatory development, testing and validation of 

concepts and technologies for site-specific detection and control of 

plant parasitic nematodes infecting tomatoes in Mwea, Kenya. In 

Second RUFORUM Biennial Meeting 20-24 September 2010, 

Entebbe, Uganda, 271-275. 

Kemmitt, G. (2002). Early blight of potato and tomato. In The Plant Health 

 Instructor. The American Phytopathological Society (APS): St 

 Paul, MN, USA. 

Kimura, S., and Sinha, N. (2008). Tomato (Solanum lycopersicum): a model 

fruit- bearing crop. Cold Spring Harbor     

Protocols, 2008(11):105. 

KNBS (Kenya National Bureau of Standards), (2019). Gross County Product 

 Report, 2019. Nairobi, Kenya. Available at: http://knbs.org.ke/ 

 Accessed 23rd September 2021 

Ktiller, W. and Scheinpflug, H. (1987). Fungal resistance to sterol 

biosynthesis  inhibitors: a new challenge. Plant 

Disease, 71:1066-1074. 

Kumar, V., Singh, G. and Tyagi, A. (2017). Evaluation of different fungicides 

against Alternaria leaf blight of tomato (Alternaria solani). 

International Journal of Current Microbiology Applied Science 

6(5): 2343-2350. 

https://www.standardmedia.co.ke/kenya/article/2000173891/farmers
https://www.standardmedia.co.ke/kenya/article/2000173891/farmers
http://knbs.org.ke/


96 

 

LaMondia, J. A. (2001). Management of Euonymus anthracnose and fungicide 

resistance in Colletotrichum gloeosporioides by alternating or 

mixing fungicides. Journal of Environmental 

Horticulture, 19(1):51-55. 

Landschoot, S., Vandecasteele, M., Carrette, J., De Baets, B., Höfte, M., 

Audenaert, K. and Haesaert, G. (2017). Assessing the Belgian potato 

Alternaria population for sensitivity to fungicides with diverse 

modes of action. European Journal of Plant Pathology, 148(3):657-

672. 

Lawrence, D.P., Rotondo, F. and Gannibal, P.B. (2016). Biodiversity and 

taxonomy of the pleomorphic genus Alternaria. Mycological 

Progress, 15:3. 

Leiminger J.H., Auinger H.J., Wenig M., Bahnweg G., and Hausladen H. (2016). 

Genetic variability among Alternaria solani isolates from potatoes 

in Southern Germany based on RAPD-profiles. Journal of Plant 

Diseases and Protection 120(4):164-172 

Leroux, P. and Walker, A. S. (2013). Activity of fungicides and modulators of 

membrane drug transporters in field strains of Botrytis cinerea 

displaying Multidrug resistance. European Journal of Plant 

Pathology, 135(4):683-693. 

Li Y. (2012). Early blight of tomato. Department of Plant Pathology and 

Ecology, The Connecticut Agricultural Experiment Station, 123 

Huntington Street, New Haven. 1- 2. 

Linnaeus, C., (1753). Species plantarum, Laurentius Salvius, Stockholm, 

 Sweden, 1st edition. 

Löffler, J., Hebart, H., Schumacher, U., Reitze, H. and Einsele, H. (1997). 

 Comparison of different methods for extraction of DNA of 

 fungal pathogens from cultures and  blood. Journal of Clinical 

 Microbiology, 35(12):3311-3312. 

Loganathan, M., Venkataravanappa, V., Saha, S., Rai, A.B., Tripathi, S., Rai, 

R.K., Pandey, A.K. and Chowdappa, P., (2016). Morphological, 

pathogenic and molecular characterizations of Alternaria species 

causing early blight of tomato in Northern India. Proc. Natl. Acad. 

Sci. USA Indian Sec. B: Biological Science 86:325-336 

Lourenço Jr, V., Moya, A., González-Candelas, F., Carbone, I., Maffia, L. A., 

and Mizubuti, E. S. (2009). Molecular diversity and evolutionary 

processes of Alternaria solani in Brazil inferred using genealogical 

and coalescent approaches. Phytopathology, 99(6):765-774. 

Lucas, J. A. (2017). Resistance Management: We know why, but do we know     

 how? Modern Fungicides and Antifungal Compounds VIII. 

Makunike, C. (2007). Kenya to test greenhouse tomato production model for 

 small scale farmers. Africa News Network.

 https://www.africanagriculture.co.zw/2007/10/kenya-to-test 

 greenhouse-tomato.html?m=1 Accessed 20th October 2021 

Malandrakis, A. A., Apostolidou, Z. A., Louka, D., Markoglou, A. and Flouri, 

F. (2018). Biological and molecular characterization of field isolates 

of Alternaria alternata with single or double resistance to respiratory 

https://www.africanagriculture.co.zw/2007/10/kenya-to-test


97 

 

complex II and III inhibitors. European Journal of Plant 

Pathology, 152(1):199-211. 

Malherbe, S. and Marais, D. (2015). Economics, yield and ecology: a case study 

from the South African tomato industry. Outlook on  

AGRICULTURE,  44(1):37-47. 

Mallik, I., Arabiat, S., Pasche, J., Bolton, M. D., Patel, J. S. and Gudmestad, N. 

C. (2014). Molecular characterization and detection of mutations 

associated with resistance to succinate dehydrogenase-inhibiting 

fungicides in Alternaria solani. Phytopathology 104:40-49. 

Mantecón, J. D. (2007). Potato yield increases due to fungicide treatment in 

 Argentinian early blight (Alternaria solani) and late blight 

 (Phytophthora infestans) field trials during the 1996-2005 

 seasons. Online. Plant Health Progress. doi: 10.1094/PHP-2007-

 0202-01- RS. 

Marak, R.T., Ambesh, B.S. and Das, S. (2014). Cultural, Morphological and 

Biochemical Variations of Alternaria solani causing Diseases on 

Solanaceous Crops. Bioscan, 9(3):1295-1300. 

Matumwabirhi, K. (2020). Effectiveness of Trichoderma Spp., Bacillus Spp. and 

Pseudomonas fluorescens in Management of Early Blight of 

Tomatoes. Doctoral dissertation, University of Nairobi, Nairobi 

Kenya. 

Meena, M., Gupta, S. K., Swapnil, P., Zehra, A., Dubey, M. K. and Upadhyay, 

 R. S. (2017). Alternaria toxins: potential virulence factors and genes 

 related to pathogenesis. Frontiers in microbiology, 8:1451. 

Metz, N., Adolf, B., Chaluppa, N., Hückelhoven, R. and Hausladen, H. (2019). 

 Occurrence of Sdh Mutations in German Alternaria solani Isolates 

 and Potential Impact on Boscalid Sensitivity. In Vitro, in the 

 Greenhouse, and in the Field. Plant disease, 103(12):3065-3071. 

Miller, P. (1754). The gardeners dictionary: containing the methods of 

cultivating and improving all sorts of trees, plants, and flowers, for 

the kitchen, fruit, and pleasure gardens. (Vol. 3). C. Rivington, 

London. 

Mishra, V. (2012). Effect of fungicides and plant extracts in management of 

Alternaria blight of tomato. Annals of Plant Protection 

Sciences, 20(1)  : 243-244. 

Mizubuti, E. S., Júnior, V. L. and Forbes, G. A. (2007). Management of late 

blight with alternative products. Pest technology, 1(2):106-116. 

MoALF, (2020). Ministry of Agriculture, Livestock, Fisheries and Co-

operatives, Kenya. Website https://kilimo.go.ke/ accessed 13th   

October  2021 

Monsanto, (2017). Website: Tomato Hand book. 

http://www.monsantoafrica.com/_pdfs/tomato_growershandbook.p

df. Accessed 14th June 2021 

Montemurro, N., Visconti, A., Chelkowski, J. and Visconti, A. (1992). 

Alternaria: Biology, Plant Disease and Metabolites. 1992:449-557 

Mostafanezhad, H., Edin, E., Grenville-Briggs, L. J., Lankinen, Å. and Liljeroth, 

E. (2021). Rapid emergence of boscalid resistance in Swedish 

populations of Alternaria solani revealed by a combination of field 

https://kilimo.go.ke/
http://www.monsantoafrica.com/_pdfs/tomato_growershandbook.pdf.%20Accessed%2014th%20June%202021
http://www.monsantoafrica.com/_pdfs/tomato_growershandbook.pdf.%20Accessed%2014th%20June%202021


98 

 

and laboratory experiments. European Journal of Plant Pathology, 

1-15. 

Mphahlele, G. H., Kena, M. A. and Manyevere, A. (2018). Fungicides sensitivity 

in Alternaria solani populations in Limpopo province South 

Africa. Transylvanian Review, 26(31):10-12 

Mugao, L. G., Muturi, P. W., Gichimu, B. M. and Njoroge, E. K. (2020). In Vitro 

Control of Phytophthora infestans and Alternaria solani Using 

Crude Extracts and Essential Oils from Selected 

Plants. International Journal of Agronomy, 20-24. 

Musso, L., Fabbrini, A. and Dallavalle, S. (2020). Natural compound-derived 

cytochrome bc1 complex inhibitors as antifungal agents. Molecules, 

25(19):45-82. 

Mwangi, M. W., Kimenju, J. W., Narla, R. D., Kariuki, G. M. and Muiru, W. 

M. (2015). Tomato management practices and diseases occurrence 

in Mwea West Sub County. Journal of Natural Sciences Research, 

5(20):119-124. 

Nagrale, D. T., Gaikwad, A. P. and Sharma, L. (2013). Morphological and 

cultural characterization of Alternaria alternata (Fr.) Keissler 

blight of gerbera (Gerbera jamesonii H. Bolus ex JD 

Hook). Journal of Applied and Natural Science, 5(1):171-178. 

Naik, M. K., Prasad, Y., Bhat, K. V., and Rani, G. D. (2010). Morphological, 

physiological, pathogenic and molecular variability among 

isolates of Alternaria solani from tomato. Indian 

Phytopathology, 63(2): 168-173. 

Neils, A., Salamanca, L. R. and Hausbeck, M. K. (2015). Organic management 

of early blight of tomato. Michigan State University Extension, PP 

1. 

Nguetti J.H., Imungi J.K., Okoth M.W., Wang’ombe J., Mbacham W.F. and 

Mitema S.E. (2018). Assessment of the knowledge and use of 

pesticides by the tomato farmers in Mwea Region, Kenya. African 

Journal of Agricultural Research, 13(8):379-388. 

Nikam, P.S., Suryawanshi, A.P. and Chavan, A.A. (2015). Pathogenic, cultural, 

morphological and  molecular variability among eight isolates 

of Alternaria solani, causing early blight of  tomato. African 

Journal of Biotechnology, 14(10):872-877. 

Nottensteiner, M., Absmeier, C. and Zellner, M. (2019). QoI fungicide resistance 

mutations in Alternaria solani and Alternaria alternata are fully 

established in potato growing areas in bavaria and dual  resistance 

against  SDHI fungicides is upcoming. Gesunde 

Pflanzen, 71(3):155-164. 

Nuruddin, M.M. (2001). “Effects of Water Stress on Tomato at Different Growth 

Stages”. MSc. Thesis, McGili University, Montreal, Canada. 

Nyankanga, R. O., Wien, H. C., Olanya, O. M., and Ojiambo, P. S. (2004). 

Farmers' cultural practices and management of potato late blight in 

Kenya highlands: implications for development of integrated disease 

management. International Journal of Pest 

Management, 50(2):135- 144. 



99 

 

Ochilo, W. N., Nyamasyo, G. N., Kilalo, D., Otieno, W., Otipa, M., Chege, F. 

and Lingeera, E. K. (2019).  Characteristics and production 

constraints  of smallholder tomato production in 

Kenya. Scientific African, 2:7-14. 

Odilbekov, F., Edin, E., Mostafanezhad, H., Coolman, H., Grenville-Briggs, L. 

J. and Liljeroth, E. (2019). Within-season changes in Alternaria 

solani populations in potato in response to fungicide application 

strategies. European Journal of Plant Pathology, 155(3):953-965. 

Odilbekov, F., Edin, E., Garkava-Gustavsson, L., Hovmalm, H. P. and Liljeroth, 

E. (2016). Genetic diversity and occurrence of the F129L 

substitutions  among isolates of Alternaria solani in south-

eastern  Sweden. Hereditas, 153(1):1-10. 

Pasche J.S. and Gudmestad N.C. (2008). Prevalence, competitive fitness and 

impact of the F129L mutation in Alternaria solani from the United 

States. Crop Protection 27:427–435. 

http://dx.doi.org/10.1016/j.cropro.2007.07.011. 

Pasche, J. S., Piche, L. M. and Gudmestad, N.C. (2005). Effect of the F129L 

Mutation in Alternaria solani on fungicides affecting mitochondrial 

respiration. Plant Disease. 89:269-278. 

Patterson, C.L.B. (1991). Importance of chlamydospores as primary inoculum 

of Alternaria solani, incitant of collar rot and early blight on tomato. 

Plant Disease 75:274–278 

PCPB (2005). Annual report 2005. Pesticides Control and Products Board,   

Nairobi, Kenya 

PCPB (2019). Annual report 2019. Pesticides Control and Products Board, 

Nairobi, Kenya 

PCPB (2021). Pesticides Control and Products Board website.   

https://www.pcpb.go.ke/ Accessed 12/11/2021 

Peet, M. M. (2008, September). Physiological disorders in tomato fruit 

development. In International Symposium on Tomato in the Tropics 

821:151-160. 

Pelletier, J. R. (1988). Computer simulation of cultivar resistance and fungicide 

effects on epidemics of potato early blight. 3469-3469 

Perez S. and Martinez, B. (1995) Selection, and characterization of Alternaria  

solani isolates of tomato. Revista de protection vegetal 10:163–167.  

Pscheidt, J. W. (1985). Epidemiology and control of potato early blight, caused 

by Alternaria solani. Doctoral Dissertation. University of 

Wisconsin. USA 

Ramjegathesh, R. and Ebenezar, E. G. (2012). Morphological and physiological 

characters of Alternaria alternata causing leaf blight disease of 

onion. International Journal of Plant Pathology, 3(2):34-44. 

Rioux, C., Jordan, D. C. and Rattrap, J. B. M. (2014). Calorimetric determination 

of catechu siderophores in microbial cultures.  Journal of 

Microbiology, 133:909-913. 

Roohparvar, R., De Waard, M., Kema, G.H.J. and Zwiers, L. H. (2007). 

MgMfs1, a major facilitator superfamily transporter from the fungal 

wheat pathogen Mycosphaerella gramicola, is a strong protectant 

http://dx.doi.org/10.1016/j.cropro.2007.07.011
https://www.pcpb.go.ke/


100 

 

against natural toxic compounds and fungicides. Fungal Genetic 

Biology 44:378-388. 

Rosenzweig, N., Atallah, Z. K., Olaya, G. and Stevenson, W. R. (2008). 

Evaluation of QoI fungicide application strategies for managing 

fungicide resistance and potato early blight epidemics in Wisconsin. 

Plant Disease. 92:561-568.  

Rossi, V., Caffi, T., Legler, S. E. and Fedele, G. (2020). A method for scoring 

the risk of fungicide resistance in vineyards. Crop Protection, 

143:105477. 

Rotem J. (1994). The Genus Alternaria: biology, epidemiology, and 

pathogenicity. APS Press, St. Paul, MN 

Runno-Paurson, E., Loit, K., Hansen, M., Tein, B., Williams, I. H. and Mänd, 

M. (2015). Early blight destroys potato foliage in the northern Baltic 

region. Acta Agriculturae Scandinavica, Section B—Soil and Plant 

Science, 65(5):422-432. 

Samen, F. A., Goussous, S.J., Al-Shudifat, A. and Makhadmeh, 

I. (2016) Reduced sensitivity of tomato early blight pathogen 

(Alternaria solani) isolates to protectant fungicides, and implication 

on disease control, Archives of Phytopathology and Plant 

Protection, 49:5-6  

Schulz, B., Wanke, U., Draeger, S. and Aust, H. J. (1993). Endophytes from 

herbaceous plants and shrubs: effectiveness of surface sterilization 

methods. Mycological research, 97(12):1447-1450. 

Sharma, P., Thakur, S. and Negi, R. (2019). Recent advances in breeding of 

tomato–a review. International Journal of Current Microbiology 

and Applied Sciences, 8:1275-1283. 

Shi, X., Ren, L., Song, Y., Han, J., Liu, H. and Zhang, Y. (2015). Sensitivity of 

Alternaria solani to boscalid and control of boscalid resistance with 

commonly-used fungicides in Shanxi, China. Australasian Plant 

Pathology. 44: 2-9. DOI: 10.1007/s13313-015-0352-9. 

Shuman J. L. (1995). Integrating a host resistance factor into a potato early 

blight-forecasting model. M.Sc. thesis, Pennsylvania State 

University, State College USA. 

Sigei, G. K., Hillary, N. K., Antony, K. M., Mariam, M. and Mary, M. C. (2014). 

Challenges and Strategies to Improve Tomato Competitiveness 

along the Tomato Value Chain in Kenya. International Journal of 

Business and Management, 9:9-15. 

Simmons, E.G., (2007). Alternaria: an identification manual. CBS Fungal 

Diversity Centre, Utrecht, The Netherlands 

Singh, S., Singh, D. R., Kumar, K. and Birah, A. (2014). Eco-friendly 

Management modules for bacterial wilt, Ralstonia solanacearum of 

tomato for protected cultivation in a tropical island 

ecosystem. Biological agriculture and horticulture, 30(4):219-227. 

Sombroek, W.G., Braun, H.M.H. and Van Der Pouw, B.J.A. (1982). The 

Exploratory Soil Map and Agro climatic Zone Map of Kenya. Report 

No. E1. Kenya Soil Survey, Nairobi, Kenya. 



101 

 

Spooner, D. M., Peralta, I. E. and Knapp, S. (2005). Comparison of AFLPs with 

other markers for phylogenetic inference in wild tomatoes (Solanum 

L. section Lycopersicon (Mill.) Wettst.). Taxon, 54(1):43-61. 

Stammler, G., Bohme, F., Philippi, J., Miessner, S. and Tegge, V. (2014). 

Pathogenicity of Alternaria-species on 507 potatoes and tomatoes. 

Fourteenth Euroblight Workshop PPO – Special Report, 16:85–96. 

Sun, C., Li, F., Wei, M., Xiang, Z., Chen, C. and Xu, D. (2021). Detection and 

Biological Characteristics of Alternaria alternata Resistant to 

Difenoconazole from Paris polyphylla var. chinensis, an Indigenous 

Medical Herb. Plant Disease, PDIS-12. 

Tamura, K., Stecher, G. and Kumar, S. (2021). MEGA11: Molecular 

evolutionary genetics analysis version 11. Molecular biology and 

evolution, 38(7):3022-3027. 

Tamura, K. and Nei, M. (1993). Estimation of the number of nucleotide 

substitutions in the control region of mitochondrial DNA in humans 

and chimpanzees. Molecular biology and evolution, 10(3):512-526. 

Tomas, M., Beekwilder, J., Hall, R. D., Sagdic, O., Boyacioglu, D., and 

Capanoglu, E. (2017). Industrial processing versus home processing 

of tomato sauce: Effects on phenolics, flavonoids and in vitro 

bioaccessibility of antioxidants. Food chemistry, 220:51-58. 

Tran, D. V. (2005). Overview on tomato production and tomato varieties in 

Vietnam. Center for Agricultural Research and Ecological Studies 

(CARES), Hanoi Agricultural University, Hanoi. 

Udimal, T.B., Peng Z., Cao, C., Luo, M., Liu, Y. and Mensah, N.O. (2022). 

Compliance with pesticides' use regulations and guidelines among 

vegetable farmers: Evidence from the field. Cleaner Engineering 

and Technology, 100-399. 

Upadhyay, P., Ganie, S. H. and Singh, N. (2019). Diversity assessment among 

Alternaria solani isolates  causing early blight of tomato in 

India. Proceedings of the National Academy of Sciences, India 

Section B: Biological Sciences, 89(3):987-997. 

Usman, J. and Bakari, U. M. (2013). Profitability of Dry Season Tomato 

Lycopersicon esculentum Mill.  Production in Fufore Local 

Government Area of Adamawa State Nigeria. International Journal 

of Engineering and Science, 2(11):113-117. 

Van der Waals, J. E., Korsten, L. and Aveling, T. A. S. (2001). A review of early 

blight of potatoes. African Plant Protection, 7(2):91-102. 

Viuda-Martos, M., Sanchez-Zapata, E., Sayas-Barberá, E., Sendra, E., Pérez-

Álvarez, J. A. and Fernández-López, J. (2014). Tomato and tomato 

byproducts. Human health benefits of lycopene and its application 

to  meat products: a review. Critical reviews in food science and 

nutrition,  54(8):1032-1049. 

Waiganjo, M. M., Wabule, N. M., Nyongesa, D., Kibaki, J. M., Onyango, I., 

Wepukhulu, S. B. and Muthoka, N. M. (2006). Tomato production 

in Kirinyaga District, Kenya, a baseline survey report. Kenya 

Agricultural Research Institute, Nairobi, Kenya, 1-43. 

Wakil, W., Brust, G. E. and Perring, T. (Eds.). (2017). Sustainable Management 

of arthropod pests of tomato. Academic Press, New York, USA. 



102 

 

Weber, R. W. and Hahn, M. (2019). Grey mould disease of strawberry in 

northern  Germany: causal  agents, fungicide resistance and 

management  strategies. Applied microbiology and 

biotechnology, 103(4):1589-1597. 

Wood P.M. and Hollomon D.W. (2003). A critical evaluation of the role of 

alternative oxidase in the performance of strobilurin and related 

fungicides acting at the Qo site of complex III. Pest Management 

Science 59:499-511 

Woudenberg, J. H. C., Truter, M., Groenewald, J. Z., and Crous, P. W. (2014). 

Large-spored Alternaria pathogens in section Porri 

disentangled. Studies in Mycology, 79:1-47. 

Yadav, O. P. and Dabbas, M. R. (2012). Efficacy of fungicides in the 

Management of early blight of tomato (Alternaria solani). 

International Journal of Plant Protection, 5(2): 413-416. 

Yamane, T. (1967). Statistics: An introductory analysis (No. HA29 Y2 1967). 

2nd Ed., New York: Harper and Row. 

Yang, L. N., He, M. H., Ouyang, H. B., Zhu, W., Pan, Z. C., Sui, Q. J., Shang L. 

and Zhan, J. (2019). Cross-resistance of the pathogenic fungus 

Alternaria alternata to fungicides with different Modes of action. 

BMC Microbiology, 19(1):1-10. 
 

 

 
 

 



103 

 

APPENDICES 

Appendix 1: Graduate School Proposal Approval 

 



104 

 

Appendix 2: NACOSTI Research Authorisation 

 



105 

 

Appendix 3:  Survey questionnaire 

I am a student at Kenyatta University carrying out a survey to evaluate farmers' 

perceptions and knowledge on Early blight in tomato farms of Kajiado, Kiambu 

and Kirinyaga counties.  You have been selected randomly as one of the tomato 

farmers in this area. Information collected will only be used for academic and 

research purposes and will be confidential.  In case of any question(s) concerning 

the study, Contact Andrew Nuwamanya (0721381978) or email: 

amnuwamanya@gmail.com. I now request for your permission to begin the 

interview. 

Starting time:………… 

End time: …………….. 

County Subcounty Location Village Farm 

ID. 

GPS coordinates of the field 

      

 

SECTION A: HOUSEHOLD CHARACTERISTICS 

1 (a) Name of the respondent 

……………………………………………………….... 

(b)Mobile No 

………………………………………………………………………………… 

(c) Gender of the respondent:   Male                     Female            

(d)  Age of the respondent (in years) 

………………………………………………………………. 

(e) What is the highest educational level attained by the respondent? None                  

Primary                   Secondary                            Tertiary 

SECTION B: TOMATO PRODUCTION PRACTICES  

2 (a) How long have you been growing tomatoes? 

............................................................................ 

   (b)What is your total farm size? 

………………………………………………………................. 

   (c) What is the size of your farm under tomato production (acres)? …………… 

3 (a) Which varieties of tomato do you grow on your farm? Rank them in order 

of preference:  

Rank Variety Area 

size  

Why chosen over others 

    

    

    

    

 

   (b)(i) How many seasons do you grow tomato per year? ………. 

       (ii) In which months of the year do you have tomato in your 

field?...........…………………….. 

   (c) What is the approximate tomato yield on your farm ? ……….. 

 

about:blank
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   (d) (i)  Which tomato production system do you use? Greenhouse…… Open 

field …….   Both…. 

        (ii) If open field, what do you rely on as a source of water for your crop? 

Rainfall               Irrigation               Both  

       (iii) If you irrigate, which irrigation method do you use on your farm? Drip              

Furrow                                  Sprinkler               Others (Specify) ………… 

4. (a)(i) Which crops do you intercrop your tomatoes with? 

 …………….. ……………. …………………………………………… 

        (ii) Which crops do you grow adjacent to your tomato field? 

                  …………… …………..  

(b) How long do you wait to grow tomatoes again on your land after a season?                    

 …………. 

 

SECTION C: FARMERS’ KNOWLEDGE ON TOMATO PESTS AND 

DISEASES IN THEIR FARMS   

5. Which diseases and pests have been affecting your tomatoes? Rank them in 

terms of magnitude of yield loss caused Very high (> 40%)…… High (21-

39%)…….Medium (11-20%)…… Low (1-10%) 

(a) Diseases                                                                           

Rank  Disease Estimated yield loss 

1   

2   

3   

4   

5   

 

  (b) Pests 

Rank  Pest Estimated yield loss 

1   

2   

3   

4   

5   

 

SECTION C: MEASURES TAKEN BY TOMATO FARMERS TO 

MANAGE TOMATO DISEASES 

6. Which management practices do you use against diseases on your tomato 

farm? Rate their effectiveness by ticking where applicable 

Management practice 

(Grouped into the 

following categories) 

                                 Effectiveness  

 

   High   Moderate       Low                 Not effective                                                                                                                                                           

Cultural, e.g. early 

planting, intercropping, 

weeding, certified seed, 

mulching, crop rotation 

    

Physical, e.g. hot water 

treatment of seeds, 
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destruction of diseased 

crops 

Biological e.g use of 

antagonistic bacteria and 

fungi 

    

Chemical control through 

use of fungicides 

    

Integrating measures? 

specify  

    

Others (Specify)     

7. (a) For chemical control of early blights, when do you start applying the 

fungicide(s)? 

………………………………………………………………………………… 

    (b) What informs your decision to start applying the fungicide(s)? 

…………………………………………………………………………………

………………………………………………………………………………… 

   (c) For each of the fungicide(s) used, State the trade name, dosage, frequency 

of spray and effectiveness rating (H= Highly effective M= Moderately effective 

L= Less effective) 

Fungicide 

trade 

name 

Dosage Frequency of 

spray: X1 /week; 

X1/ 2 weeks; X1 / 

month; 

X1/2months 

Rate the Effectiveness of the fungicide          

H/ M/ L 

    

    

    

    

    

 

8. (a) Do you strictly follow dosage recommendations according to fungicide 

labels? 

                                 Yes                           No 

     (b) If No, State why not? 

…………………………………………………………………………………

………………………………………………………………………………… 

 

9. (a) Do you interchange between different fungicide chemical products in a tomato 

growing season?  

                Yes                                  No 

    (b) (i) If Yes, is it always or some times?  

          Always         Sometimes  
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           (ii) State the reason(s) why you interchange between different chemical 

products in a growing season? 

………………………………………………………………………………………… 

(c) (i) Have you  observed any decrease in effectiveness of any fungicide over 

the years in your tomato growing?                     Yes                                  No 

 (ii) If yes, state the brand names of fungicides whose effectiveness has decreased 

over the year(s). 
…………………………………………………………………………………………

……………………………………………………………………...................................

...........................................................................................................................................

......................................................................... 

(iii) Which factors do you think are responsible for the declining efficacy of 

some Early blight fungicides? 
…………………………………………………………………………………………

……………………………………………………………………...................................

........................................................................... 

 

10. What is your source of information regarding tomato production and pest 

management practices? 

Radio……….. Tv………… Mobile phones……… Extension officer……….. 

Newspaper………..Others (Specify) ………….. 

END* 
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Appendix 4: Detailed Cultural characteristics of Alternaria solani isolates 

collected from Kajiado, Kiambu and Kirinyaga counties, January-April 2021 

Isolate 

ID 

Colony 

diameter 

Colony colour Pigmentation 

(Reverse plate) 

Nature of 

Margin 

Zonation 

KYG01 74 Green Greenish brown Regular - 

KYG02 74.5 Creamish white Greenish brown Regular - 

KYG04 71.5 Creamish white Greenish brown Regular + 

KYG06 85 Creamish white Creamish white Irregular + 

KYG07 85 Greenish white Creamish white Irregular - 

KYG08 85 Creamish white Creamish white Irregular - 

KYG09 67.5 Creamish white Creamish white Irregular + 

KYG10 70.5 Green Creamish white Irregular + 

KYG11 78 Green Creamish white Irregular + 

KYG13 85 Greenish white Creamish white Irregular + 

KYG14 72 Green Creamish white Irregular - 

KYG15 85 Creamish white Creamish white Irregular - 

KYG16 66 Greenish white Greenish brown Regular + 

KYG17 68 Creamish white Greenish brown Irregular + 

KYG18 85 Greenish white Greenish brown Irregular + 

KYG19 73.5 Creamish white Greenish brown Irregular + 

KYG20 69.5 Green Greenish brown Irregular - 

KYG21 71.5 Greenish white Creamish white Irregular + 

KYG22 74 Creamish white Greenish brown Irregular - 

KYG23 67 Green Creamish white Irregular - 

KYG24 85 Greenish white Creamish white Irregular + 

KYG25 67 Greenish white Creamish white Irregular - 

KYG27 85 Greenish white Creamish white Irregular - 

KYG28 85 Greenish white Creamish white Irregular - 

KYG29 69 Greenish white Greenish brown Regular - 

KYG30 78 Greenish white Greenish brown Irregular - 

KYG31 72.5 Greenish white Brown Irregular - 

KYG32 75.5 Greenish white Creamish white Irregular - 

KYG33 85 Creamish white Creamish white Irregular + 

KYG34 85 Creamish white Creamish white Irregular - 

KYG35 68 Creamish white Creamish white Irregular - 

KYG36 73.5 Creamish white Creamish white Irregular - 

KYG37 72 Creamish white Greenish brown Irregular - 

KYG38 83 Creamish white Creamish white Irregular + 

KYG39 69 Creamish white Greenish brown Irregular - 

KMB02 74 Creamish white Creamish white Regular + 

KMB03 75.5 Creamish white Creamish white Regular + 
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KMB04 86.5 Green Greenish brown Irregular + 

KMB05 77 Green Greenish brown Regular + 

KMB06 75 Greenish white Greenish brown Regular - 

KMB07 71.5 Greenish white Greenish brown Regular - 

KMB08 69 Greenish white Brown Regular + 

KMB09 68.5 Greenish white Brown Regular - 

KMB10 66 Greenish white Creamish white Regular + 

KMB11 66.5 Green Creamish white Regular + 

KMB12 67.5 Green Creamish white Regular + 

KMB13 85 Green Greenish brown Irregular + 

KMB14 85 Greenish white Greenish brown Irregular + 

KMB15 85 Greenish white Greenish brown Irregular + 

KMB16 83 Greenish white Greenish brown Irregular + 

KMB17 70.5 Greenish white Greenish brown Regular + 

KMB18 70 Greenish white Greenish brown Irregular + 

KMB19 71 Green Greenish brown Regular - 

KMB20 77 Green Greenish brown Irregular + 

KMB21 82 Green Creamish white Irregular + 

KMB22 74.5 Green Creamish white Regular + 

KMB23 72.5 Grey Greenish brown Regular + 

KMB24 66.5 Greenish white Creamish white Regular + 

KMB25 75 Green Creamish white Irregular + 

KMB26 76 Green Creamish white Regular + 

KMB27 82.5 Green Greenish brown Regular + 

KMB29 84 Green Greenish brown Irregular + 

KMB31 76 Green Greenish brown Regular + 

KMB33 76 Greenish white Greenish brown Regular + 

KMB34 76 Greenish white Greenish brown Regular + 

KJD01 73.5 Creamish white Brown Irregular + 

KJD02 74.5 Green Greenish brown Irregular + 

KJD04 70 Creamish white Creamish white Irregular + 

KJD05 69.5 Creamish white Creamish white Irregular + 

KJD06 72 Creamish white Creamish white Irregular + 

KJD07 74 Green Creamish white Irregular + 

KJD08 84 Greenish white Creamish white Irregular + 

KJD09 78.5 Green Creamish white Irregular + 

KJD10 76 Green Creamish white Regular + 

KJD11 68.5 Green Creamish white Irregular - 

KJD12 79.5 Green Greenish brown Irregular - 

KJD16 70 Green Greenish brown Irregular + 

KJD17 76 Greenish white Brown Irregular - 

KJD18 65.5 Green Creamish white Irregular - 
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KJD19 75 Greenish white Creamish white Irregular - 

KJD20 73.5 Green Creamish white Irregular - 

KJD21 78.5 Green Creamish white Irregular - 

KJD23 72 Green Greenish brown Irregular + 

KJD24 79 Greenish white Greenish brown Irregular + 

KJD25 80 Greenish white Greenish brown Irregular + 

KJD26 85 Green Creamish white Regular + 

KJD27 82.5 Green Creamish white Regular + 

KJD29 74.5 Green Greenish brown Regular + 

KJD30 68 Greenish white Greenish brown Irregular - 

KJD31 69 Greenish white Greenish brown Irregular + 

KJD32 70 Greenish white Greenish white Regular - 

KJD33 82.5 Greenish white Greenish brown Irregular + 

KJD34 77 Greenish white Creamish white Regular - 

KJD35 75 Greenish white Creamish white Regular - 

KJD36 73 Greenish white Creamish white Irregular + 

KJD37 73.5 Greenish white Greenish brown Regular + 

Isolates KYG01-39-Kirinyaga, KBT02-34-Kiambu, KJD01-48-Kajiado. + 

Concentric zonation –No zonation.  All features were recorded in three replicates 

of each isolate. 
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Appendix 5: Detailed table of Morphological characteristics of Alternaria 

solani isolates collected from Kajiado, Kiambu and Kirinyaga counties, 

January-April 2021 

Isolate 

ID 

Conidia 

shape 

Conidia 

dimensions 

 No. of 

conidia septa 

Beak 

length*/μm 

Beak 

septa 

(No. L*/μm   W*/μm  Tra. Long. 

KYG01 Ellipsoidal 18.5 8.3  3-4 0 - - 

KYG02 Obclavate 18.8 8.8  3-4 1-2 - - 

KYG04 Ellipsoidal 22.3 8.2  3-5 0-1 19.7 2-3 

KYG06 Ellipsoidal 14.7 8.6  2-4 0 12.3 1-2 

KYG07 Ellipsoidal 24.7 10.1  2-3 0-1 9.61 1-2 

KYG08 Obclavate 17.4 8.9  2-3 0-1 9.4 1-2 

KYG09 Obclavate 25.7 11.6  3-4 0-1 7.4 0-1 

KYG10 Obvoid 27.1 13.4  3-4 1-2 - - 

KYG11 Obclavate 15.5 13.5  3-4 0-1 6.9 1-2 

KYG13 Obclavate 21.5 8.8  2-4 0-1 6.7 0-1 

KYG14 Ellipsoidal 26.6 12.9  3-4 0-1 9.0 1-2 

KYG15 Obclavate 21.5 11.7  3-4 1-2 11.8 1-2 

KYG16 Obclavate 19.7 10.7  2-3 1-2 - - 

KYG17 Obclavate 15.9 8.6  3-4 1-2 6.4 1-2 

KYG18 Ellipsoidal 17.2 10.8  3-4 0 7.1 
 

KYG19 Obclavate 16.6 9.6  2-3 0 6.2 1-2 

KYG20 Ellipsoidal 19.8 9.5  2-3 0 - - 

KYG21 Ellipsoidal 23.1 11.3  2-4 1-2 - - 

KYG22 Obvoid 21.5 8.0  3-4 0 8.9 1-2 

KYG23 Ellipsoidal 17.4 13.2  2-3 0 11.9 1-2 

KYG24 Ellipsoidal 19.4 12.8  3-4 1-2 15.4 2-3 

KYG25 Ellipsoidal 22.5 13.9  2-3 0 14.7 2-3 

KYG27 Ellipsoidal 18.9 11.8  3-5 0 11.2 2-3 

KYG28 Obclavate 18.8 9.4  3-4 0 - - 

KYG29 Obclavate 15.4 12.3  2-5 1 5.1 1-2 

KYG30 Ellipsoidal 25.7 8.8  2-4 0 - - 
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KYG31 Obclavate 25.2 13.7  3-4 1-2 - - 

KYG32 Ellipsoidal 17.9 12.4  2-3 1-2 16.6 3-4 

KYG33 Ellipsoidal 25.0 11.1  3-4 0 11.4 2-3 

KYG34 Obclavate 15.1 13.5  3-4 0 - - 

KYG35 Obclavate 22.1 11.7  3-4 1-2 - - 

KYG36 Obclavate 17.2 10.3  3-5 1-2 - - 

KYG37 Obclavate 21.9 10.4  3-4 1-2 7.8 2-3 

KYG38 Ellipsoidal 16.3 8.6  3-4 0 - - 

KYG39 Obclavate 17.8 13.4  2-4 1-2 8.7 2-3 

KMB02 Ellipsoidal 19.2 10.5  2-4 1-2 19.6 1-3 

KMB03 Ellipsoidal 18.0 13.1  3-4 0 - - 

KMB04 Ellipsoidal 22.2 9.1  3-5 1-2 12.8 3-4 

KMB05 Obvoid 10.3 8.9  3-4 1-2 19.5 2-3 

KMB06 Obvoid 13.1 12.3  3-5 1-2 13.0 2-4 

KMB07 Ellipsoidal 18.1 10.6  2-4 2-3 11.1 1-2 

KMB08 Ellipsoidal 17.2 13.1  3-4 0 - - 

KMB09 Obclavate 15.1 7.5  2-4 1-2 17.3 2-3 

KMB10 Ellipsoidal 18.7 8.2  3-4 0 - - 

KMB11 Ellipsoidal 17.4 9.5  2-3 1-2 16.5 2-3 

KMB12 Ellipsoidal 16.1 8.8  2-4 0-1 16.8 2-3 

KMB13 Ellipsoidal 18.7 7.5  3-5 1-2 10.9 2-4 

KMB14 Ellipsoidal 15.4 13.2  3-4 0 - - 

KMB15 Obclavate 16.2 12.6  3-4 0-1 10.2 1-2 

KMB16 Obclavate 15.4 10.8  3-4 0 - - 

KMB17 Ellipsoidal 16.8 9.7  2-4 1-2 16.5 2-4 

KMB18 Obvoid 18.9 11.3  3-5 0 - - 

KMB19 Ellipsoidal 18.1 11.5  2-4 0 13.2 2-4 

KMB20 Ellipsoidal 18.1 7.4  3-5 0-1 13.8 2-4 

KMB21 Ellipsoidal 15.2 7.8  3-5 0-1 - - 

KMB22 Ellipsoidal 17.8 9.3  2-4 0 - - 

KMB23 Obvoid 15.8 12.0  2-4 0-1 - - 

KMB24 Obclavate 18.8 11.1  3-4 1-2 10.1 1-2 
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KMB25 Ellipsoidal 18.7 12.1  3-5 0 - - 

KMB26 Obclavate 13.2 11.4  3-4 0-1 8.8 2-4 

KMB27 Ellipsoidal 16.5 9.5  3-4 0-1 18.9 2-4 

KMB29 Ellipsoidal 16.8 8.0  2-4 0-1 - - 

KMB31 Obvoid 16.7 7.7  2-4 1-2 14.3 2-4 

KMB33 Ellipsoidal 15.9 11.5  3-5 1-3 10.0 2-4 

KMB34 Obclavate 19.3 12.0  2-4 0-1 - - 

KJD01 Obclavate 17.5 12.8  2-4 0-1 11.6 3-5 

KJD02 Ellipsoidal 15.4 11.3  3-5 1-2 - - 

KJD04 Obclavate 15.7 14.1  3-5 1-2 7.4 3-5 

KJD05 Ellipsoidal 19.0 12.0  3-4 0-2 9.6 4-5 

KJD06 Obvoid 19.7 14.4  3-4 0-1 - - 

KJD07 Obclavate 18.4 10.8  2-4 0-1 - - 

KJD08 Ellipsoidal 20.8 11.0  3-4 0-1 - - 

KJD09 Obclavate 16.0 11.1  2-4 1-2 6.8 2-5 

KJD10 Ellipsoidal 15.4 12.9  3-5 0 9.4 3-4 

KJD11 Obclavate 18.0 15.1  3-5 0 - - 

KJD12 Obvoid 21.4 13.6  4-5 2 11.7 2-5 

KJD16 Ellipsoidal 14.4 13.0  3-5 2 7.2 3-4 

KJD17 Obclavate 21.8 14.1  4-5 2 - - 

KJD18 Ellipsoidal 20.3 16.1  4-6 2 - - 

KJD19 Obclavate 16.9 16.7  4-6 1 7.8 2-3 

KJD20 Ellipsoidal 19.7 16.0  4-5 1 9.7 2-3 

KJD21 Obvoid 15.5 14.4  3-5 1 9.6 2-3 

KJD23 Ellipsoidal 20.3 11.6  4-5 1 - - 

KJD24 Ellipsoidal 15.4 15.1  3-5 1 10.0 3-5 

KJD25 Ellipsoidal 16.0 12.7  3-4 1 7.7 3-5 

KJD26 Ellipsoidal 20.4 12.0  4-6 1 10.5 3-4 

KJD27 Obclavate 17.3 12.6  3-6 1 - - 

KJD29 Obclavate 16.9 13.1  4-6 2 8.1 3-4 

KJD30 Ellipsoidal 20.9 10.7  4-6 0 7.5 3-4 

KJD31 Ellipsoidal 17.7 11.7  3-5 2 - - 
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KJD32 Ellipsoidal 16.4 15.5  3-5 2 9.6 3-4 

KJD33 Ellipsoidal 14.7 11.7  4-5 2 - - 

KJD34 Obclavate 14.3 10.4  3-5 1 - - 

KJD35 Ellipsoidal 21.3 12.8  2-4 2 10.1 2-4 

KJD36 Obclavate 20.9 16.0  3-6 2 - - 

KJD37 Ellipsoidal 21.2 14.9  4-5 0 8.6 2-4 

L-Length, W-Width Tran. –Transverse, Long.- Longitudinal 

Isolates KYG01-39-Kirinyaga, KBT02-34-Kiambu, KJD01-48-Kajiado.*Means 

of three replicates 
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Appendix 6: Mean colony diameters for all isolates at different 

concentrations of Azoxystrobin (Azo) and Difenoconazole (Dif) 

Isolate Fungicide 0.25mg a.i /ml 0.375mg a.i/ml 0.5mg a.i/ml 

KYG1 Azo 5 ± 0 bB 5 ± 0 bB 5 ± 0 bB 

Dif 14.3 ± 0.17 cA 11.7 ± 0.33 bA 8.2 ± 0.17 aA 

KYG2 Azo 34 ± 0.29 cA 27.5 ± 0.29 bA 20.2 ± 0.44 aA 

Dif 14.2 ± 0.17 cB 11.2 ± 0.17 bB 9.3 ± 0.17 aB 

KYG3 Azo 25.7 ± 0.44cA 19 ± 0.29bA 13.7 ± 0.17aA 

Dif 15.8 ± 0.44cB 13.3 ± 0.17bB 10.7 ± 0.17aB 

KYG6 Azo 5 ± 0aA 5 ± 0aA 5 ± 0aA 

Dif 11.3 ± 0.17cB 10.2 ± 0.17bB 8.7 ± 0.17aB 

KYG7 Azo 33.5 ± 0.29cA 17.3 ± 0.17bA 8.8 ± 0.17aA 

Dif 26 ± 0.29cB 11.8 ± 0.17bB 11.7 ± 0.6aB 

KYG8 Azo 35.2 ± 0.6cB 22 ± 0.29bB 19.3 ± 0.6aB 

Dif 22.5 ± 0.29cA 12 ± 0.29bA 9.5 ± 0.29aA 

KYG9 Azo 31 ± 0.58cB 24.8 ± 0.44bB 20 ± 0.29aB 

Dif 5 ± 0cA 5 ± 0bA 5 ± 0aA 

KYG10 Azo 27.2 ± 0.6cB 25.3 ± 0.88bB 5 ± 0aB 

Dif 16.3 ± 0.17cA 13 ± 0.29bA 8.2 ± 0.17aA 

KYG12 Azo 15.3 ± 0.44cB 10.2 ± 0.6bB 7.3 ± 0.44aB 

Dif 17.5 ± 0.76cA 16.7 ± 0.44bA 13.2 ± 0.44aA 

KYG13 Azo 31.7 ± 0.88cA 31.5 ± 0.5bB 25.3 ± 0.88aB 

Dif 16.8 ± 0.17bB 13.8 ± 0.17aA 10.1 ± 6.21aA 

KYG14 Azo 30.8 ± 0.17bA 23.3 ± 0.33aB 22.3 ± 0.33aB 

Dif 17.8 ± 0.17cB 15.5 ± 0.29bA 12.2 ± 0.17aA 

KYG15 Azo 33.7 ± 0.33bA 25.5 ± 0.87bB 23.2 ± 0.44bB 

Dif 21 ± 0.29cB 13.5 ± 0.29bA 11.2 ± 0.17aA 

KYG16 Azo 33.7 ± 0.6cA 28.8 ± 0.17bB 25.5 ± 0aB 

Dif 17.2 ± 0.17cB 14.2 ± 0.17bA 9.5 ± 0.29aA 

KYG17 Azo 32.3 ± 0.44bA 32.7 ± 0.33bB 20.8 ± 0.17aB 

Dif 5.0 ± 0.0aB 5 ± 0.00aA 5.0 ± 0.00aA 

KYG18 Azo 35.2 ± 0.44bA 34.2 ± 0.17bB 25.8 ± 0.44aB 

Dif 16.2 ± 0.17bB 12.2 ± 0.17aA 11.2 ± 0.17aA 

KYG19 Azo 41 ± 0.5bA 34.7 ± 0.6aB 34.2 ± 0.44aB 

Dif 14.5 ± 0.29bB 10.8 ± 0.17aA 9.7 ± 0.17aA 

KYG20 Azo 5 ± 0aA 5 ± 0aB 5 ± 0aB 

Dif 10.5 ± 0.29cB 9.3 ± 0.17bA 7.8 ± 0.17aA 

KYG21 Azo 12.5 ± 0.29cA 10.2 ± 0.17bB 5 ± 0aB 

Dif 10.2 ± 0.17bB 9.3 ± 0.17bA 7.8 ± 0.17aA 

KYG22 Azo 16.8 ± 0.17cA 10.2 ± 0.17bB 6.8 ± 0.17aB 

Dif 9.2 ± 0.17cB 7.7 ± 0.17bA 6.7 ± 0.17aA 

KYG23 Azo 5 ± 0aA 5 ± 0aB 5 ± 0aB 

Dif 13.5 ± 0.29cB 10.3 ± 0.17bA 9.7 ± 0.17aA 
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KYG24 Azo 50.3 ± 0.31aA 45.6 ± 0.19aB 42.1 ± 0.32aB 

Dif 13.5 ± 0.29bB 10.7 ± 0.17aA 9.5 ± 0.29aA 

KYG25 Azo 32.8 ± 0.6cA 22.2 ± 0.17bB 14.8 ± 0.17aB 

Dif 18.5 ± 0.29bB 11.7 ± 0.33aA 9.8 ± 0.44aA 

KYG26 Azo 32.8 ± 0.17bA 30 ± 0.29bB 26.5 ± 0.29aB 

Dif 15.3 ± 0.17cB 11.8 ± 0.44bA 8.8 ± 0.17aA 

KYG27 Azo 30.5 ± 0.5bA 28.2 ± 0.6bB 22.7 ± 0.88aB 

Dif 13.2 ± 0.44bB 11.3 ± 0.17abA 9.5 ± 0.5aA 

KYG29 Azo 37.7 ± 0.88cA 31.5 ± 0.76bB 27.7 ± 0.6aB 

Dif 11.3 ± 0.17aB 9.3 ± 0.17aA 8.8 ± 0.17aA 

KYG30 Azo 41.7 ± 0.6cA 28 ± 0.5bB 20.8 ± 0.44aB 

Dif 16.5 ± 0.29bB 10.5 ± 0.29aA 8.3 ± 0.17aA 

KYG31 Azo 40 ± 0.58cA 31.3 ± 0.44bB 27.2 ± 0.44aB 

Dif 14.7 ± 0.17bB 10.5 ± 0.29aA 9.7 ± 0.17aA 

KYG32 Azo 37.3 ± 0.33cA 33 ± 0.5bB 26.3 ± 0.33aB 

Dif 10.2 ± 0.17aB 9.3 ± 0.17aA 8.8 ± 0.17aA 

KYG33 Azo 28.2 ± 0.44cA 25.2 ± 0.44bB 21.5 ± 0.29aB 

Dif 9.2 ± 0.17aB 8.3 ± 0.17aA 7.3 ± 0.33aA 

KYG34 Azo 28.5 ± 0.29cA 14.8 ± 0.17bB 7.5 ± 0.29aB 

Dif 17 ± 0.29cB 13.2 ± 0.17bA 10.3 ± 0.33aA 

KYG35 Azo 30.3 ± 0.33cA 19 ± 0.29bB 14.3 ± 0.33aB 

Dif 11.7 ± 0.17bB 9.2 ± 0.17aA 8.2 ± 0.17aA 

KYG36 Azo 6.7 ± 0.17bA 6.2 ± 0.17aB 5.5 ± 0.29aB 

Dif 13.2 ± 0.17cB 9.3 ± 0.44abA 8.2 ± 0.17aA 

KYG37 Azo 22.3 ± 0.44bA 20.2 ± 1.36abB 18 ± 0.29aB 

Dif 15.8 ± 0.17cB 12.7 ± 0.33bA 10 ± 0aA 

KYG38 Azo 34 ± 0.58cA 30.3 ± 0.33bB 25 ± 0.29aB 

Dif 15.7 ± 0.33bB 12.2 ± 0.17aA 10.8 ± 0.17aA 

KYG39 Azo 32.2 ± 0.44cA 23.7 ± 0.33bB 20.8 ± 0.44aB 

Dif 13.8 ± 0.44bB 10 ± 0.29aA 8.7 ± 0.33aA 

KYG40 Azo 33.5 ± 0.5cA 27.5 ± 0.29bB 21.2 ± 0.17aB 

Dif 18.8 ± 0.17cB 15.2 ± 0.17bA 12.7 ± 0.33aA 

KBT2 Azo 6.3 ± 0.17aA 6.3 ± 0.17aA 6.3 ± 0.17aA 

Dif 10 ± 0bB 7.8 ± 0.17aB 6.8 ± 0.17aB 

KBT3 Azo 30 ± 0.29cA 26 ± 0.29bA 21.7 ± 0.17aA 

Dif 5 ± 0aB 5 ± 0aB 5 ± 0aB 

KBT4 Azo 6.2 ± 0.17bA 7 ± 0bA 7.3 ± 0.17aA 

Dif 13 ± 0.29bB 11.2 ± 0.17bB 12.5 ± 0.29aB 

KBT5 Azo 42.8 ± 0.44cA 28 ± 0.29bA 23.7 ± 0.17aA 

Dif 12.3 ± 0.17cB 11.3 ± 0.17bB 10.2 ± 0.17aB 

KBT6 Azo 26.8 ± 0.17bA 20.7 ± 0.44aA 20.3 ± 0.17aA 

Dif 21.5 ± 0.29cB 20.3 ± 0.17bB 19 ± 0.29aB 

KBT7 Azo 38.3 ± 0.33bA 30.3 ± 0.17aA 29.2 ± 0.44aA 

Dif 24.3 ± 0.33cB 20.5 ± 0.29bB 17.5 ± 0.29aB 

KBT8 Azo 45.5 ± 0.29cA 38.2 ± 0.44bA 30.2 ± 0.44aA 

Dif 11.5 ± 0.29bB 10 ± 0.29abB 8.8 ± 0.44aB 

KBT9 Azo 36.8 ± 0.44bA 31.5 ± 0.29bA 25.8 ± 0.6aA 
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Dif 16.7 ± 0.17cB 14.3 ± 0.17bB 12.3 ± 0.17aB 

KBT10 Azo 39.5 ± 0.29bA 23.8 ± 0.6aA 22.7 ± 1.45aA 

Dif 19.7 ± 0.33cB 13.8 ± 0.17bB 10 ± 0.29aB 

KBT11 Azo 35.8 ± 1.36cA 27.8 ± 0.44bA 19.8 ± 0.44aA 

Dif 9.2 ± 0.17aB 7.7 ± 0.17aB 7 ± 0aB 

KBT12 Azo 35.5 ± 0.29cA 25 ± 0.58bA 16.2 ± 0.44aA 

Dif 5 ± 0aB 5 ± 0aB 5 ± 0aB 

KBT13 Azo 6.3 ± 0.44aA 6.5 ± 1.04aA 6.3 ± 0.73aA 

Dif 16.2 ± 0.17bB 13.7 ± 0.17abB 11.3 ± 0.33aB 

KBT14 Azo 6.3 ± 0.73aA 5.3 ± 0.33aA 6.2 ± 0.6aA 

Dif 12.8 ± 0.17bB 10.8 ± 0.44aB 9.3 ± 0.17aB 

KBT15 Azo 5.7 ± 0aA 5 ± 0aA 5 ± 0.33aA 

Dif 20.5 ± 0.29cB 15.2 ± 0.17bB 13.7 ± 0.17aB 

KBT16 Azo 21.8 ± 0.44bA 5.5 ± 0.29aA 5 ± 0aA 

Dif 15 ± 0.29bB 9.2 ± 0.17aB 8 ± 0.29aB 

KBT17 Azo 28.5 ± 0.29cA 22.3 ± 0.88bA 16 ± 1.15aA 

Dif 5 ± 0aB 5 ± 0aB 5 ± 0aB 

KBT18 Azo 30.5 ± 0.76bA 25.5 ± 0.29aA 24.2 ± 0.44aA 

Dif 5 ± 0aB 5 ± 0aB 5 ± 0aB 

KBT19 Azo 7.5 ± 0.29aA 5.7 ± 0.67aA 5.3 ± 0.33aA 

Dif 12 ± 0.29bB 10 ± 0.29abB 8.7 ± 0.17aB 

KBT20 Azo 10.5 ± 0.76bA 10.3 ± 1.17bA 5.7 ± 0.67aA 

Dif 9 ± 0.29aB 9 ± 0.29aB 6.5 ± 0.29aB 

KBT21 Azo 7.5 ± 0.29bA 5 ± 0aA 5 ± 0aA 

Dif 10.2 ± 0.17bB 7.8 ± 0.33aB 6.5 ± 0.29aB 

KBT22 Azo 35.2 ± 0.44cA 30.7 ± 1.76bA 26.3 ± 0.88aA 

Dif 18.8 ± 0.17bB 16.2 ± 0.17bB 12 ± 0.29aB 

KBT23 Azo 21.3 ± 0.88cA 14.7 ± 0.67bA 9.8 ± 0.44aA 

Dif 18.2 ± 0.17cB 14.2 ± 0.17bB 10.5 ± 0.29aB 

KBT24 Azo 7.8 ± 0.44bA 5 ± 0aA 5 ± 0aA 

Dif 15.5 ± 0.29cB 10.2 ± 0.17bB 8.3 ± 0.17aB 

KBT25 Azo 25 ± 0.58bA 20.7 ± 0.44aA 19.3 ± 0.17aA 

Dif 17.2 ± 0.17cB 12.3 ± 0.33bB 9 ± 0aB 

KBT26 Azo 25.3 ± 0.33cA 18.2 ± 0.17bA 15.7 ± 0.88aA 

Dif 15.3 ± 0.17cB 12.7 ± 0.33bB 8.2 ± 0.17aB 

KBT27 Azo 15 ± 0.58bA 13.7 ± 0.88bA 7.5 ± 0.29aA 

Dif 5 ± 0aB 5 ± 0aB 5 ± 0aB 

KBT29 Azo 32.3 ± 0.44cA 28.3 ± 0.88bA 22.2 ± 0.17aA 

Dif 15.2 ± 0.17cB 13 ± 0.29bB 9 ± 0.29aB 

KBT31 Azo 23.7 ± 0.44cA 20.2 ± 0.17bA 15.2 ± 0.17aA 

Dif 13.5 ± 0.29cB 11.2 ± 0.17bB 10.2 ± 0.17aB 

KBT33 Azo 28.5 ± 0.29cA 26.5 ± 0.29bA 18.5 ± 0.29aA 

Dif 5 ± 0aB 5 ± 0aB 5 ± 0aB 

KBT34 Azo 34.8 ± 0.17cA 25.8 ± 0.17bA 23.7 ± 0.33aA 

Dif 12.7 ± 0.33cB 10.8 ± 0.44bB 9.5 ± 0.29aB 

KJD01 Azo 40.8 ± 0.44bA 30.2 ± 0.17cA 28.3 ± 0.17dA 

Dif 17.8 ± 0.17bB 15.5 ± 0.29bB 14.5 ± 0.29cB 

KJD02 Azo 41.8 ± 0.17bA 30.5 ± 0.29bA 26.8 ± 0.17aA 
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Dif 15 ± 0.76cB 12.3 ± 0.33bB 9.8 ± 0.17aB 

KJD03 Azo 32 ± 0.29bA 23.2 ± 0.17aA 22.7 ± 0.33aA 

Dif 10.5 ± 0.29bB 9.3 ± 0.17abB 8 ± 0.29aB 

KJD04 Azo 34 ± 0.29bA 33.7 ± 0.17bA 28.2 ± 0.17aA 

Dif 9.3 ± 0.17bB 8.2 ± 0.17aB 7.7 ± 0.17aB 

KJD05 Azo 43.5 ± 0.29cA 40.3 ± 0.33bA 30.3 ± 0.17aA 

Dif 11.7 ± 0.17bB 10.7 ± 0.17bB 9 ± 0.29aB 

KJD06 Azo 56.7 ± 0.44cA 31.3 ± 0.33bA 16 ± 0.29aA 

Dif 17.8 ± 0.17cB 13.5 ± 0.29bB 12.2 ± 0.17aB 

KJD07 Azo 35.8 ± 0.17cA 30 ± 0.29bA 25.7 ± 0.17aA 

Dif 14.2 ± 0.17cB 12.3 ± 0.17bB 9.3 ± 0.17aB 

KJD11 Azo 38.2 ± 0.44cA 28.8 ± 0.17bA 20.8 ± 0.17aA 

Dif 13.2 ± 0.17cB 11.7 ± 0.44bB 9.8 ± 0.17aB 

KJD12 Azo 39 ± 0.29cA 34 ± 0.58bA 32.2 ± 0.17aA 

Dif 14.8 ± 0.17cB 10.2 ± 0.17bB 8.8 ± 0.17aB 

KJD14 Azo 42 ± 0.29cA 40.2 ± 0.17bA 32.7 ± 0.17aA 

Dif 12.3 ± 0.33bB 11.5 ± 0.29bB 10.5 ± 0.29aB 

KJD18 Azo 33.3 ± 0.17cA 27.8 ± 0.17bA 24.8 ± 0.17aA 

Dif 11.8 ± 0.17bB 9.2 ± 0.17aB 8.7 ± 0.17aB 

KJD19 Azo 26 ± 0.58cA 23.7 ± 0.33bA 18.5 ± 0.29aA 

Dif 20.5 ± 0.29cB 17.8 ± 0.44bB 15.3 ± 0.17aB 

KJD20 Azo 37.2 ± 0.17cA 34 ± 0.5bA 26.8 ± 0.44aA 

Dif 17.5 ± 0.29cB 12.8 ± 0.17bB 11 ± 0.29aB 

KJD23 Azo 38.5 ± 0.58cA 35.5 ± 0.5bA 30.8 ± 0.44aA 

Dif 13.5 ± 0.29bB 9.7 ± 0.17aB 8.7 ± 0.17aB 

KJD24 Azo 34 ± 0.29cA 27.8 ± 0.44bA 20.2 ± 0.17aA 

Dif 11 ± 0.29bB 10.7 ± 0.17bB 9.5 ± 0.29aB 

KJD27 Azo 44.7 ± 0.88cA 32 ± 0.58bA 27.2 ± 0.44aA 

Dif 11.8 ± 0.17bB 8.2 ± 0.17aB 7.3 ± 0.33aB 

KJD29 Azo 20 ± 0.58bA 18.2 ± 0.44bA 11.7 ± 0.17aA 

Dif 9.2 ± 0.17bB 7.3 ± 0.33abB 7.2 ± 0.17aB 

KJD30 Azo 32.8 ± 0.6cA 28.2 ± 0.6bA 24.2 ± 0.44aA 

Dif 13.7 ± 0.33cB 12 ± 0.29bB 10.3 ± 0.33aB 

KJD32 Azo 46 ± 0.29cA 30 ± 0.58bA 27.3 ± 0.33aA 

Dif 12.2 ± 0.44bB 10.8 ± 0.44bB 9.2 ± 0.17aB 

KJD34 Azo 31.3 ± 0.33cA 28.3 ± 0.44bA 21.8 ± 0.44aA 

Dif 12.7 ± 0.33cB 10.7 ± 0.17bB 8.5 ± 0.29aB 

KJD35 Azo 40.3 ± 0.33cA 36.3 ± 0.33bA 31.2 ± 0.44aA 

Dif 13.5 ± 0.29cB 10.8 ± 0.44bB 8.8 ± 0.44aB 

KJD36 Azo 37.2 ± 0.17cA 30.8 ± 0.17bA 29.5 ± 0.29aA 

Dif 5 ± 0aB 5 ± 0aB 5 ± 0aB 

KJD37 Azo 34.3 ± 0.44cA 30.5 ± 0.29bA 28 ± 0.29aA 

Dif 11.2 ± 0.17cB 9.2 ± 0.17bB 6.8 ± 0.17aB 

KJD38 Azo 19.2 ± 0.17cA 15.2 ± 0.17bA 11.2 ± 0.17aA 

Dif 11.8 ± 0.17cB 9.7 ± 0.44bB 8.2 ± 0.17aB 

KJD41 Azo 30.5 ± 0.29cA 25.7 ± 0.17bA 22.2 ± 0.17aA 

Dif 12.2 ± 0.17bB 11.3 ± 0.17abB 10.3 ± 0.33aB 

KJD43 Azo 47.7 ± 0.17cA 37.2 ± 0.33bA 22.2 ± 0.17aA 
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Dif 15.2 ± 0.17cB 13 ± 0.29bB 11.2 ± 0.17aB 

KJD44 Azo 38.3 ± 0.17cA 31.8 ± 0.17bA 26.5 ± 0.29aA 

Dif 11.3 ± 0.33cB 8.8 ± 0.17bB 7.8 ± 0.17aB 

KJD45 Azo 46.3 ± 0.17bA 42.3 ± 0.17aA 41.3 ± 0.17aA 

Dif 13.2 ± 0.17cB 10.8 ± 0.17bB 9.5 ± 0.29aB 

KJD46 Azo 35 ± 0.29cA 26 ± 0.29bA 22.7 ± 0.17aA 

Dif 10.2 ± 0.17bB 8.2 ± 0.17aB 7.5 ± 0.29aB 

KJD47 Azo 38.8 ± 0.17cA 30.5 ± 0.29bA 26.8 ± 0.17aA 

Dif 14 ± 0.29bB 11.7 ± 0.44aB 10.8 ± 0.17aB 

KJD48 Azo 46.8 ± 0.17cA 41.8 ± 0.17bA 21.8 ± 0.17aA 

Dif 11.5 ± 0.29bB 9.2 ± 0.17aB 8.5 ± 0.29aB 

Azo-Azoxystrobin, Dif-Difenoconazole, Isolates KYG01-39-Kirinyaga, KBT02-

34-Kiambu, KJD01-48-Kajiado. All diameters are means of three replicates 
Means with similar lower case letters across rows are not significantly different at p=0.05 

Means with similar upper case letters across columns are not significantly different at p=0.05 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



121 

 

Appendix 7:  Alternaria solani DNA sequences generated from this study 

     > Alternaria solani (Mwea east, Kirinyaga County), KYG1 

 caggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttat

tacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactat

gttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataccttctg 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG2 

ggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataacct 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG4 

gctggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgatac 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG6 

gatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgaatacct 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG7 

ggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttattaca

atatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgttgt

ggcaaaccctatgcaaactcctgcagctatcgtgccagaatgaataccttctgaca 

 

 > Alternaria solani (Mwea east, Kirinyaga County) KYG8 

atcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttat

tacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatg

ttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgatacccttc 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG9 

ggttataggaaatacgaaagagctcttttgtcctctttaatatcaaagagctacacaatatttgcatactattcg

tacctctttatttgtgcttttatgcctaatgtattaggagatagtgaaaactatgttgtggcaaaccctatgcaaa

ctcctgcagctatcgtgccagagaataccttctga 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG10 

tgcttggatcaggaatccttataggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaa

agatcttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtga

aaactatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgata 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG11 
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gctggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaag

atcttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaa

actatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgatacct 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG13 

caggaatcctttaggggatcaggaaactacgaaagaaatcttttgccccttatttcatatttaaagatcttatta

caaaatttgcatttatatttgattatctttatttgtgtgcgttatgcctaatggattaggagatagtgaaaactatgt

tgtgggaaaccctatgcaaactcctgcagctatcgtgccagaatgataccttctggggg 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG14 

ggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatct

tattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaact

atgttgtggcaaaccctatgcaaactcctgcagctat 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG15 

gatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagcta 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG16 

atcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttattacaatat

ttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgttgtggca

aaccctatgcaaactcctgcagctatcgtgcca 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG17 

atcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttattacaatat

ttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgttgtggca

aaccctatgcaaactcctgcagctatcgtgcca 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG18 

gggaaatccttttaggtgtatcagggaaactacgaaagaatatcttttgctccttatttcatatttaaagatctta

ttacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactat

gttgtggcaaaccctatgcaaactcctgcagctatcgt 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG19 

tgctggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaag

atcttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaa

actatgttgtggcaaaccctatgcaaactcctgcagcta 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG20 

gacaggaatccttttcggtgtatcaggaaactacgaaagaatatctttatgctccttatttcatatttaaagatct

tattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaact

atgttgtggcaaaccctatgcaaactcctgcagctatcgtg 
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 > Alternaria solani (Mwea east, Kirinyaga County), KYG21 

ggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttattaca

atatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgttgt

ggcaaaccctatgcaaactcctgcagctatcgtgccagatgat 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG22 

ggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatct

tattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaact

atgttgtggcaaaccctatgcaaactcctgcagctatcgtgcc 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG23 

gatcaggaagcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgat 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG24 

atcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttat

tacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatg

ttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaagaatacctt 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG25 

gatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatga 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG27 

aggaatccttttcgtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttattac

aatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgttgt

ggcaaaccctatgcaaactcctgcagctatcgtgccagaagata 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG28 

gatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttat

tacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatg

ttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatga 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG29 

cctttctaggtgtatcaggaaactacgaaagaatatacttatatcgctccttatttcatatttaaagatcttattac

aatattctgcattctatattctgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatg

ttgtggcaaaccctatgcaaactcctgcagctatcgtgccagattga 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG30 

ggaatccttttcggtgtatcaggaaacttacgaaagaatatcttttgctcccttatttcatatttaaagatcttatt

acaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgt

tgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgaa 
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 > Alternaria solani (Mwea east, Kirinyaga County), KYG31 

atcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttat

tacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatg

ttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatga 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG32 

gatcaggaatccttttaggtgtatcaggaaacttacgaaagaatatctttttgctcccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaaga 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG33 

acaggaatccttttcggtgtatcaggaaactacgaaagaatatctttatgctccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgaatac 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG34 

gaggatcaagggaaatcctctctaggtgtatcaggaaactacgaaagaatatacttcttgctccttatttcata

tttaaagatcttattacaatattctgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagat

agtgaaaactatgttgtggcaaaccctatgcaaactcctgcagctatcgtgcc 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG35 

ggatcaaggaaatcctttataggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaa

gatcttattacaatatttagcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtga

aaactatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccag 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG36 

tagatcaggaatccttttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaagata  

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG37 

gctggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatga 

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG38 

gctggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataa  

 

 > Alternaria solani (Mwea east, Kirinyaga County), KYG39 
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gatcaggtaatcctttaggtgtatcaggtaactacgatagaatatcttttgctccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgataccttctg  

 

 > Alternaria solani (Kabete, Kiambu County), KMB2 

gctggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatactg  

 

 > Alternaria solani (Kabete, Kiambu County), KMB3 

gctggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaata  

 

 > Alternaria solani (Kabete, Kiambu County), KMB4 

tggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatc

ttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaact

atgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataacc 

 

 > Alternaria solani (Kabete, Kiambu County), KMB5 

tggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgataacct 

 

 > Alternaria solani (Kabete, Kiambu County), KMB6 

atcaggtaatcctttctaggtgtatcaggtaactacgatagatatcttttgctccttatttcatatttaaagatctta

ttacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactat

gttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgataacctt 

 

 > Alternaria solani (Kabete, Kiambu County), KMB7 

tggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatc

ttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaact

atgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgatacct  

 

 > Alternaria solani (Kabete, Kiambu County), KMB8 

tggatcaggaaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgatacc  

 

 > Alternaria solani (Kabete, Kiambu County), KMB9 

aggaatccttttcggtgtatcaggaaacttacgaaagaatatctttttgctcccttatttccatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgaataacct 
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 > Alternaria solani (Kabete, Kiambu County), KMB10 

ggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatct

tattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaact

atgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataacct 

 

 > Alternaria solani (Kabete, Kiambu County), KMB11 

gctggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgatacct 

 

 > Alternaria solani (Kabete, Kiambu County), KMB12 

gttggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataacct 

 

 > Alternaria solani (Kabete, Kiambu County), KMB13 

tcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttatta

caatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactattttg

tggccaaccctaatcgaactcctggagttattgcaccagaactaaagcttccggata 

 

 > Alternaria solani (Kabete, Kiambu County), KMB14 

cctggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaag

atcttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaa

actatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgatacct 

 

 > Alternaria solani (Kabete, Kiambu County), KMB15 

atcaagggaaatcctttctaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaag

atcttattacaatatttcgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaa

aactatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgaat 

 

 > Alternaria solani (Kabete, Kiambu County), KMB16 

gatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgataaccttctg 

 

 > Alternaria solani (Kabete, Kiambu County), KMB17 

ggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatct

tattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaact

atgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataaccttc 

 

 > Alternaria solani (Kabete, Kiambu County), KMB18 
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gctggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaag

atcttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaa

actatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataacc 

 

 > Alternaria solani (Kabete, Kiambu County), KMB19 

gctggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataacc 

 

 > Alternaria solani (Kabete, Kiambu County), KMB20 

gctggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaag

atcttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaa

actatgttggtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgaata 

 

 > Alternaria solani (Kabete, Kiambu County), KMB21 

gctggatcaggatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaagataacc 

 

 > Alternaria solani (Kabete, Kiambu County), KMB22 

gctggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaag

atcttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaa

actatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgaatacc 

 

 > Alternaria solani (Kabete, Kiambu County), KMB23 

gctggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaag

atcttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaa

actatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataacc 

 

 > Alternaria solani (Kabete, Kiambu County), KMB24 

gctggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaag

atcttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaa

actatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgatacct 

 

 > Alternaria solani (Kabete, Kiambu County), KMB25 

atcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttat

tacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatg

ttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataccttctga 

 

 > Alternaria solani (Kabete, Kiambu County), KMB26 

ggaaatcctttataggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttatt

acaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgt

tgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgaataccttctgag 
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 > Alternaria solani (Kabete, Kiambu County), KMB27 

catccggacatccttcaggtacgaaggacatgctgacaaacccatcggacatcttcaggtacgaggacat

gctgacaaacccatcggacatcttcaggtacgaggacatgctgacaaacccatcggacatcttcaggtac

gaggacatcctgacaaacccctccgacatcttcaggtgcaatgaactgctgatcaccacgcccttg   

(f1) 

 

> Alternaria solani (Kabete, Kiambu County), KMB29 

gctggacaggaaccttttaggtgtatcaggaaactacgaaagatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgataaccttc 

 

> Alternaria solani (Kabete, Kiambu County), KMB31 

accaagggaaatcctttcaggtgtatcaggaaactacgaaagaatatacttttgctccttatttcatatttaaag

atcttattacaatattctgcatttatattctgtattatctttatttgtgttctttatgcctaatgtattaggagatagtga

aaactatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgaatac 

 

> Alternaria solani (Kabete, Kiambu County), KMB33 

atcaaggaaatcctttctaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatattctgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaa

actatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgaaatagcc 

 

> Alternaria solani (Kabete, Kiambu County), KMB34 

gatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataaccttca 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD1 

aatccttttaggtgtatcagggaaactacgaaagaatatctttttgcttcttattttctatttaaagatcttattaca

atatcttgcatttatatcctgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgtt

gtggcaaaccctatgcaaactcctgcagctatcgtgccagacgatagccttctgaga 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD2 

acaagggaaatcctttctaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaaga

tcttattacaatatttcgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaa

actatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataacc 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD4 

ggtaatcctttctaggtgtatcagggaaactacgaaagaatatctttttgctccttattttatatttaaagatcttat

tacaatattttgcatttatattctgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgaataccttc 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD5 
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ggaatccttttcggtgtatcaggaaacttacgaaagaatatctttttgctccttatttcatatttaaagatcttatta

caatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgtt

gtggcaaaccctatgcaaactcctgcagctatcgtgccagatgataaccttctgaac 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD6 

gctggacaggaatccttttcggtgtatcaggaaacttacgaaagaatatctttttgctccttatttcatatttaaa

gatcttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaa

aactatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgataacc 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD7 

gatcaggaatccttttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatggataaccttc 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD8 

atcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttat

tacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatg

ttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgataaccttctga 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD9 

gctggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgatgacct 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD10 

gacaggaatccttttaggtgtatcaggaaactacgaaagatatcttttgctccttatttcatatttaaagatcttat

tacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatg

ttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgaataaccttct 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD11 

atcaggaatccttttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttatt

acaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgt

tgtggcaaaccctatgcaaactcctgcagctatcgtgccagaagataaccttctgaa 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD12 

gcgtggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaa

gatcttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaa

aactatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataac 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD16 

atcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttat

tacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatg

ttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataaccttctg 
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> Alternaria solani (Loitokitok, Kajiado County), KJD17 

gctggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgaatacctt 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD18 

agctggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaag

atcttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaa

actatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgataacct 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD19 

atcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttatt

acaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgt

tgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgaataccttctgaa 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD20 

acaggaaccttttaggtgtatcaggaaactacgaaagaatatctttttgctcccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaagaataccttctg 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD21 

agggaaatccttttaggtgtatcaggaaactacgaaagaatatacttttgctccttatttcatatttaaagatctt

attacaatatttcgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaact

atgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgataaccttct 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD23 

atcaggaatccttttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatctta

ttacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactat

gttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaagataaccttctg 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD24 

atcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttatt

acaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgt

tgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgaataccttcatgaa 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD25 

agctgggatcagggaaatcctttctaggtgtatcagggaaactacgaaagaatatctttttgctccttatttcat

atttaaagatcttattacaatatttcgcattctatatttgtattatctttatttgtgttctttatgcctaatgtattagga

gatagtgaaaactatgttgtggcaaaccctatgcaaactcctgcagcgtatcgtgcgca 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD26 

atcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttatt

acaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgt

tgtggcaaaccctatgcaaactcctgcagctatcgtgccagatgagaaccttctgaac 
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> Alternaria solani (Loitokitok, Kajiado County), KJD27 

gatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgaaagcttcaa 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD29 

gctggatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagat

cttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaa

ctatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgatgagcc 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD30 

atcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttatt

acaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgt

tgtggcaaaccctatgcaaactcctgcagctatcgtgccagaagataaccttctgaac 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD31 

tgctgacaaacccatcggacatccttcaggtacgaggacatgctgacaaacccatcggacatcttcaggta

cgaggacatgctgacaaacccatcggacatcttcaggtacgaggacatgctgacaaacccatcggacat

cttcaggtacgacgacatgcttccaaacccatccgacatcttcttgccctaggactggcttccccccccc  

 

> Alternaria solani (Loitokitok, Kajiado County), KJD32 

gctggatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaag

atcttattacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaa

actatgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataacc 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD33 

gatcaggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatctt

attacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaacta

tgttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgataccttctg 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD34 

ggaatcctttaggtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttattaca

atatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgttgt

ggcaaaccctatgcaaactcctgcagctatcgtgccagaagataaccttctgaaactat 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD35 

gatcaggaatcctttagtgtatcaggaaactacgaaagaatatcttttgctccttatttcatatttaaagatcttat

tacaatatttgcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatg

ttgtggcaaaccctatgcaaactcctgcagctatcgtgccagaatgatgaccttctg 
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> Alternaria solani (Loitokitok, Kajiado County), KJD36 

cccatcggacattcttcaggtacgaggacatgctgacaaacccatcggacatcttcaggtacaaggacat

gctgacaaacccatcggacatcttcaggtacggaggacatgctgacaaacccctccgacatcttcaggta

caacgacattcttccaaacccatccgacatcttcacctcctaggactttccccctgcccccttcgcggggg 

 

> Alternaria solani (Loitokitok, Kajiado County), KJD37 

cctttagtgtatcaggaaactacgaaagaatatcttttgctcccttatttcatatttaaagatcttattacaatattt

gcatttatatttgtattatctttatttgtgttctttatgcctaatgtattaggagatagtgaaaactatgttgtggcaa

accctatgcaaactcctgcagctatcgtgccagatgataaccttctgaacgatgctg 
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